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FOREWORD

T h e  r e s u l t s  o f  t h r e e  m a j o r  i n i t i a t i v e s  a r e  c o m i n g  t o g e t h e r t o  g i v e
f i s h e r y s c i e n t i s t s ,  m a n a g e r s , a n d  a d m i n i s t r a t o r s  a  b e t t e r  u n d e r s t a n d i n g  o f
t h e  s p a w n i n g  a n d  e a r l y  l i f e  h i s t o r y  p r o c e s s e s  o f G r e a t  L a k e s  f i s h e s :  1 .
s y n t h e s i s  o f  i n f o r m a t i o n  v i a  s y m p o s i a , 2 .  a  t e x t  t o  p r o v i d e  g r e a t e r  a b i l i t y
t o i d e n t i f y  f i s h  e g g s  a n d la rvae ,  and  3 . an  a t las  o f  f i sh  spawn ing  and
nursery  a reas .

1. The Symposia

The 1955 Convent ion  on  Grea t  Lakes  F isher ies  charges , i n  p a r t , the
Great Lakes Fishery Commission to determine what measures are best adapted
to make possible the maximum:‘; s u s t a i n e d  p r o d u c t i v i t y  o f  a n y  s t o c k  o f f i s h
i n t h e  c o n v e n t i o n area which i s o f  common concern  to  the  f i she r ies  o f
Canada and the United States. I n  i t s  e f f o r t s  t o  e x e c u t e  t h i s  c h a r g e  a n d
rehab i l i ta te  the  f i shery  resources  o f  the  Great  Lakes ,  the  Commiss ion  v iews
as i t s u l t i m a t e  g o a l  d e v e l o p m e n t  a n d  m a i n t e n a n c e  o f  b a l a n c e d  f i s h
communit ies of  desired species s u p p o r t e d  b y  n a t u r a l r e p r o d u c t i o n .  I n
d e t e r m i n i n g  m e a s u r e s  t o  r e a c h i t s  g o a l , the  Commiss ion  fee ls  a  g rea t
r e s p o n s i b i l i t y  t o  e n s u r e  c o n t i n u i n g  d e v e l o p m e n t  o f  k n o w l e d g e ,  s y n t h e s i s  o f
what i s al  ready known, and i t s a p p l i c a t i o n t o  G r e a t  L a k e s  f i s h e r y
management.

A s  o n e  w a y  t o  m e e t  t h i s  r e s p o n s i b i l i t y ,  t h e  C o m m i s s i o n  h a s  p r o m o t e d ,
b y  a c t i v e  p a r t i c i p a t i o n  a n d  v a r y i n g  d e g r e e s  o f  f i n a n c i a l  a n d  d e v e l o p m e n t a l
suppor t , sympos ia  wh ich  focus ,  in  par t , o n  f i s h  r e p r o d u c t i o n  a n d  e a r l y  l i f e
hi story. These sympos ia  inc lude ,  in  1971,  the  in te rna t iona l symposium on
Salmonid Communities i n  O l i g o t r o p h i c  L a k e s  ( S C O L )  ( J .  F i s h .  R e s .  B o a r d
Can. ,  Vo l . 2 9 ,  N o .  6 ) ; 1 9 7 2 ,  B i o - E n g i n e e r i n g  S y m p o s i u m  f o r  F i s h  C u l t u r e  -
I ; 1976, the  Perc id  in te rna t iona l  Sympos ium (PERCIS)  (J .  F ish .  Res .  Board
Can. ,  Vo l . 34, No. 10) ; 1978, a symposium on Selected Coolwater Fishes of
North A m e r i c a  ( K e n d a l l ,  R .  L . ,  S p e c .  P u b .  A m .  F i s h .  S o c . ) ;  1 9 7 9 ,  t h e  S e a
Lamprey  in te rna t iona l  Sympos ium (SLIS)  (Can.  J .  F ish .  Aquat .  Sc i . ,  Vo l .  37 ,
No. 11); 1979, Bio-Engineering Symposium for Fish Culture - II (A l l en ,
L .  J .  and  E.  C .  K inney ,  Spec .  Pub.  Am.  F ish .  Soc . ) ;  1980,  the  S tock  Concept
I n t e r n a t i o n a l Symposium (STOCS) ( C a n .  J . F i s h . Aquat. S c i . ,  V o l .  3 8 ,
No. 12); 1 9 8 1 ,  t h e  i n t e r n a t i o n a l symposium on A c i d i c  P r e c i p i t a t i o n  a n d
F ishery I m p a c t s  ( J o h n s o n ,  R . ,  S p e c .  P u b .  A m .  F i s h .  S o c . )  ;  a n d  m o s t
r e c e n t l y , 1981,  the  F ish  Hea l th  Workshop (Ca i rns ,  V .  and  P .  V .  Hodson ed . ,
t e n t a t i v e t i t l e  - T e c h n i q u e s  f o r  m o n i t o r i n g  e f f e c t s  o f  c o n t a m i n a n t s  o n
f i s h . I n  p r e p a r a t i o n . John Wiley and Sons.) On line for 1983 is the
U r b a n  F i s h i n g  S y m p o s i u m  a n d  t h e  C o n f e r e n c e  o n  L a k e  T r o u t  R e s e a r c h  -
S t r a t e g i e s  f o r  R e h a b i l i t a t i o n  i n  t h e  G r e a t  L a k e s  ( C L A R ) .  M a j o r  t o p i c s  a t
C L A R  d e a l i n g  w i t h reproduct ion and e a r l y l i f e  h i s t o r y  w i l l i nc lude
genet ics , s t o c k i n g  p r a c t i c e s , s p e c i e s  i n t e r a c t i o n s , con taminan ts  and  wate r
q u a l i t y , phys io logy  and behav ior , and  hab i ta t  requ i rements . The conferees
w i l l  d e t e r m i n e  a n d  r a n k  r e s e a r c h  n e e d s  t o  a c c e l e r a t e  f u r t h e r  r e h a b i l i t a t i o n
of Great Lakes lake trout and recommend optimum methods.

* In l i n e w i t h c u r r e n t f i shery  management  ph i losophy  and  p rac t i ce ,  the
Commission also considers the opt ions assoc ia ted w i t h opt i mum susta ined
p r o d u c t i v i t y .
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2. The Text

Concurrent with these symposia, t h e r e  h a v e  b e e n  o t h e r  t r e n d s  a n d
events m o r e  d i r e c t l y  a s s o c i a t e d wi th  deve lopment  and  syn thes is  o f  Grea t
Lakes  in fo rmat ion o n  f i s h  s p a w n i n g  a n d  e a r l y l i f e  h i s t o r y . In the
mid-1960s o f f i c i a l s o f  t h e  F e d e r a l  W a t e r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n
(FWPCA)  became a la rmed  a t  the  p ro l i f e ra t ion  o f  the rma l -e lec t r i c  genera t ing
stat ions employing once-through cool ing and the large number p lanned for
t h e  f u t u r e . The  Grea t  Lakes  o f fe red  “un l im i ted ”  coo l ing  wa te r  and  Ch icago
FWPCA persona l  were  par t i cu la r l y  concerned  w i th  the rma l  e f fec ts  on  f i sh  and
aqua t i c l i f e i n  L a k e  M i c h i g a n . A t  t h e  u r g i n g  o f  f e d e r a l  a n d  s t a t e  w a t e r
p o l l u t i o n  c o n t r o l  a g e n c y  o f f i c i a l s , the  power -genera t ing  indus t ry  and  o ther
i n d u s t r i e s  w i t h  h e a t e d  d i s c h a r g e s  b e g a n e x a m i n i n g  p l u m e  b e h a v i o r  a n d
e f f e c t s . There  were  no  es tab l i shed  gu ide l ines  fo r  such  s tud ies  under  s ta te
l a w s  o r the  Federa l  Wate r  Po l lu t ion  Con t ro l  Ac t . Designs were negot iable
b e t w e e n  d i s c h a r g e r and agency. Many u t i l i t i e s h i r e d environmental
s c i e n t i s t s  t o  c o n d u c t  s t u d i e s , a n d  o t h e r s  c o n t r a c t e d  w i t h  c o n s u l t a n t s .

H e a t  w a s  t h e  c a u s e  ce’?,?bre, and in 1970 the FWPCA, backed by the
D e p a r t m e n t  o f  t h e  I n t e r i o r ,
a t  t h e  p o i n t  o f d ischarge

c a l l e d  f o r  l i m i t i n g  t h e  d i s c h a r g e  o f  w a s t e  h e a t
to not more than 1 F over t h e  a m b i e n t

t e m p e r a t u r e  o f the r e c e i v i n g w a t e r . The  pub l i c  and  some sc ien t i s ts  and
administrators feared waste heat would cause undesirable changes in local
thermal reg imes  and  b io log ica l  commun i t ies . As the power producers argued
a g a i n s t  t h e  l i m i t a t i o n  a n d  t h e  c o n s e q u e n t  n e e d  f o r  c o o l i n g t o w e r s  o n the
b a s i s  o f the rma l  d i scharge  con t ro l , t h e  c o n t r o v e r s y  r a i s e d  i n t e n s e  p u b l i c
i n t e r e s t  w h i c h  r e s u l t e d  i n  e m o t i o n a l  c o n f r o n t a t i o n s  i n v o l v i n g u t i l i t y and
r e g u l a t o r y  r e p r e s e n t a t i v e s ,  p u b l i c  i n t e r e s t  g r o u p s ,  a n d  p r i v a t e  c i t i z e n s .

During one of  the State-Federal  Lake Michigan Enforcement Conferences
attended by more than a thousand people,  Tom Edsal l , G r e a t  L a k e s  F i s h e r y
Labora tory , F ish  and  Wi ld l i fe  Serv ice  (FWS) ,  Ann  Arbor ,  c i t i ng  a  1970  FWS
whi te  paper , expressed hi s c o n c e r n  f o r entra inment a n d  d e s t r u c t i o n  o f
l a r v a l f i s h i n  t h e  o n c e - t h r o u g h  c o o l i n g  p r o c e s s  o f  e l e c t r i c i t y - g e n e r a t i n g
p l a n t s . F rom tha t  beg inn ing , the  inves t iga t ive  emphas is  in  the  Great  Lakes
s h i f t e d  g r a d u a l l y  f r o m  t h e r m a l  e f f e c t s  t o  e n t r a i n m e n t  e f f e c t s .

I n  t h i s  t u r b u l e n t  p e r i o d  t h e  U . S . federa l enforcement mant le was
passed f rom FWPCA to  the  shor t - l i ved  Federa l  Water  Qua l i t y  Admin is t ra t ion ,
and thence to  the  Env i ronmenta l  Pro tec t ion  Agency  wh ich  qu ick ly  s ta ted i t s
i n t e n t t o  g i v e  t h e  p u b l i c  b e t t e r  w a t e r  q u a l i t y  t h a n  d r e a m e d  p o s s i b l e ,  a n d
then showed i ts teeth in the Water Qual i ty Act Amendments of 1972. Known
as the Clean Water Act  -  Publ ic Law 92-500, i t  addressed  therma l  d ischarges
i n  S e c t i o n 316 and in  paragraph (a )  inv i ted  demonst ra t ions  by  d ischargers
that  the thermal  component of t h e i r waste “assured the p r o t e c t i o n and
p r o p a g a t i o n  o f  a  b a l a n c e d , i n d i g e n o u s  p o p u l a t i o n  o f  s h e l l f i s h ,  f i s h  a n d
w i l d l i f e  i n  a n d  o n  t h e  b o d y  o f  w a t e r ”  i n t o  w h i c h  t h e d i s c h a r g e  w a s  m a d e .
“Guidelines” evolved i n 1 9 7 3  f o r  h i g h l y - s t r u c t u r e d  d e m o n s t r a t i o n s  o f  t h e
p h y s i c a l , c h e m i c a l  a n d  b i o l o g i c a l  e f f e c t s  o f  t h e r m a l  d i s c h a r g e s . Th i s led
to a mountain of tremendously expensive s t u d i e s a n d  h u g e ,  g e n e r a l l y
i n c o n c l u s i v e  r e p o r t s . Many, however, p r o v i d e d  n e w  i n f o r m a t i o n  o n  f i s h
s p a w n i n g  s e a s o n s ,  h a b i t a t s ,  s u c c e s s ,  a n d  e a r l y  l i f e  h i s t o r y .
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T h e r e  w a s  p a r a l l e l  c o n c e r n  o v e r  t h e r m a l  d i s c h a r g e s i n t h e  O n t a r i o
s t r y of  Natural  Resources (OMNR). The Ministry emphasized management
t s  G r e a t  L a k e s  w a t e r s  f o r  c o o l  w a t e r  o r  c o l d  w a t e r f i s h  s p e c i e s  a n d
eved t h a t  o v e r l a p p i n g  h e a t e d  p l u m e s  e v e n t u a l l y  w o u l d  a d v e r s e l y  a f f e c t
l i t t o r a l  z o n e  c r i t i c a l l y  i m p o r t a n t  f o r spawning and nursery areas..

Canadian researchers , pioneers i n  d e v e l o p i n g  t h e r m a l  t o l e r a n c e  d a t a  f o r
f i s h ,  w e r e  w e l l  a w a r e  o f  t h e  p o t e n t i a l for damage and their data and
p r i n c i p l e s were used e x t e n s i v e l y t o  e s t a b l i s h thermal c r i t e r i a and
s tandards . The  management  o f  was te  hea t  d ischarges  and  eva lua t ion  o f  the
environmental e f fec ts  o f  power  p lan ts  in  Onta r io  were  un ique ly  compl i ca ted
in  tha t  Ontar io  Hydro ,  Env i ronment  Ontar io ,  and  OMNR fe l l under the  same
resource p o l i c y  f i e l d  a n d  e a c h  w a s  r e p r e s e n t e d  o n  t h e  s a m e  c a b i n e t
committee, Resource Development. T h e  p u b l i c  c o n t r o v e r s y  i n  O n t a r i o  n e v e r
reached t h e  e m o t i o n a l  l e v e l  o f  t h a t  i n  t h e  U n i t e d  S t a t e s ,  b u t  t h e  i n t e r n a l
con f l i c t  among the  agenc ies  was  in tense  a t t h a t t ime . Canad ian  federa l
task f o r c e s  s u b s e q u e n t l y  p r e p a r e d  e v a l u a t i o n  g u i d e l i n e s  f o r  s t e a m - e l e c t r i c
s t a t i o n s  a n d  f i s h  s c r e e n i n g .

Sec t ion  316(b)  o f  U .S .  Pub l i c  Law 92-500 was  the  s leeper  wh ich  r i ve ted
a t t e n t i o n  o n  t h e n e e d  f o r l a r v a l f i s h i d e n t i f i c a t i o n c a p a b i l i t y .  I t
r e q u i r e d  t h e  e x a m i n a t i o n  o f  c o o l i n g  w a t e r  i n t a k e  s t r u c t u r e s  t o  d e t e r m i n e  i f
t h e  b e s t a v a i l a b l e technology w a s  b e i n g  u t i l i z e d to minimize adverse
env i ronmenta l  impac t . A b o u t  1 9 7 4  e n v i r o n m e n t a l  a n d  f i s h e r y  a g e n c i e s  a n d
t h e  u t i l i t i e s and t h e i r  c o n s u l t a n t s  t u r n e d  t h e i r  e x p e r t i s e  t o  t h i s  f r e s h
a s p e c t  o f  t h e  q u e s t i o n . In  examin ing  in takes  o f t h e  8 9  t h e r m a l - e l e c t r i c
g e n e r a t i n g  s t a t i o n s  w h i c h  d r e w  w a t e r d i rec t l y  f rom the  Grea t  Lakes  and
connec t ing  channe ls ,  i t  became q u i c k l y  a n d p a i n f u l l y  o b v i o u s t h a t  t h e
e x i s t i n g l i t e r a t u r e  o n i d e n t i f i c a t i o n  o f Grea t  Lakes  la rva l  f i shes  was
f r a g m e n t a r y ,  c o n f l i c t i n g  a n d general 1 y inadequate. K e l s o  a n d  M i l b u r n
( 1 9 7 9 .  J . Great Lakes Res. 5 ,  2 )  es t imated  the  number  o f  f i sh  en t ra ined
and imp inged annua l l y  in  the  Grea t  Lakes  as  1 .18  x  10 9 and 9.87 x 1O’,
r e s p e c t i v e l y . I t  w a s  i m p o r t a n t  t h a t  b e t t e r  t a x o n o m i c  t o o l s  b e  a v a i l a b l e  i f
i n v e s t i g a t o r s w e r e  t o  e v a l u a t e  c o n f i d e n t l y  t h e  p o t e n t i a l  f o r  i m p a c t  o n  t h e
f i s h e s  a n d  f i s h e r i e s  o f  a  w a t e r  b o d y  f r o m  l o s s e s  a t  i n d i v i d u a l i n t a k e s  o r
f rom the  combined  losses  a t  severa l  i n takes .

In 1976, the Nat ional  Power Plant  Team, O f f i c e  o f  B i o l o g i c a l  S e r v i c e s ,
U.S. F ish  and Wi ld l i fe  Serv ice ,  sponsored  a  workshop on  “Grea t  Lakes  F ish
E g g  a n d  L a r v a e  I d e n t i f i c a t i o n ”  t o  a s s e s s t h e  s t a t e - o f - t h e - a r t  o f Great
L a k e s  f i s h  e g g  a n d la rvae i d e n t i f i c a t i o n  a n d  t o  d e v e l o p  a  s t r a t e g y  f o r
f u t u r e  l a r v a l  t a x o n o m i c  w o r k  i n  t h e  G r e a t  L a k e s reg ion (FWS/OBS-76/23,
NTIS, S p r i n g f i e l d ,  V A ) , The proceedings documented the profound need for
deve lopmenta l  s tud ies  and  assemblage  o f  a  comprehens ive  i l l us t ra ted  key  o r
guide to the eggs and l a r v a e  o f  G r e a t  L a k e s  f i s h e s , and prov ided
recommendations.

T h e  n e e d  f o r  t h e  k e y  w a s  f o r m a l l y  e s t a b l i s h e d , b u t  n o  o n e  s t e p p e d
f o r w a r d .  D r . J o h n  D o r r , then a  P h . D . c a n d i d a t e  a t  t h e  U n i v e r s i t y  o f
Mich igan, w a s  a c t i v e  i n  t h e  f i e l d ,  w a s  o r g a n i z i n g  t h e  G r e a t  L a k e s Regional
Fish Larvae C o l l e c t i o n  a t  t h e  u n i v e r s i t y  ( D o r r ,  J .  A .  I I I  a n d  D .  J .  J u d e .

i c a t i o n  a d v i c e i n
John was not in a

1981 .  J .  Grea t  Lakes  Res .  7 ,  2 ) . a n d  w a s  o f f e r i n g  i d e n t i f
c o n j u n c t i o n w i t h ongo ing  power  p lan t  s tud ies . However,
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p o s i t i o n  t o  d e v e l o p  t h e  t e x t , a n d  i t  w a s n ’ t  u n t i l  1 9 7 7  t h a t the idea and
t h e  c o n f i d e n c e t o  p r o d u c e  a  t e x t  o n  i d e n t i f i c a t i o n  o f  l a r v a l  f i s h e s  b e g a n
to  fo rm in  Nancy  Auer ’ s  m ind . T h e  U n i v e r s i t y  o f  M i c h i g a n  G r e a t  L a k e s
R e s e a r c h  D i v i s i o n had  a  con t rac t  w i th  Consumers  Power  Company  fo r  bo th
316 (a) and 316 (b) demonstrations and a t e a m  o f b i o l o g i s t s  c a p a b l e  o f
p u t t i n g t o g e t h e r  a t e x t  w a s i n  p l a c e . In  1978,  Nancy  and Dr .  Dav id
J.  Jude,  both members of  the team, made a proposal  to Michigan S e a  G r a n t ,
b u t i t was no t  funded . In  la te  1979 a  rev ised  proposa l  was  submi t ted  to
the Great Lakes Fishery Commission by Auer and Jude which contained sample
pages. Pos i t i ve  recommendat ions  were  rece ived  f rom severa l  peer  rev iewers .
The proposal  was funded, but I ’m sure every Commissioner quest ioned whether
Nancy and her team could produce a qual i ty  manual  on such a smal l  budget in
s u c h  a s h o r t  t i m e . The team of  Auer,  Lee A.  Fuiman, George R. Heufelder,
Heang T .  T in ,  and  Jude essen t ia l l y  comple ted  the  tex t  in  Augus t  1981.

T h e  i n i t i a l  c o n t r a c t  d i d  n o t  i n c l u d e  p u b l i c a t i o n , which was sought
subsequent l y through EPA at a time when i t s  p u b l i c a t i o n  p o l i c y  w a s
undergo ing  rev is ion  and i t s  budget  was  be ing  s lashed. T i m e  w a s  l o s t  u n t i l
t h e  F i s h e r y  C o m m i s s i o n  w a s requested t o  e x a m i n e t h e  f i n a l  d r a f t  a n d
c o n s i d e r  p u b l i c a t i o n . The Commission responded posit ively, b e l i e v i n g t h e
t e x t t o  b e  a  m a j o r  c o n t r i b u t i o n  t o  t h e  G r e a t  L a k e s  f i s h e r y  l i t e r a t u r e  a n d
t h a t  i t s  a v a i l a b i l i t y  w o u l d  p e r m i t  f u r t h e r  u n d e r s t a n d i n g  o f  f i s h e r y  e c o l o g y
as  a  s tep  toward  fu r ther  rehab i l i t a t ion  and  improved  management .

. The Atlas -

So the  Great  Lakes  communi ty  i s  ho ld ing  sympos ia  lead ing  to  syn thes is
o f i n f o r m a t i o n  o n f i s h  r e p r o d u c t i o n  a n d i s e s t a b l i s h i n g research
p r i o r i t i e s ,  a n d  y o u  h a v e  j u s t read the s t o r y  o f the n e e d  f o r  a n d
d e v e l o p m e n t  o f f i s h  e g g  a n d  l a r v a e  i d e n t i f i c a t i o n  c a p a b i l i t y .  T h e r e  w a s
y e t  a n o t h e r  m a j o r  p i e c e  m i s s i n g  f r o m  t h e  e f f o r t s  t o  i n c r e a s e  u n d e r s t a n d i n g
o f Great L a k e s  f i s h  r e p r o d u c t i o n  -  -  - a  cu r ren t  knowledge  o f  where  f i sh
spawn and  the  la rvae  matu re  -  -  - and where  they  d id  in  the  pas t . Several
s t u d i e s  b y  a  v a r i e t y  o f i n d i v i d u a l s and agenc ies  have  recorded  such
i n f o r m a t i o n th roughou t t h e  G r e a t Lakes, b u t i t r e m a i n e d  f o r  C a r o l e
D. Goodyear, Thomas A. Edsall, Diane M. Ormsby Dempsey, G. David Moss, and
P a u l  E .  P o l a n s k i  o f  t h e  G r e a t  L a k e s  F i s h e r y  L a b o r a t o r y ,  U . S . F i s h  a n d
W i l d l i f e  S e r v i c e , under  con t rac t  to  the  U.S . Army Corps of Engineers, to
p u t  t h e  a v a i l a b l e  i n f o r m a t i o n  t o g e t h e r  i n t o  a  1 4 - v o l u m e  “ A t l a s  o f  s p a w n i n g
and nursery  a reas  o f  the  Grea t  Lakes  f i shes . ” The  a t las  inc ludes  the  U.S .
and  Canad ian  waters  o f  the  f i ve  Grea t  Lakes ,  Lake  S t .  C la i r ,  and t h e  f i v e
Great Lakes connect ing waters . O n e  v o l u m e  d e s c r i b e s  t h e  r e p r o d u c t i v e
c h a r a c t e r i s t i c s  o f  t h e  1 1 7  f i s h  s p e c i e s  c o v e r e d ,  a n d c o n c i s e  d e s c r i p t i o n s
o f general spawning and nursery  requ i rements  were  a lso  comp i led . These
v o l u m e s  a r e  a v a i l a b l e  f r o m  t h e  F i s h  a n d  W i l d l i f e  S e r v i c e ,  W a s h i n g t o n ,  D . C .
as FWS/OBS-82/52.

a n d  t h e i r
commercial

F ishery  and env i ronmenta l  admin is t ra to rs ,  managers ,  and  sc ien t i s ts  a re
i n t h e  m i d s t  o f  a  g r e a t  e x p e r i m e n t  -  -  - r e h a b i l i t a t i o n  o f  t h e  G r e a t  L a k e s

f i s h e r y  r e s o u r c e s . The combined tota l economic i m p a c t  o f t h e
 a n d  r e c r e a t i o n a 1  f i s h e r y  h a s r i s e n t o  a b o u t  $ 1 . 1 6  b i l l i o n
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a n n u a l l y . H o w e v e r ,  m u c h  o f  t h e  f i s h e r y  r e c o v e r y  t o  d a t e  h a s  b e e n
b i o e n g i n e e r e d  t h r o u g h sea lamprey management, a r t i f i c i a l  r e p l e n i s h m e n t  o f
n a t i v e spec ies b y  s t o c k i n g , i n t r o d u c t i o n  o f P a c i f i c salmon, and
k n o w l e d g e a b l e  a p p l i c a t i o n  o f  r e g u l a t i o n s  c o n t r o l l i n g  h a r v e s t .

The Commission’s goal  for  the development and maintenance of  balanced
f ish  communi t ies  o f  des i red  spec ies  suppor ted  by  na tu ra l r e p r o d u c t i o n  h a s
n o t  y e t  b e e n  a t t a i n e d . W i t h  p u b l i c a t i o n  o f  t h i s  m a n u a l ,  a n o t h e r  t o o l  f o r
u s e  i n  a t t a i n i n g  t h a t  g o a l  b e c o m e s  a v a i l a b l e .

C a r l o s  M .  F e t t e r o l f ,  J r .
Execut ive  Secre tary
Great Lakes Fishery Commission
December 1982
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PREFACE

PREFACE

T h e  p r o d u c t i o n  o f  t h i s  m a n u a l  w a s  u n d e r t a k e n  a s  p a r t  o f  e m p l o y m e n t
r e s p o n s i b i l i t i e s a n d  f r u s t r a t i o n  a t  t h e l a c k  o f  a d e q u a t e  a n d  s p e c i f i c
m a t e r i a l s a v a i l a b l e  f o r i d e n t i f i c a t i o n  o f l a r v a l f i s h e s . Al though
i n i t i a t e d as a “p ipe dream” i n v o l v i n g  o n l y  m y s e l f , it soon became apparent
t h a t  t h e  p r o d u c t i o n  o f  a  f i s h  l a r v a  i d e n t i f i c a t i o n  m a n u a l  w o u l d  r e q u i r e  t h e
ass is tance, exper t i se  and exper ience o f  o thers .

This manual is NOT meant to be a last testament to larval f i s h
i d e n t i f i c a t i o n i n t h e  G r e a t  L a k e s  r e g i o n .  O b v i o u s l y ,  s e v e r a l  g a p s  a r e
present and much informat ion and knowledge are lacking. T h i s  b o o k is a
c o n s o l i d a t i o n  o f t h e  c u r r e n t  k n o w l e d g e . T h e  f o r m a t  a n d layout were
p u r p o s e l y  c h o s e n  s o  t h a t  a d d i t i o n s  a n d  c o r r e c t i o n s  c o u l d  b e  i n c o r p o r a t e d
e i t h e r  p e r s o n a l l y  o r  t h r o u g h  f u t u r e  p u b l i c a t i o n  o f  c o m p l e t e  s p e c i e s
accounts. I t  was  a lso  chosen  to  keep  cos ts  to  a  m in imum, thus al lowing
s tudents and l a b o r a t o r y techn ic ians to  purchase  persona l  cop ies ,  and  to
a l l o w  f o r  e a s y  h a n d l i n g  i n  t h e  l a b o r a t o r y  o r  f i e l d .

I t  c a n n o t  b e  s t r e s s e d  e n o u g h  t h a t  t h i s is a summary of past and
presen t l i t e r a t u r e . Techniques and p r o c e d u r e s  f o r  l a r v a  i d e n t i f i c a t i o n
h a v e  v a r i e d  o v e r  t h e  y e a r s . W h i l e  a l l a v a i l a b l e  l i t e r a t u r e  h a s  b e e n
incorpora ted , remember t h a t v a r i o u s myomere counts  quo ted  in  a  spec ies
descr ip t ion  may be  incons is ten t  due to  techn iques  used by  var ious  au thors .
Preanal myomere counts r e p o r t e d  b y  F i s h  ( 1 9 3 2 )  ,  N e l s o n  ( 1 9 7 7 ) ,  N o r d e n
(1961) and in other o lder works are the number of  ent i re myomeres f rom the
nape to  the  end  o f  the  anus . A more recent method used by Buynak and Mohr
(1978-1980),  Cooper (1978), Fuiman and Loos (1977), Hardy (1978), Lippson
and Moran (1974), Mansuet i  (1964) ,  Mansuet i  and  Hardy  (1967)  and  S ie fe r t
(1969) descr ibe preanal  myomeres as those f rom the nape to an imaginary

v e r t i c a l l i n e  d r a w n  a t  t h e  p o s t e r i o r edge of  the  anus , inc lud ing  any
b i s e c t e d  b y  t h a t  l i n e . O r i g i n a l  d a t a  a r e  d e n o t e d  b y  a n  a s t e r i s k  ( * ) and
were  ob ta ined  us ing  the  la t te r  method . T h e  w o r k  o f  F i s h  ( 1 9 3 2 )  i s  s p e c i f i c
to  the  Lake  Er ie  d ra inage , and therefore covers many of  the same species as
this manual , however s ince most of  her counts do not correspond with recent
data and she employed the o l d e r method in evaluating myomeres we have
omi t ted  her  coun ts  f rom the  spec ies  accoun ts  to  reduce  con fus ion .

March 1, 1982
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ABSTRACT

T h i s  m a n u a l  f o r  t h e  i d e n t i f i c a t i o n  o f  l a r v a l  f i s h e s  o f  t h e  G r e a t  L a k e s
b a s i n  w i t h  e m p h a s i s  o n  t h e  L a k e  M i c h i g a n  d r a i n a g e  t r e a t s  2 4  f a m i l i e s  a n d
1 4 5  s p e c i e s . I n  a d d i t i o n  t o  a  k e y  t o  t h e  f a m i l i e s ,  k e y s  w e r e  c o n s t r u c t e d
f o r  s e l e c t e d  s p e c i e s  w i t h i n  s o m e  f a m i l i e s . Spec i es accounts inc lude
d e s c r i p t i o n s o f  a d u l t  e c o l o g y , r e p r o d u c t i v e  b i o l o g y ,  d i a g n o s t i c  c h a r a c t e r s
a n d  m e r i s t i c s . A  d e s c r i p t i o n  o f  t h e  e g g  i s  g i v e n ,  a s  a r e  m o r p h o m e t r i c ,
morphological a n d  p i g m e n t a t i o n  c h a r a c t e r i s t i c s  o f  y o l k - s a c  l a r v a e ,  l a r v a e
a n d  j u v e n i l e s . I l l u s t r a t i o n s  o f  y o l k - s a c  l a r v a e ,  l a r v a e - a n d  j u v e n i l e s  h a v e
been inc luded wherever  poss ib le  and  in fo rmat ive .
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ABBREVIATIONS
C = cen t ig rade
ca . =  approx imate ly
cm =  cen t imete r
0 = degree
FL = f o r k  l e n g t h
g = gram
> =  g rea te r  than
kg = ki logram
km = k i l omete r
<  =  less  than
m = meter
mm =  m i l l i m e t e r
N = number
% = percent
s = second
SL = s tandard  leng th
TL = t o t a l  l e n g t h
*  =  o r i g i n a l  d a t a
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66 .  Cypr inus  ca rp io ,  common carp .A-         D. Larvae. . . . . . . . .

67. Cyprinus carpio, common carp. A-D. Larvae.. . . . . . . . . .

6 8 .  H y b o g n a t h u s  h a n k i n s o n i ,  b r a s s y  m i n n o w .  A - D .  L a r v a e . .  .  .  .  .

6 9 .  H y b o g n a t h u s  r e g i u s ,  e a s t e r n  s i l v e r y  m i n n o w .  Y o l k - s a c  l a r v a .  .

70 .  Hybognathus  reg ius ,  eas tern  s i l very  minnow. A - D .  L a r v a e .  .  .

71. Hybopsis s t o r e r i a n a , s i l v e r chub ( t e n t a t i v e
identification. Larva. . . . . . . . . . . . . . . . . . . . .

7 2 .  H y b o p s i s  s t o r e r i a n a ,  s i l v e r chub. A-D. Larvae. E.
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

7 3 .  N o c o m i s  b i g u t t a t u s , h o r n y h e a d  c h u b .  A . Yo lk -sac l a r v a .
B. Larva.. . . . . . . . . . . . . . . . . . . . . . . . . . .

74. Nocomis biguttatus,  hornyhead chub. A and B. Larvae. . . . .

7 5 .  N o c o m i s  m i c r o p o g o n ,  r i v e r  c h u b . Yo lk -sac l a r v a , newly
hatched. . . . . . . . . . . . . . . . . . . . . . . . . . . .

76. N ocomis micropogon, r i v e r chub. A. Y o l k - s a c  l a r v a .  B .

192

193

197

198

199

204

206

207

211

212

215

216

219

Larva. . . . . . . . . . . . . . . . . . . . . . . . . .

77. Nocomis micropogon, r i v e r  c h u b . A .  Y o l k - s a c  l a r v a .
C. Larvae. . . . . . . . . . . . . . . . . . . . . . . .

78.  Nocomis micropogon, r i v e r chub. A-C. Larvae.
. . . .Juvenile.. . . . . . . . . . . . . . . . . . . .

79. Notemigonus cryso leucas , golden s h i n e r
larva. . . . . . . . . . . . . . . . . . . . . .

. Yol
. . . .

8 0 .  N o t e m i g o n u s  c r y s o l e u c a s ,  g o l d e n  s h i n e r .  A .  Y o
B. Larva.. . . . . . . . . . . . . . . . . . . .

. . .

B and
. . .

D.
. . .

k-sac
. . .

larva.
. . .

l k - s a c  
. . . .

220

221

222

225

226

8 1 .  N o t e m i g o n u s  c r y s o l e u c a s ,  g o l d e n  s h i n e r .  A  a n d B. L a r v a e .  . 227

8 2 .  N o t e m i g o n u s  c r y s o l e u c a s ,  g o l d e n  s h i n e r .  A  a n d B. Larvae.  . 228

8 3 .  N o t r o p i s a t h e r i n o i d e s , e m e r a l d  s h i ner . A-C. Yo 1 k-sac
la rvae .  D . Larva. . . . . . . . . . . . . . . . . . . . . . . 234
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8 4 .  N o t r o p i s a t h e r i n o i d e s , e m e r a l d  s h i n e r .  A - C . L a r v a e .  .  .

8 5 .  N o t r o p i s  b l e n n i u s , r i v e r s h i n e r . Larva. . . . . . . . .

8 6 .  N o t r o p i s  c h a l y b a e u s , i r o n c o l o r s h i n e r . A and B. Y o l k -
sac larvae.. . . . . . . . . . . . . . . . . . . . . . . . . .

8 7 .  N o t r o p i s  c h a l y b a e u s ,  i r o n c o l o r  s h i n e r .  A - D .  L a r v a e .  .  .  .  .  .

8 8 .  N o t r o p i s chrysocephalus, s t r i p e d s h i n e r . Yo lk -sac
larva. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8 9 .  N o t r o p i s chrysocephalus, s t r i p e d s h i n e r . Yo lk -sac
larva. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 0 .  N o t r o p i s  c h r y s o c e p h a l u s ,  s t r i p e d  s h i n e r . Larva. . . . . . .

9 1 .  N o t r o p i s  c h r y s o c e p h a l u s ,  s t r i p e d  s h i n e r . Larva. . . . . . .

9 2 .  N o t r o p i s chrysocephalus, s t r i p e d s h i n e r .
J u v e n i l e . (Labora to ry - reared ,  Tennessee,  Yeager  1979) .  .  .  .  .

9 3 .  N o t r o p i s  c o r n u t u s , common s h i n e r . Yo lk -sac larva. . . .

9 4 .  N o t r o p i s  c o r n u t u s , common s h i n e r . A and B. Larvae.. .

9 5 .  N o t r o p i s  c o r n u t u s , common s h i n e r . A and B. L a r v a e . .  .

9 6 .  N o t r o p i s  d o r s a l i s , b i g m o u t h  s h i n e r .  A .  Y o l k - s a c l a r v a .
B. Larva.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 7 .  N o t r o p i s  d o r s a l i s , b i g m o u t h  s h i n e r .  A - C . Larvae.. . . . . .

9 8 .  N o t r o p i s  h e t e r o l e p i s , b l a c k n o s e  s h i n e r . J u v e n i l e . .  .  .  .

9 9 .  N o t r o p i s  h u d s o n i u s ,  s p o t t a i l  s h i n e r . A and B. Yo lk -sac
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

1 0 0 .  N o t r o p i s  h u d s o n i u s ,  s p o t t a i l  s h i n e r . A-C. Larvae. . . . . . .

1 0 1 .  N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r . Larva.. . . . . . . . . .

1 0 2 .  N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r . Larva.. . . . . . . . . .

1 0 3 .  N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r . Larva.. . . . . . . . . .

1 0 4 .  N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r . Larva.. . . . . . . . . .

1 0 5 .  N o t r o p i s  s p i l o p t e r u s , s p o t f i n s h i n e r . Yo lk -sac l a r v a .

1 0 6 .  N o t r o p i s  s p i l o p t e r u s ,  s p o t f i n  s h i n e r . A and B. Larvae.. . . .

235
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279
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1 0 7 .  N o t r o p i s  s p i l o p t e r u s ,  s p o t f i n  s h i n e r .  A  a n d  B .  L a r v a e . .  .  .  .

1 0 8 .  N o t r o p i s  s p i l o p t e r u s ,  s p o t f i n  s h i n e r .  A  a n d  B .  L a r v a e . .  .  .  .

1 0 9 .  N o t r o p i s  s t r a m i n e u s ,  s a n d  s h i n e r .  A .  Y o l k - s a c  l a r v a .  B .
Larva. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1 1 0 .  N o t r o p i s  s t r a m i n e u s , sand s h i n e r . A and B. Yo lk -sac
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

111 .  Not rop is  s t ramineus ,  sand sh iner . Larva.. . . . . . . . . . .

112,  Not rop is stramineus, sand s h i n e r . A and B. L a r v a e .  .  .

1 1 3 .  N o t r o p i s  v o l u c e l l u s ,  m i m i c  s h i n e r . A and B. Larvae. . . . . .

1 1 4 .  N o t r o p i s  v o l u c e l l u s ,  m i m i c  s h i n e r . Larva. . . . . . . . . . .

115 .  P imepha les  no ta tus ,  b lun tnose  minnow. A and B. Yo lk -sac
la rvae .  C . Larva. . . . . . . . . . . . . . . . . . . . . . .

116. Pimephales notatus,  bluntnose minnow. A and B. Larvae.. . . .

117. Pimephales nota tus , b lun tnose m i n n o w .  A . Larva. B.
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

118.  Pimephales promelas, fa thead minnow. Yo lk -sac l a r v a .

119. Pimephales promelas, fathead minnow. A and B. Larvae. . . . .

120. Pimephales promelas, fathead minnow. A and B. Larvae. . . . .

121. Pimephales promelas, fathead minnow. A and B. Larvae. . . . .

122 .  P imepha les  v ig i lax ,  bu l lhead minnow. Yolk-sac larva.. . . . .

123 .  P imepha les  v ig i lax ,  bu l lhead minnow. A-D. Larvae. . . . . . .

124 .  P imepha les  v ig i lax ,  bu l lhead minnow. A and B. L a r v a e .  C .
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

125.  Rh in ich thys a t r a t u l u s , b l a c k n o s e  d a c e .  A - C . Yo lk -sac
larvae. D. Larva.. . . . . . . . . . . . . . . . . . . . . . .

1 2 6 .  R h i n i c h t h y s  a t r a t u l u s ,  b l a c k n o s e  d a c e .  A . Yo lk -sac l a r v a .
B and C. Larvae. . . . . . . . . . . . . . . . . . . . . . . .

1 2 7 .  R h i n i c h t h y s  a t r a t u l u s , b l a c k n o s e  d a c e .  A  a n d  B .  L a r v a e .  .  .

1 2 8 .  R h i n i c h t h y s  a t r a t u l u s , b l a c k n o s e  d a c e .  A  a n d  B .  L a r v a e .  C .
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .
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129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

R h i n i c h t h y s  c a t a r a c t a e ,  l o n g n o s e  d a c e .  Y o l k - s a c  l a r v a ,  n e w l y
hatched. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Rh in ichthys ca ta rac tae , longnose dace. A. Yo lk -sac
larva. B. Larva. . . . . . . . . . . . . . . . . . . . . . . .

Rh in ich thys  ca ta rac tae ,  longnose  dace . A-C. Larvae.. . . . .

R h i n i c h t h y s  c a t a r a c t a e ,  l o n g n o s e  d a c e .  A  a n d  B .  L a r v a e .  .  .  .

Semot i l us  a t romacu la tus ,  c reek  chub . A and B. Yolk-sac
la rvae . C. Larva. . . . . . . . . . . . . , . . . . . . . . .

S e m o t i l u s  a t r o m a c u l a t u s ,  c r e e k  c h u b .  A - C .  L a r v a e .  .  .  .  .  .

Semot i lus atromaculatus, creek chub. A. L a r v a .  B .
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

Semot i lus c o r p o r a l i s , f a l I f i s h . A. Yo lk -sac l a r v a ,
newly hatched. B.  Yo lk -sac larva.. . . . . . . . . . . . . .

S e m o t i l u s  c o r p o r a l i s ,  f a l l f i s h .  A  a n d  B .  L a r v a e .  .  .  .  .  .  .  .

S e m o t i l u s  c o r p o r a l i s ,  f a l l f i s h . A .  Larva . B .  J u v e n i l e . .  .  .

Carpiodes c a r p i o , r i v e r ca rpsucker . A. Y o l k - s a c  l a r v a ,
n e w l y  h a t c h e d .  B . Yo lk -sac l a r v a .  C - E . Larvae.. . . . .

Carp iodes  carp io , r i v e r ca rpsucker . A and B. Larvae.
C. Juvenile. . . . . . . . . . . . . . . . . . . . . . . . . .

C a r p i o d e s  c y p r i n u s , q u i l l b a c k . Yolk-sac l a r v a , newly
hatched. . . . . . . . . . . . . . . . . . . . . . . . . . . .

C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k . A and B. Yo lk -sac la rvae .
C. Larva.. . . . . . . . . . . . . . . . . . . . . . . . . . .

C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k .  A  a n d  B .  L a r v a e . .  .  .  .  .  .  .  .

Carp iodes  cypr inus , q u i l l b a c k . A-C. Larvae.. . . . . . .

C a r p i o d e s  c y p r i n u s , q u i l l b a c k . A and B. Larvae.
C. Juvenile. . . . . . . . . . . . . . . . . . . . . . . . . .

C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k . Juvenile. . . . . . . . . . .

C a r p i o d e s  v e l i f e r , h i g h f i n ca rpsucker . A and B. Yolk-sac
larvae. C-E. Larvae. . . . . . . . . . . . . . . . . . . . . .

C a r p i o d e s  v e l i f e r ,  h i g h f i n  c a r p s u c k e r . A and B. Larvae.
C. Juvenile. . . . . . . . . . . . . . . . . . . . . . . . . .
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149. Catostomus catostomus, longnose sucker . Yo lk -sac
larva. . . . . . . . . . . , . . . . . . . . . . . . . . . . .

150 .  Ca tos tomus ca tos tomus,  longnose  sucker .  A  and  B .  Larvae .  .  .  .

1 5 1 .  C a t o s t o m u s  c o m m e r s o n i ,  w h i t e  s u c k e r .  A .  Y o l k - s a c  l a r v a ,
newly hatched. B .  Y o l k - s a c  l a r v a .  C . Larva.. . . . . . . .

152 .  Catos tomus commerson i ,  wh i te  sucker .  A  and  B .  Larvae .  .  .  .  .

153. Catostomus commersoni ,  whi te sucker. A and B. Larvae. . . .

154. Catostomus commersoni ,  whi te sucker. A  a n d  B .  J u v e n i l e s . .  .

155 .  Er imyzon  ob longus , creek chubsucker. Yolk-sac l a r v a ,
newly hatched. . . . . . . . . . . . . . . . . . . . . . . . .

156 .  E r imyzon  ob longus ,  c reek  chubsucker . A and B. L a r v a e . .  .  .

1 5 7 .  E r i m y z o n  o b l o n g u s ,  c r e e k  c h u b s u c k e r .  A  a n d  B .  L a r v a e .  .  .

158.  Er imyzon oblongus,  creek chubsucker. Juvenile.. . . . . . . .

1 5 9 .  H y p e n t e l i u m  n i g r i c a n s ,  n o r t h e r n  h o g  s u c k e r .  A .  Y o l k - s a c
l a r v a .  B . Larva.. . . . . . . . . . . . . . . . . . . . . . .

1 6 0 .  H y p e n t e l i u m  n i g r i c a n s ,  n o r t h e r n  h o g  s u c k e r .  L a r v a . .  .  .  .  .  .

1 6 1 .  H y p e n t e l i u m  n i g r i c a n s ,  n o r t h e r n hog s u c k e r .  A . Larva .
B. Juvenile. . . . . . . . . . . . . . . . . . . . . . . . . .

162. Hypentel ium n i g r i c a n s , nor the rn hog sucker .
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

1 6 3 .  I c t i o b u s  s p . , buffalofish. A. Yo lk -sac l a r v a , newly
h a t c h e d .  B .  Y o l k - s a c  l a r v a . C. Larva. . . . . . . . . . . . .

1 6 4 .  I c t i o b u s  b u b a l u s , s m a l l m o u t h  b u f f a l o . A  a n d  B .  Y o l k - s a c
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

165 .  I c t i obus  buba lus ,  sma l lmou th  bu f fa lo . A .  Y o l k - s a c  l a r v a .  B -
D. Larvae. . . . . . . . . . . . . . . . . . . . . . . . . . .

1 6 6 .  I c t i o b u s  b u b a l u s ,  s m a l l m o u t h  b u f f a l o . A-D. Larvae. . . . . .

1 6 7 .  I c t i o b u s  b u b a l u s , s m a l l m o u t h  b u f f a l o .  A . Larva. B.
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . .

1 6 8 .  I c t i o b u s  c y p r i n e l l u s , b i g m o u t h  b u f f a l o . A and B. Y o l k -
sac  la rvae . C-E. Larvae.. . . . . . . . . . . . . . . . . . .
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1 6 9 .  I c t i o b u s  c y p r i n e l l u s ,  b i g m o u t h  b u f f a l o . A and B. Larvae.
C .  J u v e n i l e . . . . . . . . . . . . . . . . . . . . . . . . . .

1 7 0 .  I c t i o b u s  n i g e r ,  b l a c k  b u f f a l o .  A  a n d  B .  Y o l k - s a c  l a r v a e .  C -
E. Larvae. . . . . . . . . . . . . . . . . . . . . . . . . . .

171. hrt.ioiz;i leyig": . . .b:ark.  .byfTa;oI . . " . and . " . . '"'ye:

172. Minytrema melanops, spot ted sucker. A and B. Yo lk -sac
la rvae . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

173. Minytrema melanops, spotted sucker. A .  Larva . . . . . . . . .

174. Minytrema melanops, spotted sucker. A and B. Larvae . . . . . .

175. Moxostoma anisurum, si lver redhorse. J u v e n i l e . . . . . . . .

176 .  Moxos toma car ina tum,  r i ve r  redhorse .  Yo lk -sac l a r v a . . . . .

177. Moxostoma car inatum, r iver redhorse. A and B. Larvae. . . . .

178. Moxostoma duquesnei,  black redhorse. Larva . . . . . . . . . . .

179. Moxostoma ery th ru rum, golden redhorse. Yo lk -sac
l a r v a . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

180. Moxostoma erythrurum, golden redhorse. A and B. Larvae . . . .

181. Moxostoma macro lepidotum, shorthead redhorse. Yo lk -sac
l a r v a . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

182. Moxostoma macrolepidotum, shorthead redhorse. Larva . . . . . .

183. Moxostoma macro lepidotum, shorthead redhorse. A and B.
Larvae . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

184. Moxostoma macrolepidotum, shorthead redhorse. J u v e n i l e . . . .

1 8 5 .  I c t a l u r u s melas, b lack bu l l head . A. Yo lk -sac
l a r v a .  B .  J u v e n i l e . . . . . . . . . . . . . . . . . . . . . . .

1 8 6 .  I c t a l u r u s  n a t a l i s , y e l l o w  b u l l h e a d . J u v e n i l e . . . . . . . .

187. I c t a l u r u s nebulosus, b r o w n  b u l l h e a d . A and B. Yo lk -sac
l a r v a e .  C .  J u v e n i l e . . . . . . . . . . . . . . . . . . . . . .

1 8 8 .  I c t a l u r u s  p u n c t a t u s , channel c a t f i s h . A and B. Yolk-sac
la rvae . C .  J u v e n i l e . . . . . . . . . . . . . . . . . . . . . .

189 .  Noturus  f lavus , s tonecat . J u v e n i l e .. . . . . . . . . . . . .
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190.  Noturus  gyr inus , tadpole madtom. A and B. Juveniles.. . . . .

1 9 1 .  N o t u r u s  m i u r u s , b r i nd led  mad tom. Juvenile. . . . . . . .

1 9 2 .  P y l o d i c t i s  o l i v a r i s ,  f l a t h e a d  c a t f i s h .  J u v e n i l e . .  .  .  .  .  .  .

1 9 3 .  A p h r e d o d e r u s  s a y a n u s ,  p i r a t e  p e r c h .  A .  Y o l k - s a c larva. B
and C. Larvae. . . . . . . . . . . . . . . . . , . . . . . . .

194. Aphredoderus sayanus, p i  r a t e  p e r c h . A and B. Larvae.
C. Juvenile . . . . . . . . . . . . . . . . . . . . . . . . . .

1 9 5 .  P e r c o p s i s  o m i s c o m a y c u s ,  t r o u t - p e r c h .  Y o l k - s a c  l a r v a . .  .  .  .  .  .

196. Percopsis omiscomaycus, t r o u t - p e r c h . A and B. Yo lk -sac
larvae. C. Larva.. . . . . . . . . . . . . . . . . . . . . . .

197. Percopsis omiscomaycus, t rout-perch. A and B. Larvae. . . . .

198. Lota lota, burbot. A and B. Yolk-sac larvae. . . . . . . . .

1 9 9 .  L o t a  l o t a ,  b u r b o t . Yolk-sac larvae.. . . . . . . . . . . . .

2 0 0 .  L o t a  l o t a burbo t . A and B. Yo lk -sac l a r v a e . C and
D. Larvae. . . . . . . . . . . . . . . . . . . . . . . . . . .

201. Fundulus diaphanus, b a n d e d  k i l l i f i s h .  A . Yo lk -sac l a r v a ,
newly hatched. B and C. Larvae.. . . . . . . . . . . . . . .

2 0 2 .  F u n d u l u s  d i a p h a n u s ,  b a n d e d  k i l l i f i s h .  A - D . Larvae. . . . . .

2 0 3 .  L a b i d e s t h e s  s i c c u l u s ,  b r o o k  s i l v e r s i d e . Yolk-sac l a r v a . .  .  .

2 0 4 .  L a b i d e s t h e s  s i c c u l u s ,  b r o o k  s i l v e r s i d e . A and B. Larvae.. . .

205. Labidesthes s i c c u l u s , b r o o k  s i l v e r s i d e .  A . L a r v a .  B .
Juvenile . . . . . . . . . . . . . . . . . . . . . . . . . . . .

206 .  Cu laea  incons tans ,  b rook  s t i ck leback . A. Yo lk -sac l a r v a .
B. Larva.. . . . . . . . . . . . . . . . . . . . . . . . . . .

2 0 7 .  C u l a e a  i n c o n s t a n s ,  b r o o k  s t i c k l e b a c k .  A  a n d  B .  L a r v a e .  .  .  .  .

2 0 8 .  G a s t e r o s t e u s  a c u l e a t u s , th reesp ine s t i c k l e b a c k . A and
B. Yolk-sac larvae. C. Larva.. . . . . . . . . . . . . . . . .

2 0 9 .  P u n g i t i u s  p u n g i t i u s , n i n e s p i n e  s t i c k l e b a c k . A and B. Y o l k -
sac larvae.. . . . . . . . . . . . . . . . . . . . . . . . . .

2 1 0 .  P u n g i t i u s  p u n g i t i u s ,  n i n e s p i n e  s t i c k l e b a c k . Y o l k - s a c  l a r v a .  .

453

455

457

462

463

467

468

469

474

475

476

481

482

491

492

493

499

500

503

507

508

x x v i i i



2 1 1 .  P u n g i t i u s  p u n g i t i u s ,  n i n e s p i n e  s t i c k l e b a c k .  A .  Y o l k - s a c  l a r v a .
B. Larva.. . . . . . . . . . . . . . . . . . . . . . . . . . .

2 1 2 .  M o r o n e  a m e r i c a n a ,  w h i t e  p e r c h .  A .  Y o l k - s a c  l a r v a , newly
hatched. B-E. Yolk-sac larvae. . . . . . . . . . . . . . . . .

213. Morone americana, whi te perch. A-E. Larvae. . . . . . . . . .

2 1 4 .  M o r o n e  a m e r i c a n a ,  w h i t e  p e r c h .  A - C . Juveniles. . . . . . .

215. Morone chrysops, white bass. A .  Y o l k - s a c  l a r v a . B .  L a r v a .  .

216. Morone chrysops, white bass. A-E. Larvae. . . . . . . . . . .

217.  Morone chrysops,  wh i te  bass . A-C. Larvae.. . . . . . . . . .

218 .  Amblop l i tes  rupes t r i s ,  rock  bass .  A  and  B .  Yo lk -sac l a r v a e .  .

2 1 9 .  A m b l o p l i t e s  r u p e s t r i s ,  r o c k  b a s s . A and B. Larvae. . . . . .

2 2 0 .  A m b l o p l i t e s  r u p e s t r i s ,  r o c k  b a s s . A and B. Larvae.. . . . .

2 2 1 .  A m b l o p l i t e s  r u p e s t r i s ,  r o c k  b a s s . A.  Larva . B .  J u v e n i l e .  .  .

222 .  Lepomis  cyane l lus ,  g reen  sun f i sh . A and B. Yo lk -sac la rvae .
C and D. Larvae. . . . . . . . . . . . . . . . . . . . . . . .

223. Lepomis c y a n e l l u s , green s u n f i s h . A. Larva. B and
C. Juveniles.. . . . . . . . . . . . . . . . . . . . . . . . .

224. Lepomis gibbosus, pumpkinseed. A and B. Yo lk -sac la rvae .
C. Larva. D. Juvenile. . . . . . . . . . . . . . . . . . . . .

225. Lepomis gulosus, warmouth. Yolk-sac larva.. . . . . . . . . .

226 .  Lepomis  gu losus ,  warmouth .  A -C. Larvae. D. Juvenile. . .

2 2 7 .  L e p o m i s  h u m i l i s ,  o r a n g e s p o t t e d  s u n f i s h .  A - D . Larvae. . . .

228 .  Lepomis  macroch i rus ,  b lueg i l l . A  a n d  B .  Y o l k - s a c  l a r v a e . .  .  .

2 2 9 .  L e p o m i s  m a c r o c h i r u s ,  b l u e g i l l . A  a n d  B .  Y o l k - s a c  l a r v a e .  C .
Larva. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

230. Lepomis macrochirus, b l u e g i l l . A. Larva. B and
C. Juveniles.. . . . . . . . . . . . . . . . . . . . . . . . .

231. L e p o m i s  m e g a l o t i s ,  l o n g e a r  s u n f i s h .  A .  Y o l k - s a c l a r v a .  B -
E. Larvae. . . . . . . . . . . . . . . . . . . . . . . . . . .

2 3 2 .  L e p o m i s  m e g a l i t i s , longear s u n f i s h .  A . Larva. B and
C. Juveniles.. . . . . . . . . . . . . . . . . . . . . . . . .

509

514

515

516

519

520

521

529

530

531

532

536

537

541

544

545

548

552

553

554

557

558

x x i x



233 .  Lepomis  m ic ro lophus ,  redear  sun f i sh . A .  Yo lk -sac l a r v a .  B
and C. Larvae.. . . . . . . . . . . . . . . . . . . . . . . .

234. Lepomis microlophus, redear s u n f i s h . A. Larva. B.
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

2 3 5 .  M i c r o p t e r u s  d o l o m i e u i , sma l lmou th  bass . A-C. Yo lk -sac
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

236 .  M ic rop te rus do lomieu i , s m a l l m o u t h  b a s s .  A . Larva. B and
C. Juveniles . . . . . . . . . . . . . . . . . . . . . . . . . .

2 3 7 .  M i c r o p t e r u s  s a l m o i d e s , l a r g e m o u t h  b a s s .  A - C . Yo lk -sac
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

2 3 8 .  M i c r o p t e r u s  s a l m o i d e s , la rgemouth  bass .  A .  Yo lk -sac  la rva .  B
and C. Larvae. . . . . . . . . . . . . . . . . . . . . . . . .

2 3 9 .  P o m o x i s  a n n u l a r i s ,  w h i t e c rapp ie . A and B. Yo lk -sac
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

240. Pomoxis a n n u l a r i s , w h i t e c rapp ie . A-E. Larvae. F.
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

241 .  Pomox is  n ig romacu la tus ,  b lack  c rapp ie . Larva. . . . . . . .

242. Pomoxis nigromaculatus, b lack  c rapp ie . A and B. Larvae.
. . .C. Juvenile. . . . . . . . . . . . . . . . . . . . . . .

243. Etheostoma b l e n n i o i d e s , greenside d a r t e r . Yo
larva. . . . . . . . . . . . . . . . . . . . . . . . . .

244 .  E theos toma b lenn io ides , greenside darter. A. Yo
. . . . ...* . . . . .

l k - s a c
. . .

l k - sac
larva. B. Larva. . . . . . . . . . .

d e  d a r t e r . A and B. L a r v a e .  .

nbow d a r t e r . Yo lk -sac
. . . . . . . . . . . . . . . .

245. Etheostoma blennioides, greens

246. Etheostoma caeruleum, ra
larva. . . . . . . . . . . . .

561

562

566

567

571

572

575

576

579

580

586

587

588

591

247. Etheostoma caeruleum, ra inbow darter . A. Yo lk -sac l a r v a .
B. Larva.. . . . . . . . . . . . . . . . . . . . . . . . . . .

248. Etheostoma caeruleum, rainbow d a r t e r .  A . L a r v a .  B .
Juvenile . . . . . . . . . . . . . . . . . . . . . . . . . .

249. Etheostoma f l a b e l l a r e , f a n t a i l d a r t e r . Yo lk -sac
larva. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2 5 0 .  E t h e o s t o m a  f l a b e l l a r e , f a n t a i l d a r t e r . A  a n d  B .  Y o l k - s a c
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

592

593

601

602

xxx



251 .  E theos toma f l abe l l a re , fantail darter. A-C. Larvae. . . . 603

252. Etheostoma microperca, l e a s t  d a r t e r .  A . Y o l k - s a c  l a r v a .
B. Larva. C. Juvenile. . . . . . . . . . . . . . . . . . . . .

253. Etheostoma nigrum, johnny darter. A. Yo lk -sac
larvae. B. Larvae. . . . . . . . . . . . . . . . . . . . . . .

2 5 4 .  E t h e o s t o m a  n i g r u m ,  j o h n n y  d a r t e r .A and B. Larvae.
C. Juvenile. . . . . . . . . . . . . . . . . . . . . . . . . .

2 5 5 .  E t h e o s t o m a  o l m s t e d i ,  t e s s e l l a t e d  d a r t e r .  Y o l k - s a c  l a r v a . .  .  .

256. Etheostoma o lmsted i , t e s s e l l a t e d d a r t e r .  A - C .  Y o l k - s a c
larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

257. Etheostoma zona le , banded d a r t e r . A. Yo lk -sac
larva. B. Larva. . . . . . . . . . . . . . . . . . . . . . . .

258.  Etheostoma zonale,  banded darter .A - C . Larvae. . . . . . .

259 .  Perca  f lavescens ,  ye l low perch . A - E .  Y o l k - s a c  l a r v a e .  .  .  .  .

260 .  Perca  f lavescens , y e l l o w  p e r c h .  A - E . Larvae. . . . . . .

261 .  Perc ina  caprodes ,  logperch .  A  and  B .  Yo lk -sac  la rvae .  C  and  D,
Larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

262 .  Perc ina  caprodes ,  l ogperch . A-D. Larvae. D. Larvae.. . . . .

263 .  Perc ina  caprodes ,  l ogperch . A-C. Larvae. D. Juvenile. . . .

264. Percina phoxocephala, s l e n d e r h e a d  d a r t e r . J u v e n i l e . .  .  .  .

265 .  S t i zos ted ion  canadense,  sauger . A - C .  Y o l k - s a c  l a r v a e .  .  .  .  .

266 .  S t i zos ted ion  canadense,  sauger . A-C. Larvae. D .  J u v e n i l e .  .

2 6 7 .  S t i z o s t e d i o n  v i t r e u m ,  w a l l e y e . A-C. Yo lk -sac l a r v a e .  .  .

2 6 8 .  S t i z o s t e d i o n v i t r e u m , w a l l e y e .  A . Yolk-sac l a r v a .  B - D ,
Larvae.. . . . . . . . . . . . . . . . . . . . . . . . . . . .

2 6 9 .  S t i z o s t e d i o n  v i t r e u m ,  w a l l e y e . A and B. Larvae. C.
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

2 7 0 .  A p l o d i n o t u s  g r u n n i e n s , f r e s h w a t e r  d r u m . A and B. Y o l k -
sac larvae.. . . . . . . . . . . . . . . . . . . . . . . . . .

271. A p l o d i n o t u s  g r u n n i e n s , f reshwater drum. A. Yolk-sac
larva. B. Larva. . . . . . . . . . . . . . . . . . . . . . . .

606

609

610

613

614

617

618

623

624

628

629

630

636

640

641

646

647

648

652

653

xxx i



272.  Ap lod ino tus  g runn iens , f r e s h w a t e r  d r u m .  A - D .  L a r v a e . .  .  .

273 .  Ap lod ino tus grunn iens , f reshwater drum. A. Larva .
B. Juvenile. . . . . . . . . . . . . . . . . . . . . . . . . .

274 .  Co t tus b a i r d i , mo t t l ed s c u l p i n . Y o l k - s a c  l a r v a , newly
hatched. . . . . . . . . . . . . . . . . . . . . . . . . . . .

654

655

661

2 7 5 .  C o t t u s  b a i r d i , m o t t l e d  s c u l p i n .

2 7 6 .  C o t t u s  b a i r d i , M o t t l e d  s c u l p i n .
f i n s , s h o w i n g  f i v e  e l e m e n t s .  .  .

277. Cottus cognatus, sl imy scu lp
hatched. . . . . . . . . . . . .

A and B. Y o l k - s a c  l a r v a e .  . 662

A. J u v e n i l e .
. . . . . . . .

i n . Y o l k - s a c  
. . . . . . . . .

B. P e l v i c
. . l . , .

larva, newly
. . . . . .

l a r v a .  B .

663

666

2 7 8 .  C o t t u s  c o g n a t u s ,  s l i m y  s c u l p i n .
Larva. . . . . . . . . . . . . .

A. Yo lk -sac
. . . . . . . . . . . . . . . 667

2 7 9 .  C o t t u s  c o g n a t u s , s l i m y s c u l p i n . A .  J u v e n i l e . B .  P e l v i c
f i n s , showing four elements. . . . . . . . . . . . . . . . . .

2 8 0 .  C o t t u s  r i c e i , Spoonhead sculpin. Yolk-sac larva.. . . . . . . 671

2 8 1 .  C o t t u s  r i c e i , Spoonhead s c u l p i n . A and B. L a r v a e .  C .
Juvenile.. . . . . . . . . . . . . . . . . . . . . . . . . . .

282. Myoxocephalus thompsoni, deepwater s c u l p i n .  A . Yo lk -sac
larva. B-E, Larvae.. . . . . . . . . . . . . . . . . . . . . .

LIST OF TABLES

1. Physical Features of the Great Lakes.. . . . . . . . . . . . . 4

2. Endangered a n d  T h r e a t e n e d  S p e c i e s i n t h e  L a k e Michigan
Drainage.. . . . . . . . . . . . . . . . . . . . . . . .

3 .  Ranges  o f  p reana l  myomeres  among Grea t  Lakes  cypr in i

4 .  Ranges  o f  p reana l  myomeres  ( - )  and  to ta l  ve r tebrae  (x )
Great Lakes catostomids. . . . . . . . . . . . . . . .

. . .

d s . .  .

among
. . .

5 .  R a n g e s  o f  p r e a n a l  m y o m e r e s  ( - ) and postanal myomeres (x)
among Great Lakes centrarchids.. . . . . . . . . . . . . . .

6 .  Ranges  o f  p reana l  myomeres  ( - )  and  to ta l  ve r tebrae  (x ) among
Great Lakes percids. . . . . . . . . . . . . . . . . . . . .

668

672

676

5

175

348

525

582

x x x i i



INTRODUCTION

T h e  n e e d  f o r  a  p u b l i c a t i o n  t o  a s s i s t  i n  t h e  i d e n t i f i c a t i o n  o f l a r v a l
f i s h e s  o f t h e  G r e a t  L a k e s r e g i o n  h a s  b e e n  d o c u m e n t e d .  T h e  w o r k s h o p
sponsored by the U. S. F i s h  a n d  W i l d l i f e  S e r v i c e ,  N a t i o n a l P o w e r  P l a n t
Team in Ann Arbor dur ing 1976 was convened to organize such a compendium.
T h e  G r e a t  L a k e s  r e g i o n  i s  u n i q u e  i n  t h a t  f i v e  l a r g e  c o n n e c t e d  b o d i e s  o f
f reshwate r , v e r y d i f f e r e n t i n t r o p h i c s t a t u s , c o n t a i n  d i f f e r e n t
comb ina t ions  o f  one  genera l  f i sh  fauna . A l though  there  a re  pub l i shed  works
d e a l i n g  w i t h  t h e  i d e n t i f i c a t i o n  o f  a d u l t  f i s h e s  i n  t h e  G r e a t  L a k e s  r e g i o n
o n l y t w o  c u r r e n t  p u b l i c a t i o n s  d e a l  w i t h  l a r v a l  f i s h  i d e n t i f i c a t i o n  i n  t h e
a r e a  ( D r e w r y  1 9 7 9 ,  L i p p s o n  1 9 7 6 ) .  B o t h  p r o v i d e  s i m p l i f i e d  i d e n t i f i c a t i o n
o f t h e  f a m i l i e s  o f G r e a t  L a k e s  f i s h  l a r v a e . S e v e r a l  o t h e r  p u b l i c a t i o n s
h a v e  d e a l t  w i t h  s p e c i f i c  r e g i o n s  o r  g r o u p s  o f  f i s h e s i n t h e  G r e a t  L a k e s
( D o r r  e t  a l . 1976, Fish 1932, Nelson and Cole 1975).

OBJECTIVES

The o b j e c t i v e  o f t h i s under tak ing was t o  p r e p a r e  a conc ise ,
d e s c r i p t i v e  m a n u a l  f o r  t h e  s e p a r a t i o n  a n d  i d e n t i f i c a t i o n  o f l a r v a l f i s h e s
f r o m  L a k e  M i c h i g a n  a n d i t s  d r a i n a g e . The manual is a step toward
evaluat ion and advancement of “ t h e s t a t e  o f the art” of l a r v a l f i s h
taxonomy i n the  Grea t  Lakes  reg ion . Obvious ly , cons idera t ion  must  a lways
b e  g i v e n  t o  t h e  f a c t  t h a t  l a r v a l  f i s h  m e r i s t i c s  a n d  s i z e  a t  a  p a r t i c u l a r
stage o f  d e v e l o p m e n t  w i l l v a r y  f r o m  r e g i o n  t o  r e g i o n  a n d  d e p e n d  o n
temperatures dur ing development. Th is  manua l m u s t  b e  u s e d  w i t h those
precau t ions  in  m ind .

STUDY AREA

T h e  G r e a t  L a k e s compr ise  the  la rges t  f reshwate r  sys tem on  ear th  and
cover  an  ex tens ive  geograph ic  a rea  f rom 41°  30 ’  N  to  49°  N  and  f rom 76” W
to g2O w. Th is  manua l  p r imar i l y  dea ls  w i th  f i shes  f rom Lake  Mich igan  and
i t s  d r a i n a g e  b a s i n ;  h o w e v e r  s p e c i e s  f r o m  o t h e r  G r e a t  L a k e s  p r o p e r  a r e
inc luded . F igure 1  i l l u s t r a t e s  t h e  e n t i r e  G r e a t  L a k e s  b a s i n . Species of
f i sh  known on ly  f rom the  d ra inage  a reas  o f  Lakes  Super io r ,  Huron ,  Er ie  and
O n t a r i o  w e r e  n o t  d e s c r i b e d . F i g u r e  2  i l l u s t r a t e s  L a k e  M i c h i g a n  a n d  i t s
d ra inage .



INTRODUCTION

F i g .  1 . Map of the Great Lakes basin.
in  the  d ra inages

L a r v a l  f i s h e s  k n o w n  t o  o c c u r  o n l y
o f  L a k e s  S u p e r i o r ,  H u r o n ,

a r e a s )  w e r e  n o t  i n c l u d e d  i n  t h i s  u n d e r t a k i n g .
E r i e  a n d  O n t a r i o (shaded
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F i g .  2 . Map of the Lake Michigan drainage (from Becker

3

1976) .
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Between 164 (Lee et  a l . 1986) and 173 (Hubbs and Lagler  1958) species
o f  f i s h  h a v e  b e e n  r e p o r t e d f r o m  t h e  G r e a t  L a k e s  r e g i o n . Some of the
p h y s i c a l  f e a t u r e s  o f  t h i s  v a s t  a n d  d i v e r s e  a r e a  a r e  s u m m a r i z e d  i n  T a b l e  1 .
W i t h i n  e a c h  l a k e  t h e r e  a r e ex t remes in  hab i ta t  wh ich  encourage spec ies
d i v e r s i t y ,  y e t  s i n c e  t h e  l a k e s  i n t e r c o n n e c t ,  t h e r e  i s  a  g r o u p  o f  f i s h e s
unique to the Great Lakes basin (Emery 1976).

Table 1. Phys ica l  fea tu res  o f  the  Grea t  Lakes  (Sche lske  and  Roth  1973) .

Lake
Features

Super io r Michigan Huron S t .  C l a i r E r i e O n t a r i o

Surface
Area (km2) 82,367

Drainage
Area (km2)

Land 124,838

Land and
Water 207,200

Max i mum
Depth (m) 406

Average
Depth (m) 148

Discharge
(m3/s) 2,067

58,016 59,570 1,268 25,666 19,684

117,845 58,793 70,448

175,860 87,434 90,132

281

128,464 17,948

188,034 19,217

228 6

53 3

5,041

60 244

84 17

5,551

86

1,556 6,627

Twenty-f our families and 1 4 8  s p e c i e s  o f  f i s h e s  a r e  d i s c u s s e d .  T h i s
manua l  covers  a l l  bu t  th ree  spec ies ,  Perc ina  shumard i , Polyodon spa thu la ,
and  Thyma l l us a r c t i c u s , l i s ted  by  Becker  (1976)  as  occur r ing  in  the  Lake
Mich igan dra inage. F i f t e e n  a d d i t i o n a l spec ies which may occur i n the
remaining Great Lakes proper and not in the Lake Michigan drainage or which
were not covered by Becker (1976) are:

Carpiodes c a r p i o Lepomis humil is Percina copelandi
Lepomis microlophus Prosopium cyl indraceum

Etheostoma olmstedi Morone americana Prosop ium cou l te r i
Gasterosteus aculeatus Noturus miurus Salmo salar- -
Hybops is  s torer iana Oncorhynchus nerka S e m o t i l u s  c o r p o r a l i s
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Spec ies  wh ich  have been ex t i rpa ted f rom the  Grea t  Lakes  reg ion , which
o c c u r  o n lY r a r e l y o r  w h i c h  a r e  i n  t h e  d r a inages of  the Great Lakes other
than Lake Michigan, have not been described here . These include:

INTRODUCTION

Ammocrypta Clara Notropis ariommus Noturus st igmosus
Ammocrypta pellucida N o t r o p i s  b i f r e n a t u s Perc ina  ev ides
Etheostoma spectabi le Not rop is boops Percina shumardi
Exoglossum laurae Notropis buchanani Phenacobu is  mi rab i l i s
Exoglossum maxi l l ingua N o t r o p i s  l u t r e n s i s Polydon spathula
Gambus ia  a f f in is Not rop is  photogen is Thyma l lus  a rc t i cus
Hybops is  x -puncta ta Not rop is  p rocne
I c t a l u r u s  c a t u s Noturus  fu r iosus
Not rop is  ana los tanus N o t u r u s  i n s i g n i s

Table 2. Endangered and Threatened Species in the Lake Michigan Drainage.

S ta te
Sta tus

Endangered Threatened

Michigan Coregonus alpenae Ac ipenser  fu lvescens
Coregonus johannae Ammocrypta pellucida
Coregonus n ig r ip inn is Cl inostomus elongatus
Coregonus reighardi Coregonus artedi i
Coregonus zeni thicus Coregonus hoyi
Noturus st igmosus Coregonus kiyi
S t i zos ted ion  v i t reum g laucum Erimyzon oblongus

Hybopsis amblops
Moxostoma carinatum
Not rop is  photogen is
Phox inus  er th rogaster

Wisconsin Fundu lus  no t t i I c t i o b u s  n i g e r
Hybops is  x -puncta ta Lepomis megalotis
Notropis chrysocephalus Moxostoma carinatum
Perc ina  ev ides Notropis anogenus

I l l i n o i s Coregonus alpenae Ac ipenser  fu lvescens
Hybopsis amblops Catostomus catostomus

Coregonus artedi i
Coregonus clupeaformis
Notropis anogenus
N o t r o p i s  h e t e r o l e p i s

Indiana Coregonus artedi i Ammocrypta pellucida
Cl inostomus elongatus
Perc ina  ev ides
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IDENTIFICATION OF FISH LARVAE

FORMAT

T h e  t e x t  c o n t a i n s  t w o  s e c t i o n s , t h e  f i r s t is a p r o v i s i o n a l ,
d i c h o t o m o u s  k e y  f o r t h e  i d e n t i f i c a t i o n  o f  f a m i l i e s . The  fami l y  sec t ions
cons is t  o f  spec ies  accounts arranged i n a l p h a b e t i c a l o rde r and, where
p o s s i b l e ,  a  d i c h o t o m o u s  k e y  t o  s p e c i e s  o r  g e n e r a  w i t h i n  t h a t  f a m i l y .
C o m m o n  a n d  s c i e n t i f i c  n a m e s  f o l l o w  R o b i n s  e t  a l . (1980). E a c h  s p e c i e s
a c c o u n t  i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  m a j o r  d i v i s i o n s :

DISTRIBUTION -  Occur rence  o f  spec ies in the Great Lakes region and
wi th in  the  Lake Mich igan dra inage.

SPAWNING SEASON - Months during which spawning has been documented for
the  Grea t  Lakes  reg ion , u n l e s s  o t h e r w i s e  s t a t e d .

SPAWNING TEMPERATURE - Water  tempera tu res  a t  wh ich  spawn ing  has  been
documented.

SPAWNING HABITAT - Descr ipt ion o f  the  env i ronment  in  wh ich  spawning
has been documented.

SPAWNING SUBSTRATE - Type o f  mater ia l  upon wh ich  spawning  i s  known to
occu r .

FECUNDITY - Average number or  range of  ovar ian eggs per female,  unless
o therw ise  no ted .

NATURAL H Y B R I D S  -  O t h e r  s p e c i e s in t h e s tudy area w i t h  w h i c h
i n t e r b r e e d i n g  h a s  o c c u r r e d  n a t u r a l l y .

EGGS - D e s c r i p t i o n  o f  f e r t i l i z e d ,  w a t e r  h a r d e n e d eggs, unless
otherwise n o t e d ;  d i a m e t e r ,  c o l o r ,  a d h e s i v e  p r o p e r t i e s ,  b u o y a n c y ,  y o l k
a n d  o i l  g l o b u l e  c h a r a c t e r i s t i c s  a n d  i n c u b a t i o n  p e r i o d .

D e s c r i p t i o n s  o f  d e v e l o p m e n t  a r e  w i t h i n  t h e  f o l l o w i n g  t h r e e  d i v i s i o n s ,
then s u b d i v i d e d  b y  l e n g t h  i n t e r v a l s . L e n g t h  i s  e x p r e s s e d  a s  t o t a l  l e n g t h
u n l e s s  o t h e r w i s e  s t a t e d . Each leng th i n t e r v a l c o n t a i n s  f o u r s e c t i o n s ,
whenever such  da ta  were  ava i lab le :  Myomeres ,  Morphomet ry ,  Morpho logy  and
Pigmenta t ion . Myomeres  a re  usua l l y  expressed as  a  to ta l  range fo l lowed,  in
paren theses ,  by  the  ranges  o f  p reana l  p lus  pos tana l  myomeres ,  e .  g . 34 to
36 (22 to 24 + 12 to 16) . Values used in the morphometry sect ion are taken
d i r e c t l y  f r o m  t h e  l i t e r a t u r e  o r  f r o m  u n p u b l i s h e d  d a t a . Values der ived from
i l l us t ra t ions  a re  documented  as  such .

YOLK-SAC LARVAE - Phase of development from the moment of hatching
t o  c o m p l e t e  a b s o r p t i o n  o f  y o l k .

LARVAE - Phase  o f  deve lopment  f rom comp le te  absorp t ion  o f y o l k  t o
development o f  t h e  f u l l  c o m p l e m e n t  o f  a d u l t  f i n  r a y s  a n d  a b s o r p t i o n
o f  f i n f o l d .
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JUVENILES - Phase of development from complete f
a n d  f i n f o l d  a b s o r p t i o n  t o  s e x u a l  m a t u r i t y .

i n r a y  d e v e lopment

ADULTS - B r i e f  d e s c r i p t i o n  o f  m e r i s t i c s  i n c l u d i n g  e n u m e r a t i o n o f  f i n
rays, v e r t e b r a e  a n d  l a t e r a l  l i n e  s c a l e s . O c c a s i o n a l l y  t h e  n u m b e r  o f
p y l o r i c  c a e c a , g i l l  r a k e r s  a n d  P h a r y n g e a l  t e e t h  i s  g i v e n .  M e t h o d s  b y
which anatomical  features were counted, measured and reported conform
t o  t h o s e used  by  Hubbs  and  Lag le r  (1958) .  D iagnos t i c  charac te rs  a re
inc luded wh ich  enab le  separa t ion  o f  spec ies  w i th in  each  fami ly  and  a re
o f  u s e  f o r  i d e n t i f y i n g  l a r g e r  l a r v a e .

LITERATURE CITED - B r i e f  c i t a t i o n s  o f  s o u r c e s  o f  i n f o r m a t i o n  a r e  n o t e d
b y  s u p e r s c r i p t  n u m e r a l s .  C o m p l e t e  c i t a t i o n s  c a n  b e  f o u n d i n the
LITERATURE CITED sect ion at the end of the text.

ILLUSTRATIONS

Whenever avai lable, i l l u s t r a t i o n s  h a v e  b e e n  i n c l u d e d  w i t h  e a c h  s p e c i e s
account. I n  m o s t  c a s e s  i l l u s t r a t i o n s  h a v e  b e e n  l i m i t e d  t o  t h o s e  o f  y o l k -
sac  la rvae and la rvae . I l l u s t r a t i o n s  o f  j u v e n i l e s  w e r e  a d d e d  w h e r e
a v a i l a b l e  o r  d e e m e d important i n  i d e n t i f i c a t i o n . In many cases dorsal ,
la te ra l  and  ven t ra l  v iews are  shown. Lengths given with each i l l u s t r a t i o n
r e p r e s e n t  t o t a l  l e n g t h .

S e v e r a l  o f the i l l u s t r a t i o n s  u s e d  i n  t h i s  p u b l i c a t i o n  a r e  o r i g i n a l .
These  were  d rawn f rom bo th  w i ld -caugh t  and l a b o r a t o r y - r e a r e d  s p e c i m e n s .
Some were drawn from projected photographs whi le others were drawn using a
Bausch and Lomb microprojector ,  model  42-63-59.

ANATOMICAL FEATURES AND TERMS

Some o f  the  te rmino logy  used th roughout  the  tex t i s i l l u s t r a t e d i n
F i g u r e  3 and def ined below. O r i g i n a l  d a t a  ( * )  w e r e  o b t a i n e d  a c c o r d i n g  t o
t h e s e  d e f i n i t i o n s . N o  “ c o r r e c t i o n ” o f  p u b l i s h e d  i n f o r m a t i o n  t o  c o n f o r m  t o
t h i s system was made, nor were the measur ing and count ing techniques used
by others documented. However, myomere counts reported in Fish (1932) were
omit ted (see Preface) .

D e f i n i t i o n  o f  t e r m s- -

A c t i n o t r i c h i a  - h o r n y  f i n  s u p p o r t s  w h i c h  a r e  t h e  p r e c u r s o r s  o f  f i n  r a y s  o r
s p i n e s  ( l e p i d o t r i c h i a ) .

A d h e s i v e  -  r e f e r r i n g  t o  e g g s , those which s t i c k  t o  e a c h  o t h e r  o r  t o  a
subs t ra te  a f te r  water  harden ing ,  un less  o therw ise  no ted .

Adnate - j o i n e d  t o ;  g r o w n  t o g e t h e r .

Anlage - rud imen ta ry  fo rm o f  an  ana tomica l  s t ruc tu re .

A n t e r o - h y a l  - an te r io r  bone to  wh ich  b ranch ios tega l  rays a t t a c h : f o rmer l y
c e r a t o h y a l .
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F i g .  3 . D iagrammat ic  rep resen ta t ion  o f  morpho logy  o f  a  te leos t  l a rva .

Bas ib ranch ia ls -  three median bones on t h e  f l o o r  o f t h e  g i l l chamber,
j o i n e d  t o  t h e  v e n t r a l  e n d s  o f  t h e  f i v e  g i l l  a r c h e s .

Basin - a la rge c o m p l e x  o f r i v e r s  o r  l a k e s  w i t h  a  s i n g l e  o u t l e t  t o  t h e
ocean  (e .g . ,  Grea t  Lakes) .

B icusp id -  h a v i n g  o r  e n d i n g  i n  t w o  p o i n t s ;  a  t o o t h  w i t h  t w o  p o i n t s .

Body depth at anus -  v e r t i c a l  d i s t a n c e  o f  b o d y  a t  a n u s .

B r a n c h i a l  r e g i o n  -  i n  p e t r o m y z o n t i d s ,  a r e a  b e t w e e n  t h e  a n t e r i o r  m a r g i n  o f
t h e  f i r s t  g i l l  o p e n i n g  a n d  t h e  p o s t e r i o r  m a r g i n  o f  t h e  l a s t .
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Branch ios tega l  rays  - b o n y  r a y s  s u p p o r t i n g  t h e  m e m b r a n e s  w h i c h  c l o s e  t h e
g i l l  ( b r a n c h i a l )  c a v i t y  u n d e r  t h e  h e a d .

Card i fo rm - b r u s h - l i k e ;  r e f e r r i n g  t o  t e e t h  o f  u n i f o r m  l e n g t h  i n  p a t c h e s  o r
bands.

Cement glands -  d i s c r e t e  o r  d i f f u s e  s t r u c t u r e s  w h i c h  p e r m i t  a  l a r v a  t o
adhere  to  a  subs t ra te .

Cepha l i c  - be long ing  to  the  head .

Chevron-shaped - t h e  e a r l i e s t  d e v e l o p m e n t a l form of  myomeres in larvae;
d e s c r i b i n g  t h e  a n g l e  f o r m e d  b y  t h e  e p a x i a l  a n d  h y p a x i a l p o r t i o n s  o f
the myosepta.

C h o r o i d  f i s s u r e  -  a  c l e f t i n ou te r l a y e r s  o f  t h e  e y e  v i s i b l e  i n  e a r l y
l a r v a e .

Chor ion  - a f t e r  w a t e r  h a r d e n i n g , the outermost  membrane of  a f ish egg.

Chromatophore - p i g m e n t - b e a r i n g  c e l l .

C le i th rum - l a r g e  b o n e  o f  s u p p o r t  f o r  t h e  p e c t o r a l  f i n s .

Coelomic - b e l o n g i n g  t o  t h e  b o d y  c a v i t y .

Con f luen t  - coming together to form one.

Cteno id  - s c a l e s  h a v i n g  s m a l l ,  n e e d l e - l i k e p r o j e c t i o n s  o n  t h e  p o s t e r i o r
margin.

D e c i d u o u s  -  r e f e r r i n g  t o  s c a l e s t h a t  a r e  e a s i l y  r u b b e d  o f f  a n d  t h u s  n o t
f i r m l y  a t t a c h e d .

Demersal - r e f e r r i n g  t o  a n  e g g  w h i c h  r e s t s  u p o n  t h e  s u b s t r a t e  a s  a r e s u l t
o f  d e p o s i t i o n  o r  s e t t l i n g .

Dentary -  ma jo r  bony  e lement  o f  the  lower  jaw,  usua l l y  bear ing  tee th .

Drainage - a group of l a k e s  o r  s t r e a m s  w i t h i n  a  b a s i n  ( e . g . ,  L a k e
Mich igan) .

Emarginate -  c a u d a l  f i n

Emergence -  t h e  a c t  o f

up.

p o s s e s s i n g  a  s l i g h t  n o t c h  o r  i n d e n t a t i o n .

l e a v i n g  t h e  s u b s t r a t e  a n d  b e g i n n i n g  t o  S W im; swim-

Epaxial -  the  por t ion  o f  the  body  above  the  hor i zon ta l  myosep tum.

Epura ls  - m o d i f i e d  v e r t e b r a l elements wh ich  lay  above the  ver tebrae  and
s u p p o r t  p a r t  o f  t h e  c a u d a l  f i n .
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Eye diameter - h o r i z o n t a l  d i s t a n c e  o f  t h e  i r i s  o f  t h e  e y e .

Fa lca te  - scythe-shaped; r e f e r r i n g  t o  a n  a n a l  f i n .

F o n t i n e l l e  - a  gap  o r  space  be tween  bones  in  the  roo f  o f  the  sku l l covered
only by a membrane.

Foramen - an opening through a bone.

F o r k  l e n g t h  ( F L ) -  d i s t a n c e  f r o m  t h e  m o s t  a n t e r i o r  p o i n t  o n  t h e  s n o u t  t o
t h e  e n d  o f  t h e  s h o r t e s t  c e n t r a l  c a u d a l  f i n  r a y .

Frenum - a  f o l d  o f  s k i n  t h a t  l i m i t s  m o v e m e n t  o f  t h e  u p p e r  j a w .

Gape -  the  bo rder  o f  the  mou th .

Glossohyal -  a median bone of  the tongue.

G u l a r  p l a t e  - med ian  ven t ra l  bony  p la te  o r  p la tes  loca ted  beh ind t h e  c h i n
and be tween the  s ides  o f  the  lower  jaw.

G r e a t e s t  b o d y  d e p t h  -  g r e a t e s t v e r t i c a l  d i s t a n c e  o f  b o d y  e x c l u d i n g  f i n s
a n d / o r  f i n f o l d s .

Head length - d i s t a n c e  f r o m  t h e  m o s t  a n t e r i o r  p o i n t  o n  t h e  s n o u t  t o  t h e
p o s t e r i o r  e d g e o f  t h e  a u d i t o r y  v e s i c l e , c le i th rum o r  operc le  as  each
develop.

Head width - g rea tes t  d imens ion  be tween operc les .

H o r i z o n t a l  m y o s e p t u m  -  d i v i s i o n  b e t w e e n  e p a x i a l a n d  h y p a x i a l reg ions
composed o f  connec t i ve  t i ssue .

Hypax ia l  - the  por t ion  o f  the  body  be low the  hor i zon ta l  myosep tum.

Hypochordal  - b e l o w  t h e  n o t o c h o r d ; r e f e r r i n g t o  t h e  l o w e r  l o b e  o f  t h e
c a u d a l  f i n .

Hypura ls  - the expanded hemal s p i n e s  o f t h e  p o s t e r i o r v e r t e b r a e which
s u p p o r t  m o s t  o f  t h e  c a u d a l  f i n .

i n c i p i e n t  - beg inn ing  to  be  apparen t .

I n f e r i o r  m o u t h  - snou t  p ro jec t ing  beyond the  lower  jaw.

I n t e r n a r i a l  - a rea  be tween the  nares  on  one  s ide  o f  the  head  o r  the  o ther .

I n t e r o r b i t a l  w i d t h  - l e a s t  d i s t a n c e  b e t w e e n  t h e  o r b i t s  a c r o s s  d o r s u m  o f
head.

Interradial - a rea  be tween the  f in  rays .
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Interspaces - spaces between parr  marks in salmon

Isocerca l -  ver tebral  column ending along the med
a r i s i n g  s y m m e t r i c a l l y  f r o m  i t .

i d s .

i a n  l i n e , c a u d a l  f i n rays

Isthmus - f leshy space beneath the head and between the gi l l  openings.

Lanceo la te  - s l i g h t l y  b r o a d  a t  t h e  b a s e  a n d  t a p e r i n g  t o  a  p o i n t .

L a t e r a l  t e e t h  - in  pe t romyzont ids , t e e t h  o f  o r a l  d i s c  l a t e r a l  t o  e s o p h a g e a l
opening.

L e p i d o t r i c h i a -  r e p l a c e m e n t s  o f  a c t i n o t r i c h i a ;  s o f t  f i n  r a y s  o r  s p i n e s .

M a x i l l a  - t h e  p o s t e r i o r , l a te ra l  bones  o f  the  upper  jaw.

M i c r o p y l e  - p r i n c i p l e  p a t h o f  s p e r m  e n t r y  t h r o u g h  t h e  c h o r i o n  ( v i t e l l i n e
membrane) of an egg.

Melanophore -  me lan in -bear ing  p igmen t  ce l l .

Mesencepha lon  -  m idbra in ;  serves  op t i c  func t ions .

Mesopterygoid - m idd le  o f  th ree  de rma l  bones  o f  the  upper  j aw .

Metencephalon - por t ion  o f  the  b ra in  immed ia te ly  beh ind  the  mesencepha lon .

M o l a r i f o r m  - r e f e r r i n g  t o  a  t o o t h  w i t h  a  f l a t  g r i n d i n g  s u r f a c e .

Myoseptum -  t h i n  p a r t i t i o n  o f  c o n n e c t i v e  t i s s u e  w h i c h  j o i n s  m y o m e r e s .

Nares -  n o s t r i I s , o p e n i n g s  l e a d i n g  t o  t h e  o l f a c t o r y  o r g a n s .

N a r i a l -  p e r t a i n i n g  t o  t h e  n a r e s .

Obtuse -  w i th  a  b lun t  o r  rounded  end ; an angle greater than 90 degrees.

P a l a t i n e s  - pa i red  bones  on  the  roo f  o f  the  mouth ,  o f ten  bear ing  tee th .

P a r a v e r t e b r a l  - a long the same plane as the spinal  column.

P a r i e t a l -  p a i r e d  b o n e s  o f  t h e  r o o f  o f  t h e  s k u l l .

P e c t o r a l  f i n  l e n g t h -  d i s t a n c e  f r o m  b a s e  t o  f a r t h e s t  t i p  o f  f i n .

Peduncle - f l eshy  end  o f  the  body  be tween the  ana l  and  cauda l  f i ns .

Pe lag ic -  l i v i n g  i n  t h e  o p e n  w a t e r  h a b i t a t , a s  o p p o s e d  t o  b o t t o m  l i v i n g  o r
i n s h o r e  i n h a b i t a n t s .

Per i ca rd ium - c a v i t y  i n  w h i c h  t h e  h e a r t  l i e s .
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Peri toneum - membranous  l i n ing  o f  the  abdomina l  cav i t y .

P e r i v i t e l l i n e  s p a c e -  f l u i d - f i l l e d  s p a c e  b e t w e e n  t h e  c h o r i o n  a n d  y o l k
m a t e r i a l .

P h a r y n g e a l  t e e t h  -  b o n y  t o o t h - l i k e  p r o j e c t i o n s  d e r i v e d  f r o m  t h e  f i f t h
( P h a r y n g e a l )  g i l l  a r c h .

Physostomous -  h a v i n g  t h e  s w i m  b l a d d e r  c o n n e c t e d  t o  t h e  e s o p h a g u s  b y  t h e
pneumat ic duct .

P l i c a e  - w r i n k l e - l i k e  f o l d s  f o u n d  o n  t h e  l i p s  o f  s o m e  c a t o s t o m i d s .

Pos tana l  leng th -  d i s t a n c e  f r o m  t h e  m o s t  p o s t e r i o r  p o i n t  o f  t h e  a n u s  t o  t h e
m o s t  p o s t e r i o r  p o i n t  o n  t h e  c a u d a l  f i n  o r  m e d i a n  f i n f o l d .

P o s t a n a l  m y o m e r e s  -  n u m b e r  o f who le  myomeres  pos te r io r  to  an  imag inary
v e r t i c a l  l i n e  a t  t h e  m o s t  p o s t e r i o r  p o i n t  o f  t h e  a n u s , i n c l u d i n g one
u r o s t y l a r  e l e m e n t .

Pos tero-hya l -  p o s t e r i o r  b o n e  t o  w h i c h  b r a n c h i o s t e g a l  r a y s  a t t a c h ,  f o r m e r l y
e p i h y a l .

P o s t o r b i t a l  l e n g t h -  d i s t a n c e  f r o m  p o s t e r i o r  m a r g i n  o f  e y e  t o  p o s t e r i o r
edge of opercular membrane.

Preana l  l eng th -  d i s t a n c e  f r o m  t h e  m o s t  a n t e r i o r  p o i n t  o n  t h e  s n o u t  t o  t h e
m o s t  p o s t e r i o r  p o i n t  o f  t h e  a n u s .

Preanal  myomeres - number of  myomeres f rom the nape to,  and inc luding any
myomeres bisected by, a n  i m a g i n a r y  v e r t i c a l  l i n e  a t  t h e  m o s t  p o s t e r i o r
p o i n t  o f  t h e  a n u s .

P r e b r a n c h i a l  l e n g t h  -  i n  p e t r o m y z o n t i d s ,  d i s t a n c e  b e t w e e n  t h e  t i p  o f the
s n o u t  a n d  t h e  a n t e r i o r  m a r g i n  o f  t h e  f i r s t  g i l l  o p e n i n g .

Predorsa l  l eng th -  d i s t a n c e  f r o m  t h e  m o s t  a n t e r i o r  p o i n t  o n  t h e  s n o u t  t o
t h e  a n t e r i o r  m a r g i n  o f  t h e  b a s e  o f the f i r s t  d o r s a l f i n r a y when
formed.

P r e d o r s a l  m y o m e r e s  -  n u m b e r  o f  m y o m e r e s  f r o m  n a p e  t o  d o r s a l  o r i g i n  o f
m e d i a n  f i n f o l d .

P r e m a x i l l a  - p r i m a r y  b o n e  o f  t h e  u p p e r  j a w  i n  m o s t  f i s h , u s u a l l y  b e a r i n g
t e e t h .

P r e o r b i t a l  - l a r g e  b o n e  a n t e r i o r  t o  t h e  e y e .

P r o t r a c t i l e  - descr ib ing  p remax i l lae  wh ich  can  be  ex tended.

P t e r y g o i d  - dermal  bone of  the upper jaw.
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Pteryg iophore -  bone  o f  the
a n a l  f i n s .

INTRODUCTION

i n t e r n a l  s k e l e t o n support ing t h e  d o r s a l and

R i v e r  s y s t e m  -  a  g r o u p  o f  s t r e a m s  o r  l a k e s  w h i c h  l e a d
( e . g . , Fox River  sys tem) .

S a d d l e  m a r k i n g s  -  p i g m e n t  p a t t e r n s  w h i c h  c o v e r  t h e  d o r s a l
aspec ts  and  g ive  an  overa l l  appearance  o f  a  sadd le .

into a drainage

a n d  l a t e r a l

S e m i b u o y a n t  -  r e f e r r i n g  t o  e g g s w h i c h  d o  n o t  f l o a t  n o r  s i n k ,  b u t  r e m a i n
suspended in the water column.

Spatu la te - having a rounded apex and tapering to a base; spoon-shaped.

Squamation - c o v e r i n g  o f  s c a l e s .

Standard length (SL) -  d i s t a n c e  f r o m  t h e  m o s t  a n t e r i o r  p o i n t  o n  t h e  s n o u t
to  the  most  pos te r io r  po in t  o f  the  no tochord  o r  hypura l  complex .

S t e l l a t e  -  r e f e r r i n g
shape.

t o  a  m e l a n o p h o r e  w h i c h  i s  e x p a n d e d  i n t o  a  s t a r - l i k e

Stomodeum - primordial
g u t .

mouth; t h e  a n t e r i o r  p i t t e d  p o r t i o n  o f  t h e embryonic

Submandibular  -  beneat h  the  lower  jaw; a long  the  edge  o f  the  lower  jaw.

Superior mouth - condit ion when the lower jaw extends upward and the mouth
opens  dorsa l l y .

Supramaxi l la -  smal l  dermal  bone a t t a c h e d  p o s t e r i o r a n d  d o r s a l t o  t h e
m a x i l l a .

S u p r a o r a l  -  a b o v e  t h e  m o u t h ; r e f e r r i n g  t o  t h e  t e e t h  o f  t h e  o r a l  d i s c  i n
lampreys  wh ich  a re  an te r io r  to  the  mouth  open ing .

S u p r a o r a l  t o o t h  p l a t e  -  i n  p e t r o m y z o n t i d s , t o o t h  p l a t e  i m m e d i a t e l y  a n t e r i o r
to esophageal  opening.

T a i l  l e n g t h  - i n  p e t r o m y z o n t i d s ,  d i s t a n c e  f r o m  c l o a c a 1  s l i t  t o  t i p  o f
c a u d a l  f i n .

Tesse la ted  - mark ings  o r  co lo rs  a r ranged  in to  squares .

T e r m i n a l  m o u t h  -  c o n d i t i o n when lower and upper jaws are equal  in length
and the mouth opens terminal ly.

To ta l  l eng th  (TL ) -  d i s t a n c e  f r o m  t h e  m o s t  a n t e r i o r  p o i n t  o n  t h e  s n o u t  t o
t h e  m o s t  p o s t e r i o r  p o i n t  o n  t h e  c a u d a l  f i n  o r  f i n f o l d .

T runca te  - e n d i n g  a b r u p t l y  a l o n g  a  v e r t i c a l  l i n e .
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T r u n k  l e n g t h  - in  pe t romyzont ids ,  d is tance  be tween pos te r io r  marg in  o f  las t
g i l l  o p e n i n g  a n d  c l o a c a 1  s l i t .

Trunk myomeres - in petromyzont ids,  myomeres between t h e  m o s t  p o s t e r i o r
g i l l  o p e n i n g  a n d  t h e  c l o a c a 1  s l i t .

U r o s t y l e  - f i n a l  v e r t e b r a l  s e g m e n t  u s u a l l y  m o d i f i e d  f o r  c a u d a l  f i n  s u p p o r t .

Vermicu la te  - having worm-l ike markings.

V i l l i f o r m  - i n  t h e  f o r m  o f  f i n g e r - l i k e  p r o j e c t i o n s .

V i t e l l i n e  m e m b r a n e  -  a f t e r  w a t e r  h a r d e n i n g , the membrane surrounding the
egg  p roper  (an ima l  and  vege ta l  ma te r ia l ) .

Vomer - a n t e r i o r , median bone of  the roof  of  the mouth (=prevomer) .

W a t e r  h a r d e n i n g  -  p r o c e s s  o f  m e m b r a n e  d e l a m i n a t i o n  a n d  f l u i d  f o r m a t i o n
which forms t h e  p e r i v i t e l l i n e s p a c e  b o r d e r e d  b y  t h e  c h o r i o n  a n d
v i te l l i ne  membrane .

Weber ian  ver tebrae  - f i r s t  f o u r  v e r t e b r a e  i n  c y p r i n i d s , ca tos tomids , and
ic ta lu r ids  wh ich  a re  mod i f ied  to  connec t  the  sw im b ladder  to  the  inner
e a r .

Xanthophores - chromatophores bear ing yel low pigment.

Yo lk -sac  leng th -  h o r i z o n t a l  d i s t a n c e  f r o m  m o s t  a n t e r i o r  t o  m o s t  p o s t e r i o r
p o r t i o n  o f  y o l k - s a c .

Yo lk -sac  dep th -  v e r t i c a l  d i s t a n c e  f r o m  d o r s u m  t o  v e n t e r  o f  y o l k  s a c .
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PROVIS

Before us

ONAL KEY TO THE FAMILIES OF GREAT LAKES LARVAL FISHES

n g  t h e s e  k e y s  i s  a d v i s e d  t o  f i r s t  e x a m i n e the  spec imen i n
quest ion a n d  r e c o r d  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  T L ,  S L ,  p r e a n a l  l e n g t h ,
head length, snout length,  preanal  myomeres,  postanal myomeres and t o t a l
myomeres.  Measurements should be made in mi l l imeters to the nearest  0.1 mm.

YOLK-SAC LARVAE
(Exc lud ing  Angu i l l i dae ,  Umbr idae)

l a .

b .

2a.

b .

3a.

b .

4a.

b .

5a.

b .

6a. Preanal  myomeres greater than or equal  to postanal  myomeres .  .  .  .  7

b . Preanal myomeres s i g n i f i c a n t l y less than postanal myomeres
(difference greater than five myomeres) . . . . . . . . . . . . . . 8

7a.

b.

Body elongate,  eel-shaped; s e v e r a l  g i l l  o p e n i n g s  o n  e a c h  s i d e . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . Petromyzont idae

Body not eel-shaped; s i n g l e  g i l l  o p e n i n g  o n  e a c h  s i d e . . . . . . . .2

Ch in  barbe ls  p resen t . . . . . . . . . . . . . . . . . . . I c t a l u r i d a e

Chin barbels absent. . . . . . . . . . . . . . . . . . . . . . . . .3

Adhes

Adhes

Adhes v e  d i s c  w i t h  p a p i l l a e ; recent ly  hatched larvae 8 to 15 mm TL. .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Lep isos te idae

ve d isc  p resent  on  snout . . . . . . . . . . . . . . . . . . .4

ve  d isc  absent . . . . . . . . . . . . . . . . . . . . . . . .5

Adhesive d i s c smooth w i t h sausage-shaped enlargement; r e c e n t l y
hatched larvae 5 to 8 mm TL  .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .  Amiidae

Preanal  length less than 30% TL; preanal  myomeres less than 10 .  .  .  .
.  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  . . . . . . . . . . . A t h e r i n i d a e

Preana l  l eng th  g rea te r  than  o r  equa l t o  3 0 %  T L ;  p r e a n a l  m y o m e r e s
g r e a t e r  t h a n  o r  e q u a l  t o  1 0 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6

Preanal  myomeres approximately equal  to postanal  myomeres (di f ference
of five myomeres or less). . . . . . . . . . . . . . . . . . . . . 12

Preanal myomeres s i g n i f i c a n t l y  g r e a t e r than postanal myomeres
(difference greater than five myomeres) . . . . . . . . . . . . . 21
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8a. Postanal myomeres greater than 30 . . . . . . . . . . . . . . Gadidae

b . P o s t a n a l  m y o m e r e s  l e s s  t h a n  o r  e q u a l  t o  3 0  .  .  .  .  .  .  .  .  .  .  .  .  .  9

9a. N u m e r o u s  o i l  g l o b u l e s ;  m o u t h  s u p e r i o r ;  e y e  l a r g e ,  d i a m e t e r  u s u a l l y
greater than 8% TL. . . . . . . . . . . . . . . . . . Cyprinodontidae

b . S i n g l e  o r n o  o i l  g l o b u l e ; m o u t h  t e r m i n a l  o r  i n f e r i o r ;  e y e  s m a l l e r ,
diameter usually less than or equal to 8% TL. . . . . . . . . . . .10

10a. G u t  t e r m i n a t e s  i m m e d i a t e l y  p o s t e r i o r t o  y o l k sac; pec to ra l buds
l a r g e ; mouth t e r m i n a l ; s w i m  b l a d d e r  a b s e n t ; pigment u s u a l l y
r e s t r i c t e d  t o  d o r s u m  o f  h e a d  a n d  d o r s o - l a t e r a l  a s p e c t  o f  y o l k  s a c .  .

. . . . . . . . . . . . . . . . . C o t t i d a e. . . . . . . . . . . . .

b . G u t  d o e s  n o t  t e r m i n a t e
buds smal l ; mouth terminal
p i g m e n t  n o t  r e s t r i c t e d  t o

i m m e d i a t e l y  p o s t e r i o r  t o  y o l k  s a c ;  pectora
 o r  i n f e r i o r ; sw im b ladder  usua l l y  p resen t
d o r s o - l a t e r a l  a s p e c t  o f  y o l k - s a c .  .  .  .  .l

;

11a. M o u t h  i n f e r i o r ;  p i g m e n t  c o n c e n t r a t e d  o n  v e n t e r  o f  y o l k  s a c  a n d  f r o m
anus t o  c a u d a l  f i n ; preanal  myomeres usual ly 14; greatest  body depth
usually 16 to 18% TL. . . . . . . . . . . . . . . . . . . Percopsidae

b . Mouth terminal ; p i g m e n t  v a r i a b l e :  p r e a n a l  m y o m e r e s  u s u a l l y  8  t o  1 4 ;
g rea tes t  body  dep th  usua l l y  g rea te r  than  20% TL .  .  .  .  Cent ra rch idae

12a. To ta l myomeres grea te r  than  50 ;  p reana l  l eng th  g rea te r  than  60% TL ;
p r e a n a l  m y o m e r e s  g r e a t e r  t h a n  o r  e q u a l  t o  3 0 .  .  .  .  .  .  .  H i o d o n t i d a e

b . Total  myomeres less than 50;  preanal  length less than 60% TL; preanal
myomeres less than 30. . . . . . . . . . . . . . . . . . . . . . . 13

13a. Postanal myomeres usually less than or equal to 12. . . . . . . . .14

b. P o s t a n a l  m y o m e r e s  u s u a l l y  g r e a t e r  t h a n  o r  e q u a l  t o  1 2  .  .  .  .  .  .  . 1 6

14a. Numerous  o i l  g lobu les ;  yo l k  sac  sma l l :  pec to ra l  buds  la rge ; yo lk -sac
la rvae la rge  (5  to  9  mm TL) ;  g rea tes t  body  dep th  usua l l y  16  to  17%
TL; eye large, diameter 9 to 12% TL. . . . . . . . . . Gasterosteidae

b . S i n g l e  o i l  g l o b u l e ;  y o l k  s a c  l a r g e : pec to ra l b u d s  s m a l l : yo lk -sac
la rvae  sma l l  (1  to  5  mm TL) ;  g rea tes t  body  dep th  usua l l y  g rea te r  than
15 to 28% TL; eye small, diameter 6 to 9% TL . . . . . . . . . . . 15

15a. Preanal  myomeres usual ly greater than postanal  myomeres.  .  Sciaenidae
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b . Preanal myomeres equal t o  p o s t a n a l m y o m e r e s  ( d i f f e r e n c e  o f  o n e
myomere) .   .   .   .   .   .   .   .   .   .   .   .    .   .   .   .   .   .   .   .   .   .   .  Percichthyidae

16a. Total myomeres less than 30. . . . . . . . . . . . . . . . . . . . 17

b . Total myomeres greater than or equal to 30 . . . . . . . . . . . . 18

17a. Postanal myomeres usual ly less than 15; o i l  g l o b u l e  a n t e r i o r  i n  y o l k
sac. . . . . . . . . . . . . . . . . , , . . . . . . , Aphredoderidae

b . P o s t a n a l  m y o m e r e s  u s u a l l y  g r e a t e r  t h a n  o r  e q u a l  t o  1 5 ;  o i l  g l o b u l e
posterior in yolk sac. . . . , . , . . . . . . . . . . .Centrarchidae

18a. To ta l  myomeres less than 35; preanal  myomeres less than or equal  to
1 4  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 9

b . To ta l  myomeres  g rea te r  than  o r  equa l  to  35 ;  p reana l  myomeres  g rea te r
than 14. . . . . . . . , . , . . . . . . . . . . . . . . . . . . . 20

19a. Preanal myomeres  usua l l y  14 ;  o i l  g lobu le  an te r io r  in  yo lk  sac ;  mouth
d e v e l o p e d ;  g r e a t e s t  b o d y  d e p t h  1 6  t o  1 8 %  T L .  .  .  .  .  .  .  . P e r c o p s i d a e

b . P r e a n a l  m y o m e r e s  u s u a l l y  l e s s  t h a n  1 4 ;  o i l  g l o b u l e  p o s t e r i o r  i n  y o l k
sac ; mouth no t we l l  deve loped ;  g rea tes t  body  dep th  usua l l y  g rea te r
than 20% TL. . . . . . . . , . . . . . . . . . . . . . .Centrarchidae

20a. O i l  g lobu le  absen t ;  yo lk  sac  bu lbous ; a n u s  i m m e d i a t e l y  p o s t e r i o r  o f
yolk sac . . . . . . . . . . . . . . . . . . . . . . . . . Cyprinidae

b . A n t e r i o r  o i l g lobu le ;  yo lk  sac  round ; a n u s  l o c a t e d  f a r  p o s t e r i o r  t o
yolk sac. . . . . . . . . . . . . . . . . . . . . . . . . . .Percidae

21a. Total myomeres usually greater than 48 . . . . . . . . . . . . . . 22

b . Total myomeres usually less than or equal to 48 . . . . . . . . . .26

22a. Preanal  myomeres less than or  equal  to 39. . . . . . . . . . . . . 23

b . Preana l  myomeres  g rea te r  than  39 ,  (excep t  Esox  n iger ) . . . . . . . 24

23a. T o t a l  l e n g t h  u s u a l l y  7  t o  9  m m ;  y o l k  s a c  l a r g e ,  y o l k - s a c  l e n g t h  3 0  t o
33% TL; v e n t e r  o f  y o l k  s a c  p i g m e n t e d ,  l i t t l e  d o r s a l  p i g m e n t .  .  .  .  .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Hiodont idae
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INTRODUCTION

T o t a l  l e n g t h  u s u a l l y  8  t o  3 0  m m ;  y o l k  s a c  l a r g e  o r  s m a l l , i f l a rge
u s u a l l y  g r e a t e r  t h a n  4 0 %  T L ; i f  yo lk  sac  la rge  no  p igment  on  ven te r ,
pigment most common on dorsum of larvae. . . . . . . . . . . Salmonidae

24a. Postanal myomeres 13 to 17; l a r v a e  l o n g  a n d  n a r r o w ;  y o l k  s a c  s m a l l ,
round  and  fa r  fo rward ; t o t a l  l e n g t h  u s u a l l y  4  t o  6  m m .  .  .  . O s m e r i d a e

b . Postanal m y o m e r e s  g r e a t e r  t h a n  o r  e q u a l t o  1 7 ;  l a r v a e  l o n g  b u t
r o b u s t ;  y o l k  s a c  e l o n g a t e ,  e x t e n d i n g  t o  a n u s ; t o t a l l e n g t h  g r e a t e r
than 6 mm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

25a. Preanal myomeres 40 to  43 ;  pos tana l  myomeres  17  to  22 ;  sp i ra l  va lve
ev i den t ; la rvae unpigmented; eye undeveloped and unpigmented,
diameter less than 5% TL . . . . . . . . . . . . . . . .Acipenseridae

b . Preanal myomeres 41 to  48 ;  pos tana l  myomeres  18  to  24 ;  sp i ra l  va lve
a b s e n t ;  d a r k  l a t e r a l  s t r i p e  e v i d e n t ;  d o r s u m  p i g m e n t e d ;  e y e  d e v e l o p e d
and dark, d i a m e t e r  g r e a t e r  t h a n  o r  e q u a l  t o  5 %  T L .  .  .  .  .  .  E s o c i d a e

26a. Postanal myomeres greater than 10 (Minytrema melanops may key here
also). . . . . . . . . . . . . . . . . . . . . . . . . . . Cyprinidae

b . Postanal myomeres less than or equal to 10 . . . . . . . . . . . . 27

27a. Preanal myomeres 25 to 39; y o l k  s a c  e l o n g a t e  e x t e n d i n g  t o  a n u s ,
somet imes  bu lbous ; o i l  g l o b l u e  a b s e n t ; t o t a l  l e n g t h  u s u a l l y  g r e a t e r
than 5 mm . . . . . . . . . . . . . . . . . . . . . . . .Catostomidae

b . Preanal myomeres 37 to 41; y o l k sac small and round; s i n g l e  o r
m u l t i p l e  o i l  g l o b u l e s  p r e s e n t ; total length usually 2 to 6 mm . . . .
. . . . . . . . . . . . . . . . . ...* . . . . . . . . . Clupeidae

LARVAE

(Exc lud ing  Umbr idae and Ic ta lu r idae ,  wh ich  do  no t  have
a  l a r v a l  p e r i o d  a s  d e f i n e d  i n  t h i s  m a n u a l )

l a . Body e longa te , eel-shaped, round i n  t r a n s v e r s e  s e c t i o n ;  u n i f o r m l y
pigmented. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

b . Body not as above. . . . . . . . . . . . . . . . . . . . . . . . . .3

2a. Mouth  in  a  suck ing  d isc ;  eye  smal l ; s e v e r a l  p a i r s  o f  g i l l  o p e n i n g s  .
. . . . . . . . . . . . . . . . . . . . . . . . . . Petromyzont idae
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b . Mouth  w i th  jaws;  eye  la rge ; s i n g l e  p a i r  o f  g i l l  o p e n i n g s . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . A n g u i l l i d a e

3a.

b .

Chin barbel(s) present. . . . . . . . . . . . . . . . . . . . . . . 4

Chin barbel(s) absent. , . . . . . . . . . . . . . . . . . . . . . .5

4a. Mouth  te rm ina l ; s i n g l e  b a r b e l  o n  l o w e r  j a w ;  u s u a l l y  1 0  t o  2 0  m m  T L ;
pigment r e s t r i c t e d to  do rsum o f  s tomach  and  head ;  no  da rk  la te ra l
band  . . . . . . . . . . . . . . . . . . . . . . . . . . . .Gadidae

b . M o u t h  i n f e r i o r ; s e v e r a l  b a r b e l s  a n t e r i o r  - t o  u p p e r  j a w ;  u s u a l l y
g rea te r  than  20  mm TL;  dark  la te ra l  band  ev iden t .  .  .  .  Ac ipenser idae

5a.

b .

S n o u t  p r o d u c e d ;  d o r s a l  a n d  a n a l  f i n s  s e t  f a r  b a c k  o n  b o d y .  .  .  .  .  6

Snout s h o r t , i t s leng th u s u a l l y less t h a n  1 0 %  T L ;  m e d i a n  f i n s
otherwise. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7

6a. S n o u t  p r o d u c e d  b u t  n a r r o w ;  n u m e r o u s  t e e t h  v i s i b l e  o n  j a w s ;  s n o u t
length usually 18 to 21% TL. . . . . . . . . . . . . . .Lepisosteidae

b . Snou t  p roduced b u t  t h i c k ( r e s e m b l e s  d u c k  b i l l ) ;  t e e t h  n o t  r e a d i l y
apparen t ;  snou t length usually 6 to 15% TL. . . . . . . . . .Esocidae

7a. M e d i a n  f i n s  o r  f i n f o l d s  c o n t i n u o u s ,  o r  n e a r l y  s o . . . . . . . . . . 8

b . M e d i a n  f i n s  o r  f i n f o l d s  s h o w i n g  d i s t i n c t  s e p a r a t i o n . . . . . . . . 10

8a. P e c t o r a l  f i n s  p o o r l y  d e v e l o p e d ,  m a y  b e  b u d s ;  s i n g l e  b a r b e l  o n lower
jaw; n o t o c h o r d  s t r a i g h t ; caudal f i n rays developed on dorsal  and
ventral aspects. . . . . . . . . . . . . . . . . . . . . . . .Gadidae

b . P e c t o r a l  f i n s  l a r g e  a n d  u s u a l l y  w e l l developed; l o w e r  j a w  w i t h o u t
barbel ; u r o s t y l e u p t u r n e d  o r  n o t o c h o r d  s t r a i g h t ,  i f  s t r a i g h t  c a u d a l
fin rays developed on ventral half only. . . . . . . . . . . . . . .9

9a. L a r v a  e n t i r e l y  d a r k  w i t h  p i g m e n t ;  h e a d  l a r g e ;  g u l a r  p l a t e  d e v e l o p i n g ;
n o t o c h o r d  s t r a i g h t , c a u d a l  f i n  r a y s  d e v e l o p  o n  v e n t r a l h a l f  o n l y ;
mou th  te rm ina l ; opercle without spine(s). . . . . . . . . . .Amiidae

b. Larva s p a r s e l y  p i g m e n t e d ; of ten e x h i b i t i n g “ s a d d l e  m a r k i n g s ”  o n
dorsum; ope rc le of ten w i t h  s p i n e ( s )  ; notochord f l e x e d ; mouth
subterminal . . . . . . . . . . . . . . . . . . . . . . . . .Cottidae
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10a.

b .

11a.

b .

12a.

b .

13a.

b .

14a.

b .

15a.

b .

16a.

b .

17a.

A d i p o s e  f i n , or its position, evident . . . . .

No adipose f i n , o r  d e m a r c a t i o n  o f  o n e ,  i n  f i n f o I

INTRODUCTION

. . . . . . . . . .11

d . . . . . . . . . 14

Total myomeres 32 to 34. . . . . . . . . . . . . . . . . .Percopsidae

Total  myomeres greater than 40 OR larva too opaque to count myomeres.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

Larva  robus t ; small melanophores over body; myomeres
. . . . . . . . . . . . . . . . . . . . . . . Salmon

Larva  e longa te ; me lanophores  l a rge  o r r e s t r i c t e d

not  enumerable .
dae (Salmoninae)

n  d i s t r i b u t i o n ;
myomeres enumerable

Pigment r e s t r i c t e d
enumerate; eye smal
. . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . 13

t o  v e n t e r ; swim bladder evident;  myomeres easy to
3 to 4% TL; preanal  length greater than 70% TL .

.  .  .  .  .  .  .  .  .  .  .  . . . . . . . . Osmeridae

L a r g e  m e l a n o p h o r e s  o n  d o r s a l  a n d  l a t e r a l  a s p e c t s ;  s w i m  b l a d d e r  n o t
e v i d e n t : m y o m e r e s  d i f f i c u l t  t o  d i s t i n g u i s h ;  e y e  l a r g e ,  g r e a t e r  t h a n
5% TL; preanal length less than or equal to 70% TL. . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . .Salmonidae (Coregoninae)

Preanal  myomeres greater than or equal  to postanal  myomeres.  .  .  .  15

Preanal myomeres s i g n i f i c a n t l y less than postanal myomeres
(difference greater than five myomeres) . . . . . , . . . . . . . .16

Preanal  myomeres approximately equal  to postanal  myomeres (di f ference
five myomeres or less) . . . . . . . . . . . . . . . . . . . . . . 20

Preanal myomeres s i g n i f i c a n t l y  g r e a t e r t h a n  p o s t a n a l  m y o m e r e s
(difference greater than five myomeres). . . . . . . . . . . . . . 26

P o s t a n a l  m y o m e r e s  g r e a t e r  t h a n  3 5 ;  t o t a l  m y o m e r e s  g r e a t e r  t h a n  5 0 ;
s ing le  ch in  barbe l  i n  spec imens  g rea te r  than  12  mm TL .  .  .  .  Gad idae

Postanal myomeres less t h a n  3 5 ;  t o t a l  m y o m e r e s  l e s s  t h a n  5 0 ;  c h i n
barbel absent. . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Postanal  myomeres greater than or equal  to 25; preanal length less
tha

INTRODUCT

or equal to 40% TL. . . . . . . . . . . . . . . . .Atherinidae
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b . P o s t a n a l  m y o m e r e s  l e s s  t h a n  2 5 ;  p r e a n a l  l e n g t h  u s u a l l y  g r e a t e r  t h a n
4 0 %  T L  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  ,  .  .  .  1  8  

 1 8a. Mouth  super io r ; s i n g l e  d o r s a l  f i n . . . . . . . . . . .Cypr inodont idae

b . M o u t h  t e r m i n a l  o r  i n f e r i o r ;  u s u a l l y  t w o  d o r s a l  f i n s . . . . . . . . 19

19a. Pectoral
v i s i b l e

b . Pectoral
b ladder

 f i n s  w e l l  d e v e l o p e d ;  h e a d  d e p r e s s e d ;  s w i m  b l a d d e r  n o t
. . . . . . . . . . . . . . . . . . . . . . . Cot t idae

 f i n s  p o o r l y  d e v e l o p e d ;  h e a d  a n d  b o d y  c o m p r e s s e d ;  s w i m
visible. . . . . . . . . . . . . . . , . . . . .Centrarchidae

20a. To ta l  myomeres  g rea te r  than  o r  equa l  to  35 . . . . . . . . . .Percidae

b . Total  myomeres less than 35. . . . . . . . . . . . . . . . . . . . 21

21a. Total myomeres less than 26. . . . . . . . . . . . . . . . . . . . 22

b . Total myomeres between 26 and 34. . . . . . . . . . . . . . . . . .23

22a. Preanal myomeres greater t h a n  p o s t a n a l myomeres; head large and
b l u n t ;  m o u t h  v e r y  l a r g e ;  m a x i l l a  e x t e n d i n g t o  o r  b e y o n d  p o s t e r i o r
m a r g i n  o f  e y e ;  c a u d a l  f i n  l a n c e a l a t e  a t  1 2  m m  T L .  .  .  .  .  . S c i a e n i d a e

b . Preanal  myomeres usual ly  equal  to postanal  myomeres (or  d i f ference of
one) ; h e a d  s m a l l e r , p o i n t e d ; mouth sma l l e r , m a x i l l a  e x t e n d i n g  t o
midd le  o f  eye ; c a u d a l  f i n  f o r k e d  a t  1 2  m m  T L .  .  .  .  .  . P e r c i c h t h y i d a e

23a. A d i p o s e  f i n  o r  i t s  p o s i t i o n  p r e s e n t . . . . . . . . . . . .Percopsidae

b . A d i p o s e  f i n  o r  i t s  p o s i t i o n  a b s e n t . . . . . . . . . . . . . . . . .24

24a. Doub le  dorsa l  f i n . . . . . . . . . . . . . . . . . . .Cen t ra rch idae

b . S i n g l e  d o r s a l  f i n . . . . . . . . . . . . . . . . . . . . . . . . .25

25a. Caudal  peduncle th ick; t o t a l  m y o m e r e s  l e s s  t h a n  o r  e q u a l  t o  3 1 .  .  .  .
. . . . . . . . . . . . . . . . . . . . . . . . . . .Aphredoderidae

b. Caudal peduncle narrow; t o t a l  m y o m e r e s  g r e a t e r  t h a n  o r  e q u a l  t o  3 1  .
. . . . . . . . . . . . . . . . . . . . . . . . . . .Gasteros te idae
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26a. Pos tana l  myomeres  usua l l y  less  than  o r  equa l  to

b . Postanal myomeres greater than 10 . . . . . . .

27a. Preanal  length 77 to 89% TL; ra t i o  o f  p r e a n a l
greater than 5.0. . . . . . . . . . . . . . .

b . Preanal l e n g t h  5 9  t o  7 3 %  T L ;
less than or equal to 5.0 . . .

r a t i o  o f  p r e a n a
. . . . . . . .

10 . . . . . . . .27

 . . . . . . . .28

0  p o s t a n a l myomeres
. . . . . . Clupeidae

to postanal myomeres
. . . . .Catostomidae

28a. Preanal  myomeres usual ly  less than 30. . . . . . . . . . . Cypr in idae

b . Preanal  myomeres usual ly  greater than 30 . . . . . . . . . . . . . 29

29a. Preanal  myomeres usual ly  greater than 40 . . . . . . . . . . . . . 30

b . Preanal  myomeres usual ly  less than 40. . . . . . . . . . . . . . . 31

30a. Pos tana l  myomeres  14  to  15 ;  p reana l  leng th  72  to  75% TL;  ad ipose  f in
present ; swim bladder present. . . . . . . . . . . . . . . .Osmeridae

b . Postanal myomeres 15 to 22; preanal  length 67 to 72% TL; adipose f in
absent; swim bladder not visible. . . . . . . . . . . . . . .Esocidae-

31a. P r e a n a l  l e n g t h  g r e a t e r  t h a n  6 7 %  T L ;  s n o u t  e l o n g a t e .  .  .  .  .  . E s o c i d a e

b . Preana l  l eng th  less  than  o r  equa l  to  67% TL ;  snou t  shor t  and  b lun t .  .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32

32a. A d i p o s e  f i n  p r e s e n t ; a n a l  f i n  r a y s  l e s s  t h a n  2 0 ;  b o d y  u s u a l l y  h e a v i l y
pigmented. . . . . . . . . . . . . . . . . . . . . . . . . Salmonidae

b . Ad ipose f in  absent ; a n a l  f i n  r a y s  g r e a t e r  t h a n  2 0 ; body r e l a t i v e l y
unpigmented. . . . . . . . . . . . . . . . . . . . . . . .Hiodontidae
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SPECIES ACCOUNTS

Family Petromyzont idae, lampreys

BY

Lee A. Fuiman

T h i s  f a m i l y  c o n t a i n s  a b o u t  3 0  s p e c i e s  i n  8  g e n e r a . They occur i n
tempera te  mar ine a n d  f r e s h w a t e r s y s t e m s  o f t h e  n o r t h e r n  a n d  s o u t h e r n
hemispheres. There  a re  f i ve  spec ies  in  th ree  genera i n t h e  G r e a t  L a k e s
r e g i o n . Lampreys  a re e e l - l i k e  f i s h e s  w h i c h  l a c k  j a w s  b u t  h a v e  a n  o r a l
suck ing  d isc  a rmed w i th  horny  tee th . They a l s o l a c k  p a i r e d  f i n s . The
ske le ton i s c a r t i l a g i n o u s . There i s  a  s i n g l e , med ian  nos t r i l  and  seven
p a i r s  o f  g i l l  o p e n i n g s .

A d u l t  G r e a t  L a k e s  l a m p r e y s  p r i m a r i l y  i n h a b i t  s t r e a m s ,  a l t h o u g h  t h e
non-endemic s e a  l a m p r e y , Pe t romyzon  mar inus , i s  t y p i c a l l y  f o u n d  i n  t h e
lakes  p roper . They  a l l  spawn in  the  spr ing  and  summer  in  sha l low s t reams.
Larvae, called ammocoetes, l a c k  t h e  t o o t h e d  s u c k i n g  d i s c  o f  a d u l t s .  T h e i r
eyes  are  covered w i th  sk in . A m m o c o e t e s  b u r r o w  i n  s a n d ,  m u d  o r  o r g a n i c
d e b r i s where t h e y  l i v e  f o r  s e v e r a l y e a r s  b e f o r e  t r a n s f o r m i n g i n t o
j u v e n i l e s . Young ammocoetes of  a l l  species tend to be less pigmented than
older ammocoetes (V.  D.  Vladykov,  personal  communicat ion).

T h e  s e a lamprey  i s  w idespread in  the  Great  Lakes ,  though no t  na t i ve .
I t  h a s  b e e n  t h e  s u b j e c t  o f  g r e a t  c o n c e r n  t o  c o m m e r c i a l  a n d  s p o r t  f i s h e r i e s
o f the r e g i o n  b e c a u s e o f  i t s  p a r a s i t i s m  o f  v a l u e d  f i s h e s . Ichthyomyzon
cas taneus and I .  un icusp is  a re p a r a s i t i c  s p e c i e s  s m a l l e r  t h a n  t h e  s e a
lamprey, a n d  g i a n t  s p e c i m e n s  o f  L a m p e t r a  a p p e n d i x  a r e  t h o u g h t  t o  b e
p a r a s i t i c  ( M a n i o n  a n d  P u r v i s  1 9 7 1 ) . O n l y  s i x  s p e c i m e n s  o f g i a n t
L .  append ix  have been co l lec ted  over  the  pas t  20  years . Vladykov and Kott
(1980)  p resent  severa l  hypotheses  wh ich  a t tempt  to  exp la in  the  ex is tence o f
t h e s e  p e c u l i a r  f o r m s . A d u l t s  o f t h e  g e n e r a l l y n o n - p a r a s i t i c species

(I. -fossor a n d  L .  a p p e n d i x )  l i v e  f o r  o n l y  a  f e w  m o n t h s  ( t h r o u g h  w i n t e r ) ,
spawn, then  d ie  (V ladykov  1949) .
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Prov is iona l  Keys  to  Great  Lakes  Pet romyzont id  Larvae

Larvae 20 to 40 mm TL (by R. H. Morman) :

l a . P i g m e n t a t i o n  i n  t a i l  c o n f i n e d  t o  n o t o c h o r d ;  c h r o m a t o p h o r e s  u s u a l l y
a b s e n t  f r o m  d o r s a l  a n d  c a u d a l  f i n f o l d s ;  m y o m e r e s  r e l a t i v e l y  p r o m i n e n t
in tail. . . . . . . . . . . . . . . . . . . . . . . Ichthyomyzon spp.

b . P igmenta t ion  in  ta i l  no t  con f ined  to  no tochord ;  ch romatophores  p resen t
i n  d o r s a l  a n d  c a u d a l  f i n f o l d s ;  m y o m e r e s  n o t  p r o m i n e n t  i n  t a i l .  .  .  .  2

2a. Head and trunk sparsely pigmented; chromatophores  in  ta i l  concen t ra ted
unevenly along ou te r m a r g i n s  o f notochord (more widespread and
e x t e n d i n g  c l o s e r  t o  t i p  o f  n o t o c h o r d  o n  l o w e r  s i d e ) ,  b u t  n o t  e x t e n d i n g
to tip of notochord; p igmenta t ion  in  b ranch ia l  a rea  no t  descend ing
i n t o  u p p e r  m a r g i n s  o f  g i l l  o p e n i n g s .  .  .  .  .  .  .  .  .  L a m p e t r a  a p p e n d i x

b . Head and t runk uni formly wel l  p igmented; chromatophores  in  ta i l  even ly
widespread, s y m m e t r i c a l l y  d i s t r i b u t e d i n r e l a t i o n  t o notochord,
extend ing n e a r l y t o  t i p  o f  n o t o c h o r d ;  p i g m e n t a t i o n  i n  b r a n c h i a l  a r e a
descend ing  in to  upper  marg ins  o f  g i l l  open ings .  .  .  Pe t romyzon mar inus

L a r v a e  g r e a t e r  t h a n  6 0  m m  T L  ( f r o m  V l a d y k o v  1 9 6 0  a n d  V l a d y k o v  a n d  K o t t
1980) :

l a . D o r s a l  f i n  c o n t i n u o u s ,  n o  d i s t i n c t  n o t c h  t o  t r u n k  p r e s e n t ; t r u n k
myomeres 47 to 58 . . . . . . . . . . . . . . . . . .Ichthyomyzon spp.

b . Dorsal f i n  d i s t i n c t l y  n o t c h e d t o  t r u n k , if a low membrane connects
lobes it contains no fin rays; trunk myomeres 63 to 74. . . . . . . .4

2a. La te ra l  l i ne  o rgans  dark ly  p igmented . . . . . . Ichthyomyzon castaneus

b . La te ra l  l i ne  o rgans  unp igmented . . . . . . . . . . . . . . . . . . . 3

3a. Cauda l  f in  and  head usua l l y  dark ly  p igmented .  .  I ch thyomyzon un icusp is

b . Cauda l  f i n  and  head usua l l y  l i gh t l y  p igmented .  .  .  I ch thyomyzon fossor

4a. Branch ia l  reg ion  p igmented  f rom dorsum v e n t r a d , unpigmented band
a b o v e  b r a n c h i a l groove; c e n t r a l p r o n g  ( b u l b ) o f  tongue  p recurso r
pigmented; cauda l  f in  somewhat  po in ted ,  i t s upper p r o f i l e e leva ted ,
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i t s  p
lower
. . .

i gmentat
h a l f  o f
. . .

i o n  t r i a n g u l a r  a n d n e a r l y con f ined t o  t h e  n o t o c h o r d ;
upper  l i p  unp igmented ; trunk myomeres 63 to 70 . . . . .
. . . . . . . . . . . . . . . . . . . .Lampetra appendix

b . Branchial r e g i o n  p i g m e n t e d  f r o m  d o r s u m  n e a r l y  t o  b r a n c h i a l  g r o o v e ,
bu lb  o f  tongue  p recursor  unp igmented ;  cauda l  f i n  rounded ,  no t  e leva ted
above, p igmented  f rom no tochord  to  i t s  marg in ;  l ower  ha l f  o f  upper  l i p
p igmented ;  t runk  myomeres  67  to  74 .  .  .  .  .  .  .  .  .  Pe t romyzon mar inus

F i g .  4 . Ichthyomyzon sp., lamprey. Ammocoetes (larva) . (WiId-caught,
M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n  b y  R .  F l e t c h e r ,  m o d i f i e d  b y  R .  H .  M o r m a n ) .
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Ichthyomyzon castaneus

Ichthyomyzon castaneus Girard,  chestnut lamprey

DISTRIBUTION

F o u n d  i n  m a n y  e a s t e r n  t r i b u t a r i e s  o f  L a k e  M i c h i g a n 1  ‘I w i t h  o n l y  a  f e w
r e c o r d s  f r o m  W i s c o n s i n  s t r e a m s . ’ Once recorded f rom western Lake
Huron  d ra inage , ’  bu t recen t c o l l e c t i o n s  f a i l e d  t o  f i n d  s p e c i m e n s
there .  ’

SPAWNING SEASON

Spawns from m i d - A p r i l i n c e n t r a l  W i s c o n s i n ’ to late June in
M i c h i g a n . 5  7

SPAWNING TEMPERATURE

Spawns at temperatures between 16 and 22 C.’

SPAWNING HABITAT

Spawns in smal l  st reams’ 7 o r  r i v e r s  6 . 5  t o  4 3  m  w i d e , ’ approx imate ly
m/s..O0.4 to 0.9 m deeps ’ 8 w i t h  a  c u r r e n t  v e l o c i t y  o f  a b o u t  1

SPAWNING SUBSTRATE

D e p o s i t s  e g g s i n a gravel nest (0.6 m X 1 m X 5 cm) w
p a r a l l e l  t o  c u r r e n t . 8 Somet imes  bu i lds  nes ts  under  logs
spawns i n nests w i th  Pe t romyzon mar inus  o r  P .  mar inus
a p p e n d i x . ’

FECUNDITY

Not  repor ted .

NATURAL HYBRIDS

P o s s i b l y  I c h t h y o m y z o n  u n i c u s p i s . ’  ‘

EGGS

i t h  l o n g  a x i s
. 5  Somet imes
and  Lampet ra

Demersal, n o n a d h e s i v e  ( i n f e r r e d  f r o m  s p a w n i n g  m o d e ) ; *  e l l i p t i c a l ,
0 . 6 4 - a n d  0 . 5 6 - m m  a x e s  ( t e n t a t i v e  i d e n t i f i c a t i o n ) ; *  i n c u b a t i o n  p e r i o d :
9  days  a t  18  C.z

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

D o r s a l  f i n  o f t e n  s l i g h t l y  i n d e n t e d  b u t  n e v e r  w i t h  a  d e e p  n o t c h  t o  t h e
trunk (> 40 mm) .I0
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JUVENILES ( recent ly  t rans fo rmed ind iv idua ls ) .

T o t a l  l e n g t h D e s c r i p t i o n
90-165 mm T r a n s f o r m a t i o n  s i z e . 3  4  7

Myomeres: t runk myomeres 49 to 56,  usual ly  51 to 54,  mean
52.6.'

Morphomet ry :  o ra l  d isc  d iameter  5  to  9% TL.’
M o r p h o l o g y :  d o r s a l  f i n  o f t e n  s l i g h t l y  indented.lO

ADULTS

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l f i n  s i n g l e ,  w i t h o u t  a  n o t c h (some
i n d i v i d u a l s m a y  h a v e  a  s l i g h t  i n d e n t a t i o n ) ,  o n e  o r  m o r e  p a i r s  o f
b i c u s p i d  i n n e r  l a t e r a l  t e e t h ,  s u p r a o r a l  s i n g l e  a n d  b i c u s p i d , t runk
myomeres 49 to 56.

LITERATURE CITED
1. Becker (1976)

::
Smi th  e t  a l .  (1968)
Scott and Crossman (1973)

4 . Hubbs and Trautman (1937)
5 . Hal l  (1963)

6 . S t a r r e t t  e t  a l .  ( 1 9 6 0 )

;:
Morman (1979)
Case (1970)

9 . Hubbs and Lagler (1958)
10. R. H. Morman (pers. Comm.)

27 Petromyzont idae



Ichthyomyzon fossor

Ichthyomyzon fossor Reighard and Cummins,  northern brook lamprey

DISTRIBUTION

T h i s  s p e c i e s  i s  f o u n d  t h r o u g h o u t  m o s t  o f  t h e  G r e a t  L a k e s  r e g i o n , ’  lo
but may be absent from t h e  L a k e  O n t a r i o  drainage.13 In the Lake
Mich igan dra inage, i t  has  been  co l l ec ted  f rom many  streams,l  9 except
i n  Illin0is.l

SPAWNING SEASON

Spawning o c c u r s  f r o m  l a t e  M a y2  8  t o  e a r l y  July’ i n  M i c h i g a n  a n d  A p r i l
to  May in  Wiscons in . ’

SPAWNING TEMPERATURE

Th is  spec ies  apparen t l y  has  a  eury therma l  spawn ing  p re fe rence .  Ranges
of 13 to 16 c,~ 13 to 23 c,* and  no t  l ess  than  18  C  (op t ima l l y 20 to
22 C)@ have been reported.

SPAWNING HABITAT

Spawns i n r i f f l e s o f streams,l 2 8 9 3.5 t o 8 m wide, 9 0.1 t o 0 .6 m
deep, l ’ w i t h  a  s t e e p  g r a d i e n t , *  9  o r  s l u g g i s h  flow.’

SPAWNING SUBSTRATE

Spawns  among coarse  g rave l  3  to  15  cm in  diameter.l  1  4  * 9  Nes ts  a re
i l l - d e f i n e d  i n  g r a v e l  o r  a r e  8  t o  1 0  c m  i n  d i a m e t e r  i n  s a n d  a n d small
gravel  .8 May spawn in  nests  wi th  I . un icusp is  o r  Pe t romyzon mar inus . 9

FECUNDITY

7 8 0  t o  1,979.’  l1

EGGS

Demersal, a d h e s i v e  ( i n  a  “ g l u e - l i k e  mass”);6  d i a m e t e r  1 . 0  t o  1 . 2  mm;s
incubat ion p e r i o d : 9 days a t 18 C;3 12 days i n s i t u . ’

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Tota l l e n g t h D e s c r i p t i o n
94-161 mm Myomeres : trunk myomeres 45 to 50;12 or 47 to 56;'

u s u a l l y  48;'~ o r  5 0  t o  52.7 *
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Morphometry:  (as % TL) preanal  length 69 to 74,  predorsal
leng th  47  to  54 ; a t r u n k  l e n g t h  5 0  t o  54;p l2 l a s t  g i l l
opening t o  d o r s a l f i n  o r i g i n  2 9  t o  34;’ p r e b r a n c h i a l
l e n g t h  6  t o  9;” L2 s n o u t  t o  l a s t  g i l l o p e n i n g  1 8  t o
21 .a

JUVENILES ( recent ly  t rans fo rmed ind iv idua ls ) .

T rans fo rmat ion  s i ze  84  to  182  mm.*  o  9

ADULTS

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l f i n  s i n g l e , s l i g h t l y  b i l o b e d  ( n o  n o t c h
t o  t r u n k  p r e s e n t ) , a l l  l a t e r a l  t e e t h  u n i c u s p i d , supraoral b i c u s p i d
tee th  w i th  knob- l i ke  cusps ,  t runk  myomeres  47  to  56 .

LITERATURE CITED
1. Becker (1976)
2. Hankinson (1932)

1:
Smi th  e t  a l .  (1968)
Scott and Crossman (1973)
Vladykov (1949)
Leach (1940)
Hubbs and Trautman (1937)

8 . Reighard and Cummins (1916)
9 . Morman (1979)

10. Hubbs and Lagler (1958)
11. Vladykov (1951)
12. R. H. Morman (pers. Comm.)
13. Crossman and Van Meter (1979)
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Ichthyomyzon unicuspis

Ichthyomyzon unicuspis Hubbs and Trautman, s i lver lamprey

DISTRIBUTION

Known from the drainages of  a l l G r e a t  L a k e s . ’  9 S c a t t e r e d  r e c o r d s
e x i s t  f o r  c o l l e c t i o n s  m a d e in t h e  w e s t e r n t r i b u t a r i e s  o f Lake
Mich igan, p r i m a r i l y n e a r  G r e e n  B a y  a n d  t h e  u p p e r  p e n i n s u l a  o f
M i c h i g a n . ’ E s s e n t i a l l y a b s e n t  f r o m  e a s t e r n  t r i b u t a r i e s  o f Lake
M i c h i g a n  ( c o n f i n e d  t o  a  s m a l l  s e c t i o n  a t  t h e  m o s t  e a s t e r n  p o r t i o n  o f
t h e  n o r t h e r n  e n d  o f  t h e  l a k e ) , a

SPAWNING SEASON

Spawns during May and June in Michigan6 and Quebec.3

SPAWNING TEMPERATURE

Spawns at temperatures between 13 and 23 C.6

SPAWNING HABITAT

Spawns i n sha l low,  45 t o 50 cm, r i f f l e s o f streams, 3.5 t o 30 m wide,
2 to 13 m f rom sho re .6

SPAWNING SUBSTRATE

Eggs are  depos i ted  in  a  nes t , 33  to  122  cm in  d iamete r ,8  composed  o f
grave l 0.4 to 3 cm i n  diameter.‘l Sometimes occupies nests with
I .  fossor  o r  Pe t romyzon mar inus  o r  Lampet ra  append ix  and  p .  mar inus . 6

FECUNDITY

1 0 , 8 0 0 '  t o  2g,412.'0

NATURAL HYBRIDS

Poss ib ly  Ich thyomyzon cas taneus. 5  6

EGGS

Demersal  ( inferred f rom spawning mode);*  d iameter 1.4 mm;’ i n c u b a t i o n
p e r i o d : 11 days at 18 C.z

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .
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JUVENILES ( recent ly  t rans fo rmed ind iv idua ls ) .

T o t a l  l e n g t h
7 6 - 1 5 5  m m

D e s c r i p t i o n
Trans fo rmat ion s i z e . 3  7 6

Myomeres: trunk myomeres 47 t o 55, u s u a l l y 48 t o 53,
mean: 50.5.”

ADULTS

Diagnos t ic  charac te rs : dorsal f i n  s i n g l e , s l i g h t l y  b i l o b e d  ( n o  n o t c h
t o  t r u n k  p r e s e n t ) , a l l  l a t e r a l  t e e t h  u n i c u s p i d , supraoral b i c u s p i d
teeth with sharp cusps, t runk myomeres 48 to 57.

LITERATURE CITED
1. Becker (1976)
2. Smi th  e t  a l .  (1968)

43:
Scott and Crossman (1973)
Vladykov (1949)
Hubbs and Trautman (1937)
S t a r r e t t  e t  a l .  ( 1 9 6 0 )

Hubbs (1925)
;: Morman (1979)
9 . Hubbs and Lagler (1958)

10. Vladykov (1951)
11. Manion and Hanson (1980)
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Lampetra appendix

Lampetra appendix (DeKay) , American brook lamprey

T h i s  s p e c i e s  h a s  b e e n  k n o w n  m o s t  r e c e n t l y  a s Lampetra l a m o t t e i  o r

c* l a m o t t e n i i . A manuscr ipt  by R. M. Bai ley and F. C. Rohde recommends
tha t  I .  append ix  be  adopted  as  the  cor rec t n a m e  f o r  t h e  A m e r i c a n  b r o o k
l a m p r e y  ( R o b i n s  e t  a l .  1 9 8 0 ) . V .  D.  V ladykov  and assoc ia tes  recogn ize  ye t
ano ther  name,  Le then te ron  lamot ten i i . I n  a c c o r d  w i t h  o u r  d e c i s i o n  t o
f o l l o w  t h e  n o m e n c l a t u r e  o f  R o b i n s  e t  a l .  ( 1 9 8 0 ) ,  w e  a c c e p t  t h e  s u g g e s t i o n
of Bai ley and Rohde.

DISTRIBUTION

O c c u r s  t h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n , ‘  b u t  i s  r a r e  i n  e a s t e r n  L a k e
Ontario.Zo It is rare i n  w e s t e r n  t r i b u t a r i e s  o f  L a k e  M i c h i g a n  b u t
c o m m o n  i n  e a s t e r n  t r i b u t a r i e s . ’  l4

SPAWNING SEASON

S p a w n s  f r o m  A p r i l  t o  l a t e  J u n e  i n  M i c h i g a n  a n d  W i s c o n s i n . ’  I1 1’

SPAWNING TEMPERATURE

Spawns at temperatures between 7 and 12,l’ o r 14 and 19 C,l 2 4 7 6
w i th  ex t remes o f  7  and 2 1  C.l*

SPAWNING HABITAT

Spawns i n r i f f l e  a r e a s  o f  streams,l  l2 1 . 5  t o  1 8  m  wide,l’ i n  0 . 2  t o
0 .6 cm o f water .6 11 14

SPAWNING SUBSTRATE

Depos i ts  eggs  in  a  sand  o r  g rave l  depress ion  nes t  18  to  20  cm long 1  o r
1 8  t o  3 0  c m  i n  diameter.a I1 May spawn i n nests w i t h  P e t r o m y z o n
m a r i n u s  o r Ichthyomyzon castaneus and p. marinus or I .  unicuspis and
p .  marinus.l’

FECUNDITY

C a .  8606 t o  3 , 6 4 8 , '  4  l7 o r  2 , 6 9 8  t o  5,185.‘”

EGGS

Demersal, adhesive;l  l2 l7 d i a m e t e r  1 . 2  t o  1 . 6  m m ,  p e r i v i t e l l i n e  s p a c e
0.2 to 0.6 mm wide, e g g  p a l e  y e l l o w  t o  l i g h t  g r e e n , i n c u b a t i o n  p e r i o d :
20 t o 22 days a t 5 t o 17 C;l’ 8 days a t 18 C;5 18 days i n situ.12

YOLK-SAC LARVAE

H a t c h i n g  s i z e  2 . 2  t o  2 . 8  m m ,  e y e  s p o t  v i s i b l e , caudal r e g i o n  f l e x e d
ventradiI’ yolk greenish at 8 to 10 mm;12  younger l a r v a e  l e s s
p igmented  than  o lde r  ones.15
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LARVAE

T o t a l  l e n g t h
19-60 mm

D e s c r i p t i o n
Myomeres: trunk myomeres 63 to 74.13
M o r p h o m e t r y :  ( a s  %  T L )  t r u n k  l e n g t h  5 5 ,  t a i l  l e n g t h  1 7 ,

b r a n c h i a l  r e g i o n  l e n g t h  1 6 ,  p r e b r a n c h i a l  l e n g t h  12,15
M o r p h o l o g y :  d o r s a l  f i n  w i t h  t w o  d i s t i n c t  l o b e s  ( s e p a r a t e d

by a notch t o  t h e  t r u n k ) , f i r s t  c a u d a l  a n d  p o s t e r i o r
d o r s a l  f i n  r a y s  f o r m e d  ( 4 0  m m ) ,  f i r s t  a n t e r i o r  d o r s a l
fin rays formed (50 to 55 mm) , al 1 fins rayed (60
mm) .13

P igmenta t ion :  p igment - f ree  a rea  on  dorsum beh ind  nos t r i l ,
da rk  cepha l i c  p igmen t l i n e  p r e s e n t , few i r r e g u l a r l y
p laced c h r o m a t o p h o r e s  o n d o r s u m  o f myosepta,
p rebranch ia l  a rea  unp igmented ,  unp igmented  bands  a lso
a b o v e  g i l l  o p e n i n g s  a n d  o n  l o w e r  e d g e  o f  p e d u n c l e  ( 1 9
to 60 mm) , tongue pigmented (> 41 mm) .13

60-110 mm Myomeres: trunk myomeres 63 to 74, usually 68 to
69.9 16 17

Morphometry:  (as %  T L )  t r u n k  l e n g t h  5 4 ,  t a i l  l e n g t h  2 4 ,
b r a n c h i a l  r e g i o n  l e n g t h  1 3 ,  p r e b r a n c h i a l  l e n g t h  9.15

Morphology: c a u d a l  f i n  b l u n t l y  p o i n t e d ,  i t s  u p p e r  o u t l i n e
e l e v a t e d . )

P igmenta t ion :  p igment l a c k i n g  o n prebranch ia l area,
p resent  in  bands  over  g i l l  open ings  and  on  ven t ra l  edge
o f caudal  peduncle, t r iangu la r  p igmenta t ion  on  base  o f
cauda l  f i n  rays ,  p igmenta t ion  a long  no tochord ; v e n t r a l
edge of  caudal  peduncle, suborb i ta l  a rea  and  lower  ha l f
of  upper l ip  unpigmented (60 to 70 mm).9

JUVENILES ( recent ly  t rans fo rmed ind iv idua ls ) .

T o t a l  l e n g t h D e s c r i p t i o n
102-187 iik T r a n s f o r m a t i o n  size;’ I9 p e r h a p s  a s  l a r g e  a s  2 0 0  mm.12

M a y  d e c r e a s e  i n  s i z e  a f t e r  t r a n s f o r m a t i o n . 1 2

M y o m e r e s :  t r u n k  m y o m e r e s  6 4  t o  74." lo l6 l7 l8
Morphomet ry :  (as  % TL)  t runk  leng th  54 ,  ta i l  l eng th  24  to

3 2 ,  b r a n c h i a l  r e g i o n  l e n g t h  9  t o  12;16 l7 p r e b r a n c h i a l
l e n g t h  8.1"

ADULTS

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l f i n  d o u b l e  o r  d e e p l y  n o t c h e d ,  i n n e r
l a t e r a l  t e e t h  b i c u s p i d , supraora l  tee th  on  b road  curved  bar  w i th  two
l a t e r a l  c u s p s , trunk myomeres 64 to 70 or more.

LITERATURE CITED
1. Becker (1976)
2. Breder and Rosen (1966)

1:
Vladykov (1951)
Gage (1928)

2.
Smi th  e t  a l .  (1968)

. Scott and Crossman (1973)
Vladykov (1949)

k Dean and Sumner (1997)
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9 . Vladykov (1950) 15. V. D. Vladykov (pers.  Comm.)
10. Manion and Purvis (1971) 16. Kott  (1974)
11. Young and Cole (1900) 17. Rhode et  a l .  (1976)
12. Gage (1993) 18. Kott  (1971)
13. Vladykov (1960) 19. Vladykov and Kott  (1980)
14. Morman (1979) 20. P. Rugen (pers. Comm.)

F i g .  5 . Lampetra appendix, American brook lamprey. A and B. Ammocoetes
(larvae) . (A, w i l d - c a u g h t , Del aware, Wang and Kernehan 1979; 8, w i l d -
c a u g h t ,  M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n  b y  R .  F l e t c h e r ,  m o d i f i e d  b y  R; H .
Morman) .
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Petromyzon marinus

Petromyzon marinus Linnaeus, sea lamprey

DISTRIBUTION

F o u n d  t h r o u g h o u t  t h e  G r e a t  L a k e s  r e g i o n  1 9  2 0 i n c l u d i n g numerous
t r i b u t a r i e s  o f  L a k e s  M i c h i g a n ’  l6 a n d  Huron.16

SPAWNING SEASON

Spawns from mid-May through July,ll  l4 e x t e n d i n g  t o  e a r l y  September.l’

SPAWNING TEMPERATURE

Spawning  migra t ions  beg in  a t  4  C.’ Spawning usually occurs between 14
and 18 C,s 6 lo l1 l6 but extremes of 7 to 12 Cl a I4 l6 and 21 to 26
C 6  b l6 h a v e  b e e n  r e p o r t e d .

SPAWNING HABITAT

Spawns  in  sha l low,  13-  to  170-cm deep , r a p i d s . ’  s Successful nes t
c o n s t r u c t i o n r e q u i r e s  a cons tan t , u n i d i r e c t i o n a l  f l o w  o f  w a t e r ,  a t
a b o u t  0 . 5  t o  1 . 5  m/s.ls

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  i n  a n  o v a l  d e p r e s s i o n  nest’ 4  5  l1 l4 i n  s a n d  a n d  1 -  t o
5 -cm 4  ls g r a v e l . Nests range from 25 to 100 cm i n
d iamete r ’ 5 10 11 14 and 25 c m  deep.ll May spawn i n nests w i t h
I c h t h y o m y z o n  c a s t a n e u s  o r I .  f o s s o r  o r

w i t h
.I-. un icusp is 1 8  o r  Lampe t ra

a p p e n d i x , ’  l6 a s w e l l  a s c o m b i n a t i o n s  o f  L .  a p p e n d i x and

I . castaneus, and C. appendix and I. u n i c u s p i s . 1 6

FECUNDITY

1 4 , 0 0 0  t o  85,000~  4 lo 21 o r  a s  m u c h  a s  108,000.6

EGGS

Demersal;” 5 adhes i ve 3  ( n o t  a d h e s i v e  a f t e r  1 5  m i n u t e s ) ; 5 diameter 1.0
mm;6 6 lo l7 yolk l i g h t  t a n  o r cream c o l o r e d ; 1 o

i ncubat ion  per iod :  11  to  14  days  a t  12 t o  1 6  C;l' 13
to 14 days at 14 to 18 C;l” 10 to 13 days at 18
C.6 17 10 to 12 days at 19 to 22 C;12 9
CL

d a y s  a t 20

YOLK-SAC LARVAE

         lengthTo ta l D e s c r i p t i o n
3.0-5.0 mm Newly  ha tched .8  l7

Myomeres : i n c o m p l e t e  a t ha tch ing , total  myomeres 18 to
35. "
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M o r p h o l o g y :  y o l k  s a c  s p a t u l a t e ; 6  l7 t a i l f l e x e d 90
degrees ventrad.lO

P i g m e n t a t i o n :  b o d y  t r a n s p a r e n t ; 6  l7 a n t e r i o r - m o s t  p o r t i o n
o f  y o l k  g r e e n i s h . 6

4-9 mm Myomeres: total  myomeres 35 to 50.’ l7
M o r p h o l o g y :  t a i l s t r a i g h t (ca. 4 mm, 2 to 3 days

posthatching) ; lo t a i l  f l e x e d  1 0  d e g r e e s , y o l k n e a r l y
t u b u l a r ( 5  t o  6  m m ) ,  t a i l  s t r a i g h t ,  e y e  s p o t s  p r e s e n t . ,
cauda l  and  ana l  f i ns  deve loped  (6  to  7 .5  mm) .6  l7

P i g m e n t a t i o n :  y o l k w h i t e ; 5  o r g reen ish , b i l a t e r a l
melanophores over midbra in (5 to 6 mm) , melanophores
along dorsum and sides, l i p  a n d  h e a d  p i g m e n t e d  ( 6  t o
7 .5  mm) ,  me lanophores  on  p ronephr i c  reg ion ,  cauda l  end
o f  no tochord , gu t  and  ven te r  (7 .5  to  9 .0  mm)  . 6  l7

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
9-60 mm Myomeres :  t runk  myomeres  65  to  74 ,  usua l l y  70.’ lb 2 2

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 9  t o  1 0  m m ;6  l7 2  t o  3  w e e k s
p o s t h a t c h i n g ; ‘  l2 3 3  t o  4 0  d a y s  p o s t f e r t i l i z a t i o n 6 ) ;
c a u d a l  f i n  r o u n d e d ; )  d o r s a l  f i n  w i t h  t w o lobes, f i r s t
rays i n cauda l , p o s t e r i o r  d o r s a l (> 40 mm) , and
a n t e r i o r  d o r s a l  f i n s  ( 5 0  t o  5 5  m m ) formed, a l l f i n s
with rays (60 mm) .lb

Pigmenta t ion :  cauda l f i n r a y s  p i g m e n t e d t o  m a r g i n ,
v e n t r a l  e d g e  o f caudal myomeres  g ray ish , s u b o r b i t a l
a r e a  p i g m e n t e d , l o w e r  h a l f  o f  l i p  p a r t l y  p i g m e n t e d ; ’
chromatophores regular ly  p laced on dorsum of myosepta,
p rebranch ia l a r e a  p i g m e n t e d , narrow pigment- f ree band
on dorsum (19 to 24 mm) , ch romatophores  ex tend ing  f rom
dorsum t o  g i l l o p e n i n g s  ( a n t e r i o r l y )  a n d  t o  v e n t r a l
edge  o f  pedunc le  (pos te r io r l y )  (>  19  mm) , p igment - f ree
a r e a  o n d o r s u m  b e h i n d  n o s t r i l ,  c e p h a l i c  p i g m e n t  l i n e
absent (> 30 mm) , tongue unpigmented (> 44 mm) . l b

95-185 mm Morphometry: (as  % TL)  p reana l  l eng th  70  to  74 ,  p redorsa l
l e n g t h  4 8  t o  51;’ e y e  d i a m e t e r  1 ,  s n o u t  l e n g t h  4.’

P i g m e n t a t i o n :  d o r s u m  d a r k  b r o w n  t o  b l a c k ,  v e n t e r l i g h t
y e l l o w  t o  p a l e  b r o w n . ’

JUVENILES ( recent ly  t rans fo rmed ind iv idua ls ) .

To ta l l e n g t h D e s c r i p t i o n
93-194 m m T r a n s f o r m a t i o n  size;’ z2 1 a r g e s t la rvae 170 mm;13 22 t.0

203 mm;2 a g e  a t  t r a n s f o r m a t i o n :  4  t o  5;‘ l1 7;l" o r  5
t o  1822  2 3  y e a r s .

Myomeres: trunk myomeres 67 t o  74.9 24
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ADULTS

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  w i t h  t w o  s e p a r a t e  l o b e s , supraoral
t e e t h  c o n s i s t i n g  o f  a  s i n g l e  m e d i a n  b i c u s p i d  t o o t h .

LITERATURE CITED
1. Becker (1976)

::
R. H. Morman (pers. Comm.)
Surface (1998)

;:
Gage (1993)
Coventry (1922)

l
Gage (1928)

i:
Manion and Stauffer (1970)
P iav is  (1961)

9 . Vladykov (1950)
10. Wigley (1959)
11. Applegate (1950)
12. Lennon (1955)

13. Hubbs (1925)
14. Manion and McLain (1971)
15. Manion and Hanson (1980)
16. Vladykov (1960)
17. P iav is  (1971)
18. Morman (1979)
19. Hubbs and Lagler (1958)
20. Scott and Crossman (1973)
21. Vladykov (1951)
22. Manion and Smith (1978)
23. Purvis (1980)
24. Vladykov and Kott  (1980)

B 45.4 mm

F i g .  6 . Petromyzon marinus,
wxj-caught,

sea lamprey. A-C. Ammocoetes (larvae) . (A,
and B, Del aware, Wang and Kernehan 1979; C,  w i ld -caught ,
M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n  b y  R .  F l e t c h e r ,  m o d i f i e d  b y  R .  H .  M o r m a n ) .
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Acipenser idae

Fami ly  Ac ipenser idae ,  s tu rgeons

BY

David J.  Jude

T h e  A c i p e n s e r i d a e  i s  a  p r i m i t i v e  f a m i l y  o f  b o n y  f i s h e s  o c c u r r i n g
throughout t h e  n o r t h e r n  h e m i s p h e r e . The  fami ly  inc ludes  23  spec ies  in  4
genera. A c i p e n s e r  i s  c o m p o s e d  o f  1 6  s p e c i e s ,  7  o f  w h i c h  o c c u r i n the
U n i t e d  S t a t e s  a n d  C a n a d a , ye t  on ly  Ac ipenser  fu lvescens  i s  known f rom the
G r e a t  L a k e s  r e g i o n . Sturgeons are f reshwater anadromous f i s h e s
c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  o f f o u r  b a r b e l s  i n  f r o n t  o f  a n  i n f e r i o r
mouth ,  body  w i th  rows o f  la rge  bony  scu tes  ev ident  on  la rvae  and juven i les ,
becoming  less  p rominen t  in  adu l t s , do rsa l  and  ana l  f i ns  loca ted  fa r  back  on
the body, s k e l e t o n  p a r t i a l l y  c a r t i l a g i n o u s  a n d  a  l a r g e  h e t e r o c e r c a l  t a i l .

Un fo r tuna te ly , . t h e  r e p r o d u c t i v e  b i o l o g y  o f t h e  s t u r g e o n s  h a s  b e e n
p o o r l y s t u d i e d . Th is i s t h e  c a s e  w i t h Acipenser fu lvescens  whose
popu la t ions  had been so  d imin ished by  in tense f i sh ing  pressure  in  the 1 ate
1 8 0 0 ’ s  t h a t  i t  i s  c u r r e n t l y  l i s t e d  a s  a  “ t h r e a t e n e d ”  s p e c i e s  i n  t h e  s t a t e s
o f  M i c h i g a n  a n d  I l l i n o i s . I t  i s  e s t i m a t e d  t h a t  o n l y 1% of i t s o r i g i n a l
p o p u l a t i o n  e x i s t s  t o d a y (F.  P.  B inkowsk i , personal  communicat ion) . Lake
s turgeon reach sexua l  matur i t y  a t  ca .  20  to  23  years . Some females l ive 80
years  wh i le  ma les  l i ve  somewhat  shor te r  l i ves  o f  about  55  years .

Lake  s tu rgeon eggs  a re  usua l l y  very  tough , adhes ive  and  3 .2  to  3 .5  mm
i n  d i a m e t e r . Underdeveloped, u n p i g m e n t e d  y o u n g  h a t c h  a t  8  t o  1 2  m m .
Development is s low, the four barbels are evident at  15 mm and t h e  s h o v e l
nose is apparent at 20 mm.
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Ac ipenser  fu lvescens

Ac ipenser  fu lvescens  Raf inesque,  lake  s tu rgeon

DISTRIBUTION

Found in the M
basins.l  5

i s s s s i p p i , G r e a t  L a k e s ,  S t .  L a w r e n c e  a n d  H u d s o n  B a y

SPAWNING SEASON

S p a w n s  f r o m  l a t e ’  M a y  t o  J u n e  i n  M i c h i g a n , ‘  a n d  v a r i o u s  l o c a t i o n s  i n
Ontar io,  Quebec, Minnesota and Wisconsin. 5  f S p a w n s  f r o m  l a t e  A p r i l  t o
ear ly  May in  cen t ra l  Wiscons in .4  S tu rgeons  are  in spawning c o n d i t i o n

may spawn once every fourf o r a  v e r y  b r i e f  p e r i o d  a n d  a  s i n g l e  f e m a l e
t o  s i x  y e a r s . ’

SPAWNING TEMPERATURE

Spawning occurs at  11 Cs to 15 C with an opt
C.’ 4 s

imum between 14 and 16

SPAWNING HABITAT

Spawns on wave-washed rocky  lake  shores , 4 5 6 in  a reas  o f  upwe l l i ng
c u r r e n t s , the  ou ts ide  bends’  and  rap id  mov ing w a t e r  o f rivers,s 6 ’
and near dams. 3 Spawns in  1 .0 5  to  5 .0 1  m  o f  wa te r .

SPAWNING SUBSTRATE

Eggs  and  mi l t  a re  sca t te red  over  la rge ,  c lean  rubb le  and  abandoned .6

FECUNDITY

5 0 , 0 0 0  t o  700,000.4

EGGS

Demersa
t o 3 . 5;
i ncuba t

; 5  adhes i ve ; ” 6  d e p o s i t e d  s i n g l y ; 5 d i a m e t e r  ( 2 - c e l l  s t a g e )  3 . 2
;5 * d a r k  b r o w n w i t h  g r e e n i s h  c a s t , h e a v i e r  t h a n  water;S

o n  p e r i o d :  7  t o  9 . 6  d a y s  p o s t f e r t i l i z a t i o n  a t  1 5  C . 3

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6.5-9.6 mm A few hours posthatching;5  newly hatched average

8 .0  t o  8 .5  mm.1  5

1 1- 12 m m Newly hatched.*
Myomeres: 57 to 64 (40 to 43 + 17 t o  2 2 ) . *
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 7  t o  6 9 ,  h e a d

length 10 to 11, body depth at anus 14 to 18, yo lk -sac
leng th  34  to  37 , yo lk -sac  dep th 19 to 25, eye diameter
3  t o  4 . *
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M o r p h o l o g y :  b o d y  s h o r t  a n d  d e e p ,  a n u s  o p e n s  t o  t h e
e x t e r i o r upon  ha tch ing ,  mouth  open ing  appears  (2  to  3
d a y s  p o s t h a t c h i n g ) ; 5  f i n f o l d  c o n t i n u o u s ,  b r e a k i n g  o n l y
a t  a n u s . *

P igmenta t ion : eye and body lack pigment,  yolk sac covered
with f ine melanophores producing dusky appearance.*

12-13 mm Myomeres : see 11-12 mm.
Morphometry:  (as % TL) preanal  length 66,  head length 11

t o  1 2 ,  b o d y  d e p t h  a t  a n u s  1 5  t o  1 7 ,  y o l k - s a c  l e n g t h  3 3
to  35 ,  yo lk -sac  dep th  20  to  24 ,  eye  d iameter  4 . *

Morpho logy :  sp i ra l v a l v e  v i s i b l e  t h r o u g h  i n t e s t i n a l  w a l l
( 1  d a y  o l d ) . *

P igmenta t ion : l i t t l e  c h a n g e  f r o m  p r e v i o u s  s t a g e . *

15-17 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 8  t o  6 5 ,  h e a d
length 16  to  19 ,  body  dep th  a t  anus  14  to  17 ,  yo lk -sac
l e n g t h  2 6  t o  3 0 ,  y o l k - s a c  d e p t h  1 5  t o  2 1 ,  e y e  d i a m e t e r
4  t o  5 ,  p e c t o r a l  f i n  l e n g t h  6  t o  8 . *

Morpho logy :  barbe ls  appear (3 to 4 days posthatching) ; 5

o p e n i n g  o f  n a s a l  c a p s u l e  n o t  y e t d i v i d e d i n t w o  b y
f l e s h y  b r i d g e , c l e i t h r u m  p r e s e n t , m a x i l l a  a n d  t e e t h
b e g i n n i n g  t o  form;l  s n o u t  r o u n d e d ,  s p i r a l va l ve s t i l l
e v i d e n t .

P igmenta t ion :  eye f u l l y pigmented, dark band of
chromatophores e x t e n d s  f r o m  s n o u t , through e y e  t o
caudal f i n  j u s t  b e l o w  l a t e r a l l i n e , a few small
me lanophores  on  pos te r io r  reg ion  o f y o l k sac a n d  o n
s p i r a l va lve  g ive  dusky  appearance,  ven te r  immacu la te
excep t  fo r  a  few melanophores on p o s t e r i o r  o f  g u t ,
dorsum even 1 y c o v e r e d  w i t h  f i n e  m e l a n o p h o r e s ,  s o m e
melanophores p r e s e n t  o n f  i n fo ld between dorsa l
a c t i n o t r i c h i a  a n d  t i p  o f  c a u d a l  f i n . *

18-19 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 8  t o  6 0 ,  h e a d
l e n g t h  1 7  t o  1 9 ,  y o l k - s a c  l e n g t h 19 to 21, g r e a t e s t
b o d y  d e p t h 14 to 18, body  dep th  a t  anus  13  to  14 ,
p e c t o r a l  f i n  l e n g t h  8  t o  9 ,  s n o u t  l e n g t h  5  t o  6 , eye
d i a m e t e r  3  t o  4 . *

Morphology: snout rounded, a c t i n o t r i c h i a  p r e s e n t  i n  a r e a s
o f f u t u r e  d o r s a l and anal f i n s , f  i n f o l d  r e m a i n s
c o n t i n u o u s . *

P igmenta t ion : l i t t l e  c h a n g e  f r o m  p r e v i o u s  s t a g e . *

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
22-23 mm Morphomet ry :  (as  % TL)  p reana l  l eng th  57 ,  head  leng th  22

t o  2 4 ,  b o d y  d e p t h  a t  a n u s  1 0  t o  1 1 ,  p e c t o r a l  f i n  l e n g t h
10 to 11, p e l v i c f i n  l e n g t h  8 , snout  length  10 ,  eye
d i a m e t e r  4 . *
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M o r p h o l o g y :  y o l k  absorbed;Jc  y o l k  a b s o r b e d  ( 9  d a y s  a t  8 . 5
to 22.2 mm6 or 10 days at 20 C4); nasal  openings
e v i d e n t ,  p e c t o r a l  f i n  r a y s  d e v e l o p i n g ; 2  *  d o r s a l  f i n
rays more  deve loped ; *  snou t  l onger ,  more  s lender  and
d e p r e s s e d  f i n s  d i f f e r e n t i a t i n g  f r o m  f i n f o l d s .  *

P igmenta t ion :  ven ter immaculate except for a few
chromatophores on snout,  dorsum completely covered wi th
sma l l , even 1 y spaced melanophores, most dense between
dorsal fin and tip of caudal f i n , d a r k  b a n d  o f
chromatophores e x t e n d s  f r o m  s n o u t  t h r o u g h  e y e  a n d
g r a d u a l l y  b l e n d s i n t o  d e n s e  p i g m e n t a t i o n  n e a r  t h e
d o r s a l  f i n . *

23-31 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 3  t o  5 8 ,  b o d y
depth at anus 9 to 11, pectoral fin length 7 to 13,
head length 24 to 29, snout length 11 to 14, eye
d i a m e t e r  4  t o  5 . *

Morpho logy :  yo lk  absorbed , mouth and barbe ls f u l l y
deve loped; ’ la rvae  approx imate ly  60-days  o ld  a t  15  C.9;

P igmenta t ion : l i t t l e  c h a n g e  f r o m  p r e v i o u s  stage.9;

42-44 mm Morphology: i n f r a o r b i t a l canal complete, 2 0  r a y s i n
p e c t o r a l  f i n ,  d o r s a l  r o s t r a l  p l a t e s  appear.z

75 mm M o r p h o l o g y :  p e c t o r a l  f i n  w i t h  2 8  r a y s . 2

P i g m e n t a t i o n :  t w o  l a r g e ,  b l a c k  s p o t s  o n  u p p e r  s u r f a c e  o f
snout be tween dorsa l  and  la te ra l  aspec ts ,  one  oppos i te
b a s e  o f  d o r s a l  f i n , one  be low dorsa l  f i n ,  sma l le r  b lack
spots on head, back, s ides and caudal p e d u n c l e ; ’  d a r k
b l o t c h e s  o n the s i d e d isappear ing w i t h age,
c o n s i d e r a b l e  v a r i a t i o n  i n  c o l o r  r a n g i n g  f r o m  t a n ,  b u f f ,
b r o w n ,  o l i v e ,  g o l d  t o  g r a y , b lack , brown, red and
y e l l o w - r e d . s

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
196-762 mm Morphometry:  head length usual ly  24% FL (400 to 700 mm),

s n o u t  l e n g t h  g r e a t e r - t h a n  p o s t o r b i t a l  l e n g t h  ( <  5 0 0  m m
F L ) ,  s k u l l  b r o a d , i n t e r o r b i t a l  w i d t h  2 1 . 6  t o  4 0 . 0 %  h e a d
leng th , mouth w id th (exc lud ing lips) 66 to 93%
i n t e r o r b i t a l  width.l

Morphology: no font inel le,  eyes midway between mouth and
barbe ls , p r o t r u s i b l e  s u c t o r i a l  v e n t r a l  m o u t h ,  f a r  b a c k
a n d  large;’ b r a n c h i a l  s k e l e t o n  l a r g e l y  c a r t i l a g i n o u s ,
f i ve  rows o f  scu tes  on body, scu tes  w i th  we l l  deve loped
kee ls  te rmina t ing  in  a  sharp  po in ted  hook  o r  spur ,  worn
o f f and  grown over  w i th  sk in  in  spec imens grea ter  than
1 m.s
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Ac ipenser  fu lvescens

ADULTS

F i n  r a y s :  c a u d a l  8 0 ; *  d o r s a l  3 5  t o  4 0 ,  a n a l  2 5  t o  3O;l p e c t o r a l  4 0 ; 2

p e l v i c 28 t o 30.5:

Bony p la tes : d o r s a l  9  t o  17;l 2  l a t e r a l  2 9  t o  42,’ 2 8  t o  28;2 v e n t r a l
7  t o  1 2 . ’

G i l l  r a k e r s : 2 5  t o  40.1

Diagnos t i c  charac te rs : c o v e r i n g  o f  l a r g e  b o n y  p l a t e s , e s p e c i a l l y i n
young, he te rocerca l t a i l , mos t l y c a r t i l a g i n o u s ske le ton , l a rge
ce l l u la r  sw im b ladder , r e t r a c t i l e  a n d  s u c t o r i a l  m o u t h .

LITERATURE CITED
1. Scott and Crossman (1973) 5 . Harkness and Dymond (1961)
2. Jollie (1980) 6 . Baker (1980)
3. F. P. Binkowski (pers.  Comm.) 7 .  Magn in  (1966)
4 . Pr iegel  and Wir th (1971)

12 mm

F i g .  7 . Ac ipenser  fu lvescens , l a k e  s t u r g e o n . Yo lk -sac l a r v a , newly
hatched. (Labora to ry - reared , Wisconsin, o r i g i n a l i l l u s t r a t i o n  b y  N .  A .
Auer, specimens p r o v i d e d  b y  F .  P . B inkowsk i , C e n t e r  f o r  G r e a t  L a k e s
S t u d i e s ,  U n i v e r s i t y  o f  W i s c o n s i n - M i l w a u k e e ) .
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F i g .  8 . Ac ipenser  fu lvescens ,  lake  s tu rgeon . A and B. Larvae. (A and B,
l a b o r a t o r y - r e a r e d , Wisconsin, o r i g i n a l i l l u s t r a t i o n s by N. A. Auer,

specimens p rov i ded  by  F .  P .  B i nkowsk i , C e n t e r  f o r  G r e a t  L a k e s  S t u d i e s ,
Un ivers i ty  o f  Wiscons in-Mi lwaukee) .



F i g .  9 . A c i p e n s e r  f u l v e s c e n s ,  l a k e  s t u r g e o n . A and B. Larvae. (A and B,
l a b o r a t o r y - r e a r e d , Wisconsin, o r i g i n a l i l l u s t r a t i o n s  b y  N . A .  Auer ,
specimens provided by F. P.  B inkowsk i , Cen te r  fo r G r e a t  L a k e s  S t u d i e s ,
Un ivers i ty  o f  Wiscons in-Mi lwaukee) .



Lep isos te idae

Fami ly  Lep isos te idae,  gars

BY

George R. Heufelder

The gars belong to a p r i m i t i v e f a m i l y hav ing both l i v i n g
r e p r e s e n t a t i v e s  a s w e l l  a s members known only f rom fossi l  record. The
L e p i s o s t e i d a e  i s  c o m p r i s e d  o f  1 6  s p e c i e s  f r o m  2  g e n e r a , Lepisosteus and
A t r a c t o s t e u s (Wiley 1976). Foss i l r e c o r d s  i n d i c a t e  t h a t  g a r s  i n h a b i t e d
N o r t h  A m e r i c a ,  C e n t r a l America, Europe, I n d i a  a n d A f r i c a . L i v i n g
r e p r e s e n t a t i v e s , however, a re r e s t r i c t e d to the western hemisphere from
Costa Rica to southern Canada. O f  t h e  f i v e  l i v i n g  g a r s  o f  N o r t h  A m e r i c a ,
t h r e e are  known f rom the  Grea t  Lakes  bas in .  The  longnose  gar ,  C .  osseus ,
o c c u r s  i n  t h e  d r a i n a g e s  o f  a l l  o f  t h e  G r e a t  L a k e s ,  a l t h o u g h to a l i m i t e d
e x t e n t i n  L a k e  S u p e r i o r ,  w h i l e  t h e  s h o r t n o s e  g a r ,  C .  p l a t y s t o m u s ,  a n d
s p o t t e d  g a r ,  L .  o c u l a t u s ,  h a v e  a  m o r e  r e s t r i c t e d  r a n g e  i n  t h e  b a s i n .

The gars are unique among North American f ishes, be ing charac te r i zed
by a long, a t tenuated  snout  w i th  numerous  tee th ,  abbrev ia ted  he te rocerca l
t a i l  a n d  o v e r l a p p i n g  g a n o i d  s c a l e s . The body is long and somewhat tubular.
S p a w n i n g  t a k e s  p l a c e  i n  t h e  s p r i n g  i n  s h a l l o w  v e g e t a t e d  a r e a s . E g g s  a r e
b r o a d c a s t  a n d  a d h e r e  t o  t h e  u n d e r l y i n g  v e g e t a t i o n  a n d  s u b s t r a t u m .  N o
p a r e n t a l  c a r e  i s  g i v e n .

W i t h  t h e  e x c e p t i o n  o f  I . osseus, v e r y l i t t l e  h a s  b e e n  p u b l i s h e d
regard ing the l a r v a l d e v e l o p m e n t  o f  g a r s . Larva l gar s u p e r f i c i a l l y
resemble  the  la rvae  o f  esoc ids ,  bu t  can  read i l y b e  d i s t i n g u i s h e d  b y  t h e
p r e s e n c e  o f  a “caudal  appendage,” w h i c h  i s  t h e  u p t u r n e d  d i s t a l  p o r t i o n  o f
the  no tochord ,  appear ing  as  a  la rge  upper  lobe  o f  the  cauda l f i n . Larva 1

gar remain attached t o  v e g e t a t i o n  b y  a n  a d h e s i v e  d i s c  o n  t h e  t i p  o f  t h e
s n o u t  a n d  a r e  r e l a t i v e l y  i n a c t i v e  u n t i l  t h e  y o l k  i s  a b s o r b e d .
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Lep isos teus  ocu la tus

Lep isos teus  ocu la tus  (Winche l l ) ,  spo t ted  gar

DISTRIBUTION

This  spec ies  occurs  in  Lakes  Mich igan,  Huron  (on ly  f rom Sag inaw Bay)
a n d  E r i e . ’  2 I t  has  been repor ted  f rom Ind iana  and  the  sou thern  th i rd
o f  lower  Mich igan in  the  Lake Mich igan dra inage. ’

SPAWNING SEASON

Spawning  occurs  in  the  spr ing .2 Spawning was observed dur ing  Apr i l  in
Texas* and Missouri .8

SPAWNING TEMPERATURE

Spawning was observed at 16 C4 and 20 to 30 C.s

SPAWNING HABITAT

Spawns in shal low, warm water  where  vegeta t ion  i s  abundant . 2

SPAWNING SUBSTRATE

Spawns over dead vegetat ion and algal  mats.5

FECUNDITY

Not  repor ted .

EGGS

S m a l l e r  t h a n  t h o s e  o f  I .  o s s e u s . 5

YOLK-SAC LARVAE

Min imum s ize  observed 7  to  8  mm,S  o therw ise  no t  descr ibed .

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
38-50 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 3  t o  7 1 ,  h e a d

length 30 to 33, (as % head length) snout 60 to 63.*
M o r p h o l o g y :  p e l v i c  b u d s  e v i d e n t , pec to ra l f i n bases

broad, f l a p - l i k e a n d  f i n  r a y s  a b s e n t ,  p r e a n a l  f i n f o l d
present , rays  fo rmed in  cauda l ,  do rsa l and anal f i n s
(38 mm) , p e l v i c  f i n r a y s  e v i d e n t ,  p e c t o r a l  f i n  r a y s
s l i g h t l y  d i f f e r e n t i a t e d ,  c a u d a l appendage pronounced,
ex tend ing  in to  upper  cauda l  l obe  (50 .0  mm) . *

P igmenta t ion :  body covered w i t h numerous d i f f u s e
chromatophores ,  body  be low sensory  la te ra l  l i ne  darker
t h a n  a b o v e l a t e r a l l i n e , dark la tera l  p igment  makes
i r r e g u l a r  i n t r u s i o n s  i n t o  l i g h t e r d o r s o - l a t e r a l area,

Lep isos te idae 46



Lep isos teus  ocu la tus

100-150 mm

JUVENILES

T o t a l  l e n g t h
ca.150-250 mm

ADULTS

F in  r ays :

p e c t o r a l  b u d s  d a r k  e x c e p t  d o r s a l  m a r g i n , p e l v i c  b u d s
w i t h  d a r k spo t a t  base ,  cauda l , d o r s a l  a n d  a n a l  f i n s
d a r k l y  p i g m e n t e d  e x c e p t  n e a r  d o r s a l and v e n t r a l
margins, p igmenta t ion e x t e n d s  i r r e g u l a r l y  o n t o  c a u d a l
appendage (38 mm) , w i d e  m i d l a t e r a l  d a r k  b a n d  e v i d e n t
(50.0 mm), w i t h  d o r s a l i n t r u s i o n s  o f dark band on
l i g h t e r  d o r s o - l a t e r a l aspec t , d a r k  m i d l a t e r a l  b a n d
e x t e n d s  o n to  head ,  do rsa l  and  ana l  f i ns  p igmented  a t
base and t ips , cauda l  f i n  and  cauda l appendage  da rk l y
pigmented except i r r e g u l a r l y shaped a r e a s  o n the
marg ins  lack ing  p igment ,  fa in t ,  w ide  midven t ra l  band  o f
melanophores evident  (50.0 mm).*

Morphology: l a t e r a l  l i n e  f u l l y  d e v e l o p e d ,  s c a l e s  e v i d e n t
on l a t e r a l a s p e c t  f r o m  c a u d a l  p e d u n c l e  t o  r e g i o n  o f
p e l v i c  f i n s ,  p e c t o r a l  f i n  r a y s  s t a r t i n g  t o  d e v e l o p  ( 1 0 0
mm) , a n t e r i o r  b e l l y  a n d  p e l v i c area w i t h o u t sca les ,
pec to ra l  f i n  rays  one-ha l f  to  comp le te ly  deve loped  (130
mm) , squamation complete (140 to 150 mm).’

D e s c r i p t i o n
Morphology: caudal appendage adna te  to  do rsa l  marg in  o f

c a u d a l  f i n  ( 2 1 0  t o  2 5 0  mm);’  p a r t i a l l y  a t r o p h i e d  ( 1 6 0
mm) , completely atrophied (225 mm) .’

caudal 12 to 13, dorsal 6 to 9, anal 7 to 9, pectoral 9 to
1 3 ,  p e l v i c  5  t o  6 . ”  ’

Ver teb rae : 58 ( incomplete)  at  57 mm TL.*

L a t e r a l  l i n e  s c a l e s :  5 3  t o  59.’

D iagnos t i c  charac te rs : snou t  leng th  less  than  75% head  leng th ,  la te ra l
l i n e  s c a l e s  5 3  t o  5 9 .

LITERATURE CITED
1. Hubbs and Lagler (1958)
2. Scott and Crossman (1973)

::
Becker (1976)
Taber (1969)

5 . Echel le and Riggs (1972)

6 . Wiley (1976)
Suttkus (1963)

2 Pflieger (1975)
9 . Riggs and Moore (1960)
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Lep isos teus  ocu la tus

17.5 mm

F i g .  1 0 . Lep isos teus  ocu la tus , s p o t t e d  g a r .  L a r v a .  ( W i l d - c a u g h t ,  F l o r i d a ,
o r i g i n a l  i l l u s t r a t i o n  b y  N .  A .  A u e r , s p e c i m e n  p r o v i d e d  b y  U n i v e r s i t y  o f
Michigan Museum of Zoology, UMMZ 165168).
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Lepisosteus osseus

Lepisosteus osseus (Linnaeus),  longnose gar

DISTRIBUTION

T h i s  s p e c i e s  i s  f o u n d  i n  t h e  d r a i n a g e s  o f  a l l  o f  t h e  G r e a t  L a k e s
e x c e p t  L a k e  Superior.l  2 In the Lake Michigan drainage it is
genera l l y  found  in  la rge  r i ve rs  and  lakes  and  i s  becoming  inc reas ing ly
r a r e  n o r t h w a r d . ’

SPAWNING SEASON

Spawns in  la te  spr ing  and  ear ly  summer  in  the  Lake  Er ie  d ra inage 5  and
from May to June in Maryland6 and New York.*

SPAWNING TEMPERATURE

Spawning occurs at  ca. 19 to 21 Cl5 or  17 C7  in New York.’

SPAWNING HABITAT

S p a w n s  i n  s h a l l o w ,  g r a s s y  a r e a s  o f  s m a l l e r  s t r e a m s  a n d  shoa1s,5
w i n d s w e p t  s h o r e l i n e s  a n d  r o c k y  p o i n t s  o f  1akes.l’

SPAWNING SUBSTRATE

Spawns over  f looded weeds ,  g rass , 5  a lgae  and  ba re  r0ck.l’ ls

FECUNDITY

1 , 1 1 0  t o  77,156;12  4 , 2 7 3  t o  5 9 , 4 2 2 . ‘ ”

EGGS

Demersal ; 6 adhesive; 5 6 diameter 3.3 to 5.5 mm;6 2.1 t o 3 . 2  mm;13
c o l o r  r a n g e s  f r o m  “ s l a t e  g r e y ” a f te r  ex t rus ion  to  c ream ye l low 3  hours
l a t e r  o r  a  d u l l  s h a d e  o f  g r e e n i s h  brown;15 o r  y e l l o w i s h - g r e e n ; ’
i n c u b a t i o n per iod : 5 to 6 days a t  1 8 . 9 t o  2 1 . 2  C;ll  7 t o 9 days at
unspec i f ied  tempera tu res . 4

YOLK-SAC LARVAE

T o t a l  t e r m D e s c r i p t i o n
8-10 mm Newly  ha tched. ’  v

8-15 mm Morpho logy :  yo lk  sac  ovo id ; ,  suc tor ia l
snout;’  v c e n t r a l p a p i l l a e  o f  s u c
in groups; v e y e  p o o r l y  d e v e l o p e d
choro id f i s s u r e  p e r s i s t i n g , med
f ins undeveloped (11 mm),  pectoral
v e r t i c a l r i d g e s , mouth reduced

 d i s c  p r o m i n e n t  o n ,
t o r i a l  d i s c  a r r a n g e d

(newly hatched) ; ’
i a n  f i n s  a n d  p e l v i c
buds p r o m i n e n t  a s
t o  a  s l i t ,  o p e r c u l a

ex tend  over  base  o f  pec to ra l  buds ,  opercu la r  fo lds  meet

49 Lep isos te idae



Lepisosteus osseus

v e n t r a l l y , cons iderab le  e longa t ion  o f  p reora l p a r t  o f
head g i ves a p p e a r a n c e  o f  a snout w i t h te rm ina l
s u c t o r i a l  d i s c ,  p e l v i c  b u d s  p r e s e n t  p o s t e r i o r  t o  y o l k
sac, pec to ra l f i n  b a s e s  a p p e a r  h o r i z o n t a l  o n  s i d e  o f
body (15 mm) .v

P i g m e n t a t i o n :  b o d y  c o l o r l e s s ,  y o l k  o p a q u e  o r  b l u e - g r a y
(new1 y hatched) ; 7 c o n c e n t r a t i o n s  o f  p i g m e n t  i n  f i n f o l d
i n d i c a t e  p o s i t i o n  o f  c a u d a l ,  d o r s a l  a n d  a n a l f i n s  ( 1 1
mm) , becoming more pronounced (15 mm);v upper edge of
yolk sac covered wi th melanophores,  minute melanophores
on dorsum of gut i n  l a t e r  d e v e l o p m e n t , e n t i r e body
covered w i t h small melanophores, more numerous on
dorsum and  head  (3  days  o ld )  , melanophores becoming
m o r e  d e n s e  a r o u n d  h e a d , dorsum, o v e r  i n t e s t i n e  a n d
dorsum o f  yo lk  sac  (5  days  o ld )  , v e n t e r y e l l o w - g r a y ,
l o c a t i o n  o f  m e d i a n  f i n s  m a r k e d  b y  d e n s e  p a t c h e s  o f
melanophores. ’

LARVAE

Tota l l e n g t h D e s c r i p t i o n
20-23 mm Morpho logy :  yo lk  absorbed (ca. 20 mm, 3 weeks) ; 7

s u c t o r i a l  d i s c  r e d u c e d  t o  s w e l l i n g  o n  t i p  o f  u p p e r  j a w ,
both jaws more e l o n g a t e ; ’  v do rsa l and anal f i n
p o s i t i o n s i n d i c a t e d  b y i n d e n t a t i o n i n f  i n f o l d ,
i n c i p i e n t  d o r s a l , anal a n d  p e c t o r a l  f i n  r a y s  e v i d e n t
(ca. 20 mm) , t e e t h  a p p a r e n t ;  7 i n c i p i e n t  p e l v i c  f i n
rays e v i d e n t (ca. 23.0 mm) ;v p e l v i c  f i n  r a y s  m a y
d e v e l o p  b e f o r e  p e c t o r a l  f i n  rays.lO

P i g m e n t a t i o n :  d o r s a l  r e g i o n  m o t t l e d  w i t h  b r o a d ,  i r r e g u l a r
patches o f  b r o w n , v e n t r o - l a t e r a l b a n d  o f pigment
extends f r o m  p o s t e r i o r o f  e y e  t o  e x t r e m i t y  o f  c a u d a l
pedunc le . ’

41 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 7 , predorsal
l e n g t h  7 1 , head  leng th  29 ,  g rea tes t  body  dep th  7 ,  (as
% head length) eye  d iameter  25 .5

Morphology: caudal appendage pronounced.s
P i g m e n t a t i o n :  s e v e r a l  d a r k  c o l o r s e v i d e n t  o n l i v e

specimens, dorsum and  dorsa l  f i n  w i th  round ,  red-b rown
chromatophores, l a t e r a l aspect w i t h la rge brown
chromatophores on jaws extend ing t o  e y e  e n c i r c l i n g
o r b i t ,  b r o w n  p i g m e n t  o n l a t e r a l a s p e c t  b l e n d s i n t o
w h i t e v e n t e r , b a s e  o f  p e c t o r a l  f i n s  w h i t e  w i t h  m e d i a n
brown band no t e x t e n d i n g  t o t i p  o f f i n , brown
chromatophores  on  ana l  f i n .5

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
50-120 mm Morphomet ry :  pos to rb i ta l  l eng th  29  to  33% head length.”
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Lepisosteus osseus

Morphology: caudal  appendage adnate to caudal  f in (247 to
3 0 1  mm);16 v e r t e b r a l  c o n s t r i c t i o n s  i n  n o t o c h o r d  ( 5 5
mm) . (1

P igmenta t ion :  be l l y  b rown, r e s t  o f  b o d y  l i g h t  y e l l o w  w i t h
a  d u s k y  l a t e r a l  b a n d  ( <  7 6  mm);17  d a r k  l a t e r a l  b a n d
extends through eye (< 120 mm).*

ADULTS

Fin caudal 11rays   : t o 14, dorsa l 6 t o 9, anal 8 t o 10, pec to ra l 10 t o
13;14 p e l v i c  6.10

Ver tebrae : 61  to  66  fo r  6  Mich igan  specimens.>!

L a t e r a l  l i n e  s c a l e s :  5 7  t o  63.14

Diagnos t i c  charac te rs : snout length 79 to 83% of head length, l a t e r a l
l i ne  sca les  57  to  63 .

LITERATURE CITED
1. Scott and Crossman (1973)
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Lepisosteus osseus

size unknown

11 mm

15 mm

D size unknown

F i g .  1 1 . Lep isos teus  osseus ,  longnose gar .  A-D. Yo lk -sac l a r v a e .  ( A ,

w i l d - c a u g h t , Kerr 1919 (by permission of MacMil lan, London & Basingstoke),
d e l i n e a t e d  b y  J .  E l l i s ;  B  a n d  C .  l a b o r a t o r y - r e a r e d ,  N e w  Y o r k , B a l f o u r and

P a r k e r  1 8 8 2 , d e l i n e a t e d  b y  J . E l l i s ;  D , labora to ry - reared ,  New York ,
Agass iz  1879,  de l inea ted  by  M.  A .  Co le ) .
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Lepisosteus osseus

A size unknown

18 mm

D 41 mm

E 100 mm

F i g .  1 2 . Lepisosteus osseus, longnose  gar .  A -D. L a r v a e .  E . J u v e n i l e .
(A, w i l d - c a u g h t , Kerr 1 9 1 9  ( b y  p e r m i s s i o n  o f  M a c M i l l a n , London  &
Basingstoke) , de l inea ted  by  M.  A .  Co le ;  B ,  Wi lder  1877,  de l inea ted  by  M.  A .
Co le  ( repr in ted  w i th  permiss ion  f rom Popu la r  Sc ience  1877 ,  D .  App le ton  and
Company) ; C, labora to ry - rea red , Agass iz  1879,  de l inea ted  by  M.  A .  Co le ;  D ,
w i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ;  E ,  w i l d - c a u g h t , Pennsylvania, Fowler
1945).
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Lepisosteus platostomus

Lep isos teus  p la tos tomus Raf inesque,  shor tnose  gar

DISTRIBUTION

Genera l l y  common th roughout  the  Miss iss ipp i Valley,’ b u t  w i t h  t h e
e x c e p t i o n  o f Lake Michigan, i s  absen t  f rom the  Grea t  Lakes  bas in .2  3

I t s  o c c u r r e n c e  i n  t h e  F o x  R i v e r  s y s t e m  a n d  G r e e n  B a y  l e a d s  t o  t h e
h y p o t h e s i s  t h a t  t h i s spec ies  invaded the area v ia  the  Fox-Wiscons in
cana l  a t  Por tage ,  Wiscons in .4

SPAWNING SEASON

Spawns in  spr ing ,  usua l l y  June, 5  M a y  t o  J u n e  i n  I l l i n o i s ’  o r  l a t e  J u l y
i n  Iowa.’

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Spawns in grassy sloughs.s

SPAWNING SUBSTRATE

Spawns over  aquat ic  p lan ts , g r a s s , 5  d e b r i s  a n d  vegetation.c

FECUNDITY

A 4,082 g female contained 36,460 eggs. ’

EGGS

Demersa l ; ”  adhes ive ; ’  a d i ame te r  3 .5  mm;5  co lo r g r e e n i s h ; 5  o r  d i r t y
y e l l o w  w i t h  c l e a r  g e l a t i n o u s s u b s t a n c e  s u r r o u n d i n g  i t ; ’  i n c u b a t i o n
p e r i o d :  8  t o  9  d a y s  a t  u n s p e c i f i e d  t e m p e r a t u r e . 6  7

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Tota l l e n g t h D e s c r i p t i o n
36-50 mm Morphometry: (as % TL) preanal  length 66 to 69, head

leng th  29  to  33 ,  (as  % head leng th )  snou t  50  to  57 . *
Morphology: caudal appendage prominent,  dorsal ,  anal  and

c a u d a l  f i n rays formed (ca. 36 mm), a c t i n o t r i c h i a
e v i d e n t i n  p e l v i c  f i n s , pec to ra l f i n  b a s e  w i d e ,
a c t i n o t r i c h i a  e v i d e n t  ( c a .  5 0  m m ) . *
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Lepisosteus platostomus

P igmenta t ion :  w ide  band  o f  me lanophores  f rom ven t ra l  ha l f
o f  eye  to  lower  jaw,  pos te r io r  band  o f  me lanophores  on
h e a d  w i d e n s ,  c o v e r i n g e n t i r e  v e n t r o - l a t e r a l  s u r f a c e ,
melanophores smaller a n d  m o r e  d i f f u s e over v e n t e r ,
d o r s o - l a t e r a l a r e a  d e v o i d  o f  p i g m e n t ,  d o r s u m  c o v e r e d
wi th  m inu te ,  d i f fuse  me lanophores ,  dorsa l f i n  l i g h t l y
p i g m e n t e d  a t  b a s e ,  a n a l f i n  p i g m e n t e d ,  p e c t o r a l  f i n
bases w i t h la rge melanophores, p e l v i c f i n s
unpigmented.*

JUVENILES

Not  descr ibed .

ADULTS

F in rays : caudal 11 t o 12, dorsa l 8 t o 9 , anal 8 t o 9, pec to ra l 11 t o
12;’ p e l v i c  6 . *

Ver tebrae : 61  in  spec imen f rom Missour i . *

L a t e r a l  l i n e  s c a l e s :  5 9  t o  6 5 . ’

D i a g n o s t i c  c h a r a c t e r s :  s n o u t  s h o r t ,  l e s s  t h a n  7 5 %  h e a d  l e n g t h ,  l a t e r a l
l i n e sca les u s u a l l y  6 0  t o  6 4 ,  d o r s u m  o f  h e a d ,  p e c t o r a l  a n d  p e l v i c
f ins  w i thou t  dark ,  rounded mark ings .

LITERATURE CITED
1. Forbes and Richardson (1909)

f :
Scott and Crossman (1973)
Hubbs and Lagler (1958)

4 . Becker (1976)
5 . Eddy and Underhi l l  (1974)

6 . Richardson (1913)
Pot te r  (1927)

ii: Pflieger (1975)
9 . Wi ley (1976)

38.0 mm

F i g .  1 3 . Lep isos teus  p la tos tomus, shor tnose  gar . Larva. (WiId-caught,
Nebraska, o r i g i n a l i l l u s t r a t i o n  b y  N .  A . Auer, s p e c i m e n  p r o v i d e d  b y
Universi ty of Michigan Museum of Zoology, UMMZ 134778).
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Amiidae

Fami ly  Ami idae ,  bowf ins

BY

George R. Heufelder

T h e  A m i i d a e  i s  r e p r e s e n t e d  b y  o n l y  o n e  l i v i n g  m e m b e r ,  A m i a  c a l v a ,
which i s r e s t r i c t e d in  range  to  the  f reshwate r  o f  eas te rn  Nor th  Amer ica .
B o w f i n s  a r e  p r e d a t o r y  f i s h  w i t h  r o b u s t  b o d i e s ,  o f t e n  a t t a i n i n g  l e n g t h s  o f
o v e r  6 0 0  m m . The mouth has numerous pointed teeth and between the lower
j a w s  t h e r e  i s  a  b o n y  g u l a r  p l a t e  w h i c h  i s  a  d i a g n o s t i c  c h a r a c t e r f o r t h i s
spec ies a m o n g  N o r t h  A m e r i c a n  f i s h e s .  T h e  b o d y ,  e x c e p t  t h e  b o n y  h e a d ,  i s
c o v e r e d  w i t h  c y c l o i d sca les . A  h i g h l y  v a s c u l a r i z e d  p h y s o s t o m o u s  s w i m
b l a d d e r  g i v e s  t h i s  s p e c i e s  t h e  a b i l i t y  t o  a s s i m i l a t e  a t m o s p h e r i c  o x y g e n .

T h e  b o w f i n  g e n e r a l l y i n h a b i t s vegeta ted areas o f  warm lakes  and
r i v e r s . During spawning, ma le  bowf in  cons t ruc t  nes ts  by  c lear ing c i r c u l a r
areas  amids t  vegeta t ion ,  leav ing  exposed roo ts  on  the  bo t tom o f  the  nes t  on
which t h e  a d h e s i v e eggs a t t a c h . A f t e r spawning, the male remains and
guards  the  nes t . A f t e r  h a t c h i n g ,  b o w f i n la rvae remain attached to the
v e g e t a t i o n  b y  m e a n s  o f  a n  a d h e s i v e  d i s c  o n  t h e  t i p  o f  t h e  s n o u t .  W h e n  t h e
larvae become free-swimming, the male bowfin accompanies the young on their
d a i l y  f o r a g i n g  a c t i v i t i e s  a n d  m a y  p r o v i d e  s h e l t e r  f o r  t h e m  i n  h i s  m o u t h
w h e n  t h e i r  s a f e t y  i s  t h r e a t e n e d . Paren ta l  ca re  con t inues  fo r  severa l  weeks
after  hatching unt i l  the young reach 102 mm (Scott  and Crossman 1973).
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Amia calva- -

DISTRIBUTION

Amia calva Linnaeus, bowfin- -

T h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n ,  w i t h  t h e  e x c e p t i o n  o f  t h e  L a k e
S u p e r i o r  d r a i n a g e ,  w h e r e i t i s  f o u n d  o n l y  i n  t h e  S t .  M a r y ’ s  R i v e r
outlet..’ z I n  t h e  L a k e  M i c h i g a n  d r a i n a g e  i t  i s  c o m m o n  i n  t h e  l o w e r
W o l f  a n d  F o x  R i v e r systems of Wisconsin and throughout the eastern
r e g i o n  o f  t h e  L a k e  M i c h i g a n  d r a i n a g e  i n  t h e  s o u t h e r n  p o r t i o n  o f
Mich igan ’s  upper  pen insu la .3

SPAWNING SEASON

A nes t  was  prepared  and eggs  were  found in  la te  Apr i l  and  ear ly  May in
M i c h i g a n . ’  I1 Eggs were c o l l e c t e d  f r o m  l a t e  M a r c h  t o  e a r l y  J u n e  i n
Wisconsin.s

SPAWNING TEMPERATURE

Spawns at  water temperatures between 16 and 19 C.’ *

SPAWNING HABITAT

Spawns  a long  lake  marg ins ,  s t ream mouths ,  bays  and  s im i la r  p laces . ’  :t

SPAWNING SUBSTRATE

Spawns i n a r e a s  p a r t i a l l y c l e a r e d  o f d e b r i s over decaying
vegetation’*  *  a n d  f i b r o u s  r o o t s  o f  w a t e r  p l a n t s ,  l e s s  o f t e n  a m o n g
grave l  o r  wa te r -soaked  leaves  and  somet imes  under logs , s t u m p s  o r
bushes.ll

FECUNDITY

2 3 , 0 0 0  t o  64,000.~~

EGGS

Ovoid, diameter 2 .14  to  2 .16  mm;’ 2 .0  t o  3 .0  mm;5  egg  su r rounded  by
a d h e s i v e  e n v e l o p e  b e c o m i n g  p r o g r e s s i v e l y  d i s t e n d e d  w i t h  a  j e l l y - l i k e
f l u i d  u n t i l dimensions o f  e n v e l o p e  a r e  t w i c e  o r i g i n a l  s i z e ,  t h r e a d -
l i k e  e x t e n s i o n s  o f  a d h e s i v e  s u r f a c e  a t t a c h  e g g  t o  n e s t  a n d  a d j a c e n t
eggs; 4 y o l k  d a r k  g r a y - b r o w n ; 5  t o  c h a r c o a l - g r a y ,  a n i m a l  p o l e  w h i t e ; ’  t o
l i g h t  y e l l o w - b r o w n ; 5  i n c u b a t i o n  p e r i o d :  6  d a y s  a t  1 6  t o  1 7  C,’ 7 . 5 '  t o
145  days at unspec i f ied  tempera tu res .

YOLK-SAC LARVAE

Tota l l e n g t h
5-8 mm

D e s c r i p t i o n
Newly  ha tched. ’  5  6

Myomeres :  to ta l  ca .  60 .4
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Amia calva

M o r p h o l o g y :  b o d y  f l e x e d  o v e r y o l k , eye lens no t
complete ly  formed, myomeres  no t  d i f fe ren t ia ted  near  the
bulbous t i p  o f  c a u d a l  f i n ,  p e c t o r a l  b u d s  a b s e n t  ( n e w l y
hatched) ; 7 v i t e l l i n e  v e s s e l s  p r o m i n e n t  o n  d o r s u m  o f
spher ica l y o l k sac, adhesive o r g a n  large’ 4  a n d
sausage-shaped (5.5 mm) ; 4 t r u n k s t r a i g h t , pec to ra l
buds conspicuous, y o l k  s a c  e l o n g a t e , h e a d  r e g i o n
en la rged , dermal operculum enc los ing g i l l s l i t s ,
a u d i t o r y v e s i c l e c l e a r l y  d e f i n e d  ( 2  d a y s  o l d ,  c a .  7 . 0
mm) , y o l k  s a c  r e d u c e d and po in ted p o s t e r i o r l y ,
a n t e r i o r l y  y o l k  s a c o v e r l a p p e d  b y  g u l a r  i s t h m u s  o f
o p e r c u l a r  f l a p s ,  c h i n prominent, pec to ra l f i n s  m u c h
e n l a r g e d  ( 3  d a y s  o l d ,  c a .  7 . 2  m m ) ; ’  p e c t o r a l  f i n s  s h i f t
f r o m  h o r i z o n t a l  t o  o b l i q u e  ( 6  t o  8  m m ) . 5

P i g m e n t a t i o n :  b o d y  p a l e , f l e s h - c o l o r e d , y o l k  s a c  d e e p
brown5 o r  p a l e - s l a t e  color’ ( n e w l y  h a t c h e d ) ;  t r a c e s  o f
pigment i n peye, d i f fuse  me lanophores  concen t ra ted  in
cepha l i c reg ion and over d o r s u m  t o y o l k sac,
d i s t r i b u t i o n assoc ia ted w i t h  d e e p inner l a y e r  o f
ectoderm, melanophores in midbody reg ion concen t ra ted
on dorsum and d o r s o - l a t e r a l s u r f a c e  o f somites
g r a d u a l l y  d i m i n i s h i n g  n e a r  c a u d a l  fin.’

9-13 mm

LARVAE

Morphology: m a n d i b l e  d i s t i n c t ,  l a t e r a l l i n e e v i d e n t i n
r e g i o n  o f u r o s t y l e which has tu rned vent rad  (5  days
o l d , 9 . 3  m m ) , m a x i l l a forming concur ren t w i t h
r e d u c t i o n  o f a d h e s i v e  o r g a n ,  b e g i n n i n g  o f  g u l a r  p l a t e
ev ident  (6  days o l d ,  c a . 9 . 8  m m ) ; ’  a d h e s i v e  o r g a n
reduced  to  tuberc le , m a x i l l a  a n d  p r e m a x i l l a  e s t a b l i s h e d
( 7  d a y s  o l d ,  c a .  1 0 . 0  m m ) ,  p e l v i c  b u d s  a p p e a r  ( 1 0  t o
11 mm) ; 4 i n c i p i e n t  r a y s  e v i d e n t  o n  c a u d a l  ( 1 6 ) ,  d o r s a l
( 4 7 ) ,  a n a l ( 9 )  a n d  p e c t o r a l  ( 1 4 )  f i n s  ( a l l  i n c o m p l e t e
ca. 10 mm), nasal openings e s t a b l i s h e d , ope rc le
ev i den t , adhes ive  o rgan  reduced  to  sma l l  f l a t tened  pad ,
y o l k m a y  p e r s i s t  ( 1 0  d a y s  o l d ,  c a .  1 3 . 2  mm);’  o r  y o l k
absorbed (9 to 10 mm),  pelv ic buds appear (12 to 14
mm) , pec to ra l f i n s  a s s u m e  v e r t i c a l  p o s i t i o n  ( 9  t o  1 1
mm) . 5

Pigmenta t ion : l i t t l e  c h a n g e  f r o m  p r e v i o u s  s t a g e . *

To ta l l e n g t h D e s c r i p t i o n
16-27 mm M o r p h o l o g y :  b o d y  t a d p o l e - l i k e ,  i n c i p i e n t  c a u d a l , dorsa l

and a n a l  f i n  r a y s  v i s i b l e , some specimens with no anal
f i n  r a y  d e v e l o p m e n t ,  l o w e r  j a w  s l i g h t l y  s h o r t e r than
upper jaw, p e l v i c  b u d s  o r i g i n a t e  c a .  1 . 5  t o  2 . 0  m m
a n t e r i o r  t o  a n u s , adhesive organ reduced to small pad
on snout , u r o s t y l e s l i g h t l y f l e x e d (16 to 17 mm),

i p i e n t p e l v i c
Id rema ins  (27

cauda l  f i n  he te roce rca l  ( ca .  25  mm) , inc
f i n  r a y s ev iden t  (27  mm) ,  p reana l  f i n fo
mm).*
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P igmenta t ion : en t i re  body  covered  by  d i f fuse  smal l brown
chromatophores extend ing t o  m e d i a n  f i n f o l d ,  p i g m e n t
a b s e n t  f r o m  s m a l l  m i d v e n t r a l  a r e a  o f  g u t a n t e r i o r t o
f i n f o l d  ( 1 6  t o  1 8  m m ) ,  t h i s  p i g m e n t a t i o n  p a t t e r n
i n t e n s i f i e s  ( 2 3  t o  2 7  m m ) ,  w i t h  a d d i t i o n  o f  d i f f u s e
melanophores on v e n t e r and l i g h t  u n d e r l y i n g  t i s s u e ,
g i v i n g  o f f - w h i t e  a p p e a r a n c e . *

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
30-70 mm Pigmenta t ion :  p redominant l y  black;a to  dusky  brown (30  to

4 0  m m ) ; *  d o r s u m  a n d  s i d e s  g r e e n ,  s i d e  o f  h e a d  o l i v e -
g r e e n  w i t h t h r e e  b l a c k s t r i p e s , the two most dorsal
s t r ipes  bordered  by  o range ,  sma l l  b lack  spo t  a t caudal
f i n  b a s e (40 to 50 mm) , do rsum o l i ve -g reen  o r  near l y
b l a c k ,  v e n t e r  s i l v e r y ,  v e n t r o - l a t e r a l aspect o f  h e a d
green-wh i te , d a r k  s t r i p e s  b o r d e r e d  b y  y e l l o w ,  b l a c k
spo t  on  cauda l  f i n  bo rdered  w i th  o range ,  opercu la  edges
b l a c k  ( 6 0  m m ) ,  b l a c k  s t r i p e  l e n g t h w i s e  t h r o u g h  d o r s a l
f i n  s o m e t i m e s  e v i d e n t , c a u d a l  f i n  w i t h  v e r t i c a l  b l a c k
band ,  opercu la  have  ye l low s t r ipes  (70  mm) .8

ADULTS

F i n  r a y s :  c a u d a l  2 4 ; '  d o r s a l  4 6  t o  50;’ 5 8 ; ’ anal 9 to 10;’ 13;'
p e c t o r a l  1 6  t o  18;’ 22;’ p e l v i c  9 .

Vertebrae: 80 and 87 in 2 Great Lakes specimens. ’

L a t e r a l  l i n e  s c a l e s :  6 4  t o  68.l

D iagnos t i c  charac te rs : s t r o n g  b o n y  p l a t e  b e t w e e n  l o w e r  j a w s  ( g u l a r
plate)  ; d o r s a l  f i n  l o n g ,  h e t e r o c e r c a l  t a i l ,  c a u d a l  f i n  s p o t  l a r g e  i n
male.

LITERATURE CITED
1. Scott and Crossman (1973) Dean (1896)
2. Hubbs and Lagler (1958) Reighard (1903)

Z:
Becker (1976) 9 . Adams and Hankinson (1928)
Pierson (1953) 10. Doan (1938)

5 . Whitman and Eycleshymer (1897) 11.  Reighard (1900)
6 . Reighard and Phelps (1908) 12. Eddy and Underhi l l  (1974)
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A size unknown

size unknown

F i g .  1 4 . Amia  ca lva ,  bowf in .  A  and  9 .  Yo lk -sac  la rvae .  (Labora to ry - reared ,
D e a n  1 8 9 6 ) .   
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7.0 mm

7.2 mm

10.1 mm

F i g .  1 5 . Amia calva, bowf in . A-D. Y o l k - s a c  l a r v a e . (Labora to ry - reared ,

Dean 1896) .
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10.6 mm

13.2 mm

25.7 mm

D
28.6 mm

F i g .  1 6 . Amia calva, b o w f i n . A  and  9 .  Yo lk -sac  la rvae . C and D. Larvae.

(Laboratory-reared, Dean 1896).
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Al 1 1 6  s p e c i e s  o f  t h e  f a m i l y  A n g u i l l i d a e  b e l o n g  t o  t h e  s i n g l e  g e n u s ,
A n g u i l l a ; h o w e v e r  o n l y  o n e  s p e c i e s , A n g u i l l a  r o s t r a t a ,  o c c u r s  i n  N o r t h
America. T h i s  c a t a d r o m o u s  s p e c i e s  i s  f o u n d  a l o n g  t h e  A t l a n t i c  a n d  G u l f
coas ts . i n  t h e  G r e a t  L a k e s  b a s i n  i t  i s  n a t i v e  o n l y  t o  L a k e  O n t a r i o . I t s
i n t r o d u c t i o n  a n d  m i g r a t i o n  t h r o u g h  c a n a l s  h a s  r e s u l t e d i n i t s cur rent
d i s t r i b u t ion throughout the Great Lakes. A d u l t s  r e t u r n  t o  a  r e g i o n  o f  t h e
t rop ica l  A t lan t i c  Ocean,  be l ieved  to  be  the  Sargasso  Sea,  to  spawn. W i t h i n
one year  young appear  in  coas ta l  waters . T h e  f r e s h w a t e r  e e l has a true
l a r v a l s tage  known as  a  lep tocepha lus  o r  g lass  ee l .  Metamorphos is  occurs
a t  60  to  65  mm dur ing  the  w in te r  approach  to  f reshwate r . Between 65 and 90
mm the young eel ,  or  e lver , assumes adu l t  p igmenta t ion and a f reshwater
existence (Scott  and Crossman 1973).

A n g u i l l i d a e

F a m i l y  A n g u i l l i d a e ,  f r e s h w a t e r  e e l s

BY

Nancy A. Auer

Angu i l l a  ros t ra ta  (LeSueur ) ,  Amer ican  ee l

In  the  las t  few years  severa l  sma l l  Amer ican  ee ls  have  been  recovered
f r o m  t h e  G r e a t Lakes r e g i o n . i n  F e b r u a r y  1 9 7 8 ,  a n  u n u s u a l l y  s m a l l
specimen, 157 mm TL, was c o l l e c t e d  f r o m  t h e  N e m a d j i  R i v e r  i n  t h e  L a k e
S u p e r i o r  d r a i n a g e  ( C o c h r a n  1 9 8 1 ) .  T h i s  s p e c i e s  i s  d i s c u s s e d  b r i e f l y  t o
d r a w  a t t e n t i o n  t o  t h e  f a c t  t h a t  f r e s h w a t e r  e e l s  c a n  b e ,  a n d  h a v e  b e e n ,
confused wi th larval  lampreys (ammocoetes) d u e  t o  f o r m  a n d  c o l o r a t i o n .
Al though small, they may be separated f rom lampreys by the presence of  t rue
j a w s ,  a s i n g l e  p a i r  o f  g i l l  o p e n i n g s ,  c o n t i n u o u s  c a u d a l ,  d o r s a l  a n d  a n a l
f i n s  a n d  a  l a r g e r  e y e .
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Clupeidae

Fami ly  C lupe idae ,  her r ings

BY

Heang T. Tin

T h e  C l u p e i d a e  i s  a  l a r g e  f a m i l y  c o n t a i n i n g  a p p r o x i m a t e l y  1 9 0  s p e c i e s
and 50 genera (Scott and Crossman 1973). Members  o f  th is  fami ly  a re  w ide ly
d i s t r i b u t e d  t h r o u g h o u t t h e  w o r l d  e x c e p t  i n  t h e  p o l a r  r e g i o n s . They are
pr imar i l y  mar ine  f i shes ,  bu t  many  spec ies  a re  anadromous  and  a  few spec ies
have become landlocked.

Clupeids are small t o  m e d i u m - s i z e d  f i s h e s  w i t h  a  s l e n d e r  a n d
compressed body, consp icuous  ad ipose  eye l ids ,  sma l l t o  m o d e r a t e te rmina l
mouth, t e e t h s m a l l  o r absent, g i l l r a k e r s  l o n g , slender and numerous,
sca les  dec iduous  and  cyc lo id  and  con f ined  to  the body, s c u t e - l i k e sca les
u s u a l l y  p r e s e n t o n  m i d l i n e  o f  b e l l y  a n t e r i o r  t o  p e l v i c  f i n s ,  l a t e r a l  l i n e
and ad ipose f in  absent .

Spawn ing  genera l l y  takes  p lace  dur ing  spr ing . Eggs may be demersal or
p e l a g i c . Clupeid eggs are round and have granular  or  segmented yolk. One

r a l  o i l
poor 1 y

i d p o i n t

o i l g l obu le i s of ten present,  but eggs of some species have seve
g lobu les . Y o l k - s a c  l a r v a e  a r e  g e n e r a l l y l o n g  a n d  s l e n d e r ,  w i t h
deve loped  p igment . T h e  a n u s  i s  l o c a t e d  r e l a t i v e l y  f a r  b e h i n d  t h e  m
of  the  body.

Prov is iona l  Keys  to  Great  Lakes  C lupe id  Larvae

Yolk-Sac Larvae

l a . Postanal  myomeres 7 or 8,  preanal  length 70 to 85% TL, yolk sac
o i l  g l o b u l e absent, severa l small o i l g l obu les sca t te red

round,
around

p e r i p h e r y  o f  y o l k , e y e s  s l i g h t l y  p i g m e n t e d  a t  h a t c h i n g .  .  .  .  .  .  .  .
. . . . . . . . . . . . . . . . . . . . . . l . . Alosa pseudoharengus

b . Postanal  myomeres 1 to 3,  preanal length 80 to 91% TL, yolk sac
e longa te , o i l g l o b u l e  s i n g l e , l o c a t e d  i n  p o s t e r i o r  p o s i t i o n  o f  y o l k
sac, eyes  no t  p igmented  a t  ha tch ing .  .  .  .  .  .  .  .  Dorosoma ceped ianum

Larvae

l a . Preanal  myomeres 35 to 43,  postanal  myomeres 6 to 9,  preanal  length 77
t o  8 1 %  T L ,  a n a l  f i n  r a y s  1 5  t o  2 0 ,  d o r s a l  f i n  r a y s  1 2  t o  1 6 , sever a 1
chromatophores u s u a l l y  p r e s e n t  o n caudal f i n , above a n d  b e l o w
notochord . . . . . . - . . . . . . . . . . . . . Alosa pseudoharengus

b . Preanal  myomeres 42 to 46,  postanal  myomeres 3 to 8,  preanal  length 80
to  91% TL,  ana l  f i n  rays  22  to  34 , dorsa l f i n rays 10 to 13, no
chromatophores on caudal  f in around notochord .  .  .Dorosoma cepedianum
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Alosa pseudoharengus

Alosa pseudoharengus (Wi lson),  a lewife

DISTRIBUTION

A n  a n a d r o m o u s  s p e c i e s  n a t i v e  t o  e a s t e r n  N o r t h  A m e r i c a . Landlocked
p o p u l a t i o n s  w e r e  f i r s t  r e p o r t e d  i n  L a k e  O n t a r i o  i n  18731  a n d  b e g a n  t o
spread t o  o t h e r  G r e a t  L a k e s  i n  1 9 3 0 . 3 0 Current ly abundant in Lakes
Mich igan ,  Huron  and Ontar io ,  less  success fu l i n  L a k e s  S u p e r i o r  a n d
Erie.’ ’

SPAWNING SEASON

Spawns from May t o  A u g u s t in Lakes Michigan,’ 8 I4 Ia 19 and
Ontario,2s  z7 J u l y  t o  e a r l y  A u g u s t  i n  L a k e  HuronlC a n d June i n  L a k e
E r i e . ’

SPAWNING TEMPERATURE

Spawning  occurs  a t  10  to  27  C.2  6  7  l4

SPAWNING HABITAT

Anadromous forms spawn i n streams a n d  ponds.lO  26 2* Spawning of
l a n d l o c k e d  p o p u l a t i o n s  t a k e s  p l a c e  i n  s h a l l o w  a r e a s  o f lakes, ponds
a n d  s m a l l  a n d  l a r g e  streams.l  6  24

SPAWNING SUBSTRATE

Spawns over  var ious  bot tom types. ’ Eggs may be deposited over gravel ,
s a n d ,  d e t r i t u s  o r  vegetati0n.l 24 25 21)

FECUNDITY

10,000 to 22,407 ( landlocked) ;J 8 48,000 to 360,000 (anadromous) . l O

EGGS

P e l a g i c ; 2  l2 semibuoyant12  o r  d e m e r s a l ; 1 1 ’ 2 8  a d h e s i v e ; ’  2 8  p i n k  o r
pa le y e l l o w ; 2 1 diameter 0 .95 t o 1.27 mm;2 l2 l3 23 o i 1 g l obu le
absent;  3  l1 t i n y  o i l  d r o p l e t s  m a y  b e  p r e s e n t ; 2 i ncubat ion  per iod :  15
days a t  7 . 2  C;14 6 days a t 15.6 C;ll 22 3 to  5 days a t 20 C;15 2 . 1
d a y s  a t  2 8 . 9  C.14

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
2.5-5.0 mm N e w l y  hatched.B l2 l7 2o O3 2(1

Myomeres: (37 to 41 + 7 to 8) at 3.3 to 5 mm. 2 5

Morphomet ry :  (as  % TL) preanal length 70 to 85, head
leng th  11  to  14 ;2 5  g reates t  body depth  6 ,  eye diameter
4 to 5 (3.3 to 5.0 mm);2 preanal  length 78 to 84% SL (4
to 4.9 mm) .19
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Morpho logy :  body  s lender , y o l k  s a c round;s  I7 eyes
large; 28 h e a d  s l i g h t l y  d e f l e c t e d ; 2  m o u t h  a b s e n t  o r
b a r e l y  e v i d e n t ; 5 pec to ra l  buds  p resen t , no large oil
g l o b u l e  p r e s e n t , several small o i l d rop le ts  a round
p e r i p h e r y  o f  y o l k , y o l k  g r a n u l a r ; ’  a u d i t o r y  v e s i c l e
t r i a n g u l a r ’ ” ( i m m e d i a t e l y  p o s t h a t c h i n g ) ; caudal f i n
r a y s  d e v e l o p i n g  ( 3 . 3  t o  5 . 0  m m ) ; 2 ope rcu la and
b r a n c h i o s t e g a l  r a y s  v i s i b l e  ( 1  d a y  o l d ) ,  h e a d  s t r a i g h t ,
mouth f u n c t i o n a l w i t h m a x i l l a  e x t e n d i n g t o  u n d e r
anter io r  edge o f  eye  (2  days old) ; 5 f i n f o l d  c o m p l e t e
ex tend ing  f rom second  somi te  a round  cauda l  f i n  to  anus
and  on  to  base  o f  yo lk  sac.15

Pigmenta t ion : e y e s  s l i g h t l y  pigmented;17  c a .  1 0  r o w s  o f
chromatophores across v e n t r a l  h a l f  o f  y o l k  s a c  ( n e w l y
hatched) ; 1 5 eyes  comp le te ly  p igmented (1 day old),
b o d y  p i g m e n t a t i o n  s p a r s e  a n d i r r e g u l a r i n  y o l k - s a c
la rvae , two chromatophores located below pec to ra l f i n
i n s e r t i o n , th ree t o  s i x chromatophores  pos te r io r  to
these; 5 doub le  row o f  ch romatophores  ex tend ing  a long
d o r s u m  o f g u t  f r o m  p o s t e r i o r  e n d  o f  y o l k  s a c  t o  b o d y
midpo in t , narrow1 y s p a c e d  d o u b l e  r o w l y i n g below
i n t e s t i n e  f r o m  b o d y  m i d p o i n t  t o  a n u s ; 5  l* 2o f o u r  t o
seven  ch romatophores  on  cauda l  f i n ,  usua l l y two  above
the  no tochord , t h r e e  t o  f i v e  b e l o w  ( 3 . 3  t o  5 . 0  m m ) . 2

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-12 m m Myomeres: (36 t o 43 + 5 t o 8) a t 4 .3 t o 11.8 mm;2 45 t o

50 (40 or 41 + 5 to 9) at 4 to 16 mm.12
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  7 7  t o  8 1 ,  h e a d

length 14 to  16 ,  g rea tes t  body  depth  7 ,  eye  d iameter  4
(4.3 to 11.8 mm) ;2 p r e a n a l  l e n g t h  8 0  t o  8 4 %  S L  ( 5 . 0  t o
11.9 mm) .19

Morpho logy :  yo lk  absorbed (4.3 to 6.4 mm,2 5 8 3 to 5
d a y s  p o s t h a t c h i n g 3  2 1 ;  b o d y  s l e n d e r ,  r a y s  d e v e l o p i n g  i n
caudal , do rsa l  and  pec to ra l fins (4.3 to 11.8 mm),
m a x i l l a reaching a n t e r i o r t h i r d of eye (ca. 4.5 mm)
(der i ved  f rom f igu re )  ;  2 lower jaw projected beyond
upper jaw (8  days  oldI  o r  9” mm) ;  no tochord  beg ins  to
bend  upward  (9 .0  mm SL);16 rays  fo rmed in  cauda l  and
pec to ra l f i n s , r a y s  b e g i n n i n g  t o  d e v e l o p  i n  d o r s a l  f i n
(10.4 mm) .5

Pigmenta t ion :  inc reased  chromatophores i n r e g i o n  o f
pec to ra l f i n s and anus;= chromatophores a b o v e  g u t
a n t e r i o r t o  a n u s  b e c o m e  m o r e  e x p a n d e d  a n d  c a u d a l
melanophores more ste l la te (9.3 mm),  melanophores a long
venter between pec to ra l f i ns  fo rming  an  un jo ined  “V”
(10.4 mm);5 p i g m e n t  p a t t e r n s  o n  v e n t e r  s i m i l a r  t o  t h o s e
of  p rev ious  s tage. : ‘ ;
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12-19 mm Myomeres:  (35 to 43 + 6 to 9)  at  12.4 to 17.8 mm.2

Morphometry: (as % TL) preanal length 77 to 81, head
l e n g t h  1 2  t o  1 9 , g rea tes t  body  depth  8 ,  eye  d iameter
2 to 4;2 (as % SL) preanal length 82 to 85 (12.0 to
13.9 mm),  81 to 84 (14.0 to 15.9 mm),  73 to 82 (16.0 to
18.9 mm) .19

Morpho logy :  body  e longate , f o l d s  b e g i n t o  d e v e l o p  i n
p o s t e r i o r  p o r t i o n  o f  i n t e s t i n e ,  o s s i f i c a t i o n  o f  r a y s  i n
med ian  and  pa i red  f ins  (12 .4  to  19 .8  mm);’  sw im b ladder
v i s i b l e  a b o v e  p e l v i c  f i n s  ( 1 5 . 0  mm).lL

P i g m e n t a t i o n :  p i g m e n t  i n c r e a s e s  i n  g i l l  a n d  o t i c  r e g i o n
and on caudal fin, a d o r s o - l a t e r a l r o w  o f
ch romatophores  appear ing  above  la te ra l  l i ne ;2 v e n t r a l
p i g m e n t a t i o n  p a t t e r n s  s i m i l a r  t o  t h o s e  o f  p r e v i o u s
stage . *

JUVENILES

Tota l l e n g t h
19-32 mm

D e s c r i p t i o n
Myomeres: (33 to 42 + 9 to 14) . 2

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 9  t o  6 4 , head
length 16 to 18, g r e a t e s t  b o d y  d e p t h  9  t o  1 7 ,  e y e
diameter 4 to 7;  2  (as % SL) preanal length 73 to 75
(lg.0 to 19.9 mm) .19

Morphology: t e e t h  p r e s e n t  o n m a x i l l a , p r e m a x i l l a  a n d
d e n t a r y ,  d o r s a l  a n d  a n a l  f i n s  l o c a t e d  f a r t h e r  f o r w a r d ,
anus s i t u a t e d a t  b e g i n n i n g  o f  p o s t e r i o r  t w o - f i f t h s  o f
t o t a l  b o d y l e n g t h  ( 1 9 . 1  t o  3 2 . 2  m m ) ; 2  b o d y  s t i l l
slender (20 to 30 mm) : l 7 scales appear (29 mm) . 2

Pigmentat ion: chromatophores i n c r e a s i n g  o n  d o r s o - l a t e r a l
su r face  f rom head  to  cauda l  f i n , p igment on lower jaw,
s n o u t  t i p , top of  head, cauda l  f i n  and  do rsa l  marg in  o f
swim bladder.2

ADULTS

F in  r ays : c a u d a l  lg;,‘: dorsal 13 or 14 (12 to 16), anal 17 or 18 (15 to
1 9 ) ,  p e c t o r a l  1 4  t o  1 6 ,  p e l v i c  10.’

V e r t e b r a e :  4 7  t o  49.l

L a t e r a l  l i n e  s c a l e s :  4 2  t o  50.’

G i l l  r a k e r s : 38  to  43  on  lower  limb.’

D iagnos t i c  charac te rs :  snou t  sharp ,  lower  jaw te rmina l , e y e  d i a m e t e r
u s u a l l y  g r e a t e r  t h a n  s n o u t  l e n g t h , m a x i l l a  e x t e n d s  o n l y  t o  m i d p o i n t
o f  e y e ,  g i l l  r a k e r s  f e w e r  t h a n  5 5 ,  o n e  p r o m i n e n t  b l a c k  s p o t  n e a r
upper e d g e  o f ope rcu la , l a s t  d o r s a l  f i n  r a y  i s  s h o r t e s t ,  a n a l  f i n
rays  fewer  than  25 .
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3-5 mm

B 4.3 mm

C 6.0 mm

F i g .  1 7 .  A l o s a  p s e u d o h a r e n g u s ,  a l e w i f e . A and B. Yo lk -sac l a r v a e .  C .
Larva. (A and C, wi ld-caught,  Chesapeake Bay, Mansuett i  and Hardy 1967; B,
w i ld -caught ,  Lake  Mich igan ,  Norden  1967a) .
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A 7.7 mm

B 10.4 mm

C 13.0 mm

D 19 mm

E 24.3 mm

F i g .  1 8 .  A l o s a  p s e u d o h a r e n g u s ,  a l e w i f e . A-D. Larvae. E .  J u v e n i l e .  ( A - E ,
w i ld -caught ,  Lake  Mich igan ,  Norden  1967a) .
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Dorosoma cepedianum

Dorosoma cepedianum (LeSueur), gizzard shad

DISTRIBUTION

Occurs  in  a l l G r e a t  L a k e s ; common i n  L a k e  E r i e , r a r e i n  L a k e
Ontario,13 rare  to  uncommon in  Lake  Mich igan . ” Appears to be on the
inc rease  in  sou theas te rn  Lake  Michigan;16 rare  in  Lake  Super io r  where
the  on ly  record  o f  occur rence  was a  6 7 5 - g i n d i v i d u a l caught in a
c o m m e r c i a l  g i l l  n e t  i n  1961.13

SPAWNING SEASON

S p a w n s  d u r i n g  A p r i l , M a y  a n d  J u n e  i n  Illinois,l’  l a t e  A p r i l  a n d  e a r l y
M a y  i n  lowa,1B e a r l y  A p r i l  a n d  M a y  i n  M i s s o u r i 6 and May t o  J u l y i n
L a k e  E r i e . 3  5  l5

SPAWNING TEMPERATURE

Spawning was observed at 10 to 24 C.’ 2  3

SPAWNING HABITAT

Spawning  takes place in sha l l ow areas, u s u a l l y  3 0  t o 150 cm
d e e p , ’  2  3  * i n  s l o u g h s ,  p o n d s  a n d  l a r g e  r i v e r s . ’  2  8

SPAWNING SUBSTRATE

Eggs may be at tached to sand, g r a v e l , b o u l d e r s ; ’  5 algae cover ing
rocks  o r  to  o the r  submerged  0bjects.l  2  6

FECUNDITY

2 2 , 4 0 0  t o  350,280.~  3

EGGS

Demersal, adhesive;l  2  3  6  l1 opaque’l o r  c reamy ye l low; ’ d iameter
0.9 to 1.1 mm, o i l  g l o b u l e  l a r g e ,  s i n g l e ,  d i a m e t e r  0 . 2  rnm;‘l 1 to 5
sma l l e r o i l  d r o p l e t s  a l s o  present;l  i n c u b a t i o n  p e r i o d :  3 6  h o u r s  a t  2 7
C;l 7 3  h o u r s  a t  1 8  C;ll 3  d a y s  a t  2 5  C;17 1 0 6  h o u r s  a t  1 5  C.ll

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
3-3-3.5 mm N e w l y  h a t c h e d . ’  3  **

3-7 mm Myomeres: ca. 3 2  ( n e w l y  hatched);l  4 0  a t  4  t o  5 . 5  rnrn;l  4

u s u a l l y one t o  t h r e e  p o s t a n a l myomeres in yolk-sac
larvae. 9
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M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  8 0  t o  9 0 ,  h e a d
length 11 to 13, g r e a t e s t  b o d y  d e p t h  6  t o  9 ,  e y e
diameter 3 to 5 (3.3 to 5.9 mm) ;* (as % SL) preanal
length 85 to 87 (3.0 to 5.9 mm) .7

Morphology: body long, s lender , y o l k sac o v a l  t o
e longa te , o i l  g l o b u l e  i n  p o s t e r i o r  o f  y o l k  s a c ; ” y o l k
g r a n u l a r ; ’ h e a d  d e f l e c t e d  d o w n w a r d , c h o r o i d  f i s s u r e
prominent ,  myomeres developed o n l y a n t e r i o r  t o
anus;l  I1 a u d i t o r y v e s i c l e consp icuous ; ’ (newly
h a t c h e d ,  3 . 3  t o  3 . 5  m m ) ,  p e c t o r a l  b u d s  e v i d e n t ; ’  I1
head more s t r a i g h t e n e d , mouth formed but pharynx not
o p e n  i n t o  m o u t h  c a v i t y ,  c h o r o i d  f i s s u r e  closed;l lower
j a w  p a r t l y  f o r m e d ; ”  ( 1  d a y  o l d ,  4 . 5  t o  5 . 5  m m ) ,  f o u r
g i l l a r c h e s  p r e s e n t  b u t  f i l a m e n t s no t developed ,
a l imen ta ry  cana l  comp le te  (3  days  o ld ,  6 .5  mm),’

P i g m e n t a t i o n :  u n p i g m e n t e d  f r o m  h a t c h i n g  t o  5 . 5  mm;l 4  I1
eyes pigmented (2 or 3 days oldll  or 6.34 mm);
conspicuous row of  chromatophores on each s ide of  body
along dorsum of i n t e s t i n e , dorsum of yolk sac and
extend ing t o  p r e a n a l f  i n f o l d , row of chromatophores
a long  base  o f  f i n fo ld  f rom yo lk  sac t o  a n u s ( 3  d a y s
old, 6.5 mm) .I

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-20 mm Myomeres: 47 to 51 (43 to 44 + 3 to 8) at 6 to 14 mm; lo

42 to 46 + 4 to 6.”
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  8 0  t o  8 9 ,  h e a d

length 12 to 20, g r e a t e s t  b o d y  d e p t h  6  t o  1 2 ,  e y e
diameter 3 to 5 (7.5 to 15.0 mm) ;* ( a s  %  S L )  p r e a n a l
length 85 to 88 (6.0 to 16.9 mm), 80 to 86 (17.0 to
19.9 mm) .7

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 6  t o  8  m m ) ; ’  7  lo la rvae
e longa te , g i l l f i l a m e n t s  d e v e l o p i n g ,  o p e r c u l a  c o v e r s
g i l l s , i n t e s t i n a l f o l d s ev i den t , f  i n fo ld reduced,
caudal f i n round wi th  14  rays  (10 .8  mm)  ;’ dorsa l  f in
well  formed (12 mm), a n a l  f i n  c o m p l e t e l y  d i f f e r e n t i a t e d
(15 to 19 mm) ;’ ana l  f i n  rays  22  (17 .5  mm)  .I l2

P igmenta t ion : o n e  l a t e r a l  r o w  o f  e l o n g a t e chromatophores
on each s i d e  o f gu t ex tend ing  f rom gu la r  reg ion  to
m i d p o i n t  o f  b o d y  ( 7 . 5  t o 1 5 . 0  mm);16  d o u b l e  r o w  o f
melanophores on venter  ex tend ing  f rom body  midpo in t  to
anus;,\ body pigment may be completely absent,  scattered
p igment  may  be  p resen t  on  lower  ha l f  o f  cauda l  f i n  (7 .5
to 15.0 mm) .16

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20-50 mm Myomeres: (37 to 45 + 5 to 10) at 21 to 26 mm.*
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Dorosoma cepedianum

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 1  t o  7 1 ,  h e a d
length 21 to 24, g r e a t e s t  b o d y  d e p t h  1 4  t o  1 9 ,  e y e
diameter  5 to 6 (21 to 26 mm).*

Morpho logy :  body  e longa te  (20  to  26  mm) ; * g i l l r ake rs
90, a  few minu te  tee th  on  lower  edge  o f  max i l l a ;2  mou th
t e r m i n a l  t o  s u b t e r m i n a l ; ’ d o r s a l  f i n  w i t h  1 0  t o  1 3  r a y s
(20 mm) , body deeper and more lateral ly  compressed (>
30 mm) ; 4 l a s t  d o r s a l  f i n  r a y  b e g i n s  t o  e l o n g a t e (> 50
mm) .I0

P i g m e n t a t i o n :  s c a t t e r e d  p i g m e n t  o n  d o r s a l and caudal
f i n s ,  p e c t o r a l  a n d  p e l v i c  f i n s  a l m o s t  u n p i g m e n t e d (20
to 26 mm) .l

ADULTS

Fin rays: caudal 1 9 ; l  d o r s a l 10 to 12 (10 t o 13), anal 27 t o 34,
pec to ra l 16 or 1 7 ,  p e l v i c  8  t o 10.13

V e r t e b r a e :  4 7  t o  49.l’

L a t e r a l  l i n e  s c a l e s :  5 2  t o  70.' l2

G i l l  r a k e r s :  1 0 0  t o  4OO.l’

D i a g n o s t i c  c h a r a c t e r s :  l a s t  r a y  o f  d o r s a l f i n  e l o n g a t e d i n t o  l o n g
f i l a m e n t , s n o u t  r o u n d ,  m o u t h  s l i g h t l y  s u b t e r m i n a l .

LITERATURE CITED
1. Miller (1960)
2. Jester and Jensen (1972)

i:
Bodola (1966)
Wang and Kernehan (1979)

i*
Bodola (1955)

. Pflieger (1975)

ii:
Lam and Roff (1977)
Langlois (1954)

9. Norden (1967a)
10. Lippson and Moran (1974)

11. Shelton and Stephens (1980)
12. Miller (1963)
13. Scott and Crossman (1973)
14. Becker (1976)
15. Comm. Fish. Rev. (1961)
16. Jude  e t  a l .  (1979b)
17. Smith (1979)
18. Harlan and Speaker (1969)
19. Cooper (1978a)

ca. 3.3 mm

F i g .  1 9 . Dorosoma cepedianum, g izzard  shad . Y o l k - s a c  l a r v a .  ( L a b o r a t o r y -
reared, Oh io ,  Warner  1940  in  M i l l e r  1960) .
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Fig. 20. Dorosoma cepedianum, g i z z a r d  s h a d .  A .  Y o l k - s a c l a r v a .  B - E .
Larvae. F .  J u v e n i l e . (A ,C and  E ,  labora to ry - reared ,  Oh io ,  Warner  1940  in
M i l l e r  1 9 6 0 ;  B  a n d  D ,  w i l d - c a u g h t ,  P o t o m a c  R i v e r , Lippson and Moran 1974;
F,  redrawn f rom Taber 1969).



Hiodont idae

Family Hiodont idae, mooneyes

BY

David J.  Jude

Mooneyes compr i s e  a  s m a l l  f a m i l y  o f  f i s h e s  w i t h  a  s i n g l e  l i v ing genus,
Hiodon. A s  a d u l t s ,  m o o n e y e s  s u p e r f i c i a l l y  r e s e m b l e  c l u p e i d s , having
l a t e r a l l y c o m p r e s s e d  b o d i e s ,  s m a l l  m o u t h s  a n d  l a r g e  e y e s  w i t h  a d i p o s e
e y e l i d s . T h e y  m a y  b e  d i s t i n g u i s h e d  f r o m  c l u p e i d s  b y  t h e  p r e s e n c e  o f  a
l a t e r a l  l i n e  a n d  t e e t h ,  a b s e n c e  o f  s c u t e - l i k e  s c a l e s  o n  t h e  v e n t e r  a n t e r i o r
t o t h e  p e l v i c  f i n s  a n d  a  m o r e  p o s t e r i o r  d o r s a l  f i n . The genus is composed
o f  t w o  s p e c i e s  w h i c h  a r e  r e s t r i c t e d t o  N o r t h  A m e r i c a n  f r e s h w a t e r . The
range of i. t e r g i s u s , the  mooneye , inc ludes t h e  G r e a t  L a k e s ,  w h i l e
H .  a l o s o i d e s ,  t h e  g o l d e y e , o c c u r s  p r i m a r i l y  n o r t h w e s t  t o  s o u t h  o f  t h e  G r e a t
Lakes basin, w i th  i so la ted  popu la t ions  in  Quebec  and Ontar io .

B o t h  s p e c i e s  s e e m  t o  p r e f e r  q u i e t  a r e a s  o f l a rge streams, r i v e r s ,
backwate rs  and lakes . W h i l e  t h e  l i f e  h i s t o r y  o f  H .  a l o s o i d e s  i s  f a i r l y
well documented, comprehens ive  s tud ies  o f  H . t e r g i s u s are l a c k i n g .  I t
m ig ra tes i n t h e  s p r i n g in to  s t reams and backwaters  to  spawn,  d ispers ing
eggs randomly. E g g s  o f  !-j.  a l o s o i d e s ,  d e s c r i b e d  b y  B a t t l e  a n d  S p r u l e s
( 1 9 6 0 ) ,  a r e  s e m i b u o y a n t  w i t h  a  d i a m e t e r  o f  4  m m .  L a r v a  d e s c r i p t i o n s  o f
both species are avai lable and Snyder and Douglas ( 1 9 7 8 )  g a v e  c h a r a c t e r s
f o r  d i s t i n g u i s h i n g  t h e  t w o  s p e c i e s  a s  w e l l  a s  t h e  f a m i l y .  H i o d o n  t e r g i s u s
ha tches  a t  approx imate ly  7 .0  mm and  super f i c ia l l y  resembles  yo lk -sac  la rvae
of  Ac ipenser idae  and  Po lyodont idae .

H iodont idae 74



Hiodon te rg isus

Hiodon tergisus LeSueur,  mooneye

DISTRIBUTION

Occurs  p r imar i l y  in  the  lower  Grea t  Lakes ( e x c l u d i n g  G e o r g i a n  B a y ) ,
being uncommon in Lakes Erie and Ontario’ and rare in Lakes Huron and
Michigan.l  z I t  i s  a b s e n t  f r o m  L a k e  S u p e r i o r . ’ I n  t h e  L a k e  M i c h i g a n
d r a i n a g e ,  m o s t numerous populat ions were found in the Wolf  and lower
Fox Rivers ,  Wiscons in .3

SPAWNING SEASON

Spawning  occurs  dur ing  Apr i l  and  May,S p o s s i b l y  t h r o u g h  e a r l y  June’  i n
Lake  Er ie . Beg ins  to  spawn in  mid-  to  la te  March i n  T e n n e s s e e  w i t h
peak spawning dur ing April.lO

SPAWNING TEMPERATURE

Spawns at  temperatures of  8 to 14 C.l”

SPAWNING HABITAT

S p a w n s  i n  l a r g e ,  c l e a r  streams.S

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

10,000  to  20,000.5

EGGS

N o t  d e s c r i b e d , however H. a loso ides  has  semibuoyant ,  spher ica l  eggs ,
diameter 4 mm, p e r i v i t e l l i n e  s p a c e  w i d e ,  y o l k coarse, g ranu la r , oi 1
g l o b u l e  1arge.l

YOLK-SAC LARVAE

D e s c r i p t i o n s  a n d  i l l u s t r a t i o n s  o f  a  6 . 5 - m m  j-j. te rg isus  g iven by  F ish  (1932)
a r e  t h o u g h t  t o  b e  b a s e d  o n  a  m i s i d e n t i f i e d  c y p r i n i d . 8

T o t a l  l e n g t h D e s c r i p t i o n
7 mm Morphology: newly hatched (7.0 mm) , s tomodeum and

p e c t o r a l  b u d s  n o t  e v i d e n t ,  h e a d  d e f l e c t e d  o v e r  u p p e r
a n t e r i o r  p o r t i o n  o f  y o l k ; *  y o l k  s a c  l a r g e  a n d  o v a l ,  o i l
g l o b u l e  s i n g l e , located i n a n t e r i o r t h i r d  o f  y o l k
sac.lO
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8-10 mm Myomeres: 54 to 57 (33 to 34 + 20 to 23) ; lo 53 to 55 (29
t o  3 0  +  2 4  t o  2 6 ) ,  t o  d o r s a l  o r i g i n  o f  m e d i a n  f i n f o l d
2 1  t o  2 3 ,  t o  p o s t e r i o r  m a r g i n  o f  y o l k  s a c  1 2  t o  1 4 ,  t o
o r i g i n  o f  p r e a n a l  f i n f o l d  11.’

Morphometry:  (as % TL) standard length 95’” to 98;*
p r e a n a l  l e n g t h  6110 t o  6 7 , s n o u t  t o  o r i g i n  o f  p r e d o r s a l
f i n f o l d  5 6  t o  6 0 ,  s n o u t  t o  o r i g i n  o f  p r e a n a l  f i n f o l d  3 9
t o  4 3 ,  y o l k - s a c  l e n g t h  3 0  t o  3 3 ,  h e a d  l e n g t h  1 9  t o  2 1
(8.0 to 9.3 mm) ;a grea tes t  body  depth  g.l”

Morphology: stomodeum evident (8.0 mm) ;a pec to ra l  buds
ev ident  (9  to  10  mm);lO lower  jaw deve loped ,  do rsa l  and
ana l  p te ryg iophores  ev iden t  (ca .  10 .0  mm) ,  eyes  la rge .8

Pigmenta t ion : eyes pigmented, melanophores scat tered over
v e n t e r  o f y o l k , some melanophores o v e r  d o r s a l and
l a t e r a l s u r f a c e  o f g u t , few over  an te r io r  dorsum o f
b o d y ,  d e n s e  s e r i e s  m i d d o r s a l l y  o n  p o s t e r i o r  t h i r d  o f
b o d y  f o l l o w i n g  b a s e  o f  f i n f o l d  a r o u n d  u r o s t y l e  t o  a n u s
(descr ibed from i 1 lustration) ;* few melanophores
p r e s e n t  o n t h e  c a u d a l p e d u n c l e  a l o n g  h o r i z o n t a l
myoseptum.10

1O-12 mm Myomeres: 55 to 58 (33 to 35 + 21 to 23) ; l O 54 (30 + 24) ,
predorsal myomeres 21 to 23, t o  o r i g i n  o f preanal
f i n f o l d  9  t o  1 0 , t o  p o s t e r i o r  m a r g i n  o f  y o l k  s a c  1 2  t o

Morphometry:  (as % TL) standard length 96 to 97;8  preanal
l e n g t h  60~~ t o  6 4 ,  p r e d o r s a l  l e n g t h  5 0  t o  5 5 ,  s n o u t  t o
o r i g i n o f  p r e a n a l  f i n f o l d  3 3  t o  3 7 ,  y o l k - s a c  l e n g t h  2 2
to 27, head leng th 18 to 19 (10.1 to 11.2 mm);&
grea tes t  body  depth  g.l”

Morphology: 10  dorsa l  and  15  ana l  p te ryg iophores  ev iden t ,
dorsa l f i n  o r i g i n  d i s t i n c t l y  a n t e r i o r to  anus ,  few
p e c t o r a l  f i n  r a y s  p r e s e n t , pelv ic buds and swim bladder
not  formed, c a u d a l  f i n  r a y s  e v i d e n t , mou th  and lower
jaw formed (12.0 mm) .O lo

14-19 mm Myomeres: 54 to 57 (34 to 36 + 18 to 22).l”
Morphometry:  (as % TL) standard length 93’ to 94;l”

p r e a n a l  l e n g t h  6210 t o  63;' p r e d o r s a l  l e n g t h  57;” h e a d
leng th  18 ,  snou t  leng th  4 ,  eye  d iameter  6 , b o d y  d e p t h
a t  a n u s  7;’ g r e a t e s t  b o d y  d e p t h  1 2  t o  14.’ l1

Morpho logy :  e lements  o f 12  dorsa l  and  abou t  20  ana l  f i n
rays  apparent ; 7 p e l v i c  b u d s  p r e s e n t  ( 1 7 . 0  mm);‘O b o d y
s lender , s n o u t  b l u n t , mouth in fe r io r ,  gape  o f  mouth
e x t e n d s  t o  a n t e r i o r  m a r g i n  o f  p u p i l s ,  y o l k  s a c g r e a t l y
reduced. 7

Pigmenta t ion :  b rown ish  chromatophores  on  ven ter ,  over  o i l
g l o b u l e  a n d  c o n t i n u e d  p o s t e r i o r l y  a p p r o x i m a t e l y  o n e
q u a r t e r d i s t a n c e  t o anus, few w i d e l y spaced
melanophores a long  do rsum o f  s tomach ,  i r regu la r  doub le
ser ies of  smal l  chromatophores on d o r s u m  f r o m  d o r s a l
f i n t o  c a u d a l  f i n , s i n g l e  p a r t l y  s u b s u r f a c e  s e r i e s  o n
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v e n t e r  f r o m  j u s t  p o s t e r i o r  o f  a n u s  t o  c a u d a l  f i n ,  s m a l l
me lanophores  a t caudal f i n  b a s e ; ’ two or th ree
melanophores on v e n t e r , be tween  pec to ra l  f i ns ,  doub le
row of  melanophores on postanal  venter (19.0 mm).l”

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
21-25 mm Myomeres: 52 to 56 (34 to 36 + 17 to 20) . lo

Morphomet ry :  (as  % TL)  s tandard  leng th  91  to  92 ,  p reana l
l e n g t h  6 0 ,  p r e d o r s a l l e n g t h  5 5  t o  5 6 ,  g r e a t e s t  b o d y
d e p t h  1 4  t o  16.10

Morpho logy :  o i l  g lobu le  and  yo lk  absorbed  (21 mm) , mouth
we l l developed, p r e m a x i l l a e x t e n d s  p o s t e r i o r l y  t o
c a .  f i r s t  t h i r d  o f  e y e ,  h y p u r a l s  c o m p l e t e ,  a l l  r a y s i n
c a u d a l ,  d o r s a l ,  a n a l  ( 2 3 . 0  m m ) ,  a n d  p e c t o r a l  f i n s  ( 2 5 . 0
mm) .l”

Pigmentat ion:  melanophores scat tered over brain (21.0 mm),
dorsal p igmenta t ion i n  d o u b l e  r o w  o n  e i t h e r  s i d e  o f
f i n f o l d ,  i n  l a t e r  d e v e l o p m e n t  s c a t t e r e d  m e l a n o p h o r e s
p r e s e n t  d o r s o - l a t e r a l l y  n e a r  d o r s a l  fin.l”

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
30 mm Morphometry: (as % TL) s tandard  leng th  86 ,  p reana l  l eng th

5 5 ,  p r e d o r s a l  l e n g t h  5 1 ,  g r e a t e s t  b o d y  d e p t h  19.1°
P igmenta t ion : sca t te red  me lanophores a l o n g  e n t i r e  l e n g t h

of dorsum, s m a l l  m e l a n o p h o r e s  p r o f u s e  d o r s o - l a t e r a l l y
almost to midlateral  myoseptum, dorsum of  head covered
with melanophores,  becoming fewer toward snout.lO

ADULTS

F in  r ays : c a u d a l  18;‘~ d o r s a l  1 2  ( 1 0  t o  1 4 ) ,  a n a l  2 6  t o  2 9 , pec to ra l
1 3  t o  1 5 ,  p e l v i c  7.’

V e r t e b r a e :  5 3  t o  57.’

L a t e r a l  l i n e  s c a l e s :  5 2  t o  57.’

D iagnos t i c  charac te rs : v e n t e r  k e e l - l i k e
o r i g i n  o f  d o r s a l  f i n  i n  a d v a n c e  o f  o r
e x t e n d s  t o , o r  j u s t  s h o r t  o f ,  m i d d l e  o f

from pelvic  f i n s  t o  a n a l  f i n ,
f i n , m a x i l l ai g i n  o f anal

p u p i l .

LITERATURE CITED
1. Scott and Crossman 6 . Batt le and Spru
2 . Hubbs and Lagler (l,‘$;”

k
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Van Oosten (1961) 9 . Emery (1976)
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F i g .  2 1 . H iodon te rg isus ,  mooneye. A-C.  Yo lk -sac  la rvae .  (A  and  C,  w i ld -
c a u g h t ,  A l a b a m a ,  W a l l u s  i n  p r e s s ,  i l l u s t r a t e d  b y  M .  G r a s e r ;  B ,  w i l d - c a u g h t ,
Minnesota, Snyder and Douglas 1978).
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13.5 mm

14.2 mm

C 16.0 mm

D 20.0 mm

E 30.0 mm

F i g .  2 2 . H iodon te rg isus , mooneye. A-E.  Larvae.
Alabama, Wal lus  in  p ress ,

(A ,  C-E,  w i Id -caught ,

E r i e ,  F i s h  1 9 3 2 ) .
i l l u s t r a t e d  b y  M .  G r a s e r ;  B , w i ld -caugh t ,  Lake
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Salmonidae

Fami ly  Sa lmon idae ,  t rou ts

BY

Nancy A. Auer

T h e  S a l m o n i d a e  i s  o f t e n  s e p a r a t e d  i n t o  t h r e e  s u b f a m i l i e s ,  s o m e t i m e s
g i v e n  f a m i l i a l s t a t u s . These inc lude  the  Sa lmon inae  (sa lmon ,  t rou t  and
chars) , t h e  C o r e g o n i n a e  ( w h i t e f i s h  a n d  c i s c o e s )  a n d  t h e  T h y m a l l i n a e
(graylings) . In  the  Un i ted  S ta tes  and Canada th is  fami ly  i s  represented  by
3 genera and 15 species of Salmoninae, 3 genera and 22 species of
Coregoninae and 1 species of  Thymal l inae. D u e  t o  s t o c k i n g , i n t r o d u c t i o n s
o f non-endemic  spec ies  and  hybr id iza t ion  many  d i f fe ren t  t ypes  o f  sa lmon ids
have been col lected f rom the Great Lakes. Commerc ia l  f i sh ing  p ressure  and
environmental changes  have  ex t i rpa ted  many  Coregonus  spp .  These  fac to rs
p lus  in t rogress ion  have  caused taxonomic  p rob lems.

Members of the  Sa lmon idae a r e  f r e s h w a t e r  o r anadromous  f i shes ,
d i s t r i b u t e d i n the  nor thern  hemisphere  th roughout  Euras ia ,  Nor th  Amer ica
a n d  t h e  a r c t i c . T h e  m a j o r i t y  o f  s p e c i e s  l i v e  a n d  s p a w n  i n  c o o l  o r  c o l d ,
c l e a r w a t e r . They u s u a l l y  p o s s e s s more  than  100  sca les  in  the  la te ra l
l i n e ,  a n  a d i p o s e  f i n ,  a  p e l v i c  a x i l l a r y  p r o c e s s  a n d  u s u a l l y  h a v e  w e l l
developed tee th  in  a  la rge  mouth . The Coregoninae also possess an adipose
f i n  a n d  p e l v i c  a x i l l a r y  p r o c e s s  b u t  u s u a l l y  h a v e  f e w e r  t h a n  1 0 0  s c a l e s i n
t h e  l a t e r a l  l i n e  a n d  a  s m a l l , too th less  o r  weak ly  too thed  mouth .

O f  t h e  C o r e g o n i n a e ,  w h i t e f i s h , Coregonus c lupea fo rm is , and lake
h e r r i n g ,  5 .  a r t e d i i , u s u a l l y  s p a w n  l a t e  i n  t h e  f a l l ,  b r o a d c a s t i n g e g g s  o n
shoal areas; whereas t h e  b l o a t e r ,  C .  h o y i , b r o a d c a s t s  i t s  e g g s  i n  s p r i n g
and early summer. Fa l l  eggs , 1 . 5  t o  3 . 5  m m  i n  d i a m e t e r , incubate s low ly
d u r i n g w i n t e r a n d  h a t c h i n e a r l y s p r i n g . Larvae are 10 to 13 mm at
ha tch ing , t h e y  p o s s e s s  a f e w  l a r g e melanophores on t h e  d o r s o - l a t e r a l
su r face  o f  the  in tes t ine  and  usua l l y  have  no  par r  marks .

Members of the Salmoninae migrate upstream or shoreward to spawn and
a l l  b u t  o n e  s p e c i e s ,  S a l m o  g a i r d n e r i ,  i n  t h e  G r e a t  L a k e s  r e g i o n  s p a w n i n
t h e  f a l l . The  la rge  eggs ,  4 .0  to  6 .5  mm in  d iameter ,  i ncuba te  over  w in te r
and  la rvae  ha tch  a t  15  to  25  mm in  ear l y  sp r ing . The large amount  of y o l k
i s  q u i c k l y  a b s o r b e d and growth and development are fast . Parr  marks are
often present on young salmonines.

Prov is iona l  Keys  to  Grea t  Lakes  Sa lmon id  Larvae and Juven i les
Coregoninae keys adapted f rom Hinr ichs (1979) and Salmoninae key
(Juveni les 5 to 13 cm) adapted from McPhai l  and Lindsey (1970).

Excluding Prosopium coul ter i  and Oncorhynchus gorbuscha,
0 .  nerka  and  Sa lmo sa la r  (excep t  in  the  Juven i le  sec t ion) .

Salmonidae Yolk-Sac Larvae less than 20 mm TL.

l a . Yolk-sac length less than 35% TL; eye diameter less than 7% TL; dense
pigment r e s t r i c t e d to  dorsa l  and  la te ra l  aspec ts ;  body  dep th  a t  anus
usually less than 10% TL. . . . . . . . . . . . . . . . . .Coregoninae
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b . Yolk-sac length greater than 35% TL; e y e  d i a m e t e r  g r e a t e r t h a n  o r
equal t o  7 %  T L ;  p i g m e n t  e v e n l y  a n d  l i g h t l y  d i s t r i b u t e d  o v e r a l l ;  b o d y
dep th  a t  anus  usua l l y  g rea te r  than  o r  equa l  to  10% TL  .  .  .  Sa lmon inae

Coregoninae
( f r o m  h a t c h i n g  t o  f i r s t  f i n  r a y  d e v e lopment)

l a . Y o l k - s a c  l a r v a e  u s u a l l y  1 2  t o  1 8  m m  T L ;  m u l t i p l e  o i l g l o b u l e s  t h e i r
d iamete r  17% or  more  o f  yo lk -sac  leng th :  l a rge ,  ova te ,  s te l l a te  dorsa l
melanophores, these greater than or equal  to width of  one myomere and
a l t e r n a t e  o r  a r e  a t  l e a s t  i r r e g u l a r  a c r o s s  m e d i a n  f i n f o l d .  .  .  .  .  .  .
. . . . . . . . . . . l . . . . . . . . . . . . Prosopium cylindraceum

b . Y o l k - s a c  l a r v a e  u s u a l l y  9  t o  1 3  m m  T L ; s i n g l e o i l g l obu le , i t s
d i a m e t e r  2 5 %  o r l e s s  o f yo lk -sac leng th ; small o r  l a rge  dorsa l
melanophores ovate or square and paired or i r regular across dorsum .  2

2a. Yolk-sac larvae 11.5 to 18.0 mm TL; preanal  myomeres 38 to 40;  squared
s te l l a te  do rsa l  me lanophores  pa i red  ac ross  med ian  f i n fo ld  and l a r g e s t
g rea te r  than  w id th  o f  one  myomere  .  .  .  .  .  .  .  Coregonus  c lupea fo rmis

b . Yolk-sac la rvae less than  11 .4  mm TL ;  p reana l  myomeres  32  to  38 ;
s te l la te  dorsa l  me lanophores  ova te  to  square ,  i r regu la r  ac ross median
finfold. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3

3a. Dorsal  melanophores larger than width of  one myomere.  .  Coregonus hoyi

b . Dorsal melanophores smal ler than or equal  to width of  one myomere,
u s u a l l y  o n e - h a l f  w i d t h  o f  m y o m e r e  .  .  .  .  .  .  .  .  .  . C o r e g o n u s  a r t e d i i

( f rom f i r s t  f i n  ray  deve lopment  to  s tage  when a l l  med ian  f ins
basa l l y  rayed ,  pe lv ic  buds  appear  toward  end  o f  s tage)

l a . Total length at least 18.0 mm. . . . . . . . . . . . . . . . . . . . 2

b . Total length at least 11.0 mm but not 18.0 mm. . . . . . . . . . . . 3

2a. Me lanophores  usua l l y  square  and  pa i red  ac ross  dorsa l  med ian  f i n fo ld ,
l a r g e s t  g r e a t e r t h a n  w i d t h  o f one myomere; leng th  f rom snou t  to
h i g h e s t  p o i n t  o n  d o r s a l  f i n  g r e a t e r  t h a n  o r  e q u a l  t o  5 0 %  S L ; w i t h o u t
c l u s t e r  o f melanophores on p e r i t o n e u m  p o s t e r i o r  t o  b a s e  o f  p e l v i c
fins. . . . . . . . . . . , , . . . . . . . . . Coregonus clupeaformis
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b . M e l a n o p h o r e s  i r r e g u l a r  a c r o s s  d o r s a l  m e d i a n  f i n f o l d , s t e l l a t e  o r
con t rac ted , less t h a n  w i d t h  o f  o n e  m y o m e r e ,  l e n g t h  f r o m  s n o u t  t o
h i g h e s t  p o i n t  o n  d o r s a l  f i n  l e s s  t h a n  5 0 %  S L ; c l u s t e r  o f several
melanophores on p e r i t o n e u m  p o s t e r i o r  t o  b a s e  o f  p e l v i c  f i n s  .  .
 . . . . . . . . l . . . . . . . . . . l . . Prosopium cyl indraceum

3a. L a r g e s t  o v a t e  m e l a n o p h o r e  s m a l l e r  t h a n  o r  e q u a l to width of one
myomere . . . . . . . . . . . . . . . . . . . . . . .Coregonus artedii

b . Larges t ovate melanophore larger than width of  one myomere. . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Coregonus hoyi

( fu l l  comp lement  o f  med ian  f i n  rays  appear  and  pe lv i c  buds  o r  f i ns  p resen t )

l a . Par r  marks  p resen t  and  c lus te r  o f  me lanophores  a t  base  o f  pec to ra l  f i n
present; TL at least 28.2 mm. . . . . . . . . . Prosopium cylindraceum

b . Par r  marks  and  c lus te r  o f  me lanophores  a t  base  o f  pec to ra l  f i n  absen t ;
TL usually less than 26 mm. . . . . . . . . . , . . . . . . . . . . .2

2a. Lower  jaw does  no t  ex tend  beyond snout :  p redorsa l  leng th  g rea te r  than
or equal  to 50% SL; 39 to 40 preanal  myomeres;  TL at  least  23.0 mm .  .
. . . . . . . . . . . . . . . . . . . . . . Coregonus clupeaformis

b . Lower  jaw equa l  w i th  snout : p redorsa l  l eng th  less  than  o r  equa l  to  50%
SL; 38 or  fewer preanal  myomeres; t o t a l  l e n g t h  a t  l e a s t  1 8 . 0  m m .  .  .  .
. . . . . . . . . . . . . . . . . . . . C o r e g o n u s  a r t e d i i  o r  C .  h o y i

( J u v e n i l e s - a l l  f i n  r a y s  a r e  a p p a r e n t  y e t  n o t  s e x u a l l y  m a t u r e )

l a . P a r r  m a r k s  o n  d o r s a l a n d  l a t e r a l  a s p e c t s : s i n g l e  i n t e r n a r i a l  f l a p ;
body round: predorsal  length less than 50% SL .  Prosopium cyl indraceum

b . P a r r  m a r k s  a b s e n t ;  d o u b l e  i n t e r n a r i a l  f l a p ; body compressed; predorsal
length greater than 50% SL (Coregonus spp.) . . . . . . . . . . . . .2

2a. Lower jaw equal to or extending beyond snout. . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . C o r e g o n u s  a r t e d i i  o r  5 .  h o y i

b . Lower jaw inferior. . . . . . . . . . . . . . . Coregonus clupeaformis

Salmoninae
( f r o m  h a t c h i n g  a n d  p r i o r  t o  f i r s t  d o r s a l  o r  a n a l  f i n  r a y  d e v e l o p m e n t ) .

l a . Body t o o  o p a q u e to  coun t  myomeres ;  usua l l y  16  to  19  mm TL ;  f i n fo ld
cont inuous  down pos te r io r  edge o f  yo lk  sac  (Oncorhynchus  spp . )  .  .  .2
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b . Myomeres  enumerab le ;  TL  usua l l y  12  to  16  mm;  f i n fo ld  does  no t  ex tend
down posterior edge of yolk sac (Salmo and Salvelinus) . . . . . . . 3

2a. Body  and  cauda l  f i n  w i thou t  p igment . . . . . . . Oncorhynchus kisutch

b . Body and caudal  f in pigmented. . . . . . . . .Oncorhynchus tshawytscha

3a. B o d y  l i g h t l y  p i g m e n t e d ,  n o  p i g m e n t  o n  s n o u t ;  l a t e r a l  l i n e  w i t h  p i g m e n t
(Salmo) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

b . B o d y  h e a v i l y  p i g m e n t e d  o n  d o r s u m , dorsa l  aspec t  o f  b ra in  and  snou t ;
l a t e r a l  l i n e  n o t i c e a b l y  u n p i g m e n t e d  ( S a l v e l i n u s ) .  .  .  .  .  .  .  .  .  .  . 5

4a. Tota l  length usual ly  12 mm; l i t t l e  o r  n o  p i g m e n t  p r e s e n t . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .Salmo gairdner i

b . To ta l  l eng th  g rea te r  than  14 .5  mm;  p igment  i n tense  on  dorsum o f  head
and nape, some on each dorsal myoseptum. . . . . . . . . .Salmo t r u t t a

5a. Dense  dorsa l  p igmenta t ion  con t inuous  f rom snou t  to  cauda l  f i n ,  p igment
on dorso-lateral surface . . . . . . . . . . . . Salvelinus fontinalis

b . Dorsal p i g m e n t  l i g h t , b roken  near  fo rehead,  d im in ish ing  near  dorsa l
f i n  a n d  a b s e n t  p o s t e r i o r  t o  d o r s a l  f i n , pigment con f ined to either
s i d e  o f  l a t e r a l  l i n e  b u t  n o t  o n  l a t e r a l  l i n e .  .  .  S a l v e l i n u s  n a m a y c u s h

( f rom f i r s t  med ian  f in  ray  deve lopment  to  p resence  o f  pe lv ic
f i n  r a y s ,  p a r r  m a r k s  a b s e n t , f i n f o l d  a n d  y o l k  s a c  p e r s i s t ) .

l a . Larvae la rge , usua l l y  g rea te r  than  25  mm TL ;  p igment  on  f i n fo ld  j us t
a n t e r i o r  a n d  p o s t e r i o r  t o  d o r s a l  f i n  ( O n c o r h y n c h u s )  .  .  .  .  .  .  .  .  . 2

b . Larvae smal l , usually 17 to 21 mm TL; e n t i r e f i n f o l d  u n p i g m e n t e d
(Salmo and Salvelinus). . . . . . . . . . . . . . . . . . . . . . . .3

2a. M e l a n o p h o r e s  p r e s e n t  o n in te r rad ia l  membrane  o f  ana l  f i n  and  even ly
d i s t r i b u t e d  o v e r  r e s t  o f  b o d y .  .  .  .  .  .  .  .  .  .  . O n c o r h y n c h u s  k i s u t c h

b . Melanophores absent f rom interradia l  membrane of  anal f i n  a n d  a l o n g
m i d l a t e r a l  m y o s e p t u m ,  e v e n l y  d i s t r i b u t e d  o v e r  r e s t  o f  b o d y  .  .  .  .  .  .

. . . . . . . . . . . . .Oncorhynchus tshawytscha. . . . . . . . . . .

3a. Pigment e x t e n d s  b e
yo lk  sac , in tense a t
. . . . . . . . . .

l o w  p e c t o r a l f i n  i n s e r t i o n  o n  l a t e r a l  s u r f a c e  o f
base  o f  do rsa l , adipose and anal fins. . . . . .

. . . . . . . . . . . . . . . . . . . Sa lmo t ru t ta- -
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b . P i g m e n t  d o e s  n o t  e x t e n d  b e l o w  p e c t o r a l f i n i n s e r t i o n o n  y o l k - s a c
sur face , may  be  in tense  a t  base  o f  dorsa l  o r  ad ipose  f ins  bu t  usua l l y
not at base of anal fin. . . . . . . . . . . . . . . . . . . . . . . 4

4a. P i g m e n t  e v e n l y  d i s t r i b u t e d  o v e r  b o d y  i n c l u d i n g  l a t e r a l  l i n e , n o n e  o n
dorsal median finfold . . . . . . . . . . . . . . . . .Salmo gairdneri

b . Pigment otherwise, u s u a l l y  s o m e  p i g m e n t  o n  f i n f o l d  p o s t e r i o r  t o  f u t u r e
adipose fin.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5a. Large, s t e l l a t e  m e l a n o p h o r e s  o n myomeres but absent from myosepta,
i n t e n s e  p i g m e n t a t i o n  c o v e r i n g  d o r s a l  a n d  l a t e r a l  s u r f a c e s  e v e n l y  .  .  .
. . . . . . . . . . . . . . . . . . . . . . . . S a l v e l i n u s  f o n t i n a l i s

b . S m a l l  m e l a n o p h o r e s  c o n c e n t r a t e d  o n  d o r s u m  a n d  a l o n g  e i t h e r  s i d e  o f
lateral line. . . . . . . . . . . . . . . . . . . Salvelinus namaycush

(Juveniles-50 to 130 mm) .

l a . Principal anal fin rays 8 to 12. . . . . . . . . . . . . . . . . . . 2

b . Principal anal fin rays 13 to lg. . . . . . . . . . . . . . . . . . .6

2a. Dorsa
l i g h t
w id th

f i n  w i t h o u t  d a r k  s p o t s i n c e n t e r , f i r s t  r a y  n o t  b l a c k  o r
y pigmented, w i d t h  o f  s i n g l e  p a r r  m a r k  l e s s t h a n  o r e q u a l  t o
o f  i n t e r s p a c e s ; t i p  o f  l o w e r  j a w  w h i t e .  .  .  S a l v e l i n u s  n a m a y c u s h

b . Dorsa 1 f i n  w i t h  d i s t i n c t  d a r k  s p o t s  i n  c e n t e r  o r f i r s t  r a y  b l a c k ;
w i d t h o f  s i n g l e  p a r r  m a r k  g r e a t e r  t h a n  w i d t h  o f in te rspaces ; t i p  o f
lower jaw speckled. . . . . . . . . . . . . . . . . . . . . . . . . .3

3a. N o  c o l o r e d  s p o t s  o n la te ra l  aspec t  o f  body ,  comb ined  w id th  o f  pa r r
m a r k s  l e s s  t h a n  w i d t h  o f  l i g h t  i n t e r s p a c e s ; pa r r  marks  a lmos t  round  .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .Salmo gairdner i

b . Colored spots (red or yellow) on lateral line, between or on parr
marks, comb ined  w id th  o f  pa r r  marks  g rea te r  than  o r  equa l  to  w id th  o f
light interspaces . . . . . . . . . . . . . . . . . . . . . . . . . .4

4a. Pec to ra l f i n  l o n g , as  long  as  depressed  dorsa l  f i n ;  cauda l  f i n  deep ly
forked, center rays 50% length of longest . . . . . . . . .Salmo salar

b . P e c t o r a l  f i n  s h o r t e r  t h a n  d e p r e s s e d  d o r s a l  f i n ;  c a u d a l  f i n  n o t  d e e p l y
f o r k e d ,  c e n t e r  r a y s  g r e a t e r  t h a n  5 0 %  l e n g t h  o f  l o n g e s t .  .  .  .  .  .  .  . 5
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5a. B lack  spo ts , in  add i t ion  to  par r  marks ,  above  and  be low la te ra l l i n e ;
about 11 parr marks, none as wide as eye diameter; caudal fin
truncate. . . . . . . . . . . . . . . . . . . . . . . . . Salmo trutta- -

b . No dark spots, o t h e r  t h a n  p a r r  m a r k s ,  b e l o w  l a t e r a l  l i n e ;  8  t o  9  w i d e
p a r r marks ,  w ides t  abou t  equa l  to  eye  d iameter ,  cauda l  f i n  rounded.  .
. . . . . . . . . . . . . . . . . . . . . . . . . S a l v e l i n u s  f o n t i n a l i s

6a. Parr  marks absent. . . . . . . . . . . . . . . .Oncorhynchus gorbuscha

b . Parr  marks present. . . . . . . . . . . . . . . . . . . . . . . . . .7

7a. Parr  marks smal l  and oval , none much greater than eye diameter; marks
on or above lateral line. . . . . . . . . . . . . . Oncorhynchus nerka

b . Par r  marks  long  and  nar row, longes t  much  g rea te r  than  eye  d iamete r .  .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

8a. Ad ipose  f in  un i fo rmly  p igmented ; anal f i n  w i t h  s o m e  d a r k  p i g m e n t
b e h i n d  w h i t e  l e a d i n g  e d g e , leng th  o f  l ead ing  edge  g rea te r  than  leng th
o f  f i n  b a s e ; spaces between parr marks wider t h a n  p a r r  m a r k s ; pa r r
m a r k s  d i v i d e d  e q u a l l y  b y  l a t e r a l  l i n e ;  c a u d a l  f i n  t i p s  r o u n d e d  .  .  .  .
. . . . . . . . . . . . . . . . . . . . . . . . . Oncorhynchus kisutch

b . A d i p o s e  f i n  w i t h  u n p i g m e n t e d  “ w i n d o w , ” a n a l  f i n  w i t h o u t  d a r k  p i g m e n t
b e h i n d  w h i t e  l e a d i n g  e d g e ,  l e n g t h  o f  l e a d i n g  e d g e  a l w a y s less than
l e n g t h  o f f i n  b a s e ; pa r r marks  w ider  than  in te rspaces ;  pa r r  marks
u s u a l l y  t h r e e - f o u r t h s  a b o v e  l a t e r a l  l i n e ;  c a u d a l  f i n  t i p s  p o i n t e d .  .  .
. . . . . . . . . . . . . . . . . . . . . . . Oncorhynchus tshawytscha
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Coregonus  ar ted i i

Coregonus  a r ted i i  LeSueur ,  lake  her r ing

DISTRIBUTION

Once common throughout the Great  Lakes and in land lakes.3

SPAWNING SEASON

In  the  Grea t  Lakes  reg ion  spawn ing  occurs  be tween mid -November  and
mid-December.2 3 5 6 9 10 11 13 16

SPAWNING TEMPERATURE

Breeding m i g r a t i o n to shallow water (1 to 3 m) begins at 5 C or
less.ls They arr ive on spawning grounds when water temperatures reach
6  C and  spawn ing  occurs  be tween 3  and  5  C .2  4  s * lo I5

SPAWNING HABITAT

In  in land  lakes  spawning  has  been observed a t  0 .5  to  3 .5  m 2  ‘ and  2  to
5 m.5 In  Lake  Super io r  a t  14  to  36  m,l” in Saginaw Bay at 5 to 14 m,9

in  Green Bay from 3 to 42 m.ll T h r o u g h o u t  t h e  G r e a t  L a k e s  s p a w n i n g
u s u a l l y  o c c u r s  a t  3  t o  7 . 6  m.16

SPAWNING SUBSTRATE

T h e s e  p e l a g i c  spawnerslO  l1 b r o a d c a s t  e g g s  w h i c h  s e t t l e  t o  t h e
bottomll  and  a re aband0ned.l They spawn over mud, 6 s a n d 9  I6 o r
gravel .’

FECUNDITY

4 , 3 1 4  t o  10,250;‘”  l1 1 3 , 7 2 3  t o  48,999.'  ’ l3 l5

EGGS

Demersal;ll  a d h e s i v e , chor ion colorless;l* egg  ye l low; ’  d iameter  2
mm;l* 2.1 mm (2.0 t o 2.2 mm); ’ l7 2.9 t o 3.1 mm;2 100 to  less than 200
s p h e r i c a l  o i l  g l o b u l e s , o i l  g l o b u l e  d i a m e t e r  0 . 2  m m ,  y o l k  y e l l o w ,  p a l e
ye l low o r  amber ,  d iamete r  1 .7  to  1 .8  mm.18
Incubat ion per iod:  Temperature C Days to Eye Days to Hatch

0 .5 236'  4 12
1.7 187'  4

2 . 3 - 6 . 0 g6-103'
3 .2-8 .1 3 5 ' " 99(77-104) l*

6.016.7 '*Z"

1462 4

4
922 74-85"  4 l2

'Z*"
g&o

602 47' 4 4
2 4

10.0 151' 37-&
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December 1 to February 19 at 6 C; I2 1 0  t o  1 2  w e e k s  ( i n  s i t u )  .I5

YOLK-SAC LARVAE

Tota l
8 .5

LARVAE

l e n g t h D e s c r i p t i o n
-12.8 mm Newly hatched, length dependent on water

t e m p e r a t u r e . 2  4  l7 I*
Myomeres: total 4 6  t o  48;17 5 0  ( 3 8  +  12);~~ 5 3  t o  5 6  ( 3 5

to 38 + 18 to 19) at 8.5 to 10.0 mm.l*
Morphology: s i n g l e  o i l  g l o b u l e  p r e s e n t , s i n g l e , p i t t e d

nares presentl’ ( 9 . 5  rnrn);l’  f i n  r a y s  b e g i n  t o  f o r m  o n
v e n t e r  o f  c a u d a l  f i n  a n d  a n t e r i o r  p o r t i o n  o f pec to ra l
f i n , f i n fo ld  deep ly  no tched  be tween dorsa l  and  ad ipose
f i n s ,  n o t o c h o r d  s t r a i g h t  ( 9 . 9  t o  1 0  mm);l’  l8 n o t o c h o r d
b e g i n s  t o  f l e x  i n  c a u d a l  f i n ( 1 2 . 2  m m )  ;17 l o w e r  j a w
e v e n  w i t h  a n t e r i o r  m a r g i n  o f  eye.‘*

P i g m e n t a t i o n :  b o d y  p a l e  y e l l o w  o r  o f f - w h i t e , l i n e  o f
me lanophores  a long  gu t ,  severa l  l a rge  me lanophores  on
d o r s u m  o f h e a d  a n d  o n  p o s t e r i o r  p o r t i o n  o f  y o l k  s a c ,
i r r e g u l a r  l i n e  o f  m e l a n o p h o r e s  o n  e i t h e r  s i d e  o f  d o r s a l
f i n f o l d ,  l a r g e s t  m e l a n o p h o r e  i s  h a l f  t h e  w i d t h  o f  o n e
myomere, eye  pigmented.‘*

To ta l l e n g t h D e s c r i p t i o n
13 mm M o r p h o l o g y :  y o l k  a n d  o i l g l o b u l e s  absorbed18  o r  a l m o s t

a b s o r b e d ; ” u r o s t y l e  s l i g h t l y  f l e x e d ,  c a u d a l f i n  r a y s
e i g h t ,  p e l v i c  b u d s  a p p e a r . ”  I*.

P i g m e n t a t i o n :  m e l a n o p h o r e s  o n dorsal and v e n t r a l
f i n f o l d s , on  in tes t ine  and an  ova l  pa tch  on d o r s u m  o f
head.‘*

18-20 mm Morpho logy :  33  days old;18 1 0  o r  1 1  d o r s a l  f i n  r a y s ,  1 1
a n a l  f i n  r a y s , cauda l  f i n  fo rked  and 1 8  r a y s , p e l v i c
f i n s  b e g i n  t o  s h o w  t h i c k e n i n g  b u t  n o t  y e t  rayed.” lo

P i g m e n t a t i o n :  l i t t l e  c h a n g e  f r o m  p r e v i o u s  s t a g e ,  d o r s a l
me lanophores  inc rease  in  s i ze  f rom ha l f  to  en t i re  w id th
o f  one  myomere.l*

20-24 mm Morphomet ry :  p redorsa l  l eng th  less  than  o r  equa l t o  5 0 %
SL.”

20-24 mm Morphology: swim b l a d d e r  w e l l  d e v e l o p e d ,  s c a l e s  n o t  y e t
deve loped ,  f i n  ray  deve lopment  incomple te : c a u d a l  2 4 ,
do rsa l  11 , a n a l  1 3 ,  p e c t o r a l  1 0  a n d  p e l v i c  9.l’
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JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
23-55 mm Morpho logy :  a l l f i n  r a y s  developed;l’  I8 lower j a w

t e r m i n a l , s w i m  b l a d d e r  e v i d e n t ; ‘ *  s c a l e s  f i r s t  a p p e a r
(34 mm) il row o f  vomer ine  tee th  apparen t (39.5 mm) ; I*
fu l ly  scaled (55 mm) .I

P i g m e n t a t i o n :  m e l a n o p h o r e s  m o r e  n u m e r o u s  o n  p o s t e r i o r
h a l f  o f  l a t e r a l  l i n e  a n d  o n  d o r s u m  a b o v e  l a t e r a l l i n e ,
l a r g e s t m e l a n o p h o r e  h a l f  t h e  w i d t h  o f  o n e  m y o m e r e ,
marg in  o f  g i l l  a rches  p igmented , h e a r t - s h a p e d  p a t t e r n
o f p i g m e n t a t i o n  o n head (39.5 mm) , s t e l l a t e
me lanophores  a long  and  jus t  be low la te ra l  l i ne , caudal
a n d  d o r s a l  f i n s  w i t h  pigmentation.l*

ADULTS

Fin  rays :  cauda
t o  1 8 ,  p e l v i c

.3 159 pec to ra l  141 28;17 dorsa l 10 t o 15, anal 11 t o 15
11 to 12.3

Ver tebrae : 50 t o 63.3 15

L a t e r a l  l i n e  s c a l e s :  6 3  t o  97;’ 1s 7 7  t o  8 7  ( 6 4  t o  109.16

G i l l  r a k e r s :  3 8  t o  64;' 4 6  t o  5 0  ( 3 8  t o  55)."

D i a g n o s t i c  c h a r a c t e r s : l o w e r  j a w  p r o t r u d i n g  s l i g h t l y , g i l l  r a k e r s
u s u a l l y  g r e a t e r  t h a n  4 5 , p r e m a x i l l a e  a n d  u p p e r  p o r t i o n  o f  b o d y
m o d e r a t e l y  d a r k ; 45 to 50 long, slender gill rakers; mature
specimens usually 450 mm TL.

LITERATURE CITED
1. Hogman (1970)
2 . Colby and Brooke ( 1

43:
Scott and Crossman
Colby and Brooke (

973)
(1973)
970)

10. Dryer and Bei l  (1964)
11. Smith (1956)
12. Edsal l  and Colby (1970)
13. Brown and Moffet t  (1942)

Z’
John and Hasler (1956) 14. Faber (1970)

l
Stone (1937) 15. Cahn (1927)

;:
Scott  (1951) 16. Koelz (1929)
John (1956) 17. Hinr ichs and Booke (1975)

9 . Van Oosten (1929) 18. H in r i chs  (1979)

Salmonidae 88



Coregonus  ar ted i i

6.1 mm

6.8 mm

C
10.3 mm

F i g .  2 3 . Coregonus ar ted i i , l a k e  h e r r i n g . A-C.

(Labora to ry - reared ,  Wiscons in ,  H in r i chs  1979. )

89

Yolk-sac l a r v a e .
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v e n t r a l

12.5 mm

13.4 mm

C
(A-C

F i g .  2 4 . Coregonus ar ted i i , l a k e  h e r r i n g .  A - E .  Y o l k - s a c  l a r v a e .

w i ld  caugh t ,  Lake  Huron , Faber 1970, National Museum Canada, Ottawa; D and

E,  ha tchery - reared ,  Lake  Er ie ,  F ish  1932) .
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F i g .  2 5 . C o r e g o n u s  a r t e d i i ,  l a k e  h e r r i n g . A-D. Larvae. E .  J u v e n i l e .  ( A
and B, ha tchery - reared , L a k e  E r i e , F i s h  1 9 3 2 ;  C - E , l a b o r a t o r y - r e a r e d ,
Wisconsin, H in r i chs  1979) .



Coregonus c lupeaformis

C o r e g o n u s  c l u p e a f o r m i s  ( M i t c h i l l ) ,  l a k e  w h i t e f i s h

DISTRIBUTION

Occurs  in  vary ing  abundance in  a l l  o f  the  Grea t  Lakes .3

SPAWNING SEASON

M i g r a t i o n  t o  s p a w n i n g  g r o u n d s  b e g i n s  i n  O c t o b e r . ” In the Great Lakes
region spawning commences in mid- to l a t e  N o v e m b e r 5  6  l6 lo z1 and
con t inues i n t o  D e c e m b e r . 2  2 2  2 3 In northern Canada spawning occurs
f rom Oc tober  to  December ’  9  lo l3 and  in  la te  Oc tober  in  nor thern  Lake
M i c h i g a n . 2 0

SPAWNING TEMPERATURE

Spawns a t temperatures between 4 and 12 C .5 3 lo l1 21 Peak
o c c u r s  a t  8  C,ll  o r  b e l o w  7 . 8  C . 2 3

spawning

SPAWNING HABITAT

S p a w n s  a t  d e p t h s less  than  7 .6  m,2 lo be tween  1 .6  and  18 .2  m,2 2  bu t
most commonly at 2.4 m.31

SPAWNING SUBSTRATE

E g g s  a r e  b r o a d c a s t  o v e r  s i l t  a n d  a q u a t i c  p l a n t s , ’  sand,‘O  21 grave l
o r stones 5  to  91  cm in  d iamete r ,2 1  22 rubb le ,  boulders,‘O  honeycomb
r o c k , 2 2 o r  o n  r o c k y  o f f s h o r e  reefs.2J

FECUNDITY

1 1 , 1 1 2  t0 121,700.l  9  1 0  1 5  1 6  1 7

EGGS

Demersal ; ’ s l i g h t l y  a d h e s i v e ; 2 3  orange-yellow;12  c h o r i o n colorless;2*
d i a m e t e r  2 . 4  t o 2.6 mm;’ 3 . 0 m m +_ 0.1;” 2.8 m m (2.3 t o 3.0 mm);23 o i l
g lobu les
amber,

number between 100 and 200,  d iameter of  largest  0.2 mm, yolk
diameter 2 .0 mm (1.8 t o 2.1 mm) .23

Incubat ion per iod:  Temperature C
( i n  s i t u )
( i n  s i t u )
( i n  s i t u )
( i n  s i t u )

0 .5
1 .5-1 .7

3x1
4.0

5 . 5 - 5 . 9
6.0

Days to Eye Days to Hatch
130-149”
lOj’-2311°

402' 139"
6 1  (155-170)18  2o

1415
131-1403 4 I3
121-1933 lo I4

65 (56-79 2 ’
80 .3 -156  5  lo l4
81.5-135”  14

58=
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7 .8
10.0

Mid-November  to  ear l y  o r  la te  Apr i l ; ’  23  weeks  (November 1 to April 1
10 ) ;2 1  November  10  to  Apr i l  20  in  Green  Bay.lB  2o

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
8 .8 -15 m m Newly hatched, 12 t o 13 mm3 5 1 0 1 1 1 4 1 0 1 9 2 0 2 1 2 3

most  o f ten  repor ted .

11-14 mm Myomeres: 52 (39 + 13) at 13.6 mm.6

Morphomet ry :  (as  % TL)  p reana l  leng th  63  to  68 ,  g rea tes t
body depth 9 to 11, body depth at anus 6 to 7,  head
length 13, head depth 9 to 11, eye diameter 5 to 6,
snout l e n g t h  2 ,  d o r s a l  o r i g i n  o f  m e d i a n  f i n f o l d  2 0  t o
3 0 ,  s n o u t  t o  p e c t o r a l  f i n  i n s e r t i o n  1 4  t o  1 5 . 2 1

Morphology: o i l  g l o b u l e  l a r g e  a n d  s i n g l e , near a n t e r i o r
p o r t i o n  o f y o l k  s a c , mouth sub te rm ina l ;2 1  23  snou t
b a r e l y  e x t e n d s  b e y o n d  eye;2A p e c t o r a l b u d s  p r e s e n t ,
l a rge  and  ovate;ll 23  pe lv ic  buds not  ev ident ; 2 1  cauda l
f in rays 10 (13.7 mm) .2 3

Pigmenta t ion :  body p a l e  y e l l o w  o r  o f f - w h i t e ; 2 3  w e l l
developed melanophores on dorsum of  head, over cranium
a n d  b e t w e e n  e y e s , t w o  b i l a t e r a l  s y m m e t r i c  l i n e s  a l o n g
e i t h e r  s i d e  o f  d o r s a l  m e d i a n  f i n f o l d ,  s q u a r e , s t e l l a t e
dorsal m e l a n o p h o r e s  p a i r e d  a c r o s s  f i n f o l d , l a r g e s t
g rea te r  than  w id th  o f  one  myomere ,  a  few me lanophores
sca t te red over yolk sac becoming more numerous on mid-
l a t e r a l l i n e , y o l k sac vague ly o u t l i n e d w i t h
melanophores, p i g m e n t  a l o n g  b o t h  s i d e s  o f  f i n f o l d  f r o m
y o l k  s a c  t o  a n u s ,  o n  d o r s u m  o f  g u t  c o n t i n u i n g  b a c k
along e i t h e r s i d e  o f f i n f o l d  t o  c a u d a l fin;21 23

p i g m e n t a t i o n  a r o u n d  u r o s t y l e ; 2 3  a few chromatophores
extend a l o n g  p o s t e r i o r  m a r g i n s  o f  o p e r c u l a  a n d  j u s t
p o s t e r i o r  t o  p e c t o r a l  f i n s . 2 1

LARVAE

Tota l l e n g t h D e s c r i p t i o n
14-16 mm Morphomet ry :  (as  % TL)  p reana l  leng th  63  to  74 ,  g rea tes t

body depth 7 to 12, head length 14 to 17,  head depth 10
to 13, eye diameter 7 t o  8 ,  s n o u t  l e n g t h  2 ,  s n o u t  t o
dorsad  med ian  f in fo ld  23  to  30 ,  snou t  to  ven t rad  med ian
f i n f o l d  2 6  t o 38 ,  snou t t o  p e c t o r a l  f i n  1 7  t o  2 1 ,  s n o u t
t o  p e l v i c  f i n 48 to 52, s n o u t  t o  a d i p o s e  f i n  7 4 . 2 1

M o r p h o l o g y :  y o l k  absorbedlo  21 (3.5 to 4.5 weeks
pos tha tch ing)  ;ls 2o u r o s t y l e  f l e x i o n  b e g i n n i n g ,  m a x i l l a
extends to  m idd le  o f  eye , 13  to  16  cauda l  f i n  rays ,  11
a n d  1 2  d o r s a l  a n d  a n a l  f i n  r a y s  r e s p e c t i v e l y . 2 1
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P igmenta t ion : a d d i t i o n a l  p i g m e n t  o n  d o r s u m  o f  h e a d  t o
a n t e r i o r m a r g i n  o f eye, some melanophores on snout,
p r e m a x i l l a ,  m a x i l l a , opercu lum and  lower  jaw,  two  fa in t
r o w s  o f p i g m e n t  a l o n g  a n t e r i o r  e d g e  o f  m a n d i b l e ,
sca t te red  chromatophores  ex tend  pos te r io r l y  to  i s thmus,
chromatophores c o n c e n t r a t e d  a t p o s t e r i o r  a n d  v e n t r a l
margins of eyes a n d  p o s t e r i o r  a n g l e  o f  o p e r c u l u m ,
d o u b l e  r o w of  p igment  on  dorsum cons is ts  o f  l a rge  and
small melanophores, l i t t l e  p i g m e n t  b e t w e e n  t h e  d o r s a l
rows a n d  d o r s u m  o f head, chromatophores extend from
b e t w e e n  p e c t o r a l  f i n s  t o  o r i g i n  o f  p r e a n a l  f i n f o l d  t h e n
c o n t i n u e  o n  e i t h e r  s i d e  o f  f i n f o l d  t o  a n u s . 2 1

18-25 mm Morphomet ry :  (as  % TL)  p reana l  leng th  67  to  69 ,  g rea tes t
b o d y  d e p t h
18 to 19,

11 to 17, head depth 11 to 12, head length
e y e  d i a m e t e r  7 , snout t o  d o r s a d  m e d i a n

f  i n f o l d  3 3 , snou t  to  ven t rad  med ian  f in fo ld  35  to  38 ,
p r e d o r s a l  l e n g t h  4 2  t o  4 9 ,  s n o u t  t o  a d i p o s e  f i n  7 2  t o
73, snout t o  a n a l  f i n  6 8  t o  6 9 ,  s n o u t  t o  p e c t o r a l  f i n
1 9  t o  2 0 ,  s n o u t  t o  p e l v i c  f i n  i n s e r t i o n  4 5  t o  4 9 ,  s n o u t
t o  h i g h e s t  p o i n t  o n  d o r s a l  f i n  g r e a t e r  t h a n  o r  e q u a l  t o
50% SL.21

Morphology: 11 to 12 dorsal fin rays, 9 to 12 anal f i n
r a y s ,  8  t o  1 7  c a u d a l  f i n  r a y s ; 2 1  2 3  c a u d a l  f i n  m a y  h a v e
t h r e e lobes, (two develop as result of fork in
homocerca l  t a i l , ano ther  separa tes the isocerca l and
r a y e d  p o r t i o n s  o f  t h e  m e m b r a n e ) ,  m o u t h  d i s t i n c t l y
i n f e r i o r  a s  i n  a d u l t  ( 2 0  m m ) ; 2 1  p r e a n a l  f i n f o l d  p r e s e n t
f r o m  p e l v i c  f i n  i n s e r t i o n  t o  a n u s . 2 3

Pigmenta t ion :  inc reased ‘ p i g m e n t a t i o n ; ” p i g m e n t  o n
premax i l l ae increases , th ree r o w s  o f p i g m e n t  o n
mandib le, a  concen t ra t ion  o f  ch romatophores  a t  ang le  o f
operculum and along v e n t r a l m a r g i n  o f eye, these
e v e n t u a l l y c o n t i n u i n g al 1 around eye, melanophores
u s u a l l y square a n d  p a i r e d across  dorsum becoming
i n d i s t i n g u i s h a b l e , two l ines  o f  i n te rna l  me lanophores
fo rm a  “V , ” w i t h  t h e  c l o s e d  e n d  j u s t  p o s t e r i o r t o  t h e
anus and t h e  o p e n  e n d  i n  t h e  r e g i o n  o f  t h e  y o l k  s a c ,
i n c r e a s e  i n  m i d - v e n t r a l  p i g m e n t  p o s t e r i o r  t o  p e l v i c  f i n
i n s e r t i o n  a n d  p o s t e r i o r  t o  anus;” a few melanophores
on caudal fin rays (23 mm) . 23

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
34-54 mm Morphomet ry :  (as  % TL)  s tandard  leng th  85 ,  p reana l  leng th

greatest body depth 16, head depth 10, head length
2 1 :  e y e  d i a m e t e r  6 ,  s n o u t  l e n g t h  8 , p redorsa l
40,

leng th
snout t o  a d i p o s e  f i n  5 7 ,  s n o u t  t o  a n a l  f i n  6 5 ,

s n o u t  t o  p e c t o r a l  f i n  2 1 ,  s n o u t  t o  p e l v i c  f i n  4 5 . 2 1

Morphology: r e m n a n t  f i n f o l d  j u s t  a n t e r i o r  t o  a n u s , f u l l y
scaled (54.0 mm) .21
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P igmenta t ion :  body  p igmented  excep t  fo r  be l l y ,  par r  marks
evident (45.4 mm) .2 1

ADULTS

Fin rays : caudal lg;Jc do rsa l  11 (10 to 13), anal 11 (10 t o 14),
pec to ra l 15 to 16  (14  to  17 ) , p e l v i c 11 (10 to 12) . 2 22

Ver tebrae :  55  to  64 .2

L a t e r a l  t i n e  s c a l e s :  8 1  t o  8 8  ( 7 0  t o  9 7 )  l  2  22

G i l l  r a k e r s :  2 6  t o  2 8  ( 1 9  t o  3 3 )  . 2  22

D iagnos t i c  charac te rs : mouth sub te rm ina l , s n o u t  r o u n d e d ,  g i l l  r a k e r s
usua l l y  g rea te r  than  20  bu t  less  than  32  (no t  as  long  and  s lender  as
5 .  a r t e d i i  o r  5 . h o y i  b u t  l o n g e r  a n d  t h i n n e r  t h a n  t h o s e  o f
Prosopium cyl indraceum), l a t e r a l  l i n e  s c a l e s  u s u a l l y  l e s s  t h a n  8 5 .

LITERATURE CITED
1. Healey (1978)
2. Scott and Crossman (1973)

43:
Pr ice (1935)
Pr ice (1934)

5 . Pr ice (1940)
6 . Faber (1970)

;:
Bryan and Kato (1975)
Edsa l l  and  Rot t ie rs  (1976)

9 . Qadri  (1968)
10. Bidgood (1974)
11. B e r l i n  e t  a l .  ( 1 9 7 7 )
12. Booke (1970)

13. Bajkov (1930)
14. Brooke (1975)
15. Cucin and Regier (1966)
16. Chr is t ie  (1963)
17. Lawler (1961)
18. Hogman (1971)
19. Hal l  (1925)
20. Hoagman (1973)
21. Hart  (1930)
22. Koelz (1929)
23. H in r i chs  (1979)

size unknown

F i g .  2 6 . Coregonus c lupeaformis, lake w h i t e f i s h . Yo lk -sac l a r v a .
(Labora to ry - reared ,  New York ,  F ish  1932) .
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F i g .  2 7 . C o r e g o n u s  c l u p e a f o r m i s ,  l a k e  w h i t e f i s h .  A - C . Yolk-sac l a r v a e .
(A ,  labora to ry - reared ,  Wiscons in , H i n r i c h s  1 9 7 9 ;  B ,  l a b o r a t o r y - r e a r e d , New
York ,  F ish  1932;  C, w i ld -caugh t ,  Lake  Huron , Faber 1970, National Museum
Canada, Ottawa) .



Coregonus c lupeaformis

A 13.5 mm

18.5 mm

C 31.5 mm

F i g .  2 8 . Coregonus c lupeaformis, l a k e  w h i t e f i s h .  A - C . Larvae. (A-C,
labora to ry - reared ,  New York ,  F ish  1932) .
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Coregonus hoyi

C o r e g o n u s  h o y i  ( G i l l ) ,  b l o a t e r

DISTRIBUTION

Endemic  to  a l l  o f  the  Grea t  Lakes . ' D u e  t o  r e p r o d u c t i v e  p l a s t i c i t y
and commercial f i s h i n g  p r e s s u r e  c u r r e n t  s t a t u s  o f  t h e  p o p u l a t i o n s  i s
changing. Is  now present  on ly  in  the  upper  th ree  Great  Lake5.l 6

SPAWNING SEASON

Spawning  usua l l y  takes  occurs  in  February  and  March  in  the  upper  th ree
G r e a t  Lakes.l  z 5  6

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Spawns at 36 to 91 m;l 51 m 5  in the Great Lakes proper.

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

6 ,533  (3 ,116  to  12 ,045) .2

EGGS

Adhesive, diameter 1.9 mm (1.8 to 2.1 mm) .6 :!.97 + 0 . 0 2  m m ,  y e l l o w ; 3

chor ion c o l o r l e s s , o i l  d rop le ts  number  r-t-0, 100  (0 .1  mm d iamete r )  to
l e s s  t h a n  2 5 ,  y o l k  p a l e  y e l l o w  t o  a m b e r ,  d i a m e t e r  1 . 6  m m  ( 1 . 4  t o  1 . 6
mm) , i n c u b a t i o n  p e r i o d :  8 4  d a y s  a t  3 . 2  t o  8 . 1  C . 6

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
1O-11 mm Recent l y  ha tched .6

Myomeres: 52 (37 + 15);' 50 to 52 (32 to 34 + 16 to 18) .6

Morphometry:  (as % TL for  9-mm specimens) yolk-sac length
22 ( r e d u c e s  t o 15 at 10. l-mm), head l e n g t h  1 7 ,
p r e d o r s a l  l e n g t h  4 4 ,  s n o u t  t o  a d i p o s e  f i n  59."

Morpho logy :  u ros ty le f l e x e d , lower j a w e x t e n d s  t o
a n t e r i o r margin of  eye, s i n g l e  o i l  g l o b u l e  n o w  p r e s e n t
(11.3 mm).6

P i g m e n t a t i o n :  b o d y  p a l e  y e l l o w  o r o f f - w h i t e ,  a few
s te l la te  me lanophores  on  yo lk  sac ,  ova l  pa tch  on  dorsum
o f head, i r r e g u l a r p a t t e r n  a c r o s s  d o r s a l median
f i n f o l d ,  n e a r  u r o s t y l e  a n d  o n  v e n t e r  p o s t e r i o r  t o  a n u s ,

Salmonidae 98



Coregonus hoyi

s te l l a te  me lanophores  on  pos te r io r  ha l f  o f  yo lk  sac  and
" i n t e r l a c e d ” a l o n g  g u t , l a r g e s t  d o r s a l  m e l a n o p h o r e
grea te r  than  the  w id th  o f  one  myomere .6

LARVAE

Tota l l e n g t h D e s c r i p t i o n
15-20 mm Morpho logy :  yo lk  absorbed , 1 3  c a u d a l  f i n  r a y s ,  a d i p o s e

a n d  d o r s a l  f i n s n e a r l y separa te , l o w e r  j a w  e x t e n d s
fo rward t o  s n o u t tip (15 to 16 mm), swim bladder
f i l l e d ,  p r e a n a l  f i n f o l d  o r i g i n  p o s t e r i o r  t o  t h a t  o f
dorsa l f i n , 1 8  c a u d a l ,  9  d o r s a l  a n d  1 3  a n a l  f i n  r a y s
(20 mm) . 6

Pigmenta t ion :  me lanophores  equa l  to  o r  g rea te r  than  w id th
o f  one  myomere ,  p igment  inc reased  f rom prev ious  s tage
e s p e c i a l l y  a l o n g  i n t e s t i n e , l a rge  s te l l a te  me lanophores
along l a t e r a l l i n e and i n t e s t i n e , con t rac ted
melanophores on d o r s u m  a n d  c a u d a l f i n , about 20
me 1 anophores on dorsum of  head,  p igment on gi l l  arches
a n d  t i p  o f  l o w e r  j a w . 6

25 mm Myomeres: (35 to 38 + 15 to 16) . 6

M o r p h o m e t r y :  l o w e r  j a w  l e n g t h  e q u a l t o  s n o u t leng th ,
p redorsa l  l eng th  g rea te r  than  50% TL .6

M o r p h o l o g y :  f i n f o l d s  a b s o r b e d , 21  cauda l ,  12  dorsa l ,  13
a n a l  a n d  1 0  p e c t o r a l  f i n  r a y s . 6

P i g m e n t a t i o n :  h e a r t - s h a p e d  g r o u p  o f melanophores on
d o r s u m  o f  h e a d ,  g r a d a t i o n  f r o m  s t e l l a t e  t o  c o n t r a c t e d
me lanophores  f rom do rsum to  be low la te ra l  l i ne .6

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
45 mm Pigmenta t ion :  two  bands  o f  p igment , one along l a t e r a l

l i n e  f r o m  o p e r c u l u m  t o  c a u d a l  p e d u n c l e ,  t h e  o t h e r  o n
dorsum f rom base  o f  sku l l  t o  cauda l p e d u n c l e ,  v e n t e r
immacu la te  be tween pec to ra l  f i n  inser t ion  and  anus . 6

ADULTS

F in rays : caudal 19* o r 21;6 dorsa l 9 to 11, anal 11 (10 t o 13),
pec to ra l 15 to 16 (14 t o 17), pe lv ic  11 (10 to 12) .l 5

V e r t e b r a e :  5 5  t o  57.'

L a t e r a l  l i n e  s c a l e s :  6 3  t o  89;1 6 7  t o  7 7  ( 6 0  t o  851."

Gill rakers: 37 to 48;' 4 1  t o  4 4  ( 3 7  t o  SO)."
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D i a g n o s t i c  c h a r a c t e r s : d i s t i n c t l y  p r o t r u d i n g  l o w e r  j a w , te rm ina l

mouth, 3 7  t o  4 8  l o n g  s l e n d e r  g i l l  r a k e r s ,  p r e m a x i l l a  l i g h t l y
pigmented, u p p e r  p o r t i o n  o f  b o d y  d u s k y ,  t o t a l  l e n g t h u s u a l l y  l e s s

than 200 mm.

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Dryer and Bei l  (1968)
3 . Booke (1970)

4 . Faber (1970)
5 . Koelz (1929)
6 . H in r i chs  (1979)

A 7.0 mm

B 7.7 mm

F i g .  2 9 . C o r e g o n u s  h o y i ,  b l o a t e r .  A  a n d  B .  Y o l k - s a c  l a r v a e .  ( L a b o r a t o r y -
reared ,  Wiscons in ,  H in r i chs  1979) .
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dorsa l

11.3 mm

v e n t r a l

F i g .  3 0 . Coregonus  hoy i ,  b loa te r . Yo lk -sac l a r v a . (Wild-caught, Lake
Michigan, Faber 1970, Nat ional  Museum Canada, Ottawa).
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A 14.8 mm

B 20.4 mm

C 41.7 mm

Fig. 31. Coregonus hoyi, bloater. A and B. Larvae. C.  Juveni le . (A-C,
laboratory-reared, Wisconsin, Hinrichs 1979).
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S p a w n s  o v e r  g r a v e l  l e s s  t h a n  5  c m  i n  d i a m e t e r , ’  6  a t  u p s t r e a m  e n d  o f
r i f f l e s in water 22 to 110 cm deep.8 Redds from 50 to 80 cm wide and
8 0  t o  1 2 0  c m  l o n g  a r e  c o n s t r u c t e d  w h e r e  w a t e r  v e l o c i t i e s  a r e  4 . 6  t o
15.5 cm/s.8

ITY

, 0 7 7 . '

FECUND

1

EGGS

Oncorhynchus gorbuscha

Oncorhynchus gorbuscha (Walbaum), pink salmon

DISTRIBUTION

I n t r o d u c e d  i n t o  L a k e  S u p e r i o r  i n  1956.3  8 N a t u r a l l y reproducing i n
L a k e s  S u p e r i o r 6  a n d  Huron,s spawning runs have been observed in al l
f i v e  G r e a t  L a k e s . *  9

SPAWNING SEASON

Spawns  f rom mid -Ju ly  to  la te  Oc tober ’  i n  Lakes  Huron 5  and  Super io r .8  *

SPAWNING TEMPERATURE

Spawning has been reported at  water temperatures of  11 to 13 C.? 6

SPAWNING HABITAT

M i g r a t e s  u p r i v e r  t o  s p a w n . ’  *

SPAWNING SUBSTRATE

Orange-red;l d i a m e t e r  6 . 4  mm;’ i n c u b a t i o n  p e r i o d : September and
O c t o b e r  t o  A p r i l  ( i n  s i t u )  .O

YOLK-SAC LARVAE

Newly hatched (26 mm) . 7

LARVAE

Newly emerged,  b lack pigment,  no parr  marks (30 mm).’

JUVENILES

Par r  marks  absen t . ’

ADULTS

F in  r ays : c a u d a l  19;f: do rsa l  10  to  15 , ana l  13  to  19 ,  pec to ra l 14 to 17,
p e l v i c  9  t o  11.’
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V e r t e b r a e :  6 3  t o  72.'

L a t e r a l  l i n e  s c a l e s :  1 4 7  t o  205.’

P y l o r i c  c a e c a :  9 5  t o  2 2 4 . 2

D i a g n o s t i c  c h a r a c t e r s :  l a r g e , b lack  spo ts  (some as  la rge  as  eye)  on  dorsum
a n d  c a u d a l  f i n ,  l a t e r a l  l i n e  s c a l e s u s u a l l y  1 4 7  t o  2 0 5 ,  g i l l  r a k e r s
u s u a l l y  2 6  t o  3 4 .

LITERATURE CITED
1. Scott and Crossman (1973)

::
McPhai l  and Lindsey (1970)
Wagner (1978)

4 . Kwain and Chappel (1978)
5 . Collins (1975)

6 . Parsons (1973)
W. Kwain (pers. Comm.)

2 Kwain and Lawrie (1981)
9 . Emery (1981)
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Oncorhynchus kisutch

Oncorhynchus kisutch (Walbaum), coho salmon

DISTRIBUTION

In t roduced  in to  a l l  o f  the  Grea t  Lakes9  and  some in
b a s i n . ’ I t  i s  r e p r o d u c i n g  n a t u r a l l y  i n  L a k e s  S u p e r
Huron. ’

l a n d  l a k e s  o f  t h e
ior,l Mich igan 6  and

SPAWNING SEASON

Spawns from ear ly September to ear ly October in the
Lakes . ’

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Migra tes  upr i v e r  t o  spawn.’

SPAWNiNG SUBSTRATE

Spawns over gravel areas. ’

FECUNDITY

u p p e r  t h r e e  G r e a t

2 ,016  to  2 ,518  (Lake  Super io r ) , 2,643 to 3,553 (Lake Michigan) .6

EGGS

Demersal, red-orange, i n c u b a t i o n  p e r i o d : e g g s  i n c u b a t e  a l l  w i n t e r ,  f r y
emerge  f rom March  to  l a te  July;l 60  to  63  days  a t  7  C;z 48 days a t  8 .9
C;l 3 6  d a y s  a t  1 0  C;’ 3 8  d a y s  a t  1 0 . 7  C.’

NATURAL HYBRIDS

Oncorhynchus tshawytscha.”

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
16.0-18.2 mm Newly hatched. 4 *

Myomeres: body too opaque to observe myomeres.*
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 3  t o  6 8 ,  b o d y

depth  a t  anus  12  to  13 ,  head  leng th 19 to 21, snout
l e n g t h  3 ,  e y e  d i a m e t e r 9 ,  y o l k - s a c  l e n g t h  4 6  t o  6 1 ,
yo lk -sac  dep th  28  to  36 . *

M o r p h o l o g y :  e y e s  f u l l y  d e v e l o p e d ; ’ f i n f o l d  c o n t i n u o u s ,
p e l v i c a n d  p e c t o r a l  b u d s  p r e s e n t ,  d o r s a l  f i n  p a r t i a l l y
d i f f e r e n t i a t e d ,  a c t i n o t r i c h i a  p r e s e n t i n  d o r s a l and
a n a l  f i n s , 11  cauda l  f i n  rays  (18  mm) . *
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P igmenta t ion :  eyes  p igmented , a  f e w  m e l a n o p h o r e s  o n
snout , dorsum of  brain and yolk sac (18 mm).*

25-29 mm Morphometry:  (as % TL) preanal  length 59 to 61, body depth
a t  a n u s  1 4  t o  1 6 ,  h e a d  l e n g t h  2 2  t o  2 3 ,  s n o u t  l e n g t h  3
t o  5 ,  e y e  d i a m e t e r  5  t o  9 ,  y o l k - s a c  l e n g t h 25 to 34,
yo lk -sac  dep th  15  to  23 . *

M o r p h o l o g y :  f i n f o l d  c o n t i n u o u s ,  1 2  d o r s a l ,  1 4  a n a l  a n d  1 0
p e c t o r a l  f i n  r a y s ,  a d i p o s e  f i n  d i f f e r e n t i a t e d , nares
developed (26 mm) .*

P i g m e n t a t i o n :  s n o u t ,  d o r s a l and l a t e r a l  s u r f a c e  o f  h e a d
pigmented, me lanophores  even ly  d is t r ibu ted  over e n t i r e
b o d y  b u t  a b s e n t  f r o m  l o w e r  j a w  t o  a n u s ,  m e l a n o p h o r e s
presen t  on  en t i re  in te r rad ia l  membrane  o f  do rsa l , anal
and  cauda l  f i ns , c o n c e n t r a t e d  b e t w e e n  t i p s  o f  f i r s t  f e w
r a y s  o f dorsa l f i n , p igment  a lso  p resen t  a t  base  o f
f in fo ld membrane a long ent i re dorsum, c o n c e n t r a t e d  a t
base of  adipose and between adipose and caudal f ins (26
mm) .*

30-33 mm Morphometry:  (as % TL) preanal  length 59 to 62, body depth
a t  anus  14  to  16 ,  head  leng th  21  to  24 ,  snou t  leng th  4 ,
e y e  d i a m e t e r  8  t o  9 ,  y o l k - s a c  l e n g t h  2 1  t o  2 4 ,  y o l k - s a c
d e p t h  9  t o  1 4 . *

M o r p h o l o g y :  f i n f o l d s  a b s o r b e d  e x c e p t preanal p o r t i o n ,
median f in rays complete (32 mm).*

P i g m e n t a t i o n :  p a r r  m a r k s  9  t o 10, pigment more dense on
snout and over brain,  melanophores e v e n l y  d i s t r i b u t e d
elsewhere o n  b o d y ,  b e c o m i n g  m o r e  d e n s e  o n  d o r s u m ,
adipose and membrane above and be low cauda l peduncle
pigmented, melanophores c o n c e n t r a t e d  b e t w e e n  d i s t a l
t i p s  o f  f i r s t  f e w  d o r s a l  f i n rays , d e c r e a s i n g  t o w a r d
poster i or p o r t i o n  o f f i n ,  m e l a n o p h o r e s  r e s t r i c t e d  t o
i n t e r r a d i a l membrane i n c e n t e r  o f anal f i n and
concentrated near tips of f i r s t t h r e e rays,
melanophores r e s t r i c t e d t o i n t e r r a d i a l membrane of
p r o x i m a l  p o r t i o n  o f  c a u d a l  f i n  ( 3 2  m m ) . *

LARVAE

Tota l Length D e s c r i p t i o n
33-49 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 4  t o  5 8 ,  b o d y

depth at anus 15 to 18, head length 22 to 25, snout
leng th  3  to  5 , eye  d iameter  8  to  9 . *

Morpho logy :  yo lk absorbed; * (28  days  pos tha tch ing ; ’  134
d a y s  p o s t f e r t i l i z a t i o n  a t  4 . 5  C and 92 days
p o s t f e r t i l i z a t i o n  a t  1 0 . 5  C”); f i n f o l d  a b s o r b e d  e x c e p t
p r e a n a l  p o r t i o n ,  a l l  f i n  r a y s  f o r m e d  ( 3 7  m m ) . *

P igmenta t ion : me lanophores  even ly  d is t r ibu ted  over body,
11 parr marks, several  smal ler  marks present  on dorsum,
p igment  concen t ra ted  over  snou t ,  on  dorsum o f  b ra in ,  on
dorsum be tween  dorsa l and ad ipose f ins  and be tween
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JUVENILES

ad ipose  and  cauda l  f i ns , e n t i r e i n t e r r a d
p i g m e n t e d  o n d o r s a l ,  c a u d a l  a n d  a n a l
me lanophores  concen t ra ted  near  t i ps  o f  f i r

i a l membrane
1 fins with
st few rays

o f a n a l  f i n  a n d  a l o n g  f i r s t  h a l f  a n d  b e t w e e n  b a s e  o f
las t  two  dorsa l  f i n  rays  (37  mm)  . *

Morphomet ry :  l ead ing  edge  o f  ana l  f i n  g rea te r  than  leng th
o f  f i n  base.ll

P i g m e n t a t i o n :  y e l l o w - b r o w n  w i t h  d a r k  b r o w n  b a c k , p a r r
marks  nar row and  dark  b rown,  f i ns  b r igh t  o range ,  he igh t
o f  d o r s a l and ana l  f i ns  g rea te r  in  coho  than  ch inook
salmon, l e a d i n g  e d g e  o f  d o r s a l  f i n  i s  b l a c k  p r o x i m a l l y
a n d  w h i t e  d i s t a l l y  a t emergence, two weeks a f t e r
emergence  co lo ra t ion  more  v iv id , l e a d i n g  e d g e  w h i t e ,
b a c k e d  b y  b l a c k  w i t h  t h e  r e s t  o f  t h e  f i n  o r a n g e ,  a n a l
f i n  s i m i l a r l y  colored.lO

ADULTS

F i n  r a y s :  c a u d a l  1 9 ; *  d o r s a l  9  t o  1 2 ,  a n a l  1 2  t o  17;' * p e c t o r a l  1 3  t o  1 6 ,
p e l v i c  9  t o  1l.l

V e r t e b r a e :  6 1  t o  69.1

L a t e r a l  l i n e  s c a l e s :  1 2 1  t o  148.l

P y l o r i c  c a e c a :  4 5  t o  114.’

D iagnos t i c  charac te rs : a n a l  f i n  w i t h  g r e a t e r  t h a n  1 2  r a y s ,  s m a l l  d a r k  s p o t s
on  dorsum a n d  o n l y  u p p e r  h a l f  o f  c a u d a l  f i n ,  p y l o r i c  c a e c a  u s u a l l y
l e s s  t h a n  8 5 ,  f l e s h y  g u m s  o f l o w e r  j a w  n o t  b l a c k , g i l l r ake rs
u s u a l l y  1 9  t o  2 5 .

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Siefert  and Spoor (1974)

i:
McPhai l  and Lindsey (1970)
Zeitoun and Tack (1974)
Bonham and Seymour (1949)
S tau f fe r  (1976)

Avery (1973)
2 Brannon et  a l .  (1976)
9 . Parsons (1973)

10. S t e i n  e t  a l .  ( 1 9 7 2 )
11. Decker  e t  a l .  (1978)
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F i g .  3 2 . Oncorhynchus k isutch,  coho salmon. A and B. Y o l k - s a c  l a r v a e
and B, labora to ry - reared ,  Wiscons in , N A A;,,‘”o r i g i n a l  i l l u s t r a t i o n s  b y  .  .
spec imens prov ided by  F .  P .  B inkowsk i , Center f o r  G r e a t  L a k e s  S t u d i e s :
Un ivers i ty  o f  Wiscons in-Mi lwaukee) .



Oncorhynchus kisutch

B 37 mm

F i g .  3 3 . O n c o r h y n c h u s  k i s u t c h ,  c o h o  s a l m o n .  A .  Y o l k - s a c l a r v a .  B .
J u v e n i l e .  ( A  a n d  B ,  l a b o r a t o r y - r e a r e d ,  W i s c o n s i n ,  o r i g i n a l  i l l u s t r a t i o n s  b y
N. A. Auer, s p e c i m e n s  p r o v i d e d  b y  F .  P .  B i n k o w s k i ,  C e n t e r  f o r  G r e a t  L a k e s
Stud ies , Un ivers i ty  o f  Wiscons in-Mi lwaukee) .
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Oncorhynchus nerka

Oncorhynchus nerka (Walbaum), kokanee salmon

DISTRIBUTION

I n t r o d u c e d  i n t o  a l l  o f  t h e  G r e a t  L a k e s , 3 na tu ra l  rep roduc t ion  has  been
documented for  Lake Huron.2  3

SPAWNING SEASON

S p a w n i n g  r u n s  b e g i n  i n  m i d - A u g u s t ,  p e a k  s p a w n i n g  o c c u r s  f r o m  l a t e

Orange- red . '

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not descr ibed .

JUVENILES

Not descr ibed .

ADULTS

F in  r ays : caudal 19 ; *  dorsa l  11  to  16 ,  ana
2 1 ,  p e l v i c  9  t o  11.l

V e r t e b r a e :  5 6  t o  67.1

L a t e r a l  l i n e  s c a l e s :  1 2 0  t o  150.'

S e p t e m b e r  t o  e a r l y  O c t o b e r  i n  L a k e  H u r o n . 2

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

M i g r a t e s  u p r i v e r  o r  t o  n e a r s h o r e  o f  lakes.z

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

2 5 0  t o  2,ooo;z o r  4,000.’

EGGS

1 13 to 18, pectoral 11 to
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P y l o r i c  c a e c a :  4 5  t o  115.' 4

D i a g n o s t i c  c h a r a c t e r s :  n o  b l a c k  s p o t s , h o w e v e r  b l a c k  s p e c k l i n g  o n
f i n s , g i l l rakers  long ,  c rowded 30  to  40 ,  py lo r i c  caeca  usua l l y  60
to 115.

LITERATURE CITED
1. Scott and Crossman (1973)
2. Co l l i ns  (1971)

Parsons (1973)
McPhai l  and Lindsey (1970)
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Oncorhynchus tshawytscha

Oncorhynchus tshawytscha (Walbaum), chinook salmon

DISTRIBUTION

I n t r o d u c e d  i n t o  o f  a l l  t h e  G r e a t  L a k e s . 6 Natural r e p r o d u c t i o n  f r o m
these i n t r o d u c t i o n s  h a s  b e e n  d o c u m e n t e d  f o r  L a k e s  S u p e r i o r 8  a n d
Michigan.y

SPAWNING SEASON

Spawn ing  occurs  in  the  fa l l  i n  Lake  Super io r *  and  f rom la te  Sep tember
to  ear l y  Oc tober  th roughout  the  Grea t  Lakes  regi0n.l

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Not  repor ted .

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

2,500 (New Hampshire); ' 3 , 7 6 0  t o  7 , 4 5 4  ( C a l i f o r n i a ) . 3

NATURAL HYBRIDS

Oncorhynchus  k isu tch . '

EGGS

Demersal, red -o range . *
Incubat ion  per iod : Temperature C

1.6-1 .7

4.g.5
5-o-5.9
7 . 1 - 7 . 3

8 .6
9 . 6 - 9 . 9

10.1-10 .3
11.0-11 .4
12.6-12 .8
13.0-13.1
14.2-14 .3
15.3-15.7
16.7-16 .9

18.1

Days to 50% Hatch
204.0-206.3'
157.5-160.3'
120.1-128.6~
92.4-110.0'
73.4-79.1'

6 3 . 4 '
5 2 . 2 - 5 5 . 4 '
5 0 . 0 - 5 0 . 9
43.0-47.37
3 8 . 8 - 4 2 . 0 '
38.0-39.7'
3 4 . 0 - 3 6 . 7 '
3 2 . 1 - 3 4 . 3 '
30.7-31.47

28.07
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Oncorhynchus tshawytscha

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
19.0-19.2 mm Newly  ha tched; *  23 .6  to  24 .8  mm.’

19-21 mm Myomeres: body too opaque to observe myomeres.*
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 0  t o  6 2 ,  b o d y

d e p t h  a t  a n u s 1 2  t o  1 3 ,  h e a d  l e n g t h  1 4  t o  2 0 ,  s n o u t
l e n g t h  1  t o  3 ,  e y e  d i a m e t e r  7  t o  8 ,  y o l k - s a c  l e n g t h  4 7
t o  5 4 ,  y o l k - s a c  d e p t h  3 2  t o  3 9 . *

M o r p h o l o g y :  s l i g h t i n d e n t a t i o n s and a c t i n o t r i c h i a i n
f i n f o l d  m a r k  a r e a  o f  f u t u r e  d o r s a l  a n d  a n a l  f i n s , some
caudal f i n  r a y s  f o r m e d , pec to ra l a n d  p e l v i c  b u d s
apparent  (19 mm).*

P igmenta t ion : eyes pigmented, sma l l  amoun t  o f  p igmen t  on
d o r s u m  o f  h e a d  a n d nape, melanophores evenly spaced
over dorsum and d o r s o - l a t e r a l surf ace, venter
immacu la te  f rom s n o u t  t o  i n s e r t i o n  o f  a n a l  f i n ,  a  f e w
melanophores on interradia l  membrane of  centra l caudal
f i n  (19  mm) . *

22-24 mm Morphometry:  (as % TL)  p reana l  l eng th  60 ,  dep th  a t  anus
1 3 ,  h e a d  l e n g t h  1 9 ,  s n o u t  l e n g t h  3 ,  e y e  d i a m e t e r  7 ,
y o l k - s a c  l e n g t h  4 1  t o  4 8 ,  y o l k - s a c  d e p t h  2 6  t o  2 8 . *

M o r p h o l o g y :  l i t t l e  c h a n g e  f r o m  p r e v i o u s  s t a g e ,  d o r s a l  f i n
more d i s t i n c t , rays e v i d e n t o n l y i n caudal f i n ,
v i t e l l i n e  v e i n  e v i d e n t  o n  a n t e r i o r  s u r f a c e  o f  y o l k sac
(23 mm).*

P igmenta t ion :  me lanophores  p resen t  on  t ip  o f  snou t ,  more
dense on dorsum of brain and nape, e v e n l y  d i s t r i b u t e d
over r e s t  o f body, a  f e w  m e l a n o p h o r e s  o n  f i n f o l d
membrane  a t  do rsa l  o r ig in ,  near a n d  b e t w e e n  r a y s  o f
caudal fin (23 mm).*

27-30 mm Morphometry: (as % TL) preanal l e n g t h  5 8  t o  6 1 ,  b o d y
depth at anus 13 to 15, head length 20 to 22, snout
l e n g t h  3  t o  4 , eye  d iameter  7  to  8 ,  yo lk -sac  leng th  33
t o  4 1 ,  y o l k - s a c  d e p t h  1 7  t o  2 2 . *

M o r p h o l o g y :  d o r s a l  ( 1 4  r a y s ) ,  a n a l  ( 1 8  r a y s )  a n d  a d i p o s e
f i n s d i s t i n c t , y o l k sac almost absorbed, nares
developed (29 mm) .*

Pigmentat ion:  melanophores more numerous i n area of
snout , b r a i n , d o r s u m  o f  b o d y  a n d  e i t h e r s i d e  o f
u n p i g m e n t e d  l a t e r a l  l i n e , venter unpigmented f rom lower ’
j a w  t o i n s e r t i o n  o f anal f i n , p i g m e n t  p r e s e n t  o n
f i n f o l d  m e m b r a n e  a n t e r i o r  a n d  p o s t e r i o r  t o  d o r s a l  f i n ,
o n  a d i p o s e  f i n a n d  j u s t  p o s t e r i o r t o  a d i p o s e f i n ,
melanophores a l s o  p r e s e n t on interradia l  membrane of
c a u d a l  f i n  a n d  t i p s  o f  d o r s a l  f i n  ( 2 9  m m ) . *
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31-35 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 7  t o  5 9 ,  b o d y
d e p t h  a t  a n u s 1 5  t o  1 6 ,  h e a d  l e n g t h  2 3  t o  2 4 ,  s n o u t
l e n g t h  4  t o  5 ,  e y e  d i a m e t e r  8  t o  9 ,  y o l k - s a c  l e n g t h  2 0
t o  2 6 ,  y o l k - s a c  d e p t h  9  t o  1 7 . *

M o r p h o l o g y :  y o l k  s t i l l e v i d e n t al though much reduced,
med ian  f i n  rays  fo rmed,  pec to ra l  and p e l v i c  f i n  r a y s
incomplete, f i n f o l d  s t i l l  p r e s e n t  f r o m  n a p e  t o  d o r s a l
f i n ,  n e a r  a d i p o s e  a n d  f r o m  p o s t e r i o r  p o r t i o n  o f  y o l k
sac to anus (34 mm).*

P igmenta t ion :  me lanophores  more  numerous  in  head  reg ion
and on dorsum, 15  par r  marks  (each  over  ha l f  above  the
l a t e r a l line) , several more smal ler  spots on dorsum,
v e n t e r  f r o m  l o w e r  j a w  t o i n s e r t i o n  o f anal f i n
unpigmented, melanophores on interradia l  membrane of
e n t i r e  c a u d a l  f i n ,  o n  a n t e r i o r a n d  p o s t e r i o r  a d i p o s e
f i n  a n d  j u s t  p o s t e r i o r  t o  a d i p o s e ,  m e l a n o p h o r e s  a l s o
presen t  on  in te r rad ia l  membrane  o f  do rsa l f i n  e x c e p t
be tween las t  two rays  and p igment  very  dense a t  t ips  o f
second and th i rd rays (34 mm).*

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
36-59 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 5  t o  5 8 ,  b o d y

depth at anus 13 to 17, head length 22 to 25, snout
l e n g t h  4  t o  6 ,  e y e  d i a m e t e r  7  t o  9 . *

Morpho logy :  yo lk  absorbed , f i n f o l d s  a b s o r b e d  e x c e p t  f o r
s m a l l  p r e a n a l  p o r t i o n ,  f i n  r a y s  c o m p l e t e  ( 4 1 . 0  mm).n

P igmenta t ion : melanophores more numerous over b r a i n  a n d
o n  h e a d  o v e r a l l , 1 0  p a r r  m a r k s present (41.0 mm) ,
severa l  sma l le r  spo ts  over dorsum, a n t e r i o r edge Of
pec to ra l f i n  w i t h  m e l a n o p h o r e s ,  a n a l  f i n  p i g m e n t e d  i n
cen te r , interradia l  membrane of  dorsal  and caudal f i n s
f u l l y  p i g m e n t e d , m o r e  p i g m e n t  n e a r  t i p s  o f  f i r s t  f e w
r a y s ,  p i g m e n t  o n  a d i p o s e  a n d  o n  m e m b r a n e  a b o v e  a n d
below caudal  peduncle, a few melanophores on lower jaw,
v e n t e r  l a c k i n g  p i g m e n t  f r o m  m i d - j a w  t o  j u s t  a n t e r i o r  o f
p e l v i c  f i n s  ( 4 1 . 0  m m ) . *

JUVENILES
Morphometry: l e n g t h  o f  l e a d i n g  e d g e  o f  a n a l  f i n  l e s s  t h a n

l e n g t h  o f  f i n  base.12
P i g m e n t a t i o n :  b o d y  s i l v e r y  o r l i g h t  y e l l o w  w i t h  b l u e -

green or brown back,  parr  marks wide,  b lack and sharply
c o n t r a s t i n g ,  f i n s  y e l l o w ,  h e i g h t  o f dorsa l and anal
f i ns  g rea te r  i n  coho  than  ch inook  sa lmon,  a t  emergence
a  f e w  c h r o m a t o p h o r e s  s c a t t e r e d  o v e r dorsal f i n ,
s u b s e q u e n t  b a n d  o f  b l a c k  d e v e l o p e d  w i t h  w h i t e  a n d
o r a n g e  d i s t a l l y , a t  two weeks  dorsa l  f in l e a d i n g  e d g e
w h i t e  d i s t a l l y , b l a c k  p r o x i m a l l y , orange band fo l lows
t h e  w h i t e  l e a d i n g  e d g e ,  f i n  y e l l o w ,  a n a l  f i n  s i m i l a r l y
colored.‘O
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ADULTS

Fin rays : caudal 18 t o  1 9 ; * d o r s a l  1 0 t o 14, anal 14 t o 19,’ 5

pec to ra l 14 to 17, p e l v i c 1 0  t o  11.’

V e r t e b r a e :  6 7  t o  75.'

L a t e r a l  l i n e  s c a l e s :  1 3 0  t o  165.'

P y l o r i c  c a e c a :  9 0  t o  24O.l’

D iagnos t i c  charac te rs : less  than  12  ana l  f i n  rays ,  sma l l  da rk  spo ts  on
b a c k  a n d  b o t h l o b e s  o f c a u d a l  f i n , py lo r i c  caeca  usua l l y  140  o r
m o r e ,  f l e s h y  g u m s  o f  l o w e r  j a w  b l a c k ,  g i l l  r a k e r s  u s u a l l y  2 0  t o  2 8 .

LITERATURE CITED
1. Scott and Crossman (1973) Alderdice and Velsen (1978)
2. S i l v e r  e t  a l .  ( 1 9 6 3 ) Berg (1978)

?
McGregor (1923) 9. Parsons (1973)
Bonham and Seymour (1949) 10. S t e i n  e t  a l .  ( 1 9 7 2 )

5 . Foers te r  and  Pr i t chard  (1935) 11 .  McPha i l  and  L indsey  (1970)
6 . Emery (1976) 12. Decker  e t  a l .  (1978)

19 mm

F i g .  3 4 . Oncorhynchus tshawytscha, chinook salmon. Yolk-sac l a r v a .
(Labora to ry - reared , Wisconsin, o r i g i n a l i l l u s t r a t i o n by N. A. Auer,
s p e c i m e n  p r o v i d e d  b y  F .  P .  B i n k o w s k i ,  C e n t e r  f o r  G r e a t  L a k e s  S t u d i e s ,
Un ivers i ty  o f  Wiscons in-Mi lwaukee) .
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23 mm

B 29 mm

F i g .  3 5 . Oncorhynchus tshawytscha, chinook salmon. A and B. Yo lk -sac
;ar;aeAuiF  and B, l a b o r a t o r y - r e a r e d , Wisconsin, o r i g i n a l  i l l u s t r a t i o n s  b y

. * s p e c i m e n s  p r o v i d e d  b y  F .  P .  B i n k o w s k i ,  C e n t e r  f o r  G r e a t  L a k e s
Stud ies , Un ivers i ty  o f  Wiscons in-Mi lwaukee) .
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Oncorhynchus tshawytscha

34 mm

B 41 mm

Fig. 36. Oncorhynchus tshawytscha, chinook salmon. A. Yolk-sac larva. B.
Larva. (Laboratory-reared, Wisconsin, or ig inal  i l lustrat ions by N.  A.  Auer ,
specimens provided by F. P. Binkowski, Center for Great Lakes Studies,
University of Wisconsin-Milwaukee).
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Prosop ium cou l te r i

P rosop ium cou l te r i (Eigenmann and Eigenmann), pygmy whitefish

DISTRIBUTION

Found ‘only in Lake Super ior  in deep water 18 to 89 m, most commonly at
45 to 71 m.l  2

SPAWNING SEASON

Spawns in November or December.’ 2

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Not  repor ted .

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

392 (93 to 597) * 2

EGGS

Orange; 3 d iamete r  (ovar ian )  2 .0  mm;*  2  (wa te r  ha rdened , u n f e r t i l i z e d )
2.57 mm + 0.03.”

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES
Pigmenta t ion :  body  pa le  tan , a few melanophores on dorsal

and l a t e r a l su r faces , v e n t e r unpigmented, 8 to 11
s u b c i r c u l a r  p a r r  m a r k s  a l o n g  l a t e r a l  l i n e ,  d i f f u s e  n e a r
m a r g i n s  i n  j u v e n i l e s  b u t  d i s t i n c t  i n  a d u l t ,  d a r k  b a r  o n
p r e o r b i t a l  p a r a l l e l s  u p p e r  j a w ,  a  f e w  d a r k  m a r k i n g s  o n
dorsum of head behind eyes.2

ADULTS

Fin rays : cauda 1 19, dorsal 11 (10 to 12), anal 13 o r 14 (12 t o 14),
pec to ra l 13 to 16 ,  pe l v i c 9 t o 11.2
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V e r t e b r a e :  5 0  t o  55.’

L a t e r a l  l i n e  s c a l e s :  5 0  t o  70.'

G i l l  r a k e r s : 13 to 20 ( length 1.3 to 2.1% SL) .2

Diagnos t i c  charac te rs :  the  sma l les t  co regon ine  ( ra re ly  exceeds  203  mm)
w i t h  t h e  l a r g e s t  s c a l e s  a n d f e w e s t  v e r t e b r a e , subterminal mouth,
t e e t h  o n tongue, number  o f g i l l rakers s i m i l a r to those of
p .  c y l i n d r a c e u m  b u t  l o n g e r ,  e y e  l a r g e .

LITERATURE CITED
1. Scott and Crossman (1973)
2. Eschmeyer and Bailey (1955)
3. Booke (1970)
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Prosopium cyl indraceum

Prosop ium cy l ind raceum (Pa l las ) ,  round  wh i te f i sh

DISTRIBUTION

L o c a t e d  i n  a l l  o f  t h e  G r e a t  L a k e s  e x c e p t  L a k e  Erie.’ a

SPAWNING SEASON

Spawns from October to November i n t h e  G r e a t  L a k e s r e g i o n 1  * and
November to December in Canada and the northern Uni ted States.l 4  s 7

SPAWNING TEMPERATURE

Spawn ing  repor ted  a t  a  tempera tu re  o f  0  C.’

SPAWNING HABITAT

Spawns i n  s h a l l o w  r e g i o n s  o f  lakes,l  0 . 2  t o  0 . 6  rn,’ 3 . 6  t o  1 4 . 5  m,l  ’
7 m.8

SPAWNING SUBSTRATE

Spawns over stone,’  gravel,z ’ rocky reefs’ and honeycomb rock.’

FECUNDITY

2 , 2 0 0  t o  1 4 , 3 0 0 . ’  3  ’

EGGS

Y e l l o w - o r a n g e ; ’  orange;,  c h o r i o n  o r a n g e ; *  d i a m e t e r  2 . 9  t o  3 . 5  m m ;5  * 9

more  than  200  o i l  d rop le ts , la rges t  l ess  than  0 .7  mm in  d iamete r ,  yo lk
amber, d iamete r  2 .6  mm (2 .4  to  3 .0  mm) ; *  i ncuba t ion  per iod : 140 days
a t  2 . 3  C;’ 8 7  ( 7 0  t o  9 6  d a y s )  a t  3 . 2  t o  8 . 1  C;* e g g s  s p a w n e d  t h e  l a s t
two weeks of November to the end of December hatch the end of March to
t h e  l a s t  w e e k  o f  A p r i l . ’

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
12-13 mm Newly hatched, mean length 12.3 mm.8

Myomeres: 48 (35 + 13);‘  (34 to 35 + 15 to 16) .a
Morphometry:  yolk-sac length 33% TL.*
Morphology: l o w e r  j a w  s u b t e r m i n a l ,  m u l t i p l e  o i l  g l o b u l e s

present.a
Pigmenta t ion : o v a l  p a t c h  o f melanophores on d o r s u m  o f

head, t w o  d i s t i n c t rows  o f  me lanophores  on  in tes t ine
f r o m  p o s t e r i o r  p o r t i o n  o f  y o l k  s a c t o  a n u s , some on
l a t e r a l  l i n e ,  d o r s a l  m e l a n o p h o r e s  e q u a l  t o  w i d t h  o f  o n e
myomere. 8

13-18 mm Morphometry:  yolk-sac length 10% TL.8
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Prosopium cyl indraceum

Morphology: nares  p resent , u r o s t y l e  b e g i n s  t o  f l e x ,  f i n
r a y s  a b s e n t . ’

P i g m e n t a t i o n :  d o r s a l  p i g m e n t  o n  m e d i a n  f i n f o l d  i r r e g u l a r ,
dorsal  melanophores less than width of  one myomere.8

Morpho logy :  yo lk  abs0rbed.O
P i g m e n t a t i o n :  s t e l l a t e and c o n s t r i c t e d melanophores

p r e s e n t  o n  d o r s u m  a n d  a l o n g  l a t e r a l  l i n e ,  l a r g e s t  o n e s
o n e - h a l f the  w id th  o f  a  myomere ,  p igment  a lso  p resen t
on  ope rc le , snou t  and  cauda l  and  dorsa l  f i ns , c i r c u l a r
c l u s t e r  o f melanophores on per i toneum behind pectoral
f i n  base.O

28-29 mm Morphology: a 11 median f in rays developed.*
P igmenta t ion : e n t i r e dorsa l and l a t e r a l surf ace

pigmented, p e c t o r a I , pe lv i c  and  ana l  f i ns  and  p reana l
v e n t e r unp igmented, p a r r marks and /o r c l u s t e r  o f
me lanophores  a t  base  o f  pec to ra l  f i n  p resen t . 8

35 mm

LARVAE

Tota l l e n g t h D e s c r i p t i o n
19 mm Morphomet ry :  leng th  f rom snout  to  h ighes t  po in t  on  dorsa l

f in  less  than  50% SL.8

Morphology: pectoral f i n rays present , squamation
b e g i n s . 8

Pigmenta t ion : s e v e n  i r r e g u l a r  o v a l  p a r r  m a r k s  o n dorso-
l a t e r a l su r face , f o u r or five parr marks on each
l a t e r a l  surface.O

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
44-45 mm Morphology: squamat ion complete.8

Pigmenta t ion :  dens i t y  and  number  o f  par r  marks  inc reases ,
e igh t  pa r r  marks  a long  la te ra l  su r face  be tween ope rc le
and  cauda l  pedunc le ,  da rk  marg ins  deve lop  on  f i r s t  fou r
rows o f  d o r s a l  s c a l e s ,  b e t w e e n  d o r s a l  f i n  a n d  l a t e r a l
l ine. 8

ADULTS

F i n  r a y s :  c a u d a l  1 9 ; *  d o r s a l  1 3  ( 1 1  t o  1 5 ) ,  a n a l  9  t o  1 3 ,  p e c t o r a l  1 4
to 17, pelvic 9 to 11.’ ’

V e r t e b r a e :  5 8  t o  65.1

L a t e r a l  l i n e  s c a l e s : 87 to gy (74 to 108)~ 7

G i l l  r a k e r s : 16 to 18' (14 to 21) .l ’
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Prosopium cyl indraceum

D i a g n o s t i c  c h a r a c t e r s :  f u s i f o r m  b o d y ,  s h o r t  h e a d , subterminal mouth,

u s u a l l y  l e s s  t h a n  2 0  s h o r t  t h i c k  g i l l  r a k e r s ,  p o i n t e d  s n o u t ,  u s u a l l y
more t h a n  8 5  l a t e r a l l i n e  s c a l e s ,  s i n g l e  f l a p  o f  s k i n  b e t w e e n
n o s t r i l s .

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Krasikova (1968)

t :
Bai ley (1963)
Normandeau (1969)

5 . Bryan and Kato (1975)

6 . Faber (1970)
Koelz (1929)

;: H in r i chs  (1979)

9 . Booke (1970)

6.7 mm

7.3 mm

F i g .  3 7 . Prosopium cyl indraceum, r o u n d  w h i t e f i s h . A and B. Yolk-sac
la rvae . (A and B, l a b o r a t o r y - r e a r e d ,  W i s c o n s i n ,  H i n r i c h s  1 9 7 9 ) .
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‘Prosopium cylindraceum

dorsa l

12.7 mm

v e n t r a l

19.2 mm

F i g .  3 8 . Prosop ium cy l ind raceum,  round  wh i te f i sh . A .  Y o l k - s a c  l a r v a .  B .

Larva. (A, wi ld-caught,  New Hampshire, Faber 1970, National Museum Canada,

O t t a w a :  B ,  l a b o r a t o r y - r e a r e d ,  W i s c o n s i n ,  H i n r i c h s  1 9 7 9 ) .
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F i g .  3 9 . Prosopium cylindraceum, r o u n d  w h i t e f i s h . A and B. L a r v a e .  C .
J u v e n i l e . (A-C,  labora to ry - reared ,  Wiscons in ,  H in r i chs  1979) .



Salmo gairdner i

Sa lmo ga i rdner i  R ichardson ,  ra inbow t rou t  o r  s tee lhead

DISTRIBUTION

S t o c k e d  i n t o  a l l  o f the Great Lakes and known to reproduce
naturally.14

SPAWNING SEASON

Usua l l y  spawns i n t h e  s p r i n g , m i d - A p r i l t o  June,l however some
repor ted  spawn ing  occurs  in  bo th  the  spr ing  and  fall.14

SPAWNING TEMPERATURE

Spawns a t  wa te r  tempera tu res  o f  10 .0  to  15 .5  C.l

SPAWNING HABITAT

Spawns in  t r ibu tary  s t reams and rivers.l

SPAWNING SUBSTRATE

S p a w n s  o v e r  g r a v e l  i n  r i f f l e  areas,14  h a r d  c o m p a c t  c l a y  o r large
rocks.lS There i s u s u a l l y  g r o u n d w a t e r  flow.15 F e m a l e s  f a n  a
depress ion  in  the  g rave l ,  spawn, t h e n  c o v e r  e g g s  w i t h  1 0  t o  2 0  c m  o f
gravel.15

FECUND ITY

1 , 3 1 5  t o  3,894;" ' 3 , 1 2 0  t o  5 , 3 0 2 . 7

EGGS

P i n k - o r a n g e , ' diameter 4.46 mm 2 0.19.1°
Incuba t ion  per iod :  Tempera tu re  & Days to Hatch

2 . 0 - 2 . 5 10213  (95-119) 4

2:;
101'2

12

5 . 0 - 5 . 7 6 63&z 13 (58-73) 4

6 . 1 - 6 . 2 61'2
7 . 0 - 7 . 9 43.0-50.0L2  l3 ( 3 8 - 4 7 ) '

8 . 0 4112
9 .5 34-37 '

10 .0 -10 .8 2 7 - 3 0 5  l2 l3 ( 2 9 - 3 6 ) 4

11.5 27-2812
12.0-12 .8 23-25O 12 ( 9 . 8 - 1 5 . 8 )  4

13.0 25 13

14.5 21 12

15.0-15 .5 1812 (g.j-i4)4
17.0 g-124
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Salmo gairdner i

4 to 7 weeks; l 8 to 10 weeks, f r y  e m e r g e  f r o m  g r a v e l  w h e n  w a t e r
tempera tu res  reach  4 .4  to  10 .0  C.15

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
12.4-13.2 mm Newly hatched,‘:  or  19.4 to  20 mm.3

12-15 mm Myomeres: 56 to 60 (38 to 40 + 18
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l

t o  2 0 ) . *
l e n g t h  6 3  t o  6 6 ,  b o d y

depth  a t  anus  10  to  13 ,  head  leng th 14 to 20, snout
l e n g t h  3  t o  5 ,  e y e  d i a m e t e r  7  t o  8 ,  y o l k - s a c  l e n g t h  4 7
t o  6 0 ,  y o l k - s a c  d e p t h  2 4  t o  3 1 . *

Morphology: a c t i n o t r i c h i a  p r e s e n t i n  d o r s a l and anaI
f i n s , some cauda l  f in  rays  ev iden t ,  pe lv ic  and  pec to ra l
buds present  (12 mm).*

P igmenta t ion :  eyes  p igmented , o t h e r pigment absent (12
mm).*

16-22 mm Morphomet ry :  (as  % TL)  p reana l  l eng th  61  to  64 ,  dep th  a t
a n u s  1 0  t o  1 4 ,  h e a d  l e n g t h  1 7  t o  2 2 ,  s n o u t  l e n g t h  3  t o
5 ,  e y e  d i a m e t e r  7  t o  9 ,  y o l k - s a c  l e n g t h  2 6  t o  4 1 ,  y o l k -
sac  dep th  12  to  27 . *

M o r p h o l o g y :  f i n f o l d  c o n t i n u o u s  y e t c o n s t r i c t e d near
f u t u r e  d o r s a l , a n a l  a n d  a d i p o s e  f i n s ,  p r e a n a l  f i n f o l d
p resen t ,  med ian  f i n  rays  fo rm ing  (17  mm) . *

P igmenta t ion :  body I i g h t l y pigmented over a l I ,
melanophores concentrated on snout  and  over  b ra in  bu t
not along dorsum, no  p igment  on  yo lk  sac  o r  on v e n t e r
from jaws t o  m i d d l e  o f caudal p e d u n c l e ,  a  f e w
melanophores o n  p r o x i m a l p o r t i o n  o f i n t e r r a d i a l
membrane of  caudal  f in  (17 mm).*

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
23-25 mm Morphometry:  (as % TL)  p reana l  l eng th  60  to  62 ,  dep th  a t

a n u s  1 2  t o  1 3 ,  h e a d  l e n g t h  2 2  t o  2 5 ,  s n o u t  l e n g t h  4  t o
5 ,  e y e  d i a m e t e r  8  t o  9 . *

Morpho logy :  yo lk  absorbed , m e d i a n  f i n rays developed,
f i n f o l d  e v i d e n t  j u s t  a n t e r i o r  a n d  p o s t e r i o r t o  p e l v i c
fins (24 mm).:‘:

Pigmentat ion:  melanophores more numerous, evenIy
d i s t r i b u t e d  o v e r  b o d y  e x c e p t 1 1  s m a l l pa r r marks
d e v e l o p i n g  o n l a t e r a l l i n e , melanophores on proximal
i n t e r r a d i a l  m e m b r a n e  o f  p o s t e r i o r  t w o - t h i r d s  o f dorsa l
f i n , v e r y  d e n s e  p i g m e n t  o n  d i s t a l  p o r t i o n  o f  f i r s t  f e w
rays, cauda l  f i n  a l so  p igmented  on p r o x i m a l  p o r t i o n  o f
i n t e r r a d i a l membrane a n d  p i g m e n t  o n  m e m b r a n e  j u s t
pos te r io r  to  ad ipose  and  ana l  f i ns  (24  mm) . *
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Salmo gairdner i

JUVENILES

T o t a l  l e n g t h
38 mm P

ADULTS

D e s c r i p t i o n
i o r  m a r g i n  o f  d o r s a l  f ii gmenta t ion :  an te r

c h i n  speck1ed.l’
n  p igmented ,

Fin    caudaIrays : 19 ; * dorsa l 10 t o 12, anal 8 t o 12, pec to ra l 11 t o
1 7 ,  p e l v i c  9  t o 10.’

V e r t e b r a e :  6 0  t o  66.l 2

L a t e r a l  I i n e  s c a l e s :  1 0 0  t o  150.’

P y l o r i c  c a e c a :  2 7  t o  80.1~

Diagnos t i c  charac te rs : max i l la  bare ly  ex tends  beyond eye,  usua l ly  less
t h a n  1 4 0  l a t e r a l  l i n e  s c a l e s , many smal l  b lack spots on back,  s ides,
top  o f  head  and  on  cauda l  f i n , red-orange band along each s ide.

LITERATURE CITED
1. Scott and Crossman (1973) 9 . Allen and Sanger (1960)
2. G a r s i d e  ( 1 9 6 6 a )     10. S a t i a  e t  a l .  ( 1 9 7 4 )

43:
S i l v e r  e t  a l .  ( 1 9 6 3 ) 11. Bacon (1954)
Garside (1966b) 12. Embody (1934)

5 . Wales (1941) 13. Timoshina (1972)
6 . Donaldson and Olson (1955) 14. MacCrimmon and Gots (

Gal I  (1974) 15. Van Velson (1978)
Knight (1963) 16. McPhai l  and Lindsey (

1972)

1970)
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Sa lmo ga i rdner i

F i g .  4 0 .  S a l m o  g a i r d n e r i ,  r a i n b o w  t r o u t .  A - C .  Y o l k - s a c  l a r v a e .
l a b o r a t o r y - r e a r e d ,

(A-C,
Wisconsin, o r i g i n a l i l l u s t r a t i o n s by N. A.

spec imens prov ided by  F .  P .  B inkowsk i ,  Center
Auer,

Un ivers i ty  o f  Wiscons in-Mi lwaukee) .
f o r  G r e a t  L a k e s  S t u d i e s ,
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Salmo salar- -

Sa lmo sa la r  L innaeus ,  A t lan t i c  sa lmon

DISTRIBUTION

O n c e  n a t i v e  t o  L a k e  O n t a r i o  a n d  t r i b u t a r i e s  o f  t h e  u p p e r  S t .  L a w r e n c e
R i v e r , i t  h a s  b e e n  e x t i r p a t e d  f r o m  L a k e  Ontario.ll I n t r o d u c e d  i n t o
Lakes Michigan and Huron.'

SPAWNING SEASON

Spawns from October through November in Canada.l 7 lo

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Spawns in shal low, SW

c l e a r , cool w a t e r ,
g r a d i e n t . '

i f t - r u n n i n g  r i v e r s ,
abundant s h o a l s  w

SPAWNING SUBSTRATE

5 mm to 120 mm deep,l" w i t h
t h  g r a v e l and sharp stream

Deposi ts eggs among coarse gravel  and stone.lO

FECUNDITY

1,779 (632 to 4,578) s5

EGGS

Diameter 6.6 mm (5.0 to 7.0 mm).'
Incubat ion per iod:  Temperature C

1.6
2.2

;:;
4 .0

4 . 9 - 5 . 0
5 .0
6 .0

ii::
8 .3

9 . 9 - 1 0 . 0
10.0
11.7
12.0

Days to Eye

78

51-60

38-48

31-36

27-32

22-29

YOLK-SAC LARVAE
Newly hatched (22 mm), total myomeres 60.3
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Salmo salar- -

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : cauda l  18 ; *  do rsa l  10  to  12 ,  ana l  8  to  11 , pec to ra I 14 to
1 5 ,  p e l v i c  9  t o  10.’

V e r t e b r a e :  5 8  t o  61.1

L a t e r a l  l i n e  s c a l e s :  1 0 9  t o  121.’

D i a g n o s t i c  c h a r a c t e r s :  a n a l f i n  r a y s  8  t o  1 1 , fewer  than  165  la te ra l
l i n e  s c a l e s , c a u d a l  f i n  n o t  s p o t t e d ,  2  t o  3  l a r g e  s p o t s  o n  g i l l
cover , vomer ine  tee th  no t  we l l  deve loped .

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Dumas (1966)

i’:
Ba t t le  (1944)
Hamor and Garside (1977)
Pete rson  e t  a l .  (1977)
Hamor and Garside (1976)

Parsons (1973)
lncerpi and Warner (1969)

9 . Sanderson (1935)
10. Belding (1934)
11. Clark (1969)
12. Hubbs and Lagler (1958)
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Salmo t ru t ta- -

DISTRIBUTION

Salmo t ru t ta  L innaeus ,  b rown t rou t

In t roduced in to  the  Grea t  Lakes  reg ion , i t reproduces n a t u r a l l y i n
m a n y  t r i b u t a r i e s . '

SPAWNING SEASON

Spawns in October and November in the Great Lakes. '  5  8

SPAWNING TEMPERATURE

Spawning usual ly occurs at  temperatures between 6.7 and 8.9 C.l

SPAWNING HABITAT

Spawns in streams or along rocky reefs.l

SPAWNING SUBSTRATE

Female excavates redd in gravel , r i f f l e  a r e a  o r  n e a r  l i p  o f  ~001.~

FECUNDITY

107 to 2,419.' 2 8 9

NATURAL HYBRIDS

S a l v e l i n u s

EGGS

f o n t i n a l i s , 6 r e s u l t i n g  i n  " t i g e r "  t r o u t .

Amber color, d iamete r  4 .4  to  4 .5  mm.3  4

Incuba t ion  per iod :  Tempera tu re  C Days  to  Hatch- -
1.9

2 . 2 - 2 . 9
3*:-z.,

5 . 1 - 5 . 5
6 .4

7 . 0 - 7 . 9
8 .3
9.2

10.7
11.1-11.2

148'
155-120'
i ig-108'
9 7 . 5 '
95-86'

;;I667
49'
46 '
;;':;8-52) 5

YOLK-SAC LARVAE

T o t a l  l e n g t h
13.7-15.0 mm

D e s c r i p t i o n
Newly hatched.*
Myomeres: 50 to 54 (35 to 37 + 17 to 19).*
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Salmo t ru t ta- -

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 5  t o  6 7 ,  b o d y
d e p t h  a t  a n u s 1 1  t o  1 3 ,  h e a d  l e n g t h  1 4  t o  2 2 ,  s n o u t
l e n g t h  2  t o  5 ,  e y e  d i a m e t e r  7  t o  8 ,  y o l k - s a c  l e n g t h  4 9
t o  5 5 ,  y o l k - s a c  d e p t h  3 4  t o  4 4 . *

M o r p h o l o g y :  f i n f o l d cont inuous , d i f f e r e n t i a t i n g  n e a r
d o r s a l , ana l  and  ad ipose  f ins , a c t i n o t r i c h i a  e v i d e n t  i n
d o r s a l  a n d  a n a l  f i n s ,  p e l v i c  a n d  p e c t o r a l  b u d s  p r e s e n t ,
12  cauda l  f i n  rays  (14 .5  mm) . *

P igmenta t ion :  do rsum o f  b ra in  and  nape  p igmented , smalI
melanophores o n  d o r s a l l i n e s  o f  m y o s e p t a ,  a  f e w
melanophores on dorsum of  yolk sac,  poster ior t o  a n a l
f i n  o n  c a u d a l pedunc le  and on  f i n fo ld  membrane  on
dorsum of  caudal  peduncle (14.5 mm).*

16-17 mm Myomeres : see 13.7-15.0 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 5  t o  6 7 ,  b o d y

d e p t h  a t  a n u s 1 1  t o  1 2 ,  h e a d  l e n g t h  1 5  t o  2 1 ,  s n o u t
leng th  3  to .  5 ,  eye  ‘d iameter  7  to  8 ,  yo lk -sac  leng th  58
t o  5 9 ,  y o l k - s a c  d e p t h  2 7  t o  3 9 . *

Morphology: l i t t l e  c h a n g e  f r o m  p r e v i o u s  s t a g e ,  d o r s a l
f in rays more developed, 16  cauda l f i n  r a y s  f o r m e d
(16.0 mm).*

P igmenta t ion :  p igment  inc reased  on  dorso- la te ra l  su r face
o f head, o n  o p e r c u l a  a n d  j u s t  p o s t e r i o r  t o  d o r s a l  f i n
on the f infold membrane, pigment on myosepta extends to
v e n t r o - l a t e r a l  a r e a ,  n o  p i g m e n t  o b s e r v e d  o n y o l k  s a c
(16.0 mm).*

18-20 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 9  t o  6 5 ,  b o d y
d e p t h  a t  a n u s  1 0  t o  1 3 ,  h e a d  l e n g t h  1 9  t o  2 3 ,  s n o u t  3
to 4, e y e  d i a m e t e r  7  t o  8 ,  y o l k - s a c  l e n g t h  3 9  t o  5 3 ,
yo lk -sac  dep th  14  to  24 . *

M o r p h o l o g y :  m e d i a n  f i n f o l d  s t i l l e v i den t , d i s t i n c t l y
decreased, anal a n d  d o r s a l f i n s  d i s t i n c t , f u t u r e
p o s i t i o n  o f  a d i p o s e  f i n  e v i d e n t ,  m y o m e r e s  n o Ionger
d is t ingu ishab le ,  yo lk  sac  much reduced,  nares  deve loped
(19.5 mm).*

P i g m e n t a t i o n :  m e l a n o p h o r e s  e v e n l y  d i s t r i b u t e d  o n  b o d y
except a long l a t e r a l l i n e , proximal p o r t i o n  o f
i n t e r r a d i a l membrane of caudal f i n  p i g m e n t e d  ( 1 9 . 5
mm).*

20-23 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 9  t o  6 5 ,  b o d y
d e p t h  a t  a n u s 11 to 13, head  leng th  20  to  23 ,  snou t
l e n g t h  3  t o  4 , e y e  d i a m e t e r  7  t o  9 ,  y o l k - s a c  l e n g t h  2 8
t o  4 6 ,  y o l k - s a c  d e p t h  1 1  t o  1 3 . *

M o r p h o l o g y :  y o l k  s a c apparen t  a l though  g rea t l y  reduced ,
med ian  f i n  rays  fo rmed, r a y s  d e v e l o p i n g  i n  p e l v i c  f i n s ,
f i n f o l d  e v i d e n t  p o s t e r i o r  t o  d o r s a l  f i n  a r o u n d  t o  a n a l
f i n  i n s e r t i o n  ( 2 1  m m ) . *
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              truttaSalmo

LARVAE

P i g m e n t a t i o n :  l a t e r a l I i n e unpigmented, pa r r marks
beg inn ing to form, melanophores concentrated on dorsum
at  base  o f  dorsa l  and  ad ipose  f ins  and  a t  base  o f anal
f i n , p i g m e n t  o n i n t e r r a d i a l membrane o f  do rsa l  and
c a u d a l  f i n s , me lanophores  ex tend ing  on v e n t r o - l a t e r a l
a s p e c t  o f r e m a i n i n g  y o l k , a d i p o s e  f i n  a n d  a d j a c e n t
f i n fo ld  p igmen ted  (21  mm) . *

To ta l l e n g t h D e s c r i p t i o n
24 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 3  t o  6 5 ,  b o d y

depth  a t  anus  12 ,  head  leng th  20  to  22 ,  snou t  leng th  3
t o  4 ,  e y e  d i a m e t e r  7  t o  8 ,  y o l k - s a c  l e n g t h  2 5  t o  3 0 ,
y o l k - s a c  d e p t h  1 1  t o  1 5 . *

Morpho logy :  yo lk  absorbed  o r  near ly  so ,  f in  rays  comple te
(24 mm).*

P igmenta t ion : s ix  b road  par r  marks  ex tend ing  f rom la te ra l
l ine downward, p igment more intense on dorsum of brain,
t ip of  lower jaw and along dorsum, membrane anter ior  to
dorsa I f i n pigmented and prox imal p o r t i o n  o f
i n te r rad ia l  membrane  o f  cen t ra l  cauda l f i n  p i g m e n t e d ,
preanaI v e n t e r immaculate, a d i p o s e  f i n  u n p i g m e n t e d ,
median membrane just  poster ior t o  a d i p o s e  w i t h some
pigment (24 mm).*

JUVENILES
Abdominal  sur face and chin speckled wi th p igment (38 mm).6

ADULTS

Fin    caudalr ays : 19 ; * dorsal 12 t o 14, anal 10 t o 12, pec to ra l 13 t o
1 4 ,  p e l v i c  9  t o IO.’

V e r t e b r a e :  5 6  t o  60.1

L a t e r a l  l i n e  s c a l e s :  1 2 0  t o  130.’

D iagnos t i c  charac te rs : max i l la  bare ly  ex tends  beyond eye, Iess than
1 4 0  l a t e r a l l i n e scales,  few black and brown spots on dorsum, few
red  spo ts  on  s ides ,  dorsum o f  head  and  cauda l  f i n  no t  spo t ted .

LITERATURE CITED
1. Scott and Crossman (1973)
2. Brown and Kamp (1942)

l:
Dumas (1961)
S a t i a  e t  a l .  ( 1 9 7 4 )

5 . S tuar t  (1953)

6 . Brown (1966)
Embody (1934)

;: B r y n i l d s o n  e t  a l .  ( 1 9 7 3 )
9 . Taube (1976)
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F i g .  4 1 . S a l m o  t r u t t a , b rown t rou t . A and B. Y o l k - s a c  l a r v a e .  ( A  a n d
B ,  h a t c h e r y - r e a r e d ,  W i s c o n s i n ,  o r i g i n a l i l l u s t r a t i o n s  b y  N .  A . Auer,
s p e c i m e n s  p r o v i d e d  b y  F .  P .  B i n k o w s k i , C e n t e r f o r G r e a t Lakes S t u d i e s ,

Univers i ty  o f  Wiscons in-Mi lwaukee) .



F i g .  4 2 . S a l m o  t r u t t a , b rown t rou t . A  a n d  B .  Y o l k - s a c  l a r v a e . C. Larva.

( A - C ,  l a b o r a t o r y - r e a r e d ,  W i s c o n s i n ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,
s p e c i m e n s  p r o v i d e d  b y  F .  P .  B i n k o w s k i , C e n t e r  f o r  G r e a t  L a k e s  S t u d i e s ,

U n i v e r s i t y  o f  W i s c o n s i n - M i l w a u k e e ) .
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DISTRIBUTION

This  spec ies is endemic to the Great Lakes bas
i n  r i v e r s and  s t reams. ’

S a l v e l i n u s  f o n t i n a l i s

S a l v e l i n u s  f o n t i n a l i s  ( M i t c h i l l ) ,  b r o o k  t r o u t

i n , occur r ing  mos t  o f ten

SPAWNING SEASON

S p a w n s  f r o m  l a t e  S e p t e m b e r  t o  l a t e  N o v e m b e r i n t h e  G r e a t  L a k e s
area.’  ‘ I4 ls

SPAWNING TEMPERATURE

Spawns at  temperatures near 9.4 C.ls

SPAWNING HABITAT

Spawns on  g rave l  beds  in  coo l ,  c lear  streams.l

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  i n  c o a r s e  s a n d ,  g r a v e l  a n d  s t o n e s ,  7 . 6  t o  1 0 . 2  m m  i n
diameter.15

FECUNDITY

1 8  t o  213;s 9 9  t o  4 , 7 6 5 ; 3  1 3 1  t o  1,6gl.lo

NATURAL HYBRIDS

S a l m o  t r u t t a 8  c a l l e d
“ s p l a k e ; ” these i n
n a t u r a l l y  a n d  s u p p o r t

“ t i g e r ” t r o u t
i t i a l l y a r t i f i c
p o p u l a t i o n s .

S a l v e l i n u s  n a m a y c u s h ’  c a l l e d
a l h y b r i d s cont inue t o  s p a w n

EGGS

Diameter 4.1 mm.11
Incuba t ion  per iod :  Tempera tu re  C Days to Hatch

1 . 6 - 1 . 9 138-14713
2 . 2 - 3 . 0 11g-1401’  l‘
3 . 0 - 3 . 9 105-13813

4 .5 93 13

5 . 0 - 5 . 7 83-1001  13
6 . 1 - 6 . 8 72-75’  ‘I a3
7 . 4 - 7 . 9 60-71”

8 . 0 62-67 2

10.0-10 .3 4 2 - 5 0 1  I3
11.7 53’

12.3-13-O 34-37l’
13 .2 -13 .5 31-3513
14.0-14 .8 28-3113
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S a l v e l i n u s  f o n t i n a l i s

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
11.3-11.8 mm Newly hatched;* 2.5 to 4.0 cm SL, mean 59.3 myomeres.1 1

11-14 mm Myomeres: 52 to 55 (33 to 35 + 19 to 20).*
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 1  t o  6 5 ,

d e p t h  a t  a n u s 1 0  t o  1 3 ,  h e a d  l e n g t h  1 5  t o  2 0 ,
l e n g t h  2  t o  5 ,  e y e  d i a m e t e r  7  t o  9 ,  y o l k - s a c  l e n g t
t o  5 2 ,  y o l k - s a c  d e p t h  2 0  t o  3 3 . *

Morpho logy :  yo lk sac l a r g e , finfold sl i
d i f f e r e n t i a t e d  n e a r  a r e a s  o f  d o r s a l and anal
pec to ra l a n d  p e l v i c  b u d s  p r e s e n t ,  n o t o c h o r d  f 1
cauda l  f i n  rays  ev iden t  (11 .0  mm) . *

P cover
f i n ,

igmenta t ion : eyes pigmented, small chromatophores
snout, d o r s u m  o f  h e a d  a n d  c o n t i n u i n g  t o  c a u d a l
these chromatophores a 1 so p resen t d o r s o - l a t e r a l l y ,
myosepta unpigmented and  d is t inc t ,  a  few me lanophores
on  p rox ima l  po r t i on  o f  i n te r rad ia l  membrane  o f c e n t r a l
cauda l  f i n  (11 .0  mm) . *

body
snout
h 42

g h t l y
f i n s ,
exed,

15-18 mm Myomeres : see 11-14 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 9  t o  6 3 ,  b o d y

depth  a t  anus  11  to  13 ,  head  leng th 18 to 2 3 ,  s n o u t
l e n g t h  2  t o  5 ,  e y e  d i a m e t e r  8  t o  9 , y o l k - s a c length 25
t o  4 2 ,  y o l k - s a c  d e p t h  9  t o  2 5 . *

M o r p h o l o g y :  8  d o r s a l ,  9  a n a l  a n d  1 7 caudal f i n  r a y s ,

P

LARVAE

Tota l l e n g t h
18-19 mm

f  i n fo ld d i f f e r e n t i a t i n g  a t ad i pose f i n , y o l k
approx imate ly  ha l f  absorbed  (15 .5  mm) . *
gmentat ion: melanophores more dense on snout and dorsum
of head, large brown melanophores on myomeres, myosepta
unpigmented, yolk sac and preanal v e n t e r unpigmented,
more  p igment  ev iden t  on  in te r rad ia l  membrane  o f  cauda l
f i n  a n d  o n  f i n f o l d  j u s t  o v e r caudal p e d u n c l e  ( 1 5 . 5
mm).*

D e s c r i p t i o n
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 8  t o  6 2 ,  b o d y

depth  a t  anus  11  to  12 ,  head  leng th 17 to 23, snout
l e n g t h  3  t o  4 , eye  d iameter  7  to  9 ,  yo lk -sac  leng th  21
t o  3 4 ,  y o l k - s a c  d e p t h  8  t o  1 4 . *

Morpho logy :  yo lk  absorbed (32  days  pos tha tch ing  a t 10.5
to 13 C);' med ian  f ins  deve loped,  pec to ra l  and  pe lv ic
f i n s  i n c o m p l e t e ,  f i n f o l d  p e r s i s t s  b e t w e e n  p e l v i c  f i n s
and anus a n d  p o s t e r i o r  t o  a n a l  a n d  d o r s a l  f i n s  ( 1 8 . 0
mm).*

P igmenta t ion : melanophores more numerous on snout ,  t ip  of
l ower  j aw ,  do rsum o f  head , dorsa l a n d  d o r s o - l a t e r a l
sur faces of  body, myomeres out l ined wi th melanophores,
f i v e  t o  s i x  p a r r  m a r k s  d e v e l o p i n g ,  p e l v i c ,  p e c t o r a l  a n d
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S a l v e l i n u s  f o n t i n a l i s

anal f i n s immaculate, dorsa l f i n p i g m e n t e d  o n
i n t e r r a d i a l m e m b r a n e  b e t w e e n  l a s t  t w o  t o  t h r e e  r a y s ,
interradia l  membrane of c e n t r a l p r o x i m a l  p o r t i o n  o f
caudal f i n  p igmented , some melanophores near poster ior
edge  o f  deve lop ing  ad ipose  f in  (18 .0  mm) . *

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
38-50 mm Morpho logy :  sca le  fo rmat ion  beg inn ing  (40  to  50  mm).’  l5

P igmenta t ion :  ad ipose f i n pigmented, c h i n w i t h o u t
colorat ion (38 mm) .lz

ADULTS

Fin    caudalr ays : 19 ; * dorsa l 10 t o 14, anal 9 t o 13, pec to ra l 11 t o
1 4 ,  p e l v i c  8  t o 1O.l

V e r t e b r a e :  5 5  t o  62.' z

L a t e r a l  l i n e  s c a l e s :  1 1 0  t o  130.’

P y l o r i c  c a e c a :  2 3  t o  55.'"

D i a g n o s t i c  c h a r a c t e r s :  m a x i l l a  e x t e n d s  b e y o n d  e y e ,  m o r e  t h a n  1 1 0
l a t e r a l l i n e sca les , caudal f i n  s l i g h t l y  f o r k e d , f i r s t  r a y  o f
p e c t o r a l , p e l v i c  a n d  a n a l  f i n s  w h i t e ,  b l u e  a n d  r e d  s p o t s  o n  d o r s a l
su r face .

LITERATURE CITED
1. Scott and Crossman (1973)

Siefert  and Spoor (1974)
Garside (1966a)

4 . Atchison and Johnson (1975)
Wydoski and Cooper (1966)
Hokanson et al
Ha le  and  H I lden  !;zlip’.

Brown (1966)

9 . Mart in and Baldwin (1960)
10. Vladykov and Legendre (1940)
11. Garside and Fry (1959)
12. Bacon (1954)
13. Embody (1934)
14. Shetter (1961)
15. Hazzard (1932)
16. McPhai l  and Lindsey (1970)
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F i g .  4 3 . S a l v e l i n u s  f o n t i n a l i s , b r o o k  t r o u t . A-C.  Yo lk -sac  la rvae .  (A-C,
l a b o r a t o r y - r e a r e d , Wisconsin, o r i g i n a l i l l u s t r a t i o n s by N. A. Auer,
specimens provided by F. P. Binkowski, Center f o r  G r e a t  L a k e s  S t u d i e s ,
Univers i ty  o f  Wiscons in-Mi lwaukee) .
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Salvel inus namaycush

Salvel inus namaycush (Walbaum),  lake t rout

T h r e e  t y p e s  o f  l a k e  t r o u t h a v e  b e e n  d i s t i n g u i s h e d , “ l e a n s , ”  “ f a t s ”  o r
“siscowetts;“’ a n d  “ h u m p e r s . “ 1 3 “Lean” lake t rout  are common, occur  at
dep ths  less  than  110  m and  spawn f rom Oc tober  to  November . T h e  s h o r t ,
t h i n - b e l l i e d  “ h u m p e r , ” most of ten known from Lake Super ior ,  occurs in water
deeper than 9 1  m  a n d  s p a w n s  i n  mid-September.13 T h e  v e r y  f a t t y
“ s i s c o w e t t s ”  a r e  t a k e n  f r o m  1 4 6  t o  1 8 3  ml2 a n d  s p a w n  f r o m  A u g u s t  t o
September. ’

DISTRIBUTION

Nat ive t o  a l l  o f  t h e  G r e a t  L a k e s  a n d  o c c u r r i n g  p r i m a r i l y  i n  t h e  l a k e s
p r o p e r  a n d  m a j o r  b a y s , ’  r a r e l y  i n  tributaries.ls

SPAWNING SEASON

S p a w n i n g  o c c u r s  f r o m  l a t e  A u g u s t  t o  e a r l y  D e c e m b e r 2  4  7  l1 l2 w i t h
peak  spawn ing  occur r ing  f rom mid -Oc tober  to  ear l y  November.lO  l5 l8

SPAWNING TEMPERATURE

S p a w n i n g  a c t i v i t i e s  b e g i n  w h e n  w a t e r  t e m p e r a t u r e s  f a l l  b e l o w  4 . 4  C,12
spawning occurs between 2.8 and 14.4 C.l 4

SPAWNING HABITAT

Spawns over  rocky ,  cur ren t - o r  w a v e - s w e p t  s h o a l s  o r  bars,ll  l4 0 . 1 5  t o
3 6  m  deep,12 l4 l5 commonly on reefs with honeycomb rock bottom12 and
among  coarse  g rave l  and  la rge  bou lde rs  o f  rivers.l B

SPAWNING SUBSTRATE

Spawns among l a r g e  b o u l d e r s  a n d  rubble’ (25.4 cm to 1 m in
diameter).15  A  f e w  l a r g e , p ro tec t i ve  bou lders  may  be  necessary.1s  Eggs
a r e  c a s t  i n d i s c r i m i n a t e l y  a m o n g  rocksll  l5 o r t h e  m a l e may  p recede
female a n d  c l e a n  t h e  s u b s t r a t e  o f  s i l t  b y  f a n n i n g  a n d  rubbin9.l’  E g g s
s e t t l e  t o  t h e  b o t t o m  a n d  l o d g e  i n  s m a l l  crevices.15

FECUNDITY

9 1 9  t o  1 4 , 7 6 6 ; 2  7  9  lo l1 “ s i s c o w e t t ”  1 , 0 9 3  t o  1 0 , 4 7 6 ; 7  “ h u m p e r ”  4 1 1
t o  2,64O.‘j

NATURAL HYBRIDS

S a l v e l i n u s  fontinalis,j  c a l l e d  “ s p l a k e ; ”  t h e s e
hybr ids  spawn na tura l l y  and  suppor t  popu la t ions .

EGGS

Semibuoyant;1s d i a m e t e r  5 . 0  t o  5 . 6  m m .6  l7 k
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Salvelinus namaycush

Incubat ion per iod:  Temperature C
0 . 3 - 1 . 0

1.8
4 .5

5 . 0 - 5 . 7
6.7

7*z5.
10.0-10.2

Days to Hatch
105-1471
1628
1068
92-865  6
80-818
60-812  5

59 8

4 6 - 5 6 2  5  6

A t  7  C  h a t c h e r y - r e a r e d  e g g s  e y e d - u p  a t  4 2  t o  4 4  d a y s ,  h a t c h e d  a t  8 3
days, attained swim-up stage at 118 days and at 6 weeks after swim-up
averaged 33.5 to 33.8 mm TL.17

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
15.2 mm Newly hatched.).* l4

Myomeres: 56 to 59 (37 to 40 + 17 to 20).*
Morphometry:  (as % TL) preanal  length 63,  head length 13,

s n o u t  l e n g t h  3 ,  e y e  d i a m e t e r  7 ,  y o l k - s a c  l e n g t h  4 5 ,
yo lk -sac  dep th  30 . *

M o r p h o l o g y :  f i n f o l d  s h o w i n g  c o n s t r i c t i o n s  n e a r f u t u r e
d o r s a l  f i n ,  p e l v i c  a n d  p e c t o r a l b u d s  p r e s e n t ,  a  f e w
cauda l  f i n  rays  fo rmed,  head  de f lec ted  over  yo lk  sac . *

P igmenta t ion : eyes pigmented, yolk sac unpigmented, a few
l i g h t melanophores o v e r  d o r s u m  f r o m  t i p  o f  s n o u t  t o
c a u d a l  f i n , melanophores concentrated above a n d  b e l o w
l a t e r a l l i ne  be tween myomeres , p i g m e n t  p r e s e n t  o n
v e n t e r  f r o m  d o r s a l  f i n  i n s e r t i o n  t o  c a u d a l  f i n ,  a few
melanophores concentrated on interradia l  membrane near
p r o x i m a l  p o r t i o n  o f  c a u d a l  f i n . : ‘ :

16-18 mm Myomeres: see 15.2 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 3  t o  6 6 ,  b o d y

depth a t  anus  10 ,  head  leng th  14  to  19 ,  snou t  leng th  1
t o  3 ,  e y e  d i a m e t e r  6  t o  8 ,  y o l k - s a c  l e n g t h 39 to 439
yo lk -sac  dep th  25  to  31 . *

M o r p h o l o g y :  h e a d  n o  l o n g e r  d e f l e c t e d  o v e r  y o l k  s a c ,
a c t i n o t r i c h i a  i n  a n a l  f i n  p r e s e n t  ( 1 7 . 0  m m ) . *

P igmenta t ion : a few more melanophores on dorsum, dorso-
lateral  aspect  of  myosepta and on caudal  peduncle (17.0
mm) . *

19-22 m m Myomeres: see 15.2 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 1  t o  6 4 ,  b o d y

depth at  anus 11, head leng th  14  to 21 ,  snou t length 2
to  4 ,  eye  d iameter  7  to 8 ,  y o l k - s a c l e n g t h  2 8 t o 35,
yo lk -sac  dep th  15  to  26 . *
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Salvel inus namaycush

Morphology: i n c i p i e n t  r a y s  b e g i n n i n g  t o form i n  d o r s a l
( 1 0 )  a n d  a n a l  ( 9 )  f i n s , f i n f o l d  d e c r e a s i n g  a n t e r i o r  a n d
p o s t e r i o r t o  a d i p o s e  f i n  a n d  p o s t e r i o r  t o  a n a l  f i n ,
p r e a n a l  f i n f o l d  p e r s i s t s  ( 2 1  m m ) . *

Pigmentat ion:  p igment more dense along l a t e r a l su r faces
and head (2 1 mm).*

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
22-24 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 1  t o  6 5 ,  b o d y

d e p t h  a t  a n u s  1 0 ,  h e a d  l e n g t h  1 5  t o  2 3 ,  s n o u t  l e n g t h  2
to 5, e y e  d i a m e t e r  7  t o  8 ,  y o l k - s a c  l e n g t h  2 1  t o  3 0 ,
y o l k - s a c  d e p t h  6  t o  1 9 . *

Morphology: s m a l l  r e m n a n t  o f  y o l k  r e m a i n s ,  m e d i a n  f i n
r a y s  f o r m e d , pec to ra l f i n s incomplete, pe lv ic  buds
p e r s i s t , f i n f o l d  p e r s i s t s  j u s t  a n t e r i o r  t o  a d i p o s e  f i n
a n d  j u s t  p o s t e r i o r  t o  a d i p o s e  a n d  a n a l  f i n s  ( 2 3  m m ) . *

P igmenta t ion :  body u n i f o r m l y  p i g m e n t e d e x c e p t  p r e a n a l
venter ,  where there i s n o  p i g m e n t , n o  p i g m e n t  o n
m i d l a t e r a l myoseptum, n o n e  o n f i n s except spot on
prox ima l  i n te r rad ia l  membrane  o f  cauda l  f i n ,  subsur face
p i g m e n t  j u s t  a n t e r i o r  t o  s t o m a c h  a n d  b e t w e e n  o p e r c u l a
and  to  pec to ra l  f i n  base  (23  mm) . *

JUVENILES

Tota l l e n g t h
27-38 mm

D e s c r i p t i o n
Myomeres: mean total  64.2.6
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 0  t o  6 5 ,  b o d y

depth at anus 11 to 12, head length 20 to 26, snout
l e n g t h  4  t o  5 ,  e y e  d i a m e t e r  7  t o  9.”

Morpho logy :  a l l f i n  r a y s  p r e s e n t ,  f i n f o l d  a b s o r b e d  ( 3 0
mm).*

P i g m e n t a t i o n :  e n t i r e  b o d y pigmented except preanal
v e n t e r , i n c r e a s e d  p i g m e n t  o n  c a u d a l  f i n ,  p a r r  m a r k s
d i s t i n c t , o n l y caudal a n d  d o r s a l f i n s pigmented,
p i g m e n t  o n  d o r s a l f i n r e s t r i c t e d  t o  t i p  o f  m e m b r a n e
between f i r s t  few rays  (30  mm) . *

ADULTS

Fin caudal 19;*rays : dorsa l 8  t o 10, anal 8 t o 10, pec to ra l 12 t o 17,
p e l v i c  8  t o  11.l

V e r t e b r a e :  6 1  t o  69.1

L a t e r a l  l i n e  s c a l e s : 116 to 138.1

P y l o r i c  c a e c a :  9 3  t o 198.16
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Salvelinus namaycush

D i a g n o s t i c  c h a r a c t e r s :  m a x i l l a  e x t e n d s  b e y o n d  e y e , i r r e g u l a r w h i t e
s p o t s  o n back and sides, n o  d a r k  s p o t s  o n  b a c k  o r  f i n s ,  c a u d a l  f i n
deep ly  fo rked ,  mou th  la rge , more  than  116  la te ra l  l i ne  sca les ,  young
usua l l y  have  seven  dark  par r  marks  separa ted  by  spaces  as wide
marks.

LITERATURE CITED
1. Scott and Crossman (1973)

::
Car lson  and  S ie fe r t  (1974)
Mart in and Baldwin (1960)

::
Royce (1951)
Garside (1959)

6 .  Gars ide  and  Fry  (1959)
Eschmeyer (1955)

i: Embody (1934)
9 . Healey (1978)

10. Hanson and Wickwire (1967)
11. D a l y  e t  a l .  ( 1 9 6 9 )
12. Van Oosten (1944)
13. Rahrer (1965)
14. Eschmeyer (1957)
15. DeRoche (1969)
16. McPhai l  and Lindsey (1970)
17. S tau f fe r  (1979)
18. Loftus (1958)

16 m m

as

m m

F i g .  4 4 . Salvel inus namaycush, l a k e  t r o u t .  A .  Y o l k - s a c  l a r v a .  B . Larva.
(A  and B,  ha tchery - reared ,  S t .  Lawrence R iver ,  F ish  1932) .
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F i g .  4 5 . Salvel inus namaycush, l a k e  t r o u t . A and B. Yo lk -sac la rvae .
(A and B, labora to ry - reared ,  Lake  Mich igan , o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .
Auer, specimens provided by F.P. Binkowski, Cente r  fo r  Grea t  Lakes  S tud ies ,
Un ivers i ty  o f  Wiscons in-Mi lwaukee) .
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Salvel inus namaycush

B 30 mm

F i g .  4 6 . Sa lve l inus  namaycush ,  lake  t rou t . A .  Y o l k - s a c  l a r v a .  B . Larva.
(Labora to ry - reared , Lake Michigan, o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,
specimens provided by F. P.  B inkowsk i ,  Center f o r Great Lakes Stud ies ,
Un ivers i ty  o f  Wiscons in-Mi lwaukee) .
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Osmeridae

Family Osmeridae, smelts

BY

Heang T. Tin

T h e  s m e l t  f a m i l y  i n c l u d e s  6  g e n e r a  a n d  1 0  s p e c i e s ,  a l l  o f  w h i c h  a r e
res t r i c ted  to  a rc t i c  and  nor th  tempera te  reg ions  (Sco t t  and  Crossman 1973) .
M e m b e r s  o f  t h i s  f a m i l y  a r e  m a r i n e ,  a n a d r o m o u s  o r  f r e s h w a t e r .  O n l y  o n e
spec ies  occurs  in  the  Grea t  Lakes  reg ion . S m e l t s  a r e  s m a l l  f i s h e s  w i t h  a n
e longa te , c o m p r e s s e d  b o d y  a n d  l a r g e  m o u t h ; tee th  a re  we l l  deve loped  o r
w e a k l y  d e v e l o p e d  o n  t h e  m e s o p t e r y g o i d , g lossohya l , vomer, p a l a t i n e ,
p r e m a x i l l a ,  m a x i l l a  a n d  d e n t a r y ; s p i n e s  a n d  p e l v i c  a x i l l a r y  s c a l e s  a r e
l a c k i n g ; a n  a d i p o s e  f i n  i s  p r e s e n t ;  s c a l e s  a r e  t h i n and c y c l o i d ; p y l o r i c
caeca number 11,  1 or  are absent.

Spawn ing  genera l l y  takes  p lace  dur ing  sp r ing  and  summer . One species
i s  k n o w n  t o  s p a w n  i n  t h e  f a l l . S m e l t  u s u a l l y  m i g r a t e  u p s t r e a m  a  s h o r t
d i s t a n c e t o  s p a w n . Land locked  popu la t ions  may  a lso  in  sha l low a reas  o f
lakes . Eggs  a re  genera l l y  sma l l , 1.0 to 1.1 mm and adhere to the substrate
b y  a  p e d i c e l . Larvae are long and s lender.
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Osmerus mordax

Osmerus  mordax  (M i tch i l l ) ,  ra inbow sme l t

DISTRIBUTION

N a t i v e  t o  t h e  A t l a n t i c  O c e a n  c o a s t a l  d r a i n a g e ,  i t  h a s  b e e n  e s t a b l i s h e d
t h r o u g h  i n t r o d u c t i o n s  i n  a l l  o f  t h e  G r e a t L a k e s  a n d  s e v e r a l in land
lakes.’ 9 It is more abundant i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  L a k e
M i c h i g a n  d r a i n a g e  t h a n  i n  t h e  s o u t h e r n  p o r t i o n . ”

SPAWNING SEASON

Usua l l y  spawns i n  A p r i l and May i n Lakes Michigan,13  l9 21
ie.l” In Lake Mich igan spawning may start  dur ingS u p e r i o r , 2  la a n d  E r

l a t e  M a r c h . ’

SPAWNING TEMPERATURE

Spawns at 4.0 to 15 C,’ * 6 * l8 22 with peak  spawn ing  a t  10  C.13 l9

SPAWNING HABITAT

Spawns  in  many  types  o f  l o t i c  env i ronments  f rom sma l l  b rooks  to  la rge
rivers.2 s 8 l6 2o Land locked  popu la t ions  may  a lso  spawn in  sha l low
a r e a s  o f  l a k e s . 2  * 9  l9 Spawning sometimes occurs in the deep water
o f  l a k e s . 1 o  z3

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  o n  b o u l d e r s , g r a v e l , sand, mud, a q u a t i c  v e g e t a t i o n ,
d e b r i s . ’  o 9  2o

FECUNDITY

1 , 7 0 0  t o  69,600.'  6  ' lc

EGGS

A d h e s i v e ; 3  8  I6 t r a n s p a r e n t ; 3 diameter 0.9 to 1.3 mm;’ ’ ’ o i l
g l obu les numerous ; ’  c a f t e r e g g  d e p o s i t i o n , chor ion separates and
e v e r t s  t o  f o r m  a  p e d i c e l , which a t taches egg t o  substrate;l 3  I5
i n c u b a t i o n  p e r i o d :  2 9  d a y s  a t  6  t o  7  C ,  1 9  d a y s  a t  9  t o  1 0  C ; 3  8  days
at 9 to 21 C (mean 16.5 C) .l

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4.1-6.0 mm N e w l y  hatched.l  ’ l1 l5 21

Myomeres: (42 to 48 + 13 to 17) ;l 58 to 67 (43 to 49 + 15
to  21)  a t  4 .1  to  25 .4  mm.*

Morphomet ry :  (as  % TL)  p reana l  l eng th  65  to  75;' l2 head
length 14, eye  d iameter  4  to  6.‘”
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Osmerus mordax

Morphology: body long, v e r y s l e n d e r ;  1  21 o i l g l obu le
s i n g l e , l o c a t e d  n e a r  a n t e r i o r  e n d  o f  y o l k  sac;l 21
p e c t o r a l  b u d s  p r e s e n t ’  l2 ( n e w l y  h a t c h e d ) ,  m o u t h  w e l l
f o r m e d  ( 6 . 0  m m )  ;I y o l k s a c  p o s i t i o n e d  n e a r  a  p o i n t
l o c a t e d  o n e - t h i r d  t o t a l body l e n g t h  d u r i n g  y o l k - s a c
s t a g e . ’  21

P i g m e n t a t i o n :  b o d y  t r a n s p a r e n t ( n e w l y  h a t c h e d )  ;  l4 two
rows o f  p igment  on  ven te r  ex tend ing  f rom pec to ra l buds
t o  a n t e r i o r end  o f  yo lk  sac , s ing le  row o f  p igment  on
midven t ra l  l i ne  be tween pos te r io r  end  o f  yo lk  and anus
(6.0 mm) ;I several ( o f t e n  t h r e e )  w i d e l y  s p a c e d ,
e longa te chromatophores m a y  b e  p r e s e n t  o n v e n t e r
be tween anus a n d  b a s e  o f  c a u d a l  fin;12 21 v e n t e r  o f
y o l k  s a c  s o m e t i m e s  c o v e r e d  w i t h  s m a l l chromatophores
w h i c h  w i l l  d i s a p p e a r  i n  l a t e r  d e v e l o p m e n t ; *  p i g m e n t  o n
v e n t e r  o f  y o l k  s a c  a n d  i n  l a t e r  s t a g e s  v a r i a b l e . ’  J(

LARVAE

Tota l l e n g t h D e s c r i p t i o n
6-17 mm Myomeres: 59 to 60 (45 + 14 to 15) at 7.5 to 15.5 mm;’

see 4.1-6.0 mm.
Morphomet ry :  (as  % TL) preanal length 72 to 75,  head

l e n g t h  1 4  t o  1 5 ,  e y e  d i a m e t e r  3  t o  4  ( 6 . 5  t o  1 5 . 5  mm).’
Morpho logy :  yo lk  absorbed  (6 .4  mm,  4  days  pos tha tch ing) ’

or (6.9 mm,  7  days  pos tha tch ing) ;2 4  j aws  we l l  f o rmed ,
no  tee th  p resen t ,  pec to ra l  buds  no t  rayed  (9 .3  mm) ,  f i n
ray  deve lopment  beg ins  in  cauda l ,  dorsa l  and  ana l  f i ns ,
ad ipose  f i n  de tec tab le  (14  mm) , dorsa l and anal f i n
rays w e l l d e v e l o p e d  ( 1 0  a n d  1 5  r a y s ,  r e s p e c t i v e l y ) ,
cauda l  f i n  comp le te , a d i p o s e  f i n  p a r t i a l l y  f o r m e d (17
mm) ; 1 i n  s o m e  s p e c i m e n s  a l l  f i n s  f o r m e d  ( 1 5  mm);“*  in
o t h e r s ,  p e l v i c  b u d s  n o t  a p p a r e n t , t e e t h  p r e s e n t i n
upper jaw (17.0 mm) .I

P i g m e n t a t i o n :  p a i r e d  r o w  o f  e l o n g a t e  m e l a n o p h o r e s  o n
v e n t e r  b e t w e e n  p e c t o r a l  f i n s and pelv ic buds, becoming
a  s i n g l e  r o w  b e t w e e n  p e l v i c  b u d s  a n d  a n u s , several
(o f ten  th ree)  w ide ly -spaced  e longa te  me lanophores may
b e  p r e s e n t  o n  v e n t e r  b e t w e e n  a n u s  a n d  c a u d a l f i n
b a s e  I2 21.

22-33 mm Myomeres : see 4.1-6.0 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 8  t o  6 9 ,  h e a d

leng th  17  to  18 ,  eye  d iameter  4.1
Morphology: anal and caudal f i n rays complete,

r u d i m e n t a r y  f i n  r a y s i n  d o r s a l f i n , s w i m  b l a d d e r
d i s t i n c t ,  g u t  f o r c e d  d o w n w a r d  a n t e r i o r  t o  p e l v i c  b u d s
(22 mm) , a l l  f i n  r a y s  f o r m e d  e x c e p t  i n  p e c t o r a l  f i n s ,
ad ipose  f in  deve loped,  tee th  p resent  on  bo th jaws and
tongue (30 mm) . l
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Osmerus mordax

P igmenta t ion : numerous melanophores on d o r s u m  o f  s w i m
bladder (22 mm) , melanophores on caudal  f in arranged in
l i n e s  f o l l o w i n g  i n d i v i d u a l  r a y s  ( 3 0  mm);’  o t h e r  p i g m e n t
p a t t e r n s  s i m i l a r  t o  t h o s e  i n  p r e v i o u s  s t a g e . *

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
32-42 mm Myomeres: 60 to 62 (43 to 48 + 14 to 17) at 32 to 38

mm.l *
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 5 ,  h e a d  l e n g t h

18, eye diameter 4 (32.5 to 38 mm) .l
Morpho logy :  fu l l comp lemen t  o f f  i  n rays formed (36l  to

4514  mm) .
P igmenta t ion : t w o  r o w s  o f  m e l a n o p h o r e s  o n  v e n t e r from

b a s e  o f  p e c t o r a l  f i n s  t o  a n t e r i o r  e n d  o f  s w i m  b l a d d e r
a n d  f r o m  p e l v i c  f i n  b a s e  t o  a n a l  f i n  b a s e , s i n g l e row
of  e longa te  me lanophores  on  m idven t ra l  l i ne  f rom pe lv i c
f i n  t o  a n a l  f i n  b a s e  a n d  b e t w e e n  a n a l  a n d  c a u d a l  f i n s ,
a  few ch romatophores  on  g i l l cover (32 to 42 mm) ;
a d d i t i o n a l p i g m e n t  p r e s e n t  o n head  and  in  i r regu la r
rows on dorsum from behind head to base of caudal f i n
(2 42 mm).*

ADULTS

F i n  r a y s :  c a u d a l 1 9 ; *  d o r s a l  8  t o  1 1 ,  a n a l
1 4 ,  p e l v i c  8.’

V e r t e b r a e :  5 8  t o  70.'

L a

D i

12  to  16 ,  pec to ra l  11  to

t e r a l  l i n e  s c a l e s :  6 2  t o  7 2 . 9

agnos t i c  charac te rs : a d i p o s e  f i n  p r e s e n t , mouth la rge , m a x i l l a
extends t o  m i d d l e  o f eye or beyond, lower  jaw p ro t rud ing , t e e t h
p r e s e n t  o n  v o m e r , p a l a t i n e , p t e r y g o i d , b a s i b r a n c h i a l , dentary ,
m a x i l l a ,  p r e m a x i l l a  a n d  g l o s s o h y a l .

LITERATURE CITED.
1. Cooper (1978a)
2. Hale (1960)

4 .
McKenzie (1964)
Rupp (1965)

2:
Hoover (1936)
Kendal l  (1927)
Van Oosten (1940)

ii: R U P P  ( 1 9 5 9 )
9 . Scott and Crossman (1973)

10. MacCallum and Regier (1970)
11. Jude  e t  a l .  (1980)
12. D o r r  e t  a l .  ( 1 9 7 6 )
13. J u d e  e t  a l . (19794

14. Bigelow and Schroeder (1953)
15. Raney (1959)
16. Langlois (1954)
17. Becker (1976)
18. Ba i ley  (1964)
19. Euers (1960)
20. Creaser (1925)
21. Jude et  a l . ,  (1979b)
22. Daly and Wiegert (1958)
23. Legaul t  and Del  is le (1968)
24. Crest i n (1973)
25. J. E. Cooper (pers. Comm.)
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Osmerus mordax

5 . 0 mm

v e n t r a l

6.5 mm

14.0 mm

F i g .  4 7 . Osmerus mordax, ra inbow smel t . A -C.  Yo lk -sac  la rvae . D.  Larva .
(A, B and D, labora to ry - reared ,  Pennsy lvan ia ,  Cooper  1978a;  C ,  w i ld -caught ,
Lake Michigan, o r i g i n a l  i l l u s t r a t i o n  b y  N .  A .  A u e r ) .
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Osmerus mordax

A

v e n t r a l

17 mm

B 22 mm

F i g .  4 8 . Osmerus mordax, rainbow smelt . A and B. Larvae. C .  J u v e n i l e .

(A ,  w i ld -caught ,  Lake  Mich igan , o r i g i n a l  i l l u s t r a t i o n  b y  N .  A .  A u e r ;  B  a n d
C,  labora to ry - reared ,  Pennsy lvan ia ,  Cooper  1978a) .



Umbridae

Family Umbridae, mudminnows

BY

Nancy A. Auer

R e p r e s e n t a t i v e s  o f  t h e  f a m i l y  U m b r i d a e  o c c u r  i n  b o t h  N o r t h  A m e r i c a n
and s o u t h e a s t e r n  E u r o p e a n  f r e s h w a t e r . In North America three genera and
four species are recognized, however,  only Umbra l i m i occurs w i t h i n  t h e
Lake Michigan drainage.

Mudminnows prefer the mud and weed bottoms of  f reshwater ponds, s low
moving streams, s tagnant  poo ls  and  d i tches . They  a re  physos tomus and  a re
ab le t o  b r e a t h  a t m o s p h e r i c  o x y g e n . A d u l t s  o f  t h i s  s p e c i e s  r a r e l y  e x c e e d
130 mm and  can  be  recogn ized  eas i l y  by  the  pos i t i on  o f  the  dorsa l  and  ana l
f i n s  ( f a r  b a c k  o n  t h e  b o d y )  , the  rounded cauda l  f i n  p receded by  a  ver t i ca l
ba r  o f  da rk  p igment  and  the  absence  o f  po res  on  the  la te ra l  l i ne .

T h e s e  s m a l l  f i s h  s p a w n  e a r l y  i n  t h e  s p r i n g  i n  n e s t s  c o n s t r u c t e d  o f
aqua t i c vegeta t ion  upon wh ich  adhes ive  eggs are  depos i ted  s ing ly . Females
may guard t h e  n e s t . L a r v a e  h a t c h  a t  a p p r o x i m a t e l y  5 . 0  m m  a n d  a r e
c h a r a c t e r i z e d  b y  t h e  a n u s p o s i t i o n  b e i n g  s l i g h t l y  p o s t e r i o r  t o  t h e  b o d y
m i d p o i n t , a  l a r g e  y o l k  s a c  w i t h  s e v e r a l  s m a l l  o i l  g l o b u l e s  a n d  t h e  u r o s t y l e
e x t e n d i n g  t o  t h e  e d g e  o f  t h e  f i n f o l d .
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Umbra limi

Umbra  l im i  (K i r t l and ) ,  cen t ra l  mudminnow- -

DISTRIBUTION

Common in the Lake Michigan drainage1  and known throughout the Great
Lakes  bas in .3

SPAWNING SEASON

Spawns in early spring in the Great Lakes region,’ 3 April in
southwestern Michigan’ and March and Apri l  in New York.‘

SPAWNING TEMPERATURE

Spawning  i s  repor ted  to  occur  be tween 12 .8  and  15 .6  C.l 3  5

SPAWNING HABITAT

M i g r a t e s  u p s t r e a m  i n t o  s p r i n g  riverlets,’ ’ o r  i n  s t r e a m s  a n d  p0nds.l

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  singly’ o n  a q u a t i c  p l a n t s  o r  s u b m e r g e d  t e r r e s t r i a l
vegetati0n.l 1

FECUNDITY

2 2 0  t o  2,286;”  ’ 4 2 0  t o  491.~”

EGGS

A d h e s i v e ,  d i a m e t e r 1.6 mm;’ 8 o i l  g l o b u l e s  s m a l l ,  h i g h l y  r e f r a c t i v e
a n d  c l u s t e r e d . 8

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5 mm Newly hatched.3  8

Morphomet ry :  p reana l  l eng th  jus t  g rea te r  than  50% TL .6

Morpho logy :  yo lk  sac  la rge  w i th  numerous o i l g lobu les ,
t i p  o f u r o s t y l e  e x t e n d i n g  t o  m a r g i n  o f  f i n f o l d ;  s w i m
b ladder  ev iden t  beh ind  pec to ra l  buds  and  above  fo regu t
a s  a  f u s i f o r m  v e s i c l e  ( 3  d a y s  p o s t h a t c h i n g ) . 8

LARVAE

Tota l l e n g t h D e s c r i p t i o n
24-25 mm Morphometry: ( a s  %  T L )  p r e a n a l  l e n g t h  5 7 ,  g r e a t e s t  b o d y

depth  19 ,  head  leng th  29 ,  eye  d iameter  8.4
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Umbra l imi

P i g m e n t a t i o n :  s m a l l ,  g r a y  c h r o m a t o p h o r e s  c o v e r body,
e x c e p t  o n v e n t e r  f r o m  h e a d  t o  a n u s ,  s u r f a c e  o f  h e a d ,
d o r s u m  a n d  v e n t e r  p o s t e r i o r  t o  a n u s are d a r k l y
p igmented ,  da rk  spo t  a t  base  o f  cauda l  fin.’

JUVENILES
Body t h i c k , d a r k  u r o s t y l e  e x t e n d s  t o  p o s t e r i o r  m a r g i n  o f  c a u d a l  f i n
which becomes rounded with growth, body heavi ly pigmented.5

ADULTS

F i n rays : caudal 12 t o 13;" l1 dorsa l 13 t o 15, anal 7 t o 10, pec to ra l
14 t o  1 6 ,  p e l v i c 6 t o 7.3

Ve r t e b r a e :  3 5  t o  37.'

L a t e r a l  l i n e  s c a l e s :  3 4  t o  37." 4

D i a g n o s t i c  c h a r a c t e r s :  b o d y  s h o r t  a n d  o b l o n g ,  t a i l rounded, v e r t i c a l
b l a c k  b a r o f  p i g m e n t  a t  b a s e  o f  c a u d a l  f i n ,  n o  l a t e r a l  l i n e  p o r e s ,
s u p r a m a x i l l a  f o r m s l a t e r a l m a r g i n  o f mouth, t e e t h  s m a l l and
v i l l i f o r m , d o r s a l  f i n  p o s i t i o n e d  f a r  b e h i n d  m i d p o i n t  o f  b o d y .

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)

43:
Scott and Crossman (1973)
Fish (1932)
Lippson (1976)
Adams and Hankinson (1928)

Gill (1904)
Ryder (1886)

9 . Peckham and Dineen (1957)
10. Everman and Clark (1920)
11. Nelson (1972)
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Esocidae

Fami ly  Esoc idae,  p ikes

BY

Lee A, Fuiman

T h e  s i n g l e  g e n u s  i n  t h i s  f a m i l y , ,  c o n t a i n s  f i v e  s p e c i e s . Four
species occur  in  the  Grea t  Lakes  reg ion , inc lud ing  Esox luc ius  wh ich  has  a- -
c i r c u m p o l a r  d i s t r i b u t i o n  i n  t h e  n o r t h e r n  h e m i s p h e r e . Esox niger is the

ich igan
.

on ly  spec ies  o f  the  four  wh ich  has  no t  been  repor ted  f rom the  Lake  M
dra inage . I t  occurs  on ly  in  the  d ra inages  o f  Lakes  Er ie  and Ontar io

P i k e s  a r e  m o d e r a t e  t o l a r g e  f r e s h w a t e r  f i s h e s  w i t h  a n  e
appearance accented by a long snout. T h e  d o r s a l  a n d  a n a l  f i n s  a r e
f a r  b a c k  o n  t h e  b o d y  a n d  t h e  s c a l e s  a r e  s m a l l .  M e m b e r s  o f  t h i s

longate
p 1 aced
f a m i l y

o f t e n  i n h a b i t  p o n d s , l a k e s  a n d  r i v e r s  w h e r e  j u v e n i l e s  a n d  a d u l t s  u s u a l l y
p r e y  o n  o t h e r  f i s h e s . They spawn in  ear ly  spr ing  over  vegeta t ion .

E s o c i d  e g g s  a r e  m o d e r a t e l y  l a r g e (about 2 to 3 mm) and the yolk
con ta ins  numerous  sma l l  o i l  g lobu les . Larvae hatch at about 5 to 10 mm
and, i n some spec ies , a t t a c h themselves to  vegeta t ion  by  means  o f  an
adhes ive  o rgan  loca ted  on  the  f ron t  o f  the  head . Larvae are charac te r i zed
b y  a  d a r k  s t r i p e  o f  m e l a n o p h o r e s a long  the  hypax ia l  muscu la tu re  wh ich
ex tends  most  o f  the  leng th  o f  the  body . As they grow, t h e  s n o u t  b e c o m e s
e longa te .

Prov is iona l  Key  to  Great  Lakes  Esoc id  Larvae

l a . Total myomeres less than 50 . . . . . . . . . . . . . . Esox americanus

b. Total myomeres more than 49 . . . . . . . . . . . . . . . . . . . . 2

2a. Preanal  myomeres less than 37;  tota l  myomeres
. . . . . . . . . . . . l . . . . . . . . . .

b . Preanal myomeres more than 36; total myomeres

3a. Preanal myomeres 40 to 46; yolk-sac larvae wi
on yolk sac and dorsum. . . . . . . . . . . .

b . Preanal  myomeres 44 to 48;  yolk-sac l a r v a e  
yolk sac. . . . . . . . . . . . . . . . . . .

less than 56 . . . . . .
. . . . . . .

more than 55. . . . . .3

th numerous melanophores
. . . . . . . Esox lucius

lacking melanophores on
. . . . Esox masquinongy
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Esox americanus

Esox americanus, r e d f i n  a n d  g r a s s  p i c k e r e l s

T h e r e  a r e  t w o  w i d e l y  r e c o g n i z e d  s u b s p e c i e s  o f  t h i s  s p e c i e s .  M u c h  o f
the i n f o r m a t i o n a v a i l a b l e is for the  eas te rn  fo rm (E .  amer i canus
amer icanus  Gmel in ,  red f in  p i cke re l ) , bu t  morpho log ica l  d i f f e rences  a re
minimal and so data for  both subspecies are combined here and intended
to  app ly  to  the  Grea t  Lakes  fo rm,  E .  2. ve rmicu la tus  LeSueur .

DISTRIBUTION

T h i s  s u b s p e c i e s  o c c u r s  i n  s o u t h e r n  a n d  n o r t h e r n  t r i b u t a r i e s  o f  L a k e
Ontario,l’ s o u t h e r n  t r i b u t a r i e s  o f  L a k e s  E r i e ,  H u r o n  a n d  M i c h i g a n ,  a n d
i n southern Ontar io  (Canada)  near  Lakes  Er ie  and  Huron.’  l1 In Lake
M i c h i g a n  i t  i s  c o m m o n  i n  t h e  l o w e r  h a l f  o f  t h e  d r a i n a g e . *

SPAWNING SEASON

U s u a l l y  s p a w n s  i n  e a r l y  s p r i n g  i n  t h e  L a k e  M i c h i g a n  d r a i n a g e . ” Eggs
h a v e  b e e n  f o u n d in e a r l y t o  mid-May.’ C o l l e c t i o n  o f  v e r y  s m a l l ,
27- to 30-mm, specimens i n mid-November suggests occasional f a l l
s p a w n i n g  a t  l e a s t  i n  M i c h i g a n . ’

SPAWNING TEMPERATURE

Spawning was reported at 10 C3  and between 4 and 12 C.l ’ I3

SPAWNING HABITAT

Spawns i n sloughs, 2 temporary marshes and on grassy banks in water
less  than  0 .3  m deep.’

SPAWNING SUBSTRATE

E g g s  a r e  b r o a d c a s t  o v e r  v e g e t a t i o n ,  s u c h  a s  a q u a t i c  m o s s (Dreplano-
c laudus s p p . ) , leaves, t w i g s 2 and v a r i o u s s p e c i e s  o f aqua t i c
v e g e t a t i o n . 3

FECUNDITY

ca. 600 to 4,600;~  3 l5 15,732 (with 803 of these
spawned) . l 4 Note: egg number i n  E .  a .  v e r m i c u l a t u s
t i m e s  t h a t  o f  E .  a .  a m e r i c a n u s . 3

ready to be
i s  n e a r l y  t w o

NATURAL HYBRIDS

E S O X  l u c i u s ; *  l2 E .  n i g e r . 8  9  1 0

EGGS

D e m e r s a l ,  a d h e s i v e ; 3  d i a m e t e r  l a r g e r  t h a n  E . l u c i u s , y o l k  y e l l o w ,
i n c u b a t i o n  p e r i o d :  1 5  d a y s  a t  7 . 8  C ,  1 4  d a y s  a t  8 . 3  C ,  1 1  d a y s  a t  8 . 9
C ; 2  1 2  t o  1 4  d a y s  i n  situ.15
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Esox americanus

YOLK-SAC LARVAE

T o t a l  l e n g t h
5.0-6.0 mm

7-10 mm

LARVAE

T o t a l  l e n g t h
11-18 mm

JUVENILES

T o t a l  l e n g t h
20-125 mm

Newly hatched.2
D e s c r i p t i o n

Morphology: mouth formed (9.0 mm), g u t  f o r m e d , feed ing
begins (10.0 mm,2 1 week  pos tha tch ing 3 ) .

P igmenta t ion :  eyes  b lack  (7 .0  to  8 .0  mm) .2

D e s c r i p t i o n
Myomeres :  ca .  46  (31  +  15+) ,  ind is t inc t  a t  17 .8  mm.5  6

Morphometry:  preanal  length greater than 67% TL.16
M o r p h o l o g y :  s n o u t  b l u n t ( 1 1 . 6  m m ) ,  b e c o m i n g  e l o n g a t e

( 1 7 . 8  m m ) ,  p e l v i c  b u d s  f o r m e d ,  i n c i p i e n t  c a u d a l  a n d
anal f i n  r a y s  f o r m e d  ( 1 1 . 6  m m ) ,  n o t o c h o r d  f l e x e d ,
i n c i p i e n t  d o r s a l  f i n  r a y s  f o r m e d  ( 1 7 . 8  m m ) . 5  ‘

P igmenta t ion :  body  darker  be low,  dark  midven t ra l s t r i p e
presen t ,  da rk  ch romatophores  dorso- la te ra l l y ,  m iddorsa l
p i g m e n t - f r e e  s t r i p e , d a r k  s t r i p e  f r o m  s n o u t  t h r o u g h
e y e s  t o  p e c t o r a l  b u d s  ( 1 1 . 6  m m ) ,  v e n t e r  w i t h  l e s s
pigment, melanophores concentrated over brain and over
pectora l  buds (17.8 mm) .5  6

D e s c r i p t i o n
Morphometry: snout  leng th  11% TL a t  s izes  less t h a n  1 5 0

mm.5 ‘
Morpho logy :  a l l fin rays formed (20 mm) ;13 11 to 13

b r a n c h i o s t e g a l  r a y s  p r e s e n t (extreme: 1 6  r a y s ) ; 3  l6
f in fo lds absorbed (22 mm), f i r s t  sca les  fo rmed  (50  mm) ,
squamation n e a r l y complete, ver tebral  column complete
(65 mm) . 5 6

P i g m e n t a t i o n :  p i g m e n t - f r e e  s t r i p e  o n  s i d e  f o r  e n t i r e
l e n g t h  o f  b o d y  ( 2 0  t o  1 2 5  m m ) ; 2  6  d a r k  l a t e r a l  s t r i p e s
above  and  be low p igment - f ree  s t r ipe  ( less  than 60 mm) ;
m i d d o r s a l  a n d  m i d l a t e r a l  s t r i p e s  o b s c u r e ,  v e r t i c a l  b a r s
f o r m i n g ; 3  5  ‘ s u b o c u l a r  b a r  d i r e c t e d  p o s t e r o - v e n t r a l l y
(60 to 100 mm) ;3 l3 a d u l t  p i g m e n t a t i o n  p r e s e n t  a t 130
to 140 mm.3

ADULTS

Fin            caudalr ays : 19 ; * dorsal 17 t o 21, anal 16 t o 18, pec to ra l 14 t o
1 5 ,  p e l v i c  9  t o 10.”

Ver tebrae :  44  to 46 (42 to 47) . 3

L a t e r a l  l i n e  s c a l e s :  9 3  t o  1 1 8 . 3
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Esox americanus

Branch ios tega l r ays : 9 t o 14 ( u s u a l l y 5 an tero-hya l + 7 p o s t e r o - h y a l ,
or 6 + 7) . 3

Submandibular pores: 8 (7 t o 9) .3

D i a g n o s t i c  c h a r a c t e r s : submand ibu la r  po res  usua l l y  less  than  9 ,  cheek
a n d  o p e r c l e  f u l l y  s c a l e d ,  b r a n c h i o s t e g a l  r a y s  u s u a l l y  1 2  t o  1 3  ( 5  +
7 or 6 + 7) .

LITERATURE CITED
1. Becker (1976)
2. Kleinert  and Mraz (1966)

43:
Crossman (1962a)
Scott and Crossman (1973)

5 . J o n e s  e t  a l . (1978)
6 . Mansueti and Hardy (1967)
7. Lagler and Hubbs (1943)
8. Crossman and Buss (1965)
9 . Hubbs (1955)

10. Raney (1955)
11. Hubbs and Lagler (1958)
12. McCarraher (1960)
13. Wang and Kernehan (1979)
14. Carbine (1944)
15. Crossman (1962b)
16. Lippson and Moran (1974)
17. Crossman and Van Meter (1979)

8.5 mm

F i g .  4 9 . Esox  amer icanus ,  g rass  p ickere l . Yolk-sac l a r v a . (Labora tory -
reared ,  Wiscons in ,  K le iner t  and  Mraz  1966,  de l inea ted  by  N.  A .  Auer ) .
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Esox americanus

11.6 mm

17.8 mm

22 mm

F i g .  5 0 . Esox americanus, g r a s s  p i c k e r e l . A and B. Larvae. C .  J u v e n i l e .

(A-C,  labora to ry - reared ,  Mary land ,  Mansuet i  and  Hardy  1967) .
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Esox luc ius- -

Esox  luc ius  L innaeus,  nor thern  p ike- -

DISTRIBUTION

A  h o l a r c t i c  s p e c i e s  w h i c h i s  f o u n d i n m o s t  o f t h e  G r e a t  L a k e s
r e g i o n . 3 2 Common throughout the Lake Michigan drainage. ’

SPAWNING SEASON

Spawns f rom March  th rough May in  the  Lake  Mich igan  d ra inage, ’  usua l l y
d u r i n g  A p r i l . 5  I4 Canadian populat ions spawn as late as mid-May. 2 2

SPAWNING TEMPERATURE

Most r e p o r t s range from 4 t o 11 C,l 7 8 lo l3 l6 l7 extremes o f 11 t o
17 C have been noted.”

SPAWNING HABITAT

S p a w n s  i n  a  v a r i e t y  o f  v e g e t a t e d  h a b i t a t s , ‘  l3 22 29 i n c l u d i n g  f l o o d e d
marshes ,  d ra inage  d i t ches5  l3 and  s loughs . 2 5  Usua l l y  spawns a t  dep ths
between 5 and 30 cm7 or 38 and 53 cm.13 l7

SPAWNING SUBSTRATE

Eggs are  broadcas t  over  var ious  types  o f  vegeta t ion  (mosses , grasses,
leaves, reeds) and mud. 17 19

FECUNDITY

7 ,691  to  97 ,273 ;
4  2 8 , 0 0 0  t o  2go,ooo.-

NATURAL HYBRIDS

E s o x  americanus;‘O  21 E m a s q u i n o n q y ; 2 1 . 2 3  E .  n i g e r . 2 1  23 26

EGGS

Demersal;7 12 16 17 29 30 not  semibuoyant *  as  p rev ious ly  descr ibed;3 0

a d h e s i v e ; 7  l2 l7 29 d i a m e t e r  2 . 2  t o  3 . 0  mm;ll  l4 l6 l7 l6 3 o extreme:
3.4 ,mm;24 s u r f a c e  o f c h o r i o n  o b s c u r e l y  reticulate;lO  p e r i v i t e l l i n e
space m o d e r a t e ; ” y o l k  d i a m e t e r  2 . 3  mm;l’ y o l k  y e l l o w (var ious
hues);2 11 14 17 30 or dusky g r e e n ; 2 9  o i l g l o b u l e s  (absent”)
numerous,  smal l , and i n c l u s t e r s  a t s u r f a c e  o f y o l k ; 11 17 28 31
incubat ion p e r i o d :
13 days at 8 C;2

120 degree-days;2 7  21 days at 4 C, 14 days at 7 C,
14 to 21 days at 7 to 13 C:29 12 to 17 days at 9 to

11 C;12 10 to 12 days at 10 C;15 7 to 10 days at 11 C;13 24 8 days at
13 C;" 5 to 10 days at 15 C, 3 to 4 days at 19 C;9 10 to 12 days in
situ.l’
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Esox luc ius

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
6-10 mm Newly hatched, m a n y  h a t c h i n g  s i z e s  r e p o r t e d i n t h i s

range; 2 6 11 12 25 27 2* 34 m o s t  r e l i a b l y  b e t w e e n  7  a n d
9 mm;ls l7 24 29 3o 31 l o w e r ,  w a t e r  t e m p e r a t u r e s  t e n d  t o
p roduce  sma l le r  ha tch ing  si2es.j

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  75;” p r e d o r s a l
f i n f o l d  l e n g t h  35;“” e y e  d i a m e t e r  5.“”

Morpho logy :  pec to ra l buds present;  b 15 24 30 34 head
d e f l e c t e d  o v e r l a r g e  r o u n d  y o l k  s a c ; ‘  l7 24 3o o r  n o t
so;15 m o u t h  i n f e r i o r ; ” adhesive o r g a n  o n f r o n t  o f
head. 12 15 29

P i g m e n t a t i o n :  e y e s  p i g m e n t e d ; 2 8  o r n o t ; 2 melanophores
o v e r  b o d y ,  d o r s u m  o f  g u t  a n d  head;” 28 l a t e r a l s t r i p e
f r o m  s n o u t  t o  c a u d a l fin;17 24 30 m i d d o r s a l  s t r i p e
p r e s e n t . 3 o

8-13 mm Myomeres: 61 to 68 (41 to 46 + 20 to 24) .24
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  7 0 ,  h e a d  l e n g t h

17,.24 e y e  d i a m e t e r  6  t o  8;~’ 3o g r e a t e s t  b o d y  d e p t h
2 4 ; 2 4  s n o u t  l e n g t h  5.“”

M o r p h o l o g y :  m o u t h  p a r t s  f o r m e d  ( 9 . 3  t o  1 1 . 0  m m ) ; 2  l7 3 o

feed ing b e g u n  ( 1 2 . 0  m m ) ; 2  n o t o c h o r d  f l e x e d ,  f i v e
d e n t a r y , t w o  m a x i l l a r y  a n d  p r e m a x i l l a r y t e e t h  p r e s e n t
( 1 0 . 5  m m , 3  d a y s ) ; 3 o s w i m  b l a d d e r i n f l a t e d  ( 1 2

mm) . 17 24

P igmenta t ion : eyes  p igmented  (7 .0  to  8 .0  mm;2  9 .3  mm”);
d a r k  p i g m e n t over body and yolk sac, brown pigment in
dorsal  and anal f i n  a n l a g e  ( 1 0 . 2  m m ) ,  y e l l o w - b r o w n
p i g m e n t  i n  d o r s a l  f i n  a n l a g e  ( 1 2  mm).17

LARVAE

Tota l l e n g t h D e s c r i p t i o n
10-19 mm Myomeres: 62 to 66 (42 to 45 + 19 to 22).2 4

Morphometry:  (as % TL) preanal  length 68,  head length 27,
eye  d iameter  8 ,  g rea tes t  body  dep th  14 .2 4

M o r p h o l o g y :  y o l k  a b s o r b e d  ( c a .  1 0  t o  1 3  mm,‘*  I4 29 1 4  t o
15 mm31 or 15 to 20 mm;12 at 6 to 10 days
p o s t h a t c h i n g ; 8  2 9  o r 160 to 180 degree-days
p o s t f e r t i l i z a t i o n 2 7 ) ; pe l v i c  buds  fo rmed  (13  mm;3 o  15
mm;24 and 16 to 19 mm28); f i r s t  c a u d a l  f i n  r a y s  f o r m e d
( 1 3 . 2  m m ) ,  l o w e r j a w  p r o t r u d i n g  ( 1 5  m m ) ; 2 4  adhes i ve
organ n o t  f u n c t i o n a l  ( 4  t o 6 2 9

posthatching) ; pec to ra l f i n r a y s  f o r m e d  ‘“(ik.9 iir:
dorsal  and anal f i n  r a y s  p r e s e n t , n o t o c h o r d  f l e x e d
(18.2 mm) .24

P i g m e n t a t i o n :  p a t c h  o f p i g m e n t  a t  a n u s  f a d e d , (13.5
mm) ; l7 dorsum wi t h  t w o  s t r i p e s s e p a r a t e d  b y  p i g m e n t -
f r e e med ian  s t r i p e ,  p r e o r b i t a l  s t r i p e  b e l o w  m i d l a t e r a l
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Esox luc ius

s t r i p e  p r e s e n t  ( 1 8 . 2  m m )  ;p4 m i d l a t e r a l  s t r i p e  f r o m
snout t o p e l v i c f i n s , s c a t t e r e d melanophores
p o s t e r i o r l y . 3 0

19-50 mm Myomeres: 57 to 63 (40 to 44 + 17 to 19) .2 4

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  69;2’ h e a d  l e n g t h
30 to 36, e y e  d i a m e t e r  8;~' 3 o  g r e a t e s t  b o d y  d e p t h
15 ; 2 4  s n o u t  l e n g t h  1 4 . 3 0

Morphology: n o t o c h o r d  f l e x e d  ( 2 0  mm,”  b u t  s e e  1 3  t o  1 9 -
m m a n d  8  t o  1 3 - m m  d e s c r i p t i o n s ) :  f i r s t  s c a l e s  f o r m e d
(30 .5  to  32 .0  mm)  ; 3 4  near l y  a l  1  f i n  rays  fo rmed (38 .6

mm) .24

P i g m e n t a t i o n :  m e d i a n  p i g m e n t - f r e e  s t r i p e  c o v e r e d  w i t h
melanophores, s e v e r a l  v e r t i c a l bands f r o m  d o r s u m  t o
m id la te ra l  a rea  (38 .6  mm) .  24

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
50-67 mm This  per iod  may beg in  as  ear ly  as  26  to  35  rnrn.ll  l4

Morphometry:  (as %  T L )  p r e a n a l  l e n g t h  6 6 ; 2 4  h e a d  l e n g t h
3 0  t o  32;" 24 eye  d iameter  5 ;2 4 g r e a t e s t  b o d y  d e p t h  8
t o  9.” 24

Morphology: 1 5  b r a n c h i o s t e g a l rays present (50.5 mm) ;ll
al 1 scales formed (66.5 mm) .34

P igmenta t ion :  dark  band  on  head  th rough  eye ,  no  para l le l
b a n d  b e l o w ,  f i n s  s p o t t e d . ”

ADULTS

Fin rays
17, pe

: caudal lg;f:  d o r s a l  1 5  t o  1 9 ,  a n a l  1 2  t o  1 5 ,  p e c t o r a l  1 4  t o
I v i c  1 0  t o  1 1 . 3 3

Ver tebrae : 5 7  t o  6 5 . ”

L a t e r a l  l i n e  s c a l e s :  1 0 5  t o  148.33

Branch ios tega l  rays : 1 3  t o  1 6  ( u s u a l l y  7  a n t e r o - h y a l  +  8  p o s t e r o - h y a l ,
o r  6  +  8).35

Submand ibu la r  po res :  9  to  11 .3 5

Diagnos t ic  charac te rs : s u b m a n d i b u l a r  p o r e s  9  t o  1 1 ,  c h e e k  f u l l y
sca led , o p e r c l e  p a r t l y  s c a l e d ,  b r a n c h i o s t e g a l  r a y s  u s u a l l y  1 4  t o  1 6
(7 + 8 or 6 + 8) .

LITERATURE CITED
1. Becker (1976)
2. Kleinert  and Mraz (1966)

1:
Hokanson et  a l .  (1973a)
Carbine (1944)

5 . Carbine (1942)

6 . Machniak (1975)
7. McNamara (1937)
8 .  T h r e i n e n  e t  a l .
9 . S i e f e r t  e t  a l .  (1’;;;;)

10. Johnson (1958)

Esocidae 162



Esox luc ius

11. Fish (1932) 24.
12. Hiner (1961) 25.
13. Clark (1950) 26.
14. Frankl in and Smith (1963) 27.
15. Kot lyarevskaya (1968) 28.
16. Raney (1959)
17. Kennedy (1968) ;::
18. Kendal l  (1917) 31.
19. McCarraher and Thomas (1972) 32.
20. McCarraher (1960)
21. Crossman and Buss (1965) :43:
22. Rawson (1932) 35.
23. Hubbs (1955)

Buynak and Mohr (1979c)
Forney (1968)
Embody (1918)
Huet (1970)
Browne (1906)
Fros t  and  K ip l ing  (1967)
Embody (1910)
Bracken and Kennedy (1967)
Hubbs and Lagler (1958)
Scott and Crossman (1973)
Frankl in and Smith (1960)
Crossman (1962a)

F i g .  5 1 .      Esox luc ius , n o r t h e r n  p i k e .  A . Y o l k - s a c  l a r v a ,  n e w l y  h a t c h e d .
B .  Y o l k - s a c  l a r v a . ( A ,  l a b o r a t o r y - r e a r e d ,  S o v i e t  U n i o n ,  K o t l y a r e v s k a y a
1969;  B ,  w i ld -caught , K le iner t  and  Mraz  1966,  de l inea ted  by  N.  A .  Auer ) .
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F i g .  5 2 . l u c i u s ,Esox n o r t h e r n  p i k e . A .  Yo lk -sac  la rva .  B  and  C.  Larvae .

(A-C,  labora to ry - reared ,  Wes t  Germany ,  G ih r  1957) .
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Esox luc ius

A 36 mm

B 50.5 mm

Fig. 53.               E s o x  l u c i u s ,  n o r t h e r n  p i k e .A . Larva . B. J u v e n i l e .  ( A ,
labora to ry - reared ,  Wes t  Germany , G i h r  1 9 5 7 ;  B ,  w i l d - c a u g h t ,  L a k e  E r i e
t r i b u t a r y ,  F i s h  1 9 3 2 ) .
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Esox masquinongy

Esox masquinongy Mitchi l l ,  muskel lunge

DISTRIBUTION

S c a t t e r e d  t h r o u g h o u t  t h e  G r e a t  L a k e s  r e g i o n  e x c e p t  t r i b u t a r i e s  o f  t h e
nor the rn shore o f  Lake  Superior.15 Uncommon to rare in the northern
h a l f  o f  t h e  L a k e  M i c h i g a n  drainage.l

SPAWNING SEASON

S p a w n s  f r o m  m i d - A p r i l  t o  l a t e  M a y  i n  W i s c o n s i n  t r i b u t a r i e s  o f  L a k e
Mich igan 1  2 a n d  i n  L a k e  E r i e , ’ o n l y  s l i g h t l y  e a r l i e r  i n  N e w  Y o r k . ’  9

SPAWNING TEMPERATURE

Spawns  a t  tempera tu res  f rom 9  to  16  C.l 2  3  7  9

SPAWNING HABITAT

Usua l l y  spawns i n sha l low, 0 . 2 -  t o  1 . 0 - m ,2  l3 m a r s h y  a r e a s , 2  o r  a t
edges  o f  poo ls  in  s t reams, l* bu t  has  been repor ted  to  spawn in deeper
water (3 to 4 m) .I

SPAWNING SUBSTRATE

Eggs are  b roadcas t  over  dead vegeta t ion  o r  de t r i tus , 2

FECUNDITY

1 0 , 0 0 0  t o 1 5 , 0 0 0 ; ” 2 2 , 0 0 0  t o  1 8 0 , 0 0 0 , ’ extreme v a l u e s  o f
225,0002  9 lo l1 and 250,0001 3  have been reported.

NATURAL HYBRIDS

E s o x  l u c i u s . 5  lp

EGGS

Demersal ; I3 9: o r  semibuoyant;1°  nonadhesive;lO  l3 * d i a m e t e r  2 . 5  t o
3.3 mm;3 4 * blastodisc reddish brown;’ oil globules numerous,
small;’  i n c u b a t i o n  p e r i o d :  6 2 days a t 7 C;‘O 12 to 20 days at 11 c; l1
13 to 21 days at 10 to 21 C; 3 8 t o 14 days a t 12 to 17 C;2  13 to 15
days at 13 C;* lo l1 10 days a t  13 t o 18 C;16 8 days at 17 C;12 6 days
a t  20  C .3

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
7.9-9.2 mm Newly hatched, mean  leng th  8 .7  mm;12  e r roneous ly  repor ted

as 13 to 18 mm.2
M o r p h o l o g y :  h e a d  d e f l e c t e d  d o w n w a r d  o v e r y o l k sac,

pec to ra l  buds  present.12
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P i g m e n t a t i o n :  d a r k  l a t e r a l stripe;’ l2 m e l a n o p h o r e s  o n
y o l k  sac;’ e y e s  pigmented.12

8-15 mm M y o m e r e s :  6 4  t o  7 0  ( 4 4  t o  4 8  +  1 8  t o  24).12
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 7  t o  7 3 ,  h e a d

l e n g t h  1 4  t o  2 3 ,  e y e  d i a m e t e r  5  t o  7 , g r e a t e s t  b o d y
d e p t h  1 3  t o  19;’  l2 s n o u t  l e n g t h  1  t o  5 ,  b o d y  d e p t h  a t
a n u s  1 3  t o  1 4 ,  m a x i l l a  l e n g t h  6.”

M o r p h o l o g y :  m o u t h  o p e n ,  s w i m  b l a d d e r i n f l a t e d , p e c t o r a l
f i n  r a y s  f o r m i n g  ( 1 1 . 4  mm);12 l o w e r  j a w  p r o t r u d i n g ; ’  l2
p e c t o r a l f i n  r a y s  n o t  f o r m e d , max i  1  la  reaches  jus t
b e y o n d  f r o n t  o f  e y e  ( 1 3 . 9  m m )  .12

P i g m e n t a t i o n : e y e s  p i g m e n t e d , n o  m e l a n o p h o r e s  d o r s a l l y  o r
v e n t r a l l y  ( 1 0 . 6  m m ) , m e l a n o p h o r e s  o n  h e a d  ( 1 1 . 4  m m )  ;12
of ten v e r y s m a l l ; *  e p a x i a l  p i g m e n t a t i o n  d a r k e r  b e h i n d
anus , me lanophores i n cauda l f i n f o l d , many
c h r o m a t o p h o r e s  o n  t o p  o f  h e a d  ( 1 1 . 6  mm).’

LARVAE

T o t a l l e n g t h D e s c r i p t i o n
15-21 mm M y o m e r e s :  6 4  t o  6 8  ( 4 5  t o  4 8  +  1 9  t o  21).12

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  7 0  t o  7 2 ,  h e a d
l e n g t h  2 2  t o  2 9 ,  e y e  d i a m e t e r  6 ,  g r e a t e s t  b o d y  d e p t h  1 1
t o  1 2 ; ' l2 s n o u t  l e n g t h  6 , body depth at anus 12,
m a x i l l a  l e n g t h  12.’

M o r p h o l o g y :  y o l k absorbed12  ( 1 4 . 4  mm;12 1 3  m m ; 3  a f t e r  1 0
t o  1 5  d a y s 3  4  9  lo ll); h y p u r a l e l e m e n t s  f o r m i n g  ( 1 6
mm) ; * c a u d a l , d o r s a l a n d  a n a l  f i n  r a y s  v i s i b l e  ( 1 7 . 4
mm) .12

P i g m e n t a t i o n : o c c i p u t  h e a v i l y  pigmented;)‘; o r  w i t h med ian
p i g m e n t - f r e e  s t r i p e , m e l a n o p h o r e s  s c a t t e r e d  l a t e r a l l y
on  do r sum, v e n t r a l  p i g m e n t  m i n i m a l  ( 1 7 . 4  m m )  .12 *

22-57 mm M y o m e r e s :  6 1  t o  6 6  ( 4 4  t o  4 7  +  1 7  t o  20).12
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  72;12  h e a d  l e n g t h

3 1  t o  3 4 ,  e y e  d i a m e t e r  5  t o  6 ,  g r e a t e s t  b o d y  d e p t h  1 1
t o  1 2 ; '  l2 s n o u t  l e n g t h  1 5 ,  b o d y  d e p t h  a t  a n u s  9.’

M o r p h o l o g y :  p e l v i c  b u d s  p r e s e n t ,  n o t o c h o r d  f l e x e d (24 .9
mm), l o w e r j a w p r o t r u d i n g  ( 2 5 . 7  m m )  ;  l2 m a x i  1  l a
e x t e n d i n g  t o  p o s t e r i o r  m a r g i n  o f  e y e ,  t e e t h  p r e s e n t  o n
j a w s , t o n g u e , r o o f  o f  m o u t h ,  p h a r y n x ,  a n d  g i l l  a r c h e s ,
2 0  d o r s a l  a n d  1 8  a n a l  f i n  r a y s ,  1 7  b r a n c h i o s t e g a l  r a y s ,
6 4  v e r t e b r a e  n o t  c o m p l e t e l y  o s s i f i e d ( 3 3 . 8  mm);’ f i n
r a y  d e v e l o p m e n t  n e a r l y  c o m p l e t e  ( 3 7 . 5  mm).12

P i g m e n t a t i o n :  m o r e  p i g m e n t  t h r o u g h o u t ,  v e n t e r  p o r t i o n  o f
g u t  p i g m e n t e d , s e v e r a l  v e r t i c a l  b a n d s  o n s i d e s (25 .7
mm);12 h o r i z o n t a l  s t r i p e  f r o m  s n o u t  t o  b e h i n d  e y e ,  a n a l
f i n  b a s e , p o s t e r i o r  c a u d a l f i n  a n d  j u s t  b e l o w  e y e
w i t h o u t  p i g m e n t  ( 3 3 . 8  m m )  .’

167 Esoc idae



Esox masquinongy

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
75 mm Morphometry:  (as % TL) preanal  length 66,  head length 30,

eye  d iameter  5 ,  g rea tes t  body  depth  9.12
Morphology: eye  p laced  h igh  on  head.12
Pigmenta t ion : two  la te ra l  bands  separa ted b y  m i d l a t e r a l

p i g m e n t - f r e e  area.12

ADULTS

Fin caudarays : 1 19 ; * dorsa l 15 t o 19, anal 14 t o 16, pec to ra l 14 t o
19,  pe lv ic  11 t o 12.15

V e r t e b r a e :  6 4  t o  66.15

L a t e r a l  l i n e  s c a l e s :  1 3 2  t o  167.15

B r a n c h i o s t e g a l  r a y s :  1 6  t o  19;15 u s u a l l y  8  a n t e r o - h y a l  +  1 0  p o s t e r o -
h y a l  o r  8  +  9.l’

Submand ibu la r  po res :  12  to  20.15  If

D i a g n o s t i c  c h a r a c t e r s : submandibular  pores 12 to 20,  cheek and opercle
no t f u l l y sca led , b ranch ios tega l rays 16 t o 19 (usua l l y 8 + 10 o r 8
+ 9) l

LITERATURE CITED
1. Becker (1976)

::
Oehmcke et al. (1958)
Johnson (1958)

::
Fish (1932)
Crossman and Buss (1965)

i:
Moore (1926)
Galat  (1973)

9 . Raney (1959)

10. Bean (1908)
11. Kendal 1 (1917)
12. Buynak and Mohr (1979c)
13. Williamson (1942)
14. Hubbs (1955)
15. Scott and Crossman (1973)
16. Miles (1978)
17. Crossman (1962a)
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F i g .  5 4 . Esox masquinongy muskellunge.
ha tchery - rea led ,

A  a n d  B .  Y o l k - s a c  l a r v a e .  C - E .
L a r v a e .  ( A , New York, o r i g i n a l i l l u s t r a t i o n  b y  N .  A .
Auer ; B-E,  ha tchery - reared ,  New York ,  F ish  1932) .



Esox n iger  LeSueur ,  cha in  p ickere l

DISTRIBUTION

I n  t h e  G r e a t  L a k e s ,  f o u n d  o n l y  i n  t h e  N e w  Y o r k  d r a i n a g e s  o f  L a k e s
Ontario 21 a n d  E r i e  ( i n t r o d u c e d  i n t o  t h e  latter).l  I8

SPAWNING SEASON

S p a w n s  f r o m  M a r c h 3  ? t o  May,’  b u t  p r i m a r i l y  i n  A p r i l . ’  3  ’ * lo 12
R i p e  a d u l t s  c o l l e c t e d  i n  t h e  f a l l  i n d i c a t e  a  p o s s i b l e  l a t e  s p a w n i n g
time.s

SPAWNING TEMPERATURE

Spawning o c c u r s  f r o m 7 t o 13 Cl 3 lo w i t h upper extremes o f 11 t o
C* and 9 t o  1 8  C.ll

13

SPAWNING HABITAT

S p a w n s  i n  w a t e r  1  t o  3  m  d e e p  u s u a l l y  i n  c o v e s ,  m o u t h s  o f i n l e t s ,
marshes ,  f l ooded  areas’ and vegeta ted  s loughs  and t r ibu ta r ies .  8

SPAWNING SUBSTRATE

Eggs are broadcast over submerged t e r r e s t r i a l and aqua t i c
v e g e t a t i o n , ’  3  4  I1 l2 o c c a s i o n a l l y  o v e r  g r a v e l . ’

FECUNDITY

Genera l l y 6 , 0 0 0  t o  8,000’ 3 9 w i t h extreme ranges o f 936 t o
and 1,716 t o  29,928.”

12,75010

NATURAL HYBRIDS

E s o x  americanus;15  l7 23 E .  l u c i u s . 1 5  ls 23

EGGS

Demersal;l  l1 l2 22 s l i g h t l y  adhesive;l  o r  n o n a d h e s i v e ; ’  l1 d i a m e t e r  2
mm1 3 or 2 .3 t o 3 .0 mm, mean 2.5 mm;2 22 yo lk  d iamete r 1 . 5  t o 2.3 mm;2

y o l k l i g h t  yellow’ o r  a m b e r ;  6  2 2 e g g s  n o t  i n  g l u t e n o u s  s t r i n g s ‘  l1 22
a s  p r e v i o u s l y  r e p o r t e d ; ’  l3 i n c u b a t i o n  p e r i o d :  1 1  d a y s  a t 10 c;s 13
days  a t 11 to 18 C, 7 days at 18 C;ll 5 to 6 days (120 hours) at 12 to
17 c;2 6 days a t 18 C;22 6 to 12 days i n situ.l a ’ 9 I1

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-8 mm Newly hatched, repor ted s i z e s  f o r  n e w l y - h a t c h e d  l a r v a e

vary : 4 .2 t o 7.0 mm;’ 5 . 0 t o 7.9 mm;2 6 mrn.j ’ 11
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M o r p h o l o g y :  h e a d  d e f l e c t e d  o v e r  y o l k  s a c ,  p e c t o r a l  b u d s
present;l  mouth  poor l y  deve loped . ’  7

P i g m e n t a t i o n :  l i v i n g spec imens  w i th  ye l low-green  f in fo ld
and body, chromatophores scat tered o v e r  h e a d , dorso-
l a t e r a l y o l k  s u r f a c e , a l o n g  g u t , and below caudal
p e d u n c l e . ’  22

6-10 mm Myomeres: preanal  30 to 34.2

Morpho logy :  mouth  open  (8 .0  mm) ,  inc ip ien t  pec to ra l f i n
r a y s  d e v e l o p i n g  ( 9 . 1  m m ,  3  d a y s ) ,  h e a d  f r e e  f r o m  y o l k
sac (10 mm) .2

Pigmenta t ion :  p igmenta t ion  inc reased on  head and  yo lk  (2
d a y s  o l d )  , p igment  on  ven te r  o f  yo lk  sac  (3  days  o ld ) ,
eyes black (10 mm) .2

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
1O-14 mm Myomeres :  to ta l  53  to  54 .2

Morpho logy :  yo lk  absorbed (9.511 to  10 .2  mm 1  ’ a t  1  week
or 6 to 8 days3 7 9 11), anal (10 to 11.8 mm) and
d o r s a l  ( 1 4  m m )  f i n  a n l a g e  v i s i b l e , notochord s t r a i g h t
(to 14 mm) , snout becoming  e longa te , l o w e r  j a w
p r o j e c t i n g . 2

Pigmenta t ion : c o n t i n u o u s  l a t e r a l b a n d  t h r o u g h  e y e (14
mm) . 2

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
24-150 mm Morphology:  scales present  on caudal  peduncle (24.3 mm).2

P i g m e n t a t i o n :  b o d y  y e l l o w - g r e e n  d a r k  s t r i p e  t h r o u g h  e y e
(24.3 mm), b o d y  g r e e n i s h  o r  y e l l o w i s h  w i t h  d u s k y
punctat ions; 2 subocular bar d i r e c t e d o b l i q u e l y
f o r w a r d ; 2 0 a d u l t  p i g m e n t a t i o n  ( c a .  1 5 0  mm).19 2o

ADULTS

Fin caudalrays: 19 ; * dorsa l 14 t o 15, anal 11 t o 13, pec to ra l 12 t o
1 5 ,  p e l v i c  9  t o 1O.l

V e r t e b r a e :  5 2  t o  54.’

L a t e r a l  l i n e  s c a l e s :  1 1 7  t o  135.’

B r a n c h i o s t e g a l  r a y s :  1 4  t o  17;’ usua l l y  6  an te ro -hya l  +  9  pos te ro -hya l
or 7 + 9.‘”

Submand ibu la r  po res :  9  to  11 .2 0
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Diagnos t ic  charac te rs : submand ibu la r  po res  8  to  9 ,  cheek  and  opercu la
f u l l y  s c a l e d ,  b r a n c h i o s t e g a l  r a y s  1 4  t o  1 7  ( u s u a l l y  6  +  9  o r  7  +  9 ) ,
l a t e r a l  p i g m e n t a t i o n  r e t i c u l a t e .

LITERATURE CITED
1. Scott and Crossman (1973)

;:
Jones  e t  a l .  (1978)
Raney (1959)

::
Kendal 1 (1917)
M i l l e r ,  J .  G .  ( 1 9 6 2 )

6 .  Mansuet i  and  Hardy  (1967)

i:
Underh i l l  (1949)
Lewis (1974)

9 . Schwartz (1960)
10. Lewis (1971)
11. Underh i l l  (1948)
12. Armbruster  (1959)

13. Wich (1958)
14. Barr  (1962)
15. Hubbs (1955)
16. Embody (1918)
17. Raney (1955)
18. Hubbs and Lagler (1958)
19. Trautman (1957)
20. Crossman (1962a)
21. Crossman and Van Meter (1979)
22. Mansueti  and Mansueti  (1955a)
23. Crossman and Buss (1965)

6.5 mm

8.0 mm

F i g .  5 5 .      E s o x  n i g e r ,  c h a i n  p i c k e r e l . A .  Yo lk -sac l a r v a , newly hatched.
B.  Yo lk -sac l a r v a , 2 days old. (A and B ,  l a b o r a t o r y - r e a r e d ,  M a r y l a n d ,
Mansueti and Hardy 1967) .
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Family Cyprinidae, carps and minnows

BY

George R. Heufelder and Lee A. Fuiman

T h e  C y p r i n i d a e  i s  a  l a r g e  f a m i l y ,  c o n t a i n i n g  a b o u t  1 6 0 0  s p e c i e s i n
a p p r o x i m a t e l y  2 7 5  g e n e r a (Nelson 1976) . C y p r i n i d s  a r e  f o u n d  o n  a l l
c o n t i n e n t s  e x c e p t  S o u t h  A m e r i c a  a n d  A u s t r a l i a . I n  t h e  L a k e  M i c h i g a n
dra inage , t h e r e  a r e about 40  spec ies  and  15  genera .  There  a re  severa l
a d d i t i o n a l  s p e c i e s  i n  t h e  d r a i n a g e s  o f  t h e  o t h e r  G r e a t  L a k e s .

G r e a t  L a k e s  c y p r i n i d s  a r e  u s u a l l y  s m a l l  f i s h e s  w i t h  a b d o m i n a l
f i n s , 1 9  p r i n c i p a l  f i n  r a y s  a n d  n o  a d i p o s e  f i n . They have no teeth
jaws but have wel l  developed Pharyngeal teeth;  the arrangement of  wh
of ten an  impor tan t  taxonomic  charac te r  o f  the  adu l t s . Na t i ve  fo rms
s i n g l e  d o r s a l  f i n  w i t h  l e s s  t h a n  t e n  r a y s . A l l  f i n s  a r e  s o f t - r a y e d .

p e l v i c
i n  t h e

ich i s
have a

Cypr in ids  a re  p r imar i l y  f reshwater  f i shes  wh ich  a re  abundant i n most
lakes , s t r e a m s  a n d  r i v e r s  w i t h i n  t h e i r  r a n g e . Most Great Lakes species are
omnivorous. They spawn during the spring and summer. Many spec ies  scat te r
t h e i r eggs among the gravel  in streams; O t h e r s  c o n s t r u c t  n e s t s  o f  g r a v e l
f o r  t h e i r  e g g s  b u t  p r o v i d e  n o  p a r e n t a l  c a r e  a f t e r  s p a w n i n g . Still others
guard t h e i r  e g g s  u n t i l  h a t c h i n g  o r  u n t i l  t h e  y o u n g  a r e  a b l e  t o  s w i m . Most
c y p r i n i d eggs are sma l l , 1.5 to 2.5 mm i n  d i a m e t e r , demersal and
nonadhesive. They c o n t a i n g r a n u l a r  y o l k  a n d  l a c k  d i s t i n c t  o i l  g l o b u l e s .
Larvae usual ly  hatch at  lengths between 4 and 7 mm. Most have a club-
s h a p e d  y o l k sac. T h e  a n u s is  loca ted  a t  a  po in t  50  to  65% TL  f rom the
snout . Preanal myomeres usually range between 19 and 30.
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Table 3. Ranges  o f  p reana l  myomeres  among Grea t  Lakes  cypr in ids .  Da ta
were  taken f rom severa l  sources  c i ted  in  the  ind iv idua l  spec ies  accounts .

Number of Preanal Myomeres

Species 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Semot i lus  corpora l i s
Campostoma anomalum
Couesius plumbeus
Semot i lus atromaculatus
Nocomis  b igu t ta tus
Notropis chrysocephalus
Nocomis micropogon
Not rop is  cornu tus
Rh in ich thys  ca tarac tae
Ericymba buccata
Hybognathus hankinsoni
N o t r o p i s  a t h e r i n o i d e s
R h i n i c h t h y s  a t r a t u l u s
Pimephales notatus
Cypr inus  carp io
Notemigonus crysoleucas          
Pimephales promelas
P imepha les  v ig i lax
Not rop is  hudson ius
Hybognathus regius
Not rop is  s t ramineus
N o t r o p i s  v o l u c e l l u s
N o t r o p i s  r u b e l l u s
N o t r o p i s  s p i l o p t e r u s
N o t r o p i s  d o r s a l i s
Carassius auratus
Not rop is  b lenn ius
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Campostoma anomalum (Raf inesque),  centra l  s tonerol ler

DISTRIBUTION

Found in  sou thern  por t ions  o f  Wiscons in  and Mich igan eas tward  to , and
i n c l u d i n g , southern t r i b u t a r i e s  o f  L a k e  Ontario.lO In Lake Michigan
i t  o c c u r s  i n  s o u t h e r n  a n d  e a s t e r n  t r i b u t a r i e s  s o u t h  o f  t h e  W h i t e  R i v e r
w i th  a  few repor ts  f rom sou thern  Wiscons in . ’

SPAWNING SEASON

Spawns dur ing  May and June in  Wisconsin.l  Spawn ing  ex tends  f rom mid-
A p r i l  t o  e a r l y  J u l y  i n  t h e  s o u t h e r n  d r a i n a g e  o f  L a k e  O n t a r i o . ’

SPAWNING TEMPERATURE

Spawns  be tween  13  and  27  C,  usua l l y  f rom 16  to  21  C.2  4  9  l4 22

SPAWNING HABITAT

Spawns i n s h a l l o w  p o r t i o n s  o f  s t r e a m s  n e a r  d e e p  ~001s.~ l8 A l s o
b u i l d s  n e s t s  o n  n e s t s  o f  o t h e r  c y p r i n i d s , ‘  s u c h  a s Semot i lus
atromaculatus,4  and Nocomis m i c r o p o g o n . 5  l1 l3 lc

SPAWNING SUBSTRATE

Const ruc ts a  p i t - t y p e nest i n  g r a v e l , ’  4  lo approximately 15 cm in
diameter and 5 cm deep.l*

FECUNDITY

4 3 8  t o  4,801.~~

NATURAL HYBRIDS

; 2 3  Phox inus  eos ; 2 5  P .
cataractae;16  S e m o t i l u s  atromaculatusIi5

e r y t h r o g a s t e r ; 2 4  R h i n i c h t h y s

EGGS

Demersa l ;2  *  nonadhes ive ;2 2  *  d iamete r  2 .3  to  2 .4  mm;2  2o or mean: 2.7
mm;19  y o l k  b r i g h t  yellow;l i n c u b a t i o n  p e r i o d :  c a .  9 3  h o u r s  a t  1 7  t o  2 3
C ; 2 0 69 t o 71 hours a t 21 C.2

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.8-6.2 mm Newly hatched;2 l9 a l so  repor ted  as  6 .3  to  6 .9  mm SL .3

Myomeres: (27 to 28 + 11 to 15). 3

Morphology: pectoral b u d s  p r e s e n t ; 2  l9 y o l k sac  c lub -
shaped: 3 6  l9 h e a d  d e f l e c t e d  o v e r  y o l k  sac.l  l9
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P i g m e n t a t i o n :  absenti s c a t t e r e d  f i n e l y  o v e r  d o r s u m  t o
sides;l l9 e y e  tan;l * o r  c l e a r . 8  l9

6-9 mm M y o m e r e s :  4 0  t o  45" ( 2 7  t o  3 0  +  1 1  t o  15);" l9 u s u a l l y
43 to 45 (28 to 30 + 15);” see 5.8-6.2 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 4  t o  68;' l9
predorsal length 39 to 44;* head length 16, eye
d iameter  8 ,  g rea tes t  body  dep th  19.l'

M o r p h o l o g y :  f i r s t  c a u d a l  f i n  r a y s  f o r m e d  ( 6 . 7  t o  8 . 1  mm*
o r  9 . 3 mm’,) ; mouth open, s w i m  b l a d d e r  i n f l a t i n g  ( 9 . 0
mm) . l 9

P i g m e n t a t i o n :  d o r s a l  p i g m e n t sca t te red a n t e r i o r  t o
f i n f o l d ;  l9 melanophores along m i d l a t e r a l area and
yolk-sac dorsum (7.2 mm), t w o  d o r s a l  r o w s  f r o m  o c c i p u t
t o  c a u d a l peduncle, several  melanophores on anter ior
yolk-sac venter (7.6 mm) . l9

LARVAE

T h e  i d e n t i t y  o f  a  7 . 5 - m m  s p e c i m e n  i l l u s t r a t e d  b y  F i s h  ( 1 9 3 2 )  i s  dubious.12

T o t a l  l e n g t h D e s c r i p t i o n
9-13 mm M y o m e r e s :  4 0  t o  41” ( 2 6  t o  2 9  +  1 1  t o  1 4 ) ; 8  l9 u s u a l l y

41 (28 + 13);" see 5.8-6.2 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 1  t o  66;' * l9

p r e d o r s a l  l e n g t h  4 0  t o  45;' h e a d  l e n g t h  1 9  t o  2 0 ,  e y e
diameter 7 to 8;' l9 g r e a t e s t  b o d y  d e p t h  13' t o  17;l’
body depth at anus 6.7

M o r p h o l o g y :  y o l k  a b s o r b e d  (8.5" t o  9 . 2 3  m m ) ;  n o t o c h o r d
f l e x e d ( 9 . 3  mm);19 pe lv i c  buds  fo rmed (9 .1  to  11 .2 )  ;*
d o r s a l  a n d  a n a l  f i n  r a y s  f o r m i n g ; 3  l9 p e c t o r a l  f i n  r a y s
f o r m i n g  ( 1 1  mm);19  g u t  S - s h a p e d  ( 1 3  m m ) ; 2 1  m o u t h
s u b t e r m i n a l  a f t e r  p e l v i c  b u d s  a p p e a r . 6

Pigmenta t ion :  p igment s c a t t e r e d  o n  d o r s u m  o f  h e a d ,  t w o
rows on dorsum of body, m i d l a t e r a l s t r i p e  p r e s e n t ,
pa i red row o n  p o s t a n a l v e n t e r ; 3  7 v e n t r o - l a t e r a l
s t r i p e s  a l o n g  s i d e s  o f g u t c o n v e r g i n g  a t isthmus; 3

pigment on dorsum of  gut , “ s h o r t  d o u b l e  s e r i e s  o f  a b o u t
n ine c h r o m a t o p h o r e s ]  i n  t h e  j u g u l a r  r e g i o n ”  ( c a .  9  t o
10 mm);’ caudal s p o t  f o r m e d  o n  h y p u r a l area, no t
extend ing much  in to  cauda l  f i n , m i d l a t e r a l  s t r i p e  m o r e
prominent (11 mm) .3 l9

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20-50 mm Morphology: a l l  f i n f o l d  a b s o r b e d ,  p e l v i c  f i n  r a y s presen t

(20.3 mm), m o u t h  i n f e r i o r  ( 3 0  mm);19  g u t  c o i l e d  a s  i n
adult (35 to 50 mm) .21
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ADULTS

F in  r ays : cauda l  19 ; *  do rsa l  8 , a n a l  7 ,  p e c t o r a l  1 5 ,  p e l v i c  8 . 9

Ver tebrae : 4 0  t o  4 2  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s : 4 7  t o  5 8 ,  u s u a l l y  52.”

P h a r y n g e a l  t e e t h :  0,4-4,0.,

D i a g n o s t i c  c h a r a c t e r s :  c i r c u m f e r e n t i a l  s c a l e s  3 8  t o  5 0 , l a t e r a l l i n e
sca les  47  to  58 , in tes t ine  wound around swim b ladder ,  lower  jaw w i th
c a r t i l a g i n o u s  r i d g e ,  d o r s a l  f i n  s h o r t ( e i g h t  r a y s ) .

LITERATURE CITED
1. Becker (1976)

::
Reed (1958)
Hogue et  a l .  (1976)

4 . M i l l e r ,  R .  J .  ( 1 9 6 2 )

ii*
Reighard (1943)

’
Loos  e t  a l .  (1979)

k
Fish (1932)
Perry and Menzel (1979)

9 . Cross (1967)
10. Hubbs and Lagler (1958)
11. Raney (1947)
12. J.  J.  Loos (pers.  Comm.)
13. Lachner (1952)

14. Hankinson (1919)
15. Cross and Minckley (1960)
16. Raney (1969a)
17. Pflieger (1971)
18. Crevecoeur (1908)
19. Buynak and Mohr (1980a)
20. W. L.  Pf l ieger (pers.  Comm.)
21. Kraatz (1924)
22. Schmulbach (1957)
23. Trautman (1957)
24. Hubbs and Bailey (1952)
25. G i lbe r t  (1964)
26. Bar tn ik  (1970)

A 7.5 mm

B 9.8 mm

F i g .  5 7 . Campostoma anomalum, c e n t r a l  s t o n e r o l l e r . A  a n d  B .  L a r v a e .  ( A ,
w i l d - c a u g h t ,  I o w a , photograph by Perry and Menzel 1979, del ineated by L. A.
F u i m a n ;  B ,  w i l d - c a u g h t ,  L a k e  E r i e  t r i b u t a r y ,  F i s h  1 9 3 2 ) .
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B 10.5 mm

F i g .  5 8 . Campostoma anomalum, c e n t r a l  s t o n e r o l l e r . A  a n d  B .  L a r v a e .  ( A ,

l a b o r a t o r y - r e a r e d , Pennsy lvan ia , Loos et al. 1 9 7 9 ;  B , w i l d - c a u g h t ,

photograph by Perry and Menzel 1979, del ineated by L.  A. Fuiman).
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Campostoma oligolepis

I

Campostoma ol igolepis Hubbs and Greene, largescale stonerol ler

BUTION

n the  Grea t  Lakes  reg ion , i t  i s  r e s t r i c t e d  t o  L a k e  M i c h i g a n  w h e r e i tI
occurs i n  w e s t e r n  t r i b u t a r i e s  ( i n c l u d i n g  t h o s e  o f  s o u t h e r n  G r e e n  B a y )
sou thward  f rom sou thern  Wiscons in . ’

ADULTS

Fi n  r a y s :  c a u d a l  1 9 ; *  d o r s a l  8 ,
9 . 5

Cypr in i dae

a n a l  7  t o  8 ,  p e c t o r a l  1 7 ,  p e l v i c  8  t o

180

SPAWNING SEASON

S p a w n s  f r o m  m i d - M a r c h  t o  e a r l y  J u n e , ’  p r i m a r i l y  d u r i n g  M a y , 2 in
M i s s o u r i .

SPAWNING TEMPERATURE

Spawns at temperatures between 12 and 20 C.’

SPAWNING HABITAT

Spawns  in  sha l lows  ( to  30  cm)  o f  s t reams. ’

SPAWNING SUBSTRATE

C o n s t r u c t s  a  p i t  n e s t , s e v e r a l  c e n t i m e t e r s  i n  d i a m e t e r ,  i n  g r a v e l . ’

FECUNDITY

Not  repor ted .

EGGS

Demersa l ; *  d iamete r  2 .6  mm,  l a rge r  than  C .  anoma lum,  yo l k  da rke r  than
C .  a n o m a l u m ,  i n c u b a t i o n  p e r i o d :  9 3  h o u r s  a t  1 7  t o  2 3  C ,  ‘ ( u s u a l l y  2 0
C) ,  62  hours  a t  19  to  24  C  (deve lops  fas te r  than  C .  anomalum) . ’

YOLK-SAC LARVAE

Hatches a t  5 .6  to  6 .4  mm,  eyes  unp igmented .  Eyes  p igmented  16  to  24
hours posthatching (sooner than C. anomalum) .’

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .



Campostoma ol igolepis

Ver tebrae : 4 1  t o  44' ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) .

L a t e r a l  l i n e  s c a l e s :  4 1  t o  49.j 5

P h a r y n g e a l  t e e t h :  0 , 4 - 4 , 0 . 5

D i a g n o s t i c  c h a r a c t e r s :  c i r c u m f e r e n t i a l  s c a l e s  2 9  t o  3 8 , u s u a l l y  3 3 ,
l a t e r a l l i n e  s c a l e s 4 1  t o  4 9 ,  u s u a l l y  4 5 ,  i n t e s t i n e  w o u n d  a r o u n d
s w i m  b l a d d e r ,  l o w e r  j a w  w i t h  c a r t i l a g i n o u s  r i d g e ,  d o r s a l f i n  s h o r t
( e i g h t  r a y s ) .

LITERATURE CITED
1. Becker (1976)
2. P f l i eger  (1975)
3. P f l i eger  (1971)

4 . W. L.  Pf l ieger  (pers.  comm)
Hubbs and Greene (1935)
B u r r  e t  a l .  ( 1 9 7 9 )
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Carass ius  aura tus

C a r a s s i u s  a u r a t u s  ( L i n n a e u s ) ,  g o l d f i s h

DISTRIBUTION

O c c u r s  s p o r a d i c a l l y  t h r o u g h o u t  t h e  s o u t h e r n  h a l f  o f  t h e  G r e a t  L a k e s
b a s i n , p a r t i c u l a r l y in  wes tern  Lake Er ie , the  Det ro i t  R iver  and  Lake
S t .  C l a i r . ’ i t  h a s  b e e n  c o l l e c t e d  f r o m  t h e  s o u t h e r n  h a l f  o f  t h e  L a k e
M i c h i g a n  d r a i n a g e . 2  *

SPAWNING SEASON

Spawns in May or June.3 Developing eggs were found as late as August
i n  L a k e  E r i e . ’

SPAWNING TEMPERATURE

Spawns when water temperatures reach 16 C.’ lo

SPAWNING HABITAT

Spawns in  lakes ,  ponds’ a n d  b a c k w a t e r s  o f  r i v e r s . *

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  o v e r  f l o a t i n g  a q u a t i c  p l a n t s , 5  6  7 grass , r o o t s and
leaves. 4

FECUNDITY

A  f e m a l e  m a y lay  2 ,000  to  4 ,000  eggs  a t  one  t ime and spawn severa l
t imes  dur ing  a  season. ’

NATURAL HYBRIDS

C y p r i n u s  c a r p i o . 3  *

EGGS

mm;6 7 B u s u a l l y 1 . 5  t o  1 . 6  i n  f e r a l  p o p u l a t i o n s ; ’  l1 p e r i v i t e l l
s p a c e  n a r r o w ,  0 . 1  mm;’ t r a n s p a r e n t ; 8 or yellow-white;’ 8 y o l k  w
many sparse1 y s c a t t e r e d o i l  d r o p l e t s ,  d r o p l e t  d i a m e t e r  0 . 0 1  t o  0
mm, number  d im in ish ing  w i th  age ,  incubat ion  per iod :  64  to  72  hours
24 to 28 C.’

YOLK-SAC LARVAE

Demersal, adhes ive  (un t i l  wa ter  hardened)  ;  ’ I1 diameter 1.0 to 1.6
ine
i t h
.05
a t

T o t a l  l e n g t h D e s c r i p t i o n
3-6 mm Hatching length 3.0 mm;’ 4 . 5 t o 5.0 mm.6 7

Myomeres: 26 to 32 (17 to  20 + 8 to 14) ;lz 33” (21 t o
+ 11 to 12) .6 ’

22
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Morphomet ry :  (as  % TL)  s tandard  leng th  90  to  96 ,  p reana l
l e n g t h  6 7  t o  7 1 ,  h e a d  l e n g t h  1 8  t o  2 2 ,  g r e a t e s t  b o d y
d e p t h  1 5  t o  2 1 ,  ( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  2 7  t o
3 8 ,  s n o u t  l e n g t h  2 1  t o  37.'

Morpho logy :  yo lk sac bulbous a n t e r i o r l y , t a p e r i n g
p o s t e r i o r l y ; 6  7  u p p e r  a n d  l o w e r  j a w s  n o t  d e v e l o p e d ,
h e a d  p r o j e c t i n g  f r o m  y o l k  s a c ,  p e c t o r a l  b u d s  p r e s e n t
(newly hatched);6  mouth open ( c a .  2 4 8 t o  3 6 7  h o u r s
p o s t h a t c h i n g ) ;  y o l k  s a c  t u b u l a r  ( c a .  3 6  h o u r s ) ,  s w i m
bladder developed (af ter  20 hours);& opercular  membrane
covers gills (5.8 mm) ;’ pectoral buds large, fan-
shaped, lower jaw developed (6.0 to 6.2 mm) .c

P i g m e n t a t i o n :  s t e l l a t e melanophores a r o u n d  j a w s ,  o n
dorsum of head;’ B and body (newly hatched) ; 6 7

xanthophores i n  d o r s a l head  muscu la tu re (5.8 mm) ;’
i n t e r n a l melanophores form a "Y" p a t t e r n
( c h a r a c t e r i s t i c  o f  g o l d f i s h  a n d  c o m m o n  c a r p )  w i t h
d o r s a l  b r a n c h  a l o n g  v e n t e r  o f  o t i c  c a p s u l e  e x t e n d i n g
beyond a n t e r i o r e d g e  o f c a p s u l e  ( g o l d f i s h  o n l y ) ,
i n t e r o r b i t a l area w i t h little or no pigment;12
melanophores a long  dorsum o f  abdomina l  cav i t y  (doub le
o r t r i p l e s e r i e s ) ; ’ and v e n t e r  o f caudal f i n ; ”
melanophores fewer on  s ides  o f  head and body  a t  leve l
o f  l a te ra l  l i ne ,  dense  mass  o f  subsur face  me lanophores
o v e r  g i l l arches; 7 stel late melanophores near end of
n o t o c h o r d ; ’  B melanophores numerous a n d  d i s t r i b u t e d
i r r e g u l a r l y  a l o n g  b o t h  s i d e s  o f  d o r s a l  l i n e s  ( 6 . 2  m m ) ,
some yo lk -sac  la rvae  show l igh t  g reen  co lo ra t ion mixed
with melanophores.6

LARVAE

Tota l l e n g t h D e s c r i p t i o n
7-8 mm Myomeres: 34 (22 + 12) ,’ see 3-6 mm.

Morphometry:  (as % TL) standard length 83 to 90,  preanal
leng th  67  to  69 ,  head  leng th  21 , g r e a t e s t  b o d y  d e p t h
15, ( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  3 6  t o  4 3 ,  s n o u t
l e n g t h  21.’

Morpho logy :  yo lk  absorbed (6.5 to 7.0 mm) ;6 7 mouth
enlarged, j a w s  f u n c t i o n a l , operculum covers most  g i l l
f i l a m e n t s , n o t o c h o r d  s l i g h t l y  f l e x e d ,  i n c i p i e n t caudal
f i n  r a y s  p r e s e n t , concentrat ion of  mesenchyme in area
o f  f u t u r e  d o r s a l  f i n , opercula wel l  developed (6.8 mm),
c a u d a l  f i n  f o r k e d ,  f i n f o l d  e l e v a t e d  i n  a r e a  o f  d o r s a l
f i n , anal fin marked by an accumulation of mesenchyme
i n  f i n f o l d , i n c i p i e n t  r a y s  e v i d e n t i n  p e c t o r a l buds,
operculum complete ly covers g i l l s , sw im b ladder
p a r t i a l l y  d i v i d e d  i n t o  t w o  c h a m b e r s  ( 7 . 9  m m ) . ’

P igmenta t ion : round  me lanophores  on d o r s u m  o f head,
melanophores on v e n t r a l margin o f  ope rcu lum,  ye l l ow
p igment  over  en t i re  body  su r face  (6 .8  mm) , m i d l a t e r a l
myoseptum marked w i t h melanophores, elongated
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melanophores present among incip ient dorsa l f i n  r a y s
and a r e a  o f anal f in mesenchyme, minu te  spher ica l
p a r t l y  p i g m e n t e d  e l e v a t i o n s  p r e s e n t  o n  l i p s  ( 7 . 9  mm).’

9-12 mm Myomeres: 34 (22 + 12) ,' see 3-6 mm.
Morphomet ry :  (as  % TL)  s tandard  leng th  83  to  88 ,  p reana l

l e n g t h  6 8  t o  7 1 ,  h e a d  l e n g t h  2 6  t o  2 7 ,  g r e a t e s t  b o d y
depth 18 to 20, ( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  3 1  t o
3 5 ,  s n o u t  l e n g t h  22.’

Morphology: dorsal f i n  w i t h  n i n e  r a y s ,  f i n f o l d  r e d u c e d
b e t w e e n  m e d i a n  f i n s , anal a n d  p e c t o r a l f i n s  w i t h
d i s t i n c t  r a y s ,  p e l v i c  b u d s  e v i d e n t  ( 9 . 4  m m ) ,  p e l v i c  f i n
rays e v i d e n t ,  p r e a n a l  f i n f o l d  r e d u c e d ,  c a u d a l  f i n  r a y s
show s o m e  b r a n c h i n g  ( 1 1 . 6  m m ) ; ’  W e b e r i a n  o s s i c l e s
present (10.0 mm). 9

P i g m e n t a t i o n :  m e l a n o p h o r e s  o v e r  e n t i r e  b o d y  c o n t r a c t e d ,
concentrated above midlateral  myoseptum, body opaque,
a p p e a r i n g  g r e e n i s h  y e l l o w to  fawn  (9 .4  mm) ,  p igmen t
in tens i f ied  (11 .6  mm)  and  becoming  i r idescen t . ’

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
15-16 mm Morphomet ry :  (as  % TL)  s tandard  leng th  80 ,  p reana l  leng th

64 ,  head leng th  25 ,  g rea tes t  body  dep th  29 ,  (as  % head
leng th )  eye  d iameter  35 ,  snou t  leng th  20.’

Morpho logy :  a l l f i n r a y s  f o r m e d , rud imen ta ry scales
formed (15.0 mm) ;c squamation complete (15.7 mm) .’

P igmenta t ion : c o l o r  v a r i e s  f r o m  o l i v e  g r e e n  o r b r o w n  t o
o range- red .7

ADULTS

F in  r ays : caudal 1 9 ; *  d o r s a l  I , 17 (15 to 18), anal I, 5 (5 to 6),
pec to ra l 15 t o 17, p e l v i c 8 t o 9 . 3

Ver tebrae : 28  to  29  ( inc lud ing  Weber ian  ver tebrae) .3

L a t e r a l  l i n e  s c a l e s :  2 7  t o  3 0 . 3

P h a r y n g e a l  t e e t h :  0 , 4 - 4 , 0 . 3

Diagnos t i c  charac te rs :  barbe ls  absent , Pharyngeal t e e t h n o t molar -
l i k e , g i l l r ake rs 3 7  t o  4 3 ,  l a t e r a l  l i n e  s c a l e s  u s u a l l y  l e s s  t h a n
3 2 ,  d o r s a l  f i n  b a s e  l o n g ,  m o r e  t h a n  1 1  s o f t  r a y s ,  d o r s a l  a n d  a n a l
f i n s  e a c h  w i t h  s t r o n g  s p i n e  s e r r a t e d  o n  p o s t e r i o r  e d g e .

LITERATURE CITED
1. Hubbs and Lagler (1958)

::
Becker (1976)
Scott and Crossman (1973)

4 . Dob ie  e t  a l .  (1956)

Innes (1936)
Okada (1960)
Ba t t le  (1940)
Khan (1929)
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9 . Watson (1939)
10. Quast (1929)

11. Loos  e t  a l .  (1979)
12. Ger lach  ( in  p ress)

F i g .  5 9 . C a r a s s i u s  a u r a t u s ,  g o l d f i s h . A - D .  Y o l k - s a c  l a r v a e .  E . Larva.

(A,B,D and E, labora to ry - reared ,  Lake  Er ie ,  Ba t t le  1940 ;  C ,  Japan ,  Nakamura
1969).
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A 8.4 mm

C 11.0 mm

D

F i g .  6 0 . Carassius
N a k a m u r a  1 9 6 9 ;  B ,  

14.0 mm

aura tus , g o l d f i s h . A-D. Larvae. (A,C and D, Japan,

labora to ry - reared ,  Mary land ,  Loos  e t  a l .  1979) .
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Clinostomus elongatus

Cl inos tomus e longa tus  (K i r t l and) ,  reds ide  dace

DISTRIBUTION

S c a t t e r e d  p o p u l a t i o n s  i n  t h e  G r e a t  L a k e s , i n c l u d i n g  L a k e  M i c h i g a n ,
E r i e and O n t a r i o t r i b u t a r i e s . 5 L a k e  M i c h i g a n  p o p u l a t i o n s  a r e
d i s c o n t i n u o u s  i n  s o u t h e r n  a n d  c e n t r a l  W i s c o n s i n .  M a y  b e  e x t i r p a t e d  i n
t h e s e  a r e a s . '

SPAWNING SEASON

Spawns from mid-May to ear ly June in New York.3  4

SPAWNING TEMPERATURE

Spawns at  temperatures near 18 c.'

SPAWNING HABITAT

Spawns in, o r  ups t ream o f , r i f f l e  a r e a s  o f  s t r e a m s 3  o r i n n e s t s  o f
Semot i l us  a t romacu la tus . 4

SPAWNING SUBSTRATE

Spawns over gravel.3

FECUNDITY

4 0 9  t o  1 , 5 2 6 . '

NATURAL HYBRIDS

Not rop is  co rnu tus ,  Semot i lus  a t romacu la tus . 3  4

EGGS

Demersal, nonadhesive, d iameter  1.2 to 2.4 mm4  (may inc lude immature
o v a ) ; *  y o l k  y e l l o w . 4

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .
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JUVENILES

T o t a l  l e n g t h
23 mm

D e s c r i p t i o n
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 4 ,  p r e d o r s a l

leng th  43 ,  head  leng th  25 ,  eye  d iameter  7 ,  snou t  leng th
5 ,  g rea tes t  body  depth  18 ,  body  depth  a t  anus  11 .2

Morpho logy :  a l l f i n  r a y s  c o m p l e t e , caudal f i n  d e e p l y
f o r k e d ,  m o u t h  o b l i q u e ,  l o w e r  j a w  p r o j e c t i n g  s l i g h t l y . 2

Pigmentat ion:  melanophores on jaws and d o r s u m  o f  h e a d ,
s i n g l e  d o r s a l  s t r i p e ,  l a t e r a l  s t r i p e  s o m e w h a t  d i f f u s e ,
v e n t r a l p i g m e n t a t i o n  s p a r s e , r a y s  o f median f i n s
ou t l i ned  by  me lanophores . 2

ADULTS

Fin rays : caudal ; * dorsa l 7 t o 8 , anal 8 t o 10, pec to ra l 14 t o 16,
p e l v i c 8.6

Ver tebrae : 38  to  41  ( inc lud ing  Weber ian  ver tebrae) .6

L a t e r a l  l i n e  s c a l e s :  6 3  t o  7 0 . 6

P h a r y n g e a l  t e e t h :  2 , 5 - 4 , 2  1,4-3,l.s

D i a g n o s t i c  c h a r a c t e r s : p e l v i c  f i n  o r i g i n  a n t e r i o r  t o  d o r s a l f i n
o r i g i n ,  p e r i t o n e u m  s i l v e r y  o r  s p e c k l e d ,  l a t e r a l  l i n e  c o m p l e t e ,  m o u t h
t e r m i n a l , l a t e r a l  l i n e  s c a l e s  6 3  t o  7 0 ,  b a r b e l s  a b s e n t ,  p r e m a x i l l a e
p r o t r a c t i l e ,  d o r s a l  f i n  s h o r t  ( s e v e n  t o  e i g h t  r a y s ) .

LITERATURE CITED
1. Becker (1976)

::
Fish (1932)
Raney (1969a)

4 . Koster (1938)
Hubbs and Lagler (1958)
Scott and Crossman (1973)

23.3 mm

F i g .  6 1 . Cl inostomus elongatus, redside dace. J u v e n i l e . (WiId-caught,
L a k e  E r i e  t r i b u t a r y ,  F i s h  1 9 3 2 ) .
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DISTRIBUT ION

Th i s nor thern  spec ies  occurs  th roughout  the  Grea t  Lakes  reg ion ,  excep t
Lake E r i e  a n d  i t s  t r i b u t a r i e s . 3 I n  L a k e  M i c h i g a n  i t  i n h a b i t s  t h e
coas t a l zone o f  t h e  l a k e ,  p e n e t r a t i n g  t r i b u t a r i e s  t o  a  m i n o r  e x t e n t .
I t  i s  f o u n d  a l o n g  a l l  s h o r e s  e x c e p t  t h e  s o u t h e r n  m o s t  tip.l

Couesius plumbeus

Couesius plumbeus (Agassiz) ,  lake chub

SPAWNING SEASON

U s u a l l y  s p a w n s  i n  A p r i l  i n  W i s c o n s i n *  o r  m i d - M a y  t o  m i d - J u n e  n e a r
M o n t r e a l ,  Quebec.l

SPAWNING TEMPERATURE

Spawns at 10 C.2 Eggs  were  co l lec ted  a t  12  to  13  C.'

SPAWNING HABITAT

M i g r a t e s  o n l y a  shor t  d i s tance  ups t ream f rom lakes . ’  3 Spawns along
marg ins  o f  s t reams and  r i ve rs  in  5  cm o f  wa te r .2

SPAWNING SUBSTRATE

Scatters eggs among rocks2  and gravel ’ o r  b u i l d s  a  p i t - l i k e  nest.B

FECUNDITY

2 1 4  t o  1,540’  o r  7 0 0  t o  2 , 5 0 0 . '

NATURAL HYBRIDS

R h i n i c h t h y s  cataractae;l 7  p o s s i b l y  S e m o t i l u s  margarita.‘O

EGGS

Demersal, nonadhes ive ,  d iameter  1 .8  to  2 .4  mm;’ mean :  2.1’ t o  2 .3  mm;2

p e r i v i t e l l i n e  s p a c e  n a r r o w ,  y o l k  d a r k  g o l d e n , o i l g l o b u l e  a b s e n t ; ’
i ncubat ion  per iod : 10 days at 8 to 19 C.2

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.8-6.4 mm Newly hatched.4

Myomeres: 39 to 45 (25 to 30 + 12 to 17),  unchanged af ter
hatching,  mean: 4 1 . 8  ( 2 7 . 3  +  14.51.'

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 8  t o  6 9 ,  h e a d
l e n g t h  1 8 ,  e y e  d i a m e t e r  7  t o  8 ,  b o d y  d e p t h  a t  a n u s  1 1
t o  12.’

Morpho logy :  pec to ra l buds present, yo lk  sac  c lub -shaped ,
head  de f lec ted  over  yo lk  sac.’
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Couesius plumbeus

6-8 mm

LARVAE

T o t a l  l e n g t h
8-17 mm

JUVENILES

P i g m e n t a t i o n :  e y e s  l i g h t  b r o w n ,  f u r t h e r p igmenta t ion
sparse. 4

Myomeres: see 5.8-6.4 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 3  t o  6 8 ,  h e a d

leng th  18 ,  eye  d iameter  7 ,  body  dep th  a t  anus  12.’
Morpho logy :  head  f ree  f rom yo lk  sac  (6 .5  mm) , c l e i t h r u m

o s s i f i e d ( 6 . 0  t o  7 . 6  m m ) ,  p o s t e r i o r  s w i m  b l a d d e r
chamber in f la ted (7.4 mm) .I

P igmenta t ion :  eye  b lack , o c c i p i t a l  p i g m e n t a t i o n  d e n s e ,
t w o  d o r s a l rows  o f  me lanophores ,  m id la te ra l  s t r i pe  o f
s i n g l e , r o d - l i k e  m e l a n o p h o r e s , d o r s u m  o f  y o l k  s a c
pigmented, a n t e r i o r l y descend ing  d iagona l r o w  o f
melanophores across a n t e r i o r  p o r t i o n  o f  y o l k  s a c ,
postanal v e n t r a l midline pigmented (6.4 mm), few
melanophores  near  c le i th rum,  d iagona l  rows  on  yo lk sac
c o n v e r g e  a t v e n t r a l m i d l i n e , s h o r t median v e n t r a l
s e r i e s  e x t e n d i n g  p o s t e r i a d  ( 7 . 6  mm).’

D e s c r i p t i o n
Myomeres: see 5.8-6.4 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 6  t o  6 2 ,  h e a d

length 20 to 23, eye  d iameter  7  to  8 ,  body  dep th  a t
anus  10  to  14.'

Morpho logy :  yo lk  absorbed (7.4 to 7.6 mm, 7 days
p o s t h a t c h i n g ) , m o u t h  p a r t s  f o r m e d  ( 8 . 0  m m ) ,  f i r s t
c a u d a l  f i n  r a y s  f o r m e d  ( 7 . 9  t o  9 . 5  m m ) ,  a n t e r i o r  s w i m
bladder chamber i n f l a t e d  ( 1 0 . 1  m m ) ,  n o t o c h o r d  f l e x e d
(8.8 to 9.2 mm), f i r s t  d o r s a l  ( 9 . 1  t o  9 . 6  m m )  a n d  a n a l
(9.5 to 9.9 mm)  f i n  rays  fo rmed,  pe lv i c  buds  p resen t
(11.3 mm), a l l  m e d i a n  a n d  f i r s t  p e l v i c  f i n  r a y s  p r e s e n t
(12.0 mm), gut S-shaped (15 to 17 mm) .I

P i g m e n t a t i o n :  d o r s u m  o f snou t and i n t e r o r b i t a l area
pigmented, t r i a n g u l a r  p e r i c a r d i a l pigment on venter
(7.4 to 8.7 mm), melanophores developing between dorsal
r o w s  ( 8 . 1  t o  8 . 8  m m ) ,  s c a t t e r e d  m e l a n o p h o r e s  a m o n g
caudal f i n rays . c o n c e n t r a t e d  p i g m e n t  o n  d i s t a l ,
h y p a x i a l  t i p  o f  c a u d a l  p e d u n c l e ,  v e n t r o - l a t e r a l s t r i p e
a l o n g  g u t , few melanophores on operculum (9.2 to 10.0
mm), t w o  c a u d a l  s p o t s  ( b a s e  o f  c e n t r a l  c a u d a l  f i n rays
and hypaxial peduncle) (15 mm) .’

T o t a l  l e n g t h D e s c r i p t i o n
17-35 mm Myomeres : see 5.8-6.4 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 0  t o  5 4 ,  h e a d
l e n g t h  2 2  t o  2 5 ,  e y e  d i a m e t e r  7  t o  8 , b o d y  d e p t h  a t
anus  13  to  15.'
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Morpho logy :  a l l f i n f o l d  a b s o r b e d (17.5 to 18.1 mm),
squamation started (ca. 29 mm), complete (> 31 mm) .'

i g m e n t a i
dorsum
s t r i p e ,
v e n t r a l

on: melanophores sur round ing eye (18 mm),
u n i f o r m l y  p i g m e n t e d extend ing t o  m i d l a t e r a l

diagonal s e r i e s a c r o s s  b r e a s t i n d i s t i n c t ,
p igment  sparse . ’

P

ADULTS

Fin rays : caudal 19;’ dorsa l 8, anal 8 (7 t o 9 ) , pec to ra l 15 t o 16 (13
to 18), pelvic 8 (7 to 8) .3

Ver tebrae : 4 1  t o  4 3  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  5 3  t o  7 9 ; 3  t y p i c a l l y  6 0  t o  7 2  f o r  t h e  G r e a t  L a k e s
basin. l1

P h a r y n g e a l  t e e t h :  u s u a l l y  2,4-4,2;’  5  b u t  h i g h l y  v a r i a b l e . 5

Diagnos t ic  charac te rs : l a t e r a l l i n e sca les usually 60 to 72,
p r e m a x i l l a e  p r o t r a c t i l e ,  m a x i l l a r y barbe l  sub te rm ina l  and  th read-
l i k e ,  d o r s a l  f i n  s h o r t  ( e i g h t  r a y s ) .

LITERATURE CITED
1. Becker (1976)
2. Brown et  a l .  (1970)

2 :
Scott and Crossman (1973)
Fuiman and Baker (1981)

5 . Brown (1968)
6 . Nelson (1966)

Nelson (1973)
ll: V.  C. Applegate (pers.  Comm.)

in Brown (1968)
9 . Bruce and Parsons (1976)

10. Wells (1981)
11. Lindsey (1956)

5.8 mm

F i g .  6 2 . Couesius plumbeus, lake chub. Yo lk -sac l a r v a , newly hatched.
(Laboratory-reared, New York,  Fuiman and Baker 1981).
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Couesius plumbeus

A 7.6 mm

dorsa l

B 8.4 mm

v e n t r a l

Fig. 63. Couesius plumbeus, lake chub. A.  Yo lk -sac l a r v a .  B . Larva.
(A and B, laboratory-reared, New York,  Fuiman and Baker 1981).
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Couesius plumbeus

A 11.2 mm

14.8 mm

F i g .  6 4 . Couesius plumbeus, l a k e  c h u b . A and B. Larvae. (A and B,
laboratory-reared, New York,  Fuiman and Baker 1981).
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Cypr inus  carp io

Cypr inus carpio Linnaeus, common carp

DISTRIBUTION

O c c u r s  i n  t h e  d r a i n a g e s  o f  a l l  o f  t h e  G r e a t  L a k e s . ’ I n  L a k e  M i c h i g a n
carp a r e  g e n e r a l l y  d i s t r i b u t e d northward through Wisconsin and the
lower  and  upper  pen insu la  o f  Michigan.O

SPAWNING SEASON

Spawns from mid-May to ear ly August in the Great Lakes region.3

SPAWNING TEMPERATURE

Spawns at 15 to 25 Cl wi th an opt imum between 18 and 23 C.j 4  l4

SPAWNING HABITAT

Spawns i n r i v e r s , lakes , marshes, f o r e s t e d swamps, 5. ponds and
s h e l t e r e d , vegeta ted  a reas  o f  s t reams.*

SPAWNING SUBSTRATE

Spawns over  aquat ic  vegeta t ion , ’  3  5  *  t ree  roo ts ,  on  mud  bo t toms1  and
o v e r  d e b r i s  c o v e r i n g  t h e  b o t t o m . *

FECUNDITY

3 6 , 0 0 0  t o  2,208,000.3 l4

NATURAL HYBRIDS

C a r a s s i u s  a u r a t u s . 6  *

EGGS

Demersal ,  adhesive, diameter 1 . 5  t o 2.1 mm;l 2 l4 p e r i v i t e l l i n e space,
0 . 2  t o  0 . 3  m m ;2  i n c u b a t i o n p e r i o d : 90 hours a t 13 t o  1 7  C;13 5 0 hours
at 25 to 32 c.3

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
3-8 mm H a t c h i n g  l e n g t h  3 . 0 to 3.5 mm9 l2 or 4.8 to 5.6

MyzIe:e:Y  & ii 3 7  ( 2 1  t o  2 4  +  1 0  t o  1 4 ) ;2r 3 4  t o  361~ 1'
(22 to 2412  l4 + 12 to 1612 I4 or 10 to ill).

Morphometry:  preanal length 65 to 75% TL (5.3 to 6.0 mm
TL) .I

M o r p h o l o g y :  y o l k  s a c  club-shaped;l  l1 l3 I5 h e a d  s l i g h t l y
d e f l e c t e d  o v e r  y o l k  sac;ll  l4 o r straight;l I6 mouth
open;l’  o r not; l1 median f i n f o l d  o r i g i n  a t  m y o m e r e
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Cypr inus  carp io

three (new1 y hatched) ; l 7 h e a d  s t r a i g h t ( 5 . 5  mm);ll
Pharyngeal teeth present (5.1 to 6.8 mm), mouth
t e r m i n a l ; ” i n c i p i e n t  p o s t e r i o r sw im b ladder  chamber
evident,‘O l4 l9 ( 5 . 5  t o  6 . 7  m m ) ;  j a w s  p a r t i a l l y
d e v e l o p e d  ( 6 . 3  m m )  ;I4 m o u t h  o p e n  ( 6 . 5  m m ) , jaws
f u n c t i o n a l ; ”  p o s t e r i o r  s w i m  b l a d d e r  c h a m b e r  f i l l e d
(ca. 7.0 mm) ;l” c a u d a l  f i n  r a y s  p r e s e n t  ( 6 . 3  t o  6 . 7

mm);18 l a t e r a l  l i n e  o r g a n s  h a i r - l i k e  ( 7 . 0  t o  7 . 7  mm).13
P igmenta t ion : sometimes lacking;13 usua l l y  p resen t  (newly

hatched)  ; *  eye black, melanophores on dorsum of head,
d o r s u m  o f  a n t e r i o r  b o d y ,  d o r s o - l a t e r a l  a s p e c t  o f  y o l k
sac, a l o n g  d o r s u m  o f  a l i m e n t a r y  c a n a l ,  o n  v e n t e r  o f
t a i l  a n d  i n  r e g i o n  o f  u r o s t y l e (5.0 to 5.6 mm);14  A
i n t e r n a l melanophores form a IlYll p a t t e r n
( c h a r a c t e r i s t i c  o f common carp a n d  g o l d f i s h ) w i t h
dorsa l  b ranch  a long  ven te r  o f  o t i c  capsu le  no t  reach ing
beyond a n t e r i o r edge of  capsule (common carp only)  ,
i n t e r o r b i t a l area p igmented ;2 1 dense p a t c h  o f
melanophores over dorsum of  swim bladder (ca.  6.0 mm);,?
d a r k  p i g m e n t a t i o n  m i d v e n t r a l l y  a n t e r i o r to  yo lk  sac
( 5 . 3  t o  6 . 0  mm);’  m i d l a t e r a l  p i g m e n t  p r e s e n t  ( 5 . 1

mm);13 or  absent  (6 .5  to  6 .8  mm);14  me lanophore  dens i t y
increased o v e r  h e a d , d o r s u m  o f s w i m  b l a d d e r  a n d
u r o s t y l e  ( 7 . 0 ,  m m ) ,  a n t e r o - d o r s a l  s u r f a c e  o f swim
bladder s i l v e r y  ( 6 . 0  m m )  ;13 dorsum of head and body
l i g h t  g r e e n i s h  y e l l o w  ( 6 . 3  mm);”  y e l l o w  p i g m e n t  o n
head  and  middorsa l  su r face  we l l  deve loped ,  a lso  ev iden t
on swim bladder (6.0 to 7.7 mm) .13

LARVAE

Tota l l e n g t h
8-10 mm Myomeres: 3

Morphology:
operculum
en la rged ,
c a u d a l  f
chamber*)
8 . 5 ) ; '  11

D e s c r i p t i o n
8 (25 + 13) ,14 see 3-8 mm.

y o l k  a b s o r b e d  ( 6 . 5  t o  6 . 8  mm,”  o r  8 . 0  mmlO);
c o m p l e t e l y  c o v e r s g i l l s , a u d i t o r y  v e s i c l e

jaws fu l ly  formed, mesenchymal r u d i m e n t s  o f
i n r a y s  d e v e l o p e d , s w i m  b l a d d e r  ( p o s t e r i o r
enlarged (8.5 mm) ;lr notochord flexed (8.0 to
f i r s t  c a u d a l  f i n  r a y s  e v i d e n t (8.2 mm) ;15

d o r s a l  f i n  o u t l i n e  e v i d e n t  ( 7 . 8  t o  9 . 5  mm).13

1O-15 mm Myomeres : see 3-8 mm.
Morphometry:  (as % TL) standard length 83 to 84,  preanal

leng th  64 ,  head  leng th  25  to  28 ,  g rea tes t  body  dep th  19
to  21 ,  (as  % head leng th )  eye  d iameter  27  to  32 ,  snou t
l e n g t h  1 8  t o  30.‘”

M o r p h o l o g y :  p e l v i c  b u d s  e v i d e n t (9.5 to 15.0 mm) ;lr l3
anter ior  swim bladder chamber developed (9.6 to 12.0
mm) ;lO I3 c a u d a l  f i n  r a y s  a p p a r e n t  ( 1 0 . 0  mm);ll  f i n f o l d
b e t w e e n  m e d i a n  f i n s  a b s e n t  ( 1 1 . 0  mm);’  a c t i n o t r i c h i a  i n
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16-21 mm

JUVENILES

Tota l l e n g t h
21-31 mm

Cyprinus c a r p i o

p e c t o r a l , d o r s a l  a n d  a n a l  f i n s (15.0 mm) ;lA or rays
presen t i n  d o r s a l a n d  a n a l  f i n s  ( 1 1 . 0  mm);’  p e c t o r a l
f i ns  may  be  fu l l y  deve loped  (12  to  13  mm).l”

P i g m e n t a t i o n :  l a r g e  s t e l l a t e  c h r o m a t o p h o r e s  o n jaws,
dorsum of head and body, double subsurface ser ies along
m i d l a t e r a l myoseptum, subsurface chromatophores  on
g i l l s  a n d  d o r s u m  o f  i n t e s t i n e ,  s i d e s  o f  h e a d  a n d  b o d y
w i t h fewer me 1 anophores v e n t r a l l y , approaching
m i d l a t e r a l  m y o s e p t u m ,  d o u b l e  b r o k e n  s e r i e s  v e n t r a l l y ,
al 1 f ins marked wi th p igment (10.0 mm);2 0  melanophores
o n  l a t e r a l  s u r f a c e  o f  b o d y ,  a r r a n g e d  l o n g i t u d i n a l l y  o n
b a s e  o f  c a u d a l f i n  ( 1 0 . 5  m m )  ;I4 p igmenta t ion  darker
(13.3 mm);lO concentrated p igment forms a  p a t c h  o v e r
the head (15.0 mm) .I6

Myomeres: see 3-8 mm.
Morphology: anal a n d  p e l v i c  f i n s  f u l l y  d e v e l o p e d  ( 2 0  t o

21 mm) ;l” preanal f i n f o l d  absorbed;l’ o r  p a r t i a l l y
present;  l s q u a m a t i o n  i n i t i a t e d  ( 1 6  t o  1 8  mm);16 b a r b e l s
e v i d e n t (18.5 to 19 mm) ;13 somet imes  w i th  a l l  f ou r
barbels (ca.  20.0 mm) .I l3

D e s c r i p t i o n
Morphometry: (as % TL) standard length 81, preanal

63 ,  head leng th  28 ,  g rea tes t  body  dep th  28 ,  (as  %
leng th )  eye  d iamete r  31.‘”

Morphology: a l l  f i n s  c o m p l e t e  ( c a .  2 1  mm);’  lo b o d y
(21 mm) ;20 squamat ion complete (22 to 26 mm).10

P i g m e n t a t i o n :  d e n s e  c h r o m a t o p h o r e s  o n  u p p e r  l i p , t

length
head

s t o u t

op of
head,  over  snout ,  be low eye  and over  dorsum a t  leas t  to
d o r s a l  f i n  ( 3 0 . 8  m m ) ; 2 0  d e n s e  m e l a n o p h o r e s l a t e r a l l y
above mid la te ra l  myoseptum,  scarcer  be low,  ven te r  w i th
s u b s u r f a c e  p o s t a n a l s e r i e s , some melanophores near
a n u s ,  p r e a n a l  v e n t e r  n o t  m a r k e d ,  a l l  f i n s  e x c e p t  p e l v i c
f ins  p igmented .6

ADULTS

F in rays : cauda l  19 ; * dorsal I , 18 t o 20, anal I , 5 , pec to ra l 15 t o 16
(14 to 1 7 ) ,  p e l v i c 8 o r  9.”

Ver tebrae : 35  to  36  ( inc lud ing  Weber ian  ver tebrae) .6

L a t e r a l  l i n e  s c a l e s :  3 5  t o  39.”

P h a r y n g e a l  t e e t h :  1 , 1 , 3 - 3 , 1 , 1 . 6
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Cypr inus  carp io

D iagnos t i c  charac te rs : t w o  p a i r s  o f l o n g  b a r b e l s  o n  u p p e r  j a w ,
Pharyngeal t e e t h  m o l a r i f o r m ,  g i l l  r a k e r s  2 1  t o  2 7 ,  d o r s a l  f i n  l o n g
( m o r e  t h a n  1 1  r a y s ) ,  d o r s a l  a n d  a n a l f i n s  w i t h  s t r o n g  s p i n e
(ser ra ted  on  pos te r io r  edge) .

LITERATURE CITED
1. Wang and Kernehan (1979)
2 . S ig le r  (1958)

43:
Swee and McCrimmon (1966)
McCrimmon (1968)

2.
Adams and Hankinson (1928)

. Scott and Crossman (1973)

;:
Hubbs and Lagler (1958)
Becker (1976)

9 . S ig le r  (1955)
10. McCrimmon and Swee (1967)
11. Verma (1970)

12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

Jude  e t  a l .  (1979b)
Hoda and Tsukahara (1971)
Okada (1960)
H i k i t a  ( 1 9 5 6 )
Bragensky (1960)
Ehrenbaum (1909)
Itazawa (1963)
Smallwood and Derrickson
(1933)
Fish (1932)
Ger lach  ( in  p ress)

7.0 mm

F i g .  6 5 . Cypr inus carpio,  common carp. A-C.  Yo lk -sac  la rvae . (A and C,
Japan, Nakamura 1969; B, Soviet  Union, Bragensky 1960).
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Cyprinus c a r p i o

7.0 mm

7.4 mm

C 7.7 mm

8.6 mm

F i g .  6 6 . Cypr inus  carp io , common  ca rp .  A -D . Larvae.
Union, B r a g e n s k y  1 9 6 0 ;  B ,  J a p a n ,  N a k a m u r a  1 9 6 9 ;  D ,

(A and C, Soviet

Mary land ,  Loos  e t  a l .  1979) .
l a b o r a t o r y - r e a r e d
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Cypr inus  carp io

9.0 mm

10.0 mm
B

13.3 mm

19.0 mm
D

F i g .  6 7 .
Nakamura

Cypr inus  carp io ,
1969; B and C, w

common carp. A-D. Larvae. (A and D, Japan,

i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ) .
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Ericymba buccata

Ericymba buccata Cope, s i lver jaw minnow

DISTRIBUTION

T h i s  s p e c i e s  o c c u r s  i n  t h e  L a k e  E r i e 5  *  a n d  L a k e  M i c h i g a n  d r a i n a g e s . '
L a k e  M i c h i g a n  d r a i n a g e  r e c o r d s  a r e  f r o m  I n d i a n a  t r i b u t a r i e s . '  5

SPAWNING SEASON

S p a w n s  f r o m  l a t e  A p r i l  t o  l a t e  J u l y  i n  I n d i a n a ,  w i t h  t w o  m a j o r  p e a k s . '
Spawns f rom la te  Apr i l  to  ear ly  June  in  M ich igan 4  and  March  to  June in
Kentucky . 3

SPAWNING TEMPERATURE

Spawns at temperatures between 13 and 19 C.'

SPAWNING HABITAT

Spawns in  c reeks . 2  3  4

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  o v e r  s a n d 2  4  o r  f i n e  g r a v e l . '

FECUNDITY

1 2 7  t o  1,454.3

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Myomeres: 38 to 39 (25 to 26 + 13)."

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : c a u d a l  lg;n d o r s a l  8 ,  a n a l  8  ( 7  t o  9);' ' p e c t o r a l  13,':  t o
15 ;9 p e l v i c  9 . *

Ver tebrae : no t  repor ted .
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Ericymba buccata

La te ra l  l i ne  sca les :  31 '  to  36 .  7  9

P h a r y n g e a l  t e e t h :  1 , 4 - 4 , 1  0 , 4 - 4 , 1  O,J+-4,0.1°

Diagnos t i c  charac te rs : cavernous chambers on lower cheeks and ventral
su r face  o f  head .

LITERATURE CITED
1. Becker (1976)
2. Wallace (1973)

l:
Hoyt (1971)
Hankinson (1919)

5 . G i lbe r t  (1980)

6 . P f l i eger  (1975)
Trautman (1957)

i: S n y d e r  ( 1 9 7 9 a )
9 . Hoyt (1969)

10. Clay (1975)
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Hybognathus hankinsoni

Hybognathus hankinsoni Hubbs, brassy minnow

DISTRIBUTION

The brassy  minnow is  found  in  par ts  o f  a l l  Grea t  Lakes  bas in . It is
apparen t l y a b s e n t  f r o m  n o r t h e r n  p o r t i o n s  o f  t h e  L a k e  S u p e r i o r  a n d
Huron drainages, as  we l l  as  sou thern  d ra inages  o f L a k e s  O n t a r i o  a n d
Erie.l s I t  o c c u r s th roughou t t h e  L a k e  M
e x c e p t i o n  o f  t h e  s o u t h e r n  t i p . 2 I t  p r e f e r s
s t reams and  lakes . 2

i c h i g a n  d r a i n a g e  w i t h  t h e
s t i l l w a t e r s 3  o f small

SPAWNING SEASON

Spawns in late May and early June in Wisconsi n . 3

SPAWNING TEMPERATURE

Water temperatures dur ing spawning range from 16 to 27 CZ.~  8

SPAWNING HABITAT

S p a w n s  i n  s t i l l  water’  a m o n g  v e g e t a t i o n . ’

SPAWNING SUBSTRATE

S c a t t e r s eggs  among vege ta t ion .3  (L P robab ly  does  no t  spawn na tu ra l l y
over mud, s i l t  o r  d e t r i t u s , :  a s  s u g g e s t e d  e l s e w h e r e . 7

FECUNDITY

Ca. 120 to 550, mean: 269 to jog.6

NATURAL HYBRIDS

N o t r o p i s  heterolepis;l  p o s s i b l y  i. s t r a m i n e u s . ’

EGGS

Demersal, s l i g h t l y  a d h e s i v e . 3  7

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Total l e n g t h D e s c r i p t i o n
5-7 mm Myomeres: (24 to  25  + 9  t o  1 3 ) , u s u a l l y 36 (25 + 11) . 4

Morphomet ry :  (as  % TL)  p reana l  l eng th  63  to  66 ,  p redorsa l
leng th  36  to 40. 4

Morphology: f i r s t  c a u d a l  f i n r a y s  f o r m i n g  ( 5 . 8  t o  7 . 0
mm, usual ly 6.5 mm) . 4
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Hybognathus hankinsoni

P igmenta t ion : m i d v e n t r a l  s t r i p e  p r o m i n e n t f r o m  h e a d  t o
anus, conspicuous melanophore on pectoral  bud base.’

7-10 mm Myomeres: (24 to 26 + 11 t o 13), u s u a l l y 38 (26 + 12) . 4

Morphometry:  (as % TL) preanal  length 56 to 64,  predorsal
leng th 41, to 4 4 . 4

Morpho logy :  pe lv i c  buds  deve loped  (8 .1  to  9 .6  mm,  usua l l y
8.8 mm) . 4

1O-12 mm Myomeres: (25 to 26 + 11 to 13),  usual ly 37 (25 + 12) .4

Morphometry:  (as % TL) preanal  length 64 to 66,  predorsal
leng th 37 t o 40 .4

Pigmenta t ion : n o  l a t e r a l  s t r i p e  present.”

JUVENILES

Scales present (20 and 26 mm) . 3

ADULTS

F in  r ays : cauda l  19 ; * d o r s a l  8  ( 7  t o  8 ) ,  a n a l  8  ( 6  t o  9 ) ,  p e c t o r a l  8 ,
pe lv ic  13  (13  to  15)  .l

Ver tebrae : 3 5  t o  3 7  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  3 6  t o  4 1 . 1

Pharyngea l  tee th :  0,4-4,O.l

D iagnos t i c  charac te rs :  sca les  w i t h  a b o u t  2 0  r a d i i ;  i n t e s t i n e  l o n g and
c o i l e d , mouth subterminal , anal f i n  r a y s  u s u a l l y  s e v e n  o r  e i g h t ,
d o r s a l  f i n  w i t h o u t  d a r k  s p o t ,  l a t e r a l  l i n e  n o t  s t r o n g l y  d e c u r v e d ,
l a t e r a l l i n e sca les 36 to 41, b a r b e l s  a b s e n t , p remax i l l ae
p r o t r a c t i l e ,  d o r s a l  f i n  s h o r t  ( e i g h t  r a y s ) .

LITERATURE CITED
1. Scott and Crossman (1973)
2. Becker (1976)

43:
Copes (1975)
Perry and Menzel (1979)

5 . Bailey (1954)

6. Hubbs (1951)
Dob ie  e t  a l .  (1956)

ii: Ableson (1973)
9 . Bruekelman (1940)
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Hybognathus hankinsoni

A
5.2 mm

B
7.6 mm

9.6 mmC

F i g .  6 8 . Hybognathus  hank inson i ,  b rassy  minnow.  A-D. L a r v a e .  ( A - D ,  w i l d -

caught ,  Iowa, photograph b y  P e r r y  a n d  M e n z e l  1 9 7 9 ,  d e l i n e a t e d  b y  L .  A .

Fuiman).
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Hybognathus r e g i u s

Hybognathus  reg ius  G i ra rd ,  eas tern  s i l very  minnow

The eas te rn  fo rm o f  the  s i l ve ry  m innow, p r e v i o u s l y  k n o w n  a s  H y b o g n a t h u s
n u c h a l i s  r e g i u s , i s  c o n s i d e r e d  a  d i s t i n c t  s p e c i e s  b y  R o b i n s  e t  a l .  ( 1 9 8 0 )
a s  a  r e s u l t  o f  e v i d e n c e  p r o v i d e d  b y  P f l i e g e r  ( 1 9 7 1 ) .

DISTRIBUTION

T h e  G r e a t  L a k e s  d i s t r i b u t i o n  o f  t h i s  s p e c i e s  i s  c o n f i n e d  t o  e a s t e r n
L a k e  O n t a r i o  a n d  i t s  drainage.l

SPAWNING SEASON

Spawns  f rom la te  Apr i l  t o  June  in  cen t ra l  New York .2  3  9

SPAWNING TEMPERATURE

Water temperature dur ing spawning per iod ranges f rom 13 to 21 C.2  3

SPAWNING HABITAT

Migra tes  f rom lakes  to  lower  por t ions  o f  s t reams.  Spawns in  sha l lows ,
usual ly  5 to 15 cm deep2 a n d  i n  q u i e t  w a t e r s  a n d  r i f f l e s . ’

SPAWNING SUBSTRATE

i ts  eggs  over  g rasses ,  decayDepos

FECUNDITY

2,000 t o  6,600.z

NATURAL HYBRIDS

N o t r o p i s  chrysocephalus.1° l1

EGGS

ing  vegeta t ion  and ooze.2  3

Demersal, nonadhes ive ;2  bu t  may  fo rm c lumps ; 6  incubat ion  per iod :  6  to
7 days in situ (13 to 21 C) .2

YOLK-SAC LARVAE

Hatching s ize about 6 mm TL.2

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-8 mm Myomeres: 35 to 36 (21 + 14 to 15) .5 *

Morphology: i n c i p i e n t  c a u d a l  ( 6 . 1  m m ) ,  d o r s a l ,  a n a l  a n d
p e c t o r a l  ( 7 . 9  m m )  f i n  r a y s  p r e s e n t . 5

205 Cypr in idae



Hybognathus r e g i u s

Pigmentat ion:  two dorsal  rows of  melanophores, s c a t t e r e d
pigment on top of  head, midlatera l  row of  melanophores
present , melanophores concentrated on d o r s u m  o f  s w i m
b l a d d e r ; ’  c a u d a l  s p o t  a b s e n t . 7  8

9-15 mm Myomeres: 36 (21 + 15) .a
Morpho logy :  a l l  med ian  f i n  rays  fo rmed  (14  mm) .7

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
15 mm Myomeres: 36 (23 + 13) .s

P igmenta t ion : n o  l a t e r a l  s t r i p e  o r  c a u d a l  s p o t . 8

ADULTS

Fin  rays :  cauda l
8 . 1  J

19;’ do rsa l  8 ,  ana l  8 ,  p e c t o r a l  1 5  t o  1 6 ,  p e l v i c  7  t o

Ver tebrae :  37  (36 t o  3 8 )  ( i n c l u d i n g W e b e r i a n  v e r t e b r a e ) . ’  4

L a t e r a l  l i n e  s c a l e s :  3 8  t o  40;’ 3 1  t o  4 4 . 4

P h a r y n g e a l  t e e t h :  0,4-4,O.l  4

Diagnos t ic  charac te rs : s c a l e s  w i t h  a b o u t  t e n  r a d i i ,  i n t e s t i n e  l o n g  a n d
c o i l e d , a n a l  f i n  r a y s  u s u a l l y  e i g h t ,  n o  s p o t  i n  d o r s a l  f i n ,  l a t e r a l
line not s t r o n g l y  d e c u r v e d , scales 3 8  t o  4 0 ,  b a r b e l s  a b s e n t ,
p r e m a x i l l a e  p r o t r a c t i l e ,  d o r s a l  f i n  s h o r t  ( e i g h t  r a y s ) .

LITERATURE CITED
1. Scott and Crossman (1973) 6 . J .  C .  S .  Wang,  in  L ippson
2. Raney (1939) and Moran (1974)

1:
Raney (1942) Lippson and Moran (1974)
Fingerman and Suttkus (1961) 2 Wang and Kernehan (1979)

5 . N.  S .  Smi th ,  in  Mansuet i 9 . Wright  and Al len (1913)
and Hardy (1967) 10. Luce (1933)

11. O’Donnel l  (1935)

m m

F i g .  6 9 . Hybognathus r e g i u s , eas te rn s i l v e r y minnow. Yo lk -sac l a r v a .
(Laboratory-reared, New York,  Raney 1939).
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Hybognathus regius

6.1 mm
B

C 7.9 mm

dorsal

Fig. 70. Hybognathus regius, eastern silvery minnow. A-D. Larvae. (A-C,

Lippson and Moran 1974; D, laboratory-reared, New York., Raney 1939).
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Hybopsis amblops

Hybopsis amblops (Raf inesque),  bigeye chub

DISTRIBUTION

Sparse ly  sca t te red  in  the  Grea t  Lakes . O c c u r s  i n  s o u t h e r n  t r i b u t a r i e s
o f  wes te rn  Lake  Ontar io 3  and  Lake  Er ie ,8  sou theas tern  Mich igan 3  and  a
s i n g l e record (1894) from a stream in  the  southern  most  Mich igan
dra inage o f  Lake  Mich igan . ’

SPAWNING SEASON

Spawns from late May through June
c o l l e c t e d  i n  e a r l y  June.’  5

w i t h  h a r d bottoms. ‘

i n  v e g e t a t

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Spawns in large streams

SPAWNING SUBSTRATE

Probably deposits eggs

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

i n  N e w  York.’ R i p e  f e m a l e s  w e r e

on.’

F in  r ays : caudal lg;,k dorsal 8, anal

Ver tebrae : 36 to 37 (includ ing Weber

8, pectoral  15, pelv ic 8.’

ian vertebrae) . 9
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Hybopsis amblops

L a t e r a l  l i n e  s c a l e s :  3 5  t o  3 6 . 9

P h a r y n g e a l  t e e t h :  1,4-4,l.’

D iagnos t i c  charac te rs : c a u d a l  f i n  w i t h  w h i t e  e d g e , anal f i n  r a y s
e i g h t , m o u t h  s u b t e r m i n a l  a n d  h o r i z o n t a l , l a t e r a l  l i n e  s c a l e s  3 5  t o
3 6 ,  m o s t  o f  b r e a s t  a n t e r i o r  t o  p e l v i c  f i n s  s c a l e d ,  p r e m a x i l l a e
p r o t r a c t i l e  w i t h  t e r m i n a l  b a r b e l , d o r s a l  f i n  s h o r t  ( e i g h t  r a y s ) .

LITERATURE CITED
1. Becker (1976)
2 . Raney (1969a)

Z:
Hubbs and Lagler (1958)
Forbes and Richardson (1909)

5 . Pflieger (1975)

6 . Cook (1959)
Smith (1979)

ii: Trautman (1957)
9 . Cross (1967)
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Hybops is  s torer iana

H y b o p s i s  s t o r e r i a n a  ( K i r t l a n d ) ,  s i l v e r  c h u b

F i s h  ( 1 9 3 2 )  d e s c r i b e d  5 - m m , 7-mm, and 9.5-mm specimens. These  were
p r o b a b l y  m i s i d e n t i f i e d  p e r c i d s . *
(1968) may be Pimephales vigilax.’

A 6.5-mm specimen i l lustrated by Taber

DISTRIBUTION

Th is  spec ies  has  been  repor ted  f rom Lake  Er ie  and  the  sou thern  shore
o f  L a k e  0ntario.l  z However, i t  h a s  n o t  b e e n  t a k e n  r e c e n t l y . 2  I t
genera l l y  inhab i ts  lakes  and  deep  poo ls  o f  low g rad ien t  s t reams. 3

SPAWNING SEASON

Spawns  f rom mid -June  to  m id -Augus t  in  Lake  Er ie ,5  mos t l y  in  June  and
J u l y  i n  0hio.j

SPAWNING TEMPERATURE

Begins to spawn at 18 C,s but most spawning occurs at  temperatures
above  21  C.5  *

SPAWNING HABITAT

Poss ib ly  spawns in  streams’ o r  p e r h a p s  i n  p e l a g i c  zones.a

SPAWNING SUBSTRATE

Not  repor ted  bu t  may  be  pe lag ic . ’

FECUNDITY

140 to  4,850;” 1 , 0 0 0  t o  14,000.5

EGGS

Not descr ibed but may be buoyant8 a s  i n  o t h e r  H y b o p s i s  species.lO

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

S i m i l a r  t o  P i m e p h a l e s  v i g i l a x ,  b u t  m o r e  s l e n d e r ,  h a v i n g  a  l o n g e r  s n o u t
a n d  l a r g e r  f i n s . ’
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Hybops is  s torer iana

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
21 mm Morphometry: ( a s  %  T L )  p r e a n a l  l e n g t h  5 2 ,  h e a d  l e n g t h

21, eye  d iameter  7 ,  g rea tes t  body  depth  16 ,  body  depth
a t  anus  10 .6

Pigmentat ion:  melanophores on dorsum of  snout a n d  h e a d ,
t w o  d o r s a l r o w s  f r o m  h e a d to  cauda l  pedunc le ,  da rk
l a t e r a l  s t r i p e  a b s e n t , small melanophores mark l a t e r a l
l i n e , melanophores on dorsum of hindgut,  two postanal
ven t ra l  rows  o f  me lanophores ,  base  o f  do rsa l and anal
f i n s  p i g m e n t e d ,  m e l
c a u d a l  f i n s . 6

ADULTS

F i n  r a y s :  c a u d a l  19;)‘;  d o r s a l  8 ,  a n a l
1 8 ) ,  p e l v i c  8  ( 8  t o  9 )  . 2

anophores  p resen t i n  d o r s a l  a n d

8 (7 to 8), pectoral 17 (16 to

Vertebrae: 38  to  41  ( inc lud ing  Weber ian  ver tebrae) .2

L a t e r a l  l i n e  s c a l e s :  3 8  t o  41.2

P h a r y n g e a l  t e e t h :  1 , 4 - 4 , 1 . 2

Diagnos t ic  charac te rs : snou t  overhang ing  mouth ,  la te ra l  l i ne  sca les  38
to 41, m a x i l l a r y  b a r b e l  t e r m i n a l ,  p r e m a x i l l a e  p r o t r a c t i l e ,  d o r s a l
f i n  s h o r t  ( e i g h t  r a y s ) .

LITERATURE CITED
1. Hubbs and Lagler (1958)
2. Scott and Crossman (1973)
3. Trautman (1957)
4 . Breder and Rosen (1966)
5 . Kinney (1954)

6 . Fish (1932)

ii:
Taber (1969)
Williams (1963)

9. J. V. Conner (pers. Comm.)
10. B o t t r e l l  e t  a l .  ( 1 9 6 4 )

6.5 mm

F i g .  7 1 . Hybops is  s to rer iana, s i l v e r chub ( t e n t a t i v e i d e n t i f i c a t i o n ) .
Larva. (WiId-caught, Oklahoma, Taber 1969).
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Hybops is  s torer iana

7-6 mm

8.7 mm

10.0 mm

E 17.7 mm

F i g .  7 2 . H y b o p s i s  s t o r e r i a n a ,  s i l v e r  c h u b . A-D. Larvae. E .  J u v e n i l e .  ( A ,
w i l d - c a u g h t , Lou is iana, Conner et al . 1980, s p e c i f i c i d e n t i f i c a t i o n
subsequent ly  ver i f ied  by  J .  V .  Conner ; B - E ,  w i l d - c a u g h t , Oklahoma, Taber
1969).

Cypr in idae 212



Nocomis  b igu t ta tus

Nocomis  b igu t ta tus  (K i r t land) ,  hornyhead chub

DISTRIBUTION

O c c u r s  i n  s o u t h e r n  t r i b u t a r i e s  o f  L a k e  S u p e r i o r , through t h e  L a k e
Mich igan, H u r o n  a n d  E r i e  d r a i n a g e s  a n d  o n l y  t h e  s o u t h e r n  p o r t i o n  o f
the  Lake  Ontar io  d ra inage. ‘ Common in most t r ibutar ies south of  Green
Bay and the  Mani tou  Is lands,  Lake Mich igan. ’

SPAWNING SEASON

S p a w n s  f r o m  m i d - M a y  i n  O n t a r i o 2  t o  J u n e  i n  N e w  York.’ Eggs were
c o l l e c t e d  i n  l a t e  J u n e  i n  s o u t h e r n  M i c h i g a n . *

SPAWNING TEMPERATURE

Probably spawns at  temperatures near 24 C.2

SPAWNING HABITAT

Spawns in  sha l low r i f f l es2  o r  i n  sha l low runs ,  15  to  40  cm deep ,  c lose
t o  s h o r e . *

SPAWNING SUBSTRATE

Deposits eggs in  a  l a rge  mound  nes t  o f  sma l l  t o  med ium-s ized  g rave l .
Nests are 30 to 70 cm in diameter and about 15 cm high. ’  J(

FECUNDITY

460 to 1 ,ooo.z 3

NATURAL HYBRIDS

N o t r o p i s ’  c h r y s o c e p h a l u s ; 5  E .  c o r n u t u s . ’  a

EGGS

Demersal,
p e r i v i t e l l
a b s e n t . *

nonadhesive, diameter 2.4 to 2.7 mm, mean: 2.6 mm,
ine space narrow, y o l k t r a n s p a r e n t - y e l l o w , o i l  g l o b u l e s

YOLK-SAC LARVAE

Total l e n g t h
8-10 mm

D e s c r i p t i o n
Myomeres: 41 t o 44 (27 to 29 + 13 t o 1 6 ) . *
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 6  t o  7 0 ,  h e a d

leng th 15 t o 19, diametereye 8, body depth a t anus 9
t o  1 0 . *
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Nocomis  b igu t ta tus

Morpho logy :  pec to ra l buds present , head s l i g h t l y
d e f l e c t e d  o v e r  y o l k  s a c , y o l k  s a c  s p h e r i c a l  a n t e r i o r l y ,
t a p e r i n g  p o s t e r i a d  ( 8 . 9  m m ) ,  h e a d  f r e e  f r o m  y o l k  s a c ,
mouth open (10.0 mm).*

P igmenta t ion : e y e  l i g h t  b r o w n , o ther  p igmenta t ion absent
(8.9 mm), eye  b lack , me lanophores  cover ing  occ ipu t ,  two

dorsa l r o w s  f r o m  h e a d  t o  c a u d a l  f i n ,  m e l a n o p h o r e s  o n
dorsum of  yolk sac (10.0 mm).*

LARVAE

Tota l l e n g t h D e s c r i p t i o n
9-15 mm Myomeres : see 8-10 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 9  t o  6 3 ,  h e a d
leng th  20  to  24 ,  eye  d iameter  8 ,  body  dep th  a t  anus  11
to 14.5:

Morpho logy :  yo lk  absorbed , hypural and caudal f i n
elements formed, s w i m  b l a d d e r  i n f l a t e d  ( 9 . 6  m m ) ,  a l l
median f in rays formed (10.6 to 11.2 mm), p e l v i c  b u d s
formed (10.6 mm) .*

Pigmentat ion:  melanophores c o v e r i n g  d o r s u m  o f  s n o u t ,
m i d l a t e r a l s t r i p e  b r o a d  ( t h r e e  m e l a n o p h o r e s  w i d e ) ,
d o r s u m  o f swim bladder and hindgut heavi ly pigmented,
melanophores among caudal f i n rays , v e n t r o - l a t e r a l
s t r i p e  o n s i d e s o f  h indgut ,  descend ing  to  midvent ra l
l i n e a n t e r i o r l y , two s h o r t midvent ra l s e r i e s  o f
m e l a n o p h o r e s  p o s t e r i o r t o  h e a r t  a n d  a n t e r i o r  t o  a n u s ,
p e r i c a r d i u m  p i g m e n t e d  ( 9 . 6  m m ) ,  c a u d a l  s p o t  b l a c k ,
melanophores among dorsal and anal f i n rays , two
v e n t r a l  p o s t a n a l  r o w s  o f m e l a n o p h o r e s  ( 1 0 . 6  t o  1 1 . 2
mm) , dorsum uni formly covered wi th smal l  melanophores,
s p r e a d i n g  t o  s i d e s ,  p i g m e n t - f r e e  s t r i p e  b e t w e e n  d o r s a l
p igmenta t ion  and  mid la te ra l  s t r i pe .  (13 .0  to  14 .7  mm) . *

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
17-23 mm Myomeres : see 8-10 mm.

Morphometry: (as % TL)
eye diameter 8,  body

Morpho logy :  a l l f  info
complete (22 mm).*

Pigmentat ion:  smal l  me

preana l  l eng th  57 ,  head  leng th  23 ,
dep th  a t  anus  14  to  16 . *

Ids  absorbed  (17  mm)  ,  squamat ion

l a n o p h o r e s  o u t l i n i n g  s c a l e s . *

ADULTS

F in  r ays : cauda l  19 ; * dorsal 8 (7 to 8) ,
t o  1 6  ( 1 4  t o  1 7 ) ,  p e l v i c  8.’

anal 7 (6 to 7), pectoral 15

Ver tebrae : 37  to  39  ( inc lud ing  Weber ian  ver tebrae) .5

L a t e r a l  l i n e  s c a l e s :  4 0  t o  48.”
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Nocomis  b igu t ta tus

P h a r y n g e a l  t e e t h :  1 , 4 - 4 , 1  0 , 4 - 4 , 0  0 , 4 - 3 , 0 . 5

Diagnos t ic  charac te rs : c a u d a l  s p o t  l a r g e  a n d  d i s t i n c t ,  m o u t h  t e r m i n a l ,
no t reaching eye, l a t e r a l l i n e s c a l e s  4 0  t o  4 8 ,  p r e m a x i l l a e
p r o t r a c t i l e  w i t h  t e r m i n a l  b a r b e l , d o r s a l  f i n  s h o r t  ( e i g h t  r a y s ) .

LITERATURE CITED
1. Becker (1976)
2. Car te r  (1940)  in  Sco t t  and

Crossman (1973)

1:
Lachner (1952)
Raney (1969a)

2.
Scott and Crossman (1973)
Jenkins and Lachner (1979)
Luce (1933)
O’Donnel l  (1935)

F i g .  7 3 . Nocomis  b igu t ta tus , hornyhead chub. A. Yo lk -sac l a r v a .  B .
Larva. ( A - B ,  l a b o r a t o r y - r e a r e d ,  M i c h i g a n , o r i g i n a l  i l l u s t r a t i o n s  b y  L .  A .
Fuiman).
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Nocomis  b igu t ta tus

A 11.9 mm

B 14.2 mm

F i g .  7 4 . Nocomis  b igu t ta tus ,  hornyhead chub.  A  and B. Larvae. (A and B,
l a b o r a t o r y - r e a r e d ,  M i c h i g a n , o r i g i n a l  i l l u s t r a t i o n s  b y  L .  A .  F u i m a n ) .
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Nocomis micropogon

Nocomis micropogon (Cope),  r iver chub

DISTRIBUTION

T h i s  s p e c i e s  i s  f o u n d  i n  t h e  L a k e  O n t a r i o  a n d  E r i e  d r a i n a g e s ,  a s  w e l l
as most  o f  lower  Mich igan  (Lake  Huron  and  Mich igan  t r ibu ta r ies ) ,  and
t h e  s o u t h e r n  p o r t i o n  o f  t h e  L a k e  H u r o n  d r a i n a g e  i n  Ontario.z It is
common i n most s t r e a m s  o f  l o w e r  M i c h i g a n  w h i c h  a r e  t r i b u t a r y  t o  t h e
1ake.l

SPAWNING SEASON

Spawns in  the  la t te r  par t  o f  May in  M
York.?  8

SPAWNING TEMPERATURE

ichigan’ and into June in New

Spawning occurs at  temperatures between 15 and 21 C.j 7  9

SPAWNING HABITAT

Spawns in shallow (15 to 61 cm, usually 30 to 46 cm deep)
s t r e a m s . 7  8  9  lo

SPAWNING SUBSTRATE

E g g s  a r e  b u r i e d  i n  a  m o u n d  n e s t  o f  g r a v e l ,  a p p r o x i m a t e l y  301° t o  124,
cm in  d iamete r  and  15  to  30  cm h igh . ’  l1

FECUNDITY

4 0 0  t o  625‘ o r  u p  t o  1 , 0 0 0 . 2

NATURAL HYBRIDS

N o t r o p i s  c h r y s o c e p h a l u s ; 3  l2 N . c o r n u t u s ; 5  R h i n i c h t h y s  c a t a r a c t a e . 3  l2

EGGS

Demersal, n o n a d h e s i v e ; *  d i a m e t e r  2  mm;’ 2 . 6  t o  2 . 7  mm;3  l2 l3 y o l k
yellow;j 5 l2 incubat ion p e r i o d : 5 t o 6 days a t 21 C.j l2

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.7-6.1 mm Newly hatched;j l2 l3 a l so  repo r ted  as  7  mm.5

M o r p h o l o g y :  p e c t o r a l  b u d s  absent;12  o r  p r e s e n t ; ” head
d e f l e c t e d  o v e r  y o l k  s a c . 3  l2 l3

P i g m e n t a t i o n :  a b s e n t . 3  l2 l3

6-11 mm Myomeres: 38 t o 42 (25 t o 28 + 12 t o 15) i3 I2 I3 u s u a l l y
38 to 39 (26 + 13).13
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Nocomis micropogon

Morphometry:  (as % TL) preanal  length 67,  head length 18,
eye  d iameter  8 ,  g rea tes t  body  depth  24.13

M o r p h o l o g y :  p e c t o r a l  b u d s  p r e s e n t , h e a d  s t r a i g h t  ( 8 . 0
mm), mouth c o m p l e t e ; ’  l2 n o t o c h o r d  f l e x e d , hypural
a n l a g e  p r e s e n t  ( 9 . 5  m m ) ,  h y p u r a l  b o n e s complete,
i n c i p i e n t  c a u d a l  a n d  d o r s a l  f i n  r a y s  p r e s e n t ,  p o s t e r i o r
s w i m  b l a d d e r  c h a m b e r  i n f l a t e d ,  i n c i p i e n t  a n a l  f i n  r a y s
present , anter ior  swim bladder chamber i n f l a t e d  ( 1 0 . 0
to 10.5 mm) .3 I2 l3

P igmenta t ion :  marg in  o f  eye  p igmented ,  ch romatophores  on
each  s ide  o f  dorsa l median f i n f o l d  a n d  o n  y o l k - s a c
dorsum (8.0 to 8.8 mm),  melanophores on dorsum behind
head  and  in  m id la te ra l  myosep tum,  eye  fu l l y  p igmented ,
two dorsal r o w s  o f m e l a n o p h o r e s ; 3  l2 I3 s t r o n g l y
d i v e r g e n t  a n t e r i o r l y  ( 9 . 5  m m ) ; 5  d o r s u m  o f  p o s t e r i o r
sw im b ladder  chamber and  yo lk  sac  p igmented ,  spo t  a t
b a s e  o f caudal f i n , i n t e r n a l melanophores on
s n o u t ; 3  l2 l3 pigment on vert ical  myoseptum, pigment on
d o r s a l  a n d  c a u d a l  f i n  r a y s  ( 1 0 . 0  t o  1 0 . 8  mm).13

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
11-18 mm Myomeres: 36 t o 38 (24 t o 27 + 11 t o 13), u s u a l l y 37 t o

38 (25 to 26 + 12) ;’ see 6-11 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 7  t o  6 0 ,  h e a d

leng th  22  to  23 ,  eye  d iameter  8 ,  g rea tes t  body  dep th  17
to 18.13

Morphology: yolk absorbed (10.8 mm), pelv ic buds and anal
f i n  r a y s  p r e s e n t , lower jaw inc luded (11.6 mm),  anal
f i n  c o m p l e t e  ( 1 3 . 5  t o  1 4 . 0  m m )  ;j l2 i n c i p i e n t pa i red
f i n  r a y s  p r e s e n t  ( 1 2 . 9  t o  1 4 . 5  m m ) ; 3  l2 l3 p a i r e d  f i n
rays wel l  developed (15.5 mm) .3  l2

P igmenta t ion : m i d l a t e r a l  s t r i p e  w i d e r ,  w i d e s t  o n caudal
peduncle, caudal spo t e x t e n d i n g  o n t o  c a u d a l  f i n  ( 1 8
mm) .3 l2

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
17-30 mm Myomeres : see 6-11 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 3 , predorsal
leng th  52 ,  head  leng th  24 ,  eye  d iameter  7 ,  snou t  leng th
6 ,  g rea tes t  body  depth  19 ,  body  depth  a t  anus  14.’

Morphology: squamation s t a r t e d ( 1 7  mm);”  l2 l3 f  i n f o l d
absorbed  (17.3’” t o  19 .0  mm 3  12); ba rbe l s p r e s e n t  ( 2 0
mm) , squamat ion  comp le te  (29  to  30  mm).”  l2

Pigmentat ion:  head wi th numerous melanophores,  gut  darkly
pigmented;13 upper jaw pigmented, dorsum of body with
s c a t t e r e d pigment (20 m m ) ; 3  l2 sca le margins
p igmented ; ’ l ines of  melanophores connect ing dorsal  and
mid ia te ra l  s t r i pe  a t  each  myomere  (26  mm) .3  l2
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Nocomis micropogon

ADULTS

F in  r ays : c a u d a l  1 9 ; *  d o r s a l  8  ( 7  t o  8 ) ,  a n a l  7  ( 7  t o  8 ) ,  p e c t o r a l  1 6
( 1 5  t o  1 7 ) ,  p e l v i c  8 . 2

Ver tebrae : 38  to  39  ( inc lud ing  Weber ian  ver tebrae) .2

L a t e r a l  l i n e  s c a l e s :  3 9  t o  43.'

P h a r y n g e a l  t e e t h :  0 , 4 - 4 , 0  0 , 3 - 4 , 0 . 2

Diagnos t ic  charac te rs : caudal spo t absent, l a t e r a l  b a n d  i n d
mou th  te rm ina l , n o t  r e a c h i n g  e y e ,  l a t e r a l l i n e  s c a l e s  3 9
p r e m a x i l l a e  p r o t r a c t i l e  w i t h  t e r m i n a l b a r b e l , d o r s a l  f
(e igh t  rays)  .

LITERATURE CITED
1. Becker (1976)
2. Scott and Crossman (1973)

8 . Raney (1969a)
9 . Reighard (1943)

i s t i n c t ,
to 43,

i n  s h o r t

1:
Cooper (1978b) 10. Hankinson (1920) -  may refer
Fish (1932) to  Nocomis  b igu t ta tus
Loos  e t  a l
Lachner (195:;  g7g)

11. Raney (1940b)
12. Cooper (1980)

Miller (1964) 13. Buynak and Mohr (1980a)

5.7 mm

F i g .  7 5 . Nocomis micropogon, r iver chub. Y o l k - s a c  l a r v a , newly hatched.
(Laboratory-reared, Maryland, Cooper 1980).
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F i g .  7 6 . Nocomis micropogon, r iver chub. A .  Y o l k - s a c  l a r v a .  B . Larva.

(A, l a b o r a t o r y - r e a r e d , Maryland, Cooper 1980; B, l a b o r a t o r y - r e a r e d ,

Mary land ,  Loos  e t  a l .  1979) .
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F i g .  7 7 .  N o c o m i s  m i c r o p o g o n , r i v e r  c h u b . A .  Y o l k - s a c  l a r v a . B and C.

Larvae. (A-C,  labora to ry - reared ,  Mary land ,  Cooper  1980) .



Nocomis micropogon

F i g .  7 8 . Nocomis micropogon, r i v e r c h u b .  A - C .

(A-C,  labora to ry - reared ,  Mary land ,  Cooper  1980 ;  D ,
t r i b u t a r y ,  F i s h  1 9 3 2 ) .

L a r v a e .  D . J u v e n i l e .
w i l d - c a u g h t , L a k e  E r i e



Notemigonus crysoleucas

Notemigonus  c ryso leucas  (M i tch i l l ) ,  go lden  sh iner

DISTRIBUTION

Occurs throughout the Great Lakes basin.  1  2 I t  i s  common to  abundan t
th roughout  the  Lake  Mich igan  d ra inage.3

SPAWNING SEASON

Spawns  f rom May t o  A u g u s t  i n  M i c h i g a n , ' or  may only spawn from late
J u n e  t o  e a r l y  A u g u s t . '

SPAWNING TEMPERATURE

Spawning begins at 20 to 21 Cs 8  and ceases above 27 C.s

SPAWNING HABITAT

Spawns in  ponds5  7  l3 and  lakes . 7  I3

SPAWNING SUBSTRATE

Depos i ts  eggs  over  f i l amentous  a lgae 8 9  o r  l e s s  f r e q u e n t l y  o v e r  r o o t e d
aquat ic plants.s 7 Also spawns over nest of Mic rop te rus
salmoides.15  l6

FECUNDITY

To 200,000.6

EGGS

Demersal, a d h e s i v e ; '  5  7  ') l2 d i a m e t e r 1.0 mm;8 1.2 t o 1.4 mrn;lO o i l
g l obu les a b s e n t ; 9  i n c u b a t i o n  p e r i o d :  2  t o 3 days a t 21 t o 24 C;1°
w i t h i n  4 d a y s  a t  2 4  t o  2 7  C.s

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
3-6 mm H a t c h i n g  l e n g t h :  c a .  3  mm;l"  4 . 0  t o  4 . 3  mm.l'

M y o m e r e s :  3 5  t o  39'" l4 (21 to 24l'  + 13 to 161°  l.');
p r e d o r s a l  8  t o  ll.'O

M o r p h o m e t r y :  ( a s  %  T L )  s t a n d a r d  l e n g t h  9 2  t o  g61° o r  9 6
to 98;14 preanal length 59 to 6210  or 62 to 65;"
p r e d o r s a l  l e n g t h  3 7  t o  41;'" h e a d  l e n g t h  1 5  t o  1810 o r
18 to 1g;l' s n o u t  l e n g t h  2  t o  3;l” e y e  d i a m e t e r  7  t o
8 lo or 9 to 10;14 pec to ra l f i n length 10 to 11,
g r e a t e s t  b o d y  w i d t h  7  t o  22;l" g r e a t e s t  b o d y  d e p t h  1 1
t o  26~0 l4 grea tes t  head  dep th  ll.'O

223 Cypr in idae



Notemigonus crysoleucas

LARVAE

Total l e n g t h
5-11 mm

JUVENILES

The i d e n t i t y  o f
w a s  q u e s t i o n e d
d e s c r i p t i o n  o f
i l l u s t r a t i o n .

Total l e n g t h
14-21 mm

Morpho logy :  pec to ra l  buds indistinct;‘O h e a d  d e f l e c t e d
o v e r  y o l k  s a c , notochord s t r a i g h t , mouth incomplete
(newly  ha tched) ,  mouth  open ,  sw im b ladder  in f la ted  (5 .4

mm) .I4
Pigmenta t ion :  eye  p igmented , body unpigmented (newly

hatched) , prominent midvent ra l l i n e  o f  m e l a n o p h o r e s
p r e s e n t ,  p a r t i c u l a r l y  u n d e r  finfold;‘O l4 s e r i e s  o f
melanophores under v e n t r a l surf ace o f  g i l l  cover;lO
subsur face  row o f  me lanophores  beh ind  eye  ex tend ing  to
swim b l a d d e r ; ” m i d l a t e r a l s e r i e s  o f melanophores
e v i d e n t  f r o m  j u s t  p o s t e r i o r  t o  s w i m  b l a d d e r t o  c a u d a l
peduncle;lO th is  pa t te rn  may be  vague;l’  me lanophores
concen t ra ted  over  sw im b ladder  ( ca .  4 .6  mm) .1 o  I1

D e s c r i p t i o n
Myomeres: 36 to 3810 I4 (23 to 25” + 13 to 15" or 15 to

17'"); p r e d o r s a l  1 1  t o  13.1°
Mo;Ehornntry:  ( a s  %  T L )  s t a n d a r d  l e n g t h  8 6  t o  911° o r  8 9

;14 preanal length 57 to 60~~  or 62 to 63;”
predorsa l  38  to  43 ; lo h e a d  l e n g t h  1 8  t o  22;l” l4 snout
length 2 to 3, eye diameter 5 to 610 or 7 to 8;14
p e c t o r a l  f i n  l e n g t h  9  t o  1 2 ,  g r e a t e s t  b o d y  w i d t h  7  t o
11, g r e a t e s t  b o d y  d e p t h 11 to 131° or 12 to 15;l*
grea tes t  head  dep th  11  to  14.1°

M o r p h o l o g y :  p e l v i c  b u d s  large;lO  n o t o c h o r d  f l e x e d (7.5
mm) ;I4 a n a l  a n d  d o r s a l  f i n  r a y s  e v i d e n t  ( c a .  9.5 mm).1°

P i g m e n t a t i o n :  d i s t i n c t preanal midvent ra l line of
melanophores,  patch of  melanophores over head, wi th two
d i s t i n c t  m i d d o r s a l  r o w s  f r o m  n a p e  t o  c a u d a l fin;1°
c o n c e n t r a t i o n  o f melanophores around u r o s t y l e i s
d i a g n o s t i c  a m o n g  c y p r i n i d s  w i t h  a  m i d v e n t r a l l i n e  o f
melanophores.1 7

a n  1 8 - m m  j u v e n i l e  g o l d e n  s h i n e r  i l l u s t r a t e d  i n  F i s h  ( 1 9 3 2 )
by Snyder et al
t h i s  s p e c i m e n  h a d  f i n  

               ( 1 9 7 7 ) ,  w h o  p o i n t e d  o u t  t h a t  t h e
r a y counts  incongruous  w i th  the

D e s c r i p t i o n
M y o m e r e s :  3 5  t o  38’0 I4 ( 2 0  t o  221° o r  2 3  t o  2514  +  1 2  t o

1 3 " o r  15’“); p r e d o r s a l  1 3  t o  1 6 ,  p r e p e l v i c  1 0  t o
12.‘O

Morphometry:  (as %  T L )  s t a n d a r d  l e n g t h  7 9  t o  841° o r  8 1
t o  86;14 preanal length 49 to 5810 or 45 to 49;14
predorsa l l e n g t h  4 5  t o  4 9 ,  p r e p e l v i c  l e n g t h  3 6  t o  4 2 ,
h e a d  l e n g t h  2 0  t o  23;l” l4 s n o u t  l e n g t h  4  t o  5;l"
diameter 6 to 8;lo l4

eye
p e c t o r a l  f i n  l e n g t h  1 0  t o  1 6 ,
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Notemigonus crysoleucas

ADULTS

F in  r ays :
pectoral

Ver tebrae

ic 9 (8 to g).’

i an vertebrae) . 2

caudal lg;,k d o r s a l  8  ( 7  t o
1 6  o r 17  (16  to  18 ) , p e l v

: 37 to 3 9  ( i n c l u d i n g Weber

line sca l e s :  4 4  t o  5 4 . 2

Pharyngeal t e e t h :  0 , 5 - 5 , 0 . 2

Diagnos t ic  charac te rs : f l e s h y  k e e l

La te ra l  1

p o s t e r i o r  t o  p e l v i c  f i n s  l a c k i n g
sca les , l a t e r a l  l i n e  s t r o n g l y  d e c u r v e d ,  f o l l o w i n g  v e n t r a l l i n e  o f
b o d y ,  a n a l  f i n  r a y s  1 2  o r  1 3 .

p e l v i c  f i n  l e n g t h  1  t o  1 2 ,  g r e a t e s t  b o d y  w i d t h  9  t o  1 2 ,
g rea tes t  body  depth  13  to  16 ,  g rea tes t  head depth  14  to
15.10

M o r p h o l o g y :  a l l  f i n  r a y s  f o r m e d (ca. 1 4 . 5  m m ) ,  p e l v i c
f i n s  d i s t i n c t l y  a n t e r i o r  t o  o r i g i n  o f  d o r s a l  f i n ,
f i n f o l d  c o m p l e t e l y  a b s o r b e d  ( 2 0  t o  2 1  mm).lO l4

P igmenta t ion : u n d e r s i d e  o f  l o w e r  l i p  a n d  v e n t r a l  e d g e  o f
g i l l covers w i t h  p i g m e n t , o c c a s i o n a l l y under eyes,
m i d v e n t r a l  l i n e  o f  m e l a n o p h o r e s  e v i d e n t  u n t i l 1 ate i n
t h i s in terva l  , l a t e r a l band of pigment broadened and
p r o m i n e n t  l a t e  i n  t h i s  stage.lO

9) , anal 12 to 14 (8 to 19),

LITERATURE CITED
1. Hubbs and Lagler (1958)

f :
Scott and Crossman (1973)
Becker (1976)

;:
Hubbs and Cooper (1935)
Dob ie  e t  a l .  (1956)

. N o r t h  C a r o l i n a  W i l d l i f e
Resources Commission (1962)
Schwartz (1963)
Cooper (1935)

9 . Forbes and Richardson (1909)
10. Snyder  e t  a l .  (1977)
11. Lippson and Moran (1974)
12. Smith (1979)
13. Adams and Hankinson (1928)
14. Buynak and Mohr (1980b)
15. Kramer and Smith (1960)
16. Chew (1974)
17. Loos  e t  a l .  (1979)

2.7 mm

F i g .  7 9 . Notemigonus cryso leucas , g o l d e n  s h i n e r . Yolk-sac l a r v a .
(Labora to ry - reared ,  Pennsy lvan ia ,  Snyder  e t  a l .  1977) .
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Notemigonus crysoleucas

dorsa l

A 4.6 mm

v e n t r a l

B 6.9 mm

F i g .  8 0 . Notemigonus crysoleucas, go lden  sh iner . A .  Y o l k - s a c  l a r v a .  B .
Larva. (A and B, l a b o r a t o r y - r e a r e d ,  P e n n s y l v a n i a ,  S n y d e r  e t  a l .  1 9 7 7 ) .
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Notemigonus crysoleucas

dorsa l

9.9 mm

v e n t r a l

C 11.5 mm

Fig. 81. Notemigonus crysoleucas, g o l d e n  s h i n e r .  A - C . L a r v a e .  ( A  a n d

C, l a b o r a t o r y - r e a r e d , Pennsylvania, S n y d e r  e t  a l .  1 9 7 7 ;  B , l a b o r a t o r y -

reared ,  Mary land ,  Loos  e t  a l .  1979) .
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F i g .  8 2 . Notemigonus crysoleucas,
and B,

go lden  sh iner . A and B.
labora to ry - reared ,  Pennsy lvan ia ,  Snyder  e t  a l .  1977) L a r v a e .  ( A

.



Notropis anogenus

Notropis anogenus Forbes, pugnose shiner

DISTRIBUTION

Occurs  sporad ica l l y  th roughout  the  d ra inages  o f  Lakes  Mich igan ,  Huron ,
E r i e  a n d  O n t a r i o . ’ This species has been recorded at approximately 25
d i s j u n c t  l o c a l i t i e s  i n  t h e  L a k e  M i c h i g a n  d r a i n a g e . ’

SPAWNING SEASON

Ripe females were found in ear ly May and ear

SPAWNING TEMPERATURE

Not  repor ted .

ly June i n  I l l i n o i s . 3

SPAWNING HABITAT

I n h a b i t s  v e r y  c l e a r  w a t e r  o f  g l a c i a l  l a k e s  a n d l o w  g r a d i e n t  s t r e a m s
c o n t a i n i n g  p r o f u s e  v e g e t a t i o n . ’ No spec i f i c  spawning  hab i ta t  has  been
r e p o r t e d . *

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : c a u d a l  1 9 ; *  d o r s a l  8  ( 7  t o  8 ) ,  a n a l  8  ( 7  t o  8 ) ,  p e c t o r a l  1 2
(11 to 13), pelvic 8 (7 to 8) .5

Ver tebrae : 32 t o 36 ( i n c l u d i n g Weberian v e r t e b r a e ) . 5
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Notropis anogenus

L a t e r a l  l i n e  s c a l e s :  3 4  t o  3 8 . 5

P h a r y n g e a l  t e e t h :  0,4-4,0.s

D i a g n o s t i c  c h a r a c t e r s :  m o u t h  v e r y  s m a l l ,  a l m o s t  v e r t i c a l ,  u p p e r  j a w
extend ing o n l y t o  v e r t i c a l  t h r o u g h  n o s t r i l ,  l a t e r a l  l i n e  c o m p l e t e ,
o r  n e a r l y  s o , p e r i t o n e u m  b l a c k , l a t e r a l band  usua l  1  y  dark  and
obv ious, con t inu ing  fo rward  th rough eye  o r  on to  snout .

LITERATURE CITED
1. Hubbs and Lagler (1958)

::
Becker (1976)
Forbes and Richardson (1909)

Trautman (1957)
Scott and Crossman (1973)
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N o t r o p i s  a t h e r i n o i d e s

Not rop is  a ther ino ides  Raf inesque,  emera ld  sh iner

DISTRIBUTION

Common throughout  a l l  o f  the Great  Lakes.l  2 In Lake Michigan i t i s
f o u n d  i n  t h e  s h o a l  w a t e r s  a n d  l o w e r  p o r t i o n s  o f  t r i b u t a r i e s , 3

l y  A p r i l  t o  m i d - A u g u s t  i n  t h e  G r e a t  L a k e s . ’

SPAWNING SEASON

Spawning occurs from ear

SPAWNING TEMPERATURE

Begins spawning at 22 C. 4

SPAWNING HABITAT

Spawns in  nearshore  a reas  o f  la rge  lakes  a t  dep ths  averag ing  3  rn.’

SPAWNING SUBSTRATE

Spawns over hard sand and mud which has been swept f ree of  detr i tus. ’

FECUNDITY

888 to  5 ,443. '

EGGS

Diameter 3 . 0  t o  3 . 3  m m ,  y o l k  d i a m e t e r  0 . 8  t o  1 . 0  mm;’ p e r i v i t e l l i n e
space  la rge ;5 y o l k  a n d  e m b r y o  c o l o r l e s s ; ’ s ta r -shaped mic ropy le ,
incubat ion  per iod :  24  to  36  hours  a t  approx imate ly  25  C.5

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-5 mm H a t c h i n g  l e n g t h :  c a .  4 . 0  mm.’

Myomeres: 35 to 41s 8 (23 to 26 + 10 to 151." 7 8

Morphometry:  (as % TL)  p reana l  l eng th  67 ,  g rea tes t  body
depth  13 ,  body  dep th  a t  anus  12 ,  head  leng th  14 ,  (as  %
head leng th )  eye  d iamete r  31 ,  snou t  leng th  11 .6

Morpho logy :  body  and  yo lk  sac  e longate , ’  c head  de f lec ted
over a n t e r i o r p o r t i o n  o f  y o l k , m e d i a n  f i n f o l d  h i g h e s t
be tween e igh th  and  ten th  myomeres , a u d i t o r y v e s i c l e
conspicuous c o n t a i n i n g  t w o  s m a l l  o t o l i t h s ,  g i l l  a r c h e s
and  pec to ra l  buds  no t e v i d e n t (ca. 4 . 0  m m ) ,  m e d i a n
f i n f o l d  o r i g i n  o v e r  m y o m e r e  1 2  o r  13;" m o u t h  i n f e r i o r
(4.9 mm) ;6 yo lk  reduced , mouth  open ing v i s i b l e  ( 5 . 0

mm) ; 4 pec to ra l buds s m a l l ; 6 near  pos te r io r  marg in  o f
a u d i t o r y  v e s i c l e , m e d i a n  f i n f o l d  e l e v a t e d  j u s t  a n t e r i o r
to anus, g u t  s t r a i g h t . ’

P igmenta t ion : none ev ident . *
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N o t r o p i s  a t h e r i n o i d e s

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6 mm Morphomet ry :  (as  % TL)  s tandard  leng th  97 ,  p reana l  leng th

66,  g rea tes t  body  depth  13 ,  body  depth  a t  anus  9 , head
l e n g t h  1 5 , (as  % head  leng th )  eye  d iameter  36 ,  snou t
l e n g t h  17.’

Morpho logy :  mou th  sma l l , t e r m i n a l , notochord s l i g h t l y
flexed (6.1 mm) .‘

P igmenta t ion :  eye  b lack , u n d e r s i d e  o f  i n t e s t i n e  w i t h  n i n e
t o  t e n inconsp icuous  chromatophores  a t  w ide  in te rva ls
and along postanal midvent ra l r i d g e , line of
melanophores on dorsum of  intest ine at  anus (6.1 mm).6

9 mm Morphomet ry :  (as  % TL)  s tandard  leng th  93 ,  p reana l  leng th
62,  g rea tes t  body  depth  11 ,  eye  d iameter  4.c

Morphology: snout more pointed than larvae in 6-mm stage,
body long, slender , strong1 y compressed, lack ing
e leva t ion  on  back ,  mouth  very o b l i q u e , upper l i p  o n
l e v e l  w i t h  u p p e r  p a r t  o f  p u p i l ,  e y e  l a r g e ,  l a t e r a l  l i n e
decurved, dorsa l f in  loca t ion  ind ica ted  by  opaqueness
in f in fo ld near myomere 17 (8.9 mm) .c

P igmenta t ion : about  12 large melanophores on top of  head,
melanophores over dorsum of intest ine and swim bladder
less obv ious, m e l a n o p h o r e s  o n  v e n t e r  o f  i n t e s t i n e  ( i n
6-mm stage) absent,  except one large melanophore near
anus, v e n t r a l l i ne  o f  me lanophores  fo l l ows  no tochord
u p w a r d  p o s t e r i o r l y ; 6 d o u b l e  p o s t a n a l  v e n t r a l  s e r i e s  o f
melanophores, merging a t  b a s e  o f  c a u d a l  f i n  t o  f o r m  a
“V , ”  m id la te ra l  row  o f  me lanophores e v i d e n t ( c a .  9 . 0
mm) . 7

1O-12 mm Morphomet ry :  (as  % TL)  s tandard  leng th  90 ,  p reana l  leng th
64, head leng th  19 ,  g rea tes t  body  depth  16 ,  body  depth
a t  a n u s  9 ,  ‘ ( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  3 5 ,  s n o u t
leng th  22 .6

Morphology: dorsal f i n  w i t h  e i g h t  p a r t i a l l y  f o r m e d  r a y s
i t s o r i g i n  a t abou t  myomere  16 , median f  i n fo ld
p e r s i s t i n g  p o s t e r i o r t o  d o r s a l f i n ,  c a u d a l  f i n  r a y s
f o r m e d ,  d i s t a l  m a r g i n  e m a r g i n a t e ; 6  a n a l  f i n  r a y  a n l a g e n
present (12 mm) .‘)

P igmenta t ion : chromatophores on snout and caudal f i n ,
subsurface chromatophores i n  g i l l  a n d  i s t h m u s  r e g i o n ,
o n  d o r s u m  o f s ingle-chambered s w i m  b l a d d e r , a long
d o r s u m  o f notochord and at  end of  body forming caudal
s p o t . 6

14 mm Morphomet ry :  (as  % TL)  s tandard  leng th  85 ,  p reana l  leng th
59,  head leng th  22 ,  g rea tes t  body  depth  15 ,  body  depth
a t a n u s  1 1 , (as % head length) eye diameter 27, snout
l e n g t h  35.’
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N o t r o p i s  a t h e r i n o i d e s

Morpho logy :  do rsa l  and  ana l  f i ns  comp le te ,  m inu te  amount
o f  f i n f o l d  p e r s i s t s  p o s t e r i o r  t o  d o r s a l  f i n ,  p r e a n a l
f i n f o l d  p e r s i s t s ,  p e l v i c  b u d s  a p p a r e n t  a n d  s i t u a t e d
a b o u t  f o u r m y o m e r e s  b e f o r e  d o r s a l  f i n  o r i g i n ,  c a u d a l
f i n  d e e p l y  f o r k e d ,  b o d y  e l o n g a t e ,  s n o u t  p o i n t e d ,  e y e
la rge ,  mouth  te rm ina l  and  ob l ique  reach ing  the  an te r io r
margin of the eye (13.5 mm) .6

Pigmenta t ion :  dorsum o f head  w i th  many  ch romatophores
p o s t e r i o r l y ,  f o r m i n g  a n i r r e g u l a r  d o u b l e  s e r i e s  t o
caudal f i n , m o s t  p r o m i n e n t  a t  b a s e  o f  d o r s a l  f i n  a n d
n e a r  c a u d a l  f i n , chromatophores on jaws, s ingle s e r i e s
o f melanophores on m i d l a t e r a l myoseptum, few
chromatophores on cheek and l a t e r a l a s p e c t  o f gu t
b e f o r e  p e l v i c  f i n s , about ten chromatophores at  wide
i n t e r v a l s  i n  a  s e r i e s  o n  t h e  p r e a n a l v e n t r a l m i d l i n e ,
subsurface melanophores  on  b ra in ,  g i l l s ,  i s thmus,  sw im
b ladder , o v e r  d o r s u m  o f  n o t o c h o r d  a n d  f o r m i n g  a
subsurface caudal s p o t , al 1 f i n s c o l o r l e s s ,  e x c e p t
caudal  f in  (13.5 mm) .6

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
15 mm Myomeres: 39 (25 + 14) .*

M o r p h o l o g y :  a l l  f i n  r a y s  f o r m e d , d o r s a l  f i n o r i g
myomere 17, pelv ic f in or ig in at  about myomere 14
mm) . *

in at
(14.7

25-30 mm Squamat ion complete. ’

ADULTS

F in  r ays : c a u d a l  1 9 ; *  d o r s a l  8  ( 7  t o  8 ) ,  a n a l  1 1  ( 1 0  t o  1 3 ) ,  p e c t o r a l
15 (13 to 17), pelvic 8 (8 to 9) .1

Ver tebrae : 39 to 40 (38 to 41) ( inc lud ing  Weber ian  ver tebrae) . ’

L a t e r a l  l i n e  s c a l e s :  3 8  t o  43.l

P h a r y n g e a l  t e e t h :  2,4-4,2.’

D i a g n o s t i c  c h a r a c t e r s :  s n o u t  b l u n t ,  i t s  l e n g t h less than t w o - t h i r d s
d i s t a n c e  f r o m  p o s t e r i o r m a r g i n  o f  e y e  t o  p o s t e r i o r  m a r g i n  o f  g i l l
cover , p igmenta t ion  on  s ides
b lack  spo t  a t  base  o f  do rsa l

LITERATURE CITED
1. Scott and Crossman (1973)
2. Hubbs and Lagler (1958)
3. Becker (1976)
4 . Flittner (1964)

t e r m i n a t i n g  a b o v e l a t e r a l l i n e ,  n o
f i n .

z-
Loos and Fuiman (1978)

. Fish (1932)
Hogue et  a l .  (1976)
Snyder (1979a)
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N o t r o p i s  a t h e r i n o i d e s

4.3 mm

C 5.0 mm

D 6.1 mm

F i g .  8 3 . N o t r o p i s  a t h e r i n o i d e s , e m e r a l d  s h i n e r .  A - C . Y o l k - s a c  l a r v a e .

D. Larva . (A and C, l a b o r a t o r y - r e a r e d ,  L a k e  E r i e ,  F l i t t n e r  1 9 6 4 ;  B  a n d  D ,
w i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ) .
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N o t r o p i s  a t h e r i n o i d e s

dorsa l

9.6 mm

v e n t r a l

10.5 mm

C 13.5 mm

F i g .  8 4 . N o t r o p i s a t h e r i n o i d e s , emerald s h i n e r .  A - C . L a r v a e .  ( A ,
w i l d - c a u g h t ,  L a k e  E r i e , Loos and Fuiman 1978; B and  C,  w i ld -caught , Lake
E r i e ,  F i s h  1 9 3 2 ) .
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N o t r o p i s  b l e n n i u s

N o t r o p i s  b l e n n i u s  ( G i r a r d ) ,  r i v e r  s h i n e r

DISTRIBUTION

I n  t h e  G r e a t  L a k e s  b a s i n ,  t h e  r i v e r  s h i n e r  i s k n o w n  o n l y  f r o m  L a k e
Winnebago’ 2  w h e r e  i t  i s  w e l l  e s t a b l i s h e d . 2

SPAWNING SEASON

Spawns th roughou t t h e  s u m m e r  u n t i l  l a t e  A u g u s t  i n  O h i o . ’ Spawns in
la te  Ju ly  and  Augus t  in  lowa.3

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

S p a w n s  i n  r i v e r s  o r  s t r e a m s . ’

SPAWNING SUBSTRATE

Depos i ts  eggs  over  sand and grave l . ’  5

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

N o t  d e s c r i b e d ,  b u t  i l l u s t r a t e d . 7

JUVENILES

Not  descr ibed .

ADULTS

F i n  r a y s :  c a u d a l  1 9 ; *  d o r s a l  8  ( 7  t o  8 ) ,  a n a l  7 ,  p e c t o r a l 14 (13 to
1 5 ) ,  p e l v i c  8.6

Ver tebrae : 36  to  37  ( inc lud ing  Weber ian  ver tebrae) .6

L a t e r a l  l i n e  s c a l e s :  3 4  t o  37;” o r  3 8  t o  4 5 . 6

Cypr in idae 236



Not rop is  b lenn ius

P h a r y n g e a l  t e e t h :  2 , 4 - 4 , 2 . 6

D i a g n o s t i c  c h a r a c t e r s : n o  b l a c k  s p o t  a t  c a u d a l  f i n  b a s e ,  a n a l  f i n  r a y s
seven, l a t e r a l band i n d i s t i n c t  o r absent, sometimes d i f f u s e
poster ior ly,  body somewhat compressed and deep, mouth subterminal .

LITERATURE CITED
1. Hubbs and Lagler (1958)

::
Becker (1976)
S t a r r e t t  ( 1 9 5 1 )

4 . Trautman (1957)

Smith (1979)
Scott and Crossman (1973)
Conner et  a l .  (1980)

6.1 mm

F i g .  8 5 . N o t r o p i s  b l e n n i u s , r i v e r s h i n e r . Larva. (WiId-caught,
Lou is iana ,  Conner  e t  a l .  1980) .
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Not rop is  cha lybaeus

Not rop is  cha lybaeus  (Cope) ,  i ronco lo r  sh iner

DISTRIBUTION

In  the  Great  Lakes  bas in , r e s t r i c t e d  t o  t h e  L a k e  M i c h i g a n d r a i n a g e . ’
I t  h a s  b e e n  r e p o r t e d in  the  St .  Joseph River  sys tem,  Mich igan,2  as
we l l  as  the  Fox  R iver  and  B lake  Creek ,  Wiscons in . ’

SPAWNING SEASON

Spawns  f rom Apr i l  to  Sep tember  in  F lo r ida . * Females w e r e  d i s t e n d e d
w i t h  e g g s  i n  J u n e  a n d  J u l y  i n  I l l i n o i s 6 a n d  l a t e  s p r i n g  i n  M a r y l a n d . ’

SPAWNING HABITAT

Spawns i n c l e a r ,
areas 6 a n d  l a r g e r  r

SPAWNING SUBSTRATE

w e l l vegetated creeks w
ivers. 3

SPAWNING TEMPERATURE

Spawns at ca. 16 C.’

i th  sand bo t toms, in swamp

Eggs are randomly broadcast over a sand bottom.’

FECUNDITY

ca .  50  eggs  s t r i pped  f rom a  s ing le  fema le . ’

EGGS

D e m e r s a l ,  a d h e s i v e ,  p a l e - c r e a m  c o l o r e d ,  i n c u b a t i o n  p e r i o d :  5 2
h o u r s  a t  1 7  C.’

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
2.3 mm Newly hatched. ’

3 mm

to 56

Morphomet ry :  (as  % TL)  s tandard  leng th  98 ,  p reana l  leng th
greatest body depth 35, head length 19, (as % head

leng th )  eye  d iamete r  36 , head w id th  100. ’
Morphology: l a r g e  a m o u n t  o f  y o l k ,  h e a d  c u r v e d  o v e r  y o l k

sac, m y o m e r e s  i n d i s t i n c t ,  p e c t o r a l  b u d s  absent.”
P igmenta t ion : eye and body unpigmented. ’

Morphometry: (as  % TL)  s tandard  leng th  97 ,  p reana l  l eng th
69, greatest body depth 21, head length 19, (as % head
leng th )  eye  d iameter  27 ,  head w id th  73.'

M o r p h o l o g y :  y o l k  m u c h  r e d u c e d , eyes u n d e v e l o p e d  ( 3 . 2
mm) . 4
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Notropis chalybaeus

3-4 mm Morphomet ry :  (as  % TL)  s tandard  leng th  94  to  95 ,  p reana l
length 59 to 63, greatest body depth 14 to 17, head
leng th  15  to  16 , (as  % head leng th )  eye  d iameter  40  to
47 ,  head w id th  80  to  83.’

M o r p h o l o g y :  y o l k  s a c  c y l i n d r i c a l ,  p e c t o r a l  b u d s  e v i d e n t
(3.9 mm) l 4

P igmenta t ion :  me lanophores  on  m iddorsum and postanal
r e g i o n , f e w  a n t e r i o r  t o  a n u s ,  l i t t l e  p i g m e n t  i n  e y e
(3.9 mm) .’

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-9 mm Morphomet ry :  (as  % TL)  s tandard  leng th  80  to  95 ,  p reana l

length 54 to 62, greatest body depth 12 to 16, head
leng th  15  to  21 ,  (as  % head leng th )  eye  d iameter  33  to
60 ,  head w id th  78  to  120.’

M o r p h o l o g y :  h e a d  f r e e  f r o m  y o l k  s a c ,  m o u t h  f u n c t i o n a l ,
swim bladder ev i den t , median f  i n fo ld s l i g h t l y
cons t r i c ted  a t  cauda l  pedunc le  (4 .3  mm) ,  body  e longa te
(4.6 mm), n o t o c h o r d  f l e x e d ,  f i r s t  c a u d a l  f i n  r a y s
e v i d e n t ( 5 . 7  m m ) ,  f i n f o l d  n e a r l y  a b s o r b e d ,  p o s i t i o n  o f
d o r s a l  f i n  e v i d e n t ,  m o u t h  p o s i t i o n  a s i n a d u l t (7.0
mm) , do rsa l a n d  a n a l  f i n s  d i f f e r e n t i a t e d ,  p e l v i c  b u d s
a p p a r e n t ,  c a u d a l  f i n  f o r k e d  ( 9 . 2  mm).’

P i g m e n t a t i o n :  m e l a n o p h o r e s  o v e r  m o s t  o f dorsal and
v e n t r a l  s u r f a c e s  e x c e p t  f i n s  ( 4 . 3  m m ) ,  c o n c e n t r a t i o n  o f
melanophores cover ing pos te r io r  end  o f  no tochord  (6 .2
mm) ; 4 i n tense  concen t ra t ion  o f  me lanophores  on caudal
f i n  r a y s  b e l o w  f l e x e d  n o t o c h o r d  ( 7 . 0  m m ) ; 5  m i d l a t e r a l
l i ne  o f  me lanophores  f rom head  to  cauda l  f i n  spo t (9.2
mm) . 4

JUVENILES

T o t a l  l e n g t h
15-16 mm

ADULTS

D e s c r i p t i o n
Morphometry:  (as % TL) standard length 78, preanal  length

49, greatest body depth 15, head length 19, (as % head
leng th )  eye  d iameter  46 ,  head w id th  79 . ’

M o r p h o l o g y :  f i n s  c o m p l e t e  o r n e a r l y  s o (14.8 mm) ,
appearance  much  l i ke  adu l t ,  sca les  no t  fo rmed . ’

P igmenta t ion :  m id la te ra l b a n d  f r o m  b a s e  o f  c a u d a l  f i n
through eye and onto snout wider and more dense,
c o n c e n t r a t i o n  o f melanophores at  base of  anal  f in  and
on v e n t e r  o f caudal peduncle, dense p a t c h  o f
melanophores on dorsum of head (16 mm).8

F in  r ays : c a u d a l  1 9 , d o r s a l  8 ; *  a n a l  86 *  ( 7  t o  9 )  ; 9  p e c t o r a l  1 3  t o
15, p e l v i c 8 . *
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Notropis chalybaeus

Vertebrae: not reported.

Lateral l ine scales: 32 to 36.'

Pharyngeal teeth: 2,4-4,2.‘

Diagnostic characters: roof o f  mou th  heav i l y pigmented, breast
unscaled, la tera l line poorly developed and incomplete, chin with
some pigment, mouth almost terminal,  sharply obl ique, anal f in rays
modally eight, last three or four anal f in rays l ike preceding rays,
scales below black lateral band not outlined with melanophores.

LITERATURE CITED
1. Hubbs and Lagler (1958)
2. Becker (1976)

43:
Johnson and Becker (1970)
Marshall (1947)

5. Loos and Fuiman (1978)

6. Smith (1979)
Schwartz (1963)

;: Fowler (1945)
9. Pflieger (1975)

A 2.3 mm

3.2 mm

Fig.  86.  Not rop is  chalybaeus, ironcolor shiner. A and B. Yolk-sac
larvae. (A and B, laboratory-reared, Florida, Marshall  1947).
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Notropis chrysocephalus

Not rop is  chrysocepha lus  (Raf inesque) ,  s t r iped  sh iner

DISTRIBUTION

O c c u r s  i n  s o u t h e r n  p a r t s  o f  t h e  G r e a t  L a k e s  b a s i n ,  f r o m  w e s t e r n  N e w
York, L a k e  O n t a r i o , t o  s o u t h e r n  W i s c o n s i n .  1 In  Lake Mich igan i t
o c c u r s  i n  t h e  s o u t h e r n  h a l f  o f  t h e  d r a i n a g e . 2

SPAWNING SEASON

Spawns from June to mid-July in the Lake Er ie drainage,8 spawns in May
and June in I l l inois,  4  May in Tennessee 6 a n d  l a t e  A p r i l  t o  m i d - J u n e  i n
Missouri. 7

SPAWNING TEMPERATURE

Ripe  adu l t s  were  found  a t  13  C.6

SPAWNING HABITAT

S p a w n s  i n  b r o o k s  a n d  s m a l l e r s t r e a m s  3  lo w h e r e  t h e  g r a d i e n t i s
moderate.”

SPAWNING SUBSTRATE

S p a w n s  o v e r  a v a r i e t y  o f  s u b s t r a t e s ,  i n c l u d i n g  g r a v e l , 3  * b o u l d e r s ,
bedrock  and  sand .3  Commonly  spawns  over  g rave l n e s t s  o f Nocom i s
s p e c i e s . 7  lo

FECUNDITY

Not  repor ted .

NATURAL HYBRIDS

Hybognathus n u c h a l i s , Nocomis biguttatus;12  I3 N .  m i c r o p o g o n ; 3

N o t r o p i s  c o r n u t u s ; 5  N .  rubellus.13

EGGS

Demersal ,  adhesive, d i a m e t e r  2 . 0  t o  2 . 3  m m ;6 o i l g l obu le absent; I4
incubat ion p e r i o d : 152 t o 160 hours a t 13 t o 15 C.6

YOLK-SAC LARVAE

A n  e g g  a n d  a  6 . 9 - m m  s p e c i m e n  i l l u s t r a t e d  b y  F i s h  ( 1 9 3 2 )  i s  m i s i d e n t i f i e d . *
T h e  o i l  g l o b u l e  i l l u s t r a t e d  b y  h e r  i s  n o t  f o u n d  i n  t h i s  s p e c i e s .  1 4

T o t a l  l e n g t h D e s c r i p t i o n
6-8 m m Hatching length ca. 5 .6 t o 5 .9 mm.6

Myomeres: (26 to 28 + 12 t o 14) . 6
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Not rop is  chrysocepha lus

LARVAE

Descr ip t i o n s  o f l a r v a e  p r e s e n t e d  b y  F i s h (1932) were exe
poss ib le m i s i d e n t i f i c a t i o n . *

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 3  t o  7 0 ,  h e a d
l e n g t h  1 6  t o  1 7 ,  g r e a t e s t  b o d y  d e p t h  1 4  t o  2 1 ,  ( a s  %
head leng th )  eye  d iameter  46  to  51 ,  snou t  leng th  11  to
12, head depth 74 to 84. 6

M o r p h o l o g y :  h e a d  d e f l e c t e d  o v e r  c l u b - s h a p e d  y o l k  s a c ,
g i l l s  n o t  d e v e l o p e d ,  o t o l i t h s  p r e s e n t , m e d i a n  f  i n f o l d
a r i s i n g  f r o m  m y o m e r e  n i n e , pec to ra l  buds  as  opaque
t h i c k e n i n g s  o n  d o r s o - l a t e r a l  a s p e c t  o f  y o l k  s a c (new1 Y
hatched) , h e a d  f r e e  f r o m y o l k  s a c  ( 1  d a y  o l d ) ,  g i l l
a rches  as  th ree  o r  fou r t i s s u e  f o l d s (2 days old) ,
o p e r c u l a r  f l a p s  p r e s e n t , mouth formed and subterminal
(7.2 mm), pectoral buds paddle-shaped (> 7.2 mm) .6

Pigmentat ion: unpigmented, except eyes (newly  ha tched)
few me lanophores  w ide ly  d ispersed  over  yo lk  sac  (1  day
o l d ) , severa l  me lanophores  on  e i the r  s ide  o f  hear t  a rea
f o r m  a  “ V ”  v e n t r a l l y , double postanal row of
melanophores, head moderately p igmented,  double row of
m e l a n o p h o r e s  f r o m  o c c i p u t  t o  c a u d a l  f i n ,  t w o  o r th ree
chromatophores on f i n f o l d  i n  p e d u n c l e  a r e a  a n d  o n
c a u d a l  f i n ,  o p e r c u l a , o to l i t hs  and  dorsum o f i n c i p i e n t
sw im b ladder  p igmented , midlatera l  row of  melanophores
from i n c i p i e n t s w i m  b l a d d e r  t o  c a u d a l f i n , l a rge
s t e l l a t e chromatophores  p resen t  on  la te ra l  and  ven t ra l
p o r t i o n s  o f  y o l k  s a c  ( 3  d a y s  o l d ,  7 . 2  m m ) ,  c a u d a l
p igmenta t ion o u t l i n e s u r o s t y l e , i n some specimens
d o r s a l  a n d  v e n t r a l pigment l i n e s cont inuous around
u r o s t y l e , s n o u t  p i g m e n t a t i o n  m o d e r a t e , p remax i l l ae
o u t l i n e d  w i t h  p i g m e n t  ( 7 . 7  m m ) ,  l a t e r  y o l k - s a c la rvae
w i t h  d i f f u s e  s p o t  o n  l o w e r  c a u d a l  f i n  l o b e . 6

cluded due to

T o t a l  l e n g t h D e s c r i p t i o n
8-10 mm Myomeres: (26 to 27 + 12 to 14) .6

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 2  t o  6 3 ,  h e a d
l e n g t h  1 6 t o 19,  g rea tes t body depth 13 t o 14, (as %
head length) eye diameter 42, snout  leng th 11 t o 13,
head depth 65 to 71."

Morpho logy :  yo lk  absorbed ( c a .  7 . 9 mm), f i ve o r  s i x
c a u d a l  f i n  r a y s ev i den t , notochord s l i g h t y  f l e x e d ,
s w i m  b l a d d e r  f i l l e d ,  o p e r c u l u m  c o v e r s  g i l l s , d o r s a l  f i n
p o s i t i o n  a n l a g e  e v i d e n t (7.8 mm) , apex of d o r s a l  f i n
over myomere 19 or  20,  anal  f in anlage appar e n t  ( 8 . 2  t o
8.6 mm), h y p u r a l s ,  f i v e  o r  s i x  d o r s a l  f i n  r a y s  a n d  f i v e
a n a l  f i n  r a y s a p p a r e n t  ( 8 . 5  m m ) ,  o p e l r c u l u m  e x t e n d s
b e y o n d  p o s t e r i o r  e d g e o f  a u d i t o r y  v e s i c l e  ( 8 . 8  m m ) ,
caudal  f in emarginate and 19 fin r a y s  p r e s e n t  ( 9 . 0
mm) . 6
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Not rop is  chrysocepha lus

P igmenta t ion :  doub le  row o f  me lanophores f r o m  h e a d  t o
caudal f i n , head h e a v i l y  p i g m e n t e d , p remax i l l ae
o u t l i n e d  b y  m e l a n o p h o r e s ,  d o r s u m  o f  g u t  a n d  s w i m
b ladder  p igmen ted , i n t e r n a l row of melanophores from
d o r s u m  o f  s w i m  b l a d d e r  t o  b a s e  o f  s k u l l ,  m i d l a t e r a l
s t r i p e  f r o m  b a c k  o f e y e  t o  c a u d a l  f i n  b a s e ,  a r c h i n g
s l i g h t l y  a n t e r i o r l y , m o s t  p r o m i n e n t between swim
b l a d d e r  a n d  c a u d a l  f i n ,  u r o s t y l e  o u t l i n e d ,  p i g m e n t
i n c r e a s e d  i n  l o w e r  h a l f  o f  c a u d a l  f i n , some specimens
w i t h t h r e e  l a r g e chromatophores on operculum, nares
o u t l i n e d  ( 8 . 1  m m ) ,  s i d e s  o f  s w i m  b l a d d e r  p i g m e n t e d ,
upper and lower edges of  mouth wel l  p igmented,  dorsal
f i n w i t h few chromatophores, "V" p a t t e r n  o f
p igmenta t ion e v i d e n t  i n  b r a n c h i o s t e g a l  r e g i o n ,  f o r e g u t
w i t h  c h a r a c t e r i s t i c  t r i d e n t - s h a p e d  p a t t e r n  ( a l s o found
in N. c o r n u t u s ) ; *  w i t h  o u t e r  l i n e s  e x t e n d i n g  d o r s a l l y
a n d  p o s t e r i o r l y  t o  f u s e  w i t h  p i g m e n t a t i o n  o n  d o r s u m  o f
swim bladder and gut (8.9 mm) .6

1O-13 mm Myomeres: (26 to 27 + 12 to 14) . 6

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 9  t o  6 2 ,  h e a d
l e n g t h  2 1  t o  2 2 ,  g r e a t e s t  b o d y  d e p t h  1 7  t o  1 8 , (as %
h e a d  l e n g t h ) snout leng th  16  to  18 ,  head  dep th  69  to
7 0 ,  e y e  d i a m e t e r  3 9  t o  4 1 , (as % preanal length)
p redorsa l  leng th  72  to  74 ,  body  w id th  17  to  20 .6

M o r p h o l o g y :  p e l v i c  b u d s  a p p a r e n t (11.3 to 12.2 mm),
midgut begins to bend (12 to 13 mm) .6

P igmenta t ion : m i d d l e  e x t e n s i o n  o f  t r i d e n t  p a t t e r n  b e l o w
swim b ladder  faded ,  ven t ra l  m id l ine  p igment  ex tends  the
length o f  g u t , g i l l a r c h e s  p i g m e n t e d  ( 1 2 . 2  m m ) ,
m i d l a t e r a l s t r i p e  h e a v i e s t  o n  p e d u n c l e , head and
o p e r c u l a  h e a v i l y  p i g m e n t e d , cauda l  f i n  rays  modera te ly
p igmented ,  dorsa l  f i n  rays  p igmented  on  p rox ima l h a l f ,
double dorsa l r o w  o f melanophores w i t h increased
p igment  w i th in  rows. 6

13-17 mm Myomeres: (26 to 27 + 12 to 14) . 6

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 1  t o  5 9 ,  h e a d
length 22 to 23, g r e a t e s t body depth 17 to 18, (as %
head  leng th )  snou t length 20 t o  2 1 ,  h e a d  d e p t h 69 to
7 1 ,  e y e  d i a m e t e r 37 to 35, p redorsa l  l eng th  73 to 77%
p r e a n a l  l e n g t h . 6

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
17-23 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 5  t o  5 7 ,  h e a d

length 22 to 23, g rea tes t  body depth 20, (as % head

length) snout  leng th 19 to 20, head depth 71, eye
diameter 36 to 37, (as % preana l  l eng th )  p redorsa l
length 76 to 78, body w i d t h  2 5 . 6
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Notropis chrysocephalus

Morphology: adu l t  comp lemen t  o f  f i n r a y s  p r e s e n t  ( 1 7 . 0
mm, b u t  a s  e a r l y  a s  c a .  1 4 . 0  m m ) ,  s q u a m a t i o n  b e g i n s
(17.2 mm), f i n f o l d  a b s o r b e d (19 .0  mm) ,  squamat ion
complete (23.0 mm) .6

P i g m e n t a t i o n :  d o u b l e  r o w  o f me lanophores  p resen t  f rom
anus along both s i d e s  o f anal f i n , f o r m i n g  s i n g l e
d i f f u s e  l i n e  t o  c a u d a l  f i n  b a s e . 6

ADULTS

F i n  r a y s :  c a u d a l 1 9 ; *  d o r s a l  8 , a n a l  9  ( 8  t o  1 0 ) ,  p e c t o r a l  1 6  ( 1 5  t o
1 7 ) ,  p e l v i c  9  ( 8  t o  1 0 )  .I1

Ver tebrae : 39  (38  to  42)  ( inc lud ing  Weber ian  ver tebrae) .9

L a t e r a l  l i n e  s c a l e s :  3 8  t o  3 9  ( 3 6  t o  42).’

P h a r y n g e a l  t e e t h :  2,4-4,2.11

D i a g n o s t i c  c h a r a c t e r s :  p r e d o r s a l  s c a l e s  l e s s  t h a n  1 7 ,  t ip of ch
h e a v i l y  p i g m e n t e d , numerous
midback.

LITERATURE CITED
1. Gilbert (1980)
2. Becker (1976)

4 .
Trautman (1957)
Smith (1979)

5 . G i lbe r t  (1961)
6 .  Yeager  (1978)
7. Pfleiger (1975)

p a r a l l e l  d a r k  l i n e s  c o n v e r g i n g  a t  t
i n
he

8 . Fish (1932)
9 . Gilbert (1964)

10. Hankinson (1932)
11. Scott and Crossman (1973)
12. Lute (1933)
13. O’Donnel l  (1935)
14. Loos and Fuiman (1978)

5.6 mm

F i g .  8 8 . Not rop is chrysocephalus, s t r i p e d s h i n e r . Yolk-sac l a r v a .
(Laboratory-reared, Tennessee, Yeager 1979).

245 Cypr in idae



Not rop is  chrysocepha lus

dorsa l

7.3 mm

v e n t r a l

F i g .  8 9 . Not rop is chrysocephalus, s t r i p e d s h i n e r . Y o l k - s a c  l a r v a .
(Laboratory-reared, Tennessee, Yeager 1979).
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Notropis chrysocephalus

dorsal

7.8 mm

ventral

F ig .  90 . Notropis chrysocephalus, st r iped shiner . Larva. (Laboratory-
reared, Tennessee, Yeager 1979).
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Not rop is  chrysocepha lus

13.0 mm

v e n t r a l

F i g .  9 1 . Not rop is  chrysocepha lus , s t r i p e d  s h i n e r . Larva . (Labora tory -
reared, Tennessee, Yeager 1979).
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Notropis chrysocephalus

dorsal

18.2 mm

ventra l

F ig .  92 .  Notropis  chrysocephalus,  s t r iped shiner .  Juveni le . (Laboratory-
reared, Tennessee, Yeager 1979).
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Not rop is  cornu tus

Not rop is  co rnu tus  (M i tch i l l ) ,  common sh iner

DISTRIBUTION

Occurs in streams throughout the Great Lak e
i g a n  d r a i n a g e . ’throughout the Lake Mich

SPAWNING SEASON

S p a w n s  f r o m  l a t e  M a y
Y o r k . 4

SPAWNING TEMPERATURE

Spawns at 15 to 25 C.j 4

SPAWNING HABITAT

D e p o s i t s  e g g s  i n  r i f f l e s
o v e r  s h o a l s  i n  l a k e s . 3

SPAWNING SUBSTRATE

t o  J u n e in  Mich i gan3 and May to July in New

s  b a s i n , l  a n d i s common

5 6

o f  s t reams4  5 a t  d e p t h s  8  t o  2 0  cm,l  p o s s i b l y

Spawns over  g rave l  o r  rubb le  where  i t  may excavate  depress ions3  5  o r
u s e  n e s t s  b u i l t  b y  o t h e r  c y p r i n i d s . ’  3  4  5  6  7  lo

FECUNDITY

9 0 0  t o  1,150.e

NATURAL HYBRIDS

Campostoma anomalum;15 Clinostomus e l o n g a t u s ; 6  I9 Nocomis
biguttatus;l’ I0 N . micropogon;6 Notrop is chrysocephalus; 1 4

N.- .14rubellus;16  P h o x i n u s  e o s , P . e r y t h r o g a s t e r ;  1 6  1 7 Rh in i c thys
cataractae;lB  S e m o t i l u s  atromaculatus.17

EGGS

Demersal, a d h e s i v e  ( u n t i l  w a t e r  h a r d e n e d * )  , sometimes i n loose
clumps; 5 9 diameter 1.7 t o 1.8 mm9 o r 1.5 mm;5 y o l k diameter 1.3 mm.9

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-7 m m Newly hatched ca. 5.0 mm.9

Myomeres: (25 to 26 + 12 to 1 4 ) ,  u s u a l l y 39 (26 + 13) .10
Morphometry:  (as % TL) standard length 95 to 96,  preanal

leng th  61  to 65 ,  p redorsa l leng th  34  to 38.10
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Notrop is cornutus

LARVAE

Tota l l e n g t h
7-11 mm

12-15 mm

JUVENILES

Tota l l e n g t h
16 mm

M o r p h o l o g y :  y o l k  e l o n g a t e , notochord
preanal

s t r a i g h t , swim
 f i n f o l d  e x t e n d i n g

l a d d e r  ( 5 . 3  t o  6 . 8  m m ) ,
b ladder formed (ca. 5.3 mm),
t o  a n t e r i o r  p o r t i o n  o f  s w i m  b
no tochord  f l exed  (6 .5  mm) . *

P i g m e n t a t i o n :  d o r s a l  p a t c h  o f
p r o c e e d i n g  p o s t e r i o r l y  a s  t w o
mm), m i d l a t e r a l line of me
b ladder  to  cauda l  pedunc le ,  a
g i l l arches, th ree rows of

melanophores o v e r  h e a d
d i s t i n c t  r o w s ( c a .  5 . 4

lanophores from above swim
few me lanophores  ou t l i ne

elanophores over abdomen
o f  g u t  n e a r  h e a r t  ( a l  s o

row cont inues  to  anus ; *
t w o  r o w s  d i v e r g e  a n d

o f  g u t  f o r  a p p r o x i m a t e l y
patch of melanophores on
es of melanophores on

converge  a t  mos t  an te r io r  par t
i n  N .  c h r y s o c e p h a l u s ) ,  c e n t r a l
b u t  s o m e t i m e s  a b s e n t ; ’  o t h e r
o u t l i n e  v e n t r o - l a t e r a l  p o r t i o n
one-ha l f i t s leng th , dense
dorsum of s w i m  b l a d d e r , seri
do rsum o f  gu t  to  anus . *

D e s c r i p t i o n
Myomeres: (26 to 27 + 12 to 15),  usual ly 39 (26 + 13) .I0
Morphometry:  (as % TL) standard length 90 to 95,  preanal

l e n g t h  6 3  t o  6 4 ,  p r e d o r s a l  l e n g t h  3 6  t o  40.1°
Morphology:  hypurals formed, some cauda l  f i n  rays  ev iden t

(8.5 mm), all caudal fin rays formed (9.2 mm),
a c t i n o t r i c h i a  o f  d o r s a l  f i n  e v i d e n t  ( 1 0 . 5  m m ) . *

P i g m e n t a t i o n :  i n t e n s i f i e d  p i g m e n t a t i o n  o n  a l l  a s p e c t s ,
l a t e r a l  s e r i e s  p r o m i n e n t , d o u b l e  p o s t a n a l s e r i e s  o f
me lanopho res  (9 .2  mm) , s c a t t e r e d  p i g m e n t  o n  l a t e r a l
s u r f a c e  o f  h e a d  p o s t e r i o r  t o  e y e s ; * p o s t e r i o r  e n d  o f
u r o s t y l e  o f t e n  o u t l i n e d  w i t h  m e l a n o p h o r e s . 9

Myomeres: (25 to 27 + 12 to 14),  usual ly 39 (26 + 13) .l"
Morphometry:  (as % TL) standard length 85 to 87,  preanal

leng th  58  to  61 ,  p redorsa l  l eng th  40  to  43 .
Morphology: n i n e  a n a l  f i n  r a y s  p r e s e n t , m e d i a n  f i n f o l d

reduced, s t i l l  p e r s i s t e n t  a n t e r i o r  t o  a n u s . *
Pigmentat ion:  numerous s c a t t e r e d sma l l e r melanophores

between two dorsal  rows, la te ra l  se r ies  o f  me lanophores
prominent, l a t e r a l  b a n d  b e g i n n i n g  t o  f o r m ,  m i d v e n t r a l
row o f  me lanophores  f rom hear t  reg ion  to  anus . *

D e s c r i p t i o n
Morphology: al 1 f i n  r a y s  f o r m e d , mouth  te rm ina l  (15 .5

mm).*
P igmenta t ion :  b roken  midvent ra l s e r i e s  o f melanophores

from h e a r t r e g i o n  t o anus, numerous sca t te red
melanophores on s i d e s  o f head, l a t e r a l b a n d  w e l l
developed, composed of many small chromatophores;* chin
unpigmented.12  I8
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Not rop is  cornu tus

ADULTS

F in  r ays : c a u d a l  1 9 ; *  d o r s a l  8;" a n a l  9  ( 8  t o  1 O ) ,  p e c t o r a l 14 to
17;' p e l v i c 8 t o 9. 11

Ver tebrae : 4 0  t o  4 1  ( 3 6  t o  4 2 )  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  3 6  t o  4 3 . 1

P h a r y n g e a l  t e e t h :  2,4-4,2.1° I1

D i a g n o s t i c  c h a r a c t e r s :  o r i g i n  o f  d o r s a l  f i n  o v e r  o r  a n t e r i o r  t o
i n s e r t i o n  o f  p e l v i c  f i n s ,  p r e d o r s a l  l a t e r a l  s c a l e s  t w i c e  a s  h i g h  a s
wide, anal f i n rays usua l l y  n ine ,  p redorsa l  sca les  more  than  17 ,
m i d d o r s a l  s t r i p e  a n d  o n e  o r  t w o  p a r a v e r t e b r a l  d a r k  s t r i p e s .

F i g .  9 3 . N o t r o p i s  c o r n u t u s , common s h i n e r . Yolk-sac l a r v a . (Wi ld-
caught, Iowa,
L .  G .  P e r r y ) .

o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,  s p e c i m e n s  p r o v i d e d  b y
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Not rop is  cornu tus

A 7.2 mm

B 8.4 mm

F i g .  9 4 . Not rop is cornu tus , common s h i n e r . A and B. L a r v a e .  ( A ,
l a b o r a t o r y - r e a r e d , Pennsylvania, Loos and Fuiman 1 9 7 8 ;  B , w i I d - c a u g h t ,
Iowa, o r i g i n a l i l l u s t r a t i o n  b y  N . A. Auer, s p e c i m e n  p r o v i d e d  b y
L .  G .  P e r r y ) .
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F i g .  9 5 . N o t r o p i s  c o r n u t u s , common sh iner
l a b o r a t o r y - r e a r e d ,  P e n n s y l v a n i a ,  l a t e r a l  v i e w :
and vent ra l  v iews: o r i g i n a l  i l l u s t r a t i o n s  b y
L O O S ;  B ,  w i l d - c a u g h t ,  I o w a ,  o r i g i n a l  i l l u s t r a t
p r o v i d e d  b y  L .  G .  P e r r y ) .

. A and B. L a r v a e .  ( A ,
Loos and Fuiman 1978, dorsal
M. Fuges, c o u r t e s y  o f  J .  J .

ion by N. A. Auer, specimen



N o t r o p i s  d o r s a l i s

N o t r o p i s  d o r s a l i s  ( A g a s s i z ) ,  b i g m o u t h  s h i n e r

DISTRIBUTION

T h i s  s p e c i e s  o c c u r s  i n  s c a t t e r e d  p o p u l a t i o n s  t h r o u g h o u t  t h e  G r e a t
Lakes r e g i o n . I t  occurs  in  the  Genesee R iver  and  One ida  Lake ,  Lake
Ontar io  d ra inage;  Oh io  and  New York  d ra inages  o f  Lake  Er ie ; and the
Keweenaw Peninsula,  Lake Superior. ’ In  the  Lake Mich igan dra inage,  i t
i s  f o u n d in the Fox, Manist ique, Muskegon, Grand and Kalamazoo River
sys tems o f  Michigan,l as  we l l  as  the  Wol f  and  Root  R ive r s y s t e m s  o f
Wisconsin.z

SPAWNING SEASON

S p a w n s  f r o m  M a y  t o  J u n e  i n  I l l i n o i s 5 and  m id -Ju l y4  th rough August  in
lowa.3

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Spawns  in  c reeks  and  sma l l r i v e r s , o c c a s i o n a l l y i n  l a r g e  r i v e r s
( in fe r red  f rom adu l t  hab i ta t )  .  5

SPAWNING SUBSTRATE

Probably spawns over sand and gravel .6

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
4-5 mm H a t c h i n g  s i z e :  c a .  3 . 7  mm.’

Myomeres: (20 to 21 + 13 to 14) .7

Morphometry: (as  % TL)  s tandard  leng th  95  to  96 ,  p reana l
l e n g t h  5 9  t o  6 3 ,  p r e d o r s a l  l e n g t h  3 8  t o  44.’

P i g m e n t a t i o n :  e a r l y  y o l k - s a c l a r v a e  m a y l a c k  p i g m e n t
e n t i r e l y , melanophores scattered on dorsum of head and
body (3.8 mm) .’
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N o t r o p i s  d o r s a l i s

LARVAE

Tota l l e n g t h D e s c r i p t i o n
5-9 mm Myomeres: (21 to 22 + 12 to 14) .’

Morphomet ry :  (as  % TL)  s tandard  leng th  89  to  95 ,  p reana l
l e n g t h  5 9  t o  6 2 ,  p r e d o r s a l  l e n g t h  4 0  t o  44.’

Morpho logy :  yo lk  absorbed  (5 .0  mm).’
P i g m e n t a t i o n :  e n t i r e dorsum densely pigmented, scattered

me lanophores  ven t ra l l y  be tween  hear t r e g i o n and anus
m a y  b e  d i a g n o s t i c  f o r t h i s species (ca. 5 . 0  mm),
prominent melanophore i n nasal p i t , dorsa l pigment
dense on head, two rows of melanophores on dorsum (6.9
mm).*

1O-13 mm Myomeres: (20 to 21 + 12 to 14) .’
Morphomet ry :  (as  % TL)  s tandard  leng th  86  to  89 ,  p reana l

leng th 56 t o 59, predorsal length 43 t o 44.’

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : cauda l  19 ; * d o r s a l  8 ,  a n a l  8 ,  p e c t o r a l  1 4  t o  1 5 ,  p e l v i c  8 . 8

Ver tebrae : 34  to  37  ( inc lud ing  Weber ian  vertebrae).B

L a t e r a l  l i n e  s c a l e s :  3 4  t o  37."

P h a r y n g e a l  t e e t h :  1,4-4,1.s

Diagnos t i c  charac te rs :  mouth  la rge ,  upper  jaw longer  than  eye ,  exposed
s u r f a c e  o f l a t e r a l l i n e s c a l e s  n o t  e l e v a t e d ,  p e r i t o n e u m  s i l v e r y ,
m o u t h  h o r i z o n t a l  o r  n e a r l y  s o ,  l a t e r a l  l i n e  c o m p l e t e .

LITERATURE CITED
1. Hubbs and Lagler (1958)

::
Becker (1976)
S t a r r e t t  ( 1 9 5 1 )

4. Paloumpis (1958)

5 . Smith (1979)
6 . Loos and Fuiman (1978)
7 . Perry and Menzel (1979)
8.  Scott  and Crossman (1973)
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Fig.  96. N o t r o p i s  d o r s a l i s , b i g m o u t h  s h i n e r .  A . Yo lk -sac larva. B.
Larva. (A  and  6, w i ld -caught ,  Iowa, o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,
s p e c i m e n s  p r o v i d e d  b y  L .  G .  P e r r y ) .



N o t r o p i s  d o r s a l i s

C 12.0 mm

F i g .  9 7 . N o t r o p i s  d o r s a l i s , b igmouth  sh iner . A-C. Larvae. (A and C,
w i l d - c a u g h t , I o w a ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,  s p e c i m e n s  p r o v i d e d
by  L .  G .  Pe r r y ; B ,  w i l d - c a u g h t ,  I l l i n o i s ,  L o o s  a n d  F u i m a n  1 9 7 8 ) .
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N o t r o p i s  e m i l i a e

Notropis emi l iae (Hay),  pugnose minnow

DISTRIBUTION

I n  t h e  G r e a t  L a k e s  b a s i n ,  t h i s  s p e c i e s  h a s  b e e n  r e p o r t e d  f r o m  t h e
D e t r o i t  R i v e r ,  L a k e  S t .  C l a i r  a n d  w e s t e r n  L a k e  E r i e ,  w e s t  t o  s o u t h e r n
Wisconsin and southern Minnesota. 1  z I n  t h e  L a k e  M i c h i g a n  d r a i n a g e ,
i t  i s  ra re ,  known on ly  f rom the  Wol f  R ive r  sys tem inc lud ing  Wol f  Lake ,
Wiscons in ,  were  i t  p robab ly  has  been extirpated.J

SPAWNING SEASON

G r a v i d  f e m a l e s  a n d t u b e r c u l a t e  m a l e s  w e r e taken i n mid-June in
I l l i n o i s . 4 Summarized data indicate a longer spawning season, March
to  September ,  in  Florida.s

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Not  repor ted .

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed .

LARVAE

N o t  d e s c r i b e d . However, t h e  p r e s e n c e  o f  n i n e  p r i n c i p a l  d o r s a l  f i n
rays is a unique character among Great Lakes c y p r i n i d s . S e e  a d u l t
m e r i s t i c s  b e l o w .

JUVENILES

Not  descr ibed .

ADULTS

F i n  r a y s :  c a u d a l  1 9 ; *  d o r s a l 9 (7 to 10), anal 8 (7 to 9), pectoral 8
(8 t o 9) , p e l v i c 8 (8 t o 9) . 5

Vertebrae: 38  to  39  (36  to  39)  ( inc lud ing  Weber ian  ver tebrae)  . 5
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N o t r o p i s  e m i l i a e

L a t e r a l  l i n e  s c a l e s :  3 6  t o  39.1 5

Pharyngea l  tee th :  0,5-5,O.l

D iagnos t ic  charac te rs :  Pharyngea l  tee th i n  a  s i n g l e  r o w , dorsa l f i n
rays u s u a l l y n i n e , mouth smal l ,  ob l ique ,  fo rm ing  an  ang le  o f  31  to
4 7  d e g r e e s  w i t h  t h e  p l a n e  o f  t h e  l o w e r  p r o f i l e .

LITERATURE CITED
1. Scott and Crossman (1973) Forbes and Richardson (1909)

::
Hubbs and Lagler (1958) :: Gi lber t  and  Ba i ley  (1972)
Becker (1976)
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Not rop is  he te rodon

Not rop is  he te rodon  (Cope) ,  b lackch in  sh iner

DISTRIBUTION

Occurs throughout the
the Lake Michigan dra

Great Lakes basin
inage,  bu t  genera l

1 2. Common in some l a k e s  o f
ly uncommon.3

SPAWNING SEASON

Spawns in May and June

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

i n  I l l i n o i s 4  a n d New York.$

Spawns in shal low water.6

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : c a u d a l  1 9 ; * d o r s a l  8  ( 7  t o
12 (11 to 13), pelvic 8 (7 to 8) .l

Ver tebrae : 35  to  36  ( inc lud ing  Weber ian

L a t e r a l  l i n e  s c a l e s :  3 4  t o  37.'

P h a r y n g e a l  t e e t h :  1,4-4,l.l
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8),  anal 7 (7 t o 8) , pectora 1

ve r tebrae) 1.
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Not rop is  he te rodon

D i a g n o s t i c  c h a r a c t e r s :  l a t e r a l  b a n d  o f  p i g m e n t  i n  z i g - z a g  p a t t e r n ,
extends onto c h i n and o n  p r e m a x i l l a e ,  m o u t h  l a r g e ,  u p p e r  j a w
r e a c h i n g  b e y o n d  a  v e r t i c a l  t h r o u g h  n o s t r i l ,  p e r i t o n e u m  s i l v e r y .

LITERATURE CITED
1. Scott and Crossman (1973)

::
Hubbs and Lagler (1958)
Becker (1976)

4 . Forbes and Richardson (1909)
5 . Raney (1969b)
6 . Adams and Hankinson (1928)

Cypr in idae 262



N o t r o p i s  h e t e r o l e p i s

Notropis heterolepis Eigenmann and Eigenmann, b

DISTRIBUTION

Found  th roughou t t h e  G r e a t  L a k e s  basin.l z

lacknose shiner

It is d i s t r i b u t e d
s p o r a d i c a l l y i n t h e  L a k e  M i c h i g a n  d r a i n a g e ,  o f  W i s c o n s i n  a n d
Mich igan ’s  upper  pen insu la . I t  h a s  p r o b a b l y  b e e n  e x t i r p a t e d  i n  t h e
I l l i n o i s  p o r t i o n  o f  t h e  d r a i n a g e . 3

SPAWNING SEASON

Spawns in late spr ing and ear ly summer’ or June and July in New York.8

Females, i n spawning c o n d i t i o n , w e r e  f o u n d i n l a t e  J u l y 5  i n  t h e
N i a g a r a  R i v e r ,  N e w  Y o r k  a n d  e a r l y  J u n e  t o  A u g u s t  i n  I l l i n o i s . 6

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Spawns in lakes and ponds. 7

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

Not  repor ted .

NATURAL HYBRIDS

Hybognathus hankinsoni. 9

EGGS

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20 mm Morphometry:  (as % TL) standard length 83, preanal  length

5 5 ,  p r e d o r s a l  l e n g t h  4 5 ,  h e a d  l e n g t h  2 3 ,  g r e a t e s t  b o d y
depth 17, body depth at  anus 12, (as % head length) eye
d i a m e t e r  2 6 ,  s n o u t  l e n g t h  31.'
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N o t r o p i s  h e t e r o l e p i s

M o r p h o l o g y :  e i g h t  d o r s a l  a n d  a n a l  f i n  r a y s ,  p e l v i c  f i n s
inser ted i n  a d v a n c e  o f  d o r s a l  f i n ,  b o d y  s l e n d e r ,  s n o u t
longer t h a n  e y e , mouth sma l l , sub te rm ina l , n e a r l y
h o r i z o n t a l . ’

P i g m e n t a t i o n :  m e l a n o p h o r e s  r e s t r i c t e d  t o  u p p e r  j a w  a n d
d o r s a l  a n d  d o r s o - l a t e r a l  a s p e c t s  o f  h e a d , a b o u t  f o u r
i r r e g u l a r l i n e s  o f melanophores on dorsum to caudal
f i n , s i n g l e  o r i r r e g u l a r  d o u b l e s e r i e s comprise
m i d l a t e r a l s t r i p e , con t inu ing  f rom band  on  snou t  and
head ,  few me lanophores  under  head , around anal f i n
base ,  and  on  med ian  f ins ,  genera l l y  less  p igmented  than
o t h e r  c y p r i n i d s  t h i s  s i z e . ’

ADULTS

F in  r ays : c a u d a l  1 9 ; *  d o r s a l  8  ( 7  t o  9 ) ,  a n a l  8  ( 7  t o  8 ) ,  p e c t o r a l  1 2
(12 to 14), pelvic 8 (7 to 8) .l

Ver tebrae : 3 8  t o  4 0  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  3 3  t o  4 0 . 1

P h a r y n g e a l  t e e t h :  0,4-4,O.l

D i a g n o s t i c  c h a r a c t e r s : a n a l  f i n  r a y s  t y p i c a l l y  e i g h t ,  d o r s a l  f i n  o v e r
o r  b e h i n d  p e l v i c  f i n  i n s e r t i o n ,  l a t e r a l  l i n e  c o m p l e t e ,  l a t e r a l band
o f  p i g m e n t  e x t e n d s  t o  s n o u t , ch in  no t  b lack ,  mou th  la rge ,  upper  j aw
r e a c h i n g  b e y o n d  a  v e r t i c a l  t h r o u g h  n o s t r i l ,  p e r i t o n e u m  s i l v e r y .

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Hubbs and Lagler (1958)

6 . Forbes and Richardson (1909)
Adams and Hankinson (1928)
Raney (1969b)

20.0 mm

F i g .  9 8 . N o t r o p i s  h e t e r o l e p i s ,  b l a c k n o s e  s h i n e r . J u v e n i l e .
Lake  Er ie ,  F ish  1932) .

(WiId-caught,
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Not rop is  hudson ius

N o t r o p i s  h u d s o n i u s  ( C l i n t o n ) ,  s p o t t a i l  s h i n e r

DISTRIBUTION

D i s t r i b u t e d  t h r o u g h o u t  t h e  G r e a t  L a k e s  basin.l 2. I t  i s  c o m m o n  i n  L a k e
M i c h i g a n ,  b e i n g  f o u n d  a l o n g  t h e  s h o r e ,  i n  l a r g e r  t r i b u t a r i e s ,  s t r e a m s
and  lakes . 3

SPAWNING SEASON

Spawns  f rom June t o  J u l y  i n  L a k e s  M i c h i g a n ’  a n d  E r i e 5  a n d  p r o b a b l y
th roughout  the  Grea t  Lakes  bas in . *

SPAWNING

Est

SPAWNING

TEMPERATURE

imated spawn

HABITAT

ing temperature is 15 to 20 C.‘ *

Spawns in shal low, inshore  waters  o f  Lakes  Mich igan ’  and E r i e . 5  A l s o
spawns in mouths’ a n d  r i f f l e s 8  o f  s m a l l  t r i b u t a r i e s .

SPAWNING SUBSTRATE

Spawns on  sandy  shoa ls ’  amids t  C ladophora ,4  *  over  g rave l i n r i f f l e
areas8 and on  sand  o r  g rave l . ’

FECUNDITY

1 0 0  t o  2,600;10  9 1 5  t o  8,898.'

EGGS

Demersal, adhes ive  (un t i l  wa ter  hardened) ;  6 n o t  a t t a c h e d  t o  s u b s t r a t e
(common i n  d r i f t  s a m p l e s  f r o m  rivers);” d i a m e t e r  1 . 0  t o  1 . 4  mm;ll
y o l k  y e l l o w ; *  o i l  g l o b u l e  a b s e n t . ‘  8 *

YOLK-SAC LARVAE

D e s c r i p t i o n s  b y  F i s h  ( 1 9 3 2 )  a r e  b a s e d  o n  i n c o r r e c t  i d e n t i f i c a t i o n s . &

T o t a l  l e n g t h D e s c r i p t i o n
4 mm Newly hatched.*

Myomeres: (22 to 24 + 12 to 15) .*
Morphometry:  (as % TL) standard length 94, preanal  length

64 ,  p redorsa l  l eng th  42 ,  eye  d iamete r  9 . ) *
M o r p h o l o g y :  y o l k  s a c  c l u b - s h a p e d , e longa te , notochord

s t r a i g h t ,  p e c t o r a l  b u d s  s m a l l ,  h e a d  b l u n t . *
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Not rop is  hudson ius

4-5 mm

LARVAE

T o t a l  l e n g t h
7 mm

P i g m e n t a t i o n :  g e n e r a l l y  v a r i a b l e ,  d o u b l e  p o s t a n a l  r o w  o f
melanophores on v e n t e r con t inu ing  an te r io r l y  on  some
spec imens  and  b ranch ing  over  en la rged  por t ion  o f y o l k
sac, melanophores on dorsum of  gut  f rom swim bladder to

igmenta t ion  absent . *anus ,  dorsa l  p

Myomeres: 38 (21
Morphometry:  (as

62 ,  p redorsa l
Morpho logy :  yo lk

to 24 + 12 to 15);” see 4 mm.
% TL)  s tandard  leng th  96 ,  p reana l  l eng th

leng th  39 ,  eye  d iameter  9 . *
sac e longa te , c o n s t r i c t e d ,  h e a d  b l u n t ,

mouth  in fe r io r ;  6  l1 *  head  no t  de f lec ted ;  1 1  *  l ower  j aw
i n c l u d e d ,  e y e  l a r g e ,  i n t e r o r b i t a l space wide, cement
glands absent;  l1 p e c t o r a l  b u d s  s m a l l . *

P igmenta t ion : me lanophores  p resen t  on  ven te r  o f  yo lk  sac ,
s i d e s  o f head, dorsum of  yolk and postanal  midventer
(4.9 mm) ;6 b u l b o u s  p o r t i o n  o f  y o l k  a b s o r b e d , v e n t r o -
l a t e r a l p igmenta t ion in a s e r i e s  ( b u t  n o t  d i s t i n c t
rows) , p r o c e e d i n g  a n t e r i o r l y  t o  t h o r a c i c  r e g i o n ,  o n e  o r
two melanophores somet imes evident on dorsum of head
(5.0 mm), most specimens without dorsal  p igmentat ion.*

D e s c r i p t i o n
Myomeres: see 4 mm.
Morphometry:  (as % TL) standard length 94, preanal  length

61 ,  p redorsa l  l eng th  49 ,  eye  d iameter  7 . *
Morpho logy :  yo lk absorbed (ca.  6.5 to 7.0 mm) ,  notochord

s l i g h t l y  f l e x e d . *
P i g m e n t a t i o n :  d o r s a l  p i g m e n t a t i o n  d e v e l o p i n g , p a t c h  o f

e i g h t t o  t e n  m e l a n o p h o r e s  o n  d o r s u m  o f head, few
melanophores on middorsal su r face , melanophores i n
s e r i e s  o n the v e n t e r  o f gu t and s w i m  b l a d d e r
( p a r t i c u l a r l y  o n  d o r s o - l a t e r a l  a s p e c t  o f  s w i m  b l a d d e r ) ,

wide ser ies of  melanophores on venter over h e a r t  a n d
g u t , narrowing toward  anus  and  p roceed ing  pos te r io r l y
i n  a  s e r i e s  t o  c a u d a l  f i n . , ‘ :

9-11 mm Myomeres: see 4 mm.
Morphometry:  (as % TL) standard length 90, preanal  length

63 ,  p redorsa l  l eng th  42 ,  eye  d iameter  7 . *
Morphology: no tochord  f lexed ,  hypura ls  fo rmed,  cauda l  f i n

rays  ev i den t , a c t i n o t r i c h i a  i n  d o r s a l and anal f i n s
evident (10.0 mm) .*

P igmenta t ion :  p igmenta t ion i n t e n s i f i e d ; *  d o u b l e  r o w  o f
m e l a n o p h o r e s  p r e s e n t  o n middorsal su r face from
o c c i p i t a l t o  c a u d a l r e g i o n ; ‘  I2 *  t h i s  s e r i e s  v a r i e s
considerably and may be discont inuous on o n e  o r both
sides (10 mm) ;* patch of melanophores present on dorsum
o f head, elongate melanophores along m i d l a t e r a l
myoseptum. 6 l2 *
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Not rop is  hudson ius

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
19 mm Morphometry:  (as % TL) standard length 84, preanal  length

55 ,  head leng th  22 ,  g rea tes t  body  dep th  1’7.”
M o r p h o l o g y :  h e a d  c o n i c a l , s n o u t  b l u n t ,  m o u t h sma l l ,

n e a r l y  h o r i z o n t a l ,  l o w e r  j a w  short.S
P i g m e n t a t i o n :  b l a c k  s p o t  a t  b a s e  o f  c a u d a l  f i n ,  h e a d

s p a r s e l y  p i g m e n t e d ,  t h r e e  r o w s  o f chromatophores on
d o r s u m  t o  c a u d a l  f i n ,  s m a l l  c h r o m a t o p h o r e s  w i d e l y  a n d
i r r e g u l a r l y  p l a c e d  i n  d o r s o - l a t e r a l  r e g i o n ,  f e w  s u r f a c e
and subsurface chromatophores over operculum,
subsurface c h r o m a t o p h o r e s  f o r m i n g  l a t e r a l  s t r i p e ,  f e w
me lanophores  be low,  doub le  do rsa l  row  o f  me lanophores
f rom head to  ver t i ca l  th rough  anus ,  dorsa l  and  cauda l
f i n s  p i g m e n t e d . ’

ADULTS

F in rays : caudal 19 ; * dorsa l 8 (8 t o 9 ) , anal 8 (7 t o 8 ) , pec to ra l 14
(12 to 17), pelvic 8 (7 to 8) .2

Ver tebrae : 38 (37 to 39) ( i nc lud ing  Weber ian  ver tebrae) .2

L a t e r a l  l i n e  s c a l e s :  3 8  t o  4 2 . 2

P h a r y n g e a l  t e e t h :  2 , 4 - 4 , 2 . 2

D i a g n o s t i c  c h a r a c t e r s :  l a r g e , conspicuous black spot at  base of  caudal
f i n ,  a n a l  f i n  r a y s  e i g h t , s c a l e s  i n  l a t e r a l  l i n e  3 8  t o  4 2 , l a t e r a l
band i n d i s t i n c t  o r absent, sometimes d i f f u s e  p o s t e r i o r l y ,  b o d y
somewhat compressed and deep, mouth subterminal.

LITERATURE CITED
1. Hubbs and Lagler (1958)

;:
Scott and Crossman (1973)
Becker (1976)

4 . Wells and House (1974)
Fish (1932)
Wang and Kernehan (1979)
Hubbs and Cooper (1936)

8 . Forbes and Richardson (1909)
9 . Raney (1969b)

10. McCann (1959)
11. Jones  e t  a l .  (1978)
12. Lippson and Moran (1974)
13. J.  J.  Loos (pers.  Comm.)
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Not rop is  hudson ius

F i g .  9 9 . N o t r o p i s  h u d s o n i u s ,  s p o t t a i l  s h i n e r . A and B. Y o l k - s a c  l a r v a e .
(A and B, w i l d - c a u g h t , Lake Michigan, o r i g i n a l i l l u s t r a t i o n s  b y  N .  A .
Auer) .
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Fig .  100 . N o t r o p i s  h u d s o n i u s ,  s p o t t a i l  s h i n e r . A - C .  L a r v a e .  ( A - C ,  w i l d -

c a u g h t ,  L a k e  M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ) .



N o t r o p i s  r u b e l l u s

N o t r o p i s  r u b e l l u s  ( A g a s s i z ) ,  r o s y f a c e  s h i n e r

DISTRIBUTION

Occurs throughout t h e  G r e a t  L a k e s  b u t i t s  d i s t r i b u t i o n
Super io r i s r e s t r i c t e d  t o  t h e  e a s t e r n  s h o r e  a n d  t r i b u t a r i e s .
L a k e  M i c h i g a n  t r i b u t a r i e s , the d i s t r i b u t i o n i s sporad
i r r e g u l a r . ’

SPAWNING SEASON

i n  L a k e
9 l3 In
i c and

S p a w n s  f r o m  A p r i l  1 1  o r  May” 4  ‘ t o  J u n e 3  6  lo o r  J u l y . ’

SPAWNING TEMPERATURE

Spawns at 20 to 22 C3 ‘ or 25 to 29 C.5

SPAWNING HABITAT

S p a w n s  n e a r  r i f f l e s  o f  streams.j  5  l2

SPAWNING SUBSTRATE

Deposits eggs i n  gravei‘ o r  o t h e r  s i l t - f r e e  substrates.lO Usua l l y
uses nests of  other species,  most commonly Nocomis spp.;’ 8 b u t  a l s o
Campostoma, Moxostoma, Lepisosteus and petromyzontids.ll

FECUNDITY

450 to 1;482. 5

NATURAL HYBRIDS

N o t r o p i s  chrysocephalus;15  N .  cornutus;l‘ fi. v o l u c e l l u s . 1 4

EGGS

Demersal ,  adhesive; 2  d i a m e t e r  1 . 5  t o  2 . 5  mm;’ 5  *  y o l k  b r i g h t  y e l l o w ; 2
to  red -o range ;5 i ncubat ion  per iod :  57  to  59  hours  a t  21  C.2

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4.4-5.1 mm Newly  ha tched. ’  2

Morpho logy :  la rge amount  of  yolk;& Z b u t  n o t  p r o m i n e n t ; ’
pec to ra l  buds  p resen t ,  cement  g lands  absen t . ’  J:

P igmenta t ion : eye unpigmented.2
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N o t r o p i s  r u b e l l u s

LARVAE

Tota l l e n g t h
6-8 mm

9 mm

D e s c r i p t i o n
M y o m e r e s :  3 7  t o  3 9  ( 1 9  t o  2 3  +  1 5  t o  1 8 ) ; *  c o u n t s  g i v e n

by Snyder (1979a) were based on an error in an
unpubl ished manuscr ipt .  1 7

Morphomet ry :  (as  % TL)  s tandard  leng th  90  to  96 ,  p reana l
leng th  60  to  62 ,  p redorsa l  l eng th  36  to  38 ,  head  leng th
16  to  21 ,  (as  % head leng th )  eye  d iameter  36  to  42 . *

Morpho logy :  yo lk  absorbed (ca. 5 .5  mm) ,  pec to ra l  buds
la rge , mou th  deve loped , notochord s t r a i g h t , gu t
e l o n g a t e  ( 6 . 6  t o  6 . 7  m m ) ,  l o w e r  j a w  p o i n t e d ,  s l i g h t l y
longer t h a n  u p p e r  j a w  ( 7 . 2  m m ) ,  u r o s t y l e  f l e x e d ,
a c t i n o t r i c h i a  i n  c a u d a l  f i n  ( 7 . 6  m m ) . *

Pigmentat ion:  patch of  melanophores on dorsum of  occiput ,
doub le  se r ies  o f  me lanophores  con t inue  pos te r io r l y  f rom
head fo r  50  to  67% o f  body  leng th ,  s ing le  w ide ly  spaced
s e r i e s  o f l a rge me lanophores  f rom tho rac ic  reg ion  to
anus, i r r e g u l a r , postanal s e r i e s o f smal ler
melanophores, f e w  m e l a n o p h o r e s  o n  v e n t e r  o f  g u t ,
midlateral  myoseptum marked by smal l  i r regular ly  spaced
m e l a n o p h o r e s  p o s t e r i o r t o  s w i m  b l a d d e r (6.7 mm),
appearing e longa te  and  more  regu la r l y  spaced ,  i n te rna l
p a t c h  o f  m e l a n o p h o r e s  o v e r  s w i m  b l a d d e r , proceeding
pos te r io r l y  on  dorsum o f  gu t  to  anus ,  doub le  dorsa l  row
extends to  cauda l  f i n ,  few me lanophores  on  snou t  (7 .6
mm);* no melanophores around urostyle.18

Myomeres : see 6-8 mm.
Morphology: caudal f i n  r a y s  f o r m e d  ( 9 . 2  m m ) , snout

s h a r p l y  p o i n t e d  i n  d o r s a l  v i e w . *
P i g m e n t a t i o n :  s h o r t  s e r i e s  o f  m e l a n o p h o r e s  a n t e r i o r  t o

sw im b ladder  on  each  s ide ,  con t inu ing  to  base  o f  sku l l ,
increased number of melanophores on snout , m i d l a t e r a l
myoseptum and midventer.*

12-13 mm Myomeres: see 6-8 mm.
M o r p h o l o g y :  d o r s a l  a n d  a n a l  f i n s  f o r m e d ,  p e l v i c  f i n s  w i t h

some rays , a c t i n o t r i c h i a  o r  l e p i d o t r i c h i a  i n  p e c t o r a l
f i ns  (12 .5  mm) . *

P igmenta t ion :  doub le  pos tana l v e n t r a l s e r i e s , d iverges
around anal f i n  b a s e , di f fuse patch of  melanophores
a n t e r i o r  t o  s w i m  b l a d d e r ,  n e a r l y  e n t i r e  s u r f a c e  o f gu t
covered  by  la rge  d i f fuse  me lanophores . *

JUVENILES

A 15-mm specimen i l l u s t r a t e d  b y  F i s h  ( 1 9 3 2 )  i s  p r o b a b l y  m i s i d e n t i f i e d
b e c a u s e  t h e  p e l v i c  f i n s  a r e  l o c a t e d  b e l o w  t h e  d o r s a l  f i n  o r i g i n . *
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N o t r o p i s  r u b e l l u s

T o t a l  l e n g t h D e s c r i p t i o n
15-21 mm Morphomet ry :  (as  % TL)  s tandard  leng th  82  to  85 ,  p reana l

leng th  53  to  56 ,  p redorsa l  l eng th  47  to  50 ,  head  leng th
23  to  24 ,  eye  d iameter  31  to  33 . *

Morphology: al 1 f i n  r a y s  f o r m e d (ca. 14.9 mm), mouth
o b l i q u e , s n o u t  l o n g ,  p o i n t e d ,  m a x i l l a e  e x t e n d  t o  f r o n t
o f  e y e . *

Pigmentat ion:  melanophores numerous over head, dorsum of
b o d y  w i t h  a t  l e a s t  f o u r  w i d e l y  s p a c e d  r o w s  t o  c a u d a l
f i n ,  d e n s e  t r i a n g u l a r  p a t c h  o n  n a p e ,  v e n t e r  o f  g u t  w i t h
la rge melanophores i n b r o a d  s e r i e s  o v e r  h e a r t ,
p r o c e e d i n g  p o s t e r i o r l y  a s  a  s i n g l e  s e r i e s  t o  a n u s ,
s ides w i t h  w i d e  b a n d s ,  l a t e r a l  s e r i e s  m o r e  p r o m i n e n t
than was observed in  p rev ious  s tages ,  cauda l  and dorsa l
f i n s  w i t h  s p a r s e l y  s c a t t e r e d  m e l a n o p h o r e s . *

ADULTS

F i n  r a y s :  c a u d a l  1 9 ; *  d o r s a l  8  ( 7  t o  8 ) ,  a n a l  1 0  ( 9  t o  1 1 ) ,  p e c t o r a l
12 (11 t o 14), p e l v i c 8.’

Ver tebrae : 3 7  t o  4 1  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  3 8  t o  4 5 . 9

P h a r y n g e a l  t e e t h :  2,4-4,2.,

D iagnos t i c  charac te rs : snout sharp, l e n g t h  m o r e  t h a n  t w o - t h i r d s
d i s t a n c e  f r o m  p o s t e r i o r - m a r g i n  o f  e y e  t o  p o s t e r i o r  m a r g i n  o f  g i l l
cover , body s lender , depth equa l  to  o r  l ess  than  head  leng th ,  no
b l a c k  s p o t  o n  b a s e  o f  d o r s a l  f i n ,  d o r s a l f i n  o r i g i n  p o s t e r i o r  t o
i n s e r t i o n  o f  p e l v i c  f i n s , sca les  round  o r  near l y  so .

LITERATURE CITED
1. Loos and Fuiman (1978)
2. Reed (1958)

t :
Reed (1957)
Becker (1976)

2:
P f e i f f e r  ( 1 9 5 5 )
Raney (1969b)

k
Hankinson (1932)
Reighard (1943)

9 . Scott and Crossman (1973)

10. Smith (1979)
11. Pflieger (1975)
12. Miller (1964)
13. Hubbs and Lagler (1958)
14. Ba i ley  and  G i lber t  (1960)
15. O’Donnel l  (1935)
16. Lachner (1952)
17. J.  J.  Loos (pers.  Comm.)
18. Loos  e t  a l .  (1979)
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N o t r o p i s  r u b e l l u s

F ig .  101 . N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r . Larva . (Labora to ry - reared ,
M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ) .
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N o t r o p i s  r u b e l l u s

F ig .  102 . N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r .
Loos and Fuiman 1978).

Larva. (Labora to ry - reared ,



N o t r o p i s  r u b e l l u s

F ig .  103 . N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r . Larva. (Labora to ry - reared ,

M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ) .



N o t r o p i s  r u b e l l u s

F ig .  104 . N o t r o p i s  r u b e l l u s ,  r o s y f a c e  s h i n e r . Larva.
Mich igan, o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ) .

(Labora to ry - reared ,
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N o t r o p i s  s p i l o p t e r u s

N o t r o p i s  s p i l o p t e r u s  ( C o p e ) ,  s p o t f i n  s h i n e r

DISTRIBUTION

O c c u r s  t h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n  w i t h  t h e  e x c e p t i o n  o f  L a k e
S u p e r i o r . ’  z I n  t h e  L a k e  M i c h i g a n  d r a i n a g e ,  a b s e n t  f r o m  t h e  u p p e r
p e n i n s u l a  o f  M i c h i g a n ,  t h e  n o r t h w e s t e r n  p a r t  o f l o w e r  M i c h i g a n  a n d
n o r t h e r n  W i s c o n s i n . L a k e  M i c h i g a n  i s  n e a r  t h e  n o r t h e r n  r a n g e  l i m i t
f o r  t h e  s p e c i e s . 3

SPAWNING SEASON

S p a w n s  l a t e ,  f r o m  M a y 4  6  ’ t o  July’ o r  August’  6  i n  t h e  G r e a t  L a k e s
bas in , and  f rom Ju ly  to  Augus t ,  in  iowa.5

SPAWNING TEMPERATURE

Spawns at  temperatures of  18 C or more. ’

SPAWNING HABITAT

S p a w n s  i n  r i f f l e s  o f  s t r e a m s *  9  o r  s h o a l s  o f  l a k e s . *

SPAWNING SUBSTRATE

S p a w n s  p r i m a r i l y  i n  c r e v i c e s ; ’  9  l3 a l s o  o n  u n d e r s i d e s  o f  l o g s  o r
rocks’ 9  and  f la t  s tones ,  6 lo d o c k  p i l i n g s  o r  s a n d y  s h o a l s . * A  repor t
of  spawning over gravel  and sandy shoals* seems unusual.*

FECUNDITY

2 2 5  t o  1,580.'

EGGS

Demersal, adhes
7 days at 21 to

iameter  1.4 to 1.6 mm,ive;lO d
24  C.l’

YOLK-SAC LARVAE

T o t a l  l e n g t h. .
4-b mm

D e s c r i p t i o n
H a t c h i n g  l e n g t h :  c a .  4 . 0  mm.ll

i ncubat ion per iod: 5 to

Myomeres: 36 to 391° I1 (21 to 221° + 15 to 17'" “1;
p r e d o r s a l  1 0  t o  11.l’

Morphomet ry :  (as  % TL)  s tandard  leng th  91  to  95 ,  p reana l
length 58 to 61, p redorsa l  37  to  42 ,  head  15  to  19 ,
g r e a t e s t  b o d y  w i d t h  6  t o  1 2 ,  g r e a t e s t  b o d y  d e p t h  1 0  t o
15, g rea tes t  head  dep th  10  to  12 ,  eye  d iameter  6  to  7 ,
s n o u t  l e n g t h  2 ,  p e c t o r a l  f i n  l e n g t h  1 2  t o  15."

Morpho logy :  pec to ra l  buds  p resen t , a n t e r i o r  p o r t i o n  o f
y o l k sac en la rged , t a p e r i n g toward anus, notochord
straight (from illustration) .ll
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N o t r o p i s  s p i l o p t e r u s

P igmenta t ion :  eye  dark , melanophores scat tered over y o l k
sac (ca. 4 . 0  m m ) , f e w  m e l a n o p h o r e s  n e a r  u r o s t y l e ,
d o r s a l  p i g m e n t a t i o n  s p a r s e ,  n o  p i g m e n t  o n  v e n t e r  o f
head, two d iverg ing  rows o f  me lanophores  ven t ra l l y ,  few
m e l a n o p h o r e s  p r e s e n t  a t  b a s e  o f  p e c t o r a l  b u d s  a n d
i m m e d i a t e l y  p o s t e r i o r  t o  h e a r t  regi0n.l’

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-8 mm M y o m e r e s :  3 5  t o  3810  l1 (221° +  1 5  t o  1610  ‘I); p r e d o r s a l

1 1  t o  12.1’
Morphomet ry :  (as  % TL)  s tandard  leng th  86  to  91 ,  p reana l

leng th  57  to  59 ,  p redorsa l  l eng th  40  to  44 ,  head  leng th
17 to 21, grea tes t  body  w id th  9  to  11 ,  g rea tes t  body
d e p t h  1 0  t o  1 4 ,  g r e a t e s t  h e a d  d e p t h 10 to 14, eye
diameter’ 6  t o  7 ,  s n o u t  l e n g t h  2  t o  3;” p e c t o r a l  f i n
l e n g t h  1 1  t o  1 4  I1 ( longer  than  mos t  cyprinids).12

Pigmenta t ion :  pa tch  o f  me lanophores  on  dorsum o f head,
t w o  d i s c o n t i n u o u s  m i d d o r s a l rows from nape to caudal
f i n ,  v e n t e r  o f  h e a d  w i t h  f e w  m e l a n o p h o r e s  u n d e r  c h i n
f o r m i n g  a  m i d v e n t r a l  l i n e , midven t ra l  p igmenta t ion  f rom
h e a r t t o  a n u s s p a r s e ; * o f t e n  w i t h  t w o  s h o r t  r o w s  o f
me lanophores  on  b reas t  j o in ing  in  an  acu te  ang le below
the pec to ra l fins;12 d i s t i n c t  d o u b l e  m i d v e n t r a l
postanal s e r i e s , m i d l a t e r a l s e r i e s f r o m  o v e r  s w i m
b l a d d e r  t o  c a u d a l  f i n . *

9-14 mm Myomeres: 36 to 3810 L1 (21 to 221° + 14 to 1610 11);
p r e p e l v i c  1 2  t o  1 3 ,  p r e d o r s a l  1 3  t o  15.11

Morphomet ry :  (as  % TL)  s tandard  leng th  82  to  87 ,  p reana l
l e n g t h  5 4  t o  5 8 ,  p r e d o r s a l  l e n g t h  3 4  t o  4 4 ,  p r e p e l v i c
l e n g t h  3 9  t o  4 2 ,  h e a d  l e n g t h  1 9  t o  2 3 ,  g r e a t e s t  b o d y
w i d t h  9  t o  1 1 ,  g r e a t e s t  b o d y  d e p t h  1 1  t o  1 3 ,  g r e a t e s t
head depth 10 to 13, diameter 6 to 7, snout lengtheye
3  t o  5 ,  p e c t o r a l  f i n  l e n g t h  1 0  t o  13.”

P i g m e n t a t i o n :  v e n t e r  o f h e a d  n e a r l y  d e v o i d  o f  p i g m e n t
except f o r midvent ra l s e r i e s under c h i n , few
melanophores under eye, melanophores along underside of
lower  l i p ,  b reas t  and  abdomen devo id  o f  pigment.ll

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
16-20 mm Myomeres: 37 (21 + 16) .ao

Morphomet ry :  (as  % TL)  s tandard  leng th  82 ,  p reana l  leng th
55, predorsal l e n g t h  4 4 , head length 23, (as % head
leng th )  eye  d iamete r  34.1°

Morpho logy :  a l l f i n r a y s  f o r m e d (16.3 mm), mouth
superior.lO
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N o t r o p i s  s p i l o p t e r u s

P i g m e n t a t i o n :  m i d l a t e r a l  s e r i e s  o f  m e l a n o p h o r e s more
prominent, wide midlatera l  band forming (16 to 20 mm),
dorso- la te ra l  aspec t  o f  gu t  w i th  many  me lanophores . *

ADULTS

F i n  r a y s :  c a u d a l  1 9 ; *  d o r s a l  8  ( 7  t o  8 ) ,  a n a l 8  ( 7  t o  9 ) ,  p e c t o r a l  1 3
o r  1 4  ( 1 2  t o  1 5 ) ,  p e l v i c 8  (7  to  9 ) .  2

Vertebrae: 3 7  t o  3 9  ( i n c l u d i ng  Weber ian  ve r tebrae) .2

L a t e r a l  l i n e  s c a l e s :  3 9  ( 3 5 t o  41).2

P h a r y n g e a l  t e e t h :  1,4-4,l  1 , 4 - 4 , 0 . 2

Diagnos t i c  charac te rs :  dorsa l f i n  w i t h  b l a c k  b l o t c h  o n  p o s t e r i o r
membranes (except in young) , eye  usua l l y  less  than  one-quar te r  head
l e n g t h  i n  a d u l t ,  a l w a y s  l e s s
p o i n t e d .

LITERATURE CITED
1. Hubbs and Lagler (1958)
2 . Scott and Crossman (1973)

1:
Becker (1976)
Hankinson (1930)
S t a r r e t t  ( 1 9 5 1 )
Stone (1941)
Raney (1969b)

t h a n  o n e - t h i r d , snout sharp and

8 .  D o b i e  e t  a l .  ( 1 9 5 6 )
9 . Pflieger (1965)

10. P. J.  Mansf ie ld (pers.  Comm.)
11. Snyder  e t  a l .  (1977)
12. B. F.  Lathrop (pers.  Comm.)
13. Loos  e t  a l .  (1979)

4.1 mm

F i g . 105. Not rop is s p i l o p t e r u s , s p o t f i n s h i n e r . Yolk-sac l a r v a .
(Labora to ry - reared ,  Pennsy lvan ia ,  Snyder  e t  a l .  1977) .
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N o t r o p i s  s p i l o p t e r u s

F ig .  106 . N o t r o p i s  s p i l o p t e r u s ,  s p o t f i n  s h i n e r .  A  a n d  B .  L a r v a e .  ( A  a n d
B ,  l a b o r a t o r y - r e a r e d ,  P e n n s y l v a n i a ,  S n y d e r  e t  a l .  1 9 7 7 ) .



N o t r o p i s  s p i l o p t e r u s

F ig .  107 . N o t r o p i s  s p i l o p t e r u s ,  s p o t f i n  s h i n e r . A and ‘8. Larvae. (A and
8, l a b o r a t o r y - r e a r e d ,  P e n n s y l v a n i a ,  S n y d e r  e t  a l .  1 9 7 7 ) .



N o t r o p i s  s p i l o p t e r u s

F i g .  1 0 8 . N o t r o p i s  s p i l o p t e r u s ,  s p o t f i n  s h i n e r . A and B. Larvae.
B ,  l a b o r a t o r y - r e a r e d ,  P e n n s y l v a n i a ,  S n y d e r  e t  a l .  1 9 7 7 ) .

(A and



Not rop is  s t ramineus

Not rop is  s t ramineus  (Cope) ,  sand  sh iner

DISTRIBUTION

Found th roughout  the  Grea t  Lakes  bas in . ’  2 I t  o c c u r s i n t r i b u t a r y
streams c lose t o  L a k e  M i c h i g a n in  Mich igan ’s  upper  pen insu la3  and
occas iona l l y  in  lakes  and  a long  the  shores  o f  Lake  Mich igan .3  *

SPAWNING SEASON

S p a w n s  i n  l a t e  J u n e  a n d  J u l y  i n  L a k e  Erie,” l a t e  M a y  t o  J u l y  i n  N e w
Y o r k 5  a n d  l a t e  J u l y  t o  A u g u s t  i n  Iowa.‘

SPAWNING TEMPERATURE

Spawns at temperatures between 21 and 27 C.l”

SPAWNING HABITAT

S p a w n s  i n  s h a l l o w s  o f  lakes’  7  c * a n d  c r e e k  mouths.s

SPAWNING SUBSTRATE

Depos i ts  eggs  on  sand. ’  *

FECUNDITY

Less than 300;5 1 5 0  t o  785~0  2 5 0  t o  1,800.~

NATURAL HYBRIDS

Possibly Hybognathus hankinsoni.12

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-6 mm Newly hatched ca.  3.9 mm.9

Myomeres: (22 to 23 + 13 to 14),  usual ly 35 (22 + 13) .)
Morphometry:  (as % TL) standard length 93 to 96;’ preanal

l e n g t h  5 9  t o  64;’ 9  p redorsa l  l eng th  36  to  41;, (as  %
head leng th )  eye  d iamete r  39.”

Morphology: sw im b ladder  s ing le ,  head  much  ‘b roader  than
deep, s n o u t  s h o r t ,  v e r y  o b t u s e ,  ( 5 . 0  m m ) . ’

P igmenta t ion :  eye and body may lack p igment (3.9 mm) ;9

eye pigmented, ser ies of  chromatophores on dorsum and
v e n t e r  o f in tes t ine  and  a long  ven t ra l  r i dge  (4 .7  mm) ,
d o r s u m  o f  s w i m  b l a d d e r  d a r k l y  p i g m e n t e d , subsurface
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chromatophores on venter of  stomach reg ion , c o n t i n u i n g
as uneven d o u b l e  s e r i e s  t o  a n u s ( 5 . 0  m m ) ,  f e w
melanophores  on  ven t ra l  r i dge  pos te r io r t o  anus.’

LARVAE

Tota l l e n g t h D e s c r i p t i o n
6-10 mm M y o m e r e s :  3 3  t o  3 5  ( 2 0  t o  2 3  +  1 2  t o  13);' l1 u s u a l l y  3 6

(23  +  13).,
Morphometry:  (as % TL)  s tandard  leng th  90  to  96 ,  p reana l

l e n g t h  6 2  t o  65,' 9 p r e d o r s a l  l e n g t h  3 9  t o  44;, h e a d
l e n g t h  2 0 , body  dep th  a t  anus  13 ,  (as  % head leng th )
eye  d iameter  37 ,  snou t  leng th  13.'

Morpho logy :  yo lk  absorbed  (ca .  5.0' to 5.5 mm90 ; head
broader than  deep ,  do rsa l  f i n  an lage  p resen t  (6 .5  mm) ,
ana l  f i n  an lage  ev iden t ,  no tochord  f l exed ,  some caudal
f in rays developed (7.5 mm) .’

P igmenta t ion :  regu la r s e r i e s  o f melanophores on dorsum
and venter  o f  in tes t ine  and on  pos tana l v e n t r a l
( 6 .5  mm) ,

r i d g e
f e w  r o u n d melanophores on t o p  o f  head;’

f o l l o w e d  p o s t e r i o r l y  b y  a  b r o k e n  d o u b l e  s e r i e s  a l o n g
d o r s a l  r i d g e ; ’  9 ser ies along midlateral  myoseptum from
swim b ladder  to  cauda l  pedunc le ,  ven t ra l  se r ies  ex tends
f r o m  j u g u l a r reg ion to  cauda l  f i n ,  becoming  a  doub le
postanal  ser ies (7.5 mm) .’

1O-13 mm Myomeres: (21 to 23 + 11 to 13),  usual ly 34 (22 + 12) ;’
Morphomet ry :  (as  % TL)  s tandard  leng th  79’ o r  85  to  88 ;9

preanal l e n g t h  5 6  t o  5 3 ,  p r e d o r s a l  l e n g t h  4 2  t o  46;' 9

grea tes t  body  depth  17 ,  body  depth  a t  anus  10 , (as %
head leng th )  eye  d iamete r  29 ,  snou t  leng th  21.’

Morphology: median f i n s complete, pe lv ic  buds  apparen t
immed ia te ly  be fo re  ver t i ca l  th rough f i r s t  d o r s a l f i n
r a y , swim bladder two chambered (12.0 mm) .I

Pigmentat ion:  melanophores l a r g e r and more conspicuous,
c h r o m a t o p h o r e s  o n  c a u d a l  f i n  ( 1 2 . 0  mm);’ melanophores
c o n c e n t r a t e d  a l o n g  b a s e  o f  d o r s a l  f i n . ’

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
29 mm Morphomet ry :  (as  % TL)  s tandard  leng th  80 ,  p reana l  leng th

greatest body depth 16, head length 22, (as % head
leng th )  eye  d iamete r  34.'

Morpho logy :  a l l f i n rays f o r m e d : *  c a u d a l f i n deep ly
f o r k e d , p e l v i c  f i n s  i n s e r t e d  s l i g h t l y  b e f o r e  o r i g i n  o f
d o r s a l  f i n ,  m o u t h  s m a l l ,  i n f e r i o r ,  h o r i z o n t a l . +

P i g m e n t a t i o n :  d o r s u m  w i t h  o n e  t o  f o u r r o w s  o f round
melanophores along e n t i r e leng th , small melanophores
scattered between, concentrat ion of  melanophores around
b a s e  o f  d o r s a l f i n  a n d  b e h i n d , forming s c a l e - l i k e
p a t t e r n t o  c a u d a l  f i n , midlateral myoseptum marked by
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small c h r o m a t o p h o r e s  t o anus, s e r i e s con t inues
p o s t e r i o r l y  w i t h  l a r g e r ,  s t e l l a t e  c h r o m a t o p h o r e s ,  h e a v y
p i g m e n t a t i o n  o v e r  u p p e r  j a w ,  d o u b l e  s e r i e s  o n  v e n t e r
f r o m  t h o r a c i c  r e g i o n  t o anus, v e n t e r o therwise
unmarked, p e c t o r a l , do rsa l  and  cauda l  f i ns  p igmented ,
p e l v i c  f i n s  not.’

ADULTS

F in  r ays : cauda l  19 ; *  do rsa l  8 , a n a l  7  ( 6  t o  8 ) ,  p e c t o r a l 13 (12 to
1 6 ) ,  p e l v i c  8 . 2

Vertebrae: 35 (33 to 36) ( i nc lud ing  Weber ian  ver tebrae) .2

L a t e r a l  l i n e  s c a l e s :  3 4  t o  39.’

P h a r y n g e a l  t e e t h :  0,4-4,O.z

Diagnos t i c  charac te rs : a n a l  f i n  r a y s  u s u a l l y  s e v e n ,  l i t t l e  o r  n o  b l a c k
p i g m e n t  a b o u t  a n u s ,  b a s e  o f  a n a l  f i n  o r  b e l o w  l a t e r a l  l i n e ;  t h i n  b u t
d i s t i n c t middorsal s t r i p e , l a t e r a l  l i n e  c o m p l e t e ,  l a t e r a l  b a n d  n o t
con t inued th rough eye .

LITERATURE CITED
1. Hubbs and Lagler (1958)

ii:
Adams and Hankinson (1928)

2. Scott and Crossman (1973) Hubbs and Cooper (1936)

43:
Becker (1976) 9 . Perry and Menzel (1979)
Fish (1932) 10. Summerfelt and Minckley (1969)
Raney. (1969b) 11. Snyder (1979a)
S t a r r e t t  ( 1 9 5 1 ) 12. Bruekelman (1940)

F i g .  1 0 9 . Not rop is  s t ramineus ,  sand sh iner . A .  Y o l k - s a c  l a r v a . B.  Larva .
(A, w i l d - c a u g h t , Iowa, o r i g i n a l i l l u s t r a t i o n  b y  N .  A .  A u e r , specimen
prov ided by  L .  G.  Per ry : B ,  w i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ) .
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i g .  1 1 0 . Not rop is  s t ramineus ,  sand sh iner . A and B. Yo lk -sac l a r v a e .
(A, w i l d - c a u g h t , Iowa, o r i g i n a l i l l u s t r a t i o n s  b y  N .  A .  A u e r , specimen
prov ided by  L .  G.  Per ry ; B ,  w i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ) .



Fig .  111 . Not rop is  s t ramineus ,  sand sh iner . Larva . (WiId-caught, Iowa,
o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,  s p e c i m e n  p r o v i d e d  b y  L .  G .  P e r r y ) .



Not rop is  s t ramineus

A 9.6 mm

v e n t r a l

B 12.0 mm

F i g .  1 1 2 .  N o t r o p i s  s t r a m i n e u s , sand s h i n e r . A and B. L a r v a e .  ( A ,
labora to ry - reared ,  Tennessee , Loos  and  Fu iman 1978;  B,  w i ld -caught ,  Lake
E r i e ,  F i s h  1 9 3 2 ) .
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Not rop is  texanus (G i r a r d ) ,  w e e d  s h i n e r

DISTRIBUTION

Occup ies  la rge , slow streams of the Lake Michigan dra inage , al though
rare.  l

SPAWNING SEASON

M a l e s  w i t h  d e n s e ,  m i n u t e tuberc les  and  fema les  d is tended  w i th  eggs
w e r e  c o l l e c t e d  i n  l a t e  A u g u s t  i n  l l l i n o i s . 2

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Not  repor ted .

SPAWNING SUBSTRATE

Possibly spawns over sand and gravel.3

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed  bu t  members  o f  th i s  subgenus  (A lburnops)  genera l l y  have
adhes ive  eggs. 3

LARVAE

Not  desc r ibed  bu t  members  o f  the  subgenus  A lburnops  ha tch  w i th  la rge
amounts of  yolk, unpigmented eyes and no cement glands, pectoral buds
are  no t  p rominen t . 3

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : c a u d a l  1 9 , dorsa l  8 ; *  ana l  7  (7  to  8 )  ;J pec to ra l  13  to  14 ,
p e l v i c  8  t o  9 . *

Ver tebrae : 3 4  t o  3 8  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  3 1  t o  36.s
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P h a r y n g e a l  t e e t h :  2 , 4 - 4 , 2 . 5

D iagnos t i c  charac te rs : a n a l  f i n  r a y s  u s u a l l y  s e v e n ,  d o r s a l  f i n o r i g i n
i n a d v a n c e  o f p e l v i c  f i n i n s e r t i o n , p e r i t o n e u m  s i l v e r y ,  m o u t h
terminal , n o t  o b l i q u e .

LITERATURE CITED
1. Becker (1976)

;:
Smith (1979)
Loos and Fuiman (1978)

4. Swi
and

5 . P f l

f t  ( 1 9 7 0 )  i n  L o o s
Fuiman (1978)

ieger (1975)
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N o t r o p i s  u m b r a t i l i s

N o t r o p i s  u m b r a t i l i s  ( G i r a r d ) ,  r e d f i n  s h i n e r

DISTRIBUTION

Occurs  in  the  sou thern  par t  o f  the  Grea t  Lakes  basin.l 1 I n  t h e  L a k e
M i c h i g a n  d r a i n a g e , i t  o c c u r s  i n  d i s j u n c t  p o p u l a t i o n s  w h i c h  a p p e a r  t o
be  decreas ing .3

SPAWNING SEASON

I n  I l l i n o i s  f e m a l e s  d i s t e n d e d  w i t h  e g g s  w e r e  f o u n d  i n  e a r l y  J u n e  a n d
t u b e r c u l a t e  m a l e s  w e r e  c o l l e c t e d f rom m id -May t o  e a r l y  A u g u s t . '

G r e a t  L a k e s  b a s in iR e p o r t s  f o r  t h e
August . 3

SPAWNING TEMPERATURE

Not  repor ted .

nclude June,' July3 s 7 and

SPAWNING HABITAT

S p a w n s  i n  s l u g g ish r i f f l e s and
ion w i t h

r a v e l . 3  5

nests.n 9 T h e  a s s o c i a t
M i s s o u r i . 6

SPAWNING SUBSTRATE

Spawns over sand3 s and g

FECUNDITY

Not  repor ted .

EGGS

pools in st reams5 o r  o v e r  s u n f i s h
sunf ishes seems i n v a r i a b l e i n

N o t  d e s c r i b e d , b u t  p r o b a b l y  t r a n s p a r e n t  ( t y p i c a l  o f  c y p r i n i d s  u s i n g
s i m i l a r  substrates).lO

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

Fin  rays :  cauda 1 19 ; * dorsa l 8 (7 t o 8 ) , anal
pec to ra l 12 t o 13, p e l v i c 8 (7 to 9) . 2
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Ver tebrae : 35  to  36  ( inc lud ing  Weber ian  ver tebrae)  . 2

L a t e r a l  l i n e  s c a l e s :  3 9  t o  4 6 . 2

P h a r y n g e a l  t e e t h :  2 , 4 - 4 , 2 . 2

D i a g n o s t i c  c h a r a c t e r s :  b o d y  d e p t h  e q u a l  t o  o r  m o r e  t h a n  h e a d  l e n g t h ,
dorsa l f i n  w i t h  b l a c k  p i g m e n t e d  a r e a  a t  a n t e r i o r  b a s e ,  s i d e s
s t i p p l e d  w i t h  p i g m e n t , o r i g i n  o f  d o r s a l  f i n  b e h i n d  v e r t i c a l through
i n s e r t i o n  o f  p e l v i c  f i n s , sca les  round  o r  near l y  so .

LITERATURE CITED
1. Hubbs and Lagler (1958) 6 . Pflieger- (1975)
2. Scott and Crossman (1973) Raney (1969b)

43:
Becker (1976) i: Hunte r  and  Wisby  (1961)
Forbes and Richardson (1909) 9 . Hunter and Hasler  (1965)

5 . Trautman (1957) 10. Loos and Fuiman (1978)
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N o t r o p i s  v o l u c e l l u s

Not rop is  vo luce l lus  (Cope) ,  m imic  sh iner

DISTRIBUTION

O c c u r s  t h r o u g h o u t  t h e  G r e a t  L a k e  b a s i n . ’  2

dra inage ,
I n  t h e  L a k e  M i c h i g a n

i t  occurs  a t  d i s junc t  loca t ions  and  i s  uncommon.3

SPAWNING SEASON

Spawns f rom May to  ear ly  Ju ly  in  Ind iana. ’

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Poss ib ly  spawns a t  depths  o f  5  to  6  m in  lakes .4

SPAWNING SUBSTRATE

Possibly spawns in weedy areas.’

FECUNDITY

A v e r a g e  l e s s  t h a n  400.’ s

NATURAL HYBRIDS

N o t r o p i s  r u b e l l u s , ‘ s u c h  h y b r i d s a r e  p r o b a b l y  r a r e
d i f f e r e n t  s p a w n i n g  h a b i t s . *

EGGS

Demersa l ,  adhes ive 8  ( un t
p e r i o d :  3  d a y s  a t  2 3  C.a

i l  wa te r  hardened* ) ; y o l k amber, incubat ion

YOLK-SAC LARVAE

because

Not  descr ibed ,  (s ing le  spec

LARVAE

imen described*) .

To ta l l e n g t h, D e s c r i p t i o n
6 .3 m m Myomeres :  35  to 37 (22 to 23 + 13 to 14) 9 or 34 (20 +;

Morphometry:  (as % TL)
60 ,  head  leng th

s t a n d a r d  l e n g t h  9 5  p r e a n a l  l e n g t h
17, e y e  d i a m e t e r  8 ,  s n o u t l e n g t h  3 ,

body depth at anus 6.9

o f
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7.6 mm

M o r p h o l o g y :  y o l k  a b s o r b e d ,  e y e  o v a l ,  m o u t h  s u b t e r m i n a l ,
s w i m  b l a d d e r i n f l a t e d , f i n fo ld  o r ig in  a t  myomere  12 ,
p a r t i a l o u t l i n e  o f dorsa l f i n  a p p a r e n t , notochord
s l i g h t l y  f l e x e d ,  c a . f i v e  i n c i p i e n t  c a u d a l  f i n  r a y s . 9

P i g m e n t a t i o n :  d o r s u m  o f  h e a d  w i t h  c a .  f i v e  m e l a n o p h o r e s
( t w o  i n t e r o r b i t a l  a n d  t h r e e l a r g e r  o c c i p i t a l )  , o ther
dorsa l  p igment  absen t , two external  melanophores behind
eye  on  p reoperc le ,  two  o r  th ree  me lanophores  in te rna l l y
above and below pec to ra l b u d  b a s e , f e w  l i g h t
melanophores on postanal  midlateral myoseptum, dorsum
o f swim bladder pigmented, i n t e r n a l line of
me lanophores  f rom sw im b ladder  a long  do rsum o f  gu t  to
anus, melanophores t i g h t l y sca t te red (or in a line)
v e n t r a l l y  f r o m  b r e a s t  t h r o u g h  c a u d a l  r e g i o n ,  m o s t  c l o s e
toge ther p r e a n a l l y , small and s i n g l e arranged
m e l a n o p h o r e s  p o s t a n a l l y .

Myomeres : see 6.3 mm.
Morphomet ry :  (as  % TL)  s tandard  leng th  93 ,  p reana l  leng th

61, h e a d  l e n g t h  1 8 , eye  d iameter  7 ,  snou t  leng th  3 ,
body depth at anus 8.9

Morpho logy :  eye  near ly  c i rcu la r ,  ca .  13  cauda l f i n  r a y s
deve loped ,  no tochord  f lexed  (ca .  30  to  35  degrees) .9

P i g m e n t a t i o n :  V - s h a p e d  p a t c h  o f  p i g m e n t  o n  d o r s u m  o f
o c c i p u t , o ther  dorsa l  p igment  absen t , one melanophore
on a n t e r i o r  o f p reopercu le , f e w  a l o n g  p o s t a n a l
m i d l a t e r a l  m y o s e p t u m ,  d o r s u m  o f  s w i m  b l a d d e r  a n d  g u t

p i g m e n t e d , f o u r  o r f i v e  p r o m i n e n t  m e l a n o p h o r e s  o n
dorsum of  gut  near anus, t h i n  l i n e  o f  s m a l l , l i g h t
melanophores f r o m  b e t w e e n  p e c t o r a l  f i n s  t o  c a u d a l  f i n ,
l i n e  i s  d i s t i n c t l y  s i n g l e  postanally.e

8.3 mm Myomeres: see 6.3 mm.
Morphomet ry :  (as  % TL)  s tandard  leng th  95 ,  p reana l  leng th

61, h e a d  l e n g t h  1 3 , eye  d iameter  7 ,  snou t  leng th  5 ,
body depth at anus 8.9

Morphology: eye round, e i g h t  p a r t i a l l y  f o r m e d  d o r s a l f i n
rays , ana l  f i n  an lagen  fo rm ing ,  cauda l  f i n  emarg ina te ,
no tochord  f l exed  (ca .  45  degrees  o r  more ) .9

Pigmenta t ion :  me lanophores  on  operc le  and  in te rna l l y  near
otolith (10 or more) , row o f  me lanophores  in  m id la te ra l
m y o s e p t u m  f r o m  u n d e r  d o r s a l f i n  to  cauda l  pedunc le ,
p o s t e r i o r  s e c t i o n  o f  g u t  o u t l i n e d  w i t h  p i g m e n t , uneven
l i n e  o f  s m a l l me lanophores  f rom b reas t  to  anus ,  l i ne
becomes doub le  near  inc ip ien t  ana l  f i n .9

9.7 mm Myomeres: see 6.3 mm.
Morphomet ry :  (as  % TL)  s tandard  leng th  91 ,  p reana l  leng th

head l e n g t h  2 1 ,
body depth at  anus 10.9

eye  d iameter  7 ,  snou t  leng th  5 ,
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Morpho logy :  do rsa l ,  ana l  and  cauda l  f
buds present , f  i n f o l d  p r e s e n t
p r e a n a l l y  a n d  b e h i n d  a n a l  f i n . 9

ins complete, p e l v i c
b e h i n d  d o r s a l  f i n ,

P i g m e n t a t i o n :  d o r s a l  h e a d  p i g m e n t  m o r e  i n t e n s e , more
p i g m e n t  o n  s n o u t , darkest  head pigment on dorsum of
o c c i p u t , two rows of sma l l , i r r e g u l a r l y spaced
melanophores on dorsum, merging into a s ingle middorsal
l i n e  b e h i n d  t h e  d o r s a l f i n , m i d l a t e r a l  s t r i p e  m o r e
in tense, some spec imens  w i thou t  por t ions  o f  ven t ra l  gu t
p igment ,  w i th  on ly  a  few me lanophores  on  the  b reas t . ’

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
13 mm Myomeres: see 6.3 mm.

Morphometry:  (as %  F L )  s t a n d a r d  l e n g t h  8 8 ,  p r e a n a l
leng th  58 ,  head  leng th  25 ,  eye  d iameter  8 ,  snou t  leng th
6 ,  body  depth  a t  anus  13.'

P i g m e n t a t i o n :  l i g h t l y  p i g m e n t e d ,  d a r k e s t  p i g m e n t  o v e r
t o p  o f  h e a d  a n d  b o r d e r i n g  a n a l f i n , snout w i t h
sca t te red  p igment ,  dark  pa tch  o f  p igment  on  e i ther  s ide
o f  d o r s a l f i n  ( s e p a r a t e  f r o m  t w o  f a i n t  d o r s a l  r o w s ) ,
m i d l a t e r a l  s t r i p e  p o s t e r i o r t o  d o r s a l f i n , becomes
wider n e a r  c a u d a l  p e d u n c l e ,  v e n t e r  o f  h e a d  ( c h i n ,  g i l l
covers , i s thmus e tc . )  never  p igmented ,  sca t te red l i g h t
p i g m e n t  f r o m  b r e a s t t o  a n u s  w h e r e  i t  i n t e n s i f i e s  t o
c a u d a l  f i n . 9

ADULTS

F in  rays :  cauda l 19 ; * dorsa l 8, anal 8 (8 t o 9 ) , pec to ra l 15 (12 t o
6 ) ,  p e l v i c  9 (8  to 10) .2

Vertebrae: 36  (34  to  47)  ( inc lud ing  Weber ian  ver tebrae) .2

L a t e r a l  l i n e  s c a l e s :  3 6  t o  39.3

P h a r y n g e a l  t e e t h :  0 , 4 - 4 , 0 . 2

D i a g n o s t i c  c h a r a c t e r s :  a n a l f i n  r a y s  u s u a l l y  e i g h t  ( s o m e t i m e s  n i n e ) ,
b l a c k  p i g m e n t  a b o u t  a n u s  a n d  b a s e  o f  a n a l f i n , p igmenta t ion
e x t e n d i n g  b e l o w  l a t e r a l  l i n e , n o  d i s t i n c t  m i d d o r s a l  s t r i p e ,  l a t e r a l
band weak ly  deve loped o r  dusky ,  no t  con t inued  fo rward  th rough eye ,
l a t e r a l  l i n e  c o m p l e t e .

LITERATURE CITED
1. Hubbs and Lagler (1958)
2. Scott and Crossman (1973)

Z:
Becker (1976)
Black (1945)

5 . Raney (1969a)

6 . Ba i ley  and  G i lber t  (1960)
Snyder (1979a)

ii: Po t te r  and  Pot te r  (1981)
9 . B. F.  Lathrop (pers.  Comm.)
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N o t r o p i s  v o l u c e l l u s

6.3 mm

B 7.6 mm

v e n t r a l

F i g .  1 1 3 . N o t r o p i s  v o l u c e l l u s ,  m i m i c  s h i n e r . A and B. Larvae. (A and B,
w i l d - c a u g h t ,  P e n n s y l v a n i a , o r i g i n a l  i l l u s t r a t i o n s  b y  B .  F .  L a t h r o p ) .
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N o t r o p i s  v o l u c e l l u s

9.6 mm

Fig .  114 . N o t r o p i s  v o l u c e l l u s ,  m i m i c s h i n e r . Larva.
Pennsy lvan ia , o r i g i n a l  i l l u s t r a t i o n s  b y  B .  F .  L a t h r o p ) .

(WiId-caught,
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Phoxinus eos

Phoxinus eos (Cope), no r the rn  redbe l l y  dace

DISTRIBUTION

Occurs  th roughout  the  Grea t  Lakes  reg ion ,  excep t  the  Oh io  d ra inage o f
L a k e  E r i e . ‘  7 Commonly  found  in  s lugg ish  t r ibu ta r ies  and  bog  ponds'
of Lake Michigan, nor th  o f  the  Ka lamazoo R iver ,  M ich igan  and  Kenosha,
Wisc0nsin.l

SPAWNING SEASON

Spawns from late May to August.3  5 An individual female may spawn two
t imes  a  year .5

SPAWNING TEMPERATURE

Spawns at temperatures between 21 and 27 C.3

SPAWNING HABITAT

Spawns in ponds3 and  p robab ly  s low ly  mov ing  s t reams. *

SPAWNING SUBSTRATE

Depos i t s  eggs  among f i l amentous  algae"  and o ther  vegeta t ion .5

FECUNDITY

Not  repor ted .

NATURAL HYBRIDS

Campostoma anomalum, Notropis cornutus;s  Phoxinus neogaeus.'

EGGS

Demersal, nonadhesive;5 i n c u b a t i o n  p e r i o d :  8  t o  1 0  d a y s  a t  2 1  t o  2 7
C.3

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not descr ibed.
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Phoxinus eos

Fin rays: caudal 19 ; * dorsa l 8 (7 t o 9 ) , anal 8 (7 t o 9 ) , pec to ra l
14 (13 t o  1 6 ) , p e l v i c 8.7

Ver tebrae : 35  to  37  ( inc lud ing  Weber ian  ver tebrae) . ’

L a t e r a l  l i n e  s c a l e s :  7 0  t o  90.’

P h a r y n g e a l  t e e t h :  0 , 5 - 5 , 0  0 , 5 - 3 , 0  0,5-4,O.'

D iagnos t i c  charac te rs :  mouth  ob l ique ,  te rm ina l  and  sma l l ,  no t  reach ing
eye, p e r i t o n e u m  b l a c k , l a t e r a l l i ne  incomp le te ,  sca les  70  to  90 ;
p r e m a x i l l a e  p r o t r a c t i l e ,  b a r b e l absent, dorsa l f i n  s h o r t ( e i g h t
rays) .

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Cooper (1936)

::
Cooper (1935)
New (1962)

5 . Raney (1969a)
6 .  Hubbs  and  Lag le r  (1958)

;:
Scott and Crossman (1973)
G i lbe r t  (1964)

299 Cypr in idae



DISTRIBUTION

The Grea t  Lakes  d is t r i b u t i o n  o f  t h i s  s p e c i e s  i s  r e s t r i c t e d  t o
L a k e  E r i e  d r a i n a g e s i n  M i c h i g a n , a and Indiana and southern W
t r i b u t a r i e s  o f  L a k e  M ichigan.’

SPAWNING SEASON

Spawns from May to June

SPAWNING TEMPERATURE

Phox inus ery throgaster

Phox inus  e ry th rogas te r  (Raf inesque) ,  sou thern  redbe l l y  dace

i n  N e w  York‘ a n d  I l l i n o i s . ’

Spawns at temperatures between 10 and 16 C.’

SPAWNING HABITAT

S p a w n s  i n  s h a l l o w  s t r e a m s  n e a r  r i f f l e s . ‘  ’ 9

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  i n  n e s t s  o f  o t h e r  c y p r i n i d s  ( e . g . ,  N o c o m i s  sp~.~
Campostoma spp.‘) or among gravel.’

FECUNDITY

5 , 7 0 8  t o  1 8 , 8 8 8 5  ( m a y  i n c l u d e  i m m a t u r e  o v a * ) ;  b u t  n u m b e r  o f

western
scons in

6 9 and

mature
eggs per season seldom exceeds 2,500 in other members of  the genus.12

NATURAL HYBRIDS

Campostoma anomalum; 3 4 Clinostomus elongatus;1°  Notropis cornutus;3 4

Phoxinus neogaeus;ll  Semot i l us  a t romacu la tus . 3 4

EGGS

Probab ly  demersa l  and  nonadhes ive ; *  yo lk  l i gh t  b rown. ’

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .
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Phox inus ery throgaster

ADULTS

V e

Fin rays: caudal 19;* dorsal 8, anal 7 to 8, pectoral 14 or 15,
p e l v i c  8 . 2

r teb rae

L a t e r a l  1

Pharyngea

37 to  39  ( inc lud ing  Weber ian  vertebrae).2

ne sca les : more than 65.2

t e e t h :  0 , 5 - 5 , 0 . 2

D i a g n o s t i c  c h a r a c t e r s :  m o u t h  t e r m i n a l , sma l l , not reaching eye and
n e a r l y  h o r i z o n t a l ,  p e r i t o n e u m  b l a c k ,  l a t e r a l  l i n e  s c a l e s  m o r e  t h a n
6 5 ,  p r e m a x i l l a e  p r o t r a c t i l e , b a r b e l  a b s e n t ,  d o r s a l  f i n  s h o r t .

LITERATURE CITED
1. Becker (1976)
2. Cross (1967)

i:
Lachner (1952)
Cross and Minckley (1960)
P h i l l i p s  ( 1 9 6 9 )
Raney (1969a)

Smith (1908)
;: Hubbs and Lagler (1958)
9 . Pflieger (1975)

10. Trautman (1957)
11. Hubbs and Brown (1929)
12. W. C. Starnes (pers. Comm.)
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Phoxinus neogaeus

Phoxinus neogaeus Cope, f inescale dace

DISTRIBUTION

O c c u r s  i n  t h e  d r a i n a g e s  o f  a l l  G r e a t  L a k e s . *  5 I n  t h e  L a k e  M i c h i g a n
dra inage , i t i s  f o u n d i n t r i b u t a r i e s  n o r t h  o f ,  a n d  i n c l u d i n g ,  t h e
Muskegon River, Michigan and the Milwaukee River, Wisconsin.1

SPAWNING SEASON

Spawns dur ing June and July in Wisconsin’  and New York.7

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Not  repor ted .

SPAWNING SUBSTRATE

Probab ly  spawns in  a lgae or  o ther  vegeta t ion . ’  3

FECUNDITY

Not  repor ted .

NATURAL HYBRIDS

Phoxinus eos 2

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : cauda l  19 ; * dorsal 8 (7 to 9), anal 8 (7 to 9), pectoral
1 4  ( 1 2  t o  16);’  p e l v i c  8 . *
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Ver tebrae : 37  to  39  ( inc lud ing  Weber ian  ver tebrae) . ’

L a t e r a l  l i n e  s c a l e s :  6 3  t o  85.4

P h a r y n g e a l  t e e t h :  2 , 5 - 4 , 2  2 , 5 - 5 , 2  1,5-4,l.’

D i a g n o s t i c  c h a r a c t e r s :  m o u t h  h o r i z o n t a l ,  t e r m i n a l  a n d  n e a r l y  r e a c h i n g
a n t e r i o r m a r g i n  o f  e y e ,  p e r i t o n e u m  b l a c k ,  l a t e r a l  l i n e  s c a l e s  6 3  t o
8 5 ,  p r e m a x i l l a e  p r o t r a c t i l e , b a r b e l  a b s e n t ,  d o r s a l  f i n  s h o r t ( e i g h t
rays) .

LITERATURE CITED
1. Becker (1976)

;:
New (1962)
Raney (1969a)
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Pimephales notatus

Pimephales notatus (Raf inesque),  b luntnose minnow

DISTRIBUTION

Occurs  th roughout  the  Grea t  Lakes  regi0n.l 2 I n  t h e  L a k e  M i c h i g a n
drainage i t  is  the most common in land minnow.3

SPAWNING SEASON

Spawns f rom May th rough Augus t . 3  4  s 7  * lo

SPAWNING TEMPERATURE

Spawning  beg ins  a t  19  C‘ and  con t inues  to  21  C or  h igher . ’  8

SPAWNING HABITAT

S p a w n s  i n  r i v e r s ,  s t r e a m s  o r  l a k e s . ’

SPAWNlNG SUBSTRATE

Spawns on the  unders ides  o f  submerged  ob jec ts . 3  6  ’ Often excavates
n e s t s  b e l o w  s u c h  o b j e c t s  i n  a r e a s  o f  s a n d ,  g r a v e l ’  l3 o r  o c c a s i o n a l l y
mar l -bot tom shoals in water  5 cm to 2.4 m deep. ’

FECUNDITY

1 , 7 4 3  t o  2,223.~

NATURAL HYBRIDS

Pimephales promelas,  P.  vigilax.

EGGS

Demersal, a d h e s i v e ; ‘  d i a m e t e r  1 . 5  m m ;5  ‘ i n c u b a t i o n  p e r i o d : 6 to lo
days  a t  19  to  25  C.‘

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4.9-5.9 mm Newly hatched.5

Morphometry:  (as %  T L )  p r e a n a l  l e n g t h  6 5 ,  g r e a t e s t  b o d y
depth  27 ,  eye  d iameter  10 .5

Morpho logy :  yo lk sac l a r g e , c lub-shaped, o i l g l obu le
a b s e n t ; 5  1 2 mouth and anus  no t  open ,  f i n fo ld  low and
even, o r ig in  a t  myomere  10 ,  pec to ra l b u d s  developed;s
b u t  s m a l l . 5  l2

P i g m e n t a t i o n :  c o l o r l e s s e x c e p t  f o r  d e e p  g r a y  e y e  w i t h
g o l d e n  t i n g e , some deep orange over y o l k , two la rge
s t e l l a t e chromatophores on unders ide o f  y o l k  s a c  a t
a n u s ,  b a r e l y  d i s c e r n i b l e . 5
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Pimephales notatus

5-7 mm Myomeres: 36 to 38 l2 (23 to 25 + 12 to 15’ L2).
M o r p h o m e t r y :  ( a s  %  T L )  s t a n d a r d  l e n g t h  9 4  t o  98;’ I2

preanal l e n g t h  5 7  t o  6 4 ; 5  9  l2 p r e d o r s a l  l e n g t h  3 9  t o
4 1 ; 9  h e a d  l e n g t h  1 8  t o  23;12 e y e  d i a m e t e r  8  t o  9;” I2
grea tes t  body  depth  12  to  24.12

M o r p h o l o g y :  b u l b o u s  p a r t  o f  y o l k  s a c  r e d u c e d  ( 5 . 5  t o  5 . 7
mm) ,  pec to ra l  buds  la rge  (4  days  o ld , 6 . 0  mm);5 s w i m
b l a d d e r  b e g i n n i n g  t o  i n f l a t e  ( 6 . 3  m m ) ,  l o c a t i o n s  o f
i n c i p i e n t  d o r s a l  a n d  a n a l f i n s  a p p a r e n t ,  c a u d a l f i n
rays present (6.4 mm) .12

P igmenta t ion :  few la rge melanophores on v e n t r a l and
v e n t r o - l a t e r a l  a s p e c t s  o f y o l k  s a c (some specimens
w i t h o u t pigment) ;§ uneven s e r i e s  o n postanal
v e n t e r ; 5  l2 few me lanophores  on  m id la te ra l  myosep tum
( 5 . 0  m m ) ,  v e n t r a l melanophores in double ser ies f rom

m i d d l e  o f  y o l k sac to caudal peduncle, many
melanophores over s w i m  b l a d d e r , r o w  o f f o u r over
p o s t e r i o r  t h i r d  o f  y o l k  s a c ,  r o w  o f  f i v e  o n  m i d l a t e r a l
m y o s e p t u m  a t p o s t e r i o r t h i r d  o f  y o l k sac, two
me lanophores  be fo re and behind pec to ra l buds; 5

melanophores on  dorsum o f  head  and  gu t  and  ven te r  o f
g u t , m i d l a t e r a l  s t r i p e  f r o m under m e d i a n  f i n f o l d  t o
caudal peduncle (6.3 mm) .12

LARVAE

Tota l l e n g t h D e s c r i p t i o n
6-10 mm M y o m e r e s :  3 6  t o  3812 ( 2 3  t o  2 5  +  1 2  t o  15’ 12).

Morphomet ry :  (as  % TL) standard l e n g t h  8 9  t o  95;’ l2
p r e a n a l  l e n g t h  6 2  t o  64;s 9  l2 p r e d o r s a l  l e n g t h  4 0  t o
44;9 head l e n g t h  2 2  t o  24;12  e y e  d i a m e t e r  6  t o  8;s
g r e a t e s t  b o d y  d e p t h  1 2  t o  16.” l2

Morpho logy :  yo lk  absorbed  (6 .0  mm;5  9  6 .4  mm;12 1 week
old5) ; snou t  b lun t ,  mou th  sub te rm ina l ,  upper  jaw be low
center of  eye; 9 I2 notochord f lexed (6.9 mm) .12

P igmenta t ion :  more  in tense , melanophores sparse on dorsum
of head, s e r i e s  a l o n g  m i d l a t e r a l myosep tum f rom sw im
b l a d d e r  t o  c a u d a l  f i n , one large subsurface melanophore
a t  base  o f  pec to ra l  bud ,  do rsum o f  sw im b ladder  da rk l y
pigmented, t h r e e  l a r g e m e l a n o p h o r e s  f o l l o w  c u r v e  o f
g i l l a r c h  b e l o w  a t  e a c h  s i d e  o f  t h r o a t ,  p a r a l l e l e d
p o s t e r i o r l y  b y  s i x  t o  e i g h t  s t e l l a t e  m e l a n o p h o r e s ,  f o u r
l i n e s  o f  m e l a n o p h o r e s  o n  v e n t e r  f r o m  m i d d l e  o f  g u t  t o
anus, c o n s p i c u o u s  d o u b l e  p o s t a n a l s e r i e s  o n  v e n t r a l
r i d g e  e x t e n d s  o n t o  c a u d a l  f i n  ( 6 . 0  m m , 1 week old) ,
ye l low t inge  on  dorsum o f  body  and  gu t ,  shor t  reg ion  o f
i r idescence over s w i m  b l a d d e r (6 .5  mm,  2  weeks )  ; 5

internal  row of  melanophores between h e a d  a n d  d o r s a l
f i n  ( 6 . 9  m m ) ,  p i g m e n t  c o n c e n t r a t e d  o n  o c c i p u t ,  f e w
melanophores between eyes and snout, two r o w s  o n
dorsum, f u s i n g  b e h i n d  d o r s a l  f i n  t o  c a u d a l  f i n ,  e p a x i a l
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Pimephales notatus

p o r t i o n  o f  p o s t a n a l  m y o m e r e s  o u t l i n e d , caudal spot
f a i n t , v e n t r a l p igment  sparse ,  me lanophores  ou t l i n ing
i s t h m u s  a n d  p o s t e r i o r  g u t  ( 8 . 3  mm).12

9-11 mm Myomeres: 37 to 39 (25 + 12 to 14) . 9

Morphomet ry :  (as  % TL)  s tandard  leng th  85  to  91 ,  p reana l
l e n g t h  6 0  t o  6 1 ,  p r e d o r s a l  l e n g t h  4 4  t o  46.'

M o r p h o l o g y :  a n a l  f i n  r a y s  p r e s e n t  ( 1 0 . 1  mm).”

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
12-16 mm Myomeres: 35 to 36 (23 to 25 + 11 to 12) . l 2

Morphometry:  (as % TL) standard length 83 to 85,  preanal
leng th  585  to  62;12 p r e d o r s a l  l e n g t h  46;” h e a d  l e n g t h
21 to 22, e y e  d i a m e t e r  8;" l2 snout l e n g t h  1 7 ;  5

g rea tes t  body  depth  13  to  16;s l2 body  dep th  a t  anus  8 ,
(as % head length) eye diameter 38, greatest body depth
62, body depth at anus 38.5

Morphology: mouth i n f e r i o r , h o r i z o n t a l , lower j aw
inc luded , body s lender , dorsum somewhat depressed,
cauda l  pedunc le  s lender .5

P igmenta t ion :  b lack  spo t  a t  base  o f  cauda l f i n , d i f f u s e
melanophores over snout and cheek, l a t e r a l band
or ig ina t ing  beh ind  head ,  me lanophores  on t o p  o f head
and a l o n g  d o r s u m  i n  i r r e g u l a r  l o n g i t u d i n a l  r o w s ,  m o r e
c o n c e n t r a t e d  a t  b a s e  o f  d o r s a l  f i n a n d  o n i n t e s t i n e ,
per i toneum l ight  (a l though a 17.8-mm specimen was qui te
d a r k ) , many melanophores grouped around base of  anal
f i n ,  h e n c e  a  d o u b l e  r o w  t o  b a s e  o f  c a u d a l f i n , few
melanophores  on  pec to ra l  and  cauda l  f i ns ,  s ides  o f  body
unp igmented ,  excep t  la te ra l  band  and  be l l y . 5

ADULTS

F in  r ays : cauda l  19 ; * dorsal 8, anal 7 (7 to 8), pectoral 15 (14 to
1 7 ) ,  p e l v i c  8.11

Ver tebrae : 37  to  38  ( inc lud ing  Weber ian  ver tebrae)  .I

L a t e r a l  l i n e  s c a l e s :  4 2  t o  50.’

P h a r y n g e a l  t e e t h :  0,4-4,O.l

D i a g n o s t i c  c h a r a c t e r s :  p r e d o r s a l  s c a l e s small and crowded, l a t e r a l
l i n e complete con t inues through eye, caudal  spot present,  mouth
sub te rm ina l , i n tes t ine  long  and  much  co i led ,  pe r i toneum b lack .

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Hubbs and Lagler (1958)
3. Becker (1976)

4 . Hankinson (1919)
5 . Fish (1932)
6 . Westman (1938)
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7. Hubbs and Cooper (1936)
8 .  D o b i e  e t  a l .  ( 1 9 5 6 )
9 . Perry and Menzel (1979)

10. Smith (1979)

11. Trautman (1957)
12. Buynak and Mohr (1979f)
13. Van Cleave and Markus (1929)

F ig .  115 . Pimephales notatus, bluntnose minnow. A and B. Yo
C. Larva. (A and C, l a b o r a t o r y - r e a r e d ,  L a k e  E r i e  t r i b u t a r y ,
w i l d - c a u g h t , I o w a ,  o r i g i n a l  i l l u s t r a t i o n by  N.  A .  Auer ,  spec
b y  L .  G .  P e r r y ) .

l k - s a c  l a r v a e .
Fish 1932; B,

imen prov ided
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F ig .  116 . Pimephales notatus, b lun tnose  minnow. Larva. (WiId-caught,
Iowa, o r i g i n a l i l l u s t r a t i o n s  b y  N .  A . Auer,
L .  G .  P e r r y ) .

s p e c i m e n s  p r o v i d e d  b y



Pimephales notatus

dorsa l

v e n t r a l

B
12.0 mm

Fig .  117 . P i m e p h a l e s  n o t a t u s ,  b l u n t n o s e  m i n n o w .  A .  L a r v a .  B .  J u v e n i l e .

(A, l a b o r a t o r y - r e a r e d ,  M a r y l a n d ,  L o o s  e t  a l .  1 9 7 9 ; B ,  w i l d - c a u g h t ,  I o w a ,

o r i g i n a l  i l l u s t r a t i o n  b y  N .  A .  A u e r ,  s p e c i m e n  p r o v i d e d  b y  L .  G .  P e r r y ) .
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Pimephales promelas Rafinesque, fathead minnow

DISTRIBUTION

G e n e r a l l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n . ’ I n  L a k e
Mich igan, i t i s  found  th roughout  the  wes te rn  and  nor thern  wate rsheds
and from the Grand River system northward in the east.’

SPAWNING SEASON

Spawns f rom May to  la te  summer  in  I l l i no is 2  7  and Pennsy lvan ia .  1 7

SPAWNING TEMPERATURE

Eggs were found at 18 C3 5 K and 16 C.2

SPAWNING HABITAT

Spawns in ponds5  s *  and  s lower -mov ing  sec t ions  o f  s t reams. *

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  o n  t h e  u n d e r s i d e s  o f  o b j e c t s . 3  I4 *

FECUNDITY

Numerous references; summary indicates 255 to 2,622 ova per female.lO
A s ing le  fema le  may  depos i t  391  to  480  eggs  a t  a  t ime and  4 ,144 3  6  to
lo,16417  eggs  th roughout  a  season in  12 3  6  to  261'  spawnings.

NATURAL HYBRIDS

Pimephales notatus.ls

EGGS

Demersal, adhes ive ,  d iameter  1 .4 t o  1 . 6  mm;’ 8 y o l k d iameter  0 .8 mm;’
mean 1.2 mm,  incuba t ion  per iod : approx imate ly 5 days at 23 to 30 C.3

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-6 mm Hatching leng th : ca. 4.0 mm; or 4.9 or to mm.16

Myomeres: 34 to 39 (21 to 25 + 12 to 15) ;' 34 to 36 (19
to  21  +  15) , p r e d o r s a l  9  t o  11.’

Morphomet ry :  (as  % TL)  s tandard  leng th  94  to  97 ,  p reana l
leng th 58 to 62;* 9  l6 p r e d o r s a l  l e n g t h 37 to 42;8 9

h e a d  l e n g t h  1 7  t o  2 1 ,  e y e  d i a m e t e r  7  t o  9;” l6 s n o u t
length 1 to 2 ,  g r e a t e s t  b o d y  w i d t h  7  t o 19;* g r e a t e s t
body  dep th  12  to  23 ; "  l6 grea tes t  head  dep th  12  to  15."
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Morpho logy :  pec to ra l  buds  p resen t ; 8  eye  round , (ova 1 in
f,,,~;;:;u;:;; ep” d e c u r v e d  o v e r  b u l b o u s  y o l k  s a c
(newly hatched) ,  mouth open (5 .3  mm) , sw im b ladder

11. .
P igmenta t ion :  eye  dark ,  me lanophores  sca t te red  over  yo lk

sac, a  f e w  f a i n t  m e l a n o p h o r e s  o n  h e a d , ope rc le ,
postanal  dorsum and venter;*  l6 p igment on swim bladder
and m i d l a t e r a l myoseptum (5.3 mm) , melanophores on
occ ipu t ,  dorsum beh ind  head,  ven te r of yolk sac and
caudal p e d u n c l e  a n d  f a i n t l y o n  t i p  o f  u r o s t y l e  ( 5 . 7
mm) ; l6 o r  h e a v y  p i g m e n t a t i o n  d o r s a l l y  o v e r  h e a d  a n d
body  (5 .0  to  5 .5  mm)  ;’ s e r i e s  a l o n g  v e n t r a l  s u r f a c e  o f
g i l l  c o v e r . *

LARVAE

Tota l l e n g t h D e s c r i p t i o n
6-g mm Myomeres: 34 to 37" l6 (22 to 25’ l6 + 12 to 15” 9 16);

p r e d o r s a l  9  t o  1 1 . 8

Morphometry:  (as % TL) standard length 86 to 95,  preanal
l e n g t h  5 3  t o  6 3 ,  p r e d o r s a l  l e n g t h  3 8  t o  43;O 9  h e a d
length 19 to 21, eye  d iameter  8  to  9 ,  snou t  leng th  3 ,
g r e a t e s t  b o d y  w i d t h  9  t o  1 1 ,  g r e a t e s t  b o d y  d e p t h  1 2  t o
14 ,  g rea tes t  head  dep th  14  to  15."

Morpho logy :  yo lk  absorbed (ca .  5 .6  to  6 .5  mm);O l6 med ian
f i n rays f o r m i n g  ( 7 . 9  m m ) ; *  m o u t h  t e r m i n a l ; *  9  s n o u t
n o t  d e c u r v e d ,  u p p e r  j a w  l e v e l  w i t h  t h e  c e n t e r  o f  e y e . ’

P igmenta t ion :  p igment  on  snout  (6 .3  mm);‘”  and  p rominen t
a long v e n t e r  o f g i l l cover , little pigment in
m i d v e n t r a l  r e g i o n , s u b s u r f a c e  c o n c e n t r a t i o n  o f  m e I a n i n
on  lower  hypurals.”

9-17 mm Myomeres: 34 to 37” l6 (23 to 25’ I6 + 11 to 148 9 16);
p r e d o r s a l  1 1  t o  14.n

Morphomet ry :  (as  % TL)  s tandard  leng th  81  to  88 ,  p reana l
length 56 to 61, p redorsa l length 43 to 46;e 9 l1
p r e p e l v i c  l e n g t h  4 4  t o  46;a h e a d  l e n g t h  2 1  t o  2 4 ,  e y e
d i a m e t e r  7  t o  9;” l1 s n o u t  l e n g t h  4 ; 8  g r e a t e s t  b o d y
w i d t h  1 0  t o  16;~ g r e a t e s t  b o d y  d e p t h  1 4  t o  19;” I1 b o d y
d e p t h  a t  a n u s  12;11 grea tes t  head  dep th  14  to  18.0

Morphology: n o t o c h o r d  f l e x e d ,  p e c t o r a l  f i n  r a y s  p r e s e n t
(9.6 mm12  o r 1 4 . 5  mm16);  d o r s a l  a n d  a n a l  f i n  r a y s
f o r m e d  ( 1 1 . 6  m m ) , p e l v i c buds sma l l , inser ted
immediate ly below dorsa l f i n  o r i g i n , caudal f i n
m o d e r a t e l y  f o r k e d ,  b o d y  r o b u s t , snout obtuse, mouth
v e r y  s m a l l ,  t e r m i n a l ,  o b l i q u e . ”

P i g m e n t a t i o n :  w i d e  d o r s a l s e r i e s  p r e s e n t  ( t h r e e  t o  s i x
l i n e s  w i d e )  t o  c a u d a l  f i n ,  s i n g l e  l a t e r a l  s e r i e s , many
melanophores on dorsum o f  gu t ,  doub le  pos tana l  se r ies
o n  v e n t r a l  r i d g e , spreading w i d e l y around anal f i n
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base; l1 caudal spo t n o t observed b u t f a i n t
i n t e n s i f i c a t i o n  o f pigment n e a r  hypurals;“ few
chromatophores on dorsal  f in,  many on caudal  fin.”

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
17-28 mm Morphomet ry :  (as  % TL)  s tandard  leng th  80 ,  p reana l  leng th

57 ,  head leng th  22 ,  eye  d iameter  6 ,  g rea tes t  body  dep th
18.1‘

M o r p h o l o g y :  f i n f o l d  a b s o r b e d  ( 1 7  mm);O  m o u t h  t e r m i n a l ; ”
squamation complete (28 mm) .12

P igmenta t ion :  p igment  concen t ra ted  on  dorsa l  f i n  base  and
g u t ,  d i s t i n c t  l a t e r a l  b a n d  a n d  c a u d a l  s p o t  absent.l‘

ADULTS

Fin rays: caudal 19, dorsal 8, anal 7 ,  p e c t o r a l  1 5  ( 1 4  t o  1 8 ) ,
p e l v i c  8.1’

Ver tebrae : 37  (35  to  38)  ( inc lud ing  Weber ian  ver tebrae)  .13

L a t e r a l  l i n e  s c a l e s :  4 1  t o  54."

P h a r y n g e a l  t e e t h :  0,4-4,0.13

Diagnos t i c  charac te rs :  p redorsa l  sca les  sma l l  and  c rowded, peri toneum
b r o w n i s h  b l a c k , l a t e r a l l i ne  incomp le te ,  mou th  ob l ique ,  p redorsa l
s t r i p e  p r e s e n t .

LlTERATURE CITED
1. Hubbs and Lagler (1958)
2. Becker (1976)

43:
Markus (1934)
Wynne-Edwards (1932)

5 . Dob ie  e t  a l .  (1948)
6 .  D o b i e  e t  a l .  ( 1 9 5 6 )
7. Smith (1979)
8 .  S y n d e r  e t  a l .  ( 1 9 7 7 )
9 . Perry and Menzel (1979)

10. Car lander (1969)
11. Fish (1932)
12. Andrews (1970)
13. Scott and Crossman (1973)
14. Richardson (1937)
15. Trautman (1957)
16. Buynak and Mohr (1979f)
17. Gale and Buynak (1982)

4.3 mm

F i g . 118. Pimephales promelas, fa thead minnow. Yo lk -sac l a r v a .
(Labora to ry - reared ,  Oh io ,  Snyder  e t  a l .  1977) .
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6.5 mm

Fig .  119 . Pimephales promelas,  fathead minnow. A and B. Larvae. (A and

B ,  l a b o r a t o r y - r e a r e d ,  O h i o ,  S n y d e r  e t  a l .  1 9 7 7 ) .
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B 9.3 mm

Fig .  120 . Pimephales promelas,  fathead minnow. A and B. Larvae. (A and

B ,  O h i o ,  S n y d e r  e t  a l .  1 9 7 7 ) .
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A 14.3 mm

v e n t r a l

F ig .  121 . Pimephales promelas,  fathead minnow. A and B. Larvae. (A and
B,  Oh io ,  Snyder  e t  a l .  1977) .
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P imepha les  v ig i lax  (Ba i rd  and  G i ra rd ) ,  bu l lhead  minnow

DISTRIBUTION

T h e  o n l y  v e r i f i e d  r e p o r t s  o f  t h i s  s p e c i e s  i n  t h e  G r e a t  L a k e s  r e g i o n
are  f rom the  upper  Fox  R iver ,  Wiscons in ’  and  Lake St .  Marys  in  Oh io .2

I t  i s  c o m m o n  i n  t h e  M i s s i s s i p p i  R i v e r  s y s t e m . ’  2

SPAWNING SEASON

Spawns in  June and Ju ly  in  Wiscons in , ’ late May to late July i n
I l l i n o i s 4 and mid-Hay to September in Oklahoma.5

SPAWNING TEMPERATURE

Spawns at 215  to 26 C.J

SPAWNING HABITAT

Spawns i n s h a l l o w  p o o l s o r  s low ly  f l ow ing  wa te r  o f  med ium to  la rge
streams, 1 a l s o  i n  s m a l l  p o n d s . ”

SPAWNING SUBSTRATE

Depos i ts  eggs  on  the  unders ides  o f  submerged ob jec ts . ’  3

FECUNDITY

Not  repor ted .

NATURAL HYBRIDS

Pimepha les  no ta tus . 6

EGGS

A d h e s i v e ,  d i a m e t e r  1 . 0  t o  1 . 5  m m ,  r e f l e c t i n g  p u r p l e , b l u e , red and
green  co lo rs , i n c u b a t i o n  p e r i o d :  4 . 5  t o  6  d a y s  a t  2 6  t o  2 8  C-3

YOLK-SAC LARVAE

N o t  d e s c r i b e d ,  b u t  i l l u s t r a t e d . 5

LARVAE

Y o l k  a b s o r b e d  ( c a .  6 . 0  m m ,  s e e n  f r o m  i l l u s t r a t i o n ) . 5

JUVENILES

A l l  f i n  r a y s  f o r m e d  ( c a . 1 1 . 0  m m ,  s e e n  f r o m  i l l u s t r a t i o n ) . 5
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ADULTS

Fin rays : caudal 19 ; * dorsa l 8 , anal 7 (7 t o 8);~ pec to ra l 14 t o 15,
p e l v i c  8  t o  g.‘k

Ver tebrae : no t  repor ted .

L a t e r a l  l i n e  s c a l e s :  3 7  t o  42;’ 4 1  t o  4 9 . 6

P h a r y n g e a l  t e e t h :  0,4-4,O.’

D iagnos t i c  charac te rs : predorsal sca les  c rowded and  sma l le r ,  s i l ve ry
p e r i t o n e u m ,  s h o r t  g u t ,  t e r m i n a l  m o u t h . ’

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)
3. Parker (1964)

4 . Pf 1 i eger (1975)
5 . Taber (1957)
6 .  T rau tman  (1957)

F ig .  122 . P imepha les  v i g i l a x , bu l lhead  m innow. Yo lk -sac l a r v a . (Wi ld-
caught, Oklahoma, Taber 1969).
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C 6.7 mm

D 7.7 mm

F i g .  1 2 3 . P imepha les  v ig i lax ,  bu l lhead minnow. A-D. L a r v a e .  ( A , w i l d -

caught, Oklahoma, Taber 1 9 6 9 ;  B - D , w i l d - c a u g h t , Lou is iana, o r i g i n a l

i l l u s t r a t i o n s  b y  J .  V .  C o n n e r ) .
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12.3 mm

Fig .  124 . P imepha les  v ig i lax ,  bu l lhead minnow. A and B. L a r v a e .  C .
J u v e n i l e . (A-C,  w i ld -caught , Oklahoma, Taber 1969).



R h i n i c h t h y s  a t r a t u l u s

Rh in ich thys  a t ra tu lus  (Hermann) ,  b lacknose  dace

DISTRIBUTION

T h i s  s p e c i e s  o c c u r s  t h r o u g h o u t  t h e  G r e a t  L a k e s  region.16 l7 It is
common in most t r i b u t a r i e s  o f L a k e  M i c h i g a n ,  b u t  n o t  i n  t h e  l a k e
p r o p e r . ’

SPAWNING SEASON

Spawns f rom la te  May to  ear ly  June in  Mich igan .2  Spawn ing  may  occur
a s  e a r l y  a s  A p r i l  i n  Wisc0nsin.l

SPAWNING TEMPERATURE

Spawning t e m p e r a t u r e s  o f 1 2  t o  2 0  C  h a v e  b e e n  r e p o r t e d , ”  b u t  p e a k
a c t i v i t y  p r o b a b l y  o c c u r s  b e t w e e n  1 8  a n d  2 2  C . 2  lo l3

SPAWNING HABITAT

Spawns  in  sha l low s t reams,  10  to  20  cm deep,‘l  over  r i f f l es .2  However ,
subspecies may vary.12

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  a m o n g  f i n e  g r a v e l  a n d  s a n d ’  ’ *2 o r  r a r e l y  i n  n e s t s  o f
o t h e r c y p r i n i d s . 3  4  I4 Commonly spawns i n  r i f f l e s  w i t h  C a t o s t o m u s
commersoni  and R. cataractae.5

FECUNDITY

3 7 5 ’  t o  2 , 6 7 4 . ’  l1

EGGS

Demersal ,  adhesive, d i a m e t e r  2 . 1  t o  2 . 5  m m ; 5  6  ( a  r e p o r t  o f  0 . 8  mm’0
p robab ly represents ova no t water h a r d e n e d * ) ;  y o l k  a m b e r ; 6  lo o i l
g lobu le  absen t , i n c u b a t i o n  p e r i o d : 110 hours at  16 to 20 C;6 7 days at
19 c.15

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4.9-6.5 mm N e w l y  h a t c h e d . 6  lo l5

Morphometry: (as % TL) preanal  length 60,  head length 21,
eye  d iameter  9.”

Morpho logy :  pec to ra l  buds  p resen t , h e a d  d e f l e c t e d  o v e r
y o l k  s a c ; 6  I5 yo lk  sac  c lub -shaped .6

P igmenta t ion :  eye p a r t l y  p i g m e n t e d ; 6  l5 t w o  d o r s a l  r o w s
o f melanophores from head to midbody;15 f a i n t
m i d l a t e r a l  s t r i p e , melanophores on dorsum of  yolk sac.’
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5-7 mm M y o m e r e s :  3 7  t o  4115  ( 2 3  t o  2 6 6  lJ +  1 3  t o  1615),  u s u a l l y
4 0  ( 2 5  +  15).ls

Morphometry:  (as % TL) preanal  length 63,  head length 17,
eye  d iameter  8 ,  g rea tes t  body  depth  19.15

Pigmenta t ion : e y e  c o m p l e t e l y  pigmented;16 two r o w s  o n
d o r s u m  e x t e n d i n g  t o  t a i l , f a in t  med ian  p redorsa l  row
(subsur face) , m i d l a t e r a l  s t r i p e  p r e s e n t  ( 6 . 8  m m )  i6 l5
perimeter of y o l k  s a c  ( i n  l a t e r a l  v i e w )  o u t l i n e d  w i t h
melanophores,  few melanophores on postanal  venter .6

LARVAE

1        lengthTo ta l D e s c r i p t i o n
7-14 m m Myomeres: 38 t o 39 (23 t o 26 + 13 t o 16) , usual l y 39 (25

+ 14) .*5
Morphometry:  (as % TL) preanal  length 59,  head length 22,

eye  d iameter  8 ,  g rea tes t  body  depth  16.15
Morpho logy :  yo lk  absorbed (7.0 to 7.2 mm) ;6 ls mouth

open ,  sw im b ladder  in f la ted  (7 .8  mm) ,  f i r s t  cauda l f i n
r a y s  f o r m e d , n o t o c h o r d  f l e x e d  ( 8 . 2  m m ) ,  f i r s t  d o r s a l
f i n  rays  fo rmed  (9 .2  mm) ,  pec to ra l  and  ana l f i n  r a y s
p r e s e n t  ( 1 2 . 8  m m ) ,  p e l v i c  b u d s  p r e s e n t  ( c a .  1 1 . 0  m m ; ”
12.0 mm13 or  13 .6  mm15)  .

P igmenta t ion : m i d l a t e r a l  s t r i p e  w i d e ; 6  7  I5 melanophores
on  cauda l ,  do rsa l , ana l  and  pec to ra l  f i n  membranes ; 6  l5
cauda l  spo t  on  end  o f  pedunc le ,  ex tend ing  on to  fin.’ l5

14-20 mm Myomeres :  36  to  39  (22  to  24  +  13  to  15) ,  usua l l y  37  (23
+ 14) l 15

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  54;15 h e a d  l e n g t h
21  to  22 ,  eye  d iameter  7;s l5 g r e a t e s t  b o d y  d e p t h  17.15

M o r p h o l o g y :  f i r s t  s c a l e s  f o r m i n g ( 1 5  mm>  i9 p e l v i c  f i n
rays  p resen t  (16 .6  mm) ,  a l l f i n  r a y s  c o m p l e t e (19.5
mm) . l 5

P i g m e n t a t i o n :  m e l a n o p h o r e s  s c a t t e r e d  o n  p r e d o r s a l  a r e a ,
two rows behind dorsal f i n  vague;15  m e l a n o p h o r e s i n
c a u d a l  f i n  a l i g n e d  w i t h  rays.c

JUVENILES

Total   length D e s c r i p t i o n
14-32 mm Morphometry:  (as % TL)  p reana l  l eng th  55;" head  leng th

2115  t o  24;” e y e  d i a m e t e r 6 15 t o  7 ; 6 g r e a t e s t  b o d y
d e p t h  18.15

Morphology: mouth s l i g h t l y inferior;lJ a l l f  i n fo lds
absorbed.6

Pigmentat ion: caudal spo t extend ing i n t o caudal f i n
r a y ; ’  * l5 m i d l a t e r a l s t r i p e r e t i c u l a t e , sca t te red
s p e c k l i n g  o n  s i d e s . 6
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R h i n i c h t h y s  a t r a t u l u s

ADULTS

F in rays : caudal 19 ; * dorsa l 8 (7 t o 8 ) , anal 7 (6 t o 8 ) , pec to ra l 13
t o 16, p e l v i c 8.16

Ver tebrae : 3 8  t o  39 ( 3 7  t o  4 0 )  ( i n c l u d i n g  W e b e r i a n  vertebrae).l’

L a t e r a l  l i n e  s c a l e s :  5 6  t o  68.16

P h a r y n g e a l  t e e t h :  2,4-4,2.16

Diagnos t ic  charac te rs : t e r m i n a l  m a x i l l a r y  b a r b e l  p r e s e n t ,  m o u t h  n e a r l y
t e r m i n a l , f r e n u m  p r e s e n t , p r e m a x i l l a e  n o t  p r o t r a c t i l e ,  d o r s a l  f i n
s h o r t  ( e i g h t  r a y s )  .

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Cooper (1936)

43:
Reed (1971)
Hankinson (1932)

2:
Loos  e t  a l .  (1979)
Fuiman and Loos (1977)

;:
Bar tn ik  (1970)
Fish (1932)

9 . Noble (1965)

10. Traver (1929)
11. Tar te r  (1969)
12. Raney (1940a)
13. Wang and Kernehan (1979)
14. Raney (1969a)
15. Buynak and Mohr (1979d)
16. Scott and Crossman (1973)
17. Hubbs and Lagler (1958)

5.6 mm

dorsal

F ig .  125 . Rh in ich thys  a t ra tu lus ,  b lacknose  dace .  A  and  B .  Yo lk -sac  la rvae .
(A and B, laboratory-reared, Pennsylvania,  Buynak and Mohr 1979d).
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F i g . 126. R h i n i c h t h y s  a t r a t u l u s ,  b l a c k n o s e  d a c e .  A . Y o l k - s a c  l a r v a .  B

and C. Larvae. (A-C, l a b o r a t o r y - r e a r e d , Pennsy lvan ia , Buynak and Mohr

1979d).



R h i n i c h t h y s  a t r a t u l u s

dorsa l

9.9 mm

v e n t r a l

B 12.0 mm

F i g .  1 2 7 . R h i n i c h t h y s  a t r a t u l u s , b l a c k n o s e  d a c e . A and B. Larvae
l a b o r a t o r y - r e a r e d , Maryland, Loos et al. 1979; B, l a b o r a t o r y - r e a r : : ’ ,
Delaware, Wang and Kernehan 1979).
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Fig .  128 . R h i n i c h t h y s  a t r a t u l u s , b l a c k n o s e  d a c e . A  a n d  B .  L a r v a e .  C .
Juven i le .  (A  and B,  labora to ry - reared ,  Pennsy lvan ia ,  Buynak  and Mohr  1979d;
C ,  w i l d - c a u g h t ,  L a k e  E r i e  t r i b u t a r y ,  F i s h  1 9 3 2 ) .



Rhin ich thys  ca tarac tae

Rh in ich thys  ca ta rac tae  (Va lenc iennes) ,  longnose  dace

DISTRIBUTION

T h i s  s p e c i e s  i s  d i s t r i b u t e d  t h r o u g h o u t  t h e  G r e a t  L a k e s  region.ll  l2 I t
occurs  in  the  sha l low coas ta l  wa te rs and along t h e  e n t i r e  w e s t e r n
s h o r e  o f Lake Michigan. On the  eas te rn  shore  i t  occurs  nor th  o f  the
Muskegon River.l

SPAWNING SEASON

Spawns dur ing  la te  June and ear ly  Ju ly  in  Lake  Mich igan . ’

SPAWNING TEMPERATURE

Spawns at temperatures over 15 C,’ usual ly between 14 and 19 C.2

SPAWNING HABITAT

S p a w n s  i n  s t r e a m s ’  a n d  a l o n g  t h e  s h o r e l i n e  o f  l a k e s . 5
Sometimes

spawns in associat ion with Catostomus commersoni. 8

SPAWNING SUBSTRATE

Depos i ts eggs among g r a v e l ’  o r r a r e l y i n n e s t s  o f o ther
c y p r i n i d s . 3  6  8 Spawning  in  such  nes ts  may occur  when the  a t tend ing
male abandons the nests.15

FECUNDITY

Maximum: 10,000.2

NATURAL HYBRIDS

Campostoma anomalum;’ Coues ius  p lumbeus ; ’  l3 l4 Nocomis  m ic ropogon ,
N o t r o p i s  c o r n u t u s . ’

EGGS

Demersal, a d h e s i v e ; ’ d iameter 2 . 1 3  6 t o 2.7 mm;’ y o l k amber, o i 1
g l obu le absent; 7 incubat ion p e r i o d : 3 to  4 days a t 18 t o 6
days at 18

2 4  C;’ 6

C.'O

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.8-6.2 mm N e w l y  h a t c h e d ; ’  lo v a l u e s  a s  l o w  a s  4 . 5 '  a n d  5 . 5  t o  6 . 0

mm3 6 have been reported.
M o r p h o l o g y :  h e a d  f l e x e d  o v e r  y o l k s a c ; 6  ‘I lo y o l k  s a c

c l u b - s h a p e d ; ’  lo p e c t o r a l  b u d s absent i n i l l u s t r a t e d
specimen.l 6
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Rhin ich thys  ca tarac tae

6-g mm

LARVAE

P i g m e n t a t i o n :  m a r g i n s  o f eyes pigmented; 3 6 7 body
p i g m e n t  a b s e n t . 3  c ’ lo

Myomeres: 39 to 4110 ( 2 5  t o  2 7 7  10 +  1 3  t o  1510))  u s u a l l y
39  (26  +  14j.l"

Morphometry: ( a s  %  T L )  p r e a n a l  l e n g t h  64-1O  t o  67;' h e a d
l e n g t h  171° t o  19;’ e y e  d i a m e t e r  8;’ lo g r e a t e s t  b o d y
d e p t h  lg.“O

M o r p h o l o g y :  h e a d  s t r a i g h t (7.1 mm);7 mouth opened, swim
b l a d d e r  i n f l a t e d  ( 8 . 5 6  t o  8.710 m m ) ;  c a u d a l f i n  r a y s
fo rm ing , h y p u r a l  b o n e s  f o r m i n g ,  n o t o c h o r d  f l e x e d ,
dorsal  and anal  f in  anlage present  (9 mm) .3  6

P i g m e n t a t i o n :  f i r s t  b o d y  p i g m e n t  f o r m e d (7.7 mm) ;lO

melanophores i n t w o  d o r s a l rows, m i d l a t e r a l row
presen t ,  dense  occ ip i ta l  p igmenta t ion ,  me lanophores  on
yo lk -sac d o r s u m ; 3  6  7  lo (7.7 to 8.7 mm) ;l”
i n t e r o r b i t a l  p i g m e n t  p r e s e n t  ( 8 . 7  mm);l”  m e l a n o p h o r e s
on operculum and ventra l  edge of  postanal  myomeres. ’

Total l e n g t h D e s c r i p t i o n
9-20 mm Myomeres: 38 t o 40 (25 to 26 + 12 t o 14) , usual 1 y 39 (26

+ 13).'O
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 1  t o  6 2 ,  h e a d

length 20 to 23, eye  d iameter  7  to  8 ,  g rea tes t  body
d e p t h  1 6  t o  17;' lo b o d y  d e p t h  a t  a n u s  12.’

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 9 . 0  t o  9 . 5  m m ; 3  6  lo 9  d a y s
p o s t h a t c h i n g ; 7 10 to 1 1  d a y s  p o s t f e r t i l i z a t i o n 6 ) ;
caudal f i n rays f o r m i n g ;  3  6  7  lo hypural bones
complete, n o t o c h o r d  f l e x e d (9.2 to 9.6 mm) ;3 6 lo
d o r s a l  a n d  a n a l  f i n  r a y s  f o r m i n g ,  p e l v i c  b u d s  p r e s e n t ,
two s w i m  b l a d d e r  c h a m b e r s  f i l l e d (10.810  t o  1 1 . 6
mm3 “1; mouth subterminal (9.5’ to 11.6 mm3 6 lo;
p a i r e d  f i n  r a y s  f o r m i n g ( 1 3 . 7  mm);j  6  a l l  f i n  r a y s
comp le te  (15  to  18  mm;’ 6  20 .6  mmlO).

P igmenta t ion : cauda l  spo t  fo rmed ,  snou t pigmented, (9.4
to 9.6 mm) ;’ 6 7 in ternal  melanophores f rom dorsum of
gut to head (10.8 mm) ;3 c me lanophores  concen t ra ted  on
caudal , d o r s a l  a n d  a n a l  f i n  b a s e s  (10.8~  6  t o  12’ m m ) ;
melanophores along caudal and dorsa l f i n r a y s  ( 1 3 . 7
mm);3 6 d o r s a l  p i g m e n t a t i o n  u n i f o r m l y  s c a t t e r e d  ( 1 2  t o
17 mm).J 6 7

JUVENILES

A 13.7-mm specimen descr ibed and i l lustrated by F i s h  ( 1 9 3 2 ) i s  p r o b a b l y
m i s i d e n t i f i e d , based  on  the  leng th  o f  the  snou t  and  pos i t ion  o f  the  mouth . *
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Rhin ich thys  ca tarac tae

To ta l l e n g t h D e s c r i p t i o n
20-40 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  55;'" h e a d  l e n g t h

2 0  t o  2 2 ,  e y e  d i a m e t e r  4  t o  6;' lo g r e a t e s t  b o d y  d e p t h
16.10

Morphology:  squamat ion beginning (19 to 21 mm), ba rbe ls
formed (23 to 25 mm),
mm) ; 6 mouth ‘inferior.lO

squamat ion complete (39 to 40

P igmenta t ion :  dorsa l p i g m e n t a t i o n  e x t e n d i n g l a t e r a l l y ,
a n t e r i o r p o r t i o n  o f  d o r s a l  f i n  b a s e  a n d  d o r s a l  p o r t i o n
o f  c a u d a l  f i n  b a s e  w h i t e  ( m o s t  o b v i o u s  i n  l i f e ) . ’

ADULTS

F in  r ays : cauda l  19 ; *  do rsa l  8 ,  ana l 7 ,  p e c t o r a l  1 2  t o  1 5 , p e l v i c  8
(7 to 8) .12

Ver tebrae : 37  to  41  ( inc lud ing  Weber ian  vertebrae).12

L a t e r a l  l i n e  s c a l e s :  6 1  t o  72.12

P h a r y n g e a l  t e e t h :  2 , 4 - 4 , 2  1 , 4 - 4 , 1  1,4-4,0.12

D i a g n o s t i c  c h a r a c t e r s : snou t  p ro jec t ing  beyond mouth ,  max i l l a ry  barbe l
terminal , f r e n u m  p r e s e n t , p r e m a x i l l a e  n o t  p r o t r a c t i l e ;  d o r s a l  f i n
s h o r t  ( e i g h t  r a y s ) .

LITERATURE CITED
1. Becker (1976)
2 . B r a z o  e t  a l .  ( 1978)

43:
Cooper (1980)
Bar tn ik  (1970)
Gee and Machni ak (1972)
Cooper (1978b)

7. Fuiman and Loos (1977)

8 . Loos  e t  a l .  (1978)
9 . Fish (1932)

10. Buynak and Mohr (1978d)
11. Hubbs and Lagler (1958)
12. Scott and Crossman (1973)
13. Nelson (1966)
14. Nelson (1973)
15. J.  J.  Loos (pers.  Comm.)

F i g .  1 2 9 . Rh in ich thys  ca ta rac tae ,  longnose  dace . Yo lk -sac l a r v a , newly
hatched. (Labora to ry - reared , West  V i rg in ia ,  Cooper  1980) .
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R h i n i c h t h y s  c a t a r a c t a e

size unknown

dorsa l

F ig .  130 . R h i n i c h t h y s  c a t a r a c t a e ,  l o n g n o s e  d a c e .  A  .  Y o l k - s a c  l a r v a .  B .
Larva. (A and B, l a b o r a t o r y - r e a r e d ,  M a r y l a n d , Loos et al. 1979).
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Rhin ich thys  ca tarac tae

dorsa l

9.0 mm

B 9.6 mm

C ca . 11 mm

F i g .  1 3 1 . Rh in ich thys  ca ta rac tae ,  longnose  dace . A-C. Larvae. (A and B
l a b o r a t o r y - r e a r e d , W e s t  V i r g i n i a , Cooper 1980; C, l a b o r a t o r y - r e a r e d ,
Mary land ,  Loos  e t  a l . 1979).
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F i g .  1 3 2 . R h i n i c h t h y s  c a t a r a c t a e ,  l o n g n o s e  d a c e . A and B. L a r v a e .  ( A
and B, labora to ry - reared ,  West  V i rg in ia ,  Cooper  1980) .



Semot i lus atromaculatus

S e m o t i l u s  a t r o m a c u l a t u s  ( M i t c h i l l ) ,  c r e e k  c h u b

DlSTRIBUTlON

T h i s  w i d e s p r e a d  s p e c i e s  o c c u r s  t h r o u g h o u t  t h e  G r e a t  L a k e s  r e g i o n ,
except nor the rn t r i b u t a r i e s  o f  L a k e  S u p e r i o r . 2  I6 Commonly found in
sma l l  to  modera te  s i zed  c reeks  th roughout  the  Lake  Mich igan  d ra inage . ’

SPAWNING SEASON

Spawns  f rom mid -Apr i l  t o  June  in  Michigan.B  l3

SPAWNING TEMPERATURE

Spawns between 13 and 18 C.” 8  ' 11 N e s t i n g  s t o p s  a t  t e m p e r a t u r e s
b e l o w  1 1  C.O I1

SPAWNING HABITAT

Spawns in  s t reams usua l l y  a t  the  lower  end  o f  a  pool.” l3

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  i n  a  p i t - a n d - r i d g e  n e s t of gravel.2 4 ’ l3 l4 The  r idge
may be 25 to 30 cm wide, 0.3 to 5.5 m long and 5 to 8 cm high.z 9 l3
The  p i t  l i es  a t  the  downs t ream end  o f the r i d g e and is 25 cm i n
diameter and 5 to 10 cm deep.ll  l3 l4 Th is  spec ies  somet imes  bu i lds
nests on nests of Campostoma anomalum’ or Nocomis micropogon.7 la

FECUNDITY

3,500 8 to 7,539.'

NATURAL HYBRIDS

Campostoma anomalum, Cl inostomus elongatus;‘O  l1 l7 Not rop is
cornutus;lO  P h o x i n u s  erythrogaster.lO  I5

EGGS

Demersal, nonadhesive;12  d i a m e t e r  2 . 0 t o 2.2 mm;’ L1 o i l g l obu le
absent;12 incubat ion  per iod :  246  hours  a t 13 C ;8 6 days a t 18 C.12

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.3-6.2 mm Newly  ha tched.  4  l2 l4

M o r p h o l o g y :  h e a d  s l i g h t l y  f l e x e d  o v e r  y o l k  s a c ,  y o l k  s a c
c lub -shaped ,  pec to ra l  buds  present;12 adhes ive  o rgan on
f r o n t  o f headl’  (a c u r i o u s r e p o r t no t s i n c e
confirmed*) .

P i g m e n t a t i o n :  absent.12
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Semot i lus atromaculatus

6-10 mm Myomeres: 41 to 446 l2 (27 to 30' 5 6 l2 + 11 to
15 5 6 12 ) , u s u a l l y  4212 (2812 t o  2 9 5  +  12" t o  1412).

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 3  t o  65;s 6  I2
p r e d o r s a l  l e n g t h  4 2  t o  4 3 ; 5  o r  4 6  t o  47;' h e a d  l e n g t h
1 7  t o  2 0 ,  e y e  d i a m e t e r  8;~ l2 b o d y  d e p t h  a t  a n u s  1 0 ; 6

grea tes t  body  depth  17.12
Morphology:  mouth opened, poster ior  swim bladder chamber

f i l l e d , n o t o c h o r d  f l e x e d , caudal f i n  r a y s  f o r m i n g
(8.312 o r  9 . 3  t o  9 . 6  mm6).

P igmenta t ion :  eye  p igmented (8.2 mm; l2 2 to 3 days
posthatchinge);  m e l a n o p h o r e s  o n  s n o u t , i n t e r o r b i t a l
area and occiput;c  l2 t w o  d o r s a l rows a n t e r i o r  t o
f  i n fo ld , f u s e d  posteriorly12 o r rows c o n t i n u i n g  t o
tail;l m i d l a t e r a l  s t r i p e  o f  f e w  m e l a n o p h o r e s  a n t e r i o r l y
o r  mos t  o f  body  length;12 me lanophores  over y o l k  s a c
and s w i m  b l a d d e r ,  o n  u r o s t y l e ,  a n d  a m o n g  c a u d a l  f i n
rays, me lanophores  on  ven t ra l  m id l ine  a t  ch in ,  pos tana l
myomeres 6 a n d  a n t e r i o r  y o l k  sac;b t r i a n g l e  o f  p i g m e n t
v e n t r a l t o  heart;l t w o  r o w s  o n  l a t e r a l  m a r g i n s  o f  y o l k
s a c  i n  v e n t r a l  view.12

LARVAE

T o t a l  I e n g t h D e s c r i p t i o n
9-15 mm Myomeres: 38 to 44' l2 (25 to 29 + 11 to 15) ;5 6 I2

usually 41 to 42 (27 to 28 + 12 to 14)." l2
Morphometry:  (as % TL) preanal length 59;’ 61 to

66; 5 6 12
predorsa l length 43 to 50;" 5 c I2 head

length 1 9  t o  2 4 ,  e y e  d i a m e t e r  7  t o  8;s 6  l2 g r e a t e s t
body depth 17 to 20;3 l2 body depth at anus 10 to
14. 3 6

Morpho logy :  yo lk  absorbed (9.2’2 to 9.6 mm6) ; pectoral
rays forming (9.8 mm) ;12 f i r s t  d o r s a l  a n d  a n a l  f i n  r a y s
fo rm ing  (10  to  12  mm) ,  pe lv i c  buds  p resen t (14 to 15
mm) ; 6 l2 max i l l a  reach ing  eye ,  med ian  f ins  comp le te  (14
to 15 mm);3  6

Pigmenta t ion :  e longate s p o t  o n  t i p  o f  u r o s t y l e  ( 1 0  t o  1 1
m m ) ; 6  do rsa l  p igmenta t ion  da rk  and  un i fo rm, m i d l a t e r a l
s t r i p e wide, ex tend ing  on to  head and snout ,  inc lud ing
premaxi l lary and dentary bones (11 to 13 mm), dark spot
on caudal  peduncle (13 to 1 4  m m ) ; 3  6  l2 m e l a n o p h o r e s
along a l l  f i n  r a y s 3  ( 1 4 . 2  mm);12 b o d y  b e l o w  m i d l a t e r a l
s t r ipe  w i thou t  me lanophores , pa i red  midven t ra l  pos tana l
r o w  o f melanophores, melanophores concen t ra ted in
a n t e r i o r  d o r s a l  f i n  b a s e  ( 1 4 . 0  mm).j

15-23 mm Myomeres: 40 t o 43 (26 t o 29 + 12 t o 15);' k2 u s u a l l y 40
(27 + 13);12 o r  4 2  ( 2 7  +  15)."
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M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 5  t o  64;’ l2
predorsal l e n g t h  4 5  t o  4 9 ,  p r e p e l v i c  l e n g t h  44;” h e a d
l e n g t h  2 1  t o  2 3 ,  e y e  d i a m e t e r  6  t o  7;’ l2 g r e a t e s t  b o d y
d e p t h  1 2  t o  15;’ body  depth  a t  anus  12  to  16.12

M o r p h o l o g y :  a l l  f i n  r a y s  c o m p l e t e  ( 1 9 . 2  t o 2 3 . 0 ) ,
squamat ion  s ta r ted ,  a l l  f i n fo lds  absorbed  (23 .0  mm) .6

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
28-34 mm Morphometry:  (as % TL) preanal  length 58,  head length 23,

ADULTS

eye d iameter  7 ,  g rea tes t body  depth  20.’
Morphology: squamation camp 1 ete (33.5 mm) .(

F in  r ays : cauda l  19 ; *  do rsa l  8  (8  to  9 ) ,
t o  1 7  ( 1 3  t o  1 8 ) ,  p e l v i c  8.2

a n a l  8  ( 7  t o  9 ) ,  p e c t o r a l  1 5

Ver tebrae : 42  to  43  (39  to  44)  ( inc lud ing  Weber ian  ver tebrae)  . 2

L a t e r a l  l i n e  s c a l e s :  5 3  t o  6 1 . 2

P h a r y n g e a l  t e e t h :  2 , 5 - 4 , 2  2 , 4 - 4 , 2  2 , 4 - 5 , 2 . 2

D i a g n o s t i c  c h a r a c t e r s :  b l a c k  s p o t  o n  b a s e  o f  a n t e r i o r  t h r e e  d o r s a l  f i n
rays , l a t e r a l  l i n e  s c a l e s  5 3  t o  6 1 ,  s u b t e r m i n a l  m a x i l l a  b a r b e l
u s u a l l y  p r e s e n t  ( o f t e n  a b s e n t  o n  o n e  o r  b o t h  s i d e s  i n  j u v e n i l e s ) ,
p r e m a x i l l a e  p r o t r a c t i l e ,  d o r s a l  f i n  s h o r t  ( e i g h t  r a y s ) .
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1. Becker (1976)
2 . Scott and Crossman (1973)
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Loos  e t  a l .  (1979)
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Perry and Menzel (1979)
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14. Embody (1914)
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Semot i lus atromaculatus

F i g .  1 3 3 . Semot i l us  a t romacu la tus ,  c reek  chub . A  and  B .  Yo lk -sac  la rvae .
C. Larva. (A and B, laboratory-reared, Pennsylvania, Buynak and Mohr 1979e;
C, l a b o r a t o r y - r e a r e d ,  M a r y l a n d ,  L o o s  e t  a l .  1 9 7 9 ) .
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Semot i lus atromaculatus

B 9.7 mm

C 11.8 mm

F i g .  1 3 4 . S e m o t i l u s  a t r o m a c u l a t u s ,  c r e e k  c h u b .  A - C . Larvae. (A and B,

w i l d - c a u g h t , Wisconsin, Kranz et al. 1979; C, l a b o r a t o r y - r e a r e d ,

Pennsylvania, Buynak and Mohr 1979e).
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Semot i lus atromaculatus

14.0 mm

B 23.0 mm

Fig .  135 . S e m o t i l u s  a t r o m a c u l a t u s ,  c r e e k  c h u b .  A . L a r v a .  B .  J u v e n i l e .
(A, w i l d - c a u g h t ,  L a k e  E r i e  t r i b u t a r y , Fish 1932; B ,  w i ld -caught ,  K ranz  e t
a l . 1979) .
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S e m o t i l u s  c o r p o r a l i s

S e m o t i l u s  c o r p o r a l i s  ( M i t c h i l l ) ,  f a l l f i s h

DISTRIBUTION

T h i s  e a s t e r n  m i n n o w  i s  r e s t r i c t e d ,  i n  t h e  G r e a t  L a k e s  r e g i o n ,  t o  t h e
n o r t h e a s t e r n  s h o r e  o f  L a k e  O n t a r i o  a n d  i t s  t r i b u t a r i e s . ’

SPAWNING SEASON

S p a w n s  f r o m  l a t e  A p r i l  t o  mid-May.’ 6  7  a

SPAWNING TEMPERATURE

Spawning a c t i v i t i e s b e g i n  a t temperatures near  14  C.’ Successful
spawning coincides with minimum temperatures of  17 C."

SPAWNING HABITAT

S p a w n s  i n  s t r e a m s  o r  s h a l l o w  m a r g i n s  o f  l a k e s , 5  a p p r o x i m a t e l y  0 . 5  m
deep. 6

SPAWNING SUBSTRATE

Eggs a r e  d e p o s i t e d in a mound nest of grave1.l  3 6 8 lo Nests  vary
from 0 .3 t o 1.8 m in diameter and 10 t o 91 cm h igh . ‘ - 6 * lo

FECUNDITY

2 , 0 0 0  t o  12,OOO.l

NATURAL HYBRIDS

N o t r o p i s  c o r n u t u s . 1 o

EGGS

D e m e r s a l ,  a d h e s i v e ’  o r  n o n a d h e s i v e ; ’  ’ d i a m e t e r  2 . 6  t o  3  mm;l 2  y o l k
ye l low, o i 1 g l o b u l e  a b s e n t ; 2  i n c u b a t i o n p e r i o d : 7 t o 9 days a t 13 t o
18 c;' 138 t o 144 hours (6 days) as 17 C.l

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6.8-7.5 mm N e w l y  hatched.l  2  9

Morpho logy :  pec to ra l  buds absent;l ’ head f l e x e d over
bu lbous  yo lk  sac .9

P i g m e n t a t i o n :  absent.l 9

7-11 m m Myomeres :  41  to 45  (30  to 32 + 11 to 15), u s u a l l y 43 (30
+  13);' p r e a n a l myomeres 2 8  t o  29.3

Morphometry:  (as % TL) preanal  length 69,  head length 17,
eye diameter 8, g r e a t e s t body depth 20 .9
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Semoti lus corporal  is

LARVAE

T o t a l  l e n g t h
1O-15 rnr

15-22 mm

JUVENILES

T o t a l  l e n g t h
26-33 nii-

M o r p h o l o g y :  p e c t o r a l  b u d s  f o r m e d  ( 7 . 4  m m ) ; 9  c a u d a l  a n d
pec to ra l f i n  rays  fo rm ing ,  mouth  opened ,  sw im b ladder
i n f l a t i n g ,  n o t o c h o r d  f l e x e d  ( 9  t o  1 0  mm;’ o r  1 0 . 5  mm’).

P igmenta t ion :  eye , occiput  and nape pigmented ( 9 . 3  mm),
me lanophores  f rom pec to ra l  buds ,  over  yo lk  sac ,  to  anus
( 1 0 . 5  mm);’ double row of  melanophores on dorsal  and

v e n t r a l  s u r f a c e s , s i n g l e  m i d - l a t e r a l  r o w  ( 9 . 0  t o  1 0 . 0
mm) . 1

D e s c r i p t i o n
Myomeres :  41  to  44  (29  to  31  +  10  to  14) ,  usua l l y  42  (30

+ 12).9
Morphometry:  (as % TL) preanal  length 64,  head length 21,

eye  d iameter  8 ,  g rea tes t  body  depth  16 .9
M o r p h o l o g y :  y o l k  a b s o r b e d  ( 9 . 0 1  t o  9 . 7  mm;’ a t  5  d a y s

P o s t h a t c h i n g  a t 1 7  Cl);  c a u d a l ,  d o r s a l ,  a n a l  a n d
p e c t o r a l  f i n  r a y s  f o r m e d  ( 1 2 . 2  m m ) ; 9  a l l  a n a l  f i n  r a y s
formed (14.0 mm) ; l p e l v i c  b u d s  p r e s e n t  ( 1 4 . 0 1  o r  1 5 . 6
mm’)  .

P igmenta t ion : two  p redorsa l  rows  o f melanophores, fused
p o s t e r i o r l y , i n t e r n a l med ian  p redorsa l row present,
m id la te ra l  row and  row a long  s ides  o f .  gu t  to anus and
on ventra l  edge of  postanal  myomeres,  few melanophores
on venter of  head and gut (13.4 mm) ;9 caudal spot
p r e s e n t  (12.0,l  14.Bs o r  1 6 . 7  m m 2 ) ;  l a t e r a l  s t r i p e
w i d e r  t h a n  e a r l i e r  s t a g e  ( 1 4 . 0  t o  1 5 . 6  m m ) . ’  9

Myomeres: 40 to 42 (29 to 31 + 1
+ 12).9

Morphometry: (as % TL) preanal 1
eye  d iameter  8 ,  g rea tes t  body

M o r p h o l o g y :  f i r s t  s c a l e s  f o r m i
complete (18.0 to 20.1 mm) .l 9

1 to

ength
depth
n g  (

12) ,  usua l l y  41 (29

59, head length 23,
17.9

1 8  mm);1 f i n rays

P igmenta t ion :  dorsa l  p igmenta t ion  un i fo rmly  dark (17 to
18 mm).9

D e s c r i p t i o n
Morphometry:  (as % TL) preanal  length 58,  head length 21,

eye  d iameter  7 ,  g rea tes t  body  depth  18.~
Morphology:  squamat ion complete (33 mm).’
P igmenta t ion :  cauda l  spo t  fad ing  (65  to  75  mm).l

ADULTS

F in rays: caudal 19;)‘: dorsal 8, anal 8 (7 t o 9 ) , pec to ra l 16 t o 18,
p e l v i c 8 t o  9.4

Ver tebrae : 4 3  ( 4 2  t o  4 4 )  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’
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S e m o t i l u s  c o r p o r a l i s

L a t e r a l  l i n e  s c a l e s :  4 3  t o  50.’

P h a r y n g e a l  t e e t h :  2 , 5 - 4 , 2  2 , 4 - 5 , 2  2,4-4,2.’

D i a g n o s t i c  c h a r a c t e r s :  p i g m e n t  o n  a n t e r i o r  f i e
l i n e s c a l e s  4 3  t o  5 0 ,  s u b t e r m i n a l  m a x
p r e m a x i l l a e  p r o t r a c t i l e ,  d o r s a l  f i n  s h o r t  ( e

LITERATURE CITED
1. Reed (1971)
2. B. C. Victor (pers.  Comm.)

z:
Loos  e t  a l .  (1979)
Scott and Crossman (1973)

5 . Adams and Hankinson (1928)
6 . Wilson (1907)

d  o f  s c a l e s , l a t e r a l
l l a r y  b a r b e l p r e s e n t ,

ight rays) .

;:
Atk ins  (1905)
Raney (1969a)

9 . Buynak and Mohr (1979e)
10. Raney (1940b)
11. E. B. Brothers (pers. Comm.)

c a .  6 . 0 m m

9.3 mm

Fig .  136 . Semot i lus corpora l  i s , f a l I f i s h . A. Y o l k - s a c  l a r v a ,  n e w l y
hatched. B.  Yo lk -sac l a r v a . (A ,  labora to ry - reared ,  New York ,  pho tograph
by B. C. V i c t o r ,  d e l i n e a t e d  b y  L .  A . F u i m a n ;  B , l a b o r a t o r y - r e a r e d ,
Pennsylvania, Buynak and Mohr 1979e).
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B 13.4 mm

Fig. 137. S e m o t i l u s  c o r p o r a l i s ,  f a l l f i s h .  A  a n d  B .  L a r v a e .  ( A ,  l a b o r a t o r y -
reared, Maryland, Loos e t  a l .  1 9 7 9 ; B ,  l a b o r a t o r y - r e a r e d ,  P e n n s y l v a n i a ,
Buynak and Mohr 1979e).



S e m o t i l u s  c o r p o r a l i s

dorsa l

A 16.8 mm

v e n t r a l

B 20.1 mm

F i g .  1 3 8 . S e m o t i l u s  c o r p o r a l i s ,  f a l l f i s h .  A .  L a r v a . B.  Juven i le .  (A  and
B,  labora to ry - reared ,  Pennsy lvan ia ,  Buynak  and Mohr  1979e) .
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Semot i lus  margar i ta

Semot i l us  margar i ta  (Cope) ,  pear l  dace

DISTRIBUTION

T h i s  s p e c i e s  o c c u r s  i n  m o s t  d r a i n a g e s  o f  t h e  G r e a t  L a k e s ,  e x c e p t
s o u t h e r n  p o r t i o n s  o f  L a k e s  E r i e  a n d  M i c h i g a n . '  s I n  L a k e  M i c h i g a n ,  i t
i n h a b i t s streams a n d  l a k e s  o f  t h e  n o r t h e r n  d r a i n a g e , s o u t h  t o
Milwaukee, Wisconsin and the Grand River,  Michigan.l

SPAWNING SEASON

Spawns f rom Apr i l  to  June in  Wiscons in '  and  Mich igan .2

SPAWNING TEMPERATURE

Spawns at temperatures between 17 and 18 C.2

SPAWNING HABITAT

Spawns in streams approximately 4.5 m wide and at  46 to 61 cm depth.2

SPAWNING SUBSTRATE

Spawns over sand to coarse gravel .2

FECUNDITY

9 1 3  t o  2 , 1 4 0 . 2  3

NATURAL HYBRIDS

Possibly Couesius plumbeus. '

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .
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Semot i lus  margar i ta

ADULTS

F in rays :  cauda l  19 ; *  dorsa l 8 (7 t o 8 ) , anal 8 (7 t o 8) 9 pec to ra l 15
t o 1 6  ( 1 4  t o  1 9 ) ,  p e l v i c  8 (8 t o 9) .’

Ver tebrae : 3 8  t o  4 0  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  6 6  t o  7 2 ,  v a r i a b l e . ’

P h a r y n g e a l  t e e t h :  2 , 5 - 4 , 2  2 , 4 - 4 , 2  2,4-4,l.’

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  a n d  a n t e r i o r  f i e l d  o f  s c a l e s  w i t h o u t
spots , l a t e r a l l i n e scales 6 5  t o  7 5 ,  m a x i l l a  s o m e t i m e s  w i t h
sub te rm ina l  ba rbe l , p r e m a x i l l a e  p r o t r a c t i l e ,  d o r s a l  f i n  s h o r t  ( e i g h t
rays) .

LITERATURE CITED
1. Becker (1976)

::
Langlois (1929)
Fava and Tsai (1974)

4 . Scott and Crossman (1973)
Hubbs and Lagler (1958)
Wells (1981)
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Catostomidae

Family Catostomidae, suckers

BY

Lee A. Fuiman

There  a re  approx imate ly  65  spec ies  o f  ca tos tomids  in 1 1  g e n e r a .  A l l
species (except o n e  A s i a t i c  f o r m )  o c c u r  i n  N o r t h  A m e r i c a . In the Great
Lakes region, there may be as many as 18 species,  al l  except one (Carpiodes
c a r p i o )  h a v e  b e e n  r e p o r t e d  f r o m  t h e  L a k e  M i c h i g a n  b a s i n . S u c k e r s  a r e
m o d e r a t e  t o l a r g e  f i s h e s  a n d  u s u a l l y  h a v e  f l e s h y  l i p s  a r o u n d  a n  i n f e r i o r
mouth. T h e  a n a l  f i n  i s  f a r  p o s t e r i o r  w h i c h  s e p a r a t e s  t h e m  f r o m  n a t i v e
c y p r i n i d s . Suckers  a re  mos t l y  ben thon ic  f i shes  o f  lakes  and  s t reams,  wh ich
f e e d  o n  i n v e r t e b r a t e s . Most suckers ascend streams to spawn over a gravel
s u b s t r a t e  i n  t h e  s p r i n g .

Catostomid eggs are demersal, of  moderate s ize (between 1.5 and 3.5
mm) and l a c k  o b v i o u s  s c u l p t u r i n g  o r  m o d i f i c a t i o n  o f  t h e  c h o r i o n . Yo l k  i s
g r a n u l a r  a n d  c o n t a i n s  n o  d i s t i n c t  o i l g l o b u l e s . L a r v a e  h a t c h  a t  s i z e s
b e t w e e n  5  a n d 10 mm TL and spend the f i rst  several  days among the gravel
s u b s t r a t e . T h e  l o n g  p r e a n a l  l e n g t h  r e l a t i v e  t o  t o t a l  l e n g t h  ( g r e a t e r  t h a n
65%) i s  d i a g n o s t i c  o f  t h i s  f a m i l y ,  a s  w e l l  a s  t h e  c o r e g o n i d s .  T h e  l a t t e r
have large melanophores along the gut ,  more myomeres and are considerably
l a r g e r a t  a  g iven  deve lopmenta l  s tage . Larger Coregonid larvae develop an
a d i p o s e  f i n  w h i c h  i s  l a c k i n g  i n  s u c k e r s .

Prov is iona l  Key  to  Lake Mich igan Catos tomid  Larvae

T h e  f o
encountered

l l o w i n g  k e y inc ludes 1 0  s p e c i e s  w h i c h  a r e l i k e
in  the  waters  o f  the  Lake Mich igan bas in . They are:

c y p r i n u s , Catostomus c a t o s t o m u s ,  C . commersoni, Erimyzon

y to be
Carpiodes
oblongus,

i,,,;;f;tzt H;;;;;elium n i g r i c a n s , I c t i o b u s n i g e r , Minytrema melanops,
,  and M. macrolepidotum. T h e  r e m a i n i n g  e i g h t  s p e c i e s

o f  ca tos tomids  a re  known f rom o ld  o r  unver i f i ed  records  f rom Lake  Mich igan ,
occur i n o ther a r e a s  o f t h e  G r e a t  L a k e s  r e g i o n  o r  t h e i r  l a r v a e  a r e
undescr ibed.

1a. Preanal myomeres 32 or less . . . . . . . . . . . . . . . . . . . . 2

b. Preanal myomeres 33 or more . . . . . , . . . . . . . . . . . . . . 6

2 a .  P i g m e n t a t i o n  d a r k  a l l  o v e r : m iddorsa l  p igment - f ree  space  on o c c i p u t
(greater than 8 mm TL) . . . . . . . . . . . . . . . . . . . . . . 3

b .  P i g m e n t a t i o n  l i g h t e r ; occiput with scattered pigment . . . . . . . 4

3a. Preanal myomeres 23 or less . . . . . . . . . . . . Er imyzon sucetta
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b. Preanal myomeres 30 or more . . . . . . . . . . . . Erimyzon oblongus

4a. Preanal length long (86% TL at 4 to 7 mm TL, 79% at 8 to 11 mm, 67%
at 11 to 24 mm). . . . . . . . . . . . . . . . . . Minytrema melanops

b. Preanal length short (70% TL at 5 to 13 mm TL, 65% at 13 to 19 mm)..
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5 a .  D o r s a l  p r o f i l e  o f  h e a d  f l a t t e n e d ; e y e  e l l i p t i c a l  ( g r e a t e r  t h a n 8 mm
TL). . . . . . . . . . . . . . . . . . . . . . . . . Carpiodes cyprinus

b .  D o r s a l  p r o f i l e  o f  h e a d  c o n v e x ;  e y e  r o u n d .  .  .  .  .  .  .  .  I c t i o b u s  n i g e r

6a. Preanal myomeres few (33 to 35) ; p r o m i n e n t  d o r s a l  p i g m e n t a t i o n
r e s t r i c t e d  t o  s i n g l e  m i d d o r s a l  r o w  o f  m e l a n o p h o r e s .  .  .  .  .  .  .  .  .  .
. . . . . . . . . . . . . . . . . . . . . . . . . . Minytrema melanops

b .  P reana l  myomeres  usua l l y  more  numerous  (33  to  39 ) ;  p rominen t  do rsa l
p i g m e n t a t i o n  i n  t w o  o r  t h r e e  r o w s  o r  u n i f o r m  o v e r  d o r s u m .  .  .  .  .  .  7

7 a .  P o s t e r i o r s w i m  b l a d d e r c h a m b e r  l o n g ,  h o r i z o n t a l  l e n g t h  o f  a n t e r i o r
chamber  en te rs  tha t  o f  pos te r io r  chamber  more  than  3 .2  t imes .  .  .  .  .
. . . . . . . . . . . . . . . . . . . . . . . . Catostomus commersoni

b .  P o s t e r i o r  s w i m  b l a d d e r  c h a m b e r  s m a l l ,  h o r i z o n t a l  l e n g t h  o f  a n t e r i o r
chamber e n t e r s  t h a t  o f  p o s t e r i o r  c h a m b e r  l e s s  t h a n  3 . 2  t i m e s ,  o r  t w o
chambers not developed. . . . . . . . . . . . . . . . . . . . . . . 8

8a .  Eye  la rge , d i a m e t e r  g r e a t e r  t h a n  4 6 %  o f  h e a d  l e n g t h  u n t i l  f i r s t
caudal f i n r a y s  f o r m ; c e n t r a l caudal f i n rays unpigmented when
complete; me lanophores  o f  do rsa l  f i n  p resen t  on ly  a long  lead ing edge
(at about 17 mm TL). . . . . . . . . . . . . . . Hypentelium nigricans

b .  E y e  s m a l l , d i a m e t e r  l e s s  t h a n  4 6 %  o f  h e a d  l e n g t h  u n t i l  f i r s t  c a u d a l
f i n  r a y s  f o r m ;  c e n t r a l caudal f i n r a y s  p i g m e n t e d  w h e n  c o m p l e t e ;
d o r s a l  f i n  p i g m e n t  a b s e n t  o r  n o t  c o n f i n e d  t o  l e a d i n g  e d g e  o f  f i n .  .  9

9 a .  T o t a l  m y o m e r e s  ( i n c l u d i n g  o c c i p i t a l and  u ros ty la r  segments )  46  o r
more;  body s lender, dep th  a t  anus  re la t i ve  to  head  leng th  sma l l (48%
o f head l e n g t h  a t 12 mm TL, 34% at 13 mm, 42% at 18 mm).
(Catostomus). . . . . . . . . . . . . . . . . . . . . . . . . . . .10

b .  T o t a l  m y o m e r e s  4 5  o r  l e s s ;  b o d y  r o b u s t ,  d e p t h  a t  a n u s  r e l a t i v e  t o
head leng th large (ca.  62% of  head length at  11 mm TL, 46 to 53% at
13 to 14 mm , 42 to 50% at 15 to 18 mm) (Moxostoma). . . . . . . . 11
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10a .  Fo r  l a rvae  less  than  13  mm TL  ( fo r  l a rge r  spec imens ,  see  coup le t  7 ) :
dorsa l p i g m e n t a t i o n  a n t e r i o r  t o  m e d i a n  f i n f o l d  i n  t h r e e  r o w s .  .  .  .
. . . . . . . . l . . . . . . . . . . . . . . . Catostomus commersoni

b .  F o r  l a r v a e  l e s s  t h a n  1 3  m m  T L :  d o r s a l p igmenta t ion in a s i n g l e ,
median row. . . . . . . . . . , . . . . . . . . Catostomus catostomus

11a.  Tota l  myomeres ( i n c l u d i n g o c c i p i t a l and  u ros ty la r  segments )  43  o r
more;  preanal  myomeres 36 or more.  .  .  .  .  .  Moxostoma macrolepidotum

b. Total  myomeres 42 or  less; preanal  myomeres 35 or  less. . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . Moxostoma erythrurum
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T a b l e  4 . Ranges  o f  p reana l  myomeres  ( - )  and  to ta l  ve r tebrae  (x ) among
G r e a t  L a k e s  c a t o s t o m i d s . Data  were  taken  f rom severa l  sources  c i ted  in
t h e  i n d i v i d u a l  s p e c i e s  a c c o u n t s .

Number of Preanal Myomeres

Species 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Catostomus catostomus I
- - - - - - - - - - - - -

I
xxxxxxxxxxx

Catostomus commersoni I
- - - - - - - - - - - - - - - -

I
xxxxxxxxxxx

Hypente l ium n ig r i cans I
- - - - - - - - - - - - - - - - - - - - - -

I

Moxostoma

Moxostoma

Moxostoma

Moxostoma

Moxostoma

Moxostoma

Minytrema

va lenc iennes i

macrolepidotum

xxxxxxxxxxx

xxxxxxxxxxx

I
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

I

ca r ina tum

ery th rurum

duquesnei

anisurum

melanops

Erimyzon oblongus

Ic t iobus  buba lus

I c t i o b u s  c y p r i n e l l u s

I c t i o b u s  n i g e r

Carp iodes  cypr inus

Carpiodes c a r p i o

C a r p i o d e s  v e l i f e r

Erimyzon sucetta

xxxxxxxxxxx

I
- - - - - - - - - - - - - - - -

I
xxxxxxxxxxx

I
- - - - - - - - - - - - - - - -

xxxxxxxxxxxxxx
- - - -

I I
xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

I
- - - - - - - - - - - - -

xxxxx

I
- - - - - - - - - -

I
xxxxxxxxxxx

I
- - - - - - - - - -

I
xxxxx

I
- - - - - - - - - -

I
xxxxxxxx

I
- - - - - - - - - -

I
xxxxxxxxxxx

- - - - - - - - - - - - - - - - - - -

xxxxxxxx
- - - - - - - - - - - - -

I
xxxxx

- - - - - - - - - -

xxxxx
I - - - - - - - 1

xxxxxxxxxxxxxx

34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

Total  Number of  Vertebrae
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Carp iodes  carp io  (Raf inesque) ,  r i ve r  ca rpsucker

DISTRIBUTION

T h e r e  i s  a  s i n g l e  r e c o r d  o f  t h i s  s p e c i e s  f r o m  t h e  G r e a t  L a k e s . The
specimen was co l lec ted  f rom the  Maumee R iver ,  Oh io ,  in  the  Lake  Er ie
d r a i n a g e . ’

SPAWNING SEASON

N o t  k n o w n  f o r  t h e  G r e a t  L a k e s  r e g i o n .  M i d - J u n e  t o  m i d - J u l y  i n  S o u t h
Dakota’  a n d  l o w a . 5

SPAWNING TEMPERATURE

Spawning occurs between 19 and 23 C,l 4  wi th the peak at 21 C.3

SPAWNING HABITAT

S p a w n s  o n t h e  b o t t o m  o f r i v e r s and some t r i b u t a r i e s , no t i n
r e s e r v o i r s . 3

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  o n  s i l t  o r  sand.S

FECUNDITY

R e p o r t s  o f  c a .  4 , 4 5 0  t o  149,,750’  z a n d  1 8 , 1 5 0  t o  1 9 5 , 7 0 0 . 3

EGGS

Demersal, adhes ive; ’  ’ d iamete r  1 .7  to  2 .1  mm,  mean  2 .1  mm,  yo l k  pa le
y e l l o w , o i l  g l o b u l e s  a b s e n t . 9

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.0-5.5 mm Newly hatched, mean 5.3 mm.9

Myomeres :  34  to  39  (27  to  31  +  5  to  10) ,  usua l l y  35  to  38
(29 to 30 + 6 to 9) .9

Morphometry:  (as % TL) preanal  length 73,  head length 18,
e y e  d i a m e t e r  8 , body depth at anus 8, (as % head
leng th )  eye  d iameter  41 ,  body  dep th  a t  anus  41 .9

Morpho logy :  head  de f lec ted ,  yo lk s a c  b u l b o u s , pec to ra l
buds  p resent . 9

Pigmenta t ion : eye  modera te ly  p igmented ,  m idven t ra l  s t r ipe
on yolk sac, s c a t t e r e d  m e l a n o p h o r e s  o n  l a t e r a l  y o l k
s a c . 9
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6-8 mm

LARVAE

T o t a l l e n g t h
8-16 mm

Myomeres: see 5.0-5.5 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  7 0  t o  7 3 ,  h e a d

leng th 17 to 18, eye diameter 7,  body depth at  anus 8,
(as % head length) eye diameter 36 to 41, body depth at
anus  43  to  45.'

Morphology: mouth open, h e a d  n o t  d e f l e c t e d  ( 5 . 6  m m ) ,
pos te r io r  sw im b ladder  chamber  i n f l a ted  (7 .7  mm) .9

Pigmenta t ion :  doub le  pos tana l  ven t ra l  row o f  me lanophores
(6 .0  mm) , t w o  d o r s a l  r o w s , scat tered melanophores on
top of  head, “ s t i t c h e d ”  m i d l a t e r a l  l i n e  p r e s e n t  ( 6 . 7  t o
7.5 mm),  dorsum of i n c i p i e n t  g u t  a n d  s w i m  b l a d d e r
pigmented (7.6 to 8.3 mm) .9

D e s c r i p t i o n
Myomeres: 34 t o 38 (28 t o 31 + 5 t o 9) , usual 1 y 35 (29 +

6) .9
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 8  t o  7 3 ,  h e a d

length 19 to 23, eye  d iameter  6  to  7 ,  body  dep th  a t
anus  9  to  11 ;9 (as % head length) eye d i a m e t e r  2 7  t o
36 ,  body  depth  a t  anus  46  to  50." 9

Morpho logy :  yo lk absorbed ( 7 . 7  t o 8 . 2  m m ) ,  s l i g h t
n o t o c h o r d  f l e x i o n  ( 8 . 4  t o  9 . 2  m m ) , f i r s t  c a u d a l f i n
rays  (9 .7  to  9 .9  mm) , d o r s a l  h e a d  p r o f i l e  f l a t t e n e d  a n d
angled downward, dorsa l f i n  o u t l i n e apparent,  head
p r o f i l e  w i t h  i n d e n t a t i o n  o v e r  e y e ( 1 0 . 2  m m ) ,  p e l v i c
b u d s  a p p a r e n t  u n d e r  m y o m e r e s 16 to 18 (12.3 mm),
anter ior  swim bladder chamber developing (12.5 mm) and
c o m p l e t e  ( 1 4 . 2  t o  1 4 . 6  m m ) ,  f i r s t  d o r s a l  f i n  r a y s
present and gut c o i l i n g  b e g i n s  ( 1 2 . 5  t o  1 3 . 4  m m ) ,
hypura ls c o m p l e t e  ( 1 3 . 0  m m ) , f i r s t  p e c t o r a l  f i n  r a y s
p r e s e n t  ( 1 3 . 8  t o  1 4 . 2  m m )  c a u d a l  f i n  c o m p l e t e  ( 1 4 . 2  t o
1 4 . 7  m m ) ,  f i r s t  a n a l f i n  r a y s  p r e s e n t  ( 1 5 . 6  t o  1 6 . 1
mm) , p e l v i c  f i n  r a y s  p r e s e n t  ( 1 6 . 9  m m ) ,  a n a l  f i n
complete (17.7 to 19.4 mm) .)

P igmenta t ion :  m idvent ra l l i n e  f r o m  p e c t o r a l f i n s  t o
c a u d a l  f i n  d i f f u s e  ( 7 . 7  t o  8 . 2  m m ) , v e n t r a l e d g e  o f
opercle pigmented (8.0 to 8.7 mm), sides of gut
pigmented, melanophores on hypochordal caudal f  i n fo ld
( 8 . 5  m m ) ,  h e a r t and  fo regu t  a reas  l i gh t l y  p igmented ,
p o s t a n a l  v e n t r a l  p i g m e n t  i n  d o u b l e  r o w , pec to ra l f i n
b a s e  w i t h s i n g l e la rge me lanophore ,  g i l l  a rches  and
snout pigmented, c a u d a l  f i n  p i g m e n t e d  t o  e d g e  ( 1 1 . 6  t o
12.7 mm) .9

16-23 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 9  t o  6 5 ,  h e a d
leng th 24, eye diameter 6 t o 7, body depth a t anus 12
to 15, (as % head length) eye diameter 26 to 28, body
depth at anus 5 0  t o  6 2 . 9
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Morpho logy :  do rsa l  (19 .1  to  19 .3  mm) , p e l v i c  ( 2 0 . 9  t o
22 .8  mm)  and  pec to ra l  (22 .3  to  23 .1  mm)  f i ns  comp le te ,
mouth subterminal , squamat ion  beg inn ing  (20 .2  mm) ,  a l l
f i n f o l d s  a b s o r b e d  ( 2 2 . 8  t o  2 3 . 1  mm).’

P i g m e n t a t i o n :  m e l a n o p h o r e s  b e t w e e n  t w o  d o r s a l s t r i p e s
presen t ,  do rsa l  and  cauda l  f i ns  p igmented  to  edge ,  ana l
f i n  p a r t i a l l y  p i g m e n t e d . 9

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
23-48 mm Morphometry:  (23 to 25 mm TL, as % TL) preanal  length 59

to  60 ,  head leng th  23  to  24 ,  eye  d iameter  6 ,  body  dep th
a t anus  15 ,  (as  % head  leng th )  eye  d iameter  26  to  27 ,
body depth at anus 62 to 63.9

Morphology: squamation complete (31.8 to 34.0 mm) .9

P i g m e n t a t i o n :  l o w e r  j a w  h e a v i l y  p i g m e n t e d , p a i r e d  f i n s
unpigmented (to 48.2 mm) .)

ADULTS

F in rays : caudal 18, dorsal 24 t o 30, anal 7 t o 9, pec to ra l 15 t o 18,
p e l v i c  8  t o  10.’

Ver tebrae : 36  to  37  ( inc lud ing  Weber ian  vertebrae).s

L a t e r a l  l i n e  s c a l e s :  3 4  t o  36.8

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  l o n g  ( u s u a l l y  2 4  t o  2 7  r a y s ) ,  s c a l e s
large (34 to 36 in lateral series) , mouth i n f e r i o r , k n o b - l i k e
p r o j e c t i o n  o n  m i d d l e  o f  l o w e r  l i p , l e n g t h  o f  f i r s t  d o r s a l  f i n  r a y
l e s s  t h a n  h a l f  t h e  l e n g t h  o f  t h e  d o r s a l  f i n  b a s e .

LITERATURE ClTED
1. Behmer (1969) Hubbs and Lagler (1958)
2 . Buchholz (1957) Cross (1967)

1:
Jester (1972) 9. Yeager (1980)
Walburg and Nelson (1966)
Behmer (1967)
May and Gasaway (1967) -  da ta  f rom pho tographs  there in
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A 5.2 mm

7.6 mmB

C 8.3 mm

D 11.4 mm

E 15.1 mm

F i g .  1 3 9 .  C a r p i o d e s  c a r p i o ,  r i v e r  c a r p s u c k e r .  A .  Y o l k - s a c  l a r v a ,  n e w l y
h a t c h e d .  B . Yo lk -sac l a r v a .  C - E . Larvae. (A-E, l a b o r a t o r y - r e a r e d ,
Tennessee, Yeager 1980) .
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17.6 mm

B
21.1 mm

C 30.1 mm

Fig .  140 . Carp iodes  carp io , r i v e r carpsucker. A and B. L a r v a e .  C .

J u v e n i l e . (A-C, laboratory-reared, Tennessee, Yeager 1980).
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Carp iodes  cypr inus  (LeSueur ) ,  qu i l l back

DISTRIBUTION

Occurs  th roughout  the  Grea t  Lakes  excep t  Lake  Super io r .1 3 I n  L a k e
Mich igan, loca l i zed  popu la t ions  ex is t  in  the  lower  Green Bay  dra inage
and the Grand and Macatawa Rivers, Michigan. ’

SPAWNING SEASON

‘ S p a w n s  f r o m  l a t e  A p r i l  t h r o u g h  M a y  i n  I o w a ‘  a n d  t h r o u g h  m i d - J u n e  i n
P e n n s y l v a n i a . ’  A  p r o t r a c t e d  s e a s o n ( l a t e  J u n e through September)
ev idenced by  r ipe  adu l ts  has  been repor ted  fo r  sou thern  Ohio.z

SPAWNING TEMPERATURE

W a t e r  t e m p e r a t u r e s  d u r i n g  c o l l e c t i o n  o f  r i p e  a d u l t s  r a n g e d  f r o m  1 9  t o
2 8  c.2 Eggs were col lected between 10 and 20 C4 and at  22 C.3

SPAWNING HABITAT

Spawns i n  q u i e t  w a t e r s  o f  s t r e a m s ,  o v e r f l o w  a r e a s 6  a n d  l a r g e  r i v e r s . ’
Sometimes migrates upstream.lz

SPAWNING SUBSTRATE

N o t  s p e c i f i c . ’ S c a t t e r s  e g g s  o v e r  s a n d ,  m u d , 5  ‘ g r a v e l a n d  o r g a n i c
matter .I

FECUNDITY

15,235  to  63,779.’

EGGS

Demersal, a d h e s i v e ; ’  l4 o i l g l obu les a b s e n t ,  d i a m e t e r  2.0” t o  2 . 2
m m , 3  I4 y o l k  p a l e  y e l l o w . ’

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
5.5 mm Newly hatched.7

Myomeres: 33 to 34 (27 to 29 + 5 to 6) . 7

Morphometry:  (as % TL) preanal  length 70,  head leng;;s16i
e y e  d i a m e t e r  6 ,  g r e a t e s t  b o d y  d e p t h  1 3  t o  1 8 ,
head  leng th )  eye  d iamete r  36  to  39.’

Morpho logy :  pec to ra l b u d s  p r e s e n t ,  y o l k  c o n s t r i c t e d  n e a r
m i d d l e . 7

P igmenta t ion : eyes heavi ly pigmented, few melanophores on
o c c i p u t , melanophores scat tered on venter of y o l k sac
a n d  i n  a  s h o r t  p o s t a n a l  s e r i e s . 7
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5.7-7.0 mm Newly hatched, mean: 6.5 mm TL.”
Myomeres: 34 to 42 (28 to 32 + 5 to 11), modally 35, 36,

39 or 40 (28 to 31 + 6 to IO).“’
Morphometry:  (as % TL) preanal  length 73,  head length 17,

eye diameter 7, body depth at anus 8, (as % head
leng th )  eye  d iameter  42 ,  body  dep th  a t  anus  50."

M o r p h o l o g y :  h e a d  d e f l e c t e d  o v e r bulbous y o l k sac,
p e c t o r a l  b u d s  p r e s e n t . ”

P i g m e n t a t i o n :  y o l k  s a c  p i g m e n t e d  l a t e r a l l y  a n d  v e n t r a l l y ,
eye pigmented, severa l  l a rge  me lanophores  in te rna l l y  on
dorsum of  notochord.14

6-g mm Myomeres : u s u a l l y  3 8  t o  4 0  ( 3 0  t o  3 1  +  8  t o  9 )  r e m a i n i n g
unchanged w i th  s ize ;3 35 to 37 (28 to 29 + 7 to 9);’
see also 5.7-7.0 mm.

Morphomet ry :  (as  % TL)  p reana l  l eng th  70" 7  to  73;14  head
length 161' to 17; 3 ’ eye diameter 6 to 7;" 7 l4
grea tes t  body  depth  9;’ body  dep th  a t a n u s  7 , (as %
head length) e y e  d i a m e t e r  3 6 3  t o  37' o r  4 0  t o  42;”
body  depth  a t  anus  44 3  o r  48  to  50.“’

Morpho logy :  head s t ra igh t , n o t  d e f l e c t e d , mou th  open ,
y o l k  s a c t u b u l a r  ( 7 . 2  t o  7 . 9  m m ) ,  e y e  e l l i p t i c a l  ( 8 . 1
to 8.7 mm) .14

Pigmentat ion:  melanophores s c a t t e r e d  o n d o r s u m  o f
o c c i p u t , two long i tud ina l  s t r ipes  on  dorsum,  converg ing
at peduncle (6 to 7 mm; 3 7 or 7.9 to 8.1 mm”)  ;
m i d l a t e r a l  s t r i p e  p r e s e n t ’  l4 o r absent; 3 m idvent ra l
s t r i p e d i f f u s e , d i s t i n c t  p o s t a n a l v e n t r a l s e r i e s
present , m e l a n o p h o r e s  o v e r  y o l k  s a c  a n d  p r e s u m p t i v e
swim bladder (7.2 mm) .3 I4

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
8-13 mm Myomeres: 37 to 38 (28 to 29 + 8 to 10) ; 7 see al so

6-9 mm and 13-19 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  7 0  t o  7 1 ,  h e a d

length 16 to 20;3 7 I4 eye diameter 67 to 7;’ l’
g rea tes t  body  depth  12;’ b o d y  d e p t h  a t  a n u s  8  t o  9;’ I4
( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  30’ t o  4 0 ; 3  l4 b o d y

depth  a t  anus  41 3  to  48.14
M o r p h o l o g y :  y o l k  a b s o r b e d  ( 7 . 0 7  t o  8 . 1  m m 3  9  o r  9 . 1  t o

9.6 mm a t  8  days  posthatching14);  mouth  par ts  oss i f ied
and  pos te r io r  sw im b ladder chamber  deve loped  be tween
myomeres 6 and 11 (8.2 m m ; 3  o r 8 . 6  t o  9 . 2  mml’);
no tochord  f lexed ( 9 . 0  m m )  ; 3  7  h y p u r a l  e l e m e n t s  a n d
f i r s t  c a u d a l  f i n  r a y s  f o r m e d  ( 9 . 5  t o  9 . 7  m m ;3  o r  9 . 9  t o
1 1 . 0  mrnl’); a n t e r i o r s w i m  b l a d d e r  c h a m b e r  b e t w e e n
myomeres  5  and  7;” ( a t  9 .9  mm;3  o r  12 .0  to  13 .4  mml’);
mouth sometimes s u b t e r m i n a l  ( 1 2 . 0  m m )  ‘; f i r s t  d o r s a l
f in rays (12.5 mm) 3 7 at myomeres 15 and 16:3 b u t  s e e
13-19 mm.
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P igmenta t ion :  p igmenta t ion spreading l a t e r a l l y from
dorsum; 7 nar row,  m id la te ra l  s t r i pe  deve loped  (9 .0  mm) ,
l a t e r a l  l o n g i t u d i n a l  s e r i e s  o n i n t e s t i n e ; ’  I4 median
predorsa l  se r ies  p resen t  (9 .6  mm) ;3  upper  jaw ou t l i ned ,
ven t ra l  edge  o f  operc le  p igmented  (10 .2  to  11 .0  mm).“’

13-24 mm Myomeres: 34 to 37 (28 to 29 + 6 to 8) ; 7 34 to 42 (28 to
32 + 5 to 11);14  see 6-g mm.

Morphomet ry :  (as  % TL)  p reana l  l eng th  64' to  68 ;3  I4 head
length 18' to 23;3 l4 eye diameter 5 to 7;" 7 l4
g r e a t e s t  b o d y  d e p t h  13;' b o d y  d e p t h  a t  a n u s  63 o r  9  t o
12;” (as  % head  leng th )  eye  d iameter  28 7  to  29 3  o r  30
t o  33;" b o d y  d e p t h  a t  a n u s  4 4  t o  59.” I4

Morpho logy:  pe lv ic buds developed (12.0 to 13.2
mm);j  7 l4 below myomeres 1 6  t h r o u g h  19;” mouth
s u b t e r m i n a l  ( 1 2 . 0 ’  t o  14.2j m m ) ;  f i r s t  a n a l  ( 1 4 . 9  t o
15 .4  mm 7  o r  16 .4  to  16 .9  mm”)  and  dorsa l  (14 .2  to  15 .1
mm1 ‘) rays  fo rmed;  gu t  S-shaped,  mouth  in fe r io r , f i r s t
p e l v i c  f i n  r a y s formed (15 to 16 mm3 7 lo or 17.6 to
1 9 . 2  rnrnl’);  a l l m e d i a n  f i n  r a y s  f o r m e d (17 to 18
mm3 7 lo or 1 9 . 7  t o  2 0 . 6  mm”);  p e l v i c  ( 2 1 . 6  t o  2 2 . 3
mm) and pectoral  (22.8 to 23.9 mm) f in  rays complete.14

P igmenta t ion :  do rso- la te ra l  su r faces  un i fo rm ly  p igmented ,
sparse pigmentat ion below l a t e r a l l i n e , melanophores
a l o n g  d o r s a l , anal a n d  p e c t o r a l f i n r a y s  (13' t o

a n d  c a u d a l  f i n  r a y s ; ”  b r o a d
%;:YY;* ( 1 3

postanal band
mm) , al 1 f i n s  e x c e p t  p e l v i c  f i n s  w i t h

me lanopho res  (18  mm)  ;  3  i r regu la r double row of
melanophores on v e n t e r  o f gu t and a n a l  f i n ,  h e a v y
p i g m e n t a t i o n  v e n t r o - l a t e r a l l y  b e h i n d  p e l v i c  f i n s (19.7
mm) .14

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20-40 mm Myomeres: 33 to 35 (26 to 27 + 6 to 8);' a lso see 6-g mm.

Morphometry:  (as %  T L )  p r e a n a l  l e n g t h  56' o r  5 8  t o  64;14
head length 24’ l4 to 26;= eye diameter 7;' l1 I4
g r e a t e s t  b o d y  d e p t h  22;’ I1 b o d y  d e p t h  a t  a n u s  1211 t o
15;" ( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  27” t o  29;14
body  depth  a t  anus  4511 o r  57  to  62.14

Morpho logy :  a l l f i n f o l d s  a b s o r b e d (21 mm) , squamation
star ted (20 mm) ;’ l4 squamation complete (35 to 37
mm) .3 7 l4

P i g m e n t a t i o n !  s e v e n  t o n ine l a n g i t u d i n a l s t r i p e s  o n
s ides , v e n t r a l  p i g m e n t a t i o n  s p a r s e ,  s c a l e s  o u t l i n e d  o n
poster ior  edges (25 to 34 mm) .I4

ADULTS

F in rays : caudal 18 ; * dorsa l 25 t o 30, anal 7 t o 9;’ pec to ra l 16 t o
18;" p e l v i c  8  t o  1 0 . 5
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Carp iodes  cypr inus

Vertebrae: 38  to  40  ( inc lud ing  Weber ian  vertebrae).§

L a t e r a l  l i n e  s c a l e s :  3 5  t o  41.s

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  l o n g (25 to 30 rays) with very
e l o n g a t e  a n t e r i o r  l o b e  ( f i r s t  r a y  4  t o  6  t i m e s  l e n g t h  o f  l a s t  r a y ) ,
m o u t h  i n f e r i o r , n o  k n o b - l i k e  p r o j e c t i o n  o n  l o w e r  l i p .

LITERATURE CITED
1. Becker (1976)

::
Woodward and Wissing (1976)
Fuiman (1979a)

4 . Gale and Mohr (1976)
Scott and Crossman (1973)
Harlan and Speaker (1969)
Gerlach (1973)

8. Loos  e t  a l .  (1979)
9. Jones  e t  a l .  (1978)

10. Lippson and Moran (1974)
11. Fish (1932)
12. Madsen (1971)
13. Hubbs and Lagler (1958)
14. Yeager (1980)

6.5 mm

Fig .  141 . C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k . Y o l k - s a c  l a r v a , newly hatched.
(Laboratory-reared, Tennessee, Yeager 1980).
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Carpiodes cyprinus

dorsa l

v e n t r a l

C 8.9 mm

F i g .  1 4 2 . C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k . A and B. Y o l k - s a c  l a r v a e .  C .
L a r v a .  ( A , w i ld -caught ,  Pennsy lvan ia ,  Fu iman 1979a; B and C, l a b o r a t o r y -
reared Tennessee, Yeager 1980).
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Fig .  143 . C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k .  A  a n d  B .  L a r v a e .  ( A ,  l a b o r a t o r y -
reared, V i r g i n i a , Loos  e t  a l .  1979 ; B,  w i ld -caught ,  Pennsy lvan ia ,  Fu iman
1979a).



Carp iodes  cypr inus

A 11.4 mm

B 15.1 mm

Fig .  144 . Carp iodes  cypr inus , q u i l l b a c k . A-C. Larvae. (A and B,
labora to ry - reared ,  Tennessee , Yeager  1980 ;  C , w i l d - c a u g h t ,  P e n n s y l v a n i a ,
Fuiman 1979a).
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Carp iodes  cypr inus

17.8 mm

21.1 mm

Fig .  145 . C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k . A and B. Larvae. C.  Juven i le .

(A-C, laboratory-reared, Tennessee, Yeager 1980).
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Carp iodes  cypr inus

dorsa l

35.2 mm

v e n t r a l

F i g .  1 4 6 . C a r p i o d e s  c y p r i n u s ,  q u i l l b a c k . J u v e n i l e . (Labora to ry - reared ,
V i rg in ia ,  Fu iman 1979a) .
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C a r p i o d e s  v e l i f e r

C a r p i o d e s  v e l i f e r  ( R a f i n e s q u e ) ,  h igh f in  ca rpsucker

DISTRIBUTION

Th is  spec ies  may  no t  be  p resen t  in  the  Grea t  Lakes .1  Two records  f rom
southern and southwestern Lake Michigan are known.5

SPAWNING SEASON

Spawns in May in lowa,a l a t e  J u l y i n  M i s s o u r i 3  a n d  J u n e  t h r o u g h
September in Ohio. ’

SPAWNING TEMPERATURE

Water t e m p e r a t u r e s  d u r i n g  c o l l e c t i o n  o f  r i p e  a d u l t s  r a n g e d  f r o m  1 9  t o
2 8  c.4

SPAWNING HABITAT

Adu l ts  m ig ra te  to  sha l lows 2 or  spawn in  deep grave l l y  riff1es.j

SPAWNING SUBSTRATE

Deposi ts eggs among gravel .3

FECUNDITY

4 1 , 6 4 4  t o  62,355."

EGGS

Demersal ,  adhesive, d iameter  1.9 to 2.0 mm.7

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-9 mm Myomeres: 32 to 39 (25 to 29 + 5 to 11) ;7 s usually 35 to

37 (27 to 29 + 7 to 10) .”
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  7 0  t o  7 2 ; 7  8  h e a d

l e n g t h  1 7  t o  18;0 eye  d iameter  6  to  7;' 8  body  dep th  a t
anus 8;a (as % head length) eye diameter 36 to 43, body
depth  a t  anus  41  to  50.’

Morphology: head s l i g h t l y  d e f l e c t e d  o v e r  b u l b o u s  y o l k
sac, mou th  open ,  pec to ra l  buds  p resen t  (5 .6  mm) , head
s t r a i g h t , e y e  e l l i p t i c a l  ( 6 . 0  mm);O  y o l k  s a c  b i l o b e d ,
o i l  g l o b u l e  a b s e n t ,  e y e  p i g m e n t e d  ( 6  t o  7  m m ) mouth
t e r m i n a l , pos te r io r  sw im b ladder  chamber  p resen t  (7 .5
mm) .’ 8

Pigmenta t ion : e y e  p i g m e n t e d ,  o v a l  p a t c h  o f melanophores
on v e n t e r  o f y o l k  s a c , m i d l a t e r a l  s t r i p e  p r e s e n t  ( 6
mm), hear t -shaped pa t te rn  over  h indbra in ,  doub le  row o f
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C a r p i o d e s  v e l i f e r

melanophores on dorsum (7 to 8 mm), eye pigmented, oval
pa tch  o f  me lanophores  on  ven te r  o f  yo lk  sac ,  m idven t ra l
row present on caudal  peduncle. ’

LARVAE

Tota l l e n g t h D e s c r i p t i o n
7-20 mm Myomeres: 32 to 38 (26 to 29 + 6 to lO);7 see 5-9 mm.

Morphometry:  (as % TL) preanal  length 64,  head length 26,
eye  d iameter  7.’

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 7  t o  9  m m ) ,  f i r s t  c a u d a l  ( 9
mm) , d o r s a l , pectoral  (10 mm),  anal  (11 mm),  and pelv ic
(12 mm) f in rays formed, pelv ic buds developed (10 mm),
g u t c o i l e d (12  mm) ,  f  i n fo lds  absorbed  (17  mm) ,  f i r s t
scales formed (19 mm) .‘)

P igmenta t ion :  doub le  row o f  me lanophores  on  dorsum (15
mm) and m i d l a t e r a l  s t r i p e  ( 1 6  m m )  i n d i s t i n c t ,  v e n t r a l
row on each side of  anal f i n  j o i n e d w i t h  m i d v e n t r a l
pedunc le  row,  do rsum o f  gu t  p igmented ,  b reas t  and  be l l y
pigment r e s t r i c t e d (7 to 10 mm) or absent (10 mm),
melanophores in  caudal  (9 mm),  dorsal  (12 mm) and anal
(16  mm)  f i ns  sca t te red .7

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
20-57 mm Morphometry:  (as % TL) preanal  length 57,  head length 26,

eye  d iameter  7.’
Morphology:  a l l  scales formed (20 mm) .’
P i g m e n t a t i o n :  p e c t o r a l  ( 3 6 mm) and peIvic (37 to 57 mm)

f ins  p igmented .7

ADULTS

F in rays : caudal 18 ; * dorsa l 23 t o 30, anal 7 t o 9;’ 8 pec to ra l 14 t o
18;~ * p e l v i c 8 t o 10.‘ 8

Ver tebrae :  35  to  36  ( inc lud ing  Weber ian  ver tebrae) .6

L a t e r a l  l i n e  s c a l e s :  3 3  t o  35.’

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l f i n  l o n g  ( 2 3  t o  2 7  r a y s ) ,  s c a l e s  l a r g e
( 3 3  t o  3 5  i n  l a t e r a l  s e r i e s ) ,  m o u t h  i n f e r i o r , k n o b - l i k e  p r o j e c t i o n
on m i d d l e  o f  l o w e r  l i p ,  f i r s t  d o r s a l  f i n  r a y  g r e a t e r  t h a n  l e n g t h  o f
d o r s a l  f i n  b a s e .

LITERATURE CITED
1. Becker (1976)
2 . Harlan and Speaker (1969)

43:
Pflieger (1975)
Woodward and Wissing (1976)

Hubbs and Lagler (1958)
Cross (1967)
J. W. Wiltz (pers. Comm.)
Yeager (1980)
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C a r p i o d e s  v e l i f e r

7.2 mm

C
8.0 mm

E 11.5 mm

Fig .  147 . C a r p i o d e s  v e l i f e r , h i g h f i n  c a r p s u c k e r . A  and  B .  Yo lk -sac  la rvae .

C-E. Larvae. (A-E ,  labora to ry - reared ,  Arkansas ,  Yeager  1980) .
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C a r p i o d e s  v e l i f e r

A 16.2 mm

B 18.8 mm

29.3 mm

F i g .  1 4 8 . C a r p i o d e s  v e l i f e r ,  h i g h f i n  c a r p s u c k e r . A and B. Larvae. C.
J u v e n i l e . (A-C,  labora to ry - reared ,  Arkansas ,  Yeager  1980) .
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Catostomus catostomus

Catostomus catostomus (Forster) ,  longnose sucker

DISTRIBUTION

Throughou t  the  Grea t  Lakes  reg ion ,  occur r ing  p r imar i l y i n t h e  l a k e s
proper.lO Common a long  the  shores  o f  Lake  Mich igan  and en te r ing  i t s
t r i b u t a r i e s  d u r i n g  s p a w n i n g . '

SPAWNING SEASON

S p a w n s  i n  e a r l y  M a y  i n  n o r t h e r n  L a k e  H u r o n , '  m i d - A p r i l t o  M a y i n
weste rn  Lake  Super io r . *

SPAWNING TEMPERATURE

Spawning i s t r i g g e r e d at 5 C.6 Spawning occurs between 10 and 15
C-4 5 6 7 8

SPAWNING HABITAT

Spawns pr imar i l y  in  streams,'O  15  to  30  cm deep.l Occas iona l l y  spawns
over  sha l low ree fs  in  lakes .  7  9

SPAWNING SUBSTRATE

Usua l l y  spawns  over  modera te ly  s ized ,  0 .5  to  10  cm,  g rave l .6

FECUNDITY

14,000~ t o  60,000.~

NATURAL HYBRIDS

Rarely Catostomus commersoni.13

EGGS

Demersal, n o n a d h e s i v e ,  l a c k i n g  o i l  g l o b u l e s , d iamete r  3  mm,  yo lk  l i gh t
y e l l o w ; 3 i ncubat ion  per iod :  8  days  a t  15  C,  11  days  a t  10  C.6

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
8 mm Newly hatched,3 n o t  d e s c r i b e d  f u r t h e r .

1O-13 mm Myomeres :  usua l l y  46  to  48  (37  to  39  +  8  to  10) . z

Morphometry:  (as % TL) preanal  length 75,  head length 16,
e y e  d i a m e t e r  7 ,  b o d y  d e p t h  a t  a n u s  8 , (as % head
leng th )  eye  d iameter  42 ,  body  dep th  a t  anus  48.'
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Catostomus catostomus

M o r p h o l o g y :  y o l k  s a c  t u b u l a r ( 9 . 9  m m ) ,  m o u t h p a r t s
o s s i f i e d (11.4 mm), n o t o c h o r d  f l e x e d  ( 1 1 . 9  m m ) ,
p o s t e r i o r  s w i m  b l a d d e r  c h a m b e r i n f l a t e d  ( 1 2 . 2  m m ) ,
h y p u r a l  e l e m e n t s  a n d  f i r s t  c a u d a l  f i n  r a y s  f o r m e d  ( 1 2 . 0
to 13.1 mm) .z

P igmenta t ion :  dorsa l  me lanophores  cover  nape ,  nar row ing
t o  s i n g l e  m i d d o r s a l row to tail (11.3 mm), three
l o n g i t u d i n a l r o w s  o f melanophores on  dorsum,  s ing le
m i d l a t e r a l  s t r i p e w i t h u s u a l l y  o n e  m e l a n o p h o r e per
myomere, melanophores along dorsum of  yolk sac,  s ingle
midven t ra l  s t r ipe  (11 .9  mm) ,  do rsa l h e a d  p i g m e n t a t i o n
l e a v i n g  a  p i g m e n t - f r e e  i n t e r o r b i t a l  s p a c e  ( 1 2 . 0  m m ) . 2

LARVAE

Tota l
11-

l e n g t h D e s c r i p t i o n
.15 mm Myomeres : counts unchanged with size.z

Morphometry:  (as % TL) preanal  length 73,  head length 20,
e y e  d i a m e t e r  7 , body depth at anus 7, (as % head
leng th )  eye  d iameter  37 ,  body  dep th  a t  anus  34.’

Morpho logy :  yo lk  absorbed (about  11  days  pos tha tch ing  a t
20 C), p o s t e r i o r swim bladder chamber ly ing between
myomeres 7 and 15,  anter ior  chamber inf la ted (12.7 mm)
between myomeres 5 and 7, 1 8  p r i n c i p a l  c a u d a l  f i n  r a y s
f o r m e d  ( 1 3 . 4  m m ) ,  f i r s t  d o r s a l  f i n  r a y s  f o r m e d  ( 1 4 . 3
mm) between myomeres 22 and 25.2

P igmenta t ion : shor t  ho r i zon ta l  row o f  me lanophores  beh ind
p e c t o r a l  b u d  i n s e r t i o n , melanophores among caudal f in
rays , m i d l a t e r a l s t r i p e sometimes w i t h m u l t i p l e
me lanophores  per  myomere ,  i n te ro rb i ta l  space  obscure ,
l o n g i t u d i n a l dorsa l rows less d i s t i n c t ,
melanophores scat tered on s ides of  body (12.8 mm).2

few

15-23 mm Morphometry: (as % TL) p r eanal leng th  68 ,  head  leng th  23 ,
e y e  d i a m e t e r  8 , b o d y  d e p t h  a t  a n u s  1 0 , (as % head
leng th )  eye  d iameter  34 ,  body  dep th  a t  anus  42 .2

Morphology: pelvic buds formed (14.9 mm) between myomeres
20 and 21,  mouth subterminal  (15.7 mm), g u t  S - s h a p e d
( 1 7 . 0  m m ) ,  e i g h t  a n a l  f i n  r a y s  f o r m e d ,  p e l v i c  f i n  r a y s
ossi f ied (18.4 mm) .2

P igmenta t ion : m e l a n o p h o r e s  l i n e  a l l  d o r s a l  f i n r a y s  b u t
m o s t  p r o n o u n c e d  o n  a n t e r i o r  f o u r  ( 1 5 . 7  m m ) ,  v e n t r a l
p i g m e n t  f a d i n g ,  d o r s a l  p i g m e n t  u n i f o r m l y  scattered.l

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
28 mm Morphometry:  (as % TL) preanal  length 64,  head length 24,

e y e  d i a m e t e r  7 ,  b o d y  d e p t h  a t  a n u s  1 4 , (as % head
leng th )  eye  d iameter  28 ,  body  dep th  a t  anus  57.’

Morphology:  squamat ion complete.2
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Catostomus catostomus

Pigmenta t ion : mot t led  dorsa l  p igmenta t ion , less in tense
o n  l a t e r a l  s u r f a c e s . 3

ADULTS

F in rays: caudal 18;~ dorsa l 9 t o 11, anal 7, pec to ra l 16 t o 18,
p e l v i c  9  t o  ll.ll

Vertebrae: 45  to  48  ( inc lud ing  Weber ian  vertebrae).12

L a t e r a l  l i n e  s c a l e s :  9 9  t o  108.~1

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s h o r t  ( 9  t o  1 1  r a y s ) , scales small
( 9 9  t o  1 0 8  i n  l a t e r a l  s e r i e s ) , swim bladder wi th two chambers.

LITERATURE CITED
1. Becker (1976)
2. Fuiman and Witman (1979)

4 .
Berg  e t  a l .  (1949)
Brown and Graham (1953)

56 Har r i s  (1862)
6 . Geen et  a l .  (1966)
7 . Rawson and Elsey (1948)

8 . Bailey (1969)
9 . Galloway and Kevern (1976)

10. Hubbs and Lagler (1958)
11. Scott and Crossman (1973)
12. Snyder (1949)
13. Ne lson ,  J .  S .  (1968b)

dorsal

F ig .  149 . Catostomus catostomus, longnose sucker . Yolk-sac l a r v a .
(Laboratory-reared, Michigan, Fuiman and Witman 1979).
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Catostomus commersoni

Catostomus commersoni (Lacepede), white sucker

DISTRIBUTION

T h r o u g h o u t  t h e  G r e a t  L a k e s  r e g i o n ,  o c c u r r i n g  i n  s t r e a m s  a n d l a k e s . 2

Common in shal low coastal  areas of  Lake Michigan, but  more f requent in
i t s  t r i b u t a r i e s . '

SPAWNING SEASON

Spawns from Apri l  to mid-May in Michigan 1 2  and Wisconsin. 1

SPAWNING TEMPERATURE

S p a w n i n g  i s  t r i g g e r e d  a t  1 0  C . 3 Spawning occurs between 7.2 and 10
c 1 3115.

SPAWNING HABITAT

S p a w n s  p r i m a r i l y  i n  s t r e a m s , ' i n both r i f f l e s and pools,~5
Occas iona l l y  spawns in  sha l lows o f  lakes.'O

SPAWNING SUBSTRATE

Deposi ts eggs among loose gravel . '

FECUNDITY

2 0 , 0 0 0  t o  5 0 , 0 0 0 . ’  15

NATURAL HYBRIDS

Rarely Catostomus catostomus.l'

EGGS

Demersal, nonadhesive ( forming loose a t t a c h m e n t s  d u r i n g  w a t e r
h a r d e n i n g *  w h i c h  a c c o u n t s  f o r  r e p o r t e d  a d h e s i v e n e s s ' ) , o i l g l obu le
absent, d iameter 2 to 3.6 mm; 6 10 l4 l5 y o l k  l i g h t  yellow;l d i a m e t e r
of  dechor ionated egg 26 t o  2 . 5  mm;14  i n c u b a t i o n p e r i o d : 17 to 19 days
at 10 c;5 8 days at 11  C ;3  12  days  a t  11 .7  C;* 8 days a t 14.3 C;ls 7
d a y s  a t  1 5 . 6  C ; 7  l5 4 days  a t  21 .1  C.7

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
8-10 mm Newly hatched;6 lo ls l6 h a t c h i n g  s i z e v a r i e s , extremes

of  6.09 and 12.0 mm5  have been reported.
Myomeres: usual ly 45 to 48 (37 to 39 + 7 to 10) all

myomeres formed (newly hatched) .6

Morphometry: (as % TL) preanal  length 82,  head length 12,
grea tes t  body  depth  17.'"
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11-13 mm

LARVAE

T o t a l  l e n g t h
12-18 mm

Catostomus commersoni

M o r p h o l o g y :  h e a d  u s u a l l y  n o t  f l e x e d  d o w n w a r d  o v e r  y o l k
sac  ( in  less  than  30% o f  spec imens  8 .6  to  11 .0  mm);’  o r
u s u a l l y  f l e x e d  d o w n w a r d  ( 8 . 7  t o  9 . 2  mm);“  m o u t h  p a r t s
n o t  d e v e l o p e d ; 6  l6 g i l l f i l a m e n t s  p a r t l y  exposed;c
p e c t o r a l  b u d s  present;s  6  l6 y o l k  s a c  cylindrica1.l

P igmenta t ion :  eyes p a r t i a l l y  p i g m e n t e d ; 6  lo o t h e r  b o d y
p i g m e n t a t i o n  a b s e n t . 6  lo l6

Myomeres: 43 to 47 (36 to 38 + 8 to 10), mean 46 (37 +
-16 see 8-10 mm

Morphometry: (as % TL) p r e a n a l  l e n g t h  77;' l6 head  leng th
13 ' " t o  15;‘ e y e  d i a m e t e r  6;” l6 greates t  body  depth
13 ;I6 body  dep th  a t  anus  8 , (as %  h e a d  l e n g t h ) eye
d iameter  42 ,  body  dep th  a t  anus  52.‘

M o r p h o l o g y :  m o u t h  p a r t s  o s s i f i e d ( 1 2 . 5 6  t o  1 3 . 9  mm16);
p o s t e r i o r  s w i m  b l a d d e r  c h a m b e r  i n f l a t e d  ( 1 2 . 0 6  t o  1 4 . 4
mml‘);  f i r s t  c a u d a l  f i n  r a y s  (12.7c t o  1 4 . 4  mm16).

P igmenta t ion :  dorsa l  me lanophores  on  occ ipu t  nar row ing  to
s i n g l e middoral s t r i p e  ( 1 1 . 2  m m ) ; 6  s t r i p e  o f  o n e
melanophore per myomere along m i d l a t e r a l myoseptum,
s h o r t subdermal diagonal s t r i p e e x t e n d i n g  p o s t e r o -
v e n t r a d  f r o m  o t i c  r e g i o n , three rows of  melanophores on
d o r s u m ,  d e n s e  p i g m e n t a t i o n  o n  t o p  o f  h e a d  w i t h  s m a l l
p igment - f ree  in te ro rb i ta l  space ,  do rsum o f  sw im b ladder
heavily pigmented (12.7 mm) .c

D e s c r i p t i o n
Myomeres: 45 to 47 (37 to 38 + 7 to 9), mean 46 (37 +

9) l6 see 8-10 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  73" t o  74;" l3

head l e n g t h  1716  t o  19;’ e y e  d i a m e t e r  7;’ l6 g r e a t e s t
body  depth  12;16 body  dep th  a t a n u s  7;’ (as % head
leng th )  eye  d iameter  36 ,  body  dep th  a t  anus  40.c

Morpho logy :  yo lk a b s o r b e d  (1115 t o  1 4 . 4  mm;16  c a .  6  t o  8
days posthatching;1°  l5 and 60 days
p o s t f e r t i l i z a t i o n 3 ) ; p o s t e r i o r s w i m  b l a d d e r chamber
between myomeres 8 and 16, a n t e r i o r chamber i n f l a t e d
(12.7 to 13.9 mm) between myomeres 6 and 8;’ notochord
f lexed  (12 .86  to  14.7'"  m m ) : hypural e lemen ts  f o rmed
(14.5 mm), f i r s t  d o r s a l f i n  r a y s  f o r m e d  ( 1 5 . 3  m m )

between myomeres 18 and 24;6 pelv ic buds formed (14.2”
to 15.4 mm6) between myomeres 19 and 22;6 lo first
p e c t o r a l  f i n  r a y s  f o r m e d  ( 1 6 . 8  m m ) . 6  lo

P i g m e n t a t i o n :  t h r e e  d o r s a l s t r i p e s e x t e n d i n g  p o s t e r i a d
f r o m  a b o v e  p e c t o r a l  f i n  i n s e r t i o n ; 6  l4 a n d  m e r g i n g  o n
caudal peduncle, i n t e r o r b i t a l p i g m e n t - f r e e  s p a c e
o b s c u r e  ( 1 2 . 8  m m ) ,  s c a t t e r e d  m e l a n o p h o r e s  o n  e p a x i a l
musculature (13.6 mm) ;  6 diagonal ser ies downward and
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b a c k w a r d  f r o m  p e c t o r a l  f i n s  t o w a r d  g u t ( 1 4 . 4  mm16
p r o b a b l y  s a m e  a s subderma l  d iagona l  se r ies  descr ibed
e a r l i e r * ) ; dorsal rows obscure (16.0 mm) .6

18-30 mm Myomeres: 44 to 46 (35 to 39 + 7 to 10) , mean 45 (36 +
9) ;16 see 8-10 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 7  t o  6 8 ,  h e a d
leng th  22 ,  eye  d iameter  6  to  7;' l6 g rea tes t  body  depth
16;16 body  dep th  a t  anus  7 , (as % head length) eye
d iameter  31 ,  body  dep th  a t  anus  35."

M o r p h o l o g y :  f i r s t  a n a l  a n d  p e l v i c  f i n  r a y s  o s s i f i e d  ( 1 7 . 5
mm) , a l  1  d o r s a l f i n  r a y s  o s s i f i e d (24 mm), mouth
subterminal (18.2 mm), gut S-shaped (21 mm) .6

Pigmenta t ion :  me lanophores  on i n t e r r a d i a l dorsa l f i n
membrane (18 .2  mm)  and  ou t l i n ing  dorsa l  and  cauda l  f i n
rays; 6 p i g m e n t a t i o n  d i f f u s e  ( 2 0 . 4  mm).16

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
23-51 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  616  t o  63;l” h e a d

l e n g t h  2 3 , e y e  d i a m e t e r  6;6 l6 g r e a t e s t  b o d y  d e p t h
17 ;I6 b o d y  d e p t h  a t  a n u s  1 1 ,  ( a s  %  h e a d  l e n g t h ) eye
d iameter  28 ,  body  dep th  a t  anus  50.”

Morphology: mouth i n f e r i o r  ( 2 6  m m ) ,  f i r s t  s c a l e s  f o r m e d
(34 mm), squamation complete (38 mm) .6

P i g m e n t a t i o n :  u n i f o r m  a n d  d i f f u s e ( 2 0 . 4  m m )  ;I6 s c a l e
margins outlined;lO  l6 median a n d  p e c t o r a l  f i n  r a y s
o u t l i n e d ,  m i d v e n t r a l  r o w  p e r s i s t i n g (26  mm) ,  do rsum
mot t l ed (34 mm) , e x t e n d i n g  o n t o  s i d e s  ( 3 8  mm);”  t h r e e
dark  l a te ra l  b lo t ches  (50  mm)  . 6  lo

ADULTS

F in rays: caudal 18;" dorsa l 10 t o 13, anal 7, pec to ra 1 13 t o 15,
p e l v i c  1 0  t o  11.’

Ver tebrae : 44  to  47  ( inc lud ing  Weber ian  vertebrae).l’

L a t e r a l  l i n e  s c a l e s :  5 5  t o  75.'

D iagnos t i c  charac te rs : d o r s a l  f i n  s h o r t  ( 1 0  t o  1 3  r a y s ) ,  s c a l e s  s m a l l
( 5 5  t o  7 5  i n  l a t e r a l  s e r i e s ) , swim bladder wi th two chambers.

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)

2:
Geen et  a l .  (1966)
Scott and Crossman (1973)
Long and Ballard (1976)
Fuiman (1979a)
Raney and Webster (1942)

8 . Carbine (1943)
9 . Crawford (1923)

10. Stewart  (1926)
11. Nelson, J.  S.  (1968b)
12. Reighard (1920)
13. Wang and Kernehan (1979)
14. Fish (1932)
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15. Raney (1959) 17.
16.

Snyder (1949)
Buynak and Mohr (1978)

A
8 mm

dorsa l

10.7 mm

v e n t r a l

F ig .  151 . Catos tomus commerson i ,  wh i te  sucker .  A .
hatched. B .  Y o l k - s a c  l a r v a .  C .

Y o l k - s a c  l a r v a ,  n e w l y
Larva.

Stewart  1926; B ,  l a b o r a t o r y - r e a r e d ,
(A ,  labora to ry - reared ,  New York ,

New York,
caught ,  Lake  Er ie ,  F ish  1932) .

F u i m a n  1 9 7 9 a ;  C ,  w i l d -
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F i g .  1 5 2 . Catostomus commersoni ,  whi te sucker. A  and B.  Larvae.  (A ,  w i ld -

caught, V i r g i n i a , Loos e t  a l .  1 9 7 9 ; B ,  l a b o r a t o r y - r e a r e d ,  P e n n s y l v a n i a ,
Fuiman 1979a).



Catostomus commersoni

18 mm

dorsa l

18.2 mm

v e n t r a l

F ig .  153 . Catostomus commersoni, w h i t e sucker .
labora to ry - reared ,  New York ,

A and B. Larvae.  (A ,

Fuiman 1979a).
S t e w a r t  1 9 2 6 ;  B ,  l a b o r a t o r y - r e a r e d ,  N e w  Y o r k ,
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25.8 mm

v e n t r a l

50 mm

F i g .  1 5 4 . Catostomus commersoni ,  whi te sucker. A  a n d  B .  J u v e n i l e s .  ( A ,
labora to ry - rea red , New York,  Fuiman 1979a; B, laboratory-reared, New York,
Stewart  1926).
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Er imyzon  ob longus  (M i tch i l l ) ,  c reek  chubsucker

DISTRIBUTION

P o p u l a t i o n s  s c a t t e r e d  a r o u n d  t h e  G r e a t  L a k e s  r e g i o n , i n c l u d i n g
s o u t h e r n  L a k e  E r i e  a n d  e a s t e r n  L a k e  O n t a r i o . 6  C o n f i n e d ,  i n  t h e  L a k e
M i c h i g a n  d r a i n a g e , to the St. J o s e p h  R i v e r  s y s t e m  o f  s o u t h e r n
Michigan.l

SPAWNING SEASON

S p a w n s  b e t w e e n  A p r i l  a n d  M a y  i n  c e n t r a l  N e w  Y o r k  ( L a k e  O n t a r i o
dra inage)  and Pennsy lvan ia ,3 and  f rom mid -March  to  la te  Apr i l  i n  Nor th
Carolina 4 and Delaware.5

SPAWNING TEMPERATURE

Spawning run starts at 11 C ,’ bu t  spawn ing  occurs  a t  15  C.3

SPAWNING HABITAT

S p a w n s  p r i m a r i l y  i n  s h a l l o w  r i f f l e s  o f  s m a l l  s t r e a m s , 5  b u t  w i l l spawn
in  ponds ,  lakes1 3  and  s lugg ish  water .5

SPAWNING SUBSTRATE

G r a v e l  o r s a n d  i n  s t r e a m s , ’  3  5 a t  t h e  b a s e  o f  a q u a t i c  v e g e t a t i o n  i n

4

g l o b u l e s ; ’  4  5  d i a m e t e r 1.2 to
v i t e l l i n e  s p a c e  0 . 2  m m  w i d e ; 5  y o l k
i n c u b a t i o n  p e r i o d : 8 days (198

7 ,500  to  29 ,000 2  o r  7 ,980  to  83 ,013 .

EGGS

ponds. 3

FECUNDITY

Demersal, a d h e s i v e ; ’  4  5  l a c k i n g  o i
1.7 mm5 or 1 . 6  t o  2 . 0  mm;3 4 p e r
l i g h t  y e l l o w  t o  d e e p  g o l d e n ; 3  4  5

hours) a t 15 C;’ 6 days a t 18.5 C;5 4 days (96 hours) a t 20 C, 3 days
(70  hours )  a t  26  c.’

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4.4-4.8 mm Newly  ha tched; ’  5 l a r g e r ha tch ing s i z e (6.0 mm)

r e p o r t e d . ’
Morphometry: (as % TL) preanal  length 75.”
Morpho logy :  pec to ra l buds  p resent ,  head f lexed  downward

over a n t e r i o r s u r f a c e  o f y o l k  s a c , y o l k bulbous
a n t e r i o r l y .  4  5

P igmenta t ion :  none. ’
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LARVAE

5-8 mm Myomeres: 39 to 41 (30 to 32 + 8 to 10), all myomeres
formed (newly hatched) . 3

Morphometry:  (as % TL) preanal  length 71,  head length 18,
eye diameter 7, body depth at anus 9, (as % head
leng th )  eye  d iameter  41 ,  body  dep th  a t  anus  49 .3

Morpho logy :  yo lk bulbous a n t e r i o r l y , t u b u l a r
p o s t e r i o r l y ; 3  b e c o m i n g  t u b u l a r ; 5  h e a d  f r e e  f r o m  y o l k
sac  (6 .0  mm,  54  hours  pos tha tch ing  a t 20 C) i4 first
caudal f i n  r a y s  f o r m e d (178  hours posthatching 4 ) ,
p o s t e r i o r  s w i m  b l a d d e r chamber i n f l a t e d between
myomeres 8 a n d  1 3 , mouth  par ts  oss i f ied 3  (104  hours
p o s t f e r t i l i z a t i o n 4 ) .

P i g m e n t a t i o n :  f i r s t  p i g m e n t a t i o n  d e v e l o p e d (104  hours
posthatching);’  r e t i n a e brown, melanophores on dorsum
o f  h e a d , s i n g l e middorsal s e r i e s present , few
m i d l a t e r a l melanophores,  mi d v e n t r a l  s e r i e s  u n d e r  y o l k
sac and caudal  peduncle (6.0 mm) ;3 s eyes  b lack , s h o r t
l o n g i t u d i n a l se r i es  f r om m i doperc le  to  above  an te r io r
sur face of  yo lk  sac (7.6 mm) wide middorsal pigment-
f r e e s p a c e  o n o c c i p u t , t hree l o n g i t u d i n a l  d o r s a l
s t r i p e s , m i d l a t e r a l s t r i p e o f one melanophore at
l a t e r a l apex  o f  each  myomere ,  l i t t l e  sca t te red  p igment
o n  sides.j

To ta l l e n g t h D e s c r i p t i o n
8-11 mm Myomeres : see 5-8 mm.

Morphometry:  (as % TL) preanal  length 69,  head length 20,
e y e  d i a m e t e r  7 ,  b o d y  d e p t h  a t  a n u s  8 , (as % head
leng th )  eye  d iameter  37 ,  body  dep th  a t  anus  43.j

Morphology:  yolk absorbed (7.9 mm), anter ior  swim bladder
chamber i n f l a t e d  b e t w e e n myomeres 6 and 9, notochord
f lexed (8.5 mm), hypural  e lements forming (9.4 mm).3

Pigmenta t ion :  m id la te ra l s t r i p e more prominent,
melanophores among r a y s  o f lower caudal f i n  l o b e ,
dorsum of  anter ior  swim bladder chamber p igmented.3

11-18 mm Myomeres: see 5-8 mm.
Morphometry:  (as % TL) preanal  length 66,  head length 21,

e y e  d i a m e t e r  7 ,  b o d y  d e p t h  a t  a n u s  1 1 , (as % head
length) eye diameter 33, body depth an anus 51.”

Morpho logy:  pe lv ic buds presen t (11 .7  mm)  be tween
myomeres  15  and  17 ,  a l l  ana l  f i n rays o s s i f i e d (12.6
mm) , f i r s t  p e l v i c  f i n  r a y s  f o r m e d  ( 1 3 . 5  m m ) ,  f i r s t
dorsal  f in  rays formed (13.9 mm) between myomeres 15
a n d  1 6 ,  a l l  m e d i a n  f i n  r a y s  a n d  f i r s t  p e c t o r a l  f i n  r a y s
d e v e l o p e d  ( 1 4 . 4  m m ) , a l l  f i n f o l d s  a b s o r b e d  ( 1 7  t o  1 9
mm) . 3

Pigmenta t ion : med ian  p igment - f ree  space  on o c c i p u t and
m i d l a t e r a l body s t r i p e prominent, t r i a n g u l a r
p igmenta t ion  under  hear t  (13 .3  mm) ,  do rsa l  p igmenta t ion
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s c a t t e r e d , t h r e e  r o w s n o t  d i s t i n g u i s h a b l e , v e n t r a l
t r i a n g l e n o t apparen t ,  da rkened  cauda l  spo t  con f luen t
w i t h  m i d l a t e r a l  s t r i p e  ( 1 4 . 3  mm).j

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
18-36 mm Morphometry:  (as % TL) preanal  length 60,  head length 23,

e y e  d i a m e t e r  7 ,  b o d y  d e p t h  a t  a n u s  1 2 , (as % head
leng th )  eye  d iameter  29 ,  body  dep th  a t  anus  54.'

Morphology: mouth subterminal (19 .2  mm) ,  squamat ion
s ta r ted  (18  mm)  and  comp le ted  ( l g .6  mm) ,  mou th  nea r l y
infer ior  (24 mm) .3

P igmenta t ion :  p igmenta t ion  on  s ides  o f  m iddorsa l  p igment -
f r e e space un i f o rm , m i d l a t e r a l  s t r i p e  e x t e n d i n g  o n t o
caudal f i n  r a y s , l e a d i n g  e d g e  o f  d o r s a l f i n  a n d
in te r rad ia l  membranes  we l l  p igmented ,  rays  o f  a l l  o the r
fins out lined (24 mm) . 3

ADULTS

F i n  r a y s :  c a u d a l  18;3 d o r s a l  9  t o  10;’ a n a l  7 ,  p e c t o r a l  1 0  t o  1 3 ,
p e l v i c  7  t o  8.3t

Ver tebrae : 37  to  40  ( inc lud ing  Weber ian  ver tebrae) . *

L a t e r a l  l i n e  s c a l e s :  3 9  t o  41.’

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s h o r t  ( 9  t o  1 0  r a y s ) ,  p o r e d l a t e r a l
l i n e  s c a l e s  a b s e n t ,  3 9  t o  4 1  s c a l e s  i n  l a t e r a l  s e r i e s .

LITERATURE CITED
1. Becker (1976)
2. Wagner and Cooper (1963)

43:
Fuiman (1979a)
Carnes (1958)

Wang and Kernehan (1979)
Hubbs and Lagler (1958)
Trautman (1957)
Pflieger (1975)

4.4 mm

F i g .  1 5 5 . Erimyzon oblongus, creek chubsucker. Yo lk -sac
hatched. (Wi ld-caught,  Delaware,

l a r v a , newly
Wang and Kernehan 1978).
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A 7.5 mm

v e n t r a l

dorsa l

F i g . 156. Er imyzon  ob longus ,  c reek  chubsucker . A and B. L a r v a e .  ( A ,

l a b o r a t o r y - r e a r e d , New York, Fuiman 1979a; B, labora to ry - rea red ,

Pennsylvania,  Fuiman 1979a).
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dorsa l

A 10.3 mm

dorsa l

F i g . 157. Er imyzon  ob longus , creek chubsucker. A and B. Larvae.  (A ,
l a b o r a t o r y - r e a r e d ,  M a r y l a n d , Loos  e t  a l .  1979 ;
Fuiman 1979a).

B ,  w i ld -caught ,  New York ,
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DISTRIBUT I ON

Usua l l y  i n  l a k e s  a n d  q u i e t e r  s t r e a m s  o f  t h e  s o u t h e r n  p o r t i o n s  o f  L a k e s
M i c h i g a n  a n d  H u r o n  a n d  p a r t s  o f  t h e  L a k e  E r i e  d r a i n a g e . ’ I n  L a k e
Mich igan i t i s  f o u n d i n  t r i b u t a r i e s  o f  t h e  s o u t h ,  e x t e n d i n g  o n  t h e
w e s t  s h o r e  t o  i n c l u d e  G r e e n  B a y  t r i b u t a r i e s . 2

uns ta ted

Erimyzon sucetta

Er imyzon sucetta (Lacepede),  lake chubsucker

SPAWNING SEASON

Spawns from May to June in Lake Michigan2 and March through Apri l i n
I l l i n o i s . ’

SPAWNING TEMPERATURE

Not  repor ted ,  bu t  p robab ly  s im i la r  to  Er imyzon ob longus . , *

SPAWNING HABITAT

S p a w n s  i n  s t i l l  w a t e r s  o f  s t r e a m s ,  p o n d s ,  a n d  l a k e s . ‘

SPAWNING SUBSTRATE

Spawns in gravel  areas2 and  on  vegeta t ion  ( f i l amentous  a lgae ,  g rasses ,
e t c . )  .‘

FECUNDITY

1 8 , 4 7 8  + 5,477.l N u m b e r  o f  d e p o s i t e d  e g g s  r a n g e s  f r o m  3 , 0 0 0  t o
20,000.6

EGGS

Demersal, n o n a d h e s i v e ,  d i a m e t e r  2  m m ,  i n c u b a t i o n  p e r i o d :  6  t o  7  d a y s
at 23 to 30 C;6 4 to 5 days (112 hours) at 20 to 22 C.O

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-6 mm Newly hatched. ‘

M o r p h o l o g y :  a n t e r i o r  p o r t i o n  o f  y o l k  s a c  b u l b o u s ,  h e a d
d e f l e c t e d  o v e r  a n t e r i o r  e n d . *

P igmenta t ion : e y e s  s l i g h t l y  p i g m e n t e d . 8

Morphology: swim b 1 adder i n f l a t e d (3.5 days
posthatching); * between myomeres 7 and 11.5

Pigmentat ion: body pigment developed (3.5 days
posthatching). 8
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LARVAE

Tota l l e n g t h D e s c r i p t i o n
7-10 mm Myomeres: 36 to 38 (27 to 29 + 8 to 10) . 5

Morphometry:  (as % TL) preanal  length 69,  head length 18,
eye diameter 7,  body depth at  anus 10.5

M o r p h o l o g y :  y o l k  a b s o r b e d  p r i o r  t o  6 . 8  m m ; 5  9  d a y s
p o s t h a t c h i n g  a t 2 0  t o  2 2  C;O f i r s t  c a u d a l  f i n  r a y s
f o r m e d  ( 7 . 4  t o  8 . 2  m m ) ,  a l l  c a u d a l f i n  r a y s  p r e s e n t
( 9 . 1  mm).J

P i g m e n t a t i o n :  i d e n t i c a l  t o s i m i l a r stages of E.
oblongus, b u t
myosepta.s

w i t h o u t  m e

1O-15 mm Myomeres: see 7-
Morphometry:  (as

10 mm.
% TL) preanal

eye  d iameter  8 ,  body  dep th  a t

a n o p h o r e s  o n v e r t i c a l

length 64,  head length 22,
anus 11. 5

Morpho logy :  s im i la r t o  E .  o b l o n g u s ,  f o u r  d o r s a l  f i n  r a y s
p r e s e n t  ( 1 0 . 8  m m ) ,  a l l  d o r s a l  f i n  r a y s  f o r m e d (12.1
mm) , f i r s t  a n a l  f i n  r a y s  f o r m e d  ( 1 0 . 8  t o  1 2 . 1  m m ) . 5

Pigmenta t ion :  same as  E .  ob longus , b u t  w i t h o u t  s c a t t e r e d
melanophores on operculum.5

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
25-36 mm Morphometry:  (as % TL) preanal  length 58,  head length 21,

eye  d iameter  7 ,  body  depth  a t  anus  13."
Morphology: a l l  s c a l e s  f o r m e d . 5

P i g m e n t a t i o n :  s a m e  a s  E . oblongus, b u t w i t h o u t
me lanophores  in  a t  l eas t  th ree  in te r rad ia l  membranes  o f
d o r s a l  f i n . 5

ADULTS

F i n  r a y s :  c a u d a l 1 8 ; *  d o r s a l 10 to 12, anal 7, pectoral 15 to 16,
p e l v i c  8  t o  9.3

Ver tebrae : 34  to  38  ( inc lud ing  Weber ian  ver tebrae) . *

L a t e r a l  l i n e  s c a l e s :  3 5  t o  37.’

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s h o r t  ( 1 0  t o  1 2  r a y s ) ,  p o r e d  l a t e r a l
l i n e  s c a l e s  a b s e n t ,  s c a l e s  i n  l a t e r a l  s e r i e s  3 5  t o  3 7 .

LITERATURE CITED
1. Shireman et  a l .  (1978)
2. Becker (1976)

2:
Scott and Crossman (1973)
Hubbs and Lagler (1958)

5 . Fuiman (1979b)
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Hypente l ium n ig r i cans

Hypente l ium n ig r i cans  (LeSueur ) ,  no r thern  hogsucker

DISTRIBUTION

F o u n d  i n  t r i b u t a r i e s  o f  s o u t h e r n  L a k e  O n t a r i o ,  L a k e  E r i e ,  s o u t h e r n
Lake  Huron , and  Lake  Mich igan .8  lo Wi th in  the  Lake Mich igan dra inage
i t  is  uncommon to local ly  common in st reams and r i v e r s  o f Wisconsin
and u p p e r  M i c h i g a n . I t  i s  a l s o  f o u n d  i n  p a r t s  o f  l o w e r  M i c h i g a n ,
south  o f  the  Whi te  R iver .  1  1 0

SPAWNING SEASON

Spawns f rom mid-Apr i l  to  m id -May in  lower  Mich igan .2  3

SPAWNING TEMPERATURE

Spawning has been observed between 14 and 22 C, ’  usual ly 15 to 17 C.3

R ipe  adu l t s  have  been  co l lec ted  a t  tempera tu res  o f  12 5  to  164 C .

SPAWNING HABITAT

S p a w n s  i n  s h a l l o w  r i f f l e s  o r  s i d e s  o f  po01s.~ 3  4  5

SPAWNING SUBSTRATE

Deposi ts eggs among loose grave1.2  3  5

FECUNDITY

Not  repor ted .

EGGS

Demersal, nonadhes ive ; ’  6 oil  g l o b u l e s absent; 5  d i a m e t e r 2 . 8  t o  3 . 2
mm (mean 3.0 + 0.1 mm, N = 115);” or 3.5 mm;6

incubat ion per iod :  10  days
y o l k  d e e p y e l l o w ; 5  6

a t 1 7 . 4  C.’

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
9.0-10.6 mm Newly  ha tched .5  ‘

Myomeres: usual ly 44 to 47 (37 to 39 + 7 to 10), all
myomeres formed (newly hatched) .5

Morphology: head f lexed downward over yolk sac, a n t e r i o r
p o r t i o n  o f  y o l k  s a c  b u l b o u s , mouth parts not  developed,
p e c t o r a l  b u d s  p r e s e n t ; 5  L some newly hatched specimens
r e p o r t e d  w i t h o u t  t h e s e  h e a d  a n d  y o l k  c h a r a c t e r i s t i c s . 5

P i g m e n t a t i o n :  n o n e  p r e s e n t . 5  c

9-14 m m Myomeres: 41 t o 43 (36 t o 38 + 5 t o 6 ) , mean 43 (38 +
5) ; 6 see 9-10 mm.
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Morphometry:  (as % TL) preanal  length 80,  head length 14,
eye  d iameter  6;" 6  g rea tes t  body  dep th  16 ;6  body depth
a t a n u s  8 , (as  % head  leng th )  eye  d iamete r  48 ,  body
depth  a t  anus  60.~

Morpho logy :  f i r s t  cauda l  f i n  rays  deve loped and  no tochord
f l e x e d  ( 1 2 . 0  t o  1 2 . 5  m m ) ; 5  6  f i r s t  p e c t o r a l f i n  r a y s
( 1 2 . 6  m m 6  b u t  a l s o repor ted  as  15 .9  mm 5 ) ;  pos te r io r
sw im b ladder  chamber i n f l a t e d  ( 1 2 . 8 mm) between
myomeres 6 and 12, anterior chamber at 13.2 mm between
m y o m e r e s  3  a n d  6 ,  m o u t h  p a r t s  o s s i f i e d  ( 1 3 . 3  m m ) ,
hypural  e lements ossi f ied (13.4 mm) .5

P i g m e n t a t i o n :  r e p o r t e d l y w i t h o u t  b o d y  p i g m e n t  u n t i l  1 4 . 0
mm6 or s i n g l e , middorsal r o w  o f melanophores, a
mid la te ra l  s t r i pe  in  m id la te ra l  myosep tum,  me lanophores
a l o n g  b a s e  o f  p o s t a n a l  f i n f o l d  ( 1 0 . 0  m m ) , eyes black,
melanophores scat tered on top of h e a d  a n d  d o r s u m  o f
y o l k  s a c ,  b r o a d  b u t  f a i n t  m i d v e n t r a l  s t r i p e  ( 1 1 . 2  m m ) ; 5

i n t e r o r b i t a l p i g m e n t - f r e e  s p a c e (12 .0  mm)  ; 5  6  th ree
dorsal rows, f e w  m e l a n o p h o r e s  o n l a t e r a l epax ia l
musculature (12.9 mm), melanophores among al 1 b u t
c e n t r a l  c a u d a l  f i n  r a y s . 5

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
14-18 mm Myomeres: 40 to 44 (33 to 38 + 5 to 8), mean 42 (35 +

7) ;6 see 9-10 mm.
Morphometry:  (as % TL) preanal  length 72,  head length 17"

t o  18;~ e y e  d i a m e t e r  6;s 6 grea tes t  body  dep th  13 ;6

body depth at  anus 8,  (as % head length) e y e  d i a m e t e r
37 ,  body  dep th  a t  anus  47 .5

Morpho logy :  yo lk  absorbed ( 1 3 . 5 "  t o  1 4 . 0  m m 6 ) ;  f i r s t
dorsa l  f i n  rays  oss i f i ed  (14 .1  mm)  be tween myomeres  14
a n d  1 6 ; 5 pelv ic buds formed (14.3 5  to  16.8 mm6)  below
myomeres 18 and 19;5 f i r s t  a n a l  f i n  r a y s  f o r m e d  ( 1 4 . 9
mm) , mouth sub te rmina l  (16 .2  mm) ,  pe lv i c  rays  fo rm ing
(16 .4 ) , a l l  a n a l  f i n  r a y s  p r e s e n t  ( 1 6 . 7  mm).5

P igmenta t ion : t h r e e  d o r s a l  s t r i p e s  n o l o n g e r  d i s t i n c t ,
p igmenta t ion  near l y  un i fo rm, melanophores develop among
f i r s t  t h r e e  o r  f o u r  d o r s a l  f i n  r a y s  ( 1 7 . 0  m m ) . 5

18-22 mm Myomeres: 40 to 42 (33 to 34 + 7 to 8) , mean 41 (34 +
7);6 see 9-10 mm.

Morphometry:  (as % TL) preanal  length 66;s 6  head length
2 0 6  t o  21;s eye  d iameter  6  to  7;” 6  g rea tes t  body  depth
1 5 ; ' body depth at anus 9, (as % head length) eye
diameter 31, body depth at anus 50.”

Morphology:  mouth infer ior  and gut  S-shaped (19 mm), al 1
dorsa l f i n  r a y s  f o r m e d  ( 2 1  t o  2 2  mm);S a l l  f i n f o l d s
absorbed (22.0 mm) . 6
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P igmenta t ion :  th ree  dark  “sadd les ”  on  dorsum, extend ing
onto s ides (19 to 20 mm) ;5 c l o c a t e d  a t  a n t e r i o r  a n d
p o s t e r i o r  e d g e s  o f  d o r s a l  f i n  a n d  o n  c a u d a l peduncle,
a n t e r i o r dorsa l f i n rays s t r o n g l y pigmented;b
me lanophores  p resen t  on  a l l  f i ns  (22  mm) .6

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
22-30 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  60;~ h e a d  l e n g t h

206 t o  23;5e y e  d i a m e t e r  6;” c g rea tes t  body  dep th  16 ;6

body  dep th  a t  anus  10 ,  (as  % head leng th )  eye  d iameter
26 ,  body  dep th  a t  anus  43 .5

Morphology: squamation complete (29 mm).5

P igmenta t ion : top  o f  head  s t rong ly  p igmented ;5 f i v e  d a r k
s a d d l e  m a r k i n g s  o n dorsum and sides;s 6 melanophores
among  an te r io r  do rsa l  f i n  rays  (29  mm) .5

ADULTS

F in rays: caudal 18 ;5 dorsa l 10 t o 13, anal 7 t o 8 , pec to ra l 15 t o 17,
p e l v i c  9.”

Ver tebrae : 4 1  t o  4 6  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’  9

L a t e r a l  l i n e  s c a l e s :  4 9  t o  51.'

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s h o r t  ( 1 0  t o 1 3  r a y s ) , h e a d  w i t h
depression between eyes, dark saddles on sides.

LITERATURE CITED
1. Becker (1976)
2. Reighard (1920)

::
Hankinson (1932)
Raney and Lachner (1946)

5 . Fuiman (1979a)

6 . Buynak and Mohr (1978)

ii:
Snyder (1949)
Scott and Crossman (1973)

9 . Jenkins (1970)
10. Hubbs and Lagler (1958)
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dorsa l

13.7 mm

v e n t r a l

F ig .  160 . H y p e n t e l i u m  n i g r i c a n s ,  n o r t h e r n  h o g  s u c k e r .  L a r v a .  ( L a b o r a t o r y -
reared, New York,  Fuiman lgj’ga).

Catostomidae 390



Hypente l ium n ig r i cans

A
17.7 mm

v e n t r a l

F ig .  161 . H y p e n t e l i u m  n i g r i c a n s , n o r t h e r n  h o g  s u c k e r .  A . L a r v a .  B .

Juvenile. (A, labora to ry - reared ,  New York ,  Fu iman 1979a;  B ,  w i ld -caught ,
Lake Er ie, F ish  1932) .

391 Catostomidae



Hypente l ium n ig r i cans

dorsa l

29.4 mm

F i g .  1 6 2 . Hypente l ium n ig r i cans , nor the rn hog sucker .
(Laboratory-reared, New York,  Fuiman 1979a).

a l

J u v e n i l e .
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I c t i o b u s  s p .

I c t i o b u s  s p . ,  b u f f a l o f i s h

Heard  (1958)  descr ibed  many  de ta i l s  o f  the  eggs  and l a r v a e  o f I c t i o b u s .
However, t h e r e  w e r e  t w o  s p e c i e s  o f  b u f f a l o f i s h e s  ( I .  b u b a l u s  a n d  I .  n i g e r )
i n  h i s  s t u d y  a r e a  a n d  h e  w a s  u n a b l e  t o  s p e c i f i c a l l y - i d e n t i f y  h i s la rvae .
T h e  f o l l o w i n g  d a t a  a r e  f r o m  t h a t  s t u d y .

SPAWNING SUBSTRATE

Spawns over submerged vegetation.

EGGS

Demersal, a d h e s i v e ,  d i a m e t e r 1.9 t o 2.5 m m (mean 2.1 mm), opaque,
incubat ion per iod :  109  to  140 hours a t 21 t o 22 C, 83 t o 95 hours at
27 c,

YOLK-SAC LARVAE

Tota l l e n g t h
5.5-6.5 mm Newly hatched

Myomeres: 27.
P igmenta t ion :

.
D e s c r i p t i o n

o n l y  i n  r e t i n a e .

7 mm Morphology: s ingle swim bladder chamber present (60 hours
p o s t h a t c h i n g ) , mouth p a r t s developed ( 9 8  h o u r s
p o s t h a t c h i n g ) .

P igmenta t ion : melanophores over swim bladder ( 9 8  h o u r s
p o s t h a t c h i n g ) , m i d d o r s a l  a n d  m i d l a t e r a l  s t r i p e  p r e s e n t
(120  hours  pos tha tch ing) .

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7.5-13 mm Myomeres: 30 to 32 at 7.5 mm, 31 to 33 at 10 mm.

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 3  t o  5  d a y s  p o s t h a t c h i n g ,  7 . 5
mm) , notochord f l e x e d  w i t h  3  t o  5  c a u d a l  f i n  r a y s  ( 1 0
mm), c a u d a l  f i n  f o r k e d  w i t h  1 0  t o  1 2  r a y s ,  6  d o r s a l  f i n
rays  present , a n a l  f i n  m a r g i n  a n d  p e l v i c b u d s  f o r m i n g
(13 mm).

P i g m e n t a t i o n :  m e l a n o p h o r e s  o n  d o r s u m  o f i n t e s t i n e  a n d
midven t ra l  l i ne  (7 .5  mm) .
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6.3 mm

C 13 mm

F i g .  1 6 3 . I c t i o b u s  s p . ,  b u f f a l o f i s h . A .  Yo lk -sac  la rva ,  newly  ha tched.  B .
Y o l k - s a c  l a r v a . C.  Larva . (A-C, laboratory-reared,  Oklahoma, Heard 1958).
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I c t iobus  buba lus

Ic t i obus  buba lus  (Ra f inesque) ,  sma l lmou th  bu f fa lo

See Ic t iobus  sp .  account .

DISTRIBUTION

Probab ly  no t  p resent  in t h e  G r e a t  L a k e s  regi0n.l l3 T w o  r e p o r t s
e x i s t , bo th  f rom the  sou thern  d ra inage  o f  Lake  Mich igan . ’

SPAWNING SEASON

S p a w n i n g  o c c u r s  i n  M a y  i n  l o w a . 3 C a p t u r e  o f  r i p e  a d u l t s  i n d i c a t e s  a
spawning per iod from May to June in South Dakota’  and l a t e  M a r c h  t o
la te  May in  A labama,  w i th  a  peak  in  m id -Apr i l .2

SPAWNING TEMPERATURE

Spawning u s u a l l y occurs between 16 and 18 C,’ 2 4 I1 extend ing t o 21
c . 2 ’

SPAWNING HABITAT

Spawns in sha1lows.l

SPAWNING SUBSTRATE

Of ten  spawns  randomly  over  the  bo t tom,3  ’ 8  in  shoa l a r e a s 8  o r over
v e g e t a t i o n 3  ’ (submerged or  f loat ing) .I1

FECUNDITY

Usual ly between 150,000 and 500,000, 2  8  lo b u t  a s  f e w  a s  14,470.O

NATURAL HYBRIDS

P o s s i b l y  I c t i o b u s  cyprinellus.12  I5 l6

EGGS

D e m e r s a l ; 5  a d h e s i v e ; 5 l1 d i a m e t e r  1 . 6 t o 2 . 1  mm;lJ 2.2 mm;s
i n c u b a t i o n  p e r i o d :  9  t o 10 days in ponds;3 l1 36  hours  a t 18 C;6 96
to 100 hours2  and 100 to 108 hours5 at 21 C; 24 hours  a t  23 C.6

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
5-6 mm Newly  ha tched ;2  5  l7 mean  l eng th  6 .0  mm.5

Myomeres: 35 to 39 (28 to 31 + 6 to 9) . I4
M o r p h o l o g y :  h e a d  f l e x e d  d o w n w a r d  o v e r  y o l k  sac;s l4 y o l k

s a c  s l i g h t l y  b u l b o u s  a n t e r i o r l y ,  p e c t o r a l  b u d s presen t
(determined f rom illustrations).
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6-8 mm

Pigmenta t ion :  eyes pigmented, severa l midvent ra l
me lanophores . 5  I4

Morphology: mouth open and movable (6.7 mm, 1 day
p o s t h a t c h i n g ) ;  s w i m  b l a d d e r i n f l a t e d  ( 6 . 6  t o  7 . 3
mm);“’ h e a d  s t r a i g h t wi th  body ax is  (8 .0  mm,  3  days
posthatching) ; s f r e e swimming (86 hours
posthatching) . 2

P igmenta t ion :  m iddorsa l , dorsa l h e a d  a n d  m i d l a t e r a l
p igment  deve lop ing  (6 .7  mm) ,  m iddorsa l pigment in a
str ipe of  20 to 25 melanophores,  melanophores on dorsum
of yo lk  (8.0 mm) .9

LARVAE

Tota l
8-

l e n g t h D e s c r i p t i o n
-20 mm Myomeres: 33 to 39 (28 to 31 + 5 to 9);ls 33 (25 + 8) .s

Morphometry:  preanal leng th  g rea te r  than  67% TL a t  13 .0
t o  1 6 . 5  mm.s

Morpho logy :  yo lk  absorbed (6 .8  to  7.4;” or 8.1 mms);
n o t o c h o r d  f l e x e d  ( 9 . 0  m m ) ,  h y p u r a l  e l e m e n t s  a n d  1 2
caudal f i n  r a y s (unoss i f ied) f o r m i n g  ( 1 1 . 0  rnrn);l’
p e l v i c  b u d s  p r e s e n t  (12.0” t o  1 3 . 5  m m 5 ) ;  f i r s t  d o r s a l
f i n  r a y s  f o r m e d  ( 1 4 . 5 ”  t o  1 5 . 1  mm”‘);  t w o  s w i m  b l a d d e r
chambers (14.2 to 15.1 mm); 5  I4 f i r s t  a n a l  f i n  r a y s
deve lop ing  (14 .7  mm 5  o r 1 6 . 4  t o  1 6 . 8  rnrnl’); f i r s t
p e l v i c  f i n  r a y s  a n d  S - s h a p e d  g u t  f o r m e d  (16.0~  t o  1 7 . 8
mm”);  g u t  c o i l e d  ( 1 7 . 0  m m ) ,  a l l  m e d i a n  f i n  r a y s
present (17 to 20 mm) , mouth subterminal (20.1 mm) . l4

P i g m e n t a t i o n :  g i l l arches pigmented (9.0 mm) ,
melanophores a long s ides of  gut  (11.0 mm),  melanophores
a l o n g  c a u d a l  f i n  r a y s  ( 1 4 . 3  m m ) ,  b o d y  w e l l  p i g m e n t e d
( p a r t i c u l a r l y  o n  o c c i p u t )  . 5

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
19-32 mm Morphometry:  preanal l e n g t h  m o r e  t h a n  t w i c e  p o s t a n a l

length (greater  than 67% TL) at  17 to 32 mm.5

M o r p h o l o g y :  a l l  f i n f o l d  a b s o r b e d  ( 1 8 . 5  m m 5
or 27.5 to

30.6 mm1 ‘1 ; pec to ra l f i n  r a y s f o r m e d  ( 2 0 . 1  m m )
squamat ion  s ta r ted  (21 .7  to  23 .1  mm) ;5  l4 and  comp le ted
( 2 6 . 0  m m ) ,  m o u t h  i n f e r i o r ,  f i v e  i n t e s t i n a l  10ops.~

ADULTS

F in  r ays : c a u d a l  1 8 ; 5  d o r s a l  2 6  t o  3 1 ; 9  a n a l  7  t o  9;’ l4 p e c t o r a l  1 5
to 17; 14 *  p e l v i c  8  t o  11.’ 1’

Ver tebrae :  36 to 37 ( i n c l u d i n g Weberian v e r t e b r a e ) . ’

L a t e r a l  l i n e sca les : 36 to 38.9
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Diagnos t i c  charac te rs : d o r s a l  f i n  l o n g  ( 2 6  t o  3 1  r a y s ) , l a t e r a l l i n e
scales 36 to 37, mouth s u b t e r m i n a l  t o  i n f e r i o r  ( u p p e r  l i p  b e l o w

eye) , body  dep th  less  than  2 .8  t imes  in to  s tandard  leng th .

LITERATURE CITED
1. Becker (1976)
2 . Wrenn (1968)

::
Harlan and Speaker (1969)
Walburg and Nelson (1966)

z*
Wrenn and Grinstead (1971)
Giudice (1964)

i:
Heard (1958)
Jester (1973)

9 . Cross (1967)
10. Osborn and Self (1966)
11. Canfield (1922)
12. Trautman (1957)
13. Hubbs and Lagler (1958)
14. Yeager and Baker ( in press)
15. Yeager (1980)
16. Johnson and Minckley (1969)

A 5.6 mm

B 6.8 mm

Fig .  164 . Ic t iobus  buba lus , sma l lmou th  bu f f a l o . A  and  B .  Yo lk -sac  la rvae .
(A and B, labora to ry - reared ,  Tennessee ,  Yeager  and  Baker  in  p ress) .
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I c t iobus  buba lus

dorsa l

7.7 mm

dorsa l

C 9.0 mm

10.4 mm

F i g .  1 6 5 . Ic t iobus  buba lus , sma l lmou th  bu f f a l o . A .  Y o l k - s a c  l a r v a .  B - D .
Larvae. (A and C, laboratory-reared, Alabama, Wrenn and Grinstead 1971; B
and D,  labora to ry - reared ,  Tennessee ,  Yeager  and  Baker  in  p ress) .
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I c t iobus  buba lus

21.5 mm

29.1 mm

Fig .  167 . Ic t iobus  buba lus , sma l lmou th  bu f f a l o . A. Larva. B. J u v e n i l e .
(A  and  B ,  labora to ry - reared ,  Tennessee ,  Yeager  and  Baker  in  p ress) .
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I c t i o b u s c y p r i n e l l u s

I c t i o b u s  c y p r i n e l l u s  ( V a l e n c i e n n e s ) ,  b i g m o u t h  b u f f a l o

DISTRIBUTION

P r i m a r i l y  a  f i s h  o f  t h e  M i s s i s s i p p i  R i v e r  d r a i n a g e . A  p o p u l a t i o n
occurs i n wes te rn  Lake  ErielO  and a  few unver i f ied  repor ts  have  been
made from the Wolf  and Fox River systems of  eastern Wisconsin.l

SPAWNING SEASON

S p a w n s  f r o m  A p r i l  t o  J u n e 1  p a n d  M a r c h  u n t i l May,” t r i g g e r e d  b y
r i s i n g  w a t e r  1evels.j 4

SPAWNING TEMPERATURE

Spawning reported between 16 and 18 C,’ 3 4 ’ bu t w i t h extremes o f 143

and 27 C. 4

SPAWNING HABITAT

Spawns i n ponds (sometimes brack ish)  , 5 l akes , f l o o d p l a i n s ,
oxbows,’ 3  7  s t r e a m s  a n d  d i t c h e s . ”

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  o v e r  a q u a t i c  v e g e t a t i o n . 3  ’

FECUNDITY

347,641 to 800,000.~ 9

NATURAL HYBRIDS

I c t i o b u s  bubalus;12  l3 l4 p o s s i b l y  I c t i o b u s  niger.”

EGGS

Demersal, a d h e s i v e ; ’ d iameter 1.7 to 2.3 mm;1 3 i ncubat ion p e r i o d : 12
to 13 days at 14 to 17 C;8 9 to 10 days at 17 Cl and in ponds;3 5
days at 18 t o  2 1  C;’ 36 hours at  19 C, 24 hours a t  24  C .6

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4.9-5.8 mm Newly hatched.ll

Morphology: head f lexed downward over yolk sac.16
Pigmenta t ion :  eye  p igmented , seven to eight  melanophores

sca t te red  on  dorsum,  dark  m idven t ra l  stripe.16

5-7 mm M o r p h o l o g y :  s w i m  b l a d d e r  i n f l a t i n g  ( 6 . 5  t o  6 . 8  mm).16
P igmenta t ion :  dorsum o f h e a d  d a r k l y  p i g m e n t e d , mid-

l a t e r a l  s t r i p e  present.16
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I c t i o b u s  c y p r i n e l l u s

LARVAE

Tota l l e n g t h D e s c r i p t i o n
9-24 mm Myomeres: 34 to 39 (28 to 31 + 5 to 9) .lJ

Morpho logy :  yo lk  absorbed (6 .7  to  7 .3  mm;” 3 days, in
ponds3) ; f i r s t  c a u d a l  f i n  r a y s  f o r m e d  ( 9 . 4  t o  1 0 . 7  m m ) ,
pe lv i c  buds  p resen t  (11 .9  to  12 .4  mm) ,  two  sw im b ladder
c h a m b e r s  f o r m i n g  ( 1 4 . 2  m m ) ,  d o r s a l  ( 1 3 . 9  m m ) ,  a n a l ,
p e l v i c  a n d  p e c t o r a l  f i n  r a y s

squamation LZimbZ?ng  (‘(:; 3mm;1m)  ’ gutco i l i ng  (15 .5  mm) , . . 16.

JUVENILES

A l l  f i n f o l d s  a b s o r b e d ,  a l l  f i n  r a y s  c o m p l e t e  ( 2 9  t o  3 0  mm).16

ADULTS

F in rays : caudal 1 8 ; *  d o r s a l 27 to 28 (23 t o 30) , anal 7 t o 8,
pec to ra l 14 to 1 5 ,  p e l v i c  1 0 t o ll.ll

Ver tebrae : 36  to  37  (poss ib ly  inc lud ing  Weber ian  vertebrae).ll

L a t e r a l  l i n e  s c a l e s :  3 9  t o  41.11

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n l o n g  ( 2 7  t o  2 8  r a y s ) , l a t e r a l l i n e
sca les  38  to  41 , mouth  te rm ina l  (upper  l i p  above  lower  edge  o f  eye) ,
f i r s t  d o r s a l f i n r a y  m o d e r a t e l y  e l o n g a t e  ( h a l f  t h e  l e n g t h  o f  t h e
dorsa l  f i n  base)  .

LITERATURE CITED
1. Becker  (1876)
2. Johnson (1963)

Z:
Canfield (1822)
Swingle (1954)

2.
Perry (1976)

. Giudice (1964)

;:
Swingle (1957)
Walker and Frank
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9 . Osborn and Self (1966)
10. Hubbs and Lagler (1858)
11. Scott and Crossman (1973)
12. Trautman (1857)
13. Yeager (1980)
14. Johnson and Minckley (1968)
15. Johnson and Minckley (1972)
16. Yeager and Baker ( in press)



I c t i o b u s  c y p r i n e l l u s

7.2 mm

D 10.3 mm

E 16.0 mm

Fig .  168 . I c t i o b u s  c y p r i n e l l u s , b i g m o u t h  b u f f a l o . A and B. Yolk-sac

la rvae , C-E. Larvae. (A-E, laboratory-reared, Tennessee, Yeager and Baker
in press) .
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Ic t iobus cypr inel lus

A
17.4 mm

B
21.3 mm

C
28.4 mm

Fig.  169 . Ictiobus cyprinellus, bigmouth buffalo. A and B. L a r v a e .  C .Juveni le . (A-C, laboratory-reared, Tennessee, Yeager and Baker in press),
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I c t i o b u s  n i g e r

I c t i o b u s  n i g e r  ( R a f i n e s q u e ) ,  b l a c k  b u f f a l o

See Ic t iobus  sp .  account .

DISTRIBUTION

Reported f rom Lake Er ie 6  ’ and a few c o l l e c t i o n s  f r o m  s o u t h e r n  a n d
s o u t h e a s t e r n  t r i b u t a r i e s  a n d  l a k e s  o f  t h e  L a k e  M i c h i g a n  d r a i n a g e . ’  6

SPAWNING SEASON

N o t  r e p o r t e d  f o r  t h e  G r e a t  L a k e s  r e g i o n .  S p a w n s  i n  l a t e  A p r i l  i n
M iss i ss ipp i  .’

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Repor ted  in  a  cypress  swamp in  0 .3  to  1 .0  m o f  water’  and in  b rack ish
ponds. 2

SPAWNING SUBSTRATE

Spawns over  submerged te r res t r ia l  (and  p robab ly  aquat ic )  vegeta t ion . ’

FECUNDITY

Not  repor ted .

NATURAL HYBRIDS

P o s s i b l y  I c t i o b u s  c y p r i n e l l u s . 9

EGGS

Demersal, a d h e s i v e ; ’ d iameter  1.8 to 2.2 mm;8 i ncubat ion  per iod :  36
hours  a t  19  C,  24  hours  a t  24  C 3  (no te : t h e s e  v a l u e s  w e r e  g i v e n  f o r  a
c o m p o s i t e  o f  a l l  t h r e e  s p e c i e s  o f  I c t i o b u s  a n d  t h e i r  h y b r i d s ) .

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
5.3-5.8 mm Newly hatched.lO

Morphology: head f lexed downward over yolk sac.lO
Pigmenta t ion :  eye and v e n t r a l m i d l i n e  o f y o l k  s a c

pigmented.lO

6-7 mm Morpho logy :  f ree-sw imming  (45  to  56  hours  pos tha tch ing  a t
19 C, 36 hours at  24 C);3  swim bladder infIating (6.6
to 7.2 mm) .l”
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Pigmenta t ion :
head dark
complete)

dorsal  row of  me lanophores  d i f fuse ,  do rsum o f
ly p igmented, m i d l a t e r a l  s t r i p e  p r e s e n t  ( n o t
;I0 l a r v a e  a p p e a r  b l a c k . 3

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7-18 mm Myomeres: 35 to 40 (28 to 31 + 6 to 10) . n

Morpho logy :  yo lk  absorbed ( 7 . 2  t o  7 . 5  mm;‘O 3  d a y s  a t  1 9
C 3 ) ;  f i r s t  c a u d a l  f i n  r a y s  f o r m e d (8.8 to 9.0 mm),
p e l v i c  b u d s  p r e s e n t  ( 1 1 . 5  t o  1 2 . 6  m m ) ,  d o r s a l  ( 1 2 . 8  t o
13 .3  mm) ,  pec to ra l  (17 .7  mm) ,  ana l  and  pe lv i c  (17 .7  to
17.9 mm) f i n rays  fo rm ing , two swim bladder chambers
present (13.3 mm) .I0

I c t i o b u s  n i g e r

JUVENILES

Minimum size ca. 25.8 mm.10

ADULTS

Fin caudalr ays : 18 ; *  dorsa l 27 t o 31, anal 8 t o 9;’ pectora 1 15 t o
1 6 ; *  p e l v i c  9 t o  1 1 . 5

Ver tebrae : u s u a l l y  3 7  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . 5

L a t e r a l  l i n e  s c a l e s :  3 6  t o  39.5

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l f i n  l o n g  ( 2 7  t o  3 1  r a y s ) ,  l a t e r a l  l i n e
s c a l e s  3 6  t o  3 9 ,  m o u t h  i n f e r i o r  ( u p p e r  l i p  b e l o w  e y e ) ,  f i r s t  d o r s a l
f i n  ray  modera te ly  e longa te , body  dep th  in to  s tandard  leng th  g rea te r
than  2 .8  t imes .

LITERATURE CITED
1. Becker (1076)
2 . Perry (1976)
3. Giudice (1964)

::
Yeager (1936)
Cross (1967)

6 . Hubbs and Lagler (1958)
Crossman and Nepszy (1979)

i: Yeager (1980)
9 . Johnson and Minckley (1972)

10. Yeager and Baker ( in press)
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I c t i o b u s  n i g e r

m m

6.5 mm

C
7.4 mm

D
9.0 mm

E 15.2 mm

F i g .  1 7 0 . I c t i o b u s  n i g e r ,  b l a c k  b u f f a l o . A  a n d  B .  Y o l k - s a c  l a r v a e .  C - E .

Larvae. (A-E,  labora to ry - reared ,  Tennessee ,  Yeager  and  Baker  in  p ress) .
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Ictiobus niger

17.1 mm

B 24.9 mm

C 25.0 mm

Fig.  171 . Ic t iobus n iger ,  b lack buf fa lo . A and B. Larvae. C.  Juveni le .
(A-C, laboratory-reared, Tennessee, Yeager and Baker in press)
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Minytrema melanops

Minytrema melanops (Raf inesque),  spotted sucker

DISTRIBUTION

F o u n d  i n  U n i t e d  S t a t e s  d r a i n a g e s  o f  L a k e s  E r i e ,  S t .  C l a i r ,  H u r o n  a n d
M i c h i g a n  a n d i n  p a r t s o f  O n t a r i o , C a n a d a  w h i c h  d r a i n  i n t o  L a k e
S t .  C l a i r . ‘ I t  i s  c o m m o n  i n  m a n y  s t r e a m s  a n d  r i v e r s  o f  t h e  L a k e
Mich igan dra inage inc lud ing  Wiscons in  and southern  lower  Mich igan, ’

SPAWNING SEASON

Spawning occurs f rom mid-March to ear ly May in Georgia,2  A labama’  and
Oklahomas.

SPAWNING TEMPERATURE

Adults are r ipe and spawning runs occur at  temperatures between 12 and
20 c.2 Spawning has been observed between 15 and 18 C.s

SPAWNING HABITAT

S p a w n s  i n  r i f f l e s ; 2  s 0 . 3  t o  0 . 5  m  d e e p ,  w
0 . 2 4  m/s.’

i t h  a  c u r r e n t  v e l o c i t y  o f

SPAWNING SUBSTRATE

Spawns over coarse l imestone rubble.2

FECUNDITY

Not  repor ted .

EGGS

D e m e r s a l ,  a d h e s i v e ; ’  o i l  g l o b u l e s  a b s e n t ; ’  d i a m e t e r  2 . 3  t o  2 , 6  m m ,
mean  2.5’ o r  3.1" mm;  incuba t ion  per iod : 1 0 8  t o  1 5 6  h o u r s  ( 4 . 5  t o  6 . 4
days) a t 16 t o 20 C;’ 7 t o 12 days a t 15 t o 18 C.5

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
4.2-6.8 mm Newly hatched’, but see 8-11 mm.

Myomeres : incomplete (newly hatched) . 4

Morphometry: (as % TL) p reanal leng th  86 ,  head  leng th  15 ,
e y e  d i a m e t e r  7 ,  g r e a t e s t  b o d y  d e p t h  1 8 ,  ( a s  %  h e a d
leng th )  eye  d iamete r  48.’

Morphology: head f lexed downward over yolk sac, pec to ra l
b u d s  a b s e n t , a n t e r i o r  p o r t i o n  o f  y o l k  s a c  b u l b o u s
(newly hatched) , notochord flexed (6.0 mm) . 4

P i g m e n t a t i o n :  m e l a n o p h o r e s  a b s e n t  f r o m  e y e s  a n d  b o d y
(newly -hatched) -4
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Minytrema melanops

8-11 mm Newly hatched (8.0 to 9.2 mm);3  but  see 4.2-6.8 mm.
Myomeres: (30 to 31 + 13 to 14) is (31 to 35 + 4 to 7)

and  comp le te l y  fo rmed  a t  7 .5  mm.’
Morphometry:  (as % TL)  p reana l  l eng th  79’  and  87;~ head

l e n g t h  1 5 ,  e y e  d i a m e t e r  6  t o  8;~ 4  g r e a t e s t  b o d y  d e p t h
2 5 ; ' (as % head length) eye diameter 41.’

Morpho logy :  head  and  ta i l  f l exed  downward ,  pec to ra l  buds
absent, y o l k  s a c  w i t h  t h r e e  b u l b o u s  l o b e s (new1 y
hatched) ; 3 pectoral  buds formed (8.5 mm),  hypural  bones
formed (ca. 10 mm) .’

P i g m e n t a t i o n :  r e t i n a e  l i g h t l y  p i g m e n t e d (9.0 mm) and
dark l y  p igmen ted  (10 .0  mm) ,  m id la te ra l  s t r i pe  (9 .5  mm) ,
midven t ra l  s t r ipe  (10 .0  mm)  and  s ing le  m iddorsa l  s t r ipe
( 1 1 . 0  m m )  p r e s e n t ,  m e l a n o p h o r e s  o v e r  m i d b r a i n  a n d
h i n d b r a i n . ’

LARVAE

Tota l l e n g t h D e s c r i p t i o n
11-24 mm Myomeres: (31 to 33 + 6 to 9) . 4

Morphometry:  (as % TL) preanal  length 67,  head length 20,
e y e  d i a m e t e r  7 , g r e a t e s t  b o d y  d e p t h  1 4 , (as % head
leng th )  eye  d iamete r  35.'

JUVENILES

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 1 0 . 5  t o  1 1 . 0  m m ,  a t  7  t o  1 2
d a y s  p o s t h a t c h i n g ) ; ’  4 f i r s t  c a u d a l  f i n  r a y s  (11.5’ t o
123 mm) ; pec to ra l buds formed (12 mm) ;’ but see 8-l 1
mm; s i n g l e  s w i m  b l a d d e r  c h a m b e r  d e v e l o p e d (12 mm),
n o t o c h o r d  f l e x e d  p o s t e r i o r l y ; 3  b u t  s e e  4 . 2 - 6 . 8  m m ;
f i r s t  d o r s a l f i n  r a y s  f o r m e d , second swim b ladder
c h a m b e r  formed;l f i r s t ana l ’  f i n  rays  fo rmed,  mouth
in fe r io r  4 o r  s u b t e r m i n a l 3  ( 1 5  m m ) ;  d o r s a l  f i n  c o m p l e t e
( 1 6 . 0  m m ) ,  a n a l  f i n  a n d  a l l  m e d i a n  f i n  r a y s  c o m p l e t e ; 4

f i r s t  a n a l , p e c t o r a l  a n d  p e l v i c  f i n  r a y s  f o r m e d , g u t
c o i l e d (18 mm) ; 3 p e c t o r a l  f i n  c o m p l e t e  ( 2 0 . 0  t o  2 3 . 0
mm) , al 1 f infolds absorbed (24.0 mm) .’

P igmenta t ion : t h r e e  l o n g i t u d i n a l  s t r i p e s  o n  d o r s u m , area
over sw im b ladder  da rkened , in te ro rb i ta l  me lanophores
presen t  (11 .5  mm) ,  do rsa l p i g m e n t a t i o n  d a r k e r  ( 1 2 . 0
mm) , p r o g r e s s i v e l y  d a r k e r  t h r o u g h  j u v e n i l e  p e r i o d . ’

To ta l l e n g t h D e s c r i p t i o n
25-33 mm Morpho logy :  squamat ion  s ta r ted (24 to 26 mm) , completed

(32 to 33 mm).

ADULTS

F in  r ays : cauda l  18 ; * d o r s a l  1 1  t o  1 2 ,  a n a l  7 ,  p e c t o r a l  1 6 ,  p e l v i c  9
to  10.6
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Late ra l l i n e  s c a l e s :  4 4  t o  4 7 . 6

Diagnost i c  c h a r a c t e r s : d o r s a l  f i n  s h o r t  ( 1 1  t o  1 2  r a y s ) ,  l a t e r a l  
absent o r  w i t h  o n l y  a  f e w  p o r e d  s c a l e s ,  s c a l e s  i n  l a t e r a l  s e r i e s
to 47 , spots a t  bases  o f  sca les  fo rming  abou t  10  rows  on  s ides
body.

Minytrema melanops

V e r t e b r a e :  4 3  o r  4 4  ( p o s s i b l y  i n c l u d i n g  W e b e r i a n  v e r t e b r a e )
sou thern  a reas  o f  the  Un i ted  S ta tes . 6

LITERATURE CITED
1. Becker (1976)
2. McSwain and Gennings (1972)
3. White (1977)

4 . Hogue and Buchanan (1977)
Jackson (1957)
Scott and Crossman (1973)

i n

line
44
o f

A 5.8 mm

dorsal

B 10.7 mm

v e n t r a l

F ig .  172 . Minytrema melanops, spotted sucker. A and B. Y o l k - s a c  l a r v a e .
(A and B, laboratory-reared,  Alabama, Hogue and Buchanan 1977).
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Minytrema melanops

10.8 mm

v e n t r a l

F ig .  173 . Minytrema melanops, spotted sucker. Larva.
Alabama, Hogue and Buchanan 1977).

(Labora to ry - reared ,
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Moxostoma anisurum

Moxostoma an isurum (Raf inesque) ,  s i l ve r  redhorse

DISTRIBUTION

O c c u r s  i n  t h e  l a k e s  a n d  l a r g e  r i v e r s  o f  a l l  o f  t h e  G r e a t  L a k e s . In
L a k e  S u p e r i o r  i t  o c c u r s  o n l y  i n  t h e  s o u t h e r n  a n d  w e s t e r n  p o r t i o n s . 5  I t
i s s c a t t e r e d th roughou t t h e  c e n t r a l p o r t i o n o f  the  Lake  Mich igan
d r a i n a g e . ’

SPAWNING SEASON

S p a w n s  i n  e a r l y  A p r i l  i n  A l a b a m a ’  t o  e a r l y  M a y i n lowa.3 Migra tes
upstream for spawning when ice goes out.2

SPAWNING TEMPERATURE

Ripe  adu l t s  have  been  co l lec ted  a t  13  C .3  Spawns a t  14  C.’

SPAWNING HABITAT

Spawns i n main r i v e r channels, 0 . 4  t o 1 .0  m deep 3  o r  i n  sha l low
r i f f l e s . ’

SPAWNING SUBSTRATE

Depos i t s  eggs  among rocks ,  g rave l  and  rubb le .3  4

FECUNDITY

14 ,910  to  36 ,340 .3

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
20 mm Morphometry:  (as % TL) preanal  length 63,  head length 23,

e y e  d i a m e t e r  7 ,  g r e a t e s t  b o d y  d e p t h  1 5 ,  b o d y  d e p t h  a t
anus  8 ,  (as  % head leng th )  eye  d iameter  28 ,  body  dep th
a t  anus  34 .2

Morpho logy :  a l l caudal , dorsa l and anal f i n rays
developed, three chambers in swim bladder.2
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Moxostoma anisurum

Pigmentat ion: chromatophores over snout and top of head,
t w o  d o r s a l  s t r i p e s  p r e s e n t ,  m i d l a t e r a l  s t r i p e  p r e s e n t ,
melanophores cover ing top of swim bladder and
i n t e s t i n e , i r r e g u l a r  m i d v e n t r a l  s e r i e s  t o  a n u s ,  d o u b l e
r o w  f r o m  a n u s  t o  t a i l , p e c t o r a l  a n d  p e l v i c  f i n s  l i g h t l y
pigmented; cauda l , dorsa l and anal f i n s h e a v i l y
pigmented.2

ADULTS

Fin rays : caudal 18 ,  do rsa l  14 t o 15 (12 t o lj’), anal 7, pec to ra l 17
t o 18 (16 t o  2 0 ) , p e l v i c  9.6

Ver tebrae : 40  to  44  ( inc lud ing  Weber ian  ver tebrae) .6

L a t e r a l  l i n e  s c a l e s :  4 2  t o  4 4  ( 3 8  t o  461,'

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s h o r t (usua l l y 14 to 15 rays),
scales la rge ( u s u a l l y  4 2  t o  4 4  i n  l a t e r a l  s e r i e s ,  c a u d a l  p e d u n c l e
s c a l e s  1 2  t o  1 3 ) ,  t h r e e  c h a m b e r e d  s w i m  b l a d d e r ,  t r a n s v e r s e  l i n e s
a c r o s s  p l i c a e  o f  l i p s , p e l v i c  f i n  o r i g i n  a n t e r i o r  t o  m i d p o i n t  o f
dorsal f i n  b a s e , p o s t e r i o r  e d g e  o f lower lip forming angle
approximately 90 degrees.

LITERATURE CITED
1. Becker (1976)

Fish (1932)
Meyer (1962)

4 . Hackney et al
Hubbs and Lagler (1958)

z: J e n k i n s  ( 1 9 7 0 )

19.5 mm

Fig .  175 . Moxos toma an isurum,  s i l ve r  redhorse . J u v e n i l e . (WiId-caught,
Lake  Er ie ,  F ish  1932) .
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Moxostoma carinatum

Moxostoma car inatum (Cope),  r iver redhorse

The data designated as or iginal  (*)  in the fol lowing EGGS, YOLK-SAC LARVAE,
LARVAE and JUVENILES sections were obtained f r o m  s p e c i m e n s  p r o v i d e d  b y
B r u c e  L .  Y e a g e r . H e  i n t e n d s  t o  w r i t e  a  m o r e  c o m p l e t e  d e s c r i p t i o n  o f  t h i s
spec ies .

DISTRIBUTION

Scarce  in  the  Grea t  Lakes  reg ion . R e s t r i c t e d  t o  s o u t h e r n  d r a i n a g e s  o f
L a k e s  E r i e  a n d  O n t a r i o . 5  P r o b a b l y  n o t  f o u n d  i n  t h e  L a k e  M i c h i g a n
dra inage . A s ing le  record  ex is ts  f rom the  Muskegon R iver  sys tem. ’

SPAWNING SEASON

Probab ly  spawns i n s p r i n g i n  t h e  n o r t h . 2 Spawns from mid-Apr i l  to
ea r l y  May  i n  A1abama.l

SPAWNING TEMPERATURE

Spawns at temperatures between 22 and 24 C.3 4

SPAWNING HABITAT

Probab ly  spawns in  la rge  t r ibu ta r ies , 2  15  to  100  cm deep,  in  redds  1 .3
to  2 .7  m w ide .3

SPAWNING SUBSTRATE

Spawns over gravel shoals.”

FECUNDITY

6 ,078  to  23 ,085 .3

EGGS

Demersal, nonadhesive;?f  d iamete r  3  to  4 3 or 3.7 to 4.4 mm; 6 yolk
amber, o i l  g l o b u l e s  a b s e n t ; *  i n c u b a t i o n  p e r i o d :  3  t o  4  d a y s  a t  2 2  C . 3

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
10.4-11.0 mm Newly hatched.*

Myomeres: 39 to 46 (33 to 38 + 5 to 8) . ‘
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  7 7  t o  8 3 ,  h e a d

l e n g t h  1 2  t o  1 5 ,  e y e  d i a m e t e r  5  t o  6 , b o d y  d e p t h  a t
anus  9  to  15 . *

Morpho logy :  head  de f lec ted o v e r  y o l k  s a c ,  f r o n t  o f  y o l k

ionP i g m e n t a t i o n :  y o l k  b r i g h t  y e l l o w ,  o t h e r  p
a b s e n t . *

sac bulbous, pec to ra l  buds  minu te  o r  absen t . *
i gmentat
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Moxostoma carinatum

13-14 mm M y o m e r e s :  4 0  t o  4 3  ( 3 3  t o  3 5  +  7  t o  8 ) ; *  s e e  1 0 . 4 - 1 1 . 0
mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 8  t o  7 4 ,  h e a d
length 15 to 16, eye diameter 6 to 7, body depth at
anus  11  to  12 . *

M o r p h o l o g y :  y o l k  s a c  t u b u l a r ; 3 * head free from yolk sac,
mouth and hypural  bones forming.*

P igmenta t ion :  eyes b lack ,  me lanophores  cover ing  occ ipu t ,
nar rowing to middorsal s t r i p e  o n nape, t w o  d o r s a l
s t r i p e s  b e h i n d  n a p e  a n d merging on caudal  peduncle,
m i d l a t e r a l s t r i p e  p r e s e n t (sever a 1 melanophores i n
midlateral  myoseptum of  each myomere),  broad midventra l
s t r i p e  b e h i n d  h e a d  t o  t i p  o f  t a i l , *

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
15-16 mm Myomeres : see 10.4-11.0 mm and 13-14 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 9  t o  7 0 ,  h e a d
l e n g t h  1 8  t o  2 0 ,  e y e  d i a m e t e r  6  t o  7 , b o d y  d e p t h  a t
anus  10  to  11 . *

Morpho logy :  yo lk absorbed  (ca .  15 .8  mm) ,  cauda l  f i n  rays
and hypural  bones complete,  two swim b ladde r  chambers
present , d o r s a l  f i n  r a y s  f o r m i n g ,  m o u t h  s u b t e r m i n a l  t o
i n f e r i o r ,  p e l v i c  b u d s  f o r m i n g . *

P i g m e n t a t i o n :  d o r s u m  o f snout , head and o c c i p u t
pigmented, prominent median predorsa l s e r i e s  o f
melanophores, two  dorsa l  rows  f rom dorsa l  f i n  to  cauda l
peduncle i n d i s t i n c t , p i g m e n t  o n  d o r s u m  o f caudal
p e d u n c l e  d a r k , melanophores scat tered on s ide of  head
b e h i n d  e y e , m i d l a t e r a l s t r i p e narrow, i n t e r n a l
melanophores o n  d o r s u m  o f  g u t  a n d  s w i m  b l a d d e r ,
m i d v e n t r a l  s t r i p e  p r o m i n e n t . *

19-20 mm Myomeres : see 10.4-11.0 mm and 13-14 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 2  t o  6 6 ,  h e a d

leng th  20  to  21 ,  eye  d iameter  6 ,  body  dep th  a t  anus  10
t o  1 1 . *

Morphology: a l l  m e d i a n  f i n  r a y s  p r e s e n t ,  p r e a n a l f  i n fo ld
remaining.9:

P i g m e n t a t i o n :  m e l a n o p h o r e s  o n  o c c i p u t  a n d i n median
p r e d o r s a l  s e r i e s , m i d l a t e r a l  s t r i p e  a b s e n t  o r con f ined
t o  c a u d a l peduncle, m i d v e n t r a l  s t r i p e  n e a r l y  a b s e n t ,
sca t te red  me lanophores  on  d is ta l  po r t ion  o f  do rsa l f i n
a n d  a l o n g  p r o x i m a l  p o r t i o n  o f  c a u d a l  f i n  r a y s . *

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
19-26 mm Myomeres : see 10.4-11.0 mm and 13-14 mm.
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Moxostoma carinatum

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 0  ‘ t o  6 2 ,  h e a d
length 21 to 23, eye  d iameter  6  to  7 ,  body  dep th  a t
anus  12  to  13 . *

Morpho logy :  a l l f i n f o l d s  a b s o r b e d , squamation s t a r t e d
(19.3 mm) and complete (ca. 26.3 mm) .*

P i g m e n t a t i o n :  s i n g l e middorsal s t r i p e  p r e s e n t , s ides
above m i d l a t e r a l l i n e  w i t h  s c a t t e r e d  m e l a n o p h o r e s ,
melanophores on v e n t e r  o f caudal peduncle, sca les
ou t l i ned  w i th  me lanophores . *

ADULTS

F in rays : caudal 18, dorsal 12 t o 14, anal 7, pec to ra l 16 t o 18,
p e l v i c  9.’

Ver tebrae : 4 1  t o  4 4  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  4 2  t o  4 4  ( 4 1  t o  4 6 )  .’

D i a g n o s t i c  c h a r a c t e r s : d o r s a l  f i n  s h o r t  ( 1 2  t o  1 4  r a y s ) ,  s c a l e s  l a r g e
( u s u a l l y  4 2  t o  4 4  i n  l a t e r a l  s e r i e s ,  c a u d a l  p e d u n c l e sca les 12 to
13), three-chambered swim bladder, n o  t r a n s v e r s e  l i n e s  o n  p l i c a e  o f
l i p s ,  p e l v i c  f i n  o r i g i n  a n t e r i o r  t o  m i d p o i n t  o f  d o r s a l f i n  b a s e ,
lower  Pharyngea l  tee th  mo la r i f o rm.

LITERATURE CITED
1. Becker (1976)

::
Scott and Crossman (1973)
Hackney et  a l .  (1969)

4 . Jenkins (1970)
Hubbs and Lagler (1958)
yeager (1980)
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Moxostoma carinatum

dorsal

ventral

F ig.  176 . Moxostoma carinatum, r i v e r redhorse. Yolk-sac larva .

(Laboratory-reared, Tennessee, o r i g i n a l  i l l u s t r a t i o n s  b y  L .  A .  F u i m a n ,
specimens provided by B. L.  Yeager).
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Moxostoma carinatum

dorsa l

16.3 mm

B 18.7 mm

F i g .  1 7 7 . Moxos toma car ina tum,  r i ve r  redhorse . A and B. Larvae. (A and B,
l a b o r a t o r y - r e a r e d ,  T e n n e s s e e , o r i g i n a l i l l u s t r a t i o n s  b y  L .  A . Fuiman,
specimens provided by B. L.  Yeager).
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Moxostoma duquesnei

Moxostoma duquesnei (LeSueur),  b lack redhorse

The data designated as or iginal  (*)  in the fol lowing EGGS, YOLK-SAC LARVAE,
LARVAE and JUVENILES sections were obtained f r o m  s p e c i m e n s  p r o v i d e d  b y
B r u c e  L .  Y e a g e r . H e  i n t e n d s  t o  w r i t e  a  m o r e  c o m p l e t e  d e s c r i p t i o n  o f  t h i s
spec ies .

DISTRIBUTION

R a r e  i n  s o u t h e r n  d r a i n a g e s  o f  t h e  G r e a t  L a k e s ,  5  6  f e w  r e p o r t s  i n  t h e
L a k e  M i c h i g a n  d r a i n a g e ,  a l l  i n  t h e  s o u t h e r n  half.’

SPAWNING SEASON

S p a w n s  i n  l a t e  A p r i l  i n  M i s s o u r i ’  t o  e a r l y  M a y  i n  K a n s a s . ’

SPAWNING TEMPERATURE

Spawns at  temperatures f rom 13 to 23 C.z 3  4

SPAWNING HABITAT

S p a w n s  i n  s w i f t  r i f f l e s , 3  1 0  t o  6 0  c m  d e e p . *

SPAWNING SUBSTRATE

Depos i ts  eggs  over  f ine  rubb le .2

FECUNDITY

Not  repor ted .

EGGS

Demersal, nonadhesive, d i a m e t e r  3 . 4  m m ,  y o l k  a m b e r ,  o i l  g l o b u l e s
a b s e n t . *

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
ca. 9 mm Newly hatched.*

Morphometry:  preanal  length 88% TL.*
M o r p h o l o g y :  h e a d  d e f l e c t e d  o v e r  y o l k  s a c ,  f r o n t  o f  y o l k

sac  bu lbous ,  pec to ra l  buds  absen t . *
P i g m e n t a t i o n :  l i g h t y e l l o w y o l k , o t h e r  p i g m e n t a t i o n

a b s e n t . *

14 mm Myomeres: 43 t o 45 (35 t o 36 + 8 t o 9) *
Morphometry:  (as % TL) preanal  length 73,  head length 16,

eye diameter 6, body  depth  a t  anus  9 . *
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Moxostoma duquesnei

M o r p h o l o g y :  m o u t h ,  h y p u r a l  b o n e s and swim bladder
fo rm ing , y o l k  s a c  t u b u l a r , head  f ree  f rom yo lk  sac ,
p e c t o r a l  b u d s  p r e s e n t . *

P igmenta t ion :  eye  b lack , dorsum o f  occ ipu t  w i th  sca t te red
melanophores,  narrowing t o  m e d i a n  p r e d o r s a l s e r i e s ,
d o r s a l  p i g m e n t  s c a t t e r e d  p o s t e r i a d ,  m e l a n o p h o r e s  i n
mid la te ra l  myosep tum fo rm ing  s t r i pe  f rom pec to ra l buds
t o  p o s t e r i o r  e n d  o f  y o l k  s a c ,  m i d v e n t r a l  s t r i p e  b r o a d . *

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
18-20 mm Myomeres: see 14 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 7  t o  7 1 ,  h e a d
leng th  22 ,  eye  d iameter  7 ,  body  dep th  a t  anus  10 . *

Morpho logy :  pe lv ic  buds  p resent ,  mouth i n f e r i o r , caudal
a n d  d o r s a l f i n  rays  comp le te  (17 .5  mm) ,  ana l  f i n  rays
fo rm ing  (20 .5  mm)  and  comp le te ,  pa i red  f i n  rays  fo rm ing
(21.2 mm).*

P igmenta t ion : sparse  th roughout , d a r k e s t  o v e r  o c c i p u t ,
f i n e  m e l a n o p h o r e s  s c a t t e r e d  o n  d o r s u m ,  m i d l a t e r a l  l i n e
o f  m e l a n o p h o r e s  f a i n t ,  m i d v e n t r a l  s t r i p e i n t e r m i t t e n t ,
d a r k e s t  u n d e r  h i n d g u t . *

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
24-39 mm Myomeres : see 14 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  6 1  t o  6 4 ,  h e a d
leng th  21  to  22 ,  eye  d iameter  6 ,  body  dep th  a t  anus  10
t o  1 1 . *

Morphology:
24 mm),

a l l  f i n f o l d s  a b s o r b e d ,  s q u a m a t i o n  p r e s e n t  ( b y
comp le te  (p r io r  t o  38 .5  mm) . *

P igmenta t ion :  pa le , melanophores on scale margins forming
cross -ha tched  pa t te rn  on  dorsum.*

ADULTS

F in rays: caudal 18, dorsa l 12 t o 14, anal 7, pec to ra l 16 t o 18,
p e l v i c  9  t o  10.’

Vertebrae: 4 3  t o  4 7  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

L a t e r a l  l i n e  s c a l e s :  4 5  t o  4 7  ( 4 3  t o  51).'

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s h o r t  ( 1 2  t o  1 4  r a y s ) ,  s c a l e s
( u s u a l l y  4 5  t o  4 7  i n  l a t e r a l  s e r i e s ,

l a rge
caudal  peduncle scales 12 to

1 4 ) ,  t h r e e - c h a m b e r e d  s w i m  b l a d d e r ,  n o  d e e p  t r a n s v e r s e  c r e a s e s  o n
p l i c a e  o f l i p s , p e l v i c  f i n  o r i g i n  o p p o s i t e  m i d p o i n t  o f  d o r s a l  f i n
base.
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Moxostoma duquesnei

LITERATURE CITED
1. Becker (1976)

::
Bowman (1970)
Cross (1967)

Jenkins (1970)
Hubbs and Lagler (1958)
Scott and Crossman (1973)

18.4 mm

F i g . 178. Moxos toma duquesne i ,  b lack  redhorse .  Larva .  (Labora to ry - reared ,
T e n n e s s e e ,  o r i g i n a l  i l l u s t r a t i o n  b y  L .  A .  F u i m a n ,  s p e c i m e n  p r o v i d e d  b y  B .
L. Yeager) .
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Moxostoma erythrurum

Moxostoma erythrurum (Raf inesque),  golden redhorse

DISTRIBUTION

F o u n d  i n  c l e a r  c r e e k s  a n d  r i v e r s  o f  t h e  L a k e  M i c h i g a n  a n d  L a k e  E r i e
d r a i n a g e s . ’ I t  i s  c o m m o n  i n  t r i b u t a r i e s  o f  t h e  l o w e r  t w o - t h i r d s  o f
the  Lake  Mich igan  d ra inage ’  and  in  the  lake  p roper . *

SPAWNING SEASON

Spawns from mid-May in Michigan 2  t o  l a t e  H a y  i n  Wisc0nsin.l

SPAWNING TEMPERATURE

A d u l t s  w i t h  w e l l  d e v e l o p e d  g o n a d s  w e r e  c o l l e c t e d  a t  1 6  C.’ Spawning
has been observed between 17 and 22 C.* ‘

SPAWNING HABITAT

S p a w n s  a t  t h e l o w e r  e n d s  o f  pools* in  rivers* 3  and  modera te  s i ze
streams. * Does not spawn in smal l  streams.2  3

SPAWNING SUBSTRATE

Spawns over loose gravel.*

FECUNDITY

6 , 1 0 0  t o  2 5 , 3 5 0 . ’

EGGS

Demersal, n o n a d h e s i v e ; &  o i l  g l o b u l e s  a b s e n t ,  y o l k  p a l e  y e l l o w . 5

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
9.5-10.8 mm Newly hatched, mean: 9.4 rnrn.!j

Myomeres: usual 1 y 40 to 42 (33 to 35 + 7 to 8) unchanged
a f t e r  h a t c h i n g . 5

Morphometry:  (as % TL) preanal  length 82,  head length 14,
e y e  d i a m e t e r  6 , body depth at anus 9, (as % head
leng th )  eye  d iameter  45 ,  body  dep th  a t  anus  63.5

M o r p h o l o g y :  y o l k  s a c  s l i g h t l y  b u l b o u s  a n t e r i o r l y , head
d e f l e c t e d o v e r  a n t e r i o r  e n d  o f  y o l k  s a c ,  p e c t o r a l  b u d s
m i n u t e . 5

Pigmenta t ion : e y e  s l i g h t l y  p i g m e n t e d ,  o t h e r p igmenta t ion
l a c k i n g . 5
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Moxostoma erythrurum

11-14 mm Myomeres: see 9.5-10.8 mm.
Morphometry:  (as % TL) preanal  length 75,  head length 20,

e y e  d i a m e t e r  7 ,  b o d y  d e p t h  a t  a n u s  9 , (as % head
leng th )  eye  d iameter  38 ,  body  dep th  a t  anus  46 .5

M o r p h o l o g y :  f i r s t  c a u d a l fin rays (11.1 mm), hypural
e lements  fo rmed  (12 .0  mm) ,  mou th  pa r t s  oss i f i ed (12.3
mm) , f i r s t  d o r s a l f i n  rays  fo rmed  (12 .2  to  12 .8  mm)
between myomeres 14 and 18, notochord flexed (12.9 mm)
a n t e r i o r and  pos te r io r  sw im b ladder  chambers  in f la ted
(13.0 mm) between myomeres 5 and 7, and 8 and 12,
r e s p e c t i v e l y ,  y o l k  a b s o r b e d  ( 1 3 . 4  mm).s

P igmenta t ion :  occ ipu t  heav i l y  p igmented ,  med ian  p redorsa l
s t r i p e  p r e s e n t , t w o  s t r i p e s  l a t e r a l  t o  p r e d o r s a l  s t r i p e
f r o m  p e c t o r a l buds t o  t a i l  ( w h e r e  f u s e d ) ,  e y e  b l a c k ,
m id la te ra l  s t r i pe  composed  o f  two  to  th ree  me lanophores
p e r  m y o m e r e ,  d o r s u m  o f  y o l k  s a c  d a r k ,  m e l a n o p h o r e s
among caudal f i n  r a y s ,  n a r r o w  m i d v e n t r a l  s t r i p e  ( 1 2 . 3
mm) , t h r e e  d o r s a l  s t r i p e s  i n d i s t i n c t  ( 1 3 . 2  mm).s

LARVAE

Tota l l e n g t h D e s c r i p t i o n
14-20 mm Myomeres : see 9.5-10.8 mm.

Morphometry:  (as % TL) preanal  length 70,  head length 22,
e y e  d i a m e t e r  8 ,  b o d y  d e p t h  a t a n u s  9 , (as % head
leng th )  eye  d iameter  36 ,  body  dep th  a t  anus  42 .5

Morphology: pelvic buds formed between myomeres 15 and 17
(12.0 to 14.4 mm), f i r s t  a n a l  f i n  r a y s  ( 1 4 . 5  m m ) ,  m o u t h
s u b t e r m i n a l  ( 1 4 . 7  m m )  t o  i n f e r i o r  ( 1 5 . 3  m m ) ,  p e l v i c  f i n
r a y s  f o r m e d  ( 1 5 . 0  m m ) ,  g u t  S - s h a p e d  ( 1 5 . 5  m m ) ,  a l l
med ian  f i n  rays  fo rmed  (15 .9  mm) , squamation s t a r t e d
(18.7 mm),  f in fo lds absorbed (19.9 to 21.3 mm) .5

i n  r ays ,Pigmentat ion:  me
m i d v e n t r a l  s t r

l a n o p h o r e s  a l o n g  a l l d o r s a l  f
ipe fa int  (15.3 mm) .5

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
20-25 mm Myomeres : see 9.5-10.8 mm.

Morphometry:  (as % TL) preanal  length 61,  head length 23,
e y e  d i a m e t e r  7 ,  b o d y  d e p t h  a t  a n u s  1 1 , (as % head
leng th )  eye  d iameter  32 ,  body  dep th  a t  anus  52 .5

Morphology: squamation complete (23 mm).5

P i g m e n t a t i o n :  l a t e r a l p i g m e n t a t i o n  s c a t t e r e d , darkes t
d o r s a l  f i n  p i g m e n t a t i o n  o n  d i s t a l  margin.s

ADULTS

F in rays: caudal 18, dorsa l 12 t o 14, anal 7, pec to ra l 16 t o 18,
p e l v i c  9.”

Ver tebrae : 3 9  t o  4 3  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’
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L a t e r a l  l i n e  s c a l e s :  4 0  t o  4 2  ( 3 7  t o  4 5 )  . 6

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s h o r t  ( 1 2  t o  1 4  r a y s ) ,  s c a l e s la rge
( u s u a l l y  4 0  t o  4 2  i n  l a t e r a l  s e r i e s ,  c a u d a l  p e d u n c l e  s c a l e s  1 2 ) ,
swim bladder three-chambered, no deep transverse creases o n  p l i c a e
o f  l i p s ,  p e l v i c  f i n  o r i g i n  a t  m i d p o i n t  o f  d o r s a l  f i n  b a s e ,  p o s t e r i o r
edge  o f  l ower  l i p  fo rm ing  ang le  o f  approx imate ly  100  to  120  degrees ,

LITERATURE CITED
1. Becker (1976)
2. Hankinson (1932)

1:
Gerking (1953)
Meyer (1962)

5 . Fuiman and Witman (1979)
6 . Jenkins (1970)
7 . Hubbs and Lagler (1958)
8 .  R .  E .  Jenk ins  (pers .  Comm.)

dorsa l

1 mm

v e n t r a l

F ig .  179 . Moxostoma erythrurum, redhorse. Yo lk -sac
(Labora to ry - reared ,  Pennsy lvan ia ,  FfPAzEnand  Wi tman  1979) .

l a r v a .
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Moxostoma macrolepidotum

Moxostoma macrolepidotum (LeSueur) ,  shorthead redhorse

DISTRIBUTION

Occurs throughout the Great  Lakes basin. ’  Uncommon to common in most
modera te  and  la rge  s t reams o f  Lake  Mich igan ’  and  in  the  lake  p roper . *

SPAWNING SEASON

Spawns in early and mid-May in Wisconsin 1 o  and lower Michigan.*

SPAWNING TEMPERATURE

S p a w n i n g  o c c u r s  b e t w e e n  1 1  a n d 16 c.3 5 a 10 Ripe adults have been
c o l l e c t e d  a t  1 8  C . 6

SPAWNING HABITAT

Spawns in shal low, 15 to 2

SPAWNING SUBSTRATE

1 cm, ri f f l e s  o f  l a r g e  s t r e a m s . 2  5

Depos i ts  eggs  over  f ine  sand, coarse  s tones  and  rubb le  (2 .5  to  8 .0  cm
diameter)  .5

FECUNDITY

13,5003 to 29,732. 4

EGGS

Demersal, nonadhesive; 7 o i l g l o b u l e s  absent;c
mm6 ( m e a n :  3 . 2 6  t o  3 . 3  mm’);  y o l k  p a l e  y e l l o w ; 6

d a y s  a t  1 6  C.’

’ d i a m e t e r  3 . 0 t o  3 . 3
i n c u b a t i o n  p e r i o d :  8

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
7.7-10.4 mm Newly  ha tched .6  7

M y o m e r e s :  u s u a l l y  4 3  t o  4 5  ( 3 6
myomeres at  hatching.6

Morpho logy :  head f lexed  downward

t o  3 8 + 6  t o  8 ) ,  a l l

over y o l k s a c ; 6  f
a n t e r i o r f o u r t h  o f  y o l k  s a c  b u l b o u s ,  p e c t o r a l  b u d s
absent c o r  p r e s e n t , u r o s t y l e  s l i g h t l y  u p t u r n e d . ’

P igmenta t ion : a b s e n t  i n  n e w l y - h a t c h e d  individuals.c ’

9-13 mm Myomeres: 40 to 41 (34 to 35 + 5 to 6) , mean: 40 (35 +
6) i’ see also 7.7-10.4 mm.

Morphometry:  (as %  T L )  p r e a n a l  l e n g t h  77’ t o  79;” h e a d
l e n g t h  1 4 ,  e y e  d i a m e t e r  6;~ 7  g r e a t e s t  b o d y  d e p t h  15;’
b o d y  d e p t h  a t  a n u s  8 , (as % head length) eye diameter
43 ,  body  dep th  a t  anus  62 .6
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M o r p h o l o g y :  f i r s t  c a u d a l  f i n  r a y s  d e v e l o p e d  ( 1 2 . 9  m m ) ; 6  '
mou th  par ts  oss i f i ed  (12 .4 ’  to  13 .2  mm 6 ) .

P igmenta t ion : e y e  a n d  o c c i p u t  p i g m e n t e d  ( 1 0 . 2 ’  t o  1 2 . 2
mm’)  i s i n g l e middorsal s t r i p e , u s u a l l y th ree
me lanophores  pe r myomere i n m i d l a t e r a l myoseptum,
melanophores s c a t t e r e d  o n  l a t e r a l  a n d  d o r s a l  s u r f a c e s
o f  y o l k  s a c ,  m i d v e n t r a l  s t r i p e  p r e s e n t  ( 1 2 . 2  m m ) . 6

13-14 mm Myomeres: 39 to 41 (33 to 35 + 5 to 7), mean: 41 (34 +
6) ;' see also 7.7-10.4 mm.

Morphometry:  (as % TL) preanal  length 73,  head length 17,
e y e  d i a m e t e r  6 ; 6 7  g rea tes t  body  depth  13;' body depth
a t  a n u s  9 ,  ( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  3 6 ,  b o d y
depth  a t  anus  53.'

Morpho logy :  no tochord  f lexed ,  hypura l  bones  fo rming  (13 .2
mm) , al 1 cauda l  f i n  rays  fo rmed  (13 .3  mm) ;6  pos te r io r
swim bladder chamber i n f l a t e d (13 .7  mm)  ; 6  7  be tween
myomeres 5 and 11.6

Pigmenta t ion :  th ree dorsa l s t r i p e s and uni form
pigmentat ion on dorsum of  head and swim bladder (13.2
mm) , some specimens w i t h i n t e r o r b i t a l p igment - f ree
s p a c e ,  p r o x i m a l  t h i r d  o f caudal f i n  r a y s  p i g m e n t e d
(13.9 mm) .6

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
14-19 mm Myomeres: 38 t o 41 (30 t o 35 + 6 t o 8 ) , mean: 38 (32 +

7) i' see also 7.7-10.4 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6 7  t o  6 9 ,  h e a d

leng th  19  to  20 ,  eye  d iameter  7;" 7  g rea tes t  body  depth
15;' b o d y  d e p t h  a t  a n u s 10, (as % head length) eye
d iameter  34 ,  body  dep th  a t  anus  50.”

Morpho logy :  yo lk  absorbed (13.9 mm) ; 6 p e l v i c buds
d e v e l o p e d  ( 1 4 . 8 6  t o .  1 6 . 7 ’  m m ) ;  b e l o w  m y o m e r e s  1 6  t o
18;( f i r s t  d o r s a l  f i n  r a y s  f o r m e d  (15.1”  t o  15.8’ m m ) ;
between myomeres 18 and 20;6 f i r s t  a n a l  f i n  r a y s  f o r m e d
(15.5 mm), f i r s t  p e l v i c  f i n  r a y s  d e v e l o p e d  ( 1 6 . 4  m m ) ; 6

a l l  m e d i a n  f i n  r a y s  f o r m e d  ( 1 6 . 4 6  t o  18.8’ m m ) ;  m o u t h
i n f e r i o r , gut S-shaped (17.0 mm) .6

Pigmenta t ion : s i n g l e  m i d d o r s a l , m id la te ra l  and  m idven t ra l
str ipes (descr ibed above) and pigment over swim bladder
p r e s e n t  ( 1 5 . 1  m m )  ;’ melanophores developed in dorsal
a n d  p e c t o r a l  f i n s  ( 1 5 . 6 6  t o  18.8’ m m ) .

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
19-32 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  6l;6 h e a d  l e n g t h

217 t o  23;6eye  d iameter  7;” grea tes t  body  depth  18;’
body depth at anus 11, (as % head length) eye diameter
31 ,  body  depth  a t  anus  48.’
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Morphology: squamation complete (27 mm).6

Pigmentat ion: body covered with smal l  melanophores, dense
p igmenta t ion  on  cauda l  and  dorsa l  fins.c 7

ADULTS

Fin rays: caudal 18, dorsal 12 t o 14, anal 7, pec to ra l 16 t o 17,
p e l v i c  9  t o  1O.*

Ver tebrae : 41  to  44  ( inc lud ing  Weber ian  ver tebrae) .8

L a t e r a l  l i n e  s c a l e s :  4 2  t o  4 4  ( 3 9  t o  46).a

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l f i n  s h o r t ( u s u a l l y  1 2  t o  1 3  r a y s ) ,
s c a l e s  l a r g e  ( u s u a l l y  4 2  t o  4 4  i n  l a t e r a l s e r i e s , caudal peduncle
scales 12  to  13 ) , sw im b ladder  th ree-chambered ,  lower  l i p  w i th  deep
t r a n s v e r s e  g r o o v e s ,  p e l v i c  f i n  o r i g i n  o p p o s i t e  m i d p o i n t  o f  d o r s a l
f i n  b a s e , p o s t e r i o r  e d g e  o f  l o w e r  l i p  s t r a i g h t .

LITERATURE CITED
1. Becker (1976)

f :
Reighard (1920)
Meyer (1962)

::
Moore and Cross (1950)
Burr and Morr is (1977)

6 . Fuiman (1979a)

;:
Buynak and Mohr (1979a)
Jenkins (1970)

9 . Hubbs and Lagler (1958)
10. Hawley (1967) in Becker

(1976)

F ig .  181 . Moxostoma macrolepidotum, shorthead redhorse. Yo lk -sac l a r v a .
(Laboratory-reared, Maryland, Fuiman 1979a).
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14.1 mm

v e n t r a l

F i g . 182. Moxostoma macro lepidotum, shorthead redhorse. Larva.

(Laboratory-reared, Maryland, Fuiman 1979a).

431 Catostomidae



Moxostoma macrolepidotum

dorsa l

16 mm

v e n t r a l

B 18.8 mm

Fig .  183 . Moxostoma macrolepidotum, shorthead redhorse. A and B. Larvae.

(A, l a b o r a t o r y - r e a r e d ,  M a r y l a n d ,  F u i m a n  lgj’ga;  B , l a b o r a t o r y - r e a r e d ,
Pennsylvania, Buynak and Mohr lgj’ga).
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v e n t r a l

F i g . 184. Moxostoma macrolepidotum, shorthead redhorse.
(Labora to ry - reared , Maryland, Fuiman 1979a).

J u v e n i l e ,
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Moxostoma valenciennesi

Moxostoma valenciennesi Jordan, greater redhorse

DISTRIBUTION

O c c u r s  i n  a l l  G r e a t  L a k e s  d r a i n a g e s , 3  e x c e p t  L a k e  S u p e r i o r .  S c a t t e r e d
reports f rom the lower reaches of  many Lake Michigan tributaries.l

SPAWNING SEASON

Spawns f rom la te  June  to  ear l y  Ju ly  in  the  S t .  Lawrence  River.l

SPAWNING TEMPERATURE

Spawns at  temperatures between 16 and 19 C.i *

SPAWNING HABITAT

S p a w n s  i n  s t r e a m s  w i t h  m o d e r a t e  t o  s w i f t  c u r r e n t  a b o u t  0 . 5  t o  1  m
deep.*

SPAWNING SUBSTRATE

Depos i ts  eggs  over  la rge  g rave l  m ixed  w i th  rubb le  and  sand.'

FECUNDITY

Not  repor ted .

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

Fin rays: caudal 18, dorsa l 12 t o 14, anal 7, pec to ra l 16 t o 18,
p e l v i c  9.'

Ver tebrae : 41  to  44  ( inc lud ing  Weber ian  vertebrae).l

L a t e r a l  l i n e  s c a l e s :  4 1  t o  45.l
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D iagnos t i c  charac te rs : d o r s a l  f i n  s h o r t  ( 1 2  t o  1 4  r a y s ) ,  s c a l e s  l a r g e
( 4 1  t o  4 4  i n  l a t e r a l  s e r i e s , caudal  peduncle scales 15 to 16),  swim
b l a d d e r  t h r e e - c h a m b e r e d ,  l i p s  w i t h  o n l y  l o n g i t u d i n a l  g r o o v e s .

LITERATURE CITED
1. Jenkins (1970)
2 . Jenkins and Jenkins (1980)

3. Hubbs and Lagler (1958)
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I c t a l u r i d a e

F a m i l y  I c t a l u r i d a e ,  b u l l h e a d  c a t f i s h e s

BY

Heang T. Tin

T h e  c a t f i s h  f a m i l y ,  I c t a l u r i d a e , i s  r e s t r i c t e d  t o  f r e s h w a t e r  o f North
a n d  C e n t r a l America. T h e r e  a r e  5  g e n e r a  a n d  3 9  s p e c i e s  i n  t h e  U n i t e d
S t a t e s  a n d  C a n a d a  ( R o b i n s  e t  a l .  1 9 8 0 ) .  T h r e e  g e n e r a  a n d  s e v e n  s p e c i e s
occur i n  t h e  L a k e  M i c h i g a n  d r a i n a g e . Noturus  miurus  i s  d iscussed bu t
occurs  on ly  in  the  Lake  Er ie  and  Ontar io  d ra inages . I c t a l u r i d s  h a v e  f o u r
p a i r s o f  b a r b e l s ,  s m o o t h  s c a l e l e s s  s k i n , an  ad ipose f in  and a  s tou t  sp ine
o n  t h e  d o r s a l  a n d  p e c t o r a l  f i n s . The  head  i s  l a rge  and  f l a t tened ,  the  body
i s  l a t e r a l l y  c o m p r e s s e d  b e h i n d  t h e  d o r s a l  f i n  a n d  t h e  c a u d a l  f i n  i s  f o r k e d ,
square or  rounded. Tee th  on  j aws  a re  sma l l  and  ca rd i fo rm.

C a t f i s h e s  a r e  m o s t  a c t i v e  a t  n i g h t ; they o f t e n  h i d e  i n  n a t u r a l
c a v i t i e s  o r remain  in  deep water  dur ing  day l igh t . Members  o f  th i s  fami l y
spawn during spring and summer, i n  n e s t s  b u i l t  i n  w e l l  p r o t e c t e d a r e a s  o f
l a k e s  a n d  s t r e a m s . Eggs  a re  genera l l y  l a rge  (2 .5  to  6 .0  mm in  d iamete r ,
Jones  e t  a l .  1978) , adhesive and deposited in masses. Newly hatched larvae
have  a  we l l  f o rmed  mouth ,  max i l l a ry  and  mand ibu la r  ba rbe ls  and  a  la rge  yo lk
sac. One  o r  bo th  pa ren ts  guard  the  eggs  and  young .  The  adu l t  comp lement
o f  f i n  r a y s  i s  e v i d e n t  w h e n  y o l k  i s  c o m p l e t e l y  a b s o r b e d ,  t h u s  t h e  j u v e n i l e
p h a s e  i s  r e a c h e d  a f t e r  y o l k  a b s o r p t i o n .  T h e  l a r v a l  p h a s e , a s  d e f i n e d i n
th i s  manua l , does  no t  occur .

Prov is iona l  Key  to  Grea t  Lakes  l c ta lu r id  Juven i les  (15  to  25  mm)
( I c t a l u r u s  c a t u s ,  N o t u r u s  f u r i o s u s  a n d  N .  i n s i g n i s  a r e  n o t

d iscussed due to  scarc i ty  in  the  Great  Lakes  bas in .

l a . B a r b s  p r e s e n t  o n  p o s t e r i o r  m a r g i n  o f  p e c t o r a l  s p i n e .  .  .  .  .  .  .  .  .  2

b . N o  b a r b s  o n  p o s t e r i o r  m a r g i n  o f  p e c t o r a l  s p i n e .  .  .  .  .  .  .  .  .  .  .  .  5

2a. Caudal f i n  f o r k e d  o r  n o t c h e d ;  a n a l  f i n  r a y s  2 5  t o  2 9 . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . I c t a l u r u s  p u n c t a t u s

b . C a u d a l  f i n  r o u n d e d  o r  t r u n c a t e ;  a n a l  f i n  r a y s  1 2  t o  2 7 .  .  .  .  .  .  .  3

3a. A n a l  f i n  r a y s  1 2  t o  1 6 ;  m e l a n o p h o r e s  l a r g e .  .  .  .  .  .  .  N o t u r u s  m i u r u s

b . Anal fin rays 19 to 27; melanophores small. . . . . . . . . . . . . 4

4a. Ch in  ba rbe ls  da rk ; a n a l  f i n  r a y s  1 9  t o  2 4 .  .  .  .  .  I c t a l u r u s  n e b u l o s u s

b . C h i n  b a r b e l s  l i g h t ;  a n a l  f i n  r a y s  2 2  t o  2 7 .  .  .  .  .  .  I c t a l u r u s  n a t a l i s
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 3 . U p p e r  j a w  s l i g h t l y  p r o j e c t i n g ;  m o u t h  i n f e r i o r .  .  .  ,  .  N o t u r u s  f l a v u s

b . J a w s  e q u a l  i n  l e n g t h ,  o r  l o w e r  o n e  l o n g e r ;  m o u t h  t e r m i n a l  ,  ,  ,  .  .  .  6

6a. A n a l  f i n  r a y s  1 7  t o  2 7 . . . . . . . . . . . . . . . . . . . . . . . . 7

b . A n a l  f i n  r a y s  1 2  t o  1 7 . . . . . . . . . . . . . . . . . . . . . . . 8

7a. C h i n  b a r b e l s  l i g h t ;  a n a l  f i n  r a y s  2 2  t o  2 7 . . . . . .  I c t a l u r u s  n a t a l i s

b . C h i n  b a r b e l s  d a r k ;  a n a l  f i n  r a y s  1 7  t o  2 4 . . . . . . . I c ta lu rus  me las

8a. Pectoral fin rays i,g; pelvic fin rays 9 or 10; middle rays of
t r u n c a t e  c a u d a l  f i n  d a r k l y  p i g m e n t e d .  .  .  .  .  .  .  .  P y l o d i c t i s  o l i v a r i s

b . P e c t o r a l  f i n  r a y s  1 , 6  ( 6  t o  9 ) ;  p e l v i c  f i n  r a y s  8  o r  9 ;  r o u n d e d  c a u d a l
f i n  u n p i g m e n t e d  o r  u n i f o r m l y  d a r k l y  p i g m e n t e d .  .  .  .  .  N o t u r u s  g y r i n u s
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I c ta lu rus  me las

Ic ta lu rus  me las  (Ra f inesque) ,  b lack  bu l lhead

DISTRIBUTION

Occurs  in  a l l  o f  the  Grea t  Lakes  excep t  Lake  Super io r . ’ in the Lake
Super io r d ra inage i t i s  f o u n d  o n l y i n t h e  S t . L o u i s  r i v e r . ’
D is t r ibu ted  th roughout  the  Lake Mich igan dra inage,  be ing less common
i n  t h e  n o r t h e r n  a n d  e a s t e r n  p o r t i o n s . 7

SPAWNING SEASON

L a t e  A p r i l  t o  e a r l y  J u n e  i n  M i n n e s o t a ; ’ May  or  ear ly  June in  the  Lake
Mich igan dra inage ’ and June to  August  in  Iowa. ‘

SPAWNING TEMPERATURE

Spawning observed at 21 C.3

SPAWNING HABITAT

Spawns in weedy or muddy shal low waters  of  ponds, pools or streams.8

SPAWNING SUBSTRATE

S p a w n s  o n  g r a v e l ,  s i l t ,  d e b r i s , 3  m u d  o r  sand.’ N e s t s  a r e  c o n c e a l e d
u n d e r  p r o t e c t i v e  c o v e r , i n c l u d i n g  m a t t e d  v e g e t a t i o n . 4

FECUNDITY

2 , 0 0 0  t o  6,000.~  12

NATURAL HYBRIDS

I c t a l u r u s  nebulosus.1l

EGGS

Demersal, adhes ive ;3 pa le cream t o  golden;l 4 diameter 3 mm;3 eggs
adhere together in one mass w h e n  d e p o s i t e d ; 4 i n c u b a t i o n  p e r i o d :  5
days3 to 1 week5 a t  unspec i f i ed  tempera tu re .

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
9-10 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 0  o r  5 1 ,  h e a d

l e n g t h  2 9  o r  3 0 ,  g r e a t e s t  b o d y  d e p t h  2 5  t o  2 8 , eye
d iamete r  5  o r  6  (9 .5  to  10 .2  mm) . *

Morphology: anal f i n rays 1 6 ,  p e l v i c  f i n  r a y s  b e g i n  t o
f o r m ,  c a u d a l  f i n  t r u n c a t e d  ( 9 . 5  t o  1 0 . 2  m m ) . *

P igmenta t ion : smal l  chromatophores cover body and f i n s ,
ch in  barbe ls  dark ,  ven te r  p igmented . *
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LARVAE

Larva 1 phase, as  de f ined  in  th is  manua l ,  does  no t  occur .

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
13-30 mm Morpho logy :  no  barbs  on  pec to ra l  f i n  sp ine  (13 .5  to 23.0

mm);*  caudal  f in  t runcate or  emarginate (30.0 mm) .I
P igmenta t ion :  body  dark  b rown ish  g ray  to  b lack ,  max i l la ry

b a r b e l s  d a r k  g r a y  t o  b l a c k , ch in  barbe ls  dusky  gray  to
b l a c k . ’

ADULTS

F i n  r a y s :  c a u d a l  1 5  ( b r a n c h e d  rays);lO  d o r s a l  I , 5  t o  6;’ a n a l 17 to
2 4 ’  1’ ( i n c l u d i n g  rudiments);13  p e c t o r a l  1 , 8 ,  p e l v i c  8 . 5

Ver tebrae : 38  to  38  ( inc lud ing  Weber ian  ver tebrae) .3

D i a g n o s t i c  c h a r a c t e r s :  a d i p o s e  f i n  f r e e ,  c h i n  b a r b e l s  d a r k ,  n o  b a r b s
o n  p o s t e r i o r  e d g e  o f  p e c t o r a l  s p i n e s ,  a n a l  f i n  r a y s  1 7  t o  2 4 .

LITERATURE CITED
1. Cloutman (1979)
2. Hogue et  a l .  (1976)

Z:
Scott and Crossman ( 1973)
Cross (1967)
Har lan and Speaker ( 1969)
Forney (1955)
Becker (1876)

8 . Langlois (1954)
9 . Eddy and Underhi l l  (1974)

10. Tay lo r  (1968)
11. Trautman (1957)
12. Cook (1959)
13. Hubbs and Lagler (1958)
14. W. R. Taylor (pers. Comm.)
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I c ta lu rus  me las

A 10.2 mm

B 13.5 mm

F i g .  1 8 5 . I c t a l u r u s  m e l a s ,  b l a c k  b u l l h e a d .  A .  Y o l k - s a c  l a r v a .  B .  J u v e n i l e .
(A, w i l d - c a u g h t , Ohio, o r i g i n a l i l l u s t r a t i o n  b y  N .  A .  A u e r , specimen
p r o v i d e d  b y  G r e a t  L a k e s  R e g i o n a l  F i s h  L a r v a e  C o l l e c t i o n , GLRFC 0306; 8,
w i l d - c a u g h t , M i c h i g a n ,  o r i g i n a l i l l u s t r a t i o n  b y  N .  A . Auer, specimen
provided by the Universi ty of Michigan, Museum of Zoology, UMMZ 13887).
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DISTRIBUTION

O c c u r s  i n  a l l o f t h e  G r e a t  Lakes.12 Common throughout t h e  L a k e
Mich igan dra i nage except  in  the  upper  pen insu la  o f  M ich igan. ’

SPAWNING SEASON

I c t a l u r u s  n a t a l i s

I c t a l u r u s  n a t a l i s  ( L e S u e u r ) ,  y e l l o w  b u l l h e a d

Spawns in  May and June in  Lake Michigan,O June  in  Lake  Erie,’ May in
Illinoislo  and May or June in New Y0rk.l’

SPAWNING TEMPERATURE

Not r e p o r t e d .

SPAWNING HABITAT

Sha l l o w  a r e a s ,  0 . 5  t o  1 . 2  m  deep,15 i n  l a k e s  o r  r

SPAWNING SUBSTRATE

ivers. 9

Nests are c o n s t r u c t e d  u n d e r overhanging s t ream banks , i n  h o l e s ,
b u r r o w s  o r  n e a r  t h e  p r o t e c t i o n  o f  s t o n e s  o r  stumps.l

FECUNDITY

1 , 6 5 0  t o  7,000.~  ’

EGGS

Demersal, adhes ive ; 2 creamy w h i t e t o y e l l o w i s h ; ’ 2 diameter 2.5 t o 3.0
mm;ll  i n c u b a t i o n  p e r i o d :  5  t o  1 0  d a y s  a t  u n s p e c i f i e d  t e m p e r a t u r e . ’

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Larva l  phase ,  as  de f

JUVENILES

T o t a l  l e n g t h

ined i n  th i s  manua l , does not  occur.

D e s c r i p t i o n
15-ltr  mm Morphometry: (as % TL) preanal  length 45,  head length 26,

e y e  d i a m e t e r  5 ,  g r e a t e s t  b o d y  d e p t h  2 9 ,  b o d y  d e p t h  a t
anus 16 (17.0 mm) .3
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ADULTS

F in  r ays :
2 7  ( i n c

caudal 15
lud ing  rud

o r  1 6  ( b r a n c h e d  rays);13 d o r s a l  1,6;1 a n a l 22 to
iments) ;6  l6 p e c t o r a l  1 , 8 ,  p e l v i c  8 . 1

Ver tebrae : 4 2  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

D iagnos t i c  charac te rs : a d i p o s e  f i n  f r e e , c h i n  b a r b e l s  l i g h t ,  a n a l  f i n
rays  24  to  27 .

Morpho logy :  cauda l  f i n  rounded,  max i l l a ry  barbe ls  as  long
a s  h e a d ,  d o r s a l  a n d  p e c t o r a l f i n  s p i n e  v e r y  s t r o n g
(17.0 mm) ;3 barbs  on  pos te r io r  edge  o f  pec to ra l  sp ine
r e l a t i v e l y  s h o r t ; 5 p o s t e r i o r  e d g e  o f  a d i p o s e  f i n  f r e e
(17.6 mm).*

P igmenta t ion :  sma l l , round, c l o s e l y set  chromatophores
g i v e  g r a y  c o l o r  t o  h e a d ,  b o d y  a n d  f i n s , u n d e r s i d e  o f
b o d y  f r o m  j a w  t o  a n u s  c o l o r l e s s  ( 1 7 . 0  m m ) ; 3  b o d y  l i g h t
y e l l o w i s h  b r o w n  t o  b r o w n ,  m a x i l l a r y  b a r b e l s  b r o w n  t o
d a r k  b r o w n ; 5 c h i n  b a r b e l s  l i g h t , c r e a m - c o l o r e d  o r
wh i t i sh  (15  mm and  la rger )  .O 5  l6

LITERATURE CITED
1. Scott and Crossman (1973)

;:
Mansueti and Hardy (1967)
Fish (1932)

4 . U l r e y  e t  a l .  ( 1 9 3 8 )

2:
Cloutman (1979)
Hubbs and Lagler (1958)
Harlan and Speaker (1965)
Becker (1976)

9 . Cahn (1927)
10. Forbes and Richardson (1909)
11. Wallace (1972)
12. Eddy and Underhi l l  (1974)
13. Tay lo r  (1969)
14. Raney (1967)
15. Miller (1966b)
16. W. R. Taylor (pers. Comm.)

18.0 mm

F i g .  1 8 6 . I c t a l u r u s  n a t a l i s , y e l l o w  b u l l h e a d . J u v e n i l e . (WiId-caught,
Mich igan, o r i g i n a l i l l u s t r a t i o n  b y  N .  A . Auer, specimen p r o v i d e d  b y
Univers ity of Michigan Museum of Zoology, UMMZ 136806)‘.
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I c ta lu rus  nebu losus

Ic ta lu rus  nebu losus  (LeSueur ) ,  b rown bu l lhead

DISTRIBUTION

Occurs throughout t h e  G r e a t  L a k e s  r e g i o n  i n  l a k e s  a n d  s l u g g i s h
rivers.15  D i s p e r s e d  t h r o u g h o u t  t h e  L a k e  M i c h i g a n  drainage.14

SPAWNING SEASON

S p a w n s  f r o m  A p r i l t o  l a t e  J u n e in M innesota,” M a y  t o  J u n e  i n
I l l ino is 1 2  and  Canada 3  and in  June in  Mich igan  and Wiscons in .1 3

SPAWNING TEMPERATURE

Spawning has been observed at 18.5 to 25.8

SPAWNING HABITAT

C,’ 8 9 10 20

Spawns in  s t reams,  pondsll  o r  l akes , 5 i n  wa te r  less  than  1 .2  m deep.16

SPAWNING SUBSTRATE

S p a w n s  o n  a  f i r m  b o t t o m  i n c l u d i n g  c o a r s e  s a n d ,  g r a v e l  a n d  stone.ll
Nes ts  a re  she l te red  under  logs ,  rocks ,  boards  o r  s tumps . 5  Eggs  may  be
depos i ted  in  an  o ld  submerged  pa i l , s t o v e  p i p e  o r  o t h e r  o b j e c t . 5

FECUNDITY

2 , 0 0 0  t o  13,800.3  21

NATURAL HYBRIDS

I c t a l u r u s  melas.19

EGGS

Demersal , adhesive;j 1 i g h t orange; 9 t o pa le cream;” diameter 3.0
m m ; 8  l9 d e p o s i t e d  i n  massest3  i n c u b a t i o n  p e r i o d :  8  d a y s  a t 20 to 21 
C;ll  5 days a t  2 5  C.’

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-8 mm N e w l y  hatched.l  5  ’ l1

6-12 mm M o r p h o l o g y :  s h a p e  t a d p o l e - l i k e , head l a r g e , y o l k  s a c
l a r g e ; 2  c a u d a l f i n w i t h i n c i p i e n t rays (newly
hatched) ; l1 f i n  r a y s  w e l l  d e v e l o p e d  i n  c a u d a l ,  d o r s a l ,
a n a l  a n d  p e c t o r a l  f i n s , a d i p o s e  f i n  a t t a c h e d  t o caudal
f i n , t a i l r o u n d e d  o r t r u n c a t e d  ( 1 2 . 0  m m )  ;3 y o l k
a b s o r b e d  ( 7  t o  9  d a y s  posthatching).’  I1
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I c ta lu rus  nebu losus

P i g m e n t a t i o n :  t r a n s p a r e n t  a n d  y e l l o w i s h ’  o r  c r e a m  w h i t e ’
(new1 y hatched) ; do rsum darkened  (2  days  o ld ) ,  upper
p a r t s  u n i f o r m  b l u e i s h  b l a c k  ( 4  d a y s  o l d ) ,  u n d e r  p a r t s
w h i t i s h ; ’ ba rbe l s t ransparen t ( n e w l y  h a t c h e d )  ,  b u t
become dark ly pigmented i n  l a t e r  d e v e l o p m e n t . 2

LARVAE

L a r v a l  s t a g e ,  a s  d e f i n e d

JUVENILES

n this manual ,  d o e s  n o t  o c c u r .

To ta l l e n g t h
15-22 mm Morphometry:

D e s c r i p t i o n
(as % TL) preanal  length 45,  head length 26,

e y e  d i a m e t e r  5 ,  g r e a t e s t  b o d y  d e p t h  2 1 ,  b o d y  d e p t h  a t
anus 16 (22 mm) .4

M o r p h o l o g y :  f u l l complement o f a d u l t  f i n r a y s  ( 1 5
mm) ;Z 4 6 p e c t o r a l  f i n  s p i n e  w i t h  f o u r  t o  e i g h t long
r e c u r v e d  b a r b s  o n  p o s t e r i o r  e d g e ; ’  c a u d a l  f i n  t r u n c a t e
o r  r o u n d e d ; ’  4 6  max i l l a ry  barbe ls  as  long  as  head (22
mm) .’

P igmenta t ion :  body  dark  b rown ish  g ray  to  b lack ,  max i l la ry
b a r b e l s  d a r k  g r a y  t o  b l a c k , ch in  barbe ls  dusky  gray  to
b lack ;6  ch romatophores  heav ies t  over  top  and s i d e s  o f
head, o n  d o r s u m  o f  b o d y  a n d  f i n s  a n d  l i g h t e s t  i n  b e l l y
r e g i o n . 4

ADULTS

Fin caudalr ays : 1 5  ( b r a n c h e d  rays);‘* d o r s a l  1 , 6  t o  7;’ 3 anal 19 t o
24 (rudiments included);15   top e c t o r a l  I,7 9 ,  p e l v i c 8.3

Ver tebrae :  38  to 43  ( inc lud ing  Weber ian  vertebrae).j

D i a g n o s t i c  c h a r a c t e r s : a d i p o s e  f i n  f r e e , pec to ra l f i n  s p i n e s  w i t h
s t rong  recurved  barbs  on  pos te r io r  edge ,  ch in  barbe ls  dark .

LITERATURE CITED
1. Lippson and Moran (1974)
2. Wang and Kernehan (1979)

43:
Scott and Crossman (1973)
Fish (1932)

z*
Eycleshymer (1901)

. Cloutman (1979)

i:
Smith and Harron (1904)
Breder (1935)

9. Stranahan (1910)
10. Titcomb (1920)
11. Armstrong and Chi ld (1962)

12. Richardson (1913)
13. Gill (1906)
14. Becker (1976)
15. Hubbs and Lagler (1958)
16. Lagler  (1956)
17. Eddy and Underhi l l  (1974)
18. Taylor  (1969)
19. Trautman (1957)
20. Raney (1959)
21. Vessel and Eddy (1941)
22. W. R. Taylor (pers. Comm.)
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I c ta lu rus  nebu losus

9.0 mm

12 mm

18.7 mm

Fig .  187 . Ic ta lu rus  nebu losus ,  b rown bu l lhead .  A  and  B . Yo lk -sac  la rvae .
C. Juveni le.  (A and B, wi ld-caught,  Delaware River,  Wang and Kernehan 1979;
C,  w i ld -caught , Mich igan, o r i g i n a l  i l l u s t r a t i o n  b y N.  A .  Auer , specimen
provided by Universi ty of Michigan Museum of Zoology, UMMZ 65876).
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I c t a l u r u s  p u n c t a t u s

I c t a l u r u s  p u n c t a t u s  ( R a f i n e s q u e ) ,  c h a n n e l  c a t f i s h

DISTRIBUTION

I n  t h e  L a k e  M i c h i g a n  d r a i n a g e ,  o c c u r s  m o r e  c o m m o n l y i n Ind iana,
W i s c o n s i n  a n d the  sou thern  edge  o f  the  upper  pen insu la  o f  M ich igan ,
t h a n  i n  l o w e r  M i c h i g a n . “ F o u n d  i n  L a k e s  H u r o n ,  E r i e  a n d  O n t a r i o 4  zJ
a n d  o n l y  t h e  S t .  L o u i s  R i v e r  o f  t h e  L a k e  S u p e r i o r  drainage.12

SPAWNING SEASON

S p a w n s  i n  s p r i n g  a n d  s u m m e r i n t h e  G r e a t  L a k e s , ’  M a y  t o  J u l y  i n
Missouri 2 and June and July in New York.2 3

SPAWNING TEMPERATURE

S p a w n i n g  o c c u r s  a t  2 1 . 1  t o  2 9 . 5  C.’ s 7

SPAWNING HABITAT

S p a w n s  i n  s e c l u d e d ,  d a r k e n e d  a r e a s , 4  7  I7 n e a r  t h e  shoreI  o f r i v e r s
a n d  l a k e s , ’  7 a lso  in  muddy  ponds . 2  I9

SPAWNING SUBSTRATE

N e s t s  a r e cons t ruc ted in  ho les  o r  bur rows,  in  undercu t  banks ,  under
r o c k s ,  l o g s 4  7 l7 or  on a muddy bot tom.1 9 E g g s  m a y  b e  d e p o s i t e d i n
submerged man-made containers such as mi lk  cans and nai l  kegs.c  l3 l*

FECUNDITY

2 , 6 6 0  t o  52,000.4  ’ 18

EGGS

Demersal, adhesive, depos i ted i n  g e l a t i n o u s  m a s s ; 3  6  I1 y e l l o w ,
opaque, d iameter 3 . 5  mm;’ incubat ion p e r i o d :  9 o r 10 days a t 15.6 t o
1 8 . 4  c;l* 8  t o  1 0 days a t 23.9 C;6  6 o r 7 days a t 2 6 . 7  t o 27.8 C.5

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
6.0-9.8 mm N e w l y  h a t c h e d . ’  lo l1

6-15 mm Myomeres: 45 to 48 (18 to 19 + 26 to 29).*
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  4 3  t o  4 9 ,  h e a d

l e n g t h  1 8  t o  2 2 ,  g r e a t e s t  b o d y  d e p t h  2 2  t o  2 6 , eye
d iamete r  4  to  6  (8 .8  to  14 .3  mm) . *

Morphology: body m o r e  s l e n d e r  t h a n  o t h e r  c a t f i s h e s ,  y o l k
s a c  o v a l  a n d  large;ll  s p i n e s  presentlO  ( n e w l y  h a t c h e d ) ;
i n c i p i e n t  r a y s  i n  c a u d a l  f i n  ( 9 . 4  m m ) ,  a n a l  a n d dorsa l
f i n s  ( 1 0 . 9  m m ) a n d  p e l v i c  f i n s  ( 1 3 . 2  m m ) ,  c a u d a l  f i n
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rounded  (10 .7  mm) ,  t runca te  (12 .3  mm) ,  no tched (13.1
mm) ;*  yo lk sac e l o n g a t e ,  b l u n t l y  p o i n t e d  p o s t e r i o r l y
( ca. 13 mm) ie cauda l  f i n  emarg ina te (13 .5  mm)  ; *  ana l
f in  rays wel l  formed (15 mm) .ll

P i g m e n t a t i o n :  b o d y  transparent15 o r  golden;l  9  y o l k  s a c
p i n k 6 o r  l i g h t  amber-lo  ( n e w l y  h a t c h e d ) ; eye  p igmented
(10.3 mm),  patch of  chromatophores on top of  head (12.3

mm) , head  p igment  inc reases , chromatophores on dorsum
of swim bladder and along base of  dorsal  and anal f i n s
( 1 3 . 2  m m ) ; *  p i g m e n t  p r e s e n t  o v e r  m o s t  o f  s n o u t  a n d
s ides  o f  head , i n  a  l i n e  f r o m  h e a d  t o  c a u d a l  f i n  b a s e
and  a t  a l l  f i n  bases  (ca .  14 .5  mm)  .B

LARVAE
Larva 1 phase, as  de f ined  in  th is  manua l ,  does  no t  occur .

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
15-42 mm Morphometry:  (as % TL) preanal  length 41,  head length 23,

g r e a t e s t  b o d y  d e p t h  1 6 , body depth  a t  anus 15,  eye
diameter  6 (16 mm).*

Morpho logy :  yo lk absorbed (3 to 6 days
p o s t h a t c h i n g ) ; *  lo lo poster i or m a r g i n  o f  a d i p o s e  f i n
n o t  a t t a c h e d  t o  b o d y  ( 1 5 . 0  m m ) ; *  b a r b s  o n  p e c t o r a l
sp ine hooked; I2 caudal fin forked (15.0 mm and
la rge r ) ;12 I4 m a x i l l a r y  b a r b e l s  l o n g e r  t h a n  h e a d , body
slender (32.6 mm) ;~a t i p s  o f  b o t h  d o r s a l  a n d  v e n t r a l
l obes  o f  cauda l  f i n  become sharp ly  po in ted  (42  mrn).ll

P i g m e n t a t i o n :  b o d y  n e a r l y  w h i t e  w i t h  s m a l l brownish
chromatophores s p a r s e l y  d i s t r i b u t e d  o v e r t h e  e n t i r e
surf ace, subsurface s p o t s  p r o n o u n c e d  o v e r  s t o m a c h ,
c h r o m a t o p h o r e s  o v e r  a l l  f i n s  ( 3 2 . 6  mm).“’

ADULTS

Fin   caudal 15rays : ( b r a n c h e d  r a y s ) ; 2 1 d o r s a l  l,6;4 a n a l 24 t o 30
( inc lud ing  rud iments ) ; 4  20 p e c t o r a l  1 , 8 o r 9, p e l v i c  8 . 4

Ver tebrae : 4 6  t o  4 8  ( i n c l u d i n g  W e b e r i a n  v e r t e b r a e ) . ’

D i a g n o s t i c  c h a r a c t e r s :  a d i p o s e  f i n  f r e e ,  c a u d a l  f i n  f o r k e d ,  b o d y  o f t e n
s p o t t e d ,  a n a l  f i n  r a y s  2 4  t o  3 0 .

LITERATURE CITED
1. Lippson and Moran (1974)
2. Pflieger (1975)

;:
Saksena et  a l .  (1961)
Scott and Crossman (1973)

5 . Clemens and Sneed (1957)
6. Canfield (1947)
7. Davis (1959)

8 . Greeley and Bishop (1932)
9 . Lenz (1947)

10. Shira (1917)
11. Wang and Kernehan (1979)
12. Cloutman (1979)
13. Toole (1951)
14. Fish (1932)
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I c t a l u r u s  p u n c t a t u s

15. Doze (1925) 20. W. R. Taylor (pers. Comm.)
16. Becker (1976) 21. Taylor  (1969)
17. Har lan and Speaker (1969) 22. Eddy and Underhill (1974)

18. Brown (1942) 23. Raney (1967)
19. M i l l e r (1966a)

F i g .  1 8 8 . I c t a l u r u s  p u n c t a t u s ,  c h a n n e l  c a t f i s h . A  and  B .  Yo lk -sac  la rvae .
C .  J u v e n i l e . ( A - C ,  l a b o r a t o r y - r e a r e d ,  A l a b a m a ,  o r i g i n a l  i l l u s t r a t i o n  b y  N .
A. Auer, specimens p r o v i d e d  b y  J .  M . G r i z z l e  a n d  D .  D .  M o s s , Auburn
U n i v e r s i t y ,  A l a b a m a ) .
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Noturus  f lavus

Noturus  f lavus  Raf inesque,  s toneca t

DISTRIBUTION

O c c u r s  i n  a l l  o f  t h e  G r e a t  L a k e s . 3 It is found primarily in the
southern  and wes tern  por t ions  o f  the  Lake  Mich igan  drainage.s

SPAWN I NC SEASON

Spawns in  June o r  Ju ly  in  the  Grea t  Lakes , 3  A p r i l  o r  M a y  i n  M i s s o u r i 6

a n d  l a t e  J u n e  i n  I n d i a n a . ’

SPAWNING TEMPERATURE

Spawning observed at 27.8 C.3

SPAWNING HABITAT

Spawns in  s t reams or  sha l low,  rocky  a reas  o f  lakes . 3  s 9

SPAWNING SUBSTRATE

Eggs are deposi ted under rocks or logs.2 4 5

FECUNDITY

500 to 1,205. 2  8  9

EGGS

Demersal, a d h e s i v e ; 5  y e l l o w
d e p o s i t e d  i n  j e l l y - l i k e  m a s s . 2

opaque, diameter 3.5 to 4.0 mm;2 3

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

L a r v a l  s t a g e ,  a s  d e f

JUVENILES

ined  in  th is  manua l ,  does  no t  occur .

To ta l l e n g t h D e s c r i p t i o n
20-26 mm Morphometry:  (as % TL) preanal  length 51,  head length 25,

e y e  d i a m e t e r  6 ,  g r e a t e s t  b o d y  d e p t h  2 0 ,  b o d y  d e p t h  a t
a n u s  14.l

Morphology: head very depressed, near ly as broad as long,
b a r b e l s  s h o r t ,  p e c t o r a l  f i n  s p i n e  r e t r o r s e l y  s e r r a t e  i n
f r o n t , s l i g h t l y rough behind (20 mm);l  or  no barbs on
p e c t o r a l  f i n  s p i n e , upper  jaw p ro jec t ing s l i g h t l y  ( 2 6
mm).*
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Noturus  f lavus

P i g m e n t a t i o n :  y e l l o w i s h  w i t h  s m a l l b lack  ch romatophores
u n i f o r m l y  d i s t r i b u t e d  o v e r  t o p  a n d  s i d e s  o f  b o d y ,  m o s t
c o n c e n t r a t e d  o v e r  h e a d ,  c h r o m a t o p h o r e s e x t e n d  t o
adipose and caudal f i n s , o t h e r  f i n s unpigmented,
b a r b e l s  w i t h  l i t t l e  p i g m e n t a t i o n . ’

ADULTS

F in  r ays : caudal 54 t o 65 ( t o t a l r a y s ) ; 8 dorsa l l , 6 , anal 15 t o 17,
pec to ra l I,9 or 10 (8 t o 11) ;* p e l v i c 8 (8 to 10) .3 8

Ver tebrae : 42  to  43  (41  to  45)  ( inc lud ing  Weber ian  ver tebrae) .  3  *

D iagnos t i c  charac te rs : a d i p o s e  f i n  a d n a t e , pec to ra l  sp ines  smooth ,
upper  jaw p ro jec t ing  beyond  lower  jaw, b o d y  p l a i n  w i t h  d a r k  b l o t c h e s
o r  b a r s .

LITERATURE CITED
1. Fish (1932)
2 . Greeley (1929)

Scott and Crossman (1973)
Beckman (1952)

5 . Becker (1976)

6 . Pflieger (1975)
Forbes and Richardson (1909)

i: T a y l o r  ( 1 9 6 9 )
9 . Langlois (1954)

F i g .  1 8 9 . Noturus f l a v u s , s t o n e c a t . J u v e n i l e . (Wi ld -caught ,  M ich igan ,
o r i g i n a l i l l u s t r a t i o n  b y  N .  A .  A u e r , s p e c i m e n  p r o v i d e d  b y  U n i v e r s i t y  o f
Michigan Museum of Zoology, UMMZ 136805).
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Noturus  gyr inus

N o t u r u s  g y r i n u s  ( M i t c h i l l ) ,  t a d p o l e  m a d t o m

DISTRIBUTION

D i s t r i b u t e d  t h r o u g h o u t  t h e  L a k e  M i c h i g a n  d r a i n a g e  e x c e p t  f o r  t h e
extreme n o r t h e r n  p o r t i o n . ’ Occurs  in  Lakes  Huron ,  Ontar io ,  Erie’ and
t h e  S t .  L o u i s  R i v e r  i n  t h e  L a k e  S u p e r i o r  d r a i n a g e . ”

in,’ M a y  t o  J u l y

SPAWNING SEASON

Spawns in late May in Wiscons
a n d  J u l y  i n  Canada.z

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

i n  Ohio’ a n d  l a t e  J u n e

Spawns  i n s h a l l o w  w a t e r  o f  lakes,7 4 ar t i f i c ia l  impoundments  and  low
g r a d i e n t  s t r e a m s . ’

SPAWNING SUBSTRATE

N e s t s  a r e  c o n s t r u c t e d  o n  a  b o t t o m  o f  o r g a n i c  d e b r i s  w i t h  o r  w i t h o u t
aqua t i c v e g e t a t i o n ’ o r  o n  a  g r a v e l  s u b s t r a t e . 5 Eggs may be deposited
i n  c a v i t i e s 2 under  submerged  logs ,  boards  o r  in  t i n  cans.’  5

FECUNDITY

4 3  t o  160.~  ‘

NATURAL HYBRIDS

N o t u r u s  m i u r u s . ’  B lo

EGGS

Demersal, a d h e s i v e ; 3  5  l i g h t  y e l l o w ; 2  d i a m e t e r 2.8 to 3.5 mm;1  5
depos i ted  in  a  mass  sur rounded by  ge la t inous  mat r ix . 3  5

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
13-15 mm Morphology: r a y s  d e v e l o p e d  i n  a l l  f i n s . 5

Pigmenta t ion :  body covered w i t h sma l l , s t e l l a t e
c h r o m a t o p h o r e s  e x c e p t  f o r  m i d v e n t r a l reg ion  be tween
c h i n and anus, m a x i l l a r y  b a r b e l s  d a r k ,  c h i n  b a r b e l s
l i g h t e r . 5
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LARVAE

Larva

JUVENILES

1 phase, as def ined  in  th is  manua l ,  does  no t  occur .

Noturus  gyr inus

LITERATURE CITED
1. Bailey (1938a)
2. Scott and Crossman (1973)

Z:
Mansueti and Hardy (1967)
Trautman (1948)
Wang and Kernehan (1979)
Mahon (1977)

Becker (1976)
Trautman (1957)

9 . Cahn (1927)
10. Taylor  (1969)
11. Eddy and Underhi l l  (1974)

T o t a l  l e n g t h D e s c r i p t i o n
15-21 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 4  t o  4 6 ,  h e a d

l e n g t h  2 2  t o  2 5 ,  e y e  d i a m e t e r  3  o r  4 , g r e a t e s t  b o d y
depth 22 to 24 (16.5 to 21 mm).*

Morphology: caudal f i n  r o u n d e d , ad ipose  f in  con t inuous
w i t h caudal f i n , n o  b a r b s  o n  p o s t e r i o r  e d g e s  o f
p e c t o r a l  s p i n e s , upper  jaw no t  p ro jec t ing  (16 .5  to  21
mm).*

P i g m e n t a t i o n :  b a r b e l s  a n d  m o s t  o f  b o d y  d a r k , underside
l i g h t .  5

ADULTS

Fin rays : caudal 50 to 66 ( t o t a l  r a y s ) ; l O dorsa l 1,6, anal 14 t o 16,
pec to ra l 1 , 6  t o 9, p e l v i c 8 or 8.2 10

Ver tebrae : 3 7  t o  3 8  ( 3 6  t o  4 1 )  ( i n c l u d i n g  W e b e r i a n  vertebrae).l lo

D i a g n o s t i c  c h a r a c t e r s :  a d i p o s e  f i n  a d n a t e ,  n o  b a r b s  o n  p e c t o r a l f i n
sp ines ,  pad on  upper  jaw w i thout  backward  ex tens ions .
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Noturus  gyr inus

A 15.5 mm

B 19.0 mm

F i g .  1 9 0 .  N o t u r u s  g y r i n u s , tadpole madtom. A  a n d  B .  J u v e n i l e s .  ( A ,  w i l d -
caught ,  De laware  R iver ,  Wang and  Kernehan 1979;  B ,  w i ld -caught ,  M ich igan ,
o r i g i n a l  i l l u s t r a t i o n  b y  N .  A .  A u e r ,  s p e c i m e n  p r o v i d e d  b y  U n i v e r s i t y  o f
Michigan Museum of Zoology, UMMZ 116339).
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Noturus miurus

Noturus miurus Jordan, br indled madtom

DISTRIBUTION

Occurs  in  Lakes  Er ie  and  Ontar io .  1  2  3

SPAWNING SEASON

S p a w n s  i n  M a y ,  J u n e  a n d  J u l y  i n  O h i o 6  a n d  J u l y  t o  e a r l y  A u g u s t i n
M i c h i g a n . ’  4

SPAWNING TEMPERATURE

Spawning observed at 25.6 C.l

SPAWNING HABITAT

S p a w n s  i n  w e l l d e v e l o p e d  r i f f l e s  o r  p o o l s  i n  f l o w i n g  w a t e r  h a v i n g  a
gradient  of  more than 0.6 m/km.5

SPAWNING SUBSTRATE

Spawns on  s i l t  o r  a  mud bo t tom wi th  sca t te red  vegeta t ion . ’ Eggs may
b e  d e p o s i t e d i n submerged t i n cans1 4 or under  rocks ,  boards  o r
s i m i l a r  o b j e c t s . 5

FECUNDITY

34  to  46  (number  o f  eggs  co l l ec ted  f rom nests).’

NATURAL HYBRIDS

N o t u r u s  g y r i n u s . 3  ’ 5

EGGS

Demersal ; ’ 5  adhes ive , l a r g e  a n d  a m b e r ; ’  4  a d h e r e  t o  e a c h  o t h e r i n
c l u s t e r s  w h e n  d e p o s i t e d . ’  5

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
9-11 mm Morpho logy :  yo lk  sac  la rge , p e l v i c  a n d  p e c t o r a l  f i n s  w i t h

d i s t i n c t r a y s  p r e s e n t , dorsa l f i n  w i t h  s i x  r a y s  a n d
w e l l  d e v e l o p e d  b u t  p o o r l y  o s s i f i e d sp ine , caudal f i n
with 29 or 30 rays, a n a l  f i n  r a y s  1 4  o r  1 5 ,  p e c t o r a l
f i n  s p i n e  p o o r l y  o s s i f i e d  a n d l a c k i n g  b a r b s  ( 3  d a y s
pos tha tch ing)  .’

P i g m e n t a t i o n :  l a r v a e  n o t  p i g m e n t e d  a t  t h i s  s t a g e . ’
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Noturus miurus

Larval  phase, as  de f ined  in  th is  manua l ,  does  no t  occur .

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
14-16 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 2  t o  4 6 ,  h e a d

length 21 to 23, g r e a t e s t  b o d y  d e p t h  1 4  t o  1 8 ,  e y e
d iamete r  5  to  6  (14 .7  to  16 .0  mm) . *

M o r p h o l o g y :  y o l k  a b s o r b e d ,  f u l l  c o m p l e m e n t  o f  r a y s  i n
d o r s a l , p e c t o r a l ,  p e l v i c  a n d  a n a l  f i n s ,  8 0 %  o f  t o t a l
a d u l t  c a u d a l  f i n  r a y  c o u n t  p r e s e n t ,  p e c t o r a l  f i n sp ine
has  two  barbs  on  pos te r io r  edge  (14 .7  to  16 .0  mm) . *

P igmenta t ion :  body  and head covered  w i th  re la t i ve ly  la rge
p i g m e n t  s p o t s , v e n t e r  f r o m  c h i n  t o  p e l v i c  f i n s  n o t

ADULTS

F i n  r a y s :  c a u d a l  5 4  t o  6 5  ( t o t a l  rays);’ d o r s a
pec to ra l 1,7 t o 9, p e l v i c 8 o r 9.1 4

p i g m e n t e d ,  c h i n  b a r b e l s  l i g h t  ( 4 .7  to  16 .0  mm) . *

I,6, anal 13 to 15,

Ver tebrae : 38  to  39  (36  to  41)  ( inc lud ing  Weber ian  vertebrae).l 4

Diagnos t ic  charac te rs : a d i p o s e  f i n  a d n a t e ,  p e c t o r a l  s p i n e  w i t h  b a r b s ,
u p p e r  j a w  p r o j e c t i n g  w e l l  b e y o n d  l o w e r  j a w ,  d a r k  b l o t c h  o r b a r  o n
ad ipose  f in  ex tend ing  upward  to  near  f in  marg in .

LITERATURE CITED
1. Scott and Crossman (1973)

::
Hubbs and Lagler (1958)
Trautman (1957)

4 . Taylor  (1969)
5 . Trautman (1948)

15.2 mm

Fig .  191 . Noturus miurus , b r i nd led  mad tom. J u v e n i l e . (WiId-caught,
M i c h i g a n ,  o r i g i n a l i l l u s t r a t i o n  b y N.  A .  Auer , s p e c i m e n  p r o v i d e d  b y
U n i v e r s i t y of Michigan Museum of Zoology, UMMZ 165836).

455 I c t a l u r i d a e



P y l o d i c t i s  o l i v a r i s

P y l o d i c t i s  o l i v a r i s  ( R a f i n e s q u e ) ,  f l a t h e a d  c a t f i s h

DISTRIBUTION

U n c o m m o n  i n  t h e  L a k e  M i c h i g a n  d r a i n a g e ,  o c c u r r i n g  i n  t h e  B l a c k  a n d
G r a n d  R i v e r  s y s t e m s in  Mich igan and in  the  lower  Wol f  and Fox  R iver
sys tems in  Wiscons in .8 Rare  in  Lake  Er ie , no t  repor ted  f rom the  o the r
Grea t  Lakes . ’

SPAWNING SEASON

S p a w n s  i n  J u n e  a n d  J u l y  i n  t h e  L a k e  M i c h i g a n  d r a i n a g e , 8  Minnesota12
and Kansas. 5

SPAWNING TEMPERATURE

Spawning observed at 23.9 to 25 C.5

SPAWNING HABITAT

Spawns in  sec luded  and  obscure  areaslo  o f  l akes3  and r ivers . 3  6

SPAWNING SUBSTRATE

N e s t s  a r e b u i l t  u n d e r logs , stumps or brush piles.12 Eggs may be
d e p o s i t e d  i n  h o l e s  d u g  i n  a  c l a y  b a n k 3  o r saucer -shaped depress ion
excavated near submerged objects.2

FECUNDITY

9 , 3 0 0  t o  15,000.5  L

EGGS

Demersal, a d h e s i v e ; ”  ’ cream color;’  5 d i a m e t e r  5  mm;‘ y o l k  d a r k ; 5

eggs adhere together in a s ingle mass w h e n  d e p o s i t e d ; 3  4 i ncubat ion
p e r i o d :  8  d a y s  a t  2 3 . 9  t o  2 5 . 9  C ; 5  6  d a y s  a t  2 3 . 9  t o  2 7 . 8  C.”

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
11 mm Newly hatched.5

15 mm M o r p h o l o g y :  y o l k  s a c  p r o m i n e n t  ( 3  d a y s  p o s t h a t c h i n g ) .
P igmenta t ion :  eye b l a c k , y o l k sac opaque, body no t

p i g m e n t e d  ( n e w l y  h a t c h e d ) ; ‘  l a r v a e  c r e a m  t o  b r o w n  ( 2
days old) ;’ head  a lmos t  b lack ,  body  tu rn ing  darke r .5

LARVAE

Larva 1 phase, as  de f ined  in  th is  manua l ,  does  no t  occur .

I c t a l u r i d a e 456



P y l o d i c t i s  o l i v a r i s

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
15-25 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 6  t o  5 0 ,  h e a d

length 26 or 27, g r e a t e s t  b o d y  d e p t h  1 6  o r  1 7 ,  e y e
d iamete r  4  o r  5  (18 .5  to  21  mm) . *

Morpho logy :  yo lk  absorbed (6  days  posthatching);’  cauda l
f i n  e m a r g i n a t e  o r  t r u n c a t e ; ’ no barbs on poster ior  edge
o f  p e c t o r a l  f i n  s p i n e s  ( 1 8 . 5  t o  2 5  m m ) . *

P i g m e n t a t i o n :  d i f f u s e  p i g m e n t i n m i d d l e  o f  c a u d a l  f i n ,
b o d y  a n d  b a r b e l s  t u r n i n g  d a r k e r  w i t h  i n c r e a s i n g  s i z e
(15 mm) ;l a l m o s t  b l a c k  a f t e r  y o l k  a b s o r p t i o n . 5  7

ADULTS

F i n  r a y s :  c a u d a l 1 5  ( b r a n c h e d  r a y s ) ,  d o r s a l  l,6;13 a n a l  1 4  t o  17;'
p e c t o r a l  l,g;fc  p e l v i c  9  o r  1O.l’

V e r t e b r a e :  5 0  t o  51.'

D i a g n o s t i c  c h a r a c t e r s :  a d i p o s e  f i n  f r e e , h e a d  e x t r e m e l y  b r o a d  a n d
f l a t t e n e d , l o w e r  j a w  p r o j e c t i n g  f a r  b e y o n d  u p p e r  j a w  e x c e p t  i n
smallest young (<25 mm TL) , anal f i n s h o r t , t a i l no t fo rked ,
t r u n c a t e .

LITERATURE CITED
1. Cloutman (1979)

::
Pflieger (1975)
Cross (1967)

4 . Breder and Rosen (1966)
Snow (1959)
Minckley and Deacon (1959)
Fontaine (1944)

8 . Becker (1976)
9 . Hubbs and Lagler (1958)

10. Harlan and Speaker (1969)
11. Giudice (1964)
12. Eddy and Underhi l l  (1974)
13. Taylor  (1969)

18.0 mm

F i g .  1 9 2 . P y l o d i c t i s  o l i v a r i s ,  f l a t h e a d  c a t f i s h . J u v e n i l e . (WiId-caught,
Texas, o r i g i n a l  i l l u s t r a t i o n  b y  N .  A .  A u e r , spec imen prov ided by  Un ivers i ty
of Michigan Museum of Zoology, UMMZ 120321).
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Aphredoder idae

Fami ly  Aphredoder idae ,  p i ra te  perches

BY

Nancy A. Auer

Aphredoderus sayanus i s t h e  s i n g l e  l i v i n g  m e m b e r  o f  t h e  f a m i l y
Aphredoder idae. T h i s  s p e c i e s  o n l y  o c c u r s  t h r o u g h o u t  t h e  c e n t r a l ,  s o u t h e r n
and eas te rn  Un i ted  S ta tes i n  l o w l a n d ,  w e e d y  o r  m u d d y lakes , streams,
creeks, swamps and ponds. I t  has  been known to  en te r  b rack ish  water .

P i r a t e  p e r c h  p o s s e s s  s p i n y  r a y e d  f i n s  a n d  c t e n o i d  s c a l e s .  T h e y  r a r e l y
exceed 100 mm. A s  j u v e n i l e s  a n d  a d u l t s  t h e y  a r e  e a s i l y  d i s t i n g u i s h e d  f r o m
other  sp iny  rayed f i shes  by  the  p resence o f  the  anus  near  the  i s thmus. The
opercle has a sharp spine and the edge of t h e  p r e o p e r c l e i s s t r o n g l y
s e r r a t e d .

Spawning t a k e s  p l a c e in  the  spr ing  and  the  paren ts  repor ted ly  guard
the nest and young. T h i s  s p e c i e s  a s  y o l k - s a c  l a r v a e  c a n  b e  d i s t i n g u i s h e d
f rom those  o f  s im i la r  look ing  Cent ra rch idae  and  Sc iaen idae  by  the  p resence
o f  a n  o i l  g l o b u l e  a n t e r i o r  i n  t h e  y o l k  s a c . To ta l myomeres are u s u a l l y
l e s s  t h a n  3 0 . As  la rvae , th is  coun t  separa tes  them f rom the  Percops idae
and Gasterosteidae. I n  l a r v a e  t h e  a n u s  i s  l o c a t e d  b e l o w  t h e  p o s t e r i o r  h a l f
o f  t h e  d o r s a l  f i n  b u t  i t  m i g r a t e s  f o r w a r d  a t  a b o u t  t h e  t i m e  t h a t  p e l v i c  f i n
rays appear (9.0 mm) . T h e  t r a n s i t i o n  i s  c o m p l e t e  b y  t h e  j u v e n i l e  p h a s e .
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Aphredoderus sayanus

Aphredoderus  sayanus  (G i l l i ams) ,  p i ra te  perch

DISTRIBUTION

Found in  Ind iana and lower  Mich igan as  fa r  nor th  as  the  Pere  Marquet te
R i v e r  s y s t e m  a n d  i n  t h e  h e a d w a t e r s  o f  t h e  W o l f  R i v e r  s y s t e m  i n
Wisc0nsin.l

SPAWNING SEASON

Spawns  i n  May  i n  I l l i no i s . 1 0

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

B u i l d s  a nes t  and  bo th  paren ts  guard  the
8 . 5  mm.l”  P o s s i b l y  b r o o d s  y o u n g  o r a l l y . 2  4

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

1 2 9  t o  160.5

EGGS

W h i t e ,  d i a m e t e r  1 . 0  mm;l o r  0 . 5 0  t o
d i a m e t e r  l e s s  t h a n  0 . 4  mm;’ i n c u b a t
C.2

YOLK-SAC LARVAE

young’ u n t i l  t h e y  a r e  a b o u t

To ta l l e n g t h D e s c r i p t i o n
4 mm Myomeres: 25 to 31 (12 to 15 + 13 to 16) .3

Morpho logy :  yo lk  d im in ished,  sw im b ladder  ev iden t ,  cauda l
f i n  r a y s  v i s i b l e ( 1 0  d a y s  p o s t f e r t i l i z a t i o n ) ;  g i l l
c l e f t s  v i s i b l e ,  h e a r t  b e g i n s  t o m o v e  d o r s a d  t o  l o n g
a x i s o f body; 3 notochord flexed (7 days
p o s t f e r t i l i z a t i o n )  .I

P i g m e n t a t i o n :  l a r g e  s t e l l a t e  m e l a n o p h o r e s  o v e r  e n t i r e
body, p ro fuse  on  dorsa l  marg in  o f  head ,  l a te ra l  marg in
o f  gu t  and  a long m i d l a t e r a l l i n e , subocular pigment
p r e s e n t ,  d e v e l o p i n g  i n t o  v e r t i c a l  b a r  i n  l a t e r  s t a g e s . 3
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LARVAE

Tota l l e n g t h D e s c r i p t i o n
8 mm Morphology: i n c i p i e n t  r a y s  v i s i b l e i n  d o r s a l and anal

f i n s , p r imord ia l  sw im b ladder  appears  a long  the  dorsa l
marg in  o f  the  v iscera l  cav i ty  be tween myomeres  two and
six.”

9-10 mm M o r p h o l o g y :  a n u s  j u s t  a n t e r i o r  t o  a n a l  fin;’ p e l v i c  f i n
buds  appear . ’

P igmenta t ion :  few me lanophores  on  head ,  opercu la  and i n
caudal  f in  membrane.5

JUVENILES

T o t a l  l e n g t h
11-15 mm

17 mm

19 mm

31-35 mm

35-40 mm

45 mm

ADULTS

D e s c r i p t i o n
M o r p h o l o g y :  p e l v i c  f i n  r a y s  v i s i b l e ,  a l l  m e d i a n  f i n s  w i t h

complete r a y  d e v e l o p m e n t , t h e  n u m b e r  o f preanal
myomeres decreases as anus migrates forward (> 13 mm);3

f i r s t  a n a l  r a y  t r a n s f o r m i n g  t o  t h i r d  a n a l f i n  s p i n e ,
preanal f i n f o l d  e v i d e n t ; 5  k e e l - l i k e  s t r u c t u r e  o n  n e w l y
f o r m e d  t h i r d  a n a l  f i n  s p i n e  v i s i b l e . 9

- - -
P i g m e n t a t i o n :  m o r e  i n t e n s e ,  a d d i t i o n a l  p i g m e n t  i n  r e g i o n

o f  p e c t o r a l  f i n s , a l o n g  d o r s a l  f i n  r a y s  a n d  a  c r e s c e n t
band  o f  l a rge  me lanophores  on  cauda l  f i n .5

M o r p h o l o g y :  p r e o p e r c l e  w i t h  f e w  s p i n e s ,  p e l v i c  g i r d l e  n o t
o s s i f i e d , i n t e s t i n e  s t r a i g h t . 5

Morphology: i n t e s t i n e  c u r v e d  b a c k  o n  i t s e l f , immature
gonads just posterior to i n t e s t i n e , u r o g e n i t a l  d u c t
s l i g h t l y  b a c k  a n d  t o  l e f t  o f  i n t e s t i n e . 9

M o r p h o l o g y :  f i r s t  s p i n e  i n  a n a l  f i n  o n e - h a l f the length
o f second, second o n e - h a l f t h e  l e n g t h  o f  t h e  t h i r d ,
a n a l  f i n  c o v e r e d  w i t h t h i n t ransparen t s k i n , sp ines
e a s i l y  v i s i b l e . 9

M o r p h o l o g y :  k e e l - l i k e  s t r u c t u r e  n o w  v i s i b l e  o n  f i r s t  s o f t- -
a n a l  f i n  r a y . 9
- -

M o r p h o l o g y :  p e l v i c  g i r d l e  o s s i f i e d ,  i n t e s t i n e  t h r o u g h  t h e
foramen. 9

F in  r ays : caudal 1 8  ( f r o m  f i g u r e 5 ) ; dorsal II I (II to IV), 10 (9 to
1 3 ) ,  a n a l  I I  t o  I l l , 5  t o  8;’ 5  8  lo p e c t o r a l  1 0  t o  1 4 ; 5  p e l v i c  l,7.’

V e r t e b r a e :  2 9 . 5  6

L a t e r a l  l i n e  s c a l e s :  4 4  t o  60;~ 4 9  t o  56.‘”
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D i a g n o s t i c  c h a r a c t e r s :  a n u s  n e a r  i s t h m u s ,  d o r s a l  f i n  w i t h  t w o  t o  f o u r
sp ines, anal f i n  u s u a l l y w i t h  t h r e e  s p i n e s ,  p r e o p e r c l e  s e r r a t e ,
o p e r c l e  w i t h  s h a r p  s p i n e ,  l a t e r a l  l i n e  i n c o m p l e t e  o r  a b s e n t .

LITERATURE CITED.
1. Becker (1976)

f :
Martin and Hubbs (1973)
Hogue et  a l .  (1976)

4 . Wang and Kernehan (1979)
5 . Hardy (1978)

6 . Bortone (1972)

ii:
Abbott  (1871)
Gerking (1955)

9 . Mansuet i  (1963)
10. Hubbs and Lagler (1958)
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Aphredoderus sayanus

F ig .  194 . Aphredoderus sayanus, pirate pe rch . A and B. L a r v a e .  C .

J u v e n i l e . (A-C, w i l d - c a u g h t ,  M a r y l a n d  o r  V i r g i n i a ,  M a n s u e t i  1 9 6 3 ) .
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Percopsidae

Fami ly  Percops idae ,  t rou t -perches

Nancy A. Auer

T h i s  f a m i l y  o f  f i s h e s  i s  e n d e m i c  t o  t e m p e r a t e  a n d  n o r t h e r n  N o r t h
America. T h e  s i n g l e  g e n u s ,  P e r c o p s i s ,  c o n t a i n s  t w o  s p e c i e s .  P e r c o p s i s
omiscomaycus occurs throughout much of  Canada and the north central Un i ted
S t a t e s , i n c l u d i n g the Great Lakes basin. Percops is  t ransmontana inhab i ts
por t ions  o f  the  Co lumbia  R iver  sys tem in  the  nor thwestern  Un i ted  Sta tes .

As  adu l ts  Percops is  spp . rarely exceed 150 mm and they have both spiny
rayed and ad ipose  dorsa l  f ins . D a r k  s p o t s  a r e  p r e s e n t  o n  t h e  d o r s a l and
d o r s o - l a t e r a l a r e a s  o f these s i l v e r y  f i s h ,  s c a l e s  a r e  s m a l l  a n d  w e a k l y
c t e n o i d .

P. omiscomaycus occurs lakes and streams. Spawning takes place dur ing
t h e  s p r i n g  i n  s h a l l o w  w a t e r  o r  t h e lower r e a c h e s  o f t r i b u t a r y streams.
A l t h o u g h  v a r i o u s  a s p e c t s o f  t h e  r e p r o d u c t i v e  b i o l o g y  o f  t h i s  f a m i l y  h a v e
been s tud ied ,  a c o m p l e t e  d e s c r i p t i o n i s u n a v a i l a b l e . Yo lk -sac la rvae
possess a n  o i l  g l o b u l e  a n t e r i o r  i n  t h e  y o l k  s a c .
number 14.

Preanal myomeres usually
As  la rvae , t h i s  s p e c i e s  d e v e l o p s  a n  a d i p o s e  f i n .
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Percopsis omiscomaycus

Percopsis omiscomaycus (Walbaum),  t rout-perch

DISTRIBUTION

W i d e l y  d i s t r i b u t e d  t h r o u g h o u t  l a k e s  a n d  s t r e a m s  i n  t h e  G r e a t  L a k e s
area.’ Most common in  sha l low wate r  o f  the  Grea t  Lakes  and  in  lower
e x t r e m i t i e s  o f  l a r g e  t r i b u t a r i e s . 7

SPAWNING SEASON

S p a w n s  f r o m  l a t e  J u n e  o r  e a r l y  J u l y  t o  l a t e  S e p t e m b e r i n  L a k e
Michigan,l ear ly  May to  ear ly  Ju ly  in  Lake Er ie 5  and May to  August  in
Minnesota .3

SPAWNING TEMPERATURE

S p a w n i n g  o c c u r s  a t  t e m p e r a t u r e s  o f  4 . 4  t o  1 0 . 0  C , 2  1 5 . 0  C,O a n d  1 5 . 6
t o  2 0 . 0  C.’

SPAWNING HABITAT

S p a w n s  a l o n g  b e a c h e s  a n d in streams in water 2 m deep or less3  and
o v e r  g r a v e l  r i f f l e s  i n  streams.O

SPAWNING SUBSTRATE

Deposi ts eggs on a sandy bottom. E g g s  d r i f t  w i t h  c u r r e n t  u n t i l t hey
touch  the  sand to  wh ich  they  adhere .3 Spawns randomly.’

FECUNDITY

1 2 6  t o  1,349;l  3 4 6  t o  3 4 9 . 2  a

EGGS

Demersal, adhes ive ;3 d i a m e t e r  1 . 3  t o  1 . 9  m m ;3  5  o i l  g l o b u l e  s i n g l e ,
d iamete r  0 .7  mm;s incubat ion  per iod :  6 .5  days  a t  20  to  27  C.3

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
5.3-6.0 mm Newly  ha tched .3  5  6

6-7 mm Myomeres: 32 to 33 (14 + 18 to 20).*
Morphometry: (as % TL) preanal length 44 to 45; ‘ * or

5 0 ; 5 g r e a t e s t  b o d y  d e p t h  1 6  t o  18;s h e a d  l e n g t h  1 9  t o
2 1 ,  s n o u t  l e n g t h  4  t o  6 ; *  e y e  d i a m e t e r  6  t o  8.” 9~

Morphology: yolk absorbed (6.2 mm) 3 or not absorbed (6.7
mm);* small i n f e r i o r m o u t h ,  m e d i a n  f i n f o l d  o r i g i n  a t
dorsa l  myomere  seven  o r  e igh t ,  rema in ing  low and  even
around caudal f i n  t o  a n u s , anus ventrad from body,
p r e a n a l  f i n f o l d  e v i d e n t ,  p e c t o r a l  b u d s  d e v e l o p e d . 5
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P i g m e n t a t i o n :  a few la rge , s t e l l a t e melanophores
s i t u a t e d i n t h e  a n t e r o - v e n t r a l  p o r t i o n  o f  s t o m a c h  ( o r
y o l k s a c * ) , e x t e n d i n g  d o r s a d  o n l y  o n  r i g h t  s i d e ,
v e n t r a l l i ne  o f  me lanophores  (one  a t  the  base  o f  every
o ther  myomere)  ex tends  f rom anus  to  cauda l  f i n ;5  J( eyes
p i g m e n t e d ,  d o r s u m  o f  s i n g l e - c h a m b e r e d  s w i m  b l a d d e r
covered wi th dense mat of  smal l  subsurface melanophores
(6.0 mm) .s *

LARVAE

Tota l l e n g t h D e s c r i p t i o n
7-8 mm Myomeres: 32 to 34 (14 to 16 + 17 to 20) .*

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  4 8  t o  4 9 ,  h e a d
leng th  18  to  22 ,  snou t  leng th  6  to  7 ,  eye  d iameter  6  to
7 . *

Morpho logy :  yo lk  absorbed,  inc ip ien t  dorsa l  and  ana l f i n
r a y s  e v i d e n t ,  f i n f o l d  c o n s t r i c t e d  n e a r  a d i p o s e . *

P i g m e n t a t i o n :  p i g m e n t  o n  v e n t e r reduced  to  a  few la rge
me lanophores  jus t  an te r io r  to  s tomach  and  near  base  o f
pec to ra l f i n s p r i m a r i l y  o n  r i g h t  s i d e , pigment
unchanged  on  ven te r  f rom anus  to  cauda l  f i n ,  do rsum o f
sw im b ladder  dense ly  covered  w i th  me lanophores ,  a  few
melanophores on dorsum of head and near mouth.*

9-12 mm Myomeres : see 7-8 mm.
Morphometry:  (as %  T L )  s t a n d a r d  l e n g t h  85;” p r e a n a l

l e n g t h  5 0  t o  5 2 ; *  g r e a t e s t  b o d y  d e p t h  2 1 ; 5  h e a d  l e n g t h
23 to 24, s n o u t  l e n g t h  8  t o  9 ,  e y e  d i a m e t e r  7  t o  8 . 5  *

Morpho logy :  head long ,  snout  po in ted ,  mouth  w i th  tee th  on
both  jaws, s ingle-chambered swim bladder,  11 dorsal  and
8  a n a l  f i n  r a y s  e v i d e n t ,  f i n f o l d  v i s i b l e  p o s t e r i o r  t o
d o r s a l  f i n  r a y s ,  p e l v i c  b u d s  d e v e l o p e d  ( 9 . 5  mm).S

P igmenta t ion : a few melanophores on jaws and over top of
head, a few on cheeks and below angle of  jaws, very few
on underside near gills, many on dorsum of swim
b ladder , a  f e w  o n  e i t h e r  s i d e  o f  d o r s a l  f i n , a  d o u b l e
s e r i e s around anus and a s i n g l e  s e r i e s  o f  a b o u t  2 0
i r r e g u l a r spots f r o m  a n u s t o  c a u d a l fin, a few
me lanophores  a t b a s e  o f caudal f i n a n d  o n  t h e  f i n
i t s e l f . 5

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
35-36 mm Morphomet ry :  (as  % TL)  s tandard  leng th  79 ,  p reana l  leng th

4 8 ,  g r e a t e s t  b o d y  d e p t h  1 9 ,  p r e d o r s a l  l e n g t h  3 8 ,  h e a d
leng th  25 ,  eye  d iamete r  7 .5

Morphology: caudal p e d u n c l e  l o n g ,  m o u t h  s m a l l ,  m a x i l l a
s h o r t , tee th  on  p remax i l l a  and mandib le sma l l , f u l l y
s c a l e d . 5

Percopsidae 466



Percopsis omiscomaycus

P igmenta t ion : chromatophores over e n t i r e body, s i x
lateral  bands.  5

ADULTS

F i n  r a y s :  c a u d a l 17 to 18;4 d o r s a l  I I , 9  t o  1 1 ,  a n a l  I , 5  t o  8 ; 4  5

p e c t o r a l  1 2  t o  15;’ p e l v i c  1 , 8  t o  9.” s

Ver tebrae :  33  to  34 .4

L a t e r a l  l i n e  s c a l e s :  4 3  t o  6 0 . 4

D i a g n o s t i c  c h a r a c t e r s :  a d i p o s e  f i n  p r e s e n t ,  f i r s t  r a y s  o f  d o r s a l ,  a n a l
a n d  p e l v i c  f i n s  s p i n o u s ,  p e c t o r a l  f i n s  o v e r l a p  b a s e  o f  p e l v i c  f i n s
a t most a n t e r i o r p o i n t ,  j a w s  t o o t h e d ,  p r e m a x i l l a e  n o n p r o t r a c t i l e ,
sca les  weak ly  c teno id ,  f renum presen t .

LITERATURE CITED
1. House and Wells (1973)
2 . Lawler (1954)

1:
Magnuson and Smith (1963)
Scott and Crossman (1973)

ii*
Fish (1932)

’
J u d e  e t  a l . (1979b)
Becker (1976)
Muth and Tarter  (1975)

6 . m m
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F i g . 195 .  Percops is  omiscomaycus ,  t rou t -perch . Yolk-sac l a r v a . (Wi ld-
caught ,  Lake  Er ie ,  F ish  1932) .





Percopsis omiscomaycus

dorsal

11.5 mm

Fig. 197. Percopsis omiscomaycus, trout-perch. A and B. Larvae. (A, wild-
caught, Lake Erie, Fish 1932; B, wi ld-caught, Lake Michigan, o r i g i na l
i l lustrat ions by N. A. Auer).
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Gadidae

Family Gadidae, codf ishes

BY

David J.  Jude

T h e  c o d  f a m i l y  h a s  a  c i r c u m p o l a r  d i s t r i b u t i o n  a n d  i s  a l m o s t  w h o l l y
mar ine , compr is ing s o m e  6 0  s p e c i e s , o n l y  o n e  o f  w h i c h ,  L o t a  l o t a ,  i s  a- -
t r u l y  f r e s h w a t e r  s p e c i e s . Another species, Microgadus tomcod, i s mar ine,
bu t  somet imes  invades  f reshwate r  on  the  eas te rn  seaboard  o f  Nor th  Amer ica .
A d u l t  c o d s  a r e  p r e d a c e o u s  f i s h  w i t h l a r g e  h e a d s ,  w i d e  g i l l openings,
te rm ina l j a w s ,  a c h a r a c t e r i s t i c s i n g l e  b a r b e l  l o c a t e d  a t  t h e  t i p  o f  t h e
c h i n , smal l  embedded cyclo id scales and a vomer equipped w i t h numerous
smal l  tee th  in  w ide  bands . They  have  one  to  th ree  so f t  dorsa l  f i ns  and  one
o r  t w o  a n a l  f i n s . T h e  t a i l  i s  i s o c e r c a l .

T h e  b u r b o t i s one o f  the  few Great  Lakes  f i shes  wh ich  spawns in  the
w i n t e r , somet imes  under  the  i ce ,  usua l l y  in s h a l l o w  w a t e r over s a n d  o r
grave 1 shoa ls . S o m e  r i v e r  s p a w n i n g  i s  s u s p e c t e d  ( B j o r n  1 9 3 9 ) .  E g g s  a r e
s m a l l  ( 1 . 3  t o  1 . 8  m m ) ,  s e m i b u o y a n t ,  w i t h  a n  o i l  g l o b u l e  a n d  a r e  b r o a d c a s t
randomly  over  the  subs t ra te . Larvae are smal l  (approximately 3 to 4 mm) at
h a t c h i n g  w i t h t h e  a n u s  w e l l  a n t e r i o r . The anus migrates to adul t  midbody
p o s i t i o n  i n  l a t e r  l a r v a l  s t a g e s . A s  i s  t y p i c a l  o f  t h e  f a m i l y , t h e  m e d i a n
f i n f o l d  o f  t h e  e a r l y  l a r v a l  s t a g e s  i s  c o n t i n u o u s  a c r o s s  t h e  a n a l  r e g i o n ,
w i t h  t h e  a n u s  o p e n i n g  o n  o n e  s i d e  o f  t h e  f i n f o l d .
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L o t a  l o t a- -

Lo ta  lo ta  (L innaeus)  ,  bu rbo t- -

DISTRIBUTION

Known f rom a l l  the  Grea t  Lakes  p roper  and  the i r  d ra inages . 3

SPAWNING SEASON

Spawns from December to January in Lake Michigan, '  March to Apri l i n
L a k e  E r i e , I4 February  to  March  in  Lake  Super io r '  and  January  to  March
in Canada.3

SPAWNING TEMPERATURE

Burbo t  eggs  have  been  co l lec ted  f rom the  Lake  Mich igan  beach  zone  in
J a n u a r y  a t  0 . 4  C.z Spawning temperature reported as 4 C in Swedish
l a k e s . '

SPAWNING HABITAT

Spawns in  sha l low water  0 .3  to  1 .3  rnls o r 1.5 to 4.5 ml2  I6 deep.
Sometimes migrates upstream to spawn." Spawning most of ten occurs at
night,13 b u t i s a lso  known to  occur  in  the  even ing  o r  morn ing .  8  In
Lake Winnipeg, spawn ing  occur red  near  the  sur face  in  sha l low wate r .2 0

SPAWNING SUBSTRATE

S p a w n s  o n  s a n d , '  2  I2 h a r d  clay,l o r  c o a r s e  gravel,12  l6 r u b b l e  a n d
stones, in deep shoal  areas.12  Special ized swimming movements by the
f e m a l e  e n s u r e  d i s p e r s a l  o f  e g g s  u n d e r  s l o w  c u r r e n t  a n d '  i c e - c o v e r e d
c o n d i t i o n s . '

FECUNDITY

812,282 ( 2 6 8 , 8 0 0  t o 1,154,000) i n  L a k e  S u p e r i o r ; 9  6 4 , 0 0 0  t o
1,380,64C1.~  6 lo 11 19

EGGS

Semibuoyant;l 5  I1 c h o r i o n  c l e a r ,  y o l k  l i g h t  y e l l o w ; 5  l1 d i a m e t e r  1 . 0
to 1.3 mm;s l1 I3 or 1 . 7  mm;19  o i l g l o b u l e  s i n g l e , l a r g e  a n d
c l e a r ; 6 I11 incubat ion p e r i o d : 71 days  a t 0 C, 46 d a y s  a t 1 + 0 .5
C ; 5  l2 41 d a y s  a t 2 C;8 4 t o 5 weeks a t 4 C;' 30 days a t 6.1 C;ll
ha tch ing  occurs  when wate r  tempera tu res  warm to  1 .5  C;12 4  to  5  weeks
a t  4  C . 7

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
3 .87-5 .0 m m Newly h a t c h e d . 4  5 6 l* 2:

(16 + 40) ;ls 51 t o 62Myomeres
42) .,':

: 56
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L o t a  l o t a- -

Morphomet ry :  (as  % TL)  s tandard  leng th  93  to  98 ,  p reana l
l e n g t h  3 9  t o  43;” l8 grea tes t  body  depth  20  to  21;l’
e y e  d i a m e t e r  7  t o  9;” la (as % head length) eye
d iamete r  50.1B

Morpho logy :  med ian  f in fo ld  o r ig in  dorsa l  to  myomeres  f i ve
t o  e i g h t , r i s i n g  t o  h i g h e s t  p o i n t  j u s t  b e h i n d  a n u s  t h e n
t a p e r i n g  g r a d u a l l y  t o  t a i l ,  c o n t i n u i n g  f o r w a r d  a l o n g
v e n t e r  n e a r l y  i d e n t i c a l  t o  d o r s u m ,  a n u s  o n r i g h t s i d e
a t  a  d is tance  ven t rad  f rom the  body ,  bu t  no t  a t  edge  o f
f  i n f o l d , f o r e h e a d  b u l b o u s ,  m o u t h  t e r m i n a l ,  l o w e r  j a w
p r o t r u d i n g  s l i g h t l y , eye s l i g h t l y  f o r w a r d i n  h e a d ,
l a r va t r a n s p a r e n t , c o l o r l e s s , robus t a n t e r i o r l y ,
s l e n d e r  p o s t e r i o r l y ,  i n t e s t i n e  s h o r t ,  c o i l e d , pec to ra l
b u d s  w e l l developed, f o r e h e a d  s t a r t s t o  r e c e d e ,  i t
p r o j e c t s  n o  f u r t h e r  t h a n  t i p  o f  u p p e r  j a w (4.5
mm) .17 La

P i g m e n t a t i o n :  e y e  p i g m e n t e d ;  1 7  21 y e l l o w  o i l  g l o b u l e  i n
a n t e r o - v e n t r a l  p o r t i o n  o f y o l k  sac;‘l one t o  m a n y
melanophores e v i d e n t  o n each s i d e over p o s t e r i o r
p o r t i o n  o f s w i m  b l a d d e r ; ” v a r y i n g  t o cons ide rab le
p i g m e n t a t i o n  a l o n g  t h e  d o r s u m  o f  h e a d ,  b o d y ,  g u t  a n d
l a t e r a l  a n d  v e n t r a l  s u r f a c e s  o f  y o l k  sac.18  J(

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-7 mm Myomeres : see 3.87 to 5.0 mm.

Morphomet ry :  (as  % TL)  s tandard  leng th  95  to  97 ,  p reana l
length 42 to 44, g r e a t e s t  b o d y  d e p t h  1 8  t o  2 2 ,  e y e
d i a m e t e r  7.l’

M o r p h o l o g y :  d o r s a l  c o n t o u r  o f  h e a d  m o r e  s l o p i n g , mouth
t e r m i n a l , l o w e r  j a w  s l i g h t l y  p r o j e c t i n g  ( 6 . 8  m m )  .l’

P i g m e n t a t i o n :  t r a n s p a r e n t , double l i n e  o f f i v e la rge
s te l l a te  subsur face  ch romatophores  over  do rsum o f swim
b ladder , a few more chromatophores develop over stomach
region (6.8 mm) .I7

1O-11 mm Morphomet ry :  (as  % TL)  s tandard  leng th  88 ,  p reana l  leng th
46,  g rea tes t  body  depth  19 ,  eye  d iameter  7.”

Morphology:
rays)  and
charac te r
con tours ,
i n t e s t i n e
below pet

Fin r a y s  f i r s t apparen t ,  second  dorsa l  (67
a n a l  ( 6 4  r a y s )  f i n s incomplete, many a d u l t
s t i e s ev i den t , e s p e c i a l l y  h e a d  a n d  m o u t h
b a r b e l  r e p r e s e n t e d  b y  a  f l e s h y  p r o t u b e r a n c e ,

open  a t  marg in  o f  body ,  pe lv i c  buds  apparen t
o ra l  buds , deep notch i n  f i n f o l d  b e t w e e n

f o r m i n g  d o r s a l  fins.l’
P igmenta t ion : chromatophores conf ined to subsurface patch

above stomach region and about 25 rather large,  rounded
b lack  spo ts  over  top  o f  head ,  subsur face  ch romatophores
h a r d l y  d i s c e r n i b l e  o v e r  a n t e r i o r  p a r t  o f  notochord.17
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L o t a  l o t a- -

14-19 mm Morphometry: (as  % TL)  s tandard  leng th  90  to  94 ,  p reana l
leng th  50 ,  g rea tes t  body  dep th  17  to  20 ,  eye  d iameter  6
t o  7 . ”

M o r p h o l o g y :  j a w  s h o r t e r  t h a n  i n  a d u l t ,  m e d i a n  f i n  r a y s
c o m p l e t e ,  p e l v i c  f i n s  l a r g e r  a n d  c o m p l e t e l y  r a y e d , al 1
f i ns  and  ba rbe l  comp le te  (19  mm).“’

P igmenta t ion : a few stel late chromatophores occur on jaws
followed by d i s t i n c t  p r e o r b i t a l , p o s t o r b i t a l  a n d
o p e r c u l a r  p a t c h e s ,  g i v i n g  t h e  i m p r e s s i o n  o f  a l a t e r a l
b a n d  o n  h e a d , la te ra l  l i ne  marked  by  a  s ing le  b roken
s e r i e s  o f  l a r g e chromatophores extend ing to tip of
urosty le,  becoming wider wi th more numerous and smal ler
subsur face  spo ts  pos te r iad , dorsum has numerous pigment
spo ts  a r ranged i r regu la r l y  in  10  to  12  g roups ,  each  one
c o n s i s t i n g  o f a double row of large c lose s e t
c h r o m a t o p h o r e s  o u t l i n i n g  d o r s a l  f i n s and o t h e r s more
s p a r s e l y  d i s t r i b u t e d , e x t e n d i n g  h a l f  w a y  t o  l a t e r a l
l ine .  1 7

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
30-31 mm Morphomet ry :  (as  % TL)  p reana l  l eng th  51 ,  g

depth  16 ,  eye  d iameter  6.17
P i g m e n t a t i o n :  t o p  a n d  s i d e s  o f  h e a d  d o w n

marg in  o f  eye  th ick ly  p igmented ,  mos t  heav
th rough  eye  f rom t ip  o f  snou t t o  o p e r c l e , occasional
chromatophores e v i d e n t  b e l o w  e y e , a  few ou t l i ne  lower
j a w ,  d o r s a l  a n d  l a t e r a l  a s p e c t  w i t h  i r r e g u l a r  g r o u p s  o f
chromatophores giv ing checkered ef fect ,  venter unmarked
e x c e p t  f o r  d o u b l e  s e r i e s o f abou t  20  ch romatophores

a n a l  f i n , a  f e w  o c c u r  o n  a l l  f i n s  e x c e p ta l o n g  b a s e  o f
anal .17

r e a t e s t body

t o  p o s t e r i o r
i l y  i n  a  b a n d

ADULTS

F in  r ays : c a u d a l  3 4  t o  37;" f
79, anal 59 t o  7 6 ,  p e c t o r a l

V e r t e b r a e :  5 0  t o  66."

i r s t  d o r s a I 8 to 16, s e c o n d  d o r s a l  6 0  t o
17 to 21, p e l v i c 5  t o  8 . 3

Diagnos t i c  charac te rs : s i n g l e c h i n  b a r b e l , head  and  an te r io r  body
r o b u s t , w i t h  r e s t  o f  e l o n g a t e  b o d y  t a p e r i n g  p o s t e r i o r l y  t o  i s o c e r c a l
t a i l , e longate and sof t - rayed median f i n s , p e l v i c  f i n s  u n d e r  o r
a n t e r i o r  t o  p e c t o r a l  f i n s .

LITERATURE CITED
1. Fabr ic ius  (1954)

::
Jude  e t  a l .  (1979b)
Scott and Crossman (1973)
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5 . Muth and Smith (1974)

6 . Chen (1969)
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i: Vallin (1942)
9 . Bailey (1972)
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L o t a  l o t a- -

11. Bjorn (1939) 17. Fish (1932)

12. McCrimmon (1959) 18. Snyder (1979b)
13. Cahn (1936) 19. Fish (1930)
14. Clemens (1950) 20. Hewson (1955)

15. McPhai l  and Lindsey (1970) 21. Sorokin (1968)
16. McCrimmon and Devitt (1954)

4.5 mm

F i g .  1 9 8 . L o t a  l o t a ,  b u r b o t . A and B.
caught ,  Lake  Er ie ,  F ish  1932) .

Y o l k - s a c  l a r v a e .  ( A  a n d  B ,  w i l d -
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L o t a  l o t a- -

.9 mm

Fig .  199 . L o t a  l o t a ,  b u r b o t . Y o l k - s a c  l a r v a e .- - (Wi ld -caught ,  M inneso ta ,
Snyder 1979b).
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6.0 mm

C
10.9 mm

D
14.0 mm

F i g .  2 0 0 . L o t a  l o t a ,  b u r b o t .  A  a n d  B .  Y o l k - s a c  l a r v a e .  C  a n d  D .  L a r v a e .

(A-D, w i l d - c a u g h t ,  L a k e  E r i e , F ish  1932) .
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Cypr inodont idae

F a m i l y  C y p r i n o d o n t i d a e ,  k i l l i f i s h e s

David J.  Jude

C y p r i n o d o n t i d a e  i s  a  l a r g e  f a m i l y  o f  a t h e r i n i f o r m  f i s h ,  c o m p r i s i n g
a b o u t  5 0  g e n e r a w i t h  o v e r  3 0 0  s p e c i e s  ( N e l s o n  1 9 7 6 ) .  M e m b e r s  o f  t h e
k i l l i f i sh  fami l y  a re  genera l l y  l ess  than  100  mm TL  and  a re  charac te r i zed  by
sma l l , e l o n g a t e  a n d  c y l i n d r i c a l  b o d i e s which are moderate ly compressed.
A l l  f i n s  a r e  s o f t - r a y e d  a n d  t h e r e  i s  a  s i n g l e ,  r e l a t i v e l y  s h o r t  d o r s a l
f i n . T h e s e  f i s h  s u p e r f i c i a l l y  r e s e m b l e  m i n n o w s  f r o m  w h i c h  t h e y  c a n  b e
d i s t i n g u i s h e d  b y  t e e t h  i n  t h e i r  j a w s . S c a l e s  a r e  c y c l o i d  a n d  t h e
pro t rus ib le  mouth  i s  adap ted  fo r  feed ing  near  the  su r face  o r i n muddy  o r
sandy subs t ra te .

K i l l i f i s h e s  a r e  f o u n d i n s h a l l o w  f r e s h w a t e r , b r a c k i s h  a n d ,  l e s s
f r e q u e n t l y , mar ine  hab i ta ts  in  the  wes te rn  hemisphere  f rom sou thern Canada
th rough  Sou th  Amer ica . In  the  eas te rn  hemisphere  they  a re  found in  A f r i ca
( including Madagascar) , southern Europe and southern Asia. A comprehensive
s t u d y  a n d  r e v i e w  o f  t h e  r e p r o d u c t i v e  b e h a v i o r  o f  k i l l i f i s h e s  ( F o s t e r 1967)
showed tha t  members o f  t h e  f a m i l y  e x h i b i t  a  w i d e  v a r i e t y  o f  r e p r o d u c t i v e
a n d  t e r r i t o r i a l  b e h a v i o r s ;  f o r  s o m e  s p e c i e s  t h i s  i n c l u d e s  c o m p l e x  c o u r t s h i p
behav io r .

F u n d u l u s  i s  t h e  o n l y  g e n u s  o f  t h e  k i l l i f i s h e s  o c c u r r i n g  i n  t h e  G r e a t
L a k e s  b a s i n . Both 1. notatus and             F. .notti have more restricted ranges
w i t h i n t h e  b a s i n . W h i l e  F . no ta tus is a f a i r l y s t a b l e species
t a x o n o m i c a l l y ,  E . n o t t i e x h i b i t s  c o n s i d e r a b l e  v a r i a b i l i t y  t h r o u g h o u t  i t s
r a n g e  w h i c h  h a s  r e s u l t e d  i n  c o n t r o v e r s y  o v e r  t h e  s t a t u s  o f t h i s spec ies .
Some sources (Lee et al. 1 9 8 0 )  r e c o g n i z e the  des ignat ion  as  separa te
species of  some members of  the E. nott i  complex, s u g g e s t e d  b y  W i l e y  a n d
H a l l  ( 1 9 7 5 ) .  R o b i n s  e t  a l . ( 1 9 8 0 )  l i s t  o n l y  a  s i n g l e  s p e c i e s .

Fundulus spawn general ly dur ing the spr ing and summer in shal low areas
and vegeta ted s l o u g h s  o f r i v e r s , streams, ponds  o r  l akes .  The  eggs  a re
laid, a few at a time, a n d  f e r t i l i z e d  a m i d  a l g a e - c o v e r e d  s u b s t r a t e .
I nd i v i dua l f i sh  spawn repeated ly  dur ing  the  b reed ing  season. No parental
c a r e  i s  g i v e n . Larva l  s tages  o f  1. d iaphanus  a re  we l l d e s c r i b e d ,  w h e r e a s
t h o s e  o f  i. n o t a t u s  a n d  F .  n o t t i  a r e  n o t . The smal lest  specimens of  these
two species, a v a i l a b l e  t o  t h e  a u t h o r ,  w e r e  a b o u t  2 0 . 0  m m ,  a t which s i z e
typ ica l  adu l t  p igment  pa t te rns  and  f in  ray  complements  were  p resen t .
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Fundulus diaphanus

Fundu lus  d iaphanus  (LeSueur ) ,  banded k i l l i f i sh

DISTRIBUTION

O c c u r s  t h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n  e x c e p t  t h e  d r a i n a g e  o f  L a k e
Super io r w h e r e  i t  i s  r e s t r i c t e d  t o  t h e  e x t r e m e  e a s t e r n  p o r t i o n  o f  t h e
u p p e r  p e n i n s u l a  o f  M i c h i g a n . ’ It is common throughout t h e  L a k e
M i c h i g a n  d r a i n a g e  b u t  a p p e a r s  t o  b e absent in  the  nor thwestern
corner. 2 Two subspec ies  o f  Fundu lus  d iaphanus  have  been descr ibed ;

I* d . d i a p h a n u s  w h i c h i s  p r e s e n t in  eas tern  Lake Ontar io  and i t s
d ra inage and  F .  d .  menona wh ich  i s  p resen t  th roughout  the  res t  o f  the
spec ies  range in  the  Grea t  Lakes . ’

SPAWNING SEASON

Spawns i n l a t e  s p r i n g  a n d  e a r l y  s u m m e r  i n  I l l i n o i s 3  a n d  l a t e  M a y  t o
mid-Augus t  th roughout  mos t  nor thern  s ta tes . 4

SPAWNING TEMPERATURE

S p a w n i n g  a c t i v i t y  i n i t i a t e d  a t  2 1  CJ a n d  w a s  o b s e r v e d  a t  w a t e r
temperatures as warm as 32.2 C.6

SPAWNING HABITAT

Spawns i n lakes, lo fi p o n d s , ’  lo b r o o k s , 5  c r e e k s 8  9  a n d  rivers’ i n
s h a l l o w  a r e a s  w i t h  vegetation.lO

SPAWNING SUBSTRATE

S p a w n s  o v e r  a  s a n d y  b o t t o m  c o n t a i n i n g  b e d s  o f  Vallisneria,’ a m i d
f i l a m e n t o u s  a l g a e 4  ’ o g r o w i n g  o n  r o c k s 4  * o r  a q u a t i c  p l a n t s . 4

FECUNDITY

C a .  2006  t0 252.1~

EGGS

D i a m e t e r  c a . 1.7 to I .8 mm (preserved) ;’ 2 . 0  mm;12  o i l  g l o b u l e s  s m a l l
and numerous, eggs  a t tached to  subs t ra te  by  ou te r l a y e r  o f adhesive
filaments.12

YOLK-SAC LARVAE

Ear ly  yo lk -sac  la rvae ,  4 .7  to  5 .0  mm,  p resen ted  by  Jones  and  Tabery  (1980) ,
a r e  b e l i e v e d t o  b e  p r e m a t u r e l y  h a t c h e d  a n d  a r e  t h e r e f o r e  n o t  i n c l u d e d  i n

c r i p t i o n

the YOLK-SAC LARVAE description.::

T o t a l  l e n g t h Des
5-6 mm Morpho logy: h e a d  s l i g h t

o r i g i n  o f  m e d i a n  f i n f o
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Fundulus diaphanus

P igmentat
vesse ls

i o n :  d a r k  p i g m e n t  o n v e n t r a l p e r i v i t e l l
o f  y o l k ,  h e a d  a n d  e n t i r e  b o d y  pigmented.12

LARVAE

T o t a l  l e n g t h
7-10 mm Myomeres :

D e s c r i p t i o n
35 (11 to 13 + 22 to 24).13

ine

Morphometry:  (as 9; TL )  s tandard  leng th  83  to  85 ,  p reana l
l e n g t h  3 9  t o  4 3 ,  h e a d  l e n g t h  2 3  t o  2 4 ,  e y e  d i a m e t e r  9
t o  lo;13 $4g r e a t e s t  b o d y  d e p t h 18 to 19, caudal
pedunc le  dep th  6  to  7."

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 7 . 1  mm”’ o r  7 . 6  t o  1 0  mm”);
head  and  mouth  deve loped , tee th  p resen t  on  p remax i l l a
and  mand ib le  (8 .3  mm) ,  s i x  b ranch ios tega l r a y s  f o r m e d
(comp le te ) ,  cauda l f i n  d i f f e r e n t i a t e d  ( 8 . 0  m m ) ,  l o w e r

jaw ex tended beyond upper  jaw,  rays  in  dorsa l  and  ana l
f i n s , i n c i p i e n t  r a y s  i n  p e c t o r a l  b u d s  ( 9 . 5  mm).13

P igmenta t ion : may be less pigmented than recent ly hatched
(7.6 to 8.2 mm) ;l 3 may have melanophores over ent i re

body, e s p e c i a l l y  h e a d , dorsa l ( m a y  b e  s p a r s e )  a n d
v e n t r a l  r i d g e s  ( 7 . 1  mm);14 latera l  melanophores (may be
lackingl’) s t e l l a t e and o u t l i n i n g myomeres, dense
p i g m e n t a t i o n  o n isthmus c o n t i n u i n g onto midvent ra l
a s p e c t  o f stomach;13 I4 margins o f c a u d a l  f i n  r a y s
pigmented and a few melanophores on pectoral  buds.14

11-15 mm Myomeres: 34 to 36 (13 to 15 + 21 to 22) .13
Morphomet ry :  (as  % TL)  s tandard  leng th  82  to  89 ,  p reana l

l e n g t h  4 5  t o  4 7 ,  h e a d  l e n g t h  2 3  t o  2 8 ,  e y e  d i a m e t e r  8
t o  g.13 14

Morpho logy :  pe lv ic  buds  p resent  on  abdomen;13  dorsa l and
anal f i n  r a y s incomplete (12.3 mm) ;14 complete (14.5
mm)> ;13 f i n f o l d  absorbed.13  l4

P igmenta t ion :  body even 1 y covered w i t h s t e l l a t e
me lanophores  excep t  ven te r  o f  gu t ,  cauda l ,  do rsa l ,  ana l
a n d  p e c t o r a l f i n s  w i t h  m e l a n o p h o r e s  a l o n g  r a y s  ( 1 2 . 3
mm) ; l4 p igment  in  a rea  o f  i s thmus  and  mid thorac ic  a rea
p e r s i s t s , n o  p i g m e n t o n  p e l v i c  buds;13 v e r t i c a l  b a r s
not evident (12 mm) ;12 or may be evident (12.5 mm) .15

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
15-20 mm Myomeres: 33 to 36 (13 to 15 + 20 to 22) .13

Morphometry:  (as % TL) standard length 81, preanal  length
48 ,  head leng th  24 ,  eye  d iameter  9 ,  g rea tes t  body  dep th
16,  caudal  peduncle 9.13

Morphology: a l l  f i n  r a y s  c o m p l e t e ,  s c a l e s  b e g i n t o  f o r m
on caudal p e d u n c l e  ( 1 5 . 9  t o  1 7 . 4  m m ) ,  s q u a m a t i o n
complete (17.9 mm) .13
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P i g m e n t a t i o n :  v e r t i c a l  b a r s  p r e s e n t  ( 1 3 . 4  t o 19 .8  mm) ,
preanal ven ter  w i thou t  p igment ,  inc reased p igmenta t ion
along upper jaw, n a s a l  a n d  o c c i p i t a l  regions.13

ADULTS

F in  r ays : c a u d a l  1 6 ; *  ( 1 4  t o  1 7 ) ,  d o r s a l 13 (12 to 15) ;I anal 10 to
1 3 ,  p e c t o r a l  1 6  ( 1 4  t o  1 9 )  ;l I6 pe l v i c 6 . '

Ver teb rae : 3 4  ( 3 3  t o  361-l

L a t e r a l  l i n e  s c a l e s :  4 3  t o  49-l

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l f i n  o r i g
o r i g i n ,  v e r t i c a l  b a n d s  e v i d e n t .

i n a t i n g  i n  a d v a n c e  o f  a n a l  f i n

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Becker (1976)

Z:
Smith (1979)
Foster (1967)

5 . Richardson (1939)
6 . Webster (1942)

k
Cooper (1936)
Greeley (1935)

9. Fowler (1922)

10.
11.

12.
13.
14.
15.
16.

Adams and Hankinson (1928)
Hi ldebrand and Schroeder
(1928)
Foster (1974)
Jones and Tabery (1980)
Fish (1932)
Wang and Kernehan (1979)
Hubbs and Lagler (1958)
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A
5.6 mm

7.1 mm

8.0 mm

Fig .  201 . F u n d u l u s  d i a p h a n u s ,  b a n d e d  k i l l i f i s h .  A .  Y o l k - s a c  l a r v a ,  n e w l y
ha tched .  B  and  C. Larvae. (A ,  labora to ry - reared ,  New Jersey ,  L ippson and

l a b o r a t o r y - r e a r e d ,
M o r a n  1 9 7 4 ;  B ,  w i l d - c a u g h t ,  N i a g a r a  R i v e r ,  F i s h  1 9 3 2 ;  C; Fairman)
Hudson River, J o n e s  a n d  T a b e r y  1 9 8 0 ,  i l l u s t r a t e d  b y  M .  .

.
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B 12.3 mm

C
12.8 mm

D 18.8 mm

F i g .  2 0 2 .  F u n d u l u s  d i a p h a n u s ,  b a n d e d  k i l l i f i s h . A-D. Larvae. (A, C and D,
l a b o r a t o r y - r e a r e d , Hudson River, J o n e s  a n d  T a b e r y 1980, i l l u s t r a t e d  b y

M .  J .  F a i r m a n ;  B ,  w i l d - c a u g h t ,  N i a g a r a  R i v e r ,  F i s h  1 9 3 2 ) .
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Fundulus notatus

Fundu lus  no ta tus  (Ra f inesque) ,  b lacks t r ipe  topminnow

DISTRIBUTION

W i t h i n  t h e  G r e a t  L a k e s  b a s i n  i t  o c c u r s  o n l y  i n  t h e  d r a i n a g e s  o f  L a k e s
Mich igan and Er ie . ’ I t s  d i s t r i b u t i o n  i n  t h e  L a k e  M i c h i g a n  d r a i n a g e  i s
d i s t i n c t l y  s o u t h e r n , being found in headwater streams from the Grand
to  the  St .  Joseph R iver  sys tems. A  p o p u l a t i o n  a l s o  e x i s t s i n t h e
upper  Fox  R iver ,  Wiscons in .2

SPAWNING SEASON

R i p e  f e m a l e s  w e r e  t a k e n i n l a t e  J u n e  i n  I n d i a n a 3  a n d  l a t e  M a y  i n
I l l i n o i s . 4  R e p r o d u c t i v e  a c t i v i t y  b e g i n s  i n  e a r l y  M a y  i n  M i c h i g a n ,  e g g s
a r e  l a i d  b e f o r e  l a t e  M a y  a n d  u n t i l  l a t e  A u g u s t . 5 Grav id  fema les  were
co l lec ted  f rom June  to  Ju ly  in  Wiscons in . *

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

N o t  s p e c i f i c a l l y  n o t e d  b u t  t h i s  s p e c i e s i s r e p o r t e d  t o  o c c u r  i n
c reeks ,  r i ve rs ,  lakes ,  swamps and ponds.’

SPAWNING SUBSTRATE

Spawns on a fibrous bottom.@

FECUNDITY

20 to 30, l a i d  o v e r  a  s h o r t  p e r i o d  o f t ime , i n d i v i d u a l f i s h  s p a w n
repeated ly  over  severa l  weeks . 5

EGGS

Diameter  1 .8  mm,  chor ion  exh ib i t s  sca t te red  adhes ive  f i l aments  c lose ly
a r r a n g e d  a t o n e  p o i n t  t o  f o r m  a  t u f t ,  o i l  g l o b u l e  s i n g l e ,  i n c u b a t i o n
per iod :  7  to  21  days  (usua l l y  about  10  to  14  days)  .*

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Total l e n g t h D e s c r i p t i o n
uns ta ted Morphomet ry :  (as  % TL)  p redorsa l  leng th  ca .  50 ,  snou t  to

p reana l  f  i n fo ld  33 . ”
Morphology: t e n  c a u d a l  f i n  r a y s  p r e s e n t . 8
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Pigmentat i o n :  d o r s a l  a n d  v e n t r a l  s t r i p e  o f  m e l a n o p h o r e s ,
s t r i p e i r r e g u l a r  o n dorsum, a  few me lanophores  on
pec to ra l  f i n . O

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 8  t o  5 0 ,  h e a d

l e n g t h  c a .  2 5 . *
P igmenta t ion :  w ide , d a r k  l a t e r a l  b a n d  i n c r e a s i n g  a t

v a r i o u s  p o i n t s t o  a p p e a r  a s b lo tches , d o r s u m  w i t h
numerous small melanophores o u t l i n i n g s c a l e s ,  n o
melanophores on isthmus.*

ADULTS

F in  r ays : caudal 14;* dorsal 9’ (8 to 12) ;I0 anal 12’ (11 to 13) ;l"
p e c t o r a l  1 4  t o  15;~~ p e l v i c  6 . '

V e r t e b r a e :  3 2  t o  35.'

L a t e r a l  l i n e  s c a l e s :  3 2  t o  3 4 . '

D iagnos t i c  charac te rs : w ide  la te ra l  band  ex tends  f rom t ip  o f  snou t  and
ch in  th rough  eye  to  base  o f  cauda l  f i n .

LITERATURE CITED
1. Shute (1980)
2. Becker (1976)

Z:
Eigenmann (1996)
Richardson (1913)

5 . Carranza and Winn (1954)

6 . Cahn (1927)

ii:
Smith (1979)
Foster (1967)

9 . Cross (1967)
10. Brown (1957)
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Fundu lus  no t t i

Fundu lus  no t t i  (Agass iz ) ,  s ta rhead topminnow

DISTRIBUTION

In  the  Grea t  Lakes  bas in  i t  i s  found on ly  a t  the  sou thern  edge o f  Lake
M i c h i g a n  i n  I l l i n o i s  a n d  I n d i a n a ; a lso  occurs  in  the  S t .  Joseph River
sys tem o f  Mich igan and 1ndiana.l 2

SPAWNING SEASON

S p a w n s  f r o m  l a t e  s p r i n g  t o  e a r l y  s u m m e r  i n  I l l i n o i s . 3  G r a v i d  f e m a l e s
w e r e  f o u n d  i n  M a y  i n  I l l i n o i s . 4

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

Spawns in lakes, swamps and marshes.3

SPAWNING SUBSTRATE

Depos i ts  eggs  among dense beds  o f  vegeta t ion 3  and  f ib rous  subs t ra tes
on  the  bo t tom in  sha l low wate r .5

FECUNDITY

Not  repor ted .

EGGS

D i a m e t e r  2 . 2  t o  2 . 3  m m ,  o i l  g l o b u l e s  n u m e r o u s , adhes ive  f i l aments  o f
c h o r i o n  w e l l  d e v e l o p e d ; 5  i n c u b a t i o n  p e r i o d :  1 2  t o  1 4  d a y s  a t 22.8 C;*
10  days  a t  26 .1  C.s

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  4 7  t o  5 0 ,  h e a d

l e n g t h  c a .  2 5 . *
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P igmenta t ion : s e v e n  t o  n i n e  d i s t i n c t  l a t e r a l l i n e s  o f
me lanophores  f rom pos te r io r  o f  head  to  cauda l  f i n ,  da rk
middorsal  band, melanophores on isthmus, dense patch of
melanophores on p o s t e r i o r  h a l f  o f  h e a d ,  m e l a n o p h o r e s
fo rm ing  subocu la r  pa tch . *

ADULTS

F in rays : caudal 14 ; * dorsa l 6 t o 7 , anal 8 t o 9;’ pec to ra l 13 t o 15,
p e l v i c  6 . *

Vertebrae: 34. 5

L a t e r a l  l i n e  s c a l e s :  3 0  t o  34.’

D i a g n o s t i c  c h a r a c t e r s :  p r o m i n e n t  b l u e - b l a c k  s u b o c u l a r  p a t c h ,  m a l e s
w i t h  t h i n ,  w e l l  s e p a r a t e d ,  d a r k  v e r t i c a l  b a r s ,  f e m a l e s  w i t h  s e v e r a l
t h i n  h o r i z o n t a l dark l i n e s ,  g r e a t e s t  b o d y  d e p t h  c o n t a i n e d  i n  l e s s
t h a n  f o u r  t i m e s  i n  S L ,  d o r s a l  f i n  o r i g i n  b e h i n d  a n a l f i n  o r i g i n ,
fewer t h a n  3 8  l a t e r a l  l i n e  s c a l e s , d o r s u m  n o t  d i s t i n c t l y  t e s s e l a t e d
wi th  b rown, i r i d e s c e n t s i l v e r y  p a t c h a t o p  h e a d i n  l i v e  f i s h .
s u n l i g h t  w h e n  l i v e  f i s h  a r e  n e a r  w a t e r  s u r f a c e .

LITERATURE CITED
1. Wiley (1980)

::
Becker (1976)
Smith (1979)

4 . Richardson (1913)

Foster (1967)
Fer ra r i  (1939)

7. Pflieger (1975)

486



A t h e r i n i d a e

F a m i l y  A t h e r i n i d a e ,  s i l v e r s i d e s

BY

Heang T. Tin

Th is  fami ly  inc ludes  about  39  genera  and  over  150  spec ies  (Mar t in  and
Drewry 1 9 7 8 )  d i s t r i b u t e d  a r o u n d the  wor ld  be tween la t i tudes  50  degrees
north and 50 degrees south (Scott  and Crossman 1973) l A t h e r i n i d  f i s h e s
i n h a b i t s a l t , b r a c k i s h  a n d  f r e s h w a t e r . Eight genera and 12 species of
a t h e r i n i d s  a r e  f o u n d  i n  t h e  U n i t e d  S t a t e s and Canada. S i l v e r s i d e s  a r e
small f i s h , usually from 50 to 150 mm, w i t h  a  t r a n s l u c e n t  b o d y  a n d
pronounced lateral  band. They  a re  compressed  and  fus i fo rm w i th  a  te rm ina l
mouth and u s u a l l y s c a l e d  h e a d . Tee th  a re  usua l l y  p resen t  on  the  jaws ,
o f ten  on  the  pa la t ines  and  vomer . T w o  w e l l s e p a r a t e d  d o r s a l  f i n s  a r e
almost a l w a y s  p r e s e n t , t h e  s p i n o u s  d o r s a l  f i n  h a s  t h r e e  t o  e i g h t  s p i n e s .
P e l v i c  f i n s  h a v e  o n e  s p i n e  a n d  f i v e  s o f t  r a y s . P e c t o r a l  f i n s  a r e  h i g h  o n
t h e  b o d y and t h e  a n a l fin has a weak sp ine . T h e  l a t e r a l  l i n e  i s
d iscont inuous  in  many spec ies :  sca les  a re  cyc lo id .

T w o  g e n e r a ,  L a b i d e s t h e s  a n d  M e n i d i a ,  o c c u r  i n  t h e  f r e s h w a t e r  o f  t h e
U n i t e d  S t a t e s . A  mar ine  s i l ve rs ide ,  Membras  mar t in ica ,  repor ted ly  en te rs
streams (Hi ldebrand and Schroeder 1928). Spawn ing  usua l l y  takes  p lace i n
s p r i n g  o r summer. The spawn ing season o f  Men id ia  bery l l ina  may ex tend
u n t i l  f a l l . E g g s  o f  s e v e r a l  s p e c i e s  h a v e  o n e  o r  s e v e r a l long, adhesive
f i laments w h i c h  a d h e r e t o  s u b s t r a t e  o r v e g e t a t i o n . O i l  g l o b u l e s  a r e
present . E g g s  a r e  u s u a l l y  s m a l l , diameter 0.7 to 0.9 mm i n  M e n i d i a
b e r y l l i n a and 1 .1  to  1 .4  mm in  Lab ides thes  s iccu lus . A t h e r i n i d  l a r v a e  a r e
s l e n d e r  w i t h  t h e  a n u s  l o c a t e d  i n  a  f o r w a r d  p o s i t i o n .
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Lab ides thes  s iccu lus

L a b i d e s t h e s  s i c c u l u s  ( C o p e ) ,  b r o o k  s i l v e r s i d e

DISTRIBUTION

Common in the Lake Michigan drainage, ’  a lso found in Lakes Er ie,  Huron
a n d  q u i e t  w a t e r  o f  r i v e r s  a n d Iargea n d  O n t a r i o . ’  o I1 P r e f e r s  l a k e s

streams. 7

SPAWNING SEASON

Spawns f r o m  M a y  t o  J u l y  i n  M i c h
J u n e  t o  A u g u s t  i n  I n d i a n a . ’

SPAWNING TEMPERATURE

Spawning  occurs  a t  20  to  23 .2  C.2

SPAWNING HABITAT

In  wate r  to  1  m deep ,2  4 a long  the

SPAWNING SUBSTRATE

igan,2  May and June in Wisconsin* and

6

s h o r e  o f  r i v e r s  a n d  l a k e s . 2  *

E g g s  m a y  b e  d e p o s i t e d  o v e r  g r a v e l ,  s a n d , 2  * a q u a t i c  v e g e t a t i o n  4  * 10
o r  an  unprepared  bo t tom.*  lo

FECUNDITY

Not  repor ted .

EGGS

Demersal ;2 * d iameter  1 .1  to  1 .4  mm; ’  chor ion  nonadhes ive 2  9  w i th  one
t o  t h r e e  l o n g , a d h e s i v e  f i l a m e n t s 2  4  * o i l g l obu les n u m e r o u s ; 2  9

diameter from less than 0.1 t o 0 . 5 mm;’ incubat ion p e r i o d : 8 t o 9 days
a t  2 3  c.*

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4 mm Newly hatched.4

4-6 mm Myomeres: 35 to 37 (6 to 7 + 28 to 31) .3 ’
Morphomet ry :  (as  % TL) preanal l e n g t h  2 7  t o  2 8 ,  h e a d

length 16, e y e  d i a m e t e r  6  t o  8 ,  g r e a t e s t  b o d y  d e p t h  1 5
to  17 ,  body  depth  a t  anus  8  to  10.’

Morphology: body s lender , mouth small and t e r m i n a l ,
p e c t o r a l  b u d s  p r e s e n t ,  o i l  g l o b u l e  s i n g l e ,  d i a m e t e r  0 . 1
t o  0 . 4  mm.’

P i g m e n t a t i o n :  m e l a n o p h o r e s  c o n c e n t r a t e d  o n o c c i p i t a l
reg ion , s c a t t e r e d s i n g l e row of melanophores begins
p o s t e r i o r  t o  o c c i p i t a l  r e g i o n  t h e n  b r a n c h e s  i n t o  d o u b l e

A t h e r i n i d a e 488



Lab ides thes  s iccu lus

r o w  n e a r  d o r s a l  o r i g i n  o f  m e d i a n  f i n f o l d  c o n t i n u i n g  t o
c a u d a l  p o r t i o n o f  finfold;’  s i n g l e  m i d l a t e r a l  r o w  o f
melanophores behind head (4.7'  mm to  63 mm);  s ingle row
of  me lanophores  m idven t ra l l y  f rom pos te r io r m a r g i n  o f
y o l k  t o  c a u d a l  p o r t i o n  o f  f i n f o l d ,  m e l a n o p h o r e s  v i s i b l e
on m a x i l l a , mandib le, y o l k  s a c , c a u d a l  f i n  b a s e ,  i n
f r o n t  o f  e y e s ,  b e l o w  a u d i t o r y v e s i c l e s and i n
i n t e r o r b i t a l  r e g i o n . ’

LARVAE

Tota l l e n g t h D e s c r i p t i o n
6-g mm Myomeres: 36 to 39 (6 to 9 + 29 to 32).b ’

Morphometry:  (as %  T L )  p r e a n a l  l e n g t h  2 8  t o  3 3 ; 5  ’ h e a d
leng th  17  to  20 ,  eye  d iameter  7  o r  8.9

Morpho logy :  yo lk  absorbed  (5 .5  to  6  mm) ;5 sw im b ladder
v i s i b l e  ( 6  m m ) ; ’ c a u d a l  f i n  d i f f e r e n t i a t e d  ( 6 . 2  mm);”
c a u d a l  f i n  r a y  a n l a g e  v i s i b l e  ( 8  m m ) ; ’  a n a l f i n  r a y s
v i s i b l e (8.3 mm) , s o f t  d o r s a l  f i n  r a y s  v i s i b l e  ( 8 . 6
mm) ; 5 f i n f o l d  b e t w e e n  s o f t  d o r s a l and caudal f i n
absorbed (8 to 10.3 mm) .’

Pigmentat ion: dorsum o f swim b ladder h e a v i l y
p i g m e n t e d ; 3  5  ’ f o u r  t o  s i x  l a r g e  m e l a n o p h o r e s  o n
breast  and abdomen, three or  four  smal l  melanophores on
mandible (5.5 to 6 mm) is melanophores on maxi l la  and
v e n t e r  o f  g u t  ( 5 . 5  t o  7 . 3  m m ) ; ’  s i n g l e  m i d d o r s a l  r o w  o f
me lanophores  v is ib le  on  an te r io r  quar te r of body and
a long  f i n fo ld  base  on  cauda l  pedunc le ;5  o r  f rom head  to
cauda l  f i n ;  3 three ventral  rows of  melanophores (one on
each s i d e  o f t h e  m i d v e n t r a l line and one on the
m i d v e n t r a l  l i n e )  f r o m  a n u s  t o  p o s t e r i o r  m a r g i n  o f anal
fin (6.2 to 8.8 mm);3 or to caudal fin;5 ’ double
ven t ra l  row  o f  me lanophores  f rom ana l  to  cauda l  fin.j

9-16 mm Myomeres: 37 (9 + 28) at 11.3 mm, 37 (12 + 25) at 15.3
mm;’ 36 to 39 at 11 to 15 mm.5

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  3 5  t o  4 0 ,  h e a d
leng th  18  o r  19 ,  eye  d iamete r  6  (11 .3  to  15 .5  mm) . ’

Morphology: pelvic buds appear (9.4* mm or  10.3 ’ mm);  11
t o  1 2  p e c t o r a l  f i n  r a y s , 4 to 5 spines in spinous
dorsal f i n  ( 9 . 4  m m ) , c f a l c a t e  a n a l  f i n  I , 2 2  t o  2 5  ( 1 5
mm) ; 5 c a u d a l  f i n  c o m p l e t e  ( 1 1 . 3  t o  1 5 . 5  m m ) ,  b o d y
elongate and s l e n d e r ; ’ p r e a n a l  f i n f o l d  v i s i b l e ,  s o f t
dorsal  f in wi th 10 or 11 rays (16.5 mm) .  5

P i g m e n t a t i o n :  d o r s o - l a t e r a l  r o w s  o f  s m a l l melanophores
f o r m i n g  b e h i n d  h e a d  ( 1 0 . 3  m m ) ; ’  e x t e n d i n g  t o  p o s t e r i o r
m a r g i n  o f s o f t  d o r s a l fin (14 to 15.5 mm);’ J:
m i d l a t e r a l l i n e  o f  d a r k  p i g m e n t  p r e s e n t  ( 1 4  t o  1 6 . 5
rnrn);!j  J: add i t i ona l  p igment  on  dorsum o f  coe lomic  cav i t y
a n d  v e n t e r  o f  g u t ,  a l l  f i n s e x c e p t  p e l v i c  f i n s  h a v e
some pigment.’
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Lab ides thes  s iccu lus

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
16-43 mm Myomeres :  36  to  39  (14  to  15  +  24  to  25)  a t  17 .4  to  42 .9

mm.5

Morphometry:  (as %  T L )  p r e a n a l  l e n g t h  4 1  t o  4 2 ; 5  ‘, h e a d
l e n g t h  2 0 ,  e y e  d i a m e t e r  6  o r  7  ( 2 0 . 1  t o  2 7  mm).’  lz

Morphology: t e e t h  v i s i b l e ,  s c a l e s  b e g i n  t o  f o r m  o n  c a u d a l
peduncle (20.1 mm), squamat ion f rom caudal  peduncle to
pelv ic f in  (24 mm) ;’ s n o u t  b e c o m i n g  b e a k - l i k e  ( 1 7 . 4  t o

P
42.9 mm) ; s lz caudal  f in  forked (27 mm) .12

i g m e n t a t i o n :  m i d l a t e r a l band of  melanophores beg
f o r m . 5  9

i n s  t o

ADULTS

F in  r ays : c a u d a l  1 7 ; *  f i r s t  d o r s a l  I V ,  s e c o n d  d o r s a l  I , 1 0  t o  1 1 ,
I, 23 to 27, p e c t o r a l  1 2  t o  1 3 ,  p e l v i c  l,5.l

V e r t e b r a e :  4 0  t o  43.’

L a t e r a l  l i n e  s c a l e s :  95.’

anal

D i a g n o s t i c  c h a r a c t e r s :  s n o u t  l o n g  a n d  p o i n t e d ,  s n o u t  l e n g t h  m u c h
g r e a t e r  t h a n  p o s t o r b i t a l  h e a d  l e n g t h ,  m o u t h  r e l a t i v e l y  l a r g e , beak-
I i k e , gape t e r m i n a t i n g  i n  a d v a n c e  o f  e y e ,  o r i g i n  o f  s p i n o u s  d o r s a l
f i n  u s u a l l y  i n  a d v a n c e  o f ,  o r  a l m o s t  d i r e c t l y  a b o v e ,  o r i g i n  o f  a n a l
f i n ,  a n a l  f i n  l o n g  a n d  f a l c a t e , g i l l  r a k e r s  l o n g  a n d  s l e n d e r ,  2 4  t o
29.
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Lab ides thes  s iccu lus

dorsal

v e n t r a l

F i g .  2 0 3 . L a b i d e s t h e s  s i c c u l u s ,  b r o o k  s i l v e r s i d e .  Y o l k - s a c  l a r v a .  ( W i l d -
caught,  Flor ida,  Rasmussen 1980).
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Lab ides thes  s iccu lus

dorsa l

7.3 mm

10.3 mm

F i g .  2 0 4 . L a b i d e s t h e s  s i c c u l u s ,  b r o o k  s i l v e r s i d e . A and 6. Larvae. (A and
B,  w i ld -caught ,  F lo r ida ,  Rassmussen 1980) .
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Lab ides thes  s iccu lus

15.5 mm

B 20.0 mm

Fig .  205 . L a b i d e s t h e s  s i c c u l u s ,  b r o o k  s i l v e r s i d e .  A .  L a r v a .  B .  J u v e n i l e .
(A and B, wi ld-caught,  Flor ida,  Rasmussen 1980).
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G a s t e r o s t e i d a e

F a m i l y  G a s t e r o s t e i d a e ,  s t i c k l e b a c k s

G e o r g e  R .  H e u f e l d e r

M e m b e r s  o f  t h e  G a s t e r o s t e i d a e  a r e  g e n e r a l l y  s m a l l , f u s i f o r m  f i s h e s
w i t h  a  s l e n d e r  c a u d a l  p e d u n c l e  a n d  w e l l  d e v e l o p e d  d o r s a l  a n d  p e l v i c  s p i n e s .
T h e  m o u t h  i s s m a l l  w i t h  n u m e r o u s  w e l l  d e v e l o p e d  t e e t h . S t i c k l e b a c k s  a r e
f o u n d  t h r o u g h o u t  m o s t  o f  t h e  n o r t h e r n  h e m i s p h e r e .  T h e  f a m i l y  c o n s i s t s  o f
f i v e  g e n e r a  a n d  a b o u t  e i g h t  s p e c i e s , t h r e e  o f  w h i c h  i n h a b i t  t h e  G r e a t  L a k e s
b a s i n .

T h e  m o s t  w i d e s p r e a d  s p e c i e s  o f  s t i c k l e b a c k  k n o w n  f r o m  t h e  b a s i n  i s  t h e
brook s t i c k l e b a c k , C u l a e a i n c o n s t a n s ( K i r t l a n d ) . T h i s s p e c i e s  r a n g e s
t h r o u g h o u t  a l l  o f  t h e  b a s i n  w h e r e i t  g e n e r a l l y i n h a b i t s c o l d , c l e a r ,
dense1 y v e g e t a t e d s t r e a m s and s p r i n g - f e d  p o n d s a n d  i s  l e s s  f r e q u e n t l y
e n c o u n t e r e d  i n  l a r g e r  l a k e  h a b i t a t s . T h e  b r o o k  s t i c k l e b a c k  i s  a  f r e s h w a t e r
s p e c i e s  b u t  i s  t o l e r a n t  o f  v a r i o u s  s a l i n i t y  l e v e l s .

T h e  n i n e s p i n e  s t i c k l e b a c k ,  P u n g i t i u s  p u n g i t i u s ( L i n n a e u s ) ,  i s  f o u n d
t h r o u g h o u t t h e  G r e a t  L a k e s  b a s i n  w i t h  t h e  e x c e p t i o n  o f  L a k e  E r i e . U n l i k e
t h e  b r o o k  s t i c k l e b a c k , t h i s  s p e c i e s  i s  c o m m o n l y  f o u n d i n t h e  o p e n  w a t e r
habitat of t h e  G r e a t  L a k e s . N i n e s p i n e  s t i c k l e b a c k s  e n t e r  s a l t  w a t e r  i n
m a n y  a r e a s .

P e r h a p s  t h e  m o s t  s t u d i e d  s p e c i e s  o f  s t i c k l e b a c k i s t h e  t h r e e s p i n e
s t i c k l e b a c k , G a s t e r o s t e u s  a c u l e a t u s  L i n n a e u s . T h e  d i s t r i b u t i o n  o f  t h i s
s p e c i e s  i n  t h e  G r e a t  L a k e s  b a s i n  w a s  p r e v i o u s l y  r e s t r i c t e d  t o  L a k e O n t a r i o
and i t s  b a s i n ; however , it has r e c e n t l y  b e e n  r e p o r t e d  f r o m  L a k e  H u r o n
( D .  W .  G i b s o n  p e r s o n a l  c o m m u n i c a t i o n ) . A d u l t  t h r e e s p i n e  s t i c k l e b a c k  e x h i b i t
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  n u m b e r  a n d d i s t r i b u t i o n  o f l a t e r a l p l a t e s
t h r o u g h o u t t h e i r r a n g e . T h i s  h a s  r e s u l t e d  i n  t h e  r e c o g n i t i o n  o f  a t  l e a s t
t h r e e  f o r m s  o r  m o r p h s . T h e  c o m p l e t e  m o r p h ,  t r a c h u r u s ,  h a s  a n  u n i n t e r r u p t e d
r o w  o f  p l a t e s  f r o m  t h e  s h o u l d e r  g i r d l e  t o  t h e cauda l p e d u n c l e ,  w h e r e i t
f o r m s  a l a t e r a l k e e l . T h e  l o w  m o r p h ,  l e i r u s , h a s  a n t e r i o r  p l a t e s  o n l y .
T h e  i n t e r m e d i a t e  f o r m ,  s e m i a r m a t u s ,  h a s  a n t e r i o r  a n d  p e d u n c u l a r  p l a t e s ,
w i t h a  p l a t e l e s s  g a p  b e t w e e n . I n  L a k e  O n t a r i o , a  l a n d l o c k e d  p o p u l a t i o n  o f
t h e  t r a c h u r u s  f o r m  e x i s t s  ( W o o t t o n  1 9 7 6 ) .

T h e  p e c u l i a r  r e p r o d u c t i v e  b e h a v i o r  o f  s t i c k l e b a c k s  h a s  m a d e  t h e m  t h e
s u b j e c t  o f i n t e n s e s t u d y . M a l e  s t i c k l e b a c k s  o f  a l l  t h r e e  s p e c i e s  o f  t h e
G r e a t  L a k e s  r e g i o n  b u i l d  n e s t s  o f  p i e c e s  o f  d e b r i s  o r  s u b s t r a t e . Nes t s  may
b e  s p h e r i c a l  t o  t u b u l a r  a n d  g e n e r a l l y  h a v e  a n  e n t r a n c e  a n d  a n  e x i t . N e s t s
a r e s u s p e n d e d  o n v a r i o u s  s t r u c t u r e s  o r  v e g e t a t i o n  o r  m a y  b e  b u i l t  o n  t h e
b o t t o m . T h e  n e s t  i s  h e l d  t o g e t h e r  b y  a  s e c r e t i o n  o f  t h e  k i d n e y .  T h e  m a l e
a t t e n d s t h e  n e s t , p r o t e c t i n g i t  f r o m  p r e d a t o r s a n d  c i r c u l a t i n g  w a t e r
t h r o u g h  t h e  n e s t  b y  f a n n i n g  o r  b y  p u s h i n g  w a t e r  t h r o u g h i t s mouth . Eggs
g e n e r a l l y  a d h e r e  t o  e a c h  o t h e r , a n d  i f  t h e y  a r e  d i s p l a c e d  f r o m  t h e  n e s t  a r e
r e t u r n e d  b y  t h e  m a l e . W h e n  l a r v a e  h a t c h  a n d  b e g i n  t o  d i s p e r s e  t h e  m a l e
r e t u r n s  t h e m  t o  e i t h e r  t h e  n e s t  o r  a  s m a l l  n u r s e r y  a r e a  o f l o o s e l y p a c k e d

d e b r i s  c o n s t r u c t e d  b y  t h e  m a l e , u n t i l  h e  c a n  n o  l o n g e r  c o n t a i n  t h e m .
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A l though  the  th ree  reg iona l  s t i ck lebacks  have  been  the  sub jec t  o f  much
b e h a v i o r a l  s t u d y , l a r v a l  d e s c r i p t i o n s  a r e  s c a r c e ,  w i t h  t h e  e x c e p t i o n  o f  t h e
t h r e e s p i n e  s t i c k l e b a c k . Brook and ninespine st ick lebacks are common in the
Lake Michigan drainage, b u t  h a v e  n o t  b e e n  p r e v i o u s l y  d e s c r i b e d  f r o m  t h e r e .
Larvae of  these  spec ies  p robab ly  ha tch  a t  approx imate ly  5 .0  mm and,  due  to
the tendency to remain near nests,  may not b e  v u l n e r a b l e t o  c a p t u r e  b y
t r a d i t i o n a l l a r v a l f i sh  samp l ing  gear . U n t i l  a  s i z e  o f  a p p r o x i m a t e l y  7 . 5
mm, there  i s  no  known charac te r  to  separa te  Pung i t ius  pung i t ius  f rom Cu laea
inconstans.
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Culaea inconstans

C u l a e a  i n c o n s t a n s  ( K i r t l a n d ) ,  b r o o k  s t i c k l e b a c k

DISTRIBUTION

This  spec ies  occurs  th roughout  the  Grea t  Lakes  bas in . ’  z I n  t h e  L a k e
M i c h i g a n  d r a i n a g e  i t  i s  c o m m o n  w i t h  t h e  e x c e p t i o n  o f  t h e  s o u t h e r n  t i p
w h e r e  i t  i s  r a r e  t o  a b s e n t . ’

SPAWNING SEASON

S p a w n s  i n  l a t e  A p r i l  o r  e a r l y  M a y  t o  J u n e  i n  s o u t h e r n  M i c h i g a n  a n d  t o
J u l y  i n  n o r t h e r n  M i c h i g a n . ’ Spawning extends from late March or ear ly
A p r i l  t o  J u n e  i n  M i n n e s o t a 4 and Apr i l  to  May in  New York.c

SPAWNING TEMPERATURE

Minimum t e m p e r a t u r e  a t which s p a w n i n g  h a s  b e e n  o b s e r v e d  i s  8  C . 4

Spawns most commonly between 15 to 19 C,l but spawning i s i n h i b i t e d
above 19 C.3 Nest ing  was observed a t  4 .5  to  10  C.6

SPAWNING HABITAT

Spawns i n  h e a v i l y  v e g e t a t e d , l e n t i c  h a b i t a t s 3  5  i n c l u d i n g  d i t c h e s
w h e r e  w a t e r  v e l o c i t y  i s  8 . 0  c m / s  o r  l e s s . 5 Nests are made in water 10
to 30 cm deep 4 and are cons t ruc ted under some t y p e  o f cover
(overhang ing  banks ,  dead leaves ,  etc.)” or  in  the  open.’

SPAWNING SUBSTRATE

Males c o n s t r u c t  s p h e r i c a l  n e s t s ,  1 5  t o  5 0  m m  i n  d i a m e t e r 3  4  o f  f i b r o -
vascu la r  bund les  o f  p lan ts  (some monocots), o r g a n i c  d e b r i s , a lgae ,
s m a l l  s t i c k s ,  d u c k w e e d  o r  o t h e r  m a t e r i a l s . ”  4 T h e  n e s t  i s  a t t a c h e d  t o
b r a n c h e d  t w i g s o r  a q u a t i c  p l a n t  s t e m s  j u s t  a b o v e  t h e  b o t t o m .3  4 The
b o t t o m  i s  o r g a n i c  d e b r i s , sand  o r  a  comb ina t ion  o f  bo th .3

FECUNDITY

Ca.  250  eggs  la id  a t  a  s ing le  spawn ing .4

EGGS

Demersa l  and  adhes ive ;3  6  d iamete r  l.Oc  t o  1 .3  mm;4 c o l o r l e s s ; 4  6  o r
l i g h t y e l l o w ; 6 i ncubat ion p e r i o d :  8 t o 9 days a t 18.4 C;’ 203 t o 232
hours at 16 to 17 C, 220 to 259 hours a t 17 t o 18 C.3

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
ca. 5 mm Newly hatched.l

5-6 mm Myomeres: 30 to 32 (14 to 16 + 15 to 18) .gc
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Culaea inconstans

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 1  t o  5 4 ,  h e a d
length 22 to 24, g rea tes t  body  dep th  16  to  17 ,  body
depth at  anus 7 to 8,  (as % head length) e y e  d i a m e t e r
4 6  t o  5 0 ,  s n o u t  l e n g t h  8  t o  17,~

Morpho logy :  yo lk  inconsp icuous , most obvious on specimens
5 . 1  t o  5 . 5  m m ,  b a r e l y  v i s i b l e  ( 5 . 9  m m ) ,  s n o u t  b l u n t  ( <
5 . 3  m m ) ,  a p p e a r i n g  p o i n t e d  ( >  5 . 5  m m ) ,  p e c t o r a l  b u d s
f l a p - l i k e , a c t i n o t r i c h i a e v i d e n t (ca. 5.5 mm) , mouth
w e l l  d e v e l o p e d  a n d  o b l i q u e ,  u r o s t y l e  s t r a i g h t  o r
slightly flexed (5.1 mm) .J(

P igmenta t ion :  many  sma l l chromatophores over dorsal  and
dorso- la te ra l  su r face  o f  head  and  dorsum o f  body  excep t
a middorsal  band devoid of  melanophores, d o r s o - l a t e r a l
a s p e c t  o f y o l k  a n d gut  w i th  sca t te red  me lanophores ,
midventral  band of  melanophores on gut  which con t inues
p o s t e r i o r l y  t o  a n u s , patch of melanophores over swim
b ladder  ex tends  on  dorso- la te ra l  aspec t  o f  gu t  to  anus ,
midvent ra l s e r i e s con t inues t o  c a u d a l f i n , s i n g l e
s e r i e s o f  m e l a n o p h o r e s  o u t l i n e s  v e n t e r  o f  g i l l  a r c h e s ,
w ide ly  spaced  ser ies  o f  me lanophores  marks  la te ra l  l i ne
(5.5 to 5.7 mm).*

LARVAE

Tota l l e n g t h D e s c r i p t i o n
6-8 mm Myomeres : see 5-6 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 1  t o  5 4 ,  h e a d
length 22 to 25, g rea tes t  body  dep th  16  to  17 ,  body
depth at  anus 8 to 9,  (as % head length) e y e  d i a m e t e r
37  to  44 ,  snou t  leng th  11  to  23 . *

Morpho logy :  u ros ty le  f l exed  and  no tab ly  e longa te  (7 .3  mm)
extend ing n e a r l y  t o t i p o f  f i n f o l d , a c t i n o t r i c h i a
e v i d e n t  i n  c a u d a l  f i n  ( 6 . 9  t o  8 . 0  m m ) , f  i n f o l d  o r i g i n
at myomere five.,f

9-16 mm Myomeres : see 5-6 mm.
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 0  t o  5 3 ,  h e a d

leng th  24  to  28 ,  (as  % head leng th )  eye  d iameter  33  to
3 9 ,  s n o u t  l e n g t h  2 0  t o  2l.e

Morphology: second dorsa l and anaI f i n r a y s  f o r m e d
(ca. 10.2 mm), d o r s a l  s p i n e s  e v i d e n t  ( c a . 1 2 . 5  t o  1 4

mm) , pelv ic buds evident (12.5 to 16.0 mm) .I

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
18 mm Morpho logy :  p reana l  and  cauda l  f i n fo lds  persist.n

Pigmenta t ion :  numerous  sma l l chromatophores over ent i re
b o d y ,  m a n y  o u t l i n i n g  m y o s e p t a  g i v i n g  d u s k y brown
appearance, f i v e t o  s e v e n  l a t e r a l  b a n d s  a p p a r e n t ,  f i n
r a y s  a n d  m e m b r a n e s  h a v e  m a n y  s m a l l  c h r o m a t o p h o r e s . *
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Culaea inconstans

ADULTS

Fin rays: caudal 12, dorsal V (IV to VII), 9 or 10 (8 to 12), anal 1,9
t o  1 1  ( 9  t o  1 2 ) ,  p e c t o r a l  9  t o  1 1 ,  p e l v i c  1,l.l

V e r t e b r a e :  2 9  t o  35.’

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l sp ines u s u a l l y  f i v e  o r  s i x ,  s c a r c e l y
d i v e r g e n t , t a i l  w i t h o u t  k e e l , caudal p e d u n c l e  d e e p e r  t h a n  w i d e ,
caudal f i n  r o u n d e d , g i l l  membrane  con f luen t ,  f o rm ing  a  b road  f ree
fo ld  ac ross  i s thmus,

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Hubbs and Lagler (1958)

2 :
Winn (1960)
Jacobs (1948)

5 . MacLean and Gee (1971)
6 . Barker (1918)
7. Becker (1976)

Gasteros te idae 498







Gasterosteus aculeatus

Gasteros teus  acu lea tus  L innaeus ,  th reesp ine  s t i ck leback

i n  r e p o r t e d  o n l y  f r o m  L a k e  O n t a r i o  a n d
observed in  Lake  Huron.lO

DISTRIBUTION

In the Great Lakes bas
b a s i n , ’  2  b u t  r e c e n t l y

SPAWNING SEASON

Spawns in June or July

SPAWNING TEMPERATURE

Spawns at temperatures

SPAWNING HABITAT

in Canada. ’

from 14 to 22 C.4 c

i t ’ s

Spawns i n  r i v e r s , 4  s t r e a m s , 4  5  d i t c h e s  a n d  backwaters,j  w i t h  c u r r e n t s
from 3 to 6 cm/s at  an average depth of  50 cm.’

SPAWNING SUBSTRATE

Spawns on a sand bottom’ s w h e r e  t h e  m a l e  c o n s t r u c t s  a  n e s t  o f p l a n t
f i b e r s , g r a s s  r o o t s  ( u s u a l l y  f r e s h ) ,  b i t s  o f  l e a v e s ,  s t e m s  o r  twigs’ 5

o r o t h e r a v a i l a b l e  m a t e r i a l . 3 May spawn within or just downstream
f rom pa tch  o f  E lodea . ’

FECUNDITY

157 to  292.'

EGGS

Demersal, a d h e s i v e  t o  e a c h  o t h e r , s p h e r i c a l , d i a m e t e r  1 . 5  t o  1 . 9
,,,,,,;6 7 0 9 p a l e  y e l l o w  t o l i g h t - t a n  y e l l o w  w h e n  f r e s h l y  laid;c
a t t a i n i n g  a  l i g h t - y e l l o w  b r o w n  h u e 6  8  o r  c o l o r l e s s ; 8  o i l g l o b u l e s  1 2
or more; * 9 25 or morei diameter  to  0.73 mm;6 tend ing  to  merge  dur ing
i n c u b a t i o n ; 8  i n c u b a t i o n  p e r i o d :  c a .  6  d a y s  a t  1 7  C ; 6  6  t o  8  d a y s  a t  1 8
t o  1 9  C.’

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
3-6 mm N e w l y  hatched;l  ’ 9  ( 3 . 0 7  t o  4 . 9  m m 6  ‘1.

Morphometry:  preanal  length greater than 50% SL.’
Morphology: mouth open’  o r c losed (newly hatched) ; 6

m e d i a n  f i n f o l d  o r i g i n over m i d d l e  o f  y o l k , preanal
f i n f o l d  evident;l ’ 9 eye  la rge 6 7  o t o l i t h s  present;l
p e c t o r a l  b u d s  f a n - l i k e ; 6  h a l f  o f  y o l k  a b s o r b e d  ( 4 . 0
mm) . 7
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P igmenta t ion :  body  ye l low ish ;6  9  l a rge  me lanophores  more
o r less  c lose ly  aggrega ted  on  dorsum o f  body ,  res t  o f
body covered wi th smal ler  melanophores.7  9

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-10 mm M o r p h o l o g y :  y o l k  a b s o r b e d  ( c a .  6 . 0  m m 7  o r  7 . 0  t o  7 . 5

mm6 ‘); f i n f o l d  c o n t i n u o u s , rudiments o f  c a u d a l  f i n
rays  ev i den t , s w i m  b l a d d e r  a n d  g i l l c o v e r  d e v e l o p e d ,
i n t e s t i n e e longa te , jaws and mouth developed (ca.  6.0
mm);’  head  sharp ly  de f ined ,  mouth f u n c t i o n a l  ( 7 . 0  t o
7 . 5  m m ) ; 6  9  e y e s  f u l l y  d e v e l o p e d ,  c h o r o i d  f i s s u r e
d isappears , c o n s t r i c t i o n  i n  f i n f o l d  i n d i c a t e s p o s i t i o n
o f med i an f i n s , n o t o c h o r d  f l e x e d , v e n t r a l lobe
p r o m i n e n t  w i t h caudal f i n rays formed, basal
th icken ings i n  d o r s a l  a n d  a n a l  f i n s ,  p e l v i c  f i n  s p i n e s
f o r m e d ,  s n o u t  e l o n g a t e ,  l a t e r a l  l i n e  v i s i b l e ( c a .  8 . 0
mm) , dorsal and anal f i n s  s e p a r a t e  f r o m  c a u d a l  f i n ,
b e c o m i n g  t r i a n g u l a r ,  r a y s  i n  d o r s a l ,  a n a l  a n d  p e c t o r a l
f i n s ,  t h i r d  d o r s a l  a n d  f i r s t  a n a l  f i n  s p i n e  f o r m e d  ( 9 . 5
mm) . 7

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
ca. 11 mm Morphology: preanal f  i n f o l d  p e r s i s t s  ( d e s c r i b e d  f r o m

iIlustrations) .’

16-17 mm Morphomet ry :  (as  % TL)  s tandard  leng th  85 ,  p reana l  leng th
59 ,  head  leng th  30 ,  (as  % head  leng th )  snou t  leng th  32 ,
eye diameter 33.5

Morphology: caudal  peduncle s h o r t , slender , d i s t i n c t l y
keeled, b o n y  p l a t e s  n o t  o b v i o u s ; 5 plates appear (2
m o n t h s  p o s t h a t c h i n g ) .

P i g m e n t a t i o n :  b o d y  g r e e n i s h , c h r o m a t o p h o r e s  d e n s e  o n
d o r s u m  o f  h e a d  a n d i n abou t  10  shor t  pa tches  a long
d o r s a l  r i d g e ,  f i v e  p a t c h e s  o f  c h r o m a t o p h o r e s  o n  l a t e r a l
l ine connected more or l e s s  w i t h  d o r s a l p i g m e n t  b y
o b l i q u e  b a r s , p i g m e n t  p a t c h e s i n t a i l region meet
v e n t e r , few chromatophores  on  f ins ,  excep t  near  dorsa l
s p i n e  a n d  d i s t a l  p o r t i o n  o f  c a u d a l  f i n . 5

ADULTS

F in  r ays : c a u d a l  1 2 , dorsa l I I I (rarely IV), 11 to 13 (rarely 10 or
14) , anal 1,8 t o 10, pec to ra l 10 t o 12, p e l v i c 1,l.l

Ver tebrae : 31 to 33 (rarely 29 or 30) . l

D iagnos t i c  charac te rs :  dorsa l sp ines th ree ( r a r e l y t w o  o r f o u r ) ,
p e l v i c  s k e l e t o n  w i t h  l a r g e , w ide  med ian  pos te r io r  p rocess .
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LITERATURE CITED
1. Scott and Crossman (1973)

::
Hubbs and Lagler (1958)
Fish (1932)

6 .  V r a t  ( 1 9 4 9 )
7 . Swarup (1958)

Wooton (1976)
i': Hagen (1967)
8.  Bracken and Kennedy
9 . Kun tz  and  Radc l i f f e

10. D. W. Gibson (pers.

(1967)
(1918)

Comm.)

4.3 mm

C 9.4 mm

F i g .  2 0 8 . Gas te ros teus  acu lea tus , th reesp ine s t i c k l e b a c k . A and B.
Yo lk -sac  la rvae .  C.  Larva .  (A  and B,  w i ld -caught ,  Massachuset ts ,  Kuntz  and
Radcl i f f  1918; C wi ld-caught,  Germany, Ehrenbaum 1909).
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Pungitius Pungitius

Punqi tius pungitius (Linnaeus), ninespine stickleback

DISTRIBUTION

This species occurs in al l  of the Great Lakes except Lake Erie.’ 2

SPAWNING SEASON

Spent females were f o u n d  f r o m  e a r l y  J u n e  t o  m i d - J u l y  i n  L a k e s
Superior3 and Michigan.* Nests were observed in Lake Huron sometime
between 1  May and I J~ly.~ Ful ly  r ipe i n d i v i d u a l s  w e r e  f o u n d  f r o m
Apri I to August in  Crooked Lake, I n d i a n a  ( M i s s i s s i p p i River
drainage) .’

SPAWNING TEMPERATURE

Spawning peaks at 11 to 12 C.’ Ripe and spent females were collected
a t 14.8 t o 1 6 . 0  C  i n  L a k e  M i c h i g a n . * Nesting was observed at
temperatures between 9.5 and 16.5 C in Lake Huron.5

SPAWNING HABITAT

Spawns in vegetated areas of lakes and rivers.’

SPAWNING SUBSTRATE

Males construct a tubular to spherical nest,  approximately 4 cm long,
of  var ious types of  debr is  and p lant  mater ia l . ’ Nests may be attached
t o  v e g e t a t i o n and suspended o f f the bottom or may be on or partly
beneath the bottom.’ In Lake Huron, th is s p e c i e s  b u i l d s  n e s t s  o f
algae and other debris, between or under rocks.5

FECUNDITY

6 1  t o  111.3

EGGS

Demersal, adhesive;’ d i a m e t e r  1 . 5  t o  1 . 9  mm;” * 9 c o l o r l e s s  t o  s t r a w
colored;8 oil  globules 12 or more, moderately sized, tending to merge
dur ing incubat ion; ’  9 incubation period: 5 days at 12 C.c

YOLK-SAC LARVAE

Tota l  length Description
5-6 mm Newly hatched (4.9 to 5.7 mm) .6 9

Myomeres: 30 (14 + 16) .3:
Morphometry:  (as  % TL)  preanal length 52 to 53, head

length 21 to 22.5~
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Morphology: swim bladder formed, mouth d i s t i n c t l y
terminal , lower jaw formed (5.7 mm), notochord straight
or s l i g h t l y  f l e x e d ,  y o l k  m a y  c o n t a i n  a  f e w  o i l
g lobules. *

Pigmentation: numerous melanophores over entire dorsum of
head, body and gut (5.2 mm) , dense band of melanophores
on venter from heart to midgut, continues to anus as
b r o k e n  s e r i e s ,  v e n t r o - l a t e r a l band of melanophores
or ig inates  midventra l ly  in  hear t region and proceeds
posteriad to midgut area.9;

7-9 mm Myomeres: 31 to 33 (14 to 16 + 16 to 18) .l" J(
Morphometry: (as % TL) standard length 96 to 99, preanal

length 51 to 58, head length 20 to 24;l” 9~ snout
length 2 to 6 ,  eye diameter 7 to 9,  greatest body depth
15 to 19, body depth at anus 7 to lO.‘O

Morphology: yolk sac twice as long as deep, occasionally
conta in ing o i l  g lobules  in  anter ior  por t ion,  four  pa i rs
o f  g i l l arches v i s i b l e  u n d e r opercle, al I three
branchiostegal rays present, gut developed and
functional (8.9 mm) ; 10 z e r o  t o  f i v e cauda  I f i n
a c t i n o t r i c h i a  evident.‘O

Pigmentation: much as i n  p r e v i o u s stage, with 9 or 10
bands of melanophores on dorsum posterior to head (7.2
mm) ;lO Jr addi t ional bands ev ident ( 8 . 9  mm);10  o n e
short  ventra l  l ine  of melanophores on each s i d e  o f
d e n t a r y  n e a r  a r t i c u l a t i o n with maxilla, melanophores
scat tered over  in terorb i ta l  and occ ip i ta l regions and
between maxi l la and eye, internal melanophores on
isthmus (7 .2  to  7 .6  mm) appear ing external  (7 .7  to  8 .0
mm) ;lO midventral band of pigment (7.5 mm) , becoming
less distinct (8.5 mm) as ventral pigment appears more
scat tered . *

LARVAE

Total length Description
11-12 mm Morphometry (as % TL) preanal length 52, head length 20.a

Morphology: yolk absorbed (7.2 to 8.2 mm) ;l” caudal and
pectoral f in rays formed, ana I f i n  s p i n e  a n d  s e v e n
a c t i n o t r i c h i a evident,  last dorsal f in spine with more
anter ior spine position indicated by sl ight
concentra t ions of mesenchyme, sof t
indicated by f ive to seven actinotrichi
n o t  formed;*  d o r s a l  o r i g i n  o f  m e d i
anter ior  o f  swim bladder , preanal  f  i
notochord extends to edge of f i n f
resembles adult  at this stage.*

Pigmentation: dorsal b a n d s  p e r s i s t ,

dorsal f in  rays
a, pelv ic  buds
a n  f i n f o l d  o v e r
n f o l d  p e r s i s t s ,
o ld, body much

atera l banding
evident  but  less  d is t inct ,  p igment  on venter  scat tered
and sparse, n o  d e f i n i t e  p a t t e r n . *
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Pungitius Pungitius

JUVEN I LES

Not described.

ADULTS

F i n  r a y s :  c a u d a l  1 2  ( 1 2  t o  13), dorsa l  IX  (V I I I  to  X I ) ,  ana l  1,8 t o  1 0
( r a r e l y  ll), p e c t o r a l  1 0  t o  1 2 ,  p e l v i c  1,l.l

Vertebrae: 32 to 34 (rarely 30, 31 or 35) .l

D i a g n o s t i c  c h a r a c t e r s :  d o r s a l  f i n  s p i n e s  u s u a l l y  n i n e ,  s h o r t  a n d
incl ined a l t e r n a t e l y to  le f t  and r ight ,  g i l l  membranes uni ted,  but
entirely free from isthmus.

LITERATURE CITED
1. Scott and Crossman (1973) 6 . Griswold and Smith (1972)
2 . Hubbs and Lagler (1958)

Z:
Griswold and Smith (1973) Iii:

Morris (1958)
Bracken and Kennedy (1967)

N e l s o n ,  J .  S .  (1868a) 9* Browne (1806)
5 . McKenzie and Keenleyside (1970) 10. R. P. Rassmussen

(Pers . Comm.)
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-_ ._ . . . . . . . . . .: - . . . . . . :‘..-./ (,,,, /:

,..’,.:
_,,,.... . ..” ,(,... _.__..

a “‘.“‘.“’

5.2 mm

ventra I

B 5.7 mm

F i g .  209. Pungitius pungitius, ninespine stickleback. A and B. Yolk-sac
I arvae. (A and B, wild-caught, Lake Michigan, o r i g i n a l  i l l u s t r a t i o n s  b y
N. A. Auer).
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r - ..-. . : *

7.5 mm

ventra l

F ig .  210 . Pungitius Pungitius, ninespine stickleback. Y o l k - s a c  l a r v a .

(Wild-caught,  Lake Huron, or ig inal  i l lustrat ions by N.  A.  Auer ,  specimens

provided by R. P. Rassmussen).
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Fig .  211 . P u n g i t i u s  p u n g i t i u s , n i n e s p i n e  s t i c k l e b a c k . A .  Yo lk -sac l a r v a .
B. Larva.
N.  A .  Auer ) .

( A  a n d  B ,  w i l d - c a u g h t ,  L a k e  M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n s  b y



P e r c i c h t h y i dae

Fami ly  Perc ich thy idae ,  tempera te  basses

Perc ich thy ids  a re  found
i n h a b i t  m a r i n e ,  e s t u a r iThey

spec
i s
One,

in temperate and
ne and freshwater
978) . The predom
ave been reported

t r o p i c a l wate rs wor ldw ide .
systems. There are about 40

ies in 17 genera (Hardy 1 inan t  genus  in  Nor th  Amer ica
Morone. T h r e e  s p e c i e s  f rom the  Grea t  Lakes  reg ion .

5 .  amer icana ,  has  invaded the  Grea t  Lakes  th rough t h e  S t . Lawrence
R i v e r  f r o m i t s  e s t u a r i n e  s t o c k s  i n  t h e  A t l a n t i c  O c e a n  ( S c o t t  a n d  C h r i s t i e

BY

Lee A. Fuiman

1963) .

Temperate basses, once  inc luded  in  the  fami ly  Ser ran idae  (sea  basses) ,
u s u a l l y  h a v e  t w o  o p e r c u l a r sp ines ( t r u e s e r r a n i d s have three) .
Perc ich thy ids  in  the  Great  Lakes  have th ree  ana l  f in  sp ines  and the  sp inous
f i r s t dorsal f i n i s e n t i r e l y s e p a r a t e d ,  o r n e a r l y  s o , f r o m  t h e
p r e d o m i n a n t l y  s o f t - r a y e d  s e c o n d  d o r s a l  f i n .

T h e  l o c a l  s p e c i e s  s p a w n  i n  t h e  s p r i n g  i n  s h a l l o w  w a t e r ,  o v e r  a  v a r i e t y
o f  s u b s t r a t e s . T h e i r  e g g s  a r e  s m a l l (0.7 to 1.0 mm), demersal and
adhes ive . Larvae  a re  a lso  qu i te  sma l l , hatching at  approximately 1 to 3 mm
TL. T h e y  a r e  t r a n s p a r e n t  a n d  h a v e l i t t l e  p i g m e n t a t i o n .  T h e  a n u s  i s
posi t ioned near midbody and there are 25 ( 1 3  +  1 2 )  m y o m e r e s . Spec i f i c
i d e n t i f i c a t i o n  o f  M o r o n e  l a r v a e  i s  l i k e l y  t o  b e  a  p r o b l e m  o n l y  i n  t h e  l o w e r
G r e a t  L a k e s  ( O n t a r i o  a n d  E r i e )  w h e r e  1 .  a m e r i c a n a  a n d  5 .  c h r y s o p s  o c c u r
t o g e t h e r . S e p a r a t i o n  o f  t h e s e  s p e c i e s  a s la rvae , u s i n g morphological
charac te rs , i s impossible w i t h in fo rmat ion c u r r e n t l y  g i v e n i n the
l i t e r a t u r e .
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Th is spec ies , u n l i k e  t h e  o t h e r  l o c a l r e p r e s e n t a t i v e s  o f t h e  f a m i l y , i s
p r i m a r i l y e s t u a r i n e . M u c h  o f  t h e  l i t e r a t u r e  d e a l i n g  w i t h  i t s  d e v e l o p m e n t
p e r t a i n s t o  m a r i n e  o r  e s t u a r i n e s t o c k s . T h e r e  m a y  b e s i g n i f i c a n t
d i f fe rences  be tween these  and  f reshwater  popu la t ions . ( I  have not found a
publ ished account of  such a comparison.) The re fo re , t h e  r e a d e r  i s  u r g e d  t o
c o n s i d e r  t h i s  p o s s i b i l i t y  w h e n  c o n s u l t i n g  t h i s  s p e c i e s  a c c o u n t .

Morone americana

Morone americana (Gmel in) ,  whi te perch

DISTRIBUTION

T h i s  s p e c i e s  o c c u r s  i n  L a k e s  O n t a r i o  a n d  E r i e  b u t  d o e s  n o t  o c c u r i n
t h e  r e m a i n i n g  G r e a t  Lakes.l  l1

SPAWNING SEASON

Spawns from mid-May to late June in Lake Ontario.3

SPAWNING TEMPERATURE

Spawns be tween 11  and  15  C.z 4 Estuar ine  popu la t ions  o f ten  spawn a t
h i g h e r  t e m p e r a t u r e s  o f  1 8  t o  2 0  C.’ l7

SPAWNING HABITAT

S p a w n s  i n  s h a l l o w  w a t e r ,  l e s s  t h a n  1  m  t o  3 . 7  m ,3  ’ o f  q u i e t  p o n d s , *
l a k e s  a n d  rivers.ll  I4

SPAWNING SUBSTRATE

Spawns over  g rave l  o r  shoalsll  l4 o r  shows  no  p re fe rence .3

FECUNDITY

5 , 2 1 0  t o  3 2 1 , 0 0 0 . 2  l’

EGGS

Demersal, a d h e s i v e ; 8  ’ I3 l4 I9 d i a m e t e r  0 . 7  t o  0 . 8  m m ; 9  l3 l6 l8 l9
b u t  a s  l a r g e  a s  0 . 9  t o 1.0 mm;’ l3 I5 s i n g l e a t t a c h m e n t  d i s c  o n
chorion;19 y o l k  d i a m e t e r  0 . 5  t o  0 . 9  m m ,  p e r i v i t e l l i n e  s p a c e  l e s s  t h a n
30% of diameter, y o l k  a m b e r  o r  whitish-yellow;13  o i l g l o b u l e  u s u a l l y
single;13  ln I9 sometimes many small g l o b u l e s  p r e s e n t ,  o i l  g l o b u l e
amber ,  d iamete r  0 .2  to  0 .4  mm;13 incubat ion  per iod :  51  to  58  hours  a t
9 to 20 C;18 6 days at 11 to 12 C;9 l4 l6 70 to 73 hours at 11 to 22
C;18 4 to 4.5 days at 14 C;’ 48 to 52 hours at 16 C;15 44 to 54
h o u r s  a t 1 7  C;lJ 44 to 50 hours at 18 C;18 l9 44 to 5213 or 30'
hours at  20 C; 34  to  42  hours  a t  22  to  25  C.18
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YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
1.7-3.0 mm N e w l y  hatched;13  m e a n :  2 . 3 ; 9  lo l4 IL 2.61' o r  2 . 8  mm.19

Myomeres : (mean values) ca. 25 (12.6 to 14.0 + 10.0 to
11.6j.10

3-4 mm

LARVAE

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 7  t o  6 5 ,  h e a d
l e n g t h  1 5  t o  1 8 ,  e y e  d i a m e t e r  8  t o  9 ,  g r e a t e s t  b o d y
d e p t h  2 4  t o  28.13

M o r p h o l o g y :  h e a d  d e f l e c t e d  d o w n w a r d  o v e r  y o l k  sac;’  l3
o i l g l obu le a n t e r i o r , u n d e r  h e a d , pec to ra l buds
absent.”

P igmenta t ion :  eyes n o t p i g m e n t e d ; ’  IJ b o d y  s p a r s e l y
pigmented.lO  l3

Myomeres : (mean va lues)  (12 .0  to  12 .5  +  11 .7  to  12 .4 )  .13
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 2  t o  5 6 ,  h e a d

leng th 13 to 14, eye  d iameter  6  to  7 ,  g rea tes t  body
d e p t h  1 5  t o  18.1~

M o r p h o l o g y :  h e a d  f r e e  f r o m  y o l k  s a c ,  m e d i a n  f i n f o l d
e leva ted near i n c i p i e n t  d o r s a l  a n d  a n a l  f i n s  ( 3 . 0  t o
3 . 5  m m ) ,  p e c t o r a l  b u d s  p r e s e n t  ( 3 . 5  m m )  ;13 m o u t h
parts13  a n d  s w i m b l a d d e r  f o r m e d  ( 3 . 8  mm);”  l9 f i r s t
c a u d a l  f i n  a c t i n o t r i c h i a and cleithrum forming (3.9
mm) .13

P i g m e n t a t i o n :  p i g m e n t  s p a r s e , chromatophores on head;13
a n t e r i o r s u r f a c e  o f o i l g l o b u l e ; ’  lo l3 p o s t e r i o r
p o r t i o n  o f  y o l k  s a c ; 9  l3 l9 edges of dorsum and venter
and ventrally on h i n d g u t , e y e s  pigmented;13  I9
chromatophores  on  s ides  o f  ta i l ;9  ch romatophores  o range
a n d  b r o w n  i n  l i v i n g  specimens.l’  l9

To ta l l e n g t h D e s c r i p t i o n
4-10 mm Myomeres : (mean values) (12 .0  to  12 .3  +  11 .5  to  12 .8 )  .13

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 9  t o  5 7 ,  h e a d
leng th 13 to 15, eye  d iameter  5  to  6 ,  g rea tes t  body
d e p t h  1 1  t o  20.13

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 3 . 8 1 3  t o  4  mm;19  5  t o  61’ or;,8
t o  1 3  d a y s  posthatchingl’); d o r s a l  a n d  a n a l f i n rays
fo rm ing (8.0 to 10.0 mm) ;I3 f i r s t  d o r s a l f i n
pterygiophore between neural spines 2 and 3, f i r s t
p redorsa l  bone  s l i gh t l y  cu rved  (>  8  mm)  . 5  2 o

P i g m e n t a t i o n ;  s e e  3 - 4  m m .

1O-20 mm Myomeres : (mean values) ( 1 2 . 0  t o 13.5 + 1 2 . 5  t o  1 3 . 0 ) ,
u s u a l l y 25 (12 + 13) .13

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 0  t o  5 6 ,  h e a d
leng th 25 to 30, eye diameter 6  t o 9 , g rea tes t  body
depth 16 t o  25.13
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Morpho logy :  hypura l  bones  and  pe lv ic  buds  p resen t (10.0
t o  1 2 . 0  m m ) , f i r s t  d o r s a l  f i n  s p i n e s  f o r m i n g ,  s e c o n d
d o r s a l  f i n  c o m p l e t e  ( 1 2  mm);13 v e r t e b r a e  2 5  ( 1 1  t o  1 2
abdominal, 13 to 14 caudal) ;20 pectoral fin rays
fo rm ing ,  pe lv i c  (13  to  14  mm) , f i r s t  d o r s a l  ( 1 7  t o  1 8
mm) , a n d  p e c t o r a l  ( 1 9  t o  2 0  m m )  f i n s  complete;13
h o w e v e r  a l l  p a i r e d  f i n  r a y s  m a y  n o t  d e v e l o p  u n t i l  3 0
mm. 6

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
20-43 mm Myomeres: (mean values) ( 1 1 . 8  t o  1 2 . 8  +  1 2 . 0  t o  1 3 . 0 ) ,

usual ly 25 (12 + 13) .13
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 8  t o  5 5 ,  h e a d

l e n g t h  2 6  t o  3 1 ,  e y e  d i a m e t e r  7  t o  1 0 ,  g r e a t e s t  b o d y
d e p t h  2 2  t o  26.l’

Morpho logy :  sca les  p resen t  (18  to  24  mm).”
P igmenta t ion : v e r t i c a l  b a r s  o n  d o r s o - l a t e r a l  s u r f a c e

to 75 mm) , f a i n t h o r i z o n t a l s t r i p e s sometimes
present.‘”

ADULTS

F in  r ays : c a u d a l  1 7 ,  d o r s a l  I X - l , 1 1  t o  1 2 ,  a n a l
1 5 ,  p e l v i c  1 , 5 . 3

III,~ t o  1 0 , pec to ra l

V e r t e b r a e :  24’ t o  2 5 . 2 0

L a t e r a l  l i n e  s c a l e s :  4 6  t o  51.’

D iagnos t i c  charac te rs : second and t h i r d  a n a l
n e a r l y  e q u a l  i n  l e n g t h ,  d o r s a l  f i n s  s l i g h t l y
bone narrow, b a r e l y  o v e r l a p p i n g  u p p e r  h a l f  o f

LITERATURE CITED
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t

F i g .  2 1 2 . Morone  amer icana ,  wh i te  perch .  A .  Yo lk -sac  la rva ,
newly hatched.

B-E. Yo lk -sac l a r v a e . (A ,  D and E,  w i ld -caught ,  Mary land,  R.  J .  Mansuet i

1964; B and C, Ryder 1887) .
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16.5 mm

F i g .  2 1 4 . M o r o n e  a m e r i c a n a ,  w h i t e  p e r c h .  A - C , J u v e n i l e s .
caught ,  Mary land ,  R.J .  Mansuet i  1964) .
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Morone chrysops

Morone chrysops (Raf inesque),  white bass

DISTRIBUTION

R e p o r t e d  f r o m  a l l  G r e a t  L a k e s  ( h o w e v e r ,  t h e  L a k e  S u p e r i o r  r e c o r d  i s
q u i t e  o l d )  .17 I n  L a k e  M i c h i g a n  i t i s  f o u n d  i n  b a y s  a n d  r i v e r i n e
p o p u l a t i o n s  o c c u r  i n  t h e  s o u t h e r n  t r i b u t a r i e s  o f  G r e e n  B a y  a n d  a l o n g
c e n t r a l l o w e r  M i c h i g a n , w i th  sca t te red  repor ts  e lsewhere  a round the
drainage.l

SPAWNING SEASON

Spawns f rom la te  Apr i l  to  June  in  the  Grea t  Lakes.l 3

SPAWNING TEMPERATURE

U s u a l l y  s p a w n s  b e t w e e n  1 2  a n d  1 6  C,l 2  7  w i t h  e x t r e m e s  u p  t o  2 4  C
reported.lO  l3 I4

SPAWNING HABITAT

Spawns i n s h a l l o w s  o f  l a k e s , ’  l3 c r e e k  mouths’  a n d  i n  streams,s  n e a r
t h e  s u r f a c e  o r  i n  midwater” o f
moving water.‘O

areas 1 to 2 m deep.5 l3 Selects

SPAWNING SUBSTRATE

Eggs  a re  la id  over  rocks ,  a lgae ,

FECUNDITY

logs ,
5  lo l3 s a n d  a n d  gravel.lO

1 4 0 , 0 0 0  t o  gg4,000.9  I0 l’ l5

NATURAL HYBRIDS

Poss ib ly  Morone miss iss ipp iens is

EGGS

1 9.

D e m e r s a l ,  a d h e s i v e ; 8  lo I1 l3 l4 d i a m e t e r  0 . 7  t o  1 . 0  m m ; 8  l1 l3 y o l k
diameter 0 . 6  t o  0 . 8  m m ; 8 p e r i v i t e l l i n e  s p a c e  0 . 0 4  t o  0 . 0 8  m m ,  y o l k
w h i t i s h  yellow;ll o i l  g l o b u l e  s i n g l e ; 8 I1 d iameter  0.25 to 0.30 mm8  to
0 . 4  rnrn;ll  i n c u b a t i o n  p e r i o d :  4 . 5 days  a t 14 c;6 462 o r 77 to 93
hoursz2 at 16 C; 48 to 50 hours at 16 to 17 C;’ 3 .5 days a t 18 C, 2
days  a t  20  C;6  40  to  45  hours  a t 20 to 23 C;ll 2 days a t 22 C, 1.5
days  a t  24  C.6

YOLK-SAC LARVAE

S p e c i m e n s  ( 5 . 0  a n d  5 . 1  m m ) descr ibed  by  F ish  (1932)  were  p robab ly
m i s i d e n t i f i e d  s p e c i m e n s  o f  A p l o d i n o t u s  g r u n n i e n s . *
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To ta l l e n g t h
1.7-2.8 mm

2-5 mm

LARVAE

D e s c r i p t i o n
N e w l y  h a t c h e d . ”
Myomeres: (11 to 13 + 7 to 9) .ll
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  5 8 ,  p r e d o r s a l

leng th  45 ,  body  dep th  a t  anus  17."
Morphology: head d e f l e c t e d  o v e r  y o l k  s a c , l e n s  n o t

developed, o i l  g l o b u l e  a m b e r ,  a t  a n t e r i o r  e n d  o f y o l k
sac;” p e c t o r a l  b u d s  a b s e n t . *

P i g m e n t a t i o n :  m e l a n o p h o r e s  o n l a t e r a l and a n t e r i o r
s u r f a c e s  o f  o i l  g l o b u l e , f e w  s c a t t e r e d  o n  s i d e s  o f
b0dy.l’

M o r p h o l o g y :  h e a d  f r e e  f r o m  y o l k  s a c ( 2 2  t o  2 4  h o u r s
posthatching) , p e c t o r a l  b u d s  f o r m e d  ( 7 0  t o  7 2  h o u r s
p o s t h a t c h i n g ) ,  o i l  g l o b u l e  i n d i s t i n c t ,  m o u t h  f o r m e d
(3.6 to 3.9 mm, 9 0  t o  9 2  h o u r s  p o s t h a t c h i n g ) , g u t
complete (4.0 to 4.5 mm, 98 to 1 0 0  h o u r s
posthatching) . 8

Pigmenta t ion : c h r o m a t o p h o r e s  a l o n g  b o d y ,  m o r e  f r e q u e n t
p o s t e r i o r l y (3.6 to 3.9 mm, 90 to 92 hours
posthatching) . 8

Tota l l e n g t h D e s c r i p t i o n
8-13 mm Morphomet ry :  (as  % TL)  p reana l  l eng th  52 ,  head  leng th  19

t o  2 5 ,  e y e  d i a m e t e r  6  t o  7;" g r e a t e s t  b o d y  d e p t h  1 8  t o
20;’ 4  b o d y  d e p t h  a t  a n u s  1 1  t o  13.’

M o r p h o l o g y :  f i r s t  c a u d a l  f i n  r a y s  a n d  b a s a l e l e m e n t s  o f
s e c o n d  d o r s a l f i n  f o r m i n g  ( 7  t o  9  m m ,  f r o m  f i g u r e d
spec imens l * ) ; s e c o n d  d o r s a l  f i n  r a y s  1 1 ,  a n a l  f i n  r a y s
12 (10.5 mm), t e e t h  i n  l o w e r  j a w , p e l v i c  b u d s  b e l o w
p e c t o r a l  b u d s ,  s e c o n d  d o r s a l  f i n  1 , 4 ,  a n a l  f i n  1 1 1 , 1 2 .  3

Pigmenta t ion :  one or two large subsurface chromatophores
near  ven t ra l  marg in  o f  cauda l  pedunc le ; ’  p igment  absen t
i n  m o s t  s t a g e s . ’  I8

JUVENILES

T o t a l  l e n g t h
19 mm

D e s c r i p t i o n
Morphometry:  (as % TL) preanal  length 46,  head length 28,

eye  d iameter  10 ,  g rea tes t  body  depth  24.’
Morphology: head depressed a b o v e e y e , l o w e r j a w

p r o j e c t i n g . ’
P i g m e n t a t i o n :  s m a l l m e l a n o p h o r e s  a r o u n d  j a w s  o v e r  s n o u t ,

and poster i or head, d o u b l e  d o r s a l l i n e  f r o m  b e l o w
s e c o n d  d o r s a l f i n t o  c a u d a l  f i n , s i n g l e  s e r i e s  a l o n g
l a t e r a l  l i n e , s i n g l e  s e r i e s  o n  e i t h e r  s i d e  o f  a n a l  f i n ,
s i n g l e  m i d v e n t r a l  s e r i e s  b e h i n d , m e d i a n  f i n s  h e a v i l y
p igmented . ’
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ADULTS

F in  r ays : c a u d a l  1 7 ,  d o r s a l  I X - l , 1 2  t o  1 4 ,  a n a l  I l l , 1 2  t o  1 3 ,  p e c t o r a l
1 5  t o  1 7 ,  p e l v i c  l,5."

V e r t e b r a e :  24’ t o  25.1c

L a t e r a l  l i n e  s c a l e s :  5 2  t o  6 0 . 2

D i a g n o s t i c  c h a r a c t e r s :  s e c o n d  a n a l  f i n  s p i n e  s h o r t e r  t h a n  t h i r d ,
dorsal f i n s  n o t  c o n n e c t e d , p r e o r b i t a l b o n e  b a r e l y  o v e r l a p p i n g
m a x i l l a .

LITERATURE CITED
1, Becker (1976)
2. Scott and Crossman (1973)
3. Fish (1932)
4. May and Gasaway (1967)
5 . Chadwick et  a l .  (1966)
6.  McCormick (1978)

Webb and Moss (1967)
i: Y e l l a y i  a n d  K i l a m b i  ( 1 9 6 9 )
9. Newton and Kilambi (1973)

10. Riggs (1952)

11.
12.
13.
14.
15.
16.
17.
18.
19.

Dorsa and Fritzsche (1979)
S i e f e r t  e t  a l .  ( 1 9 7 4 )
Riggs (1955)
Vincent (1969)
S ig le r  (1949)
Woolcot t  (1957)
Hubbs and Lagler (1958)
Taber (1969)
Helm (1958)

2.4 mm

B 3.5 mm

Fig .  215 . Morone chrysops, white bass. A .  Y o l k - s a c  l a r v a . B. Larva. (A
and B, wi ld-caught,  Oklahoma, Taber 1969).
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A 4.6 mm

B 4.9 mm

c 7.0 mm

E

F ig .  216 .
Ok lahoma ,

Perc ich thy

10.5 mm

Morone chrysops, white bass. A-E.  Larvae. ( A - D , w i l d - c a u g h t ,
aber 1969; E ,  w i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ) .
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Morone chrysops

A 11.4 mm

B 12.6 mm

C 19.0 mm

Fig .  217 . Morone chrysops,  wh i te  bass . A-C. Larvae. (A and C, wild-
caught, Oklahoma, Taber 1969; B ,  w i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ) .
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Morone mississippiensis Jordan and Eigenmann, yel low bass

DISTRIBUTION

T h e  G r e a t  L a k e s  d i s t r i b u t i o n  o f  t h i s  s p e c i e s  i s  l i m i t e d  t o  t h e  w e s t e r n
t r i b u t a r i e s  o f  L a k e  M i c h i g a n  i n  s o u t h e r n  W i s c o n s i n  a n d  I l l i n o i s . 1

SPAWNING SEASON

Spawns during May in Wisconsin 1 a n d  i n t o  e a r l y  J u n e  i n  Iowa.”

SPAWNING TEMPERATURE

U s u a l l y spawns between 16 and 20 C,l 4 6 b u t may spawn between 20 and
2 2  C.’

SPAWNING HABITAT

P r e f e r s sha l low, 0.7 to 1.0 m,2 7 open, lacust r ine  areas w i th  wave
a c t i o n . ’

SPAWNING SUBSTRATE

Spawns over  g rave l ,  rocks ,  1  4  submerged vegeta t ion ,  o r  sand.’

FECUNDITY

11,124  to  18 ,980 ; ’ 1 8 , 4 8 8  t o  1 8 2 , 3 4 6 ; 6  c a .  l,OOO,OOO.l

NATURAL HYBRIDS

Poss ib ly  Morone chrysops. 5

EGGS

Demersal, a d h e s i v e ; ’  6 p r o b a b l y  n o t  s e m i b u o y a n t  a s reported;l
diameter 0.762 4 6 to 0.94 mm;6 oil      transparent, globule

0.26 to 0.32 mm;6 incubation period: at 10
s i n g l e ,

diameter C;J 66
h o u r s  a t 17 C, 54 hours at 19 C, 48 hours at 21 C: 4 36 40 hours  a t
20 C;L 4 t o  6  d a y s  a t  2 1  C 2  ( a  d u b i o u s  r e p o r t ) . *

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
2-8 mm N e w l y  h a t c h e d  2 . 1  t o  2 . 7  m m ; ‘ 2 . 5  t o  3 . 0  m m ; ’  a n d  3 . 2  t o

4.8 mm.2
P i g m e n t a t i o n :  f i r s t  p i g m e n t a t i o n (50 to 64 hours

posthatching) ; 6 eyes  p igmented  (4 .0 6  o r  6 .4  to  7 .8  mm;2
at 4 days posthatching) ; 4 t w o  d o r s a l r o w s  o f
me lanophores ,  few me lanophores  sca t te red  dorsa l l y  and
v e n t r a l l y o n  p o s t a n a l reg ion ,  p igment  sca t te red  over
y o l k  s a c . 6
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LARVAE

Tota l l e n g t h D e s c r i p t i o n
8-15 mm Myomeres: 23 to 24 (11 to 12 + 12) .6

Morphometry:  preanal  length 60% SL.6

Morpho logy :  yo lk  absorbed  (3 .1  to  4 .3  mm SL;c 3  m m  a t  5
days; 4 6 . 4  m m  a t  4  d a y s ’ ) ;  f i n  r a y s :  c a u d a l  1 7 ,  d o r s a l
6  t o  1 2 ,  a n a l  5  t o  I l , 1 0  p e l v i c  b u d s  present.C

Pigmenta t ion : melanophores on snout  and dorsum of head,
many on operculum, melanophores a l o n g  p o s t a n a l
m id la te ra l  a rea  and  bases  o f s e c o n d  d o r s a l  a n d  a n a l
f i n s , melanophores on e i t h e r  s i d e  o f  v e n t r a l  m i d l i n e
and  d is ta l  edge  o f  hypura l  e lements ,  few sca t te red  over
second dorsal , cauda l  and  ana l  fins.l

JUVENILES
Not  descr ibed .

ADULTS

F in  r ays : c a u d a l  1 7 ,  d o r s a l  1 X - 1 , 1 2 ,  a n a l  I l l , 9  o r  1 0 ,  p e c t o r a l  1 1  t o
15, u s u a l l y 14 t o 15, p e l v i c 1,s.”

V e r t e b r a e :  2 5 . '

L a t e r a l  l i n e  s c a l e s :  4 9  t o  5 2 . 8

Diagnos t i c  charac te rs : second and t h i r d  a n a l f i n  s p i n e s  l a r g e  a n d
n e a r l y  e q u a l  i n  l e n g t h ,  d o r s a l  f i n s  s l i g h t l y  c o n n e c t e d , p r e o r b i t a l
bone  b road ,  over lapp ing  upper  ha l f  o f  max i l l a .

LITERATURE CITED
1. Becker (1976)
2 . Burnham (1910)

Titcomb in Burnham (1910)
Atchison (1967)

5 . Helm (1958)

6 . F.  E.  Schul tz (pers.  Comm.)
Bulk ley (1970)

i: C o o k  ( 1 9 5 9 )
9 . Woolcot t  (1957)
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Centrarchidae

S u n f i s h e s  a r e  e n d e m i c  t o  N o r t h  A m e r i c a .  V a r i o u s  s p e c i e s ,  e s p e c i a l l y
the  basses ,  however ,  have  been in t roduced th roughout  the  wor ld .  There  a re

genera  and  30  spec ies  o f c e n t r a r c h i d s , a l l  o f  w h i c h  a r e  f r e s h w a t e r
of  warm lakes, ponds and slowly movingshes, i n h a b i t i n g s h a l l o w  a r e a s

reams.

Centrarchids are general ly  smal l
shes w i t h  c o m p r e s s e d  b o d i e s ,  v

 t o  m o d e r a t e l y  s i z e d , sp iny- rayed
i l l i f o r m t e e t h  o n t h e  j a w s , vomer,

p a l a t i n e s and tongue of  most species, s o f t  a n d  s p i n y  p o r t i o n s  o f  t h e  d o r s a l
f i n  j o i n e d  a s  o n e  f i n , t h r e e  t o  n i n e  s p i n e s  p r e s e n t  i n  a n a l  f i n ,  c a u d a l  f i n
fo rked  o r  rounded ,  pec to ra l  f i n  modera te ly  h igh  on  body , p e l v i c  f i n  w i t h
o n e  s p i n e  a n d  f i v e  s o f t  r a y s  a n d  c t e n o i d  s c a l e s . p resent  o r  absent .

S p a w n i n g  t a k e s  p l a c e  d u r i n g  s p r i n g  a n d  s u m m e r ;  n e s t s  c o n s i s t  o f  a
smal l  depress ion  excava ted  in  sha l low areas . M a l e s  g u a r d  t h e  e g g s  a n d
young f o r  s e v e r a l  d a y s  t o  t w o  w e e k s  p o s t h a t c h i n g . Eggs  a re  genera l l y  0 .8
t o  2 . 8  m m  i n  d i a m e t e r ,  d e m e r s a l  a n d  a t t a c h e d  t o  t h e  s u b s t r a t e  a f t e r  b e i n g
d e p o s i t e d . Sun f i sh  eggs  usua l l y  have  one  la rge  o i l  g lobu le ,  however  sma l l
o i l d r o p l e t s  m a y  s o m e t i m e s  b e  p r e s e n t .  A t h a t c h i n g , la rvae are
unpigmented, h a v e  a l a r g e  y o l k  s a c  a n d t h e  m o u t h  i s  n o t  f o r m e d .  I n
recen t l y  ha tched  la rvae , t h e  p o s i t i o n  o f  t h e  o i l  g l o b u l e  i s v a r i a b l e , b u t
i t i s  t y p i c a l l y  n e a r the poster i or end o f  t h e  y o l k  s a c . The anus is
a n t e r i o r  t o  t h e  m i d p o i n t  o f  t h e  b o d y .

b . G u t  u n c o i l e d i n specimens less than 5 mm TL;
b ladder  encroaches  on  space  pos te r io r  to  gu t  co
. . . . . . . . . . . . . . . . . . . . .

i f  g u t  i s  c o i l e d ,  s w i m
i I s ; l i t t l e  p i g m e n t .  .

. . . . . . . . . . . 3

tophores  sca t te red  over
A m b l o p l i t e s  r u p e s t r i s

2 a . Pigmented with l a r g e , w i d e l y spaced chroma
e n t i r e  b o d y ;  b o d y  p o s t e r i o r  t o  a n u s  d e e p .  .  .  .

P rov is iona l  Key  to  Genera  o f  Grea t  Lakes  Cent ra rch id
Larvae  ( la te  yo lk -sac  la rvae  and  la rvae)

l a . Gut  mass ive ly  co i led ; swim bladder conf ined to area above or a n t e r i o r
t o  g u t  c o i l s ;  l a r v a e  s p a r s e l y  o r  h e a v i l y  p i g m e n t e d .  .  .  .  .  .  .  .  .  .  2

b . P i g m e n t e d  w i t h  s m a l l dense c h r o m a t o p h o r e s  g i v i n g  b o d y  a dusky
a p p e a r a n c e ,  o r no t  heav i l y  p igmented ; chromatophores conf ined to top
o f  h e a d ,  b r e a s t  a n d  a l o n g l a t e r a l l i n e ; b o d y  p o s t e r i o r t o  a n u s
slender. . . . . . . . . . . . . . . . . . . . . . . . Micropterus spp.
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3a. Pos tana l  myomeres  usua l l y  14  to  18 ;  a  p rominen t  me lanophore  on  each
side of body above anus; a n u s  l o c a t e d  p o s t e r i o r  t o  s w i m  b l a d d e r .  .  .  .
. . . . . . . . . , . . . l . . . . . . . . . . . . . . . Lepomis spp.

b . Postanal myomeres u s u a l l y 19 to 21; no melanophores on side of body
above anus: swim b ladder  ex tends  to  o r  beyond anus .  .  .  .  Pomox is  spp.

T a b l e  5 . Ranges of preanal myomeres (-) and postanal myomeres (x) among
Grea t  Lakes  cen t ra rch id  la rvae . Data  were  taken  f rom severa l  sources  c i ted
i n  t h e  i n d i v i d u a l  s p e c i e s  a c c o u n t s .

Number of Preanal Myomeres

Species 8 g 10 11 12 13 14 15

Pomoxis annular is

Pomoxis nigromaculatus

Mic rop te rus  do lomieu i

Lepomis gibbosus

Mic rop te rus  sa lmo ides

Lepomis gulosus

A m b l o p l i t e s  r u p e s t r i s

Lepomis macrochirus

Lepomis cyanel lus

Lepomis humil is

Lepomis megalotis

14 15 16 17 18 19 20 21 22 23 24

Number of Postanal Myomeres
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A m b l o p l i t e s  r u p e s t r i s

A m b l o p l i t e s  r u p e s t r i s  ( R a f i n e s q u e ) ,  r o c k  b a s s

DISTRIBUTION

O c c u r s  i n  a l l  o f  t h e  G r e a t  Lakes;l  c o m m o n  t o  a b u n d a n t  t h r o u g h o u t  t h e
Lake Michigan drainage.l’

SPAWNING SEASON

Spawn ing  occurs f rom May to  Ju ly  in  Michigan,15 May to  ear ly  June in
lowa,lO  May and June in  Minnesota ,2  June  in  I11inois12 and  f rom A p r i l
t o  J u n e  i n  M i s s o u r i . ‘

SPAWNING TEMPERATURE

Nest ing a c t i v i t y is  t r iggered  a t  12 .8  to  15 .6  C 6  and  spawn ing  occurs
a t  1 5 . 6  t o  2 1 . 1  c.1 16

SPAWNING HABITAT

S p a w n s  i n  s h a l l o w  w a t e r  a l o n g  s h o r e s  o f  l a k e s  a n d  streams12 l5 n e a r
a q u a t i c  v e g e t a t i o n .  2  7  l1

SPAWNING SUBSTRATE

Spawns over s a n d  o r  g r a v e l . 5  6  l1 The  nes t  i s  somet imes  cons t ruc ted
on a mar l  bottom.13

FECUNDITY

2 , 0 0 0  t o  1 1 , 0 0 0 . ~  4

EGGS

Demersal;l’  a d h e s i v e ; ’  7  l7 c l e a r ,  p a l e  y e l l o w  o r w h i t i s h , diameter
2 . 0  t o  2 . 1  mm;16  *  o i l  g l o b u l e  s i n g l e ,  d i a m e t e r  0 . 7 6  mm;16  i n c u b a t i o n
p e r i o d :  3  t o  4  d a y s  a t  2 0 . 5  t o  2 1  C.a

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-7 mm Newly hatched (4.7 to 5.6 mm) .16 l7

Myomeres: 30 to 32 (12 to 14 + 17 to 19) ;17 (10 to 13 +
16 to 18) .9

Morphometry:  (as %  T L )  p r e a n a l length 45 or 46, head
l e n g t h  1 6  t o  21;16 I7 g r e a t e s t  b o d y  d e p t h  3 0 , eye
d i a m e t e r  1O.l’

Morpho logy :  yo lk sac ovoid;l’ o i l g l obu le l o c a t e d  i n
p o s t e r i o r  portion”  o r  middleI o f y o l k  s a c ; head
s t r a i g h t , g u t  n o t  apparentI ( n e w l y  h a t c h e d ) ;  p e c t o r a l
buds ev ident  (5.6l’  m m  o r  6.416mmI;  no tochord  up tu rned
s l i g h t l y  ( 6 . 4  m m ) , a n u s  f a i n t l y  v i s i b l e ,  m a x i l l a  a n d
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dentary  deve lop ing , epura l  and  hypura l  e lements  ev iden t
(6.7 mm) ;16 s w i m  b l a d d e r  b e g i n n i n g  t o i n f l a t e , mouth
open (6.8 mm) ;17 c a u d a l  f i n  r a y s  v i s i b l e  (6.91’ o r  7 . 4
mmlc)  .

Pigmentat ion: unpigmented (newly hatched) ; l6 l7 eye
p i g m e n t e d  (6.41"  t o  6 . 8  mm17);  l a r g e  m e l a n o p h o r e s  o n
top  o f  head , swim bladder, l a t e r a l  a n d  v e n t r a l  a s p e c t s
o f  b o d y  a n d  y o l k  s a c  ( 6 . 7  t o  6 . 8  mm);‘”  l7 a  f e w  d o r s a l
me lanophores  on  each  s ide  o f  med ian  f i n fo ld  (6 .8  mm);”
me lanophores  sca t te red  over  en t i re  body  (7 .0  mm) . ’

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7-10 mm Myomeres: 29 to 31 (12 or 13 + 17 or 18) .17

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  4 1  t o  4 6 ,  h e a d
l e n g t h  2 3  t o  27;'6 1 7 g r e a t e s t  b o d y  d e p t h  2 7 ,  e y e
d i a m e t e r  12.”

Morpho logy :  yo lk  absorbed ( 7 . 4  t o 8 .6  mm) ; l6 l7 r a y s
d e v e l o p i n g  i n  d o r s a l  a n d  a n a l  f i n s  (7.416 o r  8 . 6  mrnl’);
p e c t o r a l  f i n  r a y s  v i s i b l e (8.6 mm) ;I7 p e l v i c  b u d s
e v i d e n t ,  d o r s a l  f i n  w i t h  n i n e  s h o r t  s p i n e s  a n d  e i g h t  o r
more sof t  rays (9.0 mm) .I6

P i g m e n t a t i o n :  t w o  d e n s e patches of  p igment on dorsum of
head,  beh ind  eyes  and a l e s s  d e n s e  p a t c h  o n  s n o u t
be tween eyes ( 7 . 4  t o  8 . 6  mm);16  l7 m e l a n o p h o r e s  o n
pos te ro -dorsa l  po r t ion  o f  sw im b ladder ,  some p igment  on
caudal , a n a l  a n d  d o r s a l  f i n  r a y s  ( 7 . 4  mm);16  p i g m e n t
inc reased  on  dorsa l , l a t e r a l  a n d  v e n t r a l  s u r f a c e s  ( 1 0 . 3
mm) .I7

1O-17 mm Myomeres: 28 to 31 (12 to 13 + 16 to 18) .17
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  4 1  t o  5 1 ,  h e a d

l e n g t h  2 8  t o  3 1 ; 3  l6 I7 g r e a t e s t  b o d y  d e p t h  2 9  t o  3 0 ,
e y e  d i a m e t e r  1 1 . 3  l7

Morpho logy :  body  compressed ,  ra ther  shor t  and  stout;19 j:
eye  la rge , m o u t h  l a r g e ,  t e r m i n a l  o r o b l i q u e , m a x i l l a
e x t e n d i n g  p o s t e r i o r l y  b e y o n d  a n t e r i o r  m a r g i n  o f  p u p i l
( 10 .5  mm) ; 3 p e l v i c  f i n  r a y s  v i s i b l e (11 to 13.5
mm);‘”  l7 caudal f i n  f o r k e d ,  d o r s a l  f i n  w i t h  1 0  o r  1 1
s p i n e s  a n d  9  t o  1 1  s o f t  r a y s  ( 1 2 . 9  t o  1 4  m m ) ; 1 6  6  o r  7
p e c t o r a l  f i n  r a y s  e v i d e n t  ( 1 3 . 0  mm).lC

P i g m e n t a t i o n :  s t e l l a t e chromatophores cover body
e s p e c i a l l y  o n  t i p  o f  j a w s ,  s n o u t ,  t o p  o f head, a long
d o r s u m  a n d  v e n t e r  a n d  a r o u n d  f i n s ,  l e s s  p i g m e n t  o n
v e n t e r  t h a n  i n  p r e v i o u s  s t a g e s ,  f e w  c h r o m a t o p h o r e s  o n
caudal , anal a n d  p e c t o r a l  f i n s , subsurface pigment on
dorsum of swim bladder (10.5 mm) ;3 l a rge melanophores
on gut and s a d d l e - l i k e  b a n d s o f  p igment  on  la te ra l
sur face  o f  body , o t h e r  p i g m e n t a t i o n  p a t t e r n s  s i m i l a r  t o
t h o s e  a s  i n  p r e v i o u s  s t a g e s  ( 1 3 . 5  t o  1 6 . 5  mm).l(  l7

527 Centrarchidae



A m b l o p l i t e s  r u p e s t r i s

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
17-40 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 2  o r  4 3 ,  h e a d

l e n g t h  3 1 t o  3 3 ; "  l' g r e a t e s t  b o d y  d e p t h  3 7 ,  e y e
d i a m e t e r  11.l’

Morpho logy :  fu l l  comp lement  o f  adu l t  f i n  rays (17 mm9 *
o r  2 2  mm16); e y e  l a r g e , max i l l a  reach ing  m idd le  o r
p o s t e r i o r  e d g e  o f  p u p i l ,  b a s e  o f  d o r s a l f i n  t w i c e  a s
long  as  ana l  f i n  base  (30 .6  mm);”  squamat ion  comp le te
(36.0 mm) .I6

Pigmenta t ion :  severa l v e r t i c a l bands; ’ 9: i n d i s t i n c t
“sadd les ” o n  l a t e r a l  aspect;” each  sca le  be low la te ra l
l i n e  w i t h  a  b l a c k  s p o t , b lack ish  spo t  on  opercu la r
f l a p , p i g m e n t  o n dorsa l and anal sp ines and
in te rconnec t ing  membranes . ”

ADULTS

F in  r ays : c a u d a l  17;18 d o r s a l  X  t o  X I I , 1 0  o r  1 1 ,  a n a l  V  t o  V I I , 9  o r
1 0 ,  p e c t o r a l  1 3  ( 1 2  t o  1 4 ) , ,  p e l v i c  I , 5 . '

V e r t e b r a e :  2 9  t o  32.’ la

L a t e r a l  l i n e  s c a l e s :  3 7  t o  51.'

D i a g n o s t i c  c h a r a c t e r s : a n a l  f i n  b a s e  a b o u t  o n e - h a l f  l e n g t h o f  d o r s a l
f i n  b a s e , m a r g i n  o f  p r e o p e r c l e  e n t i r e  o r  n e a r l y  s o ,  b o d y  w i t h  7  t o  9
h o r i z o n t a l rows o f  b l a c k  s p o t s  b e l o w  l a t e r a l  l i n e ,  a n a l  f i n  s p i n e s
a r i s e  i n  a  s c a l e d  g r o o v e .

LITERATURE CITED
1 . Scott and Crossman (1973)
:: Eddy Fish and (1932) Underhill (1974)

;:
Vessel and Eddy (1941)
Cross (1967)

. Pflieger (1975)
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9 . Hogue et  a l .  (1976)
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5.6 mm

dorsa l

6 .7 mm

Fig .  218 . A m b l o p l i t e s  r u p e s t r i s ,  r o c k  b a s s .  A  a n d  8 .  Y o l k - s a c l a r v a e .  ( A ,

labora to ry - rea red , Pennsylvania, Buynak  and Mohr  1979b;  B ,  w i ld -caught ,
O n t a r i o ,  P o w l e s  e t  a l .  1 9 8 0 ) .
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dorsa l

A 8.6 mm

v e n t r a l

B 9.1 mm

F i g . 219. A m b l o p l i t e s  r u p e s t r i s ,  r o c k  b a s s . A and 8. Larvae. (A and B,
laboratory-reared, Pennsylvania,  Buynak and Mohr 1979b).
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Fig .  220 . A m b l o p l i t e s  r u p e s t r i s ,  r o c k  b a s s . A and 8. Larvae. (A and B,

laboratory-reared, Pennsylvania,  Buynak and Mohr 1979b).
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B

16.4 mm

30.6 mm

Fig .  221 . A m b l o p l i t e s  r u p e s t r i s ,  r o c k  b a s s . A.  Larva . 8 .  J u v e n i l e .  ( A ,
w i I d - c a u g h t , O n t a r i o , Powles et al. 1980; B,
Pennsylvania, Buynak and Mohr 1979b) .

l a b o r a t o r y - r e a r e d ,
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Lepomis cyanel lus

Lepomis cyanel lus Raf inesque, green sunf ish

DISTRIBUTION

Dis t r ibu ted  th roughout  the  Lake  Mich igan  d ra inage where  i t  i s  common
t o  uncommon.lB Rare in upper Michiganll  and Lake Erie.13 D i s j u n c t
p o p u l a t i o n s  f o u n d  i n  O n t a r i o . 4 N o t  r e p o r t e d  f r o m  L a k e s  S u p e r i o r  a n d
O n t a r i o . 2 0

SPAWNING SEASON

Spawn ing  occurs f r o m  l a t e  M a y  t o  e a r l y  A u g u s t  i n  Wisconsin,e l6 J u n e
t o  A u g u s t i n  Michigan,lO l7 l a t e  A p r i l t o  e a r l y  S e p t e m b e r i n
I l l i n o i s , 5 9  May to  August  in  lowal and May to  Ju ly  in  Minnesota.‘l

SPAWNING TEMPERATURE

Spawn ing  takes  p lace  a t  15 .6  to  28  C.4  l5 lc

SPAWNING HABITAT

Spawns i n sha l l ow a r e a s  o f l a k e s  a n d  p o n d s , 8  l5 l6 u s u a l l y i n
l o c a t i o n s  s h e l t e r e d  b y  r o c k s , l o g s  o r  c l u m p s  o f  v e g e t a t i o n . 4  o

SPAWNING SUBSTRATE

N e s t s  a r e  c o n s t r u c t e d  o n  s a n d ,  g r a v e l ,  m u d  o r  m a r l b o t t o m . 1 0  l1 l4
Eggs  may  a lso  be  a t tached to  roo ts  o f  aqua t i c  vegetation.‘O

FECUNDITY

2 , 0 0 0  t o  10,000.3  l9

NATURAL HYBRIDS

L e p o m i s  g i b b o s u s ; 2 1 27 28 L .  gulosus;2a L .  h u m i l i s ; 2 8 29 I.
m a c r o c h i r u s ; 2 1  22 2 3 I4 25 C. m e g a l o t i s ; 2 6  27 I-. m i c r o l o p h u s . 2 4

EGGS

D e m e r s a l ; ’  a d h e s i v e ,  y e l l o w ; ’  o r  w h i t e ,  d e p o s i t e d  i n  a  mass;& d i a m e t e r
1 . 0  t o  1 . 4 mm;’ 7  o i l  g l o b u l e s i n g l e , diameter 0 .45 mm;’ incubat ion
p e r i o d :  3 d a y s  a t  2 1 . 1  C;l 50 hours a t  2 3 . 8 C;5  35 to  55 hours at  24
t o  2 7  c;6 7 31 hours at 27.1 C.5

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
3-6 mm Newly hatched (3.6 to 3.7 mm) .’

Myomeres: 27 or 28 (11 + 16 or 17) .’
Morphometry:  preanal  length 47% TL. ’
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M o r p h o l o g y :  p e c t o r a l  b u d s  p r e s e n t ; ’  o i l  g l o b u l e  l o c a t e d
in  post
b ladder
forming
movable
develop
air, g

r i o r  p o r t i o n  o f  y o l k  s a c 6  ( n e w l y  h a t c h e d ) ;  s w i m
d e v e l o p e d  ( 3 6  h o u r s  p o s t h a t c h i n g ) ;  m o u t h

(70 to 9 0  h o u r s  p o s t f e r t i l i z a t i o n ) ; ’  j a w s
( 8 4  h o u r s  p o s t h a t c h i n g ) ;  c a u d a l f i n  r a y s

n g  ( 5 . 3  t o  5 . 6  mm);’  s w i m  b l a d d e r  f i l l e d  w i t h
1 1  b u d s  p r e s e n t ,  g i l l  c o v e r  w e l l  d e v e l o p e d  ( 5 . 6

to 5.7 mm) .’
Pigmentat ion: unpigmented (new1 y hatched) ; 6 7

eye
p i g m e n t e d  ( 4 . 1  t o  4 . 4  mm);’  1 0  s t e l l a t e  c h r o m a t o p h o r e s
dorsa l  to  sw im b ladder , t h r e e near anus ( o n e  b e i n g
supraanal) , two contracted melanophores on head (5.0 to
5 .1  mm) , s t e l l a t e  m e l a n o p h o r e s on dorsum, venter of
yo lk  sac ,  dorsum o f  sw im b ladder  and  in  a  ven t ra l row
from immediate ly a n t e r i o r t o  a n u s to last  myomere,
inc rease  in  con t rac ted  me lanophores  on  head  (6 .0  to  6 .3
mm) . 7

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7-11 mm Myomeres: 28 (13 + 15) .’

Morphometry:  preanal  length 45 to 47% TL. ’
Morpho logy :  yo lk  absorbed  (240  hours  posthatching;l 292

hours p o s t f e r t i l i t a t i o n 2 ) ; anal a n d  d o r s a l  f i n  r a y s
d e v e l o p i n g  ( 7 . 0  t o  9 . 1  mm);’  ’ i n c i p i e n t  r a y s  i n
caudal f i n , g u t c o i l e d (7 .8  to  9 .1  mm) ,  pe lv i c  buds
developing (8.3 to 9.1 mm) .’

P i g m e n t a t i o n :  m e l a n o p h o r e s  o n  c h e e k s  a n d  c a u d a l f i n
membrane, r o w  o f  p i g m e n t  a l o n g  l a t e r a l  l i n e  ( 7 . 8  t o  9 . 1
mm) , m e l a n o p h o r e s  d e v e l o p e d  o n  d o r s a l a n d  a n a l  f i n
membranes  and  on  l i ps  (8 .6  to  9 .4  mm)  ;’ i n c r e a s e  o f
pigment on head, on lower s ide of  body between anus and
caudal f i n  a n d on  do rsum, mid la te ra l  row  o f  p igmen t
more  d is t inc t  (10 .2  mm,  der i ved  f rom figure).l

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
15-24 mm P i g m e n t a t i o n :  w h o l e  b o d y , e x c e p t  b r e a s t  c o v e r e d  w i t h

w i d e l y spaced chromatophores, pigment on lips and on
dorsal and anal fins, dense patch of p i g m e n t  o n  h e a d
(15.1 mm der i ved from f igure)  , a  d a r k  s p o t  o n  t i p  o f
ope rc le , v e r t i c a l  b a n d s  o n l a t e r a l a s p e c t  o f body,
p i g m e n t  o n  d o r s a l , ana l  and  cauda l  f i ns ,  da rk  spo t  on
h e a d  s t i l l  e v i d e n t  ( 2 3 . 7  m m ,  d e r i v e d  f r o m  f i g u r e ) . ’

ADULTS

F in  r ays : cauda l  17 ;3 0 d o r s a l  X ( I X  t o  X I ) ,  1 0  o r  1 1  ( 1 0  t o 12) , anal
I l l , 9  o r  1 0 ,  p e c t o r a l  1 3  ( 1 2 ) ,  p e l v i c  1,s.’
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V e r t e b r a e :  2 8  t o  3 0 . 4  3o

L a t e r a l  l i n e  s c a l e s :  4 0  t o  50.'

D iagnos t i c  charac te rs : o p e r c u l a r  f l a p  a s  d e e p  a s  l o n g ,  r e a r  m a r g i n  o f
g i l l c o v e r  s t i f f ,  g i l l  r a k e r s  l o n g  a n d  s l e n d e r ,  p e c t o r a l  f i n  s h o r t ,
c o n t a i n e d  a b o u t  f o u r  t i m e s  i n  s t a n d a r d  l e n g t h ,  n o  t e e t h  o n tongue,
m o u t h  l a r g e , upper  jaw ex tend ing  to  beneath  pup i l  o f  eye  except  in
sma l l  young ,  body  dep th  usua l l y  abou t  one-ha l f  s tandard  leng th .

LITERATURE CITED
1.
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4 .
5 .
6 .
7 .
8.
9 .

10.
11.
12.
13.
14.
15.

Meyer (1970) 16. Hunter (1963)
Duwe (1955) 17. Hubbs and Cooper (1935)
Beckman (1952) 18. Becker (1976)
Scott and Crossman (1973) 19. Cook (1959)
Childers (1967) 20. Emery (1976)
Champion and Whitt (1976) 21. Bai ley and Lagler (1938)
Taubert  (1977) 22. Bennett  (1943)
Cahn (1927) 23. Branson (1967)
Forbes and Richardson (1909) 24. Chi lders and Bennett  (1961)
Hankinson (1908) 25. Cross (1950)
Eddy and Underhi l l  (1974) 26. Cross and Moore (1952)
Hubbs and Lagler (1958) 27. Hubbs (1920)
Trautman (1957) 28. Hubbs and Hubbs (1933)
Harlan and Speaker (1969) 29. Bai ley and Al lum (1962)
McKechnie and Tharrat t  (1966) 30. Bai ley (1938b)
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B 5.8 mm

C 8.3 mm

D 9.3 mm

Fig .  22 .2 .  Lepomis  cyane l lus ,  g reen  sun f i sh . A and B. Yo lk -sac l a r v a e .  C

and D. Larvae. (A-D,  labora to ry - reared ,  Wiscons in ,  Tauber t  1977) .
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10.2 mm

15.1 mm

c 23.7 mm

Fig .  223 . Lepomis  cyane l lus ,  g reen  sun f i sh . A.  Larva .  B  and C.  Juven i les .
( A - C ,  l a b o r a t o r y - r e a r e d ,  C a l i f o r n i a ,  M e y e r  1 9 7 0 ,  i l l u s t r a t e d  b y  C .  C o r s o n ) .
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Lepomis gibbosus (Linnaeus),  pumpkinseed

DISTRIBUTION

Occurs  in  a l l  o f  the  Grea t  Lakes ,
into some lakes in the Lake Super
Mich igan drainage.lO

except
i o r  d r a

1 5  In t roduced
i n a g e . Common i n t h e  L a k e

SPAWNING SEASON

Spawning t a k e s  p l a c e  f r o m  l a t e  M a y

SPAWNING HABITAT

Spawns in sha l l o w  q u i e t  a r e a s  o f  l a k e s ,  p o n d s  a n d  c r e e k s , 3  7  u s u a
i n  w a t e r  l e s s than 70 cm.’  I5 I6 l8

SPAWNING SUBSTRATE

Spawns over a  g r a v e l ,  r o c k ,  s a n d , c lay  o r  muck  bo t tom w i th  roo ts
a q u a t i c  p1ants.l  l4 I* 21

FECUNDITY

Lake  Super io r .9

l l y

t o  J u l y  i n  M i c h i g a n  1 8  2 2  a n d
W i s c o n s i n 2  I9 a n d  M a y  t o  J u n e  i n  I l l i n o i s 2 0  a n d  M i n n e s o t a . 2 3

SPAWNING TEMPERATURE

S p a w n s  a t  1 7 . 5  t o  2 9  C . 2  l4 15

6 0 0  t o  5,000.'5  1'

NATURAL HYBRIDS

L e p o m i s  c y a n e l l u s ; 2 5  2c L .  m a c r o c h i r u s ; 2 5  26 27 L-* m e g a l o t i s . 2 6

EGGS

Demersal;14  21 a d h e s i v e ; 4  I4 transparent;13  d i a m e t e r  0 . 8 t o 1.2
mm;1 5 21 o i l  g l o b u l e  s i n g l e ; 5 6  1 4  d iamete r  0 .3  to  0 .4  mm 5 l4 21 to 1
mm;12 o n e  o r t w o  m i n u t e o i l d r o p l e t s may sometimes be present;5

i n c u b a t i o n  p e r i o d :  4 8  h o u r s  a t 19 to 25 Cz6 3 at 28 C.’days

YOLK-SAC LARVAE

o f

T o t a l  l e n g t h D e s c r i p t i o n

2-5 mm Newly hatched (2.4 t o 3 . 1  mm).’ 5 6 o l4 21
Myomeres: 27 to 34 (10 to 13 + 17 t o 211.”
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  3 7  t o  4 5 ,  h e a d

leng th  13  to  18 , eye diameter 8 t o 9.”
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M o r p h o l o g y :  y o l k  s a c  ovate;‘l o i l  g l o b u l e  l o c a t e d  n e a r
p o s t e r i o r  p o r t i o n  o f  y o l k  s a c  ( n e w l y  hatched);l  l4 21
p e c t o r a l  b u d s  e v i d e n t  ( 3 . 2  mm);’  d o r s a l  m e d i a n  f i n f o l d
m o r e  v e n t r a l  m e d i a n  f i n f o l d ,  g u t  t h i n  a n d  u n c o i l e d  ( 3 . 0
to 4.6 mm) .I4

Pigmentat ion: unpigmented (newly hatched) , e y e  d a r k l y
pigmented (3.0 to 4.6 mm) ;I4 a few melanophores present
on venter between anus and caudal f i n , y o l k  s a c  a n d
posterior part o f  g u t  w i t h  y e l l o w  p i g m e n t  ( 4 . 6  m m ) ,
melanophores increased between anus and caudal fin, a
few me lanophores  p resen t  on  t ip  o f  no tochord  and  above
notochord about hal f  way between anus and caudal f i n ,
dense pigment on dorsum of  swim bladder (5.2 mm).C

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-15 mm Myomeres: see 2-5 mm.

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  3 7  t o  4 2 ,  h e a d
length 17, eye diameter 7 to 10 (5.2 to 5.4 mm),
p reana l  l eng th  44  to  45 ,  head  leng th  26 ,  eye  d iamete r  9
(11.0 mm) .*

Morphology: y o l k absorbed (4.5 to 5.2 mm) ;I 6 larvae
e l o n g a t e ,  o i l  g l o b u l e  a b s o r b e d  ( 4 . 7  t o  5 . 6  mm);14  sw im
b l a d d e r  p r e s e n t  ( 5 . 2  m m ) ; 6  a n t e r i o r  p o r t i o n  o f  g u t
co i l ed  (4 .5  to  5 .0  mm)  ;l body  compressed (10 to 15
mm) .24

P i g m e n t a t i o n :  m e l a n o p h o r e s  p r e s e n t  o n  d o r s u m  o f  h e a d ,
in tes t ine  and  sw im b ladder , a t  b a s e  o f  p e c t o r a l  f i n  a n d
i n  t h o r a c i c  r e g i o n , two rows of melanophores on venter
be tween anus  and  cauda l  f i n  (4 .7  to  5 .6  mm);14 a  few o r
no melanophores on breast between anus and opercula (10
t o  1 5  m m ) ; 2 4  p r o m i n e n t melanophores on each side of
anus. 1

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
16-19 mm Morphometry:  (as % TL) preanal  length 41,  head length 24,

eye  d iameter  8 ,  g rea tes t  body  dep th  24  to  26  .12 24
Morphology: body deep, compressed, a sl ight depression on

h e a d  o v e r  eyes;12 l4 s n o u t  s h o r t ,  m o u t h  s m a l l ,  o b l i q u e ,
m a x i l l a  r e a c h i n g  a n t e r i o r  m a r g i n  o f eye; I2 o r i g i n  o f
s p i n o u s  p o r t i o n  o f  d o r s a l  f i n  c o n s i d e r a b l y  a n t e r i o r  t o
a n a l  f i n ,  g i l l  r a k e r s  s h o r t e r  a n d  m o r e  w i d e l y  s p a c e d
than  those  o f  L .  macroch i rus  (g rea te r  than  14  mm).l

P i g m e n t a t i o n :  f a i n t  v e r t i c a l  b a r s  m a y  b e  p r e s e n t  b e t w e e n
h e a d  a n d  c a u d a l peduncle;l’ chromatophores along
myosepta, d a r k  p i g m e n t a t i o n  j a w s , top o f  h e a d  a n d
cheeks, a row of  p igment along m i d l a t e r a l l i n e  f r o m
above anal f i n o r i g i n  t o c a u d a l  f i n , r o w s  o f  s p o t s
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around  base  o f  do rsa l  and  ana l  f i ns ,  ch romatophores  on
a l l  f i n s ,  f e w e r  o n  p a i r e d  f i n s ,  b e l l y  u n p i g m e n t e d  ( 1 8 . 5
mm) . 1

ADULTS

F i n  r a y s :  c a u d a l  17;" d o r s a l  X  ( X  t o  X l ) ,  1 0  t o  1 2 ,  a n a l  I I I , 9  ( 8  t o
1 1 ) ,  p e c t o r a l  1 3  ( 1 2  t o  1 4 ) ,  p e l v i c  I  ,5.1s

V e r t e b r a e :  2 9  t o  31.11 l5 11

L a t e r a l  l i n e  s c a l e s :  3 5  t o  47.'"

D iagnos t i c  charac te rs : g i l l r ake rs s h o r t  a n d  s t u b b y ,  o p e r c u l a r  f l a p
b lack  in  cen te r  w i th  wh i te  o r  ye l low marg in  and  a  p rominen t  red  spo t
o n  p o s t e r i o r  e d g e ,  g r e a t e s t  d e p t h  i n t o
2 .5  t imes .

s t a n d a r d  l e n g t h  a b o u t  2 . 0  t o
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3.1 mm

5.4 mm
C

18.5 mm
D

F i g .  2 2 4 .  L e p o m i s  g i b b o s u s , pumpkinseed. A and B. Y o l k - s a c  l a r v a e .  C .

L a r v a .  D .  J u v e n i l e . (A-C, w i l d - c a u g h t , Potomac River, A n j a r d  1 9 7 4 ;  D ,

w i ld -caught ,  Lake  Er ie ,  F ish  1932)  l
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Lepomis gulosus (Cuvier) ,  warmouth

DISTRIBUTION

Common in Indiana and Michigan; rare to uncommon in Wisconsin where i t
occurs  on ly  in  the  headwaters  o f  the  Wol f  and  Fox  R iver  systems.12  No t
repor ted  f rom o ther  Grea t  Lakes  excep t  Lake  Er ie . "

SPAWNING SEASON

Spawning  occurs  f rom mid-May to  August  in  I l l i no is 2  and Missour i6  and
l a t e  J u n e  t o  l a t e  J u l y  i n  l o w a . 2  4

SPAWNING TEMPERATURE

Spawning has been observed at 21.1 to 25.5 C.14

SPAWNING HABITAT

Spawns i n sha l low wate r , u s u a l l y  5  t o  1 5 0  c m  deep,l  2 l3 n e a r  r o c k s ,
stumps or clumped vegetation.  1 6

SPAWNING SUBSTRATE

S p a w n s  o v e r  r u b b l e  l i g h t l y  c o v e r e d  w i t h  d e t r i t u s , 2  6  s i l t  o r  s a n d
c o v e r e d  w i t h  l e a v e s  a n d  s t i c k s . '  2

FECUNDITY

4 , 5 0 0  t o  63,200.~  9 13

NATURAL HYBRIDS

L e p o m i s  c y a n e l l u s ,  &. gibbosus;18 C .  m a c r o c h i r u s . 1 5  I6 l')

EGGS

Adhesive, amber; ' d iameter
diameter 0.35 mm;2

1 . 0  t o  1 . 1  mm;l 2  s o i l  g l o b u l e  s i n g l e ,
incubat ion p e r i o d : 44 to 53 hours a t

o r  34  hours  a t  25
25.5 C;14

t o  2 6 . 2  C ; 2
33

29 hours a t 28.1 C.3

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
2-5 mm N e w l y  h a t c h e d  ( 2 . 3  t o  3-l mm).1 2

Myomeres: 25 (8 + 17) at 3.4 mm, 29 (10 + 19) at 4.6 mm.2
Morphomet ry :  (as  % TL) preanal l e n g t h  4 4  t o  5 0 ,  h e a d

l e n g t h  1 4 ,  g r e a t e s t  b o d y  d e p t h  1 5 ,  b o d y  d e p t h  a t anus
8, eye  d iameter  7  to  8 .2
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Morphology: head def lected downward over yolk sac (newly
hatched) , p e c t o r a l  b u d s  p r e s e n t , i n c i p i e n t r a y s  i n
caudal f i n , mouth i n d i s t i n c t , b ranch ia l elements
forming (4.6 mm) .2

Pigmentat ion: unpigmented (newly hatched),  eye pigmented
(4.6 mm) .2

LARVAE

Total l e n g t h D e s c r i p t i o n
5-12 mm Myomeres: 29 to 30 (10 to 11 + 19) ;2 (12 to 13 + 16 to

181,'
Morphometry:  (as % TL) preanal  length 42,  head length 17,

g r e a t e s t  b o d y  d e p t h  1 1 ,  b o d y  d e p t h  a t  a n u s  7 ,  e y e
diameter  8 (5.3 mm).  preanal length 44 or 45, head
length 20 to 23, g r e a t e s t  b o d y  d e p t h  1 5  t o  2 0 ,  e y e
diameter 7 to 9 (7.6 to 12.0 mm) .2

Morpho logy :  yo lk  absorbed (5.3 mm; 2 4 to 5 days
posthatching 1 2) ; pec to ra l b u d s  w e l l  d e v e l o p e d ,  r a y s
b e g i n  t o  f o r m  i n  a n a l  a n d  d o r s a l  f i n s ,  c a u d a l  f i n  r a y s
d is t inc t  above  and  be low no tochord ,  b ranch ia l  a rch  we l l
formed, mouth obl ique, ex tend ing  to  po in t  be low midd le
of  eye (5.3 mm), u r o s t y l e  u p t u r n e d , r a y s  d i s t i n c t i n
ana l , cauda l  and  pec to ra l  f i ns  (7 .6  mm) ,  ana l  and  so f t
d o r s a l  f i n s  s e p a r a t e d  f r o m  c a u d a l  f i n  ( 8 . 8  m m ) ,  p e l v i c
f i n s  w i t h  i n d i s t i n c t  r a y s , s p i n o u s  d o r s a l  f i n  b e g i n n i n g
t o  f o r m , s m a l l  p i e c e  o f  p r e a n a l  f i n f o l d  r e m a i n s  ( 1 2 . 0
mm) . 2

Pigmenta t ion : two large chromatophores between b a s e s  o f
pec to ra l f i n s  ( 5 . 3  m m ) , a row of  p igment on each side
o f v e n t r a l m e d i a n  f i n f o l d  s p r e a d i n g  a s s t e l l a t e
chromatophores over v e n t e r ,  a r o w  o f e longa te
me lanophores  a long  la te ra l  l i ne , dense chromatophores
above anus, s i x s t e l l a t e chromatophores on v e n t e r
be tween pec to ra l  f i ns  and  a  row o f  f i ve  ch romatophores
on  each  s ide  ac ross  b ranch ios tega l  rays ,  ch romatophores
s c a t t e r e d  o n head (7.6 mm) , increase of  p igment on
h e a d ,  v e n t r a l  s p o t s  b e c o m i n g  l a r g e r ,  m i d l a t e r a l row
m o r e  d i s t i n c t  ( 8 . 8  m m ) ,  p i g m e n t a t i o n  s i m i l a r  t o  8 . 8 - m m
larvae , wi th addi t ional  chromatophores around mouth and
a  v e r t i c a l  r o w  o f  p i g m e n t  a t  b a s e  o f caudal f i n  r a y s
(12.0 mm) .2

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
15-16 mm Morphometry:  (as % TL) preanal  length 45,  head length 28,

g rea tes t  body  depth  24 ,  eye  d iameter  9.’
P igmenta t ion :  inc rease i n  p i g m e n t  o n head and caudal

pedunc le ,  many la rge chromatophores s c a t t e r e d  o v e r
back, chromatophores behind eye, o n  s o f t  d o r s a l ,  a n a l
a n d  c a u d a l  f i n s . 2
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ADULTS

F i n  r a y s :  c a u d a l  17;19 d o r s a l  X ,  ( I X  t o  X l
9g5 p e c t o r a l  1 3  o r  1 4 ,  p e l v i c  l,5."

V e r t e b r a e :  2 8  t o  30.1° l9

) , 9 to 11;6 20 a n a l  III,~ o r

L a t e r a l  l i n e  s c a l e s :  3 6  t o  46.’

D i a g n o s t i c  c h a r a c t e r s :  t o n g u e  w i t h  p a t c h e s  o f  t e e t h ,  m o u t h  l a r g e ,
u p p e r  j a w  e x t e n d i n g t o  o r  b e h i n d  m i d d l e  o f  e y e ,  s e v e r a l  d i s t i n c t
d a r k  l i n e s  r a d i a t i n g  b a c k  f r o m  e y e , body  dep th  less  than  th ree  t imes
i n t o  S L .

LITERATURE CITED
1. Carr (1939)

::
Larimore (1957)
Childers (1967)

4 . Lewis and Engl ish (1949)

2.
Merr iner (1971a)

. Pflieger (1975)

ii:
Conner (1979)
Beckman (1952)

9 . Panek and Cofield (1978)
10. Bean (1903)

11.
12.
13.
14.
l 5 .
16.
17.
18.
19.
20.

Hubbs and Lagler (1958)
Becker (1976)
Car lander (1977)
Merr iner (1971b)
Bennett  (1943)
Birdsong and Yerger (1967)
Hubbs (1920)
Hubbs and Hubbs (1933).
Bai ley (1938b)
Eddy and Surber (1943)

m m

F i g .  2 2 5 .  L e p o m i s  g u l o s u s ,  w a r m o u t h .  Y o l k - s a c  l a r v a . (Labora to ry - reared ,
I l l i n o i s ,  L a r i m o r e  1 9 5 7 ) .
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12.0 mm

F i g .  2 2 6 .  L e p o m i s  g u l o s u s ,  w a r m o u t h .  A - C . L a r v a e .  D .  J u v e n i l e .  ( A  a n d
B ,  w i l d - c a u g h t , Lou is iana, Conner  1979 , s p e c i f i c  i d e n t i t y subsequent ly

v e r i f i e d  b y  J .  V . Conner ; C and D, l a b o r a t o r y - r e a r e d , I l l i n o i s , Larimore

1957).
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Lepomis  humi l i s  (G i ra rd ) ,  o rangespot ted  sun f i sh

DISTRIBUTION

U n c o m m o n  i n  L a k e  E r i e ,  n o t  r e p o r t e d  f r o m  o t h e r  G r e a t  Lakes.14 Not
found i n t h e  L a k e  M i c h i g a n  drainage.12 Common i n  lllinoisB a n d
Indiana.13 I n  M i c h i g a n ,  f o u n d  o n l y  i n  t h e  e x t r e m e  s o u t h e a s t e r n
p o r t i o n  o f  t h e  state.‘O

SPAWNING SEASON

S p a w n s  f r o m  M a y  t o  J u l y  i n  I l l i n o i s ’  8 a n d  l a t e  M a y  t o  A u g u s t  i n  Iowa’
and Missouri .2 Peak spawning occurs during May and June in Kansas.4

SPAWNING TEMPERATURE

Spawning  occurs  a t  18 .4  to  31 .6  C.4  c

SPAWNING HABITAT

Sha l low a reas  o f  l akes  and  impoundments , 6 usua l l y  in  wate r  5  to  61  cm
deep.’  4

SPAWNING SUBSTRATE

F i n e  g r a v e l , sand and probably mud bot tom.4  6

FECUNDITY

50 to 4,700. 6  1 1

NATURAL HYBRIDS

L e p o m i s  cyanellus;l’  I8 L m a c r o c h i r u s ; 1 5  l6 L .  meqalotis.”

EGGS

Adhesive, near l y  co lo r less ; 4  d i ame te r  1  mm;6  incubat ion  per iod :  5  days
a t  1 8 . 4  t o  2 1 . 1  C . 6  9

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
5 .3 mm Myomeres: 27 t o 31 (13 t o 14 + 14 t o 171."

Morphomet ry :  p reana l  l eng th  44  to  49% T L . 2 1

LARVAE

Tota l l e n g t h D e s c r i p t i o n
7-9 m m Myomeres: 29 t o 31 (13 t o 15 + 14 t o 17).'1

Morphometry:  preanal  length 44 to 48% TL.2 1
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JUVENILES

Tota l l e n g t h D e s c r i p t i o n
14-40 mm Pigmenta t ion : e i g h t  o r  n i n e  d u s k y  o r a n g e  v e r t i c a l  b a r s  o n

s ides o f  body, e x t e n d i n g  f r o m  d o r s u m  t o  v e n t e r (14.0
mm) ; 6 v e r t i c a l  b a r s  f e w e r  a n d  w i d e r  t h a n  o n  y o u n g
b l u e g i l l ;  5  a l l f i n s t r a n s p a r e n t  o n young; 3 body
becoming mott led and spot ted (40 mm).6

ADULTS

F in  r ays : c a u d a l  1 7 ; 2 0  d o r s a l  X , 9  t o  1 0 ,  a n a l  I l l , 8  t o  9 ,  p e c t o r a l  1 2
t o  1 4 ,  p e l v i c  l , 5 . 4

V e r t e b r a e :  2 8  t o  30.20

L a t e r a l  l i n e  s c a l e s :  3 2  t o  39.2

D i a g n o s t i c  c h a r a c t e r s :  s e n s o r y  c a v i t i e s  o f  h e a d  b e t w e e n  e y e s  v e r y
la rge , g i l l r ake rs o n  f i r s t  a r c h  m o d e r a t e l y  l o n g  a n d  t h i n ,  r e a r
m a r g i n  o f g i l l cover t h i n  a n d  f l e x i b l e , membranous e a r  f l a p
elongated i n a d u l t s , p e c t o r a l  f i n s  l o n g  a n d  p o i n t e d ,  l o n g e s t  n e a r
d o r s a l  s i d e  o f  f i n  c o n t a i n e d  a  l i t t l e  l e s s  t o  a  l i t t l e  m o r e  t h a n
th ree t imes  in to  SL ,  no  tee th  on  tongue ,  mouth  sma l l ,  upper  jaw no t
extending beyond middle of eye, body depth about one-hal f  SL.

LITERATURE CITED
1. Richardson (1913)

f :
Pflieger (1975)
Trautman (1957)

4. Cross (1967)

2:
Smith (1979)
Barney and Anson (1923)

2
Harlan and Speaker (1969)
Forbes and Richardson (1909)

9s Langlois (1954)
10. Hubbs and Lagler (1958)
11. Beckman (1952)

12. Becker (1976)
13. Nelson and Gerking (1968)
14. Emery (1976)
15. Branson (1967)
16. Cross and Moore (1952)
17. Hubbs and Hubbs (1933)
18. Bai ley and Al lum (1962)
19. Cross (1950)
20. Bai ley (1938b)
21. J. V. Conner (pers. Comm.)
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6.9 mm

Fig .  227 . L e p o m i s  h u m i l i s ,  o r a n g e s p o t t e d  s u n f i s h .  A - D . Larvae. (A-D,

w i l d - c a u g h t , Lou is iana, Conner  1979 , s p e c i f i c i d e n t i f y subsequent ly

v e r i f i e d  b y  J .  V .  C o n n e r ) .
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Lepomis  macroch i rus  Ra f inesque ,  b lueg i l l

DISTRIBUTION

Common to abundant throughout t h e  L a k e  M i c h i g a n  drainagei21 a l s o
occurs  in  Lakes  Er ie ,  Ontar io  and  Huron.a In t roduced to  many  par ts  o f
the  Lake  Super io r  d ra inage .3  2 4

SPAWNING SEASON

S p a w n s  f r o m  l a t e  M a y  t o  e a r l y  A u g u s t i n  W i s c o n s i n , 3  Ohio’  a n d
1ndiana.l 22 M a y  t o  S e p t e m b e r  i n  Illinois,1*  l9 J u n e  t o  A u g u s t  i n
Michigan,12  2s l a t e  M a y  t o  e a r l y  J u l y  i n  Minnesota.24

SPAWNING TEMPERATURE

S p a w n i n g  o c c u r s  a t  1 7 . 2  t o  3 0 . 5  C.1 3  s a3

SPAWNING HABITAT

Spawns  i n s h a l l o w  a r e a s  o f  l a k e s  a n d  p o n d s , 4  u s u a l l y  i n  w a t e r  1 5  t o
120 cm deep,l  2  l2 w i t h  l i t t l e  vegetati0n.l

SPAWNING SUBSTRATE

Nests may be
F ine grave l

FECUNDITY

c o n s t r u c t e d  o n  g r a v e l ,  s a n d ,  c l a y  o r  m u d  b o t t o m .2  3  2 3  2 4

i s  preferred.14

2,450  to  38 , 184;~ 3 5 25 67,000.23

NATURAL HYBRIDS

Lepomis qtanellus;29 3 0 33 34 35 1-0 g i b b o s u s ; 2 9  3o 37 c*
gu losus ; 3 0 32 37 I* h u m i l i s ; 3 3 36 c* m e g a l o t i s ; 3 1 32 37
L .  m i c r o l o p h u s . 3 6

EGGS

D e m e r s a l ; ’  2  a d h e s i v e ; 3  4 5  a m b e r ; 2  d i a m e t e r  1 . 2  t o  1 . 4 mm;5 7 oil
g l o b u l e  s i n g l e ,  d i a m e t e r 0 . 3 8  m m ;2 6  i ncubat ion  per iod :  75 to 85 hours
a t  1 8 . 5  c;27 72 h o u r s  a t 2 1  C;’ 3 9  h o u r s  a t  2 4  C;ls 3 2  t o 3 3  h o u r s  a t
an average of  27 C.2c

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
2-5 m m Newly hatched ( 2 . 2  t o  3 . 2 mm).3 5 l7 27

Myomeres: 27 to 31 (11 to 13 + 15 t o 18) ;lr 23 t o 30 (9
to 11 + 15 t o  lg).'"
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Morphometry:  (as % TL) preanal  length 55,  head length 23,
g r e a t e s t  b o d y  d e p t h  2 3 ,  e y e  d i a m e t e r  5  ( 2 . 8  m m ) ,
preanal l e n g t h  4 4  t o  4 8 ,  e y e  d i a m e t e r  6  t o  8  ( 3 . 5  t o
4.5 mm) .I

M o r p h o l o g y :  o i l  g l o b u l e  l o c a t e d  i n  p o s t e r i o r  p o r t i o n  o f
y o l k  s a c (newly hatched) ; 6 p e c t o r a l  b u d s  e v i d e n t  ( 3 . 3
t o  3 . 7  mm);,  l1 a n u s  o p e n (3.5 to 4.4 mm) i9 swim
b ladder  deve lop ing  (3 .5 "  o r  4 .6  mm 9  I’); rays  beg inn ing
t o  f o r m i n  c a u d a l  f i n  ( 4 . 3  t o  5 . 5  m m 5  l1 o r  7 . 0  mm’);
h e a d  r e l a t i v e l y  l a r g e ,  t r u n k  n a r r o w ,  i n c i p i e n t  r a y s i n
pec to ra l  buds ,  jaw deve loped  bu t  mouth  no t  open  (4 .3  to
5 . 5  m m ) ; 9  l1 m o u t h  o p e n  ( 4 . 6  t o  4 . 8  mm);’  o p e r c u l u m
f o r m e d  ( 4 . 8  m m )  ;s o i l g l o b u l e  l o c a t e d  i n  a n t e r i o r
p o r t i o n  o f  y o l k  s a c  ( 4 . 9  t o  5 . 7  mm).’

Pigmentat ion: unpigmented (newly hatched),  eye pigmented
( 3 . 5 '  t o  3 . 8  mmlO); v e n t r a l  r o w  o f  c h r o m a t o p h o r e s
p o s t e r i o r t o anus (4.5 mm, 148 hours
p o s t f e r t i l i z a t i o n ) , several chromatophores along
mid la te ra l  l i ne  and  p rominen t  spo t  on  each  s ide  o f  body
dorsal  to  anus (4.5 mm, 168 hours postfertilization) ;1°
p i g m e n t  c e l l s  p r e s e n t  i n  p a i r s  d o r s o - l a t e r a l l y  t o  a n u s ,
a long abdomen and posterior to liver ( 5 . 0  t o  5 . 8
mm) .' l1

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-12 mm Myomeres: 29 to 31 (12 to 14 + 15 to 18) .16

Morphomet ry :  (as  % TL)  p reana l  leng th  42 ,  eye  d iamete r  6
(5.0 mm) .5

Morpho logy :  yo lk  absorbed (4.9 to 5.8 mm; 7 to 10 days
p o s t h a t c h i n g  9 11) ;  g u t  c o i l e d  ( 5  m m  a n d  l a r g e r )  ;17
p e l v i c  b u d s  d e v e l o p i n g  ( 4 . 9  t o  5.811 m m ,  10.5” m m ) ;
d o r s a l  a n d  a n a l  f i n rays e v i d e n t ( 1 0 . 5  m m ) ,  d o r s a l
s p i n e s  f o r m i n g  ( 1 1  t o  1 2  m m ) ,  p e c t o r a l  f i n s  w i t h  r a y s
(12.0 mm) .B

Pigmentat ion:  p igment on swim bladder (4.9 to 5.8 mm), 11
p igment  spo ts  on  pos tana l  ven te r ,  two  to  th ree l a t e r a l
and  dorsa l  to  anus  and  th ree  to  four  on  ven te r  be tween
h e a r t  a n d  a n u s (5.4 to 5.6 mm) ;’ I1 top of head
u n p i g m e n t e d  ( 5 . 5  m m 7  a n d  7 . 7  t o  1 2 . 0  mmO);  p i g m e n t
p r e s e n t  a t  b a s e  o f  p e c t o r a l  f i n s , d o r s u m  o f  g u t  a n d
swim bladder, thoracic region and on myosepta of  caudal
reg ion (5 to 8 mm);6 a series of three to five
melanophores on venter between opercle and anus (10 mm
and smaller) ; l7 h e a d  e n t i r e l y  p i g m e n t e d  ( 9 . 0  t o  1 0 . 3
mm) , chromatophores forming an e g g - s h a p e d  p a t t e r n  o n
isthmus, t h i s  p a t t e r n  n o t  e v i d e n t  a t  1 1 . 1  m m ,  a  r o w  o f
p igment  a long  mid la te ra l  l i ne  and  a  ven t ra l row along
e a c h  s i d e  o f  a n a l  f i n  b a s e  ( d e s c r i b e d  f r o m  f i g u r e ) . ’
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JUVENILES

Total l e n g t h D e s c r i p t i o n
12-22 mm Myomeres: 29 to 32 (12 to 15 + 15 to 17) .I6

Morphometry:  (as % TL) preanal  length 41 to 47;16 preanal
leng th  45 , g r e a t e s t  b o d y  d e p t h 19 to 22;s zo eye
d iamete r  85 (14 .5  to  15 .0  mm) .

M o r p h o l o g y :  g i l l r ake rs long and slender (> 14 mm) ;17
s c a l e s  f i r s t  e v i d e n t  ( 1 7 . 0  m m  SL);13  o r  s q u a m a t i o n
complete (14 to 15 mm) .z7

P i g m e n t a t i o n :  a  s m a l l patch of chromatophores on dorsum
of  head ,  ano ther  pa tch  on o p e r c u l u m  b e t w e e n  e y e  a n d
pec to ra l f i n  b a s e , a  r o w  o f  p i g m e n t  o n  m i d l a t e r a l  l i n e
o f  p o s t e r i o r  t h i r d  o f  b o d y ,  s c a t t e r e d  p i g m e n t  b e l o w
m i d l a t e r a l l i n e  f r o m  a n a l f i n  b a s e t o  c a u d a l  f i n ,
chromatophores on anal and caudal f i n s  ( 1 3 . 5  m m ,
descr ibed from f i g u r e ) ; *  a r o w  o f i n t e r r u p t e d
m e l a n o p h o r e s  o n  v e n t e r ,  e x c e p t  b e l l y  ( 1 5  mm);lO a b o u t
11  nar row,  ve r t i ca l  bars  on  la te ra l  aspec t  be tween head
and caudal f in (21.5 mm) .O

ADULTS

F in  r ays : c a u d a l  17;3a dorsal X (XI) ,lO to 12, anal I I I, 11 (rarely 8
t o  1 0 ) ,  p e c t o r a l  1 3  ( 1 4 ) ,  p e l v i c  1,5.’

V e r t e b r a e :  2 8  t o  3 0 . 2  3*

L a t e r a l  l i n e  s c a l e s :  4 0  t o  4 4 . 2

Diagnos t ic  charac te rs : o p e r c u l a r  f l a p  a l l  b l a c k ,  n o t  e d g e d  b y  y e l l o w ,
o r a n g e  o r red, g i l l r ake rs l o n g  a n d  s l e n d e r ,  v e r y  d e e p  b o d y ,
grea tes t  body  depth  less  than  th ree  t imes  in to  SL,  ana l f i n spines
t h r e e .

LITERATURE CITED
1. Breder (1936)
2. Scott and Crossman (1973)

::
Snow et al .  (1970)
Adams and Hankinson (1928)

5 . Morgan (1951)
6. Wang and Kernehan (1979)

Meyer (1970)
i: T a b e r  ( 1 9 6 9 )
9 . Toetz (1965)

10. Carver (1976)
11. Toetz (1966)
12. Carbine (1939)
13. Everhart  (1949)
14. Carlander (1977)
15. H e c k m a n  ( 1 9 6 9 )

16. Conner (1979)
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24.
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27.
28.
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:::

Anjard (1974)
Bennett  (1948)
James (1946)
Werner (1966)
Becker (1976)
Werner (1969)
Stevenson e t  a l .  (1969)
Eddy and Underhi l l  (1974)
Latta and Merna (1977)
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Nakamura et  a l .  (1971)
Vessel and Eddy (1941)
Bai ley and Lagler (1938)
Bennett  (1943)
B e n s o n  ( 1 9 5 9 )

Birdsong and Yerger (1967)
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:1:
Branson (1967) 36. Cross and Moore (1952)
Childers and Bennett (1961) Hubbs (1920)

35. Cross (1950) Bailey (1938b)

3.6 mm

3.9 mm

F i g .  2 2 8 . Lepomis  macroch i rus ,  b lueg i l l . A  and  B .  Yo lk -sac  la rvae .  (A  and
B,  labora to ry - reared ,  Mary land ,  Carver  1976) .
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dorsa 1

B 5.2 mm

C

F i g .  2 2 9 . L e p o m i s  m a c r o c h i r u s ,  b l u e g i l l .  A  a n d  8 .  Y o l k - s a c l a r v a e .  C .

L a r v a .  ( A , l a b o r a t o r y - r e a r e d , Maryland, Carver 1976; B and C, w i l d -

caught ,  Oklahoma, Taber 1969).
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F i g .  2 3 0 . Lepomis  macroch i rus ,  b lueg i l l . A .  L a r v a . B and C.  Juven i les .

( A ,  l a b o r a t o r y - r e a r e d ,  C a l i f o r n i a ,  M e y e r  1 9 7 0  i l l u s t r a t e d  b y  C .  C o r s o n ;  B
and C, wi ld-caught,  Oklahoma, Taber 1969).



Lepomis mega lo t i s

Lepomis megalot is  (Raf inesque) ,

DISTRIBUTION

longear sunf ish

Common in Indiana and lower Michigan, uncommon to rare in Wisconsin 1 5

a n d  r a r e  i n  t h e  I l l i n o i s  p o r t i o n  o f  L a k e  M i c h i g a n  drainage.lO l5 Also
found i n  L a k e  E r i e  a n d  t h e  d r a i n a g e s  o f  L a k e s  H u r o n  a n d  O n t a r i o 2  l‘
bu t  no t  repor ted  f rom Lakes  Super io r ,  Huron  o r  Onta r io . ’

SPAWNING SEASON

S p a w n i n g  t a k e s  p l a c e  f r o m  l a t e  J u n e  t o  A u g u s t  i n  M i c h i g a n , ’  I2 1 ate
M a y  t o  A u g u s t  i n  I l l i n o i s , I1 May  t o  Augus t  i n  Missourila and dur ing
Ju ly  in  New York.@

SPAWNING TEMPERATURE

S p a w n i n g  o c c u r s  a t  2 1 . 6  t o  3 1  C.” l5 l7

SPAWNING HABITAT

S p a w n s  i n  s h a l l o w  a r e a s  o f  s t r e a m s , l a k e s  o r r e s e r v o i r s , ”  la I9
u s u a l l y  i n  w a t e r  2 0  t o  6 0  cm.’  11 13

SPAWNING SUBSTRATE

B u i l d s  n e s t s  i n  g r a v e l ,  p e b b l e s ,  s a n d  o r  h a r d  mud.a 5  l3 l4 l9

FECUNDITY

2 , 3 6 0  t o  22,ilg.'  l5

NATURAL HYBRIDS

Lepomis c y a n e l l u s ; 2 1  z3 i* g i b b o s u s ; 2 3
c* h u m i l i s ; 2 1

C .  m a c r o c h i r u s . 2 0  22 24

EGGS

Demersal, adhesive;l  5 ‘ ’ p a l e  y e l l o w  t o  a m b e r ; 2  d i a m e t e r  1 . 0  mm;’ z
i n c u b a t i o n  p e r i o d :  3  d a y s  a t  2 5  C.13

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
2.5-3.0 mm Newly hatched. ’

C a u d a l  f i n  r a y s  d e v e l o p e d  i n  y o l k - s a c  l a r v a e . ’

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-11 mm Myomeres: 27 (10 + 17) (der ived from f igure) .’
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Lepomis megalot is

Morpho logy :  pec to ra l  buds  we l l  deve loped  (6 .0  mm) ,  sp ines
d e v e l o p i n g  i n  d o r s a l  f i n  ( 8 . 0  m m ) , p e l v i c  f i n s  f i r s t
e v i d e n t  ( 9 . 3  m m ,  d e r i v e d  f r o m  f i g u r e ) . ’

Pigmentat ion:  p igment on dorsum of swim bladder,  a row of
chromatophores on preanal venter ( 6 . 0  m m ) ,  v e n t r a l
p i g m e n t  i n c r e a s e s  p a r t i c u l a r l y  a b o v e  a n a l f i n , few
chromatophores on head  and  abdomen,  a  fa in t  p igment
s p o t  o n  u p p e r  p a r t  o f  o p e r c u l u m (6.5 to 7.1 mm),
p i g m e n t  o n h e a d  a n d  b o d y  i n c r e a s e s ,  c h r o m a t o p h o r e s
deve loped  on  cauda l ,  do rsa l  and  ana l  f i ns  and  upper  jaw
(11 .3  mm,  observed  on  f igu res ) . ’

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
13-19 mm Pigmenta t ion : chromatophores sca t te red over p o s t e r i o r

p o r t i o n  o f  b o d y , a patch of p i g m e n t  b e h i n d  e y e ,
chromatophores on spinous dorsal  f in (13.4 mm),  p igment
s p o t s  o n  a l l  f i n s  e x c e p t  p e l v i c  f i n s ,  c a . 1 0  v e r t i c a l
b a n d s  o n  l a t e r a l aspect between head and caudal  f in,
p igment  bands  w ider  than  in te rspaces  (19 .0  mm).’

ADULTS

F i n  r a y s :  c a u d a l  17;’ d o r s a l  X  o r  X I , 1 1  ( 1 0  t o  1 2 ) ,  a n a l  I l l , 1 0  ( 1 0  t o
1 2 ) ,  p e c t o r a l  1 2  ( 1 0  t o  1 3 ) ,  p e l v i c  I , 5 . ’

Ver teb rae : 29 (28 to 30) .2

L a t e r a l  l i n e  s c a l e s :  3 5  ( 3 3  t o  38).2

D i a g n o s t i c  c h a r a c t e r s :  g i l l  r a k e r s  r e d u c e d  t o  k n o b s , rea r m a r g i n  o f
b o n y  g i l l  c o v e r  t h i n  a n d  f l e x i b l e , e a r  f l a p  c o n s i d e r a b l y  e l o n g a t e d .

LITERATURE CITED
1. Anjard (1974) 13. Huck and Gunning (1967)

f :
Scott and Crossman (1973) 14.
Bai ley (1938b)

Wi t t  and  Marzo l f  (1954)
15. Becker (1976)

4 . Taber (1969) 16. Hubbs and Lagler (1958)
5 . Adams and Hankinson (1928) 17. Cross (1967)
6 . Breder (1936) 18. Pflieger (1975)

Hankinson (1908)
i: R a n e y  ( 1 9 6 5 )

19. Boyer and Vogele (1971)
20. Benson (1959)

9 . Emery (1976) 21. Cross (1950)
10. Smith (1979) 22. Cross and Moore (1952)
11. Hankinson (1919) 23. Hubbs and Hubbs (1933)
12. Hubbs and Cooper (1935) 24. Branson (1967)
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m e g a l o t i sLepomis

8.2 mm

E
9.3 mm

Fig.  231 . Lepomis megalotis, longear sunfish. A.
Yolk-sac l a r v a .  B - E .

Larvae. (A-E, wild-caught, Oklahoma, Taber 1969).
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Lepomis megalot is

11.3 mm

B 13.4 mm

C 19.0 mm

F i g .  2 3 2 . L e p o m i s  m e g a l o t i s ,  l o n g e a r  s u n f i s h .  A . Larva. B and C.
J u v e n i l e s . (A-C, wi ld-caught,  Oklahoma, Taber 1969).
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Lepomis microlophus

Lepomis  m ic ro lophus  (Gunther ) ,  redear  sun f i sh

DISTRIBUTION

O c c u r s  o n l y  i n  I n d i a n a  a n d  l o w e r  M i c h i g a n  i n  t h e  L a k e  M i c h i g a n
d r a i n a g e , 9  l3 n o t  r e p o r t e d  f r o m the  o ther  Grea t  Lakes  excep t  Lake
E r i e . 6

SPAWNING SEASON

Spawns during May and June in I l l i n o i s , "  f r o m  M a y  t o  A u g u s t  i n
M i s s o u r i ' a n d  l a t e  J u n e  t o  e a r l y  J u l y  i n  O h i o . '

SPAWNING TEMPERATURE

Spawning  occurs  a t  20  to  32  C." l3

SPAWNING HABITAT

Spawns in  sha l low wate r  o f  lakes  and  pondsll  i n  wa te r  up  to  3  m deep .8

SPAWNING SUBSTRATE

Nes ts  a re  cons t ruc ted  on  g rave l ,  sand  o r  mud hottom.13

FECUNDITY

2 , 0 0 0  t o  1 0 , 0 0 0 . "

NATURAL HYBR IDS

Lepomis cyanellus;l'  L .  macrochirus.12  Is

EGGS

Demersal;l'  a d h e s i v e ; l3 d i a m e t e r  1 . 3  t o  1 . 6  mm;l i n c u b a t i o n  p e r i o d :  3
d a y s  a t  2 1 . 1  C;l 49  to  52  hours  a t  23 .6  c ,  27  to  28  hours  a t  28 .7  IZ.~

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5 mm Pigmenta t ion :  p igment  on  dorsum o f  sw im b ladder ,  gu t  and

y o l k  s a c , a few pigment spots on head, a row of
chromatophores on postanal v e n t e r ( o b s e r v e d  o n
f i g u r e ) . '

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-15 mm Morphometry:  greatest body depth 24% TL.5
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Lepomis microlophus

M o r p h o l o g y :  i n c i p i e n t  r a y s i n caudal f i n  ( 6 . 2 mm) ,
no t i ceab le  hump on  head  (7  to  11  mm) ,  do rsa l  and  ana l
f i n  r a y s  d e v e l o p i n g  ( 8 . 3  m m ) ,  p e l v i c  f i n s  e v i d e n t ,
i n c i p i e n t sp ines i n  d o r s a l f i n  ( 1 4 . 0  mm);’  b o d y
compressed (10 to 15 mm) .5

Pigmenta t ion : two patches of  broad, chromatophores on top
o f  head  (5 .1  to  7 .0  mm) ,  a  da rk  ba r  o f  ch romatophores
f o r m i n g  o n isthmus (7.0 mm) becoming prominent  (9.0
mm) , a  row o f ch romatophores  on m i d l a t e r a l l i n e ,  a
p r o m i n e n t  p a t c h  o f  p i g m e n t  o n  t o p  o f  h e a d ,  p i g m e n t
sca t te red  over  body ,  dorsum o f  sw im b ladder  p igmented
(10 .2  mm) ,  p igment  on  body  inc reased ,  ch romatophores
d e v e l o p i n g  a l o n g  r a y s  o f  s o f t  d o r s a l  f i n  a n d  u p p e r  r a y s
of  caudal f i n  ( 1 4  m m ,  o b s e r v e d  f r o m  f i g u r e s )  ;l a
v e n t r a l row o f  p igment  on  b reas t  and  be l l y  f rom ang le
o f  g i l l  c o v e r s  t o  a n u s ,  a  d o u b l e  r o w  o n v e n t e r  b e h i n d
anus, o n e  o n each s i d e  o f ana l  f i n ,  body  speck led
t h r o u g h o u t ,  v e r t i c a l  f i n s  p i g m e n t e d  ( 1 0  t o  1 5  m m ) . 5

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
32 mm P i g m e n t a t i o n :  b o d y  c o v e r e d  w i t h  p i g m e n t  e x c e p t  b r e a s t

which is unpigmented, nar row ver t i ca l  bands  on  s ides  o f
body, chromatophores on a l l  median fins.l

ADULTS

F in  r ays : c a u d a l  17;' dorsa l  X ,11  o r  12 ,  ana l  111 ,10  o r  11 ,  pec to ra l
1 3 ,  p e l v i c  l,5.1°

V e r t e b r a e :  3 0 . *

L a t e r a l  l i n e  s c a l e s :  3 9  t o  4 4 . ’

D iagnos t i c  charac te rs : r e a r  m a r g i n  o f  g i l l  c o v e r t h i n a n d  f l e x i b l e ,
s o f t  d o r s a l  f i n  w i t h o u t  d i s t i n c t  s p o t s , cheeks wi thout  wavy b lue ish
l i n e s  i n  a d u l t s , e a r  f l a p  w i t h  a  p r o m i n e n t  r e d  o r orange spo t i n
a d u l t s , g i l l r a k e r s  s h o r t  a n d  t h i c k ,  p e c t o r a l  f i n  l o n g  a n d  p o i n t e d
and longes t  rays  near  dorsa l  s ide  o f f i n , pec to ra l f i n  c o n t a i n e d
about t h r e e t imes i n  S L ,  m o u t h  s m a l l , upper  jaw not  ex tend ing  to
b e n e a t h  p u p i l  o f  e y e ,  t o n g u e  w i t h o u t  t e e t h ,  b o d y  d e p t h  a b o u t  o n e -
ha l f  SL ,  p recauda l  ve r teb rae  12 .

L ITERATURE CITED

1. Meyer (1970)

;:
Childers (1967)
Bai ley (1938b)

4 . May and Gasaway (1967)
5 . Werner (1966)
6 . Emery (1976)
7. Pflieger (1975)

8 . Emig (1966b)
9 . Hubbs and Lagler (1958)

10. Cross (1967)
11. Lopinot (1961)
12. Moore and Paden (1950)
13. Becker (1976)
14. Childers and Bennett (1961)
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Lepomis microlophus

15. Cross and Moore (1952)

A
5.0 mm

B
5.5 mm

10.2 mm

F i g .  2 3 3 . Lepomis  m ic ro lophus ,  redear  sun f i sh . A .  Yo lk -sac larva. B and

C. L a r v a e .  ( A , l a b o r a t o r y - r e a r e d , I l l i n o i s ,  C h i l d e r s  1 9 6 7 ; B and C,

l a b o r a t o r y - r e a r e d ,  C a l i f o r n i a ,  M e y e r  1 9 7 0 ,  i l l u s t r a t e d  b y  C .  C o r s o n ) .
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Lepomis microlophus

A 14.0 mm

32.0 mm

Fig .  234 . Lepomis  m ic ro lophus ,  redear  sun f i sh . A .  L a r v a .  B .  J u v e n i l e .
(A and 8, l a b o r a t o r y - r e a r e d , C a l i f o r n i a , Meyer 1970, i l l u s t r a t e d  b y  C .
Corson) .
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Microp te rus  do lomieu i

Micropterus dolomieui  Lacepede, smal lmouth bass

DISTRIBUTION

O c c u r s  i n  a l l  o f  t h e  G r e a t  L a k e s . ’  D i s t r i b u t e d  t h r o u g h o u t  t h e  L a k e
Mich igan  d ra inage except  in  I l l i no is ,  more  common northward.16

SPAWNING SEASON

Spawning  takes  p lace  f rom Apr i l  to  June  in  M ich igan ’  and  Ohio’, May in
W i s c o n s i n , 2 3  M a y  a n d  J u n e  i n  L a k e  Erie” and may extend to August in
Minnesota . ’

SPAWNING TEMPERATURE

Spawning  occurs  a t  12 .8  to  23 .9  c .  1  1 8  2 1  2 2  2 3

SPAWNING HABITAT

Spawns in  r ivers , streams and along s h o r e s  o f lakes , i n  l o c a t i o n s
p r o t e c t e d  f r o m  w a v e s  a n d  wind.la  l* Nes ts  a re  found in  water  30 to
610 cm.1 1 12 18

SPAWNING SUBSTRATE

Spawns on  rock ,  g rave l  and  coarse  sand.’ 5  z”

ITYFECUND

2

EGGS

, 0 0 0  t o  20,825.~ 7 14

D e m e r s a l ; ’  a d h e s i v e ; 2  6  I8 g r a y i s h  w h i t e ; 7  o p a q u e ; 6  7  l i g h t amber  o r
p a l e  y e l l o w ; ’ d i a m e t e r  1 . 8  t o  2 . 8  mm;’ a l2 l7 o i l  g l o b u l e  l a r g e  a n d

s i n g l e ;  7  I7 d iameter  0 .9  to  1.7 mm;17 numerous small o i l d r o p l e t s
present; 7 i n c u b a t i o n  p e r i o d : 6 days  a t 15.6 C;l” 5 days a t 18.9 C;2 0

ca. 4 days a t  21 .1  C ;5  2 .5  days a t  2 2 . 2 C.‘O

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
4-10 mm Newly hatched (4.6 to 5.0 mm) .’ I7

Morphomet ry :  (as  % TL)  p reana l  l eng th  45 ,  g rea tes t  body
depth  20 ,  eye  d iameter  10  (8 .8  mm).ll

Morpho logy :  head  de f lec ted  over  yo lk  sac  (newly  ha tched) ,
p e c t o r a l  b u d s  p r e s e n t a s  l o w  r i d g e s  p a r a l l e l  t o  b o d y
axis (5.4 mm), mouth open, j a w  n o t  f o r m e d , pec to ra l
buds s e m i - c i r c u l a r (6.0 mm), lower  jaws ev ident  (6 .8
mm) , p e c t o r a l  b u d s  t r i a n g u l a r  a n d  s h i f t e d  t o  4 5  d e g r e e
a n g l e  ( 7 . 5  m m ) ,  j a w s  o f  e q u a l  l e n g t h ,  c a u d a l  f i n

563 Centrarchidae



LARVAE

T o t a l  l e n g t h
8-16 mm

JUVENILES

T o t a l  l e n g t h
16-27 mm

ADULTS

F in  r ays : c a u d a l  17;' d o r s a l  X , 1 2  t o  1 5 ,  a n a 1  I l l , 1 1

Mic rop te rus  do lomieu i

beginning to develop (8.3 mm) ;’ mouth l a r g e , m a x i l l a
e x t e n d i n g  t o  m i d d l e  o f  p u p i l  ( 8 . 8  mm);”  s w i m  b l a d d e r
deve lop ing ,  no tochord  tu rned  upward  (9 .3  mm).’

P igmenta t ion :  body  t ransparen t , y o l k  p a l e  y e l l o w , o i l
g lobu le  b r igh t  go lden  (newly  ha tched) ,  eye  p igmented  (1
day old, 5.4 mm), band  o f  p igment  a long  junc t ion  o f
yolk sac and body,  eye black (6.0 mm), a second band of
p i g m e n t  p a r a l l e l  t o  f i r s t  o n  b o d y  f r o m  a u d i t o r y  v e s i c l e
t o  p o s t e r i o r  l i m i t  o f  y o l k  s a c ,  e y e  b e c o m i n g  i r i d e s c e n t
(6.8 mm), s i d e s  o f  b o d y ,  y o l k  s a c ,  h e a d  a n d  l o w e r  j a w s
covered w i t h  p i g m e n t  ( 7 . 5  mm);’  b o d y  e x c e p t  f i n s  a n d
v e n t e r  o f  y o l k  s a c  p i g m e n t e d  ( 8 . 8  t o  9 . 3  mm).’  ll

D e s c r i p t i o n
Morphomet ry :  (as  % TL)  p reana l  leng th  53  to  54 ,  g rea tes t

b o d y  d e p t h  2 2 , e y e  d i a m e t e r 10 or 11 (9.5 to 10.0
mm) .ll

M o r p h o l o g y :  y o l k  a b s o r b e d  ( 8 . 7  t o  9 . 9  mm);’  h e a d  l a r g e ,
b o d y  g r a d u a l l y  t a p e r i n g  t o  t a i l ,  i n t e s t i n e  b e c o m i n g
co i l ed  (9 .5  mm)  ;ll do rsa l  and  ana l f i n
(9.5 to 10.0 mm) ;a l1

r a y s  f o r m i n g
f i n f o l d  c o n t i n u o u s  b e t w e e n

d o r s a l , a n a l  a n d  c a u d a l  f i n s  ( 1 1 . 1  m m ) ,  p e l v i c  b u d s
e v i d e n t (11 .5  mm);’ d o r s a l  f i n  s p i n e s  d e v e l o p i n g  ( 1 5 . 6
mm,  observed  on  f i gu re ) .6

P i g m e n t a t i o n :  p i g m e n t a t i o n  s i m i l a r  t o  t h a t i n  p r e v i o u s
s tage ,  bu t  w i th  concent ra t ions  o f  ch romatophores  on  top
o f  head ,  over  gu t  and  cauda l  reg ion  (10 .2  mm,  observed
on  f i gu re ) ;6  body  covered w i t h  b l a c k  p i g m e n t  t i n g e d
w i t h  g r e e n a n d  b r o n z e  ( 1 2  mm);’  d a r k  s p o t  o n  t o p  o f
head, pigment even on body, ven te r  less  p igmented  (15 .6
mm,  observed  on  f i gu re ) .6

D e s c r i p t i o n
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  5 1 ,  g r e a t e s t  b o d y

depth 23, eye diameter 8 (19.0 mm) .ll
M o r p h o l o g y :  l o w e r  j a w  p r o j e c t i n g , m a x i l l a  e x t e n d i n g  t o

m i d d l e  o f  pupil;‘l c a u d a l  f i n  n o t c h e d ,  d o r s a l  a n d  a n a l
f i n s  s e p a r a t e d  f r o m  c a u d a l  f i n 7  ( 1 9 . 0  m m ) ,  s c a l e s  f i r s t
evident (18 to 22 mm) .13

P i g m e n t a t i o n :  l a r g e  m e l a n o p h o r e s  c o v e r e d  e n t i r e  b o d y ,
f a i n t , na r row mid la te ra l s t r i p e  d e v e l o p i n g  ( 1 6 . 1  m m
St.1 ;lS ten  dark  ver t i ca l  bands  p resen t  on  each  s ide  o f
body (27 mm) . 7

p e c t o r a l  1 3  t o  1 5 ,  p e l v i c  l,5.'
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Microp te rus  do lomieu i

V e r t e b r a e :  3 1  o r  32.’ 9

L a t e r a l  l i n e  s c a l e s :  6 8  t o  7 8 . 1

Diagnos t i c  charac te rs : upper  jaw ex tend ing  to  midpup i l ,  bu t  no t  beyond
eye, dorsa l f i n  s h a l l o w l y  e m a r g i n a t e , t h e  s h o r t e s t s p i n e s  a t
e m a r g i n a t i o n  b e i n g  m o r e  t h a n  o n e - h a l f  t h e  l o n g e s t ,  p e l v i c  f i n s
jo ined by a membrane, membrane connect ing f in to body h idden , body
depth  abou t  one- th i rd  SL .

LITERATURE CITED
1. Scott and Crossman (1973)
2 . Beeman (1924)

;:
Langlois (1936)
Eddy and Underhi l l  (1974)

5 . Surber (1935)
6 . James (1930)
7. Reighard (1906)
8 . Meyer (1970)
9 . Bai ley (1938b)

10. Breder (1936)
11. Fish (1932)
12. Tester (1930)
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13. Everhart  (1949)
14. Culler (1938)
15. Ramsey and Smitherman (1972)
16. Becker (1976)
17. Mansueti , R .  J .  (1964)
18. Hubbs and Bailey (1938)
19. Langlois (1954)
20. Cur t i s  (1949)
21. Pflieger (1966)
22. Latta (1963)
23. Cahn (1927)
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F i g .  2 3 5 . Mic rop te rus  do lomieu i ,  sma l lmouth  bass .  A -D. Y o l k - s a c  l a r v a e .

(A-C, w i l d - c a u g h t , Mich igan, R e i g h a r d  1 9 0 6 ;  D ,  l a b o r a t o r y - r e a r e d ,  N e w
York ,  F ish  1932) .



Microp te rus  do lomieu i

19.0 mm

F i g . 236. B and C.

J u v e n i l e s .
M i c r o p t e r u s  d o l o m i e u i ,  s m a l l m o u t h  b a s s .  A .  La:;;; Erie, Fish

1 9 3 2 ;  C ,
(A ,  ha tchery - reared ,  New York ;  B ,  wild-;;;;ht,

l a b o r a t o r y - r e a r e d , C a l i f o r n i a , M e y e r , i l l u s t r a t e d  b y

C. Corson) .
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Microp te rus  sa lmo ides

Micropterus salmoides (Lacepede),  largemouth bass

DISTRIBUTION

O c c u r s  i n  a l l  o f  t h e  G r e a t  L a k e s  e x c e p t  L a k e  S u p e r i o r 1 5  a’ a n d  i s
uncommon i n the  Lake  Super io r  drainage.'O Common to abundant in the
Lake Michigan drainage,‘O e x t e n s i v e l y  i n t r o d u c e d  i n t o m a n y  p a r t s  o f
t h e  U n i t e d  States.’ l5

SPAWNING SEASON

S p a w n i n g  t a k e s  p l a c e  f r o m  l a t e  A p r i l  t o  J u n e  i n  Wisconsin,‘l  24 May  to
June i n  Michiganl’  a n d  I l l i n o i s ; 2 5  26 M a y  t o  J u l y  i n  O h i o ”  a n d  A p r i l
t o  J u l y  i n  M i n n e s o t a .  1 9  2 0

SPAWNING TEMPERATURE

S p a w n i n g  u s u a l l y  o c c u r s  a t  1 6  t o  2 3 . 9  C.2 ' lo 2o 22 26

SPAWNING HABITAT

Spawns in shal low, s h e l t e r e d  a r e a s  o f  r i v e r s , l a k e s  a n d  p o n d s , 2 0  21
u s u a l l y w i t h aqua t i c vegetation.lO  2z 26 Nests  a re  cons t ruc ted  in
w a t e r  u p  t o  2  m  deep,lO  3 1  b u t  m o r e  o f t e n  i n  w a t e r  3 0  t o  1 2 2  cm.'  16

SPAWNING SUBSTRATE

Spawns on g r a v e l , sandl0 1 3 1 7 2 1 2 2 2 9 o r s o f t mud.2 6 Eggs are
a t t a c h e d  t o  s t o n e s ,  r o o t s ,  d e t r i t u s  o r  o t h e r  o b j e c t s . l  6  9  l7

FECUNDITY

2 , 0 0 0  t o  81,582~ 20 31

EGGS

Demersal, adhesive;l  6  9  27 l i g h t  y e l l o w , orangel o r cream; l1
d i a m e t e r  1 . 4  t o  2 . 0  mm;’ 3  27 o i l g l o b u l e , u s u a l l y s i n g l e ,
diameter 0 . 6 5  t o  0 . 7  m m ; 6  27 a  f e w  s m a l l e r  o i l  g l o b u l e s  m a y  b e
present ;  6 i n c u b a t i o n  p e r i o d :  5  d a y s  a t  18.9 C;3z 4  d a y s  a t 1 5 . 6  t o
1 6 . 8  C ,  3  d a y s  a t  1 6 . 8  t o  lg.6 C;l" 2  d a y s  a t  2 2 . 2  C ; 3 2  2  d a y s  a t  2 1 . 7
t o  2 3 . 9  C."

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
3-6 mm N e w l y  h a t c h e d  ( 2 . 3  t o  5 . 5  m m ) . 6  l2 l7 z7

Myomeres: 34 to 36 (11 + 23 to 25) .6

Morphometry:  (as %  T L )  p r e a n a l  l e n g t h  6 2 ,  g r e a t e s t  b o d y
depth  41 ,  eye  d iameter  7  o r  8 .6
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Microp te rus  sa lmo ides

5-8 mm

M o r p h o l o g y :  b o d y  r o b u s t ,  f i n f o l d s  w i d e ,  y o l k  s a c  l a r g e ,
h e a d  s t r o n g l y  d e f l e c t e d  d o w n w a r d  o v e r  a n t e r i o r  m a r g i n
o f  y o l k  sac;’ o i l  g l o b u l e  l o c a t e d  i n  p o s t e r i o r p o r t i o n
of yolk sac;’ 27 c h o r o i d  f i s s u r e  w i d e ,  p e c t o r a l  b u d s
e v i d e n t 6 (newly hatched;”  or 1 d a y  p o s t h a t c h i n g ,  4 . 8
mm2’)  ; s w i m  b l a d d e r  d e v e l o p i n g  ( 5 .0  m m ) ; 6  o r  f o r m e d
(4.0 mm) .16

P igmenta t ion : unpigmented f rom hatching to 4.75 mm;6 7

p i g m e n t  a p p e a r i n g  i n  e y e  ( 5 .0  t o  5 . 4  mm).’  6  I7

Myomeres: 29 or 30 (11 + 17 to 19) .5 c 27
Morphometry:  (as % TL)  p reana l  l eng th  44 to  46;' to  49;”

grea tes t  body  depth  20  to  23 ,  eye  d iameter  6 to  9.”
Morphology: lower jaw developing (5.0 mm) ;  6  mouth cavi ty

e v i d e n t (5.3 mm) ,1 7    upper j a w  f o r m e d , ope rc le
d e v e l o p i n g  ( 6 . 2  m m ) ,  m o u t h  f u n c t i o n a l ,  s w i m  b l a d d e r
f i l l e d , f i r s t  p e c t o r a l f i n  r a y s  p r e s e n t  ( 6 . 5  t o  7 . 2
mm) . c

Pigmenta t ion : chromatophores evident above and below swim
bladder (5.0 mm) ;I6 a few chromatophores along junct ion
of body and yolk sac and on yolk sac (5.6 mm) ; l7
me lanophores  on  head ,  do rsum,  la te ra l  l i ne  and  yo lk  sac
(5.0 to 6.2 mm) ;6 2’ v e n t r a l  b a n d  o f  p i g m e n t  d i s t i n c t ,
d o r s a l  b a n d  b e g i n n i n g  t o  f o r m ( 6 . 3  mm);’  1’ pigment
over  who le  body  and  yo lk  sac  (7 .3  to  8.0 mm).l’

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-16 mm Myomeres: 30 (11 + 19) .27

Morphometry:  preanal  length 45 to 50% TL.2 7

Morpho logy :  yo lk absorbed  (6 .5  to  8.0 m m ; 5  l7 27 9  to  15
d a y s  p o s t h a t c h i n g  lo 17);  l a r v a e  s t o c k y  anteriorly;l’
deepest i n t h e  h e a d  a n d  t h o r a c i c  r e g i o n ; ’  c a u d a l  f i n
rays  fo rming  (7 .26 or  g.617mm); gu t mass ive ly c o i l e d
(8.0 mm) is 23 pelvic buds developing (11 to 15 mm)  .2 7

P i g m e n t a t i o n :  d o r s a l  a n d  a n a l  f i n s  p i g m e n t e d  ( 9 . 6  mm);“’
a n  i n d e f i n i t e  l a t e r a l  b a n d  o f  p i g m e n t  b e g i n s t o  f o r m ,
pigment c o n c e n t r a t e d  o n head, b e h i n d  e y e s  a n d  o n
abdomen, s p a r s e  p i g m e n t  o n  b o d y  a n d caudal f i n
(observed  on f i g u r e )  ;’ snout t i p  p i g m e n t e d ’  5  ( 1 0 . 2

mm) . p i g m e n t  p a t t e r n s  s i m i l a r  t o  t h o s e  o f 10.2 mm
larvae (15.5 mm), la te ra l  band  we l l  de f i ned  f rom snou t
t o  c a u d a l  f i n  b a s e , chromatophores on venter of abdomen
and a patch of  p igment on t o p  o f h e a d  ( o b s e r v e d  o n
f i g u r e )  .l

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
16-40 m m SL Myomeres: 30 (11 + 19) .27

Ver tebrae : 32 o r 33 (16 + 16 o r 17) . 2 7
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M o r p h o l o g y :  b o d y  r o b u s t , less compressed than o t h e r
c e n t r a r c h i d s , m a x i l l a reach ing  to  o r  beyond pos te r io r

sca les  f i r s t  appear  (16.8  m m  SL).”m a r g i n  o f  eye;f
P i g m e n t a t i o n :  l a t e r a l s t r i p e conspicuous, wide and

u n i n t e r r u p t e d  ( 16 .8  m m  S L ) ,  s u b m a r g i n a l  c a u d a l  b a n d
forming (35 mm SL), well developed (40 mm SL), l a t e r a l
str ipe disrupted (35 mm SL)  .I8

ADULTS

F i n  r a y s :  c a u d a l  17;" d o r s a l  X , 1 2  ( 1 2  t o  1 4 ) ,  a n a l  I l l , 1 1  ( 1 0  t o  1 2 ) ,
p e c t o r a l  1 3  t o  1 5 ,  p e l v i c  1,s.’

V e r t e b r a e :  3 0  t o  33.'  I4

L a t e r a l  l i n e  s c a l e s :  6 0  t o  6 8 . 7

D i a g n o s t i c  c h a r a c t e r s : upper  jaw ex tends  beyond eye ,  dorsa l  f in  a lmos t
d i v i d e d , t h e  s h o r t e s t s p i n e  a t  t h e  e m a r g i n a t i o n  l e s s  t h a n  h a l f  a s
l o n g  a s  t h e  l o n g e s t ,  p e l v i c  f i n s  n o t  j o i n e d  b y  m e m b r a n e s , membrane
connect ing  f ins  to  body obv ious , body  dep th  about  one  th i rd  o f  SL .

LITERATURE CITED
1. Meyer (1970)
2 . Harlan and Speaker (1969)

i:
Merr iner (1971a)
Wang and Kernehan (1979)

2:
Anjard (1974)
Carr (1942)

ii:
Scott and Crossman (1973)
Fish (1932)

9 . Breder (1936)
10. Kramer and Smith (1962)
11. Snow (1971)
12. Heidinger (1975)
13. Emig (1966a)
14. Bailey (1938b)
15. Hubbs and Lagler (1958)
16. Johnston (1953)
17. Reighard (1906)

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

;::

Ramsey and Smitherman (1972)
Turner and Kraatz (1921)
Eddy and Underhi l l  (1974)
Johnson (1971)
Mraz and Cooper (1957)
Conner (1979)
Cahn (1927)
Forbes and Richardson (1909)
James (1946)
Mansuet i ,  R .  J .  (1964)
Hankinson (1908)
Carbine (1939)
Becker (1976)
Kelly (1962)
Cur t i s  (1949)
Stranahan (1908)
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F i g .  2 3 7 . Mic rop te rus  sa lmo ides ,  la rgemouth  bass .  A-C. Yo lk -sac la rvae .

(A, l a b o r a t o r y - r e a r e d , F l o r i d a , Carr 1942; B, l a b o r a t o r y - r e a r e d ,

C a l i f o r n i a ,  M e y e r 1970, i l l u s t r a t e d  b y  C . C o r s o n ;  C , w i l d - c a u g h t ,

Lou is iana, Conner  1979 , s p e c i f i c i d e n t i t y subsequent ly v e r i f i e d  b y

J. V. Conner) .
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M i c r o p t e r u s s a l m o i d e s

3.4 mm

5.4 mm

6.6 mm
C

F i g .  2 3 7 . M i c r o p t e r u s  s a l m o i d e s ,  l a r g e m o u t h  b a s s .  i-C.
Y o l k - s a c  l a r v a e .

(A, l a b o r a t o r y - r e a r e d , F l o r i d a , C a r r 1942; l a b o r a t o r y - r e a r e d ,

C a l i f o r n i a ,  M e y e r 1970, i l l u s t r a t e d  b y  C . C o r s o n ;  C , w i l d - c a u g h t ,

L o u i s i a n a , C o n n e r  1 9 7 9 , s p e c i f i c i d e n t i t y s u b s e q u e n t l y v e r i f i e d  b y

J .  V .  C o n n e r )  .
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Microp te rus  sa lmo ides

A 8.4 mm

B 10.2 mm

C 15.5 mm

Fig. 238. M i c r o p t e r u s  s a l m o i d e s ,  l a r g e m o u t h  b a s s .  A .  Y o l k - s a c  l a r v a .  B
a n d  C .  L a r v a e .  ( A ,  w i l d - c a u g h t ,  L o u i s i a n a ,  C o n n e r  1 9 7 9 , s p e c i f i c  i d e n t i t y
subsequent ly verified by J. V. Conner; B and C, l a b o r a t o r y - r e a r e d
C a l i f o r n i a ,  M e y e r  1 9 7 0 ,  i l l u s t r a t e d  b y  C .  C o r s o n ) .
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Pomoxis annular is

Pomox is  annu lar is  Raf inesque,  wh i te  c rapp ie

DISTRIBUTION

O c c u r s  i n  a l l  o f  t h e  G r e a t  L a k e s  e x c e p t  L a k e  Superior.lO  l1 Widely
d i s j u n c t  p o p u l a t i o n s  o c c u r  t h r o u g h  t h e  s o u t h e r n  h a l f  o f  t h e  L a k e
M i c h i g a n  d r a i n a g e . ”

SPAWNING SEASON

Spawning takes p
June i n  i l l i n o
Minnesota.16

l a c e  f r o m  l a t e  A p r i l  t o  e a r l y  J u l y in Ohio,’  May to
is12 17 a n d  N e w  Y o r k 3 a n d  l a t e May t o  J u n e i n

SPAWNING TEMPERATURE

Spawning  occurs  a t  14  to  23  C.l*  l3

SPAWNING HABITAT

Spawns in ponds, l a k e s  o r r e s e r v o i r s , ’  9 in bays or coves well
p r o t e c t e d  f r o m  w a v e  a c t i o n . ’  l4 N e s t s  a r e  f o u n d  i n  d e e p e r  w a t e r
d e e p e r  ( 5  t o  6 1 0  c m )  t h a n  t h o s e  o f  o t h e r  s u n f i s h e s , 3  9  l4 o f t e n  n e a r
l o g s  o r  o t h e r  l a r g e  o b j e c t s . ”

SPAWNING SUBSTRATE

Spawns on r o c k s ,  b o u l d e r s ,  g r a v e l ,  s a n d ,  c l a y  o r  mud.l  5  9  E g g s  m a y
a l s o  b e  d e p o s i t e d  o n  g r a s s  r o o t s  o r  t r e e  leaves.lz

FECUNDITY

970 to 325,677. 1  2 1

NATURAL HYBRIDS

P o m o x i s  n i g r o m a c u l a t u s . 2 0  21 22

EGGS

Demersa l ,  adhesive;l  6 9 I2 colorless;ll  d i a m e t e r 0 . 8 t o 0 . 9 mm;9 I2
o i l g lobu le  l a rge  and  single;l incubat ion  per iod :  93  hours  a t  14 .4  C,
43  to  51  hours  a t  18 .3 t o 19.4 C, 42 hours at  22.8 C ;5 27 hours a t 21
t o  2 2 . 2  c.1

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
1 . 2 - 4 . 0 m m Newly hatched (1.2 t o 2 .6 mm) .l 4

Myomeres: 29 to 33 (10 t o 13 + 19 t o 23) .’ la
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Morphomet ry :  (as  % TL)  p reana l  l eng th  36 to  41 (Pomoxis
spp.) ; 2 d is tance  f rom eye  to  sw im b ladder  g rea te r  than
15 (4 to 12 mm) .18

Morpho logy :  la rvae  curved  a round yo lk (newly hatched) ,
s t r a i g h t e n e d ( 1 . 8  m m ) ,  g i l l  c l e f t s  d e v e l o p i n g  i n
pharynx (3.0 mm) ;I o i l  g lobu le  near  do rsum o f  yo l k sac
(1 .8  to  3 .5  mm);? i n  p o s t e r i o r  h a l f  o f  y o l k  s a c  ( 3 . 5  t o
3.7 mm) ;l* p e c t o r a l  b u d s  e v i d e n t ,  j a w s  p r e s e n t  b u t  n o t
movable, i n c i p i e n t  r a y s  i n  c a u d a l  f i n (3 .7  mm),  jaws
movable, g i l l a r c h e s  a n d  g i l l  f i l a m e n t s  p r e s e n t ,  s w i m
b l a d d e r  v i s i b l e ,  i n t e s t i n e  b e g i n n i n g  t o  f o l d  ( 3 . 9  m m ) ,
f i n  r a y s  b e g i n n i n g  t o  d e v e l o p  i n  d o r s a l  a n d  a n a l  f i n s
(4.2 mm) .l

Pigmentat ion: eye unpigmented (newly hatched) ;  l p igment
on s w i m  b l a d d e r  ( 3 .7  t o  3 . 9  mm);’  L o n  v e n t e r  b e t w e e n
anus and caudal  peduncle (3.9 mm).l

LARVAE

Tota l l e n g t h D e s c r i p t i o n
4-16 mm Myomeres: 29 to 33 (11 to 13 + 17 to 22) .I l*

Morpho logy :  yo lk  absorbed (4 .0  to  4.6 m m ) ; 5  I8 i n c i p i e n t
caudal f i n  r a y s  ( 7 .0  t o  8 .3  m m 8  I8 o r  11 .5  mm’);  f i r s t
d o r s a l  f i n  r a y s  ( 9  t o 1 1 . 5  m m ) ; ’  la a n a l f i n  r a y s
developing (11 to 11.5 mm), sp ines  beg inn ing  to  fo rm in
anal a n d  d o r s a l fins (13.5 to 14 mm), five or six
dorsa l  f i n  sp ines  (16 .0  mm)  .I

P i g m e n t a t i o n :  b o d y  t r a n s p a r e n t  ( 4 . 1  t o  4 . 6  m m ) ; 5  d o r s u m
o f s w i m  b l a d d e r  p i g m e n t e d (4.3 mm, d e r i v e d  f r o m
f i g u r e ) ; 8  l a r g e  a n d  w i d e l y  s p a c e d  c h r o m a t o p h o r e s  o n
swim bladder, a row of melanophores along postanal
v e n t e r , another row just beneath notochord between swim
bladder  and caudal  peduncle (4 to  6 mm, d e r i v e d  f r o m
f i g u r e )  ;I increased pigment spots on venter,  dorsum of
s w i m  b l a d d e r lightly pigmented (11.2 mm), a few
chromatophores  on t o p o f  h e a d , ven t ra l  row and  row
b e n e a t h  n o t o c h o r d  n o t  v i s i b l e  ( 1 3 . 5  m m ,  d e r i v e d  f r o m
f i g u r e s )  .O

JUVENILES

Tota l length D e s c r i p t i o n
16-27 mm Myomeres: 29 to 33 (11 to 13 + 17 to 20) .I8

Morphometry:  greatest body depth 22% TL (25.5 mm).’
Morphology: scales f i r s t e v i d e n t (16 to 19 mm),

squamation complete (27 mm) .15
Pigmentat ion:  pigment on head, snout and lower jaw, a row

of  p igment  on  ven te r f r o m  m i d p o i n t  o f  a n a l fin to
caudal f i n , few chromatophores  on  dorsa l  f i n ,  cauda l
f i n  a n d  c a u d a l p e d u n c l e  ( 2 5 . 5  m m , der ived from
f i g u r e )  . 8
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ADULTS

F in  r ays : caudal  17;23 dorsal VI (Vi I), 14 or 15 (13 to 15), anal VI
(VI I), 17 (16 to 18), pectoral 13, pelvic I,5.11

V e r t e b r a e :  30  t o  32.11 23

L a t e r a l  l i n e  s c a l e s :  3 4  t o  44."

D i a g n o s t i c  c h a r a c t e r s :  b a s e  o f  a n a l f i n  longer  than  base  o f  do rsa l
f i n ,  e y e  d i a m e t e r  f i v e  t o  s i x  t i m e s  i n  h e a d , two t imes i n snout ,
b o d y  w i t h  p a l e  v e r t i c a l  b a r s , b ranch ios tega l  rays  seven,  dorsa l
s p i n e s  s i x , r a r e l y  f i v e .

LITERATURE CITED
1. Morgan (1954)

::
Conner (1979)
Raney (1965)

4. Sie fe r t  (1969)
S ie fe r t  (1968)
Anjard (1974)
Wang and Kernehan (1979)

i: T a b e r  ( 1 9 6 9 )
9 . Hansen (1943)

10. Emery (1976)
11. Scott and Crossman (1973)
12. Hansen (1951)

13. Nelson  e t  a l .  (1967)
14. Pflieger (1975)
15. Sie fer t  (1965)
16. Eddy and Underhi l l  (1974)
17. Forbes and Richardson (1909)
18. Chatry and Conner (1980)
19. Becker (1976)
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21. Bai ley and Al lum (1962)
22. Trautman (1957)
23. Bailey (1938b)

1.8 mm

3.0 mm

F i g .  2 3 9 . P o m o x i s  a n n u l a r i s ,  w h i t e  c r a p p i e . A and B. Y o l k - s a c  l a r v a e .
(A and B, labora to ry - reared ,  Oh io ,  Morgan  1954) .
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mm

F ig .  240 . P o m o x i s  a n n u l a r i s ,  w h i t e  c r a p p i e .  A - E . L a r v a e .  F . J u v e n i l e .

(A-F,  wi ld-caught,  Oklahoma, Taber 1969).
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Pomoxis nigromaculatus

Pomoxis nigromaculatus (LeSueur),  b lack crappie

DISTRIBUTION

O c c u r s  i n  a l l  o f  t h e  G r e a t  L a k e s 5  a n d  c o m m o n  t h r o u g h o u t  t h e  L a k e
M i c h i g a n  d r a i n a g e , ”

SPAWNING SEASON

Spawns  f rom May t o  J u l y  i n  Wisconsin,ll 17 18 M a y  t o  e a r l y  J u n e  i n
M i c h i g a n , 2 1  A p r i l  t o  J u n e  i n  N e w  Y o r k , 3  2a d u r i n g  M a y i n  Illinois14
a n d  d u r i n g  J u l y  i n  Indiana.15

SPAWNING TEMPERATURE

S p a w n i n g  o c c u r s  a t  17 .4  t o  2 0  C.14 lc 2o 22

SPAWNING HABITAT

Spawns in  sha l low a reas  o f  lakes  and  ponds , 3  I4 21 usua l l y  in  water  25
t o  6 1 0  cm.” N e s t s  a r e  o f t e n  c o n s t r u c t e d  n e a r  a q u a t i c  v e g e t a t i o n . 2 2

SPAWNING SUBSTRATE

Nests  may  be  cons t ruc ted  on  a  c lay  o r  muddy  bottom,l’  22 bu t  sand  and
f i n e  g r a v e l  a r e  preferred.16

FECUNDITY

2 0 , 0 0 0  t o  188,000.17  l9 24 25 26 Zn

NATURAL HYBRIDS

P o m o x i s  a n n u l a r i s . 1 o  I1 l2

EGGS

D e m e r s a l ,  a d h e s i v e ; 5  l4 l6 a m b e r ; 3 3  d i a m e t e r  0 . 9  mm;” o i l g l obu le
s i n g l e , incubat ion  per iod :  48  to  68  hours  a t  18 .3  C.2 7

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
2-4 mm Newly hatched (2.3 mm) .l

Myomeres :  29  to  31  (10  to  13  +  19  to  231.’ 23
Morphomet ry :  d is tance  f rom eye  to  sw im b ladder  less  than

15% TL.I’
Morphology: gut coi led (< 3 mm)  ;2 s w i m  b l a d d e r  f o r m e d

(3.4 to 3.8 mm) ;23 o i l  g l o b u l e  l o c a t e d  i n  m i d d l e  o r
a n t e r i o r  p o r t i o n  o f  y o l k  s a c  ( 3 .5  t o  8  m m )  .’ 23
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Pomoxis nigromaculatus

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
3-6 mm Myomeres: 31 to 35 (10 to 13 + 19 to 23) .I 23

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  3 6  t o  3 7 ,  h e a d
length 13 to 16, g r e a t e s t  b o d y  d e p t h  1 3  t o  1 6 ,  e y e
d i a m e t e r  6  t o  7.'

Morpho logy :  yo lk  absorbed  (3 .5  to  3 .9  mm) .2 3

6-18 mm Myomeres: 31 (11 to 14 + 18 to 21) at 6 to 16 mm.l
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  3 9  t o  4 1 ,  h e a d

length 17 to 19, g r e a t e s t  b o d y  d e p t h  1 5  t o  1 6 ,  e y e
d i a m e t e r  5  t o  6  ( 7 . 5  t o  8 . 0  m m ) ,  p r e a n a l  l e n g t h  4 0  t o
43 ,  head l eng th  20  to  23 ,  g rea tes t  body  dep th  17  to  20 ,
eye  d iamete r  7  (10 .5  to  11 .0  mm) ,  p reana l  l eng th  39  to
41, head length 23 to 25, body depth 19 to 22, eye
diameter 7  t o  8  ( 1 3 . 5  t o  1 4 . 0  m m )  ;’ l e n g t h  o f  d o r s a l
f i n  g r e a t e r  t h a n  e y e  t o  d o r s a l  f i n  d i s t a n c e . 2 3

Morphology: i n c i p i e n t  c a u d a l  f i n  r a y s  ( 7  t o  9 . 0  mm);’  23
u r o s t y l e u p t u r n e d  ( 8  m m )  ;’ r a y s  d e v e l o p i n g  i n  s o f t
d o r s a l  a n d  a n a l  f i n s  ( 9 . 5  t o  1 0 . 0  m m ) ,  f i r s t  s p i n e s i n
dorsal and anal f i n s  ( 1 1 . 5  t o  1 1 . 9  m m ) ; ’  p e l v i c  b u d s
forming (11 mm), i n c i p i e n t  r a y s  i n  p e c t o r a l  a n d  p e l v i c
f i n s  ( 1 4  mm);’  d o r s a l  f i n  w i t h  s e v e n  s p i n e s  ( 1 6  m m  a n d
larger) ; l scales appear (mean length 17.7 mm) .)

P igmenta t ion : m e l a n o p h o r e s  o n  d o r s u m  o f  s w i m  b l a d d e r ,
s i d e s  o f head, a n t e r i o r  p a r t  o f  s t o m a c h  a n d  a l o n g
midvent ra l l i n e , subsurface spots on  dorsum j u s t
p o s t e r i o r  t o  h e a d ,  m e l a n o p h o r e s  o n  b o t h  s i d e s  o f
myomeres below midlateral myoseptum, in some specimens
pigment i n  a  v e n t r o - l a t e r a l  l i n e  ( 8  m m ) ,  m e l a n o p h o r e s
o n  c a u d a l  f i n , v e n t r o - l a t e r a l  r o w  o f  p i g m e n t d i s t i n c t ,
a  d o u b l e  v e n t r a l  r o w  o f  p i g m e n t  a l o n g  a n a l  f i n ,  l a t e r a l
r o w  o n  p o s t e r i o r  h a l f  o f  b o d y ,  v e n t r o - l a t e r a l  r o w  l e s s
conspicuous, melanophores on top and s i d e s  o f head,
lower and  upper  j aw  and  la te ra l  aspec t  o f  s tomach  (11
to 14 mm), a  doub le  do rsa l  row o f  p igment  a long dorsa l
f i n , melanophores on anal a n d  d o r s a l f i ns  in  some
specimens (14 to 17 mm) .I

JUVENILES

To ta l  length D e s c r i p t i o n
21 mm Myomeres: 31 to 34 (11 to 13 + 19 to 21) .23

1Morphometry: body depth 30 to 33% TL (2
Morpho logy :  dorsa l  f i n  base  about  equa l

caudal peduncle s h o r t e r and wi
p .  annularis.*

P i g m e n t a t i o n :  p i g m e n t  o n  h e a d  a n d  s
b lo tches  on  cauda l ,  do rsa l  and  ana l  f

mm) -*
t o  a n a l  f i n  b a s e ,
der than i n

des  o f  body ,  dark
ns.e
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Pomoxis nigromaculatus

ADULTS

F in  rays :  cauda l  17 ;’ dorsal VI I I (VII), 14 (14 to 16), anal VI ( V I I ) ,
1 7  ( 1 7  t o  1 8 ) ,  p e c t o r a l  1 3  t o  1 5 ,  p e l v i c  l,5.”

V e r t e b r a e :  3 1  t o  33.s 7

L a t e r a l  l i n e  s c a l e s :  3 6  t o  41.5

Diagnos t i c  charac te rs :  base  o f  ana l  f i n  a lmos t  equa l  to  base  o f  do rsa l
f i n ,  e y e  d i a m e t e r  f o u r  t o  f i v e  t i m e s  i n  h e a d ,  l e s s  t h a n  t w o  t i m e s  i n
snout , b o d y  w i t h  i r r e g u l a r  d a r k  b l o t c h e s , branch ios tega l  rays  seven.

LITERATURE CITED
1. S i e f e r t  ( 1 9 6 9 )
2. Anjard (1974)

4.
Adams and Hankinson (1928)
Faber (1963)

6 .
Scott and Crossman (1973)

7 :
Merr iner (1971a)
Bai ley (1938b)

8. Wang and Kernehan (1979)
9 . Ward and Leonard (1952)

10. Hubbs (1955)
11. Becker (1976)
12. Bai ley and Al lum (1962)
13. R.  E .  Se i fe r t  (pers .  Comm.)
14. Richardson (1913)

15. Everman and Clark (1920)
16. Breder and Rosen (1966)
17. Eddy and Surber (1943)
18. Schneberger (1972)
19. Morgan (1951)
20. Langlois (1954)
21. Jude  e t  a l .  (1978)
22. Pearse (1919)
23. Chatry and Conner (1980)
24. Culler (1938)
25. Vessel and Eddy (1941)
26. U l r e y  e t  a l .  ( 1 9 3 8 )
27. Merr iner (1971b)
28. Raney (1965)

8.3 mm

Fig .  241 . Pomox is  n ig romacu la tus ,  b lack  c rapp ie . Larva. (WiId-caught,
L o u i s i a n a ,  C o n n e r  1 9 7 9 ,  s p e c i f i c  i d e n t i t y  s u b s e q u e n t l y  v e r i f i e d  b y  J .  V .
Conner) .
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Fig .  242 . Pomoxis nigromaculatus, b l a c k  c r a p p i e . A and B. L a r v a e .  C .

J u v e n i l e . ( A  a n d  B ,  w i l d - c a u g h t ,  M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .
Auer ; C, wi ld-caught,  Delaware River,  Wang and Kernehan 1979).



Members of the Pert idae  a re  p resen t  th roughout  the  nor thern  hem i sphere
except Alaska, the  wes te rn  th i rd  o f  the  Un i ted  S ta tes ,  nor theas te rn  Canada,
Greenland, Ice land  and  eas te rn  S iber ia . T h e  f a m i l y  c o n t a i n s  9  g e n e r a  a n d
121 species; 5 genera and about 100 species occur in North America.

Perc ids i n h a b i t  f r e s h w a t e r streams, r i v e r s and l a k e s  f r o m  w a r m
tempera te  reg ions  to  the  co ld  subarc t i c . T h e y  a r e  s p i n y - r a y e d  f i s h e s  w i t h
t w o  d i s t i n c t l y  s e p a r a t e  d o r s a l  f i n s  a n d  o n e  o r  t w o  s p i n e s  i n  t h e  a n a l  f i n .
A l l  possess  c teno id  sca les , g i l l  m e m b r a n e s  a r e  f r e e  f r o m  t h e isthmus and
there are t e e t h  o n  j a w s ,  p a l a t i n e s  a n d  v o m e r .  A  f e w  s p e c i e s  h a v e  c a n i n e

t e e t h , in  o thers  the  tee th  a re  sma l l  and  inconsp icuous .

P e r c a  f l a v e s c e n s ,  S t i z o s t e d i o n  c a n a d e n s e  a n d  S .  v i t r e u m  a r e  t h e
l a r g e s t members of the  fami l y  in  the  Grea t  Lakes  a rea ,  matu re  f i sh  range
f rom 30  to  70  cm to ta l  l eng th . 2. canadense  and  2. v i t reum broadcas t  the i r
eggs  ac ross  rubb le  shore l ine  and  shoa l  a reas ,  whereas  11. f l avescens lays
i t s eggs i n a  g e l a t i n o u s mass  in  vege ta ted  o r  p ro tec ted  a reas  o f  qu ie t
lakes and ponds. Eggs  o f  these  th ree  spec ies  a re  usua l l y  1.5 t o  2 .5  mm in
d i a m e t e r  a n d  p o s s e s s  a  s i n g l e ,  l a r g e  o i l  g l o b u l e .  L e n g t h s  o f  l a r v a e  a t

Percidae

Family Percidae, perches

BY

Nancy A. Auer

hatching range from 4.5 to 8.5 mm.

Remaining members of the Percidae i n t h e  G r e a t  L a k e s  r e g i o n , the
d a r t e r s , u s u a l l y a t t a i n lengths of only 75 to 180 mm. T h e s e  f i s h  o f t e n
depos i t  eggs  wh ich  adhere  to  the  subs t ra te  o r  vegeta t ion  and  range f rom 1 .5
to 2.0 mm in d iameter . S o m e  s p e c i e s  g u a r d  t h e  e g g s  a n d  y o u n g ,  w h e r e a s
o thers show n o  p r o t e c t i v e  t e n d e n c i e s . T h e s e  f i s h  h a t c h  a t  l e n g t h s  o f  4 . 5
to 6.5 mm.

E a r l y  d e v e l o p m e n t  o f  m o s t  p e r c i d s  h a s  b e e n  p o o r l y  s t u d i e d . The
d i f f i c u l t y in  the  separa t ion  o f  la rvae  o f  th is  fami ly  i s  compounded by  the
ex t reme s im i la r i t y  in  number  o f  myomeres ,  p igmenta t ion p a t t e r n s , s i z e  a t
hatching and possession of a s i n g l e ,  a n t e r i o r  o i l  g l o b u l e .
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Percidae

T a b l e  6 . Ranges of preanal myomeres (-) and total myomeres (x) among
G r e a t  L a k e s  p e r c i d s . Data  were  taken  f rom severa l  sources  c i ted  in
t h e  i n d i v i d u a l  s p e c i e s  a c c o u n t s .

Number of Preanal Myomeres

Species 14 15 16 17 18 19 20 21 22 23 24 25

S t i z o s t e d i o n  v i t r e u m

Perca f lavescens

Etheostoma blennioides

Percina caprodes

Stizostedion canadense

Etheostoma zonale

Etheostoma caeruleum

Etheos toma f l abe l l a re

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

Number of Vertebrae
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Etheostoma blennioides

Etheos toma b lenn io ides  Raf inesque,  g reens ide  dar te r

DISTRIBUTION

C o l l e c t e d  f r o m  t h e  h e a d w a t e r s  o f  t h e  S t . Joseph a n d  G r a n d  R i v e r s ,
M i c h i g a n . ’ Found i n  O n t a r i o  t r i b u t a r i e s  o f  L a k e s  S t .  C l a i r  a n d  E r i e
a n d  i n  t h e  s o u t h e r n  t r i b u t a r i e s  o f  L a k e  O n t a r i o . 6

SPAWNING SEASON

Spawns in  Apr i l  to  June in  Mich igan ’  4  and  mid-Apr i l t o  m i d - J u n e i n
the  Lake  Ontar io  drainage.s

SPAWNING TEMPERATURE

S p a w n i n g  i s  i n i t i a t e d  a t  1 0 . 6  C.l 3  3

SPAWNING HABITAT

S p a w n s  i n  s w i f t  r i f f l e s  o v e r la rge rocks,  l r i f f l e s  w i t h  a l g a e  o r
moss 2  4  7  o r  the  deepes t , s w i f t e s t  p a r t s  o f  r i f f l e s . 5

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  n e a r  t h e  p o i n t  o f  a t t a c h m e n t  o f  f i l a m e n t o u s  a l g a e
(Cladophora) 1 s o r  m o s s  ( F o n t i n a l i s )  .l Male establ ishes and defends a
l a r g e  t e r r i t o r y . ’

FECUNDITY

404 to 1,832;3 4 5 usua l l y  4  to  7 eggs  a re  la id  a t  one  t ime ,  a  fema le
spawns severa l  t imes. ’

EGGS

Spher ica l ,  demersa l ,  adhes ive ;5  b t ransparen t ,  d iamete r  1 .9  mm (1 .8  to
2.0 mm) ;s y o l k  d i a m e t e r  1 . 4  mm;‘ o i l g l o b u l e  y e l l o w  a n d  single;s 6

diameter 0.63 mm;5 i n c u b a t i o n p e r i o d : 17 t o 20 days a t 13 t o 15
c . 1 3 5 6

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7-11 m m Newly hatched (6.8 to 7.5 mm) .5 6

Myomeres: 45 to 50 (21 to 23 + 23 to 28) .6
Morphomet ry :  (as  % TL)  s tandard  leng th  97 ,  p reana l  leng th

49 to 51, head length 16, snout leng th  2 , g r e a t e s t body
depth  9  to  10 ,  eye  d iameter  7 to 10, head d e p t h  1 1 t o
13."
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Etheostoma blennioides

M o r p h o l o g y :  m o u t h  w e l l  d e v e l o p e d  a n d  t e r m i n a l ,  m e d i a n
f i n f o l d  o r i g i n  a t dorsa l  myomere  f i ve ,  con t inuous  to
y o l k  s a c ; ‘ o n l y  p e c t o r a l f i n s  s h o w  i n c i p i e n t  r a y
deve lopment . 5  ‘

P igmenta t ion :  eyes p i g m e n t e d ;  5  n o dorsa l pigment; 6

branched  me lanophores  on  yo lk  sac;s 6  and  pe r i t oneum;5

r o w  o f f o u r to  f i ve  me lanophores  on  each  s ide  o f  gu t
f rom pos te r io r  edge  o f  yo lk  sac  to  anus;c me lanophores
on cheeks and o p e r c u l a  ( 5  t o  6  d a y s  o l d )  ; 5  s m a l l
melanophores on postanal venter ; 5 one to two
immediate ly a n t e r i o r  t o  a n u s , large melanophore wi th in
e a c h  a u d i t o r y  v e s i c l e , s ing le  ch romatophore  an te r io r  to
e a c h  p e c t o r a l  f i n  b a s e . ‘

LARVAE

Tota l l e n g t h D e s c r i p t i o n
11-14 mm Myomeres: 43 to 49 (22 to 24 + 21 to 26) . c

Morphomet ry :  (as  % TL)  s tandard  leng th  92  to  95 ,  p reana l
l e n g t h  5 1 , head length 16 to 17, snout length 2 to 3,
body depth at anus 11, eye diameter 7, head depth 12 to
13.‘

Morphology:  yolk absorbed (11 mm TL, at  13 to 15 C6  or  6
days, 1 5 . 6  c 5 ) ; caudal f i n  r a y s  a p p e a r , mouth
m o d e r a t e l y  s u b t e r m i n a l ,  s n o u t  b l u n t l y rounded, p e l v i c
b u d s  e v i d e n t , i n c i p i e n t r a y s  i n  s o f t  d o r s a l  a n d  a n a l
f ins (12 to 13 mm), d o r s a l  f i n  s p i n e s  a n d  p e c t o r a l  f i n s
begin development (13 to 14 mm) .‘

P i g m e n t a t i o n :  p i g m e n t  o n  v e n t e r  f r o m  p o s t e r i o r  a n a l f i n
t o  c a u d a l  fin.‘

14-17 mm Myomeres: 42 to 45 (21 to 23 + 19 to 221.‘
Morphometry:  (as % TL) standard length 87 to 88, preanal

l e n g t h  5 0 ,  h e a d  l e n g t h  1 9  t o  2 0 ,  s n o u t  l e n g t h  4 , body
depth  a t  anus  13 ,  eye  d iameter  7 ,  head  dep th  12  to  13.”

Morphology: dorsal median f in fo ld absorbed,  smal l  amount
o f  p o s t a n a l  f i n f o l d  r e m a i n s ,  p e l v i c  f i n r a y  f o r m a t i o n
b e g i n s  ( 1 4  t o  1 5  m m ) , adu l t  comp lement  o f  f i n  rays  in
anal (14 to 15 mm), cauda l  and  pec to ra l  (15 to 16 mm)
and  so f t  do rsa l  f i ns  (17 .1  mm)  .‘

P i g m e n t a t i o n :  m e l a n o p h o r e s  s c a t t e r e d  o v e r  m i d b r a i n  a n d
operc le , o t i c v e s i c l e h e a v i l y pigmented, some
m i d l a t e r a l l i n e  p i g m e n t a t i o n  p r e s e n t ,  h y p u r a l  c o m p l e x
marg in  ou t l i ned  w i th  sma l l  me lanophores . 6

17-19 mm Myomeres: 41 t o 43 (21 to 22 + 20 t o 2 1 ) . 6

Morphomet ry :  (as  % TL)  s tandard  leng th  86  to  87 ,  p reana l
leng th 49 t o 50, head length 20 t o 21, snou t length 4,
body depth at anus 13, eye diameter 7,  head depth 12 to
13. ”
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Etheostoma blennioides

M o r p h o l o g y :  f i n ray development complete, mouth
subterminal , snout rounded, m e d i a n  f i n f o l d  a b s o r b e d
(19.3 mm) .‘

P igmenta t ion : chromatophores between dorsal  f ins a n d  a t
p o s t e r i o r  m a r g i n  o f  s o f t  d o r s a l f in (18 to  19 mm),
m i d l a t e r a l  p i g m e n t a t i o n  i n t e n s i f i e d ,  s i x  d o r s a l  “ s a d d l e
markings” appear (19 to 20 mm) .‘

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
25-26 mm Myomeres: 41 (21 + 20) .‘

M o r p h o l o g y :  s p i n o u s  d o r s a l f i n complete, squamation
comp le te . ‘

P i g m e n t a t i o n :  l a t e r a l p i g m e n t a t i o n  a s s i x U-shaped
b l o t c h e s , a mark on caudal peduncle and one above each
p e c t o r a l  f i n ,  s i x  d o r s a l  “ s a d d l e  m a r k s ” . ‘

ADULTS

F in  r ays : c a u d a l  17 , dorsa l XI I I t o  x v - 1 3  o r  1 4 ,  a n a l  I I , 7  o r  8 ,
p e c t o r a l  1 4  o r  1 5 ,  p e l v i c  6  o r  7.‘

V e r t e b r a e :  4 0  t o  4 4 . 3  o

L a t e r a l  l i n e  s c a l e s :  5 4  t o  60;3 m e a n :  58 .6 . '

Diagnos t ic  charac te rs : m a x i l l a e  f u s e d  t o  p r e o r b i t a l s  a t s i des , s h o r t
g r o o v e  n e a r t i p  o f  s n o u t , snout  bu lbous  and  overhang ing ,  upper  l i p
m a y  h a v e  k n o b  o n  t i p ,  f i v e  t o  e i g h t  b r i g h t  g r e e n  b a n d s  o n  t h e  s i d e s
meet across back or underside of  caudal  peduncle,  broadly connected
g i l l  m e m b r a n e s  f r e e  f r o m  i s t h m u s ,  f r e n u m  n o t  v i s i b l e ,  a n a l  f i n  r a y s
seven to  n ine .

LITERATURE CITED
1. Becker (1976)

::
Hubbs and Lagler (1958)
Scott and Crossman (1973)

4 . Winn (1958a)

Fahy (1954)
Baker (1979)
Miller (1968)
Bai ley and Gosl ine (1955)
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Fig. 243. Etheostoma blennioides, g r e e n s i d e  d a r t e r . Yo lk -sac l a r v a .

(Labora to ry - reared ,  New York ,  Fahy  1954,  i l l us t ra ted  by  C.  E .  Fa l lon) .



Fig .  244 . E t h e o s t o m a  b l e n n i o i d e s ,  g r e e n s i d e  d a r t e r .  A . Y o l k - s a c  l a r v a .
B.  Larva . (A and B, wi ld-caught,  Tennessee, Baker 1979).
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F i g .  2 4 5 . E theos toma b lenn io ides ,  g reens ide  dar te r . A and B. L a r v a e .  ( A
and B, wi ld-caught,  Tennessee, Baker 1979).



Etheostoma caeruleum

Etheostoma caeruleum Storer,  ra inbow darter

DISTRIBUTION

T h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n  e x c e p t  L a k e  S u p e r i o r . 3 F o u n d  i n
grave l  c reeks ,  z s m a l l  r i v e r s  a n d  s t r e a m s  i n  t h e  l o w e r  h a l f  o f  t h e  L a k e
Mich igan dra inage. ’

SPAWNING SEASON

Spawns i n  s p r i n g , 3  A p r i l  t o  l a t e  M a y
and la te  March  in  Mich igan. ‘

SPAWNING TEMPERATURE

in the Lake M i c h i g a n  d r a i n a g e ’  9

Spawns at  temperatures of  15 C or greater.l  ‘

SPAWNING HABITAT

M i g r a t e s  t o  r i f f l e  a r e a s , ‘  c o n g r e g a t e s  o n  g r a v e l  o r rubb le s u b s t r a t e
near the h e a d  o f  r a p i d s , ’  5  w i t h  s t o n e s u s u a l l y 12 to 50 mm in
diameter,s in water 10 to 60 cm, most commonly 25 to

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  i n  c o a r s e  t o  f i n e  g r a v e l . ’  3  7 Male
t e r r i t o r y a p p r o x i m a t e l y  6 0 - c m  s q u a r e 5  o rguards

defens
o f  he r

ive around female whi le spawning.9 Female buri
b o d y  i n  g r a v e l . ‘

e s t a b l i s h e s and
m a l e  i s  s t r o n g l y

e s  h e a d  a n d  h a l f

FECUNDITY

880 (508 to 1,462) .9 Usua l l y  on ly  3 to  7 eggs  a re  la id  dur ing
one spawning act. Female spawns once to several  t imes. ’
800;3

35 cm.‘

EGGS

Demersal, adhesive t o g r a v e l ; 5 9 pa l e y e l l o w , diameter 1.5 mm;5 o r 1.8
mm (1.7 to 1.9 mm);’ o i l  g l o b u l e  s i n g l e  a n d  l a r g e ; ‘  s u r f a c e  o f  c h o r i o n
a n d  y o l k  f i n e l y  r e t i c u l a t e ; 9  i n c u b a t i o n  p e r i o d :  1 0  t o  1 2  d a y s  a t  17  t o
18.5 c.1 3 7

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-8 mm Newly hatched (6.0 to 6.2 mm) .‘)

Myomeres: 35 to 36 (16 to 18 + 18 to 19),  usual ly 35 (17
+ 18).9

Morpho logy :  mouth  fo rmed,  tee th  no t  ev iden t ,  rud imenta ry
operculum and gil ls formed (6.8 mm) .9
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LARVAE

Tota l l e n g t h
7-10 mm

1O-11 mm

JUVENILES

Tota l l e n g t h
13-18 mm

Etheostoma caeruleum

P i g m e n t a t i o n :  l a r g e  m e l a n o p h o r e s  c o v e r  v e n t e r  o f  y o l k
sac, eye pigmented, a few melanophores on ventral  edge
o f  cauda l  pedunc le . ’

D e s c r i p t i o n
Myomeres :  35  to  36  (16  to  17  +  18  to  20) ,  usua l l y  35  (16

+ 191.’
Morphology: i n c i p i e n t  r a y s  i n  c a u d a l ,  s e c o n d  d o r s a l ,  a n a l

a n d  p e c t o r a l f i n s  e v i d e n t  ( 7 . 8  t o  8 . 2  m m ,  2  t o  5  d a y s
posthatching) , a c t i n o t r i c h i a  i n  s p i n y  d o r s a l f i n  ( 8 . 0
mm) , p e l v i c  b u d s  j u s t  p o s t e r i o r  t o  p e c t o r a l  f i n  b a s e
( 8 . 5  t o 9 . 5  m m , 1 5  d a y s  p o s t h a t c h i n g ) ,  j a w s  w e l l
developed, minute teeth (8.5 to 9.4 mm) .)

P i g m e n t a t i o n :  a n t e r i o r dorsum of gut  shows sol id band of
p i g m e n t a t i o n ,  l e s s  d e n s e  p o s t e r i o r l y ,  l a t e r  d e v e l o p i n g
i n t o o u t l i n e  o f g u t , a few melanophores on dorsum of
head ,  ven t ra l  p igmenta t ion  f rom ana l  f i n  to  cauda l f i n
p r e s e n t  ( 8 . 5  t o  9 . 4  m m ) , a s  w e l l  a s  u n d e r  d o r s a l  f i n s
and  on  p reoperc le . ’

Morphology: myomeres no t d i s t i n g u i s h a b l e (27 days
posthatching) . 9

Pigmenta t ion : ch romatophores  p resen t  on  snou t ,  do rsum o f
head, u n d e r  d o r s a l f i n s  a n d  a l o n g  t h e  m i d l a t e r a l
myoseptum, concen t ra ted at base of anal f i n  r a y s ,
subsur face  p igmenta t ion  an te r io r t o  p e l v i c  f i n s  a n d
a l o n g  s p i n y  d o r s a l  f i n  rays.,

D e s c r i p t i o n
M o r p h o l o g y :  f i n rays segmented (13.0 mm, 47 days

posthatching) , scales f rom caudal fin base to first
do rsa l  f i n ,  squamat ion  comp le te  (15  mm).’

P igmenta t ion :  nar row band of melanophores passes
hor izon ta l l y  th rough eye ,  dense  pa tches  o f  p igmenta t ion
on dorsum of head;9 t e n  p a t c h e s c r o s s  d o r s a l r i d g e
(26.0 mm), p i g m e n t  b e n e a t h  d o r s a l  f i n s ,  a p p r o x i m a t e l y
1 3  c r o s s b a r s  o n l a t e r a l line;’ (where they are
e l o n g a t e d  v e r t i c a l l y ) ; ’ b a r  n e a r c a u d a l  f i n  d a r k e s t
w i th  p igment  spo t  above  and be low (26  mm),’  two  bands
o f  p i g m e n t  p r e s e n t  o n  s p i n y  d o r s a l  f i n  ( 1 7  t o  1 8  mm).’

ADULTS

F in  r ays : cauda l  18;~ dorsa l  X  ( IX  to  X I )  -  13  (12  to  14)  ;’ ana l  I I ,6  to
7 ,  p e c t o r a l  1 3  ( 1 2  t o  14);' p e l v i c  6.)

V e r t e b r a e :  3 4  t o  35;' 3 5  t o  38.8
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Etheostoma caeruleum

L a t e r a l  l i n e  s c a l e s :  4 2  t o  4 5 . 3

Diagnos t ic  charac te rs : i n c o m p l e t e  l a t e r a l  l i n e , d e c u r v e d  s n o u t , two
anal f i n  s p i n e s , s i x t o  s e v e n  a n a l  f i n  r a y s ,  g i l l  m e m b r a n e s  n o t
j o i n e d  b u t  m e e t  i n  “ V ” over isthmus, p remax i l l ae n o n p r o t r a c t i l e
jo ined to snout by median f renum, s p i n y  d o r s a l  f i n  h a v i n g  h o r i z o n t a l
b lue and red bands.

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)

4.
Scott and Crossman (1973)
Fish (1932)

5. Reeves (1907)

6 . Winn (1958b)
Winn (1958a)

i: Bai ley and Gosl ine (1955)
9 . Cooper (1979)

6.0 mm

v e n t r a l

F i g .  2 4 6 . E t h e o s t o m a  c a e r u l e u m , r a i n b o w d a r t e r .

(Labora to ry - reared ,  Pennsy lvan ia ,  Cooper  1979) .
Y o l k - s a c l a r v a .
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Etheostoma caeruleum

A 6.8 mm

dorsa l

8.0 mm

Fig .  247 . E t h e o s t o m a  c a e r u l e u m ,  r a i n b o w  d a r t e r .  A . Y o l k - s a c  l a r v a .  B .
Larva. (A and B, labora to ry - reared ,  Pennsy lvan ia ,  Cooper  1979) .
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Fig. 248. E t h e o s t o m a  c a e r u l e u m ,  r a i n b o w  d a r t e r .  A .  L a r v a .  B . J u v e n i l e .
(A and B, labora to ry - reared ,  Pennsy lvan ia ,  Cooper  1979) .



Etheostoma chlorosomum

Etheostoma chlorosomum (Hay),  b luntnose darter

DISTRIBUTION

Found in  qu ie t , s low-moving streams, s loughs and  backwate rs i n the.
I l l i n o i s  p o r t i o n  o f the  Lake Mich igan dra inage, ’  now be l ieved to  be
e x t i n c t  i n  t h e  d r a i n a g e . 7

SPAWNING SEASON

S p a w n s  d u r i n g  A p r i l  i n  Kansas.l

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

E g g s  a r e  u s u a l l y  l a i d  o n  p l a n t s  o r  debris.’

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

Not  repor ted .

EGGS

Water-hardened, u n f e r t i l i z e d  e g g  d i a m e t e r  1 .05  mm.’

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : c a u d a l  17;” d o r s a l  V I I I  o r  I V - 1 0  o r  1 1 , anal 1,7 or 8;’
p e c t o r a l  13;” p e l v i c  l,5.‘

Ver tebrae :  38 t o  40 .3

L a t e r a l  l i n e  s c a l e s :  5 5  t o  6 1 . 4
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D i a g n o s t i c  c h a r a c t e r s :  p r e m a x i l l a e  p r o t r a c t i l e ,  o n e  a n a l f i n  s p i n e ,
l a t e r a l  l i n e  a b s e n t  o n  p o s t e r i o r  p o r t i o n  o f  b o d y ,  d o r s a l  f i n s  w i d e l y
separa ted ,  pa le  co lo r  w i th  b r id le -shaped  dorsa l  mark ings ,  i ncomple te
l a t e r a l  l i n e  e x t e n d s  f r o m  o p e r c u l u m  t o  j u s t  b e l o w  f i r s t  d o r s a l  f i n .

LITERATURE CITED
1. Becker (1976)

::
Hubbs (1967)
Bai ley and Gosl ine (1955)

4. Clay (1975)

Page (1981)
Scott and Crossman (1973)
R. M. Bai ley (pers.  Comm.)
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Etheostoma exi le

E t h e o s t o m a  e x i l e  ( G i r a r d ) ,  I o w a  d a r t e r

DISTRIBUTION

Abundant  th roughout  the  Grea t  Lakes  bas in ,2  i n  c lea r ,  coo l l a k e s  a n d
s l u g g i s h  streams.l  2

SPAWNING SEASON

S p a w n s  f r o m  M a y  t o  e a r l y  J u n e  i n  L a k e  M i c h i g a n . ’  M i g r a t e s  t o  s h a l l o w
e d g e s  o f  l a k e s h o r e s  i n  l a t e  M a r c h  t o  e a r l y  A p r i l  i n  M i c h i g a n . 5 Spawns
d u r i n g  A p r i l  t o  M a y  i n  M i c h i g a n . ‘

SPAWNING TEMPERATURE

Spawns at  temperatures of  12 to 15 C.’

SPAWNING HABITAT

Spawns a long  lakeshores  o r  s t reams w i th  o rgan ic  debr is ‘  o r  on  f ib rous
roo t  mate r ia l  o f  undercu t  banks , 3  i n  wa te r  10  to  40  cm 3  5  o r  90  to  122
cm.’

SPAWNING SUBSTRATE

Depos i ts  eggs  among f ib rous  roo ts ,  s tones ,  pebb les , ’  o rgan ic  debr is  o r
f i b r o u s  m u d  b a n k s . ‘  M a l e  e s t a b l i s h e s  a n d  d e f e n d s  a  t e r r i t o r y . 5  ‘

FECUNDITY

1,619 (550 to 2,048) ;3 ‘ Eggs are laid in clumps of 2 to 7." A female
spawns once to  severa l  t imes . ‘

EGGS

U n f e r t i l i z e d , p reserved  r ipe  egg  d iamete r  1 .1  mm;3  i ncubat ion  per iod :
18 to 26 days at 13 to 16 C.’

YOLK-SAC LARVAE

Newly hatched (3.4 mm) .‘I

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
19-20 mm Morphomet ry :  (as  % TL)  s tandard  leng th  83 ,  p reana l  leng th

51, head length 26, eye diameter 8, greatest body depth
14.4

Pigmenta t ion : c h r o m a t o p h o r e s  h e a v i l y  d i s t r i b u t e d over
b o t h  j a w s ,  b a c k  o f  h e a d , i n  t h r e e  t o  f i v e  l o n g i t u d i n a l
r o w s  o n d o r s u m  t o  c a u d a l f i n  t i p  ( s h o w i n g f i v e
i n t e r s p a c e s ) ,  o n  o p e r c l e , p reoperc le  and  in  12  c lus te rs
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Etheostoma exi le

a l o n g  l a t e r a l  l i n e  f r o m  h e a d  t o  c a u d a l  f i n ,  e n t i r e  b o d y
s p e c k l e d  d o r s a l l y ,  i n  s i n g l e  p o s t a n a l l i n e , i n  h e a v y
subsurface patches over stomach region and on fins.’

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : caudal 17;* dorsal VI I I to X-11 (10 to 12), anal II,7 to 8,
p e c t o r a l  1 2  t o  14 ,  p e l v i c  l,5.’

Vertebrae: 36 to 37; 3 36 to 39 (34 to 40) .5

L a t e r a l  l i n e  s c a l e s :  4 5  t o  6 0 . 3

D i a g n o s t i c  c h a r a c t e r s :  p r e m a x i l l a e  n o t  p r o t r a c t i l e ,  j o i n e d  t o  s n o u t  b y
f l e s h y  m e d i a n  f r e n u m ,  t w o  a n a l  f i n  s p i n e s ,  s e v e n  t o  e i g h t  a n a l f i n
rays , g i l l membranes  jus t  ba re ly  connec ted ,  la te ra l  l i ne  ex tend ing
on ly  to  end  o f  do rsa l  f i n  base ,  cheeks  sca led .

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)

2 :
Scott and Crossman (1973)
Fish (1932)

56.
Winn (1958b)

’
Winn (1958a)
Ja f fa  (1917)

i: Bai ley and Gosl ine (1955)
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Etheos toma f l abe l l a re

E t h e o s t o m a  f l a b e l l a r e  R a f i n e s q u e ,  f a n t a i l  d a r t e r

DISTRIBUTION

The Lake  Mich igan  d ra inage  represen ts  the  nor thern  l im i t  o f  the  range .
T h i s  s p e c i e s  i s  f o u n d  i n  r i f f l e  a r e a s  o f  s t r e a m s  i n  W i s c o n s i n , a long
the  sou thern  edge o f  the  upper  pen insu la  o f  M ich igan  and  in  the  Grand
and Kalamazoo River systems of  the lower peninsula. ’ Known throughout
the  sou thern  Grea t  Lakes  basin.z 3

SPAWNING SEASON

Spawns from April to  June in  the  Lake Mich igan dra inage, ’ in May in
southeastern Mich i gan* g a n d  l a t e  J u n e  t o  e a r l y  J u l y  i n  L a k e  Erie.’

SPAWNING TEMPERATURE

P r e s p a w n i n g  a c t i v i t y  b e g i n s a t  6 .7  t o  1 4 . 4  C . 5  S p a w n i n g  o c c u r s  a t
17.2 to 24.4 C.l ’ 5

Percidae

SPAWNING HABITAT

Migra tes  f rom swi f t  wa ter  to  sha l low,  s low water ,5  o f  s t reams to  spawn
o v e r  r i f f l e  o r  r u b b l e . *

SPAWNING SUBSTRATE

Male  bu i lds  and  guards  nes t  under  rocks.’  3  a Female lays e g g s  o n
u n d e r s i d e  o f rocks. 5 Severa l  fema les  use  one  nes t . 3  Nest  may have
from 8 to 10 to 562 eggs.’  7 g

FECUNDITY

120 to 467;3 4 5 B 4 9 6  ( 4 0 7  t o  586).‘ C l u t c h e s  o f  a p p r o x i m a t e l y  345
to  45 5  eggs  la id  s ing ly  by  one  fema le .

EGGS

Demersa l ,  adhesive;l  3  d iamete r  2 .0  mm;’ 2.3 mm;3 5 2.7 mm (2.5 to 2.9
mm) , o i l g l o b u l e  s i n g l e  a n d  a m b e r , diameter 0.7 to 0.8 mm;‘0
incubat ion  per iod :  21  days  a t  21 .1  to  21 .7  C,  30  to  35 days a t  17.2  to
20 C, 14 to 16 days at 23 C.5

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.8-7.0 mm N e w l y  h a t c h e d . ’  5  I0

Myomeres: 34 to 36 (15 + 18 to 21), usually 36 (15 +
21) .=o

Morphomet ry :  (as  % TL) standard l e n g t h  9 6 ,  p r e a n a l
l e n g t h  5 2 ,  h e a d  l e n g t h  1 9 ,  e y e  d i a m e t e r  1 0 , y o l k - s a c
l e n g t h  31.‘”
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Etheos toma f l abe l l a re

M o r p h o l o g y :  g i l l s  a n d  r u d i m e n t a r y  o p e r c u l a  f o r m e d ,  o i l
g l obu le i n a n t e r i o r  p a r t  o f  y o l k  s a c  f l a t t e n e d ,
pec to ra l  buds  present.lO

Pigmenta t ion : eye pigmented, s c a t t e r e d melanophores on
y o l k membrane, on t o p of head, dorsum and venter of
caudal  peduncle and near anus.‘O

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7-11 mm Myomeres: 34 to 36 (15 + 19 to 21) .I0

Morphometry:  (as % TL) standard length 83 to 87, preanal
l e n g t h  48  t o  4 9 ,  h e a d  l e n g t h  1 9  t o  2 0 ,  e y e  d i a m e t e r  7
t o  8.10

Morpho logy :  yo lk  absorbed (9  to 10 mm, 8 to 10 days
p o s t h a t c h i n g  a t 1 4  C);.'O i n c i p i e n t rays  ev iden t  i n
caudal , s o f t  d o r s a l , ana l  and  pec to ra l f i n s  ( 9  h o u r s
posthatching at  14 C) , t i p  o f  n o t o c h o r d  u p t u r n e d ,  s p i n e
fo rmat ion i n  d o r s a l  f i n  ( 1 1  h o u r s  p o s t h a t c h i n g ) ,  j a w s
w e l l developed, t e e t h  l a c k i n g ,  p e l v i c buds j u s t
p o s t e r i o r  t o  o i l  g l o b u l e  ( 8 . 8  m m ) ,  f u l l  c o m p l e m e n t  o f
s p i n e s  i n  d o r s a l  a n d  p r i n c i p a l  r a y s i n  p e c t o r a l f i n s
evident (9.5 mm, 6 days posthatching).‘O

Pigmentat ion:  melanophores presen t a l o n g  d o r s u m  and
ven te r  o f  body  and  on  mid la te ra l  myosep tum (7 .2  to  7.8
mm) , melanophores on anus  and  a long  base  o f  ana l  f i n
(8.8 mm), a  l i ne  o f  me lanophores  f rom snou t  to  operc le ,
a r o u n d  t o  p o s t e r i o r edge of head (8.8 mm) , square
p a t t e r n s  o f melanophores develop on dorsum (9.5 mm),
s t e l l a t e  p a t t e r n  o f  m e l a n o p h o r e s  o n d o r s u m  o f  h e a d ,
snou t  to  operc le  me lanophore  se r ies  present.‘O

11-16 mm Morphometry:  (as % TL) standard length 83 to 84, preanal
l e n g t h  50  t o  5 2 ,  h e a d  l e n g t h  2 3  t o  24 , e y e  d i a m e t e r
8.10

M o r p h o l o g y :  s c a l e  f o r m a t i o n i n i t i a t e d  a t  b a s e  o f  c a u d a l
f in  and  ex tends  to  pos te r io r  base  o f  second dorsa l f i n
( 1 3 . 0  m m ,  1 4  t o  15  d a y s  p o s t h a t c h i n g ) ,  p e l v i c  f i n  r a y s
complete (14.0 mm). lo

P igmenta t ion : melanophore ser ies f rom snout t o  o p e r c l e
developed in to  band (11.5  mm, 12  days  pos tha tch ing) ,
melanophores present a long spines and rays o f  d o r s a l
f i n s and  a long  cauda l  f i n , each ray has melanophore at
base, some melanophores may be present a l o n g  p e c t o r a l
f i n  r a y s , 12 to 14 patches of melanophores developed on
m i d l a t e r a l myoseptum, d o r s u m  o f  g u t  n e a r  a n u s  a n d
underneath opercle p igmented, ou te r  marg in  o f  upper  j aw
and dorsum of  head also wi th melanophores,  outer margin
o f  l o w e r  j a w  a n d  a n t e r i o r t o  p e l v i c  f i n s  o n  v e n t e r
d e v e l o p s  p i g m e n t a t i o n  l a t e r  ( 1 4 . 0  mm).l”
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Etheos toma f l abe l l a re

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
18-19 mm Morphometry:  (as % TL) standard length 80 to 83, preanal

length 49 to 51, head length 24 to 25, eye diameter
6.1"

Morpho logy :  squamat ion  comp le te  to  operc le , l a c k i n g  o n
d o r s u m  n e a r  f i r s t  d o r s a l  f i n ,  p r i n c i p a l  m e d i a n  f i n  r a y s
segmented (18.5 mm), tee th  p resen t  a round  marg ins  o f
jaws (19.0 mm, 24 to 28 days posthatching).lO

Pigmentat ion:  melanophores concen t ra ted on snout ,
o p e r c u l a  a n d  l a t e r a l  line.‘O

22-23 mm Morphometry:  (as % TL) standard length 86, preanal  length
51, head length 27, greatest body depth 17, (as % head
leng th )  eye  d iamete r  25.’

P igmenta t ion :  band o f  p igmenta t ion  f rom snout  th rough eye
to  back  o f  head ,  ch romatophores  sca t te red  on  jaws  and
f r o n t  o f  h e a d , increas ing i n  i n t e n s i t y  o n  d o r s u m  o f
b r a i n , a l s o  p r e s e n t  o n  o p e r c u l a , d a r k  p a t c h e s  o f
p i g m e n t  o n  d o r s a l and l a t e r a l su r faces , t h o s e  o n

- c r o s s p a t t e r n ,
 r e g i o n ,  b o r d e r
on lower caudal

igmented.’

l a t e r a l  a s p e c t  i n  h o r i z o n t a l  o r  c r i s s
v e n t r a l  p i g m e n t a t i o n  l i m i t e d  t o  p o s t a n a l
o f anal f i n , l a t e r a l p a t t e r n s  m e e t
peduncle, a l l  f i n s  e x c e p t  p e l v i c  f i n s  p

ADULTS

F in  r ays : cauda l  21;‘O dorsa l VI IJ t o  VIII” 1O-133
I1,8;10 p e c t o r a l  121° o r  13;” p e l v i c  6.1'~

Vertebrae: 33 (32 to 34) ; 3 33 to 36 (32 to 37) .ll

L a t e r a l  l i n e  s c a l e s :  4 7  t o  51.'

o r 14;'O a n a l

D i a g n o s t i c  c h a r a c t e r s :  p r e m a x i l l a e  n o t  p r o t r a c t i l e ,  j o i n e d  t o  s n o u t  b y
f l e s h y med ian  f r enum, anal f i n  I I , 8 , head naked, 10 to 12 dark
v e r t i c a l  b a r s  o n  b o d y ,  g i l l  c o v e r s  b r o a d l y  j o i n e d  a t  i s t h m u s , lower
j a w  p r o j e c t i n g  b e y o n d  u p p e r , s p i n y  d o r s a l f i n  h i g h e r  t h a n  s o f t
d o r s a l  f i n , p igment  ba r  f rom snou t  th rough  eye  to  t i p  o f  operc le .

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)

1:

S c o t t  a n d  C r o s s m a n  ( 1 9 7 3 )

Fish (1932)
Lake (1936)
Karr  (1964)

Winn (1958b)
ii: w inn (1958a)
9 . H a n k i n s o n  ( 1 9 3 2 )

10. Cooper (1978)
11. Bai ley and Gosl ine (1955)
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Etheos toma f l abe l l a re

F i g .  2 4 9 . Etheostoma_ f label lare, f a n t a i l d a r t e r . Yo lk -sac

(Labora to ry - reared ,  Pennsy lvan ia ,  Cooper  1979) .

l a r v a .
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Etheos toma f l abe l l a re

7.8 mm

8.8 mm

Fig. 250. E t h e o s t o m a  f l a b e l l a r e ,  f a n t a i l  d a r t e r .  A  a n d  B .  Y o l k - s a c  l a r v a e .
(A and B, labora to ry - reared ,  Pennsy lvan ia ,  Cooper  1979) .

Percidae 602





Etheostoma microperca

Etheos toma mic roperca  Jo rdan  and  G i lbe r t ,  l eas t  da r te r

DISTRIBUTION

O c c u r s  i n  l a k e s  a n d  s t r e a m s  i n  W i s c o n s i n ,  a l o n g  t h e  s o u t h e r n  e d g e  o f
t h e  u p p e r  p e n i n s u l a  o f  M i c h i g a n  a n d  f r o m  t h e  L i t t l e  M a n i s t e e  R i v e r  i n
the  lower  pen insu la  o f  M ich igan to t h e  s o u t h e r n e d g e  o f t h e  L a k e
M i c h i g a n  d r a i n a g e . ’ Found also in the Lake Huron and Er ie drainages,
t h e  s o u t h e r n  t r i b u t a r i e s  o f  L a k e  S u p e r i o r  a n d  t h e  w e s t e r n  t r i b u t a r i e s
o f  L a k e  Ontario.z  3

SPAWNING SEASON

Migra tes shoreward  dur ing  Apr i l  in  Mich igan 5  and  spawns  f rom Apr i l  to
J u n e  i n  M i c h i g a n ’  4  6  a n d  I l l i n o i s . 8

SPAWNING TEMPERATURE

Spawning  was  observed  a t  tempera tu res  o f  12  to  15 .5  Cl 4  and  16  to  23
C.8

SPAWNING HABITAT

Spawns along vege ta ted  lakeshores  o r  s t ream po01s,~ in  s lowly  mov ing
water,’ 8 i n  dense  beds  o f  f i l amentous  algae.s

SPAWNING SUBSTRATE

Eggs are spawned singly’ 3 6  o n  t h e  b o t t o m  o r  t h e  s i d e s  o f submerged
stems and 1 eaves o f  a q u a t i c  v e g e t a t i o n ’  4  5 o r  d e a d  l e a v e s ,  t w i g s ,
debr i s  and  f i l amentous  a lgae . *

FECUNDITY

31  t o  240;* 4 3 5  t o  1 , 1 0 2 ; ’  6 3 0  e g g s  m a y b e  l a i d  s i n g l y  i n  1  d a y . ’  O n e
t o  3  e g g s  a r e  l a i d  a t  o n e  t i m e . *

EGGS

A d h e s i v e ; ’  8  d i a m e t e r  0 . 7 ’  t o  1.0’ m m ; o i l g lobu les o n e  o r two; a
incubat ion p e r i o d : 264 + 13 hours  a t 15.5 C;8 144 t o 150 hours (6 t o 7
days)  a t  18 to  20 C;’ ’ 181 + 7  hours a t 20 C, 144 + 12 hours a t 22 t o
2 3  c.8

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
3.0-3.5 mm Newly  ha tched .3  4  8

M o r p h o l o g y :  p e c t o r a l  f i n s  l a r g e . 8

Pigmenta t ion :  s ing le  me lanophores  on  head ,  yo lk  sac  and
some myomeres.8
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Etheostoma microperca

4 mm

LARVAE

T o t a l  l e n g t h
4-5 mm

JUVENILES

Total l e n g t h
7 mm

8-11 mm

12-13 mm

ADULTS

F in  r ays : caudal 13 to 14;* dorsal VI to VII’ - 8 to 9;’ anal I to
I I , 5  t o  6 ; ’ p e c t o r a l  9.6;’  p e l v i c  1‘5.3

Ver tebrae :  31 to  33;” 32 to  34.’

Late ra l l i n e  s c a l e s :  2 4  t o  32.’

Diagnost i c  c h a r a c t e r s :  p r e m a x i l l a e  p r o t r a c t i l e ,  f l e s h y  m e d
presen t , l a t e r a l  l i n e  a b s e n t , a n a l  f i n  u s u a l l y  I I , 5  t o  6 ,
spines s i x , usual ly  less than 40 mm TL.

LITERATURE CITED
1. Becker (1976) 6. Winn (1958a)
2. Hubbs and Lagler (1958) 7. Ba i ley  and Gos l ine (1955)

1:
Scott and Crossman (1973) 8. Burr and Page (1979)
Petravicz (1936) 9. Page (1981)

5. Winn (1958b)

Morphology: pectoral
rays  deve loped.8

 f i n  r a y s  t e n ,  s e v e r a l caudal f i n

D e s c r i p t i o n
M o r p h o l o g y :  y o l k  a b s o r b e d  o r  n e a r l y  s o , pec to ra l  and

c a u d a l  f i n s  d e v e l o p e d ,  d o r s a l ,  a n a l  a n d  p e l v i c  f i n s  n o t
y e t  v i s i b l e . 8

D e s c r i p t i o n
Morphology: s c a l e s  n o t  evident.s
Pigmenta t ion : s ingle melanophores scattered over head and

body  ou t l in ing  f in  rays  and myomeres . 8

Pigmenta t ion : t e n  l a t e r a l  p a t c h e s  a n d  s i x  t o  s e v e n  d o r s a l
“sadd le ”  marks  v i s ib le ,  me lanophores  ou t l i ne anal f i n
rays, s c a l e s  p r e s e n t  o n  d o r s a l  a n d  l a t e r a l  a s p e c t s  o f
b o d y .  o

Morphology: squamation complete, ope rcu la r sp ine
developed.8

i a n  f r e n u m
d o r s a l  f i n
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Etheostoma microperca

3.5 mm

B 4.0 mm

C

F i g .  2 5 2 . Etheostoma microperca, l e a s t  d a r t e r .  A . Y o l k - s a c  l a r v a .  B .

L a r v a .  C .  J u v e n i l e . ( A - C ,  l a b o r a t o r y - r e a r e d ,  I l l i n o i s ,  B u r r  a n d  P a g e  1 9 7 9 ,
i l l u s t r a t i o n s  p r o v i d e d  b y  I l l i n o i s  N a t u r a l  H i s t o r y  S u r v e y ) .
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Etheostoma nigrum

Etheostoma nigrum Raf inesque, johnny darter

DISTRIBUTION

Abundant  th roughout  the  Grea t  Lakes  d ra inage  in  qu ie t  sha l low water  o f
l a k e s  a n d  s t r e a m s  p o s s e s s i n g sand, s a n d - s i l t o r
s u b s t r a t e s . ’  2  3 Observed in the Great Lakes

sand-gravel
to  dep ths  o f  42 m. 3

SPAWNING SEASON

M i g r a t i o n  t o  s p a w n
Spawning takes place
dra inage .

i n g  g r o u n d s  b e g i n s  d u r i n g  A p r i l in M ichigan.O
from April to June’ s g i n t h e  L a k e Michigan

SPAWNING TEMPERATURE

Spawning  occurs  a t  11 .7  to  21 .1  C in  sou thwestern  Mich igan.5

SPAWNING HABITAT

Spawns i n sha l low, q u i e t waters  o f  lakes ,  poo ls  and  raceways  wh ich
posses  la rge  rocks , l o g s  a n d  o t h e r  d e b r i s . ’

SPAWNING SUBSTRATE

D e p o s i t s  e g g s  o n  t h e  u n d e r s i d e  o f  r o c k s ,  l o g s  a n d  o t h e r  debris,l L, ’
u s u a l l y  o n t h e  p o r t i o n  n e a r e s t  t h e  b o t t o m . * The male constructs and
g u a r d s  a  nest.l 8  v

FECUNDITY

go to 164;5 388 (198 to 650) ; 7 1,043 (436 to 1,248) .) Eggs l a i d
s i n g l y i n  5  t o  6  c l u t c h e s  o f  3 0  t o  2 0 0  e g g s . 8  E g g s  i n  a  s i n g l e  n e s t
t o t a l 30 t o 1, 150.8

NATURAL HYBRIDS

P o s s i b l y  E .  o l m s t e d i . l ’

EGGS

Demersal;v  a d h e s i v e ; 5  g at tached t o  o n e ano ther , b r i g h t orange; 5

diameter 1 . 4  t o  1 . 5  mm;’ 5  o i l  g l o b u l e  l a r g e  a n d  s i n g l e ; 5  i n c u b a t i o n
p e r i o d : 16 days a t 12.8 C;5 10 days a t 20 C, 6 days a t 20.8 C;5 5.5 t o
8 days a t 22 to 24 C.’

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
5 mm Newly hatched. ’

Morphometry: (as  % TL)  p reana l  l eng th  45 . e y e  d i a m e t e r
8.”
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Etheostoma nigrum

5-7 mm

LARVAE

T o t a l  l e n g t h
9-10 mm

JUVENILES

T o t a l  l e n g t h
15 mm

ADULTS

F in  r ays : c a u d a l  1 6 ; * d o r s a l  V I I I  t o  Xl’- 12 to 13, (10 to 14) ;’ 
6 l1

anal I,9 (7 to 10) ;’ pectoral 11 to 12;’

V e r t e b r a e :  37  t o  39.” lo

L a t e r a l  l i n e  s c a l e s :  4 1  t o  5 2 . 3

D i a g n o s t i c  c h a r a c t e r s :  s i x  t o  s e v e n  l a t e r a
p r o t r a c t i l e , s e p a r a t e  f r o m  s n o u t  b y

1 X’s or W’s, p r e m a x i l l a e
d e e p  f u r r o w , l a t e r a l  l i n e

complete, a n a l  f i n  I , 7  t o  1 0 ,  s e c o n d dorsa l f i n rays 12 to 13,
dorsal f i n s nar row ly separated. T h i s  s p e c i e s  i s  s e p a r a t e d  f r o m

Morpho logy:  o i l g l o b u l e  n e a r  v e n t e r  o f y o l k sac,
i n t e s t i n e t e r m i n a t e s  j u s t  p o s t e r i o r  t o  y o l k  a t  f i n f o l d
margin, m e d i a n  f i n f o l d  o r i g i n  d i r e c t l y  b e h i n d  h e a d ,
p e c t o r a l  b u d s  p r e s e n t . ’

P igmenta t ion : n o  p i g m e n t a t i o n  e x c e p t  i n  eye.”

Morphometry:  (as % TL)  p reana l  l eng th  54 to  56,  grea tes t
body depth 14 to 16, eye diameter 7.’

M o r p h o l o g y :  p e c t o r a l  f i n s  l a r g e ,  y o l k  s a c  r e d u c e d , l a rge
a n t e r i o r  o i l  g l o b u l e . ’

P i g m e n t a t i o n :  f o u r l i n e s o f  s te l l a te  ch romatophores  a re
on  ven te r  o f  yo lk  sac ,  fou r  la rge  pa tches  o f  p igment  on
s u b s u r f a c e  o f  y o l k ,  l a s t  o n e  j u s t a n t e r i o r t o  a n u s ,
f o u r  p a t c h e s on  ven te r  f rom anus  to  cauda l  f i n ,  a  few
scattered melanophores on head (5 to 6 mm),  a few large
masses of  melanophores on ventra l  and l a t e r a l aspects
o f g u t , f o u r la rge chromatophores  on d o r s u m  o f
i n t e s t i n e  a n d  s i x  o n  v e n t e r  p o s t e r i o r  t o  a n u s , some
chromatophores above ventral ones and on myomeres above
notochord (7 to 8 mm) .(

D e s c r i p t i o n
Morphometry: (as % TL) standard length 84, preanal  length

53, greatest body depth 16, eye diameter 9.’
Morphology: s p i n e s  a n d  r a y s  p a r t i a l l y  d e v e l o p e d . ’
P igmenta t ion : chromatophores more numerous over head,

d o r s a l  a s p e c t  o f  b o d y  a n d  l a t e r a l  line.’

D e s c r i p t i o n
Morphometry:  (as % TL) standard length 84, preanal  length

53, greatest body depth 16, eye diameter 7.4
P i g m e n t a t i o n :  m o r e  c h r o m a t o p h o r e s  o n  s n o u t , head  and

sides.’

6  p e l v i c  1,s.”
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Etheostoma nigrum

E.  o lms ted i  by  the  absence  o f  sca les  on  b reas t ,  cheek  and  nape ,  10
t o  1 2  d o r s a l  f i n  r a y s , u p p e r  l i p  e v e n  w i t h  s n o u t  t i p  a n d  t w o  t o  f o u r
b a r s  o f  p i g m e n t  c r o s s i n g  c a u d a l  f i n .

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)

43:
Scott and Crossman (1973)
Fish (1932)
Speare (1965)
Cole (1967)

Karr  (1963)
Winn (1958b)

9 . Winn (1958a)
10. Bai ley and Gosl ine (1955)
11. M c A l l i s t e r  e t  a l .  ( 1 9 7 2 )

5.0 mm

B 5.6 mm

Fig .  253 . E t h e o s t o m a  n i g r u m ,  j o h n n y  d a r t e r .  A .  Y o l k - s a c  l a r v a .  B . Larva.
(A  and  B,  w i ld -caught ,  Lake  Er ie ,  F ish  1932) .
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Etheostoma n igrum

A 7.1 mm

B 9.6 mm

C 15 mm

F i g .  2 5 4 . E theos toma n ig rum,  johnny  dar te r . A  and B.  Larvae.  C.  Juven i le .
(A-C, w i l d - c a u g h t ,  L a k e  E r i e ,  F i s h  1 9 3 2 ) .
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Etheostoma olmstedi

E theos toma o lms ted i  S to re r ,  tesse l la ted  dar te r

DISTRIBUTION

I n  t h e  G r e a t  L a k e s  b a s i n  i t  i s  r e s t r i c t e d  t o  L a k e  O n t a r i o  a n d i t s
drainage.l  5

SPAWNING SEASON

S p a w n s  f r o m  A p r i l t o  l a t e  M a y  i n  t h e  L a k e  O n t a r i o  d r a i n a g e , '  l a t e
A p r i l  t o  J u n e  i n  M a r y l a n d 2 a n d  M a y  t o  J u n e  i n  t h e  A t l a n t i c  drainage.c

SPAWNING TEMPERATURE

Spawns at  temperatures of  12.5 to 14.5 ~2 or  18.3 c.6

SPAWNING HABITAT

S p a w n s  i n  m o d e r a t e  c u r r e n t  o f  s t r e a m s ,  c r e e k s  a n d  r i v e r s  u s u a l l y  i n
water less than 30.5 cm but  up to 61.0 cm deep.l

SPAWNING SUBSTRATE

Spawns  under  rocks  on  mar l ,  sand ,  g rave l  o r  s tone  bo t toms. '  6

FECUNDITY

54 to 668;6 117 to 543.2

NATURAL HYBRIDS

Possibly E. nigrum. 7

EGGS

Demersal, adhes ive , diameter 1.5 mm,  yo l k  amber ,  o i l  g lobu le  s ing le
dark amber. '

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-6 mm Pigmenta t ion : e y e  p i g m e n t e d ,  s t e l l a t e chromatophores on

yolk sac, double row of chromatophores on postanal
venter and between yolk sac and body (5.1 mm),  p igment
o n  y o l k  s a c  c o n c e n t r a t e d  a l o n g  v i t e l l i n e  v e s s e l s  ( 5 . 3
mm) , evidence of pigment on dorsum of head (5.5 mm) .'

LARVAE

Not  descr ibed .
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Etheostoma olmstedi

JUVENILES

Not  descr ibed .

ADULTS

F in  r ays : c a u d a l  1 6 ; *  d o r s a l  V I I I  t o  X 6 - 1 3  t o  1 4 5 (10 to 17);' 6 '
anal I to II,7 to 9 (5 to 10), pectoral 12 to 13 (9 to 15) ;5 6

p e l v i c  l,5.”

V e r t e b r a e :  37  t o  39.’

L a t e r a l  l i n e  s c a l e s :  3 4  t o  64.’ 6

D i a g n o s t i c  c h a r a c t e r s :  p r e m a x i l l a e  p r o t r a c t i l e ,  s e p a r a t e  f r o m  s n o u t  b y
d e e p  f u r r o w ,  l a t e r a l  l i n e  c o m p l e t e , anal f i n I,5 to 10, second
dorsa l f i n rays u s u a l l y 1 3  t o  1 5 ,  d o r s a l  f i n s  n a r r o w l y  s e p a r a t e .
T h i s  s p e c i e s  i s  s e p a r a t e d  f r o m  E .  n i g r u m  b y  t h e  p r e s e n c e  o f  s c a l e s
o n  b r e a s t , cheek  and  nape ,  dorsa l  f i n  rays  usua l l y  13  to  15 ,  upper
l i p  e x t e n d s  p a s t  s n o u t  t i p  a n d  f i v e  t o  e i g h t  b a r s  o f  p i g m e n t
c r o s s i n g  c a u d a l  f i n .

LITERATURE CITED
1. Hubbs and Lagler (1958)
2. Tsai  (1972)

2:
Atz (1940)
Raney and Lachner (1943)

Cole (1967)
Hardy (1978)
M c A l l i s t e r  e t  a l .  ( 1 9 7 2 )
Scott and Crossman (1973)
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Etheostoma olmstedi

A 5.3 mm

B 5.5 mm

C 5.8 mm

F i g .  2 5 6 . E t h e o s t o m a  o l m s t e d i ,  t e s s e l l a t e d  d a r t e r . A-C.  Yo lk -sac  la rvae .

( A - C ,  H a r d y  1 9 7 8 ,  o r i g i n a l  i l l u s t r a t i o n s  b y  D .  C .  K e n n e d y ) .
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Etheostoma zonale

Etheostoma zonale (Cope),  banded darter

DISTRIBUTION

K n o w n  f r o m  s m a l l  s t r e a m s  a n d  c r e e k s  i n  t h e  W i s c o n s i n  p o r t i o n  o f  t h e
Lake Mich igan dra inage. ’

SPAWNING SEASON

S p a w n s  f r o m  l a t e  M a y  t o  e a r l y  J u n e  i n  n o r t h e r n  I l l i n o i s . ’

SPAWNING TEMPERATURE

Not  repor ted .

SPAWNING HABITAT

S p a w n s  i n  s t r e a m  r i f f l e s  i n  w a t e r  l e s s  t h a n  0 . 6  m  i n  d e p t h . 3

SPAWNING SUBSTRATE

Depos i ts  eggs  in  f i l amentous  a lgae , aquat i c  mosses  o r  p lan t  debr is . 3

FECUNDITY

Not  repor ted .

EGGS

Water-hardened, un fe r t i l i zed  egg  d iamete r  1 .4  to  1 .6  mm.2

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-7 mm Myomeres: 36 to 37 (14 to 15 + 22) .(

Morphometry:  preanal  length less than 50% TL.6

M o r p h o l o g y :  y o l k  s a c  b u l b o u s ,  s h o r t ,  l a r g e  n e a r  a n t e r i o r
o i l  g l o b u l e , v i t e l l i n e  v e s s e l s  n u m e r o u s  a n d  r e t i c u l a t e ,
pec to ra l  buds  sma l l  and  round . ‘

P igmenta t ion : melanophores abundant,  scat tered on venter
o f y o l k sac, v e n t r a l pigment between each postanal
myomere varies from one melanophore per myoseptum to
s h o r t s t r e a k s o f  p i g m e n t  f r o m  v e n t e r  t o  l a t e r a l  l i n e ,
one  row e i ther s i d e  o f “ k e e l ” , a  f e w  m e l a n o p h o r e s
sca t te red  on  dorsum and  dorso - la te ra l  aspec t  o f  head.l

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7-8 mm Morpho logy :  yo lk  absorbed , f i n rays  fo rming  in  lower

s e c t i o n  o f  c a u d a l  f i n ,  p e c t o r a l  f i n  s m a l l ,  r o u n d . 6
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11-12 mm

JUVENILES

Tota l l e n g t h
16-17 mm

ADULTS

F in  r ays : caudal 15  t o  17 ,  d o r s a l  X  t o  X l  ( I X  t o  X I I ) - 1 1  t o  1 2 ,  a n a l

Etheostoma zonale

P i g m e n t a t i o n :  p i g m e n t  v e n t r a l  t o  g u t  l e s s  c o n c e n t r a t e d ,
a  f e w  m e l a n o p h o r e s remain near breast  and under gut
r e g i o n ,  p i g m e n t  o n  g u t  c o n c e n t r a t e d  o n  r i g h t  s i d e  o f
v e n t r a l m i d l i n e , a few melanophores cont inue to anus,
p o s t a n a l  p i g m e n t  s i m i l a r  t o  p r e v i o u s  s t a g e ,  a  f e w
melanophores may appear near  lower  por t ion  o f  cauda l
f info ld below notochord,  p igment may be present on head
and operculum, c h i n w i t h o n e  o r two  me lanophores ,
p o s t e r i o r  t i p  o f  d e n t a r y  w i t h  s p o t . ’

Myomeres: preanal myomeres 17 to lg.‘
M o r p h o l o g y :  p e l v i c  f i n s  d e v e l o p ,  r a y s  i n  d o r s a l  a n d  a n a l

f i n s  d e v e l o p . ‘
P igmenta t ion :  p igment inc reases  over  dorsa l  and  la te ra l

aspect  of  head, decreases to several  large melanophores
over  be l l y  and  inc reases  pos te r io r  to  anus  near caudal
f i n , g r e e n  s h e e n  o n  a n t e r i o r  p o r t i o n  o f  b o d y  w h e n
al ive .  6

D e s c r i p t i o n
M o r p h o l o g y :  f i n  r a y  c o u n t s  m a y  b e incomplete, s p i n y

dorsa l l a s t  t o  d e v e l o p , c a u d a l  f i n  s l i g h t l y  e m a r g i n a t e
(16.7 mm), premax i l l ae o v e r h a n g  m a n d i b l e  s l i g h t l y ,
p e l v i c  f i n s  c l o s e  t o g e t h e r , distance between bases less
than l e n g t h  o f  o n e  p e l v i c  f i n ,  p e c t o r a l  f i n s  l a r g e  a n d
rounded. L

P i g m e n t a t i o n :  b a n d i n g  p i g m e n t  a p p e a r s  o n  d o r s u m  f i r s t
(16.7 mm), i n c r e a s e s  l a t e r a l l y  l a t e r . ‘

I I , 7 ,  p e c t o r a l  1 5 ,  p e l v i c  6 . 3

Ver tebrae :  38 t o  41 .5

L a t e r a l  l i n e  s c a l e s :  43  t o  47  ( 4 2  t o  53);" 46  t o  53.'

D i a g n o s t i c  c h a r a c t e r s :  p r e m a x i l l a e  n o t  p r o t r a c t i l e ,  c o n n e c t e d  t o  s n o u t
b y  f l e s h y  m e d i a n  f r e n u m ,  a n a l  f i n  l l , 7 ,  l a t e r a l  l i n e  c o m p l e t e , g i l l
membranes v e r y  b r o a d l y connected, 7 to 11 brown “saddle”  marks on
d o r s u m ,  9  t o  1 1  v e r t i c a l  b a r s .

LITERATURE CITED
1. Becker (1976)
2. Hubbs (1967)
3. Trautman (1957)

4. Smith (1979)
Bai ley and Gosl ine (1955)
Lathrop (1978)
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Perca f lavescens

P e r c a  f l a v e s c e n s  ( M i t c h i l l ) ,  y e l l o w  p e r c h

DISTRIBUTION

Common to abundant throughout the Great Lakes basin to depths of  45 m,
p r e f e r r i n g  l a k e s ,  p o n d s  a n d  q u i e t  p o r t i o n s  o f  s t r e a m s . ’  2

SPAWNING SEASON

Spawns f rom mid-May to  la te  June in  Lake  Mich igan ,  1 7  2 o  ear ly  May to
J u l y i n  L a k e  E r i e 4  ‘ a n d  e a r l y  A p r i l  t o  l a t e  M a y  i n  s m a l l e r  l a k e s  a n d
bays. 3 ’ 8 9 1 0 1 1 1 2 1 4 1 6 2 3 2 4

SPAWNING TEMPERATURE

M i g r a t e s  s h o r e w a r d  a s  t e m p e r a t u r e s  r i s e  f r o m  1 . 5  t o  6 . 0  C,12 m o s t
o f ten  spawn ing  be tween 7 .2  and  11 .1  C,‘ 9  lo bu t  spawning  occurs  over
a range of 5.6 to 18.5 C in the Great Lakes basin.’ ‘ 9 lo l1 l6 l*

SPAWNING HABITAT

Moves into shal low bays, s h o r e l i n e  a n d / o r  l i t t o r a l  a r e a s ’  3  B t o  s p a w n
i n  w a t e r  0 . 6  t o  1 . 8  m,16 1.5  to  3 .0  m 9  o r  8  to  10  m deep.12 I n  r o c k y
t renches  w i th in  hard  c lay  shoa ls  in  12  m o f  wate r  in  sou theas te rn  Lake
M i c h i g a n . “ ’

SPAWNING SUBSTRATE

S p a w n s  o v e r  s a n d , g r a v e l , rubb le , submerged vegeta t ion  o r  debr is -
covered  bo t toms. ’  3  8

FECUNDITY

3,035 to 157,594 in the G r e a t  L a k e s  b a s i n ;  ‘ 1 1 12 14 20 and o u t s i d e
the bas in ;  5  7  5 1 6 2 2  2 3 2 4  a v e r a g i n g  23,000' t o 48,000.z~

EGGS

Semi-demersal ;* r e l e a s e d  i n  l o n g  bands;l  f l a t  r i b b o n - l i k e , ‘  a c c o r d i o n -
fo lded , t r a n s p a r e n t ; 3  g e l a t i n o u s 1 3 masses approximately 0.6 to 2.0 m
long  and  51  to  76  mm w ide ,  eggs  semi - t ransparen t  o r l i g h t - c o l o r e d ; 9

d i a m e t e r  3 . 5  mm;’ 25 o r  2 .3  mm (1 .9  to  2 .8  mm) ,  yo lk  l i gh t  amber ,  o i l
g lobu le  s ing le ,  deep  amber ;2 7  o r  c lea r  ye l l ow ,  d iamete r  0 .4  mm;4 0.64
mm (0.49 to 0.92 mm) ;27 i ncubat ion  per iod :  51  days  a t  5 .4  C;19 27 days
a t  8 . 3  c;24 2 5  t o  2 7  d a y s  a t  8 . 5  t o  1 2 . 0  C  ( i n  situ);“’ 6  d a y s  a t  1 9 . 7
C;19 8 to 14 days (in situ) ;3 ‘ 9 17 to 20 days (in situ) .l‘

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-8 mm N e w l y  h a t c h e d  ( 4 . 7  t o  6 . 6  m m ) . ’  lo I3 l9 21 2 7  3 0
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Perca f lavescens

Myomeres :  34 to  42  (17 to  24  +  13 t o  20 ) ;2 6  I* 3 o  usua l l y
36 (18 or 19 + 17 to 18) ;n6 3o or 36 (22 + 14) .2*

Morphometry:  (as % TL) standard length 96 to 97;”
p r e a n a l  l e n g t h  5 2  t o  53;" 3 o  g rea tes t  body  depth  14  to
162' o r  17;’ body  dep th  a t  anus  13 ;4  head  leng th  13 4  o r
17 to 18;~' s n o u t  l e n g t h  3 ; 4 eye diameter 5 to 6. 4 27

P r e a n a l  l e n g t h  ( 3 . 0  t o  3 .8  m m )  g r e a t e r  t h a n  p o s t a n a l
leng th  (2 .6  to  3.5 m m )  a t  5.5 to  7 .0  mm.“

Morphology: n o t o c h o r d  s t r a i g h t ,  f i n f o l d  o r i g i n  a t  b a s e  o f
f i r s t  m y o m e r e  c o n t i n u o u s t o  p o s t e r i o r  m a r g i n  o f  y o l k
sac  b reak ing  a t  anus ; 2 6 c o n t i n u o u s  t o  j u s t  p o s t e r i o r  t o
o i l  globule;2e y o l k  s a c  1 . 1  t o  2 . 3  m m  l o n g ,  o v a t e ,  0 . 4
to  0 .8  mm w ide , i n t e s t i n e  s t r a i g h t ,  0 . 5  t o  1 . 1  m m  f r o m
p o s t e r i o r  m a r g i n  o f  y o l k  s a c  t o  a n u s ; 2 6 p e c t o r a l  b u d s
p r e s e n t ; 2 6  2 7  2a f o u r  g i l l arches, p r e o p e r c l e  a n d
o p e r c l e  p r e s e n t ,  y o l k  a b s o r p t i o n  n e a r l y c o m p l e t e  ( 7 . 0
mm) , head becomes elongate and f lat tened (7.2 mm).“’

P igmenta t ion :  eye h e a v i l y p i g m e n t e d ; ’  2 7  3o la rge
s t e l l a t e  c h r o m a t o p h o r e s  s c a t t e r e d  o n  v e n t e r  o f y o l k
s a c ; 2 6  o n  d o r s u m  a n d  v e n t e r  o f  i n t e s t i n e ; 4  26 2 7  2o o n e
t o t h r e e chromatophores near anus; 26 l i t t l e
p i g m e n t a t i o n  o n  d o r s u m  o f  s w i m  bladder;2*  p o s t a n a l
myoseptum marked by chromatophores running f rom venter
t o  m y o s e p t u m ; 4  26 2 7  2* a pair of chromatophores
presen t  a t  base  o f  each  pec to ra l  fin.26

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
8-10 m m Myomeres: 35 t o 43 (18 t o 22 + 17 t o 21) ; 3 0 u s u a l l y 3828

to 39 (20 + 19) .30
M o r p h o m e t r y :  ( a s  %  T L )  s t a n d a r d  l e n g t h  97;” p r e a n a l

l e n g t h  5 2 ; 2 7  o r  56;' g r e a t e s t  b o d y  d e p t h  1 4 ; 2 7  o r  1 2 ; 4

head  leng th  19 ;2 7  eye  d iameter  6 .  4  2 7

M o r p h o l o g y :  y o l k  a n d  o i l  absorbed;‘? n o t o c h o r d  b e g i n n i n g
t o  b e n d  u p w a r d ,  f i n f o l d  p r e s e n t  o n l y  o n  p o s t e r i o r  e n d ,
f i v e  t o  s i x  r a y s  f o r m i n g  o n  v e n t e r  o f  c a u d a l f in;2B
t e e t h  p r e s e n t  o n  p r e m a x i l l a e  a n d  o s s i f i c a t i o n  b e g i n s  i n
m a x i l l a e and branchial  arches (8.3 mm), rays in caudal
f i n  b e g i n  t o  o s s i f y  ( 8 . 0  m m  t o  9 . 0  m m ) , quadrates,
b ranch ios tega l r a y s  a n d  v e r t e b r a e  s t a r t  t o  o s s i f y  ( 9 . 0
to 10 mm) .26

Pigmenta t ion : s ing le  pos tana l l i n e  o f  p i g m e n t , double
l i n e around anal fin;2B p i g m e n t  o v e r  s w i m  b l a d d e r
becomes more intensei stel late melanophores appear on
o c c i p i t a l  r e g i o n  o f  h e a d  a n d  o n  e d g e  o f  l o w e r  j a w . 2 7  28

11-15 m m Myomeres: 35 t o 37 (21 t o 23 + 14 t o 16), u s u a l l y 36 (21
+ 15).28
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Perca f lavescens

M o r p h o m e t r y :  ( a s  %  T L )  s t a n d a r d  l e n g t h  9 0  t o  96;' 84;~'
preanal leng th  50  to  52;’ 54;" grea tes t  body  depth  16
t o  17;' 27 b o d y  d e p t h  a t  a n u s  1 4 ; 4  h e a d  l e n g t h  24;’ 27
s n o u t  l e n g t h  6;' e y e  d i a m e t e r  5  t o  6;4 7."'

M o r p h o l o g y :  f i n f o l d  p e r s i s t i n g  a n t e r i o r t o  s o f t  d o r s a l
f i n ,  a l o n g  d o r s u m  a n d  v e n t e r  o f  c a u d a l pedunc le  and
j u s t a n t e r i o r  t o  anusiz7 2a yo lk  near ly  absorbed  (13 .0
mm) ;2r t e e t h  o n  j a w s ,  g u t  c o m p l e t e l y  l o o p e d ; 2 7  o p e r c l e ,
p r e o p e r c l e  a n d  f r o n t a l  b o n e s  o s s i f i e d ( 1 0 . 0  t o  1 1 . 0
mm) ;2b p e l v i c  b u d s  a p p e a r ; 4  za p r e o p e r c u l a r  s p i n e s  f e w
a n d  p r o p o r t i o n a l l y  l a r g e r  t h a n  i n  a d u l t s , rays appear
i n s o f t  d o r s a l  a n d  a n a l  fins;l’ b e g i n  t o  o s s i f y  ( 1 2  t o
13 mm);26 f i r s t  d o r s a l f i n  s h o w s  d e v e l o p i n g  r a y s ,
p e c t o r a l  b u d s  w i t h  a c t i n o t r i c h i a ; 2 8  b e g i n n i n g  t o  o s s i f y
( 1 3  t o  1 4  m m ) ; 2 6 r a y s  v i s i b l e  i n  e n t i r e  c a u d a l  fin;2n
pe lv ic  f in  rays  oss i fy  (15  to  16  mm)  .2‘

P i g m e n t a t i o n :  s t e l l a t e  c h r o m a t o p h o r e s  o n n a r i a l and
i n t e r o r b i t a l areas o f  h e a d ; 2 8  p i g m e n t  o n  u p p e r  l i p ,
e a c h  s i d e  o f g u t  a n d  b e s i d e  s e c o n d  d o r s a l f i n ; 2 8

pigment on preopercle and a subsurface group over gut.’

15-20 mm Myomeres: 35 to 38 (20 to 24 + 13 to 14) , usually 36 (22
+ 14) .z*

Morphomet ry :  (as  % TL)  s tandard  leng th  80;~’ 85;’ p reana l
l e n g t h  53;' 27 g r e a t e s t  b o d y  d e p t h  1 9  t o  20;‘: 27 b o d y
d e p t h  a t  a n u s 1 6 ,  p r e d o r s a l  l e n g t h  f i n  3 1 ,  l e n g t h  t o
second  dorsa l  f i n  52 , head l e n g t h  2 4 ; 4  26;" s n o u t
l e n g t h  5;’ eye diameter 8.  4  2 7

Morpho logy :  f i n fo lds  absorbed ;2 8  p reopercu la r  sp ines  more
n u m e r o u s  b u t  s m a l l e r ; 2 7 rays comp le te l y  f o rmed  (20
mm) .4

Pigmenta t ion : melanophores scat tered over e n t i r e body,
d o u b l e  r o w  o f  p i g m e n t f rom head t o  p o s t e r i o r  s o f t
d o r s a l  f i n , s ing le  row jus t  be fo re  cauda l f i n , double
row o f  p i g m e n t  f r o m  p e l v i c  f i n s  t o  p o s t e r i o r  a n a l  f i n ,
s i n g l e r o w  b e y o n d  t o  c a u d a l fin;2a s i x t o  s e v e n
de f in i te  ve r t i ca l  bands  on  sca le less  body  (20  mm) .2 7

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20-40 m m Myomeres: 34 t o 41 (18 t o 21 + 16 t o 20 ) , u s u a l l y 38 (20

+ 18) .30
Morphometry: (as  % TL)  s tandard  leng th  84;’ 79 ;2 7  p reana l

l e n g t h  51;’ 55;” g r e a t e s t  b o d y  d e p t h  18;’ 2 1 ; 2 7

predorsal l e n g t h  29;’ h e a d  l e n g t h  2 7 ; 2 7  m a x i l l a  l e n g t h
10;” e y e  d i a m e t e r  7.’ 27

M o r p h o l o g y :  s c a l e s  f i r s t  a p p e a r (20 to 22 mm);26 l5
scales appear a long back and around caudal  peduncle (28
mm);27 squamat ion complete (36 to 37 mm).15
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Perca f lavescens

P i g m e n t a t i o n :  v e r t i c a l b a n d s  c o n t r a s t  s h a r p l y  a g a i n s t
body, dark  p igment  over  b ra in ,  concen t ra ted  a long  edge
o f  s p i n y  d o r s a l  f i n . 2 7

ADULTS

F in  r ays : cauda l  19 ;2 9 d o r s a l  X I  t o  XII;” X I I I  t o  XV’-1  t o 11,  12  to
15;” 2’ anal 11,6 to 8;s 2’ pectoral 13 to 15;’ 27 pelvic 1,s.” 2’

V e r t e b r a e :  3 8  t o  4 1 ; 3  4 0  t o  4 1  ( 3 9  t o  4 2 ) . 3 1

L a t e r a l  l i n e  s c a l e s :  5 3  t o  5 7  ( 5 1  t o  61).3

D i a g n o s t i c  c h a r a c t e r s : s i x to  n ine  ver t i ca l  bands  o f  dark  p igment  on
l a t e r a l  a s p e c t ,  p r e o p e r c l e  s t r o n g l y  s e r r a t e ,  n o  c a n i n e  t e e t h , anal
f i n  1 1 , 6  t o  8 .
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J. A. Dorr, III (pers. Comm.)
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Perca f lavescens

A
5.6 mm

5.8 mm

C 5.8 mm

D 6.8 mm

E 7.0 mm

Fig .  259         Perca  f lavescens ,  ye l low perch . A - E .  Y o l k - s a c  l a r v a e .  ( A ,  w i l d -
caught ,  Lake  Er ie ,  F ish  1932;  B ,D and E,  labora to ry - reared ,  Mary land ,  A .  J .
Mansuet i  1964; C,  w i ld -caught ,  Lake  Er ie ,  Norden  1961) .

623 Percidae



Perca f lavescens

A 7.2 mm

B 8.7 mm

C 12.5 mm

D 13.0 mm

E 13.0 mm

Fig. 260. Perca  f lavescens , y e l l o w  p e r c h .  A - E . Larvae. (A and B,

l a b o r a t o r y - r e a r e d , Maryland, A.  J .  Mansuet i  1964;  C , w i l d - c a u g h t ,  L a k e

Er ie ,  F ish  1932;  D and E,  w i ld -caught , Lake Er ie and Lake Michigan, Norden
1961).
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Percina caprodes

Perc ina  caprodes  (Ra f inesque) ,  l ogperch

DISTRIBUTION

O c c u r s  i n  l a k e s ,  r i v e r s  a n d  s t r e a m s  p o s s e s s i n g  s a n d  a n d  g r a v e l
s u b s t r a t e th roughout  the  Grea t  Lakes  bas in . ’ Has been col lected at  a
depth of  29 m in Lake Huron’  and 40 m in Lake Erie.j

SPAWNING SEASON

S p a w n s  f r o m  A p r i l  t o  l a t e  J u n e  i n  s o u t h e r n  M i c h i g a n ’  9 a n d  l a t e  J u n e
t o  e a r l y  J u l y  i n  n o r t h e r n  M i c h i g a n . 6

SPAWNING TEMPERATURE

Spawns at temperatures between 10 and 15 C.5

SPAWNING HABITAT

Spawns in a l a r g e , sandy area in water 10 to 30 cm deep over which
t h e y  s c h o o l  p r i o r  t o  s p a w n i n g . ’  ‘ S e l e c t s  l a k e s h o r e s ,  s t r e a m  r i f f l e s
and raceways. ’

SPAWNING SUBSTRATE

S p a w n s  o n  f i n e  sand’ ‘ *  9  lo a n d  g r a v e
t h e  s p a w n i n g  f i s h  c r e a t e s  a  p i t . 6

Eggs

FECUNDITY

1, lo a n d  t h u s  t h e  v i b r a t i o n  o f
a r e  buried.l

1 , 0 6 0  t o  3,085.3  J Each spawning 10
spawns once or  tw ice . ’

t o  2 0  e g g s  a r e  l a i d , 3  *  f e m a l e

EGGS

Demersal, a d h e s i v e ;  5  ‘ lo c o l o r l e s s ; 3

present,  d iameter 1.12 mm (1.09 to 1.15
0 .77  mm,  o i l  g lobu le  l a rge  and  s ing le ,5

d i a m e t e r  0 . 4 3  m m ,  i n c u b a t i o n  p e r i o d :  8
at 21 to 23 C.7

o r amber, at tachment d i s c
mm) , g ranu la r  yolk;lO  d iamete r
lo or  numerous smal l  g lobules,
days  a t 16 .5  C;'O 5 to 7 days

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5-6 mm Newly hatched (4.5 mm) .l”

Myomeres: 37 to 38 (20 + 17 to 18) . 5

Morphomet ry :  (as  % TL)  p reana l  leng th  56 ,  yo lk -sac  leng th
3 3 ,  o i l  g l o b u l e  d i a m e t e r  1 0 ,  e y e  d i a m e t e r  6 ,  p e c t o r a l
f i n  l e n g t h  8.1”

P igmenta t ion : eyes pigmented.‘O
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Percina caprodes

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
6-7 mm Morphometry:  (as % TL) standard length 95 to 97; lo

preana 1 l e n g t h  55  t o  56 ; lo 62~4 g r e a t e s t  b o d y  d e p t h  9
t o  11;‘O 1 3 ; ' head  leng th  15 to  16;l" 17;'  snout  leng th
3 ;’ e y e  d i a m e t e r  4  t o  5.' lo

Morphology: yolk absorbed (6.3 to 7.0 mm),  pectora l buds
evident;lO  j a w s  a n d t e e t h  d e v e l o p e d  ( 6 . 6  m m ; 4  7 . 5
mmlO).

P i g m e n t a t i o n :  s i n g l e , large chromatophores below base of
pec to ra l f i n , t h r e e chromatophores o n  v e n t e r  o f  g u t
even ly  spaced w i th  las t  a t  anus ,  one chromatophore on
dorsum o f  g u t  j u s t  a b o v e  t h e  a n u s  a n d  i r r e g u l a r  s i n g l e
p o s t a n a l  s e r i e s . 4

7-9 mm Morphomet ry :  (as  % TL)  s tandard  leng th  95 ,  p reana l  leng th
5 9 ,  g r e a t e s t  b o d y  d e p t h  1 1 , head l e n g t h  1 8 ,  e y e
d iamete r  5.'"

Morphology: c a u d a l  f i n  r a y s  visible.‘O

1O-13 mm ‘Myomeres: 40 (23 + 17) .I0
Morphometry:  (as %  T L )  s t a n d a r d  l e n g t h  9 2 : 4  9 3  t o  98;lo

p r e a n a l  l e n g t h  54;’ 57  t o  58;10 g r e a t e s t  b o d y  d e p t h  1 1
or 12;4 lo body  depth  a t  anus  8;’ head  leng th  17;’ 18
t o  2O;lO eye diameter 5 or  6.4 lo

Morphology: some dorsa l  and  ana l  f i n  rays d e v e l o p e d ; ’  lo
u r o s t y l e  u p t u r n e d ,  c a u d a l  f i n  r a y s  f o r m e d  ( 1 2 . 0  mm).lO

P i g m e n t a t i o n :  s i n g l e subsurface chromatophore below base
o f  p e c t o r a l  f i n , a  f e w  a l o n g  v e n t e r  o f  i n t e s t i n e  a n d  a
f e w  s u b s u r f a c e  m a r k s  o n  v e n t e r  o f caudal  peduncle
beg inn ing  a t  anus . 4

14-15 mm Myomeres: 41 (23 + 18) .l”
Morphometry:  (as % TL) standard

l e n g t h  56;‘” 58~~  g r e a t e s t
postanal body depth at  anus 10
e y e  d i a m e t e r  7;l” 6;’ s n o u t  5 .

l e n g t h  go;10 89;’ p r e a n a l
b o d y  d e p t h  13;l” 14;4
;’ h e a d  l e n g t h  19;l” 21;’
4

Morpho logy:  pe lv ic f i n r a y s  f o r m i n g , l i t t l e  f i n f o l d
r e m a i n i n g  ( 1 4 . 0  m m ) ,  a l l  f i n  r a y s  e x c e p t  s p i n y  d o r s a l
a n d  p e l v i c f i n  formed;‘O  o r al  1 spines and rays of
median fins apparent (15.0 mm) .4

P i g m e n t a t i o n :  a  f e w  c h r o m a t o p h o r e s  a p p a r e n t  o v e r  s w i m
b l a d d e r . ’

16-19 mm Myomeres: 41 to 42 (23 + 18 to 19) .l”
Morphometry:  (as % TL) standard length 87 to 89,  preanal

leng th 55 to  56 ,  g rea tes t  body  depth 13 t o 15, head
leng th 20, eye  d iameter  6.10

Morphology: a n a l  f i n  l,ll.lO
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Percina caprodes

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
20-21 mm M o r p h o m e t r y :  ( a s  %  T L )  s t a n d a r d  l e n g t h  80  t o  87~0 83;4

preana 1 l e n g t h  5 0  t o  53;'" 53;" grea tes t  body  depth  11
t o  12;l”  15;” b o d y  d e p t h  a t  a n u s  1 2 , predorsal length
30, head length 18 to 20; lo 2 3 ; 4  s n o u t  l e n g t h  5;l” eye
d i a m e t e r  6;’ 7.‘”

M o r p h o l o g y :  a n a l  f i n  ll,lO.lo
Pigmentat ion: chromatophores on snout,  jaws, above eye,

and  dorsum pos te r io r  to  b ra in ; ’  pa tches  on  dorsum,  one
be tween  dorsa l  f i ns ,  one  be low midd le  o f s o f t  d o r s a l ,
o n e  a t end o f  s o f t  d o r s a l  a n d  o n e  n e a r  c a u d a l  f i n ,  a
few patches of  p igment on l a t e r a l l i n e  b e l o w  d o r s a l
patches with a few chromatophores between;4  double row
of p igment on v e n t e r  b e t w e e n  c a u d a l f i n  a n d  a n u s ,
heaviest near base of ana
caudal f i n  r a y s ,  m e d i a n
w i t h o u t  p i g m e n t . 4

1 f i n ,  some at  p rox ima l  end o f
f i ns  wi th  p i g m e n t ,  p a i r e d  f i ns

25-26 mm Myomeres: 40 (20 + 20) ; 4 4
19) .lO

1 to 43 (23 to 24 + 18 t o

Morphometry:  (as %  T L )  s t a n d a r d  l e n g t h  8 2 , preana 1
length 53, greatest body depth 16, head length 24, eye
d iamete r  8,  (as  % head  leng th )  33.’

Morpho logy :  mou th  sma l l , i n f e r i o r , smal l  teeth on vomer
a n d  p a l a t i n e s . ’

Pigmentat ion: pigment i n e i g h t  b a r s  c r o s s i n g  d o r s u m ,
which are o p p o s i t e t e n  l a t e r a l b a r s , sca t te red
c h r o m a t o p h o r e s  o n  j a w s ,  h e a d  a n d  m e d i a n  f i n s ,  s i n g l e
postanal s e r i e s of  dark chromatophores,  double around
a n a l  f i n , b l a c k  s p o t  a t  b a s e  o f  c a u d a l  f i n . 4

ADULTS

Fin rays: caudal  3 8  t o  3g;l" d o r s a l  X I V  t o  X V  ( X I I I  t o  X V l ) 3  lo,  1 5  t o
16 3 10 (14 to 18);~ anal I I, 10 to 11 (9 to 12) ;’ lo pectoral 13 to
14;3  15;l" pe l v i c  1,5.‘”

Ver tebrae : 41 to 42 (39 to 44);lO  42 to 44 (41 to 451."

L a t e r a l  l i n e  s c a l e s :  7 1  t o  85~3  7 1  t o  103.”

D iagnos t i c  charac te rs : m i d l i n e  o f  b e l l y  w i t h  s i n g l e  s e r i e s  o f  e n l a r g e d
sca les , p r e m a x i l l a e  n o t  p r o t r a c t i l e , bound to snout by median f leshy
frenum, snout e x t e n d s  b e y o n d  u p p e r  l i p ,  l a t e r a l  l i n e  s c a l e s  78  t o
103 ,  15 to  25  c ross  bars  on  la te ra l surf ace narrow and numerous,
dark spot  on caudal  peduncle.

LITERATURE CITED
1. Becker (1976)
2. Hubbs and Lagler (1958)

Scott  and Crossman (1973)
1: Fish (1932)
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Percina caprodes

5. Hardy (1978) 9. Winn (1958a)
6. Reighard (1913) 10. Cooper (1978c)

7. Gr izz le and Curd (1978) 11. Bai ley and Gosl ine (1955)
8. Winn (1958b)

A 5.3 mm

C 6.4 mm

D 6.6 mm

Fig. 261. Perc ina  caprodes ,  l ogperch . A and B. Yolk-sac larvae. C and D.
Larvae. (A-C, wi ld caught,  Oklahoma, Taber  1969 ;  D ,  w i ld -caugh t  Lake  Er ie ,
F ish  1932) .
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Percina caprodes

8.3 mm

10.5 mm

C 12.5 mm

D 13.4 mm

Fig. 262. P e r c i n a  c a p r o d e s ,  l o g p e r c h .  A - D . Larvae. ( A , B  a n d  D ,  w i l d -

caugh t  and  labora to ry - rea red , Oklahoma, T a b e r  1969 ;  C ,  w i l d - c a u g h t  L a k e
E r i e ,  F i s h  1 9 3 2 ) .
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Percina caprodes

A 14.2 mm

B 15.0 mm

C 20.5 mm

25.3 mm

Fig. 263. Percina caprodes, logperch. A and B. Larvae. C and D.
J u v e n i l e s .  ( A  a n d  C ,  w i l d - c a u g h t , Lake  Er ie , Fish 1932; B and D, wild-
caught and laboratory-reared,  Oklahoma, Taber 1969).
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Percina copelandi

Perc ina  cope land i  ( Jo rdan) ,  channe l  da r te r

A  d e s c r i p t i o n  a n d  i l l u s t r a t i o n  o f  a  6 . 1 - m m  p .  c o p e l a n d i g i v e n  b y  F i s h
( 1 9 3 2 )  a r e  t h o u g h t t o  b e  b a s e d  o n  a  m i s i d e n t i f i e d  l a r v a . The  co i l ed  gu t
and  myomere  coun ts  a re  no t  charac te r i s t i c  o f  the  perc ids .

DISTRIBUTION

From the  eas te rn  marg in  o f  the  lower  pen insu la  o f  M ich igan  th roughou t
L a k e s  H u r o n  a n d  E r i e  a n d  t h e i r  d r a i n a g e s . ’  O c c u r s  i n  l a k e s  a n d  l o w e r
p o r t i o n s  o f  m a i n  t r i b u t a r i e s , 14 to depths of 9 m in Lake Huron.’

SPAWNING SEASON

S p a w n s  d u r i n g  t h e  s p r i n g  i n  t h e  G r e a t  L a k e s  region,z  s p e c i f i c a l l y
d u r i n g  J u l y  i n  M i c h i g a n . 4 6

SPAWNING TEMPERATURE

In  Mich igan spawning occurs  a t  20.6 to  22 .2  C.’

SPAWNING HABITAT

Spawns i n s t r e a m s  p o s s e s s i n g  s a n d , grave l and rock  bo t toms w i th
swi f t l y  mov ing  water  0 .5  to  1 .5  m deep.4

SPAWNING SUBSTRATE

E g g s  a r e  l a i d  i n  g r a v e l  u s u a l l y  b e h i n d  l a r g e  r o c k s  4  5  6  a n d  t h e  m a l e
g u a r d s  a  l a r g e  t e r r i t o r y . 6

FECUNDITY

357 to  415; ’
6  4  to  10  eggs  la id  a t  one  t ime.4  6  A  fema le  spawns  once

t o  s e v e r a l  t i m e s . 6

EGGS

Demersa l ,  adhes ive ,  t ransparen t , d iamete r  1 .4  mm,  o i l  g lobu le  o range .4

YOLK-SAC LARVAE

Not descr

LARVAE

Not descr

ibed.

ibed.

631 Percidae



Percina copelandi

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
43 mm Morphometry:  (as % TL) standard length 83, preanal  length

5 2 ,  g r e a t e s t  b o d y  d e p t h  1 4 ,  p r e d o r s a l  l e n g t h  2 7 ,  h e a d
l e n g t h  2 0 , (as % head length) snout 29, eye diameter
31.3

Morphology: s i n g l e  r o w  o f enlarged, th ickened , spinous
s c a l e s  o n  m i d l i n e  o f  b e l l y . ’

Pigmentat ion: dorsum checkered w i t h d a r k  m a r k i n g s ,
v e r t i c a l b r o w n  p a t c h e s  a l o n g l a t e r a l l i n e form
i n t e r r u p t e d l a t e r a l band, d a r k  p i g m e n t a t i o n  e x t e n d s
f rom eye  to  snou t ,  few chromatophores  on  f ins , a  d a r k
p a t c h  a t b a s e  o f  c a u d a l  f i n  a n d  o n e  j u s t  a n t e r i o r  t o
s p i n y  d o r s a l  f i n . ”

ADULTS

F in  r ays : c a u d a l  17 ; *  d o r s a l  X I - 1 2  t o  1 4 ,  a n a l  1 1 , 9  t o  1 0 ; 2  3  p e c t o r a l

La te ra l l i n e  s c a l e s :  43  t o  51.'

Diagnost i c  c h a r a c t e r s : m i d l i n e  o f  b e l l y  w i t h  s i n g l e  s e r i e s  o f  e n
sca les , p r e m a x i l l a e  p r o t r a c t i l e , s e p a r a t e d  b y  d e e p  g r o o v e
snout .

1 3 ,  p e l v i c  l , 5 . '

V e r t e b r a e :  37  t o  38,’ 38  t o  40.’

LITERATURE CITED
1. Hubbs and Lagler (1958)
2. Scott and Crossman (1973)

Winn (1958b)
Winn (1958a)

larged
from

1:
Fish (1932) 7. Bai ley and Gosl ine (1955)
Winn (1953)
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Percina maculata

P e r c i n a  m a c u l a t a  ( G i r a r d ) ,  b l a c k s i d e  d a r t e r

DISTRIBUTION

T h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n  e x c e p t  L a k e  S u p e r i o r  a n d  m i d d l e  t o
e a s t e r n  L a k e  O n t a r i o . 2  3 Occurs  in  s low-mov ing  s t reams,  ra re ly  lakes
o f  the  Lake  Mich igan  d ra inage, t o  t h e  l o w e r - m o s t  p o r t i o n  o f  t h e upper
p e n i n s u l a  o f  M i c h i g a n . ’

SPAWNING SEASON

In Michigan and throughout the Great Lakes region spawning occurs from
e a r l y  M a y t o  mid-June.’  3  5  ’ M igra tes  to  spawning  grounds dur ing
March  and  Apr i l .6

SPAWNING TEMPERATURE

Spawning has been observed at 16.5 C.’ 3  s

SPAWNING HABITAT

S p a w n s  i n  g r a v e l - b o t t o m  p o o l s  o r  r a c e w a y s ,  n o t  r i f f l e s 3  7  i n  w a t e r  30
to 60 cm.6

SPAWNING SUBSTRATE

S p a w n s  i n  s a n d a n d  g r a v e l  d e p r e s s i o n s , ’ s 7  u n d e r s i d e s  o f  r o c k s  i n
streams, i n  r u b b l e  r i f f l e s . ’ M a l e  i s  s l i g h t l y  d e f e n s i v e  a r o u n d  f e m a l e
dur ing  spawning  act.’

FECUNDITY

6 3 0  t o  860;~ 1 , 0 0 0  t o  1,758.0 7 E g g s  a r e l a i d  s i n g l y i n masses
averaging 65 eggs. ’

EGGS

Demersal, adhesive, s p h e r i c a l ; 5 c o l o r l e s s ; 3  d i a m e t e r  2  m m ; 3  s
i ncubat ion  per iod : 142  hours  o r  6 days ( in  s i tu )  . 5

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.8 mm Newly hatched.5

Pigmenta t ion : l i t t l e  p i g m e n t a t i o n ,  a  f e w  m e l a n o p h o r e s  o n
y o l k  s a c , anal a n d  p o s t a n a l  v e n t r a l  r e g i o n s ,  s i n g l e
m e l a n o p h o r e  o n  c a u d a l  f i n  c l o s e  t o  b o d y ,  f o u r  l i n e s  o f
pigment r a d i a t e from eye (3 weeks old)  , th ree
p o s t e r i o r , one a n t e r i o r , p i g m e n t  a l s o  o b s e r v e d  o n
venter. 5
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Percina maculata

LARVAE

Not  descr ibed .

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
41 mm Morphometry:  (as % TL) standard length 85, preanal  length

52,  g rea tes t  body  depth  16,  head leng th  22 ,  (as  % head
leng th )  eye  d iamete r  6.4

P i g m e n t a t i o n :  b l a c k  s t r e a k  o f  p i g m e n t  o n  u p p e r  j a w ,
l o n g i t u d i n a l  s t r e a k  f r o m  s n o u t  t h r o u g h  e y e  t o  b a c k  o f
head, s u r f a c e  o f h e a d  a n d  i n t e r o r b i t a l  s p a c e  h e a v i l y
pigmented, en t i re  dorsum covered w i t h chromatophores
which o u t l i n e sca le  deve lopment , f i v e  l a r g e  a n d  t w o
sma l l  pa tches  o f  p igment  on  m id la te ra l aspec t , do rso-
l a t e r a l scales i r r e g u l a r l y o u t l i n e d  w i t h  p i g m e n t ,  a
ser ies of  melanophores along a n d  j u s t  p o s t e r i o r  t o
m a r g i n  o f  a n a l  f i n .

ADULTS

F in  r ays : caudal 17;” d o r s a l  X I I I  t o  X I V  ( X I I  t o  X V ) - 1 3  t o  1 4  ( 1 1  t o
15), anal 11,10 to 11 (9 to 13), pectoral 13 to 14, pelvic l,5.”

V e r t e b r a e :  4 1  t o  4 2 ; 3  4 2  t o  44.1°

L a t e r a l  l i n e  s c a l e s :  5 6  t o  67;” 6 0  t o  85;~ 6 5  t o  75.’

D i a g n o s t i c  c h a r a c t e r s : m i d l i n e  o f  b e l l y  w i t h  s i n g l e  s e r i e s  o f  e n l a r g e d
s c a l e s ,  p r e m a x i l l a e  b o u n d  t o  s n o u t  b y  f l e s h y  f r e n u m , sca les i n
l a t e r a l l i n e usua l l y  60  to  85,  8  t o  10  dorsa l  “ sadd le ”  marks ,  6  to
10  la te ra l  pa tches ,  da rk  spo t  on  cauda l  pedunc le , g i l l covers no t
connec ted  a t  i s thmus.

LITERATURE CITED
1. Becker (1976)
2 . Hubbs and Lagler (1958)

2 .
Scott and Crossman (1973)
Fish (1932)

5. Pet rav icz  (1938)

6. Winn (1958b)

2
Winn (1958a)
Thomas (1970)

9 . Smith (1979)
10. Bai ley and Gosl ine (1955)
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Perc ina  phoxocepha la  (Ne lson) ,  s lenderhead  dar te r

DISTRIBUTION

I n  t h e  G r e a t  L a k e s  b a s i n  o c c u r s  o n l y i n the Fox River system of
W i s c o n s i n  p r e f e r r i n g  r i f f l e  a r e a s  o v e r  s a n d  o r  f i n e  g r a v e l .  1  z

SPAWNING SEASON

Breeding c o l o r a t i o n  i n t e n s i f i e s  d u r i n g  A p r i l  a n d  s p a w n i n g  o c c u r s  f r o m
e a r l y  t o  m i d - J u n e  i n  c e n t r a l  I l l i n o i s . 4

SPAWNING TEMPERATURE

Spawning has been observed at 21.1 C.l

SPAWNING HABITAT

Spawns in swif t ly f lowing water 15 to 60 cm deep.4

SPAWNING SUBSTRATE

Deposi ts eggs among gravel .4

FECUNDITY

83 to 270 (50 to 720).4

EGGS

T r a n s p a r e n t ; ' d i a m e t e r  1 . 2  m m  ( w a t e r  h a r d e n e d ,  u n f e r t i l i z e d ) ; S  o i l
g l o b u l e  l a r g e  a n d  s i n g l e . 4

YOLK-SAC LARVAE

Not  descr ibed .

LARVAE

Not  descr ibed .

JUVENILES
Ful ly scaled (33 mm).4

ADULTS

F in  r ays : caudal 16 to 17;" d o r s a l  X  ( I X  t o  X l ) - 1 3  t o  1 5 ,  a n a l  I I , 1 1
( 1 0  t o  1 2 ) ,  p e c t o r a l  1 3  t o  1 4 ,  p e l v i c  l,5."

V e r t e b r a e :  3 7  t o  39;" 3 8  t o  40.'

L a t e r a l  l i n e  s c a l e s :  4 9  t o  57;3 6 0  t o  70."
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D i a g n o s t i c  c h a r a c t e r s :  m i d l i n e  o f  b e l l y  w i t h  s i n g l e  s e r i e s  o f  e n l a r g e d
s c a l e s ,  p r e m a x i l l a e  n o t  p r o t r a c t i l e ,  b o u n d  t o  s n o u t  b y  f l e s h y
frenum, l a t e r a l l i n e  s c a l e s  u s u a l l y less than 60 to 85, gill
membranes broadly connected,  brown dorsal  “saddle” marks” separate
f r o m  1 0  t o  1 2  l a t e r a l  g r e e n i s h  b l o t c h e s ,  d a r k  s p o t  o n  c a u d a l
peduncle.

LITERATURE CITED
1. Becker (1976)

::
Hubbs and Lagler (1958)
Scott and Crossman (1973)

4. Page and Smith (1971)

Hubbs (1967)
Smith (1979)
Bai ley and Gosl ine (1955)

19 mm

Fig .  264 . Percina phoxocephala, s l e n d e r h e a d  d a r t e r . J u v e n i l e . (Wi ld-
caught, I l l i no is ,  Page and  Smi th  1971) .
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Stizostedion canadense

St izos ted ion  canadense (Smi th ) ,  sauger

A  d e s c r i p t i o n  a n d  i l l u s t r a t i o n  o f  a  1 4 . 6 - m m  S .  c a n a d e n s e  g i v e n  b y  F i s h
(1932)  a re  be l ieved  to  be  based on  a  mis iden t i f i ed  Perc ina  caprodes .

DISTRIBUTION

K n o w n  f r o m  t h e l o w e r  W o l f  a n d  F o x  R i v e r s i n  W i s c o n s i n  a n d  t h e
Menominee and Muskegon Rivers of Michigan. ’  Abundant in Lake Erie and
S a g i n a w  B a y ,  L a k e  H u r o n ,  l e s s  c o m m o n  e l s e w h e r e  i n  t h e  G r e a t  L a k e s
region. 2

SPAWNING SEASON

Spawning  takes  p lace  f rom la te  Apr i l  to  ear ly  May  in  the  Lake  Mich igan
b a s i n , Wiscons in  and S o u t h  Dakota,l  5  l7 l a t e  M a y  t o  e a r l y  J u n e  i n
Canada 3  and June in  Minnesota . ” I n  N o r t h  D a k o t a  s p a w n i n g  e x t e n d s
f rom la te  Apr i l  t o  the  end  o f  June ;  however , peak spawning occurs from
e a r l y  t o  mid-May-l1

SPAWNING TEMPERATURE

Spawning occurs a t 3 .9 t o 6.1 C;3 I7 6.1 t o 11.1 C;’ 5 3.9 t o 11.7
Cl.11

SPAWNING HABITAT

Spawns in shal low, 0.6 to 3.7 m, sand and gravel s h o a l s  o r bars i n
t u r b i d  l a k e s  o r  s t r e a m s . ’  3  4  s

SPAWNING SUBSTRATE

Spawns on  sand,  g rave l ,  rubb le  shoa ls ,  bars  o r  shore l ines .  1  3  4  5

FECUNDITY

9 ,360  t o  152,110;3  11 l2 l3 I4 a v e r a g e s  1 5 , 8 7 1  ( 4 , 2 0 8  t o  4 3 , 3 9 6 ) . 5

NATURAL HYBRIDS

S t i z o s t e d i o n  vitreum-l6

EGGS

Demersal, adhesive a f t e r water hardening;lO  l7 or semibuoyant and
nonadhes ive  a f te r  water  harden ing ;5 d i a m e t e r  1 . 7  m m  ( 1 . 4  t o  1 . 9  mm);’
1.3 m m (1.0 t o 1.5 m m ) ; 5  1 .8  mm.B
Incuba t ion  per iod :  Tempera tu re  5 Days to Hatch

4 . 5 - 1 2 . 8 25-293
6 .0 37-58 9

18-2110 l’
22-359
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10.0 12-18'
11.1 13-15 5

10.0-12.2 g-14*
12.0 12-219
12.8 9-13'
15.0 8-139
18.1 7-109
20.9 5-89

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-10 mm Newly hatched (4.5 to 5.8 mm)  .3  s 7  9

Myomeres: (16 to 21 + 21 to 26), mean 41.8 (18.7 +
23.1)~

Morphomet ry :  (as  % TL) standard l e n g t h  98;’ p r e a n a l
leng th  47; 4  49 to  51 ; ’  head l e n g t h  20;’ 12 to 18;’
g r e a t e s t  b o d y  d e p t h  1 6 ; 4  1 6  t o  27;’ b o d y  d e p t h  a t  a n u s
7 ; 4  e y e  d i a m e t e r  5;’ 6  t o  8.’

Morphology: n o t o c h o r d  s t r a i g h t ,  f i n f o l d  c o m p l e t e  s t a r t i n g
a t  myomeres  two to  f i ve ,  pec to ra l  buds  p resen t , s i n g l e
o i l g l o b u l e  a t a n t e r i o r  o f  o v a l  y o l k  s a c ,  s a c  0 .8  t o
2.2 mm deep and 1.6 to 2.8 mm long.’

P i g m e n t a t i o n :  s i n g l e , large chromatophore on venter  about
h a l f  w a y  f r o m  p e c t o r a l fin base to anus, a few
chromatophores on d o r s u m  o f s w i m  b l a d d e r ; 4 a few
c h r o m a t o p h o r e s  o n y o l k sac;s 7 i nc reas ing and
concent ra t ing along v e n t e r  o f y o l k sac w i th  one to
t h r e e  a l o n g  p o s t a n a l  v e n t e r . ’

LARVAE

Tota l l e n g t h D e s c r i p t i o n
1O-15 mm Myomeres :  (19  to  22  +  21  to  24) ,  mean usua l l y  42 .7  (20 .8

+ 22.6)~
Morphomet ry :  (as  % TL)  p reana l  l eng th  50 to  53; '  grea tes t

b o d y  d e p t h 14 to 19, b o d y  d e p t h  a t  a n u s  11;’ h e a d
l e n g t h  2 1  t o  29;’ 7 eye d iameter  5  to  7.’

M o r p h o l o g y :  y o l k  a b s o r b e d ,  a c t i n o t r i c h i a  o f dorsa l and
anal f i n s  p r e s e n t , u r o s t y l e  b e g i n n i n g  t o  t u r n  u p w a r d ,
c a u d a l  f i n r a y s  p r e s e n t , anus o p e n i n g  a t e d g e  o f
f infold (13.0 mm) ;4 c a u d a l  f i n  r a y s  b e g i n  t o  o s s i f y  ( 1 0
t o  1 1  m m ) ,  a n a l , d o r s a l  a n d  p e c t o r a l  f i n  r a y s  s t a r t  t o
oss i fy  (13 mm),  pe lv ic  f ins  oss i fy  (15 m m )  .’

P i g m e n t a t i o n : a few chromatophores on venter of myomeres,
i n c r e a s i n g  i n  c o n c e n t r a t i o n  w i t h  g r o w t h , one t o  f o u r
ch romatophores  per  myomere  a long  la te ra l  l i ne ,  den ta ry ,
m a x i l l a and o c c i p i t a l  r e g i o n  p i g m e n t e d ,  p i g m e n t  f i r s t
appears on caudal and anal fins (13 mm) ;’ single
chromatophore on dorsum o f  i n t e s t i n e  a t  a n u s ,  d o u b l e
row of  about  25 smal l  p igment s p o t s  ( 1 2  a r o u n d  a n a l
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27 mm

JUVENILES

f i n )  f r o m  a n u s  t o  c a u d a l  f i n , some chromatophores i n
t h e  t h o r a c i c  r e g i o n  a n d  o n  t h e  p o s t e r i o r  p o r t i o n  o f  t h e
l a t e r a l  l i n e . 4

Morphometry:  (as % TL) standard length 97, preanal  length
51, g r e a t e s t  b o d y  d e p t h  1 5 ,  b o d y  d e p t h  a t  a n u s  1 2 ,
p r e d o r s a l  l e n g t h  3 0 ,  h e a d  l e n g t h  2 9 ,  s n o u t  l e n g t h  7 ,
eye diameter 7.4

Pigmenta t ion : c h r o m a t o p h o r e s  p r e s e n t  o n  t i p s  o f  b o t h
jaws ,  top  o f  head ,  beh ind  eye  and  on  opercu lum,  doub le
row of  chromatophores on dorsum, most intense near base
o f  d o r s a l  f i n s ,  d o u b l e  r o w  n e a r  a n a l  f i n  b a s e  f o l l o w e d
b y  s i n g l e  r o w  t o  c a u d a l  f i n ,  a  f e w  c h r o m a t o p h o r e s  o n
caudal p e d u n c l e ,  c a u d a l f i n  b a s e  a n d  o n  p o s t e r i o r
p o r t i o n  o f  l a t e r a l  l i n e . 4

Tota l l e n g t h D e s c r i p t i o n
39 mm Morphometry:  (as % TL) standard length 85, preanal  length

5 1 ,  g r e a t e s t  b o d y  d e p t h  1 6 ,  b o d y  d e p t h  a t  a n u s  1 3 ,
predorsal leng th  31,  head  leng th  27 ,  snou t  leng th  12 ,
eye diameter 7.4

M o r p h o l o g y :  b o d y  s l e n d e r ,  h e a d  p o i n t e d ,  m a x i l l a  r e a c h e s
p o s t e r i o r  m a r g i n  o f  p u p i l ,  d o r s a l  f i n s  s e p a r a t e . 4

Pigmenta t ion : chromatophores over e n t i r e body, most
numerous on jaws and top of  head,  larger chromatophores
occur  a t  base  o f  each  med ian  f i n  and  a long  la te ra l  l i ne
p o s t e r i o r  t o  d o r s a l  f i n s ,  c a u d a l  f i n  i s  o n l y  f i n  w i t h
many chromatophores;4 melanophores absent on dorsum of
head i n area of p a r i e t a l bones, o u t l i n e  o f
mesencephalon and metencephalon v i s i b l e through
p a r i e t a l  b o n e s ,  i n  2. c a n a d e n s e  t h i s  a r e a  i s  p a l e , i n
2. v i t r e u m  i t  a p p e a r s  b l a c k . 6

ADULTS

F in  r ays : c a u d a l  17;": d o r s a l  X I I I  t o  x v - l , 1 6  t o  2 1 ,  a n a l  I I , 1 1  t o  1 4 ,
p e c t o r a l  1 2  t o  1 4 ,  p e l v i c  l,5."

Ver tebrae : 43 to  45;3 44 to  45.15

L a t e r a l  l i n e  s c a l e s : 88 to 95 (82 to 100) .3

P y l o r i c  c a e c a :  5  t o  6.”

D iagnos t i c  charac te rs : l a t e r a l aspect w i t h ob l ique blotches of
pigment, severa l  rows  o f  da rk  spo ts  on  dorsa l  and  cauda l  f i ns ,  b lack
spo t a t  b a s e  o f  p e c t o r a l  f i n ,  t i p  o f  a n a l  f i n  w h i t e ,  a n a l  f i n  I I , 1 2
t o  1 3 ,  p r e o p e r c l e  s t r o n g l y  s e r r a t e ,  e n l a r g e d  c a n i n e  t e e t h ,  5  t o  8
p y l o r i c  c a e c a .
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8.5 mm

C 9.0 mm

Fig. 265. St izos ted ion  canadense,  sauger . A-C.  Yo lk -sac  la rvae .  (A  and  B ,
laboratory-reared, South Dakota,  W. R. Nelson 1968a; C ,  w i l d - c a u g h t , Lake
E r i e ,  F i s h  1 9 3 2 ) .
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A
10.3 mm

B 13 mm

C
14.5 mm

D 17.5 mm

Fig. 266. St izos ted ion  canadense,  sauger .  A-C.  Larvae . D .  J u v e n i l e .  A ,

C and D, l a b o r a t o r y - r e a r e d , South Dakota, W. R. Nelson 1968a; B ,  w i l d -

caught, L a k e  E r i e ,  F i s h  1 9 3 2 ) .
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S t i z o s t e d i o n  v i t r e u m

S t i z o s t e d i o n  v i t r e u m  ( M i t c h i l l ) ,  w a l l e y e

5 .  v i t r e u m  h a s  b e e n  a s s i g n e d  t w o  s u b s p e c i e s ,  w a l l e y e  2. v .  v i t r e u m  a n d
blue pike 2. v. glaucum (Robins et al. 1980) . However ,  s ince  2. v.
g l a u c u m  i s  b e l i e v e d  t o  h a v e  b e e n  e x t i n c t  s i n c e  1 9 7 1 ,  w e  s h a l l  r e f e r  t o  t h e
w a l l e y e  a s  2. v i t r e u m .

DISTRIBUTION

Scat te red th roughou t t h e  G r e a t  L a k e s  b a s i n . ’  z Once common in major
b a y s  a n d  i n s h o r e  a r e a s  o f t h e  G r e a t  L a k e s  b u t  h a s  d e c l i n e d i n
abundance i n al l  areas except northwestern Lake Huron, Georgian Bay,
L a k e  S t .  C l a i r , southern Lake Huron and eastern Lake Erie.‘O

SPAWNING SEASON

Spawning takes p lace from A p r i l through May, 3 5 6 1 1 1 2 1 3 1 5 2 6 2 8

j u s t  a f t e r  i c e - o u t , 6  I1 l3 i n  M i c h i g a n , Wisconsin and southern Canada.

SPAWNING TEMPERATURE

Spawning occurs a t temperatures b e t w e e n  3 . 3 and 14.4
C.6 11 13 15 2 3  2 6 2 8 S t a r t to congregate and migra te a t 3.3 C,15 3.9
C 6  o r  j u s t  a f t e r  i c e - o u t . 5  I1 l2 Beg in  spawning a t  4 .4  to  5.6 Cl5 and
most a c t i v e l y spawn a t 7.7 to 1 0 . 0  C,15 7 . 8 t o 8.9 C6 or 5.6 t o 7.8
C.12

SPAWNING HABITAT

Se lec ts m o v i n g  w a t e r  a n d  c l e a n  substrate,l I1 26 r o c k y  a r e a s  i n  w h i t e
w a t e r , 3 s h o a l s  a n d  s h o r e l i n e s  o f  l a k e s  a n d  s t r e a m s6  l1 l2 in w a t e r  5
cm to 3 ms or 0.6 to 1.5 m.ll  l2

SPAWNING SUBSTRATE

E g g s  a r e b r o a d c a s t  o v e r l a rge , unguarded  a reas  o f  coarse  g rave l  to
b o u l d e r  a n d  r o c k  s u b s t r a t e , ”  5  l1 l7 26 o r  s a n d  a n d  f i n e  g r a v e l , 6  a t
night.12

FECUNDITY

23 ,000  t o  227 ,181 ; ’  3  5  6  1x l2 33 2 3  3 9  a v e r a g e  5 0 , 0 0 0  t o  60,000.31

NATURAL HYBRIDS

S t i z o s t e d i o n  canadense.19

EGGS

Demersal, a d h e s i v e  p r i o r t o  w a t e r  h a r d e n i n g ; 6  7  l1 t r a n s l u c e n t  a n d
pinkish;Z8 diameter 1.5 t o 2.1 mm;5 8 28 2.1 mm (1.9 t o 2.3 mm);24 o i l
g lobu le  s ing le ;5  d iamete r  0.67 mm (0 .60  to  0.77 mm).'
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incubat ion per iod:  Temperature C
2.2-18.9

5.6-15.6
6.0

7 . 2 - 1 0 . 3
8.3
8.9

10.5-11.1
10.0-12.2

10.0
10.0-12.8

12.0
12.8
13.9
14.4
15.0
16.0
17.0
18.1
19.4
20.9

D a y s  t o  & Days to Hatch
7 1 2 1o-20= 

15-1630

13 5

16
81'

7 2 7

6"7

5 a 7

427

3.5 27

26 11

25-29 30

30-49 20

24.55

20-24"
23-31 2o
12-181~

13'6
18 18

21 11

12-18~~
1 0 , 2 7  14-182'

7 1 1  2 3

10 27

9 (6-11) 26 8-11 20

8 27

8.5~~
6-82"

6”
5-6 2 0

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
5.8-8.7 m m Newly ha tched ;5 7 8 lz I8 21 14 26 o r 4.8 mm,z3 12.7

1 1

Myomeres: 45 (20 to 21 + 24 to 25).26

Morphology:  preanal  length 46 to 49% TL.2 6

6-10 mm Myomeres :  (18 to 22 + 20 to 28), mean 45.5 (lg.7 +
25.8);~' 41 to 48 (16 to 20 + 25 to 28), usually 44 (18
+ 26);' 25 49  to  51  (28 to  30  pos tana l )  .z6

Morphometry:  yolk-sac depth 0.63 to  1 .25 mm;2 4  0.8 to 1.3
mm;25 y o l k - s a c  l e n g t h  2 . 1 3  t o  2 .88  mm;*’  2 . 1 t o  2 . 6
mm:zs  Preanal  length (3.5 to 4.5 mm) less than postanal
length (3.6 to 5.5 mm) at 7.4 to 9.6 mm;25 (as % TL)
p r e a n a l  l e n g t h  4 7  t o  4 8 ; 4  p6 g r e a t e s t  b o d y  d e p t h  1 9 ,
eye diameter 6 (7.75 mm) .4

M o r p h o l o g y :  n o t o c h o r d  s t r a i g h t ; 2 4  25 f i n f o l d  c o n t i n u o u s ,
dorsal  or ig in between myomeres two and five2’ or th ree
and s i x , anus bends abrupt ly downward;2 5  pectoral  buds
p r e s e n t ; 4  24 25 s i n g l e ,  c l e a r , round o i l g l o b u l e  a t
a n t e r i o r  p o r t i o n  o f  y o l k  s a c . 2 4  25

P i g m e n t a t i o n :  e y e  p i g m e n t e d ; ’ chromatophores on yolk sac
and pos tana l  ven te r , l a t e r  d e v e l o p i n g  i n t o  a  c o n t i n u o u s
c h a i n  o f  i n t e r l o c k i n g  s t e l l a t e  c h r o m a t o p h o r e s , o n e  t o
f i v e  c h r o m a t o p h o r e s  p r e s e n t  o v e r  notochord;*  24 l a r g e
s te l l a te  ch romatophores  over  hear t and o i l globule; 4

two to f o u r c h r o m a t o p h o r e s  o n  i n t e s t i n e  b e t w e e n  a n u s
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and yolk sac, a  f e w  p o s s i b l y  p r e s e n t  i n  l o w e r  j a w , one
t o two chromatophores per myomere: 2 5 a few
chromatophores on dorsum near caudal  fin.’ 25

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
1O-20 mm M y o m e r e s :  4 5 . 6  2 3 . 2  ( 2 1 . 2  t o  2 5 . 0 )  +  2 2 . 5 ( 2 0 . 9  t o

25.0>];24 38 to 53 (16 to 24 + 22 to 29), usually 45
(19 + 26) .17 25

Morphometry:  (as %  T L )  s t a n d a r d  l e n g t h  9 4 ; 4  p r e a n a l
length 52 to 58~4  7 24 g rea tes t  body  dep th  20 ,  body
depth at  anus 22;’ head length 21 to 28;' 24 snout
l e n g t h  79;’ eye  d iameter  6  a t  12 .5  mm.’

Morpho logy :  yo lk a b s o r b e d  ( 9 . 5  t o  1 0 . 5  m m ,7  B I9 21 3  t o
5  d a y s  posthatching;12  9 . 0  t o  9 . 7  m m  a t 15  days
p o s t f e r t i l i z a t i o n 2 6 ) ; l a r g e  s w i m  b l a d d e r present; 4

s m a l l  c a n i n e  t e e t h  develop’ ( 1 0 . 5  m m ) ,  m a x i l l a  e x t e n d s
t o  p o s t e r i o r e d g e  o f p u p i l , f i n f o l d s  a b s o r b e d  ( 1 3 . 0
mm) ;25 c a u d a l  f i n  r a y s  b e g i n  t o  o s s i f y  i n  v e n t r a l h a l f
(10 to 11 mm) ;I4 25 anal, sp inous  dorsa l  and  pec to ra l
f i n  r a y s  b e g i n  t o  o s s i f y  ( 1 3  t o 14  mm,2 4 15 to 16
mm25) ; p e l v i c  f i n  r a y s  o s s i f y (16 to 17 mm) ;24 25
o p e r c l e ,  p r e o p e r c l e ,  f r o n t a l  b o n e s  a n d  v e r t e b r a e  b e g i n
to ossi fy (12 to 13 mm) .2 5

P i g m e n t a t i o n :  o n e  t o  t h r e e  c h r o m a t o p h o r e s  p r e s e n t  o n
ven te r  o f  each  myomere ; ’  z4 25 some on  la te ra l  l i ne  and
o n  d e n t a r y , m a x i l l a and o c c i p i t a l , becoming more
in tense w i t h development;2 4 double row of
chromatophores on dorsum, one row dorsal  to notochord
with one to four chromatophores per myomere,  second row
along middorsum w i t h one to  two  ch romatophores  per
segment;2 5 or s ingle row present becoming double around
d o r s a l  f i n ; ’  p i g m e n t a t i o n  o n  l a t e r a l  l i n e  c o n s i s t i n g  o f
one t o  f o u r chromatophores per myomere located
subdermal ly w i t h a n d  j u s t  b e l o w  n o t o c h o r d ; 2 5  o r
i r r e g u l a r  s e r i e s  o f  p i g m e n t a t i o n  o n  l a t e r a l l i n e  w i t h
myomeres above a n d  b e l o w  m a r k e d  w i t h  i r r e g u l a r  b l a c k
lines;’ chromatophores over s w i m  b l a d d e r , decreasing
a l o n g  g u t  t o  anusr4 24 ste l late chromatophores on head,
cheeks, t i p o f  b o t h  j a w s ,  b a s e  o f  p e c t o r a l  f i n  a n d  i n
r e g i o n  o f  h e a r t . 2 5

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
18-30 mm Myomeres: 38 t o 53 (16 t o 24 + 22 t o 29), u s u a l l y 45 (19

+ 261.'
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Morphometry:  (as % TL) standard length 81, preanal  length
5 3 ,  g r e a t e s t  b o d y  d e p t h  1 8 ,  b o d y  d e p t h  a t  a n u s  1 3 ,
predorsal l e n g t h  3 1 , l eng th  to  second  dorsa l  f i n  53,
head  leng th  28,  snout  leng th  6 ,  eye  d iameter  6 ,  max i l l a
l e n g t h  13.'

Morpho logy :  fu l l  comp lement  o f  pe lv i c  and  ana l f i n  r a y s
( 1 5 . 0  mm);?  f u l l  c o m p l e m e n t  o f  a l l  f i n  r a y s  ( 1 8 . 0  m m ,2 4

20 to 30 mm7) ; scales a p p e a r  ( 2 4  m m ) ,  g r a d u a l l y
i n c r e a s i n g  f r o m  c a u d a l  p e d u n c l e  a l o n g  l a t e r a l l i n e ,
fully scaled (45 mm) .14

P igmenta t ion : ch romatophores  p resen t  on  su r face  o f  head ,
in  seven pa tches  o r  bars  across  dorsum.  ex tend ing  shor t
d i s t a n c e  d o w n  e a c h  s i d e , o b l i q u e  b a n d s  b e g i n i n
in te rspaces , cross l a t e r a l l ine and extend midway to
v e n t e r , ven te r  unp igmented  excep t  f rom ana l  f i n o r i g i n
t o caudal f i n , dorsa l and caudal f i n s show
p i g m e n t a t i o n ,  a  l i t t l e  p r e s e n t  a t  b a s e  o f  p e c t o r a l
f i n s , o t h e r f ins  co lo r less ; 4  ch romatophores  on  dorsum
o f  h e a d i n area of p a r i e t a l bones, o u t l i n i n g
mesencephalon and metecephalon.,

ADULTS

F i n  r a y s :  c a u d a l  17 ; *  d o r s a l  X I I  t o  X V I - 1 , 1 8  t o  22;,3 a n a l  I I , 1 2  t o  13
(11 to 14) ;J 5  p e c t o r a l  1 4  ( 1 3  t o  16);~ 5 p e l v i c  1,5.3

Ver tebrae :  44  to  48;~  46 to  47  (45 to  48)."

L a t e r a l  l i n e  s c a l e s :  83  t o  104;3 86  t o  9 2  (80  t o  108).~

P y l o r i c  c a e c a :  3  t o  4.’

D iagnos t i c  charac te rs : l a t e r a l a s p e c t  f i n e l y  v e r m i c u l a t e ,  5  t o  1 2
f a i n t  v e r t i c a l bars , sometimes e v i d e n t  a t young stages, b lack
p i g m e n t  s p o t i n  p o s t e r i o r  m e m b r a n e  o f  f i r s t  d o r s a l  f i n  a n d  a t  b a s e
o f  p e c t o r a l  f i n , t i p  o f  a n a l  f i n  a n d  l o w e r  l o b e  o f  c a u d a l  f i n  w h i t e ,
a n a l  f i n  I I , 1 2  t o  1 3 ,  p r e o p e r c l e  s t r o n g l y  s e r r a t e , enlarged canine
t e e t h , t h r e e  t o  f o u r  p y l o r i c  c a e c a ,  c l o u d y  e y e .

LITERATURE CITED
1. Becker (1976)
:: Hubbs and Lagler (1958)

Scott and Crossman (1973)
4. Fish (1932)

2: Hardy (1978) (1850)

ii:
Mansuet i ,  R .J .  (1864)
Priegel (1969)

9. Priegel (1967a)

17.
18.
19.
20.

21. 22.
23.
24.
25.

1)
Johnson (1961)
Corazza and Nickum (198
Stroud (1948)
Koenst and Smith (1876)
Houde (1969)
Vessel and Eddy (1941)
Raney (1959)
Nelson, W. R. (1969a)
Norden (1961)

10. Schneider and Leach (1977) 26. McElman and Balon (1979)
11. N iemuth  e t  a l .  (1959) 27. Anonymous (1967)
12. Priegel (1970) 28. Derback (1947)
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13. Herman (1947)
14. Priegel (1964)
15. Rawson (1956)
16. Nelson  e t  a l .  (1965)

29. Smith (1941)

:::
Hurley (1972)
Adams and Hankinson (1928)

32. Ba i ley  an f  Gos l ine  (1955)

A 6.8 mm

7.8 mm

C 8.0 mm

Fig. 267. S t i z o s t e d i o n  v i t r e u m ,  w a l l e y e . A-C. Yo lk -sac l a r v a e .  ( A ,
laboratory-reared, South Dakota,  W. R. Nelson 1968a; B ,  w i l d - c a u g h t , Lake
Er ie ,  F ish  1832;  C ,  w i ld -caught ,  Lake  Er ie ,  Norden 1961) .
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A 8.5 mm

11.1 mm

C
12.5 mm

14.8 mm

D

Fig. 268. S t i z o s t e d i o n  v i t r e u m ,  w a l l e y e .  A .  Y o l k - s a c  l a r v a .  B - D ,
Larvae.

(A and B, l a b o r a t o r y - r e a r e d , South Dakota, W. R. Nelson 1968a; C ,  w i l d -

caught ,  Lake  Er ie , F i s h  1 9 3 2 ;  D ,  w i l d - c a u g h t ,  L a k e  M i c h i g a n ,  N o r d e n  1 9 6 1 ) .
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A 14.9 mm

B 17.6 mm

C 32 mm

Fig.  269. S t i z o s t e d i o n  v i t r e u m ,  w a l l e y e . A and B. Larvae. C .  J u v e n i l e .

(A and B, l a b o r a t o r y - r e a r e d , S o u t h  D a k o t a , W. R. Nelson 1968a; C ,  w i l d -

caught ,  Lake  Er ie ,  F ish  1932) .
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Sciaenidae

Family Sciaenidae, drums

BY

Lee A. Fuiman

S c i a e n i d s  a r e  p r i m a r i l y  m a r i n e  f i s h e s  o f  t r o p i c a l and temperate
waters ; f e w  s p e c i e s  o c c u r  i n  f r e s h w a t e r . There are about 160 species and
28 genera worldwide. T h e y  a r e  t y p i c a l  a d v a n c e d  b o n y  f i s h e s  w i t h  s p i n o u s
a n d  s o f t - r a y e d  d o r s a l  f i n s , one  or  two sp ines  in  the  ana l  f in  and  one sp ine
w i t h  f i v e  s o f t  r a y s  i n  t h e  t h o r a c i c ,  p e l v i c  f i n s . T h e  l a t e r a l  l i n e  e x t e n d s
to the end of t h e  c a u d a l  f i n . Pharyngea l  tee th  a re  o f ten  mod i f ied  fo r
c rush ing prey , such as mol luscs. The  common name s tems  f rom the  sounds
p r o d u c e d  b y  m e m b e r s  o f  t h i s  f a m i l y . These sounds are made qui te audible
th rough  the  use  o f  the  en la rged  sw im b ladder  as  a  resona to r .

A  s ing le  spec ies ,  Ap lod ino tus  g runn iens  ( f reshwater  d rum) ,  occurs
in  the  Grea t  Lakes . I t  spawns dur ing the summer. Eggs  a re  pe lag ic ,  un l i ke
most  o ther  f reshwater  spec ies  o f  the  reg ion  (excep t C l u p e i d s  a n d  p e r h a p s
H i o d o n  t e r g i s u s ) . La rvae  ha tch  a t  a  sma l l  s i ze  and  d i f f e r  f rom o the r  fo rms
encountered i n  t h e  l a k e s  i n  t h a t  t h e y  h a v e  q u i t e  a  l a r g e  m o u t h  r e l a t i v e  t o
the i r  body  s ize  and  a re  known to  be  p isc ivorous  (C la rk  and  Pearson  1979) .

T h e  f r e s h w a t e r  d r u m  h a s  a n  i n t e r e s t i n g  r e p o r t  h i s t o r y . S c o t t  a n d
Crossman (1973)  d iscuss  ev idence o f  th is  spec ies  a t ta in ing  g rea t  d imens ions
(as much as 441 kg) . Recent ly caught specimens rarely have been over 44

kg. S t o c k s  i n  t h e  G r e a t  L a k e s  s t i l l  s u p p o r t  a  c o m m e r c i a l  f i s h e r y .
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Aplod ino tus  g runn iens

Ap lod ino tus  g runn iens  Raf inesque,  f reshwater  d rum

DISTRIBUTION

T h i s  s p e c i e s  o c c u r s  i n  a l l  o f  t h e  G r e a t  L a k e s ,  e x c e p t  S u p e r i o r . 1 o  I5
The f reshwater  d rum is  found  in  the  lower  two- th i rds  o f  Lake  Mich igan ,
i n c l u d i n g  t h e  l o w e r  p o r t i o n s  o f  m a n y  t r i b u t a r i e s . ”

SPAWNING SEASON

Spawning o c c u r s  f r o m  A p r i l  t h r o u g h  e a r l y  J u n e  i n  W i s c o n s i n . 2  I2 l3 A
pro t rac ted  season  has  been  repor ted  fo r  a  popu la t ion  in  Lake  Er ie .14

SPAWNING TEMPERATURE

Spawns  a t  wa te r  tempera tu res  f rom 18 t o  25  C .3  *  l2 l3

SPAWNING HABITAT

Spawns in  open water  a t  o r  near  the  surface.12

SPAWNING SUBSTRATE

Spawns over gravel and sand. ’

FECUNDITY

34.0003 to 850,000.~  1'

EGGS

l a g i c ; 5  l2 adhes
to 1.7 m m 3  “); yo

sometimes w i t h
s m a l l e r  g l o b u l e s , l o c a t e d  c e n t r a l l y  i n  y o l k  s a c ,  d i a m e t e r
mm, a n t e r o - d o r s u m  o f o i l g l obu le w i t h d a r k l y

Demersal;l  l3 semibuoyantl  3 or pe
nonadhesive;l d i a m e t e r  c a .  1  mm;12  ( 1 . 2
0 . 9  t o  1 . 1  m m ; 5  o i l  g l o b u l e  s i n g l e ; 3  5  7

ive; 2 o r
l k  d iamete r
a d d i t i o n a l
0.6 to 0.7

pigmented
chromatophores;5 i ncubat ion  per iod :  36 hours  a t  21  C ;3  25  to  30  hours
at 22 C;s 2T3  to 30’ hours at 23 C; 22 hours at 25 C.3

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
3.2-4.2 mm Newly  ha tched .3  5

Morphology: o i l  g l o b u l e  p o s t e r i o r i n  y o l k sac; 3 5 7 17

pec to ra l  buds  p resen t , h e a d  f l e x e d  o v e r  y o l k  sac.J
P igmenta t ion : eye  no t  p igmented ; ’ small chromatophores on

yolk-sac dorsum and head.3

4 mm Morphology: mouth p a r t s developed (20 hours
p o s t h a t c h i n g ) , h e a d  f r e e  f r o m  y o l k , caudal f i n rays
forming (25 hours) ; 3 n e e d l e - l i k e  t e e t h  o n  l o w e r  j a w . 9

Pigmenta t ion :  head and  eye  p igmenta t ion  more  in tense .3
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Aplod ino tus  g runn iens

LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
4-8 mm Morphology:  yolk absorbed (4.4 mm, 45 hours posthatching

at  23 c;3 or  6 .0  to  8.8 m m  SL’);  gu t  func t iona l  (4 .5  to
4.7 mm);3 head  and  mouth  la rge ,  t runk  s lender . ’

8 mm Myomeres: 2514 (10 to 14 + g to 11) .A’
Morphometry: (as  % TL)  p reana l  l eng th  48 ,  head  leng th  23

t o  2 5 ,  e y e  d i a m e t e r  7  t o  9 ,  s n o u t  l e n g t h  9  t o  1 0 , j aw
l e n g t h  1 1 , pec to ra l f i n l e n g t h  7 to 8, (as % head
l e n g t h )  e y e  d i a m e t e r  28  t o  37 ,  s n o u t  l e n g t h  3 8  t o  3 9 ,
j a w  l e n g t h  43 ,  p e c t o r a l  f i n  l e n g t h  3 0  t o  32.”

Morphology: dorsal f i n  r a y s  f o r m i n g ,  n o t o c h o r d  f l e x e d ,
c a u d a l  f i n  r a y s  p r e s e n t , tee th  on  max i l lae  and dentary ,
mouth terminal  and obl ique,  swim bladder p r e s e n t  ( 7 . 9
mm) , anal a n d  p e c t o r a l f i n  r a y s  f o r m i n g ,  t e e t h  o n
premaxillae (8.1 mm) .I’

Pigmentat ion:  few melanophores on dorsum of  swim bladder,
b r a n c h i o s t e g a l  r a y s , v e n t r a l  m i d l i n e  a t  p e l v i c g i r d l e ,
anus  and pos te r io r  to  anus ,  eyes  p igmented  (7 .9  mm).“’

11-17 mm Morphometry:  (as % TL) preanal  length 53, head length
eye diameter 6, (as % head length) eye diameter 23.

Morpho logy :  a l l med ian  f in  rays  and sp ines  p resent  (
to 13’ mm) ; p e c t o r a l  f i n  r a y s  1 5 ,  p e l v i c  f i n s  I , 4
mm);“’  f i r s t  s c a l e s  f o r m e d  ( 1 3 . 5 ”  t o  15” m m ) ;  p a
fins complete (16.5 mm) .14

26,
6

111’
(11

i red

Pigmenta t ion :  sparse p igmenta t ion  a l l  ove r ,  me lanophores
on dorsum of  head; ‘ I4 a n d  v e n t r a l  m i d l i n e  p o s t e r i o r  t o
a n u s  ( 1 1  mm);“’ chromatophores around j a w s ; 6  l4
preopercle;l  o p e r c l e , a n d  d o r s o - l a t e r a l l y  ( a n t e r i o r  t o
dorsa l  f i n )  ;  I4 dorsal and l a t e r a l p i g m e n t  l a c k i n g ,
chromatophores i n  d o u b l e  s e r i e s  o n  a n a l f i n  b a s e ,
s ing le  ser ies  pos te r io r l y  (14  mm)  . 6

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
15-22 mm Morpho logy :  f i n  deve lopment  comp le te (15 mm) ; 3 mouth

s u b t e r m i n a l ; ” squamation complete (21 to 22 mm) .I1 l4

ADULTS

F in  r ays : c a u d a l  17;9~ d o r s a l  V I I I - l , 2 5  t o  3 3 ,  a n a l  l l , 7 ,  p e c t o r a l  1 7 ,
p e l v i c  l,5.‘”

V e r t e b r a e :  24.1°

L a t e r a l  l i n e  s c a l e s :  4 8  t o  53.‘”
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Diagnos t i c  charac te rs : l a t e r a l  l i n e  p o r e s  e x t e n d  o n t o  c a u d a l  f i n ,  a n a l
sp ines  two, s e c o n d  l a r g e r  t h a n  f i r s t ,  p e l v i c  f i n s  t h o r a c i c , ad i pose
f i n  a b s e n t .

LITERATURE CITED
1. Raney (1959) 10.
2. Barker (1940) 11.
:: Swedberg and Walburg (1970) 12.

Priegel (1967b) in Becker (1976) 13.

z*
Davis (1959) 14.

’
Fish (1932) 15.

i:
Taber (1969) 16.
Wrenn (1968) 17.

9. Clark and Pearson (1979)

Scott and Crossman (1973)
Priegel  (1966)
Wirth (1958)
McLeod (1953)
Daiber (1950)
Hubbs and Lagler (1958)
Becker (1976)
Hogue et al. (1976)

3.2 mm

4.4 mm

Fig. 270. Aplod ino tus  g runn iens , f r e s h w a t e r  d r u m . A and B. Yo lk -sac
Iarvae. (A and B, wi ld-caught,  Ok lahoma, Taber 1969) .
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4.6 mm

v e n t r a l

5.0 mm

v e n t r a l

F ig .  271 . Ap lod ino tus  g runn iens , f r e s h w a t e r  d r u m .  A . Yolk-sac l a r v a .  B .

Larva. (A and B, wi ld-caught,  Oklahoma, Taber 1969).
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5.7 mm

6.8 mm

8.7 mm

D 9.6 mm

Fig. 272. Aplod ino tus  g runn iens , f r e s h w a t e r  d r u m .  A - D . Larvae. (A-D,
wi ld-caught,  Oklahoma, Taber 1969).
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dorsa l

11.2 mm

F i g . 273. A p l o d i n o t u s  g r u n n i e n s , f reshwater

J u v e n i l e . (A and B, wi ld-caught,  Oklahoma, Taber

655
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drum. A. Larva. B.
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Cot t idae

F a m i l y  C o t t i d a e ,  s c u l p i n s

BY

George R. Heufelder

S c u l p i n s  a r e  b o t t o m - d w e l l i n g  f i s h e s  d i s t r i b u t e d  p r i m a r i l y  i n  n o r t h
temperate a n d  a r c t i c r e g i o n s . T h e y  g e n e r a l l y  a r e  c o m p r e s s e d  d o r s o -
v e n t r a l l y  a n d  h a v e  l a r g e ,  b r o a d  h e a d s  a n d  b o d i e s  w h i c h  t a p e r  t o w a r d  a
r e l a t i v e l y narrow caudal  peduncle. T h e  e y e s  a r e  s i t u a t e d  d o r s o - l a t e r a l l y .
Cot t ids  a re  p r imar i l y  mar ine  f i shes ,  however  one  genus , Cot tus , i s  f o u n d
e x c l u s i v e l y i n  f r e s h a n d  b r a c k i s h  w a t e r s  o f  N o r t h  A m e r i c a  a n d  E u r a s i a .
T h r e e  s p e c i e s  o f  C o t t u s  o c c u r  i n  t h e  G r e a t  L a k e s  b a s i n . Another  genus ,
Myoxocephalus, i s  p r i m a r i l y  m a r i n e  w i t h o n e  f r e s h w a t e r  r e p r e s e n t a t i v e
(Myoxocephalus thompsoni)  in North America. T h i s  s p e c i e s  i s  v e r y  s i m i l a r
t o  M .  q u a d r i c o r n i s  w h i c h  h a s  a  c i r c u m p o l a r  d i s t r i b u t i o n  i n  c o l d ,  b r a c k i s h
w a t e r .

A l t h o u g h  v e r y  l i t t l e  i s  k n o w n  o f  t h e  b i o l o g y  o f  C .  r i c e i , i t  i s  l i k e l y
t h a t  a l l  t h r e e  C o t t u s  s p p .  p r e s e n t  i n  t h e  G r e a t  L a k e s b a s i n  h a v e  s i m i l a r
r e p r o d u c t i v e  h a b i t s . S p a w n i n g  o c c u r s  o n  t h e  u n d e r s i d e s  o f  s u b m e r g e d
ob jec ts  wh ich  a re  la te r  guarded  by  the  ma le . Eggs are large, 2 to 3 mm i n
d iamete r , and a r e  g u a r d e d  t h r o u g h o u t  t h e i r i n c u b a t i o n  p e r i o d . Newly
ha tched  C.  ba i rd i  and  C. cognatus  la rvae  have  a  la rge s p h e r i c a l t o  r o u n d
y o l k  s a c , bu t  o therw ise  resemble  the  adu l t  i n  body  fo rm. Larvae are  qu i te
p r e c o c i o u s  a n d  e x h i b i t  m a n y  a d u l t  m o r p h o l o g i c a l ,  m e r i s t i c  a n d  p i g m e n t
c h a r a c t e r i s t i c s  b y  t h e  t i m e  t h e  y o l k  i s  a b s o r b e d . I t  i s  u n l i k e l y  t h a t
y o l k - s a c  l a r v a e  o f  C .  b a i r d i  a n d  5 . cognatus w o u l d  b e  c a p t u r e d  b y  t h e
majority of l a r v a l f i sh  sampl ing  gear  s ince  the  la rvae  rema in  in  o r  near
t h e  p r o t e c t e d  n e s t  u n t i l  y o l k  a b s o r p t i o n .

L i t t l e  i s  k n o w n  o f  t h e  r e p r o d u c t i v e  h a b i t s  a n d  e a r l y  l i f e  h i s t o r y  o f

M- thompsoni. Larval  stages f rom about 8.2 mm were descr ibed, but  length
newly hatched was not reported. I n  c o n t r a s t  t o  C o t t u s ,  t h e l a r v a l p e r i o d
of M. t h o m p s o n i  i s  p r o t r a c t e d  a n d  f i n  r a y  f o r m a t i o n  i s  c o m p l e t e d  l a t e r  i n
development. P igment  deve lopment  in  th is  spec ies  apparen t ly  var ies  g rea t l y
in the Great Lakes with many Lake Michigan specimens l a c k i n g  p i g m e n t a t i o n
a t lengths up to 20 mm. Un l i ke c o t t u s s p p . ,  e a r l y  l a r v a l  s t a g e s  o f
M.  thompson i  a re  read i l y  caught  in  f i sh  la rvae  sampl ing  gear , o c c a s i o n a l l y
some d is tance  o f f  t he  bo t tom.

T h e  f o l l o w i n g l a r v a l  d e s c r i p t i o n s  a r e  b a s e d  p r i m a r i l y  o n  l a b o r a t o r y -
rea red  la rvae  o r  a re  f rom la rvae  housed  in  the  Grea t Lakes  Reg iona l Fish
Larvae Collection (GLRFLC) . A  r e v i e w  o f  t h e  l i t e r a t u r e  s h o w e d  t h a t  a  f e w
d e t a i l e d  s t u d i e s  a r e  a v a i l a b l e . O f  p a r t i c u l a r  i n t e r e s t  w e r e  d e s c r i p t i o n s
g iven  by  F ish  (1932)  f rom co l lec t ions  taken  f rom the  Lake  Er ie  d ra inage ,  o f
w h i c h  o n l y  t h e  j u v e n i l e s  a r e  b e l i e v e d  t o  b e  c o r r e c t l y  i d e n t i f i e d .
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Prov is iona l  Key to  Lake Mich igan Cot t id  Larvae

Yo lk -sac  la rvae

l a . Pos tana l  myomeres  25  to  26;  t o ta l  myomeres  usua l l y  36 to  43.  .  .  .  .  .
. . . . . . . . . . . . . . . . . Myoxocephalus thompsoni

b . Postanal myomeres less than 23; total  myomeres usual ly  28 to 32. .  .  2

2a. Yo lk  sac  sma l l : o i l  g lobule may or  may n o t  b e  p r e s e n t ; p i g m e n t  o n
venter of yolk sac and near anus . . . . . . . . . . . . . Cottus ricei- -

b . Y o l k  s a c large and round; one  o i l  g lobu le ;  p igment  on  do rsum o f  yo lk
sac. . . . . . . .

3a. Anal  f in  rays  usua
dorsal f i n  u s u a l
(characters approx

. . . . . . . . . . . . . . . . . . . . l ..,* 3

l y  1 3  o r  1 4 ;  f i r s t  d o r s a l f i n  u s u a l l y  8 ; second
y 17 to 18 . . . . . . . . . . . .C. bairdi
mate ly  85% re l iab le  in  the  Lake  Mich igan bas in )

b . A n a l  f i n  r a y s  u s u a l l y  1 1  o r  1 2 ;  f i r s t  d o r s a l fin usually 6 or 7;
s e c o n d  d o r s a l fin usually 15 to 17 . . . . . . . . . . . C. cognatus
(charac te rs  approx imate ly  85% re l iab le  in  the  Lake  Mich igan bas in )

Larvae

l a . Pos tana l  myomeres  24  to  26;  t o ta l  myomeres  usua l l y  33 to  42.  .  .  .  .  .
. . . . . . . . . . . . . . . . . . . . . . . . Myoxocephalus thompsoni

b . Postanal myomeres less than 23; total  myomeres usual ly  28 to 32. .  .  2

2a. B o d y  s p a r s e l y  p i g m e n t e d  o n  d o r s a l and l a t e r a l aspec ts ; pigment
restricted to postanal venter. . . . . . . . . . . . . . . Cottus ricei- -

b . Body heavi ly pigmented; n o  p i g m e n t  p o s t e r i o r  t o  a n u s .  .  .  .  .  .  .  .  .  3

3a. A n a l  f i n  r a y s  u s u a l l y  13  o r  1 4 ;  d o r s a l  f i n s  c o n t i n u o u s  .  .  .  C .  b a i r d i

b . Anal f i n  r a y s  u s u a l l y  1 1  o r  1 2 ; d o r s a l  f i n s  n e a r l y  s e p a r a t e  .  .  .  .  .
. . . . ...* . . . . . . . . . . . . . . l . . . . . . .C.  cognatus
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C o t t u s  b a i r d i

C o t t u s  b a i r d i  G i r a r d ,  m o t t l e d  s c u l p i n

A i l  f i g u r e s  a n d  d e s c r i p t i o n s  g i v e n  b y  F i s h  ( 1 9 3 2 )  o f  C .  b . k u m l i e n i ,  m a y
have been mis ident i f ied . A  c h a r a c t e r i s t i c  p i g m e n t  p a t t e r n  o n  t h e  v e n t e r  a s
we l l  as  lack  o f  p igment  on  the  dorsum o f  the  head  leads  me to  be l ieve  these
i l l u s t r a t i o n s are o f  5 .  r i c e i . F igure  133 i n  F ish  (1932) ,  repor ted  to  be
C .  b .  b a i r d i  i s  a l s o  q u e s t i o n a b l e . C.  ba i rd i  a t  th is  s tage (6 .0  mm) ,  wou ld
l i ke ly  have  a  much  la rger  yo lk  sac  and  exh ib i t  p igment  on  the  dorsum o f  the
head. I t  i s  l i k e l y  t h a t  t h i s  i l l u s t r a t i o n  i s  a l s o  o f  C .  r i c e i .

Subspec ies  o f  the  mot t led  scu lp in , wh ich  a re  repor ted  to  occur  in  the  Grea t
Lakes  bas in ,  a re  5 . b a i r d i  b a i r d i  a n d  C .  b a i r d i  kumlieni.’ I n  c o n s i d e r a t i o n
o f  t h e  m o r p h o l o g i c a l  v a r i a t i o n  o f  C .  b a i r d i  t h r o u g h o u t  i t s  r a n g e ,  I  c o n t e n d
t h a t  c u r r e n t  k n o w l e d g e  d o e s  n o t  a l l o w  f o r  s u b s p e c i f i c  d e s i g n a t i o n .

DISTRIBUTION

T h r o u g h o u t  t h e  G r e a t  L a k e s  b a s i n , ’  o c c a s i o n a l l y inhab i t ng shoaI
w a t e r s  o f  t h e  l a k e s  p r o p e r . 2  *

SPAWNING SEASON

S p a w n s  f r o m  M a r c h  t o  May.’ 6  ‘I *  *  T h e  a c t u a l  t
l o c a l e  i s  v e r y  s h o r t  ( 2  t o  5  d a y s ) . 3  7

SPAWNING TEMPERATURE

Spawning  occurs  a t  5.6 to  16.7 C.’ 4 5 7

SPAWNING HABITAT

Spawns in streams,3 4 5 6 7 * at depths of
s h o r e l i n e  a r e a s  o f  l a k e s . ’  J(

SPAWNING SUBSTRATE

me of spawning in any

15 to 35 crn,j 4 and

S p a w n s  o n  u n d e r s i d e s  o f  o b j e c t s , ’  4  5  6  ’ *  o c c a s i o n a l l y  o n  p l a n t s , 3  4

i n  f i r m l y  p a c k e d  s o i l  c a v i t i e s , ’  o r i n r u b b l e  b o t t o m s e c t i o n s  o f
s t r e a m s . ’  7 U t i l i z e s o t h e r  b o t t o m  t y p e s i f  s u f f i c i e n t  s h e l t e r  i s
present.  ’

FECUNDITY

56 to 341; '  111 to 635;'  336 to 949."

NATURAL HYBRIDS

P o s s i b l y  C o t t u s  cognatus.14
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EGGS

Demersal, adhes ive ;3 4 s 6

y o l k  w h i t e t o  o r a n g e - y e
per iod :  36 days at 5 t o 16
20 days at 15 C.3

YOLK-SAC LARVAE

7 * diameter 1 t o 3 mm; 6 2 t o 3 mm;’  9 *
llow;6 ’ ’ 3~ o i l  g l o b u l e  single;fc incubat ion
C  ( i n  s i t u ) ; 3 17 days at 11.1 to 12.8 c; 4

T o t a l  l e n g t h D e s c r i p t i o n
6.3-6.9 mm Newly hatched.*

Myomeres: 28 to 32 (9 to 12 + 19 to 21) .ll JC
Morphometry:  (as % TL) standard length 91 to 94, preanal

leng th  52  to  54 ,  head  leng th  22  to  25 ,  yo lk -sac Iength
32 to 37, (as % head length) eye diameter 31 to 41.*

M o r p h o l o g y :  l a r g e  s p h e r i c a l t o  r o u n d  y o l k  s a c  w i t h  o i l
g l o b u l e  i n  a n t e r i o r  p o r t i o n  ( n e w l y  h a t c h e d ) ,  e y e ,  j a w s
and opercu la  deve loped ,  no tochord  f lexed ,  two  hypura ls
ev i den t , t h r e e  f i n  r a y s  a s s o c i a t e d  w i t h  e a c h ( c a .  6 . 7
mm) , pec to ra l f i n s  w i t h a c t i n i o t r i c h i a ,  p e l v i c  f i n s
represented  by  s l igh t  e leva t ions  (6 .9  m m ) . *

P igmenta t ion : eye  p igmented ,  no o t h e r  p i g m e n t  e v i d e n t
(newly hatched) , p a t c h  o f melanophores on dorsum of
h e a d ,  o n e  t o  f o u r  m e l a n o p h o r e s  b e t w e e n  o p e r c l e  a n d
pec to ra l buds, one to  fou r  me lanophores  on  pos tana l
midvente r  (12  to  24  hours  pos tha tch ing) . *

7-8 mm Myomeres : see 6.3-6.9 mm.
Morphomet ry :  (as  %-TL)  s tandard  leng th  85 to  89 ,  p reana l

l e n g t h  48  t o  5 2 ,  h e a d  l e n g t h  2 2  t o  2 5 ,  y o l k - s a c  l e n g t h
27 to 31, (as % head length) eye diameter 35 to 38.~

Morphology: r a y s  i n  a l l  f i n s  e x c e p t  p e l v i c  f i n s  ( c a .  7 . 0
mm) , p e l v i c  b u d s  e v i d e n t  o r  r a y s  f o r m e d  i n  p e l v i c  f i n s
(7.5 mm) .l*

P igmenta t ion : numerous small melanophores over dorsal and
d o r s a l - l a t e r a l  s u r f a c e  o f  h e a d  a n d  y o l k ,  ( c a .  7 . 0  m m ) ,
l a t e r a l bands  ev ident  on  t runk  (7 .5  mm);lO sma l l  pa tch
o f  me lanophores  on  an te ro -ven t ra l  po r t ion  o f  yo lk sac,
a few melanophores ventral ly  between bases of  pectoral
fins (7.9 mm) .k

LARVAE

Tota l l e n g t h D e s c r i p t i o n
8-9 mm Myomeres: see 6.3-6.9 mm.

Morphomet ry :  (as  % TL)  s tandard  leng th  82 to  90 ,  p reana l
length 44 to 49, head length 20 to 23, (as % head
leng th )  eye  d iamete r  35 to  38.*
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Morpho logy :  yo lk  absorbed (8 .1  to  8.9 mm);”  o r  no t (8.0
t o  9 . 5  mm);’ *  general  appearance much l ike adult;ll
a l l  f i n  r a y s  d e v e l o p e d  ( 8 . 1  mm);”  o r  p e l v i c  f i n s  s t i l l
und i f fe ren t ia ted  (8 .2  mm) ,  med ian f i n f o l d  e v i d e n t  o n
dorsum and  ven te r  o f  cauda l  peduncle.ll  A

Pigmentat ion: numerous small melanophores over dorsal and
d o r s o - l a t e r a l s u r f a c e  o f h e a d  a n d  y o l k  i f  p r e s e n t ,
d o r s a l  a n d  l a t e r a l s u r f a c e s  o f t r u n k s h o w  d e f i n i t e
“saddIe" marks c h a r a c t e r i s t i c  o f a d u l t , v e n t r a l
p igmenta t ion  res t r i c ted  to  a  pa tch  o f  ch romatophores  in
be tween pec to ra l  f i n  bases . *

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
9-15 mm Myomeres : see 6.3-6.9 mm.

Morphometry:  (as % TL) standard length 82 to 83, preanal
length 42 to 45, head length 22 to 26, (as % head
l e n g t h )  e y e  d i a m e t e r  3 2  t o  35.” Jr

Morphology: m a y  s t i l l  r e t a i n  y o l k  ( c a . 9 .5  m m ) ,  m e d i a n
f i n f o l d  e v i d e n t  o n c a u d a l  peduncle;‘l  *  a l l  f i n  r a y s
developed;ll * finfold absorbed (14 to 15 mm) .j:

Pigmentat ion: l a t e r a l  b a n d i n g  m o r e  evident.l’  J:

ADULTS

F in  r ays : c a u d a l  12;,? d o r s a l  V I I  t o  1 x - 1 6  t o  19 ;  1 2  a n a l  1 0  t o  14,13 o r
1 2  t o  16;‘~ pectoral  13 to 17 ;

Vertebrae: 31 to 33. 13

l2 p e l v i c  I , 4  r a r e l y  l,3.13

Diagnost ic characters:  pelvic f ins
pa la t ine  tee th  p resen t ,  cauda l

  l , 4 , dorsa l f i n s con t inuous and
p e d u n c l e  l e n g t h  l e s s  t h a n  p o s t o r b i t a l

length in specimens f rom Ontar io and Quebec.
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Cottus bairdi

6.5 mm

Fig.  274 . b a i r d i ,Cottus mottled sculpin. Yolk-sac larva, newly hatched.
(Laboratory-reared,  Michigan,  or ig inal  i l lustrat ion by N.  A.  Auer) .
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Cottus cognatus

Cot tus  cognatus  R ichardson,  s l imy  scu lp in

DISTRIBUTION

Throughout the Great Lakes region, occur r ing  in  d ra inages  as w e l l  a s
t h e  l a k e s  p r o p e r . ’  2 In  the  Lake Mich igan dra inage i t  i s  common in
s t reams o f  the  upper  ha l f  o f  l ower  M ich igan 3 and i n nearshore Lake
Mich igan to  a  depth  o f  91 rn.’ 5

SPAWNING SEASON

Spawns f rom la te  Apr i l  to  May in  Lake  Mich
Mont rea l  R iver , Canada’ and March to May in

SPAWNING TEMPERATURE

igan ,6  *  May to  June
New York.a

i n  t h e

Spawning  occurs  a t  3.0 t o  11 .5  C  (op t imum a t  6  C  o r less) i n  L a k e
Mich igan,6 4.5 C in Cayuga Lake, New York, 10.0 C in streamsa and 8 C
in  the  Mont rea l  R iver ,  Canada. ’

SPAWNING HABITAT

Spawns at 34 to 90 m in Lake M
water.lO In  r ivers  and s t reams th
med ium to Iittle current, b u t
w a t e r  v e l o c i t i e s . 7

i ch igan;  c and i n shal lower (3 m)
i s  s p e c i e s  s e l e c t s  s h a l l o w  f l a t s  w i t h

can nest over a range of depths and

SPAWNING SUBSTRATE

In Lake Michigan spawns over f ine sand to mud6 on t h e  u n d e r s i d e s  o f
submerged o b j e c t s . ’  B J: In streams, u s u a l l y  s p a w n s  o n  rubble’  a b u t
i t  i s  n o t  u n u s u a l  t o  s e e o t h e r s u b s t r a t e used, p r o v i d i n g  a d e q u a t e
c o v e r  i s  a v a i l a b l e . *

FECUNDITY

84 to 784.’ 7 o ’

NATURAL HYBRIDS

P o s s i b l y  C o t t u s  b a i r d i . ”

EGGS

Demersal, adhes ive , diameter 2 to 3 mm;’ 8 f; y o l k  w h i t e ,  p i n k  o r
y e l l o w ; * 9~ i n c u b a t i o n  p e r i o d :  28  t o  2 9  d a y s  a t  8  t o  1 8  C  ( i n  situ).’

YOLK-SAC LARVAE

T o t a l l e n g t h D e s c r i p t i o n
5.7-6.3 mm Recent l y  ha tched . *

Myomeres: 30 to 32 (9 to 11 + 20 to 21) .J(
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Morphometry:  (as % TL) standard length 95 to 98, preanal
leng th  44  to  49,  head  leng th  17 to  20 ,  yo lk -sac  leng th
28 to 33; (as % head) eye diameter 35 to 4l.J;

M o r p h o l o g y :  l a r g e  s p h e r i c a l  y o l k  s a c ,  o n e  l a r g e  o i l
g l obu le i n a n t e r i o r  p o r t i o n , sometimes one  to  fou r
s m a l l e r  o i l g l o b u l e s  a d j a c e n t  t o  l a r g e  o n e , mouth
f u n c t i o n a l , l a r g e  p e c t o r a l f i n s  w i t h  r a y s  s o m e t i m e s
ev iden t , m e d i a n  f i n f o l d  c o n t i n u o u s  f r o m  n a p e  a r o u n d
u r o s t y l e t o  a n u s , u r o s t y l e turned s l i g h t l y  u p w a r d ,
pe lv ic  buds  and  med ian  f ins  no t  deve loped. *

P i g m e n t a t i o n :  e y e  b l a c k ,  n o  o t h e r  p i g m e n t a t i o n (new 1 y
h a t c h e d ) ,  o n e to three melanophores on dorsum of  yolk
sac, one or two melanophores on midventral  surface near
caudal  f in,  may have one or two melanophores p o s t e r i o r
t o  o p e r c l e  ( 2 4  h o u r s  p o s t h a t c h i n g ) . *

6-7.5 mm Myomeres: 30 (11 + 19) .I1
Morphometry:  (as % TL) standard length 78 to 92,  preanal

l e n g t h  4 6  t o  5 0 ,  h e a d  l e n g t h  2 3  t o  2 5 , (as % head
leng th )  eye  d iamete r  38 to  44.*

M o r p h o l o g y :  p e l v i c  b u d s  b a r e l y  v i s i b l e (6.8 mm) , yolk
o n e - h a l f  t o  t h r e e - q u a r t e r s absorbed, m e d i a n  f i n f o l d
cont inuous h y p u r a l s  w e l l developed, pec to ra I f i n s
l a r g e , i n c i p i e n t  f i n  r a y s  e v i d e n t  i n dorsa l and anal
f i n s  ( 7 . 0  t o  7 . 5  m m ) , w i th  rays  fo rmed in  pec to ra l  and
c a u d a l  f i n s . *

P igmenta t ion : numerous melanophores over head, dorsal and
d o r s o - l a t e r a l aspects of yolk sac, s p a r s e  l a t e r a l
p igmenta t ion  may b e  e v i d e n t  ( 6 .5  m m ) ,  i n t e n s i f y i n g  t o
show la te ra l  bands ,  one  o r  two  me lanophores  p resen t  on
venter  over  hear t  reg ion  and  near  i s thmus (7 .5  m m ) . *

LARVAE

Tota l l e n g t h D e s c r i p t i o n
7.5-8 mm Myomeres: 30 (11 + 19) .ll

Morphomet ry :  (as  % TL)  s tandard  leng th  87 ,  p reana l  leng th
43, head length 23; (as % head length) eye diameter 33,
p o s t o r b i t a l  l e n g t h  35.”

Morpho logy :  yo lk  absorbed (7.5 to 8.0 mm) or present
(8 .0  to  9.5 mm); *  med ian  f i n fo ld  on  do rsum and  ven te r
o f caudal  peduncle only, adu l t  comp lement  o f  f i n  rays
present;  1 1 *  o r  p e l v i c  f i n s  n o t  b e  d i f f e r e n t i a t e d . *

P igmenta t ion : l a t e r a l  b a n d s  a n d  d o r s a l “ sadd le ” marks
t y p i c a l  o f  t h e  a d u l t  f o r m  present.ll  &

JUVENILES

T o t a l  l e n g t h D e s c r i p t i o n
8-11 mm Myomeres: 28 to 31 (9 to 12 + 19) .ll
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Cottus cognatus

Morphometry:  (as % TL) standard length 80 to 89, preanal
length 42 to 47, head length 19 to 24, (as % head
l e n g t h )  e y e  d i a m e t e r  31  t o  41;‘l p o s t o r b i t a l  l e n g t h  43
to 50. 11

Morphology: median f i n f o l d  e v i d e n t  o n  c a u d a l  p e d u n c l e
(8.9 mm), sma l l  p r i ck les  may  occur  in  a  pa tch  pos te r io r
t o  p e c t o r a l  f i n s  ( 1 0 . 7  m m ) ,  m e d i a n  f i n f o l d  a b s o r b e d
(ca.  11.2 mm).*

P igmenta t ion : same as  p rev ious  s tage  w i th  la te ra l  band ing
becoming more ev iden t , increased d e n s i t y  o f
melanophores over the head and dorsum.*

ADULTS

F in  r ays : c a u d a l  1 2 ;  *  d o r s a l  V I I  t o  I X 2 - 1 4 1 3  *  t o  19 ;  1 2  a n a l 10 to
14; 12 p e c t o r a l  1 2  t o  16;~ p e l v i c  1 , 3  t o  4.”

Ver tebrae :  31 to  35-l"

Diagnos t ic  charac te rs : p e l v i c  f i n s l , 3 ,  d i s t i n c t  s e p a r a t i o n  b e t w e e n
d o r s a l  f i n s ,  p a l a t i n e  t e e t h  a b s e n t , caudal  peduncle length more than
pos to rb i ta l  l eng th  in  spec imens  f rom Onta r io  and  Quebec .

LITERATURE CITED
1. Hubbs and Lagler (1958)
2 . Scott and Crossman (1973)

t :
Becker (1976)
Deason (1939)

2:
Wells (1968)
Rottiers (1965)

7. Van Vliet (1964)

8. Koster (1936)
9. Foltz (1976)

10. Jude  e t  a l .  (1979a)
11. Heufelder and Auer (1980)
12. McAllister (1964)
13. McPhai l  and Lindsey (1970)
14. D .  E .  M c A l l i s t e r

(Pe r s . Comm.)

6.0 mm

Fig .  277 . C o t t u s  c o g n a t u s ,  s l i m y  s c u l p i n . Yo lk -sac  la rva ,  newly  ha tched .
( L a b o r a t o r y - r e a r e d ,  L a k e  M i c h i g a n ,  o r i g i n a l  i l l u s t r a t i o n  b y  N .  A .  A u e r ) .
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C o t t u s  r i c e i- -

Cot tus  r i ce i  (Ne lson) ,  Spoonhead scu lp in

DISTRIBUTION

Occurs  in  a l l  o f  the  Grea t  Lakes  p roper .  1 I n  L a k e
repor ted t o  o c c u r a t  d e p t h s  t o  1 5 6  m . None have
t r i b u t a r y  s t r e a m s . 2 Recent records i n d i c a t e i t

Michigan i t i s
b e e n  c o l l e c t e d  i n

i s r a r e i n  L a k e
. 3  F o o d  h a b i t
i gan i n d i c a t e

M i c h i g a n  a n d  a b s e n t f r o m  t h e  s o u t h e r n  t i p  o f  t h e  l a k e
s t u d i e s  o f  l a k e  t r o u t  i n  t h e  n o r t h e r n  h a l f  o f  L a k e  M i c h
C .  r i c e i  i s  s t i l l  p r e s e n t . ’

SPAWNING SEASON

Spawns i n ear ly  May in  Lake  Super io r ’  o r  approx imate ly
i c e - o u t . 5 Spawns  in  l a te  summer  o r  ea r l y  fa l l .6

SPAWNING TEMPERATURE

Spawning  occurs  a t  4 .5  C 7  o r  l ess  than  10  C.’

SPAWNING HABITAT

In  Lake  Super io r ,  p robab ly  spawns in  sha l low areas . ’

SPAWNING SUBSTRATE

In  Lake Super io r ,  p robab ly  spawns in  rocky  a reas . ’

FECUNDITY

Not  repor ted .

EGGS

Deep orange.’

YOLK-SAC LARVAE

T o t a l  l e n g t h D e s c r i p t i o n
7-8 mm Myomeres: 31 (11 + 20) .*

Morphomet ry :  (as  % TL)  p reana l  l eng th  45
l e n g t h  2 0  t o  2 2 . *

3 weeks af ter

to 47, head

M o r p h o l o g y :  y o l k  n o t  c o n s p i c u o u s ,  o i l  g l o b u l e  s o m e t i m e s
s i t u a t e d  b e t w e e n  e n l a r g e d  a n t e r i o r  s e c t i o n  o f  y o l k and
anus, a c t i n o t r i c h i a  p r e s e n t i n  p e c t o r a l and caudal
f i ns ,  mou th  la rge  and  we l l  f o rmed,  no tochord  f l exed . *

P igmenta t ion : two  la rge  me lanophores  a t  an te r io r  base  o f
p e c t o r a l  f i n , m i d v e n t r a l  l i n e of  e longate melanophores
extends o v e r  y o l k  s a c t o  a n u s , s i x or  more large
melanophores f rom anus to caudal  f in. : ‘ ;
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C o t t u s  r i c e i

LARVAE

Tota l l e n g t h D e s c r i p t i o n
9-10 mm Myomeres: 35 (13 to 14 + 21 to 22) .*

M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 3  t o  4 7 ,  h e a d
length 20 to 22.5:

Morpho logy :  yo lk  absorbed , n o  o i l  g l o b u l e ,  p r e o p e r c u l a r
s p i n e s  e v i d e n t ,  d o r s a l and anal f i n  r a y s  p a r t i a l l y
formed, pe lv ic  buds  ev iden t  (9 .2  mm) . *

P i g m e n t a t i o n :  i n t e r n a l  m e l a n o p h o r e s  o n  a n t e r i o r  p o r t i o n
o f  p e c t o r a l  f i n  i n s e r t i o n . *

11 mm M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l  l e n g t h  4 2  t o  4 5 ,  h e a d
l e n g t h  2 2 . *

Morphology: a l l  f i n  r a y s  f o r m e d  e x c e p t  p e l v i c  f i n s . *
P igmenta t ion :  a few subdermal melanophores o u t l i n e

p e c t o r a l  g i r d l e . *

JUVENILES

Tota l l e n g t h D e s c r i p t i o n
21-22 mm Morphometry:  (as % TL) standard length 88, preanal  length

42 ,  head  leng th  24 ; (as % head length) eye diameter 25,
s n o u t  l e n g t h  2 9 . *

Morpho logy :  a l l f i n rays formed, la rge upturned
preopercu la r sp ine ev iden t , remaining th ree
preopercu la r s p i n e s  d i r e c t e d  p o s t e r i o r l y , p r i c k l e s
e v i d e n t over e n t i r e body, m o r e  p r o n o u n c e d  o v e r  a
m i d d o r s a l  r i d g e , mand ibu la r  po res  l a rge , one pore on
m i d l i n e  o f  c h i n . *

P i g m e n t a t i o n :  i r r e g u l a r dark m o t t l i n g o v e r  d o r s u m ,
i r r e g u l a r  b a r r e d  m a r k i n g s  o n  l a t e r a l  a s p e c t s . *

27-28 mm Morphomet ry :  (as  % TL)  s tandard  leng th  84 ,  p reana l  leng th
44 ,  head  leng th  22 , h e a d  w i d t h  2 3 ,  g r e a t e s t  b o d y  d e p t h

:::
( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r  2 5 ,  s n o u t  l e n g t h

i n t e r o r b i t a l  w i d t h  2 3 . 9

M o r p h o l o g y :  p e c t o r a l  f i n s  r e a c h i n g  a n a l  f i n  o r i g i n , head
depressed ,  b road  and  f la t , i t s  b r e a d t h  g r e a t e r  t h a n  i t s
leng th , p reopercu la r spine very long, hooked backward
and upward, other spines hooked downward the lowest i s
concealed, s t i f f  p r i c k l e s  a b o v e  l a t e r a l  l i n e ,  l a r g e s t
p r i c k l e s  o n  e i t h e r  s i d e  o f  d o r s a l  r i d g e ,  e x t e n d i n g  o v e r
top  o f  head  and  be tween  eyes ,  la te ra l  l i ne  comp le te . ’

P igmenta t ion : i r regu la r  b rown m o t t l i n g e s p e c i a l l y over
head and dorsum becoming more scarce over sides, venter
a n d  p e l v i c  f i n s  c o l o r l e s s ,  o t h e r  f i n s  m o t t l e d . 9

ADULTS

F in  r ays : caudal 1 2 ; *  d o r s a l  V I I  t o  Xl”-15  t o  1 8 ; 6  a n a l  1 1  t o  1 4  o r
16; 6 p e c t o r a l  1 4  t o  16;” p e l v i c  1,4.”
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C o t t u s  r i c e i

Ver tebrae :  34 or  35.'

Diagnos t ic  charac te rs : l a t e r a l  l i n e  c o m p l e t e  t o  b a s e  o f  c a u d a l f i n
w i t h o u t  d e f l e c t i o n , u p p e r  p r e o p e r c u l a r s p i n e  u s u a l l y  l o n g e r  t h a n
two- th i rds  eye  d iameter  and  curved  s t rong ly  upward ,  mand ibu la r  pores
la rge , one  mand ibu la r  po re  on  m id l ine  a t  t i p  o f  ch in .

LITERATURE CITED
1. Hubbs and Lagler (1958)
2. Deason (1939)

4.
Becker (1976)
J.  H. Selgeby (unpub. man.)

5. J. H. Selgeby (pers. Comm.)

6. Scott and Crossman (1973)

k
Del isle and Van Vliet (1968)
Wright (1968)

9. Fish (1932)
10. McAl l i s te r  and  L indsey  (1961)

7.5 mm

Fig. 280. C o t t u s  r i c e i , Spoonhead sculpin. Y o l k - s a c  l a r v a . (WiId-caught,
L a k e  S u p e r i o r ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,  s p e c i m e n s  p r o v i d e d  b y
J .  H .  Se lgeby ,  U .S.  F ish  and Wi ld l i fe  Serv ice ,  Ash land,  Wiscons in ) .
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C o t t u s  r i c e i- -

B 11 mm

21.5 mm

Fig .  281 . C o t t u s  r i c e i , Spoonhead sculpin. A and B. Larvae. C. J u v e n i l e .

( A - B ,  w i l d - c a u g h t ,  L a k e  S u p e r i o r ,  o r i g i n a l  i l l u s t r a t i o n s  b y  N .  A .  A u e r ,
W i l d l i f e  S e r v i c e ,

i v e r s i t y  o f  M i c h igan
s p e c i m e n s  p r o v i d e d  b y  J .  H .  S e l g e b y ,  U .  S . F i s h  a n d
A s h l a n d  W i s c o n s i n ;  C , w i ld -caught ,  Lake  Super io r ,  Un
Museum of Zoology, UMMZ 81702).
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Myoxocephalus thompsoni

Myoxocepha lus  thompson i  (G i ra rd) ,  deepwater  scu lp in

F i g u r e s  1 2 5  t o  1 2 7  i n  F i s h  ( 1 9 3 2 )  a n d  h e r  d e s c r i p t i o n s  w e r e  s u p p o s e d l y
M.,;;;;~J;;~~,, A  h i g h  d o r s a l f i n  r a y  c o u n t , l ow  myomere  coun t  and

p igmenta t ion p a t t e r n makes t h i s i d e n t i f i c a t i o n
ques t ionab le . T h e  l a t e r a l  b a n d i n g  p a t t e r n  a s  w e l l  a s  f i n  r a y  c o u n t s  m a k e
i t  p r o b a b l e  t h a t  t h e s e  w e r e  C o t t u s  b a i r d i .

DISTRIBUTION

Occurs  in  a l l  o f  the  Grea t  Lakes .  1  2 In Lake Michigan at depths of 45
to 183 m. 2 Larvae have been observed at depths less than 18 m.*

SPAWNING SEASON

Spawns in  w in ter ,  spr
year - round spawning
spawns pr imar i l y  in  m
th rough  mid-May.’

SPAWNING TEMPERATURE

i n g  a n d  e a r l y  summer.l Some ev idence sugges ts
a t l e a s t  i n  t h e  G r e a t  L a k e s . 2 In Lake Superior

i d - w i n t e r ,  b u t  m a y  e x t e n d  f r o m late November

Not  repor ted .

SPAWNING HABITAT

Not  repor ted .

SPAWNING SUBSTRATE

Not  repor ted .

FECUNDITY

165 to 1,187 in Lake Superior.s

EGGS

Not  descr ibed .

YOLK-SAC LARVAE

Tota l l e n g t h D e s c r i p t i o n
8-10 mm Myomeres: chevron-shaped, 36 to 433  *  (11 + 25 to 26).*

Morphometry:  (as % TL) standard length 96 to 98, preanal
leng th  36 to  38,  head  leng th  16 to 1 7 ; * (as % head
length) eye diameter 50 to 54.* mm).*

Morphology: body e longa te , m e d i a n  f i n f o l d  c o n t i n u o u s
n o t o c h o r d  s t r a i g h t ,  m o u t h  p a r t s formed, pec to ra l bud
fan-shaped w i t h  b r o a d  b a s e ,  r a y s  n o t  formed;j  6  *  y o l k
may  be  abso rbed  (9 .7  mm)  *  o r  yo l k  p resen t  (10  mm)  .  3  6
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Myoxocephalus thompsoni

P igmenta t ion :  eye pigmented, specimens may lack
a d d i t i o n a l p i g m e n t ; 3  * i f p r e s e n t  u p t o  f i v e
me lanophores  appear  i n  a  m idven t ra l  row (ca .  9 .0  mm) ;3

f o u r to e ight  melanophores may appear a long dorsum of
per i toneum, m o s t  o b v i o u s  i n  t h e  l a t e r a l view (9.0 to
9.7 mm) .j *

LARVAE

Tota l l e n g t h D e s c r i p t i o n
1O-12 mm Myomeres: chevron-shaped, 36 to 413  *  (11 + 26) .*

Morphomet ry :  (as  % TL)  s tandard  leng th  93 ,  p reana l  leng th
leng th  19 ; *  (as  % head  leng th )  eye  d iamete r40, head

38.*
Morpho logy :  f

dorsal and
anterior to

i n f o l d  c o n t i n u o u s , mesenchyme i n second
a n a l  f i n s , s m a l l  s e c t i o n  o f  f i n f o l d  p r e s e n t
a n u s ,  h y p u r a l s  a n d  c a u d a l  f i n  r a y s  b e c o m e

v i s i b l e  ( 1 0 . 5  t o  1 0 . 9  m m ) ,  p e c t o r a l  f i n  r a y s  a n d  p e l v i c
buds appear (10.5 mm) ; 3 although some 10.8-mm specimens
s h o w  l i t t l e  p e c t o r a l  f i n  r a y  d i f f e r e n t i a t i o n ; *  o n e  t o
t w o  p r e o p e r c u l a r  s p i n e s  v i s i b l e . 3

P i g m e n t a t i o n :  m a y  b e  l a c k i n g ”  *  o r four to e i g h t
melanophores may appear o n  d o r s u m  o f  p e r i t o n e u m
sometimes appearing as two rows e x t e n d i n g  p o s t e r i o r l y
t o  a n u s , most e v i d e n t i n lateral  v iews (10.8 mm),* 
per i tonea l and cepha l i c concen t ra t ions b e g i n  t o
develop. 3

12-14 mm Myomeres :  p isc ine-shaped,  33  to  42 3  6  *  (12  +  24) . *
M o r p h o m e t r y :  ( a s  %  T L )  p r e a n a l l e n g t h  4 0  t o  4 2 ,  h e a d

l e n g t h  1 8  t o  2 0 . *
M o r p h o l o g y :  s l i g h t  d i f f e r e n t i a t i o n  o f  h y p u r a l complex

(12.0 mm) ;* or  hypural  complex formed (ca.  12.0 mm);3  6

f i n f o l d  c o n t i n u o u s ; 3  c * n o  d i f f e r e n t i a t i o n  i n  f i n s
( 1 2 . 0  m m ) *  o r  r a y s  i n  s e c o n d  d o r s a l  a n d  a n a l  f i n s
(ca. 12 .0  mm) , p e l v i c  f i n s  u n d i f f e r e n t i a t e d  ( 1 2 . 2  t o
14.0 mm) ; 3 6 a c t i n o t r i c h i a  i n  p e c t o r a l  f i n s  ( 1 3 . 2  m m ) ,
hypural complex formed, b u t  o t h e r f i n s  e s s e n t i a l l y
u n d i f f e r e n t i a t e d ,  b a s a l  e l e m e n t s i n  d o r s a l and anal
f i n s  ( 13 .2  m m ) ; *  t w o  t o  f o u r  p r e o p e r c u l a r  s p i n e s ,  o n e
t o  t w o  p a r i e t a l  s p i n e s ,  ( c a . 1 3 . 0  m m )  ; 3  6  *  n o s t r i l s
comp le te l y  cons t r i c ted  (14 .0  mm) .3  6

P i g m e n t a t i o n :  a  m i d v e n t r a l row of  melanophores (1 to 6)
may be  p resen t  on  t runk ;3  6  a few  round  me lanophores
may o c c u r  o n t o p  o f head a n d  o n nape, numerous
melanophores on dorsum of stomach large and s t e l l a t e ,
e x t e n d i n g  p o s t e r i o r l y  t o w a r d  a n u s ,  o n e  m e l a n o p h o r e  i n
heart  region (13.2 mm),  some specimens i n t h i s s i z e
range may lack pigment.*

15-16 mm Myomeres :  p isc ine-shaped,  35  to  39’ 6  *  (11  +  24)  .A
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Myoxocephalus thompsoni

16-18 mm

JUVENILES

Not descr i

ADULTS

F in  r ays :
pec to ra l

Morphomet ry :  (as  % TL)  s tandard  leng th  96 ,  p reana l  leng th
40, head length 20, ( a s  %  h e a d  l e n g t h )  e y e  d i a m e t e r
30.*

M o r p h o l o g y :  u r o s t y l e  u p t u r n e d ,  p e c t o r a l  a n d  c a u d a l  f i n s
d i f f e r e n t i a t e d , remaining f ins not  complete (15.4 mm);*
o r  a l l  f i n s  e x c e p t  p e l v i c  f i n s  d i f f e r e n t i a t e d ; 3  6  f i r s t
d o r s a l  f i n  w i t h  t h r e e  t o  e i g h t  s p i n e s  ( i n c o m p l e t e ) . 3  6

Pigmentat ion:  melanophores increase on dorsal  and dorso-
l a t e r a l  a s p e c t o f  g u t  a n d  c e p h a l i c  r e g i o n ,  o n e  t o  s i x
melanophores i n midvent ra l r e g i o n  o f t r u n k ; 3  6  o r
pigment absent (15.4 mm).*

Myomeres: 36 to 423 c 9~ (11 + 25).*
Morphomet ry :  (as  % TL) preana 1 length 40 to 43, head

leng th  24  to  26 . *
Morpho logy :  pe lv ic  f in  rays  beg in  to  appear  (17 m m ) ; 3  o r

p e l v i c  b u d s  p r e s e n t  ( 1 7 . 8  m m ) ; *  p r e o p e r c u l a r  s p i n e s
f o u r ,  p a r i e t a l  s p i n e s  t w o . 3  6

P igmenta t ion :  p igment  on  dorsa l  and  dorso- la te ra l aspect
of gut c o n t i n u i n g  t o  d e v e l o p , cepha l i c  concen t ra t ions
con t inue  to  en la rge , midvent ra l r o w  o f melanophores
(maxi mum of s ix )  may be ev ident ; 3  6  some spec imens  in
th is  s i ze  range  may  lack  p igment . *

bed.

caudal 11 to 16, dorsal VII to X-11 to 16, anal 11 to 16;’ ’
15 to 18;~ 8 p e l v i c  1 , 3  t o  1 , 4 . 2  ‘I

V e r t e b r a e :  3 7  t o  3 9 . 2

D i a g n o s t i c  c h a r a c t e r s :  m a r g i n  o f  g i l l  m e m b r a n e  f r e e  f r o m  i s t h m u s ,
dorsal f i n s s e p a r a t e d  b y  a  d i s t i n c t  g a p , second preopercular  spine
d i rec ted  backwards .
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