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ABSTRACT
A STUDY OF IRE FEEDING HABITS OF FOUR SPECIES OF FISH, A lo s a  

p seu d o h aren g u s, C oregonus h o y i. P e ro a  f la v e s c e n s .  AND Osmerus raordax.
AT THREE SlEES ON IAKE MICHIGAN, AS COMPARED TO THE ZOOPLANKTON,

PHYTOPLANKTON AND WATER CHEMISTRY OF THOSE SITES.

BY

Glen A lla n  Pasmussen

F our sp e c ie s  o f  f i s h ,  A losa p seu d o h aren g u s.  Coregonus h o y i . Peroa 

f la v e s c e n s  and  Osmerus m ordax. w ere s tu d ie d  a t  t h r e e  s i t e s  on Lake 

Miohig&n i n  term s o f  a g e  and grow th c h a r a c t e r i s t i c s ,  depth s e l e c t i o n  and 

food p r e f e r e n c e s .  A l l  f o u r  sp e c ie s  showed r e p e a t a b le  dep th  s e l e o t io n  

p a t te r n s  on a  y e a r ly  b a s i s  and a l l  showed o v e r la p  i n  th o ir  fo o d  s e le o t io n .  

A ll  f o u r  s p e c ie s  a re  s e l e c t i v e  z o o p la n k to n  p r e d a to r s  in  th e  s e n s e  o f 

Brooks a n d  Dodson (1 9 6 5 ) h u t  th e  a l e w i f e ,  Alosa i s  th e  most e f f i o i e n t  o f  

th e  fo u r  i n  term s o f  a b i l i t y  to  a c q u i r e  t h i s  fo o d  so u rc e . L a rg e  sm elt 

and p e rc h  o v e r s ix  in c h e s  i n  le n g th  t e n d  to  p i s o iv o r y .

Z o op lank ton  and p h y to p la n k to n  num bers were a l s o  fo llo w ed  a t  th e  th r e e  

stu d y  s i t e s  a s  w e ll a s  b a s i c  c h em ica l param eters*  A ll  showed f lu c tu a t io n s  

over t im e .  I t  i s  h y p o th e s iz e d  t h a t  s e le c t iv e  p r e d a t io n  in f lu e n c e s  

zo o p lan k to n  numbers w h ic h  in  tu rn  in f lu e n c e s  p h y to p la n k to n  abundanoe,



ACKNOWLEDGMENTS

I  would l i k e  v e ry  much t o  th an k  th e  r o l l  owing p e o p le  w ith o u t whom 

t h i s  th e s i s  w ould have been im p o s s ib le ;  D r . James B rad d o ck , who p e r s e v e re d  

w i th  me fo r  f o u r  y e a r s  and who gave in v a lu a b le  h e lp , D r . Eugene R o o lo fs , 

who was ray E n g lis h  c o n s u lta n t*  Dr* C la re n c e  McNabb, who gave me b o th  

p h i lo s o p h ic a l  a n d  s o h o la r ly  h e l p ,  and D r. P e te r  Tack, who gave me a o o e s s  

to  d a t a  and p ro v id e d  o r i t i o a l  e v a lu a tio n c  o f  th e  m a n u s o r ip t . I  would a l s o  

l i k e  t o  thank D r. C h arles  L i s to n  and orew a n d  B ie Consum ers Power Company 

f o r  t h e  d a ta  c o l l e c t e d  a t  t h e  L udlngton s i t e  d u rin g  1 9 7 2 . And s p e o ia l  

th a n k s  goes to  n y  W ife Susan who h e lp ed  i n  a ll*  ways t o  g e t  th e  p r o j e o t  done.

i i



TABLE OF CONTENTS
Pago

LIST OF FIGURES .....................................................................................................................  v

LIST OF TABIES ........................................................................................................................ v i

INTRODUCTION.......................................      1

B ackground M a t e r i a l ....................................................................    2

METHODS AND MATERIALS .......................................................................................................  16

F is h  C o l le c t io n s  .......................................................................................................... 16

Z oop lank ton  .....................................................................................................................  16

P h y s ic a l  an d  C hem ical S t u d i e s ...............    17.

F h y to p la n k to n ..................................................................................................................  17

C o n tro lle d  F eed in g  E x p e r im e n t ............................................................................  18

Stomach A n a ly ses  .......................................................................................................... 19

RESULTS........................................................................................................................................  20

D epth D i s t r i b u t i o n  o f  F i s h ...................................................................................  20

O v e ra l l  Food H a b i t s ............................................................................ *....................  22:

Food H a b its  o f  th e  B l o a t e r ..................................................................................  25

Food H a b its  o f  th e  A l e w i f e ..................................................................................  30

Food o f  A lew ives < 6 . 0  In ch e s  L o n g ..................................................................  30

Food o f  A lew ives 6 .0  Inohes and G r e a t e r ....................................................  30

Food H a b its  o f  th e  S m e l t ..........................   31

Food H a b its  o f  th e  P eroh  .  ..................................................................................  35

L a b o ra to ry  F eed in g  E x p e r im e n t ............................................................................  39

l i i



TABLE OF CONTENTS (continued)

Pag®

Z oop lank ton  ......................................................   W

H i s t o r y ......................................................................................    46

R e s u l ts  and  D is o u s s io n ...................................................................................  46

P h y to p la n k to n   ...............................      48

P h y s ic a l  an d  Chem ioal S t u d i e s ..............................................................................  54

SUMMARY........................................................................................................................................ 84

BIBLIOGRAPHY............................................................................................................................  86

I

iv



LIST OF FIGURES
r Page

F ig u re

1  Lake M ichigan show ing d i v id i n g  l i n e  be tw een  th e  N orth  and
South B asin  b a se d  on c u r r e n t  p a t t e r n s  an d  subm arine
r id g e s ........................................................................................................................ 5

2  N orth  B asin  Big S a b le  P o i n t  ..........................................   *.............  7

3 South  B a s i n ................................................................................................................ 9

4  L udington Power P r o j e c t  s i t e  o f  Consumers Power Com pany  11

5  P o s s ib le  f a o to r s  w hich  may e x p la in  th e  c u r r e n t  s t a tu s  o f  th e
f i s h e r i e s  in  Lake M i c h ig a n .......................................................................  13.

6 Y e a rly  d ep th  s e l e o t io n  b y  a le w iv e s ,  s m e l t ,  p e r  oh and
b lo a te r s  in  Lake M ich igan  (1970-1972) from  L ud ing ton ,
B ig S ab le  P o in t  and  S a u g a tu o k ................................................................... 23

7 L ength  d i s t r i b u t i o n  o f  fe m a le  D anhnia r e t r o o u rv a  from
sam ples in  1954, 1966 ,  1 9 7 0 , 1971 , and 1 9 7 2 . ............................ **9

8A-H F hy top lank ton  t r e n d s  i n  L ake M ichigan 1 9 7 0 -1 9 7 2 .............................  57

v



LIST OF TABLES

Table Page

1  O v e ra l l  Food H a b its  o f  Four F is h  S p e c ie s  i n  th e  Lake a s
M easured by  Stomach A n a l y s i s   ........................................................  26

a P e rc e n t  F requency  o f  O ocurrenoe o f  V arious Food O rganism s • . . .  26
b P e rc e n t  Volume o f  V arious Food Organisms ................................................. 26

2a P e rc e n t  F requency  o f  O ccurrence o f  V arious Food Item s i n  th e
Stom ach o f  t t h e  B lo a te r ,  Coregonus h o y i ...............................................  28

2b P e rc e n t  Volume o f  V arious Food Item s in  th e  Stom aoh o f  th e
B l o a t e r ,  Coregonus h o y i ................................................................... .............  29

3 a  P e r c e n t  F requency  o f  O ccurrence o f  V arious Food I te m s  i n  th e
Stom ach o f  th e  A le w ife , A los ATpseudoharengua .................................  33

3b P e r c e n t  Volume o f  V arious Food Item s in  th e  Stom aoh o f  th e
A le w ife , A lo sa  p s e u d o h a re n g u s .............................. .......................... . . . .  34

4 a  P e rc e n t  F requency  o f  O ccurrence o f  V arious Food Item s in  th e
Stomaoh o f  th e  S m e lt, Osmerus mordax . . . » ............................................. 36

4b  P e rc e n t  Volume o f  V arious Food Item s in  th e  Stom aoh o f  th e
S m e lt, Osmerus m o rd a x .....................................................................................  37

5 a  P e rc e n t  F requency  o f  O oourrenoe o f  V ario u s Food I tem s  i n  th e
Stom ach o f  th e  P e rc h , P e re a  f la v e s c e n s  ................................................  40

5b  P e r c e n t  Volume o f  V arious Food Item s in  th e  Stom ach o f  th e
P e ro h , P e ro a  f l a v e s c e n s ................................ ................................................  41

6a P e rc e n t  F requency  o f  O oourrenoe o f  V arious Food I te m s  i n  th e
Stom achs o f  Four F is h  S p e c ie s  ...................................................................  43

6b P e rc e n t  Volume o f  V arious Food Item s in  th e  Stom aohs o f  Four
F is h  S p e o ie s  ..........................................................................................................  43

6o P e rc e n ta g e  o f  T o ta l  Volume o f  a l l  Stomachs (4 8 0 ) Sam pled
C o n ta in in g  a P a r t i c u l a r  Food S o u r c e   .......................    43

7 Food s o u rc e s  i n  Lake M ichigan -  Z ooplankton  and  L im n e tic
C ru s ta c e a   ........................................................................................................  45

8 Z o o p lan k to n  and L im n etic  C ru s ta c e a  from  Lake M ich igan  I . .
1970-1972 .................................................................................................................  47

9 P h y to p la n k to n  S p eo ies  .....................................   55

10  W ater c h e m is try  and t r a n s p a r e n c y ..................................................................  73

11 F lu c tu a t io n  in  Z ooplank ton  Numbers Over Time ....................................... 79

v i



INTRODUCTION

On th e  b a s is  o f  c u r r e n t  p a t t e r n s  and  subm arine r id g e s ,  Lake M ichigan 

can be d iv id e d  in to  two m ajo r b a s i n s ,  h e r e in  d e s ig n a te d  a s  n o r th  and 

s o u th . In  th e s e  s t u d i e s ,  th e  s o u th e rn  b a s in  was c o n s id e re d  to  be t h a t  

a re a  so u th  o f  a  l i n e  o o n n e o tin g  M uskegon, M iohigan and  M ilwaukee, 

W isco n sin , w h ile  th e  n o r th e rn  b a s in  in c lu d e d  e v e ry th in g  n o r th  o f  t h i s  

l i n e  e x c lu d in g  Green Bay and th e  M ackinao S t r a i t s  a r e a  (F ig u re  1 ) .  Eaoh 

o f  th e s e  b a s in s  showB c o n s id e r a b le  I n t e r n a l  m ix ing  a s  w e l l  as m ix ing  

betw een b a s in s  (A yers e t  a l « ,  1 9 5 3 ). T hree s tu d y  s i t e s  w ere ch o sen , one 

i n  th e  so u th e rn  b a s in  -  t h r e e  t o  f i v e  m ile s  n o r th  o f  th e  Kalamazoo R iv e r ,  

A lleg a n  C ounty, M ichigan (1 9 7 0 -1 9 7 2 ), and  two i n  th e  n o r th e rn  b a s in  -  one 

o f f  B ig S a b le  P o in t ,  Mason C om ity , M iohigan (1970-1971) and a n o th e r  fo u r  

m ile s  so u th  o f  L ud ing ton , Mason C oun ty , M ichigan (1 9 7 2 ). L a t i tu d e s  and 

lo n g i tu d e s  f o r  th e se  s i t e s  a r e  g iv e n  i n  F ig u re s  2-4-. These s i t e s  w ere 

chosen  on th e  assum ption  t h a t  th e  i n t e r n a l  m ix ing  c h a r a c t e r i s t i c s  o f  th e  

b a s in s  w ould o re a te  d i f f e r e n t  p h y s io a l  and chem ioal e f f e c t s  a t  th e  

d i f f e r e n t  s i t e s ,  th u s  a f f e o t in g  p h y to p la n k to n , z o o p la n k to n , and f i s h  

c h a r a c t e r i s t i c s .  The p u rp o se  o f  th e s e  s tu d ie s  was th u s  s e v e r a l fo ld :

(1 )  To d e te rm in e  i f  th e  i n t e r n a l  m ix ing  was g r e a t  enough and th e  

i n t e r - b a s i n  m ixing sm a ll enough to  a f f e o t  z o o p lan k to n  fo o d 1 s to o k s  i n  suoh 

a m anner a s  to  change th e  e a t in g  h a b i t s  o f  th e  f i s h  a t  th e  Saugatuok s i t e  

v e rs u s  th e  L udington-B ig  S a b le  P o in t  s i t e s .

1
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(2 ) To d e te rm in e  IT  th e  s e l e c t i v e  fe e d in g  h y p o th e s is  o f  B rooks and 

Dodson (1965) c o u ld  be  s u b s ta n t ia t e d  b y  stom ach a n a ly s e s  o f  f i s h  from  

Lake M ich igan .

(3 ) To d e te rm in e  i f  t h i s  s e l e c t i v e  fe e d in g  o o u ld  a l t e r  z o o p la n k to n  

num bers.

(Jf) To s e e  i f  f l u c t u a t i o n s  in  zoop lank ton  numbers and s p e o ie s  w ould 

cause  f l u c t u a t i o n s  in  th e  num bers and sp e o ie s  o f  p h y to p lan k to n *

(5 ) To d e te rm in e  th e  e f f e c t  o f  te m p e ra tu re , s e x , and  age on th e  

d i s t r i b u t i o n  an d  f e e d in g  h a b i t s  o f  c e r t a in  f i s h  s p e o ie s  i n  Lake M iohigan.

Of p a r t i c u l a r  I n t e r e s t  w ere th e  a le  w ife ,  A losa p se u d o h a re n g u s . th e  

b l o a t e r ,  C oregonus h o y i ,  th e  y e llo w  p e rc h , Peroa f l a v e s c e n s ,  and  th e  s m e lt ,  

Osmerus m ordax . An e f f o r t  was made to  examine th e s e  f o u r  s p e o ie s  i n  th e  

la k e  in  termB o f :  fo o d  p r e f e r e n c e s ,  d e p th  d i s t r i b u t i o n  th ro u g h o u t th e

y e a r ,  and i n t e r -  and  i n t r a - s p e o i f i o  co m p e titio n  f o r  fo o d  and f o r  spaw ning 

s i t e s .

(6 ) To d e te rm in e  fo o d  a c q u i s i t i o n  a b i l i t y  and s e l e c t i v i t y  o f  fe e d in g  

u n d er c o n t r o l l e d  c o n d i t io n s .

(7 ) To d e te rm in e , b y  a n a ly s i s  o f  a le w iv es  washed u p  on th e  b e ao h , 

w hether th e s e  f i s h  w ere s t a t i s t i c a l l y  i d e n t i c a l  i n  te rm s o f  s i z e ,  s e x , 

a g e , and w h e th e r  re p ro d u c tio n  h ad  been com pleted  a s  oompared t o  th e  

g e n e ra l  p o p u la t io n  in  th e  l a k e .

Background M a te r ia l

The a l e w i f e ,  A lo sa  p seu d o h aren g u s (W ilso n ), was in tro d u c e d  i n t o  Lake 

M ichigan v i a  th e  E r ie  and W elland  C an a ls , I t  h a s  a p p a r e n t ly  bean  a llo w ed  

to  su c ce ed  b e c a u se  o f  th e  la o k  o f  p re d a t io n  by  such l a r g e  p is c iv o ro u s  

sp e o ie s  a s  th e  l a k e  t r o u t ,  S a lv e l in u s  namaycush (W albaum); th e  w a lle y e ,
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S t iz o s te d lo n  v itre u m  v ltre u m  ( M i tc h e l l ) ; and  th e  b u r b o t ,  L o ta  l o t a

(L inna a u s ) ,  s p e c ie s  whose num bers w ere d e p le te d  b y  th e  s e a  lam p rey ,

Petrom vzon m arlnus (L in n a e u s ) , and  a ls o  b y  f i s h i n g  p r e s s u r e .  An a cc o u n t

o f  t h i  3 can  be found in  Sm ith  (1968a  and 1 9 6 8 b ). S in c e  th e  a le w i f e 's  

f i r s t  s ig h t in g  in  Lake M ichigan in  1949 , i t  in c r e a s e d  i n  numbers u n t i l  

1967, Vhen 4-2,000,000 pounds w ere ta k e n  i n  o o m n ero ia l t r a w ls .  S in ce  t h a t
i

tim e  th e  sp e o ie s  h as  d e c re a se d  in  numbers and a p p e a rs  to  be  c o n tin u in g  to  

d e c l in e .
I

The s m e lt ,  Osmerus mordax ( M i t c h i l l ) ,  was in tro d u c e d  i n t o  C ry s ta l  

Lake i n  B enzie  C ounty, M ichigan i n  1906 (Van O o sten , 1937)* I t  reach ed  

Lake M ichigan th ro u g h  a  o h an n el c o n n e c tin g  th e  two la k e s  and p r o l i f e r a t e d ,  

becom ing a  f a c t o r  in  th e  f i s h e r i e s  a round  1930* 4 .8  m i l l io n  pounds w ere

c a p tu re d  in  1940, b u t  d is e a s e  s t ru o k  th e  p o p u la t io n  and  reduoed  i t s  ;l 

numbers d r a s t i c a l l y  (Van O o sten , 1 9 4 7 ). The c a tc h  a g a in  olim bed t o  9 .1  

m i l l io n  pounds i n  1958 , b u t  th e  our r e n t  l e v e l  i s  a p p ro x im a te ly  l / 8  o f  t h a t  

maximum. C om petition  w ith  th e  a le w ife  i s  a  p ro b a b le  re a so n  f o r  t h i s  

d e c l in e .

The b l o a t e r ,  Coregonus h o y i  ( G i l l ) ,  (L e u o io th y s  h o y i b y  S m ith ,

1 9 6 8 a ), i s  one o f  seven  sp e o ie s  o f  "Chubs” o r  *C iscos” o f  th e  fa m ily

Salm onidae su b fam ily  C o reg o n in ae , t h a t  i n h a b i t s  Lake M iohiganJ

Cqregonus p ig r in in n i s  ( G i l l )  -  b l a c k f in  c is c o
CJ johannae  CWagner) -  d eep w ate r o is c o
Cj a lp a n a e  (K o e ltz )  -  lo n g  jaw  o is c o
c l  k i v l  (K o e ltz )  -  k i y i
Cl r e ig h a r d l  (K o e ltz )  -  s h o r tn o s e  o is c o
CJ z e n ith if lu s  (Jo rd o n  and  Evermann) -  s h o r t  jaw  o is c o
(3. h o y i ( G a n )  -  b l o a t e r

Of th e s e  seven  s p e o ie s ,  th e  b l o a t e r  now c o n s t i t u t e s  a b o u t 98$ o f  a l l  

th e  chub s to a k  (S m ith , 1968a )  and a b o u t 97$ o f  a l l  chubs tak e n  d u r in g  

th e s e  s tu d ie s .  T his i s  down s l i g h t l y  from  1 9 64 , when t h i s  sp e o ie s



c o n s t i tu t e d  99•2$ o f  a l l  chubs ta k e n  (W e lls , 1 9 6 6 ). A coording  to  W ells 

( 1966) lam prey  p r e d a t io n ,  f i s h i n g  p r e s s u r e ,  and  a le w ife  c o m p e titio n  

a p p ea rs  t o  have been  th e  m ajo r f a c t o r s  i n  th e  dem ise  o f  th e s e  seven  

s p e c ie s .  F ig u re  5  g r a p h ic a l ly  shows some o f  th e s e  r e l a t i o n s h i p s .  I t  i s  

i n t e r e s t i n g  to  n o te  t h a t  th e  b l o a t e r ,  i n  th e  a b sen ce  o f  th e  o th e r  s ix  

chub s p e c ie s ,  in c re a s e d  b o th  i n  s i e e  and numbers b e fo re  c o m p e titio n  from  

th e  a le w ife  and a c e r t a i n  am ount o f  f i s h i n g  p r e s s u r e  cau sed  i t s  numbers 

to  l e s s e n  (S m ith , 1 9 6 8 ).

The y e llo w  p e rc h , P e ro a  f la v e s c e n s  ( M i tc h e l l ) ,  i s  l a r g e r  th a n  th e  

a le w if e ,  s m e lt ,  o r  chub , a t t a i n i n g  le n g th s  o f  15 -  18 in c h e s  in  th e  G re a t 

Lakes. As su c h , p e ro h  r e p r e s e n t  a  v a lu a b le  f i s h e r y ,  5*8 m i l l io n  pounds 

b e in g  h a rv e s te d  in  196**. A lthough  th e  s p e o ie s : 'i s  p la n k tiv o ro u s  when 

young, o ld e r  I n d iv id u a ls  te n d  to  p is o iv o r y  an d , i n  th e  ab sen ce  o f  th e  

lak e  t r o u t ,  th e  p e ro h  was th e  m ajo r p r e d a to r  in  th e  l a k e .  The 196** o a to h  

l e v e l  o f  5*8  m i l l io n  pounds r e p r e s e n t s  an in c r e a s e  o v e r p re v io u s  f i g u r e s .  

This: i s  presum ably  a s s o o ia te d  w ith  two f a c t o r s  -  a  d e c re a s e  i n  p re d a t io n  

on young p e rc h  b ecau se  o f  th e  d e o re a s e  i n  th e  la k e  t r o u t  p o p u la t io n  and 

th e  e x p lo i t a t io n  o f  a  new fo o d  so u ro e  -  th e  b u rg eo n in g  a le w ife  p o p u la t io n . 

However, a s  th e  a le w ife  was re a c h in g  i t s  peak  i n  1967 th e  p e ro h  p o p u la tio n  

was show ing a  s i g n i f i c a n t  d e c l in e  (6 0 0 ,0 0 0  pounds c au g h t in  1968) .  I t  i s  

my assu m p tio n  and t h a t  o f  S m ith  ( 1968a )  t h a t  th e  c o n c e n tr a t io n  o f a le w iv es  

in sh o re  d u r in g  th e  spaw ning and h a to h in g  p e r io d  o f  th e  p e ro h  cau sed  a 

d e c re a se  in  th e  r e c ru i tm e n t  o f  th e  p e rc h  s p e o ie s .  From c u r r e n t  d a ta ,  th e  

p erch  a re  m aking a  s i g n i f i c a n t  comeback and sh o u ld  a g a in  make up  a 

s i g n i f i c a n t  p a r t  o f  th e  f i s h e r i e s .
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F ig u re  1 -  Lake M ichigan show ing d iv id in g  l i n e  betw een th e  N orth  
and S o u th  B asin  b ased  on c u r r e n t  p a t t e r n s  and subm arine r i d g e s r 
The numbers 1 -6 ,  7-11* and 12-17  r e p r e s e n t  l o c a t io n s  o f  s tu d y  
s i t e s  s e t  up i n  1970-72. F ig u re s  2 -^  show f u r t h e r  d e t a i l  o f  th e  
s tu d y  s i t e s .  L a t i tu d e  and L o n g itu d e  g iv e n  h o r i z o n ta l  and  v e r t i c a l  
a x e s .
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F ig u re  2  -  N o rth  B asin  B ig  S a b le  P o in t .  L o c a tio n  o f  s tu d y  s i t e s  1 -6  
shown in c lu d in g  maximum d e p th  a t  th o s e  s i t e s .  L a t i tu d e  an d  
L o n g itu d e  o f  s i t e s  g iv e n  a t  r i g h t  o f  map. (A dap ted  from  t£ S .  
G e o lo g ic a l  S u rv ey  Map* Mason C o u n ty , M ic h ig a n .)
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F ig u re  3 -  S o u th  B a s in . L o o a tio n  o f  S tu d y  S i t e s  7 -1 1  in o lu d in g  ■ 
maximum d e p th s  a t  eaoh  s i t e .  S tu d y  conducted  1970-1972 . L a t i tu d e  
and L o g itu d e  g iv e n  a t  r i g h t .  A dap ted  from  U .S . G e o lo g ic a l S u rvey  
Hap, A lle g a n  C ounty , M ich igan .
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F ig u re  4- -  L u d in g to n  Power P r o j e c t  s i t e  o f  Consumers Power Company* 
S tu d y  S i t e s  1 2 -1 7  shown, in c lu d in g  maximum d e p th s  a t  e a c h  s i t e .  
L a t i tu d e s  and  L o n g itu d e s  g iv e n  a t  r i g h t .  (A dapted  from  L is to n  and 
T ack , 1972)
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Figure 5

P ossib le  fa c to rs  which nay ex p la in  th e  c u rre n t s ta tu s  o f th e  f i s h e r ie s  in  Lake M ichigan. Data inc ludes th e  
fa c to rs  o f  p red a tio n , com petition and f i s h e r ie s  p re ssu re . E xplanation fo r  th e  symbols i s  given below:

C -  Competition 
P = P redation 
R = Recruitm ent

t * • * * • * •

LTA = Lake Trout A dults
LTT = Lake Trout Young
LT ~ Lake Trout (A dults and Young)

LCA = Large Chubs -  A dults -  Includes Coregonus k iy i
C. n ig r ip in n is  
C. z e n ith ic u s  
C. alpenae 
C. re ig h a rd i  
C. johannae

LCY = Large Chubs -  Young

CS -  Small Chubs (B lo a te r -  Coregonus hoyi)

PA = Perch A dults 
FT =. Perch Young

S = Smelt

HC -  Medium Chubs -  th e  remnants o f th e  popu la tions o f  la rg e  chubs from b efo re  1950 -  includes
th e  fo llow ing  species 
C. z en ith ic u s  
C. alpenae 
C. re ig h a rd i 
C. k iy i

Adapted from W ells (1966) and Smith (1968a), G reat Lakes F ish e rie s  Catch S t a t i s t i c s .
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METHODS AMD MATERIALS 

F is h  C o lle o t io n s

U sing  th e  system  o f  Horak and  Tanner ( i 960) ,  f i s h  w ere oaugh t i n  

1 - i n c h ,  2 - in c h ,  and  2£ - in c h  mesh g i l l  n e t s ,  each  n e t  e i t h e r  12  f e e t  b y  

50 f e e t  o r  6 f e e t  by 50 f e e t .  The n e t s  w ere s e t  a t  e a c h  s t a t i o n  f o r  a  

2 4 -h o u r p e r io d  a t  each  o f  th r e e  d e p th s  ( s u r f a o e ,  4 -5  m e te r s ,  and n e a r  th e  

bo ttom )*  N ets w ere s e t  i n  b lo c k s  o f  th r e e  so  t h a t  a  p a n e l  o f  eaoh mesh 

s i z e  was p r e s e n t  a t  each  s t a t i o n  and a t  each  d e p th . A lth o u g h  i t  was n o t  

a lw ays p o s s ib le  t o  g e t  o u t  on th e  la k e  on th e  same d a te s  eaoh y e a r  due t o  

in c le m e n t w e a th e r , l i f t s  d id  ta k e  p la c e  each  y e a r  d u r in g  s p e c i f i e d  

p e r io d s  o f  d a y s .

A f te r  th e  n e ts  w ere s e t  f o r  24 h o u rs ,  th e y  w ere b ro u g h t  on b o a rd  and 

th e  f i s h  w ere im m ed ia te ly  m easu red , w eighed and sex ed  (w here p o s s ib l e ) .  

S c a le s  w ere ta k e n  to  d e te rm in e  age  a n d , w here d e te rm in a tio n  o f  sex  was a  

p ro b lem , th e  f i s h  w ere p la c e d  on i c e  and ta k e n  a sh o re  f o r  e x a m in a tio n . 

A lthough  t o t a l  number and w e ig h t o f  each  o f  th e  s p e o ie s  o f  i n t e r e s t  was 

o b ta in e d , n o t  a l l  f i s h  w ere exam ined i n  d e t a i l  b e ca u se  o f  th e  l a r g e  

num bers in v o lv e d . F is h  w ith in  eaoh sp e o ie s  w ere ta k e n  a t  random f o r  more 

com plete  e x am in a tio n . In  a l l ,  2598 p e rc h , 1232 s m e l t ,  2520  a le w iv e s ,  and  

1870 b l o a t e r s  w ere exam ined in  d e t a i l .

Z ooplankton

Z oop lank ton  w ere ta k e n  a t  th e  same tim e  and s i t e s  a s  th e  f i s h ,  

p h y to p la n k to n  and chem ical s t u d i e s .  A m eter p la n k to n  n e t  (180 mesh) was 

towed a t  a p p ro x im a te ly  2 -3  m ile s /h o u r  f o r  100  m e te rs  a t  d e p th s  o f  0 -1  

m e te r , 4 -5  m e te r s ,  and  n e a r  th e  b o tto m . Samples w ere f i x e d  i n  

c o n c e n tra te d  fo rm a lin  ( a  3856 aqueous s o lu t io n  o f  fo rm a ld eh y d e ) f o r  one
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week and th e n  two a l i q u o t  p o r t io n s  w ere  tak en  and c o u n te d . S p eo les  were 

enum erated  and e x p re sse d  a s  num ber/m^.

P h y s ic a l  and  C hem ical S tu d ie s

The fo llo w in g  p a ra m e te rs  w ere  s tu d ie d  -  te m p e ra tu re  p r o f i l e ,  

t r a n s p a r e n c y , pH, a l k a l i n i t y ,  d i s s o lv e d  osygen and oarbon  d io x id e ,  and 

d is s o lv e d  s o l i d s .  T u rb id i ty  was m easured  a t  th e  L ud ing ton  s t a t i o n s  b u t  

a t  no o th e r s .

W ater te m p e ra tu re s  w ere m easured  a t  each s t a t i o n  u s in g  a  th e rm is to r  

a s  g i l l  n e t s  w ere b e in g  lo w e re d . T em peratures w ere ta k e n  a t  tw o-m eter 

i n t e r v a l s  a t  a l l  s t a t i o n s .  W ater tra n s p a re n c y  was m easured  a t  th e  same 

tim e  u s in g  a  S e c c h i d i s k .  S ta n d a rd  ch em ica l a n a l y t i c a l  m ethods w ere u se d  

to  m easure D.O. , CO,,, a l k a l i n i t y ,  and d is s o lv e d  s o l i d s .  A pH m ete r (made 

b y  Beckm an), c a l ib r a t e d  b e fo r e  each  o u t in g  a g a in s t  a  O.OO8695M KH^PO^ + 

0.0304M Na2HP0^ s o lu t io n  w ith  a  pH o f  7-4-13 ( a t  2 5 °C ), was u se d  in  a l l  pH 

c a l c u l a t i o n s ,  a l l  v a lu e s  b e in g  te m p e ra tu re  c o r r e c te d  u s in g  th e  system  o f  

B a tes (1962 ) .  A H  t e s t s  w ere ru n  on sam ples ta k e n  on a  b i-w e e k ly  b a s i s  

u s in g  a  1 - l i t e r  m o d if ie d  Kemmerer sam p le r from  d e p th s  o f  0 -1  m e te r , 4 -5  

m e te rs ,  and  1 m e te r  from  th e  b o tto m . I f  th e  s i t e  was g r e a te r ,  th an  40 

m e te rs  in  d e p th ,  a  f o u r th  sam ple was o f t e n  ta k e n  a t  20  m e te rs .

P h y to p lan k to n

P h y to p lan k to n  w ere e rru m e ra te d u s in g  th e  te c h n iq u e  o f  MoNabb ( i 9 6 0 ) ;  

4-00-ml sam ples w ere t a k e n ,  in  d u p l i c a t e ,  from  w a te r  ta k e n  from  th e  

s u r f a c e ,  4—5 m e te r s ,  1  m e te r  from  th e  b o tto m , and from  20 m e te rs  w here 

a v a i la b l e .  These 400-m l sam ples were f i x e d  w ith  16 m l o f  c o n o e n tra te d  

fo rm a lin  and  50 m l o f  th e  sam ple was f i l t e r e d  th ro u g h  a  .45u  m i l l ip o r e
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f i l t e r .  The f i l t e r  was d r i e d  f o r  2k  h o u rs  and th e n  c le a r e d  w ith  em ersion  

o i l .  A c o v er g la s s  was p la c e d  on th e  s l i d e  and  3Q f i e l d s  w ere scanned  a t  

450 X. C o n c e n tra tio n  was e x p re s s e d  a s  numbers p e r  m i l l i l i t e r  o f  la k e  

w a te r .

C o n tro lle d  F eed ing  E xperim en t

A c o l l a t e r a l  ex p e rim e n t t o  d e te rm in e  fe e d in g  p re f e r e n c e s  was a tte m p te d  

u s in g  th e  fo llo w in g  sy stem : f i s h  o f  a l l  f o u r  sp e o ie s  w ere cau g h t u s in g  a

1 - in c h  mesh t r a w l  n e t  d u r in g  th e  months o f  A p r i l ,  J u n e , and  A ugust. These 

f i s h  w ere  p la c e d  i n  h o ld in g  ta n k s  ( i  o f  an  unused  500 - g a l lo n  o i l - f u e l  ta n k )  

f o r  2k  h o u rs  t o  in s u r e  t h a t  th e y  had  n o t  e a te n  f o r  a t  l e a s t  t h a t  p e r io d  o f  

t im e . They w e re 'th e n  in tro d u c e d  i n to  a  p o o l (15 f e e t  i n  d ia m e te r  b y  k  

f e e t  i n  d e p th )  i n to  w hioh Lake M ichigan w a te r  had  b een  p la c e d . The f i s h  

w ere p la c e d  in  th e  p o o l i n  s in g l e  s p e o ie s  g roups o f  5* o r  1 0 , o r  m ixed 

sp e o ie s  g roups o f  t e n  I n d iv id u a ls  ( f o r  exam ple -  5  p e ro h , 5  s m e lt ,  o r  2 

p e rc h , 2  s m e l t ,  3 a le w iv e s ,  3 b l o a t e r s ) .  The f i s h  w ere a llo w ed  t o  rem ain  

i n  th e  p o o l f o r  30  m in u te s  t o  f e e d  on known c o n c e n tr a t io n s  o f  z o o p la n k to n . 

U n d is tu rb ed  f i s h  w ould b e g in  fe e d in g  w ith in  15 m in u te s  o f  in t r o d u c t io n .

Only f i s h  l e s s  th a n  o r  e q u a l  t o  6 .0  in o h es  i n  le n g th  (15  cm) w ere u se d . 

A f te r  e ach  t e s t ,  th e  p o o l was sam pled  t o  d e te rm in e  rem a in in g  zo o p lan k to n  

c o n c e n tr a t io n  and  th e  f i s h  w ere  o u t  open to  d e te rm in e  stom ach c o n te n ts .

In  a l l ,  120  f i s h  o f  each  s p e o ie s  w ere sam pled .

As n i l  f e e d in g  e x p e rim e n ts  w ere oonduo ted  in  a  c lo s e d  sh ed  w ith  a  r e d  

l i g h t  s o u rc e ,  th e  z o o p la n k to n  and  l a r g e  o ru s ta a e a n s  w ere d i s t r i b u t e d  

f a i r l y  u n ifo rm ly  th ro u g h  th e  w a te r  m ass. The f i s h  w ere a o o lim a te d  f o r  

th e  2k  h o u r p e r io d  i n  t h i s  l i g h t  t o  e l im in a te  a s  many d e p th  cues a s  

p o s s ib l e .  Ample oxygen was pumped th ro u g h  th e  sy stem  and c o n s ta n t  numbers



X9

and  c o n c e n tra t io n s  o r  fo o d  o rgan ism s v e re  u se d  th ro u g h o u t A p r i l ,  June  and 

A ugust.

Stom ach A nalyses

On th e  8220 f i s h  whose stom ach c o n te n ts  w ere exam ined i n  d e t a i l ,  th e  

fo l lo w in g  system  was u se d :

(1 )  'Dio f i s h  t o  b e  sam pled w ere b ro u g h t back  t o  th e  l a b o r a to r y  on ic e  

t o  slow  d e co m p o sitio n  o f  any  m a te r i a l  i n  th e  stom ach.

(2 )  The stom ach was q u ic k ly  removed a lo n g  w ith  a  one in c h  s e c t io n  

( 2 .5  cm) o f  g u t  on e i t h e r  end  o f  th e  stom ach.

(3 )  The o o n te n ts  o f  th e  e n t i r e  segm ent was p la c e d  in  a  sm a ll  v i a l  

c o n ta in in g  72$  e th a n o l  and s e t  a s id e  f o r  e x a m in a tio n .

(4 )  The m a te r i a l  was exam ined a t  10X, w ith  h ig h e r  m a g n if ic a t io n  b e in g  

u se d  f o r  somei c lo s e r  i d e n t i f i c a t i o n  o f  th e  s m a lle r  a o o p la n k to n  fo rm s. 

F o llo w in g  th e  system  o f  W ells  and B oston  (1963 ) ,  sm a ll num bers o f

p la n k te r s  w ere co u n ted  w h ile  l a r g e r  numbers w ere e s t im a te d .  No a tte m p t  

was made to  k ey  d a m s  and o s tra o o d s  to  s p e o ie s .  Z oop lank ton  w ere d iv id e d  

o n ly  i n to  C ladocerans and  Copepods w ith  numbers e x p re s s e d  b o th  i n  te rm s 

o f  p e rc e n ta g e  fre q u e n c y  o f  o ccu ren ce  and p e rc e n t  volum e.



RESULTS 

D epth D i s t r i b u t io n  o f  F is h

D epth d i s t r i b u t i o n s  v a ry  from  s p e b ie 3 t o  s p e o ie s  w ith  tim e o f  th e  

y e a r .  W ith in  some s p e o ie s ,  d e p th  d i s t r i b u t i o n  v a r i e s  w ith  se x  and a g e , 

b u t  av e rag e  d e p th  i s  g iv e n  i n  F ig u re  6 .

B lo a te r s  ( Coregonus h o y i ) w ere  seldom  c au g h t i n  d e p th s  l e s s  th a n  20 

m e te rs  and even more seldom  c a u g h t i n  n e t s  s e t  more th a n  10  m e te rs  o f f  

th e  b o tto m . Young b l o a t e r s  (up  to  2 y e a r s )  w ere c a u g h t i n  m idw ater ran g e s  

(20 -40  m e te rs  i n  d e p th )  b u t  a f t e r  2 y e a r s  jo in e d  th e  a d u l t s  i n  a  y e a r ly  

m ig ra to ry  t r e n d  from  d e ep e r w a te r  ( g r e a t e r  th a n  60 m e te rs )  i n  th e  w in te r  

t o  sh a llo w e r  w a te r  (20+ m e te rs )  b y  m id-summer. A f te r  t h i s  tim e  th e  

p o p u la tio n  began a  p ro g re s s iv e  movement back  tow ard  d e e p e r  w a te r ,  r e g a in in g  

60 m e te rs  b y  l a t e  A ugust o r  e a r l y  Sep tem ber. B o th  se x e s  w erb c au g h t 

to g e th e r  and th e r e  seem: t o  have  been  no  d e p th -s e x  i n t e r a c t i o n s .

A lew ives (A losa  o seu d o h aren g u s) show movement from  d e p th s  g r e a t e r  

th a n  60 m e te rs  i n  e a r l y  Kay to  d e p th s  o f  a b o u t 3 m e te rs  b y  l a t e  Hay. They 

rem ain betw een  3 and 10 m e te rs  u n t i l  l a t e  A u g u st, and  th e n  move to w ard  th e  

d e p th s .  Young a l e  w ives (1 -2  y e a r s )  i n h a b i t  th e  same m idw ater p e la g ic  zone 

ocoup ied  b y  th e  b l o a t e r  and  u t i l i z e  th e  same fo o d  s o u rc e s .  D ata  

s i g n i f i c a n t  a t  th e  p  < .0 5  l e v e l  i n d ic a t e  th e  fo l lo w in g :

(1 ) L arge a le w iv es  o f  th e  1 -2  y e a r  o la s s  i n h a b i t  th e  0 -2 0  m e te r  zone 

in  th e  s p r in g ,  b u t  seem to  be  d is p la c e d  o f f - s h o r e  a s  th e  l a r g e r ,  o ld e r  

in d iv id u a ls  oome up  from  g r e a t e r  d e p th s .  '

(2 )  The l a r g e s t  members o f  th e  o ld e r  age c l a s s e s  (3 y e a r s  and o ld e r )  

seem to  move i n t o  sh a llo w  w a te r  b e fo re  s m a lle r  in d iv id u a l s  o f  th o se  same 

age c l a s s e s .  As th e  te m p e ra tu re  r i s e s  i n  th e  summer, th e  l a r g e r

20
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i n d iv id u a ls  a re  a g a in  th e  f i r s t  t o  move, t o  20 m e te rs  i n  e a r ly  A ugust and 

t o  g r e a t e r  th a n  50  m e te rs  b y  e a r l y  Septem ber.

S m elt (Qsmerus m ordax) occupy a zone a b o u t 40 -50  m e te rs  i n  d e p th  

d u r in g  th e  w in te r  and th e n  move in s h o re  v e ry  e a r l y  i n  th e  s p r in g  t o  

com plete  b re e d in g . They rem ain  i n  sh a llo w  w a te r  ( l e s s  th a n  10 m e te rs )  

u n t i l  e a r l y  June  and th e n  g r a d u a l ly  move d e e p e r , r e a c h in g  40 m e te rs  by 

l a t e  O c to b er. A v a ila b le  d a ta  i n d ic a t e  t h a t  a l l  b re e d in g  sm e lt  move 

in s h o re  en m asse , w ith  none o f  th e  s i z e  d i f f e r e n c e s  shown by  a le w iv e s . 

H iere  does n o t  ap p ea r t o  be  a  d e p th  d i f f e r e n c e  r e l a t e d  to  s i z e  o r  s e x .

P erch  (P e re a  f l a v e s c e n s )  i n h a b i t  a  w ide zone o f  0 -40  m e te rs  i n  d e p th  

a l l  y e a r  ro u n d , c o n c e n tr a t in g  t h e i r  a c t i v i t i e s  i n  w a te r s  l e s s  th a n  25 ; '' 

m e te rs  d e e p . H iey move i n t o  sh a llo w  w a te r  ( l e s s  th a n  10  m e te rs )  i n  m id- 

Ju n e , r e tu r n in g  to  t h e i r  w in te r in g  d e p th  by  th e  end o f  Sep tem ber. A t th e  

p < .0 5  l e v e l ,  th e  d a ta  s u g g e s t  th e  fo llo w in g :

(1 )  Hie l a r g e s t  I n d iv id u a ls  o f  age g roups I  and  I I  a re  found  in  

sh a llo w  w a te r  i n  th e  summer and  in  d e ep e r w a te r  i n  th e  f a l l ,  a  p a t t e r n  

a ls o  e x h ib i te d  b y  th e  p o p u la t io n  i n  g e n e r a l ,  a lth o u g h  th e s e  younger f i s h  

a re  n o t  in v o lv e d  in  b re e d in g . H ie in s h o re  movement i s  p ro b a b ly  keyed to  

fo o d  a c q u i s i t i o n .

(2 )  Male p e rc h  move i n t o  th e  sh a llo w  w a te r  b re e d in g  and fe e d in g  a re a s  

so o n er th a n  do th e  f e m a le s , and  rem ain  th e r e  lo n g e r .

(3 )  More fem a le s  w ere o au g h t i n  m id -w ate r n e ts  th a n  w ere m a le s , w h ile  

more m ales w ere c au g h t i n  n e t s  s e t  on th e  bo ttom  th a n  w ere  fe m a le s , 

s t r o n g ly  su g g e s tin g  t h a t  p e rc h  show d i f f e r e n c e s  i n  f e e d in g  h a b i t s  and 

lo c a le s  b a se d  on s e x . T h is  i s  b o rn e  o u t  by  stom ach a n a ly s e s  ( p .  49)*

(4 )  Male p e rc h  p r e f e r  sh a llo w e r  w a te r  (5 -1 5  m e te rs )  on a  y e a r  round 

b a s i s  w h ile  fem a le s  a r e  d i s t r i b u t e d  u n ifo rm ly  o v e r a l l  d e p th s  a t  a l l



se aso n s  (0 -4 0  m e te r s ) .  T h is i s  p ro b a b ly  keyed to  fo o d  a c q u i s i t i o n ,  m ales 

b e in g  p r im a r i ly  bo ttom  f e e d e r s ,  fem a le s  b e in g  p r im a r i ly  p e la g ic  f e e d e r s .  

I b i s  i n  tu r n  a f f e o t s  t h e i r  fo o d  h a b i t s  ( s e e  p .  ffO -Jfl).

T here w ere no s i g n i f i c a n t  d i f f e r e n c e s  in  te rm s o f  l e n g th ,  w e ig h t o r 

sex  co m p o s itio n  o f  p o p u la t io n s  o f  a le w iv e s , s m e lt ,  p e rc h ,  o r  chubs 

c a p tu re d  a t  S a u g a tu c k , L u d in g to n , o r  B ig  S ab le  P o in t .  I t  was ex p eo ted  

t h a t  th e r e  m ig h t be  d i f f e r e n c e s  b a se d  on d i f f e r e n c e s  i n  zo o p lan k to n  and 

p h y to p la n k to n  c o n c e n tr a t io n s  and  on w a te r  c h e m is try  v a r i a t i o n s  betw een 

th e  th r e e  s i t e s ,  b u t  no d i f f e r e n c e s  s i g n i f i c a n t  a t  th e  p < .0 5  l e v e l  were 

d e te c te d .

O v e ra l l  Food H a b its

A lth o u g h  q u a n t i t i e s  o f  v a r io u s  fo o d  o rgan ism s oonsumed changes 

th ro u g h o u t the; y e a r  on th e  b a s i s  o f  a g e , d e p th , s e a s o n , l o o a t io n ,  and sex  

in  some s p e o ie s ,  i t  w ould s t i l l  seem v a l i d ,  g iv e n  th e  l a r g e  number o f  

in d iv id u a ls  sam pled , t o  oompare o v e r a l l  p e rc e n ta g e s  o f  fo o d . T his h a s  

been done f o r  f o u r  s p e o ie s ,  b o th  a s  a p e rc e n ta g e  o f  th e  f i s h  t h a t  u t i l i z e  

t h a t  fo o d  s o u rc e ,  and a s  th e  p e rc e n ta g e  o f  d ry  w e ig h t t h a t  t h i s  food  

so u rc e  makes up  on a  y e a r ly  b a s i s  (T ab le s  l a - 5 a  and lb - 5 b ) .

D e f in i t e  c o m p e tit io n  f o r  fo o d  so u ro e s  a p p ea rs  t o  e x i s t .  A lew ives and 

b l o a t e r s  u se  th e  same m ajo r fo o d  s o u ro e s ,  l a r g e  z o o p lan k to n  and o ru s ta c e a n  

s to c k s ,  b u t  sm e lt  f e e d  on o s tra o o d s  and in s e o t  la r v a e  t o  a  f a r  g r e a t e r  

d e g re e  th a n  any  o f  th e  o th e r  th r e e  s p e o ie s ,  and  p e rc h  consume f i s h  a s  a 

m ajo r p e rc e n ta g e  (31$  o v e r a l l ,  b u t  4 8 .8 $  i n  th e  l a r g e s t  f i s h )  o f  t h e i r  

d i e t ,  th o u g h  n o t  t o  th e  e x c lu s io n  o f  o th e r  fo o d  o rg an ism s . Female p e rch  

to o k  a  g r e a t e r  p e rc e n ta g e  o f  f i s h  th a n  d id  m ale p e ro h , s u g g e s tin g  

d i f f e r e n t i a l  fe e d in g  h a b i t s  r e l a t e d  to  lo o a t io n .  In d ee d  a  g r e a t e r



Figure 6 -  Y early  depth s e le c tio n  by a lew ives, sm elt, perch  and b lo a te rs  

in  Lake Michigan (1970-1972) from Ludington, Big Sable P o in t and Saugatnck.



Depth .
(M eters)

EARLY LATE EARLY LA1E EARLY UTE

10 ■

2 0 '

BLOATER 0  D

^PERCH A A



25

p e rc e n ta g e  o f  fem ales  th a n  m ales w ere  c a p tu re d  b o th  In sh o re  and In  p e la g ic  

w a te r s ,  w h ile  a  g r e a t e r  p e rc e n ta g e  o f  m ales w ere  c a p tu re d  I n  n e ts  s e t  on 

th e  bo ttom  In  d e e p e r w a te r s .  A le w iv es , b l o a t e r s ,  and  sm e lt  seem n o t  to  

show t h i s  d i f f e r e n t i a l  fe e d in g  re sp o n se  r e l a t e d  t o  s e x . B lo a te r s  showed 

a  sex  r a t i o :  v e ry  much i n  fa v o r  o f  fem a le s  among th o s e  g r e a t e r  th a n  7 

in c h e s  lo n g  (a lm o s t 3 0 :1  i n  th e  l a r g e s t  sp e c im e n s) . The young b lo a t e r s  

showed a  g r e a t e r  p e rc e n ta g e  o f  fe m a le s  th a n  m ales b u t  n o t  to  a s  g r e a t  an 

e x te n t ,  T h is se x  r a t i o  h ad  no e f f e c t  on th e  ty p e s  o f  foods u t i l i z e d .

F eed in g  re sp o n se  changed f o r  a l l  f i s h  s p e o ie s  from  month to  m onth, 

p a r t i c u l a r l y  among th e  z o o p la n k to n  f e e d e r s  a s  th e  numbers o f  p a r t i c u l a r  

s p e o ie s  o f  zo o p lan k to n  ( e x . C y c lo p s« D aphnia) ro s e  and f e l l .  S inoe  th e s e  

changes co u ld  be fo llo w e d  f o r  th r e e  y e a r s  and s in o e  th e y  c o u ld  be lumped 

in  b lo c k s ,  th e  months M arch, A p r i l ,  and May w ere combined a s  S p rin g  d a ta ;  

Ju n e , J u ly ,  and A ugust a s  Summer d a t a ;  and  S ep tem ber, O c to b er, and 

November a s  F a l l  d a ta .  T rends w ere s im i la r  enough d u r in g  each  o f  th e s e  

3 -m onth b lo c k s  t h a t  no s t a t i s t i c a l  s ig n i f ic a n c e  was l o s t .  In d ee d , 

s ig n i f ic a n c e  was g a in e d  b eo au se  o f  th e  g r e a t e r  numbers o f  in d iv id u a ls  in  

each  b lo c k .

F o o d -H ab its  o f  th e  B lo a te r

B lo a te r s  w ere c o l l e c t e d  a t  a l l  d e p th s  (0 -6 0  M) d u r in g  s p r in g ,  summer 

and f a l l .  Stomaohs o f  2265 f i s h  w ere exam ined o f  w hich 1870 c o n ta in e d  

i d e n t i f i a b l e  fo o d , 203 w ere em pty , and  192  c o n ta in e d  fo o d  w hich was 

u n i d e n t i f i a b l e .  R e fe ren c e s  h e re  a r e  made o n ly  t o  th o s e  1870 in d iv id u a ls  

w ith  i d e n t i f i a b l e  fo o d .

Of th e  133 b lo a t e r s  l e s s  th a n  6 in c h e s  i n  l e n g th  w hich o o n ta in e d  

fo o d , 98 came from  th e  zone be tw een  10 and 4-0 m e te rs  i n  d e p th . The



O verall Food H abits o f Four F ish  Species in  th e  Lake as Measured by Stomach A nalysis

Table l a .  Percen t Frequency o f Occurrence of Various Food Organisms

Species
* o f
F ish Pontoporeia Ifrs is Copepods Cladocerans Clams

F ish  Eggs 
and Fry Midges

T Other 
In se c ts

yt-------------------
Ostracods

B lo a te r 1870 44.1 42.2 33-9 17 .6 22.6 2 .8 7 .4 1 .5 5 .2
Alewife 2520 63.4 34 .6 73.4 63.0 1 .1 12.5 1 .2 1 .8 8 .9
Smelt 1232 27.3 23.2 72.1 68.1 0.6 11.8 8 .8 21.9 64.0
Perch 2598 57.0 45 .0 40 .5 _36_.8 . 7 .3 3 7 .4 ... 44 .6 4 4 .4 18.1
Average '4 7 .9 5 I3o .25 54.9 1 6 .3 8 .7 -9 16.12 “F .T f 24.1

i

Table l b .  P ercen t Volume o f  Various Food Organisms

Species
# of 
F ish Pontoporeia ttv sis Copepods Cladocerans m mis

F ish  Eggs 
and Fry Midges

Other
In se c ts Ostracods

B lo a ter 1870 35 .6 3 0 .0 18.5 1 .6 1 .0 3 .5 0.6 1 .1
Alewife .3520 3 4 .4 24.6 21.2 17 .1 0 .2 1 .5 0.3 0.3 0.6
Smelt 1232 8 .5 7 .6 28.5 23-9 0 .2 3 .4 2 .7 5 .5 20.1
Perch 2598 1 3 .5_ 12 .8 15 ,0 13.7 1 .6 31.0 St2 4 .6 i*°
Average 18.75 • 20 .8 K OO 0 .9 72.5J5
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rem a in in g  35 f i s h  w ere c au g h t a t  d e p th s  g r e a t e r  th a n  40  m eters*

Z ooplankton  made up  th e  e n t i r e  d i e t  o f  th e  f i s h  c au g h t i n  th e  m id -d ep th  

ra n g e s ,  and 72$ (volume b a s i s )  o f  th e  d i e t  o f  bo ttom  f e e d e r s  a t  g r e a te r  

th a n  40 m e te rs . Z oop lank ton  sp e o ie s  o f  g r e a t e s t  im p o rtan ce  w ere C yclops 

b io u s p id a tu s « D iaptom us s p . ,  and D aphnla g a le a t a .  The p e rc e n ta g e s  o f  

zo o p lan k to n  i d e n t i f i e d  i n  stom ach a n a ly s i s  changed o v e r th e  th r e e  y e a r  

p e r io d  in  c lo s e  c o r r e l a t io n  w ith  th e  changes m easured  in  th e  zo o p lan k to n  

s to c k s .  ( C o e f f ic ie n t  ~ .8 7 ) .  Midge la r v a e  a l s o  c o n s t i t u t e d  a  r e l a t i v e l y  

l a r g e  p ro p o r t io n  o f  th e  fo o d  o f  bo ttom  fe e d in g  in d iv id u a ls  ( 1 2 . 1$ ) .

F is h  6 .0  t o  6 .9  in c h e s  lo n g  f e l l  i n t o  age c la s s e s  I  and  I I  and 

ten d e d  to  show a  m id -d ep th  p r e f e r e n c e .  Z ooplankton  was th e  m ost im p o r ta n t  

fo o d  f o r  b o th  m id -d ep th  and bo ttom  f e e d e r s ,  a lth o u g h  P o n to p o re ia  and  

M vsis w ere oonsumed t o  a  f a i r l y  h ig h  d e g re e  b y  th e  b o tto m  f e e d e r s .  Mo 

o th e r  o rgan ism s c o n s t i t u t e d  a  s i g n i f i c a n t  p e rc e n ta g e  o f  th e  fo o d  a t  t h i s  

a g e . A te n d e n c y  found  i n  th e  1 -2  age o la s s  b u t  r e v e r s e d  i n  o ld e r  f i s h  i s  

t h a t  M vsis i s  a  more im p o r ta n t  fo o d  organ ism  th a n  P o n to p o re ia .

As i n  th e  s tu d y  by  W ells  and  B eeton  (1 9 6 3 ), P o n to p o re ia  was th e  m ost 

im p o r ta n t  fo o d  o f  b l o a t e r s  g r e a t e r  th a n  7 in c h e s  in  l e n g th ,  fo llo w e d  b y  

M vsis and la r g e  zo o p lan k to n  s p e o ie s .  Some stom achs c o n ta in e d  o v er 200 

P o n to p o re ia . p a r t i c u l a r l y  i n  th e  l a r g e  b l o a t e r s  fe e d in g  on th e  b o tto m  in  

sh a llo w  w a te r  (1 0 -4 0  m e te r s ) .  Of th e  z o o p lan k to n  e a te n ,  C yo lops.

D iaptom us.  and D aphnia w ere found  to  p red o m in ate  in  te rm s o f  numbers 

consum ed, number o f  f i s h  consum ing th e s e  o rg an ism s , and  p e rc e n ta g e  d r y  

w e ig h t, I b i s  c o r r e l a t e s  w e l l  w ith  a  s e l e c t i v e  fe e d in g  h y p o th e s is  b a sed  

on s i z e  and number o f  o rgan ism s a v a i l a b l e .



Table 2a. Percent Frequency of Occurrence of Various Food Items in the Stomach of the Bloater, Coregonus hoyi.

Item
# of 
Fish Pontoporeia Hvsis Copepods Cladocerans dams

Fish Eggs 
and Fry Midges

Other
Insects Ostracods

Length
<6.0 in . 133 4 .4 5.4 87.0 49*6. 0 .0 0 .0 18.6 1 .0 2 .0
6 .0 -  6 .9 666 27.0 57 .0 41 .6 17 .5 2 .5 0 .5 2 .7 2 .3 3 .1
7 .0 -  7 .9 454 43.2 51.0 21.3 10.6 21.6 1.3 2 .6 2 .7 4 .5
8 .0 -  9 .9 316 65*6 5 1 .4 16.5 5 .4 38.5 4 .2 6 .5 0.9 6 .7

10 .0-11 .9 301 80.3 46 .0 3 .0 3 .0 f t t1? _____ 8.3 6J? 0.8 0-8
Weighted Average 47.2 49.2 29 .4 13.9 30,9 2 .5 5.2 1 .8 4 .7

Season
Spring 851 54 .1 28.3 30 .8 5 .3 26.3 5 .1 7 .1 1 .3 3 .3Summer 556 38 .1 47 .2 46 .5 17.2 16.2 1 .2 7 .1 1 .5 5 .2
Fall 463 40.1 ?L.l 34 .5 30.3 25 .4 2 .1 _ 8 .0 1.7 . . .  7.1

Weighted A1jrerage 46 .8 39-5 36.3 15 .0 23.1 3 .2 7.3 1 .5 4 .8
DepthCm)

0-20 m 313 10 .0 13.0 3 .3 1 4 .4 24.9 1 .1 9 .6 2 .6 2 .3
20-50 n 1047 51.2 41.3 67.4 24 .4 27 .4 2 .0 7*5 1 .4 4 .7
^ 50 m 610 71.2 72.3 31.0 14.1 I 'M 5.3 5.1 0 .5 _ 8 .6

Weighted Average 56.3 51.4 49.7 . I ? .?  . 22.7 3 .2 6.7 1.1 6 .0



Table 2a* P ercen t Volume o f  Various Food Items in  th e  Stomach of th e  B lo a te r , Coregonus h o y i.

Item
#  o f 
F ish PontoDoreia Mysis Conenods Cladocerans Clams

F ish  Eggs 
and Fry Midges

Other
in s e c ts Ostracods

Length
<6 .0  i n . 133 5 .0 7 .5 1*9.0 23.0 0 .0 0 .0 12 .1 1 .0 2 .3
6 . 0-  6 .9 666 2**. 0 35-5 26.3 8 .8 1 . 1* 0.3 2 .1 0 .8 2 .0
7 . 0-  7 .9 454 30 .0 1*9.0 11.0 6 .0 1 .5 1 .2 1 .0 0.3 0 ,1
8 . 0-  9 .9 316 1*7.0 38 .0 5 .0 4 .0 1 .7 1 .5 1 .1 0 .5 0 .8

10 .0 -11 .9 101 72.0 20 .0 1 .0 0.3 3-2 2 .1 1 .3 0.3 0.3
Weighted Average 35 .7 3i*.7 16.5 6 .6 1 .6 1 .0 2 .2 0 .6 1 .0

Season
Spring 851 1*8 .2 23 .6 16.1 i* .l 1 .0 2 .1 3 .8 0 .6 1 .1
Summer 556 32.3 34.3 22.8 8 .0 1 .1 0.9 4 .2 •0.5 1 .0
F a l l t e l 26.3 1*2 .1 16 .6 13 .1 2 .7 0 .0 2 .5 0 .7 1 .2

Weighted Average 38.1 31.3 18.2 7 .5 1-5 1 .2 3 .6 0.6 1 .1
Denth(m)

0—20 m 113 15-7 15-7 21*. 1* 8 .3 1 .2 0 .0 3 .5 0 .6 1 .3
20-50 m 10*1-7 58 .5 31 .3 15 .7 10.7 2 .6 1 .0 6 .1 0 .6 1 .3
< 5 0  o 610 32.7 53 . I 1511* 6 .2 1 .0 2 .0 0 .9 0 .5 0 .7

Weighted Average #* .0 3 5 .4 1 5 .3 . ....8-5 ...... 1 .8 1 .2 3-9 0 .5 1 .0
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Food H a b its  o f  th e  A lew ife

Stom achs w ere exam ined from  3110 f i s h ,  o f  w hich 2520 o o n ta in e d  

i d e n t i f i a b l e  fo o d  o rg a n ism s , 396 w ere em pty, and  th e  rem ain d er (214) had  

u n i d e n t i f i a b l e  stom ach o o n te n ts .  F re q u e n c ie s  o f  o o cu rren o e  and p e rc e n t  

d ry  w e ig h t w ere c a l c u l a t e d ,  T ab les  3& And 3 b .

F is h  from  1 .7  t o  5 -9  in o h e s  w ere sam pled . N e a rly  a n  (95$) had  

z o o p lan k to n  i n  t h e i r  stom aohs and  z o o p lan k to n  c o n s t i t u t e d  76*5 p e rc e n t  o f  

th e  d r y  w e ig h t o f  th e  c o n te n ts .  No p re fe re n c e  c o u ld  be shown f o r

p a r t i c u l a r  z o o p la n k to n  i n  speoim ens l e s s  th a n  4  in o h e s  lo n g . From 4 .0  to

5*9 in c h e s  th e  a le w ife  s t a r t e d  d e m o n s tra tin g  s p e c i f i c i t y  tow ards th e  

• l a r g e r  form s o f  zo o p la n k to n  ( Cyolops b lc u s p id a tu s « M esooyolops edax .

D aphnla g a le a ta  raendota . D. r e t r o o u r v a .  E p lso h u ra  l a o u s t r i s .  and Diaptom us 

s l o H l s ) . A c e r t a i n  number o f  th e  l a r g e s t  fo rm s (L ep to d o ra  k i n d l i .  

Lim nocalam us m ao ru ru s , P o n to p o re ia  a f f i n i s ,  and H ysis r e l l o t a ) w ere a ls o  

fo u n d , b u t  th e s e  a r e  n o t  a s  im p o r ta n t  a s  i n  l a r g e r  f i s h ,  p ro b a b ly  f o r  two 

re a s o n s . F is h  o f  t h i s  s i z e  a r e  u s u a l ly  p e la g io  and th e  l a r g e s t

c ru s ta c e a n s  a re  fo u n d  v e ry  n e a r  th e  b o tto m , and th e  sm a ll  f i s h  may n o t  be

a b le  t o  h a n d le  th e  l a r g e r  fo rm s o f  o ru s ta o e a n s . I h i s  h y p o th e s is  i s  g iv en  

su p p o r t b y  th e  f a c t  t h a t  th e  young a le w iv e s  seldom  consume f r y  o f  t h e i r  

own o r  o th e r  s p e c ie s ,  p resu m ab ly  b e c a u se  o f  an  I n a b i l i t y  t o  h an d le  

o rgan ism s o f  t h i s  s i z e .

p e la g io  m id -d e p th  zone w hich  th e y  have  in h a b i te d  up  to  t h a t  tim e and b e g in

Food o f  A lew ives •<’6 .0  In c h e s  Long

Food o f  A lew ives 6 .0  In o h es  and G re a te r

As a le w iv e s  ap p ro ach  le n g th s
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t o  show v e r t i c a l  m ig ra tio n  w ith  th e  s e a s o n s . I t  i s  a l s o  ab o u t t h i s  t im e , 

when th e  a le w iv e s  a re  a b o u t 3 y e a r s  o ld*  t h a t  th e y  f i r s t  b e g in  to  show 

pronounced  In s h o re  movements d u r in g  th e  b re e d in g  season*  June th ro u g h  

A ugust. T h is h a s  a  m arked in f lu e n c e  on th e  amount and ty p e s  o f  fo o d  th e y  

e a t .  A lthough  z o o p la n k to n  w ere  s t i l l  fo u n d  i n  a  h ig h  p e rc e n ta g e  o f  

stom achs i n  6 - in c h  f i s h  (a v e ra g e  79$ v s  95$ i n  l e s s  th a n  6 in c h e s )*  th e  

p e rc e n t  d ry  w e ig h t b e g in s  to  show a  d e o re a s e  a t  t h i s  tim e  (from  77*5$ f o r  

f i s h  l e s s  th a n  6  in o h es  t o  59*0$ in  6 .0 -6 * 9  in c h  f i s h ) .  T his t r e n d  

in c r e a s e s  in  o ld e r  f i s h *  'where zo o p lan k to n  form s an  in c r e a s in g ly  s m a lle r  

p o r t io n  o f  th e  d i e t .  On th e  o th e r  hand* K vsls and  P o n to p o re ia  become 

in c r e a s in g ly  m ore im p o r ta n t  w i th  in o re a s e  in  s i z e .  P o n to p o re ia  makes up 

g r e a t e r  th a n  b  t im e s  th o  p e rc e n t  d ry  w e ig h t o f  th e  stom ach c o n te n ts  o f  a  

7 .0 +  in c h  f i s h  a s  i t  d o e s  in  a n  a le w ife  l e s s  th a n  6 in o h e s  i n  l e n g th .

T here a l s o  seems t o  be a  s e a s o n a l  and  d e p th  v a r i a b i l i t y  i n  fo o d  a c q u i s i t i o n .  

For example* a le w iv e s  i n  th e  s p r in g  and  f a l l  w ere found  t o  have h ig h e r  

c o n c e n tra t io n s  o f  Mysis th a n  i n  th e  summer. From F ig u re  6* a le w iv es  a t  

th e s e  two se a so n s  were a t  g r e a t e r  d ep th s*  w here M ysls a p p e a rs  i n  g r e a te r  

c o n c e n tra tio n  (Beeton* I9 6 0 ) .  P o n to p o re ia . on th e  o th e r  hand* show a 

ten d e n cy  to  have t h e i r  h ig h e s t  num bers i n  w a te r  l e s s  th a n  50  m e te rs  i n  

d e p th  (W ells and  Beeton* 1963)* a  t r e n d  r e f l e o t e d  in  th e  p e rc e n t  d ry  

w e ig h t o f  t h i s  s p e o ie s  i n  th e  stom achs o f  alew ives* c au g h t in  sh a llo w e r 

w a te r .  The zo o p lan k to n  show a  s im i l a r  d i s t r i b u t i o n  p a t t e r n  to  P o n to p o re ia  

and th u s  w ere found  i n  g r e a t e r  c o n c e n tr a t io n  i n  a le w ife  stom achs from  l e s s  

th a n  50  m e te rs  irv 'd o p th .

F is h  eggs and  f ry *  a s  expec ted*  show t h e i r  g r e a t e s t  o c cu rren c e  i n  

a le w ife  stom achs d u r in g  summer and  e a r l y  f a l l :  i n  th e  sh a llo w e r  d ep th s*  w ith  

th e  l a r g e r  a le w iv e s  consum ing t h e  g r e a t e s t  p e rc e n ta g e s c o f  t h i s  fo o d .
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Other food sources show no d e f in ite  s t a t i s t i c a l  trends but are 

included to  show comparison* I t  i s  in terestin g  to  note that fin g ern a il 

clams, midges, and other in se c ts  form a far greater part o f the d ie t  o f  

bloaters than o f  the alewives (about 4 |  times as g re a t) . Since a far  

greater percentage o f b loaters ea t clams (2 2 .6£ vs 1 .1 #  for the a lew ives), 

th is  could be a factor in  the survival o f  the b loater in  competition with  

the a lew ife . Another factor  which may be o f importance i s  the amount o f  

time the two sp ec ies , a lew ife and b lo a ter , spend in  th e same depth zone 

o f the lake (2 months), thus minimizing d ireo t com petition to  th is  2 month 

period.

Food Habits o f  the Smelt

S m elt i n  Lake M ichigan a p p a re n t ly  a ro se  from  an in tro d u c e d  s to c k  from  

C ry s ta l  L ake , M ichigan (C re a s e r ,  1926, Van O o sten , 1953)* which in  tu r n  

came from  Green L ake, Maine (K e n d a ll , 1927)* Sex  r a t i o s  in  Lake M ichigan 

seem to  b e  a p p ro x im a te ly  60# fem a le ; 40# m ale , d a ta  c o n s i s t e n t  w ith  

Beckman (196*0 who found  a 6 l# :3 9 #  r a t i o  in  C r y s ta l  L ak e , and B a rle y  

(1964) who found  a  68$ :3 2 #  r a t i o .  T h is  r a t i o  o f  fe m a le s  to  m ales te n d s  t o  

in o re a s e  w ith  a g e , a  f a o t  s u b s ta n t ia t e d  b y  Beckman, B a i le y ,  and McKenzie 

(1 9 6 4 ). However t h i s  d i f f e r e n t i a l  sex  r a t i o  does n o t  a p p e a r  t o  have a  

s i g n i f i c a n t  e f f e c t  on th e  ty p e  o f  fo o d  u t i l i z e d ,  so  se x e s  a re  oombined i n  

T ables 4a and 4 b .

In  G u ll L ake, M ich igan , B urb idge  (19&9) fo u n d  a  te n d e n c y  tow ard  

e a t in g  z o o p lan k to n  in  th e  s p r in g  and f a l l  and Chaoborus and te n d lp e d id s  

d u r in g  th e  summer, s u g g e s tin g  a  change i n  food  a v a i l a b i l i t y  h a b i t s  th ro u g h  

th e  y e a r .  No suoh ohange was found  i n  Lake M ichigan s m e l t .  P erhaps th e  

d e c re a se  i n  v a r io u s  z o o p lan k to n  form s w hich o ccu r in  Lake M ichigan ooours



Table 3a.
Percent Frequency of Occurrence of Various Food Items in the Stomach of the Alewife, Alosa pseudoharengus♦

Item
* o f 
F ish Pontoporeia Mvsis Copepods Cladocerans damct

F ish  Eggs 
and Fry Midges

Other
In se c ts Ostracods

Length
< 6 .0  in . 31^ 41 .0 12 .0 91.0 93.0 <1 3 .0 <1 <1 6 .0
6 . 0-  6 .9 956 51.0 18 .0 85.0 72.0 <1 11 .5 <1 1 .3 7 .0
7 .0 -  7 .9 907 78.0 45 .0 82.0 68.0 1 .0 15 .0 1 .0 1 .0 8 .5
8 . 0-  9 .0 308 71.0 41 .0 64.0 48 .0 1 .6 17 .5 1 .7 2 .3 9 .8

> 9 .0  in . *3 76.0 48 .0 45 .0 34 .0 2 .0 19.0 .2 .5 4 .0 _ i 3 . r
Weighted Average 62.29 30.24 81.43 49.62 1 .1 6 .0 1 .1 1 .3 7.86

Season
Spring 307 64.0 41 .0 61.0 73.0 1 .3 2 .0 1 .3 3 .0 9 .8
Summer 1602 58.0 25.0 83.0 68.0 <1 24.0 <1 1 .0 11.0
F a l l 611 76.0 38.0 76.0 48 .0 1 .6 15 .0 _ 1 .5 1 .4 6 .9

Weighted Average 9 - 30.D- 78.3 63.5 1 .3 19.1 1 .3 1 .4 9 .8
Depth

0-20 m 762 34 .0 24.0 81.0 68.0 1 .0 :3 .3 1 .8 3 .4 11 .1
20-50 m 1239 85.0 33 .0 88.0 83.0 1 .8 31:0 1 .3 2 .0 13.2
> 50  m 519 69.0 47 .0 51.0 38.0 0 .5 4 .2 0 .4 0 .0 2 .4

Weighted Average 66.6 33 .6 - 7 1 - 9 5 68.5 1 .1 17.0 1 . 2 : 2 .0 10 .4



Table 3b.
Percent Volume of Various Food Items in the Stomach of the Alewife, Alosa pseudoharengus.

Item
# of 
F ish Pontoporeia Ifrs is Co pepods Cladocerans Clams

Fish  Eggs 
and Fry Midges

Other
In se c ts Ostracods

Length
<(5.0 in . 316 12.1 10.0 41.8 35 .7 0 .0 ‘ 0 .1 0.3 0.3 0 .7
6 . 0-  6 .9 956 19.6 18.5 31 .6 27.4 0.1 1 .3 0 .4 0.5 0 .6
7 .0 -  7 .9 907 41.0 31 .0 15-3 9-8 0 .1 1 .2 0 .5 0 .5 0 .6
8 . 0-  8 .9 308 48.0 31 .5 9 .0 8 .0 0 .2 2 .1 0 .1 0.3 0 .8

> 9 .0  in . 43 51.2 32.6 8 .2 0 .4 3 .0 0 .0 0 .0 0 .1
Weighted Average 30.3 20.8 20.0 19 A 0 .1 1-3 0 .4 0 .4 0 .6

Season
Spring 307 3 4 .4 26 .6 17.2 20.7 0.3 0 .0 0-.3 0 .4 0 .4
Summer 1602 35 .8 21.7 22.5 15.6 0.3 2 .4 0 .4 0.6 0.7
F a l l 611 ??•? 26.1 • 21.9 15 .2 0.1 2 .0 0 .4 0.2 0 .6

Weighted Average 34 .8 23.27 21.6 16.6 0.3 1 .8 0 .4 0.5 0 .6
Depth
0—20 m 762 37 .6 15.5 26 .4 20.6 0.2 1 .9 0 .4 0 .6 0.3
20-50 m 1239 42.2 26 .7 28.2 22.7 0.2 2.3 0.3 0.3 0 .8
> 5 0  m 519 23 .4 31 .6 7 .0 8 .0 0 .1 0 .2 0 .1 0 .0 0 .6

Weighted Average 36 .8 24.2 23.2 18.9 0.2 1 .9 0 . 3 - 0 .4 0 .5
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t o  a  g r e a t e r  e x te n t  i n  G u ll L ak e , n e c e s s i t a t i n g  a  change to  l a r v a l  fo o d  

s o u rc e s .  L ackey (1 9 6 9 ) , w o rk in g  on a  M ilne L ak e , d i d  n o t  f i n d  t h a t  

z o o p la n k to n  t o t a l l y  d is a p p e a re d  from  th e  d i e t ,  a s  d id  B u rb id g e , b u t  

z o o p lan k to n  num bers d id  d e o re a s e  and  i n s e c t s  and  Iso p o d s  made up  a  g r e a t e r  

p e rc e n ta g e  o f  th e  fo o d . Xn L ake M ich ig an , th e  j u v e n i l e  s m e lt  (u p  t o  a b o u t 

6 in c h e s  i n  le n g th )  f e d  m a in ly  on co p ep o d s, o la d o c e ra n s ,  and o s t r a o o d s .  

Ih e se  d a ta  a g re e  s u b s t a n t i a l l y  w ith  th o s e  o f  K e n d a ll  (1 9 2 7 ) , G reene (1 9 3 0 ) , 

and Gordon (1 9 6 1 ) . A d u lt  s m e lt  w ere  fo u n d  t o  consume M rs is . P o n to p o re ia .  

i n s e o t s ,  and  f i s h  ( p r im a r i l y  y o u n g -o f te n  o f  t h e i r  own s p e o ie s )  i n  a d d i t io n  

to  th e  co pepods, c la d o c e r a n s ,  and  o s t r a o o d s .  T h is  a g re e s  w ith  d a ta  o f  

S ch n eb erg e r (1937)* B aldw in (1 9 5 0 ) ,  and  F e rg u so n  (1965)*  The d i e t  o f  th e  

sm e lt  d o e s  v a ry  s e a s o n a l ly  i n  th e  G re a t  L a k e s , and  t h i s  v a r i a t i o n  fo l lo w s  

th e  v a r i a t i o n  in  fo o d  s to c k  p o p u la t io n s ,  s u g g e s t in g  t h a t ,  s m e lt  p io k  th e  

m ost a b u n d an t fa u n a  a v a i l a b l e .  S m e lt abundance a l s o  seem s t o  be  keyed  t o  

d e p th  b u t  m a in ly  b e c a u se  s m e lt  w ere o n ly  r a r e l y  o a u g h t be low  50  m e te r s ,  

and th e n  o n ly  v e ry  e a r l y  in  t h e  s p r in g .  Of th e  1712 s m e lt  c a u g h t ,  1232 

c o n ta in e d  fo o d  in  a  i d e n t i f i a b l e  s t a t e ,  266 w ere  em pty , and  314  c o n ta in e d  

u n i d e n t i f i a b l e  fo o d . Ih e  d a ta  a r e  p r e s e n te d  i n  T a b le s  4a  and 4 b .

Food H a b its  o f  th e  P e rch

Lake M ichigan p e rc h  a t t a i n  g r e a t e r  le n g th s  and w e ig h ts  th a n  any  o f  

th e  o th e r  3 s p e o ie s  o f  f i s h  s t u d i e d .  I n d iv id u a ls  sam p led  d u r in g  th e  3 

y e a r s  ra n g e d  from  2*5 t o  1 6 .1  in o h e s  i n  l e n g t h .  Of th e  3462 p e ro h  sam p led , 

2598 o f  th e s e  c o n ta in e d  i d e n t i f i a b l e  fo o d , 488 c o n ta in e d  u n i d e n t i f i a b l e  

fo o d  and  376  c o n ta in e d  no fo o d  a t  a l l .  As w i th  th e  o th e r  3  s p e o ie s ,  

a v e rag e  c o n te n ts  v a r i e d  o v e r b o th  s t a t i o n  and  d e p th ,  b u t  am ple num bers 

a llo w ed  c lo s e r  a p p ro x im a tio n s  th a n  i s  a v a i l a b l e  i n  m ost s t u d i e s ,  T h a r r a t t



Table 4a.
Percent Frequency of Occurrence of Various Food Items in the Stomach of the Smelt, Osmerus mordax.

Item
# o f 
F ish Pontoporeia Kvsis Copepods Cladocerans dam s

F ish  Eggs 
and Frv Midges

Other
In se c ts Ostracods

Leneth
6 .0  in . 106 18.0 9 .0 97.0 95.0 0.0 0 .0 1 .0 16.0 92.0

6 . 0-  6 .9 407 26.0 27.0 83.5 77.8 0.3 6 .4 8 .2 18.5 73.2
7*0- 7 .9 385 25*5 31 .5 74.4 66.5 0 .6 12.6 10 .4 18.0 61.8
8 . 0-  8 .9 242 33*0 3 7 .6 60.8 61.0 0 .8 13.8 10 .7 27.6 45.6
9*0 ?2 34.0 41 .0 44.9 40.2 1 .1 24.0 13.6 29.5 47 .4

1 Weighted Average 27.2 30 .1 74.6 69.8 O.J 10.6 9 .2 20.8 64.1
Season
Spring 665 26.5 27.3 97.0 79.6 0 .7 11.5 16 .1 74.3
Summer 346 28.3 17.9 58.2 51 .6 1 .1 14 .7 10.6 25.6 47 .6
F a l l 221 27.1 25 .4 61.2 73.1 0 .0 14.6 4 .3 24.0 70.1

M felghted Average 1 27.1 2 5 .4 79.8 70.7 0.7 10.1 9 .9 20.2 55.2"
Denth
0-20  m 438 31.3 12.1 96.1 85 .6 0 .6 15.6 14.3 22.6 75.4
20-50 m 718 3 6 .4 3 1 .7 84.3 80.2 1 .0 17.2 10.8 27.6 68.6

50 m 76 13.3 25.8 36 .0 48 .5 0.0 2 .6 1 .3 15.5 48 .0
| Weighted Average 1 33*3 24 .4 85.6 80.2 0.8 15.8 ^*5„. 25.1 69.8



Table 4b.
Percent Volume of Various Food Items in the Stomach of the Smelt, Osmerus mordax.

Item
f  o£.
Fish' Pontoporeia Mvsis Copepods Cladocerans (Hawra

F ish  Eggs 
and 'F ry Midges

Other
In se c ts Ostracods

Length
< 6 .0  in . 106 1 .1 1 .7 3 7 .0 3 2 .1 0 .0 0 .0 0 .2 3 .6 24.3
6 . 0-  6 .9 407 3-5 2 .6 34 .0 30 .5 0 .1 0 .6 1 .6 3 .5 24 .6
7 .0 -  7 .9 381 7.3 11 .4 26.2 21.7 0.2 3 .4 3 .7 4 .8 21.3
8 . 0-  8 .9 242 11 .8 10 .1 24.7 19 .5 0.3 4 .6 3 .8 6 .7 16.5
>9.0 93 18.6 12 .4 20.5 0 .4 0 .5 4 .3 6 .9 13.9

Weighted Average 7 .1 7 .4 28.9 24.6 0.2 2 .7 2 .7 4 .8 21 .1
Season - . - . . *. ................. .
Spring 665 12.5 8 .4 30 .2 28.2 0 .1 4 .8 2 .4 3 .8 11 .0
Summer 343 4 .2 ‘6 .2 19.9 19-3 0.3 5 .1 3 .6 9 .4 32 .0
F a l l 221 8 .8 8 .2 35 .4 23.3 0.2 1 .3 0.3 3 .3 17.3

Weighted Average 9 .5 7 .7 28.2 24.8 0 .2 4 .0 2 .3 5 .3 18 .0
Depth
0-20 m 428 9 .1 4 .8 30 .6 23-3 0.2 6 .4 3 .3 5 .2 15 .0
20-50 m 727 8 .1 5 .1 32 .7 26.1 0.3 3 .5 3 .2 6.3 17 .6
> 50 m 7* 8 .0 12.9 22.2 18 .5 0 .1 0.3 1 .6 5 .0 3 0 .7

Weighted Average 8 .4 31.3 24.6 0.2 4 .3 3 -1 5 .8 17-5



(1959) s tu d ie d  p e rc h  from  S aginaw  Bay, a s  d id  E l-Z a rk a  (1959) "but l a r g e  

v a r ia n c e  and  sm a ll  sam ple  s i z e s  i n  t h e i r  s t u d i e s  made m e a n in g fu l a n a ly s i s  

d i f f i c u l t .

Eschm eyer (1 9 3 8 ) , W e lle r  (1 9 3 8 ) , Jo b e s  (1952)# and  o th e r s  have 

su g g e s te d  t h a t  y e llo w  p e rc h  s c h o o l  b y  sexes*  A lth o u g h  th e  d a ta  a s  

p re s e n te d  i n  T ab le  5 a  and  58  do n o t  show t h i s ,  th e  s u g g e s t io n  a p p e a rs  to  

have some v a l i d i t y  i n  p e rc h  g r e a t e r  th a n  6 in c h e s  i n  l e n g th .  These o ld e r  

p e rc h  (2+  y e a r s ) - a p p e a r e d  t o  choose  d i f f e r e n t  fo o d  o rg a n ism s , fe m a le s  

t a k in g  a  g r e a t e r  p e rc e n ta g e  o f  f i s h  and  m ales ta k in g  a  h ig h e r  p e rc e n ta g e  

o f  m idges and  l a r g e  c ru s ta c e a n s *

I n  p e rc h  l e s s  th a n  6 .0  in c h e s  lo n g ,  z o o p la n k to n  and  i n s e c t  l a r v a e  

w ere o f  th e  g r e a t e s t  im p o rtan ce*  T h a r r a t t  (1959) fo u n d  i n s e c t  l a r v a e  t o  

compose th e  g r e a t e s t  f r a c t i o n  i n  h i s  s t u d i e s ,  b u t  a l l  h i s  s t a t i o n s  w ere 

i n  s h a llo w  w a te r  (6 -2 1  m e te rs  i n  d e p th )  and a l l  sam p ling  was done w ith  

bo ttom  t r a w l s .  In  th e  p r e s e n t  s t u d i e s ,  z o o p la n k to n , b o th  copepods and  

c la d o c e ra n s , w ere fo u n d  t o  be  o f  th e  g r e a t e s t  im p o r ta n c e , p a r t i c u l a r l y  i n  

f i s h  l e s s  th a n  4 .0  in c h e s  i n  l e n g t h .  I n  f i s h  4 .0  t o -6 .0  in o h e s : in  

l e n g th ,  o th e r  o rg an ism s (M v s is .  P o n to p o re ia *  Gammarus* c la m s , s n a i l s ,  

o s t r a c o d s ,  and  s m a ll  f i s h )  b eg an  to  be  found  i n  in c r e a s in g  num bers, 

a lth o u g h  o la d o o e ra n s  and  copepods s t i l l  form ed a  l a r g e  p o r t io n  o f  th e  

d i e t .  In  p e rc h  g r e a t e r  th a n  6 .0  in c h e s  i n  l e n g th ,  z o o p la n k to n  beoome a  

l e s s  im p o r ta n t  f a c t o r  i n  t h e  d i e t ,  w ith  th e  e x c e p tio n  o f  some L lm nooalanus 

and L e p to d o ra . M vsis and  P o n to p o re ia  become more im p o r ta n t ,  e s p e c i a l l y  to  

th e  m a le s ; an d  f is t}  p a r t i c u l a r l y  m innows, young a le w iv e s ,  young s m e l t ,  and 

young p e rc h ,  in o r e a s e  i n  im p o r ta n c e  i n  th e  fem a le  f i s h .  The minnows 

r e f e r r e d  to  h e r e  in c lu d e  th e  em e ra ld  s h i n e r ,  N o tro p is  a th e r n o r d l s .  i n  132 

p e rc h  s to m ach s; s p o t t a i l  s h in B r ,  N o tro p is  h u d s o n iu s « i n  168 p e r  oh stom aohs
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n in e  s p in e  s t i c k l e b a c k ,  P r in g ltiu s  r r u n g i t iu s « in  334- p e rc h  stom achs; and  

some u n i d e n t i f i a b l e  f i s h  i n  85 p e rc h  sto m ach s. M ost i d e n t i f i a b l e  f i s h  

rem a in s  how ever w ere e i t h e r  young s m e lt  ( p r im a r i ly  i n  l a t e  summer, i n  456 

p e rc h  s to m a c h s ) , young a le w iv e s  (m a in ly  i n  l a t e  summer, i n  353 p e rc h  

s to m a c h s ) , and  young p e rc h  ( c h i e f l y  i n  summer and  f a l l ,  i n  412 s to m a c h s ) .

Of stom achs c o n ta in in g  rem ains w hich  w ere i d e n t i f i a b l e  f i s h  in  o r i g in  

(9 7 1 ) , 654 w ere from  fe m a le s  and  317 w ere  from  m a le s ,, a b o u t  2 :1 ,  even  

though  m ales ou tnum bered  fe m a le s  a p p ro x im a te ly  1 .5*1*  C o n v e rse ly , m id g es , 

P o n to p o re ia .  Gammarus, and  M vsis w ere  p r e s e n t  i n  g r e a t e r  p e rc e n ta g e  in  

m ales th a n  i n  fe m a le s  (5 7 $  o f  a l l  m a les  v s .  31$  o f  a l l  f e m a le s ) .  T h is 

a g re e s  i n  p r i n c i p l e ,  w i th  th e  f i n d in g s  o f  T h a r r a t t  (1959)* The e v id e n c e  

s u g g e s ts  t h a t  o ld e r  fem a le  p e rc h  f e e d  in  b o th  open w a te r  and  on th e  

bo ttom  w h ile  m ale  p e rc h  te n d  t o  f e e d  m a in ly  on th e  b o tto m . H its  d i f f e r e n c e  

in  f e e d in g  h a b i t s  c o u ld  a l s o  e x p la in  d i f f e r e n c e s  i n  num bers found  a t  

in s h o re  s t a t i o n s ,  w here fe m a le s  o f te n  p re d o m in a te d , i f  t h i s  movement was 

keyed  t o  movement o f  a  fo o d  s o u rc e  (minnows o r  s m e lt  f o r  e x am p le ).

L a b o ra to ry  F eed in g  E xperim en t

F ou r hu n d red  and e ig h ty  f i s h ,  120  o f  each  o f  th e  f o u r  s p e o ie s  o f  

i n t e r e s t ,  w ere g iv e n  fo o d  s to c k s  ta k e n  from  Lake M ich igan  on w hich  to  f e e d  

to  d e te rm in e  i f  fe e d in g  i n  th e  la k e  was b a se d  on s e l e o t io n  o f  a  p a r t i c u l a r  

fo o d  so u rc e  o r  m e re ly  a v a i l a b i l i t y .

R e s u l ts  a g re e  f a i r l y  c l o s e l y  w ith  th o se  o f  f i s h  sam pled  in  th e  l a k e ,  

w ith  th e  e x c e p tio n  t h a t  P o n to p o re ia  and  M vsis make up  a  s l i g h t l y  l a r g e r  

p e rc e n ta g e  u n d e r  th e  t e s t  c o n d i t io n s  th a n  i n  th e  l a k e  f o r  a l l  s p e o ie s  

t e s t e d ,  im p ly in g  a  p o s s ib l e  l a c k  o f  a v a i l a b i l i t y  o f  t h i s  fo o d  s o u r c e ,  a t  

l e a s t  f o r  f i s h  o f  t h i s  s i z e ,  i n  th e  l a k e .  S e c o n d ly , o s t r a c o d s  make u p  a



Table 5a.
Percent Frequency of Occurrence of Various Food Items in the Stomachs of the Perch, Perea flavescens.

Item
t  of 
F ish Pontoporeia Mysis Copepods Cladocerans Clams

Fish  Eggs 
and Fry Midges

Other
In se c ts Ostracods

• -  le n g th
<6 .0  in .  
6 . 0-  6 .9
7 . 0-  7 .9
8 . 0-  9 .9  
> 10 .0  in

316
665
753
642
222

23.0
61.0
68.0
63.0
69.0

18.0
52 .0
53 .0
53 .5
48 .2

95.0
48.0
32 .0  
15.0  
12.0

91.0
43 .0
26.0  
12 .0

8 .0

2 ;o
5 .5
8 .6  
9 .0

10 .4

14.6
34 .5
37 .6  
46.8
53.0

65.0
49 .0
43 .0
34 .0
32 .0

61 .0
53 .0
44 .0
36 .0  
28 .0

15.0
22.6
19.5
18.5
17.6

Weighted Average 5 9 .6 48.2 J 7 . 8 . 3 4 .5 lS .9 30 .2 44 .0 45.0 24.5
Season
Spring
Summer
F a l l

473
1561
564

68.5  
46.3 
56.2

61.6
17 .4
55.0

43.7
34 .8  
43.0

46 .1
29.2  
3 5 .1

6 .0
11 .4

4 .5

3 1 .4  
48.3
32.5

31 .5
64.3
37.0

48.8
47.9  
36 .5

21 .4
16.5  
17.9

Weighted Average
. J 2 . 5 31 .8 38.2 33 .5 8*9 37.6 52 .4 45 .6 19.0

Depth
0-20 m 
20-50 m 
>  50m

1795
635
168

48.3
60.2
62.5

18.8
48 .6
66.6

55.2
51.6
19.7

49.2
41 .8
16 .4

U '.8~
7 .6
2 .5

36.3
t t . 7
44.2

60.5
51 .2
2211

51.8
50.3
21.1

23.8
18.9
13.1Weighted Average 52.1 29.2 51.7 46 .0 10.7 21-JL 55-7 56.4 21.9



Table 5b.
Percent Volume of Various Food Items in the Stomach of the Perch, Perea flavescens.

Item
# of 
Fish Pontoporeia Jfrs is Copepods Cladocerans Clams

Fish  Eggs 
and Fry Midges

Other
In se c ts Ostracods

Length
< 6 .0  in . 3 l6 4 .0 3 .0 38 .0 35 .0 0.5 4 .8 6 .0 5 .7 3 .0
6 .0 -  6 .9 665 10 .4 9 .6 18.6 16 .4 1.3 27.6 6 .6 5 .0 4 .5
7 .0 -  7 .9 753 14.8 13.9 10.6 9 .5 1 .7 33 .7 5 .8 4 .6 4 .5
8 . 0-  9 .9 642 17.9 16.9 5 .0 4 .4 1 .8 40.2 5-4 4 .0 4 .3
> 10 .0  in 222 20.3 18.7 3 .0 3 .2 2 .6 48.8 5 .2 4 .0 4 ,3

Weighted Average 13.6 12.6 13.9 12.6 1 .6 3 1 .5  _ 5 .9  _ 4 .6 4 .3  _
Season
Spring 473 13.6 13 .4 16.5 14.3 2 .3 26.2 5 .7 4 .0 3 .8
Summer 1561 13 .4 11.6 13.2 12.7 1 .1 36 .8 5 .5 4 .6 4 .2
F a l l 564 13.5 12.2 14.1 1 .4 30 .0 5 ,5 5 .2 4.D

Weighted Average 13.5 12 .1 14.3 13.3 1 .4 33 .4 5 .5 4 .6 4 .1
Depth
0-20 m 1795 10.1 7 .9 17 .5 17.5 2 .2 28.7 6 .8 6.3 4 .0
20-50 m 635 15.2 11.8 18.6 15.1 1 .3 28.2 5 .0 4 .0 2 .9
> 5 0  m 168 15 .2 17.5 8 .9 8 .5 1-3 36 .1 4 .0 3*5 5 .1

Weighted Average 11.7 9-5 17.2 _ 16.3 i-9 29.1 6 .2 5.6 5-8 ,
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sm aller volume in  smelt stomachs under experimental conditions than in  

the lak e. This may or may not be s ig n if ic a n t . The peroent volume in  

perch stomachs d iffered  in  lab and lake data but th is  could be due to  the 

lack o f  sm all f is h  fry  as an a ltern a tiv e  food souroe.

In the absence o f f i s h  eggs and fr y  in  th is  experiment, some 

organisms may have been preyed on more h eav ily  than otherw ise, but th is  

food source does not appear to  be very important in  f i s h  le s s  than 6 .0  

inches in length , as determined in  natural populations, and should not 

have created too great a discrepancy. The re su lts  o f  the experiment are 

l i s t e d  in  Tables 6a and 6b.

In terms o f  e f f ic ie n c y  o f acquiring these foods, the a low ife i s  more 

e f f ic ie n t  than the other three sp ec ies as shown by a comparison o f  the 

amount o f food consumed per u n it time. These data are presented in  

Table 6c.

Given the conditions o f the experiment, alewives were more e f f ic ie n t  

predators on zooplankton and the large orustaoeans Mvsis and Pontoporeia 

than were the other sp ec ie s . The a lew ife a lso  took greater proportions 

o f the major copepods and oladocerans. B loaters took the g rea test volume 

of midge larvae in  the study, sm elt the grea test portion o f ostracods, 

and perch, given these con d ition s, were g en era lis ts  in  th e ir  food gathering. 

Given a d ifferen t age group and d iffer en t i n i t i a l  food source, the 

percentages are certain  to  be d iffe r e n t , but th is  experiment g iv es some 

idea of the food preferences for  th is  age and s iz e  group and shows where 

competition' could e x is t .

S e le c tiv e  predation on zooplankton by the a lew ife  has been proposed 

by Brooks and Dodson (1965) and Smith (1 9 7 0 )• These in v estig a to rs  

inferred se le c t iv e  predation on the b asis o f  numbers o f  various zooplankton



Table 6a. Percent Frequency of Occurrence of Various Food Items in the Stomachs of Four Fish Species.

Species
#  o f
Fish Pontonoreia My s i s Copepods Cladocerans Clams Midges

Other
In se c ts Ostracods

B loa te r 120 8 .0 9-3 93.0 86.0 1 .0 21.2 4 .6 3 .8
Alewife 120 46.0 14.7 97.0 92.0 1 .0 4 .2 4 .0 6 .0
Smelt 120 23.0 12.0 97.0 95.3 0.0 4 .6 3 .5 92.0
Perch 120 26.0 23.0 95.0 89.5 3 .4 61.0 58 .3 37 .0

Table 6b . P ercen t Volume o f Various Food Item s in  th e  Stomachs o f Four F ish  S pecies.

Species
#  of 
F ish Pontoporeia Mysis Copepods Cladocerans Clams Midges

Other
In se c ts Ostracods

B lo a ter 120 7 .5 8 .2 k6 . 0 22.8 < 1 12.2 1 .0 2 .4
Alewife 120 12.9 10.6 39.5 3 4 .1 < 1 0 .6 0 .5 1 .5
Smelt 120 5-9 4 .6 3 4 .4 3 2 .0 0 .0 3 .6 3 .2 16.3
Perch 120 7 .8 6 .1 34.0 31 .6 1 .1 6 .8 6 .4 8 .2

Table 6c . Percentage o f  T o ta l Volume o f  a l l  Stomachs (480) Sampled Containing a P a r t ic u la r  Food Source.

Species
t o f
Fish Pontoporeia Mysis Copepods Cladocerans Clams Midges

Other
In se c ts Ostracods T o ta l

B loater 120 1 .6 2 .0 10 .1 5 .6 <0 .1 3-3 0.25 0 .6 23 .6
Alewife 120 4 .0 3 .4 12.3 8 .7 <0 .1 1 .0 0 .1 1 .2 30 .8
Smelt 120 1 .0 1 .1 7 .4 7 ,0 0.0 1 .0 1 .0 4 .0 23.5
Perch 120 1 .2 1-5 7 .4 7 .1 0.25 1 ,3  _ 1 .4 2 .7 22.9



form s b e fo r e  in t r o d u c t io n  o f  th e  a le w i f e .  The c u r r e n t  s e t  o f  s t u d i e s  te n d  

t o  i n d ic a t e  ,  on th e  b a s i s  o f  stom ach  a n a ly s e s  a s  com pared t o  z o o p la n k to n  

c o u n ts  i n  th e  l a k e ,  t h a t  n o t  o n ly  a le w iv e s ,  b u t  a l s o  b l o a t e r s ,  p e rc h  an d  

sm e lt  a r e  s e l e c t i v e  z o o p la n k to n  p r e d a t o r s ,  b o th  i n  th e  l a b o r a t o r y .i h d  i n  

th e  l a k e .

Tho J u s t i f i c a t i o n  f o r  t h i s  s ta te m e n t  l i e s  i n  th e  f o l lo w in g :  A verage

m ethods, i d e a l i z e d  c a l c u l a t i o n s  b a s e d  on i n t e g r a t i o n  o f  body  l e n g th  and  

d ia m e te r  and  b y  w a te r  d is p la c e m e n t.  The a v e rag e  volum e i s  g iv e n  i n  

column A o f  T ab le  7 .

In  th e  second  oolumn o f  T ab le  7 i s  a  f i g u r e  r e p r e s e n t in g  th e  a v e ra g e  

number o f  i n d iv id u a l s  o f  each  s p e o ie s  p e r  on a  y e a r l y  b a s i s .  T h is  

f i g u r e  f l u c t u a t e s  t o  a  g r e a t  d e g re e  on a  m on th ly  b a s i s  b u t  oolumn B g iv e s  

th e  a v e ra g e /n P /y r*

Column C o f  T ab le  7 i s  th e  p ro d u o t o f  oolumns A t im e s  colum n B and  

r e p r e s e n ts  th e  a v e ra g e  d e n s i ty  i n  mm^/m^/yr t h a t  a n y  one s p e o ie s  o o o u p ie s  

in  th e  l a k e .

On th e  b a s i s  o f  oolumn C, z o o p la n k to n  on a y e a r l y  b a s i s  r e p r e s e n ts  

a p p ro x im a te ly  24-32 mnrtyra^/yr, w h ereas H v s is  and  P o n to n o re ia  r e p r e s e n t  o n ly  

80.4- m m ^/n^/y r, a  r a t i o  o f  a p p ro x im a te ly  3 0 :1 .  H ow ever, i n  a o tu a l  stom ach 

a n a ly s e s ,  Msrsis and  P o n to p o re ia  oompose 2.4- t im e s  t h e  volum e o f  

zo o p la n k to n  i n  th e  b l o a t e r ,  1*5 tim e s  a s  much i n  th e  a l e w i f e ,  92$  a s  much 

i n  th e  s m e lt ,  and  30$  a s  much i n  th e  p e rc h .  Even i n  th e  p e r c h ,  th e  l a r g e  

l im n e t ic  o ru s ta o e a  compose 10 t im e s  a s  much volume a s  w ould b e  e x p e o te d  by  

random chance  a lo n e .  On t h i s  b a s i s  th e n ,  s e l e c t i v e  p r e d a t io n  on 

p a r t i c u l a r  fo o d  ite m s  can  be  i n f e r r e d  and  th e  h y p o th e s is  o f  B rooks and 

Dodson ( 1965 ) , .  and S m ith  (1 9 7 0 ) , seem s v a l i d .

num bers/m ^ o f  15  z o o p la n k to n  and  l im n e t i c  o ru s ta o e a  s p e o ie s  w ere  t a b u la t e d

fro m  T ab le  11  and  th e  a v e rag e  volum e / i n d i v i d u a l ( i n  map) was fo u n d  b y  two
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T ab le  7* Food s o u rc e s  i n  Lake M ich igan  -  Z o o p lan k to n  an d  L im n e tic
C ru s ta c e a :  A verage  Volume p e r  i n d iv i d u a l ,  A verage Number o f  
I n d iv id u a ls  P e r  C ubic  M eter o f  Lake W a te r , A verage  Volume o f  
E ach S p e o ie s  P e r  C ubic M eter o f  W ater On A Y e a r ly  B a s is ,

Ave. Ave. # /n r Density-Volume Units 
Ave. V ol./ n r  On AVolume

(mm?)
On A Yearly

Basis Yearlv Basis

Daphnia galeata 1 .8 1 2 5 .0 2 2 5 .0
D. retrocurua 1 .8 1 4 1 .0 2 5 3 .8
D. longirem is 1 .3 1 .5 2 .0
Episohura la c u s tr is 0 .5 2 1 .0 1 0 .5
Diaptomus s i c i l i s 0 .8 2 4 4 3 .0 3 6 3 .3
D. ashlandi 0 .2 5 1 0 1 .0 2 5 .3
Polyphemus pediculus 0 .1 5 9 .2 1 .3 8
Cyclops b icuspidatus 1 .1 6 0 7 .0 6 6 7 .7
Mosooyclops edax 1 .4 7 2 .5 1 0 1 .5
Diaphenosoma brachyurum 0 .8 2 1 .8 1 .5
Leptodora k in d t ii 3 -9 2 6*5 2 5 .5
Limnocalanus maorurus 2 .0 3 7 5 .0 7 5 0 .0
M /sis r e l io ta 3 4 .5 2 3 .3 8 0 .4
Pontoporeia a f f in is 3 4 .5 2 3 .3 8 0 .4
Bosmina lo n e ir o s tr is 0 .05 9 3 .0 4 .6

T o ta l  Z oop lank ton  =* 2432 V o l . / n ? / y r .

T o ta l  l'fysis & P o n to p o re ia  ~  8 0 .3 8 5  V o l . / n ? /y r .



k6

Z o o p lan k to n

H is to ry

V ery few  p a p e rs  hav e  b een  p u b l is h e d  on l im n e t i c  o ru s ta o e a  i n  la k e  

M ich igan . E a r ly  works (B irg e  1 8 8 2 , 1894 ; F o rb es  1882 ; Maroh 1895) m a in ly  

c o n s i s t  o f  b r i e f  a co o u n ts  o f  c e r t a i n  s p e o ie s .  N ot u n t i l  th e  p a p e rs  o f  

Eddy (1927) was a n y  th o ro u g h  a n a l y s i s  a t te m p te d . I b i s  w ork s to o d  a lm o s t 

a lo n e  u n t i l  W e l l 's  s t u d i e s  w ere  p u b l is h e d  i n  i 960  an d  1 9 68 , s t u d i e s  w hich  

p ro v id e  much o f  th e  back g ro u n d  f o r  t h i s  p a p e r .

R e s u l ts  and  D is c u s s io n

T ab le  11 g iv e s  z o o p la n k to n  c o n c e n tr a t io n  i n  n u m b ers /m ete r^  f o r  15 

s p e c ie s  o f  z o o p la n k to n  i n  Lake M lohigan (n u m bers/10  m e te r s ^ fo r  P o n to p o re ia  

a f f i n i s  and  M ysis r e l i o t a ) • A lth o u g h  i n  d i f f e r e n t  f a m i l i e s ,  P o n to p o re ia  

and M ysis show s i m i l a r  d i s t r i b u t i o n  p a t t e r n s  (B e e to n , 1957) end a r e  lum ped 

in  T ab le  1 1 . T hese num bers a r e  a v e ra g e s  o v e r a l l  d e p th s  and  s t a t i o n s  and  

do n o t  r e f l e o t  t h e  t r u e  d i s t r i b u t i o n  a t  tim e  o f  c a p tu r e .  S in o e  W e l l 's  

i 960  p a p e r  goes i n t o  d e t a i l  on d e p th  d i s t r i b u t i o n ,  1  o m it te d  th e s e  d a ta  

h e re .  Of th e  3 5  s p e o ie s  i d e n t i f i e d  (T a b le  8 ) ,  19 showed v e r t i c a l  

m ig ra tio n  on a  d i e l  b a s i s ,  f u r t h e r  c o m p lic a tin g  d i s t r i b u t i o n  p a t t e r n s .

The 15 s p e c ie s  shown in  T ab le  11  show ohanges c o n s i s t e n t  w i th  th o s e  fo u n d  

by W ells  in  te rm s o f  n u m b ers /m ete r^  d u r in g  th e  v a r io u s  m onths o f  th e  y e a r .  

They a l s o  show changes i n  f re q u e n o y  on a  y e a r  t o  y e a r  b a s i s  (T a b le  U ) .  

Forms t h a t  d e o l in e d  s h a r p ly  fro m  1954 to  1966  (W e lls  X 970), and  a r e  now 

in c r e a s in g  i n  num bers, a r e  th e  l a r g e s t  o la d o o e ra n s  (L e p to d o ra  k i n d t i i . 

D aphnia g a l e a t a .  an d  D aphnia r e t r o o u r v a ) .  th e  l a r g e s t  o a la n o id  copepods 

(Lim nonfllan u s m ao ru ru s . E p is o h u ra  l a o u s t r i s .  and  D iaptom us s i o i l i s ) ,  th e  

l a r g e s t  c y o lo p o id  oopepod (M ssoovolops e d a x ) ,  t h e  m ysid  M ysis r e l i o t a .  and
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T ab le  8 . Z o op lank ton  and  L im n e tic  C ru s ta c e a  from  Lake M ich igan  1970-1972 
(S a u g a tu c k , L u d in g to n , and  B ig  S a b le  P 6 in t )

Cyclopoid Copepods 
Cyclops bicuspidatus 
Cyclops v ern a lis  
Mesocyclbps edax 
Tropolycyclops parasimis 
Eucyclops a g i l i s

C a la n o id  Copepods 
D iaptom us a s h l a n d i i  
D iaptom us o in u tu s  
D iaptom us o re g o n e n s is  
D iaptom us s i o i l i s  
L im nocalrrus m aorurus 
E u ry tem era  a f f i n i s  
E p is c h u ra  l a c u s t r i s  
S e n e c e l la  c a la n o id e s

C lad o cera  
Bosmina l o n g i r o s t r i s  
Bosmina c o re g o n ia  
D aphnia g a le a t a  m endotae 
D aphnia r e t r o a u r v a  
D aphnia lo n g ire m is  
Diaphanosom a brachyurum  
Diaphanosom a le u o h te n b e rg ia n u m  
C e r io d a p h n ia  q u a d ra n g u la  
C eriodaph& ia  l a c u s t r i s  
E u ry c e rc u s  l a m e l l a tu s  
Holopedium  g ib b e ru a  
Polyphem us p e d i  c u iu s  
L ep to d o ra  k i n d t i i  
Chydorus s p h a e r ic u s  
S id a  o r y s t a l l i n a

Amphipoda
P o n to p o re ia  a f f i n i s

Ify s id acea
Ify s is  r e l i o t a

V ery r a r e  s p e c ie s  
D aphnia s o h o d le r i  
D aphnia am bigua 
S c a p h o le b r is  a u r i t a  
S im n o ce p h a lis  s p .
Moina m io ru ra

Mean L eng th  
(mm)

0 .9 1
D.9X
1 .1 5

*
*

0 .8 5
0 .8 3
1 .0 8
1 .2 5
2.4-5
1 .0 7
1 .7 0
2 .8 9

0 .4 5
0 .4 8
1.13
1 .1 3  
0 .8 5  
0185 
0 .8 4  
0 .5 5  
0 .6 0

*
0 .7 0
0 .5 6
5-00

*

^ •1 1 .7 0

= 0 2 .4 0

*
*
♦
*
*

Range o f  L eng ths 
(mm)

0 .6 0 -  1 .2 0
0.66- 1.13
0 .8 7 -  1 .3 0  

*

0 . 68-  O.9 6  
0 .6 5 -  0 .9 2  
0 .9 5 -  1 .1 7  
1 .0 7 -  1 .4 0  
2 . 00.  2 .6 5  
0 . 92 -  1 .1 8  
0 .8 7 -  1 .9 8  
2 . 00-  3 .2 6

0 .2 7 -  O.5 6  
0 .2 7 -  0 .6 9  
0 .6 5 -  1 .8 7  
0 . 60 -  1 .8 5  
0 . 5 0 -  1 .6 1  
0 .3 8 -  1 .0 6  
0 .4 2 -  1 .0 0  
0 .3 7 -  0 .7 0  
0 .4 0 -  0 .7 5  

♦
0 . 45 -  1 .0 0
0 . 45 -  0 .9 6
2 . 3 6 -  5 .8 0  

*

7 . 00- 13 .0 0

8 .0 0 -1 4 .0 0

*
*
*
*
*

* Too few  c a p tu re d  Tor a d e q u a te  e s t im a t io n  o f  mean l e n g th  o r  ran g e ,
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the araphipod Pontoporeia a f f in i s .  Of th ese  Daphnia ga lea ta  and 

Me so cry c l  ops edax became extrem ely rare by 1966, but are now present in  

numbers equal to  the 1954 population s iz e .  Some o f  the medium and sm all 

sp eo ies , which inoreased in  numbers from 1954  to  1966 ,  and which are now 

on the d e c lin e » are the oladocerans Daphnia lon g irem is. Polyphemus 

ped icu lu s, and Bosmina lo n g ir o s tr is « and the oopepods Cyolops biouspidatus 

and Diaptomus ash lan d i. Some o f  the middle s iz ed  forms show the same 

pattern as the larger forms, but on a sm aller soa le  ( i . e .  Diaphanosoma 

brachyurum) . Hie zooplankton composition o f  1972 has sh if te d  baok towards 

th a t o f  1954 .

F ig u re  ?  shows a n o th e r  f a o e t  o f  t h i s  ch an g e . The a v e ra g e  s i z e ,  and 

s i z e  a t  o n s e t  o f  m a tu r i t y ,  o f  D aphnia  r e t r o c u r v a  h a s  a l s o  changed  th ro u g h  

the; y e a r s .  Ih e  1972 p o p u la t io n  o f  t h i s  s p e o ie s  h a s  s h i f t e d  from  t h a t  o f  

1966 to  re sem b le  more c l o s e l y  t h a t  o f  1954.

P h y to p la n k to n

Of a l l  s p e c ie s  o f  p h y to p la n k to n  i d e n t i f i e d  from  Lake M ich igan ,

(T ab le  9 ) o v e r  99$ w ere d ia to m s . D u rin g  th e  t h r e e - y e a r  c o u n tin g  p e r io d ,  

24-71 d ia to m  s l i d e s  weref made and  e n u m era ted . B ecause  o f  th e  l a r g e  num bers 

o f  s l i d e s  in v o lv e d ,  a  d i r e c t  c o u n t o f  f r u s t u l e s / m l  was im p o s s ib le .  

C o n se q u e n tly  th e  m ethod o f  MoNabb ( i 960 ) was u s e d ,  w i th  th e  fo l lo w in g  

change; s in c e  t h i s  m ethod o a n n o t e s t im a te  th e  num ber o f  f r u s t u l e s  f o r  

c h a in -fo rm in g  d ia to m s su c h  a s  F r a g i l a r i a  and  T a b e l l a r i a  o r  th e  num bers in  

a  "co m p o s ite*  d ia to m  su c h  a s  A s t e r i o n e l l a .  I  m u l t i p l i e d  th e  number o f  

d ia tom s d e te rm in e d  b y  MoNabb*s m ethod by  th e  a v e ra g e  num ber o f  com posite  

p a r t s ,  o r  a v e ra g e  c h a in  l e n g th  t o  o b ta in  an  a v e ra g e  f o r  number o f  f r u s t u l e s .  

Qhis i s  i n  c lo s e  ag reem en t ( .0 5  l e v e l  o f  s i g n i f i c a n c e )  w i th  a o tu a l



L ength  d i s t r i b u t i o n  o r  fem a le  D aphnia r e t r o o u rv a  from  sam ples 
i n  195^t 1 9 66 , 1 9 7 0 , 1 9 71 , and  1972. (D a rk ly  shaded  
p o r t io n s  r e p r e s e n t  m a tu re  i n d iv id u a l s . )
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f r u s t u l a  c o u n ts .  A verage num bers a r e  g iv e n  In  T ab le  9 .  D ie s e a s o n a l  

abundance o r  12 s p e c ie s  b y  s e a s o n  an d  d e p th  i s  g r a p h i c a l l y  shown i n  

F ig u re s  8A^H.

C y o lo te l la .b o d a n lc a  and  C y o lo te l la  oomta a r e  b o th  l i s t e d  on one g ra p h  

a s  a  sum o f  th e  two s p e o ie s  on th e  b a s i s  o f  s i z e ,  s h a p e ,  and  s i m i l a r i t y  

o f  t r e n d s .  B oth  s p e o ie s  a r e  fo u n d  i n  h ig h ly  o l ig o t r o p h io  c o n d i t io n s  

(H o lla n d , 1968 ) ,  a s  th e  s m a l le r  C y o lo te l la  s p e o ie s ,  j f r r tz in g ta n a  and  

m lc h lg a n ia n a . b o th  o f  w hich  a r e  a l s o  l i s t e d  on one g ra p h . S k v o r tz o v  (1937) 

r e p o r te d  t h a t  Qvni n-fcal-Ta b o d a n ic a  was common among d ia to m s  from  th e  

C hicago c i t y  m ains i n  J a n u a ry  1936* a lo n g  w ith  C. oom ta . C. mi nM prar>iana. 

and  £ •  o o e l l a t a .  These fo rm s , th o u g h  s t i l l  p r e s e n t  i n  th e  s o u th e rn  b a s in ,  

have  g iv e n  way t o  o th e r  fo rm s (Stoe^rmer and  Y ang, 1 9 7 0 ) . C. m io h ig a n ia n a , 

a  fo rm  endem ic t o  l a k e  M ich ig an , i s  a p p ro x im a te ly  tw ic e  a s  common i n  th e  

n o r th e r n  b a s in  a s  i n  th e  s o u th e rn  (H o lla n d , 1969)* As th e  g rap h s  show , 

a l l  o f  th e s e  s p e o ie s  r e a c h  g r e a t e r  num bers i n  th e  n o r th e r n  b a s in  t h a n  in  

th e  s o u th e rn ,  i n d i c a t i n g  o le a n e r  w a te r s  t o  th e  n o r t h .  The g ra p h s  a l s o  

i n d i c a t e  summer maxima s l i g h t l y  l a t e r  i n  th e  n o r th e r n  b a s in .  A n o th e r 

t r e n d ,  n o t  shown h e re  i s  a  te n d e n c y  f o r  th e  num bers o f  o l ig o t r o p h io  form s 

to  in c r e a s e  i n  num bers a s  one moved f h r t h e r  o f f s h o r e  o r  f u r t h e r  from  a  

" p b l lu t i n g ,,. so u rc e  ( i . e .  -  t h e  Kalamazoo R iv e r ) .

I n  c o n t r a s t  t o  th e s e  h i g h ly  o l ig o t r o p h io  fo rm s , one a l s o  f i n d s  many 

e u ry to p io  s p e o ie s ,  some e u t r o p h ic ,  and  some w hich  a r e  found  i n  

h y p e re u tro p h io  h a b i t a t s .  Among th e  e u ry to p io  s p e o ie s  a r e  M e lo s ira  : 

i s l a n d i o a .  F r a g i l a r i a  o ro to n e n s is  K i t to n .  v a r .  o r o to n e n s ia .  n

fo rm osa  H a ss . v a r .  fo rm o sa . T a b e l l a r i a  f e n e s t r a t a  ( J y n g b .)  K u tz . v a r .  

f e n e s t r a t a .  ‘ T a b e l l a r i a  f lo o o u lo s a  (R o th ) K u tz . v a r .  f lo o c u lo s a .

S ynedra  aous K u tz . v a r .  a o u s . and  S vnedra  nana  M e is t .  • E ach o f  t h e s e  w i l l  

b e  d is c u s s e d .
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M e lo s ira  i s l a n d i o a  i s  a  e u ry to p io  s p e o ie s  w h ich  i s  t h e  u s u a l  s p r in g

dom inan t fo rm  and  h a s  been  so  f o r  many y e a r s  (A h ls tro m , 1 9 3 6 ) . T h is

s p e o ie s  i s  a b u n d an t i n  o l ig o t r o p h io  la k e s  i n  th e  m o u n ta in  and n o r th e rn  

re g io n s  o f  E urope (S to e rm e r and  Yang* 1 9 7 0 ) , and  a p p e a rs  t o  b e  f a v o re d  b y  

low  l e v e l s  o f  e n ric h m e n t, a s  i t  i s  red u o ed  a ro u n d  p o l l u t e d  h a rb o r s  i n  Lake 

M ichigan and i n  Green Bay (S to e rm e r and  Yang, 1 9 7 0 ) . M. i s l a n d i o a  p eak ed  

in  l a t e  A p r i l - e a r l y  May a t  S au g a tu o k  and  i n  mid-M ay a t  L u d in g to n , 

d e c re a s in g  t o  l e s s  th a n  10  organism s/m L  b y  l a t e  Ju n e  i n  b o th  a r e a s .

M e lo s ira  i s l a n d io a  i s  r e p la c e d  a s  th e  d o m in an t fo rm  i n  th e  e a r l y

summer b y  F r a g i l a r i a  o r o to n e n s is  an d  A s te r i o n e l l a  fo rm o sa . F . o r o to n e n s is  

a ls o  peaks, a t  th e  b e g in n in g  o f  May, b u t  d o es  n o t  d w in d le  t o  l e s s  th a n  100 

f r u s t u l e s / m l  u n t i l  a b o u t t h e  end o f  S ep tem ber. I t  i s  t h e  m o st c o n s i s t e n t  

m ajo r dom in an t i n  th e  la k e  an d  i s  re d u c e d  o n ly  a d ja c e n t  t o  p o l lu t e d  

h a rb o rs  (S to e rm e r and Yang, 1 9 7 0 ) .

A s t e r i o n e l l a  fo rm o sa . th e  o th e r  summer d o m in a n t, shows an odd 

d i s t r i b u t i o n  p a t t e r n .  In  th e  so u th e rn  b a s in  o f  L ake M ic h ig a n , i t  i s  one 

o f  th e  d o m inan t form s in  May and Ju n e , b u t  o n ly  a t  s h a l lo w  d e p th s  ( l e s s  

th a n  5  m e te r s ) .  The s p e o ie s  th e n  v i r t u a l l y  d is a p p e a r s  u n t i l  l a t e  

S ep tem ber. By c o n t r a s t ,  d a ta  from  B ig  S a b le  P o in t  and  t h e ' L u d in g to n  

P r o je o t  show, a  u n ifo rm  d e p th  d i s t r i b u t i o n  w ith  t h e  h i g h e s t  l e v e l s  

o c o u rr in g  i n  l a t e  June  th ro u g h  S ep tem b er, d a ta  w h ich  a g re e : w ith ' th o s e  o f  

S to e rm er and  Yang (1 9 7 0 ) , b u t  d is a g r e e s  w ith  th o s e  o f  G holnbky (1968) w ho, 

in  s m a l le r  l a k e s ,  fo u n d  p a t t e r n s  m o re . c o n s i s t e n t  w i th  th o s e  fo u n d  i n  th e  

s o u th e rn  b a s i n .  T h is  w ould  a p p e a r  t o  r e l a t e  t o  th e rm a l  s t r a t i f i c a t i o n  and 

a v a i l a b i l i t y  o f  n u t r i e n t s .

T f lb a lla y ia  f e n e s t r a t a  and  T a b e l l a r i a  f lo o u lo s a  a r e  g ro u p ed  to g e th e r  

i n  F ig u re  8 b e c a u se  o f  t h e i r  o lo s e  a f f i n i t y .  I n d e e d , b e c a u se  o f  t h e i r
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s i m i l a r  d i s t r i b u t i o n  p a t t e r n ,  th e  two s p e o ie s  a r e  o f t e n  c o n s id e r e d  two 

e x p re s s io n s  o r  fo rm s o f  th e  same geno type  (K nudson, 1952)*  T h e ir  ppaks i n
i

Lake M ic h ig a n 's  tw o m ajo r b a s in s  c o in c id e  q u i t e  c l o s e l y  b u t  a p p ro x im a te ly  

l £  t im e s  a s  many f r u s t u l e s  w ere  c o u n te d  a t  t h e  peak  n e a r  S a u g a tu o k , a g a in  

s t r e s s i n g  th e  more advanced  e u tr o p h ic a t io n  o f  t h a t  a r e a .

S y n ed ra  acus an d  S ynedra  nana  w ere g rouped  f o r  c o n v e n ie n c e . T h e ir  

num bers p eak ed  d u r in g  th e  summer (Ju n e -A u g u s t)  and se ld o m  d u r in g  th e  

c o u n tin g  p e r io d  d ro p p ed  be low  100 f r u s t u l e s / m l ,  e x o e p t  a t  t h e  c lo s e r  

in s h o re  L ud ing ton  s t a t i o n s .  Numbers a v e ra g e d  600 /m l a t  t h e  S au g a tu o k  

s t a t i o n s  i n  midsummer, JfOO/ral i n  th e  L u d in g to n  a r e a .

One fo rm , M e lo s ira  g r a n u l a ta .  shows s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  

th e  two b a s in s .  T h is  fo rm , though  n o t  dom in an t i n  L ake M ic h ig a n , i s  

o f te n  dom inan t i n  e u t r o p h io ,  a lk a l i n e  l a k e s  i n  n o r th e r n  E u ro p e  an d  N o rth  

A m erica (C le v o -E u le r ,  1951* H u b e r -P e s ta lo z z i ,  19*t2; S to e rm e r  an d  Y ang, 

1 9 7 0 ) . I t  re a c h e s  peaks o f  g r e a t e r  th a n  tw io e  a s  many i n d i v i d u a l s  a t  

S augatuok  and  re a c h e s  th e s e  p eak s  a  m onth t o  a  m onth an d  a  h a l f  e a r l i e r  

th a n  th e  s m a lle r  p eak  a t  L u d in g to n . As i t  i s  n o t  y e t  a  d o m in a n t, i t  seems 

to  im p ly  t h a t  Lake M ichigan i s ,  a s  y e t ,  r e l a t i v e l y  o l ig o t r o p h i o  o r  

m e so tro p h io .

T h is  im p l ic a t io n  i s  f u r t h e r  s tr e n g th e n e d  by  t h e  l o w - l e v e l  p re s e n o e  o f  

S tep h an o d iscu b  t e n u i s ,  a  fo rm  a s s o c ia t e d  w i th  d i s tu r b e d  h a b i t a t s  (S to e rm e r 

and Y ang, 1 9 7 0 ). T h is  s p e o ie s  h a s  b een  r e p o r te d  i n  sa m p lin g  fro m  Lake 

O n ta rio  (N a lew a jk o , I 9 6 0 ) ,  Lake E r ie  (Hohn, 1969) a n d  G reen  Bay an d  o th e r  

p a r t s  o f  Lake M ichigan (H o lla n d , 1969 ) .  I t  h a s  lo n g  b e e n  p r e s e n t  i n  Lake 

M ichigan b u t  re a c h e d  l e v e l s  o f  1$  o f  a l l  p h y to p la n k to n  o n ly  r e c e n t l y  

(S to e rm er and  Y ang, 1 9 7 0 ) . A ooord ing  t o  S to e rm e r a n d  Y ang , i t s  abundanoe 

i s  r e s t r i c t e d  a s  y e t  to  n e a r  sh o re  a r e a s  an d  h a r b o r s .  T h is  i s  b o rn e  o u t
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i n  t h i s  s e t  o f  s t u d i e s ,  th e  in s h o r e  zones c o n t r ib u t in g  th e  g r e a t e s t  

num bers o f  i n d i v i d u a l s ,  w i th  t h e  «one j u s t  n o r th  o f  t h s  K g l a w o o  R iv e r  

c o n t r ib u t in g  t h e  h i g h e s t  num bers o f  a l l  i n  th e s e  s t u d i e s ,  (5 2 5  f r u s t u l e s / m l  

i n  e a r l y  June i n  1971)* S to e rm e r an d  Yang (1970) p r o j e c t  a n  in o r e a s e  i n  

t h e  num bers o f  t h i s  s p e o ie s  a s  p o l l u t i o n  i n c r e a s e s .

The a v e ra g e  num bers o f  some o f  th e  l a r g e  fo rm s ( g r e a t e r  th a n  15u  i n  

s i z e )  o f  p h y to p la n k to n  su c h  a s  A s te r i o n e l l a  fo rm osa*  S y n ed ra  u l n a .

M e lo s ira  i s l a n d io a  an d  C y o lo te l la  b o d a n lo a  have  shown d e c r e a s e s  o v e r  th e  

t h r e e  y e a r  p e rio d *  T h is  d e o re a s e  w as aooom panied b y  an  in o r e a s e  i n  th e  

num bers o f  some o f  t h e  s m a l le r  C y o lo te l la  fo rm s an d  th e  sm a ll S te n h a n o d isc u s  ' 

fo rm s. T here h a s  b een  no oonoom m itant d e c re a s e  o r  in o r e a s e  i n  th e  s i z e  o f  

any  o f  t h e  s p e o ie s .  C o lle a g u e s  a s s o o ia te  t h i s  d e o re a s e  i n  l a r g e  fo rm s w i th  

d e c r e a s in g  l e v e l s  o f  p h o s p h a te ,  n i t r a t e ,  and  s i l i c a t e  i n  t h e  l a k e ,  an  

a s s o c i a t io n  w i th o u t  a d e q u a te  s t a t i s t i c a l  b a c k in g . I  b e l i e v e  th e  d e o re a s e  

t o  be  a s s o c i a t e d  w i th  in o r e a s in g  num bers o f  l a r g e  zoopQLankters s in c e  1967 , 

when th e  a le w i f e ,  a  s e l e c t i v e  p r e d a to r  on l a r g e  z o o p la n k to n  fo rm s (B rooks 

and D odson, 1965» W e lls ,  1 9 7 0 ) , re a c h e d  i t * s  peak  a n d  s t a r t e d  t o  d e o l in e ,  

a llo w in g  th e  l a r g e  z o o p la n k to n  to  i n c r e a s e  i n  num bers . T h is  r i s e  i n  

num bers c o u ld  hav e  e f f e c t e d  th e  d e o re a s e  i n  num bers o f  l a r g e  p h y to p la n k to n  

i n  two ways ( l )  l a r g e  z o o p la n k to n  consume a  g r e a t e r  q u a n t i t y  o f  

p h y to p la n k to n /b o d y  volum e and  (2 )  l a r g e  z o o p la n k to n  a r e  th e  o n ly  ones 

t h a t  can  h a n d le  l a r g e r  ( g r e a t e r  th a n  15  u )  p h y to p la n k to n *

P h y s ic a l  and  C hem ical S tu d ie s

T em p era tu res  ra n g e d  fro m  *2°C t o  22 .3°C  o v e r t h e  t h r e e  y e a r  p e r io d .

On m ost d a t e s ,  e x a e p t  : ih  s h a l lo w  w a te r ,  te m p e ra tu re s  w ere  s l i g h t l y  lo w e r 

a t  th e  b o tto m  d ep th s*  T herm al s t r a t i f i c a t i o n  was o b se rv e d  d a r in g  th e



55

T ab le  9 
P h y to p la n k to n  S p e o ie s

S p e o ie s
L o c a tio n  

N o r th io r  S o u th  B a s in
#  F r u s t u l e s /  

C hain  o r  Complex

A chnan thes c l e v e l b o th 1 .0
A m phip leura  p e l lu o id a rt 1 .0
A m phiporora o r n a ta n : i .o
Amphora o v a l i s tt 1 .0
Amphora p e r p u s iU a vv 1 .0
C e ra to n e ls  a r c u s tr 1 .0

♦ Q y c lo te l la  b o d a n ic a M ain ly  N orth 1 .0
♦ C y o lo te l la  oom ta h n 1 .1
♦ C y o lo te l la  g lo m e ra ta n 4 .0
♦ C y o lo te l la  k u tz in g ia n a M ain ly  N o rth 3 .0

C y o lo te l la  m en eg h in ian a M ain ly  S ou th 1 .5
♦ C y o lo te l la  m ic h ig a n ia n a M ain ly  N o rth 2 .3

C y o lo te l la  o o e l l a t a b o th 2 .1
♦ C y o lo te l la  s t e l l l g e r a n 2 .0

C ym atopleura  s o le a n 1 .0
Qym bella tu r g ld a it 1 .0

♦Diatoma te n u e  v .  e longatum tt 1 .7
Diatom a v u lg a re ti 1 .5
E u co cco n e is  f l e x e l l a M ain ly  N o rth 1 .1
F r a g i l a r i a  o ap u o ln ea b o th 6 .0
F r a g i l a r i a  o o n s tru e n s tt 6 .3

♦ F r a g i l a r i a  o r o te n e n s l s it 7 .2
F r a g i l a r i a  in te rm e d ia it 4 .2

♦ F r a g i l a r i a  p in n a ta tt 4 .5
F r a g i l a r i a  v i r e s c e n s tt 4 .0
Gomphonema o liv aceu m tt 1 .0

♦ M elo s ira  am bigua tt 5 .0
M e lo s ira  b in d e ra n a M ain ly  S ou th 6 .8
M e lo s ira  d i s t a n s b o th 5 .0

♦ M elo s ira  g r a n u la ta it 5 .4
♦ M elo sira  i s l a n d i o a it 3 -9

M e lo s ira  v a r ia n s tt 3 .8
M erid io n  c i r c u l a r e it 5 .6
N a v ic u la  a n g l io a it 1 .0
N a v ic u la  r a d io s a tt 1 .0
N a v ic u la  r e i h h a r d t i i n 1 .0
N a v ic u la  s o u t e l l o i d e s it 1 .0
N itz s c h ia  a o i o u l a r i s tt 1 .0
Opephora m a r ty i tt 1 .0
R h o ico sp h en ia  o u rv a ta it 1 .0
H h iz o so le n ia  e r i e n s i s tt 1 .0

♦ S tep h an o d iso u s  a s t r a e a tt 1 .6
♦ S tep h a n o d iscu s  n ia g a ra e tt 1 .1
♦ S tep h a n o d iso u s  t e n u i s M ain ly  S o u th 4 .0

S u r i r e l l a  a n g u s ta b o th 1 .0
S u r i r e l l a  t e n e r a tt 1 .4

♦Synedra aous n 1 .4
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T ab le  9 ( c o n tin u e d )

L o c a tio n  #  F r u s tu l e s /
S p e o ie s  N o rth  o r  S o u th  B a s in  C hain  o r  Complex

♦Synedra nan a  b o th  1*0
♦Synedra u ln a  " 1*0

S ynedra  v a u c h e r ia e  ** 1*0
♦ T a b e l la r ia  f e n e s t r a t a  ” 1 2 .4
♦ T a b e U a r ia  f lo o o u lo s a  "  1 0 .1

C occoneis i n t e r r u p t u s  n 1*7
♦ A s te r io n e l la  fo rm o sa  "  5*8

♦ P r i n c i p a l  s p e c ie s



F ig u re  8A-8B. F h y to p la n k to n  t r e n d s  i n  Lake M ich igan  197 0 -1 9 7 2 .
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Figure 81A
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F ig u re  8-B
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Figure 8-B (oontlnued)
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Figure 8-C
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Figure 8-D
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Figure 8-D (oontinued)
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F ig u re  8-E
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Figure 8-E (continued)
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Figure 8-F

600 m •

300
T a b e l l a r i a

f e n e s t r a t a -
f lo o o u lo s a

(S o u th )
200

100

20

10
h.

600
f e n e s t r a t a - f l o o o u l o s a  (N o rth )

300

200
/ #  •

100

70
60
50
4 0
3 0

20
• ##

: 10

Surface
4 -5  M 
10 M



67

Figure 8-G
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summer a t  B ig  S a b le  P o in t  S t a t i o n s  2 ,  3 ,  and  4-; S au g a tu o k  s t a t i o n  9  cuid 

L ud ing ton  s t a t i o n  1 6 . T hese a r e  th e  d e e p -w a te r  s t a t i o n s  a n d  s t r a t i f i c a t i o n  

i s  t o  be  e x p e c te d  h e r e .  D u rin g  s t r a t i f i c a t i o n ,  te m p e ra tu re  d i f f e r e n c e s  o f  

up  t o  13°C w ere o b se rv e d  b e tw een  th e  s u r f a c e  and  b o tto m  v a lu e s .

A lth o u g h  tu rn o v e r  an d  i n i t i a l  warm ing o c c u r re d  a t  d i f f e r e n t  t im e s  

o v e r a  th r e e - y e a r  p e r io d ,  a  g r a d u a l  warm ing t r e n d  i s  a p p a r e n t  w h ich  

a f f e o t s  th e  o lo s e r  in s h o r e  w a te r s  s o o n e r  th a n  th e  w a te r s  f u r t h e r  o f f s h o r e .  

T h is warming t r e n d  shows w id e  f l u c t u a t i o n s  due  to  w in d s  and  u p w e llln g  

c u r r e n t s .  N o r th e r ly  w in d s , a s  e x p e c te d , te n d  t o  lo w e r  t h e  te m p e ra tu re s  

w h ile  s o u t h e r ly  w inds te n d  t o  in o r e a s e  te m p e ra tu re s  i n  s h o r t  (2 4  h o u r )  

p e r io d s  o f  t im e . These ch an g es a r e  p a r t i c u l a r l y  e v id e n t  d u r in g  J u n e ,

J u l y ,  and  A ugust when s u r f a c e  w a te r  n o rm a lly  a t  te m p e ra tu re s  a ro u n d  15°C 

can  b e  lo w e re d  u p  t o  8 .5 °C  i n  one 2 4 -h o u r  p e r io d .  I n  th e  s h a l lo w e r  d e p th s ,  

bo tto m  te m p e ra tu re s  te n d  t o  f o l lo w  th e  same o u rv e s  a s  th e  s u r f a c e  w a te r .  

N e v e r th e le s s ,^ te m p e ra tu r e s  d id  show a  c o n s ta n t  w arm ing t r e n d  an d  re a o h e d  

maximum te m p e ra tu re s  o f  1 7 .8 °C  a t  B ig  S a b le  P o in t  ( s t a t i o n  6 ) ,  1 8 .2 °C  a t  

L ud ing ton  ( s t a t i o n  1 6 ) ,  and  2 2 .3 °C  a t  S au g a tu o k  ( s t a t i o n  7 )  d u r in g  t h i s  

s tu d y . The warm ing t r e n d  b e g in s  e a r l i e r  i n  t h e  s o u th e rn  b a s in  th a n  i n  th e  

n o r th e r n ,  an d  h ig h e r  maximum te m p e ra tu re s  a r e  re a o h e d  i n  t h e  s o u th e rn  

b a s in .  Minimum te m p e ra tu re s  f o r  t h i s  s tu d y  w ere  2 .2 ±  2°C f o r  a l l  t h r e e  

lo c a t io n s  o v e r  a l l  t h r e e  y e a r s .  These low s w ere  r e c o rd e d  i n  M arch an d  

A p r i l  and  a g a in  i n  l a t e  O c to b er and  November f o r  a l l  d e p th s .  I n  Mar oh and  

A p r i l  th e r e  i s  o f te n  i c e  on th e  l a k e ,  b u t  a l l  sam ple s i t e s  w ere  o u t  beyond 

t h i s  d r i f t  i o e ,  th u s  y i e l d i n g  t h e  s l i g h t l y  warm er te m p e r a tu re s  th a n  m ig h t 

be e x p e c te d  o th e rw is e .

W ater t r a n s p a re n c y  a s  d e te rm in e d  b y  S eo o h i d i s k  i s  shown i n  T ab le  1 0 . 

The g r e a t e s t  t r a n s p a re n c y  was re o o rd e d  i n  A p r i l  a t  t h e  B ig  S a b le  P o in t
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s t a t i o n s  39  4 ,  an d  5* O ils  t r a n s p a re n c y  l e v e l  o r  11  m e te rs  I s  In  

s u b s t a n t i a l  ag reem en t w i th  th e  s tu d y  o f  A yers e t  a l .  (1 9 5 8 ) who fo u n d  

w a te r  o f  t h i s  c l a r i t y  o f f  F r a n k f o r t  d u r in g  Ju n e . Low S e o o h l d i s k  r e a d in g s  

a t  B ig  S a b le  P o in t  and  a t  lu d in g to n  w ere  g e n e r a l l y  p re c e d e d  b y  h ig h  w ind 

and wave c o n d i t io n s  w hich  s t i r r e d  u p  s i l t  and  o la y  fro m  th e  b o tto m . Low 

t r a n s p a r e n c y  r e a d in g s  f o r  th e  S au g a tu o k  s t a t i o n s  9 w ere  m o st o f te n  

a s s o c i a t e d  w ith  a  w ind fro m  th e  s o u th  w hich  c a u se d  th e  plum e o f  th e  

Kalamazoo R iv e r  t o  tu r n  n o r th w a rd . The Kalam azoo c a r r i e s  a  h ig h  lo a d  o f  

su spended  s o l i d s  ( s i l t  a n d  o rg a n io s  m a in ly )  w h ich  d r a m a t i c a l l y  lo w e r" th e  

t ra n s p a re n c y , o f  th e  w a te r .  The s t a t i o n s  f u r t h e r  o f f s h o r e  ( s t a t i o n  9 )  and  

f u r t h e r  n o r th  (num bers 10  and  1 1 ) w ere l e s s  a f f e c t e d  b y  t h i s  w e a th e r  

c o n d i t io n .  Bio s o u th e rn  b a s in  te n d s  t o  h a v e  a  g r e a t e r  lo a d  o f  su spended  

s o l i d s  and s u p p o r ts  a  g r e a t e r  p h y to p la n k to n  g ro w th  ( s e e  p h y to p la n k to n )  and  

th u s  showed lo w e r o v e r a l l  t r a n s p a r e n c y  l e v e l s  th a n  t h e  n o r th e r n  b a s in  o v e r 

th e  c o u rse  o f  th e  t h r e e  y e a r  s tu d y  p e r io d .

O ther d a ta  fro m  c h e m ic a l d e te r m in a t io n s  a r e  shown i n  T ab le  . A l l  

th e  d a ta  a r e  i n  t h e  form  o f  ra n g e s  and means f o r  d e p th s  o f  0 -1  m e te r s ,

4 -5  m e te r s ,  and  a t  th e  b o tto m . A lthough  d a ta  a r e  a v a i l a b l e  f o r  some d a te s  

and s t a t i o n s  a t  20  m e te r s ,  th o s e  d a ta  a r e  s t a t i s t i c a l l y  i d e n t i o a l  ( .0 5  

l e v e l )  w i th  th e  b o tto m  d a ta  and  a r e  ex o lu d e d  f o r  th e  sa k e  o f  o l a r i t y .

pH in o re a s e d  from  a b o u t  7*0 (S au g a tu o k  #7 ) o r  7 .8  (L u d in g to n  and 

G rand S a b le  P o in t )  t o  a ro u n d  8 .5  t o  8 .6  d u r in g  th e  m onth  o f  Ju n e  a t  a l l  

s t a t i o n s ,  w i th  th e  e x c e p tio n s  o f  Grand S a b le  P o in t  s t a t i o n s  4  and  $ 9 w hich  

showed a  s lo w e r r a t e  o f  change a t  d e p th s  o f  5 0 -6 0  m e te r s .  The ohange i s  

a t t r i b u t e d  t o  p h y to p la n k to n  g row th  and p h o to s y n th e s is ,  which* ch an g es th e  

f r e e  C0g b a la n c e ,  and  h e n c e  pH ( R u t tn e r ,  1 96 9 ) .  I t  i s  o f  n o te  t h a t  th e  

g r e a t e r  i n i t i a l  r e s e r v e s  o f  CO  ̂ i n  th e  s o u th e rn  b a s in  w ere  u s e d  up  a t
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a p p ro x im a te ly  t h e  same tim e  a s  th o s e  I n  t h e  n o r th e r n  b a s i n ,  im p ly in g  t h a t  

p h o to s y n th e s is  began  s o o n e r ,  o r  a t  a  g r e a t e r  r a t e  i n  th e  s o u th e rn  b a s in *  

T h is  i s  c o n s i s t e n t  w i th  e a r l i e r  w anning  o f  t h e  s u r f a c e  l a y e r s  i n  th e  

s o u th e rn  end  o f  th e  la k e *  I t  i s  a l s o  o f  n o te  t h a t  b o th  th e  n o r th e r n  and 

s o u th e rn  b a s in s  r e a c h  th e  same pH e n d p o in t ,  s t r e s s i n g  th e  f a c t  t h a t  th e  

w a te r s  o f  th e  two a r e a s  show c o n s id e r a b le  m ix in g  a n d  p ro b a b ly  h av e  a  l a r g e  

b ic a rb o n a te  b u f f e r in g  o a p a o i ty .

COg l e v e l s ,  i n  c o n n e c tio n  w ith  pH changes m en tio n e d  a b o v e , changed  

fro m  3*6 -  ^*0  ppm t o  0 .0  ppm b y  th e  f i r s t  w eeks i n  J u l y  a t  a l l  s t a t io n s *  

As a b o v e , th e  l e v e l s  b eg an  d ro p p in g  s o o n e r  i n  th e  s o u th e r n  b a s in  th a n  in  

th e  n o r th e r n ,  w i th  in s h o r e  l e v e l s  b e in g  th e  f i r s t  t o  d ro p .  F re e  CO,, was 

a g a in  fo u n d  a t  Grand S a b le  P o in t  s t a t i o n s  2 ,  3  ,  an d  4 ,  a t  L u d in g to n  

s t a t i o n  1 6 , and  a t  S au g a tu o k  s t a t i o n  9 a t  t h e  b e g in n in g  o f  A u g u s t. 

C o n c e n tra t io n  v a r i e d  f o r  th e  t h r e e  s t a t i o n s  o v e r  th e  c o u rs e  o f  th e  t h r e e  

y e a r s ,  b u t  f r e e  COg d i d  a p p e a r  i n  q u a n t i t y  d u r in g  A u g u s t. A f te r  t h i s  

t im e ,  q u a n t i t i e s  o f  f r e e  CO,, f l u c t u a t e d  i n  th e  s u r f a o e  an d  d e e p e r  w a te r s  

a s  th e  e f f e o t s  o f  w ind  m ix in g , t e m p e r a tu r e ,  r a t e  o f  p h o to s y n th e t io  

a c t i v i t y ,  and  u p w e llin g  c u r r e n t s  w ere  f e l t ,  b u t  a t  no  tim e  d id  th e  l e v e l  

d ro p  t o  0 .0  ppm a g a in .

D is s o lv e d  oxygen ra n g e d  fro m  1 0 -1 5  ppm a t  G rand S a b le  P o in t ,  fro m  

10-14- ppm a t  L u d in g to n , and  6-14- ppm a t  S a u g a tu o k . H ie h ig h  l e v e l s  w ere  

fo u n d  e a r l y  and  l a t e  i n  th e  y e a r ,  when 0^ l e v e l s  w ere  o o n s ta n t  th ro u g h o u t 

th e  w a te r  co lum n. L e v e ls  d ro p p e d  a f t e r  t h i s  t im e ,  p a r t i c u l a r l y  a t  

S au g a tu o k  w here! l e v e l s  dropped-  t o  6  ppm a t  s t a t i o n  7 d u r in g  J u l y ,  p ro b a b ly  

due t o  a  l a r g e  i n f l u x  o f  decom posing  o rg a n io  m a t t e r  fro m  th e  Kalam asoo 

R iv e r .  T h is  i s  s u b s t a n t i a t e d  b y  h ig h  d i s s o lv e d  s o l i d  l e v e l s  a t  t h i s  t im e . 

Deep w a te r  0g l e v e l s  d e c re a s e d  u n d e r  t h e  summer th e rm o c l in e  on calm  d a y s .
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M easurem ents ta k e n  a f t e r  s to rm s  w i th  f o r c e  4  w inds (a b o u t  8  f t .  w aves) 

showed d i s s o lv e d  oxygen l e v e l s  t o  b e  e q u a l  th ro u g h o u t th e  w a te r  column 

im p ly in g  w in d -g e n e ra te d  tu r n o v e r  o f  th e  w a te r  colum n. None o f  th e s e  

re a d in g s  a r e  low  enough t o  p r e v e n t  u t i l i z a t i o n  o f  th e  w a te r  column b y  any  * 

o f  th e  f i s h  s p e c ie s  i n h a b i t in g  t h e  l a k e ,  b u t  some o f  th e  t r o u t  and  salm on 

s p e c ie s  te n d  to  a v o id  th e  lo w e r  l e v e l s  o f  Og e x h ib i t e d  a ro u n d  S au g a tu ck  i f  

o t h e r ,  h ig h e r  l e v e l s  w ere a v a i l a b l e  ( F r e y ,  I 9 6 0 ) .

-A lk a l in i ty  l e v e l s  w ere  lo w er a t  t h e  s o u th e rn  b a s in  s i t e s  th a n  a t  th e  

n o r th e rn  s i t e s  ( .0 1  l e v e l  o f  s i g n i f i c a n c e ) .  T h is  i s  r e l a t e d  b o th  t o  CO,, 

and t o  pH l e v e l s  a n d  was t o  be e x p e c te d . A d i s c u s s io n  o f  COg, pH, and  

a l k a l i n i t y  i s  fo u n d  i n  R u t tn e r  ( 1 96 9 ) an d  R eid  (1 9 6 1 ) .

D is s o lv e d  s o l i d s  w ere  s i g n i f i c a n t l y  h ig h e r  i n  th e  s o u th e rn  b a s in  th a n  

in  th e  n o r th e r n .  T h is  can  a p p a r e n t ly  b e  a t t r i b u t e d  t o  a  com plex o f  

f a c t o r s :

(1 )  The Kalamazoo R iv e r ,  w h ioh  c a r r i e s  a  h ig h  lo a d  o f  se d im e n t and 

o rg a n io s ,  e n t e r s  l a k e  M ichigan  n e a r  th e  s tu d y  s i t e s .  In d e e d  when th e  w ind 

was fro m  th e  s o u th  t h e  am ount o f  d i s s o lv e d  s o l i d s  w en t u p .

(2 )  The S au g a tu ck  s i t e  r e c e iv e s  a  g r e a t e r  n u t r i e n t  l o a d ,  a s  m easured  

by  c o n c e n tr a t io n  o f  d i s s o lv e d  s o l i d s  (T a b le  1 0 ) th a n  do  e i t h e r  o f  th e  

n o r th e rn  b a s i n  s i t e s .  I n t e r n a l  c u r r e n t  sy s tem s a s  m easu red  b y  A yer e t  a l  

(1958) m a in ta in  t h e s e  m a t e r i a l s  w i th in  t h e  two b a s i n s ,  a l th o u g h  some 

m ix ing  does o c o u r. The h ig h e r  n u t r i e n t  l e v e l s  a t  th e  S au g a tu o k  s i t e  

sh o u ld  s u p p o r t  a g r e a t e r  z o o p la n k to n  and  b e n th o s  o ro p  th a n  a t  L u d in g to n

o r  B ig  S a b le  P o in t .



Table 10
Water chemistry and transparency: ranges and means from surface, middle and

bottom waters, 1970 and 1971* Big Sable Point (#1-3)

S ta tio n  1  S ta tio n  2 S ta tio n  3

Depth (m eters)

D issolved oxygen (ppm) 
range 
mean

co2 ..(ppw)
range

pH
range
mean

A lk a lin ity  (ppm) 
range 
mean

D issolved s o lid s  (ppm) 
range 
mean

Secchi Disk Reading (M) 
range 
mean

1 5 30

10-15 10-15  10-15
13 13 13

0. 0-3.8 0.0-3.8 0.0-3.8

7 .8 -8 .5  7 .8 -8 .5  7 .8 -8 .5
8.3  8 .3  8 .2

126-140 126-140 126-140 
132 132 132

170-181 169-181 166-178 
175 • 175 172

4 .0 -8 .0  
5 .6

.1  5 40

10-15  10-15  10-15
13 «  13

0. 0- 3 .9  0 . 0- 3 .9  0 . 0- 3 .9

7 .8 -8 .5  7 .8 -8 .5  7 -8 -8 .5
8 .3  8 .3  8 .3

126-140 126-140 126-140 
132 132 132

169-177 168-177 164-177 
174 174 166

4 .4 -8 .0  
5 .8

1 5 50

10-15 10-15 9-15
13 33 12 .5

0 .0 -4 .0  O.O-3 .5  0 .0 -3 .5

7 .8 -8 .5  7 .S -8 .5  7 .8 -8 .5
8 .3  8 .3  8 .2

128-144 128-144 128-144 
334 134 134

169-176 166-175 164-170 
173 171 166

4 .7 -1 1 .0
6.1



Table 10 (continued)
Water chemistry and transparency: ranges and means from surface, middle and

bottom waters, 1970 and 1971» Big Sable Point (#4-6)

S ta tio n  4  S ta tio n  5  S ta tio n  6

Depth (m eters) 1  5 60

D issolved oxygen (ppn)
range
mean

10-15
13

10-15
13

8-15
12.3

C02 range
mean

0.0 -4 .0 0. 0- 3 .8 0 .0 -3 .8

pH
range
mean

7 .9 -8 .6  
8 .3

7 .8 -8 .5
8.3

7 .9 -8 .6  
8 .2

A lk a lin ity  (ppm) 
range 
mean

128-144
135

128-144
135

128-144
135

D issolved s o lid s  (ppm) 
range 
mean t\3 

M 164-172
168

160-165
162

Secchi Disk Reading (M) 
range 
mean

4 .8 -1 1 .0
7 .2

1 5 20 1 5 10

10-15
13

10-15
13

10-15
13

10-15
13

10^15
13

9-15
13

0 .0 -4 .0 0 . 0-3 .8 0 .0 -3 .6 0 .0 -3 .1 0 .0 -3 .4 0 .0 -3 .6

8 .3 8 .3 8 .3 8 .3 8 .3 8 .3

128-144
134

128-144
134

128-144
135

126-140
133

126-140
134

126-140
133

168-177
174

166-177
173

4 .8 -1 1 .0
7 .2

160-171
164

172-190
180

172-189
180

4 .2 -8 .7  
5 .9

170-188
178



Table 10 (continued)
Water chemistry and transparency: ranges and means from surface, middle and

bottom waters, 1970, 1971, and 1972 (#7-9)

S ta tio n  7 S ta tio n  8 S ta tio n  9

Depth (m eters) 1 5 7.5 1 5 20 1 5 46

Dissolved oxygen Xppn)
range

‘mean
6-13
12

6-13
12

7-13
11

8-13
12

8-13
12

8-12
11

10-14
13

9-14
13

8-12
12

C0?
range (ppm) 0 . 0- 3 .6 0. 0-3 .6 0. 0-3 .6 0 .0 -3 .6 0. 0- 3 .6 0. 0-3 .6 0 . 0- 3 .6 0 . 0-3 .6 0 . 0- 3 .6

pH :
range
mean

7.0 -8 .4  
7 .5

7 .0 -8 .4
7.5

7 .0 -8 .4
7.7

7 .1 -8 .3
7 .7

7 .2 -8 .3
7.7

7 .2 -8 ,4
7 .8

7. 2- 8 .4  
7 .7

7 .2 -8 .4
7.8

7 .3 -8 .4
7.8

A lk a lin ity  (ppm) 
.range 
mean

17-94
61

17-94
6l

17-94
61

26-72
56

28-72
56

28-94
60

28-94
56

28-94
54

37-94
54

Dissolved so lid s  (ppm) 
range 
mean

155-285
200

. 155-280 
198

155-260
195

160-230
202

155-200
180

125-135
130

CD O 116-170
130

114-130
118

Secchi Disk Beading (M) 
range 
mean

0 .9 -4 .0
2 .2

1 . 2- 5 .0
3 .2

3 . 0- 6 .0  
4 .5



Table 10 (continued)
Water ch em istry  and transparency: ranges and means from surface, middle and

bottom waters, 1970, 1971 and 1972, Saugatuck (#10-11)

S ta tio n  10 S ta tio n  11

Depth (m eters) 1 5 20 1 5 8 .5

D issolved oxygen (ppm) 
range 
mean

8-13
13

8-13
12

8-12
12

7-13
12

7-13
12

7-12
11

C02 (ppm) 
range . o .0- 3 .6 0 . 0- 3 .6 0. 0-3 .6 0 . 0- 3 .6 0 . 0- 3 .6 O.O-3 .6

pH ;
range
mean

7-3-8 .3  
7 .7

7 .3 -8 .3
7 .7

7*3-8.4 
7 .7

7 .2 -8 .3
7 .6

? .2 -8 .3
7 .7

7 .2 -8 .3
7 .7

A lk a lin ity  (ppm) 
range 
mean

37-72
56

37-72
56

37-94
58

28- 72'
60

28-72
61

28-72
61

D issolved s o lid s  (ppm) 
range 
mean

155-200
158

135-160
140

118-138
125 6$ON 1 o 155-230

160
150-230

152

Secchi Disk Heading (M) 
range 
mean

2 .5 -5 .0  
3 -6

2 .5 -4 .0  
3 .1



Table 10 (continued)
Water chemistry and transparency; ranges and means from surface

and bottom depths, 1972 Ludington (#12-14)

« •* • * ,

S ta tio n  12 S ta tio n  13 S ta tio n  14

Depth; (m eters) 1 8 1 14 1 12

D issolved oxygen (ppm) 
range 
mean

10-13
12

10-13
12

10-13
12

10-13
12

10-13
12

10-13
12

C02 (ppm) 
range 0 . 0- 2 .8 0 . 0- 3 .5 0 .0 -3 .5 O.O-3 .5 0 . 0-3 .5 0 . 0- 3 .5

pH
range
mean

7 .9 -8 ,5  
8.3

7 .8 -8 .6  
8 .3

7 .8 -8 .6
8 .3

7 .9 -8 .6
8 .3

7 .8 -8 .5
8 .3

7 .8 -S .6
8 .3

A lk a lin ity  (ppm) 
range 
mean

116-120
118

114-120
117

116-118
117

114-118
117

116-120
117

116-118
117

D issolved s o lid s  (ppm) 
range 
mean

172-188
179

172-190
180

172-185
179

172-184
179

174-181
178

175-188
179



Table 10 (continued)
Water chemistry and transparency: ranges and; means from surface,

and bottom depths, 1972 Ludington (#12-14)

S ta tio n  15 S ta tio n  16 S ta tio n  17

Depth (m eters) 1 6 1 24 1 12

D issolved oxygen (ppm) 
range 
mean

11-12
12

10-14
12

11-13
13

9-13
12

10-13
12

10-13
11

C02 (ppm)
range 0 .0 -3 ,7 0 .0 -3 .5 0 . 0-3 .5 0 .0 -3 .5 0 .0 -3 .3 0 .0 -3 .5

pH
range
mean

7 .8 -8 .5  
8 .3

7 .8 -8 .5
8 .3

7 .8 -8 .5
8 .3

7 .8 -8 .5
8 .1

7 .8 -8 .5
8 .3

7 .8 -8 .5
8 .3

A lk a lin ity  (ppm) 
range 
mean

114-120
118

316-122
118

114-118
117

116-120
118

108-124
116

114-120
116

D issolved so lid s  (ppm) 
range 
mean

175-184
180

175-181
179

170-181
175

169-179
174

172-180
176

173-180
177
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Table 11
Fluctuation in Zooplankton Numbers Over Time.

1 1970 j 1971 1972
Month S a u g a tu c k ! L u d in g to n I S au g a tu o k  1 L u d in g to n S a u g a tu c k  1 L u d in g to n

D abhnia a a l e a t a  m endota -  1 .1 5  mm
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0

A

E a r ly  May 0 0 0 0 0 0
L a te  May 1 0 0 0 1 1

E a r ly  Ju n e 0 1 . 1 . 1 . 2 .5 1 .8
L a te  June 20 10 3 7 17 150 31
E a r ly  J u l y 120 3 2 125 32 210 70
L a te  J u ly 120 3 8 288 100 720 125
A ugust 35 108 765 117 1350 210
Septem ber 15 152 188 480 220 502
O ctober 8 297 108 708 H 5 810
November 8 169 1 4 165 26 185 ••

D abhnia r e t r o c u r v a  -  1 .1 5  mm
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0

A

E a r ly  May 0 0 0 0 1 0
L a te  May 0 0 0 0 0 1

E a r ly  June 0 1 0 0 0 0
L a te  June 7 1 15 1 .5 140 1

E a r ly  J u l y 25 4 210 : i 5 310 15
L a te  J u ly 30 5 .5 1400 47 1500 68
A iigust 88 47 1410 85 1500 68
S eptem ber 3 0 108 785 135 880 154
O ctober 0 137 82 220 75 20
November 0 52 0 100 0 81

D abhnia  lo n s i r e m is  -  C.8 5  mm
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0

A

E a r ly  May 2 0 1 : 1 0 0
A

L a te  May 3 1 .2 0 1 1 0
E a r ly  June 6 1 -5 4 .2 0 0 1

L a te  June 6 .5 3 .2 4 1 .1 0 1

E a r ly  J u ly 6 3 -7 4 1 1 1

I f

L a te  J u ly 2 3 .5 2 0 5 1 .5
A ugust 10 8 .4 1 .5 0 0 1

A

S eptem ber 8 5 .5 2 0 0 0
■«

O ctober 0 1 0 0 0 1
November 0 0 0 0 0 0
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Table 11 (continued)
Fluctuation in Zooplankton Numbers Over Time

1 1970 1971 1 1972
Month 1 S auga tuck L u d in g to n S auga tuok  1 L u d in g to n S augatuok  1 L u d in g to n

E o is c h u ra  iL a o u s tr is  - 1 .6 6  mm
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0
E a r ly  May 0 0 0 0 0 0
L a te  May 0 1 0 1 1 0  .
E a r ly  June 1 1 1 1 .1 3 .3 3
L a te  June 11 8 11 8 18 1 1
E a r ly  J u ly 17 18 42 37 68 47
L a te  J u ly 88 65 95 9 ° 106 85
A ugust 32 43 36 68 55 66
Septem ber 18 33 32 30 47 45
O ctober 18 28 16 18 25 23
November 4 6 3 10 10 17 _

... . D iantoraus s i o l l i s  -  1..2 8  mm
March 785 892 808 977 1176 1300
A p r i l 780 880 895 1000 1008 1500
E a r ly  May 755 800 816 1000 892 1100  •
L a te  May 4-30 475 514 525 542 550
E a r ly  June 88 109 95 157 190 208
L a te  June 85 77 78 80 l Z 88
E a r ly  J u ly 66 45 75 ■75 85 62 _ *
L a te  J u ly 15 21 52 12 25 14
A ugust 14 33 9 10 13 5
Septem ber 16 11 9 1 14 5
O ctober 175 186 115 200 188 197
November 888 950 1100 1350 _ 2100 2000

D iaotom us a s h la r )d i  -  0 .8 5  mm
March 25 16 16 13 15 12
A p r i l 28 16 17 11 14 12_ ■.
E a r ly  May 37 37 24 17 14
L a te  May 38 32 28 26 17 14  ■ ^
E a r ly  June 49 43 32 38 26 46
L a te  June 127 88 92 87 150 49
E a r ly  J u ly 302 287 251 284 199 200
L a te  J u ly 300 296 284 275 208 209
A ugust 215 202 186 152 147 118
Septem ber 67 88 55 65 45 42
O ctober 18 20 26 17 17 : 12
November 208 244 190 212 2D8 217



81

Table U  (contirrued)
F lu c tu a tio n s  in  Zooplankton Numbers Over Time

1 1970 1971 1972 __
Month Saliva tu c k  1 L u d in g to n S a u g a tu c k  1 lu d in g to n S a u g a tu c k  1 L u d in g to n

Bosm ina l o n g i r o s t r i s  - 0 .4 5  ran
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0A
Early* May- 0 0 0 0 0 0
L a te  May 2 1 0 0 0 0 •a *
E a r ly  Ju n e 3 1 29 30 19 3 16
L a te  June 245 210 210 210 245 190
E a r ly  J u l y 288 267 222 210 45 195
L a te  J u ly 613 395 188 30 4 41 3 2 0
A ugust 168 308 139 288 28 85
S eptem ber 160 201 102 150 3 4 35  * —
O ctober 142 120 88 10? 62 65
November 32 15 17. :1 5 24 12

Diabhanosom a brachvurum -  0 .8 5  ran
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0
E a r ly  May 0 0 0 0 0 0
L a te  May 0 0 0 0 0 0
E a r ly  June 0 . 0 0 0 0 — * 0
L a te  Ju n e 0 0 0 0 3 .6 0
E a r ly  J u ly 0 0 0 0 7 .4 1
L a te  J u ly 0 0 2 .1 1 2 .8 2 .1
A ugust 1 .1 0 2 2 2 .6 0
Septem ber 2 1 3 .5 3 .9 10 1 1I,
O ctober 2 .4 1 .8 3 - 8 13 18 2 4
November 0 0 0 0 8 .7  _ 12

L eD todora k i n d t i i  -  2 5  mm •

Maroh 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0

a.
E a r ly  May 0 0 0 0 0 0
L a te  May 0 0 0 0 0 1
E a r ly  June 0 0 0 1 1 .2 1*5
L a te  Ju n e 1 .2 0 3 .8 4 .6 193 15*5
E a r ly  J u ly 7 .8 6 .7 1 6 .8 1 4 .6 2 8 .9 26
L a te  J u ly 10 6 .4 22 1 5 .8 29 18
A ugust 1 6 .5 6 28 8 3 6 .4 1 0 .2
S eptem ber 6 1 .4 6 .8 6 1 0 .2 1 1 .7«■ 1, a.
O otober 2 1 4 6 1 .1

1 0 1 1 .8 1 4 .7
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Table 11 (contlrued)
F lu c tu a tio n s  in  Zooplankton Numbers Over Time.

1 1970 1971 I 1972
Month S au g a tu ck  1 L u d in g to n S au g a tu ck  1 L u d in g to n  1 S auga tuck  1 L ud ing ton

Polvohem us o e d ic u iu s  - 0 . 56 mm
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0
E a r ly  May 0 0 0 0 0 0
L a te  May 0 0 0 0 0 0
E a r ly  Ju n e 0 0 0 0 0 0
L a te  Ju n e 4 4 4 4 .5 1 .6
E a r ly  J u ly 5 .8 16 6 .2 15 3 .8 1 2 .2
L a te  J u ly 60 168 25 142 18 84
A ugust 12 18 15 15 10 15
S ep tem ber 0 0 0 0 4 5
O cto b er 0 0 0 0 0 0
November 0 0 0 0 0 0

C v c I o d s  b ic u s n id a tu s  - 0 .9 1  mm
March 64 88 64 67 52 66
A p r i l 128 155 122 167 123 188
E a r ly  May 500 490 600 388 605 295
L a te  May 762 867 750 802 710 895
E a r ly  June 900 901 800 1030 880 U O O

L a te  Ju n e 950 1410 902 1400 620 1200
E a r ly  J u ly 1100 1500 900 1310 625 1100
L a te  J u ly 987 1008 865 986 700 833
A ugust 800 870 633 808 302 677
Septem ber 780 800 400 546 180 342
O otober 405 622 298 436 165 205
November 302 308 256 244 200 200

M esoovolons edax  -  1 . 15 mm
March 0 0 0 0 0 0
A p r i l 0 0 0 0 0 0
E a r ly  May 0 0 0 0 0 0
L a te  May 0 0 0 0 0 0
E a r ly  Ju n e 0 0 0 0 0 0
L a te  Ju n e 15 11 26 33 55 6 5
E a r ly  J u ly 108 88 151 119 205 208
L a te  J u l y 206 161 149 174 485 255
A ugust 180 158 222 182 214 226
S eptem ber 117 47 188 106 200 187
O otober 26 14 48 • 49 105 144

0 0 0 0 5 12
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T ab le  11 ( c o n tin u e d )
F lu c tu a t io n s  i n  Z o op lank ton  Numbers Over Time.

1 1970 1971 1972
Month S au g a tu ck  1 L u d in g to n S au g a tu ck  1 L u d in g to n S au g a tu ck 1L u d in g to n

T.lmrtoeAlarms m aoru rus - 2 .5 0  mm
March 12 0 3 8 31 46 48
A p r i l 241 202 276 225 500 247
E a r ly  May 502 701 980 801 1700 1100
L a te  May 488 641 1012 866 1800 1350
E a r ly  Ju n e 118 109 223 412 500 600
L a te  Ju n e 33 108 226 201 470 325
E a r ly  J u ly 1 0 .8 15 96 43 130 68
L ate  J u l y 6 .8 11 92 16 90 32
A ugust 3 4 88 157 89 280 331
S eptem ber 5 4 65 198 90 285 107
O ctober 332 231 607 402 720 562

391 466 981 890 1100 1000  _
M vsis r e l i c t a  and P o n to p o re ia a f T in is  -  e a .  12  mm # /1 0  ou m e te rs

March 0 0 0 2 0 0
A p r i l 0 0 2 3 .2 12 10
E a r ly  May 20 20 224 3 4 30 52
L a te  May 176 24 220 84 30 106
E a r ly  June 20 84 2 2 .6 106 32 135
L a te  Ju n e 88 18 9 .6 22 2 3 .2 27
E a r ly  J u ly 1 .2 8 2 .4 1 7 .2 6 2 6 .4
L a te  J u l y 0 .8 8 .4 2 1 0 .6 8 13
A ugust 0 .8 7 .6 3 .2 9 .4 7 .6 11
Septem ber 2 .2 1 2 .2 3 .‘ 6 1 5 .8 1 3 .6 20
O otober 5 1 3 .6 8 25 20 33
November 8 5 .6 1 3 .6 18 32 .

135



SUMMARY

A s tu d y  was u n d e r ta k e n  a t  t h r e e  s i t e s  on Lake M ichigan  to  s tu d y  th e  

fe e d in g  h a b i t s  o f  f o u r  s p e c ie s  o f  f i s h ,  A lo sa  p se u d o h a re n g u s . Coregonus 

hoy i«  P e re a  f l a v e s c e n s .  and  Osmerus m ordax. and  t o  d e te rm in e  i f  th e s e  s p e c ie s  

w ere s e l e c t i v e  f e e d e r s  i n  th e  s e n se  o f  B rooks and  Dodson (19^5)•  To 

a c c o m p l is h * th is ,  stom ach a n a ly s e s  w ere p e rfo rm ed  on 2520  a le w iv e s ,  1870 

b lo a te r s *  2598 y e llo w  p e ro h  and  1232 a m e ric an  sm elt*  F is h  w ere  c o l l e c t e d  

th r e e  o f  th e  f o u r  se a so n s  o f  th e  y e a r  a t  d e p th s  from  0 t o  60  m eters*

S m a ll in d iv id u a l s  o f  a l l  f o u r  s p e c ie s  p re y e d  p r im a r i l y  on sm a ll 

C led o c e ra n s  and  Copepods a s  w e l l  a s  th e  l a r g e r  l im n e t i c  c ru s ta c e a  

P o n to p o re ia  a f f i n i s  and  M vsis r e l i c t a . L a rg e r  i n d iv id u a ls  a l s o  consumed 

th e s e  o rg an ism s b u t  added  o th e r  fo o d  i te m s . A d u lt  p e rc h  f e d  h e a v i ly  on 

f i s h  eg g s and  young and th e  s m e lt  consumed l a r g e  q u a n t i t i e s  o f  o s t r a o o d s .  

A p p ro x im a te ly  t h r e e  t im e s  a s  many fem a le  p e rc h  a s  m ules w ere fo u n d  to  

c o n ta in  f i s h *  s u g g e s t in g  s c h o o l in g  b y  se x  in  t h i s  s p e c ie s  a s  r e l a t e d  to  

fo o d  a c q u is i t io n *  T h is  d i f f e r e n t i a l  s c h o o lin g  i s  co n firm ed  b y  s t a t i s t i c a l  

e v a lu a t io n  o f  c a to h  lo c a t io n *  N e i th e r  a le w iv es*  b l o a t e r s  n o r  sm e lt  showed 

s im i l a r  s c h o o l in g  o r  f e e d in g  d i f f e r e n c e s  b a se d  on s e x .  F eed in g  d i f f e r e n c e s  

w ere  fo u n d  f o r  a l l  f o u r  s p e c ie s  b a se d  on dep th*  tim e  o f  th e  y e a r*  and 

a v a i l a b i l i t y  o f  v a r io u s  fo o d  s o u r c e s .

A l a b o r a to r y  e x p e rim e n t u s in g  120 f i s h  o f  e a c h  o f  th e  f o u r  s p e c ie s  

was a l s o  p e rfo rm ed  t o  d e te rm in e  i f  p a r t i c u l a r  s p e c ie s  o f  z o o p la n k to n  w ere 

consumed in  g r e a t e r  num bers and w ould b e  e x p e c te d  i f  th e  f i s h  w ere e a t in g  a t  

random* A l l  f o u r  s p e o ie s  consum ed g r e a t e r  p r o p o r t io n s  o f  th e  l a r g e  

l im n e t lo  c ru s ta o e a  P o n to p o re ia  and  M ysis th a n  w ould  b e  e x p e c te d  on a  random  

f e e d in g  b a s i s .  T h is  s e l e c t i v e  f e e d in g  i s  a l s o  fo u n d  i n  f i s h  ta k e n  from  th e

la k e  i t s e l f .  Z o o p lan k to n  c o u n ts  w ere  made o v e r  a  t h r e e  y e a r  p e r io d  and

Ql*
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compared to  data from stomach an alyses. The larger lim n etic  orustacea and 

zooplankton were found to  contribute a greater percentage In stomach 

analyses than th e ir  volume in  the lake would su ggest. The hypothesis o f  

Brooks and Dodson (1 9 6 5 ) thus seems to  be upheld fo r  th ese  four sp e c ie s .'

F h y to p la n k to n  s t u d i e s  w ere a l s o  u n d e rta k e n  a s  w e l l  a s  ch em ic a l and  

p h y s ic a l  s t u d i e s  t o  d e te rm in e  i f  f i s h  from  th e  t h r e e  s i t e s  w ere a f f e c te d ' 

by  th e s e  p a ra m e te r s .  A lth o u g h  d i f f e r e n c e s  w ere  d e te c t e d  i n  p a ra m e te r s ,  no

m ajo r d i f f e r e n c e s  i n  s i z e ,  age  c o m p o s itio n  o r  sex  c o m p o s itio n  c o u ld  be

found  i n  th e  f o u r  f i s h  s p e o ie s  s to c k s  t h a t  c o u ld  b e  c o r r e l a t e d  w ith

chang ing  p h y s ic a l  and  c h e m ic a l p a ra m e te rs  o r  c h an g in g  p h y to p la n k to n  s to o k s .
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