
- -~ 

Protecting Our Water Environment 

Metropolitan Water Reclamation District of Greater Chicago 

L 

W.G. Schmeelk 
I. Po 11s 
S.G. Dennison 
P. O'Brien 

RESEARCH AND DEVELOPMENT 
DEPARTMENT 

REPORT NO. 91-31 

OPERATION LAKE WATCH - 1984 

BACTERIA, ALGAE, BENTHOS, AND FISH 

IN THE WILMETTE, CHICAGO, AND CALUMET 

HARBOR AREAS OF SOUTHWESTERN 

LAKE MICHIGAN 

August 1991 



-Metropolitan Water Reclamation District of Greater Chicago- 

OPERATION LAKE WATCH - 1984  

BACTERIA, ALGAE, BENTHOS, AND F I S H  I N  THE WILMETTE, 
CHICAGO, AND CALUMET HARBOR AREAS 

OF SOUTHWESTERN LAKE MICHIGAN 

W i l l i a m  G .  S c h m e e l k  
Microbi~ologist I11 

I r w i n  P o l l s  
B i o l o g i s t  I11 

S a m u e l  G .  D e n n i s o n  
B i o l o g i s t  I1 

P a r n e l l  O ' B r i e n  
Microbiologist  I1 

R e s e a r c h  and D e v e l o p m e n t  D e p a r t m e n t  A u g u s t  1 9 9 1  



TABLE OF CONTENTS 

L I S T  OF TABLES 

L I S T  OF FIGURES 

ACKNOWLEDGEMENTS 

D i s c l a i m e r  

SUMMARY AND CONCLUSIONS 

INTRODUCTION 

OBJECTIVES  

B a c t e r i a  

A l g a e  

B e n t h i c  I n v e r t e b r a t e s  

S e d i m e n t  Q u a l i t y  

F i s h  

METHODS AND MATERIALS 

B a c t e r i a  

A l g a e  

P l a n k t o n  

P e r i p h y t o n  

Water C h e m i s t r y  

B e n t h i c  Inver tebra tes  

S e d i m e n t  Q u a l i t y  

F i s h  

E l e c t r o f i s h i n g  

G i l l  N e t  Sample 

Paae 

i v  

x i  

x i i  

x i i  

x i i i  

1 

3 

3 

4 

5 

6 

6 

9 

9 

1 0  

10 

13 

13 

13 

15 

15 

15 

16 



TABLE OF CONTENTS (Continued) 

Sage  

Bluegill Toxicity Index 	 17 

RESULTS 	 18 

Bacteria 	 18 

Algae 	 18 

Benthic Invertebrates 	 35 

Station 2-C Near Wilmette Harbor 	 35 

Station 4-C Near Chicago Harbor 	 48 

Station 6-C Near Calumet Harbor 	 52 

Sediment Quality 	 53 

Station 2-C Near Wilmette Harbor 	 53 

Station 4-C Near Chicago Harbor 	 53 

Station 6-C Near Calumet Harbor 	 56 

Fish 	 56 

DISCUSSION 	 87 

Bacteria 	 87 

Algae 	 87 

Populations 	 87 

Community Structure 	 90 

Benthic Invertebrates 	 97 

Relative Abundance and Species Composition 	97 

Trophic Indices 	 99 

Indicator Species 	 100 

ii 



TABLE OF CONTENTS (Continued) 

Sediment Quality 

Fish 

Number and Weight of Fish Collected-Gill Nets 

Yellow Perch 

Lake Trout 

Number and Weight of Fish Collected-Electro- 
fishing Boat 

Bluegill Toxicity Index 

Comparison of Bacteria, Algal, Benthos, and Fish 
Data 

REFERENCES 

APPENDICES 

Bacterial Results of Lake Michigan 
Shoreline. Sampling - 1984 

A11 Algae and Chemical Results from Samples 
Collected from the Inshore Waters of 
Southwestern Lake Michigan During 1984 

Data, for Fish Collected During 1984 from AIII-1 
the Inshore Are.as of Southwestern Lake 
Michigan (Wilmette, Chicago, and Calumet 
Harbors) 

iii 



LIST OF TABLES 

Table 
No. 

Total Coliform (TC) , Fecal Coliform (FC) , 
Fecal Streptococcus (FS) and P s e u ~ o n a s  
aeruainosa (PA) Colony Confirmations from 
Samples Collected in Lake Michigan in 1984 

Bacterial Cougts 
Shoreline Stations 

for Lake Michigan 

Summary of Algal Data Collected from the 
Inshore Areas of Southwestern Lake 
Michigan During 1984 

Persistent Periphyton Organisms (Present 
in 2 90 Percent of Samples) Collected from 
the Inshore Areas of Southwestern Lake 
Michigan During 1984 

Persistent Planktonic Organisms (Present 
in 2 90 Percent of Samples) from the 
Averaged Discrete Samples Collected from 
the Inshore Areas of Southwestern Lake 
Michigan During 1984 

Dominant Periphytic Organisms (2  1 Percent 
of the Total Periphyton Population) from 
Samples Collected from the Inshore Areas 
of Southwestern Lake Michigan During 1984 

Dominant Planktonic Organisms (2  1 Percent 
of the Total Plankton Population) Averaged 
Discrete Samples Collected From the 
Inshore Areas of Southwestern Lake 
Michigan During 1984 

Summary of Water Quality Constituents 
Determined from the Inshore Waters of 
Southwestern Lake Michigan During 1984 



LIST OF TABLES (Continued) 

Table 
No. 

The Mean Density* of Benthic Inverte- 
brates Collected at Wilmette Harbor 
(Station 2-C) in the Inshore Area of 
Southwestern Lake Michigan During April, 
August, and October of 1984 

The Mean Density* of Benthic Inverte- 
brates Collected at Chicago Harbor 
(Station 4-C) in the Inshore Area of 
Southwestern Lake Michigan During April, 
August, and October of 1984 

The Mean Density* of Benthic Inverte- 
brates Collected at Calumet Harbor 
(Station 6-C) in the Inshore Area of 
Southwestern Lake Michigan During April, 
August, and October of 1984 

Chemical Characteristics of Bottom Sedi- 
ments in the Inshore Area of Southwestern 
Lake Michigan, October 1984 

Trace Metals in Bottom Sediments in the 
Inshore Area of Southwestern Lake 
Michigan, October 1984 

Fish Species Collected from Southwestern 
Lake Michigan (Wilmette, Chicago, and 
Calumet Harbors) During September and 
October, 1984 

Number of Fish Collected with 500 Feet of 
Experimental Gill Nets in Wilmette, 
Chicago, and Calumet Harbors During 1984 

Percent of Total Gill Net Catch for Fish 
Collected in Wilmette, Chicago, and 
Calumet Harbors During 1984 

Number of Fish Collected Electrofishing in 
Wilmette, Chicago, and Calumet Harbors 
During 1984 



LIST OF TABLES (Continued) 

Table 
No. 

Percent of Total Electrofishing Catch for 
Fish Collected in Wilmette, Chicago, and 
Calumet Harbors During 1984 

Number of Fish Collected Per 30 Minutes 
Electrofishing and Percent of Total Catch 
for Fish Collected from Wilmette, Chicago, 
and Calumet Harbors During 1984 

Weight .(Grams) of Fish Collected with 500 
Feet of Experimental Gill Nets in 
Wilmette, Chicago, and Calumet Harbors 
During 1984 

Percent of Weight of Total Gill Net Catch 
for Fish Collected in Wilmette, Chicago, 
and Calumet Harbors During 1984 

Weight (Grams) of Fish Collected Electro- 
fishing in Wilmette, Chicago, and Calumet 
Harbors During 1984 

Percent of Weight of Total Electrofishing 
Catch for Fish Collected in Wilmette, 
Chicago, and Calumet Harbors During 1984 

Weight (Grams) of Fish Collected Per 30 
Minutes Electrofishing and Percent of 
Weight of Total Catch for Fish Collected 
from Wilmette, Chicago, and Calumet 
Harbors During 1984. 

Results of Chemical Analysis of Wilmette, 
Chicago, and Calumet Harbor Water Samples 
Taken During Harbor Fish Collections 

Percent Composition of Omnivorous Fish 
Species in the Catch from Wilmette, 
Chicago, and Calumet Harbors During 1984 



LIST OF TABLES ( C o n t i n u e d )  

T a b l e  
No. 

B a c t e r i a l  R e s u l t s  f r o m  S a m p l e s  C o l l e c t e d  
1 , 0 0 0  Yards ( 9 1 5  Meters) O f f s h o r e  a t  Lake-  
Cook C o u n t y  L i n e  ( S t a t i o n  1 -A,  w e  1) 
D u r i n g  1984 

B a c t e r i a l  R e s u l t s  f r o m  S a m p l e s  C o l l e c t e d  
1 , 0 0 0  Y a r d s  ( 9 1 5  Meters) O f f s h o r e  a t  W i l -  
me t te  H a r b o r  ( S t a t i o n  2-A, E i a u r e  L) 
D u r i n g  1984 

B a c t e r i a l  R e s u l t s  f r o m  S a m p l e s  C o l l e c t e d  
1 , 0 0 0  Y a r d s  ( 9 1 5  Meters) O f f s h o r e  a t  Mon- 
t r o s e  H a r b o r  ( S t a t i o n  3-A, F i a u r e  1) Dur- 
i n g  1984 

B a c t e r i a l  R e s u l t s  f r o m  S a m p l e s  C o l l e c t e d  
1 , 0 0 0  Y a r d s  ( 9 1 5  Meters) O f f s h o r e  a t  
B r e a k w a t e r  Gap f o r  C h i c a g o  H a r b o r  ( S t a t i o n  
4-A, F ic ru re  L) D u r i n g  1984 

B a c t e r i a l  R e s u l t s  f r o m  S a m p l e s  C o l l e c t e d  
1 , 0 0 0  Y a r d s  ( 9 1 5  Meters) O f f s h o r e  a t  
J a c k s o n  P a r k  H a r b o r  ( S t a t i o n  5-A, F i a u  
1) D u r i n g  1984 

B a c t e r i a l  R e s u l t s  f r o m  S a m p l e s  C o l l e c t e d  
1 , 0 0 0  Y a r d s  ( 9 1 5  Meters) O f f s h o r e  a t  
B r e a k w a t e r  Gap f o r  Ca lumet  H a r b o r  ( S t a t i o n  
6-A, - F i u u r e  1) D u r i n g  1984 

B a c t e r i a l  R e s u l t s  f r o m  S a m p l e s  C o l l e c t e d  
300  Y a r d s  ( 2 7 5  Meters) O f f s h o r e  a t  L i g h t -  
h o u s e  a t  Mouth o f .  I n d i a n a  H a r b o r  ( S t a t i o n  
7-A, F i a u r e  1) D u r i n g  1984 

P l a n k t o n  P o p u l a t i o n  E s t i m a t e s  f o r  t h e  I n -  
s h o r e  Waters o f  S o u t h w e s t e r n  L a k e  M i c h i -  
g a n  - 1 9 8 4 .  Column P l a n k t o n  TOW, W i l m e t t e  
H a r b o r  ( S t a t i o n  2-B, F i u u r e  1) 



LIST OF TABLES ( C o n t i n u e d )  
T a b l e  
L 

P l a n k t o n  P o p u l a t i o n  E s t i m a t e s  f o r  t h e  I n -  
s h o r e  Waters o f  S o u t h w e s t e r n  L a k e  M i c h i -  
g a n  - 1 9 8 4 .  Column P l a n k t o n  Tow, C h i c a g o  
H a r b o r  ( S t a t i o n  4-B, -1) 

A I I - 3  P l a n k t o n  P o p u l a t i o n  E s t i m a t e s  f o r  t h e  I n -  
s h o r e -  Waters o f  S o u t h w e s t e r n  L a k e  M i c h i -  
g a n  - 1 9 8 4 .  Column P l a n k t o n  Tow, C a l u m e t  
Harbor ( S t a t i o n  6-B, E i g u r e  L) 

P o p u l a t i o n  D e n s i t y  o f  P e r i p h y t i c  A l g a l  
S p e c i e s  C o l l e c t e d  f r o m  t h e  I n s h o r e  Waters 
o f  S o u t h w e s t e r n  Lake  M i c h i g a n  a t  W i l m e t t e  
H a r b o r  ( S t a t i o n  2-B, F i a u r e  1) D u r i n g  1984  

P o p u l a t i o n  D e n s i t y  o f  P e r i p h y t i c  A lga l  
S p e c i e s  C o l l e c t e d  f r o m  t h e  I n s h o r e  Waters 
o f  s o u t h w e s t e r n  ~ a k e  M i c h i g a n  a t  C h i c a g o  
H a r b o r  ( S t a t i o n  4-B, F i a u r e  L) D u r i n g  1984  

P o p u l a t i o n  D e n s i t y  o f  P e r i p h y t i c  A lga l  
S p e c i e s  C o l l e c t e d  f r o m  t h e  I n s h o r e  Waters 
o f  S o u t h w e s t e r n  Lake  M i c h i g a n  a t  C a l u m e t  
H a r b o r  ( S t a t i o n  6-B, U e  1) D u r i n g  1984  

A v e r a g e  P o p u l a t i o n  D e n s i t y  o f  K e m m e r e r  
P l a n k t o n i c  A l g a l  S p e c i e s  C o l l e c t e d  f r o m  
t h e  I n s h o r e  Areas o f  S o u t h w e s t e r n  L a k e  
M i c h i g a n  a t  Wilmette Harbor ( S t a t i o n  2-B, 

re 1) D u r i n g  1984 

A v e r a g e  P o p u l a t i o n  D e n s i t y  o f  Kemmerer 
P l a n k t o n i c  Alga l  S p e c i e s  C o l l e c t e d  f r o m  
t h e  I n s h o r e  Waters o f  S o u t h w e s t e r n  L a k e  
M i c h i g a n -  a t  C h i c a g o  Harbor ( S t a t i o n  4-B, 

u r e  L), March 2 t o  Augus t  1 5 ,  1984  

A v e r a g e  P o p u l a t i o n  D e n s i t y  o f  K e m m e r e r  
P l a n k t o n i c  Algal  S p e c i e s  C o l l e c t e d  f r o m  
t h e  I n s h o r e  W a t e r s  o f  S o u t h w e s t e r n  L a k e  
M i c h i g a n  a t  C h i c a g o  H a r b o r  ( S t a t i o n  4-B, 
F i a u r e  1) O c t o b e r  2 t o  December 28 ,  1984 

v i i i  



T a b l e  
No. 

LIST OF TABLES ( C o n t i n u e d )  

A v e r a g e  P o p u l a t i o n  D e n s i t y  o f  K e m m e r e r  AII-100 
P l a n k t o n i c  A l g a l  S p e c i e s  Collected f r o m  
t h e  I n s h o r e  Waters o f  S o u t h w e s t e r n  Lake  
M i c h i g a n  a t  Ca lumet  H a r b o r  ( S t a t i o n  6-B, 
F i g u r e  1) March 1 t o  September  18,  1984 

A v e r a g e  P o p u l a t i o n  D e n s i t y  o f  K e m m e r e r  AII-113 
P l a n t o n i c  A l g a l  S p e c i e s  C o l l e c t e d  f r o m  t h e  
I n s h o r e  W a t e r s  o f  S o u t h w e s t e r n  L a k e  
M i c h i g a n  a t  Ca lumet  Harbor ( S t a t i o n  6-B, 
F i u u r e  1) October 3  t o  December 28,  1984 

D e p t h  P r o f i l e s  o f  S e l e c t e d  Water Q u a l i t y  911-126 
I n d i c a t o r s  f o r  t h e  I n s h o r e  Areas o f  
S o u t h w e s t e r n  L a k e  M i c h i g a n  a t  W i l m e t t e  
Harbor  ( S t a t i o n  2-B, F i a u r e  1) D u r i n g  1984 

Depth  P r o f i l e s  of S e l e c t e d  Water Q u a l i t y  AII-128 
I n d i c a t o r s  f o r  t h e  I n s h o r e  Areas o f  
S o u t h w e s t e r n  L a k e  M i c h i g a n  a t  C h i c a g o  
Harbor  ( S t a t i o n  4-B, w e  1) D u r i n g  1984 

Depth  P r o f i l e s  o f  S e l e c t e d  Water Q u a l i t y  AII-131 
I n d i c a t o r s  f o r  t h e  I n s h o r e  A r e a s  ' o f  
S o u t h w e s t e r n  Lake  M i c h i g a n  a t  C a l u m e t  
Harbor  ( S t a t i o n  6-B, F i g u r e  1) Dur ing  1984 

AII-15 C h e m i c a l  A n a l y s e s  of  W a t e r  S a m p l e s  
C o l l e c t e d  f r o m  t h e  I n s h o r e  Waters o f  
S o u t h w e s t e r n  Lake  M i c h i g a n  a t  W i l m e t t e  
Harbor  ( S t a t i o n  2-B, Figure 1) D u r i n g  1984 

C h e m i c a l  A n a l y s e s  o f  W a t e r  S a m p l e s  AII-136 
C o l l e c t e d  f r o m  t h e  I n s h o r e  W a t e r s  o f  
S o u t h w e s t e r n  L a k e  M i c h i g a n  a t  C h i c a g o  
Harbor ( S t a t i o n  4-B, -1) D u r i n g  1984 

C h e m i c a l  A n a l y s e s  o f  Water S a m p l e s  AII-139 
C o l l e c t e d  f r o m  t h e  I n s h o r e  Waters o f  
S o u t h w e s t e r n  L a k e  M i c h i g a n  a t  C a l u m e t  
Harbor  ( S t a t i o n  6-B, P i g u r e  1) D u r i n g  1984 



LIST OF TABLES ( C o n t i n u e d )  

T a b l e  
No. 

S t a n d a r d  L e n g t h  f o r  F i s h  C o l l e c t e d  f r o m  
L a k e  M i c h i g a n  a t  Wilmette Harbor ( S t a t i o n  
2-D) D u r i n g  1984  

T o t a l  L e n g t h  f o r  F i s h  C o l l e c t e d  from L a k e  
M i c h i g a n  a t  W i l m e t t e  Harbor ( S t a t i o n  2-D) 
D u r i n g  1984 

T o t a l  W e i g h t  f o r  F i s h  C o l l e c t e d  f r o m  Lake  
M i c h i g a n  a t  W i l m e t t e  H a r b o r  ( S t a t i o n  2-D) 
D u r i n g  1984 

S t a n d a r d  L e n g t h  f o r  F i s h  C o l l e c t e d  f r o m  
L a k e  M i c h i g a n  a t  C h i c a g o  H a r b o r  ( S t a t i o n  
4-D) D u r i n g  1984 

T o t a l  L e n g t h  f o r  F i s h  C o l l e c t e d  from L a k e  
M i c h i g a n  a t  C h i c a g o  . H a r b o r  ( S t a t i o n  4-D) 
D u r i n g  1984 

T o t a l  W e i g h t  f o r  F i s h  C o l l e c t e d  f r o m  L a k e  
M i c h i g a n  a t  C h i c a g o  H a r b o r  ( S t a t i o n  4-D) 
D u r i n g  1984 

S t a n d a r d  L e n g t h  f o r  F i s h  C o l l e c t e d  f r o m  
L a k e  M i c h i g a n  a t  C a l u m e t  H a r b o r  ( S t a t i o n  
6-D) D u r i n g  1984 

T o t a l  L e n g t h  f o r  F i s h  C o l l e c t e d  f r o m  Lake  
M i c h i g a n  a t  C a l u m e t  Harbor ( S t a t i o n  6-D) 
D u r i n g  1984 

T o t a l  W e i g h t  f o r  F i s h  C o l l e c t e d  from L a k e  
M i c h i g a n  a t  C a l u m e t  Harbor ( S t a t i o n  6-D) 
D u r i n g  1984 



LIST OF FIGURES 

F i g u r e  
No. 

I n s h o r e  A r e a  o f  S o u t h w e s t e r n  Lake  M i c h i g a n  
S h o w i n g  B a c t e r i a l ,  A l g a l ,  B e n t h o s ,  a n d  
F i s h  S a m p l i n g  L o c a t i o n s  D u r i n g  1984 

P e r c e n t  C o m p o s i t i o n  o f  B e n t h i c  
I n v e r t e b r a t e s  f r o m  t h e  I n s h o r e  A r e a  of 
S o u t h w e s t e r n  Lake  M i c h i g a n ,  1984  

Mean Number of B e n t h i c  I n v e r t e b r a t e  T a x a  
f r o m  S t a t i o n s  2-C, 4-C, a n d  6-C i n  t h e  
I n s h o r e  A r e a  o f  S o u t h w e s t e r n  L a k e  
M i c h i g a n ,  1984 

Mean Number o f  B e n t h i c  I n v e r t e b r a t e s  from 
S t a t i o n s  2-C, 4-C, a n d  6-C i n  t h e  I n s h o r e  
A r e a  o f  s o u t h w e s t e r n  Lake M i c h i g a n ,  1984  

R a n k e d  R e l a t i v e  A b u n d a n c e  ( P e r c e n t  
C o m p o s i t i o n )  o f  B e n t h i c  I n v e r t e b r a t e s  f r o m  
S t a t i o n s  2-C, 4-C, a n d  6-C i n  t h e  I n s h o r e  
Area o f  Lake  M i c h i g a n ,  1984 

S e a s o n a l  R e l a t i v e  A b u n d a n c e  o f  B e n t h i c  
I n v e r t e b r a t e s  f r o m  S t a t i o n s  2-C, 4-C, a n d  
6-C i n  t h e  I n s h o r e  A r e a  o f  s o u t h w e s t e r n  
L a k e  M i c h i g a n ,  1984  ( S p  = S p r i n g ,  S u  = 
Summer, Fa  = F a l l )  

B l u e g i l l  T o x i c i t y  I n d e x  f o r  W i l m e t t e  
Harbor D u r i n g  1984 

B l u e g i l l  T o x i c i t y  I n d e x  f o r  C h i c a g o  H a r b o r  
D u r i n g  1984  

B l u e g i l l  T o x i c i t y  I n d e x  f o r  C a l u m e t  H a r b o r  
D u r i n g  1984  



ACKNOWLEDGEMENTS 

The au tho r s  wish t o  thank t h e i r  l abo ra to ry  t e c h n i c i a n s  

Anne Copeland, John Dorkin, Joseph Salerno,  and Michael Sopcak 

f o r  t h e i r  a i d  i n , c o l l e c t i o n  and i d e n t i f i c a t i o n  of specimens, t he  

o r g a n i z a t i o n  and s t a t i s t i c a l  t rea tment  of d a t a ,  and i n  t h e  

p repa ra t ion  of s e l e c t e d  por t ions  of t h e  t e x t  and appendices .  

Thanks a r e  als'o due t o  t h e  crews of P o l l u t i o n  Control  I and 

P o l l u t i o n  Control  11, without whose coopera t ion  most of t h e  

samples could not have been co l l ec t ed .  

Mention of p r o p ~ i e t a r y  equipment and chemicals i n  t h i s  

repor t  does not c o n s t i t u t e  endorsement by t h e  Metropolitan Water 

Reclamation D i s t r i c t  of Greater Chicago. 

xii 



SUMMARY AND CONCLUSIONS 

Bacteria 

In 1984, of the seven open water Lake Michigan sampling 

stations only one, station 7-A, located about 300 yards (275 

meters) offshore, from the Indiana Harbor Lighthouse, had fecal 

coliform (FC) levels greater than three per 100 mL. Station 7-A 

had counts of 55 per 100 mL as a geometric mean. ,Only this 

station, in 1984, had counts higher than the Illinois Pollution 

Control Board Lake Michigan open water quality.standard of 20 FC 

per 100 mL. . .  

In 1984, all locations met the Illinois Department of 

Public Health Lake Michigan beach standard of 500 FC per 100 mL. 

Alaae 

Comparing summer algae composition with studies conducted 

during the 1970's by the District and the Great Lakes 

Environmental Research Laboratory at Ann Arbor, Michigan, a 

clearly discernible improvement was found for Lake Michigan 

during 1984. The dominance of the green and blue-green algae in 

Lake Michigan summer algal populations found during the 1970 Is 

did not occur in 1984. Where the diatom contribution in the 

1970's had been as low as 5% of the algal population, the diatom 

contribution in 1984 was never less than 61% of the algal 

population. The increased dominance and appearance of the 

oligotrophic indicator species Qchtdh kiitzinaiana and C.  

along with the loss of dominance and reduced appearance 
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of the eutrophic indicator species Fraailaria -, alosira 

w, and tenuis and the recently introduced 

tenue var. elonaatum, . 0 

eutrophic species Diat  la - 

Data, SteDhanodiscus u n d e r a m  
, I , S .  subtllls, and Cvclotella 

s t e m  also confirms the improvement in water quality. The 

" and S .  minutus loss of SteDhanodiscus hantzschll (mesotrophic to 

eutrophic indicators) from a position of dominance in the 

population also supports the hypothesis of water quality 

' and Asterionella improvement, even though Fraailaria crotonensls 

formosa remained as dominants through most of the year. The 

increased dominance of Tabellaria fenestrata (a mesotrophic 

indicator) throughout 1984 added weight to the conclusion of 

improved Lake Michigan water quality as compared to the 1970's. 

c Invertebrates 

Bottom samples were collected from the inshore area of 

southwestern Lake Michigan at depths ranging from 15 to 31 feet 

during April, August, and October 1984. Based on the results 

from this study, the following conclusions can be made 

concerning the Lake Michigan benthic invertebrate communities: 

Sixty-nine benthic taxa, most of which were 
identified to species, were collected from the 
study area, with an overall estimated mean den- 
sity of 2,380 organisms/m2. 
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T u b i f i c i d s ,  c h i r o n o m i d s ,  n a i d i d s ,  o r t h o c l a d i n e s ,  
a n d  amphipods  a c c o u n t e d  f o r  44, 9 ,  3 1 . 8 ,  1 4 . 5 ,  
3 . 5 ,  a n d  1 . 6  p e r c e n t ,  r e s p e c t i v e l y ,  o f  t h e  t o t a l  
number o f  i n v e r t e b r a t e s .  

3 .  The o v e r a l l  e s t i m a t e d  mean a b u d a n c e  of t h e  
b e n t h i c  i n v e r t e b r a t e s  d u r i n g  t h e  s p r i n g ,  summer, 
a n d  f a l l  w a s  1 , 4 8 8 ,  3 , 2 2 0 ,  a n d  2 , 4 3 3  
organisms/m2,  r e s p e c t i v e l y .  

The m o s t  common i n v e r t e b r a t e  t a x a  i n c l u d e d  t h e  
c h i r o n o m i d s  U r o n o m u s  f l u v i a t i h  # # 

, # 

9r. t  CvBho- 
mella s p . ,  a n d  P o l l ~ ~ e d l l l u r n  s c a l a e n u ,  t h e  n a i -  
d i d s  P i a u e t i e l l a  m i c h i g a n e n s i s ,  a n d  V e j d o v s k -  
y e l l a  m e r m e d i a ,  a n d  t h e  t u b i f i c i d  w o r m  p o t a -  
m o t h r i x  v e i d o v s k v i .  

5 .  U s i n g  s e v e r a l  n u m e r i c a l  i n d i c e s  f o r  o l i g o c h a e t e  
worms ( t o t a l  a n d  r e l a t i v e  a b u n d a n c e )  a n d  t h e  
i n d i c a t o r  s p e c i e s  a p p r o a c h ,  t h e  b e n t h i c  i n v e r t e -  
b ra te  communi.ty i n  Lake M i c h i g a n  t y p i f i e d  a n  
a r e a  which  h a s  s u s t a i n e d  a m o d e r a t e  d e g r e e  o f  
o r g a n i c  p o l l u t i o n  o r  w a s  c h a r a c t e r i s t i c  of a 
m e s o t r o p h i c  h a b i t a t .  

B o t t o m  s e d i m e n t s  were c o l l e c t e d  f r o m  t h e  same t h r e e  

s t a t i o n s  as  t h e  b e n t h i c  i n v e r t e b r a t e s  i n  October 1 9 8 4 ,  a n d  

a n a l y z e d  f o r  1 5  c o n s t i t u e n t s .  The f o l l o w i n g  c o n c l u s i o n s  c a n  be 

made r e g a r d i n g  t h e  q u a l i t y  o f  t h e  Lake Mich igan  s e d i m e n t  i n  t h e  

s t u d y  a r e a :  

The mean p e r c e n t  v o l a t i l e  s o l i d s  a n d  t h e  mean 
c o n c e n t r a t i o n  o f  t h e  c h e m i c a l  o x y g e n  demand 
( C O D ) ,  f a t s ,  o i l s ,  a n d  g r e a s e s  (FOG), a r s e n i c ,  
c a d m i u m ,  c h r o m i u m ,  c o p p e r ,  i r o n ,  l e a d ,  
manganese ,  mercury ,  n i c k e l ,  s i l v e r ,  a n d  z i n c  i n  
t h e  s u r f  i c i a l  s e d i m e n t s  was 0 . 5 6  p e r c e n t ,  8 , 1 1 7 ,  
2 4 ,  0 ,  0 ,  6 . 3 ,  2 3 . 0 ,  8 , 4 3 0 ,  2 0 . 7 ,  283 ,  0 . 0 2 ,  
6 . 7 ,  3:0, a n d  6 3 . 3  mg/kg, r e s p e c t i v e l y .  



2 .  U s i n g  t h e  USEPAts R e g i o n  V g u i d e l i n e s  f o r  
e v a l u a t i n g  G r e a t  Lakes  h a r b o r  s e d i m e n t s ,  t h e  
Lake Michigan bo t t om s e d i m e n t s  i n  t h e  s t u d y  a r e a  
c a n  b e  c l a s s i f i e d  a s  n o n p o l l u t e d .  

Fish 

E i g h t  species o f  f i s h  c l a s s i f i e d  as b e i n g  i n t o l e r a n t  o f  a  

v a r i e t y  o f  d i s t u r b a n c e s  s u c h  a s  water q u a l i t y  d e g r a d a t i o n ,  

hab i t a t  d e g r a d a t i o n ,  o r  a combina t i on  o f  t h e  two, were collected 

f r o m  t h r e e  Lake Michigan h a r b o r s  (Wilmette, Chicago,  a n d  Calumet 

H a r b o r s )  d u r i n g  1 9 8 4 .  T h i s  s u g g e s t e d  t h a t  t h e s e  h a r b o r s  w e r e  

s u p p o r t i v e  o f  f i s h  p o p u l a t i o n s  and  were o f  good water q u a l i t y .  

The r e l a t i v e l y  g r e a t  p r o p o r t i o n  o f  t o p  c a r n i v o r o u s  f i s h  

s p e c i e s  i n  t h e  t h r e e  h a r b o r s  i n d i c a t e d  t h a t  h e a l t h y ,  t r o p h i c a l l y  

d i v e r s e  f i s h  communi t i es  e x i s t e d  i n  these h a r b o r s .  

The i n s h o r e  a r e a  of Ca lume t  H a r b o r  a p p e a r e d  t o  be 

m o d e r a t e l y  d e g r a d e d  n e a r  t h e  I n d i a n a  b o r d e r  b a s e d  on  t h e  p e r c e n t  

of omnivorous  f i s h  s p e c i e s  i n  t h e  e l e c t r o f i s h i n g  c a t c h .  

N o  h a r b o r  e x c e e d e d  0 . 2  b l u e g i l l  t o x i c  u n i t s  wh ich  is  

c o n s i d e r e d  s a t i s f a c t o r y  f o r  m a i n t a i n i n g  f i s h  p o p u l a t i o n s .  
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INSHORE WATERS OF SOUTHWESTERN LAKE MICHIGAN 

INTRODUCTION 

Lake  ~ i c h i g a r i '  i s  o n e  o f  t h e  L a u r e n t i a n  Great L a k e s  t h a t  

fo rm a n a t u r a l  bounda ry  be tween  Canada and  t h e  U n i t e d  S t a t e s  o f  

A m e r i c a .  The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e s e  l a k e s  were 

e s t a b l i s h e d  1 0 , 0 0 0  - y e a r s  a g o  w i t h  t h e  re t rea t  o f  t h e  

W i s c o n s i n i a n  g l a c i e r ,  and  a r e  s t a b l e  and  s l o w  t o  change .  Because  

t h e s e  l a k e s  c o n t a i n  20 p e r c e n t  o f  t h e  w o r l d ' s  s u p p l y  o f  s u r f a c e  

f r e s h  water t h e  d r a i n a g e  b a s i n  i s  h e a v i l y  p o p u l a t e d .  E i g h t y  

p e r c e n t  o f  t h e  C a n a d i a n  a n d  20 p e r c e n t  o f  t h e  U n i t e d  S t a t e s  

p o p u l a t i o n s  reside a round  t h e s e  l a k e s .  

Lake Mich igan  i s  t h e  o n l y  Great Lake c o m p l e t e l y  w i t h i n  t h e  

b o u n d a r i e s  o f  t h e  U n i t e d  S t a t e s .  I t  i s  350  m i l e s  ( 5 6 0  

k i l o m e t e r s )  l o n g ,  d i v i d e d  i n t o  b a s i n s  by a n  u n d e r w a t e r  r i d g e ,  

a n d  i n  t h e  s o u t h e r n  b a s i n  h a s  a  maximum east  w e s t  w i d t h  of 84 

m i l e s  (134 k i l o m e t e r s ) .  The a v e r a g e  d e p t h  o f  Lake Mich igan  is  

279 f e e t  ( 8 5  meters) w i t h  maximum d e p t h s  i n  t h e  n o r t h e r n  b a s i n  

o f  923 f e e t  (282  meters) a n d  i n  t h e  s o u t h e r n  b a s i n  o f  548 feet  

(167 meters). Lake Michigan h a s  a  s u r f a c e  area o f  22,300 s q u a r e  

m i l e s  ( 5 , 7 7 5 , 6 7 4  h e c t a r e s )  and  a  d r a i n a g e  b a s i n  ( i n c l u d i n g  t h e  

l a k e )  , o f  6 7 , 9 0 0  s q u a r e  miles ( 1 7 , 5 8 6 , 0 1 2  h e c t a r e s )  . Lake  

Mich igan  c o n t a i n s  1 ,180  c u b i c  miles (4 ,920  c u b i c  k i l o m e t e r s )  o f  

water w i t h  a n  a v e r a g e  d i s c h a r g e  r a t e  ( i n c l u d i n g  t h e  C h i c a g o  

d i v e r s i o n )  o f  5 1 , 0 0 0  c u b i c  f e e t  p e r  s e c o n d  ( 1 , 4 4 4  c u b i c  



meters/sec) . By combining this information an emptying or 

turnover time of 108 years can be calculated for Lake Michigan 

(1). 

The Metropolitan Water Reclamation District of Greater 

Chicago (District) was created in 1889 to protect the source of 

the City of Chicago's drinking water supply, Lake Michigan. The 

District has continued to safeguard this valuable water resource 

not only through capital improvements such as reversal of flow 

in the Chicago and Calumet Rivers to the Mississippi River 

drainage basin, the construction, maintenance, and improvement 

of wafer reclamation plants, and more recently the Tunnel and 

Reservoir Plan (TARP), but also through continuing and extensive 

water quality monitoring programs for this Great Lake. 



OBJECTIVES 

A two y e a r  s u r v e y  o f  t h e  i n s h o r e  w a t e r s  o f  s o u t h w e s t e r n  

Lake  M i c h i g a n  w a s  begun  i n  J a n u a r y  o f  1984 .  T h i s  r e p o r t  

d e s c r i b e s  t h e  r e s u l t s  o f  t h e  f i r s t  y e a r  (1984)  o f  t h i s  s u r v e y .  

The p r i m a r y  o b j e c t i v e  o f  t h i s  s u r v e y  was t o  d e t e r m i n e  t h e  

p r e s e n t  water q u a l i t y  o f  t h i s  r e g i o n  t h r o u g h  t h e  b i o t a  

c o l l e c t e d ;  e . g .  a l g a e  a s  t h e  p r i m a r y  p r o d u c e r s ,  b e n t h o s  as 

o rgan i sms  t h a t  a r e  p r i m a r y  and seconda ry  consumers ,  f i s h  a s  t h e  

u l t i m a t e  consumer i n  t h e  a q u a t i c  e n v i r o n m e n t i  a n d  b a c t e r i a  as 

i n d i c a t o r s  o f  human a c t i v i t i e s .  Chemica l  c o n s t i t u e n t s  i n  t h e  

w a t e r  o r  s e d i m e n t s ,  a s  a p p r o p r i a t e ,  were sampled  a t  t h e  same 

t i m e  a s  t h e  b i o t a .  Thus,  a c o m p o s i t e  w a t e r  q u a l i t y  d e t e r -  

m i n a t i o n  w a s  made. 

Comparisons o f  t h e  d a t a  c o l l e c t e d  were t o  b e  made w i t h  t h e  

Lake Mich igan  Water Q u a l i t y  S t a n d a r d s  ( 2 ) ,  p u b l i s h e d  by  t h e  

I l l i n o i s  E n v i r o n m e n t a l  P r o t e c t i o n  Agency, p r e v i o u s  s t u d i e s  

conduc ted  by t h e  Dis t r ic t  ( 3 ) ,  and Argonne N a t i o n a l  L a b o r a t o r i e s  

( 4 ) .  

B a c t e r i a  

B e c a u s e  t h e r e  a r e  l a r g e  nuinbers o f  d i f f e r e n t  k i n d s  o f  

bacter ia  t o  b e  found  i n  n a t u r a l  w a t e r s  t h e  i n d i c a t o r s  o f  s an -  

i t a r y  q u a l i t y ,  t o t a l  c o l i f o r m  (TC), f e c a l  c o l i f o r m  (FC) ,  a n d  

f e c a l  s t r e p t o c o c c u s  (FS)  were t h e  f i r s t  c h o i c e s  f o r  t h e  de-  

t e r m i n a t i o n  o f  water q u a l i t y  i n  t h e  i n s h o r e  waters o f  s a u t h -  

w e s t e r n  Lake Michigan .  The e s t i m a t e  o f  t o t a l  h e t e r o t r o p h s  o r  



standard plate count.(SPC), was added to provide an evaluation 

of bacterial biomass. To satisfy the public health aspect of a 

bacterial survey the Salmonella (enteric pathogens) group were 

identified and enumerated, as was Pseudommas aeruqinasa, an 

organism identified with water body contact infections, such as 

eye, ear, nose, and wound infections. 

Alaae 

The algae are the primary producers in aquatic systems, 

analogous to the grasses of land systems. They convert 

inorganic substances to organic substances such as proteins, 

carbohydrates, and fats and so are responsible for providing 

These algae 

sustenance to the other organisms inhabiting the water. The 

kinds of algae present can indicate whether or not the system 

(in this case southwestern Lake Michigan) represen.ts a disturbed 

or stable environment. To make this determination both 

planktonic and periphytic algae were collected. 

were identified to species and enumerated. 

More than 2,000 species of algae have been previously 

identified from Lake Michigan (4). Sixty-five percent of these 

species were classified as diatoms (Bacillariophyceae) . The 

remainder were divided among the green algae (Chlorophyta), 

blue-green algae (Cyanophyta), golden-brown algae 

(Chrysophyceae), euglenoids (Euglenophyta), and dinoflagellates 

and cryptomonads (Pyrrhophyta) . 



The previous investigations of indicator algal species in 

Lake Michigan were primarily on diatoms since they had been 

dominant in both species and number (4). The underlying 

assumption for determining indicator species was that different 

taxa were either adapted to, or tolerate water of dissimilar 

nutrient content. 

The Shannon-Weaver species diversity index was used to 

describe the richness of species and the distribution of 

individuals among the species (5). The persistence of species 

through the year showed tolerance to changing climatic 

conditions and dominance of a species in the population (greater 

than one percent of the total population) showed.that conditions 

were favorable for that species at that time. 

The benthic invertebrate community frequently has been used 

to assess the environmental quality of lakes and rivers. These 

organisms are sensitive to both physical and chemical changes in 

the environment. They also have sufficiently long life cycles 

and low motility, and thus reflect past and present 

environmental conditions. The community characteristics 

analyzed included the abundance, percent composition, and 

seasonal 'trends of invertebrates. 



nt O u a h L y  

Much of the suspended material that has been discharged 

from point and nonpoint sources of pollution eventually settles 

to the bottom of lakes. Some of these wastes can be toxic to 

aquatic organisms when present in high concentrations. Even 

though these materials are usually discharged to lakes at 

sublethal levels, many are capable of being concentrated in 

aquatic food chains. In this study, sediment samples were 

collected and analyzed for 15 chemical constituents. 

Fish 

Fish collections and analyses give the most meaningful 

index of water quality to the public, and have been performed on 

the District's waterways since 1974 (10, 11, 12, 13, 14, 15, 

16). Fish occupy the upper levels of the aquatic,food chain as 

the ultimate aquatic consumer. Therefore, changes in water 

quality that significantly affect the other kinds of organisms 

within the aquatic community will also affect the species 

composition and abundance of the fish population. 

A knowledge of the assemblage of fish species in a lake or 

a stream and the numerical relationships of these species 

provides an excellent biological picture of the watercourse and 

its well-being. When information is available over a long 

period of time, fishes can be one of the most sensitive 

indicators of the quality of the aquatic environment (17). 
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Lake Michigan's native fish stocks have changed vastly in 

the last 120 years (18). These changes are primarily attri- 

butable to exploitation (overfishing), the introduction of 

exotic (nonnative) species, and accelerated eutrophication or 

other forms of pollution related events. Exploitation was 

easily the major factor causing changes .in Lake Michigan fish 

stocks until the smelt became abundant in the 19301s, and 

probably until the parasitic sea lamprey became established in 

the 19401s, and the alewife in the 1950's 1 8  It i s  believed 

that the destruction of predators by the sea lamprey allowed the 

invasion of the alewife (19). 

As a prolific forage fish, the alewife,. has made possible 

the outstanding succes.sful coho and chinook salmon stocking 

programs begun in the mid-1960's in Lake Michigan (18). 

Predation on the alewife resulted in its decreased abundance, 

and the yellow perch and bloaters, competitors of the alewife, 

have increased in abundance (20, 21, 22) . Lake trout were 

stocked during 1965 and are once again abundant in Lake 

Michigan, as are the other trout and salmon species. The 

lamprey, though still present, is being controlled chemically 

(18). 

At present, 91 species of fish are known to inhabit Lake 

Michigan; while 135 species of fish are known to inhabit the 

tributaries to Lake Michigan (23). 
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I n  t h i s  s t u d y  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  w e r e  u sed  t o  

d e s c r i b e  t h e  f i s h  p o p u l a t i o n s  and t h e  w a t e r  q u a l i t y  i n  t h e  

W i l m e t t e ,  Chicago, and Calumet Harbors of Lake Michigan: 

1. Number o f  f i s h  s p e c i e s  c o l l e c t e d  w i t h i n  e a c h  
harbor ,  and f o r  a l l  harbors .  combined. 

2 .  Number and  p e r c e n t  o f  t o t a l  c a t c h  f o r  f i s h  
c o l l e c t e d  p e r  500 f e e t  of  e x p e r i m e n t a l  g i l l  n e t  
w i t h i n  e a c h  h a r b o r ,  a n d  f o r  a l l  h a r b o r s  
combined. 

3 .  Number and  p e r c e n t  of  t o t a l  c a t c h  f o r  f i s h  
c o l l e c t e d  p e r  30 minu tes  e l e c t r o f i s h i n g  w i t h i n  
each harbor ,  and f o r  a l l  ha rbors  combined. 

4 .  Weight (grams) of  f i s h  and p e r c e n t  of t h e  weight  
o f  t h e  t o t a l  c a t c h  of f i s h  c o l l e c t e d  p e r  500 
f e e t  of  e x p e r i m e n t a l  g i l l  n e t  w i t h i n  e a c h  
harbor ,  and f o r  a l l  ha rbors  combined. 

5. Weight (grams) of  f i s h  and p e r c e n t  of t h e  weight  
of  t h e  t o t a l  c a t c h  o f  f i s h  c o l l e c t e d  p e r  30 
minu tes  e l e c t r o f i s h i n g  w i t h i n  e a c h  h a r b o r ,  and 
f o r  a l l  ha rbors  combined. 

6 .  B l u e g i l l  t o x i c i t y  index ( 2 4 )  f o r  each h a r b o r  and 
f o r  a l l  ha rbors  combined. 



METHODS AND MATERIALS 

Facterh 

Water' samples for bacterial analyses were collected at a 

depth of one meter using a Kemmerer bottle. These samples were 

placed in sterile four liter containers, containing enough 

sodium thiosulfate to neutralize 15 mg/L chlorine, and 

transported on ice to the R&D Laboratory in Stic-kney, Illinois. 

Analyses were begun approximately six to twenty-four hours after 

sample collection began and from two to twenty hours after the 

last sample was collected. Total coliform (TC), fecal coliform 

(FC) , fecal streptococcus (FS) , and standard plate count (SPC) 
were performed according to S t a n d a r d t i o n  

of, 14th Edition (25). Salmonella were 

estimated using a modification of the MPN technique described by 

Kenner and Clark (26). Presumptive Salmonella were identified 

biochemically utilizing the API 20@ system for identification of 

Enterobacteriaceae. Confirmation of Salmonella isolates was 

performed with polyvalent "0" antisera. Pseudomonas aeruainosa 

(PA) analyses were performed according to the tentative method 

in -thods for the E E - ,  

15th Edition (27). Results were expressed as the geometric mean 

of samples collected four times during the year. 

Colony confirmations for TC, FC, FS, and PA are presented 

in m l e  1. The confirmation rates for typical TC, FC, FS, and 

PA colonies were 52.6%, 86.7%, 71.4%, and 100%, respectively. 
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PLANKTON 

"Plankton  r e f e r s  t o  microscopic  a q u a t i c  forms hav ing  l i t t l e  

o r  no  r e s i s t a n c e  t o  c u r r e n t s  and  l i v i n g  f r e e - f l o a t i n g  and  

suspended i n  open o r  p e l a g i c  waters"  ( 2 7 ) .  

Two t y p e s  o f  p l a n k t o n  samples  were c o l l e c t e d .  One t y p e  of 

s a m p l e  was c o l l e c t e d  w i t h  a  K e m m e r e r  w a t e r  s a m p l e r  which  

c o l l e c t e d  discrete  w a t e r  samples  a t  d e p t h s  o f  one,  t h r e e ,  and 

f i v e  meters, and t h e  bottom meter. The  o t h e r  t y p e  of  sample was 

c o l l e c t e d  w i t h  a  p l a n k t o n  n e t  (80 micrometer  mesh) by l o w e r i n g  

t h e  n e t  t o  t h e  bot tom of  t h e  w a t e r  column and  t h e n  r a i s i n g  it 

s t r a i g h t  up - t h i s  i s  c a l l e d  a  column o r  v e r t i c a l  p l a n k t o n  n e t  

tow and  samples  t h e  e n t i r e  wa te r  column. Both t y p e s  of  samples  

were kep t  i n  t h e  da rk  and i c e d .  

Upon r e t u r n  t o  t h e  l a b o r a t o r y  t h e  d i scre te  w a t e r  s amples  

were d i v i d e d  i n t o  f o u r  a l i q u o t s ;  one f o r  d i a t o m  a n a l y s i s ,  one 

f o r  nondiatom o r  s o f t - b o d i e d  a l g a e  a n a l y s i s ,  one f o r  c h l o r o p h y l l  

a  a n a l y s i s ,  and  one f o r  o r g a n i c  m a t t e r  a n a l y s i s .  The v e r t i c a l  

p l a n k t o n  n e t  tow sample was d i v i d e d  i n t o  two a l i q u o t s ;  one f o r  

d ia tom a n a l y s i s  and one f o r  nondiatom a n a l y s i s .  

Diat-. The samples  f o r  d i a t o m  a n a l y s i s  were d i g e s t e d  

w i t h  30 p e r c e n t  hydrogen p e r o x i d e  and d i ch romate  a s  a  c a t a l y s t  

a s  d e s c r i b e d  i n  Standard Methods ( 2 7 ) .  S e r i a l  c o n c e n t r a t i o n s  

were by s e d i m e n t a t i o n  ( 2 7 ) .  A f t e r  moun t ing  i n  Hyrax@ t h e  

10



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 

TOTAL COLIFORM (TC), FECAL COLIFORM (FC), FECAL STREPTOCOCCUS (FS) 
AND PSEUDOMONAS AERUGINOSA (PA) COLONY CONFIRMATIONS 

FROM SAMPLES COLLECTED IN LAKE MICHIGAN IN 1984 

Number of Colonies 
Confirmed 

Number of Colonies 
Tested 

percent Conf irmea 

l ~ ~ p i c a l  Colonies. 
2~typical Colonies. 
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c o u n t i n g  p r o t o c o l  u s e d  was t o  i d e n t i f y  and  c o u n t  500 o r g a n i s m s  

o r  300  f i e l d s ,  whichever  came f i r s t .  

N o n d i a t o m s .  The s a m p l e s  f o r  n o n d i a t o m  a n a l y s e s  were 

p r e s e r v e d  w i t h  0 . 5  p e r c e n t  g l u t a r a l d e h y d e ,  a n d  t h r e e  d r o p s  o f  

c o n c e n t r a t e d  d e t e r g e n t .  S e r i a l  s e d i m e n t a t i o n  a s  d e s c r i b e d  i n  

S t a n d a r d t h o h o d s  (27)  was u sed  t o  c o n c e n t r a t e  t h e  o rgan i sms  two 

h u n d r e d  times. F i v e  h u n d r e d  o r g a n i s m s  o r  300 f i e l d s  were 

i d e n t i f i e d  a n d  c o u n t e d .  To d e t e r m i n e  t h e  p e r c e n t a g e  o f  l i v e  

d i a t o m s  t h e  t o t a l  number o f  d i a t o m s  was n o t e d  a s  w e l l  a s  t h o s e  

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

d i a t o m  p r e p a r a t i o n  d e s t r o y s  t h o s e  d i a t o m s  w h i c h  a r e  o n l y  

s l i g h t l y  s i l i c i f i e d ,  such  a s  B h i x o s o l e n i a ,  t h e s e  o rgan i sms  were 

c o u n t e d  i n  t h e  nondia tom p r e p a r a t i o n  a n d  added  t o  t h e  d i a t o m  

c o u n t .  

C h l o r o p h v l l  a.  Samples  were f i l t e r e d  t h r o u g h  g l a s s  f i b e r  

f i l t e r s ,  e x t r a c t e d  w i t h  90 p e r c e n t  a c e t o n e ,  a n d  g r o u n d  i n  a  

t i s s u e  g r i n d e r  a s  d e s c r i b e d  i n  S t a n d a r d  Methods ( 2 7 ) .  S.amples 

were c l a r i f i e d  by c e n t r i f u g a t i o n  and a b s o r b a n c e s  d e t e r m i n e d  i n  a  

s p e c t r o p h o t o m e t e r .  C h l o r o p h y l l  a  c o n c e n t r a t i o n s  w e r e  c a l c u l a t e d  

u s i n g  t h e  UNESCO e q u a t i o n s  ( 2 7 )  . 
c : The sample f o r  o r g a n i c  m a t t e r  a n a l y s i s  was 

d r i e d  a t  1 0 3 ' ~ ,  weighed,  f i r e d  i n  t h e  m u f f l e  oven a t  6 0 0 ° ~ ,  and  

reweighed .  The d i f f e r e n c e  i n  weight  i s  t h e  o r g a n i c  m a t t e r  ( 2 7 ) .  



PERIPHYTON 

Periphyton are "A community of microscopic plants and 

animals associated with the surfaces of submerged objects. Some 

are attached, some move about" (27). 

The periphytic algae were sampled by providing artificial 

substrates (microscope slides) for them to colonize. They were 

collected at two week intervals, protected from autooxidation by 

wrapping in aluminum foil, kept viable at ~ O C ,  and transported 

to the laboratory. The slides were equally divided among the 

four analyses: diatoms, nondiatoms, chlorophyll a, and organic 

matter. Because of the variation among slides the distribution 

to each analysis was made on a rotating basis to minimize 

sampling bias. Once the samples had been scraped off the 

slides, the samples were handled as for plankton analyses. 

WATER CHEMISTRY 

Water samples for chemical analysis were collected at the 

same time as the algae samples. Temperature, Secchi disk, 

dissolved oxygen, and pH were determined on site. A total of 49 

water quality constituents were measured at each site according 

to S t a n d a r d h f o r t i o n  of Water and Wastewater, 

15th Ed. (27) and the results of these analyses are presented in 

the Appendix, Tables AII-13 to AU-15. 

Benthic Invertebrates 

Three replicate bottom samples of 0.05 m2 were collected 

with a Ponar grab sampler during April, August, and October of 
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1984 from stations near Wilmette, Chicago, and Calumet Harbors. 

The sediment samples were placed in one gallon plastic 

containers and returned to the laboratory for analysis. All 

samples collected were stored at 4OC until processed. 

Upon return to the laboratory, the samples were washed and 

screened through a number 60 U. S. Standard Sieve. The sieved 

material was examined under a stereomicroscope at 7 to 30 

magnifications. All invertebrates were removed from the finer 

residual material, sorted into major taxon'omic groups, and 

counted within three to four days of the time of sampling. 

Except for the worms and midges, each organism was examined and 

identified to the lowest possible taxon with the 

stereomicroscope. Oligochaete worms and chironomid midge larvae 

were mounted on slides using a temporary mounting medium (100 mL 

lactic acid, 100 mL glycerol, and 200 mL tap water), and 

identified under a compound microscope at 100 to 1,000 

magnifications. At least 200 worms were identified from each of 

' the replicate samples. 

Identifications were made to the species level whenever 

possible using the following taxonomic references: Curry (28), 

Hiltunen and Klemen ( 2 9 ) ,  Hosinger (30), Jackson (311, Klemm 

(32), Mackie et al. (33), Maschwitz (34), Pennak (351, Saether 

(36, 37, 38) and Stimson et al. (39) (Hamilton and Saether, 

personal communication with one of the authors, Irwin Polls). 



A sediment sample was collected with a Ponar grab sampler 

during October from the same three stations as benthic 

invertebrates. The sample was'transferred into a quart glass 

jar and analyzed for percent total and volatile solids, chemical 

oxygen demand (COD), fat, oils and greases (FOG), arsenic, 

cadmium, chromium, copper, iron, lead, manganese, mercury, 

nickel, silver, and zinc. All 15 constituents were analyzed 

according to 1 - d  W U  

(40). 

Fish 

Fish were collected from Calumet Harbor on September 17, 
R 

18, and 29, 1984; from ~ilmette Harbor on September 24 and 25, 

1984; and Chicago Harbor on October 23, 24, and 25, 1984. 

Fishing gear used included a 230-volt alternating current 

electrofishing boom mounted on a 14-foot aluminum commercial 

boat, and 125-foot long, six-foot deep, experimental gill nets 

(with five 25-foot sections of square mesh size: 3/4-inch, 1- 

inch, 1-1/4-inch, 1-1/2-inch, and 2-inch) . 

ELECTROFISHING 

Fish were collected with long-handled dip nets (3/8-inch 

mesh) along a known length of shoreline within each harbor. All 

electrofishing times were noted. A current of approximately 11 

amps was maintained by use of a transformer. The electrofishing 
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b o a t  circled back a t  i n t e r v a l s  t o  p i c k  up f i s h  missed d u r i n g  t h e  

f i rs t  p a s s  a long t h e  s h o r e l i n e .  

The e l e c t r o f i s h e r  was used  i n  r e l a t i v e l y  s h a l l o w  w a t e r  

a r e a s  i n  t h e  h a r b o r s ,  which i n c l u d e d  t h e  Wilmette Harbor b o a t  

yard,  t h e  rocky r i p r a p  around t h e  J a r d i n e  Water F i l t r a t i o n  P l a n t  

i n  Chicago Harbor and t h e  rocky r i p r a p  n e a r  t h e  mouth of t h e  

Calumet R i v e r  a s  w e l l  a s  t h e  weedy s h a l l o w s ,  and t h e  m e t a l  

p i l i n g - e n c l o s e d  boat  launching f a c i l i t y  a t  t h e  U .  S. Coast Guard 

S t a t i o n  i n  Calumet Harbor. 

GILL NET SAMPLE 

Two 250-foot  l e n g t h s  of g i l l  n e t t i n g ,  each  l e n g t h  made up 

of  two 125-foot  exper imenta l  g i l l  n e t s  t i e d  t o g e t h e r ,  were set 

n e a r  t h e  bot tom and p e r p e n d i c u l a r  t o  t h e  s h o r e l i n e  i n  e a c h  

h a r b o r  and l e f t  o v e r n i g h t .  One 250-foot  g i l l .  n e t  was se t  

r e l a t i v e l y  c l o s e  t o  s h o r e  and t h e  o t h e r  250-foot  g i l l  n e t  was 

set r e l a t i v e l y  f a r t h e r  away ( n e a r  t h e  b reakwate r  s t r u c t u r e s  i n  

Chicago ~ a r b o k  and i n  Calumet H a r b o r ) .  T h e r e f o r e ,  a t o t a l  of 

500 f e e t  of exper imenta l  g i l l  n e t t i n g  was used t o  c o l l e c t  a  f i s h  

sample i n  each harbor .  

'Wilmette Harbor i s  a  r e l a t i v e l y  smal l  h a r b o r  when compared 

w i t h  Chicago Harbor  and Calumet Harbor .  The g i l l  n e t s  a t  

Wilmette Harbor were set i n  a  manner s i m i l a r  t o  t h e  o t h e r  two 

h a r b o r s ,  b u t  were a c t u a . 1 1 ~  o u t s i d e  of t h e  h a r b o r ,  j u s t  t o  t h e  

n o r t h  .and t o  t h e  s o u t h  o f .  t h e  Wilmette Harbor  mouth. F o r  



p u r p o s e s  o f  t h i s  r e p o r t  t h i s  a r e a  w i l l  a l s o  be referred t o  a s  

W i l m e t t e  Harbor .  

A l l  f i s h  c o l l e c t e d  by  e i t h e r  method were i d e n t i f i e d  t o  

s p e c i e s ,  weighed  t o  t h e  n e a r e s t  gram ( s m a l l  f i s h )  o r  n e a r e s t  

t e n t h  o f  a  k i l o g r a m  o r  t e n t h  o f  a  pound ( l a r g e  f i s h ) ,  a n d  

m e a s u r e d  f o r  s t a n d a r d  a n d  t o t a l  l e n g t h  t o  t h e  n e a r e s t  

millimeter. Large f i s h  were i d e n t i f i e d ,  weighed and  measured i n  

t h e  f i e l d .  Sma l l  f i s h  were p r e s e r v e d  i n  10  p e r c e n t  f o r m a l i n ,  

a n d  i d e n t i f i e d ,  weighed and  measured  a t  a  l a t e r  d a t e ,  i n  t h e  

l a b o r a t o r y ,  a f t e r  b e i n g  t r a n s f e r r e d  t o  40 p e r c e n t  i s o p r o p a n o l .  

BLUEGILL TOXICITY I N D E X  

.The b l u e g i l l  t o x i c i t y  i n d e x  ( 2 4 )  was c a l c u l a t e d  f rom t h e  

r e s u l t s  o f  chemica l  a n a l y s e s  f o r  v a r i o u s  t o x i c  components o f  t h e  

w a t e r  from which t h e  f i s h  were c o l l e c t e d .  A component t o x i c i t y ,  

e x p r e s s e d  i n  b l u e g i l l  t o x i c  u n i t s  ( B G T U ' s )  was c a l c u l a t e d  f o r  

e a c h  t o x i c a n t  by d i v i d i n g  t h e  env i ronmen ta l  c o n c e n t r a t i o n  of  t h e  

t o x i c a n t  by  i t s  9 6  h o u r  LC50 ( l e t h a l  c o n c e n t r a t i o n  f o r  50 

p e r c e n t  o f  t h e  i n d i v i d u a l  f i s h  w i t h i n  96 h o u r s )  t o  b l u e g i l l .  

The component t o x i c i t i e s  were t h e n  summed t o  y i e l d  t h e  t o x i c i t y  

i n d e x  ( a l s o  i n  B G T U ' s ) .  A sample o f  l a k e  w a t e r  w i t h  a t o x i c i t y  

of  1 . 0  BGTU, f o r  example,  would be l e t h a l  by d e f i n i t i o n  t o  50 

p e r c e n t  o f  t h e  b l u e g i l l s  exposed t o  it f o r  96 h o u r s  ( 4 1 ) .  



RESULTS 

BactmiA 

Geometric means of the bacterial constituents monitored 

during 1984 in Lake Michigan are shown in X&-. The complete 

data from which W 1 e  2 was derived are contained in Appendix 

Al. (Sampling locations are shown in Fiaure 1.) Samples were 

analyzed for total coliform, fecal coliform, fecal streptococci, 

standard plate count, Pseudomonas jieruainosaC and Salmonella 

species. The sampling stations included six within Cook County 

(Stations 1-A through 6-A) and one south of Cook County (Station 

7-A) . 

Alaae 

A summary of the algae analyses is presented in Table 3. 

Sample locations are keyed to E5gure 1. The column or vertical 

plankton net tow plankton densities ranged from approximately 

542 to 2,081 organisms per mL with 54 to 63 species. The 

periphyton population densities ranged from 142,040 to 328,932 

organisms per cm2 with 59 to 126 species. Kemmerer plankton 

(discrete water samples collected with a Kemmerer bottle) ranged 

at one meter depth from 4,478 to 5,150 organisms per mL with 150 

to 173 species, at three meter depth from 4,122 to 5,105 

organisms per mL with 134 to 160 species, at five meter depth 

from 4,657 to 5,950 organisms per mL with 99 to 163 species, and 

at the bottom meter from 4,500 to 6,900 organisms per mL with 95 

to 159 species. Summarizing the Kemmerer plankton through all 
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 2 

BACTERIAL COUNTS FOR LAKE MICHIGAN SHORELINE STATIONS~ 

S t a t i o n  ~ o c a t i o n ~  T C ~  S P C  S a l m o n e l l a  

1-A 
L a k e - C o o k  R o a d  

2-A 
W i l m e t t e .  H a r b o r  

3-A 
M o n t r o s e  H a r b o r  

4 -A 
C h i c a g o    arbor 

5-A 
J a c k s o n  P a r k  H a r b o r  

6-A 
C a l u m e t  H a r b o r  

7 -A 
I n d i a n a  H a r b o r  

L i g h t h o u s e  

l ~ l l  coun t s  per 1 0 0  mL except S P C  w h i c h  i s  i n  c o u n t s  per mL. 
2mure 1 
~ T C  = t o t a l  c o l i f o r m ,  FC = fecal  coliform, F S  = fecal  streptococcus, S P C  = standard 
p l a t e  count ,  PA = Pseudomonas aeruq.bosa. 

4 ~ a l u e s  s h o w n  are t h e  g e o m e t r i c  mean of r e s u l t s  of a n a l y s e s  of f o u r  samples t a k e n  
A p r i l ,  June,  A u g u s t ,  and O c t o b e r ,  1 9 8 4 .  FS are t h e  r e s u l t  of one s a m p l i n g  r u n  i n  
O c t o b e r ,  1 9 8 4 .  
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 3 

SUMMARY OF ALGAL DATA COLLECTED FROM THE INSHORE AREAS OF 
SOUTHWESTERN LAKE MICHIGAN DURING 1 9 8 4  

C o n s t i t u e n t  o r  
C a l c u l a t e d  P a r a m e t e r  

" W i l m e t t e  H a r b o r  C h i c a g o  H a r b o r  
S t a t i o n  S t a t i o n  

2-B 4 -B 

C a l u m e t  H a r b o r  
S t a t  i o n  

6-B 

C o l u m n  P  l a n k t o n - N e t  Tow 
P o p u l a t i o n  D e n s i t y  ( o r g a n i s m s / m L )  
N u m b e r s  of Species 

P e r i p h y t o n  
P o p u l a t i o n  D e n s i t y  ( o r g a n i s m s / c m 2 )  1 4 2 , 0 4 0  

10 
P Species D i v e r s i t y .  1 . 0 6  

N u m b e r s  of Species 5 9  
O r g a n i c  Matter (p.g/crn2) 2 4 . 0  
C h l o r o p h y l l  a (p.g/cm2) 0 . 0 2  

K e m r n e r e r  P l a n k t o n  - 1 Meter 
P o p u l a t i o n  D e n s i t y  ( o r g a n i s m s / m L )  
Species D i v e r s i t y  
N u m b e r s  of S p e c i e s  
O r g a n i c  Matter (pg / mL)  
C h l o r o p h y l l  a ( p . g / m ~ )  

T a b l e  c o n t i n u e d  on f o l l o w i n g  page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3  (Continued) 

SUMMARY OF ALGAL DATA COLLECTED FROM THE INSHORE AREAS OF 
SOUTHWESTERN LAKE MICHIGAN DURING 1984 

Constituent or 
Calculated Parameter 

Wilmette Harbor Chicago Harbor Calumet Harbor 
Stat ion Station Station 

2  -B 4  -B 6-B 

Kemmerer Plankton - 3  Meters 
Population Density (organisms/mL) 
Species Diversity 
Numbers of Species 
Organic Matter (pg/mL) 
Chlorophyll a (pg/mL) 

10 
10 Kemmerer Plankton - 5  Meters 

Population Density (organisms/mL) 
Species Diversity 
Numbers of Species 
Organic Matter (pg/mL) 
Chlorophyll a (pg/mL) 

Kemmerer Plankton - Bottom 
Population Density (organisms/mL) 5,892 
Species Diversity 1 . 1 9  
Numbers of Species 95 
Organic Matter (pg/mL) 58 
Chlorophyll a (pg/mL) 3 . 2  

Table continued on following page. 



METROPOLITAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICAGO 

TABLE 3 ( C o n t i n u e d )  

SUMMARY OF ALGAL DATA COLLECTED FROM THE INSHORE AREAS OF 
SOUTHWESTERN LAKE MICHIGAN DURING 1 9 8 4  

C o n s t i t u e n t  o r  
C a l c u l a t e d  P a r a m e t e r  

W i l m e t t e  H a r b o r  
S t a t i o n  

2 -B 

C h i c a g o  H a r b o r  C a l u m e t  H a r b o r  
S t a t i o n  S t a t i o n  

4  -B 6-B 

S i t e  A v e r a g e  

K e m m e r e r  P l a n k t o n  
P o p u l a t i o n  D e n s i t y  ( o r g a n i s m s / m L )  
S p e c i e s  D i v e r s i t y  
N u m b e r s  of Species 
O r g a n i c  M a t t e r  ( p g / m L )  
C h l o r o p h y l l  a ( p g / m L )  

K e m m e r e r  P l a n k t o n  - O v e r a l l  
P o p u l a t i o n  D e n s i t y  ( o r g a n i s m s / m L )  
Species D i v e r s i t y  
N u m b e r s  of Species 
O r g a n i c  M a t t e r  ( p g / m L )  
C h l o r o p h y l l  a ( p g / m L )  

* m u r e  1 s h o w s  loca t ion  of s a m p l i n g  s t a t i o n s .  



depths at each site, the population densities ranged from 4,528 

to 5,272 organisms per mL with 208 to 256 species. By combining 

stations an average Kemmerer plankton population density of 

4,811 organisms per mL with a total of 350 species was 

calculated. 

Table shows that eight periphytic organisms were present 

in more than 90 percent of the samples collected. One of the 

eight persistent periphytic organisms (Fraailaria crotonensis) 

was listed by Palmer (42, 43) as a pollutant-tolerant species. 

Table 5 shows that 16 persistent plankton species were present 

in the southwestern Lake Michigan harbor area of which three, 

F r a u a r i a  crotonensis, Melosira w, and Nit- 
fonticola, were listed by Palmer as pollutant-tolerant species. 

Table 6 shows that 50 dominant periphyton were found in Lake 

Michigan during 1984; 14 of these organisms were listed by 

Palmer as pollutant-tolerant. M 1 e  7 lists 67 dominant 

plankton found in Lake Michigan during 1984 with 13 of these 

organisms listed by Palmer as being pollutant-tolerant. 

A summary of the results of the water chemistry analyses 

is presented in W l e  8. The number of observations, mean, 

and sample standard deviation are given for each of the 

constituents analyzed. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 

PERSISTENT PERIPHYTON ,ORGANISMS (PRESENT IN 290 PERCENT OF 
SAMPLES) COLLECTED FROM THE INSHORE AREAS OF 

SOUTHWESTERN LAKE MICHIGAN DURING 1984 

Persistent Organisms* 

Wilmette Chicago Calumet 
Harbor Harbor Harbor 
Station Station Station 

2 -B 4-B 6-B 

Achnanthes afflnls 
. , 

B s s f o r m o s a  
Cvclotellakuetzlnalana 

. . 

F r a w  crotonensis** 
Fraailaria Intermedia 

, a 

!auuh=m ~livaceum 
ellaria f enestrata 

"Organisms present in 290 percent of the samples collected. 
Three samples were collected at Wilmette, nine.samples at 
Chicago, and eleven samples at Calumet, (Stations 2-B, 4-B, 
and 6-B, respectively) . 

**Pollutant-tolerant (43) . 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 

DOMINANT PERIPHYTIC ORGANISMS (21 PERCENT OF THE TOTAL 
PERIPHYTON POPULATION) FROM SAMPLES COLLECTED FROM THE 
INSHORE AREAS OF SOUTHWESTERN LAKE MICHIGAN D U R I N G  1 9 8 4  

Dominant Organisms 

Wilmette Chicago Calumet 
Harbor Harbor Harbor 

S ta t ion  Sta t ion  Sta t ion  
2-B* 4-B* 6-B * 

Fchnanthes a f f i n i s  
Achnanthesarimmei 
a s w f o r m o s a  
Cocconej_S g&icu lu**  
Cocconeis placentula 
Cvclotel la  kuetzinaiana 
Cvclotel la  wseudostelliaera 

Cvmbella microceDhala 
Cvmbellaorostrata 
Diatomaelonaatum 
Piatoma glonqatum var .  m i n o r  
Diatoma tenue var .  elongatum 
Piatoma vulgare* 
D i a t ~ m a  vulaare var .  producta 
F r a a i l a r i a  L k a p i t a t a  

ail- m t r -  
F r a a i l a r i g  construens 

var .  venter 
F r a a i l a r i a  crotonensis** 
F r a a i l a r i a  intermedia 

lauam=m abbrevi- -- - ~1ivaceU.m 
var .  calcarea 

Melosira granula tak* 
Navicula crvwtocenhala** 
Havicula crvwtoce~hala  

va r .  veneta 
Nitzschia  

. 8 * *  

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6 ( C o n t i n u e d )  

DOMINANT PERIPHYTIC ORGANISMS (21 PERCENT OF THE TOTAL 
PERIPHYTON POPULATION) FROM SAMPLES COLLECTED FROM THE 

INSHORE AREAS OF SOUTHWESTERN LAKE MICHIGAN DURING 1 9 8 4  

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  

S t a t i o n  S t a t i o n  S t a t i o n  
2 -B* 4-B* 6-B* D o m i n a n t  O r g a n i s m s  

N i t z g c h i a  f o n t i c o l a * *  
U t z s c m  f r u s t u l w  

-* * 
u t z s -  w* 
--. 

var .  intermedia 
S t e ~ h m o d i s c u s  h a D t z s c U * *  
S te~hanodiscus  m i n u t u s  
s-a acus*" 
Svnedra nana 
Svnedratenera 
S v n d r a  ulna var .  c h a s e a n a * *  
Tabel lar ia  fenestr- 

Bulbochaete s p .  
~ G J a b Q k u  SP. 

Scenedesmus W c a u d a *  * 

A n a b a e n a v  - 
Anabaenawisconsinense 
Chroococcus s U p e r s u s  
Chroococcus l i m n e t i c u s  
L v n U  limnetica 

* S t a t i o n  loca t ions  shown i n  . m u r e  1. 
* * P o l l u t a n t - t o l e r a n t  ( 4 3 )  
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 7 ( C o n t i n u e d )  

DOMINANT PLANKTONIC ORGANISMS (21 PERCENT OF THE TOTAL 
PLANKTON POPULATION) AVERAGED DISCRETE SAMPLES COLLECTED FROM 

THE INSHORE AREAS OF SOUTHWESTERN LAKE MICHIGAN DURING 1 9 8 4  

D o m i n a n t  O r g a n i s m s  

W i l m e t t e  C h i c a g o  
H a r b o r  H a r b o r  

S t a t i o n  S t a t i o n  
2-B* 4-B* 

C a l u m e t  
H a r b o r  

S t a t i o n  
6-B* 

-astraea 
SteDhanodiscusastraea 

var .  i n t e r m e d i a  
S t e p h a o n d i s c u s  & t z s c h i i * *  

a n o d i s c u s  m i n u t u s  
s- acus*" 
Svnedraafflnls 

I I 

var .  fasc icula ta  
Svnedraaaillonll . a  

Svnedra var .  c h a s e a n a f *  
Tabe l l a r i a  f enes t ra ta  

flocculosa 

lstrodesmus c o n v o l u t u ~  
Chlamvdomonasalobosa 
CladoDhora sp .  1 

ol1t- 
M o u u e o t b  sp .  

h r o c v t u  e c d v s b c e ~ a n h  
O o c v s t i s  parva 
Scenedesmusarcuatus 

var .  p l a t y d i s c a  - biiuaa*" 
Scenedesmus 5aaadL-** 
Stichococclhs bacillaris 
U l o t h r i x  sp .  

T a b l e  c o n t i n u e d  on f o l l o w i n g  page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 7 (Continued) 

DOMINANT PLANKTONIC ORGANISMS (21 PERCENT OF THE TOTAL 
PLANKTON POPULATION) AVERAGED DISCRETE SAMPLES COLLECTED FROM 
THE INSHORE AREAS OF SOUTHWESTERN LAKE MICHIGAN DURING 1984 

Dominant Organisms 

Wilmette Chicago Calumet 
Harbor Harbor Harbor 
Station Station Station 
2-B* 4-B* 6-B* 

Dinobrvon bavaricum 

von sertularla 
Anabaena ~ircinalis 
Anabaena wisconsinense 
Chroococcus dis~ersus 

var. minor 
Chroococcuslimneticus 
Chroococcusminutus 

etica 
Qscillatoria agardhli , #  

Dscillatoria limnetica 
Oscillatoria lutea 

minima 
Qscilbtorh W** 

*Station locations shown in Fiuure 1. 
**Pollutant-tolerant (43). 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 8 

SUMMARY OF WATER QUALITY CONSTITUENTS DETERMINED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN DURING 1984 

Wilmette Harbor Chicago Harbor Calumet Harbor 
S u n  7-B S- 4 B - Station 6 - B 

Constituents Units n Mean SD n Mean SD n Mean SD 

Temperature O C 8 14.1 5.1 9 13.3 6.4 10 13.4 6.2 
Turbiditv NTU 9 8.0 10.3 9 4.7 4.1 10 3.5 3.1 
Secchi ~ i s k  meters 8 2.44 1.48 9 1.83 1.13 10 1.9 3.14 
PH STD Units 9 ND ND 9 ND ND 10 ND ND 
Alkalinity, Total mg /L 9 116.7 7 .O 9 114.7 7.0 10 126.9 32.5 
Sulfate mg/L 9 22.6 2.2 9 21.8 1.5 10 23 2.5 
Fluoride mg/L 9 0.16 0.02 9 0.16 0.02 10 0.17 0.03 
Chloride mg /L 9 10.7 2.8 9 10.0 2.3 10 11.5 3.1 
Phosphorus, Total mg/L 9 CO. 1 0 9 <O .1 0 10 <O. 1 0 
Phosphorus, Dissolved mg/L 8 cO.1 0 9 <O. 1 0 10 <O. 1 0 
Silica, Total mg /L 7 0.57 0.49 8 0.66 0.53 9 0.5 0.4 
Calcium mg/L 8 34.4 10.9 9 30.2 5.6 10 35.2 8.7 
Magnesium mg/L 8 12.1 1.5 9 10.8 0.6 10 11.5 1.1 
Potassium mg/L 8 1.54 0.47 9 1.18 0.32 10 1.59 0.42 
Sodium mg/L 8 - 7.5 3.4 9 6.9 2.1 10 8 2.4 
Solids, Total mg/L 9 190.6 23.6 9 184 11.2 10 178 3 2 
Solids, Total Volatile mg/L 9 59.7 15.9 9 5 6 18.4 10 55.4 15.3 
Solids, Suspended mq/L 9 16.1 19.1 9 6.4 4.2 10 5.3 4 .O 
Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 8  (Continued) 

SUMMARY OF WATER QUALITY CONSTITUENTS DETERMINED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN DUIRNG 1984 

Wilmette Harbor Chicago Harbor Calumet Harbor 
s t a r ipn  7 - B S t a t i o n  6-B 

C o n s t i t u e n t s  U n i t s  n Me an SD n Mean SD n Mean SD 

S o l i d s ,  V o l a t i l e  mg/L 4  5  3.5 3  2.7 1 . 7  3  1 .7  0 .5  
Suspended 

Oxygen, Di s so lved  mg/L 4  9.85 0.87 5  10 .35  1 . 5 9  6  9.55 1.47 
Oxygen Demand, Chemical mg/L 9  9.7 4.5 9  1 0 . 2  5.3 1 0  7 . 9  3.5 
Oxygen Demand, mg/L 9  2.3 0 .7  9  2.2 0 . 6  1 0  <2 0  

w 5-Day Biochemical  
u T o t a l  Organic  Carbon mg/L 1 3.0  0  2  3 . 0  0  2 4.0 1 . 0  

Nitrogen,  T o t a l  K j e l d a h l  mg/L 9  0.70 0 .80  9  0.57 0 . 4 9  10 0 .35  0.46 
Nitrogen,  Di s so lved  mg/L 8  0 . 5 4  0 .72  9  0 . 4 1  0.52 1 0  0 .32  0.28 

T o t a l  Kje ldah l  
Ni t rogen,  Ammonia mg/L 9 0 . 5 9  0 .59  9  CO. 1 0  1 0  < O .  1 0  
Nitrogen,  N i t r a t e  mg/L 9  0.27 0 .12  9  0 .24  0 .08  1 0  0.24 0 .10  
Nitrogen N i t r i t e  mg/L 9  < O .  1 0  9  < 0 . 1  0  1 0  CO. 1 0  
F a t s ,  O i l s ,  and Greases  mg/L 9  1 . 2  0 . 4  9  1.1 0 . 3  10 1 . 3  0 . 6  
Foaming Agents - MBAS mg/L 8  0 . 0 0 8  0 .007  9  0.009 0.007 9 0 .007  0.004 
Hardness a s  CaC03 mg/L 7  131.6 13 .0  9  1 2 3 . 9  1 2 . 8  8  1 3 5 . 6  1 4 . 1  

by T i t r a t i o n  
Hardness a s  CaC03 mg/L 8  137 .0  32.4 7  129 .8  1 5 . 3  1 0  1 3 7 . 1  22.6 

bv C a l c u l a t i o n  
Table con t inued  on fo l lowing  page.  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 8  (Continued) 

SUMMARY OF WATER QUALITY CONSTITUENTS DETERMINED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN DURING 1984 

Constituents Units 

Wilmette Harbor Chicago Harbor Calumet Harbor 
St- 2-B S w  4  - B  6-B 

n Mean SD n Mean SD n Mean SD 

Aluminum mg/L 8  < 1 0  9  < 1 0  1 0  < 1  0  
Arsenic mg /L 8 < 0 . 2  0  9 < 0 . 2  0  1 0  < 0 . 2  0  
Barium mg/L 8 < 0 . 2  0  9  < 0 . 2  0  1 0  cO.2 0  
Cadmium mg/L 8 <O .02  0  9  <O .02 0  1 0  <O .02  0  
Chromium mg/L 8  <O .02 0  9  <O .02 0  1 0  <O .02  0  

u Copper mg/L 8 0 . 0 3  0 . 0 3  9  <o .02  0  10  0 . 0 2  0 . 0 1  * Iron, Total mg/L 8  0 . 2 9  0 . 1 5  9  0 . 2 1  0 . 0 3  1 0  0 . 2 3  0 . 0 6  
Lead mg/L 8 0 . 0 3 9  0 . 0 3 5  9  0 . 0 2 1  0 . 0 0 3  1 0  0 . 0 2 4  0.009 
Manganese mg /L 8  0 . 0 2  0 . 0 0 3  9 <O .02  0  1 0  <O. 0 2  0 . 0 0 3  
Mercury P ~ / L  8 0 . 1 6  0 . 0 6  9  0 . 1 7  0 . 0 6  1 0  0 . 1 7  0 . 0 6  
Nickel mg /L 8  c 0 . 2  0  9  <0 .2  0  1 0  < 0 . 2  0  
Selenium mg /L 8  < 0 . 2  0  9 < 0 . 2  0  1 0  ~ 0 . 2  0  
Zinc mg /L 8  < 0 . 2  0  9  c 0 . 2  0  1 0  c 0 . 2  0  
Phenol and Like Substances, wg/L 9  1 . 9  2 . 2  9  1 0  1 0  < 1 0  
as Phenol 

Silver mg /L 8 <O. 02 0  9  <O. 02 0 1 0  <O. 02 0  
Cyanides, Total P ~ / L  6  1 1 6  1 1 6  1 1 
Conductivity pnhos/cm 9 262 .7  5 . 4  9  2 6 5 . 9  5 . 9  1 0  2 6 9 . 3  7 . 7  

- 

n = Number of Observations. 
SD = Standard Deviation. 
ND - Not Determined. 



Invertebrates 

Sixty-nine benthic invertebrate taxa were identified from 

the inshore area of southwestern Lake Michigan with an overall 

estimated mean density of 2,380 organisms/m2. There were 16 

species of chironomids, 14 naidids, and 10 tubificids. The 

estimated mean abundance of the benthic invertebrates collected 

at Stations 2-C, 4-C, and 6-C during the spring, summer, 'and 

fall are presented in Tablles 9 to U. Overall, tubificids, 

chironomids, naidids, orthocla-dines, and amphipods accounted 

for 44.9, 31.8, 14.5, 3.5, and 1.6%, respectively, of the total 

( w e '  7 ) .  Eighty-one percent of the tubificids were 

unidentifiable immature worms. The dominant taxa shifted 

throughout the year, and seasonally dominant organisms included 

the chironomids and P. 

w) , the naidids (E. -, and Y. m r m e u ) ,  

and the tubificid (P. vejcbvskvi). 

STATION 2-C NEAR WILMETTE HARBOR 

A total of 41 benthic taxa, most of which were identified 

to species, were collected from Station 2-C near Wilmette Harbor 

(Table) There were 10 species of chironomids, six 

tubificids, five naidids, and three amphipods. The highest 

number of taxa (33) was collected during the summer (Eigure 3). 

The estimated means for the spring, summer, and fall sampling 

periods were 519, 689, and 2,762, organisms/m2~ respectively, 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 9 

THE MEAN DENSITY* OF BENTHIC 1NVERTEBRATES.COLLECTED AT 
WILMETTE HARBOR (STATION 2-C) IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April August October 

Coelenterata 
Hvdra SP- 

---- Number of 0rganisms/m2---- 

19 

Annelida 
Naididae 

Nais variablis 
Piquetiella mlchlgane 

. . nsis 38 
S~ecarig ipsinae 
Veidovskyella Jntermedia 19 

Tubificidae 
etides f z i  
1lus C& 

Jlimnodrilus boffmeisteri 
Limnodrilus udekemianus 
Potamothrirr rn- 
Pot?umLhdz Y & b x k y i  
Undetermined immatures 
with capilliforms 
without capilliforms 

Hirudinea 
Gloss- 

Arthropoda 
Crustacea 

I sopoda 
Asellus s p .  

Amphipoda 
Gamrnarus ~seudolimnaeus 
Bvalella azteca 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 9 (Continued) 

THE MEAN DENSITY* OF BENTHIC INVERTEBRATES COLLECTED AT 
WILMETTE HARBOR (STATION 2-C) IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April August October 

Ponto~oreia hovi 
Insecta 
Tricoptera 

ud=wLk SP. 
Leptoceridae 

Diptera 
Tanypodinae 
Procladius sp. 

Diamesinae 
Potthastia cf. 
loncrimanus 

Prodiamesinae 

Monodiamesa cf. 
tuberculata 

Orthocladinae 
Beterotrissocladiu~ cf. 
chanai 

Orthocladius sp. 
efferlella sp. 

Chironominae 
Chironomini 

Crv~tochironomu~ . . laitatus 
Crv~tochironornus cf. 
fulvus 

g. nr. Q&umdh 
crv~to- 

SP 

---- Number of 0rganisms/m2---- 

6 13 19 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 9 (Continued) 

THE MEAN DENSITY* OF BENTHIC INVERTEBRATES COLLECTED AT 
WILMETTE HARBOR (STATION 2-C)'IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April Augu st October 

ParacladoDelma 
tolabis-gr . 

ParacladoPelmanereis 
Polvpedilium cf. 6 
scalaenum 

PolvlxxLhlm 
0 .  cf. 12 7 

tuberculum 
Tanytarsini 

Tanvtarsus SP. 
Mollusca 
Gas t ropoda 
Goniobasis livescens 
Pvsella SP. 

Pelecypoda 
Musculiym transversurq 

. . . - SP. 
Total Density 

Number of Taxa** 

---- Number of 0rganisms/m2---- 
4 4  1 57 

*Three bottom samples were collected during each season. 
**Undetermined imrnatures are not included in the number of 
taxa. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 10 

THE MEAN DENSITY* OF BENTHIC INVERTEBRATES COLLECTED AT 
CHICAGO HARBOR (STATION 4-C) IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April August October 

Coelenterata 
Hvdra SP. 

Annelida 
Enchytraeidae 
Lumbriculidae 
Stvlodrilus herlnalanus a ,  

Naididae 

Chaetoaaster- 
Chaetoaaster diastro~hus 
Nais yaria- . , 

, . Prlstlnaforeli 
hcustris 

Vejdovskyella intermedia 
ncinata 

Tubificidae 
Bulodrilus americanu~ 

~ i a u e t ~  
Limnodriluscervix 

eistd. 
Potamothrix moldaviensis 
Potamothrix veidovskvi 
Tubif ex mperiorensis 
Undetermined immatures 
with capilliforms 
without capilliforms 

---- Number of 0rganisms/m2---- 

19 . 1 9  

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 10 (Continued) 

THE MEAN DENSITY* OF BENTHIC INVERTEBRATES COLLECTED AT 
CHICAGO HARBOR (STATION 4-C) IN THE 1NSHORE.AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April August October 

---- Number of 0rganisms/m2---- 

32 
SP . - SP. 

Paracladowelma 
camwtolabig-gr. 

Paraclado~elma 
nereis 

ParacladoDelma 
undine 

Paracladopelma 
winnelll 

Polv~edilium 
. . 

cf. maenurn 
PolvDedlllum 

. ,  

_tuberculum 
Pseudochironomus 
SP . 

Tanytarsini 
Cladotanvtarsus sp. 
plicro~ecta sp. 
Tanvtarsus SP. 

Mollusca 
Gas t ropoda 
Amnicolalimosa 

Pelecypoda 
Musculium- 

f .  iavease 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 10 (Continued) 

THE MEAN DENSITY* OF BENTHIC INVERTEBRATES COLLECTED AT 
CHICAGO HARBOR (STATION 4-C) IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April August October 

, . , 
urn casartanum - SP. 

Szhaerjum simile 

Total Density 

Number of Taxa** 

---- Number of 0rganisms/m2---- 

*Three bottom samples were collected during each season. 
**Undetermined immatures are not included in the number of 
taxa . 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 11 

THE MEAN DENSITY* OF BENTHIC INVERTEBRATES COLLECTED AT 
CALUMET HARBOR (STATION 6-C) IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April August October 

Coelenterata 
Hvdra SP. 

Annelida 
Enchytraeidae 
Naididae 

A r m s  Iomondi 
Chaetouaster cristallinu~ - dia~hanus 
Chaetoaaster d.iutroDhus 
Dero sp. 
Naiscommunis 
Nais varlablll~ 

. a ,  

piauetiella michiaanensis 

Vejdovskvelh intermedia 

Tubificidae 
Aulodrilus gigueti 
Jimnodrilus dekemianus 
Quistadrilus 

with. capilliforms 
without capilliforms 

---- Number of 0rganisms/m2---- 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 11 (Continued) 

THE MEAN DENSITY* OF BENTHIC ,INVERTEBRATES COLLECTED AT 
CALUMET HARBOR (STATION 6-C)' IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon Apri 1 August October 

---- Number of 0rganisms/m2---- 

Arthropoda 
Crustacea 
Amphipoda 
Gammarus pseudolimnaeus 
Pontoporeia bovi  

Insecta 
Diptera 
Tanypodinae 
Procladius sp. 

Diamesinae 
Pot thastia 

cf. lonaimanus 
Prodiamesinae 
Monodiamesa 
cf. d e ~ e c t w  

Monodiamesa 
cf. 

Orthocladinae 
Heterotrissocladius 
cf. changi' 

eff-. sp. 
Psect rocl- sp. 

Chironominae 
Chironomini 
Chironornus 
mthraciw-gr. 

f luvlatllls . . .  -gr . 

B e r n i c r v ~ t o ~ o n o w  
SP . 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 11 (continued) 

THE MEAN DENSITY* OF BENTHIC INVERTEBRATES COLLECTED AT 
CALUMET HARBOR (STATION 6-C) IN THE INSHORE AREA OF 

SOUTHWESTERN LAKE MICHIGAN DURING APRIL, AUGUST, AND OCTOBER 
OF 1984 

Taxon April August October 

paraclado~elma 
tolabis-gr. - 

nereis 
P'aracladopelma 
undine 

ParacladoDelma 

cf. scalaenum 
Polvpedlllum 

. , 

cf. tuberculu~ 
Pseudochironomus SE, 

Tanytarsini 
Ucros~ecta sp. 
Tanvtarsussp - 

Mollusca 
Gast ropoda 
Pleurocera.acuta 

Total Density 

Number of Taxa** 

---- Number of 0rganisms/m2---- 

*Three bottom samples were collected during each season. 
""ndetermined irnmatures are not included in the number of 

t a x a .  

45



46



686 1 '~~31~31~ 
BWV? NXBLSBMHLflOS JO V38V BXOHSNI 3HL NI 3-9 CINV '3-b 

'3-2 SNOILVAS WOHd VXVL 3LVXg3LH3ANI 3IHLN38 JO 838WnN NVBW 

47



( U e  4). The increase in the relative abundance during the 

fall was due to the high number (2,014/m2) of the chironomid, 

Cvnhomella sp. Overall, chironomids, naidids, tubificids, 

amphipods, and orthocladines accounted for 71, 13, 8, 2, and 2%, 

respectively, of the total number of invertebrates (Fiaure 5). 

Numerically, the chironomids were the predominant benthic group 

during all three seasons (Fiaure 6). The most common 

invertebrates (total number collected during 1984) at Wilmette 

included the chironomid C m  sp. (2, 038/m2), the naidid 

4 a worm, p. mlchlaanensis (367/m2) and the chironomid, P.  scalaenum 

(306/m2). 

STATION 4-C NEAR CHICAGO HARBOR 

Forty-nine taxa, most of which were identified to species, 

were collected from Station 4-C near Chicago Harbor ( W l e  1Q). 

These included 17 species of chironomids, nine naidids, and 

seven tubificids. The greatest number of taxa (39) was found 

during the summer (-re 3). Estimated mean densities for the 

spring, summer, and fall were 3,545, 7,417, and 2,700 

organisms/m2, respectively, (Fiaure 4) . The high number of 

undetermined immature tubificids (4, 674/m2) collected during 

August accounted for the increased abundance of invertebrates 

during the summer. Overall, the benthos was dominated 

numerically by the tubificids (62%), chironomids (19%), and 

naidids (11%) (Eig.ue 5). Tubificids predominated at all times 

during the year (Eigure 6). The most abundant invertebrate taxa 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 4 

MEAN NUMBER OF BENTHIC INVERTEBRATES FROM STATIONS 2-C, 4-C, 
AND 6-C IN THE INSHORE AREA OF SOUTHWESTERN LAKE MICHIGAN, 

1984 

Mean Total 
Numberof 4000 

Organisms Per 5000 I 
Square Meter 

1000 

0 

I August 

1 61 October 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 5 

RANKED RELATIVE ABUNDANCE (PERCENT COMPOSITION) 
OF BENTHIC INVERTEBRATES FROM STATIONS 2-C, 4-C, AND 6-C 
IN THE INSHORE AREA OF SOUTHWESTERN LAKE MICHIGAN, 1984 

Station 2-C 

Station 4-C 

1 %  

Station 6-C 

0% 

Amphipoda 

Chironominae 

Diamesinae 

Naididae 

Orthocladinae 

Others 

Tubificidae 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 6 

SEASONAL RELATIVE ABUNDANCE OF BENTHIC INVERTEBRATES FROM 
STATIONS 2-C, 4-C AND 6-C 

IN THE INSHORE AREA OF S O U T H ~ S T E R N  LAKE MICHIGAN, 1984 
(SP=SPRING, SU=SUMMER, FA=FALL) 

Relative 
Abundance (%) 

I Chironominae 1 
Tubificids 

Orthocladinae 

Naididae 

Amphipoda 

Others 
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(total number collected during 1984) at Station 4-C were the 

undetermined immature tubificids (6, 821/m2), followed by the 

tubificid 2. veidov- (1,178/m2), the chironomids P. scalaenum 

(1,089/m2) and C. fluv u - g r  (589/m2), and the naidids P. 
, . mlchlaanensis (494/m2) and Y. intermedia (437/m2). 

STATION 6-C NEAR CALUMET HARBOR 

A total of 43 taxa, most of which were identified to 

species, was collected from Station 6-C near Calumet Harbor 

(Table 11). There were 13 species of chironomids, 13 naidids, 

and five tub,ificids. The number of taxa ranged from a'low of 11 

during thespring to a maximum of 31 in the summer ( w e  3). 

The mean estimated densities of invertebrates collected during 

the spring, summer, and fall were 397, 1,553, and 1,836 

organisms/m2, respectively (Fiaure 4) . Overall, the major 

invertebrate groups which contributed more than 90% of the fauna 

during 1984 were the chironomids (35%), naidids (28%), 

tubificids (23%), and orthocladines (8%) (Eigue 5). Especially 

noteworthy. wass the large number of naidids (631/m2) collected 

during the summer which accounted for 41% of the total benthic 

fauna (Fiaure 6). The predominant o.rganisms (total number 

collected during 1984 at Station 6-C) were the undetermined 

immature tubificids (769/m2), the naidid, P. michiaanensis 

(340/m2), and the midges, E. scalaenum (273/m2), & c & h L € €  

sp. (241/m2), and E. tuberculum (202/m2). 



The chemical characteristics and trace metal concentrations 

in sedimentsfor Stations 2-C, 4-C, and 6-C are summarized in 

Tables 12 and U, respectively. 

.STATION 2-C NEAR WILMETTE HARBOR 

The percent total and volatile solids measured in the 

sediment at Station 2-C near Wilmette Harbor were 82.9 and 

0.48%, respectively. The concentration of chemical oxygen 

demand (COD) in bottom sediment was 13,400 mg'/kg. Fats, oils, 

and greases (FOG) measured 34 mg/kg in sediment ( W l e  17). 

Arsenic, cadmium, and nickel were all below the detection limit 

(Tam). The concentrations of chromium, copper, iron, lead, 

manganese, mercury, silver, and zinc in sediments at Station 2-C 

were 6, 19, 4,440, 20, 194, 0.02, 3, and 50 mg/kg, respectively. 

STATION 4-C NEAR CHICAGO HARBOR 

At Station 4-C near Chicago Harbor, the percent total and 

volatile solids were 82.6 and 1.11%, respectively. The COD 

measured 8,200 mg/kg in bottom sediment. The concentration of 

FOG was 37 mg/kg (Table). Arsenic, cadmium, and nickel were 

all below the detection limit (Table). The concentrations of 

chromium, copper, iron, lead, manganese, mercury, silver, and 

zinc in sediment at Station 4-C were 7, 24, 7,450, 23, 214, 

0.03, 3, and 80 mg/kg, respectively. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 12 

CHEMICAL CHARACTERISTICS OF BOTTOM SEDIMENTS IN 
THE INSHORE AREA OF SOUTHWESTERN LAKE MICHIGAN 

OCTOBER 1984 

Station 

Constituent 
Chemical Fats, Oils, 

Total Volatile Oxygen and 
Solids Solids Demand Greases 

( % )  ( % )  (mg/kg) (mg/kg) 

Wilmette Harbor 
2-C 

Chicago Harbor 
4-C 

Calumet Harbor 
6-C 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 3  

TRACE METALS I N  BOTTOM SEDIMENTS IN THE INSHORE AREA O F  
SOUTHWESTERN LAKE MICHIGAN, OCTOBER 1 9 8 4  

Met  a1 
S t a t i o n  A r s e n i c  C a d m i u m  C h r o m i u m  C o p p e r  I r o n  L e a d  M a n g a n e s e  M e r c u r y  N i c k e l  S i l ve r  Zinc 

W i l m e t t e  
H a r b o r  

2 -C 

C h i c a g o  
H a r b o r  

'4-C 

C a l u m e t  
H a r b o r  

6-C < 1 . 0  <O. 02 6 . 0  2 6 . 0  1 3 , 4 0 0  1 9 . 0  4 4 0  0 . 0 1  2 0 . 0  3 .0  6 0  

* E x p r e s s e d  i n  m g / k g  o f  d r y  s e d i m e n t  ( p a r t s  per m i l l i o n  d r y  b a s i s ) .  



STATION 6-C NEAR CALUMET HARBOR 

The percent total and volatile solids in sediment of 

Station 6-C near Calumet Harbor were 83.4 and 0.1%, 

respectively. The COD concentration in bottom sediment at 

Station 6-C was 2,750 mg/kg. FOG measured in the sediment was 

<5 mg/kg ( T a b l e - )  . Arsenic and cadmium were all below the 

detection limit of 1.0 and 0.02 mg/kg, respectively ( X a b b ) .  

The concentrations of chromium, copper, iron, lead, manganese, 

mercury, nickel, silver, and zinc in the sediment were 6, 26, 

13,400, 19, 440, 0.01, 20, 3, and 60 mg/kg, respectively. 

Fish 

Fish species collected during September and October 1984 

from Wilmette, Chicago and Calumet Harbors of Lake Michigan are 

listed in W e  14. A total of 11 fish species was collected 

from Wilmette Harbor, 12 fish species from Chicago Harbor, and 

19 fish species from Calumet Harbor. A total of 25 fish species 

was collected from this shallow water portion of southwestern 

Lake Michigan (all three harbor collections combined). 

Results for the number of fish collected in the 

experimental gill nets are listed in Table. The percent fish 

species composition for these gill net collections are listed in 

Table 16 for each harbor and for all three harbors combined. 

The yellow perch was by far the most numerous fish collected 

with the experimental gill nets in the open water of each 

harbor. In Wilmette Harbor, Station 2-D, 142 yellow perch were 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 14 (continued) 

FISH SPECIES COLLECTED FROM SOUTHWESTERN W(E MICHIGAN (WILMETTE, CHICAGO, 
AND CALUMET HARBORS) DURING SEPTEMBER AND OCTOBER, 1984 

Common Name* Scientific Name* 

Wilmette 
Harbor 
Station 
2-D 

Chicago 
Harbor 
Station 

4 -D 

Calumet 
Harbor 
Station 
6-D 

Green sunfish cvanellus (Rafinesque) 
Pumpkinseed albbosus (Linnaeus) 
Smallmouth bass c h l a n h d  (Lacepede) 
Largemouth bass salmoides (Lacepede) 
Johnny darter Etheostoma niarum (Rafinesque) 
Yellow perch flavescens (Mitchill) 
Mottled sculpin Cottus bairdi (Girard) 

Total Number of Species Identified 11 12 19 

*Following the nomenclature of Bailey et al., 1970, (44) . 
+ - species present in catch. 
- - Species absent from catch. 



METROPOLITAN WATER RECLAMAITON D I S T R I C T  OF GREATER CHICAGO 

TABLE 15 

NUMBER OF F I S H  COLLECTED WITH 5 0 0  FEET OF  EXPERIMENTAL G I L L  
NETS I N  WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  

S t a t i o n  S t  a t  i o n  S t a t i o n  A l l  
F i s h  Species 2 -D 4 -D 6 -D S t a t i o n s  

A l e w i f e  
G i z z a r d  shad 
R a i n b o w  t r o u t  
B r o w n  t r o u t  
L a k e  t r o u t  
C o h o  s a l m o n  
C h i n o o k  s a l m o n  
R a i n b o w  s m e l t  
G o l d f i s h  
Carp 
E m e r a l d  s h i n e r  . 
B i g m o u t h  s h i n e r  
S p o t t a i l  s h i n e r  
B l u n t n o s e  m i n n o w  
F a t h e a d  m i n n o w  
White s u c k e r  
B l a c k  b u l l h e a d  
R o c k  bass 

T a b l e  con t inued  on f o l l o w i n g  page. 
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METROPOLITAN WATER RECLAMAITON DISTRICT OF GREATER CHICAGO 

TABLE 15 (Continued) 

NUMBER OF FISH COLLECTED WITH 500 FEET OF EXPERIMENTAL GILL 
NETS IN WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1984 

Wilmette Chicago Calumet 
Harbor Harbor Harbor 
Station St at ion Station All 

Fish Species 2-D 4 -D 6-D Stations 

Green sunfish 
Pumpkinseed 
Smallmouth bass 
Largemouth bass 
Johnny darter 
Yellow perch 
Mottled sculpin 

o Total 17 9 56 9 0 325 



METROPOLITAN WATER RECLAMAITON D I S T R I C T  OF GREATER CHICAGO 

TABLE 16 

PERCENT OF TOTAL G I L L  NET CATCH FOR F I S H  COLLECTED I N  WILMETTE, 
CHICAGO, AND CALUMET HARBORS DURING 1984 

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  

S t a t i o n  S t a t  i o n  S t a t i o n  A l l  
F i s h  Species 2 -D 4 -D 6-D S t a t i o n s  

A l e w i f e  9.50 0.00 0.00 5.23 
G i z z a r d  shad 0.00 1.79 1.11 0.62 
R a i n b o w  t r o u t  0.56 0.00 0.00 0.31 
B r o w n  t r o u t  0.00 10.71 0.00 1.85 
L a k e  t r o u t  9.50 19.64 4.44 9.85 
C o h o  s a l m o n  0.00 1.79 0.00 0.31 
C h i n o o k  s a l m o n  0.00 0.00 1.11 0.31 
R a i n b o w  s m e l t  1.12 12.50 3.33 3.69 
G o l d f i s h  0.00 0.00 0.00 0.00 
C a r p  0.00 0.00 0.00 0.00 
E m e r a l d  s h i n e r  0.00 0.00 0.00 0.00 
B i g m o u t h  s h i n e r  0.00 0.00 0.00 0.00 
S p o t t a i l  s h i n e r  0.00 1.79 0.00 0.31 
B l u n t n o s e  m i n n o w  0.00 0.00 0.00 0.00 
F a t h e a d  m i n n o w  0.00 0.00 0.00 0.00 
White Sucker  0.00 0.00 2.22 0.62 
B l a c k  bu l lhead  0 .OO 0.00 1.11 0.31 
R o c k  bass 0.00 0.00 0.00 0.00 
G r e e n  s u n f i s h  0.00 0.00 0.00 0.00 
T a b l e  con t inued  on f o l l o w i n g  page. 
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METROPOLITAN WATER RECLAMAITON D I S T R I C T  OF  GREATER CHICAGO 

TABLE 1 6  ( C o n t i n u e d )  

PERCENT OF TOTAL G I L L  NET CATCH FOR F I S H  COLLECTED I N  WILMETTE, 
CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  

S t a t i o n  S t a t i o n  S t a t  i o n  A l l  
F i s h  Species 2 -D 4 -D 6-D S t a t i o n s  

P u m p k i n s e e d  
S m a l l m o u t h  bass 
L a r g e m o u t h  bass 
Johnny darter  
Y e l l o w  perch 
Mottled s c u l p i n  

in 
10 T o t a l  . 



c o l l e c t e d  which was 79% of t h e  t o t a l  W i l m e t t e  ~ a k b o r  g i l l  n e t  

c a t c h .  I n  Chicago Harbor,  S t a t i o n  4-D, 2 9  y e l l o w  p e r c h  w e r e  

c o l l e c t e d  which was 52% of  t h e  t o t a l  Chicago Harbor g i l l  n e t  

c a t c h .  I n  Calumet Harbor, S t a t i o n  6-D, 78 ye l low p e r c h  were 

c o l l e c t e d  w h i c h  was 87% of t h e  t o t a l  Calumet Harbor g i l l  n e t  

c a t c h .  Other  s p e c i e s  p r e s e n t  i n  r e l a t i v e l y  l a r g e  numbers (i .e., 

5% o r  more of t h e  g i l l  n e t  c a t c h )  were: 

1. W i l m e t t e  Harbor ( S t a t i o n  2-D) : A l e w i f e  and 
l a k e  t r o u t ,  each  w i t h  17 f i s h  c o l l e c t e d ,  10% 
of t h e  g i l l  ne t  c a t c h .  

2 .  Chicago Harbor ( S t a t i o n  4 - D ) :  Lake t r o u t  (11 
t r o u t  c o l l e c t e d ,  20% o f  t h e  c a t c h ) ,  rainbow 
smelt ( 7  s m e l t  c o l l e c t e d ,  13% of  t h e  c a t c h ) ,  
and brown t r o u t  (6  brown t r o u t  c o l l e c t e d ,  11% 
of t h e  c a t c h ) .  

3 .  . Calumet Harbor ( S t a t i o n  6-D) : none of t h e  s i x  
o t h e r  s p e c i e s  comprised more t h a n  10% of  t h e  
c a t c h .  

I n  terms of t o t a l  numbers of  f i s h  from a l l  t h r e e  h a r b o r s ,  

ye l low p e r c h  was t h e  most numerous f i s h  s p e c i e s  w i t h  2 4 9  pe rch  

c o l l e c t e d  o r  77% of  t h e  t o t a l  s~outhwestern  Lake Michigan h a r b o r  

g i l l  n e t  c o l l e c t i o n .  Other  f i s h  s p e c i e s  p r e s e n t  i n  r e l a t i v e l y  

l a r g e  numbers i n  t h e  t o t a l  s o u t h w e s t e r n  Lake Michigan h a r b o r  

g i l l  n e t  c o l ' l e c t i o n  were: Lake t r o u t  (32 c o l l e c t e d ,  10% of t h e  

c a t c h )  and a l e w i f e  (17 c o l l e c t e d ,  5% of t h e  c a t c h ) .  

R e s u l t s  f o r  t h e  number of f i s h  c o l l e c t e d  by e l e c t r o f i s h i n g  

a r e  l i s t e d  i n  Table 1 7 .  The p e r c e n t  ( % )  f i s h  s p e c i e s  

composi t ion  f o r  t h e s e  e l e c t r o f i s h i n g  c o l l e c t i o n s  a r e  l i s t e d  i n  

-1e 18 f o r  e a c h  h a r b o r  and f o r .  a l l  t h r e e  h a r b o r s  combined 
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METROPOLITAN WATER RECLAMATION D I S T R I C T  O F  GREATER CHICAGO 

TABLE 1 7  

NUMBER OF F I S H  COLLECTED E L E C T R O F I S H I N G  I N  WILMETTE, 
CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  
S t a t  i o n  S t a t i o n  S t a t i o n  A l l  

F i s h  Species 2-D 4 -D 6-D S t a t i o n s  

A l e w i f e  
G i z z a r d  shad 
R a i n b o w  t r o u t  
B r o w n  t r o u t  
L a k e  t r o u t  
C o h o  s a l m o n  
C h i n o o k  s a l m o n  
R a i n b o w  s m e l t  
G o l d f i s h  
C a r p  
E m e r a l d  s h i n e r  
B i g m o u t h  s h i n e r  
S p o t t a i l  s h ine r  
B l u n t n o s e  m i n n o w  
F a t h e a d  m i n n o w  
White s u c k e r  
B l a c k  bul lhead 
R o c k  bass 

T a b l e  con t inued  on f o l l o w i n g  page. 

64



METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 1 7  ( C o n t i n u e d )  

NUMBER OF F I S H  COLLECTED ELECTROFISHING I N  WILMETTE, 
CHICAGO., AND CALUMET HARBORS DURING 1 9 8 4  

F i s h  Species 

W i l m e t t e  
H a r b o r  

S t a t i o n  
2 -D 

C h i c a g o  
H a r b o r  

S ta t  i o n  
4-D 

C a l u m e t  
H a r b o r  

S t a t i o n  
6 -D 

A 1  1 
S t a t i o n s  

G r e e n  s u n f i s h  
P u m p k i n s e e d  
S m a l l m o u t h  bass 
L a r g e m o u t h  bass 
Johnny darter  
Y e l l o w  perch 
M o t t l e d  s c u l p i n  

T o t a l  



METROPOLITAN WATER RECLAMAITON D I S T R I C T  OF GREATER CHICAGO 

TABLE 18  

PERCENT OF TOTAL ELECTROFISHING CATCH FOR F I S H  COLLECTED 
I N  WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

F i s h  Species 

W i l m e t t e  
H a r b o r  
S t a t  i o n  

2 -D - 

C h i c a g o  
H a r b o r  

S t a t  i o n  
4-D 

C a l u m e t  
H a r b o r  

S t a t i o n  
6-D 

A 1  1 
S t a t  i o n s  

A l e w i f e  
G i z z a r d  shad 
R a i n b o w  t r o u t  
B r o w n  t r o u t  
L a k e  t r o u t  

cn C o h o  s a l m o n  
Q\ C h i n o o k  s a l m o n  

R a i n b o w  smelt  
G o l d f i s h  
C a r p  
E m e r a l d  s h i n e r  
B i g m o u t h  s h i n e r  
S p o t t a i l  s h i n e r  
B l u n t n o s e  m i n n o w  

- F a t h e a d  m i n n o w  
White s u c k e r  
B l a c k  b u l l h e a d  

T a b l e  c o n t i n u e d  on f o l o w i n g  page. 



METROPOLITAN WATER RECLAMAITON D I S T R I C T  OF GREATER CHICAGO 

TABLE 18 ( C o n t i n u e d )  

PERCENT OF TOTAL ELECTROFISHING CATCH FOR F I S H  COLLECTED 
I N  WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

F i s h  Species 

W i l m e t t e  
H a r b o r  

S t a t  i o n  
2 -D 

C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  

S t a t  i o n  S t a t i o n  A l l  
4-D 6-D S t a t i o n s  

R o c k  bass 
G r e e n  s u n f i s h  
P u m p k i n s e e d  
S m a l l m o u t h  bass 
L a r g e m o u t h  bass 
Johnny darter  

4 Y e l l o w  perch 
Mottled s c u l p i n  

T o t a l  



Those fish species collected by electrofishing in the greatest 

numbers were: 

Wilmette Harbor (Station 2-D): In the Wilmette 
Harbor electrofisher catch, more black 
bullheads were collected (104 bullheads, 55% of 
the total catch) than any other species. Other 
species collected in relatively great numbers 
with the electrofisher in Wilmette Harbor were 
rainbow smelt (46 smelt, 24% of the total 
catch) . 

2 .  Chicago Harbor (Station 4-D) : Rainbow trout (30 
rainbow trout, 63% of the catch) and brown 
trout (11 brown trout, 23% of the catch) were 
collected in the greatest numbers in the 
Chicago Harbor electrofisher catch. 

3. Calumet Harbor (Station 6-D) : Bluntnose minn- 
ows, (79 bluntnose minnows, 31% of the catch) 
were collected in the greatest numbers in the 
Calumet Harbor electrofisher catch. 

The electrofishing effort within each harbor area was quite 

different. The total electrofishing times were: 47 minutes in 

Wilmette Harbor, 90 minutes in Chicago Harbor; and 88 minutes in 

Calumet Harbor. In order to standardize reporting of these 

data, the results are reported as number of fish collected per 

30 minutes electrofishing for each harbor, the average 

electrofishing catch among all harbors and the percent of total 

electrofishing catch for all three harbors. These results are 

listed in W e  19. 

In terms of the combined harbor electrofishing collection, 

the black bullhead (22 black bullhead per 30 minutes 

electrofishing, 30% of the total electrofisher catch), the 

yellow perch and the bluntnose minnow (each with 132 fish per 30 
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METROPOLITAN WATER REACLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 19 (Continued) 

NUMBER OF FISH COLLECTED PER 30 MINUTES ELECTROFISHING AND PERCENT OF 
TOTAL CATCH FOR FISH COLLECTED FROM WILMETTTE, CHICAGO, AND 

CALUMET HARBORS DURING 1984 

Fish Species 

Wilmette Chicago Calumet 
Harbor Harbor Harbor 
Station Station St at ion A1 1 

- - - Av-ae S-s 
Percent of 

Number of Fish per 30 Minutes Total Catch 

White sucker 
Black bullhead 
Rock bass 
Green sunfish 
Pumpkinseed 
Smallmouth bass 
Largemouth bass 
Johnny darter 
Yellow perch 
Mottled sculpin 

Total 
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minutes e l e c t r o f i s h i n g ,  16% of t h e  t o t a l  e l e c t r o f i s h e r  c a t c h ) ,  

rainbow s m e l t  (10 rainbow smelt  pe r  30 minutes e l e c t r o f i s h i n g ,  

13% of t h e  t o t a l  e l e c t r o f i s h e r  c a t c h ) ,  and t h e  fa thead  minnow (8 

f a t h e a d  minnow pe r  30 minutes, 10% of t h e  t o t a l  e l e c t r o f i s h e r  

c a t c h )  c o n s t i t u t e d  t h e  major s p e c i e s  p r e s e n t  i n  t h e  e l e c t r o -  

f i s h i n g  ca tch  i n  terms of numbers. 

R e s u l t s  f o r  t h e  weight ( i n  grams) o r  biomass of t h e  f i s h  

c a t c h  f o r  t h e  t h r e e  harbors  were t r e a t e d  i n  t h e  same manner a s  

were t h o s e  f o r  t h e  numbers of f i s h  c o l l e c t e d  l i s t e d  above. 

R e s u l t s  f o r  t h e  weight of f i s h  c o l l e c t e d  i n  t h e  exper imenta l  

g i l l  n e t s  a r e  l i s t e d  i n  Table  2 Q .  The pe rcen t  composit ion of 

t h e  t o t a l  weight f o r  t h e s e  g i l l  n e t  c o l l e c t i o n s  a r e  l i s t e d  i n  

W l e  7 1  f o r  each harbor, and f o r  a l l  t h r e e  harbors  combined. 

The l a k e  t r o u t  comprised t h e  g r e a t e s t  weight of t h e  g i l l  

n e t  c a t c h  i n  a l l  t h r e e  ha rbo r s .  They were 53,660 grams (118 

pounds) o r  76% of t h e  g i l l  ne t  ca t ch  weight i n  Wilmette Harbor, 

27,840 grams (61 pounds) o r  79% of t h e  g i l l  ne t  ca t ch  weight i n  

Chicago Harbor, and 11,500 grams (25 pounds) o r  50% of t h e  g i l l  

ne t  ca tch  weight i n  Calumet Harbor. 

The yellow perch made up t h e  second g r e a t e s t  p o r t i o n  of 

weight of t o t a l  g i l l  ne t  ca tch  i n  each harbor.  They were 14,835 

grams (33 pounds) o r  21% of t h e  t o t a l  g i l l  n e t  c a t c h  weight i n  

Wilmette Harbor, 3,297 grams (7 pounds) o r  9% of t h e  t o t a l  g i l l  

n e t  ca t ch  weight i n  Chicago Harbor, and 6,267 grams ( 1 4  pounds) 

o r  27% of t h e  t o t a l  g i l l  ne t  catch weight i n  Calumet Harbor. 



METROPOLITAN WATER RECLAMAITON D I S T R I C T  O F  GREATER CHICAGO 

TABLE 2 0  

WEIGHT (GRAMS) OF F I S H  COLLECTED WITH 5 0 0  FEET OF  EXPERIMENTAL G I L L  NETS 
I N  WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  

S t a t i o n  S t a t i o n  S t a t  i o n  A 1  1 
F i s h  Species 2-D 4 -D 6 -D S t a t  i o n s  

A l e w i f e  
G i z z a r d  shad 
R a i n b o w  t r o u t  
B r o w n  t r o u t  
L a k e  t r o u t  
C o h o  s a l m o n  
C h i n o o k  s a l m o n  
R a i n b o w  s m e l t  
G o l d f i s h  
C a r p  
E m e r a l d  s h i n e r  
B i g m o u t h  s h i n e r  
S p o t t a i l  s h i n e r  
B l u n t n o s e  m i n n o w  
F a t h e a d  m i n n o w  
White s u c k e r  
G r e e n  s u n f i s h  0 0 0 0 
T a b l e  c o n t i n u e d  on f o l l o w i n g  page. 



METROPOLITAN WATER RECLAMAITON DISTRICT OF GREATER CHICAGO 

TABLE 20 (Continued) 

WEIGHT (GRAMS) OF FISH COLLECTED WITH 500 FEET OF EXPERIMENTAL GILL NETS 
IN WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

Fish Species 

Wilmette 
Harbor 
Stat ion 

2-D 

Chicago 
Harbor 
Stat ion 

4 -D 

Calumet 
Harbor 
Stat ion 
6 -D 

All 
Stations 

Black bullhead 
Rock bass 
Pumpkinseed 
Smallmouth bass 
Largemouth bass 
Johnny darter 
Yellow perch 
Mottled sculpin 

Total 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 1  

PERCENT OF WEIGHT OF TOTAL G I L L  NET CATCH FOR F I S H  COLLECTED I N  WILMETTE, 
CHICAGO, AND CALUMET HARBORS DURING 1984 

F i s h  Species 

W i l m e t t e  
H a r b o r  

S t a t  i o n  
2-D 

C h i c a g o  
H a r b o r  

S t a t i o n  
4 -D 

C a l u m e t  
H a r b o r  

S t a t  i o n  
6-D 

A 1  1 
S t a t i o n s  

A l e w i f e  1.07 0.00 0 .00  0.58 
G i z z a r d  shad 0.00 2.29 0.09 0.65 
R a i n b o w  t r o u t  1.70 0 .OO 0.00 0.93 
B r o w n  t r o u t  0.00 8.02 0 .00  2.20 
L a k e  t r o u t  76.12 78.94 49.88 72.20 
C o h o  salmon 0.00 0.84 0.00 0.23 
C h i n o o k  s a l m o n  0.00 0.00 18 .65  3.34 
R a i n b o w  s m e l t  0.06 0.53 0.37 0.24 
G o l d f i s h  0.00 0.00 0.00 0.00 
C a r p  0.00 0.00 0 .00  0 .00 
E m e r a l d  sh ine r  0.00 0 .00 0.00 0.00 
B i g m o u t h  s h i n e r  0.00 0.00 0.00 0.00 
S p o t t a i l  sh iner  0.00 0.05 0 .00 0 . 0 1  
B l u n t n o s e  m i n n o w  0.00  0.00 0 .00 0 .00 
F a t h e a d  m i n n o w  0.00 0 .00 0.00 0.00 
White s u c k e r  0.00  0.00 3.57 0.64 
B l a c k  bullhead 0.00 0.00 0.24 0 .04 
R o c k  bass 0.00 0.00 .O . 00 0 .00 
G r e e n  s u n f i s h  0.00 0 .00 0 .00 0.00 
T a b l e  cont inued on fo l lowing page. 



METROPOLITAN WATER RECLAMATION D I S T R I C T  OF  GREATER CHICAGO 

TABLE 2 1 ( C o n t i n u e d )  

PERCENT OF WEIGHT OF TOTAL G I L L  NET CATCH FOR F I S H  COLLECTED I N  WILMETTE, 
CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

F i s h  Species 

W i l m e t t e  
H a r b o r  

S t a t i o n  
2-D 

C h i c a g o  
H a r b o r  

S t a t  i o n  
4 -D 

C a l u m e t  
H a r b o r  
S t a t  i o n  

6-D 
A 1  1 

S t a t i o n s  

P u m p k i n s e e d  
S m a l l m o u t h  bass 
L a r g e m o u t h  bass 
Johnny darter 
Y e l l o w  perch 
Mottled s c u l p i n  

T o t a l  

75



Of a l l  t h e  h a r b o r  g i l l  n e t  c o l l e c t i o n s ,  o n l y  t h e  brown 

t r o u t  (2,836 grams [6  pounds] o r  8% of t h e  t o t a l  Chicago Harbor 

g i l l  n e t  c a t c h )  i n  Chicago Harbor made up more t h a n  5% of  t h e  

t o t a l  weight of t h e  g i l l  n e t  c a t c h  i n  a s i n g l e  ha rbor .  

I n  terms o f  t h e  t o t a l  weight  of  f i s h  from a l l  t h r e e  

ha rbors ,  t h e  l a k e  t r o u t  (93,070 grams [205 pounds] o r  72% of t h e  

t o t a l  g i l l  n e t  c a t c h )  and t h e  ye l low p e r c h  (24 ,399 grams [54 

pounds] o r  19% of t h e  t o t a l  g i l l  n e t  c a t c h )  made up t h e  g r e a t e s t  

weight  (117,469 grams [259 pounds] o r  91% o f , t h e  c a t c h )  of t h e  

t o t a l  g i l l  n e t  c a t c h  from t h e  t h r e e  ha rbors  i n  southwestern  Lake 

Michigan. 

R e s u l t s  f o r  t h e  weight of f i s h  c o l l e c t e d  by e l e c t r o f i s h i n g  

a r e  l i s t e d  i n  Table, and t h e  pe rcen t  composi t ion of t h e  t o t a l  

weight  f o r  t h e s e  e l e c t r o f i s h i n g  c o l l e c t i o n s  a r e  l i s t e d  i n  Table 

23 f o r  t h e  c o l l e c t i o n  i n  each h a r b o r  and f o r  a l l  t h r e e  h a r b o r  

c o l l e c t i o n s  combined, r e s p e c t i v e l y .  Those s p e c i e s  compris ing  a 

r e l a t i v e l y  l a r g e  p o r t i o n  (more t h a n  5%, by weight ,  of  t h e  t o t a l  

c a t c h )  of t h e  e l e c t r o f i s h i n g  c a t c h  i n  t h e  ha rbors  were: 

Wilmette H a r b o r  ( S t a t i o n  2-D) , e a c h  
s p e c i e s  t o t a l  weight :  Yellow perch  (106.9 
grams,  29% of  t h e  t o t a l  c a t c h  w e i g h t ) ,  
b l a c k  b u l l h e a d  (88.4 grams, 24% of t h e  
t o t a l  c a t c h  w e i g h t ) ,  b l u n t n o s e  minnow 
( 7 6 . 6  grams,  20% o f  t h e  t o t a l  c a t c h  
w e i g h t ) ,  g i z z a r d  s h a d  (46 grams, 13% of  
t h e  t o t a l  c a t c h  we igh t ) .  
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHIAGO 

TABLE 22 

WEIGHT (GRAMS) OF F I S H  COLLECTED ELECTROFISHING I N  
WILMETTE, CHICAG0;AND CALUMET HARBORS DURING 1 9 8 4  

F i s h  Species 

W i l m e t t e  
H a r b o r  

S t a t i o n  
2-D 

C h i c a g o  
H a r b o r  

S t a t i o n  
4 -D 

C a l u m e t  
H a r b o r  
S t a t  i o n  

6 -D 
A 1  1 

S t a t i o n s  

A l e w i f e  
G i z z a r d  shad 
R a i n b o w  t r o u t  
B r o w n  t r o u t  
L a k e  t r o u t  
C o h o  s a l m o n  
C h i n o o k  s a l m o n  
R a i n b o w  s m e l t  
G o l d f i s h  
E m e r a l d  s h i n e r  
B i g m o u t h  s h i n e r  
S p o t t a i l  s h i n e r  
B l u n t n o s e  m i n n o w  
F a t h e a d  m i n n o w  
White s u c k e r  
B l a c k  bu l lhead  
R o c k  bass 
G r e e n  s u n f i s h  

T a b l e  c o n t i n u e d  on f o l l o w i n g  page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHIAGO 

TABLE 22 (Continued) 

WEIGHT (GRAMS) OF FISH COLLECTED ELECTROFISHING IN 
WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1984 

Wilmette Chicago 
Harbor Harbor 
St at ion Station 

Fish Species 2 -D 4 -D 

Calumet 
Harbor 
Station 
6 -D 

A1 1 
Stations 

Pumpkinseed 
Smallmouth bass 
Largemouth bass 
Johnny darter 
Yellow perch 
Mottled sculpin 

Total 



METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 2 3  

PERCENT OF WEIGHT OF TOTAL ELECTROFISHING CATCH FOR F I S H  COLLECTED 
I N  WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1984  

F i s h  Species 

W i l m e t t e  
H a r b o r  

S t a t i o n  
2  -D 

C h i c a g o  
H a r b o r  

S t a t  i o n  
4  -D 

C a l u m e t  
H a r b o r  

S t a t i o n  
6-D 

A l l  
S t a t i o n s  

A l e w i f e  1 . 8 4  0 . 0 0  0 . 1 2  0 . 0 8  
G i z z a r d  shad 1 2 . 5 0  0 . 0 0  0 . 0 0  0 . 2 3  
R a i n b o w  t r o u t  0 . 0 0  3 0 . 8 4  0 . 0 0  1 8 . 8 9  
B r o w n  t r o u t  4 .24  6 . 4 1  0 . 0 0  4  . O O  
L a k e  t r o u t  0 . 0 0  1 9 . 7 3  0 . 0 0  1 2 . 9 0  
C o h o  s a l m o n  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  
C h i n o o k  s a l m o n  0 . 0 0  3 7 . 3 7  0 . 0 0  2 2 . 9 0  
R a i n b o w  s m e l t  3 . 7 9  0 . 0 0  0 . 0 0  0 . 0 7  
G o l d f i s h  0 . 0 0  0 . 0 0  3 . 8 4  1 . 4 2  
C a r p  0 . 0 0  0 . 0 0  7 5 . 3 7  2 7 . 8 0  
E m e r a l d  s h i n e r  0 . 0 0  0 . 0 0  0 . 1 6  0 . 0 6  
B i g m o u t h  s h i n e r  0 . 0 0  0 . 0 0  0 . 1 1  0 . 0 4  
S p o t t a i l  s h i n e r  0 . 0 0  0 . 0 0  0 . 6 3  0 . 2 3  
B l u n t n o s e  m i n n o w  2 0 . 4 1  0 . 1 0  3 . 1 2  1 . 5 9  
F a t h e a d  m i n n o w  0 . 0 0  0 . 0 0  ' 2 . 7 6  1 . 0 2  
White s u c k e r  0 . 0 0  4 . 4 1  0 . 0 0  2 . 7 0  
B l a c k  bul lhead 2 3 . 5 6  0 . 0 0  1 . 5 3  1 . 0 0  
R o c k  bass 0 . 0 0  0 . 0 0  0 . 4 8  0 . 1 8  
G r e e n  s u n f i s h  2 . 7 7  0 . 0 0  0 . 0 0  0 . 0 5  
T a b l e  con t inued  on f o l l o w i n g  page. 
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 2 3  ( C o n t i n u e d )  

PERCENT OF WEIGHT OF TOTAL ELECTROFISHING CATCH FOR F I S H  COLLECTED 
I N  WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

W i l m e t t e  
H a r b o r  

S t a t  i o n  
F i s h  S p e c i e s  2 -D 

C h i c a g o  
H a r b o r  

S t a t i o n  
4 -D 

C a l u m e t  
H a r b o r  
S t a t i o n  

6 -D 
A 1  1 

S ta t ions  

P u m p k i n s e e d  
S m a l l m o u t h  bass 
L a r g e m o u t h  bass 
J o h n n y  darter 
Y e l l o w  perch 
Mottled s c u l p i n  

0 

T o t a l  



C h i c a g o  H a r b o r  ( S t a t i o n  4 - D )  : Chinook  
sa lmon ( 4 , 5 4 0  grams  [ l o  p o u n d s ] ,  37% o f  
t h e  t o t a l  c a t c h  w e i g h t ) ,  r a i n b o w  t r o u t  
(3 ,828  grams [8 p o u n d s ] ,  31% o f  t h e  t o t a l  
c a t c h  w e i g h t ) ,  l a k e  t r o u t  (2 ,450  grams 15 
p o u n d s ] ,  20% o f  t h e  t o t a l  c a t c h  w e i g h t ) ,  
brown t r o u t  (795 grams [ 1 . 8  pounds ] ,  6% o f  
t h e  t o t a l  c a t c h  w e i g h t ) .  

3 .  Calumet  Harbor  ( S t a t i o n  6-D) : Carp  (5 ,634  
grams [12 p o u n d s ] ,  75% o f  t h e  t o t a l  c a t c h  
w e i g h t )  a n d  y e l l o w  p e r c h  (650 grams  [ I  . 4  
pounds ] ,  9% o f  t h e  t o t a l  c a t c h  w e i g h t ) .  

The r e s u l t s  o f  t h e  e l e c t r o f i s h i n g  c o l l e c t i o n s  were 

s t a n d a r d i z e d  t o  t h e  we igh t  o f  f i s h  c o l l e c t e d , p e r  30 m i n u t e s  t o  

a c c o u n t  f o r  v a r i a t i o n s  i n  e f f o r t  w i t h i n  e a c h  h a r b o r .  These d a t a  

a l o n g  w i t h  t h e  a v e r a g e  we igh t  o f  c a t c h  among a l l  h a r b o r s  a n d  

p e r c e n t  o f  t o t a l  w e i g h t  of  t h e  e l e c t r o f i s h i n g  c a t c h  f o r  a l l  

t h r e e  h a r b o r s  combined a r e  l i s t e d  i n  W 1 e  74. 

I n  a l l  h a r b o r s  combined, t h e  f o l l o w i n g  s p e c i e s  c o m p r i s e d  

t h e  g r e a t e s t  w e i g h t  o f  e l e c t r o f i s h i n g  c a t c h  b a s e d  on w e i g h t  o f  

f i s h  c o l l e c t e d  p e r  30 m i n u t e s  e l e c t r o f i s h i n g :  c a r p  a v e r a g e  

we igh t  o f  640 g r a m s ,  ( 1 . 4  pounds)  o r  28% o f  t h e  w e i g h t ,  ch inook  

sa lmon a v e r a g e  w e i g h t  o f  516 grams (1.1 pound)  o r  22% o f  t h e  

w e i g h t ,  ra inbow t r o u t  a v e r a g e  we igh t  o f  425 grams ( 0 . 9  pounds)  

o r  18% o f  t h e  weight ,  and l a k e  t r o u t  a v e r a g e  weight  o f  272 grams 

( 0 . 6  pounds)  o r  12% o f  t h e  t o t a l  combined e l e c t r o f i s h i n g  c a t c h .  

R e s u l t s  f o r  a v e r a g e ,  minimum, a n d  maximum, s t a n d a r d  a n d  

t o t a l  l e n g t h ,  a n d  f o r  a v e r a g e ,  minimum, a n d  maximum w e i g h t  i n  

g rams  f o r  a l l  f i s h  s p e c i e s  c o l l e c t e d  a r e  l i s t e d  i n  Appendix  

les A I I I - 1  t h rough  AII I -9 .  
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 24 

WEIGHT (GRAMS) OF F I S H  COLLECTED PER 30 MINUTES ELECTROFISHING AND PERCENT OF  
WEIGHT OF TOTAL CATCH FOR F I S H  COLLECTED FROM WILMETTE, CHICAGO, AND 

CALUMET HARBORS DURING 1984 

F i s h  Species 

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  

S t a t  i o n  S t a t i o n  S t a t i o n  A 1  1 
- - - A v e r a a e  S ta t  i o n s  

P e r c e n t  of 
Weight ( G r a m s )  of F i s h  per 30 Minutes  T o t a l  C a t c h  

A l e w i f e  4.40 0 .00 3 .17  2 .52  0 . 1 1  
G i z z a r d  shad 29.93 0.00 0 .00  9.98 0.43 

43 
h, 

R a i n b o w  t r o u t  0 . 0 0  1,276.10 0 .00  425.37 18.42 
B r o w n  t r o u t  1 0 . 1 6  265.08 0 .00  91.75 3 .97 
L a k e  t r o u t  0 . 0 0  816.67 0.00 272.22 11 .79  
C o h o  s a l m o n  0 .00  0 . 0 0  0 . 0 0  0 .00  0  . O O  
C h i n o o k  s a l m o n  0 . 0 0  1,546.67 0 .00  515.56 22.33 
R a i n b o w  s m e l t  9.07 0 . 0 0  0 .00  3 .02 0 . 1 3  
G o l d f i s h  0 .00  0 . 0 0  . 97.78 32 .59  1 . 4 1  
C a r p  0 . 0 0  0 .00 1,920.78 640.26 27 .73  
E m e r a l d  s h i n e r  0 .00  0 .00 4 .18 1 . 3 9  0 .06  
B i g m o u t h  s h i n e r  0 . 0 0  0 . 0 0  2 . 7 1  . 0 .90  0 .04  
S p o t t a i l  s h i n e r  0 . 0 0  0 . 0 0  1 5 . 9 9  5 .33  0 . 2 3  
B l u n t n o s e  m i n n o w  48 .88  4.05 79.40 4 4 . 1 1  1 . 9 1  
F a t h e a d  m i n n o w  0 .00  0 . 0 0  70 .26  23.42 1 . 0 1  
T a b l e  con t inued  on f o l l o w i n g  page. 



TABLE 2 4  ( C o n t i n u e d )  

WEIGHT (GRAMS) OF F I S H  COLLECTED PER 30 MINUTES ELECTROFISHING AND PERCENT OF 
WEIGHT OF TOTAL CATCH FOR F I S H  COLLECTED FROM WILMETTE, CHICAGO, AND 

CALUMET HARBORS DURING 1 9 8 4  

W i l m e t t e  C h i c a g o  C a l u m e t  
H a r b o r  H a r b o r  H a r b o r  

S t a t  i on  S t a t  i o n  S t a t i o n  A l l  
- - - ae Stat-  

P e r c e n t  of 
F i s h  Species Weight ( G r a m s )  of F i s h  per 30 M i n u t e s  T o t a l  C a t c h  

White s u c k e r  
B l a c k  b u l l h e a d  
R o c k  bass 
G r e e n  s u n f i s h  
P u m p k i n s e e d  
S m a l l m o u t h  bass 
L a r g e m o u t h  bass 
Johnny da r t e r  
Y e l l o w  perch 
M o t t l e d  s c u l p i n  

T o t a l  
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 2 5  

RESULTS OF CHEMICAL ANALYSIS OF WILMETTE, CHICAGO, AND 
CALUMET HARBOR WATER SAMPLES TAKEN DURING 

THE HARBOR F I S H  COLLECTIONS 

9 / 2 6 / 8 4  1 0 / 2 3 / 8 4  9 / 1 7 / 8 4  
W i l m e t t e  C h i c a g o  C a l u m e t  

H a r b o r  H a r b o r  H a r b o r  
S t a t  i o n  S t a t i o n  S t a t i o n  

2 -D 4 -D 6-D C o n s t i t u e n t s  U n i t s  

A i r  T e m p e r a t u r e  
Water T e m p e r a t u r e  
T u r b i d i t y  
Secchi D i s k  
p H  L a b o r a t o r y  
p H  F i e l d  
A l k a l i n i t y ,  T o t a l  

as C a C 0 3  
S u l f a t e  
F l u o r i d e  
C h l o r i d e  
P h o s p h o r u s  
C a l c i u m  
M a g n e s i u m  
P o t a s s i u m  
S o d i u m  
So l id s ,  T o t a l  
So l id s ,  T o t a l  

V o l a t i l e  
So l id s ,  S u s p e n d e d  
So l id s ,  V o l a t i l e  

S u s p e n d e d  
D i s s o l v e d  O x y g e n ,  

, W i n k l e r  
D i s s o l v e d  O x y g e n ,  

Meter 
O x y g e n  D e m a n d ,  

C h e m i c a l  
O x y g e n  D e m a n d ,  

5 -Day ,  B i o c h e m i c a l  
T o t a l  O r g a n i c  C a r b o n  

O C 13 
O C 1 0  
NTU 1 6  
F e e t  NA 
STD u n i t s  8 . 2  
STD u n i t s  8 . 3  
mg/L 1 3 0  

T a b l e  c o n t i n u e d  o n  f o l l o w i n g  page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 25 (Continued) 

RESULTS OF CHEMICAL ANALYSIS OF WILMETTE, CHICAGO, AND 
CALUMET HARBOR WATER SAMPLES TAKEN DURING 

THE HARBOR FISH COLLECTIONS 

Constituents Units 

9/2 6/84 
Wilmette 
Harbor 
Station 
2-D 

10/23/84 9/17/84 
Chicago Calumet 
Harbor Harbor 
Station Station 
4 -D 6-D ' 

Nitrogen, Total mg/L 
K jeldahl 

Nitrogen, Ammonia mg/L 
Nitrogen, Nitrate mg/L 
Nitrogen, Nitrite mg/L 
Fats, Oils and mg /L 
Greases 

Foaming Agents-MBAS mg/L 
Aluminum mg/L 
Arsenic mg/L 
Barium mg/L 
Cadmium mg/L 
Copper mg/L 
Iron mg/L 
Lead mg/L 
Manganese mg/L 
Mercury c19/L 
Nickel mg/L 
Selenium mg/L 
Silver P ~ / L  
Cyanides, Total mg/L 
Phenol - like ~rg/ L 

Substances as Phenol 
Conductivity, phos/cm 

Laboratory 
Conductivity, Field pmhos/cm 
BGTU 

NA = No Analysis. 
BGTU = Bluegill Toxic Units. 



DISCUSSION 

Bacteria 

The southernmost station sampled in Lake Michigan, Station 

7-A ( w e  1) is located within 275 meters of the mouth of 

Indiana Harbor. This station had the highest concentration of 

SPC, TC, FC, and PA, and was the only station which could not 

meet the standard of 20 FC per 100 mL (geometric mean). No 

other station had a geometric mean greater than 3 FC per 100 mL. 

All stations met the Illinois Department of Public Health beach 

standard of 500 FC per 100 mL. Salmonella was not recovered 

from any station. 

The results of the bacterial analyses (Table 2 )  indicate 

good water quality in Lake Michigan for the four samples col- 

lected in April, June, August, and October, 1984. 

POPULATIONS 

Algal population densities determined for a body of water 

describe how many primary producers (algae) are supported by 

that water. Oligotrophic conditions are characterized by low 

population densities, eutrophic conditions are characterized by 

large populations, and mesotrophic conditions are characterized 

by populations intermediate to these extremes. 

Three methods were used in 1984 to collect and estimate the 

total population densities of algae: (1) the column plankton- 
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net tow, (2) periphyton sampling, and (3) Kemmerer water bottle 

sampling. 

The column plankton-net tow included all those organisms 

retained by the plankton-net mesh when hauled from the bottom 

to the surface at each station in Lake Michigan. Column 

plankton-net tow population densities ( W l e  3 )  ranged from 542 

organisms/mL in Wilmette Harbor to 2,081 organisms/mL in 

Calumet Harbor 

Periphyton were those algae growing 'or captured on 

microscope slides immersed for two weeks at the surface of the 

water column at each station in Lake Michigan. The total 

periphyton populations ranged from 142,040 organisms/cm2 in 

Wilmette Harbor to 328,932 organisms/cm2 in Chicago Harbor 

(Table). 

Kemmerer plankton were those planktonic algae captured in 

a Kemmerer water bottle at discrete depths. Four depths (1, 3, 

and 5 meters, and 1 meter above the bottom) were sampled in 

each area (Wilmette, Chicago, and Calumet Harbors - -re 1) 

of Lake Michigan. The average total Kemmerer plankton 

population at the three harbors ranged from 4,528 organisms/mL 

in Wilmette Harbor to 5,272 organisms/mL in Calumet Harbor 

(Table). 

Each of the methods used to estimate population densities 

produced different results, but the results were consistent 

within each method. For each method the conclusion was that the 
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t h r e e  a r e a s  sampled  c o u l d  b e  c o n s i d e r e d  a s  one  l a r g e  s a m p l i n g  

a r e a .  

Comparing t h e  p l ank ton -ne t  tow p o p u l a t i o n  d e n s i t i e s  i n  t h i s  

s t u d y  ( W l e  3 )  w i t h  t h o s e  d e t e r m i n e d  f o r  t h e  v i c i n i t y  o f  Zion 

d u r i n g  1970 th rough  1975 ( 3 )  w e  f i n d  t h a t  o f f s h o r e  open a r e a s  o f  

Lake  M i c h i g a n  h a d  much l o w e r  p l a n k t o n - n e t  t o w  p o p u l a t i o n  

d e n s i t i e s  i n  1970-75 t h a n  t h e  t h r e e  h a r b o r  a r e a s  i n  1984 .  I n  

t h e  Zion  s t u d y  ( 3 )  p l a n k t o n - n e t  tow d e n s i t i e s  o f  2 5  t o  61 

organisms/mL were found d u r i n g  1975 compared t O  t h e  p l a n k t o n - n e t  

tow d e n s i t i e s  o f  542 t o  2 , 0 8 1  organisms/mL f o r  t h i s  s t u d y  a t  

Chicago,  W i l m e t t e ,  and Calumet Harbors  d u r i n g  1984. 

K e m m e r e r  wa te r  b o t t l e  samples  were c o l l e c t e d  a t  Zion a t  t h e  

one  meter d e p t h  f rom 1972 t h r o u g h  1975 ( 3 )  and  t h e  r a n g e  o f  

p l a n k t o n  o r g a n i s m s  found  was 519 t o  4 ,079  organisms/mL.  When 

compared t o  t h e  r a n g e  o f  p l a n k t o n  o r g a n i s m s  f o u n d  a t  t h e  one  

meter d e p t h  i n  1984 ' ( 4 , 4 7 8  t o  5,15O/mL) i n  t h e  t h r e e  h a r b o r  

a r e a s  (Table  3 )  i t  i s  o b v i o u s  t h a t  t h e  open  a r e a s  o f  Lake 

Michigan i n  t h e  v i c i n i t y  o f  t h e  Zion n u c l e a r  power s t a t i o n  had a  

much w i d e r  r a n g e  o f  p l a n k t o n  d e n s i t i e s  i n  1975 t h a n  t h e  h a r b o r  

a r e a s  had i n  1984. 

The c o n c l u s i o n  b a s e d  on t h e s e  d a t a  r e g a r d i n g  p o p u l a t i o n  

d e n s i t i e s  i s  t h a t  t h e  w a t e r  q u a l i t y  of  t h e  Lake Michigan ha rbo r .  

a r e a s  i n  1984 was s l i g h t l y  p o o r e r  t h a n  t h e  Zion a r e a  was d u r i n g  

1970-1975 ( 3 ) .  



COMMUNITY STRUCTURE 

Community structure refers to the organisms making up the 

community and the number of species found. The numbers of 

species found in the column plankton-net tow was 60, 54, and 63 

for the Wilmette, Chicago, and Calumet Harbor areas, 

respectively (Wle 3 ) .  These data indicated a similarity among 

the stations, and indeed only two species Cerasterias irreff- 

and Fraailaria were unique to Wilmette Harbor. Chicago 

Harbor had no unique species, and the Calumet Harbor had two 

ornata and Rhoicoswheu unique species M ~ r o r a  'a curvatat 

( W l e s  AII-1 to =I-3) . However, of the 85 species found in 

the column plankton-net tow samples only 13 species were common 

to all three harbor areas sampled ( W l e s  A11 - 1 to U I  - 3 1 1  

signifying that there are differences among the harbors. 

The numbers of periphyton species ( W l e  3)  were 59, 114, 

and 126 for the Wilmette (Station 2-B), Chicago (Station 4-B), 

and Calumet (Station 6-B) Harbor areas, respectively. The total 

number of species found was 165. 

The numbers of plankton species collected at each of the 

three harbor areas with the Kemmerer bottle water samples (Table 

2)  were 208, 256, and 240, respectively at Stations 2-B, 4-B, 

and 6-B (-1. The close correspondence of the number of 

plankton species suggested a similarity of environment for the 

Wilmette, Chicago, and Calumet Harbor areas. The total number 

of plankton species found from the Kemmerer water bottle samples 

collected from all three harbor areas in southwestern Lake 
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M i c h i g a n  was 350 s p e c i e s .  T h i r t y - t h r e e  o f  t h e s e  p l a n k t o n  

s p e c i e s  (9 .4  p e r c e n t )  were common t o  a l l  s t a t i o n s ,  e i g h t  s p e c i e s  

( 2 . 3  p e r c e n t )  were u n i q u e  t o  t h e  W i l m e t t e  Ha rbo r  a r e a  ( S t a t i o n  

2-B) ,  t w e n t y - f i v e  s p e c i e s  ( 7 . 1  p e r c e n t )  were u n i q u e  t o  t h e  

Ch icago  Harbo r  a r e a  ( S t a t i o n  4 - B ) ,  a n d  t h i r t y - f i v e  s p e c i e s  (10 

p e r c e n t )  were u n i q u e  t o  t h e  Calumet  Harbor  a r e a  ( S t a t i o n  6 - B ) ,  

TaBl_es m - 7  t o  AII-9. These d a t a  i n d i c a t e d  t h e  i n d i v i d u a l i t y  

o f  e a c h  a r e a  sampled.  

S p e c i e s  d i v e r s i t i e s ;  i . e . ,  t h e  Shannon-Weaver Index ,  were 

r e p o r t e d  by  T a r a p c h a k  a n d  S t o e r m e r  ( 4 )  t o  i n d i c a t e  t r o p h i c  

s t a t u s  a s  f o l l o w s :  > 3 . 5  = o l i g o t r o p h i c  ( w a t e r  d e f i c i e n t  i n  

n u t r i e n t s ) ,  3 . 5  t o  2 . 5  = m e s o t r o p h i c  ( w a t e r  c o n t a i n s  some 

n u t r i e n t s ) ,  < 2 . 5  = e u t r o p h i c  ( w a t e r  i s  e n r i c h e d  w i t h  

n u t r i e n t s )  . 
The mean s p e c i e s  d i v e r s i t y  ( 4 ,  2 7 )  a t  ~ ~ l m e t t e  H a r b o r  

( S t a t i o n  2-B),  Chicago  Harbor  ( S t a t i o n  4 - B ) ,  a n d  Calumet Harbor  

( S t a t i o n  6-B) ( m u r e  1) f o r  t h e  Kemmerer p l a n k t o n  r a n g e d  from 

1 .12  t o  1 .35 .  Tarapchak and  S toermer  ( 4 )  r e p o r t e d  t h a t  i n  1971, 

S c h e l s k e  found  i n  t h e  i n s h o r e  w a t e r s  o f  Lake Michigan  a t  Grand 

Haven, Michigan,  s p e c i e s  d i v e r s i t i e s  o f  1 . 7 9  t o  2 .93 .  Tarapchak  

a n d  S t o e r m e r  a l s o  r e p o r t e d  on t h e  work by P i a l a  a n d  Lamble f o r  

1971 .  P i a l a  and  Lamble found  f o r  t h e  i n s h o r e  w a t e r s  o f  Lake 

Michigan  a t  Z ion  t h a t  s p e c i e s  d i v e r s i t i e s  v a r i e d  f rom 1 . 7 5  i n  

l a t e  J u l y  t o  3 i n  mid-January.  The s p e c i e s  d i v e r s i t i e s  found  i n  

t h i s  s t u d y  (1984)  were less i n  t h e  h e a v i l y  p o p u l a t e d  a r e a s  f rom 
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Wilmette Harbor to Calumet Harbor than those found in 1971 from 

areas relatively unpopulated. The results of the Grand Haven 

and Zion studies established the range for species diversities 

for the southeastern and southwestern inshore waters of Lake 

Michigan during 1971. The species diversity results of this 

study were somewhat less in value (d = 1.12 to 1.35) and would 

indicate water of poorer quality than that found at Grand Haven 

and Zion in 1971. 

Examination of Tables 4 and 5, which lists those 

organisms found in more than 90% of the samples collected and 

analyzed, shows that one of the eight pefiphyton and three of 

the sixteen planktonic (Kemmerer) organisms were considered 

pollutant indicators by Palmer (42, 43). Tarapchak and Stoermer 

(4) called these same organisms listed by Palmer (42, 43) 

eutrophic and mesotrophic to eutrophic indicators, (organisms 

that tolerated moderate enrichment), and added three 

oligotrophic organisms: -0telJ.a comr>acta,  C y c l o t e U  

kuetzi- and Cyclotella acellata. Two of these species 

(Cvclotella kuetzlnalana 8 ,  and m) were found in 

the plankton at Station 2-B at Wilmette Harbor (Tables 5 and 1) 

and one (Cvclotelh -) was found in the periphyton 

(Tables 4 and 6 )  . Tarapchak and Stoermer (4) also listed three 

mesotrophic indicators (organisms found in oligotrophic waters 

that decreased in abundance with enrichment), C v c l o t e U  

I islandica, and W ~ 1 1 a r h  fenestrata. 



Tabellaria m e s t r a t a  was found persistent at all stations 

sampled in this study (Table 4 and W l e  5). Of the four 

mesotrophic to eutrophic indicator organisms listed by Tarapchak 

and Stoermer (4), A S e r i U  fhunosa, Fraailaria crotonensis, 

hantzschii, and -di minutus, only two 

(BSterionella formosa and Fraailarh crotonensis) were found to 

be persistent in this study (1984) among the periphyton (Table 

A ) ,  and the plankton (Table 5). Among the eutrophic indicators 

listed by Tarapchak and Stoermer (4) (Fraailaria capuciaa, 

osira w u l a t a ,  and -scus L a u i s )  only W s i r a  

aranulata occurred persistently among the plankton (Table) 

during 1984. One category of indicator organisms listed by 

Tarapchak and Stoermer (4) was referred to as introduced 

eutrophic forms. This was defined as organisms previously 

present only in small percentages, and which were now among the 

dominants, or the dominant species in nutrient enriched water, 

and which did not exist in Lake Michigan prior to cultural 

eutrophication. These organisms were: D i a t o m  tenue var. 

donaaturn, Nit z s c h h  djSsipata (an indicator of advanced 

eutrophication), S t e p h a m d i ~  binderanus, and Stephanodiscus 

. . m. None of these organisms was persistent during 1984. 
Among the dominant organisms listed in T a b l e s  and 1, 14 

of 50 periphytic organisms (28 percent) and 13 of 16 plankton 

organisms (81 percent) were listed by Palmer (42, 43) as being 

pollutant-tolerant. According to the classification by 



Tarapchak and Stoermer ( 4 )  t h e  o l i g o t r o p h i c  i n d i c a t o r  Q d . ~ L d h  

kuetzinaiana was dominant (21% of t h e  t o t a l  p o p u l a t i o n )  a t  a l l  

s t a t i o n s  among b o t h  p l a n k t o n  and  p e r i p h y t o n .  C . G a  

ocellata, an o l i g o t r o p h i c  i n d i c a t o r ,  was found dominant among 

t h e  p l a n k t o n  i n  Chicago Harbor ( S t a t i o n  4-B) and Calumet Harbor 

( S t a t i o n  6 - B ) .  Among t h e  m e s o t r o p h i c  i n d i c t o r s ,  Tabellaria 

fenestrata was dominant a t  a l l  s t a t i o n s  among b o t h  p e r i p h y t o n  

a n d  p l a n k t o n .  Melos- -, a n o t h e r  m e s o t r o p h i c  

i n d i c a t o r ,  was found  dominant  a t  a l l  s t a t i o n s  among t h e  

p l a n k t o n .  The f o u r  organisms c h a r a c t e r i z e d  a s  meso t roph ic  t o  

e u t r o p h i c  by Tarapchak and Stoermer ( 4 )  ( A s t e r i o W  formosa, 

F r a a i l a r i a  c r o t o n e n s i s ,  S t e w h a n o d i s c u s  b n t z s c h u ,  
. , 

S t e ~ s c u , s  -) were found a s  dominan t s  among b o t h  

p e r i p h y t o n  and p l a n k t o n .  Mebsira v, a  e u t r o p h i c  

i n d i c a t o r ,  was found dominant  a t  e v e r y  s t a t i o n  among b o t h  

p e r i p h y t o n  and p lank ton  (Tables 6 and 1). Fraailaria caDucina. 

a  e u t r o p h i c  i n d i c a t o r ,  was found among t h e  p l a n k t o n  i n  b o t h  

Chicago and Calumet Harbors  (-1e 7 ) .  O f  t h e  f i v e  organisms 

l i s t e d  . b y  Tarapchak and S t o e r m e r  ( 4 )  a s  b e i n g  i n t r o d u c e d  

e u t r o p h i c  forms none were dominants  among t h e  p l a n k t o n ,  b u t  

l2htmm kme  v a r .  was found among t h e  p e r i p h y t o n  a t  

S t a t i o n  4-B and Nitzschia -atat an i n d i c a t o r  o f  advanced 

e u t r o p h i c a t i o n ,  was found among t h e  p e r i p h y t o n  a t  a l l  t h e  

s t a t i o n s  sampled. 
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As was found with the persistent organisms, those 

organisms found as dominants were indicators of oligotrophy, 

mesotrophy, and eutrophy; i.e., the organisms found were 

indicative of a wide range of conditions. 

Besides the organisms that are present it is sometimes 

helpful to examine those organisms that no longer inhabit this 

area. Historically Lake Michigan phytoplankton were still 

numerically dominated by diatoms (>70% diatoms) in 1962 through 

1963 (45). By 1969 shifts in phytoplankton composition were 

noted by Schelske and Stoermer (46), to dominance by greens, 

blue-greens, and golden brown algae. By August of 1969, 

Schelske and Stoermer found that up to 80% of the population 

density was reported to be blue-green algae. The blue-greens 

remained dominant through October after the fall overturn 

resupplied the euphotic zone with nutrients. 

During the monitoring conducted in this study (1984) 

diatoms maintained a numerical dominance of the population in 

the three harbors for all dates sampled except on December 23, 

1984 at Wilmette (24.9% diatoms) and Chicago Harbors (18.1% 

diatoms). At Wilmette Harbor, the dominant organisms were the 

green alga, ~ c h o c c o c c u s  bacillaris (7.1%) ; the chrysophyte, 

bryon diveraen~ (10.3%) ; the blue-greens, DsciLlatorh 

acrardhii (33.4%) and W l l a t o r i a  m t i c a  (7.9%) . At Chicago 

Harbor the dominant organisms were the green alga, S_tichococ~ui 

cillaris (10.7%); the chrysophyte, D i n o b r m  divergens 



(25.2%) ; the blue-greens, Oscillatoria U.anetica (12.1%) and 

oria tenuis (9.1%) . , Tables AII-7 to MI-9 contains the 

list of species present at lower densities. For the remainder of 

the year the diatom contribution to the population was 78 to 96% 

at Wilmette Harbor, 61 to 97% at Chicago Harbor, and 74 to 99% 

at Calumet Harbor. 

The blue-green algal blooms reported in 1969 (46) and in 

1970 to 1975 (69) no longer occur. Apparently, a change in the 

water quality, a reduction of nutrients, has restored Lake 

Michigan to its former state in which diatoms dominated the 

algae population. 

Comparing summer algal composition with studies conducted 

during the 1970's by the District ( 3 ) ,  and Argonne National 

Laboratories -(4), a clearly discernible improvement was found 

for Lake Michigan during 1984. The dominance ofthe green and 

blue-green algae in lake Michigan summer algal populations found 

during the 1970's did not occur in 1984. In the 1970's the 

diatom contribution had been as low as 5% of the algal 

population, whereas, in 1984 the lowest diatom contribution was 

61% of the algal population. The increased dominance and 

appearance of the oligotrophic indicator species Cvc_Lotella 

.. . . and C. _ocellata along with the loss of dominance and 

reduced appearance of the eutrophic indicator species Er&Jada 

cagucha, M e l o s b  and SteDhanodiscus W, and the 

recently introduced eutrophic species D i a t o m  Lenue var. 
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elongaturn, Nitzschia Usiwata, -scu Uderanus, S .  

subtilist and Cvcbtelh stellipra confirms the improvement in 

water quality. The loss of Stephanodiscus hantzschii and S. 

minutus (mesotrophic. to eutrophic indicators) from a position of 

dominance in the population also supports the hypothesis of 

water quality improvement; even though Fraailaria c r o t m  

and Asterionella formosa remained as dominants through most of 

the year. The increased dominance of Tabellaria fenest- 

(mesotrophic indicator) throughout 1984 added weight to the 

conclusion of improved Lake Michigan water quality as compared 

to the 1970's. 

RELATIVE ABUNDANCE AND SPECIES COMPOSITION 

Benthic surveys similar to the present study have been 

conducted in the inshore area of Lake Michigan. These studies 

were done by Mozley and Garcia (SO), and by the Great Lakes 

Research Division (51, 52, 53) . The published data from these 

studies was recalculated to provide more comparable mean 

abundance, and percent composition data for the total benthos at 

depths in the approximate range of 15 to 35 feet. 

The present study (1984) showed that the invertebrate fauna 

of the inshore area of southwestern Lake Michigan at depths of 

15 to 31 feet was dominated numerically by oligochaetes (58%) 

and chironomids (36%). In 1972, Mozley and Garcia (50) found 
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t h a t  t h e  most abundant  major  i n v e r t e b r a t e  g r o u p s  i n  t h e  c o a s t a l  

zone o f  s o u t h w e s t e r n  Lake Michigan from d e p t h s  r a n g i n g  from 12  

t o  35 feet were t h e  o l i g o c h a e t e s  (50%)  and  c h i r o n o m i d s  ( 2 6 % ) .  

However ,  t h e  r e l a t i v e  a b u n d a n c e  o f  a m p h i p o d s  ( 1 7 % )  a n d  

- s p h a e r i i d s  (8%)  was much g r e a t e r  i n  t h e  1972 s u r v e y  t h a n  found  

i n  t h e  p r e s e n t  s t u d y  (2 and < I % ,  r e s p e c t i v e l y )  . 
F i n d i n g s  s i m i l a r  t o  t h a t  o f  t h e  p r e s e n t  s t u d y  h a v e  a l s o  

been r e p o r t e d  by Ladronka ( 5 1 ) ,  and  Winnel l  (52, 53)  i n  t h e  n e a r  

s h o r e  a r e a  o f  sou thwes te rn  Lake Michigan a t  d e p t h s  from 24 t o  36 

feet; w i t h  t h e  b e n t h o s  dominated n u m e r i c a l l y  by t h e  o l i g o c h a e t e s  

(53%)  and  ch i ronomids  ( 2 1 % ) .  A s  was shown by Mozley and  G a r c i a  

(501 ,  amphipods  a c c o u n t e d  f o r  a  g r e a t e r  p e r c e n t a g e  o f  t h e  

b e n t h i c  i n v e r t e b r a t e s  (13%)  compared t o  t h e  p r e s e n t  1984 s t u d y  

(2%)  . 
Even t h o u g h  t h e  p e r c e n t  c o m p o s i t i o n  o f  t h e  p r e d o m i n a n t  

b e n t h i c  g r o u p s  was s i m i l a r  i n  t h e  above  men t ioned  s t u d i e s ,  t h e  

species c o m p o s i t i o n  d i f f e r e d .  The 1972 s u r v e y  by Mozley a n d  

G a r c i a  was composed p r i m a r i l y  o f  P o n t o g o r e i a  afflnls 1 * 
r L. 

e is ter i ,  P. n e r e h ,  . . 
s p . ,  C. f- 

g r . ,  a n d  S. striatinurn. I n  t h e  1984 s t u d y ,  t h e  d o m i n a n t  

i n v e r t e b r a t e s  were p. v e i d o v s ~ ,  A. w, P. h o v i ,  G. 

f l u v i a . U l i s  . . g r  , E. n i c h i g a n e ~ ~ ~ L ~ ,  E. m o l d a v i e n s i s ,  

C l a d o t a n v t a r s u s  s p . ,  Crvntochironomus s p .  and S .  lacustris. The 

mos t  common b e n t h i c  t a x a  i n  t h e  p r e s e n t  s t u d y  i n c l u d e d  



Cvr>homella SP. !2. fluviatllls 
. . 

- . I  E. scalaenum, E. michi - 

aanensis, Y. intermedia I E. Y&dovskYL ' ,  and G. -. 

TROPHIC INDICES 

Oligochaetes, because they comprise a major faunal group 

consisting of various species assemblages in habitats with all 

ranges of organic enrichment, have provided the basis for 

several indices of pollution which have been applied to the 

Great Lakes. Two of these indices., total and relative 

abundance, were applied to the present (1984) data. 

The total number of oligochaetes was first proposed by 

Wright and Tidd (54) as a pollution index. They classified 

those benthic habitats possessing oligochaetes less than 

1,000/m2 as having "negligible pollution." The presence of 

1,000-5,000 oligochaetes/m2 indicated "mild pollution, " and 

more than 5, 000/m2 as evidence of "severe pollution." Based 

upon this classification, Station 2-C at Wilmette Harbor (mean 

= 277/m2) and Station .6-C at Calumet Harbor (mean = 660/m2) 

would be considered nonpolluted, and Station 4-C at Chicago 

Harbor (mean = 3, 337/m2) moderately polluted. 

Goodnight and Whitley ( 5 5 ) ,  working in a midwestern stream, 

used the relative abundance of oligochaetes as a measure of the 

extent of organic enrichment. Fewer than 60% oligochaetes 

indicated good conditions, between 60 and 80% doubtful 

conditions, and more than 80% indicating ". . .a high degree of 
either organic enrichment or industrial pollution" (56). Using 



this index, Stations 2-C at Wilmette Harbor (21%) and 6-C at 

Calumet Harbor (51%) would be classified as go'od, and Station 4- 

C at Chicago Harbor (73%) doubtful. 

INDICATOR SPECIES 

Another method frequently used to assess environmental 

quality is the indicator species approach. Benthic inverte- 

brates are assigned to three classifications depending upon the 

tolerance of each species to different concentrations of 

inorganic and/or organic wastes: 

1. Intolerant - organisms which live in a 
narrow range of environmental conditions 
and are associated with "clean water." 

2. Tolerant - organisms which can survive 
adverse environmental conditions. 

3. Facultative - organisms capable of living 
which are associated with moderate 
amounts of pollution. 

In other words, certain benthic invertebrate species have 

well-defined ecological requirements, and their presence or' 

absence can be used as an indication of water quality. 

In the present study, the benthic invertebrate community 

was dominated numerically by the naidids P. -, Y. 

' , the tubificid, P. y & b d s y ~  uncinata, and Y. intermedla ' ,  and 

the chironomids sp., P. scalaenum, and P. Ituberculum. 

Except for the midge CvBhomella sp., whose pollution tolerance 

is unknown, the other six benthic invertebrates are classified 

as facultative organisms (57, 58, 59, 53; J. K. Hiltunen 
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personal communication with Irwin Polls, 1985), and are 

characteristic of mesotrophic or slightly enriched areas. 

Therefore, the high number of these facultative organisms at 

each of the three sampling stations (2-C, 4-C, and 6-C) suggests 

that these areas are mesotrophic. 

Guidelines for the evaluation of Great Lakes harbor 

sediments, based on bulk sediment analysis, have been developed 

by the USEPA, Region V (60). Sediments are classified as 

heavily polluted, moderately polluted, or nonpolluted depending 

on the concentrations of 19 constituents. The overall 

classification of a sample is based on the most predominant 

classification of the individual constituents. 

Using the USEPA1s guidelines for volatile solids, COD, FOG, 

arsenic, cadmium, chromium, copper, iron, lead, manganese, mer- 

cury, nickel, and zinc, the bottom sediments of the inshore area 

of southwestern Lake Michigan can be classified as nonpolluted. 

However, the concentrations of copper (26 mg/kg), manganese (440 

mg/kg), and nickel (20 mg/kg) at Station 6-C at Calumet Harbor, 

would classify the sediments as moderately polluted. 



Fish 

Of the 25 fish species collected from the three 

southwestern Lake Michigan harbors sampled during the period 

September 17 through October 25, 1984 ( W l e  14), eight species 

(32%) are considered to be intolerant of polluted conditions by 

the Illinois Department of Conservation (W. Bertrand, Northern 

Streams Biologist, Illinois Department of Conservation, personal 

communication with Samuel G. Dennison, 1985) and are indicative 

of good water quality by their presence in the catch. These 

intolerant species and the harbor areas with which they were 

associated were: 

Coho salmon--Chicago Harbor 
Chinook salmon--Chicago Harbor 
Rainbow trout--Wilmette and Chicago Harbors 
Brown trout--Wilmette and Chicago Harbors 
Lake trout--Wilmette, Chicago and Calumet Harbors 
Rock bass--Calumet Harbor 
Smallmouth bass--Chicago Harbor 
Mottled sculpin--Wilmette and Calumet Harbors 

NUMBER AND WEIGHT OF FISH COLLECTED - GILL NETS 
W o w  perch: The yellow perch comprised, numerically, the 

greatest portion of the gill net catch in all three harbors, and 

was second only to the lake trout in terms of the weight of the 

gill net catch in these same harbors. 

The yellow perch in Lake Michigan has been important as a 

commercial species since the 18801s, and as a sport fish since 

at least the 1920's (61). Annual commercial production has 

usually fluctuated between 0.5 and 1.5 million kilograms (1.1 

and 3.3 million pounds). Yellow perch are distributed 
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t h r o u g h o u t  Lake Michigan where d e p t h s  a r e  s u i t a b l e .  Young p e r c h  

l i v e  m o s t l y  i n  d e p t h s  less t h a n  5  meters (16 fee t )  u n t i l  f a l l .  

I n  O c t o b e r  and  November t h e y  a r e  most numerous a t  d e p t h s  o f  1 3  

t o  22 meters ( 4 3  t o  72 feet,),  b u t  have been found a s  deep  a s  31 

meters (102 f e e t ) .  A f t e r  t h e i r  f i r s t  y e a r  t h e y  a r e  m a i n l y  a t  

d e p t h s  o f  9  t o  27 meters (30 t o  89 f e e t )  i n  w i n t e r  and  e a r l y  

s p r i n g ,  less t h a n  18  meters (59 f e e t )  i n  l a t e  s p r i n g  and  e a r l y  

summer, less t h a n  27 meters (89  f ee t )  i n  l a t e  summer, and  18  t o  

37 meters (59 t o  121  feet)  i n  f a l l .  I n  summer, p e r c h  a r e  o f t e n  

c o n c e n t r a t e d  i n  a  r e l a t i v e l y  s m a l l  i n t e r v a l  w i t h i n  t h e  d e p t h  

r a n g e s  g i v e n  above and t h e  dep th  of  g r e a t e s t  abundance may s h i f t  

r a p i d l y  a s  bottom t e m p e r a t u r e s  f l u c t u a t e  ( 6 1 ) .  

The y e l l o w  p e r c h  h a s  been c l a s s i f i e d  a s  a  t o p  c a r n i v o r o u s  

f i s h  s p e c i e s  by t h e  I l l i n o i s  Depar tment  o f  C o n s e r v a t i o n  (W. 

B e r t r a n d ,  N o r t h e r n  S t r e a m s  B i o l o g i s t ,  I l l i n o i s  Depar tment  of  

C o n s e r v a t i o n ,  p e r s o n a l  communicat ion w i t h  Samuel G .  Dennison ,  

1 9 8 5 ) .  Top c a r n i v o r e s  o r  p i s c i v o r e s  i n c l u d e  a l l  s p e c i e s  which 

a r e  p r e d o m i n a n t l y  f i s h  e a t i n g  a s  a d u l t s .  Some feed on 

i n v e r t e b r a t e s ,  f i s h ,  j u v e n i l e s ,  and  f r y .  V i a b l e  and  h e a l t h y  

p o p u l a t i o n s  o f  t o p  c a r n i v o r e  s p e c i e s  i n d i c a t e  a h e a l t h y ,  

t r o p h i c a l l y  d i v e r s e  community ( W .  B e r t r a n d ,  N o r t h e r n  S t r e a m s  

B i o l o g i s t ,  I l l i n o i s  D e p a r t m e n t  o f  C o n s e r v a t i o n ,  p e r s o n a l  

communication w i t h  Samuel G .  Dennison, 1 9 8 5 ) .  

T r o u t :  The l a k e  t r o u t  compr ised  t h e  g r e a t e s t  we igh t  

o f  t h e  g i l l  n e t  c a t c h  i n  a l l  t h r e e  h a r b o r s  and  was s e c o n d  i n  
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numerical abundance to the yellow perch in these same harbors. 

Lake trout are coldwater fish and do not thrive in water with 

temperatures over 65'~ (18.3'~) (61) . They inhabit cold deep 

lakes, but come into shallow water in October to spawn over 

rubble and gravel (62) when temperatures are near 50'~ (lO°C) 

(63) . 
Larger lake trout feed primarily upon fish in most lakes 

(63) and they are classified as a top carnivorous fish species 

by the Illinois Department of Conservation (W. Bertrand, 

Northern Streams Biologist, Illinois Department of Conservation, 

personal communication with Samuel G. Dennison, 1985). Other 

top carnivorous fish present in the gill net catches included: 

Coho salmon--Chicago Harbor 
Chinook salmon--Calumet Harbor 
Rainbow trout--Wilmette Harbor 
Brown trout--Chicago Harbor 

From the results of our gill net collections, lake trout 

were obviously present in relatively great numbers in the 

comparatively shallow water of Chicago area harbors during late 

September and October and constituted a significant portion of 

the fish biomass in the harbors during these months. It should 

be noted that these large lake trout, as well as many of the 

larger fish of the other trout and salmon collected with the 

gill nets, were caught in the gill nets by entanglement of the 

netting with their teeth and not by being caught in the mesh of 

the nets by their gill covers. 
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The results of the gill ,net catches indicated that there 

were many top carnivorous fish present in each of the three 

harbors under study; which is indicative of healthy, trophically 

diverse fish communities in the harbor areas. 

NUMBER AND WEIGHT OF FISH COLLECTED - ELECTROFISHING BOAT 
Major fish ranked by number per 30 minutes electrofishing 

from W l e  19 were: 

tte Harbor caao Harbor 

Black Bullhead (66) Rainbow Trout (10) Bluntnose Minnow (27) 
Rainbow Smelt (29) Brown Trout (4) Yellow Perch (24) 
Yellow Perch (13) Fathead Minnow (23) 

Major fish ranked by weight per 30 minutes electrofishing 

from Table were: 

tte Harbor 

Yellow Perch 
(68 g) 

Black Bullhead 
(56 g) 

Bluntnose Minnow 
(49 9) 

Gizzard Shad 
(3Og) 

Chinook Salmon 
1,547 g) 

Rainbow Trout 
(1,276 g) 

Lake .Trout (817 g) 
Brown Trout (265 g) 

Carp (1,921 g) 

Yellow Perch 
(222 g) 

The fish species comprising the greatest numbers and the 

greatest weights of the electrofishing catches from Wilmette 

Harbor and Calumet Harbor were a mixture of a top carnivorous 

species (yellow perch), species which feed on fish and benthos 

(rainbow smelt and black bullheads in Wilmette Harbor), and 

omnivorous fish species, which routinely take significant 

quantities of both plant and animal material, often including 
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d e t r i t u s ,  and have  t h e  a b i l i t y  t o  u t i l i z e  b o t h  ( 6 1 ) .  These 

i n c l u d e d  t h e  b l u n t n o s e  minnow and g i z z a r d  s h a d  i n  Wilmette 

Harbor,  and t h e  b l u n t n o s e  minnow, f a t h e a d  minnow, and c a r p  i n  

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

numbers  o r  t h e  g r e a t e s t  w e i g h t s  i n  t h e  e l e c t r o f i s h i n g  

c o l l e c t i o n  i n  Chicago Harbor were a l l  t o p  c a r n i v o r o u s  s p e c i e s ,  

i n c l u d i n g  t h e  rainbow t r o u t ,  brown t r o u t ,  chinook salmon, and 

l a k e  t r o u t .  

Karr  (62)  i n d i c a t e s  t h a t  t h e  dominance of  omnivorous f i s h  

s p e c i e s  ( s p e c i e s  whose d i e t  i s  a t  l e a s t  25% e a c h  of p l a n t  and 

an imal  f o o d )  presumably a r i s e s  a s  a  r e s u l t  o f  d e g r a d a t i o n  i n  

t h e  food b a s e ,  e s p e c i a l l y  i n v e r t e b r a t e s .  A s  a  r e s u l t ,  t h e i r  

o p p o r t u n i s t i c  f o r a g i n g  ecology makes them s u c c e s s f u l  r e l a t i v e  

t o  more s p e c i a l i z e d  f o r a g e r s .  Omnivores can become dominant i n  

degraded c o n d i t i o n s ,  a p p a r e n t l y  a s  a  r e s u l t  of  i r r e g u l a r  supp ly  

of  b o t h  p l a n t  and i n v e r t e b r a t e  foods.  I r r e g u l a r i t y  i n  p l a n t  o r  

i n v e r t e b r a t e  a v a i l a b i l i t y  r e s u l t s  i n  d e c l i n i n g  abundances  o f  

f i s h  t h a t  s p e c i a l i z e  on one food t y p e  o r  t h e  o t h e r .  

A l i s t  o f  t h e  p e r c e n t  c o m p o s i t i o n  o f  omnivorous  f i s h  

s p e c i e s  i s  p r e s e n t e d  i n  -1e 7 6 .  The p e r c e n t a g e  o f  omnivores 

was v e r y  low ( z e r o  i n  W i l m e t t e  Harbor,  1 .79  p e r c e n t  i n  Chicago 

Harbor and 1.11 p e r c e n t  i n  Calumet Harbor)  f o r  f i s h  c o l l e c t e d  

w i t h  t h e  g i l l  n e t s  i n  t h e  d e e p e r  w a t e r s  of  t h e  h a r b o r s .  The 

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

i n  t h e  s h a l l o w e r  wa te r  which were c a r r i e d  o u t  a l o n g  t h e  h a r b o r  

106



METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 26  

PERCENT COMPOSITION OF OMNIVOROUS F I S H  S P E C I E S  I N  THE CATCH 
FROM WILMETTE, CHICAGO, AND CALUMET HARBORS DURING 1 9 8 4  

G e a r  

W i l m e t t e  
H a r b o r  

S t a t  i o n  
2 -D 

C h i c a g o  
H a r b o r  

S t a t i o n  
4-D 

C a l u m e t  
H a r b o r  

S t a t i o n  
6 -D 

G i l l  N e t  

E l e c t r o f i s h e r  

B o t h  G e a r  T y p e s  

P e r c e n t  O m n i v o r e s  

0 . 0 0  1 . 7 9  1.11 

6 . 8 5  4 . 1 7  6 0 . 3 2  

3 . 5 2  2 . 8 8  2 9 . 9 7  
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shorelines. Percent omnivores were 6.85, 4.71 and 60.32 in 

Wilmette, Chicago and Calumet Harbors, respectively. From the 

percentage of omnivores in the electrofisher catch of Calumet 

Harbor it would appear that the water quality of the inshore 

area, especially near the Indiana border, is somewhat degraded 

relative to the other harbors, though the deeper water areas of 

all the harbors appear to have similarly good water quality as 

reflected by the fish collections. 

BLUEGILL TOXICITY INDEX 

Lubinski and Sparks (41) concluded that since their mean 

bluegill toxicity index for the Illinois River remained 

generally at or below 0.1 Bluegill Toxic Units (BGTU), acute 

toxicity probably did not constitute a major sustained problem 

. for fish populations during their 1972 to 1973 project-period. 

The basis for this was that other researchers have concluded 

that fish populations in rivers could be maintained if the 

toxicity remained generally below 0.2 to 0.4 toxic units and 

satisfactory oxygen concentrations were maintained. A 

satisfactory oxygen concentration can be considered to be 5 

mg/L. For a variety of fish species, dissolved oxygen 

concentrations be.low 5 mg/L have deleterious effects on 

embryonic development and survival, fecundity, growth, food 

conversion, swimming ability, respiration, circulatory dynamics, 

metabolism, behavior, and sensitivity to toxic stress (64). 



A bluegill toxicity index, expressed in bluegill toxic 

units (BGTU1s), calculated for the water from each of the three 

harbors at the time they were being sampled for fish were as 

follows: 

tte Harbor 
0.148 BGTU 

DO = 11.1 mg/L 
NH3-N = 1.8 mg/L 

ao Harbor V 
0.051 BGTU 0.008 BGTU 

DO = 9.8 mg/L DO = 9.6 mg/L 
NH3-N = c0.1 mg/L NH3-N = 0.1 mg/L 

Wilmette Harbor had the highest calculated bluegill 

toxicity unit of 0.148 BGTU for a water sample collected on 

September 26, 1984, Chicago Harbor was second highest with a 

calculated value of 0.051 BGTU for a water sample collected on 

October 23, 1984, and Calumet Harbor had the lowest bluegill 

toxicity value of 0.008 BGTU for a water sample collected on 

September 17, 1984. 

All these values were less than that of the 0.2 BGTU level 

mentioned by Lubinski and Sparks (41) under which fish 

populations may be maintained. The relatively high bluegill 

toxicity unit value among the harbors of 0.148 BGTU1s calculated 

for the Wilmette Harbor sample was due primarily to the 1.8 mg/L 

concentration of ammonia nitrogen found in the sample. The 

component toxicity of this compound alone was 0.122 BGTU or 82% 

of the total calculated bluegill toxicity unit of 0.148 BGTU. 

Bluegill toxicity indices, expressed in BGTU1s, calculated 

for the water from each of the three harbors for monthly samples 

throughout the year 1984 (from data listed in Appendix Tables 

MI - 1 3  to AII-15) are depicted in W e s  7 to 2 .  Average 
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bluegill toxicity values for the three harbors throughout 1984 

were: Wilmette Harbor, 0.036 BGTU (Range 0.008 to 0.148 BGTU), 

Chicago Harbor 0.018 BGTU ,(Range 0.004 to 0.051 BGTU) , and 

Calumet Harbor 0.019 BGTU (Range 0.008 to 0.039 BGTU). 

la, Algal. R e n t h o s ,  a d I u h  Data 

The four sets of bacterial data collected during 1984 from 

Lake Michigan showed no recovery of Salmonella and minimal 

counts for SPC, TC, FC, and PA. These indicated good water 

quality in Lake Michigan at the Wilmette, Chicago, and Calumet 

Harbors. 

Although algal population densities increased signifi- 

cantly over the past ten years, and the decreased number of 

species resulted in lowered species diversity indices for Lake 

Michigan the dominant kinds of organisms present have changed 

back from blue-green algae to diatoms. The persistently 

dominant organisms were consistently indicative of mesotrophic 

to oligotrophic conditions, and so the algae also indicated a 

good water quality for the harbor areas studied in 1984. 

The dominant benthic invertebrates were classified as 

facultative; i.e., organisms tolerating the wide range of 

conditions associated with moderate amounts of pollution. This 

is characteristic of the mesotrophic condition and so determined 

the water quality. 

The sediments sampled were all classified as nonpolluted 

except for the sediments at Station 6-C at Calumet Harbor where 
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METROPOLrrAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 7 

BLUEGILL TOXICITY INDEX FOR WILMETTE HARBOR DURING 1984 
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METROPOLITAN WATER RECLAMATION DISTRICT Of? GREATER CHICAGO 

FIGURE 8 

BLUEGILL TOXICITY INDEX FOR CHICAGO HARBOR DURING 1984 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 9 

BLUEGILL TOXICITY INDEX FOR CALUMET HARBOR DURING 1984 
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t h e  c o n c e n t r a t i o n s  o f  c o p p e r ,  manganese, a n d  n i c k e l  would 

c l a s s i f y  t h e  sediments  a s  moderately p o l l u t e d .  

T h i r t y - t w o  p e r c e n t  o f  t h e  f i s h  s p e c i e s  c o l l e c t e d  were 

i n t o l e r a n t  of  p o l l u t e d  c o n d i t i o n s .  The p r e s e n c e  of many t o p  

c a r n i v o r o u s  f i s h  was i n d i c a t i v e  o f  a h e a l t h y ,  t r o p h i c a l l y  

d i v e r s e  f i s h  community. The low p e r c e n t a g e  o f  omnivores  is  

a n o t h e r  i n d i c a t i o n  t h a t  t h e  water  q u a l i t y  o f  t h e  Lake Michigan 

ha rbor  a r e a s  was good. 

I n  summary, it was t h e  consensus  of t h e . d a t a  f o r  t h e  f o u r  
I 

e c o l o g i c a l  l e v e l s  of  b i o t a  t h a t  t h e  wa te r  q u a l i t y  of t h e  t h r e e  

h a r b o r  a r e a s ,  W i l m e t t e ,  Chicago and Calumet,  i n  s o u t h w e s t e r n  

Lake Michigan was good. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-1 

BACTERIAL RESULTS FROM SAMPLES COLLECTED 1,000 YARDS (915 METERS) 
OFFSHORE AT LAKE-COOK. COUNTY LINE (STATION 1-A, -1) DURING 1984 

Date TC* FC FS SPC PA Salmonella 

04-12-84 3 <1 NA* * 55 < 2 <O. 15 

Geometric Mean 

*TC = Total Coliform, FC = Fecal Coliform, FS = Fecal Streptococcus, SPC = Standard 
Plate Count, PA = Pseudamonas aem&usa. 

**NA = No Analysis. 
Note: All counts expressed ascolony forming units per 100 mL except SPC which is 

colony forming units per mL. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 

BACTERIAL RESULTS FROM SAMPLES COLLECTED 1,000 YARDS (915 METERS) 
OFFSHORE AT WILMETTE HARBOR (STATION 2-A, FIGURE 1) DURING 1984 

Date TC* FC FS SPC PA Salmonella 

10-17-84 
Z 
I 
w Geometric Mean 

NA* * 

*TC = Total Coliform, FC = Fecal Coliform, FS = Fecal Streptococcus, SPC = Standard 
Plate Count, PA = Pseudommaa aerugjaQsa. 

**NA = No Analysis. 
Note: All counts expressed as colony forming units per 100 mL except SPC which is 

colony forming units per mL. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI -3  

BACTERIAL RESULTS FROM SAMPLES COLLECTED 1 , 0 0 0  YARDS ( 9 1 5  METERS) 
OFFSHORE AT MONTROSE HARBOR (STATION 3-A, -RE 1) DURING 1 9 8 4  

D a t e  TC * F S  SPC PA Salmonella 

NA* * 

NA 

NA 

9 

G e o m e t r i c  Mean 4 1 .5  9 9 8 <1 < O  .15 

*TC = T o t a l  C o l i f o r m ,  FC = F e c a l  C o l i f o r m ,  F S  = F e c a l  S t r e p t o c o c c u s ,  SPC = Standard 
P l a t e  C o u n t ,  PA = Pse- e. 

**NA = No A n a l y s i s  
N o t e :  A l l  c o u n t s  expressed as colony forming u n i t s  pe r  1 0 0  mL except SPC w h i c h  i s  

c o l o n y  f o r m i n g  u n i t s  pe r  rnL. 
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF  GREATER CHICAGO 

TABLE AI -4  

BACTERIAL RESULTS FROM SAMPLES COLLECTED 1, O o o  YARDS ( 9 1 5  METERS) 
OFFSHORE AT BREAKWATER GAP FOR CHICAGO HARBOR (STATION 4-A, FIGURE 1) DURING 1 9 8 4  

D a t e  TC* S a l m o n e l l a  

NA* * 

G e o m e t r i c  Mean 

*TC = T o t a l  C o l i f o r m ,  FC = F e c a l  C o l i f o r m ,  F S  = F e c a l  Streptococcus, SPC = Standard 
P l a t e  C o u n t ,  PA = P s e u d o m o n a s  a e r u q b x a .  

**NA = N o  A n a l y s i s  
N o t e :  A l l  c o u n t s  expressed as  c o l o n y  fo rming  u n i t s  p e r  1 0 0  mL except SPC w h i c h  i s  

c o l o n y  f o r m i n g  u n i t s  per mL. 

AI-5



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI -5  

BACTERIAL RESULTS FROM SAMPLES COLLECTED 1 , 0 0 0  YARDS ( 9 1 5  METERS) 
OFFSHORE AT JACKSON PARK HARBOR (STATION 5-A, FIGURE 1) DURING 1 9 8 4  

D a t e  TC* SPC S a l m o n e l l a  

04 -11 -84  

06 -14 -84  

08-01-84  

1 0 - 3 0 - 8 4  

G e o m e t r i c  M e a n  

NA* * 

NA 

NA 

3 0  

3 0  

*TC = T o t a l  C o l i f o r m ,  FC = F e c a l  C o l i f o r m ,  F S  = F e c a l  S t r e p t o c o c c u s ,  SPC = S t a n d a r d  
P l a t e  C o u n t ,  PA = Pseud- -. 

**NA = No A n a l y s i s .  
N o t e :  A l l  c o u n t s  expressed a s  c o l o n y  fo rming  u n i t s  per  1 0 0  mL except  SPC which i s  

c o l o n y  f o r m i n g  u n i t s  per mL. 
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METROPOLITAN WATER RECLAMATION D I S T R I C T  OF  GREATER CHICAGO 

TABLE A I - 6  

BACTERIAL RESULTS FROM SAMPLES COLLECTED 1 ,000  YARDS ( 9 1 5  METERS) 
OFFSHORE AT BREMWATER GAP FOR CALUMET HARBOR (STATION 6-A, F i a u r e  1) DURING 1 9 8 4  

-- - 

D a t e  TC* F C  F S  SPC PA. S a l m o n e l l a  

G e o m e t r i c  M e a n  

NA* * 

NA 

N A 

2 5 0  

*TC = T o t a l  C o l i f o r m ,  FC = F e c a l  C o l i f o r m ,  F S  = F e c a l  Streptococcus, SPC = Standard 
P l a t e  C o u n t ,  PA = Pseudomonas a e r u a i m s a .  

**NA = No A n a l y s i s .  
N o t e :  A l l  c o u n t s  expressed as c o l o n y  f o r m i n g  u n i t s  per 100  mL except SPC w h i c h  i s  

c o l o n y  f o r m i n g  u n i t s  per mL. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-7 

BACTERIAL RESULTS FROM SAMPLES COLLECTED 300 YARDS (275 METERS)OFFSHORE 
AT LIGHTHOUSE AT MOUTH OF INDIANA HARBOR (STATION 7-A, FIGURE 1) DURING 1984 

Date TC* Salmonella 

NA* * 

Geometric Mean 

*TC = Total Coliform, FC = Fecal Coliform, FS = Fecal Streptococcus, SPC = Standard 
Plate Count, PA = pseudomonas $eruai.xusa. 

**NA = No Analysis. 
Note: All counts expressed as colony forming units per 100 mL except SPC which is 

colony forming units per mL. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

PLANKTON POPULATON ESTIMATES FOR THE INSHORE WATERS OF SOUTHWESTERN LAKE 
MICHIGAN - 1984. COLUMN PLANKTON TOW, WILMETTE HARBOR (STATION 2-B, -1) 

mf.7 of Or- . . 
Dates - 1 9 8 4  

Oroanisms 4 / 1 1  4 / 2 5  5 / 2 3  6 / 8  6 / 2 8  7 / 1 8  811  8 / 1 5  1 0 / 2  1 0 / 1 6  1 0 / 3 0  1 1 / 1 3  1 1 / 2 7  1 2 / 1 2  1 2 / 2 8  
AmoeSa 4  5 3  2  

< 1 
SP - 

Anabaena 

r 'ode- 
SP . - 
fornosa 

SP - 
Cerasterias 

irreaulare 

Table continued on following page. 

AII-2



GTRCPOLITAN WATER RECLWATION DISTRICT OF GREATER CHICAGO 

T m L E  A I I - 1  ( C o n t i n u e d )  

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS 05 SOUTHWESTERN LAKE 
MICHIGAN - 1984. COLUMN PLANKTON TOW, WILMETTE HARBOR (STATION 2-B,  -1) 

. . .  er  of Ora- 

Dates - 1984 

Table continued on following page. 



METROPOLITAN WATER RECLAYATION DISTRICT OF GREATER CHICAGO 

TABLE AII-1 (Continued) 

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHWESTERN LAKE 
MICHIGAN - 1984. COLUMN PLANKTON TOW, WILMETTE HARBOR (STATION 2-B, -1) 

.Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-1 (Continued) 

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHWESTERN LAKE 
MICHIGAN - 1984. COLUMN PLANKTON TOW, WILMETTE HARBOR (STATION 2-B, FinUR 1 ) 

Number of Organisms/Millilirer 
Dates - 1984  

OrgAnisms • 	4/11 4/25 5/23 	6/8 	6/28 7/18 	8/1 	8/15 ,  10/2 10/16 10/30 11/13 11/27 12/ 1 2 1 2/28 

Etaallarja 	 9 	 17 	53 	12 	 59 	23 - 	39. 	45 
irtermedia  

Fragflaria 	 21 	4 
vinnata  

Gomphoshaeria 	 <1 	<1 
.lacustris  

>i 	 <1 	3 	 <1 	 <1 
..., 
1 	sp. 	. 	• 
k,, 	Kean-plla 	 <1 

cochlearis  
Me1nira 	 11 	 4 	 6 	8 	12 	3 	11 

sp. 
Merisnopedia 	 <1 

sp. 
MolJaeotia 	 1 	 5 

sp. 
NavirUla 	 <1 	 9 	2 	4 	2 	2 

sp. 	• 
Oedoconiun 	 17 	 9 

sp. 1 

Table continued on following pace. 



HETROPOLITAK WATER RECLAKATION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 1  ( C o n t i n u e d )  

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHhZSTERN LAKE 
MICHIGAN - 1984 .  COLUMN PLANKTON TOW, WILMETTE HARBOR (STATION 2-B, -1) 

. . .  er o f  Or- . 
D a t e s  - 1 9 8 4  

4 / 1 1  4 / 7 5  5 /73 6/8 6 / 2 8  7 / 1 8  8 / 1  8 / 1 5  1 0 / 2  1 0 / 1 6  10 /30  1 1 / 1 3  1 1 / 2 7  1 2 / 1 2  1 2 / 2 8  
30 

sp. 2  
< 1  

T a b l e  c o n t i n u e d  on f o l l o w i n g  page. 



MZTROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-1 (Continued) 

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHWESTERN LAKE 
MICHIGAN - 1984. COLUMN PLANKTON TOW, WILMETTZ HARBOR (STATION 2-B, FIGURF,) 

er of Or- . . .  
- .  . . Rates - 198i 

ri u 
I 

SP . 
u 

Ylna 

fenestra+_a 

flocculosa 
Trachelomonas 

SP . 
Unidentified 

flagellates 
Unidentified green 

flagellates - 
Tot a 1 



ICTROPOLITAN WATER RECLAMATION DISTRICT 0" GREATER CHICAGO 

PLANKTON POPULATION ESTIMATES FOR THE INSHORE FATERS OF SOUTHh'ESTERN LAKE 
MICHIGAN - 1984. COLUMN PLANKTON TOii, CHICAGO HARSOR (STATION 4-B, . -1) 

er of or- 
Dates - 1984 

- 
I 
0 

sp. . 
Aohenothece 

sp.  
w o t h e c e  

B- 108 1 4 4  14 

SP - 
Calothtix 

hirundinella 

Table continued on fol lowing page. 



KETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TASLE AII-2 (Continued) 

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHWESTERN LAKE 
MICHIGAN - ' 1 9 8 4 .  COLUKN PLANKTON TOW, CHICAGO HAROBR (STATION 4-B, FrGrjRE) 

. , rr of 

Dates - 1 9 8 4  

Oraanisms 4 / 1 1  4 / 2 5  5 / 7 2  . 6 / 8  6 / 7 8  7 / 1 8  . 8 / 1  8 / 1 5  1 0 / 2  1 0 / 1 6  1 0 / 3 0  1 1 / 1 3  . . 1 1 / 2 7  1 7 / 1 7  1 2 / 2 8  
2 . . 

sp. . . 
. . 

. . . . .  . ' 2  7 2 < 1  3 
. . sp. 
- '  

. . 
Table continued on following page. 
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IGTROPOLITAN WATER RECLAMATiON DISTRICT OF GREATER CHICAGO 

TABLE A I I - 2  (Continued) 

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHWZSTER LAKE 
MICHIGAN - ' 1 9 8 4  . COLUMN PLANKTON TO'VJ, CXICAGO HARSOR (STATION 4-B, m4F. 1) 

of Or- 
Dates - 1 9 8 4 .  

larvae 
k L i a l h  
SP - 
SP 

Qedoaonium 

SP - 
Table continued on following page. 
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MSTilOPOLITAN FATBR RECLAMATION DISTRICT OF GREATEX CHICAGO 

TABLS AII-2 (Continued) 

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHWESTERN LLXE 
MICHIGAN - 1984. COLUMN PLANKTON TOW, CHICAGO HARBOR (STATION 4-3,  m l l R P  L) 

Pates - 1984 

s 4/11 4/25 5/73 . 6/8 6/28 7/18 8/1 8/15 10/7 10/16 10/30 11/13 11/37 12/12 17/28 
163 202 35 58 2 3 <1 <1 2 8 2 1 8 2 1 3 3 

SP - 
Svnedra 2 c1 < 1 4 4 6 

- .  
- a  1 2  32 44 5C 2 - G 12 2 8 2 6 4 0 9 1 52 8 15 

m e s t  t u  ' . . . 
% ~ebellaria - 1  . . 2 4 5 <1 4 8 1 8  . 6 
,a 37 53 . 40 
I U d c u l o a  . - 
w Unidentified 42 ' 10 

. . flagellates . 
, 13 . 5 Unidentified 

green . . 

. - -flagellates 
Total 487 523 425 651, 124 248 i135 4 2 67' 205 292 1164 1522 1074 867 
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MXTROPOLITAN 'VU'ATER RECLRWATION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 3  ( C o n t i n u e d )  

PLANKTON POPULATION ESTIMATES  FOR^ THE INSHORE WATERS OF SOUTHhiSTERN LAKE 
HICHIGAN .- 1984. COLUMJ PLAIU'KTON TOW, CALUMET HARSOR (STATION 6-3, 2U;UR'  - 1) 

er of O r a  2n,sms/~illiliter 
Cares - 1984 

-ns 4/11 4 / 3 5  5/23 678 7/2 7/18 8/1 9/18 10/2 10/16 10/30 11/13 11/27 17/12 12/28 
<1 <1 2 3 3 

SP. 
3 

r)icrv- 
oulchellum 

z . .. 
u 
I 
- .  sp. 
01 v. 

T a b l e  c o n t i n u e d  on f o l l o w i n g  p a g e .  



ICTROPOLITAN XATER RECLAMATION DISTRICT OF GREATSR CHICAGO 

TABLE A I I - 3  ( C o n t i n u e d )  

PLANKTON POPULATION ESTIMATES FOR THE INSHORE WATERS OF SOUTHWESTERN LAKE 
MICHIGAN - 1 9 8 4 .  COLUMN PLANKTON TOW, CALUMET HARaOR (STATION 6-B, -1) 

w s b . ~  4 / 1 1  4 / 7 5  5 / 2 3  618 7 / 7  7 / 1 8  8 1 1  9 / 1 8  1 0 / 2  10116  1 0 / 3 0  1 1 / 1 3  1 1 / 2 7  1 2 / 1 3  1 2 / 2 8  
~racilaria 29  1 6 5  1 4 5  295  2 9  58 1 6 7  22 87 1 1 5  1840  5360 3 8 6 0  5100  2670 

L 222 c o r 7  
infla=a 

L 222  6  5 9 8 
3 t e r m e d i z  z 

H 3 
C 
U 

SP - 
~ o m ~ h o s ~ h a e r i e  13 

S? . 
L L  

SP 
KsateLln 

SF' - 
L < 1  3  

T a b l e  c o n t i n u e d  on f o l l o w i n g  p a g e .  



YITROPOLITAN KATE?. RECLAYATION DISTRICT OF GREATER CiiICAGO 

TABLE A I I - 3  (Cont inued)  

3 L ~ K T O N . P O P U L A T I O N  ESTIMATES FOR THE INSHORE WATERS OF SOUTHhZSTERN LAKE 
MICHIGAN .-. 1984. COLUMN PLANKTON TOW, CALUMET HARBOR (STATION 6-B, E.LGiJq? 1) 

e r  of O r o  anisms/nilliliter . 
Pates - 1984 . . 

4/11 4/25 5/73 6'/8' 7/2 7/18 8/1 9/18 10/2 10/16 10/30 21/13 11/27 12/12 17/38 m. . . 4 . . 

sp.  . . . 
~elosira 33 5 2 .  . . 3 3 2  . 6 1 4 i 

sp . 
<1 

. sp., 

s p .  . 

sp . 
L 

SP . 
T a b l e  c o n t i n u e d  on f o l l o w i n g  page. . 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-4 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-B, FIGURE 1)  DURING 1984 

7/18-8/1 8/1 - 8/15 	 11/13-11/27  

  

Organisms 	 (Number per square centimeter) 

Achnanthes 	 379 	 45,571 	 10 
affinis  

L. 	 20 
conspicua  

A. 	 20 
exigua  

A. 	 20 
lanceolata 

N) 	Amphipleura 	 80 	 524 
pellucida 

Amphora 	 20 
delicatissima  

A. 	 1,048 
veneta  

Asterionella 	 120 	 2,095 
formosa 

Caloneis 	 524 . 

ladogensis  
Cocconeis 	 524 	 13 

Dediculus  
Cyclotella 	 80 

glomerate 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 1-4 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-B, FIGURE 1) DURING 1984 

Organisms 
7/18 - 8/1 - 77 ------------- (Number per square centimeter)------------- 

P. 

GomDhonema 
brev- 

L 

alanaata 

atanulata 
Navicula 

bl. 
crMtocebhala 

bl* 
crvDtocePhala 
var. veneta 

N* 
exiaua 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-B, FIGURE 1) DURING 1984 

Organisms 
7/18-8/L - 5 11/13 - 1117 7 

------------- (Number per square centimeter)------------- 

Navicula 
platvstoma 

Nitzschia 
ac1cularls 

N. 
acuta. t 

H u.  
I 
N dissi~ata * N. 

font icola 
N. 
frustulum 
N. . . 

graclll~ 
El. 

Palea 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-5 (Continued) 

POPULATION-DENSITY OF PERIPHYTIt ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN LAKE MICHIGAN 
AT CHICAGO HARBOR (STATION 4-8, =T(;1TR= 1) DURING 1984 

4/13-4/26 4/26-5/24 	8/1-8/15 8/15-8/24 8/27-9/28 9/28-10/16 	11/13-11/27 	11/27-12/10 12/10-12/28 
Organisms 	 (Number per square centimeter) 	  

	

143 	 20 
opd'rul'ul  

C. • 	• 	 143 	870 

c".yr , c-rfo , a, 	• 	 50 
com= - s' s  • 

C. 	 50 	_ 873 . 	 48 

C. 	 8 

C. 	 3,294 	615 	22,917 	74,781 	 160 	 1 61 	• 105 

437 
mane : r  arum 

C. 	 437 	 402 	 8' 	 8 
csr!4.1 1 ata  

C. 15 
pseudos - e1  

C: 	 437 

Table continued on following page. 



METROPCL:TAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM 
AT CHICAGO HARBOR (STATION 4-B, 

THE INSHORE 
1 )  

WATERS OF SOUTHWESTERN. LA? E MICHIGAN 
,,URING 1984 

Organisms 
4/13-4/26 4/26-5/24 8/1-8/15 8/15-8/24 	8/27-9/28 

(Number per square 
9/28-10/16 

centimeter) 	
11/13-11/27. 11/27-12/10 12/10-12/28 

2C 

402 
larcecla*A 

299 7,421 - 	716 45 11,458 46 
• prnc,- 	• 

C.  24 
11=tida 

2.99 .  6,111 243 93,576 . 7,418 1,936 
ple,rgar=-1 

D.  6,159 71,162 2,399 

Var. minor 
D. 

tenLe  
123,532 

var. elengatum 

D- 	• 	• 747 437 402. 160 462 249 

B. 11,658 

var. producta 

Table continued on following page. 
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METROPOLITAN WATER RECLAYATION DISTRICT OF GREATER CHICAGO 

TABLE All-5 (Continued) 
• 

FOFULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWS.37ERN LAKE MICH:GAN 
AT CHICAGO HARBOR (STATION 4-B, FIG:  	1) DURING 1984 

4/13 -4/26 4/26 - 5/24 	6/1 -8/15 8/15 -8/24 8/27 - 9/28 9/28 - 10/16 	11/13 - 11/27 	11/27 - 12/10 12/10-12/28 

Organises 	 (Number per square centineter) 	  

Navicula 
crotraera 

15 

120 

‘chonf4.1dii 
432 

id as 
Nitzschia 	 100 	 873 

> 	 acicclaris ,.. 
... 	K. 	 ♦ 5 	1,810 
; 

L., 	 ancr.:stP - a  1.2 
402 

Ancustata 
var. acuta 

X. 	 :49 	437 	 43.: 	153 
e;.s 4 parA  

S. 	 1,862 	765 	24,226 	16,082 	 84 	 12! 	 40 

- lonT;rola  
N. 	 873 	 105 	3,818 	 24 

' -u.„1 
"n 

N. 	 50 	437 	 286 	 15,278 	3,216 	 15 	 56 

c..arilia 

Table continued on following pace. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-5 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED 
AT CHICAGO HARBOR (STATION 

FROM THE INSHORE WATERS OF 
4-B, 	=Irt7== I) 	DURING 1984 

SOUTHWESTERN LAKE MICHIGAN 

4/13-4/26 4/26-5/24 8/1-8/15 8/15-8/24 	8/27-9/29 	9/28-10/16 11/13-11/27 11/27-12/10 12/10-12/28 
Organisms (Number per square centimeter) 	 

5rep:-..:odiScus 30 	5,729 

199 135 a. 

min'ztus  
. 	430 1,910 20 48 

.3,.. .-. Surirellc  50 
1-. ova-a  t 
L.,. 437. 15 

oxalis 
5vned - a 

aCus 
. 	50 24,.008. 430. 120 	11,459 

a. 	- 	.  50 873 
AIJILIA 	- 	. 
var. 	fasciculata 

L. 
caille,“is  

100 437 

349. 
:Lira  

100 30 

Table continued on following page. 
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Y3f4C?OLIZhS WATER LECLhXAiION DISTRICT CF GWATPR CXICAGO 
. . 

T-LP AII-5 (Co?lti?"~ed) 

BOBULATION DPXSiTY Of PERIPHYSiC ALGAL SPECIES COLLPCTED PROX THZ INSUORE WATERS OF SOUTiihZS'iPXK LAY'. HICHIGLV 
AT CHICAGO irLq3CR (STATIOW 4-8, p I G I T s 3  1) DURIIS 1984 

28 

vocoectia 2,181 2,520 23 145.,557 7,723 . 
S? . 

>'cnk'cna-a . 951 . 2 

. , . . 3,235 368. ' 

. :s --: z 7 .  1."""" 
5 5  1,6:7 - ~ e 4  

W .  
'0. 

- a .  3,235: 
.. . 

5. . .  ' 3,235 

' 140  162 - 
Total 'Greens 222 3,720 2,552 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-5 (Continued) 

POPULATION DENSITY OF ?ERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN LA RE MICHIGAN 
AT CHICAGO HARBOR (STATION 4--B, =TnTTR 7  ')  DURING 1984 

4/13-4/26 4/26-5/24 	8/1 - 6/15 8/15 - 8/24 8/27 - 9/28 9/28 - 10/16 	11/13 - 11/27 	11/27 - 12/10 12/10 - 12/28 

Orgenisms 	 (Number per scare centimeter) 	  

aPi.".3.12-LnA 
	

28 

5. 	 SC9 

• C..4:1.2: 
Total Blue-Greens 	 644 	1,116 	 246,638 	552 

32 
> 	 .4 

Total Pyrrhophyta 	 32 

28 

Total Euglenophytes 
29 

Total 
	

27,305 	244,316 	76,731 	7,557 	1,390,052 	227,632 	3,666 	10,232 	4,042 

Note: Nondiatom periphyton samples for November 13 through 27, November 21 through December 10, and December 10 through 22, 
• 1984. were destroyed during laboratory painting. 



METROPOLITAN WATER RECLAMATION DISTRICT OF - GREATER CHICAGO 

POPULATION DENSITY CF PERIPHYTIC 

TABLE All-6 

ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS 
AT CALUMET HARBOR (STATION 6-3 	=TMTRF  1)• DURING 1984 

CF SOUTHWESTERN LAKE MICHIGAN 

4/11-4/25 	5/23-6/6 
Organisms 

• 

6/6-7/2 7/2-7/28 	7/18-9/2 	8/2-8/21 	8/21-9/5 	9/5-9/18 
INL:mber per square centimezei) 	  

10/3-10/17 11/14-11/29 12/12-12/29 

3,056 

15,889 	 194,048 	155,049 	193 

1, 

 

637 

2,351 

18 

327 

	

1,190 	1,048 	• 

1,190 

759 

10 

30 

22 

15 

126 

5 

35 

a. 	. 	 • 

A. 

';:ur-gp-;cA  

11.azac1JILla 
var. 	elliptica 

7 

A. 
p01 1 ur- 4 da 

4 

A. 
,-.01sat1ra.  

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-6 (Continued) 

PCFULATION DENSITY OF FERIPHYT:C ALGAL SPECIES COLLECTED FROM THE INSHORE 
AT CALUMET HARBOR (STATION 8-3, rT(:r1R.= 1) DURING 

WATERS OF SOUTHWESTERN 
1984 

LAKE MICHIGAN 

4/11 - 4/25 5/23 - 6/6 6/6-7/2 7/2-7/29 	7/18-8/2 	8/2-8/21 	9/21-9/5 9/5-9/18 10/3-10/17 11/14-11/28 12/12-12/28 

Organisms iN,:mber per square centimeter) 	 

Br...D11=A 327 

36  <36 . 1,222 	 3,143 15 15 

2 <1,310 49€ 9C 

617 45 348 
C. 

C1:172:=1-eala 11 

C. 
c!n7e7A-A 

13 <7 

C• 
19 22 

C. 
kelltaizajzza  

611 	<42,887 	<32,143 	16,762 5,374 - 	698 202 25 

611 
Orpllpr, 

70 C. 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE •AII-6 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE 
AT CALUMET HARBOR 	(STATION 6-3, 	̂- I87 1 1ct=  1 )  

WATERS OF SOUTHWESTERN 
DURING 1984 

LAKE MICHIGkN 

4/11-4/25 5/23-6/6 6/6-7/2 1/2-7/28 	7/18-8/2 	9/2-8/21 	8/21-9/5 9/5-9/18 10/3-10/17 11/14-11/28 12/12-12/28 
Organisms (Number per square centimeter) 	 

327 	2,321 

22 CYt1,5 121 

7 E79 4,899 	 5,593 

22 1,833 	10,804 	5,952 19 20 

15 

21.2.:=Ma. 11> 340 20,238 	97,619 88 86 

a. 
plongar1 ,-2  

34C 

443,056 	55,327 

1,048 35 

831 

711 10 
var. minor 

a. 
vulgp ro  

Table continued on following page. 



METROPOLITAN WATER RELAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-6 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE 
AT CALUMET HARBOR (STATION 6-B, 8MuRv  1) 

WATERS OF 
DURING 1984 

SOUTHWESTERN LAKE MICHIGAN 

4/11-4/25 5/23-6/6 6/6-7/2 7/2-7/28 	7/18-8/2 	8/2-8/21 	8/21-9/5 9/5-9/18 10/3-10/17 11/14-11/28 12/12-12/28 
Organisms (Number per square centimeter) 	 

Di=rn74 	 75 
vulgar.. 

2,343 288,580 

var. producta 
Z. 22 

var. 	ovalis 
340 3,571 	1,048 70 37 10 

655 	 1,048 E• 

11 

var. 	subsalina 
Z. 	 43 

concr ,uP,, s 

var. venter 
Z. 	 2 

zzsItslaenziz  
15 4,753 22,611 	27,172 	 2,095 105 112 222 

E. 
batr;lonii 

18 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-6 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM 
AT CALUMET HARBOR (STATION 6-B, 

THE INSHORE 
FI(:11RP, 	1) 

WATERS OF 
DURING 1984 

SOUTHWESTERN LAKE MICHIGAN 

4/11-4/25 	5/23-6/6 
Organisms 

6/6-7/2 7/2-7/28 	7/18-8/2 
(Number per 

8/2-8/21 	8/21-9/5 
square centimeter) 	 

9/5-9/18 10/3-10/17 11/14-11/28 12/12-12/28 

Frag 4 1a-;. 316 	378 9,846 27,500 13,750 9,524 94,286 1,668 172 1,086 96 

982 3,143 35 789 179 45 

> H var. 	lanzettula 

4- 

G. 
ro;varp•T 

224 	80 679 1,222 35 789 179 45 

C. 152 
0 14 vam-m 

_var. calcerea 
Q. 611 

auxasisalx 
xpprzingii 

10 

PPnt7schia 2 7 
e1=gats1 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

POPULATION DENSITY OF PERIPHYTIC 

TABLE All-6 (Continued) 

ALGAL SPECIES COLLECTED FROM THE INSHORE 
AT CALUMET HARBOR (STATION 6-B, r7(WRE 1) 

WATERS OF 
DURING 1984 

SOUTHWSSTERN LAKE MICHIGAN 

4/11-4/25 5/23-6/6 6/6-7/2 7/2-7/28 	7/18-8/2 	8/2-8/21 	8/21-9/5 9/5-9/18 10/3-10/17 11/14-11/28 12/12-12/28 
Organisms (Number per square centimeter) 	 

eals...11za 6 340 611 	2,292 	2,190 	1,048 158 15 

> . Is Y.:=Ldiaz 	• 
1-4 
I 
1- 

C.2a±LLTII. 
340 1,637 	3,571 	2,095 35 10 22 5 

N. 5,235 IC 20 

C..ZG2/51Ce211 
var. veneta 

la=121&■e. 
N. 

thiagaz=zzia 
1 0 

N. 	 36 
	

15 
	

15 
- t-ipuneratak 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-6(Continued) 

POPULATION DENSITY OF PER:PHYTIC ALGAL SPECIES COLLECTED FROM 
AT CALUMET HARBOR (STATION 6-3, 

THE INSHORE 
r7 C=I 1R= 1) 	DURING 

WATERS OF SOUTHWESTERN 
1984 

LAKE MICHIGAN 

4/11-4/25 	5/23-6/6 
Organisms 

6/6-7/2 7/2-7/28 	7/18-8/2 	8/2-8/21 	8/21-9/5 
(Number per square centimeter) 	 

9/5-9/18 10/3-10/17 11/14-11/28 12112-12/28 

9 	51 679 

2,381 N. 

> 
M 
M  

N. 	 7 
fisr7....-A 

3,05E 

1,:33 €55 

1,310 

3,571 

8,333 

6,2ii 

23,049 414 

2C 

1E2 9.":', 45 
u 	 6. 	.51 

ll, 1,31C 5,952 9,38: E.E. 1 . 

6 340 70 51 37 61 

N. 1,019 2,381 1,048 

N. 
paie 

1,222 

H. 
resza 

2,381 1,048 10 

H. 	 7 
gragrn-um 

327 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A11-6 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN LAKE MICHIGAN 
AT CALUMET HARBOR (STATION 6-3, F7C:I'R= 1) DURING 1984 

4/11-4/25 5/23-6/6 	6/6-7/2 	7/2-7/28 	7/18-8/2 	8/2-8/21 	8/21-9/5 9/5-9/18 	10/3-10.1 17 	11/14-11/28 	12/12-12/28 

Organisms 	 (N amber per square centimeter) 	  

Zia:ULU-L-1A 
	

2 

var. imin:a 

a27 	2,3:1 	2,095 	 :8 

  

122 44 E.79 

a,-r70.; 
var. intermedia 

a. 	 43 7 

 

2,444 	 70 	 37 	 15 

nval 4 g 

SynAfir 
	

47 	269 	4,074 	1,222 	 9,381 

ALUA 

a. 
7 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-6 (Continued) 

POPULATION DENSITY OF PERIFHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN LAKE MICHIGAN 
AT CALUMET HARBOR (STATION 6-3, =T(UR= I)  DURING 1984 

4/11-4/25 	5/23-6/6 
Organisms 

6/6-7/2 7/2-7/28 7/18-8/2 
(Number per 

8/2-8/21 	8/21-9/5 
square centimeter) 	 

9/5-9/18 10/3-10/17 11/14-11/28 12/12-12/28 

619 

• var. 	fascic;:laza 

2 	247 

Z. 22 35 

9 30 

1. 
ulna 

7 

vary chaseana 
-ab. 1 1p.-  » 4 	36 5,432 2,444 9,167 33,333 10,476 53 82 131 

2....a_ta 122e2 — 
T. 4 	 7 1,698 1,310 

LIICCSaDS.a. 

Total Diatoms 1,094> 	3,714 328,307 529,831 180,060 342,826 411,718 8,817 4,726 4,081 1,563 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-6 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN LAKE MICHIGAN 
AT CALUMET HARBOR (STATION 6-B, 7T(TRE 1) DURING 1984 

4/11-4/25 5/23-6/6 	6/6-7/2 	7/2-7/28 	7/15-8/2 	8/2-8/21 	8/21-9/5 9/5-9/18 	10/3-10/17 	11/14-11/28 	12/12-12/28 
Organisms 	 {Number per square centimeter) 	  

54 

63 

160 

55 

2C5 

var. pusillum 
C. 	 31 

Mnugent; 	 1,191 	4,469 	34,816 	75,591 	4,503 	64 
sp. I 

4,506 
sp. II 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-6 (Continued) 

nor 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM 
AT CALUMET HARBOR (STATION 6-3, 

THE INSHORE 
FinuR7 1) 

WATERS OF 
DURING 1984 

SOUTHWESTERN LAKE MICHIGAN 

4/11-4/25 	5/23-6/6 
Organisms 

6/6-7/2 7/2-7/28 	7/18-8/2 
(Number pe- 

8/2-8/21 	8/21-9/5 
square centimeter) 	 

9/5-9/19 10/3-10/11 	11/14-11/28 

OAdmoip7 325 

1,570 

4E7 

487 

4,5E3 

126 

31 

157 

39,527 

225 

205 

1,024 

76,390 4,56: 

346 

72 5,579 

171 

sp. 
Oo.-y=rig 

Total Greens 

Q.• 
s.-trA"Ari 

Total 
Chrysophytes 

AnahapnA 
c;rr.'plis 

ring -quap 

Table continued on following page. 

12/12-12/28 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-6 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN LAKE MICHIGAN 
AT CALUMET HARBOR (STATION 6-B, .TI(-I 7  1) DURING 1984 

4/11-4/25 5/23-6/6 	6/6-7/2 	7/2 -7/28 	7/18 - 8/2 	8/2 - 8/21 	8/21 - 9/5 9/5 - 9/18 	10/3 - 11/17 	11/14 - 11/28 	12/12 - 12/28 

Organisms 	 (NumaDer per square centimeter) 	  

217 

2,867 

32C 

> 
M 	C am- 	̂77 -- c 	 4,71C 
.. 

I 	 . ,,r-=- , •:5:  
u, 
0 	C. 	 7 ,:Ci'. 

205 

31 

laru - -;s  
205 

lacur - ;s  

var. compacta 
teM12.7,Qaedia 
	

614 
alauce,  

M. 	 160 
re.nu;aAimA, 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All - 6 (Continued) 

POPULATION DENSITY OF PERIPHYTIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN LAME MICHIGAN 
AT CALUMET HARBOR (STATION 6-B, =I(:373= ')  DURING 1994 

4/11-4/25 5/23-6/6 	6/6-7/2 	7/2-7/28 	7/18-8/2 	8/2-6/21 	8/21-9/5 9/5-9118 	10/3-10/17 	11/14-11/28 	12/12-12/28 

Organisms 	 (Number per square centimeter) 	  

   

4,5'73 	5,602 38,297 	6,392 6,570 	 1,2L. 2 

     

      

Q. 
	 5;1 	 34+5 

2e5 

Total BI ..:e-Greens 

Total Fyrrtop -lyta 

TrachelonDnas  
EQ11, OS111A. 

Total 
Euglenophyta 

Total 	 1,106 	3,714 	335,995 	540,184 	276,726 	426,088 	423,941 	8,989 	11,728 	 4,081 	1,563 

Note: Nondiatom periphyton samples for November 14 through 28, and December 12 through 28, 1984 were destroyed during laboratory painting. 

225 

12 

12 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-7 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES 
LAKE MICHIGAN AT WILMETTE HARBOR (STATION 

COLLECTED FROM THE 
2-B, 	FT(7414F  1) 	DURING 

INSHORE WATERS OF 
1984 

SOUTHWESTERN 

Organisms 5/24 6/8 6/28 7/19 8/1 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

Bacillariophyceae 
Achnantligs 79 39 16 4 44 53 6 10 <1 

Affin , s 

. 

rlevit  
26 <1 

A. 
clev+t  

3 

var. rostrata 
A. <1 4 2 18 1 4 5 

> 
- rri¢pirnA 

A. 1. <1 
11,  
N con.,p 4 r.11 

var. brevistriata 
A. 

delicat1 , 1,1  

3 <1 

A. 3 9 7 

A. 

halikjan.A. 
1 17 9 8 2 

A. 
hungar;cpt 

34 3 2 8 4 

B. 
lAilreolstA  

4 <1 <1 

Table continued on following page. 



METROPLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All -7 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN 
LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2 -B, FIGURE 1) DURING 1984 

Organisms 
	

5/24 	6/8 	6/28 	7/19 	8/1 	8/15 	10/2 	10/16 	10/30 	11/13 	11/27 	12/12 	12/28 

Arhr..pnt1les, 	 9 
.1.=.P.2.1.1= 
var. rostrata 

A. 	 3 
millatiatitima 

Amaii;LIP-Ilza 	 15 	<1 	3 	1 	 7 
pellvciOrk 

21.•21a= 	 2 	 <1 	17 	2 	3 	 18 	 29 	20 	12 	5 
> 	 oplic-Are140 ,11,k  . 

A. 	 8 	9 	1 
1 u, 	 nvaliq 

a. 	 1 	 2 
nvAl"l 
var. pediculus 

A. 	 <1 	3 	 1 	 9 	 19 	5 	10 	8 
Itneta 

listerionella 	 247 	474 	26 	89 	104 	27 	61 	441 	518 
fnrmmsa 

Calnneis 	 7 	 <1 	 4 	1 
2pringensia  

Lnarsuleia 	 4 	 4 	 2 
sVninuta. 

Table continued on following page. 



METROPLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-7 

AVERAGE POPULATION DENSITY OF 	KEMMERER PLANKTONIC ALGAL 
LANE MICHIGAN AT WILMETTE HARBOR 

(Continued) 

SPECIES 
(STATION 

COLLECTED FROM THE 
2-B, yi(uRr 1) DURING 

INSHORE 
1984 

WATERS OF SOUTHWESTERN 

Organisms 5/24 6/8 6/28 7/19 8/1 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

Corronei.; 1 5 46 8 3 
ppdirlOus 

C. 
plat-pill-111k  

< 1 5 3 2 

CvnlntellA  16 20 
rompnsis 

C. 9 26 <1 16 3 
Ida 

,-, 
,-, 
1 

t.r. 
r 

C. 

kiletZ/TZiAlaa. 
C. 

pPneghiniara, 

C. 
orellAr 

3 

2 

3 13 

2 

2 

258 

44 

1,258 

10 

931 

9 

2,812 

4 

5,006 759 

12 

20 

4 

68 

<1 

43 

3 

<1 

<1 

C. <1 32 110 15 3 
Dspuripltelligera. 

C. 5 51 4 
VATiriiimrtA  

C. 5 
.stp11igerA 

fam,rnplplira. 2 

C. 3 <1 
maga 

Table continued on following page. 



METROPLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

AVERAGE POPULATION DENSITY OF 	KEMMERER 
LAKE MICHIGAN AT 

TABLE All-7 

PLANKTONIC ALGAL 
WILMETTE HARBOR 

(Continued) 

SPECIES 
(STATION 

COLLECTED FROM 
2-B, 	FI(;URF 1) 

THE INSHORE 
DURING 1984 

WATERS OF SOUTHWESTERN 

Organisms 5/24 6/8 6/28 7/19 8/1 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

CwrhellA 

42 132 

4 

<1 

13 

2 

19 

68 

1 

5 

<1 25 18 49 

5 

6 

4 

2 

5 

3 

<1 

< 1 

grAciliq 

microcephala 

L. 
prostrata 

sinuata 

turgida 

ventricosa 
piaroma 

olongatUM 

plongarPM 
var. minor 

D. 
vulgarp 

B. 
vIllgaro 
var. producta 

Table continued on following page. 



Organisms 5/24 6/8 6/28 7/19 8/1 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

Dtplrnoi. 2 

1 1 <1 
=Alia 

D.  3 =Alla  
var. oblongella 

Zpirhpmi7k  
mcb.LA 

2 

Eramilazin. 8 52 3 57 19 10 3 58 62 43 127 28 

E.  
crnstruens 

33 188 25 9 11 32 

LUSiLiaLtia• 
constr1,1.rs, 

6 5 15 

var. subsalina 

rrntonprIsi 
1,211 1,417 189 1,612 268 53 179 476 1,289 312 136 1,215 <1 

E. 
harrilsonii 

6 3 3 

E. 30 112 38 45 12 3 45 62 87 22 13 5 <1 

cy• 

METROPLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-7 (Continued) 

AVERAGE POPULATION DENSITY OP KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN 
LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-B, FiGiTRE 1) DURING 1984 

IntArmodipk 

Table continued on following page. 



XSTROPLITAN WATER RECLAPATION DISTRICT OF GREATER CHICAGO 

TABLE AII-7 (Continued) 

.. - . AVE-RAGE POPULATION DENSITY OF K W Z R E R  PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN 
LA!! MICHIGAN AT WILEIETTS HARBOR (STATION 2-B, -1) DURING 1984 

Organism 
. -  . ,  

4 6 5 3 

r. 
olXnata 
9ar. Ianzettula 

lx?mh== 
abbrevlatum 

E. 
P 
u u s=uue 
t E. 

01 
4.1 d h & a u m  

E. 
olivaceum 
var. calcarea 

E. 
oarvulrn 

Gvrasismr 

llanttchia 
dmsasm 

Hclalira 
I x u U b t A  

Table continued on fol loving page. 



METROPLXTAN WATER RECLAWTION DISTRICT OF GREATER CHICAGO 

TABLE AII-7 (Continued) 

AVERAGE POPULATION DENSITY OF K!SlQGRER P W T O N I C  ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTEW 
LAKE MICHIGAN AT WILHETTE HARBOR (STATION 2-B, DURING 1984 

-- - - 

Organisms 5/24 6/8 6/28 7/19 8 /1  8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

Mclaaira 19 2 14 14 30 22 6 9 4 0 
islandica 

1. 1 
varian+ 

Alavicula 6 1 
anplica 

1. 6 
hacill.ria 

1. 2 
u 
I u 

binadia 
0 1. 3 

- a L a u  
1. 18 
crvataccPhala 

1. 62 
crcmtacsah.la 
vat. veneta 

1. 3 
cusaidata 

1. a1 6 
raiaul 

1. 3 1 
saatxua 

Table continued on following page. 



METROPLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-T (Continued) 

AVERAGE POPULATION DENSITY OF 	KEMMERER PLANKTONIC ALGAL 
LAKE MICHIGAN AT WILMETTE HARBOR 

SPECIES 
(STATION 

COLLECTED 
2-B, 

FROM 
rTr.URE 	1) 

THE INSHORE 
DURING 1984 

WATERS OF SOUTHWESTERN 

Organisms 5/24 6/8 6/28 7/19 8/1 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

NA vin111,N 

2 

<1 

<1 26 

1 

3 

3 

5 

<1 

4 

9 

9 

8 

2 --  

1 1 

<1 

III 
larprolf -^ta 

muralim  
S. 

placentula 
var. 	rostrata 

Dlarzatma 

111=la 

Zeirthazatii. 
z . 

• 
z::bhazaulata 

It 
t" ,-ipl , nrratA 

Table continued on following page. 
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YSTROPLITAN WATER 3ECLAKAi'ION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 7  ( C o n t i n u e d )  

AVERAGE POPULATION CENSITY OF KrSERER PLASKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE XATERS OF SOUTHWESTERN 
LAKE HICHIGW AT WILMSTTE HARaOR (STATION 2-8, FIGURE) DURING 1984 

O r g a n i s m s  5/24 6/8 6/28 7/19 8/1 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

1 < 1 3 9 - 
bl. 6 

sr&mcmm 
bl. 6 
therrnalis 

I. 

z var . levidensis 
Y 

0, - Asmsama 
E. . 

s lws3uh - - 
B. 
Lonaiseta - - 2 - 

Table continued on following page. 



METROPLITAN WATER RECLAMATION DISTRICT Of GREATER CHICAGO 

TABLE AII-7 (Continued) 

AWRAGE POPULATION DENSITY OF K W R E R  PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHOM WATSRS Of SOUTHWESTERN 
LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-8, PIGURf) DURING 1984 

Organisms 5/24 6/8 6/28 7/19 8 / 1  8/15 10/2  10/16 10/30 11/13 11/27 12/12 12/28 

7 - 5  11 5 3 1 < 1 3 2 3 17 2 5 3 5 43 
aatrlea 

S. 155 297 5 
bs=uA 
v a r .  i n t e n m d i a  

S, 14 9 1 3 
hantzschli 

S. 5 8 8 

2 mlnutus 
u Surirella 11 

OI N A w u a u u  
S. 
avalis 

Svnedra 
maAa 

S - 
actinia 
va r .  f a s c i c u l a t a  

S. 80 247 2 
m i u m u  

S- 2 4 64 97 2 
rn 

Tab le  cont inued on fo l l owing  pase. 



NSTi7OPLITAN WATER RECLJWATION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 7  (Continued) 

-AVERhGE POIULATION DENSITY OF KEtMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE M T E R S  OF SOUTHhZSTERN 
LAKE MICHIGAN AT WII24STTE HARBOR (STATION 2-B, FI(;URE) DURING 1984 

- 
Organisms 5/24 618 6/28 7/19 811 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

Svnedra 

S. 3 1 3 1 1 
vlnn 
var. chaseana 

S. 
vlnn 
var. impressa 

2 825 2,018 524 1,739 543 
C( Icnestrata 
I 
01 2. 18 132 3 1 4 5 
W - - 

A. 
canvolutus 

A. 
falcatus 

A. 
falcatus 
var. ac icu lar i s  

Table continued on following page. 



> 	alnhala p-, •-, 
 

C. 	 10 
as 	 •nhagmicsaa  
a- 

jlnttrrinDsil 	 1 	<1 	 1 	 2 
10raiztizaa 

C. 	 <1 	 <1 
in.vissim4  
var. tropica 

rwv.ibrivIm 	 <1 
acellatum 
var. incrassatum 

C. 	 <1 	1 	4 	 3 	2 

r 1 ad ,phoza 	 9 
sp. 1 

METROPLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All -7 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERN 
LAKE MICHIGAN AT WIL.METTE HARBOR (STATION 2-B, rI(TIRF 1) DURING 1984 

Organisms 	 5/24 	6/8 	6/28 	7/19 	8/1 	8/15 	10/2 	10/16 	10/30 	11/13 	11/27 	12/12 12/28 

Anki‘trodoqfr.u• 	 <1 
fraetua 

jaratuLrza= 	 2 
kiraun .(„j 

<1 
zamt”heranA 

var. minor 
cuazystonguaa 	 4 

	
2 	 19 

pAr4lydprmln 

var. pussillum 

Table continued on following page. 



ETROPLITAN WATPR .PECLA!ATION DISTRICT OF GXATER CHICAGO 

TABLE AiI-7 (Continued) 

AVSRAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORS WATERS OF SOUTHWESTERN 
LAKE MICHIGAN AT W I N T T E  HARBOR (STATION 2-8, rIC.nRE) DURING 1984 

Organism 5/24 6/8 6/28 7/19 8/1 8/15 10/2 i0/16 10130 11/13 11/27 12/12 12/28 

< 1 6 2 
ouadrata 

<1 2 

2 
D Y a l h  

vesielllaas 

z Kirchneriella 
CI 

OI 
u. - 

lonaiseta - 
&we!zh 2 
SP - 

QQSYsh <1 
elliatica 

Q. 2 14 3 15 
MxYa 

9. <1 5 6 
ousllla 

Table continued on following page. 



MEiROPLITAW WATER RECIJLXATION DISTRICT OF GREATER CHICAGO 

TABLE AII-7 (Continued) 

AVERAGE POPULATION DENSITY OF KEWERZR PWVKTONIC ALGAL SPECIES COLLECTED FROM TEE INSHORE WATERS OF SOUTHWESTERN 
LAKE MICHIGAN AT WILKETTE HARBOR (STATION 2-B, -1) DURING 1984 

Organisms 

Table co-ntinued on following pace. 



r S T R O l L I T A N  WATER S E C L A U T I O N  DISTRICT OF GREATER CHICAGO 

TABLE A I I - 7  ( C o n t i n u e d )  

AVERAGE POPULATION DENSITY OF -REX PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTdkFSTERN 
LAKE MICHIGA?? AT WILMETTE HARBOR (STATION 2-8, FTGURE.1) DURING 1984 

O r g a n i s m s  5/24 618 6/28 7 /19  8 / 1  8/15 1012 10116 10130 11 /13  11/27 12 /12  12/28 

C h z y s o p h y c e a e  
n b ? x a  . . 3 2 1 

SP - 
35 19 3 76 

P. 57 73 9 0 

P. 
%- u diveraena 
u Q. 
OI U - 

biflaaellaie 

T a b l e  c o n t i n u e d  on f o l l o w i n g  page. 



ETROPLITAN WATER RfCLhnATION DISTRICT OF GXEATER CHICAGO 

TABLE A I I - 7  ( C o n t i n u e d )  

AVERAGE POPULATION DENSITY OF KEMXiRER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE I N S K O X  WATSRS OF SOUTHUESTESN 
U K E  MICHIGAN AT WILMETTE HARBOR (STATION 2-8, FIGilRE1) WRIWG 1984  

O r g a n i s m  

Anbwaa= 
A&3Lb&m 

A- - 
elachista. 

A. 
B h c u a a  
var . conferta 

L. 

var. d n o r  
C. 

lbaetku 
C. 

minutus 
C. - 
oallidum 

T a b l e  continued on f o l l o w i n g  page. 



KETROPLITAN WATSR RECLAMATICN DISTRICT OF GXEATER CHICAGO 

TASLE A I I - 7  (Continued) 

AVERAGE POPULATION DEKSITY OF KE.?XERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF SOUTHWESTERU 
LAKE MICHIGAN AT WILMETTE H L i O R  (STATION 2-8, -1) DU3ING 1984 

- -  - 

Organisms 5/24 6/8 6/28 7/19 8/1 8/15 10/2 10/16 10/30 11/13 11/27 12/12 12/28 

GleOthece 

G. 

var. compacta 
B=hmrmu 

I 
OI rn 

daeillataris 
asmlui  

9. 

9.  
l u a a  

9. 
suhbrevis 

9- 197 
u n u h  

lDirulina <1 -1 
uxhsjma 

Table continued on follo~ing page. 



tSTRO?LITAN WATER RECLWATION DISTRICT OF GREATZR CHICAGO 

TABLE AII-7 (Continued) 

AVERRGE POPULATION DENSITY OF KZlQGRER PLANKTONIC ALGAL SPECIES COLLECTED FRO3 THE INSHORE WATERS OF SOUTHWESTE3N 
LAKE UICHIGAN AT WILMETTE HARBOR (STATION 2-B, EIGITQ' 1) DURING 1984 

Organisms 

Dinophyceae 
Olenadinium 
barPef 

Si. 

Peridinium - 

Cryptophyceaa - - 
Table continued on following page. 

AII-70



PSTRO?LITAN WATER RZCLAUATION D I S T R I C T  OF GRSATFR CHICAGO 

TSLE A I I - 7  (Continued) 

AVZRAGE POPULATION DENSITY OF KS.%F"XR ?LLVK?OKIC ALGAL S P E C I E S  C O i L E C i E D  FROM TilZ I N S H O E  WATERS OF SOilTHhZSTEiW 
-AYE: XICYIGZX AT W I W E T T E  HkIOR (STATION 2-3, E33EE-l) DURING 1984 

Organisms 5/24 

~ b t a l  Diatoms 5,444 9,347 1,111 4,996 2,697 1,261 3,734 9,245 6,323 1,871 1,018 2,159 310 

~ o t a l  Nondiatoms 

Total Algae 

Note: Density units - organisms per mL. 

AII-71
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XETROPOLITAN WATSA RZCLLVATION DISTRICT CF GRZATSR CAICAGO 

3A3LS A I I - 8  (Continued) 

AVERAGE POPULATION DENSITY OF %EK?CZRPil ?LANKTONIC ALGAL SPECIES COLLECTED FROM THE INSAORE MATBRS OF 
,SOUTHWESTERN LAKE MICHIGAN KT CSICAGO HkSaOR (STATION 4-B, U I : q C .  1) M R C i i  2  TO AUGUST 1 5 ,  i 9 8 4  

-- - -  - 

Organisms 3 / 2  4 / 1 3  4 / 2 6  5 /24  6 / 8  6 / 2 8  7 / 1 9  8 / 1  8 / 1 5  

Achnanthes- 6 3 < 1  
A. minutissima 11 
A. lWnmna 4 1  
AmDhialarlraoellucida 4  <1 
AmDhioraraornata 2  
AmDhoradelicatessima 10 2  66 
A -  norrnanii 4 1  
A. avalis 
A. veneta 2  2  
-formosa 1 4  51 
Caloneisbacillum 
I;. zachariasi < 1 
Cocconeisdiminuta 2 < 1 2  < 1  
C. bediculus 2  2  <1 
c- Qhxrimb 3 6 4  2 

4 6 
uGhXeua!zhX=3U 1 2 7  5 1  1 6  3 6 64 1 2  11 4 9 <1 
c. iris 
c- - 3 9 5 7 1 4  2 2 1 2  12 293 1,364 54 3 
c. mcneahiniana 

Table continued on following page. 
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WFT3.0POiIT.:X X A X R  3 3 C L k ? ' T I O N  D I S T 3 I C T  03 G?.C,A'iZR CHICAGO 

AVERAGE POPULATION DENSITY 07 KSPPERER ?LANKTONIC ALGAL SPCCIZS COLLZCTCD FROM T E S  INSEORE NATF3S O F  
SOUTHWESTERN LRKE KICHIGAN AT CHICAGO H A ~ O R  (STATION 4-a ,  I";\RCS 2 TO AUGUST 15, 1984 

D i D l o n e i s m  
EDithemiasorex 

var. g r a c i l i s  
39 3 5 6 9 

E. GauGiM 116 
E. canstruens 7 2 22 2 
P. construens 

var. subsalina 
E. crotonensis 2 1 863 130 3 1 
P. harrissanii 2 
r- harrissonfi 16 

var. dubia 
E. harriasanii 

var . rhomboides 
z. intermedia 
E. - 
E. oinnata 
E. ainnata 

var. lanzettula 
Gamohonemaabbreviatum 
G. bahemicum 

Table continued on following page. 
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METR0POLITh:J XATER RECLAYATION D I S T R I C T  OF GREATER CHICAGO 
.. ". 

TABLS A I I - 8  ( C o n t i n u e d )  

AVERAGE POPULATION DENSITY or KEW.ERCR PLAXKTOSIC ALGAL s?rcIzs COLLECTSD FROM THF INSUORE WATSRS OF 
SOUTHWESTEW LKIB KICHIGAN AT CHICAGO HARBOR (STATION 4-8, -1) MAXCH 2 TO AUGUST 15, 1984 

Organisms 3/2 4/13 4/26 5/24 6/8 6/28 7/19 8/1 8/15 

11 <1 1 
I- a 6 3 <1 < 1 < 1 
I. L?uKuLa 2 
I. recta 1 3 < 1 
I. thermalis < 1 
I. thermalis 

var. minor 
I. ttvblionella 

var . l ev idens is  
Pinnularia- 
2. miczastauron 

fo.  diminuta 
Rhizasaleniaerfensis 4 4 4 
B- lan<riaeta 3 13 7 9 18 
-curvata 2 5 -- 2 
Steohanodiscusastraea 34 9 6 3 5 4 8 11 6 
S. astraes 1,353 3,712 1,929 310 3'16 5 0 

var. intermedia 
S. hindcrana 7 
S. hanttschii 175 847 259 7 0 43 10 31 < 1 

Table continued on following page. 



KSTROPOLITAN WATER RECLAWATION D I S T R I C T  OF GXEATER C i i I C k S O  

T M L Z  A I I - 8  ( C o n t i n u e d )  

AVEiViSE POPULATION 
D E N S I T Y  OF KEXMERER PLANKTONIC ALGAL S s E C I E S  COLLECTED FROM TKE INSi?G?.Z 'ViA7ERS OF 

SOUTH.WESTERN LLKE MICHIGAN AT CHICAGO HARBOR (STATION 4-a, FICI)RS) MARCH 2 TO AUGUST 15, I 9 8 4  

O r g a n i s m s  

SteDhanadiscusminutus 
S u r i r e l l a w  
S. pYats 

Svnedra- 
S .  affinis 
S.  affinis 

var. fa sc i cu l i td  
S. aaillonii 
S. nnna 
S. 3Ab.a 
S. Ylna 

var . chaseana 
TAbellariafcnestrata 
2. flocculosa 
Tetracvclusemarainatus 

Chlorophyceae 
Ankistrodesmusbraunii 
A. GauQuas 7 
A. falcatus 
m=lm-=uorotuberans 

var. minor 
B. sudeticas el 

Table continued on following page. 
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XFTROTOLITAS HATER RECL.VWATION DISTRICT OF G4ZhTS3  CHICAGO 

TASLE AII-8 (Continned) 

AWRAGE POPULATION DENSITY OF :GWSRER PLANKTONIC ALGAL SPECIES COLLECTZD FROM TiiE INSHOX': HATEFIS 01 
SOUTHWZSTERN LAKE MICSIGAN A? CHICAGO HARaOR (STATION 4-3, rIGURg) MARCH 2 TO AUGUST 15, 1984 

Organisms 312  

Chrysophyceae -- . . 
Diceras sp. 

-Dinabrvan- 
Q- cvlindricum 
Q. - 
Q. sertularia 
Q. soclala 
Ganvastamumscmen. 
Mallamanastonsurata 

Xanthophyceae 
Chlorachromonasminuta 

Myxophyceae 
Anabaena affinia 
A. circinalia 
A. flaa - 
A. helhnhh 
A. bemaua 

Table continued on following page. 
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1 

METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-8 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CHICAGO HARBOR (STATION 4-B, =TPURr. 1 ) MARCH 2 TO AUGUST 15, 1984 

Organisms 3/2 4/13 4/26 5/24 6/8 6/28 7/19 8/1 8/15 

Anallaena scheremetievi 
A. 	wisconsinense 2 
21. 	linispord 20 
AphanocPps 1 
A. pulch ra <1 
APhanothece oelarinosa <1 
A. microscopic& 
A. Didulans 1 <1 <1 5 
Chroococcus dispersus <1 <1 1 <1 

a 	clispersIls, 
var. minor 
jimnericl's 6 

2 <1 2 

7 9 

2 

7 
C. minutus <1 
Gomohosphaeria aponin4 <1 

<1 < 1 Q. 	1.pr.pstris 
a. lacustris  

var. compacta 
<1 <1 

Gleothecp rupestris 

Lyagbia limnPriqd 172 
14erimopedi4 21AAQa <1. 
Osdillatoria agardhii 27 23 22 30 3 

230 428 592 690 83 9 

Table continued on following page. 



I'ZTROPOLITAN WATER RECLATATION DISTRICT OF GRSATER CXICAGO 

TABLE A I I - 8  ( C o n t i n u e d )  

A'JERAGE POPULATION DENSITY OF KSImRER PLAKKTONIC ALGAL S P E C I B S  COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERX LAKE MICXIGAN AT CBICAGO HLWOR (STATION 4-B, FIGURF,) MARCH 2 TO AUGUST 15, 1984 

O r g a n i s m s  

Dinophyceae 
ceratFumh- 
Cvstodiniumcornifax 
-armaturn 
G. baraei 
G. oulvisculus 
PeridiniuminconsDicuum 
P. willei 

Euglenophyceae 
ElukMm 

var. r ig i ta  
E. GYSL 
E. aravima 
Trachelomonasvalvocina 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE All-8 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CHICAGO HARBOR (STATION 4-B, ;'IC:T1RE 1) MARCH 2 TO AUGUST 15, 1984 

■ . . 
14 

 m u, 

Organisms 3/2 4/13 4/26 5/24 6/8 6/28 7/19 8/1 8/15 

Cryptophyceae 
Cryptomonas Prosy 

3,335 

250 

3,585 

<1 

10,407 

301 

10,708 

8,736 

767 

9,503 

7,637 

1,649 

9,286 

7,652 

2,033 

9,685 

942 

271 

1,213 

2,644 

467 

3,111 

<1 

2,471 

232 

2,703 

<1 

798 

181  

979 

Chroomonas pordstedtil 

Diatoms 

Nondiatoms 

Total Algae 

Note: 	Density units s  organisms per mL. 



HETROPOLITAN WATE4 RECLAMATION DISTRICT OF G2EATER CHICAGO 

AVEUGE POPULATION DENSITY OF K E ~ R E R  FLANKTONIC ALGAL SPECIES COLLECTED FROM TEE INSHORE WATERS OF 
SOUTHWESTEXN LAKE MICHIGAN AT CHICAGO HARBOR (STATION 4-B, ELWKEA.1) OCTOBER 2 TO DECEHBER 28, 1984 

Orgqnisms 10/2 10/16 10/30 11/13 11/27 12/10 12/28 

Bacillariophyceae 
Achnanthesaffinis 4 4 3 9 12 43 <1 13 < 1 
A. biasolettiana 
A. clevei 
A. clevei 

var. rostrata 
A. coarctata 

2 
H 

var. elliptica 

0 A. cDnsDicua 
OI A. delicatula 

A. exiaua 
A. exicrua 

var. beterovalvata 
A. clrimmei 
A. hmkhna 
A. - 
A. kalbei 
A. lanceolata 
A. lRncealata 

var. elliptica 
A. lancealata 

var. rostrata 

Table continued on following page. . 
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METROPOLITAN WATER RECLAMATION DISTRICT 

TABLE AII-9 	(Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES 
SOUTHWESTERN LAKE MICHIGAN AT CHICAGO HARBOR (STATION 4-B, 

OF GREATER 

COLLECTED 
7 I(=UR= 	i) 

CHICAGO 

FROM THE INSHORE WATERS OF 
OCTOBER 2 TO DECEMBER 28, 	1984 

Organisms 10/2 10/16 10/30 11/13 11/27 12/10 12/28 

N. 	linearis  2 

5 

2 
<1 
2 

17 

19 
5 

2 

3 

2 

2 

<1 

2 

7 

5 

<1 

<1 

18 

3 

13 

<1 
<1 

17 

<1 

<1 

7 

N. paled  
N. ounctatd 

 U. LLId 
N 	thermalis 
N. 	thermalis  

var. minor 
N. tryblionelIa  

var. 	levidensis 
Finnularid fasciatd 
E. microstauron  

fo. diminuta 
Bbi7osoleni 	eriensis 
E. jongiseta 
Fhoirosphenid curvatd 
Stauroneis varvuld 
Stephanodisrus astraed 
N. ftstraea  

var. intermedia 
S, 	hinderan  

.. bantzgchii  

Table continued on following page. 
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KETROPOLITAN WATER RECLAYiTIOX D I S T R I C T  OF GREATE3 C3ICAGO 

TABLE A I I - 9  ( C o n t i n u e d )  

AVEPAGE POPULATION DENSITY O F  KZYL?EREX PLANKTONIC ALGAL S P E C I E S  COLLECTED FROX TEH INSEORS WATERS OF 
SO'JTHWESTERN LAKE MICHIGAN AT CXICAGO HLiBOR (STATION 4-B, -1) OCTOBER 2 TO DZCEHBER 28, 1 9 8 4  

O r g a n i s m s  10/2 10/16 10/30 11/13 11/27 12/10 12/28 

11 
Mouaeotia s p .  5 15 7 13 

3 
I- 2 1 

Q- .parya 1 4 
Q. Pusilla 1 3 
Q- sblitaria 

Ovadricrulaclasterloldes . . 
Q.. - 2 
Scenedesmusabundans 1 
S. acuriformis 5 3 
Scendesmusbiivaa 6 10 3 7 5 5 
S. brasiliensis 
S. d b Q l 3 h U  3 11 3 6 

- 
S. hvstrix 3 
S. aooliensis 
S. cruadricauda 1 24 13 19 10 6 
Selenastrumminutus < 1 2 < 1 2 1 < 1 < 1 
S. 4lestii 

Table continued on following page. 
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METROPOLITAN CI'ATER RECLAMATION DISTRICT OF GREATER CiiICAGO 

TAi3LZ AII-9 (Continued) 

AVERAGE POPULATION DENSITY OF K E m R E R  PLANKTONIC ALGAL SPECIES COLLECTED FROM TXF INSHORE WATZRS OF' 
SOUTHWESTERN LAKE MICHIGAN AT CHICAGO ELqaOR (STATION 4-B, 1) OCTOEER 2 TO DECEMBER 28, 1984 

Organisms 

Chrysophyceae 
I w = d s t e d U  

Dlcetas SP. 
Dinabrvonbavaricum 
Q. -. 
Q. diveraens 
P. settularia 
Q. sociale 
Ganvastamumsemen 
-tansurata 

Xanthophyceae 
Chlorochromonasminuta 

Myxophyceae 
Bnabaenaaffinis 
A. circinalis 
A. fhsAuas - 
A. helicoida 
A. ineaualis 

Table continued on following page. 
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KETROIOLITAN HATER RECLk?!!TION DISTRICT OF GREATER CHICAGO 

TABLS A I I - 9  ( C o n t i n u e d )  

AVERAGE POPULATION DENSITY OF KZKKSRER ?LANI<TOKIC ALGAL SPECIES COLLECTED FilOX THE INSHORE WATERS OF 
SOUTHWESTERN LAKE: MICHIGAN AT CHICAGO IikqBOR (STATION 4-a,  =URF 1) OCTOaEX 2 TO DSCEMSER 2 8 ,  1 9 8 4  

O r g a n i s m s  1 0 / 2  1 3 / 1 6  1 0 / 3 0  11/13 1 1 / 2 7  1 2 / 1 0  1 2 / 2 8  

C r y p t o p h y c e a e  
CrMtomonaserosa 

m2zdstedL.u 
. . 

D i a t o m s  

2, N o n d i a t o m s  
$4 

w T o t a l  A l g a e  - . .  

N o t e ' :  D e n s i t y  u n i t s  = o r g a n i s m s  per mL. 



AVERAGE POPULATION DENSITY OF K E m R S R  ?LANKTCNIC ALGAL. S P E C I S S  COLLECTED FROM TEE IXSHORE WATERS OF 
SOUTH'KESTERN LAKE MICHIGAN AT CALSYST HLFBOR (STATION 6-a, -1 YARCH 1 TO S Z P T S ~ K ~ E R  18, 1984 

Organisms 

aacillariophyceae 
Achnantbesaffinis 2 2 4 
a. brasolettiana 3 
B. breviceps 

var. intermedia 
A. r l e v e i  

var. rostrata 
A. consDicua 
A. delicatula 
A. exiaua 
8. exicrua 

var . heterovalvata 
A. haukiana 
a. huuadsa  
A. lancunarum 
A. lancealata 
A. lancealata 

var. rostrata 
A. linearis 
A. n a u h a b u  
Amahialeuraaellueida 
Amahiararaarnata 
Amohora- 

Table continued on following page. 
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1-!B?RO?OLITAN WATSR RECLA!!'ATION DISTRICT OF GRSATZR CHICAGO 

TABLE A I I - 1 0  ( C o n t i n n e d )  

AVERAGS POPULATION DENSITY OF K E Z R E R  PLANKTONIC ALGAL SPECIES COLLECTED FROM THE IKSHORE WATERS OF' 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET liARBOR (STATION 6-B, FIGUI\E) MARCH 1 TO SZPTEbBER 18,  1984 

O r g a n i s m s  3 / 1  4 / 1 1  4 /25  5/23 6/ 6 7 / 2  7 / 1 8  8 / 2  9 /18  

CvclotellaSlAuuXa 5 4 8 3 2  3 6 4 6  
6. striata 3 
-solea 2 
c. 3dS.a 1 

var.  apiculata 
Cvmbellamicroceahcla 
c. I=xm=Ua < 1  
c. Prostrata 1 
c. sinuata 1 
c. ventricosa 1 
-elonoaturn 4 
Q -  alanaatum 

var. minor 
Q .  tenue 4 
Q.  tenuis 1 

var.  crassula 
a. vulaare 2 

I ' 
Q .  vulaalre 

.- var. producta 
Dialaneisovalis 2 
Q .  avalis 4 

var . oblongella 

Table  continued on fol lowing page. 
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KZ'?RC?OLITAN KATSR RSCLA!!ATION DISTRICT OF GXSATER CHICAGO 

TA3LZ AII-10 (Continued) 

AVFRAGE POPULATION DSNSITY OF KEmRER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATSRS OF 
SOUTHWSSTERN LAKE MICHIGAN AT CALUMZT HARBOR (STATION 6-B, FIGURF:) MARCH 1 TO SEPTEt-SZR 18, 1984 

Organisms 

Naviculasehonfeldii 3 
N. secura 1 6 
N. triDunctata 5 1 
NF?dirlmdubium 

8 
B. acuta 
N. - 
N. communis 

W 
N. dia&aLa 

,o N. fanticala 
N. frustulllm 
N. crracilis 
N. hunaarica 
N. 
N. linearis 
I. Dalea 
N. rccta 
N. thermalis 
N. trvblionella 

var. levidensis 
N. unknown V 
QmshQsAmartvi 

Table continued on following page. 



YSTRODGLI'iAN KATZR RECLLVATION DISTRICT CF GREATER CHICAGO 

TASLS AII-10 (Continued) 

AVERAGE POPULATION DENSITY OF K E W R E R  PLANKTONIC ALGAL SPECIES COLLSCTED FROM TEZ INSHORZ WATERS OF 
SOUTHh'ESTERN LAK': MICHIGAN AT CALUMET HARBOR (STATION 6-B, m l R S  1) MARCH 1 TO SEP'TEWER 18, 1984 

Organisms 3/1 4/11 4/25 5/23 6/6 7/2 7/18 8/2 9/18 

2 
E. sublinearis 7 
BhoicasDheniacurvata 5 2 

10 8 <1 
B- kughela 15 

' aibba 1 
=frkzula 4 

2 
W SteDhanodiscus astraea 395 
C S .  astraea 3 95 
0 
QI var. intermedia 

s. binderana 
S-  hantzschii 5 2 
S .  minutus 
Surirellaanaustata 2 
S v n e d r a m  3 7 
S -  affinis 7 

var. fasciculata 
S.  aaillanll . , 
S .  nana 1 
S -  rumDens 
S -  Ylna 5 
S- Vlnn 11 17 

var. chaseana 

Table conptinued on following page. 



TABLE A I I - 1 0  ( C o n t i n u e d )  

AVERAGE POPULATION DENSITY OF KSvhSXEX PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATZRS OF 
SOUTHWESTERN LAKS MICHIGAN AT CALGMET HARBOR (STATION 6-B, U l r W  1) MARCH i TO SEPTSV3ER 18, 1984 

O r g a n i s m s  3 / 1  4/11 4 /25  5/23 6 / 6  7 / 2  7 / 1 8  8 / 2  9/18 

C h l o r o p h y c e a e  
convolutvs 1 

A. braunii 
A. falcatus 
A. falcatus 

var. acicularis 
Carteria- 
Camvdomonasalobosa 
i;. sDhaanicola 
ChlorellaelliPsoidea 
c.  vulcrari.s 
Cladaahara SP. 1 
ClosterioDsislonaissima 
c. k2uh&ma 

vat .  tropica 
5AslmAuoachvdermum 

var. p u s s i l l u  
Cruciaeniaauadrata 
c. tetrabedia 
DictvasahaeriumDulchellum 

T a b l e  continued on f o l l o w i n g  page. 



MF,TRO?OLITAN KATE3 RECLA?"TION D I S T R I C T  OF GREATEX CiiICAGO 

TABLE A I I - 1 0  ( C o n t i n u e d )  

AVERAGE POPULATION DENSITY OF KZMXZRER PLANKTONIC ALGAL S P E C I E S  COLLECTED FROM THE INSHORE WATERS O F  
SOUTXWESTERN LAKE MICHIGAN AT CALUKET HARBOR (STATION 6-B, :IGURR) MARCH 1 TO S E P T E M E R  18, 1984 

O r g a n i s m s  3/1 4/11 4/25 5/23 6/ 6 7/2 7/18 8/2 9/18 

Flranceiaovalis e l  <1 
Gleocvstisamala 2 
G- aiaas 1 0  
G. maior 
Golenkiniaradiata 

t; 
H L- lQn&=m 
C 

0 
Mouaeotia'~~. 
Q o c v s t i s m  01 

Q- oarva 
Q .  solitaria 
Q -  submarina 
Pediastrumborvanum 
PlElnktonemalautesbornll . . 
Planktosbbaeria- 
Ouadriaulalacustris 
Scenedesmusabundans 
S -  acutiformis 
S -  arcuatus 2 
S- arcuatus 

var .  p l a t y d i s c a  

Table continued on f o l l o w i n g  page. 
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?!ZTRO?OLITAN KATER RZCLAYATiOS DISTRICT OF GRSATZR C!iiCAGO 

TABLE ALI-10 (Continued) 

AVERAGE POPULATION DENSITY GF KEMCRER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORZ WATERS OF 
SOUTHNESTERN LAKS MICHIGAN AT CALUXET HARBOR (STATION 6-B, -1) MARCH 1 TO SE?TZKBER 18, 1984 

Organisms 3/1 4/11 4/25 5/23 6/ 6 7/2 7/18 8/2 9/ 18 

Myxophyceae 
BnabaenalALdMUl 15 294 13 7 
A -  helicoidea 2 O  
A -  ineaualis 
A. u?lisDora 
A. wisconsinense 
AQamauadelicatissima 
ADhanothece ~ o s c ~  
A -  nidulans 
-disDersus 
c. dhQaaEi  

var. minor 
c. limneticus 
C- minutus -- 
G -  lacustris 3 

var. corrrpacta 
L v n a b i a m  51 
MerismaDediaconvaluta 
u- eleoans 2 
M -  crlauca I 

M -  tenuissima 3 

Table continued on following page. 
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METROPOLITAX HATER RECLPYATION DIST3ICT OF GREATER CHICAGO 

TAaLZ AII-10 (Continued) 

AVERAGE POPULATION DSNSITY OF KEmERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THS INSHORE WATERS 09 
SOUTHWSSTERN LAKZ MICHIGAN AT CALUMZT HARBOR (STATION 6-9, -1) MARCH 1 TO SEPTEMaFR 18, 1984 

Organisms 3/1 4/11 4/25 5/23 6/ 6 7/2 7/18 8/2 9/18 

Cryptophyceae 
-erosa 3 < 1 3 4 9 3 
Chroomonasnordstedtrl . . 

Chloromonadineae 
Gonvostomumsemen 

g Total Diatoms 
H 

r 
C Total Nondiatoms 
N 

Total Algae ' 2,879 

Note: Density units - organisms per mL. 



KZTRCJOLITAN WATER 32CLAYATiON DISTRICT OF CXEATER CXICAGO 

TABLE AII-11 

AVERAGE IO2ULATION DSNSITY OF KEEERSR 3LAXKTONIC ALGAL S3ECiES COLLZCTED FROY TBZ INSHORZ WATSRS OF 
SOUTHWESTERN LA!!': MICHIGAN AT CALUYST HMBOR (STATION 6-3 u C I l 2 F  1) OCTOBZR 3 TO DECEKBER 28, 1964 

Organisms 10/3 10/17 11/2 11/14 11/28 12/12 12/28 

Bacillariophyceae 
-afflnls . . 
A. brasolettiana 
A. htevicebs 

var. intermedia 
A. .clevei 

ver. rostrata 
A- consDicua 
A. delicatula 
A. e x b m  
A- exiaua 

var. heterovalvata 
A. haukiana 
A. hunaarica 
A. lacunarum 
A. - 
A. lanceolata 

var. rostrata 
A. llnearis 
A. - 
Amahialeuraoellucida -- 
Amahoracommutata 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-11 (Continued) 

AVERAGE POPULATION DENSITY OF KEHMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-B -1) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 10/3 10/17 11/2 11/14 11/28 12/12 12/28 

CvcldtallasauhexA 
C. atriata -- 
C. aalaa 

vat. apiculata 
UmtmlhmicracaPhala 
C. aarwsilla 

iz 
W 

G. alraattata 
I 
C 

G. aimat& 
C 
V, C.  vantricaaa 

-clanPatllm 
n. alonaat\lm 

var. minor 
n. tanuc 
n. tanuia 

var. crassula 
n. vulaarc 
n. vulaarc 

vat. producta 
DiPlaneisavalir 
n. aMlis 
var. oblongella 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-11 (Continued) 

AVERAGE POPULATION DENSITY OF KEW4ERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT C A L W T  HARBOR (STATION 6-B -1) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 10/3 10/17 11/2 11/14 11/28 12/12 12/29 

EPithaniasorax 
var. gracilis 

EunatiaYAlida 
Emuaxia- 
E. EaPucina' 
E. canatrucru 
E. canatrucnr 
var . subsalina 

E. canatrucnr 
var. venter 

E. Eratancnsizl 
E. U L Z h a d d  
E. harrisaanii 
var. dubia 

E. hkezmdh 
E. u m a t a  
E .  ainnata 

var. lanzettula 
lalmamaolivaceum 
E. Parvulum 
Gvrariamrkiitzincrii 
-elonPatlrm 

Table continued on following page. 
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M3TROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A1 1-11 (Continued) 

AVERAGE POPULATION DENSITY OF KEMWCRER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-B -1) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 

mYhlhlchonfcldii 
I.- 
N- - 
ndiumdubium 
litzrehiaacieularia 
n. acutr 
I. aMuaL&a 
N. conaaunia 
N- dissiData 
n. tanticala 
bl- - 
I. aracilir 
I- hunaarica 
n- k u t z u u M  
I. linaarir 
n- aalar 
N. rccta 
n. thaMlia 
n. trvblianclla 

var. levidensis 
N. unknown V 
h3caharamartvi 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-11 (Continued) 

AVERAGE POPULATION DENSITY OF WMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHOKE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-B -1) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 10/3 10/17 11/2 11/14 11/28 12/12 12/28 

Chlorophyceae 
-convolutus 
A. hrrunii 
A. x a k a t u  
A. falcatus 

var. acicularis 
Cartcria- 
ChlamvdamPnaralohosa 
e.  rohanicala 
Chlarcllaclliasdidea 
c. vulparia 
G.u%mLa SP. 1 
-lanaissima 
e. lnnaissiraa 

var . tropica 
Cormariamaachvdermum 
var. pussillum 

cul&mdaauadrata 
e. tetraDedia 
-oulchellrlm 3 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-11 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS Or 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-B EIGWJLl) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 10/3 10/17 11/2 11/14 11/28 12/12 12/28 

Pranceiaovalis 
GlcocvstisAiaa 
E. Qum 
E. ma.lar 
Golankiniaradiata 
Kfrchneticllacantorta 
-citrifarmis 
L. h w h e l a  
HwaeQLh SP. 
Oacvstia- 
Q. aarva 
Q. aalitaria 
Q. sllhmarina 
Pediastrumbotvanum 
Ehnwama- 
PlanktasPhaeria- 
OuadriPulalacustris 
-abundans 
S. acutiformis 
S. arcuatur 
S. arcuatur 

vat. platydisca 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF -GREATER CHICAGO 

TABLE AII-11 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-B -1) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 10/3 10/17 11/2 11/14 11/28 12/12 12/28 

Scenedesmusbiluaa 6 7 9 2 0 18 
S -  dirnahu 14 2 
S. sxuumsk 
S. auadricauda 9 34 9 
S.  se.rratus 
Selenastrumminutum 2 2 
SDiroavra SP. 
Stichococcusbacillaris 
Tetraedronreaulare 
Ulothrix sp. 

Chrysophyceae 
IZicerasahaseolus 
Oinobrvonhavaricum 
rl. cvlindricum 
Q. dimrQma 
rl. sertularia 
rl. saciale 
Hallamonastonsurata 
Uroalenoasisamericana 

Xanthophyceae 
-minuta 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-11 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-B JXWELl.1) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 

Dinophyceae 

. . Glenodlnlumarmatum 
E. boraei 
6. aenardiforme 
G. oulvisculus 
6. SP. . . 
PeridlnluminconsDicuum 

Euglenophyceae 
Eucllenaminuta 
E. oroxima 

PhacusEaudata 
Trachelomonasvolvocina 

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-11 (Continued) 

AVERAGE POPULATION DENSITY OF KEMMERER PLANKTONIC ALGAL SPECIES COLLECTED FROM THE INSHORE WATERS OF 
SOUTHWESTERN LAKE MICHIGAN AT CALUMET =OR (STATION 6-B -1) OCTOBER 3 TO DECEMBER 28, 1984 

Organisms 

Cryptophyceae 
(IrvDtomonaserosa 
Chroomonasnordstedtll , . 

Chloromonadineae 
GOnvOStOmumsemen 

Total Diatoms 

Total Nondiatoms 

Total Algae 

Note: Density units = organisms per mL. 



MZTROPOLITAN WATER RECLAPUTION DISTRICT OF GREATER CHICAGO 

TABLE AII-12 

DEPTH PROFILES OF SELECTED WATER QUALITY INDICATORS FOR THE INSHORE AREAS 
OF SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-B, DURING 1984 

Depth Tamp- DO DO on1 Chl a2 Plankton Secchi Disk No- 
Date (m) PC) (mg/~) ( %  sat.) pH (mg/~) (w/L) (org/rnL) d3 (m) sp. 4 

5/24 1 12.0 11.3 105.0 7.9 49.6 3.79 7,596 0.8453 2.25 2 1 
3 12.0 11.2 104.1 8.0 46.0 3.46 6, 811 0.8525 3 2 
5 12.0 11.5 106.9 8.1 47.6 3.46 6,093 0.8470 3 L 
8 11.0 11.8 107.2 8.1 44.8 4.17 7,564 0.9502 3 2 
1 15.0 10.7 106.3 8.1 37.6 4.62 11,907 0.9957 3 D 
3 14.5 10.7 105.1 8.3 40.0 4.32 10,430 0.9991 32 
5 14.5 10.8 106.1 8.3 38.0 4.82 8,010 0.9318 36 
8 14.0 10.8 105.0 8.2 53.2 4.72 14,513 1.0524 3 C 
1 18.0 9.7 102.6 8.3 52.8 0.76 585 1.1020 36 
3 17.0 10.8 111.9 8.3 57.2 2.51 1,204 0.9793 3 3 
5 16.0 10.8 109.6 8.3 50.0 3.52 1,529 0.9704 24 
8 16.0 11.0 111.7 8.3 51.2 3.75 2,326 0 .8877 34 
1 .  21.0 9.4 105.6 8.1 61.6 2.14 5,620 0.9895 53 
3 19.5 9.8 106.9 8.2 52.4 2.43 3,562 1.1716 41 
5 19.5 9.8 106.4 8.2 60.4 3.77 6, 712 0.9456 43 
6 19.0 9.6 103.7 8.2 60.8 3.61 6,284 1.0377 4% 
1 21.0 9.0 101.1 8.2 72.0 1.07 2,594 0.9428 47 
3 21.0 9.1 101.7 8.3 68.8 0.93 3,240 0.9655 42 
5 20.5 9.0 100.2 8.2 68.4 1.21 3,456 0.9791 44 
7 20.5 9.2 102.4 8.3 70.4 1.75 3,211 0.9976 40 
1 25.0 8.8 106.8 8.19 65.6 0.53 1,012 0.8611 40 
3 24.5 9.1 109.4 8.27 65.2 1.56 1,248 0.6777 40 
5 24.0 8.7 103.6 8.30 73.0 0.10 2,140 0.5801 42 
7 24.0 8.8 104.8 8.30 66.8 0.05 1,451 0.7382 30 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-12 (Continued) 

DEPTH PROFILES OF SELECTED WATER QUALITY INDICATORS FOR THE INSHORE AREAS 
OF SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-8, PIGURE1) DURING 1984 

Depth Temp. DO DO 
Date (m) ("C) (mg/L) ( %  sat . )  PH 

on1 Chl a2 Plankton Secchi Disk NO. 

(mg/L) (w/L) iorg/ml) d3 (m) S P . ~  

lot4 - Organic Matter. 
2 ~ h l  a - Chlorophyll a, Monochromatic Method. 
3d - Shannon-Weaver diversity index. 
4 ~ o .  sp. - Number of algal species. 
5~~ - NO Analysis. 

AII-127



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-13 

DEPTH PROFILES OF SELECTED WATER QUALITY INDICATORS FOR THE INSHORE AREAS 
OF SOUTHWESTERN LAKE MICHIGAN AT CHICAGO HARBOR (STATION 4-8, PIGURE) DURING 1984 

Date 
Depth 
(m) 

Temp. 
(OC) 

DO 
( %  sat.) PH 

,1 Chl a2 Plankton 
(mg/L) (&L) (org/mL) 

Secchi Disk No. 
d3 (m) sp.4 

3/2 1 3 13.2 98.2 7.0 52.0 5.01 3,434 1.2177 0.25 4 4 
3 2 13.2 95.6 7.8 48.8 5.36 3,384 1.0043 3 3 
5 2 13.2 95.6 7.5 52.8 5.37 3,587 0.9799 4 0 
6 2 13.3 96.3 7.7 50.8 5.36 3,921 0.9807 39 

1 4.0 12.8 97.8 N A ~  38.8 8.32 1.0071 42 12,251 
3 4.5 12.5 96.7 N A 38.4 9.04 0.8871 35 11,567 
5 5.0 12.9 101.2 N A 38.0 8.34 9,500 0.8937 29 
7 5.0 12.9 101.2 N A 39.2 9.09 9,587 0.9362 3 3 
1 6.0 11.8 94.9 N A 39.2 9.21 7,900 1.0189 3 5 
3 6.0 11.8 94.9 N A 40.0 23.30 11,712 0.9444 32 
5 6.0 11.8 94.9 N A 45.6 9.03 10,028 1.0303 31 
6 6.0 11.8 94.9 NA 48.4 9.97 8,705 1.0194 32 
1 12.0 11.1 103.2 8.2 50.0 3.76 9,448 0.9464 32 
3 11.0 11.2 101.7 8.1 48.0 3.75 8,248 1.0121 37 
5 11.0 13.0 99.9 8.2 48.8 4.03 10,858 0.9877 32 
7 11.0 11.2 101.7 8.2 46.8 3.88 9,018 0.9824 32 
1 14.0 10.3 100.1 8.3 56.4 5.13 8,314 1.0274 4 0 
3 14.5 10.3 101.2 8.3 29.6 4.72 9,745 1.0480 4 0 
5 14.5 10.6 104.1 8.2 37.2 4.81 10,111 1.0840 42 
8 14.0 10.6 103.0 8.3 36.0 5.98 10,784 1.0267 37 
1 18.0 10.0 105.8 7.8 55.6 1.71 1,008 0.9998 3 7 
3 17.0 10.2 105.7 8.1 40.8 2.45 924 0.8909 35 
5 17.0 10.2 105.7 8.2 44.4 3.30 960 0.9552 35 
9 15.0 10.0 99.3 8.2 48.4 3.03 1,908 1.2413 4 5 

Table continued on following page. 
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METROPOLITAN WATER RECLAUATION DISTRICT OF G M T E R  CHICAGO 

TABLE AII-13 (Continued) 

DEPTH PROFILES OF SELECTED WATER QUALITY INDICATORS FOR THE INSHORE AREAS 
OF SOUTHWESTERN LAKE MICHIGAN AT C H I W  HARBOR (STATION 4-B, FIGURE) DURING 1984 

Depth Tamp. DO DO OM1 Chl a2 Plankton Secchi Disk NO. 

Date (m) (*C) (mg/L) ( 8  sat.) PH (mg/L) (w/L) (org/mL) d3 (m) S P . ~  

7/19 1 20.0 9.7 106.9 7.7 56.0 1.33 2,105 1.0443 4.0 37 
3 19.5 9.9 108.0 7.8 56.0 1.78 3,338 1.0956 4 3 
5 19.0 9.7 104.8 8.0 59.2 1.88 3,467 0.9633 3 5 
6 18.5 9.8 104.8 8.1 33.6 2.00 3,925 0.9922 41 
1 24.5 8.0 96.2 8.2 73.6 1.05 2,281 0.9116 45 
3 22.0 8.2 94.0 8.2 74.4 1.24 2,419 0.8328 42 
5 21.5 8.3 94.2 8.0 67.6 1.47 2,594 0.9717 45 
9 21.0 6.65 74.7 -7.9 72.4 0.67 3,363 1.1266 4 8 
1 24.0 8.9 106.0 8.38 64.0 1.00 704 0.9959 48 
3 24.0 8.7 103.6 8.40 58.0 0.77 52 1 0.8986 3 8 
5 24.0 8.4 100.0 8.35 61.6 1.07 1,462 0.7615 4 7 
8 23.5 8.2 96.7 8.32 59.2 N/A 1,204 0.8521 48 
1 14.0 NA NA 7.94 42.8 1.09 6,446 0.8136 48 
3 14.0 NA N A 7.82 38.4 1.21 2,758 0.8359 4 0 
5 14.0 NA NA 7.81 39.2 0.58 3,258 0.9349 4 1 
7 14.0 NA NA 7.88 44.4 2.72 3,536 0.8433 45 
1 16.0 NA NA 8.26 40.8 3.16 5,176 0.7827 38 
3 16.0 NA NA 8.28 40.8 4.17 8,789 0.6920 3 0 
5 16.0 NA NA 8.27 46.8 4.22 4,599 0.7095 33 
7 15.5 N A N A 8.18 47.2 4.16 4,332 0.6911 3 1 
1 13.0 N A NA 7.66 46.4 1.65 857 0.9748 38 
3 13.0 N A N A 7.72 38.4 1.76 2,605 0.9349 4 1 
5 13.0 N A N A 7.73 43.2 2.26 2,885 0.8885 3 5 
7 13.0 NA NA 7.87 45.2 1.78 2,924 0.9544 38 

Table continued on following page. 
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HETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-13 (Continued) 

DEPTH PROFILES OF SELECTED WATER QUALITY INDICATORS FOR THE INSHORE -AS 
OF SOUTHViF,STERN LAXE MICHIGAN AT CHICAGO HARBOR (STATION 4-8, PIT.URE) DURING 1984 

Date 
Depth 

(m) 

DO 
(b sat.) 

Plankton 

(org/mL) 

Secchi Disk No. 

(m) sp. 4 

'OM - Organic Matter. 
2 ~ h l  a - Chlorophyll a, Monochromatic Method. 
3d - Shannon-Weaver diversity index. 
4 ~ o .  Sp. - Number of algal species. 
5~~ - No Analysis. 



METROPOLITAN WATER R E C M T I O N  DISTRICT OF GREATER CHICAGO 

TABLE AII-14 

DEPTH PROFILES OF SELECTED WATER QUALITY INDICATORS FOR THE INSHORE AREAS 
OF SOUTHWESTERN MICHIGAN AT CALUMET HARBOR (STATION 6-8, FIGURE) DURING 1984 

Depth Temp. DO DO om1 Chl a2 Plankton Secchi Disk No. 
Date (m) ( O C )  (mg/L) ( %  sat.) PH (mg/L) (w/L)  (org/mL) d3 (m) S P . ~  

Table continued on following page. 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-15 

CHEMICAL ANALYSES OF WATER SAMPLES COLLECTED FROM THE INSHORE WATERS 
OF SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-B. -1) DURING 1984 

Daj3.q of Collection 
Constituents Units 5/24 6/28 7/19 8/1 9/26l 10/2 10/30 11/27 12/2 8 

Temperature C 12.0 18.0 21.0 21 .O N A ~  14.0 12.0 8.0 7.0 
Turbidity NTU 1.3 0.9 1.2 0.9 16 1.4 3.0 32.0 15.0 
Secchi Disk m 2.25 4.5 3.0 4.0 N A 3.5 1.5 0.25 0.5 
PH STD Units 8.0 8.4 7.9 8.1 8.2 8.3 8.0 8.1 8.2 
Alkalinity as mg/L 106 118 114 122 130 120 120 110 110 

CaC03 
Sulfates mg/L 2 1 2 1 19 2 2 2 6 2 2 * 24 2 6 2 2 
Fluorides mg/L 0.17 0.15 0.14 0.16 0.15 0.14 0.13 0.18 0.18 
Chlorides mg/L 10 18 10 10 10 10 12 8 8 
Phosphorus, Total mg/L <O. 1 10.1 <0.1 <O. 1 <O. 1 <O .1 <0.1 <0.1 <O. 1 
Phospho=us, =XI= <O. 1 <O. 1 <O. 1 <0.1 N A <0.1 <O. 1 <O. 1 <O. 1 

Dissolved 
Silica, Total mg/L 0.3 0.2 0.2 0.3 N A 0.4 ... 1 . 0 1.6 N A 
Calcium w/L 2 8 2 5 60 4 2 N A 2 6 31 31 32 
Mapes i m  w/L 11 10 15 13 N A 12 11 13 12 
Potassium mg/L 1.2 <1.0 2.0 2.0 N A 1.1 2.0 1.0 2.0 
S o d i ~ n  mg/L 5 6 11 15 N A 6 5 5 7 
Solids, Total w/L 185 178 193 169 198 160 187 248 197 
Sol~ds, Total mg /L 6 5 8 0 6 3 59 4 7 35 8 4 6 5 3 9 
Volatile 

Solids, Suspended mg/L 2 11 3 2 3 4 1 6 60 2 6 
Solids, Volatile mg/L N A 11 N A N A 4 N A N A 3 2 

Suspended 
Oxygen, Dissolved mg/L 11.3 9.7 9.4 9.0 N A N A N A N A N A 

Table continued on following page. 



METROPOLITAN WATER RECLAUATION DISTRICT OF GREATER CHICAGO 

TABLE A I I - 1 5  ( C o n t i n u e d )  

CHEMICAL ANALYSES OF WATER SAMPLES COLLECTED FROM THE INSHORE WATERS 
OF SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-8, FIGURE) DURING 1 9 8 4  

D- 

C o n s t i t u e n t s  U n i t s  5 / 2 4  6 / 2 8  7 / 1 9  8 / 1  9 / 2 6 l  1 0 / 2 *  1 0 / 3 0  1 1 / 2 7  1 2 / 2 8  

Oxygen  Damand, 
C h e m i c a l  

Oxygen  Demand, 
5-Day B i o c h e m i c a l  

T o t a l  O r g a n i c  
C a r b o n  

N i t r o g e n ,  T o t a l  
K j e l d a h l  

N i t r o g e n , D i s s o l v e d  
T o t a l  K j e l d a h l  

N i t r o g e n ,  Annnonia 
N i t r o g e n ,  N i t r a t e  
N i t r o g e n ,  N i t r i t e  
F a t s ,  O i l s ,  a n d  

G r e a s e s  
F o a m i n g  A g e n t s -  

MBAS 
Hardness T i t r a t i o n  

as CaCo3  

T a b l e  c o n t i n u e d  o n  f o l l o w i n g  p a g e .  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-15 (Continued) 

CHEMICAL ANALYSES OF WATER SAMPLES COLLECTED FROM THE INSHORE WATERS 
GF SOUTHWESTERN LAKE MICHIGAN AT WILMETTE HARBOR (STATION 2-B, -1) DURING 1984 

D a r e  of CQLLeCLiPD 

Consti:uenrs Units 5/24 6/28 7/19 8/? 9/26l 10/2 10/30 11/27 12/28 

Hardness Aroir.1~ 
Absorption de- 
termination of Ca 
and Mg then cal- 
culated as CaCC3 

Aluminum mg/L <1.0 <1.0 <1.0 1.0 N A <1.0 1.0 <1.0 <1.0 
Arsenic mg/L <0.2 <0.2 <0.2 <O .2 N A <0.2 <0.2 <0.2 <0.2 
Bar%= mg/L <0.2 <0.2 <O .2 <O .2 NA <0.2 ' <O.? <0.2 <0.2 
Cadm;*ct mg/L <O. C2 <O. 02 <O. 02 <O. 02 N A <G.02 <O. 02 (0.02 <O. C2 
Chrorclm mg/L <O. 02 <0.02 <O. 02 <O. 02 N A (0.02 <O. 02 <O. 02 <O. 02 
Copper mg/L <O. 02 <O. 02 0.02 C.02 N A < O .  02 <O .02 0.02 0.11 
Iron, Total mg/L <0.2 <0.2 <0.2 <0.2 N A <0.2 0.2 0.6 0.5 
Lead mg/L <O. 02 <O. 02 0.03 0.03 N A <O. 02 0.03 0.03 0.13 
Manganese mg/L <O. 02 <O. C2 <0.02 <O. 02 N A <0.32 *'. 0.02 0.03 0.02 
Mercury rg/L <0.2 <0.2 <o .2 <0.2 NA <o .2 <0.2 <O .05 <o. 05 
Nickel mg/L <0.2 <O .2 (0.2 <O .2 N A <C.2 <O .2 <0.2 <0.2 
Selenium mg/L <0.2 <0.2 <0.2 <0.2 N A iU.2 CC.2 <0.2 <0.2 
Zinc mg / i. (0.2 <0.2 <0.2 <O .2 h' A <0.2 <O. L <0.2 <0.2 
Phencl-i;ke W / L  8 <1 <l 2 d: <1 .- . < 1 <1 

Substances as 
Phenoi 

Silver mg/L <O. 02 <O . G2 <O.C2 <O .02 N A <3.02 <O. 02 <O .02 <O. 02 
Cyanides, Total mg /L 0.001 0.000 0.002 N A <O. 001 <0.001 N A N A 0.001 
Conduc=;vity pnhos/cm 268 258 261 275 260 264 262 257 259 

'Dennlson collected aampie. 
2 ~ ~ -  Nc krialysis 
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METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-16 (Continued) 

CHEMICAL ANALYSES OF WATER SAMPLES COLLECTED FROM THE INSHORE WATERS 
OF SOUTHWESTERN LAKE MICHIGAN AT CHICAGO HARBOR (STATION 4-8, FIGURE) DURING 1984 

of m n  

Constituents Units 5/24 6/28 7/19 8/1 9/26l 10/2 10/30 11/27 12 /28 

Oxygen Demand, mg/L 17 9 4 10 14 4 20 8 6 
Chemical 

Oxygen Demand, mg/L 2 <2 <2 <2 <2 <2 2 4 < 2 
5-Day Biochemical 

Total Organic mg/L 3.0 N A N A 3.0 N A N A N A N A N A 
Carbon 

Nitrogen, Total mg/L <0.1 0.6 0.3 0.5 0.4 10.1 1.8 0.4 0.9 
K jeldahl 

Nitrogen, Dissolved mg/L <0.1 <0.1 <0.1 0.1 0.4 <0.1 1.8 0.4 0.6 
Total Kjeldahl 

Nitrogen, Ammonia mg/L <O. 1 <O. 1 <O. 1 <O. 1 (0.1 <0.1 <O. 1 <O. 1 <O. 1 
Nitrogen, Nitrate mg/L 0.3 0.2 <0.1 0.2 0.3 0.2 0.3 0.2 0.4 
Nitrogen, Nitrite mg/L <O.l <0.1 <0. 1 (0.1 <0.1 (0.1 <0.1 <0.1 <0.1 
Fats, Oils, and mg/L <I < 1 <1 1 < 1 1 <1 2 < 1 
Greases 

Foaming Agents- mg/L 0.004 0.02 0.01 0.01 0.01 0.02 0.00 0.01 0.00 
MB AS 

Hardness Titration mg/L 127 136 140 138 106 116 118 113 140 
as CaC03 

Table continued on following page. 



METROPOLITAN WATER RECLWATION DISTRICT OF GREATER CHICAGO 

.- 
TABLE AII-16 (Continued) 

CHEMICAL ANALYSES OF WATER SAMPLES COLLECTED FRO~T~E INSHORE WATERS 
OF SOUTHWESTERN LAKE MICHIGAN AT CHICAGO HARBOR (STATION 4-8, FIGURE) DURING 1984 

af Collection 
Constituents Units 5/24 6/28 7/19 8/l 9/26l 10/2 10/30 11/27 12/28 

Hardness Atomic mg/L N A 115 104 158 134 142 118 130 N A 2 
Absorption de- 
termination of Ca 
and Mg then cal- 
culated as CaC03 

Aluminum mg/L <1.0 <l.O 
Arsenic mg/L <O .2  <0.2 
Barium mg/L <O .2 <O .2 
Cadmium mg/L <O. 02 <0.02 
Chromium mg/L <O. 02 <0.02 
CoPPer mglL <o .02 <o. 02 
Iron, Total mg/L 0.2 <O .2 
Lead mg/L <O. 02 <O. 02 
Manganese mg/L <O. 02 <O .02 
Mercury w/L <0.2 <o .2 
Nickel mg/L <0.2 <0.2 
Selenium mg/L <0.2 <0.2 
Zinc mg/L <0.2 <0.2 
Phenol-like Sub- w/L < 1 < 1 

stances as Phenol 
Silver mg/L <O. 02 <O. 02 
Cyanides, Total mg/L 0.002 0.001 
Conductivity phos/cm 267 270 

l~ennison collected sample 
2~~ - No Analyses. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-4 

STANDARD LENGTH FOR FISH COLLECTED FROM LAKE MICHIGAN 
AT CHICAGO HARBOR (STATION 4-D) DURING 1984 

Number 
of Fish th 

Fish Species Collected Mean Std. Dev. Minimum Maximum 

Gizzard Shad 
Rainbow Trout 
Brown Trout 
Lake Trout 
Coho Salmon 
Chinook Salmon 
Rainbow Smelt 
Spottail Shiner 
Bluntnose Minnow 
White Sucker 
Smallmouth bass 
Yellow Perch 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-17 

CHEMICAL ANALYSES OF WATER SAHPLES COLLECTED FROH THE INSHORE WATERS 
OF SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-8, FIGURE) DURING 1984 

D w  of m n  

Constituents Units 4/11 5/24 6/28 7/19 8/1 9/26l 10/2 10/30 11/27 12/28 

-- 

Temperature O C 4.0 12.5 19.0 20.0 25.0 15.5 12.0 12.0 7.0 7.0 
Turbidity NTU 12 1.2 1.9 1.8 1.0 1.6 2.1 3.5 4.5 5.0 
Secchi Disk m 0.5 2.75 3.0 2.0 4.0 2.0 2.0 1.0 1.0 0.75 
PH STD units 7.9 8.3 7.9 8.1 8.2 8.4 8.3 8.1 8.2 8.2 
Alkalinity mg/L 110 220 110 114 120 120 140 100 115 120 

as caC03 
2 Sulfates w/L 23 2 0 2 0 2 1 20 2 6 2 7 23 25 2 5 
n 
I Fluorides mg/L 0.21 0.19 0.16 0.17 0.22 0.14 0.16 0.14 0.17 0.16 
w 
w Chlorides mg/L 18.0 10 12 5 14 10 10 12 12 
\D 

12 
Phosphorus, Total mg/L <O. 1 <0.1 <O. 1 <0.1 <O. 1 <0.1 <0.1 <0.1 <0.1 0.1 
Phosphorus, mg/L <O. 1 <O. 1 <O. 1 <0.1 <0.1 <O. 1 <0.1 <0.1 <0.1 0.1 
Dissolved 

Silica, Total mg/L 1.3 0.2 0.2 0.2 0.4 0.2 0.6 1.0 0.8 N A 
Calcium mg/ L 4 1 2 8 24 55 44 3 0 3 0 3 1 36 33 
Magnesium "KmJ 11 11 10 13 14 12 11 11 11 11 
Potassium mg/L 1.3 1.2 <1.0 2.0 2.0 1.4 1.0 2.0 2.0 2.0 
Sodium mg/L 8 6 7 10 14 7 7 5 7 9 
Solids, Total NIL 198 210 137 196 188 17 6 197 189 193 9 9 
Solids, Total mg/L 5 8 8 8 2 8 6 5 36 5 4 52 5 9 5 3 61 
Volatile 

Solids, Suspended mg/L 11 3 2 2 1 2 3 11 7 11 
Solids, Volatile mg/L 2 N A ~  N A N A NA NA N A 2 N A 1 
Suspended 

Oxygen, Dissolved mg/L 12.5 10.2 9.0 9.0 8.6 N A 8.0 N A NA N A 

Table continued on following page. 



UETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-17 (Continued) 

CHEMICAL ANALYSES OF WATER SAMPLES COLLECTED FROM THE INSHORE WATERS 
OF SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-8, FIGURE) DURING 1984 

D- 
Constituents Units 4/11 5/24 6/28 7/19 8/1 10/2 9/26' 10/30 11/27 12/28 

Oxygen Demand, 
Chemical 

Oxygen Demand, 
5-Day Biochemical 

Total Organic 
Carbon 

Nitrogen, Total 
K jeldahl 

Nitrogen, Dissolved 
Total Kjeldahl 

Nitrogen, Anunonia 
Nitrogen, Nitrate 
Nitrogen, Nitrite 
Fats, Oils, and 
Greases 

Foaming Agents- 
MBAS 

Hardness Titration 
as CaC03 

Table continued on following page. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-17 (Continued) 

CHEMICAL ANALYSES OF WATER SAMPLES COLLECTED FROM THE INSHORE WATERS 
OF SOUTHWESTERN LAKE MICHIGAN AT CALUMET HARBOR (STATION 6-B, FIGURE) DURING 1984 

of Collecrlon 
Constituents Units 4/11 5/24 6/28 7/19 8/1 9/26l 10/2 10/30 11/27 12/28 

Hardness Atomic Ab- mg/L 148 115 101 191 140 138 130 124 140 144 
sorption deter- 
mination as Ca and 
Mg then calcula- 
ted as CaC03 

Aluminum mg/L i1 < 1 i1 < 1 
Arsenic mg/ L <0.2 <0.2 <0.2 i0.2 
Barium mg/L <O .2 <O -2 0.2 <0.2 
Cadmium mg/L <O. 02 <O. 02 <O. 02 <O. 02 
Chromium mg/L <O. 02 <O. 02 10.02 <O. 02 
copper mg/L 0.02 <0.02 0.02 0.04 
Iron, Total mg/L 0.2 <O .2 0.3 0.2 
Lead mg/L <O. 02 0.02 0.05 i0. 02 
Manganese mg/L 0.03 <0.02 i0. 02 <O. 02 
Mercury w/L iO.2 <0.2 i0 .2 iO.2 
Nickel mg/L <0.2 i0.2 <0.2 <0.2 
Selenium mg/L <0.2 <0.2 i0.2 <O .2 
zinc mg/L i0.2 <O .2 i0.2 <0.2 
Phenol-like Sub- P ~ / L  1 < 1 1 i 1 

stances as Phenol 
Silver mg/L <O .02 i0. 02 i0. 02 (0.02 
Cyanides, Total W/ L 0.001 0.002 0.001 C. SO2 
Conductivity pmhos/cm 278 27 4 266 263 

l~ennison collected sample. 
2~~ - No Analysis. 



APPENDIX A111 

DATA FOR FISH COLLECTED DURING 1984 FROM THE INSHORE AREAS 
OF SOUTHWESTERN LAKE MICHIGAN (WILMETTE, CHICAGO, 

AND CALUMET HARBORS) 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-1 

STANDARD LENGTH FOR FISH COLLECTED FROM LAKE MICHIGAN 
AT WILMETTE HARBOR (STATION 2-D) DURING 1984 

Number 
of Fish S-d r u t h  -1 

Fish Species Collected Mean Std. Dev. Minimum Maximum 

Alewife 
Gizzard Shad 
Rainbow Trout 
Brown Trout 
Lake Trout 
Rainbow Smelt 
Bluntnose 
Minnow 

Black Bullhead 
Green Sunfish 
Yellow Perch 
Mottled Sculpin 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE A I I I - 2  

TOTAL LENGTH FOR F I S H  COLLECTED.FROM LAKE MICHIGAN 
AT WILMETTE HARBOR (STATION 2-D) DURING 1 9 8 4  

N u m b e r  
of F i s h  T o t a l  T w  

F i s h  Species C o l l e c t e d  M e a n  Std .  D e v .  M i n i m u m  Maximum 

. A l e w i f e  
G i z z a r d  Shad 
R a i n b o w  T r o u t  
B r o w n  T r o u t  
L a k e  T r o u t  
R a i n b o w  S m e l t  
B l u n t n o s e  

M i n n o w  
B l a c k  B u l l h e a d  
G r e e n  Sunf ish  
Y e l l o w  P e r c h  
M o t t l e d  Sculpin  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

T ~ L E  AIII-3 

TOTAL WEIGHT FOR FISH COLLECTED FROM LAKE MICHIGAN 
AT WILMETTE HARBOR (STATION 2-D) DURING 1984 

Number 
of Fish Total Weight (gml 

Fish Species Collected Mean Std. Dev. Minimum Maximum 

Alewife 2 1  
Gizzard Shad 1 
Rainbow Trout 1 
Brown Trout 1 
Lake Trout 17 
Rainbow Smelt 48 
Bluntnose 12 
Minnow 

Black Bullhead 104 
Green Sunfish 1 
Yellow Perch 162 
Mottled ~culpin 1 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-5 

TOTAL LENGTH FOR FISH COLLECTED FROM LAKE MICHIGAN 
AT CHICAGO HARBOR (STATION 4-D) DURING 1984 

Number 
of Fish Total -1 

Fish Species Collected Mean Std. Dev. Minimum Maximum 

Gizzard Shad 
Rainbow Trout 
Brown Trout 
Lake Trout 
Coho Salmon 
Chinook Salmon 
Rainbow Smelt 
Spottail Shiner 
Bluntnose Minnow 
White Sucker 
Smallmouth Bass 
Yellow Perch 



METROPOLITAN WATER RECLAMATfON DISTRICT OF GREATER CHICAGO 

TABLE AIII-6 

TOTAL WEIGHT FOR FISH COLLECTED FROM LAKE MICHIGAN 
AT CHICAGO HARBOR (STATION 4-D) DURING 1984 

Number 
of Fish 

Fish Species Collected Mean Std. Dev. Minimum Maximum 

Gizzard Shad 1 
Rainbow Trout 30 
Brown Trout 17 
Lake Trout 12 
Coho Salmon 1 
Chinook Salmon 1 
Rainbow Smelt 7 
Spottail Shiner 1 
Bluntnose Minnow 2 
White Sucker 1 
Smallmouth Bass 1 
Yellow Perch 30 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-7 

STANDARD LENGTH FOR FISH COLLECTED FROM'LAKE MICHIGAN 
AT CALUMET HARBOR (STATION 6-D) DURING 1984 

Number 
of Fish St-) 

Fish Species Collected Mean Std. Dev. Minimum Maximum 

Alewife 
Gizzard Shad 
Lake Trout 
Chinook Salmon 
Rainbow Smelt 
Goldfish 
Carp 
Emerald Shiner 
Bigmouth Shiner 
Spottail Shiner 
Bluntnose Minnow 
Fathead Minnow 
White Sucker 
Black Bullhead 
Rock Bass 
Pumpkinseed 
Largemouth Bass 
Johhny Darter 
Yellow Perch 
Mottled Sculpin 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-8  

TOTAL LENGTH FOR FISH COLLECTED FROM LAKE MICHIGAN 
AT CALUMET HARBOR (STATION 6-D) DURING 1984 

Number 
o f  F i s h  Tot-th -1 

F i s h  S p e c i e s  C o l l e c t e d  Mean S t d .  Dev. Minimum Maximum 

Alewi fe  
G i z z a r d  Shad 
Lake T r o u t  
Chinook Salmon 
Rainbow Smel t  
G o l d f i s h  
Carp  
Emerald S h i n e r  
Bigmouth S h i n e r  
S p o t t a i l  S h i n e r  
B l u n t n o s e  Minnow 
F a t h e a d  Minnow 
White Sucke r  
Black  B u l l h e a d  
Rock B a s s  
Pumpkinseed 
Largemouth Bass 
Johnny Darter 
Y e l l o w  P e r c h  
M o t t l e d  S c u l p i n  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-9 

TOTAL WEIGHT FOR FISH COLLECTED FROM LAKE MICHIGAN 
AT CALUMET HARBOR (STATION 6-D) DURING 1984 

Number 
of Fish \ 

Fish Species Collected Mean Std. Dev. Minimum Maximum 

Alewife 
Gizzard Shad 
Lake Trout 
Chinook Salmon 
Rainbow Smelt 
Goldfish 
Carp 
Emerald Shiner 
Bigmouth Shiner 
Spottail Shiner 
Bluntnose Minnow 
Fathead Minnow 
White Sucker 
Black Bullhead 
Rock Bass 
Pumpkinseed 
Largemouth Bass 
Johnny Darter 
Yellow Perch 
Mottled Sculpin 
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