
SECTION 18 

HISTORY OF CHANGES I N  F I S H  S V E C I E S  OF THE GREAT LAKES 

John F. Carr 

INTRODUCTION 

Changes began i n  the  f i sh-spec ies  complex i n  the  Laureri t iar i  Gteat i :ih?> 
almost immediately a f t e r  t h e  f i r s t  permanent s e t t l e r s  a r r i v e d  i n  t h e  bas in  
i n  the  e a r l y  1800's. Changes occurred s l o w l y  a t  f i r s t ,  bu t  acce le ra ted  
w i t h  t h e  increased a c t i v i t i e s  o f  man. These changes cont inue today and 
w i l l  con t inue i n  a l l  p r o b a b i l i t y  f o r  decades or  even cen tu r ies  because 
man ' s  man ipu la t ions  o f  t h e  environment are con t inu ing .  

The Great Lakes are young; o n l y  about 10,000 years have passed s ince  
t h e  m e l t i n g  o f  t h e  g l a c i e r s .  Youth fu l  lakes such as these are g e n e r a l l y  
cha rac te r i zed  by low b i o l o g i c a l  p r o d u c t i v i t y ,  low n u t r i e n t  content ,  and 
h igh  transparency; they  are o f t e n  deep and co ld .  So are t h e  Laurent ian  
Great Lakes even today. Wi th the  except ion o f  a few areas, t h e  waters o f  
t h e  Great Lakes are o f  e x c e l l e n t  q u a l i t y  and can be used as po tab le  water 
w i thou t  t reatment .  Yet man's impact on these lakes, e s p e c i a l l y  on the  f i s h  
popu la t ions ,  has been so d r a s t i c  t h a t  t h e  Laurent ian  Great Lakes have been 
used as worldwide symbols o f  acce le ra ted  aging. Some s c i e n t i s t s  have e s t i -  
mated t h a t  t h e  lakes,  e s p e c i a l l y  E r i e  and Ontar io ,  have aged more i n  t h e  
past  150 years than i n  the  preceding 10,000 years.  That changes o f  t h i s  
magnitude cou ld  occur i n  lakes as l a r g e  as t h e  Great Lakes was no t  
considered poss ib le  o n l y  a few years ago. Today, however, we are beginning 
t o  r e a l i z e  t h e  tremendous capac i t y  we possess t o  change ( u s u a l l y  t o  our  
de t r imen t )  even the  oceans and the  atmosphere. 

The purpose o f  t h i s  paper i s  t o  d iscuss t h e  changes which have taken 
p lace  i n  the  f i s h  popu la t ions  o f  t he  Great Lakes and t h e  s t resses  which 
have caused these changes. 
o f  the  dec l ines  are the  r e s u l t s  o f  d e l i b e r a t e  ac t ions  r a t h e r  than s u b t l e  un- 
p r e d i c t a b l e  f a c t o r s .  

It has become obvious t h a t  many o f  t h e  causes 

The st resses which have been placed on the  f i s h  communities o f  t he  
Great Lakes have been sequent ia l  and r e t l e c t  t h e  progress o f  man's occupa- 
t i o n  o f  the  bas in  and h i s  techno log ica l  development. The most obvious and 
pr imary  d i r e c t  s t ress  has been t h e  i n t e n s i v e  and s e l e c t i v e  e x p l o i t a t i o n  o f  
t h e  f i s h  s tocks.  Th is  s t ress  began e a r l y  i n  the  19th century  and cont inues 
t o  some degree today. Environmental s t resses have no t  been as d i r e c t  o r  as 
obvious, bu t  were present  as e a r l y  as 1830 and have been a d d i t i v e  as w e l l  
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as cont1;nuous. Environmental s t ress  on the  f i s h  of t h e  Great Lakes has 
f i v e  general types : 

Phys ica l  s t ress  r e s u l t i n g  from m o d i f i c a t i o n  o f  t h e  watershed 
by de fo res ta t i on ,  blockage o f  t r i b u t a r i e s ,  and dra inage of 
marshes. Th is  p r i m a r i l y  a f f e c t e d  anadromous species and be- 
gan du r ing  t h e  p e r i o d  o f  low human popu la t i on  dens i t y .  

- B i o l o g i c a l  s t r e s s  caused by t h e  i n t r o d u c t i o n  and c o l o n i z a t i o n  
o f  e x o t i c  spec ies.  I n t r o d u c t i o n  o f  new species began be fo re  
1900 and cont inues today. 

~ - -  Chemical, s t ress  ( f i r s t  phase) i n  the  form o f  oxygen-consuming 
organic  m a t e r i a l  dumped i n t o  t r i b u t a r i e s  and bays, and 
increased p l a n t  n u t r i e n t s  i n  the  inshore areas. 

--.- Chemical s t ress  (second phase) caused by t o x i c  chemicals such 
as c h l o r i n a t e d  hydrocarbons and heavy meta ls .  

Thermal s t ress  - more a f u t u r e  concern than a present  concern. 

d i r e c t  e f f e c t s  o f  t h e  environmental changes on the  f i s h  popula- 
t i o n s  are seldom observed and perhaps r a r e l y  occur. I n d i r e c t  e f f e c t s  o f  
these changes are o f t e n  c i t e d ,  bu t  o n l y  occas iona l l y  q u a n t i f i e d .  
as l a rge  as t h e  Great Lakes, cause and e f f e c t  are separated i n  t ime and 
d is tance t o  an ex ten t  t h a t  o n l y  a f t e r  an event can the  two be l i n k e d .  Th is  
i s  t h e  s i t u a t i o n  w i t h  t h e  continuous change i n  the  abundance o f  Great Lakes 
f i s h  species. 

We a l l  recogri ze the  f a c t  t h a t  the  s t resses,  be they  e x p l o i t a t i o n ,  des- 
t r u c t  ion o f  spawn rig grounds, oxygen dep le t ion ,  increased water temperature, 
change i n  a v a i l a b  e food, o r  compet i t ion  w i t h  in t roduced species, cannot 
o f t e n  be i s o l a t e d  and analyzed separa te ly .  Th is  paper i s  a summary o f  t h e  
changes t h a t  have occurred i n  the  f i s h  c o m u n i t i e s  o f  t he  Laurent ian  Great 
Lakes f rom t h e  e a r l y  19 th  century  t o  t h e  present .  The changing composi t ion 
of f i s h  popu la t ions  i n  the  Great Lakes has been the  sub jec t  i n  recent  years 
o f  many a r t i c l e s  i n  s c i e n t i f i c  and popular  p u b l i c a t i o n s .  The most exhaus- 
t i v e  d iscuss ion  o f  these changes occurred i n  a recent  (1971) i n t e r n a t i o n a l  
symposium on "Salmonid Communities i n  O l i g o t r o p h i c  Lakes" (SCOL). These 
papers were pub l ished as a spec ia l  issue o f  the  Journal  o f  F i s h e r i e s  Re- 
search Board -..___- o f  Canada i n  1972. Th is  p u b l i c a t i o n  conta ins  seven papers ex- 
elusively r?n the  Great Lakes, i n c l u d i n g  case h i s t o r i e s  o f  each o f  t he  f i v e  
Laurent ian  Great Lakes: Super ior ,  Huron, Michigan, E r ie ,  and On ta r io  
(F igure  1 ) .  Other comprehensive papers on changes i n  Great Lakes f i s h  
rpec ies  a t e  by Smith (1964, 1Yb8) and C h r i s t i e  (1974). 

I n  lakes 
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IN THE BEGINNING (TO 1850) 

Fish Communities 

The fish-species complex in the Great Lakes has changed drastically. 
Unlike many large lakes of the world, especially the large African lakes 
and Lake Baikal (USSR), the Laurentian Great Lakes have had only 10 thou- 
sand years between the retreat o f  the glaciers and the coming of man to 
produce, through evolutionary forces, a complex of species that is unique 
to the system. 

The Great Lakes system did produce a few unique species in this short 
period, indicating that the processes were well underway to further species 
diversity. The evidence for this conclusion is best illustrated by the 
five endemic species (Smith, 1957; Scott and Crossman, 1973), all o f  the 
subfamily Coregoninae (whitefish) in the Samonidae (salmon family). These 
five species listed in descending order of size were: 

deepwater cisco 
longjaw cisco 
shortnose cisco 
kiyi 
bloater 

Cwegonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 

i ollann ae 
ilpenae 
rei ghardi 
kiyi 
hoyi 

According to Scott and Crossmnn (1973) all five species were found in Lakes 
Huron and Michigan, four in Lake Superior, three in Lake Ontario, and one 
in Lake Erie. 

In addition to the five endemic species of ciscos, these wider ranging 
species were also present: lake herring (Coregonus artedii); blackfin 
cisco (Coregonus nigripinnus); and sliortjaw cisco (Coregonus zenithicus). 
These eiaht sDecies of ciscos. toaether with the lake whitefish (Coreaonus \ - -  - a -  - -  

clupeafoGmis)' and round whitefish*(Coregonus cy1 indraceum), characterized 
the Great Lakes fish communitv. Most of the sDecies of the whitefish sub- 
family, especially the ciscos; were inhabitants of deep, cold water and 
therefore reached their greatest diversity in Lakes Superior, Huron, 
Michigan, and Ontario (Table 1). The dramatic alteration in the species 
complex of deepwater ciscos that subsequently occurred was documented by 
Smith (1964) for Lake Michigan. 

In addition to the Coregonines other groups and species were abundant 
in the lakes. The dominant predators of the open waters present in all five 
lakes were the lake trout (Salvelinus namaycush) and burbot (Lota lota). In 
the bays and nearshore areas were: lake sturgeon (Acipenser fulvescens); 
northern pike (Esox lucius); suckers (primarily Catastomus catastomus and 
- C. commersoni); channel catfish (Ictalurus punctatus); bullheads (Ictalurus 
spp.); white bass Morone Chrysops; freshwater drum (Aplodinotus runniens); 
and three species of the perch family: yellow perch (Perca f l a z m  
walleye (Stizostedion vitreum); and sauger (Stizostedion canadense). All 
o f  these species have been historically of commercial siqnificance. The 

-- 

-- 

Atlanta salmon (Salmo -- salar) and American eel (Anguilla rostrata) were also 
abundant and became commercially important only in Lake Ontario. 
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Knowledge o f  the  presence and r e l a t i v e  abundance o f  t he  species l i s t e d  
thus f a r  i s  based on records of t h e  harves t  o f  these species by commercial 
f ishermen. Species no t  o f  g rea t  commercial va lue were, o f  course, a l so  pre-  
sent  i n  t h e  lakes. A complete l i s t  o f  a l l  species known t o  have been 
present  i n  the  lakes would be too  long t o  inc lude f o r  the  purposes o f  t h i s  
paper. 
however, i s  s u f f i c i e n t  t o  warrent  t h e i r  i n c l u s i o n .  An abundant fo rage 
species i n  t h e  deeper water o f  a l l  t h e  lakes was t h e  fou rho rn  s c u l p i n  
(Myoxocephalus quadr i co rn i s ) .  The s l i m y  s c u l p i n  (Cot tus cognatus) i n -  
hab i ted  i n te rmed ia te  depths i n  a l l  lakes .  The inshore  waters conta ined a 
v a r i e t y  of species o f  severa l  fami l ies ,  e s p e c i a l l y  t he  Cypr in idae.  Among 
t h e  more abundant species were t h e  emerald sh ine r  (Not rop is  a the r ino ides )  
and the  s p o t t a i l  sh iner  (Not rop is  hudsonius) .  

Thus, when se t t lement  began i n  the  f i r s t  h a l f  o f  t h e  19th century ,  t h e  
lakes were occupied by a supposedly s t a b l e  community o f  f i s h  species which 
i nhab i ted  a l l  n iches from the  deepest waters o f  t h e  s u b a r t i c  Lake Super ior  
t o  the shal low bays and marshes o f  Lake Er ie .  

Our knowledge o f  changes i n  abundance o f  a few o f  these species, 

Environmental Condi t ions 

Physiochemical cond i t i ons  o f  t he  lakes were not  measured be fore  the  end 
o f  t h e  19th century .  Beeton and Edmondson (1972) used as a bas i s  f o r  eva lu -  
a t i n g  the  " n a t u r a l "  chemical c o n d i t i o n  the  l i m i t e d  chemical data a v a i l a b l e  
about 19UO as i n d i c a t i v e  o f  t h e  p r i s t i n e  q u a l i t y  o f  t h e  lakes (Table 2 ) .  

TABLE 2. ESTIMATED AVERAGE CONCENTRATION OF DISSOLVED 
CHEMICAL CONSTITUENTS I N  THE GREAT LAKES 
P R I O R  TO 1900 (EXPRESSED I N  MG/LITER)a 

--____ 
Sod i um T o t a l  

Lake d isso lved Calcium Sulphate Ch lor ide  and 
s o l  i d s  - potass i um 

Superi o r  60 13 4 2 3 

M i  c h i  gan 128 34 5 2 - 
Huron 108 24 6 4 4 

E r i e  142 31 13 7 7 

On ta r io  140 31 15 7 6 
--___-~- - 

aFrom Beeton, 1969. 
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Based on these few cons t i t uen ts ,  Lakes Michigan, E r ie ,  and On ta r io  were 
s i m i l a r  i n  chemical composi t ion (Table 2 ) .  Lake Super io r ' s  chemical l e v e l s  
were s u b s t a n t i a l l y  below a l l  t he  others.  Lake Huron rece ives  approx imate ly  
41% o f  i t s  i n f l o w  f rom Lake Super ior ,  31% from Lake Michigan, and 28% f rom 
t h e  Lake Huron bas in.  Apparent ly  the  bas in  i s  a major c o n t r i b u t o r  t o  the  
c h a r a c t e r i s t i c s  o f  t he  water q u a l i t y ,  because t h e  t o t a l  d i sso l ved  s o l i d s  
are much h igher  than would be expected based o n l y  on a m ix tu re  o f  the 
waters f rom Lakes Super ior  and Mich igan.  The Lake E r i e  watershed apparent ly  
con t r i bu ted  s i g n i f i c a n t  amounts o f  calcium, sulphate, ch lo r i des ,  and sodium- 
potassium t o  t h e  waters f l o w i n g  i n t o  Lake Ontar io ,  because t h e i r  chemical 
c h a r a c t e r i s t i c s  are n e a r l y  i d e n t i c a l .  Although d i f f e rences  between lakes  
were l a rge  compared t o  t h e  range between o ther  n a t u r a l  bodies o f  water, t h e  
f i ve Great Lakes were remarkably s imi  1 a r .  

Ana lys is  o f  n u t r i e n t  concent ra t ions  f o r  t h e  Great Lakes has been made 
o n l y  i n  recent  years; t he re fo re ,  base l e v e l s  are o n l y  now be ing  es tab l i shed .  
Estimates based on recent  values f o r  phosphorus and n i t r o g e n  i n d i c a t e  t h a t  
t h e  l e v e l s  i n  the  mid-1800's were less  than 10 u g / l i t e r  f o r  phosphorus and 
u s u a l l y  l ess  than 1 m g / l i t e r  f o r  t o t a l  n i t r o g e n  i n  t h e  th ree  upper lakes 
(Super ior ,  Huron, and Mich igan) .  The Great Lakes i n  the  1900's would have 
been c l a s s i f i e d  as o l i g o t r o p h i c  (as de f ined by Hutchinson, 1957) w i t h  t h e  
probable except ion o f  Lake Er ie .  

The order  o f  the lakes, i f  l i s t e d  f rom the  g rea tes t  t o  the  l e a s t  
f i s h e r y  p roduc t i ve  p o t e n t i a l  i n  t h e  18OO's, p robab ly  would be Lake Er ie ,  
Lake Ontar io ,  Lake Michigan, Lake Huron, and Lake Super ior  (F igu re  2 ) .  

THE INITIAL IMPACT OF SETTLEMENT (1850-1 YOO) 

Changes i n  F i s h  Populat ions 

The f i r s t  environmental s t resses  on the  Great Lakes ecosystem were p r i -  
m a r i l y  caused by phys i ca l  a l t e r a t i o n s  i n  t h e  basin, p a r t i c u l a r l y  i n  t h e  
lower lakes.  These a l t e r a t i o n s  were d e f o r e s t a t i o n  o f  t he  watershed and 
s i l t a t i o n  and blockage o f  streams. 
t r i b u t a r i e s  and consequently the  o b l i g a t e  anadromous species.  C h r i s t i e  
(1972) repor ted  t h e  A t l a n t i c  salmon had begun t o  dec l i ne  as e a r l y  as 1830 
i n  Lake On ta r io  and was e x t i n c t ,  o r  n e a r l y  so, by 1900. Documentation o f  
t h e  e a r l y  p r o l i f e r a t i o n  o f  m i l l s  and dams was g iven by C h r i s t i e  (1972) 
based on data from Richardson (1944). On the  Ganaraska watershed (one o f  
t h e  l a r g e r  Canadian r i v e r s  t r i b u t a r y  t o  Lake On ta r io )  a t  l e a s t  two sawmi l ls ,  
two g r i s t  m i l l s ,  and two dams had been cons t ruc ted  by 1800. Cons t ruc t i on  
o f  t h e  m i l l s  and dams increased r a p i d l y ,  reaching a maximum o f  34 sawmil ls, 
19 g r i s t  m i l l s ,  4 woolen m i l l s ,  and 34 dams by 1860. I n  1930, 15 dams 
s t i l l  remained on t h i s  s i n g l e  t r i b u t a r y .  C h r i s t i e  (1972) considered t h e  
e l i m i n a t i o n  o f  the  Lake On ta r io  A t l a n t i c  salmon stock as the  best  known 
example o f  t h e  e f f e c t s  o f  d e s p o i l a t i o n  on a species h a b i t a t .  

These changes ma in l y  a f f e c t e d  t h e  

The lake  sturgeon popu la t i on  i n  a l l  t he  lakes was g r e a t l y  reduced 
du r ing  t h i s  pe r iod .  P r i o r  t o  1903 the  annual comnercial p roduc t i on  f l u c t u -  
a ted between 100,000 pounds and 500,000 pounds i n  Lake On ta r io  (Baldwin and 
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11.0 12.3 

Figure 2. Average number o f  pounds and kilograms o f  fish produced 
per acre and hectare by the commercial fishery o f  the Great 
Lakes for  10-year intervals ( d a t a  f rom Smi th  1972).  
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Saal fe ld ,  1962). A f t e r  1910 produc t ion  never exceeded 25,000 pounds and 
averaged near 15,000 pounds f o r  many years.  
dropped f rom 1 - 5 m i l l i o n  pounds i r !  t he  l a t e  1800's t o  less  than 10,000 
pounds a f t e r  1910 (Baldwin and Saa l fe ld ,  1962). S i m i l a r  magnitudes o f  de- 
c l i n e  occurred du r ing  the  same pe r iod  i n  Lake Huron, Michigan, and Super io r .  
The cause-and-effect r e l a t i o n s h i p  apparent between watershed and stream 
m o d i f i c a t i o n  and A t l a n t i c  salmon e x t i n c t i o n  was not  as d i r e c t  w i t h  the  
sturgeon. The environmental requirements o f  t h e  sturgeon were no t  as 
narrow as those o f  the  A t l a n t i c  salmon; however, t he  slow growth r a t e  and 
l a t e  m a t u r i t y  o f  t h e  sturgeon were a lso  f a c t o r s  i n  t h i s  species, i n a b i l i t y  
t o  recover  f rom even low e x p l o i t a t i o n  r a t e s .  

In Lake E r i e  p roduc t i on  

C h r i s t i e  (1972) a lso  l i s t s  the  b l a c k f i n  c i s c o  (Coregonus n i g r i p i n n u s )  
as a species t h a t  became e i t h e r  e x t i n c t  o r  g r e a t l y  reduced i n  Lake On ta r io  
be fore  1900. Wells and McLain (1972) i n f e r  a sharp dec l i ne  in t h e  
abundance o f  t h i s  species i n  Lake Michigan i n  the  e a r l y  1900's. The b lack-  
f i n  was considered commercial ly e x t i n c t  i n  Lake Super ior  by 1910 (Lawr ie  
and Rahrer, 1972). This species o f  c i sco  i nhab i ted  the deep, open waters 
o f  t h e  lakes;  consequently, environmental m o d i f i c a t i o n  o f  t h e  t r i b u t a r y  and 
watershed was not  a f a c t o r  i n  t h e i r  dec l i ne .  Th is  species was the  l a r g e s t  
o f  t h e  c iscos ,  and s e l e c t i v e  e x p l o i t a t i o n  f o r  i t  was t h e  probable cause o f  
i t s  dec l i ne  (Wel ls  and McLain, 1972). 

The lake  t r o u t  popu la t i on  i n  Lake E r i e  was a l so  decimated du r ing  t h i s  
per iod .  Hartman (1972), i n  d iscuss ing  t h i s  species i n  Lake Er ie ,  s ta tes :  
"Perhaps t h e  dec l i ne  o f  t h e  lake  t r o u t  popu la t i on  t o  near e x t i n c t i o n  bes t  
i l l u s t r a t e s  the  e f f e c t  o f  e s s e n t i a l l y  one s t ress :  i n t e n s i v e  e x p l o i t a t i o n . ' '  
Apparently, environmental s t ress  was no t  a f a c t o r  i n  t h e  dec l i ne  o f  lake-  
d w e l l i n g  species du r ing  the  1800's. 

In a d d i t i o n  t o  the  e f f e c t i v e  loss  o f  a t  l e a s t  one species du r ing  t h e  
1 8 0 0 ' ~ ~  severa l  new species became abundant. C h r i s t i e  (1972) l i s t e d  t h e  
f o l l o w i n g  species as becoming es tab l i shed  i n  Lake On ta r io  be fore  1900: 
a l e w i f e  (A losa pseudoharengus); g i zza rd  shad (Dorosoma cepedianum); brown 
t r o u t  (Salmo -~ t r u t t a ) ;  carp (Cyprinus c a r p i o ) ;  and the  g o l d f i s h  (Carassius 
aura tus) .  Some o f  these species wEre a l so  in t roduced t o  t h e  o ther  lakes 
du r ing  t h i s  per iod .  
by 1899, when over 3.5 m i l l i o n  pounds were landed (Baldwin aqd Saa l fe ld ,  
1962). 

There was a f l o u r i s h i n g  f i s h e r y  f o r  carp  i n  Lake E r i e  

Environmental Changes (Age o f  Phys ica l  A l t e r a t i o n s )  

century  was dramat ic  and permanent. He removed the  f o r e s t ,  b u i l t  dams, 
cons t ruc ted  m i l l s ,  d i r e c t l y  e x p l o i t e d  the  f i sh ,  and opened new and more 
d i r e c t  passage between the  ocean and the  lakes,  as w e l l  as between Lake 
Ontar io  and t h e  upper lakes (F igure  3 ) .  

Man's e f f e c t  on t h e  Great Lakes ecosystem i n  t h e  l a s t  h a l f  o f  t h e  19 th  

The e f f e c t s  o f  these phys ica l  m o d i f i c a t i o n s  o f  t he  environment ranged 
from immediate ( A t l a n t i c  salmon e x t i n c t i o n )  t o  long- term ( i nvas ion  o f  mar ine 
spec ies) .  
Ocean and Lake Ontar io ,  was opened i n  1819 and extended t o  Lake E r i e  i n  

The E r i e  Canal, which prov ided a connect ion between the  A t l a n t i c  
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1825. 
t o  the upper lakes .  Previously the passage o f  f i s h  between Lakes Ontario 
and Erie was blocked by Niagara F a l l s .  
noticed f o r  many years a f t e r  the opening of the canals ,  the  s tage was set 
f o r  dramatic and catastrophic  changes t o  occur decades l a t e r  (Aron and 
Smi th ,  1971 ) .  

The Welland Canal, which was opened in 1829, connected Lake Ontario 

Although no biological changes were 

The chemical c h a r a c t e r i s t i c s  o f  the open waters of the lakes were 
assumed t o  be e s s e n t i a l l y  the  same a t  the end of the 19th century as a t  the  
beginning (Beeton and Edmondson, 1972). Although the sett lement of the 
Great Lakes basin had advanced rapidly in the  19th century,  from a popula- 
t ion  of a few thousand e a r l y  in the century t o  over 10 mil l ion in 1900 
(Table 3 ) ,  the e f f e c t s  on water q u a l i t y  in the lakes were yet  t o  be f e l t .  

By 1900 man, in less  than 100 years ,  had placed the following s t r e s s e s  
on the biological communities of t h e  Great Lakes: 
blockage of t r i b u t a r i e s ;  increase i n  stream temperatures; and establishment 
of exot ic  species. In addi t ion,  he had removed b a r r i e r s  t o  migration 
between the lakes;  had es tabl ished f i s h e r i e s  capable o f  overexploi ta t ion of 
most species in a l l  the lakes;  and had begun using the lakes as the  
receiver of man's domestic and indus t r ia l  waste. 

s i l t a t i o n  of streams; 

TABLE 3. ESTIMATED POPULATION (MILLIONS) IN GREAT LAKES 
BASlN - 1900-1960a 

Lake basin 1900 1925 1950 1960 

Superior 0.4 (50)b 0.6 (33)  0 .8  (12)  0.9 

Mi chi gan 4.0 (-20) 3.2 (50)  4 .8  (23)  5.9 

Huron 1 .0  (20)  1 . 2  (25) 1.5 (33)  2.0 

Erie  3.0 (93) 5.8 ( 4 8 )  8.6 ( 1 7 )  10.1 

Ontario 2.0 (25) 2.5 (20)  3.0 (33)  4.0 

Total 10.4 (28) 13.3 (41) 18.7 ( 2 2 )  22.9 

PFrorn Beeton, 1969. 
bNurnbers i n  parentheses ind ica te  percentage change i n  
the ensuing time i n t e r v a l .  



ENRICHMENT AND INVASION (1900-1950) 

The s tage was s e t  and the s igns were present i n  1900 f o r  what was t o  
fo l l ow .  Changes i n  t h e  b i o l o g i c a l ,  chemical, and phys i ca l  environment of 
t he  Great Lakes became the  r u l e  and not  the except ion.  
these changes, u n f o r t u n a t e l y ,  are incomplete, o f t e n  inaccurate,  and, f o r  
t h e  f i s h  populat ions,  o f t e n  no t  a t r u e  rep resen ta t i on  o f  species abundance. 
The ana lys i s  o f  changes i n  t h e  abundance o f  species u n t i l  r e c e n t l y  was 
based on the  repo r ted  catch o f  commercial f ishermen. 
mainta ined h i g h  catches i n  t h e  face  o f  a decreasing abundance. Conversely, 
low p roduc t i on  o f t e n  was due t o  low p r i c e s  and l a c k  o f  demand f o r  a species 
r a t h e r  than low popu la t i on  l e v e l s .  
c o n d i t i o n s  o f t e n  became too obvious t o  be ignored. 

The records o f  

High p r i c e s  o f t e n  

Despi te  these handicaps, t h e  changing 

Changes i n  f i sh -spec ies  composi t ion,  losses and gains, d i f f e r  i n  t ime  
between the  lakes, b u t  t he  sequence o f  species change o f t e n  was s i m i l a r  
(Smith, unpubl ished manuscr ip t ) .  I n  general ,  t h e  species t h a t  dec l i ned  
were those most sought a f t e r  by the commercial f i s h e r y .  A few s i g n i f i c a n t  
except ions e x i s t  t o  t h i s  genera l i za t i on ,  and i t  i s  t h e  except ions which 
c l e a r l y  i n d i c a t e  s t resses  o the r  than f i s h i n g  on the  b i o l o g i c a l  communities 
o f  t h e  Great Lakes. 

Changes which occurred i n  n a t i v e  f i s h  species o f  commercial i n t e r e s t  
between 1900 and 1971 are sumnarized i n  Table 4. D e t a i l e d  d i scuss ion  o f  
these dec l i nes  by species and !akes appear i n  Smith (1968), t h e  papers o f  
t h e  SCOL Symposium (1972), and C h r i s t i e  (1974). The data presented i n  
Table 4 r e f e r  t o  product ion t rends  i n  the  t o t a l  l ake  and, t he re fo re ,  are 
no t  d e s c r i p t i v e  o f  events i n  t h e  unique eco log i ca l  areas o f  each lake  such 
as the Bay o f  Q u i n t e  i n  Lake Ontar io ,  t h e  western bas in  o f  Lake Er ie ,  
Saginaw Bay o f  Lake Huron, o r  Green Bay o f  Lake Michigan (F igu re  1 ) .  These 
geographic areas were, and are, more shal low and p roduc t i ve  and warmer than 
t h e  open p o r t i o n s  o f  t h e  l ake  t o  which they  are connected. 
complex here was a l so  more d i ve rse  than i n  the  open lake, c o n t a i n i n g  many 
warmwater species, e s p e c i a l l y  t h e  cen t ra rch ids  and pe rc ids .  

The f i sh -spec ies  

Eco loa ica l  and C u l t u r a l  Chanaes. 1900-1925 

Dur ing t h e  f i r s t  qua r te r  o f  t h e  20th century,  t h e  no r the rn  p i k e  f i s h e r y  
was reduced t o  a f r a c t i o n  o f  former product ion;  l a k e  w h i t e f i s h  i n  Lake 
On ta r io  and lake  h e r r i n g  i n  Lake E r i e  began d e c l i n i n g ;  t h e  f i r s t  sea 
lamprey was repo r ted  i n  Lake E r i e ;  and the f i r s t  rainbow smelt  were found 
i n  Lakes Michigan and Huron. The gains and losses i n  these and o the r  
species were t o  be repeated many t imes i n  the  next  50 years i n  t h e  o the r  
1 akes . 

The i n t r o d u c t i o n  o f  t he  smelt  i n t o  C r y s t a l  Lake i n  the  drainage bas in  
o f  Lake Michigan was d e l i b e r a t e ,  but  i t s  estab l ishment  i n  Lake Michigan was 
no t  contemplated, nor was i t s  r a p i d  spread t o  o the r  Great Lakes. The sea 
lamprey reached Lake E r i e  n e a r l y  100 years a f t e r  t h e  Welland Canal was 
opened and es tab l i shed  i t s e l f  i n  the upper lakes.  
dec l i nes  i n  l ake  w h i t e f i s h  and lake  h e r r i n g  were, o f  course, undetected a t  
t h e  t ime  and thus alarmed no one. 

The beginning o f  t he  
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TABLE 4. SUMMARY OF FISH SPECIES DECLINE IN THE GREAT LAKES 
BY YEAR, LAKE, AN0 CURRENT COMMERCIAL PRODUCTION 

Beginning Product first 19/4 
Species o f  below 100,000 production Po ten ti a1 

and decl i ne pounds for recovery (H,M,L)~ 
lake (year) (year) (1,000's pounds) and reason 

Lake trout 
Ontario 

Erie 
Huron 
Michigan 
Superior 

Ontario 
Erie 

Cisco (chubs) 
Ontario 
Huronb 
Michigan 
Superior 

Lake herring 
Ontario 
Erie 
Huron 
Michigan 
Superior 

Northern pike 
Ontario 
Erie 

Burbot 
Ontario 
Erie 
Michigan 

Blue pike 
Ontario 
Erie 

Sauger 
Erie 
Huron 

Lake whitefish 

1928 1942 

? 
1935 
1943 
1950 

1924 
1953 

1941 
1961 
1970 
1965 

1941 
1924 
1939 
1952 
1961 

1933 
1914 

1 930d 
1947 
1 948d 

1952 
1955 

1945 
1935 

1900 
1945 
1950 
C 

1966 
1960 

1950 
1970 
C 
C 

1953 
1958 
1957 
1963 
C 

1938 
1924 

1934; 
1961 
1959 

1955 
1959 

1955 
1 937e 

1 H - stocking and sea 
lamwev control (s.1.c.) 

0 
1 

37 
526 

16 
1 

0 
50 

3.267 
1,926 

32 
0 
2 
6 

2,186 

21 
15 

0 
0 

230f 

0 
0 

0 
0 

L - env'iroimental 
H - stocking & s. 
H - stocking & s. 
H - stocking & s. 

L - environmental 
L - environmental 

L - environmental 
L - environmental 
L - environmental 
L - environmental 

L - environmental 
L - environmental 
L - environmental 
L - environmental 
M - stocking 

L - environmental 
L - environmental 

L - environmental 
L - environmental 
H - S.1.C. ' 

L - environmental 
L - environmental 

M - stocking 
L - environmental 

.c. 

.c. 

.c. 

aH, M, and L indicate high, medium, and low potential for recovery, respectively. 
bExcludes Georgian Bay and North Channel. 
'Remains above 100,000 pounds. 
dProduction normally less than 100,000 pounds. 
eProduction less than 10,000 pounds. 
fFirst exceeded 100.000 pounds in 1973. 
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Environmental changes, except i n  streams and bays near centers  o f  h igh  
human popu la t i on  dens i ty ,  were n e a r l y  undetectable i n  1925 i n  t h e  lakes 
proper .  Changes had occurred, however, i n  Lakes Michigan, Er ie ,  and On ta r io  
i n  t h e  few chemical cons t i t uen ts  f o r  which data are a v a i l a b l e  (Table 5 ) .  
The absolute concent ra t ions  o f  these cons t i t uen ts ,  even t h e  h ighes t  l eve l s ,  
were w e l l  below l e v e l s  o f  eco log i ca l  o r  t o x i c o l o g i c a l  concern. The r a t e s  
o f  change, e s p e c i a l l y  i n  t o t a l  d isso lved so l i ds ,  su lphur ,  and ch lo r i de ,  
however, are s tagger ing  cons ider ing  t h e  tremendous volume o f  water which 
had been changed as much as 160% i n  o n l y  25 years. 

TABLE 5. ESTIMATED AVERAGE CONCENTRATION OF DISSOLVED CHEMICAL 
CONSTITUENTS I N  THE GREAT LAKES I N  1925 (EXPRESSED I N  

THESES 
MG/LITER)a WITH PERCENTAGE CHANGE AFTER 1900 I N  PAREN- 

----- 
T o t a l  Sodi urn- 

po t  ass i urn s o l  i d s  
Lake d i  sso 1 ved Cal c i um Su 1 phate Ch lor ide  and 

~ - - ~ - I _ - _  

Super ior  58 ( -3 )  13 (0)  4 (0)  2 (0) 3 (0)  

Mich igan 143 (+12) 34 ( 0 )  13 ( t160 )  4 ( t 100 )  - 

Huron 108 (0)  24 (0) 9 (+SO) 4 (0)  4 (0)  

E r i e  146 (+3) 33 (+6) 16 (+23) 11 (57)  7 (0)  

On ta r io  149 ( t 6 )  34 ( + l o )  18 (t20) 11 (57) 7 (17) 

aFrom Beeton, 1969. 

The increase i n  popu la t ion  growth i n  the  basins o f  the  Great Lakes was 
approx imate ly  28% between 1900 and 1925 (Table 3 ) .  Growth i n  numbers was 
g rea tes t  i n  the  basins o f  Lakes E r i e  and Ontar io .  The popu la t ion  i n  the  
E r i e  bas in  increased 93% t o  5.8 m i l l i o n ,  and i n  t h e  Lake On ta r io  bas in  t h e  
increase was 25% t o  2.5 m i l l i o n .  Lake Mich igan 's  bas in  e f f e c t i v e l y  l o s t  
0.8 m i l l i o n  when t h e  Chicago San i ta ry  Canal, which d i v e r t e d  t h e  waste f rom 
t h e  c i t y  t o  the  M i s s i s s i p p i  R iver  drainage, was completed i n  1900. The i n -  
c reas ing  u rban iza t i on  and i n d u s t r i a l  expansion was t h e  probable cause o f  
t h e  inc rease i n  the  chemica l l y  conserva t ive  ions.  Undoubtedly, concentra- 
t i o n s  o f  o the r  chemical components a l so  increased, e s p e c i a l l y  t he  p l a n t  
n u t r i e n t s  phosphorus and n i t rogen .  The load o f  oxygen-demanding organ ic  
compounds can a l so  be assumed t o  have increased. 

The s t resses  causing the  decreases i n  some n a t i v e  f i s h  species i n  the  
lower lakes by 1925 were man caused, p r i n c i p a l l y  by heavy e x p l o i t a t i o n .  
The r o l e  o f  environmental change, e s p e c i a l l y  water-chemist ry  change, i n  r e -  
duc t i on  i n  f i s h  popu la t ions  apparent ly  was minor except i n  t h e  t r i b u t a r i e s  
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and bays. 
f a c t o r  i n  t h e  l oss  o f  t h e  nor thern  p i k e  as an impor tan t  commercial species 
i n  Lake E r i e .  The establ ishment  o f  t he  two marine species, smel t  and 
lamprey, was too  recent  t o  have had a measurable impact on o the r  f i s h  
species,  by 1925. 

The dra inage o f  marshes, however, may have been a s i g n i f i c a n t  

Environmental and C u l t u r a l  Changes, 1925-1950 

Several ca tas t roph ic  events a f f e c t i n g  t h e  Great Lakes f i s h  s tocks 
occurred du r ing  t h i s  per iod .  The most damaging event was the invas ion  by 
t h e  p a r a s i t i c  sea lamprey o f  a l l  t he  upper Great Lakes. A f t e r  a t  l e a s t  50 
years i n  Lake Ontar io ,  t h e  lamprey made i t s  way i n t o  Lake E r i e  i n  1923 
where it d i d  no t  f l o u r i s h  because of t h e  l ack  o f  s u i t a b l e  spawning streams 
and l i m i t e d  deepwater environment. I Q  1932 t h e  f i r s t  sea lamprey was r e -  
po r ted  i n  Lake Huron; 4 years l a t e r  t h e  lamprey was i n  Lake Michigan; and 
by 1946 the  f i r s t  r e p o r t  was made o f  a sea lamprey i n  Lake Super ior  (Table 
6 ) .  Three years a f t e r  t h e  f i r s t  sea lamprey was repo r ted  i n  Lake Huron, 
t h e  produc t ion  o f  l ake  t r o u t  s t a r t e d  t o  dec l i ne  (1935), and by 1946 (Table 
4 )  t h e  commercial f i s h e r y  f o r  t h i s  species i n  Lake Huron proper  was 
f in ished,  a l though the  f i s h e r y  i n  Georgian Bay l a s t e d  another 9 years. 
Lake t r o u t  p roduc t ion  began t o  dec l i ne  i n  Lake Mich igan i n  1943 (7  years 
a f t e r  the  f i r s t  lamprey was repor ted) ;  by 1950 produc t ion  dropped below 0.1 
m i l l i o n  pounds (Table 4 ) ,  and t h e  species was v i r t u a l l y  e x t i n c t  3 years 
l a t e r .  Only 18 years passed from the  t ime  the  f i r s t  sea lamprey was r e -  
po r ted  i n  Lake Huron (1932) u n t i l  t h e  species was comnerc ia l l y  e x t i n c t  i n  
Lakes Huron and Michigan. 

The demise o f  the l ake  t r o u t  popu la t ion  i n  Lake On ta r io  and t h e  r o l e  o f  
t h e  sea lamprey i s  more compl icated than i n  t h e  upper lakes .  Whether t h e  
sea lamprey was endemic t o  Lake On ta r io  ( C h r i s t i e ,  1972), o r  became 
es tab l i shed  a f t e r  t h e  opening o f  t h e  E r i e  Canal (Smith, 1974.), a t  l e a s t  75 
years passed be fore  the  l a k e  t r o u t  p roduc t ion  began i t s  f i n a l  d e c l i n e  
(1928). A s u b s t a n t i a l  f i s h e r y  continued, however, f o r  another 70-12 
years. The species was l a s t  repor ted  i n  the  commercial ca tch  s t a t i s t i c s  as 
l a t e  as 1964 (Baldwin and Saa l fe ld ,  1962, w i t h  supplement). That t h e  sea 
lamprey was a s t rong  f a c t o r  i n  the  loss  o f  l ake  t r o u t  i n  Lake On ta r io  is un- 
d isputed;  t h e  reasons why t h e  s t r u g g l e  l a s t e d  so long remain a sub jec t  o f  
specu la t ion .  

The sea lamprey's favored prey  was the l ake  t r o u t ,  bu t  o ther  species as 
w e l l  were v i c t i m s  o f  t h i s  marine invader .  Larger  i n d i v i d u a l s  o f  l ake  wh i te -  
f i s h ,  c iscos,  l ake  he r r i ng ,  suckers, and burbot were a t tacked by the  sea 
lamprey. The produc t ion  o f  burbot  (never a prime commercial spec ies)  began 
t o  dec l i ne  i n  Lake On ta r io  i n  1930, i n  Lake E r i e  i n  1947, and i n  Lakes 
Huron and Mich igan by 1948 (Table 4 ) .  The burbot  popu la t i on  became commer- 
c i a l l y  e x t i n c t  i n  these lakes about 1960. 

Other species a l so  began d e c l i n i n g  dur ing  t h i s  per iod ,  a l though t h e  de- 
c l i n e s  were no t  r e l a t e d  t o  the  sea lamprey. The sauger began d e c l i n i n g  i n  
Lake Huron ( p r i m a r i l y  Saginaw Bay) i n  1935; 2 years l a t e r  t h e  species was 
commerc ia l ly  e x t i c c t .  Beeton (1969) gave the  reason f o r  t he  d e c l i n e  as the  
development of an environment no t  s u i t a b l e  f o r  t h e  sauger o r  t h e  Saginaw 
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TABLE 6. FISH-SPECIES INTRODUCTIONS I N  THE GREAT LAKES BY YEAR 
AND LAKE, FIRST YEAR OF COMMERCIAL SIGNIFICANCE, AND 
CURRENT PRODUCTION 

Reached 
F i r s t  reported i n  comnercial a 

Year Lake Year Lake Year Lake 1,000 pounds lake  
Species F i r s t  recorded comnercial catch s igni f icance 1974 Production 

b Sea lamprey 

b A1 ewi f e  

Gizzard shad 

Coho salmon 

Chinook salmon 

b Rainbow smelt 

Carp 

Go1 df i sh 

White perch 

1800's Ontario 

1921 

1936 

1946 

1873 

1931 
1933 
1949 

1953 

1900 

1968 

1968 

1967 

1966 

1966 

1969 

1970 

1967 

1967 

1967 

1923 

1925 

1930 

1931 

1935 

Huron 

Michigan 

Superior 

On t a r  i o 

Er ie  
Huron 
Michigan 

Superior 

On t a r  i o  

Ontario 

E r ie  

Huron 

Michigan 

Superior 

Ontario 

Er ie  

Huron 

Michigan 

Superior 

Michigan 

Huron 

Superior 

On t a r  i o  

E r ie  

? 1920's Ontario 

? 
? 

1956 Michigan 1957 Michigan 

1946 Ontario 1952 Ontario 

1946 Er ie  1952 Er ie  

1935 Huron 1950 Huron 

1931 Ontario 1933 Michigan 

1935 Superior 1956 Superior 

1,332 Er ie  

45,508 Michigan 

110 Ontario 

15,766 Er ie  

215 Huron 

1,748 Michigan 

2,853 Superior 

1885-1895 Ontario 1899 Ontario 1910 Ontario 411 Ontprio 

1880-1895 Er ie  1892 Er ie  1893 Er ie  3,152 Er ie  

1880's Huron 1899 Huron 1908 Huron ' 739 Huron 
1880's Michigan 1893 Michigan 1903 Michigan 3,244 Michigan 

? Superior 

? 1929 Er ie  1933 Er ie  54 E r ie  

1950' Ontario 1955 Ontario 1964 Ontario 371 Ontario 

aProduction exceeded 100,000 pounds. 

byear o f  record from Smith, 1972. 

'Year o f  record from Chr is t ie ,  1972. 
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TABLE 7. FISH-SPECIES IN THE GREAT LAKES THAT HAVE 
EXPERIENCED SEVERE DECLINES, LAKE AFFECTED, 
AND SUSPECTED CAUSE OF DECLINE 

Pr i nci pa 1 Primary cause(s) 
Species lakes affected o f  decline 

Atlantic salmon 

Sturgeon 

Lake trout 

Northern pike 

Lake herring 

Burbot 

Cisco (chubs) 

Sauger 

Lake trout 

Walleye 

Blue pike 

Whitefish 

Ye1 low perch 

Fourhorn sculpin 

Emerald shiner 

Ontario 

All lakes 

Erie 

Erie, Ontario 
Huron 

All lakes 

All lakes 

All lakes 

Huron, Erie 

All lakes 
(except Erie) 

All lakes 

Erie and Ontario 

All lakes 

Erie, Huron, 
Michigan 

Ontario, Erie 

Mi chi gan 

Deterioration and blockage of 
streams , exploitation 

Exploitation, destruction of spawning 
streams 

Exploitation 

Destruction o f  spawning areas, ex- 
ploitation 

Exploitation , environmental changes, 
competition with intrcduced species 

Sea lamprey, environmental change 

Exploitation, competition with intro- 
duced species , sea 1 aniprey 

Environmental change, exploitation 

Sea lamprey, exploitation 

Environmental changes, exploitation, 
destruction of spawning streams 

Environmental changes, exploitation 

Environmental changes, exploitation, 
sea lamprey 

Competition with introduced species, 
exploitation, environmental changes 

Competition with introduced species, 
environmental change 

Competition with introduced species, 
environmental change 
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Bay popu la t ions  o f  wal leye and w h i t e f i s h .  I n  Lake E r i e  the  sauger produc- 
t i o n  f e l l  below 0.5 m i l l i o n  pounds i n  1946 (Baldwin and Saa l fe ld ,  1962) f o r  
t h e  f i r s t  t ime a f t e r  n e a r l y  70 years o f  p roduc t ion  between 1 and 6 m i l l i o n  
pounds. Environmental changes, p lus  heavy e x p l o i t a t i o n ,  were be l i eved  t o  
be the  causes (Table 7 ) .  

The dec l i ne  o f  t he  l ake  he r r i ng ,  h i s t o r i c a l l y  t h e  most p roduc t i ve  
species i n  t h e  Great Lakes (Smith, 1968), began i n  Lake E r i e  i n  1925, and 
by 1963 t h i s  f i s h  had become commercial ly e x t i n c t  i n  a l l  t he  lakes except 
Super ior .  Heavy e x p l o i t a t i o n  was undoubtedly a f a c t o r  i n  t h e  d e c l i n e  o f  
t he  l ake  h e r r i n g .  The r o l e  and impact on t h i s  dec l i ne  o f  in t roduced a le -  
w i f e  and smelt and o f  environmental f a c t o r s ,  however, have no t  been i s o -  
l a t e d .  The co l l apse  o f  the  l ake  h e r r i n g  s tocks i n  t h e  mid-1920's was the  
event most respons ib le  f o r  s t i m u l a t i n g  i n t e r e s t  and concern i n  t h e  we l fa re  
o f  the Great Lakes aquat ic  environment. Th is  concern was p r i m a r i l y  res -  
pons ib le  f o r  i d e n t i f y i n g  t h e  r a p i d  d e t e r i o r a t i o n  i n  t h e  water q u a l i t y  o f  
Lake Er ie ,  which i s  discussed i n  a f o l l o w i n g  sec t i on .  

Water O u a l i t v  and P o w l a t i o n  Chanaes. 1925-1950 

Changes i n  d isso lved chemical cons t i t uen ts  cont inued t o  acce le ra te  
a f t e r  1925 i n  a l l  t h e  lakes except Super ior  (Table 8 ) .  The absolute values 
o f  these " i n d i c a t o r "  chemical parameters are o f  no t o x i c o l o g i c a l  concern, 
but  again t h e  r a t e  o f  change i n d i c a t e d  s u b s t a n t i a l  i npu ts  f rom c u l t u r a l  and 
i n d u s t r i a l  sources. Concentrat ions o f  these and o the r  chemical compounds 
must have been s u b s t a n t i a l  i n  t h e  r e c e i v i n g  waters near t h e  p o l l u t i o n  
source. The loss  o f  w h i t e f i s h ,  l ake  he r r i ng ,  sauger, and o ther  species 
f rom t h e  i nne r  p o r t i o n s  o f  Saginaw and Green Bays due t o  water q u a l i t y  
changes would be expected. 

TABLE 8. ESTIMATED AVERAGE CONCENTRATIONS OF DISSOLVED CHEMICAL 
CONSTITUENTS IN THE GREAT LAKES (EXPRESSED IN MG/LITER)~ 
1950 WITH PERCENTAGE CHANGE S I N C E  1925 I N  PARENTHESES 

- - - ~  --- 
Tota l  Sod i um 

Lake d i sso l ved  Calcium Sulphate Ch lor ide  and 
potassium --- s o l  i d s  

Super ior  56 ( -3 )  13 (0)  

Michigan 150 (5 )  34 (0) 

Huron 110 (2 )  24 ( 0 )  

E r i e  170 (16) 38 (15 

On ta r io  172 (15)  38 ( 1 2  

4 (0)  

1 7  (31) 

13 (44) 

23 (44) 

25 (39)  9 (73)  10 (43)  

From Beeton, 1969. a 
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Popu la t ion  Increases, 1925-1950 

The popu la t ion  i n  the  Great Lakes bas in  had exceeded 18 m i l l i o n  by 1950 
(Beeton, 1969), an increase o f  approximately 40% i n  25 years (Table 3 ) .  
Again, t h e  grea tes t  numerical growth was i n  the  Lake E r i e  bas in  w i t h  an i n -  
crease from 5.8 t o  8.6 m i l l i o n  (48%). The popu la t i on  i n  Lake E r i e ' s  bas in  
was 46% o f  the  t o t a l  popu la t i on  and, combined w i t h  the  Lake O n t a r i o  popula- 
t i o n ,  accounted f o r  62% o f  t h e  t o t a l .  The popu la t i on  i n  t h e  Lake Michigan 
bas in  was n e a r l y  5 m i l l i o n  i n  1950. This cont inued concent ra t ion  of people 
i n  Michigan, E r ie ,  and On ta r io  lake  basins, w i t h  t h e  associated mun ic ipa l ,  
i n d u s t r i a l ,  and a g r i c u l t u r a l  wastes, was the  pr imary  cause o f  the  accele- 
r a t e d  r a t e  o f  increases i n  d isso lved chemical c o n s t i t u e n t s  i n  these lakes. 

Lake Erie--Demise i s  Heralded 

The sudden co l l apse  o f  the  Lake E r i e  l ake  h e r r i n g  f i s h e r y  i n  1925 
awakened the  p u b l i c  t o  the  need f o r  s c i e n t i f i c  i n v e s t i g a t i o n s  i n t o  the  
causes o f  the  p r e c i p i t o u s  dec l i ne .  The magnitude o f  the  d e c l i n e  i n  l ake  
h e r r i n g  produc t ion  was from an average o f  26 m i l l i o n  pounds per year i n  t h e  
prev ious  decade t o  6 m i l l i o n  pounds i n  1925, t o  less  than a m i l l i o n  pounds 
i n  1929. 

Since environmental f a c t o r s  were thought t o  be the  cause o f  t he  l ake  
h e r r i n g  dec l ine ,  two i n t e n s i v e  l imno log ica l  s tud ies  (Wright,  1955; F ish ,  
1960) were i n i t i a t e d  i n  1928. Wright (1955) found unfavorable cond i t i ons  
i n  r i v e r s  and es tua r ies ,  but  concluded t h a t  environmental changes i n  t h e  
open waters o f  the  western bas in  o f  Lake E r i e  i n  1928-30 had no adverse 
e f f e c t  on t h e  dec l i ne  o f  f i s h  stocks.  F i s h  e t  a l .  (1960) a lso  found no 
environmental bas is  f o r  the  dec l i ne  o f  l ake  h e r r i n g  i n  the  c e n t r a l  and 
eastern basins i n  1928-30. Although n e i t h e r  i n v e s t i g a t o r  found measurable 
environmental degradat ion i n  the  open lake, t h e i r  s tud ies  f o r  t he  f i r s t  
t ime es tab l i shed  a s c i e n t i f i c  base l i n e  o f  data on ben th i c  organisms, p lank-  
ton, and d isso lved oxygen. The base l i n e  has subsequently been inva luab le  
i n  measuring environmental changes i n  Lake E r i e .  

The e f f e c t s  o f  the  sea lamprey on the  l ake  t r o u t  stocks ( p r e v i o u s l y  
discussed) were recognized i n  the  1940's, and attempts t o  c o n t r o l  t h e  
lamprey began i n  1946. Another decade passed, however, be fore  an organized 
and s u b s t a n t i a l  program was developed t o  c o n t r o l  t h i s  d e s t r u c t i v e  p a r a s i t e .  

CHANGE AND REHABILITATION (1950-1975) 

F i s h  Stocks 

Changes i n  abundance o f  f i s h  stocks are con t inu ing  i n  1975; however, 
many changes are now d e l i b e r a t e  and c o n t r o l l e d .  
n a t i v e  species ( u s u a l l y  decreasing i n  numbers) and i n  in t roduced species 
( u s u a l l y  i nc reas ing  i n  numbers) f r e q u e n t l y  occurred du r ing  the  pas t  25 
years. 

Uncon t ro l l ab le  changes i n  
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1950's 

d e c l i n e  i n  Lake Super ior  i n  1950. Walleye produc t ion  s t a r t e d  t o  d e c l i n e  i n  
1950 i n  Lake Michigan. 
pounds i n  Lake Ontar io ,  t h e  f i r s t  o f  t h e  lakes t o  l ose  i t s  chub popu la t i on .  

I n  1952 produc t ion  o f  l ake  h e r r i n g  i n  Lake Michigan and b lue  p i k e  i n  
Lake On ta r io  began t h e i r  " t e rm ina l "  dec l ine .  Lake w h i t e f i s h ,  b lue  p ike ,  
and wa l leye  produc t ion  began d e c l i n i n g  i n  Lake E r i e  by 1956. 
duc t i on  had f a l l e n  below 100,UOO pounds f o r  lake  h e r r i n g  i n  Lake Ontar io ,  
Huran, and Er ie ;  sauger i n  Lake Er ie ;  and b lue  p i k e  i n  Lakes On ta r io  and 
E r i e .  
Lakes On ta r io  and E r i e .  
became ex t remely  scarce i n  Lakes Michigan and Huron. 

Increases a lso  occurred i n  the  1950's. Smelt p roduc t ion  exceeded 
200,000 pounds i n  Lakes On ta r io  and Huron; 800,000 pounds i n  Lake Super ior ;  
6 m i l l i o n  pounds i n  Lake Er ie ;  and 9 m i l l i o n  pounds i n  Lake Michigan. The 
rainbow smelt had become a s i g n i f i c a n t  species i n  t h e  comnercial ca tch  o f  
a l l  the  lakes i n  l ess  than 30 years a f t e r  i t s  i n t r o d u c t i o n  i n  Lake Michigan. 

species was f i r s t  repo r ted  i n  the  commercial ca tch  i n  Lake Michigan i n  1956. 
By 1957 p roduc t i on  exceeded 100,000 pounds, and by 1958 ( 9  years a f t e r  it 
was f i r s t  repo r ted )  over 1 m i l l i o n  pounds o f  alewives were produced i n  Lake 
Michigan. S i m i l a r  r a p i d  c o l o n i z a t i o n  o f  t he  wh i te  perch occurred i n  Lake 
Ontar io ;  o n l y  5 years elapsed between the  f i r s t  record  o f  i t s  presence 
(1950) and t h e  f i r s t  r e p o r t  o f  i t  i n  t h e  commercial ca tch  (1955). 

Lake t r o u t  p roduc t ion  reached zero i n  Lake Michigan and began t o  

Cisco (chub) p roduc t ion  dropped below 100,000 

By 1959 pro-  

W i th in  a few years t h e  b lue  p i k e  had become v i r t u a l l y  e x t i n c t  i n  
The emerald sh iner ,  once exceedingly  abundant, 

The f i r s t  a l e w i f e  was repor ted  i n  Lake Michigan i n  1949, and t h e  

1960's 

Dur ing  t h i s  decade species o f  t he  w h i t e f i s h  f a m i l y  cont inued t o  dec l i ne  
i n  t h e  Great Lakes. Lake w h i t e f i s h  p roduc t ion  f e l l  below 100,000 pounds i n  
Lakes On ta r io  and Er ie ;  l ake  h e r r i n g  began d e c l i n i n g  i n  Lake Super ior  and 
f e l l  below 100,000 pounds i n  Lake Michigan; deepwater c i s c o  (chub) produc- 
t i o n  began d e c l i n i n g  i n  Lakes Huron and Super ior .  
a l so  dec l ined:  wal leyes i n  Lakes Michigan and Ontar io ;  ye l l ow  perch i n  
Lake Michigan; and nor thern  p i k e  i n  Lake Huron. 
abundant i n  Lake Ontar io ,  was ext remely r a r e  i n  t h e  1960's. A major d e c l i n e  
o f  the  fourhorn  s c u l p i n  du r ing  t h i s  pe r iod  was a lso  noted i n  Lake Michigan 
(Wel ls  and McLain, 1972). 

Shallow water species 

The fourhorn  scu lp in ,  once 

R e h a b i l i t a t i o n  o f  t h e  F i s h  Stocks 

B i o l o g i s t s  recognized t h a t  r e h a b i l i t a t i o n  o f  f i s h  stocks, p r i n c i p a l l y  
l ake  t r o u t ,  cou ld  no t  begin u n t i l  t h e  sea lamprey was brought under con- 
t r o l .  A spec ia l  agency, t h e  Great Lakes F i s h e r y  Comm ss ion,  was c rea ted  i n  
1956 by a t r e a t y  between Canada and t h e  Un i ted  States t o  fund and coo rd i -  
na te  e x i s t i n g  e f f o r t s  t o  c o n t r o l  the  sea lamprey. I n  t i a l  c o n t r o l  methods 
attempted t o  b lock  spawning m ig ra t i ons  i n t o  streams by means o f  mechanical 
and e l e c t r i c a l  b a r r i e r s .  Th is  method proved i n e f f e c t i v e .  I n  1957, a f t e r  
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several  years o f  research and t e s t i n g  thousands o f  chemicals, one was found 
which was t o x i c  t o  t h e  lamprey but no t  l e t h a l  t o  o the r  f i s h .  Treatment o f  
lamprey- infested streams w i t h  the  chemical 3 - t r i f  luoromethyl-4-nitrophenol 
(TFM) began i n  1958. By 1962, 2 years a f t e r  a l l  known lamprey nursery  
streams had been t r e a t e d  i n  Lake Super ior,  success was v e r i f i e d  when the  
number o f  a d u l t  lampreys a t  assessment b a r r i e r s  was reduced n e a r l y  85% 
(Baldwin, 1964). 
sharp ly ,  and s u r v i v a l  o f  l ake  t r o u t  increased d r a m a t i c a l l y  i n  Lake Super io r .  
A method of c o n t r o l  had been found j u s t  i n  t ime  t o  save the  l a s t  n a t u r a l  
popu la t i on  of l ake  t r o u t  i n  t h e  Great Lakes. The f i r s t  complete t rea tment  
o f  a l l  Lake Michigan lamprey- infested streams was completed i n  1963, Lake 
Huron i n  1970, and Lake On ta r io  i n  1972. Chemical t reatment o f  streams a t  
i n t e r v a l s  o f  2-4 years must cont inue, however, i f  the  r e h a b i l i t a t i o n  o f  
lake  t r o u t  and o ther  species i s  t o  become permanent. 

The incidence o f  lamprey wounds on l ake  t r o u t  dropped 

The i n t r o d u c t i o n  o f  P a c i f i c  salmon i n  the  Great Lakes had been 
attempted many t imes, but had produced l i m i t e d  r e s u l t s  u n t i l  t h e  success fu l  
i n t r o d u c t i o n  o f  the  coho salmon (Oncorh nchus k i s u t c h )  i n  Lake Michigan i n  
1966. By 1969 coho and chinook salmon + Oncorhynchus tshawytscha) had been 
in t roduced i n t o  a l l  the  upper lakes. The purpose o f  s tock ing  coho and 
chinook salmon i n  t h e  Great Lakes was t o  increase the  s p o r t  f i s h i n g  
p o t e n t i a l  and no t  t o  e s t a b l i s h  s e l f - s u s t a i n i n g  popu la t ions .  "Successful"  
i n t r o d u c t i o n ,  t he re fo re ,  r e l a t e s  t o  r a p i d  growth and h igh  s u r v i v a l  r a t e s .  
The p ink  salmon (Oncorhynchus gorbuscha), however , was an "unplanned" p l a n t  
i n  Lake Superior, where it succeeded i n  e s t a b l i s h i n g  spawning runs i n  1959 
and by 1975 had become es tab l i shed  i n  Lakes Huron and Michigan. 

been made s ince  1958 i n  Lake Super ior.  
near pre-lamprey l e v e l s .  
appoint ing,  however. 
proved, when inc reas ing  numbers o f  young n a t i v e  t r o u t  have been repor ted .  

The r e i n t r o d u c t i o n  o f  l ake  t r o u t  i n  Lake Michigan, beg inn ing  i n  1965, 
has proved extremely successful  i n  terms o f  s u r v i v a l  and growth. No e v i -  
dence o f  reproduct ion,  however, has been repor ted .  
be ing  stocked i n  Lakes Huron and Ontar io .  
o p t i m i s t i c  about the  reestabl ishment o f  s e l f - s u s t a i n i n g  popu la t ions  o f  l ake  
t r o u t  i n  a l l  t h e  Great Lakes, except E r i e .  

Supplemental p l a n t i n g s  o f  l ake  t r o u t ,  f o l l o w i n g  lamprey c o n t r o l  , have 
The stocks have been b u i l t  up t o  

Reproduction o f  hatchery-reared f i s h  has been d i s -  
Only i n  the  l a s t  2 o r  3 years has the  ou t l ook  i m -  

Lake t r o u t  are now 
B i o l o g i s t s  cont inue t o  be 

Salmonids o ther  than lake  t r o u t  and P a c i f i c  salmon have been stocked i n  
t h e  Great Lakes s ince  the  lamprey has been c o n t r o l l e d .  
(rainbow t r o u t ) ,  brown t r o u t ,  brook t r o u t ,  and A t l a n t i c  salmon are now 
stocked i n  t h e  lakes. Over 20 m i l l i o n  salmonids annua l ly  are stocked i n  
the  Great Lakes. I n  1974 the  f i r s t  exper imental  p l a n t  o f  hatchery-reared 
saugers was stocked i n  Lake E r i e .  

Steelhead t r o u t  

Environmental Changes, 1950-1975 

Lakes have increased e x p o n e n t i a l l y  du r ing  the  pas t  25 years. Changes i n  
f i s h  populat ions,  benth ic  organisms, plankton, and water q u a l i t y  are now 

S c i e n t i f i c  i n v e s t i g a t i o n s  o f  environmental cond i t i ons  o f  the  Great 
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measured w i t h  g r e a t l y  improved accuracy and frequency. 
t r o l  environmental cond i t i ons  and t o  understand eco log i ca l  i n t e r a c t i o n s ,  
however, remains a goal o f  the  f u t u r e .  

Chemical changes--The increase i n  major  ions  cont inued i n  a l l  t h e  lakes 
except Super ior  du r ing  the  l a s t  25 years. The r a t e s  o f  increase i n  a l l  t h e  
ions  except ca lc ium remain h i g h  f o r  Lakes On ta r io  and E r i e  (Table 9 ) .  
Popu la t ion  increases a lso  were s u b s t a n t i a l  i n  the  basins o f  Lakes On ta r io  
and E r i e  (Table 3 )  and probab ly  account f o r  t h e  chemical changes. 

The a b i l i t y  t o  con- 

TABLE 9. ESTIMATED AVERAGE CONCENTRATIONS OF DISSOLVED CHEMICAL 
CONSTITUENTS I N  THE GREAT LAKES I N  1970 (EXPRESSED I N  
MG/LITER)a WITH PERCENTAGE CHANGE S I N C E  1950 I N  PAREN- 
THESES 

- 
T o t a l  Sod i um 

Lake d isso lved Calcium Sulphate Ch lor ide  and 
- p o t  ass i um -- sol i d s  __- 

Super i o r  55 ( -2 )  13 (0) 4 (0) 2 (0)  2 ( -33)  

Michigan 155 ( 3 )  34 (0 )  20 (43)  7 (40) 5 (0)  

Huron 115 ( 3 )  27 (12)  17 (31) 7 (17) 4 (0) 

E r i e  206 (21) 38 (0 )  27 (17) 2 /  (42)  14 (56)  

On ta r io  210 (22)  40 ( 5 )  30 (20) 29 (53)  15 (50)  

aFrom Wei le r  and Chawla, 1969. 

C r i t i c a l l y  low d isso lved oxygen (DO) concent ra t ions  had no t  been r e -  
po r ted  i n  t h e  open waters o f  t h e  Great Lakes u n t i l  1953. 
B r i t t  (1955) measured DO concent ra t ions  l ess  than 1 m g / l i t e r  i n  t h e  western 
bas in  of Lake E r i e .  Although t h e  low DO l e v e l s  l a s t e d  o n l y  a few days, i t  
caused a s u b s t a n t i a l  m o r t a l i t y  i n  the  burrowing may f l y  (Hexagenia) popula- 
t i o n .  I n  some areas o f  t he  western bas in  t h e  e n t i r e  popu la t i on  was k i l l e d ,  
where more than 1,000 mayf ly  nymphs per square meter had p r e v i o u s l y  been 
found ( B r i t t ,  1955). The f i r s t  ex tens ive  zone o f  low DO ( l e s s  than 1 ppm) 
was measured i n  1959, i n  the  western p o r t i o n  o f  the  c e n t r a l  bas in  o f  Lake 
E r i e .  An in te ragency  synopt ic  survey o f  t h i s  bas in  i n  1959 found an area 
o f  approx imate ly  1,400 square m i les  which conta ined less  than 1 ppm o f  DO 
i n  t h e  hypolimnion. 
f o r e  1959 (Carr, 1962). 

I n  t h a t  year  

These cond i t i ons  of low DO undoubtedly had occurred be- 

D isso lved oxygen l e v e l s  o f  less  than 1 m g / l i t e r  occur annua l ly  ir i t h e  
bottom waters of t h e  c e n t r a l  bas in  o f  Lake E r i e  and by  1974 covered severa l  
thousand square m i les .  Oxygen dep le t i on  a lso  has been repo r ted  i n  southern 
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Green Bay (Lake Mich igan)  and the  Bay o f  Q u i n t e  (Lake O n t a r i o ) .  Low DO 
l e v e l s  i n  t h e  open waters o f  t h e  o ther  lakes have no t  been repor ted .  The 
v i r t u a l  e x t i n c t i o n  o f  the  sauger and b lue  p i k e  and the  dec l i ne  o f  t h e  
wa l leye  popu la t i on  i n  Lake E r i e  are thought t o  be p a r t i a l l y  caused by t h e  
low DO cond i t i ons  (Smith, 1974). 

Tox ic  Substances i n  F i s h  

Chemical contaminants i n  Great Lakes f i s h  have been measured w i t h  i n -  
c reas ing  f requency i n  t h e  past  decade (1965-75). Measurements were f i r s t  
made i n  1965 o f  the  res idues o f  t he  i n s e c t i c i d e s  DDT and d i e l d r i n  i n  Great 
Lakes f i s h .  
made conta ined measurable l e v e l s .  Several species (chubs, l ake  t r o u t ,  l ake  
h e r r i n g )  f rom Lake Michigan exceeded t h e  U.S. Food and Drug Admin is t ra-  
t i o n ' s  (FDA) to le rance  l e v e l  o f  5 pg/g i n  f i s h  used f o r  human consumption 
(Re iner t ,  1970). Since t h e  use o f  DDT was banned i n  1972, the  l e v e l  i n  
Lake Michigan f i s h  has decreased r a p i d l y ,  f rom an average o f  10 pg/g i n  
b l o a t e r  chubs be fore  1972 t o  l ess  than 3 pg/g i n  1974. 

A l l  28 species f o r  which DDT and d i e l d r i n  ana lys i s  has been 

Dur ing  the  same pe r iod  i n  which DOT l e v e l s  were decreas ing i n  Great 
Lakes f i s h ,  p o l y c h l o r i n a t e d  b iphenol  (PCB) l e v e l s  were inc reas ing .  Again, 
t he  species con ta in ing  the  h ighes t  l e v e l s  were l ake  t r o u t  and b l o a t e r  chubs 
i n  Lake Michigan. The average concen t ra t i on  o f  PCB i n  Lake Michigan lake  
t r o u t  above 24 inches exceeded 20 pg/g i n  1974. Concentrat ions above the  
FDA's 5 pg/g to le rance  l e v e l  have been repo r ted  i n  f i s h  f rom Lake On ta r io  
and Lake Huron, as w e l l  as Lake Michigan. 

ug/g were d iscovered i n  severa l  species o f  f i s h  ( i n c l u d i n g  wa l leye  and 
wh i te  bass) f rom Lakes S t .  C l a i r  and E r i e .  Mercury l e v e l s  above 0.5 pg/g 
were a l so  repo r ted  f rom Lakes Super ior  and Ontar io .  
cu r ta i lmen t  o f  t h e  source o f  mercury p o . l l u t i o n  t o  Lake S t .  C l a i r ,  t h e  
l e v e l s  i n  f i s h  began t o  decrease. I n  two instances (DDT and mercury)  s top-  
p ing  t h e  sources o f  chemical contaminants r e s u l t e d  i n  t h e  r a p i d  d e c l i n e  o f  
t h e  t o x i c a n t s  i n  the  environment. Th is  success should g i ve  support t o  con- 
t i n u e d  e f f o r t s  t o  so lve  problems by e l i m i n a t i n g  the  d i r e c t  cause. 

I n  1969 mercury l e v e l s  i n  excess o f  t h e  FDA's to le rance  l e v e l  o f  0.5 

Two years f o l l o w i n g  

The contaminat ion o f  Great Lakes f i s h  w i t h  l e v e l s  o f  DDT, PCB, and mer- 
cu ry  exceeding t h e  FDA to le rance  l e v e l  has r e s u l t e d  i n  g rea t  f i n a n c i a l  hard- 
s h i p  t o  the  commercial f i s h i n g  i n d u s t r y .  D i r e c t  o r  even i n d i r e c t  adverse 
e f f e c t s  on t h e  f i s h  popu la t ions  o f  t h e  Great Lakes have no t  been detected.  
Apparently, DDT and PCB i n  the  low nannogram-per- l i ter  l e v e l s  i n  the  open 
lake  waters have, through biomagnif i c a t i o n ,  reached t h e  microgram-per-gram 
l e v e l  i n  f i s h  t i s s u e .  

Changes i n  Benthos and Plankton 

i n v e s t i g a t o r s  w i t h i n  t h e  pas t  20 years: B r i t t  (1955) and Carr and H i l t u n e n  
(1965) f o r  Lake Er ie ;  Schneider, Hooper, and Beeton (1969) f o r  Saginaw Bay; 
H i l t u n e n  (19b7) f o r  Lake Mich igan.  I n  a l l  o f  these s tud ies  t h e  changes 
have been f rom the  more " p o l l u t i o n - i n t o l e r a n t "  organisms (mayf l ies ,  

Changes i n  bottom-dwell  i n g  organisms have been documented by severa l  
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c a d d i s f l  i e s  , amphipods) t o  "po l  l u t i o n - t o l e r a n t "  forms ( p r i m a r i l y  o l  i go -  
chaetes and midge la rvae )  and f rom g rea te r  t o  l esse r  species d i v e r s i t y .  
The geographic areas a f f e c t e d  by l oss  o f  i n t o l e r a n t  organisms are be ing  
extended f u r t h e r  i n t o  t h e  lakes f rom t h e  p o l l u t i o n  sources ( p r i m a r i l y  r i v e r  
mouths). The e f f e c t s  o f  these changes on f i s h  popu la t ions  w i l l  remain 
specu la t i ve  u n t i l  t h e  i n t e r a c t i o n s  can be q u a n t i t a t i v e l y  assessed. 

Phytoplankton and zooplankton popu la t ions  have a lso  changed markedly i n  
many areas o f  t h e  Great Lakes (Beeton, 1969). The changes i n  phytoplankton 
have been f rom dominance by mu l t i spec ies  diatom communities t o  species o f  
green and blue-green algae more t o l e r a n t  o f  eu t roph ic  cond i t i ons .  
plan'kton communities have reac ted  s i m i l a r l y  (Beeton, 1969), r e s u l t i n g  i n  a 
l oss  o f  species d i v e r s i t y  and increases i n  species associated w i t h  
eu t roph ic  environments. Again, t h e  r e l a t i o n  o f  these changes i n  f i s h  
popu la t ions  i s  incomple te ly  understood. 

Zoo- 

CONCLUSIONS 

It i s  obvious t h a t  the  environment i n  many areas o f  t h e  Great Lakes has 
de te r io ra ted .  
popu la t ions  o r  species o f  Great Lakes f i s h  i s  d i f f i c u l t  and c o n t r o v e r s i a l .  
Heavy e x p l o i t a t i o n  o f  many stocks i s  undoubtedly a f a c t o r  i n  the  d e c l i n e  o f  
many species. Changes i n  water chemistry, p lankton,  bottom fauna, and un- 
e x p l o i t e d  f i s h  species, however, c l e a r l y  show t h a t  f a c t o r s  o the r  than f i s h -  
i n g  have d r a s t i c a l l y  changed the  c h a r a c t e r i s t i c s  o f  t he  Great Lakes. 

Now t h a t  we know our  c a p a b i l i t i e s ,  how can we avoid pas t  mis takes and 
s top,  o r  perhaps even reverse,  t h e  t r e n d  toward environmental chaos? One 
p o s s i b i l i t y  i s  t o  understand t h e  fo rces  t h a t  operated i n  t h e  past  t o  p ro-  
duce present  cond i t i ons .  S c i e n t i s t s  and admin i s t ra to rs  w i t h  r e s p o n s i b i l i t y  
f o r  p r o t e c t i n g  t h e  aquat ic  environment can l e a r n  much f rom t h e  per tu rba-  
t i o n s  f o i s t e d  on the  Great Lakes. For example, e a r l y  r e c o g n i t i o n  o f  t he  
e f f e c t s  o f  unmanaged commercial f i s h i n g  cou ld  have prevented, o r  a t  l e a s t  
delayed, t h e  decimation o f  many f i s h  popu la t ions .  Wise management o f  t he  
uses o f  t r i b u t a r y  streams would have saved many s tocks o f  anadromous 
species. It i s  d i f f i c u l t ,  however, t o  blame these e r r o r s  o f  omission on 
our predecessors, f o r  they  d i d  no t  have the  advantage o f  h i n d s i g h t  t o  i m -  
prove t h e i r  f o r e s i g h t .  Our generat ion has no such excuse. Oppor tun i t i es  
missed i n  t h e  pas t  t o  p r o t e c t  t h e  aquat ic  communities are gone, bu t  oppor- 
t u n i t i e s  remain t o  save and r e h a b i l i t a t e  our aquat ic  environment. 

Ass ign ing d i r e c t  cause and e f f e c t  t o  changes i n  s p e c i f i c  

Recogni t ion o f  environmental degradat ion i n  t h e  Great Lakes has l e d  
Canada and the  Un i ted  States t o  a f i r m  commitment t o  h a l t  and reverse  t h i s  
t rend.  Evidence o f  success i n  t h i s  endeavor i s  a l ready  apparent. Rehabi l -  
i t a t i o n  of many t r i b u t a r i e s  has pe rm i t ted  the  establ ishment  o f  spawning 
runs by anadromous species. Levels  o f  DDT i n  F ish t i s s u e  have decreased as 
much as 80% a f t e r  t he  use o f  the  i n s e c t i c i d e  was banned. 
s i v e  and b e t t e r  t reatment  o f  mun ic ipa l  and i n d u s t r i a l  waste has r e s u l t e d  i n  
no t i ceab le  improvements i n  the  q u a l i t y  o f  r e c e i v i n g  waters. 

More comprehen- 
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L e t  us hope t h a t  by the  year 2000 t h e  h i s t o r y  o f  changes i n  f i s h  
species o f  t h e  Great Lakes w i l l  show o n l y  increases i n  n a t i v e  species b e t -  
ween 1975 and the  new century .  
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