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PREFACE 

T h i s  r e p o r t  o n  L a k e  S t ,  C l a i r  
wet lands i s  one o f  a  ser ies  o f  community 
p r o f i l e s  t h a t  d e a l  w i t h  m a r i n e  a n d  
f r e s h w a t e r  h a b i t a t s  o f  e c o l o g i c a l  impor- 
tance.  The d e l t a  marshes,  e s t u a r i e s ,  
lagoons, and channel wetlands which f r i  nge 
t h e  M i c h i g a n  and O n t a r i o  s h o r e s  o f  Lake 
S t .  C l a i r ,  and the  S t .  C l a i r  and D e t r o i t  
r i v e r s ,  a r e  among t h e  most  p r o d u c t i v e  
areas i n  t h e  Great  Lakes. Because t h e y  
o c c u r  i n  t h e  p r o x i m i t y  o f  a d e n s e l y  
popu la ted ,  h e a v i l y  i n d u s t r i a l  i z e d ,  and 
i n t e n s e 1  y  farmed region, t h e  marshes have 
su f fe red losses i n  bo th  area and qua1 i t y .  
However, t h e  rema in ing  marshes a re  v i t a l  
h a b i t a t s  f o r  m i g r a t o r y  w a t e r f o w l ,  f u r -  
b e a r e r s ,  and f i s h ,  and p e r f o r m  many 
i m p o r t a n t  h y d r o l o g i c a l  and e c o l o g i c a l  
f u n c t i o n s .  The S t .  C l a i r  D e l t a  i s  unique 
i n  the  Great Lakes and f o s t e r s  some o f  t h e  
f i n e s t  coas ta l  wetlands i n  t h e  region.  

The b i o l o g i c a l  resources o f  Lake St .  
C l a i r  have a t t rac ted  man s ince  prehistoric 
t ime.  N o t  o n l y  were f i s h  and w l l d l i f e  
consumed b u t  t h e  wetland p l a n t s  were used 
f o r  c r a f t s ,  cures, and k i t chen  u t e n s i l s  by 
t h e  e a r l y  I nd ian  s e t t l e r s .  Archaeological  
s i t e s  and e a r l y  e x p l o r e r s  o f  t h e  region 
have reco rded  t h e  c l o s e  i n t e r a c t J o n  o f  
e a r l y  man and t h e  c o a s t a l  env i ronmen t .  
L a k e  S t .  C l a f r  was l l d i s c o v e r e d N  b y  
Europeans on S a i n t  C l a l r e q s  Day, August 
12, 1679, and was named i n  h o n o r  o f  t h e  
s a i n t .  E a r l y  f u r  t r a d e r s  were  c o n s l s -  
t e n t l y  overwhelmed by t h e  b o u n t i f u l  f i s h  
and w i l d l i f e  stocks o f  t h e  l a k e  and o f t e n  
remarked i n  t h e i r  j o u r n a l s  a b o u t  t h e  
t r a n q u i l  beauty o f  t h e  marshesc f l o r a .  A 
c o l o r f u l  episode o f  t h e  regfon was l i nked  
t o  t he  p r o h i b i t t o n  era. Dur ing  t h i s  time, 
l o c a l  r e s i d e n t s  c l a i m  t h a t  t h e  St. C l a i r  
F lats,  o r  de l ta ,  was a  hub of a c t i v i t y  fo r  
t h e  impor ta t i on  o f  i 1 lega l  8 b u t  e x c e l  1  e n t  
q u a l i t y *  whiskey from Canada t o  t h e  United 
Sta tes .  Today, Lake St. C l a i s  i s  one of 

t h e  most  i n t e n s i v e l y  u t i l i z e d  l a k e s  i n  
N o r t h  A m e r i c a  w i t h  i t s  I n t e r n a t i o n a l  
we t l ands  c o n t i n u i n g  t o  be  s i g n i f i c a n t  
c o n t r i b u t o r s  t o  r e c r e a t i o n a l  a c t i v i t i e s  
throughout t h e  year. W i thou t  t h e s e  wet- 
l a n d s ,  t h e  v a l u e  o f  t h e  l a k e  would be 
g r e a t l y  diminished. 

L a k e  S t .  C l a i r  i s  n o t e d  f o r  i t s  
storms and r a p i d  water l e v e l  changes. The 
moderate energy  produced by these storms 
1  i m i t s  t h e  ex is tence o f  c o a s t a l  w e t l  ands 
t o  p laces  where some t y p e  o f  n a t u r a l  o r  
a r t i f i c i a l  p r o t e c t i o n  i s  a v a i l a b l e .  
Cor respond ing1 y r  t h e  c o a s t a l  marshes o f  
Lake St. C l a i r  f a l l  I n t o  fou r  c a t e g o r f  es: 
1 )  d e l t a  w e t l a n d s ,  2 )  c o a s t a l  lagoons 
beh ind  p r o t e c t i v e  b a r r i e r  beaches,  3 )  
estuar ine  t r i b u t a r y  mouths, and 41 managed 
marshes p r o t e c t e d  by earthen and r ip - rap  
d i kes .  A c c o r d i n g  t o  G o w a r d i n  et a l ,  
( 1 9 7 9 )  t h e s e  w e t l  ands  w o u l d  i n c l u d e  
e lements  o f  r i v e r i n e ,  1 a c u s t r f  n e r  and 
p a l u s t r i n e  s y s t e m s  o f  t h e  r e c e n t l y  
developed Nat ional  Wet1 and Cl ass T f  i ca t i on .  

The l i .Jossary Geol09y (Ba tes  and 
Jackson 1980) d e f  f nes '"freshwater estu- 
a r ies"  f o r  t h e  Great Lakes as, '%he l o w e r  
reach o f  a  t r i b u t a r y  t o  t h e  l a k e  t h a t  has 
a  drowned r t v e r  moutht shows a  zone o f  
t r a n s i t i o n  f r o m  s t r e a m  w a t e r  t o  l a k e  
water, and i s  i n f l u e n c e d  by changes f n  
l a k e  l e v e l  as a  r e s u l t  o f  sefches o r  wind 
t ides." Brant  and Herdendorf ( 19721 were 
among t h e  f f r s t  i nves t i ga to rs  t o  descrf be 
t h e  c h a r a c t e r f s t i c s  o f  G r e a t  L a k e s  
e s t u a r i e s .  Such e s t u a r f e s  are important 
we t l and  h a b i t a t s  i n  western  Lake E r i e .  
The d e f i n i t f o n  g f v e n  above p r o v i d e s  an 
adequate p h y s i c a l  d e c r f p t i o n  f o r  t h e  
purposes s f  t h f  s  report .  

The i n f o r m a t i o n  i n  t h i s  r e p o r t  I s  
intended t o  prov ide  a  bas lc  unde rs tand fng  
o f  t he  ecological re la t f onsh ips  w f t h l n  t h e  



Lake  S t .  CY a i r  wet lands and t h e  impac t  of 
n a t u r a l  and man-i  nduced d i s t u r b a n c e s  on 
t h e  c o a s t a l  marsh  community. References 
a r e  p r o v i d e d  f o r  t h o s e  s e e k i n g  m o r e  
d e t a i  1 ed t r e a t m e n t  o f  spec i  f l c  aspects  of  
t h e  coas ta l  marsh ecology. An appendix 4s 
i nc l uded  w h i c h  l i s t s  t h e  d i m e n s i o n s  and 
o w n e r s h i p  o f  t h e  m a j o r  marshes, and t h e  
i m p o r t a n t  b i o l o g f c a l  s p e c i e s  o f  a1 yae, 
m a c r o p h y t e s ,  i n v e r t e b r a t e s ,  f i s h ,  
amphi b i a n s ,  r e p t i l e s ,  b i r d s #  and mammals 
o c c u r r i n g  i n  t h e  c o a s t a l  marshes, 

Any ques t ions  o r  comments abou t ,  o r  
r e q u e s t s  f o r  t h i s  p u b l i c a t i o n  shou ld  be 
addressed t o :  

Informat-ion T rans fe r  Speci a1 i s t  
Na t i ona l  Wet1 ands Research Center 
U. S. F i s h  and W i l d l i f e  Se rv i ce  
NASA-Sl i d e l l  Computer Complex 
1010 Gause Boulevard 
S l  i d e l l ,  LA 70458 
(50% i 546-73 10 FTS 680-73 20 



FOR NlETRlC (SI) UNITS TO U.S. CUSTOMARY UNITS OF MEASUREMENT 

M e t r i c  (SI) u n i t s  o f  measurement used i n  t h i s  r e p o r t  can be conver ted t o  U.S. 
customary u n i t s  as f o l l ows :  

L i n e a r  measurements; 

m i l l  ime t res  (mm) 
cen t  imetres (cm) 
metres ( m )  
k  i 1 ometres (km) 

square metres (m2)  
hec ta res  (ha) 
square k i l o m e t r e s  (km2) 

Yo1 ume measurements; 

cub l c  metres (dl 
c u b i c  metres (dl 
c u b i c  k i l o m e t r e s  ( k d )  

Mass measu r e m e n k  

grams ( g )  
k i l og rams  (kg )  
m e t r i c  t ons  (m t o n )  

0.039 inches ( i n )  
0.394 inches ( i n )  
3.281 f e e t  ( f t )  
0.621 m i l e s  (m i )  

10.764 square f e e t  ( f t 2 )  
2.471 ac res  
0.386 square m i l e s  (mi21 

35.318 c u b i c  f e e t  ( f t 3 )  
1.308 cub i c  yards i y d 3 )  
0.240 c u b i c  m i l e s  (mi31 

0.035 ounces ( o z l  
2.205 pounds ( l b f  
1.102 U.S. t o n s  ( t o n )  

Bate measurements; 

cen t ime t res  pe r  second (cm/sec) 0.394 inches p e r  second I 1  n/sec) 
metres p e r  second (m/sec) 3.281 f e e t  pe r  second ( f t / s e c )  
metres p e r  second (m/sec) 1.943 n a u t i c a l  m i l e s  p e r  hour  ( kno t )  
c u b i c  metres p e r  second (m3/sec) 35.318 c u b i c  f e e t  pe r  second ( c f s )  
metres pe r  hour (m/hr)  3.281 f e e t  pe r  second ( f t / s e c f  
k i l o m e t r e s  per  hour (km/hr) 0.621 m i l e s  p e r  hour (mphl 

degrees Ce ls ius  (oC) 9 / j O C + ? 2  oegreesFahrenheZt  ( O F 1  
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CHAPTER 1. INTCRODeQCTUOM 

1.1 COASTAL WETLANDS OF THE GREAT wetland communityr a  p o r t i o n  o f  t h e  Grea t  
LAKES Lakes - the  Lake St. Cla i r -St .  C l a i  r River 

system. 

I n  r e c e n t  yea rs  t h e r e  has been an 
increasing awareness o f  t h e  resource value 
o f  our  c o a s t a l  wet lands and t h e  u r g e n t  
need  t o  p r o t e c t  and c o n s e r v e  t h e s e  
ecosystems. The wet lands o f  t h e  Lauren- 
ti an Great Lakes have been g rea t l y  a l t e red  
by n a t u r a l  p rocesses and c u l t u r a l  p rac -  
t f ces ,  The impacts t o  coastal  wetlands i n  
t h e  G r e a t  L a k e s  r e g i o n  has become a 
s u b j e c t  o f  p a r t i c u l a r  c o n c e r n  f o r  t h e  
emerging c o a s t a l  management programs i n  
t h e  e i g h t  s t a t e s  and t h e  one C a n a d i a n  
province border ing t h e  lakes (Figure 1). 

T r a d i t i o n a l l y ,  w e t l  and conservation 
e f f o r t s  a long t h e  Grea t  Lakes have been 
aimed a t  p ro tec t i ng  waterfowl breeding, o r  
t o  a  l e s s e r  degree, f i s h  spawning and 
n u r s e r y  h a b i t a t .  More r e c e n t  e f f o r t s  
t o w a r d  p r e s e r v a t i o n  a r e  based on t h e  
know1 edge t h a t  wetl  ands provide add i t i ona l  
bene f i t s?  i nc lud ing  f l o o d  c o n t r o l ,  sho re  
e r o s i o n  p r o t e c t i o n ,  w a t e r  management* 
c o n t r o l  o f  n u t r i e n t  cyc les ,  accumu la t i on  
o f  sediment, and supp ly  o f  d e t r i t u s  f o r  
t h e  a q u a t i c  f o o d  web. A l t h o u g h  t h e  
i n t r i n s i c  v a l u e  o f  Grea t  Lakes we t land  
areas are  being more f u l l y  recognized, no 
comprehensive s tud ies  have been undertaken 
t o  c h a r a c t e r i z e  t h e  eco log ica l  r e l a t i o n -  
s h i p s  w i t h i n  them. The U.S. F i s h  and 
W i l d l i f e  S e r v i c e  ( H e r d e n d o r f  e t  a l ,  
1981ar  b s c )  i n v e n t o r i e d  t h e  e x i s t i n g  
l f t e r a t u r e  o f  p h y s i c a l ,  b i o l o g i c a l ,  and 
c u l t u r a l  aspects o f  t h e  c o a s t a l  w e t l  ands 
a s s o c i a t e d  w i t h  each o f  t h e  Great Lakes. 
The i r  study pointed o u t  many gaps i n  ou r  
knowledge o f  t h e  resources found I n  Great 
Lakes wet l  ands, p a r t l c u l  a r l  y s i  te-spec1 f i c  
fn format ion  on marshes, T h i s  r e p o r t  i s  
f n tended as a  con t r fbu t i on  toward f f  11 i ng  
these voids by presenting a  p r o f i l e  o f  t he  

F o r  t h e  p u r p o s e s  o f  t h i s  r e p o r t ,  
wetlands a r e  d e f i n e d  as areas wh ich  a r e  
p e r i  od i  c a l l  y  o r  permanent1 y  inundated w 1 t h  
wa te r  and wh ich  a r e  t y p i c a l l y  character- 
ized by vegetat ion t h a t  requ i res  saturated 
s o i l  f o r  g rowth  and rep roduc t ion .  T h i s  
d e f i n i t i o n  i n c l  udes a r e a s  t h a t  a r e  
commonly r e f e r r e d  t o  as  bogs, f e n s ,  
marshes, sloughsr swamps, and wet meadows. 
The c o a s t a l  wet lands o f  t h e  Great  Lakes 
a r e  f u r t h e r  d e f i n e d  a s  a l l  w e t l a n d s  
1 ocated w i t h i n  1 km o f  t h e  l a k e  shore o r8  
i f  f a r t h e r  from t h e  shore, those d l  r e c t l  y  
i n f l u e n c e d  by  wa te r  l e v e l  change o f  the  
lakes o r  t h e i r  connecting waterways. 

Great  Lakes c o a s t a l  w e t l  ands a r e  
h i g h l y  p r o d u c t i v e ,  d i v e r s e  communi t ies 
which i n t e r f a c e  between t e r r e s t r i a l  and 
a q u a t i c  envf  ronments. The most obvious 
and unique f e a t u r e  o f  t h e s e  we t lands  i s  
t h e l r  c h a r a c t e r i s t i c  v e g e t a t i o n r  wh lch  
p r o v i d e s  a  d i v e r s e  community s t r u c t u r e  
o f f e r i n g  cove r  and food  f o r  t h e  an imal  
components o f  t he  system. Because o f  t h e  
a b i l i t y  o f  t h i s  v e g e t a t i o n  t o  s iow t h e  
f l o w  r a t e  o f  w a t e r  p a s s i n g  t h r o u g h ?  
wet l  ands are valuable f o r  erosion contro l ,  
t r a p p i n g  sed iments  be fo re  they reach the  
open l a k e #  and a t t e n u a t i n g  t h e  f o r c e  o f  
waves t o  l e s s e n  t h e 4 r  des t ruc t i ve  power, 
The same v e g e t a t i o n  p r o v i d e s  a  n a t u r a l  
p o l  1 u t i o n  abatement mechanism by serv ing 
a s  a  f i l t e r  f o r  c o a s t a l  t r l b u t a r i e s  
t h r o u g h  t h e  r e d u c t i o n  o f  t h e  quan t i t y  o f  
n u t r i e n t s  and t o x i c  p o l  1  u t a n t s  b e l n g  
washed i n t o  t h e  Great Lakes. 

Coastal wet1 ands a re  high1 y  valued as 
r e c r e a t i o n a l  s i t e s  f o r  a c t i v i t f e s  such as 
hunting, t rappfngr f ish ing,  boatfng access 
t o  l a r g e r  bodies o f  water, bdrdwatch ing? 





and g e n e r a l  a e s t h e t i c  enjoyment. The 
combination o f  recreat lonal  desi  rab ll i t y ,  
a g r i c u l t u r a l  and r e s i d e n t i a l  potent ia l ,  
and the proximity of coas ta l  wet lands t o  
la rger  bodfes o f  water have contr ibuted t o  
t h e i  r s t a t u s  as endangered environments. 
Thei r  unique propert ies are susceptible t o  
numerous natural  and human-caused f ac to r s  
t h a t  a re  now caus ing coastal wetlands t o  
disappear a t  an alarming rate. 

The Lauren t ian  Great Lakes sys tem 
w i t h i n  t h e  U n i t e d  S t a t e s  ( F i g u r e  1 )  
extends from Duluth,  Minnesota* a t  t h e  
western end o f  Lake Superior, t o  Massena, 
New York on t h e  S t .  Lawrence River .  It 
possesses a shorel ine length o f  over 6,000 
km and a water  su r face  area o f  158,000 
km2. Herdendorf e t  a1 . (1981a) enumerated 
a t o t a l  o f  l r370 coastal wetlands f o r  t h e  

Great Lakes and t h e i  r connect1 ng channel Sr 

f o r  a combined wet land area o f  l r209 k d  
(Table 1). The g rea tes t  number and area 
o f  coas ta l  wet lands r i n g  Lake Michigan, 
the  only Great  Lake e n t i r e l y  w f t h i n  t h e  
U n i t e d  S t a t e s .  Lake Super+or has t h e  
second h i g h e s t  number o f  wetlands, b u t  
they are r e l a t i v e l y  small i n  size. On the 
average* t h e  1 a rges t  wet1 ands are found 
along Lake Huron and i t s  discharge channel 
( the  S t .  C l a i  r River); f o r  example, t h e  
emergent wet lands o f  t h e  S t .  C l a l r  Del ta  
a l o n e  c o v e r  3 6  km2. T h e  h i g h l y  
i n d u s t r i a l i z e d  Lake E r i e  shore has t h e  
smallest number and area o f  wetlands whi le 
Lake Ontario has t he  smallest average s ize 
o f  wetlands, 1 a r g e l y  due t o  i s 0 1  a t e d  
marshes I n  t h e  Thousand I s l a n d s  area o f  
t he  S t .  Lawrence River.  The presence o r  
absence o f  coas ta l  we t l  ands i s  1 a r g e l y  

Table 1. Cogparison of  emergent coastal wetlands f o r  the U.S. Laurentian 
Great Lakes . 

Lake 

Total Mean Percent 
Shore Number o f  area o f  area o f  o f  t o t a l  

1 ength wet1 ands wet1 ands wet1 ands area 

Lake Superior and 1598 348 267 0.77 22.1 
S t .  Marys River 

Lake Michtgan and 2179 417 490 1.18 40.5 
S t r .  o f  Mackinac 

Lake Huron 832 177 249 1.41 20.6 

St. C l a i r  River, 256 20 36 1.80 3 .O 
Lake S t .  C l  a i r r  
and De t ro i t  River 

Lake E r i e  and 666 96 83 0.86 6.9 
Niagara River 

Lake Ontario and 598 3 12 84 0-27 6.9 
S t .  Lawrence 
River 

TOTAL/MEAN 6129 1370 1209 0.88 100.0 

a ~ a t a  source: Herdendorf e t  a?. (1981a1, 
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dic ta ted by the geomorphology o f  a  g i v e n  
s h o r e l i n e  and the  recent h is to ry  o f  water 
l e v e l  fluctuations. Each l a k e  has a  
p a r t i c u l a r  s e t  o f  geomorphic f e a t u r e s  
which exer t  cont ro l  on the development o f  
coastal wet1 ands. 

1.2 COA4PARISON OF COASTAL AND 
INLAND MARSHES 

The c o a s t a l  wet lands o f  t h e  Great  
Lakes d i f f e r  i n  severa l  ways from i n l a n d  
w e t l  ands. The c o a s t a l  w e t l  cnds a r e  
s u b j e c t  t o  temporary s h o r t - t e r m  w a t e r  
l e v e l  changes. Lake S t .  C la f  r wetlands 
are subject t o  inundat ion and dewaterfng 
by seiches, Long-term cyc l  i c  water l eve l  
changesr re la ted  t o  water budgets o f  t h e  
l a k e  b a s i n s ,  a l s o  a f f e c t  t h e  c o a s t a l  
wetlands. Such f l u c t u a t i o n s r  o c c u r r i n g  
over a  period o f  approximately seven t o  10 
yea rs ,  may cause  v e g e t a t i o n  dieback5 
e r o s i o n  o f  t h e  w e t l a n d s *  o r  l a t e r a l  
d tsp?  acements o f  t h e  vegetative zones o f  
wetlands. Many coastal wetlands, such as 
those along western Lake Erie, are exposed 
t o  r e l a t i v e l y  h igh wave energy. 

C o a s t a l  w e t l  ands a1 ong t h e  Great  
Lakes do ho t  appear t o  e x h i b i t  t h e  ag ing 
process associated w i th  i n i  and freshwater 
wetlands. Because o f  t h e  f l u c t u a t i n g  
water. l e v e l s  o f  the Great Lakes, constant 
r e j u v e n a t i o n  o f  wet1 and communi t 5 e s  
occurs. As a consequencer diagrams 5n 
t e x t b o o k s  i l l u s t r a t i n g  t h e  g r a d u a l  
senescence o f  freshwater wetlands are more 
a p p l i c a b l e  t o  i n l a n d  we t l ands  o f  t h e  
glaclated Midwest than t o  the  Great Lakes 
c o a s t a l  wetlands. Many in land freshwater 
wetlands undergo senescence and converslon 
t o  t e r r e s t r i a l  environments as a  r e s u l t  o f  
dnorganic and o rgan i c  d e p o s i t l o n  (e.g., 
formation o f  peat deposits). 

C o a s t a l  w e t l  ands o f t e n  d i s p l a y  a  
d i v e r s i t y  o f  1  and fo rms n o t  norma l  1 y  
encountered i n  other wetland environments. 
Owing t o  changes i n  t h e  water l e v e l s  o f  
the  Great Lakes s ince t h e  r e t r e a t  o f  t h e  
P l  e  i skocene ice  sheetsr 1  and forms such as 
c o a s t a l  b a r r f e r s r  d e l t a s ,  and n a t u r a l  
l e v e e s  h a v e  b e e n  d e p o s i t e d .  These 
geamaspholagf ca? features have f n f  1 uenced 
t h e  fo rmat f  on of coas ta l  wetlands. The 
continuing f luctuat i loc o f  water l e v e l s  f n 
t h e  G r e a t  Lakes  1s a l s o  an impo r tan t  

v a r f a b l e  I n  d e t e r m i n i n g  many o f  t h e  
d i s t i n g u l s h f n g  c h a r a c t e r i s t i c s  and t h e  
d i v e r s i t y  o f  Lake S t .  C l a i r  c o a s t a l  
w e t l a n d s r  a s  w e l l  as  t h o s e  o f  t h e  
1 andforms the wetl ands occupy. 

Coastal wetlands exh i  b  f t topograph- 
i c a l  p r o f l l e s  which are more gent le  than 
what i s  g e n e r a l l y  obse rved  i n  i n l a n d  
wet1 ands. Many l n l  and wet1 ands are formed 
i n  c o n f i n e d  g l a c i a l  f e a t u r e s  such as 
k e t t l e  lakesp which exh ib i t  abrupt  s lopes 
on t h e i r  per imeters .  Because of the low 
angle slope cond i t i onss  vege ta t i on  zona- 
t i o n  I s  more d f s t l n c t  and be t te r  displayed 
I n  coastal wetlands. As described i n  t h i s  
r epo r t ,  t h e  St.  C l a f r  Del ta  i s  colonized 
by severa l  broad submersed and emersed 
wet1 and zones. In1 and wetl ands* howeverr 
are more conftned and do n o t  d i s p l a y  t h e  
extensive zonation observed i n  t he  coastal 
zone. 

Water l e v e l s  i n  coastal wetlands are 
determined b y  c l i m a t i c  f a c t o r s  o v e r  
seve ra l  years. General lyr  annual higher 
water leve ls  i n  the Great Lakes occur i n  
l a t e  summer and lower  l e v e l s  occur i n  
January. Water l e v e l  changes i n  i n l a n d  
wet lands respond t o  immediate o r  s h o r t  
term runof f  condft ions.  H igh water  most 
o f t en ,  occurs  i n  the spring when runof f  1s 
highest; low water l e v e l s  occur  i n  e a r l y  
f a l l .  

F u r t h e r m o r e *  t h e  c o n t r i b u t i o n  o f  
groundwater f l o w  i s  more s i g n i f i c a n t  t o  
I n l a n d  wet lands, Dur ing  t h e  d r y  summer 
months w i th  high evapo-transpiration 
ra tes,  the surv iva l  o f  such wetlands may 
depend on groundwater i n f  1 ow. Great 
Lakes' con t ro l led  wetlands, however, s h i f t  
1 andward or  lakeward depending upon water 
l eve l  condit ions over several years. 
C lear ly ,  the re la t ionsh ip  between 
groundwater and wetlands i s  in t imate i n  
in land  areas, bu t  t h i s  re la t ionsh ip  i n  the 
coastal zone i s  less s ign i f i can t .  

I n  t h e  G r e a t  L a k e s ,  w i t h  f e w  
except ions,  t h e  subs t ra te  i s  composed o f  
m i n e r a l  sed imen ts .  B e c a u s e  o f  t h e  
f 1  ush ing  a c t i o n  of se iches and per iod ic  
water l eve l  changes, organic depos i t s  a re  
n o t  common. Conversely, t h e  hydro lsg ic  
connect1 v f t y  o f  in7 and wetl ands i s  poorer. 
F i n e  mineral s o i l s ,  w i t h  h i g h  o r g a n i c  
c o n t e n t  f n the  in land marshes, c o n t r i  bute 



t o  t h e f r  g radua l  senescence and account  one may r e f e r  t o  t h e  d o l l a r  v a l u e  o f  a 
f o r  more a c - l d - t o l e r a n t  vegetation t h a n  w a t e r f o w l  h u n t i n g  dayl a s  w e l l  as t o  
t h a t  found 5n t h e  coasta l  wet l  ands. Peat  concepts such as margfnal l t y  ( o r  s c a r c f t y  
f s  n o t  t y p i c a l f y  found along t h e  coast of v a l u e )  a n d  o p p o r t u n f  t y  c o s t s .  
Lake S t .  Cfafr .  Nevertheless, n o t  a1 3 wet land  functions 

(e.g,, f l o o d  water  storage) are vendable 
I n  t h e  marketplace. 

1.3 FU NCTlON AND VALUE OF COASTAL 
WETLANDS 

Coastal wetlands f n  t h e  Grea t  Lakes 
a r e  mu1 t f  - f  u n c t  i o n a l  because  t h e s e  
environments are p a r t  o f  both t h e  up1 ands 
and t h e  open-water ecosystems, It i s  t he  
f n t e r f a c e  w i t h  t h e  G r e a t  L a k e s  t h a t  
mu1 t i p 1  i e s  t h e  w e t l a n d  f u n c t t o n s  and 
contr-ibutes t o  t h e  "open system" dynamics. 
Streams and coasta l  waterways enhance t h e  
ecosystem c o n n e c t l v f  ty ,  w h i l  a obstacles 
such as earthen berms and d ikes  r e s u l t  i n  
c o a s t a l  w e t l  and f ragmantation and 1 oss o f  
f u n c t i o n .  Functional l o s s  t h e n ,  can  
r e s u l t  f rom b o t h  bank-der lved and lake- 
d e r f v e d  f o r c e s .  An awareness  o f  t h e  
e f  f s c t  o f  1 ong-term lake l e v e l  changes on 
t h e  f u n c t l o n  o f  t h e  c o a s t a l  we t l ands  i s  
b e g f n n i n g  t o  emerge, and t h e  concept o f  
pulse s t a b l l l t y  f s  being ascribed t a  these 
envf ronments, 

Dur lng t h e  pas t  decade, c o n s i d e r a b l e  
r e s e a r c h  was c a r r i e d  o u t  r e g a r d l n g  t h e  
func t fon  and value o f  wet l  ands. Important 
g e n e r a l  sources I n c l u d e  T f n e r  (19841,  
Greeson e t  a l ,  (19791, and Messman e t  al .  
(19771, I n  reference t o  t h e  Grea t  Lakes, 
s l g n l  f i c a n t  c o n t r 7 b u t l o n s  were made by 
Herdendorf e t  a1 . ( 1981al b,c), Raphael and 
Jaworski (19791, Jaworskf t 1981) r Jaworskf 
and Raphael (19781, and f f 1 t o n  e t  a l ,  
(1978). According t o  t h e  U, S .  F ish  and 
WfldJ f f e  Service C l a s s i f i c a t i o n  (Cowardin 
e t  a1. 1979), most Grea t  Lakes wetlands 
would be  c l a s s i f i e d  as  l a c u s t r i n e  o r  
pa lus t r ine ,  

Wet1 and func t ions  are those processes 
occurr f  ng f n  wetlands whfch are associated 
w i t h  t h e  f u n c t i o n i n g  o f  t h e  ecosystem o r  
w i t h  t h e  hydrosystem. Examples o f  such 
func t ions  are primary product ion and water 
s to rage,  I n  contrast ,  wetland values are 
those wetland products  or  s e r v f c s s  whfch 
s a t f s f y  a human need. Comonly, economic 
v a l u e s  a r e  emp loyed  t o  s u c h  w e t l a n d  
commodi t ies and s e r v i c e s .  As a resu l t ,  

I n  response t o  Sectjon 404 and o t h e r  
p e r m i t t i n g  author i ty ,  t h e  U.S. Army Corps 
o f  Engineers (Repper t  and S i g l e o  1979) 
developed t h e  f o l l o w i n g  l i s t  o f  wetland 
funct ions and ssrvlces: 

1. Natural  b i o l o g i c a l  func t ions  
a. ne t  primary p r o d u c t i v i t y  
b. food chain (web) support 

2. Hab i ta t  f o r  aquat ic  and wetland 
speci es 

3. Aquatic study areas, sanctuar ies 
and refuges 

4. Hydrologic support funct lons; 
a. shore l jne  pro tec t ion  from wave 

at tack 
b. storage o f  storm and f l ood  waters 
c. water p u r l f l c a t l o n  through 

natura l  f i l t r a t i o n ,  sediment 
t rapp ing*  and n u t r i e n t  cyc l i ng  
uptake 

d. groundwater recharge 

5. Cu l tu ra l  o r  a u x l l  fa ry  values 
fnc luding consumptive and noncon- 
sumptfve recreat ion  as we l l  as 
aesthet ic  value. 

Except f o r  i tem 5 ,  these wetland benef  f t s  
t end  t o  accrue t o  t h e  publ ic, and are no t  
general 1 y vendable by a p r i v a t e  1 andowner. 

Quantlta;fve economlc va lue  d a t a  f o r  
Grea t  Lakes wet lands a r e  a v a f l a b l e ,  A 
s tudy  by J a w o r s k i  and Raphae l  t 1 9 7 8 1  
b a s i c a l l  y addressed t h e  c u l t u r a l  values 
u s i n g  a g r o s s  a n n u a l  economic  r e t u r n  
method01 ogy, whereas T I l t o n  e t  al ,  (1978) 
focused on ecosystem replacement values f n  
rega rd  t o  f f s h  p r o d u c t t o n ,  w a t e r f o w l  
f e e d  fng/breedIng,  n u t r f e n t  removal and 
c o n t r o l #  and water supply.  By combinf ng 
t h e  r e s u l t s  a f  t h e s e  t w o  s t u d f e s  and 
updatfng t h e  data t o  1980# a mare complete 
a c c o u n t  o f  the e c o n o m f c  v a l u e  o f  
M f c h f  g a n ' s  c o a s t a l  w e t l  ands  c a n  be  
presented (Table 2). 



Al though  m e t h o d o l o g i e s  a r e  m lxed ,  
Table 2 f s  useful i n  es tab l  i s h i n g  economic 
values w i t h i n  an o rde r  o f  magnitude and i n  
p r i o r i t y .  N o t f  c e  t h a t  n u t r i e n t  c o n t r o l  J 

s p o r t  f i s h i n g ,  and f i s h  p r o d u c t i o n  a r e  
c l e a r l y  o f  more va lue  than t h e  t r a d i t f o n a l  
uses, i .e. , w a t e r f o w l  hunt ingp t rappfng*  
wa te r  supply,  and c o m m e r c i a l  f i s h i n g ,  
Conversely,  t h e s e  d a t a  a r e  presented as 
average economic va lues ,  even though n o t  
a l l  w e t l a n d s  a r e  a1 i k e .  Moreover, t h e  
me thodo log ies  d i d  n o t  c o n s i d e r  su rp f  us  
v a l u e *  a s  w o u l d  b e  a s s e s s e d  by  t h e  
w f l l i ngness  t o  pay technique. 

Table 2. Economic vaJue o f  Michigan's 
coasta l  wetlands, 1980. 

Economic sec tor  - (per (per  
hectare) acre)  

Runoff N u t r i e n t  Cont ro l  
Sport  F i sh ing  
F i s h  Production 
Waterfowl Breedbng/Feedi ng 
Nonconsumptl ve Recreat ion 
Waterfowl Hunt ing 
Trapping o f  Furbearers 
Water Supply 
Commercial F i sh Ing  

a ~ a t a  source: Jaworski ( 1981). 

Wet land f u n c t i o n s  and v a l u e s  v a r y  
f r o m  w e t l  and t o  wetland ( f  .e., s p a t i a l l y )  
a s  w e l l  a s  f r o m  y e a r  t o  y e a r  ( i .e . ,  
t e m p o r a l l y ) ,  p a r t i c u l a r l y  as a  r e s u l t  o f  
p r e c i p i t a t i o n  and h y d r o l o g i c  changes .  
Jaworskf e t  a l e  (19791, s tud ied  t h e  e f f e c t  
o f  w a t e r  l e v e l  f l u c t u a t f o n s  on seven 
w e t l a n d  c o m p l e x e s  i n  t h e  G r e a t  L a k e s  
reg3 on, i n c l u d i n g  Dick inson I s l a n d  o f  t h e  
St. C l a i r  Delta. As f l l u s t r a t e d  i n  T a b l e  
3 ,  w i l d 1  i f e  u s e  and w e t l a n d  f u n c t j o n s  
change as wa te r  l e v e l s  f l u c t u a t e ,  As 
discussed i n  Sect ion  2.3, law water l e v e l s  
o c c u r r e d  i n  1964-65 whereas reco rd  h igh  
l e v e l s  took  p lace d u r i n g  t h e  1972 t o  1974 
$nterlrn. 

v e r y  d e n s e  and t h e  w a t e r  t a b l e  l i e s  
b e n e a t h  t h e  mean l e v e l  o f  t h e  marsh  
s u r f a c e ,  I t  I s  a t  s u c h  l o w  w a t e r  
cond i t f  ons t h a t  waterfowl management c a l l s  
f o r  d i k i n g  and f l ood ing  o f  these emergent 
communit ies. C o n v e r s e l y r  d u r i n g  h f g h  
wa te r  p e r i o d s  t h e  hyd ro log i c  c l r c u l a t ~ o n  
I s  facilitated and l a k e  wa te r  can e n t e r  
t h e  w e t l a n d  v i a  i n l e t s ,  c a n a l s ,  and 
breaches i n  b a r r i e r  beaches. Excess i ve  
h i g h  w a t e r  i s  a s s o c i a t e d  w l t h  p l a n t  
community re t rogress ion  as we1 1  as erosion 
o f  t h e  nearshore v e g e t a t i o n  and beaches. 
The re fo re ,  t h e  f u n c t i o n  and v a l u e  o f  a  
c o a s t a l  w e t l a n d  i s  m o s t  dynamic ,  and 
s h o r t - t e r m  s t u d f  e s  o f  w e t l  and va lues  
should rece i ve  c a r e f u l  i n te rp re ta t i on .  

I n  summary, a  m u l t i - f u n c t i o n i n g  
we t l and  tends  t o  have a  h igher value than 
those w i t h  fewer f u n c t i o n s ,  Converse1 y, 
c o a s t a l  we t l ands  wh ich  a r e  i s o l a t e d  by 
b a r r i e r s  o r  degraded by f a c t o r s  such as 
land drainage* e x h i b i t  fewer func t ions  and 
have 1  ower- va lues .  Moreover, wet1 ands 
v a r y  i n  v a l u e  f rom p l a c e  t o  p l a c e  and 
temporal 1  y  as we1 1  r especi a1 1 y i n  response 
t o  l a k e  l e v e l  changes .  I n  a d d i t i o n ,  
cont inua l  wet l  and acreage l oss  r e s u l t s  i n  
a  m a r g i n a l i t y  v a l u e  o f  t h o s e  e x t a n t  
wet lands.  The Lake St .  C l a i r  wet lands 
h a v e  e x c e p t i o n a l  v a l u e  due t o  t h e i r  
ecosystem r e l a t i o n s h i p  w f t h  t h e  l a k e  and 
c o n n e c t 1  ng c h a n n e l  s. The d e c l i n e  o f  
w e s t e r n  L a k e  E r t e  m a r s h e s  h a s  a 1  s o  
enhanced t h e  r e 1  a t i v e  v a l u e  o f  t h e  Lake 
St. C l a i r  wetlands. 

I n  r e c o g n i t f o n  o f  t h e  s p e c f a 1  
env i ronmen ta l  v a l  ue o f  wet l  ands, Federal 
and S t a t e  l e g l s l a t l o n  has r e c e n t l y  been 
e n a c t e d  t o  p r a t e c t  t h e s e  a r e a s .  I n  
c o n c e r t  w i t h  t h e  N a t i o n a l  W e t l a n d  
I n v e n t o r y  p r o g r a m r  e a c h  S t a t e  i n  t h e  
U n l t e d  S t a t e s  has begun t h e  p rocess  o f  
i n v e n t o r y i n g  and mapping t h e i  r w e t l  and 
resources .  Wet1 ands whose h y d r o 1  o g i c  
regime has been a l t e r e d  o r  destroyed may 
be mi t igated.  

1.4 LAKE ST. CLAlR WETLANDS 

Dur lng  low water l e v e l s *  t h e  emergent The o u t l e t  o f  Lake Huron i s  t h r o u g h  
communf t les  o f  c a t t a i l s  and sedges a r e  t h e  S t .  C l a i r  River, Lake S t .  C la i r ,  and 



t h e  D e t r o i t  R iver  t o  Lake E r i e  (F igure  21, 
a d is tance o f  139 km w i t h  a f a l l  of 2.4 m. 
Lake St. C l a i r  i s  an expans i ve*  s h a l l o w  
b a s i n  h a v i n g  a d i s t i n c t i v e  h e a r t  shape. 
Although n o t  one o f  t h e  w o r l d ' s  l a r g e s t  
l akes ,  f t  does rank  122 on t h e  basis o f  
sur face area (Herdendorf 1982). The l a k e  
h a s  a s u r f a c e  a r e a  o f  1,110 km2 and a 
drainage b a s i n  o f  16,900 km2. A 29 km- 
l o n g  n a v i g a t i o n  channel ,  dredged t o  a 
depth  o f  8.2 m b e l o w  l o w  w a t e r  da tum 
( LWD) , ex tends  f rom t h e  mouth o f  t h e  S t .  
C l a i r  R i v e r  t o  t h e  head o f  t h e  D e t r o i t  

R i ve r .  Lake S t .  C l a i r  has a s h o r e l i n e  
length  o f  approximately 272 km. The shore 
o f  t h e  S t .  C l a i r  R i v e r ,  i n c l u d i n g  main 
d i s t r i b u t a r y  channels, adds 192 km and t h e  
head o f  t h e  D e t r o i t  R fver ,  p l u s  B e l l e  
I s l e ,  add 32 km o f  sho re l i ne  t o  t h e  s tudy  
area. O f  t h i s  t o t a l  shore l ine  l eng th  of 
496 km, approximately 188 km o r  38% can be 
classified as c o a s t a l  wet1 ands ( T a b l e  4 
and Appendix A). 

The d e l t a  i s  t h e  most c h a r a c t e r i s t i c  
f ea tu re  o f  t h e  St .  C l a i r  R iver -Lake St .  

Table 3. W i l d l i f e  use and other  func t ions  o f  coastal wetlands a t  low and high 
water 1 eve1 s. 

Use/Functions o f  wetlands 
Water l e v e l b  

Low Water High Water 

M i l d l f f e  use 

Blue-winged t e a l  (breeding) 
Red-w i nged b1 ackb i r d  
Ma1 1 ard  (breeding) 
Sedge wren 
Muskrat 
Black t e r n  
Ye1 lowheaded b1 ackbird 
Great b lue  heron 
Be l ted  k i n g f i s h e r  
C ray f i sh  
Frogs and t u r t l e s  
F i s h  spawning (p ikes)  
Forage f i s h  
Dabbl i n g  ducks ( feeding)  
D i v i n g  ducks ( feed ing)  

t i o n q  

Peat accumul a t 1  on 
Sediment t rapp ing  
Hemi-marsh 
Water c i  r c u l  a t f  on 
Dominance o f  l and drainage 
Dom,inance o f  l a k e  water masses 
T u r b i d i t y  l e v e l s  
Export  o f  d e t r i t u s  
Re-suspension o f  In slf;ra c l a y  

a ~ a t a  source: Jaworski e t  a1 . (1979). 

b ~ s e  o r  f unc t i on  r e l a t i v e  t o  water l e v e l  f nd i  cated by 1 $nee 
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C l a i r s y s t e m .  The S t .  C l a i r  F l a t s  4s a  
m a s s i v e  d e p o s i t  formed by  a  s e r i e s  o f  
a c t i v e  and i n a c t i v e  distributaries a t  t h e  
mouth o f  t h e  r i v e r .  This i s  t h e  l a r g e s t  
d e l t a  i n  t h e  G r e a t  Lakes s y s t e m .  The  
M i c h i g a n  p o r t i o n  o f  t h e  d e l t a  has been 
urbanized t o  some ex ten t *  b u t  t h e  O n t a r i o  
p o r t i o n  has been s e t  a s i d e  as an Ind'ian 
r e s e r v a t i o n .  The O n t a r i o  s i d e  o f  t h e  
d e l t a ,  a l o n g  w i t h  S ta te  w i l d l i f e  areas on 
t h e  Mich igan s ide ,  r e p r e s e n t  t h e  f i n e s t  
c o a s t a l  we t l ands  i n  t h e  Lake S t .  C l a i r  
system. 

The shore1 l n e  o f  t h e  S t .  C l  a i  r R i v e r  
h a s  b e e n  i n t e n s i v e l y  d e v e l o p e d  f o r  
res iden t i a l ,  commercial, i n d u s t r i a l ,  and 
r e c r e a t i o n a l  use.  The o n l y  e x t e n s i v e  
na tu ra l  a reas  a r e  on t h e  d e l t a  we t l ands  
( S t .  C l a i r  F la ts ) ,  formed where t h e  r i v e r  
en ters  Lake S t .  C l a i r .  The v e g e t a t i o n  o f  
t h e  S t .  C l a i r  D e l t a  o c c u r s  i n  b r o a d  
arcuate zones which ex tend  from t h e  apex 
nea r  Algonac, s o u t h  i n t o  Lake St. C l a i r .  
The zones show a  progresslon from hardwood 

f o r e s t s  n e a r  A l g o n a c  t o  c a t t a i l  and 
bu l rush marshes a t  t h e  lake. 

L a k e  S t .  C l a i r  h a s  a  s h a l l o w #  
expansive b a s i n  w i t h  l ow  marshy shores.  
O the r  t h a n  t h e  d e l t a ,  t h e  b e s t  c o a s t a l  
marshes are found on t h e  eas t  shore o f  t h e  
l a k e  between M i t c h e l l  Bay and t h e  mouth o f  
t h e  Thames River  ( O n t a r i o )  and i n  Anchor 
Bay between t h e  d e l t a  and t h e  mouth o f  t h e  
C l  l n t o n  R i v e r  (Michigan). The on ly  o ther  
n o t a b l e  we t l ands  a r e  submerged beds c f  
a q u a t j c  p l a n t s  i n  t h e  v i c i n i t y  o f  Peach 
I s l a n d  and B e l l e  I s l e  a t  t h e  head o f  t h e  
D e t r o i t  Rf ver. 

Lake S t .  C l a i r ,  t h e  smal les t  l a k e  Jn 
t h e  Laurent ian Great Lakes system, has a  
mean d e p t h  o f  o n l y  3.0 m, a  maximum 
na tu ra l  dep th  o f  6.4 m, and a  volume o f  

Table 4. Estimated dimensions o f  Lake St. 
C l a i r  and S t .  Clail; R iver  emergent and 
submergent wet l  ands, 

MICHIGAN 

Figure 2. Map o f  S t .  C l a i r  River-Lake St. 
C l a i r - D e t r o i t  R iver  ecosystem. 

Coastal l eng th  Area o f  
J u r i s d i c t i o n  o f  wet1 ands wet1 ands 

(km) (krn2) 

MICHIGAN 
Wayne County 4.0 0.7 
Macomb County 6.6 11.2 
St. C l a i r  County 75.2 140.7 

Michigan To ta l  85.8 152,6 

ONTARIO 
Essex County 11.5 6.8 
Kent County 26.5 62.8 
~arnbton County 64.4 161.7 

Ontar io  To ta l  102.4 231.3 

TOTAL 188.2 383.9 

a ~ a t a  sources: United States Geological 
Survey, Dept. I n t e r i o r ,  7.5-minute Quad- 
rangle Maps (1:24,000 scale)  ; Canada 
Department of Energy, Mines and Resources, 
7.5-minute Quadrangle Maps (1:25,000 
scale) ;  D i r e c t  f ie1 d  and a i r c r a f t  obser- 
vat ions,  1983 and 1984. 



4,O km3. I t s  deepest  wa te rs  a r e  found 
along a  dredged n a v i g a t i o n  channel  which 
ex tends  f rom t h e  mouth o f  t h e  S t .  C l a i r  
River  t o  t h e  head o f  t h e  D e t r o i t  R fve r .  
App rox ima te l y  98% o f  t h e  w a t e r  f l o w i n g  
i n t o  Lake S t .  C l a i r  en ters  through t h e  St. 
C l a i r  Del ta.  The D e t r o i t  River ,  t h e  on1 y  
ou t l e t ,  d ra ins  Lake S t .  C l a i r  a t  a  r a t e  o f  
5,044 m3/sec. T h i s  y i e l d s  a  r e t e n t i o n  
t ime f o r  t h e  lake  basin o f  on ly  9.2 days. 

The St .  C l z i r  R i v e r  i s  o n e  o f  t h e  
f o u r  m a j o r  c o n n e c t i n g  channe ls  on t h e  
Great Lakes, f l  owl ng between Lake Huron 
and Lake S t .  C l a i r .  The two principal 
c i t i e s  on t h e  r i v e r  a r e  P o r t  Huron,  
Michigan, and Sarnia, Ontario, both a t  t h e  
head o f  t h e  r i v e r  a t  Lake Huron. The St. 
C l a i r  R i v e r  has  t w o  c h a r a c t e r i s t i c  
s e c t i o n s ,  t h e  u p p e r  c h a n n e l ,  and t h e  
lower,  o r  d e l t a ,  p o r t i o n .  The u p p e r  
channe l  runs  f rom Lake Huron t o  t h e  head 
o f  Chenal Ecar te ,  a  d i s t a n c e  o f  43 km. 
There are  two is lands i n  t h e  upper p o r t i o n  
o f  t h e  r i v e r ,  Stag I s l a n d  and Fawn Is land.  
A t  C h e n a l  E c a r t e ,  t h e  r i v e r  b e g i n s  t o  
b r a n c h  o u t  i n t o  a  n u m b e r  o f  
d i s t r i b u t a r i e s ,  forming a  vast  pa t te rn  o f  
is lands, marshes, and waterways t h a t  a r e  
known as t h e  St. C l a l r  F la t s .  

The S t .  C l a i r  R iver  receives most o f  
I t s  f l o w  f r o m  L a k e  Huron .  P r f n c i p a l  
t r i b u t a r i e s  i n  M i c h i g a n  a r e  t h e  B e l l e ,  
Black,  and P i n e  R i v a r s .  Water q u a l i t y  
t h r o u g h o u t  t h e  S t .  C l a i r  R i v e r  i s  
genera1 1  y  e x c e l  l e n t .  Some d e g r a d a t i o n  
o c c u r s  i n  l o c a l i z e d  a r e a s  w h e r e  
t r i b u t a r i e s  j o i n  t h e  r i v e r .  The w i d t h  o f  
t h e  S t .  C l  a i r  R iver  ranges from about 250 
t o  750 m, and t h e  maximum d e p t h  ranges 
between 11 and 15 m. The r i v e r ' s  annual 
average discharge i s  about  5,070 m2/sec. 
Because t h e  r i v e r ' s  main water source i s  
Lake Huron r a t h e r  t h a n  s u r f a c e  r u n o f f 9  
seasonal f 1  ow v a r i a t i o n s  are minimal . 

Herdendorf e t  a l .  ( 1 9 8 1 ~ 1  1  i s t e d  fou r  
we t l and  complexes t h a t  a re  located i n  t he  
l o w e r  p o r t i o n s  o f  t h e  St .  C l a i r  R i v e r .  
T h e  P o i n t e  Aux T r e m b l e  W e t l a n d  (15 
hectares), t h e  P o i n t e  Aux Chenes Wetland 
( 7  h e c t a r e s ) ,  and t h e  R u s s e l l  I s l a n d  
Wetland (5 h e c t a r e s )  a r e  a l l  l o c a t e d  i n  
t h e  N o r t h  Channel o f  t h e  S t .  C l a i r  River. 
The Algonac W e t l a n d  ( 6 4  h e c t a r e s )  i s  
1  oca ted  0.3 km f rom t h e  shore1 f ne o f  t h e  
r i v e r .  The C u t t l e  Creek Area Wetland (1,s 

hectares) and t h e  P o r t  Huron Area Wet land 
(1.2 hec ta res )  are both located along t h e  
upper p o r t i o n  o f  t h e  r i v e r .  

A1 though t h e  1 argest  area o f  we t l  ands 
1s found i n  the  S t .  C l a i r  Delta, t h e r e  are  
fragments o f  wet l  ands around t h e  per imeter  
o f  Lake S t .  C l a i r .  Beginning a t  t h e  mouth 
o f  t h e  D e t r o i t  R i ve r ,  s m a l l  pa tches  o f  
r f v e r i  ne, pa l  u s t r i  ne, and 1  a c u s t r i  ne open- 
wa te r  we t l ands  e x i s t  a long  B e l l e  I s l e ,  
Aquatic beds o f  submersed vascul  a r  p l  a n t s  
dominate as a  park and o ther  developments 
havs resu l ted  i n  t h e  removal o f  t h e  upper 
communities. 

Along t h e  southwestern shore o f  Lake 
S t .  C l a i r 9  f r o m  G r o s s e  P o i n t e  t o  t h e  
C l i n t o n  R i v e r *  t h e  s h o r e l i n e  i s  i n t e n -  
s i v e l y  developed. Much o f  t h e  s h o r e l i n e  
i s  p r o t e c t e d  by seawal ls ,  and p j e r s  and 
marinas are  scat tered a1 ong t h  i s  s t r e t c h .  
A l t hough  t h e  s h o r e l i n e  i s  c l a s s i f i e d  as 
1  acus t r ine  open-water wet1 ands9 t h e r e  i s  
l i t t l e  w e t l a n d  v e g e t a t i o n  e x c e p t  f o r  
p o l l u t i o n - t o l e r a n t  submersed aquat ics such 
as c o o n t a i l  and E u r a s i a n  w a t e r - m i l  f o f l  
g row ing  i n  t h e  b o a t  channe ls  and s l i p s  
(see Appendix E f o r  common and s c i e n t i f t c  
names of vascular  p lan ts ) .  

Where t h e  C l i n t o n  River  empties I n t o  
Lake St. Cl a i r r  along t h e  western shore o f  
Lake S t .  C l a i r 9  t h e r e  a r e  t w o  c o a s t a l  
wetland areas. South o f  t h e  r i v e r r  i n  t h e  
M e t r o p o l i t a n  Beach area, over 4 hectares 
o f  p a l u s t r i n e  emergent and p a l  u s t r i n e  
open-water we t l ands  e x i s t .  North o f  t h e  
Metropol i t a n  Parkway highway, i .e, , a l o n g  
B l a c k  Creek, which i s  an o l d  t r i b u t a r y  o f  
t h e  Cl  i n t o n  River, t he re  are sedge meadow* 
c a t t a f  1 and open-water ( a q u a e  l c  bed 1 
communi t ies.  Because t h e  connectyon wf th  
L a k e  S t .  C l a i r  i s  p o o r ,  t h e  w a t e r  
f r e q u e n t l y  s tagna tes  r e s u l t i n g  i n  lower 
f i s h  and b e n t h i c  i n v e r t e b r a t e  v a l u e s ,  
N o r t h  o f  t h e  C l i n t o n  R i v e r ,  l o c a t e d  
between Sand Po in t  and S e l f  r i d g e  A i r  Force 
Basep i s  an open wetland. Th i s  wetland 7s 
l a r g e l y  a  p a l u s t r i n e  system w i t h  submersed 
aquat ic  p l a n t  communities. 

The shore l ine  o f  Anchor  bay^ s f t ua ted  
i n  n o r t h w e s t  L a k e  S t .  C l a i r r  i s  a 1 5 0  



l a r g e l y  urbanized.  Res ident ia l  develop- 
ment, marinasr and b o a t  s l j p s  a r e  common 
i n  t h e  mouths o f  s t reams as we11 as i n  
lakeshore po in ts .  Very 1 i t t l e  undisturbed 
wetland e x i s t s  and much o f  t h e  s h o r e l  i n e  
i s  e l t h e r  bulkheaded o r  p i l e d  w i t h  r i p - rap  
t o  r e d u c e  e r o s i o n  a s s o c j a t e d  w i t h  t h e  
c u r r e n t  h igh  water l e v e l s .  A l t h o u g h  t h e  
e n t i r e  s h o r e l i n e  i s  c l a s s i f l e d  as  
l a c u s t r i n e  o p e n - w a t e r  w e t l  ands, on1 y 
sca t te red patches o f  emergent c a t t a i l s  and 
submersed a q u a t i c s  e x i s t  a long t h e  creek 
mouths and behf  nd bulkheads.  Clumps o f  
bulrushes occur along t h e  shore l  ine9 along 
w i t h  s t r i p s  o f  w i l d  c e l e r y  and o the r  wave 
t o l e r a n t  submersed aquatics. 

The f i r s t  l a r g e  a r e a  o f  d e l t a i c  
w e t l a n d  o c c u r s  a l o n g  Bouvier  Bay, and I s  
l o c a l l v  r e f e r r e d  t o  as St. J o h n q s  Marsh. 

t r a d i t i o n a l  1 y p? an ted  i n  c o r n  and o t h e r  
a r t i f i c i a l  w a t e r f o w l  f o o d s .  Most  o f  
D i c k i n s o n  I s l a n d  and t h e  l o w e r  h a l f  o f  
Harsens I s l a n d  t o g e t h e r  make up t h e  S t .  
C l a f r  F l a t s  W i l d l i f e  Area,  w h i c h  i s  
managed by  t h e  M i c h i g a n  Department  o f  
Natura l  Resources f o r  waterfowl hunting. 

With reference t o  t h e  Ontar io  s i d e  o f  
t h e  St. C l a i r  Delta, t h a t  wet land complex 
i n c l  udes  p o r t  i o n s  o f  B a s s e t t  I s 1  andt  
S q u i r r e l  Is land,  Walpale I s l a n d #  and St .  
Anne I s 1  and. B a s s e t t  I s 1  and c o n s i  s t s  
most ly  o f  c a t t a i l  marsh w i t h  open-water 
ponds and a t h i n  beach co lon ized by shrubs 
and herbaceous p l  ants. Squi r r e l  I s 1  and i s  
a l s o  l a r g e l y  a na tu ra l  c a t t a i l  marsh* b u t  
t h e  nor thern  pa r t ,  where sedge marsh would 
n a t u r a l l y  o c c u r ,  i s  d i k e d  o f f  a n d  
cu1 t i va ted .  

~ ~ ~ r o x i m a t e l ~  1,000 hectares i n  sJze, t h i s  Canada's major wetland complex i n  t h e  
is found both 'Ides d e l t a  f o c u s e s  on W a l p o l e  I s l a n d  where 

O f  M-29? and extends from Fair Goose Lake and Johnston Bay a r e  l o c a t e d .  
Haven t o  P e a r l  Beach. P l a n t  communities Dec iduous woodlands, shrubs,  and sedge 
in t h i s  a r e  b y  meadows f o r m  t h e  u p p e r  p a r t  o f  t h i s  

and sedge i s l a n d *  b u t  much of t h e  n a t u r a l  shrub and 
meadows cattaf1s8 bul and meadow zones have been cleared and owed 
l e a v e d  a n d  s u b m e r s e d  a q u a t  i c r .  i n t o  row-crop a g r l c u l t u r e ,  A d iked and 
CDnstructi on O f  access roads and water- level  regu la ted  c a t t a i l  marsh occurs f'll jng  Iror residential as n o r t h  of Goose Lake. South of Goose Lake 
"11 as the Of highway M-29 have t h e  wetlands a re  dominated by c a t t a i l s  and 
fragmented t h i s  wet l  and. sedqe communi t ies  a long  t h e  d i s t r i b u t a r y  

~ i ~ k i ~ ~ ~ ~  1 ~ 1  a n d  j s  the 1 argest  c h a k n e l s  and s h o r e l  i n e  beaches .  The 

n a t u r a l  undeve loped ,  and f u n c t i o n i n g  W e t l a n d s  n e a r  Johnston a r e  open t o  
w e t l a n d  complex  a long  L a k e  S t .  C l a i r .  L a k e S t * C l a i r *  
Approximately l r 2 0 0  hectares, t h i s  wetland 
has a con t i nuum o f  environments. To t h e  
north, where e leva t i ons  average 1.5 t o  3 m 
above N o r t h  Channe l *  swamp f o r e s t  and  
dogwood sh rub  communi t ies occur. I n  t h e  
m f d d l e  o f  t h i s  d e l t a i c  i s l a n d ,  s e v e r a l  
abandoned  r i v e r  c h a n n e l s  b i s e c t  v a s t  
s t r e t c h e s  o f  sedge meadow and c a t t a i l  
communit f es.  Along t h e  shore1 ine ,  t h e  
emergent  w e t l a n d s  g i v e  way t o  v a r i o u s  
open-water aquat ic  bed-type wetlands, 

Another  m a j o r  w e t l a n d  complex along 
t h e  American s i d e  of t h e  St .  C l a i  r D e l t a  
i s  Harssns Is land.  Only t h e  lower qua r te r  
o f  t h l s  d e l t a i c  i s l a n d  remains a wetland, 
c o n s i s t i n g  l a r g e l y  o f  h y b r i d  c a t t a i l  
(Typha x ~ l a u c a )  c o l o n i e s  a long w i t h  t h e  
assocfated f l oa t i ng -1  eaved and submersed 
c a n a l  a n d  s h o r e 1  Sne communi t ies.  The 
cen te r  o f  Harsens I s l a n d  i s  p a r t  o f  t h e  
S t .  C l a f r  F l a t s  W i l d l i f e  Area and i s  

The  w e t l a n d s  on S t .  Anne I s l a n d  
a p p e a r  much more  managed. Large c o r n  
f i e l d s  on t h e  upper and middle p o r t i o n s  o f  
t h e  i s l a n d  extend t o  t h e  l i m i t  o f  t h e  
c a t t a i l  marsh. A t  t h i s  p o i n t *  t h e  marshes 
a r e  d i k e d  f o r  t h e  b e n e f i t  o f  p r i v a t e  
w a t e r f o w l  c l u b s .  On1 y t h e  s h o r e l  f ne 
f r i n g e  o f  t h e  wetlands i s  open t o  Lake St. 
C1 a i r .  

The l a s t  major wetland area along t h e  
O n t a r i o  s i d e  o f  Lake St. C l a l r  I s  i n  t he  
M i t c h e l l  Bay  a r e a .  B e c a u s e  o f  t h e  
p r o x i m i t y  o f  t h e  managed marshes on St. 
Anne I s l a n d  and t h e  c u l t i v a t i o n  b y  
Canadian farmers r t g h t  up t o  t h e  lakeshore 
i n  Kent and Lambton count ies,  t h e  wetlands 
o f  M i t c h e l l  Bay c o n s i s t  m a i n l y  o f  open- 
water a r  submerged cammunlties. Moreover, 
considerable d i k i n g  and water fowl  n e s t t n g  
i m p r o v e m e n t s  h a v e  t a k e n  p l a c e  a l o n g  
M i t c h e l l  Point.  



CHAPTER 2. PHYSICAL EIUIVOIRBWMENT 

This  section con ta i ns  a  d e s c r i p t i o n  
o f  t h e  geographic l o c a t i o n  o f  the  study 
areao i n c l u d i n g  a  d iscuss ion  o f  topog- 
raphy, morphometry, and coas ta l  geomor- 
phology, Although no bedrock o r  g l a c i a l  
f e a t u r e s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  
d i s t r i b u t i o n  of wet lands t h e r e  are b io -  
geographical associations wi th  more recent 
landforms such as natural  levees, crevasse 
d e p o s i t s ,  i n t e r d i s t r i b u t a r y  bays, and 
other del t a l c  deposits. 

The occurrence and d i s t r i b u t i o n  o f  
wet lands i s  determined, t o  a  s i gn i f i can t  
degree, by a  c o m b i n a t i o n  o f  p h y s i c a l  
factors. I n  the Great Lakes, coastal wet- 
lands are a t  the in te r face  o f  land, water, 
and atmosphere. These three components o f  
t h e  b iosphere a re  de l i ca te l y  balanced t o  
p roduce  and m a i n t a i n  t h e  b i o l o g i . c a 1  
resource. I n  t h i s  chapter  t h e  physical 
parameters o f  the Lake S t .  C l a i r  wetlands 
are exam1 ned. 

We t l ands  occur  i n  bas ins o r  topo- 
g raph i ca l  depressions whlch a re  wet o r  
flooded for a t  l eas t  several months o f  the 
year. The occurrence o f  the resource i s  
t h e r e f o r e  i n  p a r t  de te rmined  by w a t e r  
depth, which i s  i n  t u rn  determined by the 
submarine topography, sed imenta t ion r  and 
c h a r a c t e r  o f  1  ake l e v e l  o s c i l l a t i o n s .  
Another f a c t o r  respons ib le  f o r  we t l  and 
d i s t r i b u t i o n  i s  wave act ion i n  open water 
bodies and c u r r e n t  c h a r a c t e r i s t i c s  i n  
r i v e r i n e  and 1  i t t o r a l  areas. Many o f  
these factors are i n  t u r n  d i r e c t l y  re la ted 
t o  c l i m a t i c  cond i t i ons .  A s i m p l i f i e d  
diagram i l l u s t r a t i n g  these re la t ionsh jps 
appears i n  Figure 3. 

The more ex tens ive  wet lands o f  t h e  
Great Lakes a re  l o c a t e d  i n  anc ien t  lake 
bottoms o r  i n  areas o f  h5gh sedi  mentat ion 

I CLIMATE I 

1 BOTTOM TOPOGRAPHY 

Figure 3. Physical factors inf luencing 
the occurrence o f  coastal wetl ands. 

r a t e s .  I n  t h e  geo log i ca l  past, water 
leve ls  i n  t he  Great Lakes were h i ghe r  and 
p r o g l  a c i  a1 1  akes i n u n d a t e d  t h e  lower 
ter ra in ,  As the water leve ls  o f  t he  lakes 
droppedr a  ser ies o f  c l ay  lake p la ins  were 
exposed wh i ch  were c o l o n i z e d  b y  v a s t  
wet l  ands. Western Lake Er ie ,  includfng 
the Maumee River embaymentp f o r  examplep 
was an e x t e n s i v e  wet land known as t h e  
Black Swamp. The marg ins  o f  Lake  S t ,  
C la i  r, especial ly i n  Ontarf or are composed 
o f  a  s im i l a r  deposit. 

The r i v e r s  f l o w i n g  f n t o  t a k e  S t .  
C l a i  r depos i ted sediments a1 ong v a l l e y  
f l o o r s  t o  c r e a t e  f l o o d p l a i n s  which were 
colonized by wetland communities. A t  t h e  
same t i m e  depos i t i on  i n  the lake created 
t h e  S t .  C l a f r  Del ta .  Although most o f  
Michigan has a  g l a c f a l  herttage, coastal 
w e t l a n d s  a r e  a  p r o d u c t  o f  f l u v i a l ,  
de l ta i c?  and lacust r ine sedimentation. 

The St, C l a i  r DeTta has been depos- 
i t ed *  i n  past because o f  t he  shal lowness 
o f  Lake S t .  C l a i r .  Compared t o  marfne 
shore1 i nesp  ongolng coas ta l  d e p o s i t  i o n  
which produces subaeri a1 l andforms such as 
t h e  d e l t a  i s  n o t  common i n  t h e  Great 



Lakes. I n  f ac t ,  no o t h e r  s i g n f f  i c a n t  
d e l t a s  o c c u r  i n  t h e  Great Lakes, The 
combination of a  sha l low r e c e i v f n g  basfn 
and an abundance o f  sediments f s  la rge ly  
responsible f o r  the depostt ion o f  t h e  S t .  
C l a f r  Del ta which f s  colonized by t he  most 
ex tens i ve  wet lands i n  t h e  coas ta l  Great 
Lakes. 

The progradatton o r  recession o f  t h e  
coastal zone i s  1  argely inf luenced by wave 
and cu r ren t s .  High energy environments 
discourage the establ i shment o f  pa l  u s t r i  ne 
and lacus t r ine  wetlands. A l so  h i g h  wave 
e n e r g i e s  h i n d e r  d e l t a  d e p o s i t i o n  and 
g rowth .  I n  Lake S t .  C l a i r  wave and 
c u r r e n t  energy a re  n o t  excessive.  Thls 
p h y s i c a l  c o n d i t i o n  h a s  a l l o w e d  t h e  
development o f  the  de l t a  w i th  i t s  diverse 
wet land h a b j t a t s .  A l s o  t h e  l o w  wave 
energies have encouraged wetland coloniza- 
t i o n  n o r t h  o f  t h e  Thames River along t he  
eastern shore1 i ne  o f  t h e  1 ake. 

The c l i m a t i c  e l e m e n t s  I n c l u d i n g  
temperature, p r e c f p i  t a t i o n *  evaporation, 

and wfnd ve loc i t i es  and d i r e ~ t i o n s  exer t  a  
c o n t r o l  on w a t e r  l e v e l s  a n d  w a v e  
parameters, These i n  t u r n  d i c t a te  wetland 
occurrence and types. With changes I n  
water l eve l s  t he  geographfcal d i  s t r i bu t l on  
o f  wet lands s h f f t  o r  "pu lse s t a b i 7 1 t y w  
occurs. A lso  t h e  cha rac te r  o f  sedimen- 
t a t i o n  i s  a l tered t o  a  p o i n t  where water 
q u a l i t y  ( i . a e r  t u r b i d i t y )  l e v e l s  a re  
impacted. 

It has been determfned t h a t  wet lands 
i n  the  Great Lakes co lon ize a  d i v e r s i t y  o f  
geomorphic s e t t i n g s  such as backbarr fer  
f l a ts ,  a l l u v i a l  f l ood  p l a i n s  and de l tas .  
The S t .  C1 a i r  Del ta (Figure 4) i s  rnade up 
o f  a  s u i t e  o f  landforms which suppor t  a  
d i v e r s i t y  o f  wet1 and t y p e s ,  D e l t a i c  
depos i t s  i n  t h e  G r e a t  Lakes a r e  r a r e  
features, suggesting t h a t  f l u v i a l  sedirnen- 
t a t i o n  i s  n o t  abundan t  a n d / o r  wave 
energies are t oo  high thus not p e r m f t t l n g  
de l t a  development t o  occur. Therefore the 
St. C l  a i  r D e l t a  I s  a  unique Great Lakes' 

Figure 4. Deposi t ional  f e a t u r e s  and landforms o f  t he  St .  C l a i r  Delta. 
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coastal f e a t u r e  suppo r t i ng  abundant and 
d i ve r se  wet1 and communities no t  found on 
other Great Lakes' shore7 i nes. 

S ince t h e  c l a s s i c a l  s tudy  o f  Lake 
B o n n e v i l l e  by G i l b e r t  (18901, de l tas  i n  
lakes* w i t h  o n l y  a  few except ions,  have 
been l a r g e l y  ignored by geomorphologists. 
The major del tas o f  the world a r e  l oca ted  
on c o n t l n e n t a l  she lves and have held the 
i n t e r e s t  o f  g e o l o g i s t s  and geographers 
because o f  pet ro leum resources, agr icul-  
t u r a l  production, and waterborne a c t i v i -  
t i e s .  A1 though 1 ake del tas are smaller, 
t h e y  s h a r e  m o s t  o f  t h e  p r o c e s s e s  
charac te r i s t i c  o f  marine deltas. However, 
a  unique aspect o f  l a k e  d e l t a s  i s  t h e i r  
dynamic response  t o  r e 1  a t i v e l y  r a p i d  
changes o f  base l e v e l  t h a t  n o t  o n l y  
produce special 1  andforms, but  d l  s t i  nc t i ve  
vegetation zonation as we1 1. 

The S t .  C l a i r  D e l t a  i s  t h e  l a r g e s t  
d e l t a  i n  t h e  Great Lakes basfn. Despite 
t h e  de l ta 's  recreat ional  sign1 f icance and 
commercl  a1 i m p o r t a n c e  w i t h  regard t o  
navigation, l i t e r a t u r e  on the  area has not 
been abundant, The f i r s t  s i g n i f i c a n t  
invest igat ion was done several decades ago 
by Cole (19031 who determined t h a t  t h e  
de l ta  was beina deposited atop deep water, 
p r o g l a c i a l  1  &e c lays .  p ore recen t1  yr 
Wfghtman (1961) attempted t o  estab l ish a  
1  a te  Quaternary chronology f o r  t he  del t a t s  
format ion.  D e t a i l e d  i n v e s t i g a t i o n s  by 
geol  og 5 s t s  have p a r t 1  a l l y  documented the  
sed iment01  o g i c a l  c o m p o s i t i o n  o f  t h e  
deltaqs surface, p a r t i  cu l a r l y  i n  Muscamoot 
and Goose bays (Pezzetta 1968, Mandelbaum 
1969). Dur ing  t h e  1 9 5 0 ~ 8  e n g i n e e r i n g  
s t u d i e s  b y  t h e  U.S. Army C o r p s  o f  
Engineers preceded construct ion o f  the 8-m 
deep S t .  C l a i r  Cutof f  Channel th rough  t h e  
de l t a .  Al though n o t  publ ished, much o f  
these data, i n  the form o f  bore records*  
a r e  on f i l e  a t  t h e  D e t r o i t  D i s t r i c t  
O f f i ce .  Recent env i r onmen ta l  s t u d i e s  
assoc ia ted  w i t h  f l o o d i n g  problems on the 
shores o f  Lake St. C l a i r  and dredged spo i l  
d i s p o s a l  s S t e  l o c a t i o n s  h a v e  a l s o  
c o n t r i b u t e d  some u s e f u l  da ta  f o r  t h i s  

ou t le ts  of t he  Great Lakes were changing 
o r  even blocked, causing the  lake leve ls  
t o  o s c i l l a t e  several meters. Lake E r i e  
es tab l i shed  i t s  present  leve l  some 4,000 
y e a r s  ago  and L a k e  H u r o n  s h o r t l y  
t h e r e a f t e r .  The S t .  C l a i r  River and i t s  
d e l t a  came t o  e x i s t e n c e  d u r i n g  t h e s e  
changing lake  levels.  

As a  l a k e  d e l t a ,  t h e  S t .  C l a i r  
e x h i b i t s  s e v e r a l  o f  t h e  l a n d f o r m  
c h a r a c t e r i s t i c s  o f  marine del tas* such as 
a c t i v e  and i n a c t i v e  d i s t r i b u t a r i e s ,  
i n t e r d f s t r f b u t a r y  bays (F i gu re  5)s and 
crevasses o r  wlde breaches i n  t h e  channel 
banks which l ead  i n t o  i n t e r d i s t r i b u t a r y  
bays (Figure 6). The St. C l a i r  Del ta  has 
a c lass ica l  b i  rd - f  oot morphology , as does 
the Mississippi  River Delta. However, 
s i gn i f i can t  landform di f ferences are also] 
apparent. Atypical landforms include a 
premodern surface a t  the apex o f  the de l ta  
and unusual ly wide d i s t r i bu ta r y  channels. 

sect ion o f  the study (U .S .  Army Corps o f  
Engineers 19741, Figure 5. L i t t l e  Muscamoot Bay, an in te r -  

d i s t r i  butary bay between Middle Channel 
W f t h  t k e  r e t r e a t  o f  t h e  L a t e  and South Channel o f  t he  St .  C f a i r  3e7ta 

W i  sconsin i c e  sheet some 13,000 years ago, (August 1984). Note emergent c a t t a i l s  
a  ser ies  o f  moraines and till p l a i n s  were (Typha an u s t i f o l i a )  and so l i t a r y  
depos i ted i n  t h e  Great  Lakes basln. The p i e d - b i l i & ~ d d i l y m b u s  podiceps). 



Figure 6. We1 1-developed crevasse deposits adjacent t o  Middle Channel of  S t .  C l a i r  
Delta. These crevasses have been i n t e rm i t t en t l y  act ive f o r  over 100 years. Dickinson 
Is land i s  t o  the upper l e f t  and Harsens Is land i s  t o  the lower r igh t .  

The a c t i v e  dJs t r i bu ta r i es - -No r t hs  
Middlet and South C,hannel s--average some 
5 0 0  m i n  w i d t h  and  11 m i n  dep th .  
Howevert widths o f  675 m and depths o f  26 
m a r e  n o t  uncommon. A t  t he  mouths o f  t he  
d f s t r f bu ta r f es ,  channel depths decrease 
a b r u p t l y  I nd i ca t i ng  t he  presence o f  r i v e r  
mouth bars 2 t o  4 m below mean lake  leve l .  
As a  deposft ional basin, Lake St. C l a f r  f s  
r e l a t f v e l y  smal l  w i t h  a  maximum n a t u r a l  
depth o f  6.4 m and width o f  40 km. 

No r t h ,  Middle* and South Channels 
e x h i b i t  shoulder-1 i ke f e a t u r e s  o r  shoals  
along both the  cutbank and point-bar sides 
(Ffgure 71, A s fm j l a r  morphology has been 
a t t r f b u t s d  t o  p e r i o d i c  c u t  and f f l l  
a s s o c i a t e d  w f t h  s l f g h t  b a s e  l e v e l  
o s c i l l a t i o n s  ( B u t z e r  1971) .  Bor ings  
ob ta ined  f r o m  t h e  Corps  o f  E n g i n e e r s  
r evea l  t h a t  t h e  d i s t r i b u t a r y  channels o f  
t h e  S t .  C laSr  D e l t a  a r e  e n t r e n c h e d  i n  
l a e u s t r i n e  c1 ays which 1  i e  beneath a  3.5 
t o  5 m v e n e e r  o f  c o a r s e r  d e l t a i c  
sediments. Qn t h e  cutbank side, where 
f l o w  v e l o c f t f e s  may be r e l a t l v e l y  h i g h  

during high water condlt lons, an erosfonal 
berm u s u a l l y  l e s s  than  2.5 m below t h e  
water s u r f a c e  s l o p e s  g e n t l y  f r o m  t h e  
cutbank toward the channel center, These 
features may be caused by l a t e r a l  e ros i on  
o f  the f ine, sandy de l t a i c  sedtments which 
o v e r 1  i e  t h e  1 a c u s t r f n e  c lays .  On t h e  
i n s i d e  bank, e s p e c i a l l y  a l o n g  M i d d l e  
Channel , p o i n t  bar deposits characterized 
by  r i d g e  and  s w a l e  t o p o g r a p h y  a r e  
consp i cuous .  He re  t h e  d i s t r i b u t a r y  
s h o u l d e r s  p r o b a b l y  r e p r e s e n t  a  f i l l  
deposit which i s  colonized by emergent 
vegetat i  on during 1 ow-water periods. 

Because t h e  water  l e v e l  f l u c t u a t e s  
only 45 t o  60 cm seasonally, spring f loods 
a re  no t  a  normal occurrence w i t h i n  t h e  
delta, hence natura l  l evees  a re  sca rce l y  
d fscernab le  ad jacen t  t o  modern d i s t r i b -  
utaries. Even though levees  a r e  p o o r l y  
deve lopeds  a v e r a g i n g  10  t o  45 cm i n  
e l e v a t i o n r  f l o o d i n g  a n d  s u b s e q u e n t  
overbank f l o w  does occur. Overbank f low 
i s  assocfated w i th  breaching o f  levees i n  
abnormal ly low areas along a  levee. As a 
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Figure 7.  Deltaic landforms o f  Dickinson Island, Michigan, 



l evee f s  breachedr c revasse  d e p o s i t s  a r e  
Int roduced i n t o  t h e  i n t e r d i s t r i b u t a r y  bays 
a t  r i g h t  a n g l e s  t o  t h e  channe ls  (F igure  
71. With cont f  nued depos i t ionp t h e  open- 
w a t e r  bay w i l l  be f i l l e d  w i t h  c revasse  
d e p o s i t s  and c o l o n  1 zed b y  sedges  and 
emergent aquatics. 

Crevasse channe l  s 9  1  oca l  l y  known as 
"highwaysw (see F igure  57 i n  Section 5,1Ir 
a r e  o p e r a t i v e  f o r  s e v e r a l  y e a r s .  
Never the less ,  depos i t ion  i n t o  t h e  bays i 5  

n o t  r a p i d ,  A compar ison o f  navigation 
maps r e v e a l s  z h a t  such f e a t u r e s  may be  
p a r t  o f  t h e  d e l t a  landscape f o r  o v e r  a 
c e n t u r y .  P e z z e t t a  11968) g r a p h i c a l 1  y  
compared t h e  western p o r t t o n  o f  t h e  d e l t a  
f r o n t  between 1903 and 1961. Over t h e  58- 
year per jod  crevasse f i l l s  were minor. I n  
f a c t  human-mads a1 t e r a t i  ons  s u c h  as  
d r e d g i n g  and b u l k h e a d l n g  dominated t h e  
1  andscape. T h i s  suggests  t h a t  crevasse 
channe ls  a r e  a c t i v e  i n t e r m i t t e n t l y  and 
t r a n s p o r t  l i t t l e  s e d i m e n t  i n t o  t h e  
i n t e r d i s t r i b u t a r y  bays. 

Du r ing  t h e  w i n t e r  and e a r l y  s p r i n g  
when Lake S t .  C l a i r  i s  f r ozen ,  pack i c e  
accumula tes  a t  t h e  mouths  o f  d i s t r i b -  
u t a r j e s  forming i c e  jams. Channel f low i s  
t h e n  d f v e r t e d  l n t o  c revasses  and some 
overbank f l o w  may o c c u r ,  Because  t h e  
dominant  g r a i n  s i z e  i s  sand, 1 i t t l e  bed 
load sedlment i s  t ransported f r ~ m  t h e  deep 
d i s t r i b u t a r i e s  I n t o  t h e  i n t e r d i s t r i b u t a r y  
bays. Thus, I n  t h e  St ,  C l a i r  D e l t a  t h e  
f i l l i n g  o f  i n t e r d i s t r S b u t a r y  b a y s  and  
d e l t a  growth I s  a  slow process. 

I n  c o n t r a s t ,  t h e  M i s s i s s i p p i  D e l t a  
c r e v a s s e  depos f ts r a p i d l y  c o n v e r t  open 
i n t e r d i s t r i b u t a r y  bays i n t o  mud f l a t s  
wh ich  a r e  subsequen t l y  c o l o n i z e d  w i t h  
marsh grasses.  D u r i n g  f l o o d  stage, t h e  
crevasse channels are scoured deep enough 
t o  b e  m a i n t a i n e d  and r a p i d  d e p o s i t l o n  
occurs, I n  t h e  p a s t  135 years ,  c revasse  
d e p o s f  t s  h a v e  t r a n s f o r m e d  t h e  open  
i n t e r d i s t r i b u t a r y  b a y s  o f  t h e  modern  
M i s s i s s i p p i  Rfver  De l ta  i n t o  a  complex o f  
marshy subdel tas (Coleman 1976). 

B e a c h e s  o n  t h e  p r e s e n t  d e l t a  
s h o r e l  i n e  are  poor ly  developed and appear 
transgress'ite i n  o r f ~ f n ,  On t h e  Canadian 
s i d e ,  w h e r e  t h e  b e a c h e s  a r e  somewhat 
b e t t e r  developed* t h e  berms may reach I t o  
1.5 m I n  h e i g h t  and a r e  c o l o n f z e d  w i t h  

sumac and s m a l l  t r e e s ,  B o r i n g s  r e v e a l  
t h a t  t h e  p r i n c i p a l  c o n s t i t u e n t s  o f  t h e s e  
beaches a re  c o a r s e  sand o r  f l n e  g r a v e l  
(0.3 m o r  -L.5 p h i  u n J t s )  sepa ra ted  by 
l a y e r s  o f  s a n d  and  o r g a n i c  m a t e r i a l s  
i n c l u d i n g  r a f t e d  logs, bu l rush stems, and 
o t h e r  d e b r i s .  C o a r s e  s a n d s  and f i n e  
grave ls  are n o t  ev ident ,  and s t o r m  berms 
s e l d o m  e x c e e d  0 .7  m I n  e l e v a t i o n .  
C h a r a c t e r i s t i c  v e g e t a t i o n  o f  t h e s e  
s h o r e l  i n e  fea tu res  are e i t h e r  sedge marsh 
o r  a  c o m p l e x  c o m m u n i t y  o f  g r a s s e s ,  
t h i s t l e s 8  and o ther  nonwoody species. 

Wi th in  t h e  i n t e r d 9 s t r i b u t a r y  marshes, 
especf  a1 1 y on lower D iC~ inSon  and Harsens 
i s 1  ands, a r e  a r c u a t e - s h a p e d  f e a t u r e s  
resemb l i ng  beach r idges. Borings through 
one o f  these r idges revealed up t o  3 m o f  
f l n e  sand (Raphael  and Jaworsk i  1982).  
The absence o f  washove r  d e p o s i t s  and 
o r g a n l c  s e d i m e n t s  i n d i c a t e  t h a t  t h e s e  
f e a t u r e s  may be r e g r e s s i v e  beaches and 
r e p r e s e n t  s h o r e l i n e s  as d e l t a  acc re t i on  
took place. 

A comparison between t h e  e a s t e r n  and 
wes te rn  p o r t i o n s  o f  t h e  S t .  C l a i r  D e l t a  
i l l u s t r a t e s  t w o  o t h e r  d i s t i n c t  d i f -  
f e rences .  On t h e  CanadSan s ide ,  Chenel 
E c a r t e  and Johnson Channel a r e  narrow, 
s h a l l  ow d i s t r i b u t a r i e s  which do not  c a r r y  
a  s i g n i f i c a n t  p o r t i o n  o f  t h e  volume o f  t h e  
St. C l a i r  R i v e r .  Moreover9  open I n t e r -  
d i s t r i b u t a r y  b a y s  a r e  f e w  and a r e  
colonized by  marsh v e g e t a t i o n .  D e l t a  
e x t e n s i o n  has ceased and maximum d e l t a  
acc re t i on  l s  now occur r ing  t o  t h e  west  as 
e v i d e n c e d  b y  t h e  a c t i v e  d l g i t a l  
d t s t r i b u t a r i e s  o f  North, Middle, and South 
Channels, and Chenal A Bout Rond. I n  t h e  
past, Chematogan and Basset t  Channels were 
approximately 500 m wide comparable t o  t h e  
modern  d i s t r i b u t a r i e s ,  b u t  have been 
a l l u v i a t e d  and c o l o n i z e d  w i t h  a q u a t f c  
p l a n t s  as abandonment occurred. 

I n  m o s t  d e l t a s  w i t h  l a r g e  f l u v i a l  
systems, l a t e r a l  m i g r a t i o n  o f  t h e  d e l t a  
o c c u r s  b e c a u s e  o f  t h e  changes i n  t h e  
c o u r s e  o f  t h e  r i v e r  u p v a l l e y .  T h e  
premodern 1  a t e r a l  d i s p l  acements o f  t h e  
M iss i ss ipp i  R iver  De l ta  originated w i t h i n  
t h e  a l l u v i a l  v a l l e y  several mi les  from t h e  
G u l f  o f  Kex ico% coast. Such a d lvers fon  
process i s  ev ident  i n  some l a k e  d e l t a s  as 
w e l l .  Seve ra l  o l d e r  d e l t a s  o f  t h e  Omo 
Rlver r  f o r  example, have been i d e n t i  f f e d  



and r e l a t e d  t o  t h e  former p o s i t l o n  o f  t h e  
r f v e r  w i t h i n  i t s  alluvial v a l l e y  ( B u t z e r  
1971). 

The S t .  C l a i r  De l ta#  however, has no 
comparable a1 l u v i a l  u a l l  ey, and de1  t a  
migration has o c c u r r e d  from eas t  t o  west 
a t  t he  s h o r e l i n e  o f  Lake S t ,  C l a i r .  As 
t h e  Canadian d i s t r i b u t a r i e s  degeneratedr 
new d i s t r i b u t a r i e s  were c r e a t e d  on t h e  
western s ide  o f  t he  delta. 

A s e r i e s  o f  b o r i n g s ,  c o r e s ,  and 
exposures i nd i ca tes  t h a t  i n c r o s s  s e c t  i on 
t h e  S t .  C l a i r  D e l t a  i s  a  t h i n  and sandy 
d e p o s i t .  An e a s t - w e s t  c r o s s  s e c t i o n  
r e v e a l s  t h a t  above t h e  s h a l e  bedrock, 
1 acus t r i ne  c1 ays have been depos i ted  o v e r  
a  t h i n  depos i t  of g l a c i a l  till (F igure  8). 
T h e  c o a r s e  d e l t a i c  depos i t s ,  hav ing  a  
maximum t h i c k n e s s  o f  7 m r e s t  upon b l u e  
l a k e  clays. 

The n o r t h - s o u t h  c r o s s  s e c t i o n  f rom 
t h e  apex o f  t h e  d e l t a  i n t o  Lake St .  C l  a i r  

f  11 u s t r a t e s  t h e  near-surface s t ra t i g raphy  
(F igure  9). Topographical ly  however, t h i s  
cross sec t i on  revea ls  two d i s t l  n c t  1  evels, 
a  modern and t h e  equa l l y  obvious premodern 
surface. The premodern surface,, s t a n d i n g  
about 1.5 rn above take  St .  C l a i r ,  cons i s t s  
o f  coa rse*  0x1 d i z e d  sand and i s  conf ined 
t o  t h e  apex o f  t h e  d e l t a  complex. It has 
been d i s s e c t e d  by  long, sinuous channels 
which have been a l l uv ia ted .  O c c a s i o n a l l y  
d u r i n g  h i g h  1  ake l e v e l s  t h e s e  channe ls  
have been r e o c c u p f e d ~  p a r t i c u l a r l y  i n  
a r e a s  s u c h  as  D i c k i n s o n  I s l a n d ,  where 
human i n t e r f e r e n c e  h a s  been  m i n i m a l .  
B e c a u s e  t h i s  h f g h e r  s u r f a c e  i s  
t o p o g r a p h i c a l l y  and s e d i m e n t o l o g i c a l l y  
d i s t i n c t ,  i t must  be a  sur face which was 
d e p o s i t e d  d u r i n g  a  p r e - e x i s t i n g  h i g h e r  
l a k e  l e v e l .  The modern d e l t a  w i t h  i t s  
f i n e  sand sediment (0.25 t o  0.125 mn o r  +2 
t o  3 p h i  u n i t s )  i s  loca ted a t  present mean 
l a k e  l e v e l  and i s  r e p r e s e n t e d  b y  t h e  
a c t i v e  c revasses  and i n t e r d i s t r i b u t a r y  
marsh deposits. 

Based o n  t h e  c h r o n o l o g y  o f  t h e  
p r o g l  a c i a l  G r e a t  Lakes*.  f i e l d  data, and 
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Figure 8. Geologic cross-sect ion o f  the nor thern  p o r t i o n  o f  Lake St. C l a i r  showing 
depth t o  bedrock, and thickness o f  g l a c i a l ,  l acus t r i ne ,  and d e l t a i c  deposits, 
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a v a i l a b l e  Carbon-14 data, t h e  r e l a t i v e  m a t e r f a l s  range i n  age from 6,100 + 80 t o  
geomorphological  events o f  the S t .  C l a f r  98300 + 200  y e a r s .  T h e s e  o r g a n i c  
D e l t a  may be de te rm ined .  S fnce  t h e  m a t e r i a l s  do not  appear t o  b e h s i f a d  and 
r e t r e a t  o f  t h e  La te  Wisconsin i c e  sheet, 
the ou t le ts  o f  t ho  Great Lakes, and hence 
l a k e  l e v e l s  i n  t h e  St. C l a i r  basin, have 
osc i l l a t ed  s u f f i c i e n t 1  y t o  c o n s t r u c t  two 
d e l t a s .  Compared t o  o t h e r  p r o g l a c i a l  
Grea t  Lakes, Lake S t .  C l a f r  was a l e s s  
permanent f e a t u r e  as the lake bottom was 
exposed t o  subaerial modl f  i c a t i o n  due t o  
the f 1 uctuatf  ng i ce  sheet which determl ned 
lake leve l  c o n d i t l ~ n ~  (Figure 10). 

One C-14 d a t e  r e t r i e v e d  f rom t h e  
upper p o r t i o n  o f  t h e  l a k e  c l a y s r  b u t  
beneath t h e  premodern de l t a ,  f  nd i ca tes  
t h a t  both de l tas  are less than 7,300 + 80 
yea rs  o l d ,  Based upon o l d e r  p rog lac ia l  
Grea t  Lakes chronology, t h e  premodern 
d e l t a  may have been deposited during the 
l a t t e r  stage of Algsnquf n t i m e  (Wightman Figure 10. Chronology of lake levels and 
19611, A d d i t f o n a l  C-14 dates have been lake stages in the Huron and Erie basins 
obtained by Mandelbaum (1969). The dated (Darr and Eschman 1970). 
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t h e y  h a v e  n o t  been  j n c l u d e d  i n  o u r  
i n t e r p r e t a t i o n ,  However, even i f  t h e  
l a t t e r  da tes  were used t h e y  w o u l d  n o t  
d e t r a c t  f r o m  o u r  a r g u m e n t .  P e z z e t t a  
(1968) a l s o  h a s  r a d i o g e n i c  d a t a  t h a t  
r e v e a l  t h a t  t h e  minimum age o f  , the d e l t a  
sed iment  i s  4,300 yea rs  b e f o r e  p r e s e n t  
(B.P. 1. 

W i t h  t h e  subsequent  r e t r e a t  o f  t h e  
i c e  d u r i n g  t h e  Lake S t a n l e y  l o w - w a t e r  
s t a g e r  an o u t l e t  f o r  t h e  Lake Huron bas in  
t o  t h e  St. Lawrence was c reated v i a  N o r t h  
Bay, Ontar io .  Dur ing t h i s  stage t h e  pre- 
modern sands o f  t h e  St. C l a i r  D e l t a  may 
have been exposed, oxidized, and d issected 
( F i g u r e  1 0 ) .  F o l l o w i n g  t h e  low-water  
stage, Lake Huron once a g a i n  r o s e  t o  t h e  
N i p i s s i n g  stage and drained i n t o  t h e  lower 
Great Lakes v i a  t h e  St. C l a i r  River. 

As d e t e r m i n e d  b y  t h e  more r e c e n t  
chronology, t h e  premodern d e l t a  may have 
been depos i ted  dur ing  N ip i ss ing  t ime some 
3,500 t o  5,000 B.P. a n d  n o t  d u r i n g  
A lgonqu in  t i m e  ( D o r r  and Eschman 1970). 

The premodern d e l t a  was deposited dur ing  a 
h i g h e r  t h a n  p r e s e n t  l a k e  l e v e l  and t h e  
subsu r face  sed iments  range I n  age f r o m  
7,300 t o  9,300 B.P. It i s  suggested t h a t  
f o l  l o w f  ng t h e  Lake S t a n l e y  s t a g e  (i.e., 
N ip i ss ing  stage), t h e  S t .  C l a i r  R iver  once 
again flowed south i n t o  Lake S t .  C l a i r  and 
t h e  premodern d e l t a  was d e p o s i t e d  a t  an 
e l e v a t i o n  s l  i g h t l y  h igher than t h e  modern 
d e l t a  (Table 5). 

On many coas ts ,  ev idence  f o r  l o w e r  
t h a n  p r e s e n t  sea l e v e l s  i s  determined by 
depos i t i ona l  s u r f a c e s  wh ich  d i p  beneath  
younger sediments (Shelemon 1971). Had 
t h e  premodern d e l t a  been depos i ted  du r i ng 
t h e  A lgonqu in  s t a g e  and t h e  subsequent 
e a r l y  Lake Stanley stage, evidence o f  t h a t  
event as a d e p o s i t i o n a l  s u r f a c e  beneath  
t h e  modern d e l t a  o r  as  a paleosol should 
be apparent .  Numerous b o r i n g s  suggest  
t h a t  t h e  premodern d e l t a  does not  plunge 
beneath t h e  modern sediment. S ince  t h e  
s t ra t i g raphy  imp1 i e s  t h a t  l ake  l e v e l s  were 
l o w e r  t h a n  present  only once, a N ip i ss ing  
stage i s  favored f o r  t he  deposi t ton o f  t h e  

Table 5. I n t e r p r e t a t i o n  o f  the events r e l a t e d  t o  the o r i g i n  o f  the St. 
C l a i r  Delta. a 

Approximate Lake stage Event 
Dates B.P. 

3,500 t o  Present Modern Lake St. Cl a i r  Flow of Lake Huron continues 
and Algoma Phase southward; depos i t ion  o f  

modern St. Cl  a i r  R i ve r  De l ta  
and d i ssec t i on  o f  premodern 
sur face 

3,500 t o  5,000 Lake N ip i ss ing  Deposl t ion o f  premodern d e l t a  
approximately 1.5 m ( 5  f t l  
above present mean 1 ake l e v e l  

5,000 t o  10,500 Lake Stanley Lake St. C l a i r  bas in  exposed; 
o u t l e t  f o r  upper Great Lakes 
v i a  Nor th  Bay* Ontar io  

101500 t o  12,500 Lake A1 gonqui n Val ders Maximum 
and Post-Algonquin 
Phases 

a ~ a t a  sources: Dorr  and Eschman (19701, Raphael and Jaworski 619825, 



premodern delta. Organic deposi ts,  com- 
monly composed o f  l a r g e  wood fragments 
( p r o b a b l y  r e d  ash)  1 l e  benea th  b o t h  
de l t as .  Assuming t h a t  t h e  pea t  accum- 
ulated from organic growth above the water 
table, it probably was deposited du r i ng  a  
low-water p e r i o d  p r i o r  t o  t h e  Nip lss ing 
stage ( possl b l  y  Lake Stan1 ey 1. 

Fo l low ing  t h e  Lake N i p i s s i n g  h i g h  
l e v e l ,  Lakes S t .  C l a i r  and Huron f e l l  t o  
t h e i r  p r e s e n t  l e v e l s .  The premodern 
channels were s l  l g h t l y  entrenched and t he  
premodern surface oxidized during the l a s t  
3,500 years. Towards t h e  apex o f  t h e  
premodern d e l t a ,  beyond t h e  areas o f  
f lood1 ng, a  mix o f  hardwoods has colonized 
t h e  o x i d i z e d  s o i l s  and e v i d e n c e  o f  
drowning o f  a  pre-Lake S tan ley  de l ta  by 
Nip lss ing h i gh  water l e v e l s  i s  l ack i ng .  
Wi th  t h e  fa11 t o  t h e  approximate present 
lake level ,  the modern de l ta  was deposited 
i n  Lake St. C la i r .  

D e l t a i c  l a n d f o r m s  o c c u r  w h e r e  
substant ia l  quan t i t i es  o f  c l a s t i c  sediment 
a r e  I n t r o d u c e d  and d e p o s i t e d  i n t o  a  
r e c e i v i n g  basin.  Sediment i s  norma l l y  
e r o d e d  f r o m  a d r a i n a g e  b a s i n  and  
transported down an a l l u v i a 1  v a l l e y  by a  
m a s t e r  s t r e a m  and i t s  t r i b u t a r i e s .  
Therefore the ra te  o f  de l ta  development i s  
dependent upon t h e  f low regime and t h e  
avaf 1  a b i l  i t y  o f  sediments. 

The St.  C l a i r  R i v e r  m a i n t a i n s  a  
r e l a t i v e l y  s t a b l e  channel and i s n o t  an 
a l l u v l a l  stream I n  t he  common connotatlon. 
Fundamen ta l l y .  t h e  r i v e r  i s  a  s t r a i t  
connec t ing  two l a r g e  w a t e r  b o d i e s  and 
therefore does not have a high v a r i a b i l i t y  
o f  f low. Flow measurements du r i ng  t h e  
i c e - f r e e  season i n  1959 r e v e a l e d  t h a t  
d i s c h a r g e  ranged  f r o m  a l ow  o f  3,900 
m3/sec t o  a  h i g h  o f  5,700 m3/sec. By 
c o n t r a s t  t h e  M i s s i s s i p p i  R i v e r  f l o w  
between Baton Rouge and the  Gulf  o f  Mexico 
var ies  from a minimum o f  1,400 d / s e c  t o  a  
maxJmum o f  44,400 m3/sec (Duane 1967). 
There fo re*  f o r  t h e  St. C l a i r  River, low 
f low was 68% o f  the high f low as compared 
t o  t h e  Mississippi R i ve r  where low f low 
was o n l y  31% o f  t h e  h i g h  f l a w .  The 
d i s c h a r g e  o f  t h e  S t .  C l a t r  R i v e r  i s  
relatively cons tan t  and averages about 
5 ~ 0 9 7  m 3 / s e c  ( I n t e r n a t i o n a l  J o i n t  

Commissfon 19811, Ins tead  o f  a  s p r i n g  
f lood t yp i ca l  o f  most r ivers,  discharge i n  
Lake St. C l a i r  f s  s1 i g h t l y  Increased I n  
late-summer when lake leve ls  I n  Lake Huron 
a re  h ighest ,  Thus, o v e r l a n d  f l o w  and 
f l o o d i n g  I s  no t  an annual event  and -its 
occurrence i s  dependen t  i n  p a r t  upon 
seasonal 1  ake l eve1 condi t ions.  

Grea tes t  d e l t a  ex tens ion  occurs I n  
areas o f  highest flow and sediment y i e l d .  
Flow d i  s t r i b u t i o n  data make it clear t h a t  
the  most a c t i v e  p o r t l o n  o f  t h e  d e l t a  i s  
p r e s e n t l y  confined t o  t he  western s ide o f  
Lake S t .  C la i r .  Much o f  t h e  f l ow  o f  t h e  
St. C l a i r  R i ve r  i s  c a r r i e d  by t he  large 
d i s t r i bu ta r i es  on the  Amerlcan side o f  the 
delta. North, Middle, and South Channels 
account f o r  approximately 95% o f  the  f low 
volume whereas t h e  p r i n c i p a l  Canadian 
d i s t r i b u t a r y ,  Chenal Ecarte, accounts f o r  
5%. Al though No r th  Channel appears t o  
have been t h e  main channel a  century agoj 
construct ion and cont inual  dredsins o f  the -. - 
St. C l a i r  Cutof f  Channel has fncreased the 
f 1  ow o f  South Channel. 

Because the S t .  C l a i r  R ive r  i s  n o t  a  
t r u e  r i v e r  system and has few t r i b u t a r y  
streams t h e  source area f o r  t h e  d e l t a i c  
sediments i s  not so le ly  o f  f l u v i a l  o r ig in .  
Rather, the p r inc ipa l  source appears t o  be 
t h e  s h o r e l i n e s  o f  southern Lake Huron. 
Although some organic matter i s  car r ied I n  
suspens ion ,  t h e  c l a s t i c  f r a c t i o n  i s  
dominant. I n  terms o f  composftion, quartz 
sand I s  t h e  most commonr but fragments of 
feldspar, chert, carbonate m ine ra l s  and 
igneous and metamorphic rock fragments 
a lso occur. According t o  Duane (19671, 
t h e  mean diameter o f  the  suspended r i v e r  
sediment ranges from 0.17 t o  3.16 KWI whi le 
the  mean diameter o f  t h e  bed l oad  v a r i e s  
from 1.98 t o  2.64 mm. Detai led sedimen- 
t o l og i ca l  studies suggest t h a t  the shallow 
bays o f  t h e  d e l t a  are composed o f  f i n e  
sand (0.115 mm) depos i ts  and the sor t ing  
I s  f a i r  (Mandelbaum 1966).  I t  may be 
c o n c l u d e d  t h a t  t h e  S t .  C l a i r  D e l t a  i s  
composed o f  sand-sized sed iments .  I n  
c o n t r a s t  most marine del tas consist  o f  a  
f i n e r  sed iment  f r a c t i o n .  A l s o  where 
o r g a n i c  d e p o s l t s  o c c u r  on t h e  d e l t a  
surface or  subsurfacer they were formed i n  
place and not t ranspor ted i n t o  t h e  de1 t a  
comp l ex. 

Est imates o f  t h e  sediment discharge 
rates were compiled by Pezzetta (1968) and 



a r e  summarized on T a b l e  6. The h i g h  
v a r i a b i l i t y  i s  p r o b a b l y  a  r e f l e c t i o n  o f  
t h e  t ime o f  sampling and o f  refinements i n  
s a m p l i n g  a n d  a n a l y t f c  t e c h n i q u e s .  
Fur thermore ,  t h e  l o a d  i s  no t  d i s t r i b u t e d  
u n i f o r m l y  f rom one reach t o  ano the r r  a  
f a c t  w h i c h  a c c o u n t s  f o r  t h e  v a r i a b l e  
t r a n s p o r t  rates, 

Under s to rm c o n d i t i o n s  t h e r e  i s  a  
marked i n c r e a s e  i n  t h e  suspended load o f  
t h e  S t .  C l a i r  River .  The suspended sed- 
imen t  l o a d  i s  d i r e c t l y  r e l a t e d  t o  w ind 
v e l o c i t i e s  and du ra t i on  over southern Lake 
Huron. During per iods o f  n o r t h e r l y  wfnds 
t h e  suspend  l o a d  i s  decreased. R i v e r  
v e l o c i t i e s  a r e  competent  t o  t r a n s p o r t  
m a t e r i a l  compr ised o f  t h e  beach sediment 
f r o m  s o u t h e r n  L a k e  Huron.  S e d i m e n t  
d e p o s i t s  i n  t h e  nea rsho re  zone o f  Lake 
Huron have a  mean diameter o f  0.125 mm t o  

0.25 mm; and a c c o r d i n g  t o  Duane (19671, 
most c l a s t i c  sed iments  suspended i n  t h e  
St .  C l a i r  D e l t a  have mean d i a m e t e r s  o f  
s l i g h t l y  f i n e r  sizes. P a r t i c l e  s i z e  d a t a  
suggest  t h a t  t h e  sed iments  o f  t h e  d e l t a  
a r e  d e r i v e d  f r o m  r e w o r k e d  n e a r s h o r e  
sediments i n  Lake Huron. 

The  s o i l  t y p e s  o f  t h e  S t .  C l a i r  
we t l ands  r e f  1  e c t  t h e  l a t e  Q u a t e r n a r y  
h i s t o r y  o f  t h e  r e g f o n  and may be d i v ided  
i n t o  two broad categor ' les.  The s o i l s  o f  
t h e  S t .  C l a i r  D e l t a  p r o p e r  a r e  d e r i v e d  
f r o m  s o u r c e s  a d j a c e n t  t o  L a k e  H u r o n  
whereas t h e  s o i l  t y p e s  along t h e  eastern 
shore o f  t h e  1  ake a r e  d e r i v e d  f rom l a k e  
p l  a?  n  sediments i n southwestern Ontario. 
As such t h e  d e l t a  s o i l s  g e n e r a l  1  y  have a  
c o a r s e r  t e x t u r e  than t h e  s o i l s  o f  eastern 
Lake S t .  C la i r .  

Table $5. Sediment discharge ra tes  and cha rac te r i s t i cs  i n  the  S t .  Clair  
River. 

Transfer  r a t e  Locat ion Load type Sediment 
grade 

54,700 1n3/~ear Shore o f  Lake Huron a t  T rac t  ion  Sand 
head o f  St. C l a i r  R iver  

61,600 d / y e a r  S t .  C l a i r  R iver  a t  Bay Po in t  Suspended Sf1 t - c l  ay 
L i g h t  ( a f t e r  storm) 

37,500 m3/& S t .  C l a i r  R iver  bottom 12 km T rac t i on  Cl ay 
between St. C l a i r  8 Marine 
C i t y  ( a f t e r  severe storm) 

40,100 St. C l a i r  R iver  Channel T rac t  i on  --- 
w a l l  between St. Cl a3 r 
8 Marine C i t y  

19,900 d / y e a r  S t .  C l a i r  R iver  bank between T rac t i on  --- 
S t .  C l a i r  & Marine C i t y  

15,100 d /&y  Surface and bottom o f  Chenal To ta l  Clay 
A Bout Rond, 3 km below North 
Channel ( a f t e r  a  storm) 

15,200 m3/year E n t i r e  St. C l a i r  R iver  To ta l  Sand 

a ~ a t a  sources: Cole ( 1903 1 r Duane ( 19671, Pezzetta ( 1968). 



The soi.78 o f  t he  St. C l a i r  Del ta were 
derived from the  s h o r e l i n e  and nearshore 
zone  o f  Lake  Huron. The sediment was 
transported,by the  St. C l a i r  River and now 
forms t h e  d e l t a  proper.  Two s o f l  t ypes  
a r e  e v i d e n t  i n  the  delta. At t he  apex o f  
t he  landform, 1.5 t o  2 m above mean l a k e  
l e v e l ,  San i l ac  loam (Col wood f i n e  sandy 
loam i n  Ontario) i s  prevalent. T h i s  s o i l  
i s  a ve ry  f i n e  sandy loam and occurs on 
moderate ( 0 - 8 )  slopes. The s o i l  formed 
i n  limey, water-laid sediment o f  very f i n e  
sandy loam and loamy very f i n e  sand (U.S. 
Department o f  Agr icu l ture  1974). A1 though 
t he  surface layer  i s  dark-brown (0-15 cm), 
sand p i t s  reveal t h a t  t h e  deeper s o i l  i s  
ye1 lowish-brown (Munsell  co lo r  code = 10 
YR 5 / 6 1 ,  a f a c t  s u g g e s t i n g  s l i g h t  
ox i da t i on .  T h i s  s o i l  t y p e  represents a 
premodern de l ta  t h a t  was formed a t  h i ghe r  
lake leve ls  i n  the  geologic past. 

The wetlands proper are characterized 
b y  t h e  Bach  l o a m  ( "marshw s o i l s  i n  
Ontario). The so l1  has a ve ry  f i n e  sand 

l o a m  t e x t u r e  w h i c h  fa rmed i n  l i m e y  
l a c u s t r i n e  s e d i m e n t s  ( F i g u r e  11). 
Occur r ing  on l and  w i t h  a s l ope  o f  2% o r  
less, t he  s o i l  i s  o f ten  water l ogged, I n  
a t y p l c a l  p r o f i l e  t h e  su r f ace  l a y e r  i s  
black* calcareous, very f i ne  sand loam, 18 
cm th ick .  The subsoil  i s  75 cm th9ckv  and 
i s  made up o f  seve ra l  l a y e r s  o f  gray, 
calcareous, very f r i a b l e *  ve ry  f i n e  sand 
loam. It r e p r e s e n t s  t h e  modern d e l t a  
front, l o c a l  d e p r e s s l o n s ~  and ances t ra l  
channels o f  t he  S t .  C l a i r  d l s t r ibu ta r ies .  

The Clyde loam i s  a p o o r l y  drained 
loam occupying t h e  eas te rn  s h o r e l i n e  o f  
Lake S t .  C l a i r .  It i s  characterized by 0 
t o  20 cm o f  ve ry  f i ne ,  ve ry  s o f t ,  ve ry  
dark gray s i l t - c l  ay w i th  la rge  quant i t ies  
o f  organic debris. From 20 t o  30 cm deep. 
Clyde loam i s  dark gray, f ine,  f i r m  s i l t  
and c l a y  (Mudroch 1981). This s o f l  type 
developed on o lder ,  more f i n e - g r a i n e d  
sediments o f  a lake p l a i n  and i s therefore 
f i n e r  and g e n e r a l l y  has a higher organic 
content than the de l t a  so i ls .  

Y., 1 6rrvsmad Jvlm 26, 1 9 7 7  Ebst 

re.1 *.t.r, 

115.5 

115.0 

171,s 

I 
-- 

1 I 1 1 1 

-T-------, 1 

-----I a 

100 400 600 800 1000 I200  1400 1600 1800 ZOO0 2200 2100 2600 2800 I O O O F I  

r-" --- --- 
I 

0 :a0 ZOO 100 
' 5-7 -  

100  100 600 I 0 0  800 900 1 

Srrvr#ad  O c l  7, 1977 
t r e a d  R(4p. 

116 0 

115 1 

11s 0 

l i 4  5 
$and and P e a t  a l a c k  

3000 3200 1100 1600 3804 4040 4200 1400 4600 4800 5000 5200 5400 5600 5100 6 0 0 0 f l  

I-- -- I-- - 
( s t * )  1000 i:5t IZJO lion I C O G  ! fn@ !do0 1300 1800 8 

Figure 11. Vegetation transect on Dickinson I s l a n d ,  St .  C l a i r  Delta, showing character 
o f  wetland s o i l s  (Jaworski e t  a7. 1981). 

22 



The s o i l s  i n  t h e  L a k e  S t .  C l a f r  
r e g i o n  a r e  b a s i c a l l y  d e r i v e d  f r o m  
unconso l ida ted sed iments  d e p o s i t e d  o v e r  
bedrock i n  e a r l y  Holocene t ime  ( 1  .ear past  
20,000 years) .  These s o f l s  c o n t r i b u t e  t o  
t h e  geochemical  c o m p o s i t i o n  o f  b o t t o m  
sediments o f  t h e  wetlands. Typ ica l ly ,  t h e  
we t l and  sediments i nves t i ga ted  by Mudroch 
f 1981) a re  submerged mineral so i l s ,  w i t h  a 
pH r a n g i n g  b e t w e e n  6.9 and 7.2. The 
wet1 and sediments from t h e  Walpole I s l a n d  
sec tor  o f  t h e  d e l t a  are coarser: more than 
h a l f  of t h e  p a r t i c l e s  a r e  a t  l e a s t  sand 
s i z e  whereas t h e  eastern shore o f  Lake St. 
C l a i r  s i l t  s i z e  p a r t i c l e s  are  dominant. 

The  absence  o f  e x t e n s i v e  p e a t  o r  
organic r i c h  s o i l s  i s  no tewor thy .  Pea t  
accumu1at ions a r e  poor  and were probably 
formed i n  p l a c e  r a t h e r  t h a n  t r a n s p o r t e d  
i n t o  t h e  wet lands.  D e l t a i c  wetlands are 
o f t e n  c h a r a c t e r i z e d  b y  b l a n k e t  p e a t  
d e p o s i t s  e s p e c i a l l y  i n  s h e l t e r e d  l o c a l -  
i t i e s  such as bays and b a c k b a r r l e r  f l a t s .  
I n  t he  Great Lakes coasta l  wetlands, peats 
a r e  w i t h  few e x c e p t i o n s  (e.g.$ wes te rn  
Saginaw Bay) uncommon. T h i s  s u g g e s t s  
s e v e r a l  p o s s i b i l  i t l e s :  1) wetlands dur ing  
recent  geo log lc  t ime  were not  abundant, o r  
2) peat deposl ts  decomposed r a p i d l y  O r 9  3)  
water exchange between t h e  we t l ands  and 
l a k e  was e f f i c i e n t  i n  exporting organic 
mater ia l .  I n  any caser c l a s t i c  sed iments  
a r e  dominant  i n  t h e  wetland s o i l s  o f  Lake 
S t .  C l a i r .  

2.2 CLIMATE AND WEATHER 

The v a r i a b l e  weather elements such as 
windr  p r e c i p i t a t i o n ,  a i r  t e m p e r a t u r e ,  
humid i ty*  and growing season i n f l uence  t h e  
p h y s i c a l  and b i o l o g i c a l  charac ter  o f  Lake 
St. C l a i r .  A unfque aspect o f  t h i s  wa te r  
body I s  r a p i d  w a t e r  l e v e l  change due t o  
seiches o r  wind t i d e s .  Also; s p r i n g  i c e  
jams can s i g n i f i c a n t 1  y a1 t e r  t h e  wa te r  
l e v e l  o f  t he  lake. 

The  c l i m a t i c  v a r i a b l e s  s u c h  a s  
tempera ture ,  wind, atmospheric pressure, 
and p r e c i p i t a t f o n  p l a y  a s t g n j f  i c a n t  r o l e  
i n  t h e  t e r r e s t r i a l  a n d  l a c u s t r f n e  
env i ronmen t  o f  Lake St .  Cl a i  r. These  
elements are p r i m a r i l y  responsib le f o r  t he  

wa te r  budget  o f  t h e  l a k e  as we l l  as wave 
a c t i v i t y t  t h e  ex ten t  o f  t h e  growing season 
i n  t h e  wetlands, t h e  d i s t r i b u t i o n  and 
l e n g t h  o f  i c e  cover ,  and t h e  water l e v e l  
c o n d i t i o n s  on  a d a i l y ,  m o n t h l y ,  and 
seasonal bas 1 s. 

T h e  c l i m a t e  o f  t h e  l a k e  i s  
c h a r a c t e r i z e d  by c o l d  w l n t e r s  ( c o l d e s t  
month below 0% and warm summers (warmest 
month above 220C) w i t h  p r e c i p i t a t i o n  
u n i f o r m l y  d i s t r i b u t e d  t h r o u g h  t h e  yea r  
( c l i m a t e  t y p e  Da f  based on t h e  Koppen 
system).  C y c l o n i c  s to rms  occu r  through 
t h e  yearr b u t  decrease i n  frequency durfng 
l a t e  June, Julys and August. D u r l n g  t h i s  
t i m e  c o n v e c t i o n a l  up1 i f t  i s  f requent  and 
thunders to rms  a r e  common. Most  o f  t h e  
m o i s t u r e  t h a t  f a l l s  on t h e  G r e a t  Lakes 
b a s i n  a s  p r e c i p i t a t i o n  o r i g i n a l l y  
e v a p o r a t e d  f r o m  t h e  t r o p i c a l  At1 a n t i c  
Ocean o r  t h e  Gul f  o f  Mexico ( P h i l 1  i p s  and 
McCul loch 1972). On an average day, 10 
b i l l i o n  m3 o f  water i n  t h e  f o r m  o f  wa te r  
vapor a r e  advected across the  Great Lakes 
basin. The e f f i c i e n c y  o f  p r e c i p i t a t i o n  
mechanisms i s  such t h a t  only about 15% o r  
1.4 b i l l i o n  m3 fa11  as r a i n  on a g i v e n  
day. 

The f r o s t - f r e e  season i s  def ined as 
t h e  i n t e r v a l  i n  days b e t w e e n  t h e  l a s t  
o c c u r r e n c e  o f  f r o s t  i n  s p r i n g  and t h e  
f i r s t  occur rence i n  f a l l  and i s  t h u s  an 
i n d i c a t o r  o f  t h e  l e n g t h  o f  t h e  g row ing  
season. The mean annual f r os t - f ree  per iod 
f o r  Lake St. C l a i r  i s  160 days. W i t h  t h e  
exception o f  t he  south shore o f  Lake Erie, 
Lake O n t a r i o *  and t h e  south shore o f  Lake 
Michigan; which experience 180 f r o s t - f  r e e  
days  a n n u a l l y ,  Lake S t .  C l a f r  has t h e  
l o n g e s t  f r o s t - f r e e  p e r i o d  i n  t h e  Great  
Lakes bas in .  The s p r i n g  coo l ing  exerted 
by t h e  l ake  prevents premature  g rowth  o f  
t h e  v e g e t a t i o n  thus lessening t h e  chances 
o f  c r o p  l o s s  due t o  l a t e  s p r i n g  f r o s t s  
(E i chen laub  1979). Conversely, t h e  slow 
coo l i ng  i n  autumn r e t a r d s  t h e  occu r rence  
o f  t h e  f i r s t  f a l l  f r o s t  thus extending t h e  
growing season. 

C1 ose l  y re7 ated t o  t h e  l eng th  o f  t h e  
f ros t - f ree  season i s  t h e  accumu la t i on  o f  
g rowing degree days as an i ndex  o f  t h e  
amoun t  o f  h e a t  available d ~ r i n g  t h e  
g r o w i n g  season .  The i ndex  i s  u s u a l l y  
def ined as t h e  number o f  degrees o f  mean 
d a i l y  t e m p e r a t u r e  above a base o f  5,SoC. 



The growing degree-day concept  has been 
a p p l i e d  t o  d e l i m i t  a reas  s u i t a b l e  f o r  
p a r t i c u l a r  vegetat ion types and as a  means 
o f  p r e d i c t i n g  t h e  hatching date o f  var ious 
insec ts  (Baker  and S t r u b  1965). On t h e  
b a s i s  o f  u s i n g  mean mon th l y  temperature 
and t h e  number o f  days i n  a  month, t h e  
accumulated number o f  degrees above a  base 
o f  5.60C i n  a normal year i s  2,340 OC i n  
t h e  southern po r t i on  o f  take  S t .  C l a i r  and 
29200 OC i n  t h e  n o r t h e r n  s e c t o r  o f  t h e  
1  ake. 

Tab le  7  revea ls  t h a t  t he  mean annual 
average a i r  temperature f o r  t h ree  selected 
s t a t i o n s  i s  9.4OC. Mean m o n t h l y  
t empera tu res  i n  January and February are 
w e l l  below f r e e z i n g  (-3.50C) b u t  summer 
means e x c e e d  220C. Such c o n t i n e n t a l  
cond i t ions  commonly occur i n  regions which 
are remote from mar i t ime a i r  masses. 

One o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  
c l i m a t e  o f  t h e  Great Lakes i s  t h e  l ack  o f  
any marked seasonal i t y  o f  p rec  i p i t a t  i on. 
Mean m o n t h l  y  p r e c i p i t a t i o n  v a l u e s  f o r  
t h ree  s t a t i o n s  (Table 8) average 77.83 cm. 

It should b e  noted t h a t  t h e  D e t r o i t  and 
Windsor s t a t i o n s  a r e  l o c a t e d  i n  h i g h l y  
urbanized areas compared t o  t h e  Mount  
Clemens s t a t i o n ,  As noted on t h e  t a b l e *  
t h e  p r e c i p i t a t i o n  i s  1 o w e s t  a t  Mount  
Clemens. Research i n  urban p r e c i p i t a t i o n  
pat te rns  i nd i ca tes  t h a t  t h e  presence o f  a  
1  arge c i t y  such as D e t r o i t  does cause an 
i n c r e a s e  i n  p r e c i p i t a t i o n  i n  t h e  urban 
areas  (Sanderson 1980).  The re fo re9  M t .  
C lemens  i s  m o r e  r e p r e s e n t a t i v e  o f  
t e m p e r a t u r e  c o n d i t i o n s  o v e r  Lake S t .  
C l a i r .  

Wind d i r e c t i o n  and  f r e q u e n c y  a r e  
s i g n i f i c a n t  w i t h  regard t o  waves, i c e  jams 
and sho r t  te rm (i.e., seiches) water l e v e l  
changes i n  Lake S t .  C l a i r .  According t o  
Ayres (19641, t he  c i r c u l a t i o n  i n  Lake S t .  
C l a i r  i s  s t rong l y  in f luenced by p r e v a i l  ing  
wind d i r e c t i o n  as are longshore currents.  
Figures 12 and 13 i l l u s t r a t e  t h e  average 
monthl y  d i  r e c t f o n a l  frequency o f  winds f o r  
Windsor and M t .  Clemens respect ively.  The 
more s p h e r i c a l  w ind  r o s e s  (e.g. March, 
A p r i l )  have t h e  g r e a t e s t  v a r i a b i l  i t y  i n  
w i n d  d i r e c t i o n .  The more skewed wind 

Table 7. a Mean monthly ternperatures f o r  th ree selected 
s ta t ions .  

Mount Cl er,~ens, D e t r o l t  C i t y  W i ndsor 
Michigan A i r p o r t  A i r p o r t  

1940- 1969 1940-1969 1941-1970 
Month OF OC OF OC OF OC 

January 
February 
March 
A p r l l  
May 
June 
J u l y  
August 
September 
October 
November 
December 

Annual average 48.3 9.0 50.1 10.1 48.6 9.2 

a Data sources: Sanderson (1980); U.S. Dept. o f  Commerce, Weather 
Service. 
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Table 9. a Mean monthly p rec ip i t a t i on  f o r  t h r ee  s e l ec t ed  
s t a t i o n s .  

Mount Cl emens Detroit C S t y  Windsor 
Michigan Airport Airport - - 

Month inches cm inches cm inches cm 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Annual average 28.07 71.29 30.95 78.60 32.91 83.59 

a Data sources: Sanderson (1980); U.S. Dept. of Commerce, Weather 
Service. 

roses (e.g., June, July, August) reveal a 
more prevailing wind. I t  i s  evident that  
predominant winds I n  the  region are  from 
t h e  westerly d i r ec t ion#  especial ly from 
the southwsst quadrant. Additional wind 
data f o r  Windsor a i r p o r t  suggests t h a t  
January, February, and March have t h e  
highest wind speeds averaging 20 km/hr 
while June, July,  a n d  August have t h e  
lowest a t  13 km/hr. Furthermore, winds 
from the west-northwest have t h e  highest 
speeds a t  21 km/hrr and the  lowesfwind 
speeds, 13 km/hro are from the southeast. 

I ce  Cover 

A major physical feature on Lake S t .  
Cl a i r  i s  t he  occurrence of ice. Using 20 
yea r s  of d a t a r  Assel e t  a1 . ( 1 9 8 3  1 
documented and mapped the distribution of 
ice on the Great Lakes. The concentration 
of ice var ies  over t h e  period of record 
mainly because of t h e  shallowness of the 
lake. Although s y n o p t i c  d a t a  on i c e  
t h i c k n e s s  e s p e c i a l  7 y  over t h e  cent ra i  
p o r t i o n  of Lake S t .  C l a i r  a r e  poor# 
maximum thickness during severe winters i s  

approximately 49 cm and maximum thickness 
during mild win te r s  i s  a b o u t  5 cm, 
Normal 1y dur ing  mi d-December through 
February the 1 ake i s ice covered with the  
exception of I t s  exit--the Detroit River. 
During mild winters t h e  only pe r s i s t en t  
ice  cover in January and February occurs 
along the eastern shore1 ine of the  1 ake. 
However, during severe winters persistent 
ice will cover 100% of Lake S t .  Clair from 
mid-December t o  mid-Apri 7 .  

The impact of ice  and i c e  jams on 
wet1 and vegetation i s  poorly understood, 
and can have negative as well a s  positSve 
e f f e c t s ,  I c e  jams m i g r a t i n g  down 
distributary channels uproot aquatic  and 
pe r s i s t en t  vegetation from the substrate. 
Conversely, ice  in the  n e a r s h ~ r e  tone  
protects  1 acustrine wetlands by  acting as 
a buffer and absorbing the impact from 
incoming waves. The coastal  protectfon 
offered by the ice In t h e  nearshore zone 
i s  pa r t i cu la r ly  s ign i f i can t  during mild 
winters when most of t h e  l a k e  i s  not 
frozen and a lso  d u r i n ~  the  sprfng w h e ~  
storms frequently occur and  wave energies 
are higher. 
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Figure 13. Monthly wind frequency f o r  M t .  
Clemens, Michigan (Sel f r i d g e  A i r  Force 
Base) f o r  per iod 1936-1953 (Ayers 1964). 
Note only v e l o c i t i e s  greater  than 4 mph 
p lo t ted ;  winds l ess  than 4 mph shown as 
percent time. 

Figure 12. Monthly w i  nd frequency diagrams 
f o r  Windsor, Ontario, 1955-1972 (Sanderson 
1980). 

2.3 HYDROLOGY C i r c u l a t I ~ n  i n  Lake S t *  C l a j r  

I nves t i ga t i ons  reveal  t h a t  two major  
n'storically water levels Of Lake w a t e r  masses o c c u r  i n  Lake St. C l a i r .  

C1air ranged apprOximate'y in Ayres (1964) modeled f i e l d  data be fore  and 
response changJng water budgets= Water a f t e r  t h e  c o n s t r u c t i o n  o f  t h e  S t .  C l a i r  
budgets In turn are to jnf l Ow and Cu to f f  Channel and found t h a t  t h e  cu r ren t  
O u t f l o w  a s  as evaporation and s t r u c t u r e  i n  t h e  l a k e  rnainta.lned semi- 
precipitation* The impact O f  changing p e r m a n e n t  p a t t e r n s .  The d i s t r i b u t f o n  
wa te r  levels within the basin On the p a t t e r n  was a l t e r e d  according t o  chang ing 
s h o r e l J n e  h a s  b e e n  w i n d  p a t t e r n s ,  L e a c h  ( 1 9 8 0 )  a l s o  
signi j c a n t e  H i s t o r S c a l  i d e n t i f i e d  two  d i s c r e t e  water  masses i n  
displacements have been documented w i t h  t h e  1 ake on t h e  bas is  o f  c l u s t e r  ana lys is  
t h e  use o f  a e r i a l  photography over time. of physical  and chemical data, 
W e t l a n d  v e g e t a t i o n  t r a n s e c t s  a n d  
g e o g r a p h i c a l  d l s t r i b u t i o n s  over t ime  have The main f low o f  water e n t e r i n g  Lake 
a? so been determined . St.  C l a i r  i s  f rom t h e  St .  C l a i r  R i ve r .  



Thfs r i v e r  c o n t r f b u t e s  about  98% o f  t h e  
t o t a l  I n f l o w  t o  t h e  l a k e .  T h e  
c o n s t r u c t f o n ~  o f  t h e  St. Lawrence Seaway 
and t h e  o p e n i n g  o f  t h e  South  Channel 
C u t o f f  i n  1 9 6 2  h a v e  i n c r e a s e d  t h e  
p r o p o r t f o n  o f  S t ,  C l a i r  R i v e r  w a t e r  
a r r i v i n g  d i r e c t l y  i n t o  t h e  m a i n  l a k e  
bas in .  The g r e a t e r  cross-sectional area 
of t he  C u t o f f  Channel f o r  o u t f l o w  which 
now e x i s t s  and the s t ra igh ten ing t h a t  t he  
a r t i  f i c i  a1 channel provides have decreased 
t h e  f r l c t l o n a l  e f f e c t s  and p r o m o t e d  a  

(19771. t h e  w a l l e y e  and t h e  yel low perch 
stocks over t h e  past  century have remained 
r e a s o n a b l y  s t a b l e  i n  s p i t e  o f  m o r e  
i n t e n s i v e  a g r i c u l t u r a l  p r a c t i c e s  i n  the  
watershed, i nc reased  s e t t l e m e n t  i n  t h e  
c o a s t a l  zoner  and e x p l o i t a t i o ~  o f  t h e  
resource from commercial f i s h e r i e s .  The 
f l u s h i n g  a c t i o n  o f  r e l a t i v e l y  c lean water 
f rom Lake Huron has p r e v e n t e d  concen-  
t r a t l o n  o f  n u t r i e n t s  and eut roph ica t ion  i n  
most o f  Lake St, C la i r .  

g r e a t e r  d i s c h a r g e  o f  t he  s t . - C l a i r  River  
water d i r e c t l y  i n t o  t h e  main basin, 

a te r  Discharae I n t o  l ake St. C l a i r  

I n  Lake S t .  C l a i r  t h e  e x t e n t  and 
geometry o f  t h e  c i  r c u l a t f n g  water masses 
a r e  r e l a t e d  t o  w i n d  d i r e c t i o n .  The 
predominant  w inds i n  t h e  region are from 
t h e  southwest quadrant  (Sanderson 1980). 
F i g u r e  14-D i l l u s t r a t e s  t h e  two p r i n c i p a l  
p a t t e r n s  i n  t h e  e a s t e r n  and w e s t e r n  
p o r t i o n  o f  t h e  S t .  C l a i r  b a s i n  d e r i v e d  
from p r e v a i l i n g  southwest winds. F i g u r e  
1 4 - A  r e v s a x s  a  m o r e  d j s t i n c t i v e  
c i r c u l a t o r y  p a t t e r n  a s s o c i a t e d  w i t h  a  
n o r t h  w ind ,  Based upon Ayresl (1964) 
model, water i n  Anchor Bay o r ig ina tes  from 
two d i s t i n c t  sources.  Wl t h  s o u t h w e s t  
w'inds t h e r e  a r e  b o t h  a  n e t  d iminut ion o f  
o u t f l o w  t h r o u g h  N o r t h  Channe l  and t h e  
c r e a t i o n  of  a d i s c r e t e  gyre i n  Anchor Bay 
composed o f  C l i n t o n  R i v e r  water .  W i th  a  
n o r t h  wind, though, Anchor Bay becomes 
dominated by water from t h e  Nor th  Channel 
o f  t h e  S t .  C l a f  r R i v e r  as t h e  C l i n t o n  
River water i s  reduced i n  t h e  bay. 

The s i g n i f i c a n c e  o f  t h e  t w o  m a i n  
water  masses i s  t h e i r  re la t i onsh ip  t o  the  
p r o d u c t i v i t y  o f  the  lake. The wa te r  mass 
a d j a c e n t  t o  Ontar io  i s  more inf luenced by 
n u t r i e n t  l o a d 1  ngs f rom t h e  Sydenham and 
Thames r i v e r s  and t h e  smal ler  t r i t r u t a r i e s  
from Ontar io .  These waterways d r a i n  an 
i n t e n s i v e 1  y  c u l t i v a t e d  l a k e  p la in .  Urban 
development on t h e  south shore o f  Lake St. 
C l a i r  a l s o  c o n t r i b u t e s  t o  t h e  l oad ing .  
Because t h i s  wa te r  mass i s  more enriched 
and more s t a b l e  than t h e  mass assoc ia ted  
w i t h  St. C l a i r  R iver  water, It has y ie lded 
greater  p r o d u c t i v i t y  (Leach 1972, 1973 1. 

Due i n  p a r t  t o  t h e  f l u s h i n g  t ime o f  
l a k e  St. C l a i r ,  which i s  t h e o r e t i c a l l y  
about 9  days, t h e  f i s h  communities have 
changed 1  f t t l e ,  w i th  the  exception o f  some 
c o l  dwater species. According t o  Johnston 

I n  a d d l t l o n  t o  t h e  p r i n c i p a l  source 
o f  w a t e r  f r o m  t h e  S t .  C l a i r  R i v e r ,  
s e v e r a l  o t h e r  r i v e r  b a s i n s  c o n t r i b u t e  
water t o  t h e  l akes  i n c l u d i n g  t h e  B l a c k r  
B e l l e 9  C l i n t o n *  Thames, and Sydenham 
Rivers (F igure  15). The St. C l a i r  R i v e r  
i s  n o t  a t r u e  f l u v i a l  system b u t  r a t h e r  a  
s t r a i t  connecting two  l a r g e  wa te r  b o d i e s  
( L a k e  H u r o n  and Lake  S t .  C l a i r ) .  It 
therefore does not  e x h i b i t  t y p i c a l  r i v e r  
d i scha rge  c h a r a c t e r i s t i c s .  Furthermore, 
d e p o s i t i o n a l  processes assoc ia ted  w i t h  
r i v e r s  a r e  n o r m a l l y  d i r e c t l y  l i n k e d  t o  
extreme f low regjmes. But  St. C l a f r  River  
f lows and u l t ima te  sediment d i s t r i b u t i o n  
i n  t h e  St. C l a i r  D e l t a  a r e  more c l o s e l y  
l i n k e d  t o  i c e  c o n d i t i o n s  o r  h i g h  l a k e  
l e v e l  condftfons. 

Of t h e  t o t a l  average fa11  o f  2.5 m 
from t h e  Lake Huron l e v e l  t o  Lake E r i e t  
1.5 m o c c u r  i n  t h e  S t .  C l a i r  R i v e r  
(Kork ig ian 1963). I t s  banks and bed have 
b e e n  r e l a t i v e l y  s t a b l e  e x c e p t  f o r  
n a v i g a t i o n  improvementsr and sand and 
g r a v e 1  d r e d g i n g  over  s e v e r a l  decades. 
F i g u r e  1 6  i l l u s t r a t e s  mean m o n t h l y  
d i scha rge  f rom 1900 t h r o u g h  1980 (Quinn 
and K e l l e y  1983) .  A v e r a g e  m o n t h l y  
discharge i s  5,121 &/see and t h e  range o f  
d i scha rge  i s  4,254 m3/sec (February)  t o  
5,483 m3/sec (Sep tember ) .  D e t a i l e d  
month ly  d a t a  a r e  inc luded in Appendix 8, 
With f low v e l o c i t i e s  up t o  3.2 km/hr t h e  
t r a v e l  t i m e  t h r o u g h  t h e  s y s t e m  i s  
re1 a t i v e l y  high, As determined by Dereckl 
( 1 9 8 3 ) ~  t h e  f l o w  t i m e  o f  wa te r  f r o m  t h e  
i n te rna t i ona l  b r idge a t  P o r t  Huron t o  Lake 
St. C l a i r  i s  21,1 hours  ( T a b l e  9). The 
f low t i m e  through t h e  D e t r o i t  River  ( B e l l e  
I s l e  sou th  to Geleron IsSandE f s  20.9 
hours, The i n i t i a l  t r a v e l  t ime tab le  was 
developed f o r  normal f low condltfons. 



Based on the  geomorphologic history South channels, which in turn each sp l l t  

Of  the  S t*  C 1 a B r  Delta? t h e  active before entering Lake S t .  Claire The flow 
portion o f  t h e  landform a t  the present 
time 1s t o  t he  west. As the St. Clair  i s  therefore proportional 1 y distributed 
River e n t e r s  t h e  S k .  C l a i r  basin f t  through the channels a s  i l lus t ra ted  I n  
bifurcates near Algonac Jnto the North and Figure 17, 
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Figure 14. Current Patterns for Lake S t .  Clafr  under various wind conditions (Ayers 
1964). 



Artificial m o d i f  i c a t l o n  I n  the  past  and 1925# and uncompensated navigation 
85 years has a l t e r e d  r i v e r  l e v e l s  and t h e  i m p r o v e m e n t s  f o r  t h e  7.7-m and 8.3-rn 
w a t e r  v o l u m e  i n  L a k e  S t .  C l a i r .  p r o j e c t s  c o m p l e t e d  i n  1933 and 1962  
A r t . f f i c i a 1  channel  changes 'In t h e  S t ,  r e s p e c t i v e 1  y ( D e r e c k i  1982) .  These  
C l a i r  R i v e r  s' lnce 1900 i n c l u d e  dredging channel changes inc reased  t h e  d i scha rge  
f o r  commercial gravel  removal between 1908 t h r o u g h  t h e  St .  C l  a i r  River  and caused a  
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Figure 14. (Con t inued )  
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Figure 15. Lake S t .  Cl a i  r -St .  C la i  r River  drainage basin show- 
i n g  l o c a t i o n  o f  p r e c i p i t a t i o n  and water l e v e l  gages. 

Table 9. 
veloci$y 
C la i r .  

S t .  C l a i r  R i ve r  f low time and 
from Lake Huron t o  Lake S t .  

S ta t l on  Tf me Distance Ve loc i t y  
( h r )  (km) (km/hr) 

Lake Huron 0.0 

Blue Water Br ldge 0.1 

Black R iver  0.9 

Stag I s l a n d  4.4 

St .  C l a i r  C i t y  6.0 

Marine C i t y  9.8 

Roberts Landing 12.0 

Algonac Lt ,  12,5 

St. C l a i r  C u t o f f  17.9 
J F M A M J J A S Q  N O  1.1  Lake S t ,  G f a i r  21.1 60.5 

Figure 16. Mean monthly discharge s f  the  
St, C l a i r  R i ve r  1900-1988. a ~ a t a  source: Derecki (1983). 



Figure 17. Locat ion map of St .  C l a i r  D e l t a  d i s t r i b u t a r y  channe l s  
showing average  d i s c h a r g e  ( c u b i c  me te r s  p e r  second) and f low d i s t r i -  
b u t i o n  ( p e r c e n t  of t o t a l  ) . 



permanent l o w e r i n g  o f  t h e  l a k e ' s  l e v e l .  
The  i m p a c t  o f  t h e s e  c h a n n e l  c h a n g e s  
r e s u l t e d  i n  t h e  l ~ ~ ~ r i n g  o f  t h e  L a k e  
M ich igan  and Lake Huron wa te r  l e v e l s  by 
0.27 m. T h f s  d e p t h  s u p e r f  mposed on t h e  
combined areas o f  Lakes Mfchlgan and Huron 
r e p r e s e n t s  a  permanent  w a t e r  l o s s  of 32 
km3 o r  n ine  t imes g r e a t e r  than t h e  volume 
o f  Lake St. Cl a i r .  

Lake l e v e l  changes and the f  r du ra t i on  
p lay  an important  r o l e  i n  t h e  character  o f  
L a k e  S t .  C l a i r ,  i t s  s h o r e l i n e  and i t s  
wetland connnunities. I n  general r h igh and 
s tab le  water l e v e l s  a r e  most b e n e f i c i a l  t o  
t h e  f i s h  stock o f  t h e  lake  whereas low and 
s tab le  o r  u n s t a b l e  c o n d i t i o n s  a r e  l e a s t  
des f  r a b l e  f rom an e c o l o g i c a l  standpoint.  
C o n v e r s e 1  y  h f  g h e r  w a t e r  l e v e l s  when 
comb ined  w l  t h  s t o r m  e v e n t s  encourage 
h i g h e r  f l o o d  f r e q u e n c l e s  and c o a s t a l  
e r o s i o n .  The we t l and  communities o f  Lake 
St, C l a l r  respond t o  l o n g e r  t e r m  w a t e r  
changes and hence a d j u s t  t o  such changes 
over time. 

A l l  t h e  G r e a t  Lakes i n c l u d f n g  Lake 
S t .  C l a i r  e x p e r i e n c e  changes i n  wa te r  
l e v e l s  due t o  s h o r t - t e r m  and l o n g - t e r m  
weather and c l  i m a t  i c  condi t ions.  Short- 
te rm changes are  due t o  s t e e p  b a r o m e t r i c  
g rad ien ts  which may a l t e r  water l e v e l s  f o r  
a  p e r i o d  o f  s e v e r a l  hours.  D u r i n g  t h e  
w in te r  months i c e  j a m s  on t h e  St .  C l a f  r 
R i v e r  cause a b r u p t  wa te r  l e v e l  changes 
whlch may span a  p e r i o d  of 60 days. Long- 
t e r m  o s c i l l a t i o n s  a r e  r e l a t e d  t o  w a t e r  
l n p u t  and w a t e r  o u t p u t  t o  and from Lake 
S t ,  C l a i r .  Such w a t e r  l e v e l  changes ,  
a l  though non-cyc l  l c r  occur over a  per iod  
o f  several years. Pre-1946 s to rm su rges  
o n  Lake  S t ,  C l a i r  and i t s  c o n n e c t i n g  
channels have been documented by Murty and 
Polavarapu (197.5 1 armd a r e  summarlzed i n  
Tab1 e 10. As n o t e d *  t h e  water l e v e l s  a t  
Tecumsshp On ta r i o  d ropped  0,5 m and r o s e  
a g a i n  o v e r  a  p e r f o d  Qf  approx imate ly  48 
hours. S h o r t - t e r m  dep ress ions  o f  wa te r  
l e v e l s  due t o  s t o r m  surges p r o v i d e  some 
f lush ing  a c t i o n  and t h e  f n t r o d u c t i o n  o f  
n u t r f e n t s  fraorn t h e  marshes f n t o  t h e  bays 
and  n e a r s h o r e  w a t e r s  o f  t h e  l a k e .  
However, t h e  event  i s  probably Loo short -  
1  i v e d  t o  have s i g n i f  p o s l t f v e  impact, 

Table 118, Record storm surge l e v e l s  of 
Canadian s ta t i ons  o$ Lake S t .  Cla i r  and 
connecting channel s. 

Maximum 
Date o f  Observat l on surge 

storm s t a t  i on (m) ( f t )  

November1913 F i g h t i n g  Is landb 0.48 1.56 
I s l e  Aux Pechesc 0.28 0.91 

October 1916 F i g h t i n g  1s1 andb 0.71 2.34 
I s l e  Aux Pechesc 0.51 1.67 

November 1940 ~ecumsehd 0.54 1.76 

a ~ a t a  source: Murty and Pol  avarapu (19751, 
b ~ o w e r  D e t r o i t  River. 
'upper D e t r o i t  River. 
d ~ a k e  St. C l a i r .  

I c e  jams are a  common occu r rence  on 
t h e  S t .  C l a i r  R i v e r  and  o f t e n  d e t a f n  
I n t e r l a k e  shipping. I c e  blockades usua l l y  
f o r m  i n  February  and M a r c h  i n  t h e  S t .  
C l a i r  R i v e r  and o c c a s i o n a l l y  extend i n t o  
Ap r i l .  On t h e  average, i c e  r e t a r d s  t h e  
f l o w  b y  16%. Ice- jamming reduces t h e  
o u t f l o w  f rom Lake Huron and r a i s e s  i t s  
l e v e l  and a t  t h e  same t ime  reduces i n f l o w  
t o  Lake S t .  C l a i  r and l o w e r s  i t s  l e v e l .  
D u r i n g  t h e  w in te rs  o f  1904-1905 and 1905- 
1906, average i n f l o w  f r o m  Lake Huron t o  
Lake E r i e  decreased 1,369 m3/sec over 4  
months and 904  m3 /sec  o v e r  5 months ,  
respect ive1 y  (Bajorunas 1968). 

D u r i n g  t h e  s p r i n g  o f  1984, s t r o n g  
w inds  f rom t h e  e a s t  and n o r t h  caused a  
massf  v e  f c e  j a m  s o u t h  o f  Lake Huron. 
Brash i c e  c logged  t h e  62.5 km-course o f  
t h e  S t .  C l a i r  R i v e r  u n t i l  t h e  end o f  
Ap r i l ,  and jams o f  3 m o r  more i n  dep th  
developed a t  t h e  apex o f  t h e  delta. Th is  
s i t u a t i o n  l e d  t o  a  decrease i n  d i s c h a r g e  
f r o m  t h e  mon th l y  average o f  5,096 m3/sec 
f o r  Apr i l ,  t o  about 2,50Om3/sec below t h e  
p r o j e c t e d  mean volume f o r  t h a t  month. 
Also t h e r e  was a  subsequent  d rop f n  t h e  
Lake St .  C l a i r  wa te r  l e v e l  by  more than 
0.76 m from March 2 1  t o  A p r i l  19 t 175.40 
t o  174.59 m above mean sea l eve l ) .  I n  t h e  
c l o s i n g  days o f  A p r t l  a  convoy o f  Canadian 
and A m e r f c a n  i c e  b r e a k e r s ,  a l d e d  by  
unseasonably m i l d  t empera tu res  b r o k e  t h e  
i c e  jam a t  t h e  upper end o f  t h e  S t .  C l a i r  



Del ta  al lowing 70 vessels anchored I n  t h e  A l t h o u g h  n o n - c y c l i c r  t h e  water l e v e l s  
D e t r o l t  R i v e r  and western Lake E r j e  t o  appear t o  have a h igh  water  p e r i o d  and a 
enter the upper Great Lakes. low water period every 7 t o  10 years. 

Figure 18 records the impact o f  t h i s  
i c e  jam i n  t h e  S t ,  C l a f r  R ive r  on t h e  
water l e v e l  o f  Lake St.  C l a i r .  Water 
l eve l  began i t s  drop i n  mid-March 1984 and 
d i d  not recover u n t i l  the end o f  May 1984. 
The change (March 15-Apr i l  15) i n  t h e  
w a t e r  l e v e l  was 0.48 m. I c e  j a m s  
temporari ly a1 t e r  the  hydrology o f  the St, 
C l  af r Delta, As the d is t r ibu ta ry  channels 
a r e  jammed, r i v e r  w a t e r  i s  d i f f u s e d  
through crevasses i n t o  t h e  bays (e.g., 
Muscamoot and Goose Bays), This process 
i s  r e s p o n s i b l e  f o r  s u b a q u e o u s  
s e d i m e n t a t i o n  i n  t h e  b a y s  and t h e  
subsequen t  c o l o n F z a t f o n  by  emergent  
wet1 ands. 

February 1984 was r e l a t i v e l y  m i ld  and 
Lake  Huron was l a r g e l y  i c e  f r e e r  b u t  
except ional ly co ld  weather followed and an 
i c e  cover formed over t h e  e n t i r e  l a k e  by 
about March 1 0 t h  (Great Lakes Commfssion 
1984). By the outset o f  Apr i l ,  Lake Huron 
again was n e a r l y  I c e  f r e e  except a t  t h e  
head o f  t h e  S t .  C l a i r  R i ve r .  Unusually 
s t r ong  and p e r s i s t e n t  w e s t e r l y  w inds  
reduced t h e  movement o f  d r i f t i n g  i ce  down 
the  r i v e r  by blowing much o f  i t  from t h e  
s o u t h  end  o f  L a k e  H u r o n  e a s t w a r d .  
Following t h i s  event? winds from t h e  e a s t  
and n o r t h  forced the jumbled i ce  i n t o  t he  
S t .  C l a i r  River over a 3-week period. 

Water l eve l  data f o r  Lake S t .  C l a i r  
have been c o n t i n u o u s l y  recorded s i n c e  
1899. The long-term leve l  o f  t h e  1 ake i s  
determined by the  inputs o f  water derived 
f r o m  r u n o f f  o r  i n f l o w  o f  c o n n e c t i n g  
channels and t r i b u t a r i e s  t o  the lake, and 
p r e c i p i t a t i o n  over  t h e  l a k e  basin.  The 
outputs are due t o  evaporatfon and outf low 
v i a  t h e  D e t r o i t  R iver .  Long-term l a k e  
l eve l  osc f l l a t i ons  are usual ly  thought  o f  
a s  v o l u m e t r i c  c h a n g e s  w h i c h  a r e  
c l  ima t i ca l l y  control led.  Changes i n  1 ake 
storage may be sumnarlzed as follows: 

Water voTume and l a k e  l e v e l  o f  a 
given 1 ake bast n are dependent upon wate r  
i n f l o w  and 0u t f 10wr  wh i ch  i n  t u r n  i s  
determined by f a c t o r s  such as overwater  
p r e c i p i t a t i o n ,  evaporat ionr  and r u n o f f  
fn to  and out of the  basin. These f a c t o r s  
are in te r re la ted  and may be expressed as a 
t r a n s f e r  f ac to r .  The t rans fe r  f ac to r  i s  
d e f i n e d  as  t h e  sum o f  t h e  m o n t h l y  
p r e c i p  i t a t i  o n  and r u n o f f  m inus  t h e  
evaporatfon and change i n  storage. QuInn 
( 1976 1 computed t rans fe r  fac tors  f o r  Lake 
S t .  C l a i r  (Table 11). The runof f  from the 
land i n t o  Lake St. C l a i  r was determined 
independent ly  f o r  t h e  f o u r  r i v e r  basins 
d r a i n i n g  f n t o  t h e  lake.  They a r e  t h e  
Be1 1 e, C l  i n ton ,  Thames, and Sydenham 
Basins (F i gu re  15). On an annual b a s i s  
and dur ing  most o f  the year, t he  t rans fe r  
fac to r  i s  most sens i t i ve  t o  r uno f f .  The 
e v a p o r a t i o n  however, becomes t h e  most 
i m p o r t a n t  f a c t o r  d u r i n g  t h e  h i g h  
evaporation months o f  August t o  October. 

F i g u r e  1 8  records t h e  water l e v e l  
h i s t o r y  o f  Lake St. C l  a i  r f o r  1900 t o  
1984.  The  l a k e  has a mean m o n t h l y  
e levat ion of 174.87 m above sea l e v e l  a t  
Fa ther  Pofnt ,  Quebec i n  t h e  G u l f  o f  St* 
Lawrence.  However ,  a s  t h e  f i g u r e  
demonstrates, t h e  water l e v e l  i n  recent 
years  has been we1 1 above t h i s  1 eve1  . 
Table 12 indicates t ha t  t h e  lake has had a 
record  h i gh  o f  175,64 m (June 1973) and a 
record low o f  173.71 m o r  a range o f  1.93 
m. Low water o r  char t  datum i s  174,25 m. 
T h i s  l e v e l  i s  a f i x e d  r e f e r e n c e  p l a n e  
se lec ted  by t h e  Un i ted  States and Canada 
so t h a t  t h e  m a j o r i t y  of t ime  d u r i n g  t h e  
nav iga t i on  season t h e  Great Lakes actual 
l eve ls  w i l l  be above t h a t  plane. Water 
l e v e l s  are lowest i n  February; based on a 
1900-1983 mean, the l e v e l  f o r  t h i s  month 
i s 174.47 m. HIghest water leve ls  Bccur 
i n  July; t h e  1900-1983 average f o r  t h i  s 
month i s  174.94 m. 

S = (P-E) + (1-0) L a k e  l e v e l  f l u c t u a t i o n s  o c c u r  
na tu ra l l y  on Lake St. CSai r  and a r e  t h e  

where: S = change i n  storage volume r e s u l t  o f  pro longed pe r i ods  o f  p rec ip -  
P = p rec i p i t a t i on  i ta t ion ,  drought* storm-related events, o r  
E = evaporation i c e  conditions, The lake leve l  depends on 
I = in f low the b a l a n c e  between t h e  t o t a l  w a t e r  
0 = outf low supplied t o  t he  lake from prec ip f ta t ion  on 
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Figure 18. Hydrograph of iake S t ,  Clair and Lake E r i e  water levels,  showing 
the impact o f  a record ice jam in the St. Clair Delta in March and April 1984 
(U,S, Army Corps of Engineers), Note the s l igh t  dip i n  iake Erie water levels 
in May in response to the St.  Clai r Be1 ta  ice jam. 



Table 11. take St, C l a i r  average monthly water t ransfer  fac tor  parameters. 
a 

Cubic &rs oar ntglrth 
Parameter J F M A  M J J A  S O N D  

Prec ip i ta t fon  23 20 25 34 25 34 3 1  31 25 23 28 28 
Tr ibutary runof f  156 190 342 277 136 62 37 28 25 42 79 153 
Lake evaporation 25 25 11 8 48 37 34 45 59 5 1  42 20 
Change i n  storage -76 42 79 42 17 17 -6 -17 -37 -48 -25 14 

a Data source: Quinn (1976). 

Table 12. Water level  data f o r  Lake St .  Clair .  
a 

Parameter Meters Feet Remarks 

Low water datum 174.25 571.70 
Month1 y water leve ls  

Average 174.87 573.72 1900-1983 data base 
Record high 175.64 576.25 June 1973 
Record low 173.71 569.90 January 1936 

a ~ a t a  source: U.S. Army Corps o f  Engineers. 

t h e  l ake  and r u n o f f  from the surrounding 
dra inage area and t h e  amount o f  w a t e r  
discharged f rom t h e  D e t r o i t  R ive r  o r  by 
evaporat ion.  The r e l a t i o n s h i p  between 
long-term changes i n  l a k e  l e v e l  and the  
c l ima t i c  events which cause the changes i s  
usual ly qu i te  evident, even though t h e r e  
i s  general ly a t ime l a g  i n  the  response o f  
1 ake l e v e l s  t o  imbalances i n  the  system. 
The high leve ls  o f  1973 on Lake S t .  C l a i r  
as w e l l  as t h e  o t h e r  Great Lakes were 
a t t r i bu ted  t o  a 16% inc rease  I n  p rec i p -  
i t a t i o n  and a 24% decrease i n  evaporation 
d u r i n g  1972 compared t o  t h e  l o n g - t e r m  
a v e r a g e  f o r  b o t h  p r e c i p i t a t i o n  and 
evaporat I on. 

2.4 WATER QUALITY 

Lake S t .  C l a i r  waters a re  u s u a l l y  
we11 mSxed by both hor izonta l  and vert-ical 
currents. The two major fac tors  a f fec t fng  

cur rent  patterns and water qua l i t y  are the 
f l o w - t h r o u g h  c u r r e n t  o f  t h e  St. C l a i r  
River (Figure 19) and t h e  seasonal water 
temperature changes, Variat ions i n  water 
density, l a rge ly  caused by changes i n  t h e  
water temperature and amount o f  suspended 
s o l  ids, and w inds  a f f e c t  t h e  1 a t e r a l  
movement a t  t h e  l a k e  surface, whi le t u r -  
b u l e n c e  c r e a t e d  by  s torms,  and r e c -  
r e a t i o n a l  and commercfal boa t fng  act lv -  
i t i e s  a f f ec t  the  v e r t i c a l  movement (U.S. 
Army Corps o f  Engineers 1974). 

Water q u a l i t y  i n f o rma t f on  f s  pre- 
sented here f n terms o f  n u t r l e n t s  and 
contaminants which e i t he r  enhance o r  1 i m i t  
wet land product iv l ty .  O f  par t i cu la r  con- 
cern are phosphorusr n l t r ogen r  df s so l  ved 
oxygen, a l k a l  l n f t y t  pH, major fans, t race  
elementst and t o x i c  o rgan ic  compounds. 
Tharmaf structure, ! fght penetration" and 
sediment load are also addressed f n terms 
o f  Impac t s  t o  w e t l a n d  s t a b 4 l l t y  and 
habftats, 



Figure 19. Dis t r ibu t . ion  o f  s p e c i f i c  conductance i n  Lake St. C l a i r  
(B r i cke r  e t  a l .  1976). Note low values from the  S t .  C l a i r  River  and 
h igh  values a t  the  mouths o f  the Thames River  and C l i n ton  River. 

I n  March 1970 t h e  Canadlan government 
announced t h a t  5,500 k g  o f  c o m m e r c i a l l y  
c a u g h t  w a l l e y e  I L !LjAB@) 
from Lake St. C l  a f r  were destroyed because 
o f  mercury con tamina t i on .  I n  t h e  e a r l y  
19705s mercury  concen t ra t i ons  i n  f i s h  i n  
Lake S t ,  C l a i r  ranged from 0.3 ppm t o  over 
5 ppm, t h e  h i g h e r  v a l u e s  were  u s u a l l y  
f ound  i n  l a r g e r  f i s h  and i n  p r e d a c i o u s  
spec ies .  The U n i t e d  S t a t e s  and Canada 
adopted a concent ra t ion  o f  0.5 ppm i n  f i s h  
musc le  as a maximum f o r  commercial f i sh ,  
Both governments c losed commerci a1 f i s h i n g  
i n  t h e  S t .  C l a i r  River  and Lake St, C l a i r ,  
as w e l l  as wal leye f i s h i n g  i n  western Lake 
Er ie,  

The mercury  p o l l u t i o n  was l a r g e l y  
a t t r i b u t e d  t o  waste discharges from ch lo r -  
a l k a l i  p rocess ing  p lan ts  on t h e  St. C l a i r  
and D e t r o i t  R ivers  wh ich  began o p e r a t i o n  
i n  t h e  1950s. Severa l  o f  t h e s e  p l a n t s  
ceased opera t ion  i n  t h e  e a r l y  1970s and as 
a r e s u l t ,  m e r c u r y  c o n t a m i n a t i o n  has  
d i m i n i s h e d  i n  t he  environment. Levels o f  
t o t a l  mercury I n  wal leye c o l l e c t e d  i n  Lake 
S t .  C l a i r  have d e c l  jned f rom a mean o f  
over 2 ppm i n  1970 t o  0.5 ppm i n  1980. I n  
wes te rn  Lake Erie, 1968 l e v e l s  o f  mercury 
were 0.8 ppm as compared t o  o n l y  0.3 pprn 
i n  1976. The rap id  environmental response 
subsequent t o  t h e  cessat ion o f  major p o i n t  
sou rce  d fscharges a t  Sarnia, Ontario, and 



a t  Wyandotte, Mfchlgan* can be a t t r i b u t e d  
t o  rap id  f l u s h i n g  by t h e  St. C la i r -De t ro l t  
R i v e r s  s y s t e m  a n d  r a p i d  b u r i a l  o f  
contaminated sediments by t h e  high load o f  
suspended sediment  d e l i v e r e d  t o  wes te rn  
Lake Er ie.  

Few c o m p r e h e n s i v e  w a t e r  q u a l i t y  
i nves t i ga t i ons  have been conducted on Lake 
S t .  C l a i r  and measurements i n  t h e  c o a s t a l  
we t l ands  a r e  r a r e .  The M ich igan  Water 
Resources Commission (1975) conducted a 
tho rough  s t u d y  o f  t h e  open lake and bays 
along t h e  American sho re  i n  1973 ( T a b l e  
13 1 and Leach (1972, 1973, 1980) reported 
on cond i t ions  i n  CanadIan wa te rs  ( F i g u r e  
20) .  The U.S. E n v l  ronmenta l  P r o t e c t i o n  
Agency operates a n a t i o n a l  wa te r  qua1 i t y  
d a t a  s t o r a g e  a n d  r e t r i e v a l  s y s t e m  
(STORET). Pub1 ished and unpubl i shed Lake 
S t .  C l a i r  d a t a  f r o m  s e v e r a l  Federa l ,  
state, p rov inc ia l ,  and l o c a l  agencies have 
been e n t e r e d  i n t o  t h i s  STORET f o r  t h e  
p e r i o d  1967-1982. Table 14 represents a 
r e t r i e v e d  STORET summary (mean values) f o r  
22 parameters measured i n  t h e  St .  C l  a i r  
R fve r ,  Lake St. C la i r ,  D e t r o i t  River, and 
western Lake E r i e  dur ing  t h i s  period. 

Mudroch and Capobianco (1978) d e t e r -  
mfned t h e  geochemical  composit ion o f  t h e  
s u r f a c e  sediments (0 t o  20 cm) and t h e  
ove r l y i ng  rnarshwater i n  B i g  Po in t  Marsh on 
t h e  O n t a r i o  s h o r e  o f  L a k e - S t .  C l a O r  
(Tables 15 and 16). M i n e r a l o g i c a l l y  t h e  
sed irnents a r e  composed o f  ill i t e ,  quartz, 
c a l c l t e ,  d o l o m i t e ,  K - f e 1  d s p a r s ,  
p l  agi  o c l  ose, and m i  nor  amounts o f  ch l  o r i  t e  
a n d  k a o l  i n i t e .  T h e  w a t e r  c a n  b e  
character ized as hard w i t h  h igh  l e v e l s  o f  
n u t r i e n t s .  The pH o f  t h e  marsh sediment 
i s  about 7.0, w h i l e  t h e  o v e r l y i n g  w a t e r  
ranges between 8.1 and 8.4. 

T w o  i m p o r t a n t  f e a t u r e s  w h i c h  
determine t h e  wa te r  t e m p e r a t u r e  o f  Lake 
St .  C l a i r  a r e  t h e  l a k e ' s  shallowness and 
t h e  h i g h  f l o w  r a t e  f r o m  L a k e  Huron .  
Because o f  t h e  s h a l l o w  depth o f  Lake St .  
C l a i r ,  it warms qu i ck l y  i n  t h e  s p r i n g  and 
c o o l s  r a p i d l y  I n  t h e  f a l l .  The l a k e  i s  
t o o  s h a l l o w  t o  s t r a t i f y  t h e r m a l l y ;  
t h e r e f o r e  t h e  w a t e r  i s  a l m o s t  a lways  
iso thermal  f r o m  s u r f a c e  t o  bottom, The 
h i g h  i n f l o w  f r o m  t h e  S t .  C l a l r  R i v e r  

Table 13. Lake S t .  C l a i r  water q u a l i t y  measurements fo r  1973 growing season, a 

Parameter 
-lake-- 

July Aug Sept July Aug Sept July Aug Sept July Aug Sept 

Secchi depth (rn) 1.9 1.6 2.2 2.0 1.3 1.7 2.0 1.4 2.3 0.6 0.9 1.2 
Conductlvlty(umohs/cm) 184 203 202 181 213 205 183 214 210 340 273 274 
Temperature OC 19.1 22.3 21.2 19.4 23.5 22.0 20.2 22.9 21.9 23.3 24.6 21.1 
pH (units)  8.6 8.6 8.8 8.5 8.7 8.8 8.6 8.6 8.7 8.5 8.8 8.5 
DIssolvedoxygen(mg/l) 8.1 8.2 7.2 8.3 8.7 7.7 6.9 8.0 7.6 8.5 7.9 7.1 
Suspendedsollds (mg/l) 7.3 11.6 1.8 4.0 12.0 15.0 4.3 6.9 12.0 35.7 11.7 26.3 
Dlssolved sol ids  (mg/lf 127 129 -- 127 120 -- 127 124 - 218 153 -- 
Alkalfnlty (mg/l) 80 81 90 78 80 88 80 80 90 114 90 108 
Hardness (mg/l) -- -- 95 -- -- 95 -- - 96 -- -- 119 
Sodium ( t ~ ~ / l )  5.1 6.1 5.2 5.1 5.5 5.3 5.3 5.6 5.1 15.8 9.7 12.7 
Magnesium (mg/l) 7.8 -- 8.0 8.0 - 7.9 8.0 - 8.0 12.1 -- 9.8 
Calclurn (rng/l) -- 26.1 24.9 -- 26.0 25.0 -- 26.9 25.3 -- 31.0 31.7 
Potassfurn (mg/l) -- -- 0.8 -- -- 0.9 -- -- 0.8 -- -". 1.6 
Sulfate (mg/l) -- 18.8 17.7 -- 17.5 17.5 -- 18.7 17.9 -- 19.1 22.9 
Phosphorus, total (ug/ l )  29 60 15 <10 (10 4 0  34 12 (10 276 100 210 
P h o s p h o r u s , s o l u b l e ( ~ l g / l )  17 (10 (10 (10 <I0 (10 18 (10 (10 160 44 133 
Nitrate (yg / l )  277 295 203 260 235 225 275 240 195 470 212 365 
Amnonia (ug/ l )  30 29 10 10 25 15 32 31 410 322 95 345 
Organicnltrogen(ug/l) 383 330 331 265 285 285 404 371 150 862 590 491 
Sil  tca (mg/l) -- 1.48 2.25 -- 2.05 2.35 -- 2.34 2.34 - 2.77 3.40 
Chlorophyll p (ug/ l )  4.16 0.93 1.79 3-08 0.58 1.07 3,69 0.29 1.11 31.45 8.95 12.20 

a ~ a t a  source: Michlgan Water Resources Comlsslon (1975). 



Figure 20. Mean water  q u a l i t y  c h a r a c t e r i s t i c s  o f  Lake St. C l a i r  from A p r i l  
through November 1971 (Leach 1972). Note inc reased  concen t ra t ions  near t h e  
southeast  shore i n  t h e  v i c i n i t y  of the Thdmes R i v e r  mouth. 



Table 14. Chemical and physical  characger is t i cs  o f  Lake St .  C l a i r  and 
adjacent waters (mean record 1967-1982). 

Parameter 
St. ~ l a i r b  Lake D e t r o l t  Western 

Uni t s  R i ve r  St. C l a i r  R iver  Lake E r i e  

Temperature OC 
D i  ssolv%fed oxygen mg/l 
D,O, s a t u r a t i o n  % 
Conduct iv i ty  (250C) umohs/cm 
Df ssol  ved so1 f ds mg/ 1 
Suspended so l  i d s  mg/l 
Secchi depth m 
A l k a l i n i t y  mg/l 
pH u n i t s  
Calcium, t o t a l  mg/l 
Magnes i um, t o t a l  mg/ 1 
Potassi  um, t o t a l  mg/l 
Sod 1 urn, t o t a l  mg/l 
Chloride, t o t a l  mg/l 
Sulfate, t o t a l  mg/l 
F l  u o r i  de, t o t a l  mg/l 
S i l i ca ,  d issolved ug/1 
Ammonia, d issolved ug / l  
N i t r a t e  + N i t r i t e ,  diss. ug / l  
Phosphorus, t o t a l  u g / l  
Phosphorusr d issolved ~ g / l  
Chlorophyl l  p ug/ l  

a ~ a  t a  source: U.S. Environmental Pro tec t ion  Agency, Large Lakes 
Stat ion,  Grosse I l e ,  Michigan, STORET Data System. 

b ~ e a d i n g s  do not r e f l e c t  mean concentrat ion a t  the  S t .  C l a i r  River  due 
t o  l oca t i on  o f  sampling s ta t i ons  near major o u t f a l l  s. 

( a p p r o x l m a t e l  y  5,000 m3 /sec )  q u i c k 1  y 
rep1  aces t h e  water i n  t he  l ake  w i t h  water 
from Lake Huron ( i n  about 9 days). Thus, 
t h e  temperature o f  Laks Huron has a st rong 
i n f l u e n c e  on t h e  temperature o f  Lake St. 
C l a i r .  Th is  i s  espec ia l l y  t r u e  i n  Anchor 
Bay and a long  t h e  Michigan shore because 
most o f  t h e  water from the  St. C l a i r  R iver  
e n t e r s  t h e  l a k e  v i a  t h e  N o r t h  Channe l  
(33%) a t  t h e  eas t  s i de  o f  t h e  bay. 

L j k e  Lake Er ie,  h ighest  temperatures 
a r e  reached i n  August. On t h e  O n t a r t o  
shore, w a t e r  t empera tu res  average about 
240C i n  J u l y  and August. On t h e  western  
s i d e  o f  t h e  lake, which i s  in f luenced more 
b y  t h e  c o o l  w a t e r  f r o m  L a k e  Hurcn,  
temperatures are  u s u a l l y  2 t o  40C lower .  
Temperatures a r e  h i g h e s t  i n  t h e  shallow 

coasta l  wetlands, reaching over 28OC, The 
t y p f c a l  summer thermocl i n e  o f  deeper 1 akes 
i n  t he  Great Lakes system i s  n o n - e x l s t e n t  
i n  Lake S t ,  C la i r .  

I n  t h e  f a 1  1, t h e  1 ake I s  warmest on 
t h e  western sfde* a reversa l  o f  t h e  summer 
pat tern.  Water i s  coo les t  i n  t h e  shal lows 
near shore and warmest n e a r  t h e  mouth o f  
t h e  S t .  C l a i r  R i ve r .  N o r m a l l y  Lake St, 
C l a i r  Ss almost completely i c e  covered by 
mid-January. I c e  break-up usua l l y  occurs 
i n  e a r l y  March. 

Mid-summer water transparency (Secchf 
dfsc)  I n  Lake St .  @ l a i r  n o r m a l l y  ranges 
from 0,7 m along t h e  Michigan shore t o  2,6 



Table 15. Geochemical composition of 
sediments i n  B+g Point Marsh, Ontario, on 
Lake St. C la i r .  

Table 16. Chemical composition of waterd 
B i g  Point  Marsh, Ontario, Lake St. C la i r .  

Parameter 
Parameter Concentration ( ppm) 

Sf02 

A1 203 

F e 2 ~ 3  

CaO ( % I  

Na2o 

K20 

T i02 

MnO 

'205 

C r 

N i  

Cd 

Co 

Cu 

Organic C ( % I  

Min. Max, 
(mg/l) (mg/l) 

Ammonia-Nitrogen 
Ni t rate-Ni t rogen 
Nitrogen, K j  
Phosphorus, t o t a l  
Potass 1 urn 
Cal c l  um 
Magnes f urn 
Sod i um 
A l k a l i n i t y ,  t o t a l  

Lead 
Zinc 
Chromi um 
Copper 
Cadmi um 

63.7 a  Data sou rce :  Mudroch  and C a p o b i a n c o  
(1978). 

93.7 

%ata source: Mudroch and Capobianco 
(19781, 

km near  t h e  c e n t e r  o f  t h e  l a k e  t o  0.6 m 
along t h e  Ontar io  shore (Herdendorf 1970). 
I n  t h e  nearshare reg lons  t h e  wa te r  c o l o r  
i s  brownish-green. Water i n  t h e  v f c i n f t y  
o f  the nav iga t i on  channel I s  a d $ s t i n c t t v a  
cloudy-green b u t  near  t h e  c e n t e r  o f  She 
l a k e  away f r o m  t h e  channel  i s  a c f e a r -  
green. 

The minimum i n t e n s i t y  o f  subsu r face  
l i g h t  t h a t  permits photosynthesls has been 
s e t  a t  1.0% o f  i n c i d e n t  s u r f a c e  l i g h t  
(Cole 1983). The zone o f  a  l a k e  f rom t h e  
s u r f a c e  t o  a  depth  a t  which 99% o f  t h e  
surface l i g h t  has been absorbed i s  known 
as t h e  e u p h o t i c  zone. Below t h i s  depth, 
primary p r o d u c t i v i t y  i s  cons ide red  n  i 1. 
The r e l a t i o n s h i p  be tween  Secch i  d i s c  
t ransparency  and t h e  t h i c k n e s s  o f  t h e  
e u p h o t i c  zone p r o v i d e s  a  s i m p l e  way t o  
e s t i m a t e  t h e  p h o t o s y n t h e t i c a l l y  a c t i v e  
r e g i o n  o f  a  lake.  A r a t i o  o f  3.0 t o  3.5 
has been e m p i r i c a l l y  de termined f o r  t h i s  
relationship, y i e l d i n g  a  th ickness o f  the 
euphotfc zone rangfng from about 2 m along 
t h e  shores t o  over 9 rn near t h e  c e n t e r  o f  
t h e  lake, 

N i t r o g e n *  phosphorus, and s i l  i c a  are 
t h e  primary l f m f t i n g  n u t r i e n t s  i n  Lake S t .  
C la i r .  Bicarbonate a l k a l i n t t y  i s  i n  such 



g r e a t  abundance (>80 mg/l) t h a t  a source 
carbon f o r  pr imary p r o d u c t i v i t y  i s  never  
l a c k f n g .  R e l a t i v e l y  h i g h  n i t r a t e  (>400 
vg /1 I t  phosphorus (>ZOO u g / l )  and s i l i c a  
(>2 mg/7) i n  t h e  nearshore waters o f  t h e  
we t l and  bays  ( T a b l e  1 3 )  r e f l e c t  h i g h  
watershed inputs, Leach (1972) a l so  found 
h i g h  n u t r i e n t  l o a d i n g  f r o m  t h e  Thames 
R i v e r  ( T a b l e  17) .  The m i d - l a k e  l o w e r  
c o n c e n t r a t i o n s  r e f l e c t  l o w  n u t r i e n t  
load ing  from Lake Huron water .  The mean 
Lake St. C l a i r  concentrat ions o f  n u t r i e n t s  
l i e  between v a l u e s  f o r  t h a  upper Grea t  
Lakes and t h o s e  o f  w e s t e r n  L a k e  E r i e  
( S c h e l s k e  and R o t h  197318 y i e l d i n g  a 
mesotrophic c l a s s i f i c a t i o n  f o r  t h i s  lake. 

On t h e  b a s i s  o f  w a t e r  c h e m i s t r y ,  
Leach (1980) i d e n t i f i e d  two d i s t i n c t  water 
m a s s e s  i n  L a k e  S t .  C l a i r :  1 )  a 
northwestern mass cons is t ing  p r i m a r i  1 y o f  
Lake Huron wa te r  f l o w i n g  f r o m  t h e  main 
channels o f  t he  St. C l a i r  R i v e r  and 2) a 
s o u t h e a s t e r n  mass o f  more s t a b l e  wa te r  
enriched by n u t r i e n t  loadings from Ontar lo  
t r i b u t a r i e s  and s h o r e l i n e  urban deve l -  
opment. The marg ins  o f  t h e  water masses 
s h i f t  according t o  t h e  wind d i  r e c t f  on and 

c h a r a c t e r i s t i c s  o f  t h e  t w o  wa te r  masses 
f o r  t h e  p e r i o d  1971-1975 i s  shown i n  
F igure  21. 

Because thermal s t r a t i f i c a t i o n  does 
n o t  o c c u r *  due t o  t h e  lake 's  shallowness 
and r a p i d  f l o w  o f  t h e  S t .  C l a i r  R i ve r ,  
d i s s o l v e d  oxygen  c o n c e n t r a t i o n s  a r e  
usua l l y  a t  saturat ion.  I n  B rad ley  Marsh, 
n o r t h  o f  t h e  Thames R i v e r ,  Mudroch and 
C a p o b i a n c o  ( 1 9 7 8 1  f o u n d  t h a t  t h e  
t e m p e r a t u r e  a n d  d i s s o l v e d  o x y g e n  
s a t u r a t i o n  i n  m a r s h w a t e r  d u r i n g  t h e  
g r o w l n g  season  a r e  i n v e r s e l y  r e l a t e d  
(Figure 22), b u t  the 0, sa tu ra t i an  d i d  n o t  
fa1 l below 75%. The Lcoastal marshes are  
s h a l l o w  and w e l l  m i x e d  b y  w ind,  and 
consequent1 y t h e  wa te r  t e m p e r a t u r e  I s  
a f f ec ted  d i  r e c t l y  by a i r  temperature. The 
d iu rna l  temperature changes are 1 arge8 f o r  
e x a m p l e  i n  J u l y  1 9 7 6 ,  t h e y  f o u n d  
marshwater temperature a t  0600 hours t o  be 
20°C and a t  1500  h o u r s *  27%. These  
changes coupled w i t h  wind main ta in  h igh 0 
l e v e l s  I n  t h e  m a r s h w a t e r  d u r i n g  t h g  
summer. 

speed, b u t  t he -ove ra l l  d iscreetness of t h e  
d i s t r i b u t i o n  1s maintained dur ing  t h e  ice-  
f r e e  per iods o f  t h e  year ( April-December) . T h e  M i c h i g a n  W a t e r  R e s o u r c e s  
A c o m p r e s s i o n  o f  t h e  w a t e r  q u a l i t y  C o m m i s s i o n  ( 1 9 7 5 )  r e p o r t e d  t h a t  

Table 17. Comparison o f  cJemica1 cha rac te r i s t i cs  o f  Lake S t .  
C l a i r  and associated waters. 

De1 t a  Lake Thames 
Parameter ( u n i t s )  Channels S t .  C l a i r  R iver  

Chlorophyl l  3 ( v g / l )  1.2 
Pheopigments ( u g / l l  0.4 
Part. org. carbon (mg/1) 0.7 
Sol. react. phosphate (pg/1) 0.6 
Tota l  phosphate ( v g / l )  2.5 
N i t r a t e  ( p g / l )  17 8 
N i t r i t e  ( v g / l )  1.6 
Sol. react. s i l i c a t e  (mg/l)  0.3 
Tota l  a1 k a l  t n i t y  (mg/l) 87 
Sul f a t e  (mg/l)  15.3 
Chlor ide (mg/l)  8.1 

'Flat3 source: Leach ( 19721, 
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Figure 21. Charac te r i s t i cs  o f  Lake Huron 
water mass ( A )  and Ontar io nearshore water 
mass ( B )  i n  Lake S t .  C l a i r  from 1971 t o  
1975 (Leach 1980). So l id  l i n e  i s  mean 
water qua1 i ty f o r  each water mass and 
dashed l i n e  i s  p red i c t i on  based on a 
cent ra l  s t a t i o n  i n  each water mass. 

ch lo r tna ted  hydrocarbon c o n c e n t r a t i o n s  i n  
sedfments a r e  l ow  t h r o u g h o u t  t h e  l a k e .  
L i n d a n e ,  a l d r i n ,  e n d r i n ,  h e p t a c h l o r  
( d e t e c t f o n  l i m i t s  0 .001 m g / k g ) r  and 
chlorodane (de tec t ton  1 i m i  t 0.005 mg/kg) 
c o n c e n t r a t i o n s  were below detect ion, and 
d f e l d r f n  (de tec t i on  l i m l t  0.001 mg/kg) was 
only detected a t  a  few s t a t i o n s ,  t h e n  a t  
maximum l e v e l s  o f  only 0.006 rng/kg, DOE* 
TDE, and DDT (de tec t i on  1  Smit 0.002 mg/kgl 
were below de tec t i on  a t  most s ta t ions ,  b u t  
h i g h  c o n c e n t r a t i o n s  (0.039 mg/kg) were 
f o u n d  I n  L ' A n s e  C r e u s e  Bay  n e a r  t h e  
C l i n t o n  R f v e r  s p l l l w a y .  PCB ( d e t e c t i o n  
l i m i t s  0.05 mg/kg)  l e v e l s  were below 
d e t e c t f o n  i n  most nea rsho re  areas, b u t  
c o n c e n t r a t i o n s  ranged f rom 0.50 t o  1.10 
mg/kg near t h e  s p l l l w a y ,  i n d i c a t i n g  t h a t  
t h e  C l  i n t o n  R i v e r  i s  an important source 
o f  PCBfs. 

o Temperature 

# 

Apr ~ 6 y  , I  .lul Aug  Sep 1976 

Figure 22. Temperature and dissolved 
oxygen r e l a t i o n s h i p  i n  a  Lake S t .  C l a i r  
coastal wetland, near the mouth o f  t he  
Thames River, Ontar io (Mudroch and 
Capobianco 1978). 



3.1 PLANKTON 

P h v t o ~ l  Sessf 1  e  A- 

P l a n k t o n i c  and  s e s s f l e  a l g a e ,  
a l though n o t  as important as macrophytes 
i n  the  coas ta l  marshes9 a re  s i g n i f  i c a n t  
pr imary producers o f  organfc  ma t t e r  i n  
wetlands, converting t he  sun's energy i n t o  
chemical compounds t h a t  i n  t u r n  a re  used 
as food by animals and nonphotosynthetic 
mtcro-organisms. I n  t h e  nearshore and 
open waters o f  Lake S t .  C l a i r ,  however9 
a l ga  p r o d u c t i v i t y  dominates.  Phy to -  
p lank ton  p roduc t i on  and d i s t r i bu t i on  are 
fn f luenced  by sun1 i g h t ,  t empe ra tu re ,  
n u t r i e n t s ,  morphometry, water movementsr 
grazing by zooplankton, and other factors. 
Many inorganic elements a re  r equ i r ed  f o r  
a l g a l  c e l l  growthp i n c l  ud ing  n i t r ogens  
phosphorus, potassium, calcium, and i r on .  
Algae reproduce rap id ly  when phosphorus i s  
added t o  t h e  w a t e r 9  and c o n t i n u e  t o  
reproduce as more phosphorus i s  added. 
However, n i t rogen and other nu t r ien ts  must 
a l s o  be present i f  a lga l  production i s  t o  
contlnue, Recycling o f  nut r ients  w i th in  a  
marsh may be s u f f i c i e n t  t o  promote a l g a l  
blooms fo r  several years a f t e r  the i n i t i a l  
loadfng (Sawyer 1954). 

Pieters  (1893) was the f i r s t  botan is t  
t o  descr ibe  t h e  a lgae  o f  Lake S t .  C l a i r r  
l a rge ly  f rom t h e  marshes o f  Anchor Bay. 
He noted t h a t  over 60 species o f  green 
algae, l a r g e l y  desmids, were assoc ia ted 
w i t h  t h e  vascu la r  aqua t l c  p l a n t s  o f  t he  
coastal wetlands. W i  nner e t  a l e  (19701 
a n d  t h e  M i c h i g a n  W a t e r  R e s o u r c e s  
Commission (1975) have made more recen t  
s t u d i e s  o f  phytop lankton popula t ions i n  
On ta r i o  and Mich igan n e a r s h o r e  w a t e r s  
r espec t i ve l y .  The r e s u l t s  o f  these in-  
vest igat ions are summarized i n  Appendix C. 
Diatoms a re  t h e  most abundant forms o f  
p l  ank ton lc  algae i n  t he  surface waters o f  

the  lake. r mr and 
a re  impor tan t  genera throughout 

the  water column. Filamentous forms such 
as -r are common where so l  i d  sub- 
s t r a t e  i s  ava i lab le ,  w h j l e  S p $ r o q a a  i s  
found i n  open waters o f  t h e  marshes. 

The d i s t r i b u t i o n  o f  t h e  a l g a l  
pigment, ch lorophy l l  gr i n  Lake St .  C l a i r  
c a n  be used as an i n d i c a t o r  o f  t h e  
r e 1  a t i  ve  abundance o f  phytop lankton.  
Leach (1972) found t h a t  s t a r t i n g  a t  t h e  
d e l t a  channe ls ,  t h e  concen t ra t ions  o f  
ch lorophy l l  g and pheopi gments increase 
toward the  southeast (Figure 231, reaching 
t h e  h i g h e s t  l e v e l s  (20  p g / l )  f n  t h e  
marshes a t  the  mouth o f  t h e  Thames River .  

Figure 23. Concentration gradient o f  
algal  pfgments across Lake S t ,  C l a i r  from 
the St .  Clair Delta to the mouth of the 
Thames River (Leach 1372). 



The s t r o n g e s t  p o s i t f v e  c o r r e l a t ~ o n  was 
Found dur ing  t h e  spr ing  p lankton blooms. 

S I l  i c a  a l s o  has a  s t rong r e l a t i o n s h i p  
t o  t h e  p h y t o p l a n k t o n  composf t ion .  De- 
p l e t i o n  o f  s i l  l c a  toward  t h e  end o f  t h e  
summer g r e a t l y  reduces t h e  percentage o f  
d f  atoms i n  t h e  p h y t o p l a n k t o n  community. 
I n  t h e  southern p o r t i o n  o f  Lake St. C l a i r ,  
diatom concentrat ion f a l l s  from 95% o f  t h e  
t o t a l  phytoplankton p o p u l a t i o n  i n  May t o  
10% o f  t h e  p o p u l a t i o n  i n  J u l y .  Con- 
verse1 y, cyanophytas  (b1  ue-greens) i n- 
c rease  f r o m  0% o f  t h e  t o t a l  popu la t ion  i n  
May up t o  25% o f  t h e  p o p u l a t i o n  i n  J u l y  
(Leach 1972). 

The t e r m  per iphy ton genera l l y  r e f e r s  
t o  m i c r o f l o r a l  g r o w t h ,  p a r t i c u T a r 1  y 
s e s s i l e  algae, on submerged s u b s t r a t e .  
Mod i f i e r s  a r e  n o r m a l l y  used t o  i n d i c a t e  
t y p e  o f  s u b s t r a t e :  e p i p e l i c  - growfng on 
sediment; e p i l i t h i c  - g row ing  on rock ;  
e p i p h y t i c  - g row ing  on macrophytes; and 
e p f z o o i c  - g row ing  on a n i m a l s  ( W e t z e l  
1975). The p e r i p h y t o n  o f  wes te rn  Lake 
E r i e  c o n s i s t s  o f  p redominant1  y  1  l t t o r a l  
communi t fe~r  most commonly associated w i t h  
wet1 and v e g e t a t i o n ,  A grea te r  number o f  
species occurs i n  t h e  l i t t o r a l  zone t h a n  
i n  t h e  l l m n e t l c  zone o f  t h e  l a k e  due t o  
t h e  g r e a t e r  d i v e r s i t y  o f  h a b i t a t s  
a v a i l a b l e  i n  t h e  n e a r s h o r e  r e g i o n ,  
A l t hough  no d e t a l l e d  s t u d i e s  have been 
done i n  t h e  L a k e  S t .  C l a i r  we t l ands r  
M i l l i e  (1979 )  examined  t h e  e p i p h y t l c  
d i a t o m  f l o r a  o f  a q u a t i c  macrophytes f n  
marshes along t h e  s o u t h  s h o r e  o f  wes te rn  
L a k e  E r i e .  T h r e e  common s p e c i e s  o f  
wetland macrophytes were s tud ied  as hosts, 
nar row- leaved c a t t a i l  (w - u s t i  - 

w h i t e  w a t e r  l i l y  ( 
and swamp smartweed ( 

a), 1 5 7  w e r e  new 
ds. C e n t r l c  forms, 

were t h e  most common taxa, bu t  each marsh 
p o s s e s s e d  a  d l s t f n c t  f l o r a  a n d  
suecessJona1 p a t t e r n .  M i l l i e  a t t r i b u t e d  
t h i s  h e t e r o g e n e i t y  t o  t h e  diversity o f  
l i t t o r a l  h a b i t a t s  i n  t h e  m a r s h e s *  
p a r t i c u l a r l y  d i f f e r e n c e s  i n  chemica l  and 
phys ica l  factors,  Because o f  t h e  nearness 
and s i m i l a r i t y  o f  t h e  Lake E r i e  marshes t o  
t h e  we t l ands  a l o n g  t h e  O n t a r i o  shore of 

Lake St .  C l a j  r, comparab le  p e r i  p h y t o n  
communl t ies  would be expec ted  f o r  b o t h  
1  akes, 

I n  Lawrence Lake, M i c h i  g a n r  A1 1  en 
( 1971) measured t h e  annual n e t  product ion 
o f  aquat ic  macrophytes and t h e i r  a t t a c h e d  
a l g a l  forms. He found t h a t  t h e  ep iphy t i c  
algae were respons ib le  f o r  approx f  ma te l  y  
31% o f  t h e  t o t a l  1  i t t o r a l  p r o d u c t i o n  i n  
t h e  lake.  Brock (19701, w o r k i n g  i n  t h e  
Everglades, observed t h a t  ep iphy t f  c  algae, 
r a t h e r  t h a n  macrophytes were responsib le 
f o r  t h e  m a j o r i t y  o f  t he  pr imary product ion 
o f  b l  adde rwor t  ( sp. 1 com- 
m u n i t i e s .  D ia toms were found t o  be t h e  
most abundant form o f  1  i t t o r a l  periphyton, 
b o t h  i n  number and biomass, I n  s e v e r a l  
O n t a r i o  1  a k e s  ( S t o c k n e r  and Armstrong 
1971). Likewiser i t i s  a n t i c i p a t e d  t h a t  
e p i p h y t t c  d i a t o m s  a r e  an i m p o r t a n t  
component o f  t h e  energy base i n  Lake St. 
Cl  a1 r marshes. 

By d e f i n i t i o n ,  p lankton are f l o a t i n g  
organisms whose movements are more o r  l ess  
dependent on c u r r e n t s .  However#  some 
z o o p l  a n k t e r s  e x h i b i t  a c t i v e  swimming 
movements t h a t  a i d  i n  main ta in ing  v e r t i c a l  
p o s l t i o n .  Zoopl  a n k t e r s  a r e  d i v e r s e  i n  
t h e i r  feeding habi ts .  Herbivores graze on 
phytoplankton, periphyton, and macrophytes 
w i t h i n  t h e  c o a s t a l  marshes. Carnivores 
p r e y  on a t t a c h e d  p r o t o z o a n s  and o t h e r  
zoop lank te rs ,  w h i l e  omnivores feed a t  a l l  
t r o p h l c  l eve l s .  I n  turn, zoop lank ton a r e  
i m p o r t a n t  f i s h  and waterfowl food. Every 
f i s h  s p e c i e s  and many d u c k  s p e c i e s  
u r i l i z i n g  t h e  Lake St. C l a i r  wetlands eat  
zooplankters dur ing  some p o r t i o n  o f  t h e 1  r 
l f f e  cycle.  

The an lmal  components o f  t h e  wetland 
p l a n k t o n  ( F i g u r e  24) c o n s i s t  o f  t h r e e  
groups:  protozoans, r o t i f e r s  (F igure 251, 
a n d  m i c r o c r u s t a c e a n s  ( p r i m a r i l y  
c l  adocerans and copepods) . Common zoo- 
p l  ankters, i n c l u d i n g  s e s s i l e  o r  p e r i p h y t i c  
protozoans# o c c u r r i n g  f n  Lake S t .  C l a i r  
wetlands are l i s t e d  i n  Appendix D. 

The  f i r s t  s t u d y  o f  Lake St. C l a i r  
zoop lank ton ,  and one o f  t h e  e a r l  l e s t  
1 imno l  o g i c a l  i n v e s t i g a t i o n s  i n  t h e  Great 
Lakes, was o r g a n i z e d  by  Refghard  (1894) 
and i n c l u d e d  work by many o f  t h e  lead ing  



Figure 24. Mean d i s t r i b u t i o n  and concent ra t ions  of zoo- 
plankton groups i n  Lake St. C l a i r  f o r  April through Novem- 
be r  1972 (Leach 1973). Note c o r r e l a t i o n  between t o t a l  
zooplankton population and a1 gal pigments. 
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Figure 25. D i s t r i b u t i o n  o f  t o t a l  r o t i  f e r s  and most abundant genus, 
Brachionus, i n  Lake S t .  C l a i r  dur ing  July-September 1973 (Br icker  e t  a l .  
" m N b t e  h igh concentrat ion i n  the v i c i n i t y  of the C l in ton River Cutoff 
Channel. 

s p e c f a l i s t s  o f  t h a t  perlod. Species l i s t s  
o f  P ro tozoa  ( S m f t h  18941, p l a n k t o n i c  
R s t l f e r a  (Jennings 18941s Gladocera ( B i  rge 
1894)r and Copepoda [Marsh 1895) were 
comp i led  f rom samples c o l l e c t e d  among 
a q u a t i c  p l a n t s  f n  Anchor Bay and a t  o the r  
nearshore s t a t i o n s  along t h e  west shore o f  
t a k e  S t ,  C l a i  r, P l a n k t o n i c  o r g a n 1  sms 
remained neg l  s c t e d  u n t l l  Winner e t  a1 . 
(2970) obtained zooplankton data  f rom two 
e s t u a r y  m o u t h s  on t h e  Canadian shore. 
Leach ( 1973 ) c o l  l ec ted  zooplankton samples 
from t h e  South Channel o f  t h e  S t .  C l a i r  
Dai ta*  M i t c h e l l  Bay* the  estuary mouth o f  
t h e  Thames Rivsrr  and o ther  nearshore and 
o f f s h o r e  s t a t i o n s  on L a k e  S t .  C l a l r .  
B r f cke r  e t  a7,  (1976) documented t h e  zoo- 
p l a n k t o n  p o p u l a t f o n s  o f  Anchor Bay, t h e  

nearshore r e g i o n  i n  t h e  v i c i n i t y  o f  t h e  
C l i n t o n  R i v e r  e s t u a r y *  and o f f s h o r e  re- 
gions o f  Lake S t .  C l a i r .  The r e s u l t s  o f  
these c o l l e c t i o n s  are included i n  Appendix 
0. 

The d i s t r i b u t i o n  o f  zoop lankton i n  
Lake St. C l a i r  i s  l a r g e l y  dependent on t h e  
p r e v a i l i n g  c u r r e n t s  o f  t h e  l ake .  Other  
i n f  l oences, such as temperature,  a l g a l  
abundance, and chemical  c h a r a c t e r i s t i c s  
a1 s o  d e t e r m i n e  t h e  c o n c e n t r a t l o n s  o f  
zooplankton. Because these  f a c t o r s  v a r y  
g r e a t l y  t h r o u g h o u t  t h e  l a k e ,  t h e  
d i s t r i b u t i o n s  of  zoop lankton a l s o  v a r y  
consf  d e r a b l  y  i n  d i f f e r e n t  por t lons  o f  t h e  
lake (B r i cke r  e t  a l .  1976). A p e r s i s t e n t  
eddy s t r u c t u r e  I n  t h e  southeastern p o r t i o n  



o f  t h e  l a k e  ( F i g u r e  1 4 1  p r o m o t e s  
entrajnrnent o f  t h e  w a t e r s  and a l l o w s  
n u t r i e n t  and a l g a l  l e v e l s  t o  increase 
above o ther  p o r t i o n s  o f  t h e  l a k e  (Leach 
1972). Because o f  the high phytoplankton 
l e v e l s  i n  t h i s  area,  t h e  z o o p l a n k t o n  
biomass i s  greater here than i n  any other 
regton, The r a p i d  f l o w  c o n d i t i o n s  o f  
water through t h e  d e l t a  and the Michigan 
p o r t i o n  o f  t h e  l a k e  i n h i b i t s  any g rea t  
concen t ra t i on  o f  zooplankton; therefore, 
the biomass i s  greater on the Ontario side 
(Figure 24). Desp i te  r a p i d  f l ow ra tes,  
zooplankton biomass i s  elevated near t he  
C l  l n ton  Rfver Cutof f  Canal (Figure 25) due 
t o  n u t r i e n t  l oad ing  from t h e  watershed 
(Br icker e t  al, 1976). 

Because o f  t he  rap id  f lush ing ra te  o f  
Lake S t .  C l a i r  ( 9  days) and t h e  dense 
subrnergent macrophyte popu la t ions  com- 
p e t i n g  f o r  avai lable nutr ients,  the  t o t a l  
biomass o f  plankton i n  Lake S t .  C l a i r  i s  
low. Zooplankton tha t  succeed the best i n  
t h i s  environment a re  those t h a t  have a 
short  1  i f e  span and a f a s t  tu rnover  ra te .  
For t h a t  reason* r o t l f e r s  a re  t h e  most 
abundant forms of zooplankton found. Mean 
numbers  o f  r o t i f e r s  r a n g e d  f r o m  
approx imate ly  62/1 i n  J u l y  and 69/1 I n  
August down t o  10/1 i n  September (Leach 
1973 1 .  These organisms are t h i r t y  times 
more abundant a t  the Cl in ton R i ve r  C u t o f f  
Canal (B r i c ke r  e t  a1. 1976). Crustaceans 
have a cons is tent ly  low abundance i n  t h e  
l a k e  ranging from a high o f  around 6/1 t o  
a  low o f  0.3/1. As w i t h  r o t i f e r s ,  t h e  
peak abundance occurs i n  Ju ly  and the  low 
o c c u r s  i n  September. C y c l o p o i d  and 
ca1 anoi  d  copepods, and c l  adocerans (water 
f l e a s )  a r e  t h e  p r e d o m i n a n t  m i c r o -  
crustaceans found i n  t he  lake (Figure 24). 
Protozoans vary f n  abundance but have t he  
second h i ghes t  occurrence f o l l o w i n g  t h e  
r o t 1  fe rs .  They compose an average o f  37% 
o f  t he  t o t a l  zooplankton communlty. 

3.2 WETLAND VEGETATltON 

Although wetland communities ex i s t  i n  
the S t .  C l a i r  River (F i gu re  261, C l i n t o n  
RJver, Marsac Po fn t t  Swan Creakp and S t ,  
C l a i r  D e l t a  complexes, o n l y  t h e  l a t t e r  
area has been w'ell s tud ied.  Therefore? 
the descr ipt ion o f  t h e  p l  an t  communities 

Figure 26. Ontario shore1 ine; o f  St. Clair 
River a t  Cathcart Park (August 1984), 

he re i n  i s  based on t he  S t ,  C l a i r  D e l t a  
wet1 andsr par t icu lar7 y  those on DJck f  nson 
I s 1  and. Important 1  i t e r a t ~ r e  sources, by 
w e t l a n d  area, a re :  S t .  John" Marsh 
( R o l l e r  19761, Dfckinson Is land (Jaworski 
e t  al.  1979, 19813, Canadian s fde  o f  t h e  
S t .  C l a i r  D e l t a  (Eay ly  1975)? and t h e  
e n t i  re  del t a  complex ( Jaworski and Raphael 
1978; Raphael and Jaworskf 1982). Lyon 
(1979) mapped the wetlands communfties on 
the  Michigan side o f  t h e  S t .  C1 a l r  D e l t a  
us ing  t h e  wet lands c l ass f f i ca t f on  o f  the 
U, S, Fish and W i l d l i f e  Service and a map 
sca le  o f  1:24b000, Hayes (1964) surveyed 
the  p lant  communities o f  a wet p r a i r l e  on 
Harsens I s1  and, 



Several d i s t i n c t  environmental types*  
o r  p l  a f i t  zones,  have  been  i d e n t i f i e d  
w f t h i n  t h e  St, C l a i r  De l ta  wetland complex 
loca ted i n  n o r t h e a s t e r n  Lake St .  C l a i r .  
These  zones a r e  p a r t  o f  a v e g e t a t i o n  
continuum ( F i g u r e  2 7 ) .  F o r  example, on 
t h e  11.3 km2 D i c k i n s o n  I s land*  t h e  p l a n t  
comrnuniPles grade from c a t t a f l  marsh along 
t h e  southwest shore t o  upland hardwoods on 
t h e  n o r t h e a s t  p o i n t .  L a k e  l e v e l  
f l u c t u a t i o n s  c o n t r o l  t h e  development and 
a r e a l  e x t e n t  o f  t h e  v a r i o u s  z o n e s  
( J a w o r s k i  a n d  R a p h a e l  1 9 7 8 ) .  The  
important aquat ic  macrophytes o f  Lake St .  
C l a i r  a r e  1 i s t e d  i n  A p p e n d i x  Er  and 
d i s t r i b u t i o n  maps o f  s e v e r a l  s p e c i e s  a r e  
presented I n  F igure  28, 

1.5 m e  C e r t a i n  s p e c i e s ,  s u c h  as  t h e  
c a t t a i l s  and t h e  bu l rushes can withstand 
moderate wave energy. Common v a s c u l a r  
p l  ants Inc lude t h e  fo l lowing specfes: 

(ee l  grass, 

( p i c k e r e l  weed) 
(yel low water I l l y )  

water smartweed) 
(Eurasian 

(hyb r id  c a t t a i l )  
(hard-stem bu l  rush) 

(three-square 

(sago 
pondweed) 
Char9 sp. (muskgrass o r  stonewort). 

T h i s  t y p e  inc ludes p l a n t  communities 
s u c h  a s  t h o s e  p r e s e n t  i n  Goose Bay, 
Gooseneck Pond o f  F i s h e r  Bay, and L i t t l e  
Muscamoot Bay. Species a r e  l a r g e l y  sub- LOW* nar row beaches o f  f i n e  sand and 
merged and emergent  aquat ic  macrophytes. stands o f  emergent vegetat ion ( F f  gu r e  2 9 )  
Hab i ta t s  c o n s i s t  o f  low-wave energy l a k e  a r e  found  o n  t h e  Canadian s f d e  o f  t h e  
bottoms and nearshare environments o f  bays de l ta .  The sand extends down l e s s  t h a n  1 
where t h e  wa te r  depths  range from 0.3 t o  m and e x h i b i t s  a l te rnatqng l a y e r s  of c lean 
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Figure 27. Vegetat ion t ransects  on Harsens Is land,  St. C l a i r  Delta, showing impact o f  
r i s i n g  water l e v e l s  (Jaworski and Raphael 1976). 
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Figure 28. D i s t r i b u t i o n  o f  s i x  aqua t i c  macrophytes i n  t h e  St. C l a i r  River-Lake St. 
C l a i r -De t ro i  t R i ve r  ecosystem (Schloesser and Manny 1982, unpubl ished data supp l i ed  by 
R. L. Stuckey). 



Fiaura 29. Emeraent stand o f  reed qrass 
(fhragmi t e s  a u s t b l  i s )  a1 ong   he ma tog an 
Channel, Wal pole Is land,  Ontar io (August 

sand  and o r g a n i c - r i c h  sand  o r  p e a t .  
Stranded o r  t r a n s g r e s s i v e ,  beach r i d g e s  
a r e  low,  s a n d y  f e a t u r e s  on t h e  d e l t a  
I s l a n d s  t h a t  can  be up t o  100  m w i d e .  
N o r m a l l y  t h e s e  r i d g e s  a r e  o n l y  s l i g h t l y  
above t h e  w a t e r  l e v e l .  C h a r a c t e r f s t f c  
v e g e t a t i o n  o f  t h e s e  sandy  h a b l t a t s  
Inc ludes t h e  f o l l o w i n g  vascular species: 

( staghorn sumac) 

(touch-me-not, 

(swamp t h i s t l e )  

bindweed). 

Th is  marsh t y p e  i s  p r e v a l e n t  w i t h i n  
abandoned channels and f n  c a t t a i l  marshes 
where open w a t e r  and sandy  s e d i m e n t s  
o c c u r .  B u l r u s h e s  a r e  a l s o  common I n  
s h a l l o w  wa te r  a l o n g  t h e  Lake S t ,  C l a i r  
s h o r e  and i n  bays ,  a s  i n  Anchor Bay. 
Water depths  range f rom 0.6 t o  1.2 m. 
R e p r e s e n t a t i v e  p l a n t s  i n c l u d e  t h e  
fo l l ow fng  species: 

S c i r ~ u s  a c u t ~  (hard-stem bu l  rush) 
Ce~ha1  anthyg occidental  I 5 
(buttonbush) 
Char3 sp. (muskgrass o r  stonewort) 
V a r i o u s  e m e r g e n t  a n d  s u b m e r g e n t  
species. 

C a t t a i  1 Marshes 

These marshes are broad zones located 
on t h e  lower po r t i ons  o f  t h e  d e l t a  i s l ands  
where water depths exceed 15 cm. They are 
a l s o  found on inundated shoulders o f  r i v e r  
channe ls  and bottoms o f  shal low ponds and 
bays. Pure co lon ies  o f  c a t t a i l s  (lyebq x 

a r e  a s s o c i a t e d  w i t h  pea ty  o r  
c layey sediments (FJgure  30). I n  sma l l ,  
s h a l l  ow open i ngs i n  t h e  c a t t a l l  marshes, 
duckweeds ( h m n a  m i n o r  and S D I  r o d e 1  q 
~ g l y r h l z g ) ,  wate r -m i l  f o i l s  (Nvrio~t).ylJm 
a l _ t e c n i f l o r u m  and d % ~ i c a t u m ) ,  and 
b l  a d d e r w o r t  ( I b ; t r i cu la r i q .  v u l g a r i ~ )  a r e  
abundant. 

Sedae Marshes 

Thfs mdian t y p e  compr ises  a narrow 
zone between t h e  c a t t a i l  marsh and t h e  
grassy meadow o r  t h e  dogwood shrub zones. 
Sedge mavshes a r e  a l s o  found along r i v e r  
channels* a t  t h e  base o f  o l d  shore1 i n e s  
now stranoed i n  c a t t a i l  marshes, and along 
t h e  e d g e  o f  e r o d i n g  l a k e  a n d  b a y  
s h o r e l i n e s .  These  m a r s h e s  f o r m  o n  
o c c a s i o n a l  1 y f l o o d e d  w e t  s i t e s  where 
permanent w a t e r  depths  do n o t  exceed 15 
cm. Common s p e c i e s  p r e s e n t  i n c l u d e  t h e  
f o l  lonring: 

 ana ad ens is ( b l u e j o i n t  

m e x  s t r i c t q  (tussock sedge) 
!2E.S% (tussock sedge) 
!a% (tussock sedge) 

1 anuainosq (tussock sedge) 
Carex sa r twe l l  i I (tussock sedge) 



Figure 30. Emergent stands o f  narrow- 
leaved c a t t a i l  (Typha angust i fo l ia )  on 
L i t t l e  Muscamoot Bay, Harsens Island, 
Michigan (August 1984). 

g f f f c i n a l e $  (common comfrey) 
So1 a w  iN&&u@m (nightshade). 

These h a b i t a t s  i n c l u d e  a r t i f i c i a l  
c a n a l s  and o p e n i n g s  i n  t h e  marshes 
(ponds), Water dep ths  a r e  g e n e r a l  1 y 
shallow, 0.3 t o  0.6 m, and sediments are 
usual ly c layey  o r  organic.  Communities 
can be q u i t e  va r iab le .  Typ i ca l  species 
fnclude the  fol lowing: 

el low water l i l y )  
(whi te water l i l y )  

Lemna minor (duckweed) 
W e d e r i  g 5;ordata (pickerel  weed) 
,- ~anadens-ls (waterweed) 

m j g m  (water smartweed) 
Potamoael;on 5 : r i s~uq  ( cu r l y  pondweed) 
Potamq&&Qn s p ~ .  (oondweeds) 
Ce~ha l  anthus o ~ c i d & n t a l  i s  
(buttonbush) 
W sp. (muskgrass o r  stonewort) 
C1 i ldo~hora sp. ( f il amentous green 
algae). 

Abandoned d i s t r i b u t a r y  channels i n  
t he  de l ta  are general ly shallow, less than 
1 m deep, and  have  s i l t y  o r  p e a t y  
sediments. The var iable p lan t  communities 
include the fol lowing species: 

Nuohar advena (yellow water I l l y )  
$uberosa (whi te water l i l y )  

M~r ioptydJm t r ! l t e r n i f l o r ~  ( l i t t l e  
water-mll f o i l  
W t t a r i a  l a t i f o l f a  (common 
arrowhead) 

,cutus (hard-stem bulrush) 
Sci rpus americanus (three-square 
bulrush) -- 
(buttonbush). 

T h i s  t y p e  4s a zone o f  t r a n s i t i o n  
vege ta t ion  o r  ecotone, between the sedge 
marshes and the  hardwood community. T h i s  
zone 1 fes  s l  i g h t l y  above the water tab le  
and i s  i n f r e q u e n t l y  f l o o d e d .  The 
commun i t i es  c o n s i s t  o f  a m i x t u r e  o f  
grasses, herbs and shrubs, and wa te r -  
t o l e r a n t  t rees ,  i n c l u d i n g  t h e  fal lowing 
species: 

p o ~ u l  uz Qemuloide~ (quaking aspen) 
(red ash) 

d osier 

~ a l u s t r S s  (swamp rose) 
Sol i &gg spp. (goldenrods) 

(rat t lesnake 

sp. [panic grass) 



Carey s t r i c t p  (tussock sedge) 
wamp m i  1 kweed) 
ush) 

(marsh fe rn )  
s f  1 verweed) , 

T h i s  t y p e  a l s o  r e p r e s e n t s  a t r a n -  
s i t i o n  i n t o  up1 and hardwood vegetatfon. 
The depth t o  t h e  water  t a b l e  i s  n o r m a l l y  
0.5 t o  1.0 m i n  t h i s  zone. Communities 
are mlxed shrubsr  w a t e r - t o l e r a n t  t r e e s r  
and some understory p lan ts  t y p i c a l  o f  t h e  
meadows. Prominent  p l a n t s  i n c l u d e  t h e  
fo l l ow ing  species: 

1- (eastern 
cottonwood 
PODU~Y+ tremu181das. (quaking aspen) 
F r a x i w  Pennsvlrnnca ( r e d  ash) 
Gornus ~ t o l o n i f e r a  ( red  o s i e r  
dogwood 
Qxnuj racemosa (gray dogwood) 

oalmata ( w l l d  grape) 
sp. (hawthorn). 

During low-water periods, these shrubs and 
swamp t r e e s  i n v a d e  t h e  sedge marshes. 
However, dur ing  h igh water cond i  t i o n s ,  as 
f n  t h e  1 9 7 0 ~ ~  f l o o d i n g  and d l e  back o f  
woody p lan ts  i n  t h e  shrub zone are common. 

Stands o f  oak-ash hardwoods occu r  i n  
t h e  upper p o r t i o n  o f  Dickinson, Harsens, 
S t .  Anne, Squ i r re l ,  and Walpole i s 1  ands a t  
elevations r a n g i n g  f r o m  1 t o  3 m above 
mean l a k e  l e v e l .  The ma jo r  spec ies  o f  
these s tands a r e  Eraxinus e a n n + ~ l v a n i c a  
( red  ash) and (swamp wh i te  
oak), Assoc fa ted  hardwoods occur r ing  I n  
t h i s  type inc lude t h e  fo l l ow ing  species: 

American elm) 

The wetland p l a n t  communi t ies o f  t h e  
St. C l a i r  D e l t a  occu r  i n  broad, arcuate 
zones wh ich  e x t e n d  f r o m  t h e  v l c i n i t y  of 

Algonac* Mlchfgan, southward i n t o  Lake St. 
C l a i r  ( F i g u r e  311, I n  s p f t e  o f  extensive 
c u l t u r a l  mod1 f i ca t i ons ,  s u f f i c i e n t  na tu ra l  
wetland vegetat ion remains t o  r e c o n s t r u c t  
t h e  communlty zona t i on ,  On t h e  var ious 
i s l a n d s  o f  t h e  d e l t a ,  f i v e  m a j o r  
mac rop  h y t e  commun i t i es  can be  mapped. 
These communitfest from t h e  d r i e s t  t o  t h e  
w e t t e s t  h a b i t a t s ,  i n c l u d e :  oak-ash 
hardwoods, dogwood meadow9 sedge marsh, 
c a t t a i l  marsh, and bu l rush  marsh. Other 
f d e n t l f i a b l e  communities which are  1 im i ted  
I n  e x t e n t  i n c l u d e :  canal-pond-abandoned 
channel ,  l a k e s h o r e  and bay bottom8 and 
reed grass communities. 

L a k e w a r d  o f  t h e  h a r d w o o d s  i s  a 
complex o f  communfties r e f e r r e d  t o  as the  
dogwood meadow. T h i s  v e g e t a t i o n  zone  
o c c u r s  as a t r a n s f t i o n  zone between t h e  
hardwood f o r e s t  and  t h e  w e t t e r  sedge  
marsh. It appears t h a t  p e r i o d i c  high l ake  
l e v e l  and human d i s t u r b a n c e  (such as 
burning and mowing) prevent woody s p e c i e s  
f r o m  d o m i n a t i n g  t h i s  zone. Ma jo r  p l a n t  
s p e c i e s  h e r e i n  a r e  b l u e j o i n t  g r a s s  
(ww -1, s o f t  r ush  
(m gffusus )  , gray dogwood, r e d  os  i e r  
dogwood, and quakfng aspen. 

The sedge marsh fo rms a narrow zone 
between t h e  dogwood meadow and t h e  c a t t a i l  
marsh, as we l l  as a l o n g  e r o d i n g  l a k e  and 
b a y  s h o r e l  i n e s ,  p a r t i c u l a r l y  on  t h e  
M i c h i g a n  s i d e  o f  t h e  d e l t a .  T h i s  
community a l s o  occu rs  a l o n g  l o w e r  d l s -  
t r i b u t a r y  channels and on o l d  s h o r e l  i nes. 
The sedge marsh i s  a s s o c i a t e d  w i t h  t h e  
a lka l ine ,  inorganic s o i l s  which are e i t h e r  
s a t u r a t e d  o r  o c c a s i o n a l  l y  f l o o d e d .  
However, permanent Inundat ion o f  t h e  sedge 
tussocks r e s u l t s  i n  dieback o f  t h e  sedges. 
M a j o r  p l a n t  s p e c i e s  a r e  sedges o f  t h e  
genus Carex and b l u e j o i n t  grass.  Carex  
s t r i c t a  i s  p a r t i c u l a r l y  a b u n d a n t  on 
Dickfnson Is land,  whereas L l a c u s t r i ~  i s  
common on Walpole Is land,  

Located on t h e  lakeward margin o f  t he  
d e l t a ,  where water depths exceed 15 t o  30 
cm, i s  t h e  b r o a d  c a t t a i l  marsh  zone.  
Zones o f  c a t t a i l  a l s o  occur on inundated 
shoulders of t h e  r i v e r  channels, on l o w e r  
e n d s  o f  d i s t r i b u t a r y  channels,  and on 
c revasses.  Pure  s tands  o f  c a t t a i l  a r e  
assocfated w i t h  peaty o r  c layey sediments. 
The hyb r id  c a t t a i l  (TyDha x glauc(a)r which 
a t t a f n s  2 t o  3 m i n  h e i g h t  and grows i n  
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Figure 31. Wetland p lan t  communities o f  the St. C l a i r  Delta (Raphael and Jaworski 
1982). 
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c i r c u l a r  c o l o n l e s P  i s  t h e  d o m l n a n t  
s p e c i e s .  Some n a r r o w - l e a v e d  (L, 

and broad-1 eaved c a t t a l l  s 
1 can a l so  be i d e n t i f i e d .  

T h e  b u l r u s h  m a r s h  i s  f o u n d  i n  
abandoned r i v e r  channels, i n  1 a rge  open- 
wa te r  a reas  o f  t h e  c a t t a f l  marsh* and on 
sand bars i n  low-wave energy areas o f  Lake 
St. C l a i r  and Anchor Bay. C o l o n i e s  o f  
b u l  r u s h  a r e  a s s o c i a t e d  w i t h  sandy  
substrates and water depth o f  0.5 t o  1,25 
m. The p r f n c i p a l  species o f  t h e  marsh i s  
h a r d - s t e m  b u l r u s h .  B u t t o n b u s h  i s  
a s s o c i a t e d  w i t h  t h e  bu l rush community i n  
abandoned d i s t r i b u t a r y  channels where some 
water f l ow  occurs. 

I n  canals, abandoned r i v e r  channe l  s r  
marsh open1 ngs, and o t h e r  stagnant water 
environments, a v a r i e t y  o f  f l o a t i n g  and 
submersed  a q u a t i c  c o m m u n i t i e s  occur .  
Water depths range from 0.24 t o  1.0 m and 
w a t e r  c i r c u l a t i o n  i s  min imal  except  f o r  
wind-driven currents.  Organic s u b s t r a t e s  
a r e  common a l o n g  w i t h  t u r b i d i t y  due t o  
humlc a c i d s  and suspended p a r t i c u l a t e  
organic matter. Whereas species d i v e r s i t y  
f s  t h e  r u l e r  a b u n d a n t  p l a n t  s p e c i e s  
i n c l u d e  d u c k w e e d s p  p i c k e r e l  weed,  
waterweed,  w a t e r - m l l f o l l ,  and w a t e r  
smartweed. Other a s s o c i a t e d  s p e c i e s  a r e  
w h f t e  w a t e r  l i l y  

Lake and bay-bottom communities occur 
a l o n g  l o w  w a v e  e n e r g y  b o t t o m s  a n d  
n e a r s h o r e  a n v i  ronments such as L i t t l e  
Muscamoot Bay. Water depths  g e n e r a l l y  
r a n g e  b e t w e e n  0.3 and 2.0 m, M a j o r  
species i n  t h i s  zone inc lude w i l d  c e l e r y ,  
muskgrass o r  s tonewor t  (w sp,), and 
f l exed  naiad. Brown (1983) r e p o r t e d  t h e  
dominance o f  along w i t h  pondweeds, 
E u r a s i a n  wat f o i l ,  waterweed* and 
v a r f o u s  emergenks  g r o w f n g  about  Sand 
I s l a n d  I n  Anchor Bay. Because o f  h i g h e r  
w a v e  e n e r g y ,  l a k e  a n d  b a y - b o t t o m  
communi t ies  a r e  l e s s  widespread on t h e  
Canadian s l d e  o f  t h e  del ta.  I n  Lake St. 
C la i r ,  Schloesser and Manny (1982) found 

few  macrophy%esp  w h i c h  exc ludes  
, beyond 1,25 km from shore. 

Although conspicuous where p ressn t ,  
t h e  f e e d  g r a s s  c o m m u n i t y  I s  o f  

insufficient d J s t r l b u t f o n  t o  map i n  t h e  
St. C 1 a i r  D e l t a .  Dense co lon ies  o f  reed 
grass ( ) I  u s u a l l y  l e s s  
than 0.5 hectares i n  e x t e n t *  a r e  l o c a t e d  
I n  s c a t t e r e d  p a t c h e s  o n  t h e  d rowned  
s h o u l d e r s  and n a t u r a l  l e v e e s  o f  Nor th ,  
Middle, and South channels. 

Wetland vegeta t ion  i s  not  s t a t i c  from 
y e a r  t o  y e a r  ( S e c t i o n  4.3) . Dynamic 
change occurred I n  t h e  p l a n t  cornrnunit les 
d u r i n g  t h e  i n t e r l m  1964 and 1975 as water 
l e v e l s  I n  Lake St. C l a i r  f l u c t u a t e d  f rom 
v e r y  l o w  l e v e l s  t o  ex t reme h i g h  wa te r  
cond i t ions ,  D ick lnson Is land,  which has a 
f u l l  complement o f  w e t l a n d  z o n e s t  and 
e x c e p t  f o r  t h e  dredged ma te r i a l  disposed 
i n  t h e  e a r l y  1 9 7 0 ~ ~  had 1 i t t l e  development 
(F igures 32 and 33). I n  p a r t i c u l a r ,  l a r g e  
s h i f t s  o c c u r r e d  among t h e  b u l r u s h -  
submersed commun ! t i e s  and t h e  emergent 
sedges and c a t t a i  1 s. 

A l i t e r a t u r e  search by Herdendor f  e t  
a1. ( 1 9 8 1 ~ )  r e v e a l e d  no p l a n t  species i n  
t h e  S t .  C l a t r  D e l t a  complex which appeared 
on Federal  o r  S t a t e  l i s t s  o f  endangered 
spec ies .  However, t h e r e  I s  a very small 
p a t c h  o f  t h e  r a r e  p l a n t ,  w i l d  r i c e  

) l oca ted  on lower Har- 
eover,  Wagner ( 1 9 7 7 )  

reported t h e  fo1  low1 ng threatened vascul a r  
p l a n t  s p e c i e s  ( M i c h i g a n )  f o r  Harsens 
I s l a n d :  m a r s h  s e d g e  ( ~ i s t v l i s  
auberul.a) f r t n g e d  o r c h i d  
(Habenarln 1, H i l l ' s  t h i  s t l e  
( C I r s 1 ~  hi11 ii) , panrc  g r a s s  (Panicurn 
JelbergjJ, ) ,  and sand g r a s s  (m 
ourouraa) * 

I n  1976 and 1977, t h e  U. S. F i sh  and 
W i l d l i f e  Servfce (H f l t unen  1980; H f l t u n e n  
and Manny 1982) conducted surveys o f  t h e  
macrozoobenthos of  t h e  l o w e r  S t .  C l a f r  
R i v e r  and Lake St. C l a i r .  These surveys 
J n d i c a t a d  t h a t  t h e  St. C l a i r  R f v e r  and 
D e l t a  s u p p o r t  a d f v e r s e  and  abundant 
macrozoobenthos. The number o f  t a x a  and 
d e n s f t y  f o u n d  f n  t h e  r i v e r  system was 



s ignJ f i can t l y  greater than t h a t  found i n  
Anchor Bay o r  t h e  open p o r t i o n s  of Lake 
S t ,  Cl a f r  (Table 181, 

I n  t h e  S t .  C l a i r  R i ve r  and D e l t a ,  
o l i gochae te  worms a re  t h e  most abundant 
macrozoobenthos (55%). S ix teen species 
a r e  commons w i t h  t h e  t u b i f  i c i d  genera 

and 
d t h e  n a i d l d  g e n e r a  and 

dominating. Dfpteran 1 arvae 
a re  t h e  second most abundant group (26%). 
By number, the chironomids compose 95% o f  
t h e  d ip terans.  Crustaceans are among the  
less abundant forms and are represented by 
t h e  amph ipods  o f  t h e  f o u r  g e n e r a ,  
Gamm.ar_us* my !Zmgaux, and 
P o n t o ~ o r e i a .  The f i r s t  t h r e e  a r e  
permanent residents o f  the r i v e r  wetlands; 
t h e  f o u r t h  popula tes t h e  deep waters o f  
the Great Lakes and i s  probably t r a n s i e n t  
f r o m  Lake Huron. The i n s e c t  orders, 
T r i chop te ra  and Ephemeroptera t o g e t h e r  
compose on1 y 1% t o  2% o f  the t o t a l  number 
o f  macrobenthos. Cadd i s f l  i e s  a re  no t  as 
numerous  as  t h e  m a y f l i e s ,  b u t  a r e  
represented by a greater number o f  genera. 
The mayfl fes are 1 argel y Nexaaen l a (90% 9 .  
A l t h o u g h  t h e  d e n s i t y  o f  m a y f l i e s  and 
caddisf l  i e s  I s  low, these organ isms are a 
s i g n i f i c a n t  p a r t  o f  t o t a l  fauna because 
t h e  b iomass o f  t h e i r  populations i s  
g rea te r  than  t h a t  o f  other insect  groups 
(Hi 1 tunen 1980). 

The richness o f  the benthic fauna of  
Lake S t .  C l a i r  i s  ev i den t  i n  t h e  h i gh  
d i ve r s i t y  o f  taxa present i n  t h e  wet lands 
o f  Anchor Bay and elsewhere i n  the lake 
(Tab le  181. The moderate abundance o f  
01 igochaetes as compared t o  other groups 
i n d i c a t e s  t h e  q u a l i t y  o f  t h e  b e n t h i c  
environment i s  high. H i  l tunen and Manny 
(1982) found the mean percent composi t ion 
o f  t h e  p o l  l u t i o n - t o l e r a n t  01 igochaetes 
ranged f r om 25% i n  Anchor Bay t o  49% 
elsewhere i n  Lake S t .  C la i r .  The values 
a r e  f a r  b e l o w  t h e  s t a n d a r d  o f  60% 
01 i g o c h a e t e s  i n  p o l  1 u ted environments 
proposed by Goodnfght and Whit1 ey (1960). 
The p resence  o f  p o l l u t i o n - i n t o l e r a n t  
E p h e m e r o p t e r a  and T r i c h o p t e r a  i n  
s u b s t a n t i a l  numbe rs  ( 3 0 0 / m 2 )  a t  a 
nearshore s ta t ion  i n  Anchor Bay 3 suppor ts  
t h e  c o n c l u s i o n  t h a t  t h e  b e n t h i c  
environment o f  Lake S t .  C l a l r  i s  n o t  
severe1 y impai red by po l l u t j on  (Hil tunen 
and Manny 1982). 

Macrozoobenthos c o n s t i t u t e s  an  
i m p o r t a n t  sou rce  o f  food f o r  f i s h  and 
waterfowl i n  the  Lake S t .  C la i r -St .  C la f  r 
R iver  wetlands. Pr ice (19631, working I n  
western Lake E r i e r  showed t h a t  rainbow 
smel tr a l e w i v e s ~  g l zza rd  shad, spo t t a i l  
s h i n e r s *  t r o u t - p e r c h ,  y e l l o w  perch,  
channel c a t f  i s h r  w h i t e  bass, and walleye 
feed heavi ly a t  d i f f e r e n t  l i f e  stages on 
01 igochaetesr leeches* cladocera, ostra- 
cods, amphlpodsr may f l  l e s s  c a d d i s f l  i e s r  
rnf dges, sna i l s ,  and b iva lves.  Although 
1 f t t l e  published work e x i s t s  on t h e  food 
h a b i t s  o f  S t .  C l a i r  R i ve r  f ishes,  t h e  
a fo remen t i oned  f i s h  s p e c i e s  and t h e  
i nve r t eb ra tes  tha t  they feed upon are a l l  
abundant I n  Lake St. C l a i r  and t h e  St. 
C l a i r  R i v e r  ( H i l t u n e n  1980). Dawson 
(1975) has obse rved  t h a t  many o f  t h e  
macrozoobenthos repor ted  f o r  Anchor Bay 
a re  a l s o  impor tan t  sources o f  food f o r  
water fowl  inhabiting t h a t  bay. A l i s t  o f  
the  important benthic invertebrate species 
of t h e  S t .  C l a i  r River-Lake S t .  C l e i r  
ecosystem i s  presented i n  Appendix F. 

D u r i  ng f o u r  d i f f e r e n t  stages o f  the 
P le i s t ocene  Epoch, which i t s e l f  l a s t e d  
f r o m  abou t  one m i l l i o n  t o  abou t  t e n  
thousand years agor t h e  Lake S t ,  C l a i r  
b a s i n  was cove red  w i t h  g l a c i a l  i c e .  
Within t h e  g l a c i a t e d  reg ion  a l l  ben th i c  
organ1 sms were destroyed, bu t  each t ime 
t h e  i c e  receded t h e y  r e i n v a d e d  t h e  
p r e v i o u s l y  i c e - c o v e r e d  r e g i o n .  The 
Pleistocene mollusks o f  t h e  i n t s r g l  a c i a l  
l a k e s  and t h e i r  paleoecology a re  w e l l  
documented by La Rocque (1966) .  Many 
species, pa r t i cu l a r l y  the unioni d bivalves 
and t h e  1 arge prosobranch snails8 require 
a cont inuous waterway f o r  m f g r a t i o n .  
G l o c h i d i a  may b e  c a r r i e d  o v e r  l o n g  
d is tances  wh i l e  a t tached t o  t h e i r  f i s h  
host. The r i c h  mol luscan fauna o f  t h e  
Lake S t .  C l a i r  r e g i o n  was l a r g e l y  
r e p o p u l a t e d  f r om t h e  Ohfo-Miss iss ipp i  
system when g lac f  a1 mel twaters  i n  t h i s  
region flowed south. Additf  onal ly, Clarke 
(1981) speculated t h a t  most small sna i ls  
(pulmanates) and small clams (sphaer i  fds )  
are car r ied about imbedded f n  t he  feathers 
o f  water b i rds ,  i n  mud attacked t o  t h e i r  
f e e t  o r  clamped t o  the appendages o f  
1 argep f l y i ng  aquat lc  insects. Appendix G 
p r o v i d e s  a l y s t i n g  o f  t h e  m o l l u s k s  
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Figure 32. Wetland vegetation on Dickinson Is land  i n  1964. 

. . 
assoclated wi th  the coas.ta1 wetlands and descended from land sna i l s ,  must come t o  
nearshore waters. Append f x  H con ta i ns  the surface periodf c a l l y  f o r  a i r .  
Information on the hab 1 t a t  pre ference o f  
these spectes. Most aquat t c  sna l l s  are vegetarians. 

The veneer o f  l i v f n g  a lgae  which covers 
most submerged su r f aces  i s  t h e i r  c h i e f  

We1 ?-vegetated port ions source of food, b u t  dead p l an t  and animal 
o f  unpo l l u t ed  embayments* marshes, beach m a t e r j a l  i s  f r e q u e n t l y  i n g e s t e d .  
ponds, and slugglsh t r i b u t a r y  mouths a re  Dissolved oxygen i s  an Important I f m i t i n g  
t h e  m o s t  p r o d u c t J v e  localities f o r  fac to r ;  most g i l l e d  species requi re  high 
freshwater sna i ls  Jn Lake S t .  Clafr .  They concen t ra t fons .  wSth l i m p e t s  such  as 
I l v e  an submerged vegetat ion* on rocks and m r i s s b  being found only where the water 
on the bottom a t  the water's edge and ou t  remains near s a t u r a t i o n  (Pennak 1978). 
t o  a  d e p t h  o f  s e v e r a l  mete rs .  Two However, -1omp dec.ls_umr and Amnlico'ia 
subclasses, pro sob ranch^ and Pulmonata, l.imasa have been c o l  l ec ted  i n  water wi th  
a re  we1 1 represen ted  I n  Lake S t .  C l a i r  less than 2 ppm oxygen (Harman 1974). The 
coas ta l  marshes. The  former  g roup  1s concentration o f  d issolved sol I d s  i n  Lake 
c h a r a c t e r i z e d  by i n t e r n a l  r e  y S t .  C l a i r ,  p a r t i c u l a r 1  y  b i c a r b o n a t e  
g J l l s  ( ~ t e n i d i a ) ~  o r  as  i n  , a l k a l i n i t y  a t  o v e r  80 mg/ l ,  p r o v f d e s  
ex te rna l  g f l l s ,  and an oP@rcuIum used t o  adequate e s s e n t i a l  m a t e r i a l s  f o r  s h e l l  
sea l  t h e  s h e l l  a p e r a t u r e e  The l a t t e r  const ruct ;Son.  Append i x  W shows t h e  
group does not have g f l l s t  b u t  ob ta jns  h a b i t a t  preferences for t he  47 species o f  
oxygen th rough  a r i Iung- l i ke "  pulmonary gastropods which have been repo r t ed  f o r  
c a v j t y ,  P u l  monate snaf 1  s p  whlch have the coastal marshes and Rearshore waters. 
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Figure 33. Wet1 and vegetation on Dicki nson Island in 1975. Previous shore1 ine refers 
t o  1964 shore shown i n  Figure 32. 

D l  ec- The bivalved molluscan 
fauna of Lake St. Clair  consis ts  of  three 
fami l ies .  The majori ty  of t h e  spec i e s  
belong t o  the Unionidae ( f r e s h w a t e r  
musse ls  o r  n a i a d e s )  and S p h a e r l i d a e  
( f i n g e r n a i l  clams). The t h i r d  family, 
Corbicul fdae (1  f t t l e  basket clams),  fs 
represented by an f n t roduced  A s i a t i c  
s p e c i e s ,  B iva lves  a r e  most abundant 
nearshore* especially in water l e s s  than 2 
m deep, Stable gravel and sand substrates 
with a good cu r r en t  support  t h e  l a r g e s t  
populations.  Common1 y mussels i nhab i t  
substrates f ree  of rooted vegetat  i  on, b u t  
t h e r e  a r e  numerous exceptionsv i  nc1 udi ng 
Anodonta arandis and 

Stomach contents of unionid mussels 
a r e  commonly mud,  desmidsv dfatoms, and 
o ther  u n i c e l l u l a r  a1 gae, p ro tozoans*  
r o t i f e r s ,  f lagel la tes ,  and detr i tus .  The 
1 a rges t  populations of mussels develop 

below a reas  where d i s in tegra t ion  of rich 
vegetat ion i s  o c c u r r i n g  (Churchi l l  and 
Lewis 1924). 

The f e m a l e  pocket-book mussel 
( W s f l b  ysntrfcc&a) i s  c a p a b l e  of  
extending and pulsat l  ng t h e  posterior edge 
o f  t h e  man t l e  f n  s u c h  a way t h a t  i t  
resembles an injured mf nnow (Clarke 1981). 
T h i s  a c t i v i t y  a t t r a c t s  f i s h  such a s  
b l u e g i l l ,  white crappje ,  smallmouth bass, 
and ye l low perch .  and I n c r e a s e s  t h e  
o p p o r t u n i t f  e s  f o r  j u v e n i l e  mussels 
(glochidia) t o  a t t ach  themelves t o  a fOsh 
a f t e r  they  have been e j e c t e d  from t h e  
parent. The l a r v a e  a r e  re leased by the  
parent when i t s  l i g h t  rsnsftlve s p o t s  a r e  
s t imula ted*  for  example, by t h e  shadow of 
a passing fish.  %veral  unionid b lva lves  
possess special  mantle structures adapted 
t o  l u r e  fDsh t h e i r  v i c in i t y .  The 
g lochid ia  of  each s p e c i e s  of freshwater 
mussel (cor respo~ds  Oa vel dgsr l a rvae  a f  
marine bivalves) musk attach t o  the g i l l s  



Table 18. Macroziobenthos o f  Lake S t .  Cla i r  and t h e  lower  S t .  C l a i r  R ive r  
and D e l t a  (1977). 

Major 
taxa ComposStion Density Composition Density Composition Density 

(% (no./m2) ( 8 )  ( no./mZ) ( % I  (no./m21 

Nemert i nea 
Nematoda 
Hi  rund i nea 
01 igochaeta 
Polychaeta 
Amphipoda 
Isopoda 
Diptera 
Ephemeroptera 
Col eoptra 
Lepldoptera 
Trlchoptera 
Hydracarlna 
Gastropoda 
Pel ecypoda 

Totals 

a Data sources: Hi l tunen (19801, Hi l tunen and Manny (1982). 

b- Absent 
+ Present bu t  not enumerated. 

and f i n s  o f  a p a r t i c u l a r  f i s h  spec ies  o r  
smal l  group o f  spec ies (Table 19) before 
fur ther  development can take place, Most 
g loch id ia  never accomplish th is ,  but  those 
t h a t  do succeed remain attached f o r  a few 
weeks as t h e y  metamorphose i n t o  t i n y  
mussels. The young mussels then drop from 
the  f i s h  t o  take up an independent l S f e  on 
t h e  l a k e  b o t t o m ,  m o v i n g  a b o u t  and 
s iphon ing  water f o r  r e s p i r a t i o n  and t o  
o b t a i n  p l a n k t o n  a s  a s o u r c e  o f  
nourishment, Appendix H i n d i c a t e s  t h e  
h a b i t a t  pre ferences o f  the  64 species o f  
pelecypods which have been repor ted  f o r  
coastal marshes and nearshore waters. 

3.4 FlSH 

Lake S t .  ClaJr,  a long w i t h  t h e  S t .  
C l a i r  Rfver and the D e t r o i t  River* forms 
t he  connecting waterway between Lake Huron 

and L a k e  E r i e ,  and i s  t h e r e f o r e  an 
important f i s h  conduit. The bays and wet- 
lands o f  Lake S t .  Clair ,  especial ly i n  the 
St. C l a i r  Del ta area a t  t h e  mouth o f  t h e  
S t ,  C l  a i r  River,  a re  impor tan t  spawning 
and nursery areas f o r  many spec ies t h a t  
suppor t  major f i sher ies  i n  Lake S t .  C l a i r  
as w e l l  as Lake Huron and Lake E r i e  
(Johnston 1977; Goodyear e t  a l .  1982arb,c; 
H a t c h e r  and N e s t e r  1 9 8 3 ) .  S t u d i e s  
conducted a t  a number o f  widely separated 
s l t es  i n  the  Great Lakes indicate t h a t  the 
nearshore waters are spawning and nursery  
grounds f o r  most f i s h e s  (Boreman 1976). 
More than 70 species o f  f i s h  have been re- 
corded as residentsr o r  migrants, i n  Lake 
S t .  C la i r ;  o f  these, 48 species are depen- 
dent on o r  known t o  use t h e  marshes and 
shallow areas o f  the lake  (Appendix I). 

Although many species o f  f i s h  u t i l i z e  
c o a s t a l  we t1  ands, c o m p a r a t i v e 1  y few 



Table 19. Lake S t ,  Clair  unionid bivalves and t he i r  glochidial host f i shea  

C 

F ish hostsb AM5 FUS QUA ELL ALA LAS S I M  AN0 STR TRU PRO CAR LEP ACT LIG LAM 

Northern pfke X 
Carp X X 
Golden shiner X 
Creek chub X X 
White sucker X 
N hog sucker X 
N Sh redhorse X 
01 b u l l  head X 
Ye bu l l  head X 
Br b u l l  head X 
Ch ca t f i sh  X X 
Bk stickleback X 
White bass X X 
Rock bass X X X 
G r  sunfish X X X X 
Pumpkinseed X 
Or-sp sunfish X 
B lueg i l l  X X X X 
Sm bass 
Lm bass X X X X 
Wh crappie X X X X  X X X 
B1 crappie X X X X 
Iowa darter . X 
Johnny dar ter  X X 
Ye perch X X 
Wa1 1 eye 
Freshwater drum X X X X 
Mottled sculpin X 
Mudpuppy X 

(amphibian) 

a ~ a t a  sources: F u l l  e r  (1974) r Clarke (1981) 

X X X  
X X 
X X X 
X X X  
X X 

b ~ -  northern CAMB - ~ 1 i c -  
Sh- shorthead FUS - Fusc;onafa flpyg 
B1-bl ack QUA - guduh  and P, 
Ye-ye1 1 ow ELL - Elliat_io dllatata 
Br-brook ALA - 
Gr-green LAS - 
Or-sp-orange-spotted S I M  - 
Sm-smal lmouth AN0 - 
Lm-1 argemouth STR - 
Wh-white TRU - 

PRO - 
CAR - 
LEP - 
ACT - 
LIG - 
LAM - 



specles are strongly dependent an aqua t i c  
v e g e t a t i o n  f o r  spawntng, feeding8 o r  
cover. The more common wetland-dependent 
s p e c i e s  f ound  f n  Lake S t ,  C l a i r  and 
occurr ing f requent ly i n  the coastal 
wetl ands I nc1 ude 1 ongnos 
-1, bowf in  (m 
pike (&&,& luciu@, gras 
-) , c e n t r a l  mudmlnnow (Y-a 
m), g o l d e n  s h i n e r  ( 

blacknose sh 
, blackch ln  sh iner  (&&roois 

b e t . e r o d ~ l l ) ~  t a d p o l e  madtom ( l ig&dus  
- 9 ,  banded k i l l i f i s h  (Egn&ulus 
- h a w )  r p u m p k i n s e e d  ( l & p o m i ~  
-1, Iowa darter ( F a -  u ) r  
and brook stickleback (w i n c o n s l a m ) .  
S e v e r a l  o t h e r  s p e c i e s  a r e  l a r g e l y  
r e s t r i c t e d  t o  vegetated waters b u t  a re  
e i the r  uncommon o r  ra re  I n  Lake St. Clair .  
These a r e  t h e  spo t ted  gar  (- 
$xuh$u), muskellunge (&&x -1 , 
pugnose s h i n e r  (- - 1  and 
p u g n o s e  minnow (m ~ m i l i u ) .  
However, a s i g n i f  i c a n t  n a t i v e ,  s e l f -  
s u s t a i n i n g  p o p u l a t f o n  o f  muskel lunge 
ex is ts  i n  Lake S t .  C l a i r  (Haas 1978) and 
spawns i n  the de l ta  wetlands. Here, it i s  
harvested by t h e  Chippewa Indians on the 
Walpole Is land Indian Reserve, Ontario. 

Several  f i s h  spec ies found i n  t h e  
L a k e  S t .  C l a i r  b a s i n  a r e  common t o  
abundant i n  wetlands and adjacent waters, 
a l though they  are o f t e n  associated wi th  
non-vegetated habi tats as well .  The g l  z- 

-1, goldf ish 

ye l law b u l l  head (m n a $ a l  f  S )  r 

occur i n  q u i e t *  low-gradient waters wi th  
bottoms o f  mud o r  clay. These species are 
general 1 y cover-oriented and may be common 
i n  s h e l t e r e d  r i v e r i n e  and l a c u s t r i n e  
coas ta l  wet1 ands a long Lake S t .  C l  a i r .  
A l l  except  t h e  g i zza rd  shad, go ld f i sh ,  
b l  untnose rnf nnon, and fathead minnow are 
s i g n i f i c a n t  game spectes, 

m i c  s h f n e r  f 
1 sand  s h i n e r  

1 P l a k e  chubsucker f 

, r o c k  b a s s  ( 
1 ,  g r e e n  s u n f  
smallmouth bass 

general ly associated w i t h  l o t i c  waters and 
clean sand o r  gravel bottoms8 bu t  they are 
also common i n  coastal l ake  waters, where 
they may u t i l  i z e  deep lacust r ine coastal 
wetlands w i t h  sand o r  gravel bottoms. The 
green sunfish, rock bass, and smallmouth 
bass, are s i g n i f  lcant  game species. Among 
commercial and game spec ies t h e  walleye 
($ t i zos ted ioo  y. -1 and n a t i v e  o r  
i n t r o d u c e d  sa lmon ids  a p p a r e n t l y  have 
l i t t l e  d i r e c t  assoc ia t i on  w i t h  coas ta l  
we t l  ands, Other specles o f  recreational 
o r  commercial Importance, including ye1 low 
perch ( p a r c a  -1, w h l t e  bass 
(w -1, and f reshwater  drum 
( ~ i n o t u r  -1, as  we1 1 as 
impor tan t  forage species, including spot- 
t a i l  s h i n e r  ( N o t r o o  hudson_ius) and 
emerald sh i ne r  (- j&hgchm,)r  
are ubiquitous i n  the  coastal zone o f  Lake 
St. C l a i r  and may be l o c a l l y  commmon i n  
ce r ta in  coastal wetl ands, 

Known f f s h  spawning areas fn  the  S t ,  
C l a i r  system have been documented by t h e  
U.S. F i s h  and W i l d l i f e  Service (Goodyear 
e t  a1. 1982arbrc1, including s i t e  spec i f i c  
information on f f s h  spawning and nursery  
areas f o r  sturgeon (- ful\~asce&), 
a l e w i f e  (w a s e u d o m ) ,  rainbow 
t r o u t  (SalmP -1, smel t  (Osmru.s 
-1, w h i t e  sucker ( & & o s t o m ~  
-1, smallmouth bass, r o c k  bass, 
walleye, and ye1 low perch. Goodyear and 
her colleagues summarized i n f o r m a t i o n  on 
a17 p a s t  and p r e s e n t l y  known spawning 
areas i n  Lake St .  C l a i r  and t h e  S t .  C l a i r  
River. These areas include the  marshy and 
shal low bay areas along the shore1 ine and 
t h e  wet lands o f  t h e  d e l t a .  W h i l e  t h e  
r e l a t i o n s h i p  o f  s u b m e r s e d  a q u a t f c  
macrophytes i n  1 i t t o r a l  waters t o  f i shery 
p r o d u c t f  v i  t y  i s  no t  f u l l y  understood, 
p r e l  lm inary  r e s u l t s  o f  r e c e n t  s t u d i e s  
i n d i c a t e  t h a t  t h e  submersed l i t t o r a l  
macarophyte habi ta t  i s  impor tan t  t o  f i s h  
production i n  these waters (Schl oesser and 
Manny 1982). 

W a l l e y e  m i g r a t e  t h rough  Lake S t .  
C l a i r  and use t h e  channe ls  o f  t h e  S t .  



C l a i r  D e l t a  f o r  spawning areas (F igure  
34).  Tagging studles (Ferguson and Derk- 
sen 1971; Wo l f e r t  s t  a1. 1975) indicated 
considerable movement o f  wa l l  eye between 
Lake S t ,  C l a i r  and ad jo fn i ng  lakes Er ie  
and Huron. Each l a k e  has many known and 
some suspec ted  spawni ng areas. Sf nce 
walleyes p r e f e r  t o  spawn c l ose  t o  t h e i r  
p 1 ace o f  o r  i g i n ( Eschmeyer 1950; Ferguson 
and Derksen 1971) t h e r e  appears t o  be a 
number o f  semi-di screte stocks coexisting 
i n  these lakes. Tagging studies have no t  
been s u f f i c i e n t l y  intense, however# t o  
d e l i m i t  t h e s e  s t o c k s  w i t h i n  t i m e  and 
space. 

Yel low perch (w f layescm,sI i s  
one o f  the most abundant f i s h  i n  Lake S t .  
C l a l r  and i s  known t o  spawn over aquatic 
vegetation i n  most inshore  areas o f  the  
l a k e  ( F i g u r e  351,  b u t  it i s  n o t  known 
whether discrete stocks exist. Commercial 
fishermen bel leve t ha t  Lake Huron f i s h  can 
be i d e n t i f i e d  by shape and c o l o r  i n  Lake 
St .  C l a i r .  S i m i l a r l y s  Ohio f ishermen 
postulate t h a t  a postspawning movement o f  
l a r g e  ye l low perch comes i n t o  the western 
basin of Lake Eries presumably from Lake 
S t .  C l a i r .  There  i s  no evidence t o  
support o r  r e j ec t  these views, The scant 
tagg ing  t h a t  has been c a r r i e d  o u t  w i t h  
y e l l o w  p e r c h  sugges t s  t h a t  t h e y  a r e  
capable o f  moving between the lake systems 
(Johnston 1977). However, the maintenance 
o f  a number o f  age-groups i n  Lake S t ,  
C l a i r  i s  i n  d i r e c t  c o n t r a s t  t o  t h e  
s i tua t ion  i n  Lake Erie. 

Sturgeons a threatened species i n  
Mfchigan and an endangered s p e c i e s  i n  
Ohlor are common i n  the deeper port ions o f  
t h e  d e l t a  and channels. The major known 
spawning area f o r  Lake St. C l a i r  sturgeon 
i s  t h e  N o r t h  Channel o f  t h e  S t ,  C l a l r  
River (Figure 36). These sturgeon migrate 
up t o  t h e  N o r t h #  Sou th ,  and  M i d d l e  
channels t o  spawn a t  a s i t e  i n  the  North 
Channel ; young-o f - the-year  s t u r g e o n  
mig ra te  from t h i s  spawning s i t e  t o  t h e  
marsh between Bouvier and Goose Baysv 
where t h e y  a r e  found among t h e  rushes 
(Goodyear a t  al. 1982a~b).  The channels 
a r e  a l s o  p r o d u c t i v e  f i s h i n g  areas f o r  
muskellunger smallmouth bass# 1 argemouth 
bass* freshwater drum* and northern pike, 
F lgures 37 and 38 d e p i c t  spawning and 
n u r s e r y  a r e a s  f o r  s e v e r a l  o f  t h e s e  
species. 

[ /fi\ WALLEYE 
Spawning area 

2.:. Nursery area 

Figure 34. Walleye spawning and nursery 
areas i n  the Detrof t  R i ve r  and Lake S t .  
C l a i r  (Goodyear e t  a l .  1982b,c), 

Lake St .  CSair has been acclaimad one 
o f  the best f ishing areas i n  Elarth America 
(Figure 39). This f ishery  i s  f os te red  by 
t h e  marsh h a b i t a t s  which sustain species 
number and d i v e r s i t y ,  Spor t  f i s h i n g  i n  
wetlands e x h f b i t s  h i g h  sconomlc values, 
Jaworski and Raphael ( 1878) calcul  atad the 
value of  Mfchigan's coastal wetlands w i t h  



~ a t r o l t  

Detroit River 

YELLOW PERCH 
Spawnlnp area 

AY. Nuraery a r e a  

Figure 35. Yellow perch spawning and 
nursery areas i n  the  D e t r o i t  River  and 
Lake S t .  C l a i r  (Goodyear e t  at ,  1982b,c). 

r e s p e c t  t o  s p o r t  f l shfng a t  $ l l6 /wet land 
hectare/year, Lake St. Cl a i r  e x h i b i t s  t h e  
h i g h e s t  s p o r t  f l s h e r y  v a l u e  f o r  G r e a t  
l a k e s  c o a s t a l  wet1  ands because o f  i t s  
p rox im i t y  t o  D e t r o i t  and t h e  h i g h  qua1 i t y  
o f  ang l  i ng f o r  wa1 l eyer smallmouth bass, 
and y e l l o w  p e r c h  ( T a b l e  2 0 ) .  C u r r e n t  
e s t i m a t e s  i n d i c a t e  t h a t  t h e  St ,  C l a f r  

Delta wet lands  average 8 t o  16 a n g l e r -  
day s / w e t l  and hec ta re /yea r  (Werdendorf e t  
a%. 1981~1.  

Major game f i s h  species whfch f u r n i s h  
a r e c r e a t i o n a l  f i s h e r y  i n  B o u v i e r  Bay 
Wetland, known a l s o  as St. Johnts Marsh, 
inc lude n o r t h e r n  p i k e ,  1 argemouth bass9 
ye1  l o w  p e r c h ,  b u l l  h e a d s *  and v a r i o u s  
panf lsh  ( P o s p l c h a l  1977).  R e c r e a t i o n a l  
f i s h i n g  i s  p o p u l a r  f r o m  shore  s i t e s  as 
we l l  as from boats I n  t h e  shallow bays and 
channels o f  St. Johnrs Marsh, W i t h i n  t h e  
St .  C l a i r  F l a t s  S t a t e  W i l d l i f e  Area on 
Dick inson I s l a n d  and on Harsens I s l a n d ,  
r e c r e a t i o n a l  f i s h i n g  i s  p o p u l a r  f o r  
muske l lunge,  n o r t h e r n  p i k e ,  w a l l  eye, 
y e l l o w  perch ,  smal lmouth  bass, channe l  
c a t f i s h  ( f c t a l u r s  punctatus), b u l l  heads, 
b l u e g i l l  o t h e r  sunf ishes ,  crappie, rock 
bass, w h i t e  bass, l a k e  s t u r g e o n r  coho  
salmon (Qncorhv- s t e e l  head 
t r o u t  and o the r  species. The area i s  a lso 
a p r o l i f i c  producer o f  bait-minnows. Bow 
and arrow f i s h i n g  f o r  c a r p  i s  a growing 
spr ingt ime a c t i v i t y ,  which generates 3,000 
t o  5,000 ang ler -days  o f  r e c r e a t i o n  p e r  
y e a r  ( P o s p i c h a l  1 9 7 7 ) .  I c e  f i s h i n g  
(commonly by  hook and l i n e )  I s  a l s o  an 
a c t i v e  s p o r t  i n  January  and February.  
Common s p e c i e s  pursued i n c l u d e  y e 1  1 ow 
pe rch  (85%)  s s u n f i s h  (10%)r wal leyer and 
n o r t h e r n  p i k e .  M o r e  t h a n  9 5 %  o f  
r e c r e a t i o n  i c e  f i s h i n g  i s  f o r  we t l and  
associated species. 

Other t h a n  s p e c i e s  composition and 
recreational use o f  t h e  f l s h  fauna o f  Lake 
S t .  C l a i r r  k n o w l e d g e  o f  t h e  w e t l a n d  
f i s h e r y  o f  Lake St ,  C l a i r  I s  l a c k i n g  i n  
s e v e r a l  respec ts .  O t h e r  i m p o r t a n t  con- 
s ide ra t i ons  include: 1 )  a c t u a l  r e l a t i o n -  
s h i p s  o f  t h e  s p e c i e s  t o  t h e  wetlands i n  
terms o f  t h e i r  u t i l i z a t i o n  f o r  spawning, 
n u r s e r y ,  and f e e d i n g  a reas ,  2 )  f i s h  
community s t ruc ture ,  3 1 niche occupat ion ,  
and 4 )  i n t e r s p e c i f i c  re la t i onsh ips  w i t h i n  
wetlands. The c o a s t a l  wet lands o f  Lake 
S t .  C l a J r  appear t o  support  a mlxed f i s h  
fauna o f  warmwater and coolwater  spec ies .  
I n  add l  t i on  t o  wetland dependent speciesr 
many s p e c i e s  common i n  o t h e r  c o a s t a l  
h a b l t a t s  a r e  a l s o  common i n  c o a s t a l  
w e t l a n d s E  d e p e n d l n g  on  c o n d i t i o n  o f  
she l te r ,  bottom type, water c l a r i t y ,  water 
depth, and dens i ty  o f  vegetat ion. Because 
o f  t h e  o b v i o u s  v o i d s  i n  f i s h e r i e s  
i n f o r m a t i o n  w f t h i n  c o a s t a l  w e t 1  ands, 
research i n  t h i s  area ranks h igh  p r i o r i t y .  
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Figure 36. Lake sturgeon spawning and nursery areas i n  the Detroit River, Lake St. 
Clair, and St.  Clair River (Goodyear et  a1 . 1982a,b,c). 

63 



Figure 37. Rock bass, pumpkinseed/biuegil l, largemouth bass, and smallmouth bass 
spawning and nursery areas i n  Lake St .  C l a i r  (Goodyear e t  a l .  1982b). 





M I C H I G A G  ONTARIO 
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Figure 39. Sport f i s h i n g  areas by species I n  the v i c i n i t y  o f  St .  C l a i r  De l ta  wetlands 
(Lake S t .  C l a i r  Advisary Committee 1975). 

3 3  AMPHlBlANS AND REPTILES 

The assemb lage  o f  amphlb fans  and 
r e p t l l e s  reported F o r  t h e  Lake S t .  C laSr  
r e g f o n  c a n  b e  d i v i d e d  i n t o  f o u r  ma jo r  
groups:  11  t h o s e  s p e c f e s  a lmost  a lways 
found I n  wetlands and somehow dependent on 
we t l and  h a b i t a t s  t o  t h e  degree t h a t  they 
a r e  uncommon e lsawherer  2) a q u a t i c  and 
s e m i a q u a t i c  species found i n  a wide range 
o f  law1 and wet habf t a t s ,  including coasta l  
wet lands.  3 )  t e r r e s t r i a l  spec ies  which 
enter w a t e r  or wetlands on l y  fnc5denta l l y  
o r  t o  b r e e d *  a n d  4 )  a q u a t f c  a n d  
s e m i a q u a t i c  s p e c l e s  found  prSmar4l  y  i n  
upland or l o t i c  waters  and n o t  common t o  

c o a s t a l  w e t l a n d s  ( H e r d e n d o r f  s t  a7. 
1981~) .  The l a t t e r  a r e  n o t  d i s u s s e d  i n  
t h l s  report .  Four species recorded I n  t h e  
l i t e r a t u r e  as o c c u r r i n g  f n  t h e  c o a s t a l  
zone o f  Lake St. C l a l r  a re  l a r g e l y  wetland 
dependent: mudpuppy (i&&uxi JMGW~), 
r e d - s p o t t e d  n e w t  ( Y&k  

, e a s t e r n  f o x  s n a k e  (w 
e a s t e r n  massasauga 
1. The mudpuppy i s  

l a r g e l y  an open l a k e  species which i s  most 
sonmon around l a r g e  1 a c u s t r i n e  we t l ands  
w i t h  submersed v e g e t a t i o n ,  whereas t h e  
r e d - s p o t t e d  newt is found p r i m a r i l y  i n  
s m a l l  ponds and s h e l t e r e d  p a l u s t r i n e  o r  
r i v e r i n e  wetlands. The eastern f o x  snake 
i s  common i n  l a r g e  c o a s t a l  emergent-type 



Table 20. Average annual number of sport f ish takenafrom Michigan waters of 
Lake St. Clai r and connecting waterways (1975-1979). 

Species Lake St. Clair Detroi t Total 
St. Clafr River River individuals 

Lake t rout  
Rai nbow/steel head 
Brown trout 
Coho salmon 
Chi nook salmon 
Wal leye/sauger 
Bass 
Northern pike/musky 
Yellow perch 
Sunf ish/bluegill 
Crappie/white bass 
Bull head/catf ish 
Rock bass 
Sucker 
Whitefish/cisco 
Other 

Angler days 1,079,031 320,701 4529376 l r  852,108 
Fishermen 100,622 32,523 41,674 174s 819 

a Data source: Michigan Department of Natural Resources (unpublished data). 

wetlands, b u t  t h e  rarer eastern massasauga 
i s  primarily r e s t r i c t e d  t o  swamp f o r e s t  
and bogs. 

Amphibians found in a wide range of 
lowland wet or  aqua t ic  h a b i t a t s  in t h e  
Lake St. C l a f r  coas t a l  zone include t h e  
blue-spotted salamander (&nbvstoma 1 a t e c  
a), s p o t t e d  sa lamander  ( A m  
n@&ulatu!q), four-toed salamander (Hemi- 
U t v 1  i -1, eastern t i g e r  sa1 a- 
mander t ,4mbvs ta  =), gray treefrog 
(fjYLB yersIcQ&x), northern spr ing peeper 
(liyljl ~ r u c i  f e r )  wes t e rn  chorus frog 
(p seudac r i s  t r i s e r i a t a ) ,  B l a n c h a r d q s  
crfcket frog C-5 -1 r 

bul l f rog  (m -1, green frog 
(m m 1  ano-I, p ickere l  f rog 
(Baas pa1 u s t r i s )  , and northern leopard 
frog (m ploiens). The salamanders may 
often occur in moist t e r r e s t r i a l  habitats, 
b u t  t h e 1  r l a r v a e  a r e  a lways aquat jc .  
Aquatic and seml-aquatic r e p t i l e s  which 
probably occur in Lake St. Clair  coastal 

wetlands o r  t h e i r  border lands include the  
northern ringneck snake (Digdoahfs ~unc- 
tatlls edwar_dsl), e a s t e r n  milk snake  ( m m  -1 nor the rn  
water snake (&&& SL northern 
brown snake ( S t o r e r b  L 1, northern 
red-bellied snake ( s o r e *  p, ~ s g @ i t o  - 
1par:ulatg), B u t l e r t s  g a r t e r  snake (m 

e a s t e r n  g a r  

Several amphfblans of t h e  Lake St.  
C la f r  coas t a l  zone a r e  l a rge ly  t e r r e s -  
t r i a l ,  although they are found in  lowland 
a r e a s  a n d  a r e  dependent  on water f o r  
breeding. Consequent1 y t h e  a d u l t s  a r  
l arvae may occur in  coastal wetlands or 



t h e i r  margfns a t  l eas t  seasonal 1 y. These 
specles 1 nclude the red-backed salamander 

) C  t h e  Amerfcan 
d  t h e  wood f rog  
t r i a l  r e p t f  l e 5  

may occur i n  the margins of Lake St. C l a i r  
coastal wet lands o r  i n c i d e n t a l l y  i n  t h e  
wetlands themselves 
smooth  g r e e n  s n a k  
m ) r  blue racer 

1, and b l a c k  r a t  snake ( 
I .  

Although few species of r e p t i l e s  and 
amphibians are absolu te ly  dependent on t he  
coas ta l  wet lands o f  Lake  S t .  C l a i r  f o r  
habitat, t he  continued abundance of  most 
species i n  t h e  c o a s t a l  tone  i s  probably 
dependent on t h e  presence of ex tens i ve  
c o a s t a l  w e t ?  ands. The r e l a t i v e l y  un- 
disturbed coas ta l  hab 'f t a t  a1 ong most o f  
t h e  S t .  C l a i r  D e l t a  p robab l y  supports a  
present herpetofauna s i m i l a r  t o  t h a t  o f  
p r e - s e t t l  ement ti mesr both i n  composition 
and r e l a t f  ve a b u n d a n c e  o f  s p e c l e s .  
Appendix J I l s t s  t h e  spec les known o r  
presumed t o  occur i n  o r  ad jacent  t o  t h e  
coas ta l  wetlands; because o f  the scarc i t y  
o f  p u b l i s h e d  r e c o r d s ,  t h i s  l i s t  i s  
somewhat specul at lve. 

The p resence  o f  wa te r ,  food, and 
cover, and the r e l a t i v e  i so l a t i on  from the  
cu l tu ra l  development w h i c h  occurs around 
most o t h e r  bodies o f  water are among the  
factors t h a t  con t r ibu te  t o  the  importance 
o f  wetlands i n  m a i n t a i n i n g  t h e  coas ta l  
zone herpetof  auna. The r e c r e a t i o n a l  o r  
commerci a1 i m p o r t a n c e  o f  t h e  coas ta l  
herpetofauna i s  unknown8 bu t  the bu l l f rog,  
green frog* eastern s p i n y  s o f t s h e l l ,  and 
snapping t u r t l e  a re  e d i b l e  species which 
may be harvested. In a d d i t i o n ,  r e p t i l e s  
and amphi bians such as t he  northern water 
snake and t h e  snapping t u r t l e ,  serve as 
food sources f o r  many species o f  fish, 
birds, and mammals, o r  may themselves be 
p reda to rs  o f  economf tally important, f i sh  
and wild1 i f e .  Beyond ~ m 3 r a 1  background 
on t h e  occurrence and re l a t i ve  abundance 
o f  r e p t i l e s  and amphibians i n  t h e  coas ta l  
we t lands*  l i t t l e  p u b l f s h e d  i n f o rma t i on  
ex is ts  per ta in ing  t o  papu1atlon8 community 
s t r u c t u r e r  a n d  d y n a m i c s  o f  t h e  
herpetof auna, 

The eas te rn  Cox snake i s  l i s t e d  as 
threatened by +Re State of Michtgan, This 

species 1s wetland-dependent and was once 
common and res t r i c t ed  t o  coastal emergent 
wetlands and wet land margins o f  western 
Lake E r i e  and the coast of Lake St. C l  a i r .  
The b l a c k  r a t  snake i s  a lso  l i s t e d  as 
threatened I n  Michfgan and may occur f n  
d r i e r  margins a f  Lake S t ,  C l a f r  coastal 
wetlands. The eas te rn  massasauga i s  a  
c a n d i d a t e  f o r  F e d e r a l  l i s t i n g  on t h e  
threat.ened/endangered spec i  es 1  i s t .  The 
f o l l o w i n g  spec ies ,  cons idered r a r e  i n  
Michigan, may also occur i n  these coas ta l  
wetlands: eastern spiny Sof tshe l l r  spotted 
t u r t l e  ( 18 and f o u r t o e d  
salamander, 

The ex tens ive  wet lands o f  t h e  S t .  
C l a i r  D e l t a  a re  u t i l f z e d  f o r  nest ing and 
dur ing  m i g r a t i o n  by w a t e r f o w l  wading 
b i r d s ,  g u l l s ,  t e r n s ,  and shoreb i rds.  
Appendix  K l i s t s  t h e  I m p o r t a n t  b i r d  
species which occur i n  the  v i c i n i t y  o f  the 
Lake  S t .  C l a i r  we t l ands .  Wa te r f ow l  
commonly observed i n  the wetlands i n c l u d e  
ma l l a rd  (BagS w h v n - ) ,  black duck 
(81195 -1, blue-wlnged t e a l  (m 
$i%cocs). wood duck (&1X -1, American 
wigeon (m -18 and no r t he rn  
shoveler (u ~ l v p e a t a )  . I n  addi  t i o n ,  
canvasback (m v a l  f +=i-1 scaup 
(m spp.1, r u d d y  duck  (Ilxylrra 
&gnat and hooded merganser  
(w ~ 1 1 a t u s )  u t i l i z e  t h e  
h a b i t a t  f o r  nes t i ng  . Several endangered 
and threatened species (Michigan) o f  b i rds  
have been repor ted  I n  t h e  coas ta l  zone. 
Osprey (Pandi_nn ha1 i a e t ~ ~ 5 . 1  and the  Caspian 
t e r n  (Sterna -1 have been reported i n  
scattered l o c a l i t i e s  along the shore1 I ne. 
N e s t 1  n g  c o l o n i e s  o f  y e 1  law-headed  
blackbird ( 18 
black t e r n  (m -1, and common 
t e r n  (Sf;arna hi run&? have been observed 
i n  several wetlands. The common t e r n  i s  
p r e s e n t l y  on t h e  M i c h i g a n  endangered 
specles l i s t .  

W a t e r f o w l  a r e  a  m o s t  I m p o r t a n t  
component o f  the b I o t i c  envf ronment. The 
importance o f  the Lake S t .  C l a i r  wet lands 
t o  ducks, geese, and o the r  waterfowl i s  
based primarily on t h e  l o c a t i o n  o f  these 
wetlands i n  r e l a t i on  t o  waterfowl flyways, 
t h e  p r o d u c t i v i t y  ( i n  terms o f  waterfowl 



foods) o f  the  wetlandso and the  declfne o f  
other coastal wetland systems. Except f o r  
t h a t  o f  mal lard,  b l ack  duck and b l u e -  
winged t e a l ,  n e s t i n g  appears  t o  be a 
secondary use o f  t h e s e  w e t l a n d s  w i t h  
feeding and res t ing  during migratlon bejng 
o f  primary importance. 

Based  on w a t e r f o w l  f e e d i n g  and 
rest ing use durfng migratfon as wel l  as on 
duck harvest and production o f  young, t h e  
wetlands and assoc ia ted open waters o f  
Lake S t .  C l a i r  may be t h e  most impor tan t  
wetland system i n  t h e  Great Lakes region 
wi th  the possible exception o f  Long P o i n t  
i n  Lake Erie. With reference t o  t h e  Great 
Lakes-Chesapeake Bay migration torrider* 
the p r i nc i pa l  f l i g h t  pa ths  o f  t h e  tundra  
swan, f o rme r l y  wh is t1  i n g  swan, (CYQILUS 
-1. canvasback, b u f f l e h e a d  
( -1, and ruddy duck in- 
clude a res t ing  stopover f n  Lake S t .  C l a i r  
(Be l l  rose 1976). I n  r e fe rence  t o  water- 
fowl  ha rves t i ng  i n  Michigan, S t .  C l a i  r 
County, which includes most o f  the wetland 
on the American s ide o f  Lake St. Clafr ,  i s  
the leading harvest county (Carney e t  a1 . 
1975). P roduc t ion  da ta  f o r  t h e  Bouvier 
Bay ( i n c l u d i n g  St .  John" Marsh) and 
Harsens I s 1  and wetlands reveal an average 
o f  240 young produced per km2 EHerdendorf 
e t  a l .  1981~) .  

I m p o r t a n t  1 l t e r a t u r e  sources re -  
garding t he  waterfowl use o f  t h e  wet lands 
are Jaworski and Raphael (1978) as we11 as 
Herdendorf e t  a l .  ( 1 9 8 1 ~ ) .  The l a t t e r  
source i s  espec ia l ly  impor tan t  i n  regard 
t o  t h e  Bouvier Bay, Dickinson Island, and 
Harsens I s l a n d  wetlands. The St. C l a i r  
F l a t s  S t a t e  Game Area comprises t h e  lower 
port ions o f  Harsens I s l a n d  and D ick inson  
Is land,  p l u s  t h e  two former areas o f  the  
Lake St. C l a i r  Nat iona l  W f l d l l f e  Refuge, 
one a t  t h e  mouth o f  N o r t h  Channel i n  
Anchor Bay, and another i n  between the end 
o f  Middle Channel and Channel A Bout Rond. 

I n  Ontar io ,  t h e  Canadian W i l d l  i f e  
Serv ice  (Dennis and Chandler 1974, Dennis 
e t  a1. 1981) have documented t h e  u t i l  i t y  
o f  wet lands w i th  regard t o  waterfowl. I n  
terms o f  t o t a l  use du r l ng  m ig ra t ion ,  t h e  
Lake S t .  C l a i r  wet lands rank second t o  
Long P o i n t  (Lake E r i e ) ,  O n t a r i o .  The 
coas ta l  marshes a re  p resen t l y  t h e  most 

i m p o r t a n t  s t a g i n g  a reas  i n  s o u t h e r n  
On ta r i o  f o r  mal lard,  b lack  duck, Canada 

1 ,  and t u n d r a  
ons o f  .the North 
asback* redhead 

1, and tundra  swan a l s o  
u t i l  i z e  t h e  Lake St .  Claf r marshes during 
migratlon staging periods. 

Walpole I s l a n d  possesses ex tens i ve  
marshes, p a r t i c u l a r l y  a t  i t s  southern end 
where the shore f ronts  on Lake S t .  C l  a i  r. 
There a re  f l v e  major is lands t h a t  make up 
the  24,000-hectare Wal p o l e  I s 1  and I n d i  an 
Reserve. Here many nes t i ng  species o f  
b i r ds  rare i n  both the  region and On ta r i o  
as a whole have been observed, including 
canvasback, redhead, ruddy duck, no r t he rn  
h a r r i e r  (Circus l i t t l e  g u l l  
(m -1 , F o r s t e r t s  t e r n  (w 
-1, and king r a i l  (&Uui 3 
(Goodwin 19821, Wooded a reas  e 
i s l a n d  i n c l u d e  sec t i ons  o f  oak savannah 
which accommodate a r o o k e r y  o f  b l a c k -  
crowned night-herons ) 
and great egrets (- allus). 

As indicated I n  Table 21, a d i ve r s i t y  
o f  water fowl  r e l y  on the St. C l a i r  Del ta 
wetlands. Waterfonl use during m i g r a t i o n  
i s  more I m p o r t a n t  t h a n  use o f  t h e s e  
wet1 ands f o r  breeding purposes. Moreover, 
ducks a r e  much more numerous t h a n  a r e  
swans and geese. With regard t o  dabbling 
ducks, t he  most abundant migrants include: 
mallard, b l ack  duck, American wigeon as 
we1 1 as p i n t a i l  (&as 
teal, and green-winged 
Among t h e  more abundant m ig ran t  d i v i n g  
ducks a r e  canvasback, g r e a t 6  
(&j&ygj -1, l e s s e r  scaup 
ilfflnfs) * 11 a 
goldeneye ( and bu f f l e -  
head. 

The use  o f  t h e  S t .  C l a i r  D e l t a  
wet lands f o r  feeding by both dabbling and 
d iv ing  ducks f s  o f  prime importance (Table 
22). P lant  foods from shal lon marshes and 
waste g r a l n s  from nearby a g r i c u l t u r a l  
f i e l d s  a re  e s p e c i a l l y  impor tan t  i n  t h e  
d i e t  o f  dabb l  i n g  ducks, p a r t i  c u l  a r l y  
mallards and black ducks as wel l  as Canada 
geese, whereas submersed aqua t i c  p lants  
and t h e i  r assoc ia ted i n r e r t e b r a t e  fauna 
cons t i tu te  important fwd items far d iv ing  
ducks such as canvasback, redhead* and 
scaup (Jaworski and Raphael 1978). Corn 



Table p. Birds observed in St .  Clair  Delta wetlands (1975- 
1977). 

Species Bouvi e r  Dickinson Harsens 
~ a y b  Is1 and I s1  and 

Tundra swan 
Canada goose 
Snow goose 
Ma1 1 ard 
Black duck 
Gadwall 
P i n t a i l  
Amerlcan wigeon 
Green-wi nged t e a l  
B l  us-w i nged t ea l  
Northern shoveler 
Wood duck 
Red head 
Ring-necked duck 
Canvasback 
Greater and lesser  scaups 
Common go1 deneye 
B u f f  1 ehead 
Ruddy duck 
Hooded and comon mergansers 
Horned grebe 
Piad-bi 1 led  grebe 
Be1 ted  k ing f  lsher  
Sedge and marsh wrens 
Great blue heron 
Green-backed heron 
Great and c a t t l e  egrets 
Black-crowned night-heron 
American and l eas t  b i t t e r n s  
K4ng and V i r g i n i a  r a i l s  
Sora 
Common moorhen 
Amerfcan coot 
Herr ing g u l l  
Ring-bt l led g u l l  
ForsPerss and black terns 
Comon t e rn  
Eastern meadow1 ark 
Ye1 1 ow-headed blackbird 
Red-w i nged b l  ackbi rd  
Common snipe 
American woodcock 
cooperfs hawk 
Red-tat l ed  hawk 
Rough-1 egged hawk 
Northern ha r r i  e r  

' ~ a t a  source: Herdendorf a t  a1. ( 1981~1. 
b~ote: Bouvier Bay survey included St. John's Marsh; other 

surveys less i ntense, 



'$able 22. Product iv i ty and seasonal abundance o f  watesfowl i n  Bouvier 
Bay marshes and Harsens Is land i n t e r i o r  wetlands (1974). 

Summer Fa1 1 Spring - 
Adult Young 
- - 
Total Duration Total  Duration 

Area and pai r s  
waterfowl ( no/ km2 pop. (wks) pop. (wks) 

Dabbl lng ducks 35 222 41800 4-10 4r900 3-4 
Divers 2 14 200 - 5 ~ 0 0 0  3-4 
Geese 1 4 0 0 0 0 
Swans 0 0 0 0 0 0 -- 
Total 38 240 5 r 000 

Dabblfng ducks 33 210 1,400 4-10 1 ~ 5 0 0  4-5 
Divers 4 22 100 10 2,400 4-5 
Geese 1 5 - - - - 
Swans 38 237 l r500 - 3 * 900 - 

-- 
Total 76 474 3 r 000 

a ~ a t a  sources: Herdendorf e t  al. (1981c)r Michigan Department o f  Natural 
Resources (unpubl lshed data), 

and o t h e r  g r a i n s  grown on t h e  Harsens 
Is land State Game Area and on t h e  upland 
port ions o f  the Canadian s ide o f  t he  de l ta  
a t t r a c t  dabbl i n g  ducks and Canada geese. 
I n  cont rast*  submersed aqua t i c  p l a n t s  i n 
t h e  d i e t  o f  d i v i n g  ducks i n c l u d e  w i l d  
celery, pondneeds, and waterweed. 

The s i g n i f i c a n c e  o f  t h e  p l a n t  and 
i n v e r t e b r a t e  food base of t h e  S t ,  C l a i r  
Del ta wet l  ands i n  r e l a t i o n  t o  water fowl  
can not be overstated. An important study 
by Dawson (1975) of Anchor Bay i n  northern 
Lake  St .  C l a i r ,  i n d f c a t e s  t h a t  on ly  a 
small percentage o f  t he  prefer red aqua t i c  
p l  a n t s  and i n v e r t e b r a t e s  a v a i l  ab le  t o  
m i g r a t i n g  waterfowl f n  Lake S t .  C l a f  r 
wet lands a re  c u r r e n t l y  be ing u t i l i z e d .  
Waterfowl food supp l i es  a re  e s p e c i a l l y  
impor tan t  dur ing sprf  ng migration because 
p r e f e r r e d  foods  a r e  g e n e r a l  1 y l e s s  
abundant and breeding females must a r r i ve  

i n  good condi t ion on the  breedfng grounds. 
Thus t h e  s p r i n g  m i g r a t i o n  i s  l e s s  
r e s t r i c t e d  t o  s p e c i f i c  feeding areas and 
waterfowl can be observed i n  l akes  and 
wet lands whSch they  d i d  no t  f requent i n  
t he  f a l l .  For exampf er no te  i n  Table  22 
t h a t  d iv fng ducks are more numerous Jn the 
r e l a t i v e l y  shallow Bouvfer Bay and Harsens 
Is land wetlands i n  sprfng than i n  the f a l l  
m ig ra t i on  season. Waterfowl migrat jon i s  
discussed i n  more de ta i l  i n  Sectton 4.3. 

W i t h  r e g a r d  t o  p r o d u c t i o n  o f  
water fowl  I n  t h e  wetlands along take S t .  
C l a i r ,  these  wet lands appear  t o  b e  o f  
modera te  i m p o r t a n c e  on1 y. Some pre-  
l fmlnary  data c o l l e c t e d  by JaworskS and 
Raphael (1978) suggested t ha t  Michigan's 
coas ta l  w e t l  ands have a duck n e s t i n g  
dens i t y  o f  32 breedjng pafrs per km2 and 
t h a t  g o o s e  and  s w a n  n e s t l n g  was 
Insfqn i f fcant ,  Data reveal t h a t  the  pa i rs  



o f  dabb l ing  ducks s l f g h t l y  exceed t h i s  
p r e l  im ina ry  average, b u t  t h a t  paf r s  of 
d i v i n g  ducks were much less  than the man 
(Table 22) . Eterdendorf e t  a l .  ( 1 9 8 1 ~ 1  
repo r t ed  t h a t  ma1 1 ard, blue-winged t e a l #  
and cinnamon t e a l  a re  t h e  most  common 
nes te r s  i n  t h e  d e l t a  wetlands along wl th  
smaller numbers of black duck, wood duck, 
p i n t a l l ,  redhead, and ruddy duck. Small 
bu t  s i gn i  f i can t  numbers o f  the r e1  a t 1  v e l  y 
r a r e  redhead  duck n e s t  i n  St.  Johnrs 
Marsh, on lower Harsens Is land*  and a long 
coas ta l  Walpole Island. Both mal lard and 
blue-winged t e a l  are c l  ass i f  fed as meadow 
nesters,  b u t  t h e  mal 1 ard e x h i b i t s  great 
v e r s a t i l i t y  I n  regard t o  s e l e c t i o n  o f  
potent ia l  nesting s i tes.  

Lake S t .  C l a i r  has long been renowned 
a s  an e x c e l ?  e n t  duck h u n t f n g  area.  
Hunting p ressure  f rom b o t h  t h e  l and  and 
w a t e r  i s  common on t h e  Amer ican and 
Canadlan s i des  o f  t h e  de l t a .  The main 
s p e c i e s  h a r v e s t e d  i n  t h e s e  c o a s t a l  
wet lands a r e  t h e  m a l l a r d ,  a l o n g  w i t h  
lesser numbers o f  black duck, p i n t a i l ,  and 
t e a l  (Table  23) . However, I n  open-water 
areas o f  Lake St. C l a i r ,  where hun t i ng  
f rom boa ts  and f l o a t i n g  b l inds  p reva i l s *  
the  ma jo r f t y  o f  t h e  ducks harvested a re  
divers# i.e., scaup and the  now res t r i c t ed  
canvasback and redhead, r a t h e r  t h a n  
dabbling ducks. 

The type o f  shores range f rom sandy 
beaches t o  mudflats. The beaches a t t r a c t  
small f l ocks  o f  shoreb i rds I n  m ig ra t i on .  
Those spec ies commonly seen feeding are 

bfrds, such as herons and egrets,  ga ther  
to f e e d  i n  t h e  mud f l a t s  near  l a r g e r  
streams. 

Nes t ing  spec ies  i n  t h e  St .  C l a i r  
F l a t s  (F i gu re  409 include such specIes as 

Table 23. Species composition of ducks 
harvested I n  the St., Clair Flats State 
Game Area (1974-1975). 

Annual 
Spechs harvest Percent 

(avge o f  t o t a l  
indiv id.)  

Ma1 1 ard, 4,362 
inc lud ing domestic 

Black duck and hybrids 498 
P l n t a i l  242 
Green-w 1 nged t ea l  173 
American w l geon 13 8 
Ri ng-necked duck 78 
B l  ue-w i nged t e a l  7 1 
Scaup 34 
Gadwall 30 
Wood duck 28 
Merganser 19 
Buf f l  ehead 18 
Northern shoveler 10 
Common go1 deneye 9 
Redhead 4 
Ruddy duck 3 
Oldsquaw 0 
Canvasback 0 
Scoter 0 

- - 
TOTAL 5,717 100.00 

a ~ a t a  source: Jaworski and Raphael (1978). 

Lake St .  C l a i r  w e t l a n d s  s u p p o r t  t h e  
f o l l o w i n g  n e s t i n g  wa te rb i r ds  I n  wooded 
h a b i t a t s :  g r e a t  b l u e  h e r o n  ( 
-1, black-crowned n i g h t - h  
green-backed heron (- .-US), 
great egret, American woodcock ( 3 ~ 0 1  OD= 

-1, be1 sher (Cerv1 Q D 

bald eagle Jeuc-1, and 
osprey. 

Investigations i n  1954 o f  a rookery 
on Dfck i  nson I s 1  and found approx imate ly  
350 p a i r s  o f  g r e a t  b l u e  herons and 20 
pa i rs  o f  black-crowned night-herons a1 ong 
w i t h  seven p a f r s  o f  great  egrets. TheIr 
numbers have declined over the pas t  t h r e e  
decades. Nearby Harsens Is land supports a 
r o o k e r y  o f  b l  ack-crowned n ight -herons 
(U.S. Army Corps o f  Engineers 1974). 

S 
Herons a re  a s o l i t a r y  b l  ).d e x c e p t  

when breeding. They are c o l o n f d  nesters 



Figure 40. Least b i t t e r n  ( Ixobr chus 
__Y-r e x i l i s )  w i th  young i n  broad-leaved cat ta  1 

(Typha l a t i f o l i a )  nest (Michigan Depar t -  
ment o f  Natural Resources). 

who requlre a habi ta t  w i th  an abundance o f  
twigs and s t i c ks  f o r  nest-building. These 
long-legged waders p re fe r  a d i e t  o f  f i s h p  
b u t  w i l l  a l s o  f e e d  o n  i n s e c t s r  
c rus taceans ,  amph ib i ans ,  r e p t i l e s ,  
mo1 lusca, and rodents  (Figure 41). They 
a re  s t r ong  f l i e r s  and a re  known t o  f l y  
g r e a t  d is tances  i n  search o f  food, For 
example i n  Lake Er ie ,  herons f l y  15 km 
from t h e i r  rookery  on West S is te r  Is land 
t o  feed f n  the marshes a t  Locust P o i n t  on 
t h e  Oh io  ma in l and  (Meeks and Hoffman 
1980). 

Wading b i r d s  u s u a l l y  forage i n  t h e  
shore1 i nes o f  t h e  t r i b u t a r y  streams and 
r f t h i n  t h e  coas ta l  marshes o f  t h e  S t .  
C l a t r  Del ta .  Their  d i e t  consists of  f i s h  

f o r  t h e  most  p a r t ,  b u t  c r a y f i s h  and 
fnsects are a lso consumed i n  s i g n i f i c a n t  
quant i t ies.  

Sho r t - ea red  owls  (m 
r e d - t a i  1 ed, 

1 have been 
repor ted  f n  St, John's Marsh i n  Bouvier 
Bay (Pospicha l  1977). B a l d  e a g l e  and 
osprey nes t  i n  wooded habi tats assx i a ted  
with de l ta  wetlands (Kelley e t  a1. 19639. 

3.7 MAMMALS 

The wet lands o f  Lake St. C l a i r  a re  
impo r tan t  h a b i t a t  f o r  several species o f  
mammals (Append ix  L). Wet lands  a r e  
essent ia l  f o r  muskrat (I)nda.tra gjhethi-1 
and mink (w -1. The V i rg in ia  
opossum (U~&J&IS 1, s t r i p e d  
skunk (w w h i t i , ~ ) ~  and red  f o x  (m u) a re  commonly observed i n  
t h e  wetlands. Furbearers are a valuable 
r e s o u r c e  f n  many c o a s t a l  w e t l a n d s *  
p a r t i c u l a r l y  those assoc ia ted w i t h  t h e  
Lake St. C l a i r  Delta, including St. John's 
Marsh (a  por t ion  o f  Bouvier Bay wetlands), 
Dickinson Is land* Harsens Is land*  Hal po le  
I s 1  and, a n d  M i t c h e l l  Bay wet lands .  
F i f t e e n  s p e c i e s  o f  mammals have been 
repo r t ed  f rom t h e  d e l t a  f s lands  (Hayes 
1964, U.S. Army Corps o f  Engineers 1 9 7 4 9 ~  

ossum, e a s t e r n  
f 1 0 r i d a n u s ) ~  Eur 

Limited deer and upland game hun t i ng  i s  
permltted on the  de l ta  i slands. 

The p r i  n c i  pa l  m m a l  inhabi t+  ng Lake 
St. Claf r wetlands i n  terms o f  occurrence 
and economf c value i s  t he  muskrat. Based 
on f t s  feed ing  and l odg ing  h a b i t s f  t h e  
dens i t y  o f  muskrats per u n i t  o f  coastal 
wetland can be est imated, Jaworski  and 
Raphael ( 19781 determfnsd t h a t  Macomb 



DEA'D PLANTS AND 

MINERAL NUTRIENTS 

Figure 41. Food chain o f  t h e  great  b lue  heron (Ardea herod ias)  i n  Lake 
St. C l a i r  (U.S. Amy Corps o f  Engineers 1974). 



County* Michigan wetlands have susta ined 
y i e l d  o f  16 muskratsfhectare. This i s  a 
r e l a t i v e l y  high y fe l d  f o r  coastal wetlands 
which usual ly  range from 5 t o  15/hectare.  
The food s u p p l y  o f  t h e s e  omn ivorous  
herb ivo res  may be d i ve r se ,  e s p e c i  a1 1 y 
du r f  ng pe r i ods  o f  s t ress .  Baumgartner 
(1942) has i d e n t i f i e d  34 food i tems f o r  
muskrats i n  Michigan. The preferred food 
i s  c a t t a i l ,  bulrush, and b l u e j o i n t  grass. 
These emergent p l a n t s  are common i n  Lake 
S t .  C l a i r  wet1 ands, 

L i t t l e  s i t e  s p e c i f i c  r esea rch  has 
been conducted on Lake St. C l a i r  muskrats, 
b u t  work done on t h i s  species i n  western 
Lake  E r i e  can  p r o v i d e  some i n s i g h t .  
Several s t r u c t u r e s  observed I n  Lake E r i e  
coastal marshes a re  assoc ia ted w i t h  t h e  
a c t i v i t y  o f  muskrats (Bednarik 1956). The 
most n o t i c e a b l e  s t r u c t u r e  1s the  muskrat 
"house", a dome-shaped p i l e  o f  emergent 
vegetation, p r imar i l y  c a t t a i l  (Figure 42). 
The average house var ies  i n  s lze from 1 t o  
2.5 rn I n  diameter a t  the base and from 0.7 
t o  3 m i n  he ight .  They a re  l oca ted  i n  
stands o f  emergent vegetation o r  along the  
periphery o f  such stands. They a r e  o f t e n  
cons t ruc ted  on protuberances i n  t he  marsh 
bottom, u t i l  i z i n g  p lants  i n  t he  Immedi a t e  
a r e a .  The  m a j o r i t y  o f  h o u s e s  a r e  
constructed during t h e  f a l l ,  c h i e f l y  f rom 
October t o  November. B u i l d i n g  a c t i v i t y  
occurs mainly during perlods o f  darkness. 
Typical dens i t ies  o f  ac t i ve  muskrat houses 
i n  Sandusky Bay marshes average 4/hectare. 
Small houses have one l i v i n g  chamber and 
l a r g e r  houses have two o r  t h r e e  l f v f n g  
chambers above the water 1 ine. The 1 i v i n g  

Figure 42. Muskrat "houses" i n  a well- 
populated section of Magee Marsh, western 
Lake Erie, Ohio (Bednarik 1956). 

chamber i s  about 35 t o  50 cm i n  height and 
i s  formed by t h e  muskrat chewing out the  
vegetation. M o s t  h o u s e s  h a v e  t w o  
underwater e x i t s  or  plunge holes. 

Other structures made by muskrats are 
assoc ia ted w i t h  feed ing ac t i v i t y .  Rafts 
are constructed from stems of p lants  p i l e d  
i n  a c i r c u l a r  f a s h i o n  t o  s e r v e  as  a 
f eed1  ng p l a t f o r m .  "Feeding bogsw are  
covered, f l o a t i n g  p l a t f o r m s  w h i c h  a r e  
sma l le r  i n  dimensions than  t h e  muskrat 
house and a r e  no h i g h e r  t h a n  40 cm, 
a v e r a g i n g  60 cm i n  d i ame te r .  These 
s t r u c t u r e s  a r e  u s u a l  1 y  l o c a t e d  some 
distance from the la rger  muskrat house and 
serve as protected feeding sites. Itpush- 
upsn are b u i l t  only i n  the  w in te r  and a re  
sma l l ,  h o l l o w r  dome-shaped s h e l l s  o f  
submergent vegetatton over  a p lunge ho le  
i n  t h e  ice.  These protected plunge holes 
allow the  muskrat t o  extend the area over  
which i t  can forage s i nce  It can t rave l  
greater dfstances under the  ice. 

The reproductive cyc le  o f  t he  muskrat 
on Sandusky Bay of Lake E r i e  has been 
documented by Bednari k (1956) and Donohoe 
(1966). Reproductive a c t i v i t y  begins i n  
January and ends I n  September, w i th  the 
greatest  a c t i  v l  t y  occu r r i ng  I n February 
and March. The t i m e  o f  f f  r s t  mating i s  
determined i n  p a r t  by t h e  t i m e  o f  i c e  
breakup. The gestat ion period var ies f ram 
20 t o  28 days. Females usual ly have two 
1 i t t e r s  o f  young per season al though some 
may have t h r e e  l i t t e r s .  P lacenta l  scar 
counts i n d i c a t e  t h a t  t h e  mean number o f  
young p e r  1 i t t e r  I s  l l r  b u t  Bednar ik 
concluded t h a t  a t  t h e  t i m e  o f  b i r t h ,  t h e  
average I l t t e r  s i z e  i s  e igh t .  Sandusky 
Bay has habi tats s im i l a r  t o  those o f  Lake 
S t .  C l a i r  and I s  l oca ted  on t h e  south 
shore o f  Lake E r i e  approximately 100 km 
southeast o f  Detroi t .  

P reda t ion  by mink occurs bu t  i s  not 
an impor tan t  in f luence  on t h e  musk ra t  
popu la t i on  because o f  t he  low numbers o f  
mink i n  t h e  marshes. Preda t ion  on juv-  
e n l l e  muskrats by raccoons and Norway ra t s  
o c c u r s  I n  e a r l y  summer and i s  n o t  an 
Important mortal f t y  factor. Some mor ta l  - 
f t y  i s  a t t r i b u t e d  t o  hemor rhag i c  o r  
"Erringtonts" disease, Th i s  d isease can 
cause s i g n i f  i c a n t  f l u c t u a t j o n s  i n  t h e  
muskrat populatfsns 3n western Lake E r i e  
marshes (Bednar ik 19561 and presumably 
also i n  lake St .  CPaSr marshes, 



The annual harvest o f  muskrat i n  t h e  
M i c h i g a n  c o u n t f e s  and O n t a r i o  a reas  
borderfng Lake S t ,  C l a i r  i s  glven i n  Table 
24. The harvest from Mlchigan and Ontario 
marshes can exceed 100,000 ind iv idua ls  per 
year. With a p e l t  p l u s  carcass p r i c e  o f  
approx imate ly  $10.00 per animals muskrat 
t r a p p i n g  I s  a m i l l i o n  d o l l a r  a y e a r  
I n d u s t r y  i n  t h e  Lake S t .  C l a i r  reg ion,  
Jaworskl and Raphael (1978) observed t h a t  
furs  from the  coastal wetlands are o f  high 
q u a l i t y 8  hence t h e  f u r  p r i c e s  i n  these  
a r e a s  a r e  u s u a l l y  h i gh .  The r e c e n t  
d e c l i n e  I n  O n t a r i o  p r o d u c t i o n  i s  
a t t r i b u t e d  t o  rough ly  a 30% d e c l i n e  i n  

Table 24. Muskrat harvest i n  Michigan and 
Ontario bordering Ldke S t .  C l a i r  and 
connect1 ng waterways. - 
Year St .  C l a i r  Macomb Wayne Total  

1965 2,675 1,272 112 4,059 
1966 15,515 4,084 2,700 22.299 
1967 24,335 2,658 392 27,385 
1968 13,395 5,469 1,006 19.870 
1969 16,063 6,012 1,484 23,559 
1970 30,350 3,479 1,149 34,978 
Annual 
mean 17,055 3,829 1,141 22,025 - 
Year Dover Twnshp. Walpole Is. Total  

1974 23,512 67 880 91,392 
1975 22,591 73 r 796 96,387 
1976 21,174 31,212 52,386 
1977 13 r 174 14,790 31,964 
1978 11,658 15,385 27 1 043 
1979 12,715 37,340 50,055 
1980 15,138 26,891 42 029 
1981 8,886 26,363 35t249 
1982 9,215 29,780 38,995 
Annual 
~ a r ~  15,785 35,937 51,722 

a Data sources: Jaworski and Raphael (19781 
and George Ducknorth, Ontar30 Min is t ry  o f  
Natural Resources (pers, c m .  ) . 

wet land area du r i ng  t h e  same per iod IG. 
Duckworthv On ta r l o  M i n i s t r y  o f  Na tu ra l  
Resources; pers. corn. 

Again* l i t t l e  d i r e c t  information i s  
ava i lab le  on t h e  ecology o f  raccoons i n  
Lake S t .  C l a i r  wetlands# bu t  western Lake 
E r i e  s t u d i e s  c a n  b e  h e l p f u l  i n  
unders tanding t h i s  ant ma1 . Several as- 
pects o f  the  l i f e  h i s t o r y  o f  t h e  raccoon 
i n  Sandusky Bay marshes were invest igated 
by a t rapping and t e l eme t r y  s tudy (Urban 
1968, 19701, The dens i ty  o f  t h e  raccoon 
p o p u l a t i o n  was es t imated  t o  be  17/km2. 
The j u v e n i l e  t o  a d u l t  female r a t i o  was 
1 . 2 x l . 0 ,  i n d f c a t i n g  a m o d e r a t e  
p r o d u c t i v i t y  f o r  t h e  raccoon population. 
The mean w e i g h t s  o f  b o t h  a d u l t s  and 
j u v e n i  1es  i n c r e a s e d  f rom s p r l n g  u n t l l  
ea r l y  winter and then decreased over  t h e  
winter. 

The t e l eme t r y  p o r t i o n  o f  t h e  study 
provided information on raccoon movements, 
home ranger and denning. General l y r  rac- 
coons spend t he  daytime period i n  o r  near 
dens. The amount o f  nocturnal movement i s  
r e l a t e d  t o  t h e  s i z e  o f  t h e  home range, 
Raccoons w i t h  1 a rge r  home ranges move 
g r e a t e r  distances. Raccoons move a t  a 
mean r a t e  o f  162 m/hr. Marshland f s the 
major  h a b i t a t  t y p e  encompassed i n  an 
average n i g h t  o f  t r a v e l  and t h e  hab i ta t  
t y p e  i n  which raccoons spend t h e  most  
time. Raccoons spend approximately 73% o f  
t h e  t i m e  i n  the  v i c i n i t y  o f  shallow water 
( F i g u r e  43). Ma le  j u v e n i l e  r accoons  
disperse from the marsh i n  the f a l l .  

Raccoons do no t  appear t o  search out 
wa te r fow l  nes t s ,  s i n c e  l i t t l e  change 
occurs  i n  t h e i r  movement p a t t e r n s  when 
wate r fow l  n e s t i n g  i s  i n i t i a t e d .  Dikes 
r e c e i v e  h i g h  usage i n  p r o p o r t i o n  t o  the 
amount o f  a r e a  t h e y  r e p r e s e n t  i n  t h e  
marsh. Movements o f  f ema le  raccoons 
encompass more wooded area per n i g h t  than  
t h e  male raccoons. Home range f o r  t h e  
average raccoon i s  51  hectares i n  size. 

Food i tems o f  raccoons i n  Sandusky 
Bay marshes (Lake E r i e )  include muskrat, 
c ray f  i sh r  f ish,  duck eggs, p1 ant materf a? 
seeds, and b i r ds  (Andrews 1 9 5 2 ~  Bednar ik 
1956, Urban 1968). Fish,  c ray f i sh ,  and 
p lan t  mater ia l  were t h e  c h l e f  food i tems 



In a l l  seasons. Muskrat fu r  was found i n  
only 8% of raccoon s c a t s  c o l l e c t e d  year  
round, bu t  In 47% of s c a t s  co l l ec ted  i n  
t h e  sprfng.  Andrews (1952) noted t h a t  
chln~ney c r a y f i s h  1 I s  a 
favor i te  food of raccoons i n  t h e  summer, 
R a c c o o n s  w e r e  r e s p o n s i b l e  f o r  t h e  
termlnat-lon of 39% of the  waterfowl n e s t s  
b u i l t  on t h e  Sandusky Bay d i k e s  in 1967 
and 1968 (Urban 1970). 

Raccoons a r e  t h e  most s i g n l f  i c a n t  
f u r b e a r e r  I n  t h e  Lake St,  Cla i r  wetlands 
S n  t e r m s  of p e l t  v a l u e  o f  t h e  t o t a l  
ha rves t .  The density of raccoons in Lake 
S t .  Cla i r  wetlands has been es t imated a t  
about 0.3jhectare by Jaworskl and Raphael 

Figure 43. Raccoon (Procyon l o t o r ) ,  a (1978) They f n d l c a t e  a value per p e l t  
common predator of duck nests in Lake St. PIUS carcass of about $40.00 for the  ear ly  
Clair  wetlands. t o  middle 1970s. Therefore ,  t h e  38,000 hectares of wetlands wfthfn the s t u d y  area 

h a s  a t o t a l  r accoon  v a l u e  o f  a b o u t  
$456 r 000. 



CHAPTER 4, ECOLOGllCAL PROCESSES 

4.1 ORIGIN AND EVOLUTlOM OF LAKE ST. serves as a model by which o t h e r  marine 

CLAlR WETLANDS and 1 acustr jne del tas are compared. 

The r e l a t i o n s h i p  o f  water  l e v e l s ,  
topography and the geomorphic devel opment 
o f  t h e  Lake S t .  C l a i r  c o a s t a l  zone  i s  
s i g n i f i c a n t  t o  b fogeographlcal  develop- 
ment and maintenance o f  t h e  wet lands and 
t h e i r  areal development. This i s  par t icu-  
l a r l y  t r u e  f o r  the S t .  C l a i r  Deltar which 
i s  cons tan t l y  changing i t s  morphology. 
Because o f  s h i f t i n g  channels, v a r i a b l e  
f l ow regimes, and s e d i m e n t a t f o n ,  t h e  
g e o l o g i c a l  n a t u r e ,  ( a n d  h e n c e  t h e  
b ~ o l o g l c a l  charac te r i s t i c  o f  t h e  1 f t t o r a l  
zone and wetlands) has not been constant. 

Sfnce n o t  a11 r i v e r s  which debouch 
i n t o  a bas in  depos f t  de l t as ,  t h e  marine 
processes are s lgn i f fcant .  A de l ta  i s  no t  
s o l e l y  a p r a d u c t  o f  r i v e r  depos i t i on .  
Bas ica l l  yp del t a f  c 1 andforms are a product 
o f  both r i v e r  and marine processes. The 
r f v e r  c o n t r i b u t e s  t h e  sediments t o  t h e  
receiv ing bas1 n. Whether t h e  sediments 
accumulate i n  the mouth i s  dependent upon 
the  marine processes such as wave a c t i o n  
and l o n g - s h o r e  c u r r e n t s ?  and t h e  geo- 
morphlc character o f  t h e  submarf ne topo- 
graphy. I f  t h e r e  i s  a dominance o f  the 
marine process the sediments may be trans- 
ported down coast and a d e l t a  may no t  be 
extens ive,  Conversely? a r l v e r  domlnated 
system con t r ibu t ing  an excess o f  sediment 
c o u p l e d  w j t h  a l ow  wave c l i m a t e  w i l l  
prsmote d e l t a i c  development. 

Several  o f  o u r  c o n c e p t s  o f  d e l t a  
development have been obta ined from the 
M$ssiss$ppi de l ta fc  plain, Because o f  o f f  
and gas exp lo ra t f an ,  r f v e r  and m a r i n e  
CQmm63rCer and f he ex tens i ve  wet1 ands i n  
the  arear the Missfssippi  River D e l t a  has 
been ex tens ive1  y s t u d i e d  g e o l o g i c a l l  yr  
b l o l o g i c a ~ l y r  and g e o g r a p h i c a l l y .  I t  

T r a d i t l o n a l l y  d e l t a s  h a v e  b e e n  
c l a s s i f i e d  on t h e  b a s i s  o f  t h e i r  
morphology and d e s c r i p t i v e  terms such as 
arcuate, b i rd-foot, and cuspate have been 
app l i ed  t o  t h e  v a r i o u s  d e l t a  shapes. 
Using t h i s  c l a s s i f i c a t i o n  the St. C l a i r ?  
l i k e  t h e  M i s s l s s i p p i  D e l t a  may b e  
descr ibed as b i r d - f oo t ,  It i s  general ly 
assumed t h a t  a given s e t  o f  processes i s  
respons ib le  f o r  each de l t a i c  morphology. 
Although* morphological s f  m i l  a r i t l e s  a re  
e v i d e n t ,  s i g n i f i c a n t  d i f f e r e n c e s  a l s o  
occur (Table 25) .  

A u n f q u e  a s p e c t  o f  a d e l t a ' s  
geomorphology i s  r e l a t e d  t o  i t s  changfng 
base levels. The base l eve l  of a l l  marine 
del tas appears t o  have been e u s t a t f  c a l l  y 
s t a b l e  over  the  past 4*000 years. I n  the 
Miss lss ipp i  Del ta? because o f  t h e  s t a b l e  
sea l eve l?  t he  ancestral streams deposited 
a s e r l e s  o f  d e l t a  l o b e s  a l o n g  t h e  
Lou is iana  c o a s t .  A t  Lake St.  C l a l r ,  
changing base l e v e l s  have produced two 
d i s t i n c t  de l tas  a t  d i f f e r e n t  l eve l s ,  t h e  
premodern and t h e  modern. Examples o f  
t h i s  base l e v e l  change are apparently rare 
w i th  regard t o  de l t a i c  deposition. 

Marine de l tas  are o f ten  characterized 
by  subsidence due t o  sediment load ing.  
Geosync l  i n a l  downwarping and sediment 
compaction i n  response t o  sediment ac- 
cumulat ion i n  t h e  Mississippi De l ta  has 
allowed up t o  122 m o f  de l t a i c  deposits t o  
accumulate s i nce  t h e  t e r m i n a t i o n  o f  t h e  
La te  Wisconsin g l ac i a l  i c e  (Morgan 1970). 
W i t h  continued sedimentation a n d  
subs idence ,  t h e  s h t f t j n g  d e l t a  lobes  
o v e r l a p p e d #  b u r y i n g  o l d e r  d e l t a i c  
envf ronments. Thereforer the  t r a d i t i o n a l  
sedimentologlcal units, top-setr fore-set, 



Table 25. Factors  influencing lake and marine del ta  morphology. a 

Factors Character ist ics S t .  C l a i r  Delta Mississippi  Delta 

Geomorphic: Base 1 eve1 Long- and short-term Stable 
var ia t ions 

Flow regime Seasonally constant Seasonally var iable 

Channel d i ve r s l  on Downstream (spring Wfthfn a l l uv i a l  
i c e  jams) val ley (sprfng f loods) 

St ructura l  behavior Stable 
o f  basin o f  deposit ion 

Sediment compaction 
and s ign i f i can t  
subsidence 

Dominant sedlment s i ze  Fine t o  coarse sand Clay t o  s i l t  

Relat ive ra te  o f  S1 ow 
sedimentat ion 

Rapid 

Marine: Relat ive wave energy Low Low 

Offshore p r o f i l e  F l a t  t o  gent ly F l a t  t o  gently 
slopfng sloping 

Vegetative: Vegetatlon Deciduous trees t o  Predominantly f resh 
zonation freshwater marsh t o  brackish t o  s a l t  

marsh 

Control o f  vegetation Short-term 1 ake l e v e l  Sal in i ty,  substrate 
d i s t r i bu t i on  changes composition, and t i d a l  

range 

a Data source: Jaworski and Raphael (1973). 

and bottom-set beds, i d e n t i f i e d  on t h e  
marg ins  o f  Lake Bonnev i l l e  by G i l b e r t  
(1890) do n o t  occur i n  t h e  M i s s i s s f p p i  
Del ta complex. 

Subsurface data revea l  t h a t  the St. 
C l a i r  D e l t a  i s  s tab le .  Sediments  ac- 
c u m u l a t i n g  i n  t h e  d e l t a  a r e  n o t  o f  
s u f f i c i e n t  t h i c k n e s s  t o  a l l o w  any  
s ign i f i can t  downwarping t o  occur, Borfngs 
on severa l  beaches suggest t h a t  the  base 
of these d e p o s i t i o n a l  f e a t u r e s  I s  a t  
apgroxlmately low water datum. Apparently 
t h e  beaches have n o t  subs ided  as t h e  
cheniers have done on t h e  f l a n k s  o f  t h e  
Mississippi  Delta, 

I s o s t a t i c  rebound i n the  St. C l a f r  
basin, due t o  the waning o f  Wisconsin i c e  
f o1  lowing t he  Valders maximum some 10~500 
t o  1Zt500 years ago, has been minlmaf , 
P e r t i n e n t  zero isobases since the Valders 
maximum i ce  advance are the  Algonquin and 
N i p i s s i n g  hinge 1 friest which are oriented 
east-west and l o c a t e d  i n  t h e  c e n t r a l  
por t ion o f  Lake Huron. Therefore, c rus ta l  
d i sp lacemen t  due t o  r e g i o n a l  g l a c i a l  
rebound o r  1 oca l  i r e d  sed imen%atlcn does 
not appear t o  have d i rec t1  y influenced the 
v e r t i c a l  and horizontal morphology o f  the 
S t .  Claf r Dslta, The St,  C la i r  Del ta has* 
i n  fac t ,  extended i t s e l f  across an es- 
sen t i a l l  y r l g i d  platform. 



A l t h o u g h  s t r u c t u r a l  s t a b i l  t t y  and 
mfnimum subsfdence c h a r a c t e r i z e  t h e  St. 
C l a i r  D e l t a ,  s i g n i f i c a n t  changes i n  t he  
l e v e l  o f  Lake St. C l a i r  i n  t h e  p a s t  few 
m i l l e n l a  have  c o n t r i b u t e d  t o  t h e  mor- 
p h o l o g y  o f  t h e  d e l t a .  Based upon a  
s t r u c t u r a l  framework* d e l t a s  may be de- 
p o s i t e d  i n  o n e  o f  t h r e e  g e o l o g i c  
envl ronments:  a  s u b s i d i n g  area, a  s t a b l e  
a r e a ,  o r  an  e l e v a t i n g  a r e a .  T h e  
M t s s i s s i p p f  D e l t a  w i t h  i t s  t h i c k  ac- 
c u m u l a t i o n  o f  r e c e n t  s e d i m e n t s *  i s  a  
c l a s s i c  e x a m p l e  o f  a  subsiding d e l t a .  
A l though t h e  Lake  S t .  C l a i r  b a s i n  i s  
geo log i ca l l y  stable, t h e  e f f e c t  o f  a  "tower 
l ake  l e v e l  on t h e  d e l t a  complex i s  s i m i l a r  
t o  e l e v a t l n g  t h e  1 and, Since base l e v e l  
i n  Lake St. C l a i r  has dropped i n  t h e  1  a s t  
4,000 years,  t h e  f o c u s  o f  depost ion  has 
s h i f t e d  lakeward c r e a t i n g  t h e  modern St, 
Cl a i  r De l ta  and wetl  and hab i ta t .  

T h e  c o n f i g u r a t i o n  o f  d e l t a s  i s  
re la ted  t o  o f fshore  s l o p e "  r e l a t t v e  wave 
power i n  t h e  nearshore zone, and r i v e r i n e  
In f luence ( W r l g h t  and Coleman 1972).  A 
d e l t a  such as t h e  M i s s i s s i p p i  w i t h  i t s  
d i g l t a l  d i s t r i b u t a r i e s  a n d  m a r s h y  
embayments 1s dominated by I t s  r l v e r  s ince 
I t s  o f f s h o r e  s l o p e  i s  f l a t  t o  convex and 
t h e  nearshore wave power i s  low. Although 
long-term wave data have no t  been recorded 
f o r  Lake St. C l a i r ,  wave energy must be 
cons ide red  t o  be l o w  s i n c e  t h e  maximum 
f e t c h  f o r  wave generat ion f o r  t h e  d e l t a  i s  
on ly  40 km. The subaqueous de l ta  f r o n t  i s  
s h a l l o w  and c o n c a v e ,  c a u s i n g  w a v e s  
generated I n  t h e  shallow lake  t o  at tenuate 
lakeward o f  t h e  delta, Also, marshes have 
become e s t a b l  i shed  on  exposed o f f  shore  
areas  between Johnson Bay and t h e  -2 m 
c o n t o u r  sugges t i ng  t h a t  law wave energy 
cond i t fons  prevaf l ,  Although the re  may be 
an o c c a s i o n a l  d o m i n a n c e  o f  m a r t n e  
pracessss  as evidencad by the  presence o f  
transgressive b e a c h e s ,  f t  m u s t  b e  
conc luded t h a t  t h e  geometry o f  t h e  St. 
C l a i r  Delta, like t h a t  o f  t h e  Mississippi, 
i s  p r f n c f p a l l y  dTctated by I t s  r f v e r ,  

The pkevtous d iscuss ion  suggests t h a t  
a l t h o u g h  t h e  St, C l a f r  and Mississippi 
r i v e r  d e l t a s  have s i m i l a r  appearances 
several dissfmf l ar  features and p rocssses 
p r e v a f l  . F o r  example ,  t h e  d o m f n a n t  

sediment s i z e  i n  t h e  M i s s l s s f p p i  D e l t a  1s 
s i l t  t o  c l a y o  whereasr t h e  St, C l a i r  De l ta  
I s  f i n e  t o  c o a r s e  sand.  A l s o s  t h e  
relative r a t e  o f  sedfmentat ion i n  t h e  S t .  
C l a f r  D e l t a  i s  slow compared t o  t h e  rap id  
r a t e  o f  t h e  M i s s l s s f p p i  D e l t a .  The 
w e t l  ands  d l s c u s s e d  i n  t h i s  community 
p r o f i l e  e x h i b i t  a  d f v e r s i t y  o f  f o rm.  
However, t he f  r d i s t r i b u t f o n  can be re1 ated 
t o  fundamental geomorphic features some o f  
wh ich  a r e  unique. Jaworski e t  a1. (1979) 
examined and developed geomorp h i c  model s  
f o r  t h e  c o a s t a l  we t l ands  o f  t h e  Grea t  
Lakes as a  s t e p  t o  unde rs tand ing  t h e i r  
o r i g in ,  s t a b i l i t y ,  and d i s t r i b u t i o n .  

The o c c u r r e n c e ,  d i s t r f b u t i o n ,  and 
d i v e r s i t y  of coasta l  wetlands are,  i n  
p a r t ,  determined by t h e  morphology o f  
c o a s t a l  Lake S t .  C l a i r .  Perhaps i n  no 
o t h e r  b  f ogeograp h i c  e n v i  ronment i s  t h e  
r e l a t i o n s h i p  b e t w e e n  1 a n d  f o r m s  a n d  
vegetat ion so evident. A l l  wetlands occur 
i n  t o p o g r a p h i c a l  dep ress ions  c reated by 
nature o r  more recen t l y  by humans. These 
t o p o g r a p h i c a l  l o w s  may be e r o s i o n a l  f n  
o r i g i n  s u c h  a s  r i v e r  c h a n n e l s  o r  
depositional fn  o r i g i n  such as lagoons o r  
floodbasins. 

Although e levat ions  o f  t h e  S t .  C l a i r  
D e l t a  a r e  low, a  d i v e r s i t y  o f  landforms 
e x i s t s  ( S e c t l o n  2.1) . When t h e  e n t i r e  
shorel i n e  o f  Lake S t .  Cl a i r  i s  considered, 
t h e  h a b i t a t  d i v e r s i t y  i s  even g r e a t e r .  
T w e l v e  w e t l  and  s e t t  1 n g s  h a v e  b e e n  
i d e n t i f i e d  i n  Lake S t .  C l a i r  (F igure  4 4 ) .  
A l l  b u t  o n e  s e t t i n g  ( f . e . ,  
d i k e d / d i s t u r b e d )  are o f  a  na tu ra l  o r i g i n .  
The S t .  C l a i r  D e l t a  e x h i b i t s  a  g r e a t e r  
d i v e r s i t y  o f  we t l and  s e t t i n g s  because it 
i s  a  p roduc t  o f  r i v e r  as we71 as mar ine  
p r o c e s s e s .  The h a b i t a t s  beyond  t h e  
d e l t a i c  p l a i n  a r e  fewer  i n  number b u t  
un fque t o  t h e  l a k e  s h o r e l i n e .  A t h i r d  
s u i t e  o f  wet1a:jd h a b l t a t s  o c c u r s  b o t h  I n  
t he  d e l t a  complex and on t h e  shorel  jne. 

The f o l l o w f n g  s e c t i o n  discusses t h e  
12 wetland h a b i t a t s  recognized i n  Lake St. 
Claf r. The d e l t a i c  hab i ta t s  a re  descrfbed 
f i r s t  fo l lowed by t h e  coasta l  env i  ronmsnts 
o f  wetland occurrence. F i n a l l y ,  w e t l  ands 
o c c u r r f n g  i n  b o t h  t h e  St .  C l a f r  d e l t a i c  
and coasta l  p l a i n s  are described: 

1, a r e  s h a l l  ow submerged 
f e a t u r e s  o f  t h e  d f  s t r i b u t a r y  channels 



1. River shoulders 

Lake 

Premodern 

2. Abandoned channels 

Lake 

Plain 

1 1. Eustuarinelflood 
basin 

4. Crevasse deposits 8. Shallow shelves 
5. Shallow interdistributary bays 9. Barrierllagoons 

6. Deep water interdistributary bays 12. Diked areas 

7. Transgressive beaches 
10. Transitional areas 

Figure 44, Twelve wetland hab i ta ts  recognized i n  Lake S t .  C la i r .  

o f  t h e  St .  C l a i r  De1 t a .  P a r a l l e l i n g  
t h e  s h o r e 1  i n e  o f  t h e  channels,  t h e  
submerged r i v e r  shoals extend 35 m i n t o  
t h e  r l v e r  and have maximum depths  o f  2 
m. The sediment cons is ts  o f  f i n e  sand. 
The f e a t u r e  i s  reasonab ly  cont inuous 
along t h e  l eng th  o f  t h e  channels bu t  f s  
n o r m a l l y  a b s e n t  on  t h e  o u t s f d e  o r  
c u t b a n k  s i d e  o f  t h e  c h a n n e l .  The 
f e a t u r e  a t t a i n s  a maximum w i d t h  a t  
submerged p o i n t  bars.  A t  t h e  channel 
s h o r e l i n e ,  reeds such as t h e  r o b u s t  

are dense (Figure 
29) ;  however, submergent a q u a t i c s  a r e  
d o m i n a n t .  An a g g r e s s i v e  fnvader ,  
Euraslan water-mll f o l  1 has become more 
a b u n d a n t  i n  t h e  l a s t  decade i n  t h e  
d i s t r i b u t a r y  channe ls  (Sch loesse r  and 

Manny 19823, It appears t o  be a common 
s u b m e r s e d  m a c r o p h y t e  and a m i n o r  
nuisance t o  recreat iona l  boat ing I n  t h e  
d e l t a  region as w e l l  as i n  Anchor Bay, 
Furthermore,  t h e  p l a n t  dens l ty  appears 
t o  be g r e a t e r  i n  t h e  non-commerc ia l  
n a v i g a t i o n  channe ls  (i.e., N o r t h  and 
Middl e channels). 

2. d i s s e c t  t h e  
up1 and su r face  o f  t h e  d e l t a  and merge 
i n t o  t h e  modern  d e l t a  when t r a c e d  
lakeward.  The channe ls  a r e  l o n g  and 
l i n e a r  and of v a r f a b l e  w i d t h .  The 
1 a r g e s t  channel on Dickfnson I s land  i s  
some 500 m wjde, b u t  usual channe l  
w f d t h s  a r e  about 100 m. The sediments 
have a f i n e  t e x t u r e  and a h i g h  o r g a n f c  



c o n t e n t  s u g g e s t i n g  gradual decay over 
t i m e ,  The b o u n d a r y  b e t w e e n  t h e  
p r e m o d e r n  d e l t a  u p l a n d  a n d  t h e  
abandoned channel i s  usua l1  y  d i s t i n c t  
e s p e c i a l 1  y  a t  t h e  apex o f  t h e  de l ta .  
During years o f  low lake  l e v e l  s e v e r a l  
o f  t h e  a n c i e n t  channe ls  are above t h e  
water t a b l e  and p l a n t  s t ress  may occur. 
Emergents such as hard-stem b u l  r u s h  
(Scfrow+ -1, arrowhead ( 
lati f o l  l a ) ,  and three-square 

c o l o n i z e  t h e  deeper wa te r  
n e l s  ( 1  m) as do w a t e r  
c c a s i o n a l l y  b u t t o n b u s h  

3. a r e  gen- 
e r a l l y  s i m i l a r  t o  t h e  a b a n d o n e d  
channels discussed except t h a t  t hey  are 
s t 1 1 1  i n  t h e  p r o c e s s  o f  d e c a y .  
Chematogen Channel 3s a  d l s t r l b u t a r y  
channel  which contfnues t o  conduct S t .  
C l a l r  R l v e r  wa te r  t o  Lake St .  C l a l r .  
T h e s e  c h a n n e l s  a r e  m a l n l ~  o n  t h e  
O n t a r i o  s i d o  o f  t h e  d e l t a  i n d  were  
r e s p o n s l b l e  f o r  t h e  depos i t fon  o f  t h e  
Canadian p o r t i o n  o f  t h e  d e l t a .  S ince  
t h a t  t i m e  t h i s  a rea was abandoned and 
t h e  more recent d e p o s i t l o n a l  a c t  iv ' i  t y  
began i n  M i c h f g a n .  As abandonment 
occurred, t h e  channels were g r a d u a l  1  y  
s l l t e d  s o  t h a t  o n l y  n a r r o w  
d i s t r i b u t a r i e s  r e m a i n  t o d a y .  Such 
channels no t  only d l ssec t  the  premodern 
d e l t a  b u t  t h e  modern surface as wel l .  
The sedlment  o f  t h e  channel  f f l l s  .Is 
f i n e  sand, b u t  some s i l t s  have been 
deposited from t h e  adjacent 1 ake p l  afns 
as wel l .  Since these channels occur on 
t h e  modern  d e l t a ,  s l o p e s  a r e  more  
g e n t l e .  I n  c o n t r a s t  abandoned r i v e r  
channels are on t h e  premodern s u r f a c e  
and  s l o p e s  t o  t h e  c h a n n e l s  more  
d i s t i n c t .  The channel  f i l l s  o f  t h e  
r e c e n t 1  y  abandoned channels are o f t e n  
submerged beneath  15 cm o f  w a t e r  and 
c o l o n i z e d  by sedges E- spp.1 and 
more sporad?ca l l  y by  b l u e - j o i n t  g r a s s  

spp .  a n d  p o n d w e e d s  (e.g., c u r l y  
pondwsed ~ r i s ~ u )  co lon9  ze  
t h e  narrowfng a c t i v e  channels. 

occur  on t h e  f7anks 
o f  d f s t r l b u t a r y  bays and have a  l o b a t e  
form, S ince  t h e y  a r e  f lood o r  h lgher  
energy d e p o s i t s  t h e y  a r e  composed o f  

c o a r s e r  s a n d .  Channe l  d e p t h s  a r e  
a p p r o x i m a t e l  Y 4 m a n d  a r e  n o t  
COI o n j z e d ,  b u t  t h e  sand  d e p o s i t s  
a d j a c e n t  t o  t h e  " h i g h w a y s n  s u p p o r t  
commun i t f  es  of bul  rush ~ P P .  1. 
Most crevasse depos i ts  are a t  the  lower 
end of t h e  a c t i v e  d f s t r i b u t a r y  channels 
and t h u s  e x p o s e d  t o  wave a c t  I o n .  
Because o f  h i g h e r  wave e n e r g i e s  and 
p e r h a p s  d u e  t o  I c e  d a m a g e  a n d  
r e c r e a t i o n a l  b o a t i n g  t h e  emergent  
aquat ics  a r e  n o t  p a r t i c u l a r l y  dense, 
The l a n d w a r d  s i d e  o f  t h e  c r e v a s s e  
deposfts appear t o  be b e t t e r  p r o t e c t e d  
f r o m  wave a c t i o n  and t h u s  s u p p o r t  a  
denser s t a n d  o f  emergent v e g e t a t i o n  
i n c l u d i n g  n o t  o n l y  b u l r u s h  f n  deeper 
hab i ta t s  b u t  c a t t a i l s  ( I y & h  spp.) i n  
s h a l l o w e r  a r e a s  o f  t h e  deposit. Also 
crevasse d e p o s i t s  c l o s e r  t o  Lake S t .  
C l a i r  ( f a r t h e r  down t h e  d i s t r i b u t a r y  
channels) are exposed t o  g r e a t e r  wave 
a c t f o n  and a r e  sparsely colonized w i t h  
bulrush. 

a a l l o w  in te rd l s t r i bu tg ILy_  bavg occupy 
e x t e n s i v e  a r e a s  between t h e  open l ake  
a n d  t h e  e q u a l l y  o b v i o u s  h i g h e r  
premodern de l tas .  On t h e  f l anks  these 
shallow wetland hab i t a t s  a r e  bordered 
by  n a t u r a l  l e v e e s .  O c c a s i o n a l l y ,  
p a r t i c u l a r l y  i n  Michigan, n a r r o w  
d i s c o n t i n u o u s  beaches  o c c u r .  The 
sediment I n  t h e  bays was d e r i v e d  f rom 
crevasses d u r i n g  h igh water per iods and 
a r e  t h u s  s i l t y - s a n d  s i z e  p a r t i c l e s  and 
mostly mineral  i n  c h a r a c t e r .  Organ ic  
sedfmsnts are sparse and discontinuous. 
A t  t h e  s u r f a c e  t h e  o r g a n i c  
accumulatlonr where present, ranges i n  
t h i c k n e s s  f r o m  5  t o  1 5  cm. Water 
depths average 5 t o  30 cm. The shallow 
I n t e r d l s t r f b u t a r y  b a y s  a r e  a l m o s t  
e x c l  us I v e l  y  col on i zed by dense stands 
o f  c a t t a i l s  o f  which t h e  hybr id  TvDha x  

s t a n d l n g  2 t o  3 m h i g h  
d o m i n a t e s .  A t  s l i g h t l y  h i g h e r  
elevations sedges are interspersed w i t h  
c a t t a f l s .  The h i g h  c a t t a i l  p r o d u c -  
t i v i t y  and t h e  low organic accumulation 
s u g g e s t s  t h a t  t h e s e  h a b i t a t s  a r e  
flushed durJng h igh  water periods. The 
s e d i m e n t a t i o n  process  i s  r e l a t i v e l y  
comple te  th roughout  t h e  d e l t a i c  p la in,  
though a  few s m a l l  l a k e s  (e.g., Goose 
lake)  s t f l l  persjst. 



i n t e r d f s t r f  bu ta r y  bays. The landward 
s l d e  i s  b o r d e r e d  b y  l o w ,  p o o r l y  
developed transgressive beaches. Their 
f l a n k s  a r e  cha rac te r i zed  by s l i g h t l y  
higher, poor1 y  developed natural levees 
which a r e  pe rmanen t l y  b reached  by 
crevasse channels. Lakeward these bays 
a re  exposed t o  wave act ion o f  the  open 
l a k e .  As c l a s t i c  s e d i m e n t s  a r e  
in t roduced  i n t o  these bays, the basins 
w i l l  e v o l v e  I n t o  s h a l l o w  i n t e r -  
d i s t r i b u t a r y  bays. Water depths range 
from 0.5 t o  1.75 m and t h e  bay bottom 
c o n s i s t s  o f  f i n e  sand. Occasionally 
i n  sheltered areas s i  1  t depos i t s  w i  11 
accumulate, b u t  organic  depos i t s  are 
sparse t h r o u g h  t h e  h a b i t a t .  Wave 
a c t i o n  p r o h i b i t s  t h e  c o l o n i z a t i o n  o f  
dense emergents; however, n! spp. 
are prevalent. The deep water bays are 
confined t o  the Michigan por t ion o f  the 
de1 t a  where t h e  d i s t r i b u t a r y  channels 
a re  most  a c t i v e  and where n a t u r a l  
l e v e e s  e x t e n d  i n t o  Lake S t .  C l a i r .  
Common submersed a q u a t i c s  i n c l u d e  
C h a r a c e a e  a n d  f f s  
(Sch loesse r  and Manny 1982) .  The 
d  i s t r i b u t j o n  o f  submersed macrophytes 
may be due t o  a  l a c k  o f  s u i t a b l e  
subs t ra te  f o r  attachment o r  excessive 
wave actlon. 

7.  * a r e  bes t  
developed w l t h i n  t h e  S t .  C l a i r  Del ta 
b u t  do s p o r a d i c a l l y  occur a l o n g  t h e  
O n t a r i o  shore1 ins .  The beaches a re  
wave d e p o s i t e d  f e a t u r e s  s t a n d i n g  
approximately 30 cm above the lake. As 
noted i n  Figure 4, older beach deposits 
o c c u r  l a n d w a r d  o f  t h e  a c t i v e  
t r ansg ress i ve  beach i n  t h e  s h a l l o w  
i n t e r d i s t r i b u t a r y  bays. They a re  
composed o f  s t r a t i f i e d  coarse sand, 
g rave l  and o rgan ic  debr is .  Although 
they vary  i n  width, most beaches a re  
about 5 m wfde. Bor ings through the  
beach d e p o s i t s  r e v e a l  a l t e r n a t i n g  
l a y e r s  o f  coarse c l a s t i c s  and t h i n  (1 
cm) wave depos i ted  o r g a n i c  1  enses. 
This c l ea r l y  suggests t h a t  the features 
w e r e  d e p o s i t e d  d u r i n g  p e r i o d s  o f  
eros ion.  Dur ing h igher  wave energy  
c o n d i t i o n s  t h e  b e a c h e s  a r e  n o t  
breached; but  r a the r  overwash occurs, 
caus ing r a f t e d  deb r i s  t o  be deposited 
atop t h e  shal low i n t e r d i s t r i b u t a r y  
marsh. Woody v e g e t a t i o n  i n c l u d f n g  
eastern cottonwood (P-, 1, 

wil lows (531 i x  spp.) and staghorn sumac 
(m co lon i ze  t h e  beaches. 
During higher water years sedges (Carex 
s t r i c t q )  r reed-canary grass ( 
u d i n a c e _ a ) ,  and jewelweed (- 
spp.) commonly co l on i ze  t h e  beaches. 
The l a t t e r  t h r e e  s p e c i e s  a r e  more 
common on t h e  o v e r w a s h  d e p o s i t s  
landward o f  the  beaches. 

8. Shallow shelf enviroqg&i& border  t h e  
n e a r s h o r e  zone o f  most o f  Lake St. 
C l a i r .  The shelves a re  composed o f  
s i l t - s i z e d  c l a s t i c  f ragments .  The 
shelves are approximately 200 m wide, 
1 . 5  m f n  d e p t h  a n d  a r e  t u r b i d  
especial ly fo l lowing storms. Wetlands 
c o l o n i z i n g  t h i s  habi ta t  e x i s t  as a  low 
dense f r inge  pa ra l l e l  t o  t he  shore and 
remaln exposed t o  lake e f f ec t s  such as 
wave ac t ion .  T h i s  h a b i t a t  i s  b e s t  
d isp layed along t h e  eas te rn  shore o f  
t h e  l a k e  and i s  c o l o n i z e d  w f t h  
e m e r g e n t s  and submergen t s .  The 
dominant  v e g e t a t i o n  i s  e m e r g e n t  
macrophytes such as c a t t a i l .  Other 
wet land species i n c l u d e  l a k e  sedge 
(Ca rex  -1, l a r g e  stands o f  
p i c k e r e l  weed ( W d e r i a  EPCP-) , 
water-mil foil ( k l v r l m  he te ro -  
-1 ,  and w h i t e  w a t e r  l i l y  
(Nvmr>haea odorata) (Mudroch 19811, 

9, Ba r r i e r / l  a-lexs~ occur south o f  
M f t c h e l l  Bay a l o n g  t h e  e a s t e r n  
s h o r e l i n e  o f  Lake St.  C l a i r .  The 
bar r ie rs  are poorly developed and stand 
app rox ima te l y  50 cm above t h e  lake. 
However ,  t h e y  d o  p r o v i d e  some 
p r o t e c t i o n  f r o m  wave a c t i o n  and 
seiches, especial ly during 1  ower water 
years .  The lagoon i s  approx imate ly  
1,000 m i n  width and i s  cha rac te r i zed  
by  a  s i  1 t y  bottom. Morphologically 
this habi ta t  i s  s im i la r  t o  t h e  sha l low 
she1  f e n v i r o n m e n t  e x c e p t  f o r  t h e  
occur rence  o f  a  low b a r r i e r ,  The 
bottom sediments not only Include s i l t s  
but  1  oose, p a r t i a l  1  y  decomposed organic 
fragments which may be j.~ or  may 
have been t ranspor ted i n t o  t h e  lagoon 
by  s t r eams  f r om t h e  a d j a c e n t  l a k e  
plain. Emergent macrophytes dominated 
by c a t t a l l s  ( 1 occur i n  
the area. The landward s i d e  o f  these 
we t l ands  has a g e n t l e  n a t u r a l  s l ope  
which i n  most fnstances along Lake St, 
C l a i r  i s  a b r u p t 1  y t e r m f n a t e d  by 



a r t i f i c i a l  d ikes.  It i s  i m p o r t a n t  t o  
n o t e  t h a t  t h e  O n t a r i o  sho re l i ne  no r th  
o f  t h e  Thames River  has n o t  experlenced 
s i g n l f  l c a n t  coas ta l  recession i n  recent  
years (Boulden 1975) whereas t h e  s o u t h  
s h o r e  o f  t h e  1 ake has. Th is  suggests 
t h a t  t h e  b a r r i e r  and ad jacent  w e t l a n d s  
r e t a r d  wave a c t i o n  on t h i s  c o a s t a l  
reach. 

10. a r e  b r o a d  z o n e s  
i a1 w e t l  ands f r o m  

wel l -dra ined upland surfaces. I n  some 
ins tances ,  such as on Harsens I s l a n d  
and along t h e  eastern shore l ine  o f  Lake 
St. C l a i r r  t h e  t r a n s i t i o n a l  a reas  have 
been i nco rpo ra ted  i n  d iked farmland o r  
w a t e r  l e v e l - c o n t r o l  l e d  w e t l  ands  and  
t h u s  d o  n o t  e x i s t .  However, good b u t  
r a t h e r  i s e l a t e d  e x a m p l e s  o c c u r  on 
Dick inson I s l a n d  and eas t  o f  St. John's 
M a r s h  i n  -b I i ch igan .  T h e  s e d i m e n t s  
c o n s i s t  o f  f i b r o u s  peat macrof ragments 
wh ich  a r e  u n d e r l a i n  by  f i n e #  m o t t l e d  
sand. The t r a n s i t i o n  zone i s  normal 1 y 
n o t  p e r m a n e n t 1  y f l o o d e d  and  w a t e r  
t a b l e s  are about 15 t o  30 cm below t h e  
s u r f a c e .  The lakeward  s l d e  o f  t h i s  
environment I s  c h a r a c t e r i z e d  by  sedge 
tussocks (u spp.) in terspersed w i t h  
spa rse  c a t t a i l s .  Where water  t a b l e s  
a r e  deeper, t h e  t r a n s i t i o n  zone  i s  
c o l o n i z e d  by  a meadow which  i n c l u d e s  
b u t  i s  no t  l i m i t e d  t o  red o s i e r  dogwood 
(Carnus & l o n i f e r a ) r  gray dogwood (C. 

1 ,  panic grass (j2gmiam spp.1. 
and b l u e j o i n t  grass.  On t h e  l andward  

e m b l  i n g  a s p e n  (m 
i s  abundant. Because o f  

t h e  v a r i a b l e  e l e v a t i o n  and depth  t o  
g r o u n d w a t e r  t h J s  zone  e x h i b i t s  a 
d i v e r s i t y  o f  w e t l  and p lants.  S i m i l a r  
wetland species have been observed on 
t h e  premodern sur face o f  t h e  St .  C l a i r  
D e l t a .  Here  l o c a l  d e p r e s s f o n s  a r e  
u n d e r l a i n  b y  c l a y  pan which r e s u l t s  i n  
a perched w a t e r  t a b l e  wh ich  commonly 
supports dogwood/meadow vegetat ion, 

f l ,  h a b l t a t s  a r e  
c h a r a c t e r i z e d  b y  m a r s h  v e g e t a t i o n  
b o r d e r i n g  a r f v e r  which debouches i n t o  
t h e  l a k e ,  The C l i n t o n  R i v e r  a n d  
several  small  streams t r i b u t a r y  t o  Lake 
S t .  C l a f r  s u p p o r t  such wetlands, The 
e x t e n t  o f  t h e  v e g e t a t e d  w e t l a n d  i s  
o f t e n  restricted by a steep backslope 
p a r a l l e l i n g  t h e  f l o o d  p l a i n .  The  

sediments a r e  der ived from f l o o d  events 
and are  usua l l y  f i n e  sand and s t l t  w l t h  
a s ign1 f i c a n t  organic content. Natura l  
l e v e e s  a d j a c e n t  t o  t h e  channe l  a r e  
p o o r l y  d e v e l o p e d  a n d  v e g e t a t i o n  
z o n a t i o n  d i f f i c u l t  t o  d e t e c t .  The 
water l e v e l  -in t h i s  wetland h a b i t a t  i s  
v a r t a b l e  and depends I n  p a r t  on t h e  
rdver  dfscharge. Dur lng dry  yea rs  t h e  
we t l ands  may be s t ressed  because o f  a 
low water tab le .  Therefore t h e  wetland 
may be seasonal  i n  n a t u r e .  A t  t h e  
c o n f l u e n c e  o f  r i v e r  and l ake ,  w a t e r  
t a b l e s  are most o f t e n  a t  o r  v e r y  n e a r  
t h e  s u r f a c e  and t h e  f l o o d b a s i n  w i l l  
sus ta in  dense emergents i n  most  years .  
A t  t h e  mouth of t h e  C l i n t o n  R lver  dense 
s tands  o f  c a t t a i l s  have been observed 
f o r  many years. Upstream t h e  marshes 
grade i n t o  bottom1 and swamps. 

- .  
12. a r e  a c u l t u r a l  mod- 

i f i c a t i o n  o f  a w e t l a n d  r a t h e r  t h a n  a 
p h y s i c a l  e n t i t y .  I n c l u d e d  i n  t h i s  
category a re  t r a n s i t i o n a l  zones wh ich  
have been dfked and drained f o r  farming 
o r  r e c r e a t i o n a l  purposes. Since these 
wetlands transcend phys ica l  boundar ies  
such as soi l /sediment  types and s lopest  
t h e i r  m o r p h o l o g f c a l  framework i s  l e s s  
mean ing fu l .  On H a r s e n s  I s l a n d  t h e  
M i c h i g a n  D e p a r t m e n t  o f  N a t u r a l  
Resources has d iked and drained much o f  
t h e  shal low d i s t r i b u t a r y  bay area and 
t h e  t r a n s i t i o n  zone. The l and  cover o f  
the cen t ra l  p o r t i o n  o f  t he  i s l a n d  i s  
i n  co rn  and g ra in  crops which are u t i l -  
i z e d  as p a r t  o f  a w a t e r f o w l  h u n t i n g  
management scheme. Wal pole Is1  and i s  
t h e  l a r g e s t  i s l a n d  i n  t h e  d e l t a .  A 
l a r g e  p a r t  o f  t h e  is land,  which i s  now 
c u l t i v a t e d  mainly f o r  corn  and soybean, 
was a1 so a shal low i n t e r d i s c i p l i n a r y  
bay. The diked marshes a long the  east  
shore o f  Lake S t .  C l a i r  have long been 
used f o r  p r i v a t e  duck h u n t i n g .  Wa- 
t e r  l e v e l  i n  these marshes i s  regulated 
by pumps, dikes, and canals. The 
marshes are  landlocked and water depths 
range from 10 t o  50 cm (Mudroch 1981). 
Emergents co lon ize  these marshes. Dom- 
i n a n t  macrophytes are  the  c a t t a i l  and 
sedge. Also l a r g e  stands o f  p i cke re l  
weed, water m i l  f o i l  ( M  r i o  hy l lum 
heteropby l l  um) , and white* 
occur i n  the  channels w i t h i n  these 
d iked wet l  ands. 



Table 26 summarizes t h e  i d e n t i f i e d  
morphological wetland s e t t i n g s  Sn Lake S t .  
C l a l r  i n  t e r m s  o f  s e l e c t e d  p h y s i c a l  
cha rac te r i s t i cs ,  Fo r  t h f  s  investigation 
t h e  c o a s t a l  and  d e l t a i c  w e t l a n d s  a r e  
c l a s s i f i e d  i n t o  f o u r  m a j o r  v e g e t a t i v e  
zones: 

1. Submergent (e.g., pondweeds, 
coontai  1 1 

2, Emergent (e.g.$ c a t t a i l ,  bulrush) 
3. Sedge/meadow (e.g. sedge* canary 

grass) 
4. Shrub (e.g., dogwood, wi l low, sweet 

gal e l .  

Wetland d i v e r s i t y  exh ib i t ed  by submergent, 
s e d g e p  and s h r u b  v e g e t a t i o n  i s  m o s t  
ev ident  i n  t h e  abandoned channels ( 2 )  and 
t h e  t r a n s i t i o n a l  ( 1 0 )  zones.  Here,  
topography i s  variable, wave o r  r i v e r  
c u r r e n t  a c t i o n  i s  low o r  n o t  app l i cab le  
and t u r b i d i t y  i s  low. C o n v e r s e l y  t h e  
w e t l  and community i s  l e s s  d i v e r s e  along 
r i v e r  shou lde rs  ( l ) ,  c revasse  ( 4 ) ,  and 
e s t u a r i n e / f l o o d  b a s f n  (11) environments. 
These ra the r  monotypfc wetlands appear t o  
be a s s o c f a t e d  w i t h  h i q h e r  wave /cu r ren t  
ac t i on  and higher t u r b i d i t y  l e v e l s .  The 
exception i s  t h e  shal low i n t e r d i s t r i b u t a r y  
bay ( 5 )  env i ronment  which i s  composed o f  
dense and r o b u s t  s t a n d s  o f  c a t t a i l s .  
Perhaps t h e  combined pe r fod i c  exposure and 
a h l g h e r  o rgan ic  content  o f  t h e  subst ra te  
a c c o u n t  f o r  t h e  d o m i n a n c e  o f  t h e  
emergents. 

4.2 BlOLOGlCAL PRODUCTION 

Examination o f  energy f l ow  i n  coasta l  
w e t l a n d s  s h o w s  t h a t  t h e  e n t i r e  
he tero t roph ic  component o f  t h e  we t l and  I s  
d e p e n d e n t  on  o r g a n i c  m a t t e r  produced 
d u r i n g  pho tosyn thes i s .  I n  many cases, 
u t i l i z a t i o n  o f  t h e  m a t e r i a l  i s  t h r o u g h  
graz ing  o f  l f v i n g  t i s s u e s .  Many s p e c i e s  
o f  w a t e r f o w l  f e e d  on v a r i o u s  p a r t s  o f  
a q u a t f c  h y d r o p h y t e s .  T h e  s e e d s  o f  

muskrat, mice, and deer browse h e a v i l y  on  

s e v e r a l  s p e c i e s  o f  a q u a t i c  hydrophytes. 
Phytophagous fnsec ts  a r e  t h e  food  s u p p l y  
f o r  s e v e r a l  s p e c i e s  o f  b i r d s ,  f i s h e s ,  
r e p t i l e s ,  and mammals ( T i l t o n  e t  a l e  
1978). 

A m o r e  s i g n i f i c a n t  f o r m  o f  
u t t l i z a t i o n  i s  t h e  d i r e c t  consumpt ion o f  
d e t r i t u s  o r  a l t e r n a t i v e l y ,  t h e  microb ia l  
p o p u l a t i o n s  a s s o c i  a t e d  w i t h  o r g a n i c  
p a r t i c u l a t e  m a t t e r .  Numerous i n v e r t e -  
b r a t e s  r e 1  y c o m p l e t e l y  on  t h e s e  f o o d  
sources.  These organisms i n  t u r n  form t h e  
f o o d  s u p p l y  f o r  f i s h ,  a m p h i b i a n s ,  
rep t i l es ,  b i rds,  and mammals. 

I n  a d d i t i o n  t o  p l a n t s  being a d i r e c t  
o r  i n d i r e c t  food source  f o r  many s p e c i e s  
o f  animals,  a q u a t i c  p l a n t s  provSde cover 
and nes t ing  areas f o r  waterfowl. Seve ra l  
species o f  f i sh9 such as t h e  nor thern p i k e  
(b 3 uc  i spawn i n  vegetated wet l  and 
areas and muskra ts  (w & e t h i u )  
p r e f e r  emergent v e g e t a t i o n  f o r  construc- 
t i o n  o f  feeding p la t fo rms and houses. 

Nu t r i en t  c y c l  i n g  i s  impor tan t  t o  t h e  
c o n t i n u a t i o n  o f  p r i m a r y  and secondary 
p r o d u c t i o n  i n  w e t l a n d s  ( F i g u r e  4 5 ) .  
C o a s t a l  we t l and  v e g e t a t i o n  i m m o b i l i z e s  
c e r t a i n  amounts o f  nu t r ien ts ,  a p o r t l o n  o f  
wh ich  a r e  r e l e a s e d  upon senescence and 
decay o f  t h e  p l a n t s .  Depending on t h e  
s e d i m e n t a t i o n  c h a r a c t e r i s t l c s  o f  t h e  
w e t l a n d s r  n u t r i e n t s  a r e  s t o r e d  i n  t h e  
wetland as organic sed iment  o r  peat .  I n  
t h e  marsh  s o l  1 s r  m i c r o b  1 a1 processes 
t r a n s f o r m  some o f  t h e  n u t r i e n t s  f r o m  
o r g a n f c  t o  i n o r g a n i c  f o r m s .  The n e t  
e f f e c t  o f  these processes i s  g e n e r a l l y  a 
r e d u c t i o n  I n  t h e  c o n c e n t r a t i o n  o f  
n u t r i e n t s  i n  w a t e r  f l o w i n g  th rough  t h e  
w e t l  and. There fore ,  t h e  coasta l  marshes 
a r e  i m p o r t a n t  i n  c o n t r o l  1 i n g  n u t r i e n t  
l o a d i n g  t o  nea rsho re  w a t e r s  o f  Lake St. 
C l a i  r ( T i l t o n  e t  a?. 1978). 

Studies o f  me ta l s  u p t a k e  by a q u a t i c  
p l a n t s  p r o v i d e  some i n f o r m a t i o n  o n  
n u t r i e n t  cyc l ing.  Mudroch and Capobianco 
(1978)  s t u d i e d  t h e  uptake o f  metals from 
t h e  w a t e r  and sed t rnen t  b y  emergen t ,  
submersedl and f l oa t fng - l eaved  p lan ts  f n  
marshes a long  t h e  O n t a r i o  shore  o f  Lake 
S t .  Cl a i  r. They  found t h a t  submersed 



Table 26. Morphology and r e l a t i v e  physical re la t i onsh ips  of the Lake S t ,  C l a i r  
wetlands. 

Wet1 and Water Dominant Current/ 
envl  ronment Substrate deptha vegetat f  on wave act ionb T u r b i d f t y  

(m) 

1. River  shoulders sand -6.0 submergent h igh / l  ow moderate 

2. Abandoned r i v e r  s i l t /  -1.0 emergent/ 1 ow/NA 1 ow 
channel s organics subme rgent/ 

sedge/scrub 

3. Recent1 y aban- s i l t /  -0.5 emergent/sedge med/NA high 
dwned channel s organics 

4.  Crevasse deposlts sand -1.5 emergent high/med high 

5. Shallow i n t a r -  f i n e  sand/ -0.3 emergent 1 ow/low 1 ow 
d i s t r i b u t a r y  bays arganics 

6, Deep water i n t e r -  f Ins  sand -1.5 emergent/ high/hfgh h igh 
d i s t r i b u t a r y  bays 5u bme rgent  

7. Transgrasslve coarse i-0.5 sedge/scrub low/high N A 
beach deposl ts  sand/ 

organics 

8. Shal low shelves s i l t / c l  ay -1.0 emergent/ low/high htgh 
submergent 

9. Barr le r / lagoon s i  l t / c l  ay -1.0 emergent/ low/Jow hlgh 
compl ex submergent 

10. Transi  t l o n a l  f i n e  rand +0.3 emergent/ NA/NA N A 
areas submergent 

11, Estuarfne sand/s i 7 t +O. 2 emergent high/NA high 
f loodbasin 

12. Diked areas va r i ab le  -0.1 emergent/ low/ l  ow moderate 
submergent 

" Below l e v e l  o f  l a k e  
+ Feature usua l ly  above lakt3 l eve l .  

NA Not appl fcable. 



p l a n t s  accumulated t h e  h i ghes t  concen- 
t r a t i o n s ,  cons iderab ly  h igher  than  t h e  
source water and sediment, and t h a t  these 
e l emen ts  were r e t a i n e d  i n  t h e  p l a n t  
t fssues u n t i l  decay processes incorporated 
them i n t o  surface sediments. 

1. ENERQV 3. WATER 6. SEDIMENTS 

2. GASES 4. NUTRIENT$ 8. ANIMALS 

INVERTEBRATE 

Figure 45. Cycling o f  energy and material 
through the Lake S t .  C l a i r  coastal wetland 
ecosystem (Ti1 ton e t  a1 . 1978). 

Mudroch (1980) a l s o  s t u d i e d  t h e  
geochemica l  c o m p o s i t i o n  o f  sediment, 
u p t a k e  o f  n u t r i e n t s  and  m e t a l s  b y  
macrophytes,  and n u t r i e n t  and m e t a l  
composi t ion i n  t h e  water  a t  B i g  Creek 
Marsh on t h e  northeast shore o f  Lake E r i e  
i n  Long  P o i n t  B a y .  T h e  max imum 
concentrations o f  most metals (Pb, Nip Car 
C r r  and Zn) i n  marsh sediments were loner  
than  concen t ra t ions  found i n  Lake E r j e  
s u r f  i c i  a1 muds, presumably due t o  uptake 
by  t h e  a q u a t i c  p l a n t s  I n  t h e  mud, 
Submerged p lan ts  (Ghim Spet Mvr1clgMlhm 
sp., and sp.) accumulated l a r g e r  
q u a n t i t i e s  o f  Cat Pbr Cur Nf, Cr, and Cd 
t han  emergent p l a n t s  (m spp.1, b u t  
n u t r f e n t  concen t ra t ions  were r e l a t i v e l y  
uniform f o r  a l l  species (Table  27). She 
found t h a t  t h e  biomass production o f  the 
macrophytes I n  t h e  marsh was r e l a t e d  t o  
t h e  subhydr ic  s o i l  f e r t i l i t y  as we11 as 
the n u t r i e n t  con ten t  i n  t h e  marshwater. 
She concluded t h a t  short-term supplies o f  
n u t r i e n t - r i c h  sewage t o  t h e  s u r f a c e  
subhydr lc  s o i l  layer  can have a prolonged 
e f f e c t  on macrophy te  p r o d u c t i o n  b y  
enrichment o f  t he  nu t r ien t  pool maintained 
I n  the perennial p lant  system. 

The f l o w  o f  energy th rough  a food 
chain i s  o f t e n  represented by a pyramid 
w h i c h  i l l u s t r a t e s  t h e  q u a n t i t a t i v e  
re la t fonshfps among t h e  var fous  t r o p h i c  
l e v e l s  (F igure  46). Juday (1943) was one 
o f  the e a r l i e s t  invest igators t o  Introduce 
t r o p h i c  l e v e l s  concepts, developed t h e  

Table 27. Concentrations o f  nut r ients  and metals i n  wetland plarlts a t  the 
stage o f  maximum development, Big Creek Marsh, Long Point, Ontario. 

Species 
- 
K N P C a  

-- - - .-. - ----- 

a Data source: Mudroch (19801, 



/'-\ 
--._--_------SOLAR ENERGY 

Figure 46. Energy pyramid i n  Lake S t .  
C l a i r  coastal marshes (Upper Great Lakes 
Regional Commission). 

c o n c e p t  f r o m  s t u d i e s  o f  f r e s h w a t e r  
wetlands. He d e t e r m i n e d  t h e  va rdous  
components o f  t h e  aqua t i c  popula t ion i n  
Weber Lake, Wisconsinr as they e x i s t e d  i n  
midsummer. The d isso lved organic matter 
composed about 60% o f  t h e  t o t a l  pyramid, 
the  f ish9 only 0.5Xr and t he  other animals 
s l i g h t l y  less  than 5% o f  the  t o ta l .  

I n  c o a s t a l  marshes t h e r e  a re  o f t e n  
four  major sources o f  energy f o r  aqua t i c  
consumers: 1) marsh d e t r i t u s ,  2 )  phyto- 
p l ank ton  product ion,  3 )  d e t r i t u s  f r o m  
t e r r e s t r i a l  sources brought i n  by drainage 
and, 4 )  p l a n k t o n i c  mate r ia l  ca r r ied  i n t o  
t he  marsh f rom t h e  open lake ,  A l though 
much research remains t o  be done on food 
c h a i n  p roduc t i on  and ecosys tem e n e r g y  
re1  a t i o n s h i  ps9 par t i cu la r1  y o f  freshwater 
w e t l a n d s r  t h e r e  a r e  a f ew  g e n e r a l  
p r i n c i p l e s  which appear t o  have v a l i d i t y :  
PI food cycles r a re l y  have more t han  f i v e  
t r o p h i c  l e v e l s ,  2)  t h e  g r e a t e r  t h e  
separation o f  an organism from t h e  b a s i c  
source o f  energy ( s o l a r  r ad ia t i on ) ,  the  
l ess  the chance t h a t  it w i l l  depend so le ly  
upon t h e  p r e c e d j n g  t r o p h i c  1 eve1 f o r  
energy* 3 )  a t  success ive ly  higher leve ls  
i n  the  food cyc le ,  consumers seem t o  be 
p r o g r e s s i v e 1  y more e f f i c i e n t  4n t h e  
u t i l i z a t i o n  o f  food supp ly ,  and 4 )  I n  
w e t l  and s u c c e s s l  on p r o d u c t i v i t y  and 
photosynthet ic  efficiency inc rease  Prom 
01 igo t rophy  t o  eutrophy and then decl i n s  
a s  t h e  m a r s h  u n d e r g o e s  s e n e s c e n c e  
(Jaworski et a l e  19779. 

A1 though no specf f j c  works have been 
published on t h e  f n t r i c a t s  s t r u c t u r e  o f  
e n e r g y  f l o w  i n  G r e a t  Lakes c o a s t a l  
we t1  ands*  T i  % t o n  6% a1 , (1978) have  
genera l  i zed  t he  important processes based 
on s t u d j e s  i n  o t h e r  w e t l a n d s ' .  The  
conversion of so lar  energy -into bjomass by 
autotsophs i s  perhaps the  most important 
process. Conversion i n t o  a form avai l  able 
t o  heterotrophic organisms serves as t h e  
foundation for  several complex and dynamic 
food webs. 

T h e  c o a s t a l  w e t l a n d  c o m m u n i t y  
p o s s e s s e s  t w o  b a s i c  c o m p l e x e s  o f  
in ter re la t ionsh ips:  1) invertebrates ( p r i -  
m a r i l y  i n s e c t s ) o  f i s h e s ,  b f  r d s r  and 
mammals which u t i l  i z e  1 i v i  ng p7 ant t issues 
and 2) organisms which u t i l i z e  de t r f t us  o r  
dead p lan t  tissues, L i v i n g  p l a n t  t i s s u e  
( 7  .e., algae, 'leaves, and 
rhizomes) serve as food f o r  phytophagous 
an imals  such as s tem b o r i n g  and l e a f  
m in i ng  i n s e c t s  as w e l l  as ce r ta in  aphids 
and beetles. Many specfes o f  water fowl  
graze e x t e n s i v e l y  on p l a n t  mater ia l  r and 
muskrats a re  impor tan t  p l  an t  consumers. 
The next higher t roph ic  l eve l  i n  the f t r s t  
complex c o n s i s t s  o f  an imals  whlch prey 
upon t he  phytophagous organisms. Spiders, 
predatory beet les ,  d r a g o n f l l e s r  c e r t s l n  
f i s h e s ,  f r o g s ,  b i r d s r  and  s m a l l  
i n s e c t i v o r o u s  mammals a r e  i m p o r t a n t  
organisms o f  t h i s  upper t r oph i c  level .  

The second complex cons is ts  o f  a vast  
number o f  i n s e c t  l a r v a e  which r e l y  on 
organic de t r i t us  as a d l r e c t  energy source 
o r  by s t r i pp i ng  microbial  populations from 
t h e  s u r f a c e  o f  o r g a n i c  p a r t i c l e s ,  
Gastropods and annelids are a lso important 
organ isms i n  t h e  detri tophagous complex. 
Whatever residual  t h a t  i s  not u t i l  f zed  by 
t h e s e  a n i m a l s  i s  sub jected t o  f u r t h e r  
decomposi t ion by b a c t e r f  a1 and f u n g a l  
popula t ions,  As w i t h  t h e  phytophagous 
complexr t h e r e  e x i s t s  i n  t h e  d e t r i t o -  
phagous complex a wide spectrum o f  animals 
w h i c h  p r e y  on  t h e  d e t r i t u s - f e e d i n g  
organisms. Severa l  spec ies o f  i nsec ts ,  
amphibians# waterfowlr and mammals compose 
t h i s  l e v e l ,  and many o f  these species are 
n o t  s e l e c t i v e  i n  t h e l r  p rey*  u t i l i z i n g  
organ f sms from both compl exes. 

T e a l  (19629 found  t h a t  a sma l l e r  
percentage o f  the  t o t a l  energy represented 
f n t h e  p r imary  p roduc t  1 on o f  w e t l  ands 



passes t h r o u g h  t h e  phytophagous complex 
t h a n  t h e  d e t r i t o p h a g o u s  c o m p l e x .  
S u b m e r g e n t  v e g e t a t i o n  t e n d s  t o  be 
inhabited and grazed more h e a v i l y  t h a n  
emergent  forms (Krecker 1939) because t h e  
submergent a q u a t i c  macrophytes l a c k  t h e  
m o r e  i m p e n e t r a b l e  s t r u c t u r a l  t i s s u e s  
p reva len t  i n  t h e  emergent type. Estimates 
of t h e  p r o p o r t l o n  o f  m a t e r i a l  processed 
through each complex ( T i  l t o n  e t  a]. 19781, 
f a v o r s  t h e  d e t r i t u s  web (80% t o  95%) over 
t h e  g raz ing  web (5% t o  20% 1. T i  1 t o n  e t  
a 1  . ( 1 9 7 8 )  a 1  s o  p o i n t  o u t  t h a t  t h e  
Importance o f  an organism t o  an ecosystem 
may exceed  i t s  r o l e  i n  e n e r g y  f l o w ,  
Muskrats u t i l i z e  o n l y  a f r a c t i o n  o f  t h e  
a v a i l a b l e  energy stored i n  t h e  1 l v e  p lan ts  
t h e y  c u t  and harvest  I n  t h e  wetlands* bu t  
they  may be o f  s i g n i f f c a n t  v a l u e  t o  t h e  
d e t r i t o p h a g o u s  complex. S i m i l a r l y o  the  
t e e m i n g  p o p u l a t i o n s  o f  p h y t o p h a g o u s  
i n s e c t s  may consume on1 y a small  f r a c t i o n  
o f  p l a n t  t i s s u e t  b u t  through t h i s  a c t i v i t y  
may reduce t h e  growth o f  h o s t  p l a n t s  and 
t h e  p r i m a r y  p r o d u c t i o n  o f  t h e  we t l and  
ecosystem. 

The energy budget f o r  c a t t a i  1 (Iyehg 
s p .  m a r s h e s  i n  M i n n e s o t a  h a s  been 
i n v e s t i g a t e d  b y  B r a y  ( 1 9 6 2 )  and may 
p r o v i d e  i n s i g h t  f o r  L a k e  S t .  C l a f r  
wetlands. Dur ing t h e  g row ing  season t h e  
distribution of t h e  var ious components of 
s o l a r  radiation energy was as fo l lows:  

a1 bedo ( r e f l e c t i o n 1  22.0 
evapot ransp i ra t ion  38.4 
conduction-convectlon 38.5 
primary product ion 1.1 

Thf s apparently 1 ow u t  11 f z a t  i on o f  s o l  a r  
r a d i a t i o n  b y  sp. i s  cons' lstent w l t h  
o t h e r  we t l and  s t u d f e s  and s u p p o r t s  t h e  
g e n e r a l  v i ew  t h a t  most p l a n t  communltfes 
u t i l i z e  on ly  1% t o  2% of  t h e  t o t a l  s o l a r  
energy  f o r  p r i m a r y  p roduc t i on  ( T t l t o n  e l  
a l ,  1978). sp. I n  A u s t r i a n  
we t l ands  ranges from 1-24 t o  2.0% f o r  Ma 
through J u l y  (Sieghardt  1973) and 
sp. i n  Georgfan es tuar fes  u t i l i z e s  1,4% o f  
t o t a l  s o l a r  radiation (Tea? 19621, The 
u n i  f o r m i t y  of these r e s u l t s  suggests t h a t  
emergent we t l ands  i n  t h e  t a k e  St. C l a f  r 

system u t f l  i z e  approximately 1.2% o f  so la r  
r a d i a t i o n  f o r  prdmary production. 

Emergen t  w e t 1  and commun i t i es  a r e  
among the  most p roduct ive  areas on e a r t h .  
West1 ake (1963) estimated t h a t  freshwater 
emergent macrophytes have a n e t  p r i m a r y  
p r o d u c t i v i t y  o f  3,000 t o  8,500 g/rnZ/yr 
comparable i n  p r o d u c t i v i t y  t o  s a l t  marshes 
and t r o p i c a l  r a j n  f o r e s t s .  P r o d u c t i v i t y  
o f  freshwater submerged macrophytes ranges 
f rom 400 t o  2,000 g/m2/yrr l e s s  than ha1 f 
o f  t h e f r  m a r i n e  c o u n t e r p a r t .  S i t e  
s p e c i f  i c  p r i m a r y  p r o d u c t i v f t y  s tud ies  o f  
c o a s t a l  emergent w e t l a n d s  i n  L a k e  S t ,  
C l a i r  do n o t  e x i s t .  T a b l e  28 l i s t s  t h e  
maximum b l o m a s s  and p r o d u c t i v i t y  o f  
s e v e r a l  emergent species (common i n  Lake 
S t .  C l a l r )  f o r  o t h e r  a reas  o f  t h e  G r e a t  
Lakes reg ion .  Ex t rapo la t i on  o f  these data  
t o  t h e  c a t t a i l  marshes o f  Lake S t .  C l  a i  r 
can p r o v i d e  an approximate and reasonable 
est imate o f  product l v i  t y ,  J v ~ h a  marshes 
appear t o  be one o f  t h e  most  p roduc t i ve  
communit ies, y i e l d i n g  v a f  u e s  ( a p p r o x -  
f m a t e l y  2,500 g/mz/yr) near t h e  lower end 
o f  t h e  range  e x p e c t e d  f o r  f r e s h w a t e r  
emergent macrophytes. 

Lake S t ,  C l  a i  r, p a r t i c u l a r l y  Anchor 
Bay and M i t c h e l l  Bay, are known f o r  t h e t r  
w e 1  1 d e v e l o p e d  s u b m e r g e d  a q u a t i c  
macrophyte beds. Dawson (19751 found t h a t  
considerable s p a t i a l  v a r f a t i o n  i n  standing 
crop e x i s t s  i n  Lake S t .  C l a i r  bays ( T a b l e  
29). He est'imated mean d r y  we igh ts  o f  
v a r l o u s  submerged communi t ies t o  range 
from 4 g/m2 i n  sha71ow areas charac ter ized 
by spa rse  c o v e r  o f  stonewo 
t o  316 g/m2 i n  areas  domfna 

o f  w a t e r - m i l f o l l  ( 
1. Schloesser ( 1982) 

monthly abundance of submersed macrophytes 
i n  t h e  St. C l a i r  R iver  and Lake St.  e l a i r  
dur ing  t h e  1978 growing season (Table 30). 
He found t h a t  t h e  amount o f  submersed  
v e g e t a t i o n  was low i n  e a r l y  spr fng,  No 
vegetat fon was Sound a t  t h e  mouth o f  t h e  
C l i n t o n  R tver  o r  t h e  head o f  t h e  D e t r o l t  
R i ve r  ( B e l l e  I s l e )  i n  A p r i l  or May, and 
t h e  o n l y  v e g e t a t i o n  c o l l e c t e d  a t  S t a g  
I s l a n d s  Algonac and Anchor  Bay d u r i n g  
t h e s e  mon ths  c o n s f s t e d  o f  decabSng o r  
dormant mater ia l  f ram t h e  previous growf ng 



Table 28. Biomass ,arid p r o d u c t i v i t y  o f  emergent wetland p lan ts  o f  the 
Great Lakes region. 

Species 
Maximum Net 

Common name b i omass product  1 on 

(g/m2) (g/m2/yr) 

broad-1 eaved c a t t a i  l 
hybr fd  c a t t a i l  
g i a n t  bur reed 
common arrowhead 
manna grass 
reed grass 
w i l d  r i c e  
sp i ke-rush 
l ake  sedge 
beaked sedge 
r i v e r  bul rush 
g rea t  bu l  rush 
s o f t  rush 

Mean 

' ~ a t a  source: T i l t o n  e t  a1. (1978). 

Tabla 29. Estimates o f  standing crop biomass f o r  submergeni vegeta- 
t i o n  i n  Anchor Bay, Lake St. C l a i r  (September, October 1974). 

Dominant Weedbed Range i n  Percent of 
taxa  i n  community area (km2) dry welght (g/m2) submergents 

TOTAL 108.8 4-3 16 100.0 

" ~ a t a  source: Dawson ( 1975). 



Table 30. Seasonal estimates of standing crop biomass for  submersed 
rnacrophytes a t  several locations i n  the Lake S t ,  Clair  s y s ~ e m  (1978).  

Dominant 
Locat l  on June Ju l y  Rug Sept kt taxa 

St. C l a i r  Rfver  (Stag Is.) 72 267 103 38 15 SPP 

St. C l a f r  D e l t a  (Algonacl 54 97 158 174 284 

Anchor Bay (Sand Is , )  85 113 135 133 146 

Cl fn ton  R ive r  (mouth) 24 63 118 33 16 V a l l i w  

D e t r o i t  R i ve r  (Be l l e  I s l e )  0 38 52 38 17 Ya l l i -  
iaowkaB 

a ~ a t a  source: Schloesser (1982). 

season. By m id -June  d o m i n a n t  p l a n t s  
s p r o u t e d  new g r o w t h  a t  s t e m  and l e a f  
nodes, and by m id -Ju l y  new g rowth  which 
d i d  n o t  o r f g i n a t e  f r o m  o v e r w i n t e r i n g  
d o r m a n t  m a t e r i a l  was f o u n d  a t  a17 
l o c a t i o n s  ( T a b l e  30). H i g h e r  maximum 
bfomass values were genera l ly  observed a t  
l o c a t i o n s  where  dormant o v e r w i n t e r f n g  
vegetat jon was observed i n  e a r l y  s p r i n g .  
F l g u r e  47 shows t h a t  t h e  maximum biomass 
was reached I n  J u l y  i n  t h e  St. C l a i r  R iver  
(267g/m21; i n  August I n  t h e  Gl  i n t o n  R i v e r  
mouth (118 g/m2f and D e t r o i t  R i v e r  head 
(53 g/m2); and i n  October i n  t he  St. C l a i r  
D e l t a  (284 g/m21 and A n c h o r  Bay f 1 4 6  
g/m2). The submersed macrophytes became 
senescent and t h e  biomass values decreased 
by  l a t e  f a l l  a t  a l l  l o c a t i o n s .  The  
r e s u l t s  o f  t h f s  s t u d y  i n d f c a t e d  t h a t  
l i t t l e  o r  no submersed macrophyte g rowth  
t a k e s  p l a c e  b e f o r e  June o r  a f t e r  October 
i n  t h e  r f v e r  o r  lake.  The dominant t a x a  
found a t  each l o c a t i o n  are given i n  Table 
31, 

4.3 CQMMUNiTY PROCESSES 

Given t h e  t r a n s i t t o n a l  o r  e c o t o n e  
c h a r a c t e r  o f  wetlandsr t h e  Lake St. C l a f r  

wetlands are even more dynamic due t o  t h e  
p u l s i n g  n a t u r e  o f  t h e  l ake  l e v e l  changes 
and t h e  c o n n e c t i v l t y  due t o  t h e  numerous 
distributary channe ls  and embaymentst 
p a r t i c u l a r l y  w l t h i n  t h e  St .  C l a i r  De l ta .  
By o u t l f n i n g  t h e  community processes i n  
these dynamlc and i n t e r r e l a t e d  e n v i  ron-  
ments ,  t h e  h i g h  p r l m a r y  and secondary 
p roduc t i  v i  t y  can be more f u l l  y  understood. 

The Lake  S t .  C l a l r  w e t l a n d s  a r e  
a c t u a l l y  composed o f  a  v a r i e t y  o f  hab i ta t s  
f n c l  ud  1 ng  o p e n  ponds, c a t t a i ? / r e e d  
marshes, earthen dikes,  b a r r l e r  beaches, 
d e l t a  f l a t s ,  a n d  w o o d e d  swamps.  
Co l7ec t fve ly  these h a b i t a t s  a r e  known as 
t h e  coasta l  marsh community, Each h a b i t a t  
a t t r a c t s  i t s  own species o f  p lan ts *  b l r d s r  
mamnalsp rep t i l es ,  amphibianst and f n  some 
cases, f i s h .  The r e s u l t  I s  more v a r f e t y  
i n  p lan t  and animal l i f e  than i n  any o the r  
area o f  equal s i z e  f n  t he  i n t a r i o r  o f  t h e  
b o r d e r i n g  s t a t e s  and p r o v i n c e .  The 
o v e r a l l  conditions o f  t h e  u n c o n t r o l l e d  
c o a s t a l  marshes are s t f  17 very pr im i t i ve ,  
some having been v i s i t e d  by no more than a 
h a n d f u l  o f  peop le  i n  t h e  l a s t  s e v e r a l  
decades.  W i  t h l n  t h o s e  marshes where 
n a t u r a l  processss  a r e  allowed t o  t a k e  
place, zonatfon and succession i n  response 
t o  changing env f  ronmsntal condf t ions  are 
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Figure 47. Seasonal growth (dry  weight) of dominant submersed macrophytes i n  t he  S t .  
C l a i r  River-Lake St .  Clair-Detroi  t River ecosystem (Schloesser  1982). 

Table 35  Dominant submersed aqua t ic  macrophyte taxa of t he  Lake St. C l a i r  
sys  tern. 

Taxa 

S t .  C l a i r  S t .  C l a i r  Lake S t .  Cl in ton  D e t r o i t  
R'iver Del ta  Cl a i  r River  River  

(S tag  I s land)  (Algonac) (Anchor Bay) (mouth) ( B e l l e  Isle) 

- 
% a t a  sources:  Dawson ( 19751 r Schloesser  (1982). 



among t h e  important  commun l t y  processes. 
Water l e v e l  f l u c t u a t i o n r  and t h e  r e s u l t a n t  
p l a n t  and anfmal  responser i s  o f t e n  t h e  
most s f g n i f i c a n t  d r i v j n g  force. 

Because t h e  water  l e v e l  o f  Lake S t .  
C l a i r  i s  n o t  s t a b l e ,  b u t  has o s c i l l a t e d  
over 2 m d u r i n g  t h e  p e r i o d  1900 t o  1977 
( J a w o r s k i  e t  a1. 19793, t h e  w e t l a n d  
vegeta t ion  a1 ong t h e  1  ake margi ns e x h i b i t s  
p u l s e  s t a b i l i t y .  The concep t  o f  p u l s e  
s t a b i l i t y  imp1 i e s  t h a t  it i s  these water 
l e v e l  f l u c t u a t i o n s  wh ich  r e s u l t  t n  t h e  
main tenance o f  t h e  w e t l  and communities. 
T h u s *  e v e n  t h o u g h  w e t l a n d  p l a n t  
communft ies r e t r o g r e s s  d u r i n g  h lgh  l ake  
l e v e l  p e r i o d s  and s h i f t  lakeward  d u r i n g  
l o w  w a t e r  l e v e l  c o n d i t i o n s r  t h e s e  
successional changes prevent t h e  wet1 ands 
from b e i n g  dominated by e i t h e r  aquat ic  o r  
up1 and communi t ies.  Moreovers c o a s t a l  
w e t l a n d s  d o  n o t  become s e n e s c e n t  o r  
e x h i b i t  c o n v e r s i o n  t o  terrestrial 
e n v i r o n m e n t s  a s  compared t o  i n l a n d s  
pa l  u s t r i n e  wet l  ands. 

I t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  
between annual  ( o r  seasonal 1 water l e v e l  
f l u c t u a t i o n s  and longer term o s c i l l a t i o n s ,  
With regard t o  annual water l e v e l  changes 
f n  Lake  St. C l a i r ,  t h e  average magnitude 
i s  a p p r o x i m a t e 1  y  0.5 m, w i t h  h i g h e s t  
l e v e l s  o c c u r r t n g  i n  June-July and lowest  
l e v e l s  d u r i n g  t h e  w i n t e r  months. T h i s  
seasonal  w a t e r  l e v e l  p a t t e r n  i s  opposi te 
t h a t  i n  shal lowr f r e s h w a t e r  swamps wh ich  
may d r y  up  d u r i n g  t h e  m i d d l e  o f  t h e  
g row ing  season. C a t t a i l s  appear t o  be  
f a v o r e d  b y  l o w  water  l e v e l s  i n  w i n t e r  
because oxygen d i f f u s e s  t h r o u g h  exposed 
s t a l k s  down i n t o  t h e  r o o t s  and rhizomes 
(Jaworski e t  a l .  1979). 

However, it i s  t h e  l o n g e r  t e r m  l a k e  
l e v e l  o s c l l l a t l o n s  which have t h e  g rea tes t  
e f f e c t  on v e g e t a t i o n  succession. I n  t h e  
G r e a t  Lakes t h e  h y d r o p e r i o d  f o r  t h e s e  
l o n g e r  t e r m  o s c i l l a t i o n s  i s  8 t o  20 years 
(U.S. Dept. o f  Commerce 1 9 7 6 ) .  N e a r  
r e c o r d  low wa te r  l e v e l s  - a t  about 174 m 
above datum (IGLD) - o c c u r r e d  i n  1964- 
1965, whereas record highwater l e v e l s  - a t  
a p p r o x i m a t e l y  176 m above datum (IGLD) - 
t o o k  p l a c e  d u r i n g  t h e  1 9 7 2  t o  1 9 7 4  
i n t e r i m .  Because o f  t h e s s  CYC~IC water 
l e v e l  o s c i l l a t i o n s ,  success ion  i s  a1 ways 
t a k i n g  p lace i n  t h e  p l a n t  communities. 

The l a t e p a l  s h i f t s  o f  t h e  p l a n t  
communi t ies i n  r e s p o n s e  t o  water  l e v e l  
f l u c t u a t i o n s  are i l l u s t r a t e d  by Figures 32 
and 33 o f  S e c t i o n  3-2. DickYlnson I s l a n d  
was u t i l j z e d  f o r  t h i s  d t s c u s s i o n  because 
it has an i n t a c t  e n v i  ronmenta l  g rad ien t  
over which v e g e t a t i o n  s h i f t s  can occur.  
E l  sewhere on Warsens I s l a n d  as we1 1  as on 
t h e  Canadian s i d e  of t h e  S t .  C l a i r  D e l t a 9  
t h e  c a t t a i l  marsh e n d s  a b r u p t l y  aga ins t  
d ikes o r  canals, and much o f  t h e  sedge end 
o ther  d r i e r  h a b f t a t  communit ies have been 
devel oped. 

These  s u c c e s s i o n a l  changes can be  
documented by a  s e r i e s  o f  t r a n s e c t s  t a k e n  
over t ime across t h e  same survey 1 ine. As 
i n d i c a t e d  by  F i g u r e  48, w a t e r  l e v e l  
changes i n  t h e  c o a s t a l  wet lands o f  Lake 
S t .  C l a i  r c a u s e d  d r a m a t i c  v e g e t a t i o n  
changes. Beginning i n  Ju l y  1964s one can 
observe  ex tens i ve  c o m u n j t i e s  o f  c a t t a i l  r 
sedge, and dogwood meadow, Howevers  
dur ing  t h e  h igh water  pe r i od  o f  t h e  1 9 7 0 ~ ~  
widespread ddeback occurred as f a r  i n l and  
as t h e  shrub/swamp f r f n g e  which borders on 
t h e  oak-ash h a r d w o o d s .  D u r i n g  s u c h  
c o n d l t l o n s r  much o f  t h e  c a t t a l l  marsh 
c o n s i s t e d  o f  o p e n  w a t e r  a s  w e l l  a s  
communi t ies  o f  b u l r u s h e s  and submersed 
aquatics. N o t i c e  t h a t  by t h e  summer o f  
1977 r c o n s i d e r a b l e  reestabl ishment began 
t o  t a k e  p l a c e  as  w a t e r  l e v e l s  d r o p p e d  
somew hat. 

A p l a n t  commundty displacement model 
c a n  b e  u s e d  t o  p r e d i c t  community 
success ion  a s s o c i a t e d  w i t h  water  l e v e l  
f l u c t u a t i  ons. As f 11 u s t r a t e d  i n  F i g u r e  
49s each wet land p l a n t  community has been 
placed a t  i t s  p roper  e l e v a t i o n  i n  r e l a t l o n  
t o  t h e  l o n g - t e r m  mean wa te r  l e v e l .  The 
l e n g t h  o f  t h e  l ine u n d e r  t h e  p l a n t  
community's name l n d j c a t e s  t h e  amount s f  
v e r t i c a l  s h i f t i n g  w h i c h  t h a t  community 
exh ib i t s .  To use  PhSs model* n o t e  t h a t  
t h e  communi t ies s h O f t  lakeward  ( t o  t h e  
l e f t )  dur lng  low wa te r  l e v e l s  and d isp lace 
communities a long t h e f  r lakeward  margfn. 
To s i m u l a t e  S U C C ~ S S ~ ~ ~  dur ing  r f s i n g  l a k e  
levels,  s h i f t  t h e  c o m u n f t t e s  t o  t h e  r i g h t  
a1 ong the1 r respective d l s p l  acement 1 f nes, 
As o n e  m o v e s  u p w a r d  a l o n g  t h e  
e n v i  r o n m e n i s l  g r a d t e n t ,  t h e  e x t e n t  o f  
co rnun i t y  d i s p l a c e m e n t  i s  l e s s  and c o r e  
a reas  p e r s f s t  d u r f n g  b o t h  low and hlgh- 
water pert ads, f here fo re *  t h e  shrub/swamp 
f r i n g e  zone s h i f t s  l e a s t  and Os d i s p l a c e d  
l e s s  by t h e  ad jacent  $1 ant  comunf i y .  
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Figure 48. Succes~ior ia l  changes on Dickinson I s land  i n  response t o  water l eve l  f l u c t u -  
at ions, 
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Figtars 43. Wetland p lan t  community d i s -  
placement rnode'l f o r  Dickinson i s l and  
showing pred ic ted  response t o  water l e v e l  
changes, 

As shown i n  Tab le  32, t h e  we t l and  
p l  ant  communities n o t  on1 y change l o c a t i o n  
b u t  a l t e r  t h e i r  a r e a l  e x t e n t  i n  response 
t o  t h e s e  l o n g - t e r m  w a t e r  l e v e l  
o s c i l l a t i o n s .  The d o m i n a n c e  o f  t h e  
emergent c a t t a i l  and sedge marsh dur ing  
low-water l e v e l s  i s  c l e a r .  I n  c o n t r a s t ,  
d u r i n g  h i g h  water  p e r i o d s r  t h e  wetlands 
e x h i b i t  e x t e n s i v e  f l o a t i n g  l e a v e d  and 
submersed c o m m u n i t i e s  a l o n g  w i t h  t h e  
c a t t a i l s .  The c a t t a i l  m a r s h  a c t u a l  1  y 
appears more widespread dur ing  high water 
c o n d i t i o n s  t h a n  it i s  because t h e  dead 
c a t t a i l  s t a l k s  o f t e n  remain i n  p lace f o r  
several years. Notice, toor  t h a t  t h e  area 
o f  t h e  shrub/swamp changes very  1  i t t l e  as 
t h e  water  l e v e l s  change. Th i s  s i t u a t i o n  
p r e v a i l s  because t h e  shrub/swamp community 



Table 32. Vegetation cianges on Dickinson Is land i n  response to  
lake level  f luctuat ions.  

Percent of t o t a l  areab 
Vegetation c l a s s  Low water Mean leve l  Hiah water 

1964 1975 

Open water 
Float ing leaved/ 

Submersed 
Emergents ( c a t t a i l s )  
Sedge marsh 
Dogwood meadow 
Shrub/Swamp 
Developed areas 

a Data source: Jaworski e t  a1 . (1979). 

b ~ o t e :  Total area l r130 hectares (2,800 acres). 

i s  s l i g h t l y  higher i n  e l e v a t i o n  than t h e  
h i gh  water mark and it i s  d i f f i c u l t  t o  
separate dieback shrub f rom l i v e  brushy 
v e g e t a t i o n .  A l s o ?  c a t t a i l  i s  an ag- 
gressive invader  compared t o  sedges and 
dogwood. 

The zonation exhibi ted by the wet1 and 
p l a n t  commun i t ies  has p rev i ous l y  been 
i l l u s t r a t e d  by F i g u r e s  26 and 33 and 
descr ibed i n  Sect ion 3.2. These p l a n t  
zones, i n  o rder  from upland t o  aqua t i c  
s i t es ,  are: shrub/swamp? dogwood meadow? 
sedge marsh? c a t t a i l  marshr and open water 
f l o a t i  ng/submersed commun f t i es . I n  many 
w e t l a n d s  a l o n g  Lake S t .  C l a i r  u rban  
development and o t h e r  l a n d  uses have 
progressed from the  adjacent upland areas 
lakeward t o  the emergent marsh. On1 y on 
D ick inson  Is land ,  and t o  some extent i n  
Bouvier Bay (i.e., S t .  John's Marsh)? does 
a complete environmental gradient? o r  f u l l  
zonation o f  wetlands* e x i s t  today. 

Species d i v e r s i t y  o f  i n ve r t eb ra tes  
t e n d s  t o  be h l g h e r  f n  S t .  C l a i r  D e l t a  
wet land ecosystems t h a n  f n nea rsho re  
ben th i c  and profundal  b e n t h i c  zones o f  
Lake St. C la i r .  Invertebrate product iv t ty  

a l s o  t e n d s  t o  be h i g h e r  i n  we t l ands  
compared t o  open w a t e r  a reas  and f t  
appears t h a t  i n v e r t e b r a t e  p r o d u c t i v i t y  
tends to. be h i ghe r  i n  emergent wetlands 
compared t o  submergent wet1 ands (T i  1 ton e t  
al,  1978). I n v e r t e b r a t e  popu la t ions  i n  
coas ta l  wet lands a re  a food source f o r  
h i ghe r  t r o p h i c  l e v e l s  i n  t h e  food webt 
comprising a major f rac t ion  o f  the d i e t  o f  
numerous s p e c i e s  o f  f i s h *  r e p t i l e s ?  
amphibians, b l rdsr  and mammals. 

S e v e r a l  s p e c i e s  o f  f o r a g e  f i s h  
( spo t t a i l ?  black nose^ and emerald shiners9 
f eed  o r  spawn I n  wetland ecoysystems, 
These f o r a g e  f i s h  a r e  consumed b y  
p i s c i v o r o u s  f i s h  as w e l l  as b i r d s  and 
mammals. toss o f  wetlands whjch produce 
forage f i s h  can cause a reduction i n  the  
numbers o f  p i s c i vo rous  f i s h  as we11 as 
b i r d s  such as t h e  k i n g f i s h e r  and common 
mergansers (Ti 1 t on  e t  a1 . 1978). 

Zonation has a l so  been demonstrated 
f o r  l a r v a l  f i s h  popu la t ions  i n  western 
Lake E r i e  (Cooper e t  a l .  1981ar 1981b. 
1984; Mizera e t  a l e  3.9811. A ser ies  o f  
studies i n  the es tuar ies  and open waters 
of western Lake E r i e  has shown t h a t  the 
estuaries o f  t h e  Maumee and Sandusky 
R i ve rs  contained the hfghest densi t ies o f  



l a r v a l  f i s h  when compared w i t h  o t h e r  
n e a r s h o r e  and o f f s h o r e  a r e a s .  Glzzard 
shad ,  whi t e  b a s s ,  and f r e s h w a t e r  drum 
dominated t h e  es tuarfne  populatfons. The 
highest  densjty of yellow perch was found 
i n  nea r shore  a r e a s  assocfated wfth sandy 
bottoms, p a r t i c u l a r l y  n o r t h  of Woodtick 
P e n i n s u i a  and i n  t h e  v i c i n i t y  o f  Locust 
Pofnt. The fo l lowtng  d e p t h / d e n s l t y  re-  
l a t ionsh ip  was observed f o r  t h l s  species: 

The same genera l  r e l a t i o n s h i p  was found 
f o r  most s p e c i e s ,  f n d f c a t l n g  a g r e a t e r  
p r e f e r e n c e  f o r  spawning  and n u r s e r y  
grounds f n  the c o a s t a l  a r e a s .  A s f m i l a r  
p a t t e r n  i s  suspec ted  f o r  Lake St .  C la i r .  
Surveys conducted by Hatcher and Nes te r  
E 1 9 8 3 ) ~  al though n o t  in t h e  lake proper, 
show high dens i t i e s  J n  t h e  St. C l a i r  Delta 
and a t  t h e  head of t h e  Detroi t  River. 

Johnson (1984) belleved t h a t  the  most 
important f ac to r  influencing production of 
f l s h  larvae  i n  #%ste rn  Lake E r i e  marshes 
i s  p reda t fon .  Although no information Is 
ava f l ab le  on predator-prey t n t e r a c t l o n s  
i n v o l v i n g  l a r v a l  f J s h  In Lake S t .  C l a i r  
wetlands* re la ted  r e s e a r c h  has I n d i c a t e d  
h a b f t a t  s t r u c t u r e  can be Smportant in  
medtatlng t h e  outcome of aquatic predator- 
prey  i n t e r a c t i o n s .  G l a s s  (1971) found 

argemouth b a s s  ( a4.L 
predat f on succes s the 

I t y  of hab i t a t  s t ruc tu re  increased. 
Crowder and Cooper (19791 concluded t h a t  
a reas  of hSgh s t ruc tu ra l  complexity should 
c r e a t e  an e f f e c t i v e  r e f u g e  f o r  prey and 
onhance their  survfval ,  However, 
(19791 found prey-sized b l u e g i l l  ( 

1 were s t r o n g l y  a t t r a c t e d  t o  
shade produced by I m d i amete r  f l o a t s  in  
w h ~ c h  no submerged s t r u c t u r e  was present, 
H e  ~onc luded  prey f i s h  i n  shade can de tec t  
a p r e d a t o r  ( i n  s u n )  l o n g  b e f o r e  t h e  
predator  can de tec t  t h e  prey. 

T h e r e f o r e  prey s p e c l e s  and prey- 
s ized fSsh may act1 ve ly  e s c a p e  p r e d a t o r s  
by d f s a p p e a r f n g  S n t o  a r e a s  o f  h i g h  

s t r u c t ~ r a l  complexity o r  by seeklng shade 
s o  a s  t o  g a j n  t h e  v i s u a l  a d v a n t a g e .  
Consequentlys f i s h  larvae  in wet lands  may 
use  f l o a t i n g  habitat t y p e s  t o  ga in  t h e  
vjsual advantage  whi l e  o t h e r  l a r v a e  may 
use submergent o r  emergent hab i t a t  types 
t o  hide from p o t e n t i a l  p r e d a t o r s ,  Open 
w a t e r  a r e a s  i n  Lake S t .  C l a i r  c o a s t a l  
marshes may be expected t o  have low la rva l  
use d u r i n g  t h e  day  b e c a u s e  o f  t h e  
inc reased  s u c c e s s  of visual  predators in 
t h i s  h a b i t a t  t y p e ,  b u t  t h e s e  a r e a s s  
p a r t i c u l a r 1  y  the u n c o n t r o l l e d  wetlands, 
may be Important t o  f i s h  larvae  a t  night ,  

The coas ta l  marshes of Lake St. C l a i r  
a t t r a c t  l a r g e  numbers  o f  m i g r a t o r y  
waterfowl. Located a t  a  crossing point  on 
two major f lyways ,  t h e s e  marshes a t t r a c t  
ducks from e a s t e r n  Canada h e a d l n g  f o r  
wintering grounds on the Mississippi River 
b o t t o m s  a n d  d u c k s  f rom t h e  p r a i r i e  
provinces of Canada which winter along the  
At lant fc  coast .  Beds o f  wfld c e l e r y  a r e  
p a r t j c u l  a r l  y  a t t r a c t i v e  t o  g rea t  numbers 
of canvasbacks (m 1, red- 
h e a d s  ( ) ,  and scaups  
(w s p p .  mig ra t ing  sou theas tward  t o  
thef  r winter ing  grounds on Chesapeake Bay 
(Andrews 1952). 

Lincoln (1935) introduced the concept 
t h a t  a l l  p o p u l a t l o n s  o f  migra to ry  b i r d s  
adhere t o  t h e i r  respectfve flyways a s  they 
make t h e f  r semt annual f l  l g h t s  between 
breeding grounds  and wintering grounds.  
F o u r  d i s t i n c t i v e  f l y w a y s  have  been 
Ident i f ied  f o r  North America, two of whqch 
c r o s s  w e s t e r n  Lake E r i e  and Lake S t .  
C l a i r :  t h e  A t l a n t i c  Flyway and t h e  
Mississippi Flyway, These routes a r e  used 
by a l l  of t h e  m i g r a t o r y  w a t e r f o w l  and 
o t h e r  w a t e r b i r d s  which f r e q u e n t  t h e  
coas ta l  wetlands. Each flyway has its own 
individual population of b i r d s p  even f o r  
t h o s e  s p e c f e s  w h i c h  h a v e  a  b r o a d  
contJnenta1 distribution. The b reed ing  
grounds o f  two o r  more f lyways  may, and 
often dor overlap broadly  s o  t h a t  du r ing  
t h e  n e s t i n g  season extensive areas may be 
occupfed by b j r d s  of t h e  same species,  b u t  
which belong t o  d f f f e r e n t  flyways. 

I n  t h e  f a l l ,  t h e  A t l a n t l c  Flyway 
r e c s i v a s  a c c r e t i o n  o f  wa te r fowl  from 
several  f n t e r l o r  migration pa ths  s t a r t i n g  



a t  t h e  b r e e d i n g  grounds on t h e  A r c t i c  
tundra. Canada goose ) V  

and d f  vfng ducks8 i n c l  SI 

r e d h e a d s  and  scaup  come f r om t h e i r  
breeding grounds on t h e  g r e a t  nor thern  
p l a i n s  o f  c e n t r a l  Canaaa, f o l l o w  t h e  
genera l  sou theas te r l y  t rend of the Great 
Lakes? rest  i n  the St. C l a i r  Del ta,  c ross  
Lake E r j e  i n  t h e  i s l a n d s  region, and 
c o n t i n u e  o v e r  t h e  m o u n t a i n s  o f  
Pennsylvania t o  w i  nter along the A t lan t i c  
coas t  i n  Chesapeake and Delaware bays. 
C o n c u r r e n t 1  y, dabb l  i n g  ducks such as 

1, black ducks 
1, and blue-winged t e a l s  
1 t h a t  have gathered i n  

s t a g i n g  a r e a s  o f  s o u t h e r n  O n t a r i o  
( fncludfng t he  St. C la i r  Delta) also leave 
these  feeding grounds, cross western Lake 
E r i e  and proceed southwest over  a course 
t h a t  leads down t h e  Ohio and Mississfppi  
va l leys ( M i s s i s s i p p i  Flyway), However, 
p a r t  o f  t h i s  duck  p o p u l a t i o n ,  upon 
reaching t h e  S t .  C l a i r  F l a t s ,  sw ings  
a b r u p t l y  t o  t h e  southeast, crosses t h e  
Appalachian mountains and w in te r s  along 
the A t l an t i c  coast (Lincoln 1950). 

The M iss i ss i pp i  Flyway i s  eas i l y  t he  
l onges t  m i g r a t i o n  r o u t e  o f  any i n  t h e  
Western Hemisphere. I t s  northern terminus 
i s  t h e  A r c t i c  coas t  o f  Alaska, whl le i t s  
southern end 1 ies  I n  the  Patagonia r e g i o n  
o f  Argent ina.  Although the  main path o f  
the flyway l i e s  t o  t h e  west o f  t h e  Great  
Lakes major branches fo l low the southern 
t r e n d  o f  L a k e  M i c h i g a n  a n d  t h e  
southwestern t r e n d  o f  Lake E r l e  and the  
Maumee R f  ve r  va l l ey .  Some o f  t h e  b l ack  
ducks ma1 1 ardsr and t ea l s  t h a t  cross t he  
Great Lakes i n  t h e  v i c l n f t y  o f  Lake S t .  
C l a i r  do  n o t  t u r n  a b r u p t l y  t o  t h e  
s o u t h e a s t ,  b u t  c o n t i n u e  on  t o  t h e  
southwest as members o f  t h e  M iss iss ipp i  
Flyway bound f o r  the Gulf  o f  Mexico coas t  
r a t h e r  than  t h e  A t l a n t i c  seaboard. F a l l  
migrat ion i s  a t  I t s  peak i n  September and 
October, bu t  the main shorebird passage i s  
underway i n  August. 

S p r l n g  m i g r a t i o n  b e g i n s  i n  l a t e  
February w i t h  t h e  appearance o f  r l n g -  
b i l l e d  g u l l s  ( 1 I n  Lake 
S t .  C la i r .  Ma 11 b r i n g  
h waterfowl mov-ntr ducks and loons 
( sp.1 appear ing 5n open leads  as  

blackbf rds ( 

large numbers s t a r t i n g  i n  l a t e  March. The 
huge Canada goose movement normally takes 
place I n  ear l y  Apr i l .  With A p r i l  and May 
comes t h e  major push o f  spr ing migration, 
espec iz l ly  t h e  landb i rds .  M ig ran ts  a r e  
l e s s  s e l e c t i v e  than breeding b i r d s  I n  
t h e i r  cho i ce  o f  hab i t a t ,  nevertheless,  
waterb i rds  p re fe r  shore1 lnes wf t h  pockets 
o f  vegetation. Coastal marshes and stream 
mouths c o m n l y  a t t r a c t  migrating dabbl f  ng 
ducks. The  o p e n  w a t e r  shorelines 
concen t ra te  t h e  d i v i n g  duck migrants and 
other waterbirds including loons, grebes, 
cormorants ( 

For over three decades a f t e r  L i n c o l n  
d e f i n e d  and mapped h i s  f o u r  water fowl  
flyways o f  North America, l i t t l e  new work 
was pub1 i s h e d  on t h e  s u b j e c t .  Then, 
Be l l  rose (1968) pub1 ished h i s  ou ts tand ing  
t r e a t i s e  on waterfowl migrat lon co r r ldo rs  
east o f  t he  Rocky Mountains. I n  a d d i t i o n  
t o  these da ta  and ground o b s e r v a t l o n s ~  
Be1 1 rose used such advanced techn I ques as 
v i s u a l  s i g h t i n g s  f rom a i r c r a f t  and radar 
su r v e i  l 1 ance. One impetus f o r  undertaking 
t h i s  rev is ion was the Increasing hazard t o  
a i r c r a f t  from migrat ing birds. 

Be1 l rose found t h a t  L lnco l  n s f 1 yway 
concept, a l though  s t i l l  v a l i d  on a grand 
s c a l e ,  t e n d e d  t o  o v e r s f m p l l f y  t h e  
m i g r a t j o n  p rocess .  He observed t h a t  
f l yways  were I n  r e a l i t y  e complex o f  
co r r ido rs  (Figures 50-52). Each corridor, 
i n  t u r n ?  I s  a web o f  routes as opposed t o  
a single, narrow band r i g i d l y  fo l l owed by 
t h e  waterfowl.  The m i g r a t i o n  co r r ido rs  
represent passageways sac h connect ing a 
s e r l e s  o f  water fowl  habitats. Migrat ion 
c o r r i d o r s  d i f f e r  f rom f l yways  i n  be ing  
sma l le r  and more p rec ise ly  deflnsd as t o  
specles. Be l l  rose cons l d e r s  t h e  f l yways 
p roposed  by L i n c o l n  t o  b e  p r f m a r i l y  
geographical and secondar i l y  biological, 
w h i l e  h i s  c o r r i d o r s  a r e  p r i m a r i l y  
b io log ica l  and secondarif y geographical. 

As waterfowl migrate between breeding 
grounds and wfnter ing areas, they  s top  t o  
r e s t  and feed i n  wet1 ands, These wetl ands 
2 re  r e f e r r e d  t o  as nconcentratlon areas." 
The coastal  w e t l  ands o f  Lake St. C la f  rr 
the lower  D e t r o i t  Riverr and western Lake 
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Figure 50. Fa1 1 m i g r a t i o n  cor r idors  f o r  dabbl ing ducks (T r i be  Anat in i  ) across 
Lake S t .  C l a i r  (Be1 l rose 1968). 

E r i e  p r o v i d e  s o m e  o f  t h e  f i n e s t  
concentrat ion areas o f  t h i s  t ype  along t h e  
flyways. These areas a r e  character ized by 
an abundance o f  w a t e r f o w l  foods, as we l l  
a s  b y  l o w  wave e n e r g y  and l o w  human 
d i s t u r b a n c e .  C a n v a s b a c k s ,  redheads* 

animal foods, Canada geese  and m a l l a r d s  
a l s o  feed  h e a v f  l y  o n  w a s t e  g r a i n s  f n  

a g r i c u l t u r a l  f i e l d s .  Food a v a i l a b i l i t y  
m a y  b e  m o r e  i m p o r t a n t  t h a n  f o o d  
preference, e s p e c i a l l y  d u r i n g  t h e  s p r f  ng 
m i g r a t i o n  when food  s u p p l i e s  a r e  l e s s  
abundant. Food a v a i l a b i l  i t y  f n we t l ands  
i s  reduced by ex t reme h igh  and low water 
leve ls ,  heavy s i l t a t i o n r  t u r b i d i t y ,  heavy 
hunt ing pressure* and o ther  disturbances. 

J o n e s  ( 1 9 8 2 )  examined  t h e  f o o d  
preference o f  w in te r i ng  go1 deneye, g reater  
scaup, and l e s s e r  scaup a t  t h e  mouth o f  
t h e  D e t r o i t  River. He determined t h a t  30 
food taxa were u t i l i z e d  by  t h e  w a t e r f o w l  
i n c l u d i n g  1 0  p l a n t  a n d  2 0  a n i m a l  

re fe rences .  W i l d  c s l e r  
1 ,  pondweeds ( 

and o ther  p l a n t  spec i  es  made up ove r  60% 
o f  t h e  food  budget o f  most o f  t h e  sampled 
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Figure 51. Fa1 1 migrat ion corr idors for d iv ing ducks (Tribe Aythyini)  across 
Lake St .  C la i r  (Be1 l rose  1968). 

water fowl .  M i l l e r  (1943) and B e l l  rose  
(1976) have found t ha t  other d iv ing ducks* 
p a r t i c u l a r l y  canvasbacks and redheads* 
feed on submersed aqua t i cs  such as those 
noted above as w e l l  as waterweed Elc&& 
s2amku&) 

I n  w e s t e r n  L a k e  E r i e  marshes ,  
Bednar  f k (19751  found  t h a t  p r e f e r r e d  
n a t u r a l  foods o f  d i v i n g  ducks* such as 
w i ld  celery* appeared t o  be more adversely 
a f f e c t e d  by t u r b i d i t y  and s i l t a t i o n  than 
foods o f  dabb l ing  ducks and geese. I n  
general, Great Lakes conservation agencies 
do n o t  encourage the creat ion o f  resident 
winter ing f locks# pa r t i cu l a r l y  i n  the  Lake 
St. C l a f r  region* because o f  t h e  problem 
o f  w a t e r f o w l  s t a r v a t i o n  du r i ng  severe 
winters. Waterfowl t h a t  reach t h e  s p r i n g  

breeding grounds i n  good condi t ion tend t o  
exh ib i t  greater nesting success than those 
which are undernourished (Be l l  rose 1976). 

Q&l&lng d u c k  These ducks are so 
ca1 l e d  because they normal 1 y do no t  d i v e  
be low  t h e  w a t e r  f o r  food,  b u t  merely 
dabble on t h e  bottom I n  sha l low water. 
Annual ly  about 17r500r000 ma1 1 ards and 
p i n t a i l  s m ig ra te  down f l  i g h t  c o r r l d o r s  
from Canada t o  t h e  United States east o f  
the Rocky Mountains (Bel l rose 19681, The 
l arges t  por t ion ,  about 12r275r000s enter 
t h e  g e o g r a p h f c a l  c o n f f n e s  o f  t h e  
Mississippi  Flyway from the  northern Great 
Plains, About 20% o f  these b i rds  continue 
across t h e  M i ss i ss fpp f  Flyway and move 
down the A t l a n t i c  Flyway. I n  add i t i on ,  
anotRer 650,000 b lack  ducks move sou th  
from Ontario and Quebec. 
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Figure 52. Fall migration corridors for Canada geese (Branta canadensis) across 
Lake S t .  Clair (Bellrose 1968). 

Several co r r i do r s  c a r r y i n g  dabb l lng  As the name suggests, 
ducks cross the Great Lakes region (Flgure these  ducks normally dive below the water 
50). An estimated 65,000 mallards, 35,000 f o r  food. About 40200r000 d i v i n g  ducks 
wigeons, and 25r000 p i n t a l l s  move eastward annua l l y  m ig ra te  south i n t o  t h e  Un i t ed  
a long t h e  Chesapeake Bay Corr idor .  The S ta tes  e a s t  o f  t h e  R o c k i e s  ( B e l l  r o s e  
cor r ldo r  s t a r t s  I n  t h e  upper Mfss ' lss fpp i  113681, S l i g h t l y  over  609% o f  these a re  
Rf v e r  Val  l e y  and P rog resses  eastward scaups. Redheads are second fn abundance 
through Wlsconsin, Mlchiganr and Ohlo. It a t  ZO%5 wh i le  canvasbacks and ring-necked 
encompasses the marshes of Lake S t .  C l a f r  d u c k s  each  f o r m  a b o u t  7 %  o f  t h e  
and Lake E r i e  f ram Algonacr Mlchfganr t o  popu la t i cn .  As w i t h  the dabbling ducksr 
Sandusky Bay. From these marshes it i s  a nume;.ous d iv ing duck m f g r a t i o n  c o r r i d o r s  
645 km* non-stoP f l i g h t  t o  Chesapeake Bay cross the Great Lakes region (Figure 51). 
where most of these  ducks w in te r ,  The 
B l  ack Duck Corr idor extends southwest~ard The Southern Michigan Corrfdor takes 
from eas te rn  On ta r i o5  across Lake S t .  t he  maln flow of d i v ing  duck passage from 
C I a i r  t o  t h e  confluence o f  the Wabash and eas te rn  W J S C O ~ S S R ~  across southern Mich- 
Qhfe, r i v e r s r  and on south t o  Arkansas. l gan  t o  Saginaw Bay and t h e  Lake S t .  
Approximately 35#QOO black ducks use t h i s  C l  a i r -Det ro i  t River-Lake E r t e  wet1 ands 
path, areas. Div ing ducks congregate on SagJnaw 
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Bay t o  t h e  e x t e n t  t h a t  peak numbers  
i n c l u d e  22,000 l e s s e r  scaupsr  22r000 
r e d h e a d s ,  a n d  7 ,000  c a n v a s b a c k s .  
App rox ima te l y  160 km t o  t h e  south, peak 
p o p u l a t i o n s  o f  380,000 l e s s e r  s c a u p s r  
260r 000 canvasbacks, and 42r000 redheads 
have been observed fram Lake St .  C l  a i  r t o  
wes te rn  Lake E r i e .  A l t hough  as many as 
15,000 d i v i n g  ducks may w i n t e r  on  t h e  
D e t r o i t  R i ve r ,  a t  l e a s t  700,000 f l y  on 
Prom Lake S t .  C l a l r  t o  wintering grounds 
i n  t h e  A t l a n t f c  Flyway. T h i s  r o u t e  i s  
known as t h e  Chesapeake Bay C o r r i d o r  and 
i s  a s i m i l a r  r o u t e  t o  t h e  one t a k e n  by 
mal lards and p i n t a i l s .  

More than  any o t h e r  s p e c i e s  
o f  wa te r fow l ,  Canada geese have rad i ca l1  y 
a l t e r e d  t h e i r  migra t ion  rou tes  I n  t h e  pas t  
few decades. B e l l  r ose  ( 1 9 6 8 )  a t t r f  b u t e d  
t h i s  g r e a t  c h a n g e  t n  t h e i r  m i g r a t i o n  
h a b i t s  t o  t h e i r  r a p i d  a d o p t i o n  o f  newly  
c reated waterfowl refuges, They are s t i l l  
i n  t h e  p rocess  o f  evo l v tng  new m ig ra t i on  
c o r r i d o r s ,  C u r r e n t l y ,  abou t  l r 3 0 0 s 0 0 0  
Canada geese leave Canada i n  t h e  f a l l  f o r  
w i n t e r i n g  grounds i n  t h e  U n i t e d  S ta tes .  
The l a r g e s t  number, 6 0 0 ~ 0 0 0  u s e  t h e  
A t l a n t i c  Flyway, w h i l e  a n o t h e r  475,000 
t a k e  t h e  M i s s i s s i p p i  Flyway. Most o f  t h e  
A t l a n t i c  F lyway c r o s s i n g s  o f  t h e  G r e a t  
Lakes t a k e  p l a c e  o v e r  Lake Ontar fo r  b u t  
one c o r r i d o r  uses t h e  marshes o f  Lake S t .  
C l a i r  ( F i g u r e  52) .  The main m i g r a t i o n  
c o r r i d o r  f o r  C a n a d a  g e e s e  i n  t h e  
M i s s i s s i p p i  F lyway extends down t h e  west 
s h o r e  o f  Lake Mich igan,  t h e n  down t h e  
M iss i ss ipp i  R iver  va l ley .  

Snow geese (m 1 use 
t h e  M i s s t s s i p p i  Flyway. E a c h  O c t o b e r  
a b o u t  4 5 0 r 0 0 0  b i r d s  1 e a v e  Canada f o r  
w fn te r i ng  grounds on t h e  c o a s t a l  marshes 
o f  L o u i s i a n a .  The main c o r r i d o r s  f o l l o w  
t h e  eas t  and west shores o f  Lake Michiganr 
converging f n  t h e  M iss i ss ipp i  R iver  v a l l e y  
n o r t h  o f  L o u l s i  ana. The e a s t e r n m o s t  
f l f g h t  c o r r i d o r ,  used by about  15,000 
geese, runs  f r o m  t h e  sou th  end o f  James 
Bay t o  t h e  marshes o f  Lake St. C l a i r  and 
wes te rn  Lake  E r i e ,  t h e n  t u r n s  s o u t h -  
w e s t w a r d  a c r o s s  I n d i a n a ,  A somewhat 
J a r g e r  number o f  b i r d s  uses a c o r r i d o r  
t h a t  e x t e n d s  f r o m  James Bay t h r o u g h  
Saginaw Bayr and t h e n  merges  w i t h  t h e  
f l i g h t  path from Lake St. C l a i r ,  

4.4 W E T a N D S  AS HABITAT TO FISH AND 
WlLDLlFE 

Because t h e  Lake St. C l a i r  wetlands 
a r e  composed o f  a v a r i e t y  o f  h a b i t a t s  
i n c l u d i n g  o p e n  ponds,  c a t t a i l / r e e d  
marshesr earthen dikes,  b a r r i e r  beachesr 
d e l t a  f l a t s ,  and wooded swamps, many 
s p e c i e s  o f  p l a n t s  a n d  a n i m a l s  a r e  
a t t r a c t e d  t o  t h e  coasta l  marsh community. 
O f  p a r t i c u l a r  i m p o r t a n c e  t o  f i s h  and  
n i l  d l  i f e ,  b o t h  r e s i d e n t  and t r a n s i e n t  
species# are  t h e  fo l l ow ing  cons idera t~ons:  
1) food chain product ion and energy f low,  
2) f f s h  product ionr  spawningr and nursery, 
3 1  w a t e r f o w l  m i g r a t i o n ,  w i n t e r i n g  and 
n e s t i n g ,  4 )  mammal f o r a g e r  a n d  5 )  
i n v e r t e b r a t e  h a b f t a t .  D o l e  (1975) e r -  
t i m a t e d  t h e  d e n s i t y  o f  w i l d l i f e  i n  t h e  
v i c i n i t y  o f  Lake St. C l a i r  ( T a b l e  33) .  
Most animals showed a s tab le  t r e n d r  b u t  a 
few i m p o r t a n t  s p e c i e s  a r e  decreasing i n  
abundance. 

Although t h e r e  are sca t te red  pa tches  
o f  we t l ands  around t h e  perimeter o f  Lake 
St. C la i r ,  t h e  wet lands i n  t h e  St .  C l a i r  
D e l t a  p r o v i d e  t h e  most  v a l u a b l e  h a b i t a t  
f o r  f i s h  and w l l d l l f e ,  i n c l u d t n g  water -  
fowl. Mot on ly  a ra  these d e l t a i c  wetlands 
p r o d u c t l v e r  t h e y  a r e  d iverse  and e x h i b i t  
h i g h  connec t i v i t y  t o  t h e  St .  C l a i r  R i v e r  
channels as w e l l  as t o  Lake St. C la i r .  

With regard t o  f i s h  spawning i n  these 
wet lands,  i m p o r t a n t  s p e c i e s  i nc lude  t h e  
fo l lowing:  l ake  s turgeon*  n o r t h e r n  p i k e r  
rnuske l l  unget carp, golden shiner, emerald 
shiner, common s h i n e r r  s p o t t a i  l sh lne r ,  
s p o t f f n  sh ine r ,  channel  c a t f  i s h r  b u l l -  
heads# rock basst pumpkf nseed, b l  u e g l l l  , 
s u n f i s h ,  and wal leye (Figure 39) .  It has 
been suggested t h a t  i c e  f i s h i n g $  as f n 
L i t t l e  Muscamoot Bay o f  Harsens I s l andp  i s  
p a r t i c u l  a r l  y  good because wet1 ands are  an 
important  source o f  f i s h  foods  i n  w i n t e r  
( W .  C. Bryant, MDNRI F f s h e r i e s  D i v i s i o n ,  
pers. corn.). Howevers except f o r  g tzzard  
shad, most  f I sh  m l g r a t e  t o  deeper waters 
i n  f a l l  and r e t u r n  t o  t h e  s h a l l o w s  
n e a r s h o r e  e n v i  ronrnents  f s 1  l o w i n g  i c e  
breakup (Werner and Manny 19791, Because 
we t l ands  warm up more q u i c k l y  than Lake 
S t .  C l a i r  i n  t h e  sprfnge these c o a s t a l  
env i ronments  may be a c r f t i c a l  source o f  
food f o r  f t s h  a t t r a c t e d  t o  t h e  sharel ines, 



Gable 33, S t a t u s  o f  w i l d l i f e  i n  ttge v i c i n i t y  of Lake S t .  
C la i r  and c o n n e c t i n g  waterways (1970). 

Wild1 l f e  g r o u p  
and s p e c i e s  D e n s i t y  Trend 

Big game 
W h i t e - t a i l e d  d e e r  

Waterfowl 
Ducks 
Geese  

Small  game 
C o t t o n t a i l  r a b b i t  
Ring-necked p h e a s a n t  
Ruffed  g r o u s e  
Gray squ i rrel 
Fox s q u i r r e l  
Woodcock 
Mourning dove 
Bobwhite qua11 

F u r b e a r e r s  
Muskrat  
M'lnk 
Beaver  
Weasel 
Raccoon 
Skunk 
Opossum 
Badger 

Non-game 
Woodchuck 
Red fox  
Gray f o x  
Crow 
Rod s q u i r r e l  
Coyote  
R a p t a r s  

Rare  and endangered  
Bald e a g l e  
American o s p r e y  

Unusual o r  u n i q u e  
Sandhi1  1 c r a n e s  
Golden sag1  e 

1 ow i n c r e a s i  ng 

h igh  
rned f u m  

rned i urn 
h igh  
1 ow 
1 ow 
medi um 
1 ow 
h igh  
1 ow 

h igh  
rned i um 
1 ow 
rned i urn 
rned i um 
h igh  
h i g h  
1 ow 

rned i urn 
med l um 
rned i u m  
h igh  
1 ow 
1 ow 
rned f urn 

rned i urn 
r a r e  

s t a b l  e 
i n c r e a s i n g  

s t a b l e  
s t a b 1  e 
s t a b l  e 
d e c r e a s i n g  
s t a b l e  
s t a b l  e 
s t a b l e  
s t a b 1  e 

s t a b l  e 
s t a b l  e 
d e c r e a s l  ng 
s t a b l e  
' lncreas ' lng  
i n c r e a s i n g  
s t a b l e  
s t a b 1  e 

s t a b l e  
s t a b l  e 
s t a b l  e 
s t a b l e  
s t a b l  e 
s t a b l  e 
s t a b l  e 

d e c r e a s i n g  
d e c r e a s i n g  

s t a b l  e 
t r a n s l e n t  

a Da ta  s o u r c e :  Do le  (1975). 



With regard t o  wildlife h a b i t a t s  t h e  
S t .  C l a i r  D e l t a  w e t l a n d s  a r e  a l s o  
except iona l ,  The main reasons f o r  t h i s  
o u t s t a n d f n g  h a b i t a t  qua1 l t y  are: 1) la rge  
areas o f  r e l a t i v e l y  p r i s t i n e  we t l andsJ  2 )  
h a b i t a t  d i v e r s i t y  ( s e v e r a l  w e t l a n d s  
e x h i b i t  cornpl e t e  e n v l  r o n m e n t a l  c o n -  
t l nuums) ,  and 3 )  r e l a t i v e l y  few b a r r i e r s  
t o  movements. D i c k i n s o n  I s l a n d  and t h e  
B a s s e t t  I s 1  and-Goose Lake areas represent 
r e l a t i v e l y  p r i s t i n e  w e t l  ands w i t h  d i r e c t  
h y d r o l o g i c  c o n n e c t i o n  t o  Lake S t .  C l a f r  
a n d  f e w  b a r r i e r s  t o  m o v e m e n t s  o r  
m i g r a t i o n .  I n  F igure  31, one can r e a d i l y  
see t h e  h a b i t a t  d i v e r s i t y ,  j u x t a p o s i t i o n  
o f  environments, and mix o f  open water and 
v e g e t a t i o n  w h i c h  c o n t r i b u t e s  t o  h i g h  
w i l d 1  i f e  v a l u e s  (We1 l e r  and S p a t c h e r  
1965). 

T h e  i m p o r t a n c e  o f  t h e  c o a s t a l  
w e t l a n d s  a l o n g  L a k e  S t .  C l a i r  w i t h  
r e f e r e n c e  t o  w a t e r f o w l  has a1 ready been 
discussed i n  Sect ion  3.6. A1 though some 
waterfowl breeding does occur i n  t h e  d e l t a  
wet lands,  t h e  p r i m a r y  impor tance  o f  t h e  
St, C l a i r  R iver  wet lands i s  i n  r e g a r d  t o  
r e s t i n g  a n d  f e e d i n g  h a b i t a t  d u r i n g  
m i g r a t i o n .  Because o f  a v a i l a b i l i t y  o f  
p r e f e r r e d  p l a n t  and i n v e r t e b r a t e  foods  
(Dawson 19751, as  w e l l  as f t s  l o c a t i o n  
along t h e  A t l a n t i c  and M iss fss ipp i  Flyways 
(Be1 1  r o s e  1968, 19761, t h e s e  we t l ands  
serve as concentrat ion areas and s t o p o v e r  
p o i n t s  f o r  both d f v ing  and dabbl ing ducks. 
H a b i t a t  d e g r a d a t i o n  a l o n g  wes te rn  Lake 
E r i e  and Saginaw Bay, due t o  e x c e s s i v e  
t u r b i d i t y ,  s i l t a t i o n  and wa te r  q u a l i t y  

d e c l i n e  ( M a r t z  and O s t y n  1977; U.S. 
D e p a r t m e n t  o f  I n t e r i o r  1 9 7 7 1 ,  i s  
associated w i t h  g r e a t e r  r e 1  i a n c e  on t h e  
St. C l a i r  De l ta  wetlands. I n  t h i s  regards 
t h e  w a t e r f o w l  h a b l t a t  d e f i c i e n ~ l e s  
predicted f o r  southeast Michigan as o f  t h e  
yea r  2000 a r e  m o s t  s i g n i f i c a n t  (U.S. 
Department o f  I n t e r i o r  1971). 

Large numbers o f  f u rbea re rs  as we11 
as b i rds ,  r e p t i l e s ,  and amphib ians have 
been i d e n t i f i e d  i n  t h e  S t .  C l a i r  D e l t a  
w e t l a n d s  ( H e r d e n d o r f  e t  a l ,  1 9 8 1 ~ ) .  
Muskrats abound i n  t h e  c a t t a f l  marshes and 
raccoons a r e  p a r t i c u l  a r l y  numerous where 
l a r g e  t rees  occur. I n  compar ison t o  t h e  
Canadian w e t l  ands, whfch cons i s t  l a r g e l y  
o f  c a t t a f l  marshes and open-water areass 
t h e  D i c k i n s o n  I s l a n d  w e t l a n d s  on t h e  
American s i d e  o f  t h e  d e l t a  e x h i b i t  much 
g r e a t e r  h a b i t a t  diversity. Given access 
by boat v i a  t h e  abandoned channel  wh ich  
w i n d s  a c r o s s  D i c k i n s o n  I s l a n d ,  b o t h  
consumptive and nonconsumptive u s e r s  can  
e a s f l y  enjoy t h i s  r i c h  w i l d l i f e  resource. 

To e v a l u a t e  f i sh ,  w i l d l i f e  and o the r  
values o f  wetlands, t h e  M ich igan  Depar t -  
ment o f  N a t u r a l  Resources has developed a 
f i e l d  eva lua t ion  manual (Wolver ton 1981). 
However, t h e  S t .  C l a i r  D e l t a  wetlands have 
n o t  b e e n  r a t e d  b y  t h f s  a g e n c y .  
Neverthel essJ because o f  i t s  e x c e p t i o n a l  
f i s h ,  w a t e r f o w l ,  and  o t h e r  w i l d l i f e  
values, a l o n g  w i t h  i t s  a c c e s s i b i l i t y  t o  
u s e r s  and r e 1  a t  i v e l  y  undeveloped nature, 
p a r t i c u l a r l y  D i c k i n s o n  I s 1  and#  t h e s e  
w e t l  ands may we11 b e  among t h e  m a s t  
valuable i n  t h e  Great Lakes region. 



CHAPTER 5. HUMAM 81MPA67S AND APPLiED ECOLOGY 

5.4 WETLAND DISTURBANCE 

A new awareness has a r i s e n  i n  t h e  
l a s t  decade  o v e r  t h e  a l a r m i n g  l o s s  o f  
wetlands. I n  Michigan, 71% o f  t he  coasta l  
we t l ands  have been l o s t  ( J a w o r s k i  and 
Raphael 1978) and much o f  t h e  remaining 
42r420 ha have been a l t e r e d  because o f  
d e g r a d e d  w a t e r  q u a l i t y ,  changes i n  
hydrology, and o t h e r  f a c t o r s ,  However, 
l o s s e s  and degradation are no t  s o l e l y  due 
t o  human in tervent ion .  Western Lake E r i e  
has su f fe red a  s i g n i f i c a n t  l oss  o f  aquat ic  
v e g a t a t l o n ,  p o s s f b l  y  because o f  changing 
1  ake 1 eve7 s, wa te r  movements, and c a r p  
f e e d i n g  h a b i t s  (Core 1948; Stuckey 1971). 
Sa iches and f l o o d i n g  may t e m p o r a r i l y  
r e d u c e  e m e r g e n t  w e t l a n d s ;  however ,  
regenerat ion u s u a l l y  occurs. Converse1 y, 
human impacts  such as dredging, f i l l i n g ,  
d i k i n g *  and d r a i n i n g  have  a  p e r m a n e n t  
adverse impact on the  resource base. 

A d v e r s e  i m p a c t s  i n  t h e  S t .  C l a i r  
wetlands began w l t h  t h e  e x p l o i t a t i o n  o f  
f i s h  and w i l d l i f e  p r i o r  t o  E u r o p e a n  
c o n t a c t  and c o n t i n u e d  I n t o  t h e  1850s .  
Howeverr these impacts were modest and t h e  
l o s s e s  somewhat r e p l a c e a b l e  t h r o u g h  
na tu ra l  reproducl lon. Impacts which f o l -  
l o w e d  w e r e  m o r e  pe rmanen t .  We w i l l  
d i s c u s s  t h e  a d v e r s e  i m p a c t s  w i t h i n  a  
h i s t o r i c a l  framework spann ing about 125 
y e a r s  ( F i g u r e  53). T h i s  i s  how o u r  
p r e s e n t  p rob lems emerged and t h i s  i s  t h e  
way they have been addressed. 

H i s t o r i c a l l y r  m o d l f i c a t f o n  o f  t h e  
we t l ands  o f  Lake S t .  C l a i r  began s h o r t l y  
a f t e r  E u r o p e a n  c o n t a c t .  H i s t o r i c a l  
accounts suggest t h a t  t h e  wetlands o f  Lak? 
S t ,  C l a i r  were n o t  excess ive ly  exp lo i t ed  
by t h e  f u r  t r a d e r s  as were o t h e r  we t l ands  
of t h e  G r e a t  Lakes such as t h o s e  a l o n g  

w e s t e r n  L a k e  E r i e .  An abundance o f  
w i l d l i f e  and f i s h  a t t r a c t e d  farmers from 
t h e  set t lement a t  D e t r o i t .  The d e s i r a b l e  
q u a l l t y  and q u a n t i t y  o f  f i s h  and w i l d l i f e  
l e d  t o  t h e  e s t a b l l s h m e n t  o f  f i s h i n g  and 
h u n t l n g  c l u b s .  I n  t h e  mid-19th century*  
one such club, t h e  Lake S t .  C l a i r  F i s h i n g  
and  S h o o t i n g  C l u b ,  s p e n t  $ 8 0 r 0 0 0  t o  
improve the proper ty  i t  occupied i n  the 
d e l t a  (Jenks 1912). 

H i s t o r i c  maps r e v e a l  t h a t  t h e  
wet1 ands were n o t  impacted s f g n i f  i c a n t l y  
I n  t h e  1850s (Meade 18571,  A l t h o u g h  
m a r i t i m e  commerce was c a r r i e d  on through 
t h e  l a k e  and i t s  d i s t r i b u t a r y  channels,  
e m e r g e n t  a q u a t i c s  w e r e  a b u n d a n t  and 
d iverse  throughout t h e  St. C l a i r  De l ta  and 
t h e  mouth o f  t h e  C l i n t o n  R i v e r .  Jenks 
( 1 9 1 2 )  n o t e d  t h a t  w i l d  r i c e  (Zlrsnls 
aauat lca)  was abundant as were a t  l e a s t  
116 specfes  and 25 v a r i e t i e s  o f  wetland 
macrophytes, i n c l u d i n g  sedges. F i s h  and 
w i l d l i f e  w e r e  e x p l o i t e d  i n  a  non -  
commercial capac i t y  i n  t h e  area. I n  1857 
New B a l t i m o r e  was t h e  o n l y  community i n  
t h e  nor thern p a r t  o f  Lake St. C la i r .  

S i g n i f i c a n t  wetland d i s tu rbances  a r e  
a s s o c i a t e d  w i t h  two i n t e r r e l a t e d  c u l t u r a l  
processes: a g r i c u l t u r a l  development, which 
was f o l l o w e d  b y  u r b a n  g r o w t h .  T h e  
s u r v e y o r - g e n e r a l  o f  t h e  U n i t e d  S t a t e s  
reported i n  1815 t h a t  a  l a r g e  p a r t  o f  t h e  
s o u t h e a s t e r n  r e g f o n  o f  t h e  M i c h i g a n  
t e r r i t o r y  was swamp and  p r a c t i c a l l y  
worthless. As e a r l y  as 1826 attempts were 
made f o r  reclamation; bu t  It was not  u n t i l  
September 1850 t h a t  a  g e n e r a l  swampland 
law was enacted. I t s  purpose was t o  a l low 
f o r  d r a i n i n g  and d i k f n g  o f  n w o r t h l e s s  
p u b l i c  lands,  l y i n g  as marshes o r  sub jec t  
t o  p e r i o d i c  o v e r f l o w  by a d j a c e n t  water -  
coursesw (Donaldson 19701, 

T h e  1 8 5 0  swamp a c t  s t i m u l a t e d  
s i g n i f i c a n t  wetland a l t e r a t i o n .  By 1873 



Drec?ging, Filling, Rulkheadir~g - URBANIZATION - 

Figure 53. H i s t o r i c  trends i n  Lake S t .  C l a i r  wetland disturbance, 

t h e  l a n d  c o v e r  between t h e  D e t r o i t  and establ ishment o f  t he  St, C l a i r  Ship Canal, 
C l i n t o n  R i v e r s  was i n  a g r i c u l t u r e .  The a 6 m c h a n n e l  d r e d g e d  t h r o u g h  S o u t h  
n o r t h  shore  o f  t h e  l a k e  a1 so suppor ted  Channel fo r  commerclal navigation. 
agr icu l tu re .  Establ  ished v i l l a g e s  such as 
New Bal t imore grew, and new urban c e n t e r s  When t h e  Grand Trunk Rai lway, t h e  
s u c h  a s  A n c h o r v i l l e  w e r e  f o u n d e d .  th i rdmode,  wasconstructed, it d i s s e c t e d  
Wetlands a t  t he  head o f  t h e  D e t r o f  t R l v e r  t h e  remain ing  wetlands i n  several places. 
were a lso  being dredged. On t h e  St, C l a i r  However, on t h i s  shore1 i n e  most o f  t h e  
De l ta ,  hardwoad f o r e s t s  o f  t h e  premodern we t l ands  had a1 ready been drained so t h e  
d e l t a w e r e  c l e a r e d  f o r  farmland.  About e f f e c t  o f  t h i s  r a i l r o a d  w a s  n o t  
h a l f  o f  t h e  modern d e l t a  on Harsens I s l a n d  p a r t i c u l a r l y  adverse. 
was diked. 

S e v e r a l  s p o r t s m e n ' s  c l u b s  w e r e  
Three of trans~ortat'on which b e t w e e n  1850 and 1873 i n  

were by the mid-1870s Ontar lo  on por t ions  of t h e  d e l t a  which are  
provided improved access t o  t h e  s h o r e l i n e  b y  boat, For example, in 
and  An r a ' l w a y  w a s  Ontar io  t h e  Ste, Anne Club and t h e  Canada 
constructed the perimeter o f  the Cl ub were founded, while I n  Mlchigan t h e  
lake Detroit to A1gonacv The Grande Paint- and t h e  O l d  C l u b s  w e r e  

was On the h4gher ground' es tab l  j shed. Hotels Lo accommodate summer 
generally avofdfng the remaining t o u r j s t s  from D e t r o i t  were cons t ruc ted  on 

between New BaltimOre and t h e  South Channel levee. Since t h e  levees 
*lgonacr the bed was constructed were law and sub jec t  t o  pe r i od i c  flood'ing, 
through S t .  John's Marsh# a shal l0w jnter- b u l  k-headf ng began t o  appear. Iso1 ated 
d i s t r i b u t a r y  bay c o l  on i red  w i t h  emergent fill jng and bulkheadjng was  most f n t e n s e  
aquatics, a1  ong South Channel f the ~ a S n  navigat fon 

A second  mode o f  t r a n s p o r t  w i t h  channel) and I n  ii few I so la ted  l o c a l i t i e s .  
a d v e r s e  i m p a c t s  on  t h e  d e l t a  was t h e  The f i r s t  road on t h e  S t ,  C laJr  D e l t a  was 
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c o n s t r u c t e d  on  t h e  west  s i d e  o f  South 
Channel t o  a l low access and sett lement. I n  
cont ras t ,  t h e  shore1 i n e  f rom t h e  ihames 
R i v e r  nor thward remained unal tered except 
f o r  1  i m i t e d  s e t t l e m e n t  i n  t h e  n o r t h e r n  
p o r t 1  on o f  Wal po l  e  I s 1  and. 

Channel i z a t i o n  f o r  commercial nav- 
i g a t f o n  began i n  e a r n e s t  I n  1886. The 
U. S. Congress authorized t h e  deepening o f  
t he  ClSnton R i v e r  ( F i g u r e  54)  t o  2.4 m, 
and Lake S t .  C laf  r and t h e  S t .  C l a i r  F l a t s  
Channel t o  a  depth o f  8.4 m. By 1892 t h e  
S t .  C l a i r  R lver  was dredged as we1 1. On 
t h e  l o w e r  p o r t l o n  o f  S o u t h  Channe l ,  
channels were dredged through t h e  n a t u r a l  
l e v e e s  i n t o  B i g  M u s c a m o o t  Bay  and 
bu l khead ing  and b a c k f i l l i n g  f o r  summer 
hous lng  con t l nued .  By 1903 t h e  modern 
d e l t a  w e t l a n d s  ( t h e  s h a l  l o w  i n t e r -  
d i s t r i b u t a r y  b a y )  o f  H a r s e n s  I s l a n d  
continued t o  be drained, d iked,  and used 
f o r  agr icu l tu re .  

T h e  p e r i o d  1 9 0 0 - 1 9 3 0  was t h e  
beginning o f  u rban lza t i on .  Channels and 
roads were c o n s t r u c t e d  a1 ong Midd le  and 
South Channels. The e l e c t r i c  r a i l  road was 
removed and r e p l a c e d  b y  h i g h w a y  M-29, 
l i n k i n g  Algonac w i t h  communi t ies t o  t h e  
west. R e c r e a t i o n a l  b o a t i n g  f a c f l f t i e s  
b e g a n  t o  a p p e a r .  U r b a n  a r e a s  and 
waterways expanded  a t  t h e  e x p e n s e  o f  
agriculture. U r b a n t z a t i o n  more t h a n  
doubled and a g r i c u l t u r a l  land use dec l ined 
t o  one-half i n  t h e  S t ,  John's Marsh a rea  
( T a b l e  34 and Figures 55 and 56). D i r e c t  
lmpacts on t h e  wetlands contlnued. 

I n  1945 Intense commercIa1 and urban 
g r o w t h  began. Urban s t r i p  development 
e x t e n d e d  f r o m  D e t r o i t  t o  A l g o n a c .  
D r e d g i n g ,  f i 1 1  f ng, and channel  i z a t i o n  
consumed and drained a  s j g n i f i c a n t  p o r t i o n  
a f  S t ,  John's Marsh. Urban development 
a l s o  e x t e n d e d  a l o n g  t h e  p e r i m e t e r  o f  
Harsens I s 1  and. To i m p r o v e  w a t e r f o w l  
h a b i t a t ,  most o f  t he  remalnlng p o r t i o n  o f  
Marsens I s l a n d  was d i k e d  and p l a n t e d  i n  
c o r n  and o t h e r  c rops .  A l t hough  most o f  
t h e  Ontar to p o r t f o n  o f  t h e  S t .  C l a i r  F l a t s  
s t f l l  remadns as t h e  Walpole I s l and  Ind ian  
Reserve, s o u t h  o f  W f t c h e l l  Bay we t l ands  
h a v e  been d r a i n e d  and c h a n n e l i z e d  f o r  
a g r i c u l t u r e .  D f k e s  were c o n s t r u c t e d  t o  
a1 1 e v i  a t e  f 1  ood  i ng and c o n t r o l  wa te r  
l e v e l s  f n  fo rmer ly  u n r e s t r i c t e d  wet1 ands. 
The d i k i n g  p r o j e c t s  on Harsens I s l a n d  and 

f n  O n t a r i o  e x t e n d e d  i n t o  t h e  c a t t a i l  
marsh, Sedge and dogwood/meadow wet1 ands 
wh i ch  a r e  l o c a t e d  a t  o r  j u s t  above t h e  
w a t e r  t a b l e ?  were  t h e  a reas  i n i t i a l l y  
drained f o r  a g r f c u l t u r e .  An a n a l y s i s  o f  
c o a s t a l  l a n d  u s e ,  b a s e d  o n  1 9 7 3  
topographfc maps d u r i n g  r e c o r d  h i g h  l a k e  
l e v e l s  r e v e a l s  t h a t  t h e  o n l y  s i g n i f i c a n t  
areas o f  i n t a c t  wetlands i n  Mich igan were 
w i t h i n  t h e  i n t e r d i s t r i b u t a r y  basins o f  t h e  
S t .  C l  a i  r F l a t s  and a  small area south o f  
t h e  C l i n t o n  River. I n  1985 t h e  M i c h i g a n  
we t l ands  o f  Lake S t .  C l a i r  r ep resen ted  
o n l y  some 2 9 0 0 0  h e c t a r e s  o f  t h e  l a n d  
cover. 

Commerci a1 and r e c r e a t i o n a l  t r a f f i c  
has a l so  had a  considerable impact on Lake 
St. C l a i r .  B u l k  c a r g o  and r e c r e a t i o n a l  
b o a t i n g  have requ  1 r e d  channel deepening. 
New channel and marine cons t ruc t i on  on t h e  
L a k e  S t ,  C l a i r  s h o r e l i n e  c o n t i n u e s .  
Pub l i c  maintenance dredging t o  accommodate 
1  ake c a r r i e r s  and p r i v a t e  r e c r e a t i o n a l  
c r a f t  i s  e s t i m a t e d  t o  b e  122,000 m3 
annual  1  y  ( Rap hae l  e t  a1 . 1974) exc lus ive  
o f  t h e  S t .  C l a l r  River. The c o n s t r u c t i o n  
o f  highway 1-94 from D e t r o i t  northward t o  
P o r t  Huron has improved access t o  t he  Lake 
S t ,  C l a i r  shorel ine. Reduced d r i v i n g  t ime  
from Anchor Bay and Algonac t o  D e t r o l t  has 
e n c o u r a g e d  s u b u r b a n  d e v e l  o p m e n t ,  
p a r t l c u l a r l y  a l o n g  t h e  western shore l ine  
o f  Lake S t .  C l a i r .  A l l  o f  t h e s e  f a c t o r s  
h a v e  s t i m u l  a t e d  d e v e l o p m e n t  o f  t h e  
shore l ine  and have had adverse impacts  on 
many o f  t h e  wetlands. 

I n  p a r t ,  because o f  t h e  except ional  
f i s h  and w i l d l i f e  p r o d u c t i v i t y  a n d  

Table a34. Land use change a t  S t .  John's 
Marsh. 

Land 
use -.LcuL- ..1974 

ha acres ha acres 

Urban 126 313 320 793 
Agr i cu l t u re  822 2,035 431 1,066 
Waterways 21 52 109 269 

a  Data source: R o l l e r  (1977 1. 



Figure 54. Aerial photograph of the mouth of the Clinton River, Macomb County, 
Michigan, showing a coastal wetland (Verchev's Marsh) isolated from Lake St.  Clair by 
channelization and residential  development (June 1975). 



Figure 551, Aerial photograph of St .  John's Marsh on Bouvier Bay, and North Channe l ,  
St, Cla i r  Delta (April 1949), Note wetlands established during low lake levels. Com- 
pare w i t h  Figure 56, 



Figure 56. Aerial photograph of North Channel, S t ,  Clair De'l t a ,  and S t .  John's Marsh 
on Bouvier Bay (May 1980). Compare with Figure 55, Note wet l ands  l o s t  du r i ng  h i g h  
lake l e v e l s ,  residential  development, dredge spoi l  s i t e s ,  and highway (M-29) b i  fur- 
eating marsh. 



r e c r e a t i o n a l  v a l u e  o f  Lake S t .  C l a l r r  
v i s i t o r s  f r o m  M f c h i g a n  a n d  O n t a r f o  
cont inue t o  be a t t r a c t e d  t o  t h e  lake. The 
l a k e  i s  r e a d f l  y  a c c e s s i b l e  t o  t h e  urban 
areas o f  met ropo l i tan  D e t r o i t  and Windsor 
as w e l l  as numerous small urban areas such 
as F l i n t ,  Saginaw, P o r t  Huron, and Sarnia. 
Lake St. C l  a i r  i s  t h e  most valuable Great 
Lakes area fo r  non-salmonid s p o r t  f i s h  i n  
Mlch lgan.  Fo r  example, i n  1975* near ly  
h a l f  o f  t h e  t o t a l  G r e a t  L a k e s  f i s h i n g  
e f f o r t  was expended on Lake S t .  C l a i r  
(Jaworski and Raphael 1978). Furthermorer 
fu r  ( r w s k r a t  and raccoon) p r o d u c t i o n  o f  
t h e  a r e a  i s  among t h e  h i g h e s t  i n  t h e  
State. 

Wlth increased commerce 4n t h e  G r e a t  
Lakes, a  c u t o f f  channel  was dredged a t  
South Channel where it debouches i n t o  Lake 
St. C l a i r .  To accomodate Seaway t r a f f i c ,  
a  8-m channel  was dredged i n  1952 through 
t h e  i n t e r d i s t r i b u t a r y  marsh f o r  a  dfstance 
o f  10 km. Seaway Island, a  l a rge  d isposal  
s i t e  now o c c u p i e s  a  p o r t i o n  o f  t h e  
J n t a r d i s t r i b u t a r y  marsh.  To improve 
r e c r e a t i o n a l  b o a t i n g  f a c i l l t i e s  and 
m i t i g a t e  a g a i n s t  f u r t h e r  e r o s i o n ,  
b u l k h e a d i n g  a n d  f i l l i n g  a l o n g  a l l  
u r b a n i z e d  shore1 i n e s  have occur red over 
t h e  decades. Seawa l l s  e x t e n d f n g  we1 1  
above h f y h  water l e v e l s  have replaced t h e  
n a t u r a l  levees which ex tended sou th  f r o m  
Harsens I s l a n d  i n t o  Lake S t .  C la i r ,  The 
number  o f  c r e v a s s e  c h a n n e l s  w h i c h  
t ranspor ted  water, sediment, and n u t r i e n t s  
i n t o  Muscamoot Bay has decreased. 

The d e g e n e r a t f o n  o f  t h e  S t .  C l a i r  
we t l ands  f o l l o w s  a  h i s t o r i c a l  p a t t e r n  
s i m i l a r  t o  t h a t  o f  o t h e r  l a r g e  w e t l a n d  
complexes i n  t h e  United States, I n i t i a l l y  
s t l r n u l a t e d  by  t h e  1 8 5 0  swamp a c t s ,  
agricultural a c t i v i t y  occurred. A second 
s i g n f f f c a n t  s t l m u l a n t  was a c c e s s 5 b i l l t y  
d u s  t o  s s v e r a l  t r a n s p o r t a t t o n  
d e v s l a p m e n t s .  I n t e r - u r b a n  e l e c t r i c  
r a f  1 r o a d s ,  e x c u r s f o n  v e s s e l s ,  and 
eventual ly ,  roads and i n t e r s t a t e  h ighways 
made t h e  w e t l a n d s  and  t h e  s h o r e l i n e  
r e a d i l y  accessible. E f  f l c i e n t  t r a n s p o r t  
r o u t e s  have encouraged urban and suburban 
expanston, changfng summer r e s i d e n c e s  t o  
year-round housing , 

By c o n t r a s t ,  access t o  t h e  d e l t a  and 
t h e  sho re l i ne  o f  Ontar io  i s  more d f f f i c u l t  
b e c a u s e  o f  t h e  l a c k  o f  r o a d s .  

F u r t h e r m o r e ,  s o u t h e r n  O n t a r i o  i s  l e s s  
populous and much o f  t h e  e a s t e r n  p o r t i o n  
o f  t h e  d e l t a  i s  an Ind tan reserve, These 
p h y s i c a l  and  s o c i a l  f a c t o r s  have  n o t  
encouraged as much wetland l o s s  as seen i n  
M i c h i g a n *  e x c e p t  a t  t h e  n o r t h e r n  end o f  
Walpo le  I s l a n d  w h i c h  h a s  e x p e r i e n c e d  
wet l  and loss. 

W i t h  t h e  e x c e p t i o n  o f  t h e  e l e c t r i c  
r a i l r o a d  through S t .  John's Marsh9 wetland 
losses o c c u r r e d  on t h e  p e r i p h e r y  o f  t h e  
resource;  t h a t  i s ,  m o d i f i c a t i o n  began a t  
t h e  boundary between t h e  marsh and t h e  
a d j a c e n t  upland.  I n  t h e  St. C l a i r  D e l t a  
a g r i c u l t u r e  was i n i t i a t e d  on t h e  premodern 
sur face and gradual 1 y  expanded southward 
t o  t h e  t r a n s i t i o n  (dogwood/meadow) zone 
and even tua l  f y  i n t o  t h e  s h a l l  ow i n t e r -  
d i s t r i b u t a r y  bays. The n a t u r a l  l e v e e s  
were modi f led by bulkheading i n  t h e  1870s. 
F i l l i n g ,  aided by bulkheads, extended i n t o  
t h e  deep i n t e r d i s t r i b u t a r y  bays and o n t o  
t h e  r i v e r  s h o u l d e r s .  T h i s  p a t t e r n  o f  
development has con t i nued  t o  t h e  p r e s e n t  
because we t l and  boundar ies are d i f f i c u l t  
t o  a s c e r t a i n ,  e s p e c i a l  1 y  i n  t h e  G r e a t  
Lakes where temporary  l o w e r  l a k e  l e v e l s  
p rov ide  a  f a l s e  percept ion o f  t h e  p o s i t i o n  
o f  t h e  shore1 ine. 

Adverse impac ts  t o  t h e  a r t i f i c i a l  
( d i k e d  w e t r a n d s 1  a n d  11 n a t u r a l  
env i  ronments i d e n t i f  l e d  i n  s e c t i o n  4.1 as 
Lake St. C l a i r  wetlands are shown i n  Table 
35. W i t h  t h e  e x c e p t i o n  o f  t h e  recen t l y  
abandoned channels, which are  i n  Ontar  i or 
and t h e  transgressive beaches which are 
genera l ly  Is01 ated, a l ?  t h e  wet1 ands have 
had adverse  impacts. Bulkheads and f i l l s  
h a v e  been  c o n s t r u c t e d  o n  t h e  r i v e r  
shou l  ders, c revasses,  and margins o f  t h e  
deep-water I n t e r d i s t r i b u t a r y  bays f o r  over 
a  century. To cons t ruc t  roads, s p o i l  was 
dredged from t h e  landward s i d e  o f  t h e  main 
channe ls  which i n a d v e r t e n t l y  l e d  t o  t h e  
c h a n n e l  i z a t i o n  o f  t h e  s h a l l o w  bays .  
Bu lkheads are  a  common s t r u c t u r a l  f ea tu re  
a l o n g  many s h o r e l i n e s  o f  t h e  l a k e  and 
d e l t a  and  a p p e a r  t o  be d e t r i m e n t a l  t o  
submersed aquat ics ( Sch l  oesse r  and Manny 
1982).  Bulkheads c o n s t r u c t e d  on r i v e r  
shoulders occupy t h e  shal lowest  p o r t i o n  o f  
t h e  r l v s r .  Consequent ly ,  as dredge and 
f i 1 1  o c c u r s r  submersed w e t l  ands  a r e  
d f  s p f  aced i akeward where bottom attachment 
f s  more d i f f f c u l t  because o f  s t r o n g e r  
cu r ren ts  and greater  depths. 



Table 35. Adverse impacts to  the various morphology types of Lake St .  
Clair wetlands. 

Wet1 and 
morphology t ype  

Impact Exampl e 

1. River  shoulders bulkheaded, South Channel 
dredged d l  sposal 

2. Abandoned r i v e r  drainedr a g r i c u l t u r e  Harsens I s l a n d  
channels 

3. Recently abandoned no change 
channels 

4. Crevasse deposi ts  channel 1 zed, 
bulkheaded 

Basset t  Channel 

South Channel 

5. Shallow i n t e r -  d i  ked/drained, Harsens I s 1  and 
d l s t r l b u t a r y  bays a g r t c u l t u r e ~  

channel i zed 

6. Deep l n t e r d i s -  bulkheadedr 
t r i b u t a r y  bays channel ized 

Harsens I s 1  and 

7. Transgress1 ve minor urban B i g  Muscamoot Bay 
beaches settlement, 

bu l  kheaded 
* ,  

8. Shallow shelves dikedr f i l l e d ,  M i t c h e l l  Bay 
channel i zed 

9. B a r r i e r / l  agoon channel fzed ~ o r t h  o f  Thames R ive r  
* 

10. Transi t i o n a l  areas diked, ag r i cu l t u re r  Harsens I s 1  and 
f i l l e d  f o r  r e s i -  
dent i  a1 devel opment 

11. Es tua r l  ne/ 
f loodbasf n 

12. Diked 

diked/drainedr St. John's Marsh 
agr icu l tu re /urban 

d i ked/drai ned East shore1 i ne 
( o r f g f  n a l l y  shelves) ( O ~ t a r l o )  



To accommodate r e c  rea t tona l  boat ing  
and commerci a1 s h i p p l  ng, c h a n n e l s  t o  
d e p t h s  of 8 m have been dredged on t h e  
p e r i m e t e r  and I n  t h e  b a s i n  o f  Lake S t ,  
C l a i r .  A l s o  t h e r e  i s  c o n s i d e r a b l e  
residential pressure on t h e  shore1 f n e  t o  
i n c l u d e  t h e  w e t l a n d s  o f  t h e  b a s i n ,  
Bu?kheadtngr f t l l i n g ,  d t k ing9  and djsposal 
o f  dredged ma te r i a l s  have occu r red  s i n c e  
t h e  ea r l y  1900s. 

Because o f  t h e  need f o r  commercial 
n a v i g a t i o n  and r e c r e a t i o n a l  b o a t i n g  f n  
t a k e  S t .  C l a i r ,  a significant amount o f  
channel dredging has occur red.  The U.S. 
Army C o r p s  o f  E n g i n e e r s ,  w h i c h  I s  
responrj-i b l e  f o r  ha rbo r  maintenance, has 
conducted dredging and disposal a c t i v i t i e s  
a t  t h e  C l  i n t o n  and S t .  C l a f  r Rfvers and 
t h e  8 m navigation channel  b i s e c t i n g  t h e  
lake, I n  Ontar io  t he  Department o f  Pub l i c  
Works  m a f n t a i n s  t h e  S t .  C l a i r  C u t o f f  
Channel and t h e  ha rbo r  a t  Wallaceburg, 
e a s t  o f  t h e  St, C l a l r  R l v e r  D e l t a .  To 
m a i n t a f n  c h a n n e l s  a t  t h e  p r o s c r i b e d  
d e p t h s ,  t h e  aceumul  a t e d  sed lment  was 
n o r m a l  1 y h y d r a u l  J c a l l  y d r e d g e d  a n d  
dfsposud o f  i n  convenient areas such as i n  
designated po r t i ons  of t he  open lake. 

The volume o f  m a t e r f a l s  dredged f o r  
t a k e  S t .  C l a J r  and t h e  S t ,  C l a i r  R i v e r  

n a v j g a t l o n  p ro jec t s  I s  shown on Table 36. 
Over t h e  52-year perJodp about 782,800 m3 
were dredged f r o m  U.S, p r o j e c t  s i t e s  i n  
t h e  two areas. More recent da ta  i n d i c a t e  
t h a t  f r o m  1 9 7 1  t h r o u g h  1984 d r e d g i n g  
activity i n  Lake S t ,  C l a i r  t o t a l e d  382r300 
m3, The average f o r  t h e  14-year per iod  I s  
27t300 m3 annual ly wh ich  i s  c o n s i d e r a b l y  
l e s s  t h a n  t h e  h i s t o r l c a l  a v e r a g e  o f  
313,200 m3 f o r  Lake St .  C l a l r .  On t h e  
C l  i n t o n  R I v e r  t h e  1971-1984 t o t a l  was 
45,000 d, which approximates t h e  h i s t o r i c  
average. 

The Ontar io maintenance d redg ing  and 
new work d redg ing  averaged about 195,800 
m3 a n n u a l l y .  Most o f  t h e  d r e d g i n g  i n  
O n t a r i o  i s  c o n f i n a d  t o  t h e  St ,  C l a i r  
C u t o f f  Channel (182,400 d / y e a r ) .  

I n  1970 t h e  U.S. Congress e n a c t e d  
Pub1 dc Law 91-611 (R iver  and Harbor Flood 
Cont ro l  Act), which a u t h o r i z e d  t h e  Corps 
t o  c o n s t r u c t ,  o p e r a t e ,  and m a l n t a i n  
confined disposal s i t e s  f o r  containment o f  
p o l l u t e d  dredged s p o i l  i n  t h e  G r e a t  Lakes 
f o r  a p e r i o d  n o t  t o  exceed 10 years. A t  
t h a t  t imer  t h e  St. C l a i r  C u t o f f  Channel 
and Lake S t ,  C l a j r  sediments were 100% 
po l lu ted9 and t h e  C l i n t o n  R i v e r  was 85% 
p o l l u t e d  ( R a p h a e l  e t  a l .  19741. The 
p o l l u t a n t  was p r i m a r i l y  mercury, a l t h o u g h  
t h e  c o n v e n t i o n a l  p o l l u t a n t s  were a l s o  
beginning t o  reach l i m i t s  s e t  b y  t h e  U.S. 

Table 36. H i i t u r i c a a  d r e d g i n g  t o t a l  5 of Corps o f  Engineers p r o j e c t s  i n  Lake 
S t .  C l d i r  1320-1972. 

--- 

Mafntenance New work Annual 
d redgi ng dredgl ng Tota l  average 

Channel oF Laire S t .  C l a i r  2~894r400 13~634.600 1Sr529,000 317,900 
Cl  i n t o n  R lver  237 r 400 96,900 334,300 6,400 
S t .  Cl  a i r  R iver  3 ,125,300 2 0 ~ 8 7 9 ~ 2 0 0  24r004r500 461,600 

a Data source: Raphael e t  aS, (19741. 
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E n v l  r o n m e n t a l  F r o t a c t f o n  Agency. To 
c o m p l y  w l t h  PL  91-631, t w o  c o n f l n e d  
disposal s i t e s  w i th  a combtned cdpacl ty  o f  
1.5 m l l f i o n  m3 were c o n s t r u c t e d  a t  t h e  
nor th  end o f  Dfckinson Is land.  Both s l t e s  
were p laced on t h o  premodern s u r f a c e  o f  
t h e  S t .  C l a i r  D e l t a .  The wes t  s i t e  
enclosed an area o f  about 22 hec ta res  and 
the  east s i t e  about 48 hectares (U.S. Army 
Corps o f  Engineers 1974). I n  Ontarfo the 
S t .  C l a i r  Cuto f f  Channel was c o n s t r u c t e d  
i n  t h e  e a r l y  1950s t o  accommodate Seaway 
t r a f f i c  along South Channel, The channel 
was dredged through the  f n t e r d i s t r l b u t a r y  
bay and was 1 inked t o  t h e  main navigation 
channel  i n  Lake S t .  C l a l r .  Dredge spo l l  
was put  Sn a disposal s l t u  (Soaway Is land)  
along the  east  bank o f  South Channel. The 
f a c f l i t y  covers an area o f  about  I1  km2, 
w h i c h  was p r l m a r l l y  c o l o n i z e d  w f t h  
emergent macrophytes t y p i c a l  o f  an I n t e r -  
d l  s t r i b u t a r y  bay snv l  ronment. 

P r i v a t e  o r  c o n t r a c t  dredglng (under 
Sec.10 p e r m i t  o f  t h e  U.  S. R i v e r  and 
H a r b o r  A c t  o f  1 8 9 9 )  i s  done by l o c a l  
c f t i z e n s  o r  homeowners t o  fmprove access 
t o  L a k e  S t .  C l a l r  o r  t o  c o n s t r u c t  
b o a t s l f p s  a l o n g  t h e  l a k e  o r  t h e  
d f s t r i b u t a r i e s  (Figure 57). The data are 
not  normally tabu1 ated; however, based on 
ou r  estimates, p r i v a t e  d redg ing  volumes 
probably average about 7,600 t o  11,400 m3 
annua l l y .  SSgnf f  t c a n t  areas o f  dradglng 
f o r  r e s t d e n t i a l  development have occu r red  

Figure 57. Commercial development tin Har- 
sens Is1 and wetland (August 1984). 

on t h e  shoreline o f  Anchor Bay, S t .  John's 
Marsh, a t  t h e  mouth o f  the  C l i n ton  RIver  
and along t h e  d i s t r f b u t a r y  channels o f  t h e  
d s l  t a ,  p a r t t c u l  a r l  y  N o r t h  and S o u t h  
channels.  P r f va te  dredging i n  b t a r f o  i s  
l i m ~ t e d  t o  a p p r o a c h  c h a n n e l s  f o r  
r e c r e a t i o n a l  c r a f t  Jn M i t che l l  Bay and a 
mar ina  complex near B e l l e  R i v e r  on t h e  
south shore o f  Lake S t .  C la f r .  

D f k i n g  f ragments  c o a s t a l  wetlands, 
separating t h e  managed p a r c e l s  f r o m  t h e  
adjacent l i t t o r a l  and upland environments. 
General1 y, as t h e  s l r e  o f  t h e  wetland i s  
d imin fshed,  so  I s  t h e  v e g e t a t i v e  and  
w i l d l i f e  d i v e r s i t y  ( L a r s e n  1973) .  
Furthermore, d i k  1 ng o f  wet1 ands reduces 
v e g e t a t i o n  d i v e r s i t y  because water l e v e l  
c o n t r o l s  a r e  e s t a b l i s h e d  t o  m a i n t a i n  a 
p a r t i c u l a r  v e g s t a t f o n  t y p e  o r  e n v l r o n -  
mental  c o n d f t l o n .  S t a b l l  $ z i n g  w a t e r  
l e v e l s  t e n d s  t o  e l i m i n a t e  t h o s e  p l a n t  
species whfch r a q u l  r e  low-water  p e r i o d s  
f o r  regenera t  1 on, and promotes domfnance 
o f  a few t o l e r a n t  spectes such as c a t t a f l  
( spp. 1 and woody p lan ts  (Keddy and 
Reznfcek 1984). 

The hydrologic i s o l a t i o n  o f  d l k e d  
s y s t e m s  1s  r e f l e c t e d  I n  t h e i r  g r e a t l y  
r e d u c e d  f l s h  u s e  a n d  s i m p l l f l e d  
1 n v e r t e b r a t e  commun5t~esr p a r t i c u l a r l y  
where w ln ter  i c e  and summer tempera tures  
r e d u c e  d f  s s o l  ved oxygen and o t h e r w i s e  
reduce t h e  water qua1 i t y .  The e f f e c t  o f  
e a r t h e n  d t k e s  on  wa te r fow l  m fa ra t l on ,  
other  w i ld1  f f e  movementsr and prtrdatfon I s  
not we l l  known. Howevert DennTs and North 
(1981) have shown a d r a m a t l c  d e c l i n e  i n  
t h e  use o f  t h e  Lake S t .  C l a i r  marshes by 
t r u e  marsh-dwel l fng s p e c l e s  such as t h e  
Amerlcan wigeon ( 

), green-wfnged tea2 ( 
ood duck (&.& 

1968-69 t o  1976-77 t h e  u s e  b y  t h e s e  
dabbl lng  ducks decl fned by 73% d u r f  ng t h e  
s p r i n g  p e r t o d .  Autumn marsh use a l s o  
d e c l f n e d  b y  4 0 % .  H o w e v e r r  t h e  
i n v e s t i g a t o r s  n o t e d  t h a t  s p r l n g  u s e  
general ly  provides a ba t te r  f n d i c a t l o n  o f  
t h e  v a l u e  o f  t h e  w e t l a n d s  t o  m f g r a n t  
waterfowl s i  nee the  managemnt techn  l quas 
whfch were used d u r i n g  t h e  f a l l  huntfng 
seasons a r e  n o t  Implemented d u r i n g  t h e  
spr f  ng, 



Discovery of mercury contaml natfon I n  
t ha  St. C la f r  Rfver-Lake St .  Clafr-Detrolt 
RJver-Lake E r i e  system in 1970 generated 
g r e a t  pub1 l c  I n t e r e s t  I n  t h e  mercury  
l e v e l s  o f  w a t e r  and f l s h ,  Subsequent 
banntng of s p o r t  and commercial f f s h l n g  
l e d  t o  t e s t i n g  f o r  t r a c e  mercury  b y  
v a r j o u s  S t a t e  and F e d e r a l  a g e n c i e s  t o  
def f ne t h e  extent  of t h e  pollut ion and t o  
determf ne its major sources. Two chemfcal 
plants ,  Dow Chemical Corporatlon, S a r n i a *  
O n t a r f o ,  and BASF Wyandot te  Chemical 
Corpora t lon ,  Wyandotte, Mfchfgan, were 
f d e n t f f  fed a s  major c o n t r i b u t o r s  t o  the 
mercury p o l l u t i o n  o f  Lake St .  C l a i r  and 
Lake E r i e  (Waiters e t  a l .  19741, These 
companfes manufactured ch lo r f  ne gas  and 
c a u s t l c  soda by t h e  a l a c t r o l y t l c  process, 
whlch lnvolves the s l e c t r o l y s i s  of b r f n e  
t o  produce c h l o r l n e  gas  and a  mercury- 
sodium metal ama'lgarn. The amalgam 1 s  
c o n t a c t e d  wlth water  t o  produce sodium 
hydroxf  de ,  t h e  m e r c u r y  m e t a l  b e l n g  
recyc led  t a  t h o  a f e c t r o t y t f c  c o l l ,  The 
r a t e  of acc fden ta l  mercury r e l e a s e  from 
these two p lan t s  has been sstfmated t o  be 
25 kg per day from 1950 t o  1970 f o r  t h e  
Dow Chsmlcal plant  and S t o  10 kg per day 
from 5939 t o  1970 f o r  t h e  OASF Wyandotte 
p l a n t  ( F e d e r a l  W a t e r  O u a l f t y  
Admfnfstratfsn l970). 

Waltars @t a t ,  (19741 calculated tha t  
228 metrlc tons of mercury pol J u t i o n  had 
been laadad t o  t h e  top  20 cm of western 
Lake Er ie  sediment durlng tho p ~ r l o d  1939 
to 1 9 7 1 ,  Sodlment  c o r e s  takan a t  t h e  
m o u t h  of t he  D e t r o f t  Rfver and wastern 
Lake Erica y folded su r faca  mercury valutls 
up t o  3.8 ppm whleh generally decreased in 
c o n c e n t r a t t o n  exyonen t fa l ly  w f t h  d e p t h  
f F I g u r s  $81. Severa l  yoa r s  a f t e r  t h e  
chlor-alkalf p lants  diminished a p e r a t i o n  
t h s  a r e a  was a g a f n  c a r a d  (Wflson and 
Wdlturs 19789 v f t h  analyses shovfng t h a t  
r e c e n t  d e p o s i t s  c o v e r e d  t h e  h igh1  y 
contrrnlnated sedfnrcsnt wfQh a t h r n  layer of 
new m a t e r i a l  v h l c h  h a d  m e r c u r y  
c o n c e n t r a t  l o n s  approaching backgraund 
lsvsls 6B,b ppm) .  As a  r e s u l t  af t h e s e  
discharges,  marcury f n  f l s h  o f  take St. 
Clnl r  and western  Lake Erfe was a  major 
contaminant  problem I n  t h e  e a r l y  1970s. 
L e v e l s  o f  t o t a l  m e r c u r y  i n  w a l l e y e  
C L 1 col lec tsd  from 

Figure 58. Mercury concentration in sedi- 
rrient core from western Lake Erie near 
mouth of Detroit River (Halters e t  a l .  
1974). Note mercury-enriched surface zone 
over1 yi  ng sediment havi ny natural back- 
ground mercury level s (dashed 1 ine).  

Lake St. Cla i r  have decl  ined from over  2 
ug/g  In 1970 t o  0.5 ug/g I n  1980. In 
western Lake Erie, 1968 l eve l s  of mercury 
were 0.BA3ug/g a s  compared t o  only 0.31 
ug/g i n  1976. The rap id  environmenta l  
response subsequent  t o  the  cessation of 
t h e  po in t  s o u r c e  d i s c h a r g e s  a t  S a r n i a ,  
Ontar lo ,  and Wyandotte* Michigan, can be 
attributed t o  r ap id  f l u s h i n g  of t h e  S t .  
Cl a 1  r -De t ro i t  R f  ver system, t h e  high load 
of suspended sediment delivered t o  western 
Lake E r i e r  a n d  t h e  h i g h  r a t e  o f  
productivity ( I n t e r n a t i o n a l  J o l n t  Com- 
missjon 1981). 

Mudroch and Capob-ianco (1978) studied 
the relat lonshlp between t h e  concentration 
o f  s e v e n  m e t a l s  I n  s e d i m e n t  a n d  
marshwater, and uptake of these metals by 
emergent, submersed, and f l  o a t 1  ng-l eaved 
p l a n t s  growing I n  wetlands located on t h e  
eas t  shore of Lake St. Cla i r .  They found 
a  h f  gh c o r r e l  a t t o n  between meta l s  and 
organfc carbon contents In t h e  sediments.  
The a c c u m u l a t i o n  o f  m e t a l s  In p l a n t s  
varied fram specfes t o  species ( T a b l e  37)  
and showed a complex r e l a t f a n s h l p  with 
metal c o n c e n t r a t f o n s  i n t h e  s e d  i m e n t  . 
Water-mf l f o i l  ( spp. )  and 
pondweed ( l a t e d  more 
me ta l  t h a n  t h e  a t h e r  a q u a t i c  p l a n t s .  



Table 37. Metals concentratiorls i n  l i v i r l y  p l a n t  t issues from B i g  Po in t  
Marsh, Ontario on Lake S t .  Clair. a 

Metals (ggm) 
Specles Pb Zn C  r N! Cd Go Cu 

a  Data source: Mudroch and Capobianco (1978). 

Metal c o n c e n t r a t i o n s  I n  r o o t s  o f  broad- 
l eaved  c a t t a t  purp le  
l o o s e s t r j f e  ( , and 
p i c k e r e l  weed were 
found t o  be h lgher than i n  t h e  aboveground 
biomass. The m e t a l s  t a k e n  up by  marsh 
f l o r a  a r e  r e t a f n e d  I n  t h e  t i s s u e s  and 
a f t e r  decay t h e y  become a  p a r t  o f  t h e  
marsh sur face sediment. 

Jaworskf  and Raphael (1976) compiled 
comprehensfve data on wetland l oss  f o r  t h e  
Mlchfgan s jde  o f  Lake S t .  C l a i r .  I n  1873 
t h e  U.S. p o r t i o n  o f  L a k e  S t .  C l a i r  
suppor ted  7,274 h e c t a r e s  o f  w e t l a n d  
v e g e t a t i o n  (TabTe 381.  By 1973 t h i s  
h a b i t a t  had dwlnd led  t o  2,020 hec ta res .  
S i g n i f i c a n t  l o s s e s  n o t  on1 y  occurred on 
t h e  S t .  C l a i r  De l ta  and S t .  John" Marsh 
b u t  on t h e  e n t i r e  marg in  o f  t h e  lake  as 
wel l .  Gauk ler  P o l n t  a t  t h e  head o f  t h e  
D e t r o i t  R i v e r  was c o l o n i z e d  w i t h  187 
hectares o f  wetlands and t h e  C l fn ton  R iver  
had over 1,295 hectares o f  h a b i t a t  a t  i t s  
mouth and f t s  f l o o d  basln. Some coasta l  
areas* p a r t i c u l a r 1  y  n o r t h  o f  t h e  C l  i n t o n  
R i v e r  a p p e a r  t o  have been d r a i n e d  f o r  
a g r i c u l t u r e  i n  t h e  1860s sugges t fng  t h a t  
t h e  1868-1873 d a t a  r e p r e s e n t  rninjrnum 
ra the r  than maxlmum wetland acreage. 

I n  c o n t r a s t  t o  M ich igan ' s  we t l ands  
b e i n g  l o s t  t o  t h e  ongofng u rban iza t i on r  
O n t a r f o  w e t l a n d s  a r e  b e i n g  l o s t  t o  

ag r i cu l t u re ,  The wetlands from t h e  Thames 
River  no r th  t o  Chenal Ecarte dwindled Prom 
a b o u t  3,600 h e c t a r e s  i n  1965 t o  2,900 
hectares i n  1970 (McCul lough 1982). About 
700 h e c t a r e s  o r  n e a r l y  20% o f  t h e  
p r l v a t e l y  owned resou rce  base was l o s t  
ove r  t h e  5-year p e r i o d .  F i g u r e  59 and 
Tab le  38 revea l  s p e c i f i c  areas o f  wetland 
l o s s  o f  t h e  c o a s t a l  O n t a r l o  w e t l a n d s  
e x c l u d i n g  t h e  W a l p o l e  I s l a n d  I n d i a n  
Reserve. D r a i  n l n g  f o r  a g r i c u l t u r a l  use 
has accounted f o r  91% o f  t h e  wetland l oss  
whereas marina and co t tage development has 
consumed 9% o f  t h e  resource.  C l e a r l y ,  
urban p r e s s u r e  I s  p resen t l y  a  problem I n  
M i c h i g a n  and a g r i c u l t u r e  p r e s s u r e  a  
problem i n  coasta l  Ontario, 

A l t hough  t h e  O n t a r i o  sho re  o f  Lake 
St, C l a i r  i s  low l y i n g  and s u b j e c t  t o  
f looding, erosion has on7 y  been t d e n t i f i e d  
as a  hazard from t h e  Thames Rfver  westward 
( B o u l  d e n  1 9 7 5 ) .  T h i s  s u g g e s t s  t h a t  
permanent l oss  o f  wetland h a b i t a t  no r th  o f  
t h e  Thames R i v e r  1 s  d u e  t o  h u m a n  
in tervent ton .  During t h e  record h igh  l ake  
l eve1 f n  t h e  e a r l y  1 9 7 0 ~ ~  abou t  lrOOO 
hectares of emergent shore1 f ne marsh f rom 
M i t c h e l l  Bay southward t o  the Thames River  
were t e m p o r a r i l y  l o s t  (McCullough 19821. 
T h i s  l o s s  was tempered i n  p a r t  by  t h e  
f l o o d i n g  o f  t r a n s i t j o n  v e g e t a t i o n  which 
occurred on t h e  up land  ( e a s t )  marg fn  o f  
t h e  wet lands,  S l m f l a r l y  t h e  d e l t a  and 
Anchor Bay are  subject  t o  flooding, though 
e r o s i o n  ds n o t  i d e n t i f i e d  as a  s e r f o u s  
p r o b l e m  ( G r e a t  Lakes Basfn  Commission 



a 
Table 38. Michigan and Ontario wet land l o s s e s  on Lake S t ,  Cla i r .  - 
Mlchigan 1868-73 1973 
1 ocat  i on (ha) (ha) Loss (ha) 

St. C l a i r  F l a t s  5,473 
Swan Creek 75 
Marsac Po in t  6 1 
New Bal t imore 2 1 
S a l t  River  162 
C l  i nton River  1,295 
Gaukler Po ln t  187 

Total  7,274 2 r 022 5,252 

Ontar l o  1965 t o  1973 Wet1 and 
1 ocat  i on Area l oss  (ha) t ype  Cause 

Thames Rfver 59 
Thames Rlver  mouth 7 4 

Bradley Marsh 327 
Balmoral Marsh 11 
Snake I s land  Marsh 156 
S t .  Lukes Bay 22 
P a t r i c k s  Cove 5 9 
M i t c h e l l  Bay 7 
Mud Creek Marsh 167 

d iked 
open 

diked 
d iked 
diked 
d iked 
diked 
d I ked 
d l ked 

a g r i c u l t u r e  
mari ne/cottage 
const ruc t ion  
a g r i c u l t u r e  
a g r i c u l t u r e  
a g r i c u l t u r e  
a g r i c u l t u r e  
a g r i c u l t u r e  
a g r i c u l t u r e  
a g r i c u l t u r e  

Tota 1 882 

a Data sources: Jaworski and Raphael (19761, McCullough (1982). 

1975). The recent losses here a r e  due t o  
d l k t n g  and/or  f f l l f n g r  f n  most Instances, 
Par urban growth. 

The wetlands o f  Lake S t ,  C l a i r  h a v ~  
been mapped f rom o l d e r  navfgatton char ts  
and recent topagraphlc maps CFlgure 60). 
Thfs f igure  i l l u s t r a t e s  s i g n i f f c a n t  losses 
between 1873 and 1968 on t h e  per iphery o f  
the lake,  However, t h e  m o s t  a p p a r e n t  
1 mpacts a r e  ev ident  i n  t h e  C l i n t o n  River, 
t h e  St. C l a i  r De l ta*  and t h e  eastern shore 
o f  t h e  l a k e .  It i s  e v 4 d e n t  t h a t  t h e  

w e t l a n d s  i n  a l l  t h r e e  areas  have been 
m o d i f i e d  a l o n g  t h e i r  m a r g i n s .  T h e  
wet lands on t h e  e a s t e r n  shore1 i n e  were 
app rox ima te l y  2.5 km wide. S i n c e  1873 
t h e y  have been impacted from t h e  landward 
s ide  and a r e  now about  0.8 km i n  w id th .  
The progression o f  losses Jn t h e  St. C l a i r  
D e l t a  f o l l o w s  a s i m i l a r  g e o g r a p h i c  
pattern. The l o s s e s  i n  b o t h  a reas  were 
f n f  t i a l  l y  s t i m u l a t e d  by ag r i cu l t u re .  I n  
t h e  C l  i n t o n  R i v e r  area, w e t l  and l o s s e s  
occurred from both t h e  landward as we l l  as 
t h e  1 akeward boundary. Fundamental l y r  an 
1 so l  ated wet l  and has been created. 



Figure 59. Wetland losses along the Ontar io  shore1 ine of Lake S t .  C'lair 
(McCul lough 1982). 



Figure 60. Comparison o f  Lake St.  Clai r 
1968. 

T a b l e  39 r e p r e s e n t s  a summary o f  
wetland l o s s e s  i n  Lake St .  Cla l r .  Since 
t h e  t o p o g r a p h i c  q u a d r a n g l e s  and t h e  
n a v i g a t i o n  c h a r t s  only d l s p l a y  emergent 
wetlands, the  a r e a  v a l u e s  o f  submergent 
a q u a t i c s  were e s t ima ted .  The re1 a t l v e  
1  osses between t h e  h i s to r i ca l  perf  ods a r e  
e v l d e n t .  The l o s s e s  on T a b l e  39 a r e  
g rea te r  t h a n  t h a t  noted b y  Jaworski  and 
Raphael (1976) because t h a i s  da ta  did not 
i n c l u d e  what  i s  now s u r m ! s e d  t o  b e  
submersed v e g e t a t i o n ,  The percentage of 
wetland area l o s t  f n  Michfgan i s  g r e a t e r  
than  I n  Onta r io  (45% vs.  34X)r b u t  the  
actual area  l o s t  in  O n t a r i o  exceeds  t h a t  
l o s t  i n  Michigan. I n  Michigan as  well a5 
f n  Ontario* more of t h e  wetland base was 
l o s t  a l o n g  t h e  shore1 i n e s  t h a n  i n  t h e  
de l ta .  S l n c e  the c o a s t a l  zone  wet lands  
a r e  p a r a l l e l  t o  Lake S t .  C l a i r ,  t h e i r  
a c c e s s l b i l f t y  plays an f a p o r t a n t  r o l e  i n  
thefr  m o d i f i c a t i o n .  The St. Claf r  Delta 
conversely projec ts  i n t o  Lake S t .  C l a f r r  
l i m f t i n g  a c c e s s i b i 7 i t y  and hence adverse 

LAKE 

38.968 
c o a s t a l  wet lands  d i s t r i b u t i o n  i n  1873 a n d  

impacts. I t  should n o t  be i n f e r r e d  from 
t h e  d a t a  t h a t  t h e  wet land q u a l i t y  and 
diversity have n o t  changed over  t h e  95-  
year  p e r i o d .  I n  s u m ,  9r 136 hec ta res  of 
the  resource base have been l o s t .  

Both n a t u r a l  d i s t u r b a n c e s ,  such a s  
wa te r - l eve l  f l u c t u a t i o n s  ( a s  t h e  Grea t  
Lakes water l eve l s  o s c i l l  a t e )  a s  we1 7 a s  
c u l t u r a l  d i s t u r b a n c e s  ( ~ . g . ~  d i k i n g )  
a f f e c t  t h e  w e t l a n d  e c o s y s t e m s .  A s  
r e f l e c t e d  I n  E u g e n e  Odurnts q l p u l s e  
s t a b i l i t y  c o n c e p t , "  s o m e  o f  t h e s e  
d i s t u r b a n c e s  can be beneficial. I n  t h i s  
sec t ion ,  however, t h e  lmpacts  of  a d v e r s e  
c u l t u r a l  e f f e c t s  have been reviewed. Of 
pa r t i cu la r  concern a r e  t h e  fo l lowing :  1) 
wet1 and l o s s *  2 )  d i k l  ng, f ragmenta t ionr  
and l o s s  of hydrologic c o n n e c t i v i t y  and 
3 )  changes  i n  t h e  environmental gradient  
and p lan t  communities. 



Table 39. Comparison of 1873 and 1968 Lake S t ,  C l a i r  wetland areas. 

Locat ion  

St. C l a i r  D e l t a  5,414 3,077 9,641 7,234 15,055 10,311 
Cl  1 n ton  R iver  19192 248 -- -- 1,192 248 
Remaining Mich. 

shore1 I ne 1,900 806 -- -- 1,900 806 
Remai n jng Ontar io  

shore1 1 ne -- -- 4,219 1,862 4,219 1,862 

-- -- -_IL 

Tota l  7,506 4,131 13,860 9,096 22,366 13.227 

As discussed i n  t h i s  sec t i on ,  d u r i n g  
t h e  p e r i o d  1873-1968? approximately 9,136 
h e c t a r e s  o f  c o a s t a l  we t l ands  have been 
l o s t .  T h i s  amounts t o  a  41% reduct lon  i n  
t h e  o r i g i n a l  coas ta l  wet l  and resource base 
o f  L a k e  S t .  C l a i r .  T h e  g r e a t e s t  
pe rcen tage  l o s s  has been on t h e  American 
s i d e  and t h e  g r e a t e s t  a r e a  l o s s  on t h e  
Canadian s i d e .  More we t l ands  have been 
destroyed along the  shorel  ines than i n  t h e  
de l ta .  I n  add i t i on r  except f o r  D i c k i n s o n  
I s l a n d  and S t .  John's Marsh* t h e  upper  
zones (i.e.# t h e  sedge marsh-shrub-swamp 
f r i n g e )  were converted t o  o ther  l and  uses. 
The j u x t a p o s i t f o n  o f  corn f i e l d s  and diked 
c a t t a i l  marshes on St .  Anne I s l a n d  i s  a  
case i n  po in t .  A t  present, near ly  h a l f  o f  
these ex tant  wet l  ands along Lake St. C l a i r  
c o n s i s t  of c a t t a i l  communities. 

Loss o f  c o a s t a l  we t l ands  a l o n g  t h e  
Michigan s fde  o f  Lake S t .  C l a l r  r e s u l t s  i n  
a  l o s s  of wetland func t i on  and value. For 
example ,  p u b l i c  d r a i n s  i n s t a l l e d  t o  
improve r u n o f f  now occupy fo rmer  c r e e k  
channels, which no longer  b e n e f i t  from t h e  
f l o o d  w a t e r  s to rage ,  sedfment t rapping,  
a n d  n u t r i e n t  u p t a k e  a f f o r d e d  b y  t h e  
n a t u r a l  wet lands.  Nor do t h e  remalnlng 
w e t l a n d s  a l o n g  t h e  r i v e r  m o u t h s  and 
s h o r e l  ines ,  wh ich  have been reduced f n 
size, partially developed ( e s p e c i  a1 1 y  on 
t h e  l a k e w a r d  s f d e I o  a n d  o t h e r w f s e  
impacted,  h a v e  t h e  f i s h  and w i l d l i f e  
valves they once had. 

h e c t a r e s *  f n  t h e  S t .  C l a f r  D e l t a  a re  now 
diked. T h i s  i n c l u d e s  S t .  John's Marsh, 
wh ich  i s  i s o l a t e d  f rom Lake St. C l a f r  by 
earthen berms, bu t  i s  no t  sub jec t  t o  water 
l e v e l  cont ro ls .  With t h e  exception o f  St. 
John's Marsh, t h e  upper p a r t  o f  t h e  St .  
C l a i r  F l a t s  S t a t e  Game Area, and a  few 
o the r  small parcels, over 75% o f  t h e  diked 
we t l ands  a r e  c o l o n l r e d  by c a t t a i l s  and 
associated submersed aquat ic  comun l t i es .  
The ph rase  " d i k e d  c a t t a i l  m a r s h e s n  i s  
indeed a p p r o p r i a t e .  What i s  i m p o r t a n t  
h e r e  i s  t h a t  i t  f s  t h e  rema in fng  open- 
system w e t l  ands which a r e  c o n t r i b u t i n g  t o  
f l s h  p r o d u c t i o n ,  w i l d 1  l f e  h a b i t a t ,  and 
d l v i n g  duck feeding o f  Lake St. C l a i r .  I n  
c o n t r a s t ,  t h e  d iked wetlands prov ide  more 
o f  a  s i n g l e  purpose - t h a t  o f  a t t r a c t i n g  
d a b b l i n g  ducks, e s p e c i a l l y  m a l l a r d s  fo r  
waterfowl hunters. 

The adverse impact  o f  i s o l a t f n g  and 
fragmenting wetlands by means o f  roadbeds, 
c a n a l s ,  e a r t h e n  d i k e s ,  a n d  o t h e r  
deve lopments  a p p e a r s  n o t  t o  b e  f u l l y  
recognfzed.  F o r  example, many conser -  
va t1  o n i s t s  1 n  Michigan a re  advoca t i ng  t h e  
p r e s e r v a t i o n  o f  St. John's Marsh, b u t  feb 
c a l l  f o r  an i n c r e a s e  I n  I t s  h y d r o l o g f c  
connec t f v f t y  t o  Lake S t ,  C la f r .  more over^ 
u n l e s s  a  wet land f s  physically destroyed, 
n o t  mere1 y f r a g m e n t e d r  m o s t  w e t 1  and 
researchers would no t  r e f e r  t o  an Is01 ated 
wetland as be'lng gtlost.gt 

A p p r o x l m a t e l y  o n e - h a l f  o f  t h e  C u r r e n t  c o a s t a l  development n o t  on1 y 
remafnfng c o a s t a l  wet lands,  f .e., 5,280 r e s u l t s  .fn f r a g m e n t a t i o n  and l o s s  o f  
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h y d r o l o g i c  c o n n e c t i v i t y ,  b u t  a l s o  As i n d t c a t e d  i n  Appendix M and on 
f requent ly  I s  assocfated w i t h  t h e  l o s s  o f  F igure 61r most  o f  t h e  ownersh ip  o f  t h e  
u p p e r  p 1  a n t  communi t ies  ( Jaworsk i  and l a r g e r *  e x t a n t  c o a s t a l  we t l ands  1  i e s  i n  
Raphael 1976). Therefore, most o f  t h e s e  pub l i c  hands. Except ions  a r e  S t ,  J o h n t s  
e x t a n t  we t l ands  c o n s l s t  o f  j u s t  c a t t a i l  Marsh,  w h l c h  t h e  S t a t e  o f  M i c h i g a n  i s  
and submersed aquatfc communities, r a t h e r  attempttng t o  purchase from t h e  remal  n l ng 
t h a n  a  c o m p l  e t a  w e t 1  a n d  c o m m u n f t y  p r i v a t e  o w n e r s r  and W a l p o l e  I s 1  and, 
contfnuum. Changfng of water  l e v e l s  I n  Ontar ior  wh ich  forms an I n d i a n  Reserve. 
t h e  Grea t  Lakes w i l l t  then, r e s u l t  i n  t h e  Many o f  t h e  undfked c o a s t a l  wetlands on 
l o s s  o f t h e  c u r r e n t  f u n c t f o n  f n  a  g i v e n  theCanadian s ide  o f  t h e  St .  CJaSr D e l t a  
we t l and  as opposed t o  t h e  s h i f t  o f  t h i s  are owned by t h e  Province o f  Ontario, w l th  
f u n c t i o n  l a t e r a l l y  i n  a c c o r d  w i t h  t h e  t h e  exception o f  Walpole Is land,  Canada's 
v e g e t a t f o n  movements. I n  c o n t r a s t ,  as Department o f  t h e  Environment (DOE) owns 
exempli f ied by Dickinson Is land,  wet lands t h e  Lake S t .  C l a i r  Nat ional  W i l d l i f e  Areap 
wh ich  a r e  connected d i r e c t l y  t o  Lake S t .  whereasDucks U n l i m i t e d  has ownersh ip  O F  
C l a i r  and s x h l b i t  a  f u l l  env i ronmen ta l  diked marshes south o f  M i t c h e l l  Bay. 
g r a d i e n t ,  t e n d  t o  e x p e r i e n c e  l a t e r a l  
s h i f t s  I n  f u n c t i o n  a n d  v a l u e s .  The l a n d  ownersh ip  o f  t h e  Mich igan 
Furthermore, they are mafntained a t  l i t t l e  p o r t i o n  o f  t h e  d e l t a  i s  shown i n  F i g u r e  
o r  no cos t  t o  t h e  pub1 ic .  62. Two open water parcels, f.e.* U n i t s  A 

and B o f  t h e  S t .  C l a i r  Wa te r fow l  Refuge, 
S m a l l ,  i s o l a t e d  w e t l a n d s  n e a r  

developments such as suburban hous ing*  
marinas, etc., o x h i b i t  proximity and o f f -  
s i t e  Impacts. P r o x i m i t y  impacts  i n c l u d e  
ambfent n o i s e  l e v e l s  as w e l l  as human and 
p e t  in t rus ions.  O f f - s i t e  a f f e c t s  c e n t e r  
on n u t r f e n t  and sediment load ing  r e s u l t i n g  
f rem wlnd and water t ranspo r t  mechanisms. 
Xf t he  ex tant  parce l  o f  we t l and  i s  zoned 
fo r  r e s l d e n t l a l  o r  some o t h e r  i n tens i ve  
use, there  are pressures f o r  f i l l i n g  and 
d e v e l o p m e n t .  F l  rep as a  d i s tu rbance ,  
seams t o  be l i m f t e d  t o  t h e  c a t t a f l  and 
s e d g e  m a r s h e s  o f  D i c k i n s o n  I s l a n d  
(Jaworskl e t  a1, 1979). 

5.2 WETLAND OWNERSHIP AND 
MANAGEMENT 

Wetland ownarship Js i n  t h e  hands o f  
individuals as  we91 as State, provincial 
and Federal agencies. The management o f  
t h e  w e t l a n d s  b y  t h e s e  g r o u p s  f o l l o w s  
df  verse s t ra teg ies .  The cu r ren t  ownership 
of  t h e  c o a s t a l  we t l ands  as w e l l  as t h e  
z o n i n g  and long-range plans w f  11 st rong? y  o 5 10 15 20 

a f f e c t  t h e  f u t u r e  u s e  o f  t h e s e  Slatule M~les 

envfronmenls. I n  t h f s  section, an attempt 
has been made t o  p r o j e c t  t h e  f u t u r e  land Figure 61. Locat ion map o f  i nd i v idua l  
use of t h e s e  areas, and by usinpa t h o s e  coastal wetlands o f  the St. C l a i r  
p r o g e c t  1 a n s  a d d r e s s  t h e  i s s u e s  o f  River-Lake St. C l a i r  ecosystem; character- 
managemnts r e s t o r a t i o n l  and a r t i  f i c i  a1 i s t i c s  and ownership o f  each wetland are 
const ruc t  don o f  wet1 ands, given i n  Appendix M. 
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Figure 62. Ownership map o f  the Michigan por t ion  o f  the S t .  C l a i r  Delta. 

a r e  a d m i n i s t e r e d  by t h e  Michigan DNR. 
Approximately 40% o f  D ick inson  I s l a n d  i s  
i n  p r i v a t e  owne rsh ip ,  e s p e c i a l l y  t h e  
northern and eastern shores as w e l l  as a 
b l o c k  i n  t h e  s o u t h - c e n t r a l  area. I n  
addition, the  U,S. Army Corps of Engineers 
manages two d isposa l  s i t e s  on D i ck i nson  
I s 1  and along North Channel, and there are 
p r i v a t e  bo t t om1  and p a t e n t s  a l o n g  t h e  
d i s t r i b u t a r y  channels of bo th  Dickinson 
and Harsens I s l a n d s .  A l t h o u g h  t h e  
Department o f  Natural Resources i s  slowing 
t h e  r e s i d e n t i a l  a n d  summer home 
development a l o n g  t h e s e  d f s t r i b u t a r y  
channe ls ,  t h e  l and  remains i n  p r i v a t e  
ownership. A t  present, the lower p a r t  of 

Harsens  I s 1  and, and much o f  D ick inson  
I s 1  and, and those unpatented wet1 ands and 
ad jacen t  s h a l l  ow-water bottomlands would 
be considered p a r t  of Michigan's S t .  C l a i r  
F l a t s  State Game Area. Ownership of t h e  
smal l ,  und j  ked  wet1 and parcels scattered 
along Anchor Bay and a long  t h e  westerns 
eastern,  and southern shores sf Lake S t .  
C l  a i r  i s  genera l ly  private. 

A t  present, i n  t h e  d e l t a  t h e r e  a re  
t w o  b a s i c  management s t r a d a g j e s :  1) 
n a t u r a l  and 2) managed f o r  w a t e r f o w l  
hunting and perhaps breeding as well. The 



pub1 i c l y  owned* open wetland systems are 
natural responding t o  seasonal and 1 ong- 
t e r m  w a t e r  l e v e l  f l u c t u a t l o n s .  I n  
comparf son, t h e  diked wet l  ands consf s t  
l a r g e l y  o f  c a t t a i l  marshes t h a t  a r e  
managed by means o f  e l e c t r i c  pumps, f l o o d  
g a t e s  and w e i r s .  I n  s e v e r a l  managed 
marshes, crops are grown, then f looded t o  
f a c l l  i t a t e  waterfowl feedfng. 

No sf  g n i f  fcant changes i n  the wetland 
management pract ices are antlclpated. It 
f s  expected t h a t  t h e  s t a t u s  quo w i l l  
gene ra l l y  cont inue. Fu r t he r  d i k i n g  o f  
wetl ands i s  strong1 y d 1 scouraged because 
o f  t h e  adverse impacts discussed ear l l e r ,  
With regard  t o  t h e  management o f  t h e  
c u r r e n t l y  d lked  areas, It i s  recommended 
t ha t  waterfowl breedlng be encouraged I n  
a1 1 o f  t h e  conta ined marshlands by means 
of nesting platforms and areas. Moreover, 
t o  f a c i l i t a t e  f l s h  use, perhaps t h e  
wetlands cou ld  be opened up dur ing  t h e  
spring spawning season o r  a t  l e a s t  du r i ng  
t h o s e  y e a r s  when n o  w a t e r - l e v e l  
manipulat 1 on i s  necessary f o r  water fowl  
management. Crea t ing  a r t l f  i c i a l  is lands 
and a l l o w i n g  b e t t e r - d r a i n e d  a reas  t o  
r e v e r t  t o  shrub o r  maadow communities may 
also add d lve rs l t y .  

Other practices, such as experimental 
marsh burning* have improved the waterfowl 
loaf ing population i n  Ontar io 's diked 
we t l ands  ( B a l l  1984). F e r t f l f r a t i o n  
however, i s  not recomnended a t  t h i s  time. 
Wherever possible, hydrologic connect iv i ty 
should be increased. 
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Figure, 63. Location map o f  Lake S t .  Cla i r  
diked coastal wetlands (see t ex t  fo r  
explanation o f  numbers). 

S t .  C l a l r  D e l t a  wetlands a re  diked: S t .  
Johnrs Marsh (no. l ) r  lower Harsens Is land 
(no. 2)s lower Walpole I s l a n d  near Goose 
Lake (no. 3 1 ,  lower S t .  Anne Is land (no. 
4 ) ~  and M i t c h e l l  Bay-Thames Rtver  mouth 
reg fon  (no. 5) .  Near ly  one-ha1 f o f  the 
t o t a l  de l ta  wetlands, some 5,280 hectares, 
a re  separated f rom Lake S t .  C l a i r  by 

Dlcklnson xs l and~  because of Its 'pen e a r t h e n  d f k e s .  Most  o f  t h e s e  d j k e d  
system nature and n t  ac t  ronment environments occur .fn zones where c a t t a i  1s 
gradients. must be managed s e ~ a r a t e l ~  as n a t u r a l  1 grow and e l  e v a t  range  
it may be the between 175 and 176 m above In ternat fonal  
we t l and  i n  t h e  G r e a t  L a k e s  r e g i o n ,  Lakes datum* 
Keepfng P t  an open system, w i t h  o n l y  
passive recreat ion permitted, w i l l  I n su re  
I t s  m u l t i p l e  f u n c t i o n s  f o r  f i s h ,  Except f o r  the wetlands i n  S t ,  John's 
waterfowl, other w i l d l f f e *  and food cha in  Marsh and those along western Lake S t .  
suppor t ,  Once f i l  l e d r  t h e  c o n f i n e d  C l a i r ,  most o f  these dfked marshlands are 
disposal s i tesrnay be used f o r  w i l d l i f e ,  managed f o r  water fowl  purposes. D i k j n g  
bu t  no t  f o r  a theme park as suggested by and water - leve l  manlpulatlon of wetlands 
some l oca l  residents, The p r o v f s l o n  of  f o r  the benef i t  o f  waterfowl hunters  i s  a 
p u b l i c  u t i l f t i e s ,  on e i t he r  Dickinson o r  t r a d i t i o n a l  p r a c t i c e  i n  t h e  Great Lakes 
H a r s e n s  f s l a n d s *  w o u l d  J n i t i a t e  r eg lon  among b o t h  p r i v a t e  and p u b l i c  
uncontrol 1 ed development pressures. shooting clubs. The earthen dfkes Impound 

water i n s f d e  t h e  marshlands dur ing tow- 
As indfeated water perfods i n  the Great takes, but  a lso 

i n  Figure 53# several l a r g e  areas o f  t h e  f ~ n c t i ~ n  t o  protect  t he  marsh from erosion 
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and e x c e s s i v e  h i g h  w a t e r  d u r i n g  above- 
average l a k e  l e v e l  c o n d i t i o n s ,  The St. 
C l a i r  F l a t s  S ta te  Game Area, Canada C l u b *  
and t h e  Ste,  Anne Club marshes a r e  among 
t h e  venerable diked we t l ands  managed f o r  
w a t e r f o w l  h u n t l n g  d u r i n g  t h e  f a l l  
migrat ion,  

S t .  J o h n f s  Marsh, wh lch  s t r a d d l e s  
Hjghway M-23 i n  Clay Township9 i s  inc luded 
as  a d i k e d  w e t l  and because t h e  l i ne o f  
houses and access road  a l o n g  B o u v i e r  Bay 
( o f  L a k e  S t .  C1 a i r )  h y d r o l o g i c a l l y  
separate it f r o m  Lake St .  C l a i r  ( F i g u r e  
56). Approximately 217 hectares o f  dfked 
marshlands a re  s f tua ted west o f  hlghway M- 
299 and abou t  478 h e c t a r e s  l i e  e a s t  o f  
t h i s  roadway .  I n t e r i o r  d i k e s  and t h e  
roadbed w i t h  o n l y  one b r i dge  ( o r  c u l v e r t )  
f u r t h e r  fragment t h i s  wet l  and and preclude 
w a t e r  exchange, Al though t h e r e  a re  f i v e  
openfngs t o  B o u v i e r  Bay, wa te r  exchange 
and f i s h  access are l i m i t e d .  

Much o f  l o w e r  H a r s e n s  I s l a n d  i s  
contafned w i t h i n  t h e  St. C l a i r  F l a t s  S ta te  
Game Area (1,085 hectares) and i s  managed 
b y  M i c h t g a n  DNR as a p u b l i c  w a t e r f o w l  
hunt ing  f a c i l i t y .  I n  t h e  upper  s e c t i o n ,  
which cons i s t s  o f  515 hectares, c rops  such 
as c o r n  a r e  grown and f looded i n  f a l l  t o  
a t t r a c t  m i g r a t o r y  wa te r fow l ,  The more 
l a k e w a r d  p o r t i o n  o f  t h e  game a r e a  i s  
e s s e n t i a l 1  y a w a t e r - l e v e l  c o n t r o l  l e d  
c a t t a i l  marsh wh ich  p r o v i d e s  c o v e r  and 
some breeding h a b i t a t  f o r  t h e  w a t e r f o w l .  
D u r i n g  t h e  1974-75 waterfowl hunt, 76% o f  
t h e  harvest  from t h e  60 b l i n d s  on t h e  game 
a r e a  c o n s i s t e d  o f  m a l l a r d  a l o n g  w i t h  
l e s s e r  numbers o f  b l a c k  duck, p i n t a i l ,  
green-winged t e a l  and Amer ican wigeon 
( Jaworski and Raphael 1978). 

I n  O n t a r i o ,  d i k i n g  i s  commonly  
p rac t i ced  (Table 38). As shown on F i g u r e  
63, d i k e d  a r e a  no. 3 c o n s i s t s  o f  t h r e e  
d i k e d  systems l o c a t e d  on l o w e r  Walpo le  
I s l a n d .  T h e  a r e a  o f  t h e s e  d f k e d  
marsh1  a n d s  t o t a l s  1 ,097  h e c t a r e s .  
C a t t a i l s  and submerged aquat fcs  appear t o  
dominate  t h e  v e g e t a t i o n .  Some o f  t h e  
w e t l  ands o f  t h e  n o r t h e r n m o s t  d ?ked area 
a r e  now b e i n g  u t i l i z e d  f o r  c u l t i v a t e d  
crops. 

D i ked  a r e a  no. 4 on Figure 63 re fe rs  
t o  t w o  d f k e d  systems on l o w e r  S t .  Anne 
I s l a n d .  The d i k e d  a r e a  l o c a t e d  on t h e  

west s i de  o f  Chenal Ecarte cons i s t s  o f  660 
hectares, whereas t h e  d lked system on t h e  
e a s t  s i d e  i s  compr ised o f  415 hectares. 
Ae r fa l  photographs i n d i c a t e  dense co lon ies  
o f  c a t t a i l s  i n  t h e s e  managed wet lands,  
w i t h  f e w  c a n a l s  o r  o t h e r  h u m a n  
d i s t u r b a n c e s .  The most  1 akeward d i k e d  
w e t l a n d  on l o w e r  Walpole I s l a n d  a l s o  has 
few cana ls  a c r o s s  it. Pumping s t a t i o n s  
and f l o o d  g a t a s  o r  w e l r s  a re  employed t o  
manage water l e v e l s  here and a t  t h e  o t h e r  
waterfowl shoot ing  c lub  marshes. 

Along e a s t e r n  Lake S t .  C l a i r  many o f  
t h e  coasta l  wetlands are  diked. D i k i n g  i s  
done by t h e  l o c a l  f a r m e r s  who w i s h  t o  
c u l t i v a t e  as  c l o s e  t o  Lake S t .  C l a i r  as 
possible. I n  addi t ion,  a t  M i t c h e l l  P o i n t  
t h e r e  i s  a managed wetland, and two more 
e x i s t  near t h e  mouth o f  t h e  Thames R i v e r .  
The areas  o f  t h e s e  t h r e e  d f ked  systems 
are: 194 hectares, 393 hec tares ,  and 500 
hec ta res .  The l a t t e r  two a re  designated 
as Area IV and Area 111, respec t i ve1  y r  on  
t h e  T f l b u r y  ( O n t a r i o )  Q u a d r a n g l e .  
Moreoverr eas t  o f  Area I V ,  t he re  i s  a 156- 
hec ta re ,  square-shaped d i k e d  a r e a .  A 
t o t a l  o f  1,329 hectares were planimetered 
on cu r ren t  maps o f  t h i s  coast .  C a t t a i l s  
appear t o  be t h e  domfnant vegetat ion type, 

The adverse impacts o f  d i k i n g  coasta l  
wet1 ands a r e  poo r1  y understood.  Never- 
theless, several  adverse impacts i n c l u d e :  
1 )  l o s s  o f  f i s h e r y  func t ion ,  2) blockage 
o f  water exchange, 3 )  l o s s  o f  food cha'ln 
support, 4)  f ragmentat ion and i s o l a t i o n  o f  
d iked wetlands, and 5) lower d i v e r s i t y  and 
w a t e r  q u a l i t y  o f  d i k e d  areas.  Loss  o f  
f i s h  h a b i t a t  and a s s o c i a t e d  f i s h e r y  
func t ions  i s  perhaps t h e  p r i n c i p a l  adverse 
impac t  o f  coas ta l  wetland d ik ing .  D i k ing  
has long been a source o f  c o n f l i c t  between 
waterfowl- and f ishery-resource managers. 
C l e a r l y ,  most f i sh9  w i t h  t h e  exceptton o f  
extremely t o l e r a n t  s p e c i e s  such as c a r p  
and b u l l h e a d s ,  d o  n o t  spawn i n  d f k e d  
wet l  ands. Furthermore, l a r v a l  and j uve -  
n i l e  f i s h  cannot e a s i l y  d isperse I n t o  nar  
t o l e r a t e  t h e  f 1 u c t u a t l n g  water  temper-  
a t u r e s  a n d  w a t e r  q u a 1  J t y  o f  t h e s e  
c o n t a i n e d  sys tems .  The a u t h o r s  h a v e  
n o t i c e d  t h a t  predator  f i s h  tend t o  forage 
on ly  f n  those coasta l  wetlands where l a k e  
w a t e r  masses f nvade  the open wet lands,  
For example, on D ick fnson  I s l a n d  one may 
observe 'l argemouth bass and b l  uegi 71 s on? y 
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i n  c l  r c u l  a t i n g  marsh waters, p a r t i c u l a r l y  
near c u l v e r t s *  o r  where l ake  water  masses 
prevai  1, 

D i  k  i n g  p r e v e n t s  w a t e r  e x c h a n g e  
between t h e  wetland and t h e  adjacent water 
body. Thusp t h e  waters o f  t h e  c a n a l s  and 
open-water a reas  o f  t h e  con ta fned  s i t e s  
s tagnate ,  c o v e r  w i t h  f f l m ,  and e x h i b i t  
l a r g e  d i u r n a l  temperature ranges (Mudroch 
and C a p o b i a n c o  1978) .  A l t h o u g h  t h e  
d i s s o l v e d  oxygen  l e v e l s  I n  t h e  d l k e d  
wet1 ands r e m a i n  above 75% s a t u  r a t 1  o n  
( F i g u r e  2 2 ) r  i n  response t o  atmospheric 
d f f f u s i o n  and photosynthetic a c t i v i t y r  
excess i ve  day t ime  wa te r  temperatures i n  
summer r e d u c e  t h e  d i s s o l v e d  o x y g e n  
concentrat ions t o  c r i t i c a l  leve ls .  During 
t h e  c o l d  w i n t e r  months w i t h  abundant snow 
cover, oxygen d e p l e t i o n  may occur  under 
t h e  i c e  cover, r e s u l t i n g  i n  f i s h  k f  11s and 
d ie -o f f  o f  inver tebrates.  

zooplanktonr and ye1 low perch caught  o v e r  
m a c r o p h y t e - f r e e  areas  c o n t a i n e d  h f g h e r  
numbers o f  t h e s e  i n v e r t e b r a t e s  t h a n  d i d  
f i s h  caught  o v e r  macrophyte areas. The 
paradox i n  these data may be e x p l a f n e d  by  
marsh d ra fnage  which 4s assoc ia ted  w i t h  
l a r g e  numbers o f  f I?  t e r - f e e d i n g  zoo -  
p l a n k t o n  and y e l l o w  p e r c h  regard less  o f  
t h e  occurrence o f  vegetated substrates. 

Only two  a r e a s  
o f  c o a s t a l  w e t l a n d  a r e  j d e n t i f j e d  f o r  
restoration. F i r s t ,  t h e  f u n c t i o n  and  
v a l u e  o f  S t .  J o h n ' s  Marsh  c o u l d  b e  
i n c r e a s e d  w i t h  1 m p r o v e d  h y d r o 1  o g  i c  
c o n n e c t i v i t y  ( F i g u r e  5 6 ) .  I t  f s  
recommended t h a t  t h e  c u l v e r t s  c o n n e c t i n g  
t h i s  wetland t o  Bouvier Bay be en1 arged t o  
f a c i  11 t a t e  g r e a t e r  w a t e r  mass exchange, 
Also, water exchange across M-29 c o u l d  b e  
I m p r o v e d  w i t h  t h e  a d d l t i o n  o f  a n o t h e r  
l a r q e  c u l v e r t  c l o s e  t o  P e a r l  Beach.  
~ d d i t i o n a l l y ,  t h e  water  q u a l i t y  near t h e  

definitive research has Perch I s l e  P o i n t  s u b d i v i s i o n  shou ld  be  
been c o n d u c t e d  wh ich  t h e  mon i to red9  and some o f  t h e  f n t e r f o r  d i kes  
e x c e p t i o n a l  f i s h  p r o d u c t i o n  i n  Lake S t .  w e s t  o f  N-29 should b e  b r e a c h e d  o r  
C l a i r  (Hatcher 1982) r it i s  be1 i e v e d  t h a t  removed. 
t h e  we t l ands  a r e  i m p o r t a n t  i n  t h e  food 
webs. The St. C l a i r  D e l t a  we t l ands  a r e  
i m p o r t a n t  s o u r c e s  o f  n u t r i e n t s ,  
p a r t i c u l  a te  organic matter, phytop? ankton, 
small  zooplankton,  and d r i f t  organisms, 
Zoopl ankters probably f $ 1  t e r  t he  p re fe r red  
f o o d  i t e m s  o u t  o f  t h e  marsh dra inage.  
F igure  64 i l l u s t r a t e s  d r a i n a g e  f r o m  t h e  
d e l t a  wet lands.  Leach (1980) found t h a t  
t h e  waters from t h e  main channe ls  o f  t h e  
St. C l a i r  R i v e r  a re  l o w e r  i n  n u t r i e n t s  
t h a n  t h e  w a t e r s  d e r i v e d  f r o m  t h e  
t r i b u t a r i e s  on t h e  Canadian s i d e  o f  t h e  
d e l t a .  Because Chenal E c a r t e  and  t h e  
o t h e r  O n t a r i o  tributaries I n c o r p o r a t e  
c o n s i d e r a b l e  f l o w  f r o m  t h e  a d j a c e n t  
wet lands,  i t  i s  f e l t  t h a t  t hese  wa te rs  
conta in  important  q u a n t i t i e s  o f  nu t r ien ts ,  
detr f tus,  and l i v i n g  m a t t e r  f o r  t h e  food  
webs o f  Lake St. C la i r .  

Poe ( 1983 a t tempted t o  demonstrate 
t h e  relationship o f  t h e  a q u a t i c  
macrophytes and assoc ia ted  perlphyton t o  
t h e  f i s h  product ion o f  Lake St. C l a i r ,  I n  
s p i t e  o f  some p o s i t i v e  r e l a t f o n s h i p s  
e s t a b l  i s h e d  i n some sampl l ng s t a t i o n s p  
P o e t s  d a t a  f o r  Muscanoa t  Bay seemed 
c o n t r a d i c t o r y .  Sampling o f  Muscamoot Bay 
revealed t h a t  macrophyte- f ree  a reas  had 
h i g h e r  numbers o f  macrophytoplankton and 

Second1 y  t h e  f r a g m e n t e d  w e t l a n d  
complex south o f  t h e  C l l n t o n  Rfver  Estuary 
should be res tored ( F i g u r e  543, Perhaps 
t h i s  a r e a  s h o u l d  b e  c o m p r e h e n s i v e l y  
planned since a p r i v a t e  developer has 
a l r e a d y  a t t e m p t e d  t o  c o n s t r u c t  
subd iv i s i ons  i n  t h a t  area. The D e t r o S t  
D i s t r i c t  Corps o f  Engineers r e f e r s  t o  t h i s  
t h r e a t e n e d  wetland as Verchev9s Marsh. A 
comprehensivs p l a n  w h i c h  f n c l u d e s  t h e  
funct-ion o f  t h e  Black Creek* the  impact o f  
t h e  Metropol i t a n  Beach development# and 
c o n n e c t i v t t y  t o  L a k e  S t .  C l a i r  i s  
suggested. R e s t o r a t f o n  o f  a we t l and  on 
t h i s  western  s ide  o f  Lake S t .  C l a j r  cou ld  
p a r t i a l l y  m i t i g a t e  t h e  h i s t o r i c  w e t l a n d  
losses i n  t h i s  coasta l  s t re tch ,  Moreover* 
c e r t a l n  f dsh  such as  n o r t h e r n  p i k e  and 
1 argemouth bass r e q u i r e  spawning h a b i t a t  
dds t r ibu ted every 8 t o  10 km along a coas t  
b e c a u s e  t h e y  a r e  n o t  I s n g - d q s t a n c e  
migrants (Jaworski and Raphael 1978). 

No a l - t i - f i -  
c j a f  c o n s t r u c t i o n  o f  w e t l a n d s  i s  
recommended a t  t h i s  t i m e  because  t h e  
c u r r e n t  wet1 ands appear adequate and Lake 
St ,  C l a i r  Js very p r o d u c t f v e ,  I f  t h e  
c u r r e n t  w e t l a n d  r e s o u r c e  base can be 



conserved  and /o r  Improved,  t h e n  t h e  important ecological cornmunlt~es, These 
present  ecology of: t h e  l a k e  may wel l  be coas ta l  wot landst  p a r - t f c u l a r l y  t h e  S t .  
assured. ClaJr Del ta  wetlands, have had and should 

con t inue  t o  have signSPIcant functions 3n 
perform the Lake S t .  C l a i r  ecosystem. Conclusions 

v a ' u a b l e  functions f o r  fn  t h l s  s e c t l o n  are based an physical. 
mun fc f~a l f t ' e s *  They ~ r o v l d e  habj tats for  b l o l o g f c a l  econamfc,  and p o i  l t - j c a l  
des f red  p l a n t s  and animals, they f i l t e r  factors. 
p o l l u t a n t s  and sed fments  from s t o r m  
d r a i n a g e ,  and t h e y  p r o t e c t  c o a s t a l  The rocen t  h i s t o r y  o f  t h e  Lake S t ,  
structures from wave attack, On the other ~1 a and f s  cha  ratter zed  b y  
handr wetlands are o f ten b a r r i e r s  t o  l a k e  rel s t a b f  1 a s  wel 1 a s  h 
access and are susce~tibfe to func t i on  and value. Gjven t he  genera l  
fiillng* and which degradatfon whlch has taken p lace  t h e  
i n  t u r n  lmpaf r s  thef  r natural  functfons. lower Great Lakes durfng the  past several 

The fmpor tant  funct fons of wetlands the future p rospsc t s  f o r  the  

are often dfsregarded by those wishing t o  are 
develop an area, S ta te  of Michfgan reasonably br fght*  As coastal wetlands f n  
has recogn'lzed t h i s  and has forrnul a ted adjacent lakes the re' s t 've 
pol c y  t o  wetlands. ~h~ 'Importance o f  the Lake S t .  C l a l r  wetlands 

Shore1 ands Protect ion and Management Act is increasfng* there has a 
o f  1970. p rov fdss  programs whlch include 4X' loss In the Lake St* wet'ands8 

the p r o t e c t i o n  of wetlands i n  t he  Great  and Of the extant wet'ands are d f k e d r  

Lakes shorelands. A t  t he  loca l  l e ve l *  a the de l ta  wetlands have not suffered 
special problsm facfng declslon-makers i s  degradation comparable t o  tha t  o f  Green 
t h e  t d e n t f  f f c a t j o n  and regulation of  Saginaw Bay, and westerr1 Lake Er ie .  

adequate b u f f e r  areas s u r r o u n d i n g  the, 
desf gnated wetlands, Tha phys fca l  framework o f  Lake S t ,  

C l  a l r  wst l  ands par t la1 l y  explafns the high 
I n  Mlchlgan, once "areas o f  concernw p roduc t f  v l  t y  o f  these wet1 ands. F i r s t r  

have bean e s t a b l  l s h e d ~  t h e  l e v e l  o f  t h e  t o t a l  area o f  c o a s t a l  w e t l a n d s  I s  
c o n t r o l  must be determined. Speclal use l a r g e  I n  comparfson t o  t h e  r e l a t i v e l y  
p s r m l t s  a n d  1 l s t s  o f  a c c e p t a b l e  smal l  s f z e  o f  Lake St. C l a f r .  Second, 
c s n s t r u e t t o n  n e a r  wetlands p rov fde  a these d e l t a f c  wetlands a re  d l s t r f b u t e d  
method o f  mlnlmizfng wet land d ls tu rbance  over a large area o f  the  northern p a r t  o f  
by p e r m i t t i n g  only those % c t l v l t f e s  which t h e  1 ake, T h f  rd, p h y s i c a l  d l v o r s i t y  
contr fbute leas t  t o  change. Wet1 ands a re  f a c t  1 l t a t s s  mu1 t f p l e  subsystems. Th i s  
unsu i t ab l e  f o r  most k lndg of development. c r e a t e s  numerous aquatic h a b t t a t  and 
D'isruptfve dredging and f d l f  fng a re  o f t en  coas ta l  wet1 and i n t e r f a c e s  wh i ch  a r e  
necessary t o  create a usable area fo r  the loca ted  i n  remote areas and thus buffered 
constrirctfon af bul ld.fngsr parkfng areas, f r ~ n  cu l t u ra l  4mpacts. I n  add i t i on ,  t h e  
and access foads. On-sfte sani tary sewage S t .  C l a l r  D e l t a  I s  geo log lca l1y  stable. 
t reatment  i s  d f f f i c u ' f t  because of  poor Subsldenca I s  n o t  o c c u r r i n g  and d e l t a  
percoIat4on and t h e  h i g h  wa te r  t a b l e .  e x t e n s i  o n  o r  e r o s i o n  have n o t  been 
Recregtfor i  usas can be  developed around s l gn i f i can t  over the l a s t  century. 
wetlands i n  a manner c o m p a t f b l e  w f t h  
n a t u r a l  systems, Camping# canoeing, and Qn the  ecosystem level ,  as wel l  as an 
n a t u r e  t r a t l s  make u s e  o f  t h e  w a t e r  a loca l  hab l ta t  scalet  t h e  hydro logy and 
recrezrtfonel value of wet1 ands. wi th  such hydro log i c  c o n n e c t l v l  t y  o f  the S t ,  C l a f r  
p recau t ions r  const ruc9 lan need not. cause D e l t a  w e t l a n d s  a r e  m o s t  f a v o r a b l e .  
excessive damage, Re? a t l v e l  y cool ,  hfghly-oxygenated, and 

non-turbld waters e n t e r  f rom Lake Huron 
and pass through t h e  d e l t a i c  wetlands, 
The df  s t r i bu ta r i es  and crevasse channels 

5.3. PROSPECTS FOR THE FUTURE ( 1  o c a l l y  c e l l e d  "hfghwaysn) d l  s t r i b u t e  
t h i s  high-qua1 f t y  t npu t  water throughout  

The f reshwater  wet lands along Lake the wetlands, For example, an abandoned 
S t ,  CT a 1  r w $ 1  1 can t t nue  t o  c o r r a t l t u t s  d ls t r f tsutery  channel permits water f l ow  

7% 



a c r o s s  t h e  e n t i r e  l e n g t h  o f  D j c k i n s o n  
Is land.  Given a  residence t i m e  o f  on1 y  7 
t o  9  days i n  Lake St .  C l a i r r  c i r c u l a t l o n  
i s  we l l  es tab l ished and l i t t l e  s t a g n a t i o n  
occurs .  Water exchange between the  l a k e  
and coasta l  wetlands i s  a1 so  f a c i  1  i t a t e d  
by seiches. 

The we? 1-known t u r b i d i t y  problems o f  
o t h e r  c o a s t a l  we t l and  systems? such as 
Green Bay and Saginaw Bay, a re  n o t  a  major 
a d v e r s e  i m p a c t  i n  t h e  L a k e  S t .  C l a i r  
wetlands. S i l t a t J o n  and t u r b i d i t y  are low 
i n  t h e  d e l t a i c  w e t l  ands because t h e  S t .  
C l  a i  r R i v e r  has a  very low suspended load 
and t h e  bed load c o n s i s t s  o f  f i n e  sand. 
Some l o c a l  t u r b i d i t y  occurs a t  t h e  mouth 
of t h e  C l  i n t o n  and Thames R i v e r s  d u r l n g  
s p r i n g  r u n o f f  and f looding.  Also, w i t h i n  
Lake St. C l a i  r, resuspens ion  o f  bo t tom 
sediments, as I n  Anchor Bay dur ing  storms, 
can d i sco lo r  t h e  water over 1  arge areas. 

W e t l a n d  e r o s i o n  i s  n o t  a  prob lem 
along Lake St. C l a i r  due t o  t h e  r e l a t i v e l y  
s h o r t  f e t c h  and sha l l owness  o f  t h e  l a k e  
bas in .  C o a s t a l  e r o s i o n  r e s u l t i n g  f r o m  
e u s t a t i c a l l y  r i s i n g  water l e v e l s  and f ram 
long-term lake  l e v e l  f l u c t u a t i o n s  i s  n o t  a 
s i g n i f i c a n t  problem as it i s  i n  Lake Er ie ,  
Because t h e  d e l t a i c  wetlands are  l a r g e l y  
open systems t h a t  s l o p e  lakeward,  l a k e  
l e v e l  o s c i l l a t i o n s  do n o t  r e s u l t  i n  
wet l  and die-back o r  senescence ' as i s  t r u e  
i n  many o t h e r  c o a s t a l  wet1  and systems. 
Rather, Lake St. C l a i r  we t l ands  s h i f t  up 
o r  down t h e  g r a d i e n t ,  m a i n t a i n i n g  t h e i r  
p r o d u c t i v i t y  a t  v a r i o u s  1 ake  l e v e l s .  
Dick inson I s 1  and i s  an exce l l en t  example. 

B i o l o g i c a l  1  y, these coasta l  wet1 ands 
e x h i b i t  r e l a t i v e l y  h i g h  h a b i t a t  and 
s p e c i e s  d i v e r s i t y ,  Productivity i n  St. 
C l a i r  D e l t a  wetlands i s  a l s o  h igh .  Such 
c o n d i t f o n s  mani fest  themselves i n  surp lus  
w a t e r f o w l  f o o d s  and I m p r e s s i v e  f l s h  
c a t c h e s .  Open we t l ands  systems, w i t h  
comp le te  e n v i  r o n m e n t a l  g r a d i e n t s  and 
n u m e r o u s  e c o t o n e s ,  e x h i b i t  " p u l s e "  
s t a b i l i t y  and h igh  p r o d u c t i v i t y .  Although 
f u r t h e r  research i s  needed t o  d e f i n e  t h e  
i m p o r t a n c e  o f  t h e  f l u x  o f  p a r t i c u l a t e  
organic matterr  d r i f t  organisms, and o ther  
organic foods from t h e  wetlands i n t o  Lake 
S t .  C l a i r r  t h e r e  i s  a n  a p p a r e n t  
assoc ia t ion  o f  water fowl  r game f i s h ,  and 
o t h e r  w i l d l i f e  w i t h  t h e s e  w e t l a n d  
d i scha rges .  The h i g h  d i s s o l v e d  oxygen 

l e v e l s  a n d  h i g h  f l u s h i n g  r a t e s ,  
accompanied by r e l a t i v e l y  low con taminan t  
and t u r b i d 1  t y  l e v e l s *  a r e  p o s i t i v e l y  
co r re la ted  w i t h  t h e  h igh p roduc t l v f t y .  

From an economic v j e w p o i  n t  t h e s e  
c o a s t a l  we t l ands  e x h i b i t  h i g h  f i s h  and 
w i l d l i f e  values. Because these f u n c t i o n s  
and va lues  a r e  l i n k e d  t o  t h e  ecology o f  
Lake St .  C l a i r ,  t h e y  c a n n o t  e a s i l  y  be  
r e p l a c e d  o r  m i t i g a t e d .  Wf th  r e g a r d  t o  
human uses, p a s s i v e  r e c r e a t i o n  and open 
s p a c e  d e s i g n a t i o n  a p p e a r  t o  b e  more  
s u i t a b l e  than in tens f  ve a c t i v l  t i e s .  Uses 
i n v o l v i n g  hydro1 o g i c  mod i f i ca t i on  o f  t h e  
wetlands and permanent i n t r u s i o n s  o f t e n  
c r e a t e  l a r g e  a n d  i r r e p a r a b l e  
disturbances. It i s  expected t h a t  u rban 
development w i l l  r e s u l t  i n  t h e  f i l l i n g  o r  
des t ruc t i on  o f  most coas ta l  wetlands along 
western Lake St. C l a i r ,  no r thward  t o  St. 
John's Marsh. Moreover, south o f  M i t c h e l l  
Bay, a g r i c u l t u r a l  encroachment may is01 a te  
a l l  b u t  t h e  c a t t a i l  marsh f r inge.  It i s  
u n l i k e l y  t h a t  t he  C l i n t o n  R ive r  mouth and 
t h e  S t .  J o h n ' s  Marsh we t l ands  w i l l  be 
restored. N e v e r t h e l e s s r  because o f  t h e  
r e c o g n i z e d  v a l u e  o f  t h e  r e m a i n i n g  
wet lands,  we b e l i e v e  t h a t  m o s t  o f  t h e  
ex tant  wetlands w i l l  be preserved i n  t h e i r  
present s tate.  

The f u t u r e  impacts on Lake S t .  C l a i r  
wetlands a r e  dependent upon l e g  i s 1  a t i v e  
e f f o r t s  and p u b l i c  awareness i n  t he  Great 
Lakes basin o f  t he  v a l u e  o f  t h e  resou rce  
b a s e .  L e g i s l a t i v e l y ,  t h e  S t a t e  o f  
M i c h i g a n  h a s  b e e n  a  l e a d e r  i n  
environmental p ro tec t i on  o f  wet1 ands. For 
example ,  t h e  f o l l o w f n g  l aws  have been 
enacted : 

-- 
P u b l i c  A c t  247 o f  1955, as amended* 
p r o h i b i t s  cons t ruc t ing  o r  d r e d g i  ng any 
a r t i f i c i a l  body o f  wa te r  t h a t  would 
u l t i m a t e l y  connect w i t h  a  G r e a t  Lake. 
T h i s  a c t  a l s o  r e q u i r e s  a  p e r m i t  from 
the  Department o f  Natural  Resources t o  
f i 1 1  any submerged 1  ands i n  a Grea t  
Lake, i nc lud ing  Lake St, C l a l r .  

ment Ac t  -- PublJc Ac t  245 o f  1970t as 
amended* designates we t l ands  a d j a c e n t  
t o  a  G r e a t  L a k e  o r  a  c o n n e c t i n g  
waterway such as the St .  C l a i r  R i ve r  as 
e n v f  r o n n e n t a l  a r e a s  n e c e s s a r y  t o  
preserve f l s h  and w i l d l  $ f e e  



connectivity I s  good and t h e  wet land 
d i ve r s i t y  I s  wel l  displayed, Converse1 y r  

r e g u l a t e s  wet1 ands through severa l  many wetlandsp espec ia l ly  I n  Ontarfor have 
important laws r e l a t i n g  t o  shore lands been d i k e d  and a re  l e s s  d i ve r se  s'lnce 
and submerged 1 ands. there Ss a  dominance o f  c a t t a i l .  It % s  

o f t e n  po in ted  o u t  t h a t  Lake St.,Cla%r i s  
I n  Ontarfo,  wet lands are viewed as l oca ted  t n  water fowl  f l yways  and i s  aw 

recreat iona l  l and  and a re  thus  taxed as impor tan t  s t a g i n g  area f o r  migrat ion,  a  
such. Taxa t ion  o f  a g r i c u l t u r a l  land i s  f a c t  which g u s t l f f d e s  d f k i n g  t o  some 
l e s s  t h a n  r e c r e a t i o n a l  1 and.  T h i s  degree, Howevers as noted earlier, the 
unbalanced t a x  s t r u c t u r e  l s  an incent-fve economlc va lue  o f  s p o r t  f i s h i n g  g r e a t l y  
t o  drain and d lke wetlands I n  On ta r i o  f o r  exceeds water fowl  hun t ing  and t r a p p i n g  
a g r l c u l  t u r a l  purposes (G. B. McCulloughr combined, More spec i f i ca l l y ,  the  economic 
Canadian W i l d l i f e  Service; pers. comm.1, value o f  Lake St. C l a i r  t o  spo r t  f lsh ' ing*  
Several wetlands north o f  t he  Thames River i n c l u d i n g  co ldwate r  species, has a  value 
i n c l u d i n g  h u n t l n g  c l u b s  l a n d s  have o f  $ 5 9 6 4 1  p e r  w e t l a n d  h e c t a r e / y e a r  
succumbed t o  t h e  t a x  pressure and have (Jaworsk i  and Raphael 197131. To detach 
been converted t o  agr icul ture.  t h e  s p o r t f i s h  h a b l t a t  f rom t h e  wet land 

ecosys tem may w e l l  dec rease  w e t l a n d  
I t  i s  most  f o r t u n a t e  t h a t  l a r g e  d l v e r s i t y  and t h e  economic va lue  o f  t h e  

t r a c t s  o f  wetlands a re  owned by S ta te  o r  St. C l a l r  De l ta .  A lso the  cost  f o r  d ike 
F e d e r a l  agenc ies .  Assuming t h a t  t h e  const ruct ion and maintenance i n  view of 
governling agenc ies  wf 11 p r e s e r v e  t h e  d e c r e a s i n g  d i v e r s i t y  o u g h t  t o  b e  
resource9 most o f  the  Michigan por t ion  o f  considered. 
the S t ,  C l a i r  Del ta w j l l  be protected from 
f u t u r e  development .  I n  O n t a r i o  t h e  Coasta i  e r o s i o n  i s  modest on t h e  
Wal po le  I s l a n d  Indian Reserve encompasses shore1 l nes  o f  t h e  l a k e r  and selches and 
Seaway, Squ i r r e l ,  Wal po le  and S t .  Anne f lood ing a re  b e n e f i c i a l  f l u s h i n g  agents 
I s lands .  The p reserva t ion  prospects f o r  and n u t r i e n t  t r a n s p o r t  mechanisms t o  the 
t h i s  p o r t i o n  o f  t h e  modern d e l t a  a r e  open-water bodies o f  t h e  bays and lake. 
reasonably br ight .  D  i k  1 ng p r e s e r v e s  a  r a t h e r  monoiyp f c  

wet land9 p r o h i b i t s  adequate h y d r o l o g f c  
The MichZgan DNR has made a  concerted c o n n e c t l v i t y r  and dec reases  w e t l a n d  

and susta ined e f f o r t  t o  inform t h e  pub l l c  u t l l l t y  I n  a low wave energy environment. 
o f  t h e  va l ue ,  i n  t e r m s  o f  e c o n o m i c  D ik fng- - to  p reserve  wet lands i n  h i ghe r  
returns, o f  the State's wetlands. Through wave energy environments o r  i n  coas ta l  
funded wet land research and l i t e r a t u r e s  areas dominated by f i n e  c l a s t i c  sediments 
the asse t so f  the  wet land resources have o r  where  g e o l o g i c a l  s u b s i d e n c e  f s  
been dissemfnated t o  the public, o c c u r r i n g  such  as western Lake Er ie- -  

appears t o  have some j u s t i f l c a t i o n  and 
I n  s p i t e  o f  l e g i s l a t i v e  an3 p u b l i c  t r a d e - o f f  value. I n  Lake S t .  C l a i r  the 

awareness e f f o r t s #  t h e r e  a r e  s t i l l  areas envf ronmental (i .eeP h y d r o l o g i c a l  and 
sf concern. Both i n  Michigan and Ontario, g e o l o g i c a l  1 c o n s i d e r a t i o n s  o u g h t  t o  
b u l  k h e a d i n g  and  f i 1 1  i n g  f o r  s m a l l  encourage wet lands p r e s e r v a t l o n  t o  be 
res iden t ia l  development continuer part icu- d f r e c t e d  t o  o p t l m u r n  h y d r o l o g i c  
l a r l y  along t h e  n a t u r a l  levees of  South connect iv i ty  between the resource and t h e  
and M-lddle channels and t he  she l f  areas, open lake, 
I n  s p i t e  o f  Michfgan PA 247 and PA 24Sr 
dfked d isposa l  s f t e s  f o r  po l lu ted dredge I n  November 1984, a  "Great Lakes 
spo i l  were cons t  r lscted on t h e  premodern Coastal Wet1 ands Col loqu i  um, " co-sponsored 
def t r ?  o f  D i c k i n s o n  I s l a n d  i n  t h e  mid- by the Sea Grant Program and Envfronment 
f97Ds, Al though Mich igan@s e f f o r t s  t o  Canada* was held on the  campus o f  Michigan 
preserve these coas;tal wetlands have been S ta te  U n i v e r s i t y  t o  exp lo re  na tu ra l  and 
posltfve, a l t e ra t t on  i s  continuing. manipulated water l e v e l s  i n  Great  Lakes 

wetlands, Resides p r ~ v i d j n g  a forum f o r  
Dick;nson Is land p r ~ v i d e s  an example t h e  e x c h a n g e  o f  c u r r e n t  r e s e a r c h  

o f  a coas ta l  wet land which has not  been l in format ionr  t h e  rneetjng resul ted I n  the  
s i gn f f i can t l y  a l tered,  The h y d r o l o g i c a l  e s t a b l  lshment o f  a  ne twork  o f  wet1 and 
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eco log~s t s  and managers I n  t he  Great Lakes 
reg ion  and plans f o r  the  pub1 fcat ion o f  a  
q u a r t e r l y  news le t t e r  f o r  such workers, 
Although t h e  conference po fn ted  out t he  
need f o r  more research d j r e c t e d  toward 
u n d e r s t a n d i n g  p rocesses  and w i l d 1  i f e  
u t l l i z a t j o n  o f  t h e  coas ta l  marshes* an 
e q u a l l y  impo r tan t  consSderat lon was t he  
alarming loss  o f  wetlands. I f  there was a 
cent ra l  theme o f  the conference* i t would 
have t o  be  t h a t  t h e  conferees were i n  
agreement  t h a t  t h e  e x i s t i n g  c o a s t a l  
wet lands must be v igorous ly  preserved i f  
these  va luab le  h a b i t a t s  a r e  t o  s u r v j v e  
Intense development pressures. 

Gary B. McCullough o f  t h e  Canadian 
Wild1 i f e  Service documented t h e  ex tens i ve  
c o n v e r s i o n  o f  c o a s t a l  m a r s h e s  t o  
agr i cu l tu ra l  1  ands along the Ontario shore 
o f  Lake S t .  C l a i r  which has taken place i n  
the past severa l  decades. He es t imated  
t h a t  36% o f  t h e  o r i g i n a l  wet lands have 
been los t .  Much o f  t he  remaining wet land 
a r e a  s o u t h  o f  t h e  S t .  C l a i r  D e l t a  i s  

protected by dikes and water l eve l  cont ro l  
structures. John Ba7 1 o f  t h e  U n i v e r s i t y  
o f  Guelph reported t h a t  i n  these marshes, 
such as the  ones owned by Ducks Un l im i t ed  
o r  w i t h i n  t he  S t .  C l a l r  National W i l d l i f e  
Area (Canada)# waterfowl u t i l i z a t i o n  can 
be enhanced by c lear ing open areas i n  the 
c a t t a i l  marshes ( B a l l  1984). To a t t r a c t  
m i g r a t i n g  ducks t h e  opt imal  s i z e  o f  the  
opening appears t o  be approximately 50 m. 
The c o l  1 oqu ium concluded wi th  the  remarks 
o f  Haro ld  H. Pr ince, u n d e r s c o r i n g  t h e  
" s i gna tu rew  which coastal wetlands impart 
t o  the f i sh  and w i l d l i f e  resources o f  t h e  
r e g i o n .  He p o i n t e d  o u t  t h a t  t h e  
s i g n i f i c a n c e  o f  t h e s e  marshes can  be 
apprec ia ted  by recogn iz ing :  1) t h a t  so 
many a n i m a l s  have embraced  w e t 1  and 
h a b i t a t s  as p a r t  o f  t h e i r  1  i f e  strategy 
and 2)  t h a t  wet lands a re  i n d i c a t o r s  o f  
l l t t o r a l  and upland environmental qua l i ty .  
The ideas put f o r t h  a t  t h i s  conference are 
1  i k e l y  t o  shape the  d i rec t ion  o f  wetlands 
research i n  t he  Great Lakes region f o r  the 
next decade. 
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DIMENSIONS OF LAKE ST. CLAIR AND ST. CLAIR RIVER WETLANDS BY UNITED STATES 
AND CANADA QUADRANGLE MAPSa 

J u r i s d i c t i o n  and 
quadrangle map 

Coastal l eng th  Area o f  
a f  wet1 ands wet1 ands 

(km) (km2) 

MICHIGAN : 
Wayne County 

Be1 1 e I s 1  e Quadrangle 
D e t r o i t  Quadrangle 

Subtota l  

Macomb County 
Grosse P o i n t  Quadrangle 
M t .  C l  emens Quad rangl  e 
New Haven Quad rangl  e 

Subtota l  

S t .  C1 a i r  County 
A1 gonac Quad rangl  e 
Marine C i t y  Quadrangle 
New Bal t imore Quadrangle 
P o r t  Huron Quadrang1 e 
S t .  Cl a i  r Quadrangle 
S t ,  C l a i r  F l a t s  Quadrangle 

Subtota l  

MICHIGAN TOTAL 
ONTARIO: 

Essex County 
Be1 l e  R iver  Quadrangle 
R ivers ide  Quadrangle 
Stoney P o i n t  Quadrangle 
T i 1  bury Quadrangle 

Subtota l  



APPENDIX A (CONTINUED) 

Ju r i sd i c t i on  and 
quad rangl e map 

Coastal 1 ength Area o f  
o f  wet1 ands wet1 ands 

( km? ( km2 I 

Kent County 
M i  tche11 Bay Quadrangle 
T i  1 bury Quadrangle 
Wall aceburg Quadrangle 

Subtotal 

Lambton County 
Cour t r igh t  Quadrangle 
Johnston Channel Quadrangle 
M i  t che l  1 Bay Quadrangle 
Sarn i a Quad rangl e 
Seaway I s 1  and Quadrangle 
Sombra Quadrangle 
Wall aceburg Quadrangle 
Wal pol e I s1  and Quad rangl e 

Subtotal 64.4 161.69 

ONTARIO TOTAL 102.4 231.33 

-- 
LAKE ST, CLAIR/ST. CLAIR RIVER TOTAL 188.2 382.91 

%ata sources: United States Geological Survey, Dept. I n t e r i o r ,  7.5-minute 
Quadrangle Maps (1:24,000 scale?; Canada Department o f  Energy, Mines? and 
Resourcest 7.5-minute Quadrangle Maps (1:25,000 scale), 



APPENDIX A (CONCLUDED) 



MEAN MONTHLY ST. CLAIR RIVER FLOWSp 1 9 0 0  TO 1 9 8 0 a  

Flaw I n  cubic meters per second 

WGTfl 
YEAR J A N  FED MAR &PR M&Y JUN JUL AUO SEP OCT NOV DEC MERN 

1900 4190 3960 3960 5130 5240 5300 5440 5470 5530 5530 5640 5440 5077 
1901 4700 3570 4360 3600 3499 5720 5780 5780 5660 5610 5550 5300 5105 
1902 4130 4300 5180 5270 5320 5440 5410 5490 5380 5270 5300 5150 9141 
1903 3990 3880 4000 5240 5240 5320 5440 5440 5490 9610 5440 5150 3102 
1904 4330 4190 4360 5300 5520 3720 5780 5800 5780 5800 5490 5350 5304 
190% 3570 3940 4560 5550 566.0 5780 5930 5860 5360 5330 5720 5610 5321 
1306 5470 4250 4810 5460 5780 5780 5830 5800 5720 5610 5550 5150 5458 
1907 4420 4110 4900 5580 5640 5720 5830 5800 5330 5720 5810 5490 5395 
1908 3360 3740 4730 5440 5610 57YO 5330 5830 5630 '5550 5440 5380 3258 
1909 4810 3450 4360 25210 5380 5520 5L;SC) 5520 3490 f;3E:0 5210 5(:)40 5E1'3(1 



APPENDIX B (CONCLUDED) 

Flow in cubfc meters per second 

WGTD 
YEW A N  FEB I"ICIR APR MAY JUN JUL CSUG SEB OCT NOV DEC MEAN 

a Data source: U,S, Army Carps of Engineers. 



ALGAE OCCURRING IN COASTAL WETLANDS AND NEARSHORE WATERS OF LAKE ST. CLAIRa 

Taxa Form and habitat 

Phylum Cyanophyta (blue-greens) 
Class Myxophyceae 

Order Chroococcal es 
Family Chroococcaceae 

Order Harmogonal es 
Famlly Osclllatoriacaas 

Family Nostocacaae 
SP * 

Fa 

Phylum Euglsnaphyta Cauglenoids) 
C7 ass Eugl enophyceas 

Order Eugl snal es 
Family Euglenaceae 

246 

Colonial; 
Colonial; 
Colonial; 
Colonial; 
Colonial ; 
Colonial ; 
Colonial; 
Colonfal; 
Colonfal; 

planktonic 
planktonlc 
planktonic 
planktonic 
pl anktonfc 
p1 anktonic 
gl anktanic 
planktonic 
pl anktonic 

Fi l amentous; pl ankton i c  
Fil amentous; sessile 8 

pl anktonfc mats 

Filamentous; planktonlc 

Colonial; among marsh p1 ants8 
sessile & planktonic 

Sol itary; pl anktonic 
Solftary; planktanic 
Sol i tary; pl ankton jc 
Sol ftary; p1 anktonic 



APPEND S X  c ( CrMlf NUED 1 

f axa Form and Rabftat 

Phylum Chrysophyta (golden-browns) 
Class  Xanthophyceae (yellow-greens) 

Ordor Hoterococeales 
Family Chlorothaclacsae 

Qrdar kleterotrichal es 
Famlly Trlbonematacsaa 

SP * 

Order Hatoroslphonalas 
Farnfly Vauchorlacaae 

Class Chrysophyceas (goldan algae1 
Qrdcs Chrysomonadalas 

Famfly khromnadacsao 

Class Bacl llarlophycaa Idlatms3 
Order Centrales (centrfc dlatomsl 

Famlly Corcfnadfscacsas 
w 

Order Psnoal es ( psnnate d 1 atoms) 
Fanlly Frayllarlaceae 

Faml l y Achnanthacaae 
sP 

Family Navicul aceas 

SolStary; among marsh plants 
8 planktanfc 

Filamentous; planktonlc 

Filamentous; among marsh plants  
Filamentous; among marsh plants 

Sol l t a r y ~  planktonlc 

So1 ftary; pl anktanic 
Sat ftary; planktontc 
$01 ftary; planktonfc 
Sot i tary; plankton f c 
$01 1 tary; planktanf c 
Sol 1 taryt planktonfc 

sol ltary; pl anktonds 

Sol I tary; p1 anktonfc 
Sol f tary;  pf anktanfcr & 
attached to aquatic plants 

Sol ltary; ptanktonlc 



f axa Farm and h a b i t a t  

Famfly Gomphonsmaceas 

Family Cymbellaceas 

Sol i t a r y ;  y l  anktanfc 

So1 1 tasy; p7 anktonic 

Phylum Pyrrhsphyta (fire algae) 
Class  Dfnaphycsas (dinoflagellates) 

Qrdar Psridiniales 
FnmZ f y Per 4 d l  n 1 aceat3 

Sol Ztary; planktonlc 

Phylum Chlarophyta (greens) 
Class Chlorophycsaa 

Ordar  Volvoealas 
Famfly Ghlamydmanadacea~ 

SP * 

BrQas Tetrasporal @s 
Fa 

Order Mf crssporal ss 
Fanfly Mlcrosporacsao 

spa 

Order Chaetopharaf ss 

5% 

Sol l tary; planktonlc 

$01 1 tery; planktonic 

Calonlal; planktonfc 
Colonlal; planktonlc 
Colonial; planktonlc 

Colanfal; planktonic 

Colonlal; glanktanfc 

F$lamsntous; planktonic 

Filamentous; attached to 
aquatJc plants & debrfs 



APPENDIX C (CONTINUED) 

Taxa Form and hab i t a t  

Fami l y Protococcaceae 

Family Coleochaetaceae 

Order C l  adophoral es 
Fami 1 y C l  adophoraceae 

SP 

Order Oedogonial es 
Fami 1 y Oedogon i aceae 

SP 0 

Order Chl orococcal es 
Family Hydrodictyaceae -- 

m b o r v a n u m  

Ped.i_arj.trum- -- -- 
l2ahsmanhtusum 
ped i a s t r m  -taturn 
-m- 
- m t e t r a s  
Sorastrumsofnulasuol 

Fami 1 y Coel astraceae 

Family Botryococcaceae 
, l 2 u u l u  

So l i ta ry ;  p lanktonic attached 
t o  organic debr is 

Filamentous; attached t o  
organic debr is 

F i l  amentous; attached t o  
aquatic p1 ants 

F i 1  amentous; p1 anktonic 

Filamentous; attached t o  
aquatic p lants  

Colonial  ; p l  anktonic 
Colonial;  planktonic 8 

among marsh p lan ts  
Colonial;  p lanktonic 8 

among marsh p lants  
Colonial  ; p1 anktonic 
Colonial  ; p l  anktonic 
Colonial;  p lanktonic 
Colon i a1 ; p l  ankton i c 
Col on i a1 ; p l  ankton i c  
Colonial  ; planktonic 
Colonial  ; planktonic 
Colonial  ; p1 anktonic 8 

among marsh p lants  

Colon i a1 ; p l  ankton i c  
Colon i a1 ; among marsh p l  ants 
Colonial  ; planktonic 

Colonial;  p lanktonic 



Taxa Form and habi ta t  

Famt 7 y Scenadesmaceae 

Order Zygnsmatales 
Family Zygnematacsae 

Family Ossmfdiateas Cdasmlds) 

So1 l t a r y ;  p l  anktonfc 
Sol l t a r y ;  p1 anklon l c  
Colon4al; pl anktonfc 
Colonial;  amang marsh plants  
S a l l t a r y ;  planktonlc 
Colonf a1 ; pl anktonlc 
Sol l t a r y ;  among marsh pl ants  

Colonial;  planktonjc 
Colonlal;  planktonlc 
Colonlal;  planktonlc 
Colonial ; among marsh plants  
Colonial;  amng marsh p lants  
Colonf a1 ; p l  anktsnic 
Colonfal; planktonlc 

Filamentous; planktonic 
Filamentous; marsh pools 
Filamantous; plantonfc 

Sol i ta ry ;  among marsh p lants  
Sol i t a ry ;  amang marsh p lants  
So l i t a ry ;  among marsh p lants  
Sol l tnry;  among marsh p lants  
Sul f tary ;  among marsh plants  
Sol f t a r y ;  amang marsh p lants  
Saldtary;  among marsh p lants  
So l i t a ry ;  attached Lo debrfs 
Sa l l t a ry ;  among marsh p lants  
So l i t a ry ;  among marsh p lants  
5cZltaryy among marsh plants  
Sol l t a ry ;  amang marsh p lants  
S c l f t a r y ;  among marsh p lants  
So l t t a ry ;  among marsh p lants  
So? f ta ry ;  among marsh pl ants  
Sa l l t a ry ;  planktanfc & s e s s i l e  
Sol 4 t a ry ;  among marsh p lants  
Sol i ta ry ;  among marsh p lants  
Sol l ta ry ;  among marsh p lants  
Sot ttargr; air*orzy marsh pl atits 
Sol f fary ;  among marsh p lants  



WPENDIX C (CONCLUDED) 

Taxa Form and h a b i t a t  

Sol i ta ry ;  among marsh p1 ants 
Sol i tary ;  among marsh p l a n t s  
Sol i tary ;  among marsh p l a n t s  
So1 i tary ;  among marsh p l  ants 
Sol i tary ;  among marsh p l  ants 
F i l  amentous; among marsh p l  ants 
F i l  amentous; among marsh p l  ants 
Filamentous; among marsh p l a n t s  
Sol i tary ;  among marsh p l a n t s  
Sol 1 ta ry ;  among marsh p l  ants 
Sol i tary ;  among marsh p l  an ts  
So1 i t a r y ;  among marsh p l  ants 
F i  1 amentous; among marsh p l  ants 
Filamentous; among marsh p l a n t s  
Sol 1 t a ry ;  among marsh p l a n t s  
So l i t a ry ;  among marsh p lan ts  
So1 i ta ry ;  among marsh p1 ants 
Sol i tary ;  among marsh p l  ants 
Sol i tary;  among marsh p l  an ts  
Filamentous; among marsh p l a n t s  
So l i t a ry ;  among marsh p l a n t s  
Sol i t a r y  ; among marsh p l  ants 
Sol i tary ;  among marsh p l a n t s  
Sol i t a r y ;  p1 anktonic & 

among marsh p l a n t s  
So1 i tary;  p1 anktonic & 

among marsh p l a n t s  
Sol i t a r y ;  among marsh p l a n t s  
Sol i t a r y ;  p lank ton ic  
Sol i t a r y ;  among marsh p l  ants 
So1 dtary; p1 anktonic & 

among marsh p l a n t s  
Sol i t a r y ;  among marsh p l  an ts  
Sol i t a r y ;  among marsh p l  ants 
So1 i t a r y ;  among marsh p l  an ts  
So1 i tary;  among marsh p l a n t s  
Sol i tary ;  among marsh p l  an ts  
So l i t a ry ;  among marsh p l a n t s  
Sol i t a r y ;  among marsh p l a n t s  
Sol i t a r y ;  among marsh p l  ants 
Sol i tary;  among marsh p l a n t s  

a 
Data sources: P f e t e r s  (189311 Winner e t  al .  (19701, T a f t  and T a f t  (19713s 

Michigan Water Resources Commdssion (1975). 



ZWPLANKVQN OCGURRING Xt\B THE COASTAL WETLARDS 
AW NEARSHORE WATERS QF LAKE ST, CtAXWa 

Abundance s ta tus  

Phylum Protozoa fpsotoroansl 
C1 ass Sarcad l na 

Qrdar 

Class @Illopksre leflfalosf 
Order HaleP~lckEda 

FamSly Tracheldnldaa 

Order 925g(st,rlchlda 
Famfly Tlnttnfitda6 

1 52 

Rare 
Cornon 
C a m n  
Cornon 
Abundant 
Cornon 



APPENDIX 0 (~oNTIMUED) 

Spec 1 es Abundance s ta tus  

Order P s r i  trichida 
Family V o r t i c a l l l d a e  

Family Ophrydiidae 

Phylum Rota tor ia  ( r o t i f s r s )  
Class Monogononata ( s f n g l e  ovary r o t i f e r s )  

Order F loscular iacea 
Famf 1y Conochil idae 

u n i c o r n i q  

Family Tostud ine l l idae 

Order Co? 1 othecacea 
Famfly Col lothscidae 

Order Ploimacea 
Family Notommatldae 

Family Synchaetidae 

Family Gastropodidae 

Occasional 
Common 
Rare 
Uncomnon 

Common 

Abundant 

Common 
Rare 

Rare 
Rare 

Rare 
Occasional 
Occasional 
Abundant 
Abundant 
Rare 

Rare 
Occasional 
Common 



Spec 1 os Abundance s t a t u s  

Rare 
Bcca5fonal 
ff are 
Rare 
Rare 
Occasional 
Rare 
Rara 
Rare 

Rare 
Abundant 
Rare 
C s m n  
k c a s  tonal 
k c a s  f anal 
Rare 
Ris re 
Rare 
Raro 
Rare 
Abundant 
Abundant 
Cornan 
C m o n  
Raro 
Rare 
Rare 
Rare 
Rare 
R a r e  
Rare 
Rare 
Rare 
Rare 
R a m  
Ra ra 
Rare 
Rare 



APPENDIX D (CONTINUED) 

Species Abundance s ta tus  

Family Tylot rochidae 
llxxEaG 

Phylum Arthropoda ( jo in t - legged animals) 
C l  ass Crustacea 

Order Cl adocera (water f l e a s )  
Family Daphnidae -- 

eriorlslghniq a u a d r a n u  
aaPhnfa- 
D n D h n _ a w -  
DaD.hnia- 
DaPbn.la- 
DaDhnLsaul_ex 
BaBhnlsret;racurvn 

Fami 1 y Leptodoridae 
L e ~ t o d o r i l  h i n d t i i  

Family Sid idae -- 
Uahmxam -era1 anum 
smd- 

Fami 1 y Hol oped i dae 
LlmQCm 

Family Bosminidae 
Bosmlna- 
EubPsminm.coreaon5 

Fami 1 y Chydoridae 
Alona- 
Alona- 
Blneanuadranaularis 
81snella SPP* 
-a 
Gdmmaas- 

Family Macro th r i c i  dae 

Rare 

Uncommon 
Fare 
Rare 
Common 
Common 
Occasional 
Uncommon 
Common 

Occasional 

Uncommon 
Uncornmon 
Rare 

Occasional 

Abundant 
Abundant 

Uncommon 
Rare 
Rare 
Rare 
Rare 
Rare 
Rare 
Occasional 
Rare 
Rare 

Rare 



Spec 3 es Abundance s t a t u s  

Unc mion 
h h c  oarnor? 

SuBardtrr. bZ&rpaet J c ~ Z d a  4 hat-past  l c o f d  cogspr~ds) 
e drrrf 1 y blasrpacticldao 

rn Rare 



APPEMDlX E 

VASCULAR AQUATIC PLANTS KCURRING IN LAKE ST, CLAIR WETLANDSa 

Ecologicaf niche and species Abundance statusb 

Class Angiospermae (flowering p1 ants) 
Subclass Monocotyledonae (monocots) 

Qrdsr Pandanal es 
Family Typhaceae (cattails) 

(narrow-leaved cattail) 
road-1 saved cattail 

(hybrid cattail) 

Family Sparganium (bur reeds) 
(giant bur reed) 

Order A1 ismales 
Famlly Alismataceae (water plantains) 

(water plantain) 
mmon arrowhead) 

Family Butomaceae (flowering rushes) 
(flowering rush) 

Order Grami nal es 
Fami 1 y Grami neae (grasses) 

[bluejoint grass1 
tlesnake grass) 



Ecological ndche and specles Abundance status 

Famf 1 y Cyperaceae (sedges) 

(tussock sedge) 

(redrooted cyperusl 
(rusty cyperus) 
f redfooted spiks-rush) 

u n t  spike-rush) 

1 (American bulrush, 

(dark green bulrush) 
(river bulrush) 

s a t  bul rush) 

Order Xyrldalas 
Fsmif y Pontedsriaceao (ptckeral weads) 

(water stargrass, mud plantain) 
( p  fckarel w w d )  

Qrder if l lalaa 
Famlly Juncaceae (rushes) 

(soft rush) 
(knotted rush) 
CTorreyrs rush1 

Ordnr arch Idalss 
Fami ly  Orchidaceae (orchf ds) 

(prairfe fringed orchfdl 

5ubcIass Olcatyladanas tdfeotsl 
Order Sal fcales 

Famfly Sallcacaae (willaws) 
C eastern ca.t;tonwood) 

(quaking aspen) 
y wlSSaw9 



WPENDXX E (CONTINUED) 

Ecof ogical  niche and species Abundance status 

Order Myr ical  es 
Family Jug1 andaceae (walnuts) 

(shagbark hickory) 

Order Fagal es 
Family Fagaceae (beeches) 

b i c o l a r  (swamp white oak) 
(bur r  oak) 

( p i n  oak) 

Order U r t i c a l  es 
Fami 1 y Ul maceae (elms 1 

Y.lnrus mer icana  (American elm) 

Famlly Urticaceae (ne t t l es )  
I l r t i c a  d i o i c a  ( s t i ng ing  n e t t l e )  

Order Polygonal es 
Family Polygonaceae (smartweeds) 

Pol  va- a m ~ h i  b ium (water smartweed) 
Po1 v g f a u ~ ~  ~ o c c i n e ~  (swamp pers icar ia)  
Po1 v m  ~onvo l -  (black bindweed) 
Pol  v a o w  Mi f o l u  (nodding smartweed) 
& d y g ~ ~ ~  p ~ n s v l  vanica (Pennsylvania smartweed, 
p i  nkweed) 
p o l  vgonum p u n c t a t ~  (water smartweed) 
R j 3  v e r t i c i , l l  atus (swamp dock) 

Order Ranales 
Family Nymphaeaceae (water l i l i e s )  

Jutes (American water-lotus) 
N u ~ h u  & v e ~  ( spatterdock, ye1 1 ow water 1 $1 y 1 

Order Papaverales 
Family Cruciferae (mustards) 

W a m i n e  pensvlvania ( b i t t e r  cress) 
IWiQJB i2-1 (marsh cress) 

Order Rosa1 es 
Family Crassulaceae (orpines1 

Pent- ( d i t c h  stonecrop) 

Fami 1 y Rosaceae ( roses) 
(s f  1 verweed) 

mp rose) 



Order SapSnd&lea 
F emf 3 y Anacardf aceao I sum&< b b 

(btaghorn sumac) 

f a m i l y  Acoraceact Imaplus) 
MS % t s f 3 v e r  maple)  

Ut-4c.r h b a l  alas 
FamfXy eorna~sae (woyruodsl 

g r a y  dqiwsrjda 
# r ran a5 4er d~xjhwjd 1 



AQPEHDIX E ( CONTINUED 1 

Ecological  n iche and species Abundance s t a t u s  

Family Boragfnaceae (borages) 
(common comfrey) 

Family Solanaceae (nightshades) 
(nightshade) 

Order Pofemoniales 
Family Labiatae (min ts )  

(water horehound) 

mad-dog sku1 l cap )  

Family Acanthaceae (acanthids) 
(water wf l low)  

Order Rub i a1 es 
Family Rubiaceae (madders) 

~ c c i d e n t a l i ~  (buttonbush) 

Order Campanul a1 es 
Family Lobel l iaceae ( l o b e l l a s )  

(b lue  l o b e l i a )  

Order As tera l  es 
FamSly Composftae (composites) 

(nodding beggar t i c k )  
(purple-stemmed swamp beggar t i c k )  

(Hi11@s t h i s t l e )  
(bonset) 

Cl ass Ang i ospermae ( f 1 ower i ng p l  an ts  1 
Subclass Monocotyledonae (monocots9 

Order Na j adal es 
Fami 1 y Potamogatonaceae ( pondweeds) 

( k n o t t y  pondweed) 

Subclass Dicotyledonae Cdicots) 
Order Po1 ygonal es 

Family Polygonaceae (buckwheats) 
(water smartweed) 
(swamp smartweed) 





APPENDIX E (CONCLUDED) 

Ecological niche and species Abundance status 

Order Xyridales 
Family Pontederiaceae (p ickere l  weeds) 

(mud plantain, water stargrass) C 

Subclass Dicotyledonae (d icots)  
Order Ranal ss 

Family Ranunculaceae (buttercups) 
Jona i ras t r i s  (water crowfoot) 

Order Myrtal  es 
Family Ha1 oragidaceae (water m i  1 f o i l s )  

Mv r f0~h~ l1 t ,@ a1 terniflor_urn ( 1  J t t l e  water m i l  f o i l  - (water m i l  f o i l  1 
~ ~ r i o p h v l l w m  s ~ i c a t w  (water m i l f o i l )  

Family Onagraceae (evening primroses) 
(water primrose) 

Class Angiospermae ( f lower ing plants)  
Subclass Monocotyledonae (monocots) 

Order AraZ es 
Family Lemnaceae (duckweeds) 

Lemnq $ r I  scu1 q ( s ta r  duckweed) 

Subclass Dicotyledonae (d icots)  
Order Ranales 

Family Ceratophyllaceae (hornworts) 
Cerato~hvllace_ae demersw (hornwort, coonta i l )  A 

Order Polemon fa1 es 
Family Lentibulariaceae (bladderworts) 

( b l  adderwort) 

"0ata sources: Stuckey (1968, 1972, 1975, 19791, J aworski and Raphael 
( 1978) Herdendorf e t  a1 . (1981~) .  

b~bundance status: A = abundant, c = common, 0 = cccasional, R = rare, 
U = uncormnon. 



BENTHIC MACROINVERTEBRATES OF NEARSWORE LAKE ST, CLAIR AND CONNECTING 
WATERWAYS (EXCLUDING MOLLUSKSIa 

Classfflcatfun and spscfss 

Phylum P o r f f e r a  fsgongas) 
Class 0mosponglae (horny spangas) 

Famll y Spang11 l ldae ( f resh-water  spanyes) 
SPP * 

Phylum Costante& a t a  (61 ass Cnf d a r f a l  
Class  Wydrozea (kydrozoans) 

Famtly Wydrldas 
SPP 

Phylum Platyhslmlnthes ( f latworms) 
Class Turbel? aria t p1 a n a r l  ansl 

Ordar Trfcladlda ( t r i c l a d s ?  
Frtmlly Plannrlldae (planasfans1 

Phy lum Namatoda ( r o u n d w o r m s )  
G l  asa Adsnaphorao 

Family Trlpylfdae 
SP * 

Phylum Annelids (sagmented worms? 
GI ass P a l  ychaeta 

FamE 1 y Sabal l idae  ( F a n  warmsr feather-duster worms1 

Class Bllgochaata laquatic aarthwarms) 
f emf l y Lun&r?cul  idae 



WPENDZX F (CONTINUED) 

Cl assi f ication and species 

Famdly Tubificidae (sludge worms) 

Famf ly Naididae 

sj2ik.h- 
Unc;.f- - 

Fami 1 y Gl ossoscol eci dae 
i2zIEE& 

Class Hirudinea (leeches) 
Family Glossiphoniidae 

He1 &dell a $riserial is -- 
Order Pharyngobdellida 

Family Erpobdellidae 



Classffjcatlon and spscfes 

Phylum Arthrapada (joint-lsggod anlmalsl 
C1 ass Arachndda 

Order Acarina (mites and t I c k s 1  
Superfamily Mydracarfna dwatgr rnftss) 

Famfly Limnssifdao 

Fami l y Wygrabatidaa 
sp, 

Family Plonidae 

Cl ass Crustacea 
Subclass Bstracoda (ssod shrimps) 

Famfly Cypridae 
SPP * 

Subcl ass Ma1 acast raca 
Qrder Isopoda (aquatlc sowbugs1 

Family Assl l ldas  

Ordsr Amphfpoda f s t d e s w f m r s ,  scuds) 
Family Gamaridae 

Order Becapoda tcrayff shesr shrimps) 
Subardsr R a p t a n t f a  (crayfJskss1 

Faml ly  Gambarldas (crayffshosb 
SP * 

Class Xnsacta (a Msxapodal /Insects) 
Order Ephemroptera (may f l  3 @r,! 

Fsmlly Baetfscfdas 
5P * 



APPENDIX F (CONTINUED) 

Classiffcat4on and species 

Family Ephemeridae (burrowing mayflies) 

Fami 1 y Pol ymi tarci dae 

Order Odonata (dragonflies and damselflies) 
Suborder Anisoptera (dragonfl ies) 

Family Gomphidae 
SP 

Suborder Zygoptera (damselflies) 
Family Coenagrionidae (narrow-winged damselflies) 

SP * 

Order Hemiptera (bugs) 
Family Corixidae (water boatmen) 

SP 

Order Trjchoptera (caddi sf1 ies) 
Family Hydroptilidae (micro-caddisflies) 

HyGm@m SP. 

Family Hydropsychidae (net-spinning caddfsflles) - SP. - SP. 
Family Polycentropodidae (tube-making caddisflies) 

SP * - SP. 
Family Psychomylldae (trumpet-net caddisflies) 

l2admuh SP* 

Family Mol annidae 
SP * 

Family leptocerldae (long-horned caddisfl les) 
!&xiz&a SP. 

SP * 
SP * 



Cl asst f icaP3on and speclas 

Order Coleaptera (bso t l e s )  
Farnlly Hallplldaa (crawling water bsotles) 

Famtly Elmfdae (rlffla beetles) 
sp. 

Order DIptera l t r u s  flles) 
Faml l y  Chaobor ldaa (phanton m i d g e s )  

SP * 

Family Culicidas (mosquftaesf 
SP * 

'8ata saurcos: Wo3cotf ( 1903 1 @ Edmondsan ( 1959), Hunt  ( 19621, Hf 1 tunen 
t E 9 7 1 r  1 B B Q ) r  Modlin a n d  Gwnnon 6197311 Pennak (1S78Is Mrdsndarf e t  a l .  
il$8lcIt Mfltunen a n d  Manny (1982)r Hardsndorf and H a r d s n d o r f  (1983). 



TAXONOMIC LISTING OF FRESHWATER MOLLUSCA OF LAKE ST. CLAIR 
COASTAL MARSHES, NEARSHORE WATERS, AND TRIBUTARY MOUTHSa 

Specf es 
-- 

C l  ass Gastropoda (sna i  l s) 
Subclass Prosobranchia ( g i l l - b r e a t h i n g  s n a i l s )  

Order Mesogastropoda 
Superfamily V iv ipa r idae  (mystery s n a i l s )  

Famlly V iv fpar idae (mystery s n a i l s )  
816) brown mystery sna? l  
r 1834) banded mys 

(Gray, 1834) (= Y, 
o r i e n t a l  mystery s n a i l  o r  Japanese s n a i l  

Superfamily Valvatacea 
Family Valvat idae (va l ve  sna i l s )  

Valvat3 w e s s q  Walker, 1906 f l a t  va lve  s n a i l  
Valvata p i s c f  na l  i s  (Mu1 l e r ,  1774) European va lve  s n a i l  

s l n c e r ~  s i n c e r a  Say, 1824 r ibbed va lve  s n a i l  
t r l c a r i n a t a  (Say, 1817) three-keeled valve s n a i l  

Superfamily Rissoacea 
Family Hydrobi idae ( s p i r e  s n a i l s )  

c l n c i n n a t i e n s i s  (Anthony, 1840) campeloma s p i r e  
s n a i l  

(Baker, 1928) f l  at-ended s p i  r e  s n a i l  
r, 1928) P i l s b r y p s  s p i r e  s n a i l  

Say, 1817) o rd ina ry  s p l r e  s n a i l  
P i lsbry ,  1898 small s p i r e  s n a i l  

(Say, 1825) deep water s p i r e  s n a i l  

Family T runca te l l i dae  ( loop lng s n a i l s >  
(Say, 1817) r i v e r  bank loop ing s n a i l  

Family B f thyn j i dae  ( faucet  s n a i l s )  
l2mULb (Lfnnaeus, 1767) faucet  s n a f l  

Superfamily Cers i th iacea 
Family Pleuroceridae (horn snai 1s) 

Rafinesque* 1831 f l  at-sided horn snaS9 
(Menke, 1830) Great Lakes horn snaS3 



APPENDIX C; (CONTINUED) 

Spsc .i tss 

Subclass Pulmansla Qfuny-breathing s n a f l s )  
Ordsr Basomatophosa 

Superfamlly Lymnaeacea 
Famlly Lymnaefdea (pond snaf 1s) 

(Streng, 18961 shouldered northern fossarfa 
sa, l a a l l  graceful fossarja 
(Say, 18251 modest fassaria 

(Lea, 1841) amphlblaus fossarfa 
er, 1907) small pond sna l l  
{Say, 1817) AmerScan ear snail 

nney, 18671 slsnder pond s n a l l  
y pond snall 

1817) great pond snafl 
(Say, 1817) lake stagnjcola 
sr, 19069 mini aturg 

( S a y t  18211 comon stagnfcola 
(Say, 1821) striped staynlsola 

Superfamlly Physacea 
Family Physfdaa (tadpals snaffs) 

Say, 1821 tadpols snafl 
eman, 1841 solid lake physa 

(Llnnaeu~~ 1758) polished tadpole snafl 

Superf amll y P l  anorbacoa 
Family Pl anarbldae (ramshorn snaj 1 s )  

ETyron, 1866) flatly colled gyraulus 

Baker, 1932 great carinate 

(Sayc 1816) larger eastern ramshorn 
Fa e f reshwatsr l impets9 

.G .  Adams, 18411 dusky lily-pad lfmpet 
(Tyron, 1863) oval lake lfmpet 
<Haldemanl 18411 flat-of dsd 1 ake 1 lmpst 
(Say, 1817) sturdy rfvsr limpet 



Cl ass Pel ecypoda 
Order Eul amel l ibranchia 

Superf am1 1 y Un i onacea 
Family Unionidae (pear l y  mussels) 

Subfamily Ambleminae (but ton  s h e l l s  and r e l a t i v e s )  
(Say, 1817) three-r idge 
Rafinesque, 1820) plg-toe 

(Raf i  nesgue, 1820) maple-leaf 
Lea, 1831) warty-back 

(Rafinesque, 1820) purple pimple-back 
inesque, 1820) spike, o r  lady- f inger  

(Conrad, 1836) f a l s e  p ig- toe 

Subfamily Anodonti nae ( f l oater  mussels) 
Raf inesque, 1820) brook wedge mussel 

Say, 1819 r idged wedge-mussel 
(Barnes, 1823) wh i te  h e e l - s p l i t t e r  

29) brook l asmigona 
er f l u t e d  s h e l l  
1 (Say, 1825) mudpuppy 

(Lea, 1834) c y l  l n d r i c a l  f l o a t e r  
ay, 1829 common f l o a t e r  

paper pond-she1 l 
SugAxku ur,ululaUs (Say, 1817) squaw-foot 

Subfamily Lampsi1 inae (1 amp-mussels) 
(Rafinesque, 1820) kidney s h e l l  

gue, 1820 three-horned warty-back 
J r u n c i l l a  m a c i f o r m i s  (Lea, 1828) fawn%-foot 
T r u n c i l l a  fsunc- Rafinesque, 1820 deer-toe 

U (Say, 1817) p ink  heel-spl i t t e r  
(Barnes, 1823) l i l l i p u t  mussel 

(Raf inesque, 1820) round hickory-nut 
Raffnesque, 1820) o l i v e  hickory-nut 
Rafinesque* 1820) f r a g i l e  paper-shell 

(Barnes, 1823) mucket 
, 1817) polnted sand-shell 

(Lamarck, 1819) b l  ack sand-she1 1 
r 1820 wavy-rayed lamp-mussel 

(Barnes, 1823) f a t  mucket 
f Barnes, 1823 > pocket-book 
, 1831) bean v i l l o s a  

(Leal 1838) nor thern r f f f le  s h e l l  
sque, 1820) tr ieorn pear ly  mussel 



APPENDIX &; 6. 

S p e c  l sf; 

SuperfamDly Sphaarlacsa 
Famlly Corblculfdae ( 7 1 t t l e  basket clams) 

lMullor, 2774)  A s l a t l s  clam 

Famlly Sphaerifdae (ffngornafl clams and poa clams) 
Subfamily Sphasrilnaa ( f ingarnai l  clams) 

nnaous, 17583 European f lngernafl  clam 
ssfn, 1876 Arctic-alpine Flagernall clam 

(Say ,  18221 rho&ofd ffngernall clam 
y ,  18161 grooved ffngernatl clam 

f lannarck, liWl8) s t r f a t e d  flngernaf I clam 
Mullsr, 27743 f a k s  f ingarnail  clam 

(Say, 18221 swamp f lngernafl  clam 
fme, 18511 pond ffngernadl c lan  

(Say, 1829) long ffngsrnafl  clam 

Subfamtly P i%ld l%nao  Epsa clams or  p i l l  clams) 
(Muller, 17741 greater  European pea clam 

Roper, 1890 giant  northern pea clam 
me, 1852 Adamt% pea clam 

(Pol i ,  139%) ubdqultous poa clam 
Prfme, 1852 rfdged-beak pea clam 

Primer 1852 rsuf id  pea clam 
d ,  1898 rfver pea clam 
Prlmsr 1852 rusty poa clam 
(Sheppardr 1895) Hsnslowts paa clam 
Clersint  1886 Lil l jeborgqs pea clam 

1836 quadrangul a r  p l l l  c l  am 
f i s r  L832 s h l n y  pea clam 
rlme, 1852 f a t  pea clam 
Malm, 1855 shart-sndsd pea clam 

Primer 1852 triangular poa clam 
Primat 1851 globular pea clam 

r k l l  1895 Walkorqs pea clam 
@lasain l  1877 Arctic-alplns poa clam 
SLerkf r 1895 perforatad pea clam -- 

& 
OaLa sources: Gosdrlch and Van dor f eha l l a  (&93211 Berry (19431, Stansbary 

I196OT* Clarke (X98l1, 



APPENDIX H 

HABITAT PREFERENCE OF FRESHWATER MOLLUSCA OF LAKE ST. CLAIR 
COASTAL MARSHES AND NEARSHORE WATERS 

Species 
Shallow Deep Gravel 

((2 m) (>2 m) Mud Sand & rock Plants Comments 

Eutrophf c 

Eutrophic 

Rare 

Rare 



APPENDIX W ICQNIINUED) 

Spec t as 
S h a l l  sw Deep Gravel 

( ( 2  m) f > 2  m) Mud Sand 8 rock PI  ants  Cornants  

x Eutrophic 
x Eutraphlc 
x Rare 
X 

x EutrophSc 
X 

x Eutrophic 
X 

X 

X 

X 
X 

X 

X 

X 
X 

Rare 



Species 
Shall ow Deep Gravel 
((2 m) (>2 n) Mud Sand d rock Plants Comments 

X X X 

x x Rare 
X X 

X X 

X X X 

X X X X 

X X X 

X 

Rare 

a ~ a t a  sources: Goodrich and Van der Schal i e  (1932) Berry (19431, Clarke 
( 1981 1. 



FISH KNOWN OF4 F'Rt SlSMED TO U"I"TI_IZE THE COASTAL WETiADuUS 
OF THE ST, CLAXR RXVEM AND LAKE ST, C t A I R a  

Famlly and species 

Fsmfly Aclpenserldas 
( sturgeon 1 

Famfly kspfsostsldee (gars)  
l angnase gas) Coprm~n Gomon 

(spotted ga r )  Uncofnnrun Dncorman 

Family f s o ~ l d a s  ( p f k e s l  
Cnorthsrn p l k s l  Abundant C a m n  

( m u s k s 1  1 ungo) Camon Uncomon 
( g r a s s  p f c k a r s l  1 Camon C o m n  

Famfl y Umbrf dae (mudm9 nnawsl 
(central  mudmf nnow? 

Fa I rigs) 
( g f t t a r d  shad) 

Cyalden ~ h j n e r f  

b l a c k c h i n  shiner) 
spattat 1 s h f  nar l  

femrald shingar) 
sand shiner) 

g f a t h e a d  mS nhov I 

Camon 
Rare 
Ra rs 
C o m n  
C a m n  
Abundant 
Ataerndant 

Abtnradant 
Abundant  

C s m n  
I t n c o m n  
C o m n  
R a r e  
Rare 
C a m n  
Cornon 
Abundart 
Abundant 
Camon 
C O ~ R  
Abundant 
Abundant 



Famlly and species 

Family Catostomidea (suckers) 
(wh i te  sucker) 

e chubsucker) 
(spot ted sucker) 

Family I c t a l u r i d a e  (ca t f i shes )  
.li&&uE (channel c a t f i s h )  
m a 1  urus me1 as ( b l  ack b u l l  head 1 
Jc ta lu rus  ~ u l o s u ~  (brown b u l l  head) 
Lc ta lu rug  n a t a l i s  (ye l low bul lhead) 
Ngturus g v r i n u  ( tadpo le  madtom) 

Family Cyprinodontidae ( k i l l i f i s h e s )  
F u n d u l u  dlaohanur (banded k i l l i f i s h )  

Family Centrarchidae (sunf ishes)  
B m b l o ~ l  i t e s  ~ e s t r i s  ( rock bass) 
j e ~ o m i 3  c ~ a n e l l u s  (green sunf ish)  
) I s  albbosus (pumpkinseed) 

~ o c h i r u s  ( b l u e g i l l  
M i c r o ~ t e r u  d o l o m i e a  (smal lmouth bass) 
M i c r o ~ t e r u  s a l m o i d e ~  (largemouth bass) 
P o m o x i ~  g a a u l a r i ~  (wh i te  crappie) 

~1iaromacu1 a t u  (black crappie)  

Family Percidae (perches) 
fiheostoma e x i l e  (Iowa da r te r )  
E t h e o s t o ~  D I  ( johnny da r te r )  
perca f 1 avescens (ye1 1 ow perch 
Perc ina wades (1 ogperchl 
S t izos ted ion v i t r e u ~  (wal leye) 

Family Per ichthyidae (basses) 
N r o n e  &- (wh i te  bass) 

Family Sciaenidae (drums) 
A ~ l o d i n o t u s  grunniens ( f reshwater  drum) 

Family Gasterosteidae (s t ick lebacks)  
Culea inconstans (brook s t ick leback)  

Family Cot t idae (scu lp ins)  
(mot t led scu lp in )  

Abundant 
Common 
Common 

Common 
Uncommon 
Common 
Common 
Common 

Common 

Common 
Common 
Abundant 
Common 
Common 
Common 
Uncommon 
Common 

Common 
Abundant 
Abundant 
Common 
Abundant 

Common 

Common 

Common 

Common 

Abundant 
Common 
Common 

Common 
Uncommon 
Common 
Common 
Common 

Common 

Common 
Common 
Abundant 
Common 
Common 
Common 
Uncommon 
Common 

Common 
Abundant 
Common 
Common 
Common 

Common 

Common 

Conimon 

Common 
-- -- 

aor ta  source: Herdendorf e t  al. ( 1 9 8 1 ~ ) .  



APPENDIX J 

WPWXRIANS AND REPTILES OGCURRING IN THE COASTAL WETLANDS 
OF LAKE ST. CLAIR AND THE ST. CLAlR RIVERa 

Spec 1 er A b u n d a n c e  s t a t u s  

Class Amphfbfa  ( a m p h f b i a n s )  
O r d e r  G a u d a t a  ( s a l a m a n d e r s )  

PPY 
C r s d - s p o t t e d  n e w t )  

C a a s t s r n  t f g e r  s a l a m a n d e r )  
( b l u e - s p o t t e d  sal  a m a n d e r )  
( s p a t t a d  s a l  a m a n d e r f  
sd-backed s a l a m a n d e r )  

( f o u r - t o e d  s a l a m a n d e r )  

Order S a l t a n t f a  Cfroys a n d  t o a d s )  

t e r n  c h o r u s  f r o g )  
% cr fckot  f r o g )  

Class R e g t f f l a  Creptflasl 
Ordar Squaaata ( s n a k e s  and  l l z a r d s )  

( n o r t h e r n  w a t e r  s n a k e 1  

( n o r t h e r n  r l b b o n  s n a k e )  
( n o r t h e r n  r e d - b a l l f s d  s n a k e )  
brawn s n a k e )  

mf d l  a n d  brown s n a k e )  
f ~ a s t e r n  h a g n o s e  s n a k e )  

(northern r t n g n s c l k  s n a k e )  
r n  $ m o t h  g r e e n  snake) 

C o m o n  
C o m o n  
Common 
C o m n  
C o m a n  
A b u n d a n t  
R a r e  

A b u n d a n t  
C a m 0  
C o m o n  
C o m o n  
G o m o n  
C o m o n  
C o m n  
A b u n d a n t  
Camnon 
C o m n  

A b u n d a n t  
A b u n d a n t  
Uncomnon 
A b u n d a n t  
U n c o m n  
C o m o n  
C o m o n  
C o m n  
C o m a n  
C o m n  



Spec S es Abundance status 

feLd. ( b l u e  racer)  
eastern fox snake) 

r a t  snake) 
(eastern m l 1  k snake) 

(eastern massasauga) 

Order Testudf nes ( t u r t l e s )  
Z, s e r ~ e n t l n q  (snapping t u r t l e )  

Common 
Rare 
Rare 
C0mm0~ 
Uncomnon 

Comnon 
Rare 
Common 
Common 
Abundant 
Comon 
Rare 

a ~ a t a  sources: Ruthven e t  a l .  (1928) * Conant (1975). Behler and King (1979). 
Herdendorf e t  a1 . (1981~). 



BIRDS KCURRING IN THE VICINITY OF LAKE ST. CLA IR  
AND ST. CLAZR RIVER COASTAL WETLANDS3 

Spec f es Resf dance statush 

Class Avas (Bfrds)  
Qrdar A n s e r i f a r m s  

Famlly Anatfdae (swans# go@$@, and d u c k s 1  
SubfamJly Anserinae (swans and  ge@sa) 

T r f b e  Cygnlni 
( t u n d r a  swan) 

whfte-fronted goose) 

Subfamily Andtinaa Iducksl 
Trlbe Caf rZn in l  

(wood Buck) 
( d a b b l  f ng d u c k s f  

(canvasback) 



APPENDIX K (CONTINUED) 

Residence s ta tus  

f f lehead) W 
(hooded merganser) M 

common merganser) M 
( red-breasted merganser) M 

T r ibe  Oxyur in i  
(ruddy duck) 

Order Podicipedi formes 
Family Podicipedidae (grebes) 

orned grebe) M 
(p ied -b i l l ed  grebe) BR 

Order Pelecaniformes 
Family Pelecanidae (pe l icans)  

(wh i te  pel ican)  M 

Order Gruiformes 
Famlly Ra11 idae ( r a i l s ,  moorhensp and coots) 

BR 
( V i r g i n i a  r a i l  BR 

BR 
(common moorhen) BR 

merican coot)  BR 

Order Ciconi  i formes 
Family Ardeidae (herons) 

(American b i t t e r n )  BR 
BR 
YR 
BR 
BR 

(green-backed heron) BR 
f b l  ack-crowned BR 

n-ight-heron) 

Order Charadrl l formes 
Family Charadri idae (p lovers)  

(semi palmated p lover)  M 
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WPEMDXX K (CONTINUED) 

Spec f es Residence status 

Family Accipitridae <hawks* eagles) 
Subfamily Accipitrinae 

Family Falconidae (falcons) 
ia3S.Q (American kestrel 1 

Order Strigf formes 
Family Strigidae (owls) 

f3Si.Q ( short-eared owl ) 

Order Coraci i formes 
Family Alcedinidae (kingfishers) 

(belted kingfisher) 

Ordsr Passeri formes 
Fami 1 y Troglodyt i dae (wrens) - (marsh wren) - (sedge wren) 

Famlly Muscicapidae (thrushes) 
!2al&Uu (veery) 

Famf 1y Emberizidae 
Subfaml ly Parul 1 nae (wood warblers) 

(yellow warbler) BR 
(common yellowthroat) BR 

Subfamlly Icterinae 
owl ark1 Y R 

( ye1 1 ow-headed 
BR 

(red-winged blackbird) YR 
(common grackle) Y R 



APPENDIX K (CONCLUDED) 

Spec l es Residence s ta tus  

Subfamily Emberizinae (sparrows) 
(swamp sparrow) Y R 

(savannah sparrow) BR 

a ~ a t a  sources: Peterson ( 19801, Herdendorf e t  a1 . ( 1981~1, Sco t t  (1983). 

b ~ e s i  dence key : 
YR - Year-round res ident  BR - Breeding range (sp r ing  and summer) 

M - Migrant  W - Winter range 



APPENDIX L 

MAMMALS OCCURRING I N  THE COASTAL WETLANDS OF LAKE ST. CLAIR 
AND THE ST. CLAIR DELTAa 

Species Abundance s ta tus  

Order Marsupia l la  (marsupials) 
Family Didelphidae 

( V i  r g f n i a  opossum) 

Order Lagomorpha 
Family Leporidae 

(eastern c o t t o n t a i l )  
(European hare) 

Order Rodentia 
Famlly Sciur idaa 

(woodchuck) 
ray squf r r a l  
r r e l  ) 

( red  squ i r re l  1 

Family C r i c e t l  dae 
(muskrat 1 

Order Carnivora 
Family Canidae 

Yu1pcs. Lu.lxa ( red  fox) 

Famil y Procyon idae 
( raccoon 1 

Family Mustel idae 
f r e n a t ~  ( l ong - ta i l ed  weasel) 

( s t r i p e d  skunk) 

Order A r t  i odacty l  a 
Family Cervf dae 

(wh i te - ta l l ed  deer) 

Common 
Rare 

Occasional 
Uncommon 
Uncommon 
Occasional 

Abundant 

Qccas iona l  

Occasional 

Occasfonal 
Occasional 
Camon 
Rare 

' ~ a t a  sources: Hayes ( 1964) r Herdendorf e t  a1 . ( 1981~) .  



APPENDIX M 

OWNERSHIP OF MAJOR LAKE ST, CLAIR WETLANDS 

Wetland Name Re1 a t  i ve Water-1 eval Veg . 
Pub1 i c  P r i v a t e  areab cont ro lC typed 

- -  --- 

WAYNE COUNTY, MICHIGAN 
I. B e l l e  I s l e  M/ F 

MACOMB COUNTY* MICHIGAN 
2, Black Creek - 
3. C l i n t o n  Rtver Estuary M 
4. Betv idere Bay - 
5. S a l t  River  Estuary - 

ST. CLAJR COUNTY, MICHIGAN 
6. Marsac Pa in t  .. 
7, Swan Cresk Estuary - 
8. S t .  Johnts Marsh S 
9.  Dickinson I s land  S/F 

10. Harsens I s 1  and S 
11. B s l l e  Rfvar  Estuary - 
12. Pine River  Estuary M 
13, Marysvi 11 e - 
14, Por t  Huron - 
ESSEX COUNN, ONTARIO 
25,  Peach I s land  
16. Ruscom River  
17, Thames River  Estuary 

KENT COUNTY p ONTARIO 
18, Bradley Marsh 
19. BJg Pofnt Marsh 
20, Tacky Marsh 
21. MJtchel l  Pa fn t  Marsh 

(Moon I s land  Marsh) 
22. M i t c h e l l  Bay 

CPlntal1 and Mud Creek 
marshes9 

23, Va l  1 aceburg 
(Bear Creek and 
Pigeon marshes9 



APPENDIX M (CONCLUDED) 

Wetland Name Re1 a t  i ve Water-1 evel Veg . 
Pub l i c  P r i v a t e  area con t ro l  t ype  

LAMBTON COUNTY, ONTARIO 
24. S t .  Anne I s 1  and - 
25, Wal pol  e I s 1  and - 
26. Squ i r re l  I s l a n d  - 
27. Bassett  I s land  - 
28. Seaway I s land  - 
29. Por t  Lambton - 
30. Fawn I s l a n d  - 
31. Stag I s l a n d  - 
32, Sarnia M 

a Ownership Key: b ~ r e a  Key: dVeg. Type Key: 
F = Federal S = Small (>500 ha) S = Submergent 
S = Sta te  o r  P rov inc ia l  M = Medium (500-lrOOO ha) E = Emergent 
M = Municipal L = Large (>l,000 ha) 

SC = Shooting Club 
PM = Pr ivate,  m u l t i p l e  owners CWater-1 eve1 Contro l  Key: 
PS = Pr ivate,  s i n g l e  owner D = Diked, managed marsh 

R = Ind ian Reservat ion U = Uncont ro l l  ed wet1 and 

' ~ o t e :  Between Bradley Marsh (18) and M i t c h e l l  Bay (22) s e v e r a l  s h o o t i n g  
c l u b s  operate small marshes, i n c l u d i n g  Recess Club, Balmoral Club, S t .  Lukes 
Clubr Rex Club, Bay Loge Club* Rex/Cadotte Marsh, and Rankin/Sloan Marsh. 
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la Abstnct (Limit: loo words) I 
Th is  p u b l i c a t i o n  reviews t h e  eco log i ca l  data and i n f o r m a t i o n  on t h e  wet lands 
o f  Lake St .  C l a i r .  The l ake ,  wh icn  i s  a  p a r t  o f  t he  Great  Lakes ecosystem, i s  
s i t u a t e d  between southeastern  Michigan and southwestern On ta r i o .  Lake S t .  
C l a i r  con ta ins  a  s u b s t a n t i a l  p o r t i o n  of t he  remain ing  Great Lakes coas ta l  
wet lands,  w i t h  ex tens i ve  wet lands o c c u r r i n g  i n  t he  v i c i n i t y  a f  t h e  St .  C l a i r  
R i ve r  De l ta .  These wet lands are  among t h e  most p roduc t i ve  areas i n  t he  Great  
Lakes ecosystem. T h i s  p u b l i c a t i o n  summarizes t h e  geo log ic  h i s t o r y  o f  t h e  
r e g i o n  l e a d i n g  t o  t h e  development o f  wet lands and t h e  p resen t  environment; 
b i o l o g i c a l  p r o d u c t i o n  and community o r g a n i z a t i o n  i n  t he  Lake S t .  C l a i r  
wet lands are  a l s o  examined. The p u b l i c a t i o n  c loses w i t h  a  chapter  on a p p l i e d  
eco logy  which addresses issues such as wet land d is turbance,  management, and 
f u t u r e  prospects  f o r  these wet lands.  

I n v e r t e b r a t e s  
B i r d s  
Great  Lakes 

LI. Mllltlfian/O$wt.Ended Terms 

N u t r i e n t  dynamics 
l r o p h i c  i n t e r a c t i o n s  

Nav iga t i on  
Rnthropogenic i n f  1  uences 

- --- 
nt j 9 .  Security Class (Thts Rrwm 21. No of Psges 

U n c l a s s i f i e d  
U n l i m i t e d  d i s t r i b u t i o n  -- - 

22. Pncc 
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