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PREFACE 

T h i s  p r o t i  lc on t h e  coas ta l  we t l dnds  
ot w e ~ ~ t e r n  Lahr Crie i s  one o f  a se r i es  o f  
cvmmunity p r o f i l e 5  t h a t  deal k i t h  marlne 
and f r e s h w a t e r  h a b i t a t s  o f  c c o l o y i c a l  
i n ~ p o r t a n c e .  The e s t u a r i e s ,  lagoons, and 
~ o d ~ t a l  rndrshes wh ich  f r i n g e  t h e  Ohio, 
VichS3an, and O n t a r l o  sho res  o f  western 
Lake E r-ie a re  among t h e  most  p r o d u c t i v e  
d r e d 5  i n  t h e  G r c a t  Lakes.  Because they  
o ~ c i l r  w i t h i n  a  densely populated, h e a v i l y  
i n d u s t r i  d l  izod, and i n t ense l y  a g r l c u l t u r -  
a1 i r e d  reyfon, t he  marshes have s u f f e r e d  
losses I n  both area and qua1 i t y .  However, 
t h e  remai  n i  ny m a r s h ~ s  a re  v l t a l  h a b i t a t s  
f u r  mfgrdtory  wa te r f ow 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  hydro- 
l o g i c a l  and eco loq i ca l  functfons. 

The G 1 ~ 5 5 ~  ef Geoloay  ( B a t e s  and 
J a ~ k s u n  1980) de f  i n o s  " f  r e s h w a t e r  estu- 
a r i es "  f o r  t he  Great Lakes as " t h e  l o w e r  
r edch  o f  a  t r i b u t a r y  t o  t h e  l ake  t h a t  has 
a  drowned r i v e r  mouth, shows a  zone o f  
t r - a n s i t l o n  f r o m  s t r e a m  w a t e r  t o  l a k e  
wate r ,  and i s  i n f l u e n c e d  by  changes I n  
l a k e  l e v c l  as a r e s u l t  o f  seiches o r  wfnd 
t ides."  Brant  and Herdendorf  ( 1972) wore 
among t h e  f i r s t  i n v e s t i g a t o r s  t o  descr ibe 
t h e  c h a r a c t e r i s t i c s  o f  G r e a t  L a k e s  
e s t u a r f  es. Such estuaries are Impor tant  
we t l and  h a b i t a t s  I n  w e s t e r n  Lake  E r i e .  
The d e f i n f t i o n  g i v e n  above p r o v i d e s  an 
adequate p h y s f c a l  d e s c r  i p t i o n  f o r  t h e  
purposes o f  t h f s  repor t .  

L a k e  E r i e  i s  n o t e d  f o r  f t s  seve re  
s torms,  f n t e n s e  wave a t t a c k ,  and r a p i d  
w a t e r  l e v e l  changes.  The h i g h  energy  
p r o d u c e d  by  t h e s e  s t o r m s  l i m i t s  t h e  
e x i s t e n c e  o f  c o a s t a l  w e t l a n d s  t o  p laces 
where some type  of 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  ava i lab le .  Correspondingly, 
t h e  c o a s t a l  marshes o f  western Lake E r i e  
f a l l  i n t o  t h r e e  c a t e g o r i e s  depend ing  on 
t h e  t y p o  o f  p r o t e c t i o n  f o r  t h e  a q u a t i c  
v e g e t a t i o n :  1) c o a s t a l  1  agoons  b e h i n d  
b a r r i e r  beaches, 2 )  e s t u a r i n e  t r i b u t a r y  
mouths, and 3 )  managed marshes p r o t e c t e d  
by  e a r t h e n  and r i p - r a p  dlkes. According 
t o  Cowardin e t  d l .  (19791, these  we t l ands  
w o u l d  i n c l u d e  e l e m e n t s  o f  r i v e r f n e ,  
1 acust r ino,  and p a l u s t r i n e  systems. 

The i n f o r m a t i o n  i n  t h l s  r e p o r t  f s  
i n t e n d e d  t o  provf de a  bas fc  understanding 
o f  t h e  e c o l o g i c a l  r e l a t i o n s h l p s  i n  t h e  
w e s t e r n  Lake E r i e  coas ta l  marshes and t he  
i m p a c t  o f  n a t u r a l  and  human - I nduced  
d i s t u r b a n c e s  on t h e  m a r s h  community.  
References a re  prov ided f o r  t h o s e  seek l n g  
mo re  d o t a l  1 e d  t r e a t m e n t  o f  spec  f f l c  
a s p e c t s  o f  t h e  c o a s t a l  ma rsh  e c o l o g y .  
A p p e n d i c e s  a r e  f n c l u d e d  and  l l s t  t h e  
d imens ions  and o w n e r s h i p  o f  t h e  m a j o r  
m a r s h e s  and  t h e  i m p o r t a n t  b i o l o g i c a l  
s p e c l e s  o f  a l g a e ,  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 l s h ,  amphib ians,  rep-  
t i l e s *  b f rds,  and mammals occur r ing  i n  t he  
coas ta l  marshes. 

Any q u e s t i o n s  o r  comments abou t  o r  
r e q u e s t s  f o r  t h l s  pub1 i c a t i o n  should be 
addressed t o :  

Information Trans fe r  Specf a1 i s t  
Nat fonal  Wet1 ands Research Center 
U. S. F i sh  and W f l d l l f e  Serv ice 
NASA-Sl i d e l  1  Computer Complex 
1010 Gause Boulevard 
Sl I d e l l  r LA 70458 
(504)646-7310 1 FTS 680-7310. 
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CONVERSION FACTORS 

FOR METRIC (521) UNITS TO U.S. CUSTOMARY UNllS OF MEASUREMENT 

Vetr ic  ($1) u n l t s  o f  measurement used in th f s  report  can be convertec' t o  L1.S. 
customary u n l t s  a s  follows: 

L I near measurements 

m i  11 ?metres (mm) 
cent  intetres (cm) 
metres ( m )  
k i I ometres I km) 

square metres (12) 
hoctares  (ha)  
square k l lonietres (km2) 

cublc metres (163) 
cublc metros (m3) 
cublc ki lometres  (km3) 

grams (g )  
kilograms ( k g )  
metric 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 miles (mi) 

10.764 square f ee t  ( f t 2 )  
2.471 ac r e s  
0.386 square mi les  (mf2) 

35.318 cubic f e e t  (fd) 
1.308 cubic yards (yd3) 
0.240 cubic miles  (mi3) 

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

cont lmetros par second (cm/sec) 0.394 fnches per second ( In / s ec )  
metres par second (m/sec) 3.281 f e e t  per second (ft /sec) 
metres per second (rnfsec) 1.943 naut ical  miles per hour (knot )  
cubic  metres per second ( d / s e c )  35.318 cublc f e e t  per second (c fs )  
metres per  hour { m / h r )  3.281 feet per second ( f t / s e c )  
k f l o w t r e s  per hour (krn/hr) 0.621 miles  per  hour (mph) 

degrees Cel s iu s  (OC) 915% + 32 degrees Farenheft  (OF) 
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PREFACE 

- t  1 5  p r ' u t  r le '  iir- t h e ,  t ndizta7 wexl ands 
o f  * : ~ ~ t t > r - ~  L ,nktl i r i e  i i  on(, o f  ii ser ies  o f  
i,.rcn~,niry p r - d t  i l t . 3  t h d t  (led1 k i t h  niarlne 
&P;: t i  r b h w d t c r  h , lh i l a t i z  o f  e c o l o g i c a l  
1 n 2 p u f  t dnce ,  7 h~ c$t ;uar les,  lagoons, and 
i ~ d s t a l  r n d r s h e i ,  wh ich  f r i n g e  t h e  Ohio, 
?+8ic'ii,an, and i i n t d r  t o  5hores  o f  western 
t ~ i i k t .  ! r - i e a  drrqmOnCj t h e  p o s t  productive 
~ r e d d r n  t h e  G r c a t  Lakes. Because they 
v c i u r  w i t h i n  ;t dunscly populated, h e a v i  1 y  
i n d u s t r i  a 1  i z o d ,  and in tense ly  a g r i c u l t u r -  
a l l r c d  region, the  mdrshes have s u f f e r e d  
l o%~,c5  i n  both drca and qua1 l t y .  However, 
t h e  r e m a i n i n g  mdrc>hos a re  v f t a l  hab i t a t s  
fur n~i:;rator-y water fowl  , f u r b e a r e r s ,  and 
t l s h ,  a n d  p e r f o r m  many I m p o r t a n t  hydro- 
l o g l ~ d l  and eco loq l ca l  func t ions .  

Thu U s s a r y  &f G ~ o l o g y  (Ra tes  and 
J ackc,on 1980) de f  I nes " f  r eshwa te r  estu- 
3 r : ~ 5 "  for  t h e  Great Lakes as " t h e  l o w e r  
r c a ~ h  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 f v e r  mouth, shows a  zone o f  
transition f r o m  s t r e a m  w a t e r  t o  l a k e  
wd t c r ,  and i s  influenced by changes i n  
l d k c  l e v e l  as a  r e s u l t  o f  se lches o r  wind 
t f des." Drant and Herdendorf ( 1972)  were 
among t h e  f l r s t  investigators t o  descr ibe 
t h e  c h a r a c t e r i s t f c s  o f  G r e a t  L a k e s  
e s t u a r i e s .  Such estuaries are  Important 
w e t l a n d  h a b i t a t s  I n  wes te rn  Lake  E r l e .  
The d e f i n f t i o n  g i v e n  above p r o v i d e s  an 
adequate p h y s i c a l  d e s c r i p t i o n  f o r  t h e  
purposes o f  t h i s  repor t .  

L a k e  E r i e  i s  n o t e d  f o r  i t s  severe  
s torms,  i n t e n s e  nave  a t t a c k r  and r a p f d  
w a t e r  l e v e l  changes.  The h i g h  energy  
p r o d u c e d  by  t h e s e  s t o r m s  l i m i t s  t h e  
e x f s t e n c e  o f  c o a s t a l  w e t l a n d s  t o  places 
where some t ype  o f  n a t u r a l  o r  a r t 1  f f c - t a l  

p r o t e c t i o n  I s  avai 1  able. Corresponding1 y, 
t h e  c o a s t a l  marshes o f  western l a k e  E r i e  
f a l l  i n t o  t h r o o  c a t e g o r f e s  depend ing  on 
t h e  t y p o  o f  p r o t e c t i o n  f o r  t h e  a q u a t i c  
v e g e t a t i o n :  1) c o a s t a l  l a g o o n s  b e h i n d  
b a r r i e r  beaches, 2) e s t u a r i n e  t r i b u t a r y  
mouths, and 39 managed marshes p r o t e c t e d  
by  e a r t h e n  and r i p - r a p  dikes. According 
t o  Cowardin e t  a l .  (19791, these  we t l ands  
w o u l d  i n c l u d e  e l e m e n t s  o f  r i v e r l n e ,  
l a cus t r i no ,  and p a l u s t r i n s  systems. 

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  
i n t e n d e d  t o  p rov ide  a  bas ic  understanding 
o f  t h e  e c o l o g i c a l  r e l a t i o n s h i p s  I n  t h e  
w e s t e r n  Lake  E r l e  coas ta l  marshes and t he  
i m p a c t  o f  n a t u r a l  and  human - i nduced  
d i s t u r b a n c e s  o n  t h e  m a r s h  community.  
References a r e  prov ided f o r  t h o s e  s e e k i n g  
m o r e  d e t a i l e d  t r e a t m e n t  o f  s p o c i f  i c  
a s p e c t s  o f  t h e  c o a s t a l  m a r s h  e c o l o g y .  
Appendices a r e  I n c l u d e d  and  l i s t  t h e  
dimensions and owne rsh l  p  o f  t h e  m a j o r  
m a r s h e s  and  t h e  i m p o r t a n t  b l o l o g i c a l  
s p e c f e s  o f  a l g a e ,  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 l s h ,  amphib ians,  rep-  
tiles, b i r d s #  and mamnals occurring I n  t h e  
coas ta l  marshes. 

Any q u e s t i o n s  o r  comments abou t  o r  
r e q u e s t s  f o r  t h i s  pub1 i c a t i o n  should be 
addressed to :  

In fo rmat ion  T rans fe r  S p e c l a l i s t  
Na t iona l  Wet1 ands Research Center 
U. S. Ffsh and W i l d l i f e  Servfce 
NASA-Sl i d e l  1 Computer Complex 
1010 Gause Boulevard 
S l  i d e l l ,  LA 70458 
(504)646-7310, FTS 68Q-7310. 



CONVERSlON FACTORS 

FOR METRIC (SI) UNiTS TO U.S. CUSTOMARY UNlTS OF MEASUREMENT 

Metric ( S I )  uni ts  of measurement used in t h i s  report can be converted t o  U.S. 
customary un i t s  as follows: 

luuh&Y !LY To obtain 

j inear measurements; 

m i  11 imetres (mm) 
centimetres (cm) 
metres (m) 
k i  1 ometres ( k m )  

Area measurements; 

square metres (m2)  
hectares (ha)  
square k i l  ometres (krn2) 

Yo1 ume measurements; 

cubic metres (m3) 
cubic metres (dl 
cubic kilometres (km3) 

pass measurements ; 

grams (g)  
kilograms (kg) 
metric tons ( m  ton) 

0.539 inches ( i n )  
0.394 inches ( i n )  
3.281 fee t  ( f t )  
0.621 miles (mi) 

10.764 square f e e t  ( f t 2 )  
2.471 acres 
0.386 square miles (mi2) 

35.318 cubic feet  (ft.3) 
1.308 cubic yards (yd3) 
0.240 cubic miles (mi31 

0.035 ounces (02) 

2.205 pounds ( I  b) 
1.102 U.S. tons ( ton)  

centimetres per second (cm/sec) 0.394 Inches per second ( in /sec)  
metres per second (m/sec) 3.281 f e e t  per second ( f t / s e c )  
metres per second (m/sec) 1.943 nautical mlles per hour (knot) 
cubfc metres per second ( d / s e c )  35.318 cubic f e e t  per second ( c f s )  
metres per hour ( m / h r )  3.281 f e e t  per second ( f t / s e c )  
kilometres per hour (km/hr) 5.621 mlles per hour (mph) 

Tem~erature measurements; 

degrees Celsius (Qc) 9/50C + 32 degrees Fai-enheft (OF) 
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CHAPTER 1. 

INTRODUCTION 

1.1 COASTAL WETLANDS OF THE GREAT know ledge  o f  t h e  resources found i n  Great 
LAKES Lakes wet lands, p a r t i c u l a r l y  s i t e - s p e c i f i c  

i n f o r m a t i o n  and a  comprehens ive  under -  

In r e c e n t  y e a r s  t h e r c  h a s  been  an 
i n c  reasr ng awareness o f  t h e  resourco va lue  
c f  o u r  c o a s t a l  w e t l a n d s  and t h e  u r g e n t  
n e e d  t o  p r o t e c t  and  c o n s e r v e  t h e s e  
f c o s y s t e m s .  The w e t l a n d s  o f  t h e  N o r t h  
Amer ican  G r c a t  Lakes  have been g r o a t l y  
a l t e r e d  b y  n a t u r a l  processes and c u l t u r a l  
p r a c t i c e s .  The i m p a c t s  t o  c o a s t a l  
w e t l a n d s  i n  t h e  G r e a t  Lakes r e g i o n  have 
become CI s u b j e c t  o f  p a r t i c u l a r  concern f o r  
the emery f n y  c o a s t a l  rnanagemcnt programs 
i n  t h e  c l y h t  S t a t c s  and t h e  one Canadian 
p r o v i  nco bo rde r f ng  t h e  lakes. 

T r a d i t i o n a l l y ,  w e t l a n d  c o n s e r v a t i o n  
e f f o r t s  a l o n g  t h e  G r e a t  Lakes have been 
aimed a t  p r o t e c t i n g  water fowl  h a b i t a t  o r ,  
t o  a  l e s s e r  d e g r e e ,  f i s h  spawn jng  and 
n u r s e r y  ~ r o u n d s .  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  
knowledge t h a t  wet lands p rov i de  a d d i t i o n a l  
b e n e f i t s ,  i n c l u d i n g  f l o o d  c o n t r o l ,  s h o r e  
e r o s i o n  p r o t e c t  i o n ,  w a t e r  management, 
n u t r i e n t - c y c l  e  c o n t r o l ,  zccumul a t i o n  o f  
sed imen t ,  and s u p p l y  o f  d e t r i t u s  f o r  t h e  
aqua t i c  food web, 

Al though t h e  I n t r i n s S c  va lue  o f  Great 
Lakes wet land areas a r e  b e i n g  more f u l l y  
r e c o g n i z e d ,  no comprehensive s t u d i e s  have 
been undertaken t o  map t h e s e  w e t l a n d s  o r  
t o  c h a r a c t e r i z e  t h e  eco log i ca l  r e l a t l o n -  
s h i p s  w l 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  a1. 
1981a ,  b , c )  f n v e n t o r l e d  t h e  e x i s t f n g  
knowledge  o f  p h y s i c a l ,  b l o f o g i c a l ,  and 
c u l t u r a l  aspects of  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 l t h  each  of t h e  Great  Lakes. 
T h e i r  s tudy  po i n ted  o u t  many gaps i n  o u r  

s t and ing  of t h e  community ecology o f  these 
c o a s t a l  rrarshes. Th is  r e p o r t  i s  in tended 
as a  c o n t r i b u t i o n  t o w a r d  f i l l i n g  t h e s e  
v o i d s  b y  p r e s e n t i n g  a  p r o f i l e  o f  t h e  
w e t l a n d  community i n  a  p o r t i o n  o f  t h e  
Great  Ldkes--the western Lake E r f e -De t ro f t  
R i v e r  system. 

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 ,  
wet lands a r e  d e f i n e d  as a reas  wh i ch  a r e  
p e r i o d i c a l l y  o r  permanently inundated w i t h  
w a t e r  and  w h i c h  a r e  t y p t c a l l y  cha rac -  
t e r i z e d  by  v e g e t a t i o n  t h a t  r e q u i r e s  
s a t u r a t e d  s o i l  f o r  g r o w t h  and r e p r o -  
duc t ion .  Th i s  d e f i n i t i o n  i n c l u d e s  a reas  
t h a t  a r e  commonly r e f e r r e d  t o  as bogs, 
fens, marshes, s loughs ,  swamps, and wet 
meadows.  The  c o a s t a l  we t l ands  o f  t h e  
G r e a t  Lakes a r e  f u r t h e r  d e f i n e d  as  a l l  
w e t l a n d s  l o c a t e d  w f t h f n  1 km o f  t h e  l ake  
shore or, if f a r t h e r  f rom t h e  shore, those 
d i r e c t 1  y in f luenced  by water 1 eve1 change 
o f  t h e  l a k e s  o r  t h e i r  c o n n e c t i n g  
waterways. 

The L a u r e n t l a n  G r e a t  Lakes  s y s t e m  
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 )  
e x t e n d s  f r o m  D u l u t h ,  M inneso ta ,  a t  t h e  
w e s t e r n  end o f  Lake Superior,  t o  Massena, 
New York, on t h e  St .  Lawrence R i v e r .  I t  
possesses a  shore1 fne l e n g t h  o f  over 6,000 
km and a  w a t e r  s u r f a c e  a rea  o f  158,000 
km2. Herdendorf e t  a1 . ( 198La) enumerated 
a  t o t a l  of  1,370 coas ta l  wet lands f o r  t h e  
Great  Lakes and the3 r connect1 ng channels 
f o r  a  cornbjned w e t l a n d  area o f  1,209 km 2 
(Tab le  1). The g r e a t e s t  number and a rea  
o f  c o a s t a l  w e t l  ands r f  ng Lake Michigan. 
t h e  o n l y  G r e a t  Lake  e n t f  r e l y  w f t h i n  t h e  



Figure 1. Map o f  the Great Lakes drainage basin. 

U n i t e d  S t a t e s .  Lake Super io r  has t h e  
second h i ghes 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 
average8 t h e  l a r g e s t  wet lands are found 
along Lake Huron and i t s  discharge channel 
t o  t h e  s o u t h *  p a r t i c u l a r l y  t h e  d e l t a  
w e t l a n d s  f t h e  S t .  C l a i r  R ive r  which 2 cover 35 k The h i g h l y  i n d u s t r i a l i z e d  
Lake E r l e  shore has t h e  sma l les t  number 
and area o f  wet lands w h i l e  Lake On ta r i o  
has t he  smallest average s ize  o f  wetlands* 
l a r g e l y  due t o  i s o l a t e d  marshes i n  t h e  
Thousand Is lands area o f  t he  St. Lawrence 
River, The presence o r  absence o f  coastal 
w e t l a n d s  i s  l a r g e l y  d i c t a t e d  b y  t h e  
geomorphology o f  a given shorel ine and the  
recen t  h i s t o r y  o f  water  l e v e l  f l u c t u a -  
t i ons .  Each lake has a pa&lcular se t  of 

geomorphic features which exer t  control  on 
wet1 and development. 

1.2 COMPARISON OF COASTAL AND 
INLAND WETLANDS 

Coastal  wet lands d i f f e r  i n  severa l  
ways f rom In l and  wet1 ands. The coast i s  
s u b j e c t  t o  temporary, shor t - te rm water 
l e v e l  changes. Seiches and storm surges 
a f f e c t  the wet1 ands adjacent t o  shore1 ines 
of western Lake E r i e  and the lower De t ro i t  
R i v e r  by r a i s i n g  o r  l o w e r i n g  t h e  l a k e  
l e v e l  as much as 2 m i n  a s i n g l e  day. 
Long-term c y c l  l c  water 1 eve1 changes 
r e l a t e d  t o  w a t e r  budge t s  o f  t h e  l a k e  
basins, a lso a f f e c t  t he  coastal wetlands. 



Tabla 1. Cornparisor1 of ~ o a s t a i  we"clands f o r  the Laurentian Great Lakes 
w i t h i n  t h e  i l n i t e d  S t a t e s ,  

Lake 

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

1 ength wet1 ands wetlands wetlands area 
( k m )  (km2) (km2 1 ( X I  

Lake Superior an? 1598 348 
S t .  Marys R i v e r  

Lake Michigan and 2179 417 
St r .  of Mackjnac 

Lake Huron 83 2 177 

St .  C la i r  River, 256 20 
Lake St .  C la i r ,  
and Detroi t  River 

Lake Erie and 666 96 
Niagara River 

Lake Ontario and 598 3 12 
St. Lawrence 
River 

-- 

a  Data source: Herdendorf e t  a7. (1981a). 

Such f luc tuat ions ,  occurring over a  period 
o f  approximately 7 t o  10 years, may cause 
vegetatfon d laback,  e r o s l o n  of t h e  wet- 
1 a n d s ,  o r  1  a t e r a l  d i sp lacement  o f  t h e  
v e g e t a t i v e  z o n e s  of w e t l a n d s .  Many 
c o a s t a l  w e t l a n d s ,  such a s  t h o s e  along 
w e s t e r n  L a k e  E r f e ,  a r e  e x p o s e d  t o  
r e l a t i v e l y  high wave energy. Such i s  not 
t h e  c a s e  f n  t h e  more q u i e s c e n t  i n l a n d  
wetl ands. 

C o a s t a l  w e t l  a n d s  a l o n g  t h e  Great  
Lakes do not appear t o  exhjbi t  senescence, 
i.e., t h e  ag ing p rocess  a s s o c i a t e d  with 
i n 1  and f reshwater  wetlands. This process 
leads from open ponds t o  densely vegetated 
marshes,  and even tua l1  y  t o  d ry  f i e l d s .  
Because of t h e  f luc tuat ing  water l eve l s  of 
t h e  Grea t  Lakesl constant rejuvenatfon of 
wetland c o m u n i t t e s  occurs .  A s  a  conse- 
quence, diagrams in  textbooks i 7  7 u s t r a t ing  
t h e  g r a d u a l  s e n e s c e n c e  o f  f r e s h w a t e r  
wet lands  a r e  more a p p l i c a b l e  t o  in land 

wetlands of  the glacfated Midwest than t o  
tho Great Lakes c o a s t a l  wet lands .  Many 
I n l a n d  f r e s h w a t e r  w e t l a n d s  undergo  
senescence  and t e r r e s t r i  a1 i z a t i o n  as  a 
r e s u l t  o f  t h e  format ion of secondary and 
t e r t f a r y  p e a t  d e p o s i t s .  P e a t  i s  n o t  
common i n  c o a s t a l  waters ,  but  occurs in 
some 1  agoons. 

Coas ta l  w e t l a n d s  o f t e n  d f s p l a y  a 
d i v e r s i t y  o f  l a n d f o r m s  n o t  n o r m a l l y  
encountered f n  other  wetland envfranments. 
OwSng t o  changes in t h e  water  l e v e l s  o f  
t h e  Great  Lakes s i n c e  t h e  r e t r e a t  of  t he  
Pleistocene fce sheets ,  l a n d f ~ r m s  such a s  
b a r r f e r  b a r s p  d e l t a s ,  beaches,  s p i t s ,  
lagoons,  and n a t u r a l  l e v e e s  h a v e  been 
depos l t ed  o r  formed along the shoreline. 
Many of these  geamorphic f e a t u r e s  promote 
t h e  f o r m a t i o n  o f  w e t l a n d s ,  each w f t h  
d ls l f  nct tve features,  vhtch results f n  t h e  
g r e a t  v a r j e t y  and d f v e r s i t y  of  c o a s t a l  
wetlands found f n  t h e  Great Lakes reglon. 



1.3 FUNCTION AND VALUE OF COASTAL 
WETLANDS 

G r e a t  L a k e s  c o a s t a l  w e t l a n d s  a r e  
h f g h l y  p r o d u c t i v e ,  d i v e r s e  communities 
wh i ch  i n t e r f a c e  be tween t e r r e s t r f a l  and 
aqua t i c  env f r onmen ts .  The mos t  o b v j o u s  
and u n i q u e  f e a t u r e  o f  t h e s e  wet lands  i s  
t h e i 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 ,  w h i c h  
p r o v i d e s  a d i v e r s e  communf t y  s t r u c t u r e  
o f f e r i n g  c o v e r  and f o o d  f o r  t h e  an ima l  
components o f  t h e  system, Because o f  t h e  
a b i l t t y  o f  t h i s  v e g e t a t j o n  t o  s l ow  t h e  
f l o w  r a t e  o f  w a t e r  p a s s l n g  t h r o u g h ,  
wot lands a re  va l uab le  f o r  e ros l on  con t r o l ,  
t r a p p i n g  sedjrnents b e f o r e  t h e y  r e a c h  t h e  
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  
moderate waves t o  lessen  t h e i r  d e s t r u c t i v e  
powor. liowever, f n t e n s e  l a k e  s t o rms  can 
u p r o o t  macrophytes and eventual  l y  dest roy 
wet lands. The san;e vege ta t ion  p r o v i d e s  a 
n a t u r a l  p o l  1 u t l o n  abatement mechanism by 
s e r v i n g  a s  a  f i l t o r  f o r  c o a s t a l  
t r i b u t a r i e s  by r o d u c f n g  t h e  q u a n t i t y  o f  
n u t r i e n t s  a n d  t o x i c  p o l l u t a n t s  b e i n g  
wnshod  i n t o  t h e  G r e a t  Ldkes.  C o a s t a l  
wcstlands d re  h i g h l y  valued a5 rnc reat fond1 
s i t e s  f o r  a c t i v i t i e s  s u c h  a s  h u n t i n g t  
t r a p p f n g ,  f i s h i n c j ,  b o a t i n q  access  t o  
l d r g e r  bodies o f  water, b i r d w d t c h i n g ,  and 
yenora l  a c s t h e t l c  enjoyment. The comblna- 
t f o n  O F  r e c r e a t  t o n a l  d e s i r a b i l  i t y ,  
agr l c u l t u r a l  and r e s t d o n t l a l  p o t e n t i a l ,  
and thc  p r o x i m j t y  o f  coas ta l  wot lands t o  
l d r g e r  bodfes 5 f  water  have contributed t o  
t h u l r  s t a t u s  as endanyored o n v i  ronments,  
T h c i r  un ique p r o p e r t i e s  a re  suscep t i b l e  t o  
n u m e r o u s  n a t u r a l  a n d  h u m a n - c a u s e d  
environmental d f s r u p t l o n s  t h a t  a r e  now 
c a u s i n g  c o a s t a l  we t1  ands t o  disappear a t  
an a larming r a t e .  

Coastal  wet lands i n  t h e  G r e a t  Lakes  
a r e  mu1 t l - f  u n c t i o n a l  i n  n a t u r e  because  
t h e r e  e n v i r o n m e n t s  a r e  p a r t  o f  b o t h  t h e  
uplands and t h e  open-water ecosystems. It 
i s  t h e  I n t e r f a c e  w l t h  t h e  l a k e s  t h a t  
m u l t i p l  f e s  t h e  w e t l a n d  f u n c t i a n s  and 
c o n t r i b u t e s  t o  t h e j r  d y n a m i c s .  I n  
general ,  a  nu1 t i - f u n c t i o n 1  ng wet land tends  
t o  have  a h i g h e r  v a l u e  t h a n  t h o s e  w f t h  
n a r r o w e r  f u n c t i o n s .  However, c o a s t a l  
wet lands which 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 l a n d  d r a i n a g e  
o r  h fgk  w a t e r  may e x h f b f t  fewer f u n c t i o n s  
and t h e r e f o r e  have lower  va lues.  C o a s t a l  
s t r e a m s  a n d  w a t e r w a y s  e n h a n c e  t h e  
f n t e r a c t f o n s ,  whereas o b s t a c l e s  s u c h  as 

d l k e s  r e s u l t  l n  c o a s t a l  wet land Sragmen- 
t a t f o n  and l o s s  o f  f u n c t i o n .  The e f f e c t  
o f  l o n g - t e r m  l a k e  l e v e l  changes on t h e  
f unc t l on  o f  t h e  coas ta l  wet lands can  a l s o  
be s t g n f f i c a n t .  Func t ion  loss ,  then, can 
r e s u l t  f rom bo th  up land-der jved and 1 ake- 
der i ved  forces.  

1.4 DlSTRtBUTlON OF WESTERN LAKE ERIE 
COASTAL MARSHES 

The c o a s t a l  marshes o f  western Lake 
E r i e  f r i n g e  t h e  s h o r e l i n e s  and e s t u a r i e s  
o f  Michigan, Ohjo, and O n t a r l o  ( F i ~ u r e  2). 
They  o c c u r  a l o n g  189 km o f  t h e  s h o r e  
(abou t  32%) and encompass an a rea  o f  268 
km2. Appendlx A l i s t s  t h e  coas ta l  l e n g t h  
and a rea  o f  w e t l a n d s  w i t h i n  t h e  e i g h t  
coun t i es  i n  t h e  s tudy area. The names and 
owne rsh i p  o f  70 o f  t h e  major  marshes a re  
g i ven  i n  Appendix 5. The l o c a t i o n  o f  t h e  
l n d f v i d u a l  marshes (des ignated by a  number 
i n  Appendix 3) a r e  shown on F i gu re  3. 

The M f c h f g a n  s h o r e l i n e  o f  w e s t e r n  
Lake E r i e  ( F i g u r e  3 )  c o n s j s t s  o f  l o w - l y i n g  
marshes and sand beaches. Submergent and 
emergant  wet lands surround t h e  i s l a n d s  a t  
t h e  mouth o f  t h e  D e t r o i t  R i v e r .  The  
m a r s h y  s h o r c  ' I s  j n t e r r u p t e d  by  S t o n y  
P o i n t ,  a  r o c k y  h e a d l a n d  f o r m e d  b y  a 
b recc i a t ed  do l om i t e  which c rops  o u t  a t  t h e  
n o r t h  end o f  B r e s t  Bay. A 6-km-long sand 
s p i t ,  known as Woodt ick  P e n i n s u l a ,  f o rms  
t h e  n o r t h e r n  e d g e  o f  Maumee Ray  and  
p rov ides  p r o t e c t i o n  f o r  t he  wet lands which 
have developed i n  t h a t  p o r t i o n  o f  t h e  bay. 

The Oh io  s h o r e l i n e  o f  w e s t e r n  Lake 
E r i e  ( F i g u r e  3 )  i n  i t s  n a t u r a l  s t a t e  i s  
g e n e r a l 1  y a  marsh a r e a  f r o n t e d  b y  l o w  
b a r r i e r  b e a c h e s .  B e t w e e n  Maumee Bay 
(Toledo Harbor) and P o r t  Cl i n t o n ,  e a r t h e n  
and r o c k  d i k e s  now p r o t e c t  most  o f  t h e  
s h o r e  e x c e p t  f o r  t h e  r o c k - b o u n d  E r i e  
I s l a n d s .  F o u r  o f  t h e  i s l a n d s  c o n t a i n  
s m a l l  w e t l a n d s  f o r m e d  w f t h i n  n a r r o w  
embayments o r  b e h i n d  b a r r f e r  bars. East  
o f  P o r t  C l i n t o n  t h e  g r o u n d  e l e v a t i o n  
r i s e s ,  a n d  a t  t h e  h e a d l a n d  k n o w n  a s  
Catawba I s l a n d  a  rock ledge  s tands over  10 
m above l a k e  l e v e l .  F u r t h e r  t o  t h e  e a s t  
I s  a n o t h e r  head land  known as Marblehead. 
The c rescen t - shaped  1  ow g r o u n d  be tween 
t h e s e  head lands  c o n t a i n s  t h r e e  open-water 
marshes c a l l e d  West, M f d d l e ,  a n d  E a s t  
H a r b o r s .  Each  i s  f r o n t e d  b y  a  sandy  



Figure 2. Study droa i n  V ich lgan,  Ohto, and Ontar io,  showing ex ten t  o f  dra inage bas ln  
and county  boundaries. 

7c i r r ie rc  :,c'arh. South o f  F-'nrul  head, t h ~  
I t ? - & m i  Sandusky Pay i s  s e p a r a t e d  f rom 

1 d n C  f r i e  b y  two l a r g e  s p i t s :  P a y  P ~ i n t ,  
w f  r c h p r o j o c t s  s o u t h  f rorn I4arb1 e h e t l d ,  a n d  
t eda r  P c ' n t  wh ich c x t e n d i  n o r t h w e s t  f r om  
r~i4rcr"i. These s p i t s  p r o t e c t  same of trie 
Finest c o a s t a l  warshes i n  k o s t e r n  Lake  
E r i e ,  One o f  t h e  Tarsos t  cunccn t r a t i ons  
o f  wet lanos on Lake t r f e  i s  f o u n d  a t  t h e  
hean o f  Sandusky Bay and alone t h e  lake- 
"nfluencod 1 ower c o u r s e  o f  t h e  Sandusky 
River .  East o f  Cedar Point ,  t h e  charac te r  
cf t h e  s h o r e  changes a b r u p t l y .  The low 

marshy backshore  t y p i c a l  o f  most  o f  t h e  
c a d s t  From Toledo t o  Huron disappears  d ~ d  
i s  roplaced by low b l u f f s  o f  g l a c i a l  t l l l t  
l i i ~ u s t r - i a n  zediman"c a n d  black s h a l e ,  Tho 
only  w e l l  and deve loprnt.irat along t h  j s rcacP 
o f  s h o r e 1  i n e  i s  f o u n d  a t  t h e  a s t u a r y  
moutPs o f  t h e  t r i b u t d r f e s  s u c h  a s  t h c  
iiurorr Pivcr  and Old Woman CI-eek.  

The Onta r io  sho rc l  dnu af western Lake 
E r i e  ( F i g u r e  3 )  c o n s i s t s  o f  a v a r f e t y  of 
types, SncIudJng t h e  marshy shares  o f  t h e  
D e t r o i t  River  mouth, g l a c i a l  f i l l  and l a k e  



Figure 3. Western Lake Er ie  coastal marshes i n  Michigan, Ohio, and Ontario. 
(See Appendix B f o r  l i s t  o f  marsh names.) 

sediment b l u f f s  a long  most o f  t h e  l ake  
shore, and a m a g n i f i c e n t  sand s p i t  a t  
P o f n t  Pelee, Because o f  t h e  gene ra l l y  
h fgher  na tu re  of t h e  shore1  f ner  fewer  
marshes occur here than along t he  Michigan 
and Bh f  o shares.  Th ree  streams--Big 
Creek* Cedar Creek, and H i l lman  Creek-- 
have es tua r i ne  mouths where wet1 ands have 
developed. Poin t  Pel ee marshesP the 1 arg- 
% s t  Canadian wet lands I n  w e s t e r n  Lake 
E r i e r  a re  e x c e l l e n t  examples o f  lagoons 

p ro tec ted  by  b a r r i e r  beaches. Smal l  
wetlands a re  also located on Pelee Is land 
and East S is ter  Island. 

The remainder o f  t h f s  c h a p t e r  i s  
devo ted  t o  a summary o f  s i t e - s p e c i f i c  
information f o r  eleven s h o r e l i n e  reaches 
tha t  contajn s f gn i f f can t  concentrations of 
c o a s t a l  marshes. T h i s  i n f o rma t i on  i s  
p r e s e n t e d  h e r e  f o r  t h o s e  r e a d e r s  
i n t e r e s t e d  I n  obtaSnSng an overview o f  



m a j o r  w e t l a n d  l o c a l  l t f e s .  R e a d e r s  
i n t e r e s t e d  i n  a  gene ra l  understanding o f  
t h e  b i o t a  and ecological p r o c e s s e s  
operat ing i n  Lake E r i e  marshes may wish t o  
bypass t h e s e  descriptions and proceed t o  
t h e  n e x t  c h a p t e r  wh ich  d e a l s  w i t h  t h e  
physical  environment. 

The D e t r o i t  R i v e r  i s  a c t u a l l y  a  
s t r a i t ,  50 km long, connecting two  1  a r g e r  
bod ies  o f  wa te r r  Lake St. C l a i r  and Lake 
Er ie .  The t e r r a i n  through which t h e  r i v e r  
f lows i s  r e l a t i v e l y  f l a t  and b roken  o n l y  
by  t h e  R i v e r  Rouge on t h e  M ich igan  s ide  
and t h e  Canard R iver  ( R i v i e r e  aux Canards) 
and Turkey Creek on t h e  On ta r i o  s ide ,  and 
by low g l a c i a l  mora ines  and beach r idges 
o f  former l a k e s .  The upper h a l f  o f  t h e  
D e t r o i t  R i v e r  has steep banks, a  width o f  
l e s s  than  1 km, dep ths  t o  15 m, and two 
s i z a b l e  i s l a n d s  a t  i t s  headr B e l l e  I s l e  
and Peach I s 1  and. Wet1 and devel oprnent i s  
sparse i n  t h i s  r e a c h  o f  t h e  r i v e r  except 
i n  t he  embayments and s h o a l s  a s s o c i a t e d  
w i t h  t h e  i s l a n d ,  a n d  m o s t  o f  t h e  
vegetat ion i s  o f  t h e  submergent type. The 
lower ha1 f o f  t he  r i v e r  has gent1 y s lop ing  
banks, a  w id th  o f  6 km a t  i t s  mouth, and 
depths genera l ly  l e s s  than 10 m (about 3 m 
a t  t he  mouth). 

T h e  m o u t h  o f  t h e  D e t r o i t  R i v e r  
c o n t a i n s  s e v e r a l  sma l l  i s l a n d s  and one 
ma jo r  i s l a n d ,  Grosse I l e .  Most o f  these 
is lands a r e  f r i n g e d  by c o a s t a l  w e t l  ands 
where const ruc t ion  has no t  destroyed them. 
These w e t l  ands a r e  genera l  1  y  non-wooded 
marshes  d o m i n a t e d  by l u s h  s t a n d s  o f  
e m e r g e n t  a q u a t i c  p l a n t s ,  p a r t i c u l a r 1  y  
c a t t a i l s  ( T v ~ h a  spp.).  The most no te -  
wo r thy  marshes can be found on G i b r a l t a r  
I s 1  and, Cher ry  I s 1  and, Ce le ron  I s 1  and, 
Stony I s l a n d ,  Grassy I s l a n d ,  and Grosse 
I l e  i n  Mich igan;  and F i g h t i n g  I s l a n d ,  
Tu rkey  I s l a n d ,  and near t h e  mouth o f  t he  
C a n a r d  R i v e r  o n  t h e  O n t a r i o  s i d e .  
Submergen t  f o r m s  a r e  abundan t  on t h e  
s h o a l s  s u r r o u n d i n g  t h e  s s l a n d  and i n  
pro tec ted embayments. 

Lake sturgeon ( A c i ~ e n s e r  fulvescensf, 
n o r t h e r n  p i k e  (Esox l u c i u s ) ,  muskellunge 
(E. mas~uinonay), carp ( C v ~ r i n u s  s a r ~ i ~ ) ,  
c h a n n e l  c a t f  l s h  ( I c t a l  u r u s  ~ u n c t a t u s ) ,  
largemouth bass ( M i c r o ~ t e r u s  sa lmoides) ,  
smal lmou th  bass (M. dolomieui),  b l u e g i l l  
( I  e ~ o m i s  macrochi rus)  yel low perch (Perca 
fl avescens), and wal leye ( S t i z o s t e d  i o n  y. 

y.itreurn9 a r e  among the  f i s h  species which 
spawn i n  c o a s t a l  wet lands o f  t h e  l o w e r  
D e t r o S t  R i v e r .  The dominant water b i r d s  
u s i n g  t h e s e  wet lands a r e  m a l l a r d  (h 
p l a t v r h v n c h o % )  b l  ue -w inged  t e a l  (8. 
d iscors) ,  wood duck (U s ~ o n s a ) ,  ruddy 
d u c k  (w j a m a i c e n s i ~ 9 ~  b e l t e d  
k i n g f  i s h e r  ( C e r v l e  a l cvon ) ,  g r e a t  b l u e  
heron (Ardea herodias), green-backed heron 
( B u t o r i d e s  s t r i a t u s )  common moorhen 
(Ga l l  i n u l a  c h l o r o ~ u s )  , her r i ng  g u l l  (Larus 
a r a e n t a t u s l ,  r i n g - b i l l e d  g u l l  (L. 
d e l a w a r e n s i s ) ,  C a s p i a n  t e r n  ( S t e r n a  
c a l p i a ) ,  and l e s s e r  y e l l o w l e g s  ( T r i n a a  
f l a v i ~ e s ) .  

Po in te  Moui l lee  

Located a long  t h e  shore  o f  western 
Lake Erie, 8 km south o f  t h e  D e t r o i t  R iver  
mouth, t h i s  marsh i s  one o f  t h e  l a r g e s t  
wet lands a long t h e  Michigan shore1 i ne  o f  
t he  lake. Most o f  t h i s  wetland i s  w i t h i n  
t h e  P o i n t e  Moui l lee  Sta te  Game Area. The 
es tuar ine  mouths o f  t h e  Huron R i v e r  and 
Moui 1  l e e  Creek are loca ted near the  center  
o f  t h e  marsh.  A sandy b a r r i e r  beach, 
known as P o i n t e  M o u i l l e e r  o r i g i n a l l y  
separated t h e  marsh from Lake Er ie.  

These w e t l  ands s u f f e r e d  e x t e n s i v e  
damage dur ing t h e  h igh water storms o f  t he  
e a r l y  1950s and e a r l y  1970s. Onshore and 
o f fshore  d ikes  now p r o t e c t  po r t i ons  o f  t he  
marshes  w h i c h  a r e  l a r g e l y  managed f o r  
waterfowl. The marshes a re  a l s o  p o p u l a r  
f i s h i n g  l oca t i ons  and they provide h a b i t a t  
f o r  heron and e g r e t  r o o k e r i e s .  For t he  
p a s t  decade,  t h e  U.S. Army C o r p s  o f  
Engineers has been const ruc t ing  an immense 
banana-shaped d i ke  o f fshore  o f  t h e  Po in te  
Moui l lee  Marsh. T h i s  i s  a  m u l t i - p u r p o s e  
s t r u c t u r e .  F i r s t ,  i t  w i l l  p r o v i d e  a  
con ta i  nrnent area f o r  mater ia l  dredged from 
t h e  D e t r o i t  R i v e r  n a v i g a t i o n  c h a n n e l .  
Secondly, i t  se rves  as a  b u f f e r  between 
t h e  c o a s t a l  marshes and t h e  open l ake .  
And t h i r d l y ,  it w i l l  prov ide access t o  t h e  
c e n t r a l  l a g o o n  and marsh  area.  When 
completed, t h e  p r o j e c t  w i l l  l e a v e  beh ind 
an i s l and  f o r  a  f u t u r e  refuge area. 

C a t t a i l s  a r e  t h e  n a t u r a l  dominant 
s p e c i e s  i n  M o u f l l e e  Marsh,  However,  
p o r t i o n s  o f  t h e  marsh a r e  managed f o r  
w a t e r f o w l  a n d  s u c h  f o o d  p l a n t s  a s  
smar tweeds  ( P o l  vaonum spp.  f pigweed 



( A m a r a n t h u s  s p p . ) ,  a n d  b u r  r e e d s  
( S ~ a r c a n i u m  spp.) a re  propagated i n  d iked  
~ a n d g e r i c n t  a r e a s  t o  t h e  e x c l u s i o n  o f  
c d t t a i l  s. App rox ima te1  y  20 s p e c i e s  o f  
f i s h  a re  common i n  b l o u i l l e e  Marsh. Carp 
i s  t h e  most abundant. Forage spec ies such 
a s  g i z z a r d  shad (Dorosoma c e ~ e d i a n u m ) ~  
a l e w i f e  ( A l o s a  pseudoha rengus ) ,  e m e r a l d  
s h i n e r  ( N o t r o c i s  a t h e r i n o i d e s ) ,  a n d  
s p o t t a i l  sh i ne r  ( N o ' t r o ~ i s  hudsoni  u s )  a1 s o  
u t i l i z e  t h e  marsh. Common amphibians and 
r e p t i l e s  i n c l u d e  t h e  b u l l  f r o g  ( R a n a  
c a t e s b e i  a n a l ,  g r e e n  f r o g  (B. c lami tans) ,  
l eoparo  f r o g  (9. p i  o i e n s )  , Anier ican t o a d  
( f 3 ~  a m e r i c a n u s ) ,  f o x  s n a k e  ( E l a ~ h e  
v u l ~ i n a )  , brown snake ( S t o r e d  d e k a v i  1, 
snapping t u r t l e  (Che lvd ra  s e r ~ e n t i n a l r  and 
n  i d l  and p a i  n tod  t u r t l e  (Chrvsemvs p i c t a )  . 
Canada goose  ( B r a n t a   ana ad ens is), b l a c k  
duck (Anas ~ u b r i ~ e s ) ,  mal lard,  gadwal l  (A. 
s t r e ~ e r a ) ,  blue-winged t e a l ,  and wood duck 
a r e  common n e s t i n g  s p e c i e s  i n  M o u t l l e e  
E.larsh. Muskrat (Ondatra z i b e t h i c u s )  , a r e  
dependent  on  t h e  marsh f o r  food, s h e l t e r ,  
and  b r e e d i n g  a r e a s ,  w h e r e a s  o p o s s u m  
( D i d e l ~ h i s  y i r a i n i a n a ) ,  r e d  f o x  ( V u l ~ e s  
v u l  ces ) ,  r a c c o o n  ( P r o c v o n  l o t o r ) ,  m ink  
( M u s t e l a  v i s o n ) ,  a n d  s t r i p e d  s k u n k  
(F i ech i t i s  m e ~ h i t i s )  u t i l i z e  t h e  marsh as a  
f o r a g i n g  area. 

R i v e r  Raisin-Swan Creek Figure 4. B a r r i e r  beach a t  S t e r l i n g  S t a t e  
Park, Monroe, M i ch i gan  (Sep tember  1 9 8 2 ) .  
N o t e  u n d e r c u t t i n g  o f  l a r g e  c o t t o n w o o d  

The e s t u a r i e s  o f  t h e  R i v e r  R a i s i n ,  t r e e s  i n d i c a t i n g  a  shoreward- m i g r a t  Son o f  

Swan Creek, and severa l  sma l l e r  streams i n  t h e  b a r r i e r .  

t h e  same v i c i n i t y  p r o v i d e  t h e  p r o p e r  
h a b i t a t  f o r  t h e  d e v e l  opment o f  c o a s t a l  
w e t l a n d s .  The p o r t  o f  Monroe, Michigan, 
a t  t h e  mou th  o f  t h e  R i v e r  R a i s i n ,  i s  
h i g h l y  d i s t u r b e d  by i n d u s t r i a l  and power 
p l a n t  operat ions,  b u t  some emergent s tands 
s t i l l  p e r s i s t ,  p a r t i c u l a r l y  i n  L a  
P la isance  Bay. S t e r l  i ng S t a t e  Park, n o r t h  
o f  t h e  r i v e r  m o u t h ,  c o n t a i n s  c o a s t a l  
marshes behind a  ba r r l ' e r  beach ( F i g u r e  4 ) .  
Recen t  c o n s t r u c t i o n  o f  a  c o n t a i n m e n t  
s t r u c t u r e  f o r  ha rbor  d redg ings  ad jacen t  t o  
t h e  p a r k  has  m o d i f i e d  some w e t l a n d  and 
beach h a b i t a t ,  Swan Creek and O t t e r  Creek 
e s t u a r i e s  a r e  g i v e n  some p r o t e c t i o n  by t h e  
b e d r o c k  o u t c r o p  a t  S t o n y  P o i n t ,  a n d  
s u p p o r t  d i v e r s e  c o a s t a l  m a r s h e s .  
C o n s t r u c t i o n  o f  t h e  E n r i c o  F e r m i  Power 
P i a n t  h a s  c a u s e d  d i s t u r b a n c e  a t  t h e  
southern edge o f  Swan Creek Marsh. 

Naumee Bay 

T h i s  bay l i e s  a t  t h e  mou th  o f  t h e  
Maumee R i v e r  and i s  formed by Cedar P o i n t  
( l o c a l l y  known as L i t t l e  Cedar  P o i n t  t o  
avo i d  con fus i on  w i t h  t h e  p o i n t  o f  t h e  same 
name on t h e  e a s t  s i d e  o f  Sandusky Bay) on 
t h e  e a s t  and W o o d t i c k  P e n i n s u l a  on t h e  
wes t .  These t w o  sand  s p i t s  p r o v i d e  t h e  
s h e l t e r  necessary f o r  wet1 and deve lopmen t  
on t h e i r  l a n d w a r d  s i d e .  The former  l i e s  
w i t h i n  t h e  Cedar P o i n t  N a t i o n a l  W i l d l  i f e  
Refuge (admin fs te red  as p a r t  o f  t h e  Ottawa 
N a t i o n a l  W i l d l  i f e  Refuge) and t h e  l a t t e r  
l i e s  p a r t i a l l y  w i t h i n  t h e  E r i e  S t a t e  Game 
A r e a  ( a d m i n i s t e r e d  b y  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  Resou rces ) .  The 



Cedar P o i n t  marshes extend westward a1 ong  
t he  south shore of t h e  b a y  t o  Maumee 6 a y  
S t a l e  Park. Estuarine wetlands a] so o c c u r  
a long  t h e  Maumee R ive r  v a l l e y ,  b e t w e e n  
Rossford and t he  f i r s t  bedrock r j f f  7es  a t  
P e r r y s b u r g ,  and in  t h e  l ower  r e a c h e s  of 
t h e  Ottawa River. 

Although metropol  i t a n  T o l e d o  c o i n -  
c i d e s  wi th  t h i s  a r e a ,  emergent  w e t l a n d s  
s t i l l  e x i s t  a t  t h e  b a s s  of L i t t l e  C e d a r  
P o i n t ,  i n  t h e  Yaumee River Es tuary  above 
Rossford, along much o f  t h e  Ot tawa R i v e r  
E s t u a r y ,  b e h i n d  Wood t i ck  P e n i n s u l a  
(F igures  5 and G ) ,  and i n s ide  t h e  m a s s i v e  
r i p - r a p  a i  k e s  c o n s t r u c t e d  t o  c o n t a i n  
ha rbo r  d rndg ings  ( F i g u r e  7 )  and  p o w e r  
p l a n t  f l y a s h .  The marshes i n  t h e  bay  a r e  
p r o t e c t e d  b y  d i k e s  and a r e  managed f o r  

The h i s t o r i c a l  occurrence of t h e  r a r e  
F o r s t e r l s  t e r n  (S t e rna  f o r s t e r t )  has been 
reported f o r  t h e s e  wetlands (Campbell and 
Trautman 1936). A bald eag l e  (Hal iaee tus  
leucoce~hal(&aS) n e s t  i s  a c t i v e  on Cedar 
P o i n t ,  The m o s t  common water fowl  a r e  
m a l l a r d ,  b l ack  duck,  green-winged t e a l  
lm s r e c c a )  , blue-winged t e a l ,  northern 
shoveler (A. cl  v ~ e a t a )  , and Amer S can  c o o t  
(Fu l  iu a m e r i c a n a ) .  Tundra swans (LUX 
~ ; o l u m b i a n u )  a n d  snow g e e s e  ( C h e n  
c a e r r r l e s c e ~ )  a l s o  u t i l i z e  t h e  area f o r  
r e s t i ng  during sp r ing  migration. 

Locust Po in t  

Figure 5. Coastal l a ~ d f o n n s o f  L.doodtick 
Peninsula Marsh, Michigan, showing 1 oca t ion  
of  c ros s  sec t ion  i l l u s t r a t e d  in  F i g u r e  6 
(Jaworski e t  a l .  1981). 

wa t e r fowl ,  The e s t u a r i n e  w e t l a n d s  a r e  
more undisturbed and o f t en  assocfa ted  with 
t h e  l a r g e  i s l a n d s  f n  t h o s e  s l a c k  water  
reaches. 

The major  p l a n t  s p e c i e s  t h r i v ing  in 
t h e  Waumee Eay marshes  i n c l u d e  narrow- 
l e a v e d  c a t t a i l  ( T v e h a  _ a a a u s t i f o l i a ) ,  
b road - l eaved  c a t t a i l  (I. J a t i f o l  i q ) ,  
jewel weeds ( J m ~ a t  i e n z  s p p .  1, swamp rose- 
mallow ( H i b i s c u s  p a l u s t r l s ) ,  b l u e j o i n t  
g r a s s  ( G a l  amaa r o s t i  s c a n a d e n s i s ) ,  and 
swamp milkweed ( A s c l e ~ 1 ~  i n c a r n a t a l .  I n  
t he  t r a n s i t i o n  zone between open water and 
t h e  c a t t a i  1 s t a n d s ,  s o f t - s t e m  b u l r u s h  
( S c i ~ p u s  v a l i d u q ) ,  and t h r e e - s q u a r e  
b u l r u s h  ( 5 .  a m e r i c a n u )  a r e  t h e  dominant 
s p e c t e s .  F i s h  found S n  t h e  lilaumee Bay 
wet1 a n d s  i n c l u d e  bowfin (m ~ a l v a ) ,  
carp* yellow perch, largemouth bass,  white 
b a s s  ( M Q r g n ~  ~ h r y s 0 ~ 5 ) ~  g r e e n  s u n f i s h  
( i e ~ o m i s  s v a n e l  l u q ) ,  y e l  low b u l l h e a d  
( X c t a l u r u s  n a t a l i s ) ,  g i z z a r d  s h a d ,  and 
walleye. 

Locus t  P o i n t  i s  a  b r o a d l y  r o u n d e d  
f e a t u r e  on t h e  Ohlo shore of western Lake 
Er ie  t h a t  extends f  ram Maumee Bay eastward 
t o  Po r t  C1 inton (F lgu re  8) .  This reach of 
sho re1  i n e  c o n t a i n s  n e a r 1  y c o n t i n u o u s  
c o a s t a l  marshes ,  most  o f  them i n  pub1 i c  
ownership. Front ing t h e  community of Po r t  
Cl inton,  e a s t  of t h e  h a r b o r  j e t t i e s ,  a r e  
c a t t a i l  marshes  behind  b a r r i e r  beaches. 
T h i s  i s  an a r e a  of conve rg ing  I l t t o r a l  
d r i f t  which provides t h e  natural  sand ba r s  
t h a t  p r o t e c t  t h e  we t l and .  The P o r t a g e  
River Estuary which forms t h e  Por t  Cl inton 
harbor i s  high1 y disturbed b u t  c o n t a i n s  
some f r i n g i n g  emergen t  p l a n t s ,  such a s  
reed-canary g r a s s  ( m a 1  a r i  s 1 
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Figure 6.  Cross s e c t i o n  o f  Woodtick Pen insu la  Yarsh, Mich igan,  showing we t l and  
vc(1cltat iun and hottnrri  deposits; l o c a t i o n  o f  c ross  s e c t i o n  shown on F i g u r ~  5 
( J a w o r s k i  e t  d l ,  1981). 

and th ree-square  b u l  rush. Several other  
lesser  streams f low i n t o  Lake E r i e  a long  
t h i s  reach, i n c l u d i n g  Toussa in t  R i v e r ,  
T u r t l e  Creek, and Crane Creek, each w i t h  
ra ther  extensive es tuar ine  wetlands. 

I n  t h e  1 9 t h  and e a r l y  20th centur ies  
t h e  e n t i r e  c o a s t  o f  L o c u s t  P o i n t  was 
f r o n t e d  by b a r r i e r  beaches and i s l a n d s  
w l th  numerous lagoons between them and t h e  
upland shore. Extensive coasta l  wet 1  ands 
developed i n  t h e  low areas which extend 
s e v e r a l  k i l o m e t e r s  i n l a n d  f r o m  t h e  
b a r r i e r s .  H i g h  water  l e v e l s  and con- 
s t r u c t i o n  o f  shore1 1 ne s t r u c t u r e s  d  im in-  
i shed t h e  sand supp ly ,  and t h e  b a r r i e r s  

Figure 7. G r a s s y  I s l a n d *  a d t k e d  were breached i n  many places dur ing storms 
con ta fnmnt  s t r u c t u r e  For harbor dredgings i n  t h e  e a r l y  1950s and ea r l y  1970s. Today 
in Toledo Harbor, Ohio. Note marsh formed v i r t u a l l y  t h e  e n t i r e  coast i s  protected by 
i ns fde  the  dfkes (May 1966). r ip - rap  d ikes  and bulkheads. 

f O  
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Figure 8. Location map of Federal- and State-owned coastal marshes i n  the 
vic ini ty  of Locust Point, Ohio. 

Flanking t h e  a x i s  of Locust Po in t ,  
which passes  through t h e  Nuclear Power 
Station,  are over 35 k m  of prime c o a s t a l  
w e t l a n d s *  m o s t l y  in Federal and S t a t e  
ownership. All of t h e s e  w e t l a n d s  a r e  
p r o t e c t e d  from Lake E r i e  f lood ing  b y  
e x t e n s i v e  e a r t h e n  and r i p - r a p  d i k e s  
( F i g u r e  9). The Federal a r e a s ,  some of 
which a r e  former hunting c lub  p rese rves ,  
a r e  now managed a s  waterfowl refuges b y  
t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e .  
Control  1 ed waterfowl hunting i s  permitted 
in some par ts  of the  State wi ld l i fe  areas. 
Several nature t r a i l s  are open t o  v i s i t o r s  
in both the  Federal and S ta te  re fuges  and 
a f i n e  swimming beach i s  located a t  Crane 
Creek S t a t e  Park. 

Because the  marshes a r e  managed f o r  
waterfowl,  t h e  a q u a t i c  plants encouraged 
t o  grow i n  t h e s e  w e t l a n d s  p r o v i d e  
e x c e l l e n t  duck food. Wal te r ' s  m i l l e t  
(Echinochloa u l t e r i f  i s  t h e  dominant  
g r a s s .  Marsh plants associated with t h i s  
species include soft-stem bu l rush ,  hard- 
s t em b u l r u s h  ( S c i r p u s  &-I9 r i c e  
c u t g r a s s  ( I  e e r s i p  p r v z o i  d e z ) ,  mi 1 d 

waterpepper (Po1 v- h v d r o ~ i ~ e r o i d e s ) ,  
smartweed,  and c a t t a i l s .  A r e c e n t  
i n v a d e r ,  p u r p l e  l o o s e s t r i  f e  t k t h r u ~  
s a l  i c a r i g )  produces a beau t i  fu7 v i o l e t  
f lower b u t  o f f e r s  l i t t l e  food value for 
wild1 i f e .  This p l a n t  propagates  r e a d i l y  
and i s  a th rea t  t o  many Lake Er ie  wetlands 
a s  i t  i s  t o  many wetlands throughout the  
country. 

A f i sher ies  survey in connection with 
an environmental evaluation of t h e  Davis- 
Besse Nuclear Power Station (Reutter  and 
Herdendorf 1980) revealed 48 s p e c f e s  of 
f i s h  i n  L a k e  E r i e  and  t h e  c o a s t a l  
wetlands. Of these ,  on1 y seven s p e c i e s  
were found in Navarre Marsh which borders 
t h e  s t a t i o n :  b o w f i n ,  g i z z a r d  s h a d e  
g o l d f i s h  ( C a r a s s i u s  ~ u r a t u s ) ~  c a r p ,  
largemouth bass ,  black c r a p p i e  (Pornoxis 
n i a r o m a c u l  a t u s  1, and w h i t e  c r a p p i e  
(Pornoxis annul a r i z ) .  

Major waterfowl species found i n  t h e  
v i c i n i t y  o f  Locus t  Po in t  a r e  mal lardr  
b l a c k  d u c k ,  A m e r i c a n  w i g e o n  ( A n a s  
americana), wood d u c k *  p inta i l  IA. acuta),  



Figure 9. Qip-rap d i ke  separa t ing  Lake E r i e  ( r i gh t )  f r o n  Darby Y!ars+ 
( l e f t ) ;  t h i s  wet land i s  p a r t  o f  t h e  Ottawa Nat iona l  W i l d1   if^ Yefuc~c 
(August 1982). 

b l u e - w i n g e d  t e a l ,  and Canada goose. The 
w e t l a n d s  i n  t h i s  c o m p l e x  a 1  s o  p r o v i d e  
i m p o r t a n t  n e s t i n g  and feed ing  h a b i t a t  f o r  
ba l d  eagles. Three p a i r s  o f  b a l d  e a g l e s  
have been  observed n e s t i n g  he re  i n  r ecen t  
years. Ospreys  ( P a n d i o n  ha1  i a e t u s )  use  
t h e  a r e a  f o r  f e e d i n g  and r e s t i n g  du r i ng  
m ig ra t i on .  

examples  o f  t h e s e  w e t l a n d s  4nc l ude  t h e  
Pu t -  i n-Bay embayment on South Bass I s 1  and 
w h e r e  e x t e n s i v e  b e d s  o f  s u b m e r g e d  
mac rophy tes  o c c u r  i n  F i she ry  Bay, and on 
N o r t h  Bass I s l a n d p  M a n i l a  Bay,  w h e r e  
emergen t  fo rms  a r e  more common. Coasta l  
ponds and lagoons occur  on K e l l e y s  I s l a n d  
 car^ Pond 1 M idd l e  Bass I s 1  and (Haunckls 
PondjP S o u t h  Bass I s l a n d  ( T e r w i l l  i g t ? r t s  

A s  w i t h  m o s t  O f  t h e  L a k e  E r i e  P o n d ) ,  N o r t h  B a s s  I s l a n d  f b l a n i l a  Bay, 
marshes, t h e  muskrat  i s  t h e  most impor tan t  Fox" pond and Smith ,s Pond)  E a s t  Sister 
f u r b e a r e r ,  O t h e r  mammals common i n  t h e  a n d  (Eas t  ster Swamp) ,  and Pe,ee 
marshes and e a r t h e n  d i k e s  a r e  woodchuck Island (Lake Henry and Fish Point S w a m p ) ,  

e a s t e r n  co t ton ta i i  Each has i t s  own d i s t i n c t  f l o r a ,  b u t  i n  
' general ,  f l o a t i n g - l e a v e d  p l a n t s  a r e  b e s t  

d e e r  ' Q d o c o l  e u s  developed i n  these  i s o l a t e d  h a b i t a t s ,  The 
T a r q e s t  f s l a n d  marshes a re  found on Pelee 
island where sand s p i t s  a t  b o t h  i t s  n o r t h  
and south t l p s  have formed lagoons s i m i l a r  
t o  t h e  f o r m a t i o n  o f  P a i n t  P e l e e  on t h e  
On ta r i o  shore. Lake Henry, on t h e  n o r t h *  

' j th of Is' and '  'One has been breached by h i g h  water  storms and 
o f  t h e  Lake E r i e  I s l a n d s  have  ex tens i ve  is now in danger of engulfed by Lake 
m a r s h l a n d s .  A l l  o f  t h e  i s l a n d s  a r e  Er re  Ill- 
r ockbound  ( F i g u r e  1 0 ) .  The on1 y oppor- 
t u n i t y  f o r  marshes  t o  d e v e : ~ p  e x : s t s  f n  
p r o t e c t e d  embayments coas ta l  pondsp and T y p i c a l l y ,  t h e  s m a l l  w e t l a n d s  on  
where converg ing sang b a r s  f o rm  a l a g o o n  these  i s l a n d s  occupy  d e p r e s s i o n s  b e h i n d  
a t  t h e  b a s s  o f  a s p i t ,  N o t e w o r t h y  sand s p i t s  o r b a r r i e r  b a r s t h a t  havebeen  



Figure 10. Rocky shore l  i n e  o f  S o u t h  Bass  
I s l a n d  ( J u l y  1982). 

b u i l t  by alongshore cu r ren ts .  These  l o w ,  
p r o t e c t e d  a r e a s  e v e n t u a l l y  became t h e  
s i t e s  o f  l u sh  growths o f  v a s c u l a r  a q u a t i c  
p l a n t s .  L a g o o n s  w i t h  o p e n i n g s  t o  t h e  
l a k e ,  such  as Carp  Pond9 T e r w f l l i g e r ' s  
Pond, and Man i la  Bay serve as spawning and 
n u r s e r y  g rounds  f o r  s e v e r a l  w a r n - w a t e r  
f i s h  spec ies such as carp, w h i t e  c r a p p i e ,  
~ l u e g i l l  , and ye1 low perch. HaunckFs Pond 
e x h i b i t s  a q u a t f c  p l a n t  z o n a t i o n  i n  
r e s p o n s e  t o  w a t e r  d e p t h s .  E l  g h t  
d i s t i n c t i v e  mac rophy te  zones can be seen 
here and a t  o t he r  p ro tec ted  embayrnents. 

Mos t  o f  t h e  i s l a n d  w e t l a n d s  a r e  
p r i v a t e l y  owned, b u t  severa l  can be v iewed 
f r o m  n e a r b y  roadways, i n c l u d i n g  Haunck's 
Pond. Ca rp  Pond  1 4 e s  w i t h i n  K e l l e y s  

Figure 11. H e r o n  a n d  e g r e t  n e s t s  in 
f l o o d e d  m a r g i n s  o f  L a k e  H e n r y ,  P e l e e  
I s l a n d .  H i g h  w a t e r  l e v e l s  have breached 
t h e  b a r r i e r  ba r  exposing t h e  marsh t o  Lake 
E r i e  wave a c t i o n  ( J u l y  1984). 

I s l a n d  S ta te  Park and i s  open t o  v i s i t o r s .  
En t ry  t o  Laks Henry and F i s h  Pond Swamp on 
P e l e e  I s 1  and r e q u  i r e  a u t h o r i z a t i o n  from 
t h e  On ta r f o  M i n i s t r y  o f  Na tu ra l  Resources. 

The r o c k y  peninsuf  as known as Marble- 
head and Catawba I s l a n d  separa te  Sandusky 
Bay f r o m  w e s t e r n  Lake E r i e  on t h e  n o r t h  
s i de  o f  t h e  bay. A v a r t e l y  o f  r e l a t f  v e l y  
sma l l ,  b u t  i n t e r e s t i n g ,  c o a s t a l  marshes 
do t  these  penfnsul  asp  b o t h  an t h e  1 ake and 
bay shore l  ines. Bay Pof n t r  a  complernen- 
t a r y  s p f t  t o  Cedar PoTnt, p r o j e c t s  t o  t h e  
s o u t h e a s t  f r o m  Marb l ehead  to p a r t t a l l y  
c l o s e  t h e  mouth o f  Sandusky Bay between 
t h e  two  po fn ts .  Emergent w e t l a n d  p l a n t s  
p e r s i s t  i n s i d e  t h e  bay  a t  t h e  base  and 
a long t h e  p r o t e c t e d  s f d e  o f  t h e  s p i t .  A 
s h o r t  d f s t a n c e  t o  t h e  west f n  a s m a l l  



lagoon, Meadow Brook, marsh p l a n t s  a l s o  
f l o u r i s h  under t h e  p ro tec t i on  provfded by 
t h e  s p i t .  WSshbone I s l a n d ,  o f f  t h e  
Marblehead shore o f  t h e  bay, I s  shel tered 
enough by  t h e  mld-bay c o n s t r f c t i o n  t o  
p e r m i t  t h e  d e v e l o p m e n t  o f  a  f r i n g i n g  
wet1 and o f  emergent p lants.  

Catawba I s l a n d ,  a c t u a l 1  y  a n o t h e r  
r o c k y  p e n i n s u l a  t o  t h e  n o r t h  o f  
Marblehead, c o n t a i n s  t h r e e  major  embay- 
m e n t s  on  i t s  e a s t  s h o r e ,  c a l l e d  E a s t  
Harbor  ( s i t u a t e d  a t  t h e  j u n c t  I o n  w i t h  
M a r b l e h e a d ) ,  M i d d l e  H a r b o r ,  and West 
Harbor. I n  these natura l  harbors a  ra the r  
c o m p l e t e  z o n a t i o n  o f  w e t l a n d  p l a n t s  
e x i s t s ,  p r o g r e s s i n g  f r o m  emergent t o  
f l o a t i n g - l e a v e d  t o  submergent s p e c i e s .  
Th is  devel-opment i s  poss ib le  because o f  a  
more  o r  l e s s  c o n t i n u o u s  b a r r i e r  beach 
which f r o n t s  t h e  e a s t  sho re  o f  Catawba. 
M i d d l e  Harbor i s  completely i so la ted  from 
t h e  l ake  ( F i g u r e  12) ,  whereas t h e  o t h e r  
two have been opened w i t h  j e t t i e d  b o a t  
channels. East Harbor S ta te  Park cons is ts  
o f  m a r s h l a n d s  on e a c h  o f  t h e  t h r e e  
harbors. East Harbor and West Harbor a l so  
have p r i v a t e 1  y  owned wetlands as we l l  as 
e x t e n s i v e  m a r i n a  a n d  r e s i d e n t  l a 1  
development . 

The w e s t  s h o r e  o f  Catawba I s l a n d  
contafns a  number o f  sma l l ,  rock-bound, 
rough1 y  c i r c u l a r  lagoons.  These I n l e t s  
have a l s o  been e x t e n s i v e 1  y  modf f i e d  f o r  
recreational h a r b o r s *  b u t  a  few s t i l l  
con ta in  unusual coas ta l  marshest bounded 
and p r o t e c t e d  by rocky shores, and fed by 
groundwater springs. 

A t  t h e  wes te rn  edge o f  t h e  C i t y  o f  
Huron, a mass ive  sand s p i t  named Cedar 
Po in t  connects t o  t h e  shore near t h e  mouth 
o f  Sawmlll Creek, This 10-km-long b a r r f e r  
beach extends t o  t h e  northwest forming t h e  
"east bayn o f  Sandusky Bay ( F l g u r e  13) .  
Here can be found one o f  t h e  few remaining 
n a t u r a l  l agoon  wet lands a long  t h e  Ohio 
coast. These marshes are character ized by 
t h e  c a t t a f l  stands near t h e  shore and beds 
o f  f l o a t i n g - l e a v e d  p l a n t s  wh ich ,  i n  
p l a c e s r  cove r  t h e  lagoon from t h e  b a r r i e r  
beach t o  t h e  up land  shore, The b a r r f e r  
beach p r o v i d e s  t h e  necessary p r o t e c t i o n  
f o r  t h e  marshes aga ins t  severe  n o r t h e a s t  

Figure 12. A q u a t i c  v e g e t a t i o n  i n  a  
p o r t l o n  o f  M i d d l e  Harbor,  Ohio, showing 
p l a n t  development w i t h i n  t h e  p r o t e c t e d  
lagoon and t h e  b a r r e n  nature o f  t h e  Lake 
E r i e  s i d e  o f  t h e  b a r r f e r  beach  ( M o o r e  
1973 1. 

s torms.  HoweverD i n  t h e  l a s t  decade o f  
record-high wa te r  l e v e l s ,  t h e  beach was 
severed about 2  km from t h e  base, exposing 
p a r t  o f  t h e  l agoon  t o  d i r e c t  wave a t tack  
from t h e  l a k e  ( F i g u r e  1 4 ) .  Most o f  t h e  
eastern p a r t  o f  t h e  lagoon, which i s  s t f l l  
p r o t e c t e d  by  t h e  sand s p i t ,  f s  owned by 
t h e  Ohio Department o f  N a t u r a l  Resources 
(ODNR) and i s  des igna ted  as t h e  Sheldon 
Marsh Nature Preserve. 

The o n l y  ma jo r  s t ream t o  e n t e r  t h e  
" e a s t  b a y n  i s  P i p e  Creek .  A t  t h i s  
junct ion,  on t h e  east s i d e  o f  t h e  c i t y  o f  
SanduskyD an emergent wetland known as B i g  
I s l a n d  Marsh once covered a  l a r g e  area o f  
t h e  bay. Durfng t h e  h4gh water l e v e l s  o f  
t h e  e a r l y  1 9 7 0 ~ ~  t h e  s f ze  o f  t he  wetland 
was reduced t o  a  smal l  s t a n d  o f  c a t t a l l s  



Figure 13. E a s t  e n d  o f  S a n d u s k y  B a y  a n d  C e d a r  P o l n t  s a n d  spit, s h o w l n g  m a r s h  
d e v e l o p m e n t  i n  a s h e 1  t e r e d  1 a g o o n  ( J u l y  1 9 4 9 ) .  

f  r l  n g i  n g  t h e  S a n d u s k y  w a t e r  t r e a t m e n t  
p l a n t  a n d  y e l l o w  w a t e r  l i l y  (w 

1 b e d s  l n  t h e  e s t u a r y  o f  t h e  c r e e k .  
I n  1 9 8 4 ,  T h e  H a r b o u r ,  a j o l n t  v e n t u r e  
hotel/condominium/marSna c o m p l e x  b e t w e e n  
t h e  c i t y  a n d  p r i v a t e  d e v e l o p e r s ,  o b t a i n e d  
a p e r m f t  f r o m  t h e  U.S.  A r m y  C o r p s  o f  
E n g i n e e r s  t o  c o n s t r u c t  d i k e s  a n d  
r e e s t a b l  l s h  w e t l a n d s  a t  B i g  I s l a n d  a s  
m i t t g a t i o n  f o r  f i l l i n g  e s t u a r i n e  w e t l a n d s  
o n  t h e  e a s t  s l d e  of P f p e  C r e e k  ( F i g u r e  
15). T h e  d i k e ,  a l s o  d e s i g n e d  t o  h o l d  
m a t e r l a l  d r e d g e d  f o r  a s m a l l  b o a t  c h a n n e l ,  
will c o n t a i n  f l v e  s e p a r a t e  c o m p a r t m e n t s  i n  
w h i c h  t h e  w a t e r  l e v e l s  c a n  b e  i n d e p e n -  
d e n t l y  c o n t r o l l e d .  An a g r e e m e n t  h a s  b e e n  
n e g o t i a t e d  w i t h  t h e  C e n t e r  for  L a k e  E r i e  
A r e a  R e s e a r c h  o f  t h e  O h i o  S t a t e  U n i v e r s i t y  
t o  e x p e r i m e n t  w f  t h  i n n o v a t i v e  m a n a g e m e n t  
s t r a t e g t e s  f o r  d i k e d  m a r s h e s  a n d  t o  
c o n d u c t  r e s e a r c h  d e s l g n e d  t o  e n h a n c e  f f s h ,  
w a t e r f o w l  a n d  a q u a t i c  p l a n t  h a b i t a t .  A 
v i s i t o r "  c e n t e r  is p l a n n e d  for  BJg I s l a n d  

M a r s h  t o  i n f o r m  t h e  p u b l f c  a n d  s c h o o l  
g r o u p s  a s  t o  t h e  v a l u e  o f  c o a s t a l  
w e t 1  a n d s .  

T h e  m o u t h  o f  t h e  b a y  is a n  a r e a  of 
c o n v e r g i n g  a l o n g s h o r e  c u r r e n t s .  One set 
of c u r r e n t s  h a s  b u i l t  Bay  P o l n t  s p f t  Sn a 
s o u t h e a s t e r 1  y d i r e c t i o n  ( F i g u r e  16) a n d  
a n o t h e r  se t  h a s  c o n s t r u c t e d  C e d a r  P a i n t  
s p i t  f n  a n o r t h w e s t e r l y  d f r e c t l o n .  T h e s e  
t w o  s p i t s  a r e  now s e p a r a t e d  b y  t h e  13-w 
d e e p  M o s e l e y  C h a n n e l .  T h e  t l p  o f  B a y  
P o i n t  i s  a c c r e t l n g  a t  a r a t e  o f  3 m p e r  
y e a r  b u t  f u r t h e r  g r o w t h  o f  C e d a r  P o l n t  h a s  
b e e n  h a l t e d  b y  t h e  c o n s t r u c t i o n  o f  a 2.6- 
k m - l o n g  j e t t y  a t  t h e  t l p  t o  k e e p  t h e  
c h a n n e l  o p e n  for n a v l g a t l o n .  W e t l a n d s  a n d  
o p e n  p o n d s  o c c u p y  d e p r e s s t o n s  b e t w e e n  s a n d  
r J d g e s  o n  b o t h  o f  t h e s e  s p i t s ,  B a y  P o l n t  
w e t l a n d s  a r e  re1 a t l v e l  y undisturbed. 
A1 t h o u g h  p r f v a t e l  y owned, t h e  f!ne beaches 
a n d  m a r s h e s  are  o p e n  t o  t h e  p u b l f c  F o r  
s w 4 m m l n g t  h i k i n g ,  a n d  c a m p l n g .  C e d a r  



Figure 14. Aer la l  view of Cedar P o i n t  
sand s p i t s  showing breach in t h e  b a r r i e r  
(August 1983 1 . 

Pofnt wet1 ands were probably simi 1 a r  t o  
t h e  n a t u r a l  beach ponds of Presque I s l e  
sand s p j t  nea r  E r i e *  Pennsylvania ,  b u t  
have s i n c e  been modified t o  accommodate a  
major amusement park.  The Cedar P o i n t  
sand s p i t  a l s o  provides natural protection 
f o r  marshes which have developed in  the  
v i c i n f t y  of BSg Island. 

A t  Bay View* midway along Sandusky 
Bay, a n a t u r a l  c o n s t r i c t i o n  occurs which 
d i v i d e s  t h i s  body of  w a t e r  f n t o  two 
basins, The point  of land which forms the  
c o n s t r i c t i o n  on t h e  s o u t h  s h o r e  i s  
u t i l i z e d  f o r  t h e  c r o s s l n g  o f  t h e  o n l y  
b r i d g e s  over  t h e  bay. This poSnt and t h e  

area Immediately t o  t h e  south  have been 
ex tens ive1  y diked for  wetland management. 
The l a rges t  segmentp named Moxley Marsh, 
c o n t a i n s  a  d i v e r s e  f l o r a  o f  emergent 
spectes,  Of p a r t i c u l a r  i n t e r e s t  a r e  t h e  
dense popula t ions  of p u r p l e  l o o s e s t r i f e  
and swamp rosemallow. Although both of 
these plants provide a  colorful  pattern t o  
t h e  m a r s h  i n  l a t e  A u g u s t s  t h e y  a r e  
unwanted by m a n a g e r s .  They  a r e  a 
re1 a t i v e l  y r e c e n t  invader  s p e c i e s  which 
o f fe r  l i t t l e  food for waterfowl and crowd 
o u t  more d e s i r a b l e  p l a n t s .  A l s o  o f  
special  i n t e r e s t p  a  large  rookery of great  
blue herons (Ardea h e r o d i a s ) ~  can be seen 
i n  a grove of pin oak f p a l u s t r i s )  
adjacent t o  Ohio Route 2 a t  t h e  southwest 
edge of the  marshes. 

The  u p p e r  e n d  o f  S a n d u s k y  B a y  
p o s s e s s e s  o n e  o f  t h e  l a r g e s t  
concentrations of coastal wetlands on Lake 
E r i e ,  The wet lands  f r i n g e  t h e  e n t i r e  
shorel ine  of Muddy Creek Bay f a  western 
e x t e n s i o n  o f  Sandusky Bay) and extend 
several kilometers u p  t h e  es tua r ies  of the  
Sandusky River and Muddy Creek. Virtual l  y  
a17 of the  wetlands bordering the  two bays 
are  protected b y  earthen and rip-rap dikes 
(Figure 17) constructed t o  an e7evatlon of 
a t  l e a s t  2 m above Low Water Datum 6LWD1, 
The upper reaches of t h e  es tua r ies  contain 
some undiked marshes. 

I f  i t  were  not f o r  t h e  network of 
d i k e s ,  i t  i s  l i k e l y  t h a t  t h e  e r o s i v e  
a c t i o n  of waves would e l i m i n a t e  much of 
the  wetland v e g e t a t i o n  in Sandusky Bay. 
The a b i l i t y  t o  r e g u l a t e  water  l eve l s  in 
managed marsh u n i t s  has  proven t o  be a  
use fu l  t o o ?  in  a l t e r i n g  specles composi- 
t ion  and thereby increasing waterfowl food 
and n e s t i n g  cover .  Most o f  t h e  d i k e d  
m a r s h e s  a r e  owned b y  p r i v a t e  shoo t ing  
c l u b s  and managed p r e d o m i n a n t l y  f o r  
w a t e r f o w l  u t i l i z a t i o n  and some mammal 
(muskratt mink, etc.1 propagation, Snyder 
and Johnson (1984)  a r e  c u r r e n t 1  y inves- 
t i g a t i n g  t h e  f i s h  i n  t h e  Wr'nous P o i n t  
marshes and plan t o  develop management 
s t r a t e g i e s  f o r  t h i s  resource. The upper 
Sandusky Bay marshes a l s o  c o n t a i n  l a r g e  
r o o k e r i e s  o f  g r e a t  b lue  herons and g rea t  
egre t s  (Casmerodlus a1 bu4).  

The df ked marshes a r e  c h a r a c t e r i z e d  
b y  e m e r g e n t  p l  a n t s  inc lud ing  c a t t a i l ,  
arrowhead, smartweed, swamp rosemall  ow * 



Figure 15. B i g  Island,  a n  experir-iental rrxirsh i n  Sandusky a t  tile 
mouth o f  Pipe Creek (Auqcist I.9X.l). 

Figure 16. Aerial v i e w  o f  Bay Paint sand s p i t  arid marshes a t  tile 
entrance to Sandusky Bay. Marblehead Peninsu!~! il backgrotr~c! ( f i ~ l i r s t  
1983). 



Figure 17. W i l l o w  P o i n t  Marsh, an example o f  a  d iked  wet land  on t h e  south 
shore o f  Sandusky Bay (April 1968). 

and p u r p l e  l o o s e s t r i f e .  The l a t t e r  o f  p u r p l e  l o o s e s t r i f e  t o  a  n e g l i g i b l e  
species i s  becomtng a  nu i sance ;  however, size. The undiked e s t u a r i n e  marshes a r e  
c a r e f u l  management has k e p t  t h e  popul a t i o n  t y p i f i e d  by g rea te r  development o f  massive 
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beds  o f  f l o a t i n g - l e a v e d  species. I n  t h e  
open k a t e r  o f  t h e  marshes t h e  dom inan t  
p l a n t  s p e c i e s  vary  f r 0 ~  year  t o  year*  b u t  
the m o s t  common o n e s  a r e  c o o n t a i l  
( water-mi 1 f o i l  
( 1, d u c k w e e d s  
(w spp. 1, water smartweed ( P o ~ v Q Q ~ ~  
am~h ib i um  emersum), Amer ican  wa te r -1  o t u s  
( B e I u m b ~  lu.t;a_a)~ w h i t e  w a t e r  l i l y  
(Nvnichaea lx~&aza9 Y s p a t t e r d o c k  ( N u ~ h u  
advenal, pondweeds (PotarnogS;rfCQI! s p ~ . ) ~  and 
water  s t a rg rass  (Heteranthera dubla) .  

The d o m i n a n t  n e s t i n g  w a t e r f o w l  o f  
Sandusky Bay marshes a r e  m a l l a r d  ( 7 2 % ) ,  
b l a c k  duck (16 ),  and b l ue -w inged  t e a l  9, ( 9 % ) .  T h e  a d  I t  g r e a t  b l u e  h e r o n  
p o p u l a t i o n  o f  these wet lands i s  es t imated  
a t  over  3,000 b l r ds ;  one r ooke ry  a l o n e  a t  
Winous P o i n t  had 1,200 breeding p a i r s  i n  
1976 (Ed fo rd  1976). N e s t i n g  b a l d  e a g l e s  
h a v e  b e e n  o b s e r v e d  f n  t h i s  a r e a  a s  
recen t1  y  as 1984. 

The m u s k r a t  I s  t h e  most  i m p o r t a n t  
f u r b e a r e r  i n  uppe r  Sandusky Bay marshes 
a n d  r e c e i v e s  t h e  g r e a t e s t  t r a p p i n g  
p r e s s u r e  Sn t h e s e  we t l ands .  D u r i n g  t h e  
November-to-March t r a p p i n g  season, o v e r  
5,000 m u s k r a t s  a r e  t a k e n  each year  f rom 
t h e  Winous P o l n t  Ma rsh .  O t h e r  m a r s h  
mammals t r a p p e d  f o r  t h e i r  p e l t s  i n c l u d e  
raccoon, opossum, mink, and r ed  fox. 

Q l d  Woman Creek Huron R i v e r  - 

The eas te rn  l i m i t  o f  t h e  a r e a  u n d e r  
c o n s i d e r a t i o n  c o n t a i n s  t h e  e s t u a r f n e  
mouths o f  O l d  Woman Creek and t h e  H u r o n  
R i v e r .  The marsh developed i n  t hese  es- 
t u a r i e s  1  i e s  n o t  o n l y  a t  t h e  s o u t h e r l y -  
mos t  p o i n t  o f  Lake E r i e ,  b u t  a l s o  o f  t h e  
e n t  i r e  Great Lakes. 

Old Woman Creek wet1 and occup f e s  t h e  
lower  es t t i a r i ne  p o r t i o n  o f  t h e  stream. It 
I s  s e p a r a t e d  f rom Lake E r i e  by  a  narrow 
b a r r i e r  beach  a t  t h e  s t r e a m  mouth. The 
w e t l a n d  i s  m o s t l y  non-wooded, w l t h  emer- 
gent  and f l o a t i n g - l e a f  p1 an t s  b o r d e r e d  b y  
a m i x e d  h a r d w o o d  f o r e s t  o n  t h e  s t e e p  
banks. The American wate r - lo tus  i s  excep- 
t i o n a l l y  w e l l  deve loped  f n  t h i s  b r o a d  
embayment  o n  t h e  n o r t h  s i d e  o f  S t a r  
I s land .  The drowned mouth o f  t h e  c r e e k  
has been s e t  a s i d e  s i n c e  1977 as a r e -  
search and educa t ion  preserve known as t h e  
O l d  Woman C r e e k  N a t i o n a l  E s t u a r i n e  

Research Reserve.  The Reserve  j o i n t 1  y 
managed b y  t h e  N a t i o n a l  O c e a n i c  and 
Atmospheric Adm in i s t r a t i on  (NOAA) and t h e  
O h i o  D e p a r t m e n t  o f  N a t u r a l  Resources,  
f e a t u r e s  a  p u b 1  i c  e d u c a t i o n  c e n t e r ,  
r e s e a r c h  l abora to r ies ,  housing f o r  inves- 
t i g a t o r s ,  na tu re  t r a i l s ,  and i n t e r p r e t i v e  
canoe t r i p s .  Old Woman Creek i s  t h e  f i r s t  
reserve o f  t h i s  t y p e  on t h e  Great Lakes. 

W i t h i n  O l d  Woman Creek wet land f ou r  
a q u a t i c  h a b i t a t s  c a n  be  faund:  1) open 
water, 21 shore1 ine, 3)  embayment marshes, 
and 4 )  mud f l a t s .  Common vascular  aqua t i c  
p l a n t s  o c c u r r i n g  i n  t h e  open water  i n c l ude  
Amer ican l o t u s r  s p a t t e r d o c k ,  arrow arum 
(Pe l  t a n d r a  v i r a i n i c p )  , c o o n t a i  1, pond-  
weeds, a n d  duckweed .  The  s h o r e l i n e  
h a b i t a t  f ea tu res  but tonbush (CeohalaafihY=i 
g c c i  d e n t a l  i .;>, rough l e a f  dogwood (Cornuz 
drummondii), b l u e f l a g  (u y e r s i c o l o r ) ~  
and a r r o w h e a d  ( S a a i t t a r i a  1  a t i  f o l  i a ) .  
Embayment marshes l F i g u r e  18), w h i c h  have 
been  r e d u c e d  i n  s i z e  due t o  h i g h  l a k e  
l e v e l s  s i n c e  1972, a r e  c h a r a c t e r i z e d  by  
r i v e r  bu l r ush  ( S c f r ~ u s  f l u v i a t i l  i s ) ,  g i a n t  
bur reed ( s ~ a r a a n i u m  eurvcar~um) ,  c a t t a i l ,  
and 1 i z a r d  I s  t a i l  (Saururus cernuuzl  . I n  
mid-summer t h e  mud f l a t s  a r e  marked by  
swamp rosemallow and water smartweed. 

West  o f  O l d  Woman Creek, t h e  n e x t  
m a j o r  w e t l a n d s  o c c u r  i n  t h e  e s t u a r i n e  
m o u t h  o f  t h e  H u r o n  R i v e r .  F r o m  
approx imate ly  2  km t o  5 km ups t r eam f rom 
t h e  l a k e r  e x t e n s f v e  marshes p e r s S s t  on 
both s ides  o f  t h e  v a l l e y .  American l o t u s  
beds a re  a l s o  comon  here, a long t h e  lower  
reaches  o f  t h e  sma l l  t r i b u t a r y  c a l l e d  Mud 
Brook, b u t  emergent forms such as c a t t a i l ,  
bulrush, and bur  reed dominate. A p a r t  o f  
t h e  Huron R i v e r  we t l ands ,  known as  t h e  
DuPont Marsh, i s  owned by ODNR and managed 
as a  na tu re  preserve. 

B i a  Creek 

The w e t l a n d s  a t  t h e  e s t u a r i n e  mouth 
o f  B i g  Creek are l o c a t e d  20 km s o u t h e a s t  
o f  A m h e r s t b u r g ,  O n t a r i o ,  and  e x t e n d  
westward a long  t h e  lakeshore t o  B a r  P o i n t  
a t  t h e  mouth  of t h e  D e t r o i t  R jver .  These 
marshes a r e  p a r t 1  y  w i t h i n  Wol f  day Beach 
P r o v i n c i  a1  P a r k ,  a d m i n i s t e r e d  by  t h e  
On ta r i o  M f n i s t r y  o f  Na tu ra l  Resources. I n  
f a 1 7  and  s p r i n g  t h e  m a r s h l a n d  i s  a 
r e w a r d j n g  p l a c e  f o r  b i r d w a t c h i n g  and 



Figure 18. Emergent stands o f  r i v e r  bul rush ( S c i r  us f l u v i a t i l i s )  i n  fore- 
ground and f l o a t i n g  leaves o f  white water l i l y  ?" N m haea tuberosa) i n  the 
background a t  Old ilornan Creek Estuary (Marshal I 1977*, 

waterfowl hunting. The marsh w i t h i n  t h e  
p a r k  i s  d e s i g n a t e d  a s  a w a t e r f o w l  
sanctuary w h i l e  h u n t i n g  i s  p e r m i t t e d  i n  
t h e  a d j a c e n t  w i  1  d l  i f e  management area. 
T h i s  i s  one o f  t h e  b e s t  Canada goose  
h u n t i n g  areas i n  southern Ontario. Small 
mammals common t o  t h e  a r e a  i n c l u d e  
muskrat ,  raccoon, rabb i t ,  and red fox. A 
boa t  l a u n c h i n g  ramp i s  l o c a t e d  on Lake 
E r i e  a t  t he  west end o f  t h e  bath ing beach. 
Common f i s h  s p e c i e s  caught  i n  t h e  l a k e  
i n c l u d e  w a l l e y e ,  f r e s h w a t e r  d r u m  
l A ~ l o d  ino tus  arunndens), and ye1 low perch. 

Po in t  Pel ee 

Po in t  Pelee i s  a massjve sand s p i t  on 
t h e  n o r t h  s h o r e  o f  Lake E r i e  t h a t  marks 
t h e  d i v i s i o n  o f  t h e  l a k e f s  wes te rn  and 
c e n t r a l  bas ins .  The 8-km-long s p f t  i s  
t r i a n g u l a r  i n  shape w l t h  an e x c e p t i o n a l  1 y 
sha rp*  narrow p o i n t  p r o j e c t i n g  ou t  i n t o  
t h e  lake. The spSt has been formed by a 

c o n v e r g e n c e  o f  a l o n g s h o r e  c u r r e n t s ,  
r e s u l t i n g  i n  t h e  deposi t ion o f  sand eroded 
from t h e  b l u f f s  f a r  t o  t h e  e a s t  and west 
o f  t h e  p o i n t .  The sand bars deposited by 
these cur ren ts  enclose a c a t t a i  1 marsh o f  
h i  h qua1 i t y .  The e n t i r e  s p i t  and t h e  10- Y km marsh l i e  w i t h i n  t h e  boundar ies  o f  
Po in t  Pelee National Park, administered by 
Parks Canada. The p a r k  i s  sur rounded by 
22.5 km o f  sand and pebb1,e beaches (F igure  
19). 

The t e r r a i n  o f  P o i n t  Pelee i s  mostly 
marsh o r  woodland. The marsh conta ins s i x  
major open-water ponds. The l a r g e s t  ( E i g  
P o n d )  h a s  a b o a r d w a l k  n a t u r e  t r a i l  
c o n s t r u c t e d  f o r  t h e  e n j o y m e n t  o f  p a r k  
v i s i t o r s .  Here, aquat ic  p lan ts  and sedges 
wage a c o n s t a n t  b a t t l e  w i t h  t h e  open 
ponds, encroaching on them and f i l l i n g  t h e  
margins w i t h  a lush  carpet  of v e g e t a t i o n t  
i n c l  ud ing  c a t t a i l s ,  spatterdock, p i cke re l  
weed (Pontederia cordata), and swamp rose- 
m a l l o w .  An u n u s u a l  f e a t u r e  o f  t h i s  
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Figure 19. A e r i a l  p h o t o g r a p h  o f  P o i n t  
P e l e e  N a t i o n a l  Park ,  O n t a r i o ,  s h o w f n g  
l o c a t i o n  o f  c o a s t a l  marshes and o t h e r  park 
f ea tu res  ( A 1  1 en 1970). 

w e t l a n d  i s  t h e  mass f ve  f l o a t i n g  mats o f  
c a t t a S l  formed by a  netwark o f  i n t e r t w i n e d  
rhizomes. Th i s  f e a t u r e  appears  t o  be an 
a d a p t a t i o n  t o  f r e q u e n t  changes i n  water 
l e v e l .  Wetlands a l so  e x i s t  i n  t h e  sloughs 
between t h e  success ive beach r i d g e s / s a n d  
dunes w h i c h  r u n  t h e  l e n g t h  o f  t h e  sp4t. 
The  i n t e r i o r  m a r s h e s  a r e  n a t u r a l 1  y  
p r o t e c t e d  by t h e  b a r r i e r  beaches o f  t h e  
s p i t  bu t  o c c a s i o n a l l y  t h e  e a s t  beach i s  
b reached  b y  t h e  l a k e .  Of t h e  600 p l a n t  
spec ies found on P o i n t  Pelee, t h e  g r e a t e s t  
v a r i e t y  c a n  be seen a l o n g  t h e  woodland 
n a t u r e  t r a t l  t owa rds  t h e  southern end o f  
t h e  s p i t .  Two m a j o r  b i r d  m i g r a t i o n  
f l y w a y s  o v e r l a p  a t  P o i n t  Pe lee .  Each 
s p r i n g  and autumn thousands  o f  b i r d s  and 
b i r d w a t c h e r s  i n v a d e  t h e  park. It i s  n o t  
uncommon f o r  a  s i n g l e  o b s e r v e r  t o  t a l l y  
more than 100 species du r i ng  t h e  h e i g h t  o f  
t h e  m i g r a t f  on season. O f  t h e  332 spec ies 
recorded f o r  t h e  area, 90 s t a y  t o  nes t .  
Wate r fow l  and s h o r e b l r d s  a re  abundant i n  
t h e  marshes. F i sh i ng  i s  p e r m i t t e d  w i t h i n  
t h e  marsh. The most  common spec l es  a r e  
s u n f i s h ,  y e l l o w  perch ,  n o r t h e r n  p i k e ,  
l a r g e m o u t h  bass, ca rp ,  and d o g f i s h  ( o r  
bowf in) .  

Animals found nowhere e l s e  i n  Canada 
e c j o y  t h e  m f l d  c l i m a t e  o f  P o i n t  Pe lee .  
The eas te rn  mof e  ( S c a l o ~ u s  aaua t l cus )  bur- 
rows i n  sand dunes a d j a c e n t  t o  t h e  marsh 
ponds and t h e  f ox - squ i r r e l  (Sc iu rus  n i g e r )  
shares t h e  s h e l t e r  o f  t h e  deciduous f o r e s t  
w i t h  t h e  g r e y  s q u i r r e l  (5. c a r o l  i nens fs ) .  
Raccoon and mink can be  found  n e a r  t h e  
m a r s h e s  w h e r e  t h e y  f e e d  on  a b u n d a n t  
c r e a t u r e s  t h a t  t h r i v e  t h e r e .  M u s k r a t s  
b u d l d  t h e i r  communi ty  dwe l l i ngs  near  t h e  
pond shores.  A t  t h e  edge o f  t h e  f o r e s t  
o t h e r  mammals can  be found i n c l u d i n g  t h e  
eas te rn  c o t t o n t a i l ,  w h i t e - t a i l e d  deer, t h e  
whi te- footed mouse (Peromvscus 1 e u c o ~ u s  1 
and t h e  l n s e c t i v o r o u s  l i t t l e  b rown b a t  
(Mvo t i s  l u c i f u ~ u s ) .  



CHAPTER 2. 

PHVSlCAL ENVlROMlVlENT 

Lake E r i e  i s  one o f  the  l a r g e s t  lakes  2.1 GEOLOGY 
i n  t h e  wor ld ,  r a n k i n g  1 1 t h  by a rea  and 
1 7 t h  by volume (Herdendorf  1984). I t i s  
t h e  southernmost of t h e  Lau r e n t  i an Grea t  Phvsioaraphv and Morohornetrv 
Lakes,  l y i n g  between 41 °21 '~  and 4 ~ ~ 5 0 ' ~  
l a t i t u d e  a n d  7 8 ° 5 0 f ~  a n d  8 3 O 3 0 ' ~  
l o n g i t u d e .  The l a k e  i s  nar row and r e l -  The  L a k e  E r i e  b a s i n  l i e s  i n  t h e  
a t i v e l y  s h a l l o w  f o r  a l a k e  o f  i t s  s i z e  C e n t r a l  Lowland p h y s i o g r a p h i c  p r o v i n c e  
( F i g u r e  20) w i t h  i t s  l o n g i t u d i n a l  a x i s  n e a r  w h e r e  this p r o v i n c e  w e d g e s  o u t  
o r i e n t e d  e a s t - n o r t h e a s t .  Lake E r i e  i s  between the Appalachian Plateau and the 

388 long and 92 km 'lder Canadian S l ~ i e l  d. The boundary between 
with a 'lean depth O f  l9 * and a t h e  C e n t r a l  Lowland and t h e  Appalachian 
s o u n d i n g  o f  64 m. The lake has a surface Plateau in the Erie basin is a sha rp  r ise 
area of 25,657 km2, a volume of 484 km3, a o f  60 t o  90 i n  elevation called the 
s h o r e ' i n e  l e n g t h  O f  l r 3 ' 0  k m r  and  a P o r t a g e  Escarpment  ( F i g u r e  2 1 ) .  F rom 
s u r f a c e  e l e v a t i o n  o f  173.9 m above mean C l e v e l a n d  e a s t w a r d  t h e  e s c a r p m e n t  
sea 1 eve1 . p a r a l l e l s  t h e  l a k e  s h o r e  a n d  1 i e s  

g e n e r a l l y  l e s s  t h a n  8 km f r o m  it. A t  
Cleveland t h e  escarpment t u r n s  sou thward  
across Ohio. 

Figure 20. Depth contours (in meters) o f  Figure 21. Physiographic map of t h e  Lake 
western and c e n t r a l  Lake Erie. E r f  e basln. 
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- 
I h e  y o r t i o n  o f  t h e  C e n t r a l  Lowland 

bordering L.&e E r ' i e  i s  known as t h e  Lake  
P l a i n  anc i s s  f o r  t h e  most pa r t ,  t h e  ve ry  
f l a t  f o r m e r  l a k e  b o t t o m .  E a s t  o f  
C l e v e l a n d  i t  i s  na r row  and l i e s  between 
t h e  P o r t a g e  Escarpment  and t h e  p r e s e n t  
l a k e  sho re ,  West o f  Cleveland it widens 
q u i c k l y p  and i n  w e s t e r n  O h i o  i t  i s  more 
t h a n  8 0  krn w i d e .  I t  n a r r o w s  a g a i n  i n  
Michigan t o  about 30 km wide. I n  Canada, 
it i s  30 t o  50 km wide bu t  i s  n o t  so w e l l  
d e f i n e d  b e c a u s e  o f  t h e  c o m p l e x i t y  o f  
g l a c i a l  f e a t u r e s .  The L a k e  P l a i n  i s  
c h a r a c t e r i s t i c a l l y  l o w  a n d  c o m p r i s e s  
p o o r l y  d r a i n e d  s i l t  a n d  c l a y  w i t h  
occas ional  sandy r i dges  formed as beaches 
and bars i n  o l d e r  lakes.  

The  s t r e a m s  ( e x c e p t  t h e  D e t r o i t  
R i ve r )  e n t e r i n g  Lake E r l e  o r i g i n a t e  e i t h e r  
w i t h i n  o r  j u s t  o u t s i d e  t h e  b o u n d a r i e s  o f  
t h e  Lake P la i n .  The v a l l e y s  a re  g e n e r a l l y  
nar row and wind ing w i t h  s teep t o  v e r t i c a l  
wa l l s .  The shapes i n d j c a t e  t h a t  most  o f  
t h e  v a l l e y s  a r e  i n  a  y o u t h f u l  s t a g e  o f  
development, having been c u t  r a p i d l y  s i nce  
t h e  I c e  Age i n t o  a  r e l a t i v e l y  f l a t  su r f ace  
t h a t  i s  e l eva ted  above t h e  p r e s e n t  l e v e l  
o f  t h e  lake.  

The l andscape  o f  t h e  Lake E r i e  bas i n  
i s  c h a r a c t e r i z e d  by t housands  o f  squa re  
k i l o m e t e r s  o f  f l a t  t e r r a i n ,  broken on l y  by 
o c c a s i o n a l  a n c i e n t  beach r i d g e s  and t h e  
r e l a t i v e l y  steep v a l l e y  w a l l s  i n  many o f  
t h e  m a j o r  t r i b u t a r i e s .  Even t h e s e  fea- 
t u r e s  a re  subdued i n  t h e  w e s t e r n  p a r t  o f  
t h e  bas in .  The t e r r a i n  i s  l e s s  monotonous 
f r o m  C l e v e l a n d  eastward,  a long t h e  sou th  
shore, where the basin reaches into the 
r o l l  i n g  h i 1  1 s  o f  t h e  n o r t h w e s t e r n  
p e r i m e t e r  o f  t h e  Appal  a c h  I a n  u p 1  ands .  
However, t h e  b a s i n  t h e r e  i s  r e l a t i v e l  y 
narrow between t h e  l a k e  and t h e  d r a i n a g e  
d i v i de .  

S o i l s  i n  t h e  e x t e n s i v e  f l a t l a n d s  o f  
t h e  Lake E r i e  b a s i n  a re  c h a r a c t e r i s t i c a l l y  
dominated by p o o r l y  d ra ined  and r e l a t i v e 1  y 
imperv ious c l a y s *  d e r i v e d  f r o m  o l d  l a k e  
and  g l a c i a l  d r i f t .  T h e s e  s o i l s  a r e  
f e r t i l e  and, because  o f  t h i s ,  have  been 
a r t i f i c i a l l y  d r a i n e d  t o  a  g r e a t  ex ten t .  
The up lands  a l o n g  t h e  s o u t h e a s t  edge o f  
t h e  b a s i n  a re  wel l -drained, rock-derived, 
and l e s s  f e r t i l e .  O l d  b e a c h  r i d g e s  
t h r o u g h o u t  t h e  bas i n  a re  e x t e n s i v e l y  used 
f o r  highways and farming. 

S t r e a m s  e n t e r i n g  L a k e  E r i e  a r e  
g e n e r a l l y  l o w - g r a d i e n t  and w i n d l n g  b u t  
have s t e e p - w a l l e d  v a l l e y s .  They c a r r y  
l a r g e  s i l t  l o a d s  w h e r e  t h e y  t r a v e r s e  
e a s i l y  eroded c l a y  f 1 a t 1  ands and s m a l l  e r  
l o a d s  i n  t h e  r o c k y ,  h i l l y  a r e a s .  
ExcludSng t h e  D e t r o i t  R i v e r  i n p u t ,  o n l y  
t h r e e  s t r e a m s g  t h e  Maumee and Sandusky 
R i v e r s  i n  Ohio, and t h e  Grand R i v e r  4n 
O n t a r i o ,  supp ly  s i g n i f i c a n t  q u a n t i t i e s  o f  
water d i r e c t l y  t o  t h e  lake. 

The morphometry o f  a  l a k e  r e f e r s  t o  
i t s  shape o r  form and i s  u s u a l l y  expressed 
a s  a  s e r i e s  o f  d i m e n s i o n s ,  S u c h  
i n f o rma t i on  i s  u s e f u l  i n  understanding how 
a  l a k e  was formed and how it w i l l  r espond  
t o  e n v i  ronmenta l  s t resses.  Lake Er4e can 
be  n a t u r a l l y  d i v i d e d *  o n  t h e  b a s i s  o f  
ba thyme t r y ,  i n t o  t h r e e  b a s i n s :  western, 
c e n t r a l ,  and e a s t e r n .  The  m a j o r  mo r -  
phometr ic  dimensions o f  each bas i n  and t h e  
e n t i r e  l a k e  a r e  g i v e n  i n  T a b l e  2. Th i s  
s e c t i o n  d e a l s  w i t h  t h e  p h y s i c a l  
e n v i r o n m e n t  o f  t h e  western b a s i n  and t h e  
western p o r t i o n  o f  t h e  c e n t r a l  basSn known 
as t h e  Sandusky sub-basin. 

The w e s t e r n  b a s i n ,  1 y i n g  wes t  o f  a  
l i n e  f rom t h e  t i p  o f  P o i n t  Pelee, Ontar io,  
t o  Cedar P o i n t ,  Ohio, i s  t h e  sma l l es t  and 
t h e  sha l lowes t  o f  t h e  t h r e e  b a s i n s ,  w i t h  
most o f  t h e  bot tom a t  depths between 7 and 
1 0  m. I n  c o n t r a s t  w i t h  t h e  o t h e r  t w o  
bas i ns ,  a  number  o f  b e d r o c k  i s l a n d s ,  
r e e f s t  and  s h o a l s  a r e  s i t u a t e d  i n  t h e  
western b a s i n  and f o r m  a  p a r t i a l  d i v i d e  
b e t w e e n  i t  a n d  t h e  c e n t r a l  b a s i n .  
T o p o g r a p h i c a l  1 y, t h e  b o t t o m  i s  m o n o t -  
o n o u s l  y  f l  a t ,  e x c e p t  f o r  t h e  s h a r p l y  
r i s i n g  i s l a n d s  and s h o a l s .  The maximum 
d e p t h s  i n  t h e  b a s i n  a r e  f o u n d  i n  t h e  
i n t e r - i s l a n d  channels. The deepest sound- 
ing, 19 m, was made i n  a  sma l l  dep ress  t o n  
n o r t h  o f  S ta rve  I s l a n d  Reef; sou th  o f  G u l l  
I s l a n d  Shoal ,  i n  a n o t h e r  dep ress i on ,  a  
d e p t h  o f  1 6  m h a s  b e e n  r e c o r d e d .  
E l sewhe re  i n  t h e  b a s f n  t h e s e  dep ths  a re  
n o t  approached. 

The waters  o f  t h e  w e s t e r n  b a s f n  a r e  
more t u r b i d  t han  t h e  o t h e r  bas ins  because 
o f :  1) l a r g e  s e d i m e n t  l o a d s  f r o m  t h e  
D e t r o i t ,  Maumee, P o r t a g e  and Sandusky 
r t ve r s ,  2 )  wave resuspension o f  s i l t s  and 
c l a y  f r o m  t h e  bo t tom,  and 3 )  h i g h  a l g a l  
p r o d u c t i v i t y .  The D e t r o i t  R i v e r  accoun t s  
f o r  o v e r  90% o f  t h e  f l o w  o f  w a t e r  i n t o  





b a s f n  a r e  
sp r - i ng ;  t h  
occ i i rc -  h e  
September. 
s t r a t i f i e d  
I - .  1 o  

t e m p e r a t u r e s  i n  t b ~ c  c e n t r a l  
yso therma l  f r o m  f a l l  t o  l a c e  
errpal s t r a t i f i c d t i o n  ~ o r r n a ? ? y  
l o w  1 5  m f r o m  J u n e  u n t i l  

During t h e  l a t t e r  p a r t  o f  t h e  
pe r i od  t h e  t h i n  hypol imnion way 
f i t s  d i s s o l v e d  oxygen, The 

a e s ~ c r n  b d s ~ n  t y p i c a l l y  f reezes over each 
w I r r i  r dnd t h e  c e n t r a i  bas i n  o c c a s i o n a l  f y 
Src i  r* 5 f rcim shore t o  shore. 

' i h c  v d r y i n g  dep ths  o f  t h e  l ake  E r i e  
t , ~ ~ ~ , f ~ ~ ~ .  <jri.! a t t r i b u t e d  t o  d i f f e r e n t i a l  
c r ~ s l o n  b y  p r e g l a c i a l  streams, g l ac i e r s ,  
dnc: p o s t g l  d c i a l  1 ake p rocesses  (Carman 
la4T ) .  The rock s t r a t a  of t he  c e n t r a l  and 

tc~rn p t i r t i ans  o f  Lake E r i e  d i p  sl l g h t l  y  

t o  t h e  s o u t h c a s t .  Lake  O n t a r i o  i s  sep- 
a r a t e d  from L a k e  E r i e  b y  r e s i s t a n t  
S i 1  u r i a n  l i rnestones and do lomi tes  o f  t h e  
N i a g a r a  E s c a r p m e n t ,  T h e  c e n t r a l  and 
e a s t e r n  b a s i n s  of Lake E r i e  a re  unde r l a i n  
by n o n r e s i s t a n t  sha le ,  5ha l  y 1  imes tonep  
and sha! y  saridstone o f  Upper Devonian Age. 
I n l a n d  a l o n g  the s o u t h  s h o r e p  eas twa rd  
from C l e v e l  andp t h z  P o r t a g e  Escarpment,  
composed 1 a r g e l  y of M i s s i s s i p p i a n  sand- 
stone, r i s e s  over I00 m above t h e  l e v e l  o f  
t h e  l a k e  and forms t h e  nor thwes t  f r o n t  0.f 

the  Appalachian P la teau  ( F i g u r e  213, 

The o u t c r o p  be1 t o f  Oevonian shales 
s w i n g s  i n 1  and b e t w e e n  Cl e v e 1  and  and  
Sandusky and c o n t i n u e s  southward through 
c e n t r a l  Ohio. The s h a l l o w  w e s t e r n  b a s i n  
i s  u n d e r l a i n  b y  S i l u r i a n  and Devon ian  
l imes tones  and d o l o m i t e s  ( F i g u r e  22) an 
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t h e  northward plunging end of the Findlay 
Arch (Cincinnati  Antic1 ine) ,  o r  A1 gonquin 
Arch as  i t  i s  known i n  Ontario. Glacial 
erosion had r e l a t i v e 1  y  s t  i g h t  e f f e c t s  on 
t h e s e  r e s i s t a n t  rocks  o the r  than t o  form 
impressive grooves such as  those  found on 
Kel l e y s  I s l and  and t h e  Bass Islands. The 
g lac ia l  scour was probably  c o n t r o l l e d  by 
t h e  p r e g l a c i a l  s t r eam valleys8 re su l t ing  
i n  t h e  s h a l l o w  b a s i n  and t h e  i s l a n d  
chains. 

The bedrock in  t h e  i s l and  region of 
w e s t e r n  L a k e  E r i e  ( F i g u r e  2 3 )  i s  
sedimentary in o r ig in  and was deposited a s  
l i m e  muds in  sha l low,  warm S i l u r i a n  and 
Devonian s e a s ,  which covered t h e  reg ion 
from 410 t o  375 mill ion years  (m.y.1 ago. 
The warm, c l e a r  c o n d i t i o n s  of  t h o s e  s e a s  
c  r n  be i n f e r r e d  from t h e  abundant f o s s i l  
c r ~ r a l s  and o t h e r  i n v e r t e b r a t e s  found in  
t h e  rocks  on Kelleys and Johnson islands.  
While a  shallow sea occupied the p r e s e n t  
i s l a n d s  region,  the Appalachian Mountains 
were b u i l t  t o  t h e  e a s t ,  r e s u l t i n g  in  the  
d e p o s i t i o n  of d e l t a s  which now form t h e  
s a n d s t o n e s  and s h a l e s  o f  t h e  N i a g a r a  
Escarpment a t  t h e  e a s t  end of the  Lake. 

T h e  s h o r e s  o f  a l l  o f  t h e  m a j o r  
i s lands  a r e  rockbound, c h i e f l y  rugged i n  

c h a r a c t e r ,  w i th  b l u f f s  a long t h e  major 
port ions of t h e i r  perimeters. The highest  
e l eva t ions  a r e  normal 1 y a d j a c e n t  t o  t h e  
wes t .  s h o r e s ,  excep t  West S i s t e r  I s l a n d  
where t h e  b l u f f s  a r e  h i g h e s t  a long t h e  
e a s t  shore .  The upland area adjacent  t o  
t h e  west s h o r e  o f  S o u t h  B a s s  I s l a n d  
( V i c t o r y  Woods) reaches  a  height of 21 m 
above lake l eve l ,  t h e  highest elevation in 
t h e  i s l a n d s .  Smal l  s a n d r  c o b b l e ,  o r  
b o u l d e r  b e a c h e s  a r e  s i t u a t e d  a t  
indentat ions in the  shore1 ine .  The most 
extensive sand beach of t h i s  type i s  found 
in the  north bay of Kelleys Island. 

The dominant s t r u c t u r a l  f e a t u r e  of 
t h e  bedrock underlying western  Lake E r i e  
i s  t h e  Ffndlay  Arch. The n e a r l y  north- 
south axis  of t h i s  arch passes through the 
is land region and then  plunges  g e n t l y  t o  
t h e  n o r t h .  A s tudy  of t h e  s t r u c t u r e  of 
Precambrian,  o r  basement, rock of Ohio 
i n d i c a t e s  t h a t  t h e  c r e s t  of the arch 1 i e s  
a  few miles  e a s t  of  West S i s t e r  I s l a n d .  
A s  a  consequence of t h e  alignment of the  
arch, t h e  over1 y ing Paleozoic bedrock dips 
t o  the  e a s t  a t  approximately 4 t o  7 m per  
km in t h e  Bass-Kelleys Island area (Figure 
2 4 ) .  For t h i s  reason,  t h e  01 d e s t  rocks 
a r e  exposed on West S i s t e r  I s l a n d  and 

Figure 23. Bedrock geology of Ottawa County, Ohio (adapted from Forsyth 1971). 
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Figure 24. Geolog ic  cross s e c t i o n  o f  t h e  bedrock unde r l y i ng  South Bass and 
Ke l l eys  I s l ands  (Carman 1946). The s t r u c t u r e  o f  t h e  bedrock has r e s u l t e d  i n  
t h e  cuesta shape o f  t he  i s l ands  w i t h  c l i f f s  on t h e  west  s i des  and g e n t l e  
s lopes on t h e  e a s t  s ides.  

successive1 y  younger formations crop out 
t o  the east along the  f lank o f  the  arch. 

The is lands and reefs are arranged i n  
three rough1 y  north-south be1 t s  o r  cha ins  
( F 1 gu r e  25 1. The most westerly b e l t  1  f  es 
n o r t h  o f  L o c u s t  P o i n t  and i n c l u d e s  
approximate1 y  12 r e e f s  and West S i s t e r  
I s l and .  The midd le  b e l t  ex tends  f r o m  
Catawba Is land through the  Bass and S is te r  
Is lands and f ncludes a t  l eas t  14 reefs and 
1 0  i s l a n d s .  The e a s t e r l y  b e l t  en- 
compasses Johnson I s l a n d ,  Marb lehead  
Peninsula,  K e l l e y s  Island, Middle Is land 
and Pelee Is land ,  and about seven r e e f s  
and shoa l s .  T h i s  arrangement and t h e  
cuesta shape o f  the is lands are cont ro l led 
by the s t ructure and re1 a t f  ve r es i s t ance  
o f  the underlyfng bedrock (Figure 24). 

The bedrock exposed on West S i s t e r  
I s l a n d  and on r e e f s  i n  t h e  v i c i n i t y  o f  
Locust  P o i n t  as f a r  east as Nfagara Reef 
i s  t h e  lower  p o r t i o n  o f  t h e  Tymochtee 
Dolomite.  T h i s  format ion i s  hfghly var- 
i ab l e  i n  i t s  resfstance t o  weathering, a  
f a c t o r  t h a t  may e x p l a i n  t h e  l a c k  o f  
bedrock reefs between Nfagara Reef and the 
Bass Islands. 

The reefs cons is t  o f  submarfne bed- 
rock  exposures and associated rock rubble 
and gravel .  The topography o f  t h e  r e e f  
tops var ies from rugged surfaces caused by 
bedrock p innac les  and l a r g e  boulders t o  
smooth s l  abs o f  near1 y  horf  zontal l y bedded 
rock. I n  places, t he  exposed bedrock has 
t h e  appearance o f  low s t a t r s  r f t h  t h e  
"stepsw dipping s l i g h t l y  t o  t he  eas t  f rom 
the  f r inge  o f  the reefs t o  I t s  crest. A l l  
o f  t h e  bedrock fo rmat ions  t h a t  form the 
reefs  a re  carbonate rocks  which c o n t a i  n  

abundant s o l u t i o n  cav i t tes .  Most o f  the 
reefs are conical  i n  shape and elongated, 
a s  a r e  many o f  t h e  i s l a n d s r  i n  a  
northeast-southwest d  i r e c t  f  on. Two f ac- 
t o r s  appear  t o  have I n f l u e n c e d  t h i s  
elongatfon: 1) v e r t i c a l  j o i n t  systems i n  
the bedrock which are or iented para1 l e l  t o  
t h e  e longa t ion  and 2) elongation o f  which 
i s  i n  genera l  agreement w i t h  t h e  major 
trends o f  g l a c i a l  i c e  movements as deduced 
from grooves found on t he  islands. 

The m i d d l e  and e a s t e r n  b e l t s  o f  
bedrock is lands (Catawba-Bass and Johnson- 
Kelleys) a re  cha rac te r i zed  by h j g h  e le -  
v a t i o n s  and c l i f f s  a t  t h e i r  w e s t e r n  
shorel ines; e levat f  ons general l y decrease 
eastward r e s u l t i n g  i n  shelving rock along 
t h e  eas te rn  shore l  f  nes. The r e s u l t i n g  
topographic  form i s  t h a t  o f  a  cuesta (o r  
asymmetrical r idge) where the  gent le slope 
agrees wi th  the d ips o f  res fs tan t  beds and 

t h e  s teeper  s lope  f s  an e r o d i n g  c l  i f f  
ma in ta i  ned part1 y by undercutt ing o f  less 
r e s i s t a n t  rocks. Because West S i s t e r  
I s l a n d  1 i e s  on t h e  wes t  f l a n k  o f  the  
Cincinnat i  Arch, t he  d ip  o f  t h e  s t r a t a  1s 
a l s o  t o  t h e  west. Th fs  has resu l ted  9n 
the  development o f  a  cuesta w i th  i t s  steep 
c l i f f  on the east s ide of the i s land ,  t h e  
o p p o s j t e  o f  t h o s e  fo rmed on t h e  more 
easter ly  f  s l  ands. 

Catawba and t h e  Bass I s l a n d s  a r e  
underlain by a  band o f  res is tan t  dalomftes 
o f  t he  Bass Is land Group (Ffgure 23). The 
Pu t - In -Bay  D o l o m i t e  o f  t h f r  group i s  
r e s p o n s i b l e  f o r  mos t  o f  t h e  r u g g e d  
f ea tu res  o f  the shorel f  ne. The Tyanochtee 
F o r a t a t i ~ n ~  which under1 fes the  Put - i  n-Bay 
Dolomj te  a t  t h e  base o f  t h e  c l t f f s r  i s  
m r e  readf l y  eroded by raves  and r e s u l t s  
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i n  t h e  u n d e r m i n i n g  o f  t h e  rock  above? 
which f a l l s  away i n  l a r g e  b locks t  f o r m i n g  
n e a r l y  v e r t l ' c a l  w a l l s .  The shore l ine  o f  
Catawba I s l a n d  f rom Rock Ledge t o  West 
Harbor  i s  10  km l o n g  and c o n s i s t s  o f  an 
a l t e r n a t i o n  of rocky head1 ands and g l  a c i a l  
b l u f f s ,  The dolomite headlands r i s e  t o  21 
m above l a k e  l e v e l l  whereas t h e  g l a c j a 3  
till i s  much l e s s  r e s i s t a n t  t o  erosion and 
h a s  b e e n  c u t  b a c k  i n t o  c o v e s  wSth  
indentat ions along the  coast, Pebbl e  and 
c o b b l e  beaches have formed l o c a l l y  f n  t h e  
coves. The 6 km o f  shore from West Harbor 
t o  Lakeside i s  low and bordered by sand 
b e a c h e s .  T h e  b e a c h e s  l i e  on marsh  
deposi ts  which formed i n  t h e  s h a l l o w  bay 
be tween  Catawba I s l a n d  and Marblehead 
Peninsula. The u n d e r l y i n g  m a t e r i a l s  a r e  
g l a c i a l  t i l l  and l a c u s t r i n e  c l a y .  An 
extensive sand deposi t  has accumul a t e d  i n  
t h e  Eas t  Harbor  area and l o w  sand dunes 
have formed behind the  beach. 

The r e s i s t a n t  l o w e r  beds  o f  t h e  
Columbus Limestone are responsible f o r  t h e  
eas te r l y  cha in  o f  bedrock highs, i nc lud ing  
Johnson  and  K e l  l e y s  i s l a n d s .  Between 
South Bass I s l a n d  and Ke l l eys  I s l and  th ree  
f o r m a t i o n s  a r e  l e s s  r e s i s t a n t  t h a n  t h e  
P u t - i n - B a y  Do1 o m i t e  and t h e  Columbus 
Limestone, a  f a c t  w h i c h  e x p l a i n s  t h e  
depression between the  is lands.  

The Marblehead Pen insu la  shore arcs 
f o r  6 km from Lakeside t o  t h e  base o f  Bay 
P o i n t  and i s  l i n e d  w i t h  l i m e s t o n e  and 
d o l o m i t e  b l u f f s ,  g e n e r a l l y  less  than 6 m 
above lake l eve l .  Sec t i ons  o f  t h e  sho re  
a r e  composed o f  th in -bedded rock  wh ich  
y i e l d s  t o  wave attack; elsewhere t h e  rock  
i s  massi v e l  y  bedded and more r e s i s t a n t  t o  
erosion. G lac ia l  till commonly caps t h e  
b l u f f s .  The narrow pebble beaches which 
l i n e  the  shore a t  t h e  base o f  t h e  b l u f f s  
h a v e  b e e n  l a r g e l y  d e r i v e d  f r o m  t h e  
bedrock. Bay P o i n t  extends southward from 
M a r b l e h e a d  P e n i n s u l a  f o r  3 km i n t o  
Sandusky Bay. T h i s  p o i n t  i s  a  compound 
s p i t  t h a t  i s  growing from sand cont r ibu ted 
by l i t t o r a l  c u r r e n t s  moving a long Cedar 
P o i n t  and around t h e  end o f  t he  Sandusky 
Harbor j e t t y .  Johnson Is1 and, l y i n g  i n  
Sandusky Bay a d j a c e n t  t o  Bay P o i n t ,  5s 
composed o f  low 1  imestone and g l a c i a l  t i l l 
shores.  The s h o r e  o f  t h i s  i s l a n d  -is 
bordered by discontinuous cobble beaches, 

The Det ro i t -S t .  C l a i r  R iver  system i s  
unaer la in  by middle and upper Devonian and 
by l o w e r  Mississippian rocks. The o ldes t  
r o c k s  a r e  t h e  d o l o m i t e s  o f  t h e  D e t r o i t  
R i v e r  f o rma t ions  and t h e  l imestone o f  t h e  
Dundee F o r m a t i o n s  found a t  t h e  mouth o f  
t h e  D e t r o i t  R i v e r .  From here  t h e  rocks 
are s b c c e s s i v e l y  younger i n  a  n o r t h w e s t  
d i r e c t i o n  through Lake S t .  C l a i r .  I n  Lake 
S t .  C l a i r  and t h e  upper D e t r o i t  R i v e r  
v a l l e y  t h e  bedrock i s  bur ied  by up t o  30 m 
o f  g l a c i a l  till and recent  l a k e  sediment .  
Near t h e  mouth o f  t h e  D e t r o j t  R i ve r  t h e  
bedrock sur face r i s e s  t o  an e l e v a t i o n  o f  
168 m and i s  covered by on ly  a  t h i n  veneer 
o f  more recent  deposits. 

Caves and S-i nkhol ez 

The Lake  E r i e  I s l a n d s ,  i n c l u d i n g  
Catawba and Marblehead peninsulas, e x h i b i t  
a  r a t h e r  u n u s u a l  c a v e  a n d  s i n k h o f  e  
t o p o g r a p h y .  The c a r b o n a t e  bedrock o f  
t h e s e  i s l a n d s  i s  s o l u b l e  i n  weak,  
n a t u r a l 1  y - o c c u r r f n g  ac ids ,  such as car- 
bonic and v a r i o u s  o r g a n i c  ac ids .  These 
a c i d s  have s low1 y d i s s o f  ved p o r t i o n s  o f  
t h e  rock, producing caves, s i nkho les ,  and 
o ther  so lu t i on  features. Th l  s  process has 
t a k e n  p l a c e  f o r  m i l l i o n s  o f  y e a r s ,  
probably s t a r t i n g  soon a f t e r  t he  l ime  muds 
wh ich  had accumulated i n  t h e  S i l u r i a n  
ocean  w e r e  d r a i n e d  o f  sea water ,  The 
s o l u t i o n  p rocess  i n i t i a l l y  r e s u l t e d  i n  
s i n k h o l e s  w h i c h  became f i l l e d  w i t h  
dolomite fragments t h a t  had broken o f f  t h e  
rim, producing a  brecc ia  i n  t h e  l i m e  mud. 
Exposures o f  these ancient  breccia- f  i l  l e d  
s inkholes are common on t h e  west sho re  o f  
South Bass Is land.  

S o l u t i o n  has  a1 s o  o c c u r r e d  more  
recent ly ,  p roduc ing  many stma21 caves I n  
t h e  bedrock, Thirty-seven such caves have 
been r e p o r t e d  f o r  t h e  i s l a n d s .  Most o f  
t h e  caves are t h e  r e s u l t  o f  s o l u t i o n  and 
subsequent co l l apse  o f  t h e  surroundfng and 
ove r1  y i n g  rock  f n t s  t h e  void. The exact  
o r i g i n  o f  t he  caves and s inkho le  f e a t u r e s  
has been a  m a t t e r  o f  s p e c u l a t i o n .  The 
most w ide l y  accepted t h e o r y  (Ve rbe r  and 
S t a n r b e r y  1953 1 s ta tes  t h a t  t h e  s t r u c t u r e  
o f  t h e  rock materials cornbi ned w 5  t h t h e  i r 
mineral c ~ m p o s i t f  on and contac t  w i t h  water 
h a s  r e s u l t e a  f n  c a v e  a n d  s f n k h o l e  
format ion ( F i g u r e  26) .  Speci f  f c a?  Jy, t h e  
Put- in-Bay Do lom i te  I s  under ladd  by t h e  
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Fieura 26. Explanation o f  cave and sinkhole format ion i n  the 
islands region of Lake Er ie:  A) cross sect ion showing o r i g i n a l  
anhydrite bed, R) u p l i f t i n g  of over ly ing s t r a t a  by hydrat ion i n t o  
gypsum, C) cavern l e f t  by gypsum solut ioning, and D) co l lapse of 
overlying s t ra ta  and fornat ion o f  sinkholes and new per ipheral  caves 
f Verber and Stansbery 1953)-  

Yysooctttw Famatlon rh tch  contalns lenses* 
o r  p a c k e t s ,  o f  a n h y d r f t e  g y p s u m .  
hnhydrlle has the property o f  swel l lng f n  
contact with w l s t u r e ~  hydration Increases 
&ha volume From 33% t o  6 3 X 1  e x e r t i n g  
dp roxirnately 6,s  tons of pressure Per CS on the surroundfng mater ta ls .  The 
Tyt~ocht* f oma t f  on caused a dmfng o f  t h e  
a v e r 1  y f ng P u t -  l n-Bay r o c k  s t ruc tu re .  
Later* t h e  gypsum was dissolved, leaving a 

large, unsuppor ted  sub te r ranean  cavern. 
E v e n t u a l 1  y, t h e  r o o f  o f  t h e  c a v e r n  
collapsed, f omfng  crescent-shaped caves 
and caverns around t h e  per fmeter .  The 
col lapse g e n e r a l 1  y formed 1 arge s h a l l o w  
c f r c u l a r  dep ress ions  on t h e  land sur face 
and created small caves around the  arargdns 
o f  these co l lapse fea tures .  I n  a reas  o f  
Catawba and Marb lehead@ t h e  l e n s e s  o f  
anhydrfte may have been t h i n n e r  and l e s s  



4 6  m 
c - 9 7  

u-4 w 
w r t a  -& 
!2.gw3 
=r ( D m  
d.47 - 

r 6 m  
7 0 -  a 
(I) r t " ' 0  

3 art 
0 0 7  
< ( D m  
m u "  a 2 0  

u 
g g ;  != a0 

d 

z - 2 ~  
(D 0 2. 
; 3 @  . 

0 
w 0 2  
(D PI 
3 tfl ..", g f 2  
d i-0 



Figure 28. gap o f  promtnprit beach ridges a b a n d c r ~ c  by pos t  g l a c i a l  
lakes i n  t!orthern Ohio {Sioii; ~t a:. 1943). 



w h i c h  b l o c k e d  o u t l e t s  a n d  c a u s e d  ( T a b l e  3 ) .  When t h e  l a s t  g l a c i e r  
ternporarl l  y h igher lake  l eve l s .  re t rea ted  f rom t h e  v i c i n i t y  o f  B u f f a l o ,  

New York, a new d r a i n a g e  o u t l e t  became 
The f o r e g o i n g  sequence  o f  even ts  a v a i l a b l e  t h r o u g h  t h e  N i  a g a r a  R i v e r .  

occurred i n  a 2,000-year spar o f  t ime from However, t h e  new o u t l e t  was as much as 
approximately 14,000 t o  12,000 yea rs  ago 30 m l o w e r  t h a n  a t  p r e s e n t  because t h e  

Table 3. G l a c i a l  lake  stages o f  t h e  Lake E r i e  bas1n.a 

Lake stage Age E leva t i on  Reason f o r  O u t l e t  
(years (m above change Jn l e v e l  
ago 1 sea l e v e l  1 

E r i e  4,300 174 I s o s t a t i c  up1 i f t  Niagara R ive r  
(modern) t o  t h e  nor th  

E r i e  12,200 150-143 Cont i nued i c e  Niagara Rf ver  
( e a r l y )  r e t r e a t  

Lundy 

Warren 

195-190 Erosion o f  o u t l e t  Mohawk River  o r  west 
and continued i c e  t o  Lake Calumet o r  
r e t r e a t  Lake Gl enwood 

207-203 Contfnued I c e  Grand River, Mich. 
advance (Val ders 
D r i f t )  

Wayne 2 00 Advance of i c e  Mohawk River, N. Y. 

Low water 
stage 

? Extensive r e t r e a t  Niagara R iver  ( ? I  
o f  i c e  

Whitt lesey 13,000 224 Readvance o f  i c e  Grand River, Mfch. 
Po r t  Huron Morafne 

Low water 
stage 

Arkona 

Maumee 111 

Maumee I1 

? Extensive r e t r e a t  Niagara R iver  ( ? I  
o f  i c e  

217-212 Retreat  o f  i c e  and Grand River, Mfch, 
erosion o f  o u t l e t  

23 8 Readvance o f  i c e  Wabash River, Ind. 
Lake Border moraine 

23 2 Continued i c e  Grand RIver, Mich, 
r e t r e a t  

Maumee I 14,000 244 Formation o f  f i r s t  Wabash River, Ind. 
major 1 ake stage i n  
depression between 
i c e  and Defiance 
Moraine 

-- 

a ~ a t a  source: Herdendorf and Braidech (19721. 



? a n d  s u r f a c e  had been depressed by t h e  
w e f g h t  o f  g l a c i a l  i c e  w h i c h  w a s  
app!'oxinate7y 1.6 km th i ck .  

Th is  new and very low o u t l e t  caused a  
massive f l o o d  o f  water  t o  e x i t  t he  l ake  
basin toward t h e  eas t ,  r e s u l t i n g  i n  t h e  
d ra jnage  o f  t h e  western  end o f  t h e  l ake  
and t h e  f o r m a t i o n  o f  separate,  s h a l l o w  
1 akes i n  t h e  c e n t r a l  and eastern po r t i ons  
o f  the lake basin, D u r i n g  t h f s  low l a k e  
s tage  (12,000 t o  4,000 years ago) much o f  
t he  western basin was d r y  and exposed t o  
e r o s i o n ,  w h i c h  g r e a t l y  a l t e r e d  and 
reshaped the  bottom surface. The N iaga ra  
ou t1  e t  gradual  1  y  rebounded t o  i t s  present 
e levat ion,  and Lake E r i e  c o r r e s p o n d i n g l y  
rose  f rom t h i s  1 ow e l e v a t i o n  o f  140 m t o  
i t s  p resen t  l e v e l .  As t h e  l a k e  r o s e r  
waves and c u r r e n t s  c u t  i n t o  t h e  l a k e  
bottom, l o c a l  1  y  e x c a v a t i n g  t h e  g l a c i a l  
d e p o s i t s  a n d  e x p o s i n g  some o f  t h e  
s h a l l o w l y  b u r i e d  bedrock.  The exposed 
bedrock now forms t h e  islands, reefs, and 
rocky shore1 i nes o f  t he  1 ake. 

Ancient beach r i d -  LOW? c o n t i n -  
uous sandy r i d g e s  a r e  common i n  nor thern 
Ohio, o f t e n  w i t h i n  a  few m i l e s  o f  Lake 
E r i e .  Numerous eas t -west  roads f o l l o w  
these  r i d g e s  and many e a r l y  homes were 
b u i l t  on them. Each r i dge  represents an 
ancient  beach, formed a long  t h e  shore o f  
f o rmer  l a k e s  which once occupied the  Lake 
E r i e  basin a t  e levat ions  much h i g h e r  t h a n  
t h e  p r e s e n t  lake. These former lakes are 
known as Maumee, Arkona,  W h i t t l e s e y ,  
Warren,  Wayne, Grassmere,  and Lundy. 
Because these lakes each had a  d i f f e r e n t  
o u t l i n e  and each  s tood  a t  a  d i f f e r e n t  
e l e v a t i o n ,  e a c h  s t a g e  i s  marked b y  a  
s e p a r a t e  s e t  o f  beaches  a t  a  charac-  
t e r i s t i c  e l e v a t i o n .  The t h r e e  mos t  
p rom inen t  r i d g e s  a r e  Warren? Whi t t lesey? 
and Maumee (Figure 2 8 ) .  I n  some p laces ,  
such  a s  Amhers t ,  B e r l i n  Weights, and 
Casta l ia ,  where the  former l a k e  shore was 
a r o c k y ,  s p e c t a c u l a r  c l  i f f, f e a t u r e s  
resembling sea caves and sea stacks can be 
seen. 

j ake Sediments 

The bot tom d e p o s i t s  o f  Lake  E r i e  
c o n s i s t  o f  s i l t  and c l a y  mudsp sand and 
gravel,  peat, compact g1 a c i o - l a c u s t r l n e  
c l a y s t  g l a c i a l  t i l l, shoals o f  l imestone 
and d o l o m i t e  bedrock and rubb le ,  s h a l e  

bearock she1 v e s t  and e r r a t i c  cobbles and 
boc'ders composed c h i e f 1  y  o f  igneous and 
metamorphic rocks (Herdendorf 1968). The 
distribution o f  b o t t o m  s e d i m e n t s  i s  
cl  o s e l  y  r e 1  ated t o  t h e  bottom topography. 
The broad, f l a t  areas o f  t h e  western  and 
c e n t r a l  basins,  and t h e  deep areas o f  t h e  
eastern bas in  have mud bot toms. M i d l a k e  
b a r s  and nea rsho re  s lopes  a r e  comprised 
most ly  o f  sand and gravel  o r  g l a c i a l  till. 
Rock i s  exposed i n  t h e  s h o a l s  o f  w e s t e r n  
Lake E r i e  and along t h e  south shore of t he  
c e n t r a l  b a s i n  a t  Huron and V e r m f l i o n r  
Ohio. I n  general, sand i s  l l m f t e d  a l o n g  
t h e  shore1 ine ,  b u t  e x t e n s f  ve  dunes have 
been f o r m e d  a t  s e v e r a l  p l a c e s ,  m o s t  
n o t a b l y  a t  t he  base and southwestern side 
o f  P o i n t  P e l e e  and Long P o i n t ,  O n t a r i o .  
These dunes were formed presumably undsr 
t he  i n f l uence  o f  t h e  p r e v a i l  i n g  sou thwes t  
w i n d s .  L i t t o r a l  c u r r e n t s  h a v e  c o n -  
cent ra ted  sand s p i t s ,  baymouth bars,  and 
h a r b o r  b reakwa l l s  a t  such places as P o i n t  
Pelee and Long P o i n t ,  On ta r i o ;  Woodt ick  
Pen insu la ,  Mich igan;  Eas t  Harbor*  Cedar 
Point,  and Verm i l i on ,  Ohio; and P resque  
I s le ,  Pennsylvania. 

The b o t t o m  d e p o s i t s  o f  t h e  O h i o  
p o r t i o n  o f  western Lake E r i e  ( F i g u r e  29) 
a r e  composed m a i n l y  o f  mud ( s e m i f l u i d  
c l a y -  and s i l t - s i z e d  p a r t i c l e s )  (58%) - 
Sand ( 1 7 % ) ,  m i x e d  mud and sand ( 1 2 % ) r  
mixed sand, gravel,  and c o a r s e r  m a t e r i a l  
(7%)  , g l a c i o - l a c u s t r i n e  c l a y  ( 3 % ) ~  a n d  
bedrock ( 3 % )  account  f o r  t h e  r e m a i n i n g  
bo t tom m a t e r i a l .  Peat and p l a n t  d e t r i t u s  
occu r  i n  i s o l a t e d  a r e a s  a l o n g  m a r s h y  
shores.  Sand d e p o s i t s  i n  Maumee Bay and 
a t  t h e  entrance t o  Sandusky Bay a r e  s i t e s  
o f  commerci a1 dredging (Verber 1957). 

Test bor ings i n t o  t h e  subsurface bo t -  
tom d e p o s i t s  i n  t h e  v i c i n i t y  o f  t h e  Lake 
E r i e  Is lands show a  predomSnance o f  l a k e -  
deposf t e d  ma te r i a l  w i t h  on1 y  t h i n  g7acf a7 
t i l l  o v e r l y i n g  bedrock ( H a r t l e y  196L1, 
Pregl  a c i a l  bur ied  va l l eys  are i nd i ca ted  by 
bedrock topography, which i n  places has 61 
m o f  r e l l e f .  Some bo r ing  a l so  i n d i c a t e s  
t h e  p o s s i b i l i t y  o f  i n t e r g l a c i a l  o r  
p o s t g l a c i a l  bur ied  va l leys  and lower l a k e  
stages. Beach deposi ts  and peat  have been 
found I1  t o  24 m below t h e  p r e s e n t  lake 
l eve l ,  bur ied under more recent deep-water- 
sediments. A r a d i o c a r b o n  d a t e  o f  6 r 5 S O  
years ago was obtained f o r  a  sample o f  oak 
wood b u r i e d  7 m below t h e  l a k e  b o t t o m  



Figure 29. Dlstrlbwtfo* of bQttQc  de~osfts fn  the f s lardr  area of wesfern Lake 
E r  l e (Wrdendorf and ~ r a f d e h  1972) a 
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(Herdendorf and Braidech 1972). Thls date 
permlts t h e  c a l c u l a t i o n  o f  a  sedimentat ion 
r a t e  o f  0.1 m/century.  A deep bor ing I n  
t h e  cen t ra l  basfn 48 km nor th  o f  Cleveland 
( w a t e r  d e p t h  o f  26  m) y f e l d e d  b o t t o m  
s u r f a c e  s e d l m e n t  o f  g r a y - b r o w n  mud. 
Successively lower sampl lng  y i e l d e d  s o f t  
g r a y - b r o w n  c l a y  t h a t  became s t t f f e r  
downward. A t  34 m o f  bottom p e n e t r a t i o n ,  
rock  o r  ha rd  g l a c i a l  t i 1 1  t h a t  could no t  
b e  p e n e t r a t e d  was reached .  S e i s m f c  
r e f l e c t i o n  surveys have revealed a  maximum 
unconsol  i da ted  sediment th ickness  o f  84 m 
i n  t h e  c e n t r a l  b a s i n  and 40  rn i n  t h e  
western basin. 

Recent sedlmentat ion I n  Lake E r l e  can 
b e  a t t r i b u t e d  t o  two p r i m a r y  sources: 
suspended s o l i d s  f r o m  i n f l o w i n g  st reams 
and b l u f f  m a t e r l a l  c o n t r i b u t e d  by shore 
erosion. Over 6 m l l l t o n  m e t r i c  t o n s  o f  
c l a y ,  s t  1  t, and sand a r e  t r a n s p o r t e d  
a n n u a l l y  t o  L a k e  E r f e  f r o m  i t s  t r l b -  
u t a r f e s .  Shore e r o s i o n  o f  g l a c i a l  till 
and l a c u s t r f n e  c l a y  b l u f f s  I s  an a c u t e  
p r o b l e m  a t  many l o c a t i o n s  a l o n g  t h e  
shorel  ine. Maxlmum shore  e ros ion ,  based 
on  vo lume o f  m a t e r i a l  removed, occu rs  
along t h e  no r th  shore o f  t h e  c e n t r a l  bas in  
between P o r t  Stanley and t h e  base o f  Long 
P o i n t ,  a t  though t h e  low-l y ing  south shore 
o f  Maumee Bay has experienced t h e  maxi mum 
r a t e  o f  shore recession, which has been as 
h i g h  a s  6 m p e r  y e a r .  E s t f m a t e s  o f  
e r o s i o n  r a t e s  f o r  t h e  O h i o  s h o r e l  i n e  
i n d i c a t e  t h a t  abou t  6,000 d / k m  o f  b l u f f  
m a t e r i a l  e r o d e  e a c h  y e a r .  I f  t h e s e  
e s t l  mates a re  ex t rapo la ted  f o r  he e n t l  r e  5 shore o f  t h e  lake ,  8r500,000 m o f  t h i s  
mater  l a1 a r e  cont r ibu ted t o  t h e  1 ake each 
y e a r *  wh ich  would equa l  a t h i c k n e s s  o f  
0.25 mm f f spread unf formly over the l ake  
bottom (Herdendorf 1975). 

Mar l  and t u f a ,  a  c a r b o n a t e  o f  1  ime 
d e p o s l t e d  on growfng plants, occur I n  t he  
low b l u f f s  and marshes a l o n g  t h e  sou th  
shore o f  Sandusky Bay, p a r t i c u l a r l y  i n  t he  
v S c i n l t y  o f  L f t t l e  P i cke re l  Creek. Both 
o f  these d e p o s i t s  a r e  up t o  0.3 m t h i c k  
and 1  l e  above o r  below lake  c lays  near t h e  
p r e s e n t  bay wa te r  l e v e l .  These deposits 
are assocfa ted  w i t h  mdnera l i zed  ground- 
wa te r  wh ich  i s  under ar tes ian  pressure i n  
t h f s  area. As t h e  groundwater issued from 
the under ly fng bedrack* carbonate deposlts 
s u c h  a s  t h e s e  f o r m e d  l o c a l l y  f n  t h e  
c o a s t a l  w e t l a n d s .  Bo th  t u f a  and m a r l  

o f f e r  1 ess res istance La wave a t t a c k  t h a n  
t h e  o v e r l y i n g  and u n d e r l y i n g  c l a y .  
Consequently, these depos 3 t s  a r e  removed 
r a p i d l y r  caustng undercut t ing OF ~ v e r l y t n g  
c l a y  and eros lon  o f  the  shorel ine (Bowman 
1951). 

P r o l i f i c  growth J n  t h e  L o c u s t  P o i n t  
marshes has resul ted i n  a deposf t  o f  marsh 
llmuckn over1  y l n g  t h e  ancf  e n t  1 ake c lays  
(Savoy 1956). The marsh depos j t s  cons f  s t  
o f  decayed o r g a n i c  m a t t e r  mixed w f t h  
vary ing amounts o f  c l a y *  s l l t ,  and sand 
( F i g u r e  3Q). Sand i s  o n l y  abundant i n  
areas near  t h e  b a r r i e r  beaches  where  
s torms have c a r r l e d  sand wedges I n t o  t h e  
marshes. These d e p o s i t s  v a r y  f r o m  a  
g r a y f s h  brown t o  a r i ch ,  brownfsh black. 
I n  th ickness,  t h e  d e p o s i t s  range f rom a  
t h i n  veneer t o  n e a r l y  1 m. On the  f l o o r  
o f  t he  marshes, these d e p o s i t s  a r e  q u i t e  
s o f t  and porous w i t h  abundant, l o o s e l y  
coherent p l a n t  remains. I n  p laces,  t h e s e  
d e p o s i t s  occur  beneath t h e  barr ' ler beach 
depos l t s ,  and l o c a l l y  t h e y  a r e  exposed 
where wave a c t i o n  has c u t  f n t o  the  beach 
(Figure 31). The recent geo log fc  h i s t o r y  
o f  t h e  Locus t  P o i n t  shore ind ica tes  t h a t  
t h e  b a r r l e r  b e a c h e s  h a v e  m i g r a t e d  
shoreward over t h e  marshes, and thus have 
preserved marsh deposits beneath the  beach 
sands.  Savoy ( 1 9 5 6 )  f o u n d  t h a t  t h e  
b a r r i e r  b a r  a t  Magee Marsh has s t e a d i l y  
advanced landward over t h e  marshlands as a  
r@Su l t  o f  t h e  overwashing o f  beach sand 
i n t o  t h e  marsh dur ing nor theast  storms and 
t h e  sweeping o f  sand I n  through breaches. 
During t h f s  advance, t h e  compacted marsh 
deposits which have been overr idden by t h e  
b a r  a r e  eventua l ly  exposed t o  cu r ren t  and 
wave at tack a t  the beach f r o n t .  When t h e  
marsh deposfts themselves are eroded, they  
c o n t r i b u t e  a  black, peaty mater ia l  t o  t h e  
beach face which d i s c o l o r s  t h e  nea rsho re  
waters o f  the  lake. 

C o a k l e y  ( 1 9 7 2 ) ,  w o r k f n g  t n  t h e  
v i c i n l t y  o f  Po in t  Pelee, showed t h a t  t h e  
p o i n t  f s  composed o f  two sand and grave l  
s p i t s  res t fng  on a  g l a c i a l  morafne (FSgure 
32). The s p i t s  enclose a  marshland wh ich  
has formed r e l a t f  v e l  y t h f n  peat deposl ts  
(1 m). The sand bodies reach a  thickness 
o f  8 m on t h e  w e s t  s l d e  o f  t h e  s p i t .  
Coakley a t t r i b u t e s  t h e  s o u r c e  o f  t h i s  
d e p o s f t  t o  d ischarges o f  sandy ma te r l a l s  



Figure 30. Marsh depos i t s  a t  Magee Marsh, showing tenslon cracks that 
deve lop  when dewatered (Savoy 1956). 

LAKE ERIE I 
h r e s h o r a  Barrier Bar  L a  ~ o o n  

berms 1 
marshwar 

/lower uppar A i storm crest creat I 

Figure 31. Cross s e c t i o n  of harr ier  beach and  lagoon a t  Magee Marsh ,  
(Savoy 1956) .  
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Figure 32. Crass sec t i on  tlirouyi.1 P o i r ~ t  Pcleo, showing sand beds and 
dunes ovcrlyi  ng g l a c i a l  deposi ts  ( C o a k l  ey  1972) .  

from t h e  D n t r o l t  R ive r  and B i g  Creek whjch 
then move eas t  and southeast.  

Water l e v e l s  i n  w e s t e r n  Lake E r i e f 5  
c o a s t a l  w e t l a n d s  a r e  s u b j e c t  t o  sudden 
f l u c t u a t f o n s  which can amount t o  over '  1 nt 
i n  a Few hours .  P a r t i c u l a r l y  under t h e  
t n f l u e n c e  o f  n o r t h e a s t  a n d  s o u t h w e s t  
stormsr t h e  coas ta l  marshes a r e  Frequent ly  
f 1 oodod o r  dewatared, r espec t  l v e l  y. Under 
t h e s e  c i  rcumstanoes t h e  so11 f r i n g t n y  t h e  
m a r s h  c h a n g e s  f rum a we1  1 - a e r a t e d ,  
o x i d i z f n g  c o n d l t i o n  t o  a w a t e r l o g g o d *  
roduc ing condition. H a r t e r  (1966)  f ound  
chemfca l  and/or  rnicrob i o l o g l c a l  t r a n s f o r -  
mattons are assoc la tsd  w f t h  t h i s  change, 
t h e  most impor tant  be ing  t h e  d o ~ o m p ~ ~ f t l ~ n  
o t  o r g a n i c  m a t t e r  and t h e  r e d u c t i o n  O F  
f ~ r r t c  t o  f e r r o u s  f r o n ,  m a n g a n i c  t o  
rnanganous manganese,  a n d  s u l f a t e  t o  
s u l f f d e .  The I n t e n s i t y  o f  r e d u c t i o n  
l a r g e l y  f s  p o s f t i v e l y  c o r r e l a t e d  w f t h  t h e  
amount o f  o r g a n f c  m a t t e r  f n  t h e  s o l l .  
B o t h  o f  t h e s e  p r o c s s s o s  p l a c e  a  heavy 
demand on s o f l  o x y g e n .  As a  r e s u l t ,  
w a t e r l o g g e d  marsh s o i l s  o f t e n  con ta i n  low 
oxygen l eve l s ,  t h e  amount o f  oxygen f n  a  
g f v a n  s o l 1  t e n d i n g  t o  b e  i n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  w a t e r  c o n t e n t  
( P e a r s a l l  1950). ~ h f s  s a w  s t t u a t i o n  can 
e x i s t  f n  managed marshes whsn t h e y  a r e  

f l o o d e d  a f t e r  a  p e r l o d  o f  "drawdownn o r  
d ra fn i ng  o f  t h e  marsh which i s  destgned t o  
s t fmu la te  t he  growth o f  v e g e t a t i o n ,  p a r -  
t i c i ~ l a r l  y  sma r tweed  ( P o l v ~  5pp.I  P 

u t f l l z a d  b y  waterfowl.  

Tests performed b y  H a r t e r  (1962) a n  
t h e  Toledo c l ay  loam, a t y p l c a l  marsh s o i l  
i n  n o r t h w e s t e r n  O h l o t  s h o w e d  t h a t  
fnunda t fng  t h i s  s o i l  caused a  decreased  
u p t a k e  o f  c a l  c  l urnr magnesium, manganese, 
and po tass ium by  smartweed. From f t e l d  
and  l a b o r a t o r y  o b s e r v a t i o n s ,  H a r t e r  
c o n c l u d e d  t h a t  i t  i s  d o u b t f u l  t h a t  
s rnar tweod  c a n  b e  made t o  p r o 1  i f e r a t e  
n d t u r a l l y  i n  a  c o a s t a h a r s h .  Even when 
s a t u r a t e d  s o i l  was t r e a t e d  w i t h  n i t rogen,  
phospharus, and 1 ime, smartweed f a t  l e d  t o  
establish I t s e l f  a t  a s a t i s f a c t o r y  l e v e l  
o f  growth. When t h e  s o l 1  was flooded o n l y  
t h e  most v i g o r o u s l y  g r o w i n g  p l  a n t s  were 
a b l e  t o  c o n t i n u e  g r o n f  ng, and even when 
t h e  so f  l was n o t  f l ooded  t h e  smartweed was 
crowded o u t  by o the r  specfes. I n  managed 
marshes, un less  t h e  marsh i s  drained very 
ear ly  j n  the  spr ing,  i t  i s  d o u b t f u l  t h a t  
smartweed w 1 1 1  be a b l e  t o  s u c c e s s f u l l y  
compete w f t h  the more v l g o r o u s l  y g r o w i n g  
m a r s h  p l a n t s *  s u c h  a s  c a t t a i l  (m 
spp. 1. 



Redmond st a 1 ,  1197 1)  mapped t h e  
marski s c f l s  ~f E r i e  C o u n t y ,  Ohio.  The 
h i ghes t  c o n c e n t r a t i o n s  were f ound  a1 ong 
t h e  s o u t h  s h o r e  o f  Sandusky Ray between 
Sanausky and Whites L a n d i n g  and near  t h e  
m o u t h s  o f  t h e  Huron  R i v e r  and Old Woman 
Creek, They observed t h a t  these  a reas  a r e  
submerged p a r t  o f  t h e  y e a r ,  b u t  are d ry  
l o n g  e n o u g h  t o  p e r m i t  t h e  g r o w t h  o f  
c a t t a t  l s, sedges, and a the r  wa te r - t o l e ran t  
p 1  a n t s ,  The so41 m a t e r i a l  t ;nderlyfng t h e  
marsh v a r i e s  c o n s i d e r a b l y ,  I n  t h e  a r e a s  
west  o f  Sandusky, i t  is s i m i l a r  t o  t h e  
ma'terial i n  t h e  lower  p a r t  o f  t h e  p r o f i l e  
o f  T o l e d o  s o i l s t  b u t  i n  t h e  areas eas t  o f  
Sandusky, it i s  s i m i l a r  t o  the m a t e r i a l  i n  
t h e  lower  p a r t  o f  t h e  p r o f i l e  o f  Lenawee 
and Colwood s o i l s .  Toledo s o i l s  are dark-  
c o l o r e d ,  v e r y  p o o r l y  d r a i n e d  s o i l s  t h a t  
f a r m e d  i n  c l a y e y  l a k e  bed  d e p o s i t s .  
Lenawee s o i l s  a r e  s i m i l a r  b u t  s l ? g h t l y  
c o a r s e r  i n  t e x t u r e .  Colwood s o i l s  a r e  
a7 so  da r k - co l o red  and p o o r l y  dra inedt  b u t  
t h e y  fo rmed i n  l a k e - d e p o s i t e d  s l l t  and 
f i n e  s a n d .  F e d m o n d  e t  a l .  ( 1 9 7 1 )  
concluded t h a t  t h e s e  a r e a s  p r o v i d e  good 
h a b i t a t  f o r  duck* muskrat, and o t h e r  k i n d s  
o f  w i l d l i f e ,  i f  t h e y  a r e  p r o t e c t e d  f rom 
l a n d - f i l l i n g  o p e r a t i o n s  a n d  f r o m  
p o l l u t i o n .  

2.2 CLIMATE AND WEATHER 

The c l i m a t e  o f  w e s t e r n  Lake  E r i e  i s  
t e m p e r a t e  and h u m i d - c o n t i n e n t a l  and i s  
charac te r fzed  by r a p i d l y  changing weather. 
The l o c a t i o n  o f  t h e  G r e a t  Lakes  between 
t h e  s o u r c e  r e g i o n s  o f  c o n t r a s t i n g  p o l a r  
and t r o p i c a l  a i r  masses f o s t e r s  t h e s e  
complex weather pa t te rns ,  

The annua l  ave rage  temperatures f o r  
mainland s t a t i o n s  i n  t h e  Lake  E r i e  b a s j n  
r a n g e  b e t w e e n  8 . 4 ' ~  t o  10.CI°C, Tem- 
p e r a t u r e s  g e n e r a l  1 y d e c r e a s e  n o r t h -  
e a s t w a r d  f r om  t h e  southwestern end o f  t h e  
b a s i n  ( F i g u r e  33) .  The h i g h e s t  ave rage  
t e m p e r a t u r e s  occur  a t  Put-in-Bay on South 
Bass i s l a n d  w i t h  an a n n u a l  a v e r a g e  o f  
11, l0C, 

80 -- --- 
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Figure 33. Annual a i r  tempera tu re  c u r v e s  
f o r  Toledo, Put-in-Bay, and Bu f f a l o  (FWPCA 
1968). 

These a l s o  g e n e r a l l y  d e c r e a s e  n o r t h -  
e a s t w a r d  a c r o s s  t h e  bas i n  from Toledo t o  
Bu f f a l o .  Put-in-Bay again i s  t h e  h i g h e s t  
a t  2 4 . 0 ~ ~ .  The l o w e s t  ave rage  m o n t h l y  
t e m p e r a t u r e s  o c c u r  i n  J a n u a r y  a t  t h e  
w e s t e r n  end o f  t h e  l a k e  and February  a t  
t h e  eas te rn  endr and ra.nge f rom - 4 . 4 ' ~  t o  
-2,2'C. The ex t r emes  o f  a i r  temperature 
i n  t h e  Lake E r i e  b a s i n  a r e  a b o u t  -28 .8O~ 
and 37.8O~. 

A v e r a g e  m o n t h l y  p r e c i p i t a t i o n  a t  
main land s t a t i o n s  i n  t h e  Lake E r i e  b a s i n  
I s  w e l l - d i s t r i b u t e d  t h r o u g h o u t  t h e  year 
(F i gu re  34)  and ranges  f r o m  a b o u t  77 cm 
(30 i n )  t o  more t h a n  102 cm (40 i n )  w i t h  
an o v e r a l l  b a s i n  average o f  abou t  86.4 cm 
( 3 4  i n ) ,  Year l y  p r e c i p i t a t i o n  has v a r i e d  
between t h e  extremes o f  71.0 ( 2 8  i n )  and 
109 .2  cm (43 i n ) .  P r e c i p i t a t i o n  shows a  
s t r i k i n g  c o r r e l a t i o n  t o  l and  e l e v a t i o n  and 
topography ( F i g u r e  35 ) .  L o w - l y i n g  f l a t  
a reas  o f  t h e  western basSns Sncludincj t h e  
c o a s t a l  marshess have  t h e  l o w e s t  p r e -  
c i p i t a t i o n .  

The  h i g h e s t  a v e r a g e  m o n t h l y  tem- Most o f  t h e  p r e c i p i t a t i o n  i n  t h e  t a k e  
p e r a t u r e s  o c c u r  i n  J u l y ,  r a n g i n g  f r o m  E r i e  b a s i n  i s  d e r i v e d  f r o m  t h e  n o r t h -  
21.1°c t o  2 3 . 4 ' ~  a t  m a i n l a n d  s t a t t o n s .  e a s t w a r d  flow o f  warmr moisture- laden a i r  
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Figure 34. v e r d g e  , : i o n t h l y  p r e c i p i t a t i o n  a t  four- l o c a t i o n s  on  Lake Erie (FI-!PCA 1968). 

Figure 35. Annual p r e c i p i t a t i o n  ( i n c h e s )  o v e r  Lake E r i e  drairlage h a s i  n 
(FWPCA 1968). 



05-  low p ressure  systems f r o m  t h e  G u l f  o f  
MexSco, P r e c i p i t a t i o n  r e s u l t s  when t h i s  
c lashes w i t h  co lder ,  no r t he rn  a i r  o f  h i g h  
p r e s s u r e  systems, moving i n  f rom t h e  west 
and  no r t hwes t ,  T h i s  k f n d  o f  wea the r  i s  
t y p i c a l  of sprlngt summerr and e a r l y  f a l 3 ,  
a n d  bsually o c c u r s  i n  c y c l e s  o f  a few 
days, H u m i d i t y  i s  h i g h  a l o n g  w i t h  h i g h  
temperaturess and sou th  t o  southwest winds 
p e r s i s t  f a r  l ong  per iods,  

In w i n t e r ,  however,  t h e  co1  de r  Ca- 
nadian a i r  masses push  s o u t h e a s t w a r d  and 
dom ina te  t h e  weather ,  r e s u l t i n g  i n  less 
p r e c i p i t a t i o n  and l e s s  h u m i d i t y .  T h e  
h e a v i e r  p r e c i p i t a t i o n  ( u s u a l l y  snow) i s  
e x p e r i e n c e d  j n  t h e  e a s t e r n  p a r t  o f  t h e  
b a s i n ,  p a r t i c u l a r l y  i n l a n d  f r o m  t h e  
AmerTcan  s h o r e .  T h i s  l a r g e l y  l o c a l  
phenonrenon, known as " l a k e  e f f e c t , "  Js 
caused  by  a i r  n iov ing a c r o s s  Lake  E r i e r  
p i c k i n g  up  m o i s t u r e  e n  r o u t e *  and  
p r e c i p i t a t i n g  i t when t h e  a i r  mass r i s e s  
a l o n g  t h e  f r o n t  o f  t h e  h i l l s  on  t h e  
southeastern shore. Snowf a1 1 i s  g r e a t e r  
i n  t h e  e a s t e r n  p a r t  o f  t h e  b a s i n :  
e . g . , B u f f a l o  h a s  an  a n n u a l  a v e r a g e  
s n o w f a l l  o f  182.9 cm as compared t o  l e s s  
t h a n  91.4 cm f o r  T o l e d o  ( F e d e r a l  Water  
P o l l u t i o n  Con t ro l  Adm jn i s t r a t i on  1968). 

Thunders to rms occur  on about 35 days 
each year  and a re  most f requen t  f rom A p r i l  
through August. Heavy r a i n s  o f  5.09 7 .6 r  
9 .4,  11 .4 ,  13 .2$  and 14.7 cm i n  24-hour 
per iods  can be expected t o  occu r  a t  l e a s t  
once every 2$ 5, 10, 25, 50,  and 100 years 
r e s p e c t i v e l y .  The heav ies t  r a i n  o f  record  
i n  Ohio f e l l  between 0200 and 2200 h o u r s  
on 1 2  J u l y  1 9 6 6  a t  Sandusky .  T o t a l  
r a i n f a l l  du r i ng  t h i s  p e r i o d  was 26.7 cm. 

Figure 36. A v e r a g e  a n n u a l  w i n d s  a t  
Sandusky, Ohio*  f o r  1948-1957 ( H e r d e n d o r f  
and Era idech 1972). 

Sunshine 

W e s t e r n  L a k e  E r i e  e x p e r i e n c e s  a  
maximum o f  a b o u t  1 5  hours  o f  d a y l i g h t  i n  
t h e  summer a n d  9 h o u r s  i n  t h e  w i n t e r  
( T a b l e  4 9 .  T h e r e f o r e ,  t h e  p e r c e n t  o f  
p o s s i b l e  sunshine i s  g r e a t e s t  i n  midsummer 
and l e a s t  i n  w i n t e r  ( F i g u r e  371,  a l t h o u g h  
p r e c i p i t a t i o n  m i g h t  i n d i c a t e  o therw ise .  
Less  s u n s h i n e  i n  w i n t e r  i s  d u e  t o  t h e  
c l o u d - p r o d u c i n g  e f f e c t s  o f  t h e  l a k e .  
December and January o r d i n a r i l y  have 1 ess  
t h a n  40% o f  p o s s i b l e  sunshine*  w h i l e  June 
and J u l y  ave rage  more  t h a n  70% a t  most  
s t a t i o n s .  The percentage over t h e  l a k e  i n  
summer i s  even g rea te r ,  

'&i& Growina Season 

Southwester ly  winds p r e v a i l  over  Lake 
E r i e  i n  a l l  months o f  t h e  y e a r  ( F f g u r e  
3 6 ) .  a  c h a r a c t e r i s t i c  common t o  t h e  
n o r t h e r n  hemisphere  t e m p e r a t e  r e g  i o n .  
However, i n  f a l l  and w in te r ,  no r t hwes te r l y  
w i n d s  o c c u r  f r e q u e n t l y ,  r e a c h i n g  h i g h  
v e l o c i t i e s  (65 t o  80 km/hr) du r i ng  storms. 
I n  s p r i n g ,  t h e  s a m e  i s  t r u e  o f  
n o r t h e a s t e r l y  winds except  t h a t  v e l o c i t i e s  
(50-65 km/h r )  a r e  u s u a l l y  lower.  Storms 
o f  t h i s  i n t e n s i t y  f r o m  t h e  n o r t h e a s t  c a n  
be  p a r t i c u l a r 1  y  d e v a s t a t i n g  t o  c o a s t a l  
wet lands i n  Ohio and Michigan. 

L a k e  E r i e  has  a marked m o d e r a t i n g  
e f f e c t  on  t h e  c l i m a t e  o f  t h e  b a s i n ,  
e s p e c j a l l  y  f o r  a few k i l o m e t e r s  Sn l  and 
f rom t h e  shore. T h i s  i s  demons t ra ted  by 
t h e  l e n g t h  o f  t h e  f r o s t - f r e e  season; near 
shore it i s  g r e a t e r  t h a n  200 days, w h i l e  
o n l y  a  few k i l o m e t e r s  i n l a n d  it i s  as much 
a s  3 0  d a y s  f e s s  ( V e r b e r  i 9 5 5 ) .  T h i s  
l o n g e r  f r o s t - f r e e  s e a s o n  f s  due  t o  a  
w a r m i n g  e f f e c t  f r o m  t h e  l a k e  wate r .  
Dur ing  t h e  l a t e  f a l l  and e a r l y  wdnter, t h e  
l a k e  i s  s t i l l  r e l a t i v e l y  warm and d e l a y s  
t h e  f i r s t  k i l l f n g  f r o s t .  



Table 4 Average monthly durat ion o f  d a y l i g h t  for' kes-tern Lake Er?e ,& 
- -. 

Month Sunrlse  Sunset fhr:mln9 ! t o t a l  sec) 

-- ---- 

Jan. 15 0759 EST 1723 9:?4 33,840 

f cb .  15 0728 [ S T  1805 10:28 37,080 

Mar. 1.5 0645 EST ? 83 8 11153 429780 

Apr-. 15 0535 EST 1911 13 : 16 47,760 

2 u l y  1 5  0610 FDST '2106 14 : 56 53 9 760 

Sop. 1:) 0710 E D S l  1945 12:35 458300 

Nov. 15 0772 EST 1711 9:49 35p340 

[IOC, 1.5 0154 ES'T 1701 9:07 32,820 

d 
Data source: U.S, Weather Sorvice. 

Althuuqh l o c d t e d  in  noarly t he  rno:,t 
northern portfon of t h e  S t a t e ,  South  Bass 
d n d  t h o  o t h c r  I s l a n d s  have t h e  l o n g e s t  
f r o s t - f r c c  por lod  of  any a r e a  i n  Ohio. 
Svutt l  fiae,s I s l a n d  h a s  an a v e r a g e  f r o s t -  
fr.cSc pclrlod of 105 ddys, while Ducyrus, 80 

km t o  t h e  s o u t h ,  ha s  an a v e r a g e  of  154 
days .  North B a s s  I s land  has a  f r o s t - f r e e  
p e r i o d  o f  206  d a y s .  T h e  h i g h  h e a t  
c a p a c i t y  of t h e  l a k e  prolongs t h e  summer 
ten~pera ture  f a r  l n t o  f  a1 1 bu t  t h e  smdl 1 
rango o f  tempe:rature between t h e  maximum 
and t h e  mintmum d a i l y  tempera ture  p e r m i t s  
a  l ong  s p r i n g .  The  l o n g  f r o s t - f r e e  
period* however, does not i n d f c a t e  a long  
growing s ea son .  The spr ing  temperatures  
a r e  r e t a r d e d ,  a n d  t h e  t h r e s h o l d  
t e m p e r a t u r e ,  o r  t empe ra tu re  denoting t he  
baglnclng of  t h e  blooming p e r i o d  o f  t h e  
f l o r a *  o c c u r s  much l a t e r  on t h e  f s l a n d  
than on t h e  mafnland, Th is  r e t a r d a t l o o  I s  
r e f l ec t ed  by t he  average da t e  of  t h e  1 a s t  
k i l l i n g  f r o s t t  which Is around April  15 
For t h e  i s l a n d s ,  c o n t r a s t e d  w l th  Mav 20 
f o r  t h e  i n t e r i o r  of Ash t abu l a  ~ o u n t y r  

Figure 37. Montf1ly p e r c e n t  of poss ib le  n e a r l y  In t h e  same l a t f t u d e ,  and w f t h  
sunshlno a t  To?@dor Ohfor f o r  1965 (FWPCh A p r f  1 3 0  a s  f a r  s o u t h  a s  ~ 0 1 u m b u s .  
1968). S f m i l  a r l  y t  t h e  average d a t e  f o r  t h e  f  f r s t  



k i l l i n g  frost i n  the F a ? :  I s  a r o i j n d  
October 3 0  f o r  t h o  i s l a n d s ,  c o n t r a s t e d  
w i t h  September  30 f o r  9 < s h t a b u l a  Countyp 
Cctober 15  f o r  CoJumbus, and C c t o b e r  20 
f o r  C i n c i n n a t i .  Thusp t h e  average l e n g t h  
o f  t h e  growing season f o r  t h e  i s j a n d s  i s  
over  1922 days,  The number i s  a  reasonable 
e s t i m a t e  f o r  t h e  coas ta l  marshes f r i n g i n g  
western Lake E r i e ,  

V e r b e r  ( 1 9 5 5 1  d e t e r m l n e d  m i c r o -  
c ?  i m a t  i c  c o n d i t i o n s  on South Bass I s l a n d  
by  sampl ing a t  3 7  d i f f e r e n t  t e m p e r a t u r e  
s t a t i o n s  f r o m  J u l y  1944 t o  August  1948. 
The f o l l o w i n g  seven m i c r o c l  i m a t e s  were 
a p p a r e n t :  1)  h i g h  a n d  2 )  l o w  l e e w a r d  
s h o r e s ,  3 )  h i g h  and  4 )  l o w  w i n d w a r d  
s h o r e s ,  5 9  h i g h  a n d  6 )  l o w  i n l a n d  
s t a t i o n s ,  and 7 )  wooded a r e a s .  D a i l y  
t e m p e r a t u r e s  showed t h e  most s i g n i f  l c a n t  
c h a n g e s .  I n  w i n t e r ,  t h e  v a r i a t i o n s  
between t h e  low f r o s t  pockets  and t h e  h i gh  
l e e  s h o r e  s t a t f o n s  were as g r e a t  as 10'~. 
Dur ing  t h e  summer, t h e  l e e  sho re  s t a t i o n s  
were t h e  warmest p a r t s  o f  t h e  fs land.  The 
f r o s t - f r e e  season on t h e  i s l a n d  v a r i e d  i n  
1945 from 187 t o  251 days f o r  t h e  v a r i o u s  
s e l e c t e d  m i c r o c l i m a t J c  h a b i t a t s .  
I n t e r e s t i n g l y ,  t h i s  range on t h e  i s l a n d  I s  
g r e a t e r  t h a n  t h a t  w h i c h  n o r m a l l y  o c c u r s  
b e t w e e n  S o u t h  Bass  I s l a n d  and c e n t r a l  
Ohio. 

Thus, a c o r r e l a t i o n  e x i s t s  be tween 
t h e  d i s t r i b u t i o n  o f  some o f  t h e  southern 
and w e s t e r n  a q u a t i c  p l a n t s  a l o n g  t h e  
shore1 ines  o f  t h e  l a r g e r  Lake E r i e  i s l a n d s  
a n d  t h e i  r m i c r o c l  i m a t e s .  S o u t h e r n  
species, s u c h  as w a t e r  w i l l o w  ( w i c f e  
a m e r i c a n g )  , o c c u r  p r i m a r i l y  o n  t h e  
southern shores o f  t h e  l a r g e  i s l a n d s  where 
t hey  grow i n  l e s s  exposed, more moderate,  
w a r m e r  m i c r o c l  f m a t e s .  W e s t e r n  and  
n o r t h e r n  s p e c i e s ,  s u c h  a s  h a r e b e l  1 
(Cam~anula j -o tund i fo l  h), are  found on t h e  
n o r t h  and w e s t  s h o r e s  o f  t h e  f s l a n d s  i n  
l o c a t i o n s  w i t h  c o o l e r ,  m o r e  e x p o s e d  
cond i t i ons .  I n  t h e  Lake E r i e  I s l a n d s  many 
o f  t h e  s o u t h e r n  and  w e s t e r n / n o r t h e r n  
spec ies a re  on t h e  edges o f  t h e 1  r ranges .  
Under  t h e s e  m a r g i n a l  c o n d f t i o n s  i n  which 
t hey  su rv ive ,  they  a r e  g e n e r a l l y  r a r e  i n  
t h e  f l o r a  c o m p a r e d  t o  more w idesp read  
spectes (Stuckey and Duncan 1977). 

Approx imate ly  90% o f  t h e  t o t a l  i n f l o w  
t o  Lake E r i e  comes f rom t h e  D e t r o i t  R i v e r *  
t h e  d r a i n a g e  o u t l e t  f o r  t h e  uppe r  G r e a t  
Lakes ,  The ave rage  annual i n f l o w  a t  t h e  

3 head o f  t h e  D e t r o i t  R i v e r  i s  5,140 m / s ,  
equ f va l en t  t o  6.4 m o f  water  cove r l ng  Lake 
E r i e .  S u r f a c e  r u n o f f  f r o m  t h e  d ra tnage  
a r e a  e n t e r s  t h e  l a k e  v i a  many s m a l l e r  
t r j b u t a r y  r f v e r s  o r  by d i r e c t  r u n o f f  f rom 
t h e  shore area. A erage annual r u n o f f  i s  3' es t imated  a t  580 m  / s f  e q u i v a l e n t  t o  0.7 m 
o f  w a t e r  o v e r  t h e  l a k e ' s  s u r f a c e .  The 
o u t f l o w  f r o m  Lake  E r i e  i s  t h r o u g h  t h e  
N i a g a r a  R i v e r  a t  B u f f a l o  and t h e  Welland 
C a n a l  d i v e r s i o n  a t  P o r t  C o l b o r  e .  ? Combined o u t f l o w  averages about 5,730 m / s  
a n n u a l l y ,  e q u i v a l e n t  t o  7 . 1  m o f  w a t e r  
over  Lake E r i e .  

Water  d e p t h  i n  t h e  l o w e r  D e t r o i t  
R i v e r  i s  i n f l u e n c e d  t o  a  l a r g e  e x t e n t  by 
t h e  w a t e r  l e v e l  o f  L a k e  E r i e .  S t r o n g  
e a s t e r l y  winds can produce water l e v e l s  i n  
w e s t e r n  L a k e  E r i e  w h i c h  a r e  5 m  above 
those  i n  eas te rn  Lake E r i e .  As a r e s u l t ,  
a  p a r t i a l  r e v e r s a l  o f  f l o w  i n  t h e  D e t r o i t  
R i v e r  can be caused by water l e v e l s  a t  i t s  
mouth be i ng  up t o  1 rn h i g h e r  t h a n  a t  i t s  
head; unde r  no rma l  c o n d i t i o n s  t h e r e  i s  
t y p i c a l l y  a  1 m f a l l  f r o m  Lake  S t ,  C l a i r  
t o  Lake  E r i e .  Cu r ren t  v e l o c i t i e s  average 
2.4 km/hr i n  t h e  channels on bo th  s i des  o f  
Grosse I l e .  Speeds a r e  l e s s  i n  s h a l l o w s  
a d j a c e n t  t o  t h e  i s l a n d s  and channels, b u t  
a t  n o  p l a c e  c a n  t h e  w a t e r  b e  t e r m e d  
s tagnan t  (Hunt 1962). The 1  owest f l o w s  o f  
t h e  D e t r o f t  R i  e r  o r d i n a r i l y  o c c u r  i n  3 February (4,500 m  / s )  y d  t h e  h i g h e s t  i n  
J u l y  o r  August (5,600 m / s ) .  

The a v e r a g e  annua l  r a i n f a l l  i n  t h e  
Lake E r i e  bas i n  i s  about  90 cm. The t o t a l  
l a n d  a r e a  w h i c h  d r a i n s  i n t o  Lake  E r i e ,  
e x c l u d i n g  t h a t  above t h e  mouth o f  t h e  
D e t r o S t  R i v e r ,  i s  o n l y  a b o u t  t w i c e  t h e  
a r e a  o f  t h e  w a t e r  s u r f a c e  o f  t h e  l a k e .  
The 1 arge expanse o f  water  a f f o r d s  a g r e a t  
o p p o r t u n i t y  f o r  e v a p o r a t i o n ,  a n d  t h e  
amount o f  w a t e r  w h i c h  has  been l o s t  i s  
estimated t o  b e  be tween 85 and  3 1  cm, 
T h l s  amoun t  o f  e v a p o r a t i o n  i s  app rox -  
i m a t e l y  e q u i v a l e n t  t o  t h e  ave rage  annua l  
r a f n f a l l  o v e r  t h e  l a k e .  D u r i n g  d r y  
p e r l o d s  more water  may be evapo ra ted  f r o m  



t h e  l a k e  t h a n  f l o w s  i n t o  i t  f rom i t s  
dralnage bas jn .  Under t h e s e  c o n d i t i o n s  
Lake E r f e  de l f ve rs  t n t o  t h e  Nlagara River  
a  s m a l l e r  q u a n t i t y  o f  w a t e r  t h a n  i t  
receives from t h e  D e t r o i t  Rlver. 

Four n a t u r a l  h y d r o l o g i c  f ac to rs  ac- 
coun t  f o r  t h e  n e t  s u p p l y  o f  w a t e r  t o  
c o a s t a l  we t l ands :  1 )  p r e c i p l t a t f  onr 2 )  
r u n o f f ,  3 )  g r o u n d  w a t e r ,  a n d  4 )  
evapora t j on .  Whf le  t h e  major  source o f  
water  t o  Lake E r i e  I s  t h e  u p p e r  G r e a t  
Lakes  v i a  t h e  D e t r o i t   river^ s e v e r a l  
watershods (F igure  38) dralned by 10 major 
streams and numerous small ones d i s c h a r g e  
i n t o  the  western basin of Lake E r i e  (Table 
5 ) .  Each o f  t h e s e  t r i b u t a r i e s  has a  
d rowned  m o u t h ,  c r e a t i n g  e s t u a r i n e  
c o n d i t i o n s  w h i c h  have  f o s t e r e d  t h e  
formation o f  coasta l  marshes. 

The record high water l e v e l s  i n  Lake 
E r i e  d u r i n g  1972 and 1973 c o n t r i b u t e d  
g r e a t l y  t o  I n c r e a s e d  e r o s i o n  o f  t h e  
s h o r e s .  Because t h e  n a r r o w  beaches  
f r o n t i n g  t h e  c o a s t a l  wet lands and shore  
b l  u f  f s  were submerged, they were exposed 
Lo  d i r e c t  wave a t t a c k  and e r o s i o n  b y  
a1 ongshore c u r r e n t s .  Severe storms have 
resu l ted  I n  profound changes i n  s h o r e l i n e  
c o n f i g u r a t i o n  and d i s r u p t i o n  o f  t h e  
marshes. 

Water l e v e l  changes on Lake E r i e  a r e  
o f  two p r i n c i p a l  t ypes :  1) l ong -pe r iod  
f l u c t u a t i o n s  and 2 )  s h o r t - p e r i o d  
f l u c t u a t i o n s .  t ong -pe r iod  f l u c t u a t i o n s  
are re la ted  t o  vo lumet r i c  changes o f  t h e  
l ake ,  caused p r i n c i p a l l y  by va r i a t i ons  i n  



Table? 5. Est imated c h a r a c t e r i s t i c s  o f  western Lake E r i e  t r l b u t a r f e s . "  

Stream Drainage Average Suspended Dissolved 
area discharge so1 4ds so l  i d s  
(km2) I d / s e c )  ( t ons /y r )  ( tons /y r )  

MICHIGAN 
D e t r o i t  River - - 5, 140 lr570r000 33,580,000 
Huron R iver  2,300 16 1 r 800 73 r 000 
R iver  Ra is in  2,640 19 4,700 91,200 
Others 3,110 20 4  r 000 25 r 000 

O t I O  
Ottawa River 470 3 1,000 5 , 000 
Maumee River  17 050 137 2*270,000 lr370r000 
Toussai n t  R iver  280 2 7  00 4  r 000 
Portage River  11520 11 120 , 000 91r200 
Sandusky River  3r680 30 2709000 446,400 
Huron R iver  1 , 040 9  121000 50,000 
Others 900 €3 60 r 000 1001000 

Oh"AfiI0 
g i g  Creek 110 1 3 00 1,200 
Others 5  00 l r 500  5 s 000 -- 4  - 

a Data source: Herdendorf 1975. 

p r e c i p i t a t i o n ,  evapora t i on ,  and r u n o f f .  
These  changes  i n c l u d e  b o t h  s e a s o n a l  
f l u c t u a t i o n s  and those  o c c u r r i n g  over  a  
p e r i o d  o f  s e v e r a l  yea rs .  Sho r t -pe r i od  
f l u c t u a t i o n s  are due t o  a  t i l t i n g  o f  %he 
l a k e  s u r f a c e  by  wind o r  by a t m o s p h e r : ~  
~ r o s s u r e  differentials. Wind t i d e s ,  
se iches,  and h a r b o r  surges, which have 
p e r  i c d s  frunr d few seconds t o  s e v e r a l  
d a y s ,  a r e  e x a m p l e s  o f  s h o r t  t e r m  
f 1  uctbat ions.  Verber ( 1960) found sun and 
l una r  t j d o s  are n e g l i g i b l e ,  r e s u l t i n g  f n  
n~arin~urn f l uc tua t i ons  o f  3.3 cni. 

l o n a - w e r i o d  f l x tua t4ons.  The high- 
es t  dnd lowest average month1 y  l e v e l s  on 
L a k e  E r i e  g e n e r a l l y  occur  i n  June and 
Febrbdry,  r e s p e c t i v e l y .  T h i s  seasona l  
v a r i a t i o n  t y p i c a l 1  y  ranges f rom 0.3 t o  
6 . 6 .  The plane of reference f c r  c h a r t s  
a n d  n a v i g a t i o n a l  works on Lake E r l e  i s  
known as Low k a t e r  Datum (LWG), and 
s tdnds  a t  an e l e v a t i o n  o f  173.3 m above 
t h e  niesn a? F a t h e r  P c i n t r  Quebec. The 

wa te r  l e v e l  a t  Father Point ,  known as t h e  
I n t e r n a t i o n a l  Great Lakes Catum o r  IELD, 
19551 approxfn~ates sea l e v e l  a t  t h e  p lace 
where t h e  f low from t h e  Great Lakes enters  
t h e  ocean based on water l e v e l  records f o r  
t h e  year  1955. The mean l e v e l  o f  Lake 
E r f e  f o r  t h e  per iod  o f  record  (1900-83) i s  
173.9 rn as measured b y  t h e  U. S. Army 
Corps of Engineers. The h i g h e s t  average 
month1 y  l e v e l  recorded was 174.8 n reached 
f n  June 1973 ano t h e  l o w e s t  a v e r a g e  
ntonth ly l e v e l  recorded was 173 .O m i n  
February  1936. T h i s  represents a change 
i n  t h e  lakes volume o f  approximately 10%. 

Long-term v a r f a t f  ons a r e  t h e  r e s u l t  
o f  p e r s i s t e n t  h i g h  o r  low p rec ip i t a t l on .  
I n  t h e  mid-1960s on L a k e  E r i e  and t h e  
u p p e r  G r e a t  L a k e s ,  t h e r e  w e r e  l o w  
p r e c i p i t a t i o n  and nea r - reco rd  low wate r  
l e v e l s  i n  t h e  l akes .  I n  1972-73, t he re  
were h igher p r e c i p i t a t i o n  and extreme h igh  
w a t e r  l e v e l s  on Lake E r i e .  Records a t  
C l e v e l a n d  g o i n g  back more than 100 years 



i n d i c a t e  n o  regular ,  p r e d i c t a b l e  c y c l e  o f  
l eve ' l s ,  The  i n t e r v a l  between periods of 
h i g h  and l o w  water can vary wfdely. 

Shor t  - ~ e r i o d  f l u c t u a r i o n s ,  Wa te r  
l e v e l s  a t  t h e  ends o f  Lake E r i e  (Toledo 
a n d  B u f f a l o )  h a v e  a  much  g r e a t e r  
fluctuation than near t h e  center.  Tf  l t f n g  
o f  t h e  l a k e  surface i s  analogous t o  t he  up 
and down movement of t h e  ends o f  a  t ee te r -  
t o t t e r  w h i l e  t h e  c e n t e r  f s  stable.  High 
water l eve1  s  coup1 ed wt t h  nor theast  storms 
have p roduced  a  maxlmum r i s e  f n  l e v e l  o f  
3 m a b o v e  Low Water  Datum a t  To ledo.  
Converse1 y, low water and southwest winds 
have l o w e r e d  t h e  l eve l  t o  2 m below Datum, 
a  r a n g e  o f  5 m. Under t h e  I n f l u e n c e  of 
wind, c u r r e n t s  t end  t o  bank up wate r  on 
t h e  windward shore.  Thts  forced movement 
o f  t h e  1 a k e  surface i s  known as w ind  t f  de 
and t h e  amount  o f  r l s e  produced f s  t h e  
wind setup.  The r esu l t i ng  f r e e  o s c f l l  a t l o n  
o f  t h e  l a k e  s u r f a c e  c a u s e d  b y  t h e  
i n e q u a l  f t y  o f  wa te r  l e v e l  i s  c a l l e d  a  
seiche. Such f r ee  o s c ~ l l a t i o n s  are near l y  
con t fnuous  i n  t he  is lands reg ion  and most 
o f t e n  h a v e  a  p e r l o d  o f  12  h o u r s  and 
amp1 l t u d o  o f  l e s s  t h a n  0.7 m w i t h  a  
max'fmum anrpl i t u d o  o f  2 rn. 

The m a j o r  se tches  on Lake E r i e  a re  
e s s e n t i a l  1 y p a r a l l e l  t o  t h e  l o n g f t u d t  n a l  

a x i s  o f  t h e  l a k e .  Seiches a lons t h i s  ax i s  
have a p e r i o d  o f  a p p r o x i s a t e l  y 12 t o  1 4  
hours. Seiche p e r i o d s  a s  r e c o r d e d  f o r  3 
years a t  a water  I t v e l  gauge a t  Put-in-Bay 
on South Bass I s l a n d  ( F l g u r e  39) i nd i ca ted  
t h a t  l o n g i t u d i n a l  se i ches  were occur r ing  
abou t  44% o f  t h e  y e a r  ( H e r d e n d o r f  and 
B r a i d e c h  1 9 7 2 ) .  S u r f a c e  w inds  from the  
sou thwes t  o r  n o r t h e a s t  a r e  1 i k e l  y  t o  
p roduce  such  s e i c h e s  a long  t h e  long  ax is  
o f  t h e  lake.  Wind records f rom Sandusky, 
Ohio, a r e  i n  agreement w i t h  t h e  frequency 
o f  s e i c h e  p e r i o d s ;  s u r f a c e  w i n d s  f r o m  
t h e s e  d l  r e c t l o n s  o c c u r  approx imate ly  150 
days (42%) o f  t h e  year ( F i g u r e  3 9 ) .  

C i  r c u l  a t  i o n  and W e n t 5  

Water movement i n  t h e  w e s t e r n  b a s i n  
o f  Lake E r i e  i s  s t r o n g l y  i n f l u e n c e d  by 
D e t r o i t  R i v e r  f l o w .  T h i s  i n f l o w  i s  
composed o f  t h r e e  d  i s t i n c t  water masses. 
The midchannel  f l o w  predomf n a t e s  and i s  
charac te r i zed  by: 1) lower  temperature, 2 )  
l o w e r  s p e c i f i c  conduc tance ,  3 )  g reene r  
c o l o r  and h i g h e r  t r a n s p a r e n c y ,  4 )  l o w e r  
p h o s p h o r u s  c o n c e n t r a t i o n ,  5 )  h i g h e r  
d t s s o l v e d - o x y g e n  c o n t e n t ,  6 l o w e r  
c h l o r i d e - i o n  c o n c e n t r a t i o n ,  and 7 )  lower 
t u r b i d i t y  than t h e  f l o w s  on  t h e  e a s t  and 
~ e s t  s t d e s  o f  t h e  r i v e r .  The midchannel 
f l ow p e n e t r a t e s  deep1 y  i n t o  t h e  wes te rn  

Figure 39. Annual  frequency o f  occurrence o f  se iche per iods 
a t  Put-in-Bay, Ohio (Herdendorf and  Braidech 1972). 



basfn where f t  mtxes wfth other masses and 
eventua l  1 y f l   us f n t o  t h e  cen t ra l  basin 
through Peles Passage and  t o  a  l e s s e r  
e x t e n t  through South Passage. The s lde 
f 1  ows general 1 y c l  1 ng t o  the  shorel 4 ne and 
recycle i n  la rge  eddy currents. 

I n  the cent ra l  basin* the p r e v a l l  l ng 
sou thwes t  w inds  a r e  p a r a l l e l  t o  t h e  
longitudinal axds o f  the lake. Because o f  
the  earth" r o ta t i on  these winds generate 
cu r r e n t s  which cause a geostrophic trans- 
po r t  o f  water toward the U.S. shore. This 
convergence o f  water on t h e  south shore 
r e s u l t s  i n  a  r i s e  i n  lake leve l  along the 
coas t  whSch i s  o f f s e t  by s i nk i ng  water 
masses t h a t  c a r r y  water away from t h e  
south shore, A t  t h e  same t ime  t h e  l a k e  
l e v e l  1s lowered along the Canadlan shore 
as s u r f a c e  c u r r e n t s  move t h e  w a t e r  
o f fshore,  The s i n k i n g  along t h e  south 
shore i s  compensated by  a  s u b s u r f a c e  
movement o f  water toward the north and an 
upwelling along the Ontario shore. 

The c e n t r a l  b a s i n  t h e r m o c l i n e  f s  
approx imate ly  10 m shallower adjacent t o  
t he  north shore than on the  south s i d e  of 
t h e  lake; t h i s  can be i n t e r p r e t e d  as an 
upwel l  fng l n f l  uenced by t h e  p reva i  1  i n g  
southwest winds (Herdendorf 1970). The 
resu l tant  surface currents i nd i ca te  a  ne t  
eas twa rd  movement, w h i l e  s u b s u r f a c e  
r e a d i n g s  show a s l i g h t  n e t  westward 
movement. T h i s  can be exp la ined by the 
c y c l e  o f  1) su r f ace  t r a n s p o r t  o f  water 
toward t h e  southeast, 2) s inking o f  water 
o f f  t h e  s o u t h  shore,  3 )  s u b s u r f a c e  
t r a n s p o r t  toward the  north-northwest, and 
4)  upwelling adjacent t o  the  n o r t h  shore. 
The p a t t e r n  o f  t h i s  t y p e  o f  c i r c u l a t i o n  
would be analogous t o  c o i l s  o f  a  s p r i n g  
t h a t  taper  toward t h e  eastern end o f  the 
lake. The formation o f  a  deep thermocl fne 
i n  the southern ha l f  o f  the  c e n t r a l  bas i n  
r e s u l t s  i n  a  r e l a t i v e l y  t h i n  hypolimnion 
which i s  h i g h l y  s u s c e p t i b l e  t o  oxygen 
d e p l e t i o n  by sedfments w i t h  h i gh  oxygen 
demands. These c i  rcumstances r e s u l t  I n  
t h e  p resence  o f  a n o x i c  bo t tom water, 
pa r t i cu l a r l y  I n  the southwestern p a r t  o f  
t he  basfn (Sandusky sub-basin). 

The sur face c u r r e n t s  I n  the  western 
h a l f  o f  the western basln are dminated by 
t h e  D e t r o i t  R i ve r  I n f l o w  ( F t g u r e  40 ) .  
However, I n  t he  eastern h a l f  o f  the basfn 
t h e  surface f low becomes more i n f l uenced  

by the preva i l fng southwesterly winds, and 
t h i s  e f f e c t  produces a c lockwise f low 
around t h e  Is lands.  Eddy e f f e c t s  a long 
the sjdes o f  the De t ro i t  River inf low lead 
t o  sluggish movement of surface water west 
of Colchester,! Ontario, and between Stony 
Pointr Michigan, and Toledo. These eddies 
tend t o  r e t a i n  waters conta ined w i t h f n  
them# leading t o  the  hlgher concentrations 
o f  po l lu tants  found I n  these areas. 

The su r f ace  f l o w  o f  w a t e r  i n  t h e  
western basin i s  o f ten af fected by changes 
i n  wind d i r e c t i o n  and in tens i ty ,  Strong 
winds d r i v e  su r face  c f r c u l a t i o n  i n  t h e  
d l r e c t i o n  t h a t  the  wind i s  blowing. Thus 
wi th  a  s u f f i c i e n t l y  s t r ong  wind most o f  
the surface water, except masses along the 
windward shore, m v e s  i n  the same direc- 
t i on  as the wind. 

I n  summer* bottom currents i n  much o f  
the western basin o f  Lake E r i e  are s im i l a r  
t o  su r face  cur ren ts ,  be ing dominated by 
t h e  D e t r o i t  R i ve r  i n f l o w  ( F i g u r e  40) .  
However, I n  t h e  i s l a n d  area t h e  bot tom 
c u r r e n t s  a r e  o f t e n  t h e  r e v e r s e  o f  t h e  
su r face  c u r r e n t s  r e s u l t i n g  i n  a  counter- 
clockwise f low around t h e  is lands.  L i k e  
t h e  su r f ace  movement, bottom currents can 
a l s o  be changed by t h e  wind, a l t h o u g h  
s t ronger  winds a re  r equ i r ed  t o  create a  
major change o f  p a t t e r n .  W i t h  s t r o n g  
winds, which cause major changes i n  water 
l eve l *  the bottom currents are essent ia l ly  
the reverse of surface currents. 

H e r d e n d o r f  and B r a i  d e c h  ( 1 9 7 2 )  
measured l a k e  c u r r e n t s  a t  68 s ta t ions i n  
t h e  i s l a n d  r e g i o n  unde r  v a r i o u s  w ind  
cond i t f ons  during a  10-year period. When 
data from these measurements were p l o t t e d  
t o  c r e a t e  c u r r e n t  maps, one o f  the most 
s t r l k i n g  f ea tu res  noted was t h a t  winds 
from any d i r e c t i o n  w i l l  normal ly  d r i v e  
s u r f a c e  c u r r e n t s  downw ind ,  w h i l e  
subsurface c u r r e n t s  are o f ten opposed t o  
the wind. To compensate f o r  t h e  l o s s  o f  
su r face  water blown downwindr a  returning 
flow o f  water i s  created along the bottom. 
Wind d f  r e c t i o n r  bottom topographyr and 
shore l  i n e  c o n f i g u r a t i o n  appear t o  be the 
major f a c t o r s  c o n t r o l  1  i ng s h a l l  or-water 
c u r r e n t  pa t te rns .  The average recorded 
ve loc i t y  f o r  surface and bottom c u r r e n t s  
was 14.4 cm/s and 7.7 c ~ / s D  respectively. 
The h i g h e s t  v e l o c f t i e s  were f ound  f n  
r e s t r i c t e d  a r e a s  such as f n t e r - i s l a n d  



Figure 40. Dontinant sur face and bottom cu r ren t  pa t t e rns  i n  western 
Lake E r i e  (FWPCA 1968). 



channe ls  anc i n  t h e  v i c i n f t y  o f  r e e f s ,  
C u r r e r i t i  j n  excess o f  25 ends were found 
a r  35% o f  t h e  s t a t i o n s >  w h t l e  c u r r e n t s  
a b o v e  50 crflir, wcre measured a t  on ly  one 
s ta t i on .  

A l l  o f  t he  su~merged  rock exposures 
w i t b i n  t h e  r e s i o n  p r o j e c t  above  t h e  
s u r r o u n d i n g  bottom, and a r e  g e n e r a l  1 y  
swept c l e a n  o f  sediments by t h e  currents.  
The r e l a t i v e l y  c l e a n  s u r f a c e  i n d f c a t e s  
t h a t  rio permanent sedimentation I s  t ak ing  
p l a c e  on t h e  r e e f s .  However, sediment  
c o l l e c t o r s  t h a t  have been mounted on t h e  
ree fs  i nd i ca te  t h a t  a  cons iderab le  amount 
o f  sediment Js be!ng t ranspor ted  over t h e  
r e e f s  t o  be d e p o s i t e d  i n  deeper water .  
Fecause  t h e  r e e f s  p r o j e c t  above  t h e  
botton!, they are general 1  y  areas o f  h igher 
enersy due t o  t h e  f o r c e s  o f  waves and 
c u r r e n t s .  The h a b i t a t  c r e a t e d  c l o s e l ~  
s i n u l d t e s  t h e  env i ronment  found i n  t h e  
r i f f l e s  a n d  s t r e a m s .  S e v e r a l  f i s h  
species, p a r t i c u l a r l y  t h e  w a l l e y e  which 
cornonly spawns i n  streams, appear t o  have 
en joyed success i n  Lake E r i e  because o f  
t h e  a v a i l a b i l i t y  o f  t h i s  type o f  hab i ta t .  

The w ind I s  t h e  o v e r - r i d i n g  f o r c e  
a f f e c t i n g  water c i r c u l a t i o n  o f  the  c e n t r a l  
bas i n  o f  Lake Er ie.  WSnd-driven cur ren ts  
are, as the  term implies, t h e  movements o f  
water d i r e c t l y  caused by w ind s t r e s s  a t  
the  ~ a t e r  surface. These cur ren ts  are t h e  
f a s t e s t  and most var iab le  i n  d i r e c t i o n  o f  
large-scale water movements. Large v o l -  
umes o f  water can be nroved i n  a  very s h o r t  
t inie, as i n  wind set-up. The o r i e n t a t i o n  
o f  t h e  cen t ra l  basin, w i t h  i t s  l o n g  a x i s  
e s s e n t i a l l y  p a r a l l e l  t o  t h e  p r e v a i l  l n g  
southwester1  y  winds, makes t h i s  e f f e c t  
e s p e c  i a1 1 y  i m p o r t a n t  a n d  c a n  c a u s e  
dewa te r i ng  o f  c o a s t a l  marshes  f n  t h e  
western  bas in .  Also, d u r i n g  n o r t h e a s t  
s torms,  l a r g e  volumes o f  w a t e r  c a n  b e  
t rans fe r red  t o  t h e  western basin, f l ood ing  
coasta l  wetlands. 

Coastal Processes 

M o s t  o f  L a k e  E r i e ' s  s h o r e s  a r e  
cha rac te r i  zed by eas i  1  y  eroded banks o f  
g l a c i a l  t i l l  and l a c u s t r i a n  sed imentsv  
w h i l e  l e s s e r  r e a c h e s  a r e  composed o f  
r e s i s t a n t  bedrock b l u f f s .  The shore o f  
western Lake E r i e  cons is ts  o f  low banks o f  
l ake  c lay  and narrow b a r r f e r  beaches; t h e  
b l u f f s  o f  t h e  c e n t r a l  b a s i n  a r e  more 

t y p i c a l l y  t i l l  capped by l a k e  c l a y  and 
sand which r i s e  t o  23 m above l ake  l e v e l  
on the  sou th  sho re  and o v e r  46 m on t h e  
n o r t h  s h o r e .  R e s i s t a n t  1 imestone and 
dolomite crops ou t  on ly  i n  9-m h igh  c l i f f s  
along the  Chio shore between P o r t  C l i n t o n  
and Sandusky and on a l l  o f  t h e  wes te rn  
Lake E r i e  i s l a n d s .  Sha le  bedrock forms 
eros ion- res is tan t ,  near ly  v e r t i c a l  b l u f f s ,  
6 t o  1 5  m h i g h ,  between V e r m i l i o n  and 
Cleveland. 

Wave ac t i on  fo l lows wind a c t i o n  v e r y  
c l o s e l y  on L a k e  E r i e  b e c a u s e  o f  t h e  
shallowness o f  t h e  lake. Swells, however, 
o f t e n  continue i n t o  t h e  n e x t  day a f t e r  a  
s t o r m  subsides,  The dep th  o f  t h e  water 
and t h e  d i rec t i on ,  ve loc i t y ,  durat ion, and 
open water f e t c h  o f  t h e  wind c o l l e c t i v e l y  
de te rm ine  t h e  c h a r a c t e r i s t i c s  o f  waves a t  
a  g iven locat ion .  The U. S. Army Corps o f  
E n g i n e e r s  ( R e s i o  a n d  V i n c e n t  1 9 7 6 )  
e s t i m a t e s  t h a t  o f f  Marblehoad Peninsular 
w i t h  a  f e t c h  o f  240 km and a  wind v e l o c i t y  
o f  48  km/hr, t h e  maximum wave f o r  Lake 
E r i e  i s  d e v e l o p e d  i n  20 hours.  G iven 
these condit ions, a  wave 3.7 m h igh  w f th  a  
6.5-sec per iod can develop. Waves o f  t h i s  
he igh t  break of fshore,  bu t  reformed waves 
as h i g h  as 1.1 m can reach the  shore l ine  
of t he  coasta l  wetlands. 

As waves approach t h e  s h o r e l  fne  t h e  
water  l e v e l  r i s e s  a t  t h e  shore  and t h e  
e x c e s s  w a t e r  e s c a p e s  a s  a l o n g s h o r e  
( 1  J t t o r a l  1 c u r r e n t s .  These cur ren ts  can 
b e  r a p i d  ( u p  t o  1.2 m/s )  when waves 
approach t h e  sho re  a t  ang les  o t h e r  than 
p e r p e n d i c u l a r  and c a n  r e s u l t  i n  t h e  
t r a n s p o r t  o f  beach m a t e r i a l s  as l a rge  as 
c o b b l e s  ( 6 4  t o  256 mrn Tn d iamete r )  and 
b o u l d e r s  ( > 2 5 6  mm). Such c u r r e n t s  a r e  
i m p o r t a n t  agents  o f  e r o s i o n ,  t r a n s p o r -  
t a t i o n ,  and depos i t ion  o f  sediments along 
t h e  b a r r l e r  beaches which f r o n t  many o f  
t h e  coasta l  marshes. 

The rockbound s h o r e l  i ne o f  western 
Lake E r i e  i s  undergoing very s low e r o s f o n  
b y  s c o u r  f r o m  w a v e s  a n d  c u r r e n t s .  
However, dur ing  the  recent  p e r i o d  o f  h l g h  
wa te r  many l a r g e  b l o c k s  o f  dolomite f e l l  
f rom the  h igh c l i f f s  o f  s e v e r a l  i s l a n d s .  
Th is  problem has become p a r t i c u l a r l y  acute 
a t  t h e  sou th  p o i n t  o f  South Bass Is land,  
where  i n  1976, i t  n e c e s s i t a t e d  t h e  
r e l o c a t i o n  o f  t h e  U. S C o a s t  Guard  
nav iga t ion  l i g h t  tower which was i n  danger 



o f  f a l l i n g  i n t o  t h e  l ake .  The h i g h e s t  
incidence o f  e ros ion  appears t o  take p lace 
i n  t h e  s p r i n g  and f a l l .  Ground water  
seeping i n t o  c racks  and j o i n t s  I n  the rock 
freezes, expands, and tends  t o  s p l i t  t h e  
r o c k  f rom t h e  c l i f f s ,  a process known as 
f r o s t  wedging. Th is  process, coupled w i t h  
frequent and severe storms i n  t h e  s p r i n g  
and f a l l ,  has r e s u l t e d  i n  many o f fshore  
b l o c k s  o f  d o l o m i t e  which r i n g  t h e  west  
shores o f  several o f  the  islands. 

A l o n g s h o r e  c u r r e n t s  a l s o  produce 
e x c e l l e n t  beaches .  One o f  t h e  b e s t  
examp les  i n  w e s t e r n  Lake E r i e  i s  F i s h  
Point,  a s p i t  a t  t h e  southern t i p  o f  Pelee 
Is land.  The sand has come from g l a c i a l  
d e p o s i t s  l y i n g  e a s t  and w e s t  o f  t h e  
i s l a n d .  Converg ing  s o u t h e r l y  c u r r e n t s  
a l o n g  t h e  e a s t  and w e s t  s i d e s  o f  t h e  
i s l and  have b u i l t  a  3-km-long s p i t  wh ich  
encloses a lagoon and coasta l  marsh. 

Q i s s l ~ a t i o n  o f  Currents giUl Waves 

T i l t o n  e t  a l .  (1978)  documented how 
cur rents  are d iss ipa ted by t h e  f r i c t i o n a l  
r e s i s t a n c e  o f  emergent and submergent 
a q u a t i c  v e g e t a t i o n .  I n  s l o w i n g  t h e  
v e l o c i t y  o f  w a t e r  movement, a q u a t i c  
v e g e t a t i o n  p r o v i  d e s  a q u i e s c e n t  
envi ronment where d r i f t  o f  egg masses and 
s e s s i l e  o r g a n j s m s  1 s  m i n i m i z e d .  
Furthermore, an exce l len t  rear fng  h a b l t a t  
i s  provided f o r  f r e e  swimming organisms i n  
which predation may be r e d u c e d  and a 
n~inimum o f  energy  i s  r e q u i r e d  t o  r e s i s t  
water movement. The value o f  wet lands as 
nu rse ry  h a b i t a t s  i s  sepa ra te  from t h e i r  
v a l u e  as spawning grounds I n  t h a t  f i s h  
species which do not  spawn i n  wetlands may 
s t 1  11 b e n e f i t  from the  lack  o f  cur ren t  by 
u s i n g  t h e  marsh community as a r e a r i n g  
habi tat .  

The v a l u e  o f  wet land v e g e t a t i o n  i n  
reduc ing  v e l o c i t y  o f  water  movement i s  
most important i n  r i v e r s  and estuar ies b u t  
shou ld  n o t  be  n ~ l n i m i z e d  i n  t h e  c o a s t a l  
wetlands. Se i che  a c t i v i t y  on Lake E r i e  
produces l a r g e  movements o f  water  which 
c a n  move o r g a n i s m s  f r o m  r e 1  a t i  v e l  y 
s h e l t e r e d  nea rsho re  areas i n t o  the open 
water ( T i l t o n  e t  a l .  19781, Submergent 
and emergent a q u a t i c  v e g e t a t i o n  reduces 
t h e  v e l o c i t y  o f  t h e  water  movement f rom 
c o a s t a l  we t1  ands  and t h u s  reduces t h e  
t ranspo r t  o f  organisms t o  t h e  open lake. 

K r e c k @ r  (195: I stacjec s e i c h e  
a c t i v i t y  I n  c o a s t a :  n i a ~ ~ h e s  2 n d  lagoons 
along western Lake E r i e  anC emphasized the 
importance o f  lagoon w e t l a n d s  a s  s h e l t e r  
f o r  f i s h e s  a n d  i n v e r t e b r d t e s ,  We a l s o  
p o i n t e d  o u t  t h e  i m p o r t a n c e  of s e i c h e  
c u r r e n t s  I n  m a i n t a i n i n g  channe ls  which 
connect the lagoons, such as E a s t  qa rbo r ,  
w i t h  t h e  l a k e ,  The c o n n e c r i n g  channels 
serve  t o  make t h e  lagoons a v a i l a b l e  t o  
f i s h  as  f e e d i n s  and spawning grounds, 
They a l s o  p e r m i t  t h e  i n t r o d u c t i o n  o f  
e x t e r n a l l y  d e r i v e d  d e t r i t u s ,  i n c l u d i n s  
p a r t i c u l a t e  o r g a n f c  m a t t e r r  a l ong  w i t h  
algae and duckweeds which prov ide  food fo r  
herbivorous f f sh and o ther  forage species. 
I n  t u r n ,  t h e  abundance o f  t h e s e  f o r a g e  
f ish,  as wel l  as l a rge  numbers o f  j u v e n i l e  
f i s h  r e s u l t i n g  from spawning a c t i v i t i e s ,  
a t t r a c t  p r e d a t o r  f i s h  t o  we t l ands  f o r  
feedlng. Predator f i sh ,  such as n o r t h e r n  
p i k e ,  may f e e d  a t  dusk and a t  dawn i n  
s h a l l o w  waters, b u t  u s u a l l y  r e t u r n  t o  
somewhat c o o l e r  o r  d e e p e r  wa te rs  f o r  
r e s t i n g  d u r i n g  t h e  day .  Thus, 1 i n k s  
be tween  open w a t e r s  and t h e  s h a l l o w  
wetlands are essent ia l .  I n  more i s o l  ated 
marshes,  on1 y s p r i n g  f l o o d s  and o t h e r  
high-water per iods p r o v i d e  access t o  t h e  
wet lands f o r  f e e d i n g  and spawning f i sh .  
During periods o f  low o r  o b s t r u c t e d  f low,  
1 i n k s  t o  adjacent  wetlands are broken and 
t h e  i s o l a t e d  w e t l a n d  p o p u l  a t i o n s  may 
s u f f e r  f rom h i g h e r  w a t e r  temperatures,  
reduced d i s s o l v e d  oxygen, and concen-  
t r a t  i on  o f  chemical e f f l u e n t s .  

H a l l  and Ludwig (1975) observed tha t  
bul rush ( S c i  rw a c u t u s )  and sp ike- rush 
(Eleochar is  m l u s t r i s )  were very e f f e c t i v e  
i n  wave dampening i n  C e c i l  Eay on Lake 
Michigan. Studies f o r  o u t s i d e  t h e  Great 
L a k e s  s u g g e s t  t h a t  t h e  v e g e t a t i o n  o f  
c o a s t a l  wet lands p r o v i d e s  an e f f e c t i v e  
b a r r i e r  t o  l o w  amounts o f  tu rbu lence.  
Emergent vegetat ion i s  more e f f e c t i v e  i n  
absorb ing  wave energy  and wave h e i g h t s  
than submergent v e g e t a t i o n  and a l s o  ac ts  
a s  a b u f f e r  a g a i n s t  w i n d s ,  f u r t h e r  
reducing sur face turbulence. The benef i ts  
t o  aquat ic  organisms as a r e s u l t  o f  wave 
energy d i s s i p a t i o n  a r e  s i m i l a r  t o  those 
f rom reduct ion o f  cur ren ts .  An addi t ional  
b e n e f i t  o f  t h e  d i s s i p a t i o n  o f  wave and 
wind energy by emergent macrophytes i s  the 
c r e a t i o n  o f  a h a b i t a t  i n  which waterfowl 
and o ther  b i r d s  a re  l i k e l y  t o  take shel ter  
dur ing storms w i t h  s t rong winds. 



While aquat fc  v e g e t a t i o n  i n  wet1 and 
a r e a s  a c t s  t o  reduce  c u r r e n t  and wave 
e n e r g y p  t h e s e  m a c r o p h y t e s  a r e  a l s o  
suscept ib le  t o  t h e  physical  s t ress  o f  such 
w a t e r  movements.  S t r e a m s  w i t h  s w i f t  
c u r r e n t s  a r e  f r e q u e n t l y  d e v o i d  o f  
macrophytes as are  exposed shores o f  l a r g e  
l a k e s .  C o a s t a l  w e t l a n d  c o m m u n i t f e s  
deve lop  a long  t h e  Lake E r i e  s h o r e 1  i n e  
where s h e l t e r  1s p r o v i d e d  by a b a r r i e r  
beach, is land, o r  embayment. I n  wes te rn  
Lake E r i e ,  p r o t e c t i o n  i s  provided t o  many 
c o a s t a l  w e t l a n d s  b y  b a r r i e r  beaches.  
Wherever beaches have been eroded so as t o  
expose wetlands t o  wave act ion, such as a t  
Po in te  Mouil lee, damage and erosion o f  t h e  
v e g e t a t i o n  h a s  o c c u r r e d  ( Jaworsk i  and 
Raphael 1976). The s u s c e p t  I b i 1 i t y  o f  
a q u a t i c  macrophytes t o  physical  s t ress  by 
wave ac t i on  v a r i e s  w i t h  species and p l a n t  

morphol  ogy. Emergent macrophytes tend t o  
r e s i s t  t h e  a c t f o n  o f  waves more  t h a n  
submersed  macrophytes ,  w i t h  reeds and 
b u l  r u s h e s  b e i n g  more r e s t  s t a n t  t h a n  
c a t t a i l  s (Hutchf nson 1975). 

2.4 WATER QUALITY 

Numerous water qua1 i t y  l nvest iga t ions  
have been conducted on t h e  D e t r o i t  R iver  
a n d  w e s t e r n  L a k e  E r i e ,  h o w e v e r ,  
measurements i n  t h e  coasta l  wetlands are 
rare. The U. S. Environmental P r o t e c t i o n  
Agency ope ra tes  a n a t i o n a l  water q u a l i t y  
d a t a  s t o r a g e  a n d  retrieval s y s t e m  
(STORETI ; pub1 f shed and unpubl ished Lake 
E r i e  d a t a  f r o m  s e v e r a l  Federa l ,  S ta te ,  
p r o v i  n c i  a1, and 1 o c a l  agencies have been 
entered i n t o  STORET s i n c e  1967. T a b l e  6 

Table 6. Chemical and physical gha rac te r i s t i cs  of D e t r o i t  
River  and western Lake Er ie  waters. 

Parameter 

values fo r  1967 t o  1P82 
D e t r o i t  Western 

U n i t s  R iver  Lake E r i e  

Temperature OC 
Dissolved oxygen "%dl 
D.0, sa tu ra t i on  9% 
Conduct iv i ty  (25%') umohs/cm 
Dissolved sol  i d s  mg /l 
Suspended s o 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  
Cal c i um, t o t a l  mg/l 
Magnesium, t o t a l  mg/l 
Potassium, t o t a l  mg/1 
Sod i urn, t o t a l  mg/ 1 
Chloride, t o t a l  mg/l 
Sul fate, t o t a l  mg /l 
Fluoride, t o t a l  "@I 
S i l  ica, d issolved u g / l  
Amnon i a, d i  ssol  ved ug/ l  
N i t r a t e  + N i t r i t e ,  diss, ug/1 
Phosphorus, t o t a l  u g / l  
Phosphorus, d isso lved 11g/1 
Chl orophyl 1 p u g / l  

%ata source: U. S. Environmental P ro tec t i on  Agency, STORET 
Data System. 



r e p r e s e n t s  a retrieved STORET summary 
(mean values) f o r  22 parameters  measured 
i n  t h e  D e t r o i t  R iver  and western Lake E r i e  
from 1467 t o  1982. 

I n  c o n J u n c t i o n  w i t h  a s t u d y  o f  
ep iphy t f c  dfatoms, M i l l  l e  (1979) measured 
t h e  water  q u a l j t y  i n  t h r e e  western Lake 
E r f e  coasta l  marshes (Table 7). Comparing 
t h e s e  d e t e r m i n a t i o n s  w l t h  t h e  STORET 
summaries It i s  e v i d e n t  t h a t  marsh water 

i s  considerably more m j n e r a l i  zedp h i g h e r  
i n  n u t r i e n t s *  and more t u r b S d  than lake 
water. The marshes do show a w i d e  degree 
o f  v a r i a b i l  l t y r  p a r t i c u l a r l y  In n u t r i e n t  
content, a l k a l i n i t y  and suspended s o l  d ds. 
The maximum tempera tu re  i n  Winous Po in t  
M a r s h ,  3 2 ' ~  i n  e a r l y  S e p t e m b e r ,  
i l l u s t r a t e s  t h e  h igh temperatures t h a t  can 
b e  e x p e c t e d  i n  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 enclosed w i t h f n  a d i k e  
system. More r e c e n t  s t u d i e s  a t  Winous 

Table 7. Water q u a l i t y  measu~ements i n  t h r ee  western L a k e  E r i e  !liarshes 
dur ing  t he  1977 growing season. 

Navarre Marsh Winous Po in t  Marsh Moxl ey Marsh 
Parameter 

Ju1 2 Aug 13 Sep 6 J u l  2 Aug 13 Sep 6 Ju l  2 Aug 13 Sep 6 

Depth (cm) 37 59 55 35 44 77 44 49 38 

Temp (OC) 20.5 22.5 23.0 27.0 28.5 32.0 23.0 25.0 23.0 

A l k a l f n i t y  

( P P ~ ~ ~ ~ ~ ~ )  160 150 175 110 115 175 200 155 225 

Ch lor ide  
( P P ~  C1-1 30.0 27.5 27.5 29.0 27.5 37.5 37.5 45.0 40.0 

Hardness-Ca* 

(Ppm CaC03) 140 110 130 180 195 220 225 240 -- 
Hardness-Total 

'ppm CaC03) 180 160 160 285 290 240 340 300 -- 
T u r b i d i t y  

(JTU) 50 25 45 450 670 270 20 25 23 

S i l  lca  
( P P ~ )  8.4 7.0 7.0 13.0 4.8 9.8 11.0 6.5 14.5 

Phosphate 
(ug / l  P I  114 35 1059 897 270 101 130 16 212 

N i t r i t e  
(uglfl N l  1.5 3.0 1.5 36.5 0.0 0.0 1.5 3.0 3.0 

N i t r a t e  
bug/l N l  38 2486 54 599 2938 108 95 2825 25 

" ~ a t a  source: W i l l i e  (1979). 



P o i n t  Marsh (Snyder and Johnson  1 9 8 4 )  
i n d i c a t e  t h a t  w l t h i n  t h e  c o n t r o l l e d  
marshes t u r b i d i t y  was g e n e r a l l y  low and 
f l o r a l  r ichness high. D iu rna l  f l u c t u a t i o n  
o f  d issolved oxygen and carbon d lox lde  was 
marked, a l though i n  deeper water (>0.5 m) 
d isso lved oxygen was seldom l i m i t i n g  t o  
f i s h  and was c f t e n  near s a t u r a t i o n  a t  mid- 
day. Oxygen measurements by Lehman (1973) 
i n  Navar re  Marsh (Tab le  €3) a l so  revealed 
adequate d issolved oxygen c o n c e n t r a t i o n s  
f o r  f i s h  l i f e ,  

Thermal S t r u c m  

As a consequence o f  t h e  wide range i n  
t h e  seasonal c l i m a t i c  ( thermal)  cond i t ions  
i n  t h e  G r e a t  l a k e s  r e g i o n ,  L a k e  E r i e  
undergoes a c y c l e  o f  heat storage and heat 
l o s s  w h i c h  i n v o l v e s  exchanges o f  v a s t  
amounts o f  thermal energy. The r e s u l t a n t  
seasonal  c y c l e s  o f  l a k e  temperatures are 
o f  g r e a t  impor tance  t o  many p h y s i c a l ,  
chemica l ,  and b i o l o g i c a l  processes I n  t h e  
coasta l  wetlands. A p r  i nc i pa1 component 
o f  t he  heat budget o f  western Lake E r i e  i s  

f n c o m i n g  s o l a r  r a d i a t i o n .  T a b l e  9 
c o n t a i n s  average d a i l y  v a l u e s  o f  s o l a r  
r a d i a t f o n  r e c e i v e d  a t  t h e  sur face o f  t h e  
l ake  f o r  each month. 

Lake E r i e  water t empera tu res  i n  t h e  
western basin normally f a l l  t o  0.5'~ about 
t h e  middle o f  December, and remain a t  t h a t  
l e v e l  u n t i l  t h e  m i d d l e  o f  March. Most 
wjnters, t h e  western  b a s i n  f r e e z e s  o v e r  
comple te1 y. I c e  u s u a l l y  disappears from 
t h e  western end o f  t he  1 ake by 1 a te  Apr i  1. 
Sho r t l y  a f t e r  i c e  breakup i n  t h e  s p r i n g *  
t h e  i c e  d r i f t s  eastward and accumulates i n  
t he  eastern basin. 

W e s t e r n  L a k e  E r i e  warms up  more 
qu i ck l y  i n  t h e  s p r i n g  h e a t i n g  season and 
c o o l s  more r a p i d l y  i n  f a l l  than does t h e  
r e s t  o f  t h e  l a k e .  The l a k e  n o r m a l 1  y 
a t t a i n s  i t s  h i g h e s t  t empera tu re  i n  l a t e  
J u l y  o r  e a r l y  A u g u s t  ( F i g u r e  4 1 ) .  
Nearshore temperatures genera l ly  average a 
few degrees warmer than t h e  open lake, bu t  
t h e  e n t i r e  basin i s  e s s e n t i a l l y  isothermal 
i n  s t r u c t u r e  t h r o u g h o u t  t h e  yea r  except 

Table 8. Water q u a l i t y  measurements i n  Navarre Marsh, Ohio. a 

Parameter Measurements f o r  1972 

Ju l  10 Aug 9 Aug 22 Sep 19 Oct 17 Nov 19 

A l k a l i n i t y  120 - - - 150 135 
(ppm CaC03) 

Carbon Dioxide 12 - - 20 16 8 
( P P ~  C02) 

Oxygen 6 6 5 10 5 8 
( P P ~  O*) 

pH ( u n i t s )  6.7 6.6 6.5 7.5 8.4 0.3 

T u r b i d i t y  (JTU) 18 11 26 6 - 19 

Sul f a t e  15 18 8 7 9 90 
( P P ~  SO4) 

Hardness-Total 225 215 218 200 200 200 
(ppm CaC03) 

a 
Data source: Lehman ( 1973 1. 



Table 9. Mean d a l l y  s o l a r  rad ia t i on  received a t  the .;iir-.tare <,f Lake Erie.a 

Sol a r  rad ia t i on  Radiant f l u x  Ii-rzblance 
~ e r  davb av per secb aer ~ e c b  

Month (1 angleys) (kca l  /m2) (jouIes/m29 ( s~ / rn2)  f quanta/cm2) 

Jan 
Feb 
Mar 
AP r 
May 
Jun 
J  u1 
Aug 
S ~ P  
Oct 
Nov 
Dec 

a 
bData source: Mateer (1955). 
Conversion Factors: 

1 langley = 1 cal/cm2 
1 c a l  = 4.19 j ou les  
1 joule/mi'/sec = 1 watt/m2 
1 j o u l e  = 4.23 ue ins te ins  (mean f o r  v i s i b l e  l i g h t )  
1 f ie inste in = 6.02 x 1017 quanta. 

when r a p i d  h e a t t n g  causes a  t e m p o r a r y  ephemeral hypo1 imnlons (Car r  e t  al. 1965). 
thermocl ine t o  form. The thermal g rad ien t  The D e t r o i t  R i v e r  a l s o  i n f l u e n c e s  t h e  
a c r o s s  these  t h e r m o c l i n e s  f s  genera l1  y  thermal s t r u c t u r e  f o r  10 t o  15 km south of 
less than 3 OC. Prolonged per iods o f  calm i t s  mouth by d i s c h a r g i n g  water  s e v e r a l  
weather ( longer than a  week) have produced degrees c o o l e r  t h a n  t h e  water mass found 
anoxfc o r  near -anox lc  c o n d i t l o n s  i n  t h e  along the  south shore (Herdendorf 19691, 

Phosphorus has been identified as a 
l ~ ~ ~ E ~ ~ ~ i r p ~ ~ w * r ~ s u w ~ ~ i ~ l J E P i O C T ~ w V I D L C ~  l i m i t i n g  n u t r i e n t  f o r  a l g a l  p roduc t i v f t y  

i n  Lake E r i e  ( H a b t l e y  and Potos 1971)s 
whereas n i t r o g e n  i s  i n  s u f f i c $ e n t l y  l a rge  
supply i n  t he  l a k e  wa te rs  t h a t  i t i s  n o t  
cons ide red  l i m i t i n g  t o  p l a n t  growth. The 
d i s t r i b u t i o n  o f  most n u t r i e n t s  t h roughou t  
t h e  l a k e  shows s i m f l a r  p a t t e r n s .  T o t a l  
phosphorus, f o r  example, i s c h a r a c t e r i s -  
t f c a l l y  h i g h  i n  c o n c e n t r a t i o n  nea r  t h e  
mouth o f  major t r i b u t a r i e s *  p a r t i c u l a r l y  
t h e  Maumee River  (F igure  42). The D e t r o i t  

-30- R f  v e r  i s  an e x c e p t i o n  i n  t h a t  a  l a r g e  

volume o f  upper Great Lakes water tends t o  
Figure 41. Y e a r 1  Y w a t e r  a n d  r d f l u t e  t h e  n u t r i e n t  l o a d  c o n t r i b u t e d  by 
temperature curves f o r  western  Lake E r i e  t h e  urban and I n d u s t r i a l  complex adjacent 
(FWCA 19681. t o  t h e  r i ve r .  



I TOTAL PHOSPHORUS bgll)  I 

Figure 42. Nearshore c o n c e n t r a t l o n s  of 
t o t a l  phosphorus i n  w e s t e r n  L a k e  E r l e  
( 1978-1979). 

Ch lorophy l l  pigment I n  water  samples 
s e r v e s  as a u s e f u l  i n d i c a t o r  o f  a l g a l  
p r o d u c t i v i t y  i n  w e s t e r n  L a k e  E r i e .  
C o n c e n t r a t i o n s  a r e  genera l l y  t h e  h ighest  
a l o n g  t h e  wes te rn  and s o u t h e r n  shores, 
e s p e c i  a1 1 y Sandusky Bay, wh i l e  t he  lowest  
v a l u e s  a r e  f o u n d  i n  t h e  w a t e r  mass  
i n f l u e n c e d  b y  t h e  D e t r o i t  R i v e r  f l o w  
(Herdendorf 1983). Nearshore concen t ra -  
t i o n s  o f  c h l o r o p h y l l  g correspond t o  t he  
same p a t t e r n s  observed f o r  phosphorus. 
The most  s i g n i f i c a n t  d i f f e r e n c e  occurs i n  
Maumee Bay, where ch lo rophy l l  i s  h igh b u t  
p r o p o r t i o n a T 1  y l o w e r  t h a n  p h o s p h o r u s  
v a l u e s .  H i g h  s e d i m e n t  t u r b i d i t y ,  
r e s u l t i n g  i n  reduced l i g h t  l e v e l s  f o r  
a l g a l  photosynthesis, i s  thought  t o  be t h e  
m a j o r  cause.  I n  t h e  c e n t r a l  b a s i n ,  
ch lo rophy l l  concen t ra t l ons  a r e  1 ess t h a n  
h a l f  t h o s e  i n t h e  wes te rn  bas in ;  t h i s  
c o n d i t i o n  r e s u l t s  f n  a steep concentrat ton 
g rad ien t  east o f  t h e  is lands region. 

Tox i c  p o l l u t a n t s  are i n t r oduced  i n t o  
Lake E r i e  through municipal and i n d u s t r i a l  
p o i n t  s o u r c e  w a s t e w a t e r  d i s c h a r g e s t  
a tmospher ic  d e p o s i t i o n ,  and u r b a n  and 

agricultural l a n d  runof f ,  I n  Lake Erie, 
l n t e r l a k e  t r a n s f e r  v i a  t h e  c o n n e c t e d  
channe ls  lDetradP and Nlagara r i v e r s )  can 
a l s o  be a s f g n i d i c a n t  s o u r c e  o f  c o n t -  
arnjnants. Pre l  fmjnary data i nd i ca te  t h a t  
n%ne heavy metals (Cd, Cr, Cur Pb, Mn, Hgr 
N i p  Ag and Zn) and s i x  organfc p o l l u t a n t s  
(benzene, chloroform, m t h y l e n e  ch lor ide ,  
b i s  [ 2  e t h y f e x y l l  p h t h a l a t e ,  t e t r a -  
chloroethylene, and to luene) were found I n  
near1  y a1 1 e f f l u e n t s  from major muntcipal 
wastewater t r e a t m e n t  p l a n t s  i n  t h e  Lake 
E r j e  b a s i n ,  b u t  n o n e  i n  a l a r m i n g  
concen t ra t i ons  (Herdendor f  1983). H i g h  
concentrat ions o f  some metals (Pbr N i t  Cur 
Ag, Vdr Hg, Zn, Cd, Cr) have been found i n  
s u r f  ace sed iments  a d j a c e n t  t o  t r i b u t a r y  
m o u t h s  a t  m a j o r  i n d u s t r i a l  a r e a s ,  
i n c l u d i n g  t h e  w e t l a n d s  s o u t h  o f  t h e  
D e t r o f t  River. 

D r y n a n  ( 1 9 8 2 )  p o i n t s  o u t  t h a t  
combined sewer overf lows are an add i t i ona l  
p o i n t  source o f  t o x f c  substances f o r  whfch 
1 i t t l e  o r  n o  i n f o r m a t i o n  I s  c u r r e n t l y  
avai lable.  It i s  very difficult t o  sample 
and o b t a i n  f l o w  measurements f o r  t h e s e  
h i g h l y  v a r i a b l e  d i scha rges  i n  o r d e r  t o  
make est imates o f  t h e  t o t a l  q u a n t i t i e s  o f  
p o l  1 u t a n t s  they in t roduce i n t o  t h e  lakes. 
I n  some o f  t h e  ma jo r  m e t r o p o l i t a n  areas  
w i t h  combined sewers, such as D e t r o i t ,  
these d i scha rges  may be s i g n i f i c a n t  and 
adversely a f f e c t  adjacent wetland areas. 

With f u r t h e r  c o n t r o l s  on p o i n t  source 
d ischarges,  i t  i s  becoming i n c r e a s i n g l y  
apparent t h a t  d i f f u s e  sources, u rban and 
a g r i c u l t u r a l  l a n d  drainage,  and atmos- 
p h e r i c  d e p o s i t i o n  m o s t  b e  g i v e n  more  
c o n s i d e r a t i o n  i n  water qua1 i t y  management 
p lans .  A l t hough  t h e  q u a n t i f i c a t i o n  o f  
atmospheric deposf t lon o f  t r a c e  metals and 
o r g a n i c  s u b s t a n c e s  t o  L a k e  E r i e  i s  
hampered by a number o f  problems, Drynan 
( 1 9 8 2 )  e s t i m a t e d  t h e  t o t a l  d e p o s i t f o n  
[Table 10). 

Sediment cores taken a t  t h e  mouth o f  
t h e  D e t r o i t  R iver  and i n  western Lake E r i e  
f n  1971 y i e l d e d  sur face mercury values up 
t o  3.8 ppm; m e r c u r y  v a l u e s  g e n e r a l l y  
decreased f  n c o n c e n t r a t i o n  exponent ia l l y  
w i t h  depth ( W a l t e r s  e t  a l .  1974). H igh  
s u r f a c e  v a l u e s  were a t t r i b u t e d  t o  waste 
df scharge from ch lo r -a l ka l  i p l a n t s  on t h e  
D e t r o i t  a n d  S t .  C l a S r  r i v e r s  w h f c h  
operated dur ing  t h e  p e r i o d  1950 t o  1970. 



Table 10. Annual depos i t ion  o f  a i rborne 
substances i n  Lake Er1e.a 

Substance M e t r i c  tons 

METALS 
Pb 
Cu 
Cd 
N i  
Fe 
Cr 
Zn 

S04 - 
Total PCB 
Total  DDT 
a-BHC 
r-BHC 
D i e l d r l n  
HCB 
p,pfMethoxychlor 
a-Endosul fan  
H-Endosul f an 
Tota l  PAH 
Ant hracene 
Phenanthrene 
Pyrene 
Benz ( a1 a t  hracene 
Pery l  ene 
Benzo( a) pyrene 
DBP 
DEHP 
Total  organfc carbon 

a 
Data source: Drynan (1982). 

S e v e r a l  y e a r s  a f t e r  t h e s e  p l a n t s  
dimSnished operat ion, t h e  a r e a  was a g a i n  
c o r e d .  A n a l y s e s  showed t h a t  r e c e n t  
deposi ts  covered t h e  h i g h l y  con tamina ted  

sediment w i t h  1 t h , f i l  Iayei-  c:f new mater ia l  
w h f  c h  h a d  m e r c u r y  c s z c e n t r a t i o n s  
approachjng background f e v e ? $  (0.1 ppm), 
As a r e s u l t  o f  these dfscharges, mercury 
i n  f i s h  o f  Lake S t ,  C l  a f r  and western Lake 
E r i e  was a majar .  cantaminant problem i n  
t h e  e a r l y  1970s, Levels of t o t a l  mercury 
I n  w a l l e y e  I r .  v l t reurn )  
c o l l e c t e d  f r o m  L a k e  S t .  C l a i r  have  
decl ined from 2,0 u g / g  j n  1970 t o  0.5 ug/g 
i n  1985. I n  w e s t e r n  L a k e  E r i e ,  1968 
l e v e l s  o f  m e r c u r y  w e r e  0 . 8 4  u g / g  as 
compared t o  on ly  0.31 ~ g / g  i n  1976, The 
rap id  environmental response subsequent t o  
t h e  c e s s a t i o n  o f  t h e  p o i n 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 ,  O n t a r i o ,  a n d  
Wyandot t*  Mich igan,  can be a t t r i b u t e d  t o  
rap id  f l u s h i n g  o f  t h e  S t .  C l a i r - D e t r o i t  
R i v e r  system* t h e  h i g h  load o f  suspended 
sediment de l ivered t o  western  Lake E r i e ,  
and t h e  h fgh  r a t e  o f  p r o d u c t i v i t y  i n  t h e  
w e s t e r n  b a s i n  ( I n t e r n a t i o n a l  Joint 
Commission 1481). 

F i sh  contaminant surveys o f  Lake E r i e  
and i t s  t r i b u t a r i e s  s i n c e  1980 have  
i n d i c a t e d  a few l o c a l  c o n t a m i n a t i o n  
problems. The h i g h e s t  concentrat ion and 
t h e  g r e a t e s t  number o f  o r g a n o c h l o r i n e  
contaminants j n  f i s h  samples were found i n  
t h e  R i v e r  R a i s i n  and t h e  Maumee R ive r .  
Excess i ve  c o n c e n t r a t i o n s  (>1.0 ppm f o r  
p e s t i c i d e s  and >5.0 ppm f o r  t o t a l  PCB's) 
have been s p o r a d ~ c a l l y  found Sn f i s h  f rom 
t h e  R a i s i n ,  Maumee, and Sandusky r i ve rs .  
Levels o f  PCB and DDT i n  s p o t t a i l  s h i n e r s  
(- h y d s o n i u s )  and i n  herr ing g u l l  
( J  arus -1 eggs have a l so  decl ined 
i n  t h e  past  decade, i l l u s t r a t i n g  a system- 
wide response t o  c o n t r o l s  on p r o d u c t i o n  
and use o f  these compounds. PCB l eve l s  i n  
s h i n e r s  a t  PoSnt Pe lee  dropped from 844 
ng/g I n  1975 t o  150 ng/g i n  1980 w h i l e  
dur ing  t h e  same pe r iod  DDT f e l l  from 92 t o  
2 1  ng/g ( I n t e r n a t i o n a l  J o i n t  Commissfon 
1981 3 .  



CHAPTER 3. 

BIOTBC ENVlWONMENT 

3.1 PHYTOPLANKTON, PERIPWYTOIV, AND L a k e  E r f e  m a r s h e s  i n d ' f c a t e  
ZOOPLAN KBON c o n c e n t r a t i o n  w e l l  i n  e x c e s s  o f  t h e s e  

l imi ts .  

phv top l  ankton 
A l i s t  of t h e  common algae, i nc lud ing  

p lank ton ic  and p e r i p h y t i c  forms, occur r ing  
a s  i n  t h e  c o a s t a l  marshes  and  nea rsho re  

as m a c r O ~ h ~ t e s p  a re  s i g n i f i c a n t  waters of western Lake E r i e  i s  c o n t a i n e d  
primary producers O f  Organic matter in .In Appendix C. The f i r s t  comprehensive 
Lake  Er ie marshes# t h e  sun's i n v e s t i g a t i o n  o f  p h y t o p l  a n k t o n  i n  t h e  
energy i n t o  chemica l  compounds t h a t  i n  v i c i n i t y  o f  w e s t e r n  ~ a k e  ~ r i e  c o a s t a l  
t u r n  a r e  u s e d  a s  and marshes was i n i t i a t e d  i n  1929 by Wright e t  
n o n ~  hOtOs~ntheti micrO-Organisms* BY a l .  (1955), who toll e c t e d  samples f ram 
cont ras t l  i n  t he  nearshore waters and open t h e  i e s  o f  t h e  ~ ~ t ~ ~ i t ,  ~ ~ i ~ i ~ ,  
lake# a r e  t h e  dominant primary Maumee, and Por tage  r i v e r s  ( T a b l e  11) .  
producers# g r e a t l  Y hadow ng t h e  D i s t i n c t  d i f fe rences were observed between 

produced by higher p lan ts  i n  the p h y t o p l a n k t o n  communit ies of t h e  D e t r o i t  
P h ~ t o ~ l a n k t o n  ~ r o d u c t f o n  and R iver  and t h e  s m a l l e r  t r i b u t a r i e s .  The 

d i s t r f b u t i  on a r e  f n f  1 uenced by sun1 i g h t *  she1 t e r e d  Maumee Bay maintained a greater  
temperaturer marsh mOrphometr~, w a t e r  standing c r o p  t h a n  t h e  o t h e r  l o c a t i o n s .  

g r a z  ng b y  z O O ~ l a n k t O n t  The a l g a l  abundance decreased marked1 y 
nu t r fen ts ,  and o ther  fac tors .  w i t h  increased d is tance from t h e  mouth o f  

t h e  Maumee R l v e r .  H e r d e n d o r f  e t  a1. 
Many inorgan ic  elements a r e  r e q u i r e d  (1977)  o b s e r v e d  a s f m i l  a r  p a t t e r n  i n  

f o r  a l g a l  c e l l  growth, i nc lud ing  nitrogen, sp r i ng  phytoplankton populat fons i n  Maumee 
phosphorus, potassium, calcium, and i ron.  Bay, excep t  l o c a t i o n s  n e a r e s t  t h e  r i v e r  
Algae reproduce r a p i d l y  when phosphorus i s  mouth showed some reduct ion  i n  numbers due 
added t o  t h e  w a t e r ,  and c o n t i n u e  t o  t o  t h e  h i g h  t u r b i d i t y  caused by s p r f n g  
reproduce as more phosphorus i s  added. r u n o f f .  Chand ler  (1942) a l so  found t u r -  
Recycl ing o f  n u t r i e n t s  w i t h i n  a marsh may b i d i t y  t o  h a v e  a n e g a t i v e  e f f e c t  on 
be s u f f i c i e n t  t o  promote a l g a l  blooms fa r  p l  a n k t o n  a n d  s u b m e r s e d  m a c r o p h y t e  
several years a f t e r  t h e  i n 1 t i  a1 1 oad i ng. photosynthesis near South Bass Is land.  
However, n i t r ogen  and o ther  n u t r i e n t s  must 
a l s o  be present  i f  a lga l  product ion i s  t o  T a f t  and T a f t  (1971) pub1 i s h e d  an 
continue. Sawyer (1954) conc luded t h a t  e x h a u s t i v e  s t u d y  o f  t h e  algae i n  western 
when i n o r g a n i c  n i t r ogen  concentrat ions of Lake Erf  e, e x c l u s i v e  o f  d jatoms. Thef r 
0.30 mg/l (sum o f  NH N, NO -N, and NO -N) c o l l e c t i o n s  inc luded s i t e s  w i t h l n  emergent 
and orthophosphate-pl ispho?us concen2ra- p l a n t  marshes on the  Lake E r f e  I s l ands  and 
t l o n s  of 0.01 mg/l (P04-p) were present i n  Catawba Pen insu la  (East. Middle, and West 
bodies o f  water a t  the  s t a r t  of the a c t f v e  harbors). The r ichness o f  t h e  a l g a l  f l o r a  
g r o w i n g  season,  nu isance a l g a l  blooms o f  these l o c a l i t i e s  i s  l n d f c a t e d  by t h e  
c o u l d  be a n t i c i p a t e d .  Measurements i n  more t h a n  300 species found i n  South Bass 
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Table 11. A b u n d a n c e  o f  p h a y t o p l a n k t o n  i n  the v i c i n i t y  o f  f o u r  coastal  
wetlands i n  w s t e r n  L a k e  Erie. 

Location Phv- ( c e l l  s&l) 
and B l  ue-green Green Diatoms M h e r  Total  
month (1930) a1 gas algae algae 

June 
Ju ly  
Aug 
Sept 
Oct - 
May 
June 
Ju ly  
Aug 
Sept 
Oct 

- 
mean 52 

mean 811 
- - -  

June 
Ju ly  
Au9 
Sept 
Oct 

mean 2929 - 
May 8 56 159 0 223 
June 2 1 16 0 19 
Ju ly  67 84 53 2 206 
Aug 311 26 1 128 1 701 
Sept 550 210 175 0 93 5 

mean 417 

%ata source: Wright e t  al.  (1955). 

coastal marshes (Table 12). Hohn (1969) 
s t u d i e d  t h e  d ia toms I n  F ishery  Bay, a 
sha l low embayment o f  South Bass I s l a n d  
c o n t a f n i n g  dense beds o f  w i l d  c e l e r y  

c o n s i s t e n t  t h r o u g h o u t  t h e  y e a r  a t  
x ima te l  y lr  000 c e l  1 s/ml . 
exhibfted the  hlghest popula 

t h e  s p r i n g  a t  s l i g h t l y  more than 5,000 

cel ls/ml.  B r i t t  e t  a1 . (1973) observed 
t h a t  phytoplankton Invest igat ions from the 
l a t e  1920s through t he  1960s a l l  indicated 
t h a t  diatoms were t h e  dominant group i n  
t he  nearshore waters o f  western Lake Erie. 
except i n  ear ly  sumner. 

Reutter and Reut te r  (1977) s t u d i e d  
t h e  phytop lankton community assoc ia ted  
wf th  submerged aquat ic p l a n t s  i n  F i she ry  



Tabte 12. R e l a t i i e  abundance o f  specfes o f  a lgae  by marsh l o c a l i t y  i n  
western l a k e  Erie. 

Taxanomic 
u n i t  

I ocal f t v  
South Mldd le  North Kel leys Pelee Catawba 
Bass I s  Bass Is Bass Is Is land Is land Peninsula 

Ch1 orophyceae 23 8 
(green algae) 

Charophyceae 8 
(stoneworts) 

Xanthophyceae 6 
( ye1 low-green a1 gae) 

Eugl enophyceae 11 
(euglenoi ds) 

Chrysophyceae 19 
(go1 den algae) 

Dinophyceae 3 
(dinoflagellates) 

Cryp tophyceae 1 
(cryptomonads) 

Myxop hyceae 56 
(blue-green algae) 

Rhodophyceae 1 
(red algae) - - - - - 

TOTAL 343 267 145 107 61 121 

a ~ a t a  source: T a f t  and T a f t  (1971). 

Bay o f  Sbuth Bass Is land (Figure 43). The 
dominan t  g r o u p s  were d i a toms  ( B a c i l -  
l a r i o p h y c e a e ) ,  g reen  a l g a e  ( C h l o r o -  
phyceae l  , and blue-green algae (Myxo- 
phyceae) . Diatoms comprised t h e  g r e a t e s t  
p e r c e n t a g e  o f  t h e  t o t a l  phy top lank ton  
popu la t i on  w i t h  a m a j o r  p u l s e  i n  t h e  
s p r i n g  and a sma l l e r  pu l se  i n  t h e  f a l l .  
They were t he  only abundant group d u r i n g  
the winter. A l l  the genera which occur i n  
l a r g e  numbers ,  s u c h  a s  M e l o s f r a ,  
F raa i l a r i a *  Asterionel l a r  and Svnedra* are 
indfcators o f  eut rophic  cond i t i ons .  The 
p l a n k t o n i c  g r e e n  a l g a e  became most  
p l e n t i f u l  d u r i n g  midsummer as t h e  l a k e  
water warmed up. This group was t he  most 
d i v e r s e  member o f  t h e  p h y t o p l a n k t o n  
community and t h e  dom jnan t  genus was 
P e d i a s t r u r n .  A l s o  o c c u r r i n g  i n  t h e  
pf  a n k t o n  i s  a  c o n s i d e r a b l e  number of 
f r a g m e n t s  o f  t h e  f i7 amentous, at tached 
g r e e n  a 1  g a e  C l a d o p h o r a  g l o r n e r a t a ,  
which cover the  rocky shorel ine.  

Blue-green algae were most common dur ing  
l a t e  summer. Blooms o f  Ahani zomenon 
o f t e n  occurred dur ing  t h e  calm "dog 
days" of August. 

The term per iphyton general ly r e fe 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 l a r l y  
algae) on submerged substrate. Modi f iers  
a r e  n o r m a l l y  used t o  i n d i c a t e  t ype  o f  
substrate: ep ipe l i c  (growing on sediment), 
e p i l i t h i c  (growlng on rock),  e p l p h y t t c  
(growing on macrophytes), and ep i zoo i c  
(growing on animals) (Wetzel 1975). The 
pe r i phy ton  of western Lake E r i e  consists 
o f  predominant ly  l i t t o r a l  communit ies, 
mos t  common1 y assoc ia ted  v l t h  wet land 
vege ta t i on  and rockbound shores. More 
species occur i n  the  I f t t o r a l  zone than i n  
t h e  l f m n e t i c  zone of the lake because o f  
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  
ava i lab le  fn t h e  nearshore regian. 



* Monthly Means 

. . 

Figure 43. Seasonal t rends i n  phytoplankton populat ions i n  Fishery 
Bay, South Bass Is land,  Ohio (Reut ter  and Reut ter  1977). Note t h a t  the  
phytoplankton populat ion peaks a month ea r l  i e r  than the  zooplankton 
populat ion (Figure 45). 

Mi 11 i e  ( 1979) examined t h e  e p i p h y t i c  
d i a t o m  f l o r a  o f  a q u a t i c  macrophytes  i n  
t h r s e  marshes a long  t h e  sou th  s h o r e  o f  
Lake Er ie - -Navar re  Marsh, Winous P o i n t  
Marsh,  and M o x l e y  Marsh (Append ix  C). 
Three  common s p e c i e s  o f  w e t 1  a n d  mac- 
r o p h y t e s  were s t u d i e d  as hosts,  narrow- 
leaved c a t t a i l  ( T v ~ h a  4naust ; l fo l ia)p wh i te  
water l i l y  ( 
smartweed ( 
247 d iatom t a x a  i d e n t i f i e d  (38 genera) ,  
157 were new d l s t r f b u t i o n a l  reco rds  f o r  
Lake Erie. The dominant ep fphy t i c  diatoms 
found i n  these marshes are s 
13. Cen t r i c  forms, such as 
2 . a & a L k s  1-pennate 
N i t z s c h h  were t h e  m o s t  common 
taxa ,  b u t  each marsh possessed a d i s t i n c t  
f f  ora and sccces r fona?  p a t t e r n .  M f  f f f a  
a t t r t b u t e d  t h t s  h e t e r o g e n e f 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  

marshes,  p a r t i c u l a r 1  y d f  f f e r e n c e s  i n  
chemica l  and p h y s i c a l  f a c t o r s .  W a t e r  
q u a l i t y  measurements f o r  t h e  th ree  marshes 
are  presented i n  Table 7. 

I n  Lawrence  Lake, Mich igan,  A l l e n  
(1971) measured t h e  annual ne t  p r o d u c t i o n  
o f  a q u a t i c  macrophytes and t h e i r  attached 
a l g a l  forms. He found t h a t  t h e  epiphytic 
a1 gae were responsf  b l e  f o r  approximately 
31% o f  t h e  t o t a l  l 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, work ing  i n  t he  
F l o r i d a  E v e r g l a d e s ,  o b s e r v e d  t h a t  
e p i p h y t i c  a7 gae, r a t h e r  than macrophytes 
were responsib le f o r  t h e  m a j o r i t y  o f  t h e  
p r i m a r y  p r o d u c t f o n  o f  b l a d d e r w o r t  
( U t r i c u l a r f q  sp.) communi t ies.  Dlatoms 
were found t o  be t h e  most abundant form o f  
l i t t o r a l  p e r i p h y t o n ,  b o t h  i n  number and 
b iomass ,  f n  s e v e r a l  O n t a r i o  l a k e s  
(S tockne r  and Armstrong 1971). Likewise, 



Table 33, Dominant dfatom periphyton on macrophytes in western lake Erie 
marshes. a 

Macrophyte genera Periphyton speciesb 

Am Ca Cm Gg Gp Md Ncr Nl Ma Nca N f i  Nfo Np Ss 

Navarre Marsh 
TvDha 

Po1 v w  

Winous Point  Marsh 
IYdM 
Nvmohaea 
Pol vaanw 

Moxley Marsh 
TvDha 
MvmDhaiea 

01 vaonum 

X X X X  X X X 

X X X x X X X  

X X X X X  X X X 

a ,,Data source: M i l l I e  (1971). 
Species Key: 

Am = m n t h e s  minutfssimp N1 = Naviculq Jm 
Ca = Cvcl o t e l  1 q gtomus Na = Ni tzsch ia  a m ~ h i b i a  
Cm = Cvc lo te l la  meneah in im Nca = Ni tzsch i  g capi  t e l l  atp 
Gg = Som~honemq g rac i l e  N f i  = Ni tzsch ia  f i l i f o r m l ~  
Gp = SOm~honemQ parvul  um Nfo = l j l t zsch ia  fon t i co la  
Md = Melosira distans Np = Ni tzsch ip  

eDha1 q 
Da'lea 

Ncr = Navicula w ~ t o c  Ss = S- siL4.b- 

it i s  ant ic ipated t h a t  e p i p h y t i c  diatoms 
a r e  an impor tan t  component o f  t he  energy 
base i n  western Lake E r i e  marshes. 

Stoneworts (Characeae)  a r e  l a r g e  
a1 gae n i  t h  whor led branches t h a t  a t t a i n  
hejghts o f  over 0.3 m i n  nestern Lake E r i e  
coas ta l  marshes. Chars grows i n  water 
r i c h  i n  c a l c i u m  c a r b o n a t e  wh i ch  i s  
fncorporated i n t o  t h e i r  hard,  b r i t t l e  
branches. T h i s  fea tu re  spares them from 
g raz i ng  by i n v e r t e b r a t e s ,  e x c e p t  f o r  
c e r t a i n  w a t e r  b e e t l e s  ( H m  and 
Pel todvtes) . Stonewort supports a diverse 
e p i p h y t i c  f l o r a  and serves as food f o r  
w a t e r f o w l .  These p l a n t s  grow on f i r m  
marsh sediment and some rocky bottoms. 
B f  t e l l  & and T o l v ~ e l l a  are less calcareous 
stoneworts t h a t  have been reported i n  East 
Harbor Marsh and Haunckfs Pond ( T a f t  and 
T a f t  1971). 

By de f f  n i t i o n ,  plankton are f l oa t i ng  
organisms whose movements are more o r  less 
dependent on cur rents .  However some 
z o o p l a n k t e r s  e x h i b f  t a c t i v e  swimming 
movements t h a t  a id i n  maintaining ve r t i ca l  
p o s i t i o n .  Zooplankters  a re  d i ve r se  i n  
t h e i r  feeding habits. Herbfvores graze on 
phytoplankton, periphyton and macrophytes 
wf th in  t h e  coas ta l  marshes. Carn ivores 
p r e y  on a t t a c h e d  protozoans and o t h e r  
zooplankters, whi le omnivores feed a t  a l l  
t r o p h i c  leve ls .  I n  turni raoplankton are 
important f i s h  and waterfowl food. Every 
f l s h  s p e c i e s  and  many duck s p e c i e s  
u t i l i z i n g  the wetlands i n  thSs reg ion  ea t  
zoopl  ank te rs  during some port ton o f  thef  r 
1 i f e  cycle. 

The animal components o f  t h e  marsh 
plankton are protozoans, r o t i f e r s ,  and 



microcrustaceans ( p r i m a r i l y  c ladocerans 
and copepods). Appendix 5 l i s t s  common 
zooplankters  i n c l u d i n g  sess i  l e ,  o r  
p e r i  phy t i c ,  protozoans, o c c u r r i n g  i n  
western Lake E r i e  coas ta l  marshes. 
Landacre t1908) was t he  f i r s t  t o  s tudy  
t he  zooplankton i n  Sandusky Bay 
marshes. He observed t h a t  t h e  p lank ton  
i n  open Sandusky Bay and western Lake 
E r i e  was sparser  than expected due t o  
i t s  shallowness and t h e  h i g h  amount o f  
s e d i m e n t  i n  t h e  w a t e r  when a g i t a t e d  by 
t h e  w i n d .  B u t ,  t h e  m a r s h e s a n d b e a c h  
p o o l  s we re u n u s u a l l y  r i c h ,  p a r t i c u l a r l y  
i n  p r o t o z o a n s ,  whe re  duckweed  was 
a b d n d a n t .  L a n d a c r e  r e a s o n e d  t h a t  the 
z o o p ' l  a n k t u n  were p o o r  i n  r h i z o p o d s  
( a m o e b o i d  p r o t o z o a n s )  b e c a u s e  t h e i r  
f a v o r e d  w e t l a n d  p l a n t ,  Sphagnum, was 
absent from Lake E r i e  marshes. 

W r i g h t  e t  a l .  (1955) c o n d u c t e d  
s t u d i e s  o f  t h e  p l a n k t o n  a t  s e v e r a l  

nearshare : 0ca"i ; t 3 e 5  ;n western Lake Erfe, 
Zoopl aili:ta>?- abbfrdasaci5 Fol l owed  a sirnil  ar 
p a t t e r i n  t o  t 5 a ~  o f  ".,he p h y t o p l a n k t o n  f n  
t h a t  Oke Ds t r -o f  t R i v e r  m o u t h  h a d  t h e  
l o w e s t  p o p u l a ? ; i o r r  and t h e  s o u t h  s h o r e  
es tua r l es r  p a r ~ j c u l a r l y  Maumee Bay and t h e  
P o r t a g e  R i v e r *  h a d  t h e  h i g h e s t  numbers 
( T a b l e  1.41, Ahlstrom (1934) i n ves t i ga ted  
t h e  r o t i f e r  p o p u l a t i o n s  o f  a m a r s h y  
embayment on  South  Bass I s l a n d  known as 
T e r w j l l i g e r s s  Pond (F fgure  4 4 ) .  He f ound  
9 1  planktonic spec jes  and attributed t h l r  
h igh  number t o  the  p ro tec ted  na tu re  o f  the 
embayment. The number o f  r o t f f e r s  per 
u n i t  volume increased from t h e  ent rance of 
t h e  pond t o  t h e  more s t a t l c  i n t e r i o r  end. 
He c l a s s f f i e d  about  7556 0" r o t i f e r  species 
i n  t h e  pond as "pseudoplankton i c r w  l i v l  ng 
on a q u a t i c  p l a n t s  o r  b o t t o m  deb r i s ,  and 
b e i n g  a d v e n t f t t o u s  3n t h e  p l a n k t o n .  
A h l s t r o m  o b s e r v e d  b o t h  a sp r i ng  and f a l l  
pulse, w i t h  t h e  l a r g e s t  p o p u l a t i o n  (4,619 
organisms/ l  1 o c c u r r i n g  i n  e a r l y  June. 

Table 14. Comparison o f  phytop lankton and zoopl anktog 
popu la t ions  f o r  nearshare l o c a l i t i e s  i n  western Lake Er ie .  

5 
Date D e t r o i t  R l ve r  Maumee Por tage  Bass 
(1930)  R i v e r  R a i s i n  Bay R i v e r  Is1 ands 

P h v t o ~ l  ankton ( thousands o f  a1 ga l  
3u l  y 1-15 26 154 
J u l y  16-31 39 352 
Aug 1-15 3 1 453 
Aug 16-31 25 700 
Sept 1-15 9 5 13 47 
Sept 16-30 - 1500 71 - 

Mean 48 75 1 

u n i t s  pe r  1 i t e r )  
43 1 206 
406 212 
970 419 

1452 701 
2128 7 83 
2174 93 5 - - 
1260 543 

Z o o ~ l  ankton (microcrustacean i n d i v i d u a l s  per  1 i t e r )  
J u l y  1-15 3 77 8 1  76 
J u l y  16-31 3 5 8 52 67 
Aug 1-15 3 61 56 82 
Rug 16-31 5 7 1 7 0 -- 
Sept 1-15 I 25 8 1  48 
Sept 16-30 1 28 3 7 - 13 - - - 

Mean 3 51  6 1  62 
- - - 

%ata source: Wr igh t  e t  a l .  f 19551. 
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PUT-IN- BAY 

(Main Harbor) 

Figure 44. Map of t h e  no r t he rn  s ide  o f  South Bass I s l a n d  showing t h e  l o c a t i o n  of 
Te rw i l  l i g e r ' s  Pond and F ishery  Bay. 

R e u t t e r  and R e u t t e r  (1975) analyzed 
t h e  zooplankton populat ions i n  Fishery Bay 
on South Bass  I s l a n d .  T h i s  b a y  1 i e s  
between t h e  open l a k e  and T e r w i l l f g e r f s  
Pond, and i s  r i c h  i n  submerged p lan ts  such 
as w l l d  c e l e r y  a n d  c u r l y  p o n d w e e d  
(Potamoaeton -1. The t o t a l  zoo- 
p l a n k t o n  p o p u l a t i o n  r e a c h e d  a peak o f  
588/1 i n  June and decreased t o  a low o f  
54/1 i n  January (Flgure 45). The r o t i f e r  
p o p u l a t i o n s  i n  F l s h e r y  Bay fo l l owed  t h e  
same p a t t e r n  as t h e  t o t a l  z o o p l a n k t o n  
p o p u l a t i o n ,  r e a c h i n g  a peak o f  300/1 i n  
June. The mean numbers f o r  a l l  months 
were h i g h e r  t h a n  t h o s e  f o r  copepods and 
c l  adocerans. The month1 y mean copepod 
p o p u l a t i o n ,  i n c l u d i n g  n a u p l i i r  a l s o  
reached I t s  peak i n  June a t  2 6 6 / 1  and 
d e c l i n e d  t o  12/1 i n  December. The de- 
crease was much more pronounced t h a n  t h e  
t o t a l  zoop l  ank ton  p o p u l a t i o n .  When t h e  
copepod population i s  s u b d i v i d e d  i n t o  
c a l a n o i d s  ( f i l t e r  feeders whlch graze on 
s m a l l  p h y t o p l a n k t o n  and d e t r i t u s ) ,  cy -  
c l o p o i d s  (smnivorous  particulate feeders 
t h a t  are v e c t o r s  f o r  a q u a t i c  p a r a s i t e s ,  
and known t o  a t t a c k  l a r v a l  f i s h ) ,  and 

naup l  i i ( immature  s t a g e s  1 ,  t h e  1 a t t e r  
g r o u p  was d o m i n a n t  f rom A p r i l  t h r o u g h  
December. Cyclopoids were s l  i g h t l  y more 
numerous t h a n  naup l  i f  d u r i n g  t h e  e a r l y  
months. The c a l  anoid populatfons were low 
( < 1 0 / 1 )  t h r o u g h o u t  t h e  y e a r .  T h e  
c l a d o c e r a n s  h a d  b y  f a r  t h e  l o w e s t  
p o p u l a t i o n s  o f  t h e  m a j o r  z o o p l a n k t o n  
g r o u p s ,  r a r e 1  y e x c e e d i n g  30 /1 .  The 
r e s u l t s  o f  t h e  work by Reut ter  and Reut ter  
(1975) are general1 y c o n s i s t e n t  w i t h  t h e  
f i n d i n g s  o f  Chandler (1940) and Hubschman 
(19601, w i t h  t h e  exception o f  t h e  ca lano id  
populat ion. The l a t i e r  t w o  s t u d i e s  were 
conducted f a r t h e r  o f f s h o r e ,  and showed 
c a l a n o f d  p o p u l a t i o n s  wh f c h ,  a t  t Imes r  
surpassed the  cyc lopo id  populat ions. 

Herdendorf and Monaco C 1983 1 observed 
an i n t e r e s t f  ng a s s o c i a t i o n  between a 
phytoplankter  and a zooplankter i n  Ffshery 
Bay. During a b lue-green a l g a l  b1 oam o f  
up t o  20,000 c e l l s t m l  i n  J u l y  1980, 
f < lamen ts  o f  w e r e  
i n te rwoven  t o  fo rm spherical masses. As 
many as 66 e p t p h y t f c  c i l  l a t e s / m l  w e r e  
f o u n d  o n  t h e  a l g a l  f i l a m e n t ,  The 



* Monthly Means 

' . * .  

Figure 45. Seasonal trends i n  zooplankton populat ions i n  Fishery Bay, South Bass Island, 
Ohio (Reut ter  and Reutter 1975). Compare w i t h  phytoplankton trends i n  Figure 43. 

c o n t r a c t f l e  s t a l k s  o f  !&&ice11a s ; a m o a W  
were  a t t a c h e d  t o  t h e  o u t e r  f i l a m e n t  
segments forming a  pu lsa t ing  corona around 
t h e  e n t i r e  a l s a l  mass. The p u l s a t i n g  
feeding behavior o f  y,~-_Lg produced a  
d f s t i n c t  g l i d i n g  m o t i o n  o f  t h e  a l ~ a l  
colony. P r a t t  and Rosen ( 1983 1 speculated 
t h a t  t h e  vswimmingw m o t i o n  c r e a t e d  b y  
s e s s i l e  p r o t o z o a n s  on  a l g a e  may b e  
advantageous i n  mainta in ing n u t r i e n t  f l o w  
past  the  a l g a l  c e l l s .  

3.2 WETLAND VEGETATION 

Many o f  t h e  v a s c u l a r  aquatic p lan ts  
i n  t h e  western Lake E r i e  c o a s t a l  marshes 
e x p o s e d  t o  n a t u r a l  w a t e r  l e v e l  f l u c -  
t ua t i ons  are "p5oneer species," They a r e  
t h e  t y p e  t h a t  f i r s t  co lon i ze  a  low, wet* 
denuded area, I f  the  h a b i t a t  becomes t o o  
s t a b l e  ( j  .e,# constant water l e v e l s  w i t h i n  
a  c o n t r o l  l e d  marsh )  t h e y  soon become 
crowded by o t h e r  spec ies  and e v e n t u a l l y  
d isappear ,  Howeverr t h e  seeds o f  these 
species have c o n s i d e r a b l e  l o n g e v i t y  and 

a r e  a b l e  t o  a g a i n  g e r m i n a t e  when t h e  
environment i s  disturbed. 

A t  t h e  t i m e  o f  k ' i s c o n s i n  g l a c i  a1 
r e t r e a t ,  s t reams were e i t h e r  enlarged o r  
formed anew as meltwater became abundant. 
The b a r e  s o i l  o f  mora ines  and a l l u v i a l  
d e p o s i t s  c h a r a c t e r i z e d  t h e  l a n d s c a p e .  
S t r a n d e d  b o d i e s  o f  w a t e r  between t h e  
recedlng i c e  f r o n t  and t e r m i n a l  mora ines  
formed l a k e s  such as t h e  former stages o f  
L a k e  E r i e  i n  n o r t h w e s t e r n  O h i o  a n d  
s o u t h e a s t e r n  M ich igan .  Stuckey (1972) 
d e s c r i b e s  t h i s  " g l a c i a l  s i d e w a l k v  as a  
p e r f e c t  avenue  f o r  m f g r a t l o n  and c o l -  
o n i z a t j o n  by p i o n e e r  p l a n t s .  A good  
example i s  marsh cress (Roriopg p a l u s t r i s  
var, h i s ~ i Q 1  which surv ived g l a c i a t i o n  i n  
re fug ia  i n  the  Rocky Mountains. A s h o r t -  
1 i v e d  pioneer p l a n t *  it doubtless1 y  spread 
r a p i d l y  as t h e  i c e  receded, c a r r i e d  by 
wind and water t o  t h e  f r e s h  b a r r e n  s o l l s  
where it germinated and grew i n  abundance. 
T h i s  p l a n t  i s  n o t  f o u n d  s o u t h  o f  t h e  
southern l i m i t  o f  Wisconsin g l a c i a t i o n  i n  
t h e  c e n t r a l  U n i t e d  S ta tes ,  presumably 



because environments were more s t a b l e  t o  
t h e  s o u t h  and a l r e a d y  vegeta ted.  T h f s  
species, as do many o ther  p ioneer  p l a n t s *  
c o n t i n u e s  t o  pers7st  i n  Lake E r f e  coasta l  
marshes because o f  t he  f requent  storms and 
c o n s t a n t l y  chang ing  w a t e r  l e v e l  reg ime 
(Vesper and Stuckey 1977). 

I n  t h e  a q u a t i c  and wetlands h a b i t a t s  
of western Lake E r i e  o v e r  300 s p e c i e s  o f  
v a s c u l a r  p l a n t s  have  been i d e n t i f f e d  
(Stuckey and Duncan 1 9 7 7 ) .  The more 
tmpor tan t  o f  t h e s e  species are  l i s t e d  I n  
A p p e n d i x  E. F i g u r e  4 6  d e p i c t s  t h e  
d i s t r i b u t i o n  o f  24 o f  t h e  p r o m i n e n t  
spectes i n  western Lake E r i e  wetlands, 

I n  t h e  open water  o f  t h e  l a k e  and 
1  a r g e r  bays, a q u a t i c  vascular  p l a n t s  are 
few and l i m i t e d  m o s t l y  t o  t h e  r o o t e d  
submersed ones,  s u c h  as  w i l d  c e l e r y  
( V a l l i s n e r i a  g m e r i c a ~ ) ,  sago pondweed 
(potamoae_tn p e c t i  na-1, c u r l y  pondweed 
(_P. -1. water-mil foil ( M v r i w  
+ p i c a t u r n ) ,  a n d  w a t e r  s t a r - g r a s s  
(Heteranthera dubia) .  These species and a  
f e w  o t h e r s ,  a m o n g  t h e m  c o o n t a i l  
( C e  r a t w h v 1 1  demersum) , wate rweed  
(Elodea m a d e n s i s ) ,  Richardson's pondweed 
(Potamoaetm j i c h a r d s o n i  11, and t h e  sub- 
mersed f o r m  o f  t h e  f lowering-rush a re  t h e  
major submersed s p e c i e s  i n  t h e  bays  and 
s h a l l  ow water  near t h e  shorel  i n e  (Stuckey 
1968). 

T h e  f l o r a  o f  t h e  p o n d s  s h o w s  
c o n s i d e r a b l e  d i v e r s i t y .  I n  a d d i t i o n  t o  
h a v i n g  m o s t  o f  t h e  s p e c i e s  a 1  r e a d y  
mentioned, t h e  ponds  a l s o  have s m a l l  
f l o a t i n g  p l a n t s  such as t h e  duckweeds 
(Lemnaceae) w h i c h  f o r m  dense  m a t s  i n  
s t a g n a n t  w a t e r .  I n  some p l a c e s  t h e  
f l o a t i n g  water fern, (Azol l a  c a r o l  i n  i ana )  
a l s o  forms dense r e d d i s h  mats. Species 
w i th  l a r g e  f l o a t i n g  1  eaves, w h i t e  water  
l i l i e s  ( N v m ~ h a e a  t u b e r o s a ) ,  and t h e  
American water- lotus ( p e l  u m b ~  1  u t e a )  a r e  
n o t  common, b u t  where t h e y  do grow they 
may form extensive c o l o n f e s  ( F i g u r e  4719 
a s  d o e s  t h e  l a r g e  e m e r s e d  l e a v e d  
spatterdock o r  ye l l ow  wa te r  l i l y  ( N u ~ h a r  
-1. Emersed s p e c i e s  w i t h  showy 
f l o w e r s  o r  l a r g e  d i s t i n c t i v e l y  shaped 
leaves, such as c a t t a i l s  ( T v ~ h a  spp.1, bur  
reed (Sparaanium e u r v c a r ~ u m )  , f lower ing  
rush  (Butomus m b e l l  a t u s ) ,  a r r o w h e a d  
( S a a i t t a r i a  l a t i f o l i a ) ,  swamp rosemallow 
( H i b i  s c u  m o s h e u t o ~ )  w a t e r  smar tweed 

( m a t u r n ) ,  and p i c k e r e l  weed 
(Pontederja cardata)  I ine t h e  edges o f  t h e  
c o a s t a l  l a g o o n s ,  o f t e n  i n  s e g r e g a t e d  
zones. Along t h e  d r y e r  marg ins  o f  t h e  
marshes, t h ree -squa re  b u l r u s h  !Sc i  r ~ u s  

9 b l u e j o i n t  ( C a l a m a e r o s t f s  
canadens is ) ,  p r a i r i e  g r a s s  ( p h r a a m i t e s  
a u s t r a l  i s 1  reed -canary  g r a s s  (Pha la r i s  
arundinacea), and r u s h  (Juncus e f f u s u s )  
are common. 

D r a s t i c  changes have occurred i n  t h e  
aquat ic  f l o r a  i n  t h e  p a s t  85 years .  F o r  
example, i n  Put-in-Bay harbor, SOX (20 ou t  
o f  40)  o f  t h e  species o f  aquat ic  vascular 
p lan ts  have d f s a p p e a r e d  (S tuckey  19711. 
As a  wholer  t h e  f i o r a  of  t h e  bays, and i n  
p a r t i c u l a r  Put-in-Bay, have been d is tu rbed 
severe1 y  because of increased t u r b  fdf  t y  o f  
the  water, b u i l d i n g  o f  r e t a i n i n g  wa l l s  and 
docks ,  u s e  o f  h e r b i c i d e s ,  d r e d g i n g  
o p e r a t i o n s ,  and human mul t iuses o f  these 
aquat ic  hab i ta t s  r a n g i n g  f r o m  r e c r e a t i o n  
t o  dumping grounds f o r  wastes. Many o f  
t h e  l agoons  and  embayments  h a v e  been 
des t royed  t o  b u i l d  m a r i n a s  and hous ing  
developments, p a r t i c u l a r l y  i n  t h e  i s 1  ands 
reg ion .  I n  t h o s e  c o a s t a l  l agoons  t h a t  
remain, most o f  t h e  submersed  a q u a t i c  
spec ies  e v e r  known t o  be p r e s e n t  s t i l l  
s u r v i v e  and r e p r e s e n t  one o f  t h e  few 
re fuges  f o r  t h i s  segment o f  t h e  f l o r a .  
Local changes i n  t h e  a q u a t i c  f l o r a  have 
been v e r y  ev ident  d u r i n g  t h e  pas t  decades 
a  pe r iod  o f  record h i g h  w a t e r  l e v e l s  f o r  
Lake E r i e .  T h i s  temporary  environmental 
cond i t i on  has a f f e c t e d  t h e  a q u a t i c  f l o r a  
by reducing t h e  popu la t ions  o f  most of t h e  
emersed s h o r e l  i n e  s p e c i e s  and increasing 
t h e  p o p u l a t i o n s  o f  some submersed  and 
fl o a t i  ng-1 eaved spectes. 

B e f o r e  t h e  coming  o f  t h e  European 
s e t t l e r s ,  t he  marshes behind t h e  sand and 
g r a v e l  beaches were more e x t e n s i v e  than 
they are today. Q r i g i n a l l y ,  v a s t  s tands 
o f  t a l l  g r a s s e s ,  s u c h  as  w i l d  r i c e  
(Z izan ia  a a u a t i c )  P p r a i r i e  g r a s s ?  b l u e -  
j o i n t  g r a s s ,  and c o r d  g r a s s  ( S w a r t i n g  
pec t i na ta )  dominated i n  wet p f  aces and i n  
s h a l l o r  c l e a r  water ,  Sedges were a l s o  
p l e n t i f u l r  i n c l u d i n g  s p i k e - r u s h e s  (m- 
c h a r i s  spp.), hard-s tem bu l rush ( S c i r ~ u s  
acutus), soft-stern b u l  rush ( S .  y n - l r  
r i v e r  bul rush (5. f I u v i a t i 7 i s 1 ,  and three- 
s q u a r e  bu7 r u s h .  B road - leaved  c a t t a i l  
( T v ~ h a  l a t i f o l  r'g) was much more e x t e n s i v e  
t h a n  t h e  t h e n  r a r e  narrow-leaved c a t t a i l  



Typha angus t i fo l  i a  (narrow-leaved c a t t a i l  ) 5ypha l a t i  fol  i a  (broad-leaved c a t t a i  1 ) 

Potamoqeton c r i spus  ( c u r l y  pondweed) Potamogeton r ichardsoni  i (Richardson's  
po n dwe ed ) 

Zannichel 1 i a  pal ustris (horned pondweed) Butomus umbel ? a t u s  (ffawerr'ng rush) 

Figure 46. D i s t r f b u t f o n  maps of 24 aquat ic  macrophytes i n  western Lake Erie 

wetlands Cunpublished d a t a  supplied by R,L. Stuckey). 



Val, 1 i sneria americana (wild celery) Calamagrostis canadens i s  (bluejoint grass) 

Carex franki i (Frank's sedge) Sci rpus acutus (hard-stem bulrush) 

Heteranthera dubia (water stargrass) Pontederia cordata (pickerel weed) 

Figure 46. (continued) 
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Aiilarar~thus tubercul atus (ddtet--htriilp) 
LI -- I- ----̂ . -- - 

Rusiex v e r t i c  1 1 lqtljs j 5wdrl;i tl(r;L --- - 

ki~~&r advena (ye7 low water1 i l y )  Nyrxphaea tuberosa ( w h i t e  waterli ly) 

Figure 45. (continued) 
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Rorippa pa lus t r i s  (marsh c ress )  Hibiscus palust r is  (swamp rosemal low) 

Decodon ver t i c i l  la tus  (swamp looses t r i fe )  Myriophyl lum spicatum (water-mil foi l  ) 

Jus t i c i a  americana (water-will ow) Juncus x stuckeyi (Stuckey's rush) 

Figure 46. (concluded) 
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Figure 47. Emergent beds o f  A m e r i c a n  
w a t e r - l o t u s  f- i n  F i sh  Po in t  
Marsh on Pe lee  I s l a n d ,  O n t a r i o  ( L l g a s  
1952). 

(1. a n a u s t i f o l i a ) .  P l a n t s  w i t h  l a r g e  
showy flowers, such as the American lo tus ,  
w h i t e  w a t e r  1 i S  y, s p a t t e r d o c k ,  swamp 
rosemal low, p i c k e r e l  weedr and arrowhead 
grew i n  l a r g e  c o l o n i e s  and gave co lo r  t o  
t h e  marsh. S c a t t e r e d  t h r o u g h o u t  t h e  
nlarshes, among t h e  c a t t a i l s  and sedges, 
were monkeyflower (Mimullus j-inaenz), swamp 
mi lkweed (AsCleDia? j n c a r n a t q ) ,  hedge- 
n e t t l e ,  ( S t a c h v s  - i f 0 1  l a ) ,  common 
skul lcap ( S c u t e l l a r i a  e ~ i l o b i i f o l  i q ) ,  and 
marsh" cress. Qn the  exposed mudflats were 
a n n u a l s - - f a l s e  p i m p e r n e l  ( I  i n d e r n i a  
m), beggar-t icks (aidens spp.), water- 
p lan ta in  (A1 isma planta~9-aaua-), b l u n t  
s p i k e - r u s h  ( L l e o c h a r i 3  p b t u s a ) ,  and 
s e v e r a l  s p e c i e s  o f  u m b r e l l a  sedges 
( Q ~ e r u ~  spp.). I n  t h e  c l e a r  open water  
were  submersed s p e c i e s ,  w f l d  c e l e r y ,  
waterweed, w a t e r - m i l f o i l  ( M v r i o ~ h v l l u m  
e x a l  b e s c e n g )  , s t  i f f  w a t e r  c r o w f o o t  
(Ranunculus l o n a i r o s t r i s ) ,  f l e x e d  na iad  
( u a , i a s  f lexil i s ) ,  and many spec ies  o f  
pondweeds (Potamoaeton spp.). 

The waters o f  t h e  marshes and most o f  
t h e  bays have  became q u i t e  muddy and 
t u r b i a  w l t h i n  t h e  p a s t  c e n t u r y .  These 
cond i tSons  have come a b o u t  by :  1) t h e  
extensive erosion o f  t he  s o i l  i n  t he  once- 
f o r e s t e d  u p l a n d s  o f  t h e  watershed, 2) 
dredgingp d i k f n g r  and d ra inage  o f  l a r g e  
p o r t i o n s  o f  t h e  marshes f o r  p r i v a t e ,  
i n d u s t r i a l r  a g r i c u l t u r a l ,  and w i l d 1  i f e  
a r e a s ,  31 c o n s t r u c t i o n  o f  docks  and 
b u l k h e a d s  t h a t ,  i n  c o m b i n a t i o n  w i t h  
d redg ing  channels,  have a1 t e r e d  many of 

t h e  bays f o r  commercia l  o r  r e c r e a t i o n a l  
p u r p o s e s ,  and 4 )  i n t r o d u c t i o n  o f  c a r p  
( ~ y p r i n u s  c a r ~ i o ) ~  a  species o f  f i s h  t h a t  
u p r o o t s  and d e s t r o y s  a q u a t i c  p l a n t s  and 
c o n t r i b u t e s  t o  t h e  o v e r a l l  t u r b i d i t y  by 
s t i r r i n g  up t h e  bottom s i f t  and keeping $t 
i n  suspension.  These p h y s i c a l  changesr 
s i l t e d  c o n d i t i o n s r  and c o n t i n u e d  h i g h  
t u r b i d i t y  l e v e l s  brSng about a  s i t u a t i o n  
i n  which s e n s i t i v e  submersed s p e c i e s  o f  
open c l e a r  water  a r e  e l i m i n a t e d  o r  a r e  
d r a s t i c a l l y  reduced i n  numbers, t he reby  
r e s u l t i n g  i n  a  d e c l i n e  i n  s p e c i e s  
d i v e r s i t y .  These submersed spec ies  a r e  
t h e  more  s e n s i t i v e ,  m o s t l  y  n o r t h e r n  
species o f  c l e a r ,  c o o l  we1 1-oxygenated 
waters. 

T h e  swamps, d o m i n a t e d  b y  woody 
vegetat ion,  occu r  i n  sma l l  u n i t s  i n  t h e  
low wet areas along t h e  l ake  shore (Figure 
4 8 ) .  P r o b a b l y  b e c a u s e  o f  c o n t i n u e d  
f l u c t u a t i n g  water l e v e l s *  t h i s  v e g e t a t i o n  
t y p e  was n e v e r  as e x t e n s i v e  as t h e  
marshes. Willows ( S a l i x  spp.), cottonwood 
(PODUIUS d e l t o m ) ,  sycamore ( P I  a tanus 
o c c i d e n t a l  i s ) ,  and ashes (Eraxinus spp. 1 
a r e  t h e  d o m i n a n t  t r e e s .  F o r m e r 1  y, 
American e lm (Ulmus a m e r i c w  was more 
preva len t ,  b u t  most o f  t h e s e  t r e e s  have 
s i n c e  been d e s t r o y e d  by t h e  Dutch  e lm  
d isease.  Sh rubs  a r e  m o s t l  y  dogwoods 
( C o r n u s  spp.  e l d e r b e r r y  ( W c u y  
sanadens&jj w i l l o w s ,  bu t tonbush  (S;eDh- 
alanthy=! ~ c c l d e n t a l i s )  and roses  (Rosa 
spp.). D i v e r s i t y  o f  herbaceous species f n  
t h e  swamps i s  l ow .  Among t h e  m o r e  
common 7 y  occur r ing  ones dur ing  t h e  summer 
season are shade-to lerant  p l a n t s  such as 
n e t t l e s  ( U r t i c a c e a e ) ,  f a l s e - n e t t l e  
(Boehmeria c v l i n d r i c g ) ,  and spot ted touch- 
me-not (Jmoat ien.5 c a ~ e n s  i z ) .  

Sand beaches a r e  s c a t t e r e d  and n o t  
e x t e n s i v e  a l o n g  t h e  wes te rn  Lake E r i e  
shore1 ine. The sand deposits a r e  low and 
d o  n o t  f o r m  d u n e s  ( F i g u r e  4). 
Consequen t1  y, t h e y  a r e  p a r t i c u l a r l y  
v u l n e r a b l e  t o  f 1  u c t u a t i n g  wa te r  leve ls ,  
continuous wave act jon, and e ros i ve  ac t i on  
b y  i c e  i n  w i n t e r .  M o s t  o f  t h e  sand 
beaches a re  now used f o r  r e c r e a t i o n  as 
swimming and camping areas.  Because o f  
these na tu ra l  and a r t i f i c i a l  disturbances, 
most o f  t h e  species unique t o  t h i s  type o f  
h a b i t a t  have  d i s a p p e a r e d  (Core  1948; 
Stuckey and Duncan 1977 1. D i s t i n c t i v e  
herbaceous species now r a r e  o r  ex t i r pa ted  



Figure 48. Emergent colony of arrow arum (Pel tandra v i r g i n i c a )  and several 
clumps o f  buttonbush (Cephal anthus o c c i d e n t a ~ 0 1  d Woman Creek Estuary 
(Marshal 1 1977).  

are sea rocket  (Cak i l e  edentul a)  seas ide  
spurge ( E u ~ h o r b i a  ~ o l v a o n i  f o l  i a ) ,  beach 
pea (1  a t h v r u s  .i a D o n i c u s ) ,  sand  g r a s s  
( T r i p l a s i s  p u r o u r e g ) ,  s a n d  d r o p s e e d  
(Sporobo lus  c r v ~ t a n d r u z ) ,  beach  g r a s s  
(Ammowhi 1 a b r e v i l  i a u l a t a ) ,  wormwood 
(p r tem is iq  caudata), p r i ck1  y pear (Qunt ia  
humifusp), and Schweinitzls and Houghton's 
cype rus  ( C v ~ e r u s  s c h w e i n i t z i i  and 6, 
houah ton i  i 1.  D i s t i n c t i v e  shrubs t h a t  a re  
today a l s o  r a r e  o r  e l i m i n a t e d  a r e  sand- 
dune w i 11 owr sand cher ry  (Prunus oUmjla), 
b u f f a l o  b e r r y  ( D e ~ h e r d i p  -1 
g r o u n d  j u n i p e r  ( J u n i ~ e r u s  communis)* 
k i n n i k i n i c k  ( A r c t o s t a ~ h y l o s  uva-urst) and 
Canadian m i l  k - v e t c h  ( A s t r a a a l  u s  w 
&jens I$ ) .  Common t r e e s  p r e s e n t  a r e  
cottonwoods, wi l lows, dogwoods, and ashes, 
and among these are  o f t e n  t h i c k  growths o f  
l i a n a s  inc lud ing  w f l d  grape ( V S t i s  spp. 1, 
V i  r g  1 n i a  c r e e p e r  ( P a r t h e n o c i s s u s  
s e a e l #  p o i s o n  i v y  ( R h u s  y a d i c a n s ) ,  
b i t t e r s w e e t  ( C e l a s t r u s  scandens) 8 and 
trumpet-creeper ( C a m ~ s i z  r a d i c a n s ) .  I n  

t h e  open a r e a s  on t h e  sand  beaches,  
herbaceous species such as Russian t h i s t l e  
(Sa lso la  k a l i ) ,  winged pigweed (Cvcoloma 
g t r i o l  i c i f o l i um) ,  umbrella-wort ( M i r a b i l  i q  
p v c t a a i n e a )  and sandbur grass (Cenchrus 

l o r u s )  f o r m e r l y  n o t  p r e s e n t *  now 
f o r m  a new d i s t i n c t i v e  b e a c h  f l o r a ,  
U b i q u i t o u s  European "weedsw h a v e  a1 s o  
i nvaded?  i n c l  ud i ng crab grass ( D i a i t a r i a  
sanauinal i s ) ?  pigwe&d ( Amaranthus spp. ) r 

w h i t e  s w e e t  c l o v e r  (Me1 i l o t u q  a l b a ) ,  
c a t n i p  ( N e D e t ~  ~ a t a r t a ) ,  and m u l l e i n  
(Verbascum -5). 

Grave l  beaches and bars are a common 
h a b t t a t  on t h e  Lake E r i e  I s l a n d s  ( F i g u r e  
4 9 ) .  Because these beaches are subjected 
t o  severe i c e  scour fng  and wave wash, no 
permanent v e g e t a t i o n  becomes estab? fshed 
on t h i s  cont inuously ag i ta ted  shore. Mats 
o f  t h e  a lga  C l a d o ~ h o r a  o f ten  wash ashore, 
d i e ,  and decay an t h e  g r a v e l  beaches. 
Far ther  up on t h e  beach where waves reach  
o n l y  d u r i n g  s to rms  and p e r i o d s  o f  h i g h  



Eigurs 49. Gravel beach un t he  south  shore o f  West S i s t e r  I s l and ,  
s i t o w i n ~ j  $tom-cr.catrd kcrract?c, ( J u l y  1977')). 

wdCerr w+Illowt~, cottonwood, dogwood, and 
dz,hr!s art1 dominant woody members. L idna.;, 
<,urh dGs w f l d  ( J r d p c .  p o i s o n  i v y f  and  
Virtj i n  f a  craepor became on t ang lod  on t h e  
t )ud i  h ,  k~vr-Ldcc;nuz "JF)G'L ~ C S  d r e  fcwI but 
l i s u ~ l l  y yurmandur (1 ). and 
sntdrtkrcds drt'  j i t ' f *~ent .  

f*or.ticayis t h e  most d r - d m d t i c  a f  t h e  
*,tiort*l i n 0  f ~ d t i l t ~ t r ,  arc. t h e  high, ruggod 
I lrnc~tonb e n d  dolumitca c l  i f  t 5  ( F  igui-e 10). 
I h ~ e  c)  ~ l r t  znoc,tly conf incrd t o  thr+ north and 
uc ~ , t  ~ , t , u r t ~ ~ ,  of n:os2 o f  th r>  I s 1  f3frtl:v. Thoic 
i l i f S 5  t , d v t  twr vet<(>? tit i o n  i ~ n t  :,--ctnt3 

i> 1 L !:i! % I t t '  e d v e 1 - 5 p  i d*,h t>d ~ C W Q ~  pu i t f i~n  o f  
t h ~  i 1 i+  f *, <,r'ic t tic otl ie r r ln t f t e  C r i e r  
t i p ,  t r : p l ~ r . . t i u r i ,  / ' j d n t l 3  ~nhe ! 'S f  ills t h e  
1 ~ w i  r p b r t  i . [ t r ,  w d r ~  a ? : , o  

& ~ i , i t ' ~ i t ~ r i ~ , t s ~  01 t t i t ~  l ~ l k  ~ ~ h t l v j n ? :  r n c n y  
&,r~c.irt+~ &re f i 1 dntt*ntuuch a l ~ ~ d r ,  main? :, t t r r t  
i,r-c'co a i i ; u  $ 1 2 & ~ ~ & m  ano an i n v a a i n g  
nqnr  inr, r e c  aaii:ir Q u & ,  Di'tinctive 
h6.r b s i  cous v a 5 c u l a r  p l d n t b  a r e  EPtdaloyfs 
rrrsh 1- &GI). k a l r n t <  l n h e l  i a  

r Fn&x.l_ka 3 c r h n t 5  ~ o r t .  
t w s -  tied 
l o o s e s t r i f e  and 

u n t a i n  m f n t  
h e a t h  a s t e r  

ved go1 denroa  
, go lden  ragwor t  
and b e a r d t o n g u e  . On t h e  u p p e r  

ve he rbaceous  
s p o c i o s  a s  i vo ry  s edge  (Carex eburnea) ,  
noddfng onion (&l&~_m 

i s  abundant  above t h e  s p l a s h  
r i c  niosses and f o l  i o s e  l i chens  

dri?  pioneer^ J n  t h f ~  hab i t a t .  Shrubs  and 
s m a l l  t r o c s  l i n e  most of t h e  t ops  of t h e  
c l i f f s ,  Prnong t h e  more common ones  a r e  
n inebark  ( P h v 5 o ~ a 1 : ~ ~  ~ D U ?  i i o l & ) ,  choke 
~ t i c r r y  (prunus ~ g i n l a n a ) ,  s taghorn sumac 

1 ,  h a c k b e r r y  ( C e l t i s  
, dogwoods (Gornu2 ~ p . 1 ~  hop 

ho:'nSeam I y i r o i  n i  an,^), and r e d  
c e d a r  ( J u n i p e r y :  v i r ~ i n i a n i a ) .  Dense 
growths  o r  l i a n a s ,  such a s  po i son  i v y ,  
V i r g i n i a  c r e e p e r ,  and w i l d  grapes,  cover 
l a rge  por t ions  o f  t h e  c l i f f s .  



The wet land p l a n t s  o f  t h e  Sandusky 
R i v e r  B a s i n *  i nc lud fng  Sandusky Bay, have 
been s tud ied  by Moseley (18999 1905), Bur r  
(1901 )P  P i e t e r s  ( 1 9 0 1 ) s  Meeks (1963,  
1969) r Lowden (19691, and Stuckey (1975). 
Representat ive aquat fc  p lan ts  o f  Sandusky 
Bay and t h e i r  present abundance s ta tus  are 
l i s t e d  f n  Appendix F. The wetlands o f  t h e  
basin may be grouped i n t o  fou r  categories: 
1) t h e  remnants o f  o r i g i n a l  wet p r a i r i e *  
marshes, swamps, peat lands, and cranberry 
bogs i n  the  upper p o r t i o n  o f  t h e  basin; 2 )  
t h e  once vas t ,  b u t  n o t  c o n t a j n e d  d i k e d  
marshes a t  t h e  upper end o f  Sandusky Bay; 
3)  t h e  Sandusky R ive r  and i t s  t r i b u t a r i e s ;  
and 4 )  t he  const ruc ted d r a i n a g e  d i t c h e s ,  
d i ked  r e s e r v o i r s ,  and ponds. The second 
c a t e g o r y  i s  t h e  one mos t  germane t o  a  
d i s c u s s i o n  o f  c o a s t a l  w e t l a n d s ,  b u t  
elements o f  t he  o the r  t h ree  ca tegor ies  are  
evident  w i t h i n  t h e  zone inf luenced by Lake 
E r i e  water leve ls .  

I n  the upper p o r t i o n  o f  t h e  Sandusky 
R i v e r  Bas i  n r  extensive wet1 ands developed 
i n  shal low lakes i n  many o f  t h e  low areas  
between moraines l e f t  by t h e  r e t r e a t i n g  
Wisconsinian g l a c i e r  approximate1 y  13,500 
years  ago. A1 1  o f  these wetlands l a y  t o  
t h e  s o u t h  o f  t h e  o l d e s t  o f  t h e  a n c i e n t  
Lake E r i e  beach r i dges  (Lake Maumee) which 
f o r m s  a  l i n e  f r o m  F o s t o r i a ,  e a s t  t o  
T i f f i n ,  and nor th  t o  Clyde, Ohio. These 
e a r l y  w e t l a n d s  may have se rved  as t h e  
source area f o r  t h e  a q u a t i c  p l a n t s  wh ich  
e v e n t u a l l y  c o l o n i z e d  t h e  embayments o f  
western Lake Erie. 

Before se t t lement  by Europeans, t h e  
v a s t  marshes  o f  Sandusky Bay extended 
upstream as f a r  as F o r t  Stephenson, now 
Fremont, Ohio. E a r l y  accounts  speak o f  
lush growths o f  a  wide v a r i e t y  o f  a q u a t i c  
p lan ts  inc lud ing  w i l d  r i ce ,  reeds, rushes* 
c a t t a i l s ,  swamp rosemallow, pond l i l i e s ,  
and waterweeds. Moseley (1899) r e c a l l  ed 
t h e  memory o f  i n d i v i d u a l s  who s a i d  t h a t  
rushes grew ove r  much o f  Sandusky  Bay 
where now t h e r e  i s  open water .  Aquatic 
p lan ts  were a lso  sa id  t o  f requent ly  impede 
t h e  p a d d l e  w h e e l s  o f  s t e a m e r s  t h a t  
ven tu red  th rough  t h e  upper bay i n t o  t h e  
Sandusky R i v e r .  By t h e  t u r n  o f  t h e  
c e n t u r y ,  P i e t e r s  (1901) noted t h a t  muddy 
water i n  t h e  deeper p o r t i o n s  o f  t h e  bay 
o n l y  s u p p o r t e d  m o d e r a t e  g r o w t h s  o f  

Val 1 i sner i  a  and , b u t  near  t h e  
c l e a r  water by t h e  shore, p l a n t s  were more 
abundant. 

From these e a r l y  desc r i p t i ve  accounts 
o f  t h e  p l a n t s ,  Lowden (1969) and Stuckey 
El9751 have i n f e r r e d  t h e  o r i g i n a l  a q u a t i c  
v a s c u l a r  f l o r a  a t  t h e  m o u t h  o f  t h e  
Sandusky River. Before se t t l emen t  o f  t h e  
bas in ,  l a r g e  s t a n d s  o f  grasses--such as 
w i l d  r i c e ,  reed grass ,  b l u e j o i n t  grass, 
and c o r d  grass--and l a r g e  sedges--such as 
creeping sp ike- rush,  hard-stem bu l rush ,  
s o f t - s t e m  b u l  r u s h s  r i v e r  b u l r u s h ,  and 
three-square were dominant i n  s h a l  low wet 
areas. American water-lotus, wh i te  water 
l i l y s  ye l low water l i l y ,  swamp rosemallow* 
p i cke re l  weed, and arrowhead a l s o  grew i n  
1 arge colonies. W i  1  d  celery, 1  arge-leaved 
pondweed (potamoaeton amp1 i f 0 1  ius9, grass- 
l i k e  pondweed ( E .  gramineus) ,  R o b i n f s  
pondweed (e.  r o b  i n n s  5 1, f 1  a t -s temmed 
pondweed (e, z o s t e r i  formis) ,  s t i f f  water 
c r o w f o o t r  wa te rweed ,  f l e x e d  n a i a d ,  
Guadalupe naiad,  (Na-ias g u a d a l u ~ e n s b ) ,  
and water-mil f o i l  grew as submersed p lan ts  
i n  open c l e a r  waters. 

The waters  o f  Sandusky Bay a r e  now 
e x t r e m e 1  y  t u r b i d  due t o  m o d i f i c a t i o n s  
f o l l o w i n g  s e t t l e m e n t  o f  t h e  c a t c h m e n t  
b a s i n  ( S t u c k e y  1 9 7 5 ) .  T h e  s i l t e d  
cond i t ions  and h igh  t u r b i d i t y  l e v e l s  b r i n g  
about  a  s i t u a t S o n ,  as  p o i n t e d  o u t  b y  
L a n g f o i s  (19541,  Lowden (19691,  and 
Stuckey (1971).  where s u f f i c i e n t  l i g h t  
does n o t  reach t h e  submersed p lan ts  and, 
consequently, s e n s i t i v e  species t y p i c a l  o f  
open, c l e a r  w a t e r s  a r e  e l i m i n a t e d  o r  
d r a s t i c a l l  y  reduced i n  numbers. Examples 
of such ex t i r pa ted  p l a n t s  i n c l u d e  l a r g e -  
stemmed pondweed, f 1  at-stemmed pondweed, 
f l e x e d  n a i a d ,  wedge-shaped a r r o w h e a d  
( S a a i t t a r i a  c u n e a t a f ,  waterweed, w i l d  
celery,  s t i f f  water c row foo t ,  and humped 
b l a d d e r w o r t  ( Y t r i c u l a r i @  -1. Sur- 
v i v i n g  are only a  few submersed, t o l e r a n t  
species, such as coon ta i l ,  c u r l y  pondweed, 
m i n o r  n a i a d  ( N a i a s  m h r 1 9  and water-  
m i l f o i l .  

M a i n l y  b e c a u s e  o f  t h e  p h y s i c a l  
changes i n  t h e  marshes, t h e  grasses and 
sedges prev ious ly  ment ioned a r e  becoming 
q u i t e  rare, and even t h e  w i l d  r l c e  may now 
be e x t i r p a t e d .  The spec ies  w i t h  l a r g e  
showy f l o w e r s t  d o u b t l e s s ?  y  r e d u c e d  i n  
numbers f r o m  1 0 0  y e a r s  ago, u n d e r g o  



c o n s i d e r a b l e  f l u c t u a t i o n  i n  s i z e  o f  
i n d i v i d u a l  p o p u l a t i o n s  t o d a y  because o f  
t h e  changing water l e v e l  c o n d i t i a n s .  I n  
y e a r s  o f  l o w e r  w a t e r ,  w h e n  d i k e s  
a r t i f i c i a l l y  m a i n t a i n  m a r s h e s  a n d  
m u d f l a t s ,  swamp rosema l l ow  f l o u r i s h e s ,  
along w i t h  s e v e r a l  emersed s p e c i e s  t h a t  
o n c e  w e r e  r a r e  o r  i n f r e q u e n t ,  such as  
narrow-leaved c a t t a i l ,  reed-canary g rass ,  
barnyard grass ( k h i n o c h l o a  p u n ~ e s ) ,  o l d -  
w i t c h  g rass  (PanIcu@ c a ~ i l l a r e ) ,  and panic  
g r a s s  ( e .  $ j . ~ h g t o m i f l u ) .  On newly  
c r e a t e d  d i k e s ,  n o d d i n g  s m a r t w e e d  
( e o l y g ~ ~ y m  JawathUp1 iuml and Pennsylvania 
s m a r t w e e d  ( e .  -1 dom ina te  
( B a r t o l o t t a  1 9 7 8 ) .  I n  t h e  ma rshes ,  
Wal ter 's  m i l l e t  (Echinochloq ul$gcj), has 
been p l a n t e d  f o r  w i l d l i f e  food .  Several 
European i n v a d e r s ,  now becomi ng common, 
a r e  f l o w e r l n g  rush ,  p u r p l e  l o o s e s t r i  f e  
(bvthrum s a l  f c a r l d ) ,  b a r n y a r d  g r a s s  (L 

a 1  111, b i t t e r s w e e t  n i g h t s h a d e  
(&&&@$@ BMlcamara), g r e a t  h a i r y  w i l l o w -  
herb  ( E p i l o b i u m  -), and European 
water horehound (w e~rgg_egld~). I n  
some p l a c e s  p u r p l e  l o o s e s t r i f e  now 
dominates t o  t h e  e x c l u s i o n  o f  mos t  o t h e r  
species ( Stuckey 1980). 

The Sandusky R i v e r  and some o f  i t s  
t r i b u t a r i e s  a1  s o  c o n t a i n  many o f  t h e  
a q u a t i c  spec i es  t h a t  occur i n  t h e  remnant 
o r i g f n a l  w e t l  a n d s .  However ,  a q u a t i c  
spscfes t h a t  occur  i n  t h e  remnant o r f g t n a l  
wet 1  and s . However, submersed species a r e  
gcnora l  l y  absent because o f  t h e  t u r b i d i t y  
o f  t h e  w a t e r  a n d  t h e  s i l t e d  b o t t o m  
conditions. A few s o u t h e r n #  m u d f l a t  o r  
sha l  l o w - w a t e r  species, ubud l l y  n o t  found  
u l  sewlrc r e  i ri t i l e  bas in ,  add d i s t i n c t i o n  
t o  t h e  r i v e r  t l o r d .  A I I K ) I I ~  these, accord- 
i n 9  t u  Stuclcey (197t7), are water-hellp 

1, many- f ru i ted  
~ o l v c a r ~ g ) ,  t h r e e -  

a i l  (- re rnuus)  , 
b u r  cucumber (S.fc.Yos ~ g u l a t u ~ ) ,  w a t e r  
pimpernel p a r v l  f l a r u ~ ) ,  r i ve rbank  

l o o s e s t r f  f e  
ed ( H e l e n i u @  

2u tumna le )  * fog f r u i t  ( ehy l a  lanceo la tq ) ,  
and p r f c k l y  c u c u m b e r  ( F c h i n o u s t i ~  
-1. Most  o f  t h e s e  speefes occur i n  
t h e  l o w e r  p o r t i o n  o f  t h e  r l v e r  between 
T i f f i n  and Fremont ,  p a r t i c u l a r l y  i n  t h e  
s h a l l  ow water areas where do l am i t e  bedrock 
i s  exposed. T h i s  r e a c h  o f  t h e  r j v e r  i s  

immed f a t e 1  y  above t h e  p o r t  i on  e f f e c t e d  by 
t h e  f l u c t u a t i o n  i n  t h e  water l e v e l  o f  Lake 
E r i e .  

Woodtick Peninsula 

L o c a t e d  i n  s o u t h e a s t e r n  M o n r o e  
County,  Michigan, a long  t h e  western coas t  
o f  Lake E r i e ,  t h e  W o o d t i c k  P e n i n s u l a  
w e t l a n d s  complex  c o n s i s t s  o f  a  b a r r i e r  
i s l a n d  (Woodtick Peninsula) ,  a backba r r i e r  
embayment  ( N o r t h  Maumee Bay  1, and  a 
c o a s t a l  marsh s i t u a t e d  a t  t h e  marg in  o f  
t h e  l a k e  p l a i n .  The wet land i s  bounded by 
Lake E r i e  on t h e  eas t ,  Maumee Bay on t h e  
sou th ,  Highway 1-75 on t h e  west, and t h e  
W h i t i n g  Power P l a n t  on t h e  n o r t h .  The 
E r i e  S h o o t i n g  and F i s h i n g  Club, a  p r i v a t e  
c l u b  founded i n  1857r encompasses 400 ha 
o f  d i k e d  marsh? and. A l t h o u g h  Bay Creek 
and a few o t h e r  s m a l l  t r i b u t a r i e s  and  
a r t i f i c i a l  cana ls  i n p u t  i n t o  No r t h  Maumee 
Bay, t h e  h y d r o l a g y  o f  t h i s  b a c k b a r r f e r  
we t l  and complex i s  c o n t r o l  l e d  by long- term 
l a k e  l e v e l  fluctuations as w e l l  as  by  
shor t - te rm wind-generated c i  r c u l  a t  i o n  and 
se i ches .  The common wet land p l a n t s  found 
by Jaworski  e t  a l .  (1981) f o l l ow :  

B a r r i e r  beach (Woodtick PeninsulqZ. 
cottonwood ( P o w u l u  d e l t o i d e g )  
w i l d  grape ( V i t 1 s  spp.) 
c rack  w i l l o w  (Sal ix  f r ag i 1  i s )  
jewelweed (Jmpatien2 caaensis)  
box-elder (& -1 
smartweed (m spp. 

Rackshore o f  b a r r l e r  beach (overwashl  
burdock ( A r c t l u m  minus) 
sweet c l o v e r  ( f l e l i l o t u  spp.) 
reed-canary g rass  (Phalaris 
arundinaceae) 

w i l l o w s  (U spp.) 
b l u e j o i n t  grass (Calamagro5t is  

Emeraent marsh (1 andward s i d e 1  
arrowhead ( S j i a f t t a r i a  l a t i f o l  i a )  
soft-stem b u l r u s h  ( S ~ I r w u s  v a ' i i d u s ~  
three-square (5-  pungeas) 
h y b r i d  s a t t a l l  (Tv~hia x alauca) 
narrow-leaved c a t t a i  1  (1. 

a n a u s t l f o l  i g )  



a e r c e n t  marsh L E r i e  F.lar$hI 
soft-stem b u l r u s h  (Sc5rpus va7 idus )  
at-rziwheac: ( S d c i t t ~ m  I a t i f o l i _ ~ ? )  
s p i ~ e - r u s h  (Leg? ;har i s  sp. f 
p u r p l e  l o o s c s t r i  f e  ( L v x h r ~ !  

3 1  i c a r i a )  
?arrow-leaved c a t t a i l  

g i ~ u s t i f 0 7  5a) 
smartweed (-m spp.) 
h y b r i d  c a t t a i l  ( " f v ~ h q  x . g l a u c ~ l  
jewel weed (Lmpat.iens ~ a o e n s i s 3  
reed-canary s rass  (Phal a r i s  

arundinacea) 

Lmcr.gent marsh (Bay Creek Marsh1 
narrow-leaved c a t t a i l  (Iya_Dg 

qnous t i  f a l h )  
cottonwood (po~c!llk5 $ % I t a i d e s )  
h y b r i d  c a t t a i l  (Typhp x  &a) 
wi l l ows  ( S a 1 i y  spp.) 
p u r p l e  l o o s e s t r i f e  ( U h r u r n  

1;a1 i c a r t a )  
jewclweed (Jjnoatiens a ~ e n ~ l s )  
arrowhead ( S a a i t t a r i g  lUfi2lh) 

OSa_S&l d  ( abandoned f armlanQT 
rwd-canary  grass (phal  a r i s  

1 
wool y sedge (Care& m g f n o s a )  
jewel weed (&$ua ~ a ~ e n z l l i )  
fox sedge (6. g w o i d e a )  
a k l - f r u i t e d  sedge (G.  s$J&~~P). 

Thesf p l a n t s  were i d e n t i f i e d  I n  June 1978 
along t h e  t r ansec t s  shown I n  F igures  5 and 
6, D u r i n g  t h e  survey t h e  Lake E r i e  water 
l e v e l  averaged 174.42 rn, wh i ch  i s  0.40 m 
above  t h e  l o n g - t e r m  a v e r a g e  f o r  t h a t  
month. The t r a n s e c t  c o n s S s t s  o f  t w o  
cerjments w i t h  an unsurveyed s e c t i o n  i n  t h e  
c a n t e r .  The c e n t r a l  s e c t i o n  was n o t  
s u r v e y e d  b e c a u s e  3 t  c o n t a i n s  d i k e d  
we t l ands  managed by t h e  p r i v a t e  c l ubs  and 
t h e  w a t e r  f n t a k e  c a n a l  f o r  t h e  p o w e r  
p l an t ,  

T h i s  w e t l a n d  c o m p l e x ,  l o c a t e d  i n  
Ottawa C o u n t y t  G h i o ,  i s  b a s i c a l l y  an 
e s t u a r y  o f  t h e  T o u s s a i n t  R i ve r  and Rusha 
Creek. However ,  many o f  t h e  s h a l l o w  
l a g o o n s  l a n d w a r d  o f  t h e  b a r r i e r  beach 
r idges, which f l a n k  t h e  r i v e r  mouth, have 
b e e n  d i k e d  a n d  m o d i f f e d  b y  human  
a c t i v i t i e s .  B e c a u s e  o f  t h e  f l a t ,  
r e l a t i v e l y  f e r t i l e  L a k e  P l a i n  s o i l s  
(Fu l t on  and Lucas s o i l s ) ,  a g r i c u l t u r e  has 

encroacped  upon t h e s e  c o a s t a l  wet lands. 
As a  r e s u l t  o f  a g r i c u l t u r a l  enc roachment  
t u r b i c i t y  l e v e l s  a r e  h i ~ h ,  e s p e c i a l l y  i r  
t h e  l o w e r  T o u s s a i n t  C i v e r .  T h i s  
t p a c h b a r r i e r  m a r s h  e x t e n d s  f r o n ~  t h e  
Toussaint  R l ve r  s o u t h e a b t  t o  Camp P e r r y ,  
O h i c ,  A g r i c u l t u r a l  f i e l d s  and Chic  Rou t i  
2 f o r m  t h e  l a n d w a r d  b o u n d a r y .  L o c a l  
r e s i d e n t s  r e f e r  t o  t h e  Grecn Pay and t he  
H u n t i n g t o n  P a r s b  i n  t h e  n o r t h e r r  anc 
s o u t h e r n  p o r t  i ons ,  r e s p e c t i v e l y  . Tous- 
s a i n t  k'arsh i s  a  p r i v a t e  s h o o t i n g  c l u b  
marsh wh i ch  has been d ikec  s i nce  t h e  l a t e  
1800s. Pecause pumping and w a t e r  l e v e l  
management have been p r a c t i c e d  s i nce  a t  
l e a s t  t h e  19405, t h e  w e t l a n d  c a n n o t  be 
r ega rded  as a  n a t u r a l  system. The p l a n t s  
i n  t h e  f o l l o w i n g  l i s t  were o b t a i n e d  by 
J a w o r s k i  e t  a l .  ( 1 9 8 1 )  a l o n g  a t r a n s e c t  
through t h e  Green Bay and t h e  h u n t  i n s t u n  
Marsh (F i au re  50) i n  June 1978: 

w ~ l l o w s  ( s a l i x  spp.) 
g ray  dogwood ( C o r a ,  racem?) 
w i l d  grapes ( Y L i L ?  spp. 
V l  r g i n i a  crt jeper ( m t h e n o c i  ssus sp. ) 

jewelweed (JI~Q~$&ss =ensis)  
hedge bindweed (Convol vul  us 

sa-) 

Backba r r i e r  f l a t s  and marshes 
w i l l o w s  ( S a l i x  spp.) 
t h i s t l e  spp.1 
reed-canary gras:, ( P h a l a r i s  

q r u n d i n a c a )  
sedges (C;lr!& spp. 
jewelweed ( h a t i e n s  ~ C i ~ e n 5 i 5 )  
sweet f l a g  (Acorus c a l  amus) 
p i c k e r e l  weed (Pon teder ia  

~S;ardata) 
water smartweed 

amohi bium) 

Erne ra a& mar hUu-BdU&Lm&a 
h y b r i d  c a t t a i l  (Iy&ha x $k&!.GXa) 
narrow-leaved c a t t a i l  (1. 

a  i f 0 1  i a )  
bl;%:t gras5 iCalamaarost is  

m a d e n s t  S J  
marsh f e r n  (Jhel v ~ t e r i s  g A L ! , i e 5 )  
swamp 1 ooses t r  i de (-don 

y e r t i c S l l a t ~ s )  
swamp rosemallow (H ib iscus  p a l u s t r i g )  
swamp dock ( m x  EEL&X&&) 



Figure 5Q. Coastal landforms a t  Toussaint Marsh complex. Toussaint 
Marsh lies to the south and Navarre Marsh lies t o  the north of the 
river (Jaworski e t  al. 1981). 

sago pondweed ( 

oectfnatus) 
curly pondweed (& G~ISDU) 
floating pondweed (P. -1 



burdock ~ A r c t i m  rnfnus) 
t h i s t l e s  I@i rs Ium spp.) 
reed-canary grass (Phz l  ar3 s 

arundinacea) 

Swam0 marqin (Toussaint  Marsh1 
cottonwood (&gululi $_el%~ldes) 
green ash (Fraxinus g e n n s v l v a j ~ )  
red-osier dogwood (Cornus 

s t o l o n i  f e r a l  
gray dogwood (GI. racemosa) 
e lderber ry  (Sambucus canadensis) 
reed-canary grass (Pha la r i s  

arundinareal 
panic grasses (Panicurn spp. ) 
swamp dock ( Rumex v e r t i c i l l a t u s )  
water smartweed (Pol~aonum am~hibium) 
jewelweed ( I m p p Z ~ s  ~ a ~ e n s i s )  
r i v e r  bul rush ( S c i r ~ u ~  f l u v i a t i l i s ) .  

R e l a t i v e 1  y high l ake  l e v e l s  resu l ted  i n  a 
predom.inance o f  s p e c i e s  t o l e r a n t  t o  
Inundation. Because t h i s  wetland, l i k e  so 
many o t h e r  e x t a n t  wet1 ands a l o n g  Lake 
E r ie ,  i s  d i k e d  and managed, l a k e  l e v e l  
f l u c t u a t i o n s  do n o t  d i r e c t 1  y i n f l u e n c e  
succession. 

Middle Harbor Marsh - 

Middle Harbor i s  l o c a t e d  on Catawba 
I s l a n d  p e n i n s u l a  a n d  c o n t a i n s  a n  
except iona l ly  r i c h  lagoonal marsh behind a 
na tura l  b a r r i e r  beach ( F i g u r e  12) .  T h i s  
marsh i s  w i t h i n  Eas t  Harbor  S t a t e  Park. 
The r e l a t i v e l y  undisturbed i n t e r i o r  shores 
o f  Middle Harbor  p r o v i d e  s i t e s  f o r  many 
emergent and submersed species. I n  l o b  
water years such as 1964 and 1966, Moore 
(1973)  found mud f l a t s  are prominent and 
provide s i t e s  f o r  t h e  f o l l o w i n g  a q u a t i c  
p lants:  

Lowwg~~-_mU-fI& 
water p l a n t a i n  (A1 isma p l  antaqo- 

aauat i ca )  
swamp beggar t i c k s  (Pidens connata) 
low cyperus ( G v ~ e r u s  d iandrus)  
rus t y  cyperus (C. ferruainescens) 
r iverbank cyperus (c. r i v u l  a r i s )  
Wal t e r f  s m i l l e t  (Echinochloa wal t e r i  
yerbe-de-tag0 (Ecl  i ~ t a  a1 b a )  
nodding smartweed (Polvaonum 

l a ~ a t h j f o l  ium) 
p i cke re l  weed (Pontederia cordata)  
crowfoot (Ranunculus spp.) 
arrowhead ( & i t t a r l a  l a t i f o l  i a )  
bur  reed (S~araan ium e u r v c ~ )  

swamp milkweed (Asclepias incarnata)  
beggar t t c k s  (Bidens frondosa) 
swamp rosemallow (Hib iscus p a l u s t r i q )  
rushes (Juncus spp.) 
rushes (Juncus spp. 1 
reed-canary grass (Pha lar is  

arundinacea) 
cottonwood ( P o ~ u l  us g e l  t o i  des 1 
b i t t e rswee t  nightshade f Sol anum 

dul  camara) 
narrow-1 eaved c a t t a i l  (Tvpha 

anaus t i f o l  i a )  . 

During t h e  high-water years, such as 1972- 
749 t h e  mud f l a t s  are inundated. The most 
s i g n i f i c a n t  r e s u l t  I s  d i m i n i s h e d  T v ~ h a -  
Sgaraanium stands. The shallow water over 
t h e  former mud f l a t s  p r o v i d e s  f a v o r a b l e  
s i t e s  f o r  t he  f o l l o w i n g  aquat ic  p lan ts :  

Shallow water over mud f l a t s  
nodding beggar t i c k s  (pidens cernua) 
small duckweed (Lemna minor) 
minor naiad (_N_a,ias minor) 
barnyard grass (Echinochloa 

c r u s a a l l  i 
water-mil f o i l  (Mvriophvlf  um 

exa l  bescens 
reed-canary grass (Phal a r i s  

arundinacea) 
water smartweed (Polygonurn 

arundinaceal 
nodd i ng smartweed (P. 

1 a ~ a t h i f 0 1  ium) 
nad-dog sku l lcap ( S c u t e l l a r i a  

l a t e r i f l o r a )  
water-parsnip f U m  suave) 
watermeal (Wol f f  i a  c o l  umb iana) . 

Along t h e  s h o r e l i n e  dense stands o f  red- 
o s i e r  dogwood (Cornus s t o l o n i  f e ra l  occur. 

The p r i m a r y  hyd rophy tes  w i t h i n  t h e  
open, g e n e r a l  1 y t u r b i d ,  water  areas o f  
M i d d l e  Harbor  a r e  wa te r -m i l  f o i l  c u r l y  
pondweed, and sago pondweed w i t h  l o c a l l y  
dense ' p o p u l a t i o n s  o f  American b u l  rush r  
hard-stem b u l  rush, American water- lotusr 
s p a t t e r d o c k ,  a n d  swamp s m a r t w e e d  
( P o l  vaonum ~ o c c l n e u m )  . The hard-stem 
bulrush grows i n  wa te r  as deep as 1.5 m 
a n d  e x t e n d s  1 m above  t h e  w a t e r ' s  
surface. The higher water seems t o  f a v o r  
v e g e t a t i v e  m u l t i p l  i c a t i o n  o f  t h e  AmerScan 
w a t e r - l o t u s  and t o  a l e s s e r  e x t e n t *  
s p a t t e r d o c k  a n d  w h i t e  w a t e r  I f l y r  



e s p e c f a l l y  over  t h e  s h a l l o w e r  areas o f  
previous1 y  exposed mud f l ats (Moore 1973 1. 
Middle Harbor i s  l ess  than 2 m deep. 

QJ d Woman Creek F s t u q ~ y  

O l o  Woman Creek, a  drowned st ream 
mouth on t h e  sou th  shore  o f  Lake E r ie ,  
n e a r  Huron  I n  E r i e  County ,  Oh io ,  i s  
considered a  freshwater estuary as defined 
by B r a n t  and Herdendor f  ( 1 9 7 2 ) .  T h i s  
e s t u a r y  has been deslgnated as a  nat ional  
estuar ine research reserve by t h e  National 
Oceanic and A t m o s p ~ e r i c  Adrn in ls t ra t fon .  
The a q u a t i c  p l a n t s  o f  t h i s  a rea were 
studied by Marshal l  and Stuckey (1974) and 
Marshall (1977). 

w i t h i n  the  estuary, four  a q u a t i c  and 
wet1 and hab i  t a t  t ypes  were I d e n t i  f fed. 
These i n c l u d e  open w a t e r ,  s h o r e 1  i n e ,  
remnant embayment marshes, and mudf 1  ats. 
Owing t o  hfgh water l e v e l s  i n  Lake E r i e ,  
t h e  o p e n  w a t e r  h a b i t a t  ( F i g u r e  51 )  
p r e s e n t l y  i n c l u d e s  t h e  s t r e a m  and 3 t s  

e n t i r e  f j o o d p l  a i n .  A q u a t  l c  v a s c u l a r  
p lan ts  I n  t h i s  hab t ta t  are Amerrcan water- 
l o t u s ,  y e l l o w  water  l i l y ,  w h i t e  w a t e r  
l i l y ,  a r r o w  a r u m r  c o o n t a i l s  k n o t t y  
pondweed ( 1, sago 
pondweed, s m a l l  duckweed, and l a r g e  
duckweed (Spi  rodel 4 go1 vrh iza)  . 

S h o r e l i n e  h a b i t a t  e x i s t s  a t  t h e  
i n t e r f a c e  o f  t h e  open water and t h e  steep 
banks o f  t h e  e s t u a r y  v a l l e y ,  as w e l l  as 
the  perlmeter o f  t he  b a r r i e r  beach (F igure  
52) .  Dornlnant spec ies  o f  t h i s  h a b i t a t  
t y p e  i n c l u d e  b u t t o n  bush, rough-1 eaved 
dogwood ( C o r n u s  d rummond i ) ,  n o r t h e r n  
b l u e f l a g  (m ~ i c o l o r ) ,  moneywor t  
( m a c h i  a m u l a r i a ) ,  arrowhead, r i v e r  
bulrush, g f a n t  bur  reed, and broad- leaved 
c a t t a i l .  While none o f  these specles are 
p a r t i c u l a r l y  a b u n d a n t  t h r o u g h o u t  t h e  
e s t u a r y ,  t h e y  a r e  t h e  most f r e q u e n t l y  
occurr ing forms. P l a n t s  o c c u r r i n g  a long  
t h e  p e r i m e t e r  o f  t h e  b a r r i e r  beach  
general ly  do not  appear u n t i l  l a t e  August, 
w i th  flowering cont inu ing  through October. 

Figure 51. Float ing  beds of h e r i c a n  water- lotus (Nelumbo lu tea )  i n  open 
water h a b i t a t  a t  Old Woman Creek Estuary (Marshal 1 1977). - 
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Figure 52. Mouth o f  Old Woman Creek completely barred across by a b a r r i e r  beach ( J u l y  
1949). 

The most abundant t a x a  o f  t h e  b a r r i e r  
beach s h o r e l i n e  a r e  members o f  t h e  genus 
!auxls. 

H igh  wa te r  l e v e l s  have e l  i m i n a t e d  
mast o f  t h e  a v a i l a b l e  marsh hab i ta t ,  but  
spec ies  c h a r a c t e r i s t i c  o f  t h i s  h a b i t a t  
h a v e  s u r v i v e d  a s  r e m n a n t  embayment 
marshes. Figures 53 and 54 i l l u s t r a t e  t h e  
e f f e c t s  o f  low and h igh  water c o n d i t i o n s ,  
r e s p e c t i v e l y ,  on t h e  v e g e t a t i o n  i n  t h e  
estuary. These areas are charac ter ized by 
moist  t o  very wet s o i l  c o n d i t i o n s .  They 
are subject  t o  encroachment and r e t r e a t  o f  
w a t e r  due t o  r e p e a t e d  f l u c t u a t i o n s  i n  
water l e v e l  of t he  e s t u a r y .  D i f f e r e n c e s  
f n  the  physical  components o f  each remnant 
embayment marsh a r e  r e f l e c t e d  I n  t h e i r  
f l o r a l  composition ( M a r s h a l l  and Stuckey 
1974). Abundant spec ies  o f  t h l s  h a b i t a t  
inc lude r i c e  cutgrass (Leers ia o r v z o i d a ) ,  
swamp dock# 1 !zardts t a i l  r i v e r  b u l  r u s h r  
bur reed, and broad-leaved c a t t a i l  (Ffgure 
55). 

The m u d f l a t  h a b i t a t  i s  a r e s u l t  o f  
f l u c t u a t i n g  w a t e r  l e v e l s  w i t h i n  t h e  
es tua ry .  Two m a j o r  mudf la ts  are present 
i n  t h e  estuary, The f i r s t  m u d f l a t  e x i s t s  
along t h e  west s i de  o f  t h e  main channel o f  
t h e  stream, near  S t a r  Is land.  T h i s  area 
i s  marked I n  midsummer by swamp rosemallow 
(J i ib fw Q-1 and water smartweed. 
The second mudfl a t  i s  a1 so located west o f  
t h e  channel, bu t  f a r t h e r  upstream. T h i s  
s i t e  i s  c h a r a c t e r i z e d  by a near  l e v e l  
b o t t o m  whfch i s  f r e q u e n t 1  y i n u n d a t e d .  
S p e c i e s  on  t h f  s m u d f l a t  i n c l u d e  swamp 
rosemallowr water smartweed# and bu r  reed, 

M a r s h a l l  and Stuckey 119741 f o u n d  
t h a t  h a b i t a t  d j v e r s i t y  i s  f u r t h e r  enhanced 
by t h e  e f f e c t s  o f  Lake Erfe. From t ime  t o  
t i m e  t h e  f l o o d p l a i n  o f  t h e  s t ream f s  
fnundated by the  r i s e  i n  t h e  l e v e l  o f  t h e  
lake. Th is  has t h e  e f f e c t  o f  reducfng t h e  
a v a j l a b l e  h a b i t a t  f o r  emessed a q u a t f c  
p l a n t s r  w h i l e  dnc reas ing  t h e  a v a i l a b l e  
h a b i t a t  f o r  submersed or f loat fng- leaved 



Figure 53. Aer i a l  photograph o f  Old Woman Creek Estuary  d u r i n g  low water 
cond i t ions  (11 May 1949; water l e v e l  = 174.0 m above IGLD). Note t h e  
e l l i p t i c a l  lagoon lakeward of t h e  highway which i s  be ing p ro tec ted  by t h e  
b a r r i e r  beach. Compare t h i s  v iew w i t h  F i gu re  54. 
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Figure 54. Aer i a l  photograph o f  *oman Creek Estuary d u r i n g  h i gh  
water c o n d i t i o n s  ( 4  June 1973; w a t e r  level = 174-8 m above IGLD). Note 
b a r r i e r  beach has been breached, exposing t h e  f agoon  t o  wave a t tack ,  
Compare t h i s  v i e w  w i t h  F i gu re  53, 



Figure 55. Aquatic macrophytes i n  cove a t  Old Woman Creek Estuary; l i z a r d ' s  
t a i  1 (Saururus cernuus) and swamp dock (Rumex v e r t i c i l  1 atus)  i n  foreground, 
and oak-hickory -in background ( ~ a r s h r l . 9 7 7 ) .  

a q u a t t c  p l a n t s .  W l th  a r i s e  i n  w a t e r  
l e v e l  t h e  emersed vegeta t lon  survives i n  
remnant embayment marshes o r  l i e s  dormant 
i n  t h e  f l o o d e d  marsh  s o f l .  Marsha l l  
11977) speculated t h a t  upon a reductfon i n  
water  l e v e l  many p l a n t  s p e c f e s  o f  t h e  
e m b a y m e n t  m a r s h e s  w o u l d  become r e -  
establ  lshed over t h e  f l o o d p l a i n  and a l s o  
br l  ng about  t h e  e s t a b l  lshment o f  specfes 
new t o  the  area, A correlation appears t o  
e x l s t  between spec ies  diversity and t h e  
amount o f  s u n l i g h t  received over an area. 
This i s  re f l ec ted  i n  t h e  hfgh d i v e r s i t y  o f  
spec les  i n  t h e  open marsh and t h e  l ow  
spec ies  d i v e r s i t y  o f  t h e  h e a v f l y  wooded 
areas. The re fo re ,  w i t h  t h e  exposure o f  
the marsh so41 o f  t he  f l oodp la in  one would 
e x p e c t  a h i g h 1  y d i v e r s e  s p e c l e s  
composit icn i n  t h e  open f l o o d p l a i n  marsh 
due t o  t he  f u l l  sun l i gh t  received. 

The b a r r i e r  beach i s  a l so  inf luenced 
by Lake E r i e .  Because o f  d f s t u r b e d  
c o n d i t i o n s  and a c l o s e  p r o x i m i t y  l o  t h e  

lake, t h e  beach should be t h e  most 1 i k e l y  
s i t e  f o r  t h e  occu r rence  o f  p l a n t  specles 
whfch have propagules t h a t  are c a r r l e d  b y  
the  water o f  t he  lake. Thfs i s  apparent ly  
t r u e  i n  t h e  case o f  Pennsylvania smartweed 
( p o l -  o-n! v a r .  
D), which i s  considered e n d m i c  
t o  t h e  E r i e  Is lands i n  western Lake E r i e .  
T h i s  spec ies  i s  present1 y consldered r a r e  
and endangered. It i s  a l s o  unusua l  t o  
f i n d  a stand o f  arrow arum as l a r g e  as t h e  
colony I n  Old Woman Creek t h i s  f a r  west f  n 
L a k e  E r i e .  T h e  c u r r e n t  h f g h  w a t e r  
condf t ions  have a p p a r e n t l y  n o t  a f f e c t e d  
3 t s  abundance, and may even have enhanced 
it. Lizard 's  t a i l  a l s o  occu rs  as a v e r y  
dense colony,  wh ich  i s  restricted t o  a 
s ing le  embayment. T h i s  i s  a s p e c i e s  o f  
sou the rn  g e o g r a p h i c a l  a f f i n i t y  comnonly 
found a l o n g  r i v e r  banks. The Amer lcan 
w a t e r - l o t u s ,  a 1  so  a s o u t h e r n  s p e c l e s r  
m i g r a t e d  I n t o  t h e  a r e a  f o l l o w i n g  
g l a c i a t i o n .  With t h e  advent o f  low water 
c o n d f t i o n s ,  t h e  l o t u s  w i l l  h a v e  more  



f a v o r a b l e  c o n d i t i o n s  f o r  g row th  and the  
co lony  w S 1 9  become much l a r g e r *  making 
t h i s  species one o f  t h e  dominants o f  t h e  
deeper water areas o f  t h e  marsh. 

Wa l te r ' s  m i l l e t  was f i r s t  jntroduced 
t o  Ohio i n  t he  Lake E r i e  marshes as duck 
food i n  l oca t i ons  such as t h e  Winous Po in t  
Shoot ing  Club. Since i t s  i n t roduc t i on  It 
has become es tab l  Sshed i n  many marshes o f  
t h e  l a k e .  The l o c a t i o n  o f  W a l t e r i s  
m i l l e t ,  near  t h e  mouth o f  t h e  s t r e a m ,  
suggests a  movement o f  t h e  propagules v i a  
the  1  akeshore. The greater  e s t a b l  i s  hment 
o f  t h i s  spec ies  i n  O ld  Woman Creek would 
prove most valuable as a  food  sou rce  f o r  
nt igratfng waterfowl. 

A1 t h o u g h  many i n t e r e s t i n g  p l a n t  
species e x i s t  i n  t h e  estuary, t h e r e  i s  an 
apparent  l a c k  o f  submersed plants.  Saqo 
pondweed i s  t h e  o n l y  submersed s p e c i e s  
t h r i v i n g  i n  t h e  wa te r  o f  t h e  e s t u a r y .  
This species '  t o l e r a n c e  o f  t u r b i d  water  
c o n d i t i o n s  suppor t s  t h e  c o n c l u s i o n  t h a t  
t h e  apparent  l a c k  o f  submersed a q u a t i c  
p l a n t s  i s  due t o  the  t u r b i d  waters o f  t h e  
in f lowing stream. 

3.3 l NVERTEBRATES 

Other than t h e  p lank ton ic  protozoans, 
r o t i f e r s ,  and microcrus taceans d i scussed  
e a r l  i e r ,  most o f  the inver tebra tes  i n  t h e  
coasta l  marshes are b e n t h i c  o r  e p i p h y t i c  
f o r m s  f o r  a t  l e a s t  p a r t  o f  t h e i r  l i f e  
c y c l e .  The s e s s i l e  commun i t y  o f  t h e  
n e a r  s h o r e  1  ake  bo t tom and t h e  c o a s t a l  
marshes i s  an accumulation o f  d i v e r s e  and 
a t  t i m e s  a b u n d a n t  o r g a n j s m s .  These 
organisms occur  on and i n  a  v a r i e t y  o f  
substrates, inc lud ing  s o f t  mud, hard clay, 
sand, g rave l ,  rock,  o r g a n i c  debr is ,  and 
aquatic plants. Burrowing forms such as 
t h e  01 igochaete worms and c e r t a i n  mayf 1  y  
nymphs a r e  m o s t  common i n  s o f t  mud 
bottoms, whereas dragonf  l i e s  and c e r t a i n  
s n a i l s  a re  most o f t e n  found i n  s h a l l o w  
water w i th  emergent v e g e t a t i o n ,  and some 
c a d d i s f l i e s  and water  penny b e e t l e s  are 
most abundant  o n  r o c k y  b o t t o m s .  The 
species and abundance o f  t he  organisms are  
a f f e c t e d  by n o t  o n l y  s u b s t r a t e ,  b u t  
a l s o  w a t e r  q u a 1  i t y r  p a r t i c u l a r l y  
t e m p e r a t u r e ,  d  i s s o l v e d  oxygen, and t h e  
presence of t o x i c  substances. S i n c e  t h l s  
g r o u p  i s  l e s s  m o b i l e  t h a n  e i t h e r  t h e  

plankton o r  nekton, they are  most a f fec ted  
by l o c a l  environmental changes. 

Shelford and Roesel (19421, Car r  and 
H f l t u n e n  (19651, and B r i t t  e t  a1 .  (1973) 
studied t h e  nearshore and open l ake  bottom 
fauna o f  western  Lake E r i e ,  b u t  none o f  
t h e s e  i n v e s t i g a t i o n s  concentrated on the  
b e n t h i c  fauna o f  t h e  c o a s t a l  wet lands.  
F f g u r e  5 6  i l l u s t r a t e s  t h e  b e n t h i c  
communi t ies  i n  t h e  L a k e  E r i e  I s l a n d s  
region. It i s  j n te res t i ng  t o  note t h a t  on 
t h i s  map d e p i c t i n g  1937 populat ions, t h e  
ma jo r i t y  o f  t h e  bo t tom was i n h a b i t e d  by 
t h e  m a y f l y  H e x a a e n i ~  I fmba ta .  However, 
E r i t t  e t  a l .  ( 1 9 7 3 )  i n d i c a t e s  t h a t  
m a y f l  i e s  had been v i r t u a l  1  y  e x t i r p a t e d  
from t h e  benth ic  fauna by t h e  l a t e  1960s. 
C a r r  and H f l t u n e n  (1965) found a  s i m i l a r  
s i t u a t i o n  a l o n g  t h e  M i c h i g a n  s h o r e  o f  
western  Lake E r i e .  By 1961, t h e  benthic 
populat ions were dominated by ol igochaetes 
( s l u d g e  wornls) and c h i  r o n o m i d s  ( m i d g e  
l a r v a e ) ,  r e p l a c i n g  a  f o r m e r  m a y f l y -  
cadd i s f  1  y  community . 

Hunt (1962) i nves t i ga ted  t h e  a q u a t i c  
inver tebra tes  i n  t he  v i c i n i t y  o f  t h e  lower 
D e t r o i t  R i v e r  w e t l a n d s  i n  1955 t o  
de te rm ine  t h e  q u a l i t y  and  q u a n t i t y  o f  
benth ic inver tebra tes  which could serve as 
f o o d  f o r  w a t e r f o w l .  The  benthos  was 
dominated by  a g g r e g a t i o n s  o f  s n a i  1  s r  
f i n g e r n a i l  c l ams ,  and t u b i f i c i d  worms 
(Figure 57), w i t h  s n a i l  aggregations being 
t h e  most frequent. Of t h e  36 inver tebra te  
t a x a  f o u n d  b y  H u n t  ( T a b l e  151 ,  h e  
c a t e g o r i z e d  26 as t y p i c a l  o f  s l u g g i s h  
w a t e r  and m o s t  t o  b e  i n t o l e r a n t  t o  
p o l l u t i o n .  He conc luded t h e  area was a  
s l i g h t l y  p o l l u t e d ,  sl u g g i s h - w a t e r ,  
d e p o s i t i o n a l  t y p e  environment. Based on 
t h e  work  o f  G e r s b a c h e r  (19371,  H u n t  
f u r t h e r  c o n c l u d e d  t h a t  t h e  a r e a  had 
a t ta ined  t h e  b e n t h i c  c l i m a x  f o r  a  l a r g e  
r j v e r .  Gersbacher's c r i t e r i o n  f o r  benth ic  
c l imax i s  predicated on t h e  existence o f  a  

(mayf ly)-Mgscul ium ( f i n g e r n a i l  
c l a m ) - V l v i ~ a r u  (prosob r a n c h  s n a i  1 )  com- 
muni ty .  Such a community i s  p resent  i n  
t h e  lower D e t r o f t  River, b u t  Yexaaenia i s  
no t  abundant. 

A more recent  study by the  U. S. F i s h  
and Wi ld1  f f e  S e r v i c e  (USFHS) y l e l  ded 
c o n s i d e r a b l  y  d i f f e r e n t  r e s u l t s  (HSltunen 
and Manny 1982).  Hunt  ( 1 9 6 2 1  samp led  
t r a n s e c t s  which crossed wetland shoals i n  



Figure 56. Benthic invertebrate communities of the islands area of 
western Lake Erie, including caddi sf1 y-snail (Hydropsyche-Goniobasi sf, 
snail -mussel (Pleurocera-~ampsil is), mayfly-annel id (Hexagenia-Limnod- 
drilus) associations (She1 ford and Boesel 1942). 



~/ATUBIFICID WORM 

MOLLUSC DENSITY: 

Figure 57. D i s t r i b u t i o n  o f  a q u a t i c  
i n v e r t e b r a t e  communit ies i n  t h e  l o w e r  
De t ro i t  River (Hunt 1962). 

the  lower D e t r o f t  R i ve r  where wate r fow l  
were known t o  feed, whereas t h e  USFWS 
study was i n  t he  same general l oca t ion  bu t  
samples were taken near the  cen te r  o f  t h e  
channels on e i t he r  s ide of Grosse I l e .  I n  
the deeper-water study, 49 macrozoobenthic 
t a x a  were co l lec ted  and ol igochaete worms 
were t h e  most numerous (Tab1 e 16) .  A 
s t a t i o n  n o r t h  o f  Grosse  I l e  y i e l d e d  

115,760 01 fgoehaetes ld  4n Ju l y  1977. I n  
Q n t a r f o  waters o f  t h e  De t ro i t  Wfverr the  
macrozoobenthos fncluded pol  1 u l  i on- f n t o l -  
e r a n t  ephemeropterans ( i .e.9 ljg 1 
and the populations were more diverse than 
the  Michigan waters. The low d l v e r s l t y  of 
macrozoobenthos and the h igh proport ion of 
po l lu t ion - to le ran t  01 fgochaetes (93%) i n  
Mfchfgan waters o f  the r ? v e r  indfcate t h a t  
the deeper waters are severely impacted by 
po l lu t ion.  

Sandusky Bays pa r t i cu l a r l y  the upper 
(western) end and ins ide Cedar Point  sp i t s  
c o n t a i n s  some o f  t h e  f i n e s t  c o a s t a l  
marshes border ing western Lake Erfe. One 
o f  the most ex tens i ve  i n v e s t f g a t i o n s  o f  
ben th i c  nlacroinvertebrates i n  a Lake E r i e  
estuary and coastal marsh was conducted i n  
t h i s  bay by Herdendorf and Lindsay (1975) 
and Lindsay (1976). The nearshore open 
w a t e r s  o f  t h e  bay c o n t a i n  a b e n t h i c  
commun 1 t y  dominated by 01 lgochaete wornts 
and ch i ronomid (midge) 1 a rvae .  T h r e e  
s p e c i e s  o f  o l i y o c h a e t o s  ( F r a n c h i u r a  
sowerbvf. L lmnodr i  1~ h o f f m e i s t e r i r  and 
Pe losco lex  fsrox) and t h r e e  spec ies o f  
c h i  ronomids (Chlronomus w r  P r o -  
52lAuAs - and Cne'ltanvaus 
~ a o u l a r l ~ )  comprise 90% o f  t h e  b e n t h i c  
fauna. I n  a l l ,  a t  l eas t  50 benthfc t a x a  - 
are common, inc lud ing o t h e r  anne l ids  and 
d ip terans,  crustaceans, gastropodsr pele- 
cypodsr  l a r v a l  i n s e c t s ,  h y d r o z o a n s ~  
bryozoans, and sponges (Appendix GI. 

A l l  o f  t h e  o l igochae tes  i n  t h e  bay 
burrow i n  the  mud, some constructing t u b e  
cases. They a1  l feed by i n g e s t i n g  mud 
from which t hey  e x t r a c t  s o l u b l e  o rgan i c  
m a t e r i a l  and m ic roo rgan i sms .  T h e r e  
appears t o  be commensal feeding among t h e  
01 igochaetes. The feces o f  one spec ies  
s e r v e s  a s  t h e  f o o d  f o r  a n o t h e r .  
Br inkhurst  (1974) found t h a t  these  worms 
t e n d  t o  m i g r a t e  toward d i f f e r e n t  worm 
spec ies r a t h e r  than  t h e i r  own specfes. 
The two most abundant species 
hoffmef and l2rmAk3 
a one-year l i f e  cycle. The peak breeding 
a c t i v i t y  f o r  these species occurs a t  water 
temperatures around 1 5 ' ~  ( B r i n k h u r s t  and 
Jamieson 19721 ; however, Lindsay (19769 
found both a d u l t s  and j u v e n i l e s  t o  be  
present year around i n  Sandusky Bay. 

O f  t h e  t h r e e  spec ies o f  ch t ronmids  
common I n  t he  bays b e l l u s  and 



Table 15. Benthic macroinvertebrates of tge lower Detroit R i v e r  wetlands 
and their  r e l a t ive  tolerance to  pollution. 

Sl i gh t l  y 
Inve r t eb ra t e  Very to1 e r a n t  Tolerant  t o l e r a n t  I n to l  e r a n t  

Flatworm: 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X X 

X 

X 
Damsel f l y :  

Coonagrionidae x 
C r a n e t l y :  

Ttpul tdae x 
Snaf 1 : 

X 

X 

X 

X 

X 
X X 

X 

X X 

X 

X X 

X Y 

X 
F i 

X X 

X 

X 

%ata  source: H u n t  (1962). 



Table 16. BenthSc macroinvertebrate popul iat%on of the  lower De t ro i t  ~ i v e r . ~  

Major Annual filean 
taxa Composition Density ComposStion Density Composition Density 

( % I  (no/m2) (9%) (no/m2) (XI (no/m2) 

Nernatoda I. 5 23 0 
01 igochaeta 93.6 13 t 963 
Pol ychaeta 0.4 63 
Amphipoda 0.1 11 
Isopoda (0.1 1 
D i ptera 1.2 175 
Ephemeroptera 0.6 85 
Gastropoda 0.5 69 
Pel ecypoda 0.9 13 1 

X o f  Total 98.9 

a Data source: H i  1 tunen and Manny ( 1982). 

Goelotany- s c a ~ u l  a r i s  a re  carnivorous 
predators. The t h i r d  species, 
plum-, feeds p r i m a r i l y  on plankton, 
per iphyton,  and aqua t i c  p l a n t  t i s s u e .  
mi ron-  constructs a d e f i n i t e  burrow i n  
s o f t  sed iments ,  w h i l e  t h e  o t h e r  two  
species do not .  The p reda to rs  feed on 
o the r  c h i  ronomids and frequent ly inhab i t  
the burrows o f  t h e i r  prey (Lindsay 1976). 

Other than s tud ies  i n  t h e  Lake E r i e  
i s 1  ands region, lower  De t ro i t  River, and 
Sandusky Bay, i n v e s t i g a t i o n s  o f  i n v e r t e -  
b ra tes  in the coas ta l  marshes o f  western 
Lake Er ie  are scarce. Lehman (1973) and 
Adams ( 1 9 7 6 )  do  p r o v i d e  l i s t s  o f  
i n v e r t e b r a t e  spec ies f ound  i n  N a v a r r e  
Marsh, a d iked  coas ta l  wetland on Locust 
Poin t ,  midway between T o l e d o  and P o r t  
C l in ton ,  Ohio (Tab le  17). When Table 17 
I s  compa red  w i t h  A p p e n d i x  G t h e  
d i f f e rences  i n  t h e  inver tebrate  fauna o f  
an open, c o a s t a l  w e t l a n d  v e r s u s  a 
protected, diked marsh are obvious. Open 
water habi tats appear t o  be dominated by 
o l igochaetes and d l p t e r i a n  larva,  whi le 
protected marshes abound i n  o the r  i n s e c t  
orders. 

The importance o f  aquatic vegetation 
as a habi ta t  f o r  aquatic inver tebra tes  f s  
o f t e n  o v e r l o o k e d  i n  wet lands i n v e s t i -  
gat ions.  K r e c k e r  (19391, w o r k i n g  i n  
western Lake E r i e  wetlands, noted t h a t  

submerged, leafy  types o f  vege ta t i on  a re  
more d e n s e l y  p o p u l a t e d  t h a n  a r e  t h e  
emergent, hard surfaced, non-leafy types. 
He examined seven spec ies o f  submersed 
p l a n t s  ( F i g u r e  5 8 )  f o r  b o t h  t h e  
composi t ion and q u a n t i t y  o f  t h e  animal 
population. Rep resen ta t  f ves o f  29 taxa 
were found among these p lants  (Table 181, 
ranging from a maximum o f  26 on aodea  and 
4 on Y a l l  isner ia.  An e n t i  r e l y  d i f f e r e n t  
p i c t u r e  i s  presented when the p lants  are 
compared on t h e  b a s i s  o f  i n d i v i d u a l s  
p r e s e n t  p e r  1 i n e a r  m e t e r  o f  p l a n t .  
Myr io~hv l lum w i th  mean populat ions o f  440 
i n v e r t e b r a t e s  per  meter and potamoaeton 
crisDus with  347 l e d  a l l  t h e  o the rs  by a 
wide margin. Midge larvae (Chfronomidae) 
and f reshwate r  anne l i ds  ( 01  i g o c h a e t a )  
t o g e t h e r  made u p  5 9 % - 9 3 %  o f  t h e  
invertebrates on a11 p lants  except w. 
On t h i s  p lan t ,  midges and anne l ids  on1 y 
comprised 29%, whi le the  sessf le  r o t i f e r r  
Mel icerta,  made up 50% o f  t h e  e p i p h y t i c  
i nvet-tebrates. 

M a r s h  i n v e r t e b p a t e s ,  i n c l u d i n g  
immature and a d u l t  insects ,  sna i l s ,  and 
crustaceans a re  impor tant  i n  the  d f e t  o f  
waterfowl. Ducklings o f  a l l  specfes r e l y  
a l m o s t  e n t i r e l y  on animal food d u r i n g  
t h e i r  f i r s t  month (Beard 1953). Bartonek 
and Hickey (1969) found t h a t  96% o f  the 
food consumed by j u v e n i l e  canvasbacks  
cons i s t ed  of animal mater ia l  paPt~cer1arly 



Table 17. Invertebrates c o l  lected i n  
tlavarre t,larsh, ~ h i o ?  

Phylum Annelida (segmented worms) 
Class Hf  rudinea (1  eaches) 

l2.uEua 

Phylum Moll usca (soft-bodied animals) 
Class Gastropoda ( sna i l s )  

j v m a a  (pond snai 1) 
V l v l ~ a r u s  m l l r ; a M  ( o r i e n t a l  

mystery sna i l  1 

Phyl um Arthropoda ( jo int - legged animals) 
Class Crustacea 

Order Decapoda (shrimps, crayf ishes)  
(glass 

( c ray f i sh )  
( c ray f i sh )  

Class Insecta 
Order Odonata (dragonfl  les  and 

damsalfl fesf 
U (dragonfly nymph) 

v e r t t c a l  l s  (damsel f l y  
nymph) 

Order Wemfptera (bugs) 
sp. (water boatman) 

P_almncorfxa buenof (water 

(backswlmner) 
(g ian t  water 

i u & a  (water scorpion) 
Gecris (water s t r i d e r )  

Order Coleoptera (beet les)  
(wh f r l  i g i g  

(water beet le)  

sources: Lehman ( 1973 1, Adams ( 1976). 

daphnids* amphlpods, and v a r i o u s  a q u a t i c  
f nrects. 

K r u l l  ( 1970) r e l a t e d  t h e  abundance, 
d f v e r s f t y ,  and seasonal  o c c u r r e n c e  o f  
m a c r o i n v e r t e b r a t e s  t o  12 s p e c i e s  o f  

submerged a q u a t i c  p l a n t s  i n  t h e  F i n g e r  
Lakes regfon o f  New York. Considering a13 
12 p l a n t s  f o r  t h e  e n t i r e  growlng seasont 
he found gas t ropods ( e s p e c f  3 3  1 y 
sp. 1, dragonfl ies, backswfmmers, and water 
boatmen were the  most important. Leechest 
amphtpods, decapods, g i a n t  water bugs9 and 
midges were o f  secondary importance. On 
t h e  average 1 g o f  an imal  m a t e r i a l  was 
assoc ia ted  w i t h  100 g o f  p l a n t  mater fa l .  
Duckweed ( j  emna Xrisulca.) water s targrass 
(He_teraothsra dub iq ) ,  c o o n t a i l  (Cera to-  

&mersum), wa te rweed  ( F ~ Q  
W g U ) ,  and bladderwort ( Y t r i c u 1  a r h  
-1 were found t o  ha rbo r  t h e  most 
abundant m a c r o i n v e r t e b r a t e  p o p u l a t i o n s .  
The l a t t e r  species I s  a small  aquat ic  herb 
w i t h  b l a d d e r s  t o  c a t c h  i n v e r t e b r a t e s  
( F a s s e t t  1957). Both b l  a d d e r w o r t  and 
waterweed a r e  c o n s i d e r e d  t o  be  p o o r  
w a t e r f o w l  f o o d  p l a n t s ,  b u t  t h e y  a r e  
i n d i r e c t 1  y i m p o r t a n t  t o  w a t e r f o w l  
production because o f  t he  l a rge  q u a n t i t i e s  
o f  inver tebrates which fu rn ish  a source of 
animal prote in.  

Durfng f o u r  d i f f e r e n t  intervals o f  
t he  Pleistocene epoch, whfch i t s e l f  l a s t e d  
f r o m  a b o u t  one m i l l  i o n  t o  a b o u t  t e n  
thousand yea rs  ago, t h e  Lake E r i e  b a s f n  
was covered wf th g l a c i a l  ice. Wi th in  t h e  
g l  a c f a t e d  r e g i o n  a1 1 b e n t h i c  organisms 
were d e s t r o y e d ,  b u t  each t i m e  t h e  i c e  
receded they re1 nvaded t h e  previous1 y ice-  
covered region. The P le is tocene m o l l  usks  
p f  t h e  i n t e r g l a c i a l  l a k e s  and t h e i r  
pa leoeco logy  a re  w e l l  documented by La 
Rocque ( 1966). Many species, p a r t i c u l a r l y  
t h e  u n i o n i d  b i v a l v e s  and t h e  l a r g e  
prosobranch s n a i l s ,  r e q u i r e  c o n t i n u o u s  
waterway f o r  migrat ion. Glochid ia may be 
ca r r i ed  over long distances wh i l e  attached 
t o  t h e i r  f l s h  host .  The r i c h  mo l l uscan  
fauna o f  t h e  Lake E r i e  region was l a r g e l y  
repopul'ated f rom t h e  O h i o - M i s s i s s i p p f  
system when g l a c i a l  m e l t w a t e r s  i n  t h i s  
reglon flowed south. A d d i t i o n a l l y ,  C l a r k e  
(19811 specu la ted  t h a t  most small s n a i l s  
(pulmanates) and small  clams ( s p h a e r i  i d s )  
are ca r r i ed  about imbedded i n  t h e  fea thers  
o f  water  b i r d s ,  i n  mud attached t o  t h e i r  
f e e t  o r  c lamped t o  t h e  appendages o f  
large, f l y i n g  aquatfc insects. Appendix H 
p r o v i d e s  a 1 i s t i n g  o f  t h e  m o l l u s k s  
associated w I th  t h e  c o a s t a l  wet1 ands and 
nearshore waters. Appendix I c o n t a i n s  



Figure 58. Submersed aquatic plants from Fishery Bay, South Bass Island, examined by 
Krecker (1939) fo r  invertebrate animals (Table 18). Note: Val l i  sneria spiral  i s  (=ameri- 
cana) ; Potarnoqeton compressus (=zosterifonni s )  . 
P 

Table 18. I n v e r t e o r a t e  animals found on var io t~s  aquatic plants i n  wste rn  Lake 
Erie wetlands. a 

Populat ion per l j n e a r  meter o f  submerged p l a n t s  b 

Inver teb  r a t e  k N f M s Y a P r P o P 6  
taxa  Ave Max Ave Max Ave Max Ave Max Ave Max Ave Max Ave Max 

ANNELIDA 
< 1 < 1  1 4  1 5  - -  - - - .. - - peol osoma 

Chaetosaster 2 3  3 9  8 5 1  - -  5 5  2 3  6 2 1  
QSJ3 1 3  - -  - - - - - - - - (1 2 
J h i S  12 34 52 98 133 596 4 4 125 125 59 78 78 217 
ODhidona'is - - - - 5 3 7  - - - - - - - - 
2'slhJA 10 28 6 22 27 69 - - 1 1  2 3 1 1 5 5  

(continued) 



Table 18. (concluded) 

P ~ p o j a t j o n  per l lnear  meter of submerged p lants  
b 

Xnvertab r a t s  E c . M f N s V a  ?c 
taxa Avs Mar Ave Max Ave Max Ave Max Ave Max Ave Max Ave Max 

ARTHRWODA 
Crustacea 

Amphl poda 1 2  1 5  27111 - -  - - 1 1  1 5  
Insscta 

An l soptera ( 1 1  - -  (1 (1 - - - - - - (1 (1 
ChJ rononldas 21 61 27 47 110 213 2 2 15 15 64 67 95 296 
Col eoptera (1 (1 (1 1 - - - - - - - - 2 9 
Ephemsrfdae (1 (1 6 21 19 79 - - - - 1 1  1 3  

( 1 1  1 1  8 4 1  1 1  1 1  3 5  5 2 3  
a e (1 (1 - - 1 6  - -  - - - - 1 4  

Zygoptera 5 9  3 8 2 0 6 1  - -  1 1  2 2  5 1 3  

- - - - ( 1 1  - -  - - - - - - 
1 3 ( 1 1  1 2  - -  - - - - 6 29 

(1 l ( 1  1 - - - - - - - - - - 
7 1 2  5 6  2559 - -  - - 6 1 1  8 2 2  
1 2 < 1 1  1 4  - -  (1 (1 - - 1 3  - .. - - - - - - 2 2  - -  (1 (1 

4 8  2 3  7 3 4  - -  - * 1 1  6 2 4  
1237 6 9 2248 1 1  1 1  2 2 1427 

1 2 < 1 < 1  1 4  - -  - - 1 2 10 52 - - 1 2  - -  .. - - - - - - - 
$0 188 (1 (1 1 6 2 2 18 18 - - 80 180 

NFMA'T 4 16 (1 (1 17113 - - - - - - 1 7  
CCIELFNTERATB 

&Jim 7 1 5  1 2  6 2 0  - - 5 5 1 1  1552 
P 

( 1 1  - -  .. - - - - - - -  - - 
Cf JWDATA 

Vertebrata 
F i s h  Eggs 2 6 ( 1 2  - -  - - - - <1 (1 - - 

Tala l 172 216 440 9 174 143 3 47 

N f  = f1~xj1 is 
Va = Ja l ]  isnerfa -rfcanP 
Pp = Bxtmadm m. 



fnfcrmation on t h e  h a b j t a t  p r e f e r e n c e  o f  
these species, 

Well-vegetated po r t f ons  
of embaymentsr marshes, beach 
ponds, and s l u g g i s h  t r i b u t a r y  mouths a re  
t h e  most  p r o d u c t i v e  l o c a l  i t i e s  f o r  
f reshwater  s n a i l s  i n  wes te rn  Lake Er ie.  
They 1 i v e  on submerged v e g e t a t i o n r  o n  
rocks, and on t h e  bo t tom a t  t h e  water 's 
edge and ou t  t o  a  depth o f  several meters. 
Two s u b c l a s s e s ,  P r o s o b r a n c h i a  a n d  
Fulr,~onata, a r e  w e l l  r ep resen ted  i n  Lake 
E r i e  c o a s t a l  marshes.  P r o s o b r a n c h i a  
s p e c i e s  a r e  c h a r a c t e r i z e d  by i n t e r n a l  
r e s p i r a t o r y  g i l l s  ( c t e n i d i a ) ,  or ,  as i n  
Yal va ta ,  by  e x t e r n a l  g i l  l s ,  and have 
operculum t o  s e a l  t h e  s h e l l  ape ra tu re .  
Pulmonata s p e c i e s  do n o t  have g i l l s  b u t  
o b t a i n  oxygen  t h r o u g h  a  " l u n g - l i k e w  
pulmonary cav i ty .  Pulmonate snai ls, which 
have descended from land sna i ls ,  must come 
t o  t h e  s u r f a c e  p e r i o d i c a l l y  t o  t ake  a i r  
i n t o  t h e  lung.  Dennis (1938) r e p o r t e d  
t h a t  pulmonates i n  t he  Bass I s l ands  reg ion  
w e r e  a l w a y s  f o u n d  w h e r e  t h e r e  was 
c o n s i d e r a b l e  wave a c t i o n  o r  n e a r  t h e  
surface, wh i l e  g i l l e d  s n a i l s  were found i n  
deeper more stagnant waters. 

Most a q u a t i c  s n a i l s  are vegetarians. 
The veneer o f  l i v i n g  a l g a e  which c o v e r s  
most submerged s u r f a c e s  i s  t h e i r  c h i e f  
food, but dead p l a n t  and an imal  m a t e r l a l  
i s  a l s o  f r e q u e n t 1  y  i nges ted .  Dissolved 
oxygen i s  an i m p o r t a n t  1  i m i t i n g  f a c t o r ;  
m o s t  g f l l e d  s p e c i e s  r e q u i r e  h i g h  
c o n c e n t r a t i o n s ,  and l i m p e t s  s u c h  as  
f e r r i s s b  a r e  found on l y  where t h e  water 
remains near  s a t u r a t i o n  (Pennak 1978). 
However, S;ampeIorna Ifecisum, and A m n i c o l ~  
limosa have been co l l ec ted  i n  wa te r  w i t h  
less  than 2 ppm oxygen (Harman 1974). The 
c o n c e n t r a t i o n  o f  d i s s o l v e d  s o l i d s  i n  
western Lake E r i e ,  p a r t i c u l a r l y  c a l c i u m  
carbonate  a t  95 ppm, p r o v i d e s  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 1  1  
c o n s t r u c t i o n .  A p p e n d i x  I shows t h e  
hab i ta t  preferences f o r  t h e  47 spec ies  o f  
gas t ropods which have been repo r ted  f o r  
the  coastal marshes and nearshore waters. 

Pelec~pppS. The b i v a l v e d  mo l l uscan  
fauna of wes te rn  Lake E r i e  c o n s i s t s  o f  
t h r e e  f a m i l i e s .  The m a j o r i t y  o f  t h e  
spec ies  be long  t o  t h e  Un ion idae  (fresh- 
water mussels o r  naiades) and Sphaer i  l d a s  

( f i n g e r n a i l  c l ams) .  The t h f  r d  fami  1 y, 
C o r b i c u l  i dae  ( 1  i t t l e  b a s k e t  c lams),  i s  
r e p r e s e n t e d  b y  an  i n t r o d u c e d  A s l a t i c  
spec ies .  B i v a l v e s  a r e  mos t  a b u n d a n t  
nearshore, especially I n  water l ess  than 2 
m deep. Stable grave1 and sand substrates 
w i t h  a good c u r r e n t  s u p p o r t  t h e  l a r g e s t  
p o p u l a t i o n s .  Commonly mussels i n h a b i t  
s u b s t r a t e s  f ree  o f  rooted vegetation, bu t  
t he re  are numerous e x c e p t  ions ,  i n c l  ud f ng 
Anodontp g.randf!ij and guadrul a. 

Stomach c o n t e n t s  o f  un ion id  mussels 
are  commonly mud, desmidsr  diatoms, and 
o t h e r  u n i c e l  l u l a r  a l g a e ,  p ro tozoans,  
r o t i f e r s .  f l age l l a tes ,  and d e t r i t u s .  The 
1  a r g e s t  p o p u l a t i o n s  o f  mussels deve lop  
below areas where d i s i n t e g r a t i o n  o f  r i c h  
v e g e t a t i o n  i s  o c c u r r i n g  ( C h u r c h i l l  and 
Lewis 1924). 

The f e m a l e  p o c k e t - b o o k  m u s s e l  
( I  a m ~ s i l  b y e n t r f c o g g )  i s  c a p a b l e  o f  
extending and pu l sa t i ng  t h e  pos te r i o r  edge 
o f  t h e  m a n t l e  i n  s u c h  a  way t h a t  i t  
resembles an i n j u r e d  ntinnow (Clarke 1981). 
T h i s  a c t i v i t y  a t t r a c t s  s e v e r a l  marsh- 
associated f i s h  species such as b l  ueg i 11, 
wh i te  crappie, smallmouth bass, and ye l low 
perch, and increases t h e  oppor tun i t i es  f o r  
j u v e n i l e  mussels ( g l o c h i d t a )  t o  a t t a c h  
themselves t o  a  f i s h  a f t e r  they  have been 
e j e c t e d  f rom t h e  parent .  The l a rvae  are 
r e l e a s e d  by t h e  p a r e n t  when i t s  l i g h t  
s e n s i t i v e  s p o t s  a r e  s t i m u l  a t e d ,  f o r  
exampler by t h e  shadow o f  a  pass ing  f i s h .  
Seve ra l  u n i o n i d  b i v a l v e s  possess spec ia l  
m a n t l e  s t r u c t u r e s  adapted t o  l u r e  f f  sh 
i n t o  t h e i r  v i c i n i t y .  The g l o c h i d i a  o f  
e a c h  s p e c i e s  o f  f r e s h w a t e r  m u s s e l  
( co r responds  t o  v e l i g e r  l a r vae  o f  marine 
b i v a l v e s )  must a tTach t o  t h e  g i l l s  and 
f i n s  o f  a  par t icu lak-  f i s h  species o r  smal l  
group o f  species (Table 19) before f u r t h e r  
d e v e l o p m e n t  c a n  t a k e  p l a c e .  M o s t  
g l o c h i d i a  never accomplish t h i s *  bu t  those 
t h a t  do succeed remain at tached f o r  a  few 
weeks a s  t h e y  me tamorphose  i n t o  t i n y  
mussels. The young mussels then drop from 
t h e  f i s h  t o  t ake  up an independent l f 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  a n d  
s i p h o n j n g  wa te r  f o r  r e s p i r a t i o n  and f o r  
o b t a i n i n g  p l a n k t o n  a s  a  s o u r c e  o f  
nourfshment,  Appendix I -indicates t h e  
h a b i t a t  preferences o f  t h e  64 s p e c i e s  o f  
p e l  ecypods wh ich  have been repo r ted  f o r  
coas ta l  marshes and nearshore waters. 



d 
Table 3 '3 .  Wsstarn Lake Erie unlonid b i va l ves  and thefr g f o c h i d i a l  host fish. 

p- 

Unfcnid c7 
C 

am5 

F 1 517 hosts b Ap F f  Cqp Ed Avm Lcc Sa Agl Su Tdt Pa Cp L f  Ac Lr L r v  

Northorn pSke 
Carp 
Golden shJncilr 
Crwk c h u b  
Whr'tc sucker 
N hog suckcr 
k Sh redhorse 
51 bullhoad 
Y e  bul l head 
f-r bullhedd 
C h  c a t f  l s h  
Uk stickleback 
Whlte bass 
Rack bass 
Gr sunf f s h  
Pur2gh Snsead 
Or-sp sunfish 
l4luogf J 1 
Sm &)ass 
ten\ bas% 
Wk ~ r a p p f e  
P I  cfappfe 
Iowa darter  
Johnny d a r t e r  
Yu porch 
Hal 1eye 
F roshwater drum 
Mot t led  sculpfn 
Mudpuppy 

(amphfbtani 

X 
X X 

X  
X  X  

X 
X 
X  

X  
X  

X  
X  X 

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

X 
X X  X X  X X X  

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

X 
X X  

X X  X  X  
X  

X X X  X 
X  

X  

a Data sources: Fuller  (1974) ,  C l a r k e  (1981). 

b~ = northern 
Sh = shorthead 
611 = black 
Yo ye1 low 
t r f -  -. trroak 
Gr = green 
Or-sp a orange-spatted 
Srn - smal l n ~ o u l h  
tnt = largemauth 
Wh whlte, 

C ~ p  = 
F f  = 
Q ~ P  = and Q. B L k a a h a  
E d  = 
Am = d B , l l w x & m  
t c c  = nd L costata 
$3 = 
A g i  = 
Su = 
Tdf  = 
Pa = 

and  I, truncata 

CP = 
L f  = 
k = 
tr = 
Lrv  = 



T h r o u g h o u t  L a k e  E r i e t s  c o a s t a l  
wetlands the  amphipod, f a s c l a t u ~ ~  
i s  an i m p o r t a n t  food organism f o r  ye?low 
p e r c h s  wal l e y e t  f r e s h w a t e r  drum, and 
c a t f i s h p  and i s  one o f  t h e  d o m i n a n t  
pac rozooben th  i c  f o r m s  i n  t h e  c o a s t a l  
marsties, i s  w e l l  equipped t o  
c l i n g  t o  aquat ic  v e g e t a t i o n ;  each o f  i t s  
14 pereiopods has a  te rmina l  claw which i s  
used t o  grasp p l a n t  stems and seize prey. 
Clemens ( 1 9 5 0 )  f o u n d  t h a t  d u r i n g  t h e  
sumnier and f a l l  i n  wes te rn  Lake ErSe, 
Eanrnarus was mos t  common on beds  o f  
s u b m e r g e d  v e g e t a t i o n ,  p a r t i c u 3 a r l y  
Potamo~eton c r i s ~ u s ~  yg_Ui s n e r i a ,  M v i o -  
p h v l  1 um, and C lado~hora  glomerata. These 
8- t o  10-mm l o n g  omnivorous c r u s t a c e a n s  
r e a d i l y  devour both l i v i n g  and dead p l a n t  
and a n i m a l  m a t t e r .  A q u a t i c  p l a n t s  
(espec ia l l y  submergeci forn!s;, dezd leaves, 
2 o o p l a n k t o n  ( D a ~ h n l a ,  j e ~ t o d o r a ,  and m), f e l l ow  members o f  t h i s  spec ies ,  
and t h e i r  own moults and feca l  p e l l e t s  are 
t h e  most common food  items. Populat ions 
o f  t hese  s c u d s  a l s o  o c c u r  i n  d e e p e r ,  
o f f s h o r e  p o r t i o n s  o f  western  Lake Er ie ,  
bu t  not i n  as g r e a t  a  d e n s i t y  as i n  t h e  
vegetated areas. 

Other  n o t a b l e  crustaceans associated 
w i t h  w e t l a n d s  i n c l u d e  c o p e p o d s  a n d  
c l  a d o c e r a n s  ( w a t e r  f l e a s ) ,  i s o p o d s  
( a q u a t i c  sowbugs) ,  o s t r a c o d s  ( s e e d  
s h r i n ~ p l ,  and decapods ( c r a y f i s h  and 
shrimps). Eecause o f  t he  great  v a r i e t y  o f  
eco log ica l  n iches ,  t h e  s h a l l o w  1  i t t o r a l  
zone o f  Lake E r f e ,  e s p e c i a l l y  i n  aquat ic  
v e g e t a t i o n ,  i s  r i c h  i n  c y c l o p o i d  and 
c a l  ano ld  spec ies ,  Harpact ico id  copepods 
are niore r e s t r i c t e d  t o  b o t t o m  d e b r i s  i n  
t h e  wet1 ands. C l  adocerans are important 
l i m n e t l c  (open wa te r )  o rgan isms i n  i a k e  
E r i e ,  b u t  s e v e r a l  s p e c i e s ,  I n c l u d i n g  

Dulex and UIh a r e  
abundan t  among t h e  v  t h e  
coastal marshes. Bacteria, algae, p r o t o -  
zoans* and organfc d e t r i t u s  are the  c h i e f  
foods of t h e s e  f i l t e r  feeders .  B o t h  o f  
t h e s e  m ic roc rus tacean  groups, as w e l l  as 
protozoans, a  

e n t e r  open wa te r  b u t  p r e f e r  niches under 
vegetat ion, d e b r i s ,  and rocks .  
r-L i s  t h e  common s p e c f e s  i n  
western  Lake E r i e .  The n a t u r e  o f  t h e  

subst ra te  appears t o  have l i t t l e  i n f l uence  
on t h e  d i s t r t b u t i o n  o f  ostracods. In many 
cases, t h e  same spec ies  can be found on 
a l g a e ,  d e c a y i n g  v e g e t a t i o n ,  r o o t e d  
aquatics, and mud (Pennak 1978). Cray f i sh  
a r e  g e n e r a l  1 y i n h a b i t a n t s  o f  s h a l l o w  
water, seldom being found deeper than 1 m. 
Species such as i m m u n k  J i v e  i n  
t h e  water dur ing  warm nionths, b u t  i n  t h e  
autunn t h e y  c o n s t r u c t  bur rows along the  
edge o f  the  marsh and l i v e  i n  them u n t i l  
t h e  l a k e  l e v e l  r i s e s  and t h e  weather 
becomes warmer i n  t h e  spr ing.  

I n s e c t s  

The most consp icuous i n v e r t e b r a t e s  
a s s o c i a t e d  w i t h  t h e  c o a s t a l  marshes are 
t h e  myr iad  o f  i n s e c t s .  The d i p t e r a n s  
( t r u e  f l i e s )  a r e  t h e  most abundant and 
i nc lude  the  midges, mosqu i tos ,  and c r a n e  
f l  ies. Mayfl ies, dragonf l  ies, and damsel- 
f l i e s  a r e  a l s o  a b u n d a n t  g r o u p s  o f  
organisms which  have an a q u a t i c  l a r v a l  
stage and then emerge t o  f l y  and mate over 
t h e  marsh. The hemlp terans  ( t r u e  bugs) 
a r e  r e p r e s e n t e d  b y  d i v e r s e  f o r m s  
i n c l u d i n g  t h e  water s t r i d e r ,  backswimmer, 
w a t e r  boatman, and g i a n t  w a t e r  b u g  
(Bglostoma sp. 1, which preys on tadpoles 
and s m a l l  f i s h  ( W e l l e r  1981). O t h e r  
i m p o r t a n t  i n s e c t  groups o f  t h e  marshes 
inc lude the  c a d d i s f l i e s  and bee t l es .  The 
former (Tr iaeq sp. and Oecet is  sp.) b u i  I d s  
a  case f rom b i t s  o f  vegeta t ion  and sand. 
The 1 a t t e r  3 nc1 udas the  predaceous d  i v i ng 
b e e t l e  ( p v t i s c u s  sp.) and t h e  gregarious 
wh i r l yg igs  (Gyrinus sp.). 

3.4 FISH 

W e t l a n d s  a r e  i m p o r t a n t  t o  f i s h  
p r o d u c t i o n  because t h e y  provfde spawnfng 
and nursery h a b i t a t  f o r  wetland-dependent 
spec ies ,  c o v e r  f o r  j u v e n i l e  and f o r a g e  
f i sh ,  and feeding areas f o r  predator f i sh .  
Approximate1 y  43 species o f  f i s h e s  a r e  o r  
once  were  a s s o c i a t e d  w l t h  t h e  c o a s t a l  
marshes o f  western Lake Er je.  Twenty-sf x 
o f  t h e s e  s p e c f e s  a r e  c u r r e n t l y  o f  
s i g n i f  fcant  recreat  l o n a l  r cumrnercl a1 , o r  
p r e y  v a l u e .  Fdshes a s s o c i a t e a  w i t h  
coasta l  marshes can be d j v f d e d  i n t o  two 
c a t e g o r l e s :  1) specfes d l r e c t l y  dependent 
on coas ta l  masshes as a d u l t  h a b f t a t s  o r  
spawnfng and nursery areass and 2 )  species 
not  dependent on marshes f o r  such uses but  
w h i c h  a r e  u s u a l l y  common i n  c o a s t a l  



marshes* apparent1 y making o~por tun i s t  Sc grounds f.or Important species in the lower 
use o f  tflem a s  spawning9 nursery, and Detrolt Rdver and western Lake Erje are 
feedfng areas .  S p a w n i n g  a n d  nursery shown onFIgures 59 and 60, respect'ively. 

Figure 59. Spawniny and nursery  grounds o f  l a ke  sturgeon, no r t he rn  pike, 
carp, emerald shiner,  wh i te  bass, and walleye i n  the lower Detroit Rive r  
(Goodyear e t  31. 1982a). 
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Figure 60. Spawning and nursery grounds f o r  important western Lake Erie fish 
species (Goodyear e t  a1 . 1982b). 
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Most of  t h e  f i s h  fauna f n b a b i t i n g  t h e  
m a r s h e s  c o n s f  s t  o f  n o n - s a l m o n  i d  t 
warmwater, o r  c o o l w a t e r  s p e c i e s  such as 
t h e  minnow, c a t f f s h ,  and p i k e  families. 
Because o f  t h e  predominance o f  c layey and 
o rgan i c - r i ch  subs t ra tes  i n  wetlands, t he re  
i s  a  prevalence o f  bottom feeders.  O f t e n  
as much as 90% o f  t h e  s tand lng  f i s h  crop 
i n  w e t l a n d s  c o n s i s t s  o f  f o r a g e  s p e c l e s  
(Greenwood 1971) .  Carge p r e d a t o r  f i s h  
r e l y  on v i s u a l  c o n t a c t  t o  l o c a t e  t h e i r  
p rey .  Because, however, many o f  t h e  Lake 
E r l e  m a r s h e s  a r e  t u r b l d ,  a s s o c i a t e d  
spec ies t  i n c l u d i n g  carp and bu l lheads  must 
t o l e r a t e  t u r b i d f t y  and s i l t a t i o n .  

Trautman (1981) i s  t h e  pr imary source 
o f  j n fo rmat fon  regarding f i s h  i n  Lake E r i e  
a n d  t h e i r  1  J f e  h i s t o r i e s ?  h a b i t a t  
assoc ia t ions,  and u t i l i z a t i o n  o f  wetlands. 
Ho p r o b f d e s  d e t a i l e d  l o c a t i o n  maps f o r  
each spoc les b u t  s i t e - s p e c i f i c  i n fo rmat ton  
on i n d i v i d u a l  w e t l a n d s  1s n o t  included. 
The va l ue  o f  t h f s  work I n  u n d e r s t a n d i n g  
w e t 1  and  u t f l  f z a t j o n  i s  c o n s i d e r a b l e r  
though ,  b e c a u s e  t h e  d e t a i l e d  h a b j t a t  
d o s c r i p t f o n s  f o r  e a c h  s p e c i e s  a l l o w  
e x t r a p o l a t i o n  o f  t h e  p r o b a b l e  f l s h  
communi ty  o f  most wetlands. Other use fu l  
works on t h o  D e t r o l t  R i v e r  and t h e  Lake 
E r i e  n e a r s h o r e  f j s h e r f e s  inc lude:  Barnes 
(19791, Edmfster (19401, F r a l e i g h  e t  a l .  
(19751" Goodyear e t  a l .  (1982arb), Ma r t l e y  
and He rdando r f  ( 1975) Hatcher and Nester 
(19831, H s r d e n d o r f  e t  a l .  (1981b1, Hun t  
and Micke lson (19763, Jaworski  and Raphael 
( 1 9 7 8 1 ,  L a n g f  0 1 s  ( 1 9 5 4 ,  19651 .~  P r i c e  
(1963 In  Van Meter and Trautman (19701, and 
Ze i toun  s t  a1 , f 1978). 

C u r r e n t 1  y s p o r t  f i she rmen  u t l l  i z e  
t h e  a r e a  f r o m  V e r m f l i o n  t o  L o r a i n ,  
Catawba, and t h e  Lake E r l e  I s l a n d s  area.  
Commercfal  f ishermen u t i l  i z e  Sandusky Bay 
and t h e  south shore o f  t h e  wes te rn  bas i n .  
P a r t l c u f a r  emphasfs  I s  on t h e  v l c i n l t y  
near major  por ts .  However, 1  t t t l e  s i t e -  
s p e c f  f $c  I n f o r m a t f o n  s x f s t s  upon whfch t o  
base v a l u e  judgements  o f  any i n d i v i d u a l  
wet? and i n  terms o f  f t s  importance t o  f i s h  
p r o d u c t i o n  f o r  r e c r e a t i o n  o r  commercial 
harvest,  or  as a preserve f o r  un fque  f i s h  
spec les  o r  cammunitfes, 

Many s p e c i e s  o f  f i s h  utilize t h e  
c o a s t a l  w e t l a n d s  o f  C a k e  E r S e ,  b u t  

d e p e n d e n c y  o n  a q u a t i c  v e g e t a t i c n  f o r  
spawning, f e e d i n g p  o r  c o v e r  h a s  b e e n  
d e m o n s t r a t e d  f o r  c o m p a r a t i v e l y  f e w  
s p e c l e s .  The m o s t  common w e t l  a n d -  
d e p e n d e n t  f i s h  s p e c l e s  i n c l u d e  t h e  
longnose ga r  ( 

(Am.ia -19 m), grass p 
g o l d e n  s h i n e r  ( 
and  pumpk i n s e  
Seve ra l  o t h e r  w e t l  and-dependent  spec ies  
are uncommon o r  r a r e  i n  Lake E r i e .  These  
a r e  t h e  s p o t t e d  g a r  ( L e p i s o s t e u q  
ocu?atus) ,  n o r t h e r n  p i k e  (,b U s ) ,  
m u s k e l  1 unge  (& .  masaui nonyy )  pugnose 
mlnnow ( W Q D ~ S  g g n i l i a e ) ~  b l a c k c h i n  
s h i n e r  (B. he te rodon ) ,  b l a c k n o s e  s h i n e r  
(b L.etero leo ls)  tadpo le  madtom ( N o t u  rus 
u r i n u ) ,  b a n d e d  k i l l  i f i  s h  ( f u n d u l u  
-1, b r o o k  s t l c k l  e b a c k  ( C u l  a e a  
i n c o n s t a n s ) ,  m o s q u i t o f i s h  ( G a m b u s i g  
-1, Iowa d a r t e r  (.&$heosto-m~ g x i  1  e l ,  
and m o t t l e d  s c u l p i n  ((;ottus b a i r d i f ,  The 
b rook  stickleback and m o t t l e d  s c u l  p i n  
t y p i c a l l y  a r e  s m a l l  s t r e a m  i n h a b i t a n t s  
w i t h  a  s t r o n g  a f f i n j t y  f o r  v e g e t a t f o n .  
Al though these two spec'ies a re  uncommon i n  
t h e  c o a s t a l  waters  o f  Lake Er ie ,  t h e y  a r e  
l o c a l l y  common ? n  i n l a n d  w a t e r s .  T h e  
m o s q u i t o f i s h  i s  an i n t r o d u c e d  s p e c i e s  
wh l ch  i s  n o t  y e t  common. The n o r t h e r n  
p i k e  i s  f a i r l y  common i n  Lake  E r i e  and 
suppor ts  a  minor r e c r e a t i o n a l  f she ry ,  as  
does t h e  abundant pumpkinseed. The e x t e n t  
o f  these f i s h e r i e s  i s  n o t  determined. The 
muske l l unge  i s  v j r t u a l l y  e x t i r p a t e d  f rom 
western Lake E r i e .  

Severa l  f i s h  s p e c i e s  f ound  i n  Lake  
E r i e  r a n g e  f r o m  common t o  abundan t  i n  
wet lands and ad jacen t  waters. The g i z z a r d  
shad (&g-osoma ~ e d f a u ) ,  ca rp  (Cvpr inus  
w ) r  g o l d f i s h  ( C m  a u r a t u s ) ,  
f a t h e a d  minnow ( P i m e p h a l e y  g r o m e l a s ) ~  
b l u n t n o s e  m innow  ( p .  -1, w h i t e  
s u c k e r  ( C a t o s t o m u s   son^), b l a c k  
b u l l  head (Ictal u rus  -1, brown b u l l  head 
(1. -1, y e l l o w  b u l l h e a d  (J. 
-1 P b l u e g i l l  (Lepomls rnacrochiruri) 9 

largemouth bass ( N i c r o p t e r u s  s a l m o i d e s ) ,  
w h i t e  c r a p p i e  ( pomox i s  a n n u l a r i ~ ) ,  and 
b l ack  c rapp ie  (p .  Q-1 p r e f e r  
qutet ,  low-gradient  waters  w i t h  bottoms o f  
mud, s i l t ,  o r  c l a y .  These s p e c l e s  a r e  
gene ra l l y  cover-or iented and a re  comon  i n  
t h e  1 a r g e r  c o a s t a l  w e t l  and5 o f  w e s t e r n  
Lake  E r i e ;  t h i s  1s p a r t i c u l a r l y  t r u e  f o r  
t h e  c a r p  a n d  b u l l h e a d s ,  w h i c h  a r e  



s i g n i  f i c a n t  commerci a1 species harvested 
by shore sef nersr e s p e c i a l l y  f n Sandusky 
F a y .  I n  a d d i t i o n  t o  t h e  b l u e g i l l l  
1 argenouth bass, and c r a p p i e s t  b u l l  hsads 
are a l so  important  game f ishes.  

A n o t h e r  g roup  o f  s p e c i e s  found i n  
c e r t a i n  coastal wet lands of l a k e  E r i e  i s  
t h a t  which genera l ly  assocfates w i th  l o t i c  
( f l o w i n g )  i n land  waters and c lean sand o r  
gravel bot toms.  These s p e c i e s  a r e  a l s o  
a s s o c i a t e d  w i t h  c o a s t a l  we t l ands  having 
s i m i l a r  p h y s i c a l  c h a r a c t e r i s t i c s ,  espe- 
c i a l  9 y deeper 1 a c u s t r i n e  wetlands. They 
inc lude the  smallmouth bass, ( M i c r o ~ t e r u q  
U o m i e u i  m i m i c  s h i n e r  ( & o t r o ~ - i ~  
vol u c e l l  us), sand sh t 

l a k e  c h u b s u c k e r  ( s 

spot ted sucker (Minvtrema me1 a m ) ,  r o c k  
b a s s  ( e @ & l o ~ l  I t e z  r u ~ e s t r l g )  g r e e n  
sunf ish  ( I  e ~ o m i s  &-I, johnny d a r t e r  
(Ftheostoma w m ) ,  and logperch (Perc ina  
c a ~ r o d e g ) .  The sma l lmou th  b a s s *  r o c k  
bass, and green s u n f i s h  a r e  s i g n i f i c a n t  
game species. 

Species o f  t h e  open nea rsho re  l a k e  
waters and r i v e r  mouths o f t e n  occur i n  t h e  
c o a s t a l  w e t l  ands. These species fnc lude 
the  ye1 1 ow perch (Perca f 1 avescens) wh i te  
bass (Floronq a r v s o a ) ,  f r e s h w a t e r  drum 
( p ~ 1 o d i n o t u s  grunnienz), bigmouth b u f f a l o  
[ ~ c t i o b u ~  wri n e l l  u s ) ,  and c h a n n e l  
c a t f i s h  ( J c t a l u r u ~  punctatus) . These are 
i m p o r t a n t  commercia l  and game spec les ,  
al though on1 y yel low perch appears t o  have 
a s t rong a f f i n i t y  f o r  aquat ic  v e g e t a t i o n .  
A c r l t i c a l  spawnjng and cover r e l a t i o n s h i p  
appears t o  e x i s t  between ye l low perch and 
the  coasta l  wetlands o f  western Lake Er ie .  
Thls re la t i onsh ip  warrants more i n t e n s i v e  
study. 

pe l  a t i o n s h i ~  t o  Wet1 ands 

The dependence o f  t h e  f i s h  community 
on e x i s t i n g  Lake E r l e  h a b i t a t s  c a n  b e  
s e p a r a t e d  i n t o  s e v e r a l  m a j o r  u s e  
c a t e g o r i e s :  spawning, n u r s e r y  f e e d i n g ,  
m i g r a t i o n ,  and overwintering, res t ing ,  o r  
refuge. Hab i ta t  t y p e s  used by  a s p e c i e s  
may b e  d i f f e r e n t  f o r  e a c h  o f  t h e s e  
purposes, o r  a s p e c i e s  may use o n l y  one 
h a b i t a t  t h r o u g h o u t  i t s  1 i f e  cyc le .  The 
importance o f  wetland areas t o  i n d i v i d u a l  
species depends on how c r i t f c a l  t h e  use o f  
wet lands i s  d u r i n g  a p a r t i c u l a r  phase o f  
i t s  1 i f e  cycle. The degree o f  impor tance  

v a r i e s ,  d e p e n d i n g  on w h e t h e r  use  i s  
c r d t i c a l  i n  one o r  a l l  phases. S p e c i f i c  
i n f o r m a t i o n  o f  t h l s  t y p e  i s  l i m i t e d  f o r  
many species, Moreover, d a t a  on h a b i t a t  
p r e f e r e n c e s  o r  r e q u i  rements fn  Lake E r i e  
f o r  spawning nurseryr feeding, m i g r a t i o n ,  
overwinter ing,  and r e s t i n g  are nonexistent  
f o r  s e v e r a l  s p e c i e s .  However,  t h e  
c o n t i n u e d  l o s s  o f  h a b i t a t  w i l l  b e  
a s s o c i a t e d  w i t h  changes i n  f i s h  species 
c o m p o s i t i o n .  S p e c i e s  d e p e n d e n t  o n  
p r o t e c t e d  h a b i t a t  w i t h  c l e a r  wa te r  and 
a q u a t i c  v e g e t a t i o n  w i l l  c o n t i n u e  t o  
decl ine, poss ib ly  t o  e x t i r p a t i o n .  

C o a s t a l  w e t l a n d s  h a v e  b e e n  
dramat ical  1 y reduced 3 n ex tent  and qua1 i t y  
s i nce  t h e  European s e t t l e m e n t  o f  Ohio i n  
t h e  1800s. Drainage and f i l l i n g  o f  these 
e x t e n s i v e  marshes  ( f o r  a g r i c u l t u r a l ,  
u r b a n ,  i n d u s t r i a l ,  and r e c r e a t i o n a l  
development), s - i l ta t ion9 and probably over 
e x p l o i t a t i o n  by  c o m m e r c i a l  f i s h i n g  
a c t i v i t i e s ,  a r e  f a c t o r s  w h i c h  have  
con t r i bu ted  t o  t h e  p o p u l a t i o n  d e c l i n e  o f  
w e t l  and-dependent f i s h  species. Species 
most se r i ous l y  e f f e c t e d  i n c l u d e  n o r t h e r n  
p i k e ,  muskel 1 unge, s p o t t e d  gar ,  banded 
k i l l i f i s h ,  Iowa dar te r ,  b lackch in  s h i n e r r  
b l  acknose shiner ,  pugnose minnow, pugnose 
sh iner  (HotroeL+ &mgau&), and t a d p o l e  
madtom. The e f f e c t  o f  reduced wetlands on 
increased thermal regimes, n u t r i e n t  input ,  
and s i l t a t i o n  s f  nce t h e  1800s remains a 
t o p i c  o f  controversy; wet l  and e l  im i  n a t i  on, 
however; has c e r t a i n l y  aggravated t h e s e  
problems. O the r  f i s h  spec ies ,  such as 
v a l u a b l e  sa lmon id  and p e r c i d  game and 
commercial species (which are  not  d i r e c t l y  
dependent on v e g e t a t i o n  i t s e l f )  may have 
dec l ined p a r t l y  because o f  t h e  i n d i r e c t  
env i ronmen ta l  consequences o f  vegetat ion 
removal i n  coasta l  areas (Trautman 1981 1. 
P a s t  and p r e s e n t  abundances o f  Lake E r i e  
f i s h  specfes are presented i n  Appendix J. 

A t  presentl l a r g e  e s t u a r f n e  c o a s t a l  
w e t l a n d s  o f  Lake E r i e  are dominated by a 
warmwater, s f 1  t- and p o l  1 u t f o n - t o l e r a n t  
f i s h  f a u n a  c o m p r i s f  ng ma in1  y c a r p p  
go ld f i sh ,  b u l l  heads, whSte suckers ye1 l o w  
p e r c h ?  and pumpk inseed .  Marshes a r e  
c l e a r l y  important i n  terms o f  t h e  biomass 
and d i v e r s l t y  o f  economical l y  important  
s p e c i e s  ( i n c l u d i n g  f o r a g e  f f s h e s )  t h a t  
t h e y  suppor t .  However, s e v e r a l  smal ler  
wetland u n i t s ,  n o t a b l y  t h o s e  a s s o c i a t e d  
w i t h  s a n d s p i t s  and beach r idges, support 



s c f a n t f f f r a l i y  t n t s r e s t l n g  b l c l ~ g l c a l  
cornrnun f t l e s  (l . c , ,  P ~ B S ~ U G  1 5 1 ~  Marsh and 
F ~ l n t  Pelee Marsh),  The lagoon w t i a n d s r  
p a r t f c u l a r l y  on t h e  l ake  i r l e  Islands* a r c  
f m p o r t a n t  feed f ng, l o v e r ,  and n b r s s r y  
a r e a s  f a r  smallmouth b a s s .  Given  t h e  
alr@au"y 5tressoe;.  condl t lan of mast of thu 
i a k @  t r j c  coas t a l  wetlands, b t  I s  apparent 
t h a t  f u r the r  dagrad-stfon wl? l be d l  r e c t l  y 
d e l e t o r l o u t ,  t o  'largo 5 ~ g m e n t ~  of erisLIny 
f f s h  c o m m u n l t d e s ,  e s p e c i a l l y  I n  t h e  
we;.stern bds l ra .  The n a a d  f o r  f u r t h e r  
f n v e s t  l g a t  t uns  I n t o  t h e  Importance and 
u t  2 l i ~ a t l a n  o f  c u r t a t n  h a b l t a t s  Js 
f n d i c a t o d  by  t h e  f a c t  t h a t  vory l f t t l o  
work h a s  been  dono  w 4 t k  t h e  c o a s t a l  
mars hns. 

R a s e a r c h  un t h o  r u l e  of c o a s t a l  
we t l ands  I n  s u p p o r t f n y  Groa t  Lake5 f f sh  
populations has focused on s s o c l d s  t p l k o  
f dm1 l y 1, d n  important rocroat  fonel group 
w l th  a wo l l -documen ted  d o p o n d e n c s  on 
we t l ands .  In  wes t e rn  l a k e  % r f o ,  Ciark  
( 1 9 5 0 1  a n d  B r a w n  d n d  C l a r k  ( 1 9 5 5 )  
c a n d u ~ t e d  shor . t - te rm s tud tus  of northern 
p f k o  spawnlnq and  y o p u l b t f o n  c h a r a c -  
t @ t - f  s t l c s  In  I l l s t  Harbor Marsh. ktaans 
( 19111) dxumented t he  charncterf stSt.s of a  
l a r y u  n a t i v e  muskel lunqo p u p u l s t  fan I n  
Lakci S t .  C l a t r .  Marrfsan (/0781 conducted 
d n  f n t ~ r l s l v n  s t u d y  o f  t h e  k.roloyy, l l f o  
h i s t o r f o s *  and r e c r n a t  l o n a l  t i s h e r f e s  uf 
n s t l v u  nor th t r rn  pika and murkulhunge I n  
tltu upper MIillg~ras i . f l v ~ $ r ,  r o l  l e c t  'lvul y ,  
t h a y  F o u n d  t h a t  t h s % t i  a y m p a t r i c  
(coc?biJ%ttinf. d f $ f k r f b ~ t f ~ ~ n )  ~ 0 ~ ~ l d t f ~ n 3  
>pat  f a 1  l y  segrogatud, Muskel lunge resided 
dnd spawned armoat e n t f r a l  y In t h e  sw4 f t  
c u r r o n t s  o f  t h e  major  s t r u e r n s ~  wher6ab 
n o r t h o r n  p t k a  r e s i d o d  a n d  s p a w n e d  
p r f m b r l l y  In small t r f b u t a r l e s  or coastdl  
Tar~aons, I n  &aka Q n t e r f a  wetlands* Maroan 
( 1 9 7 6 )  d r t s r m i n d d  t h o  f n t  l u e n c s  o f  
p h y s  t c a l .  c t P e m l r a l r  a n d  k a i o l o g l c a l  
var%sbToz on t h u f r  uso b y  n o r t h e r n  pfke ,  
He d e m a n s t r a t o d  p o s f t f v a  c o s r o l a t l o n s  
between u s e  b y  p t k @  and a v a f l & b t t l t y  a f  
f a t h o s d  m f n n s w s  f ) a s  
prey* luw c h l o r f d a  l @ v @ l s r  h f y h  dtssolvoo 
oxygen,  a n d  t h e t  percp3ntagB of submrgad 
c o v e r  below a d s p t h  of  50 cm. P t k e  do 
appear t o  respond t o  succwssianal pinLtarns 
or  spoefflc asss&fagus  of aquat lc  p lan ts ,  

S t u d i e s  of '  t h e  aFft?;ct  af  c a r p  GO 

vwgatatfon I n  t h e  Erie Shaattny C l u b  m r s h  
on t he  Mfchigan s h o r e  o f  Lake Erle have 

been  c o n d u c t e d  b y  conpar in t ,  erclcsecr 
carp-free areas w l t h  s lw i l a r  areas  33cn tc 
carp (King and b u n t  1967). '%Is r - r s e d r c h  
d e m o n s t r a t e d  t h a t  c a r c  s f > r : f f ~ a n t J y  
d e c r e a s e d  t h e  a b u n d a n c e  o f  a q u d f  i c  
v c g o t a t l u n  f n  t h e  m a r s h .  C a r p  h d a  a 
selectlvo e f f e c t  on c e r t a  n s b z S m e r s e c  
plan ts ,  pa r t l cu l a r l  y f n Waia s ~ r - l n t ,  ::rtl?dinl; 
s e a s o n ,  when y l d n t s  wc.re youria:! a n d  
de7 l ca te .  They retarded growth o f  c l  a n t s  
b y  Foeding on them, u y r a c l t j n ~  P h ~ m ,  ar?d 
Increasing tu rb fd f ty  of  t h e  water .  C d s p  
c a n  b e  e x t r e m e 1  y h a r r f u l  f n watorfokl 
marshes because thcy s o l c c t l  vel y a c s t r a y  
t h o s e  submersed p lan ts  most s t t rac t Jv t !  a s  
waterfowl food. 

A few o t h e r  s t u d i e s  h a v e  b e e n  
c o n d v c t o d  on f a c t o r s  e f f e c t i n g  f i s h  
m o b f l l t y  I n  Lakc r r f e  c o a s t a l  rnarshos. 
S c o t t  ( 1 9 5 5 )  s t u d f o d  t h e  movcmcnts of  
Q f s h u s  l n t a  and out of wetlands I n  Rsndeau 
Pay, Ontarfo. Two groups of ye1 low pe rch  
r s s i d o d  f n  t h o  bay: 1) 7- and 3-year-old 
mfsratory perch  which were s o n c o n t r d t e d  
nuar  t h e  mouth o f  t h o  bay and r n t q r a t c d  
d & l l y  t n t o  t h e  l ake ,  and 2 )  2- and 3 -  
year-old nsnmlgrdtory perch which romal nod 
fn t h o  b a y .  Movement occurred pr fmar i ly  
a t  sunr t se  and sunset.  Rasod on p l ank ton  
c o u n t s  a n d  s x a w f n a t l o n  o f  s t o m a c h  
conten ts l  the  migratory group appea r s  t o  
e n t e r  t h e  Fako d u r t n g  t h e  day t o  fwod on 
cladscarens ( spp.) .  heckle (1981) 
lnvestlgdtod f i s h  movemnt In to  and out  o f  
a  c o a s t a l  marsh t o  Sandusky Ray. I h t s  
s t u d y  r evea l ad  t h a t  Pha exchange o f  a l l  
f f s h  syacies between t h e  wet iand  and b a y  
was s u b s t a n t i a l .  Movements i n  e d c h  
b f r s c t i o n  were  a l m o s t  e q u a l  w f t k  t h e  
d t r o c t f o n  o f  mevomont  a p p a r e n t l y  
d a t e r m l n e d  b y  p o s i t i v e  r h e o t a x i s  
( a t t r a c t t o n  t o  Fluwlnq water) .  Dfrect $on 
o f  flow v a r i e d  w t t h  f l u c t u a t i n g  w a t e r  
l e v e l s  i n  Sandusky Pay. The p r i n c i p a l  
spec9ss moving through t h e  c u l v e r t  were,  
tn order  of abundance, gfzzdrd shad, brown 
b u l l h a a d ,  c a r p ,  f r e s h w a t e r  drum, w h i t e  
cr&pp9er pumpkfnseed, g o f d f f s h *  and b l a c k  
c r a p p f e .  Peak adul t  mvemsnt appeared t o  
be r e l a t e d  t a  spawnfng a c t f v l t y  In t h e  
s p r f n g ,  w t t h  j u v a n f l e s  movfng ou t  of t h e  
wetland f n  sumsr .  Wartley and Herdendorf 
(1975) sbservaa tha mvemant of f f s h  f  ram 
p f ~ k & r a i  C r s s ~  Es tua ry  t o  Sandusky Bay 
(SIgure 6l). Northern pfke  were prevalent  
98 f a 7 1  samples. 



Figure 61. F i s h  c o l l e c t e d  i n  a  t r a p n e t  
set a t  t h e  e s t u a r i n e  mouth o f  P i c k e r e l  
C r e e k  i n  Sandusky Bay (November 1974); 
d o m i n a n t  s p e c i e s  i n c l u d e  n o r t h e r n  pike, 
w h i t e  bass, wh i te  c r a p p i e ,  y e l l o w  perch, 
g i z z a r d  shad,  and c a r p  ( H a r t l e y  and  
Herdendorf 1975 1. 

S n y d e r  a n d  J o h n s o n  ( 1 9 8 4 )  a r e  
c u r r e n t 1  y  i n v e s t i g a t i n g  t h e  f i s h  community 
s t r u c t u r e ,  movements, and reproduct ion i n  
c o n t r o l  l e d  and u n c o n t r o l l  ed marshes i n  
S a n d u s k y  Bay. P r e l  i m i n a r y  d a t a  f r o m  
t r a p n e t  samples (2,650 hou rs  o f  e f f o r t ;  
31,500 f i s h ;  25 spec ies)  showed t h a t  t h e  
f f s h  community i n  t h e  c o n t r o l l e d  marsh was 
dominated by wh i te  c rapp ie  ( 2 9 % ) ~  g i z z a r d  
shad (19%), brown and black bul lhead (17%) 
a n d  c a r p  ( 6 % ) .  G i z z a r d  shad  l a r v a e .  
dominated t h e  c o n t r o l  1  ed wet l  and push-net  
s a m p l e s .  S t r t c t  m o n i t o r i n g  o f  f i s h  
movements i n t o  and o u t  o f  a  c o n t r o l l e d  
m a r s h  (Wi nous P o l n t  Marsh) f o r  one summer 
showed 2,434 f f s h  enter ing  t h e  marsh w h i l e  
10640 l e f t  t h e  marsh (Ffgures 62 and 6 3 ) .  
k+! h e r e a s *  t r a p n e t  s a m p l e s  f r o m  t h e  
u n c o n t r o l l e d  wetland ( l t 190  hours; 19#287  
f i s h ;  4 1  s p e c f  e s )  showed w h i t e  p e r c h  

(Mc?rone 1 t o  be dominant  (62%),  
w i t h  g i z z a r d  shad (10%),  w h f t e  c r a p p i e  
( 9 % ) ,  and b r o w n  b u l l h e a d  ( 5 % )  - a l s o  
abundant. G i z z a r d  shad and f r e s h w a t e r  
drum dominated t h e  u n c o n t r o l  l e d  w e t l  and 
l a r v a e  samples. From t h e  f f r s t  year o f  
t h i s  study they  conclude (on t h e  b a s i s  o f  
f i s h  movement i n  and o u t  o f  t h e  c o n t r o l l e d  
marsh, r e 1  a t i v e  species countr and l a rvae  
samp l j ng )  t h a t  t h e  c o n t r i b u t i o n  o f  t h e  
c o n t r o l l e d  marsh t o  t h e  open-water f i s h  
community was small. The contribution o f  
t h e  u n c o n t r o l l e d  wet land was p o t e n t i a l l y  
q u i t e  large, c o n s i d e r i n g  t h e  easy access 
t o  Sandusky Bay and Lake E r ie .  

Pre-operat i  onal mon i to r ing  o f  Navarre 
M a r s h  p r i o r  t o  t h e  c o m p l e t i o n  o f  t h e  
Davis-Besse N u c l e a r  Power  S t a t i o n  a t  
Locust Po in t  y i e lded  sdmi la r  r e s u l t s  f o r  a  
c o n t r o l  l e d  wet l  and (Reut ter  and Herdendorf 
1974). Hoopnets (2.5 cm ba r  mesh) s e t  I n  
t h e  marsh b e t w e e n  A p r i l  and November 
y ie lded seven spec ies  o f  f i s h  and t h r e e  
s p e c i e s  o f  t u r t l e s .  The f i s h  i n c l u d e d  
bowfin, g izzard  shad, and largemouth bass, 
i n  o r d e r  o f  abundance.  The t u r t l e s  
c o n s  i s t e d  o f  s n a p p i n g  (Che lvd r -a  3.  
s e r p e n t - )  B l a n d i n g  l s  (F-a 
b l a n d i n a ) ,  and midland pa in ted  (l3rvsemvs 
g f c t q  mara i  n a t q ?  . I n  genera l ,  t h e  f i s h  
popu la t ion  w i t h i n  t h e  c o n t r o l l e d  marsh was 
considered smal l  and i s o l a t e d .  I n  1983, 
t h e  same i n v e s t i g a t o r s  removed 1,250 kg 
(2,750 1b) o f  f i s h  f r o m  a  2.4-ha we t l and  
a t  t h e  Bayshore Power S t a t i o n  i n  Toledo 
h a r b o r  as i t  was b e i n g  d e w a t e r e d  f o r  
s t r u c t u r a l  m o d i f i c a t i o n .  The f f s h  
p o p u l a t i o n  c o n s i s t e d  o f  3 4  s p e c i e s r  
dominated by carp,  ye l l ow  perch, emerald 
s h i  ners, and s p o t t a i  1 shiners. 

3.5 AMPHIBIANS AND REPTILES 

Amphibians and r e p t i l e s  f o r m  t w o  
na tu ra l  and d i s t i n c t  c lasses o f  ver tebra te  
a n f m a l s  f o u n d  f n  L a k e  E r i e  w e t l a n d s  
(Append ix  K ) .  B o t h  g r o u p s  a r e  c o l d -  
b l o o d e d ,  d e r i v i n g  h e a t  f r o m  o u t s i d e  
s o u r c e s  and c o n t r o l  1 i n g  t h e i  r b o d y  
t e m p e r a t u r e  by moving t o  coo le r  o r  warmer 
environments as  necessary.  Amphi b i a n s *  
i n c l u d i n g  salamanders, newts, toads, and 
f rogs,  have mo is t ,  g l a n d u l a r  s k i n s  and 
t h e i r  t o e s  a r e  d e v o i d  o f  c laws.  T h e f r  
young pass th rough a l a r v a l  stage5 usua l l y  
aquatic, be fore  they metamorphose i n t o  t h e  



Figure 62. Water level control s t r uc tu re  between upper Sandusky Bay 
and Winous Point Marsh. Trapnet in foreground used t o  determine f i s h  
u t i l i z a t i o n  of marsh ( J u l y  1984). 

a d u l t  form. By c o m p a r i s o n r  r e p t i l e s ,  
including t u r t l e s ,  snakes, and 1 i za rds  a r e  
c o v e r e d  in s c a l e s  o r  p l a t e s *  and t h e i r  
t o e s  b e a r  c l a w s .  Young r e p t l l e s  a r e  
m l n l a t u r e  r e p 1  i c a s  o f  t h e 1  r p a r e n t s ,  
a l t h o u g h  some d f f f e r  i n  c o l o r  p a t t e r n s  
from adu l t s .  

Mudpuppies ( ~ 1 o s u s )  a r e  
f a f r f  y common i n  embayments w l t h  s o f t  
b o t t o m s  a n d  a q u a t i c  p l a n t s .  I t s  name 
comes from t h e  dog1 i k e  head wfth wavy red 
g f l l s  which look somewhat I fke  ears ,  The 
body o f  t h f s  la rge  sa lamander  I s  mot t l ed  
brawn wJth b l a c k  s p o t s ,  sf imyl and about 
30 cm, They b u r r o w  t n t a  mud d u r i n g  t h e  
day and c rawl  a l o n g  t h e  bottom a t  n igh t ,  
feedfng on w a t e r  f n s e c t s ,  s n a i l s ,  f i s h  
e g g s r  and sma l l  f f s h .  They a r e  a c t f v e  
throughout mast of t h e  y e a r ,  Mudpuppfes 
mate i n  autumn* b u t  t h e  eggs a r e  not  f a ld  
u n t l l  l a t e  spring, The f ema le  g l u e s  the 
jel ly-coated eggs t o  t h e  underpart of logs  
o r  s t o n e s  and  g u a r d s  t hem u n t f l  t h e y  
hatch, nearly 2 months l a t e r .  The newly 

hatched l a r v a e  a r e  abou t  2 cm long. I t  
t akes  7 years  f o r  them t o  become mature a t  
a length of about 20 cm. T h e i r  1 i  f e s p a n  
i s  est imated a t  over 20 years.  

T h e  s m a l l  e r  s p o t t e d  (Ambvstnma 
w u l a t u ) ,  t i g e r  (8, Je f f e r son  
( A .  n i a n m ) ,  and s m a l l m o u t h  
s a l  amanders ( 8 .  $ e x a m )  be1 ong t o  the 
mole salamander family (Ambystomtdae), and 
spend most of t h e f r  f i v e s  underground. A t  
t h e  ea r ly  spring breeding t imer  t h e y  t a k e  
t o  t h e  i c y  water .  The e g g s  a r e  u sua l l y  
l a i d  i n  l a r g e  c l u s t e r s  and a t t a c h e d  t o  
submerged s t i c k s  o r  wetland debr i s .  Af te r  
s e v e r a l  weeks t h e y  ha t ch  i n t o  greenish-  
brown la rvae  about 1.3 cm long. The newly 
ha tched  l a r v a e  r e semble  t a d p o l e s  w l t h  
e x t e r n a l  g i l l s .  By t h e  end of summer the 
l a rvae r  nearly 8 cm long, begin t o  develop 
lungs and a r e  ready t o  leave  t h e  w e t l a n d s  
f o r  m o i s t  w o o d l o t s .  A d u l t  s p o t t e d  
salamanders a r e  b lack  w i th  ye1 low s p o t s  
and r each  a length  of 18 cm, They become 
slimy when annoyed, Tiger  salamanders a r e  
b lack with yellow b l o t c h e s  and grow t o  a 
l e n g t h  of 20 cm. J e f f e r s o n  s a1  amanders 



i s9  ands are  e s p e c i a l  1 y  good l oca t i ons  t o  
observe mo7e salamanders. 
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Figure 63. Length  f requency  o f  g izzard  
shad (Dorosomp m p e d i  a n w )  e n t e r i n g  and 
e x i t i n g  a  c o n t r o l l e d  marsh (Winous Po in t  
Marsh )  d u r i n g  A p r i l  - S e p t e m b e r  1 9 8 3  
(Johnson 1984). 

grow t o  18 cm long and are  dark brown w i t h  
sma l l  b l u e  s p o t s  on t h e i r  s f  des. The 
a d u l t s  l i v e  i n  t h e  woodlots,  where they 
h i d e  under r o c k s  and f e e d  a t  n i g h t  on  
fnsec ts ,  s n a i  1  s, and worms. Smallmouth 
salamanders are s i m i l a r  i n  l eng th ,  b u t  i n  
n o r t h e r n  Ohio, t hey  are p l a i n  black. The 
marshes o f  M i d d l e  Bass and N o r t h  Bass  

The n o r t h e r n  d u s k y  s a l a m a n d e r  
f *  1 and t h e  red- 

backed sal  amander (P l  ethodoq s. cinerlls) 
belong t o  a  fami ly  o f  lung less  salamanders 
( P l  e thodon t  i d a e )  . They b r e a t h e  through 
the  t h r o a t  membrane and t h e  s k i n s  wh ich  
must be k e p t  c o n t i n u a l l y  mo is t .  These 
slender salamanders o f t e n  1 i v e  among t h e  
rocks o f  a  she l te red sho re l i ne  o r  i n  mois t  
caves .  I n  summer, t h e ' f e m a l e  d u s k y  
salamander l a y s  10 t o  25 j e l  ly-coated eggs 
i n  bunches l i k e  grapes i n  m o i s t  p l a c e s  
under moss, leaves,  o r  rock. The l a rvae  
hatch i n  about 2 months; they l i v e  on land 
f o r  3 weeks, u n t i l  t h e i r  g i l l s  and t a i l  
f i n  develop.  Then, a t  a  l eng th  o f  2 cm, 
they enter  t h e  water and stay t h e r e  u n t i l  
t he  fo l l ow ing  spring, when they l ose  t h e i r  
g i l l s  and r e t u r n  t o  t h e  l and .  The red- 
backed salamander has been observed i n  
c a v e s  on S o u t h  Bass I s l a n d .  Complete 
development t a k e s  p l a c e  w i t h i n  t h e  egg; 
t he re  i s  no aquat ic  l a r v a l  stage as i s  t h e  
case among most o ther  salamanders. 

N e w t s  a r e  n o t  as  s l i m y  a s  m o s t  
salamanders; t h e i r  s k i n  i s  rougher.  The 
r e d - s p o t t e d  n e w t  ( m h t h a l w  U- 
$ e s c e n g )  l i v e s  i n  w a t e r  d u r i n g  t h e  
b e g i n n i n g  and end o f  i t s  l i f e ,  wh i l e  t h e  
t ime between i s  spent  on l and ,  They a r e  
01 ive-green w i t h  r e d  and b l a c k  spots on 
the  back and ye l low underneath, B reed ing  
a d u l t s  a r e  10 em l o n g  and l i v e  i n  water. 
I n  spr ingv  t h e  females l a y  eggs on marsh 
p l a n t s .  I n  l e s s  than a  month, t h e  l a rvae  
hatch, each w i th  ex terna l  g i l l  s t  buds f o r  
f r o n t  f e e t ,  and a  t a i l  f i n .  By autumnv 
t h e y  a r e  a b l e  t o  l e a v e  t h e  w a t e r  when 
t h e i r  g i l l s  a r e  rep laced by lungs. Legs 
and a  slender t a i l  f o r m  and t h e  g r e e n i s h  
c o l o r i n g  changes t o  b r f g h t  red  w i t h  darker  
r e d  s p o t s  on t h e  back. The young newts, 
c a l l e d  red e f t s #  1  i v e  i n  t h e  woods f o r  a  
yea r  o r  l onge r ,  t h e n  mature  f n t o  newts 
wh ich  r e t u r n  t o  t h e  w a t e r  t o  l f v e  and 
breed. 

Toads l i v e  on land most o f  t h e  time. 
But i n  spring, a f t e r  l e a v i n g  t h e i r  wa te r  
s h e l t e r  under r o c k s  and l ogs ,  t hey  seek 
ponds and s h e l t e r e d  w e t l a n d  embayments, 
There t h e y  mate and t h e  females l a y  t h e i r  

h e  A m e r i c a n  t o a d  ( 
, has a  w a r t y  l i g h t  o r  



brown  s k l n ,  The female" t h r o a t  1s a f g h t ;  
t h e  malsBs t s  markad w f t h  d a r k  s p a c k s  and 
svel8a o u t  w h s n  h e  s f n g s ,  i n  A p r l f  t h e  
males a r t f v e  a t  t h s  s h o r e  a n d  s t a r t  t h e  
mattr ig chorus; ,  Ths f o m a ? e s  l a y  t h e 4 r  eggs 
i n  long strings o f  j e l l y  t n  t h e  u a t e r .  Xn 
$1 d g n t  1 y o v s r  a  week ,  t h e  e g g s  h a t c h  f n t o  
b h c k  t a d p o l s s  w h l c h '  g r o w  q u l c k f  y .  # h e n  
t h e y  a r e  2 month la  o l d ,  t h e y  m e t a m v r p h o s e  
l n h a  t l n y  t o a d s  1 - 3  cm l o n g  a n d  b e g i n  a 
? @ r r e s t r t a l  1 9 f e  feedfng o n  f n s a c t s  a n d  
WOYlPi2r. 

~ 0 5 %  0 5  t h e  y e a r ,  f r o g s  I n  t h e  
treefrog fernf ly  i H y l l a a o )  l l v u  on l a n d p  
b ~ t  l n  spr fng t h e y  f f n d  t h e i r  way t o  p o n d s  
a n d  rnar!%hs$ t o  mare and l a y  t h @ t r  eggs. 
T h e  C f n y  s p r l n g  p e e p e r s  ( &- 1 
a r e  b m o n y  t h e  f i r a t  t o  c o m e  o u t  o f  
h t b e r n a t f c m .  Xn M a r c h *  c r o w d s  a f  p e e p e r s  
s t a r t  O h s  s h r J 1 1  p f p t n g  w h f c h  f s  o n e  o f  
%Re f f r s t  s l g n s  o f  s p r f n g ,  F e m a l e  p e e p e r s  
'lay t h e f t -  @ggs s e p a r a t b l y  o n  f l o a t l n g  
l e e v s s  and s t e m s  I n  s h a l l o u  w a t e r ,  I n  
a b o u t  20 d a y s t  % t n y  t a d p o l e s  h a t c h  a n d  
w f  t h i n  5 m o n t h s ,  m e t a m r p h o s a  f n t o  1.3-cm 
p e e p e r s ,  U s l n g  t h e  ~ t l c k y  p a d s  o n  t h e f r  
f s e t ,  t h e y  t h e n  cl fmb s h r u b s  a n d  f e e d  on  
j n s e c t s .  The w e s t e r n  c h o r u s  F r a g  
t 2 * I s ~ m @ t f m ~ S  
c snrp t a s  a v f t b r a n t  
vofc4in w f  t h  r @ g u l  a r l  y r e p e a t e d  " c r r @ e k n  or 
M p r r @ e p m  s p @ @ d t n g  u p  a n d  r f s l n g  I n  
t m d l r d  6;h8 e n d .  T h e  cricket f r o g l s  ( 

SX 1 c a l l  t s  % c f  I c k l n g  s o u n d ,  
r '@%cmbtfng m c r f c k e t ' s  c h f r p ,  Lfke t h e  
%pr lng p e e p e r "  Ot l s n o  mrs t h a n  2.5 cm 
long a n d  may be  h e a r d  1n p o n d s  f r a m  A p r f  1 
u h t l  l J u n e ,  A l  t h o u g h  t h a  c r l c k a l  f r o g  
B a l u n g r  t o  t h e  t r e a f r o g  f a m i l  y p  p a d s  o n  
t h e i r  twe  a r e  too %mall f o r  t h e m  t o  c l f m b  
trees, Mast e f  t he  time t h e y  l tve a l o n g  
t h e  cattbtl end r u s h  b o r d e r s  sf  p o n d s  a n d  
m~rohcrra, &caudb of t h e l r  a b t l f t y  t o  l e a p  
3s A f g h ,  t h e y  a r e  s a m s t i m e s  c a l l e d  
g r a % % k o p p e r  f r o g s .  

M s m b s r s  o f  t h e  t r u e  F r o y  d a m f l y  

4 h s  t y p f s s ' l  f rogs of  p o n d s  a n d  m a r s h e s ;  
a l l  have Icrlag regsd smottr skfn, sP; .par&tsa  
fingers, a n d  t o e s  j o l n @ d  b y  webs, 
P f c k e r e l  f r o g s  l l v o  fn o r  n s d r  w a t e r  
axcspt  l a  summer when tney m a y  w a n a e r  
f n l a n d  ? n  s e a r c h  sf tns@ct$ a n d  o t h e r  
creatures 9n ths f f s 7 d s ,  They  have  d a r k  

b r o w n r  r e c t a n g u l a r  s p o t s  on I f g h t  kr'otsn 
backs and a  l f g h t  s t r f p e  a l o n g  eiacri s i d e ,  
I n  A p r f l ,  the m a l e s  make a c r o a k r n g  sotme 
f n  s h a l l o w  w a t e r ;  females l a y  masses o f  
f e l  l y - c o a t e d  e g g s  I n  t h e  water. A f u l l -  
g r o w n  8 - c m  t a d p o l e  h a s  a  d a r k  b a c k ,  
p u r p l  { s h  t a f  l c r e s t r  a n d  a n  i r :  d e s c e n t  
o n d a r s f d e .  T h e  sl f g h t l  y l a r g o r  l eopa rd  
f r o g  I s  g r e e n  or b r o w n f s h  and t h o  r o u n d e l  
d a r k  spars o n  I t s  b a c k  a r c  o u t l i n e d  i n  
w h d t s .  T h e  t a d p o l e s  a r a  brown w i t h  b l a c ~  
s p e c k s  on  t h e  back, l l g h t  u n d e r n a a - t ; h r  a n c  
have t r a n s 1  vcent e d g e s  o~ thul r La 3 l s. 
Bu'lirogs a l w a y s  ? ? y e  fn u r  near w a t e r ,  
T h e s e  l a rge  f r o g s ,  20 ca Ions ,  a r e  t h e  
l a s t  t o  m a t e  a n d  l a y  t h e d s  eggs .  i n  9 b n c  
a n d  J u l y  t h e  m a l e s  p r o d u c e  a " g a r r u m p "  
c r o a k  i n  p o n d s  and  e tnbayments  o f  t h e  l a k e .  
T h s  F e m a l e s  l a y  t h o u s a n d s  o f  s m a l l  b 1  a c k  
j e l l y - c o a t e d  e g g s  w h t c h  f l o a t  o n  t h e  
s u r f a c e  o f  t h e  w a t e r  f n  l a r g e  m a s s e s  o v e r  
1 m a c r o s s ,  A f t e r  a  f e w  d a y s ,  t h e  e g g s  
h a t c h  t n t o  t a d p s l e s  w h l c h  t a k e  2 y e a r s  t o  
g r o w  t o  t h e  F r a g  s t a g e .  F u l l - g r o w n  
b u l l f r o g  t a d p o l e s  a r e  13 cm l o n g ,  s p l o t c h y  
b r o w n t s h  I n  color ,  a n d  c h a n g e  I n t o  5-cm 
f r o g s  w h f c h  h a v e  t h e  s a w  c o l o r l n g  o n  t h e  
b a c k  and  a r e  whlte u n d e r n e a t h ,  As b u l l -  
f r o g s  g r o w ,  they bslcoms g r e e n  a n  t h e  b a c k  
a n d  t h e  malas h a v e  y e l l o w  t h r o a t s  f n  t h e  

The, s n a p p i n g  t u r t l e  g r o w s  t o  o v e r  70 
cm l o n g  a n d  may w s f g h  m a r e  t h a n  18 kg.  ]It 
f s  t h e  l a r g e s t  r e p t l l e  I n  w e s t e r n  L a k e  
E r i e  a n d  m a k e s  f t s  homo f n  p o n d s ,  m a r s h e s  
a n d  s m b a y m e n t s  o f  t h e  l a k e .  T h e  d a r k  
b r o w n *  u p p e r  s h e l l  d o e s  n o t  c o v e r  i t s  
h e a v y  n e c k  I e g s  a n d  s a w - t o o t h e d  t a  f 1 ,  
g f  v 3 n g  t h e  h e a d  a n d  l e g s  r o o m  t o  m o v e  
f r e e l y ,  When c a t c h f n g  f o o d ,  t h o  s n a p p i n g  
t u r t l e  d a r t s  f t s  h e e d  f o r w a r d  a n d  s n a p s  
u l t h  p o r e r f u l  jaws. I t  e a t s  f i s h ,  f r o g s ,  
f n s s c t s ,  c r a y f  f s h r  d u c k 1  l n g s ,  a n d  o t h e r  
c r e a t u r e s .  a s  well a s  some a q u a t f c  p l a n t s .  
fn s p r i n g ,  the f a m a l e  d t g s  a  h o l e  I n  t h e  
s o f t @  molst b a n k  a n d  d e p o s i t s  20 or  m o r e  
r o u n d *  w h i t e ,  h a r d - s h e l l e d  a g g s  t h a t  a r e  
a b o u t  2.5 cm tn d f  a m e t e r .  T h e y  h a t c h  1n 
about 3 m o n t h s  i n t o  t P n y  t u r t l e s  w l t h  l o n g  
t a f l s ,  SnappSng  t u r L l a s  hibernate f n  t h e  
mud b o t t o m s  o f  the p o n d s  a n d  m a r s h e s .  

, m i d l a n d  p a f n t e d  



( m r a p e n e  c a r o l  i n a )  and 31 a n d l n g f s  
(fmvdoidea, b l a n d i l l  t u r t l e s  a l l  belong 
t o  t h e  w a t e r  and box  t u r t l e  f a m i l y  
( T e s t u d i n i d a e )  . The map t u r t l e  p re fe rs  
water and places where aquat ic  p l a n t s  a r e  
t h i c k .  I t s  name comes from i t s  01 i v e -  
brown upper she1 1 w i t h  1  i g h t  yellowish 
markings,  which resemble a  c h a r t .  Th is  
t u r t l e  grows t o  25 cm l o n g .  S p o t t e d  
t u r t l e s  a re  sca rce  i n  t h e  reg ion ;  t h i s  
r e p t i l e  has  been p l a c e d  on t h e  O h l o  
Endangered Species L i s t .  They o f ten  feed 
under water where they e a t  smal l  f i s h  and 
s h e l l f i s h ,  b u t  t h e y  a l s o  forage on land. 
T h e i r  13-cm smooth h i g h l y  arched b l a c k  
she l l s  have b r i g h t  yel low spots. 

The m i d l a n d  p a f n t e d  t u r t l e  a lways 
l i v e s  near t h e  water s ince i t  does a l l  i t s  
ea t ing  under water .  It w i l l  e a t  a lmos t  
a n y t h i n g  i t f i n d s ,  e i t h e r  dead o r  a l i v e .  
The s h e l l  o f  t h e  p a i n t e d  t u r t l e  grows t o  
1.8 cm i n  l e n g t h  and i s  shfny olive-brown 
r.r b lack w i th  yel low l i n e s  on t h e  back and 
red marks along t h e  edges. I t s  head has 
y e l l o w  marks and i t s  neck and l egs  have 
r e d  s t r i p e s .  The box t u r t l e  i s  m o s t l y  
t e r r e s t r i a l ,  b u t  sometimes e n t e r s  t h e  
water t o  cool o f f  o r  escape from an enemy. 
The p las t ron  o f  t h i s  t u r t l e  i s  h inged and 
can be closed t i g h t l y  against t h e  carapace 
t o  form a  box w i th  t h e  t u r t l e  ins ide.  The 
carapace i s  13 cm long, high, rounded, and 
i s  d a r k  b rown  w i t h - y e l i o w  marks. Box 
t u r t l e s  eat p lants,  insects, worms, slugs, 
and s n a i l s .  The e land ing ' s ,  o r  semibox 
t u r t l e ,  a l s o  has a  high hinged shel l ,  bu t  
c l o s u r e  i s  l e s s  comp le te  t h a n  t h e  box  
t u r t l e .  It i s  e s s e n t i a l l y  aquatic, b u t  a t  
t i m e s  wanders  abou t  on land, A l though 
seldom f a r  from t h e  lake  o r  marshes. The 
p las t ron  i s  p l a i n  brownish gray w i th  l i g h t  
s p c t s  t h a t  t e n d  t o  r u n  t 6 g e t h e r  forming 
bars o r  s t r e a k s .  They a l s o  have b r i g h t  
y e l l o w  patches on t h e  c h i n  and t h r o a t .  
T h i s  t u r t l e  o f t e n  h i s s e s  s h a r p l y  when 
df sturbed. 

S o f t - s h e 1  l e d  t u r t l e s  (Jr ion.yx 
~ I n i f e r p )  a r e  o d d - l o o k i n g  a q u a t i c  
c r e a t u r e s  whlch p r e f e r  r i v e r s .  They are  
scarce  f n  t h e  r e g i o n  h a v i n g  o n l y  been 
r e p o r t e d  f r o m  Catawba I s 1  and marshes 
i L a n ~ l o < s  1964). I t  has a  1  i g h t  brown, 
f l e x l b l e  s h e l l  up t o  25 cm I n  l e n g t h .  
They commonly f l o a t  ove r  sha l l ow  muddy 
bottoms wi th  only t h e i r  snouts s t i c k i n g  up 

f o r  a i r .  These t u r t l e s  eat  f i s h  and some 
aquat ic  p lants.  

The Lake E r i e  wa te r  snake f 
Insularurn) i s  t h e  snake mo 
o r  near  t h e  l a k e  th roughou t  t h e  

is lands reg ion .  I t i s  a  u n l f o r m  green- 
brown, n o t  t h e  d f s t i n c t  l i g h t  and dark  
brown of i t s  c lose r e l a t i v  o r t h e r n  
water  snake ( N 8 r o d i ~  +. 1, which 
i nhab i t s  t h e  main land s h o r e  and some o f  
t h e  i s l a n d s .  The r a r e r  K i r t l and l s  water 
snake (C~ORQJ&& has on1 y  been 
observed on  S o u t h  Bass  I s l a n d .  When 
alarmed, t h i s  snake can f l a t t e n  i t s  body 
making i t s e l f  a l m o s t  r i b b o n - 1  i k e  and 
r l g i d l y  immobile. It i s  a  good swimmer 
but  t h e  l e a s t  aquatic o f  t he  water snakes. 
Water snakes grow t o  a  l e n g t h  o f  about  
1.3 m. They c a t c h  and ea t  small animals 
which l i v e  i n  o r  near water, such as f ish,  
frogs, i n s e c t s ,  and mice. Water snakes 
a re  n o t  poisonous, b u t  t h e y  w i l l  h i ss ,  
c o i l ,  and s t r i k e  i f  annoyed. They a l s o  
s e c r e t e  a  f o u l - s m e l l i n g  substance f rom 
musk glands as a  defense mechanism. L a t e  
i n  summer, t h e  female bears a1 i v e  15 t o  40 
young.  The L a k e  E r i e  w a t e r  snake i s  
f a i r l y  common a r o u n d  t h e  i s l a n d s ,  
p a r t i c u l a r l y  t he  uninhabited ones, and can 
be seen swimming along the  shore w i t h  i t s  
head above water o r  sunning on f l a t  r o c k s  
near t he  water's edge. 

I n  a d d i t i o n  t o  t h e  w a t e r  snakes, 
t he re  are seven o t h e r  common spec ies  o f  
snakes on t h e  l s l a n d  which belong t o  t h e  
C o l u b r i d  f a m i l y .  T h e  g a r t e r  s n a k e  
(Barnno- w) f s  sometimes found 
near  water  where J t  e a t s  f rogs ,  toads, 
salamanders, c r a y f i s h ,  and mlnnows. It 
grows t o  1 m l o n g  and I t s  back Js brown 
w i t h  t h r e e  y e l l o w  str9pes; underneath i t 
i s  l i g h t  y e l l o w .  The  f o x  snake  i s  a  
r e s i d e n t  o f  t h e  marshes  wh ich  bo rde r  
western Lake E r i e  and t h e  ad jacent  up land 
areas. T h i s  a t t r a c t i v e  snake f s  b o l d l y  
patterned w j t h  background c o l o r s  v a r y i n g  
f rom ye1 l o w i s h  t o  l i g h t  brown t o  reddish 
and dark spots and b l o t c h e s  v a r y l n g  f rom 
c h o c o l a t e  t o  b l a c k .  U n f o r t u n a t e l y ,  t h e  
reddfsh head f requen t1  y  causes i t  t o  be  
k i l l e d  as a  " c ~ p p e r h e a d , ~  and i t s  black 
and ye l lowish  coloration p lus  I t s  h a b i t  o f  
v i b r a t i n g  t h e  t a t 1  cause f t  t o  be s l a i n  as 
a  " ra t t l e r . "  The black r a t  snake ( 

9. ~ b s o l e t a )  1 s  a  p l a i n  s h f n y  b l a c k  
r e p t i l e .  I t s  h a b i t a t s  range f rom rocky, 



wooded c l i f f s  t o  marshy s h o r e l i n e s ;  an 
e x c e l l e n t  cl-imber, i t  sometimes t a k e s  up 
r e s i d e n c e  i n  c a v i t i e s  hfgh up f n  ho17ow 
t rees .  I t  c o n s t r i c t s  r a t s ,  m i c e ,  and  
b i r d s  f n  i t  s t r ong  c o i l s  a s  does i t s  c l o s e  
r e l a t i v e ,  t h e  f o x  snake .  The n o r t h e r n  
brown, o r  Dekayrs snake ( S t o r e r i a  il&.&!i), 
i s  small ( gene ra l l y  not  longer  than 30 cm) 
g e n t l e ,  and v e r y  common t h r o u g h o u t  t h e  
i s l and  region. I t  can  be found n e a r  t h e  
marshes ,  i n  the moist woods, and near  t h e  
rocky shore1 ine. The reddf sh-brown hog- 
nosed s n a k e  ( H e t e r o d e o  p l a t ~ r h 4 n o s )  i s  a 
s e rpen t  o f  e x t r a o r d i n a r y  b e h a v i o r  which 
i n c l u d e s  h i s s i n g ,  head - sp read ing ,  body 
i n f l a t i n g *  and p layfng  llpossum.n I t  h a s  
an upturned snout ,  hence the name. Frogs, 
t o a d s ,  and t a d p o l e s  a r e  t h e  mainstay of 
i t s  d i e t .  The b lue  and the b l ack  r a c e r s  
(!2S&&sT - fQxA and  C. I;. 
c o n s t r i c t o r )  a r e  fast-moving and s l e n d e r .  
They k i l l  t h e i r  p r ey  by h o l d i n g  t h e m  in  
t h e l r  s t rong  jaws while looping t h e i r  body 
over  t h e  s t r u g g l i n g  vict im and press ing  i t  
down,  n o t  by c o n s t r i c t i o n  a s  t h e i r  
s c  i  e n t l  f l c name suggests .  They e a t  r a t s 9  
mice ,  r a b b i t s ,  b f r d s ,  a n d  f r o g s ,  a n d  
f nhab i t a t  wood1 ands* marshes, and l ake  and 
pond environs. The black racer  i s  p l a in  
black both above and below; t h e  b lue  r ace r  
I s  p la in  blue above and p a l e  blue below. 

S k i n k s  a r e  a f a m i l y  o f  l i z a r d s  
( S c i n c l d a e )  w h i c h  a r e  s m o o t h ,  s h i n y ,  
a l e r t ,  and a c t i v e .  Most  s p e c i e s  a r e  
t e r r e s t r i a l ,  foraging I n  t h e  day1 9gkt but  
t ak ing  s h e l t e r  a t  n i g h t ,  i n  bad w e a t h e r ,  
o r  from high temperatures .  The f ive- l ined  
s k i n k  ( F m s  f a s c i a t u q )  i s  t h e  o n l y  
s p e c j e s  found i n  t h e  r egJon  and Is n o t  
abundan t .  Hatch1 i n g s  have f i v e  white  o r  
y c l ? o w i s h  s t r i p e s  on a b l a c k  back  and  
b r i g h t  b l u e  t a f l s .  Adult females r e t a i n  
some o f  t h i s  s t r i p e d  p a t t e r n ,  b u t  ma le s  
u s u a l l y  become a n e a r l y  uniform brown o r  
07 i v e  co lo r .  The l r  p r e f e r r ed  h a b i t a t s  a r e  
cu tover  woodlots wi th  r o t t i n g  s tumps  and 
l o g s  r m o i s t  r o c k  l e d g e s ,  and decay ing  
d e b r i s  accumulations a t  wet1 and margins. 

3.6 BIRDS 

The we t l and  h a b i t a t  o f  t h e  w e s t e r n  
t a k e  E r i e  c o a s t a l  m a r s h e s  s u p p o r t s  a 
d i v e r s t t y  o f  b i  r d  1 i f e  ( A p p e n d i x  L ) .  
R e s i d e n t  a n d  m f g r a t o r y  s p e c f e s  o f  
waterfowl, waterb i rds ,  wading b i r d s 9  shore  

b i r d s *  g u l l s  and t e r n s p  r a p t o r s r  and  
perchlng b i rds  use the regSon f o r  nes t ing*  
feeding,  and r e s t i ng .  Noteworthy migratory 
s p e c i e s  u s i n g  t h e  s h o r e l i n a  environment 
i n c l u d e  t h e  b a l d  e a g l e *  '( 
l e u c o c e p h a l u s ) ,  o s p r e y  ( F ' a n d i o n  
h a 1  i a e t u s ) ,  and  K i r t l  a n d ' s  w a r b l e r  
(pendroica ki r t 1  andi i 1. Waterfowl common- 
1 y observed  i n  t h e  wetlands. a r e  mallards 
(u p l a t v r h v n c h o s ) ,  wood d u c k s  (L\iLL 
~ ~ o n s a )  b l a c k  ducks  ( h s  r u b r i ~ e 2 ) ,  
blue-winged t e a l  (Anas d i s c o r s ) ,  and  
p i n t a i l s  (Anas acu t a ) .  

The  c h a r a c t e r  o f  t h e  w e s t e r n  Lake 
E r i e  s h o r e s  v a r i e s  from c l a y  b l u f f s  t o  
sand and gravel beaches of rocky headlands 
t o  c o a s t a l  marshes .  The beaches a t t r a c t  
spo t ted  sandpipers  ( A c t i t i s  macul a r i a )  i n  
summer9  s m a l l  f l o c k s  o f  s h o r e b i r d s  in  
m i g r a t i o n ,  and  p a t r o l 1  i  ng g u l l  s y e a r  
a round;  bu t  a s  Goodwin (1982) po in t s  ou t ,  
t h e  absence of  s j g n i f  i c an t  t i d a l  movement 
p r e c l  udes 1 a rge  concent ra t ions  of feeding 
b i r d s  t y p i c a l  of t h e  mar ine  c o a s t .  The 
coas t a l  marshes, mud f l a t s  assoc ia ted  with 
t h e  1 a r g e r  s t r e a m s ,  and embayments where 
a l g a l  mats accumulate a r e  t h e  p laces  where 
w a t e r b l r d s  g a t h e r .  The mud f l a t s  and  
a l g a l  accumulation f r equen t ly  occur  in  t h e  
autumn, when Lake E r i e  w a t e r  d rops  from 
jts summertime high l eve l .  

Main1 and Coastal Marshes 

The coas ta l  marshes and t h e  w e t l a n d s  
assoc ia ted  with t h e  mouth of streams along 
t h e  Lake E r i e  s h o r e  have a r i c h  a r r ay  of 
breeding spec ies .  The ex t ens ive  s tands  of 
c a t t a i l  (1- spp .  1 and o t h e r  emergen t  
p l a n t s  a s  wel l  a s  t h e  open shallow water  
a r e a  p r o v i d e  h a b i t a t  f o r  many summer 
r e s i d e n t s  including p i e d - b i l l e d  g r e b e  
(Podilvmbus podic-) American b i t t e r n  
( B o t a u r u s  l e n t i ~ i n o s u ) ,  Canada goose  
(Brantii cdnadensis) ,  ma1 l a r d ,  bl ue-wi nged 
t e a l ,  V i r g i n i a  r a t 1  (w J i m i c o l ~ ) ~  
American coot  ( fu l  i c a  amer i cana )  , common 
moorhen (gal 7 i nu l e l  (Gall i nu l a  C ~ ~ O ~ O D U S ) ~  
marsh wren (Cis to thorus  pal ustris) , common 
y e 1  1 o w t h r o a t  ( & e ~ t h ~ l D i s  t r i c h a s ) ,  and 
r e d - w i n g e d  b l a c k b i r d  ( h a e l  a i  us 
p h o e n i c e u s )  . Swampy woodlands a r e  o f t en  
a s s o c i a t e d  w i t h  t h e  1 a r g e r  c o a s t a l  
we t l ands .  I n  a d d i t f o n  t o  t h e  l andb i rd s  
t h e s e  a r e a s  s u p p o r t ,  t h e  f 01 l ow i ng 
w a t e r b i r d s  m o s t  commonly n e s t  i n  the 
wooded hab i t a t s :  g r e a t  b lue  heron ( F i g u r e  
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and osprey. 

P o i n t  Pe lee  N a t i o n a l  Park i s  a  sand 
s p i t  j u t t i n g  out  i n t o  Lake E r i e  f r o m  t h e  
O n t a r i o  s h o r e  1 0  km s o u t h e a s t  o f  
Learnington. I n  spring, b i r d  watchers from 
a l l  o v e r  t h e  w o r l d  c o n g r e g a t e  o n  t h i s  
p o i n t  t o  view t h e  endless f l i g h t  o f  b i r d s  
re tu rn ing  north. The i n t e r i o r  p o r t i o n  o f  
t h e  p o i n t  i s  a  l a r g e  marsh separated from 

Figure 65. Black-crowned n f a h t - h e r o n  
(- nvticor_ax) nest  a t  fooxvs Pond, 
North Bass 1-31 and, Ohio (Lfgas 1952). 

t h e  l a k e  by b a r r i e r  beaches and wooded 
sand  dunes.  H o l  i d a y  Beach P r o v i n c i a l  
Park, a l so  loca ted on t h e  O n t a r i o  shore, 
15 km s o u t h e a s t  o f  Amherstburg, borders 
t h e  e x t e n s i v e  B i g  Creek marshes. T h i s  
l o c a t i o n  i s  renowned as a  hawk observat ion 
s i t e .  Goodwin (1982)  r e p o r t s  t h a t  hawk 
movement here i n  t h e  f a l l  I s  h e a v i e r  t h a n  
a t  any  o t h e r  O n t a r i o  l o c a t i o n .  From 
September t o  November, broad-w i nged hawks 
(j&-&g g l  a t v o t e r u s ) ,  sharp-shinned hawks 
( b i ~ i t e r  s t r i a t u g j r  American k e s t r e l s  
( F a l c ~  s ~ a r v e r i u s , ,  r ed - ta i l ed  hawks (8. 

c e n s i s )  a n d  t u r k e y  v u l t u r e s  
( C a t h a r t e l  a u r a )  p r e d o m i n a t e  i n  t h a t  
o r d e r .  Over 30,000 broad-winged hawks 
have been reported i n  a  s i n g l e  day, and 15 
s p e c l e s  o f  r a p t o r s  o c c u r  r e g u l a r l y ,  
a 1  t h o u g h  e a g l e s ,  o s p r e y s ,  g o s h a w k s  
( B c c i ~ i t e r  g e n t i l - f s ) ,  p e r e g r i n e  fa lcons 
( F a l c o  p e r e a r i n u s )  and m e r l  i n s  ( E .  
~ o l u m b a r i u s )  a r e  u s u a l l y  on ly  present i n  
small numbers. 

lake F r i e  Is lands 

The o f f s h o r e  Lake E r i e  I s l a n d s  a r e  
n e s t t n g  s i t e s  f o r  many s p e c i e s  o f  bSrds 
i nc lud ing  herons, ducks, g u l l s ,  and t e r n s  
t h a t  f e e d  a l o n g  t h e  s h o r e  and i n  t h e  
coasta l  marshes. Colonies o f  t h e s e  b i r d s  
c o m p l e t e l y  c o v e r  many o f  t h e  s m a l l e r ,  

Figure 64. G r e a t  b l u e  h e r o n  (w rocky is lands and shoals, several  o f  which 
h e r o d i ~ )  nests i n  t h e  S i s t e r  I s l a n d s  b u t  a r e  d e s i g n a t e d  as  n a t u r e  r e s e r v e s  o r  
feeds i n  t h e  c o a s t a l  marshes surrounding w i  1  d l  i f e  s a n c t u a r i e s .  Protected is lands 
Locust Po in t .  i nc lude  Green and West S i s t e r  I s l a n d s  i n  



Chio  and East  S is te r ,  Middle Sister ,  Hen, 
and Chicken Is lands i n  O n t a r i o .  Species 
known t o  nest  on these is lands inc lude t h e  
g r e a t  b l u e  heron, b lack-crowned n i g h t -  
h e r o n ,  g t e a t  e g r e t ,  d o u  b l  e - c  r e s t e d  
cormorant  (Phalacrocorax au r l t us )  (F igure 
661, h e r r i n g  g u l l  ( I  a r u s  a r a e n t a t u z ) ,  
r i n g - b i l l e d  g u l l  (b. -delawarensis)? common 
t e r n  (S te rna  h i  rundo), and Caspian t e r n  
(S. c a s ~ i a ) .  

Pe lee  I s l a n d ,  l o c a t e d  a b o u t  15 km 
southwest  o f  t h e  t i p  o f  Po in t  Pelee, has 
two nature reserves which f e a t u r e  c o a s t a l  
marsh h a b i t a t s .  A t  t h e  nor theast  t i p  o f  
t he  i s l and ,  L igh thouse  P o i n t  P r o v i n c i a l  
Na tu re  Reserve i n c l u d e s  Lake Henry which 
i s  separated f r o m  Lake E r i e  by a narrow 
b a r r i e r  beach. Here dead t rees  standing 
i n  t h e  l a k e  p r o v i d e  n e s t i n g  s i t e s  f o r  
c o l  on ies  o f  double-crested cormorants and 
h e r r i n g  g u l l s .  L a k e  H e n r y  i s  a l s o  a 
f a v o r e d  f o r a g i n g  a r e a  f o r  herons and 
egrets, Goodwin (1982) repor ts  " r a f t s w  o f  
l o o n s ,  g r e b e s ,  a n d  d i v  i n g - d u c k s  
o c c a s S o n a l l y  c o n g r e g a t e  o f f s h o r e  o f  
Lighthouse P o i n t  i n  e a r l y  s p r i n g .  F i s h  
P o i n t  P r o v i n c j a l  Park  Reserve i s  a 2-km- 
l o n g - s a n d  s p i t  a t  t h e  s o u t h e r n m o s t  
e x t r e m i t y  o f  t h e  i s l a n d  and includes Fox 
Pond and Mosquito Bay. The mature swamp 
f o r e s t  which has developed here supports a 
l a r g e  h e r o n r y .  G r e a t  e g r e t s ,  c a t t l e  
e g r e t s  (Bubu lcus  m), b l  ack -c rowned  
n igh t -he rons ,  and ye1 low-crowned n igh t -  

Figure 66. Group o f  j u v e n i l e  d o u b l e -  
crested cormorants (Phal a c r o c o r a  au r i  tus9 
near Pelee Island, Ontar io  (Ligas 1952). 

herons (Nvctanassa ~ i o l a c e a ) ~  k i n g  r a i l s  
( R a l l u s  eJe~ans), and common moorhens, as 
we l l  as a va r i e t y  o f  shorebirds have been 
recorded from t h e  lagoons and ponds a t  t h e  
base of t he  s p i t  (Goodwin 1982). Offshore 
and on t h e  e x t r e m e  end o f  t h e  s p i t ,  
double-crested ,cormorants, g r e a t  b l  ack- 
backed  g u l l  s  ( L a r u s  mar inus ) ,  h e r r i n g  
gu l ls ,  Caspian t e r n s ?  and p i p i n g  p l o v e r s  
(Charadrius melodus) occur regu la r l y .  

Haterfowl Miarat ion 

The c o a s t a l  marshes o f  western Lake 
E r i e  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 c ross ing  p o i n t  on 
two major  f l yways,  these marshes a t t r a c t  
ducks f rom e a s t e r n  Canada h e a d i n g  f o r  
w in te r i ng  grounds on the  M iss i ss ipp i  R i ve r  
b o t t o m s  and  d u c k s  f r o m  t h e  p r a i r i e  
provinces which w in ter  along t h e  At1 a n t i c  
c o a s t .  B e d s  o f  w i l d  c e l e r y  a r e  
p a r t i c u l a r l y  a t t r a c t i v e  t o  g r e a t  numbers 
o f  c a n v a s b a c k s  ( A v t h v a  y a l  i s i n e r i a ) ,  
r e d h e a d s  ( A .  arner icana 1, and s c a u p s  
( A v t h v ~  spp. 1 m i g r a t i n g  southeastward t o  
t h e i r  w in ter ing  grounds on Chesapeake Bay 
(Andrews 1952). 

L inco ln  ( 1935 1 introduced t h e  concept 
t h a t  a l l  p o p u l a t i o n s  o f  m i g r a t o r y  b i r d s  
adhere t o  t h e i r  respect ive f lyways as they 
make t h e i r  semiannual f 1 f g h t s  be tween  
b reed ing  grounds and w i n t e r i n g  grounds. 
F o u r  d i s t i n c t i v e  f l y w a y s  h a v e  b e e n  
i d e n t i f i e d  f o r  North America, two o f  which 
c r o s s  w e s t e r n  L a k e  E r i e  and Lake S t .  
C l a i r :  t h e  A t l a n t i c  F l y w a y  and  t h e  
Mississippi Flyway.  These r o u t e s  a r e  
u t i l i z e d  by a l l  o f  t h e  migratory waterfowl 
and o the r  w a t e r b i r d s  which f r e q u e n t  t h e  
coasta l  wetlands. Each f lyway has i t s  own 
ind i v idua l  popu la t ion  o f  b i rds ,  even those 
spec ies  which have a broad c o n t i n e n t a l  
d i s t r i b u t i o n .  The breeding grounds o f  two 
o r  more flyways may, and o f t e n  do, over lap 
broadly so t h a t  dur ing the  n e s t i n g  season 
e x t e n s i v e  areas may be occupied by b i r d s  
o f  t h e  same spec ies ,  b u t  b e l o n g i n g  t o  
d i f f e r e n t  f l y w a y s .  B e l l r o s e  ( 1 9 6 8 )  
r e f i n e d  t h e  f l y w a y  c o n c e p t  b y  mapp ing  
m i g r a t i o n  c o r r i d o r s .  He observed t h a t  
each  c o r r i d o r  i s  a web o f  r o u t e s  as 
opposed t o  a s i n g l e  narrow band r i g i d l y  
fo7 lowed by waterfowl. 

I n  t h e  f a l l ,  t h e  A t l a n t i c  F l y w a y  
r e c e i v e s  a c c r e t i o n  o f  w a t e r f o w l  f r om 



several i n t e r i o r  migra t ion  patKs 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 f c  
tundra, Canada geese and d i v i n g  ducks: 
i n c l  uding canvasbacksp redheads and s c a u p ~  
come from t h e i r  b r e e d i n g  grounds on t h e  
great  northern p l a i n s  o f  c e n t r a l  Canada, 
f 1 y  southeaster1  y  across the  Great Lakes, 
crossing Lake E r i e  i n  t h e  i s l a n d s  r e g i o n r  
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  
PennsylvanSa t o  w in te r  along t h e  A t l a n t i c  
c o a s t  i n  Chesapeake and Delaware Bays. 
C o n c u r r e n t l y ,  d a b b l i n g  d u c k s  s u c h  as 
m a l l a r d s ,  b l a c k  ducks, and b lue-winged 
t e a l s  t h a t  have  g a t h e r e d  t n  s o u t h e r n  
O n t a r i o  d u r i n g  t h e  f a l l ,  a l s o  leave t h e  
feeding grounds, c ross  wes te rn  Lake E r i e  
and proceed southwest  over a  course t h a t  
l e a d s  down t h e  O h i o  and M i s s i s s i p p i  
V a l l e y s  ( M i s s i s s i p p i  F l yway ) .  However, 
p a r t  o f  t h i s  d u c k  p o p u l a t i o n ,  u p o n  
r e a c h i n g  t h e  v i c i n i t y  o f  t h e  Lake S t .  
C l a i r  D e l t a ,  s w i n g s  a b r u p t l y  t o  t h e  
s o u t h e a s t ,  c r o s s e s  t h e  mountains,  and 
w in ters  along t h e  A t l a n t i c  coas t  ( L i n c o l n  
1950) . 

The M i s s i s s i p p i  Flyway i s  e a s i l y  t h e  
l o n g e s 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  nor thern terminus 
i s  t h e  A r c t i c  c o a s t  o f  Alaska, wh i l e  i t s  
southern end l i e s  i n  t h e  Patagonia r e g i o n  
o f  A rgen t i na .  A1 though t h e  main path o f  
the  f lyway l i e s  t o  t h e  west o f  t h e  Grea t  
Lakes, ma jo r  branches fo l l ow  t h e  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 i e  and t h e  
Maumee R i v e r  v a l l e y .  Some o f  t h e  b l a c k  
ducks, mal lards,  and t e a l s  t h a t  cross t h e  
Great Lakes i n  t h e  v i c i n i t y  o f  Lake S t .  
C l a i r  and wes te rn  Lake E r i e  do n o t  t u r n  
abrupt ly  t o  t he  southeast, b u t  cont inue on 
t o  t h e  s o u t h w e s t  as members  o f  t h e  
M i s s i s s i p p i  F lyway bound f o r  t h e  Gul f  o f  
Mexico c o a s t  r a t h e r  t h a n  t h e  A t l a n t i c  
seaboard. 

F a l l  w a t e r f o w l  m i g r a t i o n  i s  a t  i t s  
peak i n  September and October,  b u t  t h e  
ma in  s h o r e b i r d  passage i s  underway i n  
August. As i n  t h e  spr ing t h e  western Lake 
E r i e  shore l ine  i s  an i m p o r t a n t  f a c t o r  i n  
t h e  c o n c e n t r a t i o n  o f  m i g r a n t s .  The 
waterfowl hunt ing season usua l l y  begins Sn 
l a t e  September  o r  e a r i y  O c t o b e r  i n  
r e s p o n s e  t o  t h i s  a c c u m u i a t i o n  Sn and 
around t h e  coasta l  marshes. 

S p r i n g  m i g r a t i o n  b e g i n s  i n  l a t e  
F e b r u a r y  w i t h  t h e  appearance o f  r i n g -  
b i l l e d  g u l l s  i n  western Lake E r i e .  March 
and e a r l y  A p r i  1 b r i n g  heavy w a t e r f o w l  
movement, ducks and ' loons (Gari_a sp. 
appearing i n  open leads as soon as the  i c e  
b reaks  up. Red-winged b lackb i rds  move i n  
l a r g e  numbers s t a r t i n g  i n  1  a t e  March. The 
huge Canada goose movement a t  t h e  west end 
o f  Lake E r i e  normal ly  takes p lace i n  e a r l y  
A p r i l .  With A p r i l  and May comes t h e  major 
push o f  spr ing migrat ion,  espec ia l l y  among 
t h e  l a n d b i r d s .  M i g r a n t s  a r e  l e s s  
s e l e c t i v e  than  b r e e d i n g  b i r d s  i n  t h e i r  
c h o i c e  o f  h a b i t a t ,  n e v e r t h e l e s s r  
w a t e r b i  r d s  p r e f e r  shore1 ines w i t h  pockets 
o f  vegetat ion. Coastal marshes and stream 
mouths common1 y  a t t r a c t  migra t ing  dabbl i n g  
d u c k s .  The  o p e n  w a t e r  s h o r e l i n e s  
c o n c e n t r a t e  t h e  d i v i n g  duck migrants and 
o the r  waterbi rds i nc lud ing  loons,  grebes, 
c o r m o r a n t s ,  t u n d r a  s w a n s  ( (&anus 
c o l  umbianus) , r e d  heads,  c a n v a s b a c k s ,  
l e s s e r  scaups (Av thva  a f f i n i s ) ,  and red- 
breasted mergansers (- g e r r a t o r ) .  

As waterfowl migrate between breeding 
grounds and w in te r i ng  areas, t h e y  s top  t o  
r e s t  and feed i n  wetlands. These wetlands 
a r e  r e f e r r e d  t o  as l lconcentration areas." 
The coasta l  wetlands o f  western Lake E r i e  
p r o v i d e  some o f  t h e  b e s t  a reas  o f  t h i s  
t y p e  a1 ong t h e  f l yways .  C o n c e n t r a t i o n  
areas are charac ter ized by an abundance o f  
w a t e r f o w l  f oods*  as  w e l l  as by low wave 
e n e r g y  a n d  l o w  human d i s t u r b a n c e .  
Canvasbacks, redheads, American wigeons 
( A n a s  a m e r i c a n q )  , r i n g - n e c k e d  d u c k s  
( A v t h v a  c o l l a r i s ) ,  a n d  c o o t s  f e e d  
ex tens ive ly  on submersed p l  an ts ,  whereas 
s h o v e l e r s  (m ~l v ~ e a t a  1, oldsquaws 
(Cl  anaul a hvemal i s ) ,  goldeneyes (Bucephal a  
sp.), and mergansers a p p e a r  t o  p r e f e r  
c r a y f i s h ,  s m a l l  f i s h ,  and o t h e r  animal  
foods. Black ducks, ma l l a rds ,  p i n t a i l s ,  
t e a l s ,  s c a u p s ,  and  b u f f l e h e a d s  ( 8 .  
a lbeo la)  s e l e c t  from both p l a n t  and animal 
foods.  Canada geese and m a l l a r d s  a l s o  
f e e d  h e a v i l y  o n  w a s t e  g r a i n s  i 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  
may b e  m o r e  i m p o r t a n t  t h a n  f o o d  
preference, espec ia l  1 y d u r i n g  t h e  s p r i n g  
m i g r a t i o n  when f o o d  s u p p l f e s  a r e  j e s s  
abundant. Food a v a i l a b i l  i t y  i n  wet lands 
i s  reduced by ex t reme higb and low water 
ieve is ,  neavy s i i t a t S o n p  t u r b i d i t y p  heavy 
h u n t i n g  pressure, and other disturbances. 
In Lake E r i e  marshes, B e d n a r i k  ( 1 9 7 5 )  



f o u n d  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 ,  s u c h  a s  w i l d  c e l e r y ,  
appeared t o  be more adverse ly  a f fec ted  by 
t u r b i d i t y  and s t l t a t l o n  t h a n  f o o d s  o f  
dabbl ing ducks and geese. 

The w in te r i ng  areas fo r  ducks, geese, 
swans, coots ,  and o t h e r  w a t e r f o w l  have 
been mapped i n  de ta f  1  b y  Be1 1 r o s e  ( 1976 1. 
The R o c k e f e l l e r  R e f u g e  I n  s o u t h w e s t  
Louis iana i s  a  wel l -known w i n t e r i n g  area 
f o r  m i g r a t o r y  w a t e r f o w l  wh ich  c ross  t h e  
G r e a t  Lakes.  L i k e  t h e  c o n c e n t r a t i o n  
a r e a s ,  qua1 i t y  w i n t e r i n g  h a b i t a t  must 
p rov ide  abundant food and p r o t e c t  i o n  f r o m  
waves and human d i s t u r b a n c e .  Over t h e  
years,  c e r t a i n  w a t e r f o w l ,  p a r t i c u l  a r l  y  
C a n a d a  g e e s e ,  h a v e  m o d i f i e d  t h e i  r 
w i n t e r i n g  a c t i v i t y  by s t o p p i n g  a t  s i t e s  
somewhat n o r t h  o f  t h e i r  former w i n t e r  
a r e a s .  I n  g e n e r a l ,  m o s t  s t a t e  
conservat ion agencies d o  not  encourage t h e  
c r e a t i o n  o f  r e s i d e n t  w i n t e r i n g  f l o c k s ,  
p a r t i c u l a r l y  i n  t h e  L a k e  E r i e  r e g i o n ,  
b e c a u s e  o f  t h e  p r o b l e m  o f  w a t e r f o w l  
s t a r v a t i o n  d u r i n g  s e v e r e  w i n t e r s .  
Water fowl  t h a t  r e a c h  t h e  spr lng  breeding 
grounds i n  good c o n d i t i o n  tend t o  e x h i b i t  
g r e a t e r  n e s t i n g  success than those which 
are undernourished. 

W1iBQdllL;hlr These ducks a re  so  
c a l l e d  because t h e y  normal ly  do no t  d i ve  
below t h e  w a t e r  f o r  f o o d ,  b u t  m e r e l y  
dabb le  on t h e  b o t t o m  i n  s h a l l o w  water .  
Annua l l y  about  17,500,000 m a l l a r d s  and 
p i n t a i  1s m i g r a t e  down f 1  t g h t  c o r r i d o r s  
from Canada t o  t h e  U n i  t e d  S t a t e s  e a s t  o f  
t h e  Rocky Mountains ( B e l l  rose 1968). The 
l a r g e s t  por t ion,  abou t  12 ,275r000~ e n t e r  
t h e  g e o g r a p h i c a l  c o n f l n e s  o f  t h e  
Miss lss fpp f  Flyway f r o m  t h e  northern Great 
Pla jns.  About 20% o f  these b i  rds  cont inue 
ac ross  t h e  M f s s i s s i p p l  F lyway and move 
down t h e  A t l a n t i c  F lyway.  I n  addi t ion,  
ano the r  650.000 b1 a c k  ducks move sou th  
from Ontar io  and Quebec. 

Seve ra l  c o r r i d o r s  c a r r y i n g  dabbl ing 
ducks c ross  t h e  Great takes regfon (Figure 
67 1. An est imated 65,000 ma1 1 ards, 35,000 
wlgeons, and 25,000 p  i n t a f  1  s  move eastward 
a l o n g  t h e  C h e s a p e a k e  B a y  C o r r f d o r ,  
s t a r t f n g  i n  t h e  upper  M i s s i s s i p p i  R iver  
v a l  'ley and progress ing  through W I scons i n , 
Mich igan,  and Ohlo, It encompasses t h e  
m a r s h e s  o f  L a k e  E r i e  f r o m  M o n r o e r  
M i c h i g a n *  t o  S a n d u s k ~ r  Ohio. From these 

marshes 5 %  I s  a 645-km, nonstop f7 l g h t  t o  
Chesapeake Bay, where most of these ducks 
winter. The Black Duck C o r r i d o r  ex tends  
southwestward from eastern Ontar io*  across 
t h e  w e s t  e n d  o f  L a k e  E r f e  t o  t h e  
confluence of t h e  Wabash and Oh10 r i v e r s ,  
and on sou th  t o  Arkansas. Approximately 
35.000 black ducks use t h i s  path. 

Q fv ina  ducks, As the  name sugges ts *  
t h e s e  ducks normally d ive  below t h e  water 
f o r  food. About 4,200,000 d i v i n g  ducks 
a n n u a l l y  m i g r a t e  s o u t h  i n t o  t h e  U n i t e d  
S t a t e s  e a s t  o f  t h e  R o c k i e s  (Be11  r o s e  
1968). $1 i g h t l y  o v e r  60% o f  t h e s e  a r e  
scaup, mostly l esse r  scaups. Redheads a re  
second  i n  a b u n d a n c e  a t  20%, w h i l e  
canvasbacks and r ing-necked ducks each 
form about 7% o f  t he  populat ion.  As w i t h  
t h e  d a b b l i n g  ducks, numerous d i v ing  duck 
migra t ion  co r r i do rs  cross t h e  G r e a t  Lakes 
region (Figure 68). 

The Southern Michigan Cor r i do r  takes 
t h e  main flow of d i v i n g  duck passage f r o m  
e a s t e r n  Wisconsin, across southern Mich- 
i g a n  t o  Saglnaw Bay and t h e  Lake  S t .  
C l a i r - D e t r o i t  River-Lake E r i e  we t l ands  
areas. D iv ing  ducks congregate on Saginaw 
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  scaups,  22,000 
redheads, and 7,000 canvasbacks. App r o x -  
i m a t e l y  1 6 0  km t o  t h e  s o u t h ,  p e a k  
p o p u l a t i o n s  o f  380,000 1 e s s e r  scaups,  
260r000 canvasbacks, and 42,000 redheads 
have been observed from Lake St. C l  a i  r t o  
western  Lake E r l e .  A l though as many as 
15,000 d l v i n g  ducks may w i n t e r  on t h e  
D e t r o i t  R iver ,  a t  l e a s t  700,000 f l y  on 
from Lake E r i e  t o  w in te r i ng  grounds i n  t h e  
A t l a n t i 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 t m i l a r  route t o  t h e  one taken by  mal lards 
and p i n t a i l s .  The C e n t r a l  Ohio C o r r i d o - r  
i s  a  f l i g h t  p a t h  t h a t  ex tends  southward 
f r o m  L a k e  E r f e  t o  F l o r i d a .  R a d a r  
o b s e r v a t i o n s  o f  d i v i n g  ducks movdng south 
past  Columbus, Ohlo, and band r e c o v e r i e s  
from lesse r  scaups and redheads f nd ica te  a  
passage o f  over 100,000 d i ve rs  along t h i s  
co r r i do r .  

GeeseA More t h a n  any o t h e r  s p e c i e s  
o f  water fowl ,  Canada geese have r a d i c a l l y  
a l t e red  t h e i r  mlgra t fon  rou tes  I n  t h e  pas t  
few decades. B e l l  r o s e  (1968) a t t r i b u t e s  
t h i s  g r e a t  change  f n  t h e i r  m i g r a t i o n  
habf ts  t o  t h e i r  r a p i d  a d o p t i o n  o f  new ly  
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Figure 67. Fa1 1 migration corridors fo r  dabbl ing ducks (Tribe Anatini) 
across western Lake Erie (Be1 1 rose 1968). 

created waterfowl refuges. They are s t i l l  
i n  t h e  process  o f  evo l v lng  new migra t ion  
c o r r i d o r s .  C u r r e n t l y ,  about  l ,300r000 
Canada geese leave Canada i n  t h e  f a l l  f o r  
w in te r i ng  grounds i n  t h e  U n i t e d  S t a t e s .  
The m a j o r i t y  (600,000) use t h e  A t l a n t i c  
Flyway, w h i l e  ano the 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  
Flyway crossings o f  t h e  Grea t  Lakes t a k e  
p l a c e  ove r  Lake Ontario, bu t  one c o r r i d o r  
uses t h e  i s l a n d s  and marshes o f  wes te rn  
Lake E r i e  (F igure 6 9 ) .  The main migra t ion  
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  
Miss iss ipp i  Flyway extends down the  shores 
o f  L a k e  M i c h i g a n ,  t h e n  d o w n  t h e  
Miss iss ipp i  River  va l ley .  

Snow g e e s e  (Chen  c a e r u l  e s c e n s )  
u t i l i z e  t h e  M i s s i s s i p p i  F l y w a y .  Each 
October about  450,000 b i r d s  leave Canada 
f o r  w l ' n t e r i n g  g r o u n d s  on t h e  c o a s t a l  
marshes o f  Louisiana. The main c o r r i d o r s  

fo l l ow  t h e  e a s t  and west sho res  o f  Lake 
Michigan,  c o n v e r g i n g  i n  t h e  M i s s i s s i p p i  
R i v e r  v a l l e y  n o r t h  o f  L o u i s i a n a .  The 
easternmost f l  i g h t  cor r idor ,  used by about 
15,000 geese, r u n s  f rom t h e  south end o f  
James Bay t o  t h e  marshes o f  wes te rn  Lake 
E r i e ,  t h e n  t u r n s  southwestward across  
Ind iana .  A somewhat l a r g e r  number o f  
b i r d s  use a  c o r r i d o r  t h a t  ex tends  f r o m  
James Bay t h r o u g h  Saginaw Bay, and t h e n  
merges w i t h  t h e  fl i g h t  path from western 
Lake Er ie.  

Waterfowl Product 1 on 

Because t h e  p r o d u c t i o n  o f  young a r e  
i n v o l v e d ,  dependency o f  wa te r fow l  on 
wetl  ands f o r  breeding purposes f s  probably 
more c r u c i a l  t o  t h e i r  su rv i va l  t h a n  t h e i r  
use o f  w e t l  ands f o r  w i n t e r i  ngr rest ing,  
and f e e d i n g  a r e a s  d u r f n g  m f g r a t i o n .  



Figure 68. Fal l r r l i g r a t i o n  c o r r i d o r s  f o r  d i v i r i q  d u c k s  ( T r i b c  A y t h y i r ~ i )  
d c r o s s  w e s t e r n  Lake E r i e  ( R r l l r o s e  1968). 

And rews ( 1952) s t u d i e d  w a t e r f o w l  b r e e d i n g  
a t  Winous P o i n t  M a r s h  o n  S a n d u s k y  B a y .  
F I v e  s p e c l e s  o f  d u c k s  typically n e s t  i n  
t h f  s  m a r s h - - m a 1  1 a r d  b1 a c k  d u c k ,  b l u e -  
w i n g e d  t e a l ,  w o o d  d u c k ,  a n d  p i n t a f t .  
W y b r i d i z a t l o n  b e t w e e n  ma1 1 a r d s  a n d  b l a c k  
d u c k  was c o m m o n ,  I n  t h e  408-ha  w e t l a n d ,  
t h e  a n n u a l  b r e e d i n g  p a 4 r  o p u l a t i o n  9 a v e r a g e d  a p p r o x i m a t e l y  2Pfkrn . O n l y  12% 
o f  t h e  n e s t s  were s u c c e s s f u l  f n p r o d u c i n g  
one or  more y o u n g .  A b o u t  66% o f  t h e  n e s t s  
were t e r r n j n a t e d  by p r o d a t i o n ,  T h e  conamon 
p r e d a t o r s  i n c l u d e d  y e a r l i n g  crows, f a x  
s n a k e s ,  r a c c o o n s ,  Norway  r a t s $  apossernls,  
rnfnks, a n d  wease ls .  A n o t h e r  19% cf t h e  
n e s t s  were t e r m i n a t e d  by f l o o d *  a n d  3% by 
m i  scel I a n e o u s  c a u s e s  i n c l  ud  l ng f f  re. Most 
of t h e  m a l l a r d s  and b l a c k  d u c k s  n e s t e d  I n  
d e a d  v e g e t a t f o n  o f  t h e  p r e v i o u s  y e a r ,  
B l u e j o l n t  g r a s s  w h l c h  d a e s  n o t  a p p e a r  

u n t f l  t h e  m i d d l e  o f  t h e  n e s t l n g  s e a s o n ,  
w a s  t h e  p r e f e r r e d  n e s t  c o v e r .  M u s k r a t s  
a p p e a r e d  t o  b e n e f i t  n e s t f n g  w a t e r f o w l  b y  
o p s n i n y  u p  a s o l i d  s t a n d  o f  v e g e t a t i o n ,  
a 1  l o w i n g  g r e a t e r  distribution o f  
t e r r i t o r i a l  p a i r s  o f  d u c k s  on apon wate r .  
M u s k r a t  h o u s e s  were a l s o  utllfzod a s  
n e s t f n y  a n d  f l l o a f i n g l q  s i t e s .  D u r i n g  
A n d r e w s V n v e s l l g a t i o n ,  a p p r a x f m a t o l y  
4,500 m u s k r a t s  were removed annually from 
h i s  s t u d y  m a r s h  by  c o m m e r c i a l  t r a p p i n g .  
T h e  a v e r g e  a n n u a i  a u c k  p r o d u c t i a n  from t h e  
m a r s h  w a s  7 b r o o d s / k m 2  a n d  2 1  
f i e d g l  i n g s / k m 2 .  I n  a d d i t i o n  t o  t h e  5 
spscles s t u d i e d  by  A n d r e w s ,  H i c k s  (1935)  
cited n e s t t n g  r e c o r d s  f o r  w a t e r f o w l  
s p e c f e s  less common i n  w e s t e r n  Lake  E r i e  
m a r s h e s .  These I n c l u d e  A m e r i c a n  w i g e o n ,  
g reen -w i nyed  teal (m 1, s h o v e l e r ,  
and f e s s e r  scaup .  
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Figure 69. pal 1 rnigra t ion c o r r i d o r s  f o r  Canada geese (Branta  canadens i s )  
ac ross  ~ ~ e s  t e rn  Lake Er ie  (Re1 1 rose  1968). 

Wadina Bird3 

A l l  o f  t h e  11 s p e c i e s  o f  common 
wading b i r d s  i n  w e s t e r n  Lake E r i e  belong 
t o  t h e  family Ardeidae (Appendix L ) .  They 
occupy two h a b i t a t s  i n  t h e  r e g i o n ,  t h e  
r o c k b o u n d  Lake  E r i e  I s l a n d s  a n d  t h e  
c o a s t a l  marshes .  The c o l o n i a l  n e s t i n g  
s p e c i e s  known t o  i n h a b i t  t h e  i s l a n d s  
i n c l u d e  g r e a t  b l u e  heron ,  g r e a t  e g r e t , .  
bl a c k - c r o w n e d  n i g h t - h e r o n ,  and c a t t l e  
e r r e t  ( P a r r i s  1 9 7 9 ) .  The green-backed  
' ' e ron  i s  a  s o l i t a r y  n e s t e r  t h a t  p r e f e r s  
c o a s t a l  w e t l a n d s  b u t  a l s o  i n h a b i t s  t h e  
i s lands .  American b i t t e r n  (F igu re  70)  and 
l e a s t  b i t t e r n  ( ~ x o b r v c h u ~  e x i l  i s )  a r e  
s e c r e t i v e ,  noncol  o n i a l  n e s t e r s  t h a t  a r e  
u s u a l l y  f o u n d  i n  t h e  c o a s t a l  main land  
marshes. I n  a d d i t i o n  t o  t h e s e  s p e c i e s ,  
f o u r  o t h e r s  a r e  r e s i d e n t s  of t h e  coas t a l  Figure 70. Young Amer i can  b i t t e r n s  
we t l ands :  ye l low-crowned n i g h t - h e r o n ,  ( B o t a u r u s  l e n t i a i n o s u ~ )  i n  t h e  n e s t  a t  
snowy e g r e t  ( m e t t a  t h u l  a ) ,  t r i c o l o r e d  Magee Marsh (Ligas 1952). 



heron ( 1, and l i t t l e  b l u e  
heron (E. Q i c p l  o r ) .  Typ i c a ?  1 y s  herons 
and egrets a r r i v e  I n  t h e  western i ake  E r l e  
r e g f o n  i n  e a r l y  M a r c h  a n d  r n j g r a t e  
southward i n  October. A small populat ion 
o f  g rea t  b l u e  herons may o v e r - w i n t e r  3n 
t h i s  r e g i o n .  Upon t h e i r  a r r i v a l  a t  t h e  
co lon ies  i n  the  sprfng, cour tsh ip  and nest  
b u i l d i n g  b e g i n  Immedia te ly .  The f i r s t  
eggs  a r e  l a i d  i n  e a r l y  A p r i l .  C l u t c h  
s izes range from th ree  t o  seven eggs; t h e  
number o f  f l e d g e d  b  i r d s  i s  s l  i g h t l  y  over 
two per nest  (Edford 1976). 

Wading b i r d s  u s u a l l y  f o r a g e  on t h e  
s h o r e l i n e s  o f  t h e  t r i b u t a r y  streams and 
Lake E r i e  and w i t h i n  t h e  coasta l  marshes. 
The i r  d i e t  i s  p r i m a r i l y  f ish,  b u t  c r a y f i s h  
and i n s e c t s  are a l so  eaten. F i sh  species 
mos t  o f t e n  c o n s u m e d  i n c l u d e  c a r p ,  
go1 d f  i sh ,  ye l low perch, g izzard shad, and 
f r e s h w a t e r  drum. The i n s u l a r  n e s t i n g  
b i r d s  depend more  h e a v i l y  upon f i s h  
species common t o  Lake E r i e  t h a n  do t h e  
more i n l a n d  n e s t i n g  b i r d s  (Meeks and 
Hoffman 1980). The green-backed heron 
d i e t  v a r i e s  s l i g h t l y  because they appear 
t o  feed on more inver tebra tes  and s m a l l e r  
species o f  f i s h  which i nhab i t  t h e  marshes. 

Populat ion s tud ies  o f  wading b i r d s  i n  
w e s t e r n  Lake  E r i e  i n d i c a t e  a  t o t a l  o f  
1,100 great  b lue  heron, g r e a t  e g r e t ,  and 
b lack-crowned n igh t -he ron  n e s t s  on West 
S i s t e r  I s l and  i n  1972-73 (Hoffman 1974); 
and 1,600 g r e a t  b l u e  heron, 200 g r e a t  
egre tp  and 3,000 black-crowned night-heron 
nests Sn 1976-77 ( S c h a r f  1978). P a r r i s  
(1979) r e p o r t e d  the  nests t o  number 1,158 
and 1,167 f o r  g rea t  b l u e  herons, 100 and 
100 f o r  g r e a t  e g r e t s ,  and 600-1,000 f o r  
black-crowned nfght-herons, on West S i s t e r  
f o r  1977 and 197% respect fvely.  Meeks and 
Hoffman (19801 found t h a t  i n  1979, West 
S i s t e r  I s l a n d  had t h e  ' l a rges t  n e s t f n g  
popufatfons o f  herons and eg re ts ,  Great  
b f  u e  h e r o n  n e s t s  numbered 950, b l a c k -  
crowned n i g h t - h e r o n s  1,000 n e s t s *  g r e a t  
e g r e t s  5 0  n e s t s 9  and c a t t l e  e g r e t s  13 
nes ts .  C a t t l e  e g r e t  n e s t s  were  f f r s t  
recorded I n  Ohio i n  1977 by P a r r i s  (1979) 
when he l o c a t e d  f i v e  on West S l s t e r  
I s l a n d .  By 19788 t h e  c o l o n y  s i z e  had 
increased tc 20 nests. East S i s t e r  I s l and  
contained 350 g rea t  b lue  heron nes ts ,  500 
b lack-crowned n l g h t - h e r o n  nests,  and 50 
great  egre t  nests i n  h979. 

Meeks and Hof frnan (1980) conducted 
su rveys  o f  heron and egre t  movement i n t o  
and out  o f  Navarre Marsh. Over 95% o f  t h e  
movements were i n  NNW o r  SSW d i rec t ions8 a 
d i r e c t  alignment w i th  West S i s t e r  I s l a n d ,  
l o c a t e d  15 km o f f s h o r e .  D u r i n g  1979, 
g r e a t  b l u e  herons were t h e  most a c t i v e  
s p e c i e s  w i t h  a  t o t a l  o f  6 3 1  f l i g h t s ,  
f o l l o w e d  by b lack-crowned n i g h t - h e r o n s  
( 5 1 1 )  and g r e a t  e g r e t s  (77 ) .  F l i g h t s  
general1 y  co r re la ted  w i t h  t h e  p o p u l a t i o n  
s i z e s  o f  each  s p e c i e s  n e s t i n g  on t h e  
islands. I n  genera l ,  herons and e g r e t s  
a r e  c r e p u s c u l a r  i n  na ture ,  b e i n g  more 
ac t i ve  d u r i n g  e a r l y  morning and even ing 
surveys.  The p e r i o d  o f  h ighest  a c t i v i t y  
was 0600-0800 hours  ( s u n r i s e ) ,  w i t h  a 
t o t a l  o f  543 f l i g h t s ,  f o l l o w e d  by 444 
f l  i gh ts  dur ing t h e  1800-2000 hour (sunset) 
surveys and 232 f l l g h t s  d u r i n g  t h e  1200- 
1400 h o u r  ( n o o n )  p e r f o d .  G r e a t  b l u e  
h e r o n s  were  o b s e r v e d  t o  h a v e  d a i l y  
movements o f  256, 166, and 209 f l i g h t s  a t  
sunrise, noon, and sunset, r e s p e c t i v e 1  y. 
Black-crowned n igh t -he rons  had 257, 50, 
and 204, and great  egrets 30, 16, and 31, 
a t  sunrise, noon and sunset, respect ive ly .  
Meeks and Hoffman (1980) concluded t h a t  
t h e  b i r d s  o f  West S i s t e r  I s l a n d  n e s t i n g  
colonies used t h e  mainland coasta l  marshes 
as f e e d i n g  s i t e s  w h i l e  they ra ised t h e i r  
young i n  t h e  s e c l u s i o n  p r o v i d e d  by t h e  
f  slands. 

Ull s. Terns, and Cormorant% 

G u l l s  and terns,  fami ly  Laridae, a re  
t h e  o t h e r  p r i  n c l p a l  c o l o n i a l  n e s t i n g  
s p e c i e s  u s i n g  t h e  Lake E r i e  I s l a n d s .  
H e r r i n g  g u l l s  a r e  t h e  m o s t  a b u n d a n t  
s p e c i e s ,  b u t  r i n g - b i l l e d  g u l l s  a r e  
becomfng more common and are now known t o  
use t h e  Toledo-Lucas County Po r t  Au tho r i t y  
F a c i l i t y  No. 3, a 100-ha " is landt1 b u i l t  by 
t h e  U. S. Army Corps o f  Eng inee rs  f r o m  
dredge m a t e r i a l s  f n  Maumee Bay ( S c h a r f  
197%) -  Common t e r n s  have a  h i s t o r y  o f  
nest ing on the Lake E r i e  Is lands,  b u t  a r e  
now r e s t r i c t e d  t o  t h e  d i k e d  s p o i l  areas 
near Toledo Harbor. I n  t h e  western  Lake 
E r i e  r e g i o n a  g u l l s  use  t h e  Lake E r i e  
shorel ine, i t s  bays and i n l e t s ?  and t o  a  
l e s s e r  e x t e n t  open water areas o f  coasta l  
marshes untfl freeze-up. A t  t h i s  t i m e  
g u l l s  use san l ta ry  l a n d f i l l s  as a  s i t e  f o r  
food and a l s o  f o l l o w  t h e  1  ake i c e  edge, 
us?ng  it as t h e y  w o u l d  t h e  s h o r e l f n e  



(Meeks and Hoffman 1980), Herr fng g u l l s  
are t y p i c a l l y  scavengers feeds'ng on dead 
f i s h ,  re fuse ,  and o t h e r  o r g a n f c  d e b r f s  
along t h e  shore1 ine. They are a l s o  known 
t o  p rey  on young wet1 and b i r d s  whenever 
the oppor tun i ty  presents i t s e l  f . H e r r i n g  
g u l l s  a re  espec ia l l y  prevalent  i n  marshes 
d u r i n g  m i g r a t i o n  p e r i o d s .  N h e r e v e r  
reduced water  l e v e l s  c o n c e n t r a t e  sma l l  
f i s h  s u f f l c f e n t l y  t o  c a u s e  t h e m  t o  
" su r faceu  because o f  an oxygen s t r e s s ,  
g u l l s  c a n  be found  f e e d i n g  on t h e s e  
moribund f i s h .  

H e r r i n g  g u l l s  a r e  t h e  most commonly 
encountered co lon ia l  species. Evidence o f  
t h e i r  n e s t i n g - - a c t i v e  n e s t s ,  young i n  
water, and/or abandoned nests--was seen on 
a b o u t  h a l f  o f  t h e  L a k e  E r i e  I s l a n d s .  
During t h e  past  decade they have begun t o  
n e s t  o n  r i p - r a p  d i k e  t o p s  a n d  i n  
a r t i  f i c i  a1 Canada goose nest ing s t ruc tu res  
w i t h i n  t he  coasta l  marshes. Gu l l s  usua l ly  
beg in  n e s t i n g  on t h e  i s l a n d s  i n  A p r i l .  
Re-nest ing occurs i f  t h e  f i r s t  attempt i s  
unsuccess fu l  o r  t h e  n e s t  i s  des t royed.  
General 1  y  t h r e e  eggs a re  1  a id ;  however, 
clutches w i t h  two eggs a r e  q u i t e  common. 
The d o u b l e - c r e s t e d  c o r m o r a n t ,  f a m i l y  
Pha lacrocorac idae,  i s  ano the r  c o l o n i a l  
n e s t i n g  b i r d  on t h e  Lake E r i e  i s l a n d s .  
The most a b u n d a n t  c o r m o r a n t  i n  N o r t h  
America, it feeds almost e n t i r e l y  on f i s h  
obtained from t h e  open lake. 

Ligas (1952) s t u d i e d  t h e  m i g r a t i o n ,  
nes t i ng ,  and food hab i t s  o f  22 species o f  
p isc ivorous  b i r d s  i n  western  Lake E r i e .  
I n  a  n a t u r a l - e n v i r o n m e n t  f e e d i n g  
exper iment  u s i n g  f r e s h w a t e r  drum* a 4- 
month-01 d  he r r i ng  g u l l  consumed an average 
o f  226 g/day d u r i n g  a  20-day p e r i o d  i n  
November. I n  a  s i m i l a r  exper iment  u s i n g  
emerald shiners, a  2-month-01 d  common t e r n  
a te  an average o f  6 1  g/day, about 47% o f  
the b i r d 1 s  average weight, d u r i n g  t h e  19- 
day t e s t .  L i g a s  concluded t h a t  w h i l e  
t h e r e  i s  abundant e v i d e n c e  t h a t  f i s h -  
e a t i n g  b i r d s  do consume l a r g e  q u a n t i t i e s  
o f  f i s h  i n  Lake E r i e r  they p r i m a r i l y  ea t  a 
f ew  f o r a g e  s p e c i e s ,  a n d  a r e  n o t  
d e t r i m e n t a l  t o  a n g l e r s  o r  commercia l  
fishermen. These b i r d s  a l s o  feed  exten-  
s i v e l  y  on commercial discards, c ray f fsh ,  
insects, mudpuppies, s a l  amanders, snakes, 
f r o g s ,  and o t h e r  b i r d s .  There i s  one 
r e p o r t  o f  an o v e r w i n t e r i n g  g r e a t  b l u e  
heron f e e d i n g  on a  r a b b i t  on South Bass 

I s l a n d  ( D r .  M ,  ~ i s k i m e n ,  R e s e a r c h  
O r n i t h o l o g t s t ,  F. T. S tone  Labora to ry ,  
Oh70 S t a t e  Univ., p u t -  i n-Bay, OH; pers.  
comm . I  

The b a l d  e a g l e  i s  one o f  t h e  mos t  
s p e c t a c u l a r  av ian spec ies  res id ing  i n  t h e  
Lake E r i e  coasta l  wetlands. A c t i v e  n e s t s  
are loca ted i n  o r  near Magee Marsh, Ottawa 
Marsh, Toussaint Marsh, Cedar Po in t  Marsh, 
Darby Marsh, N a v a r r e  Marsh, and Winous 
P o i n t  Marsh. O t h e r  r a p t o r s  u s i n g  t h e  
marshes l n c l  ude osprey ,  red - ta i l ed  hawk, 
and American k e s t r e l ,  

Dur ing September and October,  thou-  
sands o f  m ig ra t i ng  hawks congregate along 
t h e  nor th  shore and move southwest  across  
Lake E r i e  i n  t h e  v i c f n i t y  o f  t h e  islands. 
The hawks sometimes f l y  i n  a  
c y l i n d r i c a l  fo rmat ion  used by species such 
as broad-wi nged hawks, t u r k e y  vu l tu res ,  
and red- ta i led  hawks i n  migrat ion.  

3.7 MAMMALS 

The c a t t a i l  marshes o f  wes te rn  Lake 
E r i e  p r o v f d e  e x c e l l e n t  food and b u i l d i n g  
m a t e r i a l  f o r  f u r b e a r e r s  s u c h  as t h e  
muskra t  (Qndat ra  zebethicus) .  Many other  
mammalian species i n  t h e  r e g i o n *  such as 
raccoon ( P r o c v o ~  1  o t o r )  and wh i te - ta i led  
deer  (Qdocoi1eus w u )  .. occupy  
m u l t i p l e  h a b i t a t s  I n c l u d i n g  wet lands.  
E a s t e r n  c o t t o n t a  f 1 ( S v l  v i  1 a a u ~  
f l o r ~ d a n ~ ) ,  woodchuck (Marmota monax), 
and s t r i p e d  skunk ( M e ~ h i t i q  & i t i s )  
c h l e f l y  u t i l i z e  t h e  e a r t h e n  d i k e s  o f  
managed marshes. Fox squ l r r e l  s ( S c i u r u s  
n f  a e c )  a r e  f o u n d  mos t  commonly i n  t h e  
wooded marg ins  o f  t h e  wet lands.  Long- 
t a i l e d  weasel s  (Mustel a f renata l ,  mink (FI. 
v i s o n ) ,  and r e d  f o x  ( V u ' l ~ e s  f u l v a l  a r e  
occasional v i s i t o r s  t o  Lake E r i e  wet1 andsr 
feeding on rodents and marsh b i r d s .  The 
Norway r a t  (-&~?&!&5 nor_vealwl i s  a common 
p r e d a t o r  on m u s k r a t s  i n  t h e  marshes 
(Bednar i k  1 9 5 6 ) .  I n  t o t a l ,  a b o u t  3 0  
spec ies  o f  mammals c a n  be found i n  t h e  
c o a s t a l  m a r s h e s  (Appendix M I .  T h e  
mammal f a n  fauna OF t h e  Lake E r i e  Is lands 
wet1 ands genera l l y  have a  jower d i v e r s i t y  
than the  mainland marshes* 



When n o r t h w e s t e r n  Oh io  was f i r s t  
set t led,  t h e  l a r g e r  mammals, e s p e c i a l  1 y 
t h e  p reda to rs ,  soon were o x t e r v i n a t e d .  
Some were  k i l l e d  f o r  f o o d  o r  h i d e s ;  
o the rs ,  because they preyed on 1 ivestock.  
Mayfield (1962) 1 i s ted  the  years when they 
disappeared: b u f f a l o  (Q&XJJ b f s o n )  1812, 
e l k  (Cervus -1 1822, beaver (Qastof 
canadensis-) 1837 r w o l v e r i n e  (m 1 
1842, panther  (Elf1 1s  onc color) 1845, x 
( f e l i s  1848, gray wolf 1 ~ )  
1860, black bezr (WI. .merfcanur?) 1860, 
b o b c a t  IFe1  i x  fm) 1 8 7 8 #  porcupine 
(Ereth izon dorsatum) 1884, deer 1889, and 
o t t e r  ( L u t r a  m a d e n s i s 1  1900. As t h e  
f o r e s t s  w r a y  s q u i r r e l  s 
( 5 2 2 - l . ~  and g ray  foxes  
(Yrocvsn .clnereoarae-) were rep1 aced 
by fax  squ f  r r e l s  and r e d  foxes  i n  about 
1850. Red fox moved I n t o  t h e  marshlands 
w i t h  the c l e a r i n g  o f  t h e  land and remained 
numerous u n t j l  a b o u t  1900 when t h e y  
d e c l  i n o d  r a p f d l y .  S i n c e  1935 t h e i r  
numbers have c l imbed,  s t a b f l i z i n g  a t  a 
p o p u l a t i o n  s i m i l a r  t o  t h a t  o f  t h e  l a t e  
1800s (Campbell  1982). Gray foxes a l so  
Increased i n  t h e  1940s b u t  have  s i n c e  
dropped t o  a very l i m i t e d  populat ion. 

F o r m e r 1  y , opossums were c o n f i n e d  
l a rge l y  t o  t h e  sou the rn  p o r t i o n  o f  Oh io  
because o f  t h e  f o r e s t  b a r r i e r .  As t h e  
t r e e s  were c u t ,  t hey  moved n o r t h w a r d ,  
becoming numerous i n  1920. Hlghway k111s 
ind ica te  they a re  one o f  t h e  more common 
medium-slzed mamnals I n  t he  coasta l  marsh. 
W h i t e - t a l  l e d  deer dlsappeared i n  t h e  l a t e  
1800sr b u t  by about 1930 they r e t u r n e d  t o  
northwestern Ohio from Michigan. Campbell 
( 1 9 8 2 )  e s t i m a t e s  t h a t  a d i s t r i b u t e d  
population o f  about  50 deer  now 1 i v e  i n  
t h e  marshes o f  Lucas and Mtawa counties, 
Ohis. A p p a r e n t 1  y r a c c o a n s  h a v e  been 
numerous sfnce thef r f i r s t  record i n  1782. 

r e c e n t  decades muskrats cornnr isec v u r e  
than 70% o f  a l l  Ohio fu r  saJes  an:: n e a r l y  
t w o - t h i r d s  o f  t h e  c a s h  v a l ~ c  ( Z h i o  
D i v i s i o n  o f  W i l d l l f e  197:). i :oiacver, 
Campbe13 ( 1 9 8 2 )  p o i n t s  o u t  t h d t  e v e n  f f 
t h e  p e l t s  h a d  n o  s a l e  v a l u e ,  t h e  
furbearers now l i v i n ~  i n  t h e  marshes kohl6 
have t o  be con t ro l l ed  i n  some way for  two 
reasons: 1) t o  maintain a h a b i t a t  eq,ally 
f a v o r a b l e  t o  a l l  forms o f  w i l d l i f e  and 2) 
t o  rninlmize t h e  damage done t o  d i k e s  b y  
musk r a t s ,  woodchucks, and other  ourrowi ng 
mammals. We e s t i m a t e s  t h a t  u n d e r  
f a v o r a b l e  c o n d i t i o n s ,  t h e  muskrat  pop- 
u l a t l o n  could increase by 80% i n  1 year .  

Several s t r u c t u r e s  observed i n  Lake 
E r i e  c o a s t a l  marshes are associated w l t h  
the  a c t f v i t y  o f  muskrats (Bednart k 1956) .  
The mos t  n o t i c e a b l e  s t r u c t u r e  i s  t h e  
muskra t  whouserlr a dome-shaped p l l e  o f  
emergen t  v e g e t a t i o n  ( F i g u r e  7 1 ) .  The 
averago house varEes i n  s i z e  f rom 1 t o  
2.5 rn i n  diameter a t  the  base and from 0.7 
t o  3 m i n  h e i g h t .  They a r e  l o c a t e d  i n  
stands o f  emergent vegetat ion o r  along the  
p e r i p h e r y  o f  such s tands .  Houses a r e  
o f t e n  const ruc ted an protuberances i n  t h e  
marsh bottom, u t i l i z f n g  p l a n t s  I n  t h e  
fmmedfate area. The m a j o r f t y  o f  houses 
are constructed i n  October and November. 
B u l l d l n g  a c t i v i t y  occu rs  ma in l y  d u r i n g  
per iods o f  darkness. Typfcal  donsf t fes o f  
a c t i v e  muskra t  houses i n  WInous P o i n t  
Marsh average 4/ha. Small houses have one 
1 i v i ng chamber and 7 arger houses have two 
o r  th ree l i v i n g  chambers above t h e  wa te r  
l f n e ,  The l l v i n g  chamber I s  about 35 t o  
50 cm i n  h e l g h t  and i s  f o r m e d  by  t h e  

Dfk iny  the  Lake E r l e  marshes has been 
favorable t o  deer and t o  many o f  t h e  small 
mammals such as opossum, skunk, red fox, 
voles, and shrews because f t  has furnfshed 
an  exce l l en t  hab i ta t  and stab11 l z e d  water  
l e v e l s .  M u s k r a t s  have b e n e f i t e d  f rom 
w a t e r  l e v e l  c o n t r o l s  b u t  t h e y  w e r e  
undoubted ly  abundant b e f o r e  1900. They 
were an important source o f  income as we l l  
as  fooa t o  t h e  e a r l y  F r e n c h  t r a p p e r s  
(Campbe1 3 1982f .  Through t h e  years t h e  
sa le  o f  muskrat hides has financed many of Figure 71. M u s k r a t  house  under con- 
t h e  d l k f n g  p r o j e c t s  i n  t h e  marshes, In s t r u c t i o n  a t  Magee Marsh (Bednarik 1956). 



muskrat  chewfng out  t h e  vegetation. Most 
houses have two underwater e x l t s  o r  plunge 
ho'l es. 

Other s t ruc tu res  made by muskrats are 
associated w i t h  f eed ing  a c t i v i t y .  Ra f t s  
are constructed from stems o f  p lan ts  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 eed ing  p l a t f o r m .  "Feed l  ng  b o g s w  a r e  
c o v e r e d  f l o a t i n g  p l a t f o r m s  whfch a r e  
s m a l l e r  i n  d imens jons  t h a n  t h e  muskra t  
house and a r e  no  h i g h e r  t h a n  4 0  em, 
a v e r a g i n g  60  cm i n  d i a m e t e r .  These 
s t r u c t u r e s  a r e  u s u a l l y  l o c a t e d  some 
distance from t h e  l a r g e r  muskrat house and 
serve as pro tec ted feeding s i t e s .  "Push- 
ups" are formed only i n  t h e  w in te r  and are 
s m a l l ,  h o l  l ow ,  dome-shaped s h e l l s  o f  
submergent vegeta t ion  o v e r  a p lunge  h o l e  
i n  t h e  i c e .  These protected plunge holes 
a l low t h e  muskrat t o  extend t h e  a rea  o v e r  
which i t can f o r a g e  s i n c e  i t  can t r a v e l  
g reater  d is tances under t h e  ice. 

Muskrats have a wide range o f  feeding 
behav io r  p a t t e r n s  and consume a w i d e  
v a r i e t y  o f  food i t ems  ( T a b l e  20). They 
u s u a l l y  s e l e c t  p l a n t  spec ies  whfch a r e  
immed ia te l y  a v a i l a b l e  t o  them. Narrow- 
leaved c a t t a i l  ( T v ~ h a  g n a u s t i f o l  Lp) and 
g i a n t  bur  reed (aaraan ium e u r v c v )  are 
t h e  f i r s t  and second most important food 
items, respect ive1 yr throughout  t h e  year.  
Bednar ik  (1956) observed t h a t  muskra ts  
t rapped  i n  c a t t a i l  s t a n d s  o r  b u r  r e e d  
s t a n d s  a r e  t h e  h e a v i e s t  an ima ls  whf l e  
those taken i n  b l u e j o i n t  grass v e g e t a t i o n  
a1 o n g  d r e d g e - c u t  c h a n n e l s  w e r e  t h e  
s m a l l e s t .  Because m u s k r a t s  a p p e a r  t o  
p re fe r  t h e  tenderest  growing shoots, o ther  
p l a n t  species are  consumed more f requen t l y  
when t h e y  a r e  i n  e a r l y  stages o f  growth. 
The a u t h o r  h a s  f r e q u e n t l y  o b s e r v e d  
m u s k r a t s  f e e d i n g  on t h e  p a l e  green t o  
w h i t e  b a s a l  s t e m s  o f  w i l d  c e l e r y  
( Y a l l  i s n e r i a  amer i can~)  i n  Fishery Bay o f  
S o u t h  Bass  I s l a n d ,  a w e t l a n d s  where  
emergent macrophytes are scarce. Wf nter -  
k i l l e d  f i sh ,  occur r ing  under t h e  ice, a l s o  
s e r v e  a s  a r e a d y  s o u r c e  o f  f o o d  f o r  
m u s k r a t s .  M u s k r a t s  h a v e  a l s o  been  
observed g a t h e r i n g  f r e s h w a t e r  m u s s e l s  
( U n i o n i d a e l  o n  t h e  b a r r i e r  beach n e a r  
Locust P o i n t  and e a t i n g  duck c a r r i o n  a t  
Magee Marsh. 

A s u r v e y  o f  t h e  g a s t r o i n t e s t i n a l  
paras i tes  o f  t h e  muskrats i n  Magee Marsh 

Tabie 20. Food i tems of muskrats i n  Lake 
ErTe coasta l  wet1  and^.^ 

Common name S c i e n t i f i c  name 

Narrow-1 eaved c a t t a i  1 
Giant  bur reed 

B l  u e j o i n t  grass 

Eel grass o r  w i l d  
ceS e ry  

Smartweed 
Cane o r  reed grass 
Swamp rosemal 1 ow 
Swamp dock 
White water 1 i l y  
American water- lotus 
Swamp m i  1  kweed 
Common a l f a l f a  
White sweet c love r  
Spike rush 
Wal ter 's  m i l l e t  
B1 uegrass 
Blue swamp i r i s  
Duckweed 
Buttonbush 

P icke re l  weed 
Sago pondweed 

Coontai l  o r  hornwort 

Water-rnj 1 f o i l  
B u l l  t h i s t l e  
Cottonwood bark 
F i e l d  h o r s e t a i l  
Swamp 1 ooses t r i  f e  

Common burdock 
Staghorn sumac 
Gizzard shad 
Carp 
Cray f i sh  
Freshwater mussels 
Duck c a r r i o n  

IY&A i w a s t i f o l i a  
oaraan-i ibll! 
-e- 

Y a l l i s n e r i q  
ilmB&am 

. k b m u E !  SPP* 
aami t e s  ausfrnlls 

liiuius lsLlustr i .5 
Rumex v e r t i c i l l  a tus 
liYmbatubemsa 
Nelumbolutea 
escleDiasSncarnata 
M.Bthw- 

e l l l o t u s  
l2%xhcb SPP. 
Echinochloawal.teri 
eQg e r s t e n s i s  
ZrLsvers.lc9lor 
l.smu SPP. 
CeDhnlanthus 
Q!xumau 

Pontedariacordata 
Potamoaet;on 

Is!sndu 
CeratoDhvllum 

dernersum 
Mvri.onhvllum SP. 
-vulaars 
PopU1USdaltotdes 
kiuis&marvense 
DeGodan 

v e r t i c i l l a ~  
Arcfrlvmmfnus 

Unfonfdae 
BaPS SPP* 

a Data sources: Andrews (19521, Bednarik 
( 19561, Donohoe ( 1966) i ierdendorf e t  
( 1981b). 

( R i c e  and Heck 1975) revealed t h a t  96% o f  
t h e  muskrats were i n f e c t e d  w f t h  a t  l e a s t  



o n e  o f  t h e  f o l l o w i n g  h e l m f n t h s :  
Schfnosloma 

i n  t h e  h i g h e s t  mean number o f  pa ras i t es  
per in fec ted  muskrat. 

The reproduct ive c y c l e  o f  t h e  muskrat 
on Winous Po in t  Marsh has been documented 
by Bednar i k  (1956) and Donohoe (1966).  
Reproduct ive a c t i v l t y  beg1 ns i n  January 
and ends i n  September, w i t h  t h e  greates t  
a c t i v i t y  occur r ing  i n  February and March. 
The t i m e  o f  f i r s t  mating i s  determined i n  
p a r t  by t h e  t l m e  o f  i c e  b r e a k u p .  The 
g e s t a t i o n  p e r i o d  v a r i e s  f rom 20 t o  28 
days. Females usual 1y  have 2 1  i t t e r s  o f  
young p e r  season although some may have 3 
l i t t e r s .  Placental  s c a r  coun ts  i n d i c a t e  
t h a t  t h e  mean number o f  young per l i t t e r  
i s  11, b u t  Bednarik concluded t h a t  a t  t h e  
t i m e  o f  b i r t h ,  t he  average l i t t e r  s i ze  f s  
8. 

Predat ion by mink o c c u r s  b u t  i s  n o t  
an i m p o r t a n t  i n f l u e n c e  on t h e  muskra t  
population because o f  t h e  l ow  numbers o f  
m i n k  i n  t h e  m a r s h e s .  P r e d a t i o n  on 
j u v e n i l e  muskrats by raccoons and Norway 
r a t s  occu rs  i n  e a r l y  summer and i s  not  an 
i m p o r t a n t  m o r t a l  i t y  f a c t o r .  Some 
m o r t a l  i t y  I s  a t t r i b u t e d  t o  hemorrhagic o r  
"Err ingtontsW disease. T h i s  d i sease  can 
c a u s e  s i g n i f i c a n t  f l u c t u a t i o n s  i n  t h e  
muskra t  p o p u l a t i o n s  i n  a11 t h e  western  
Lake E r i e  marshes (Bednarik 1956). 

The w a t e r  l e v e l  s t a b i l i t y  o f  t h e  
marsh areas  i n f l u e n c e s  t h e  d e n s i t y  o f  
muskrats.  Those areas  w i t h  more s tab le  
water l e v e l s  have more muskrat houses p e r  
u n i t  a r e a  t h a n  areas  w i t h  f l u c t u a t f n g  
w a t e r  l e v e l s .  T h i s  d i f f e r e n c e  i s  
a t t r i b u t e d  t o  t h e  absence o f  excess i ve  
wave a c t i o n  on areas  w l t h  s t a b l e  water  
l e v e l s  and t h e  r e l a t i o n s h i p  between good 
n u s k r a t  f o o d  p l a n t s  and s t a b l e  w a t e r  
l e v e l s  (Bednarik 1956). Also, marsh areas 
w h f c h  a r e  d i k e d  p r o v t d e  more s u i t a b l e  
s f t e s  f o r  bank dens. S t a b i l i t y  o f  l e v e l s  
I s  a l so  r e l a t e d  t o  t h e  p r o d u c t i v i t y  o f  t h e  
muskra t  p o p u l a t i o n  (Donohoe 1966). The 
physfology o f  reproduct ion does n o t  d i f f e r  
between areas  o f  s t a b l e  ( o r  c o n t r o l l e d  
w a t e r  l e v e l s )  a n d  f l u c t u a t i n g  ( o r  
o n c o n t r o l  l e d  w a t e r  l e v e l s ) .  B u t  

productivity f s  h l g h e r  i n  a reas  w i t h  
s tab le  water levels,  and j u v e n i l e  muskrats 
a r e  h e a v i e r  i n  t h e s e  s t a b l e  a r e a s .  
Donohoe concluded t h a t  a  h igher dens i ty  o f  
muskrats occurs on areas w l t h  s tab le  water 
l e v e l s  because o f  a  h i g h e r  s u r v i v a l  o f  
j u v e n i l e  muskrats on those areas. Muskrat 
c a n  use  d r a i n e d  a r e a s  y e a r  r o u n d  by  
u t i l i z i n g  bank dens. A f t e r  t h e  area 5s 
re f l ooded ,  muskrats move i n  f r o m  o t h e r  
areas and const ruc t  houses i n  a l l  types o f  
emergent vegetat ion except b?  ue j o i  n t  grass 
and annual weeds, Removal o f  water from 
t h e  marsh i n  mid-March d r a m a t i c a l l y  
d e c r e a s e s  t h e  number o f  young muskra t  
produced. Marsh management p r a c t i c e s  
g e n e r a l l y  a l l o w  f o r  water  depths  g r e a t  
enough t o  prevent t h e  marsh from f r e e z i n g  
s o l i d .  When t h e  marsh f r e e z e s  s o l i d ,  
g r e a t  m o r t a l i t y  occu rs  i n  t h e  m u s k r a t  
populat ion (Meeks 1969). 

Sudden increases i n  water l e v e l s  can 
have a  detr imental  e f f e c t  on t h e  muskra t  
popu la t i ons .  Bednar ik  (1956) reported 
t h a t  rap id  r i s e s  i n  water l e v e l  caused by 
s p r i n g  storms resu l ted  Sn t h e  des t ruc t i on  
o f  many muskrat houses I n  open water areas 
o f  Magee Marsh.  I n  A p r i l  1951, 354  
muskra t  houses were counted on the  west 
u n i t s  o f  Magee Marsh. On1 y  136 muskra t  
houses,  o f  w h i c h  81  were under water ,  
remained 3 weeks l a t e r  f o l l o w i n g  a  s p r i n g  
storm. An i n c r e a s e  i n  water l e v e l s  from 
win ter  t o  spr ing  a l so  decreases t h e  number 
o f  a c t i v e  muskra t  houses. Water 1  e v e l s  
r o s e  56 cm i n  t h e  s p r i n g  o f  1952 and 
remained 28 cm above normal .  The number 
o f  a c t i v e  muskra t  houses decreased from 
174 i n  t h e  w f n t e r  o f  1951 t o  37 i n  t h e  
w f n t e r  o f  1952. He a l s o  f o u n d  t h a t  
muskrats w i l l  excavate  d i k e  dens d u r f  ng 
per iods of h  f gh water. 

Raccoons 

Severa l  aspec ts  o f  t h e  l i f e  h i s t o r y  
o f  t he  raccoon i n  Winous P o i n t  Marsh were 
i n v e s t i g a t e d  by a  t r a p p i n g  and te lemet ry  
study (Urban 1970). The d e n s i t y  o f  t h e  
raccoon p o p u l a t i o n  was e s t i m a t e d  t o  be 
17/km2. The j u v e n i l e  t o  a d u l t  f e m a l e  
r a t i o  was 1.2:1.0, i n d i c a t i n g  a  moderate 
p r o d u c t i v i t y  f o r  t h e  raccoon p o p u l a t i o n .  
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 l e s  i nc reased  f r o m  s p r i n g  u n t i l  
e a r l y  w i n t e r  and t h e n  decreased over t h e  



w i n t e r .  The t e l e m e t r y  p o r t i o n  o f  t h e  
s t u d y  p r o v i d e d  i n f o r r na t l ' on  on r a c c o o n  
movements ,  home r a n g e ,  a n d  d e n n i n g .  
G e n e r a l  I y ,  r a c c o o n s  spend t h e  d a y t i m e  
p e r i o d  i n  o r  n e a r  dens. The amaunt o f  
n o c t u r n a l  movement i s  r e l a t e d  t o  t h e  s i z e  
of t h e  home rang*, Raccoons w j t h  l a r g e r  
home r a n g e s  move g r e a t e r  d i s t a n c e s ,  
Raccoons move a t  a  mean r a t e  o f  162 m/hr .  
Ma le  j u v e n i l e  r a c c o o n s  d isperse  f rom t h e  
marsh i n  t h e  f a l l .  Marshland i s  t h e  major  
h a b i t a t  t y p e  encompassed i n  an ave rage  
n i g h t  o f  t r a v e l  and t h e  h a b i t a t  t y p e  i n  
w h i c h  r a c c o o n s  s p e n d  t h e  m o s t  t i m e .  
Raccoons spend a p p r o x i m a t e l y  73% o f  t h e  
t i m e  i n  t h e  v i c i n i t y  o f  s h a l l o w  w a t e r  
(F i gu re  72) .  They do n o t  appear t o  search 
o u t  w a t e r f o w l  n e s t s ,  s i nce  l i t t l e  change 
o c c u r s  i n  t h e i r  m o v e m e ~ t  p a t t e r n s  when 
w a t e r f o w l  n e s t i n g  i s  i n i t i a t e d .  D i k e s  
r ece i ve  h i g h  usage i n  p r o p o r t i o n  t o  t h e  
amoun t  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 e m a l e  r accoons  en- 
compass more wooded a r e a  p e r  n i g h t  t han  
t h e  male raccoons. The a r e a  o f  t h e  home 
range  f o r  t h e  a v e r a g e  r a c c o o n  was 5 1  ha 
(Tab le  21).  

Food i t e m s  o f  r a c c o o n s  i n  W i n o u s  
P o i n t  Marsh i n c l u d e  m u s k r a t r  c r a y f i s h ,  
f i s h ,  duck eggs, p l a n t  m a t e r i a l ,  seeds, 
and b i r d s  (Andrews 1952; S e d n a r i k  1956; 
Urban 1970) .  F i s h ,  c r a y f i s h ,  and p l a n t  
m a t e r i a l  were t h e  c h i e f  food i tems i n  a17 
seasons. Muskrat f u r  was found i n  o n l y  8% 
o f  raccoon sca t s  c o l l e c t e d  year  round, b u t  
? n  47% o f  sca ts  c o l l e c t e d  i n  t h e  s p r f n g .  
Andrews (1952) noted t h a t  chimney c r a y f i s h  
(Cambarus l i m o s u )  i s  a  f a v o r i t e  food o f  
raccoons i n  t h e  summer. Raccoons were re -  
spons ib l e  f o r  t h e  t e r m i n a t i o n  o f  39% o f  
t h e  w a t e r f o w l  n e s t s  b u i l t  on t h e  Winous 
P o i n t  Marsh d l kes  i n  1967 and 1968 (Urban  
1970 1. 

Some a s p e c t s  o f  t h e  1  J f e  h i s t o r y  of 
t h e  raccoon were s t u d i e d  b y  Sagar (1956)  
i n  Magee Marsh. The mean 1 i t t e r  s i z e  was 
3.7 young. Breed ing  b e g i n s  i n  l a t e  Jan- 
uary  and ends i n  l a t e  March, w i t h  t h e  peak 
o f  a c t i v i t y  o c c u r r i n g  i n  February. Wood 
d u c k  b o x e s  w e r e  t h e  d e n  s i t e s  m o s t  
f r e q u e n t l y  u s e d  b y  raccoons ,  p r o b a b l y  
because o f  t h e  l a c k  o f  good den s l ' t e s  i n  
t h e  marsh. 

Figure 72. Raccoon (Procyon l o t o r ) ,  a cmmon p reda to r  of 
duck nes ts  i n  Winous P o i n t  Marsh. 
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Table 21. Hab i ta t  and den cha rac te r i s t i cs  o f  raccoons i n  Winous P o i n t  
Marsh, Ohlo. a  

Zab i t a t  t y p e  
Tota l  
home 
range 
(ha) 

Average Percent 
n l g h t  t ime i n  
t rave l  h a b i t a t  

( h a )  (% 1 

Emergent vege ta t l  on 29.9 18.8 50.7 
Open-water marsh and dikes 11.9 4.9 34.7 
Woodl a t s  4.4 1.6 10.1 
Wet meadow 1.7 0.8 4.3 
Farml and 0.2 0.1 0.2 

TOTAL 48.1 26.2 100.0 

Den type TYPe Time Used 
( X  1 (XI 

Muskrat houses 
Dead elm t rees  
Wfllow t r e e s  
Bank dens 
Hackberry t rees  
Wood duck houses 

TOTAL 100.0 

a  
Data source: Urban (1968* 19701. 

The c h a r a c t e r i s t j c s  o f  s t r i p e d  skunks 
from Magee Marsh and o the r  nearby wetlands 
o f  w e s t e r n  t a k e  E r i e  were r e p o r t e d  by 
Ba i l ey  (19711.  Breedfng b e g i n s  i n  mid- 
F e o r u a r y  and ends  f n  mid-March. The 
m o b i ' l i t y  o f  males and t h e  w e a t h e r  a r e  
i m p o r t a n t  i n  d e t e r m i n i n g  p r e c i s e l y  when 
breealnp begins, The mean l i t t e r  s f z e  i s  
E,4, Young a r e  bo rn  f rom m i d - A p r i l  t o  
mid-May, Young s t r i p e d  skunks t r a v e l  w i t h  
t h e  female 9 n  J u l y  and A u g u s t  and a r e  
f w d e p e n d e n t  b y  m l d  t o  l a t e  A u g u s t .  
StrDpeo skunks are  p r i rna r i l  y nocturnal  and 
usualSy Seeve t h e $ $  dens w i t h l n  one hour 
a f t e r  s c n s e t ,  They seldom move g r e a t  
dfstances, The amount o f  movement i s  
r e f  a te6  t o  t he  age and sex of t h e  animal, 
t o  t h e  t i m e  o f  y e a r *  and t o  t h e  h a b l t a t  
type ,  T y p i c a l  n i g h t l y  t r a v e l  i s  0.8 km 

f o r  a d u l t  males and females, 0.6 km f o r  
j u v e n i l e  females, and 0.3 km f o r  j u v e n i l e  
males. The mean home range o f  s t r i p e d  
skunks on Magee Marsh was 3 0  ha. Many 
home r a n g e s  I n c l u d e d  l a r g e  a r e a s  o f  
b l  u e j o l n t  grass which were e a s i l y  reached 
f r o m  t h e  d i kes .  Wide, g e n t l y  s l o p i n g ,  
grassy d ikes w i t h  adjacent marsh were used 
more f requent ly  than narrow, steeps brushy 
djkes whlch were surrounded by water. 

A17 s t r f ped  skunk dens a t  Magee Marsh 
were on d ikes and t h e  ma jo r i t y  o f  t he  dens 
had  been  dug o u t  b y  woodchucks. The 
number o f  a v a j l  able dens great1 y  exceeded 
t h e  number o f  skunks. Many dens were 
u t i l i z e d  by s t r l p e d  skunks on a  temporary  
b a s i s .  Food i t ems  i n c l u d e  meadow v o l e  

snap- 
r duck 

c a r r i o n r  u n i d e n t l f f e d  b e e t l e s ,  and June 



bugs (Phv17oghaa8, sp.). These food $terns 
are abundant on Magee Marsh when t h e  marsh 
i s  drained i n  t h e  summer, b u t  may become 
scarce once it i s  r e f  l ooded i n  t he  f a1 1. 

D u c k  eggs a re  food items f o r  several 
mammalian species on Magee Marsh ( B a i l e y  
1971 ) .  O f  t h e  w a t e r f o w l  n e s t s  on Magee 
Marsh i n  1 9 6 7  and  1 9 6 8 ,  r e d  f o x e s  
d e s t r o y e d  45%;  r a c c o o n s  17%; s t r i p e d  

skunks 9%; V l r g i n f a  opossums 4%; mink 1%; 
a n d  l o n g - t a i l e d  weasel 5 1%. The Norway 
r a t  on Winous Pofn t  Marsh e a t s  c r a y f i s h ,  
f i s h ,  b i r d s t  j u v e n i l e  muskrat ,  and duck 
eggs (Bednarik 1956). The mink on Wjnous 
P o l n t  Marsh ea ts  f fsh,  c ray f ish ,  muskrat, 
and b i rds .  Mink were respons ib le  f o r  t h e  
t e r m i n a t i o n  o f  2% o f  t h e  waterfowl nests 
found on d i k e s  i n  1967 and 1968 (Urban 
1968) . 



CHAPTER 4. 

ECOLOG1CAL PROCESSES 

The ecological v a l u e  o f  Great  Lakes 
c o a s t a l  wet lands 4s jmmense, b u t  i s  no t  
o f t e n  r e c o g n i z e d  by t h e  p u b l i c .  The 
e c o l o g i c a l  p rocesses w i t h  f n t h e  coasta7 
m a r s h e s  o f  w e s t e r n  L a k e  E r i e  a r e  
i n t i m a t e l y  r e 1  a t e d  t o  t h e  b e n e f i c i a l  
features which can be ass igned t o  them. 
Some o f  t h e  more impor tan t  funct ions and 
va7ues o f  these wetlands Include: 

1. Physical functfons: 
a, groundwater recharge and f l ood  

storage 
b. sedimentation basins 
c. p o l l u t i o n  con t ro l  by waste 

ass imi la t ion ,  t o x i c  substance 
absorpt ion, and n u t r i e n t  uptake 

d. coasta l  p ro tec t i on  from waves 

2. B io log i ca l  funct ions:  
a. food chafn production and 

energy f 1 ow 
b. f i s h  production, spawning, and 

nursery 
c ,  waterfowl migration, win ter fng  

and nest  i ng 
d. i nve r teb ra te  and mammal h a b i t a t  

3. Economic factors:  
a. agricultural uses (peat, 

b lueberr ies,  etc. )  
b. commercfal and spo r t  f i s h i n g  
c, t r app ing  o f  furbearers 
d. waterfowl hunt ing 
e.  nonconsumpt~ve recreation 

( b i r d ~ a t c h i n g ~  canoeing, etc.).  

The r e s o u r c e  va t  ue o f  c o a s t a l  w e t l  ands 
needs t o  be unders tood  i n  te rms o f  t h e  
e n t i r e  ecosystem and t h e  u r g e n t  need t o  
p r o t e c t  and conserve a l l  aspects  o f  t h e  
system, 

4.1 ORIGIN AND EXISTENCE OF COASTAL 
MARSHES 

The b a s i n  occup ied by western  Lake 
E r i e  was c r e a t e d  by g l a c i a t i o n ,  and i t s  
p h y s i c a l  f e a t u r e s  and hyd ro logy  d i f f e r  
g r e a t l y  f r o m  r e g i o n s  n o t  exposed t o  
Plefstocene i c e  sheets. In terms o f  ea r th  
h is to ry ,  t h e  const ruc t ion  o f  t h e  basin has 
been completed on ly  recen t1  y. The Grea t  
Lakes as they are today (present o u t l e t s  
and approximate l a k e  l e v e l s )  d a t e  back 
l e s s  than  5,000 years.  The processes o f  
s t ream and s h o r e l i n e  e r o s i o n / a c c r e t i o n  
have made o n l y  moderate changes i n  t h e  
o r i g i n a l  topography, b u t  t h e s e  s l i g h t  
change a r e  s i g n i f i c a n t  i n  t h e  o r i g i n  and 
development o f  coasta l  wet l  ands. 

P r i o r  t o  t h e  Pleistocene I c e  Age, t h e  
Great Lakes were nonexistent; t he  area was 
dissected by we1 1 -developed v a l l  eys  and 
s e v e r a l  m a j o r  s t r e a m s .  When t h e  
c o n t i n e n t a l  i c e  cap d e v e l o p e d  t o  a 
t h i c k n e s s  o f  s e v e r a l  thousand meters i n  
northeastern Canada, i t spread southward 
i n t o  t h e  p r e s e n t  G r e a t  Lakes reg ion .  
Tremendous amounts o f  bedrock were eroded 
and t h e  d e b r l s  entra ined i n  t h e  i c e  mass. 
As t h e  i c e  s h e e t s  s l o w l y  m e l t e d  and 
r e t r e a t e d  p r o g r e s s i v e l y  northward, t h i s  
e n t r a i n e d  d e b r i s  was r e l e a s e d  and v a s t  
i r r e g u l a r  deposi ts  of till were l a i d  down 
o n  t h e  s c o u r e d  b e d r o c k  s u r f a c e .  
O c c a s i o n a l l y  b l o c k s  o f  i c e  were a l s o  
e n t r a i n e d  i n  t h e  t i l l  and e v e n t u a l l y  
formed t h e  k e t t l e ,  o r  bog, l a k e s  o f  t h e  
upland areas adjacent t o  t h e  Great Lakes. 

Once t h e  l a k e s  became e s t a b l i s h e d ,  
s t ream and s h o r e l i n e  processes provided 
favorab le  s i t e s  f o r  wet lands.  The most  



s i g n i f i c a n t  p rocesses included: I )  d e l t a  
formatSon, 2) e s t u a r y  f o r m a t i o n r  and 3 )  
sand bar /dune f o r m a t i o n  c rea t i ng  coasta l  
lagoons. Although the  gross configuration 
of t h e  Great Lakes has been 1 i t t l e  a l t e r e d  
s ince t h e i r  g l a c i a l  developmentr t h e  above 
processes have es tab l ished many f a v o r a b l e  
s i t e s  f o r  wetlands. Except where bedrock 
i s  exposed o r  p r o t e c t i v e  works c o n s t r u c -  
ted, t h e  g1 a c i a l  o r  1 acus t r i ne  overburden 
comprising t h e  shores i s  s t i l l  v u l n e r a b l e  
t o  changes wh ich  can work t o  t h e  b e n e f i t  
o r  des t ruc t i on  o f  coasta l  wetlands. 

De l ta  Wet1 ands 

A stream reaching a body o f  s t a n d i n g  
water, such as t h e  S t .  C l a i r  R iver  f l ow ing  
i n t o  Lake S t .  C l a i r ,  a t  t i m e s  b u i l d s  a 
d e p o s i t ,  o r  d e l t a ,  c o m p o s e d  o f  t h e  
s t ream's  sed iment  load.  These deposi ts  
are commonly t h e  s i t e  o f  extensive wetland 
development. Not a1 1 r i v e r s  b u i l d  del tas;  
d e l t a s  may be l a c k i n g  a t  t h e  mouths o f  
s t r e a m s  w h i c h  e n t e r  t h e  G r e a t  L a k e s  
because t h e i r  mouths a r e  so  exposed t o  
wave and cu r ren t  ac t i on  t h a t  sediments are  
removed as r a p i d l y  as they  are  deposited. 
Some streams a l so  lack  d e l t a s  because they 
ca r r y  so l i t t l e  load. Although each d e l t a  
has i t s  own i n d i v i d u a l  form, f o u r  b a s i c  

mouth bu f l ds  t h e  d e l t a  forward i n t o  deeper 
w a t e r  w h i l e  wave a c t i o n  s w e e p s  t h e  
sediment away from t h e  discharge t o  form a 
c u r v i n g  beach on both sfdes o f  t h e  mouth, 
concave toward  t h e  l a k e .  An e s t u a r i n e  
d e l t a  commonly f i l l s  a long narrow estuary 
t h a t  r e s u l t e d  f r o m  drowning o f  t h e  lower 
p a r t  o f  t h e  r i v e r  v a l l e y  because o f  a r i s e  
i n  l a k e  l e v e l ,  E s t u a r i n e  d e l t a s  a r e  
c h a r a c t e r i z e d  by  d e p o s i t i o n a l  t s l a n d s  
conta fn ing  wetlands, such as found i n  t h e  
Maumee River  Estuary. 

D e l t a  g r o w t h  occu rs  when a s t ream 
enters  a standing body o f  wa te r  as a j e t  
o r  plume. The j e t  v e l o c i t y  i s  r a p i d l y  
checked and s e d i m e n t  4 s  d e p o s ~ t e d  i n  
l a t e r a l  embankments ( n a t u r a l  levees) i n  
zones o f  l e s s  tu rbu lence on e i t h e r  s ide  of 
t he  j e t ,  thus extending the  stream channel 
i n t o  t h e  l a k e .  The s t r e a m  r e p e a t e d l y  
b reaks  t h r o u g h  t h e  embankments t o  occupy 
d i f f e r e n t  r a d i  i ( d i s t r i b u t a r y  channe ls )  
and i n  t i m e  produces a d e p o s i t  i n  sew$- 
c i r c u l a r  f romp c l o s e 1  y analogous t o  t h e  
a l l u v i a l  f a n s  f o u n d  a t  t h e  b a s e  o f  
mountain ranges. The na tu ra l  levees serve 
t o  i s o l a t e  shal low i n t e r d i s t r i  butary ponds 
and marshes c o n t a i n i n g  f i n e  muds and  
o r g a n i c  d e t r i t u s  o r  p e a t  ( S t a n l e y  and 
S w i f t  1976). 

o u t 1  i n e s  a r e  r e c o g n i z e d  : 1) arcua te ,  The sediment s t r u c t u r e  o f  most d e l t a s  t r i a n g u l a r  ou t l ine ,  2) d i g i t a t e ,  b i rd - foo t  
on the Great Lakes produced by th ree 

t ~ ~ e p  3 )  tOOth-sha~ed form and 4, s e t s  of beds: 1 )  b o t t o m s e t s  2) foreset, 
estuarine, drowned v a l l e y  (S t rah le r  1971). and 3 )  topset. beds of 

f i n e - g r a i n e d  m a t e r i  a l s  ( s i l t  and c l a y )  

The t y p i c a l  arcuate d e l t a  o r i g  i n a t e s  
a t  an upstream apex and rad ia tes  lakeward 
by means o f  branched d i s t r i b u t a r y  channels 
t o  f o r m  a t r i a n g u l a r  shape. Sediments 
r e a c h i n g  t h e  l a k e s  f rom t h e  d i s t r i b u t a r y  
mouths are swept along t h e  c o a s t  by wave- 
i n d u c e d  c u r r e n t s  t o  f o r m  c u r v e d  b a r s  
e n c l o s i n g  s h a l l o w  w e t l  and lagoons;  t h e  
d e l t a  shore1 i n e  f s  t h u s  arcuate i n  plan, 
bowed convexly outward. The d i g i t a t e ,  o r  
b i  r d - f o o t  de l ta ,  conta ins l ong  extensions 
o f  I t s  branching d i s t r i b u t a r i e s  i n t o  open 
w a t e r .  T h i s  t y p e  o f  d e l t a  r e q u i r e s  a 
gen t l y  s lop ing  l a k e  bottom i n  f r o n t  o f  t h e  
r i v e r  mouth, such as Lake S t .  C l a i r .  on 
w h i c h  n a t u r a l  l e v e e s  c a n  b e  b u i l t  up 
quick ly .  

The cuspate* o r  too th-shaped d e l  t a r  
i s  n o r m a l l y  formed when t h e  stream has a 
s i n g l e  dominant 'mouth. Sediment from t h i s  

c a r r i e d  fa r thes t  o f f sho re  and l a i d  down on 
t h e  bo t tom o f  t h e  l a k e  embayment i n t o  
wh ich  t h e  d e l t a  i s  be ing  b u i l t .  Foreset  
beds are somewhat coarser  ( f i n e  sand) and 
t h e y  rep resen t  t h e  advancing f r o n t  o f  t h e  
d e l t a  and t h e  g r e a t e r  p a r t  o f  i t s  bu l k ;  
t h e y  u s u a l l y  have a d t s t i  n c t l  y s t e e p e r  
s lope (d ip>  than t h e  bottom s e t  beds o v e r  
wh ich  t h e y  a r e  s l o w l y  advancing. Topset 
beds l i e  above t h e  fo rese t  beds and are i n  
r e a l  i t y  a c o n t i n u a t f o n  o f  t h e  a l l u v i a l  
p l a i n  o f  wh ich  t h e  d e l t a  i s  t h e  te rmina l  
por t ion .  It i s  on t h e  f o r e s e t  beds t h a t  
d e l t a  w e t l  ands normal  l y  develop. U n l i k e  
d e l t a s  formed along t h e  oceanr f reshwates  
d e l t a s  do n o t  c o n t a i n  aggregates o f  f i n e  
p a r t i c l e s  i n d u c e d  b y  e l e c t r a l  y t e  
f l o c c u l a t f o n  (due  l a  t h e  d isso lved s a l t s  
i n  t h e  sea). Therefore,  f f ne p a r t  f c 1  es 
a r e  c a r r i e d  o f f sho re  i n  lakes  and are n o t  
incorporated f n t o  t h e  d e l t a  sediments. 



D e l t a  w e t l a n d s  form a  s i g n i f i c a n t  e s tua ry  and in t h e  t r i b u t a r i e s  a long  t h e  
 ort ti on of t h e  c o a s t a l  we t l ands  i n  t h e  Michigan shore of  Lake Michigan. 
Great Lakes r e g i o n .  D e l t a  w e t l a n d s  a r e  
g r a d a t i o n a l  t o  e s t u a r i n e  and r i v e r f n e  
wetlands. Such wetlands a r e  common a l o n g  
t h e  l ower  r e a c h e s  of  v i r t u a l l y  a l l  the 
major t r i b u t a r i e s  e n t e r j n g  wes t e rn  Lake 
Erie .  

Freshwater  Fs tuarv  Wetlands 

T h e  l o w e r  c o u r s e s  o f  s e v e r a l  
t r i b u t a r i e s  t o  t h e  G r e a t  L a k e s ,  
p a r t i c u l a r l y  t h e  more souther1 y  lakes ,  a r e  
c h a r a c t e r i z e d  by  e s t u a r i n e - t y p e ,  o r  
drowned stream, mouths. The f l ooded  f l a t  
a r e a s  a d j a c e n t  t o  t h e s e  e s t u a r i e s  a f fo rd  
Ideal s i t e s  f o r  wetland development.  The 
lower  25-km s e c t f o n  o f  t h e  Maumee Rlver 
which f l ows  i n t o  Lake E r i e  a t  T o l e d o ,  
Ohio,  p o s s e s s e s  t h e  l a r g e s t  d r a inage  of 
any formation of t h i s  e s tua ry  on Lake E r i e  
and Is t he  r e s u l t  of a  s e r l e s  of  g e o l o g i c  
e v e n t s  re1  a t ed  t o  P le i s tocene  g lac la t fon .  
The flow of t h e  Maumee River was r e v e r s e d  
from i t s  s o u t h w e s t e r n  d i r e c t i o n  when the 
g l a c i a l  l akes  drafned from t h e  E r i e  Bas in  
a s  t h e  I c e  shee t  melted, exposlng a  lower 
Nlagara River o u t l e t ,  A t  t h a t  time, r i v e r  
velocities were a c c e l e r a t e d  by the base-  
1 eve1  lowering,  and t h e  Maumee Valley was 
c u t  deep ly  I n t o  l a c u s t r i n e  d e p o s i t s ,  
g l a c t a l  t l l l s ,  and bedrock .  With t h e  
we igh t  of t h e  f c e  removed* t h o  o u t l e t  
o v e n t u a l l  y  rebounded and produced a  r i s e  
i n  l a k e  l e v e l .  The l ake  encroached up the 
v a l l e y  and formed t h e  p r e s e n t  d rowned 
s t r e a m  mouth which i s  ana logous  in many 
w a y s  t o  a  marine e s t u a r y .  V i r t u a l l y  a l l  
of t h e  t r i b u t a r i e s  en te r ing  Lake E r i e  have 
es tuar ine- type  lower reaches and a t t endan t  
wet1 ands.  Here, masses of 1 ake water can 
a f f e c t  l e v e l s  and qua1 f t y  f o r  s e v e r a l  
k i l o m e t e r s  u p s t r e a m  From t r a d i t i o n a l  
mouths (Brant  and Werdendorf 1972). 

The Maumee River e s tua ry  b e g i n s  n e a r  
P e r r y s b u r g ,  O h f  o ,  a t  t h e  most downstream 
bedrock r f f f l e .  A s  t h e  w a t e r  e n t e r s  t h e  
e s t u a r y  f r o m  t h e  r i v e r *  i t s  v e l o c i t y  
abrupt ly  d i m i n f s h e s  e x c e p t  d u r f n g  ma jo r  
r u n o f f  e v e n t s ,  c a u s l  ng s ed imen ta t i on  of  
suspended p a r t t c l e s .  The d e p o s i t s  have  
f o r m e d  a  s e r i e s  of  e l l i p t i c a l  i s l a n d s  
which f o s t e r  wetland formation. Simi'l a r  
d e p o s i t s  a r e  found  i n  t h e  Sandusky River 

Coastal l agoon Wet1 and5 

I n  l a r g e  bodies  of water such a s  t h e  
Great Lakes, the s h i f t i n g  of s e d i m e n t s  by 
n e a r s h o r e  currents can  form bas ins  where 
wetl ands eventual 1 y develop. I f  sediments 
a r e  d e p o s i t e d  a c r o s s  t h e  mouth o f  a n  
e m b a y m e n t ,  a  t r i b u t a r y  o u t l e t ,  o r  
f r e s h w a t e r  e s t u a r y ,  t h e  b l o c k a g e  may 
r e s u l t  i n  t h e  fo rma t ion  of a  new pond o r  
lagoon. Wave a c t i v i t y ,  t o o ,  has  formed 
b a r s  of  sand  and g r a v e l ,  which l i kewj se  
have closed of f  t h e  mouths of  embayments. 

The u s u a l  way i n  w h i c h  a  l a g o o n  
c a p a b l e  o f  support ing a  wetland i s  formed 
i s  by a c c r e t i o n  o f  a  b a r  a c r o s s  some 
f r r e g u l a r i t y  o r  i n d e n t a t i o n  o f  t h e  
coas t l i ne .  The term "barn i s  used here i n  
a  g e n e r i c  s e n s e  t o  i n c l u d e  t h e  v a r i o u s  
types  of submerged o r  emergent embankments 
o f  s a n d  and g r a v e l  b u f l t  on t h e  l a k e  
bottom by waves and cur ren ts .  One of  t h e  
most common types  of bars  associated with 
we t l ands  i n  t h e  G r e a t  Lakes i s  a s p i t .  
T h i s  f e a t u r e  i s  a  sand r l dge  at tached t o  
t h e  mainland a t  one end and te rmina t ing  i n  
open water a t  t h e  d i s t a l  end. S p i t s  t h a t  
h a v e  e x t e n d e d  t h e m s e l v e s  a c r o s s  o r  
p a r t  i a ?  1  y  a c r o s s  embayments a r e  te rmed 
baymouth o r  b a r r i e r  b a r s .  Commonly the 
a x i s  of a  s p i t  w i l l  ex tend  i n  a  s t r a i g h t  
I j n e  p a r a l l e l  t o  the c o a s t ,  b u t ,  where 
c u r r e n t s  a r e  d e f l e c t e d  1  a n d w a r d  o r  
u n u s u a l l y  s t rong  waves e x i s t ,  growth of  a  
s p i t  may be de f l ec t ed  landward, r e s u l t  i  ng 
i n  t h e  c r e a t i o n  of a  r ecu rved  s p i t  o r  
hook. Several s t a g e s  of hook deve lopment  
may produce  a  compound recurved s p i t  wi th  
a  s e r i e s  o f  p o n d s  s e p a r a t e d  by b e a c h  
r i d g e s .  T h e s e  p o n d s  h a v e  p r o v i d e d  
e x c e l l e n t  s i t e s  f o r  wetl and deve lopment  
along the shores  of Lake Er ie .  

Existence of Coastal Marshes 

Lake  E r i e  i s  no ted  f o r  i t s  s e v e r e  
n o r t h e a s t  and n o r t h w e s t  s t o r m s  and t h e  
r e s u l t a n t  w a v e  a t t a c k s  a n d  r a p i d  
f l u c t u a t i o n s  i n  w a t e r  l e v e l  a t  the 
s h o r e l i n e .  The h igh  ene rgy  produced a t  
t h e  sho re  by these s t o r m s  p r e c l u d e s  t h e  
development  of f r ingf  ng coas t a l  wetlands. 



O n l y  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 ro tec t i on  i s  ava i l ab le  against  
t h e s e  harsh  c o a s t a l  p rocesses (eros ionp 
scour, and rap id  t r a n s p o r t  o r  d e p o s i t i o n  
o f  b e a c h  m a t e r i a l  and s e d i m e n t s )  can 
marshes become es tab l ished and continue t o  
ex i s t .  S e t t l i n g  o f  t he  shore surrounding 
the  western end o f  Lake E r i e  has g r e a t l y  
a l t e r e d  t h e  n a t u r a l  s h o r e l  i n e .  I n  t h e  
1790s much o f  t h e  western bas in  s h o r e l i n e  
was f r o n t e d  b y  b a r r i e r  beaches which 
p r o t e c t e d  lagoons and mass ive  we t l ands  
(Kaa tz  1955). Today these low shores are  
armed w i th  stone d i k e s  o r  p r o t e c t e d  w i t h  
b u l k h e a d s .  S a n d y  s h o r e s  a r e  now 
r e s t r i c t e d  t o  a few s p i t s ,  such as Cedar 
Point,  Ohio, Woodtick Peninsula, Michigans 
and Po in t  Pelee, Ontario, and places where 
1 f t t o r a l  c u r r e n t s  converge, such as P o r t  
C l i n t o n  and East Harbor, Ohio. 

Based on t h e s e  c o n s i d e r a t i o n s ,  t h e  
c o a s t a l  marshes o f  western Lake E r i e  f a l l  
i n t o  t h r e e  c a t e g o r i e s ,  depending on t h e  
t y p e  o f  p r o t e c t i o n  a v a i l a b l e  t o  t h e  
we t l  and v e g e t a t i o n .  As ment ioned ear -  
l i e r ,  a t  one t i m e  t h e  m o s t  i m p o r t a n t  
p r o t e c t i o n  was t h a t  a f f o r d e d  by b a r r i e r  
b a r s  o r  o t h e r  n a t u r a l  f e a t u r e s  o f  t h e  
shorel  i ne  which formed q u i e t  1 agoons and 
c o a s t a l  embayments. Very few n a t u r a l  
we t l ands  o f  t h i s  t y p e  s t i l l  e x i s t  i n  
w e s t e r n  L a k e  E r i e .  One o f  t h e  b e s t  
remaining examples i s  t h e  l agoon  ( " e a s t  
bayw o f  Sandusky Bay) s t a b i l  l i e d  by Cedar 
P o i n t  sand s p i t .  O t h e r  e x a m p l e s  o f  
n a t u r a l - p r o t e c t i o n  w e t l  ands which s t i l l  
p e r s i s t  a r e  t h o s e  formed by  rock-bound 
embayments i n  t h e  i s l a n d s  r e g i o n  o f  
western Lake Er ie.  Unfor tunate ly,  many o f  
these embayments have been d i s t u r b e d  b y  
the  cons t ruc t i on  o f  small boat harbors. 

Mos t  o f  t h e  l a g o o n - t y p e  c o a s t a l  
marshes, i f  they have n o t  been d r a i n e d  o r  
f i l l e d  o r  engul fed by t h e  lake, have been 
r e p l a c e d  by t h e  second t y p e :  managed- 
w a t e r f o w l  marshes which are now protected 
by ear then and r i p - r a p  d i kes .  The h i g h  
wave energy  o f  Lake E r i e  and t h e  record 
high water l e v e l s  o f  1972-1973 have taker:  
a t o l l  o n  t h e  b a r r i e r  b e a c h e s ,  
necess i ta t ing  t h e  const ruc t ion  o f  armored 
d i k e s  a l o n g  much o f  t h e  wes te rn  b a s i n  
shore l ine .  La rge  areas o f  we t l ands  a r e  
now p r o t e c t e d  i n  t h i s  manner by Federal, 

S ta te ,  and l o c a l  agenc ies ,  as  we1 I as 
p r i v a t e  shoot ing clubs. 

The t h i r d  t y p e  o f  p r o t e c t i o n  i s  t h e  
n a t u r a l  i s o f  a t  i o n  f r o m  1 a k e  s t o r m s  
provided by the  es tuar ies  o f  v i r t u a l l y  a11 
o f  t h e  t r l b u t a r i e s  e n t e r i n g  t h e  western 
end o f  Lake Er ie.  A t  places, such as t h e  
Maumee River t  t h e  es tuar ine  aspects o f  t h e  
drowned r i v e r  mouth ex tend  upstream a t  
l e a s t  1 5  km. L a r g e  w e t l a n d s  h a v e  
d e v e l o p e d  a l o n g  most o f  t h e  e s t u a r i e s  
where  d i s t u r b a n c e  has  b e e n  m i n i m a l .  
E s t u a r i n e  c o a s t a l  marshes  f o r m  t h e  
m a j o r i t y  o f  t h e  n a t u r a l  1 y p r o t e c t e d  
wetlands border ing western Lake Er ie.  

4.2 BIOLOGICAL PRODUCTlVlTY 

A l t h o u ~ h  no s p e c i f i c  works have been 
p u b l i s h e d  on t h e  i n t r i c a c i e s  o f  energy 
f l ow  f n  Lake E r i e  coasta l  marshes* T i l t o n  
e t  a l .  ( 1 9 7 8 )  h a v e  g e n e r a l i z e d  t h e  
i m p o r t a n t  p rocesses i n  t h e  G r e a t  Lakes 
based  o n  s t u d i e s  i n  o t h e r  c o a s t a l  
wet1 ands. The conversion o f  s o l a r  energy 
i n t o  biomass by a u t o t r o p h s  (e.g., g reen 
p l a n t s )  i s  p e r h a p s  t h e  most  t m p o r t a n t  
process. Conversion i n t o  a form avaSlable 
t o  h e t e r o t r o p h s  ( o r g a n i s m s  u n a b l e  t o  
synthesize food from inorganfc  substances) 
s e r v e s  as  t h e  f o u n d a t i o n  f o r  s e v e r a l  
complex and dynamic food webs. 

The u l t i m a t e  source o f  energy f o r  t h e  
marsh ecosystem i s  t h e  sun. On1 y a s m a l l  
f r a c t i o n  o f  t h e  t o t a l  a v a i l a b l e  energy  
from t h e  sun enters  t h e  food  cha f  n. The 
passage o f  t h i s  energy  from one organism 
t o  another takes p lace along a p a r t i c u ?  a s  
f ood  cha in ,  wh ich  i s  made up o f  t r o p h i c  
leve ls .  I n  most c o m u n i t i e s r  fooa c h a i n s  
f o r m  c o m p l e x  f o o d  webs involving man) 
d i f f e r e n t  types o f  o rgan ismsF e s p e c i a l  i j 
on t h e  l o w e r  t r o p h i c  l e v e l s .  The f i r s t  
step i n  t h e  fooa chain i s  always a prlmar) 
p roducer ,  whicn i n  f r e s h w a t e r  a q u a t i c  
e c o s y s t e m s  may be one o f  t h r e e  basSc 
t y p e s :  1 1  m a c r o p h y t e s p  23 b e n t h i c  
microalgae, o r  3 1 phytoplankton, 

SeveraS s t u d i e s  i n d i c a t e  t h a t  t h e  
macrophytes are the most important  pr"mary 
producers i n  t h e  marshes ( W e t t e l  1975). 
These p h o t o s y n t h e t i c  organf sms use l i g h t  
energy  t o  make c a r b o h y d r a t e s  and o t h e r  



compounds, which then become sources of 
chemical energy. Producers f a r  outweigh 
consumers, over 90% of a l l  1 J v j  ng organic 
m a t t e r  in t h e  marshes f s  made u p  of 
plants, including algae. Energy enters  
the animal segment of the marsh population 
l a r g e l y  through the  a c t i v i t i e s  of the  
herbivores, t h e  anlrnals t h a t  e a t  plants  
and a lgae .  Of t h e  o rgan ic  mater ia l  
consumed by herbivores, much i s  excreted 
undigested. Most of the chemical energy 
i s  used for heat ,  motion, or  digest ive 
processes, b u t  a fraction of the materlal 
i s  converted t o  anfrnal biomass. 

on food chain production a n d  ecosystem 
energy re1 a t  ionships, pa r t i cu la r ly  of 
freshwater wetlands,  t h e r e  a r e  a few 
general pr inciples  which appear t o  have 
validity: 1) food cycles rarely have more 
than f i v e  t rophic levels,  2) the greater 
the separation of an organlsm from the  
basic source of energy (solar radiation), 
the less the chance t h a t  i t  will  depend 
sol el y upon the preceding trophic level 
for energy, 3 )  a t  successfvely  h ighe r  
levels  in the  food cycle, consumers seem 
t o  be progressively more ef f ic ient  in the  
u t i l  i z a t i o n  of food supply, and 4 )  in 
wet1 and success ion ,  p r o d u c t i v i t y  and 
photosynthetic e f f ic iency increase from 

The next l eve l s  i n  t he  food chain, oligotrophy t o  eutrophy and then decl ine 
t h e  secondary and t e r t i a r y  consumers, as the marsh undergoes senescence. 
involve carn lv~res .  Only a small part  of 
t h e  organic substance present in the body 
of a herbivore becomes incorporated in to  Fnerav 
the body of a carnfvore. The decomposers, 
prlmarily bac ter la  and fungi, break down 
dead and d l sca rded  o r g a n i c  m a t t e r ,  
completing the oxldation of the compounds 
formed b y  photosynthesis, As a r e su l t  of 
the metaboltc work of t h e  decomposers, 
waste products ( d e t r i t u s ,  f e c e s ,  dead 
p lants  and animals) are broken down t o  
Inorganic substances that are returned t o  
the  marsh s o i l  and water t o  be recycled 
(Jaworskl e t  a l .  1977). 

The flow of energy through a food 
chain i s  of ten represented b y  a pyramid 
which 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  

The western Lake Erie coastal marsh 
community possesses two basic complexes of 
In ter re la t ionships :  I )  i n v e r t e b r a t e s .  
f i sh ,  birds, and mammals which u t i l i z e  
living plant t i s sues ,  and 2) organisfms 
which u t i f  i z e  d e t r i t u s  o r  dead plant  
t i s sues .  Living p l a n t  t i s s u e  ( e . g . ,  
diatoms, reed grass ,  c a t t a i l  rhizomes) 
serve as food f o r  phytophagous ( p l a n t  

The Energy Pyrarn~d -, 

re1 a t  Ionships among the varlous trophic 
levels (Ffgure 73). Juday (19431, one of , 
t he  e a r l i e s t  fnves t iga tors  t o  Introduce 
trophic levels, developed the concept from 
s t u d i e s  of f r e s h w a t e r  wetlands. He 
determined the  various components of the 
a q u a t i c  p o p u l a t i o n  f n  Weber Lake,  
Wisconsin, as  they existed in midsummer. 
The dissolved organic m a t t e r  composed 
about 60% of the total pyramid; the fish, 
only 0.5%; and the other animalsr slightly 
less than 5% of t h e  total.  

I n  coastal  marshes the re  are often 
four major sources of energy for aquatjc 
consumers :  I )  marsh d e t r i t u s ,  2 1  
phfloplankton production, 3)  detritus from 
t e r r e s t r f a l  sources b r o u g h t  in  b y  
drainage, and 4 )  p lank ton ic  materia1 Figure 73. Energy pyramid in Lake Erie  
carried into the marsh from t h e  open lake. c o a s t a l  marshes  (Upper Great  Lakes 
Although much research remains t o  be done Regional Commission). 



e a t i n g )  andmals such as stem-bor ing and 
l e a f - m i n i n g  i n s e c t s  as w e l l  as c e r t a t n  
a p h i d s  and b e e t l e s .  Many spec ies  o f  
w a t e r f o w l  g r a z e  e x t e n s i v e 1  y  on p l a n t  
materf a1 and muskrats are important p l a n t  
consumers, The nex t  h igher t r o p h i c  l e v e l  
i n  t he  f i r s t  complex c o n s i s t s  o f  an lmals  
w h i c h  p r e y  u p o n  t h e  p h y t o p h a g o u s  
organisms. S p t d e r s p  p r e d a t o r y  b e e t l e s *  
d ragonf l iesr  c e r t a i n  f lshes,  f r ogsp  b i rds9 
and s m a l l  i n s e c t i v o r o u s  wamrnals a r e  
i r n ~ o r t a n t  organisms of t h i s  upper t r o p h  i c  
l eve l .  

The second complex cons l s t s  o f  a  vast  
number o f  i n s e c t  l a r v a e  wh lch  r e l y  on 
organic d e t r i t u s  as a  d i r e c t  energy source 
o r  by stripping microbiaf  populat ions 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 annel ids are a l so  important 
organ 1 sms i n  t h i s  detr i tophagous complex. 
Whatever r e s i d u a l  n o t  u t i l i z e d  by t h e s e  
a n i m a l s  i s  s u b j e c t e d  t o  f u r t h e r  
decompos i t fon  by b a c t e r i a l  and f u n g a l  
p o p u l a t i o n s .  As w i t h  t h e  phytophagous 
c o m p l e x ,  t h e r e  e x j s t s  i n  t h e  
de t r f t ophagous  complex a  wide spectrum o f  
animals which prey on the  d e t r i  tus- feeding 
organisms. Seve ra l  spec fes  o f  i n s e c t s ,  
amphibians, mammals, and waterfowl 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 i r  prey,  u t f l i z i n g  
organisms from both compl exes. 

T e a l  ( 1 9 6 2 )  f o u n d  t h a t  a  s m a l l e r  
percentage o f  the  t o t a l  energy represented 
i n  t h e  p r i m a r y  p r o d u c t i o n  o f  w e t l a n d s  
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 .  I n  
wes te rn  Lake E r i e r  submergent vegetat ion 
tends  t o  be i n h a b i t e d  and g r a z e d  more 
heav i l y  than emergent forms (Krecker 1939) 
b e c a u s e  t h e  f o r m e r  t y p e  o f  a q u a t i c  
macrophytes l a c k  t h e  more 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 r e v a l e n t  i n  t h e  
emergent t ype .  E s t i m a t e s  o f  t h e  p r o -  
p o r t i o n  o f  materf a1 proceded through each 
complex ( T i l t o n  e t  a l .  1978) 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  grazfng 
web (5% t o  20%). T i  1 t o n  e t  a1 . ( 1978) 
p o i n t e d  o u t  t h a t  t h e  i m p o r t a n c e  o f  an 
organ ism t o  an ecosystem may exceed I t s  
r o l e  i n  energy flow. Muskrats use on1 y  a  
f r a c t f  on o f  t h e  a v a i l a b l e  energy stored f n 
t h e  1 i v e  p l a n t s  t h e y  c u t  and harves t  i n  
t h e  w e t l a n d s ,  b u t  t h e y  m a y  b e  o f  
s i g n l f  i c a n t  v a l u e  t o  t h e  det r f tophagous 

complex. S i m i l a r l y ,  t h e  t e e m i n g  pop- 
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 o n l y  a  s m a l l  f r a c t i o n  o f  p l a n t  
t i s s u e ,  b u t  t h r o u g h  t h i s  a c t i v i t y  may 
reduce the  growth o f  h o s t  p l a n t s  and t h e  
p r i m a r y  production o f  t h e  w e t l a n d  
ecosystem. 

The e n e r g y  b u d g e t s  f o r  c a t t a j l  
marshes i n  Minnesota were inves t iga ted by 
Bray (1962) and may provdde l n s l g h f  f o r  
western  Lake E r f e  wet lands.  Dur ing  the  
g r ~ w i n g  season t h e  d i s t r i b u t j o n  o f  t h e  
v a r i o u s  components  o f  s o l a r  r a d i a t i o n  
energy was as fol lows: 

Component I?smx%t 

albedo ( r e f l e c t i o n )  22.0 
evapotranspf r a t t o n  38.4 
conduction-convect5on 38.5 
primary product ion 1.1 

This apparently low u t i l  i z a t i o n  o f  s o l a r  
r a d i a t i o n  by Twhq sp, i s  cons i s teo t  w i th  
o t h e r  wet land s t u d i e s  and s u p p o r t s  t h e  
genera l  v iew t h a t  most p l a n t  communjties 
use o n l y  1% t o  2% o f  t h e  t o t a l  s o l a r  
energy f o r  p r i m a r y  product ion  (T  i l t o n  e t  
a l .  1978).  Ph raami tes  sp. i n  A u s t r i a n  
we t l ands  ranges from 1.2% t o  2.0% f o r  May 
through J u l y  (Sleghardt  1973) and 
sp. i n  Georgian es tua r ies  ut i14zes 1,4% o f  
t o t a l  s o l a r  radiation (Teat  1962). The 
u n i f o r m i t y  o f  these r e s u l t s  suggests t h a t  
emergent marshes i n  w e s t e r n  L a k e  E r i e  
u t i l  f t e  a p p r o x f m a t e l  y  1.2% o f  s o l a r  
rad ta t i on  f o r  pr imary production. 

Emergent we t1  and commun $ t i e s  a r e  
among t h e  most p roduct ive  areas on earth. 
West1 ake (1963) est imated t h a t  f r e s h w a t e r  
emergent macrophytes have a  n e t  pr imary 
p r o d u c t i v i t y  o f  38000 t o  89500 g/rn2/yrp 
and are  comparable i n  p r o d u c t i v i t y  to s a l t  
m a r s h e s  a n d  t r o p i c a l  r a i n  f o r e s t s ,  
P r o d u c t i v i t y  o f  f r e s h w a t s r  submerged 
nacy-ophytes  r a n g e s  f rom 400 t o  ZS000  
g/m / y r r  l e s s  t h a n  h a l f  o f  t h e f r  marjna 
c o u n t e r p a r t .  S i t e  s p e c i f i c  psamary  
p r o d u c t i v i t y  s tud ies  o f  c o a s t a l  emergent 
marshes Tn wes te rn  Lake E r i e  are scarce. 



Lutz (1960) workjng I n  E r i e  Marsh o f  North 
Maumee Bay f o u n d  s o f t - s t e m  b u l r u s h  
(w ;F91id&l h i d  a peak shoot den i t y  

2" 
2 o f  284/m and a reed weight o f  54 g/m o r  

100,500 seeds/m . T a b l e  22 1 i s t s  t h e  
maximum b i o m a s s  and p r o d u c t i v f t y  o f  
several emergent spec ies  (common f n  Lake 
E r f e )  f o r  t h e  G r e a t  L a k e s  r e g f o n .  
Ex t rapo la t icn  o f  these data t o  the coasta l  
marshes o f  Lake  E r i e  c a n  p r o v i d e  an 
approxln,ate and reasonab le  e s t i m a t e  of  
p r o d ~ ~ t i ~ f t y ,  I m  marshes appear t o  hc 
one o f  t h e  most p r o d u c t i v e  communities, 
y i e l d i n g  v a l u e s  ( a p p r o x i m a t e l y  2,500 
y / m 2 / y  r )  near  t h e  lower  end o f  t he  range 
e x p e c t e d  f o r  f r e s h w a t e r  e m e r g e n t  
macrophytes. 

A!thou?h I l : t ;e work has been done on 
t h e  producifv i ty o f  submersed aquatfc 
p l a n t .  i n  L a k e  F r i e ,  Dawson ( 2 9 7 5 ) ,  
S c h T o e s s s r  ( l 9 S 2 3 ,  and Sch loosse r  and 

~~ i i xn r t y  ( 1 9 8 2 1  h a v e  s t u d i e d  t h e s e  
i i ~ac rophy tes  i n  t h e  St .  C l a i r  Rfver-Lake 
S t .  C la i r -DE t ro l t  R i v e r  system, R e s u l t s  
o f  t h e s e  s t u d i e s  may p r o v i d e  some 
understandjng of p r o d u c t i v i t y  i n  western  
L a k e  E r l e .  Dawson ( 1 9 7 5 )  found t h a t  
considerable s p a t i a l  v a r i a t i o n  i n  standing 
crop exjs-ts w i t h i n  Anchor Bay o f  Lake S t .  
C l a i r  ( T a b l e  231. He estimated mean dry  
weights o f  varlods submerged communi t ies  
t o  r a n g e  f r o m  4 g/m2 I n  s h a l l o w  areas  
character ized by sparse cover o f  stonewort 
(Cham sp. 1 t o  316 g/m2 i n  areas dominated 
b y  d e n s e  g r o w t h s  o f  w a t e r - m i l f o i l  
(iwvrioahv'l b spicatum) . 

Schloesser (1982) studied t h e  monthly 
abundance o f  submersed macrophytes i n  t h e  
S t .  C l a i r  R iverp  Lake St. C l a l r ,  and t h e  
D e t r o i t  R i v e r  d u r i n g  t h e  1978 growing 
season ( T a b l e  2 4 ) .  He f o u n d  t h a t  t h e  
amount o f  submersed vegetat ion was low i n  
e d r i y  syr fng,  No vegetat ion was found i n  

Table 22. Plornass and p r o d u c t l v f t y  o f  emergent wetland p lan ts  o f  t h e  
Great Lakes region.a 

Species 

Max imum Net 
biomass product ion 

Common name (g/rn21 (g/rn2/yr) 

broad-leaved c a t t a f  1 
hyb r id  c a t t a l l  
g fan t  bur reed 
comman arrowhead 
manna grass 
reed grass 
w i l d  r i c e  
spih, - rusb 
l ake  .-fldge 
beaked s e d ~ z  
r f  QC"' bl; 1 rii51: 
~ ; s s l ; n i ~ ?  r ( f ? h  

s o f t  rusii 

Mean 
--." ---. ---- - b - --- -.- "-- -. - - 

ace sotrrce: TJTton e-t 6 .  r I e 2 4 8 ; ,  



Table 23. Estimated s tdanpg c rop  biornass f o r  suhinersed v e g e t a t i c ~ j ~  i n  
Anchor Bay, Lake S t .  Clair. 

Domj nant taxa Weedbed Range in Total 
in community 

a re!? 
dry we'ght 5 submergents 

( 1974 1 (km 1 Ig/m ? ( % I  

Chara 
Chara-Naias 
j'otamoqton-Chara 
Yal1 isneria-MvrJophv11um 
C e a  
Val 1 i sne r i a  americana 
M v r ~ o ~ h v l ~  IJJJ 

Heterantherq U a  

TOTAL 108.8 4-3 16 100.0 

a Data source: Dawson (1975) . 

- 4 -  
Table 24. Seasonal estimates of s t a n d i n g  crop b i  o ~ a s s  for  szoi1icr;ed j,iact-0,- 
unytes d t  s e v e r a l  locations i n  the Lake S t .  Clair-Detr,)i",ivel- sys,~m;-- " 

Drv M a h t  (0: - w 2 j  Donlnant 
Location (1978) June Ju ly  Aug S e p t  Oct Nov taxa 

St .  C l a i r  River 
(Stag Is1 a n d )  

St .  C la i r  Delta 
(Algonac) 

Anchor Bay 
(Sand Island) 

Cl  i nton River 
(mouth) 

Detroi t  River 
(Bel le  Isle) 

Detroi t  River 94 216 -127 220 l45 42 ,&ltocea u w j d  
(Grosse I l e )  

De t ro i t  River 287 :35 3-92 160 SSi.2 $2 & & ~ c j ~ ~ L ? ~ ~ ~ , ~ g ~  
(Sugar I s land)  A-de dvm-B?j-u~; 1 A : tm s2.,~k+db~ 

~~&p:vrt~~ktly& 

'~a-La source: Sch? aesser 119823, 

123 



t h e  D e t r o i t  R i v e r  f n  A p r l l  o r  May, and t h e  
on1 y  v e g e t a t d o n  c o l  l e c t e d  5n Anchor Bay 
and t h e  S t ,  C l a i r  R i v e r  d u r i n g  t h e s e  
months c o n s i s t e d  o f  decay fng  o r  dormant 
m a t e r i a l  f rom t h e  p rev tous  growing season. 
One except30nr r does 
show an e a r l y  (May-June) g r o w t h  peak a t  
t h e  mouth o f  t h e  C k t r o f t  R t v e r  w h l c h  may 
b e  b e n e f - l c i a l  t c  s p a w n i n g  f i s h  and  
r n i g r a t i  ng w a t e r f o w l  d u r f n g  t h a t  p e r f  o d  
( F j g u r e  74).  

Figure 73. Seasonal gi-owth o f  subiriersed 
macr -cphy te  t a x a  i n  t h e  D e t r o i t  R ive r  i n  
g / d  a s h - f  r e e  d r y  w e i g h t  ( S c h l  o e s s e r  
19821. 

By  m i d - J u n e  d o m i n a n t  p l  a n t s  had  
s p r o u t e d  new g r o w t h  a t  s t e m  a n d  l e a f  
nodes, and b y  m f d - J u l y  new g r o w t ; ~  kh i ch  
d i d  n o t  o r i g f n a t e  f r o m  o v e r w t n t e r i n g  
d o r m a n t  m a t e r f a l  was  f o u n d  a t  a99 
l o c a t f o n s  ( T a b l e  2 4 ) .  H l g h e r  rnaxjmum 
biomass v a l  ues were gene ra l l y  observed zt 
l o c a t i o n s  where dormant  o v e r w  f n t e r  i n g  
v e y e t a t l o n  was observed  i n  e a r l y  s p r i n g ,  
The maxlwum bfomass was reached i n  June i n  
t h e  D e t r o i t  R i ve r  mouth (Sugar I s l a n d p  284 
cj/m21; i n  J u l y  i n  t h e  St. C l a i r  Rfver  (267 
g/rnZj; i n  Augu$t  i n  t h e  C l i n t o n  R i v e r  
mouth ( 118  g/m 5 ,  D e t r o i t  R iv  r head (53 3 g/m2) and Grosse I l e  (427 g/m 1 ; and 

?! 
1n Oc tobe r  i n  t h e  S t .  C l a  r D e l t a  (284 g/m 

and Anchor Bay (146 g/m ). The submersed 
m a c r o p h y t e s  became s e n e s c e n t  and t h e  
biomass values decreased b y  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 i s  s tudy 
i n d d c a t e d  t h a t  l l t t l e  o r  no  s u b m e r s e d  
macrop h y t e  growth t akes  p lace  be fo re  June 
o r  a f t e r  Oc tober  i n  t h e  r i v e r  o r  l a k e .  
The domlnan t  t a x a  found a t  each l o c a t i o n  
a re  g i ven  i n  Table 25. 

P h v t o ~ l  ankton and Atta- 

Seve ra l  s t u d i e s  o f  p h y t o p l a n k t o n  
productivity h a v e  been  c o n d u c t e d  i n  
w e s t e r n  Lake E r i e  (Cody 1972 ;  McQua te  
1954 ;  S h e f f l e l d  and  C a r e y  1980;  and  
Verdui n  19621. However, few measurements 
have been  t a k e n  d t r e c t l  y i n  t h e  coas ta l  
wetlands. McQuate (19541, w o r k i n g  I n  t h e  
u n c o n t r o l l e d  marshes a t  t h e  upper end o f  
Sandusky Bay, observed t h a t  smal l  bays and 
open p o c k e t s  w i t h i n  t h e  beds o f  r o o t e d  
a q u a t i c  v e g e t a t i o n  p r o v i d e d  w e x c e l l e n t  
c u l t u r a l  groundsv f o r  p l a n k t o n  wh i ch  a r e  
c a r r i e d  i n t o  t h e  bay and even tua l l y  reach 
t h e  wate rs  o f  Lake E r i e .  He measured a  
pho tosyn the t i c  r a t e  o f  approximately 1,400 
rng o f  ca rbon  a s s i m i l a t e d  p e r  day. Th i s  
r a t e  compares f a v o r a b l y  w i t h  n e a r s h o r e  
measurements made by  o the r  i n v e s t i g a t o r s  
I n  w e s t e r n  Lake  E r i e ,  and  a s  w o u l d  b e  
e x p e c t e d *  Js  h i g h e r  t h a n  v a l u e s  f o r  
o f f sho re  l o c a t i o n s p  t h e  i s l a n d s  area,  and 
c e n t r a l  Lake ErSe (Tab le  26). Consider ing 
r e 1  a t i  ve blomasst phytop lankton f s  n o t  as 
impor tan t  as t h e  macrophytes i n  t h e  t o t a l  
p r i m a r y  p r o j u c t i o n  o c c u r r i n g  w i t h i n  t h e  
c o a s t a l  m a r s h e s .  H o w e v e r ,  f t  f s  
s i g n i f i c a n t  fn  t h e  zoop lank ton- f i sh  l a r v a e  
f o o d  c h a i n  w i t h i n  t h e  m a r s h e s .  



Conversely, i n  t h e  o f f s h o r e  p o r t i o n s  o f  S a n d u s k y ~  and Huron r i ve rs .  He concluded 
the  l a k e ,  phytoplankters are t h e  dominant t h a t  t h e  m a j o r i t y  o f  t h e  p l a n k t e r s  found 
prfrnary producers. i n  t h e  e s t u a r i e s  o f  t h e s e  r i v e r s  were 

l a r g e  p lank te rs  which entered t h e  e s t u a r y  
w i t h  t h e  - in f lux  o f  l a k e  w a t e r .  The 

Su l l i van  (1953) conducted a survey o f  western b a s i n  tributaries, p a r t i c u l a r l y  
t h e  p h y t o p l a n k t o n  p o p u l a t i o n s  i n  t h e  t h e  Maumee R i v e r ,  a r e  o f ten  very tu rb id .  
es tuar ine  por t ions  of t h e  Maumeer Portage, Su l l i van  found t h a t  t h i s  h i g h  t u r b i d f t y  

Table 25. Dominant submersed aquatic macrophyte taxa o f  the Lake S t .  C l a i r -  
Det ra i  t River system, 

Taxa 
St. C l a f r  St. C l a i r  Lake S t .  D e t r o i t  D e t r o f t  

River  De l ta  C l a i r  R i ve r  RS ver 
(Stag Is . )  (Algonac) (Anchor Bay) ( B e l l e  I s l e )  (mouth) 

Charia SPP. 

Elo4ea 
Heteranthera dubiq 
MYrloDhvllum- 
Nn145flsKLlA 

otamogetorl c r i  SDU 

Potnmsaeton- X -- x 
Potamoaeton SPP. X 

Valllsnerlaamarlcana 

a Data sources: Dawson (19751, Schloesser (1982). 

Table 26. Carbon ass im i l a t i on  by phytoplankton p r o d u c t i v i t y  i n  Lake Er ie.  

Measurement 1 ocat  i on Photosynthic r a t e  Data source 

(mg/c/rn2/day 1 

Po in te  Moui l lee  2,197 She f f f e ld  and Carey (1980) 
Pigeon Bay, Pt.  Pelee 1,775 Shef f  i e l d  and Carey (1980) 
Sandusky Bay 1,438 McQuate ( 1954 1 
Locust Po in t  1,223 S h e f f f e l d  and Carey (1980) 
Niagara Reef 833 Cody ( 1972) 
South Bass Is land:  

F ishery Bay 742 Cody (1972) 
Offshore, west coast  5 12 Verduf n (1962) 

Old Woman Creek, o f fshore  820 She f f f e ld  and Carey (1980) 



s i g n i f i c a n t l y  1  i m i t e d  t h e  o f  
phytoplankton i n  t h e  e s t u a r i e s ,  and d u r i n g  
f r e s h e t s ,  a l s o  r e d u c e d  p r i m a r y  
p r o d u c t i v i t y  i n  t h e  a d j a c e n t  nea rsho re  
waters o f  Lake E r i e .  

M c M i l l i a n  ( 1 9 5 1 )  s t u d i e d  t h e  
p h o t o s y n t h e t i c  r a t e  o f  fi lamentous a lgae 
(C-QU .&m- a n d  IJ lo th r i x  zX!Xka) 
at tached t o  l i t t o r a l  b o u l d e r s  and r o c k y  
s h o r e 1  i n e s  o f  F i s h e r y  Bay, South Bass 
Is land.  She found t h a t  t h i s  a s s o c i a t i o n ,  
w h i c h  i n c l  u d e d  a b u n d a n t  p e r i p h y t i c  
diatoms, had an a v e  a g e  carbon f i x a t i o n  3 r a t e  o f  567 mg C / m  / d a y  dur ing a  4-month 
growing season. T h i s  r a t e  i s  comparab le  
t o  t h a t  o b t a i n e d  b y  c o d  ( 1 9 7 2 )  f o r  3 p h y t o p l a n k t o n  ( 7 4 2  rng C/m /day)  i n  t h e  
same bay (Table 26).  M c M f l l i a n  determined 
t h e  ave rage  y i e l d  o f  a t t a c h e d  a l g a e  i n  
t h i s  h a b i t a t  t o  be 1 4 4  cJ/rn2, Lorenz and 
H e r d e n d o r f  ( 1 9 8 2 )  o b t a i n e d  maximum 
s t a n d f n g  c r o p  v a l u e s  f o r  ClsdsDhara a t  
Stony P c i n t ,  M i c h i g a n  ( a d j a c e n t  t o  Swan 
Cre k Clarsh), an$ S o u t h  Bass I s l and  o f  184 
glm' and '214 g/m r r e s p e c t i v e 1  y. Monaco 
(19841, c o n t i n u i n g  t h i s  study, found t h a t  
the v e r t  l c a 1  d i s t r f  b u t i o n  o f  C l a d o p h o r ~  
was 1  i m i  t e d  by  1  i g h t  a t t e n u a t i o n  t o  a 
depth o f  abou t  2 m. P h o t o s y n t h  t i c a l l y  9 a c t i v e  r a d f a t i o n  b e l o w  50  uE/m /sec was 
deterrrined t o  l i m i t  v e r t i c a l  co lon iza t ion .  
The biomass values o b t a i n e d  f o r  a t t a c h e d  
a lgae i n  western L a k e  E r j e  are comparable 
t o  those obtained by  Sch?oosser  (1982) f o r  
submersed  m a c r o p h y t e s ,  p a r t i c u l a r 1  y  
Fotamoaeton spp. and  f4vrfoehyl.,&@ sp., i n  
Lake S t .  C l a i r .  

C o a s t a l  w e t 1  a n d  v e g e t a t i o n  
immobi 1 i z e s  c e r t a i n  amounts  of nu t r i en t s ,  
a p o r t i o n  o f  w h i c h  a r e  r e l e a s e d  u p o n  
senescence  and d e c a y  o f  t h e  p l a n t s .  
D e p e n d i n g  o n  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 i c s  o f  t h e  wetland, n u t r i e n t s  
are s t o r e d  i n  t h e  w e t l a n d  as  o r g a n i c  
sediment  o r  pea t .  I n  t h e  marsh s o i l s ,  
m ic rob ia l  processes t r a n s f o r m  some o f  t h e  
nutrients from o r g a n i c  t o  inorganic  forms, 
The n e t  e f f e c t  o f  t h e s e  p rocesses  i s  
general 1  y  a  r e d u c t i o n  i n  t h e  concen t ra t ion  
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  t h r o u g h  t h e  
wet1 and, T h e r e f o r e ,  t h e  coasta l  marshes 
a re  i m p o r t a n t  i n  c o n t r o ' l l  i n g  n u t r i e n t  
l o a d i n g  t o  n e a r s h o r e  wa te rs  of Lake E r l e  
( T i l t o n  e t  a l .  1978). 

M u d r o c h  ( 1 9 8 0 )  s t u d i e d  t h e  
g e o c h e m i c a l  c o m p o s i t  i o n  o f  sed iment ,  
u p t a k e  o f  n u t r i e n t s  a n d  m e t a l s  b y  
m a c r o p h y t e s ,  and  n u t r i e n t  and  m e t a l  
c o m p o s i t i o n  i n  t h e  w a t e r  a t  B i g  C r e e k  
Marsh on t h e  n o r t h  shore  o f  eas te rn  Lake 
E r i e  i n  L o n g  P o i n t  Bay .  T h e  maximum 
concen t ra t i ons  o f  most meta ls  i P b t  N i p  Car 
Cr, and Zn) i n  marsh sediments were lower  
t h a n  c o n c e n t r a t i o n s  f ound  i n  Lake  E r i e  
s u r f  i c i a l  muds, presumably  due t o  uptake 
b y  t h e  a q u a t i c  p l a n t s  i n  t h e  mud. 
Submerged p l a n t s  (Chara sp. r _MyrioohvS lum 
sp., and f l o d e o  sp. )  accumu la ted  i a r g e r  
q u a n t i t i e s  o f  Ca, Pb, Cu, N i ,  Cr, and Cd 
t h a n  emergen t  p l  a n t s  (m spp. 1, b u t  
n u t r i e n t  concent ra t ions  were r e l a z i v e l y  
un i fo rm f o r  a l l  s p e c i e s  ( T a b l e  2 7 ) .  She 
f ound  t h a t  t h e  b iomass  p roduc t i on  o f  t h e  
macrophytes i n  t h e  marsh i s  r e l a t e d  t o  t h e  
swbhydric s o i l  f e r t i l i t y  as w e l l  a s  t h e  
n u t r i e n t  c o n t e n t  i n  t h e  marshwater. She 
c o n c l u d e d  t h a t  s h o r t - t e r m  s u p p l  i e s  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 ic  s o i l  l a y e r  can have a  p r o l o n g e d  
e f f e c t  o n  m a c r o p h y t e  p r o d u c t i o n  b y  
enr ichment o f  t h e  n u t r i e n t  pool  ma in ta ined  
i n  t h e  pe renn ia l  p l a n t  system. 

The d e t r i t u s  food c h a i n  o f  Sandusky 
Bay i s  i l l u s t r a t e d  i n  F i gu re  75. Of t h e  
s i x  dom inan t  b e n t h i c  m a c r o i n v e r t e b r a t e  
s p e c i e s  p r e s e n t ,  t h r e e  are d e t r i t i v o r e s ,  
one i s  a grazer ,  and t w o  a r e  p r e d a c i o u s .  
T h e  t h r e e  s p e c i e s  o f  o l i g o c h a e t e  
d e t r i t i v o r e s  f u n c t i o n  i n  a  commensa l  
a g g r e g a t i o n  t o  e x p l o i t  t h e  a1 lochthanous 
and a u t o t h a n o u s  i n p u t s  t o  t h e  b a y .  
A d d i t i o n a l l y  t h e y  use b o t h  t h e  b a c t e r i a  
t h a t  grow o n  t h e  s u r f a c e  o f  d e t r i t u s  
p a r t i c l e s  and t h e  p r o d u c t s  o f  b a c t e r i a l  
a c t i v i t y .  The one g razer  i s  t h e  l a r v a  o f  
t h e  c h i  r onom id  W o n o m u s  p l  umosus. It 
e x p l o i t s  t h e  p lank ton ,  p r i m a r i l y  d i a t o m s  
and o t h e r  a lgae ,  by  entrapment on a  spun 
n e t r  w h i c h  i t  f n g e s t s  a l o n g  w i t h  t h e  
p l a n k t o n ,  G h i r o n o r n u s  a l s o  g r a z e s  o n  
diatoms, o t h e r  p e r i p h y t o n ,  a q u a t i c  p l a n t  
t i s s u e ,  and decayfng o rgan ic  mat te r .  The 
two p reda to r  spec ies a re  a l s o  ch i ronomids.  
C o e l o t a n y ~ u s  i s  a  v o r a c i o u s  p r e d a t o r  on 
o t h e r  c h i r o n o m i d  l a r v a e  w h i l e  P r o c l a d i u 5  
i s  a  more genera l  ca rn ivo re .  C o e l o t a n v ~ u s  
preys on b o t h  W Q  and E r o c l  a d i u s l  
and members o f  i t s  own spec ies a t  t imes.  



Table 27. Concen t ra t i ons  o f  n u t r i e n t s  and me ta l s  i n  wet land p l a n t s  a t  t h g  
s t a g e  o f  maximum development, B i g  Creek Marsh, Long P o i n t ,  On ta r io .  

Species 

T v D h a h J i m l h  1.1 1.7 0.2 0.8 4 3 6 3 < 1 1 8  
Elodea canadens i s 1.6 1.1 0.4 20.0 32 10 18 15 3 18 

1.1 2.0 0.3 1.0 5 3 2 4 (1 18 
1.2 1.8 0.3 4.4 27 6 15 8 2 15 
1.0 1.8 0.2 0.9 7 3 3 4 (1 14 

Chars- 1.7 0.8 0.1 19.5 32 9 17 10 2 14 

a D a t a  source: Mudroch (1980). 
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Figure 75. Diagram of t h e  d e t r i t u s  food cha in  i n  Sandusky Say 
Estuary ,  i l l u s t r a t i n g  t h e  r o l e  o f  b e n t h i c  01 igochaetes  ( m o d i f i e d  f rom 
L indsay  1976).  



Proclad& feeds on other  chl ronomlds and 
a l s o  u t i l i z e s  t h e  t h r e e  s p e c i e s  o f  
01 igochaetes. 

Beave r  ( 1 9 4 2 )  and Weeks ( 1 9 4 3 )  
i n v e s t i g a t e d  t h e  hetero t roph ic  b a c t e r i a l  
populat ion i n  western Lake E r i e  sed iment  
from v a r i o u s  h a b i t a t s  (Tab le  28). they 
found t h a t  the open lake s ta t ions  had much 
lower populations than  t h e  e s t u a r i e s  and 
coas ta l  marshes. The high value a t  Put- 
in-Bay i s  probably r e l a t e d  t o  p o l l u t i o n ,  
w h i l e  t h e  o t h e r  l o c a t i o n s  w i t h  h i g h  
populations are more 1 i k e l y  re la ted  t o  t h e  
h i g h  c o n c e n t r a t i o n s  o f  m a c r o p h y t e  
d e t r !  tus.  Weeks observed an increase i n  
t h e  b a c t e r i a l  p o p u l a t i o n  i n  t h e  i s l a n d  
a r e a s  w h i c h  c o r r e l a t e d  w i t h  t h e  h i g h  
discharges o f  allochthonous ( t r a n s p o r t e d )  
m a t e r i a l s  f r o m  t h e  Maumee and P o r t a g e  
r ivers .  

4.3 COMMUNITY PROCESSES 

The western Lake E r i e  we t l ands  a r e  
actual ly  composed o f  a va r i e t y  o f  h a b i t a t s  
i n c l u d i n g  open ponds, c a t t a i l  and reed  
marshes, earthen dikes, b a r r i e r  beaches. 
d e l t a  f l a t s .  a n d  w o o d e d  swamps.  
Co l lec t ive ly  these h a b i t a t s  a r e  known as 
the coastal marsh c m u n i t y .  Each h a b i t a t  
a t t rac t s  i t s  own specles o f  plants, b i  rds, 
mammals, r e p t i l e s ,  amphibians, and, i n  
some cases, f i sh .  The r e s u l t  i s  a g rea te r  
var ie ty  i n  p lan t  and anfmal  l i f e  t h a n  i n  

any o t h e r  a r e a  o f  e q u a l  s l z e  i n  the 
i n t e r i o r  o f  t h e  b o r d e r i n g  s t a t e s  a n d  
prov ince.  The o v e r a l l  conditions of t h e  
u n c o n t r o l  1 ed c o a s t a l  marshes a r e  %ti 1 1  
r e l a t i v e l y  p r i m i t i v e .  W i t h i n  t h o s e  
marshes where  n a t u r a l  p r o c e s s e s  a r e  
a l l o w e d  t o  t a k e  p l a c e ,  z o n a t i o n  a n d  
s u c c e s s i o n  i n  r e s p o n s e  t o  c h a n g  f n g  
env i ronmen ta l  c o n d i t i o n s  a r e  among t h e  
i m p o r t a n t  community p r o c e s s e s .  W a t e r  
l e v e l  f luc tua t ion ,  and t h e  r e s u l t a n t  p l a n t  
and an imal  response, i s  o f t e n  t h e  most  
s i g n i f i c a n t  d r i v i n g  force, 

The pro tec ted marsh a t  Haunckls Pond 
on M i d d l e  B a s s  I s l a n d  p r o v i d e s  an  
e x c e l l e n t  e x a m p l e  o f  a q u a t l c  p l a n t  
zonation i n  response t o  water depths. The 
basin con ta in ing  t h e  marsh appears t o  have 
been formed by a double tombolo which now 
connects two r o c k  i s l a n d s  w i t h  t w o  sand 
s p i t s  b u i l t  by alongshore currents.  E igh t  
z o n e s #  e x t e n d i n g  f rom open wa te r  t o  a 
shrub shore1 i n e ,  have been i d e n t i  f f e d  
(Wood 1966): 

1. open water 5. cutgrass 
2. water l i l y  6.  jewelweed 
3. dock 7. t a l l  grass 
4. c a t t a i l  8. shrub zone 

Each zone i s  t r a n s i t i o n a l  and i n  none does 
one spec ies  dominate t o  t h e  exc lus ion  o f  
a l l  o ther  species. 

Table 28. Peterotrophic b a c t e r i a l  populat ions i n  western Lake ~ r i e . "  

Locat ion P a c t e r i  a1 co l  onfes ~ e r  t (dry). 
Aerobic ( 2 0 ~ ~ 1  

Western Lake E r i e  (mid-basin) 48 x lo6 50 x lo6 
Fishery Bay, S.  Bass Is .  52 x 10: 43 x 10; 
Portage River  mouth 59 x 10 44 x 10 
T e r w i l l i g e r t s  Pond. S. Bass Is .  65 x lo6 51 x lo6 
Haunck's Pond, M. Bass Is .  85 x lo6 65 x lo6 
Portage R iver  Estuary 110 x lo6 76 x lo6 
Put-in-Bayr S. Bass Is .  104 x lo6 75 x lo6 

a Data source: Beaver ( 1942). 



M a j o r  specjes o c c u r r f n g  i n  t h e  open 
water rane  are unattached f l o a t i n g  p lan ts  
s ~ c h  as duckweeds r L o  

t r i s u )  a 1 arge duck J2Q.k 
r h i z a l p  a n d  watermea? ( W o l f f i a  a l u m -  
bjana), and submersed aquat ic  p l a n t s  such 
as sago pondweed (potamoaetar! gec t ina tus l  , 
water  m i l  f o i l  (Mv r io~hv l l u rn  exalbesceu),  
waterweed (Uodeq canadens is ) ,  and coon- 
t a i  1 ( C e r a t o ~ h i f l l  um demersum) . J u l y  water 
depth i n  t h i s  zone ranges t o  1 m. 

M a j o r  s p e c i e s  composing t h e  water  
l i l y  zone are spatterdock (Nuohar advena) 
and w h i t e  water 1  i l y  (Nvm~haeq $uberosa). 
Species associated w i t h  t h i s  zone included 
water-plantain (Alisma plantaao - aauat i ca)  , 
arrowhead ( S a a i t t a r i q  m i f o l i a ) ,  and 
p i c k e r e l  weed (pon tede r ip  cordatq). The 
w a t e r  1 f l y  zone  i s  a c t u a l l y  s e v e r a l  
d i s j u n c t  zones, together occupying a  major 
p o r t i o n  o f  t he  wetland. J u l y  water depth 
i n  t h i s  zone ranges up t o  1 rn. 

Two s p e c i e s  o f  dock (Rumex c r i s p u s  
and B. = t i c i l l a t y + )  comprise t h e  major 
cover o f  t h e  dock zone. P l a n t s  t h r i v i n g  
under t h e  dock cover inc lude spatterdock, 
w h i t e  wa te r  1  i l y ,  sedges, and i n  some 
areas r i c e  c u t g r a s s  ( , ! ! a  u v z o i d e s ) .  
O c c a s i o n a l  hummocks s u p p o r t  swamp- 
l o o s e s t r i f e  (Decodon y e r t i c i l l a t u )  and 
buttonbush ( m a l a n t h u s  o c c i & n t a l  i s ) .  
Ju l y  water depth i n  t h i s  zone ranges up t o  
50 cm. 

Narrow- leaved c a t t a i  1  and b r o a d -  
l eaved  c a t t a i l  a r e  codominant species o f  
t he  c a t t a i l  zone. Th r i v i ng  as a s s o c i a t e s  
i n  t h i s  z o n e  a r e  s e d g e s  ( C a r e y  
c r i s t a t e m ,  S c i  r p u s s f s p v i  rens. and S.  
ya1 i , s o f t  rush (Juncus effusus), bur 
reed (- ~ v c a r ~ ) ,  cu tgrass ,  
and r i v e r  b u l r u s h  ( S S ~  f l u v f a t i l i s ) .  
E a r l y  summer wa te r  d e p t h  i n  t h i s  zone  
ranges up t o  15 cm. However, t h i s  zone 
was predominant1 y  a  mudflat. 

I n  e a r l y  sumner9 5 t o  15 cm o f  water  
cove rs  t h e  c u t g r a s s  zone. A t  t h i s  t ime 
water-pl an ta i  n  and spatterdock a r e  common 
a s s o c i a t e s  o f  cu tg rass .  As water l e v e l s  
f a l l ,  a s s o c i a t e d  spec ies  a r e  l i m i t e d  t o  
sedges (Gmxu, -r C. -r 

strlaosus* m* and 
S, ~ a l i d u s ) ,  sp i ke - rushes  ( E l e o c h a r j s  

and E. -1, and d i t c h  
stonecrop (Penthorum &ides). 

The jewel weeds, wr 
and 2 .  p a l l i h ,  occur  i n  t h e  jewe lweed 
zone n e a r l y  t o  t h e  e x c l u s i o n  o f  o t h e r  
s p e c i e s .  However ,  i n  w e t t e r  a r e a s  
cu tgrass ,  spat te rdock ,  and dock occu r .  
Addi t ional  associates of t h i s  zone i nc lude  
c a t t a i l ,  sedges, rushes, monkey f l o w e r  
(Mimulu,s r inqens), sku1 l c a p  ( S c u t e l  l a r i a  
e ~ i l o b i i f o l i a ) ,  and ;Iris sp. 

The t a l l g r a s s  zone i s  p r i m a r i l y  
composed o f  reed-canary g r a s s  ( P w  
arund inaca)  and b l  u e j o i n t  grass (.- 

caapdsnsls), which i n  some areas 
at ta ined a  height  o f  2 m. Jewelweed and 
c a t t a i l  a r e  t h e  o n 1  y  h e r b a c e o u s  
assocfates. Small hummocks i n  t h i s  zone  
suppor t  w h i t e  ash (fraxinus r n e r i c ~ a ~ )  r 

hackberry ( C e l t i s  ~ c i d w ) ,  and choke 
cherry (Prunus y i ra in iana )  . 

The shrub zone i s  composed p r i m a r i  1  y  
o f  sapl ings o f  species found i n  t h e  nearby 
swamp f o r e s t  such as bur-oak (Quercus  
macroc-) , h a c k b e r r y ,  s l  i p p e r y  e l m  
(w -1, w h i t e  a s h  ( F r a x i n u z  
-a), and w h i t e  m u l b e r r y  ( N o r u s  
-1. Low growing p l a n t s  o c c u r r i n g  i n  
t h i s  s i t e  i n c l u d e  choke c h e r r y ,  p r a i  r f  e  
r o s e  (Ras.n -1, a n d  common 
elderberry (&&huu canadensis). 

Kormondy (1969) d e s c r i b e d  w e t l a n d  
succession i n  beach ponds on a  6.5-km-long 
s p i t  i n  Lake E r i e  known as Presque I s l e  
n e a r  E r i e ,  P e n n s y l v a n i a  ( F i g u r e  76). 
Owing t o  a  combinatior~ o f  i t s  sandy s h o r e  
and exposure t o  v i o l e n t  l ake  storms, t h i s  
s p i t  developed as a  s e r i e s  o f  hooks w i t h  
t h e  es tab l i shmen t  o f  numerous f i n g e r l  i k e  
beach ponds over the  past several  thousand 
years. The ponds a r e  c r e a t e d  when a n  
e leva ted  bar  o f  'sand deve lops r  t h e r e b y  
i s o l a t i n g  a  small po r t l on  o f  t h e  lake; t h e  
ponds a re  seldom more t h a n  100 t o  200 m 
long, 10 t o  20 m wider and 1 m deep. 

Some o f  t h e  ponds are  destroyed i n  a  
few days, months, o r  yea rs  by subsequent  
storms which e i t h e r  breach t h e  sand bar or 
b l o w  e n o u g h  s a n d  t o  f i l l  i n  t h e  
depression. The b e t t e r  p r o t e c t e d  ponds 
surv ive these geological  processes on1 y  t o  
be s u b j e c t  t o  a  b i o l o g i c a l  f a te :  wet land 
s ~ c c e s s i o n .  A 4 - y e a r - o l d  p o n d  i s  
c h a r a c t e r i z e d  by sparse  p i o n e e r  vegeta- 
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Figure 76, Wetland succession i n  a Lake Er ie  beach pond a t  Presque Is le ,  Pennsylvania: 
A) 4 years old, 0) 50 years old* C )  100 years oldr and D l  progressive shorel ine changes 
(Jennings 1930; PIncus 1960; Kormondy 1962). 

t i o n *  such as s tonewor t  (u s p . ) ,  
b u l r u s h e s ,  c a t t a l l  and cot tonwood 
(m delfoldes) seedl  tngs. A t  50 
years* f i l l  tng has occurred I n  the basin 
and encroaching vegetatfon has reduced the 
open water po r t i on  t o  about h a l f  o f  I t s  
former area, The major vegetatlon then 
c o n s i s t s  o f  w a t e r - m l l f o l l ,  c a t t a i l ,  
bulrushes (SsfrDus sp.), b l u e j o t n t ~  willow 
(&LJ& sp.1, bayberry (w sp.1, and 
cottonwood. Af ter  100 years  t h e  open 
r a t e r  p o r t t o n  i s  almost obl  I te ra ted  and 
t h e  v e g e t a t l o n  h a s  i n c r e a s e d  1 n 
comp lex f t y ,  The domtnant forms then 
include water-mllfol l  , pondweed (- 
aatPo sp. )*  ye l l ow  water l i l y  (u 

1, bulrushes~ bluejotnt, splkerush, 

bayberry* and cottonwood. 

S p a r s e n e s s  o f  d l s t r i b u t t o n  and 
I lmt ta t lon  o f  p lant  species mark the ear ly  
ponds; increased dens1 t y  and heterogenei t Y  
charac te r i ze  t h e  o l d e r  pondsr  and t h e  
con t ras t  i s  s t r ik ing.  From t h i s  analysfs 
of successions Kormondy ( 1969) concluded 
tha t  the ponds or  lagoons a t  t h e  northeast 
end of Presque I s l e  are the  youngest and 
t h a t  t h e  s p i t  h a s  g r o w t h  f r o m  t h e  
s o u t h w e s t  b e c a u s e  t h e  p o n d s  a r e  
inct-easingly o l de r  i n  t h a t  d i r e c t i o n .  
S i m i l a r  development occur red  on Cedar 
Pofnt? a t  t h e  entrance t o  Sandusky Bay* 
bu t  commerclal p r o j e c t s  have a l te red  the 
course of natural succession. 



L a k e  E r i e  c o a s t a l  m a r s h e s  and 
embayments a r e  e x c e l  1 e n t  h a b i t a t  f o r  
Odonata (dragonf 1 y?  because o f  t h e i r  qu ie t  
waters and abundant food supply. Kennedy 
(1922) s t u d i e d  t h e  d i s t r i b u t i o n  o f  
d r a g o n f l y  s p e c i e s  i n  r e l a t i o n  t o  t h e  
occu r rence  o f  coasta l  marshes on the  Lake 
E r i e  I s l a n d s .  He o b s e r v e d  a d i s t i n c t  
s p e c i e s  p r e f e r e n c e  f o r  w e t l a n d s  i n  
d i f f e r e n t  s u c c e s s i o n a l  s tages.  O f  t h e  
n i n e  we t l ands  i n v e s t i g a t e d ,  Put- in-Bay 
Harbor on South Bass I s l a n d  was t h e  most 
open, exposed area, and Fox Marsh on North 
B a s s  I s l a n d  was t h e  mos t  c l o s e d  o r  
advanced  s u c c e s s i o n a l l y .  F i g u r e  77 
i l l u s t r a t e s  a succession gradat ion both i n  
marsh development and species preference 
f o r  t h e  we t l ands  and t h e  25 spec ies  o f  
d r a g o n f l y  t h a t  occu r  i n  them. Kennedy 
conc luded t h a t  t h e  more advanced marsh 
spec ies  s u p p l a n t  t h e  more p r i m i t i v e  open 

l a k e  s p e c i e s  as t h e  marshes m a t u r e  o r  
become more c losed .  The marsh spec ies  
have a l l  developed egg s tages which can 
withstand i n t e r m i t t e n t l y  d ry  condit ions. 

- - - -- 
DRAGONFLY S P E C I E S  
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The b e n t h i c  fauna o f  t h e  nearshore 
waters o f  western Lake E r i e ,  b o t h  I n  t h e  
d e n s i t y  o f  p o p u l a t i o n  and va r i e t y  o f  i t s  
forms, depend upon the  type o f  subs t ra te ,  
cha rac te r  o f  the vegetation, and depth o f  
the water. Krecker and Lancaster  ( 1 9 3 3 )  
found t h a t  such p h y s i c a l  f a c t o r s  as 
temperature, oxygen, carbon d l  oxide, and 
pH were i n  g e n e r a l  so u n i f o r m  i n  t h e  
nearshore waters t h a t  they d id  n o t  appear 
t o  be c r i t i c a l  f a c t o r s .  The densest  
population was i n  less  than 1 m o f  water, 
H a l f  o f  t h e  animals represented occurred 
i n  maximum numbers w i t h i n  t h e  15 cm 
contour  although, due t o  great  numbers o f  
chironomids (midge l a r v a e ) ,  t h e  l a r g e s t  
t o t a l  populat ion was a t  t h e  50 cm contour, 
Shelving rock shores were the  most densely 
popu l  a t e d  because o f  g r e a t  numbers of 
chironomid larvae and Lvmnaea b u t  r u b b l e  
shores had the  greatest va r i e t y  o f  animals 
present  i n  maximum numbers. The smallest 
number o f  forms occurred on sand bot tomst  
t h e  1 a rges t  va r i e t y  on rubble. Among the  
p l a n t s ,  b u l r u s h  was m o s t  d e n s e 1  y 
populated, again due t o  great  numbers of 
chironomids, but it also was I n h a b i t e d  by 
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Figure 77. Succession of dragonfly species as marshes on the  Bass Is lands develop and 
age from open water t o  closed ponds (Kennedy 1922). 



t h e  smal les t  v a r i e t y  o f  i nve r teb ra tes .  
However, b o t h  f2QLmQg-n spp .  and  
ClsdoDhPra 5p. had more d i v e r s e  animal 
p o p u l a t i o n s  ( 1 1  t a x a ) .  Because t h e  
benthic populations are dependent on water 
depth, a d e f i n f t e  zonat ion  occurs t h a t  
r a p i d l y  adjusts,  t h rough  a s u c c e s s i o n  
process, when water 1 eve1 s f luctuate, 

Western Lake E r t e  has a combination 
o f  character is t ics o f  la rge  r i v e r s  ( i  ,e., 
D e t r o i t ,  Maumee, and Sandusky) and small 
streams (fee., Swan, Crane, and T u r t l e ) .  
Th is  s i t u a t i o n ,  i n  con junc t i on  w i t h  it 
being accessible t o  both faunal elements, 
has r e s u l t e d  i n  an unusual m i x t u r e  o f  
large r i v e r  and headwater species i n  t h e  
fauna o f  t h e  l ake  and c o a s t a l  marshes. 
Stansbery (1960) found tha t  as a r e s u l t  o f  
t h i s  clrcumstance, the  molluscan fauna o f  
t h e  nea rsho re  waters has in te rgraded.  
Relat ive ly strong, persistent,  a longshore 
c u r r e n t s  (s imul  a t i n g  stream cond i t ions)  
were assoc ia ted  w i t h  r a p I d  g r o w t h  o f  
Unf on1 d mussel s r  whereas q u i e t  waters 
r e s u l t e d  I n  s t u n t f n g .  Consequen t l y ,  
mussels i n  Lake E r ie  nearshore waters are 
more commonly found on shallow gravel bars 
than I n  the protected c a t t a i l  marshes, 

lonat  ton has a1 so been demonst r a t e d  
f o r  l a r v a l  f l s h  popu la t i ons  f n  western 
Lake E r f o  (Cooper e t  a l .  1981a, 1981b, 
1983, 1984; Mizera e t  al, 1981). A ser ies 
o f  s t u d i e s  i n  t h e  e s t u a r i e s  and open 
waters o f  western Lake E r t e  have shown 
that  the  estuarles o f  the Maumee River and 
Sandusky R i v e r  c o n t a i n e d  t h e  h ighes t  
dens i t fes  o f  1 arva! f t sh when compared 
w f  t h  o the r  nearshore and offshore areas. 
Gfzzard shad, whlte bass, and f reshwater  
drum dominated the estuarfne populations. 
The highest dens i t y  o f  ye l l ow  perch was 
found i n  nearshore areas associated wf th 
sandy bottoms, p a r t i c u l a r l y  n o r t h  o f  
Woodtfck Penfnsula and i n  the  v i c i n i t y  of 
Locust Point. The fo l lowfng depth/density 
r e l a t i o n s h i p  was obse rved  f o r  ye1 l o w  
perch: 

The same genera l  r e l a t t o n s h i p  was found 
f o r  most  species,  indicating a g r e a t e r  
p r e f e r e n c e  f o r  s p a w n i n g  and n u r s e r y  
grounds I n  t he  coastal areas, 

Johnson (1984) be1 ieves t h a t  t h e  most 
important f a c t o r  in f luenc fng production o f  
f i s h  l a rvae  i n  western Lake E r i e  marshes 
i s  p reda t fon .  Although no in fo rmat ion  i s  
a v a i l a b l e  on p reda to r -p rey  i n t e r a c t i o n s  
i n v o l v i  ng 1 arva l  f i s h  i n  wet1 ands, re1 ated 
r e s e a r c h  has i n d  t c a t e d  h a b i t a t  s t r u c t u r e  
can be important i n  mediat ing t h e  outcome 
o f  a q u a t i c  p reda to r -p rey  i n t e r a c t i o n s .  
Glass (1971) found t h a t  l a rgemou th  bass 
(-ten& salmoides) p redat ion  success 
d e c l i n e d  as t h e  c o m p l e x i t y  o f  h a b i t a t  
s t r u c t u r e  increased.  Crowder and Cooper 
( 1 9 7 9 )  c o n c l u d e d  t h a t  a r e a s  o f  h i g h  
s t r u c t u r a l  c o m p l e x i t y  shou ld  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  p r e y  and e n h a n c e  
t h e t  r s u r v i v a l .  However, Helfman (19791 
found t h a t  shad ing produced by s u r f a c e  
s t r u c t u r e s  might a lso  i n f l uence  predator- 
prey i n t e r a c t i o n s .  He found p r e y - s i z e d  
b l u e g i l l  ( L e ~ o r n i s  ~ a c r o c h i r ~ )  w e r e  
s t rong l y  a t t r a c t e d  t o  shade produced b y  
f l o a t s  ( 1  m d iame te r )  f n  ponds where no 
submerged s t r u c t u r e  was p r e s e n t .  He 
c o n c l u d e d  t h a t  p r e y  f i s h  i n  shade can  
detec t  a predator ( i n  sun) long before  t h e  
predator  can detect t h e  prey. 

The a forement ioned r e s e a r c h  shows 
t h a t  p rey  species and prey-sfzed f i s h  may 
ac t i ve1  y escape predators by d i sappear  i ng 
I n t o  areas  o f  h i g h  s t r u c t u r a l  complexi ty  
o r  by seek lng  shade so as  t o  g a i n  t h e  
v i s u a l  advan tage .  Consequent ly ,  f f s h  
l a r v a e  i n  w e t l a n d s  may u s e  f l o a t i n g  
h a b i t a t  types t o  gafn t h e  v fsua l  advantage 
w h i l e  o t h e r  l a r v a e  may use submergent o r  
e m e r g e n t  h a b i t a t  t y p e s  t o  h i d e  f r o m  
p o t e n t i  a1 predators. Open water areas i n  
western Lake E r i e  c o a s t a l  marshes may be 
expected t o  have low la rvae use dur ing  t h e  
day because o f  t h e  i nc reased  success o f  
v fsua l  predators i n  t h i s  h a b i t a t  type, b u t  
these areas, p a r t i c u l a r l y  t h e  uncon t ro l l ed  
wetlands, may be important t o  f i s h  l a r v a e  
a t  n igh t .  

157.0 V a r i a t i o n s  I n  y e a r - c l a s s  s t r e n g t h  
19.3 (YCS) o f  western Lake E r i e  f i shes  may a l s o  
7.7 be due t o  other  factors, p a r t i c u l a r 1  y the 
5.2 a v a i l a b i l  l t y  o f  p l a n k t o n  food  t o  l a r v a l  
5.0 f l s h  as t h e y  emerge f r o m  t h e  e s t u a r i e s .  
3.7 For example, walleye, which spawn f n l a r g e  



numbers on t h e  r f f f g e s  o f  t h e  Maumee and 
Sandusky r i v e r s  (Cooper e t  a l .  1981a), 
have shown a h i g h l y  v a r i a b l e  YCSI w i t h  
st rong c o r r e l  a t  i o n  e x i s t  f ng between t h e  
r a t e  o f  s p r f n g  warmlng o f  t h e  nearshore 
waters and t h e  number o f  young-of-the-year 
w a l l e y e  c a p t u r e d  d u r i n g  f a 1  1 s t o c k  
assessment su rveys  (Busch e t  a l .  1975). 
This suggests t h a t  i n c r e a s e  r e c r u i t m e n t  
under more r a p i d  warming ( e a r l i e r  i n  t h e  
s p r i n g )  may be a r e s u l t  o f  t empera tu re  
e f f e c t s  on c r i t i c a l  food resources, such 
as t h e  zooplankton. 

Temperature a l so  s t r o n g l y  a f fec t s  t h e  
p r o d u c t i o n  o f  zoop lank ton.  Cu lve r  and 
D e M o t t  ( 1 9 7 8 )  s t u d i e d  t h e  s e a s o n a l  
v a r i a t i o n  o f  biomass, p r o d u c t i o n ,  and 
s p e c i e s  c o m p o s f t i o n  o f  zoop lank ton  i n  
western  Lake E r i e  and f o u n d  t h a t  t h e  
plankton communities undergo a swi tch from 
domina t i on  by  copepods i n  t h e  sp r i ng  t o  
domina t i on  by c l a d o c e r a n s  as t h e  water  
warms. Because t h i s  t r a n s i t i o n  occu rs  
near t h e  beg inn fng  o f  t h e  p l a n k t i v o r o u s  
phase o f  many l a r v a l  f i s h  (F igure  781, t h e  
e f f e c t  o f  t empera tu re  on t h e  t r a n s i t i o n  

zP Cladocera t 

I ~ i z z a r d  ShadlAiewife Larvae 
-yellow Perch Larvae 

Emerald Shiner Larvae 

-freshwater Drum Larvae 
C ~ a i n b o w  Smelt Larvae 

-White BasslWhite Perch Larvae 

Figure 78. Seasonal v a r i a t i o n  i n  zooplankton pro- 
d u c t i v i t y ,  the r e l a t i v e  con t r i bu t i on  o f  zooplank- 
t on i c  taxa t o  t h a t  p roduc t i v i t y ,  and the d i s t r i b u -  
t i o n  o f  major ichthyoplankton t a m  i n  western Lake 
E r i e  f o r  1976. Note t h a t  a11 Fish taxa show up i n  
the ichthyoplankton p r i o r  t o  the June increase i n  
zooplankton production (Cul ver  and Margraf 1984). 



may strong1 y a f f e c t  t h e  avad l  a b i l  f t y  o f  
t h e  l a r g e r  z o o p 7 a n k t o n  ( p a r t $ c u l a r l y  
c l  adocerans) f o r  young :!she 

Larval  SSsh studfes conducted 3n t h e  
Y i c i n i t y  o f  Locust Pa in t  i n  the  mdd-1970s 
(Cooper et al, 1981b; Mftera a t  a l .  1981) 
show t h a t  a l l  f i s h  taxa  showed up fn  the  
ichthyoplankton samples p r f o r  t o  t h e  June 
fncrease I n  zooplankton production (Fdgure 
7 8 ) .  C o n s e q u e n t l y ~  t h e  YCS o f  f i s h e s  
rec ru j ted  dur ing t h f s  t ime per iod was poor 
( O h i o  D ? v i s S o n  o f  Wildlife 1984). 
Recru i tmen t  o f  y e l l o w  perch i n  1983 was 
a?so poor. Although taken from d f f f e r e n t  
y e a r s ,  1 9 7 6  and 1983 d f e t  i n fo rma tyon  
(FSgure 7 9 )  shows t h a t  t h e  s h i f t  f r o m  
s m a l l  z o o p l a n k t e r s  t o  t h e  l a r g e r  
cladocerans d i d  not  t a k e  p l a c e  u n t i l  t h e  
pe rch  had reached t h e  j uven i l e  stage (50 
t o  60 m m l ,  p r e s u m a b l y  b e c a u s e  t h e  
p roduc t  f o n  o f  l a r v a l  d ish and c l  adocerans 
were out  o f  phase by several weeks (Culver 
and Margraf 1984). 

4.4 CQASTAL MARSHES AS FISH AND 
WILDLIFE HABITAT 

By t h e i r  v e r y  n a t u r e  ( w h i c h  m o s t  
g e n e r a l l y  l n c l u d e s  a d i v e r s l t y  o f  
emergent, f loa t ing- leaved,  and submersed 
aquat  l c  p l a n t s )  c o a s t a l  marshes provide 
more food and s h e l t e r  f o r  w i l d l i f e  t h a n  
any o t h e r  c o a s t a l  o r  o f fshore  hab i ta t  i n  

(larvae) (juvenile) 
1976 1983 

Figure 79. I n v e r t e b r a t e  d i e t  f o r  y e l l o w  
perch la rvae and juveni les, i l l u s t r a t i n g  a 
s h i f t  t o  t h e  l a r g e r  c ladocerans  as t h e  
f f s h  grow and move o u t  o f  t h e  vegeta ted 
areas t o  feed i n t h e  open l a k e  tCulver and 
Margraf 1984). 

w e s t e r n  t a k e  ErJe. I ~ v e s t e b r a t s s ~  
p a r t j c u l  arl  y t h e  crustaceansl tnsscts, and 
g a s t r o p o d s a  a r e  abundant on and among 
wet'land vegetation. These organ 3 sms a r e  
l m p s r t a n t  food items f o r  more ps!zsa  FIsh 
spec les  and some o f  t h e  mammals + . h ? c +  
dwell a t  the marshes edge, Some waterfow' 
and o t h e r  $1 rds r e l y  on the  marsh p5ants 
f o r  sustenance, nesttng s i t e s r  and coverl  
w h d l a  o t h e r s  u t i l d z e  t h e  f 5 s h  a n d  
Invertebrates wh'ich i nhab J t t h e  marshes, 
The f o r e g o j n g  s e c t i o n s  o f  this c h a p t e r  
have d f s c u s s e d  I n  some d e t a f 2 t e h e  
u t i l ! z a t l o n  o f  c o a s t a l  w e t l ~ n d s  by t h e  
varfous animal groups. 

An a n a l y s i s  o f  energy f l o w  i n  t h e  
c o a s t a l  marshes r e v e a l s  t h a t  t h e  e n t i r e  
heterotrophic component o f  the  wet1 ands 1s 
dependent on o r g a n f c  m a t t e r  p r o d u c e d  
through photosynthesis. One way t h a t  t h i s  
mater ia l  i s  u t i l i z e d  i s  through grazing o f  
l i v f n g  t l s s u e s .  S e v e r a l  s p e c l e s  o f  
waterfowl feed on various par ts  o f  aquatic 
macrophytes, The seeds o f  pondweed, 
sedges,  smartweed, water  s h l e l d ,  wdld 
r i c e r  and bulrush a r e  p r e f e r r e d  foods as 
a r e  t h e  fo ldage o f  pondweed, w i l d  celery, 
naiad, duckweed* and w a t e r  weed, and 
t u b e r s  o r  r o o t s t o c k s  o f  w i l d  c e l e r y  and 
sago pondweed ( T i l t o n  e t  a l .  1978) .  
Severa l  mammal s, I n c l u d i n g  muskrat  and 
deer ,  b rowse  h e a v i l y  on  many o f  t h e  
aquatic macrophytes. Phytophagous (p lant -  
e a t i n g )  i n s e c t s ,  such  as l e a f m i n e r  
beetles, are t h e  food supp ly  f o r  s e v e r a l  
spectes  o f  marsh birds, -f ishes, rep t f l es ,  
and mammals. 

Another form o f  p lan t  u t i l  i z a t l o n  1s 
t h e  d i r e c t  consumption o f  organic d e t r i t u s  
a n d  t h e  i n g e s t i o n  o f  t h e  m i c r o b i a l  
p o p u l a t j o n s  a s s o c i a t e d  w i t h  t h d s  
p a r t i c u l a t e  organfc matter. Many benthic 
invertebrates r e l y  completely on such food 
sources, These organisms i n  t u r n  form t h e  
food supply f o r  many v e r t e b r a t e s  i n  t h e  
coastal  marshes. 

I n  a d d i t i o n  t o  b e i n g  a d i r e c t  o r  
i n d i r e c t  food source f o r  many spec ies  o f  
anfmals, macrophytes p r o v i d e  cove r  and 
n e s t i n g  areas f o r  w a t e r f o w l .  S e v e r a l  
spec ies  o f  f i s h ,  such as n o r t h e r n  pfke, 
spawn I n  vegetated wet lands and muskra ts  
p r e f e r  emergen t  v e g e t a t i o n  f o r  con -  
s t r u c t l o n  o f  t h e i r  feedf  ng p l a t f o r m s  and 
houses ( T i  l t o n  et a1. 1978). 



CHAPTER 5. 

WETLAND DIBSTURCBANCE AND MARSH MANAGEMENT 

O n e  o f  t h e  m o s t  s i g n i f i c a n t  
environmental changes I n  western Lake Er fe  
w a s  t h e  d r a i n i n g  and f i l l i n g  o f  t h e  
extensive coastal marsh system. P r l o r  t o  
1850, an extensive coasta l  marsh and swamp 
s y s t e m  covered an area o f  approxfmately 
4,000 km2 between Vermil ion, Ohio, and the 
mouth of the  D e t r o i t  R i ve r  and extended up 

t h e  Maumee R i v e r  V a l  l e y  i n t o  I n d i a n a  
( F l g u r e  8 0 ) .  T h i s  a r e a  was l a r g e l y  
cleared, dra ined,  and f i l l e d  t o  p r o v i d e  
a g r i c u l  t u r a f  1 and, lumber, and t r a n s -  
po r ta t l on  routes, so t h a t  a t  p resen t  on? y 
a b o u t  1 5 0  km2 o f  c o a s t a l  m a r s h l a n d  
remains. Most o f  t h f s  remaintng marshland 
f s  encompassed by dikes. Between I850 and 

Figure 80 Extent a f  wet'lands bordering western Lake Erie i n  1808 
compared t o  1984 d i s t r i b u t i o n  of c o a s t a l  marshes. 



1900, as coas ta l  marshes were d r a i n e d  and p u b l i c  h u n t i n g .  r e c r e a t i o n a l  a reas ,  and 
f i 1 1 ed f o r  c o n  v e r s i o n  t o  a g r i c u l t u r e ,  na tu ra l  areas; preserves; and s t a t e  parks. 

d ikes were const ructed t o  p ro tec t  farmland 
f rom seasonal  f l o o d i n g  and t o  sepa ra te  
them from adjacent open water and u n f i l l e d  
marsh (Trautman 1977) .  Dur ing t h i s  t ime 
the  marshes o f  wes te rn  Lake  fie ga ined  
c o n s i d o r a b l  e  fame as wate r fow l  h u n t i n g  

5.1 WETLAND DISTURBANCE 

areas. 

A f t e r  1900, t h e  r a t e  o f  l o s s  o f  t h e  
r ema in i ng  marsh1 ands a c c e l e r a t e d  due t o  
increas ing development pressure, chang ing  
1  ake water leve ls ,  increas ing a g r i c u l  t u r a l  
s i l t a t i o n ,  and wave erosion. During t h i s  
p e r i o d ,  g r o u p s  o f  w e a l t h y  s p o r t s m e n  
fn turested i n  preserv ing q u a l i t y  waterfowl 
h u n t i n g  i n  the area purchased most o f  t h e  
rcmaininy marsh land around wes te rn  Lake 
Erie .  Karshcs  were enclosed by a  second 
cloneration o f  d i k c s  equ ipped  w i t h  ga tes  
dnd pumps t o  p r o t e c t  t h e  marshes f rom 
f laodlng, s i l t a t f o n ,  and wave e r o s i o n  and 
t o  pe rn t f t  wd tc r  l e v e l  r e g u l a t i o n  w i t h i n  
nidrr,hes f o r  t h c  p r o d u c t i o n  o f  a q u a t i c  
p l d n t < >  usod by w a t e r f o w l .  S i nce  1950, 
rndny o f  thosc p r i v a t e l y  owned marshes were 

qu i rcd  tty tho Ohio Department o f  Natura l  
Ittlsourcos dntf the  U. S. F i sh  and W i l d1  i f e  
Sr rv lce  t o  b o  usod as w i l d 1  i f e  refuges; 

Dra in inq  and F i l l  i n q  

B l a c k  S w g m a  The name "Black Swamp" 
r e f e r s  t o  a  l a r g e  f l a t  a r e a  i n  
n o r t h w e s t e r n  O h i o  t h a t  o n c e  was l u s h  
marshland. Or iented n o r t h e a s t - s o u t h w e s t  
a l ong  t h e  south s i de  o f  t h e  Maumee River ,  
it was abou t  160 km l o n g  and 40 km w ide  
( F i g u r e  81 ) .  The swamp was on a  b road  
p l a i n  t h a t  o n c e  was t h e  b o t t o m  o f  an 
a n c e s t r a l  s tage o f  Lake E r i e .  The former 
l a ke  had a  sur face e l e v a t i o n  n e a r l y  70 m 
h i g h e r  t h a n  t h e  modern l a k e  because o f  a  
g l a c i a l  i c e  dam i n  t h e  n o r t h e a s t e r n  p a r t  
o f  t h e  E r i e  b a s i n .  Once t h e  i c e  had 
melted back t o  t h e  n o r t h  and t h e  l a k e  had 
d ra i ned ,  t h e  marshes formed on t h e  lowest  
and f l a t t e s t  b o t t o m l a n d s  where adequa te  
n a t u r a l  d r a i n a g e  was t h e  p o o r e s t .  The 
b l a c k  o r g a n i c  muck a s s o c i a t e d  w i t h  t h e  
swamp g a v e  t h e  a r e a  i t s  name ( F o r s y t h  
1960). 

OAK 

Detro~t R~ver  C2/ 
L a k e  

Figure 81. Extent o f  the Black Swamp i n  nor thwestern Ohio (Fo rsy th  
19601, 
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Figure 82. Map of streams t r i b u t a r y  t o  western Lake E r i e -  I n s e t  map i l l u s t r a t e s  a 
d i tch  system w i th in  Portage River  basin which was constructed to drafn  the  Black Swamp 
( Langl o i  s 1965 1 . 



Recent  wet land losses ,  I n  t h e  p a s t  
h a 1  f c e n t u r y  s i g n i f i c a n t  l o s s e s  have 
OCcu r r e d  i n  coas ta l  wet l  ands t h a t  remained 
a f t e r  t h e  i n i t i a l  d r a i n i n g  o f  t h e  l a k e  
p l  a i n s .  ~ o s t  o f  t h i s  area, p a r t i c u l a r l y  
s o u t h  o f  t h e  D e t r o i t  R i v e r  mouth,  i s  
l o c a t e d  i n  l agoons  behind sand bar r ie rs .  
T a b l e  29 p resen ts  t he  wetland l o s s e s  t h a t  
h a v e  t a k e n  p l ace  between 1916 and 1973 i n  
Monroe and Wayne counties, Mich igan.  The 
L a k e  E r i e  w a t e r  l e v e l  f o r  1916 averaged 
173.8 m, whereas t h e  l e v e l  i n  1973 was 
174.7 m. The losses have been a t t r i b u t e d  
t o  c o n t i n u e d  d r a i n a g e  and f i l l ,  and t o  
e n c r o a c h m e n t  by  Lake E r i e  as a  r e s u l t  of 
r e c o r d  h i g h  water l e v e l s  i n  1973. 

T h e  d e v e l o p m e n t  o f  t h e  c i t y  o f  
Monroe,  M i c h i g a n ,  has had a  p a r t i c u l a r l y  
s i g n 9 f  i c a n t  i m p a c t  on  t h e  c o a s t a l  
w e t l a n d s .  O n l y  a b o u t  100  ha r e m a i n  
p h y s i c a l l y  u n a l t e r e d  t o d a y  i n  an a r e a  
whe re  7 0  y e a r s  ago t h e  marshland were 10 
t i m e s  more extens ive.  F i g u r e  83 d e p i c t s  
h r ' s t o r i c a l  changes  i n  l a n d  use i n  t h e  
v i c i n i t y  o f  Monroe and t h e  R i v e r  R a i s i n  
E s t u a r y .  I n  1915, a g r f c u l t u r a l  a c t i v i t y  

occupied t h e  area wes t  o f  t h e  marsh,  By 
1975, deve lopmen t  had taken p l ace  on t h e  
coas ta l  b a r r i e r  and had spread  n o r t h w a r d  
f rom t h e  R a i s i n  R i v e r ,  f r a g m e n t i n g  and 
i s o l a t i n g  s m a l l e r  p a r c e l s  o f  m a r s h .  
I d e n t i f i a b l e  causes o f  wet land a l t e r a t i o n  
o v e r  t h e  60-year  p e r i o d  i n c l u d e  r i v e r  
channe l  i z a t i o n ,  p r f v a t e  developmentr and 
p u b l i c  f i l l i n g .  A t  S t e r l i n g  S t a t e  Pa rk  
t h e  b a r r i e r  was mod i f i ed  f o r  r e c r e a t i o n a l  
a c t i v i t i e s  wh ich  a r e  1 a r g e l  y o r i e n t e d  
t o w a r d  Lake  E r i e ,  r a t h e r  than  toward t h e  
w e t l a n d s  t o  t h e  west.  I n  a d d i t i o n  t o  
a c t u a l  l o s s  o f  w e t l  and a c r e a g e r  t h e  
qua1 i t y  o f  r e m a i n i n g  w e t l a n d s  has  been 
s e r i o u s l y  degraded ( J  aworski and Raphael 
1976). 

T h i s  i s  a  t y p i c a l  p a t t e r n  f o r  t h e  
l o s s  o f  c o a s t a l  w e t l  ands t h r o u g h o u t  t h e  
wes te rn  L a k e  E r i e  r e g i o n .  Deve lopment  
u s u a l l y  b e g i n s  on  t h e  m a r g i n s  o f  t h e  
wet land and proceeds toward t h e  c e n t e r  i n  
an i r r e g u l a r  f a s h i o n ,  o f t e n  f ragment ing  
t h e  marsh i n t o  h y d r o l o g i c a l 1  y  i s o l a t e d  
u n i t s .  

Table 29. Coastal wetland losses and gains on the Michigan shore o f  
western Lake Er ie  and the lower D e t r o i t  River.  a 

Wet1 and Area (1916) Area (1967-73 Net change 
(ha) (ha) 

North Maumee Bay 
Toledo Beach Marsh 
Monroe/La P I  a i  sance Bay 
Brest Bay/Stony Polnt 
Swan Creek 
Pofnte Mouillee 
Rockwood Marsh 
Lover Det ro i t  River 
and Marsh Creek 
Grosse I l e  
Stony Island 
Celeron Is1  and - 

TOTAL 2 s 498 956 -1 r 542 

a Data source: daworskf and Raphael (1978). 
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Figure 83. Comparison o f  t he  coasta l  marshes a t  the  mouth o f  the  R i ve r  Ra i s i n  between 1915 and 1974, showing the  
impact o f  u rban i za t i on  (Jaworski e t  a1 . 1981). 



Water Level F luc tua t ions  

H iah  water, Perhaps t h e  most d is -  
r u p t i v e  c o n s e q u e n c e  o f  w a t e r  l e v e l  
f l u c t u a t i o n  i n  w e s t e r n  L a k e  E r i e ,  
p a r t i c u l a r l y  h i g h  l e v e l s r  i s  t h e  
d e s t r u c t i o n  o f  t h e  b a r r i e r  beaches and 
exposure of t h e  wet1 ands t o  wave e r o s i o n  
( F i g u r e  8 4 ) .  D u r i n g  t h e  h i g h  water  
p e r i o d  i n  1952 and a g a i n  i n  1972-73 
b a r r i e r  b e a c h e s  were breached i n  many 
locat ions .  A t  t h e  sou thwes te rn  base o f  
L i t t l e  Cedaf P o i n t ,  n o r t h e a s t  s to rms 
dur ing t h e  former p e r i o d  washed away t h e  
bar ,  a l l o w i n g  t h e  l a k e  t o  engul f  a l a rge  
s e c t i o n  (1.5 km2) o f  m a r s h l a n d .  T h i s  
embayment, known as P o t t e r s  Pond, has 
never been reclaimed. Wh i l e  such "wash- 
o u t s w  r e m a i n  d e v o i d  o f  submersed and 
f l o a t i n g - l e a v e d  commun i t i es ,  a d j a c e n t  
d i ked  we t l ands  a r e  co lon ized by emergent 
and submergent macrophytes. 

Jaworski e t  a1 . (1981)  i n v e s t i g a t e d  
t h e  impact  o f  water l e v e l  f l u c t u a t i o n s  a t  
seven cbasta l  wetlands on the  Great Lakes. 
Two o f  t h e s e  were l o c a t e d  on Lake E r i e :  
Woodtick P e n i n s u l a  Marsh i n  Michigan and 
Toussaint Marsh i n  Ohio. Tables 30 and 3 1  
and F i g u r e s  85 and 8 6  show how t h e  
v e g e t a t i o n  and c o n f i g u r a t i o n  o f  t h e s e  
coasta l  marshes have changed t h r o u g h  t i m e  
i n  response t o  water l e v e l  f l u c t u a t i o n  and 
l a n d  use p r a c t i c e s .  The most noteworthy 
change t h a t  has occurred i n  t h e  p e r i o d  o f  

Table 30. Hfstor ica ' !  changes i n  wetland 
vegetat f  on a t  Woodtf ck Peninsula Marsh 
~ l c h ' f ~ a n , ~  

Percent 

Wet1 and typeb 1937 1964 1975 

Open water 17 44 68 
Floating/Submersed p lan ts  8 3 0 
Emergent p lan ts  61  26 15 
Meadow p lan ts  10 3 1 
Shrub-swamp 3 11 6 
Developed/Agrlcul t u r e  1 13 10 

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

b ~ a r s h  area: 970 ha 
Water l e v e l  data: 

1937 ( J u l y  271 173.96111 
1964 (May 27) 173.64 m 
1975 (August 8) 174.47 m 

Table 31. H i s t o r i c a l  changes i n  wetland 
vegetat fon a t  Toussaint Marsh, ~ h i o . ~  

Percent 
veaetat ion covec 

Wet1 and typeb 1950 1970 1977 

Open water 10 12 40 
FloatingfSubmersed p1 ants  0 3 20 
Emergent p l  ants 73 67 16 
Meadow p lan ts  3 0 5 
Shrub-wooded 10 9 8 
Developed/ Agr i c u l  t u r e  4 9 11 

a ~ a t a  source: Jaworski e t  a1 . (1981). 

b ~ a r s h  area: 715 ha 
Water l e v e l  data: 

Figure $4. B a r r i e r  beach at; Magee Marsh 1950 (October 6) 173.92 m 
being breached by waves dur ing  a nor theast  1970 (June 2) 174.10 m 
storm i n  November 1952 (Savoy 1956). 1977 (June 10) 174.26 m 
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Figure 85. Comparison of Woodtick Peninsula Marsh between 1937 and 1975, showing 
progressive loss  o f  wetland vegetat ion (Jaworski e t  a l .  1981). 

t i m e  under c o n s i d e r a t i o n  (1937-77) has 
been a dramatic increase i n  t h e  percentage 
o f  open water and a corresponding decrease 
i n  t h e  area covered b y  emergent p l a n t s .  
Most  o f  t h i s  change  i s  a t t r i b u t e d  t o  
increased water 1 eve1 s. 

The emergent  p l a n t s  i n  Magee Marsh 
a r e  i n d i c a t i v e  o f  w a t e r  l e v e l  
disturbances. Savoy (1956) r e p o r t s  t h a t  
t he  low water l e v e l  o f  1900 (about 173.5 m 
above IGLD) was assoc ia ted  w i t h  c a t t a i l s  
(60%) I bur reed /30%), and b l u e j o i n t  grass 
(10%) v e g e t a t i o n .  I n  19558 t h e  w a t e r  
l e v e l  was about  1 m h igher  and t h e  swamp 
l o o s e s t r i f e  ( 9 0 % )  was t h e  d o m i n a n t  

emergent macrophyte, w i t h  c a t t a i l s  (5%) 
and bluegrass (5%) occupying sma l l  areas. 
H o r s e t a i l  (Eau ise tum arvense)  was a l s o  
found l o c a l l y  along t h e  marsh edge o f  t h e  
b a r r i e r  b e a c h .  He a t t r i b u t e d  t h i s  
" p r o n o u n c e d  t r a n s f o r m a t i o n n  o f  t h e  
v e g e t a t i v e  complex t o  t h e  extreme changes 
i n  t h e  water l e v e l  o f  t h e  marsh. G r e a t e r  
depths of water i n  t h e  marsh dur ing spr ing  
and summer a r e  n o t  f a v o r a b l e  f o r  t h e  
g r o w t h  o f  c a t t a i l *  o n e  o f  t h e  m o r e  
d e s i r a b l e  p l a n t s  4n c o n t r o l  l e d  marshes. 
L o o s e s t r f f e r  however, shows a g r e a t e r  
to le rance f o r  extreme f l u c t u a t i o n s  than do 
m o s t  e m e r g e n t  m a r s h  p l a n t s ,  and c a n  
encroach upon+ and can  a lmost  e n t i r e l y  
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Figure 86. Distribution of ~ e t l a n d  vegetation i n  I950 and 1977 a t  
Toussaint Marsh, Ohio, showing an increase in the amount of open 
water in the marsh (Jaworski e t  al .  1981).  



d i s p l a c e  e x t e n s i v e  stands o f  c a t t a i l .  A 
p l a n t  c o m m u n i t y  d i s p l a c e m e n t  m o d e l  
developed by Jaworsk i  e t  a7. (1981) f o r  
Lake S t .  C l a i r  has been m o d i f i e d  f o r  use 
o n  L a k e  E r i e  t o  p r e d i c t  v e g e t a t i o n  
responses t o  changing water l e v e l s  (F igure  
87). 

Water withdrawals, Water d i v e r s i o n s  
f o r  Lake E r i e  and t h e  o t h e r  Grea t  Lakes 
have been p r o p o s e d  as a  s o l u t i o n  t o  
c r i t i c a l  water  shortages i n  o ther  regions 
o f  t h e  U n i t e d  S t a t e s .  Manny ( 1 9 8 4 )  
inves t iga ted t h e  p o t e n t i a l  impacts o f  such 
d ivers ions  on t h e  f i s h e r y  resources o f  t he  
l akes.  He p o i n t e d  o u t  t h a t  temporary  
w a t e r  w i t h d r a w a l s  b y  p o w e r  p l a n t s  
c u r r e n t l y  o p e r a t i n g  i n  western Lake E r i e  
e n t r a i n  about  1 b i l l i o n  f i s h  l a r v a e  p e r  
y e a r - - p r i m a r i l y  g izzard  shad, wh i te  bass, 
wa l l eye ,  f r e s h w a t e r  drum, and ye1  1  ow 
p e r c h ,  P a t t e r s o n  and S m i t h  ( 1 9 8 2 )  
est imated t h a t  t h e s e  l o s s e s  equa l  about  
10% o f  a l l  young f i s h  produced by these 
species each year  i n  western  Lake E r i e .  
Manny c o n c l  uded t h a t  permanent d ivers ions  
would dewater  we t l ands  w h i c h  s e r v e  as 
spawning o r  nursery grounds f o r  these and 
o ther  f i s h  species. He a l so  observed t h a t  
d e w a t e r e d  f i s h  h a b i t a t  w o u l d  n o t  be 
r e e s t a b l i s h e d  a t  t h e  lower l ake  l e v e l  f o r  

t he  e s t u a r i n e  we t l ands  because o f  i n l e t  
e l e v a t i o n  r e s t r i c t  i o n s .  The adverse  
e f f e c t s  on f i s h  o f  a d d i t i o n a l  w a t e r  
d i v e r s i o n s  f rom t h e  Great Lakes would be 
greates t  i n  Lake E r i e ,  where water  uses 
a r e  a l r e a d y  l a r g e  enough t o  reduce t h e  
populat ion o f  some economical1 y  i m p o r t a n t  
species. 

Power-Generation P lan ts  

Jm~inaement and entrainment, Located 
on f i l l e d  marshland a t  t h e  mouth o f  t h e  
R i v e r  R a i s i n ,  t h e  Monroe  Power P l a n t  
(3,150 MW) a n n u a l l y  imp inges 5  m i l l i o n  
f i s h  ( i nc lud ing  600,000 yel low perch), and 
en t ra ins  20.7 m i l l i o n  l a r v a l  f i s h  and 27.5 
m i l l i o n  f i s h  eggs (Goodyear 1978).  T h i s  
p l a n t  a l s o  e n t r a i n s  55 .6  m i l l i o n  
macrozoobenthic o rgan isms (77% c h i  rono- 
m i d s )  and 159,000 k g  o f  zoop lank ton .  
Because o f  t h e  l a r g e  demand f o r  c o o l i n g  
water  (92  m3/s), t h e  e n t i r e  f l o w  o f  t h e  
River  Ra is in  (average f l o w  = 19 m3/s) i s  
d i v e r t e d  t h r o u g h  t h e  p l a n t  most o f  t h e  
year. Although res iden t  f i s h  p o p u l a t i o n s  
i n  t h e  u p p e r  reaches  o f  t h e  r i v e r  a r e  
l i t t l e  a f f e c t e d  b y  t h e  p l a n t ,  t h o s e  
spec ies  t h a t  r e q u i r e  access t o  bo th  t h e  
e s t u a r y  and t o  Lake E r i e  a r e  d e n i e d  a  
r o u t e  o f  t r a n s i t  by t h e  operat ion o f  t h i s  
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Figure 87. Aquatic macrophyte displacement model f o r  western 
Lake Erie, showing community response t o  water leve l  changes 
(modified from Jaworski e t  al. 1981). 



p lant .  The combined impact o f  entrainment 
and implngement amounts t o  an annual l o s s  
o f  about 120,000 kg of yel low perch t o  t he  
f i shery .  Other power generat ing p l  ants o f  
Grosse I l e ,  Swan Creek, North Maumee Bayp 
Maumee River  Estuary, and Locust P o i n t  are 
l o c a t e d  i n  t h e  p r o x f m i t y  o f  c o a s t a l  
we t1  ands and h a v e  v a r y  Tag degrees o f  
f m p a c t  on t h e  l o c a l  fisheries. I n  
a d d f t i o n  t o  t h e  Monroe p lant ,  on ly  those 
located i n  t h e  v i c i n i t y  o f  Maumee Bay have 
s i g n i f i c a n t  impingement and e n t r a i n m e n t  
1  osses. 

T r i t i u m   kinetic^ The Davis-Besse 
Nuclear Power Stat ion, cons t ruc ted on t h e  
edge o f  Navarre Marsh, began operat ion i n  
1977. T r i t i u m  ( 3 ~ )  i s  produced i n  nuclear  
power r e a c t o r s  under  n o r m a l  o p e r a t i n g  
cond i t ions  by several mechanisms. T r i t i u m  
e m i t s  low-energy beta p a r t i c l e s  and has a  
physical  h a l f - 1  i f e  o f  12.35 years .  The 
e s t i m a t e d  t r i t i u m  r e l e a s e  by t h e  872 MW 
David-Besse p r e s s u r i z e d  w a t e r  r e a c t o r  
ranges f r o m  a p p r o x i m a t e l y  1,000 c u r i e s  
(C i )  per year (USAEC 1973) t o  350 C i  p e r  
y e a r  (USNRC 1 9 7 5 )  i n t o  L a k e  E r i e .  
Retent ion o f  t r i t i u m  i n  seven organ isms 
from Navar re  Marsh was s t u d i e d  by Adarns 
(19731: two species o f  s n a i l s ,  c r a y f i s h ,  
t adpo les ,  carp,  b l u e g i l l ,  and m a l l a r d .  
A f t e r  l abo ra to ry  exposure f o r  48 h r  i n  a  
t r i t i a t e d  water environment, t he  organisms 
s t u d i e d  w e r e  p r a c t i c a l l y  f r e e  o f  3H 
f o l l o w i n g  a  p e r i o d  o f  1 4  d a y s  f n  a  
t r i t i u m - f r e e ,  enclosed environment w i t h i n  
Navarre Marsh. A f t e r  l o n g e r  p e r i o d s  o f  
exposure (1-2 weeks) t h e  s n a i l ,  Lvrnnaea 
staanal b, and t h e  ma1 l ard duck c o n t a i n e d  
c o n c e n t r a t i o n s  o f  bound 3H t h a t  were i n  
excess o f  t h e  marsh water. 

L a t e r  expe r imen ts  by Adams ( 1 9 7 6 )  
i n v o l v e d  t h e  t r i t i u m  k i n e t i c s  o f  Navarre 
Marsh. Ten Cf o f  t r i t i u m  were i n t r o d u c e d  

n t o  a  2-ha enclosure i n  t h e  marsh and t h e  
'H k i n e t i c s  i n  t h e  marsh water, bo t tom 
sediments, and selected aquatfc p l a n t s  and 
an imals  were determined.  The t r i  t i  um 
h a l f - l i f e  I n  t h e  wa te r  was 6 1  days, and 
on ly  3% o f  t h e  i n i t i a l  t r i t i u m  was present  
f n  t h e  w a t e r  a f t e r  n e a r l y  1 y e a r .  
Fo l f  owing appl i c a t i o n r  peak t r l t i u m  l e v e l s  
i n  t h e  sed iment  were observed on Day 13 
f o r  t h e  t o p  1-cm l a y e r ,  on Day 27 a t  t h e  
5-cm depth, and on Day 64 a t  t he  10-cm 
depth. No t r i t i u m  movement below t h e  20- 
em depth  was observed,  Concsntratfon a t  

a l l  depths  t h e n  d e c r e a s e d  w i t h  t i m e .  
N a t u r a l  d t f f u s i o n  o f  t r i t i a t e d  water  
appears t o  adequately exp la in  3~ movement 
i n t o  and f r o m  t h e  s e d i m e n t .  T r i t i u m  
l e v e l s  i n  c u r l y - l e a f  pondweed, p i c k e r e l  
weed, and smartweed g e n e r a l l y  tended t o  
f o l l ow  t r i t i u m  l e v e l s  i n  t h e  marsh water .  
Unbound t r i t i u m  uptake f o r  c r a y f i s h r  carp, 
and b l u e g i l l  was r a p i d .  Maximum l e v e l s  
were  r e a c h e d  w i t h i n  1 t o  3  d a y s  o f  
a p p l i c z t i o n .  Bound t r i t i u m  i n  t h e s e  
spec ies  t o o k  7 t o  20 d a y s  t o  r e a c h  a  
maximum l e v e l .  Bo th  unbound and bound 
t r i t i u m  i n  a l l  species decreased f o l l o w i n g  
maximum leve ls .  White (1976) developed a  
s i m u l a t i o n  model o f  t h e  t r i t i u m  k i n e t i c s  
w i t h  t he  data from t h f s  inves t iga t ion .  

Add i t iona l  research by Lehman (1973) 
i n  t h e  Navarre Marsh enclosure showed t h a t  
t r i t i u m  c a n  a l s o  be  t r a n s l o c a t e d  i n  a  
f r e s h w a t e r  m a r s h  t h r o u g h  f o o d - w e b  
r e l a t i o n s h i p s .  The h j g h e s t  a v e r a g e  
t r i t i u m  c o n c e n t r a t i o n s  were i n  t h e  stem 
t i s s u e  o f  t h e  emergent aquat ic  vegetat ion 
( 1 1 1 %  o f  t h e  w a t e r  t r i t i u m  l e v e l  as  
compared t o  23% f o r  t h e  submergent p l a n t  
species). A h i g h  3~ l e v e l  e x h i b i t e d  by 
s e v e r a l  a q u a t  Jc a n i m a l s  and b o t t o m  
sediments i n  e a r l y  autumn coincided w i t h  a  
l o s s  o f  t r i t i u m  o f  s e v e r a l  s p e c i e s  o f  
a q u a t i c  p l  an ts .  Lehman conc luded t h a t  
t h i s  t r a n s l o c a t i o n  o f  3~ f r o m  a q u a t i c  
vegetat ion t o  aquat ic  animals and sediment 
was a  f u n c t i o n  o f  r a p i d  u p t a k e  and  
a s s i m i l a t i o n  o f  t r i t i a t e d  f o o d  i n  t h e  
a q u a t i c  f ood  web and re ten t i on  o f  t r i t i u m  
i n  t h e  o r g a n i c  d e t r i t u s  i n  t h e  b o t t o m  
sediments. 

Water Oual l t v  Dearadat i on  

T u r b i d + %  Suspended mater ia ls  such 
as c l a y ,  s i l t ,  f l 9 e l y  d i v i d e d  o r g a n i c  
ma t te r ,  wastes? b a c t e r i a ,  p l a n k t o n  and 
o ther  microscopic organisms, and c o l  l o i d s  
a r e  t h e  m a i n  c o n s t i t u e n t s  i n  t u r b i d  
w a t e r s .  T h i s  m a t e r i a l  h a m p e r s  t h e  
p h o t o s y n t h e t i c  process,  reduces v i s f -  
b i l i t y ,  may hamper r e s p i r a t i o n *  and 
s e t t l e s  t o  t h e  l ake  bottom. S i l t  and c l a y  
a r e  p a r t i c u l a r l y  damaging t o  g rave l  and 
rubble-type bottoms by f i l l i n g  i n t e r s t i c e s  
between gravel  and stone, thereby damaging 
f l s h  spawning h a b i t a t s  and t h e  h a b i t a t s  of 
aquat ic  i nsec ts  and o t h e r  i n v e r t e b r a t e s ,  
such as m o l l u s k s  and crustaceans (Plnsak 
and Meyer 1976). 



T u r b i d i t y  t h r o u g h o u t  Maumee Bay and 
many o f  t h e  e s t u a r i n e  and coas ta l  marshes 
i s  high. The suspended s o l i d s  l o a d  o f  t h e  
Vaumee R i v e r  ave rages  a b o u t  i r 2 0 0 , 0 0 0  
t o n s / y e a r .  P a r t  o f  t h j s  i s  depos i ted  i n  
t h e  bay. Low s e t t l i n g  r a t e s  f a p p r o x -  
i m a t e l y  4 0  h r  f o r  9 0 %  s e t t l i n g ) ,  
c h a r a c t e r i s t i c a l l y  l o w  t r a n s p a r e n c y ,  and 
h i g h  suspended sed imen t  c o n c e n t r a t i o n  i n  
t h e  e s t u a r y  w a t e r s  r e f  1 e c t  t h e  f i n e l y  
p a r t i c u l  a t e d  cha rac te r  and low d e n s i t y  o f  
t h e  suspended r i v e r  sediments ( P i n s a k  and 
Meyer 1976). The average concen t ra t f on  o f  
suspended s o l i d s  i n  Maumee Bay i s  37 mg/l, 
b u t  nearshore l e v e l s  a re  g e n e r a l l y  over 50 
mg/l. 

N u t r i e n t  enrichment, Phosphorus, an 
i m p o r t a n t  p l a n t  n u t r i e n t ,  goes t h r o u g h  
c y c l e s  o f  p h o t o s y n t h e s i s  and  decom- 
p o s i t i o n .  I t  i s  c o n s i d e r e d  t o  b e  t h e  
n u t r i e n t  t h a t  i s  most f e a s i b l e  t o  c o n t r o l  
f o r  t h e  purposes o f  l i m i t i n g  p l a n t  growth. 
High phophorus concen t ra t i ons  i n  comb i na- 
t i o n  w i t h  o t h e r  n u t r i e n t s  and f a v o r a b l e  
g r o w t h  c o n d i t i o n s  a r e  c o n d u c i v e  t o  
e u t r o p h i c a t i o n ,  t h e  most  o b j e c t i o n a b l e  
e f f e c t  o f  t h i s  element. S t i m u l a t e d  a l g a l  
g r o w t h  and consequen t  d i e  o f f  can c r e a t e  
o b j e c t i o n a b l e  o d o r s  i n  p u b l i c  w a t e r  
s u p p l i e s  and oxygen d e p l e t i o n  problems i n  
enclosed bas i ns  and w e t l a n d s .  The m a j o r  
s o u r c e s  o f  p h o s p h o r u s  a r e  a t m o s p h e r i c  
d e p o s i t i o n ,  l e a c h i n g  o f  s o i l  and r o c k ,  
e r o s i o n ,  a g r i c u l t u r a l  r u n o f f p  decom- 
p o s i t i o n  o f  p l a n t s  and an ima l s ,  c h e m i c a l  
m a n u f a c t u r i n g p  i n d u s t r i a l  and d o m e s t i c  
sewage e f  f l u e r ~ t z ,  and detergents.  

The Maumee R i ve r  i s  t h e  source of t h e  
h i ghes t  phosphorus concen t ra t i ons  e n t e r i n g  
w e s t e r n  L a k e  E r i e  ( H e r d e n d o r f  1983  1, 
a v e r a g i n g  a b o u t  180 mg/l a t  t h e  en t rance  
t o  Maumee Bay ( F i g u r e  42 ) .  A l t h o u g h  l o w  
i n  c o n c e n t r a t i o n  when compared t o  t h e  
Maumee R i v e r ,  t h e  D e t r o i t  R i v e r  i n  1980 
c o n t r i b u t e d  about  37% o f  t h e  t o t a l  l oad  o f  
p h o s p h o r u s  t o  L a k e  E r i e ,  whereas  t h e  
Maumee R i v e r  accoun ted  f o r  12% o f  t h e  
t o t a l  load. 

N i t r o g e n  a n d  s i l i c a  a r e  a l s o  
impo r t an t  n u t r i e n t s  t h a t  g e n e r a l  1 y o c c u r  
i n  excess  c o n c e n t r a t i o n s  i n  western Lake 
E r i e .  Loadings f rom t h e  d r a i n a g e  b a s i n s  
su r round ing  the l a k e  a re  high. There i s  a  
d i r e c t  r e l a t i o n  between concen t ra t i ons  i n  
nearshore waters  o f  t h e  l a k e  and seasona l  

v a r j a t i o n s  i n  r u n o f f ,  indicating t h e  
s i gnJ f i cance  o f  d i f f u s e  sources. A l though 
phosphorus l e v e l s  i n  nearshore w a t e r s  a r e  
showing  a  d e c r e a s i n g  t r e n d  over  t h e  pas t  
decade, n i t r o g e n  i s  c o n t i n u i n g  t o  i n c rease  
(Herdendorf  1983 1. 

The e s t u a r i e s  and coas ta l  marshes  o f  
w e s t e r n  Lake  E r i e  se rve  as s i n k s  f o r  many 
types  o f  p o l l u t a n t s .  Maumee Bay e x h i b i t s  
e l e v a t e d  n u m b e r s  o f  t u b i f i c i d  worms 
( F i g u r e  88), an  i n d i c a t i o n  o f  h i g h  
o r g a n i c  p o l l u t i o n  (Goodnight  and Whi t l e y  
1 9 6 0 )  . Mea su re i i l en t s  i n  01 d Wornan Creek 
M a r s h  a n d  Sandus~y  Bay by K r i e g e r  (1984) 
suyge  s t  t h a t  w e t l a n d  p l a n t s  i n co rpo ra te  
some o f  t n e  b i o l o g i c a l l y  a v a i l a b l e  f o r i ~ i s  
o f  phosphorus and n i t r o g e n  ( e n t e r i n g  froin 
t r i b u t a r i e s )  which a re  more r e f r a c t i l e  t o  
u t i l i z a t i o n  by l i m n e t i c  a lgae  i n  t h e  lake.  
As a  r e s u l t ,  enhanced p l a n t  g r o w t h  may 
o c c u r  i n  t h e  p r o t e c t e d  e s t u a r i e s .  
S p r i n g e r  ( 1 9 7 1 )  r e p o r t s  t h a t  t h e  R i v e r  
Canard i s  an impor tan t  source o f  n i t r a t e s ,  
phosphates, and o the r  n u t r i e n t s  as w e l l  as 
o r g a n i c  p o l l u t i o n  f o r  western Lake E r i e .  
High n u t r i e n t  l e v e l s  must be due p r i m a r i l y  
t o  a g r i c u l t u r a l  and n a t u r a l  d r a i n a g e ,  as 
w e l l  a s  s e p t i c  t a n k  l e a k a g e ,  because  
i n d u s t r y  wastes a r e  n o t  p r e s e n t  i n  t h e  
d r a i n a g e  s y s t e m  a n d  n o  m a j o r  
m u n i c i p a l i t i e s  d i s c h a r g e  i n t o  t h e  r i v e r .  
Based on t h e  h i g h  b i o l o g i c a l  p r o d u c t i v i t y ,  
t h e  c l a s s i f i c a t i o n  o f  t h e  e s t u a r i n e  
p o r t i o n  o f  t h e  r i v e r  i s  eu t r oph i c .  

Tox l c  .substances, The t r a n s p o r t  and 
f a t e  o f  pesticides i n  t h e  l a r g e l y  
a g r f c u l  t u r a l  watersheds s u r r o u n d i n g  wes t -  
e r n  Lake  E r i e  i s  a  m a t t e r  o f  i n c r e a s i n g  
concern. A s u b s t a n t i a l  i n c r e a s e  I n  t h e  
i m p l e m e n t a t i o n  o f  c o n s e r v a t i o n  t i l l a g e  
p rac t i ces ,  i s  expected t o  reduce sed imen t  
and t o t a l  phospho rus  y i e l d s  t o  t h e  l ake r  
b u t  on t h e  o t h e r  hand such t i l l a g e  methods 
( p a r t i c u l a r ?  y  n o - t i  l l a g e )  r e q u i r e  an  
increased a p p l f c a t i o n  o f  pesticides. Many 
o f  t h e  h e r b i c i d e s  a r e  water  ~ 0 1 u b l e r  and 
t h e i r  r e s i d u e s  $ n  s t r eams  may i n c r e a s e  
w i t h  c o n s e r v a t i o n  t i l l a g e  (Logan  1981). 
The f o r e c a s t e d  i n c r e a s e  i n  p e s t i c i d e  
a p p l i c a t i o n  i n  t h e  b a s i n  u n t i l  t h e  end o f  
t h e  cen tu r y  j s  a p p r o x i m a t e l y  2% p e r  y e a r  
f o r  h e r b i c i d e s  a n d  4% p e r  y e a r  f o r  
i n s e c t i c i d e s .  Bake r  e t  a l e  (19819 has 
shown t h a t  p e s t i c i d e  c o n c e n t r a t i o n s  a re  
h i g h e s t  i n  t h e  L a k e  E r i e  t r i b u t a r i e s  
d u r i n g  s t o r m  r u n o f f  even ts r  p a r t f c u l a r l y  
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Figure 88. P o l l u t i o n  i n  Maumee Bay as ind ica ted by concentrat ion o f  
t u b i f i c i d s  (sludge worms) i n  the bottom sediments (Wright  1955; Pinsak 
and Meyer 1976) .  

those which occur w i t h i n  2-3 weeks a f t e r  
t h e  p l a n t i n g  o f  c rops  i n  l a t e  sp r i ng  and 
e a r l y  summer. 

The e f f e c t s  o f  c u r r e n t 1  y u s e d  
a g r i c u l t u r a l  p e s t i c f d e s  on t h e  b i o t a  o f  
fres,Jyater marshes and wet1 ands a r e  n o t  
known. The g radua l  d e c l i n e  o f  a q u a t f c  
macrophytes i n  t h e  Chesapeake Bay has been 
p a r t l y  a t t r i b u t e d  t o  t h e i r  exposure  t o  
r e s i d u a l  h e r b i c i d e s  (Bayley e t  a7. 1976; 
C o r r e l l  and Wu 19821, A s i m i l a r  d e c l i n e  
i n  t h e  number o f  macrophyte spec ies  an6 
t h e i r  d i s t r i b u t i o n  i n  Lake E r j e  has beep 
a t t r i b u t e d  t o  several antnropogenic causes 
b u t  n o t  s p e c i f i c a l l y  t o  pes t ic ides  (Dav is  
4969; S t u c k e y  1 9 7 9 1 .  R e c e n t  worK b y  
K r i e g e r  (1984)  e s t a b l  i s h e s  t h a t ,  dur ing 
R U C ~  o f  t h e  g row ing  s e a s o n *  Cake E r i e  
marshes and e s t u a r i e s  a r e  con tamina ted  
w i t h  a g r i c u l t u r a l  h e r b i c i d e s  a t  l e v e l s  
w h i c h  a r e  i n h i b i t o r y  t o  some n a t l v e  
macrophyte and alga: species, The s p a t i a i  
d i s t r i b u t i o n  o f  suck con taminan ts  w i t h i n  
t h e s e  h a b i t a t s  has n o t  been determined. 
However, p r e l  iminasy measurements i n d i c a t e  

t h a t  p e s t i c i d e  r e s i d u e s  may n o t  b e  
un i fo rm1  y d i s t r i b u t e d  and may reach t h e i r  
h i g h e s t  ( i n h i b i t o r y )  c o n c e n t r a t i o n s  i n  
t r i b u t a r y  c h a n n e l s  w i t h  d i m i n i s h i n s  
concen t ra t fons  toward  t h e  margills where 
a q u a t i c  macrophytes a r e  most abundant. 
Once h e r b i c t d e s  have c o n t a m i n a t e d  t h e  
marsh, however* some of them w i l l  p e r s i s t  
t h rough  much o f  t h e  g r o w i n g  s e a s o n  a t  
l e v e l s  i n d i v i d u a l l y  approach ing 1 ug / l .  
Kr ieger  (19841 found l e v e l s  o f  11 d g / l  o f  
a t r a z i n e  i n  t h e  waters of Old Woman Creek 
Marsh,  C o r r e l S  and Wu ( 1 9 8 2 )  h a v e  
demonst r a t e d  t h a t  a t raz ine  concentrat ions 
o f  12 u g / l  w i 7 1  cause 50% m o r t a l  i t y  i n  
w i l d  c e l e r y  (Vallisnerfq) w i t h i n  47 days. 

Poe (1983) s tud ied  t h e  food hab i t s  o f  
l a r v a 3  y e l l o w  p e r c h  i n  t h e  D e t r o i t  R i ve r  
t o  d e t e r m i n e  w h e t h e r  d e g r a d e d  w a t e r  
q u a l i t y  reduces f e e d i n g  a c t i v i t y  and f f  
t h e  k i n d s  and amounts o f  f ood  ea ten  by  
p e r c h  l a r v a e  changed  as  t h e y  p a s s e d  
downstream f r o m  r e l a t i v e 7  y  u n p o l  l u t e d  
wa te rs  nea r  B e l l e  I s l e  t o  waters heav i l y  
Smpacted by f n d u s t r i a l  and municipal waste 



discharges near Grosse I ?  e. Larvae f rom Lake E r i e  f ishes are dependent on o r  occur 
t h e  upper and lower po r t i ons  o f  t h e  r i v e r  i n  c o a s t a l  w e t l a n d s  f o r  a t  l e a s t  some 
had s i m i l a r  d i e t s *  m a i n l y  copepods and 
r o t i f e r s *  b u t  t h e  i n c i d e n c e  and r a t e  o f  
feeding o f  l a r v a e  c o l l e c t e d  near  Grosse 
Il e  was markedly reduced when compared t o  Normal Winter Normal Winter 
feeding behavior near B e l l e  I s l e .  Early Ice Cover Mid-Season Ice Cover 

(January 15-25) (February 1-10) 

Ice 

Typ ica l ly ,  each w in ter  i c e  completely 
covers the  western basin o f  Lake E r i e  and 
i t s  coasta l  marshes and es tua r ies  w i th  t he  
p o s s i b l e  e x c e p t i o n  o f  t h e  D e t r o i t  River  
mouth (F igure  89). When t h e  i c e  i s  frozen 
f a s t  t o  t h e  s h o r e 1  i n e  i t  c a n  p r o v i d e  
p r o t e c t i o n  f o r  t h e  bar r ' ie r  beaches and 
marsh s u b s t r a t e  f r o m  wave a t t a c k .  
However, as t h e  i c e  begins t o  break up i n  
t h e  spr jng o r  dur ing  temporary  thaws, it 
can be d e s t r u c t i v e  t o  we t l and  h a b i t a t .  
L a n g l o i s  and L a n g l o i s  ( 1984 )  o b s e r v e d  
l a r g e  s e c t i o n s  o f  i c e  broken f rom sheet 
i c e  t h a t  had been d r i v e n  by t h e  wind up 
o n t o  t h e  l o w  s h o r e l i n e  o f  M i d d l e  Bass 
I s l a n d  and had up roo ted  a q u a t i c  p l a n t s  
f rom t h e  bed o f  F ishery Eay on South Bass 
I s l a n d  d u r i n g  F e b r u a r y  1 9 4 6 .  T h i s  
phenomenon i s  p r o b a b l y  n o t  a  widespread 
disturbance i n  Lake E r i e  coasta l  marshes, 
b u t  i s  1 i k e l y  t o  be o f  l o c a l  importance 
from t ime  t o  time. 

Another problem a s s o c i a t e d  w i t h  i c e  
cover i n  marshes i s  w in ter  f i s h k i l l .  Th is  
o f ten  occurs when snow cover i s  s u f f i c i e n t  
t o  l i m i t  l i g h t  p e n e t r a t i o n  t h r o u g h  i c e  
h e l o w  t h e  c o m p e n s a t i o n  p o i n t  f o r  t h e  
submersed a q u a t i c  p l a n t s .  Under t h e s e  
c o n d i t i o n s ,  c o n t i n u e d  respiration 
e v e n t u a l  1 y  consumes t h e  a v a i l a b l e  oxygen, 
r e s u l t i n g  i n  f i s h  m o r t a l  i t y .  Wr 'n ter  
f i s h k i l l s  have been r e p o r t e d  f o r  Magee 
Marsh (Bednarik 19561, b u t  t h e  e x t e n t  o f  
t h i s  problem i n  o ther  marshes Ss unknown. 

F i s h e r v .  S i n c e  t h e  a d v e n t  o f  
European c o l  o n i z a t  Ton approx imate1 y  200 
yea rs  ago, f i s h  communit ies and hab i ta t s  
i n  Lake E r i e  have been r a d i c a l l y  changed 
by a  s e r i e s  o f  l a r g e l y  c u l t u r a l  stresses. 
The o r i g i n a l  wetlands complex c o n t a i n e d  a  
f i s h  community dominated by species whfch 
required water f ree  o f  suspended sed i ment 
and a  h a b i t a t  r i c h  i n  aquat ic  vegetat ion 
(Trautman 1981). A t  l e a s t  40 s p e c i e s  o f  

Normal Winter 
Maximum Ice Cover 

(February 20-28) 

Normal Winter 
Early Decay Period 

(February 25-March 5) 

Mild Winter 
Maximum Ice Cover Severe Winter Maximum Ice Cover 

0 2 5  50 KM CONSOLIDATED PACK 
Cctctt--i (T.0 Coverage) 

OPEN WATER CLOSE PACK (.7 to .9 Coverage) 

Figure 89. I c e  cover i n  western Lake E r fe  
u n d e r  v a r f o u s  c o n d i t f o n s .  E a r l  f e s t  
o p e n j n g  and c f o s d n g  d a t e s  f o r  To ledo  
Harbor, 7 March and 8 DecemSer; l a t e s t  
dates? 4 A p r t l  and 21 December (Pfnsak and 
Meyer 19761. 



p o r t l o n  o f  t h e j r  l i f e  h i s t o r y  (Van M e t e r  
and Trautman 1970). H a b f t a t  l o s s  has been 
c o n s i d e r e d  t h e  unde r1  y  l n g  cause  f o r  t h e  
h i s t o r i c a l  and c o n t i n u i n g  dec l  3 ne  o f  many 
f f s h  spec ies dependent on wet land hab i t a t .  

Mos t  t y p i c a l  o f  t h e s e  f i s h  a r e  t h e  
l a r g e  e s o c i d s .  N o r t h e r n  p i k e  ( 

and t h e  G r e a t  Lakes  muskel lunge 
(E.  m i n o n a y )  were  once  abundan t  and 
commerc f a1 1 y impor tan t  i n  coas ta l  marshes 
o f  w e s t e r n  L a k e  E r i e  ( T r a u t m a n  1977, 
1981). Both spec ies m ig ra te  f rom t h e  l a k e  
i n t o  t h e  e s t u a r i e s  and c o a s t a l  marshes 
s h o r t l y  b e f o r e  o r  a f t e r  i c e  b r e a k u p ,  
spawn ing  among submersed aqua t i c  p l an t s .  
A f t e r  spawning, t h e  adu l t s ,  and J a t e r  t h e  
young ,  move downs t ream i n t o  t h e  Take. 
Dams began t o  be b u f l t  a l o n g  t h e  l a k e  
t r i b u t a r i e s  Jn rapfd7y i nc reas i ng  numbers 
a f t e r  1800. The e r e c t i o n  o f  a  dam o f t e n  
p r e v e n t e d  f i s h e s  f r o m  m i g r a t i n g  upstream 
t o  prevent  spawning. Some headwate rs  n o t  
dammed w e r e  d i t c h e d  and  d r a i n e d ,  a  
p r a c t i c e  which a l s o  dest royed cons iderab le  
spawning h a b l t a t  f o r  t h e s e  s p e c i e s .  The 
d i k i n g  and  impounding o f  many marshes 
prevented t h e  spawners f rom e n t e r l n g  those  
h a b i t a t s .  By 1970 b o t h  f i s h  were q u j t e  
r a r e  throughout  Lake E r l e ;  muskel lunge has 
now been p l a c e d  on t h e  Oh io  endangered  
species l i s t .  

Carp, a  spec les I n t r o d u c e d  Sn to  t h e  
l a k e  i n  1880, i s  a  t r o u b l e s o m e  f J s h  i n  
many w e s t e r n  Lake E r f e  we t l ands .  They 
e n t o r  c o n t r o l l e d  marshes  f r o m  t h e  l a k e  
through we4rs and s c r e e n s  and r e m a i n  i n  
t h e  m a r s h  t h r o u g h o u t  t h e  y e a r  u n l e s s  
t e m p o r a r i l y  e r a d i c a t e d  by  p o f s o n i n g  o r  
d rawdown.  C a r p  b e g i n  spawn ing  t n  t h e  
marshes I n  l a t e  A p r j l  and c o n t i n u e  u n t i l  
e a r l y  June. They r s t a r a  t h e  g r o w t h  o f  
a q u a t i c  v e g e t a t i o n  i n  t h e  m a r s h  b y  
consurr~ in$ i t  ana b v  r o i l f n q  t h e  water so 
t h a t  f n c r e a s ' d  t u r b i d i t y  r e d u c e 5  
p h o t o s y n t h c l i c  e f f i c i e n c y  ( H u n t  a n d  
W i r k a l s ~ n  P976), Stomach a n a l y s e t  o f  carp 
f r o @  F r i e  M a r s h  : n d l c a t c c  t h d t  t h e y  
p r i m a r i l y  consumed a q u a t j c  p l  a n t s  (King 
and Hunt 19671, 

Poison lng  w i t h  toxaphene and rotenone 
ha5 neen p r a c t f c e d  i n  t h i s  marsh s l n c e  
X753 f a ?  t h e  araGfciit1oi-i o f  carp  and kas 
been l a r g e l y  success fu l  f n  remov lng  most  
c a r p  f r o m  t h e  t r e a t e d  a r e a s ,  b u t  
r e p r o d u c t t o n  b y  r e m a i n f  n g  c a r p  a n d  

Snvasion by  Lake  E r i e  carp th rough  we i r s  
has r e s u l t e d  i n  r e e s t a b l i s h m e n t  o f  t h i s  
f i s h  f n  t h e  marsh. B e n e f f c i a l  r e s u l t s  o f  
c a r p  r emova l  i n c l u d e  f n c r e a s e d  w a t e r  
c l a r f t y  and p l a n t  g rowth .  K ing  and Hunt 
(1967) found t h a t  s t o n e w o r t  (Cha ra  spp. 
g r o w t h  i n c r e a s e d  by 3 , 0 0 0 % .  D i s s o l v e d  
oxygen i n  t h e  marsh w a t e r  a l s o  r o s e  an 
a v e r a g e  0.6 m g / l .  Adverse  e f f e c t s  o f  
p o i s o n i n g  i n c l u d e d  some d e s t r u c t i o n  o f  
aqua t l c  f nve r t eb ra tes  and p o s s i b l y  severa l  
w a t e r b j r d s  and water snakes (Na t r i r :  sp.). 
The  u s e  o f  t o x a p h e n e  i s  n o  l o n g e r  
p e r m l t t e d  by  t h e  M i c h i g a n  Depar tment  o f  
N a t u r a l  R e s o u r c e s .  T h e  c u r r e n t 1  y 
recommended p rogram f o r  c a r p  c o n t r o l  i n  
M i c h i g a n  c o a s t a l  m a r s h e s  i n v o l v e s  
c o n t f n u e d  use  o f  r o t e n o n e  t o  keep  c a r p  
popu la t ions  low and i n s t a l l a t i o n  o f  s m a l l  
mesh s c r e e n s  on a l l  c u l v e r t s  and w e i r s  
(Hunt and Micke lson 1376). 

t e r f w  E n v i r o n m e n t a l  c h a n g e s  
h a v e  a l s o  t a k e n  p l a c e  i n  w o s t e r n  Lake 
E r i e ,  and p a r t i c u l a r l y  i n  Maumee Bay, 
w h i c h  h a v e  had  an e f f e c t  on w a t e r f o w l  
popu la t i ons .  E a r l i e r ,  abundant  a q u a t i c  
v e g e t a t i o n  a t t r a c t e d  c a n v a s b a c k  and  
redhead ducks. Fac to rs  t h a t  have combined 
t o  e l i m i n a t e  t h i s  v e g e t a t i o n  a r e  t h e  
suspended sed imen t  l o a d  f r o m  t h e  Maumee 
River,  t h e  dredging o f  t h e  s h i p  c h a n n e l ,  
and t h e  i n t r o d u c t i o n  o f  ca rp  (P insak and 
Meyer 1 9 7 6 ) .  The  b i r d s  d e p e n d e n t  o n  
aqua t i c  vege ta t i on  f o r  food have dec l ined .  
The c o n s t r u c t  i o n  o f  l a r a e  ~ l o c t r f ~  

g e n e r a t i n g  p l a n t 3  or1 t h e  Maumee R i v e r  
Cs t t i a r y  has  r e s u l t e d  i n  t h e  r e l e a s e  o f  
l a r g e  q u a n t  i t  i e s  o f  hea ted  w a t e r  wh i ch  
keeps  l o c a l  a r e a s  f r o m  f r e e z i n g  i n  t h e  
k l n t o r ,  T h i s  f a c t o r  a t t r a c t s  w a t e r f o w l ,  
wadfng b i r d s ,  and g u l l s  which congregate 
near t he  thermal  o i , t f a l l s  I n  w i n t e r .  The 
f i s h ,  wh i ch  a r e  e i t h e r  k l ? : e 6  o r  hrapoed 
h y  t h e r m a l  b a r r f e r s r  a r e  e a t e n  b y  t h e  
r e s i d e n t  q u i  l d n d  herore p u 3 u  l a t  i o n s  
( C a m p b e 1  1 L 9 6 F ) .  The estdbl  lshment o f  
S t a t e  and F e a e r a l  w i l d l i f e  r e f u g e s  ano  
v a r l o u s  p r i v a t e  b a k e r f o w l  marshes have 
he7 psd m a i n t a i  n t h e  p r e s e n t  w a t e r f o w l  
populat ions.  These refuges c o n s t  f t u t e  an 
i m p o r t a n t  e l e m e n t  i n  l o c a l  w a t e r f o w l  
c o n s e r v a t j o n  h)  p r o v i d i n g  j m p o r t a n t  
n e s t i n g  and  f e e d i n g  a r e a s  f o r  l o c a l  
water fowl  and by a f f o r d i n g  r e s t i n g  p l a c e s  
f o r  m i g r a t f n g  b i r d s .  



5.2 WETLAND OWNERSHIP AND 
MANAGEMENT 

The present  System o f  coastal marshes 
around t h e  western end o f  Lake Er e has a 1 t o t a l  area o f  approximately 280 km . Most 
o f  t h e  m a r s h e s  a r e  h i g h l y  managed, 
p r o t e c t e d  areas used as w i l d l i f e  refuges, 
n a t u r e  p r e s e r v e s ,  pub1 i c  f i s h i n g  and 
h u n t i n g  areas, and p r i v a t e  hunting clubs. 
The m a j o r i t y  are owned and managed by t h e  
U. S. F i s h  and W i l d l i f e  Service, Michigan 
Department  o f  N a t u r a l  Resources,  Oh io  
Department o f  N a t u r a l  Resources (ODNR), 
Parks Canada* Ontar io M i n i s t r y  o f  Na tu ra l  
Resources, and t h e  Winous Po in t ,  Ottawa, 
and E r i e  Shooting Clubs. 

The managed marshes provide excel l e n t  
h a b i t a t s  f o r  a g rea t  v a r i e t y  o f  w i l d l i f e ,  
although t h e i r  p r i n c i p a l  f u n c t i o n  i s  t h e  
a t t r a c t i o n  and product ion o f  waterfowl and 
f u r b e a r e r s .  I r o n i c a l l  yr  these a t t r a c t i v e  
and p r o d u c t i v e  areas  a r e  p r e s e n t l y  o f  
l i t t l e  value as spawning and nursery areas 
f o r  economical  1 y  important Lake E r i e  f i s h  
popul at ions.  The h i s t o r i c a l  importance o f  
Lake E r i e ' s  wet lands i n  s u p p o r t i n g  f i s h  
p o p u l a t i o n s  i n  t h e  open lake,  has l ong  
been recognized. A t  l e a s t  40 spec ies  o f  
f i s h ,  25 o f  which are s i g n i f i c a n t  game o r  
comnercial species, are dependent t o  some 
degree on t h e  lake 's  wetlands as spawning 
and nu rse ry  areas. No tab le  among these 
a r e  n o r t h e r n  p i k e ,  muskellunge, carp, 
b u l l  heads,  s u n f i s h e s ,  c r a p p i e s *  and 
1 argemouth bass. Species such as gizzard 
shad, emera ld  sh ine r ,  s p o t t a i l  sh iner ,  
channel ca t f i sh ,  whi te bass, yellow perch, 
a n d  f r e s h w a t e r  d r u m  seem t o  make 
oppor tun i s t i c  use o f  w e t l  ands, b u t  t h e i r  
degree o f  dependence i s  not  known. 

As d e s c r i b e d  e a r l i e r  i n  t h i s  re,port, 
as recen t l y  as 150 years ago the western 
end o f  Lake E r j e  was s u r r o u n d e d  b y  an 
e x t e n s i v e  marsh and swamp-forest system 
known as t h e  Black Swamp. Set t lement  of 
t h e  a r e a  proceeded a t  a rapid pace a f te r  
t h e  War o f  1812. Between 1850 and 1920 
mos t  o f  t h e  w e t l a n d s  were d ra ined  and 
f i l l e d  t o  p r o v i d e  a g r i c u l t u r a l  l a n d  and 
s i t e s  f o r  u r b a n  a n d  c o m m e r c i a ~  
development. To some extent  engendered by 
t h i s  d e v e l o p m e n t r  some a d v e r s e  
e n v i r o n m e n t a l  c o n d i t i o n s - - e s p e c i a l l y  
a g r i c u l t u r a l  s i l t a t i o n ,  wave eros ion ,  and 
water-1 eve1 f 1 u c t u a t i  ons--contributed t o  

wetland losses during t h i s  period. A t  t h e  
same time, the reputation o f  Lake E r i e ' s  
w e t l  ands as q u a l i t y  water fowl  h u n t f n g  
areas was spreading. 

About  1920. g r o u p s  o f  w e a l t h y  
sportsmen and State and Federal agencf es, 
alarmed a t  t h e  r a t e  o f  w e t l a n d  l o s s ,  
purchased most o f  t h e  remaining wetland 
areas. These areas were enclosed by dikes 
t o  p r o t e c t  them f r o m  wave e r o s i o n ,  
s i l t a t i o n ,  and water l e v e l  f l uc tua t i on .  
Gates, pumas, and flumes o f  va r i ous  t ypes  
were i n s t a l  l e d  t o  c o n t r o l  water 1 eve1 s 
w i th in  the  marshes. This made it possib le 
t o  produce the r l g h t  types and amounts o f  
aquat ic  vegetat ion used bv wf l d l  l fe ,  thus 
enhancing t h e  q u a l i t y  o f  - t he  marshes as 
water fowl  and fu rbea re r  h a b i t a t s .  The 
r e s u l t  was t h e  p r e s e n t  s y s t e m  o f  
c o n t r o l  l e d ,  managed marshes. Wi thout  
con t ro l s ,  s i l t a t i o n  and e r o s f o n  wou ld  
quick ly  e l iminate amst o f  the marshes. 

Appendix 8 l i s t s  70  o f  t h e  more 
p r o m i n e n t  c o a s t a l  marshes b o r d e r i n g  
western Lake E r i e  (Figure 3 )  and Indicates 
t h e i r  p r i m a r y  ownership. Most o f  t h e  
natural 1 agoon wet lands remaining a1 ong 
t h e  c o a s t  a r e  s m a l l  and i n  p r i v a t e  
ownership w i t h  a f e w  n o t e w o r t h y  
except ions.  Sheldon Marsh which 1 fes a t  
the extreme eastern end o f  Sandusky Bay i s  
protected from wave at tack by Cedar P o i n t  
sp i t .  This marsh. wned by ODNR, Dlv is ion  
o f  N a t u r a l  A r e a s  and P r e s e r v e s ,  i s  
reserved f o r  s c i e n t i f i c  r e s e a r c h  and 
hab f t a t  p reserva t fon .  Two o t h e r  1 arge, 
pub1 i c l y  owned lagoon marshes l n c l u d e  
Midd le  Harbor Marsh, pa r t  o f  East Harbor 
State Park, and P o i n t  Pelee Marsh w i t h i n  
Polnt  Pelee Nationaf Park. 

The l a r g e ,  d f k e d  w e t l a n d s  a r e  
p r i m a r f l y  owned by t h r e e  e n t i t l e s :  1) 
Federal agencies. 21 State agencies, and 
3 )  pr iva te  shooting clubs. Most o f  these 
w e t l a n d s  a r e  managed f o r  w a t e r f o w l  
habitat.  A few, l fke t he  diked areas used 
for disposal o f  harbor dredglngs, suppor t  
wetland vegetatlon as a secondary benef l t ,  
Examples o f  government-control led dfked- 
wetlands pr l rnar f ly  set aside f o r  waterfow? 
hab i ta t ,  propagatfon, and h u n t i n g  a r e  
Ottawa Na t iona l  Wi ld1 i f e  Refuge, Magee 
Marsh and Metzger Marsh Wi ld1 f f e  areas 



(Ohio); E r i e  Marsh and P o i n t e  M o u i l l e e  
Marsh W i l d l i f e  areas (MichJgan);  and B i g  
Creek Marsh ( O n t a r i o ) .  Winous P o i n t  
Marsh and Moxley Marsh a r e  t w o  o f  t h e  
; a r g e ,  p  r i v a l e 7  y  owned w e t 1  ands on 
Sandusky Bay w h i c h  a r e  p r o t e c t e d  by 
ear then and r ip - rap  dikes, and which have 
pumping systems t o  c o n t r o l  water  l eve1 s 
w i th in  t he  marshes. 

The e s t u a r i n e  w e t l a n d s  a d j o i n i n g  
western Lake E r i e  have a  mixed ownership 
i n c l u d i n g  p r i v a t e ,  m u n i c i p a l ,  S ta te ,  
p rov inc ia l  and Federal bodies. They vary 
from small marshes along t h e  upper reaches 
o f  t h e  e s t u a r i e s  t o  e x t e n s i v e  wet lands 
near t h e  mouth. P l a t  maps r e v e a l  t h a t  
more i n d i v i d u a l  p a r c e l s  o f  l a n d  a r e  
e s t u a r i e s  t h a n  t h e  o t h e r  t w o  t y p e s  o f  
w e t l a n d s .  W i t h i n  t h e  n e x t  s e v e r a l  
d e c a d e s ?  e s t u a r f e s  a r e  l i k e l y  t o  
e x p e r i e n c e  t h e  g r e a t e s t  d e v e l o p m e n t  
p ressu re  as w a t e r f r o n t  p r o p e r t y  becomes 
s c a r c e .  Examp les  o f  pub1 i c l  y  owned 
e s t u a r a n e  w e t l a n d s  i n c l u d e :  O l d  Woman 
Creek Marsh ( O h i o ) J  Huron R i v e r  Marsh  
fMfchiganlb and B i g  Creek Marsh (Ontar io) .  

Approx imate ly  5,000 p r i v a t e  water- 
fowl ing c lubs  con t ro l  a t  l e a s t  X0,000 km2 
o f  wa te r fow l  hab f t a t  Sn t h e  M i s s i s s i p p i  
Flyway ( B a r c l a y  and Bednar ik  1968). I n  
a d d i t i o n  t o  p r o v i d j n g  h u n t i n g  
opportunities, t h e s e  p r i v a t e  c l u b s  
contribute m a t e r i a l l y  t o  t h e  wa te r fow l  
management e f f o r t s  i n  t h e  f l yways  by: 1) 
preserving valuable habi tat ,  21 increasing 
u t i l i t y  o f  h a b i t a t  through water l e v e l  and 
vegetat ion management, 3 1 encou rag1 ng pro- 
d u c t i o n  o f  waterfowlr 49 a id ing  waterfowl 
d i s t r i b u t i o n ,  and 59 snvesting substant ia l  
funds t o  maintain t h e  q u a l i t y  o f  ou tdoo r  
r e c r e a t i o n .  These cl ubs complement and 
supolement S t a t e  and F e d e r a l  p r o g r a m s  
a f  me0 a t  p r e s e r v i n g  w a t e r f o w l  h a b i t a t .  
Such lnves tments  would be d i f f i c u l t  t o  
zatch under pub1 i c  ownership. 

W a t e r f o w l  h u n t i n g  p ressu re  i n  t h e  
Yanadian Fake E r i e  and Lake  S t .  Cl a i  r 
q a r s h e s  i s  l i g h t .  S p r i n g e r  ( 1 9 7 1 1  
e x p l a i n e d  t h i s  i i g h t  p r e s s u r e  a s  a  
c o n s e q u e n c e  o f  " s e v e r e n  h u n t i n g  
-es t r i c t i ons  on p r i v a t e  marshes which make 
u o  85% o f  the  narshes a1 ona t h e s e  l akes,  
-he h Sghest waterfowl capabi l  l t y  areas I n  
Z n e  Canadian po r t i on  o f  western Lake E r i e  
x c u r  !n s h e  marshy  e s t u a r i e s  o f  t h e  

Canard R?ver ana B1g C r e e k ,  > r ~   ate and 
a r o v i n c f a l  h u n t i q g  a r e a s  a r e  loca ted i n  
these marshes, 

pe t1  and Manaaement 

A t  t h e  t i m e  o f  f t s  d i s c o v e r y  and 
e a r l y  s e t t l e m e n t a  t h e  North American con- 
t i n e n t  had an immense w a t e r f o w l  pop-  
u la t ion .  Experts agree t h a t  no o ther  area 
on t h e  e a r t h d s  surface ever supported such 
a  v a s t  number o f  so many d i f f e r e n t  ducks 
and geese ( M i s s i s s i p p i  F 1  yway C o u n c i l  
19581, T h i s  i s  a l e g a c y  o f  t h e  g i a c i a l  
i c e  sheets which l e f t  much o f  t he  northern 
United States ano v i r t u a 7 l y  a l l  o f  eastern 
and c e n t r a l  Canada d o t t e d  w i t h  l a k e s ,  
c o a s t a l  marshes, and p r a i r i e  wetlands-- 
ideal  waterfowl hab i ta t .  The l a s t  g l a c i e r  
receded from t h e  Great Lakes reg  i o n  about  
10,000 yea rs  ago and f rom t h e  b reed ing  
grounds i n  northwestern Canada on ly  6,000- 
81000 years ago. The re fo re ,  about  5,000 
years  ago t h e  c l i m a t e  o f  N o r t h  America 
s t a b i l f z e d  a t  cond i t i ons  sdmi la r  t o  t hose  
we have t o d a y - - a  c l  Xmate t h a t  f a v o r s  
waterfowl breedlng 3n t h e  h i g h  l a t i t u d e s  
dnd  w d n t e r i n g  i n  t h e  m i d d l e  t o  i o w  
l a t i t u d e s .  T h l s  c l  r c u m s t a n c e  s e t  j n  
mot ion  t h e  requ i remen ts  f o r  s n r i n g  and 
f a l l  m i g r a t i o n  a l o n g  t h e  f l y w a y s  and 
migrat ion cor r idors .  

Long a f t e r  t he  % n i t i a l  sett lement o f  
t he  Great Lakes region, water fowl  h u n t i n g  
was f r e e  and h a r v e s t  unlfmited. But, as 
the  advancing t i d e  o f  homesteaders reached 
t h e  n o r t h - c e n t r a  1 p r a i r i e  s t a t e s  and 
p r o v i n c e s  i n  t h e  l a t e  L800s, rad i ca l  land 
use changes began. From t h a t  t i m e  on 
N o r t h  A m e r l c a n  w a t e r f o w l  h a b i t a t  
d e t e r i o r a t e d .  I n  t h e  Nor th ,  l i t e r a l l  y 
m i l l  i o n s  o f  a c r e s  o f  f o r m e r  n e s t i n g  
grounds were drained and p u t  t o  t h e  piow. 
I n  t h e  South, n o t  o n l y  a g r i c u l t u r e ,  uut  
a l so  urban iza t ion  ana i n d u s t r i a l i z a t i o n ,  
c o n t i n u e d  t o  reduce a v a i l  able r e s t i n g  and 
w in ter ing  grounds. 

The progressive dec l i ne  i n  wa te r fow l  
numbers wh ich  f o l l o w e d  t h e s e  changes i n  
l a n d  u s e  e v e n t u a l l v  l e d  t o  a c t l o n s  
designed t o  save and enhance the  remaining 
waterfowl popu 1 a t ions.  Sor l  ng hunting and 
commerci a1 h u n t i n g  were aool ished i n  the  
1920s.  I n  x n e  ; 9 3 0 s r  t h e  F e d e r a l  
g o v e r n m e n t  d n a e r t O O k  ~ e g u l a t f o n  o f  
m i g r a t o r y  u a t e r f o w ;  , a t t e m p t i n g  t o  



a r o ~ o r t i o n  t h e  annual n a r v e s t  t o  annual 
product ion,  T h i s  has been accompl ished 
t h r o u g h  a  c o 7 l e c t i v e  e f f o r t  by S ta te ,  
p r o v i n c i a l ,  and Federa l  agencies o f  t h e  
U n i t e d  S t a t e s ,  Canada*  and Mexico t o  
ob ta in  waterfowl aata.  and t o  s tanda rd i ze  
r e s t r i c t  i o n s  on s h o o t i n g  seasons and 
hou rsp  bag l i m i t s ,  and p r o h i b i t i o n s  o f  
c e r t a i n  k i n d s  o f  b a i t i n g  and l i v e  decoys. 
(M iss i ss ipp i  Flyway Council 1958). 

blaterfowl and furbearer& M i g r a t o r y  
wa te r fow l  management i s  essent ia l1 y based 
on con t ro l  i n g  p lan t  succession t o  meet the 
seasonal needs o f  wa te r fow l .  I n t e n s i v e  
and economical management i s  best  achieved 
b y  c o n t r o l  o f  w a t e r  l e v e l s ,  s i n c e  
f l u c t u a t i o n  o f  water l e v e l s  has a  marked 
i n f l u e n c e  on t h e  success ion  o f  a q u a t i c  
p lan ts  (Kadlec 1962). Marsh managers i n  
O h i o  o b t a i n  t h e  b e s t  r e s u l t s  f r o m  
drawdowns (by  use o f  d i k e s  and/or  pumps) 
i n  May t o  c reate  a  nes t ing  hab i ta t  f o r  the 
summer ( F i g u r e  9019 and re f lood ing  i n  the 
f a l l  t o  a t t r a c t  l a r g e  numbers o f  f a l l  
m i g r a n t s  (Weeks 1969). P a r t i a l  reduction 
o f  water  l e v e l s  ( r a t h e r  t h a n  c o m p l e t e  
d r y i n g  o f  t h e  s o i l )  exposes k n o l l s  used 

f o r  nest ing and leads t o  an l n t s s s p e r s i o ~  
o f  s u i t a b l e  submergedp emergen t  a n d  
s h o r e 1  i n e  v e g e t a t d o n  ( f  f g u r e  91 1 ,  
Exper imenta l  t e s t s  show t h a t  where only 
p a r t i a l  drawdown was done, dense growths  
o f  smartweed ( a  good w a t e r f o w l  food? 
developed along t h e  d fke  and' other exposed 
areas whi le dense stands o f  emergents such 
as bulrush, water -mi l fo i  1, and sp i ke rush  
d e v e l o p e d  on f l o o d e d  areas. I n  t e s t s  
where the  water was n o t  drawn down, l e s s  
d e s i r a b l e  w a t e r  1 i l  f es  and arrowhead 
covered most o f  t h e  f o r m e r l y  open water  
areas. Meeks (1969) found t h a t  d ra in ing  
during mid- t o  l a t e  May allows muskrats t o  
ra i se  two l i t t e r s  w f t h o u t  i n t e r r u p t i o n ,  
and does n o t  i n t e r f e r e  wi th duck nesting. 
No r e d r a i n i n g  o f  t h e  marshes was done 
a f t e r  t h e  water was I n i t i a l l y  removed; 
t h e r e f o r e *  due t o  r a i n r  some water  was 
o f t e n  p r e s e n t  we71 i n t o  t h e  g r o w i n g  
season. The normal p rac t i ce  i s  t o  re f lood 
the marshes i n  September. 

I n  t h e  L a k e  E r j e  r e g i o n ,  t h e  
M i s s i s s i p p i  Flyway Counci l  serves as the 
"c lear ing house"for coordinated p l  ann i ng 
of t h e  f lyway. The counci l  i s  a  delegate 

Figure 90. Winous Point Marsh during drawdown stage; emergent beds of 
American water-lotus (Re1 umbo 1 utea) i n  foreground ( ~ u f y  1984). 
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Figure 91. In te r io r  region of Winous Pofnt Marsh, a control led wet-  
land on the north shore of Sandusky Bay (Ju ly  1984). 

organization, including i n  i t s  membership 
a d m i n i s t r a t i v e  and techn  i c a l  r e p r e -  
sen ta t i ' ves  f r o m  t h e  f i s h  and game 
departments o f  a l l  states and provinces i n  
the flyway, a flyway coordinator assigned 
from the U. S. F ish and W l l d l i f e  Service, 
and members f rom other p u b l l c  agencies 
concerned w i t h  wa te r f ow l  r e s e a r c h  o r  
management. The counci l  f a c i l i t a t e s  the 
e f f e c t l v e  i n t e r c h a n g e  o f  i n f o r m a t i o n  
between member agencies* a s s i s t s  i n  the 
coordination and i ntegration o f  management 
programs, and encourages management 
research. 

I n  r e c e n t  decades most water fowl  
p o p u l a t i o n s  h a v e  made e n c o u r a g i n g  
recoveries from the  low point  o f  t he  ear ly  
1 9 3 0 ~ ~  when d i s a s t e r o u s  d r o u g h t s  i n  
addition t o  drainage and changing land-use 
p a t t e r n s *  t ook  t h e t r  t o 1  1. Today,  
c o n t i n e n t a l  waterfowl popu la t ions  have 
regained a measure o f  balance w i  t h  t h e  
hab i t a t  which now remains f o r  t h e i r  use, 
and hunting regulations have been r e 1  axed 
somewhat. Yet drafnage continues, indus- 
t r i a l  iza t ion fu r the r  reduces habi  t a t *  and 
the number o f  waterfowl hunters continues 
t o  g row*  e m p h a s i z i n g  t h e  n e e d  f o r  
continued sound management practices. 

Ei&. The dikes and management prac- 
t i c e s  e s s e n t i a l  t o  maintaining goods 
product ive marshes are a1 s o  g e n e r a l  1 y 
believed t o  prevent f i s h  from enter jng and 
using the  marshes as spawning and nursery 

areas (Johnson 1984). D r a s t i c  dac l  i nes  
over the  l a s t  50-60 years i n  the abundance 
o f  marsh-dependent f i s h  populations have 
been a t t r i b u t e d  i n  l a r g e  p a r t  t o  t h e  
wholesale drainfng and f i l l i n g  o f  marshes 
before 1920 and subsequent1 y t o  d i k i n g *  
whlch prevented f i s h  from e n t e r i n g  t h e  
remaining marshes. Dikes are cons t ruc ted  
o f  a s o l i d  c l a y  base, covered w i t h  r i p -  
rap, and a r e  placed such t h a t  water can 
en te r  o r  leave  t h e  marshes o n l y  through 
special1 y constructed channel s . Screens 
a r e  p l a c e d  o v e r  f l umes  and g a t e s  t o  
excl-ude carp (Figure 92). These screens 
a l s o  keep d e s i r a b l e  f ishes from entering 
and leaving the marshes. 

Two a s p e c t s  o f  c o n t r o l l e d  marsh 
management are problematic wf th  respect t o  
management of these marshes f o r  f isher ies.  
F i r s t ,  water leve ls  i n  these marshes must 
be m a i n t a i n e d  a? l e v e l s  o p t i m a l  f o r  
p r o d u c t i o n  o f  a q u a t i c  p l a n t s  used by 
waterfowl and fo r  cont ro l  o f  d ike erosion. 
Dur ing  h i g h  l a k e  water l e v e l s  o f  h i g h  
watershed r u n o f f  per iods,  p a r t i c u l a r l y  
du r i ng  spr ing,  gates must be opened o r  
pumps r u n  t o  remove excess  water and 
minimize d ike erosion and s i l t  deposition. 
Dur ing  low l a k e  water l e v e l s *  such as 
occur d u r i n g  l a t e  summer and f a l l *  pumps 
must be used t o  i n t r oduce  l a k e  water i n  
order t o  maintain mfnimum water leve ls  f o r  
aqua t i c  p l a n t  production* o r  gates may be 
opened t o  take advantage o f  h i gh  seiches 
and t o  admi t  water t o  t h e  marshes, thus 



Figure 92. H a t e r  l eve l  contro l  s t ruc tu re  between Sandusky Bay and 
llinous P o i n t  Marsh; note bar screen a t  l e f t  s ide t o  exclude carp ( Ju ly  
1984 ) . 

avoiding pump operat ing costs. The t im ing  
o f  these operat ions i s  gene ra l l y  d i c t a t e d  
by c l  inlate and weather c o n d i t i o n s ,  and 
marsh managers are  o f t e n  unable t o  provide 
access o r  egress  t o  f i s h e s  which m igh t  
o the rw ise  use t h e  marshes as spawning and 
n u r s e r y  a r e a s .  Low w a t e r  l e v e l s  
m a i n t a i n e d  d u r i n g  t h e  summer a r e  a l s o  
conducive t o  d i s s o l v e d  oxygen d e p l e t i o n  
and summer f i s h k i l l .  Second, marsh  
managers a r e  compel led  t o  exc lude  c a r p  
f rom c o n t r o l  l e d  marshes, because t h i s  
species r e a d i l y  overpopu l  a t e s  marshes, 
consumes des i rab le  aquat ic  vegetation, and 
r o i l s  t h e  w a t e r ,  t h e r e b y  i n c r e a s i n g  
t u r b i d i t y  and dec reas ing  p r o d u c t i o n  o f  
aquat ic  p l a n t s .  Marsh managers are very 
re1 u c t a n t  t o  open g a t e s  u n n e c e s s a r i  1 y  
du r i ng  l a t e  spr ing and ea r l y  summer, when 
c a r p  s p a w n i n g  r u n s  o c c u r ,  e v e n  i f  
desi r a b l e  spec ies  a r e  t h e r e b y  excluded. 
Cer ta in  "marshesw a r e  k e p t  d e w a t e r e d  
d u r i n g  s p r i n g  a n d  summer f o r  t h e  
production o f  cash crops, such as soybeans 
and corn, t h e n  f l o o d e d  f o r  w a t e r f o w l  
attraction i n  t h e  f a l l .  

Regu la tory  and management agencies 
concerned w i th  p r o t e c t i n g  Lake E r i e  f i s h  
popu 1 a t  i ons general 1  y  oppose const ruc t ion  
o f  d i k e s  a r o u n d  s h a l  l o w ,  e s t u a r i n e  
bottom1 and areas because they supposedly 
keep f i s h  f r o m  r e a c h i n g  s p a w n i n g  and 

n u r s e r y  a r e a s .  T h i s  i s  a  j u s t f f i a b l y  
c a u t i o u s  a p p r o a c h  t o  p r o t e c t i n g  a n  
i m p o r t a n t  r e s o u r c e .  However, w i t h o u t  
d ikes t h e s e  bo t tom land  areas a r e  l i t t l e  
more t h a n  f l o o d e d  mud f l a t s  w i t h  l i t t l e  
a q u a t i c  v e g e t a t i o n .  The importance o f  
t h e s e  f l o o d e d  mud f l a t s  as f i s h  spawning 
areas i s  no t  known bu t  i s  c u r r e n t l y  being 
s t u d i e d  (Snyder and Johnson 1984). Many 
coasta l  1  andowners would 1  i k e  t o  es tab l ish  
c o n t r o l l e d  marshes i n  such areas. Th i s  
may be d e s i r a b l e  f rom t h e  standpoint  o f  
c rea t i ng  economical 1  y  va luab le  water fowl  
a n d  f u r b e a r e r  h a b i t a t s  w h e r e  o n l y  
"marginal " hab i ta ts  present1 y  ex is t .  

5.3 PROSPECTS FOR THE FUTURE 

The coasta l  wetlands o f  western Lake 
E r i e  have experienced progressive loss i n  
area and q u a l i t y  f o r  more than 100 years. 
As a  r e s u l t  o f  n a t u r a l  processes and 
European se t t l emen t .  Trautman (1977, 
1981) h a s  c a r e f u l l y  documented t h e  
environmental degradat ion o f  t h e  marshes 
t h a t  f r i n g e  t h e  low shores o f  t h e  lake. 
Bu t  more t h a n  p r e s e n t i n g  an account o f  
despa i r ,  he g i v e s  a  c l e a r  p i c tu re  o f  t he  
former magn i f i cence  o f  t h e s e  w i l d l  i f e  
habi tats.  Th is  understanding i s  extremely 
important i n  designing any  restoration^ or 
f o r  t h a t  m a t t e r  any  c o m p r e h e n s i v e  
management p i  an. 



WIthfn t h e  l a s t  50 years t h e  marshes 
have a l s o  experfenced extreme f l u c t u a t f o n s  
i n  w a t e r  l e v e l s .  From t h e  r e c o r d  low 
l e v e l s  o f  t h e  mfd-l93Qs t o  the  record h fgh  
l e v e l s  o f  t h e  e a r l y  1 9 5 0 ~ ~  e a r l y  1 9 7 0 s ~  
and m i d - 1 9 8 0 ~ ~  t h e  c o a s t a l  marshes have 
been i n  a  c o n s t a n t  s t a t e  o f  f l u x .  Such 
dranrat fc  changes i n  t h e  p o s i t i o n  o f  t he  
m a r s h e s  d f d  n o t  f i t  w e l l  f n t o  t h e  
deve l  opment scheme f mposed by sett lement 
o f  t ho  r eg i on .  The re fo re ,  as Lake E r i e  
began  t o  e n c r o a c h ,  o r  more p r e c f  s e l y  
rcc la fn :  former wet1 ands, f t was r e s l s t e d  
w I t h  m a s s f v e  s t r u c t u r e s ,  r a t h e r  t h a n  
d l l o w o d  t o  r e - a s t a b l l s h  now marshes  
f u r t h e r  Inland. 

As a conscquancc, most o f  t h e  marshes 
 lort ti, the. Ch io  and M l ch l gan  shores, and 
<>clrnc. on t h e  O n t d r f c  t,t.torei, e x l s t  o n l y  
h c h t  i n <  ~ s t i t ~ . , t a n t t d l  r l i h c s .  T h i s  i s  t h e  
pr lev t h a t  nrur,t b o  p a l d  t o  n i a f n t a l n  a 
: t d h l c  sticrrel i nc  undor vary lny water l e v e l  
conejitlone, and r ; l f l l  retd' ln a  semblance o f  
c ~ ~ d t * l d l  ~181"5,h8*r. f o r t t i na tc l  yr  most o f  t he  
I d r q e  mdrsho5  a r e  u n d c r  ownersh ip  o f  
pub1 J C  i$qc*nc ~ O S  crnd p r i v a t e  hun t  f ny c7 ubs 
t h 3 P  d r o  c o m & f t t o d  t o  l o n g - t e r m  
prc~f.c~rvat ' iun of rrtdrsh ~ c o s y r s t e ~ i ,  a l b e i t  
m<tndgivc? t o  oriti~sncf? c o r t a i n  aspocts of  tho  
c ~ c  otysten!. 

I n  the m l d s t  o f  t h o  c o n t r o l l e d  
w o t l d n d s  a r e  two e x c o l l u n t  cxamplos o f  a 
fntinsytjrnant s t r a t egy  u f  l o t t l n g  nature take 
4 ts  course, D I r e c t l y  dcross t h e  lake  from 
ona another ,  01d Woman C reek  N a t l o n a l  
f s lud r ' l nc  Research Rosarve and Po tn t  Pelee 
N d t  t o n a l  Park  have adopted such a  plan, 
Those marshlands a r e  n o t  managed f o r  any 
spec f f I c  camponant o f  t h e  env i  ronment and 
t h e y  d ra  n o t  a r t i f  l c f a l y  p r o t e c t e d  f rom 
any n a t u r a l  snvtronmentdt process. These 
marstros are na tu ra l  I a b o r a t o r l e s  f o r  t h e  
study o f  coas ta l  and wetland processes. 

Al though S ta ts  and Fsdaral regu la to ry  
a n d  m a n a g e m e n t  a g e n c i e s  oppose  t h e  

c o n s t r u c t i o n  o f  new c o n t r o l  1 ed niarshes, 
m o s t  o f  t h e  s u i t a b l e ,  h i g h  q u a l i t y  
marshlands remaining around Lake  E r  i e a r e  
d i k e d  ma rshes .  Water l e v e l s  i n  t h e s e  
marshes a r e  r e g u l a t e d ;  t h e r e f o r e ,  t h e s e  
marshes may n o t  be access ib le  t o  spawnjng 
f i s h  b e c a u s e  o f  c o n t r o l  s t r u c t u r e s .  
Conve rse1  y, u n c o n t r o l l  ed marshes  a r e  
e a s i l y  a c c e s s t b l e  by  spawn ing  f i s h ,  b u t  
t hey  a r e  s u b j e c t  t o  s t o r m  su rge ,  seiche 
a c t i v i t y ,  and h igh  t u r b i d i t y .  I n  a d d i t i o n  
t o  eros ion and s i l t a t i o n ,  these  submerged 
b o t t o m l a n d s  l a c k  t h e  d e s i r a b l e  r a t e r  
qua1 i t y  and aqua t i c  vege ta t ion  needed f o r  
spawning by s e n s i t i v e  s p e c i e s ,  Thus, a 
m a j o r  p r o b l e m  f a c i n g  e f f e c t i v e  
c o n s e r v a t i o n  and management o f  Lake E r i c  
f i sh  stocks i s  t h e  lack  o f  i n f o r m a t i o n  on 
c o n t r o l l e d  a n d  u n c o n t r o l l e d  u s e  o f  
wetlands by t h c  Lake E r i e  f i s h  communi t y ,  
Research comparing f i s h  use o f  c o n t r o l  l e d  
ma rshes  a n d  s h a l l o w t  u n c o n t r o l l e d  
e s t u a r i n e  b o t t o m l  ands may he1 p  r e s o l  ve 
t h i s  r e s o u r c e  c o n f l  i c t .  I f  t h e  
u n c o n t r o l l  ed b o t t o m l  ands a re  found t o  be 
o f  I f m i t s d  va lue as spawn ing  and n u r s e r y  
areas, then perhaps t h e i r  developrr~ent i n t o  
c o n t r o l l e d  niarshes need n o t  b e  d iscour-  
aged. Conversely, i f  c o n t r o l  1 ed marshes 
a re  i n  f a c t  found  t o  be o f  l i m i t e d  va lue 
as s p a w n i n g  and n u r s e r y  a r e a s ,  new 
management p r a c t i c e s  t o  imp rove  them as 
such, w i t h o u t  s i g n i f i c a n t l y  i n t e r f e r i n g  
w l th  t h e i r  p r i n c i p a l  r o l e  as wa te r fow l  and 
furbearer  hab i ta ts ,  need t o  be developed. 

As d e v e l  opment pressures con t i nue  t o  
eat away a t  t h e  sma l le r  p r i v a t e  marshes, a  
new s t r a t e g y  i s  e v o l v i n g  w i t h i n  t h e  
regu la to ry  agencies. Rather t han  accept a  
p f e c e m e a l ,  f r a g m e n t a t i o n  o f  marshes, 
agencies are n e g o t i a t i n g  v a r i o u s  t y p e s  o f  
l o s s  mitigation. These i n c l u d e  n o t  on l y  
the enhancement o f  e x i s t i n g  1  ow-qua1 i t y  
marshes, b u t  t h e  e s t a b l i s h m e n t  o f  b o t h  
u p l a n d  a n d  d e e p - w a t e r  m a r s h e s  a s  
rep lacement  f o r  l o s t  hab i t a t .  Th i s  i s  an 
encouraging approach t h a t  w i l l  l i k e l y  be 
expanded i n  t h e  f u t u re .  
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i ake t r i p ,  Z t t ~  %out t l~r 'nmo5t  o f  t he  Lauren t ian  Great Lakes, i s  narrow and r e l a t i v e l y  
k,ti,+ l l o w  i r t  c u m p ~ r i s o n  t o  other' Great Lakes. i he  lake experierlces extreme wate r  l e v e l  
t l t i c  t i ~ ~ ? l  ion:. dad storm oneryy ~ . e s t r i c t s  t he  development o f  wet lands t o  p r o t e c t e d  areas 
w l  t i l l r j  omhaynlcrlls , laqnoris, o r  behind b a r r i e r s .  However, coas ta l  marshes o f  western 
L,ikc F r i c .  f r i t i q e  t h e  shore l ines  o f  Michigan, Ohio, and On ta r i o  and encompass an area 
r ~ t  268 km;' [ h i s  ~ ~ u b l  i c d 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  
wcl l a n r i ~  clt Cake E r i e ,  wt\icl i  are some o f  t he  more p roduc t i ve  areas i n  t h e  Great  Lakes 
ecocaysqtom. The yeo loq ic  h i s t o r y  o f  the  Lake E r i e  l ead ing  t o  t he  development of  
w t * t  k d n d ~ ,  the p resen t  e i vnronaent ,  and p resen t  wet land d i s t r i b u t i o n  are presented as 
hdc kqt.rrut\d l o  t l i ~  upenin51 chap te rs .  B i o l o q i c a l  i n f o rma t i on  a v a i l a b l e  f o r  t h e  Lake 
t r i e  wc>t la r ld~,  iii, discussed i n  t l e ta i  1 ,  and eco log i ca l  processes c o n t r i b u t i n g  t o  the  
ovo I ut  ion  of  wet lands, b i a l o q  i c a l  p roduc t ion ,  and commc~nity o rgan i za t i on  i n  t h e  wet- 
Idrlcl~~ dre  exdmjned. A chap tc~r  on app l i ed  ecology address ing issues such as wet land 
loss ,  vdlue4 of  wet lands t o  f i s h  and w i l d l i f e ,  management, and f u t u r e  p rospec ts  f o r  
Lakc t r i p  wetlancis completes the  publ icat , ion.  
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