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PREFACE 

This monograph on the ecology of the 
S t .  Marys River i s  one of a ser ies  of 
U.S. Fish and Wildlife Service profiles 
concerning important coastal ecosystems of 
the United States. The purpose of this  
profile i s  to  synthesize the 1 iterature 
available for the S t .  Marys River and t o  
describe the ecological structure and 
functioning of the r iver,  The S t .  Marys 
River i s  the sole outlet from Lake 
Superior--an 01 igotrophic 1 ake containing 
one-tenth of the world's surface water-- 
and forms a connecting channel t o  Lake 
Huron. A1 though relatively short in 
length, the river i s  unique in having an 
immense drainage basin consisting of bo th  
an immediate basin and the drainage basin 
of Lake Superior. The large volume of 
oligotrophic water passing through the 
river from Lake Superior influences the 
physical and chemical nature of the 
r iver 's  water and i t s  biological 
communities. 

development along the river i s  1 imited, 
hman activi t ies associated with shipping 
and industry have physically altered the 
ecosystem and resulted in a t  least 
local i  zed contamination. 

This profile i s  intended t o  provide a 
useful reference to  the scientific infor- 
mation available for the St .  Marys River. 
The profile includes a description of the 
general setting, geologic hi story, and 
human settlement of the area (Chapter I ) ,  
and a detailed description of the r iver 's  
physical and chemical characteristics 
(Chapter 2 ) .  The biological communities 
of the river are described (Chapter 3 )  and 
ecol ogical re1 ationships discussed 
(Chapter 4 )  prior t o  a discussion of 
management considerations (Chapter 5) . 

Any questions or comments about or 
requests for this  publication should be 
directed to: 

The S t .  Marys River historically Information Transfer Special i  s t  
supported an important subsistence fishery National Wet1 ands Research Center 
and continues t o  provide a valuable sport U.S. Fish and Wildlife Service 
f ishery while a lso  serving as a major NASA - Sl idel 1 Computer Complex 
transportation 1 ink between north-central 1010 Gause Boul evard 
and northeastern North America. While S1 idel 1 , Louisiana 70458. 
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CHAPTER 1. lNTRODPBCTlON 
(GEOLOGICAL AND HBSTORICAL ASPECTS) 

ST. MARKS RIVER AS A NATURAL UNIT The s u r f i c i a l  geology of the 
s o u t h w e s t e r n  S t .  Marys R ive r  V a l l e y  i s  

The S t .  Marys River i s  a  former s t r a i t  
which connects  Lakes Superior  and Huron. 
The most northern of t he  Grea t  Lakes 
connect ing channels ,  i t  o r i g i n a t e s  from 
W h i t e f i s h  Bay i n  Lake S u p e r i o r  between 
Poin t  I roquo i s ,  Michigan, and Gros Cap, 
O n t a r i o .  I t  f l o w s  i n  a  s o u t h e a s t e r l y  
d i  r c c t i  on approximate1 y  112 km before 
emptying i n t o  Lake Huron a t  De Tour, 
Michigan ( F i g u r e  1 ) .  The r i v e r  f a l l s  
a b o u t  6 .7  m between i t s  headwa te r s  and 
mouth; however ,  6 . 1  m o f  t h i s  d rop  i n  
e l e v a t i o n  occurs  a t  the  S t .  Flarys Rapids, 
23 km below the  headwaters.  The r i v e r  i s  
hounded on the  south and west by t he  Upper 
Peninsula  of Michigan: on t he  north and 
no r theas t  by t he  Ontar io mainland; and on 
t h e  e a s t ,  f i r s t  by S t .  Jo seph  I s l a n d ,  
Ontar io ,  and then by Drummond I s l and ,  
Michigan, which forms t he  most sou ther ly  
border . 

A number o f  small-  t o  medium-sized 
r i v e r s  d r a in  the a r ea  ad j acen t  t o  
S t .  Marys R i v e r  t o  form t h e  immediate  
drainage bas in ,  much of which l i e s  over 
t h e  southern edge of the Precambrian (o r  
Canadian) s h i e l d  (F igu re  2 ) .  The r i v e r  
i t s e l f  i s  unique i n  t h a t  i t  i s  r e l a t i v e l y  
s h o r t  i n  l e n g t h ,  y e t  has a  l a rge  drainage 
bas in .  The b a s i n ' s  l a rge  s i z e  i s  due t o  
t he  f a c t  t h a t  the  r i v e r  i s  the only out-  
f l o b  from Lake Superior  w i t h  i t s  drainage 
bas in  of 21,000 k m 2  (39% of  t h i s  i s  cov- 
e red  by t h e  lake ;  I n t e r n a t i o n a l  J o i n t  
Commission [ I J C I  1 9 7 6 ) .  The volume o f  
o l i g o t r o p h i c  w a t e r  i n  Lake S u p e r i o r  i s  
approximately 12,000 + 200 km3 --rough1 y  
one-tenth of a l l  t h e  wor ld ' s  su r f ace  water 
(Matheson and Munawar 1978) .  About 95% of 
t he  land su r f ace  of both ba s in s  i s  covered 
by f o r e s t s .  An important  eco loa ica l  con- 
s i d e r a t i o n  i s  t h a t  t be  water which d ra in s  
from t h e  immed ia t e  w a t e r s h e d  i s  a  mere 
f r a c t i o n  of t h a t  which flows ou t  of 
Lake Super ior .  

p r imar i ly  l a c u s t r i n e  sediments and 
moraines (F igu re  3 ) .  On the  southwestern 
edge o f  t h e  v a l l e y  i n  Mich igan ,  l e v e l  
lakebed p l a i n s  a r e  i n t e r r u p t e d  by gent ly  
r o l l i n g  p l a t eaus ,  low rounded r i d g e s ,  o r  
lakeshore f e a t u r e s  such a s  remnant beach 
r i d g e s ,  sand dunes,  b l u f f s ,  o r  marshland 
(Veatch e t  a l .  1927).  In Ontar io ,  on the 
northeas te rn  edge of t h e  val 1 ey ,  knobby 
Precambrian rock i s  p a r t i a l l y  covered by a  
t h i n  l a y e r  of t i l l  o r  l a c u s t r i n e  c l a y  
(McCuthcheon 1968).  Numerous l akes  a l s o  
d o t  the  Precambrian s h i e l d  a r e a  north of 
the  r i v e r .  Mineral s o i l s  in t he  v i c i n i t y  
of t he  r i v e r  a r e  comprised of c l a y s ,  
loams, or  sands (Table 1 ) .  These s o i l s ,  
i n  gene ra l ,  a r e  highly r e t e n t i v e  of water 
a s  a r e  the organic  s o i l s  common west and 
south of Munuscong Lake. 

Water c u r r e n t s  of t he  r i v e r  a r e  highly 
v a r i a b l e  and a r e  in f luenced  mainly by d i s -  
charge t o  the r i v e r  from Lake Superior  and 
water-surface e l e v a t i o n  a t  Lake Huron. 
C u r r e n t  v e l o c i t i e s  a r e  impeded by h iqh  
surface-water  l eve l  s  i n  the  r i v e r ' s  mouth 
a t  Lake Huron brought about by e a s t e r l y  
o r  sou ther ly  winds o r  low barometric pres- 
sure .  On t he  o t h e r  hand, high surface-  
water l e v e l s  in  Lake Superior  r e s u l t  i n  
g r e a t e r  d i scharge  t o  the r i v e r  and 
increased c u r r e n t  v e l o c i t i e s ;  however, 
d i scharge  t o  the r i v e r  has been cont ro l led  
hy compensating ga t e s  s ince  1921. Surface 
c u r r e n t s  a r e  a l s o  i n f l u e n c e d  by w inds ,  
p a r t i c u l a r 1  y i n  broad expanses of the  
r i v e r .  The passage of comnercial ve s se l s  
temporari ly  a l t e r s  both sur face  and strb- 
sur face  water c u r r e n t s  a s  we l l .  

Hydrological ly ,  t h e  S t .  Marys River may 
be divided i n t o  t h r e e  ma,jor reaches:  
(1) the  uoper r i v e r  extending from White- 
f i s h  Bay, Lake Super ior ,  t o  t h e  S t .  Marys 
Rapids, (2) t he  r a p i d s ,  and ( 3 )  t he  lower 
r i v e r  extending from t h e  f a o t  o f  the 



r ap i ds  t o  De Tour Passage a t  Lake Huron. 
The upper r i v e r ,  22.5 km long, decreases 
i n  w id th  r a p i d l y  and i s  cha rac te r i zed  by 
sandy o r  r ocky  shores, w i t h  emergent wet- 
lands occu r r i ng  o n l y  i n  p ro tec ted  areas. 
The r ap i ds  separa t ing  t h e  upper and lower 
r i v e r  i s  an area 1.2 krn l ong  and 1.6 km 
wide, where t h e  r i v e r  drops 6.1 m. Sub- 
s t r a t e  i n  t h e  r ap i ds  c o n s i s t s  o f  bou lders  
1.0 m  o r  more i n  d iameter  and exposed bed- 
rock. The topography o f  t h e  upper r i v e r  
and r a p i d s  i s  more pronounced than t h a t  of 

t h e  lower r i v e r ,  r i s i n g  t o  a  maximum e l e -  
v a t i o n  about 200 m  above t h e  r i v e r  on t h e  
n o r t h .  Sou th  o f  th2e  r i v e r ,  e l e v a t i o n  
r i s e s  a b r u p t l y  t o  abou t  30 m above t h e  
w a t e r  l e v e l ,  t h e n  g rades  i n t o  a  g e n t l y  
r o l l  i ng broad p l  a i  n. 

I he lower  r i v e r  has a  ve ry  i r r e g u l a r  
shore1 i ne and con ta ins  f o u r  l arge i s l  ands: 
Sugar, Neebi sh, and Drummond on t h e  Ameri - 
can side, and St. Joseph on t h e  Canadian 
s i d e ,  as w e l l  as  more t h a n  100 s m a l l e r  



1 

1 Waiska River 6 Bennet Creek 

2 Charlotte River 7 Root River 

3 Little Munuscong River 8 Garden River 

4 Munuscong River 9 Echo River 

5 Big Carp River 10 Bar River 

Figure 2. Watershed map of the S t .  Marys 
River . 

islands <4 km2 i n  area (Table 2 ) .  Sugar 
island i s  24 km long, has a maximum width 
of 13 km, and i s  oriented north to south. 
I t  s e p a r a t e s  t he  Lake George and Lake 
Nicolet reaches of the r iver  immediately 
below the rapids.  Approximately 74% of 
the r i v e r ' s  flow courses through the Lake 
Nicolet reach while the remaining 265 
flows through Lake George (Liston e t  a ? .  
1986) .  Both lakes are broad expanses in 
the r ive r  which empty into channels formed 
by S t .  Joseph and Neebish Islands and the 
Michigan mainland. Below Neehish Island 
these channels discharge into  Munuscong 
Bay, where the  r i v e r  widens  and flows 
southeasterly before discharging into 
Lake Huron between Drummond Is land and 
the Michigan mainland. The lower 

7 SUPERIOR 

KEY 

1 Lake sediments n 1 
I Ground moraines and outwash plains 1 

Wisconsin end moraines I 
I Thin till over moderately rolling bedrock 3 
L I 
Figure 3. Surficial  geology of eastern 
upper Michigan and northeastern Ontario. 

r iver  i s  bordered on the west by extensive 
a r ea s  of emergent wetl ands which grade 
into forested o r  palustrine wetlands a s  
defined by Cowardin e t  a l .  (1979).  
Chippewa County, Michigan, borders the 
r iver  with 4,848 ha of coastal wetlands 
(Jaworski and Raphael 1978). On the 
r i v e r ' s  e a s t  border ,  r e l i e f  i s  g r e a t e r  
and pal ustrine wetlands a re  generally 
res t r i c ted  to t r ibutary mouths. The 
eastern shore consists of unconsol7dated 
or rocky shores i n  exposed reaches, with 
emergent wetl ands occupying more protected 
areas. 

GEOLOGY 

Preglacial History 

The present configuration of the Great 
Lakes Basin i s  p r imar i ly  the  r e s u l t  of 
glaciation during the Pleistocene epoch 



Table 1. Predominant s o i l  types i n  e a s t e r n  Chippewa County, Michigan, on i s l a n d s  
within or  l ands  a d j a c e n t  the  S t .  Marys River (Veatch e t  a l .  1 9 2 7 ) .  

Location 
West Munuscong 
Lake Sugar Neebish Sand Lake De Tour Drummond 

Soil  Type Nicole t  I s land  I s land  I s land  Area Area I s land  

Bergland s i l t y  c l ay  
1 oam x 

Bruce f i n e  sand loam x 
Blue Lake sandy loam 

( stoney phase) 
Coastal beach x 
Carbondale muck 
Detour s toney loam 
Eas tpor t  sand 
Grandby sand 
Johnswood s toney loam 
Muni s ing s toney 1 oam x 
Muni s ing  s toney  

sandy loam x 
Newton sand 
O n  tonagon c l ay  
Ontonagon s i  1 ty  

c l a y  loam x 
Rock outcrops  
Spaulding pea t  
Strongs 1 oamy sand 
Ta hquamenon pea t  

Table 2. Areas of t h e  f i v e  l a r g e s t  i s l a n d s  even t s  of e a r l i e r  geo logic  h i s t o ry  have 
i n  t h e  S t .  Marys River.  some bearing on basin formation and 
- - pre sen t  lake cond i t i ons .  

Area The Precambrian e r a ,  which ended about  
I s land  ( k m 2 )  600 mi l l i on  yea r s  before  the  p r e sen t  

- (YBP), was a period of i n t e n s i v e  volcanic  

59 6 
and t ec ton i c  a c t i v i t y  in  t he  Upper Great  

S t .  Joseph 
3 11 

Lakes a r e a .  The n o r t h e r n  G r e a t  Lakes Dr ummond 
117 

area--what i s  now cen t r a l  Canada and t he  
Sugar 
Neebi sh 5 2 nor th-cent ra l  United States--was formed 

4 1 . 9  t o  2.0 b i l l i o n  Y B P  by t he  c o l l i s i o n  of 
Lime smaller  p ieces  of con t inen t s  (Kerr  1985).  

Volcanic and t e c t o n i c  a c t i v i t y  and subse- 
quent  compression formed the  igneous and 
metamorphic rocks of the reg ion .  Though 

a p p r o x i m a t e l y  10 thousand  t o  1 m i l l i o n  t h e  con t inen t  was formed roughly 2 b i l l i o n  
yea r s  ago. The f i v e  Great Lakes bas ins  Y B P ,  some rocks from the Canadian s h i e l d  
were covered w j t h  t ce  u n t i l  10-14 thousand have been dated t o  3.5 b i l l i o n  YBP (Dorr 
y e a r s  ago  and  a r e  r e i a t i v e l y  young i n  and Eschman 1970) .  
geologic  t ime ,  Despi te  t h i s  r e l a t l ' v e ly  
young a g e  and t h e  i n f t u e n c e  o f  g l a c i a l  Rocks formed during periods of vo lcan ic  
a c t i v i t y  on reshaping su r f ace  topography, a c t i v i t y  were l a t e r  i n t e r m i t t e n t l y  

4 



reworked through c r u s t a l  deformation and 
igneous i n t r u s i o n  during s eve ra l  orogenics  
(mountain-building ep isodes)  i n  Precam- 
b r i a n  t i m e .  One such mountain r a n g e ,  
known a s  t h e  "Northern Michigan High- 
l ands , "  extended from t h e  Upper Peninsula 
of  Michigan a c r o s s  t h e  S t .  Marys River  
Basin i n t o  Ontar io (F igure  4 ) .  Material 
e roded  from t h i s  mountain r a n g e ,  a long  
w i t h  Canadian s h i e l d  rock, forms the 
pa ren t  mater ia l  s  of t he  Lake Superior  
watershed and bas in  (F igure  5 ) .  

During most o f  t he  Paleozoic e r a ,  
shallow s e a s  inundated much of  the North 
American i n t e r i o r ,  inc lud ing  Michigan, 
por t ions  of  Ontar io ,  and the e n t i r e  
S t .  Marys River Basin (Hough 1958, 1963). 
During the  e a r l y  Ordovician per iod ,  these 
seas  temporari ly  r e t r e a t e d  from the  north- 
e rn  Great Lakes a r e a ,  including the  
S t .  Marys River Basin, only t o  readvance 
over t he  e n t i r e  Michigan basin un t i l  l a t e r  
i n  t h e  P a l e o z o i c  e r a .  Sed imen t s  which 
accumulated on t he se  sea f l o o r s  eventua l ly  
formed the  r e l a t i v e l y  r e s i s t a n t  dolomite.  
rock formations of t he  Great Lakes a r e a .  

Dolomite formed dur ing  t he  S i l u r i a n  
period of t h e  Paleozoic e r a  has an obvious 
in f luence  on t he  Great Lakes Basin (Hough 
1958). S i l  urian-aged dolomite e n c i r c l e s  
Lakes Michigan and  Huron,  t h e n  e x t e n d s  
between Lakes E r i e  and Ontar io i n t o  New 

Figure 4. Pafeogeography of the 1at .est  
Precambrian time i n  Michigan, i l l u s t r a t i n g  
drainage from remnant mountains (Dorr and 
Eschman 1970) .  

i KEY 

Pennsylvanian and Mississippian rocks 
Upper and lower Devonian rocks 

Silurian rocks ,= 
Ordovician rocks 

Cambrian rocks zg 
Precambrian rocks i:- 1 

Figure 5. Rock s t r a t a  of t h e  Great Lakes 
region (modified from Upchurch 1976) .  

York S t a t e  t o  form the  Niagara Escarpment 
over  which the Niagara River drops t o  fo rn  
Ni agara Fa1 1 s .  The Door Peninsula separa- 
t i n g  Green Bay from Lake Michigan ,  t h e  
Saugeen Peninsula s epa ra t i ng  southern 
Georgian Bay from Lake Huron, and t h e  
i s l a n d s  o f  n o r t h e r n  Lake Huron a r e  a l l  
a1 so  formed from Niagaran Dolomite. In 
t he  S t .  Marys River system, S t .  Joseph and 
Drummond I s l ands  were formed from the  same 
rock formation. This r e l a t i v e l y  r e s i s t a n t  
d o l o m i t e ,  i n  g e n e r a l ,  forms t h e  h i g h e r  
e l eva t i on  por t ions  o f  t h e  Great Lakes 
Basin. Less r e s i s t a n t  sha l e s  and s l a t e s  
formed i n  t h e  l a t e  P a l e o z o i c  e r a  when 
in land  s ea s  were r e t r e a t i n g  a r e  found i n  
t he  lower e l eva t i ons  of t he  Great Lakes 
Basin. 

Dolomite depos i t s  of t he  Great Lakes 
a r ea  conta in  a v a r i e t y  of f o s s i l  f i s h e s  
and marine i n v e r t e b r a t e s  which a r e  
i n d i c a t i v e  of warn, we1 1-oxygenated inland 
s e a s .  Fossi 1 remains recovered within t he  
S t .  Marys River Basin a r e  predominantly 
marine i n v e r t e b r a t e s  (Table 3 ) .  However, 
a number of marine v e r t e b r a t e s  assoc ia ted  
w i t h  the  S i l u r i a n  s ea s  have been c o l l e c t e d  



Table 3. Number o r  presence ( x )  of f o s s i l  taxa from the  Devonian period 
co l l ec t ed  a t  four  s i t e s  in t he  S t .  Marys River (Dorr and Eschman 1970).  

West Neebish S t .  Joseph Lime ~rurnrnond~ 
Taxa Channel Is land Is land Is land 

T r i l o b i t e s  
Cephalopods 
Scyphozoans 
Brachi opods 
Bryozoans 
Coral s  
Pelecypods 
Gastropods 
Stromatapods 

a ~ u a r r i e s  on Drummond Is land  a r e  r i c h  i n  upper Devonian fauna and pre- 
sumably conta in  a l l  o r  most of t he  taxa l i s t e d  (Dorr  and Eschman 1970). 

nearby; these  include walrus from nearby 
Mackinac I s l a n d  and bowhead whale from 
northern lower Michigan. 

Fol lowing  t he  P a l e o z o i c  e r a  and t h e  
r e t r e a t  of seas  from the midcontinent  
region, a  period of e ros ion  began which 
l a s t e d  throughout t he  Mesozoic and 
Cenozoic e r a s  u n t i l  t he  Plei  s tocene epoch 
(appraxfmately 200 mil l i o n  y e a r s ) .  Erosion 
over such a  long period c rea ted  a  system 
of va l l eys  whose axes were al igned along 
b e l t s  o f  weaker  r o c k  (Dor r  and Eschman 
1470). These stream v a l l e y s  formed the  
drainage pa t t e rn  of the  midcontinent  
region and were t h e  eventual  s i t e s  of t he  
presen t  Great Lakes ba s in s  (F igure  6 ) .  Figure 6. P reg l ac i a l  drainage pa t t e rn  of 

the Great Lakes region (Hough 1958). 

Miscsnsinan Glacial  HS s t o r y  

Subsequent t o  t he  d~velopment  of the  
pre-PI ei s tocene d r a i  naqe system, continen- 
tal g l a c i a l  i c e  invaded the Great Lakes 
region i n  four  major s t ages  beginning 
about 1 mi l l i on  YBP (Table 4 ) .  The flow 
o f  i c e  was gu ided  by major  t o p o g r a p h i c  
f e a t u r e s ,  w i t h  deeper i c e  forming in  
e x i s t i n g  stream v a l l e y s  and scouring them 
f u r t h e r  (Hough 19631. The basins  o f  the 
G r e a t  Lakes were t h u s  formed by s t r e a m  
e ros ion  and g l a c i a l  s c ~ d p .  

The f i r s t  l akes  t h a t  can be e s t ab l i shed  
as  e x i s t i n g  i n  the Great Lakes bas ins  were 

formed on ly  a b o u t  14 ,000  YBP, a l t h o u g h  
e a r l  i e r  l akes  probably occupied the region 
during i n t e r g l a c i a l  per iods .  Each g l a c i a l  
advance, however, destroyed geol ogi c  evi-  
dence  of t h e s e  l a k e s  such  a s  b e a c h e s ,  
shore t e r r a c e s ,  shore1 ine  d e p o s i t s ,  and 
erosional  f e a t u r e s .  As a  r e s u l t ,  t he  most 
complete record comes from t h e  Wisconsinan 
s e r i e s  of  the P l e i s t o c e n e  epoch d a t i n g  
from 50,000 t o  10,000 Y B P .  

During the W i  sconsinan g l a c i a l  per iod ,  
i c e  extended over  the  e n t i r e  Great Lakes 
reg ion ,  As g l a c i a l  i c e  began t o  r e t r e a t ,  
e x i s t i n g  lake bas ins  were gradua l ly  



Table 41. Approximate geologic  time s c a l e  r e l a t i n g  t o  t he  evolu t ion  of the  
Great Lakes (Dorr and Eschman 1970).  

S t a r t  of period 
Era Period Epoch S e r i e s  ( Y B P )  

Precambrian 3.5 b i l l  ion 

Paleozoic 600 mi l l i on  

Mesozoi c  190 mi l l i on  

Cenozoic 
T e r t i a r y  
Qua t e rna ry  

P le i s tocene  
Nebraskan 
Kansan 
I1 l i on i an  
Wi sconsi nan 
Pe r ig l ac i a l  & 

A1 gonqui n 
( subs tage)  

~ o l  ocenea 
Max. lake 

i s o l a t i o n  
Broad lake  

connect ions 
Flodern l ake  

conf igura t ion  
8 a l t i t he rma l  

60 mi l l i on  

1 mi l l i on  
700 thousand 
300 thousand 

50 thousand 

14 thousand 

10.6 thousand 

8 . 1  thousand 

6 thousand 

a ~ e e  t e x t  f o r  d e s c r i p t i o n  of s e r i e s  i n  Holocene. 

uncovered and f i l l e d  w i t h  water from over  thousands of y e a r s  and caused 
g l a c i a l  m e l t  and normal r u n o f f .  With lake-sur face  l e v e l s  t o  f l u c t u a t e  from 
continued r e t r e a t ,  a s e r i e s  of p roglac ia l  (150 m t o  >334 rn above p re sen t  sea l e v e l .  
l akes  were formed behind g l a c i e r s  held i n  
by i c e  dams i n  t h e  n o r t h  and by h i g h e r  The e a r l i e s t  known l akes  of the  
ground in t he  south (F igu re  7A-F). Early Superior  basin t h a t  d i r e c t l y  a f f ec t ed  t he  
proglac ia l  l akes  i n i t i a l l y  occupied S t .  Marys River Val ley came i n t o  ex i s t ence  
only the  southern Great  Lakes Basin severa l  thousand years  a f t e r  Lakes Chicago 
( F i g u r e  7A) .  As g l a c i a l  r e t r e a t  con- and Maumee (F igu re  7A; Hough 19639. The 
t 'nued, g r e a t e r  a r e a s  of l ake  bas ins  were Superior  bas in  was occupied by Lake Kewee- 
exposed and pressure  on the  Ea r th ' s  sur-  naw about 12,700 YBP. A t  t h i s  t ime, i c e  
face  c rea ted  by hundreds of meters  of i c e  had r e t r e a t e d  t o  the southern port ion o f  
was g r adua l ly  a l l e v i a t e d  (Dorr and Eschman the S t .  Marys River Valley (F igure  7C). 
1970) . This  allowed the  E a r t h ' s  sur face ,  G lac i e r s  subsequently readvanced over t h $  
which had been compacted by t he  weight of a r e a ,  then again r e t r e a t e d ,  uncovering 
i c e ,  t o  rebound upward. Crus ta l  rebound t h e  S t .  Marys V a l l e y  a b o u t  11,000 YBP 
and t he  r e s u l t i n g  u p l i f t  c losed  off  former (F igures  7D and 7E; Saa rn i s to  1974). With 
lake o u t l e t s  and a1 t e r ed  drainage t he  deg l ac i a t i on  of t he  Superior  ba s in ,  
p a t t e r n s ;  a t  the  same time, new o u t l e t s  discharge was d i r e c t e d  through t h e  
were opened by t h e  r e t r e a t i n g  g l a c i e r s  S t .  Marys Valley and t he  S t .  Marys River 
(F igure  7B). These processes  continued was formed (F igu re  7F).  



f Readranoe or major hakt kt reouelenal LL = tee front 

14,000 YBP A 

Figure 7. Pleistocene g l a c i a t i o n  o f  t he  Great Lakes reg ion  from 14,000 t o  
10,300 years before present fYBPf (mod i f ied  f rom Bailey and Smith 1981). 

13,200 VBP B 



Pos t a l ac i a l  H i  s t o r v  

Geologic s t r u c t u r e s  under1 ying the  
S t .  Marys River Valley, b u i l t  over 
b i l l i o n s  of y e a r s ,  and su r f ace  f e a t u r e s ,  
scoured during P le i s tocene  g l a c i a t i o n ,  
have changed l i t t l e  s ince  11,000- 
10,000 Y B P .  Much of  the  bedrock of the  
r i v e r  bas in  c o n s i s t s  of r e s i s t a n t  
sandstones,  vo lcan ic ,  and g r a n i t i c  rocks 
o f  P recambr i an  o r i g i n  i n  t h e  n o r t h  and 
Ordovi c i  an-aged do1 omi t e s  i n  the  south 
( F i g u r e  8 ) .  The p r imary  i n f l u e n c e  on 
t h e  s u r f i c i a l  g e o l o g y  of  t h e  S t .  Marys 
River Basin during t he  Holocene was 
f l u c t u a t i n g  water l eve l  . 

Water l e v e l s  i n  the  Great Lakes ro se  t o  
>334 rn above sea 1 eve1 11,200 YBP a s  gla- 
c i a l  meltwater  fed proglac ia l  Lake Agassiz 
and t h e  Superior  basin and both drained 
s o u t h e a s t  t h r o u g h  t h e  S t .  Marys V a l l e y  
(F igure  7F) .  A t  t h i s  time the  S t .  Marys 
R i v e r  was p r o b a b l y  a s t r a i t  c o n n e c t i n g  
Lakes Superior  and tiuron. However, 
g l a c i a l  r e t r e a t  opened a new o u t l e t  
a t  North Bay, i n  Lake Huron, and by 
10 ,600  Y B P  l a k e  l e v e l s  had d e c l i n e d  so 
t h a t  only f l u v i a l  connect ions ex i s t ed  

KEY 

Surftc+al depostts Precambrian bedrock Cambrisn bedmck 

Glactat Ill1 Lava flows .XZ€ Sandstone 
'm? Bedded rand and gravel Sedlrnenlay rock 

... Clay .1/ Dlabass dlke 
1 * 3 Gran#l#c r o c k  . . VolCanlC rock 

Figure 8. Cross-sect ion of t h e  geology of 
S a u l t  S t e .  Marie and v i c i n i t y  (modified 
from Hunter and Associates  1979).  

between t he  Upper Great Lakes (Bai ley  and 
Smi t h  1981) . Another per iod of high water 
l e v e l s  occurred 8,100-6,000 YBP a s  c r u s t a l  
rebound closed drainage o u t l e t s ,  bu t  
quickly receded a s  new o u t l e t s  were 
opened. Then, a s  r ecen t ly  a s  3,000 YBP, 
c r u s t a l  rebound u p l i f t e d  rock ledges a t  
S a u l t  S t e .  Marie t o  a leve l  higher  than 
t he  water  l eve l  of Lake Huron (Moore 
1948) . This transformed the  s t r a i t  
connecting Lakes Superior  and Huron i n t o  
the  S t .  Marys River .  

Presen t  l ake  1 eve1 s have var ied  re1 a- 
t i v e l y  l i t t l e  dur ing  t h e  p a s t  4,000 years .  
Hi s t o r i  c a l l  y ,  f l u c t u a t i n g  water l eve l  s 
eroded su r f ace  d e p o s i t s  in  t h e  S t .  Marys 
Val l e y ,  l eav ing  remnant beaches, sand 
dunes, and o t h e r  1 i t t o r a l  f e a t u r e s  
in  t h e i r  p l ace  (Boissonneau 1968). 
Lacustr ine-deposi ted c l a y s  now comprise 
much o f  t h e  a r e a ' s  s o i l s  s o u t h  of t h e  
Canadian sh i e ld .  

Early F lora  and Fauna 

As the  g l a c i a l  i c e  f r o n t  r e t r e a t e d  from 
the St .  Marys River region,  tundra veg- 
e t a t i o n  soon became e s t a b l i s h e d  i n  t h e  
a r e a .  Pollen cores  taken from Twin Lake 
n o r t h e a s t  of S a u l t  S t e .  Marie, Ontar io ,  
i nd i  c a t e  t h a t  tundra vege t a t i on  pre- 
domina ted  i n  t h e  a r e a  from 10 ,650  t o  a 
f i t t l e  before 10,000 YBP ( S a a r n i s t o  1974). 
C h a r a c t e r i s t i c  p l an t s  of t he  a rea  a t  t h i s  
t ime included sedges (Cyperaceae) ,  sage- 
wort (Artemisia  sp . )  , ragweed (Ambrosia 
s p . ) ,  willow ( S a l i x  s p . ) ,  and green a l d e r  
(Alnus crispa) Spruce (Picea sp.1 - 
f o r e s t s ,  with a s soc i a t ed  red  pine (Pinus 
r e s inosa )  and jack pine (fl. b a n k s i s  
succeeded tundra vege ta t ion  (F igure  9) . 
The spruce f o r e s t  g radua l ly  gave way 
t o  b i rch  (Betula  sp . )  f o r e s t s  which 
a l s o  contained red and jack p ine ,  
a l d e r ,  f i r  ( A b i e s  s p . ) ,  and  swee t  g a l e  
(lilyrica s p . ) .  The b i r ch  f o r e s t  f i n a l l y  
succeeded  t o  p i n e  f o r e s t s  compr ised  o f  
red ,  jack, and white pine (P. s t r o b u s f .  - 

Mith r e t r e a t  of t h e  g l a c i e r s  and t h e  
es tab l i shment  of vege ta t ion  i n  the  reg ion ,  
animal communities became e s t a b l i s h e d ,  
changing i n  composition with the  changing 
f o r e s t s  (F igu re  10). Evidence from o t h e r  
p a r t s  o f  the  Great Lakes region sugges ts  
t h a t  the  e a r l i e s t  v e r t e b r a t e  mammal most 



Figure 9. Pollen p r o f i l e s  f o r  sediments from Upper Twin Lake, near  the head 
of the S t .  Marys River (Boissonneau 1968). 

l i k e l y  t o  have i n h a b i t e d  t h e  S t .  Marys 
Val l e v  may have been t he  woodland musk ox 
( ~ ~ m b b s  Eavi f rons)  , which followed t h e  
r e t r e a t i n a  s l a c i e r s  nor th  (Dorr and 
Eschman i 9 7 6 )  ). As f o r e s t s  became wel l  
e s t a b l i s h e d  i n  t h e  a r e a ,  o t h e r  mammals 
which 1 i kel y  invaded from southern 
Michigan and Ontar io were t he  now e x t i n c t  
S c o t t ' s  moose (Cerva lces )  , g i a n t  beaver 
(Cas toro ides  oh ioens i s )  , and woodland --- 
caribou (Rangi f e r  t a r a n t u s  ca r ibou ) ,  
Followed by American e 7 k v u s  e l aphus ) ,  
wol ves (Cani s sp .  1 , b l a c k a m u s  
ameri canus) ,heaver  ( Castor c a n a d e n m  
and muskrat (Ondatra ---- z ibe th i cus )  . Giant  
b e a v e r ,  which p r o b a b l y  d i d  n o t  i n h a b i t  
tF,e r e g i o n  f o r  a  v e r y  l o n g  p e r i o d  o f  
t ime ,  were imposinq aqua t i c  mammals. An 
immature specimen From Indiana was over  
2 m l o n g .  A d u l t s  a r e  t h o u g h t  t o  have 
reached 3 n i n  l enqth  and weighed 215 kg; 
by compar i son, the  p r e sen t  day a d u l t  
beave r  a v e r a q e s  a b o u t  25  kg l D o r r  and 
Eschmann 1970 ) .  T h e i r  food s o u r c e  was 
probably herbaceous wetland p l a n t s ,  a  d i e t  

s i m i l a r  t o  t h a t  of muskrats ,  s i nce  t h e i r  
t e e t h  were no t  adapted f o r  gnawing. Wood- 
land car ibou were l a s t  repor ted  from Drum- 
mond Is land  i n  the S t .  Marys River around 
1900 (Bay l i s s  and Bayl i ss  1955) .  

Proglacial  l akes  and t h e i r  connecting 
channels  and o u t l e t s  had an important  
i n f l u e n c e  on t h e  b iogeog raphy  o f  G r e a t  
Lakes f i s h  communities (Bai ley  and Smith 
1981). Early proglac ia l  l akes  emptied t o  
t he  Miss i ss ipp i  and Ohio River dra inages  
(F igure  7B) .  Connections with t h e  Atlan- 
t i c ,  through dra inage  t o  t he  Susquehanna 
and Hudson Rivers ,  and w i t h  t he  Arc t i c ,  
through drainage t o  Lake Agassiz t o  t h e  
northwest ,  where l  a t e r  e s t a b l  i shed 
(Figure 7C).  This p a t t e r n  of l ake  forma- 
t i o n  and drainage allowed f i s h  which had 
s o u g h t  r e f u g e  from g l a c i a l  i c e  i n  more 
souther ly  o r  wes t e r l y  dra inage  bas in s  t o  
reinvade the Great Lakes Basin. 

The e a r l i e s t  information on radiocarbon 
ages of the f i s h  fauna from Michigan d a t e s  



** car ibou  

** 'peccary 

** spruce dominant 

*********** spruce-f i r dominant 

** spruce-pi ne equal 

** jackpine dominant 

** pine  maximum 

** hardwoods inc reas ing  

** hardwood maximum 

** oak-pine 
( r ap id  c l i m a t i c  
d e t e r i o r a t i o n )  

14 1 3 1 2  1 1 1 0 9  8 7 6 5 4 3 2 P 0 

Time (yea r s  x 1,000 before p re sen t )  

Figure 10. Time di  s t r i b u t i o n  i n  Michiqan of some l a t e  P le i s tocene  and post-Plei s tocene 
v e r t e b r a t e s ,  and dominant t ree types  (Dorr and Eschman 1970). 

t o  only severa l  hundred years  before Euro- 
pean se t t l emen t  (Dorr and Eschman 1970). 
A t  this time, common f i s h e s  of  the  present  
Upper Great Lakes, such a s  whi te f i sh  
(Coregonus sp . )  , muskel 1 unge (Esox masqui- 
non y)  , s i l v e r  redhorse (Moxos toma ani  su- -d - and white sucker (Catostomus 
commersoni 1, had a1 ready colonized the  
region.  

CULTURAL ASPECTS 

Pre-European Set t lement  

There is evidence of human occupation 
of the St .  Marys River Valley f o r  t he  p a s t  
11,000 yea r s  (Conway 1977) .  Early human 
occupation was probably temporary, how- 

eve r ,  s i nce  people of t h e  Early and Middle 
Archaic per iods  (12,000-5,000 YBP) were 
pr imar i ly  hunters  who would not  have been 
a t t r a c t e d  t o  t h e  Great  Lakes shores f o r  
extended periods of time (Cleland 1982). 
Archaeological a r t i f a c t s  i n d i c a t e  t h a t  
d u r i n g  t h e  L a t e  Archa i c  p e r i o d  (5 ,000-  
3,000 YBP) , Upper Great Lakes people began 
t o  e x p l o i t  sp r ing  spawning f i s h  a s  a 
source of food immediately a f t e r  win ter  
when o t h e r  r e s o u r c e s  were n o t  abundan t  
(Cleland 1982). From t h i s  time through 
the Early Woodland per iod ,  about  
2,300 YBP, t he  technology f o r  captur ing  
f i s h  evolved from harpoons, spears ,  and 
gorges t o  n e t  s e ines ,  

The in t roduct ion  o f  n e t s  t o  t he  Upper 
Great Lakes and subsequent improvements i n  
n e t  d e s i g n ,  skch  a s  t h e  development  o f  



g i l l  n e t s ,  enabled na t i ve  people t o  more 
e f f i c i e n t l y  cap ture  f i s h .  Early f i sh ing  
remained centered around spawning seasons 
i n  s p r i n g  and f a l l  when f i s h  which had 
been d i s p e r s e d  ove r  wide a r e a s  of  t h e  
Great Lakes concent ra ted  i n  t r i b u t a r i e s ,  
embayments, o r  marshes. Here they could 
more e a s i l y  be harves ted .  Net f i s h i n g ,  i n  
c o n t r a s t  t o  e a r l i e r  methods, requi red  
cooperat i  on among communi ty  members. The 
need f o r  coopera t i o n ,  i n  combi na t ion  w i t h  
the  seasonal na ture  of f i s h i n g ,  served t o  
a l t e r  hab i t a t i on  p a t t e r n s  among Upper 
Great Lakes people and permanant v i  1 l ages  
began t o  be e s t ab l i shed .  Conway (19801 
d is t inguished  between two types of 
communities which ex i s t ed  i n  the  S t .  Marys 
River a rea :  smal l ,  repeated1 y occupied 
s i t e s  apparen t ly  used a s  summer f i sh ing  
s t a t i o n s  and much l a r g e r ,  more i n t ens ive ly  

occupied v i l l a g e s  such a s  t he  v i l l a g e  on 
Whitefish Is land loca ted  i n  t he  S t .  Marys 
River r ap id s .  

Whitefish Is1 and served a s  a year  round 
f i s h i n g  community f o r  Ojibwas and o the r  
Upper G r e a t  Lakes p e o p l e  f o r  a t  l e a s t  
2 ,000 y e a r s  (Conway 1 9 7 7 ) .  Archaeo lo -  
g i ca l  examination of Whitef ish I s land  
(Table 5) suggests  t h a t  i n t e n s i v e  seasonal 
o c c u p a t i o n  of t h e  a r e a  d a t e s  t o  a round  
300 B . C .  (Conway 1977) .  As l a t e  a s  1641 
French miss ionar ies  Charles  Raymbaul t and 
Isaac Jogues repor ted  s eve ra l  thousand 
" S a u l t e u r s "  o r  peop le  of t h e  r a p i d s  a t  
t h i s  v i l l a g e  during October. A t  about  t he  
same t ime,  Pere Galinu wrote i n  h i s  
Narrat ives  of 1670 t h a t  t he  " f i s h e r y  could 
e a s i l y  support  10,000 men" f MacDonald 
1977).  Whitefish spawning i n  t he  f a l l  and 

Tabla 5. Summary of faunal remains recovered from Whitefish I s l and ,  Ontar io ,  i n  
t he  S t .  Marys River (Conway 1977; Hunter and Associates 1979).  

Species  Species  

MAMMALS 
Varying hare (Lepus americanus) 
Beaver (Cas tor  canadensi s )  
Muskrat 7 m r a  z ibe th i ca )  
Dog (Canis  f a m i l i a r i s )  
% l a c k b e a r  (Ursus americanus) 
Mink (Mustefa v i son)  
M a r t e ~ m 6 s W i  canal 
F j  s he r  (s --)" 
Otter  f L G E E a n a d e n s i  s )  
Lynx (Lynx canadensis)  
c . f .  ~bbcdt ' f tynx  r u f u s )  

Cow (80s t au rus  
~ h e e p 7 ' f f v s a r i e s  1 
c . f .  G o m C w h i r e u s )  

6 IRDS 
Common loon fGavia immer) 
Bald eag l e  ( ~ a l i a e e ~ e u c o c e p h a 1 u s )  
c , f .  Golden eag le  (Aquila chrysae tos)  
Ruffed grouse and/or ptarmigan 
Ducks 

FISH 
Lake 
Bowf 
c . f .  
c . f .  
c . f .  
Ci s c  

sturgeon ( Acipenser f u l  vescens)  
i n  (Amia ca lva )  

~ r ~ ~ r . ~ ( ~ a l v e l i n u s  f o n t i n a l i s )  
Lake t r o u t  (Salve1 i nus  namaycush) 

c l  upeaformis) 

Northern p i k e 1  uc ius)  
1 Muskel l unge ( E s o x a s s q u l  nongy 

White sucker ~ o s t o m u s  
comersoni  ) 

c . f .  tongnose sucker f Eatostomus 
catostomus ) 

Brown bu l l  head ( 
Channel c a t f i s h  
Smallmouth bass 

I c t a l  urus nebulosus)  
( I c t a l  urus unc ta tus )  e7- (Mi c rop t e rus  do omieui 

c .f . Laraemouth bass ( M i c r o ~ t e r u s  
s a l6o ides j  

~ a 7 1 6 y ~ s t e d i o n  vi treum) 
c .  f .  Sauaer (S t i zos t ed ion  canadensel 
Drum (Apyodi notus g r u n n i e n s ) .  

Shorebivds 

REPTILES 

Painted t u r t l e  (Chrysemys p i c t a )  



the  presence of whi te f i sh  i n  nearby 
shallow water a r e a s  i n  spr ing  a t t r a c t e d  
la rge  numbers of people t o  the area during 
t h e s e  s e a s o n s .  The r a p i d s  f i s h e r y  f o r  
wh i t e f i sh ,  unl ike most o the r  f i s h i n g  
methods of the time, was a  d i p  ne t  
f i she ry .  Whitefish were ne t ted  by two men 
i n  a  canoe: one man paddled and guided 
the canoe through the r ap ids  and the o the r  
c a p t u r e d  f i s h  u s ing  a  long  handled  n e t  
(Figure 1 1 ) .  Accounts of  the  f i she ry  by 
e a r l y  French explorers  ind ica ted  t h a t  a  
s k i l l f u l  team i n  a  s i n g l e  canoe could  
harves t  several  hundred w h i  t e f i  sh per 
hour, with individual  f i s h  averaging 
4-6 kg each (Bay7 i  s s  and Bay1 i s s  1955).  

The l a r g e  concentrat ion of people 
a t t r a c t e d  t o  the a rea  by f i s h  apparent ly 
depleted t h e  r e g i o n ' s  w i l d l i f e ,  making 
them even more dependent on the f i s h e r y  
f o r  subs is tence .  In t h e  S t .  Marys River 
Valley, Ojibwas l ived  almost  e n t i r e l y  on 
f i s h ,  even making t h e i r  moccasins and 
snowshoe l a c e s  from sturgeon sk in  (Bay l i s s  

and Bayliss  1955). The Ojibwa word f o r  
whi te f i sh  was Atikameg, which, l i t e r a l l y  
t r a n s l a t e d ,  means "caribou of the waters ,"  
underscoring the importance they placed on 
t h i s  f i s h  (MacDonald 1977). Cleland 
(1982) repor ted  examining 37,000 bones 
from seven separa te  occupations of a  
v i l l a g e  on Bois Blanc Is land i n  t h e  
S t r a i t s  of Mackinac s imi l a r  t o  the v i l l a g e  
on Whitefish I s land .  In t h i s  v i l l a g e  f i s h  
bones comprised 91%, an average, of t h e  
bones sampled i n  s i x  of t he  occupations 
and 78% i n  the 7 th .  He ca lcu la ted  t h a t  
f i s h  supplied 66% of the  usable meat 
obtained by these people, w i t h  wh i t e f i sh  
and sturgeon being important spec i e s .  

Euro~ean  Se t t lement  

Exploration of t h e  i n t e r i o r  of North 
America was, i n  p a r t ,  motivated by a  
d e s i r e  t o  f i n d  a w a t e r  r o u t e  around o r  
through the  cont inent .  Much of t h e  e a r l y  
explora t ion  of the  Great Lakes a rea  can be 

Figure 11. Hi s to r i ca l  photoqraph of d ip-ne t  f i sh ing  a t  t he  r ap ids  a t  S t .  Marys 
Rapids, c a .  1900 (cour tesy  o f  t h e  Materna Studio,  Saul t Ste ,  Marie, Michigan), 



at t r ibuted to Father Samuel de Champlain. 
In 1603, he ascended the  S t .  Lawrence 
River to the s i t e  of present-day Montreal , 
where he learned of a waterway extending 
as f a r  as  Lake Huron and heard reports of 
copper deposits located beyond t h i s  lake 
(Bay l i s s  and Bayl iss  1955) .  From 1603 
unti l  his death i n  1635, Champlain pursued 
a water route to  the Orient through North 
America, mainly ass is ted by pr ies t s  t ha t  
he i n v i t e d  from France t o  exp lore  the  
Great Lakes a r ea  and serve as  mission- 
ar ies .  Two of these  p r i e s t s ,  Fa thers  
Brule and Grenoble, are  believed to  have 
been the  f i r s t  Europeans t o  v i s i t  Lake 
Superior i n  1622 (MacDonald 1977). Since 
the St.  Marys River i s  the only outflow 
from Lake Superior, the two probably 
ascended the r iver  and passed through the 
vi l lage a t  the rapids during this t r i p .  
Later missionaries to  v i s i t  the area 
included Fathers Charles Raymbaul t and 
Isaac Jogues, who i n  1641 gave the 
St .  Marys River i t s  present name and were 
thus responsible for the names given the 
t w i n  c i t i e s  of Saul t Saint  Marie, Michigan 
and Ontario (Bayliss and Bayliss 1955). 
The word s au l t  i s  the current spell ing of 
the 17th century French word saut,  which 
i n  modern English means " w a t e r f a l l "  o r  
"rapids." Before European settlement the 
area was called Bawatinq or '"lace of the 
rapids" by the 0j'cibwa (MacDonald 1977). 

Following the v i s i t  of Raymbaul t and 
Jogues, the saul t and S t .  Marys River soon 
became the center of French ac t iv i ty  in 
the Upper Great Lakes and remained so for  
almost 50 years. Trade, f ine  maple- 
sugaring i n  the area, and a superb white- 
f i sh  f ishery a t  the rapids a l l  encouraged 
settlement. In 1668 Father Jacques Mar- 
quette founded the f i r s t  mission i n  the 
Mfchigan Territory a t  Sault Ste. Marie. 
Several years l a t e r ,  i n  1671, i t  was the 
si te where a special envoy of King 
Loufs XIV claimed, i n  the presence of the 
assembled Indian Nations, the possession 
of t h e  Great  Lakes f o r  France (Larson 
1981). However, by 1690 La Sa l le ' s  dis-  
covery of the mouth of the Mississippi 
R f  ver, local wars between the Chippewa and 
Sioux, and hos t i l i t y  between the French 
and Britfsh i n  the Upper Great Lakes 
region a l l  acted to  dfsplace trading ac t i -  
vi t ies southward, and the Sault Ste ,  Marie 
area began a period of prolonged decline 
(Bayllss and Bayli ss 1955). 

Early in the 18th century England 
extended i t s  influence into  French t e r r i -  
tory when the French conceded Nova Scotia 
and Newfoundland as part  of the Peace of 
Utrecht  which ended the War of Spanish 
Succession (Larson 1981) . By 1760 English 
rule extended from the maritime provinces 
through the Lake Superior region. 8ri t a i  n 
was interested in the Upper Great Lakes 
because of the prof i table  fur trade and 
i t s  Hudson Bay Company. The potential for  
fur  trading during t h i s  period i s  i l l u s -  
t ra ted by the account of one fur buyer who 
was able to purchase 12,000 beaver skins 
over a 2-day period in  the  Saul t S t e .  
Marie area (Bayliss and Bayliss 1955). 

The establishment of the S t .  Marys 
River as  an International Boundary between 
Canada and the United States in 1783 
marked the beginning of American influence 
in Sault Ste. Marie. Provisions for  
actual boundary l ines  were not made, how- 
ever,  unti l  the Treaty uf Ghent ended the 
War of 1812 i n  1814. American rule was 
established on the south side of the r ive r  
in 1820 and soon a f t e r ,  in 1822, a garr i -  
son was bu i l t  to  protect  American 
in te res t s .  

Forestry and Land Use 

American ru le  south of the r iver  came 
a t  a time of economic, environmental, and 
demographic change i n  the area.  Depletion 
of beaver populations in the region caused 
a s h i f t  in the focus of commerce from fur  
trading to  Lake Superior's f i sher ies ,  sur- 
rounding fo res t  lands, and ore deposits 
(MacDonald 1977). During the mid-18001s, 
the population increased and changed i n  
composition a s  people of European ancestry 
se t t l ed  the area.  In 1850 about 900 non- 
Indian people lived in Chippewa County, 
Michigan. By 1930 the county's population 
was almost 25,000 and a similar number of 
people 'lived in the Sault  Ste. Marie dis- 
t r i c t  of Ontario (Veatch e t  a l .  1927; O r ~ t .  
M i n .  Nat. Resour. 1980). While the popu- 
la t ion of Chippewa County and Sault 
Ste.  Marie, Michigan, has not increased 
substant ia l ly  since the early 1900's, the 
population of Sault Ste. Marie, Ontario, 
has continued to  grow. A t  present, the 
combined population of the two c i t i e s  i s  
about 100,000, w i t h  85,000 l iving i n  
Ontar io .  Growth of S a u l t  S t e .  Marie, 



Ontar io ,  i s  pro jec ted  t o  cont inue and 
r e a c h  120 ,000  by 2001 ( O n t ,  Min. Nat .  
Resour. 1980).  

Many of  t he  e a r l i e s t  s e t t l e r s  were 
drawn t o  t he  S t .  Marys River Valley by the 
logging i ndus t ry .  The f i r s t  sawmill i n  
t he  va l l ey  was b u i l t  i n  S a u l t  S t e .  Marie, 
Ontar io,  i n  1783 ( O n t .  Min. Nat. Resour. 
1 9 8 0 ) ;  i t  s u p p l i e d  wood o n l y  f o r  l o c a l  
use. The commercial logging i n d u s t r y  began 
i n  t h e  e a s t e r n  Upper Peninsula  of Michigan 
around 1838 and developed i n t o  a booming 
indus t ry  by the  1870 ' s  with l a r g e  r a f t s  o f  
logs  being towed down t h e  S t .  Marys River 
( O n t .  Min. Nat. Resour. 1980; Karamanski 
1 9 8 4 ) .  U n t i l  1900 ,  w h i t e  p i n e  was t h e  
primary wood timbered because of i t s  abun- 
dance and i t s  low d e n s i t y ,  which allowed 
i t  t o  f l o a t  more e a s i l y  than many o the r  
spec ies .  In 1896, during t he  he ight  o f  
t h i s  pe r iod ,  a s i n g l e  sawmill a t  Bay Mi l l s  
near  the  head of the S t .  Marys River c u t  
31 mi l l i on  board f e e t  of white  pine 
(Karamanski 1984).  

By the  turn of t he  cen tury ,  t he  v a s t  
white  pine f o r e s t s  of the  reg ion  had been 
v i r t u a l 1  y deple ted  and the logging indus- 
t r y  s h i f t e d  i t s  emphasis t o  hardwood spe- 
c i e s .  T h i s  c o n c e n t r a t i o n  on hardwoods 
continued u n t i l  t he  1930 ' s  when the  lack  
of markets f o r  wood during t h e  depression 
caused timber product ion t o  dec l i ne  drama- 
t i c a l l y .  Following t he  depress ion ,  t he  
logging i ndus t ry  began t o  recover  and i t  
cont inues t o  be an important  loca l  indus- 
t r y  p r e sen t ly .  Hardwoods a r e  s t i l l  
logged, bu t  pulpwoods such a s  spruce,  bal- 
sam f i r ,  tamarack, aspen, and jack pine 
make up much of the wood being c u t ,  par- 
t i c u l a r l y  i n  t he  e a s t e r n  Upper Peninsula 
of Michigan. 

Agr icu l tura l  development of t he  
S t .  Marys River Valley followed the  boom 
i n  lumbering during t h e  l a t t e r  ha l f  of t he  
19th cen tury .  Early logging depended 
heavi ly on horses  and farmers  could s e l l  
hay a s  well a s  g r a i n ,  beef ,  and pork t o  
logging camps ( O n t .  Min. Nat. Resour. 
1 9 8 0 ) .  Agr i cu l  t u r a l  p r o d u c t i o n  of t h e  
va l l ey  is,  however, 1 imited by an average 
growing season of only 134 days and 
shal7ow, poorly drained so i l s  (Veatch e t  
a l .  1927; NOAA 1983).  Presen t  a g r i c u l t u r e  
of the  v a l l e y  i s  o r ien ted  toward da i ry ing  
and beef product ion,  with hay being t he  

c h i e f  c r o p .  Roughly 140,000 ha o f  t h e  
va l l ey  i s  under c u l t i v a t i o n  i n  Michigan 
and Ontar io combined (Veatch e t  a l .  1927; 
Ont. Min. Nat. Resour. 1980).  

Commercial Shipping and Industry 

During the ea r ly  1800' s ,  when American 
r u l e  was being e s t ab l i shed  on t h e  south 
s i d e  of t he  r i v e r ,  Saul t S t e .  Marie became 
the  major gateway t o  the northwest and t o  
t he  resources of the Lake Superior  reg ion .  
To improve t r ade  rou t e s  t o  and from Lake 
S u p e r i o r ,  c o n s t r u c t i o n  o f  a s h i p  c a n a l  
around the  S t .  Marys Rapids was proposed 
by the Governor of  Michigan i n  1837 
(Larson 1981).  An e a r l i e r  canoe canal on 
t he  Canadian s ide  of the  r ap id s  had been 
destroyed during the  War of  1812. How- 
e v e r ,  poor planning,  f i nanc i a l  problems, 
and disagreement between t he  Federal gov- 
ernment and t he  S t a t e  of Michigan over  
property r i g h t s  doomed the  p r o j e c t  before  
cons t ruc t ion  was ac tua l  l y  s t a r t e d  (Bayl i ss 
and Bayl i  s s  1955).  

Until  1855 t he  so l e  method whereby 
ves se l s  could ga in  access  t o  Lake Superior  
was a portage rou te  on t h e  Canadian s i d e  
of  t h e  r a p i d s .  The f i r s t  s t e a m s h i p  t o  
e n t e r  Lake S u p e r i o r  i n  1845 was hauled  
over  t h i s  portage on greased ways and cap- 
s t a n s  (Larson 1981) . A1 though the  process  
took several  months, occasional  ve s se l s  
continued t o  be portaged in t h i s  way 
because of t he  increas ing  commerce on Lake 
Super ior .  A small f l e e t  was e s t ab l i shed  
above the  r ap id s  by t he  e a r l y  1850's .  

On August 26, 1852, t he  cons t ruc t ion  of 
a S t .  Flarys F a l l s  Canal was approved 
through an Act of the  U.S. Congress 
(Bayl i s s  and Bayl i s s  1955) . The Act spe- 
c i f i e d  t h a t  t he  canal was t o  be a t  l e a s t  
60 f t  wide, 1 2  f t  deep, and 250 f t  long.  
The canal was completed in  June of 1855, 
2 2  months a f t e r  cons t ruc t ion  was s t a r t e d  
and wi th in  $200 o f  t he  $1,000,000 
e s t i m a t e d  c o s t .  I t  was t h e  f i r s t  i n  a 
succession of a1 t e r a t i o n s  t o  the  r ap id s  
and r i v e r  a s soc i a t ed  with commercial 
navigat ion.  

The S t .  Marys Rapids have been exten- 
s i v e l  y a1 te red  s ince  those i n i t i a l  e f f o r t s  
to  cons t ruc t  navigat ion cana l s  and locks  
(F igure  1 2 ) .  Many of t he se  a l t e r a t i o n s  



Figure 12. The rapids area of the 
S t .  Marys River: ( A )  1860-88, ( b )  1983 
(Koshinsky and Edwards 1983). 

increased t rade,  and stimulated greater 
shipping ac t iv f ty  and the use of larger  
vessels (Table 6 ) .  Presently, navigation 
locks occupy both sides of the r ive r :  on 
the U,S, s ide ,  two canals feed ships in to  
four navigation locks, while on the Cana- 
dfan s t d e ,  t h e r e  i s  a s i ng l e  canal and 
navigation lock. The largest  of the navi- 
gatlon locks i s  now the new Poe Lock on 
the U.S, side of the rapids. This lock i s  
365.8 m Ion!?, 33.5 m wide, and  9.8 m deep. 
A larger l o c k  394.4 m long, 35.1 m wide, 
and 9.8 m deep i s  planned and would enable 
even larger  vessels to navigate through 
the r ives  system. 

Other a l t e r a t i ons  to the S t .  Marys 
Raptds include those for  hydropower devel- 
opment, r a i l  and highway t r a f f i c ,  and flow 
control s t ructures  (fable 6 ) .  Use of the 
rapids for  hydPoPowep began in 1898 w i t h  

construction of the Edison Saul t Electric 
Company' s power house and canal . Later, a 
second hydroelectric plant on the Canadian 
s i de  of the  r ap id s  and a t h i r d  p l an t  
operated by the U.S. Army Corps of 
Engineers were constructed. A t  present, 
an average 93.3% of the r i v e r ' s  flow a t  
the rapids i s  diverted through hydro- 
e l e c t r i c  power p l a n t s  (Table 7 ) .  The 
intense demand for  water created by 
hydropower and shipping in te res t s  led to 
the construction i n  1921 of flow control 
s t ractures .  Called compensating works, 
the flow control s t ructures  are  a se r ies  
of 16 ga t e s  which span the head of the  
remaining r a p i d s .  These g a t e s  may be 
opened to allow flow over the rapids or 
closed to d iver t  water away from the 
rapids and through power or shipping 
canal s ,  thereby compensating for va-ia- 
t ions in natural discharge caused by 
chansing water levels of Lake Superior. 

D u r i n g  the  pa s t  15 yea r s ,  increased 
demand for water has heightened concerns 
for mai:itaining water flow suff ic ient  to 
support aquatic biota inhabiting the 
rapids. After analyzing the hydrologic 
c h a r a c t e r i s t i c s  of the r ap id s  and flow 
requirements of the organisms inhabi t ing 
them, Koshinsky and Edwards (1983) recom- 
mended that  flow e i ther  be maintained a t  
roughly 565 m 3  / s  or adequate water levels 
be maintained by s t ra teg ic  placement of 
berms. A se r ies  of berms was constructed 
in 1986 to maintain water levels over the 
rapids. 

In addition to modifying the rapids,  
comercial shipping necessitated the 
dredging of natural channels in shallower 
portions of the r i ve r .  As the s izes  of 
navigation locks were increased to accom- 
modate ever-larger vessels,  the s izes  of 
ship channels had to  be increased to fu l ly  
u t i l i z e  these locks. In 1857, soon a f t e r  
the f i r s t  lock was completed, a 37-m wide, 
3.7-m deep channel was dredged through 
shallow portions of lower Lake George and 
the East Neebish Rapids (Table 6 ) .  This 
route through Lake George was l a t e r  aban- 
doned in favor  of a r ou t e  through Lake 
Nicolet because of the d i f f i cu l ty  in navi- 
ga t ing  the  East  Neebish Rapids (Larson 
1981). When completed in 1894, the chan- 
nel through Lake Nicolet was 92.3 m wide, 
6.1 m Jeep, and extended from the upper 
lake through the Middle Neebi sh Channel 



Table 6. Chronology o f  engineering events associated w i t h  the development o f  the  
S t .  Marys Rapids and R iver .  Adapted from Koshinsky and Edwards (1983). 

Year Event 

Navigat ion l o c k  11.5 m long constructed on Canadian side. 
Raceway and sawmill b u i l t  on American s ide  by U.S. Army. 
Navigat ion canal s ta r ted  on American side, cons t ruc t i on  l a t e r  aborted. 
Navigat ion l ock  completed on American side; cons t ruc t ion  had been s ta r ted  i n  
1853. 
Dredging o f  Lake George Channel completed. 
Lock o f  1855 dismantled and replaced by l a r g e r  se t .  
Wei t z e l  Lock on American side completed. 
I n te rna t i ona l  ra i lway br idge completed. 
Dredging o f  Lake N i  c o l e t  Channel completed. 
Canadian Government canal and l ock  completed; o l d  State locks  on American 
s ide  replaced by Poe Lock. 
Construct ion o f  compensating works begun. 
Edi son Hydroe lec t r i c  Canal and power p l a n t  completed; canal d i ve r ted  enough 
water t o  operate 41 turb ines,  each using approximately 10.6 m31s. 
Ship canal through West Neebish Rapids ( rock cu t )  completed. 
Davis Lock on American s ide completed. 
Add i t iona l  37 tu rb ines  added t o  Edison Hydroe lec t r ic  p lan t .  
Hydroe lec t r i c  canal and p l a n t  completed on Canadian side. 
Sabin Lock on American s ide completed. 
Construct ion o f  compensating works completed. 
Widening o f  Middle Neebi sh Channel completed. 
Widening o f  canal through West Neebish Rapids completed. 
MacArthur Lock on American s ide completed, rep lac ing  Weitzel Lock. 
Ab i  t i b i  Paper Company water use reduced from approximately 198 t o  1 m 3  / s  
permanantl y . 
Hydroe lec t r ic  p l a n t  on Canadian s ide redeveloped and capaci ty  increased from 
510 t o  1,076 m3/s. 
Berm constructed t o  main ta in  water l e v e l  over rap ids .  

Table 7. Average discharge o f  the St .  Marys R iver  over the  
rap ids ,  through hyd roe lec t r i c  power p lan ts ,  and through 
nav iga t ion  locks  (Koshinsky and Edwards 1983). 

Area 
Discharge 

(m3 /s )  Percent 

Rapids (compensating works) 99.2 4.7 
U.S. nav iga t ion  l ocks  36 -8  1.7 
Canadian nav iga t ion  l ocks  5.7 0.3 
U.S. Government power p l a n t  359 -5 16.9 
Edi son Saul t E l  e c t r i  c Company 631.3 29.7 
Great Lakes Power Corporat i  on 990.0 46.7 

Tota l  2,122.5 100.0 



between Sugar ,  Neeb ish ,  and S t .  Joseph  
Is lands  i n t o  Munuscong Bay. Subsequently, 
the  West Neebi sh Channel below Lake 
N i c o l e t  was opened t o  sh ipp ing  b y  
e x c a v a t i n g  t h e  West Neeb i sh  Rap ids ,  an 
area now known as " t h e  r ock  cu t "  because 
the  sh ip  channel was l i t e r a l l y  c u t  through 
bedrock. I n  t h e  1920 's  a l l  channels were 
deepened t o  7.4 m and l a t e r  deepened t o  
8.3 m .  A t  p r e s e n t ,  101  km o f  s h i p p i n g  
channe l s ,  r a n g i n g  f r o m  9 1  t o  457 m i n  
w id th ,  extend f rom above t h e  r a p i d s  south 
through Munuscong Bay (Larson 1981). 

T rad i  t i o n a l l  y ,  t he  sh ipp ing  season 
extended f rom i c e  break-up i n  m i d - A p r i l  
through mid-December when i c e  f o rma t i on  
impeded s h i p  t r a f f i c  and ope ra t i on  o f  t h e  
l ocks .  Dur ing the  601s ,  however, demand 
f o r  commodities be ing shipped on t h e  Great  
Lakes increased and t h e  sh ipp ing  season 
was extended p a s t  mid-December t o  e a r l y  
January d e s p i t e  problems caused by i c e .  
La te r ,  t he  R i ve r  and Harbor Act  o f  1970 
and the Water Resources Development Act o f  
1974 au thor i zed  a Winter Nav iga t ion  Demon- 
s t r a t i o n  Program f o r  t he  S t .  Lawrence Sea- 
way. The g o a l  o f  t h i s  p rog ram was t o  
determine the  f e a s i b i l i t y  o f  ex tend ing  t he  
nav i ga t i on  season on t he  Great  Lakes. 
From 1974 through t h e  w i n t e r  o f  1978-79 
the locks  a t  S a u l t  S t .  Mar ie  remained open 
a l l  year and sh ipp ing  was conducted d u r i n g  
w i n t e r  months. Since 1979 the  l o c k s  have 
been c losed  f o r  the season between l a t e -  
December and mid- January w h i l e  opening 
d a t e s  have v a r i e d  be tween 23 March and  
1 A p r i l  ( L i  s ton  e t  a1 . 1986) . The program 
successful  1 y demonstrated t h a t  eng ineer ing  
changes i n  t he  ope ra t i on  o f  l ocks ,  ves- 
se l s ,  ant1 thc r i v e r  i t s e l f  cou ld  extend 
nav i ga t i on  beyond t r a d i t i o n a l  w i n t e r  c l os -  
i n g  dates.  However, r e c e n t  dec l i nes  i n  
the  demand For i r o n  o r e  and o the r  commodi- 
t i e s  have r e s u l t e d  i n  on ly  modest suppor t  
Tor t h i s  program. 

The S t .  Marys R i ve r  i s  u t i l i z e d  as a 
scsrirce o f  water  i n  manufac tu r ing  as w e l l  
as f o r  sh i pp i ng  and hydropower. The 
dominant manufac tu r ing  i n d u s t r y  o f  t h e  
a r e a  i s  t h e  Algoma S t e e l  C o r p o r a t i o n ' s  
s t e e l  m i l l  a t  S a u l t  Ste. Marie,  On ta r i o  
(Acres Consu l t i ng  Serv ice  , Ltd.  1977). 
Th i s  m i l 1  employed 10,000 people i n  
the  m i d - 1 9 7 0 ' ~ ~  b u t  employment l e v e l s  
have d e c l i n e d  s i n c e  t h e n .  The second 
l a r g e s t  i n d u s t r y ,  A b i t i b i  Paper and Pulp 

Corpora t ion ,  i s  a l s o  l o c a t e d  i n  S a u l t  
Ste. Mar ie ,  On ta r io ,  and employs 450 
p e o p l e .  No o t h e r  m a j o r  i n d u s t r i e s  a r e  
l oca ted  a long e i t h e r  s i d e  o f  t h e  r i v e r .  
I n  t h e  p a s t ,  m i n o r  amounts  o f  c o p p e r ,  
l ead ,  and s i l v e r  were mined i n  t he  
S t .  Marys R i ve r  Va l l ey  and do lomi te  was 
q u a r r i e d  on Eas t  Neebish I s l and .  A qua r r y  
on Drummond I s l a n d  was once t h e  w o r l d ' s  
l a r g e s t  producer o f  do lomi te ,  b u t  produc- 
t i o n  has been g r e a t l y  reduced i n  r e c e n t  
years.  Other than d redg ing  o f  m inor  
amounts o f  g rave l  f rom t h e  upper r i v e r ,  
m in i ng  appears t o  have had l i t t l e  d i r e c t  
i n f l u e n c e  on water qual i t y  i n  t h e  r i v e r .  

Water q u a l i t y  th roughou t  most  o f  t he  
r i v e r  i s  good, t h e  e x c e p t i o n  b e i n g  t h e  
a rea  downstream f rom S a u l t  Ste.  Mar ie  
a long  t h e  On ta r i o  sho re l i ne .  Here indus-  
t r i a l  d i s c h a r g e s  f r o m  Algoma S t e e l  and 
Abi  ti b i  Paper have decreased water  qual  i t y  
(Veal 1968). The main contaminants  d i s -  
charged from these i n d u s t r i e s  a r e  phenols ,  
cyanide,  ammonia, and heavy me ta l s  (Acres 
Consu l t i ng  Serv ice  L t d .  1977; Ont. Min. 
Env i ron.  1983). Sediments o f  t h e  upper 
r i v e r  have a1 so been c o n t a m i n a t e d  w i t h  
wood ch ips ,  n i t r ogen ,  and o i l  and grease 
o r i g i n a t i n g  from Algoma S tee l  and Abi t i b i  
Paper (Veal 1968: H i l t u n e n  and Schlosser  
1983 ) .  Sed iments  i n  t h e  v i c i n i t y  o f  a 
former l e a t h e r  tannery  immediate ly  
upstream from the r a p i d s  on t h e  Mich igan 
s i d e  of the  r i v e r  a re  a l s o  contaminated 
w i t h  chromium, cyanide, copper, and l ead  
(Kenaga 1979) . 

COMPARlSONS WITH OTHER CONNECTING 
CHANNELS 

Th is  monograph i s  pub l i shed  i n  t h e  
e s t u a r i n e  p r o f i l e  se r ies ,  a1 though t h e  
S t .  Marys R i v e r  would no t  be cons idered  an 
es tua r y  by most d e f i n i t i o n s  o r  cl ass i  f i c a -  
t i o n  schemes (Cowardin e t  a l .  1979). The 
t e r m  e s t u a r y  i s  most  o f t e n  a p p l i e d  t o  
t r a n s i t i o n a l  environments between mar ine 
and f reshwate r  where s a l  i n i  t y  g rad ien t s  
occur. However, f reshwate r  e s t u a r i e s  a re  
a l s o  recognized. For  t h e  Great Lakes, an 
es tua r y  i s  def ined as " t h e  lower  reach o f  
a t r i b u t a r y  t o  the l a k e  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 i o n  
from stream water t o  l a k e  water ,  and i s  
i n f l u e n c e d  by changes i n  l a k e  l e v e l  as a 



r e su l t  of seiches or wind t ides" ((Bates 
and Jackson 1980). Brant and Herdendorf 
(1972) were among the f i r s t  investigators 
t o  describe the character is t ics  of Great 
Lakes es tuar ies ,  pointing out the i r  physi- 
cal and chemical s im i l a r i t i e s  to  marine 
es tuar ies .  The above definit ion encom- 
passes charac te r i s t i cs  of the S t .  Marys 
River ,  b u t  f o r  comparative purposes we 
have chosen t o  r e f e r  to  t he  r i v e r  a s  
e i t h e r  a r i v e r  system or a Great Lakes 
connecting channel. 

River systems have c lass ica l ly  been 
viewed as  progressions from rocky h i g h -  
gradient headwater streams to 1 ow-gradient 
mud-bottomed r ivers ,  w i t h  channel s pro- 
g r e s s ing  from s t r a i g h t ,  to  b ra ided ,  t o  
meandering patterns (Minshall e t  a1 . 
1985) .  The S t .  Marys River ,  with i t s  
large volume of 01 igotrophic water enter- 
ing a t  the headwaters and re la t ive ly  l i t L  
t l e  flow contributed by t r i bu t a r i e s ,  does 
not f i t  t h i s  c lass ic  view and may well be 
unique among North American r ivers .  The 
discharge of Lake Superior in to  the r iver  
influences the ecosystem in ways analogous 
to the ways large hydroelectric reservoirs 
influence r i ve r s ,  shi f t ing stream ecosys- 
tem s t ructure  and function i n  e i the r  an 
upstream or downstream direct ion,  depend- 
ing on the location of the outflow 
re la t ive  t o  the reservoir  thermocline 
(Ward and Stanford 1983). However, 
natural meteor01 ogical cycles and wind 
conditions acting on Lake Superior make 
discharge conditions l ess  s table  than 
those from hydroelectric dams, and i t  i s  
unlikely t h a t  the influence of discharge 
on ecosystem function or s t ructure  would 
be u n i d i r e c t i o n a l .  The upper reach of 

the Angara River, flowing from the ultra- 
o l i g o t r o p h i c  Lake Baikal i n  t h e  Sovie t  
Union, may be similar to the St.  Marys, 
but comparative data are  lacking. 

The r ivers  most similar to the 
S t .  Marys are other connecting channels of 
the Great Lakes: the S t .  Clair ,  Detroit ,  
Niagara, and S t .  Lawrence Rivers. Like 
the St .  Marys, these r ivers  receive water 
from one Laurentian Great Lake and, 
excep t ing  the  S t .  Lawrence River ,  d i  s- 
charge i n t o  ano the r .  The S t .  Lawrence 
River empties in to  the Gulf of 
S t .  Lawrence below Ste. Foy, Quebec. 
While a l l  the connecting channels share 
cer ta in  physical character is t ics ,  drainage 
patterns from the Great Lakes and human 
settlement have contributed disproportion- 
a l l y  to the degradation of connecting 
channel ecosystems i n  the lower Great 
Lakes. Drainage from the  Great Lakes, 
except  f o r  a minor d ive r s i on  from Lake 
Michigan a t  Chicago, i s  from Lake Superior 
through Lakes Huron and Michigan, Erie, 
and Ontario before f i na l l y  discharging 
i n to  the  S t .  Lawrence River .  Because 
drainage i s  from one lake to another, the 
s ize  of the drainage basin influencing the 
lakes and t he i r  connecting channels 
becomes progressive1 y larger as one moves 
down and o u t  through the Great Lakes 
ecosystem (Table 8). 

While the s ize  of the drainage basin 
has some influence on ecosystem character,  
the major influence on lower Great Lakes 
connecting channels has been patterns of 
human population settlement. Population 
growth in  the  Great Lakes Basin has 
centered in the south, while the northern 

Table 8. Summary of physical charac te r i s t i cs  of Great Lakes connecting 
channel s (Upchurch 1976). 

Total land 
Length Drop Average flow drained 

Channel ( k m )  (m) (m3/s) (km2)  

St .  Marys River 112 6.8 2,100 128,000 
St.  C1 a i r  River 43 1.5 5,300 379,700 
Detroi t  River 5 1 1.0 5,400 397,600 
Niagara River 60 99.3 5,700 456,400 
St. Lawrence River 808 74 .O 6,700 527,100 



por t i ons  o f  t he  basin remain r e l a t i v e l y  
undeveloped. Furthermore, access t o  water 
f o r  human consumption, t r anspo r ta t i on ,  
and i n d u s t r y  has tended t o  c o n c e n t r a t e  
the  greater  popu la t ion  o f  the south near 
Great Lakes connecting channels o r  t r i b u -  
t a r y  mouths. The met ropo l i tan  areas o f  
D e t r o i t ,  Buffalo-Niagara F a l l  s, and 
Montreal a l l  a re  s i t ua ted  along the  lower 
connecting channels. Heavy use o f  these 
waterways f o r  i ndus t r y ,  shipping, e lec-  
tri ca l  power generat ion, and wastewater 
treatment has resu l ted  i n  t h e  degradation 
o f  water qual i t y ,  i nc lud ing  the contamina- 
t i o n  o f  b o t h  water  and sed iments  w i t h  
t o x i c  chemical s. 

These water q u a l i t y  problems, i n  t u rn ,  
have con t r i bu ted  t o  s h i f t s  i n  the 
composition o f  b i o l o g i c a l  communities. 
Today b l  ue-green a1 gae pr'edominate over 
diatoms o r  green algae, and o l igochaetes 
make up >90% o f  the benth ic  fauna i n  some 
reaches o f  the D e t r o i t  R iver  (H i l tunen and 
Manny 1982; Manny e t  a l . ,  unpubl. MS.) .  

Fishes such as ye l low perch (Perca 
f lavescens) and rock bass (Amblopl i tes  
r u p e s t r u s )  have become abundant  i n  t h e  
lower connecting channel s, wh i l e  h i s t o r i -  
c a l l y  important  species such as w h i t e f i s h  
have been e l im inated (Edsa l l  e t  a l . ,  
unpubl . MS. ) . 

While the S t .  Marys River  has su f fe red 
some degradation i n  water q u a l i t y  and has 
been physical1 y a1 te red by humans, i t  
r e t a i n s  more o f  the b i o l o g i c a l  components 
common t o  the e a r l y  Great Lakes than do 
any o f  the o ther  connecting channels. As 
w i l l  be p o i n t e d  o u t  i n  l a t e r  c h a p t e r s ,  
r e l a t i v e l y  l i t t l e  i s  known about the 
in f luence o f  human a c t i v i t i e s  on the 
ecology o f  t he  S t .  Marys River .  I n  l i e u  
o f  e i t h e r  q u a n t i t a t i v e  o r  qual i t a t i v e  
in fo rmat ion  on c e r t a i n  b i o l o g i c a l  
components, pub1 i shed in format ion  from 
o ther  Great Lakes connecting channels may 
shed l i g h t  on mechanisms c o n t r i b u t i n g  t o  
changes i n  populat ion abundance and 
communi t y  pa t te rns  over t ime. 



CHAPTER 2. THE ERlVlROMMENT 

TEMPERATURE, WIND, AND LlGHT 
25 1 

Air Temperature 

Air temperatures  f o r  t h e  S t .  Marys 
River region a r e  derived from the  weather 
d a t a  c o l l e c t e d  a t  t h e  Na t iona l  Weather 
Service Off ice  a t  Sau l t  S te .  Marie, 
Michigan ( N O A A  1984).  Extension of these  
temperatures  t o  t he  e n t i r e  length  of t he  
r i v e r  i s  j u s t i f i e d  based on t he  f i nd ings  
of Greene (1983).  He r e p o r t s  t h a t  from 
November 1971 t o  April 1977 mean monthly 
a i r  temperatures  f o r  Saul t S t e .  Marie, t he  
Dunbar Fo re s t  Experiment S t a t i o n  (some 
22 km s o u t h ) ,  and De Tour Vi l lage ,  
Michigan, a t  t he  mouth of t h e  r i v e r  were 
h i g h l y  c o r r e l a t e d  and t h a t  t h e  s t a t i o n  
means f o r  S a u l t  S t e .  Marie and Dunbar were 
no t  s i g n i f i c a n t l y  d i f f e r e n t .  S t a t i on  
means f o r  De Tour Vi l lage  were s i g n i f i -  
c an t l y  warmer than Saul t S t e .  Marie bu t  
only by 1 t o  2 "C. 

A t  Saul t S t e .  Marie, the  c o l d e s t  month 
of t h e  y e a r  i s  J a n u a r y ,  which a v e r a g e s  
-10.4 "C, while Ju ly  i s  the  warmest month, 
averaging 17.5 "C (F igure  1 3 ) .  Air tem- 
pe ra tu r e s  in  t h i s  a r ea  a r e  moderated 
throughout most of t h e  year  by Lake 
Super ior ,  which seldom f r eezes  over .  
Based on t he  30-year per iod 1951-80, t he  
average f i r s t  day of 0 "C  i n  the  f a l l  i s  
September 27 and t he  average l a s t  occur- 
r e n c e  i n  t h e  s p r i n g  i s  May 26 .  Flost 
summers pass  without  temperatures  reaching 
32.2 "C and  t h e  h i g h e s t  t e m p e r a t u r e  on 
record i s  36.7 "C, which occurred i n  1888. 

Water T e m ~ e r a t u r e  

The water temperatures  of the  S t .  Marys 
River a r e  t y p i c a l l y  co ld  and a r e  near  0 "C  
f o r  4 months of t he  yea r .  Temperatures of 
t he  headwaters a r e  p r imar i l y  d i c t a t e d  by 
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Figure 13. Mean monthly a i r  temperature 
f o r  Sau l t  S t e .  Marie, Michigan. The means 
a r e  computed f o r  a 30-year per iod ,  1951-80 
( N O A A  1984).  

t he  su r f ace  temperatures  of Whitefish Bay, 
which r a n g e  from 0 t o  16 "C ( P h i l l i p s  
1978) .  These waters  a r e  warmer than t he  
main body of Lake Superior ;  a t  t he  time of 
maximum water temperature i n  mid-September 
t h i s  d i f f e r ence  can be a s  g r e a t  a s  4 "C. 
The t yp i ca l  annual cyc le  f o r  Whitefish Bay 
begins with water  temperatures  near 
f reez ing  f o r  t he  months of January,  
February, and March, reaching a minimum 
sometime during March. By l a t e  April the  
waters  begin t o  warm, reaching a maximum 
of 16 "C  by mid-September, a f t e r  which t he  
water  cools  roughly 12 t o  16 "C between 
October and January.  A s i m i l a r  cooling 
cyc l e  has been reported f o r  waters  of the  
power canal  a t  S a u l t  S t e .  Marie, Michigan. 
For those waters ,  t h e  mean da t e  a t  which 
t he  water cools  t o  and remains a t  0 "C i s  
January 2,  a l though the d a t e  ranges from 
December 6 t o  January 20 (Greene 1983). 

Ice forms on the  r i v e r  d i f f e r e n t i a l l y ,  
with broad, shal  low a r e a s  usual 1 y f reez ing  
f i r s t  and f a s t e r ,  and deeper reaches 
f reez ing  l a t e r .  Greene f 1983) reported 
t h a t  Munuscong Lake was t h e  f i r s t  s i t e  t o  



f r eeze  over  du r i ng  h i s  s tudy,  w i t h  a  mean 
da te  of December 17. Raber Bay f r o z e  over 
by December 21, f o l l owed  by  lzaak Walton 
Bay on J a n u a r y  2.  The l a s t  s i t e s  t o  
f r eeze  over ,  a l l  i n  mid-January, were t h e  
f a s t e r  reaches o f  t h e  r i v e r  a t  S i x  M i l e  
P o i n t ,  Upper  Lake N i c o l e t ,  and f i n a l l y  
F reche t t e  Po in t .  Maximum i c e  th i ckness  
a l s o  occurs  d i f f e r e n t i a l l y  a t  d i f f e r e n t  
s i t e s  o f  t h e  r i v e r  b u t  n o t  necessay i l y  i n  
the  same o rde r  as above. I n  f a c t ,  Greene 
(1983) r epo r t ed  t h a t  maximum i c e  th i ckness  
occurred a t  F reche t te  P o i n t  on February 25 
w h i l e  Munuscong Lake d i d  n o t  reach maximum 
i c e  th i ckness  u n t i l  March 16. The p a t t e r n  
o f  i c e  break-up and i c e - f r e e  cond i t i ons  i s  
t he  r eve r se  o f  t h e  f reeze-up t rends :  
f a s t e r ,  deeper areas break up sooner than 
the  slower,  sha l lower  areas. These pa t -  
t e r n s  o f  i c e  g r o w t h  and  decay  can v a r y  
s i g n i f i c a n t l y  f rom yea r  t o  year  (Greene 
19831. 

Waters w i t h i n  emergent wet lands warm 
more r a p i d l y  i n  s p r i n g  and reach g rea te r  
maximum summer temperatures than  water  
o f f  shore. Dur ing  1983, con t i  nuous water 
temperature records  were p rov ided  b y  
r eco rd i ng  t h e r m i s t o r s  p o s i t i o n e d  25 cm 
above the sediment su r face  600 m o f f s h o r e  Figure 14. Loca t i on  o f  the emergent 
f rom the wet land  face ( t h e  face be i ng  t h e  wet land near the  Dunbar Fo res t  Experiment 
boundary between open-water and emergent S ta t i on .  
p l a n t s ) ,  60 m shoreward, and 240 m shore- 
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Nicolet Wetland 

ward o f  t he  west N i c o l e t  Lake wet land face  
(F igure  14; L i s t o n  e t  a l .  1986). D a i l y  
water  temperature records  f rom t h e  S a u l t  
E d i s o n  power c a n a l  a t  Sau l  t S t e .  M a r i e  
were a l s o  a v a i l a b l e  f o r  comparison w i t h  
Lake N i c o l e t  reach  da ta .  Water tempera- 
t u r e s  r e c o r d e d  a t  t h e  power c a n a l  were  
s i m i l a r  t o  mean d a i l y  water temperatures 
a t  t h e  o f f s h o r e  s i t e  i n  Lake  N i c o l e t .  
D i f ferences were genera l1  y  ~ 1 . 0  "C, 
i n d i c a t i n g  l i t t l e  s p a t i a l  v a r i a b i l i t y .  
Th i s  was n o t  the  case when o f f s h o r e  
channel water temperatures were compared 
t o  t e m p e r a t u r e s  o f  w a t e r  masses a t  two 
l o c a t i o n s  w i t h i n  the  wet land (F i qu re  15 ) .  

i n  t h i s  a r e a  thawed,  t e m p e r a t u r e s  r o s e  
a b r u p t l y  and exceeded o f f s h o r e  channel 
temperatures by 1 t o  6  "C u n t i l  l a t e  J u l y .  
Both wet land s i t e s  were warmer than chan- 
n e l  waters  u n t i l  August and were n e a r l y  
t h e  same a t  a l l  l o c a t i o n s  f o r  t h e  l a s t  
3 weeks i n  August and t h e  f i r s t  week o f  
September. Therea f te r ,  wet land s i t e s  
decreased i n  temperature more r a p i d l y  than 
t h e  channel wa te rs .  The wet land s i t e  fa r -  
t h e s t  f rom t he  shore reached 0 "C 4 weeks 
e a r l i e r  than t he  channel, and i c e  sheets 
formed on the  wet lands p r i o r  t o  fo rmat ion  
i n  the  ad j acen t  channel. 

I c e  went o f f  t h e  wet land du r i ng  t h e  f i r s t  Growth o f  t h e  i c e  sheet  was measured i n  
week i n  A p r i l  1983, w h i l e  i c e - o f f  on t h e  t h e  west Lake N i c o l e t  wet land du r i ng  the  
ad jacen t  n a v i g a t i o n  channel began i n  w i n t e r  o f  1982-83 ( L i s t o n  e t  a1 . 1986).  A 
March. Water temperature c l o s e s t  t o  t he  t h i n  s h e e t  o f  i c e  was p r e s e n t  by l a t e  
shore r ose  r a p i d l y  near t h e  t ime o f  i c e -  December. It grew g r a d u a l l y  t h i c k e r  u n t i l  
o f f  and q u i c k l y  exceeded o f f shore  channel i t  reached a maximum th ickness  o f  60 cm i n  
temperatures (F igure 151. There was mid-February i n  o u t e r  p o r t i o n s  o f  t he  wet- 
approx imate ly  a I-week l a g  i n  temperature land .  Systems o f  cracks were observed i n  
inc rease  f o r  t h e  wet land a rea  c l o s e r  t o  t h e  i c e  sheet, b u t  open c racks - - t yp i ca l  o f  
t h e  channel.  Once t h e  wet land sediments hinges between anchored shore-zone i c e  and 
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Figure 15. Mean daily water tempertures for two s i t e s  within the Dunbar emergent 
wetland and adjacent navigation channel in 1983. 

floating ice moving with waves and 
currents--were never observed. Borings 
made along four transects of t h i s  wetland 
in mid-January 1983 revealed that in the 
nearshore areas the ice sheet was verti- 
cally continuous with the upper surface 
layers of the sediments, where over 90% of 
the emergent plant rootstocks were 
loca ted .  These data suggested t h a t  a s  
winter progressed, thi s frozen sediment- 
ice junction would extend further towards 
the channel. If hinges did not occur in 
the ice sheet, vertical movement of the 
sheet caused by waves moving onshore from 
channel areas could up l i f t  and detach 
p lan t  roots tocks  from sediments a t  the 
frozen sediment-ice junction. Wind driven 
waves are l ikely to cause such disruption 
in shallow water portions of the wetlands 
during early ice sheet formation when open 
water ex is t s  offshore in the river.  Water 
movements associated with winter naviga- 
tion would be the sole cause of disruptive 
up l i f t  forces during the time of l a t e  ice 
sheet development and during the winter 
period of stable maximum ice sheet thick- 
ness, when offshore waters are frozen. 

occurred in very shallow water near the 
shore zone. During t h i s  phase, the i c e  
sheet remained vert ical ly  continuous with 
frozen sediments in intermediate depths 
( c a .  0 . 4  m )  i n  the wetland. Ice f l o e s  
moved down offshore channels before ice on 
the wetland broke up.  As offshore areas 
cleared of ice ,  ice floes were exported 
from the upstream outer  f r i nges  of the  
wetland. These f loes  tended to be 
imported by currents into other portions 
of the wetland downstream. The potential 
fo r  imported f l o e s  t o  a f f e c t  the  root-  
stocks in sediments of wetlands appeared 
dependent on water. depth, size and thick- 
ness of f loes ,  and force of movement of 
f loes .  A t  intermediate water depths in 
the wet1 and, sediments wi t h  rootstocks 
tended to remain frozen as  the ice sheet 
thinned, broke u p ,  and cleared. During 
the ice-off process, movement of ice by 
currents and waves appeared to  have 
potential for local ized disruptions of 
rootstocks, particularly a t  intermediate 
water depths i n  the wetland. 

Wind Patterns 

During the early phases of the spring Phill ips (1978) presented wind data fo r  
ice-off process, thawing and opening Lake Superior w i  t h  reference to Whitefish 



Bay and Sault  Ste .  Marie. Whether these 
data are  applicable to the en t i r e  length 
of the St .  Marys River i s  unknown. Lake 
Superior l i e s  i n  the mid-latitude zone of 
westerly winds. Northwest and southwest 
winds blow about  40% of t he  t ime, w i t h  
wind speeds averaging between 8 and 15 m/s 
over the lake. Light ( l e s s  than 4 m/s), 
pers is tent  winds are much l e s s  frequent 
over the  l ake  a s  compared t o  land s t a -  
t ions .  A t  Sault Ste. Marie these l i g h t  
surface winds are  l e a s t  frequent i n  the 
spring, occurring about 46% of the time, 
and most frequent during the summer and 
ear ly  fa l l  months, when they occur about 
65% of the time. These l i g h t  winds are 
strongly affected by urban areas,  land- 
forms, lakes,  and streams. Variations i n  
diurnal wind speeds follow the usual 
pattern of higher veloci t ies  during 
mid-afternoon, w i t h  1 ower speeds a t  
sunrise and toward dusk. There i s  a l so  a 
frequent local c i rcula t ion pattern of ai r 
from lake t o  land during the daytime and 
from the land to lake during the nighttime 
because of a i r  and water temperature 
differences . 

Lake Superior and, s imilar ly ,  the 
St. Marys River a re  subject  t o  important 
wind-driven forces such a s  waves and 
seiches. Wind speeds are  generally higher 
over the lake due to the re la t ive  lack of 
f r i c t i on ,  and a r e  especial 1 y strong when 
t he  d i r e c t i o n  a l lows  a long f e t c h  over 
open wate r .  St ronq,  prevai  1 ing nor th -  
westerly winds cause the formation of 
large waves which can travel long 
distances before reaching Whitefish Bay 
and the headwaters of the S t .  Marys River. 
The h ighes t  repor ted  1-min wind on the  
lake was 41 m/s in June 1950. A t  Saul t 
Ste. Marie, Ontario, the f a s t e s t  wind was 
24 m/s i n  November 1963 (Ph i l l ips  19781, 
and a t  Sault Ste. Marie, Michigan, a wind 
speed of 27 mJs was recorded in November 
1975 (NOAA 1985): both land values were 
s ignif icant ly  l e s s  than that  reported fo r  
the lake. For Sault  Ste. Marie, Michigan, 
Phi l l ips  (1978) compared wind directions 
during wet and dry periods for  4 months 
(January, April , July, and October) over a 
9-year period, 1963-71. Prevai 1 i ng wind  
direction during wet weather in January 
was from the northwest or west, w i t h  south 
winds two t o  three  times more l ike ly  t o  
occur during wet weather. Northwest and 

west winds had an almost equal chance of 
occurring on dry as  wet days. A wet day 
i s  defined as one in which a measurable 
amount (0.2 m m )  of precipitation occurs 
over most of t h e  land ba s in .  Winds i n  
April had a much greater directional 
va r iab i l i ty ,  blowing for more than ha1 f 
the time from the southerly quadrant. 
Winds with an eas te r ly  component predomi- 
nated, especially southeasterl ies during 
wet weather, and exceeded 15% frequency of 
occurrence. Summer winds returned to 
being predominantly from the westerly 
quadrant and there was an equal percent 
frequency of occurrence (35%) of b o t h  wet 
and dry weather winds from the west. 
October wind direct ions  begin to resemble 
January patterns and are mostly from the 
wester1 y quadrant. Overall , the prevai 1 - 
ing winds are from the westerly quadrant. 

Regions of wide expanse ( for  example, 
Lake Nicolet and Munuscong Lake) have 
shorelines variously exposed t o  waves and 
currents.  Shores with the most exposure 
have no emergent vegetation; the bottom i s  
rock or shif t inq sand. Where emerqent wet- 
lands do occur, two vegetation types 
appear to  r e su l t  from the degree of 
exposure : ( 1 )  1 east-protected s i t e s  have 
sc;rpus americanus o r  Eleochari s smallii 
as the dominant vegetation types, and 
(2 )  most-protected s i t e s  have Scirpus 
acutus and Sparganium eurycarpum as  the 
dominant vegetation types. 

Least-protected s i t e s  occur along the 
eastern or windward shore of the r iver  and 
are subjected t o  the greates t  amount of 
wind-generated waves. Some most-protected 
s i t e s  occur on the eastern shore of the 
r i v e r  b u t  a r e  found i n  s h e l t e r e d  loca-  
t ions ,  such as  Baie de Wasai and Shingle 
Bay i n  Lake Nicolet. The western shore of 
the Lower S t .  Marys River l i e s  in  the lee  
of the prevailing winds and development of 
most-protected emergent wetlands i s  more 
pronounced along tha t  shoreline.  The 
large t r a c t  of Scirpus acutus and 
Spargani um eurycarpum tha t  extends from 
jus t  north of the Charlotte River north- 
ward 10 t o  12 km i s  a good example of 
wetland development on a most-protected 
s i t e .  This s i t e  i s  described i n  deta i l  i n  
Liston e t  a l .  (1986) and portions of i t  
are shown i n  Figure 24.  



L i g h t  

L i g h t  i s  a n o t h e r  impor tan t  environmen- 
t a l  p a r a m e t ~ r  p rov id ing  phys ica l  energy t o  
t h e  S t .  Marys River .  This energy not  only  
h e a t s  t h e  wa te r  and sediments i n  shal low 
reaches  of t h e  r i v e r  bu t  a l s o  p rov ides  the  
energy needed by t h e  primary producers  f o r  
p h o t o s y n t h e s i s .  These organisms u t i  1  i  ze 
e l e c t r o m a g n e t i c  r a d i a t i o n  i n  t h e  wave band 
from 400 t o  700 nm ( r e f e r r e d  t o  a s  photo- 
s y n t h e t i c a l  1  y  a c t i v e  r a d i a t i o n  o r  P A R ) .  
PAR photon f l u x  d e n s i t y  (FFD), which i s  
e x p r e s s e d  a s  m o l e s  o f  p h o t o n s  p e r  u n i t  
a r e a  per  u n i t  t ime ,  v a r i e s  c o n s i d e r a b l y  on 
both a  s h o r t -  and long-term b a s i s .  Short -  
term f l u c t u a t i o n s ,  on t h e  o r d e r  of minutes  
o r  days ,  a r e  t h e  r e s u l  t of  v a r i a b l e  c loud 
cover and a tmospher ic  m o i s t u r e ,  both of 
which reduce  t h e  amount of  s o l a r  r a d i a t i o n  
impinging on t h e  r i v e r .  Long- term 
f l u c t u a t i o n s ,  o r  annual c y c l e s ,  a r e  the  
r e s u l t  of  t h e  changing a n g l e  of  the  sun. 
f~laximum i n s t a n t a n e o u s  P A R  photon f l u x  
d e n s i t i e s  measured a t  t h e  s u r f a c e  of the  
w a t e r s  o f  t h e  S t .  Marys River  a r e  abou t  

1,900 microEinste2ns  p e r  meter squared per  - 1 s e c o n d  ( v E  . m- s e c  ) and o c c u r  n e a r  
s o l a r  noon on c l o u d l e s s  days i n  summer. 
T y p i c a l l y ,  v a l u e s  a r e  much l e s s  than t h i s  
s i n c e  t h i s  a rea  i s  predominated by cloudy 
days and high l e v e l s  o f  a tmospher ic  mois- 
t u r e .  Da i ly  P A R  v a l u e s  measured f o r  t h e  
S t .  Marys River  a t  t h e  Dunbar F o r e s t  
E x p e r i m e n t  S t a t i o n  ( 4 6 "  1 9 ' N ,  8 4 "  8'W) 
v a r i e d  g r e a t l y  b u t  showed a  gradual  
i n c r e a s e  from minimal v a l u e s  i n  the  w i n t e r  
t o  t h e  h i g h e s t  v a l u e s  dur ing  the  summer 
( F i g u r e  1 6 ) .  In some c a s e s ,  d a i l y  photon 
f l u x  v a l  u e s  e x c e e d e d  t h e  maximum f u l  i- 
sun? i g h t  curve .  However, t h e  maximum 
photon f l  ux curve was e m p i r i c a l l y  de r ived  
from r e l a t i v e 1  y  lonq-term P A R  records  f o r  
t h e  s i t e .  F i g u r e  17 i l l u s t r a t e s  the 
maximum f u l l - s u n 1  i g h t  curve  on which i s  
superimposed t h e  growing season f o r  
emergent and submersed p l a n t s  using 
germinat ion t empera tu re  t h r e s h o l d s  f o r  
s t a r t  i n  t h e  s p r i n g  and f i e l d  o b s e r v a t i o n s  
f o r  t h e  end  i n  t h e  f a l l  ( L i s t o n  e t  a l .  
1986) : the  pe r iod  of i c e  and snow cover i s  
a l s o  shown. 
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Figure 16. Annual c u r v e  of  p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  ( P A R )  400 t o  700 nm a t  
t h e  Dunbar F o r e s t  Experiment S t a t i o n .  The smooth upper l i n e  r e p r e s e n t s  t h e  c a l c u l a t e d  
f u l l - s u n l i g h t  maximum curve  f o r  t h a t  l o c a t i o n ;  1982 d a i l y  v a l u e s  p l o t t e d  below ( L i s t o n  
e t  a1 . 1986; McNabb, unpubl . d a t a ) .  
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Figure 17. Calcula ted  f u l l - s u n l i g h t  maximum curve f o r  t he  Dunbar F o r e s t  Experiment 
S t a t i on  showing i c e  and snow cover on t h e  S t .  Marys River and t h e  growing season f o r  
submersed and emergent a q u a t i c  p l a n t s  (McNabb , unpubl . da t a )  . 

PRECIPITATION AND HYDROLOGY Hydro1 ogy 

Water budgets f o r  Lake Superior  were 
P r e c i p i t a t i o n  developed by both t h e  In t e rna t i ona l  J o i n t  

Commission (presen ted  i n  Matheson and 
Munawar 1978) and Bennett  (1978).  Both 

The winters i n  the St. Marys River area a r e  i n  c lo se  agreement and show t h a t  t h e r e  a r e  cold and snowy wi th  t o t a l  snow-fa" a r e  only two major l o s s e s  of water  from 
accumulations ranging from a minimum o f  the l a k e :  by o u t f l o w  the St .  M~~~~ 

i n  1899-1900 to a h i g h  O f  4.54 River o r  by evapora t ion .  Losses of  water  
during t he  win te r  of 1976-77. November 21 by m u n i c i p a l  o r  i n d u s t r i a l  uses or by i s  the average date for the appearance of g round-wa te r  f l ow  a r e  c o n s i d e r e d  t o  be  
permanent snow 'Over w h i c h  nOma'ly neg l ig ib l e .  Outflow t o  t he  S t .  Marys River  
remains u n t i l  Apri l  7. accounts  f o r  65% of t h e  t o t a l  l o s s e s .  

The fo l lowing  a r e  30-year (1951-80) Outflow from Lake Super ior  v i a  t h e  
averages f o r  p r e c i p i t a t i o n  ( a s  water S t .  Marys River has been recorded s i n c e  
equ iva l en t s )  a t  Sau l t  S te .  Marie, Michigan 1860 and has f l u c t u a t e d  g r e a t l y  (Fig-  
(NOAA 1985). The annual mean i s  85.0 cm. u r e  1 8 ) .  The mean f l o w  r a t e  f o r  t h e  
Monthly v a r i a t i o n s  a r e  s i g n i f i c a n t  : 124 yea r s  of record ( 1860-1984) i s  
February i s  the d r i e s t  month, w i t h  a 2,144 m 3  I s ,  while  monthly r a t e s  have 
normal monthly mean of 4 . 3  cm, while ranged  from a minimum o f  1 , 1 6 1  mJ/s i n  
September is w e t t e s t ,  w i t h  a monthly mean September 1955 t o  a maximum of 3,597 m3/s 
of  9 - 9  em. Monthly a v e r a g e s  o v e r  t h e  i n  August 1943. I t  should be noted t h a t  
30-year vecord a r e  a1 so q u i t e  v a r i a b l e .  s i nce  t he  completion of t h e  Long Lac and 
The minimum monthly average was 0.4 cm f o r  Ogoki Diversions i n  t he  19401s,  i n  which 
October 1963, while  t h e  maximum monthly some waters  o r i g i n a l l y  d r a in ing  north i n t o  
average was 24.1 cm f o r  August 1974. James Bay were d i v e r t e d  t o  Lake Super ior ,  
Maximum p r e c i p i t a t i o n  i n  24 hours ranged t h e r e  has  been an i nc r ea se  i n  t he  annual 
ton a monthly b a s i s )  from a low of 2.8 cm flow. The e f f e c t  o f  these  d ive r s ions  has 
i n  February 1977 t o  a high o f  15.0 cm i n  been an i nc r ea se  of 196 m 3 / s  i n  t h e  mean 
August  1974.  These  d a t a  a r e  i n  c ' l o se  d i s c h a r g e  of  S t .  Marys R i v e r -  Monthly 
agreement t o  va lues  r epo r t ed  by P h i i i i p s  flows (mean, maximum, and minimum) of  t h e  
(1978) f o r  o v e r a l l  averages of p r e c i p i t a -  r i v e r  from 1900 t o  1978 a r e  presented i n  
t i o n  on Lake Superior .  F i g u r e  1 9 .  The f l o w  i s  l e a s t  i n  March 
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Root River da t i ng  back t o  1971. On t h e  
U.S. s i d e  t h e r e  have  been no f l ow  d a t a  
co l l ec t ed  on t r i b u t a r i e s  d r a in ing  i n t o  t he  
r i v e r .  However, L i s t o n  e t  a l .  ( 19861 ,  
using da ta  presented by Sommers (1977) f o r  
annual p r e c i p i t a t i o n ,  runoff  , and ground 
water ,  es t imated  annual d i scharge  f o r  
var ious  por t ions  of  t h e  immediate 
wa te r shed  of t h e  S t .  Marys R i v e r  below 
Mission Po in t  on the  U.S. s i d e  (Table 9 ) .  

The l a r g e s t  drainage basin a f t e r  Lake 
Superior i s  t he  Munuscong River ~ h i c h  was 
est imated t o  d i scharge  1.9 x 10- m 3  per  
yea r .  During 1982 the  average d i scharge  
of the  S t .  Marys River a t  Saul t S t e .  Marie 
was 1,988 m3/s .  Using t he se  va lues ,  i t  
can be c a l c u l a t e d  t h a t  t h e  annua l  d i s -  
charqe of the Munuscong River was equaled 
by 16 min of d i scharge  f o r  the  r i v e r  a t  
Sau l t  S te .  Marie i n  1982. Mean d ischarge  
f o r  the t o t a l  watershed was est imated t o  
be 0 .15  m3/s ( T a b l e  9 ) .  I n  1982 ,  t h i s  
discharge r a t e  was 0.007% of t he  average 
discharge of t h e  S t .  Marys River a t  S a u l t  
S t e .  Mar ie .  I t  i s  a p p a r e n t  from t h e s e  
cal c u l a t i  ons t h a t  Lake Superior  e x e r t s  t he  
most in f luence  on the  water budget of t he  
S t .  Marys River.  

channels from Lake Flicolet during t he  
i n t e r v a l  Apri l -October 1983. Total 
discharge from t h i s  reach o f  t he  r i v e r  fo r  
t h i s  p e r i o d  was found t o  be 74% of t h e  
r i v e r ' s  d i s c h a r g e  a t  S a u l t  S t e .  Mar i e .  
Flushing r a t e s  (d i scharge  d iv ided  by l ake  
volume) were ca lcu la ted  and found t o  
average 1.31 lake  volumes per day. I t  i s  
c l e a r  from these  r e s u l t s  and hydrographic 
f e a t u r e s  of lower r e a c h e s  of t h e  r i v e r  
t h a t  any m a t e r i a l s  i n  so lu t i on  o r  
suspension tend t o  be t r anspo r t ed  through 
t h e  l e n g t h  of t h e  S t .  Marys R ive r  i n  a 
s h o r t  p e r i o d  of  t ime  ( d a y s ) .  However, 
t h i s  i s  a gene ra l i z a t i on  and comparisons 
between near-channel s i t e s  and s i t e s  
c lo se r  t o  shore in  t he  broad reaches of 
t he  r i v e r  showed a r e a s  of s t agna t i on  
( L i  ston e t  a1 . 1986) . 

NOAA (1985) r e p o r t s  t h a t  t he  s w i f t e s t  
c u r r e n t s  in  the  navigable channel s occur 
a t  t h e  L i t t l e  Rapids  C u t ,  where s p e e d s  
vary from 1 . 0  m/s a t  a high water 
discharge of 3,115 m3/s  t o  0.6 m/s a t  a 
low water d i scharge  of 1,614 mVs--a 36% 
reduc t ion  i n  speed f o r  those  two discharge 
extremes. In o t h e r  reaches  of the r i v e r  
t he  speed can be reduced by a s  much a s  46% 
between those t w o  l e v e l s  of d i scharge .  

Discharge measurements were made by Current v e l o c i t i e s  l e s sen  away from the  
Liston e t  a l .  (1986) on t he  o u t l e t  n a v i g a b l e  c h a n n e l s  (U.S.  Army Corps of  

Table 9. Area of po r t i ons  of t h e  immediate watershed of t he  
S t .  Marys River below Mission Po in t  and e s t ima te s  of volumes 
of water in  runoff per  year  and per second (from Liston e t  
a l .  1986).  

Area Runoff Mean 
Region f k m z )  (m3//yr) (m3/s )  

I s lands :  
Sugar Is land 44 183,860 0.01 
Neebish I s land  5 5 229,820 0.01 
S t .  Joseph I s land  146 449,300 0.01 
Lime I s f  and 4 13,000 0.01 

Mainland : 
Above Cha r lo t t e  River 86 358,920 0.01 
Cha r lo t t e  f f i  ver  187 642,920 0.02 
L i t t l e  Munuscons River 179 576,910 0.02 
Munuscong ~i ver"  
Gogomai n River 

To ta l s  1,358 4,589,640 0.14 



E n g i n e e r s  1984) and i n  some a r e a s  a r e  
v i r t u a l l y  n i l  along the  shore l ine  unless 
induced by winds or the  passage of 
commercial v e s s e l s .  McNabb e t  a l .  (1986) 
found t h a t  c u r r e n t  speed in a channelized 
a r e a  of  an emergent  we t l and  a l o n g  t h e  
r i v e r  in t he  Lake Nicolet  reach went from 
0.0 m/s t o  1.0 m/s a s  a commercial vessel 
passed the study s i t e .  

The water l e v e l s  of t h e  S t .  Marys River 
a r e  s u b j e c t  t o  t h r e e  t y p e s  o f  f l u c t u a -  
t i o n s :  s e a s o n a l ,  long r a n g e ,  and s h o r t  
p e r i o d .  Seasona l  f l u c t u a t i o n s  cove r  a 
period of 1 yea r ,  long-range f l u c t u a t i o n s  
a few o r  many y e a r s ,  and s h o r t  p e r i o d  
f l u c t u a t i o n s  from several  minutes t o  a few 
days. Seasonal f l u c t u a t i o n s  a r e  the  most 
r egu la r ,  w i t h  h ighes t  water l e v e l s  occur- 
r i n g  d u r i n g  t h e  summer and t h e  l o w e s t  
occurr ing during the win ter .  These f luc-  
t u a t i o n s  a r e  t h e  r e s u l t  o f  a number of  
f a c t o r s ,  including p r e c i p i t a t i o n ,  evapora- 
t i on ,  and runoff .  These a r e  compounded by 
the  regula ted  monthly flows of the r i v e r  
a t  Saul t S t e .  Marie. On average the re  i s  
about a 0 . 3  m change i n  water-level f luc-  
tua t ion  during a yea r .  Long-range f l  uctu- 
a t i o n s  have been more d r a m a t i c ,  wi th  a 
1.2 m d i f f e r ence  between t h e  h ighes t  and 
lowest  monthly mean l e v e l s  i n  the Upper 
S t .  Marys R ive r  and 1 . 5  m i n  t h e  lower 
r i v e r  over t he  l a s t  80 yea r s  ( N O A A  1985). 
Short-period f l u c t u a t i o n s  can a1 so be 
qu i t e  dramatic a s  i nd i ca t ed  by one 
r eco rded  e v e n t  i n  which t h e  change i n  
s tage height  varied by over 1 .5  m within a 
3-h period.  Typical ly t he se  events '  a r e  
much l e s s  d r a m a t i c  and ephemera l ,  wi th  
changes i n  water leve l  varying by a few cm 
and l a s t i n g  only a matter  of hours. These 
short-period f l  uc tua t i  ons a r e  t yp i ca l ly  
caused by winds, sudden changes in baro- 
met r ic  pressure ,  s e i ches  (which a r e  o sc i l -  
l a t i o n s  caused  by one o r  bo th  of  t h e  
former) ,  and increased discharge of the 
r i v e r  . 

smaller  sh ips  have been rep1 aced by newer, 
l a rge r  ones. I n  1981, 526 d i f f e r e n t  sh ips  
used the locks (Lis ton  e t  a l .  1986);  o f  
those ,  13 were of t he  l a r g e s t  s i z e  c l a s s  
t h a t  t rave l  the Great Lakes (305 m 1 ong) . 
Wuebben (1983)  has modeled t h e  e f f e c t s  
expec t ed  on s h o r e l i n e  a r e a s  of t h e  S t .  
Marys River  from t h e  pas sage  o f  t h o s e  
l a rge  sh ips .  A pr inc ipa l  e f f e c t  of  these ,  
and of  v e s s e l s  of s m a l l e r  s i z e ,  i s  t h e  
c rea t ion  of a water cycle i n  which t h e r e  
i s  a drawdown along ad j acen t  shore1 ines a s  
sh ips  pass and then subsequent resurgence 
of water back i n t o  the area of  drawdown. 

An i n t ens ive  study of t he  e f f e c t s  of 
sh ip  passage a t  var ious  wetland and one 
nonwetland s i t e  of the  S t .  Marys River was 
undertaken during 1984 by McNabb e t  a l .  
(1986).  They ca tegor ized  the var ious  
wetland s i t e s  s tud ied  (F igure  20) and 
estimated the drawdown t h a t  would occur i f  

Additional in f luences  on the  hydrology 
of t h e  S t .  Marys River a r e  qenerated by 
commercial ca rgo  s h i p s  a s  t hey  p l y  t h e  
waterway (Alger 1979; Wuebben 1983; McNabb 
e t  a l .  1986).  Between 1970 and 1981, the  Figure 20. S i t e s  of t he  S t .  Yarys River 
number of times sh ips  passed through the monitored during commercial ship passages 
locks a t  S a u l t  S t e .  Marie ranged from a f o r  t h e  operi-water per iod  of 1984. A 
minimum of 11,059 in  1977 t o  a maximum of through E a r e  emergent wetland s i t e s ;  F i s  
13,991 i n  1973. In r ecen t  yea r s ,  the  num- a nonemergent-wetland s i t e  (McNabb e t  a ? .  
ber of  passages has decreased a s  o l d e r ,  1986) .  



a 305-111 s h i p  moving a t  the e x i s t i n g  speed 
l i m i t  passed those s i t e s  (Tab le  10 ) .  The 
e s t i m a t e s  o f  drawdown a r e  f r o m  Wuebben 
(1983) and the c a t e g o r i z a t i o n  i s  based on 
i n t e r p r e t a t i o n  o f  ob l  i que  a e r i  a1 photo- 
graphs taken d u r i n g  November 1983 and 
e a r l i e r  work on those wet lands by L i s t o n  
e t  a l .  (1986).  

A t  t h e  samp l i ng  s i t e  f o r  each  s h i p  
passage, changes i n  water l e v e l ,  c u r r e n t  
d i r e c t i o n ,  and v e l o c i t y  were measured. I n  
t o t a l ,  130 s h i p  passages were moni tored 
d u r i n g  1984 (McNabb e t  a1 . 1986). A pre-  
d i c t a b l e  p a t t e r n  o f  water  movement 
occurred a t  these s i x  s i t e s  (F i gu re  20A-F) 
f o r  many o f  those events .  The water c y c l e  
i l l u s t r a t e d  i n  F igure  21 i s  app l i cab l e ,  i n  
a  gene r i c  sense, t o  water  c yc l es  c rea ted  
a t  o t h e r  s i t e s  du r i ng  va r i ous  s h i p  
passages, 

The wate r  c y c l e  assoc ia ted  w i t h  sh i p  
passage i s  d i v i d e d  i n t o  f i v e  phases: 
i n i t i a l  , s tand ing  wave, drawdown, surge, 
and postpassage (separa ted  by dashed 
v e r t i c a l  l i n e s  i n  F i gu re  21). The f i r s t  
phase ( i n i t i a l )  i s  cha rac te r i zed  by l i t t l e  
o r  no change i n  water l e v e l  and ambient 
c u r r e n t  v e l o c i t i e s ,  which f o r  t h i s  vessel 
passage were z e r o .  I n  t h e  second phase 
(s tand ing  wave) , the  water 1  eve1 i ncreased 
and c u r r e n t  v e l o c i t i e s  were de tec ted  f o r  
the  f i r s t  t ime .  Cur ren ts  generated were 

d i r e c t e d  towards the  shore, reached 
maximum v e l o c i t y  midway through t h e  phase, 
t h e n  r e t u r n e d  t o  z e r o .  Drawdown began 
a f t e r  t h e  w a t e r  l e v e l  had r e a c h e d  i t s  
h i g h e s t  e l e v a t i o n ,  when cu r ren t s  were 
d i r e c t e d  away f rom t h e  wet land and towards 
t h e  n a v i g a t i o n  channel. The g r e a t e s t  
c u r r e n t  v e l o c i t y ,  0.2 m/s, was no ted  i n  
t h i s  phase. For  o t he r  ship-passage 
events,  maximum c u r r e n t  v e l o c i t i e s  were 
usual1 y  noted d u r i n g  drawdown a1 though 
some occurred du r i ng  the  n e x t  phase, t h e  
surge. Drawdown con t inued  u n t i  1 t h e  
c u r r e n t  d i r e c t i o n  reversed i t s e l f  and f l o w  
was d i r e c t e d  back towards t he  shore. T h i s  
f l o w  reve rsa l  began a f t e r  t he  water l e v e l  
had reached i t s  lowes t  p o i n t ;  t h i s  marked 
t h e  beg inn ing  of t he  surge o f  water  back 
i n t o  t h e  w e t l a n d .  The su rge  c o n t i n u e d  
u n t i l  c u r r e n t  v e l o c i t i e s  d im in ished  t o  
a l m o s t  z e r o  and  w a t e r  l e v e l  n e a r e d  t h e  
base l i ne .  The f i n a l  phase o f  t h e  water  
c y c l e  (postpassage) was cha rac te r i zed  by 
wa te r - leve l  f l u c t u a t i o n s  around t he  base- 
l i n e  and c u r r e n t  v e l o c i t i e s  t h a t  exceeded 
ambient cond i t i ons .  I t  was du r i ng  pos t -  
passage t h a t  waves c rea ted  by the wake o f  
t h e  pass ing s h i p  crossed the  sampling 
s t a t i o n .  T h i s  c y c l e  t y p i f i e s  water  
movements assoc i a t ed  w i t h  sh ip  passage f o r  
a l l  o f  t h e  e v e n t s  m o n i t o r e d  d u r i n g  t h e  
study, b u t  t h e  magnitude o f  t h e  va r i ous  
sh ip- induced phenomena v a r i e d  cons iderab ly  
between events  (McNabb e t  a l .  1986). For  

Table 10. Vegeta t iona l  s t a t u s  o f  va r i ous  emergent wet land 
s i t es  o f  t h e  S t .  Warys R i v e r  and p r e d i c t e d  vessel-passage 
e f f e c t s .  A d i s t u r b e d  vege ta t i on  p a t t e r n  i s  one i n  which t h e r e  
a r e  a1 s t i n c t  d ~ s r u p t l o n s  w i t h i n  t h e  emergent wet lands (McNabb 
e t  a l ,  1986). 

P red i c t ed  
Vege ta t ion  Vegetat ion drawdown 

~i t e a  type p a t t e r n  (m)  

A Mos t - p ro tec ted  Undis turbed 0.06 
5 Most-protected D is tu rbed  0.39 
C Lea s t - p ro tec ted  D i s t u rbed  0.29 
D Most-protected Undis turbed 0.20 
E Most-protected D i  s tu rbed  0.49 
F None -- 0.30 

a ~ i  t e s  r e f e r  t o  F i gu re  20. 
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Figure 21. Water-level changes and current ve loc i t i es  
g e n e r a t e d  by the  upbound passage of the Ashley L kes on 
30 July  1984 a t  wetland Si te  B of the S t .  Marys Rlvek+abb 
e t  a l .  1986). 

the 130 ship-passage events, the greates t  THE UNDERWATER REALM 
current ve loc i t i es  recorded were around 
1.0 m/s, which i s  approximately the same 
a s  the  f a s t e s t  c u r r e n t s  t h a t  have been 
measured i n  the r i ve r .  The to ta l  change 
i n  water level within these s i t e s  ranged 
from 0.01 to  0.70 m .  Overall, the 
influence of vessel passage on wetlands 
varied considerably from s i t e  to  s i t e .  

No one factor d ic ta tes  the extent to 
which water levels f luctuate  and current 
vel oci t i e s  are  generated. Factors such as 
vessel  l e n g t h ,  beam, d r a f t ,  speed, and 
hull design, as  well a s  distance from the 
wetland and basin morphometry , a17 con- 
t r i bu t e  to  the hydrological changes t h a t  
p l a n t s  exper ience a s  sh ip s  pass .  The 
plants themselves probably a1 so influence 
the extent and magnitude of these fluxes. 

Water Clari ty 

Water entering the S t .  Marys River is 
exceptionally c lea r  for  a  large r ive r  i n  
the Upper Great Lakes region. Calculated 
extinction coeff ic ients  for  Upper Lake 
Nicolet for  wavelengths between 400 and 
700 rlm ranged from 0.35 to  0.94fm. These 
coeff ic ients  are a  measure of the attenua- 
t i o n  of l i g h t  in  a water column due t q  
absorption by the water i t s e l  f ,  dissolved 
compounds f e  . g .  organic acids,  which color 
water shades of brown) , suspended particu- 
la te  matter, and scattering.  Attenuation 
coeff ic ients  for Lake Nicolet and three 
l ake s  i n  F lo r i da  a r e  presented i n  F i g -  
ure 2 2 .  Dissolved organic substances tha t  
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Figure 22. Attenuation coeff ic ients  for 
photons between 400 and 700 r l m  for  three 
lakes in Florida (Apopka, Orange, and 
Okeechobee) and Lake Nicolet (Batterson, 
McNabb, and Craig, unpubl . data 1. 

color the Florida lakes brown absorb 
photons of l i gh t  in the wave band around 
480 to  500 r l m .  These substances are  not 
common in the waters of Lake Nicolet. The 
lake also does not contain suspended 
par t icula te  matter tha t  absorbs and scat- 
t e r s  photons a t  wavelengths >560 r l m .  I t  
i s  apparent from these data t ha t  l i g h t  i s  
not attenuated a s  rapidly through the 
water column of Lake Nicolet as i t  i s  in 
the Florida lakes.  Attenuation coeff i -  
c ien t s  from Lake Nicolet are similar to  
those Schertzer e t  a1 . (1978) and Jerome 
e t  a1 . (1983) reported for Lake Superior. 

Turbidity i s  the expression of the 
optical  property that  causes l i gh t  to be 
s c a t t e r e d  and absorbed. Water of the 
upper reaches of the S t .  Marys River has 
low turbidi ty ,  with values typically l ess  
than 1 nephelometric turbidi ty  u n i t  (NTU)  
(U.S. Geological Survey 1974-84; Li ston e t  
a1 . 1986) . However, in downstream areas,  
clays in the watershed are mobilized by 
rain and snowmelt and are  carried into  the 
r iver  by dif fuse  overland runoff and 
streamflow. The clay-laden plumes of 
major streams entering the r i ve r  along the 
western shore are visual 1 y prominent 
during the ice-free  season. A fraction of 

western Munuscong Lake and along the 
southwest shore of Neebish Island a re  
frequent1 y turbid in the ice-free season, 
with measurements i n  excess  of 50  NTU 
(Liston e t  a l .  1986). When the watershed 
a n d  r iver  are covered with snow and ice ,  
turbidity through the length of  the r iver  
i s  low: on the order of 1 NTU. 

During ice-free months inputs from the 
watershed, resuspension by waves a t  the 
shoreline, and currents combine to  
increase turbidi ty;  turbidi ty  level s 
increase as  one proceeds downstream. This 
increase i s  l e a s t  pronounced in main chan- 
nel water that  moves rapidly through the 
system. Here, turbidi ty  increases average 
from 1 NTU to 7 .5  NTlJ's from the head of 
the  r i v e r  through lower reaches  t o  t he  
mouth. Turbidity i s  higher in off-channel 
water in wide reaches of the r iver  (Liston 
e t  a l .  1986) .  Excluding the  a r ea s  of 
localized high turbidity mentioned above, 
off-channel turbidi ty  increases from 2 to 
14 NTU between Lake Nicolet and Raber Bay 
of the r iver .  

Submersed aquatic plants i n  the system 
are  par t icular ly  sensit ive t o  changes in 
l i gh t  in tensi ty  that  accompany increasi ng 
turbidi ty .  These plants form extensive 
underwater meadows in the r ive r  where pre- 
dominantly c lay,  rather than sand or 
cobble ,  sediments occur .  The depth t o  
which these meadows grow, and therefore 
the area which meadows can cover, i s  
dependent on the ava i lab i l i ty  of l i gh t .  
Light along the bottom of the r ive r ,  where 
these plants germinate each year, 
decreases with increasing turbidi ty  . 
Depth res t r i c t ion  of submersed meadow 
development by turbidi ty  in the S t .  Marys 
River i s  shown in  Figure 2 3 .  I t  i s  
apparent from the shape of the curve in 
Figure 23 tha t  even small changes i n  
t u r b i d i t y  between 2 and 6 NTU's have a 
very large e f f ec t  on the ab i l i t y  of 
species in the r iver  to colonize the clay 
sediments available below a depth of 4 m .  
Thus, turbidi ty  exer ts  a control on the 
amount of primary production tha t  occurs 
in submersed wet1 ands . 

these- clays s e t t l e  out i n  downstream 
reaches & the r ive r .  In shallow Nutrients and Dissolved Gases 
deposition areas ,  clays are resuspended 
dur ing per iods  of  high w i n d  and o ther  Data on a lka l i n i t y ,  pH, and dissolved 
turbulent conditions. Thus, water in oxygen a r e  a v a i l a b l e  f o r  the  S t .  Marys 
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Figure 23. R e l a t i o n s h i p  between maximum 
depth o f  boundar ies o f  submersed meadows 
and mean t u r b i d i t y  i n  w a t e r  o v e r  t h e s e  
boundar ies d u r i n g  growing seasons o f  1982 
and 1983 i n  t h e  S t .  Marys  R i v e r .  L e f t  
p o r t i o n  o f  t h e  curve i s  f o r  upstream 
l o c a t i o n s  and r i g h t  p o r t i o n  i s  fo r  
downstream s i t e s .  

R i v e r  f r o m  a  number o f  sou rces  (Upper  
Lakes Reference Group 1977 ; U .S . Geol og i -  
c a l  Survey 1974-84; L i s t o n  e t  a l .  1986). 
Resu l t s  f rom these i n v e s t i g a t i o n s  a r c  
s i m i l a r .  A l k a l i n i t y  i s  t y p i c a l l y  40 mg 
CaCO, /L  ( o r  0.8 r n i l l i e q u i v a l e n t s / L )  , pH 
r a n g e s  be tween  7 and 8 ,  and d i s s o l v e d  
oxygen concen t ra t i ons  va ry  seasonal 1  y, 
though the  water  i s  always more than 90% 
sa tu ra ted .  D i sso l ved  oxygen concen t ra t i ons  
throughout  t h e  r i v e r  a re  adequate t o  sup- 
p o r t  a l l  forms o f  a q u a t i c  l i f e  ( L i s t o n  e t  
a1 . 1986) and a re  we1 1  above t he  5.0 mg/L 
t h e  U .S. Environmental  P r o t e c t i o n  Agency 
recommends f o r  suppo r t i ng  f i s h  popu la t ions  
(Brunqs 1977) . 

The concen t ra t i on  o f  carbon d i o x i d e  
t h a t  i s  d i s s o l v e d  i n  water  i s  impo r t an t  t o  
phy top lank ton  and submersed macrophytes 
f o r  pho tosyn thes is .  Ca l cu l a t i ons  o f  f ree 
C02 can be made i f  one knows t h e  tempera- 
t u r e  o f  the  water ,  pH, and a1 k a l i n i t y  (see 
Wetzel 1983). Us ing an atmospheric va lue 
o f  0.033% CO, by volume, e q u i l i b r i u m  con- 
c e n t r a t i o n s  f o r  C02 d i sso l ved  i n  the  r i v e r  
wou ld  he a b o u t  1.1 mg C02/L  a t  0  " C ,  
0.6 mg C02/L a t  15 "C, and 0.4 ng COz/L a t  
30 "C .  Free CO, concen t ra t i ons  c a l c u l a t e d  
from data c o l l e c t e d  b y  L i s t o n  e t  a l .  
(1986) were always g rea te r  than 

c o n c e n t r a t i o n s  w h i c h  wou ld  be i n  r i v e r  
water  i n  e q u i l i b r i u m  w i t h  the  atmosphere. 
Th is  i n d i c a t e s  t h a t  phy top lank ton  and 
submersed p l a n t s  i n  t he  r i v e r  use l e s s  C02 
than i s  produced by  r e s p i r a t i o n  o f  
o rgan i sms  i n  t h e  system; t h a t  i s ,  t h e  
r i v e r  i s  a  h e t e r o t r o p h i c  system (Odum 
1971).  L i g h t - d a r k  b o t t l e  oxygen s t ud i es  
i n  t h e  Lake  N i c o l e t  r e a c h  o f  t h e  r i v e r  
demonstrated t he  he te ro t r oph i  c  na tu re  o f  
the system as we1 1 (McNabb e t  a1 . unpubl . 
da ta )  . 

L i  s ton  e t  a1 . (1986) r e p o r t  concentra- 
t i o n s  o f  s i l i c a  ( d i s s o l v e d  r e a c t i v e  SiO,) 
i n  t h e  open waters  o f  t he  S t .  Marys R ive r .  
S i  1 i ca concen t ra t i ons  were always one 
o rder  o f  magnitude g rea te r  than t he  con- 
c e n t r a t i o n  r e p o r t e d  i n  the  l i t e r a t u r e  t o  
he l i m i t i n g  t o  growth o f  t he  p l a n k t o n i c  
diatoms which domi na te  macrophytoplankton 
of t h i s  system (100 mg/m3 o r  less;  Wetzel 
1983) . S i  1  i ca concen t ra t i ons  tended t o  
va ry  seasonal ly  such t h a t  sp r i ng  and f a l l  
minima and summer maxima e x i s t e d  ( L i s t o n  
e t  a1 . 1986) .  Schelske and Stoermer 
(1971) and Schelske e t  a l .  (1983) 
descr ibed  the p r i n c i p a l  mechani sm f o r  
s i l i c a  r e d u c t ? o n  i n  g r o w i n g  seasons a s  
r emova l  b y  d i d t o i n s .  I n  t h e  S t .  Marys 
R ive r ,  s i l i c a  removal may have been 
accompl i shed ,IPS tream o f  sampl ing p o i n t s  
by d ia toms i r  t h e  p l ank ton  o f  W h i t e f i s h  
Bay, o r  by ber,xhic d ia tom communities and 
1  i t t o r a l  p e r i p n j t o n  popu la t i ons  i n  reaches 
o f  t h e  r i v e r .  S i  1  i ca concen t ra t ions  
ranged from 980 t o  3,660 mg/m3 w i t h  a  mean 
o f  2,181 mg/rn3 f o r  the years  1982 and 1983 
( L i s t o n  e t  a ? .  1986).  Th is  i s  ve ry  c lose  
t o  t he  mean concen t ra t i on  o f  1,840 mg/m3 
repo r t ed  by Schel ske and Ca1 lender  (1970) 
f o r  th ree  s t a t i o n s  i n  W h i t e f i s h  Bay. 
These d a t a  show t h a t  s i l i c a  was n o t  a  
l i m i t i n g  n u t r i e n t  f o r  d ia tom produc t ion  i n  
the  S t .  Maryr a 4 v v r ,  

T o t a l  n i t ~ o g e n  ITN) ranged from 262 t o  
668 mg/m3 ( a v e r a g e  = 413  mg/m3), w h i l e  
t o t a l  phosphorus  ( T P )  r a n g e d  f r o m  1 t o  
31  mg/m3 (average = 13 mglmJ 1 d u r i n g  1982 
and 1983 ( L i s t o n  e t  a l .  1 9 8 6 ) .  T o t a l  
phosphorus concen t ra t ions  r e p o r t e d  by 
L i s t o n  e t  a! !;986) a re  s i m i l a r  t o  vaf ues 
p r e s e n t e d  b! t r i .  U p p e r  Lakes Re fe rence  
Group 319773 ; n $  the  5 Geologicay 
Survey f l 5 1 ~ - r Q  I Sat.arnuto 1 ;96f j , 
Chiaudani anc i i ~ i h '  ( f 9 7 4 j ,  and Smith and 
Shapi ro  (1981 amon! o the rs .  have showr; 



t h a t  the  r a t i o  of TN t o  TP i n  the  phot ic  
zone i s  a  u s e f u l  i ndex  f o r  s e p a r a t i n g  
l akes  i n t o  N-limited and P-limited 
ca t ego r i e s .  The i r  work pred ic ted  t h a t  i f  
the  TN:TP r a t i o  was > l o ,  a l g a l  production 
was l i k e l y  t o  be phosphorus-limited. The 
TN:TP r a t i o  f o r  t he  S t .  Marys River var ied  
during t h e  growing season, averaging 32 
b u t  a l w a y s  exceed ing  10  ( L i s t o n  e t  a l .  
1 9 8 6 ) ;  t h i s  s u g g e s t s  t h a t  i n  r e g a r d  t o  
t h e s e  two m i n e r a l  n u t r i e n t s ,  growth o f  
planktonic a lgae  was l imi ted  by phosphorus 
r a t h e r  than n i t rogen .  

Wetzel (1983) r e p o r t s  ranges f o r  TN and 
TP concent ra t ions  t yp i ca l  o f  eu t roph ic ,  
mesotrophic, and 01 i go t roph ic  pe l ag i c  
waters  of r e s e r v o i r s  and l akes .  In 
01 igo t rophic  waters ,  TN ranqes from 307 t o  
1 ,630  mg/m3 and TP r a n g e s  from 3 t o  
17.7 mgIm3 . Samples from the  S t .  Marys 
River always had concent ra t ions  of  TM 
within t he  given range,  while TP concen- 
t r a t i  ons were  w i t h i n  t h e i r  g iven  r ange  
more than 68% of the t ime,  i n d i c a t i n g  t he  
01 igo t rophic  na ture  of these  waters .  

Contaminants 

The  w a t e r  q u a l i t y  of t h e  S t .  Marys 
R ive r  i  s  g e n e r a l  1 y q u i t e  e x c e l  1  en t and 
bas i ca l l y  resembles t h a t  of Lake Super ior  
(Hamdy e t  a l .  1978).  However, t he  Great  
Lakes Water Q u a l i t y  Board (1985) has 
i d e n t i f i e d  the  r i v e r  a s  one of  42 a r e a s  o f  
concern w l th in  the  Grea t  Lakes i n  which 
environmental qua1 i  t y  has been degraded 
and bene f i c i a l  uses of the water and t h e  
b i o t a  have been adversely a f f e c t e d .  I t  
was no t  included on t he  l i s t  of "problem 
a r e a s "  u n t i l  1974 even  though e l e v a t e d  
concent ra t ions  of phenols had been recog- 
nized a s  e a r l y  a s  the 1940 ' s  (Grea t  Lakes 

Water Q u a l i t y  Board 1 9 8 5 ) .  The re  have 
been many sources of contamination t o  t he  
r i v e r ,  a l l  t he  r e s u l t  of human a c t i v i t y  i n  
t he  v i c i n i t y  of Sau l t  Ste .  Marie. These 
sources include municipal wastewater 
t rea tment  f a c i  1  i  t i  e s ,  combined sewer 
overflows, i n d u s t r i a l  d i  scharges ,  
commercial cargo vessel  d i s cha rges ,  and 
urban nonpoint run-of f .  Many of t he  
problems have been r e c t i f i e d  and  w a t e r  
q u a l i t y  i n  genera1 has improved s ince  t h e  
l a t e  1960 ' s  (Hamdy e t  a l .  1978).  

P r e sen t ly ,  t he  problems a r e  r e s t r i c t e d  
t o  the  Canadian shore and a r e  mainly t he  
r e s u l t  of discharges from the  S a u l t  S t e .  
Marie, Ontar io ,  sewage t rea tment  p l a n t ,  
Algoma S t ee l  Corporat ion,  and t he  Abi t i b i  
Paper  Company. Na tu ra l  and human con-  
s t r a i n t s  have minimized flows along t h e  
Canadian s ide  of the r i v e r  and,  coupled 
w i t h  the  l a t e r a l  discharge from the  S a u l t  
Edison Hydroelectr ic  Power Canal on t h e  
Michigan s ide ,  have tended t o  confine t he  
contaminants t o  the  Ontar io shore1 i n e  
(Hamdy e t  a l .  1978;  G r e a t  Lakes Water  
Q u a l i t y  Board 1985).  In t he  p a s t ,  some of 
t h e  c o n t a m i n a n t s  have been d e t e c t e d  a t  
e leva ted  l e v e l s  a s  f a r  down-stream a s  t he  
o u t l e t  o f  Lake George (Lake  Huron-Lake 
Superior-Lake E r i e  Advisory Board 1968). 
Contaminants t h a t  cont inue t o  be of 
concern inc lude  t ox i c  substances such a s  
phenols,  ammonia, cyanide, and heavy 
metals  (chromium, copper,  i r o n ,  l e ad ,  
mercury, z i n c ) ,  o i l  and grease  mixed with 
f i b r o u s  woody ma te r i a l ,  and b a c t e r i a  
( f e c a l  col i forms,  feca l  s t r e p t o c o c c i ,  
he te ro t rophic  types ,  and Pseudomonas 
a e r u g i n o s a )  . Some remedi a1 a c t i o n s  t o  
combat t h e s e  problems have been imple-  
mented and o t h e r s  a r e  t o  fol low which w i l l  
he c lo se ly  monitored by t h e  Great  Lakes 
Water Q u a l i t y  Board (1985) . 



CHAPTER 3. THE BIOTA 

PRlMARV PRODUCERS 

Emergent Wet1 ands 

Throughout the length  o f  the S t .  Marys 
River, a ser ies  o f  cons t r i c ted  channels 
and broad l a k e - l i k e  v i s t a s  awai t  the voy- 
ager .  Except  near  t h e  ii t i e s  o f  S a u l t  
Ste. Marie, long s t r e t c h ~ s  o f  shorel ine 
are w i thou t  homes or  commercial develop- 
ment. Rocky shores a r e  found i n  con- 
s t r i c t e d  reaches o f  the r i v e r  where 
cu r ren t  v e l o c i t i e s  are high. El sewhere, 
c l a y  mixed w i t h  a v a r i a b l e  f r a c t i o n  o f  
sand and organic d e t r i t u s  forms a hydro- 
s o i l  t h a t  slopes gent ly  away from the land 
toward nav iga t ion  channels. Unoccupied 
shorel ines w i t h  f ine-gra ined hydrosoi l  
tend t o  be inhab i ted  by emergent vegeta- 
t i o n .  Stands o f  emergent vegetat ion are 
p a r t i c u l a r l y  we l l  -developed where wind and 
waves are n o t  a prominent feature o f  the 
shore-zone environment. It i s  no t  uncom- 
mon f o r  stands o f  emergent p l a n t s  t o  
extend un in ter rup ted a1 ong protected 
shores f o r  3 t o  5 km. Some 42 species o f  
submersed and emergent p lan ts  occur i n  the 
zone o f  permanent water i n  these wetlands 
(Table 11). 

Annual product ion o f  biomass i n  wet- 
lands fac ing  on the  r i v e r  i s  dominated by 
three emergent p lan ts  : Sci rpus acutus, 
Sparganium eurycarpum, and Eleochari  s 
s m a l l i i  (hardstem bulrush, bur  reed, and 
s p i k e r u s h ,  respec t i ve l y ) .  Submersed 
species occur as a d i f f u s e  understory o f  
low biomass. Seeds o f  the dominant emer- 
gent species germinate on wet s o i l s  near 
the shore l ine ,  ra the r  than i n  permanently 
f l o o d e d  p o r t i o n s  o f  we t l ands .  Spec ies  
become dominant by the spread o f  rhizomes 
from successful co lon izers  outward from 
the shore. As a r e s u l t  o f  such growth, 
rhizomes and roo ts  become a t i g h t l y  packed 
f i b r o u s  mesh i n  the upper 15 cm o f  s o i l  
throughout emergent wetlands. 

Vegetat ive and c lona l  growth produces 
and m a i n t a i n s  emergent we t l ands  on t h e  
S t .  Marys R iver  and g ives  r i s e  t o  
monotypic stands o f  emergent species; 
these are more common than mixed stands o f  
emergent p l a n t s  i n  the St. Marys wetlands. 
Ae r ia l  photographs taken over the l a s t  3 
decades i n d i c a t e  t h a t  clones o f  dominant 
s p e c i e s  t e n d  t o  be l o n g - l i v e d .  These 
c lones have mainta ined t h e i r  p o s i t i o n  
r e l a t i v e  t o  one another i n  these wetlands 
so t h a t  t he  s t ruc tu re  o f  emergent vegeta- 
t i o n  has been a r e l a t i v e l y  permanent 
f ea tu re  o f  the undi sturbed shorel i nes f o r  
a t  l e a s t  30 years. It i s  o f  i n t e r e s t  t o  
note t h a t  Phragmi tes  aus t ra l  i s  (common 
r e e d )  and T v ~ h a  l a t i f o l i a  (common c a t -  
t a i l  j , s~e= tha t  a r e  aqq ress i ve  and 
wel l-e-stabl ished elsewhere - i n  the Great 
Lakes region,  are present  only i n  small 
s tands  i n  d r i e r ,  shoreward p o r t i o n s  o f  
wetlands along the S t .  Marys River .  These 
clones may have been es tab l ished from seed 
l a t e  i n  the process o f  wetland aevelop- 
ment, o r  e x i s t i n g  clones may be remnants 
o f  stands t h a t  have been replaced by the  
dominant species o f  today. 

I n d i v i d u a l  wet1 ands border ing the 
S t .  Marys River  have t h e i r  own p e c u l i a r i -  
t i e s  i n  terms o f  d i s t r i b u t i o n  and abun- 
dance o f  dominant vegetat ion. However, a 
general i zed p i  c tu re  o f  t h e i r  s t ruc tu re  can 
be obtained by combining d e t a i l e d  maps o f  
seven wetlands selected as representa t ive  
of those occur r ing  along the  r i v e r  (L i s ton  
e t  a l .  1986).  These maps cover a combined 
t o t a l  a r e a  o f  167 ha i n  t h e  we t l ands .  
Table 12 l i s t s  types o f  dominant vegeta- 
t i o n  i n  t hese  systems and suggests t h e  
probabi 1 i t y  o f  encountering p a r t i c u l a r  
types o f  vegetat ion w h i l e  t rave rs ing  these 
wet1 ands. 

Sci rpus acutus i s  c l e a r l y  the dominant 
~ l a n t  i n  shore-zone wetlands. While 
clones o f  t h i s  p l a n t  occur a t  a l l  water 



Table 11. Species  l i s t  of macrophytes in  permanently 
f  1 ooded po r t i ons  of emergent wet1 ands (mean growing 
s e a s o n  d e p t h  of  3.0 m o r g r e a t e r )  o f  t h e  S t .  Marys 
River  (Lis ton  e t  a l .  1986). 

Species  Common name 

Acorus calamus sweet-fl ag 
A1 i sma pl an tago-aquati  ca water p lan ta in  
Carex r e t r o r s a  sedse 

Eleochari s  ~ a u c i  f l o r a  
E l  eochari  s small i i 
Foui  s e t m  f l  u v i a t i l e  

three-way sedge 
needle rush 
sp ike  rush 
sp ike  rush 
horse ta i  1 

- 7 -  - - - -  

Eri ocaul on septangul a r e  pipe wort 
Yypericum borea le  S t ,  John's  wort 
I soe t e s  brauni i aui  11 wort 
I soe t e s  r i p a r i a  qui 11 wort 
Juncus bal  t i c u s  rush 
Juncus brev i  caudatus rush 
Juncus e f fu sus  rush 
Juncus pelocarpus rush 
Myriophyll um exa l  bescens watermil f o i l  

yellow water l i l y  
common reed 

Pol ygonum natans smartweed 
P o n t e d a r ~  a  corda ta  p ickere l  weed 
Potamogeton gram1 neus v a r i a b l e  pondweed 
Potamogeton na t ans  f l  oa t ing- leaf  pondweed 
Potamo e ton  e c t i n a t u s  sago pondweed & b i i  c l a s p i  ng-leaved pondweed 
Potamogeton s p i r i l l  us pondweed 
Potamo e ton  z o s t e r i  fo rmis  f l  a t -  stemmed pondweed 
& f ~  abe l l  a r i s  yellow water crowfoot 

bu t te rcup  
arrowhead 
duck pota to ;  wapato 
hardstem bulrush 
three-square bulrush 
sof t s tem bulrush 

Spargani um ameri canum bur reed 
Spargani um ch1 orocarpum bur reed 

bur reed 
bur reed 

Ty ha a n g u s t i f o l i a  -3i- narrow-leaved c a t t a i  1  
Typ a  T a t i f o l i a  common c a t t a i l  
U t r i c u l a r i a  cornuta bladderwort  
Val 1  i s n e r i a  americana water c e l e ry ;  t ape  g r a s s  

a ~ h e  taxonomy fo l lows  t h a t  of Voss (1972) where possi- 
b l e  or  F a s s e t t  (1957) i f  n o t  included i n  Voss. 



Tabie 12. General ized occurrence of  
vege ta t ion  t ypes  t h a t  dominate biomass i n  
emergent wetlands of t h e  S t .  Marys River 
(McNabb e t  a ] .  1986). 

Frac t ion  of 
Vegetation type  wet1 and occupied 

Monotvpic s tands  
~ c i r b u s  acu tu s  
Saaraani um eurvcarDum 
~ i e o z h a r i s  s m a i l i i '  
Phragmi t e s  a u s t r a l  i s  
Sc i raus  americanus 0.01 

Mixed s tands  
S .  acutus/E.  small i i - -- 
S. acu tus /S .  parganium - -- 
S. eurycarpum 0.03 
- Other mi xed s tands  0.04 

Opening i n  emergent s tands  0.15 

depths  in  t he  wetlands,  i t s  presence in  
monotypic s t ands  on wetland f r i n g e s  facing 
t he  r i v e r  i s  a d i s t i n c t i v e  f e a t u r e  of S t .  
Marys River vege ta t ion .  Secondary spec i e s ,  
Sparganium eurycarpum and Eleochari s 
s m a l l i i ,  a r e  confined t o  water more shal-  
low than t y p i c a l l y  found a t  t he  Sc i rpus  
acu tus  f r i n g e .  There a r e  s i t e s  a l m  
r i v e r  where t he  S. acu tus  f r i n g e  has died 
back, leaving on the 
exposed " . "  
of.  S. eurycarpum do not  appear  well 
adap-ed t o  water movements t h a t  occur on 
these  exposed o u t e r  edges of wetlands and 
a r e  e roding .  

There a r e  seasonal changes i n  t he  
abundance of vege ta t ion  i n  t he  shore zone 
of the S t .  Marys River.  Generalized pat- 
t e r n s  fo r  annual abundance of l i v e  
roo t s tocks  and shoots  o f  Sc i rpus  acu tus  
a r e  shown i n  Figure 25. Sparganium 
eurycar  um, Eleochari s smal f i i , and 7i--e P ragmites  a u s t r a l i s  were observed t o  have 
r at terns of biomass abundance s i m i l a r  t o  
t h a t  of t he  Sc i rpus  acu tu s .  

Figure 25 shows t h a t  r oo t s tocks  of 
dominant emergent p l a n t s  a r e  presen t  i n  
t h e  h y d r o s o i l  y e a r  round .  They r e a c h  
maximum biomass l a t e  i n  t he  growing 

Figure 24. An emergen t  w e t l a n d  on t h e  
S t ,  Marys River: ( A )  undis turbed por t ion  
showing a we1 1-developed s tand o f  
t he  hards tem b u l r u s h  on t h e  o u t e r  
wetland f r i n g e ,  and ( 5 )  ad j acen t  s e c t i o n  
w i t h  eroding bur reed on t he  ou t e r  f r i n g e  
behind roo ts tock  remnants of the  bulrush 
(L i s ton  e t  a ? .  1986). (Photograph 
cour tesy  of Clarence D .  McNabb.) 

season,  about  October 1. Por t ions  of r o o t  
s tocks  degenera te  i n  win te r .  Af te r  i c e  
l e aves  emergent wetlands i n  spr ing ,  hydro- 
s o i l s  warm and roo t s tocks  prepare f o r  t h e  
surge of a new growing season. Buds on 
roo ts tocks  germinate t o  form shoots:  c e l l  
d i v i s i o n  and enlargement i n  the  hydrosoil  
a t  t h e  base of t he  shoot  push i t  upward 
i n t o  t he  l i g h t ,  and even tua l l y  above t h e  
water  sur face  i n t o  t h e  a i r .  Live root-  
s t ocks  d i e  back r a p i d l y  during t h i s  
f reshening  o f  t he  wetland,  apparen t ly  
yief  ding t h e i r  food and n u t r i e n t  r e se rves  
to new shoot  growth. A t i g h t  cyc l ing  of 
n u t r i e n t s  r e s u l t s  from t h i s  and leaves  few 



1 
Shoots 

rootstocks increase from an annual minimum 
i n  midsummer toward the i r  maximum i n  l a t e  
September. Table 13 gives estimates of 
biomass for  emergent plants a t  maturity i n  
the fa11 and d i s t r ibu t ion  of biomass 
between shoots and rootstocks. I t  can be 
observed that  the annual cycle of plant  
growth in these wetlands protects shore- 
zone sediments from erosion.  A high den- 
s i t y  mesh o f  r oo t s t ocks  occurs  in  the  
surface of the clay hydrosoils, except i n  
summer when shoots are  present to  d i s s i -  
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pate the energy of waves and currents t ha t  
may move over the hydrosoi 1 .  

Figure 25. Annual cycle of l ive  biomass 
(organic dry weight) i n  stands of hardstem 
bulrush (Scirpus acutus) in the St.  Marys 
River exp- a-ercent of seasonal 
maximum standing crop. 

nutr ient  resources available in stands f o r  
invading species ,  par t icular ly  in t h i s  
oligotrophic system. 

Shoot growth from warm hydrosoi 1 s i s  
rapid i n  June and July. As shoots approach 
maximum biomass i n  August, photosynthetic 
food resources a re  allocated to  the growth 
of r oo t s t ocks .  As shown i n  Figure  2 5 ,  

An  observer traversing emergent wet- 
lands of the S t .  Marys River during the 
f i r s t  few weeks a f t e r  ice-out would come 
upon decaying s t a l k s  of Sc i rpus  acu tus  
standing upright i n  the water, bases 
planted firmly on the sediments, tops 
broken a t  the waterline and gone, forming 
windrows upon which noisy black terns  
(Chl idonias niger) nest .  Underwater 
s t a l k s  w o u l d b e c l e a r l y  v i s i b l e  in  the  
clean, shallow water, and covered with a 
del icate  fuzz, perhaps 5-mm thick,  tha t  
collapses into a thin layer of slime when 
a s ta lk  i s  pulled from the water. This i s  
the periphyton of emergent wetland plants,  
a mix of micro-organisms covering the 

Table 13. Biomass i n  monotypic stands of dominant emergent plants i n  
wetlands of the S t .  Marys River a t  time of peak standing crop 
( September-October) . AFDW = ash-free dry weight. 

Species 
Total l i ve  biomass Live shoot/root 

(g AFDW/~' ) biomass r a t i o  

Scirpus acutusa 
Low density 
Medium density 
High density 

Spargani urn eurycarpum 

Eleochari s small i i 

Phragmi t e s  aust ra l  i s  2,000 0.2 

Scirpus americanus 320 0.5 

a ~ i s t o n  e t  a ? ,  (1986) distinguished three densi t ies  by assessment of 
a e r i a l  photographs and ground-truth measurements of shoots/m2 and leaf  
area/m 2. 



underwater su r f ace s  oC macrophytes. Auto- Only l a t e  a r r i v a !  s  or1 new basa l  t i s s u e  
t rophs  in  t h i s  commirnity a r e  spec ies  of have any kind of longevi ty on p l an t  
diatoms.  An a r ray  of s i ng l e - ce l l ed  and s t a l k s .  And so the periphyton community 
co lonia l  he te ro t rophs  i s  conimon a s  well goes from year  t o  year  i n  spu r t s  of 
(Figure 2 6 ) .  development t h a t  a r e  i n t e r rup t ed  by desic-  

ca t ion  in t he  a i r ,  i c e  i n  win te r ,  o r  col- 
The perl'phyton community found on lapse of overwintering shoots  in  spr ing .  

s t a l k s  in emergent wetlands develops i n  a  
r e l a t i v e l y  s h o r t  period of time a f t e r  
ice-out  because of the growth hab i t s  of 
emergent p l a n t s ,  Surfaces of 2. acutus 
and o the r  dominant macrophytes a r e  pushed 
cont inua l ly  upward and ou t  of t he  water as  
p l an t s  grow, The por t ion  of a  s t a l k  on 
which an ice-out  community r e s ide s  i s  not 
permanently i n  place u n t i l  the s t a l k  s tops 
growing in August. Two or  t h r ee  months of 
l a t e  summer and f a l l  f o l l o w  b e f o r e  i c e  
b e g i n s  t o  form around s t a l k s  and t h e i r  
periphyton. After  i ce -out ,  l i g h t  and some 
warmth re turn  t o  the  wctland, bu t  the com- 
munity has l i t t l e  time for  development; 
s t a l k s  wil l  crumble and decay i n  the warm 
water of the weeks ahead. Ovcrwinterinq 
periphyton surv ivors  wil l  join t he  species  
mix on the sediment su r f ace ,  perhaps to  
produce progeny t h a t  wi l l  r i s e  again i n t o  
t h e  w a t e r  column on t h e  e p i d e r m i s  o f  a  
growing bulrush.  Early a r r i v a l s  , however, 
w i l l  have l i t t l e  time t o  profSt  in t h e i r  
new found s p a c e .  In a  m a t t e r  of days  
a f t e r  a t t a ch ing  t o  a  s t a l k ,  they wi l l  be 
pushed upward through the a i  r-water 
i n t e r f a c e  i n t o  a  de s i cca t i ng  environment. 

In t h i s  changing community, Lis ton e t  
a1 . ( 1986) found mean n e t  per<  phyton pro- 
duc t i v i t y  i n  t he  growing seasons of  1982 
and 1983 to  range from 20 t o  40 mg C / m 2  of 
emergcnt p l an t  sur face  per day on d i f f e r -  
e n t  emergent spec ies  on d i f f e r e n t  s i t e s  
along the r i v e r .  The mean f o r  a l l  rnea- 
suremcnts was 32 mg C / m 2  of p l a n t  sur face  
per day. By t h e i r  methods of conversion 
from carbon t o  organic dry weight,  t h i s  
amounted t o  approximately 9 g  ash- f ree  dry 
weight net  production per m 2  of p l an t  sur- 
face over the du ra t fon  of i ce - f ree  months 
of t he  year ,  May through October. 

The area on emergent p l an t  stems a v a i l -  
ab le  fo r  co loniza t ion  var ied  both season- 
a l l y  and among p l an t  spec i e s  (Lis ton  e t  
a1 . 1986). For example, s tands  of S!irpvs 
acutus of t l i  f  f e r e n t  d e n s i t i e s  growing ~n  
0.7 m of water had 1-9 m 2  of surface f o r  
periphyton co loniza t ion  per m 2  of wetland 
when s tands were mature in  l a t e  summer. 
However, i n  J u n e ,  e a r l y  i n  t h e  growing 
season, only 7%-10% of t h i s  a rea  was 
avai l ab l e  f o r  co lon i za t i on .  Sparganium 
eurycarpum had 6-8 m 2  of sur face  f o r  per i -  
phyton per m 2  of wetland in mature s tands  
in l a t e  summer in  water 0.4 m deep. These 
a u t h o r s  used unde rwa te r  s h o o t  a r e a  p e r  
u n i t  area of wetland t o  es t imate  annual 
growing season periphy ton product iv i ty  a t  
about 12  g ash- f ree  dry weight per m 2  o f  
wetland. This amounted t o  only 2% of t he  
annual production of shoots  of emergent 
p l an t s  on which t he  periphyton grew. 

Submersed Wet1 ands 

Upstream of the  r i v e r ' s  fo rk  a t  Mission 
P o i n t  and t h rough  Lake N i c o l e t  and i t s  
downstream reaches,  submersed wetlands 
spread a s  meadows of low-growing p lan t$  
over bottom sediments where the r i v e r  i s  
broad, substratum i s  s u i t a b l e ,  and water 
c l a r i t y  i s  good (L i s ton  e t  a l .  1986; 
McMahh o t  3 1 .  1986).  There i s ,  however, 
v i r t u a l l y  no information on submersed wet- 
l a n d s  i n  Lake George of  t h e  S t .  Marys 
River (Lis ton  e t  a l .  1983). 



Twenty-two species of p lan ts  have been 
documented i n  the  submersed wetlands o f  
the  S t .  Marys R iver  (Table 14 ) .  However, 
t h r e e  spec ies  dominate biomass i n  sub- 
mersed stands: Chara l o b u l a r i  s (charo- 
phyte)  , Isoetes -5-- r i p a r i a  q u i l l w o r t ) ,  and 
N i  t e l l a  f l e x i l i s  t cha rophy te )  . These are 
low-growing p lan ts ,  r i s i n g  10-30 cm above 
the sediment surface. I n  narrow channels, 
meadows tend t o  carpet  sediments from 
edges o f  nav iga t ion  channels shoreward. 
The shoreward d e p t h  1 i m i t  o f  submersed 
meadows i s  about 2 m. From the water 's  
surface, 1 ow-growing meadows o f  these 
p l a n t s  a t  a depth o f  2 m o r  more are n o t  
o b v i o u s  t o  t h e  casua l  obse rve r .  More 
impressive are very  widely scat tered c l  us- 
t e r s  o f  the pondweed, Potamogeton 
r i c h a r d s o n i i  , which punctuate the meadows 
and r i s e  t o  the surface o f  the  water from 

as deep as 2.5 m.  However, submersed 
meadows of dominant 1 ow-growing species 
are much more widespread and are impres- 
s i v e  indeed when one i s  s n o r k e l i n g  o r  
using SCUBA. 

Beds of dominant submersed macrophytes 
are found on predominantly c lay  sediments 
t h a t  conta in var ious f r a c t i o n s  o f  sand and 
s i l t .  Clays on slopes o f  dredged naviga- 
t i o n  channels are occupied, as are broad 
c lay  f l a t s  common i n  the r i v e r .  Extensive 
sand benches occur  i n  p o r t i o n s  o f  t h e  
r i v e r  a t  depths  <2 m.  The sand s h i f t s  
under the in f luence o f  cur ren ts  and waves, 
thereby c rea t i ng  an inhosp i tab le  substra- 
tum for  permanent submersed p l a n t  colon- 
i z a t i o n .  Cobble and rock sediments are 
n o t  occupied by submersed macrophytes. 
These substrates are general ly  devoid o f  

Table 14. Species 1 i s t  o f  macrophytes i n  submersed 
wetlands o f  t h e  S t a  Marys R iver  ( L i s t o n  e t  a l .  1986; 
McMabb e t  a l .  1986). 

Species Common name 

Chara g l o b u l a r i  s charophyte 
f l e o c h a r i  s ac i  cu l  a r i  s needle rush 
Eleochar i  s canadensi s nor thern elodea 
Isoetes  r i p a r i a  q u i l l w o r t  
Lobe1 i a dortmanna water l o b e l  i a  

water m i l  f o i l  
water m i l  f o i l  
bushy pondweed 

mlais charophy t e  
m e t o n  gramineus va r i ab le  pondweed 
Potamogeton f i  1 i form? s pondweed 
Potamogeton pec t ina tus  sago pondweed 
Potamoge ton rae lon  us * whi testem pondweed 
Potamogeton r1c  a r  s o n i i  clasping-leaved pondweed 
Potamo e ton r o b b i n s i i  Robbins' pondweed & zoster i  formis f l  at-stemmed pondweed 
Ranuncul us reptans but te rcup 
Sagi t t a r i a  cuneata arrowhead 
Sagi t t a r i a  m n n i a n a  arrowhead 
Tolypel  l a  i n t r i c a t a  
U t r i  c u l a r i  a cornuta b ladderwort  
Val 1 i sner i  a ameri cana water ce le ry ;  tape grass 

a ~ h c  taxonomy fo l l ows  t h a t  o f  Voss (1972) where possi- 
b l e  o r  Fasset t  (1957) i f  no t  inc luded i n  Voss. The 
cha rophy tes  f o l l o w  t h e  taxonomy s e t  f o r t h  i n  Wood 
(1967) . 



microalgae as  well. Macroscopic filament- 
ous algae ( Fami 1 y Zygnemataceae) are sea- 
sonal. They appear a t  low biomass along 
shorelines and i n  submersed vegetation 
shortly a f t e r  ice-out. 

Stands of Isoetes r ipa r ia  a re  vi r tual ly  
monotypic in dis t r ibut ion and are never 
the  deepes t  s t ands  occurr ing on a s i t e  
occupied by submersed p l a n t s .  Beds of 
I .  r ipa r ia  a re  confined to  depth contours - 
of 2-3.5 m .  Nitella f l e x i l i s  occupies the 
deepest portions of submersed wetlands on 
sui table  s i t e s  along the r ive r .  Monotypic 
stands of t h i s  species extend to depths of 
16 m a t  the head of the r iver  (Duffy e t  
a l .  1955) and 3 m in the  reach below 
Munuscong Lake (Liston e t  a l .  1986). 
Stands of Chara globular is  occur in more 
shallow w a t x h a n  stands of N .  f l e x i l i s  
i n  reaches of the r iver  where they both 
occur .  Stands of C .  gl obu l a r i s  may he 
monotypic or mixed- w i t h  N .  f l e x i l i s .  
Eleocharis ac icu la r i s  (needie r m d  
Myriophyll um tenel 1 um (water m i  1 foi 1)  are 
common in  submersed meadows. They a re  
very small plants and contribute l i t t l e  to 
biomass. In the S t .  Marys River, the com- 
mon species of submersed wetlands are 
typical of nutrient-poor ra ther  than 
nutrient-ri  ch environments. 

Lake Superior water moving downstream 
tends to  be well dispersed over submersed 
meadows, even in  broad reaches  of the 
r iver .  This causes temperatures i n  the 
meadows to be lower than temperatures i n  
the shallows of adjacent shorelines from 
ice-out to August (see Figure 1 5 ) .  Onset 
of plant germination in submersed meadows 
i s  delayed by low temperatures in spring 
re la t ive  to vegetation in shore zones. 

In recent times, submersed meadows in 
various portions of the St .  Marys River 
have maintained the i r  boundaries, species 
composition, and charac te r i s t i c  biomass 
between years (Liston e t  a l .  1986). This 
occurs because dominant soecies tend to be 
perennial . Isoetes r ipar ia  maintains 
rose t tes  of leaves vear round on individ- 
ual p l a n t s  firm1 y -rooted in  sediments. 
Shoots of charophytes pe r s i s t  in stands 
year  round a s  we l l .  Shoots of these  
plants have a f ine  meshwork of rhizoids 
tha t  anchor them t o  the sediments. When 
water temperatures in wet1 ands reach 
5-6 "C, generally near June 1 ,  new growth 

appears on overwintering plants:  leaves on 
r o s e t t e s  of  I .  r i p a r i a  and shoots  from 
rhizoidal b u l o l  s m e s )  and old shoots 
of charophytes. A new standing crop i n  a 
growing season develops more rapidly i n  
warm than i n  colder par ts  of the system. 
Lag-time on cold s i t e s  can be as  much a s  
2-3 weeks. As new shoots of charophytes 
grow, overwintering biomass in meadows 
degenerates to de t r i t u s  and i s  sloughed or 
mineralized a t  a r a t e  nearly equivalent to  
the r a t e  of new t issue accumulation. As 
new leaves are formed on roset tes  of 
I .  r i p a r i a ,  older leaves decompose a t  a - 
similar r a t e .  New roset tes  are also pro- 
duced wi th in  s t ands  of - I .  r i p a r i a  from 
f e r t i  l  i zed megaspores. These become 
established l a t e  in  the growing season b u t  
contribute l i t t l e  biomass in the year of 
t he i r  formation. Thus, growth and decom- 
position occur i n  meadows such tha t  rela- 
t ive l  y constant biomass i s  maintained 
throughout the growing season. This char- 
a c t e r i s t i c  of submersed wetlands of the 
r iver  i s  i l l u s t r a t ed  in  Figures 27 and 28. 
The pattern shown in the figures can be 
disrupted on a par t icular  s i t e  i f  patches 
of vegetation t e a r  loose from the sedi- 
ments and d r i f t  downstream. 

Monotypic and mixed stands of dominant 
submersed plants on s i t e s  sampled in the 
r ive r  had a mean peak biomass in the range 

Figure 27. Growing season biomass of the 
quil lwort ,  Isoetes r ipa r ia ,  in a monotypic 
stand i n  the Neebish Island region of the 
S t .  Marys Riv@r i n  1981. One s tandard 
error  of the mean i s  given (Liston e t  a l .  
1986). 
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Figure 28. Growing season biomass o f  
charophytes (95% Nitella f l e x i l i s ,  5% 

P Chara globularis)  I n  a stand i n  the  
Neebish Is land region of t h e  S t .  Marys 
River i n  1981. One standard e r ro r  of the 
mean i s  given (Liston e t  a l .  1986). 

of 10-70 g ash-free dry weight/m2 during 
1979-83 (Liston e t  a l .  1986). The mean of 
a l l  samples from a l l  s i t e s  i n  1979-83 was 
36 g ash-free dry weightlm2 (Liston e t  a l .  
1986). This range and mean of seasonal 
maximum biomass i s  low r e l a t i ve  t o  more 
f e r t i l e  lakes and streams. Wetzel (1983) 
reports biomass i n  the range of 200-500 g 
ash-free dry weightlm2 for  submersed 
stands in nutrient-rich waters. 

Phytoplankton 

Superior (Schelske e t  a l .  1972; Feldt e t  
a1. 1973; Vollenweider e t  a1 . 1974; 
Flunawar and Plunawar 1978). Other algal  
groups tha t  have been ident i f ied in the 
phytoplankton of the r iver  include phyto- 
f1 age1 la tes  (Chrysophyceae, Cryptophyceae, 
and Dinophyceae), greens, and blue-greens. 

In 1982, 72 spec ies  of diatoms were 
identified in the Lake Nicolet reach of 
the r ive r ,  representing 26 genera and 
11 families (Liston e t  a1 . 1986). The 14 
most common diatoms of t h a t  s tudy a r e  
l i s t ed  i n  Table 15. Life habits a s  
defined in Hutchinson (1967) and Patrick 
(1977) indicate that  of those species pre- 
sented in Table 15, Asterionel l a  formosa, 
Cyclotella comta, Cyclotella glomerata, 

crotonensi s , Me1 osi ra 
i s  an ica Stephanodiscus hantzschii ,  and e 
Synedra - ulna are t ruly  planktonic. 
Achnanthes minutissima i s  the only benthic 
soecies l i s t ed  i n  Table 15, but many of 
the 72  species reported i n  - ~ i  ston e f  a1 . 
(1986) a l so  had benthic a f f i n i t y .  These 
species were apparently di s l  odged from the 
bottom and swept u p  into the plankton by 
currents.  Such a mix of typical ly  plank- 
tonic species with those tha t  are benthic 
i n  habit was a1 so observed by Kreis e t  a1 . 
(1983) i n  the plume of the St.  Marys River 
i n  Lake Huron. Benthic populations com- 
prised as  much as  40% of the to ta l  algal  

The knowledge of St .  Marys River phyto- Table 15. The most common diatoms i n  the 
plankton i s  limited and f a i l s  to  take into  Lake Nicolet reach of the St. Mary$ River 
account the to ta l  phytoplankton community, during 1982 ( L i  s ton e t  a1 . 1986) .  The 
which includes nannoplankton and micro- taxonomy follows tha t  of Patrick and 
algae as  well a s  net plankton. Most of Reimer (1966) and Weber (1971). 
the work consis ts  of qua l i t a t ive  and semi- 
quanti tat ive counts r e s t r i c t ed  to diatoms 
and other macroplankton. Briggs (1872) 
was the f i r s t  t o  publ ish  on the  phyto- 
plankton of the St.  Marys River. Since 
t ha t  early work, monitoring s tudies  have 
been conducted below the head of the r i ve r  
b j  the National Water Qual i ty  Network 
(1960-641, the  Ontar io  Min is t ry  of t he  
Environment (Upper Lakes Reference Group 
1977), and the U.S. Geological Survey 
( 1 9 7 4 - 8 4 ) .  Liston et a1.  (1981, 1983, 
1986) have a1 so studied the macrophyta- 
plankton of the St. Marys River, Diatoms 
dominate the f l o r a ,  and the species t h a t  
are present characterize oligotrophic 
waters, similar to repor ts  for' Lake 
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Achnanthes minuti ssima 
Asteri one1 1 a formosa 

Fragil a r ia  crotonensi s 
Me1 osi ra i s1 andi ca 
Rhi zosol eni a e r i  ensi s 
Stephanodi scus hantzschi i 
Synedra acus 
Synedra nana 
Synedra ulna 
Tabel l a r i a  fenest ra ta  



assemblage i n  terms of c e l l  volume, while 
t h e  r ema inde r  were t r u l y  p l a n k t o n i c  i n  
occurrence.  

Chlorophyll a  concent ra t ions  measured 
by L i s t o n  e t  a 7  (19861 i n d i c a t e d  t h a t  
p lanktonic  a l g a l  biomass varied only 
s l  i g h t l  y  between upstream and downstream 
r e a c h e s  o f  t h e  S t .  Marys R i v e r  d u r i n g  
i ce - f r ee  months. The mean chlorophyll a  
concent ra t ion  was 0.88 mg/m3 , which f a l l ? '  
within the  range 0.3-3.0 mg/m3 typica l  of 
ol  igo t rophic  waters  (Wetzel 1983) .  This 
value i s  a l s o  very c lose  t o  concent ra t ions  
repor ted  by Vollenweider e t  a1 . (1974) ,  
Watson e t  a l .  (1975) ,  El-Shaarawi and 
Munawar (19781, f o r  waters  of Lake 
S u p e r i o r  which a r e  c l a s s i f i e d  a s  be ing  
o l igo t roph ic  . 

Simi lar  t o  chl orophyl 1 a concen t r a -  
t i o n s ,  primary product iv i ty  3 the plank- 
t o n  o f  t h e  r i v e r  i s  w i t h i n  t h e  r ange  
a s soc i a t ed  w i t h  01 igotrophy. Wetzel (1983) 
r e p o r t s  a  range of mean ne t  p roduc t iv i t y ,  
measured by radio,activel carbon methods, of 
<50 mq2 C rn- day' and 5 0  t o  300 mg 
C . m . day-' f o r  ul t r a o l i g o t r o p h i c  and 
01 igot rophic  waters ,  r e spec t ive ly .  The 
range of measurements repor ted  by Liston 
e t  a l .  ( l 9F6)  was 5 6 . 5  t o  58.9 mg 
C . m-* day' . 

Overa l l ,  t h e  spec ies  composition, bio- 
mass, and p roduc t iv i t y  of  t h e  phytoplank- 
t on  of  t h e  S t .  Marys River a r e  very 
s i m i l a r  t o  t h a t  of  Lake Superior.  How- 
e v e r ,  t h e r e  i s  an i m p o r t a n t  d i f f e r e n c e  
between t h o s e  two env i ronmen t s :  i n  t h e  
r i v e r ,  t h e  phytopl ankton communi t y  i s  
t r a n s i e n t ,  s i n c e  i t  i s  cons tan t ly  being 
t ranspor ted  downstream a t  a  r e l a t i v e l y  
rapid r a t e .  

Annual P roduc t iv i t y  of t h e  Primary 
Producers 

During 1982-83, Liston e t  a l .  (1986) 
made measurements t o  determine t h e  re la -  
t i v e  importance of emergent wetlands, 
submersed macrophyte communities, and 
phytopl ankton as  food-producing components 
of t h e  S t .  Marys River ecosystem. Data 
from seven emergent wetlands from t h e  head 
of  t h e  r i v e r  downstream were t r e a t e d  t o  
y i e l d  an e s t ima te  of annual product iv i ty  
f o r  t h e  average m K  of a l l  dominant spec ies  

combined. EstiFRateS f o r  t h e  average m2  of 
submersed macrophyte  meadows and open- 
water  phytoplankton  h a b i t a t  were made a s  
well.  These d a t a  a r e  given i n  Table 16 
and show t h a t  rt!w"yent p l an t s  on an a rea l  
ba s i s  were by f a r  t h e  most product ive com- 
ponent of t h e  r i v e r  system: some 200 times 
more p r o d u c t i v e  than phytoplankton and 
40-50 t imes more product ive than submersed 
p l an t s .  P e r i p h y t o n  on submersed shoots  of 
emergent wet1 and p1 a n t s  had annual produc- 
t i v i t y  on t h e  same order  a s  t h a t  of t h e  
p h y t o p l a n k t o n .  Thus,  i n  t h e  S t .  Marys 
system, food p roduc t ion  f o r  consumers was 
concent ra ted  a l o n g  edges of t h e  r i v e r  i n  
emergent w e t l a n d s  and along t h e  bottom i n  
submersed p1 a n t  c m u n i  t i e s .  The optimum 
foraging  t h e o r y  (Werner e t  a l .  1983a, b) 
s u g g e s t s  t h a t  t h e s e  a r e a s  of  h igh  food 
dens i ty  a r e  n o t  ignored by mobile inver te -  
b r a t e  and v e r t e b r a t e  consumers. While 
phytoplankton p r o d u c t i v i t y  i s  low and food 
p a r t i c l e s  f o r  p lankton  g raze r s  a r e  widely 
spaced  i n  t h e  w a t e r  column, re1 a t i v e l y  
l a rge  q u a n t i t i e s  of phytoplankton a r e  
c a r r i e d  d a i l y  through t h e  r i v e r i n e  habi- 
t a t s  of s t a t i o n a r y  f i l  t e r - f eed ing  inver te -  
b r a t e s ,  s u c h  as net-bui lding cadd i s f ly  
l a r v a e  and clams, by water masses moving 
downst ream, 

Table 16. Aerial n e t  annual primary pro- 
duc t iv i t ya  of p l a n t  communities i n  t he  S t .  
Marys River ( L i s t o n  e t  a l .  1986).  

Community 
t y p e  g AFDW . m-2 yr-I 

Phytoplankton 7 

Submersed macrop hytes  b 35 

Emergent wet1 ands 

Shoots 650 

Per iphyton  

Rootstocks 

a  
Ash-free dry weight  (AFDW) . 

bPeriphyton o f  submersed macraphytes no t  
included . Submersed p? a n t s  have f i ?A1 @ 

periphyton e x c e p t  during decornposi t i on  
phase i n  sttrimere 



SECONDARY PRODUCERS 

Zooplankton 

Zooplankton of f reshwater  ecosystems 
r e p r e s e n t  an important l i n k  between phyto- 
plankton and higher t r oph i c  l e v e l s .  
Phytoplankton i n  the  pe l ag i c  zone of l akes  
and r i v e r s  a r e  minute i n  s i z e  and have a 
1 ow standing stock-biomass; however, they 
c o n s t i t u t e  t he  ba s i s  of pe lag ic  food webs 
by v i r t u e  of t h e i r  c h a r a c t e r i s t i c a l l y  
r a p i d  turnover  times (Kerfoot  and Dermott 
1980 ) .  Zooplank ton concent ra te  the  energy 
a v a i l a b l e  a s  phytoplankton biomass i n t o  
l a r g e r  p a r t i c l e s  which a r e  then a v a i l a b l e  
t o  f i s h  and o the r  p lankt ivorous  f eede r s .  
The importance of zooplankton t o  both 
a d u l t  and juveni le  p lankt ivorous  f i s h  has 
been documented f o r  severa l  decades (Wells 
1970; Hall e t  a l .  1970; Werner and Hall 
1974) .  Despi te  t h e i r  importance, few 
s t u d i e s  of the  S t .  Marys River zooplankton 
have been undertaken. 

Thi r ty  spec ies  of zooplankton empty 
i n t o  the r i v e r  from Whitef ish Bay (Selgeby 

1975). Of t he se ,  nine spec i e s  of copepods 
and t h r e e  spec ies  of c ladocerans  were 
common (Table 1 7 ) .  Calanoid copepods 
accounted f o r  50% of the  t o t a l  number of 
zoopl anktctn col l e c t e d ,  cycl opoid copepods 
40%, and cladocerans the remaining 10%. 
Seasonal ly,  t he  win te r  zooplankton commu- 
n i t y  cons is ted  pr imari ly  of a d u l t  s t ages  
of Diaptomus s i c i l i s ,  Diaptomus ash landi  , 
and Limnocalanus macrurus, and immature 
copepodids of Cyclops b icusp ida tus  thomasi 
( Fiqure 29) . During  summer, immature 
ca l  anoids,  a d u l t  cyc lops  b icusp ida tus  
thomasi, and Cladocera predominated i n  t h e  
open-water environment. 

The zooplankton community of the lower 
r i v e r  was sampled by Thomas and L i s t o n  
(1985) near  Raber Bay. They r e p o r t  a zoo- 
plankton community very s i m i l a r  i n  spec ies  
composition t o  the summer community found 
by Selgeby (1975) i n  the upper r i v e r ,  bu t  
f a r  l e s s  abundant (Table 1 7 ) .  However, 
Thomas and Liston (1985) u t i l i z e d  a n e t  
with 351 urn mesh openings, which would be 
expected t o  cap ture  only a d u l t  s t ages  o r  
l a r g e r  ind iv idua ls ,  whereas Sel geby (1975) 
sampled with a 120 pm mesh net .  

Table I f .  Species  of zooplankton co l l ec t ed  from the  S t .  Marys River and aver- 
age abundance i n  each of fou r  s epa ra t e  h a b i t a t s  (Selgeby 1975; Duffy 1985; 
Thomas and Liston 1985). 

~ u m b e r / m ~  Number/t 
Open Emergent 

Rapids Navigation water macrophyte 
Species  a r ea  channel nearshore bed 

COPEPODA 

Cycl opoida 

Cyclo s b-icuspidatus thomasi 7e 1,556 
Cvc oos v e r n a l i s  5 
~ i c l  obs s t r enuus  
~ a c r o c v c m i d i  s 
-1 

Mesocyclops edax 

Calanor'da 

Diaptomus ash landi  
Dia~tomus  mi nutus - 
Diaptomus o r e  onensi s + (1 
biaptomus s i c1  3s 80 3 207 
Epischura l a c u s t r i  s 7 12 

( Continued) 



Table 17. (Concl uded) 

~ u m b e r / m ~  Number/L 
Open Emergent 

Rapids Nav iga t i on  water macrop hy te  
area channel nearshore bed Species 

COPEPODA ( cont inued)  

Cal anoida (con t inued)  

Eurytemora a f f i  n i  s 
Limnocal anus. macrurus 
Senecel l a  ca lanoides 

CLADOCERA 

Acroperus harpae 
A1 ona cos ta ta  
Alona g u t t a t a  
Alona ex isua  

Bosmina l o n g i r o s t r i  s 
Camotocerus r e c t i r o s t r i s  r - - - -  

E&iodaphnia l a c u s t r i s  
7'.. m e a a l o ~ s  - . . . - - - ., - ,  - 
Cer iodaphnia quadrangula 
Chydorus gibbosus 
Chvdorus s ~ h a e r i c u s  

d - 

Daphnia 9 m d o t a e  
na nhni a r e t r o c u r v a  r . . . .  . - - - - .  - - 

m o s o m a  1 euchtenber 
Eurycercus 1 amel 1 a t u s  
Grap to l  e b e r i  s testudi'nel 
Holopedium gibberum 
I l y o c r y p t u s  s p i n i  f e r  
Lathonura r e c t i r o s t r i  s 
Latona p a r v i  remus 
Leptadora k i n d t i  i 
Mac ro th r i  x rosea  
Pleuroxus d e n t i c u l a t u s  
Pleuroxus procurvus 
P. t runcatum - 
P. unc ina tus  - 
Polyphemus ped i cu l  us 
Ophryoxus r a c i l i s  
R h y n c h o t a l b a t a  
S i  da c r v s t a l l  i na 
simoceGa1 us s e r r u l  a t u s  

OSTRACODA 



I n  c o n t r a s t  t o  t h e  p e l a g i c  o r  open- 
water community , the  zooplankton o f  
emergent we t lands  a re  a lmos t  e n t i r e l y  
Cladocera ( D u f f y  1985) .  Furthermore, t he  
maximum d e n s i t y  o f  zooplankton w i  t h i  n  
emergent we t lands  i s  more than an o rde r  o f  
magnitude g r e a t e r  than t he  maximum 
d e n s i t i e s  found  i n  open water .  The most 
abundant spec ies  w i t h i n  wet1 ands were 
Chydorus sphaer i cus  and Acroperus harpae 

(Tab le  17) ,  which a r e  b o t h  q u i t e  sma l l .  
Common spec ies which a re  l a r g e r  and 
probably  impo r t an t  w i t h  r espec t  t o  stand- 
i n g  s tock biomass i nc l uded  Macrocyclops 
a l b i d i s ,  Eurycercus l a m e l l a t u s ,  and Sida 
c r y s t a l l i n a  as  w e l l  as  Ostracoda. o f t h e  
29 spec ies o f  zooplankton found i n  emer- 
gen t  wet lands by D u f f y  (1985) ,  n i n e  were 
cons idered r a re .  

Ben th ic  I nve r t eb ra tes  

Ben th i c  i n v e r t e b r a t e s  may be separated 
accord ing  t o  s i z e  i n t o  macro-, meio-, and 
microbenthos. Ben th i c  rnacroi nve r t eb ra tes  
a r e  gene ra l l y  cons idered as those organ- 
isms re ta i ned  by s ieves  w i t h  screen open- 
i n g s  o f  250-500 urn, meiobenthos a r e  
organisms r e t a i n e d  by s ieves  i n  t h e  
62-250 pm range, and microbenthos those  
animals pass ing th rough  s ieves  w i t h  62 pm 
openings. I n  f reshwate r  ecology, r e 1  a- 
t i v e l y  l i t t l e  emphasis has been p laced  on 

Cyclops b~cusp~dalus thonlasl separate s i z e  c lasses  of ben th i c  i n v e r t e -  
brates,  and when f i n e r  mesh s ieves have 
been  used,  t h e  g o a l  has o f t e n  been t o  

-72 q u a n t i f y  t h e  abundance o f  e a r l y  i n s t a r s  o f  
aqua t i c  i n s e c t s  o r  o t h e r  macro inver te -  
b ra tes .  

Ben th i c  micro-  and me io inver tebra tes .  
The mic ro -  and meiobenthos o f  t h e  Great  
Lakes have remained 1 a r g e l y  uns tud ied  
(Nalepa and Q u i g e l y  1983) and 1 i t t l e  quan- 
t i t a t i v e  i n f o r m a t i o n  e x i s t s  f o r  these com- 
p o n e n t s  o f  t h e  St .  Marys R i v e r  b e n t h i c  
community. L i s t o n  e t  a l .  (1980) l i s t  pe r -  
centages o f  va r i ous  ben th i c  i n v e r t e b r a t e s  
r e t a i n e d  by s ieves  o f  600, 250, and 149 pm 
ape r t u re  (Table 18). A l though these da ta  
i 11 u s t r a t e  s i z e  d i s t r i b u t i o n s  o f  macroben- 
t h i c  i n v e r t e b r a t e s  and t h a t  some a r e  i n  
t h e  s i z e  range o f  meiobenthos, t h e  meio- 
b e n t h i c  i n v e r t e b r a t e s  were n o t  spec i  f i- 
c a l l y  examined i n  t h i s  study. I n f o r m a t i o n  
w h i c h  does e x i s t  f o r  rneio- and m i c r o -  
benthos i n  t h e  St. Marys R i ve r  suggests 
nematodes, ost racodes,  and Hydra spp. a re  
most abundant ( S c h i r r i p a  1983; Du f fy  
1985). Other mei obenthos recorded i n c l  ude 
c y c l o p o i d  and ha rpac taco id  copepods, 
c l  adocerans , t a r d i  grades, and Nemert i  nea 
( H i l t u n e n  1979;  Poe e t  a l .  1980; D u f f y  

13-Yov-71 21-Feb-72 37-May-72 08-Sep-72 37-Dm-72 * 

Figure 29. Abundance o f  copepods i n  open Ben th ic  macro inver tebra tes .  I n  con- 
wa te rs  of t h e  S t .  Marys R ive r ,  17 November t r a s t  t o  the  m ic ro -  and meiobenthos, t h e r e  
1971 t o  17 November 1972 (Selgeby 5975). i s  cons iderab le  i n f o r m a t i o n  on t he  

46 



Table 18. Percentages of macroinverte- almost a1 1 habitats.  Other important 
brate  taxa from the St.  Marys River benthic taxon, such as burrowing mayflies, 
r e t a i ned  by 600 urn, 250 um,  and 14 vm are res t r i c ted  to specif ic  habi ta t  types. 
sieves (Liston e t  a l .  1980). 

Soft  substrates occupy the majority of 

Sieve aperture the r i v e r ' s  bottom beyond the outer edge 

Ta xa of emergent wetlands or rocky shores. A t  
600 urn 250 Irrn the head of the r i ve r ,  where wave energy 

from Whitefish Bay i s  dissipated i n  shal- 
01 igochaeta 
Arnphi poda 
I sopoda 
Ephemeroptera 
Tr i chop tera  
Corixidae 
C h i  ronomidae 
Cera topogoni dae 
Hydracarina 

dis t r ibut ion and abundance of benthic 
macroi nvertebrates. The earl  i e s t  pub- 
1 ished information was records of mollusks 
collected in the v ic in i ty  of Drummond 
Is1 and and eastern Chippewa County 
(Goodrich and Van der Schal i e  1939). 
Studies during the 1960ts,  70 ' s ,  and 80's  
by both American and Canadian researchers 
produced the bulk of data now available on 
ben th ic  fauna of t h e  r i v e r .  Some ca r e  
must be used in comparing s tudies ,  how- 
eve r ,  s i n c e  s i e v e s  with d i f f e r e n t  s i z e  
mesh openings have been employed and those 
studies u t i l i z ing  f i ne r  mesh sieves in the 
St.  Marys River (Liston e t  a l .  1986) and 
e l  sewhere have demonstrated s h i f t s  in 
composition and abundance caused by the 
increased retention of smaller organisms 
(Nalepa and Robertson 1981). 

The S t .  Marys River supports a diverse 
benthic invertebrate community; 303 sepa- 
r a t e  taxa have been recorded (Table 19) .  
Benthic invertebrate community composition 
i s  i nf 1 uenced primari 1 y by substrate com- 
posit ion,  depth, water temperature, water 
currents ,  and the presence and density of 
aquatic macrophytes. For purposes of t h i s  
monograph, four d i s t i nc t  habi ta ts  will be 
recognized: s o f t  substra tes ,  emergent wet- 
lands, rapids,  and the shipping channel. 
In addition, wave-swept rock shores a re  a 
separate habi ta t  for  which only quali ta- 
t i ve  information ex i s t s .  Two broad 
taxonomic groups, Chironomidae and 
01 igochaeta, are numerical ly abundant in 

low water, sediment i s  predominantly sand 
interspersed with patches of gravel, cob- 
b l e ,  o r  rock (F igure  30;  Duffy e t  a l .  
1985). Sediments in the middle and lower 
r i v e r  below t h e  r ap id s  a r e  composed of 
f iner  par t i c le  s i l t s  and clays (Fig- 
ure 3 0 ) .  These s i l t s  and c lays  cover 
extensive areas of the lower r iver  except 
where dredged material has been disposed, 
sandy areas along exposed shorelines,  and 
occasional rock outcrops. In the absence 
of overriding fac to rs ,  such as point- 
source poll ution, sediment character has a 
major influence on benthic ' community com- 
position and abundance. 

Water depth and current a c t  in concert 
with substrate character in influencing 
the benthic i nvertehrate communi ty. 
Investigations of sandy substra tes  near 
the head of the r ive r  indicate  that  maxi- 
mum dens i t i es  of benthic macroinverte- 
brates occur a t  depths of 11-15 m (Duffy 
e t  a l .  1985; Figure 3 1 ) .  Resu l t s  from 
th i s  study also indicated tha t  f ine  sand 
substrates supported greater densi t ies  of 
benthic macroinvertebrates than medium-to- 
coarse sand. Storms from Lake Superior 
and Whitefish Bay routinely generate 
1.5-2 m waves in the r i v e r ' s  headwaters, 
which hinders macroi nvertebra te  coloni za- 
tion of loose sand substrates in shallow 
water . 

The lower r i v e r  has a predominantly 
s i l t  and clay substrate and i s  not subject 
t o  violent storms; i t s  abundance of 
benthic invertebrates i s  re la t ively  
uniform among a l l  depths and habi ta t  
t ypes ,  excep t  f o r  the  shipping channel 
(Figure 3 2 ) .  The number of taxa i s  a lso  
negatively correlated with increasing 
depth in the  lower r i v e r  (F igure  3 3 ) .  
These resu l t s  support the hypothesis of 
Barton and Grif f i ths  (19841, who suggest 
tha t  exposure t o  wind has a significant 
influence on the Great Lakes benthic 
community inhabi t i n g  depths shallower than 
20 m .  



Table 19. M a c r o i n v e r t e b r a t e s  c o l l e c t e d  f r o m  t h e  S t .  M a r y s  R i v e r  { D u f f y  
unpubl  , d a t a ?  . 

S c i e n t i f i c  name Sci e n t  i f i c name 
-- ---Up- 

Euna i u s  f r a  i l i s  -e, -p-- 
s o n g 1  a s s t r i s  

COELEMTFRATA 

Ou$esia sp.  - *"-- 
NEI.IERTEA 

RRYQZQA 

W d e l l a d r S l u s  s p .  
cl e 

~ u l  o d r i  1 u s  a m e r i  c a n u s  
AX- I imnohi  u s  --- 
Aul o d r i  1 u s  p i q u e t i  
A u l o d r i l u s  m e t a  -- 
Eui l y o d r i  1 u s  v e  j d o v s k y i  
t i r n n o d r i l  u s  angu: t ipen i  s 
t i m n o d r i  I U S  c e r v l x  
m n o d r i  1 u s  c l a d a r e d e a n u s  
r i m n o d r i l u s  m s -  

E l o s c o l e x  f e r o x  
m m  TK-3  
P e l o s c o l c x  a s e t o s i  s 

T;-K ~ T ~ ~ Z ~ T S  
K6TF; - m i  --"* ---- 
"Trrbi Fex t u b 7  f ex  ~---- " 

,RUDXNEA 

f r p u b d ~ i  l i dea 
I l ina l a t e r a l  i s  -- ~ r ~ b m E F c  t a  t a  

i ; l 7 o r c T c m 1  T m t o m a  ---+.------- ----..- 
t4@phelo s i  s o b s c u r a  Rh- G 3 1 I a e---"'-"-- 
A c t i n o h d c l l a  s p .  
-"- 

~ c t f E m m  i n e q u i a t i n u l a t a  

m m T l  o n a a  t a  

~ % r 2 T n : d a ~  
t lacmopsj s marmata 



Table 19. ( Con t i  nued) . 

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

HIRUDINEA ( Cont inued) EPHEMEROPTERA (Cont inued)  

Macrobdel 1 a decora 
P i  sacol  i d a e  

P i  sacol  a spp. 

POLY CHAETA 

Manayunkia speciosa 

ISOPODA 

Asel 1 i d a e  
A s e l l u s  i n t e rmed ia  . . - . . . . . 

Asel 1 us r a c o v i  t zae  r a c o v i  t zae  
L i r e u s  sp. 

AMPH I PODA 

Gammari dae 
A1 1 ocrangonyx sp . 
Crangonyx g r a c i  1 i s  
Gammarus f a s c i a t u s  

T a l i  t r i d a e  
H y a l e l l a  az teca  

Haus to r i  i dae  
Pontopore ia  hoy i  

DECAPODA 

Astac idae 
Orconectes prop inquus 
Orconectes v i r i  1 i s  

ACARINA 

Hydracar ina 

COLLEMBOLA 

Isotomurus sp. 

EPHEMEROPTERA 

Bae t i  dae 
B a e t i s  sp. 
C a l l i b a e t i s  so. 
Cloen sp. 

Bae t i  sc idae  
Bae t i sca  SP. 

Caeni dae 
Brachycercus sp. 
Caenis sp. 

Ep hemeri dae 

Fibhemera simulans 
Hexaaenia l i m b a t a  - 

Heptageni i dae  
Stenacron sp. 
Stenonema t r i p u n c t a t u m  

Leotophleb idae . . 
Lep toph leb ia  sp. 
Para lep toph leb ia  sp. 

Metre t opod i  dae 
S iph l op l ec ton  sp. 

S i  ph l  onur idae 
Ameletus sp. 
I sonvch ia  so. 
~ a r a i e l  e t us '  sp . 

ODONATA 

Aeschnidae 
Aeschna canadensis 
Boyer ia  sp. 
P 

Coenagri onidae 
E n a l l  agma borea le  
Ena l l  agma hageni - 
Nehalennia i rene 

Cordul i d a e  
Epi co rdu l  i a 
Somatochl o r a  sp. 

Gomphi dae 
Ar iaom~hus  so. 

.2 n 

~ r o m o ~ o m ~ h u s '  sp i  nosus 
Les t i dae  

Lestes d i  s j unc tus  
L i  he1 1 u l  i d a e  

L i b e l u l l a  sp. 
Sympetrum r u b i  cundi  1 um 

HEMIPTERA 

Be1 os tomat idae 
Be1 ostoma sp. 
Lethocerus sp. 

Co r i  x i  dae 
S igara  a1 t e r n a t a  
T r i c h o c o r i x a  sp. 

(Cont inued) 



Table 19. ( C ~ n t i r ~ v e d ) .  

S c i e n t i f i c  name Sci ent  i f i c name 

HEMIPTERA ( C o n t i n u e d )  TRICHOPTERA ( C o n t i n u e d )  

Gel a s t o c o r i d a e  
G e l a s t o c o r i s  s p .  

Gerri d a e  
Gerris s p .  

H e b r i d a e  
H e b r u s  s p .  
M e r r a g a t a  s p .  

H y d r o m e t r i  d a e  
Hydrome t r a  s p  . 

Mesovel  i i d a e  
M e s o v e l i a  s p .  

N e p i d a e  
R a n a t r a  s p .  

~ o t m a e  
Buenoa s p .  

Vel i i d a e  
M i  c r o v e l  i a s p  . 

MEGALOPTERA 

S i a l i s  s p .  

NEUROPTERA 

S i  s y r a  s p .  

TRICHOPTERA 

He1 i c b p s y c h e  b o r e a l  i s  
H v d r o o s v c h i d a e  
* ~ h k u k a t o ~ s ~ c h e  s p .  

~ d r ~ p ~ y c ~ ; ~ ; ~ .  

T- H y d r o p t l  l d a e  
H y d r o p t i l a  s p .  
~ t h y t r i c h i a  s p .  
i3F6iGGma s p .  
O x y e t h i r a  r p .  

L e p i d o s t m a t i d a e  
L e p i d o s t o m a  s p .  

L e d t o c e r i d a e  

T r i  a n o d e s  sp . 
S e  t o d e s  s p  . 

Limnephi  1 i d a e  
Grammotaul u s  s p .  
Limnephi 1 u s  s p .  
Nemotaul u s  s p .  
P l a t y c e n t r o p u s  s p .  
P y c n o p s y c h e  s p .  

Mol a n n i  d a e  

A g r y p n i a  s p .  
B a n k s i o l a  s p .  
F a b r i a  s p .  
P h r y g a n e a  s p .  
P t i l o s t o m i s  s p .  

Pol  y c e n t r o p i  d a e  
P h y l o c e n t r o p u s  s p .  
P o l  y c e n t r o p u s  s p .  

P s y c h o m y i i d a e  
Psychomia  s p  . 

R h y a c o p h i l  i a a e  
Rhyacophi  l a  s p  . 

LEPIDOPTERA 

P y r a l  i d a e  
;z:;;;;P;;. SP . 
Nymphula s p .  
P a r a p o n y x  s p .  

PLECOPTERA 

C e r a c l e a  SP. 

(Con ti n u e d )  
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P e r 1  i d a e  
I s o p e r l a  s p .  

COLEOPTERA 

Chrysomel  i d a e  
D o n a c i a  s p .  

D v t i  s c i d a e  
D e r o n e c t e s  d e p r e s s u s  
H y d r o v a t u s  s p  . 

E l  m i  d a e  
D u b i r a p h i a  s p .  



Table 19. ( Continued). 

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

COLEOPTERA (Conti  nued) 

M i  c r o c y l l  eopus sp. 
Gyr i  n i  dae 

Gyrinus sp. 
Dineutus sp. 

Ha1 i o l  i dae 
Bkychius sp. 
Hal i p l u s  sp. 
Hal i p l  us c r i  b r a r i  us 

Hydrophi 1 idae 
- Hei ophorus sp. 

Noter i  dae 
Hydrocanthus sp. 
Pronoterus sp. 

Psephenidae 
Psephenus sp. 

HYMENOPTERA 

D I PTERA 

Anthomyiidae 
Ceratopogoni dae 

A1 1 udomy i a needhami 
Bezzi a v a r i  co l  o r  
Cul ico ides sp. 
Dasyhel i a sp. 
Pal pomyia prunescens 
S t i  1 obezzi a sp . 

Chi ronomi dae 
Abl abesmi a sp. 
Chi ronomus sp. 
C l  adotanytarsus sp. 
C l  inotanypus sp. 
Col eotanypus sp. 
Conchapel opi  a sp. 
Constempel 1 i na sp. 
Corynoneu r a  sp . 
C r i  cotopus sp. 
Cryptochi ronomus sp. 
Cryptocl  adopel ma sp. 
Cryptotendi pes sp. 
Demi cryptochi  ronomus 
Di amesa so. 
Di crotend; pes sp. 
Endochi ronomus sp. 
En fe ld ia  sp. 
Epocicocl adius sp. 
Euke r fe r r i  1 i a  sp. 
Glyptotendi  pes sp. 

DIPTERA (Conti  nued) 

Heterot  r i  ssocl adi us 
Labrundini a sp. 
La rs ia  sp. 
Lauterborni  e l  1 a sp. 
Met r i  ocnernus sp. 
M i  crospect r a  sp . 
M i  c ro tend i  pes sp. 
Monodi amesa sp . 
Orthocladus sp. 
Parachi ronomus sp. 
Paracl adopelma sp. 
Para1 a u t e r b o r n i e l l  a 

Paratanytarsus sp. 
Phaenospectra sp. 
Pol ypedi l urn sp . 
Po t thas t i a  SD. 
Procl  adius sp. 
Psectrocl  adius sp. 
Psectrotan us sp. 
#us sp. 
Pseudosmi tti a sp. 
Rheotanytarsus sp. 
Sternpel 1 i n i  a sp. 
Stenochi ronomus sp. 
S t i c t o c h i  ronomus sp. 
Tanytarsus sp. 
Thi enernanni e l  1 a sp. 
Tr ibe los  sp. 
T r i  ssocl ad i  us sp. 
Xenochi ronomus sp. 
li c i  dae 

Dixa sp. - 
Ephydri dae 
Empi d i  dae 

Hemerodromi a sp. 
Sci omvzi dae 
- ~ G e d o n  f u s c i  peni s 
Si mu1 i dae 

Simul ium sp. 
S t r a t i  omyi i dae 

St rat; omys sp . 
Tabani dae 

Chrysops sp. 
T i  ~ u 1  i dae 

Antocha sp. 

(Continued) 
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Table 19. ( ~ o n c l  uded) . 

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

DIPTERA (con t inued)  

E r i  op te ra  sp . 
GASTROPODA 

Ancyl i dae  
F e r r i s i a  p a r a l e l l a  

Hvdrob i idae  
Amni c o l  a 1 imnosa 
hmnirn la  wal k e r i  , ,,.,. . . - - . - .. - 

P roby th i  n m c u s t r i  s 
Somatogyrus subglobosus 

Lvmnaei dae 
Ace l l a  haldemani 
Apl exa hypnorum 
Bul imnea mega soma -- 
Fossa r i a  oarva 
~ymnaea p a t u s t r i s  
Lymnaea s tagnal  i s 
Lymnaea s t a g n a l i s  j u g u l a r i s  
Lymnaea s t t g n a l  i s  sanctae mar 
Pseudosucc~ nus c o l  umel l  a 
Stagni c o l a  catascop1 um 

catascooium - -  - 

S ta  n i c o l a  e lodes  ae- ~ h y s - ~  ae 

He1 i soma 
He 1 i soma 

He1 i soma m 
Gyraul us 
Cvraul  us 

anceps anceps 
campanul a turn 
corpulentum v e r m i l i o n  
t r i v o l v i s  t r i v o l v i s  
t r i v o l v i  s b i n n e y i  
d e f l e c t u s  
parvus 

Promenetus exacuous exacuous 
P l  anorbul  a armiger  

P leurocer idae  
Goniobasis 1 ivescens --- 
Pl  eurocera acuta 

Trunca t e l l  i dae 
Pomatiopsis l a p i d a r i a  

Va lva t idae  
Valvata s incera  s i nce ra  

tri caranata 
V i  v i ~ a r i  dae 

~ a m ~ e l o m a  decisum 

PELECYPODA 

Unionidae 
A1 asmidonta c a l  ceol  us 
Anodon t a  g rand i  s g rand i  s 
Anodontoides fe russac ianus  
E l  1 i p t i o  complanata 
Lampsil i s r a d i a t a  s i l i q u o i d e a  
Lasmigona compressa 
Lasmlgona cos ta ta  
Ligumia re-issima 

SD haer i i dae 
P i  s id ium compressum 
P i  s id ium f a l l a x  
P i  s id ium n i t i d u m  
P i s i d i um  idahoensis  
P i s i d i um  v a r i a b i l e  
P i s i d i um  sp. 
Sphaerium n i t i d u m  
Sphaerium occ i den ta l e  
Sphaeri  um rhomboi deum 
Sphaeri um secu r i  s 
Sphaerium s t r i a t i n u m  
Sphaerium sp. 



The benth ic  i nve r t eb ra t e  community of 
s o f t  s u b s t r a t e s  i n  t he  S t .  Marys River may 
be c h a r a c t e r i z e d  a s  one dominated bo th  
numerically and i n  terms of taxonomic 
d i v e r s i t y  by chironomid l a rvae  and 
01 igochaetes .  Fi fty-one sepa ra t e  taxa 
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40 Figure 31. Dis t r i bu t ion  of t o t a l  benthos 
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Figure 30. Sediment p a r t i c l e  s i z e  di  s t r i -  
but ion downstream of Point  Iroquois  and 
Izaak Walton Bay i n  t he  upper por t ion  and 
i n  Lake Nicolet  i n  t he  'lower port ion of  
the  S t .  Marys River. 

Lake N~colel Wetland 1 5  m 3.0 m channel 
Rap~ds (100 m) 

Figure 32. Abundance of t o t a l  benthos by 
depth and h a b i t a t  in  t h e  lower S t .  Marys 
River during 1982 and 1983. 

each of chironomids and o l igochae tes  have 
been r e c o r d e d  from t h e  r i v e r .  S t u d i e s  
u s i n g  f i n e r  mesh s i e v e s  ( L i s t o n  e t  a l .  
1980 ,  1983,  1 9 8 6 ) ,  compared t o  s t u d i e s  
using coarser  mesh s i eves  (Hil tunen 1979; 
Poe and E d s a l l  1 9 8 2 )  , g e n e r a l l y  r e p o r t  
chironomids a s  being more abundant than 
01 i g o c h a e t e s .  Data c o l l e c t e d  from t h e  
same a r e a s  by Hiltunen (19793 and Liston 
e t  a l .  (1986)  i n d i c a t e  cb i ronomids  a r e  
underrepresented in samples r insed  through 
coarse  mesh (500 p )  s i e v e s ,  while o l igo-  
chae t e s  a r e  apparent ly  not  (Figure 34) . 
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Figure 33. Re1 a t i  onshi p  between d ive r s i  t y  
of ben th ic  i n v e r t e b r a t e s  and water depth 
i n  t he  lower S t .  Marys River.  
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Figure 34. Comparison of est imated 
abundance of chironomids and o l igochae tes  
i n  t he  S t .  Marys during 1982, taken us ing  
two sepa ra t e  se ive  s i z e s  (Hil tunen 1979; 
Lis ton e t  a1 . 1986). 

Three genera of chironomids, Lars ia  
spp . ,  Procladius spp. ,  and S t ich tochi ron-  
omus S D D . .  a r e  ubiqui tous and another  . .. - - '  6 , 

1 0 e n e r a  a r e  common in  one o r  more p a r t s  
o f  t h e  r i v e r  ( T a b l e  20 ) .  Chironomids  
r ep re sen t  the  g r e a t e s t  proport ion of t he  
t o t a l  benthic  community i n  sand s u b s t r a t e  
near the  head of t he  r i v e r ,  bu t  they a r e  
most abundant numerically i n  t h e  middle 
reaches of t he  r i v e r  (Table 21) .  In con- 
t r a s t  t o  t he  chironomids, o l igochae tes  
genera l ly  r ep re sen t  a  p rogress ive ly  l a r g e r  
proport ion of the t o t a l  ben th ic  fauna a s  
one proceeds from the  upper t o  lower r i v e r  
(Table 21 ) .  However, o rganic  enrichment 
i n  the upper r i v e r  near S a u l t  S t e .  Marie 
has s t imulated the  populat ion explosion of 
c e r t a i n  pol l  u t i on - to l e r an t  spec i e s  of 
o l igochae tes  ( s e e  below).  

The s o f t  bottom benth ic  i n v e r t e b r a t e  
community c o n s i s t s  of a  v a r i e t y  of o t h e r  
taxa .  While Chironomidae and 01 igochaeta 
a r e  most d ive r se  and abundant,  o the r  t a x a ,  
such a s  Ephemeroptera, Amphipoda, and 
Mollusca, a r e  common or  abundant and con- 
t r i b u t e  subs t an t i a l  1y t o  s tanding s tock 
biomass (Table 21) .  Because of t h e i r  cen- 
t r o l  r o l e  in t r oph i c  i n t e r a c t i o n s ,  Epheme- 
rop t e r a  may be the  most important  group of 
b e n t h i c  i n v e r t e b r a t e s  i n  t h e  S t .  Marys 
River.  Eighteen spec i e s  o r  genera have 
been co l l ec t ed  from the r i v e r .  Nymphs of 
two may-fly spec i e s ,  Hexagenia l imbata and 
Ephemera simulans, a r e  p a r t i c u l a r l y  abun- 
dant  in  a r e a s  of s o f t  s u b s t r a t e .  Nymphs 
of both spec i e s  grow q u i t e  l a r g e  r e l a t i v e  
t o  most aqua t i c  i n v e r t e b r a t e s  and, w i t h  
t h e  more a b u n d a n t  H .  l i m b a t a  having  a  
2-year l i f e  cyc le  in-the S t .  Marys River ,  
can r ep re sen t  a  cons iderab le  proport ion of 
t h e  s tanding s tock biomass (Liston e t  a l .  
1983; Schloesser  and Hi1 tunen 1985).  
Throughout i t s  range ,  H .  l imbata i s  most 
abundant in  deposi ti%al envi ronments 
where f i n e  sediments predominate, while 
spec ies  of Ephemera a r e  repor ted  t o  p r e f e r  
s u b s t r a t e s  of s l i g h t l y  coarser  sediments 
( H u n t  1953; Erickson 1968).  The d i s t r i b u -  
t i o n  of  bo th  m a y f l i e s  i n  the S t .  Marys 
River gene ra l l y  supports  these  observab 
t i ons .  Hexagenia l imbata i s  most abundant 
i n  p a r t s  o f  Lakes George and Nicole t  and 
i n  t he  lower r i v e r  where f i n e  sediments 
occur ,  while E .  simulans i s  more common in  
coa r se r  s ed imGts  o f  Lake Nicole t  and the 
upper r i v e r  (Hi? tunen 1979; Li ston 1983, 



Table 20. Benthic macroinvertebrates c h a r a c t e r i s t i c  (occur a t  >50% o f  
s ta t i ons )  o f  separate reaches o f  t he  S t .  Marys River  (Duf fy  unpubl. data). 

River  Reach 
l l ~ ~ e r  Middle Lower Lake George 

01 igochaeta 

L imnodr i l  us hoffmei s t e r i  
Limnodri 1 us sp . 
Peloscolex fe rox  
Pel oscol ex SD . 
Potamothrix ve jdovski  
Amphi chae t a  sp. 
Ophidonai s  serpent i  na 

I sopoda 

Asel lus sp. 

Amphi poda 

Gammerus fasc ia tus  
Hyalella azteca 

Acari na 

Hydracari na 

Ephemeroptera 

Ephemera simul ans 
Hexagenia 1 imbata 

Tr ichoptera 

Mystacides sp. 
Phyl ocentropus sp. 
Polycentropus sp. 

Ablabesmia sp. 
C r i  cotopus sp. 
Cryptochi ronomus sp. 
b i  c ro tend i  pes sp. 
Endochi ronomus sp . 
Lars ia  SV. 
paratanytarsus sp . 
Pol voedi 1 um sv . . - 
Proc'l ad i  us 
Psectrocl  ad i us su . , - - - -  - 

~ t i c toch i ronomus '  sp. 
Tanytarsus sp. 
Thienemanniel l a  sp. 

MOI 1  usca 

Amnicola sp. 
Phvsa sv. 

X 

X 

X 

X 
X 

X 
X 

X X X 

X 

E?fifi& idahoensi s  X 

lT3XGi sp. X X 

? $ i G S G m  sp. x 



Table 21. Average number of  benthic  macroinvertebrates/m2 and 
percent of the t o t a l  represented by major taxonomic groups collected 
from offshore s t a t i ons  of the S t .  Marys River during 1983 (Duffy 
unpubl. da ta ) .  

Locati ond 
IWB L N MNC N M L  SML PAF RB 

Average number/m2 9,879 18,710 20,846 13,895 8,613 9,682 7,381 

Percent 

01 i gochaeta 
Pol y chae ta 
Amphi poda 
I sopoda 
Ceratopogonidae 
C h i  ronomi dae 
Ep hemeroptera 
Trichoptera 
Gastropoda 
Pel ecypoda 
Other 

a ~ n i t i a l s  correspond t o  the following areas of the r i ve r :  IWB = Izaac 
Wal ton Bay, L N  = Lake Nicolet, MNC = Middle Neebish Channel, NML = 
north  Munuscong Lake, SML = south Munuscong Lake, PAF = P t .  aux 
Frenes, and R B  = Raber Bay. 

19861 . Trichoptera a r e  almost never L i t t l e  Lake George a t  the northeast corner 
numerically abundant, but are  one of the of Sugar Island (Figures 35, 36). Veal 
most taxonomi cal l  y diverse  benthic groups (1968) suggested that  the American side of 
in the St .  Marys River. the r ive r  and Lake Nicolet were not con- 

taminated by industrial  discharges. How- 
The dis t r ibut ion of benthic macroinver- ever,  sampling intensity in these areas 

tebrates  of s o f t  subs t ra tes  was surveyed may not have been great  enough to deter- 
by Veal (1968) i n  r e la t ion  to industr ia l  mine i f  the ben th ic  community had been 
and municipal discharges from the c i ty  of a l t e red .  Since t h i s  survey, the area has 
Saul t Ste .  Marie,  O n t a r i o .  Veal found again been sampled by Hamdy e t  a l .  (1978) 
t h a t  sediments below these  eff luents  con- and Kencga (1979), both of whom generally 
tained elevated levels  of chromium, iron corroborate Veal's e a r l i e r  work. A l a t e r  
oxide, phenols, phosphorus, and nitrogen. survey of the di  s t r i  bution of Hexagenia by 
Hood chips and o i l  were a l so  present in Hiltunen and Schloesser (1983) indicated 
some areas.  Within t h i s  zone of contami- these mayflies had been eliminated from 
nated sediments the mayfly Hexageni a areas s l  ightl  y further downstream than 
occurred on1 y occasional l y and the typ-tcal previous1 y suggested. Hiltunen and 
s o f t  bottom benthic fauna of the r iver  was Schloesser (1983) correlated the absence 
replaced by one consis t ing,  ent i re ly  in of Hexagenia with the presence of o i l  i n  
some areas ,  o f  the pollution- to le ran t  sedrments. O i  1 would severely reduce 
07 igochaetes Tubifex b e x  and osmoregulatory and feeding efficiency as 
~ imnodr i lus  hoffmeisteri .  A t  the time of well a s  general  movements of Hexa en i a  
Veal's (1968) sampling, these impacts to nymphs. Hiltunen and S c h l o e s i h j  
t h e  ben th i c  communi t Y  extended from an a1 so report  observing emerging subimagoes 
area immediately above the rapids to  entrapped i n  surface o i l  f i lm. 
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Except f o r  t h i s  area o f  sediment and 
water-qua1 i t y  impai rment, t he  s o f t  bottom 
benth ic  fauna o f  the  r i v e r  i s  i n d i c a t i v e  
o f  good water qua1 i t y .  Common 01 igochaetes 
found throughout the r i v e r  are a mix ture  
o f  p o l  1 u t i on -  to? e r a n t  taxa (Limnodri 1 us 
hoffmei s t e r i  and L imnodr i lus spp. ) and 
species associated w i t h  m e s o t r o ~ h i c  condi- 
t i o n s  (Pel oscol ex ferox and ~ o t a m a t h r i x  
vejdovski  ; Table 2 0 r - ~ p e c i e s  i n t o l e r a n t  
o f  organic enrichment, such as S t y l o d r i l u s  
heringianus, are a lso  found over wide 
areas o f  the r i v e r  (Veal 1968: H i l tunen 
1979; L i s t o n  e t  a l .  1980). However, 
o l igochaetes genera l ly  a re  n o t  present i n  
h i g h  d e n s i t i e s  o u t s i d e  o f  t h e  zone o f  
organic enrichment around Saul t Ste. 
Marie. Chironomids associated w i t h  clean 
water, such as Hetero t r issoc lad ius  spp., 
M i  crospectra spp . , and Pol ypedi 1 um spp . , 
are common, wh i l e  the po l  1 u t i o n - t o l e r a n t  
Chironomus spp. a re  rare.  

The shipping channel i s  e s s e n t i a l l y  a 
p o r t i o n  o f  the soft-bottom h a b i t a t  which 

Figure 35. D i s t r i b u t i o n  o f  Tubifex has been a1 te red by dredging. Th is  area 
t u b i f e x  i n  the  S t .  Marys River .  i s  appa ren t1  y poor  h a b i t a t  f o r  b e n t h i c  

macroinvertebrates as on l y  two taxa a re  
common and both d i v e r s i t y  and dens i ty  are 
much lower i n  the shipping channel than i n  
a l l  o ther  h a b i t a t s  (Table 22; L i s ton  e t  
a1 . 1980, 1986). The so le  exception i s  i n  
areas where dep0si t i o n a  l mate r ia l  s e t t l e s  
w i  t h i  n t h e  channel  . T h i s  occu rs  a t  t h e  
j unc t i on  o f  the Middle Neebi sh Channel and 
Munuscong Lake and i n  the  southern p o r t i o n  
of t he  r i v e r  below Munuscong Lake. Here, 
the po l  ychaete worm Manyunkia speciosa and 
01 igochaetes sometimes reach abundance. 
Turbulence created by passing ships and 
t h e i r  propwash i s  l i k e l y  the reason f o r  
the  l ack  o f  benth ic  organisms i n  the ship- 
p ing channel. 

Figure 36. D i s t r i b u t i o n  o f  Hexagenia spp 
i n  the  St. Marys R iver .  

Emergent wetlands prov ide  a h a b i t a t  f o r  
benth ic  macroinvertebrates t h a t  i s  a l t e r -  
n a t e l y  benign and harsh. I n  w in ter ,  i c e  
may extend through the water column i n t o  
bottom sediments i n  many o f  the emergent 
wetlands o f  the  St .  Marys River .  S t i l l ,  
some aquat ic  i nve r teb ra tes  remain i n  these 
areas throughout w in te r  and convert  blood 
sugars i n t o  a lcoho ls  i n  order t o  prevent  
f reez ing  (Duf fy  and L i s ton  1985). How- 
ever, -in spring, water temperatures r i s e  
more r a p i d l y  i n  these shal low areas than 
do water temperatures of fshore,  a1 lowing 
growth t o  begin e a r l i e r  (see Chapter 2 ) .  



Tables 22. Average number of benthic mcroinvertebrates/m~ and percent 
o f  the to ta l  represented by major taxonomic groups caf7ected from 
shipping channel s ta t ions  of the S t .  Marys Rfver durs'ng 1983 (Duffy 
unpubl . data) . 

Average nunber/m2 854 597 64 7 4,403 455 693 1,841 

Ol igaehacta 6 
Pol ychaeta 0 
Amphi poda 1 
I sogoda 0 
Ephcmerop tera 0 
Trichaptera 0 
Cera tapagonf dac n 
Chi ronmirlae 93 
Gas trrrpoda 0 
Pclecypoda n 
Other ( I  

%"or key ta a rm of r iver  ;ahi~rt*v.iatlons shre Tahlc 71. 

WtlLer temperatures 4n these shallow arcas 
wlrJa reach greater maxirnnm levels bn ?urn- 
miar than i n  offshore s l t c s ,  again favrariarq 
rjrvelopmcnt. Thc struckurn larov idrrd by 
aqtia t i c  macr"aphytc.s serves tlr stthstratr. 
for [)er*iphytic growth, which many nb the 
3nvertcbratcs fccd on, and na; cover from 
f i s h  and other predators. Fmcry (I"1IX) 
r;harnctcri;lc?d aca~ratic m a c r ~ p h y t ~  hens and 
wctlands a s  R ~ r q a n i ~  matrices" which favor 
d i v ~ r s j t y  in aqaralfc ccnsy strzms milch a s  
coral reefs i n  marine cnvirctnmcnts do. 

The benthic macroinvertehrdtc cammuni t y  
af emr?rgcnt w ~ t l a n t l s  i n  the  $ 2 .  M a r y s  
R j v e r ,  Ijke the soft-Xjcjttrprn csmtrniwy, i s  
t~xonomieall y d iv r r s r  , A toea1 o f  
171 scparatc t ax&  h a v r  heen rceordcd fram 
rm(brqcnt wetlands, with 118 of  these being 
aguneic j n s c c t s ,  Fjnonq the insects ,  
Ch I ronsmidae represent the r i chr s  t fauna 
o f  cmergtlnt wet lands  ~ k i  ttl  313 genera, whi l k .  

o t h c r  groups pearly rcprescn t cd  i n  t h e  
soft-bottom comunt'ty, such a s  Ncmi y t ~ r a ,  
&jsfi;:s, ase C~Pnf?ftpy*8, $re ws*? l r~?9r('- 
sentcd i n  emergent wetlands f Yah7o 201. 

thr dogrco o f  wind exposure. This 
influonce i s  from the d3rect physical 
e f f e c t s  of wave ac t i on  t h a t  Barton and 
iiyncs (1981) tlescrlbe fo r  other parts of 
thc Grcnt Lake$, from the negative effects  
of  wind on macrophyte develot>nncnt, and the 
e f fec t s  o f  wind on macrophyte communl'ty 
cornposi t i o n ,  Cumpari son of benthic 4 nver- 
t~bratcr tfcnsi t i c s  reported from both f e e  
and windward wetlands o f  the lower r iver  
reveals that  densi t ies  in wetlands exposed 
to wfnd I Table 2 3 )  are  almost consistent7v 
lower than densities found i n  wetlands on 
thr 'Icp sjde ( T a b l e  2 4 ) .  Whereas Liston 
an8 h i  $ colleagues 11986) sampled orimar- 
i l y  Scirpus ,a=!% stands, Duffy (1985) 
stucid";;^ thhr i nverteltratc comuni t y  inhah- 
i t i n g  Sparnanim curycarpum stands. The 

--"".-*a ---- 
invertebrate comunity associated with 
S .  curycarpum, which tends t o  occur i n  - -----. - 
nore  protected a r c a s ,  was more d ive r s e  
than the invertebrate comunity associated 
with -.- Scirpus --- -- acutus, w i t h  Hemiptera, 
OdonaLa, Caleoptera, and Hirudi nea each 
common ar, t i f i res i T a b i e  Psj, 

The abundancr o f  Bcnthic invcr tckt rates Ctt i~f inmnnids and 01 igochaetes rlumeri- 
in wetlands appears to  br i n i l uenc t zd  by ca7 !y donrinate the emergent wetland 

%% 



Table 23. Average number of ben th ic  macroinverte-  
brates/m2 and percent  o f  t h e  t o t a l  represen ted  by 
major taxonomic groups col l e c t e d  from windward 
emergent wetland s t a t i o n s  o f  t he  S t .  Marys River 
during 1983 (Duffy unpubl . d a t a ) .  

~ o c a t i o n ~  
Taxa TIM L SML PAt R B 

Average number/m2 2,735 7,070 10,967 8,382 

Percent  

Ol igochae ta  
Polychaeta 
Arnphi poda 
I sopoda 
Ephemeroptera 
Tr ichoptera  
Ceratopogonidae 
Chi ronomi dae 
Gastropoda 
Pel ecypoda 
Other 

a For key t o  area of r i v e r  abb rev i a t i ons  s e e  Table 21. 

Table 24. Average number of ben th ic  macroinvertebratesbm2 and pereent  
of t h e  t o t a l  represented by major taxonomic groups col l .ected from lee 
emergent wetland s t a t i o n s  of t h e  S t .  Marys River during 1983 (Duffy 
unpubl . d a t a ) .  

~ o c a  ti ona 
IWB L N MNC N M L  SML PAF RB 

Average number/m2 9,391 15,692 10,260 7,642 18,607 10,638 19,267 

Percent  

01 igochae ta  
Polychaeta 
Amphi poda 
I sopoda 
Ep hemerop t e r a  
T r i  choptera  
Cera topogoni dae  
Chironomidae 
Gas tropoda 
Pel ecypoda 
Other 

a ~ o r  key t o  a r e a  of r i v e r  abb rev i a t i ons  see  Table 21. 



Table 25. Average number o f  benth ic  i n  t h i s  h a b i t a t  (Table 26). For example, 
macroinvertebrates/m2 and percent  o f  the  la rvae of the beet le  Donacia sp. a re  
t o t a l  represented by major taxonomic phytophagus and develop w i t h i n  the  stems 
groups i n  Sparganium eurycarpum stands i n  of the emergent macrophyte Spargani um 
t h e  S t .  Marys R i v e r  d u r i n g  1983 ( D u f f y  eurycar um. While l ess  common, la rvae of 
1985). h e l l u r a  spp. have s i m i l a r  h a b i t a t  

requirements, b u t  develop i n  Scirpus spp. 

Date stems. The mayf ly  Siphloplecton spp. 
Taxa occurs along the wetland face. It i s  an 

l3 May l7 'line '" a c t i v e  swimmer about which l i t t l e  i s  known 
since i t  i s  i n f requen t l y  captured by con- 

Percent vent ional  benth ic sampling techniques. 
Many o f  the  Hemiptera and c e r t a i n  species 

01 igochaeta 
Hirudinea 
~ m ~ h i  pods 
Isopoda 
Ephemeroptera 
Odona t a  
Tr ichoptera 
Hemi p te ra  
Cera topogoni dae 
Chi ronomidae 
Coleoptera 
Gas tropoda 

12 4 7 o f  -0donata are r e s t r i c t e d  t o  more dense 

0 3 
l8 stands o f  macrophytes (Duf fy  1985). 

2 

The great  volume o f  f low combined w i t h  
the i r r e g u l a r  boulder substrate i n  the St .  
Marys Rapids has prevented q u a n t i t a t i v e  
sampling t o  date, even though these rap ids  
are considered one o f  the most important  
f i s h  h a b i t a t s  i n  t h e  r i v e r .  However, 
in fo rmat ion  on the benthic macroinverte- 
b ra te  community i n h a b i t i n g  the rap ids  was 
gathered i n  November 1983 when the  I n t e r -  
na t iona l  Lake Superior Board o f  Contro l  
( I L S B C )  closed the compensating gates a t  

Tota l  number/m2 2,135 10,245 24,043 the head of the rapids and "dewatered" the  
rap ids  (ILSBC 1974: Koshinsky and Edwards 
1983). This enabled b i o l o g i s t s  t o  en ter  
the rap ids  area and examine i t s  benth ic  

benth ic  macroi nvertebra t e  cornmuni t y  , j u s t  fauna. Another approach t o  understanding 
as they do i n  sof t -bot tom h a b i t a t s  the  benthic community o f  the rap ids  was 
( T a b l e s  24, 25 ) .  L i s t o n  e t  a l .  (1986)  attempted by Sch i r r i pa  (1983) who sampled 
found chironomi ds were most abundant i n  benthic macroi nver tebrates i n  the  small e r  
the  l e e  wetlands o f  the  Lake N i c o l e t  and rap ids  emptying from Lake N ico le t .  
middle channel po r t i ons  o f  the  r i v e r .  As 
they d i d  i n  soft-bottom hab i ta t s ,  o l i go -  The composi ti on of the benth ic  macroin- 
chaetes represented a greater  p ropor t ion  ver tebra te  community of both the S t .  Marys 
o f  the t o t a l  fauna i n  the southern p o r t i o n  Rapids and Lake N i c o l e t  Rapids i s  substan- 
o f  the r i v e r  than I n  the middle o r  upper t i a l l y  d i f f e r e n t  from the composition i n  
r i v e r .  Seasonally, maximum dens i t i es  o f  o ther  hab i ta t s  i n  the r i v e r  (Table 27). 
a1 igochaetes were found i n  June, roughly I n  both rap ids  Tr ichoptera la rvae (espe- 
1 month p r i o r  t o  peak dens i t i es  o f  ch i ro -  c i a l l y  two genera o f  net-spinning caddis- 
nomids ( D u f f y  1985) .  However, e a r l i e r  f l i e s  o f  the fam i l y  Hydropsychidae, 
s tud ies  suggested both  groups may reach Hydro syche c f .  b i f i d a  and Cheumatopsyche 
maximum d e n s i t i e s  l a t e r  i n  summer dur ing  *much more abundant than i n  o ther  
some years (Duf fy  unpub7. da ta) .  hab i ta ts .  I n  the S t .  Marys Rapids, H. c f .  

b i  f i d a  i s  the predominant taxa , compFi s ing  
Mhi'le chironomids and ol igochaetes a r e  about 80% o f  the Hydropsychidae (F ig -  

the most abundant macroinvertebrates i n  u r e  3 7 ) .  However, i n  t h e  Lake N i c o l e t  
emergent wetlands, a v a r i e t y  of more con- Rap~ds, Cheumato s che spp. are predomi- + spicuous taxa b e t t e r  serve t o  charac ter ize  n a n t  and compr ise 5% o f  t h e  Hydropsy-  
t h i s  bab i  t a t .  Cha rac te r i s t i c  macroi nverte- chidae (Schi r r i p a  1983). Koshinsky and 
b r a t e s  o f  t h e  S t .  Marys R i v e r  emergent  Edwards (1983) a t t r i b u t e d  t h e  preponder- 
wetlands i nc lude  a number of taxa which, ance of H. c f .  b i f i d a  i n  t h e  St .  Marys 
having s p e c i f i c  h a b i t a t  requirements, a r e  Rapids to- i t s  a f f i n i t y  f o r  f a s t e r  f l ow ing  
dependent on and occur on ly  o r  p r i m a r i l y  water. Cheumatopsyche spp. a re  known t o  

M) 



Table 26. Benth ic  mac ro i nve r t eb ra tes  c h a r a c t e r i s t i c  (occur  a t  >50% 
o f  s t a t i o n s )  o f  separa te  h a b i t a t s  i n  t h e  S t .  Marys R ive r  ( D u f f y  
unpubl . da ta )  . 

H a b i t a t  
Wetland S o f t  bot tom Channel Rapids Taxa 

01 igochaeta 
Ophidonai s se rpen t i na  
L imnodr i  1 us sp . 
Pe losco lex  f e r o x  - .  

S t y l a r i a  f o s s u l a r i  s 
Polychaeta 

- ~ a n a ~ u n k i a  spec i  osa 
Amphi poda 

Gammarus f a s c i a t u s  
Hya le l  l a  az teca  

Hydracar i  na 
Ephemeroptera 

B a e t i s  sp. 
Caenis sa. 
Ephemera' s imul  ans 
~ e x a g e n i a l i m b a t a  
Stenonema tri punctatum 
Lep toph leb ia  sp. 

c ho-p t e r a  
Cheumatopsyche sp . 
He1 icopsyche b o r e a l i s  
Hydropsyche b i f i d a  
Polycent ropus sp. 

Hemi p t e r a  
Co r i x i dae  

Col eop te ra  
Donacia sp. 

D i p t e r a  
Ceratopogon i dae 
Cryptochironomus sp. 
D i  c ro tend ipes  sp. 
Epoi c o c l  ad i  us  sp. 
L a r s i a  sp. 
Para tany ta rsus  sp. 
Polypedi lum sp. 
Proc l  a d i  us sp. 
Psec t r oc l ad i us  SP. . - 

~ t i c t o c h i r o n o m u s '  sp. 
Tanytarsus sp. 
Simulium SP. 

usca Mo l l  
Amnicola sp. x x 
Physa sp. x 
P i s i d i um  sp. x x 
Sphaerium sp. x 



Tsbte 27. Average number of  common m a c r o i n v e r -  
t eb ra tcs lm2 i n  the  S t .  Mary$ Rapids and Lake Micolet  
Rapids (Ksshinsky and Edwards 1983; S c h i r r i p a  19831. 

Rapids a r e a  
Lake Nicolet  S t .  Marys 

Ol igochaeta  
h p h i  poda 
Heptageni idat? 

h i a  sp. -- 
ernerop t e r a  

Hydropsychi dae 
To t a  1 Tri  chop t e r a  
Chironomidae 
I"fol1 usca 
0 thcr 
Total  macroinvcr tcbra  tcs 
Icynra kmsricana - 

r a r e  
1 2  
-- 

Figure, 37. D i  ~ t r t  brabf on and abundance of  net-spinning caddi s f l y  l a r v a e  i n  deua te red  
area, St- Mdrys R a p ~ c l s ,  it-? Hsvemher 1973 (Koshinsky and Edwards 1983). 



i n h a b i t  s lower  f l o w i n g  and warmer wa te r  29 

t h a n  Hydropsyche spp. (Wiggins 1979); 28 
27 

these  observa t ions  seem c o n s i s t e n t  w i t h  26 
25 

t h e  d i s t r i b u t i o n  o f  t h e s e  t a x a  i n  t h e  23 24 

St. Marys R ive r .  22 21 

m 
n 19 

Overa l l ,  t h e  mac ro i nve r t eb ra tes  o f  b o t h  j ;; r a p i d s  a r e  t y p i c a l  o f  t h e  b e n t h i c  commu- IS 

n i t i e s  found i n  r a p i d s  o r  r ocky  streams. 15 
14 

D i f f e r e n c e s  among t h e  two s i t e s  appear t o  13 
12 

be r e l a t e d  p r i m a r i l y  t o  c u r r e n t  v e l o c i t y .  11 
10 

I n  a d d i t i o n  t o  Cheumatopsyche spp., bo th  9 8 

hep tagen i i d  m a y f l i e s  and t h e  c r a y f i s h  13-~or-71 7 2 1 - ~ ~ ~ - 7 2  3 1 - ~ ~ ~ - 7 2  0 8 - ~ ~ ~ - 7 2  17-~k-72 

Orconectes prop inquus were more abundant 
i n  t he  moderate f l o w  o f  t h e  Lake N i c o l e t  10 Average biomass per individual 
Rapids than i n  t h e  S t .  Marys Rapids. 9 

~ c h i r r i p a  (1983) a l s o  found h i g h  d e n s i t i e s  
o f  the me ioben th ic  Hydra americanus a t  the  
t a k e  N i c o l e t  R a p i d s d u r i n g  J u l y .  

Annual P roduc t ion  o f  I n v e r t e b r a t e s  

Produc t ion  r e f e r s  t o  t h e  n e t  p roduc t i v -  
i t y  o r  sum o f  g r o w t h  i n c r e m e n t s  o f  a1 1 
i n d i v i d u a l s  i n  a p o p u l a t i o n .  It inc l udes  
biomass devoted t o  eggs and shed exuviae, 
b u t  excludes energy devoted t o  maintenance 
a c t i v i t i e s  ( Wetzel 1983).  P roduc t ion  
g i v e s  an i n d i c a t i o n  o f  how energy f l ows  
through an ecosystem and i s  a l s o  of va lue  
i n  comparing ecosystems. 

No pub l i shed  i n f o r m a t i o n  e x i s t s  f o r  
zooplankton p roduc t i on  i n  t h e  St .  Marys 
R i v e r .  However, Selgeby (1975) r epo r t ed  
s tand ing  s tock  biomass o f  zooplankton 
e n t e r i n g  the  r i v e r  f rom Wh i t e f i sh  Bay from 
which i n f e rences  about  p r o d u c t i o n  can be 
made, and D u f f y  (unpubl . da ta )  es t imated  
p roduc t i on  o f  zooplankton i n  emergent 
wet lands.  

Figure 38. Dens i t y  o f  t o t a l  zooplankton 
w i t h i n  the  Dunbar emergent we t land  d u r i n g  
1983 and d e n s i t y  and biomass o f  t he  open- 
water  area d u r i n g  1971 and 1972 (Se'lgeby 
1975) . 

Apr i  1 through J u l y  , 1983 (Duf  f y  , unpubl . 
da ta ) .  Eurvcercus lame1 l a t u s  and 
~ i m o c e ~ h a l u s  s e r r u l a t u s ,  two l a r g e  clada- 
cerans, c o n t r i b u t e d  most t o  t h e  es t imated  
annual zooplankton p roduc t i on  i n  t h e  wet- 
l ands  (Tab le  28) .  Seasonal ly ,  s tand ing  
s t o c k  v a l u e s  we re  q r e a t e s t  d u r i n g  l a t e  

I n  l a k e  water e n t e r i n g  t h e  r i v e r ,  June through e a r l y  ~ i l y  corresponding wi tR 

zooplankton s t and ing  s tock  inc reased  from i n c r e a s i n g  water temperatures, t he  begin- 
n i n g  o f  t h e  p h y t o p l a n k t o n  p u l s e  i n  t h e  r ough l y  4 mg d ry  wt/m3 i n  e a r l y  ~ u n e  t o  river, and a pulse in the release of dis- 

l4 mg dry wt1m3 by late Rugust during a so lved  o rgan ic  m a t e r i a l  from the  emergent p e r i o d  when average biomass o f  i n d i v i d u a l  
zoop lank te rs  was d e c l i n i n a  (F i ou re  ,38). macrophytes i n  t h e  wet lands.  

 his p e r i o d  o f  i n c r e a s i i g  bl'omass i s  
undoubted? y t h e  p e r i o d  o f  peak zooplankton 
p roduc t i on  i n  the  open wate rs  o f  t h e  St.  
Ma rys  R i v e r .  The i n c r e a s e  i n  s t a n d i n g  
s tock  corresponds w i t h  seasonal maximum 
wate r  temperatures and a p u l s e  i n  phyto- 
p l ank ton  a v a i l a b i l i t y .  

Seasonal s tand ing  c rop  o f  b e n t h i c  
i n v e r t e b r a t e s  r e f l e c t s  t rends  i p  
abundance, b u t  a l s o  s i z e  o f  i n d i v i d u a l s  In 
the popu la t i on .  However, because of t h e  
taxonomic d i v e r s i t y  o f  t h e  benthos. 
genera t ion  t i m e s  zrt! v a r i a b l e  and total 
s tand inq  s tock  da ta  a re  n o t  always use fu l  

Zooplankton s tand ing  s t ock  i n  emergent f o r  p r c i d i ~ t i  ng  annua l  p r o d u c t i o n .  For 
wet lands averaged 3.3 mg d r y  wt/m3 d u r i n g  example, w i t h  t h e  excep t ion  o f  a peak i n  

63 



table 28. Estimated annual secondary pro- 
duction by zooplankton i n  emergent wet- 
l ands  of t ake  Nico le t  of t he  S t .  Marys 
River (Duf fy unpubl . data)  . 

Production 
(mg dry wtl- 

Taxa m . y r  1 

Cl adocera 
Eurvcercus lamellatus 

~ a c r o c ~ c l o ~ s  a1 bidi s 4 . 3  

abundance a t  the 3 m depth of Lake George 
during June, benthic invertebrate abun- 
dances in both emergent wetlands and soft- 
bottom areas of Lakes George and Nicolet 
show similar seasonal trends (Figure 39A, 
B ) .  Yet, biomass in soft-bottom areas of 
Lake Nicolet are much lower than i n  Lake 
George (Figure 39C, D ) .  These differences 
are a reflection of differences in species 
composition between the two basins. The 
sof t  bottom areas of Lake George support 
greater numbers of Hexagenia limbata and 
fingernail clams (Sphaeriidae) than simi- 
l a r  substrates in Lake Nicolet, which sup- 
port a more abundant chironomid community. 
However, differences in taxonomic composi- 
tion and standing stock are not ref lected 
in annual production. 

do - 
35 - 
30 - 
25 - 
20 - 
15- 

to- 

5 -  

O t  

Annual benthic invertebrate production 
estimates for areas of the S t .  Marys River 

Lake George A 

WetIan 

3m 

i 

Lake Nicolet 
35 '"--- 

*PI Jun AUQ Ocl Dec Jun Aug Ocl Dec 

0 , 
A P ~  Jun AUQ Ocl Dec 

Figure 39. Seasonal abundance and biomass of benthic invertebrates i n  an emergent 
wetland o f  Lake George and the Lake Nico le t  mIergent wetland of the S t .  Marys River 
during 1981. 
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t h a t  have been studied a r e  remarkably 
s i m i l a r  ( L i s t o n  e t  a ? .  1983; S c h i r r i p a  
1983; Duffy 1985). In s o f t  bottom off-  
shore a reas  of  Lake George Hexagenia 
1 imbata and f ingernai l  clams contr ibute  
over ha1 f of the annual production, while 
i n  Lake Nicolet most of the to ta l  produc- 
t ion i s  contributed by chi ronmids ,  
ol igochaetes,  and the amphi pod Hyallela 
a z t e c a  (Tab le  2 9 ) .  O v e r a l l ,  on a u n i t  
bas i s ,  annual benthic inver tebra te  produc- 
t i o n  i s  g rea te r  in emergent wet1 ands and 
rapids areas  than i n  soft-bottom areas  of 
the r i v e r .  

Fishes 

Juvenile and a d u l t  f i s h e s .  The f i sh  
community of the S t .  Marys River may be 
d e s c r i b e d  a s  a p e r c i d  community ( sensu  
Ryder and Kerr 1978). A percid community 
contains four c r i t i c a l  species which 
contr ibute  t o  the persistance of the 
community: walleye (Stizostedion vitreum 
vitreum) , northern pike (Esox 1- 
yellow perch (Perca f l a v e s c e K  and white 
sucker (Catostomus commersoni ) . Kitchell 
e t  a1 . 11977) observed t h a t  slow-flowing 
r i v e r s  having a v a r i e t y  of s u b s t r a t e s ,  

Tabte 29. Estimated benthic inver tebra te  production in  the  emergent 1 i t t o r a l  
zone and the  3-m depth contour, of LaFes George and Nicolet and in  the Lake 
Nicolet Rapids a s  mg dry w t  m . yr- (Duffy unpubl. d a t a ) .  

Taxon 
Lake Nicolet Lake George 

Rapids L i t to ra l  Offshore L i t t o r a l  Offshore 

Ephemerop t e r a  
Ameletus sp. 
Caenis so.  
Ephemera' simul ians  
Ephemerel 1 a sp . 
Hexagenia 1 imbata 
Leptophlebia sp. 
Stenonema t r i  punc ta 

Tri chootera 
~ e r a c l e a  sp. 
Cheumatopsyche s p  . 
Grammotaul us sp. 
Phryganea sp . 
Phyl ocentropus s p  . 
Polycen tropus sp. 
Trianodes sp. 
Other Tri  choptera 

Hemi p t e ra  
Si gara cornuta 

Odona t a  
Aeshna canadensi s 
Arigomphus sp . 
Enalf agm? boreal e 
Lestes d l  sjunctus 
Libel lu la  sp. 

(Continued) 
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Lake Micolet hake George 
Taxon Rapids L i t t o r a l  Offshore L i t t o r a l  Offshore 

Diptera 
Chironomidae 
Ablabesmyia sp.  
Cryptochi ronomus sp . 
Larsia  so.  - .. . 

Para tanytarsus  sp. 
Polypedilum sp.  
Procl ad i  us so .  
Psec t roc lad i  us sp. 
S t i  ctochironomus sb . 
other  Chironomidae' 

Simul i dae 
Simul i am sp  . 

Amphi poda 
Hyalel la  az teca  -- 
Gammarus f a s c i a t u s  

Asel 1us  intermedia 
Lirceus sp.  

Decapoda 
Orconec t e s  propi nqus 11,200 

Ga stropoda 123 237 108 406 

Pelecypoda 

Spaeri i dae  144 397 5 3 4,347 

01 i goc hea t a  
S t y l a r i a  f o s s u l a r i  s 
O t h e r i g o c h e a t a  

M i  scel  1 aneous taxa 2,336 563 1,800 85  7 

Total s 23,683 24,682 14,464 20,020 18,846 

l i t t o r a l  a r e a s ,  and good w a t e r  q u a l i t y  because of their a s s o c i a t i o n  wi th  bogs. 
s i p f l a r  t o  t he  s t .  Mary5 River, *re However, the g r e a t e r  d i v e r s i t y  of f i s h e s  
optimal h a b i t a t  f o r  perc id  communities. ( T a b l e  30)  i n  t he  S t .  Marys R i v e r  i s  a 
The st. Marys River i s  r i c h e r  i n  spec i e s  r e f l e c t i o n  of the r i v e r ' s  va r i ed  h a b i t a t s  
than the  Precambrian Shield l akes  consi- a s  we11 a s  i t s  connect ions with t h e  
&red by Ryder and Kerr (1978) and o l igo t roph ic  f i s h  communities of Lakes 
conta ins  northern redbel ly  dace (Phaxi nus Superior  and Huron. 
e o s )  and brook s t ick leback  m g  
1 
~ n c o n s t a n s ) ,  spec ies  u sua l ly  considered Primary f i s h  h a b i t a t s  o f  the S t .  Marys 
mutually exc lus ive  wi th  perc id  co rnun i t i e s  R ive r  a r e  (1) t h e  open-water  main stem 
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Table 30. Fishes i d e n t j f i e d  from the St. Marys R iver  (compiled 
from var ious  sources). 

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

PETROMYZOMTIDAE 
Petromyzon marinus 
Lampe t r a  1 amo t t e i  

ACIPENSERIDAE 
Acipenser fulvescens 

LEP ISOSTEIDAE 
Lepi sosteus osseus 

AM1 IDAE 
Amia calva -- 

CLUPEIDAE 
Alosa pseudoharengus 
Dorosoma cepedianum 

SALMONIDAE 
Coregonus a r t e d i  i 
Coregonus c l  upeaformi s 
Prosopi um c y l  i ndraceum 
Salmo ga i rdne r i  
Salmo t r u t t a  
Salmosalar -- 
Salvel inus  f o n t i n a l i s  
Sal v e l  inus  namaycush 
Salvef inus f o n t i n a l i s  x 
Oncorhynchus gorbuscha 
Oncorhvnchus k i  sutch 
0ncorh;nchus tshawytscha 

OSMER IDAE 
Osmerus mordax 

UMBR IDAE 
Umbra l i m i  -- 

ESOCIDAE 
Esox l u c i u s  -- 
Esox masquinongy 

CYPRINIDAE 
Carassius auratus 
Couesius p- 
- 

{yprinus ca rp i0  
ybopsis s to re r i ana  

Nocomis micro  o on 
m o d e u c a s  
Notropi  s a ther ino ides  
Notropi  s cornutus 

Sea lamprey 
American brook lamprey 

Lake sturgeon 

Longnose gar 

Bowfin 

Alewi fe 
Gizzard shad 

Lake h e r r i n g  
Lake w h i t e f i s h  
Round w h i t e f i s h  
Rainbow t r o u t  
Brown t r o u t  
A t l a n t i c  salmon 
Brook t r o u t  
Lake t r o u t  
Spl a ke 
Pink salmon 
Coho salmon 
Chinook salmon 

Rainbow smelt 

Centra l  mudminnow 

Northern p i k e  
Muskel 1 unge 

Go ld f i sh  
Lake chub 
Carp 
S i l v e r  chub 
R ive r  chub 
Go1 den shiner  
Emerald shiner  
Comm shiner  

(Continued) 



Table 30. ( Continut d l  . 

Scien t i f i c  name ~ommon name 

Notropi s heterodon 
Notropi s heterol epi s 
Not ropi s hudsoni us 
Notropi s strami neus 
Notro i s  volucel lus  d eos 
Pime hales notatus 
+ 7 m s  

CATOSTOMIDAE 
Catostomus catostomus 
Catostomus commersoni - - - - - - - 

Moxostoma anisuram 
Moxostoma m u m  
Moxostoma m o t u m  

ICTALURIDAE 
Ictalurus nebulosus 
Ictalurus punctatus 

ANGUILLIDAE 
Angui 1 l a  ros t ra ta  

CYPRINODONTIDAE 
Fundulus diaphanus 

GADIDAE 
Lota Iota  -- 

GASTEROSTEIDAE 
Culea inconstans - - . . - -. 
Gasterosteus acul eatus 
Pungi t i u s  pungi t i u s  

PERCOPSIDAE 
Percopsi s mi scomaycus 

PERC ICHTHY IDAE 
Morone chrysops 

CENTRARCH IDA€ 
Amblopl i t e s  rupestri  s 
Lepomis gibbosus 
Lepomis macrochirus 
M i  cropterus do1 omieui 
M i  cropterus salmoides 
Pomoxis fiigromaculatus 

(Continued) 

Blackchin shiner 
Blacknose shiner 
Spottail shiner 
Sand shiner 
Mimic shiner 
Northern redbelly dace 
Bl untnose minnow 
Fathead minnow 
Blacknose dace 
Longnose dace 
Creek chub 

Longnose sucker 
White sucker 
Si l ver redhorse 
Go1 den redhorse 
Shor thead redhorse 

Brown bull head 
Channel ca t f i sh  

hmerican eel 

Banded ki 11 i f i  s h  

Burbot 

Brook stickleback 
Threespine stickleback 
N i  nespine stickleback 

White bass 

Rock bass 
Pumpkinseed 
Bl uegill 
Smallmouth bass 
targernouth bass 
Black crappie 



Table 36). (Concluded). 

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

PERCIDAE 
Etheos toma e x i  1 e  
Etheostoma nigrum 
Perca f lavescens 
Perca caprodes 
St izos ted ion  canadense 

Iowa d a r t e r  
Johnny d a r t e r  
Yellow perch 
Log perch 
Saucrer 

S t i  zostedion v i  treum v i  treum ~ a l  i eye  

SCIAENIDAE 
Apqodinotus grunniens 

COTTIDAE 
Cottus b a i r d i  -- 
Cottus coanatus 
Cottus r ~ c e i  -- 
Myoxocephalus quadr icorn is  

Freshwater drum 

Mot t led  scu lp in  
S l  imy scul p i n  
Spoonhead scul p i  n  
Fourhorn scul p i n  

p o r t i o n  and embayments o f  t he  r i v e r ,  
( 2 )  emergent wetlands border ing more 
pro tec ted reaches, ( 3 )  sand and/or gravel 
beaches, and ( 4 )  t h e  S t .  Marys Rapids. 
Many species are associated w i t h  more than 
one o f  these h a b i t a t s  o r  may move among 
h a b i t a t s  on a  d i e 1  o r  seasona l  b a s i s .  
However, each h a b i t a t  supports a  
co l  l e c t i o n  o f  species which d i s t i ngu i shes  
i t  from other h a b i t a t s  (Table 31). 

Open-water areas o f  the S t .  Marys R iver  
provide a  heterogeneous environment f o r  
f i shes  despi te the outward appearance o f  
un i fo rmi ty .  Va r ia t i ons  i n  depth and sub- 
s t r a t e  character  occur bo th  l o n g i t u d i n a l l y  
from the  upper t o  lower r i v e r  and horizon- 
t a l l y  across the r i v e r .  Depth, i n  tu rn ,  
in f luences both water temperature and t u r -  
b i d i t y ,  w i t h  the  g rea tes t  t u r b i d i t y  occur- 
r i n g  near t r i b u t a r y  mouths. Water 
cur ren ts  are s t rongest  and u n i d i r e c t i o n a l  
i n  s h i p p i n g  channe ls  i n  t h e  ma in  stem, 
becoming weaker and under g r e a t e r  w ind  
i n f l uence  away from these channels i n  
embayments (U.S. Army Corps o f  Engineers 
1984). I n  addi t i on ,  seasonal meteorologi- 
c a l  and hydrologic cycles i n f l uence  these 
a b i o t i c  environmental f ac to rs .  Water t e r n  
perature, hydro log ic  pat terns,  water qual- 
i t y ,  depth, and substrate cond i t ions  i n  
combination w i t h  more sub t l e  b i o t i c  and 
a b i o t i c  in f luences l a r g e l y  determine the 

f i s h  species present  and t h e i r  d i s t r i b u -  
t i o n  w i t h i n  the  open-water h a b i t a t s  o f  the 
r i v e r .  

Overa l l ,  the f i s h  community o f  open- 
water areas i s  dominated by demersal 
spec ies ,  and o n l y  two p e l a g i c  spec ies ,  
l ake  he r r i ng  (Coregonus a r t e d i i  ) and ra in -  
bow smelt (Osmerus m o m  con t r i bu te  
substant ia l  I y T  r m v e  abundance 
(Tables 32 and 33).  Smaller species and 
j uven i l es  o f  species which a t t a i n  l a r g e r  
s izes are most e f f e c t i v e l y  sampled w i t h  
o t t e r  t r a w l s  i n  t h e  open-water  h a b i t a t  
( L i s t o n  e t  a1 . 1981, 1983). Among smal ler  
speci es, t rout-perch (Percopsi s 
omiscomaycus) , johnny d a r t e r  (Etheostoma 
nigrum), and s p o t t a i l  sh iner  (Not rop is  
hudsoni us) are most abundant throughout 
the r i v e r  (Table 32) .  Yellow perch are 
the most common j u v e n i l e  f i shes  i n  open- 
water hab i ta ts .  

I n  the upper r i v e r  a d j o i n i n g  Whi te- f ish 
Bay, c l e a r  water and sandy substrates 
favor  johnny da r te r  and n inespine s t i c k l e -  
back (Pungi t i u s  pungi t i u s ) ,  species thatr 
are a1 so abundant i n  the o ther  Upper Great 
Lakes ( S c o t t  and Grossman 1973) .  Mott led 
scu lp in  (Cot tus b a i r d i )  and j u v e n i l e  
ye l low p e r m e  a6u';i?iaaTit (>IO'X; o f  t o t a l  
number) i n  the  upper r i v e r  as we l l .  Below 
the rap ids ,  both t rout-perch and s p o t t a i l  



Table 31. Fifteen most abundant f i shes  i n  each of f ive  hab i t a t  types ranked 
from most f 1 )  t o  l e a s t  (15) abundant (Liston e t  a1 . 1980, 1983, 1986) .  

Habitat 
Non- Offshore 
Veg . Veg- - trawl g i l l  net 

Species Reach Shore Shore 1.5 rn 3.0 m 1.5 m 3.0 rn 

Rank 

Trout-perch 1 15 13 1 1 13 8 
B1 untnose minnow -- 8 9 10 L 3 - - - - 
Carp - - - - - - - - 12 14 - - 
Common sh i ner 4 14 14 - - - - - - - - 
Emerald shiner 2 1 4 11 11 -- -- 
Golden shiner 10 -- - - - - -- - - - - 
Lake chub 9 - - - - - - - - - - -- 
Longnose dace 12 - - - - - - - - -- - - 
Mimic shiner 5 2 5 5 3 -- -- 
Spottai l  shiner 3 4 1 2 2 11 13 
Johnny dar ter  11 - ... 4 6 - - -- - - 
Logperc h - - -- 13 14 -- - - - - 
Yellow perch 8 6 8 3 4 5 6 
Walleye 6 -- -- - - - - 6 5 
Black crappie - - 7 7 7 10 - - -- 
E l  uegi 1 1  - - 3 2 -- - - - - - - 
Rock bass 7 12 12 8 9 7 7 
Smal lmouth bass - - 13 15 - - - - 144 15 
S i  1 ver redhor se 14 - - - - - - *- -- -- 
White sucker 15 9 10 6 7 1 1 
Rainbow smelt 13 11 11 14 15 2 2 
Brown bull head -- 10 6 -- -- 10 94 
Ninespine stickleback -- - - - - 12 8 - - - - 
Brook st ickleback -- -- -- 15 12 - - -- 
Mottled sculpin - - - - - - 9 5 -- -- 
Lake herring -- - - - - - - - - 4 3 
Lake whitefish -- - - -- - - - - 14% 12 

Pink salmon - - -- - - - - -- 9 94 
Northern p i  ke -- - - -- -- -- 3 4 
A l  ewi f e - - - - - - -- - - 0 11 
Gizzard shad - - 5 3 -- - - -- -- 

shtner a r e  abundant everywhere, while 
mimic shiner (Nctropis vol ucellus)  , white 
sucker, and mottled sculpin a r e  most 
numerous i n  the narrower channels of the 
mdddle r i v e r .  Below Neebfsh Island, the 
r i v e r  contains large  embayments and open 
shoreline areas ,  as  does Lake George, 
These open shoreline areas  a r e  u t i l i zed  by 
spawning trout-perch (fifagnusrzn and S m i t h  
1963) and a l s o  appear t o  favor s p o t t a i l  
shiner. Below the  rapids,  johnny dar ter  
and juvenile yellow perch a r e  abundant i n  

Lake George, while black crappie (Pornoxis 
n igromacula tus)  a r e  common only 
lower r ive r  below Munuscong take 
{Table 32). 

Larger f i shes  collected w i t h  g i l l  ne t s  
a1 so exh ib i t  d is t r ibut ional  pat terns  among 
r ive r  reaches (Table 33). In the upper 
r i v e r ,  rainbow smelt, yellow perch, and 
the ubiquitous white sucker predominate 
(Greenwood 1983b; L i  s ton e t  a ? .  1986).  
Lake whitefish a re  a l s o  more connnon i n  the 



Table 32. Percent composition (by number) of 15 most abundant 
f i shes  collected with a 4.9-m o t t e r  trawl a t  the 1.5 and 3.0-01 
depth contours i n  open-water habi ta ts  of the upper, middle, and 
lower St .  Marys River and Lake George Basin (Liston e t  a l .  1980, 
1983, 1986) . 

Upper Mi ddl e Lake Lower 
Species r ive r  r iver  George r iver  

Rainbow smelt 
Bluntnose minnow 
Emerald shiner 
Mimic shiner 
Spottail  shiner 
White sucker 
Trout-perch 
Brook stickleback 
Ninespine stickleback 
Mottled sculpin 
Black crappie 
Rock bass 
Yellow perch 
Johnny dar ter  
Logperc h 

Cumulative % 
Total f i sh  
Number samples 
Average f i  sh/sample 

upper r ive r  than elsewhere. In the lower 
r i ve r ,  below the rapids,  four species of 
fish--1 ake herring, northern pike, white 
sucker, and yellow perch--are common i n  
most reaches (Schorfar 1975; Wolgemuth 
1977; Mi l l e r  1979; Lis ton e t  a l .  1980, 
1981, 1986). Walleye are  re la t ive ly  
abundant i n  Munuscong Lake and southward, 
l e s s  common from Munuscong Lake t o  the  
rapids,  and were not collected above the 
rapids. Walleye are  actual ly  more abun- 
dant in the  lower r iver  and Potagannissing 
Bay during most of the year than Table- 33 
indicates ,  but move seasonally to  summer 
feeding areas (see below). Another spe- 
c i e s  common i n  the  lower r i v e r  b u t  not 
collected above the rapids i s  brown 
bull head ( Ic ta l  urus nebul osus . A i  though 
abundant i n  the S t .  Marys River ,  l ake  
herring are  present1 y on the threatened 
species l i s t  i n  Michigan (Mich. Dep. Nat. 
Resour. 1984 1. 

Several  of the  more abundant f i s h e s  
collected with g i l l  nets are not resident 
s p e c i e s .  Rainbow smel t move i n t o  the  
r iver  from Lake Huron i n  suring to  spawn 
when water temperatures are 4-5 "C and are 
only susceptible t o  g i l l  nets for  a brief 
period when migrating t o  spawning s i t e s .  
However, d ie tary  studies of piscivorous 
f i sh  suggest tha t  low numbers of rainbow 
smelt remain i n  the r ive r  through summer. 
Despite t h i s ,  rainbow smelt a re  the second 
most abundant species collected from the 
r iver  w i t h  g i l l  nets (Liston e t  a l .  1980, 
1981, 1986). Lake herring a l so  leave the 
r i v e r  during m i d -  t o  l a t e  sunlmer when 
water temperatures r i s e  to near t h i s  
s p e c i e ' s  upper thermal l i m i t  of 20 " G  
(Dryer and Beii 1964).  P i n k  salmon 
(Oncorhynchus gorbuscha) are only abundant 
i n  t he  r i v e r  d u r i n q  the F a l l  o f  odd- 
numbered years when most spawn. P i n k  sal- 
mon were accidentally introduced into  Lake 



Table 3. Percent composition (by number) of  15 most abundant f i shes  
collected w i t h  experimental bottom gil l  nets in open-water habitats of the 
upper, middle, and lower S t .  Marys River, Lake George basin, Raber Bay, and 
Potagannissing Bay (Liston et  a1 . 1980, 1983, 1986). 

Upper Middle Lake Lower Raber Potaganni ssi ng 
Specf es river river George rivera Bay Bay 

A1 ewi f e  1.1 0.2 0.5 5.4 1.2 1.5 
Lake herring 0.9 29.0 3.2 26.8 57.0 23.7 
Lake whitefish 6.3 0.5 0 0.3 0.4 0.5 
Pink salmon 0.7 1.7 0.8 T~ 0 0 
Rai nbow smel t 32.4 5.7 1.2 8.6 10.7 4.5 
Northern pike 7.9 11.7 21.8 10.6 6.0 5.1 
Spottai 1 shiner 2.0 0.3 2.6 1 .O - - a- 

White sucker 28.7 23.1 30.5 10.1 9.5 18.9 
Brown bull head 0 0.9 0.6 0.8 0.3 5.1 
T rout-perch 1.1 1.4 0.5 0.6 - - - - 
Rock bass 0.7 7.1 6.9 2.8 0.7 4.7 
Yellow perch 13.3 11.7 20.2 16.6 8.6 26.4 
Wal leye 0 3.5 3.8 14.1 4.2 5.1 

Cumulative X 95.1 96.8 92.6 97.7 98.6 95.5 
Total f i s h  457 2,661 652 3,562 885 3,542 
Nuder samples 18 31 22 30 8 2 2 
Average fish/sample 32.6 50.2 23.2 79.1 110.6 161 .O 

Superior from a hatchery. In the Pacific only seasonally or during die1 foraging 
Ocean t h e y  spawn every other year. In movements (Liston e t  a l .  1983, 1986). 
Oeat  Lakes, most spawninq occurs in Three species of  shiners (emerald 
odd-numbered years, a1 though  spawning [Notro i s  atherinoidesl, spottail , and 
during even-numbered years has been mlmtc are abundant in most emergent wet- 
docmentRd. 

--f 
land areas of the river (Table 34). 
Emerald shiners are rare only in Lake 

Qther species of interest not listed in George wetlands. Other species composing 
Table 33 are smallmouth bass (Micro terus >5% of the total fishes in wetlands are 
dola ieuf ) ,  which sre seasonal I !  gizzard shad (Dorosoma cepedianum) in the 

chinook salmon lower river below Munuscong Lake and 
and lake stur- bluntnose minnow (Pimephales notatus), 

. Chinook sal- juvenile brown bullhead, bluegill-is 
PacJfic salmon, macrochirus), and yellow perch i n  the 

move in to  the r iver  from Lake Huron in middle river. Juvenile yellow perch also 
A u g u s t  and September to spawn. Lake stur- comprise >5% of the f ishes  in the Lake 
geon occur throughout the r iver  in low George wetlands (Table 34). 
numbers (Molgemuth 1977; Liston e t  a1 . 
1986) and are presently on the threatened 
species l i s t  i n  Michigan. Habitat segregation by f&&es of the 

S t .  Marys River i s  perhaps most clearly 
The fish comunf t y  of emergent wetlands illustrated i n  juvenile bluegi 11 whose 

Is camposed s f  a complex of Cyprinidae distribution i s  restricted to emergent 
and juvenfles of other species, with wetlands. Although juveniles are season- 
larger adult fish uti 1 ihing these habitats a l?  y abundant in emergent wetlands, 

n 



n e i t h e r  j u v e n i l e s  n o r  a d u l t s  were c o l -  
l ec ted  i n  open water areas dur ing  5 years 
o f  sampling w i t h  a v a r i e t y  o f  gear types 
(L i s ton  e t  a l .  1980, 1981, 1983, 1986). 
Furthermore, b l u e g i l l  are n o t  reported i n  
spor t  f i s h i n g  catches from the r i v e r  
(D. Behmer, bake Superior State col lege, 
Sau l t  Ste. Marie, Michigan; pers. comm.). 
L i s ton  e t  a l .  (1986) suggested t h a t  juve- 
n i l e  b l u e g i l l  from the lower r i v e r  could 
no t  be separated from pumpkinseed (Le omi s 
g i b b o s u s ) .  However, age I i n d i v i d u a  -+ s 
co l lec ted  from Lake N i c o l e t  wetlands and 
r e a r e d  i n  a q u a r i a  were b l u e g i l l  ( D u f f y  
1985). The absence o f  a d u l t  b l u e g i l l  and 
d i s t r i b u t i o n  o f  3uveni l e s  pose i n t e r e s t -  
ing, bu t  unresolved, questions regarding 
predat ion pressure on the l o c a l  ecology o f  
t h i s  species. 

a re  microhabi t a t  v a r i a t i o n s  i n  open-water 
communities. L i  ston and c o l  leagues ( 1986) 
sampled f ishes i n  both emergent macrophyte 
beds and i n  open ings w i t h i n  o r  between 
beds. They found t h a t  the  same species 
used each m i c r o h a b i t a t ,  b u t  a s l i g h t l y  
d i f f e r e n t  community composition ex is ted i n  
each area. I n  openings w i t h i n  emergent 
wetlands devoid o f  emergent p lants,  the 
three most abundant species were emerald 
shiner, mimic shiner, and b l u e g i l l .  With in 
emergent macrophyte beds, the three most 
abundant species were s p o t t a i l  shi ner, 
b l u e g i l l ,  and g izzard  shad. Har t  (19839 
found t h a t  juv.eniles o f  both b l u e g i l l  and 
rock bass ( h b l o  1 i t e s  r u  e s t r i s 4  pre- 
f e r r e d  open ----TI--%- areas w ~ t  i n  wet ands, b u t  
congregated along edges near emergent 
macrophytes . 

Wi th in  wet1 ands, microhabi t a t  d i f f e r -  A t o t a l  o f  44 spec ies  o f  f i s h e s  use 
ences (such as d i f fe rences i n  macrophyte wetlands i n  the  St. Marys River.  These 
dens i ty )  are more e a s i l y  d i  scernable than wetlands serve as nursery areas f o r  a l l  

Table 34. Percent composition (by number) o f  15 most abundant f i shes  
c o l l e c t e d  w i t h  small experimental t r a p  nets  se t  along shore i n  open- 
water hab i ta t s  o f  the upper, middle, and lower St. Marys River and the 
Lake George Basin ( L i s t o n  e t  a1 . 1980, 1983, 1986). 

Speries 
Upper Middle Lake Lower 
r i v e r  r i v e r  George r i v e r  

Gizzard shad 
Rainbow smel t 
B l  untnose minnow 
Common sh i  ner 
Emerald shiner 
Mimic shiner 
S p o t t a i l  shiner 
White sucker 
Brown b u l l  head 
Trout-perch 
Black crappie 
B l  uegi 11 
Rock bass 
Smal lmouth bass 
Yellow perch 

Cumulative % 97 -0 83 -1 95.5 97.4 
Total  f i s h  17,287 10,290 11,769 37,964 
Number 24-h sampl es 26 28 36 26 
Average f i  sh/sample 665 -0 368 -0 327 -0  1,460 .O 



the  cent rarch ids  p l u s  ye l low perch, nor th-  
e rn  p ike,  bowf in (Amia ca lva) ,  longnose 
gar (Lepi  sosteus osseus) , brown b u l l  head, 
and cyp r in ids ,  as we l l  as o ther  species. 
Adul t  f i shes  move i n t o  these areas on a  
d ie1  bas is  t o  forage o r  r e s t .  Adu l t  wa l l -  
eye are  sometimes c o l l e c t e d  i n  la rge num- 
bers as they move i n t o  emergent wetlands 
t o  forage a f t e r  dark ( L i s t o n  e t  a1 . 19861. 
Yel'Tow perch, conversely, move i n t o  wet- 
lands a t  n i g h t  t o  r e s t  and may be observed 
l y i n g  on bottom w i t h i n  Scirpus beds 
(Duf f y  , pers. observ. ) . F ina l  1  y  , wet1 ands 
are used as spawning h a b i t a t  by some o f  
t h e  more i m p o r t a n t  f i s h  spec ies  o f  t h e  
St .  Marys River ,  such as nor thern  pike, 
smal lmouth bass,  and y e l l o w  pe rch  (see 
below). 

F i s h  use o f  beach shore l ine  h a b i t a t  has 
been i nves t i ga ted  i n  the  middle p o r t i o n  o f  
the r i v e r  from Lake M ico le t  t o  Munuscong 
Lake, b u t  use o f  s i m i l a r  h a b i t a t s  i n  other  
r i v e r  reaches has n o t  ( L i s t o n  e t  a1 . 1980, 
1981) . The f i s h  community found i n  these 
beach zones compr ises s p e c i e s  found i n  
wetlands as we l l  as small demersal species 
common i n  open-water a reas  ( T a b l e  3 5 ) .  
Throughout the area sampled, t he  most corn 
mon species co l l ec ted  i n  beach zones were 
t rou t -perch  and emerald, spo t ta i  1  , common 
(Notropis cornutus) , and mimic shiners. 
Juveni le wal leve  a re  a1 so common i n  beach- 
zone hab i ta t s .  Among beach zones sampled, 
wal leye were most common near the  mouth o f  
the Char lo t t e  River ,  a  t r i b u t a r y  t o  the 
S t .  Marys River, and l ake  chub (Couesius 
p l  umbeus) were c o l l e c t e d  on ly  from a  beachr 
loca ted on Chicken I s l a n d  i n  the Middle 
Neebi sh Channel . 

The f i s h  community i n h a b i t i n g  the 
S t .  Marys Rapids i s  d i s c r e t e  from the  f i s h  
communities o f  o ther  p a r t s  o f  the r i v e r .  
Unfor tunate ly,  these rap ids  a re  so l a rge  
as t o  defy q u a n t i t a t i v e  sampling methods 
and most o f  the  i n fo rma t ion  a v a i l a b l e  i s  
from s p o r t f i  shing harvests. However, 
Gleason e t  a1 . (1981) d i d  ob ta in  quant i ta -  
t i v e  samples o f  f i s h ,  us ing  t h e  U.S. Army 
Cotps o f  Engineers power canal and t a i l -  
race p a r a l l e l i n g  the  upper rap ids .  The 
rap ids  have been a  locus  o f  f i s h i n g  a c t i v -  
i t y  from pre-European t imes t o  the present  
(see Chapter 1). Ernest  Hemingway, who 
f i shed these rap ids  i n  the  1920's, i s  sa id  
t o  have c a l l e d  the  rap ids  " the  b e s t  ra in -  
bow t r o u t  f i s h i n g  i n  the  wor ld  ... second 

Table 35. Average number s f  f i sh 
co l l ec ted  w i t h  a 61.5-m beach seine along 
exposed shore l ine  areas o f  the  St. Marys 
River on S t .  Joseph Is land,  Chicken 
I s l a n d ,  and a t  Dunbar Research S t a t i o n  
dur ing 1979 and 1980. ( L i  s ton e t  a1 . 1980, 
19811 . 

Species 
Year 

1979 1 980 

A1 ewi f e  
Rainbow smelt 
Northern p i k e  
Lake chub 
Bl acknose shiner  
Common shiner  
Emerald shiner  
Golden shiner 
Mimic shiner 
Rosyface s h i  ner 
S p o t t a i l  sh iner  
Bl acknose dace 
Longnose dace 
White sucker 
S i  1 ver  redhorse 
Shorthead redhorse 
Brown b u l l  head 
Trout-perch 
Mott led scul  p i n  
Slimy scul p i  n  
Rock bass 
Ye1 low perch 
Hal leye  
Johnny da r te r  
Logperch 
Other species 

Number o f  species 
Average f i sh/sei ne 
Number o f  seines 
Tota l  f i s h  

on ly  i n  strenuousness t o  ang l ing  f o r  tuna 
o f f  Catal ina I s l a n d  ..," (Damman 1972). 

P r i n c i p a l  f i s h  species caught i n  the 
rap ids  by ang lers  are  l ake  wh i te f i sh  
(&re  onus c l  upeaformi s )  and rainbow t r o u t  
( h . a i  rdncrl) i n  rough ly  equal 
p ropor t ions  os nsky and Edwards 1983). 



During autumn, wal leye and chinook salmon 
move i n t o  the  rap ids  area. Koshinsky and 
Edwards (1983) l i s t  38 spec ies  o f  f i s h  
which have been c o l l e c t e d  from the rap ids .  
Amonc: these, the abundan t fo raqe  species 
are Tongnose dace (Rh in ich th  s G t a r a c t a e j  
and s l imy scu'lpin + Cottus 
Another species of i n t e r e s t ,  t h  
prey ( ~ e t r o m ~ z o n  marinus) , i s  a? so 
abundant i n  the rap ids .  

I n  the power canal adjacent  the rapids,  
@hi t e  and 1 ongnose suckws ((Catostomus 
catostomus) were the  most common species 
co l l ec ted  (Gleason e t  a l .  1981). Other 
species co l l ec ted  i n  the power canal which 
are c h a r a c t e r i s t i c  o f  the rap ids  h a b i t a t  
inc lude chinook salmon dur ing  the spawning 
season and occasional brook t r o u t .  

Ichthyoplankton and spawning. Ichthyo- 
p lankton s tud ies  i n  the S t .  Marys River 
have i d e n t i f i e d  39 separate species 
(Table 36; L i s t o n  e t  a1 . 1980, 1981, 1983, 
1986; Gleason e t  a l .  1981; D u f f y  1985; 
Jude e t  a l .  1986). F i sh  la rvae cof l ec ted  
i n  the r i v e r  cons i s t  n o t  on l y  of la rvae 

from f i s h  i n h a b i t i n g  the r ivet-,  b u t  a l so  
l a rvae  from f i s h  res iden t  i n  t r i b u t a r i e s  
and Whi te f ish  Bay. The predominance o f  
rainbow smelt l a r vae  i n  samples a t t e s t s  t o  
the importance o f  t r i b u t a r y  and Whi te f ish  
Bay con t r i bu t i ons  t o  the r i v e r ' s  ichthyo- 
fauna. Rainbow smelt spawn i n  small 
t r i b u t a r i e s  o r  along rocky shore1 ines. 
However, Jude e t  a?.  (1986) found d r i f t  o f  
l a r vae  from the  upper t o  lower r i v e r  
through the  Edison Sau l t  power canal was 
minimal. The ichthyoplankton fauna i n  a1 1 
reaches o f  the r i v e r  i s  dominated by r a i n -  
bow smel t (Gleason e t  a1 . 1981; L i  ston e t  
a1 . 1986). A marked seasonal succession 
o f  f i s h  l a rvae  i s  apparent though, (Fig- 
ure 40) and i s  the r e s u l t  o f  d i f f e r e n t i a l  
t im ing  o f  reproduct ion by var ious species 
i n  response t o  environmental s t i m u l i  
( L i  s ton e t  a1 . 1980). 

A t  ice-out  i n  spr ing  the ichthyoplank- 
t o n  p o p u l a t i o n  c o n s i s t s  o f  l a r v a e  f rom 
f a l l -  o r  winter-spawning l ake  her r ing ,  
I ake wh i te - f i sh ,  burbot  (Lota l o t a )  , and 
fourhorn scul p i n  ( ~ y o x o c e p h a l u ~ q u a d r i -  
cornis;  F igure  40). Soon a f t e r  ice-out ,  

Table 36. F ish  larvae co l l ec ted  i n  the St .  Marys R iver  
( L i s t o n  e t  a l .  1980, 1981, 1986; Ashton, unpubl. data). 

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

Peptromyzontidae 
Lampetra sp. Brook lamprey 
Petromyzon marinus Sea lamprey 

Ami i dae 
Amia calva -- Bowfin 

C l  upeidae 
Alosa pseudoharengus - Alewi fe  

Salmoni dae 
Coreaonus a r t e d i  i Lake h e r r i  ns - 
Coregonus m o n n i  s 
Onchorhynchus gorbuscha 

Osmeri dae 
Osmerus mordax 

Umbri dae 
Umbra l i m i  -- 

Lake whi t e f r  sh 
Pink salmon 

Rainbow me1  t 

Centra l  mudminnow 

Esoci dae 
Esox l u c i u s  -- Northern p i k e  

(Continued) 



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

". 
Typrinus carpio 
Notem~gonus crysol eucus 

Notro is  volucel l u s  
o t rop l s  hudsonius + 

N o t r o ~ i s  s5. 
PimephaVes' spp. 

Catostomidae 
Catostomus commersoni 
Moxostoma SD. 

Carp 
Golden shiner 
Common shiner 
Emerald shiner 
Mimic shiner 
Spottai l  shiner 
Unidentified shiner 
Unidentified minnow 

White sucker 
Unidentified redhorse 

I c t a l  uridae 
Ic ta l  urus nebulosus Brown bull head 

Cypri nodon ti dae 
Fundul us diaphanus Banded k i l l i f i s h  

Gadidae 
Lota l o t a  -- Burbo t 

Gasterostei dae 
Pungi t i u s  pungi t i u s  Ninespine st ickleback 

Percopsi dae 
Percopsi s omi scomaycus Trout-perch 

Cen t rarchidae  
Ambto~l i t e s  r u ~ e s r i  s 

- - 

q % i G  ;pp. 
M i  cropterus do1 omieui 

Sci aenidae 
Apl odinotus grunniens 

Percidae 
Etheostoma nigrum 
Etheostoma sp. 
Perca t lavescens 
Percina caprodes 
Percina SD.  

Rockbass 
Bluegill 
Pumpkinseed 
Unidentified sunfish 
Smal lmouth bass 

Freshwater drum 

Johnny d a r t e r  
Unidentified d a r t e r  
Yellow perch 
Logperch 
Unidentified d a r t e r  
Hal 1 eye 

Co tti dae 
Cottus sp. Unidentified scul pin 
Myoxocephali us quadricorni s Fourhorn sculpin 



beginning i n  May t o  e a r l y  June, larvae of 
spring-spawni ng species ,  such a s  rainbow 
s m e l t ,  ye l low p e r c h ,  and w h i t e  sucker ,  
appear and dominate the  ichthyoplankton 
community. larvae  of summer-spawning 
Cyprinidae and other  species ,  such a s  
b1 uegil l  , pumpkin seed, and alewife (Alosa 
pseudoharengus) appear i n  samples from 
l a t e  June through the remainder of summer 
( Figure 39) . 

Dis t inc t  hab i t a t  a s soc ia t ions  a re  
exhibited by many of these f i s h  larvae  as  
well a s  o ther  species f o r  which quantita- 
t i v e  information - i s  d i f f i c u l t  t o  obtain 
(Table 37) .  Goodyear e t  a1 . (1982) com- 
piled information on spawning and nursery 
a reas  f o r  the  St .  Marys River. A1 though 
much of the information presented i n  t h e i r  
r epor t  was anecdotal, t h e i r  f indings 
generally support f i e1  d s tud ies .  Species 
which spawn i n  t r i b u t a r i e s  and d r i f t  down- 
s t ream t o  t h e  S t .  Marys R i v e r ,  such a s  

rainbow smel t ,  w h i  t e  sucker, and burbot, 
a re  usually more abundant a t  offshore 
s i t e s  than a t  nearshore ones (Table 379. 
However, white sucker larvae a r e  abundant 
a t  both offshore and nearshore s i t e s ,  
which may r e f l e c t  an a f f i n i t y  f o r  more 
protected habi ta ts .  Dense schools of 
white sucker larvae may be observed 
d r i f t i n g  down t r i b u t a r i e s  i n  ea r ly  summer, 
normally concentrated w i t h i n  1-2 in of the  
t r i b u t a r y  bank. Larvae of f i s h e s  t h a t  
spawn i n  emergent wetlands, including 
cyprinids, b lueg i l l ,  and yellow perch, 
generally a r e  much more abundant near t h i s  
habi ta t  than el  sewhere (Table 37). Larvae 
of other f i s h  t h a t  spawn i n  wetlands 
remain i n  these hab i t a t s  un t i l  they a r e  
qui te  mobile and a re ,  therefore ,  under- 
estimated i n  sampling. Examples from the  
S t .  Marys River  i n c l u d e  n o r t h e r n  ~ i k e ,  
smal lmouth bass, bowfin , common . carp 
(Cyprinus car  i o )  , and centra l  mudminnow 
(Umbra -- limi+ 

Lake whitefish -------------- 
Lake herring ................................ 
Burbot ................................ 
Northern pike --------- 
Fourhorn sculpi  n 
Central mudmi nnow ------------------- 
Rai nbow smelt 
Yellow perch 
Trout-perch .................................... 
Wall eye .......................... 

~birnny d a r t e r  
Logperch 
Percidae 
Etheostoma sp. 
N i n e s ~ i n e  s t ickleback 
Whi te '  sucker 
Moxostoma sp. 
Roc k-bass 
Catostomidae 
Lepomi s sp. 
Carp 
A1 ewi f e  

I i I I I I 

' April ' May June I July ' August 'September I 

Figure 40. Seasonal occurrence of larval  f i s h  i n  the St. Marys River. 

T? 



Tabie 37. F ish  la rvae co l l ec ted  from each o f  th ree h a b i t a t  types 
i n  t he  S t .  Marys River  dur ing  9 A p r i l  through 28 September 1981  as 
a percent of the t o t a l  ( L i s t o n  e t  a1 . 1980, 1983, 1986) 

Species 

Hab i ta t  and depth 
Shore Mid-depth Navigat ion channel 

Lake he r r i ng  
Lake w h i t e f i s h  
Alewi fe 
Rainbow smelt 
Central mudmi nnow 
Carp 
Cyprinidae 
Catostomi dae 
( c f .  wh i te  sucker) 
Burbot 
Trout-perch 
Ninespine s t i c k 1  eback 
Rock bass 
Lepomis sp. 
Johnny da r te r  
Yellow perch 
Logperch 
Cottus sp. 
F G F 6 r n  scu lp in  

Tota l  no ./100m3 water 
Tota l  no. co l l ec ted  

Percent o f  t o t a l  

1 .O 1.3 0.3 
2.9 0.3 (0.1 
0 0.3 2.7 
1.3 69.2 69.9 
0 0.1 0 
3.4 3.1 1.1 

32.3 9 .O 0.8 

12.4 1.4 11.3 
0.4 4.8 8 .O 
0.1 0.2 0.5 
0 0.2 0.4 
0.1 0.1 0 

23.1 0.7 0.1 
2.8 1.2 1.1 

10.2 3.8 0.4 
10 .O 4.0 1.5 

0.1 0.5 1.8 
0 0 0.2 

338.4 58.3 22 .O 
1,569 3,897 3,133 

The m a j o r i t y  o f  spec ies  i n  a p e r c i d  Northern p i k e  and cen t ra l  mudminnows spawn 
cornun i ty  l i k e  t h e  S t .  Marys River-- lake i n  wetlands very near t he  water 's  edge. 
wh i te f f  sh, wh i te  sucker, longnoss sucker, These spec ies  have adhes i ve  eggs wh ich  
s i  1 ver redhorse (Moxostoma anisuram) , a t tach  t o  e i t h e r  1 i ve o r  dead vegetat ion, 
shorthead redhorse ( M . r o l e  i'dotum), and t h e i r  la rvae are adapted t o  low-oxygen 

- *es cond i t ions ,  which occur where decomposing wa l l  eye, t rou t -perch  , and severa 
o f  c y p r i n i d s - - s p a w n  o v e r  o r  on exposed aquat ic  macrophytes form a t h i c k  organic 
rock, gravel  , o r  rubble i n  we1 1 -oxygenated 1 ayer over bottom sediments (Bal on 1975). 
water (Balon 1975). Other species such as 
brown b u l l  head and scu lp ins  spawn i n  holes Movement o f  f i shes .  Many o f  the  f i s h  o r  c a v i t i e s  and guard t h e i r  nests. S t i l l  species inhabiting the river 
0th" s ~ e c i ' s *  i nc lud ing  species of seasonal movements from one area t o  
centrarchids and stick'ebacks another. For some species these movements nests. on ly  amount t o  a seasonal d ispersal  i n t o  

The presence of wet? and areas enables ad jo in ing  hab i ta ts .  However, f o r  o ther  
species which use vegetat ion i n  spawning species, such as l ake  h e r r i n g  and walleye, 
t o  reproduce and mainta in popu la t ions  i n  these seasonal movements may be character-  

he r i v e r .  Yellow perch spawn i n  wet1 ands, i z e d  as m ig ra t i on  because they are a 
i n c l u d i n g  those of t h e  S t ,  Marys River ,  p e r i o d i c  departures from and re turns  t o  an 
drap ing  egg masses over vegetat ion. area (Odum 1971). 
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Severa 1 : nvest i  g a t o r s  have attempted t o  
qiianti fy winter  movement of f i s h e s  in t he  
shipping channel o f  t h e  S t .  Marys River 
usinq remote sensing techniques f Rehmer 
and Gleason 1975: Dahlberg e t  a ? .  1980).  
Vowever, in  each of t he se  s t u d i e s  r e s u l t s  
have been undermined by an i n a b i l i t y  t o  
c o l l e c t  f i s h  From the  shipping channel in  
o r d e r  t o  "ground t r u t h "  r e c o r d e d  d a t a .  
Each s tudy was conducted i n  l a t e  winter 
and recorded a  preponderance of pe lag ic  
f i s h .  Dahlberq e t  a1 . (1980) suggested 
t h a t  many of the f i s h  they recorded were 
possibly rainbow smelt  beginning t o  move 
toward t r i b u t a r y  streams i n preparat ion 
f a r  spawni nq . 

Other information on migrat ion and d i s -  
p e r s a l  o f  f i s h  i n  t h e  r i v e r  comes from 
mark and recapture s t u d i e s  o f  a d u l t  f i s h e s  
by Liston e t  a l .  (1986) .  In t h i s  s tudy ,  
14,946 f i s h  were tagged and r e l ea sed ,  with 
452 recovered a t  l a t e r  d a t e s .  Fish tagged 
were genera l ly  hard ie r  s p e c i e s  t h a t  could 
wi thstanct the hand1 ing  requi red  fo r  t h i s  
type of s tudy.  White sucker ,  yellow 
p e r c h ,  rock  b a s s ,  smal lmouth  b a s s ,  and 
brown bul l  head moved r e l a  t i  vely sho r t  d i  s- 
tances before being r ecap tu red ,  general 1  Y 
(5 k m .  Northern pike were a l s o  sedentary 
during most of t he  y e a r ,  ,rnovr'ng g r ea t e r  
d i s tances  during t he  sp r ing  spawning 
per iod ,  and a l s o  randomly undertaking 
extensive movements on occas ion .  In con- 
t r a s t  t o  t h e  s e d e n t a r y  n a t u r e  o f  t h e s e  
spec ies ,  walleye were found t o  undertake 
seasonal rniqration wi th in  t he  r i v e r .  
Liston e t  a l .  (1986) found t h a t  walleye 
undertook ex tens ive  prespawning movement 
toward Munuscong Lake ,  a  known wa l l eye  
spawning l oca t i on ,  where most of the f i s h  
were tagged during win te r  and e a r l y  spring 
( F i g u r e  4 1 A ) .  Beginning  i n  summer, a 
postspawning d i  spersal  away from Munuscong 
Lake was a l s o  undertaken by walleye (F ig-  
ure 4181. Average d i s t a n c e  t rave led  by 
walleye before being recaptured  was 14 and 
17 km i n  the 2 years  of t h i s  s tudy.  How- 
e v e r ,  l a r g e r  Fish undertook much more 
extensive movements than  small f i s h  
( L i  ston e t  a1 . 1986). 

Other f i s h  undertaking seasonal move- 
ments o r  migration i n  t h e  S t .  Rarys River 
a r e  chinook salmon, pink salmon, lake he r -  
r i n g ,  and sea lamprey. Sea lamprey wii? 
be t r e a t e d  s e p a r a t e 1  y l a t e r  because  of 
t h e i r  unique r o l e  in the  Great Lakes. 

Figure 41. ( A )  Movement o f  walleye in  the 
S t .  Marys R ive r  t o w a r d s  Munuscang Lake 
durinq January-February and ( B J  d i spe r sa l  
from the  l ake  in  July-August 1983 (Ldston 
e t  a l .  1986). 

'Chjnook salmon were introduced t o  the 
r-iver in  1975 by the Michigan Department 
of Natural Resources, and a population i s  
maintajned through per iod ic  stocking 
.opera t ions  ( J .  Schorfa r ,  Mich, D N R ,  
Newberry; p e r s .  comm. 1 . Adul t  c h i  nook 
salmon a r c  i n  the r i v e r  For only a b r i e f  
period during l a t e  summer and autumn when 
they  return frrrm hake Euron ,  movif ig u p  the  
river to t h e  r a p i d s  a r e a  where they were 
s tocked.  



Pink  salmon a lso  inhahdt the r i v e r  far 
a b r i e f  per iod  i n  l a t e  smrner and f a 7 1  a s  
a d u l t s .  However, un1 i ke o t h e r  Paci  f i c 
salmon, i n  the Great Lakes most pink s a i -  
m n  on ly  spawn every other  year. Also, 
u n l i k e  At lantac salmon (Salmo s a l a r j  and 
other  P a c i f i c  salmon w h i c m e  introduced 
t o  t h e  Grea t  Lakes t o  c r e a t e  a s p o r t  
f i she ry ,  p ink salmon were acc iden ta l l y  
in t roduced t o  Lake Superior i n  1956 (Sco t t  
and Crossman 19731, but  now spawn i n  most 
o f  the t r i b u t a r i e s  t o  the S t ,  Marys River. 

Lake her r fng  i n h a b i t  the r j v e r  dur ing  
w s t  o f  the year and e x h i b f t  two types of 
nnovment, one associzlted w i t h  feeding and 
another f n  phys io log ica l  response t o  water 
GtAperaWre. I n  October and November when 
water temperature nears 4-5 "C lake her- 
r i n g  move i n t o  the r i v e r  t o  spawn. Most 
migrate from Lake Huron and probably the 
North Channel. Fol lowing spawnf ng, f i s h  
rewa ln  i n  t h e  r i v e r  t h rough  w f n t e r  and 
spr ing  u n t l l  l a t e  June o r  e a r l y  July.  A t  
t h i  s time, water temperature usual 1 y 
approaches 20 " C ,  the upper thermal l i m i t  
f o r  l ake  her r ing ,  and the f i s h  move from 
the r i v e r  t o  deeper areas. During some 
years. d ispersa l  from these sha l l  ower 
Aabf tats precedes the  mass emergence of 
burrawf ng may f 1 l e s  and l ake  h e r r l n g  w i  11 
r e t u r n  f a r  s e v e r a l  weeks t o  feed,  t hen  
agaf n disperse (Ouf fy and L i s t e n  1981). 

. The sea lamprey I s  one o f  
1 l v  in t roduced s ~ e c i e s  now 

t h r f v f n g  i n  the- Grea t  Lakes.  ' However, 
u n l i k e  o ther  species, sea lamprey are 
p a r a s f t i c  on and predators o f  o ther  l a rge  
f ishes, Sell lamprey are anadromous and i n  
s p r l n g  move up r t v e r s  o r  s t reams u n t i l  
l o c a t i n g  g r a v e l  o r  r u b b l e  s u b s t r a t e  I n  
which to spawn ( Appl ega t c  19501 . A f t e r  
hatching, t h e i r  amocoetes burrow o u t  o f  
the nest and d r t f t  dowrtream, s e t t l i n g  i n  
s o f t  s f 1  t or mud s u b s t r a t e s  where they  
burrow f n  t a f l  f i r s t  and rema ln  f o r  a 
va r i ab le  pe r jod  of t ime (Sco t t  and 
Crossfnan 19731 . During the amocoete 
phasecii, sea lamprey are par t ; lc le feeders 
and an1 y beconre p a r a s i t i  c/predaceous a f t e r  
c m p l e t f  ng t rans f t rmat ton  t o  the adul t 
phase. 

The fn t roduc t fon  of sea lamprey to the 
Great Lakes brought about massive changes 
to thpc indigenous f i s h  comuni  t y  , Already 
st ressed by corarntercial f f sh fng  pressure, 

l a k e  t r o u t  were near ly  extfrpated by sea 
lamprey prcda t i o n  I Lawrie 19785 . Secondary 
species a1 so af fected inc luded lake #hi@- 
f i sh ,  lake he r r i ng ,  and other  f i s h  l a rge  
enough to  be preyed upon, E f f o r t s  t o  con- 
t r o l  sea lamprey i n  the Great Lakes began 
i n  the 19.103 and eventua l ly  l ed  t a  the 
devel opment o f  the chemical 1 ampricide 
TFM, now w i d e l y  used t o  t r e a t  s t reams 
where amocoetes are i d e n t i f i e d .  The sea 
lamprey problem a l s o  encouraged the forma- 
t i o n  o f  the  In te rna t i ona l  Grea t  Lakes 
Fishery C m i s s i o n  by the United States 
and Canada. 

Sea lamprey spawn i n  t h e  S t .  Marys 
River a t  the  S t ,  Marys Rapids, t r i b u t a r i e s  
to the r i v e r ,  and probably a t  lesser  
r a p i d s  l o c a t e d  below Lakes M i c o l e t  and 
George (Daugherty e t  a l e  1984; Heinrich, 
U.S. F ish H i l d l ,  Serv., Marquette, 
Michigan; pers, comm.), For sea lamprey 
con t ro l  purposes, the St. Marys River  i s  
considered a t r i b u t a r y  t o  Lake Huron. The 
S t .  Marys River  populat ion o f  sea lamprey 
i s  s izable,  and 20% of the  adu l ts  captured 
from Lake Huron t r i b u t a r i e s  i n  1983 were 
taken a t  the S t .  Marys Rapfds (Daugherty 
e t  a1 . 1984) . The a d u l t  populat ion i n  the 
r i v e r  appears t o  have remained s tab le  i n  
recent  years. Catch o f  a d u l t  sea lamprey 
i n  assessment t raps  a t  the rap ids  almost 
doubled a f t e r  1981 (Table 38). Howver, 
increased catches are the r e s u l t  o f  
changes i n  w a t e r f l o w  a t  sampl ing s i t e s  
(Whi t t le ,  Ontar io  MSn. Nat. Resour., 
Bur l ington;  pers. corn.). 

Table 38. Number o f  a d u l t  sea lamprey 
caught i n  assessment t raps  below the  U.5. 
Army Corps o f  Engineers hyd roe lec t r i c  
generat ing p l a n t  a t  Saul t  St@. Marie, 
Michigan (Daugherty and Purvi s 1985). 

Year Tota l  number 



4mocce tc  populations a l s o  appear t o  be 
expanding irk the S t .  Marys River.  Recent 
surveys 1 ocated 1,134 sea lamprey arnmocoe- 
t e s  i n  the r i v e r ,  with most of these  cof-  
l e c t e d  in t h e  Lake N i c o l e t  r e ach  ( F i g -  
ure 42:  Daugherty and Purvis  1985). 
Unlike most streams used h y  sea lamprey 
fo r  spawning, the S t ,  Marys River i s  l a rge  
and i t s  considerable  valime prevents 
t reatment  with chemical lampricides.  
Since t h i s  population i s  prohabi y  cont r i  b- 
utinq s iqn i  f i c a n t l  y t o  the northern Lake 
Huron poptilatian, r ecen t  recommendations 
t o  the In te rna t iona l  Great Lakes F i  shery 
Commission have included exploring a l t e r -  
na t i ve  methods of cont ro l  l inq  sea lamprey 
i n  l a rge r  r i v e r s .  

h p h t b l a m  and def i les  

The amphibian and r e p t i l e  communities 
of thr S t .  Marys River art> r a the r  depau- 
p e r a t e  and no s t u d i e s  s p e c i f i c  t o  t h e  
r i v e r  have bcen publ ished.  The range of Figure 42. D i s t r i bu t i on  of  sea lamprey 
29 spec ies  of amphibians and r e p t i l e s  amnocoetes i n  the S t .  Marys River 
encompasses e h c r i v e r a n d  t h e s c a r e l i s t e d  ( D a u g h e r t y e t a l .  1984). 
i n  Table  39.  Herdendorf  e t  a l .  ( 1381 )  

Table 39. Amphibians and r e p t i l e s  observed and p o t e n t i a l l y  occu r r i ng  i n  the 
S t .  Marys River and v i c i n i t y  (Connant 1975; Duffy, unpubl . d a t a ) ,  
---- u*-----v--*-"----- 

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

Chel ydridae 
Chef ydra se rpent ina  ---- 

Emy Zi-sac- 
Clernrnvs i n s c u l ~ t a  
t-y~ mar 
c m ~ t a  - -- be I r  

Snapping t u r t l e  

Wood t u r t l e  
Mid1 and painted turtle" 
Western painted t u r t l e  

Col ubri  dae 

l i s  - 

S t o r e r i a  dekayi dekayi 
~i a d o w h f s ~ a ~ w a r d s $  

Northern water snake 
Eastern ga r t e r  snake" 
Northern ribbon snake 

Northern red-be1 1 iedbsnake 
Northern brown snake 
Northern ringneck snakea 
Eastern smootb-green snake 

(Continued) 
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Table 3. (Cone? s ed I .  
--_----."".I__- 

-- - 
Scientific name Common name 

lampropel t i  s triangul um t r i  angul --- um 
~ipk.ridae 

S i  strurus catenatus cat en at'.!^ --- -- - 
CAUDATA 

Nccturidae 
Necurus macu1osus 

Sal amanri dae 

Eastern m i !  k snake 
L, 

Eastern massasaugaU 

viridescens viritlcscens Red-spotted newta 
vi ridescens loui sianensi s -- *---"- 

Central newt 

Ambystoma later* - 
AmGvstoma m a  t u m  

Plethodon cinereus cinereus 
m f i l ? w n  s c u f a % 7  
-"-"*""- -*"-- 

B l  ue-spotted salamander 
Spotted sala~nander 

Red-backed sal  amandera 
!-our-toed snl amander 

Rufoni dae 
Bufo amcrlcanus t(y I Fza; --*-* ""x-"--".". he r4  can toad" 

H I n  crucifer 3- nor thcrn spring peepera 
H 5 a -- v e r m o r i  -- -- - - t i g a  - chrysoscetisa Gray tree frog 

~ a n i  a? 
Rana clani tans melanota 
.a"- -.- 
Rana wb.- . c a t e ~ k c % n l - - -  
Ra rta 
*.-w-w 

Rn na 
w- 

Rana --- a1 1 s - Ra na ----.' 

Green f r tg  
Etul l frog 
Northern leopard froga 
Pic keraf frog 
Mink froga 
Hood frog 

a ~ p e c l e s  Edentf fied from the immediate vicinity of the rfver.  
'~ppcips whose northern edge of geographic range i s  a t  the southern edge of 

t h e  S t .  Marys River Basin. 

1Srtrd 17  sneries as probabl~ inhahitants 
n f  rmcrgcnt wetlands dong the rlver based 
on rrcardc; f o r  Chi~pewa County, Mf chigar) ,  
in R u t h v e n  (1978). Howevcr, only 12 
s p ~ ~ i ~ s  h a w  hern pasihively identified 
From the rSvrr. 

,let Fcrson @ s  salamander ( BmQrtama jcf - -- ------ 
fcrsonianumf was anonq the species Ruthven 
mg')-?Fiordecf for Chippewa County, How- 
ever, t n i s  record i s  f n questfon because 
the northern racge f imit of Jefferson's 
salamander i s  now considered t o  extend 

From middle New York S ta t e  t o  northern 
Indiana (Conant 19751, fa r  south of the 
S t .  Marys River area. 

Birds 

The S t .  Marys River a n d  surrounding 
area support a rich community of birds. 
Of the 1 7 2  known species of the area 
(Table 401, waterfowl, colonial water- 
b i r d s ,  shorebirds, some raptors, and pas- 
serine birds are intimately associated 
with the r i v e r .  Others a re  associated 



Table 40. B i r d s  o b s e r v e d  i n  t h e  v i c i n i t y  of  t h e  S t .  Marys R i v e r  (Duf fy  
unpubl .  d a t a ;  Weise u n p u b l .  d a t a ) .  

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

GAVIIFORMES 

Gaviidae 
Gavia immer -- 

PODICIPEDIFORMES 

~ o d i l ~ m b u s  podi ceps 
P o d i c e ~ s  au r i  t u s  

PELECANIFORMES 

Phalacrocoracidae 
Phalacrocorax a u r i  t u s  

CICONIFORMES 

Ardei dae  
Botaurus l e n t i  inosus  
Ixobrychus & ex1 i s  
Ardea h e r o d r  
Butor ides  str i  a t u s  

ANSERIFORMES 

Anatidae 
Cygnus col  urnbianus 
A n s e r a 1  b i f r o n s  
Chen caeru lescens  
Bran t a  berni  c l  a 
Branta canadensi s 
A i  x sponsa -- 
Anas c recca  
Anas d i s c o r s  
Anas r u b r i ~ e s  

Anas acu t a  -- 
Anas s t r eoe ra  - r -  - my; - v a ~ i s i n e r i a  
Aythya americana 
Aythya col  l a r i  s 
Aythya mar i la  
Aythya a f f i n i  s 
H i  s t r i o n i c u s  h i  s t r i o n i c u s  
Clangula hyemal i s  
Melani t t a  fusca 
Me1 an i  t t a  n iqra  
Bucephal a -1 a 
Bucepnala Clangu'ta 

Common loon 

P ied-b i l led  grebe 
Horned grebe 

Doubl e -c res  t ed  cormorant 

American b i t t e r n  
Least  b i t t e r n  
Great  bl ue heron 
Green-backed heron 

Tundra (whi s t l  i ng ) swan 
Grea te r  whi te - f ron ted  goose 
Snow goose 
Bran t 
Canada goose 
Wood duck 
Green-wi nged t e a l  
B l  ue-wi nged t e a l  
American black duck 
Ma1 1 a r d  
Northern p i n t a i l  
Gadwall 
Canvasback 
Redhead 
Ring-necked duck 
Greater  scaup 
Lesser  scaup 
Harlequin duck 
01 dsquaw 
Whi te-wi nged sco t e r  
Black s c o t e r  
Buff1 ehead 
Common go1 deneye 

f Con ti nued) 
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fable 443. (Con t inued) .  

f c i e n t f  f i c  name Comon name 

Mareca ameri  cana 
Lo h o d L e s c u c u s  
*ganser 
Mergus s e r r a  t o r  

FALCONIFORMES 

C a t h a r t  i d a e  
C a t h a r t e s  

Accipl  t r i d a e  
Pandlon h a l i a e t u s  
H a l i ~  1 eucocephal us 
C i r c u s  c aneus  
- t h a t u s  

c o n i d a e  

GALL IfORMES 

PhasJanf dac 
D t r n d ~ s a  u s  canadensi  s 

&IF 

gal  1 idac 
Ra17us I$mico la  
Z a - i i B  

G r t i  f Ke- ------ 
Crus canadensi  s t a b i d a  - --- -- 

Charadr  i 1 dae  
l a  - 

----- 

American wigeon 
Hooded merganser  
Common merganser  
Red-breasted merganser  

Turkey v u l t u r e  

Osprey 
Bald e a g l e  
Northern h a r r i e r  
Sharp-shinned hawk 
Cooper 2 hawk 
Northern goshawk 
Red-shouldered hawk 
Broad-winged hawk 
Red- ta i l  ed hawk 
Rough-legged hawk 

American k e s t r e l  
Mcrl i n  
P e r e g r i n e  fa1 con 
Gyrfa lcon 

Spruce g rouse  
Ruffed g rouse  
Sharp- ta  i 1 ed g rouse  
H i  1 d t u r k e y  

V i r g i n i a  r a i l  
Sora  ( r a i l )  
Comon ( g a l l i n u l e )  moorhen 
American c o o t  

G r e a t e r  s a n d h i l l  c r a n e  

Black-bcl  1 i ed  p l o v e r  
Lesse r  go1 den p l o v e r  

I Con ti nued 1 
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Table 40. (Cont inued)  . 
S c i e n t i f i c  name Common name 

Charadr i  us  matus - 
Charadr i  us U S  

Sco lopac idac  
Tr jnga w a n o l e u c a  
Tr?!g? f l a v i p e s  
X c t ~  t l  s - < G i T r ' a  
Bar t ramia  'longi cauda --- -" 

Arenar ia  i n t e r p r e s -  
m r i s  m i n u t i l  l a  
gai:!ris alpiy: 

a rnago ga 1 nago 
2;olopax minor -- 

Larl  a e  
Larus  phi1adelph:a -- 
Larus  d e l a w a r e n s i s  

a r g e n t a t u s  
S t e r n a  c a s o i a  -- 
Ste rna  liF&Gfo 
C h l i d o n m e r  

Col umbidae 
Col urnha 1 i v i a  -- 
Zcnafda macroura -- 

CUCULIFQRMES 

Cucul i d a e  
Coccyzus e r y t h r o p t h a l m u s  -- P 

STRICIFORMES 

r i g i d a e  
Otus a s i o  

A= c u n ~ c u l a r i a  -- 
S t r i x  v a r i a  
TGE nebu'fosa 
Asio flammeus 
A e g o l i u s i c u s  

' C h o r d 6 i l e s  minor 
Caprimul g u s v o c i f e r u s  

Semi palmated p l o v e r  
K i  11 d e e r  

G r e a t e r  ye1 l a w l e g s  
Lesser  ye1 l owlegs 
Spo t t ed  sandp ipe r  
Upland p l o v e r  
Ruddy t u r n s t o n e  
Leas t  s andp ipe r  
Dun1 i n  
Common s n i p e  
American woodcock 

Ronapar te '  s g u l l  
R ing-b i l l ed  g u l l  
Herr ing g u l l  
Caspian t e r n  
Common t e r n  
Black t e r n  

Rock dove 
Mourni ng dove 

Black-bi l  l e d  cuckoo 

E a s t e r n  s c r e e c h  owl 
Grea t  horned owl 
Snowy owl 
Burrowing owl 
Barred owl 
Grea t  g ray  owl 
Shor t - ea red  ow1 
Northern saw-whet owl 

Common nighthawk 
Whi p-poor-wi 11 

(Con t inued)  
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Table 40. ( cont inued)  . 
--------- ..---- _-11__1_- 

S c i e n t i f i c  name ~ommon name ---- - 

APODI FORMES 

Apod i dae 
Chaetura pe l ag i ca  

T roch i  1 1 dae 
Arch i lochus  c a l u b r i  s -- 

A 1  c e d i n i  dac 
Cery le  a lcyon  

Tyrannidae 

Proane suh is  

Per1 soreus canadensf s 

Chimney s w i f t  

Ruby-throated hummingbird 

Be1 t e d  k i n g f i s h e r  

Ye l l ow -be l l i ed  sapsucker 
Downy woodpecker 
H a i r y  woodpecker 
Nor thern f 11 cker  
P i  l e a  ted  woodpecker 

O l i ve - s i ded  f l y c a t c h e r  
Leas t  f l y c a t c h e r  
Eastern phoebe 
Great  c res ted  f l y c a t c h e r  
Eastern k i n g b i r d  
Woad pewee 

Horned l a r k  

Purp le  m a r t i n  
Tree swal 1 ow 
Bank swal low 
C l i f f  swallow 
Barn swallow 
Rough-winged swallow 

Gray j a y  
B lue  j ay  
American crow 
C m o n  raven  

Black-capped c h i  ckadec 
Boreal  ch ickadee 
Tu f t ed  ti tmou se 

( Con ti nued) 



Table 40. [Continued). 

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

Si tti dae 
Si t t a  canadensi s 
S i  t t a  caro l  i nensi  s 

CerTiiEZae 
Ce r th i a  ameri cana 

Trogl ody ti dae 
i r o u i  odvtes  aedon 
1ro;l odytes  t r o g l o d y t e s  
Ci s t o tho rus  p l a t e n s i  s 
C i  s to tho rus  Pa1 u s t r i s  

Muscicapidae 

Regulus ca lendula  
S i a l i a  s i a l i s  -- 
Catharus fuscescens 
Catharus u s t u l a t u s  
Hvlocichla mustel ina 

Dumetel l a  caro l  i nens i  s 
Toxostoma rufum 

Bombvcil lidae- 
~ o m b ~ c i  11 a cedrorum 

Laniidae 
Lani us excubi t o r  
Lanius 1 udovicianus 

S turn idae  
Sturnus vu lgar i  s 

V i  reuni  aae 
Vireo phi lade lphicus  
Vireo 01 ivaceus 
Vireo a i l v u s  
Vireo Go1 i t a r i u s  

Emberi z i  dae 
Vermivora 
Vermi vora 
Dendroi ca 
Dendroi ca 
Dendroi c a  
Dendroica 

- -  - - 

Dendroi ca 
Dendroi ca 
Dendroi ca 

oer i  a r  i na 

pensyl vani ca 
t i o r i n a  
oalmarum 
nigrescens  
v i r ens  . - 

dominica 
magnol i a  
coronata  

Dendroi ca castanea 
Dendroi ca fusca 
Oooronis ~ h i l a d e l ~ h i a  
Mni o t i  1 t a '  va r i  a 

' 

Red-breas ted nuthatch 
Whi t e -breas ted  nuthatch 

Brown creeper  

House wren 
Winter wren 
Sedge wren 
Marsh wren 

Golden-crowned k i n g l e t  
Ruby-crowned k i n g l e t  
Eastern bluebird 
Veery 
Swainson's thrush 
Wood thrush 
American robin 

Gray c a t b i r d  
Brown th r a she r  

Cedar waxwing 

Northern s h r i k e  
Loggerhead sh r ike  

European s t a r 1  i ng 

Phi l ade l  phia v i reo  
Red-eyed vi r eo  
Warbling v i r eo  
S o l i t a r y  v i r eo  

Tennessee warbler 
Nashvil le  warbler  
Ye1 low warbler  
Chestnut-si  ded warbler  
Cape May warbler 
Palm warbler  
Black-throated b lue  warbler  
B1 ack-throated green warbler 
Yellow-throated warbler  
Magnolia warbler 
Ye1 1 ow-rum~ed warbler  
~ a ~ - b r e a s t e d  warbler  
B l  ac kburnian warbler 
Morning warbler  
B l  ack-and-whi t e  warbler  

(Con ti nued 9 



Table N. ( C o n c l  u d e d )  . 
- ---" 

S c i e n t i f i c  name Common name 
--l.lll--l_l. 

----- --- --- 

N o t a c i ?  l a  r u t i c i l  l a  
P i r a n g ?  01 i v a c e a  
Pheuctlc-i c i  a n u s  ----- 

American r e d s t a r t  
S c a r l e t  t a n a g e r  
R o s e - b r e a s t e d  g r o s b e a k  
I n d i g o  b u n t i n g  
C h i p p i n g  s p a r r o w  
C l  a y - c o l o r e d  s p a r r o w  
Savannah  s p a r r o w  
Fox s p a r r o w  
Song s p a r r o w  
Swamp s p a r r o w  
Whi tc -c rowned  s p a r r o w  
Dark-eyed <iunco 
Lap1 and 1  o n g s p u r  
Snow b u n t i n g  
B o b o l i n k  
Red-winged. b l a c k b i r d  
R u s t y  b l a c k b i r d  
Brewer' s h l a c k b i  r d  
Common g r a c k l e  
Brown-headed c o w b i r d  

P i n l c o l a  e n u c l r a  t o r  --- - ---- 
~ o c c o % r a u s t e s  vcSsper -------....-- - t i  n u s  -- 

P i n e  g r o s b e a k  
f v e n i n q  g r o s b e a k  
P u r p l e  f i n c h  
Red c r o s s h i  1 1  
Comnon r e d p o l  1 
P i n e  s r ' s k i n  
American g o l d f i n c h  

Pa f ser domes t t c u s  --- -."..-"""- House s p a r r o w  

w i t h  r l p a r f a n  a r e a s  a l o n g  o r  u p l a n d  h a b i -  
Q t s  a d j a c e n t  Lo t h c  r - i v e r ,  w h i l e  s t i l l  
o t h e r  s p e c i e s  a r c  t e m p o r a r y  i n h a b i t a n t s  
d u r f n g  s p r i n g  a n d  Call m i g r a t i o n .  

Materfowl . \da te r fowl  uac  t h e  S t .  Marys 
~i vF"--%?--brecdj ng and  res ri ng young .  
Both d u c k s  a n d  geese m i g r a t c  t h r o u g h  t h e  
a r e a  t o  and f rom b r e e d i r l g  a r e a s  F u r t h e r  
n o r t h  i n  s p r ' r n g  and  f a l l  ( F j g u r e s  43-45).  
Ducks  and g e e s e  f f r s t  a r r i v e  i n  s p r i n g ,  
u s u a l l y  d u r i n g  l a t e  March o r  e a r l y  A p r i l .  
Rob.inson and Jensen (1980) r e p o r t e d  t h a t  
ma1 lards (& ~ T a t y r h y n c h o s j  began  
r e t u r n i n g  t o  t h e  riitei- on 21 a n d  26 March 
In two c o n s e c u t i v e  y e a r s ,  common m t r g a n -  
sers IMergus  m e r g a n s e r )  a l s o  r e t u r n e d  i n  

l a t e  March ,  a n d  b l a c k  ducks  (Anas  
r u b r i p c s )  a r r i v e d  s i i q h t l y  l a t e r  i n  c f l y  
-----T AprlT,""- B e f o r r  i n i t i a t i n g  n e s t i n g ,  b o t h  
d u c k s  and qcese Feed i n  t h e  n e a r b y  f l o o d e d  
g r a i n  F i e l d s  and e x t c n s l ' v e  w e t l a n d s  b o r -  
d e r i n g  the r i v e r .  I m p o r t a n t  Canada g e e s e  
( B r a n t a  c a n a d e n s i s )  f e e d i n g  a r e a s  a r e  
lz%a o%-wexe??i- S t ,  J o s e p h  I s l a n d  a n d  
e a s t  o f  Lake George  ( O n t .  Min. Hat .  
R e s o u r .  1985) .  Both  d a b b l i n g  d u c k s  a n d  
g e e s e  concentrate i n  g r a i n  f i e l d s  w e s t  o f  
Munuscang Lake a t  t h i s  time ( D u f f y ,  p e r s .  
o b s e r v . )  . 

N e s t i n g  on t h e  r i v e r  a n d  i n  l a k e s  
t h r o u g h o u t  t h e  r e g i o n  b e g i n s  a b o u t  1 month 



Estimated number 
using a corridor 

a 101.OW-350,000 

Figure 43. Major migration corridors for dabbling ducks 
through the Great Lakes region (Bell rose 1968). 

Estimated number 
using a corridor 

251.000-500,000 

76.000-250.000 

26,000- 75.000 

Figure 44. Major migration corridors for diving ducks through 
the Great Lake region (Bellrose 1968). 





Tabla 41. Mean dates of nest i n i t i a t i on  and i n i t i a l  
s l g n t ~ n g s  o f  Class I A  duck broods in boreal lakes on the 
northern edge of the S t .  Flarys River (McNicol and Ross 
IQ82). I n  c l ass  I A  broods, young are down-covered and 
1-7 days  o l d .  

Mean date of 
Mean nest i n i t i a l  c lass  XA 

Sprcies in i t i a t ion  date brood s i t ing  

Common goidcncyc 1 May 15 June 

Hooded nerqanser 20 April 11 June 
Common rnerqanscr 4 May 25 June 

Ring-necked duck  8 June 14 July 

Mall asdJRlack duck  unknown 10 June 

Figure 46. Number of duck broods and 
ducks in Nunuscong lake waterfowl manage- 
me5+ area. '459-69 ! Vei se , Fickigan 
Depar-ent of Natural Resources, unpubl . 
data) .  

host primarily to scauD ( A v t h v a  a f f i n i s  
and A: marilaj and redhkad W m e -  
Table 4 3 ; & ? o l i n  1980; ~Fis6--. 
Several a r ea s  on the  r i v e r  a r e  heavily 
used by raft ing scaup, redhead, and othei 
waterfowl (F igure  4 7 ) .  

Recovery of waterfowl banded i n  the  
S t .  Marys River indicates that  most 
migrate from the  r i v e r  t o  the e a s t  o r  
seiltheast United States (Figure 48A-01, 
The  greates t  number of mallard and black 
ducks are recovered from Michigan and 
Ontar io ,  b u t  both tend t o  r a d i a t e  away 
from the r iver  r'n a southern and eastern 
direction (Figure 48A, B )  . Teal appear to  
move in a more south-southwest direction,  
while greater and lesser  scaup migrate to 
the A t l an t i c  and Gulf of Mexico coas t s  
(Figure 48C, D ) .  

The most common species of waterfowl 
p resen t  i n  the S t .  Marys River durr'ng 
winter are common goldeneye, common mer- 
ganser, and ma1 lards (Figure 49; RobSnson 
and Jensen 1980).  Overwintering black 
ducks were a l s o  p resen t  i n  low numbers 
during the winters of 1978-79 and 1979-80 
(Table 44) .  Additional species using the 
river during winter were buff lehead 
(Bucephala a lbeola) ,  harlequin ducks 
(t t istr ionicus Itistrionicus) , and wood 
ducks (Aix sponsa) b u t  each species was 
reprcscn id  - b g r w e r  t han  liO i n d i  viduiits 
(Robinson and Jensen 1980). Canada geese 
were observed i n  low numbers through the 



Table 42. Wmber o f  Species o,f waterfowl us ing  the  Munlrscong Lake 
Waterfowl Management Area du r ing  October and November o f  1982 
through 1984 as detemfned from a e r i a l  surveys (Lleise 1985a). 

Species 
1982 1983 1984 - 

Oct. Nov. Oct. Nov. Nov . 

Wood duck 50 10 4 
Ma1 l ard 5 00 108 2 5 9 
Black duck 125 20 7 
Bl ue-wi nged tea 1 35 
R i  ng-necked duck 994 3,700 140 5 1 400 
Bu f f  lehead 100 6 7 5 0 18 75 
Common goldeneye 10 4 
Hooded merganser 10 3 
Canada goose 250 27 8 4 

othersa 81 

Number o f  survey f l i g h t s  2 1 1 1 1 

a ~ t h e r  species recorded i n  November 1982 inc lude gadwall, b lack  
duck, p i n t a i  1 , and hooded merganser. 

w in ter  o f  1978-79 and increased t o  between Winter ing waterfowl apparent ly  s e l e c t  
50 and 80 b i r d s  i n  spr ing,  b u t  were not  t h e i r  s i t e s  based p r i m a r i l y  on open water 
recorded on the  r i v e r  dur ing  the w in te r  o f  and secondar i ly  on food a v a i l a b i l i t y  
1979-80 (Jensen 1980; Robinson and Jensen (Jensen 1980; Robinson and Jensen 1980). 
1980 1. Mal lards,  b lack  ducks, and Canada geese 

congregated around Bel levue Park where 
Severa l  a reas  o f  w a t e r  wh ich  remain  they were fed  corn by people v i s i t i n g  the 

open throughout w in te r  were found t o  be park. Common mergansers and common gold- 
important  t o  w in te r i ng  water fowl .  These eneye used the h y d r o e l e c t r i c  ou t f low fo r  
jncluded (1) t he  rap ids  area, (2)  an area roos t i ng  and the rap ids  area f o r  feeding. 
along the  Sau l t  Ste. Marie, Ontario, shore 
below the rapids,  extending 3-5 km e i t h e r  Colonia l  waterb i rds  and shorebirds. 
s ide o f  Bel levue Park, and 13) t he  outf low The many i s l ands  o f  t he  St. Marys River  
area o f  Edison S a u l t  E l e c t r i c  Company's are ex tens ive ly  used by  c o l o n i a l  water- 
hyd roe lec t r i c  p lan t .  Ma1 l a rds ,  b lack  b i r d s  and shorebirds.  Co lon ia l  waterbi rds 
ducks, and Canada geese used t h e  area nes t  on these i s l ands  and feed i n  e i t h e r  
along the  Ontar io  shore, wh i l e  common open-water areas o f  the  r i v e r  o r  i t s  
go1 deneye and common mergansers used the marshes. 
rapids, hyd roe lec t r i c  p l a n t  ou t f low,  and 
any open water areas which appeared i n  the The most common c o l o n i a l  waterb i rds  
channel no r th  of Sugar I s l and  (Robinson associated w i t h  t he  r i v e r  a re  r i n g - b i l l e d  
and Jensen 1980). Other open water areas g u l l s  (Larus delawarensis'l and cormon 
which e x i s t  i n  the r i v e r  dur ing  w in te r  are te rns  ' m ' n a  hirundo; Table 45). 

c u t  ," where s w i f t  water cur ren ts  ~ o p u l  a t i o n n d s o f - t T l e s e  spec ies  and 
an open channel ,  and De Tour o ther  co lon ia l  waterb i rds  i n  the  S t .  Marys 

. Nei ther  o f  these s i t e s  was River  have been s h i f t i n g  i n  recent  years 
used by waterfowl dur ing  the  p r i m a r i l y  because o f  r i s i n g  water l e v e l s  

w in te rs  t h a t  Robinson and Jensen (1980) i n  t h e  Great Lakes (brought  about by 
surveyed the r i v e r .  increased p r e c i p i t a t i o n )  and cooler  

§2 



Table %3. Number and s p e c i e s  of waterfowl us ing  the S t .  Marys Rive r  d u r i n g  
November from 1979 through 1984 a s  determined from a e r i a l  s u r v e y s  (Weise 
1985a) . 
- 

Common name 
Year 

1979 1980 1981 1982 1983 1984 

American wigean 

Gadwall 

Ma1 l a r d  

Black duck 

Canvasback 

Redhead 

Ring-necked duck 

Scaup b 

01 dsquaw 

Black s c o t e r  5 0 100 

Buff lehead 200 65 7 5 130 5 0 350 

Common go1 deneye 120 5 0 135 5 0 175 

Common merganser 25' l ooC  25' 213 

Red-breasted merganser 212 

Hooded merganser 266 350 

Canada goose 100 78 230 

American c o o t  

Common loon 22 2 5 

Number of survey f l i g h t s  2 1 1 2 1 1 

a Inc ludes  average from composi te  f i g u r e  f o r  American wigeon, gadwall  , m a l l a r d ,  
and black duck a t  Munuscong Bay. 

b ~ c a u p  i n c l u d e s  both g r e a t e r  and l e s s e r  s c a u p .  

C~ommon and r e d - b r e a s t e d  mergansers  1 i s t e d  on1 y a s  mergansers  d u r i n g  1979-81. 



Canada geese B / 
dabbling ducks 

LAKE HURON 

a t t r i b u t e d  t o  an abundant f o o d  supp ly ,  
decl ines i n  ch l  o r i  nated hydrocarbon pol  1  u- 
t i o n ,  and poss ib l y  p ro tec ted nes t ing  
s i t es .  I n  t h e  S t .  Marys River ,  double- 
crested cormorants nest on ly  i n  the upper 
r i v e r ,  a1 though t h e y  may f e e d  i n  o t h e r  
areas. 

Two col oni  a1 waterbi  rds  associ ated w i t h  
marshes o f  t h e  r i v e r  are great  b lue herons 
(Ardea herodias)  and b lack te rns  
( C h l i d o n i a s  n i g e r ) .  Great  b l u e  herons 
nest i n  t rees  on i s l ands  w i t h i n  the r i v e r  
from Lake George south t o  Potagannissing 
Bay ( F i g u r e  50) and feed  i n  marshes on 
small f i shes  and amphibians. Black te rns  
nest on r a f t s  o f  dead emergent macrophytes 
w i t h i n  the  r i v e r ' s  emergent wetlands and 
feed i n  shal low-water areas o f  these 
marshes as w e l l  as i n  more open areas.  
Populat ions of both appear t o  be stable,  
but  r i s i n g  water l e v e l s  are expected t o  

Figure 47. Areas o f  water fowl  concentra- have a  negative e f fec t  on b lack te rns  by 
t i o n  i n  the  St. Marys R i v e r  dur ing  f a l l  decreasing marsh-nesting h a b i t a t  (Scharf 
and spr ing.  Concentrat ions of Canada 1978). O f  t h e  o ther  co l  oni a1 waterbi rds, 
geese and dabbl ing ducks i n l a n d  are dur ing  h e r r i n g  g u l l s  are common throughout the  
spr ing;  a1 1 others are f u l l  concentrat ions r i v e r ,  wh i l e  black-crowned night-herons 
(Weire, unpubl. MS.; E. Thomas, Ontar io (Nyct icorax nyc t icorax)  nest only a t  t he  
Ministry o f  Natural  Resources unpubl. mouth o f  t he  r i v e r .  
data). 

Nest ing success o f  co l  oni a1 waterbi rds 
i s  genera l ly  high. Scharf (1977) found 
t h a t  t h e  percentage o f  eggs hatching among 

summers which have reduced evaporat ion var ious species was general 1y i n  t h e  80%- 
(Table 46; Scharf 1981; Scharf and Shugart 90% range, t he  exception being those b i rds  
1985).  Common terns ,  once more common, n e s t i n g  on e r o d i n g  i s l a n d s .  On these  
have been d e c l i n i n g  i n  numbers throughout i s lands b i r d s  may be forced t o  se lec t  less  
t h e  Grea t  Lakes w h i l e  r i  n g - b i  1 l e d  g u l l  favorable nes t i ng  s i t e s ,  exposing t h e i r  
populat ions have increased. Scharf (1981) eggs and young t o  predators, o r  they may 
found  t h i s  t r e n d  t o  be i n t e n s i f i e d  i n  lose  eggs t o  wave ac t i on  (Scharf 1977). 
p a r t s  o f  the  S t .  Marys R i v e r  where ship- More recent work on common terns  agrees 
p i n g  t r a f f i c  accelerates t h e  erosion o f  w i t h  S c h a r f ' s  r e s u l t s  (Smi th  and Heinz 
dredged ma te r i a l  i s lands used by co lon ia l  1984). Smith and Heinz (1984) found 
waterb i rds  f o r  nest ing.  As eros ion  and greatest  nes t ing  success on Raber Is land,  
increas ing  water l e v e l s  decrease the  where 53 n e s t s  produced an average of 
amount o f  h a b i t a t  a v a i l a b l e  t o  co lon ia l  2.2 t e rns  per  nest,  and Steamboat Is land,  
waterbi rds,  t h e  l a rge r ,  e a r l i e r  nes t ing  which produced an average o f  0.43 young 
r i n g - b i l l e d  g u l l s  d i s p l a c e  common te rns  per nest  among 19 nests. Lime I s land  sup- 
and o t h e r  s m a l l e r  s p e c i e s  f rom n e s t i n g  por ted  209 nests, but  no young te rns  were 
s i t e s  (Scharf 1977, 1978, 1981; Scharf and produced, H igh  wa te r  l e v e l s  and waves 
Shugart 19853. produced by sh ip  t r a f f i c ,  along w i th  

na tura l  wave ac t ion ,  are thought t o  be t h e  
Double-crested cormorants (Phalacroco- reason f o r  n e s t  f a i  1  u r e  on Lime I s 1  and 

r a x  a u r i t u s )  a re  a l so  i n c r e a s i n g  i n  num- s ince no deformi t ies  were found i n  e i t h e r  - 
ers i n  t h e  Upper Great Lakes, w i t h  t h i s  chicks o r  embryos o f  S t .  Marys R iver  com- 

popu la t i on  now i n  t h e  l o g a r i t h m i c  phase o f  mon t e r n s  ( S m i t h  and He inz  1984; T.J. 
g row th  (Schar f  and S h u g a r t  1985). The M i l l e r ,  U.S. F ish Wi ld l .  Serv., 
success o f  double-crested cormorants i s  Minneapolis, Minnesota, pers. corn.). 
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mallard black duck 

Figure 48. Recovery patterns of mallards, black ducks, scaup, and other ducks banded 
in the St. Marys River during 1963-78, showing number of ducks recaptured in each 
State or region (Weise, unpubl . MS.) 

scaup other ducks 



500 Table 44. Waterfowl observed and maximum 
450 

numbers recorded in the S t .  Marys River 

4M) 
during January through A p r i l ,  1979 and 
1980 (Robinson and Jensen 1980). 

350 

3 0  

mmon goldeneyes 
Year 

ti -- 
a 250 f Common name 1979 1980 

- 
2lui 

150 Common go1 deneyea 350 370 
$00 Buff 1 eheada 50 30 
50 Common mergansera 150 300 

0 
26-Dee IS-Jan 04-Fob 24-Feb 16-Mar 05-Apr 25-Apr Red-breasted merganser 15 10 

KU) I 1980 1 Hooded merganser 

350 

o m m ~  goldeneyes Bl ue-wi nged teal  1 0 
, Jw 

% 250 Greater and lesse r  scaup 150 2,000 
2 

2 ~ )  Ri ng-necked duck 8 2 5 
190 American wigeon 8 3 
11 Harlequin ducka 1 2 
50 

Wood duck 1 0 
0 
gi-aec 20-Jan 09-Feb 2s-Fob 20-Mar 09-Apr 29-Apr Canada goosea 50 80 

4w - 

Figure 49. Population estimates for  Snow goose (blue phase) 1 0 
waterfowl using the S t .  Marys River during -- 

January through Apr i l '  and  lg80 a ~ p e c i e s  present in January and February. I Robinson and Jensen 1980). 

Table 45. Nesting habi ta t  of colonial waterbirds in the S t .  Marys River. (Scharf 
1977). 

Mallards and blhck ducks 
400-?cI-----bBL-c- 

R 

Comon name Nesting habi ta t  

~ a l 1  arda 

Black ducka 

Herring gull Bare rock, herbaceous vegetation, or heavy tree/shrub cover. 

Ring-billed gull Heavy s i l  t/high clay substrates;  does well on dredged material 
islands.  May destroy vegetation on more porous so i l s .  

Common tern Bare, gravelly,  sandy soi l  preferred. 

51 ack tern In marshes on matted vegetation. 

Great blue heron Tall deciduous t rees ,  usually near marshes used for feedinq. 

Double-crested In t rees  o r  on rock or gravel; may sometimes displace great  blue 
cormorant heron. 

51 ack-crowned Young cottonwood trees preferred in other Great Lakes si tes;  spe- 
night-heron i f i c  information for S t .  Marys lacking, 



Table 46. E s t i m a t e d  s i z e  o f  S t .  Marys  
R ive r  p o p u l a t i o n s  o f  common c o l o n i a l  
w a t e r b i r d s  i n  1976 and 1977 ( S c h a r f  1 9 7 8 ) .  

Year 
Common name 1976 1977 

Her r ing  g u l l  1 ,690  1 ,650  
R i  ng-bi 11 ed  g u l l  5 ,568  7,866 
Common t e r n  434 379 
G r e a t  b l u e  he ron  143 142 

No q u a n t i t a t i v e  i n f o r m a t i o n  e x i s t s  
f o r  s h o r e b i r d s  i n  t h e  S t .  Marys  R i v e r .  
However, i n c r e a s e s  i n  n e s t i n g  s i tes  
i n d i c a t e  t h a t  g r e a t e r  s a n d h i l  1 c r a n e s  (e c a n a d e n s i s  t a b i a )  may have 
i n c r e a s e d  i n  numbers d u r i n g  r e c e n t  y e a r s  
(Duf fy  , p e r s .  o b s e r v .  1 . Greater s a n d h i l  1 
c r a n e s  n e s t  a n d  f e e d  i n  w e t l a n d s  a l o n g  
bo th  t h e  Michigan and O n t a r i o  s h o r e s  o f  
t h e  r i v e r .  They  a l s o  u s e  more  i n l a n d  
a r e a s  on S t .  Joseph  I s l a n d ,  O n t a r i o ,  
and open f i e l d s  i n  Chippewa County, 
Michigan.  

Figure 50. N e s t i n g  s i tes  o f  c o l o n i a l  w a t e r b i r d s  i n  t h e  S t .  Marys R i v e r  a r e a  ( S c h a r f  
1 9 7 8 ) .  
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Another shorebird of i n t e r e s t  i s  the remained s t a b l e  over the  p a s t  13 years  
piping plover (Charadrius melodus), a spe- (Table 47) .  However, i t  i s  not known i f  
c ies  recentlv olaced on the Federal l i s t  the same nest s i t e s  have been used over 
of endangered Gec i e s .  Though i t  does not t h i s  period or i f  the same pairs  of eagles 
nest i n  the St .  Marys River, one of the have been nesting. Nesting f a i l u r e ,  com- 
piping plover ' s  few remaining nesting mon in the 19701s, declined i n  the 19801s,  
s i t e s  i s  located a t  nearby Vermilion and 7 e a g l e t s  were produced dur ing the  
Point, Lake Superior. 1981-85 period (Table 47). 

Raptors. The variety of habi ta t  types 
associated w i t h  the St.  Marys River 
a t t r a c t s  a number of raptors to t h i s  area 
as  e i the r  seasonal or year-round residents 
or migrants (Table 40) .  Among the more 
conspicuous are  northern bald eagles 
(Ha1 iaeetus leucocephalus) , osprey 
(Pandion ha1 iae tus f  , snowy owl s (Nyctea 
s cand i aca ) ,  and g r e a t  gray owls I- 
nebulosa) . Rare species recorded f r o m  
vicini ty  of the r iver  include the gyrfal- 
con (Falco rust icolus)  , peregrine falcon 
(F. pere r inus)  , and burrowing owl (Athene 
c l inicular~a + Some quantitat ive 
information ex i s t s  fo r  northern bald 
eagles and ospreys and for  raptors using 
the r iver  during winter months (Robinson 
and Jensen 1980: Weise 1985). 

Pairs of osprey nesting on the r i ve r  
increased dramati ca l l  y between 1977 and 
1982 and, now appear t o  have s tabi l ized a t  
15 or 16 nests (Table 47).  As with north- 
ern bald eagles,  the , number of young 
osprey produced along the r ive r  showed a 
marked increase beginning i n  1981. Adult 
osprey are  commonly sighted along the 
r ive r  where they nest  on navigational a i d s  
and h u n t  for f i sh  in shallower water or a t  
the surface in deeper water. Visual 
i n spec t i on  of f i s h  remains under n e s t s  
revealed a high proportion of white sucker 
in summer and p i n k  salmon in  f a l l  (Duffy, 
pers. observ.) .  Both osprey and northern 
bald eagle are  l i s t ed  as threatened spe- 
c i e s  in Michigan; northern bald eagle i s  
a l so  l i s t ed  as  a threatened species by the 
U.S. Fish and Wildlife Service (Mich. D N R  

Northern bald eagles presently nest in 1984; U.S. Fish Wildl. Serv. 1986). 

two locations on Suqar Island IWeise Other common raptors associated w i t h  
1985a) and the number of nests has the r ive r  include' barred ow1 s (S t r i x  

Table 47. Number of active and fa i led northern bald eagle and osprey nests 
and young of each produced from the S t .  Marys River from 1973 through 1985 
(Wei se 1985a) . 

Osprey Northern bald eagle 
Active Failed Total Active Failed ~ o t a i  

Year nests  nes t s  Young nests nests Young 



v a r i a ) ,  n o r t h e r n  h a r r i e r  (C i r cus  cyaneus), 
broad-winged hawks (Ruteo pl a t yp te rus )  , 
and American k e s t r e l s  (Fa1 co - se_arverius). 
Nor thern  h a r r i e r s  a re  common i n  wet1 ands 
and f i e l d s  a long  t h e  r i v e r ' s  edge where 
t hey  n e s t  and feed. American k e s t r e l s  are 
a l s o  common over f i e l d s  and may o f t e n  be 
seen pe rch i ng  on u t i  1  i t y  1 i nes a1 ong road- 
ways, These spec ies are rep laced  by 
broad-winged hawks and ba r red  owls i n  t he  
spruce and hardwoods a long  t h e  r i v e r  and 
up land f o r e s t s  f u r t h e r  back from t h e  
r i v e r ' s  edge. 

Seven spec ies o f  r a p t o r s  were found t o  
i n h a b i t  t h e  St.  Marys R i v e r  and i t s  imme- 
d i a t e  v i c i n i t y  d u r i n g  w i n t e r  (Tab le  48; 
Jensen 1980; Robinson and Jensen 1980). 
Among t h e s e ,  n o r t h e r n  b a l d  e a g l e s  were 
most dependent on t h e  r i v e r .  Robinson and 
Jensen (1980) r e p o r t  t h a t  n o r t h e r n  b a l d  
eagles and snowy owls were t h e  o n l y  rap- 
t o r s  c o n s i s t e n t l y  s i g h t e d  i n  w i n t e r ,  
though t hey  noted t h a t  o t h e r  observers  had 
r epo r t ed  f rom t h r e e  t o  s i x  g r e a t  gray owls 
i n  t h e  area. Du r i ng  t h e  w i n t e r  o f  1978-79 
f i v e  g r e a t  g r a y  o w l s  i n h a b i t e d  Neeb i sh  
I s l a n d  and severa l  more were observed i n  
separa te  l o c a t i o n s  w i t h i n  t h e  Dunbar 
F o r e s t  a d j a c e n t  t o  t h i s  i s l a n d  ( D u f f y ,  
pers, observ .) . V a r i a b l e  numbers o f  g rea t  
gray owls  con t i nued  t o  r e t u r n  t o  t h i s  area 
i n  w i n t e r  th rough  1981. 

Table 48. Number o f  r a p t o r s  o b s e r v e d  
a long  t h e  S t .  Marys R i ve r  d u r i n g  January 
th rough  A p r i l ,  1979 and 1980 (Robinson and 
Jensen 1980) . 

Common name 
Year 

1979 1980 

Nor thern  b a l d  eagl e  2 2 

Goshawk 1 0 

Rough-legged hawk 5 5 

Red- ta i  l e d  hawk 1 2 

Gy r f a l con  1 0 

Snowy owl 5 5 

Robinson and Jensen (1980) noted t h a t  a  
p a i r  of b a l d  eagles f requen ted  t h e  area 
around Saul t Ste. Mar ie  d u r i n g  t h e  w i n t e r s  
o f  1977-78 and 1978-79 ( F i g u r e  51).  They 
a l s o  s i g h t e d  eagles a t  t h e  south end o f  
Sugar I s l a n d ,  b u t  cou ld  n o t  be c e r t a i n  i f  
these  were t h e  same i n d i v i d u a l s  f requent-  
i n g  S a u l t  Ste. Mar ie  o r  i f  those  a t  S a u l t  
Ste. Mar ie  were t h e  same p a i r  each w i n t e r  
s i nce  none were marked. S ince  t h e i  r work, 
a  second nes t  has been i d e n t i f i e d  on Sugar 
I s l and ,  sugges t ing  two p a i r s  o f  no r t he rn  
b a l d  eagles may w i n t e r  i n  t h e  area. Based 
on s i g h t i n g ,  f eed ing  observat ions,  t h e  
d i s t r i b u t i o n  o f  open water,  and p rev i ous  
s t ud i es ,  Robi nson and Jensen (1980) 
es t imated  t h a t  t h e  n o r t h e r n  ba l d  eag le ' s  
w i n t e r  home range encompassed t h e  Sugar 
I s l a n d  area (F i gu re  52). W in te r  food con- 
s i s t e d  p r i m a r i l y  of  f i s h  and wate r fow l ,  
bu t  eagles appeared t o  be  oppor tun is -  
t i c a l l y  f eed ing  on o t h e r  b i r d s  and c a r r i o n  
as we1 1 . 

Passer i  ne b i  rds.  Passer ine  b i  r ds  a r e  
f a r  more d i v e r s e  than a re  t h e  groups p re -  
v i o u s l y  discussed. However, o t h e r  t han  
obse rva t i ona l  records,  no i n f o r m a t i o n  
e x i s t s  s p e c i f i c  t o  p a s s e r i n e  b i r d s  and  

Grea t  g ray  owl a 3-6 (4 Figure 51. Areas of t h e  S t .  Marys R i v e r  

a  used by n o r t h e r n  b a l d  eag les  f o r  n e s t i n g  
Number of g r e a t  gray owls based on per- and f eed ing  d u r i n g  w in te r ,  1979 and 1980 
sonal obse rva t i ons  by D u f f y .  (Robinson and Jensen 1980). 



Figure 52. Estimated winter hoinc range of 
northern b a l d  raglc pair inhabiting the 
Sault Stc.  Marip area (Robinson and Jensen 
1980) , 

thci r  use o f  thc S t .  Marys River. In l ieu 
of quanti ta t ivc  information, observational 
records from the river hasin w-i 11 be sup- 
ptcmcnted w i t h  data from the boreal region 
Further north i n  Ontario. 

Pafiserrne birds most closely assacidtea 
w t t h  the  S t .  Mary:, Rfver  include red- 

- hoen i ceus ) ,  winged bldckbi r * d s  "' ( s d i u s  
swamp sparrows (Met 03 5- 
t r e e  l~achvc i  r f e t d ~ i c a l  

--- ge-dna) , and "___*c), bank TR~ aria  
*I* ~~T>TTFT-*~ f i u  ndo yyr r h o not* 
barn ""Ti!. rust i t a  j x o w s ,  Red-wi nqed -- 

. a t  the waters edie ,  
usual 1 y shorcwartf af emergent wet1 ands 
along t h e  r lvc r .  These birds rely heavily 
on rmcrgrn t wctl and$ for  thci r  food, which 
consi s l s  of insects associated w i t h  these 
wet lands. In the S t .  Marys River, red- 
winged blackbirds have been observed 
walking over Floating windrows of Scirpus 

p- eating damselfly nymphs (Duffy, pers,  
observ. 1 .  Red-wi ngeC blackbirds a1 so feed 
on emerging damsefflics and othcr aquatic 
insects ( D u f f y  19051. Swamp sparrows a3 so 
feed along the waters edge and nest from 

the \ a t e r ' s  edge to  alder thickets several 
hundred meters back from the r ive r .  

Over the open water, the most common 
passerine bird on the S t .  Marys River i s  
the t ree  swallow. This species nests i n  
t ree  holes or cavi t ies  in riparian fo res t s  
and feeds on a variety of insects .  On the 
S t .  Marys River they appear to feed 
heavily on emerging chironomids, b u t  
quanti tat ive data are lacking. Bank 
swallows nest whcre earthen banks provide 
stlitable nesting habi ta t ,  such as banks 
along the Charlotte River, a t r ibutary to 
the S t .  Marys River. Cliff  swallows nest 
under the eaves of buildings adjacent to 
the r ive r ,  and barn swallows nest  i n  barns 
or other old buildings. The l a s t  three 
swallows a l l  feed on i n s e c t s  over open 
f i e lds  and wetlands bordering the r ive r  
and over open water as  well. 

I n  addition to the species mentioned, a 
va r i e t y  o f  passe r ine  b i r d s  a r e  typ ica l  
inhabitants of wetlands in the boreal 
region, which begins around the S t .  Marys 
River (Table 4 9 ) .  The r i c h e s t  wetland 
habitat  for birds in the boreal region i s  
r iparian habitat  which supports a number 
of species and, col lect ively ,  densi t ies  of 
around 300 breeding pairs/km2 (Erskine 
1977). Bogs, while containing a number of 
species, typically support much lower 
densi t ies  of breeding birds.  

A diverse passerine bird communi ty 
inhabits upland fores ts  in the boreal 
region (Table 50) and most of these 
spccies have been recorded from the 
S t .  Marys River area (Weise 1985; Duffy 
pers. observ.) .  Factors contributing to 
th i s  d ivers i ty  are age, type, and variety 
of fo res t  vegetation and food resources 
(Erskine 1377; Welsh 1981). Welsh (1981) 
found that  fores t  age was a major 
determinant in passerine bird community 
composi tion (Figure 53). Erskine (1977) 
reported the greates t  d ivers i ty  was often 
associated w i t h  more diverse fores t  cover, 
but  dens i ty  was more o f t e n  r e l a t e d  to  
food and in particular insects.  For 
example, spruce fores ts  w i t h  sDruce 
budworm ( Chori stoneura fumi ferna) 
fnfes ta  %ions  typically sugcor?: almost: 
500 breeding pai rslkmi while' noninfested 
spruce fores ts  contained from 370- 
394 pairs/km2, 



Mammal s 

Table 49. Characterist ic birds of wetland habi ta ts  in the 
boreal region (Erski ne 1977).  

Common name 
Habitat 

803 Fe n Ri parian 

Marsh hawk 
Sandhi 11 crane 
Woodcock 
Lesser ye1 1 owl egs 
Ye1 low-be1 1 ied sapsucker 
Eastern kingbi r d  
Eastern wood pewee 
Olfve-sided flycatcher 
Alder f lycatcher 
Tree swallow 
Gray (Canada) jay 
Hermit thrush 
Swainson's thrush 
Northern water thrush 
Ruby-crowned kinglet  
Parul a warbler 
Mourning warbler 
Canada warbler 
Ye1 low warbler 
Magnolia warbler 
Myrtle warbler 
Blackpol 1 warbler 
Palm warbler 
Veery 
Soli tary vireo 
Common ye1 1 owthroat 
American reds ta r t  
Purple finch 
Northern junco 
Whi te- throated sparrow 
Lincoln' s sparrow 
Swamp sparrow 
Song sparrow 
American robin 

The mammalian fauna of the S t .  Marys 
River area r e f l e c t s  the region 's  
t ransi t ional  position a t  the northern edge 
of the  Great Lakes hardwood and southern 
edge of the boreal fo res t s .  The mammals 
recorded from the river and i t s  immediate 
vic ini ty  may be c lass i f i ed  in to  two 
groups: those whose range extends across 
the Great Lakes region and others whose 

range stops in t h i s  region. Furthermore, 
t he  S t .  Plarys River a c t s  a s  a " f i l t e r -  
bridge" between southwestern, northwest- 
e rn ,  and eastern Appalachian faunal 
elements {Prui tt 1951) .  In a l l ,  
56 species of mammals have been recorded 
from the area as well a s  3 species 
formerly occupying the  r e g i o n ,  S u t  now 
ext i rpated.  Forty-six are considered here 
a s  small mammals and nine are  large 
mammals (Table 5 1 ) .  



Tablo 9. Characterist ic birds of upland habitats i n  boreal fo res t s  (Erskine 
1977) .  

Hahi t a t  
Black Yemlock- m, white, poplar- 

Common name spruce Fir  pine m i x  pitch pine birch 

Ruffed grouse 
Spruce grouse 
Northern three- toed woodpecker 
Ye? 1 ow-be1 1 ird sapsucker 
Yellow-bellied flycatcher 
€31 tte j a y  
Gray (Canada) jay 
Black-capped chickadee 
Borea 1 chi c kadee 
Brown creeper 
Winter wren 
Swainson' r thrush 
Golden-crowned k i n q l o t  
Ruby-crowned kinglet  
Least flycatcher 
Nashville warbler 
Magnolia warbler 
Myrtle warbler 
Tennessee warbler 
Black-throated green warbler 
Black-throated h l  ue warbler 
Blackburnian warbler 
Black-and-white warbler 
Bay-breasted warbler 
Canada warbler 
Parula warbler 
Pine warbler 
Ovenbird 
Veery 
American reds ta r t  
Sl ate-col ored junco 
C h i  ppf ng sparrow 
Whf te-throated sparrow 
Red-breasted nuthatch 
Saf i tary v i rsa  
Red-eyed v 4 reo 
Purple finch 
Rose-breasted grosbca k 
Brown-headed cowhi rd 
American rahin 
--- .------ "------- 

' ~ n  hemlock alone: others i n  hemlock mixed with spruce, f i r ,  or pine. 
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Figure 53. Abundance of s e l e c t e d  passe r ine  b i rd s  i  11  u s t r a t i  ng occurrence as  a 
function of fores t  age (Welsh 1981). 

Small mammals. Small mammals most 
closely associated with the St.  Marys 
River incf ude beaver (Castor canadensis) , 
r ive r  o t t e r  (Lutra canadensis) ,  muskrat 
(Ondatra z i b e t h m ;  mink (Mustela vison),  
raccoon (Procyon 1 otor )  , American water 
shrew (Sorex pal us t r h ~ d r o b a d i  s t e s )  , and 
northern water shrew. A1 though quanti ta- 
t ive  data a re  lacking, muskrat are perhaps 
the most common, and the two species of 
shrews may a l s o  be abundant.  However, 
beaver probably have the greates t  influ- 
ence on the r ive r .  

Beaver a re  anatomically, morphologi- 
cal l y ,  and ethological 1 y more special ized 
for swimming than any other rodent (Hill  
1982). Their s i z e ,  large hind legs ,  wide 
h i n d  f e e t ,  f la t tened t a i l ,  type and loca- 
t ion of  ears ,  eyes, and nose have enhanced 
t h e i r  su rv iva l  i n  wet lands .  They a r e  
found throughout the r i v e r ,  i t s  t r i  butar- 
i e s ,  and surrounding wetlands. The pre- 

ferred food of beaver i s  poplar and wil- 
low; the succulent par ts  are  eaten during 
the warmer months and bark and cambrium 
are eaten during the winter (Hill  1982). 

Species not intimately associated w i t h  
the r i v e r  inc lude  a v a r i e t y  of shrews, 
mice, and vo les  a s  well a s  o ther  small 
mammal s .  In upland hardwoods red 
(Tamiasciurus hudsonicus) and gray squir- 
rel s  (Sciurus carol inensus), eastern chip- 
munks ( T a m i u s  s t r i a t u s ) ,  deer mice 
(Peromyscus maniculatus), and sho r t t a i l  
sh-arina brevicauda) are common 
(Manville- Duffy, pers.  observ.). 
These s ~ e c i e s  a re  reelaced b v  red-backed 
(Clethr ionon~~s apperi occidental i s )  and 
meadow voles re- Microtus ~ennsvlvanicus'9. 
masked shrews (Sorex c inereus) .  snowshoe 
hares (Lepus a m e r i c a n t r s ~ d t e i "  mice i n  
spruce X c e d a r  wetlands, while meadow 
jumping mice (Zapus hudsanius) and m i n k  
are charac te r i s t i c  of r ipar ian habi ta ts ,  



Table 51. Mammals observed and po t en t i a ly  occurr ing in  the S t .  Marys 
River and v i c i n i t y  (Manville 1949, 1950, 1951; P r u i t t  1951).  

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

Talpidae 
Parascalo s  breweri Hai ry- ta i led  mole 
--- h r i  s t a t a  Star-nosed mol e  
Scalopus aquat icus Eastern mole 

§or1 c ~ d a e  
Sorex c i  nereus Masked shrew 
Sorex??iizE- -- - Smoky shrew 
Sorex a r c t i c u s  Arc t ic  shrew 
!5Ei ~l u s t r i  s  Northern water shrew 
Sorex pal u s t r i  s  hydrobadi s t e s  

-"-- 
American water shrew 

~ s o r e x  hoyi --- Pygmy shrew 
7 Rlarina brev~cauda  S h o r t t a i l  shrew 

CHI ROPTERA 

E t i e s i c u s  Fuscus P a Y G i i T F i o m  

CAKNIV O R A  

Ur s idae  
Ursus arnericanus --- ----- 

Procyoni dae 

Martes ameri cana 

-- 
~uste7-i YT5-Z- 

X G i n -  -- --"... 
Lutra canadens i s 
E 3 3 e a  taxus 

Vuloer fu lva  

L i  t t l c  brown myoti s  
Small-fcoted h a t  
Keen myotis 
Si lver -ha i red  b a t  
Dig brown ba t  
Red ba t  
Hoary b a t  

B l  ack bear  

Raccoon 

Mar ten 
F i  sher 
S h o r t t a i l  weasel 
tongta i  1 weasel 
Least weasel 
M i n k  
River o t t e r  
Badger 
S t r iped  skunk 
Wolverine (vani  shed) 

Red fox ,  Cross fox 
Gray fox 
Coyote 
Gray wolf 

(Continued) 



Table 51. (Concl uded) . 

Scient i f ic  name Common name 

CARNIVORA ( continued 

Fel i dae 
Lynx canadensi s 
Lynx rufus -- 
Fel i s  concolor 

RODENTIA 

Sciuridae 
Marmota monax 
Eutamias minimus 
Tamias s t r i a t u s  --- 
Tarniasciurus hudsoni cus - 
Sciurus caro.~inensis  

Glaucomys sabrinus 
Castoridae 

Castor canadensi s 
Cri ceti  dae 

Peromyscus maniculatus 
Svna~tomvs coooeri 
~henacomis intermedius 
Micro tus pennsyl vani cus 
Microtus chrotorrhinus 
Clethrionomys gapperi occidental i s  
Ondatra zi bethica 

Muri dae 

Lynx 
Bobcat 
Mountain l ion (vanished) 

Ra t t u s  norvegi cus 
Mus musculus 

ZaDodidae 
Zapus hudsoni us 
Napaeozapus insignis 

Erethizontidae 
Erethi zon dorsa turn 

LAGOMORPHA 

Leporidae 
Lepus ameri canus 

ARTIODACTYLA 

Cervidae 
Odocoileus virginianus 
Alces alces 
Rangi f e r  caribou 

Woodchuck 
Least chipmunk 
Eastern chi pmunk 
Red squirrel  
Eastern gray squirrel  

(Black squ i r re l )  
Northern flying squirrel  

Beaver 

Deer mouse 
Southern bog lemming 
Heather vole 
Meadow vole 
Ye1 1 ow-nose vole 
Gapper' s red-backed vole 
Muskrat 

Norway r a t  
House mouse 

Meadow jumping mouse 
Woodland jumping mouse 

Porcupine 

Snows hoe hare 

Whi te- ta i led deer 
Moose 
Woodland caribou (vanished) 



The small mammal communities of i s l ands  
within the  S t .  Marys River a r e  s imi l a r  t o  
the communities of  the mainland, w i t h  some 
except ions (Manville 1950, 1951; P r u i t t  
1 9 5 1 ) .  O n  Sugar  I s l a n d ,  P r u i t t  61949) 
found the  same fauna a s  i n  Chippewa 
County, Michigan, except  t h a t  bobcats  
(Lynx -- r u f u s ) ,  gray s q u i r r e l s ,  and raccoons 
were absen t  on the i s l and .  Drummond 
Is land ,  which i s  separated from the  main- 
land  by a  wider  expanse  of  w a t e r  t han  
Sugar I s l and ,  contained nine fewer spec i e s  
than Chippewa County (Manville 1950). 
P r u i t t  (1951) noted t h a t  the  r i v e r  acted 
a s  a  b a r r i e r  t o  the d i s t r i b u t i o n  of  some 
spec ies ,  with t he  a r c t i c  shrew (Sorex 
a r c t i c u s ) ,  and badger (Taxidea t s  
r e s t r i c t e d  t o  t he  e a s t  and gray fox 

The most common l a r g e  mammals in  t he  
S t .  Marys River region a r e  whi te - ta i led  
d e e r ,  even  though t h i s  s p e c i e s  i s  n o t  
abundant on t he  Ontar io s i de  of t he  r i v e r .  
Whi t e - t a i l e d  deer  were absent  from t h i s  
a r e a  u n t i l  a round  1850 when t h e y  moved 
i n t o  t he  a rea  through Michigan, then 
ac ros s  t he  S t .  Marys River i n t o  Ontar io 
(Robinson and Fu l l e r  1980).  By the  e a r l y  
1900' s ,  white- t a i  led deer  were common 
throughout t he  S t .  Marys River Basin 
(F igu re  5 4 ) .  White-tailed deer  range and 
populat ion s i z e  continued t o  grow with t he  
e x p a n s i o n  of  l o g g i n g  t h rough  t h e  e a r l y  
20th century. Logging opened t he  f o r e s t  
canopy and promoted t he  growth of fo rbs ,  
shrubs,  and sap1 i n g s ,  which provided 
s u i t a b l e  forage f o r  whi t e - t a i l e d  deer  

(Urocyon cin,ere;a,rgenteus), northern f l y -  d u r i  n g  t h i  s  p e r i o d  . S i n c e  t h e  1940 ' s ,  
ing s q u i r r e  G aucomyr s ab r inus ) ,  13- however, f o r e s t s  have matured and both t he  
l ined  ground squ i r r e l  - v o  h i l u s  range and population s i z e  of w h i  t e - t a i l e d  
trideceml i n e a t u n ) ,  and caster* deer  have decreased. 
r abb i t  f l  o r idanus)  r e s t r i c t e d  
t o  t h e  However, badger were In northern c l imates  w h i  t e - t a i  led dee r  
reported a s  occurr ing on t he  west s i d e  and g a t h e r  i n  " y a r d s "  d u r i n g  w i n t e r ,  where 
gray fox on Drurnmond Is land by Manvi l l e  
(1950) and badger have more r ecen t ly  been 
observed i n  t h e  Barbeau, Michigan, a rea  
(Duffy , pe r r ,  observ.) . 

Lar (! mammals The d i s t r i b u t i o n  and 
a b u ~ h i a r ~ e  mammals i n  the  
S t .  Marys River region cha rac t e r i ze  t he  
differences between t h e  fauna  o f  mixed 
boreal f o r e s t s  of Ontar io '  s  Algoma 
D i s t r i c t  and t he  northern Great Lakes 
Forest  of the Upper Peninsula of Michigan. 
Moose ( A l c e s  a l c e s )  a r c  common on t h e  -- 
Ontario s i d e  of the  r i v e r  but  uncommon on 
t h e  Michiqan s i d e .  Grav wolves ( C a n i s  
1 ~ )  andWlynx (Lynx canadensis)  al'so a r e  
more common i n  Ontar io than i n  Michigan. 
In c o n t r a s t ,  whi te - ta i led  deer  (Odocoileus 
v i rg in ianus)  and bobcat a r e  more common i n  
Michigan than Ontar io,  and black bear  
(Ursus americanus) , coyote (Canis 
7a?ixs), 3 m - a n d  red fox ( V m  
6TTiT-occt t r  throughout the  e n t i r e  region 
WTYnson and Fu l l e r  1980) .  Three spec ies  
sn:e found i n  the  a r ca  have been e x t i r -  
pated : woodland car ibou (Ranaf f e r  
c a r ibou ) ,  mountain 1 ion (Fel  i s  c o n c ~ i x  -.." 
and w o l v e r i n e  (Gulo 1 u s ' m  m n d  -- 
caribou dpparent ly inhabi ted t he  S t .  Marys 
R i v e r  r e g l o n  u n t l  t as  r e c e n t l y  a s  t h e  Figure %. Changes i n  t h e  wh i t e - t a i l ed  
e a r l y  1 9 0 0 ' s  ( N a n v i l l e  1950 )  and s t i l l  deer  d i s t r i b u t i o n  from 1920 t o  1975 and 
inhabi t  boreal f o r e s t s  nor theas t  of Lake c u r r e n t  car ibou d i s t r i b u t i o n  (Smith and 
Superior  around Wawa, Ontario. Uorczon 1977). 



sui tab1 e browse, typical 1 y white cedar, i s  
avai lable ;  they disperse t o  summer ranges 
in spring. Recent s tudies  of white-tailed 
deer using the S t .  Marys River estimated 
t ha t  approximately 700 to  1,100 animals 
wintered in a "deer yard" on Neebish 
Island and fewer than 100 in another yard 
nor thwest  of Saul t S t e .  Marie, Ontar io  
(Robinson and Amacher 1982) . Through 
radio tracking s tudies  Robinson and 
Amacher ( 1982) determined t h a t  w h i  te- 
t a i l ed  deer wintering on southern Neebish 
Island dispersed to  the remainder of th i s  
island and to  Sugar Island in spring. The 
dis t r ibut ion of c r i t i c a l  white cedar habi- 
t a t s  suggests whi t e - ta i l ed  deer should be 
even more abundant in the southern portion 
of  the  r i v e r  (F igu re  5 5 ) .  Population 
information fo r  other portions of the 
S t .  Marys River are unavailable. However, 
Drummond I s l and  has in the  p a s t  been a 
productive deer hunting area (see Chap- 
t e r  5) . Observational records suggest the 
whi te- ta i  led deer population of Chippewa 
County, Michigan, has a1 so remained 
re la t ive ly  s tab le  during the past  decade 
(Table 52; Wei se 1985b). 

North and e a s t  of t he  r i v e r ,  moose 
become more common than whi t e - ta i  led deer. 
Distribution of these two species i s  
related to habi ta t  and forage preferences, 
but a l so  to disease.  White-tailed deer 
are commonly infested w i t h  a  c l in ica l ly  
s i l e n t  nematode (Parelaphostrongyl us 
tenuis)  which causes moose disease (Coady 

1982). When moose accidentally ingest  the 
intermediate host sna i l s  carrying infected 
larvae,  they develop a neurological dis-  
order usually resul t ing in death. Because 
of t h i s ,  the two species co-occur only i n  
low dens i t i es .  

A n  estimated 41 moose occur within 
25 km of the S t .  Marys River (Robinson and 
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Figure 55. Distribution of w h i  te- ta i led 
deer winter yarding areas on island i n  the 
S t .  Marys River and adjacent lands 
(Robinson and Ful ler  1980). 

Table 52. Re l a t i ve  abundance of whi t e - t a i  led  deer  i n  Chippewa County, 
Michigan, during July through October of 1975 through 1983 (Weise 1985b). 

Total number Average no/100 hr Percent 
Year observed observation time Male Female Fawn Unidentified 



~ u l l e r  1980). S i x  o f  these were found i n  
Michigan, 12-15 on St. Josephs Is land,  and 
t h e  remainder  on t h e  O n t a r i o  mai n l  and. 
D i s t r i b u t i o n a l  records i n d i c a t e  t h a t  the 
r i v e r  i s  an area o f  d ispers ion  from higher 
dens i ty  areas i n  Ontar io toward Michigan 
(Figure 56) . However, the popu la t ion  s ize 
o f  moose on t h e  M ich igan  s i d e  o f  t h e  
S t .  Marys River has n o t  increased appre- 
c i a b l y  s ince Manv i l le  (1950) and P r u i t t  
(1951) surveyed mammals o f  the region.  

Populat ion dens i ty  o f  t imber o r  gray 
wo lves  f n  b o r e a l  f o r e s t s  i s  p o s i t i v e l y  
r e l a t e d  t o  ungulate (deer and moose) 
biomass (F igure  57;  Ke i th  1981). However, 
t h e  presence o f  peop le  i n f l u e n c e s  wo l f  
populat ion s ize  through disturbance, hunt- 
ing,  and compet i t ion f o r  food resources 
(Robinson and Amacher 1982). These fac- 
t o r s  combine t o  l i m i t  the popu la t ion  of 
t imber wolves i n  the v i c i n i t y  o f  the 
S t .  Marys River  r e l a t i v e  t o  areas f u r t h e r  
nor th  and f u r t h e r  east  around Algonquin 
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Figure 57. Rela t ionsh ip  o f  w o l f  d e n s i t i e s  
i n  seven s t a t i o n a r y  p o p u l a t i o n s  t o  t h e  
t o t a l  biomass o f  ungulates present  (Ke i th  
1981). 

P rov inc ia l  Park, Ontar io (Kolenosky 1981). 
Timber wo l f  populat ion s ize  i n  the v i c i n -  
i t y  o f  the S t .  Marys R iver  was est imated 
by Robinson and Amacher (1982) t o  be 
roughly 18 animals or one woJf/82-114 km2. 
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These wolves appeared t o  be associated 
w i t h  10 separate packs (F igu re  ,581. 
Packs V I ,  V I I ,  and I X  were most c lose l y  
associated w i t h  the St .  Marys R iver  and 
frequented deer yards dur ing  w in ter ,  as 
d i d  pack X f u r t h e r  t o  t h e  e a s t .  Other  
packs r e l i e d  on e i t h e r  moose or garbage 
dumps f o r  w i n t e r  f o o d  r e s o u r c e s .  The 
p rox im i t y  o f  w in ter  deer yards i n  Michigan 
t o  several wol f packs was suggested as a 
mechanism which could draw wolves across 
the r i v e r  (Robinson and Amacher 1982). 
One p a i r  o f  wo lves  was t r a c k e d  f rom a 
p o i n t  on southern St .  Joseph Is land,  
across Potagannissing Bay and Drummond 
Is land,  t o  Cockburn Is land.  However, 
movement o f  wo lves  on t h e  r i v e r  d u r i n g  
w in te r  was general l y  1 im i  t ed  . 

Other l a rge  mammals s tud ied  by Robinson 
and Amacher (1982) were r e d  fox, coyote, 
bobcat, and lynx .  Both coyote and red fox 
were common and crossed the  f rozen r i v e r  
more f requent ly  than o ther  l a r g e  mammals 
i n  w i n t e r  ( F u l l e r  and Robinson 1982a).  
Furthermore, movement of coyote and red  
fox d i d  n o t  appear t o  be impeded by sh ip  

Figure 56. D i s t r i b u t i o n  o f  moose i n  the t r a f f i c  through ice ,  a1 though wh i te - ta i l ed  
Sau l t  See. Marl'e D i s t r i c t  o f  Ontar io and deer movement was r e s t r i c t e d  f o l l o w i n g  
the eastern Upper Peninsula of Michigan ship passages i n  w in te r  ( F u l l e r  and 
(Robinson and F u l l e r  1980. Robinson 1982b) . 
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Figure 58. Gray wolf t e r r i t o r i e s  in  t he  v i c i n i t y  of the S t .  Marys 
River .  Pack number denoted by Roman numerals and approximate s i z e  
of pack by Arabic numerals (Robinson and Amacher 1982).  



CHAPTER 4. ECOLOGICAL RELATIONS 

TEMPERATURE AND THE BIOTA 

Pr imarv Producers 

The St .  Marys R i ve r  has annual water  
temperature c h a r a c t e r i  s t i c s  t h a t  are 
unusual when compared t o  o t h e r  Nor th  
American r i v e r s  a t  the  same l a t i t u d e  and 
c o n t i n e n t a l  c l i m a t e .  It l i e s  i n  a  c o l d  
system i n  which r i s i n g  s p r i n g t i m e  tempera- 
t u r e  and maximum summer temperature l a g  
about  a  month behind most r i v e r s  i n  the 
temperate zone. I n  the  f a l l  o f  t he  year ,  
water  i n  t he  r i v e r  i s  warmer than  i n  i t s  
c o n t i n e n t a l  coun te rpar ts .  

Temperature p e c u l i a r i t i e s  of  t he  
St .  Marys R i ve r  a r e  i n h e r i t e d  from heat- 
exchange c h a r a c t e r i s t i c s  o f  water  i n  Lake 
Super io r .  Lake Super io r  water  moves 
r a p i d l y  down channels th rough  t he  l e n g t h  
o f  the r i v e r ,  e n t r a i n i n g  o f f - channe l  water 
as  i t  goes. Except i n  backwaters remote 
from channels,  l i t t l e  t ime  i s  a v a i l a b l e  
f o r  water  i n  the  r i v e r  t o  exchange heat  

Cumuiativs degree-days 

Figure 59. Re la t i onsh ip  between mean 
h e i g h t  o f  t a l l e s t  shoots from two separate 
s tands  o f  Scirplts acutus and temperature 
as Idegrae-days abrQve t h e  germina t ion  
t m b ' f d  o f  7 "C. 

w i t h  the  atmosphere, and water  tempera- 
t u r e s  i n  lower  reaches d i f f e r  o n l y  a  few 
deg rees  f r o m  t h o s e  a t  t h e  head o f  t h e  
r i v e r .  Reproduct ion and growth o f  f l o r a  
and fauna popu la t i ons  a r e  keyed t o  water  
temperature. An example can be taken from 
t he  growth o f  p l a n t s  t h a t  p rov i de  food and 
cover i n  nursery  areas f o r  f i s h  i n  emer- 
gent  wet lands.  

The e f f e c t  o f  temperature on growth o f  
Sc i rpus  acutus and Sparganium eurycarpum 
i n  t h e  shore zone o f  t h e  S t .  Marys R i ve r  
i s  i l l u s t r a t e d  i n  F i gu res  59 and 60. 
Shoots o f  these two dominant p l a n t s ,  as 
we1 1 as t he  secondary dominants E leochar i  s  
smal l  ii B r i t t o n  and Sc i rpus  americanus, 
grow from t h e  base rneristems on r o o t s t o c k s  
near the  su r face  o f  t h e  h y d r o s o i l s .  I n  
F i gu res  59 and 60, shoo t  he i gh t s  o f  emer- 
gen t  p l a n t s  are p l o t t e d  as a f u n c t i o n  o f  
cumu la t i ve  degree-days from germina t ion  i n  
t he  sp r i ng  t o  maximum biomass l a t e r  i n  t he  
growing season ( L i s t o n  e t  a l .  1986).  A 
degree-day ( " d )  was taken as "d  = T - 7 d 

Cumulative degree-days (thousands) 

Figure 60. R e l a t i o n s h i p  between mean 
h e i g h t  o f  ta: l e s t  shoots  f o r  Sparganium 
eurycarpurn and temperature as degree-days 
above t h e  g e r m i n a t i o n  t h r e s h o l d  o f  
7 OC. 



where: T was the da i l y  mean water tem- 
perature ? "C) in stands of plants during 
days i n  the growing season a f t e r  germina- 
t ion was i n i t i a t e d ,  and 7 was the thresh- 
old water temperature ( "C) f o r  i n i t i a t i ng  
growth of shoots i n  spr ing.  

Control of emergent p l a n t  growth by 
heat i n  the environment has several impor- 
t an t  consequences for  casual observers of 
wetland phenomena and f o r  the s c i en t i s t  
making measurements in them. In spring- 
time, as  water and hydrosoi ls  i n  wetlands 
along the  r i v e r  warm, s h o o t s  break the  
surface of water i n  a  p ro l i f e r a t i on  that  
spreads from warm shallows a t  the shores 
to  more slowly warming waters  a t  the outer 
edge. The speed of t h i s  spread depends 
upon the degree of i so l a t i on  t h a t  wetlands 
have from cold water meandering ac ross  
them from adjacent r i v e r  channel s .  L i  ston 
e t  a l .  (1986) have shown t h a t  summertime 
development of wetland vegetation can lag 
on s i t e s  exposed to  cold currents ,  such 
tha t  cover and maximum annual biomass of 
dominant species occur several  weeks a f t e r  
they a re  present on warm s i t e s .  Time of 
development of wetland p lan t s  similarly 
d i f f e r s  between years,  pa r t i cu l a r l y  those 
of warm versus cold springtimes.  Thus, 
shoots growing in shore-zone wetlands of 
the S t .  Marys River in  spring and ear ly  
summer are monitors of temperature 
regimes. Production o f  per iphyton and 
invertebrates i s  keyed t o  the  same tem- 
perature regimes. 

Secondary Producers 

The influence of water temperature on 
development of inver tebra tes  in emergent 
wetlands i s  similar t o  the  relationship 
observed with macrophytes. The damsel f ly  
Lestes disjunctus d i s junc tus  oviposi t s  i n  
stems of Sparganium eurycarpum along the 
S t .  Marys River during August; these eggs 
remain i n  stems u n t i l  s p r i n g  and begin 
hatching when water temperature exceeds a 
thermal threshold of 4 .3  " C  (Duffy 1985). 
Development of nymphs a f t e r  hatching i s  
logari thmicall y re la ted t o  water tempera- 
ture a s  cumulative degree-days (Fig- 
ure 61) .  Total physiological time 
required fo r  L .  d i s junc tus  disjunctus to 
complete nymp6l development was 680 and 
710 "d in 1982 and 1983, respect ively .  A 
s i m i l a r  growth r e l a t i o n s h i p  i s  seen i n  

Cumulative degree-days 

Figure 61. Relationship between mean d r y  
weight of Lestes di sjunctus di sjunctus and 
temperature as  degree-days above the 
developmental threshold of a . 3  "C. 

another damselfly, Enall agma boreale, and 
growth o f  other aquatic invertebrates i s  
a1 so regulated by water temperature. 

Invertebrate density in emergent 
wetlands a t  ice-out i s  extremely low. 
However, warming of these shall ow-water 
environments st imulates the hatching of 
cladoceran ephippial eggs and eggs from a 
variety of macroinvertebrates. Cl adoceran 
zooplankton become abundant in emergent 
wetlands w i t h i n  weeks of ice-out, and w i t h  
hatching and migration, macroinvertebrates 
a1 so soon become common. For example, 
Corixidae migrate in to  wetlands from 
ground-water fed t r i bu t a r i e s ,  where they 
spend the winter.  As water temperature 
continues to increase,  both diversity and 
density of the invertebrate community in 
emergent wet1 ands increase. 

Fish use of emergent wetlands begins a t  
the  time i c e  i s  breaking u p  in s p r i n g .  
Hatching of lake whitefish and lake her- 
r i  ng eggs, spawned the previous November, 
coincides with ice-out in some years.  
These eggs co l lec t  along wetlands o r  i n  
other backwater areas; larvae have been 
collected from Lake Nicolet wetlands while 
slush ice remained along shore (Duffy 
pers. observ .) . Northern pike begjn t o  
spawn soon a f t e r  i ce-out, depositing eggs 
on Carex and other dense aquatic macro- 
phytes near shore. Other spring-spawni ng 
spec i e s  of  Fish,  such a s  c en t r a l  mud- 
minnow, brown b u l l  head, bowfin, ye1 low 



perch, and Centrarch idae,  a1 so use emer- 
g e n t  wet lands.  As water  temperatures 
r i s e ,  t h e i r  eggs beg in  t o  hatch, and l a r -  
v a l  development beg ins  i n  t he  presence o f  
abundant food resources-- the r i c h  micro-  
i n v e r t e b r a t e  communi t y  . 

Annual Temoera t u r e  and D e t r i  t u s  

Organic m a t e r i a l  f rom macrophyte p ro -  
d u c t i o n  i n  emergent and submersed wet lands 
o f  the  S t .  Marys R i v e r  becomes food f o r  
h i ghe r  organisms p r i n c i p a l l y  through the  
d e t r i t a l  food web. Muskrats  and c r a y f i s h  
a r e  p r i n c i p a l  g raze rs  o f  f r e s h  p l a n t  mate- 
r i a l  i n  emergent and submersed wet lands, 
r e s p e c t i v e l y .  A t  t h e  maximum d e n s i t i e s  o f  
r e c e n t  y e a r s ,  t h e y  g r a z e  a v e r y  s m a l l  
f r a c t i o n  o f  annual p l a n t  p roduc t i on  i n  t he  
sys tem:  on t h e  o r d e r  o f  1% o r  l e s s  o f  
o rgan i c  d r y  we igh t  p roduc t i on  (McNabb, 
unpubl . data)  . 

Ungrazed shoots  o f  emergent p l a n t s  d i e  
back  w i t h  f r o s t  i n  October-November  o f  
each yea r .  They remain i n  s i t u  and a re  
p a r t i a l l y  f ragmented by f r e e z i n g  and thaw- 
i ng ,  and by waves. A t  i c e - o u t  and i n  t he  
month o r  6 weeks t h e r e a f t e r ,  some smal l  
f r a c t i o n  o f  dead shoots  i s  expor ted  i n t o  
r i v e r  channels on i c e - f l o e s  and c u r r e n t s .  
The m a j o r i t y  o f  ove rw in te r i ng  shoot  mate- 
r i a l  i s  t rapped i n  s i t u  by new shoots  t h a t  
break t h e  water su r face  as sp r i ng t ime  p ro -  
gresses. As i n  o f f s h o r e  submersed wet- 
lands,  decomposit ion o f  dead shoots  f rom 
t h e  p rev ious  year  acce le ra tes  w i t h  r i s i n g  
water temperatures i n  May and June. I n  
years  o f  average temperature,  shoots a re  
comp le te ly  f ragmented by t h e  end o f  June 
and r e f r a c t o r y  p o r t i o n s  j o i n  r e f r a c t o r y  
d e t r i t u s  from prev ious  years  on the  sedi -  
ment sur face.  The wet land  i s  t hus  pu lsed  
i n  sp r i ng t ime  w i t h  d e t r i t u s  and t he  micro-  
organisms o f  i t s  decay. McNabb (unpubl . 
da ta )  es t ima tes  conse rva t i ve l y  t h a t  60% o f  
a n ~ u a l  s h o o t  p r o d u c t i o n  i s  no rma l  1 y  
m i n e r a l i z e d  i n  s i t u  i n  t h e  month o f  June: 
on  t h e  ave rage ,  some 400 g o r g a n i c  d r y  
we igh t  pe r  m2. 

A v a i l a b i l i t y  of d e t r i t u s  from p l a n t s  i n  
submersed charophyte meadows i s  c l e a r l y  
t i e d  t o  temperature- regul  a t ed  metabol i c 
r a t e s  o f  micro-organisms o f  decomposi t ion 
( L i s t o n  e t  a l .  1986). Biomass i n  sub- 
mersed charophyte meadows a t  t h e  beg inn ing  

o f  g r o w i n g  seasons  c o n s i s t s  l a r g e l y  o f  
degenerat ing t i s s u e  t h a t  has overw in te red  
i n  s i  t u .  Micro-organisms o f  decomposi- 
t i o n  form a m e t a b o l i c a l l y  a c t i v e  per iphy -  
ton  on p l a n t s  a t  t h i s  t ime .  They, 
toge ther  w i t h  d e t r i  t a l  f ragments o f  p l a n t  
o r i g i n ,  c o n s t i t u t e  a  s i g n i f i c a n t  food sup- 
p l y  f o r  consumer organisms o f  some 30-35 g 
o rgan ic  d r y  we igh t  per  m2 o f  meadow. Th i s  
c o n s t i t u t e s  a d e t r i t a l  p u l s e  i n  t he  system 
t h a t  i s  m i n e r a l i z e d  a t  a  temperature- 
dependent a c c e l e r a t i n g  r a t e  w i t h  r i s i n g  
t e m p e r a t u r e  i n  June .  By e a r l y  Augus t ,  
d e t r i t u s  i s  v i r t u a l l y  absent  f rom charo- 
phy te  meadows, and f r e s h  p l a n t s  o f  t h e  new 
growing season approach maximum annual 
biomass. These ove rw in te r  t o  s t a r t  t he  
c y c l e  anew i n  t he  f o l l o w i n g  year .  

Thus, the  S t .  Marys ecosystem i s  pu lsed  
w i t h  macrophyte d e t r i t u s  o f  autochthonous 
o r i g i n  i n  May and June o f  each year .  Th i s  
d e t r i t u s  i s  a t  f i r s t  c o n c e n t r a t e d  i n  
shore-zone emergent wet lands and i n  sub- 
mersed wet lands a long  t he  bot tom i n  deeper 
water .  Consumer organisms i n  these loca-  
t i o n s  exper ience a peak food a v a i l a b i l i t y  
t h a t  w i l l  n o t  be r e p e a t e d  f o r  a n o t h e r  
y e a r .  E v e n t u a l l y ,  m a t e r i a l  f r o m  sho re  
zones and o f f s h o r e  sources i s  d ispersed  i n  
downstream environments by c u r r e n t s  moving 
through the  wet lands.  

FOOD WEBS 

Produc t ion  and D e t r i  t a l  M a t e r i a l  

Es t imates  o f  annual n e t  p r imary  produc- 
t i v i t y  i n  t h e  p l a n k t o n ,  submersed wet-  
lands, and emergent wet lands of t he  
St.  Marys R i v e r  were g i v e n  e a r l i e r  i n  t h i s  
eco l og i ca l  p r o f  i l e  (Tab le  16).  Measure- 
ments f o r  these were made by techniques 
t h a t  y i e l d e d  p roduc t i on  es t imates  per  u n i t  
area o f  h a b i t a t .  Thus they i n d i c a t e  por- 
t i o n s  o f  t he  system i n  which p r imary  pro- 
d u c t i o n  i s  most concentrated,  b u t  say 
1 i  t t l e  abou t  r e l a t i v e  c o n t r i b u t i o n  of 
phy top lank ton  and macrophytes t o  p r imary  
p r o d u c t i v i t y  o f  t h e  r i v e r  sys tem as  a 
who le .  I t  i s  c l e a r ,  f o r  example,  f r o m  
casual obse rva t i on  o f  the  r i v e r ,  t h a t  
emergent we t land  p roduc t ion ,  w h i l e  ve ry  
h igh,  occurs i n  an area much sma l l e r  than 
t he  sur face a rea  o f  open water  where r e l a -  
t i v e l y  l ow  phy top lank ton  p roduc t i on  



occurs.  C o n t r i b u t i o n s  o f  emergent 
we t lands  and p l ank ton  communities t o  t o t a l  
p r ima ry  p r o d u c t i v i t y  i n  t h e  ecosystem, as 
w e l l  a s  t h e  c o n t r i b u t i o n  from submersed 
wet lands,  can be es t imated  i f  areas 
occupied by these community types are 
known. I n  t h i s  regard ,  r e l i a b l e  data a re  
a v a i l a b l e  f o r  t h e  b r o a d  expanse  o f  t h e  
r i v e r  known as Lake N i c o l e t  (McNabb, 
unpubl . da ta ) ;  these were used t o  develop 
Table 53.  Data suggest t h a t  r e l a t i v e  pro- 
d u c t i v i t i e s  g i ven  i n  Table 53 f o r  commun- 
i t y  t ypes  l i k e l y  h o l d  i n  a  genera l  way f o r  
b r o a d  l a k e - l i k e  p o r t i o n s  o f  t h e  sys tem 
( n o t  narrow, r e s t r i c t e d  channels)  where 
mean t u r b i d i t y  i n  t he  growing season i s  
l ow  ((8 NTU) .' In w ~ s t e r n  Munuscong Lake, 
f o r  example, where submersed wet land 
development i s  severe ly  depressed by h i gh  
t u r b i d i t y  and poor 1 i g h t  pene t ra t i on ,  sub- 
mersed p l a n t s  c o n t r i b u t e  ve ry  l i t t l e  t o  
o v e r a l l  ecosystem p roduc t i on .  

Es t imates  i n  Table 53 show t h a t  r oo t -  
s t ocks  o f  emergent p l a n t s  i n  shore-zone 
wet1 ands o f  Lake Ni c o l  e t  have h i ghe r  
annual p r o d u c t i v i t y  than  o t h e r  components 

1NTU = Mephel omet r i  c  T u r b i d i t y  U n i t .  

o f  t h e  l a k e ' s  p r ima ry  p roduc t ion .  Some 
p o r t i o n  o f  t h e  e n e r g y  i n  f o o d  r e s e r v e s  
s t o red  i n  r oo t s t ocks  ove r  t h e  w i n t e r  i s  
used t o  i n i t i a t e  shoot  development i n  
spr ing.  Roo ts tock  p r o d u c t i o n  no t  used i n  
t h i s  manner becomes d e t r i t u s  i n  upper 
l a y e r s  o f  t i g h t l y  packed c l a y  sediments i n  
w e t l a n d s .  R a t e s  a t  w h i c h  a n i m a l s  t h a t  
burrow i n  t h e  h y d r o s o i l  r e t u r n  some f rae-  
t i o n  o f  t h i s  d e t r i t u s  t o  t h e  water  column 
are unknown. Observa t ions  o f  hydroso i  1 
cores d u r i n g  growing seasons suggest t h a t  
r oo t s t ock  d e t r i t u s  i s  l a r g e l y  m inera l  ized 
i n  s i t u ,  w i t h  l i t t l e  o rgan i c  m a t e r i a l  f rom 
roo t s t ock  p r o d u c t i o n  e n t e r i n g  food webs i n  
o v e r l y i n g  water. 

Shoots o f  macrophytes i n  emergent and 
submersed wet lands a r e  impo r t an t  sources 
o f  o rgan i c  rnater i  a1 f o r  consumer organisms 
o f  t h e  r i v e r .  Es t imates  in Tab le  53 show 
t h a t  annual p roduc t i on  o f  t hese  i s  4 t o  
10 t imes  g r e a t e r  t han  annual p roduc t i on  o f  
phy top lank ton  i n  Lake N i  c o l e t ,  Measure- 
ments i n  t h e  wa te r  column o f  Lake N i c o l e t  
have shown t h e  p l a n k t o n  community t o  be 
more h e t e r o t r o p h i c  i n  n a t u r e  t han  a u t o t r o -  
ph ic ;  n e t  p r ima ry  p r o d o c t i v i t y / r e s p i  r a t i o n  
( P / R )  r a t i o s  a r e  c o n s i s t e n t l y  (1.0 i n  

Table 53. Annual n e t  p r imary  p r o d u c t i v i t y  i n  t h e  Lake N i c o l e t  reach  o f  the  
St.  Marys R i ve r  (McNabb, unpubl . da ta ) .  

Commu n i t y  Hectares g AFDW . m-2 M e t r i c  t ons  R e l a t i v e  
t ype  occupied y r - I  AFDWfyr p r o d u c t i v i  t y a  

Phy top lank ton  

Submersed macrophytes 2,100 35 

Emergent we t lands  298 

Shoots 650 1,940 10 

Per iphy ton  12 36 0.2 

Roots tocks 930 2,770 14 

a ~ e t r i c  t o n s  o rgan i c  we igh t  (AFDW) pe r  y e a r  r e l a t i v e  t o  the phytopIat.nktom. 
b ~ e r i  phyton of submersed macrophytes n o t  inc luded :  hence, submersed wet land  

p r o d u c t i v i t y  underest imated by an amount due t o  per iphy ton ,  Submersed plants 
have 1 i t t l  e pe r i phy ton  except  d u r i n g  decomposi t i o n  ~ h a s e  i n  summer. 



i ce-f r ee  seasons (McNabb, unpubl . d a t a ) .  
D e t r i  t a l  m a t e r i  a? s  t h a t  have t h e i  r o r i g i n  
i n  shoot p r o d u c t i o n  i n  emergent and sub- 
mersed we t l ands  o f  t h e  lake,  and i n  
s i m i l a r  we t l  ands upstream, doubt less con- 
t r i b u t e  s u b s t a n t i  a1 l y  t o  t h e  he te ro t r oph i c  
cha rac te r  o f  t h e  r i v e r ' s  p lank ton  
communi t y .  

I n v e r t e b r a t e  consumers p l a y  an i n t e g r a l  
r o l e  i n  p r o c e s s i n g  n u t r i e n t s  which become 
avai  1  a b l e  t h r o u g h  development and senes- 
cence o f  p r i m a r y  producers.  Through feed- 
i n g  a c t i v i t - i e s ,  bo th  zooplankton and 
macroi n v e r t e b r a t e s  a1 t e r  t h e  s i z e  of 
p a r t i c l e s  i n  t h e  e n v i r o n m e n t  and t h e i r  
sur face- to-vo1 ume r a t i o  (Wetzel 1983; 
M e r r i t t  e t  a1 , 1984). I n v e r t e b r a t e s  a lso  
t r ans fo rm  i n o r g a n i c  n u t r i e n t s  i n t o  o rgan ic  
mat te r ,  which i s  s t o red  as s tand ing  stock 
biomass ava i  1 a b l e  t o  h i ghe r  t r o p h i c  
l e v e l s .  T h i s  o r g a n i c  ma t t e r  may be t r a n s -  
f e r r e d  from one p a r t  o f  t h e  ecosystem t o  
another  t h r o u g h  d r i  f t ,  emergence of 
aqua t i c  i n s e c t s ,  o r  o t he r  movements. 
Biomass o f  a q u a t i c  i n v e r t e b r a t e s  i s  most 
a v a i l a b l e  t o  f i s h e s  o r  i n v e r t e b r a t e  pre- 
da to rs  (Heal ey 1984), h u t  amphibians, 
water fowl ,  and shore  and passer ine b i r d s  
a1 so feed on i n v e r t e b r a t e s .  

The d e t r i t a l  p u l s e  p rov i ded  by charo- 
phyte meadows d u r i n g  June i s  l i k e l y  used 
by ben th i c  m a c r o i  nver tebra tes .  Second- 
y e a r  c o h o r t s  o f  t h e  b u r r o w i n g  m a y f l i e s  
Hexacj_enia and Ephemera complete nymphal -- - - - ---- - 
deve lopment  i n  June  b e f o r e  emerg i ng  i n  
e a r l y  Ju l y .  B e n t h i c  i n v e r t e b r a t e  s tand ing  
crop i n  p o r t i o n s  o f  t h e  r i v e r  w i t h  h igher  
pnpul a t i  on d e n s i t i e s  o f  these m a y f l i e s  and 
o the r  f i l t e r - f e e d i n g  t axa  e x h i b i t  a  r i s e  
t o  seasonal maxima i n  June (Chapter 3 ) ,  

whi l . s tand ing  c rop  i n  areas where d e n s i t y  
o f  f i l t e r  feeders i s  r e l a t i v e l y  low do no t  
peak i n  June. 

D e t r i t a l  ma te r i  a1 r e s u l t i n g  f rom t h e  
decomposi t i  on o f  emergent macrophytes 
d u r i n g  May and June  f u e l s  a  p t ~ l s e  o f  
i n v e r t e b r a t e  biomass comprised p r i m a r i  l y  
o f  zooplankton i n  emergent wet lands. 
S t a n d i n g  s t o c k  b iomass  o f  t h e  t w o  most  
abundant zooplankton spec ies i n  these  
emergent we t l  ands, Chydorus sphaer i  cus and 
Acroperus harpae, inc reases  f rom May 
through e a r l y  J u l y  (Du f f y  1985). Whi le 
these species a re  sma l l ,  t hey  have r a p i d  
development t imes  r e1  a t i  ve t o  l a r g e r  
rnacroinvertebrates. 

Est imates o f  absol u t e  annual i nve r t e -  
b r a t e  p roduc t i on  f o r  t h e  Lake N i c o l e t  
r each  e x h i b i t  a  p a t t e r n  s i m i l a r  t o  t h e  
p a t t e r n  o f  abso lu te  p r ima ry  p roduc t ion .  
Product ion per  u n i t  area i s  l e s s  i n  o f f -  
shore so f t -bo t tom communit ies t h a n  i n  
emergent wet lands. However, on an a e r i a l  
bas i s  t he  so f t - bo t t om  b e n t h i c  community 
con t r i bu tes  t h e  g r e a t e s t  amount t o  macro- 
i n v e r t e b r a t e  p roduc t i on  i n  Lake Ni  co l  e t  
( T a b l e  5 4 ) .  S i m i l a r l y ,  i f  z o o p l a n k t o n  
~ r o d u c t i o n  i n  t h e  open w a t e r  we re  mea- 
sured, absolute p roduc t i on  t h e r e  cou ld  be 
expected t o  be f a r  g r e a t e r  t han  i n  emer- 
gent wet lands because o f  g r e a t e r  open 
water  area. Organic m a t e r i a l  a r t i c u l a t e d  
as secondary p roduc t i on  comprises t h e  food 
resource o f  a  v a r i e t y  o f  f i shes .  

Predator-Prey I n t e r a c t i o n s  

Ver tebra te  p reda to r s  can have a  p ro -  
found e f f e c t  on i n v e r t e b r a t e  community 

Table M. Annual secondary p roduc t ion  i n  Lake N i c o l e t  (Duf fy  unpubl.  da ta ) .  

H a b i t a t  
t Y  pe 

Hectares Organic we igh t  M e t r i c  tons  
occupied g  d r y  w t  . m'2 . ~ r "  o rgan i c  w t / y r  

s o f t  b o t t o m  benthos 2,647 14.46 382.39 

Emergen t wet1 and hen thos  2  98 24.68 73.55 

Emergent wet1 and zooplankton 298 0.56 1.67 

Rapids benthos 1 23.68 0.24 



cornpos~ t i o n  [Brooks a ~ d  Dodson 1965; Ha1 1 
e t  a l .  1970). F u r t h e r m o r ~ ,  a l f ' c r a t i ans  i n  
a t jua t l c  i n v e r t e b r a t p  co:nm,in: t j  s t r u c t u r e  
have  a d e m o n s t r a t e d  ~ n f l u e n c ~  on a?  g a l  
community compusrt ion aqd D n  water q u a l i t y  
(Spencer  and K i n g  1984). R ~ c a u s e  b o t h  
p reda to r  and p rey  comrnun? t .i PS  are dynamic, 
s h r f t s  I n  t r o p h i c  r ~ l a t i o n s  o c c u r  b o t h  
seasonal ly  and w i t h  a n t o l s g i c a l  changes 
( d e v ~ l u p m e n t )  i n  anirnal s, 

Trophic  re1 a t i o n s  o f  f i  shes and o t h e r  
animals I n h a b i t i n g  t h e  S t .  Marys R ive r  a re  
d e p i c t e d  i n  F i g u r e  6 2 .  Among t h e  f i s h  
species p resen t ,  fou r - -wa l  l e y ~ ,  ye1 low 
perch, n o r t h e r n  p i ke ,  and whr te  sucker--  
a re  cons idered c r i t ~  c a l  specr es i n  p e r c i d  
communities such ns t h e  S t .  Marys R ive r .  
Walleye and no r t he rn  p i k e  are p r i m a r i l y  
p i  s c i  vorus and po ten t  i a1 1 y i n f  1 uence t h e  
remainder o f  t h e  f i s h  commun~ t y .  J u v e n i l e  
wal l e ye  d e r i v e  a s u b s t a ~ t i a l  p r o p o r t i o n  of 
t h e i r  c a l o r i c  i n t a k e  from young-of- the- 
year  y e l l o w  perch, whl l e  a t l i ~ l t s  r h i f t  t o  

feed on rainbow smel t ,  t rou t -perch ,  and 
a1 ewi fe  (Whalen 1980; Sargent 1982; L i  s t on  
e t  a l .  1986). The o n l y  n o n f i s h  prey con- 
sumed i n  any number by wa l leye  a r e  burrow- 
i n g  may f l  i ps ,  which compose more than 50% 
o f  t he  prey i tems consumed by wa l l eye  dur- 
i n g  midsunliner i n  t h e  St .  Marys R i v e r  
(Joyce 1983). Nor thern p i k e  examined from 
t h e  r i v e r  have been almost e n t i r e l y  
p i s c i v o r u s ,  f eed ing  most h e a v i l y  on 
rainbow smel t  and s p o t t a i  1 shi  ners 
(Borgeson 1983). 

The d i e t  o f  w h i t e  suckers i n  t h e  
S t .  Marys  R i v e r  has  n o t  been s t u d i e d .  
However, t h e i r  i n f e r i o r  mouth and demersal 
h a b i t  suggest b e n t h i c  Feeding. Th is  has 
been c o n f i r m e d  b y  a number o f  s t u d i e s  
which r e p o r t  c h i  ronomids, mol lusks,  and 
cladocerans as impor tan t  prey (Sco t t  and 
Crossman 1 9 7 3 ) .  Y e l l o w  p e r c h  f r o m  t h e  
r i v e r  have a v a r i e d  d i e t  w h i c h  changes 
w i t h  o n t o l o g i c a l  development (Whalen 
1980). Cladocera compose much o f  t h e  d i e t  

Figure 62. S i m p l i f i e d  diagram o f  energy f l o w  among b i o t i c  c o r n u n i t i e s  o f  t h e  
St .  Marys R i ve r .  



o f  j u v e n i l e  y e l l o w  perch  30-60 mm i n  t o t a l  
length,  w h i l e  f i s h  80-130 m long ea t  more 
aqua t i c  i n s e c t s  and beg in  t o  eat  c r a y f i s h .  
C r a y f i s h  compose t h e  b u l k  o f  t h e  a d u l t  
y e l l o w  perch d i e t ,  w i t h  f i s h  and burrowing 
may f l i es  a l s o  impor tan t ,  

Another abundant f i s h  i n  t he  open-water 
h a b i t a t s  o f  t h e  S t .  Marys R i v e r  i s  t h e  
l a k e  he r r i ng ,  a  f i s h  l i s t e d  as threatened 
i n  Michigan. Lake h e r r i n g  a re  pe l ag i c  and 
predominant ly  zooplankt ivorous.  I n  t h e  
S t .  Marys River ,  zoopl ankton compose >99% 
o f  t h e  d i e t  o f  l a ke  h e r r i n g  from October 
through May. However, a  mayf ly ,  Leptoph- 
l e h i a ,  which m ig ra tes  from deep t o  shal low ---- - 
water i n  March i s  eaten du r i ng  i t s  migra- 
t i o n .  Beginn ing i n  June, d i p t e r a n  pupae, 
Hymenaptera, and burrowing mayf 1 y nymphs 
a re  a l s o  includetf  i n  t he  d i e t .  Th is  d i e t  
switches e n t i  r e l y  t o  emerging burrowing 
m a y f l i e s  i n  e a r l y  J u l y  (F igure  63).  Dur- 
i n g  a r e l a t i v e l y  b r i e f  2-week p e r i o d  i n  
midsummer, l a k e  h e r r i n g  i n g e s t  >90% o f  
t h e i r  annual c a l o r i c  i n t a k e  from burrowing 
may f11~s  f n u f f y  19821, Much o f  t h i s  
energy IS l i k e l y  n o t  ass im i la ted ,  b u t  
p r o b a b l y  c o n s t i t u t e s  a  p u l s e  o f  energy  
u red  i n  deve lopment  o f  gonads p r i o r  t o  
$pawning i n  Nov~mber. Du f f y  (1982) hypo- 
t h e s ~ z e d  t h a t  t h e  d e c l i n e  o f  l a ke  h e r r i n g  
~n tiit-. Great Lakes may be r e l a t e d  more t o  
d e c l i n i n g  water q u a l i t y  and the  disappear- 
dncc of Hexdyenia than t o  o t he r  causes, 

Many predators sw i t ch  t o  Feeding on t h e  
inayf l i e s  t - ~x~a~gen ia  and Ephemera a f t e r  
t h p i r  maqr emeryGnce i n  - t h %  St, Marys 

Figure 63. Seasonal composit ion o f  1 ake 
h e r r i n g  d i e t  i n  t h e  St, Narys R i ve r  
i l l u s t r a t i n g  d i e t a r y  sw i t ch  i n  J u l y  
(Duf fy, unpubl , data), 

R ive r .  Normal ly p i s c i v o r u s  f i s h ,  such as 
wal leye  a n d  n o r t h e r n  p i k e ,  f e e d  on t h e  
emerging subimagoes, as do ye1 low perch 
and r o c k  bass .  Common merganse rs  move 
i n t o  open-water areas a f t e r  dark t o  feed 
on adu l t s  r e t u r n i n g  t o  t h e  r i v e r .  Other  
b i r d s  feed ing  on the a d u l t  s tages o f  these 
may f l i e s  i n c l ude  h e r r i n g  and r i n g - b i l l e d  
g u l l s ,  and b lack  t e rns .  Even dsagonf l  i e s  
and damsel f l  i es have been observed f eed i  ng 
on adu l t s  r e s t i n g  on emergent macrophytes 
i n  wetlands (Du f fy ,  pers.  observ.) . 

Emergent wet lands bo rde r i ng  t h e  main 
stem of t he  r i v e r  a re  s t r u c t u r a l l y  com- 
p l  ex.  I n  emergent  w e t l  ands,  e x p a n s i v e  
beds o f  -- Sc i rpu? acutus and S r p n i u m  - ----- 
e u r y c a g s  a re  i n t e r r u p t e d  by pockets  o f  -- 
o w n  water con ta i n i ns  s ~ e c i e s  of submercied 
anacrophytes; 3 tamo&ton ,  Ranunculus, and 
M v r i  o ~ h v l  l um a r e  common. T h i  s 3 e t e r o -  
-A. .-"-a ---- 
qeneous env i  ronment o f f e r s  i n v e r t e b r a t e s  
and l d r v a l  and j u v e n i l e  s t a g e s  o f  f i s h  
re fuge  from l a r g e r  p reda to rs .  Macrophyte 
t i s sues  a lso  g r e a t l y  inc rease  t h e  su r f ace  
area a v a i l a b l e  f o r  c o l o n i z a t i o n  by p e r i -  
phyton. I n  more p r o t e c t e d  wet lands t h e  
l u x i r r i e n t  growths o f  pe r i phy ton  which 
cover  these rnacrophytes i n  midsummer sup- 
p o r t  dense i n v e r t e b r a t e  communities. 
Macro inver tebrates commonly assoc ia ted  
w i t h  t h i s  per iphy ton  i n c l u d e  t h e  caddis-  
f1  i e  Mystacides and Ceraclea and t h e  may- 
f l i e s  ~ a e n j s - a n d  C a l l i b a e t i s  ( A l t a r d  
1982). However, t h e  i n v e r t e b r a t e  commun- 
i t y  c h a r a c t e r i s t i c  o f  pe r i phy ton  i s  
numer ica l l y  dorni nated by chydo r i d  
cl adocerans, ch i  ronomid 1 arvae, n a i d i d  
o l  i gochaetes, and o s t  racods. 

The i n v e r t e b r a t e  community t h a t  uses 
emergent wet land pe r i phy ton  as a  food  
resource a l s o  serves as a  food resource 
f o r  p reda to rs .  P reda t ion  i n  t h e  emergent 
wet lands appears t o  be more d i f f u s e  t han  
i n  open-water h a b i t a t s ,  w i t h  a  v a r i e t y  of 
p reda to rs  consuming t h e  i n v e r t e b r a t e  p rey  
o f  t h i s  environment. Common i n v e r t e b r a t e  
p reda to rs  o f  emergent w e t l  ands i n c l u d e  
damsel f l y  and d ragon f l y  nymphs, d y t i  s c i d  
beet1 e  1  arvae, some c h i  ronomi d  1 arvae, and 
some c a d d i s f l y  l a r v a e  ( p a r t i c u l a r l y  t h e  
genus P o l y c e n t r o p u s ) .  F i v e  s p e c i e s  o f  
Odonata f r o m  t h e  S t .  Marys  R i v e r  whose 
d i e t s  were examined a1 1 consumed chydo r i d  
cl adocerans, c h i  ronomid 1 arvae, ostracods, 
and sma l le r  c a d d i s f f y  l a r v a e  and may f l y  
nymphs (Day 1983; D u f f y  1984, 1985). 
These d i e t s  over lap  w ide l y  w i t h  t h e  d i e t s  



oc  l a r v d l  dnd j u v e n l l ~  y e 1  low perch, Slue- 
yS 1 1 ,  and r o c k  has.;, w h i c h  d: an9 w 1  t h  
Cypr in idae  are t h e  m o q t  cornnton yvung f t s h  
I n  emergent wrtlar7ds. Larvae  o f  each o f  
thgse f i s h  speclrs feed primarily on 
cladoceran zooplankton; then  as they deve- 
l o p  i n t o  j u ven l  i e  staqes, t ney  l n c o r p o r a t r  
l a r g e r  p rey ,  s u c h  a r  ch i  rononrirf l a rvae ,  
i n t o  the7 r d ~ c t s .  

L a r v a l  and juven l  l e  f i s h  p reda t i on  
~ n f l  uenws  i n v e r t e b r a t e  community composi- 
t i  on and abundance I n crnergent wet1 ands . 
Zooplankton abundance ? n  these  wet lands i s  
maxinia? i n  June and J i i ly ,  then decreases 
d u r i n g  August (F i gu re  6 4 ) .  Dur ing  J u l y  and 
August, 1 a r va l  f i s h ,  p a r t i c u l a r l y  b l ueq i  11 
and rock bars,  develop i n t o  j u v e n i l e  
stages and t h e i r  d i e t  vo7 crme increases. 
As d e n s i  t y  o f  z o o p l a n k t o n  dec reases  i n  
August, juvenile f i s h  beg in  feed ing  rnorcl 
on chirononrid l a r va@ and o t h e r  macroin- 
ve r t eb ra te  taxa (D.E. Ashtnn, U.S. Army 
Corps k g . ;  New Orleans, l ou i  s iana;  pers. 
corn,). These l a r v a l  and j u v r n i  l e  f i s h -  
~ n v e r t e b r a t e  t r o p h i c  ~ n t e r a c t r ' o n s  charac- 
t p r i  7~ emergent wet 1 and t r o p h i c  dynamics 
ad t h e  S t .  Mdrys K ~ v e r .  However, o t he r  
predator-prc>y i n t e r a c t i o n s  l n v o l v i  ng 
amphibians, h i  rds, and f r s h  a l s o  occur.  

I n  Nay and J u n ~  r r d - s p o t t e d  newts a re  
coneman i n  entergent wet jands near t h e  
wa te r ' s  edge. These newts feed on 
cadd i s f  l y ,  chironornld l d r vae ,  and o the r  
~ n v e r t e b r a t e s  found arnony t h e  dense 
aqua t i c  rnacrophytes a long shore (Duf f y  
1482). Grtaat b l u e  h ~ r o n s  a l s o  forage f o r  
j u v e n i l e  f i s h  I n  emergent wet lands;  
un fo r t una te l y ,  yuan t i  t a t i  ve i n f o rma t i on  i s  
l a c k i n g  on t h e i r  d i e t  i n  t h e  S t ,  Marys 
R ive r .  Another co l  on i  d l  wa te rb i  rd ,  t h e  
b lack  t e rn ,  feeds on j u v e n i l e  and smal l  
f i s h  i n  t h e  ernergent wet lands and o the r  
shal low-water environments o f  the  r i v e r .  
Black t e r n s  can have a  devastating impact 
on j u v e n i l e  stages of bowf in .  Juveni l e  
bowf in  school and are h e a v i l y  pigmented, 
making them quite v i s i b l e  f rom t h e  a i r .  
Schools remain i n  densely vegetated area5 
most o f  t h e  t i m e ,  b u t  c r o s s  open-wate r  
areas when moving from one macrophyte bed 
t o  another.  A t  these t imes b lack  t e r n s  
o f t en  congregate i n  f l o cks  over  a school 
of young bowfin, d i v i n g  repea ted ly  t o  cap- 
t u r e  f i s h  (3uFfy, pers. ooserv.) ,  

I n  a d d i t i o n  t o  these i n t e r a c t i o n s ,  a 
number o f  mammals, b i r d s ,  and f i s h  use  

emergent wet lands as f o rag i ng  h a b i t a t  
(F i gu re  62) .  However, t r o p h i c  i n t e r a c -  
t i a n s  o f  many a n i m a l s  i n  t h e  S t .  Marys 
R i ve r  have n o t  been s tud ied .  
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Figure 54. S F ~ ~ S D : ~ !  abiinbancs o f  ~omto i t  
zooplankton, macroi  nver tebra tes ,  and 
l a r v a l  f ~ s h  i n  the Dunbar emergent w ~ t l a n d  
(Ashton and Duffy, unpubl. data),  



CHAPTER 5. MANAGEMENT 

COMMERCIAL NAVIGATION 

Commercial navigation has had a major 
i n f l uence  on the S t .  Marys River s ince  
1797 and has resul ted in extensive modi f i -  
cations of the r ive r  (Chapter 1 ;  Table 6 ) .  
Prior to  the 19701s,  when most shipping 
was done dur ing t h e  i c e - f r e e  period of 
April through November, there was l i t t l e  
concern over the impacts of navigation on 
t h i s  ecosystem. However, during the early 
19701s, an increasing demand for contin- 
uous transport  of qoods and materials pro- 
vided the impetus for a proposed plan of 
year-round shipping . This meant keeping 
shipping channels open durinq periods when 
the r ive r  was normally ice-bound. This 
raised a great  amount of concern a s  to the 
potential impact such an action would have 
on the f i sh  and wi ld l i fe  of t h i s  system 
(Greenwood e t  a l .  1985).  

There are a number of ways commercial 
shipping influences the S t .  Marys River, 
whether ice cover ex i s t s  or not.  Somc of 
these influences are associated with main- 
tenance a c t i v i t i e s  t o  support shippinq, 
such a s  dredging, ins ta l l a t ion  of naviga- 
t ion a ids ,  and locks and t h ~ i r  operation. 
Physical phenomena associated with vessel 
passage a l so  impact the r ive r  through 
a1 tera t ions  in hydrologic pat terns .  The 
passage of a vessel through shipping chan- 
nels or the r iver  temporarily a l t e r s  the 
hydrologic pattcrn in the vic ini ty  of the 
vessel and, depending on the severity of 
the hydro1 oqi c response, may a f f ec t  sedi- 
ment t ransport ,  shoreline erosion,  or 
aquatic biota (Upper Mi ssi ssi  p p i  River 
Basin Commission [UMRBC] 1981) . 

Hydrologic influences on a point in the 
r i ve r  during vessel passage are affected 
by location of vessels i n  the r i ve r ,  the i r  
d r a f t ,  speed, and direction of travel with 
respect to  prevai 1 ing currents ,  frequency 

of passages, bathymetry of the r i ve r ,  and 
sediment type ( U M R B C  1982; Muebhen 1983). 
A vessel i n  motion within a r ive r  system 
or constricted channel pushes water ahead 
of i t ,  lowering water level in  the vicin- 
i t y  of midship; a trouqh i s  thus created 
that  moves ' w i t h  the ship. The influence of 
t h i s  trough becomes greater  a s  i t  moves 
away from the vessel in to  shallow water, 
unlike the s i tuat ion in  large,  deep water 
bodies where influence decreases w i t h  
distance. In adbit ion,  a vessel passing 
through a r i v e r  o r  c o n s t r i c t e d  channel 
forces water to pass beneath i t s  hull a t  
higher speeds than ambient, result ing i n  
changes in pressure on the sediment 
(Wuebben 1979). As a vessel passes by a 
point in the r i ve r ,  water level i n i t i a l l y  
r i s e s ,  then drops, only to r i s e  again a s  
the moving trouqh of water passes. The 
he igh t  of t h i s  wave i s  r e l a t e d  t o  both 
vessel speed and velocity of water cur- 
rents  generated by vessel passage (Fig- 
ures 65, 66) .  Other factors  affect ing the 
hydrologic response to  vessel passage are  
bathymctry of the r iver  , bed-sediment 
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Figure 65. Re1 ationship between maximum 
wave height and vessel speed a t  a distance 
of 100 f t  from the shipping l ine  (Ashton 
1974). 
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Figure 66. Flaximum change in stage height 
versus maximum 10-second mean current 
velocity observed during drawdown for  the 
130 ship-passage events monitored during 
the open-water period of 1984 on the 
St. Marys River. (McNabb e t  a1 . 1986). 

character, and the presence or absence of 
emergent wetland vegetation (Alger 1978; 
Wuebben 1983; Smart e t  a l .  1985; McNabb e t  
a l .  1986). 

Increased sediment t ransport  and shore 
erosion have been documented a s  result ing 
from vessel t r a f f i c  in the S t .  Marys River 
and elsewhere (Alger 1978; Smart e t  a l .  
1985). Alger (1978) recorded three modes 
of sediment t r a n s p o r t  i n  t h e  S t .  Marys 
River:  t yp i ca l  bed l oad ,  movement of 
individual sand grains ,  and explosive 
1 iquefaction. Explosive 1 iquefaction 
occurs primari 1 y in sand substrate when 
pressure  changes c r ea t ed  by the  moving 
trough a s soc i a t ed  w i t h  a vesse l  reduce 
effect ive  sediment weight to  zero, allow- 
ing pa r t i c l e s  to  flow up in to  the water 
column (Alger 1978). When t h i s  occurs, 
patches of sediment appear t o  burst  away 
from the bottom. In the Mississippi 
River, resuspension of f ine  sediments and 
increased turbidi ty  (Figure 67)  have been 
posit ively correi ated w i t h  vessel speed 
and frequency of passage (UMRBC 1981; 
Smart e t  a l .  1985). The distance sedi- 
ments are transported following vessel 
passage is a function of par t i c le  s ize ,  
ambient water currents,  and the intensi ty  
of hydrologic a1 tera t ions .  

Winter studies on the S t .  Marys River 
have addressed the influence of ship 
t r a f f i c  on under-i ce dr i  f t and 
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Figure 67. Daily tow induced changes in 
turbidity levels  a t  low flow (simulated) 
( U M R B C  1981). 

macroi nvertebrate di spl acement through 
cracks in ice (Gleason e t  a l .  1979b; Poe 
and Edsall 1982; Jude e t  a l .  1986). The 
number of benthic invertebrates,  amount of 
macrophyte material ,  and biomass of zoo- 
plankton and d e t r i t u s  were a l l  g r e a t e r  
under ice  with ship t r a f f i c  than without 
ship t r a f f i c  (Poe and Edsall 1982). Pres- 
sure from vessel-induced waves was found 
to  di spl ace benthic invertebrates up 
through c racks  in i c e  (Gleason e t  a l .  
1979b). However, the number displaced was 
found t o  Be small i n  r e l a t i o n  t o ,  bu t  
representative o f ,  populations exist ing i n  
the area studied.  

In a study of invertebrate populations 
of emergent wetlands of the  St. Marys 
River, Duffv (1985) r e ~ o r t e d  18.9% of the 
mortai i ty i f  i e s t e i  di'sjunctus di s junctus 
was a t t r ibuted to  s h i ~ o i n a .  These darnsel- 

8 8  ., 
f l i e s  oviposit  in stems of Sparganium 
eurycarpum during Ju ly  and August, bu t  
eggs do not hatch unti l  spring. Rising 
water levels in April 1983 floated broken 
p l a n t  stems away from anchored shoots ,  
a1 lowing vessel -induced currents,  such a s  
those measured by McNabb and h i s  
co'lleagues (1986), to pull these floating 
stems containing eggs out of the emergent 
wet1 ands. 

The value of emergent wetlands a s  
spawning s i t e s  and nursery areas for  many 
species of f ish  has stimulated i n t e r e s t  in  
the influence of shipping on these 
habi ta ts .  A1 though Liston (1983, 19861 



documented heavy use of these habitats by 
l a r v a l  f i s h  i n  t he  S t .  Marys River ,  no 
studies to assess shippinq inf l  uences have 
been undertaken. However, laboratory 
studies have been conducted on the effects  
of simulated drawdown on eggs and larvae 
of walleye and northern pike (Holland a n d  
Sylvester 19831. In these s tudies ,  eggs 
of neither species were affected by tem- 
porary dewa t e r i  ng , h u t  1 arvae of both 
species were, Greater mortality of both 
walleye and northern pike larvae occurred 
as  frequency of drawdowns increased (Fig- 
ure  6 8 ) .  Holland and Sylves te r  ( 1 9 8 3 )  
suggested tha t  f ishes most susceptible to 
drawdown would be nest-builders such as 
centrarchids,  fr'shes with adhcsive eggs 
l i ke  northern pike, and those with photo- 
phobic larvae l ike  walleye. 

Small boats operated for recreational 
purposes may a1 so i nFl uencc sediment 
t r a n s p o r t  and e ro s ion .  No s t u d i e s  of 
recreational boating have treen conducted 
an the St .  Marys River. tlowevcr, i n  shal- 
low backwater a r c a s  of the Miss i s s ipp i  
River  pract jcal ly  any recreational boat i s  
capable of resuspendi ng f ine  sediments 
(Smart e t  a l .  1985). Recreational boats 
operated Tn shallow bays or other deposi- 
tfonal environments of the St. Marys River 
probably a l  so resuspend fine sediments, 
although the impact of th i s  i s  unknown. 
Despite thc history of navigation and 

associated maintenance a c t i v i t i e s  on the  
S t .  Marys River, n o  attempt has been made 
to quantify the influence of these main- 
tenance a c t i v i t i e s  on biota .  A consider- 
able  l i t e r a t u r e  base does e x i s t  on the  
influence of dredging on aquatic biota ,  a s  
well a s  liinited information for shore 
birds (Morton 1977; Scharf 1978).  Impacts 
on aquatic biota from dredging are usually 
c l a s s i f i e d  a s  e i t h e r  acu te  o r  chron ic ;  
acute effects  include physical removal or 
burial of benthic species, while chronic 
e f fec t s  include a variety of physiological 
a n d  behavioral responses (Rosenberg and 
Snow 1975; Morton 1977; Stern and Stickle 
1978). Scharf (1978) found that  colonial 
nesting birds used dredge-spoil i s lands ,  
and tha t  the composition of disposed sedi- 
ments influenced bird species composition. 

Navigation locks present a n  apparent 
b a r r i e r  to  f i s h  migrat ion and may a l s o  
a l t e r  water qual i ty .  Sparks and Thomas 
(1978) found suspended par t icula te  matter 
decreased almost 50% below an I l l i n o i s  
River lock within 8 days of i t s  closure, 
b u t  they could not separate the influence 
of the lock discharge from the absence of 
barge t r a f f i c .  In  areas  of reduced water 
quali ty navigation lock discharge has been 
shown to be beneficial by reaerating water 
low in dissolved oxygen (Nilhelms 1985). 

FlSHERlES MANAGEMENT 

Sound f i sher ies  management should inte- 
grate a number of techniques in to  a pro- 
gram designed t o  a s s i s t  the natural 
f isher ies  resource decisionmaker. Tech- 
niques used should include monitoring of 
recrui ment  by stocks or populations, 
monitoring of both commercial and sport  
harvest, monitoring the e f fec t s  of cul- 
tural impacts on populations and indivi- 
duals, and periodic assessment of habitat  
qua1 S ty and quantity. Natural resource 
agencies in both the Sta te  of Michigan and 
Province of Onta r io ,  with support  from 
the i r  respective Federal agencies, have 
implemented programs which address most of 
these topics. 

OTigures 68. Survival of walleye and 
northern pike  larvae a t  various in tervals  Commercial Fisheries 
o f  2-mlnute exposure t o  a i r  s imulat ing 
drawdown with vessel passage (Holland and Commercial f i s h i n g  in the  S t .  Marys 
Sylvester 1981). River has been phased out since the early 



p a r t  of t he  20th cen tu ry ,  a l though l imi ted  
subs is tence  f i s h i n g  by the  S a u l t  Band of 
t h e  Chippewa T r i b e  i s  p e r m i t t e d  (Chap- 
t e r  3 ) .  Commercial f i s h i n g ,  p r imar i ly  f o r  
lake whi te f i sh  and wal leye ,  i s  permit ted 
in  t he  North Channel of Lake Huron, which 
borders t he  ea s t e rn  edge of Potagannissing 
Bay, and in northern Lake Huron. 
Nil 1 iamson (1983) sugges ts  t h a t  harves t  of 
spec ies  which undertake seasonal movements 
ou t  of the r i v e r ,  such a s  wal leye ,  yellow 
perch, and lake  h e r r i n g ,  could be s i g n i f i -  
c an t ,  but t he  e x t e n t  o f  t h i s  ha rves t  i s  a t  
p resen t  unknown. 

Soor t  F i  s h e r i e s  

Table 55. Spo r t f i  shinq r ecao tu re  r a t e s  
during 1982-83 f o r  common f i s h e s  of the 
S t .  Marys River tagged i n  1982 (L i s ton  e t  
a l .  1986).  

Common name 
Recapture r a t e  ( % )  

1982 1983 Sum 

Smal lmouth bass 13.6 14.8 2 8 . 4  
Northern pike 13.4 12.3 25.7 
Walleye 2.5 7 . O  9 .5  
Yellow perch 3.4 5.3 8.7 
Rock bass 1 . 3  5.0 6.3 
White suckeg 0 0.3 0.3 
Muskellunge 25 . O  0 25.0 

a Spo r t f i  shing ha rves t s  have been peri-  Only four  i nd iv idua l s  tagged.  
od i ca l l y  monitored s i n c e  the 1930 ' s  by the 
Michigan Department o f  Natural Resources 
and more r e c e n t l y  by the Ontar io Ministry 

~ ~ 

of Natural Resources. Data from a rea s  of 
the r i v e r  excluding t h e  r ap id s  i n d i c a t e  
catches dec l ined  roughly t h r ee fo ld  from 
the 1930's  through the  1970 ' s  (F igure  6 9 ) .  
Pr incipal  f i s h  spec i e s  harvested by sport- 
f i s h i n g  a r e  w a l l e y e ,  y e l l o w  p e r c h ,  and 
northern pike . Addit ional  spec i e s  of sea- 
sona l  i m p o r t a n c e  a r e  r a inbow s m e l t  and 
white sucker in  s p r i n g ,  l a k e  her r ing  i n  
summer, and chinook salmon i n  f a l l .  
Information from tag  and r ecap tu re  s t u d i e s  
of S t .  Marys River f i s h  i n d i c a t e  spor t -  
f i sh ing  may be an e f f e c t i v e  ha rves t  method 
f o r  s e l e c t e d  spec i e s  ove r  time (Table 55; 

Figure 69. Average ca t ch  of  f i s h  in  t he  
S t .  Marys River ,  excluding t h e  r ap id s ,  per  
angler  pe r  hour dur ing  1937-45 and 
1971-79. (Roelofs  1946; Mich. Dep. Nat. 
Resour., unpubl. d a t a ;  O n t .  Min. Nat. 
Resour., unpubl . d a t a )  . 

Liston e t  a l .  1986).  Data summarized by 
Koshinsky and Edwards (1983) i nd i ca t r  
average spo r t f  i shing ca tches  in t he  rapid:  
a r ea  a r e  roughly 0.1 f i  shlangler-hour ,  
lower than in  t he  remainder of t he  r i v e r ,  
where ca t ches  i n  r e c e n t  yea r s  have aver-  
aged rough1 y 0.5 f i  shlangler-hour  
(Table  56; Figure 6 9 ) .  Pr inc ipa l  spec ies  
of f i s h  harvested from the r ap id s  a rea  a r e  
rainbow t r o u t  and l ake  whi te f i sh .  

The Michigan Department of Naturai 
Resources e s t ima te s  t h a t ,  o v e r a l l ,  the  S t .  
Marys River accounted f o r  roughl) 
110,000 angler-days of s p o r t f i s h i n g  annu- 
a l  1y (Koshinsky and Edwards 1983 ) .  
Approx ima te ly  20% o f  t h i s  a c t i v i t y  wa: 
es t imated  t o  be r e l a t e d  t o  the  s tocking  o- 
P a c i f i c  salmon and t r o u t ,  w i t h  the remain. 
d e r  d i r ec t ed  towards na t i ve  s p e c i e s ,  
Based on these  es t imates  and e s t ima te s  o" 
t h e  v a l u e  of an a n g l e r - d a y  a t  $ 2 5 ,  t h l  
va lue  of t he  S t .  Marys River s p o r t  f isher!  
t o  Michigan ang l e r s  i s  approximatel: 
$ 2 . 5  m i l l i o n  d o l l a r s  a n n u a l l y .  S p o r t -  
f i s h i n g  data  f o r  the Ontar io s i de  s f  t h r  
river sugges t  t h a t  approximatel! 
10,000 angler-days may be a t t r i b u t e d  tc 
the  r ap id s  a r ea  annual 1 y, bu t  i nformatior 
f o r  t h e  remainder  o f  t h e  r i v e r  i s  no4 
a v a i l a b l e .  

H i s to r i ca l  f y ,  da ta  such a s  those men- 
t ioned  above gathered S t a t e -  and Province- 
wide have been used t o  eva lua t e  and managc 
f i s h  popula t ions ,  p r imar i ly  through catcr  



Table 56. Summary of  c r e e l  census  d a t a  from t h e  Onta r io  s i d e  of t h e  
S t .  Marys Rapids, 1971-82 (Koshinsky and Edwards 1983). 

Angler hours 
Total catch (No 
Catch per hour 

Year 
1971 1972 1976 1977 1977 1982 

May-Oct May-hug May-Aug May-Aug hug-Nov May-Sep 

Percent of to ta l  catch 

Rainbow t r o u t  14 41 2 1 5 6 48 16 
Lake whitefish 38 47 46 13 3 68 
Other salmonids 5 4 11 13 3 6 11 
Other f i s h  4 3 8 2 2 18 13 5 

quotas, l icense  fees ,  and stocking pro- 
grams (Figure 70).  More recen t ly ,  body 
burdens of toxic substances have been used 
in recommending l eve l s  of consumption of 
f i s h .  However, w i t h  ce r t a in  exceptions, 
the value of d i f f e r e n t  hab i t a t s  t o  f i s h  
has generally not been quantif ied or used 
i n management programs unti 1 recent1 y . An 
exception t o  t h i s  i s  the S t .  Marys Rapids 
where the amount of water flow i s  c r i t i c a l  
to  the amount of f i s h  hab i t a t .  Here, the  
a r e a  of r a p i d s  inundated under v a r i o u s  
flow regimes has been quantif ied and used 

Figure 70. tamber of r a i  n b w /  s tee l  head 
t r o u t  and chinook salmon stocked i n  the  
S t .  Marks River by the Michigan Department 
of Natural Resources during 1898-1985 
f M i  ch . Dep . Nat . Resour. , unpubl . data)  . 

i n  developing water-use po l i c i es  which 
would minimize impacts t o  f i shery  
resources (Koshinsky and Edwards 1983). 

Exotic Species 

The introduction of exot ic  f i s h  species 
i n t o  the Great Lakes ecosystem has a l t e red  
communi t y  composi t i  on of both f i s h  and 
t h e i r  prey and confronted f ishery  resource 
managers w i t h  often d i f f i c u l t  problems. 
Much of the f i s h  biomass now present i n  
the Great Lakes i s  represented by exot ic  
species.  They were introduced e i t h e r  
in tent ional ly  or  accidenta l ly ,  or  they 
invaded the lakes through t h e i r  connection 
w i t h  the Atlantic Ocean. The most noto- 
r ious  of these exot ic  species a r e  alewife 
and sea lamprey. 

In the St .  Marys River, the exot ic  spe- 
c i e s  of most concern i s  the  sea lamprey. 
Unlike other species which have made t h e i r  
way i n t o  the Great Lakes, sea lamprey a re  
p a r a s i t i c  and a t t a c k  l a r g e r  s p e c i e s  of 
f i s h  (Chap te r  3 ) .  Sea lamprey a r e  of 
special concern i n  the St .  Marys River not 
only because the r i v e r  o f f e r s  hab i t a t  f o r  
spawning and ammocoe t e  development, but  
more importantly because the r i v e r  is too 
l a r g e  t o  be t r e a t e d  wi th  the  chemicals  
used t o  c o n t r o l  sea  lamprey i n  s m a l l e r  
t r ibu ta ry  streams (Daugherty e t  a l .  1984; 
Daugherty and Purvi s 1985), A t  present, 



s e a  l amprey  spawning i n  t h e  S t .  Marys 
River appear  t o  be con t r i bu t i ng  subs t an t i -  
a l l y  t o  t he  Lake Huron populat ion 
(Daugherty e t  a l ,  1984).  

While sea  lamprey have had a negat ive 
e f f e c t  on f i s h e r i e s  of  t he  Great Lakes, 
o the r  e x o t i c  spec i e s  have provided addi- 
t i o n a l  f i s h e r y  r e sou rce s .  Rainbow smelt 
eggs were i n t e n t i o n a l  1 y in t roduced  i n t o  
t he  S t .  Marys River during t he  e a r l y  
1 9 0 0 8 s ,  b u t  a p p a r e n t l y  d i d  n o t  s u r v i v e  
(Koshinsky and Edwards 1983).  La te r ,  an 
acc identa l  i n t roduc t ion  of rainbow smelt  
i n t o  n o r t h e r n  Lake Mich igan  ( S c o t t  and 
Crossman 1973) served t o  populate  t h e  
e n t i r e  Upper Great  Lakes, and rainbow 
smel t now r e p r e s e n t  a l i m i t e d  spr ing  s p o r t  
f i s h e r y  i n  some t r i b u t a r i e s  of  t h e  S t .  
Marys R i v e r .  Coho and  ch inook  sa lmon,  
successful  l y  introduced t o  Lake Michigan 
i n  t he  19601s ,  now provide both an open 
water and r i v e r i n e  s p o r t  f i s h e r y  i n  t h e  
Great Lakes. 

Alewife were f i r s t  repor ted  from t h e  
Great  Lakes i n  c o l l e c t i o n s  from Lake 
Ontar io i n  1873 ( S c o t t  and Crossman 1973). 
They became abundant i n  Lake Ontar io by 
t he  l a t e  18001s ,  began d i spe r s ing  t o  o the r  
l a k e s  i n  t h e  e a r l y  1 9 0 0 1 s ,  and by 1949 
inhabi ted  a l l  of t he  Great  Lakes. Popula- 
t i o n  i nc r ea se s  during the 1950 ' s  were 
followed by massive d i e o f f s  of a lewives 
d u r i n g  t h e  1 9 6 0 ' s .  Dur ing  t h i s  p e r i o d  
a l ewi f e  d i e o f f s  plagued beaches and har- 
bors  from Toronto t o  Chicago. The i n t ro -  
duct ion of  top p r eda to r s  such a s  P a c i f i c  
salmon beginning i n  t h e  l a t e  1960's  and t o  
a l e s s e r  e x t e n t  t he  re juvena t ion  of l a k e  
t r o u t  popula t ions  and t he  commercial har- 
v e s t  of a l ewi f e  have s i n c e  reduced popula- 
t i o n s  below former nuisance l e v e l s .  In 
the  S t .  Marys River ,  a l ewi f e  a r e  season- 
a l l y  common b u t  n o t  abundant.  

WILDLIFE MANAGEMENT 

Wild1 i f e  management p r a c t i c e s  r e l y  on 
information s i m i l a r  t o  t h a t  used by f i s h -  
e r i e s  managers. However, w i  1 dl  i f e  manage- 
ment p r a c t i c e s  have tended t o  p lace  
g r e a t e r  emphasis on h a b i t a t  cons ide ra t i ons  
than f i s h e r i e s  management, perhaps because 
t e r r e s t r i a l  h a b i t a t  is  more e a s i l y  quant i-  
f i e d .  W i l d l i f e  d a t a  c o l l e c t e d  by b o t h  

S t a t e  and Provinc ia l  na tu r a l  resource  
a g e n c i e s  a r e ,  i n  g e n e r a l ,  d i f f i c u l t  t o  
r e l a t e  d i r e c t l y  t o  t h e  S t .  Marys R i v e r  
ecosystem. Census da t a  o f t e n  cover wide 
geographic a r e a s  of which t he  r i v e r  may be 
a small p a r t .  Other animals a r e  season- 
a l l y  mob i l e  and may use t h e  r i v e r  f o r  
s h o r t  pe r iods  of t ime. The except ion t o  
t h i s  g e n e r a l i z a t i o n  i s  waterfowl , f o r  
which some d a t a  from the  S t .  Marys River 
e x i s t .  

Several important  waterfowl hunting 
a r e a s  a r e  l o c a t e d  w i t h i n  t h e  S t .  Marys 
River ecosystem. These inc lude  Pumpkin 
P o i n t  Marsh and  Echo Bay on t h e  e a s t  
(Ontar io)  s i d e  of  Lake George and 
Munuscong Lake. Ceol i n  (1980) est imated 
t h a t  hunters  harvested 1,093 migratory 
waterfowl from Pumpkin Po in t  Marsh during 
almost  2,700 hours i n  the 1979-80 Ontar io 
hunting season.  Si t e - spec i  f i c  information 
on wa te r fowl  h a r v e s t  f rom t h e  Michigan 
s i d e  of t he  r i v e r  i s  n o t  a v a i l a b l e ,  though 
Jaworski and Raphael (1978) do r e p o r t  an 
annual average of  5,214 ducks harvested i n  
Chippewa County, Michigan, during 1961-70. 
I f  h a r v e s t  success  e s t i m a t e s  f o r  Chippewa 
County a r e  s i m i l a r  t o  t hose  repor ted  by 
Ceolin (1980),  i t  can be es t imated  t h a t  
rough1 y 12,700 hours were devoted t o  
waterfowl hunt ing annual ly ,  wi th  much of 
t h i s  probably along t h e  S t .  Marys River .  
The value of Michigan's marshes along the  
S t .  Marys River f o r  waterfowl hunting was 
es t imated  t o  be $374,000 annual ly 
(Jawarski  and Raphael 1978; Raphael and 
Jaworski 1979). P r inc ipa l  spec i e s  har- 
ves ted  i n  e a r l y  f a l l  a r e  mallard and r ing-  
neck ducks, w i t h  scaup becoming the  
p r i n c i p a l  spec i e s  i n  l a t e  October and 
November (Ceolin 1980; Wei s e  1985a). 

Riparian a r e a s  a d j a c e n t  t o  the  river 
a l s o  suppor t  populat ions of big and small 
game animals and fu rbea r i  ng mammals which 
a r e  harvested by s p o r t  hunters  and 
t r appe r s .  Whi t e t a i  1 deer  and black bear  
a r e  harvested on both s i d e s  of t he  r i v e r ,  
moose on t h e  Ontar io s i d e  on ly .  In 
Ontar io ,  w h i t e t a i l  deer  a r e  l e s s  common 
than i n  Michigan and a g r e a t e r  proport ion 
o f  b i g  game h u n t i n g  e f f o r t  i s  d i r e c t e d  
toward moase , Pr ioc ipa l  small game 
animals  harvested from t h e  r i v e r  hasin a r e  
ru f f ed  grouse and snowshoe hare (Ont. Min.  
Nat. Resour. 1980; Mich. DNR 1985).  



White-tailed deer harvest records From 
Drummond Island provide the best informa- 
tion re1 ating harvest of game animals 
di rect ly  to  the river (Figure 71).  These 
data i l l u s t r a t e  a general increase in the 
number of hunters from 1935 through 1368. 
During the  same per iod ,  t he  number of 
whitetail deer harvested was cycl ical ,  
with peaks in harvests occurring a t  5- to  
10-year interval s . ilowever, since the l a t e  
1960's when the maximum number of hunters 
on the island was recordcd. both deer har- 
vested and number of hunters have 
declined. On larger St ,  Joseph Island, 
Ontario, only 55 whitetail deer were 
harvested by 525 hunters  i n  1978 ( O n t .  
Min. Nat. Resour. 1980). 

Moose harvest records From the Ontario 
Ministry of Natural Rcsourccs (1980) 
i nd i ca t e  fewer moose are  k i l l e d  in the 
south por t ion of thc Sau l t  S t e .  Marie 
D i s t r i c t  bordering the  S t .  Marys River 
t h a n  in the north ha1 f ,  In the south ha1 f 
of the d i s t r i c t  296 noose were k i l l e d ,  
representing a 55% harvest level in 1379. 
However, harvest ra tes  were higher than 
average around Gros Cap a n d  the Garden 
River bordering the S t ,  Marys River. In 
the north half of the d i s t r i c t  the 
424 moose kil led rcprescntcd a 25% harvest 
level for 1979. 

Quantitat ive data for other game spe- 
cies are e i the r  lackjng or not specific to 
the area borderi nq  the r i  ver . The 

Figure 79. Number o t  hunters  on and 
w h i  te-tai  led deer harvested from Drummond 
Island, Michigan, from 1935 through 1983 
(Mich. Dep. Nat. Resour., unpubl. da ta ) .  

Michigan Department of Natural Resources 
(1985) reports from 35,110 t o  45 ,120 h u n -  
t e r s  annually i n  the Upper Peninsula of 
Michigan pursuing ruffed grouse during the 
period 1979-83. Snowshoe hare a n d  wood- 
cock were the next most commonly sought 
species. These are a lso  the most commonly 
hunted spec i e s  in the  S a u l t  S t e .  Marie 
Dis t r i c t  of Ontario ( O n t .  Min. Rat. 
Resour. 1980). 

Furbearing mammal s collected from the 
area around the S t .  Marys River are pre- 
sented in Table 5 7 .  The most commonly 
co l l e c t ed  spec ies  i n  both Michigan and 
dntario i s  beaver. w i t h  mink. muskrat, and 
o t t e r  a lso  common". Marten ( ~ a r t e s  - ameri- 
cans), f isher  ( M .  ennant i ) ,  a n i y n x  are 
K e s t e d  in O n ~ a f ! ! e  57) ,  but pro- 
tected in Michigan. Trapping represents a 
small industry on both sides of the r iver .  
Total  value of f u r s  co l l e c t ed  from the 
Upper Peninsula of Michigan ranged from 
$4.5 to $8.6 million annually during 1981 
through 1984, and totaled roughly $100,000 
in the Sault Ste. Marie Dis t r i c t  of 
Ontario in 1979. 

WETLAND MANAGEMENT 

During the l a s t  century, biological 
resources of the S t .  Marys River have been 
influenced by the a c t i v i t i e s  associated 
with the region's  expanding populations 
and commerce (Chapter 1 ) .  In response to 
the intensified use of the r ive r  system 
accompanying these a c t i v i t i e s ,  a number of 
s ta tu tes  have been enacted by governments 
to manage biological resources in the pub- 
l i c  in te res t .  Three s ta tu tes  of the State 
of Michigan are par t icular ly  important for 
the protection o f  the primary food produc- 
tion and nursery areas for f ish and wild- 
1 i fe resources, and par t icular ly  for the 
emergent wetlands. 

The Great Lakes Submerged Lands Act of 
1955 established a fixed elevation,  the 
ordinary high-water mark, below which 
a1 terations of the shore zone, including 
wetlands of the S t .  Marys River, are regu- 
7ated. The Shore1 ands Protection and 
f4artagement Act of 1970 mandates the State 
Deparhent of Natural Resources to  regu- 
l a t e  use and development within three 
types of sensi t ive  coastal areas: 



Table 57'. Number of furbearing mammals collected and reported by 
t r a p p e r s  i n  the  e a s t e r n  Upper Peninsula of Michigan (numbers i n  
parentheses are  for Chippewa County only) and the Sault Ste. Marie 
D i s t r i c t  of Ontario ( O n t .  Min. Nat .  Resour. 1980; Mich. Dep. Nat. 
Resour. 1985).  

Michigan 
Year Otter Muskrat Bobcat Beaver Mink 

Canada 

Otter Marten Lynx Fisher Mink 

high-risk erosion,  flood-ri sk, and envi- 
ronmental areas .  Sensit ive environmental 
areas are those considered necessary for  
preservation and rnai ntenance of f i sh  and 
wildl i fe  resources of the Great Lakes and 
the i r  connecting channel s .  Emergent wet- 
lands along and adjacent t o  the shore of 
the S t .  Marys River have been designated 
as sensi t ive  environmental areas under 
th i s  a c t .  A t  the time of t h i s  writ ing,  
some 55 k m  of s h o r e l i n e  along t h e  main 
channel of the r ive r  i n  Michigan have been 
so designated. The Wetland Protection Act 
of 1979 more broad1 y regulates a1 tera t ion 

of wetlands in  the  S t a t e  as  a whole, 
including those o f  the St .  Marys River. 
I t  i s  c lea r  from these examples, and other 
U.S. Federal and Canadian legis la t ion of 
s i m i l a r  i n t e n t ,  t h a t  a framework i s  in 
place by which emergent wetlands of the 
S t .  Marys River system can be preserved 
and managed as  biological resource produc- 
t i o n  a r e a s .  The l e g i s l a t i o n  should be 
appl ied t o  the extensive submersed wet- 
lands of the r iver  as  well. Like t he i r  
emergent counterparts, they are a lso  
essent ia l  for production of f ish and wild- 
l i f e  resources and sediment stabilization. 
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tQ Abstnct (Urnit: 200 words) 

S t .  Marys River ,  t h e  s i n g l e  o u t l e t  from Lake Superior,  f lows between Michigan and Ontar io 
and has formed the I n t e r n a t i o n a l  Border between t h e  Un i ted  States and Canada s ince 1783. 
Although the  r i v e r b e d  and a major rap ids  system have been modi f ied  t o  accommodate 
commercial nav iga t ion  and f o r  hyd roe lec t r i c  genera t i  on, the  St .  Marys R iver  r e t a i n s  more 
of i t s  b i o l o g i c a l  and physiochemical i n t e g r i t y  than any o the r  Laurent ian Great Lakes 
connecting channel. This 01 i go t roph i c  1 ake' s  cold, we1 l-oxygenated water cont r ibu tes  >90% 
o f  the  r i v e r ' s  annual f l o w  and has a major i n f l uence  on the  evo lu t i on  o f  i t s  b i o l o g i c a l  
communities. This monograph reviews t h e  pub l ished and unpubl ished eco log ica l  in fo rmat ion  
a v a i l a b l e  f o r  the St. Marys River .  The authors begin by rev iewing t h e  geologic h i s to ry ,  
human exp lo ra t i on ,  and settlement. of the  region.  then proceed t o  a desc r i p t i on  o f  
t h e  phys ica l  and chemical c h a r a c t e r i s t i c s  o f  the  r i v e r .  The t h i r d  chapter  describes t h e  
b i o l o g i c a l  communities p resen t l y  i n h a b i t i n g  the  r i v e r .  A f o u r t h  chapter synthesizes 
eco log ica l  r e l a t i o n s h i p s  w i t h i n  the  r i v e r ,  emphasizing d e t r i  t a l  food webs and t r o p h i c  
i n te rac t i ons .  I n  t h e  f i n a l  chapter, anthropogenic in f luences on the  r i v e r  ecosystem a re  
reviewed and var ious na tu ra l  resource management s t r a t e g i e s  suggested. 
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