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PREFACE

Thfs proffle on the coastal wetlands
of western Lake Erie fs one of a serfes of
communfty prof f les that deal wfth marine
and freshwater habftats of ecol og fcal
fmportance. The estuarfes. lagoons, and
coastal marshes whfch fringe the Ohfo,
Michigan, and Ontario shores of western
Lake Erie are among the most productive
areas fn the Great Lakes. Because they
occur wfthin a densely populated, heavily
fndustrfal f zed. and fntensely agricultur-
al fzed region. the marshes have suffered
losses fn both area and qual fty. Howevers
the rema fnfng marshes are vital habftats
for migratory waterfowl. furbearers. and
f f sh. and perform many f mportant hydro-
logical and ecological functions.

The ~~ gf QgI~gg!   Bates and
Jackson 1980! deffnes "freshwater estu-
aries" for the Great Lakes as "the lower
reach of a trfbutary to the lake that has
a drowned river mouth, shows a zone of
trans!tfon from stream water to lake
water. and fs fnfluenced by changes fn
lake level as a result of sefches or wfnd
tides." Brant and Herdendorf �972! were
among the f frst fnvestfgators to describe
the characteristics of Great Lakes
estuaries. Such estuaries are important
wetland habftats fn western Lake Erie.
The deffnftfon given above provides an
adequate physical descrfptfon for the
purposes of this report.

Lake Erie fs noted for its severe
storms. intense wave attacks and rapfd
water level changes. The hfgh energy
produced by these storms limits the
existence of coastal wetlands to places
where some type of natural or artificial

protection fs avaf1 able. Correspondfngly,
the coastal marshes of western Lake Erie
fall into three categories depending on
the type of protection for the aquatic
vegetatfonr 1! coastal lagoons behfnd
barrier beaches, 2! estuarine tributary
mouths' and 3! managed marshes protected
by earthen and rfp-rap dikes. Accordfng
to Cowardfn et al. �979!, these wet' ands
would inc'iude elements of rf ver inc>
lacustrf ne, and palustrfne systems.

The fnformatfon fn thfs report fs
intended to provfde a basfc understanding
of the ecological relatfonships fn the
western Lake Erie coastal marshes and the
impact of natural and human-induced
disturbances on the marsh community.
References are provided for those seeking
more deta f 1 ed treatment of spec f f fc
aspects of the coastal marsh ecology.
Appendices are fnciuded and list the
dimensions and ownershf p of the ma!or
marshes and the important bfologfcal
speci es of algae, macrophytes,
invertebrates ~ fish. amphfbians~ rep-
tiles, birds, and marrmrals occurr fng fn the
coastal marshes.

Any questions or comments about or
requests for thfs publfcatfon should be
addressed tor

Informatfon Transfer Specialist
Natfonal Wetlands Research Center
U. S. Fish and Wildlife Service
NASA-Slfdell Computer Complex
1010 Gause Boulevard
Slfdell> LA 70458
�04�46 7310' FTS 680-7310.



CONVERSION FACTORS

FOR METRIC  SI! UNITS TO U.S. CUSTOMARY UNITS OF MEASUREMENT

metric  SJ! units of measurement used  n this report can be converted to U.S.
customary units as follows;

10.764
2.471
0. 386

cub1c metres  m3!
cubic metres  m3!
cubic k ilometres  km3!

cubic feet  ft3 !
cubic yards  yd3!
cubic m1les  mi3!

35.318
1. 308
0. 240

grams  g!
kilograms  kg!
metric tons  m ton!

ounces  oz!
pounds  lb!
U,S. tons  ton!

0. 035
2. 205
1. 102

degrees Celsius  oc! 9/5 C + 32 degrees Farenheit  oF!

mi 1 1 imetres  mm!
cont1metres  cm!
metres  m!
k11ometres  km!

square metres  m2!
hectares  ha!
square kilometres  km2!

cent imetres per second  cm/sec!
metres per second  m/sec!
metres per second  m/sec!
cubic metres per second  m3/sec!
metres per hour  m/hr!
kilometres per hour  km/hr!

0. 039
0.394
3.?81
0.621

0.394
3.281
1.943

35.318
3.281
0.621

inches  in!
inches  in!
feet  ft!
miles  mi!

square feet  ft2!
acres
square m1les  mi2!

1nches per second �n/sec!
feet per second  ft/sec!
nautical miles per hour  knot!
cubic feet per second  cfs!
feet per second  ft/sec!
miles per hour  mph!
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CHAPTER 1.

1NTRODUCTION

1,1 COASTAL WETLANDS OF THE GREAT

LAKES

In recent years there has been an
increasing awareness of the resource value
of our coastal wetlands and the urgent
need to protect and conserve these
ecosystems. The wetlands of the North
American Great Lakes have been greatly
altered by natural processes and cultural
practices. The impacts to coastal
wetlands in the Great Lakes region have
become a subject of part1cular concern for
the emerging coastal management p rog rams
in the e1ght States and the one Canadian
province bordering the lakes.

Traditionally. wetland conservat1on
efforts along the Great Lakes have been
aimed at protecting waterfowl habitat or,
to a lesser degree> fish spawning and
nursery grounds. More recent efforts
toward preservat1on are based on the
knowledge that wetlands provide additional
benefits> including flood control > shore
eros1on protection. water management.
nutrient-cycle control, accumulation of
sediment, and supply of detritus for the
aquatic food web.

Although the intrinsic value of Great
Lakes wetland areas are being more fully
recognized, no comprehens1ve studies have
been undertaken to map these wetlands or
to characterize the ecological relation-
ships within them. The U. S. Fish and
Wil d! 1 fe Service  Herdendor f et al.
198la, b,c! inventor i ed the existing
knowledge of physical, biological > and
cultural aspects of the coastal wetlands
associated with each of the Great Lakes.
Their study pointed out many gaps in our

knowledge of the resources found in Great
Lakes ~et!ands. particularly site-speci f ic
information and a comprehensive under-
standing of the community ecology of these
coastal marshes. This report is intended
as a contribution toward filling these
voids by presenting a profile of the
wetland commun1ty in a portion of the
Great Lakes � the western Lake Erie- !etroit
River system,

For the purposes of th1s report>
wetlands are defined as areas which are
periodica'Ily or permanently inundated with
water and which are typically charac-
terized by vegetation that requires
saturated soil for growth and repro-
duction. This definit ion includes areas
that are commonly referred to as bogs,
fens, marshes> sloughs> swampsi and wet
meadows. The coastal wetlands of the
Great Lakes are further defined as all
wetlands located within I km of the lake
shore or. if farther from the shore. those
directly influenced by water level change
of the lakes or their connecting
waterways.

The Laurentian Great Lakes system
within the United States   Figure I!
extends from Duluth, Minnesota. at the
western end of Lake Superior, to Massena.
New York' on the St. Lawrence River. It
possesses a shoreline length of over 6.000
km and a ~ater surface area of 158.000
km, Herdendorf et al. �98la! enumerated
a total of 1.370 coastal wetlands for the
Great Lakes and their connecting channelsa
for a combined wetland area of l,209 km
 Table I!. The greatest number and area
of coastal wetlands ring Lake Michigan~
the only Great Lake entirely within the



Figure 1. Map of the Great Lakes drainage basin.

United States. Lake Superior has the
second highest number of wetlands> but
they are relatively small in size. On the
average> the largest wetlands are found
along Lake Huron and its discharge channel
to the south> particularly the delta
wetl ands qf the St. Clair River which
cover 35 km . The highly industrial ized
Lake Erie shore has the smallest number
and area of wetlands while Lake Ontario
has the smallest average size of wetlands>
1 a rge1 y du e to i sol ated mars hes in the
Thousand Islands area of the St. Lawrence
River. The presence or absence of coastal
wetlands is largely dictated by the
geomorphology of a given shoreline and the
recent history of water level fluctua-
tions. Each lake has a particular set of

geomorphic features which exert control on
wetland development.

1.2 COMPARiSON OF COASTAL AND
INLAND WETLANDS

Coastal retlands differ in several
rays from inland retl ands. The coast is
subJect to temporary, short-term rater
level changes. Seiches and storm surges
affect the wetlands adJacent to shorelines
of western Lake Erie and the lower Detroit
River by raising or lowering the lake
level as much as 2 m in a single day.
Long-term cyclic water level changes>
related to water budgets of the lake
basinsi also affect the coastal «etl ands.



Table l, Comparison of coastal wetlands for the Laurentian Great Lakes
wi th1n the Uni ted States.

Total Mean Percent
Shore Number of area of area of of total

length wetlands wetlands wetlands area
 km!  km2!  km2!  $!Lake

0.17Lake Superior and 1598
St. Marys River

22. 1267348

40.51. 18490417Lake M1chigan and 2179
Str. of Mackinac

1.41 20.2249177Lake Huron 832

3.41.8036St. Clair River, 256
Lake St. Clair>
and Detroit River

20

6.90. 86Lake Erie and
Niagara River

8396666

0.2784Lake Ontario and 598
St. Lawrence
R1ver

6.9312

0.88 100.01209TOTAL/MEAN 6129 1370

aData source: Her dendorf et al. �981a!.

Such fluctuations> occurr1ng aver a period
of approximately 7 to 10 years> may cause
vegetation diehack, eros1on of the wet-
landss, or lateral displacement of the
vegetati ve zones of wetl ands. Many
coastal wetlands, such as those along
western Lake Erie, are exposed to
relatively high wave energy. Such is not
the case 1n the more quiescent inland
wet 1 ands.

Coastal wetlands along the Great
Lakes do not appear to exhibit senescence,
i.e.> the aging process associated with
inland freshwater wetlands. Th1s process
leads from open ponds to densely vegetated
marshes> and eventually to dry fields.
Because of the fluctuating water levels of
the Great Lakes> constant re/uvenation of
wetland cormnunities occurs. As a conse-
quence, diagrams in textbooks illustrating
the gradual senescence of freshwater
wetlands are more applicable to inland

wetlands of the glaciated Midwest than to
the Great Lakes coastal wetlands, Many
inland f reshwater wetlands undergo
senescence and terrestrializatfon as a
result of the formation of sec:ndary and
tert1ary peat deposits. Peat is not
common in coastal ~aters, but occurs in
some 1 agoons.

Coastal wetlands often d1splay a
d1versity of 1 andforms not normally
encountered in other wetland env i ronments,
Owing to changes in the water levels of
the Great Lakes since the retreat of the
Pleistocene 1ce sheets> landforms such as
barrier bars> deltas> beaches' spits>
lagoons' and natural levees have been
depos1ted or formed along the shoreline.
Many of these geomorphic features promote
the formation of wetlands, each «1th
distinctive featuresr wh1ch results in the
great variety and diversity of coastal
wetlands found in the Great Lakes region.



1.3 FUNCTION ANO VALUE OF COASTAL.
WETLANOS

Great Lakes coastal wetlands are
highly productfvei d1verse communities
rh1ch interface between terrestrfal and
aquatic environments. The most obvfous
and unique feature of these wetlands fs
their characteristfc vegetation, whfch
provfdes a diverse community structure
offerfng cover and food for the animal
components of the system. Because of the
ability of th1s vegetation to slow the
flow rate of ~ater passing through.
wetlands are valuable for eros1on control.
trapping sedfments before they reach the
open lake, and attenuating the force of
moderate waves to lessen their destructive
power. However> intense Take storms can
uproot macrophytes and eventually destroy
wetlands. The same vegetation prov1des a
natural pollution abatement mechanfsm by
servfng as a filter for coastal
trfbutar ies by reduc1ng the quantfty of
nutr1ents and tox 1 c pc 1 1 u tan ts be 1 ng
washed fnto the Great Lakes. Coastal
wetlands are highly valued as recreat1onal
sites for actfvftfes such as huntfng.
trappfng. ffshfng, boating access to
larger bodies of water. b1rdwatc h f n g, and
general aesthetic en!oyment. The combfna-
tf on of recreat1onal des f rab f I fty.
agr1cultural and resfdent1al potentfal,
and the prox1m1ty of coastal wetlands to
larger bodies of water have contrfbuted to
thefr status as endangered envfronments.
Their unique properties are suscept1ble to
numerous natural and human-caused
environmental disruptfons that are now
causing coastal wetlands to dfsappear at
an alarmfng rate.

Coastal wetlands fn the Great Lakes
are multi-functional fn nature because
these envfronments are part of both the
uplands and the open-water ecosystems. It
fs the 1nterface rfth the lakes that
multi pl fes the wetl and f unctfons and
contr ib utes to the1r dynamfcs. In
general, a multi-functfonfng wetland tends
to have a higher value than those with
narrower functfons. Ho~ever, coastal
wetlands rhfch are isolated by barriers or
degraded by factors such as land drafnage
or hfgh rater may exhfbft fewer functions
and therefore have lower values. Coastal
streams and waterrays enhance the
interactions, ~hereas obstacles such as

dikes result fn coastal wetland fragmen-
tatfon and loss of function. The effect
of long-term !ake level changes on the
functfon of the coastal wet'lands can a'Iso
be s1gnfffcant. Functfon loss. then> can
result from both upland-derived and lake-
derived forces.

1.4 DISTRIBUTION OF WESTERN LAKE ERIE

COASTAL MARSHES

The coastal marshes of western Lake
Erfe fr1nge the shorel fnes and estuarfes
of Mfch1gan, Oh1o, and Ontarfo  Figure 2!.
They occur along l89 km of the shore
 aI!out 32%! and encompass an area of 268
km . Appendix A 'fists the coastal length
and area of wetlands wfthfn the efght
count1es fn the study area. The names and
ownership of 70 of the maJor marshes are
g1ven fn Append1x B. 1'he location of the
indfvfdual marshes  desfgnated by a number
in Appendix H! are shown on Ffgure 3.

The Mfchfgan shorelfne of western
Lake Erfe  Ffgure 3! consfsts of low-ly1ng
marshes and sand beaches. Submergent and
emergent wetlands surround the fslands at
the mouth of the Detroft River. The
marshy shore fs interrupted by Stony
Point, a rocky headland formed by a
brecciated dolomite whfch crops out at the
north end of Brest Bay. A 6-km-long sand
spft, known as Woodtfck Peninsula> forms
the northern edge of Maumee Bay and
provides protection for the wetlands which
have developed fn that portion of the bay.

The Oh1o shoreline of western Lake
Erie  Ffgure 3! 1n fts natural state fs
generally a marsh area fronted by low
barrier beaches. Between Maumee Bay
 Toledo Harbor! and, Port O'Ifnton> earthen
and rock d fkes nor protect most of the
shore except for the rock-bound Erie
Islands. Four of the fslands conta1n
smal 1 wet 1 ands f ormed w 1 th f n narrow
embayments or behind barrfer bars. East
of Port Cl fnton the ground elevation
rises. and at the headland known as
Catawba Island a rock ledge stands over IO
m above lake level. Further to the east
1s another headland known as Marblehead.
The crescent-shaped low ground betreen
these headlands contains three open-eater
marshes called ifest. Middle. and East
Harbors. Each is fronted by a sandy
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Figure 2. Study area in Michigan, ohioP and ontario, showing extent of drainage basin
and county boundaries,

The Ontario shoreline of western Lake
Erie  Figure 3! consists of a variety of
types. including the marshy shores of the
Detroit River mouth, glacial till and lake

bar rier beach. South of k'a rb l ehe ad, the
162-km2 Sandusky Bay is separated from
Lake Erie by two large spits: Bay Point,
which projects south from Marblehead, and
Cedar Point which extends northwest from
Huron. These spits protect some of the
finest coastal marshes in western Lake
Erie. One of the largest concentrations
of wetlands on Lake Erie is found at the
head of Sandusky Bay and along the lake-
influenced lower course of the Sandusky
River. East of Cedar Point, the character
of the shore changes abruptly. The low

marshy backshore typical of most of the
coast from Toledo to Huron disappears and
is replaced by 'low bluffs of glacial till R
lacustrian sediments and black shale. The
only wetland development along this reach
of shoreline is found at the estuary
mouths of the tributaries such as the
Huron River and Old Woman Creek.
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Figure 3. Western Lake Erie coastal marshes in Michigan, Ohio, and Ontario.
 See Appendix B for list of marsh names.!

sediment bluffs along most of the lake
share, and a magnificent sand spit at
Point Pelee. Because of the generally
higher nature of the shorel1ne, fewer
marshes occur here than along the Mich1gan
and Ohio shores. Three streams--Big
Greek, Cedar Creek> and Hillman Creek--
have estuarine mouths where wetlands have
developed. Point Pelee marshess the larg-
est Canadian wetlands in western Lake
Er1e> are excellent examples of lagoons

protected by barrier beaches. Small
wetlands are also located on Pelee Island
and East Sister Island.

The remainder of this chapter is
devoted to a summary of s1te-specific
information for eleven shoreline reaches
that contain significant concentratians of
coastal marshes. This information is
presented here for those readers
1nterested in obtaining an overview of



ma!or wetl and 1 ocal f t 1 es. Reader s
1nterested 1n a general understanding of
the biota and ecologfcal processes
operating fn Lake Erie marshes may wish to
bypass these descrfpt fons and proceed to
the next chapter which deals w1th the
phys1cal env1ronment.

The Detro1t Rfver is actually a
straft> 5O km long, connectfng two larger
bodfes of water> Lake St. Clafr and Lake
Er1e, The terrain through wh1ch the rfver
flows fs relatfvely flat and broken only
by the River Rouge on the Mfchfgan side
and the Canard River  Rfvfere aux Canards!
and Turkey Creek on the Ontario sf de, and
by low glacial morafnes and beach ridges
of former lakes. The upper half of the
Detroft Rfver has steep banks. a width of
less than I km, depths to 15 m, and two
sizable fslands at fts head, Belle Isle
and Peach Island. Wetland development is
sparse fn thfs reach of the rfver except
fn the embayments and shoals associated
wfth the 1sland, and most of the
vegetatfon fs of the submergent type. The
lower ha'If of the river has gently slopfng
banks> a wfdth of 6 km at fts mouth> and
depths generally less than IO m  about 3 m
at the mouth!.

yegg~! are among the fish specfes which
spawn 1n coastal wetlands of the lower
Detroft River. The dom1nant water birds
using these wetlands are mallard  ~

~"i~!, wood duck  ~ ~i~!, ruddy

kfngffsher  Qp~iM ~~!. great blue
heron  ~ ~i~~!. green-backed heron
 ~~ ~~! > common moorhen
 Q,~~ ~i.-i~r~!, herring gull  ~
M~~~! ~ r ing-b111ed gul 1  Q.

+i~>~! > and 1 esser yel 1 owl egs  ~i~

Located along the shore of western
Lake Er1e, B km south of the Detro1t Rfver
mouthr thfs marsh fs one of the 'largest
wetl ands al ong the Mfchigan shorel 1 ne of
the lake. Most of this wetland is within
the Pofnte Moufllee State Game Area. The
estuarfne mouths of the Huron River and
Mou 1 1 lee Creek are located near the center
of the marsh. A sandy barrfer beach,
known as Pofnte Mouf lice> orfgfnally
separated the marsh from Lake Erfe.

The mouth of the Detroit River
contafns several small islands and one
major island, Grosse Ile. Most of these
islands are fringed by coastal wetlands
where construction has not destroyed them.
These wetlands are generally non-wooded
marshes domfnated by lush stands of
emergent aqu at 1c plants> part 1cularly
cattails  ~ spp.!. The most note-
worthy marshes can be found on G1braltar
Island, Cherry Island, Celeron Island,
Stony Island, Grassy Island> and Grosse
Ile fn Michigan; and Fighting Island,
Turkey Island> and near the mouth of the
Canard River on the Ontario side.
Subme r gent fo rrns are abundant on the
shoals surrounding the fsland and in
protected embayments,

Lake stur geon  gi~fii~ni~ ~y~e~!,
northern p 1ke  ~ ~i~!, muskellunge
 g, ~ma glLL L I Li~! ~ carP  ~>~ ~Z~! >
channel catf i sh  g~~ pilni~~!,
1 argemouth bass  p~~ ~m~i~! r
srnallmouth bass  H. ~o~~!, bluegill
 jinni~  ni~igi~!, yellow perch  ~

'"" ' '5tl

These wetlands suffered extensive
damage during the hfgh water storms of the
early 1950s and early I970s, Onshore and
offshore d1kes now protect portions of the
marshes which are largely managed for
waterfowl. The marshes are also popular
fishing locations and they provide habitat
for heron and egret rooker1es, For the
past decade ~ the U. S. Army Corps of
Engfneers has been constructing an frrnrense
banana-shaped dike offshore of the Pofnte
Mouf1 lee Marsh. Th1s 1 s a mul t1-purpose
structure. F 1 rst, it wi'l l provide a
containment area for materfal dredged from
the Detroft River navfgation channel.
Secondly> it serves as a buffer between
the coastal marshes and the open lake.
And thirdly> ft will provide access to the
central lagoon and marsh area. When
completed> the project will leave beh1nd
an fsl and for a future ref'uge area.

Cattails are the natural dominant
specfes in Mouf1 lee Marsh. Howeverr
portions of the marsh are managed for
waterfowl and such food plants as
sma rtweeds  Qi~i~i~ sp p. !, p 1 gweed



spp ! ~ a" d b u r reeds
 Qi~~i~ spp.! are pr opagated in d fked
management areas to the exclusion of
catta 1 1 s. Approximately pp spec f cs of
fish are common in Mou1 1 lee Marsh.
is the most abundant. Forage species such
as g 1 zzard shad  pi~i~~~ ~!~i~o! J

spottai l shiner �<!j;~ ~i~i~~! al so
utf	ze the marsh. Common amphibians and
rept 1 1 es include the b ul 'i f rog  ~

green frog  Q. ~~! J
leopard froo  B. !LLg~i~! An:er fcan toad
 g~ ~i~~~! i fox s nake  ~~
~~!, brown snake  ~i~i~ <Li~~! g
snapping turtle  ~i~i~ g~>~~!, and
n,1dl and pa 1 nted turtle <+~~i~ ~! .
Canada goose <f;i~ ~L !aL~~!, black
duck  ~ ~i~i~!, mall ard, gadwal 1  Q.
~~!. blue-winged teal. and wood duck
are common nestfng species in Mouil lee
Marsh. Musk rat  QZSL~a L~~r~! i a re
dependent on the marsh for foods shelter,
and breed f ng areas> whereas opossum
 ~iQ~ig~ ~i~~! . red f ox

raccoon  ~~ ~!, mf nk
  ~i~ y~<~ !, a n d s t r 1 p e d s k u n k
 ~~ ~~! utilize the marsh as a
foraging area.

The estuaries of the R1ver Raisin,
Swan Creek, and several smaller streams fn
the same vicinity provide the proper
habftat for the development of coastal
wetlands. The port of Monroei M1chfgan,
at the mouth of the River Rafs1n, is
highly dfsturbed by industrial and power
plant operations, but some emergent stands
st111 persi st, part1cu1 a rl y f n La
Plafsance Bay. Sterling State Park, north
of the rfver mouth, contains coastal
marshes behfnd a barr1er beach  Figure 4!.
Recent construct 1 on o f a containment
structure for harbor dredgfngs adjacent to
the park has mod 1 f fed some wetland and
beach habitat. Swan Creek and Otter Creek
estuaries are g1ven some protection by the
bedrock outcrop at Stony Pofnti and
support df verse coastal marshes.
Construction of the Enrfco Fermi Power
Plant has caused disturbance at the
southern edge of Swan Creek Marsh.

Figure 4. Parrfer beach at Sterling State
Park> Monroe> M1chfgan  September l982!.
Note undercutting of large cottonwood
trees fnd1catfng a shoreward migration of
the barrfer.

This bay 'i ies at the mouth of the
Maumee Rf ver and 1s formed by Cedar Point
 locally known as Little Cedar Point to
avoid confus1on with the point of the same
name on the east s1de of Sandusky Bay! on
the east and Woodtick Penfnsula on the
west. These two sand spits provide the
shelter necessary for wetland development
on the1r landward side. The former lies
with1n the Cedar Pof nt National Wf ld11fe
Refuge  admfnfstered as part of the Ottawa
Natfona'i Wi'id! 1 fe Refuge! and the latter
lies partially wfthfn the Erie State Game
Area  administered by the M1chfgan
Department of Natural Resources!. The



Figure 5.
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Cedar Point marshes extend westward along
the south shore of the bay to Haumee Bay
State Park. Estuarine wetlands also occur
along the Haumee Rfver valley, between
Rossford and the first bedrock riff les at
Perrysburg> and fn the lower reaches of
the Ottawa Rfver.

Although met rope	tan Toledo co f n-
cf des with this arear' emergent wetlands
still exfst at the base of Little Cedar
Point, fn the Maumee R1ver Estuary above
Rossfordr along much of the Otta~a River
Estuary, behind Woodtfck Peninsula
<Figures 5 and 6!, and inside the massfve
rip-rap dikes constructed to contain
harbor dredgfngs  Figure 7! and power
pl ant fl yash. The mar shes fn the bay are
protected by dikes and are managed for

Coastal 1andfonns of  ioodtick
Marsh, Michigan, showing location
sectfon illustrated in Figure 6
et al. 1981j.

waterfowl . The estuar 1 ne wetl ands are
more undisturbed and ofte~ associated with
the large islands 1n those slack water
reaches.

The major plant specfes thrfvfng fn
the Vaumee Bay marshes include narrow-

tl
br oad-leaved c atta 1 1  I. ~~i~g!,
jewel weeds  Jggi~~ spp.! > swamp rose-
mal low  ~i+~~ g~!i'~! i b1uej of nt

s~amp milkweed  ~~ig»~m ~-~~! . 7n
the transftfon zone between open water and
the cattaf1 stands' soft-stem bulrush
  Qr~~ ~fi~ !, a n d t h r e e - s q u a r e
bul rush  $- i~~i~~!Lz! are the dominant
species, Ffsh found fn the Maumee Bay
wetlands include bowffn  ~ ~! ~
carp, yellow perch, largemouth bass. whfte
bass <[~i~ gjLC.i~i~! i green sunf ish
 pi~i~ gy~~! ~ yel 1 ow bullhead
 Lr~~ ~~!, g1zzard shad, and
walleye.

The hfstorical occurrence of the rare
Forster's tern  ~i~ ~~! has been
reported for these wetlands  Campbell and
Trautman 1936!. A bald eagle <ffi~~ijaa

Point. The most common waterfowl are
mall ard, bl ack duck. green-w 1 nged teal
 ~ g~r~!. blue-winged teal, northern
shoveler  $. gj ~~!!, and American coot
 ~i~ ~r~! . Tundra swans  ~

rest1ng durfng spr1ng mfgrat1on.

Locust Point fs a broadly rounded
feature on the Oh1o shore of western Lake
Erie that extends from Maumee Bay eastward
to Port Clinton  Ffgure 8!. This reach of
shorel1ne contains nearly cont1nuous
coastal marshes, most of them 1n public
ownershfp. Fronting the cowInunfty of Port
Clinton, east of the harbor jettfes> are
catta11 marshes beh1nd barrier beaches.
Thfs is an area of converging 11ttoral
drift which prov1des the natural sand bars
that protect the wetland. The Portage
River Estuary which forms the Port Clfnton
harbor is highly d1sturbed but contains
some frfngfng emergent plants' such as
reed-canary grass  ~~ 4ZLlR~44!
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Figure 7. Grassy Is 1 and, a diked
containment structure for harbor dredgings
in Toledo Harbor. Ohio. Note marsh formed
inside the dikes  May 1966>.

and three-square bulrush. Several other
lesser streams flow into Lake Erie along
this reach> including Toussa int River>
Turtle Creek> and Crane Creek. each with
rather extensive estuarine wetlands.

In the 19th and early 20th centuries
the entire coast of Locust Point was
fronted by barrier beaches and islands
with numerous lagoons between them and the
upland shore. Extensive coastal wetlands
developed in the low areas which extend
several kilometers i nl and f rom the
barriers. High water levels and con-
struction of shoreline structures dimin-
ished the sand supply> and the barriers
were breaChed in many plaCeS during StOrIDS
in the early 1950s and early 1970s. Today
virtually the entire coast is protected by
rip-rap dikes and bulkheads.
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Figure 8. Loca t i on map of Federal - and Sta te-owned coa s tal mar s hes in the
v i cini ty of Locus t point, Ohio.

smartweed > and cattail s. A recent
invader, purple loosestrife  Q~~
~~~~! produces a beautiful violet
flower but offers little food value for
wil dl 1 fe. Th1s pl ant propagates read11y
and is a threat to many Lake Erie wetlands
as it is to many wetlands throughout the
country.

Ma!or waterfowl spec1es found 1n the
vicin1ty of Locust Point are mallard>
black duck> American w 1 geon  ~

> > wood duck> p inta 1 1  Q. ~! .
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Flanking the axis of Locust Po1nt.
which passes through the Nuclear Power
Station> are over 35 km of prime coastal
wetl ands > most'ly in Federal and State
ownersh1p. All of these wetlands are
protected from Lake Er ie flooding by
extensive earthen and r1p-rap dikes
 F1gure 9!, The Federal areas, some of
which are former hunting club preserves>
are now managed as waterfowl refuges by
the U.S. Fish and Wildl 1 fe Service.
Controlled waterfowl hunting 1s permitted
in some parts of the State w1ldlife areas.
Several nature trails are open to visitors
in both the Federal and State refuges and
a fine swimm1ng beach is located at Crane
Creek State Park.

Because the marshes are managed for
waterfowl> the aquatic plants encouraged
to grow in these wetlands provide
excel lent duck food. Walter's millet
 fi~!;!~!~ ~~! 1 s the dominant
grass. Marsh plants associated with this
species include soft-stem bulrush, hard-
stem bulrush  ~~~ ~~! > rice
cutgrass  ~|~ ~y~~! . m11d

A fisheries survey in connection with
an env1ronmental evaluat1on of the Dav1s-
Besse Nuclear Power Station  Reutter and
Herdendorf 1980! revealed 48 species of
fish in Lake Erie and the coastal
wetlands. Of these> onl y seven spec1es
were found in Navarre Marsh wh1ch borders
the station: bow f in, g i zza rd shad>
gol df 1 sh  ~Z~~ ~~!, carp>
1 argemouth bass> black crappie  fgKLg;~

! > and white crappie
 Em !g;M ~~!-



Figure 9. Rip-rap dike separating Lake Er ie  right! from I3arby,'1ar sh
 left!; this wetland is part of the Ottawa National kiildlife Refuge
 August 1982!.

12

blue-winged teal> and Canada goose. The
wetlands in this complex also provide
important nesting and feeding habitat for
bald eagles. Three pairs of bald eagles
have been observed nesting here in recent
years. Ospreys  ~g~ ~ai~ae i~! use
the area for feeding and resting during
m1gration.

As with most of the Lake Erie
marshes, the muskrat is the most important
furbearer. Other mammals common in the
marshes and earthen d1kes are woodchuck
  ~~@~ ~mn z !S !, e a s t e r n c o t t o n t a 1 1
 g~~~~~s !' 1 o~~n!, str iped skunk,

xizgia.~

With exception of Pelee Island, none
of the Lake Erie Islands have extens1ve
marshl ands. All of the 1sl ands are
r ockhound  Figure 10! . The only oppor-
tunity for marshes to develop exists in
protected embayments ~ coastal ponds and
where converging sand bars form a lagoon
at the base of a spit. Noteworthy

examples of these wetlands include the
Put-in-Bay embayment on South Bass Is1and
where extensive beds of submerged
macrophytes occur in Fishery Bay, and on
North Bass Island, Manila Bay, where
emergent forms a re more common. Coastal
ponds and lagoons occur on Kelleys Island
 Carp Pond>, Middle Bass Island  Haunck's
Pond!, South Bass Island  Terw111iger's
Pond! > North Bass Island  Manila Bay,
Fox's Pond and Smith's Pond! East Sister
Is 1 and   East S i ster Swamp! . and Pel ee
Island  Lake Henry and Fish Point Swamp!.
Each has its own distinct floral' but in
general, floating-leaved plants are best
developed in these isolated habitats. The
largest island marshes are found on Pelee
Island where sand spits at both its north
and south t1ps have formed lagoons similar
to the formation of Point Pelee on the
Ontario shore. Lake Henry, on the north>
has been breached by high water storms and
is now in danger of being engulfed by Lake
Erie  Figure 11!.

Typically, the small wetlands on
these islands occupy depressions behind
sand spits or barrier bars that have been



FigUre 11. Heron and egret nests in
flooded marg1ns of Lake Henry> Pelee
Island. High water 1evels have breached
the barrier bar exposing the marsh to Lake
Er1e wave action  July 1984! ~
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Figure 10. Rocky shorel ine of South Bass
Island  Ju1y 1982!.

built by alongshore currents. These low,
protected areas eventually became the
sites of lush growths of vascular aquatic
plants. Lagoons with openings to the
lake, such as Carp Pond, Terwill igerrs
Pond, and Manila Bay serve as spawning and
nursery grounds for several warm-water
fish spec1es such as carp> white crappie>
blueg111, and yellow perch. Haunck's Pond
exhibits aquatic plant zonation in
response to water depths. E 1 ght
distinctive macrophyte zones can be seen
here and at other protected embayments.

Most of the island wet1ands are
privately owned, but several can be viewed
from nearby roadways. including Waunck's
Pond. Carp Pond lies within Kelleys

Island State Park and is open to visitors.
Entry to Lake Henry and Fish Pond Swamp on
Pelee Island require authorization from
the Ontario Ministry of Natural Resources.

The rocky peninsulas known as Marble-
head and Catawba Island separate Sandusky
Bay from western Lake Erie on the north
side of the bay. A variety of relatively
small, but interesting, coastal marshes
dot these peninsulas. both on the lake and
bay shorel1nes. Bay Point> a complemen-
tary spit to Cedar Point> prospects to the
southeast from Marblehead to partially
close the mouth of Sandusky Bay between
the two points. Emergent wetland plants
persist inside the bay at the base and
a1ong the protected side of the spit. A
short distance to the west in a small



lagoon> Meadow Brook> marsh plants also
flourish under the protect1on provided by
the sp1t. Wishbone Island~ off the
Marbleheed shore of the bay> is sheltered
enough by the mid-bay constriction to
permit the development of a fringing
wetland of emergent plants.

Catawba Islandi actually another
rocky peninsula to the north of
Merblehead. contains three major embay-
ments on its east shore, called East
Harbor  situated at the junction with
Marblehead!, Middle Harbor> and West
Harbor. In these natural harbors a rather
compl ete zonation of wetl and pl ants
exists. progressing from emergent to
floating-leaved to submergent spec ies.
This devel-opment is possible because of a
more or less continuous barrier beach
which fronts the east shore of Catawba.
Middle Harbor is completely isolated from
the lake  Figure 12! i whereas the other
two have been opened with jettied boat
channels. East Harbor State Park cons1sts
of marshlands on each of the three
harbors. East Harbor and West Harbor also
have privately owned wetlands as well as
extens1ve marina and res i dent i al
development.

The west shore of Catawba Island
contains a number of small, rock-bound>
roughly circular lagoons. These 1nlets
have also been extensively modified for
recreational harbors' but a few still
contain unusual coastal mar shes, bounded
and protected by rocky shores, and fed by
groundwater springs.

At the western edge of the City of
Huron. a massive sand spit named Cedar
Point connects to the shore near the mouth
of Sawmill Creek. This 10-km-long barr1er
beach extends to the northwest forming the
"east bay" of Sandusky Bay  F1gure 13!.
Here can be found one of the few remaining
natural lagoon wetlands along the Ohio
coast. These marshes are characterized by
the catta11 stands near the shore and beds
of floating-leaved plants which, in
places> cover the lagoon from the barr1er
beach to the upland shore. The barrier
beach provides the necessary protection
for the marshes against severe northeast
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Figure 12. Aquatic vegetation in a
portion of Middle Harbor. Ohio~ showing
plant development within the protected
lagoon and the barren nature of the Lake
Erie side of the barrier beach  Moore
1973!.

storms. However. in the last decade of
record-high water levels, the beach was
severed about 2 ke from the base> exposing
part of the lagoon to direct wave attack
from the lake  Figure 14!. Most of the
eastern part of tIe lagoon. which is still
protected by the sand sp1tt is owned by
the Ohio Department of Natural Resources
 ODNR! and is designated as the Sheldon
Marsh Nature Preserve.
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The only major stream to enter the
"east bay" is Pipe Creek. At this
junction~ on the east side of the city of
Sandusky. an emergent wetland known as B1g
Island Marsh once covered a large area of
the bay. During the h1gh water levels of
the early 1910s> the size of the wetland
was reduced to a small stand of cattails



Figure 13. East end of Sandusky Bay and Cedar Point sand spit, show fng marsh
development fn a sheltered lagoon  July 1949!.

Marsh to inform the public and school
groups as to the value of coastal
wetlands.
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fringing the Sandusky water treatment
pl ant and yel low water i I 1 y  +~X
+gggg! beds In the estuary of the creek ~
In 1984, The Harbour> a joint venture
hotel /condominium/mar fna complex between
the city and prfvate developers> obtained
a permit from the U.S. Army Corps of
Engineers to construct d I kes and
reestabl fsh wetlands at Bfg Island as
mitigation for fill fng estuarine wetlands
on the east side of Pfpe Creek  Ffgure
15!. The dike> a1so designed to hold
material dredged for a small boat channel>
will contain ffve separate compartments fn
which the water levels can be fndepen-
dently controlled. An agreement has been
negotiated with the Center for Lake Erie
Area Research of the Ohio State University
to experiment with innovative management
strategies for dfked marshes and to
conduct research designed to enhance ffshi
waterfowl and aquatfc plant habitat. A
visitor's center fs planned for Bfg Island

The mouth of the bay fs an area of
convergfng alongshore currents. One set
of currents has built Bay Point spft fn a
southeasterly dfrectfon  Figure 16! and
another set has constructed Cedar Pofnt
spft in a northwesterly direct ion . These
two spfts are now separated by the 13-m-
deep Moseley Channel. The tfp of Bay
Point fs accreting at a rate of 3 m per
year but further growth of Cedar Pofnt has
been halted by the constructfon of a 2 .6-
km-1 ong jetty at the tf p to keep the
channel open for navigation. Wetlands and
open ponds occupy depressIons between sand
ridges on both of these spits. Bay Point
wetlands are rel at I vel y undisturbed,
Although privately owned, the fIne beaches
and marshes are open to the public for
swfmmingt hfkfngi and campfng, Cedar



area immediately to the south have been
extens ivel y diked for wetland management.
The largest segment> named Moxley Marsh>
contains a diverse flora of emergent
species. Of particular interest are the
dense populations of purple loosestrife
and swamp rosema]low. Although both of
these plants provide a colorful pattern to
the marsh 1n 1ate August> they are
unwanted by managers. They are a
relatively recent invader species which
offer little food for waterfowl and crowd
out more desirable plants. Also of
spec1al interest> a large rookery of great
blue herons  ~ ~~~!, can be seen
in a grove of pin oak  Qgy~> @gal~~!
adjacent to Ohio Route 2 at the southwest
edge of the marshes.

The upper end of Sandusky Bay
possesses one of the largest
concentrations of coastal wetlands on Lake
Erie. The wetlands fringe the entire
shoreline of Muddy Creek Bay  a western
extension of Sandusky Bay! and extend
several kilometers up the estuaries of the
Sandusky River and Muddy Creek. Virtually
al 1 of the wetlands bordering the two bays
are protected by earthen and rip-rap dikes
 Figure 17! constructed to an elevation of
at least 2 m above Low Water Datum �WD!.
The upper reaches of the estuaries contain
some undiked marshes.
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Figure 14. Aerial view of Cedar Point
sand spit, showing breach in the barrier
 August 1983!.

Point wetlands were probably similar to
the natural beach ponds of Presque Isle
sand spit near Erie, Pennsylvania. but
h ave since been modi f 1 ed to accommodate a
major amusement park. The Cedar Point
sand spit a1so provides natural protection
for marshes which have developed 1n the
vicinity of Big Island.

At Bay Yiew, midway along Sandusky
Bay~ a natural constriction occurs which
divides this body of water into two
basins. The point of land which forms the
constriction on the south shore is
ut111zed for the crossing of the only
bridges over the bay. This point and the

If 1t were not for the network of
dikes ~ it is likely that the erosive
action of waves would eliminate much of
the wetland vegetation in Sandusky Bay.
The ability to regulate water levels in
managed marsh units has proven to be a
useful tool in altering species composi-
tion and thereby increasing waterfowl food
and nesting cover. Most of the diked
marshes are owned by private shooting
ciubs and managed predom1nantly for
waterfow I ut11ization and some mammal
 muskrat. m1nk, etc.! propagation. Snyder
and Johnson   1984! are currently inves-
tigating the f1sh in the Winous Po1nt
marshes and plan to develop management
strategies for this resource. The upper
Sandusky Bay marshes also contain large
rookeries of great blue herons and great
egrets  QKRkZRQJLQ ~!.

The diked marshes are characterized
by emergent p i ants including cattail,
arrowhead, smartweed, swamp rosemal low,



Figure 16 Bfg Island, an experfmental marsh in Sandusky at the
mouth of Pipe Creek  August 1984!.

Figure 16. Aer ial view of Bay Pofnt sand spf t and marshes at the
entrance to Sandusky Bay. Marbl ehead Peninsula in background  Augus t
1983!,
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Figure 17. Willow Point Marsh, an example of a diked wetland on the south
shore of Sandusky Bay  April 1968!.

and purple ioosestrife. The latter
species is becoming a nuisance,' however>
careful management has kept the population

of purple loosestrife to a negligible
size. The undiked estuarine marshes are
typified by greater development of massive



beds of floating-leaved species, In the
open ~ater of the marshes the dominant
plant species vary from year to year, but
the most common ones are coontail

 ~ spp. !, water smartweed  Qi~i~ig!!!}}}!
Mgj}}~ CECZalm! i Amer1can water-1 otus

! r wh1te water ! 11y
�>  I}phd& ~i~i~!, spatterdock  !~i~
~!, pondweeds  L'igju}}~i~i~g}} spp.!. and
water stargrass  g}}j QZ4f}ihCK4 ~! ~

The domfnant nestfng waterfowl of
Sandusky Bay marshes are mallard �2%!+
black duck �6$!, and blue-w1nged teal
 9$! . The ad'4 1t g reat b 1 ue heron
populatfon of these wetlands is estfmated
at over 3.000 bfrds; one rookery alone at
Wfnous Pofnt had 1,200 breedfng pairs fn
1976  Edford 1976!. Nest lng bald eagles
have been observed fn thfs area as
recently as 1984.

The muskrat fs the most important
furbearer 1n upper Sandusky Bay marshes
and recefves the greatest trapping
pressure fn these wetlands. Durfng the
November-to-March t rapp1ng season> over
5,000 muskrats are taken each year from
the Wfnous Point Marsh. Other marsh
mammals trapped for the1r pelts fnclude
raccoon, opossum, mfnk, and red fox.

The eastern limit of the area under
consfderat1on contafns the estuarine
mouths of Old Woman Creek and the Huron
River. The marsh developed fn these es-
tuarfes 1 fes not only at the southerly-
mast point of Lake Erfe, but also af the
ent1re Great Lakes.

Old Woman Creek wetland occupfes the
lower estuar1ne port1on of the stream. It
fs separated fram Lake Erie by a narrow
barrier beach at the stream mouth. The
wetland is mostly non-wooded. with emer-
gent and floatfng-leaf plants bordered by
a m1xed hardwood forest on the steep
banks. The American water-lotus 1s excep-
tionally well developed in this b road
embayment on the north side of Star
Island. The drowned mouth of the creek
has been set asfde since 1977 as a re-
search and education preserve known as the
Old Woman Creek National Estuar fne
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Research Reserve. The Reserve jofnt'ly
managed by the National Oceanic and
Atmospheric Admi n 1 strat i on  NOAA! and the
Oh 1 o Department of Natural Resources.
features a pub 1 1 c educati on center,
research 1aborator1es, housing for fnves-
tfgators, nature trails, and 1nterpretfve
canoe trips. Old Woman Creek fs the ffrst
reserve of thfs type on the Great Lakes.

Within Old Woman Creek wetland four
aquatic habitats can be found: 1! open
water, 2! shoreline, 3! embayment marshes,
and 4! mud flats. ConMnon vascular aquatic
plants occurring 1n the open water fnclude
American lotus, spatterdock ~ arrow arum
 ~~ ~i~~! > coonta i 1. pond-
weed s> and duckweed. The shorel f ne

~mme  ff!, bluef lag  ~ y~i~! i
and ar rowh cad  ~i~~ ~i;i~! .
Embayment marshes  Figure 18! ~ whfch have
been reduced fn size due to h1gh lake
levels s1nce 1972. are characterized by
rfver bulrush  ~i~ ~i~f~!, giant
bur reed  +~iy~ } Li ~!�i } 4a,i~!, cattail ~
and lizard's taf1  ~~ ~i~!. In
mfd-summer the mud flats are marked by
swamp rosemallow and water smartweed.

West of Old Woman Creek, the next
major wetlands occur fn the estuarine
mouth of the Huron River. From
approximately 2 km to 5 km upstream from
the lake> extensfve marshes persist on
both sides of the valley. American lotus
beds are also comInon here, along the lo~er
reaches of the small tributary called Mud
Brook, but emergent forms such as cattail>
bulrush, and bur reed dominate. A part of
the Huron Rf ver wetl ands, known as the
DuPont Marsh> fs owned by ODNR and managed
as a nature preserve.

The wetlands at the estuarine mouth
of Big Creek are located 20 km southeast
of Amherstburg, Ontario, and extend
westward alang the lakeshore to Bar Pofnt
at the mouth of the Detroit R1ver. These
marshes are partly w1thfn Holiday Beach
Provfncfal Park. administered by the
Ontario Mfnfstry of Natural Resources. In
fall and sprfng the marshland is a
reward fng pl ace for birdwatchfng and



Figure >8. Emergent s tands of r iver hu! r ush  Sc ir us f 1 uvi atil i s! in fore-
ground and floating leaves of hite water lily m hag~a tu >erosaj in the
background at Old   oman Creek Estuary  Marshal 1 lt�f'

waterfowl hunting. The marsh within the
park is desiqnated as a waterfowl
sanctuary whi le hunting is permitted in
the adjacent wildl1fe management area,
This is one of the best Canada goose
hunting areas in southern Ontario, Small
mammals common to the a rea include
muskrat, raccoon, rabbit and red fox, A
boat launching ramp 1s located on Lake
Erie at the west end of the bathing beach.
Common f1sh spec1es cauqht in the 1 ake
inc 1 ude wa1 1 eye, freshwat er drum
 AR1~G Ltd .~ ~ tj.~! e and yel low perch.

Point Pelee is a massive sand sp1t on
the north shore of Lake Erie that marks
the division of the lake's western and
central bas1ns. The 8-km-long spit 1s
triangular in shape with an exceptional ly
sharp, narrow point projecting out into
the lake. The sp1t has been formed by a

convergence of alongshore currents,
resulting in the deposition of sand eroded
from the bluffs far to the east and west
of the point. The sand bars deposited by
these currents enclose a cattail ma rsh of
high qua11ty. The entire spit and the 10-
km' marsh lie within the boundaries of
Point Pelee National Park, administered by
Parks Canada. The park is surrounded by
2?.5 km of sand and pebble beaches  Figure
19!,

The terrain of Point Pelee is mostly
marsh or woodland, The marsh contains six
major open-eater ponds, The largest  Eiq
Pond> has a boardwalk nature trail
constructed for the enjoyment of park
vis1tors. Here, aquat1c plants and sedges
wage a constant battle with the open
pondso encroaching on them and filling the
marg1ns with a lush carpet of vegetation>
inc 1 uding cattail s, spatterdock> p1ckerel
weed  ~ng~ ~o~!, and swamp rose-
mallow. An unusual feature of this
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Figure 19. Aerial photograph of Point
Pelee National Park, Ontario, showing
location of coastal marshes and other park
features  Allen 1970!.

wetland is the mass1ve floating mats of
cattail formed by a network of intertwined
rhizomes, This feature appears to be an
adaptation to frequent changes in water
level. Wetlands also exist in the sloughs
between the successive beach ridges/sand
dunes which run the length of the spit.
The interior marshes are natur all y
protected by the barr1er beaches of the
spit but occasionally the east beach 1s
breached by the lake. Of the 600 plant
species found on Point Pelee, the greatest
variety can be seen along the woodland
nature trail towards the southern end of
the spit. Two maJor bird miqration
flyways overlap at Point Pelee. Each
spring and autumn thousands of birds and
birdwatchers 1nvade the park. It is not
unconlton for a single observer to tally
more than 100 species during the height of
the migrat1on season. Of the 332 spec1es
recorded for the area, 90 stay to nest.
Waterfowl and shoreb1rds are abundant in
the marshes. Fishing is permitted within
the marsh. The most common species are
sunfishs yellow perch> northern p1ke.
largemouth bass> carp> and dogfish  or
bowfin!.

Animals found nowhere else in Canada
er Joy the mild climate of Po1nt Pelee.
The eastern mole  pi~i~ ~~m! bur
rows in sand dunes adJacent to the marsh
ponds and the fox-squirrel  gt~  Ilg LE!
shares the shelter of the deciduous forest
w1th the grey squirrel �. ~C LL~~!.
Raccoon and m1nk can be found near the
marshes where they feed on abundant
creatures that thrive there. Muskrats
build their community dwellings near the
pond shores. At the edge of the forest
other mammals can be found including the
eastern cottontail. white-ta1led deer, the
white-footed mouse  ~e~~ J i~t~! s
and the insect1vbrous little brown bat
 +~i k ~cia~! .
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CHAPTER 2.

PHYSICAL ENVIRONIMIENT

2. l GEOLOGY

Figure 20. Depth contour s  fn metei s! of Figure 21, Physiographic map of the Lake
western and central Lake Erie, Erfe basin.

Lake Erie f s one of the 1 argest 1 akes
fn the world, ranking 11th by area and
17th by volume i He r d endor f 1984> . It i s
the southernmost of the Laurentian Great
Lakes< lying between 41 21'N and 42 50'N
latitude and 78 50'W and 83 30'W
longitude. The lake fs narrow and rel-
atively shallow for a lake of fts sfze
{Figure 20! wfth its longitudinal axfs
oriented east-northeast. Lake Erfe is
approximately 388 km long and 92 km wfdei
with a mean depth of 19 m and a maximum
sounding of 64 m. The lake has a surface
area of 25>657 km2, a volume of 484 km3. a
shorelfne length of 1 ' 380 km. and a
surface elevation of 173.9 m above mean
sea level.

The Lake Erie basin I fes fn the
Central Lowland physfographfc provfnce
near ~here this provfnce wedges out
between the Appalachian Plateau and the
Canadfan Shield. The boundary between
the Central Lowland and the Appalachian
Plateau fn the Erie basfn is a sharp r f se
of 60 to 90 m f n elevation called the
Portage Escarpment  Ffgu re 21! . From
Clevel and eastward the escarpment
paral 'i el s the 1 ak e shore and 1 ies
generally less than 8 km from ft, At
C'level and the escarpment turns southward
across Ohfo.



The portion of the Centr al Lor1 and
bordering Lake Erie fs known as the Lake
Pl af n and 1 s, for the most parti the very
flat former lake bottom. East of
Cleveland it fs narrow and lies between
the Portage Escarpment and the present
1 ake shore. West of Cleve'land ft rfdens
quickly> and in western Ohfo 1t is more
than 80 km wide. It narrows agafn fn
Michigan to about 30 km wide. In Canada,
it fs 30 to 50 km w1de but fs not so well
defined because of the complexfty of
g]acfal features. The Lake Plafn is
characterfst1cally low and comprises
poorly drained silt and clay wfth
occasional sandy r1dges formed as beaches
and bars fn o'lder lakes.

The streams  except the Detroit
Rfver! enter1ng Lake Erfe origfnate e1ther
wfthin or just outsfde the boundarfes of
the Lake Plain. The val leys are general ly
narrow and wind1ng wfth steep to vertfcal
walls. The shapes fndfcate that most of
the valleys are in a youthful stage of
deve'lopment, having been cut rapidly since
the Ice Age fnto a relatfve'ly flat surface
that is elevated above the present level
of the lake.

The landscape of the Lake Erie basin
fs character fzed by thousands of square
kilometers of flat terrafni broken only by
occas1onal ancient beach ridges and the
relatfvely steep valley walls fn many of
the major tr1butarfes. Even these fea-
tures are subdued in the western part of
the basin. The terrain is less monotonous
from Cleveland eastward, along the south
shore, where the basin reaches into the
rol]ing h1]ls of the northwestern
perimeter of the Appalachian uplands.
However, the basfn there is relatively
narrow between the lake and the drainage
dfv1de.

Soils fn the extensive flatlands of
the Lake Er1e bas1n are characteristically
dominated by poorly drained and relatfvely
1mpervfous clays> derived from old lake
and glacfal drift. These soils are
fertile and, because of thfs, have been
artificially drained to a great extent.
The uplands along the southeast edge of
the basin are well-drained, rock-derived,
and less fertfle. Old beach ridges
throughout the bas1n are extensively used
for highways and farming.

Streams entering Lake Erie are
generally lor-grad1ent and winding but
have steep-walled valleys. They carry
large silt loads rhere they traverse
easfly eroded clay flat]ands and smaller
loads fn the rocky. h1]ly areas.
Excludfng the Detroft River fnputi only
three streams, the Raumee and Sandusky
Rfvers 1n Ohio. and the Grand River 1n
Ontario> supply significant quantities of
water directly to the lake.

The morphometry of a lake refers to
its shape or form and fs usually expressed
as a series of dimensions. Such
information fs useful fn understanding how
a lake ras formed and how it wil] respond
to environmental stresses. Lake Erie can
be naturally dfvfdedi on the basfs of
bathymetry, 1 nto three basf nsr western,
central, and eastern. The major mor-
phometrfc dimensions of each basin and the
entire lake are gfven fn Table 2. This
sect fon deal s wf th the phys f cal
envfronment of the western basfn and the
western port1on of the central basin known
as the Sandusky sub-basin.

The western basfni lying west of a
line from the tfp of Point Pelee. Ontario,
to Cedar Point. Ohfoi is the smallest and
the shallowest of the three basins, with
most of the bottom at depths between 7 and
10 rn. In contrast w1th the other two
basins> a number of bed rock fs]ands>
reefs> and shoals are sftuated fn the
western basin and form a partial d1v1de
between 1t and the central basin.
Topographically. the bottom is monot-
onously flats except for the sharply
rising islands and shoals. The maximum
depths fn the basin are found fn the
inter fsland channels. The deepest sound-
fng> 19 m. ras made in a small depressfon
north of Starve Island Reef; south of Gull
Island Shoal, in another depression, a
depth of 16 m has been recorded.
E]sewhere 1n the basin these depths are
not approached.

The waters of the restern basin are
more turbfd than the other basins because
of: I! large sediment loads from the
Detroftr Haumee> Portage and Sandusky
r1vers. 2! wave resuspensfon of s11ts and
clay from the bottom. and 3! high algal
product1vfty. The Detroit Rfver accounts
for over 90% of the floe of water into



Table 2. Morphometry of the western, central, and eastern basins of l ake
Erie,

Western Central Easter n Entf re
Bas 1 n Bas 1 n Bas I n LakeDfmensf on

Data source~ Herdendorf �983!.

Pennsy'I van1a, and Long Point> Ontar Io.
The central basin has an average depth of
19 m and a maximum depth of 26 m. Except
for the rising slopes of a morafnfc bar
extending south-southeastward from Point
Pelee> Ontarfo> the bottom of the central
basin fs extremely flat. The depress1on
between this bar and the 1s'lands Is known
as the Sandusky sub-basin. This sub-basin
has an area of approximately 1.350 km and
a maximum depth of 16 m.

Although the central basin receIves
over 95% of Its fnflor from the restern
basin. the rater Is consfderably less
turbid and less bfologIcally productive.
Drainage from the western basfn and inflow
from the Sandusky River and other Oh1o
tributar 1es are concentrated In the
Sandusky sub-basin and along the south
shore where bfologIcal productivity and
contamfnants are the highest.
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Maximum length  km!
Maximum breadth  km!
Maximum depth  m!
Mean depth  m!
Area  km2!
Volume  km3!
Shore	ne length  km!
Percent of area �!
Percent of volume  %!
Percent of shoreline  $!
Development of volume  ratio!
Development of shorel1ne  ratio!
Ifater storage capac 1 ty  days!
Drafnage basin land area  km2!
Mean elevation  m!
HIghest monthly mean elevation  m!
Lowest monthly mean elevation  m!
Mean trfbutary Inflow  m3/sec!
Mean outflo»  m3/sec!
Highest mean monthly outflow  m3/sec!
Lowest mean monthly outflor  m3/sec!

Lake Erie and therefore controls the
circulation patterns In the western part
of the basin. Its inflow penetrates far
southward Into the basin. retarding the
dIspersfon of the sediment-laden Maumee
Rfver and the MIchfgan shore streams whfch
results fn high concentratfons of
contamfnants a'long the western shore.

The rater of the restern basin fs
normally fsothermal from top to bottom.
Its shallorness precludes the formatfon of
a permanent thermocl inc except In the deep
holes. Occasfonally during calm periods
In the summer. the rater stratI fies
thermally. lead1ng to rapId oxygen deple-
tion near the lake bottom.

The central basin Is d1vfded from the
western basfn by the island chaIn and from
the eastern bas1n by a relatIvely shallow
sand and gravel bar between Erfe,
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Figure 22. Geologic map of western Lake Erie  Herdendorf and Brafdech 1972!.

Hater temperatures in the central
basin are isothermal from fall to late
spring; thermal stratification normally
occurs below 15 m from June until
September. Dur ing the latter part of the
stratified period the thin hypolimnfon may
lose all of its dissolved oxygen. The
western basin typically freezes over each
winter and the central basin occasionally
freezes from shore to shore .

The varying depths of the Lake Erie
basins are attributed to differential
erosion by preg I aci a 1 streams, glaciers.
and postglac i al lake processes  Carman
1946!. The rock strata of the central and
eastern portions of Lake Erie dip slightly

to the southeast. Lake Ontario is sep-
arated from Lake Erie by resistant
Silurian 1imestones and dolomites of the
Niagara Escarpment. The central and
eastern basins of Lake Erie are underlain
by nonresistant shale, shaly limestone,
and shaly sandstone of Upper Devonian Age.
Inland along the south shore> eastward
from Cleveland, the Portage Escarpment,
composed largely of Mississippian sand-
stone. rises over 100 m above the level of
the lake and forms the northwest front of
the Appalachian Plateau  Figure 21!.

The outcrop belt of Devonian shales
swings inl and between Cl evel and and
Sandusky and continues southward through
central Ohio, The shallow western basin
is underlain by Silurian and Devonian
limestones and dolomites  Figure 22! on
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Figure 23, Bedrock geology of Ottawa County, Ohio  adapt d fp e from Forsyth 1971!.
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the northwa rd plunging end of the F indi ay
Arch <Cfncfnnatf Anticline!, or Algonqu 1n
Arch as it is known in Ontario. Glacial
erosion had relatively slight effects on
these resistant rocks other than to form
impressive qrooves such as those found on
Kel 1eys Island and the Bass Islands. The
glacial scour was probably control led by
the pr eglac 1 al stream val leyS, reSul ting
in the shallor basfn and the island
cha1ns.

The bedrock fn the 1sland region of
western Lake Er'le  F fgure 23! 1 s
sedimentary fn orig1n and ras deposited as
lfme muds fn shallow, warm Silur1an and
Devonian seas, which covered the region
from 41<! to 375 mfll1on years <rn.y.! ago.
The warm, clear conditions of those seas
c in be 1nferred from the abundant fossil
i rrals and other invertebrates found fn
the rock s on Kelleys and Johnson fslands.
While a shallow sea occupied the present
f s 1 ands reg 1 on, the Appalachian Mountains
were bu1lt to the east, resulting in the
deposftion of deltas which now form the
sandstones and shales of the N1agara
Escarpment at the east end of the I.ake.

The shores of all of the major
islands are rockbound, chiefly rugged in

�1th bluffs along the major
o tfons of their perfmeters. The hfghest

elevat1ons arere normally adjacent to the
rest shoresr except West Sister Island
wrere the bl~ffS are higheSt alOng the
east shore. The upland area adjacent to
the west shore of South Bass Island
Yfctory Woods! reaches a hefght of 21 m

above lake levelr the highest elevatfen fn
the islands. Small sand ~ cobble, or
boul der beaches are s ituated at
indentations fn the shorel1ne. The most
extensive sand beach of this type is found
1n the north bay of Kelleys Island.

The dominant structural feature of
the bedrock underly1ng western Lake Erie
1s the F fndlay Arch. The nearly north-
south axis of th1s arch passes through the
island region and then plunges gently to
the north. A study of the structure of
Precambrian, or basement, rock of Ohio
indicates that the crest of the arch lfes
a few mf les east of West S1ster Island.
As a consequence of the alignment of the
arch, the overlying Paleozoic bedrock d1ps
to the east at approx1mately 4 to 7 m per
km fn the Bass-Kelleys Island area  Figure
24 ! . For thf s reason, the oldest rocks
are exposed on West Sister Is'land and



Figure 24. Geologic cross section of the bedrock underlying South Bass and
Kelleys Islands  Carman 1946!. The structure of the bedrock has resulted in
the cuesta shape of the fslands with cliffs on the west sides and gentle
slopes on the east sides.

successfvely younger formations crop out
to the east along the flank of the arch.

The islands and reefs are arranged fn
three roughly north-south belts or chains
 F f gure 25!. The most westerly belt 11es
north of Locust Po1nt and includes
approxfmately 12 reefs and West Sister
Island. The middle belt extends from
Catawba Island through the Bass and Sfster
Islands and includes at least 14 reefs and
10 1sl ands. The easterly belt en-
compasses Johnson Island> Marblehead
Pen fnsul a> Kel 1 eys Island. M1ddle Isl and
and Pelee Isl and, and about seven reefs
and shoals. This arrangement and the
cuesta shape of the islands are controlled
by the structure and relative res1stance
of the underlying bedrock  F1gure 24!.

The bedrock exposed on West Sister
Island and on reefs fn the vicinity of
Locust Point as far east as Niagara Reef
is the lower port1on of the Tyaochtee
Dolomite. This formation fs highly var-
1able fn fts resfstance to weathering> a
factor that aay explain the lack of
bedrock reefs between N1agara Reef and the
Bass Islands.

The reefs consfst of submarine bed-
rock exposures and assoc1ated rock rubble
and gravel. The topography of the reef
tops varies froa rugged surfaces caused by
bedrock pinnacles and large boulders to
saooth slabs of nearly horizontally bedded
rock. In places. the exposed bedrock has
the appearance of low stairs with the
"stepsw dipping slightly to the east froa
the fr1nge of the reefs to its crest. All
of the bedrock formations that fora the
reefs are carbonate rocks whfch contain

abundant solution cavities. Most of the
reefs are conical 1n shape and elongated.
as are many of the 1slands. fn a
northeast-southwest directfon. Two fac-
tors appear to have influenced this
elongationc 1! vertical point systems in
the bedrock which are oriented parallel to
the elongatfon and 2! elongatfon of «hfch
fs fn general agreeaent with the ma!or
trends of glac1al ice meeeents as deduced
froa grooves found on the fslands.

The afddle and eastern belts of
bedrock islands  Catawb~ass and Johnson-
Kelleys! are characterized by hfgh ele-
vatfons and cliffs at their western
shorel ines; elevations general 1 y decrease
eastward resulting in shelv1ng rock along
the eastern shorel fnes. The resulting
topographfc fora 1s that of a cuesta  or
asyaaetrfcal ridge! where the gentle slope
agrees with the dips of resistant beds and

the steeper slope 1s am erod1ng cliff
mafntafned partly by undercutting of less
resistant rocks. Because West Sister
Island 1 1es on the west fl ank of the
Cfncfnnatf Arch> the dip of the strata fs
al so to the west. This has resulted fn
the developaent of a cuesta with fts steep
cliff on the east sfde of the 1 slandi the
opposite of those foraed on the more
easterly 1slands.

Catawba and the Sass Islands are
underlain by a band of rasfstant doloa1tes
of the Bass Island Group  Ffgure 23!. The
Put-1n-Bay Uoloaite of this group is
responsible for aost of the rugged
features of the shoraliae. The Tyaochtee
Foraatfon> which underlias the Put-1n-Bay
Dol oa ite at the base of the cl 1 f f s, f s
more readily eroded by waves and results
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in the undermining of the rack above,
which falls away in large blocks, forming
nearl y vertfcal wall s. The shoreline of
Catawba Island from Rock Ledge to West
Harbor is 1,0 km long and consists of an
alternation of rocky headlands and glacial
bluffs. The dolomite headlands rfse to Zl
m above lake level, whereas the gl acfal
tfll fs much less resistant to erosfon and
has been cut back 1nto coves with
indentations along the coast. Pebble and
cobble beaches have formed locally fn the
coves. The 6 km of shore from West Harbor
to Lakeside fs low and bordered by sand
beaches. The beaches 1fe on marsh
deposits which formed 1n the shallow bay
between Catawba Island and Marblehead
Pen1nsula. The underlying materials are
glacial til 1 and lacustrine clay. An
extensive sand deposft has accumulated in
the East Harbor area and low sand dunes
have formed beh1nd the beach.

The res1stant lower beds of the
Columbus Limestone are responsfble for the
easter 1 y cha1n of bedrock h1ghs. 1 nc1 u ding
Johnson and Kel leys fslands. Between
South Bass Island and Kel'leys Island three
formations are less res1stant than the
Put-fn-Bay Dolomite and the Columbus
Limestone, a fact which explains the
depressfon between the islands.

The Marblehead Peninsula shore arcs
for 6 km from Lakesfde to the base of Bay
Point and 1s lined with limestone and
dolomite bluffs, generally less than 6 m
above lake level. Sections of the shore
are composed of thin-bedded rock which
yields to wave attack; elsewhere the rock
is massively bedded and more res1stant to
eros1on. Glacial till commonly caps the
bluffs. The narrow pebble beaches which
line the shore at the base of the bluffs
have been largely derived from the
bedrock. Bay Point extends southward from
Marblehead Peninsu'la for 3 km into
Sandusky Bay. This point 1s a compound
spft that 1s growfng from sand contributed
by littoral currents moving along Cedar
Point and around the end of the Sandusky
Harbor Jetty. Johnson Is'!and> lyfng fn
Sandusky Bay adJacent to Bay Point, is
composed of low limestone and glac1al till
shores. The shore of this island fs
bordered by discontinuous cobble beaches.

The Detroit-St. Cla1r River system is
underlain by middle and upper Devonian and
by lower Miss1ssfppfan rocks. The oldest
rocks are the dolomites of the Detroit
Rf ver format1ons and the 11mestone of the
Dundee Formatfon, found at the mouth of
the Detrof t Rf ver. From here the rocks
are successively younger 1n a northwest
direction through Lake St. Cla1r. In Lake
St. Clair and the upper Detroit Rfver
valley the bedrock fs buried by up to 30 m
of glacial till and recent lake sedfment.
Near the mouth of the Detroit Rfver the
bedrock surface rises to an elevation of
168 m and 1s covered by only a thin veneer
of more recent depos1ts.

The Lake Er1e Islands including
Catawba and Marblehead peninsulas, exhibit
a rather unusual cave and sinkhole
topography. The carbonate bedrock of
these fslands fs soluble fn weak,
naturally-occurring acfds, such as car-
bon1c and varfous organ1c acids. These
acfds have slowly d1ssolved portions of
the rock i producing caves' sink holes > and
other solution features. Th1s process has
taken place for m11lfons of years ~
probably starting soon after the lfme muds
whfch had accumulated 1 n the S 11 or 1 an
ocean were drained of sea water. The
solutfon process initially resulted in
sfnkholes which became filled with
dolom1te fragments that had broken off the
r1m, produc1ng a brecc1a 1n the 1 fme mud.
Exposures of these ancient breccia-filled
sfnkholes are cormnon on the west shore of
South Bass Island.

Solution has also occurred more
recently, producing many small caves fn
the bedrock. Thirty-seven such caves have
been reported for the 1slands. Most of
the caves are the result of solution and
subsequent collapse of the surrounding and
over'I ying rock into the vof d, The exact
origin of the caves and sinkhole features
has been a matter of speculatfon. The
most widely accepted theory  Verber and
Stansbery 1953! states that the structure
of the rock materials combIned v1th thefr
mfneral compos1tion and contact with ~ater
has resulted fn cave and sfnkhole
formation  Figure 26!. Speci f ical 1 y ~ the
Put-in-Bay Dolomite 1s underlafd by the



Figure 28. Explanat1on of cave and sinkhol e formation in the
islands region of Lake Er1e: A! cross section showing original
anhydr i te bed, R! uplifti~g of overlying str ata by hydration into
gypsum, C! cavern left by gypsum solutioning, and D! col lapse of
overlying strata and formation of sinkholes and new peripheral caves
 Verber and Stansbery 1953!.

Tymochtee Formation «hich conta1ns 'lenses,
or pockets, of anhydrite gypsum.
Anhydr1te has the property of s«el11ng in
contact «1th moisture; hydration 1ncreases
the volume f rom 33% to 63%> exerting
approximately 6.5 tons of pressure per
cm~ on the su rround1ng materials. The
Tymochtee formation caused a doming of the
over�'1 y1ng Put- in-Bay rock structure.
Later, the gypsum «as dissolved, leaving a

large> unsupported subterranean cavern.
Eventually> the roof of the cavern
col 1 apsed. f ormi ng c re sc en t- s h a p ed c a ves
and caverns around the perimeter. The
collapse generally formed large shallo«
circular depress1ons on the land surface
and created small caves around the marg1ns
of these collapse features. In areas of
Catarba and Marblehead> the lenses of
anhydrite may have been thinner and less
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extensive, producfng only a slight doming,
and eventually resulting in the formatfon
of a sfnkhole rather than a cave. The
lower levels of many of the caves, formed
e1ther by solution or collapse, are nor
flooded by water coming 1n from the lake
al ong cracks and solut1on open fngs.
Perry's Cave on South Bass Island and
Crystal Rock Cave on the south shore of
Sandusky Bay near Castal fa are the only
caves of this type open to the public.

The shoreline of Catawba and the Bass
Islands contain many indentatfons and
headlands whfch owe thefr origin to such
solutfon processes. Roughly circular
lagoons fn the bedrock are particularly
common along the west shore of Catawba
Island. These lagoons are thought to be
sfnkholes as evfdenced by springs fssu fng
from their bottoms. Formerly lagoons such
as these provided excellent protect1on for
coastal wetlands> but 1n recent years most
of them have been developed as small boat
harbors. A fer natural lagoons still
exist along the rocky shores  such as
Terri llfger's Pond on South Bass Island! ~
but even these are threatened by the rapfd
1ncrease fn recreational use of the
region.

Geologically' the l ast glacier
retreated from the Lake Erie basin very
recent'ty, less than 12,000 years ago
 Hough 1958!. Glacfal events started much
earl fer, about a mill fon years ago, when
the first fce sheets 1nvaded the Lake Erie
regfon from the northeast. Geologists
refer to this segment of the earth' s
history as the Plefstocene Epoch or Ice
Age. As the fce overrode the res1stant
lfmestone. which now forms the brfnk of
Nfagara Falls' 1t dug deeply fnto the
softer Devonfan shales of western New
York. The fce front was obstructed by the
steeply rising Portage Escarpment wh1ch
1 fes a few kilometers fnland of the
present south shore of the lake between
Cleveland and Buffalo  Figure 21!. Thus.
the glacier was deflected to the west
along the outcrop of the soft shale. The
shale was scoured to form the deep bottom
of the narrow eastern basfn. Farther west
~here the wfdth of the shale belt fs
greater. glacial erosfon resulted fn the
broader, but shallower central bas1n. The

western basin ores 1ts islands, reefs and
shallowness to the tough Devon1an and
Silurian 1 fmestones and dolomftes which
res 1 sted g '1 ac 1 a 1 scour.

The preg'facial topography of the Lake
Erfe basfn can be inferred from test
borings and seismic measurements of the
sedfments overly'Ing the bedrock surface
 Figure 27!. During the long period
between the deposition of Paleozoic
sediments 1n the region and the f 1 rst
gl ac1er advance> approximately 300 million
yea r s > an extensive rf ver dra1nage system
was cut into the rocks. A trell fs-shaped
stream pattern formed in the 1slands area
rhfle the main-trunk stream entered the
present lake basin from the northwest and
exfted fn the vicinity of the Nfagara
Rf ver. The Plefstocene glaciers fol'lowed
these preg1 ac 1 el vail eys, scour 1 ng them
deeper and smoothing their meander as they
moved southwest. The islands and reefs
were probably high ground or hflls between
the trellfs streams. The end result was
greatly broader and deeper stream valleys.
Since the retreat of the last glacier>
over 30 m of sediment has been deposited
fn many of the glac1ated valleys to give
the present Lake Erie a much smoother and
flatter bottom than 1t had when water
first filled the basin.

As the 1ce
sheets paused 1n their advance or retreat.
rfdges known as morafnes were built up of
rock debr1s at the fce margins. The
debr1s, often called glacial t111, fs
composed of a heterogeneous mfxture of
rock fragments ranging 1n sfze from c'lay
to boulders. In places, end morafnes were
deposfted 1n such a way as to dam the
natural drainage, thereby forming large
lakes fn the scoured depressfons. Lake
Erie 1 s a remnant of such a lake. At fts
highest stage thfs 'lake> known as Lake
Maumee, ras over 244 m above sea levels
�0 m above the present level of Lake
Erie!, Lake Maumee extended as far
southwest as the present c 1ty of Fort
Wayne, Indfana  Figure 28!. At that tfme>
dra1nage f rom the lake was toward the
southwest vfa the Wabash and Mfssfss1ppf
Rf vers to the Gulf of Mexico. As the fce
retreated, other outlets were uncovered
and several lake stages  F1gure 28! were
formed at successively lower levels>
except for minor readvances of the fce





wh ic h blocked out 1 ets and c a u s ed
temporarily higher lake levels.

The foregoing sequence of events
occurred in a 2.000-year spar of time from
approximately 14i000 to 12. 000 years ago

stages of the Lake Erie basin.a

OutletLake stage Age
 years

ago!

Elevation
 m above
sea level!

Reason for
change in level

Niagara RiverIsostatic uplift
to the north

Erie
 modern!

4i300 174

Continued ice
retreat

Niagara RiverErie
 early!

150-14312e200

Mohark River or rest
to Lake Calumet or
Lake Glenwood

Erosion of outlet
and continued ice
retreat

195-190Lundy

Grand River> Mich.Continued ice
advance   Yalders
Drift!

207-203Warren

Mohawk River, N. Y.

Niagara River �!

Advance of ice200Wayne

Extensive retreat
of ice

Low water
stage

Grand River> Mich.Readvance of ice
Port Huron Moraine

224Whi ttl esey 13 i 000

Niagara River  l'!Extensive retreat
of ice

Lor rater
stage

grand River, Mich.217-212 Retreat of ice and
erosion of outlet

Arkona

Wabash River. Ind.Readvance of ice
Lake Border moraine

238Maumee III

Continued ice
retreat

Grand River> Mich.Maumee II

Wabash River. Ind.Formation of first
major lake stage in
depression between
ice and Defiance
Moraine

Maumee I 14i000 244

Data source: Herdendorf and Braidech �972!.

Table 3. Glacial lake

  Tab l e 3 ! . When the 92 ast glacier
retreated from the vicinity of Buffalo,
New York. a ner drainage outlet became
available through the Niagara R ver.
However~ the new outlet ras as much as
30 m lower than at present because the



land surface had been depressed by the
weight of glacial ice which was
approximately 1.6 km thick.

Thfs new and very low outlet caused a
massive flood of water to exit the lake
basin toward the east, resulting ln the
drainage of the western end of the lake
and the format f on of separate, shallow
lakes fn the central and eastern portions
of the lake basin. Ourf ng thfs low lake
stage �2 ~ 000 to 4.000 years ago! much of
the western basin was dry and exposed to
eros foni wh 1 ch greatly alter ed and
reshaped the bottom surface. The Niagara
outlet gradually rebounded to fts present
elevatfoni and Lake Erie correspondfngly
rose from this low el evatfon of 140 m to
its present level. As the lake rose<
waves and currents cut fnto the lake
bottom, local 1 y excavat fng the gl ac la 1
deposf ts and expos 1 ng some of the
sha1 1 ow'ly bur 1 ed bedrock. The exposed
bedrock now forms the islands> reefs, and
rocky shorelfnes of the lake.

Low i cont 1 n-
uous sandy ridges are common ln northern
Ohio, often wf thfn a few miles of Lake
Er le. Numerous east-west roads follow
these rfdges and many early homes were
built on them. Each rfdge represents an
ancient beach, formed along the shore of
former lakes whfch once occupied the Lake
Erie basfn at elevatfons much higher than
the present lake. These former lakes are
known as Maumeei Arkonai Whfttleseyi
Warren, Wayne< Grassmere> and Lundy,
Because these 'lakes each had a df fferent
outl fne and each stood at a different
e'levatlon, each stage 1 s marked by a
separate set of beaches at a charac-
ter 1 stfc e leva t1 on. The three most
prominent ridges are Warren, Whlttlesey,
and Maumee  F fgure 28! . In some pl aces,
such as Amhersti Berl fn Heights> and
Castal la, where the former lake shore was
a rocky, spectacular clfff, features
resembling sea caves and sea stacks can be
seen.

The bottom deposits of Lake Erie
cons fst of sflt and clay muds> sand and
gravel, peat> compact glacio-lacustrine
clays. glacial t f1 1 > shoals of limestone
and dolomite bed rock and rubble. shale

t edrock shelvesi and erratic cobbles and
bou'ders composed chiefly of igneous and
metamorphic rocks  Herdendorf 1968!. The
dlstrlbutfon of bottom sedfments is
closely related to the bottom topography.
The broad> flat areas of the western and
central basins. and the deep areas of the
eastern basin have mud bottoms. Mfdlake
bars and nearshore slopes are comprfsed
mostly of sand and gravel or glacial tfll.
Rock ls exposed ln the shoals of western
Lake Erie and along the south shore of the
central basfn at Huron and Vermll!on>
Ohio. In generali sand is limited along
the shoreline, but extensive dunes have
been formed at several places, most
notab ly at the base and southwestern side
of Point Pelee and Long Pofnt> Ontario.
These dunes were formed presumably under
the influence of the prevailing southwest
blinds. Littoral currents have con-
centrated sand spits> baymouth bars> and
harbor breakwalls at such places as Point
Pelee and Long Pofnt> Ontario; Woodtick
Peninsula, Michfgan; East Harbor, Cedar
Pofnt> and Vermilion, Ohio; and Presque
Isle> Pennsylvania.

The bottom deposits of the Ohio
portion of western Lake Erie  Figure 29!
are composed mainly of mud  semlflufd
clay- and sflt-sized partfcles! �8%!.
Sand �7$! i mixed mud and sand �2%! i
mfxed sand> gravel, and coarser materfal
�%! > gl ac 1 o-'lacustrine cl ay �%!, and
bedrock �%! account for the remaining
bottom materfal. Peat and plant detrftus
occur ln isolated areas along marshy
shores. Sand deposits in Maumee Bay and
at the entrance to Sandusky Bay are sites
of coalnercfal dredgfng  Yerber 1957!.

Test borings fnto the subsurface bot-
tom deposits fn the vicinity of the Lake
Erie Islands show a predominance of lake-
deposf ted material with only thin glacial
tl 1 'l overl y f ng bedrock   Hart 1 ey 1961! .
Preglacial burled valleys are fndlcated by
bedrock topography> which in places has 61
m of rel fef. Some boring also indicates
the posslb f 1 1 ty of 1nterg1 ac 1 al or
postglacial burfed valleys and lower lake
stages. Beach deposfts and peat have been
found ll to 24 m below the present lake
level> buried under more recent deep-eater
sediments. A radiocarbon date of 6,550
years ago was obtained for a sample of oak
wood buried 7 m below the lake bottom



Figure 29. Distribution of botto» depos1ts fn the Islands area of sestern Lake
Erfe  Herdendorf and Brafdech !.972! ~



 Herdendorf and Bratdech 1972!. Th1s date
permfts the calculatfon of a sedImentatton
rate of 0.1 m/century. h deep borIng In
the central basin 48 km north of Cleveland
 water depth of 26 m! yfelded bottom
surface sedIment of gray-brown mud.
Successt vel y lower samp 1 I ng y I el ded soft
gray-brovn clay that became stIffer
downward. ht 34 m of bottom penetration.
rock or hard glacial ttll that could not
be penetrated w as reached. Set sm1 c
reflection surveys have revealed a maxfeum
unconso11dated sedteent thickness of 84 m
In the central basfn and 40 m In the
restern basin.

Recent sedtmentatton In Lake Erte can
be attributed to tro prtmary sources:
suspended soltds from tnflowfng streams
and bluff matertal contributed by shore
erosion. Over 6 m111 fon metric tons of
clay ~ stlt, and sand are transported
annually to Lake Erie from tts trib-
utaries. Shore erosion of glacfal till
and lacustrine clay bluffs 1s an acute
problem at many 1 ocat tons along the
shoreltne. Maxtmum shore erosfon> based
on volume of material removed, occurs
along the north shore of the central basin
between Port Stanley and the base of Long
Pofnt, although the low-lytng south shore
of Maumee Bay has experienced the eax1mum
rate of shore recesston. which has been as
hIgh as 6 m per year. Estfmates of
erosfon rates for the Ohfy shoreltne
fndtcate that about 6.000 m /km of bluff
materfal erode each year. If these
estimates are extrapolated for !he entire
shore of the lake, 8.500r000 m of thfs
materIal are contributed to the lake each
year+ vhIch would equal a thickness of
0.25 mm tf spread uniformly over the lake
bottom  Herdendorf 1975!.

Marl and tufa' a carbonate of lfme
depostted on growIng planets. occur fn the
low bluffs and earshes along the south
shore of Sandusky Bay> partfcularly tn the
vfctnfty of LIttle Pfckere'l Creek. Both
of these deposfts are up to 0.3 m thick
and 1te above or below lake clays near the
present bay water level. These deposits
are associated wfth mineralized ground-
water which ts under artestan pressure fn
thfs area. As the groundwater issued from
the underlyfng bedrock, carbonate deposfts
such as these formed locally fn the
coasta'I vetl ands. Both tufa and marl

offer less resistance to rave attack than
the overly1ng and underlyfng clay.
Consequently. these deposfts are removed
rapidly, causIng undercutting of overlytng
clay and erosion of the shorel tne  Bowman
1951!.

ProlffIc growth In the Locust Pot nt
marshes has resulted In a deposIt of marsh
"muck" overlyIng the ancfent lake clays
 Savoy 1956!. The marsh deposits consist
of decayed organfc matter mIxed rtth
varyIng amounts of clays silt> and sand
 Ftgure 30!. Sand Is only abundant tn
areas near the barrfer beaches where
storms have carr ted sand wedges 1nto the
marshes. These deposf ts vary from a
graytsh brorn to a rich, brornfsh black.
In thickness, the deposits range from a
thin veneer to nearly 1 m. On the floor
of the marshesi these deposfts are quite
soft and porous with abundant, loosely
coherent plant remafns. In places, these
depostts occur beneath the barrier beach
deposfts. and locally they are exposed
rhere wave actfon has cut Into the beach
 Figure 31!, The recent geologfc history
of the Locust Potnt shore fndtcates that
the barrfer beaches have mfgrated
shoreward over the marshes. and thus have
preserved marsh deposits beneath the beach
sands. Savoy   1956! found that the
barr1er bar at Magee Marsh has steadIly
advanced landward over the earshlands as a
result of the overwashfng of beach sand
1nto the marsh dur1ng northeast storms and
the sweeptng of sand fn through breaches.
Durtng this advance, the compacted marsh
deposits rhtch have been overrtdden by the
bar are eventually exposed to current and
wave attack at the beach front. When the
marsh deposits themselves are eroded, they
contr1bute a black< peaty eatertal to the
beach face vhfch dtscolors the nearshore
waters of the lake.

Coakley �972! i workIng tn the
vtctntty of Potnt Pelee, showed that the
pofnt 1s composed of two sand and gravel
spfts resttng on a glac1al moraine  Ffgure
32!. The spits enclose a marshland which
has formed rel atfvely thin peat deposfts
� m!. The sand bodies reach a thtckness
of 8 m on the west side of the spit.
Coakley attributes the source of thfs
deposit to discharges of sandy eatertals



Figure 30. Marsh deposfts at Magee Marsh> showfng tension cracks that
develop when dewatered  Savoy 1956!.

Figure 31. Cross section of barrier beach and lagoon at Magee Marsh, Ohio
 Savoy 1956! .
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Figure 32. Cross sectIon through point Pel ee, showf ng sand beds and
dunes overlying glacial deposits  Coakley 1972!,

from the Detroit RIver and Big Creek which
then move east and southeast.

Water levels fn western Lake Erie� ' s
coastal wetlands are subJect to sudden
fluctuatfons which can amount to over I m
in a few hours. PartIcularly under the
influence of northeast and southwest
storms. the coastal marshes are frequently
flooded or dewatered> respectivel y. Under
these c1rcumstances the soil fring1ng the
marsh changes from a wel 1-aerated>
ox id fz 1 ng condition to a waterlogged>
reducfng condft1on. Harter �966! found
chemical and/or microbiologIcal transfor-
mations are assocfated with this change.
the most fmportant befng the decompositIon
of organic matter and the reductfon of
ferric to ferrous iron. manganic to
manganous manganese> and sulfate to
sul f i de. The IntensI ty of reduct Ion
largely is posftfvely correlated wfth the
amount of organfc matter In the soil�.
Both of these processes place a heavy
demand on soil oxygen. As a result>
waterlogged marsh soils often conta1n low
oxygen levelsi the amount of oxygen in a
given so11 tending to be inversely
proporti one 1 to the water content
 Pearsall 1950!. Thfs same situation can
exf st fn managed marshes when they are

flooded after a period of "drawdown" or
draining of the marsh which Is desfgned to
stimul ate the growth of vegetatfon, par-
t I cu1 ar1 y smartweed  ~i~~g spp. ! r
utilIzed by waterfowl.

Tests performed by Harter �962! on
the To'ledo clay loam a typfcal marsh soil
in northwestern Oh i o> showed that
inundating this soil caused a decreased
uptake of calcium, magnesium, manganesei
and potassium by smartweed. From f1eld
and laboratory observatfons, Harter
concluded that It is doubtful that
smartweed can be made to proliferate
naturally fn a coastal marsh. Even when
saturated soil was treated with nftrogen>
phosphorusa and 11me, smartweed fa1'led to
establish ftsel f at a satisfactory level
of growth. When the soil was flooded only
the most vigorously grow1ng plants were
able to contfnue growfng, and even when
the soil was not flooded the smartweed was
crowded out by other species. In managed
marshes, unless the marsh 1s drained very
early 1n the sprfng. ft is doubtful that
smartweed will be able to successfully
compete with the more vfgorously growfng
marsh plants> such as catta11  ~
sppi!
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Redmond et al. �971! mapped the
marsh soils of Er1e County> Ohio. The
highest concentratIons were found along
the sauth shore af Sandusky Bay between
Sandusky and Whites Landing and near the
mouths of the Huron R1ver and Old Woman
Creek. They observed that these areas are
submerged part of the year> but are dry
long enough ta permit the growth of
cattails, sedges, and other water-tolerant
plants. The soil material underly1ng the
marsh varies considerably . In the areas
west af Sandusky> ft fs s1milar to the
material fn the lower part of the profile
of Toledo soils, but fn the areas east of
Sandusky> it fs sfmflar to the material in
the lower part of the proffle of Lenawee
and Colwood sails. Toledo soils are dark-
colored> very poorly drained soils that
formed fn clayey lake bed deposits.
Lenawee soils are similar but slightly
coarser fn texture. Colwaod soils are
also dark-colored and poorly drafned> but
they formed fn lake-deposited silt and
f 1 ne sand, Redmond et al . �971!
concluded that these areas provfde good
habitat for duck, muskrat, and other kinds
of wf1 dl 1 fe, 1 f they are protected from
land-ffllfng operations and f rom
pallut1on.

2.2 CLIIVIATE AND WEATHER

The climate of western Lake Erie is
temperate and humid-continental and is
characterized by rapfdly changing weather.
The location of the Great Lakes between
the source reglans of contrasting polar
and tropical air masses fosters these
complex weather patterns.

The annual average temperatures for
mainland stat1ons 1n the Lake Erie basin
range between 84 C to 100 C. Tem-
peratures generally decrease north-
eastward from the southwestern end of the
basfn  Ffgure 33!. The highest average
temperatures occur at Put-fn-Bay on South
Bass Island with an annual average of
11.1 C.

The highest average monthly tem-
peratures occur in July, ranging from
21.1 C to 23.4 C at mafnland stations.

Figure 33. Annual air temperature curves
for Toledo> Put-fn-Bay> and Buffalo  FWPCA
1968!.

These a'iso general 1 y decrease north-
eastward across the basin from Toledo to
Buffalo. Put-fn-Bay aga1n fs the highest
at 24.0 C. The lowest average monthly
temperatures occur in January at the
western end of the lake and February at
the eastern end> and range from -4.4 C to
-2.2 C. The extremes of afr temperature
in the Lake Erie basin are about -28.8aC
and 37.8oC,

Average monthly precipitation at
mainland stations fn the Lake Erie basin
fs well-distributed throughout the year
 Figure 34! and ranges from about 77 cm
�0 fn! to more than 102 cm �0 fn! with
an overall basin average of about 86.4 cm
�4 fn!. Yearly precipitation has varied
between the extremes of 71.0 �8 in! and
109. 2 cm �3 1 n! . P rec 1 p 1 tati on shows a
str1kfng correlat1on to land elevat1on and
topography  F1gure 35!. Low-lying flat
areas of the western basin~ including the
coastal marshes, have the lowest pre-
cipitatfan.

Most of the precipitation 1n the Lake
Erie basin fs derfved from the north-
eastward flow of warm, moisture-laden air
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of low pressure systems from the Gulf of
Mexfco, Precfpftatfon results when this
clashes wfth colder, northern a fr of high
p res su re systems i moving In from the west
and northwest. This k Ind of weather fs
typfcal of sprIng, summer, and early fall,
and usually occurs fn cycles of a few
days. Humidity fs hfgh along with hfgh
temperatures, and south to southwest winds
persist for long periods.

In winter, however, the colder Ca-
nadian aIr masses push southeastwand and
domfnate the weather, resulting in less
precfpitatfon and less humfd ity. The
heavfer prec1pftatfon  usually snow! fs
experfenced fn the eastern part of the
basfn> part fcul arly fnl and from the
AmerIcan shore. Thf s 'I argel y local
phenomenon, known as "lake effect," is
caused by afr movfng across Lake Erie,
picking up mofsture en route, and
precfpftatfng ft when the afr mass rIses
along the front of the hills on the
southeastern shore. Snowfall fs greater
fn the eastern part of the basfn:
e.g.,Buffalo has an annual average
snowfall of 182.9 cm as compared to less
than 91.4 cm for Toledo  Federal Ifater
Pollution Control Admfnfstratfon 1968!,

Thunderstorms occur on about 35 days
each year and are most frequent from April
through August. Heavy rains of 5 . 0> 7 . 6 .
9. 4 ~ 1 1. 4, 13 . 2. and 14 . 7 cm In 24-hour
periods can be expected to occu r at least
once every 2i 5, 10' 25, 50, and 100 years
respectively. The heaviest rain of record
fn OhIo fell between 0200 and 2200 hours
on 12 July 1966 at Sandusky. Total
rafnfall durIng thfs perfod was 26.7 cm.

Southwesterly wfnds prevail over Lake
Erie In all months of the year  Ffgure
36>, a characterfstIc common to the
northern hemisphere temperate reg 1on.
However> fn fall and wfnter> northwesterly
winds occur frequently, reaching hfgh
ve'locftfes �5 to 80 km/hr! durfng storms.
In spring, the same fs true of
northeasterly wfnds except that velocItIes
�0-65 km/hr! are u sual 1 y lower. Storms
of thfs fntensfty from the northeast can
be particularly devastatfng to coastal
wetlands fn Ohio and Mfchfgan.

FIgure 36. Average annua'l wfnds at
Sandusky, Ohfo> for 1948-1957  Herdendorf
and Braidech 1972!.

Western Lake Erie experiences a
maxfmum of about 15 hours of dayl Ight fn
the summer and 9 hours fn the winter
 Table 4! . Therefore the percent of
possible sunshfne Is greatest fn mfdsummer
and least In wfnter  F1gure 37! > although
precfpItatfon mfght Indfcate otherwise.
Less sunsh1ne fn winter fs due to the
cloud-produc1ng effects of the lake.
December and January ordfnarfly have less
than 40% of possible sunshfnei while June
and July average more than 70% at most
stations. The percentage over the lake In
sunaner fs even greater,

Lake Erfe has a marked moderating
effect on the clfmate of the basfn.
especially for a few kflometers inland
from the shore, Th I s 1s demonstr ated by
the length of the frost-free season; near
shore ft fs greater than 200 days> while
only a few kflometers fnland ft fs as much
as 30 days less  Yerber 1955!. Thfs
longer frost-free season fs due to a
warming effect from the lake water.
Dur f ng the 1 ate f el 1 and earl y w f nteri the
lake fs st111 relatively warm and delays
the ffrst kfllfng frost.



Table 4. Average monthly duration of daylight for western Lake Erie,a

  hr: mi n!  total sec>Month SunsetSunrise

1723

10:281805

11:531838

13: 161911

14:352043

15:142109

2106 14:56

13:532034

1945 12 >35

11:111853

9:491711

1701 9:07

a Data source: U.S. Weather Service.

Although located in nearly the most
northern portion of the State> South Bass
and the other islands have the longest
frost-free period of any area in Ohio.
South Bass Island has an average frost-
free period of 205 days, rhi'le Bucyrus, 80
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Figure 37. Monthly percent of possible
sunshine at Toledo> Ohio, for 1965  FWPCA
1968>.
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km to the south. has an average of 154
days. North Bass Island has a frost-free
period of 206 days. The high heat
capacity of the lake prolongs the suwmer
temperature far into fall, but the small
range of temperature between the maximum
and the minimum daily temperature permits
a long spring, The long frost-free
period. however. does not indicate a long
growing season. The spring temperatures
are retarded, and the threshold
temperature> or temperature denoting the
beginning of the blooming period of the
flora ~ occurs much later on the island
than on the mainland, This retardation is
reflected by the average date of the last
killing frost. rhich is around April 15
for the islands. contrasted with May 20
for the interior of Ashtabula County+
nearly in the same latitude~ and «ith
April 30 as far south as Columbus.
Similarly, the average date for the first



kf1 1 ing frost in the fall is around
October 30 for the islands, contrasted
with September 30 for Ashtabula County>
October 15 for Columbus, and October 20
for Cincinnatf. Thus> the average length
of the growfng season for the 1slands is
over 192 days. The number is a reasonable
estimate for the coastal marshes frfngfng
western Lake Erie.

Verber �955! determined micro-
climatic condit1ons on South Bass Island
by sampling at 37 d1fferent temperature
stations from July 1944 to August 1948.
The followfng seven mfcrocl1mates were
apparent: 1! h f gh and 2! low leeward
shores> 3! hfgh and 4! low wfndward
shores> 5! high and 6! low 1nland
stat1ons, and 7! wooded areas. Daily
temperatures showed the most signiffcant
changes. In wfnter> the varfations
between the low frost pockets and the high
lee shore stations were as great as 10 C,
Dur1ng the sumnwar+ the lee shore stations
were the warmest parts of the island. The
frost-free season on the island varfed fn
1945 from 187 to 251 days for the various
s el ected mfcrocl frnatic hab f tats.
Interest1ngly, this range on the island is
greater than that rhich normally occurs
between South Bass Island and central
Ohfo.

Thus, a correl at1on exists between
the d1stribution of some of the southern
and western aquatic plants along the
shorelines of the larger Lake Erie islands
and the1r microcl imates. Southern
species< such as water willow  ~~
~L~~!, occur pr1marf 1 y on the
southern shores of the large islands where
they grow in less exposed> more moderate+
w a rrner mi c roc 1 imates. Western and
northern species> such as harebell
 Q@IU!I~ ~~!. are found on the
north and west shores of the 1slands in
1 ocations with cooler, more exposed
condftions. In the Lake Erie islands many
of the southern and restern/northern
species are on the edges of thefr ranges.
Under these marginal cond1t1ons in rh  eh
they survivev they are generally rare fn
the flora compared to more w1despread
species  Stuckey and Duncan 1977!.

2.3 HYDROLOGY

Approxfmately 90% of the total inflow
to Lake Er1e comes from the Detroit Rfver>
the drafnage outlet for the upper Great
l akes. The average annual inflow at the
head of the Detro1t River fs Si140 m /si
equivalent to 6.4 m of water cover1ng Lake
Erfe. Surface runoff from the dra1nage
area enters the lake via many smaller
trfbutary rfvers or by d1rect runoff from
the shore area. AIIerage annual runoff fs
estimated at 580 m /s, equfva'lent to 0.7 m
of water over the lake's surface. The
outflow from Lake Erie is thr ough the
Niagara Rf ver at Buffalo and the Welland
Canal d 1 vers1on at Port Col borne.
Combined outflow averages about 5>730 ar'/s
annually> equfvalent to 7.1 m of water
over l ake Erie.

Water depth 1n the lower Detroft
Rfver fs fnfluenced to a large extent by
the water level of Lake Erie. Strong
easterly winds can produce water levels in
western Lake Erie rhich are 5 m above
those in eastern Lake Erie. As a result>
a partial reversal of flow 1n the Detroit
River can be caused by rater levels at its
mouth being up to 1 m h1gher than at its
head; under normal condftfons there fs
typically a 1 m fall f rom Lake St. Clair
to Lake Erfe. Current veloc1ties average
2.4 km/hr 1n the channels on both s1des of
Grosse Ile. Speeds are less 1n shallows
adJacent to the islands and channels, but
at no place can the water be termed
stagnant  Hunt 1962!. The lowest flows of
the Detroit Rf! er ordfnarily occur in
February �,500 m'/s! aIfd the hfghest
July or August  Si600 m /s!.

The average annua'1 rainfall 1n the
Lake Erie basin fs about 90 cm. The total
land area which dra1ns into Lake Erie,
excluding that above the mouth of the
Detroit River. f s only about tr1ce the
area of the rater surface of the lake.
The large expanse of water affords a great
opportunity for evaporat fon ~ and the
amount of water wh1ch has been lost fs
estimated to be between 85 and 91 cm.
This amount of evaporat1on fs approx-
imately equivalent to the average annual
rafnfal 1 over the lake. During dry
periods more ~ater may be evaporated from
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Figure 38. Nap of major watersheds in the western and central Lake Erie
drainage basins  FWPCA 1968!.

the lake than flows into it from its
drainage basin. Under these conditions
Lake Erie delivers 1nto the N1agara R1ver
a smaller quantity of water than it
receives from the Detroit River.

Four natural hydrolog1c factors ac-
count for the net supply of water to
coastal wetlands: 1! precipitationI 2!
runoff. 3! ground water I and 4!
evaporation. While the major source of
water to Lake Erie is the upper Great
I akes via the Detroit River, several
watersheds  Figure 38! drained by 10 major
streams and numerous small ones discharge
1nto the western basin of Lake Erie  Table
5!. Each of these tributaries has a
drowned mouth> creat1ng estuarine
conditions which have fostered the
formation of coastal marshes.

The record h1gh water levels in Lake
Erie during 1972 and 1973 contributed
greatly to increased erosion of the
shores. Because the narrow beaches
fronting the coastal wetlands and shore
bluffs were submerged, they were exposed
to direct wave attack and erosion by
alongshore currents. Severe storms have
resulted in profound changes 1n shoreline
conf1guration and disruption of the
marshes ~

Water level changes on Lake Erie are
of two principal types: 1! long-period
fluctuations and 2! short � per1od
f1 uctuati ons. Long-period fluctuations
are related to volumetr1c changes of the
lake, caused principally by variations in



Table 6. Est1mated characteristics of western Lake Erie trfbutarfes.a

Stream Drainage
area
 km2!

Suspended
so11ds

 tons/yr!

Aver age
di scha rge
 m3/sec!

Dfssolved
solids

 tons/yr!

NICHIGAH
Detro1t River
Huron River
River Rafsfn
Others

33r580i000
73.000
91' 200
25+000

Ii570~000
1>800
4i700
4a000

5~140
16
19
20

? i300
Zi640
3i110

I i 000
2e 270' 000

700
120.000
270w000

12m 000
60u000

470
178050

280
1 i 520
3r680
ls040

900

3
137

2
11
30

9
8

5>000
le370s000

4i000
91 r200

446i400
50i000

100r000

Oh'TAR I 0
Bfg Creek
Others

300
I F500

1 i 200
5.000

35e842i00

110
500

TOTAL 33x600 4 i 316' 0005i 400

a
Data source: Herdendorf 1975.

OHIO
Ottawa River
h~aumee Rfver
Toussafnt R1ver
Portage Rfver
Sandusky Rfver
Huron River
Others

prec 1 p 1 tati on, evaporat1on, and runo f f.
These changes include both seasonal
fluctuations and those occurrfng over a
perfod of several years. Short-period
fluctuatfons are due to a tilt fng of the
lake surface by wind or by atmospher'.c
pressure differentials. Wfnd tides'
sefches, and harbor surgesi rhfch have
perfcds from a few seconds to several
days> are examples of short term
fluctuations. Verber   1960! found sun and
lunar tides are neglfgfble> resulting fn
maxfmum fluctuations of 3.3 cm.

The hfgh-
est and lowest average monthly levels on
Lake Erfe generally occur in June and
February. respectively. This seasonal
var 1 ation typfcally ranges from 0.3 to
G.6 a. The plane of reference for charts
and nav1gational works on Lake Erfe fs
known as Low hater Datum  LaID!, and
stands at an elevat1on of 173.3 m above
tt e mean at Father Point> Quebec. The

water level at Father Point, known as the
International Creat Lakes Datum or ICLDi
1955, approxfmates sea level at the place
where the flow from the Great Lakes enters
the ocean based on water level records for
the year 1955. The mean level of Lake
Erie for the perfod of record �900-83! 1s
173.9 m as measured by the U. S. Army
Corps of Engineers. The hfghest average
monthly level recorded was 174.8 m reached
fr June 1973 and the lowest average
month'ly level recorded was 173 . 0 m fn
February 1936. This represents a change
in the lakes volume of approx1mately 10%.

Long-term varfatfons are the result
of persistent h1gh or low precipitation.
In the mfd-1960s on Lake Erie and the
upper Great Lakes, there were low
prec1pf tat f on a n d ne a r- record 1 ow w ate r
levels 1 n the 1 akes. In 1972-73. there
were higher precfpitatfon and extreme high
water levels on Lake Erie. Records at
Cleve' and go1ng back raore than 100 years



fndicate no regular, pred1ctable cycle of
levels. The 1nterval between perfods of
high and low water can vary widely.

Water
levels at the ends of Lake Erie  Toledo
and Buf falo! have a much greater
fluctuatfon than near the center. Tflting
of the lake surface is analogous to the up
and down movement of the ends of a teeter-
totter wh ile the center is stable. High
water levels coupled w1th northeast storms
have produced a max 1mum rf se 1n level of
3 m above Low Water Datum at Toledo.
Conversely. low water and southwest w1nds
have lowered the level to 2 m below Datum,
a range of 5 m, Under the influence of
wind, currents tend to bank up water on
the w'Indward shore, Thf s forced movement
of the laic surface fs known as wind tide
and the amount of rise produced is the
w1nd setup. The result1ng free oscillatfon
of the lake surface caused by the
inequal 1 ty of ~ater level 1 s cal 'led a
sefche. Such free osc11lat1ons are nearly
cont1nuous in the 1slands region and most
often have a period of 12 hours and
amplitude of less than 0.7 m wfth a
maximum amplitude of 2 m.

The ma]or seiches on Lake Erie are
essentially parallel to the longitudfna'l

axis of the lake. Sefches along this axis
have a period of approxfmately 12 to 14
hours. Seiche periods as recorded for 3
years at a water level gauge at Put-fn-Bay
on South Bass Island  Figure 39! indicated
that longitudinal seiches were occurring
about 44% of the year  Herdendorf and
Bra1dech 1972!. Surface winds from the
south~est or northeast are 'i fkel y to
produce such sefches along the long axis
of the lake. Wind records from Sandusky,
Oh1o, are in agreement with the frequency
of sefche periods; surface blinds from
these d1rectfons occur approx1mately 150
days �2%! of the year  F 1 gure 39! .

Water movement fn the western basin
of Lake Erie is strongly 1nfluenced by
Detroit Rfver flow, This inflow fs
composed of three distinct ~ater masses.
The midchannel flow predominates and fs
characterized by: 1! lower temperature> 2!
lower speci f fc conductance> 3! greener
color and higher transparency ~ 4! 1 ower
phosphorus concentrat1 oni 5! h 1 g her
d1ssol ved-oxygen content, 6! 1 o we r
chloride-fon concentrat1on, and 7! lower
turb1dity than the flows on the east and
west sides of the river, The mfdchannel
flow penetrates deeply fnto the western

Figure 39. Annual frequency of occur rence of sefche per1ods
at Put-in-Bay, Ohio  Herdendorf and Braidech 1972j.



basin where ft m1xes w1th other masses and
eventually flows into the central basin
through Pelee Passage and to a lesser
extent through South Passage. The sIde
flows generally cl1ng to the shoreline and
recycle in large eddy currents.

In the central basIn, the prevailing
southwest winds are parallel to the
longitudinal axis of the lake. Because of
the earth's rotat1on these rinds generate
currents rhfch cause a geostrophfc trans-
port of water torard the U.S. shore. This
convergence of rater on the south shore
resul ts In a rise In lake level along the
coast rhich 1s offset by sinkfng water
masses that carry water away from the
south shore. At the same time the lake
level fs lorered along the Canadian shore
as surface currents move the water
offshore. The sinking along the south
shore is compensated by a subsurface
movement of rater toward the north and an
uprell fng along the Ontario shore.

The central basin thermocl1ne Is
approximately 10 m shallower adjacent to
the north shore than on the south side of
the lake; this can be Interpreted as an
upwellfng Influenced by the prevaf ling
southwest winds  Herdendorf 1970!. The
resultant surface currents 1ndIcate a net
eastward movement> while subsurface
readfngs show a slight net westward
movement. Th1s can be explained by the
cycle of 1! surface transport of water
torard the southeast' 2! sinking of water
off the south shore> 3! subsurface
transport toward the north-northwest> and
4! upwelling adjacent to the north shore .
The pattern of this type of cfrcu'lation
would be ana'logous to cofls of a spring
that taper toward the eastern end of the
lake. The formatIon of a deep thermocl inc
in the southern half of the central basin
results fn a relatively thfn hypolimnfon
which is highly susceptible to oxygen
depletion by sediments wfth h1gh oxygen
demands. These cfrcumstances result In
the presence of anoxic bottom ~ater.
particularly fn the southwestern part of
the basin  Sandusky sub-basin!.

The surface currents in the western
half of the restern basin are dominated by
the Detroft River inflow  Figure 40!.
However> fn the eastern half of the basin
the surface flow becomes more influenced

by the prevailing southresterly winds, and
this ef feet produces a clockwise f'low
around the islands. Eddy effects along
the sIdes of the Detroit River Inflow lead
to sluggish movement of surface water «est
of Colchester. Ontarfo. and betreen Stony
Pofnti IIfchfgan, and Toledo. These edd Ies
tend to retafn waters contained wfthfn
them, leading to the hfgher concentrations
of pollutants found In these areas,

The surface f1 or of water In the
restern basin is often affected by changes
1n rind directfon and 1ntensity. Strong
rInds drfve surface circulatIon in the
direction that the wind Is bloring. Thus
rfth a sufffcfently strong wind most of
the surface rater. except masses along the
windwar d shore, moves in the same direc-
tion as the wind.

In suamer. bottom currents In much of
the restern basin of Lake Erfe are sfmflar
to surface currents+ being dom1nated by
the Detroit River Inflow  Ffgure 40!.
Horever. fn the Island area the bottom
currents are often the reve rse of the
surface currents resulting fn a counter-
clockwise flow around the 1slands. Lfke
the su rface movement> bottom currents can
also be changed by the wind, although
stronger w1nds are required to create a
major change of pattern. With strong
windsi which cause major changes 1n rater
level ~ the bottom currents are essentially
the reverse of surface currents.

Herdendor f and Br a I dech   1972!
measured lake currents at 68 statfons 1n
the island reg1on under various wind
conditfons during a 10-year per.fod. When
data from these measurements were plotted
to create current maps> one of the most
striking features noted was that winds
from any dfrectfon will normally drive
surface currents downrf nd, rh11 e
subsurface currents are often opposed to
the wInd. To compensate for the loss of
surface water blown downwfnd> a returning
flow of water fs created along the bottom.
WInd dfrectfon, bottom topography> and
shoreline configuration appear to be the
major factors controll 1ng shallow-rater
current patterns. The average recorded
velocity for surface and bottom currents
ras 14.4 cm/s and 7.7 ceu's> respectfvely.
The highest velocities were found In
restricted areas such as Inter-Island
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Azure 40. Dominant surface and bott' current patterns fn western
Lake Erie  FMPCA 1968!.



channels and in the vie lnfty of reefs,
Currents fn excess of 25 cm/s were found

35% of- the stat fons�> whi 1 e cur rents
above 50 cm/s were measured at only one
statfon.

All of the submerged rock exposures
within the region proJect above the
surrounding bot tom, and a re gener a 1 1 y
swept c lean of sediments by the currents.
The relatively clean surface 1nd icates
that no permanent sedimentat1on fs tak1ng
place on the reefs, However. sediment
collectors that have been mounted on the
reefs fnd1cate that a consfderable amount
of sed1ment 1s befng transported over the
reefs to be deposited fn deeper water.
Because the reefs proJect above the
bottoa, they are generally areas of h1gher
energy due to the forces of waves and
currents, The habftat created closely
simulates the environment found fn the
r 1 f f 1 es and st reams. Several f f sh
specfes> part1cularly the walleye which
commonly spawns 1n streams. appear to have
enJoyed success in Lake Erie because of
the availability of this type of hab1tat.

The w1nd fs the over-riding force
affecting water cfrculat1on of the central
b as f n of L ake Er1e. lf 1 nd-dr 1 ven currents
ares as the term fmpl fesi the movements of
water directly caused by wind stress at
the water surface. These currents are the
fastest and most variable in dfrect1on of
large-scale ~ater movements. Large vol-
umes of water can be moved fn a very short
time> as in wind set-up. The orientation
of the central basin> with its long axis
essentia'lly parallel to the prevailing
southwesterly winds> makes this ef feet
espec f al 1 y important and can cause
dewatering of coastal marshes in the
western basfn. hlso. during northeast
storms. large volumes of ~ater can be
transferred to the western basfnr flood1ng
coastal wetlands.

Host of Lake Erfe's shores are
characterized by easily eroded banks of
glacfal ti'll and lacustrian sediments,
while lesser reaches are composed of
resistant bedrock bluffs. The shore of
western Lake Krfe consists of low banks of
lake clay and narrow barrfer beachesf the
bluf fs of the central basin are more

typically t111 capped by lake clay and
sand which rise to 23 m abave lake level
on the south shore and over 46 m on the
n o r t h s ho r e . Res 1 st ant 1 1 nest one and
dolomite crops out only 1n 9-m hfgh c11f fs
along the Chio shore between Port Cl inton
and Sandusky and on all of the western
Lake Erfe 1slands. Shale bedrock forms
erosion-resistant' nearly vert1cal bluffs.
6 ta 15 m highs between Vermilion and
Cleveland.

lfave action follows wind actfon very
closely on Lake Erie because of the
shallowness of the lake. Swell sr however,
often continue 1nto the next day after a
storm subs1des. The depth of the water
and the direction> velocity. duratfon> and
open water fetch of the wfnd collect ively
determ1ne the characteristics of waves at
a g1ven location. The U. S. hrmy Corps of
Eng1neers  Res fo and V 1 ncent 1976!
est imates that o f f Harb 1 ehead Pen 1 nsul a >
with a fetch of 240 km and a wind veloc1ty
of 48 km/hr, the maximum wave for Lake
Erie is developed in 20 hours. Given
these conditions. a wave 3.7 m high w1th a
6.5-sec period can develop. Maves of this
height break offshore, but reformed waves
as h1gh as 1.1 m can reach the shoreline
of the coastal wetlands.

hs waves approach the shorel1ne the
water level rises at the shore and the
excess water escapes as alongshore
<1 1ttoral! currents. These currents can
be rapid  up to 1.2 m/s! when waves
approach the shore at angles other than
perpendicular and can result in the
transport of beach materials as large as
cobbles �4 to 256 am in diameter! and
boulders  >256 mm!. Such currents are
important agents of erosion> transpor-
tation and deposition of sediments along
the barr1er beaches wh1ch front many of
the coastal marshes.

The rockbound shoreline of western
Lake Eri ~ is undaring very slow eros1on
by scour from waves and currents.
However, dur1ng the recent period of high
water many large blocks of dolcmite fell
from the h1gh cl fffs of several islands.
This prob'lee has become partfcularly acute
at the south point of South 8ass island.
wh ~ re 1n 1976. it nec ~ ssitated the
relocat1on of the U. S Coast Guard
navfgation light tower whfch was 1n danger



of fallIng Into the lake. The highest
incidence of erosfon appears to take place
'In the spring and fall. Ground rater
seep1ng Into cracks and $ofnts In the rocl
freezes> expands> and tends to spl ft the
rock from the cliffs, a process known as
frost wedging. This process, coupled wfth
frequent and severe storms fn the spring
and fall, has resulted In many offshore
blocks of dolomite which rfng the rest
shores of several of the fslands.

A'longshore currents also produce
a~callant beaches. One of the best
examples fn western Lake Krfe 1s, Ffsh
Point, a spit at the southern tip of Pelee
I. land. The sand has come from glacIal
deposits lying east and vest of the
island. Converging southerly currents
a Ion< the east and west s fdes of the
island have built a 3-km-lang SpIt rhfch
enc loses a lagoon and coastal marsh.

1 I 1 tan et al.   Io78> documented hov
currents are dissipated by the frictional
res 'I st ance of amer gent and submergent
aquat fc vegetat I on. In s low Ing the
velocity cf rater movement, aquatic
vegetation prov I des a qu 'I esc ent
en v I runment where dr 'I f t of egg masses and
~ assi le organisms Is minimized.
Furthermore> an excellent rearing habftat

provided for free srfamfng organisms fr
«hi eh predat 'Ion may be reduced and a
a fnfmum of enerqy fs requ1 red to resist
vater moveaent. The value of vet lands as
nursery habf tats Is separate from their
value as spawning grounds In that fish
spec 'les whIch do not spawn fn retl ands may
st 'I 1 1 benef It from the lack of current by
using the marsh commun 1 ty as a rearing
habitat.

The value of wetland vegetation fn
ruduc Ing veloc 'Ity of rater movement Is
most Important fn rfvers and estuarfes but
should not be minimized fn the coastal
wetlands. Se'fche activIty on Lake Erie
produces large movements of water rhfch
can move arganisms from relatfvely
sheltered nearshore areas fnto the open
water  Tflton et al. I978>. Submergent
and emergent aquatic vegetat1on reduces
the velocity of the rater movement from
coastal wet fends and thus reduces the
transport of organisms to the open lake.

Krecker  ]931! .tuC fed sefChe
activity fn coasta f marshe and lagoons
along vestorn Lal ~ c Erie and emphasized the
fmportance of lagoon wetlands as shelter
for ffshes and invertet rates. He also
poInted out the fnportancc of sefche
cuf rents in ma inta in 1ng c.hannels which
connect the lagoons, such as East Harbors
vf th the lake. ThC connOct 1ng ChannelS
serve to make the lagoons ava11able to
f I sh as feeding and sparning grounds.
They also permft the fr troductfon of
externally der f ved detr I tu. i inc iud inc.
pa rtIcul ate or ganic matter. along v f th
algae and duckreeds rhfch provide food for
herbivorous fish and other forage species.
In turn, the abundance of these for age
fish, as well as large number of juvenile
fIsh resulting from spawning activit fes,
attract predator fish to wetlands for
feeding. Predator f fsh, such as northern
pIke, may feed at dusk and at dawn fn
shallow raters, but usually return to
somerhat cooler or deeper ~aters for
resting during the day. Thus 11nks
between oper waters and the shalfor
wetlands are essential. In more isolated
marshes, only sprIng floods and other
high-water periods provide access to the
wet'lands for feeding and spawning ffsh.
Ourfng perfods of low or obstructed f lor,
1 Inks to adjacent wetlands are broken and
the Isolated wetland popul atf ons may
suf for from higher ~ater tcmperaturesx
reduced dfssolved oxygen, ard concen-
tration of chemical effluents.

Hall and L udwfr   1975! observed that
bulrush  '~~ ~~! and spike- rush
<~i gIb~ gal~~! were ver> effective
In wave dampenfng fn Cecil L'ay on Lake
Mfchfgan. Studies for outside the Great
Lakes suggest that the vegetatIon of
coastal wet 1 ands provIdes an e f feet f ve
barrier to low amounts of turbulence.
Emergent vegetation 1 s more e f feet i ve f n
absorbing wave energy and wave heights
than submergent vegetation and al so acts
as a buffer against rinds, further
reducing surface turbulence. The beneffts
to aquatic organIsms as a resu lt of wave
energy dissipation are sfa Ilar to those
from reduction of currents. An addit fonal
benefit of the dfssfpatfon of vave and
wind energy by emergent macrophytes fs the
creation of a habitat fn rhich waterfovl
and other birds are likely to take shelter
during storms vfth strong winds.



while aquatic voqetat1on fn retl and
areas acts to reduce current and wave
energyi these macrophytes are al so
susceptible to the physfcal stress of such
water movements. Streams wf th sr 1 f t
currents are frequent l y devoid of
macrophytes as are exposed shores of large
lakes. Coastal wetland communft'Ies
develop along tho Lake Erie shoreline
where shelter fs provfded by a barrier
beach, 1sland, or embayment. In western
Lake Erie. protectfon fs provided to many
coastal wetlands by barrier beaches.
Ifherever beaches have been eroded so as to
expose retlands to wave actfonI such as at
Pofnte Moufllee. damage and erosion of the
vegetat fon has occurred  Jaworskf and
Raphael 1976!. The susceptfb 111ty of
aquatic macrophytes to physica'I stress by
rave action varies rfth species and plant

morphology. Imergent macrophytes tend to
resfst the action of raves more th ~ n
submersed macrophytes, w1th reeds and
bulrushes being more resistant thorn
c at ta 1 1 s  Hut ch1n son 1975! .

2.4 WATER QUALITY

ffumerous rater quality Investigations
have been conducted on the Detroit R1ver
and western Lake E r1ei however,
measurements in the coastal retlands are
rare, The U. S, Env1ronmental Protect1on
Agency operates a natfonal rater quality
data storage and retr feval system
  STORET! I pub 1 I shed and unpub1 'I shed Lake
Er I ~ data from several Foder el, State.
provincial v and local agencies have been
entered into STORET since 1967. Tabl ~ 6

Table 6. Chemical and phys ical ~haracterf sties of  !etroi t
Rf ver and western Lake Erie waters.

Dot rof t
River

!!astern
Lake ErieUnitsPa rameter

Data sources U.S. Environmental Protectfon Agency, STORET
Data System.
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Temp e rat u re
Dissolved oxygen
D.0. saturation
Conductfv1ty �5oC!
Dissolved sol1ds
Suspended solids
Secch1 depth
Alkalinity
pH
Calcium, tota'I
!Iagnesfum> total
Potassfumy total
Sodium total
Ch'lorfdei total
Sul f ate i total
Fluoride, total
S111ca, dfssolved
hseenfa. dfssolved
Nitrate + Nitrite+ d1ss.
Phosphorusv total
Phosphorusv dissolved
Chlorophyl'I 6

oC
mg/1

umoh s/cm
mg/1
mg/1

mg/1
units
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
ug/1
ug/1
ug/1
ug/1
ug/1
ug/1

14.6
9.3

92.0
256.0
140.0

15.4
1.0

83.4
8.0

29.8
7.5
1.0
6.1

17.2
16.1
0.11
0.83
47.0

300.0
70.1
33.8

3 4

17.3
9.8

98.0
282.0
194.0

19.9
0.8

82.3
8.4

34.4
7.6
1.2
8.9

20.8
32. 7
0.24
0 ~ 94
61. 0

325 0
78.7
29.3
13,5



Tab e 7, Hater qual 1 ty measly oments in three western Lake Er ie mars hes
during the 1977 growing season,

Moxie MarshWinous Po1nt MarshHavarre Marsh
Parameter

Jul 2 Aug 13 Sep 6 Jul 2 Aug 13 Sep 6 Jul 2 Aug 13 Sep 6

35 44 77

27,0 28.5 32. 0

7.4 7,5 7,5

44 49 3S

23.0 25. 0 23.0

7.7 7.2 7.2

Depth  cm! 37 59 55

Temp  oC! 20,5 22.5 23,0

pH 7.3 6.7 7.3

Alkal1n1ty
 ppm CaCO >

Chl or1do
 ppm Ci-!

110 115 175 200 155 225160 150 175

30.0 27.5 27.5 29.0 27.5 37.5 37.5 45.0 40.0

Hardness-Ca~

 ppm CaCO ! 140 110 130 180 195 220 225 240

Hardness-Total

3! 1SO

Turb 1 dity
  JTU!

160 160 2S5 290 240

450 670 270

340 300

50 25 45 20 25 23

S 1 l ice
 ppm! 8.4 7.0 7.0 13.0 4.8 9.8 11.0 6.5 14.5

Phosphate
 ug/1 P> 114 35 1059 897 270 101 130 16 212

Hitrito
 ug/l H! 1.5 3.0 1.5 36.5 0.0 0.0 1.5 3.0 3.0

Hitr ate
 ug/l H! 38 2486 54 599 2938 108 95 2825 25

Data source~ M llie �979!.

represents a retr1eved STORET summary
 moan values! for 22 parameters measured
in th ~ Detroit River and western Lake Erie
from 1967 to 1982.

In conJunction with a study of
~ p1phytic diatoms, M1l1 1 ~ �979! measured
the water quality in three western Lake
Erie coastal marshos  Table 7!. Comparing
those determinations with tho STORET
summar' os it is evident that marsh water

is considerably more m1nera11zed, higher
1n nutrients, and more turbid than lake
water. The marshes do show a wide degree
of vari abil ity, particularly 1n nutrient
content. alkalinity and suspended sol1ds.
The max1mum temperature 1n I nous Point
Marsh> 32 C in early Septemberi
illustrates the h1gh temperatures that can
be expected in coastal wetlands,
particularly those enclosed with1n a d1ko
system. More recent stud1es at W nous



Table 8. Water qua11ty measurements In Havarre Harsh, Oh1o,

Parameter

Oct 1" Hov 19J ul 10 Aug 9 Aug 22 Sep 19

150 135Alkalfnfty
  ppm CaCO !

1?0

20 16Carbon Dfoxfde 12
 ppm CO

Oxygen
 ppm 0 !

7.5 e.46.56.66,7pk  unfts!

26Turbidity  JTU! 18

9015Sul f ate
 ppm SO !

2002002002!e215kardness-Total 225

 ppm CaCO>>

Data source: Lehman   1973!.

Po1nt Harsh  Snyder and Johnson le&41
Indfcate that wfthfn the controlled
marshes turb 1 d'Ity was general 1 y lew
floral rIchness hfgh. Dfurnal fluctuat Ion
of d1ssolved oxygen and carbon dfoxfde was
marked, al though in deeper water  >0.5 m!
df ssolved o> ygen was sel don 1 fmf t I ng to
ffsh and was often near saturatfon at m1d-
day. Oxygen measurements tiy Lohman �u.  'I
fn Navarre Harsh  Table 8! also reveale<1
adequate dISSOIVed Oxygen COnCent rat fons
for ffsh 11fe,

As a consequence of the w Ide range In
the seasonal clfmat1c  thermal! condltfons
'n the Great lakes regfon, Lake Frfe
undergoes a cycle of heat storage ar d heat
loss wh Ic h Involves exchanges of vast
amounts of thermal energy. The resultant
seasonal cycles of 1 ake temperatures are
of great Importance to many physfca 1.
chemtcal, and bfologfcal processes fn the
coastal wetlands. A prfncf pal component
of the heat budget of western Lake Erfe fs

I nc err 'In; sc 1 ar radfat fen. Tab le
cOnta I ns aver.aue da fl y values of SO I ar
rad fat fon receIved at the surface of the
lake fer each month.

I.ake I rf ~ water temperatures 1n th ~
western baifn normally fall to 0.5 C about
the mfddle of Oecember, and remafn at that
level unt I 1 the rnfddl ~ of 'Harch. Host
wfnterx, the we~tern bas'In freezes over
complete I y . Ice usual 1 y d fsappears f rom
the western end of the lake by late Apr11.
Shortly after fce breakup 'In the spr I ng,
the Ice drtfts eastward and accumulates fn
the eastern basIn,

Western Lake Erf ~ warms up more
qufckly fn the sprfng heat1ng season and
cools more rap1dly fn fall than does the
rest of th ~ I aka. The lake normally
att ~ Ins fts hfghest temperature In late
July or cearly August  Ffgure 4 1!.
Hearahore temperaturea generally average a
few degrees warmer than the open lake, but
the ant fre basfn fs essent felly Isothermal

structure throughout the year except



Table 9. Mean daily solar radfatfon recefved at the surface of Lake Erfe.a

So'i ar radi at i on Radi ant flux
b

Month � angl eys!  kcal/m2!  joules/m2!

Irradfance
b

 uE/m2!  quanta/cm2!

136
211
284
342
359
42D
429
394
342
250
154
115

bData source: Mateer   1955!.
Conversion Factors:

1 langley = I cal/cm2
1 cal 4.19 joules
1 joule/m2/sec = I watt/m2
I joule ~ 4.23 uefnstefns  mean for
I pefnstefn = 6.D2 x 1017 quanta.

visible light!

when rapid heating causes a temporary
thermocline to form. The thermal gradient
across these thermoclines fs generally
less than 3 C. Prolonged periods of calm
weather  longer than a week! have produced
anoxfc or near-anoxic cond1tions fn the

ephemeral hypolimnions  Carr et al. 1965!.
The Detroit River also influences the
thermal structure for 10 to 15 km south of
its mouth by dischargfng ~ater several
degrees cooler than the water mass found
along the south shore <Herdendorf 1969! .

Phosphorus has been identified as a
1 1 m 1 ting nutr f ent for algal product 1 vf ty
fn Lake Erie  Hartley and Potos 1971!.
whereas nitrogen is fn suff1ciently large
supply in the lake waters that it is not
considered 1 imfting to plant growth. The
dfstributfon of most nutrients throughout
the lake sho~s similar patterns. Total
phOSpheruSE fer example> fS CharaCteriS-
tically high fn concentratfon near the
mouth of major tributaries> particularly
the Maumee River  Figure 42!. The Detroit
River is an except1on in that a large
volume of upper Great Lakes water tends to
dilute the nutrient load contributed by
the urban and fndustrtal complex adjacent
to the river.

Jul F E ~ QM EP% SET JIA JN. AUS EE ~ OCT INV DEC

~ 0- ~ Act %We T~

Figure 41. Year 1 y water and a fr
temperature curves for western Lake Erie
 FWPCA 1968! .

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

1.10
190
290
390
450
550
550
470
370
240
130
90

1E 100
IE900
2E 900
3E900
4E500
5E500
5.500
4E700
3E700
2E400
1.300

900

576
894

IE202
IE 448
1E 519
IE778
IE8l3
I E 667
lE448
1E 057

652
486

3.5 x 1020
5.4 x 1020
7.2 x 102D
8.8 x 1020
9.1 x 1020

10.7 x 1020
10.9 x 1020
10.0 x 1020
8.7 x 1020
6.4 x 1020
3.9 x 1020
2.9 x 1020



agricultural land runoff. In Lake Erie,
1nterlake transfer vfa the connected
channels  Detroit and Niagara rfvers! can
also be a sfgnff1cant source of cont-
amf nants. Prel fmfnary data fnd1cate that
nine heavy metals  Cd. Cr> Cui Pb> MnJ Hgp
Nf. Ag and Zn! and sfx organ1c pollutants
 benzene. chloroform, methylene chlorfde,
bfs L2 ethylexyl] phthalate, tetra-
chloroethylene, and toluene! were found 1n
nearly all effluents from maJor municipal
wastewater treatment plants fn the Lake
Er 1 e basin ~ but none 1n alarming
concentratf ons   Herdendor f 1983! . Hf gh
concentratfons of some metals  Pb, Nf, Cu.
Ag, Vd, Hg, Zn. Cd. Cr! have been found 1n
surface sediments adJacent to tributary
mouths at maJor industrial areas,
fncludfng the wetlands south of the
Detroit River.

Figure 42. Nearshore concentrations of
tota'i phosphorus fn western Lake Erie
�978-1979!.

Chlorophyll pigment fn water samples
serves as a useful indicator of algal
productivity fn western Lake Erfe.
Concentrations are generally the highest
along the western and southern shores,
especially Sandusky Bay, while the lowest
values are found fn the water mass
fnfluenced by the Detroft River flow
 Herdendorf 1983!. Nearshore concentra-
tions of chlorophyll y correspond to the
same patterns observed for phosphorus.
The most sfgnfffcant dffference occurs fn
Maumee Bay, where chlorophy'll fs h1gh but
proportionally lower than phosphorus
va 1 ues. Hf gh sed1ment turb fdity>
resultfng fn reduced 1 1 ght levels for
algal photosynthesfsi fs thought to be the
maJor cause. In the central basin,
chlorophyll concentrat1ons are less than
ha'l f those 1n the western basfni th1s
condftfon results fn a steep concentratfon
gradfent east of the islands region.

Toxic pollutants are introduced into
Lake Erie through munfcfpal and industrial
po1nt source wastewater dfschargesi
atmospherfc deposition. and urban and

Drynan   1982! pofnts out that
combined sewer overflows are an addftfonal
po1nt source of tox1c substances for whfch
11ttle or no information 1s currently
available. It fs very dfff1cult to sample
and obtafn flow measurements for these
hfghly varfable d1scharges fn order to
make estimates of the total quantftfes of
pollutants they fntroduce into the lakes.
In some of the maJor metropol ftan areas
wfth combfned sewers, such as Detroit.
these dfscharges may be sfgnfffcant and
adversely affect adJacent wetland areas.

i�th further controls on point source
dfscharges. it fs becomfng increasingly
apparent that dfffuse sources. urban and
agricultural land drafnagei and atmos-
pheric deposition must be gfven more
c o n s 1 d e r at f on f n water qual 1 ty management
plans. Although the quantf f fcatfon of
atmospheric deposition of trace metals and
organfc substances to Lake Er1e fs
hampered by a number of problems, Drynan
�982! estimated the total deposition
 Table 10!.

Sediment cores taken at the mouth of
the Detroit River and 1n western Lake Erie
fn 1971 yielded surface mercury values up
to 3.8 ppm; mercury values generally
decreased in concentr ation exponentfally
with depth  Nalters et al. 1974!. High
surface values were attributed to waste
d1scharge from chlor alkali plants on the
Detroit and St. Cla1r rfvers wh1ch
operated dur1ng the period 1950 to 1970.



Table 10. Annual depos1tion of afrborne
substances in Lake Erie.a

Substance Metric tons

HELM
Pb
Cu
Cd
Mf
Fe
Cr
Zfl
SO

760
155

80
80

3~270
10

125

50~000

Data source: Drynan �982!.

Several years after these pl ants
dimfnfshed operatfoni the area was agafn
cored. Analyses showed that recent
deposits covered the highly contamfnated

Total PCB
Total DDT
~-BHC
v-BHC
D1eldrin
HCB
p>p'Methoxychlor
<-Endosulfan
8-Endosulfan
Total PAH
Anthracene
Phenanthrene
Pyrene
Benz a! athracene
Perylene
Benzo  a! pyrene
DBP
DEHP
Total organic carbon

F 1
0.19

1.1
5.0

0. 17
0.53

2.6
2.5
2.5

51.0
1.5
1.5
2.6
1.3
1.5
2.5
5 ' 0
5.0

66t000

sed1ment with a thin layer of new materfal
which had mercury concentrations
approach1ng background levels �. I ppm! .
As a result of these discharges> mercury
fn fish of Lake St. Clafr and western Lake
Erie was a ma/or contaminant problem fn
the early 1970s. Levels of total mercury

collected from Lake St. Clair have
declined from 2.0 eg/g in 1970 to 0.5 ug/g
1n 1980. In western Lake Erfe. 1968
level s of mercury wer e 0.84 ug/g as
compared to on'ly 0.31 ug/g in 1976. The
rapid environmental response subsequent to
the cessatfon of the point source
discharges at Sarnfa, Ontario' and
Wyandott. M1ch1gan. can be attributed to
rapid flushing of the St. Clair-Detroit
Rf ver system. the high load of suspended
sediment del fvered to western Lake Erfe>
and the high rate of productivity in the
western bas1n  International Jo1nt
Commfssfon 1981!.

Fish contaminant surveys of Lake Erfe
and its tr fbutar fes s1nce 1980 have
indicated a few local contamination
problems. The hfghest concentration and
the greatest number of organochlorine
contamfnants fn fish samples were found fn
the River Rafsin and the Maumee River.
Excessfve concentrations  >1.0 ppm for
pestfcfdes and >5.0 ppm for total PCB's!
have been sporadically found in fish from
the Rafsfn> Maumee. and Sandusky r1vers.
Levels of PCB and DDT fn spottafl shiners
 g~~ ~i ILI~ and in herring gull
 ~ ~gggj~! eggs have also decl1ned
fn the past decades fllustratfng a system-
wide response to controls on productton
and use of these compounds. PCB levels 1n
shiners at Point Peilee dropped from 844
ng/g irl 1975 to 150' ng/g in 1980 while
dur1ng the same period DDT fell from 92 to
21 ng/g  International Jo1nt Commfssion
1981!.
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CHAPTER 3.

BIOTIC ENVIRONMENT

3.1 PHYTOPLANKTON, PERIPHYTOhl, AND

ZOOPLANKTON

Planktonic aIgae, although not as
important as macrophytes, are signi f fcant
prfmary producers of organic matter fn
Lake Erie marshes. converting the sun' s
energy fnto chemical compounds that in
turn are used as food by anfmals and
non p hotosy nthet i c mf c ro-organ i sms. By
contrast, in the nearshore waters and open
lake> algae are the dominant primary
producers, greatly overshadowing the
biomass produced by hfgher plants in the
wetl ands. Phytop 1 ank ton product i on and
distrfbutfon are inf'Iuenced by sunlight>
temperature> marsh morphometry+ water
movements. g razing by zooplankton,
nutrients, and other factors.

Many fnorganic elements are required
for algal cell growth, fncluding nitrogen,
phosphorus' potassium, calcium, and iron.
Algae reproduce rapidly when phosphorus fs
added to the water, and contfnue to
reproduce as more phosphorus is added.
Recyclfng of nutrfents within a marsh may
be sufficient to promote algal blooms for
several years after the initial loading.
However, nitrogen and other nutrfents must
also be present ff algal production is to
continue. Sawyer �954! concluded that
when inorganic nitrogen concentrations of
0.30 mg/1  sum of NH,-N, NO -N. and Ng-N!
and orthophosphate-phosphor us concentra-
tions «0.01 mg/1  I'0 -P! were present in
bodies of ~ater at the start of the active

4

growing season> nuisance algal blooms
could be antfcipated. Measurements in

western Lake Er fe marshes indicate
concentration well in excess of these
'limits.

A list of the coawnon algae, includfng
planktonic and periphytic forms, occurring
in the coastal marshes and nearshore
waters of western Lake Erfe is contained
fn Appendfx C. The first comprehensive
fnvestigation of phytoplankton in the
vicinity of western Lake Erie coastal
marshes was initiated in 1929 by Wright et
al. �955!, who collected samples from
the estuarfes of the Detroit> Raisin,
Maumee. and Portage rivers  Table Il!.
Distinct differences were observed between
phytop1 ankton communi tfes of the Detroit
River and the smaller tributaries. The
s h e 1 te red M aumee Bay ma in ta in ed a g re ate r
standing crop than the other locations.
The algal abundance decreased markedly
wfth increased distance from the mouth of
the Maumee River. Herdendorf et al.
�977! observed a similar pattern fn
sprfng phytopiankton populatfons in Maumee
Bay> except locatfons nearest the river
mouth showed some reduction fn numbers due
to the high turbidity caused by spring
runoff. Chandler �942! also found tur
bidity to have a negative effect on
plankton and submersed macrophyte
photosynthesfs near South Bass Island.

Taft and Taft �971! published an
exhaustfve study of the algae in western
Lake Erie, exclusive of diatoms. Their
collections fncluded sites within emergent
plant marshes on the Lake Erfe Islands and
Catawba Peninsula  East> Middle> and Ifest
harbors!, The richness of the algal flora
of these localities is indicated by the
more than 300 species found in South Bass



Table ll. Abundance of phgtoplankton in the vicinity of four coastal
wetlands in western Lake Erie.

Location
and
month �930!

0iatoms Other Total
algae

Blue-green
algae

Green
algae

June
July
Aug
Sept
Oct

14

13 5 4
34

26
1 39
2 31.

15 95
0 71

9
20
19
34
12

2 5
5

42
25

mean 52

mean 811

J une
J ul y
Aug
Sept
Oct

566
765

2480
1958
850

0 652
3 1573

20 5120
0 4041
0 3258

64
718

2417
1665
2002

22
87

203
418
406

mean 2929

8
2

67
311
550

159
16
53

128
175

223
19

206
701
935

May
June
July
Aug
Sept

56
1

84
261
210

mean 417

Data source: Wright et al. �955!.

coastal marshes  Table 12!. Hohn �969!
studied the diatoms in Fishery Bay. a
shallow embayment of South Bass Island
containing dense beds of wild celery

populations were relatively
consistent throughout the year at
approximately 1,000 cells/ml. Q~~
~ exhibited the highest population in
the spring at slightly more than 5,000

cells/ml. Britt et al. �973! observed
that phytoplankton investigations from the
late 1920s through the 1960s all indicated
that diatoms were the dominant group in
the nearshore waters of western Lake Erie,
except in ear'ly sunlr.

Reutter and Reutter �977> studied
the phytoplankton community associated
with submerged aquatic plants in Fishery

May
June

July
Aug
Sept
Oct

32
27

292
591
925

1100

112
79

139
195
347
255

431
47
21
48
75

145

578
154
453

1 835
1 1348
0 1500



Table 12. Relative abundance of species of algae by marsh locality in
western Lake Erie.

South Middle North Kelleys Pelee Catawba
Bass Is Bass Is Bass Is Island Island Peninsula

Taxanomic
unit

80101238 !.94

101519

2215203656

61 121107TOTAL 267 145343

Data source: Taft and Taft �97l!.

hxtuJ!.dm

Chlorophyceae
 green algae!

Charophyceae
 stoneworts!

Xanthophyceae
 yel 1 ow-green algae!

Euglenophyceae
 euglenoids!

Chrysophyceae
 golden algae!

Dinophyceae
 dinoflagellates!

Cryptophyceae
 cryptomonads!

Myxophyceae
 blue-green algae!

Rhodophyceae
 red algae!

Bay of South Bass Island  Figure 43!, The
dominant groups were diatoms  Bacil-
lariophyceae! o green algae  Chloro-
phyceae!, and blue-green algae  Myxo-
phyceae!. Diatoms comprised the gr eatest
percentage of the total phytoplankton
population with a major pulse in the
spt ing and a smaller pulse in the fall.
They were the only abundant group during
the winter. All the genera which occur in
1 arge numbers o such as

and g~> are
indicators of eutrophic conditions. The
planktonic green algae became most
plentiful during midsummer as the lake
water warmed up. This group was the most
diverse member of the phytoplankton
community and the dominant genus was
Pedia strum. Al so occurring in the

fragments of tne filamentous, attached
green al gae Glade hera glomerata,
which cover the roc y shoreline.

Blue-green algae were most common during
late sumner . Blooms of Ahani zomenon
often occurred during the calm " dog
days" of August.

The term periphyton generally refers
to microfloral growth  particularly
algae! on submerge! substrate. Modi f iers
are normally used to indicate type of
substrate: epipelic  growing on sediment!,
epilithic  growing on rock!> epiphytic
 growing on macrophytes!. and epizooic
 growing on animals! � etzel 1975!. The
periphyton of western Lake Erie consists
of predominantly littoral communities.
most commonly associated with wetland
vegetation and rockbound shores. More
species occur in the littoral zone than in
the limnetic zone of the lake because of
the greater diversity of habitats
available in the nearshore region.



Figure 43, Seasonal trends in pf ytoplankton populations in Fishery
Bay. South Bass Island, Ohio  Reutter and Reutter 1977!. Note that the
phytoplankton population peaks a month earlier than the zooplankton
population  Figure 45j.

Millie   1979! examined the epiphytic
diatom flora of aquatic macrophytes in
three marshes along the south shore of
Lake Erie--Navarre Marsh, Winous Point
Marsh, and Hox ley Harsh  Appendix C!.
Three common species of wetland mac-
rophytes were studied as hosts. narrov-
leaved cattail  ~ a ti~ LLI41!, white
water lily  ~pl!!t b!  ~~!, and swamp
sma rtweed  ~g U!gj L ~IIUtuj�. Of the
247 diatom taxa identified �8 genera!>
157 vere nev distributional records for
Lake Erie. The dominant epiphytic di atoms
found in these marshes are shown in Table

and keel-pennate fores. such as
vere the most common

taxa, but each marsh possessed a distinct
flora and successional pattern, Millie
attributed this heterogeneity to the
diversity of littoral habitats in the

marshes, particu'iarly differences in
chemicai and physical factors. Water
quality measurements for the three marshes
are presented in Table 7.

In Lawrence Lake. Michigan. Allen
�971! measured the annual net production
of aquatic macrophytes and their attached
algal forms. He found that the epiphytic
algae vere responsible for approximately
3l% of the total littoral production in
the lake. Brock �970! i rorking in the
Florida Everglades, observed that
epiphytic algae, rather than macrophytes
vere responsible for the majority of the
primary production of bladdervort
 ~~ sp.! communities. Diatoms
vere found to be the most abundant form of
littoral per iphyton, both in number and
biomass ~ in several Ontario lakes
 Stockner and Armstrong 1971!. Likewise,



Dominant diatom periphyton on macrophytes in western Lake Erfe
marshes.

Peri hyton speciesMacrophyte genera

Am Ca Cm Gg Gp Md Ncr Nl Na Hca Hf 1 Nfo Np Ss

Navarre Marsh

aha
51 IP&fb!
LQ16l!ZUklo

x x
x xx X X X x x

x x
x x x x x xx x

Winous Pofnt Marsh

Suof!!!!ma
Pi~i gl!!ll i

x x x xx x
x x
x x

x x
x x

Moxley Marsh

5mahm
Ql~i~l~

x
x x x

x x x
x x x

x x x x

bData source: Mfl11e �971!.
Species Key:

= 8dm~im >ld!!!LtI~
Ca = Q~i~iJLL ~
Cm = ~i~i;i~! Igi~  l!

= %md!g I@a <ra~
Gp = ligiggh~aa !!lm~ l

= Ha3ziMa ~ham

Nl = ala,~ ~m,~
Na = l~i~! m~
Hca = !~i~ ~~

Nfo = l~~ ising~
Np

ft fs anticipated that epiphyt1c d1atoms
are an fmportant component of the energy
base in western Lake Erfe marshes.

Stonerorts  Characeae! are large
algae with whorled branches that attafn
he1ghts of over 0.3 m in western Lake Erie
coastal marshes. ~ grows in water
rich fn calcium carbonate which is
fncorporated into thefr hard, b rfttle
branches. This feature spares them from
grazing by 1nvertebrates. except for
certafn water beetles  ~~ and
Qi~igfy~g!. Stonewort supports a d1verse
epiphytfc flora and serves as food for
waterfowl. These plants grow on firm
marsh sedfment and some rocky bottoms.
t~~ and ~~ are less calcareous
stoneworts that have been reported in East
Harbor Marsh and Haunck's Pond  Taft and
Taft l97l!

By deffnitfon> plankton are floating
organisms whose movements are more or less
dependent on currents. However. some
zoop 1 ankte rs exh1b it act 1 ve sw 1 mmf ng
movements that afd fn maintaining vertical
pos1t1on. Zooplankters are diverse fn
their feeding habits. Herbivores graze on
phytoplankton> perfphyton and macrophytes
wfth1n the coastal marshes, Carnfvores
prey on attached protozoans and other
zooplankters+ while omnfvores feed at all
trophic levels. In turn+ zooplankton are
important f1sh and waterfowl food. Every
fish spec1es and many duck specfes
utilizing the wetlands in thfs region eat
zooplankters during some portfon of the1r
lffe cycle.

The animal components of the marsh
plankton are protozoans, rotifers, and



nearshore local itfes fn western Lake El ie,
Zooplankton abundance fol lowed a similar
pattern to that of the phytoplankton
that the Detroit River mouth had
lowest population and the south shore
estu ar f es i pa rt f c u 1 ar 1 y M aumee Bay and the
Portage Rf ver. had the h f g hest numbers
 Table 14!, Ahlstrom �934! fnvestigated
the rotf fer populations of a marshy
embayment on South Bass Island known as
Terri 1 1 f ger 's Pond  Figure 44! . He found
91 planktonic species and attributed thfs
high number to the protected nature of the
embayment. The number of rotffers per
un f t vol ume f nc rea sed f rom the entrance of
the pond to the more statfc fnterfor end.
He classiffed about 75$ o rntffer species
fn the pond as "pseudoplanktonfc>" lfvfng
on aquatic plants or bottom debrfs, and
being adventitious fn the plankton.
Ahlstrom observed both a spring and fall
pulse, with the largest population �p6I9
organisms/1! occurr f ng in ear 1 y J une.

mi cr ocrustaceans  pr imarily cladocerans
and copepods!. Appendix 0 li~ts common
zooplankters including sessile, or
periphytic, protozoans, occurring in
western Lake Erie coastal marshes.
Landacre �908! was the first to study
the zooplankton in Sandusky Bay
marshes. He observed that the plankton
in open Sandusky Bay and western Lake
Erie was sparser than expected due to
its shallowness and the high amount of
sediment in the wa ter when agitated by
the wind. But, the marshes and beach
pool s we re unu sually rich, particularly
in pr o tozoan s, where duckweed was
abundant. LandaC re rea soned that the
zooplankton were poor in rhizopods
i amoeboid protozoans! because their
favored wetl a no plant, ~Sha non, was
absent. from Lake Erie marshes.

Wright et al. �955! conducted
studfes of the plankton at several

Date
�930!

Rf ver Maumee Portage Bass
Raf s f n Bay Rf ver Isl ands

0etroft
River

J u 1 y 1-15 26
July 16-31 39
Aug I" 15 31
Aug 16-31 25
Sept 1-15 95
Sept 16-30 71

Mean 48

algal units per 1 fter!
154 431 206 42
352 406 212 104
453 970 419 110
700 1452 701 155

1347 2128 783 200
1500 2174 935 544

751 1260 543 193

~gg~gfl  mfcrocrustacean
July 1-15 3
July 16-31 3
Aug 1-15 3
Aug 16-31 5
Sept 1-15 1
Sept 16-30 1

Mean 3

fndfvfduals per
81

58 52
61 56
71 70
25 81
13 28

51 61

1 i ter!
76
67
82

48
37

43
40
63
32
29
20

3862

Data source: Wright et al. �955!.

Table 14. Comparf son of phytopl ankton and zoopl anktog
populations for nearshore localities fn western Lake Erfe.



Figure 44, Map of the northern side of
Terwil lfger's Pond and Fishery Bay.

South Bass Island showing the location of

Reutter and Reutter �975! analyzed
the zooplankton populations fn Ffshury Bay
on South Bass Island. This bay 1fes
between the open lake and Terwfllfger's
Pond, and fs rfch fn submerged plants such
as wfld celery and curly pondweed
 Qi~ag!~ ~i~!, The total zoo-
plankton population reached a peak of
588/1 fn June and decreased to a low of
54/1 f n J anuary  F f gure 45! . The rot f f e r
populatfons fn Ffshery Bay followed the
same pattern as the total zooplankton
population. reaching a peak of 300/1 fn
June. The mean numbers for all months
were hfgher than those for copepods and
cladocerans. The monthly mean copepod
populatfon, including nauplff< also
reached fts peak fn June at 266/1 and
declfned to 12/1 fn December. The de-
crease was much more pronounced than the
total zooplankton population. Ifhen the
copepod population fs subdfvfded into
calanofds  f liter feeders whfch graze on
small phytoplankton and detrftus!r cy-
clopofds  omnivorous partfculate feeders
that are vectors for aquatic parasites
and known to attack larval fish!> and

naupl f I  immature stages! > the 1 atter
group was dominant from April through
December. Cycl opof ds were sl I ghtl y more
numerous than nauplff during the early
months. The calanofd populations were low
 <10/1 ! throughout the year. The
cladocerans had by far the lowest
populat fons o f the major zoopl ankton
9 roups> rarel y exceed f ng 30/1 . The
results of the work by Reutter and Reutter
�975! are generally consistent with the
ffndfngs of Chandler �940! and Hubschman
  1960!. with the exception of the calanofd
population. The latter two studfes were
conducted farther offshore, and showed
calanofd populations whfch ~ at times.
surpassed the cyclopofd populations.

Herdendorf and Monaco   1983! observed
an fnterestfng association between a
phytoplankter and a zooplankter fn Ffshery
Bay. Durfng a blue-green algal bloom of
up to 20.000 cells/ml in July 1980
f f laments of g~gJ18 ~~ were
fnterwoven to form spherical masses. As
many as 66 epfphytfc cfi fates/ml «ere
found on the algal f f1 ament. The



Figure 46, Seasonal trends fn zooplankton populations fn Fishery Bay, South Bass Island,
Ohio  Reutter and Reutter 1975 j, Compare with phytoplankton trends in Figure 43.

contractile stalks of Yg~~ m ipaGILLO
were attached to the outer filament
segments forming a pulsating corona around
the entire algal mass. The pulsatfng
feeding behavior of +i~~! produced a
dfstinct gl1dfng motion of the algal
colony. Pratt and Rosen �983! specul ated
that the "sw1mmfng" mot1on created by
sess 1 1 e protozoans on algae may be
advantageous in maintainfng nutrient flow
past the algal cells.

3.2 WETLAND VEGETATION

Many of the vascular aquatic plants
in the western Lake Erfe coastal marshes
exposed to natural water level fluc-
tuations are "pioneer species." They are
the type that first colon1ze a low, wet+
denuded area. If the habftat becomes too
stable  f.e.> constant water levels within
a controlled marsh! they soon become
crowded by other specfes and eventually
disappear. However. the seeds of these
species have considerable longevity and

are able to again germinate when the
envfronment fs disturbed.

At the time of Wfsconsfn glacial
retreat, streams were either enl arged or
formed anew as meltwater became abundant.
The bare soil of moraines and alluvial
deposits characterized the landscape.
Stranded bodies of water between the
reced1ng fce front and termfnal moraines
formed lakes such as the former stages of
Lake Erfe fn northwestern Ohio and
southeastern Hfchigan. Stuckey   1972!
describes this "glacfal sidewalk" as a
perfect avenue for mfgrat1on and col-
onization by pioneer plants. A good
example is marsh cress  ~i~ g~~
var. ~~! which survived glaciatfon in
refugia fn the Rocky Mountains. A short-
lfved pioneer plant, it doubtlessly spread
rapfdly as the ice receded, carrfed by
w1nd and water to the fresh barren soils
where it germinated and grew fn abundance.
This plant is not found south of the
southern 1 fmit of Wisconsin glacf ation in
the central United States' presumably



because environments rere more stable to
the south and already vegetated. This
specfes, as do many other pioneer plants'
continues to persfst 1n Lake Erie coastal
marshes because of the frequent storms and
constantly changing water level regime
 Vesper and Stuckey 1977!.

In the aquat1c and retlands habftats
of western   ake Erfe over 300 species of
vascul ar plants have been 1dent1 fied
 Stuckey and Duncan 1977! . The more
fmportant of these spec1es are listed fn
Appendfx E. Figure 46 dep1cts the
distribution of 24 of the prominent
species fn western Lake Erie retlands.

In the open rater of the lake and
larger bays. aquatfc vascular plants are
few and limited mostly to the rooted
submersed ones. such as wild celery
 !i~~ ~r~!, sago pondweed
 ~ ~i'! ~i~B~~! > curly pondweed

~~!, and water star-grass
�gj�<i~~ ~!. These species and a
few others, among them coonta 1 1

 fly~ ~~!> Richardson's pondweed

mersed form of the flowering-rush are the
ma]or submersed species 1n the bays and
shallow water near the shoreline  Stuckey
1968!.

The flora of the ponds shows
considerable dfversfty. In addition to
havfnq most of the specfes already
mentioned, the ponds also have small
floating plants such as the duckweeds
 Lemnaceae! which form dense mats fn
stagnant rater. In some places the

also forms dense reddish mats. Species
with large floatfng leaves> wh1te rater
1 f 1 1 es  +~i~~ ~~i;i~!, and the
American water-lotus  ~L L ! ~! are
not common> but where they do grow they
may form extensive colon1es  Figure 47! >
as does the large emersed leaved
spatterdock or yellow water 1 fly  ~i~
~i'~!. Emersed species with showy
flowers or large distinctively shaped
leaves> such as cattails  ~ spp.!, bur
ree d  Qi~i~L ~i~ggg  ! ~ f 1 owe r ing
rush  g~~ yogi~~~! > arrowhead
 ~i~~ ~i~! > swamp rosemallow
 ~~ m~~!, water smartweed

 Qi~i~i~l!! gi~r~i~Li!, and pickerel weed
 ~i~i ~~! 11ne the edges of the
coastal 1 agoon s > o f ten 1n seg reg ated
zones. Along the dryer margins of the
marshes, three-square bulrush  pi~i~

~i/i~! n pra 1 rf e grass  ~i,. !!Lff i
~i~!, reed-canary grass  ~i+~+

! and rush  ~i~ ~~!
are corwnon.

Drastic changes have occurred in the
aquatic flora fn the past 85 years. For
example> fn Put-fn-Bay harbor> 50K �0 out
of 40! of the specfes of aquatic vascular
plants have dfsappeared  Stuckey 1971!.
As a who'le> the flora of the bays, and fn
partfcular Put-fn-Bays have been dfsturbed
severely because of increased turbfd1ty of
the water, building of retaining walls and
docks, use of herb1c1des, dredg1ng
operat f ons, and human multiuses of these
aquatic habftats rangfng from recreation
to dump1ng grounds for wastes. Many of
the lagoons and embayments have been
destroyed to build marinas and housing
developments> particularly fn the islands
region. In those coastal lagoons that
remain. most of the submersed aquatic
specfes ever known to be present still
survfve and rep resent one of the few
refuges for this segment of the flora.
i ocal changes fn the aquatfc flora have
been very evfdent during the past decade.
a period of record high water levels for
Lake Erie. Thfs temporary environmental
condition has affected the aquatfc flora
by reducfng the populatfons of most of the
emersed shoreline specfes and fncreasing
the populatfons of some submersed and
floatfng-leaved species.

Before the coming of the European
settlers> the marshes behind the sand and
gravel beaches were more extensive than
they are today. Or f gf nal 1 y > vast stan d s
of tall grasses. such as wild rice
�jjg~ ~i~! > prafrfe grass> blue-
!off nt grass ~ and cord grass  ~~

fn ~! domfnated fn wet places and fn
shallow clear water. Sedges were also
plentiful, including spike-rushes  ~-
g~ spp.! ~ hard-stem bulrush �~m
~!, soft-stem bulrush  $. ~i~i~! ~
river bulrush g. ~if~~!, and three-
square bulrush. Broad-leaved cattaf1
 ~ ~i~! ras much more extensfve
than the then rare narrow-leaved cattail



~poteen eton ~eris us  cur!y pondueed! ~potamo eton richardson i  Rfchardson's

Buta s umbel lotus  flowering rush!lanniche!ffa fsalustrfs  horned pondueed!

F~9«e 46 Df strfbut ton aaps of 24 aquatic eacrophytes fn rester' Lake Erie
retlands  unpublfshed data supplied by R.L. Stuckey!.



Figure 46,  continued!

Vali fsnerfa anw.rfcana  wild celery!

9arex frankif  Frank's sedge!

Heteranthera dubia  water stargrass!

~Sctr us acutus  hard-stms hutrush!

Pontederfa cordata  pickerel weed!



Figure 46.  continuedf

Po1~onuu! coccineu!!! ', swa np si!!ar tweed!

Anararthus tuberculatus  water-he !!pj

~ttu bar advene  ye!low water!i!y!

8u !!ex ver tici11atus  swa !!p dock!

tie!ambo lutea  Aaertoan water-totue!

~il m~haea tuberosa  white waterlily!



Figure 4S.  concluded!

~Rori a !oaiustrts  marsh cress!

Justicia americana  water-willow!

Hibiscus ~alustris  swamp rosema11ow!

Juocus x ~stucke i  Stuckey's rush!



Figure 47. Emergent beds of Amer f can
water-lotus  gi~~ ~! fn Fish Pofnt
Marsh on Pelee Island. Ontar fo  L 1 gas
1952!.

showy flowers> such as the Amerfcan lotus,
white water lfly, spatterdock, swamp
rosemal low ~ pickerel weed, and a r row head
grew fn large colonfes and gave color to
the marsh. Scattered throughout the
mar shes ~ among the cattails and sedges,
were monkeyf lower  ~~ ~fIgi~! ~ swamp
milkweed  ~~i~ ~~~y! ~ hedge-
nett1 e,  ~i~~ <i~i'!, common

marsh cress. On the exposed mudflats were
annua'1 s-- f al se p 1 mpe me 1  ~i+i~i~
~!, beggar-ticks  ~ spp.!i water-

l�
s p 1 k e - r u s h   f ~illy~ ~c~! ~ a n d
sever a'1 spec fes of umbrel1 a sedges
 Qg~ spp.!. In the clear open water
were submersed species, wf ld celery,

 L~W XJ i '~i! i and many spec1es of
pondweeds  Qi~igggi~g spp. ! .

The waters of *he mar shes and most of
the bays have become quite muddy and
turbid within the past century. These
conditions have come about by: 1! the
extensive erosion of the soi'1 in the once-
forested up'1 ands of the watershed, 2!
dredging, diking, and drainage of large
portfons of the marshes for prfvate>
industri al > agr1cultural > and w f1 dl 1 fe
areas, 3! construction of docks and
bulkheads that, in comb f natfon with
dredging channels, have altered many of

the bays for commerc 1 a'! or recreat f onal
purposes ~ and 4! fntroductfon of carp
 Q~i~n ~!, a species of f 1 sh that
uproots and destroys aquatfc plants and
contrfbutes to the overall tu rbfd1ty by
stirring up the bottom sflt and keeping ft
fn suspensfon. These physical changes,
silted conditions, and cont1nued high
turbfdity levels brfng about a s1tuation
in whfch sensft1ve submersed specfes of
open clear water are elim1nated or are
drastically reduced 1n numbers> thereby
resultfng 1n a decl fne fn species
dfversity, These submersed species are
the more sensf tive, mostly northern
spec1es of clear, cooli well-oxygenated
waters.

The swamps, dom1nated by ~oody
vegetat1on ~ occur fn small units fn the
low wet areas along the lake shore  Ffgure
48!. Probably because of continued
f iuctuat ing water level s > th fs vegetat f on
type was never as extensfve as the
mars he s. W 1 1 1 ow s  ~ spp. !, cottonwood
 Q~ <i~i~~!, sycamore  ~~

are the domfnant trees. Former 1 y.
Amerfcan elm  ~ ~~! was more
preva'lent. but most of these trees have
s1nce been destroyed by the Dutch elm
disease. Shrubs are mostly dogwoods
 ~i~ spp. ! . el derberry  Qggi~

wf 1 laws> buttonbush  ~

spp.!. Diversity of herbaceous species fn
the swamps 1s low. Among the more
commonly occurr1ng ones during the summer
season are shade-tolerant plants such as
nett 1 es   Urt 1 caceae!, fal se-nettle
 BQi!hKCZjil gyj.g~~!, and spotted touch-
rne-not  +~i>~ ~i~! .

Sand beaches are scattered and not
extensfve along the western Lake Erfe
shoreline. The sand deposits are low and
do not form dunes   Fi gure 4!,
Consequently ~ they are part icularl y
vul nerab 1 e to fl uctuat ing water levels>
continuous wave action> and erosfve actfon
by fce fn wfnter. Most of the sand
beaches are now used for recreation as
sw1mmfng and camping areas. Because of
these natural and artfffcial disturbances,
most of the species unfque to th1s type of
hab 1tat have dfsappeared  Core 1948;
Stuckey and Duncan 1977!. Distinctive
herbaceous species now rare or extirpated



Figure 48. Emergent colony of arrow arum  peltandra vir inica! and several
- TW ~

 Marshall 1977!.

are sea racket  ~ ~i~g!, seaside
L

p e a   ~~~ ~i i~i~~ !, s a n d g r a s s
 ~~ @~i~~! i sand dropseed
 ~gZg~i~ ~y~i~!, beach grass

heal
 ~~ ~i~!, prickly pear  g!~g
~~!> and Schweinitz's and Houghton's

i! . Distinctive shrubs that are
today also rare or eliminated are sand-
dune willow> sand cherry  ~ g!ii LLLa! ~
buffalo berry  ~i~~ ~~! ~
ground juniper  ~~ ~U i~! ~

Canadian milk-vetch  ~~~ ~
~~! . Common trees present are
cottonwoods. willowsu dogwoods. and ashes,
and among these are often thick growths of
lfanas including wild grape  ~ spp . !,

~! r poison ivy  ~ ~~~! .
bittersweet  gi~~ ~~i~!, and
trumpet-creeper  Q~ ~~~! . In

the open areas on the sand beaches,
herbaceous species such as Russian thistle
 'i~ij!! ~!, winged pigweed  Q~iQggg

~iA~~g! ~ and sandbur grass  g~i~
g.~r~i~! formerly not present, now
form a new distinctive beach flora.
Ubiquitous European "weeds" have also
invaded' including crab grass  ~i~i
~ L! ; iijIb~!, pigWee'd  ~i!Lr~~ spp. ! .
white sweet cl over  ~~ ~! >
catnip  ~~~i g~~ !, a nd mul 1 e i n

Gravel beaches and bars are a cowIaon
habitat on the Lake Erie Islands  Figure
49!. Because these beaches are subjected
to severe ice scouring and wave wash. no
permanent vegetation becomes established
on this continuously agitated shore. Hats
of the alga ~~ij!gZI often wash ashore,
die, and decay on the gravel beaches.
Farther up on the beach where waves reach
only during storms and periods of high



Figure 49. Gravel beach on the south shore of West Sister Island,
showing storni-created ter races  July !979!.

water, willows> cottonwood> dogwood ~ and
ashes are dominant woody members. Lianas,
such as wild gr apei po1son ivy ~ and
Virginia creeper become entangled on the
beach. Herbaceous species are few. but
usually germander  jr~i Rkllil<<&M! and
SmartweedS are preSent.

Perhaps the most dramatic of the
shore'i ine hab i tats are the high, rugged
limestone and dolom1te cl iffs  Figure l<!! .
These are mostly confined to the north and
west shores of most of the islands. These
c 1 1 f f s have two vegetation zones--one
along the wave-splashed lower portion of
the cl itfs and the other on the drier
up pe r port 1 on. Pl ants inhab i ting the
lower portion, which are a 1 so
cha ractcr 1 st ic of the low shelving rocky
shores, are filamentous algae, ma inly the
g reen a 1 ga Q~i~+ii~ and an invading
marine> red alga ~g.~. D 1 stincti ve
herbaceous vascular plants are Dudley's
rush  ~~ ~i~~! i Ka 1 m' s 1 obe'! 1 a
< <i~~~ $~~ ! ~ S t . J o h n ' s r o r t
 ~~!i~ ~g l<!!D! i prairie and winged
loosestr1fe  ~~~ g~~ and

~!<J!t!, mount a in mi n t
Xhkfl!ill YLLi~ktlgp! ~ heath aster

 ~ g~i~! i grass-leaved goldenroi

< Bk~MEg.l! ILLZRLtm ! . <! n the u p p e r
portion are such distinctive herbaceous
species as ivory sedge  ~ g!!l!JJ!yy! r
nodding onion  ~~ ~|~!, purple and
hairy rockcress <~1 ~gi~ifjj. and P.
Tty.i~gi~i~!, ha rebel 1  Q4<gg~ ~
~fi~g!, and smooth cliff brake fern
 pi~~ ~i~Q~! . Bl uegrass  ~
Sg~~! is abundant above the splash
zone. Xeric mosses and foliose 11chens
are pioneers in this habitat. Shrubs and
small trees line most of the tops of the
cliffs. Among the more common ones are
nineb ark  I'Q~~~ gg~i~!. choke
cherry  ~ ~glori~!, staghorn sumac

~ !r hackberry  ~~~

hornbeam  ~i~ y~i~~! > and red
ced a r  /~i~ yi~i~~g!, Dense
growths or lianas, such as poison ivy.
V1rginia creeper, and wild grapes, cover
large portions of the cliffs.



The wetland plants of the Sandusky
Rf ver Basin, includfng Sandusky Bay, have
been stud1ed by Moseley  IS99. 1905!, Burr
�901!, Pieters �901!, Meeks �963,
1969 !, L o w den   1969!, and Stuckey �975 ! .
Representatfve aquatfc plants of Sandusky
Bay and their present abundance status are
11sted fn Append1x F. The wetlands of the
basfn may be grouped fnto four categorfes:
1! the remnants of original wet prairie,
marshes, swamps, peat lands> and cranberry
bogs fn the upper portion of the basin; 2!
the once vast, but not contained diked
marshes at the upper end of Sandusky Bay;
3! the Sandusky River and fts tributar1es;
and 4! the constructed drafnage ditches ~
d 1 k ed rese r vo 1 r s, and ponds. The second
category fs the one most germane to a
dfscuss1on of coastal wetlandsi but
e'!ements of the other three categorfes are
evfdent wfthfn the zone Influenced by Lake
Erie water levels.

In the upper portfon of the Sandusky
Rf ver Basin, extensive wetlands developed
fn shallow lakes in many of the low areas
between morafnes left by the retreating
W 1 scons in 1 an gl ac f er approx i mate 1 y 13, 500
years ago. All of these wetlands lay to
the south of the oldest of the ancient
Lake Er1e beach rfdges  Lake Maumee! which
forms a line from Fostoria' east to
Tffffn, and north to Clyde, Ohio. These
early wetlands may have served as the
source area for the aquatic plants which
eventually colon1zed the embayments of
western Lake Erie.

Before settlement by Europeans, the
vast marshes of Sandusky Bay extended
upstream as far as Fort Stephenson, now
Fremont, Ohio. Early accounts speak of
lush growths of a wide variety of aquatic
pl a nts 1nc 1 u d 1 ng w 1 1 d r f ce, reeds, rushes>
catta/ls, swamp rosemallow. pond 111 fesi
and waterweeds. Mosel ey �899! recalled
the memory of indi vidual s who safd that
rushes grew over much of Sandusky Bay
where now there f s open water. Aquatfc
plants were also safd to frequently impede
the paddle wheels of steamers that
ventured through the upper bay into the
Sandusky Rfver. By the turn of the
century~ P1eters �901! noted that muddy
water fn the deeper portions of the bay
onl y su p ported moderate growths of

~~~ and ~ggLigg0, but near the
c lear water by the shore, plants were more
abundant.

From these early descr1ptfve accounts
of the plants, Lowden �969! and Stuckey
�975! have 1nferred the orfg1nal aquat1c
vascular flora at the mouth of the
Sandu sky Rf ver. Be fore sett'f e men t o f the
basin, large stands of grasses--such as
wild rfce. reed grass> bluejofnt grass.
and cord grass � and large sedges � such as
creeping sp1ke-rush, hard-stem bulrush>
soft-stem bulrush, rfver bulrush, and
three-square we re d om1 nant f n s h a 1 1 o w w et
areas. American water-lotus> wh1te water
1 fly, yellow water 1 fly. swamp rosema'flow>
pickerel weed, and arrowhead also grew fn
large colonfes. Wild celery. large-leaved
pondweed  ~~i~gg ~~ijr1! ~ grass-
1 fke pondweed  p. ~~! > Robfn's
pondweed  L.'. ~~~ ~ f 1 at-stemmed

c row f oot, waterweed, f 1 exed n a 1 ad,

and water-mf1fof1 grew as submersed plants
fn open clear waters.

The waters of Sandusky Bay are now
extremely turbfd due to modfffcat1ons
following settlement or the catchment
basfn  Stuckey 1975!. The sflted
cond 1 t 1 ons and h 1 gh turb id 1 ty 1 evel s br f ng
about a sftuatfoni as pointed out by
Langlof s �954! . Lowden �969!. and
Stuckey �971!. where sufffcfent 11ght
does not reach the submersed plants and.
consequent'lyI sensftfve species typfcal of
open, clear waters are el fmfnated or
drastically reduced fn numbers. Examples
of such extfrpated plants fnclude large-
stemmed pondweed, f 1 at-stemmed pondweed>
flexed naiad, wedge-shaped arrowhead
 ~~~a ~i~!, waterweedi wfld
celery, stiff water crowfoot, and humped
bl adderwort �r~~~ ~! . Sur-
vfvfng are only a few submersedi tolerant
specfes. such as coontafl, curly pondweed,
minor naiad  ~ ~!, and ~ater-
mf 1 fof 1 .

Mainly because of the phys1cal
changes 1n the marshes~ the grasses and
sedges prevfously mentfoned are becoming
quite rare. and even the wfld rice may now
be extirpated. The species wfth large
showy flowers. doubtlessly reduced fn
numbers from 100 years ago> undergo



cons i derable f 1uctuatfon in size of
fndiv1dual populations today because of
the changing rater 'level cond1tfons. In
years of lower wateri when dfkes
artificial'ly mafntafn marshes and
mudf latsi swamp rosemallow flourishes,
along wfth several emersed species that
once «ere rare or fnfrequent> such as
narrow-leaved cattaf 1, reed-canary grassy
barnyard grass  ~~ig Il!i ! ;~!, old-
witch grass  p~ti ~i~~!, and panic

created d1k es, nodd1ng s mar tweed

 Bartol otta L978! . In the marshes,
Walter's mf1 let  fi~~g ~ HEI! i has
been planted for wildlffe food. Several
European invaders, now becoming common,
are flowerfng rushr purple loosestrife

fp ~~c~l!, barnyard grass  ~
f~i~~ ! i b 1 t tersreet n 1 ghts hade
 ~~ ~i~~~!, great ha 1 ry r111or-
herb  ~~~ ~<~0!, and European
~ater horehound  Qi~ ~~~!, In
some pl aces purple 1 oosestr1 fe now
dominates to the exclusfon of most other
species  Stuckey 1980!.

The Sandusky River and some of fts
trfbutar1es also conta1n many of the
aquatic species that occur in the remnant
or1g1nal retl ands. Horever, aquatic
specfes that occur fn the remnant or1gfnal
wetl ands. Howevers submersed spec1es are
general'ly absent because of the turb idfty
of the water and the silted bottom
cond1tfons. A fer southern. mudflat or
sha1 1 ow-wa ter species, usually not found
el sewnere in the basin, add distinction
to the i iver flora. AifK!ng the~e, accord-
i nr tu Stuckey   <975!, are water-hemp

seedbox  ~~ gg~i~~! ~ three-
square, 11 zard's tail  ~~ fd!II~!,
bur cuc umber  ~g�'~ t t !!LL~! i ~ater
pimpernel   e~igyy ~i~~!, riverbank
cyperus  Qyg~ ~i~~!, swamp dock

0! > sneezeweed  gi~~
~~1k!, fog fruit  ~ g~~!,

~ig~!. Most of these species occur fn
the lower portion of the river betreen
Tiffin and Fremont ~ particularly in the
shal low water areas where dolomite bedrock
is exposed. Thfs reach of the rfver fs

immediately above the portfon effected by
the fluctuation fn the water level of Lake
Erfe.

Located 1 n southea st e rn Mon roe
County, Michigan, along the western coast
of Lake Erie, the Woodtfck Peninsula
wetlands complex consists of a barrier
fsland  Woodtfck Penfnsula!, a backbarrier
embayment  North Maumee Bay!. and a
coastal marsh sftuated at the marg1n of
the lake plain. The retland is bounded by
Lake Erfe on the east' Maumee Bay on the
south ~ Hfghway 1-75 on the rest, and the
Whiting Power Plant on the north, The
Erie Shooting and Fishing Club, a pr1vate
club founded in 1857, encompasses 400 ha
of dfked marshland. Although Bay Creek
and a few other small tributarfes and
ar ti f1cial canals input fnto North Maumee
Bay. the hydrology of thfs backbarrier
wetland complex is controlled by long-term
1 ake 1 eve'l fluctuations as wel 1 as by
short-term wind-generated c1rculatfon and
seiches. The common wetland plants found
by 3aworskf et al. �981! follow 

cottonwood  Qgi~ 4i~i~<M!
w11d grape  ~ spp.!
crack w111ow  ~ ~~!
jewelweed  ~i~ijjl g@gdiii!
box-elder  ~ ~~n!
smartweed  ~ig! gati spp.!

burdock  ~~ff ~!
sweet clover  ~~i~ spp
reed-canary grass �'~

ilQtk!Ij!I!LiQRRQ !
w11lows  ~ spp.!

sago pondreed  RiMEggki!2Q
am;Cia~!

arrowhead  ~i~~ ~fkliil!
soft-stem bulrush  $~ Y41i$4%i
three-square  $. IB  Li;  tL'l!
hybrid cattai'1  ~ x ~!
narrow-leaved catta11  j.

It0f~eltu!
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m
soft-stem bul rush  gi~~ !L !~i~!
arrowhead  ~its%~ 14iifftUrl !
spike-rush  ~~ sp
purple loosestrife  ~!I  !

narrow-leaved catta11  ~

smartweed  B~qg !II� spp.!
hybrid cattail  ~ x gimel	'!
jewelweed  ~~i~ ~i~~!
reed-canary grass  ~~

~ai!.ate!

narrow- leaved c atta 1 1  ~

cottonwood �$!g~ i!N~~!
hybrid cattail  ~ x ~!
willows  ~ spp.!
purple loosestrife  FUJI! i

~~!
Jewel weed  Jg~i~ gig}gg~!
arrowhead  ~i~i~i! ~~~!

reed-canary grass  ELLE~
~  Ii LII  im!

wooly sedge  CaLS ljKlLQiQQ>4>
jewel weed  Lmgi~i~ ~<klli&!
fox sedge  Q. y~!!giiLi&!
awl-fruited sedge  Q. ~~i!.

These plants were 1dentified in June le78
along the transects shown in Figures 5 and
6 . During the survey the Lake Erie water
level averaged 174.42 mi which is 0.40
above the long-term average for that
month. The transect consists of two
segments with an unsurveyed section in the
center. The central sect1on was not
surveyed because it cont a1ns d 1k ed
wetlands managed by the private clubs and
the water intake canal for the power
plant.

This wetIand complex. located 1n
Ottawa County> Ohio, 1s basica'Ily an
estuary of the Toussaint River and Rusha
Creek. However, many of the shallow
lagoons landrard of the barr1er beach
ridges. rhich flank the r1ver mouth. have
been diked and modif1ed by human
acti vi t ies. Because of the fl at ~
rel at1 vel y f crt i 1 e Lake Pl a in so i 1 s
 Fulton and Lucas soils!, agr1culture has

encr oached upon these coastal wetlands.
As a result of agricultural encroachment
turb1dity levels are high, especially in
the 'lower Tou ssa 1nt R1ve r . This
backbarrier marsh extends from the
Toussa1nt River southeast to Camp Perry,
Ohio. Agricultural fields and Ohio Route
2 form the landward boundary. Local
residents refer to the Green Bay and the
Hunt1ngton Marsh in the northern ano
southern portions, respect ivel y. Tous-
sa1nt Marsh 1s a private shooting club
marsh which has been diked since the late
1800s. Because pump ing and water level
management have been practiced s'nce at
least the 1940s, the wetland cannot be
regarded as a natura'I system. The plants
in the following list were obtained by
Jaworsk 1 et al. �981! along a transect
through the Green Bay and the Huntington
Marsh  Figure 50! 1n June 1978:

cottonwood  ~Mi~ N~M<K!
w 11 1ows  ~ spp. !
gray dogwood  Qi~ ~~0!~!
wild grapes  ~ spp.!

Jewel weed  In~i~ ~isa!
hedge bindweed  ~

~~!

w 11 lors  ~ spp !
thistle  ~+~ spp.!
reed-canary grass  Qgli~

~dilly!~!
sedges  ~~ spp.!
Jewel weed  ~ !!l~i~ ~i~!
sweet fl ag
pickerel weed

~lg! i~!
water smartweed  Qi~gQDJLIIl

~il!i!IIP !

hybrid catta11  Iyg~h x <~i~!
narrow-leaved cattail  I.

i~~i;i~g!

marsh fern  ~iggp4fK15 kI�JJ5~!
swamp 1oosestr if e  $!jgg~i

swamp rosemallor  ~i'~ MlM'~!



Figure 60, Coastal landforms at Toussa nt Harsh o<xnplex. 7oussaint
Harsh lies to the south and Navarre Harsh 1 es to the north of the
river  Jaworskl et al. 1981! ~

r ver bulrush !
sreet flag  ~ g~
flouersng rush  Q~ g+g~~!
rater shield  bigging ~ !~!
yellou rater lily  ~ ~!
fragrant rater 1 ly  I!sSI	!gNg

gs!sucafa!

sago ponduaed  /~gate !
lSaiiaahm!

curly penduaed  p. ~~>
float ng pondueed  p. ~!

cottonseed  ~~ ~~~!
u<lloes  ~ spp.!



burdock  iiI1.r~ ~!
thistles  ~~ spp,!
reed-canary grass  ~~

Mma~mzMn.M !g~~~
cottonwood  ~~  !gjiQJI�>!
green ash  jrMU~ gg1U!~klLtgal!
red-osfer dogwood  ~

gray dogwood  Q. Z~~a!
elderberry  ~f!!I~ girja LOB~>
reed-canary grass  ~~LA

azu�gdaaSea !
panic grasses  ~~ spp.>

water smartweed  Q?+ggl!gl i ~~1!!
Jewelweed  ~ILt~ C4~!
rfver bulrush  ~i~ fjSutk~! ~

Relatf rely high lake levels resulted fn a
predominance of species tolerant to
fnundatfon. Because thfs wetlands like so
many other extant wetlands along Lake
Erie, fs diked and managed> lake level
f1uctuatfons do not directly influence
successfon.

Middle Harbor is located on Catawba
Is 1 and pen fnsula and contafns an
exceptfonal'ly rfch lagoonal marsh behind a
natural barrier beach  F lgure 12!, Thi s
marsh I s rfthfn East Harbor State Park.
The relatively undisturbed fnterfor shores
cf Middle Harbor provide sites for many
emergent and submersed spec f es. In 1 o r-
~ater years such as 1964 and 1966' Moore
�973! found mud flats are prominent and
provide sites for the following aquatic
pl ants:

~afar sue!&1~
~ater plantain  ~ ~~ltglL

sramp beggar tfcks  ~ ~i~!
low cyperus  QYJBi~ ~~!

riverbank cyperus  Q. ~i~~!
Walter's mf1 let  ji~~ ~i~!
ye rb e-de-tago  ~~ ~ !
noddf ng smartweed  ~~gl!III!

pickerel reed  ~4Ililf~l ~i~!
crowfoot   gggg~ spp.!
arrowhead Qgp~hChl U~~>
bur reed  ~aatL4e yue~l!!

swamp milkweed  ~~ ~~!
beggar ticks  ~ XQlDJfQ>4!
swamp rosemal 1 or  ~~ IIILj~!
rushes  ~ spp.>
rushes  ~ spp.!
reed-canary grass  Qh~

~l~glt I !
cottonwood  Pgg~ d!klf&M>
bittersweet nightshade  Qi~

ling.lS;mama>
narrow-leaved cattail  ~

c~U~!-

Durfng the hfgh-water years. such as 1972-
74> the mud flats are inundated. The most
sfgnf f fcant result fs dfminfshed ~
JIB fgilLg~ stands. The shallow water over
the former mud flats provides favorable
sites for the fol>owfng aquatic plants:

noddfng beggar ticks  ~ ~!
small duckweed  ~ ILLDgI!
mfnor nafad  gyp~   i~!
barnyard grass  Q~~ig

water-mf1 fof'l  pi~i~~

reed-canary grass  ~~
Ima.dl  ILr~ >

rater smartweed  ~qg~
~~!

noddfng smartweed  p.

mad-dog skullcap  ~~

rater-parsnip  ~ ~!
watermeal

Along the shoreline dense stands of red-
osfer dogwood  ~ ~ LLglLl~! occur.

The prfmary hydrophytes within the
open, generally turbid. rater areas of
Mfddle Harbor are water-mf 1 fof1 i curly
pondweed, and sago pondweed with locally
dense 'popul at I ons of American bulrush'
hard-stem bulrush> Amerfcan water-lotus'
spatterdock, and swamp smar tweed
 EQ~U1JLI l ~~i~! . The hard-stem
bulrush grows fn rater as deep as 1.5 m
and extends 1 m above the water' s
surface. The hfgher water seems to favor
vegetative multiplication of the American
rater-lotus and to a lesser extentr
spatterdock and wh I te water 1 fly'
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»g«e ~1- Floating beds of American water-lotus  Nel umbo lu tea! in open
water habitat at !7th woman creek Estuary  isarsha11 1977T.
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especially over the shallower areas of
previously exposed mud flats  Moore 1973!.
Middle Harbor is less than 2 m deep.

Old Woman Creek> a drowned stream
mouth on the south shore of Lake Erie>
near Huron in Erie County, Ohio, is
considered a freshwater estuary as defined
by Brant and Herdendorf �972! . Th1s
estuary has. been designated as a national
estuarine research reserve by the National
Oceanic and Atmospheric Administration.
The aquatic plants of this area were
studied by Marshall and Stuckey �974! and
Marshall �977!.

Within the estuary, four aquat1c and
wetland hab1tat types were identified.
These include open water s shorel ine>
remnant embayment marshes, and mudflats.
Owing to high water levels 1n Lake Eries
the open ~ater habitat  Figure Sl!
presently includes the stream and its

entire flood pl a1n. Aquatic vascular
plants in this habitat are American water-
lotus> yellow water lily. white ~ater
1 1 l y w arrow arum. coonta il, knotty
pondweed  ~~m~~rl !!~~~! > sago
pondweede small duckweed, and 'large
duckweed  ~~~+ yg]~~z~! .

Shoreline habitat exists at the
interface of the open water and the steep
banks of the estuary valley, as well as
the perimeter of the barrier beach  Figure
SZ!. Dominant species of this habitat
type include button bush, rough-leaved
dogwood  Qo~~ ~g~~~! b northern

!, moneywort
 MRimk>M nggggl~&!, arrowhead > river
bulrush> giant bur reed. and broad-leaved
catta il. While none of these species are
particularly abundant throughout the
estuary, they are the most frequently
occurring forms. Plants occurring along
the perimeter of the barrier beach
generally do not appear until late Augustw
with flowering continuing through October.



1949!.
Figure 52. Mouth of Old Woman Creek completely barred across by a barrfer b h � 1eac u y

The most abundant taxa of the barrier
b eac h s ho re 1 f ne a re membe rs of the genus

Marshall and Stuckey �974! found
that habitat dfversity fs further enhanced
by the effects of Lake Erfe. From tfme to
time the floodplain of the stream fs
inundated by the rise fn the level of the
lake. This has the effect of reducing the
available habftat for emersed aquatic
plants. while increasing the available
habitat for submersed or floating-leaved
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High water levels have el fmfnated
most of the availab1 e marsh habftat> but
species characteristic of thfs habftat
have surv f ved as remnant embayment
marshes. Figures 53 and 54 illustrate the
effects of lor and hfgh water condftfons~
respectively, on the vegetation fn the
estuary. These areas are characterfzed by
moist to very wet soi1 conditions. They
are subject to encroachment and retreat of
water due to repeated f1uctuatfons fn
water level of the estuary. Differences
fn the physical components of each remnant
embayment marsh are reflected in their
floral composition  Marshall and Stuckey
1974! ~ Abundant specfes of this habitat
include r fce cutgrass  ~~+ ~pi~~!,
swamp docks lizard's tail, river bu1rush,
bur reedit and b road-1 eaved cattaf1  F i gure
55! ~

The mudflat habitat is a result of
fluctuating water levels wfthfn the
estuary. Two ma!or mudf1ats are present
fn the estuary. The first mudflat exists
along the west side of the mafn channe'I of
the stream> near Star Island. This area
fs marked fn midsummer by swamp rosemallow
 Uih&~ Nkvd~! and rater smartweed.
The second mudflat fs also located west of
the channel> but farther upstream. This
site is characterized by a near 1evel
bottom whfch fs frequently fnundated.
Species on this mudflat include swamp
rosemallowr water smartweed> and bur reed.



Figure 63; Aerial photograph of Old Woman Creek Estuary during low water
condi tions �1 May 1949; water level = 174 0 m above IGLD!. Note the
elliptical lagoon lakeward of the highway which is being protected by the
barrier beach. Compare this view with Figure 54.



Figure 64. Aerial photograph of old Woman Creek Estuary during high
water conditions � June 1973; water level = 174.8 m above IGLI3!. Note
barrier beach has been breached, exposing the lagoon to wave attack.
Compare this view with Figure 53.
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Figure 56. Aquatfc macrophytes in cove at Old Woman Creek Estuary; lizard's
tat1  Saururus cernuus! and swamp dock  Rumex verticil latus! in foreground,

IT1P7l .
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aquatic plants. Wfth a rtse fn water
level the emersed vegetatfon surv1ves 1n
remnant embayment marshes or 1 1es dormant
fn the flooded marsh sofl. Marshall
�977 > speculated that upon a reduct ton 1 n
~ater level many plant specfes of the
embayment marshes would become re-
establ1shed over the floodpla1n and also
bring about the establ1shment of species
new to the area. A correlation appears to
ex1st between species dfversfty and the
amount of sunlight recefved over an area.
This fs reflected fn the h1gh diversity of
species tn the open marsh and the low
species diversity of the heavily wooded
areas. Therefore, with the exposure of
the marsh soil of the floodplain one would
expect a highly d f verse species
composition fn the open floodplain marsh
due to the full sunl fght rece1ved.

The b a rr 1 e r beach 1s also 1nf 1uenced
by Lake Erie. Because of dfsturbed
conditfons and a close proxtmfty to the

lake> the beach should be the most 1 fkeiy
sfte for the occurrence of plant species
wh1ch have propagules that are carr1ed by
the water of the lake. This fs apparently
true tn the case of Pennsylvanfa smartweed

to the Erie Islands fn western Lake Erte.
This species ts presently cons1dered rare
and endangered. It fs also unusual to
find a stand of arrow arum as large as the
colony tn Old Woman Creek th1s far west 1n
Lake Erie. The current hfgh water
conditions have apparently not affected
fts abundancei and may even have enhanced
tt. Ltzardis ta11 also occurs as a very
dense colony> which fs restricted to a
sfngle embayment. This 1s a species of
southern geographfcal afffnfty corwonly
found along rtver banks. The Amerfcan
water-lotus> also a southern spec1es,
mt grated into the area fol 1 ow 1 ng
glacfatfon. Wfth the advent of low water
condttfons> the lotus will have more



favorable condftions for growth
colony will become much larger,
this specfes one of the domfnants of the
deeper water areas of the marsh.

Walter's millet was first introduced
to Ohio in the Lake Erie marshes as duck
food in locations such as the Winous Pofnt
Shooting Club. Sfnce its fntroductian 1t
has become estab'fished in many marshes of
the lake. The location of Walter>s
millet> near the mouth of the stream>
suggests a movement of the propagules v1a
the lakeshore, The greater establ ishment
of th f s spec 1 es i n 01 d Woman Creek roul d
prove most valuable as a food source for
mfgratfng waterfowls

Although many interesting plant
specfes exist 1n the estuaryi there is an
apparent lack of submersed plants. Sago
pondweed is the only submersed spec1es
thr1vfng in the rater of the estuary.
This specfes' tolerance of turbid ~ater
conditions supports the conclusion that
the apparent lack of submersed aquatfc
plants is due to the turbid eaters of the
inflowing stream.

3.3 INVERTEBRATES

Other than the planktonfc protozoans,
rotifers, and mfcrocrustaceans discussed
ear 1f er, most of the invertebrates 1n the
coastal marshes are benthic or epiphytfc
forms for at least part of thefr life
cycle. The sess11e commun f ty of the
nearshore lake bottom and the coastal
marshes is an accumulatfon of d f ve rse and
at times abundant organisms. These
organfsms occur on and in a variety of
substrates. includ1ng soft mud. hard clay>
sand> gravel, rock> organic debrfs> and
aquatfc plants. Burrorfng forms such as
the olfgochaete worms and certain mayfly
nymphs a re most common in soft mud
bottoms> whereas dragonflies and certafn
snails are most often found fn shallow
rater with emergent vegetatfon> and some
caddi sf11es and rater penny beetles are
most abundant on rocky bottoms. The
species and abundance of the organisms are
affected by not only substrate. but
al so water qual f tyi part 1 cul ar 1 y
temperatures dissolved oxygen, and the
presence of toxfc substances. Since this
group fs less mobfle than either the

plankton or nekton, they are most af fected
by local environmental changes.

Shel ford and Boesel �942! ~ Carr and
Hi 1 tunen �965! ~ and Brftt et al, �973!
studied the nearshore and open lake bottom
fauna of western Lake Erfei but none of
these investigatfons concentrated on the
benth1c fauna of the coastal wetlands.
Fi gure 56 f 1 1ustrates the benthfc
communities fn the Lake Erfe Islands
region, It fs fnterest1ng to note that on
thfs map depict1ng 1937 populatfons, the
majority of the bottom ras inhab1ted by
the mayfly ~~i~ ~i~. However,
Britt et al. �973! indicates that
mayflfes had been vf rtual ly extirpated
from the benthic fauna by the late 1960s.
Carr and Hiltunen   1965! found a similar
situatfon al ong the f4f ch f gan shore o f
western Lake Erie. By 1961. the benthic
populations were dominated by ol fgochaetes
 sludge worms! and chironomids  midge
larvae!> rep lac fng a former mayfly-
cadd1s�'ly coImnunf ty.

Hunt �962! investigated the aquatic
fnvertebrates 1n the vicin1ty of the lorer
Oetroft River wetlands 1n 1955 to
determine the qual fty and quantity of
benthfc fnvertebrates wh1ch could serve as
food for waterfowl. The benthos was
damfnated by aggregations of snails.
f 1ngernaf 1 clams> and tubific.id worms
 Figure 57! > wfth snail aggregat1ons being
the most frequent. Of the 36 invertebrate
taxa found by Hunt  Table 15!, he
categorized 26 as typfcal of sluggish
water and most to be intolerant to
pollution. I-Ie concluded the area was a
sl 1 ghtl y polluted ~ s 1 u g g i s h-r ater,
dep os 1 t f on a 1 type en v f r onment. Based on
the work of Gersbacher  l937! ~ Hunt
further concluded that the area had
attained the benthic climax for a large
r1ver. Gersbacher ' s criter fon for benthic
climax is predicated on the exfstence of a
1f~~i~  may f'! y!-gli~r~  fingernail
clam!-~~i~  prosobranch snail ! com-
munfty. Such a community is present in
the lower Detroit Rfver~ but ~~i~L is
not abundant.

A more recent study by the U. S. Ffsh
and if11dl 1 fe Serv fee   USFWS! y1e1 ded
considerably different results  Hfltunen
and Manny 1982! . Hunt   1,962! samp 1 ed
transects which crossed wetland shoals 1n
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Figure 66, Benthic invertebrate camrmnities of the islands area of
western Lake Erie, including caddisfly-snail  H dro s che-Goniobasis!.
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Figure 57. D1strfbution of aquatic
fnvertebrate communftfes In the lower
Detroit River  Hunt 1962!.

the lo~er Detroit River ~here waterfowl
were known to feed. whereas the USFWS
study was in the same general location but
samples were taken near the center of the
channels on either side of Grosse Ile. In
the deeper-water study. 49 macrozoobenthfc
taxa were collected and olfgochaete worms
were the most numerous  Table 16!. A
station north of Grosse I le yielded

115,760 ol fgochaetes/m2 fn July 1977, In
Ontario waters of the Detro1t River. the
macrozoobenthos Included pollution-fntol-
erant ephemeropterans  I.e.r l!i!~lgggjy!
and the populations vere more diverse than
the Michigan waters. The low diversIty of
macrozoobenthos and the hIgh proport1on of
pol'iut ion-tolerant ol f gochaetes  93% ! in
Michigan waters of the rIver fndfcate that
the deeper waters are severely impacted by
po 1 1 u t I on .

Sa ndu sky Bay. particularly the upper
 western! end and inside Cedar Point spit,
conta1ns some of the finest coastal
marshes borderfng western Lake Erie. One
of the most extensive fnvestfgations of
benth fc rr ac rofnvertebrates In a   ake Erie
estuary and coastal marsh ras conducted fn
this bay by Herdendorf and Lfndsay �975!
and Lfndsay �976!. The nearshore open
waters of the bay contain a benthfc
communIty dominated by ol fgochaete worms
and chfronomfd  mfdge! larvae. Three
spec fes of ol 1qochaetos  ~~~

~! and three species of
ch Ironomids  ~rJII~ I~I g~.

~gab~! comprise 90% of the benth1c
fauna. In all> at least 50 bentirfc faxa
are corrInon, fnclud I ng other annel f ds and
dfpterans, crustaceans, gastropods> pele-
cypods ~ larval 1nsects. hydrozoans,
bryozoans, and sponges  Appendix G!.

All of the olfgochaetes 1n the bay
burrov fn the mudr some constructing tube
cases. They all feed by fngestIng mud
from rh1ch they extract soluble organfc
material and mfcroorganfsms. There
appears to be cormnensal feedIng among the
ol fgochaetes, The feces of one spec f es
serves as the food for another.
Brinkhurst �974! found that these worms
tend to migrate toward different worm
species rather than their own species.
The two most abundant specfes, ~ LgI~

 l~~ and ~~ ~~+, have
a one-year life cycle. The peak breedfng
activity for these species occurs at water
temperatures around 15 C  Brfnkhurst and
Jamieson 1972!; however. Lfndsay �976!
found both adults and juven iles to be
present year around In Sandusky Bay.

Of the three species of chfronomfds
coamon In the bayi ~~ j~ and



Table 15. Benthic macroinvertebrates of t!e lower Detroit River wetlands
and their relative tolerance to pollution.

Inverteb rate

Flatworm:

Dm~ iiurina
Bryozoa:

~~ mme
Tub f fief d:

Leech:
RilUL Klfi&QXhQQO

~ll~l~ QJQI~
5mhgci~ shams
Iilax~gM amp~~
Halghhilla ~~
ElaggILde.'Lla mg~hca

Hiauz!mim ~
M ~~are

Cmge1gfhl Q~l!
Came&m ~egruIO
~ sp.
RmM sp.
U~em ~isa
UQl,~!I iLL'LQ1'W
~nfl! Li~ ~i~gisl!D

Fingernail C'lam:
~i~m sp,
~iiislff! sP.
~iahmZiuV sp.

Data source: Hunt   l962!,

ElaMuh~ zugoaa
Water Mfte:

Qikki~ sp,
Isopod:

hmphfpod:
Bxa1i~ ~
Gmmarm ~i.~

Crayffsh:
~j~j~ y~~

Mayfly:
Magmlia Umber
~i~~gghl sP.

Damselfly:
Coenagrfonfdae

Cranefly;
Tfpulfdae

Snaf 1:
heoii iM liam
Qi~tlill imhu~

Slightly
Very tolerant Tolerant tolerant Intolerant



Table 18. Benthic macro1nvertebrate population of the lower Detroit River,a

Ma!or
taxa Composition Density Composition Density Composition Density

 %!  no/m !  %!  no/m2!  %!  no/m2!

Nematode
01 1 gochaeta
Polychaeta
Amphipoda
Isopoda
Diptera
Ephemeroptera
Gastropoda
Pelecypoda
% of Total

0.4
92.0

2.7
0.3

<0.1
0.8
0.1
1.7
0.9

99.0

230
13 ~963

63
11

1
175

85
69

131

121
26>716

784
99

2
227

15
484
257

0.8
92.6

1.9
0.2

<0.1
0.9
0.2
1.2
0.9

98.7

1.5
93.6

0.4
0.1

<0.1
1.2
0.6
0.5
0.9

98.9

179
19r900

399
52

1
199
53

262
190

a Data source: H1ltunen and Manny �982!.

predators. The th1rd spec ies, ~~~
feeds primarily on plankton,

periphyton. and aquatic plant t1ssue.
j~ggi~ constructs a definite burrow in
soft sediments> while the other two
species do not. The predators feed on
other chironom1ds and frequently inhabit
the burrors of their prey  Lindsay 1976!.

Other than studies in the Lake Erie
1sl ands region, lower Detroit River> and
Sandusky Bay. invest1gations of inverte-
brates in the coastal marshes of western
Lake Erie are scarce. Lehman �973! and
Adams �976! do provide 11sts of
invertebrate species found in a avarre
Marsh, a diked coastal wetland on Locust
Point> midway between Toledo and Port
Clinton~ Ohio  Table 17!. When Table 17
is compared with Appendix G the
differences in the invertebr.ate fauna of
an open, coastal wetland versus a
protectedi diked marsh are obvious. Open
water habitats appear to be dominated by
0119ochaetes and d1pter1an larva. while
protected marshes abound 1n other insect
orders.

The importance of aquat1c vegetat1on
as a habitat for aquatic invertebrates is
often overlooked in wetlands invest1-
gations. Krecker �939!, work ing 1n
western Lake Erie wetlands. noted that

submerged> leafy types of vegetation are
more densely populated than are the
emergent> hard surfaced> non-leafy types.
He exam1ned seven species of submersed
plants  Figure 58! for both the
composition and quantity of the animal
population. Representatives of 29 taxa
were found among these plants  Table 18!,
ranging from a maximum of 26 on ~~ and
4 on Q~~. An entirely different
picture 1s presented when the plants are
compared on the basis of individuals
present per linear meter of plant.
g! Llg~~~ with mean popu'lat1ons of 440
invertebrates per meter and ~m~
~~ with 347 led all the others by a
wide marg in. Midge larvae  Ch1ronom1dae!
and freshrater annelids �1 igochaeta!
together made up 59$-93% of the
invertebrates on all plants except ~~.
On this plant> midges and annelids only
comprised 29%> while the sessile rotffer>
g~~ made up 50% of the epiphytic
invertebrates.

Ma rs h in ver tebf'ates ~ includ1ng
immature and adult insects, snailsr and
crustaceans are important 1n the d1et of
waterforl. Ducklings of all species rely
almost entirely on animal food during
their first month  Beard 1953!. Bartonek
and Hickey �969! found that 96% of the
food consumed by Juvenile canvasbacks
cons1sted of animal material particularly



lnvertebr a tes col 1 ec ted in
,'Javarre l arsh,  jhfo.

Spec 1 es

Phylum Annel da  segmented worms!
Class Hfrudfnea  leaches!

Ll~~i~ i>~~~~

Phylum Mollusca  soft-bod1ed anfmals!
Class Gastropoda  snafls!

LYl~ ~  pond snafl!
 !�LUi~  oriental

mystery snail!

Phylum Arthropoda  Joint-legged animals!
Class Crustacoa

Order Decapoda  shrimps. crayffshes!
P L1ltema ! Lt rs h~g~  g 1 ass

shrimp!
~366 lyme~  crayffsh!

2ZRUIECuri ]Qjlll+~Li  crayfish!

Class lnsecta
Order Odonata  dragonf11es and

damsel f 1 1 es!

~ ~  dragonfly nymph!
 damselfly

nymph!

Order Hemfptera  bugs!

 water
boatman!

EMiJlkrM !ill ll Ill!  backswfmner!
M~iZO ~~  giant water

buq!
Etdlh~g ~  water scorpfon!
~ XfipLLi~  water strider!

Order Coleoptera  beetles!
{;!~~ ~i~~  whfrl igfg

beetl e!

IZQQ~iZii ~  water beetle!

Data sources: Lehman �973!, Adams �976!.

daphnfdse amphfpods> and various aquatfc
insects.

K r u 1 l   197 0! r.el at ed the abundance,
dfversfersfty, and seasonal occurrence of
mac rofnvertebrates to 12 species of

submerged aquatfc plants fn the Ffnger
Lakes region of New York. Consfderfng all
12 plants for the entfre growing season,
he found gastropods  espec f 1 1 y
sp.! > dragonf1 fes. backswfrreers. and water
boatmen were the most fmportant. Leeches.
amphfpods~ decapodsi gfant rater bugs, and
midges rere of secondary importance, On
the average 1 g of anfmal material was
assoc fated with 100 g of plant materfal.
Duckweed  ~ ~11~!, water starg rass
 Qgi~~ ~!, coonta11  pi~~-

!, rate r weed  ~>+i~~
~elbe+! i and bl adderwort  /~i~~
~~! were found to harbor the most
abundant macrof nvertebrate p opul at 1 ons.
The latter specfes fs a smal'l aquatic herb
wf th bladders to catch 1nvertebrates
 Fassett 1957! . Both b 1 adderwort and
waterreed are consfdered to be poor
rater fowl food plants, but they are
fndfrectly 1mportant to waterfowl
production because of the 'large quantities
of 1nvertebrates whfch furn1sh a source of
anfmal protein.

Durfng four dffferent fntervals of
the Pleistocene epoch, whfch ftself lasted
from about one million to about ten
thousand years ago ~ the Lake Erie basfn
was covered wfth gla<fal 1ce. ! fthfn the
glacfated region all benthfc. organf sms
were destroyed, but each time the fce
receded they refnvaded the previously fce-
covered reg fon. The Pl ef stocene mol 1 u sk s
pf the fnterglacial lakes and thefr
pal eoecology are well documented by La
Rocque �966!. Many specfes. partfcul arly
the unfonfd bfvalves and the large
prosobranch snaflsi require cont1nuous
waterway for m1gratfon. Glochfdfa may be
carrfed over long d1stances while attached
to thefr ffsh host. The rfch molluscan
fauna of the Lake Erfe reg1on was 'largely
repopu'l'ated from the Ohfo-Mfssfssfppf
system when glacfal meltwaters fn thfs
reg1on flowed south. Addftfonal 1y ~ Clarke
�9S1! speculated that most small snails
  pu 1 ma nates�! and sma 1 1 clams   s p h a e r 1 f d s !
are carried about fmbedded 1n the feathers
of rater b1rds, 1n mud attached to the1r
feet or clamped to the appendages of
large, flyfng aquatic insects. Appendix H
provides a 1 fstfng of the mollusks
assocfated wfth the coastal retl ands and
nearshore waters. Append1x I contains



Figure 58. Submersed aquatic plants fr om Fishery Bay, South Bass Isl and, examined by
tracker �939! for invertebrate anima1s  Table 18!. Note. Va111sneria ~sira1is  =ameri-
cana!; ~Potamo eton ~corn ressos  =zosteriformis!.

Table 18. Inverteorate ani sais found on various aquatic plants in western Lake
Erie ~tlands.

Population per linear meter of submerged plants

Ave Max Ave Max Ave Max Ave Max Ave Max Ave Max Ave Max
In ve rteb rate
taxa

2 3

4 4 59 78

2 3

lcorltlnuecfl

AINE L IDA
hcLQ19~lih
2msM~
Qeza

~i/i~~

<I <I 1
2 3 3
1 3

12 34 52

10 28 6

4 1 5
9 8 51

98 133 596
5 37

22 27 69

5 5

125 125

I 1

6 21
<I 2
78 217

11 55



Table T8.  concluded!

Invertebrate
taxa

1 2 1 5 27 111 1 1 1 5

<1 1
21 61
<1 <1
<1 <1
<1 1
<1 <1
5 9

110 213

19 79
8 41
1 6

20 61

<1 <1
95 296

2 9
1 3
5 23
1 4
5 13

27 47
<1 1
6 21
1 1

3 8

2 2 15 15 64 67

1 I
3 51 1 1 1

1 1 2 2

<1 1
1 2

25 59
1 4

1 3
<1 I
7 12
1 2

<1 1
<1
5 6

<1 1

6 29

8 22
1 3

<1

6 ll

2 2

4 8
12 37

2 3
6 9

7 34
22 48

1 1
2 2

6 24
14 21

10 52

80 180

1 1 1 1

1 2 <1 <1
1 2

I 4 1 2

NEMATODh

COELENTERhTA
1}}L}lre

PORIFERh

CHORDATA
Vertebrata

Fish Eggs

4 16 <1 <1 17 113

7 15 1 2 6 20

1 7

5 5 1 1 15 52

<1 1

Total 172 116 440 9 174 143 347

Data source: Krecker �939!.
b
Key; Ec ~ ~ ~}SIe}}efe Nf 5gaa fleM

Ms ~ g~i~i~e ~~ Va ~ !~JiiJ3g}Lil @5QLLCCQ
'!

«Coram}aetio ~ms

ARTHROPOD A
Crustacea

Amphipoda
Insecta

hnfsoptera
Chfronomldae
Coleoptera
Ephemerldae
Uxdceg~
Leptoderfdae
Zygoptera

MOLLUSCA
be~
bakLL}}e
Ga}}le!}L&
UeUa}}}a
Qmalh
Snail Eggs

PLhTYHELNINTHES
ElaaeEfe
~aim}}}}I

BRYOZOh
Pl}}}}}}Ltella

Illa
ROTI F ERA

~azio

Populat1on per linear meter of submerged plants

Ave Max Ave Max Ave Max Ave Max Ave Max Ave Max Ave Max

80 188 <1 <1 1 6 2 2 18 18

2 6 <1 2 - � - � � - <1 <1



1nformatfon on the habitat preference of
these species.

Cia~~. Hell-vegetated portions
of unpolluted embayments, marshes, beach
ponds, and sluggfsh tr1butary mouths are
the most product1ve local1ties for
freshwater snails in western Lake Er1e.
They 11ve on submerged vegetatfon, on
rocks ~ and on the bottom at the water' s
edge and out to a depth of several meters.
Two subclasses, Prosobranchfa and
Pulmonata, are rell represented in Lake
Erfe coastal marshes. Prosob rane hie
species are charactertzed by 1nternal
respiratory gills  ctenidia!, or, as in

by external gills, and have
operculum to seal the shell aperature.
Pulmonata species do not have gills but
obtain oxygen through a "lung-lfke"
pulmonary cavfty. Pulmonate snails> which
have descended from land snails. must come
to the surface periodically to take afr
into the lung. Dennis �938! reported
that pulnenates in the Bass Islands region
were alrays found where there was
considerable wave action or near the
surface> whfle gilled snails rere found in
deeper more stagnant waters.

Host aquatic snails are vegetarians.
The veneer of 11ving algae wh1ch covers
most submerged surfaces is thefr chief
food> but dead plant and animal mater1al
1 s a 1 so frequently 1 ng e s ted. D1ssol ved
oxygen is an 1mportant 1 fmitfng factor;
most gi 1 1 ed species require high
concentrations, and 11mpets such as
~~ are found only rhere the water
remafns near saturation  Pennak 1978>.
However, ~~~ ~~0~ and +~i~
~Igi~ have been collected in rater w1th
less than 2 ppm oxygen  Herman 1974!. The
concentration of d 1 ssol ved solids 1n
western Lake Erie+ particularly calcium
carbonate at 95 ppm. provides adequate
essential mater 1 al s for shel 1
construction. Appendix I shows the
habitat preferences for the 47 species of
gastropods which have been reported for
the coastal marshes and nearshore raters.

~ii gg+. The b 1 val ved molluscan
fauna of western Lake Erie consists of
three families. The majority of the
species belong to the Unionidae  fresh-
water mussels or naiades! and Sphaeriidae

 fingernaf1 clams>. The th1rd family,
Corbicul fdae �1ttle basket clams!, is
represented by an 1ntroduced Asfatfc
species. Bivalves are most abundant
nearshore. especially in water less than 2
m deep, Stable gravel and sand substrates
with a good current support the largest
popul at fons. Commonly mussel s 1 nhab it
substrates free of rooted vegetation, but
there are numerous exceptions ~ 1ncl uding
2~iXII QJJLl~ and QUg~l ~~L.

Stomach contents of un1onid mussels
are comnonly mud. desm1ds, dfatoms> and
other unicellular elgaei protozoans,
rot1fers. flagellates> and detritus . The
largest populatfons of mussels develop
below areas where d1sintegration of rich
vegetation 1s occurr1ng <Churchil 1 and
Leri s 1924!.

The female pocket-book mussel
 Lkl8 L8j~ y~~~! is capable of
extending and pulsating the posterior edge
of the mantle in such a ray that ft
resembles an injured m1nnor  Clarke 198l! .
Thfs actfvity attracts several marsh-
assoc1ated fish species such as bluegill,
white crappie. smallmouth bass, and yellor
perch> and 1ncreases the opportunities for
juveni1 e mussel s  gl och f di a! to attach
themselves to a fish after they have been
ejected from the parent. The larvae are
released by the parent rhen fts 11ght
sens1tive spots are st1mulated ~ for
example, by the shadow of a passing f1sh.
Several unfonid b1val ves possess specfal
mantle structures adapted to lure f1sh
into their vicinity. The glochidia of
each species of f reshrater mussel
 co rrespond s to vel f ger 1 arvae of marine
bivalves! must attach to the gills and
fins of a partfculal fish specfes or small
group of species  Table 19! before further
devel opment can take pl ace. Most
glochidfa never accompl fsh this> but those
that do succeed remain attached for a few
weeks as they metamorphose into tiny
mussels. The young musseis then drop from
the fish to take up an independent life on
the lake bottom. moving about and
s1phoning water for resp1ratfon and for
obtaining plankton as a source of
nour1shment. Appendix I fndicates the
habftat preferences of the 64 species of
pelecypods rhfch have been reported for
coastal marshes and nearshore raters.
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Tab e 19. Western Lake Erie union d bfvalves ond the1r gloch1d1al host f1sh.

F fsh hosts b

X X X X

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

X X X X
X X X

X X X
X X
X

X X

a
Oata sources: Fuller �974!. Clarke �981!,

b ~N ~ northern c
. bo~te ~viaSh shorthead Ff ~ QV matte ~

Bl ~ b 1 ack
'i!

Ed
Oqp ~ Qg~j~ guilt�~ and Q P~~

Avm tibial~ ~~ and + ll!lL J,~
Lcc ~~KiJ!! Qgl~+ and j

Sm ~ smallmouth " bQQ~ QZllU~ ~~ and + /gpss!~
m ~ argemouth Su ~~ma !!llifLLUIL4Li

Tdt ~ /GLED~ JjQIUUJ~ and ~ ~~!
LMlL�tH 414%5
Gaoul~i ~

Lf . Loathed!b!! Xraailh
. ~!g Wile +data

Lr

Lf v tgggJ~ ~~hl ~fgllf~ and ~ MG~~.

Northern p lk e
Carp
Golden sh1ne r
Creek chub
White sucker
N hog sucker
N Sh redhorse
Bl bullhead
Ye bullhead
L'r bullhead
Ch catfish
Bk st1ck leback
White boss
Rock bass
Gr sunf1sh
Pumpk 1nseed
Or-sp sunfish
Bluegill
Sm bass
Lm bass
Wh cropp1e
Bl crappfe
iowa darter
Johnny darter
Ye perch
Walleye
Freshwater drum
kott!ed sculp!n
kudpuppy

 omphlb fan!

Ap Ff Qqp Ed Avm Lcc Sa Ag1 Su Tdt Pa Cp Lf Ac Lr Lrv



Throughout Lake E r 1 e ' s coa st al
wetlands the amphtpodr Q@gl~ ~r~i
fs an important food organ1sm for yellow
percha walleye, fr eshwater drum, and
catfish, and fs one of the domfnant
macrozoobenthfc forms fn the coastal
marshes. ~~p fs well equfpped to
clfng to aquatic vegetation; each of fts
14 perefopods has a termfnal claw wh1ch is
used to g rasp plant stems and se1ze prey.
Clemens �9SO! found that durfng the
summer and f al 1 in western Lake Erfe,

was most common on beds of
submerged vegetation, particularly

and Q~igi~i~ g~~, These
8- to 10-mm long omnfvorous ct'ustaceans
readily devour both lfving and dead plant
and an fmal matter. Aqu at fc pl ants
 especially submerged formsi. dead leaves,
zoopl ankton  gj~i~, ~i~i~i~, and

i~!r fellow members of this specfes>
and their own moults and fecal pellets are
the most common food ftems, Populations
of these scuds also occur fn deeper.
offshore port1ons of western Lake Erie,
but not fn as great a density as fn the
vegetated areas.

Othe r n ot a b 1 e cru st aceans assoc 1 a ted
r fth wetlands fnclude copepods and
cl adocerans  water fleas! ~ fsopods
 aquatic sowbugs!> ost racods  seed
shrimp!> and decapods  crayfish and
shrfmps!. Because of the great varfety of
ecol og ical n 1 ches > the s ha 1 1 or 1 1 ttoral
zone of I ake Erie> espec1ally fn aquatic
vegetation, fs rfch fn cyclopofd and
calanofd spec1es. Harpactfcofd copepods
are more restricted to bottom debr1s 1n
the wetlands. Cladocerans are important
11mnetfc  open water! organ1sms 1 n Lake
Er fe> but several species ~ 1ncludfng

abundant among the vegetation 1n the
coastal marshes, Bacteria. algae. proto-
zoans, and organic detrftus are the chief
foods of these fflter feeders. Both of
these mfcrocrustacean groups+ as rell as
protozoans, are trapped and 1 ngested by
bladderwort  ~~ Ygli;~! plants
in the coastal marshes. Isopods seldom
enter open water but prefer nfches under
vegetation> debrfs> and rocks.
~y~~ 1s the common specfes fn
western Lake Erie. The nature of the

substrate appears to have 11ttle influence
on the dfstrfbut1on of ostracods. In many
cases. the same species can be found on
algae ~ decay 1 ng vegetat 1 on > rooted
aquatfcs> and mud  Pennak 1978!. Crayfish
are general 1 y 1nhabf tants of shal lor
rater, seldom be1ng found deeper than 1 m.
Species such as Qc~~ ~~ 11ve in
the ~ater during warm monthsi but fn the
autumn they construct burrows along the
edge of the marsh and 'I 1 ve 1n them untf1
the lake level rises and the weather
becomes ~armer 1n the sprfng.

The most conspfcuous fnvertebrates
associated with the coastal marshes are
the myriad of fnsects. The dfpterans
 true fl1es! are the most abundant and
include the mfdges. mosqu 1tos. and crane
f11es. Mayflies. dragonflfes. and damsel-
fliess are also abundant groups of
organisms which have an aquatic larval
stage and then emerge to fly and mate over
the marsh. The hemfpterans  true bugs!
are represented by diverse forms
fnclud fng the water strfder, backswfmmer.
water boatman. and g 1 ant water bug
 ~~gy sp.!. which preys on tadpoles
and small ffsh  Weller 1981!. Other
1mportant insect groups of the marshes
1 ncl ude the cadd 1 s fl 1 es and beet 1 e s. The
former  ~ sp. and ~g~ sp.! builds
a case from bits of vegetatfon and sand.
The 1 atter 1nc 1 udes the p redaceo us d 1 v 1 ng
beetle  Qy~~ sp.! and the gregarfous
whfrlygfgs  gy~ sp.!.

3.4 FISH

Wetlands ar e fmportant to f 1 sh
product 1 on because they provf de spawn fng
and nursery hab1tat for wetland-dependent
specfes, cover for juvenile and forage
f1sh, and feeding areas for predator f1sh.
Approxfmate'Iy 43 species of fishes are or
once rere assoc1ated rfth the coastal
marshes of restern Lake Erie. Twenty-six
of these specfes are currently of
s 1 Qn f f 1 c ant rec reat 1 on a 1, c omme rc 1 a 1, o r
prey value. Fishes assocfated with
coastal marshes can be df vfded fnto tro
categorfes< 1! spec1es directly dependent
on coastal marshes as adult hab1tats or
spawn1ng and nursery areas. and 2! specfes
not dependent on marshes for such uses but
which are usually common fn coastal



marshes> apparently making opportunistic grounds for important species in the lower
use of them as spawning, nursery, and Detroit River and western Lake Erie are
feeding areas. Spawning and nursery shown on Figures 59 and 60, respective'iy.

4eeees q ~ ~
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Figure 59. Spawning and nursery grounds of lake sturgeon, northern pike,
carp, emerald shiner, white bass, and wal 1 eye in the lower Detroit River
 Goodyear et al. 1982a!.
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Host of the fish fauna 1nhabftfng the
marshes consist of non-salmon 1 d >
warmwater, or coolrater specfes such as
the minnow> catfish> and pike fam11 fes.
Because of the predom1nance of clayey and
organic-rfch substrates fn wetlands> there
fs a prevalence of bottom feeders. Often
as much as 90% of the standfng ffsh crop
fn wetlands consists of forage specfes
 Greenwood 1971! . L'arge p redator f1sh
rely on v1sual contact to locate their
prey. Because. horever, many of the Lake
Erie marshes are turbid, associated
species, fncludfng carp and bullheads must
tolerate turbidity and sfltat1on.

Trautman �981! fs the primary source
of fnformatfon regardfng ffsh fn I ake Erie
and thefr 1 f fe hfstorfesi habitat
assocfatfons> and utfl1zatfon of wetlands.
He pro91des detailed location maps for
each specfes but site-spec1f1c fnformat1on
on fnd1vfdual wetlands fs not included.
The value of this work fn understanding
wetland ut1lfzatfon fs considerable<
though ~ because the detaf led habitat
descrfpt1ons for each species allow
extrapolat1on of the probable f fsh
communfty of most retlands. Other useful
works on the Detroit Rfver and the Lake
Erfe nearshore fisheries include: Barnes
�979! ~ Edmfster �940! ~ Fral efgh et al .
�975!. Goodyear et al. �982a,b!, Hartley
and Herdendorf �975!, Hatcher and Nester
�983!. Herdendorf et al. �981b! ~ Hunt
and Hfckelson �976!. Jaworskf and Raphael
�978!, Langlofs �954, 1965!. Price
�963!i Van Meter and Trautman �970! ~ and
Zeftoun et al.   1978!.

Currently, sport f1shermen utilize
the area from Vermf1 ion to Lorafn>
Catawba, and the Lake Erie Islands area ~
Commercfal ffshermen utf1fze Sandusky Bay
and the south shore of the western basin.
Part1cular emphasis fs on the v1cfnfty
near maJor ports. Horever, 11ttle site-
specfffc fnformatfon exists upon whfch to
base value Judgements of any individual
wetland fn terms of 1ts importance to fish
product1on for recreat1on or coaanercfal
harvest. or as a preserve for unique f1sh
species or coemunftfes.

Many species of fish utilize the
coastal wetlands of Lake Erie. but

dependency on aquatic vegetation for
spawnfng. feedfng. or cover has been
demonstrated for comparative ly few
speci es. The most common ret 1 a nd-
dependent fish species 1nclude the
longnose gar  ~~L!~ ~~!, bowf 1 n
 ~ ~ILAIL!, central mudmfnnow
~!, grass pickerel  ~ ~~~,
gol den sh1ner �gj;i II'~ ~~i~~! .
and pumpk 1 n seed  ~i~~ ~~! .
Several other retland-dependent spec1es
are uncoarnon or rare fn Lake Erfe, These

northern p1ke  ~ ~i~!,
mu sk el 1 unge < E. � Lag! ~g! !, Pug nose
minnow  $~~ I!ILL'LAIL !! ~ bl ackch 1 n
shiner  g. ~~i~!> blacknose sh1ner
 + ~yZ!~~!, tadpole madtom  ~g~
g!~~! + banded k f1 'I 1 f 1 sh  ~~
~0~! ~ brook stfckl eback  t;~~
~i~~p~!, mosqu1tof f sh  ~ L LIL~
~~! > Iowa darter  ~ggi~ggg ~!,
and mottled sculp1n  ~ ~!. The
brook stfckleback and mottled sculpin
typfcally are small stream 1nhabftants
with a strong affinity for vegetation.
Although these tro specfes are unconwnon fn
the coastal waters of Lake Erie~ they are
locally common fn inland raters. The
mosquftoffsh fs an introduced species
which fs not yet common. The northern
pike fs fafrly common fn Lake Erie and
supports a mfnor recreatfonal ffshery, as
does the abundant pumpkfnseed. The extent
of these fisher1es 1s not determfned. The
muskellunge fs v1rtually extirpated from
western Lake Erie.

Several fish specfes found fn Lake
Er1e range from common to abundant fn
wetlands and adJacent waters. The gfzzard
shad  ~~gg ~i~~!. carp  Qr~~
~ L1g.! ~ 9 0 1 d f 1 sh  ~~~ ~~q !,
f at head mf nnow  ~~~ ILC !!~!,
bl untnose m 1 nnow  f. ~~! > wh f te
sucker  ~~ ~gI! ~iJ! !, bl ack
bullhead  pi~~ ~!, brown bullhead
 J. ~~i~! . yel 1 or bul 1 head  J.
~~ ! i b 1 ueg 1 '! 1  ~~ Ib~iy~! .
1 argemouth bass  ~i~i~~ ~~ig!,
rhfte crappfe  ~ I !;~ ~~!. and

quiet. low-gradfent waters rfth bottoms of
mud> silty or clay. These species are
generally cover-orfented and are comnon fn
the larger coastal wetlands of western
Lake Erie; this is part1cularly true for
the carp and bullheads. whfch are



sf g n1 f 1 c ant comme rc 1 a 1 spec 1 es harvested
by shore sefnersi especially fn Sandusky
Bay. In add 1t1on to the bluegfll
largemouth bass. and crappfesp bullheads
are also important game fishes.

Another group of specfes found
certafn coastal wetlands of Lake Erie fs
that which generally assocfates with lotfc
 flowing! inland raters and clean sand or
gravel bottoms. These species are also
assocfated with coastal wetlands having
similar physical characteristics, espe-
cially deeper lacustrine wetlands. They
1nclude the smal lmouth bass,  ~~~~

y~iJ.~!. sand shfner  g. ~~i~,
lake chubsucker  ~I ! ~N
spotted sucker  >~> jJ:f8orr ggQjlf!gpss! ~ I ock

sunfish  ~g~ ~~~!, johnny darter
 ~i~i~I    ! ~Zilch! ~ and 1 ogperch  ~i~
~i~~!, The smallmouth bass> rock
bass, and green sunffsh are sfgnfffcant
game specfes.

Specfes of the open nearshore lake
raters and rfver mouths often occur fn the
coastal wetlands. These specfes include
the yeller perch  ~ ~Iaaf!8'~! > rhfte
bass  g LEi~ ~I 8i~! > freshwater drum
 +~i~ f~i~!, b1gmouth buffalo

catfish  L~~~ g~i~~!. These are
fmportant commercial and game species,
although only yel for perch appears to have
a strong af f f ni ty for aquat1c vegetat 1 on.
A cr1tfca I spawning and cover relatfonsh1p
appears to exfst betreen yellor perch and
the coastal wetlands of western I ake Erfe.
Thfs rel atfonshfp warrants more fntensf ve
study.

The dependence of the ffsh corrinunfty
on exfstfng Lake Erie habftats can be
separated into several major use
categorfes: spawning ~ nursery feed 1 ng,
migration, and overwfnterfng> resting, or
refuge. Habitat types used by a species
may be d 1 f ferent for each of these
purposes> or a spec1es may use only one
habitat throughout its 1 1fe cycle. The
importance of wetland areas to individual
species depends on how critical the use of
wetlands fs during a particular phase of
fts life cycle. The degree of 1mportance

var 1 es, depend 1 ng on whether use fs
critical fn one or all phases ~ Speci f1c
f n format 1 on of th f s type 1 s 1 flnfted for
many species. Moreoveri data on habitat
preferences or requirements fn Lake Erfe
for sparning nurse yi feedf ngi mf grat1on >
overw1nter1ng, and restfng are nonexistent
f or several s pecfes. Horever. the
contfnued l oss of hab ftat wf1 1 be
associated rfth changes fn fish species
composftfon. Species dependent on
protected hab1tat with clear water and
aquatic vegetation will continue to
decline, possfbly to extfrpat1on.

Coastal r et 1 ands have been
dramat 1 cal 1 y reduced 1 n extent and qual 1ty
since the European settlement of Ohio fn
the 1800s. Drafnage and filling of these
extensfve marshes  for agrfcultural >
urban. f ndustr 1 al, and recreat fonal
devel opment! i s 1 1 tati on ~ and p I obab1y over
exploitation by commerc1 al f fshf ng
act f v it i es i a re factors rhfch have
contributed to the population decl inc of
wet 1 and-dependent f fsh specfes. Specfes
most ser 1 ous1 y ef f ected 1nc 1 u de no rthe rn
pfke, muskellunge, spotted gar, banded
kfllfffsh> Iowa darter> blackchfn shfner>
blacknose shiner. pugnose minnow, pugnose
shiner  ~~ii~ ~~!, and tadpole
madtom. The effect of reduced wetlands on
increased thermal regfmes~ nutrient input>
and s11tat1on since the 1800s remains a
topic of controversy; wetland el fmfnation,
however, has certainly aggravated these
problems. Other fish species, such as
valuable salmonid and percfd game and
comnercfal species  wh1ch are not directly
dependent on vegetation itself! may have
decl 1ned parti y because of the 1 nd 1 rect
env 1 ronmenta1 consequences of vegetation
removal 1n coastal areas  Trautman 1981!.
Past and present abundances of Lake Er1e
fish specfes are presented fn Appendix J.

At Present> large estuarine coastal
wetlan«of Lake Erfe are domfnated by a
warmwater. silt- and pollution-tolerant
fish fauna comprising mafnly carp ~
goldffsh. bullheads> rhfte sucker> yellow
perch. and pumpk inseed. Varshes are
clearly 1mportant fn terms of the biomass
and d 1 vers 1 ty o f economical 1 y 1mportant
specfes  fncludfng forage f fshes! that
they support. Horever, several smaller
wetland units ~ notably those associated
r1th sandspfts and beach rfdges+ support



scient 1 f 1 ca 1 1 y f nterest f ng b 1 el og1ca1
communities  i,e,, Presque Isle Marsh and
Pofnt Pelee 'Harsh!. The lagoon wetlandsi
part1cularly on the Lake Erie Islands, are
fmportant feed fng> cover, and nursery
areas for smallmouth bass. Given the
already stressed cond1tion of most of the
Lake Erie coastal ~et!ands, 1t fs apparent
that further degradztfon will be dfrect'fy
deleterious to large segments of exfst1ng
f1sh communftfesi especially fn the
western basin, The need for further
invest.fgations into the importance and
ut111zati on of certain habftats 1s
1ndfcated by the fact that very little
work has been done with the coastal
marshes.

Research on the role of coastal
wetl ands in supporting Great Lakes f fsh
populatfons has focused on esocfds  pike
family! ~ an important recreational group
w1th a wel 1-documented dependence on
wetlands. In western Lake Er fe, Clark
�950! and Brown and C'! a rk �965!
conducted short-term studIes of northern
p1ke spawning and popul atfon charac-
te rfstfcs in East Harbor Marsh. Haas
�978! documented the characterfstics of a
1 arge natf ve muskellunge popul at ion fn
Lake St. Clair. Harrfson �978! conducted
an intensive study of the ecology, life
histories, and recreational f 1 sherfes of
r atf ve northern pike and muskel lunge fn
tho upper Nf agara Ri ver. Col 1ectf vel y,
they f ound t hat these sympatr ic
 r:ooxf tent distribution! populations were
pat 1a 1 1 y orlr eigated. Mu skel lunge res 1 ded

anil pawiuui almost ont 1 re 1 y in the sw1 f t
currurit: of the major streams, whereas
norther n p ike res1ded and spawned
pr imari 1 y in small tr ibutarfes or' coastal
lagoon, In Lakr. Ontario wetlands, Marean
�976! dctornifned the f nf 1uonce of
phys i cal, chemical, and b iolog1ca 1
var fables on their u ~ e by northern pike.
He demonstrated positive correlatfons
between use by pike and avail abil fty of
fathoad mfnnows  f~~ ItEi~~~! as
prey. low chloride levels, hfgh dissolved
oxygen, and the percentage of submerged
cover belo~ a depth of 50 cm. Pike do
appear to respond to successional patterns
or specific assemblages of aquatic plants.

Studies of the ef feet of carp on
vegetatfon fn the Erfe Shooting Club marsh
on the Michigan shore of Lake Ef1e have

been conducted by comparing enclosed,
carp-free areas with similar areas open to
carp  King and Hunt 1967!. Thi s r esear ch
demonstrated that carp s1gniffcantly
decreased the abundance of aquat ic
vegetation in the marsh, Carp had a
select1ve effect on certafn submersed
plants, particularly fn the spring growfng
season, when p! ants were young and
delicate. They retarded growth of plants
by feeding on them> uprooting them, and
increas1ng turb1dfty of the water. Carp
can be extremely harmful in waterfowl
marshes because they selectively destroy
those submersed plants most attractive as
waterfowl food.

A few other studies have been
conducted on factors effecting ffsh
mobility in Lake Erie coastal marshes,
Scott   1955! stud1ed the movements of
fishes fnto and out of wetlands fn Rondeau
Bay, Ontario. Two groups of yellow perch
resfded 1n the bay: 1! 2- and 3-year-old
mfgratory perch which wer e concentrated
near the mouth of the bay and m1gr ated
daily into the lake. and 2! 2- and 3-
year-old nonmigratory perch which remafned
fn the bay. Movement occurred primarily
at sunrIse and sunset. Based on pi ankton
counts and ex am in at f on o f stomach
contents, the m1gratory group appears tc
enter the lake during the day to feed on
cl adocerans  ~i~ spp. ! . Leek le �981!
investigated fish movement fnto and out of
a coa tal marsh to Sandusky Bay, This
study revealed that the exchange of all
fish species between the wetland and bay
was substantial. Movements in each
d1rection were almost equal with the
direction of movement apparently
deter mf ned by pos it i Ve r hect ax 1 s
 attraction to flowinq water!. Dfrectfon
of flow varied with fluctuating ~ater
levels in Sandusky Bay. The princ1pal
species moving through the culvert were,
fn order of abundance, gizzard shadi brown
bullhead, carp, freshwater drum> whfte
crappfe. pumpkinseed, goldffsh, and black
crappfe. Peak adult movement appeared to
be related to spawning activity in the
springer wfth Juveniles moving out of the
wetland 1n summer. Hartley and Herdendorf
�975! observed the movement of f1sh from
Pfckerel Creek Estuary to Sandusky Bay
 Ffgure 61!. Northern pfke were prevalent
in fall samples.



<5~M mm~8<18! to be dominant �2%!.
w 1 th g 1 zzard shad �0%! > wh1te crapp fe
 9%! > and brown bul 1 head �%! al so
abundant. Gfzzard shad and freshwater
drum dominated the uncontrolled wetland
larvae samples, From the first year of
th1s study they conclude <on the basis of
f1sh movement fn and out of the controlled
marsh> relat1ve species count> and larvae
sampling! that the contribution of the
controlled marsh to the open-water fish
community was small. The contr1but1on of
the uncontrolled wetland was potentially
quite large, consfderfng the easy access
to Sandusky Bay and Lake Erie.

Figure 81. F1sh collected fn a trapnet
set at the estuarine mouth of Pfckerel
Creek fn Sandusky Bay  November 1974!!
domfnant species include northern pike,
white bass, white crappie. yellow percha
gizzard shad, and carp  Hartley and
Herdendorf 1975!.

Snyder and Johnson �984! are
currently fnvest1gatfng the fish conlnunfty
structure> movements> and reproductfon fn
controlled and uncontro'I led mar shes fn
Sandusky Bay. Prel1mfnary data from
trapnet samples �,650 hours of effort;
3li500 fish; 25 species! showed that the
ffsh conwnunfty fn the controlled marsh was
dominated by white crappie �9%! > g1zzard
shad �9%!. brown and black bullhead �7%!
and carp �%! . Gf zzard shad 1 arvae
dominated the controlled wetland push-net
samples. Str fct monitor fng of f f sh
movements fnto and out of a controlled
marsh  Wfnous Point Marsh! for one summer
sho~ed 2.434 fish enterfng the marsh while
1.640 left the marsh  Ffgures 62 and 63 !.
Whereas' trapnet samples from the
uncontrolled wetland <Ii190 hours; l9>287
f 1 shi 41 spec 1 es! showed white per ch

Pre-operational monitoring of Navarre
Marsh prfor to the completion of the
Davfs-Besse Nuclear Power Station at
Locust Point yielded sdmflar results for a
controlled wetland  Reutter and Herdendorf
1974!. Hoopnets �.5 cm bar mesh! set fn
the marsh between Apr11 and November
y1elded seven specfes of fish and three
species of turtles. The fish included
bowffn> gfzzard shad, and largemouth bass>
fn order of abundance. The turtles
cons 1 sted o f snapp f ng  QLi~r~ g.

~MI~Q!> and mfdland painted  ~~~
~ iibLI'�LLII~!. Zn general > the fish
population within the controlled marsh was
considered small and 1sol ated. In 1983,
the same 1nvestfgators removed 1.250 kg
�>750 lb! of fish from a 2.4-ha wetland
at the Bayshore Power Statfon fn Toledo
harbor as 1t was befng dewatered for
structural mod 1 f feat ion. The fish
populatfon consisted of 34 species,
dominated by carp> yellow perch, emerald
shfnersi and spottaf1 shiners.

3.5 AMPHIBIANS AND REPTILES

Amphibians and reptiles form two
natural and distinct classes of vertebrate
anfmals found fn Lake Erie wetlands
 Appendix K! . Both groups are col d-
blooded. der1vfng heat from outside
sources and control 11ng thef r body
temperature by movfng to cooler or warmer
environments as necessary. Amphfbfans>
including salamanders> newts. toads, and
frogs> have moist. glandular skins and
thefr toes are devo1d of claws. Their
young pass through a larval stage. usually
aquatic, before they metamorphose into the



Figure 62. Water level control structure between upper Sandusky Bay
and Winous point Marsh. Trapnet 1n foreground used to determine fish
util izatfon of marsh  July 1984!.

adult form. By compari son, rept11es,
fncludfng turtles> snakes> and 11zards are
covered in scales or plates, and their
toes bear cl ars. Young reptiles are
mfnfature replicas of their parents,
although some dfffer in color patterns
from adults.

Mudpuppfes  ~~   i~i-�r~! are
fairly coramon fn embayments w1th soft
bottoms and aquatic plants. Its name
comes from the doglike head wfth wavy red
g111s which look somewhat like ears. The
body of this large salamander fs mottled
brown with black spots, slimy, and about
30 cm. They burrow into mud dur1ng the
day and crawl along the bottom at night.
feeding on rater insects, snafls> fish
eggs ~ and smail fish. They are active
throughout most of the year. Mud puppi es
mate in autumn, but the eggs are not lafd
until late spr1ng, The female glues the
felly-coated eggs to the underpart of logs
or stones and guards them untf1 they
hatch> nearly 2 months 1 ater. The newly

hatched larvae are about 2 cm long. It
takes 7 years for them ta become mature at
a length of about 20 cm. Thefr 11fespan
1s estfmated at over 20 years.

The s ma 1 1 e r s potted  Q   L~qy
EiKVJ~! ~ tiger  h. ~~i!!. Jefferson

salamanders  8. j i~i!J i t! belong to the
mole salamander family  Ambystom1dae! ~ and
spend most of their 1fves underground. ht
the early spring breeding time, they take
to the 1cy water. The eggs are usually
lafd 1n large clusters and attached to
submerged sticks or wetland debrfs. After
several weeks they hatch into greenish-
brorn larvae about 1.3 cm long. The newly
hatched larvae resemble tadpoles with
external gills. By the end of summer the
larvae, nearly 8 cm long, begfn to develop
lungs and are ready to leave the retlands
f or moi st woodl ots. Adult spotted
salamanders are black wfth yellor spots
and reach a length of 18 cm. They become
slimy when annoyed. Tfger salamanders are
black with yellow blotches and grow to a
length of 20 cm. Jefferson salamanders
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Figure 63, Length frequency of gizzard
shad  Qg~~~ ~i'i~L >11�! entering and
exit1ng a controlled marsh  Wfnous Pofnt
Marsh> durfng Aprf1-September 1983
 Johnson 1984!.

grow to 16 cm long and are dark brown with
small blue spots on their sfdes. The
adu its lfve fn the woodlots> where they
hide under rocks and feed at nfght on
1 nsectsi snails. and worms. Smallmouth
salamanders are similar fn length. but in
northern Ohio. they are plafn black. The
marshes of Mfddle Bass and North Bass

fsl ands are especfally good locations to
observe mole salamanders.

The northern dusky sa 1 amander

backed salamander  ~~Chal g - ~kaUi!
belong to a family of lungless salamanders
 Plethodontfdae! . They breathe through
the throat membrane and the skfni which
must be kept continually moist. These
slender salamanders often live among the
rocks of a she'>tered shorel 1ne or fn moist
caves. In summer, the female dusky
salamander lays 10 to 25 jelly-coated eggs
in bunches lfke grapes 1n moist places
under moss, leavesi or rock. The larvae
hatch in about 2 months; they lfve on land
for 3 weeks, untfl their gills and tail
f1n develop. Then, at a length of 2 cm,
they enter the water and stay there untf1
the following springer when they lose the1r
gills and return to the land. The red-
backed salamander has been observed 1n
caves on South Bass Island ~ Complete
development takes place with1n the egg;
there is no aquatic larval stage as fs the
case among most other salamanders.

Newts are not as sl fmy as most
salamanders; their sk1n fs rougher. The

~;i~a! lives in water dur1 ng the
begfnning and end of its life. while the
tfme between fs spent on 1 and. They are
olive-green w1th red and black spots on
the back and yellow underneath. Breeding
adults are 10 cm long and live in water.
I'n spring> the females lay eggs on marsh
plants. In less than a month, the larvae
hatch, each w 1 th external g 1 'I l s i bud s f or
front feet. and a tail fin. By autumn,
they are able to leave the water when
the i r g 1 1 1 s are rep1 aced by lungs. Legs
and a slender taf1 form and the greenfsh
color1ng changes to bright red with darker
red spots on the back. The young newtsi
cal'ied red efts. 1 1ve in the woods for a
year or longer. then mature into newts
which return to the water to 1 1 ve and
breed.

Toads live on land most of the time,
But in spring, after leaving their water
shelter under rocks and logs, they seek
ponds and sheltered wetland embayments.
There they mate and the females lay their
eggs. The Amerfcan toad  ~
~~~!~ has a warty light or dark



brown skin. The female's throat fs lights
the male's ts marked r1th dark specks and
swells out rhen he s1ngs. In Aprf1 the
males arrive at the shore and start the
mating chorus. The females lay the1r eggs
fn long strings of jelly fn the water. In
slightl y over a reek, the eggs hatch into
bl ack tadpoles which' g row qu 1 ck 1 y. When
they are 2 months old, they metamorphose
into t1ny toads 1.3 cm long and begfn a
terrestr1a'l 11 f e feed1ng on 1nsects and
worms,

Most of the year, f rogs 1 n the
treefrog family  Hylfdae! live on land,
but 1n sprfng they ffnd the1r way to ponds
and marshes to mate and lay their eggs.
The tfny sprfng peepers  ~ g,. CfJJi~!
a re 'among t he f 1rst to come out of
h1bernatfon. In March> crowds of peepers
start the shrill piping which fs one of
the first signs of sprfng. Female peepers
lay their eggs separatel y on f 1 oat1ng
leaves and stems 1n shallow rater. In
about 10 days, tiny tadpoles hatch and
wfth1n 3 months, metamorphose 1nto 1.3-cm
peepers. Using the sticky pads on the1r
feet. they then climb shrubs and feed on
insects. The western chorus frog
 Lkk&&i~ i. ~~!, sometimes
called the swamp treefrog, has a vfbrant
vo1ce with regularly repeated "crreek" or
"prreep" speeding up and rfsing fn p itch
toward the end. The cricket frog's  ~
~j~! call is a clicking sound,
resemblfng a crfcket's chirp. Like the
spr1ng peeper, it fs no more than 2.5 cm
long and may be heard in ponds from April
until June. Although the crfcket frog
belongs to the treefrog family> pads on
their toes are too small for them to c11mb
trees. 'Most of the time they live along
the catta11 and rush borders of ponds and
marshes, Because of their abf11ty to leap
so high. they are sometimes called
grasshopper frogs.

Members of the true frog family
  Ranfdae! inc'lude the pickerel frog  ~

! ~ leopard frog  Q. ~i~! ~ and
the bullfrog  Q. ~~~!. They are
the typical frogs of ponds and marches;
all have long legs> smooth skin, separated
fingers~ and toes joined by webs.
pfckerel frogs 'live in or near ~ater
except in summer when they may wander
inland 1n search of 1nsects and other
creatures fn the fields. They have dark

brown~ rectangular spots on light brown
backs and a light stripe along each side.
In April the males make a croaking sound

shallow water; females 1 ay masses of
j el 1 y-coated eg g s 1 n the water. A f ul 1-
grown 8-cm tadpole has a dark back,
purpl ish tail crest, and an iridescent
undersfde, The sl fghtl y larger leopard
frog fs greerr or brownish and the rounded
dark spots on its back are outlined
wh1te, The tadpoles are brown w1th black
specks on the back. 1 ight underneath, and
have translucent edges on the1r tails.
Bullfrogs always live fn or near water.
These large frogs~ 20 cm long. are the
last to mate and lay their eggs, In June
and July the males produce a "garrump«
croak 1n ponds and embayments of the lake.
The females 'lay thousands of small black
jelly-coated eggs whfch float on the
surface of the water in large masses over
1 m across. After a few days, the eggs
hatch 1nto tadpoles wh1ch take 2 years to
grow to the frog stage. Full-grown
bullfrog tadpoles are 13 cm long, splotchy
brownfsh fn color. and change fnto 5-cm
frogs whfch have the same coloring on the
back and are white underneath. As bull-
frogs growi they become green on the back
and the males have yello~ throats fn the
summer.

Hed~is

The snapp1ng turtle grors to over 70
cm long and may wefgh more than 18 kg. It
is the largest rept11e 1n western Lake
Erie and makes its home in ponds, marshes
and embayments of the lake. The dark
brown, upper shell does not cover its
heavy neck, legs and saw-toothed ta11 ~
g f ving the head and legs room to move
free'ly. When catching food, the snhppfng
turtle darts fts head forward and snaps
with powerful jaws. It eats fish, frogs~
fnsects, crayfish, ducklings, and other
creatures, as well as some aquatic plants.
In spr1ng, the female digs a hole fn the
soft, mofst bank and deposits 20 or more
rounds white, hard-shelled eggs that are
about 2.5 cm in dfameter. They hatch 1n
about 3 months 1nto t1ny turtles w'1th long
tails. Snapping turtles hfbernate fn the
mud bottoms of the ponds and marshes.

T h e ma p   ~~~ gild!gZiLL>M~! '
spotted  ~ ~i~!, midland pafnted
  ~~ L.~ W~ ~g-LJ!-~ ! b o x
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 ~Q~ILeg!J and 8 1 and 1 ng's
+~~i+! turtles all belong

to tl e ~ater and box turtle family
 Testudfnidae!. The map turtle prefers
~ater and places where aquatic plants are
thick. :ts name comes from its olfve-
brown upper shell wfth lfght yellow1sh
mark fngs, whfch resemble a chart. This
turtle grows to 2S cm long. Spotted
turtles are scarce fn the region; this
reptfle has been placed on the Ohfo
En dan ger ed Spec f es 'L 1 st. They often feed
ur der water where they eat sma1 1 f 1 sh and
shel 1 f f sh ~ but they also forage on land.
Thefr 13-cm smooth highly arched black
shells have bright yellow spots.

The rrfd'land painted turtle always
lives near the water sfnce 1t does a'll fts
eat1ng under water. It wfll eat almost
anyth1ng ft ffnds, efther dead or al1ve,
The shell of the pafnted turtle grows to
18 cm fn length and fs shiny o11ve-brown
< r black with yellow lines on the back and
red marks along the edges, Its head has
yellow marks and fts neck and legs have
red strfpes. The box turtle fs mostly
terrestrfal, but somet1mes enters the
~ater to cool off or escape from an enemy.
The plastron of this turtle fs hfnged and
can be closed tightly against the carapace
to form a box with the turtle fnside. The
carapace is 13 cm long, high, rounded, and
is dark brOWn with yellOw markS. BOX
turtles eat plantsi insects, wormsi slugs,
and snails. The Flandfng 'st or semfbox
turtle, also has a high h1nged shell, but
closure 1s less complete than the box
turtle. It fs essentially aquatics but at
tfmes wanders about on land, although
eldom far from the lake or marshes. The

;:1 astron is pl afn brownish gray with light
;pets that tend to run together form1ng
-ars or streaks. They also have bright
yel low patches on the chin and throat.
hfs turtle Often hiSSes sharply when

afsturbed.

Soft-shelled turt!es  ~i~~
Z~! are odd-1 ook 1 ng aqu at 1 c

creatures which preter rivers. They are
scarce fn the reg1on havfng only been
reported from Catawba Island marshes
<Lang lo1s 1964! . It has a 1 fght brown~
flexible shel 1 up to 25 cm fn length.
They commonly float over shallow muddy
bottoms wfth only their snouts stfckfng up

for a fr� . These turtles eat fish and some
aquatic plants.

The Lake Erie water snake �~~g
~g!~ ~~! fs the snake most often
seen 1n or near the lake throughout the
1slands region. It fs a uniform green-
brown, not the dfstfnct light and dark
brown of fts close relative, the northern
water snake  ~~ g. ~i~gI!! i wh1ch
fnhabfts the mafnland shore and some of
the fslands. The rarer Kfrtland's water
snake �~gg~ >~i~! has only been
observed on South Bass Island, When
alarmed, thfs snake can flatten fts body
makfng ftse'lf almost ribbon-like and
rfgfd'!y fmmobfle. It is a good swimmer
but the least aquatic of the water snakes.
Water snakes grow to a length of about
1.3 m. They catch and eat small animals
which 11ve fn or near water, such as fish>
frogs, fnsects ~ and mice. Water snakes
are not poisonous. but they will hiss>
cof'1, and str1ke ff annoyed. They also
secrete a foul-smellfng substance from
musk glands as a defense mechanism . Late
fn surmner. the female bears alive 15 to 40
young. The Lake Erfe water snake 1s
fafrly common around the islands,
partfcularly the unfnhabfted ones. and can
be seen sw 1 mm1ng along the shore w1th fts
head above water or sunnfng on flat r ocks
near the water's edge.

In addition to the ~ater snakes,
there are seven other common species of
snakes on the island whfch belong to the
Colubrfd family. The garter snake
 ~~i~»; ~~! fs sometfmes found
near water where ft eats frogs, toads'
salamanders, crayffshi and mfnnows. It
gro~s to 1 m long and fts back fs brown
wfth three yellow str1pes; underneath 1t
fs lfght yello~, The fox snake fs a
resident of the marshes whfch border
western Lake Erie and the adjacent upland
ar eas. Th1 s attractf ve snake 1s boldly
patterned wfth background colors varying
from yellow1sh to light brown to reddfsh
and dark spots and blotches varying from
chocolate to black. Unfortunately, the
reddfsh head frequently causes ft to be
k flied as a "copperhead," and its black
and yellowfsh coloration plus fts habit of
vfbratfng the tail cause ft to be slafn as
a "rattler." The black rat snake  ~i~
g. gag~! 1 s a pl a f n sh f ny bl ack
reptfle. Its habftats range from rocky,
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wooded cliffs to marshy shorel1nes; an
exce'.lent clfmber, ft sometimes takes up
ros 1 dance 1 n cav f t 1 es hi gh up f n hollor
trees. !t canstrfcts rats, mfcer and
birds fr ft strong co11s as does fts close
relative, the fox snake. The northern
brown, or  !ekay's snake  ~~~! ~A!LL!>
fs small <generally not longer than 30 cm!
gentle, and very common throughout the
fs'land region. lt can be found near the
lna rShes. fn the mofst ~OOdS, and near the
rocky shoreline. The redd fsh-b rom hog-
nosed snake  ~~ ~~ig! is a
serpent of extraordinary behavfor which
inc ludes hfssfng, head-spreading, body
inflatfng. and playfng "possum." It has
an upturned snout, hence the name, Frogs'
toads, and tadpoles are the mafnstay of
fts diet. The blue and the black racers
 Lgl~ ~>~Su ~ and g. g.

~RL! are fast-movfng and slender.
They k 1 1 1 the1r prey by hol d1ng them 1n
their strong jews while looping thefr body
over the struggling vfctfm and pressfng ft
down, not by constriction as their
scfentif fc name suggests. They eat rats'
mice, rabb 1 ts, b f rds, and frogs ~ and
inhabftat roodlands, marshes, and lake and
pond environs. The black racer fs plafn
black both above and below; the blue racer
is p'fafn blue above and pale blue below.

Skfnks are a family of I fzards
f Sc f nc 1 dae! rh 1ch are smooth~ shfny,
alert> and act1ve. Mast species are
terrestrfali foragfng fn the daylfght but
taking shelter at nfght, in bad weathers
or from high temperatures. The f 1 ve-1 f ned
sk 1 nk  ~~ ~g~! fs the only
species found fn the region and fs not
abundant. Hatch! fngs have five rh1te or
yellowish strfpes an a black back and
brfght blue tails. Adult females retafn
some of this str fped patte rni but males
usually become a nearly unfform brown or
ol ive color. The1r preferred habftats are
cutover woodlots with rotting stumps and
logs, mof st rock ledges, and decaying
debris accumulatfons at wetland margins,

The wetland habitat of the western
Lake Erfe coastaf marshes supports a
divers1ty of bfrd life  Appendix L!.
Res 1 dent and mf gratory specfes of
waterforl> waterbfrds. wadfng bfrds> shore

gulls and terns, raptors, and
perchfng bfrds use the region for nestfng,
feed f ng and rest f ng. Noteworthy mig ratory
species usfng the shor el ine environment

~~i~z!, and Kfrtl and's warb Ier
 Qfj~l+i+ j'~~i~if ! . Water f Owl cOmmOn-
1 y observed in the wetlands are mallards

bl ack ducks  ~ ~~i~!,
blue-winged teal  ~ ~i~i~! g and
pfntafls  ~ ~!.

The character of the western Lake
Erie shores varies from clay bluffs to
sand and gravel beaches of rocky headlands
to coastal marshes. The beaches attract
spotted sandpfpers  Q~ jfbt~i~! in
summer, smal 1 flocks of shorebf rds in
migratfon. and patrolling gulls year
around; but as Goodwin �982! pofnts out,
the absence of sfgnfffcant tidal movement
precludes large concentratfons of feeding
birds typfcal of the marine coast. The
coastal mar shes> mud flats assoc1ated with
the larger streams ~ and embayments where
algal mats accumulate are the places where
waterb 1 rds gather. The mud f 'I ats and
algal accumulatfon frequently occur fn the
autumn, when Lake Erfe water drops from
its surmnertfme hfgh level.

The coastal marshes and the wetlands
associated with the mouth of streams along
the Lake Erie shore have a rfch array of
breed1ng spec1es. The extensive stands of
cattail  j! gjL ! spp.! and other emergent
plants as well as the open shallow water
area provfde habftat for many summer
residents 1nc 1 u ding pied-bf 1 1 ed grebe
<Ek~j!M g~l~!> Amerfcan bittern

 ~ %july~!i mal!ard, blue-winged
teal e Vfrgfnfa rafl  ~~ ~~!,
American coot  ~g ~i~~~!. common
moorhen  gall fnule!  Q~i~a ~o !~!,
marSh Wren  ~~i~~l gSfjjt~!, Carmnan
yel 1 owthroat  ~i~+>~ ~a~! i and
red-w1nged bl ackb 1 rd
g~l~l l~ ! . Swampy wood i ands are often
assoc f ated wfth the 1 a rqer coastal
wet'lands. In add1tion to the 1andbfrds
these areas support, the f ol 1 ow ing
waterbirds most commonly nest fn the
wooded habftats: great blue heron  Ffgul e



64!, black-crowned night-heron  f igure
65> ~ green-backed heron <~~~~i~

~a> ~ g reat egret ~ wood ducked
American woodcock <~i~i~~ ~>,
kingfisher < ~eM Mi~~> ~ bald eagl ei
and osprey.

Point Pelee National Park is a sand
spit jutting out into Lake Erie from the
Ontario shore 10 km southeast of
Leamington, In spring> bird watchers from
all over the world congregate on this
point to view the endless fl ight of birds
returning north. The interior portion of
the po in t i s a 1 arge marsh separated f rom

Figure 64. Great blue heron  g~
~~! nests in the Sister Islands but
feeds in the coastal marshes surrounding
Locust Point.

Figure 66. Bl ack-crowned night-heron
 I~~ I!i~r~g! nest at Fox's Pond.
North Bass Island, Ohio <Ligas 1952!.

the lake by barrier beaches and wooded
sand dunes. Holiday Beach Provincial
Park, also located on the Ontario shore.
15 km southeast of Amherstburg, borders
the extensive Big Creek marshes. This
location is renowned as a hawk observation
site. Goodwin <1982! reports that hawk
movement here in the fall is heavier than
at any other Ontario 1 ocat ion. From
September to November. broad-winged hawks
 ~ g~>~ig~! i sharp-shinned hawks
 /~~i& ~~! ~ American kestrel s

! i red-tailed hawks  Q.

<~~~ ~! predominate in that
order. Over 30,000 broad-winged hawks
have been reported in a single day> and 15
species o f r aptors occur regu1 a rl y.
al though eagl es ~ ospreys. gos hawks
<h!~i~ pi~~!, peregrine falcons
<~ kRCfLi Zj~! ~ and meri ins  f.

small numbers.

The offshore Lake Erie Islands are
nesting sites for many species of birds
including herons> ducks, gulls, and terns
that feed along the shore and in the
coastal marshes. Colonies of these birds
compl ete'ly cover many of the smaller,
rocky islands and shoals, several of which
are designated as nature reserves or
w i 1 dl i f e s anctu a r i e s. Protected islands
include Green and West Sister Islands in



Ohio and East Sfster, M1ddle Sister. Hen.
and Chicken Islands fn Ontario. Spec1es
known to nest on these islands include the
great blue heron, black-crowned n1ght-
heroni great egret, doub1 e-c rested

66!, herring gull  ~ ~~~!,
r1ng-billed gull  I.. 'I~~!, cowtuon

 ~i~ l~aI ILg!, and Casp1an tern
�. ~!.

herons  +~~~~su ufo~~! i k fng ra11 <
 p~~ ~~i, and common moorhens, a>
well as a varfety of shorebirds have been
recorded from the lagoons and ponds at the
base of the spit  Goodwin 1982!. Offshore
and on the extreme end of the spf t~
double-crested col mor ants i great bl ack-
backed gul 1 s  ~ lkkLJZm! ~ her rf ng
gulls, Caspian terns ~ and pf ping plovers
 ~i~ foffj gfIIL>! occur regu 1 arl y.

Pelee Island, located about 15 km
south~est of the tfp of Point Pelee, has
two nature reserves whfch featu re coastal
ma rsh habitat s. At the northeast tfp of
the fsland, Lfghthouse Point Provfncfal
Natu re Reserve f nc 1 ud es Lake Henry wh fch
is separated from Lake Erie by a narrow
barr ter beach. Here dead trees standfng
fn the lake provide nesting sites for
col onfes of double-crested cormorants and
herring gulls. Lake Henry fs also a
favored foraging area for herons and
egrets. Goodw 1 n I 1982! reports "rafts" of
1oonsi grebes, and di v fng-ducks
occasional ly congregate offshore of
Lighthouse Po1nt fn early sprfng. Fish
Po 1 nt P rov 1 nc1 a 1 Pa rk Reserve 1 s a 2-km-
long-sand sp 1 t at the southernmost
extrem1ty of the is'land and 1ncludes Fox
Pond and Mosquito Bay. The mature swamp
forest which has developed here supports a
1 a rge her onry. Great egrets, cattle
egrets  ~~g ~!, bl ack-crowned
night-herons, and yellow-crowned nfght-

Figure 68, Group of juvenile double-

near Pelee Island, Ontario  Lfgas 1952!.

The coastal marshes of western Lake
Erfe attract large numbers of migratory
waterfowl. Located at a crossing point on
two major flyways» these marshes attract
ducks from eastern Canada heading fo r
wfnterfng grounds on the M1ssfssfppi River
bottoms and ducks from the pra1r fe
provinces whfch wfnter along the Atl ant 1 c
coast. Beds of wf 1 d celery a re
part1cularly attractfve to great numbers.

redheads  S. ~~~!, and scau pa
 Q~~~ spp. ! m1g rating southeastward to
thefr wintering grounds on Chesapeake Bay
  An d ress 1952!,

Lfncoln �935! introduced the concept
that all populations of mfgratory birds
adhere to thefr respect1ve flyways as they
make their semiannual fl fghts between
breeding grounds and wintering grouncfs.
Four dfstfnctf ve f1yways have been
identified for North Amerfcai two of whfch
cross western Lake Erie and Lake St.
Clafr: the Atlantfc Flyway and t he
Mississippi Flyway. These routes a re
utf1fzed by all of the migratory waterfowl
and other waterbf rds which frequent the
coastal wetlands. Each flyway has its own
individual population of birds, even those
species which have a broad continental
d1strfbutfon. The breeding grounds of twc
or more flyways may, and of'ten do, overl ap
broadly so that durfng the nesting season
extensive areas may be occupied by birches
of the same species, but be 1 ong ing to
df f ferent fl yways. Bel 1 rose �968!
refined the flyway concept by mapp 1 ng
migration corr1dors. He observed that
each corrfdor is a web of routes as
opposed to a single narrow band rfgidly
followed by waterfowl,

In the fall ~ the Atlantic Flyway
receives accretion of waterfowl fr om



several interior mfgratfan path's starting
at the breedfng grounds on the Arctic
tundra. Canada geese and divfng ducks,
fncludIng canvasbacks, redheads and scaup,
come from their breeding grounds on the
great northern plains of central Canada'
fly southeasterly across the Great Lakes,
crossing Lake Erie fn the islands r'eg Ion,
and continue aver the mountafns of
PennsylvanIa to wfnter along the Atlantic
coast fn Chesapeake and Delaware Bays.
Concurrently, dabbling ducks such as
mallards, black ducks, and blue-winged
teals that have gathered in southern
OntarIo durfng the falli also leave the
feeding grounds, cross western Lake Erfe
and proceed southwest over a course that
leads down the Ohfo and Missfssfppi
Yal lays  Miss issfppi Flyway!, However,
part of this duck populatfon, upon
reachfng the vfcinity of the Lake St.
ClaIr Oelta, swfngs abruptly to the
southeast, crosses the mountains, and
winters along the Atlantfc coast  Lincoln
1950!.

Spring mfgration begfns in late
February wfth the appearance of ring-
billed gulls fn western Lake Erie. March
and early April brfng heavy waterfowl
movement, ducks and loons  ~ sp .!
appearing fn open leads as soon as the ice
b reak s u p, Red-w1nged bl ack b I rd s move f n
1 a rge numbers start I ng I n 1 ate March. The
huge Canada goose movement at the west end
of Lake Erie normally takes place fn early
April. W1th April and May comes the major
push of spring migrat1on. especially among
the landbfrds. Migrants are less
select1ve than breedfng birds In thefr
choi ce of hab I tat. n evert h e 1 e s s >
waterb f rds pr efer shore'I ines w fth pockets
of vegetation. Coastal marshes and stream
mouths cormnonly attract m1grat ing dabbling
ducks. The open water s horel f nes
concentrate the diving duck mfgrants and
other waterbfrds fncludfng loons> grebes,
cormo rants. tundra swans  ~i~
~~~ !> redheads, canvasbacks,
lesser scaups  +~i!LII ~~! ~ and red-
breasted mergansers  ~ ~~!.

The Missfssippf Flyway fs easfly the
longest mIgratfon route of any in the
Western Hemisphere. Its northern terminus
1s the Arctic coast of Alaska, whf'!e fts
southern end 1fes fn the Patagonia region
of ArgentIna. Although the mafn path of
the flyway lies to the west of the Great
Lakes, major branches follow the southern
trend of Lake MichIgan and the
southwestern trend of Lake Erie and the
Maumee River valley. Some of the black
ducks, mallards, and teals that cross the
Great! akes fn the vfcfnfty of Lake St.
Clafr and western Lake Erie do not turn
abruptly to the southeast, but continue on
to the southwest as members of the
Mississippi Flyway bound for the Gulf of
Mexico coast rather than the Atlantic
seaboard.

Fall waterfowl m1gratIon fs at fts
peak in September and October, but the
main shorebfrd passage fs underway In
August. As fn the spring the western Lake
Erie shoreline fs an important factor In
the concentratfon of mi grants. The
waterfowl huntfng season usually begins in
late September or earl y October fn
response to thfs accumulation in and
around the coastal marshes.

As waterfowl migrate between breed1ng
grounds and w1nterfng areas> they stop to
rest and feed fn wetlands. These wetlands
are referred to as "concentratfon areas,"
The coastal wetlands of western Lake E r 1e
provIde some of the best areas of this
type along the flyways. Concentration
areas are characterized by an abundance of
waterfowl foods, as wel92 as by low wave
energy and low human disturbance.
Canvasbacks> redheads, Amerfcan wfgeons
 ~ ~i~i~~!, rf ng-necked ducks

~~~ ! ~ a n d c o o t s f ee d
extensively on submersed pl ants, whereas
shovel ers  ~ ~~~! r ol dsquaws
 @i~i~ ~1 r~! r gol deneyes  ~~ijii~
sp.!, and mergansers appear to prefer
crayf1sh ~ small fish, and other animal
foods, Black ducks, mallards, pfntailsi
tealsi scaups> and buff leheads  Q.

! select from both plant and animal
foods. Canada geese and mallards also
feed heavily on waste grains fr.
agricu'ltural fields. Food ava11ability
may be more important than food
preference, especially durfng the sprfng
migr at Ion when food suppl fes are less
abundant. Food avaflabf11ty In wetlands
fs reduced by extreme high and low water
levels, heavy sfltatfon~ turbid1ty, heavy
hunting pressure> and other d1sturbances.
1n Lake Erie marshes, Bednarfk �975!
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f ound that preferred natural foods of
dlvfng ducks, such as wild celery ~
appeared to be more adversely affected by
turbfdlty and sfltatfon than foods of
dabbling ducks and geese'

The wfnterfng areas for ducks. geesei
swans, coots, and other waterfowl have
been mapped In detaf'l by Be'llrose <1976!.
The Rockefel'ler Refuge fn southrest
Loufsfana Is a well-known wfnterfng area
for mfgratory waterfowl whfch cross the
Great Lakes. Like the concentratfon
areas ~ qual ity wintering habftat must
provide abundant food and protection from
waves and human dfsturbance. Over the
years' certain waterfowl, partfcul arly
Canada geese, have mod I f f ed the! r
wintering actfvIty by stoppfng at sites
somewhat north of their former winter
areas. In general most state
conservation agencfes do not encourage the
creat Ion of res ident wfnterf ng f'f ocksi
particularly in the Lake Erfe region,
because of the problem of waterfowl
starvat I on du r I ng severe wf nters ~
Waterfowl that reach the spring breeding
grounds fn good condition tend to exhfb1t
greater nestfng success than those which
are undernourIshed ~

ll
called because they normally do not dIve
below the water for foods but merely
dabble on the bottom In shallow water,
Annually about 17,500,000 mal'lards and
pfntafls migrate down flight corridors
from Canada to the Unfted States east of
the Rocky Mountains  Bellrose 1968!, The
largest portfon, about 12.275>000 ' enter
the geographical confines of the
MissIssfppf Flyway from the northern Great
Plains ~ About 20% of these bIrds contfnue
across the Mfssfssfppf Flyway and move
down the Atl anti c Flyway. In addition>
another 650 ~ 000 black ducks move south
from Ontario and Quebec.

Several corridors carrying dabblfng
ducks cross the Great Lakes regfon  Figure
67!. An estimated 65,000 mal 1ardsi 35i000
wigeons, and 25.000 pintails move eastward
along the Chesapeake Bay Corr Idor.
start I ng In the upper Mi ssf sslppf River
valley and progressIng through WI scans fn,
Michfgan, and Ohfo. It encompasses the
marshes of Lake Erfe from Monroe,
Mich fgan ~ to Sandusky. Ohio. From these

marshes ft Is a 645-km, nonstop fl fght
Chesapeake Bay, where most of these ducks
rfnter. The Black Duck Cor r I dor extends
southwestward from eastern Ontar1o. across
the west end of Lake Er1e to the
conf 1 uence of the Wabash and Oh f o r f ve rs
and on south to Arkansas. Approxfmately
35.000 black ducks use this Path.

these ducks normally dive below the water
for food ~ About 4 ~ 200.000 d f v I ng duck s
annually migrate south fnto the Unfted
States east of the Rock Ies  Bell rose
1968! . Sl f ghtl y over 60% of these are
scaup. mostly lesser scaups. Redheads are
second I n abundance at 20% ~ wh I 1 e
canvasbacks and rf ng-necked ducks each
form about 7% of the population. As wfth
the dabb'I fng ducks ~ numerous dfvIng duck
migration corrfdors cross the G reat t.akes
region  Ffgure 68! ~

The Southern Michigan Corridor takes
the main flor of dfvfng duck passage from
eastern Wfsconsfn, across southern Mfch-
Igan to Sag fnaw Bay and the Lake St.
Cl a I r-Detrof t Rf ver-Lake Er1 e wetlands
areas. Dfvfng ducks congregate on Sagfnaw
Bay to the extent that peak numbers
I nc1 ude 22,000 1 esse r scau ps ~ 22' 000
redheads, and 7,000 canvasbacks ~ Approx-
fmatel y 160 km to the south ~ peak
popul at fons of 380' 000 1 esse r scau ps.
260.000 canvasbacks, and 42,000 redheads
have been observed from Lake St. Claf r to
western Lake Er1e. Although as many as
15.000 dfvfng ducks may winter on the
Detroft River, at least 700,000 fly on
from Lake Erie to wfnterfng gr ounds fn the
AtlantIc Flyway. Thfs route is known as
the Chesapeake Bay Corrfdor and fs a
sfmf1 ar route to the one taken by mall ards
and pfntafls. The Central Ohfo Corridor
fs a flight path that extends southrard
from Lake Erfe to Florida. Radar
observat fons of diving ducks movfng south
past Columbus, Ohio. and band recover f es
from 1 esser scaups and redheads f nd f cate a
passage of over 100.000 dfvers along this
corridor.

More than any other specfes
of raterfowl, Canada geese have rad1cally
altered thefr migration routes fn the past
fer decades ~ Bellrose �968! attributes
thf s oreat change I n theI r mfgratfon
h»bits to thefr rapid adoptfon of newly



Figure 67. Fall migration corridors for dabbling ducks  Tribe Anat1ni!
across western Lake Erie �ellrose 1968!.

created waterfowl refuges. They are still
fn the process of evolvfng new mfgrat1on
corr1dors. Currently> about 1.300.000
Canada geese leave Canada fn the fall for
wfnterfng grounds fn the Unfted States.
The ma!orfty �00,000! use the Atlantfc
Flyway, whfle another 475,000 take the
Mfss iss1ppf Flyway. Most of the Atlantfc
Flyway crossfngs of the Great Lakes take
place over Lake Ontario> but one corridor
uses the fslands and marshes of western
Lake Erie  Ffgure 69!. The main migration
corrfdor for Canada geese fn the
Mfssfssfppf Fly~ay extends down the shores
of Lake Mfchfgan, then down the
Mf ss i ss f pp f Rf ver val 1 ey.

utilize the Mfss1ss1ppf Flyway. Each
October about 450.000 bfrds leave Canada
for wfnterfng grounds on the coastal
marshes of Loufsfana. The mafn corrfdors

follow the east and west shores of Lake
Michfgan. convergfng fn the Mfssfssfppf
River valley north of Loufs fane. The
easternmost f1fght corrfdor, used by about
15 ~ 000 geese, runs from the south end of
James Bay to the marshes of western Lake
Erfe. then turns southwestward across
Indfana. A somewhat 1 arger number of
birds use a corridor that extends from
James Bay through Sagfnaw Bay, and then
merges wfth the flfght path from western
Lake Erfe.

Because the productfon of young are
1 nvo'l ved, dependency of waterfowl on
wetlands for breeding purposes fs probably
more cruc1al to the f r survf va1 t h an t he 1 r
use of wetlands for wfnterfng, resttng>
and feed 1ng areas during migration.



Figure 68. Fal 1 mfgratfon corridors for diving ducks  Tribe Aythyfni!
across western Lake Erie  Rellrose 1968!,
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Andrews   1952! studied waterfowl breeding
at 1 f nous Point Marsh on Sandusky Bay.
Ffve species of ducks typ1cally nest in
this marsh--ma'il ardi black duck, blue-
winged teal, wood duck i and p1ntaf1.
Hybrfdfzatfon between mallards and black
duck was common. In the 400-ha wetland,
the annual breedfng pair population
averaged approximatel y 21/km, Only 12%
of the nests were successful fn p roduc 1ng
one or more young. About 66% of the nests
were terminated by predation. The co«Iron
predators fncluded yearling crows, fox
snakes, raccoons, Norway rats. opossums,
minks, and weasels. Another 19% of the
nests were termfnated by flood> and 3% by
miscellaneous causes fncludfng f1re, Most
of the mal'iards and black ducks nested in
dead vegetatfon of the previous year.
13luejofnt grass «h' ch does not appeal

untf1 the middle of the nesting season,
was the preferred nest cover. Muskrats
appeared to benefft nesting waterfowl by
open1ng up a solfd stand of vegetation.
al 1 ow 1 ng greater di strfbutf on of
terrftorfal pairs of ducks on open water,
Muskrat houses were also util fzed as
nestfng and "loaf fng" sftes, Durfng
Andrews' investfgatfon. approxfmately
4i500 muskrats were removed annually from
his study marsh by commerc1al trapping ~
The averge annual duck production from the
marsh was 7 broods/km and 21
fledgl fngs/km2. In addition to the 5
species studied by Andrews i Hicks �935>
cited nesting records for waterfowl
specfes less coninon fn western Lake Er«
marshes. These fnclude Amerfcan «fgeo»
green-wfnged teal  ~ ~!. shoveler ~
and lesser scaup.



Figure 59. ra11 mi9 ra ti on corridors for Canada geese  Branta canadens is!
ai ross western .' ake =rie  Rell rose I'�8!.
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All of the 11 species of common
wading birds in western Lake Er 1e belong
tc the family Ardeidae  Appendix L!. They
occupy two hab1tats in the r egioni the
rockbound Lake Erie Islands and the
coastal marshes, The colon1al nesting
species known to inhabit the islands
1nclude great blue heron, great egreti
black-crowned night-heron, and cattle
er ret  Parr is 1979! . The green-backed
' aron is a solitary nester that prefers
coastal wetlands but also 1nhabits the
islands. American bittern  Figure 70! and
least b 1 ttern  ~~pi~ g~! are
secretivei noncolonia I nesters that are
usual l y found 1 n the coastal mainl and
marshes. In addition to these species ~
four others are res1dents of the coastal
wetlands: yel 'low-crowned n1g ht-heron ~
snowy egret  ~~ ~! > tr ico'iored

Figure 70. Young American bitterns

Magee Marsh  L1gas 1952! .



heron <~i~~ ~fia!, and 11 ttle blue
heron  f ~~i~!, TyP 1cal ly> herons
and egrets arrive fn the western Lake Erfe
regfon in early March and migrate
southwa rd fn October. A sma'll population
of great blue herons may over-winter 1n
thfs reg1on, Upon the1r arrival at the
colonies fn the springer courtship and nest
bu11 d1ng beg 1n immed f atel y. The f f rst
eggs are 1 afd fn ear'fy April. Clutch
sizes range from three to seven eggs; the
number of fledged birds 1s slightly over
two per nest  Edford 1976!.

Wading birds usua'fly forage on the
shorelines of the trfbutary streams and
Lake Erie and wfth1n the coastal marshes.
Thefr diet fs prfmarfly ffsh, but crayfish
and 1nsects are also eaten. Fish specfes
most often consumed include carp.
gold f 1 shi yellow perch> gfzzard shad, and
freshwater drum. The insular nestfng
birds depend more heavily upon f1sh
species common to Lake Erie than do the
more fnl and nestf ng bfrds <Meeks and
Hoffman 1980! . The green-backed heron
d iet varies slfght ly because they appear
to feed on more invertebrates and smaller
species of fish which inhabit the marshes.

Population studfes of wad1ng birds 1n
western Lake Erfe fnd1cate a total of
1,100 great blue heron, great egret, and
black-crowned night-heron nests on West
Sister Island in 1972-73  Hoffman 1974!;
and 1>600 great blue heron. 200 great
egret. and 3,000 black-crowned night-heron
nests fn 1976-77  Scharf 1978!. Parrfs
�979! reported the nests to number 1,158
and Li167 for great blue herons, 100 and
100 for great egrets. and 600-1>000 for
black-crowned n1ght-herons, on West Sfster
for 1977 and 1978 respectfvely. Meeks and
Hoffman �980! found that fn 1979, West
Sister Island had the largest nesting
populations of herons and egrets. Great
blue heron nests numbered 950> bl ack-
crowned nfght-herons 1,000 nestsi great
egrets SO nests i and catt'fe egrets 13
nests. Catt'fe egret nests were f 1rst
recorded fn Ohio in 1977 by Parrfs �979!
when he located five on West Sfster
Island . By 1978~ the colony sfze had
increased to 20 nests. East Sfster Is'!and
contafned 350 great blue heron nests> 500
black-crowned nfght-heron nests, and 50
great egret nests in 1979.

Meeks and Hof fman < 1980! conducted
surveys of heron and egret movement fnto
and out of Navarre Marsh. Over 95% of the
movements were fn NNW or SSW dfrect1ons, a
dfrect al fgnment efth West Sister Island,
'!ocated IS km offshore. Ouring 1979,
great blue herons were the most active
species wfth a total of 631 flfghts>
followed by black-crowned nfght-herons
 Sll! and great egrets �7!, F11ghts
generally correlated with the populatfon
sfzes of each specfes nesting on the
fs'lands. In general, herons and egrets
are crepuscular fn nature. being more
act1ve durfng early mornfng and evenIng
surveys. The perfod of highest actfvfty
was 0600-0800 hours  sunrfse!, wfth a
total of 543 flights, followed by 444
flights durfng the 1800-2000 hour  sunset!
surveys and 232 flights durf ng the 1200-
1400 hour <noon! perfod. Great blue
herons were observed to have daily
movements of 256' 166' and 209 f1 fghts at
sunrfse> noon> and sunset, respectfvely.
81 ack-crowned n1ght-herons h ad 257. 50.
and 204. and great egrets 30. 16, and 31,
at sunr1se. noon and sunset, respectfvely.
Meeks and Hoffman �980! concluded that
the bfrds of West Sfster Island nesting
colonies used the mafnland coastal marshes
as feeding sftes whfle they rafsed their
young fn the seclusion provfded by the
1 sl ands.

Gulls and terns. famfly Larfdae> are
the other prfncfpal colonfa1 nestfng
species using the Lake Erf e Islands.
Herrfng gu'll s are the most abundant
spec 1 es, but r 1 ng-b111ed gu'1 1 s are
becoming more cormnon and are now known to
use the Toledo-Lucas County Port Authorfty
Facf1 fty No. 3, a 100-ha "Island" buflt by
the U. S. Army Corps of Engfneers from
dredge materfals fn Maumee Bay  Scharf
1978!. Common terns have a history of
nesting on the Lake Er1e Islands. but are
now restricted to the dfked spof1 areas
near Toledo Harbor. In the western Lake
Erfe regfon. gulls use the Lake Erfe
shorelfne. fts bays and inlets. and to a
1 esser extent open water areas of coasta'1
marshes unt11 freeze-up. At thfs time
g~lls use sanitary landfflls as a site for
food and also fo!low the lake fce edges'
using ft as they should the shorel fne
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 Meek s and Hof fman 1980! . Herrfng gu'lls
are typically scavengers feeding on dead
fish, refuse, and other organfc debris
along the shoreline. They are also known
to prey on young wetland birds whenever
the opportunity presents ftsel f, Herring
gulls are especially prevalent fn marshes
during m1grat1on periods. Wherever
reduced ~ater levels concentrate small
fish sufffcfently to cause them to
"surface" because of an oxygen stress,
gul 1 s can be found feed f ng on these
moribund ffsh.

Herring gulls are the most conmronly
encountered colonfal specfes. Evidence of
their nestfng � actIve nests> young 1n
water, and/or abandoned nests � was seen on
about half of the Lake Erfe Islands.
Our1ng the past decade they have begun to
nest on rfp-rap dike tops and fn
artfffcfal Canada goose nesting structures
wfthfn the coastal marshes. Gulls usually
begin nestfng on the fslands fn April.
Re-nestfng occurs ff the first attempt fs
unsuccessful or the nest fs destroyed.
Generally three eggs are la1d; however>
clutches wfth tro eggs are quite common.
The double-crested cormoranti fam11y
Phalacrocorac1dae, is another col on1al
nesting bird on the Lake Erie islands.
The most abundant cormorant fn North
Amerfca, ft feeds a'Imost entirely on fish
obtained from the open lake.

Lfgas �952! studfed the mfgrat1on,
nest1ng, and food habits of 22 specfes of
pisc1vorous bfrds in western Lake Er1e,
In a natur al-envfronment feeding
experiment using freshwater drum~ a 4-
month-old herrfng gull consumed an average
of 226 g/day during a 20-day period fn
November . In a sfmf 1 ar exper1ment usfng
emerald shiners, a 2-month-old cormnon tern
ate an average of 61 g/day, about 47% of
the bird ' s average weighted during the 19-
day test. Lfgas concluded that wh1le
there fs abundant evidence that ffsh-
eat fng b 1 rds do consume large quantft1es
of fish fn Lake Erie, they primarily eat a
few forage spec 1es, and are not
detr fmental to angl ers or commercfa'I
ffshermen. These bfrds also feed exten-
sfvely on commercial discards, crayf'fsh.
insects. mudpuppfes, salamande rs, snakes,
frogs. and other bfrds. There fs one
report of an overwfnterfng great blue
heron feedfng on a rabbft on South Bass

Island  Or. M. Mf sk 1 men. Research
Orn itho'! og 1 st, F. T. Stone Laboratory.
Ohio State Un1v. ~ Put-fn-Bay, OH; pers.
comn. !

The bald eagle fs one of the most
spectacular av1an spec1es resfdfng 1n the
Lake Erfe coastal wetlands. Acti ve nests
are located fn or near Magee Marsh> Ottawa
Marsh, Toussaint Marsh> Cedar Point Marsh,
Darby Marsh, Navarre Marsh. and Wfnous
Point Marsh. Other raptors us 1 ng the
marshes 1nclude osprey, red-tailed hawk,
and American kestrel.

Durfng September and October> thou-
sands of m1gratfng hawks congregate along
the north shore and move southwest across
Lake Erie fn the vicinity of the fslands.
The hawks sometimes fly fn "kettlesi" a
cy1 fndr i ca 1 format f on used by spec f es such
as broad-winged hawks, turkey vultures.
and red-tailed hawks fn mfgratfon.

3.7 MAIVIMALS

The catta11 mars hes of western Lake
Er1e provfde excel lent food and bufld1ng
materf al for furbearers such as the
muskrat  /II~ ~~~~i~!, Many other
mammal fan specfes fn the reg1on ~ such as
raccoon  ~i~!LgB ~! and rhfte-tailed

mul tf pl e h a b f tats Inc'Iud f ng retl ands.

woodchuck  ~I.~ ~!,
and striped skunk  !~~i~ ~pi~!
chiefly util fze the earthen dikes of
managed marshes. Fox squ f r re 1 s  ~J~

are found most commonly fn the
wooded margfns of the wetlands. Long-
tailed weasels  ~~ ~IIII~!, mink  g.
~!, and red fox  ~~~ ~! are
occas1onal vfsftors to Lake Erie wet!ands>
feedfng on rodents and marsh birds. The
Norway rat  ~ IIp~i~r~! fs a corrInon
predator on muskrats fn the marshes
 Bednarfk 1956! . In total. about 30
species of mamma'Is can be found fn the
coastal marshes  Append fx M! . The
mammal fan fauna of the Lake Erfe Islands
wetlands generally have a lower d f versity
than the mainland marshes.
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When northwestern Ohio ras first
settled, the 1 a r ger mammal s, especIal 1y
the predators, soon were exterminated.
Some were killed for food or hides;
others> because they preyed on 11vestock.
Hay f I el d   1962! 1 1 sted the years when they
disappearedr buffalo  ~ ~! 1812'
elk  g~~ ~~! 1822, beaver  ~

1837, wolverine  ~ ~!
1842, panther  ~ ~r~! 1845, lynx
 ~ ~! 1848. gray wolf  ~ ~!
1860, black bear  ~ ~r~~! 1860'
bobcat  f~ ~! 1878, porcupIne
 ~i~rj! +r~~! 1884, deer 1889' and
otter  ~ ~~i~! 1900. As the
forests were razed i gray squf rrels

by fax squirrels and red foxes In about
1850. Red fox moved into the marshl ands
with the clearfng of the land and remaIned
numerous until about 1900 when they
declIned rapfdly. Since 1935 their
numbers have clfmbed. stabilizing at a
population similar to that of the late
1800s  Campbell 1982!. Gray foxes also
fncreased in the 1940s but have s Ince
dropped to a very limited population.

Formerly, opossums rere confIned
largely to the southern portIon of Ohio
because of the forest barrier. As the
trees rere cut, they moved northwards
becomIng numerous In 1920, Hfghray kflls
Indicate they are one of the more common
medium-sized marmnals In the coastal marsh.
White-tailed deer dIsappeared In the late
1800sr but by about 1930 they returned to
northwestern Ohio f'rom Michigan. Campbell
�982! estimates that a d1str I buted
populatIon of about 50 deer nor 1 ive fn
the marshes of Lucas and Ottawa counties,
Ohio, Apparent 1 y raccoons have been
numerous since their ff rst record In 1782.

OIkfng the Lake Erie marshes has been
favorable to deer and to many of the small
mammals such as opossum. skunk, red fox,
voles, and shrers because ft has furnfshed
an excellent habitat and stabilized water
level s, Huskrats have benef fted from
~ater level controls but they were
undoubtedly abundant before 1900. They
were an fmportant source of income as rell
as food to the early French trappers
 Campbell 1982!, Through the years the
sale of muskrat hides has financed many of
the diking projects fn the marshes. In

recent decades muskrats compr fsed more
than 70$ of all Ohio fur sales and nearly
two-thfrds of the cash value  Ohio
Ofvfsfon of Wf1 dl f fe 1971! . However,
Campbell   1982! pofnts out that even
the pe'! ts had no sal e v a 1 u e,
furbearers now 1fv ng in the rnarshes would
have to be controlled fn some way for two
reasons: 1! to mafntain a habitat equally
favorable to all forms of wfldlffe and 2!
to minimize the damage done to dikes by
musk rats' woodchucksi and other burrowIng
mammals. He estimates t hat under
favorable cond1t I onset the musk rat pop-
ulation could increase by 80K fn 1 year.

Several structures observed in Lake
Erfe coastal marshes are assocfated rfth
the activity of muskrats  Bednarfk 1956!.
The most noticeable structure is the
muskrat "house>" a dame-shaped pile of
emergent vegetatIon  F fgure 71! . The
average house varies fn sfze from 1 to
2.5 m fn dIameter at the base and from 0.7
to 3 m In height. They are located fn
stands of emergent vegetation or along the
periphery of such stands. Houses are
often constructed on protuberances fn the
marsh bottom> utflfzfng plants fn the
fmmedfate area. The majority of houses
are constructed fn October and November.
Buildfng actI v1ty occurs ma1nly during
perfods of darkness, Typical densftfes of
actfve muskrat houses fn Wfnous point
Marsh average 4/ha. Small houses have one
1 f vfng chamber and larger houses have two
or three lfvfng chambers above the water
1 fne. The 1 fvfng chamber fs about 35 to
50 cm In heIght and Is formed by the

Figure 71. Muskrat house under con-
struction at Magee Harsh  Bednarfk 1956! ~



muskrat chewing out the vegetation. Host
houses have two underwater exits or plunge
holes.

Other structu res made by muskrats are
associated with feeding actfvity. Rafts
are constructed from stems of plants pf'led
fn a cfrcular fashfon to serve as a
feeding p'!atform. "Feeding bogs" are
covered floatfng platforms whfch are
smaller fn dimensions than the musk rat
house and are no higher than 40 cm,
averaging 60 cm in diameter. These
structures are usually located some
dfstance from the larger muskrat house and
serve as protected feeding sftes . "Push-
ups" are formed on'ly fn the vfnter and are
smal 1, hol low, dome-shaped shells of
submergent vegetation over a plunge hole
f n t he f c e, These p rotected p 1 unge hol es
allow the muskrat to extend the a rea over
which ft can forage sfnce ft can travel
greater distances under the fce.

Muskrats have a wide range of feedfng
behavior patterns and consume a wide
variety of food items  Table 20!. They
usual'ly select plant specfes whfch are
immediately avaf lable to them. Narrow-

giant bur reed i@i~~ gl LV~!liD! are
the first and second most important food
items. respectfvely, throughout the year.
Bednarfk �956! observed that muskrats
trapped fn cattaf1 stands or bur reed
stands are the heavfest animals whfle
those taken fn bluejofnt grass vegetation
along dredge-cut channels were the
smallest. Because muskrats appear to
prefer the tenderest growfng shoots, other
plant species are consumed more frequently
when they are fn early stages of growth.
The author has f requ entl y observed
muskrats feeding on the pale green to
white basal stems of wf1 d celery
 ~~ ~iflCl ~! fn Fishery Bay of
South Bass ?sl and, a wetlands where
emergent macrophytes are scarce. Winter
kf'fled ffsh. occurring under the fce. a'fso
serve as a ready source of food for
muskrats. Muskrats have also been
observed gathering freshwater mussel s
 Unfonfdae! on the barr fer beach near
Locust Point and eating duck carrion at
Magee Marsh.

Table 20, Food ftems of muskrats fn Lake
Erie coastal wetlands.

Scientfffc nameCommon name

Narrow-leaved cattafl
Gfant bur reed

Bluepoint grass

Pf ckerel weed
Sago pondweed

Coontafl or hornwort

Water-milfoil
Bull thistle
Cottonwood bark
Field horsetail
Swamp loosestrffe

~Hum ~
EbuS izyill
PJKKRR MDS&lhul�

Cormron burdock
Staghorn sumac
Gizzard shad
Carp
Crayfish
Freshrater mussels
Duck carrion

QSIIL4QLh sp ~
Unfonfdae
~ spp.

Data sourcesi Andrews �952!, Bednarik
�956!. Donohoe �966!. Werdendorf et al.
�98lb!,

Eel grass or wild
celery

Smartreed
Cane or reed grass
Swamp rosemallor
Swamp dock
Whfte rater lily
American water-1otus
Swamp mflkweed
Comanon a 1 f a 1 f a
White sweet clover
Spike rush
Walterrs mfllet
Bluegrass
Blue swamp fris
Duckweed
Buttonbush

1m' m~~
5amaaa1um

Yal&sn!~
@act~

M3U JI spp.
EhcamiLm ~~

Hmihaaa ~
HaU19~ ~
~~ spp.
E~rJQsa aULlj;HALI.
Zoril $Lci@lkik

Leans spp.
CmhQm~

a~iraalis.
Emit!~ azrhtu
~ lgl+im

Sfaaeraali
Eh'.mbxUeo sp.
Qizaium xu1mm
Baculum ~~
Eedaahli mme

A survey of the gast rofntestfnal
parasftes of the muskrats f n Magee Marsh  Rice and Week 1975! revealed that 96% of

the muskrats were f n fee ted w f th at 1 east



productfvfty fs higher in areas wfth
stable rater levels. and juvenile muskrats
ar e heavier fn these stab'l e a reas.
 !onohoe concluded that a higher dens1ty of
muskrats occurs on areas wfth stable rater
levels because of a higher survival af
juvenile muskrats on those areas. muskrat
can use drafned areas year round by
utilizing bank dens. After the area fs
reflooded. muskrats move in from other
areas and construct houses fn all types of
emergent vegetation except bluejafnt grass
and annual weeds. Removal of water from
the marsh fn mfd-March dramatically
decreases the number of young muskrat
produced, Marsh management practIces
general'ly allow for water depths great
enough to prevent the marsh from freezfng
sol Id. When the marsh freezes sol fd,
great mortal fty occurs fn the muskrat
populatIon  Meeks 1969!.

Sudden increases fn water levels can
have a detrimental effect on the muskrat
popul at f on s. Bedn a r I k �956! reported
that rapfd rises In water level caused by
spring storms resulted fn the destruction
of many muskrat houses In open water areas
of Magee Marsh. In April 1951> 354
muskrat houses were counted on the west
units of Magee Marsh. Only 136 muskrat
houses, of rhfch 81 were under water.
remaIned 3 weeks later followfng a sprfng
storm. An increase In water levels from
wInter to sprfng also decreases the ~umber
of actIve muskrat houses. Water levels
rose 56 cm fn the sprfng of 1952 and
remafned 28 cm above normal. The number
of active muskrat houses decreased from
174 fn the rfnter of 1951 to 37 fn the
w1nter of 1952. He also found that
muskrats wf1 1 excavate dike dens during
periods of high water,

The ~ater level stabflfty of the
marsh areas influences the densfty of
muskrats. Those areas rfth more stable
rater levels have more muskrat houses per
unit area than areas rfth fluctuating
water 'levels. This difference fs
attributed to the absence of excessive
rave action on areas rfth stable water
levels and the relationship between good
.nuskrat food pl ants and stabl t
eve s  Bednarfk 1956!. Also, marsh areas

rhfch are diked provfde more suitable
sites for bank dens. Stab11 fty of levels
fs also related to the productfvfty of the
muskrat population  Donohoe 1966! ~ The
physfo'logy of reproduction does not differ
betreen areas of stable  or controlled
r ater 1 eve 1 s! and fl uctuatfng  or
uncontrolled ~ater levels! . But

one o f the f ol 1 ow f ng helmf nths:

tel!"
Zzfsi~ aware. K.~~ma oLy~o
occurred most frequently fn muskrats but

fn the hIghest mean number of parasites
per fnfected muskrat,

The reproductfve cycle of the muskrat
on Wfnous Pofnt Marsh has been documented
by Bednarfk �956! and Donohoe �966!.
Reproductive activity begins fn January
and ends in September> wIth the greatest
actfvIty occurrfng fn February and March.
The time of first mating is deter.mfned fn
part by the tfme of fce b reakup . The
gestatIon perIod varies from 20 to 28
days. Females usually have 2 11tters of
young per season although some may have 3
litters. Placental scar counts fndfcate
that the mean number of young per lftter
Is 11 ' but Bednarfk concluded that at the
tIme of b I rth. the average litter size fs
8.

Predation by mfnk occurs but fs not
an Important fnfluence on the muskrat
population because of the law numbers of
mfnk In the marshes. Predatfon on
juvenile muskrats by raccoons and Nor~ay
rats occurs fn early susmrer and fs not an
important mortal I ty factor. Some
mortal fty Is attr1buted to hemorrhagfc or
"Errfngton's" disease. Thfs dfsease can
cause sfgnfffcant fluctuatfons fn the
muskrat populations fn all the western
Lake Erfe marshes  Bednarfk 1956!.

Several aspects of the lffe hfstory
of the raccoon In Wfnous Point Marsh were
fnvestfgated by a trappfng and telemetry
study  Urban 1970!. The densfty of the
raccoon population was estimated to be
17/km . The juvenIle to adult female
ratfo was 1, 2: 1. 0, I nd fcatfng a moderate
productfvfty for the raccoon populatfon ~
The mean weights of both adults and
juveniles increased from spring untfl
early winter and then decreased aver the
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Rgure 72 Raccoon Proc on 1otor!. a cmmon predator
duck nests in vinous Po nt arsI!.
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winter. The telemetry portion of the
study provided information on raccoon
movements~ home range, and denning.
Generally' raccoons spend the daytime
period in or near dens. The amount of
nocturnal movement is related to the size
of the home range. Raccoons with 1 arger
home ranges move greater distances.
Raccoons move at a mean rate of 162 m/hr.
Ma1e juvenile r accoons disperse from the
marsh in the fa11. Marshland is the major
habitat type encompassed in an average
night of travel and the habitat type in
which raccoons spend the most time.
Raccoons spend approximately 73% of the
time in the vicinity of shallow water
 Figure 72!. They do not appear to search
out waterfowl nests, since little change
occurs in their movement patterns when
waterfowl nesting i s initiated. Dikes
receive high usage in proportion to the
amount of area they represent in the
marsh. Movements of female raccoons en-
compass more wooded area per night than
the male raccoons. The area of the home
range for the average raccoon was 51 ha
 Table 21!.

Food items of raccoons in Winous
Point Marsh include muskrat. crayfish,
fish, duck eggs, plant material, seeds,
and birds  Andrews 1952; Bednarik 1956;
Urban 1970! . Fish, crayfish, and plant
material were the chief food items in all
seasons. Muskrat fur was found in only N
of raccoon seats collected year round, but
in 47% of seats collected in the spring.
Andrews �952! noted that chimney crayfish
 Q~~ ~~p! is a favorite food of
raccoons in the summer. Raccoons were re-
sponsible for the termination of 39% of
the waterfowl nests built on the Winous
Point Marsh dikes in 1967 and 1968  Urban
1970!.

Some aspects of the 1 ife history of
the raccoon were studied by Sagar �956!
in Magee Marsh. The mean litter size was
3.7 young. Breeding beg ins in late J an-
uary and ends in late March> with the peak
of acti vity occurring 1 n February. Wood
duck boxes were the den sites most
frequently used by raccoons> probably
because of the lack of good den sites in
the marsh.



h racteri sties of raccoons In vinous PointTable 21 Habitat and den c arac
Marsh, OhIo.

Percent
t Ime In
habitat

 %!

Average
nIght
travel

<ha!

Total
home
range
 ha!

Habitat type

50.7
34. 7
10,1
4.3
0.2

18. 8
4.9
1.6
0.8
O. I

29,9
11,9
4.4
1.7
0,2

Emergent vegetation
Open-water marsh and
Woodlots
Wet meadow
Farmland

dikes

100.026.2TOTAL

Time Used
<%!

Type
 %!

Den type

60,8
25,9

7.3
2.4
2,4
1.2

57.6
15,1
12,1
6.1
6,1
3.0

Muskrat houses
Dead elm trees
Willow trees
Bank dens
Hackberry trees
Wood duck houses

TOTAL 100,0 100.0

Data source: Urban   1968. 1970!.
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The characteristics of striped skunks
from Magee Marsh and other nearby wetlands
of ~astern Lake Et ie were reported by
Bailey <1971>. Breeding begins in mid-
February and ends in mid-March. The
mobility of males and the weather are
important in determining precisely when
breedIng beqins, The mean 1 itter sIze is
6.4. Young are born from mid-April to
mid-May. Young striped skunks travel with
the female in July and August and are
Independent by m1d to late August,
Striped skunks are primarily nocturnal and
usually leave their dens within one hour
after sunset. They seldom move great
distances. The amount of movement Is
related to the age and sex of the animal,
to the time of year, and to the habitat
type. Typical night'ly travel Is 0.8 km

for adult males and females, 0.6 km for
juvenile females, and 0.3 km for juvenile
males. The mean home range of striped
skunks on Magee Marsh was 30 ha. Many
home ranges Included large areas of
bluejoint grass whtch were easily reached
from the d1kes, Wide, gently slop1ng>
grassy dikes with adjacent marsh were used
more frequently than narrowi steepi brushy
dikes which were surrounded by water'.

All striped skunk dens at Magee Marsh
were on dikes and the majority of the dens
had been dug out by woodchucks ~
number of ava1l able dens greatly exceeded
the number of skunks. Many dens were
ut111zed by str.iped skunks on a temporary
basis. Food items Include meadow vole

~i~~!, eggs of snap-
ping turtles  ~~i~ ~u~! > duck
carrion, unidentified beetles, and June



bugs  p~LLgg~i~ sp.!. These food items
are abundant on Magee Marsh when the mat sh
is drained in the summer ~ but may become
scarce once it is reflooded in the fall.

Duck eggs are food items for several
mamnal fan species on Magee Marsh  8ail ey
1971!. Of the waterfowl nests on Magee
Marsh fn 1967 and 1968. red foxes
de st royce 45%; raccoons 17%; stri ped

skunks 9%; Virginia opossums 4%; mink 1%;
and long-tailed weasels 1X. The Norway
rat on Winous Point Marsh eats crayfish,
fishy birds, juveni !e musk rat, and duck
eggs  Bednarik 1956!. The mink on Winous
Point Marsh eats fish. crayfish> muskrat>
and birds. Mink were respons ble for the
termination of 2$ of the waterfowl nests
found on dikes in 1967 and 1968  Urban
1968!.



CHAPTER 4.

ECOLOGICAL PROCESSES

The ecological va'Iue of Great Lakes
coastal wetlands fs fmmense. but fs not
often recognfzed by the publfc. The
ecol og 1cal processes w1th In the coastal
marshes of western Lake Erfe are
1 nt1matel y rel ated to the beneffcf al
features whfch can be assfgned to them.
Some of the more Important functfons and
values of these wetlands fnclude;

I. Physfcal functions:
a. groundwater recharge and flood

storage
b. sedfmentatfon basins
c. pollutfon control by waste

assfm1latfon, toxfc substance
absorpt1on, and nutrfent uptake

d. coastal protectfon from waves

?. Bfologfcal functIons:
a. food chafn productfon and

energy flow
b. ffsh productfon. spawnfngi and

nursery
c. waterfowl mfgratfon, wfnterfng

and nestfng
d. fnvertebrate and mammal habftat

3. Economfc factors:
a. agr fcultural uses  peat,

blueberrfes> etc,!
b. coaInercfal and sport ffshfng
c. trappfng of furbearers
d. waterfowl hunt1ng
e. nonconsumptfve recreat1on

 bfrdwatchfng, canoe1ng. etc.!.

The resource value of coastal wetlands
needs to be understood fn terms of the
entfre ecosystem and the urgent need to
protect and conserve all aspects of the
system.

4.1 ORIGIN AND EXISTENCE OF COASTAL
IVIARSHES

The basfn occupfed by western Lake
Er fe was created by glac 1 at on, and fts
phys 1 ca'I features and hydro'fogy df f fer
greatly from regfons not exposed to
Plefstocene fce sheets. In terms of earth
h1story. the construct1on of the bas1n has
been completed only recently. The Great
Lakes as they are today  present outlets
and approxfmate lake levels! date back
less than 5 ~ 000 years. The processes of
stream and shorelfne erosfon/accretf on
have made only moderate changes fn the
orfg1nal topography, but these sl 1ght
change are sfgnfffcant fn the orfgfn and
development of coastal wetlands,

Prfor to the Plefstocene Ice Age> the
Great Lakes were nonexfstent; the area was
dfssected by well-developed valleys and
seve ra 1 maJor streams. When the
contfnental fce cap developed to a
thfckness of several thousand meters 1n
northeastern Canada, ft spread southward
fnto the present Great Lakes regfon.
Tremendous amounts of bedrock were eroded
and the debrfs entrafned fn the fce mass.
As the fce sheets slowly melted and
retreated progressfvely northward. thfs
entrained debrfs was released and vast
1rregular deposfts of tfll were lafd down
on the scoured bedr ock surf ace.
Occas1onally blocks of fce were also
entrafned fn the tfll and eventually
formed the kettle. or bogi lakes of the
upland areas adjacent to the Great Lakes.

Once the lakes became establfshed>
stream and shorelfne processes provfded
favorable sftes for wetlands. The most



s1gnf f fcant processes included: I! delta
formation, 2! estuary formation, and 3!
sand bar/dune formation creating coastal
lagoons. Although the gross conffgurat1on
of the Great Lakes has been 1 ittle altered
sfnce the1r glacial development> the above
processes have established many favorable
sites for wetlands. Except rhere bedrock
fs exposed or protectfve works construc-
ted, the glacfal or lacustrine overburden
comprfsfng the shores fs still vulnerable
to changes which can work to the benefit
or destructfon of coastal wet'lands.

A stream reachfng a body of stand1ng
rater. such as the St. Clafr River florfng
into Lake St. Clair' at tfmes bu1lds a
deposit, or delta ~ composed of the
st ream ~ s sed f ment 1 oad. These depos 1 ts
are commonly the site of extensfve wetland
development. Not all rivers bufld deltas;
deltas may be lack 1ng at the mouths of
streams rhich enter the Great Lakes
because thefr mouths are so exposed to
wave and current action that sedfments are
removed as rapfdly as they are deposited.
Some streams also lack deltas because they
carry so 1fttle load. Although each delta
has fts orn fndfvfdual form, four basic
outl 1nes are recogn 1 zed: I! arcuate,
trfangular outline, 2! d1gftate. bird-foot
type. 3! cuspate, tooth-shaped form and 4!
estuarfne, drorned valley  Strahler 1971!.

The typical arcuate delta originates
at an upstream apex and radfates lakerard
by means of branched dfstrfbutary channels
to form a triangular shape. Sediments
reach1ng the lakes from the dfstributary
mouths are s~ept along the coast by wave-
fnduced currents to form curved bars
enclosing shallor retland lagoons; the
delta shorelfne 1s thus arcuate in plan>
bowed convexly outward. The dfgf tate. or
bfrd-foot delta, contains long extensions
of fts branching dfstrfbutar1es fnto open
water. Thfs type of delta requfres a
gently sloping lake bottom fn front of the
rfver mouth> such as Lake St. Clair. on
which natural levees can be built up
qu1ckl y.

The cuspate> or tooth-shaped delta>
fs normally formed «hen the stream has a
single dominant south. Sediment from thfs

mouth buflds the delta forward into deeper
water while rave act1on sweeps the
sediment away from the discharge to form a
curving beach on both sides of the mouth,
concave torar d the lake. An estuarfne
delta coaanonly f ills a long narrow estuary
that resulted from drownfng of the lower
part of the rfver valley because of a rise

lake level. Estuarfne deltas are
character fzed by deposft1ona'1 1slands
containing wetlands> such as found 1n the
Maumee River Estuary.

pel ta g rowth occurs rhen a stream
enters a standing body of water as a jet
or plume. The jet velocity fs rapidly
checked and sediment is deposited in
lateral embankments  natural levees! fn
zones of less turbulence on efther side of
the ]et, thus extend1ng the stream channel
into the lake. The stream repeatedly
breaks through the embankments to occupy
different radff  distrfbutary channels!
and fn time produces a deposit in semi-
circular from, closel y analogous to the
a 1 1 uv 1 a 1 f an s found at the base of
mountain ranges. The natural levees serve
to isolate shallow interd1strfbutary ponds
and marshes containing fine muds and
organic detritus or peat  Stanley and
Swf ft 1976! .

The sediment structure of most deltas
on the Great Lakes is produced by three
sets of beds: 1! bottomset. 2! foreset.
and 3! topset. Bottomset beds consist of
f1ne-grained materials  sflt and clay!
carried farthest offshore and laid down on
the bottom of the lake embayment fnto
rh1ch the delta 1s be1ng buflt. Foreset
beds are somewhat coarser  fine sand! and
they represent the advancing front of the
delta and the greater part of fts bulk;
they usually have a distinctly steeper
slope  dfp! than the bottom set beds over
which they are slowly advancing. Topset
beds lfe above the foreset beds and are fn
real fty a continuation of the alluvial
plain of wh1ch the delta fs the termfnal
portion. It is on the foreset beds that
delta wetl ands normal ly develop. Unl 1ke
deltas formed along the oceanw freshwater
deltas do not contafn aggregates of fIne
part1cles fnduced by electrolyte
flocculation  due to the d1ssolved salts
in the sea!. Therefore, fine particles
are carried offshore 1n lakes and are not
incorporated into the delta sedfments.
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Delta wetlands form a sfgnf f leant
portfon of the coastal wetlands fn the
Great Lakes region. Delta wetlands are
gradational to estuarine and riverine
wetlands. Such wetlands are common along
the lower reaches of virtually all the
major tributaries entering western Lake
Erie.

The lower courses of several
tributaries to the Great Lakes>
particular 'ly the more southerly lakes, are
character 1 zed by est uar f ne-type> or
dro~ned stream, mouths, The flooded flat
areas adjacent to these estuar1es afford
fdeal sites for wetland development. The
lower 25-km section of the Maumee River
which flows fnto Lake Erie at Toledo.
Oh1o, possesses the largest drainage of
any formatfon of this estuary on Lake Erie
and is the result of a series of geol og fc
events related to Pleistocene glaclatfon.
The flow of the Maumee River was reversed
from 1ts southwestern direction when the
glacfal lakes drained from the Erie Basfn
as the fce sheet melted, expos1ng a lower
Niagara Rfver outlet. At that time, river
velocities were accelerated by the base-
level lowerfng~ and the Maumee Valley was
cut deeply fnto lacustr1ne deposits'
glacfal tills. and bedrock. With the
wefght of the ice removed, the outlet
eventually rebounded and produced a rise
fn lake level. The lake encroached up the
valley and formed the present drowned
stream mouth which fs analogous in many
ways to a mar1ne estuary. V1rtually all
of the tributaries entering Lake Erie have
estuarine-type lower reaches and attendant
wetlands. Here. masses of lake water can
affect levels and qual1ty for several
kilometers upstream from tradftional
mouths  Brant and Herdendorf 1972!.

estuary and fn the tr1butaries along the
hlfchfgan shore of Lake Mfch1gan.

In large bod1es of ~ater such as the
Great Lakes> the shiftfng of sed iments by
nearshore cu rrents can form basfns where
wetlands eventually develop. If sedfments
are deposited across the mouth of an
embayment, a trfbutary outlets or
freshwater estuary. the blockage may
result fn the formatfon of a new pond or
lagoon, Wave activity. too~ has formed
bars of sand and gravel, which lfkewfse
have closed off the mouths of embayments.

The usual way fn which a lagoon
capable of supporting a wetland fs formed
fs by accretion of a bar across some
1 rregu1 ar f ty or fndentat1 on of the
coastlfne. The term "bar" is used here fn
a gener1c sense to include the various
types of submerged or emergent embankments
of sand and gravel built on the lake
bottom by waves and currents. One of the
most common types of bars associated wfth
wetlands fn the Great Lakes fs a spit.
Thfs feature fs a sand rfdge attached to
the ma1nland at one end and te}mfnatfng fn
open water at the distal end. Spits that
have extended themselves across or
partially across embayments are termed
baymouth or barr fer bars. Commonly the
axfs of a spit will extend fn a straight
1fne parallel to the coasts but, where
cur rents are deflected 1 andwa rd or
unusually strong waves existed growth of a
spft may be defi ected landward ~ resu'1 t 1 ng
fn the creatfon of a recurved spit or
hook. Several stages of hook development
may produce a compound recurved spit wfth
a series of ponds separated by beach
r 1 dges. These ponds have provf ded
excellent sftes for wetland development
along the shores of Lake Erfe.

The Maumee Rfver estuary begins near
Perrysburg ~ Ohio. at the most downstream
bedrock rfffle. As the ~ater enters the
estuary from the rfver, its velocity
abruptly d1mfnfshes except durfng major
runoff events> causing sedfmentatfon of
suspended part1cles. The deposits have
formed a series of elliptical islands
which foster wetland format1on. Sfmilar
deposfts are found fn the Sandusky River

Lake Erie fs noted for fts severe
northeast and northwest storms and the
resu1 tant wave attacks and rap fd
fluctuations fn water 'level at the
shorel fne. The h1gh energy produced at
the shore by these storms precludes the
development of fringing coastal wetlands.



Only where some type of natural or
artf f fcial protectfon is avaf1 able against
these harsh coastal processes  erosion>
scour> and rapid transport or deposft1on
of beach material and sediments! can
marshes become established and cont1nue to

exfst. Settling of the shore surrounding
the western end of Lake Erfe has greatly
altered the natural shoreline. In the
1790s much of the western basin shorelfne
was fronted by barr1er beaches wh1ch
protected lagoons and massive wetlands
 Kaatz 1955!, Today these Iow shores are
armed w1th stone dfkes or protected with
b u 1 k he ad s. Sandy shores are now
restr1cted to a few sp1ts, such as Cedar
Point, Oh 1 o, Woodt 1 ck Pen 1 n su 1 a. M 1 ch1g an,
and Point Pelee, Ontario, and places where
1 1ttoral currents converge> such as Port
Clfnton and East Harbor> Ohio.

Based on these considerations> the
coastal marshes of western Lake Erfe fall
fnto three categories, dependfng on the
type of protect/on available to the
wetland vegetation. As mentioned ear-
1 fer, at one tfme the most 1mportant
protection was that afforded by barrfer
bars or other natural features of the
shorel1ne wh1ch formed qufet lagoons and
coastal embayments. Very few natural
wetlands of th1s type still exist 1n
western Lake Erie. One of the best
remafnfng examples is the lagoon  "east
bay" of Sandusky Bay! stabflized by Cedar
Pofnt sand sp1t. Other examples of
natural-protect1on wetlands wh1ch stfll
persfst are those formed by rock-bound
embayments fn the 1slands region of
western Lake Erie. Unfortunately, many of
these embayments have been d1sturbed by
the construction of small boat harbors.

Most of the lagoon-type coastal
marshes> ff they have not been drafned or
filled or engulfed by the lake> have been
replaced by the second type: managed-
waterfowl marshes which are now protected
by earthen and rip-rap dikes. The hfgh
wave energy of Lake Erie and the record
high ~ater levels of 1972-1973 have taken
a tol 'l on the barr fer beaches,
necessitating the construct1on of armored
dikes along much of the western basin
shore11ne. Large areas of wetlands are
now protected in th f s manner by Feder al,

State> and local agencfes ~ as well as
private shooting clubs.

The third type of protect1on fs the
natural fsolat1on from lake storms
prov1ded by the estuaries of virtually all
of the trfbutarfes enterfng the western
end of Lake Er1e. At places. such as the
Maumee River, the estuarfne aspects of the
drowned river mouth extend upstream at
least 15 km. Large wetlands have
developed along most of the estuaries
where disturbance has been min1mal.
Estuarine coastal marshes form the
maJor fty of the natural 1 y protected
wetlands bordering western Lake Er1e.

4.2 BIOLOGICAL PRODUCTIVITY

Al thou g h no speci f 1 c works have been
published on the intrfcacies of energy
flow 1n Lake Erie coastal marshes> Tflton
et al. �978! have genera11zed the
important processes fn the Great Lakes
based on stud1es f n other coastal
wetl ands. The conversion of solar energy
into biomass by autotrophs  e.g., green
plants! fs perhaps the most 1mportant
process. Conversion into a form ava11ab'Ie
to heterotrophs  organfsms unable to
synthes1ze food from inorganic substances!
serves as the foundation for several
complex and dynamic food webs.

The ultimate source of energy for the
marsh ecosystem 1s the sun. Only a small
fraction of the total ava11able energy
from the sun enters the food chafn. The
passage of this energy from one organism
to another takes place along a part1cular
food chains which is made up of trophic
levels. In most conInunftfesi food chains
form complex food webs involv1ng many
d1fferent types of organfsms. especfally
on the lower trophic levels. The ffrst
step fn the food chain fs always a primary
producer > wh1ch in freshwater aqu at1c
ecosystems may be one of three basfc
types: 1! macrophytes, 2! benth 1 c
mfcroalgae> or 3! phytopl ankton.

Several studfes 1ndfcate that the
macrophytes are the most important primary
producers 1n the marshes  Wetzel 1975!.
These photosynthetfc organisms use light
energy to make carbohydrates and other
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compounds, whfch then become sources of
chemfcal energy. Producers far outwefgh
consumers. over 90% of all living organ fc
matter fn the marshes fs made up of
plants, fncludfng a'! gae. Energy enters
the animal segment of the marsh populatfon
largely through the actfvftfes of the
herbfvores. the animals that eat plants
and algae. Of the organic materfal
consumed by herbfvores. much fs excreted
undfgested. Most of the chemfcal energy
fs used for heat. motfon> or dfgestfve
processes, but a fractfon of the materfal
fs converted to anfmal biomass.

The next leve'is fn the food chafny
the secondary and tertf ary consumersi
fnvolve carnfvares. Only a small part of
the o rganfc substance present fn the body
of a herbfvore becomes fncorporated into
the body of a carnfvore. The decomposers,
prfmarfly bacterfa and fungi, break down
dead and discarded organfc matter,
comp letf ng the oxfdatfon of the compounds
formed by photosynthesfs, As a result of
the metabolfc work of the decomposers.
waste products  detritus, feces, dead
plants and anima'is! are broken down to
inorganic substances that are returned to
the marsh soil and water to be recycled
 Jaworskf et al. 1977!.

The flow of energy through a food
chain fs often represented by a pyramid
whfch illustrates the quantftatfve
relationships among the various trophfc
levels  Figure 73!. Juday �943!i one of
the earl fest fnvestfgators to fntroduce
trophfc levels> developed the concept from
studies of freshwater wetlands. He
determfned the various components of the
aquatfc population in Weber Lakes'
Wfsconsfni as they existed fn midsummer.
The dfssolved organic matter composed
about 60% of the total pyramfd; the ffsh,
only 0.5%; and the other anfmalsy slfghtly
less than 5% of the total.

In coastal marshes there are often
four ma!or sources of energy for aquatic
consumers: 1! marsh detrf tusi 2!
phytoplankton productions 3! detrftus from
terrestrfal sources brought fn by
drainage. and 4! planktonic materfal
carrfed into the marsh from the open lake.
Although much research remafns to be done

on food chafn production and ecosystem
energy relatfonshfps, particularly of
freshwater wet'1 ands, there are a few
general principles whfch appear to have
validfty: 1! food cycles rarely have more
than five trophfc levels. 2! the greater
the separation of an organfsm from the
basic source of energy  solar radfatfon!,
the less the chance that ft will depend
solely upon the preceding trophfc level
for energy, 3! at successfve1y hfgher
level s fn the food cycle. consumers seem
to be progressively more efficient fn the
utf1 fzatfon of food supply, and 4! fn
wetland succession, productfvity and
photosynthetic efffcfency increase from
ol fgotrophy to eutrophy and then decl fne
as the marsh undergoes senescence.

The western Lake Erie coastal marsh
community possesses two basic complexes of
fnterrelatfonshfps: 1! invertebrates,
f fsh. b f rds. and mammals which ut f ! f ze
lfvfng plant tfssues. and 2! organfsfms
whfch util fze detrftus or dead p'lant
tissues. Lfvfng plant tissue  e.g.i
dfatoms. reed grass. cattafl rhfzomes!
serve as food for phytophagous  plant

Figure 73. Energy pyramfd fn Lake Erie
coasta 1 marsh es  Upper Great Lakes
Rag iona'i Coaanfssfon! .



eatfng! animals such as stem-borfng and
leaf-mfnfng insects as well as certain
aphids and beetles. Many spec1es of
waterfowl graze extensfvely on plant
materfal> and muskrats are fmportant plant
consumers. The next hfgher trophfc level
fn the ffrst complex consists of animals
which prey upon the phytophagous
organfsms. Spiders> predatory beetles>
dragonfl1es, certain fishes> frogs> bfrds>
and small 1nsect 1vorous mammals are
important organisms of thfs upper trophfc
1 evel .

The second complex consfsts of a vast
number of insect larvae whfch rely on
organic detrftus as a direct energy source
or by strippfng m1crobfal populatfons from
the surface of organ fc part1cles.
Gastropods and annelfds are also 1mportant
organ f sms 1n thfs detrftophagous complex.
Whatever resfdual not util fzed by these
an f mal s 1s sub j ected to further
decomposftfon by bacterial and fungal
populations. As wfth the phytophagous
comp 1 ex > the re ex 1 sts f n t he
detr1tophagous complex a wfde spectrum of
animals which prey on the detr1tus-feeding
organisms. Several species of insects>
amphibians> mammals, and waterfowl compose
this level, and many of these species are
not selective fn thefr prey> utflfzfng
organisms from both complexes.

Teal �962! found that a smaller
percentage of the total energy represented
fn the primary productfon of wetlands
passes through the phytophagous complex
than the detritophagous complex. In
western Lake Erfe, submergent vegetation
tends to be fnhabfted and grazed more
heav11y than emergent forms  Krecker 1939!
because the former type of aquatic
macrophytes lack the more impenetrable
structural tissues prevalent fn the
emergent type. Estimates of the pro-
portion of material proceded through each
complex  Tf iten et al. 1978! favors the
detrftus web  80% to 95%! over the grazing
web �% to 20$!. T1lton et al. �978!
pointed out that the importance of an
organfsm to an ecosystem may exceed fts
role fn energy flow. Muskrats use only a
fractfon of the available energy stored fn
the live plants they cut and harvest fn
the wetl ands' but they may be o f
s1gnff fcant value to the detrftophagous

complex. S1mf1 arly, the teem1ng pop-
ulations of phytophagous insects may
consume only a small fractfon of plant
tissue. but through thfs activity may
reduce the growth of host plants and the
pr1mary product fon of the wetland
ecosystem.

The energy budgets f or catta1'1
ma r s h es 1 n M1nnesota were 1 nvest1 gated by
Bray �962! and may provfde insight for
western Lake Er1e wetlands. During the
growfng season the dfstrfbutfon of the
var1ous components of solar radiatfon
energy was as follows:

EQLQC~M

albedo  ref lectfon!
evapotranspfrat1on
conduct1on-convect1on
prfmary product1on

22.0
38.4
38.5

1.1

Emergent wetland communities are
among the most productive areas on earth.
Westl ake �963! estimated that freshwater
emergent macrophytes have a net primary
product1vfty of 3 .000 to Bi500 g/m /yr ~
and are comparable 1n productfvfty to salt
marshes «nd tropical rain forests.
Productivity of freshwater submerged
macgophytes ranges from 400 to 2,000
g/m /yr. less than hal f of thefr marine
counterpart. S1te speci f fc pr fmary
productivity studies of coastal emergent
marshes fn western Lake Erie are scarce.

Th1s apparently low utf1 fzatfon of solar
radfatfon by ~ sp. fs consistent wfth
other wetland studies and supports the
general view that most plant comInunftfes
use only 1% to 2$ of the total solar
energy for primary production  Tflton et
al. 1978! . ~~gl!I~ sp. in Austrian
wetlands ranges from 1.2% to 2. % for May
through July  Sfeghardt 1973! and ~~
sp. fn Georgian estuaries utilfzes 1.4% of
total solar rad1atfon  Teal 1962! . The
unfformity of these results suggests that
emergent marshes fn western Lake Er1e
ut11 1 ze approx1matel y 1.2% of solar
radiation for prfmary production.



Manny �987! have stud f ed these
macrophytes 1n the St. Clafr Rfver-Lake

Clafr-Detroft Rfver system. Results
of these stud 1 es may prov 1 de some
understand fng of product 1 v 1 ty f n western
Lake Erfe. Dawson �975! found that
consfderable spatfal varfatfon in stand1ng
crop exfsts wfthfn Anchor Bay of Lake
Cl a 1 r  Table 23! . He est1mated mean dry
wefghts of varfous submerged communftfes
to range from 4 g/m 1n shallow areas
characterfzed by sparse cover of stonewort
 ~ sp.! to 316 g/m fn areas domfnated
by dense growths of water-mf1 fof1
1 kbMmbXlhm a~Sr~! ~

Schloesser   1982! studfed the monthly
abundance of submersed macrophytes 1n the
St, Claff Rfveri Lake St. Claf re and the
Detrof t Rf ver durfng the 1978 growf ng
season  Table 24! . He found that the
amount of submersed vegetatfon was low fn
early sprfng. No vegetatfon was found fn

Bfomass and productfvfty of emergent wetland plants of the
Great Lakes regfon.

Maxfmum Net
biomass productfon
 g/m !  g/m /yr!2Spec fos Common name

Imhu l~~
Qlf4 x QlQgak

MZMIL4$ fkkCXQLLRN !
~al~ laiM~

b road-1 eaved catta11
hybrfd cattafl
gfant bur reed
coffanon arrowhead
manna grass
reed grass
wfld r1ce
sp 1 k e- rus h
lake sedge
beaked sedge
rfver bulrush
great bulrush
soft rush

2i 456
1~440

M~ azar~
Lbr~~ ~~

~ la.~~
~ Hksfzkhi

630

1 i186
740

1i 530

Mean 1 e 820 1.330

a Data source: Tflton et al. �978!.

Lutz �9 ~0! work1ng fn Erfe kfarsh of North
waumoo Pay f'ound so f t � stem bu1 rush
 ~~ ~J~g! I ad a peak shoot den~fty
of 2ffa/m' and a eed we1ght of 54 g/m ol
'00,500,ends/m . Table 22 11sts the
max1mum b fomass and productf vfty of
several emergent spec fes  common fn Lake
Krfe! for the Great Lakes regfon.
1 xtrapo'latfon of those data to the coastal
marshes of Lake Frfe can provfde an
approxfaate and reasonable estfmate of
product 1vfty. 7~~ marshes appear to be
one of the most product 1 ve communftfesr
yfe/dfng values f approx fmately 2i500
u/m//yr! near the lower end of the range
expucted for freshwater emergent
macrophytus.

Although 1 fttle work has been done on
the f r oduc t 1 v 1 t y of submer sed aquat1 c
rl ants ! n Lake f rfei Dawson �975! e
.',< h lo~ .or f 108?!, and SChlOeSSer and

1t 360
4 F000
1. 950

230
4 >800
2i695

550
185

li400
850

2e 080
1~745



Table 23. Lstimated standing crop biomass for suhinersed vegetation in
Anchor Bay, Lake St. Clair.

Total
submergents

 $!

Weedbed

 km~!
Range in
dry ~e/ght

 g/m !

Dominant taxa
in community

�974!

Yell~i~ m~r~
E~ie&~

100.0TOTAL 108. 8 4-316

a Data source: Davson �975!.

Table 24. Seasonal est ima tes of s tandi ng c rop bi one ss fo r subinersed sac r o-
linytes at several locations in the Lake St. Clair-Detroit River system z.a

Dominant
June July Aug Sept Oct Nov taxaLocation �978!

St. Clair River
 Stag Island!

72 267 103 38 15 - Qi~l Nj~ spp.

St. Clair Delta
 A'Igonac!

54 97 158 174 284 182 Ei~~i2.i~i~ s pp.
Ekeiaa ~Mi~

m~tum

Anchor Bay
 Sand Island!

24 63 118 33 16

40RCi& if'

Clinton River
 mouth!

Detroit River
 Belle Isle!

0 38 52 38 17

94 216 427 220 145 42Detroit River
 Grosse Ile!

Detroit River
 Sugar Island!

287 135 192 160 172 82 ~!gg~~ ~a~

a Data source: Schloesser �982!.

31.2
25.6
13.7
12,0
9,9
9.4
6.5
0.5

4-77
25
65

190
37-247
12-97

127-316
83

10.3
8.6

11.8
29.9
!.1. 0

7.3
20.5

0.6



the Detroft River In Aprf'I or May. and the
only vegetatIon collected In Anchor Bay
and the St. Clafr Rfver dur1ng these
months consfsted of decaying or dormant
materfal from the prevfous growIng season.
One exceptIon, ~!gg~L ! ~~, does
show an early  May-June! growth peak at
the mouth of the Detroit Rf ver which may
be benef fcfal to spawning ffsh and
migrating waterfowl dur1ng that perfod
 Figure 74!,

25

20

15

By mid-June domf nant plants had
sprouted ner growth at stem and leaf
nodesi and by mfd-July new grorth whfch
dId not orIgfnate from overwfnterfng
dormant materfa'f was found at all
locations  Table 24! . Higher max1mum
biomass values were generally observed at
'focatfons ~here dormant overw Inter I ng
vegetatIon was observed 1n early spring.
The maximum bfomass was reached In June fn
the Detroft River mouth  Sugar Island, 284
g/m !; fn July fn the St. Clair River �67
g/m !; fn Augu!t fn the Cl fnton Rfver
mouth �18 g/m ! > Detroit Rfv!r head �3
g/m ! and Grosse 11e �27 g/m !; and Jn
October In the St. Clafr Delta �84 g/m !
and Anchor Bay �46 g/m !. The submersed
macrophytes became senescent and the
biomass values decreased by 'I ate f a 1 92 at
all locat fons. The results of thIs study
Indicated that lfttle or no subme rsed
macrophyte growth takes place before June
or after October fn the rfver or lake.
The dom1nant taxa found at each locatfon
are gfven fn Table 25.

150

125

25

0 A IA J J

Figure 74. Sea son a 1
macrophyte taxa In
g/m2 ash-free dry
1982!.

growth of submersed
the Detroit River fn
wefght  Sch'foesser

E 250

C7I200
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Several stud I es of phytopl ankton
product 1 v1ty have been conducted fn
western Lake Erie  Cody 1972; McQuate
1954; Shefffeld and Carey 1980; and
Yerduin 1962! . However, few measurements
have been taken dfrectly fn the coastal
wetlands. McQuate �954!. work fng In the
uncontrolled marshes at the upper end of
Sandusky Bay. observed that small bays and
open pockets rfthfn the beds of rooted
aquat I c vegetat1 on prov I ded "excel lent
cultural grounds" for plankton whfch are
carried fnto the bay and eventually reach
the waters of Lake Er1e. He measured a
photosynthetic rate of approxfa.ately lr400
mg of carbon assImf lated per day. This
rate compares favorably with nearshore
measurements made by other investigators
In western Lake Erfer and as would be
expected, fs hfgher than values for
offshore locations, the islands area. and
central Lake Er fe  Tabl e 26! . Cons I der f ng
re'fatf ve bIomass phytoplankton Is not as
important as the macrophytes fn the total
prfmary production occurring wfth1n the
coastal marshes. Ho~ever, 1t fs
sfgnfffcant In the zooplankton-ffsh larvae
food chafn wfthfn the marshes.



S a n du s k y, and Huron r1 ve rs. He concluded
that the majorfty of the plankters found
ln the estuar1es of these r1vers uere
large plankters vh1ch entered the estuary
fifth the 1nf lux of lake eater. The
vestern basfn tr1butarlesi part1cularly
the Maumee R1ver, are often very turbfd.
Sull ivan found that th1s hfgh turb ld1ty

Conversely, ln the offshore port1ons of
the lakes' phytopl ankters are the dom1nant
prfmary producers.

Sullivan  !953! conducted a survey of
the phytopl ankton populations fn the
estuarine portions of the Maumeei Portage.

Table 25. Den1nant submersed aqu at 1 c mac rophyte taxa of t: he Lake St. Cla1r-
Detroit River system,

St, Clafr St. Cla1r Lake St. Detroft Detroft
R1ver Delta Cl a1r R1ver River

 Stag Is.!  Algonac!  Anchor Bay!  Belle Isle!  mouth!
Taxa

Q~~i~ip spp.
Xalliamrla ~ma

Data sources: Davson �915!. Schloesser �982!.

Teble 26. Carbon ass1m11 ation by phytopl ankton product1v1ty 1n Lake Erfe.

Measurement l ocat 1 on Photosynth1c rate

 mg/C/m iday!
Data source

Polnte Mou1llee
P1geon Bay> Pt. Pelee
Sandusky Bay
Locust Pof nt
N agara Reef
South Bass Island:

F1shery Bay
Offshore> rest coast

Cody �972!
Verdu 1 n �962!

742
512

She f f 1 el d and Carey �980!Old lfoman Creek. offshore S20

QgK4 spp.
Elcuiea muuhasis,
BaieraathaZa il! !i !
k ZimJ!!�' l ~LL ull
Maim Xlm~
Cahmog ;Man ~a !!

Rake ! !mian aZmdaeuS
EuM !gag ! ~umhg 	1

Zi!97
1 r175
! i138
! i 223

833

Shefffeld and Carey �980!
Sheffleld and Carey �9SO!
McQuate  !954!
Shefffeld and Carey �980!
Cody �972!



signi ficant'ly 1 irriited the productfvity of
phytoplankton in the estuaries, and during
freshets, also reduced primary
productivity in the adjacent nearshore
~aters cf Lake Erfe.

McMillian �95 1! studfed the
photosynthetic rate of fflamentous algae
i~g1!l.sr~ ~~ and ilia~ ~!
attached to littoral boulders and rocky
shorelines of Fishery Bay> South Bass
Island. She found that this assocfatfon>
whi ch inc 1 ud ed ab undant per f phyt fc
df atoms> had an average carbon fixation
rate of 567 mo C/m /day durfng a 4-month
growing season. Thfs rate is comparable
to that obtained by Cody   1972! for
phytoplankton �4 2 mg C/mz/day! in the
same bay  Table 26!. McMfllian determined
the average yield of attached algae fn
this habit~t to be 144 g/m . Lorenz and
Merdendorf   1982! obtafned maximum
standing crop values for /~i~ at
Stony Pcfnt, Mfchfgan  adjacent to Swan
Cre~k Marsh!, an! South Pass Island of 184
g/m and 214 g/m, respect f ve'1 y. Monaco
�984!, continufng thfs study> found that
the vertical dfstrfbution of ~~~i~
was 1 fmited by 1fght attenuatfon to a
depth of about 2 rri. Photosyntheticallyactive radfation below 50 uE/m /sec was
deterrr i nod to 1 fmf t vertical colonization.
The biomass values obtafned for attached
algae in western Lake Erfe are comparable
to those obtained by Schloesser   1982! for
submersed macrophytes, part fcularl y
l'a~~m~ spp, and ~~>~ sp.. in
Lake St. Clair.

Coastal wetland vegetat ion
i mmob f 1 f z e s cert a i n amounts o f nut r f ents,

portfon of which are released upon
senescence and decay of the p'lants.
Depending on the sed fmentat i on
characteristfcs of the wet'land. nutrients
are stored in the wetland as organic
sediment or peat. In the marsh sof'ls,
microbfal processes transform some of the
nutrients from organic to inorganic forms.
The net effect of these processes fs
generally a reduction in the concentration
of nutr fents fn water flowfng through the
wetland. Therefore, the coastal marshes
are fmportant in controlling nutrfent
loadfng to nearshore waters of Lake Erfe
 T i 1 ton et a 1 . 1978> .

Mudroch  l980! stud i ed the
geo c hemi ca 1 comp os f t f on o f sed f ment i
uptake of nutrfents and metals by
macrophytes. and nutrient and metal
composftfon in the water at Bfg Creek
Marsh on the north shore of eastern Lake
Erfe fn Long Point Bay. The maximum
concentrations of most metals  Pb ~ Ni ~ Ca.
Cr > and Zn! in marsh sediments were lower
than concentrations found fn Lake Erfe
surffc fal muds, presumably due to uptake
by the aquatic plants fn the mud.
Submerged plants  ~ sp,i g~i~iJPp
sp. ~ and f~g sp.! accumulated larger
quantitfes of Ca, Pb> Cu, Nf> Cr> and Cd
than emergent plants  ~ spp.! > but
nut r f e nt concentrations were rel at i vely
uniform for all species <Table 27!. She
found that the biomass productfon of the
macrophytes fn the marsh is related to the
subhydrfc soil fertf1 ity as well as the
nutrient content in the marshwater, She
concluded that short-term supp lies of
nutrfent-rich sewage to the surface
subhydrfc soil layer can have a p rolonged
effect on macrophyte productfon by
enrfchment of the nutrient pool mafntained
fn the perennfal plant system.

The detrftus food chafn of Sandusky
Bay fs illustrated fn Figure 75. Of the
six domfnant benthfc macrofnver teb rate
species present, three are detritivores,
one is a grazer> and two are predacious.
The three species of olfgochaete
detritfvores funct fon fn a commensal
aggregation to exploft the allochthanous
and autothanous fnputs to the bay.
Additionally they use both the bacteria
that grow on the surface of detrftus
partfcles and the products of bacterfal
activfty. The one grazer fs the larva of
the chi ronomfd {~~ ILL11~, It
exploits the plankton> pr fmari1y df atoms
and other algae, by entrapment on a spun
net> which it ingests along with the
plankton. ~~i~li!~ a 1 so grazes on
dfatoms> other perfphyton, aquatfc plant
tfssue, and decaying organic matter. The
two predator specfes are also chfronomids.

is a voracfous predator onother chfronomid larvae whf'le ~ip~~
fs a more general carnfvore.
preys on both ~i'~ and ~Li~~
and members of fts own species at times.



Tabie 27 Concentrations of nutrients and metals in wetland plants at thy
stage of maximum development, Big Creek Harsh, Long Point, Ontar io.

Pb Cu Ni Cr Cd ZnK N P CaSpecies

5vmphum Marais
Ghana >jij qadi:a

Data source: Mudroch �980!.

Figure 76. Di ag ram of the detri tus food chain in Sandus ky Bay
Estuary, illustrating the role of benthic oligochaetes  modified from
Lindsay 1976!.

131

Ixaha ~~
Ehuiea mme~
Huuhar ~

1.1 1.7 0.2 0.8
1.6 1.1. 0.4 2D.O
1.1 2.0 0.3 1.0
1.2 1.8 0.3 4.4
1.0 1.8 0.2 0.9
1.7 0.8 0.1 19.5

4 3
32 10

5 3
27 6

7 3
32 9

6 3 <1 18
18 15 3 18

2 4 <1 18
15 8 2 15
3 4 <1 14

17 10 2 14



cutgrass
Jewelweed
tall grass
shrub zone

5.
6.
7.
8,

l. open water
2. water lily
3, dock
4. catta11

Location
Aerobic �0 C! Aner ob 1 c   20 C!

50 x 10
43 x 10
44 x 10
51 x 106
65 x 106
76 x 106
75 x 106

48 x 10
52 x 106
59 x 10
65 x 106
85 x 106

110 x 106
104 x 106

M~i~ feeds on other chfronomfds and
also utf11zes the three specfes of
oligochaetes,

Beaver �942! and Weeks �943!
fnvestfgated the heterotroph1c bacterfal
population fn western Lake Erie sediment
from various hab itats  Table 28!. They
found that the open lake stations had much
lower populat1ons than the estuarfes and
coastal marshes. The high value at Put-
fn-Bay fs probably related to pollutfon ~
while the other locatfons with high
populations are more likely related to the
high concentrat1ons of macrophyte
detrf tus. Weeks observed an fncrease in
the bacterial population 1n the island
areas wh1ch correlated w1th the high
discharges of allochthonous  transported!
materials from the Maumee and Portage
rf vers.

4.3 COMfVIUIQITY PROCESSES

The western Lake Erie wetlands are
actually composed of a variety of habftats
1ncluding open ponds, cattail and reed
marshes, earthen dfkes, barrier beaches,
del ta f Iats, and ~ooded swamps.
Collect1vely these habitats are known as
the coastal marsh carmunfty. Each habitat
attracts fts own species of plants> birds,
mammals. reptf'Ies, amphibians, and, fn
some cases. ffsh. The result fs a greater
variety fn plant and animal 1 ffe than fn

Table 28. Heterotrophfc bacter1al

Western Lake Erie  mfd-basfn!
Fishery Bay, S. Bass Is.
Portage River mouth
Terwfllfger's Pond, S. Bass Is.
Haunck's Pond. M, Bass Is.
Portage River Estuary
Put-fn-Bay, S. Bass Is.

Data source; Beaver �942!.

any other area of equal sfze 1n the
fnter1or of the border1ng states and
province, The overall cond1tions of the
uncontrolled coastal marshes a,re st111
relatively pr 1mf tf ve. Within those
marshes where natural processes are
allored to take place, zonatfon and
success1on 1n response to chang 1ng
environmental conditions are among the
important community processes, Water
level fluctuation, and the resultant plant
and animal response. fs often the most
sfgnif fcant driving force.

The protected marsh at Haunck 's Pond
on M1ddle Bass Island provides an
excellent example of aquatfc plant
zonatfon fn response to water depths, The
basin contafnfng the marsh appears to have
been formed by a double tombolo which now
connects two rock fslands wfth two sand
sp1ts built by alongshore currents. Efght
zones, extending from open rater to a
shrub shorel1ne. have been ident1f fed
 Wood 1966!:

Each zone 1s transitional and fn none does
one species dom1nate to the exclusion of
all other species.

populat1ons 1n western Lake Erie.a



Major species occurrfng in the open
rater zone are unattached floating plants
such as duckweeds  ~1  ILp    LJlgZ. j..
~~! > large duckweed  ~1  pLLip ~
~!. and watermeal  ~i~p galtup-
~!, and submersed aquatic plants such
as sago pondweed  ~ii~g!! !!pli~~!,
~ater mf 1 foil  Q~~JrrJi~~Jggp ~~i~g~!,
waterweed  ~ ~~! > and coon-

depth in this zone ranges to 1 m.

Major species composing the water
lily zone are spatterdock  g~ ~~!
and wh1te water lily  Qpyjpp ~i~!.
Specfes associated with this zone fncluded

! ~
arrowhead   /~i~ ~~~i!, and
p t eke re 1 weed  ~~ ~i~!jap! . The
~ater 111y zone fs actually several
dfsjunct zones. together occupying a major
portf on of the wetland. July rater depth
fn thfs zone ranges up to 1 m.

Two species of dock  ~ ~~

cover of the dock zone. Plants thrfvfng
under the dock cover include spatterdock.
~hite ~ater lily, sedges, and 1n some
areas rfce cutgrass  ~~ ~~~iJjj~!.
Occasfonal hummocks support sramp-

July water depth fn this zone ranges up to
50 cm.

Narrow-leaved cattail and broad-
leaved cattail are codomfnant species of
the cattail zone. Thrfvfng as associates
fn this zone are sedges

~ ~KjL tL'r, and $.
~!, soft rush  ~~ ~~! ~ bur

reed  ~i~p !pJ LJ g,~! . cutgrass ~
and r1ver bulrush  ~~ ~~~!-
Early summer water depth fn this zone
ranges up to 15 cm. However. thfs zone
was predominantly a mudf1 at.

In early surrmrer. 5 to 15 cm of water
covers the cutgrass zone. At this time
rater planta1n and spatterdock are common
assoc f ates of cutgr ass. As ~ater levels
falli associated spec1es are 1 fmited to

RQ ~~, and
~!, spike-rushes  ~i~~

~Ca~ and f - ~~!. and d1tch
stonecrop  QgjJ;ripe  p! ~~! .

The jewelweeds> Q~~ ~~,
and J. g~~i occur in the jewelreed
zone nearly to the exclusion of other
spec fes. Ho~ever, fn wetter areas
cutgrass. spatterdock. and dock occur.
Additfonal associates of th1s zone include
cattafl ~ sedges. rushes. monkey flower
 ~~ ~i fp !p,!. skullcap  ~~~

llddlldl ' "

The tal 1 grass zone f s pr fmar1ly
composed of reed-canary grass  ~~
~ifjzg~! and bluejofnt grass
@au~ ! umCL~! ~ which fn some areas
attained a hefght of 2 m. Jewelweed and
cattail are the only herbaceous
associates. Small hummocks fn this zone
support whfte ash  ~~ ~~~!,
hackberry  ~ ~r~~! > and choke
cherry  ~ !~~~!.

The shrub zone fs composed prfmar fly
of saplings of specfes found fn the nearby
swamp forest such as bur-oak  ~~
 bL~~!. hackberry, sl fppery elm

!. white ash  ~~
~i~!, and white mulberry  ~

Low growfng plants occurring fn
this s1te include choke cherry, prairie
r o s e   ~ ~~~ !, a n d c o mm o n
el derberry  ~girl gal� L   p~! .

Kormondy �969! described wetland
succession fn beach ponds on a 6.5-km-long
spit fn Lake Erfe known as Presque 1sle
near Erie, Pennsylvanfa  Figure 76!.
Owfng to a combfnatfori of fts sandy shore
and exposure to vfolent lake storms, this
spft developed as a series of hooks with
the establishment of numerous ffnger11ke
beach ponds over the past several thousand
years. The ponds are cr eated when an
elevated bar of 'sand develops, thereby
fsolatfng a small portion of the lake; the
ponds are seldom more than 100 to 200 m
long> 10 to 20 m ride. and 1 m deep.

Some of the ponds are destroyed fn a
few days. months. or years by subsequent
storms whfch e1ther breach the sand bar or
blow enough sand to fill fn the
depression. The better protected ponds
survive these geolog1cal processes only to
be subject to a b1olog1cal fate: retland
succes s 1 on. A 4-year-ol d pond 1 s
characterized by sparse p1oneer vegeta-



8 wOOlI hhyherry joInt bulrwahey plyllvrrr willow

Figure 78, !tet!and succession in a Lake Erie beach pond at Presque Isle. Pennsylvania:
A! 4 years old, 8! 50 years old, C! 100 years old, and D! progressive shoreline changes
 Jennings 1930; P1ncus 1960; Koraondy 1962!.

bayberry> and cottonwood.tion, such as stonewort  ~ sp. ! y
bu1 ru s he s i cattail i and cottonwood
 Qg~ >~~! seedl ings. At 50
years> fill1ng has occurred in the basin
and encroaching vegetat1on has reduced the
open ~ater portion to about half of its
former area. The ma!or vegetat1on then
consists of rater-m11 fo11 y catta i! y
bulrushes  ~~ sp.!. blue!oint' willow
 ~ sp. !, b ay be r ry  +~ sp.! . and
cottonwood. After 100 years the open
rate} portion is almost obliterated and
the vegetation has increased in
complexity. The dominant forms then
include water-m11fo11 i pondweed  ~~g-
~ sp.! > yellow water 11ly  f~
!L L'gyp'! > bulrushesi bluepoint. spike rush�>

Sparseness of distribution and
limitation of plant species mark the early
ponds' increased dens1ty and heterogeneity
characterize the older ponds, and the
contrast is striking. From th1s analysis
of succession' Kormondy �969! concluded
that the ponds or lagoons at the northeast
end of Presque Isle are the youngest and
that the sp1t has growth from the
southwest because the ponds are
1ncreas1ngly older 1n that direction.
Similar development occurred on Cedar
Point, at the entrance to Sandusky Bayi
but commercial pro!ects have altered the
course of natural succession.





the smallest varfety of invertebrates.

sp. had more diverse animal
populations   ll taxa!, Because the
benthic populatfons are dependent on water
depth ~ a deffn1te zonation occurs that
rapidly adjusts. through a succession
process. when water levels fluctuate.

Western Lake Erfe has a combination
of characteristics of large rivers  f.e.,
Detroit. Maumee. and Sandusky! and small
streams  f.e.> Swan. Crane. and Turtle!.
This situation. in con$unctfon with it
being accessfble to both faunal elements>
has resulted in an unusual mfxture of
large rfver and headwater specfes fn the
fauna of the lake and coastal marshes.
Stansbery �960! found that as a result of
this cfrcumstance, the molluscan fauna of
the nearshore waters has 1ntergraded.
Relatively strong. persistent, alongshore
currents  simulating stream condftions!
were assocfated with rapid growth of
Unfonfd mussels, whereas quiet ~aters
resulted f n stunt f ng. Consequently ~
mussels in Lake Erie nearshore waters are
more coamonly found on shallow gravel bars
than in the protected cattail marshes.

Zonat1on has also been demonstrated
for larval ffsh populatfons in western
Lake Erie  Cooper et al. 1981a. 1981b,
1983' 1984; Mizera et al. 1981!. h serfes
of studies fn the estuaries and open
waters of western Lake Erfe have shown
that the estuarfes of the Maumee River and
Sandusky R1ver contained the hfghest
dens1ties of larval fish when compared
w1th other nearshore and offshore areas.
Gizzard shad, whfte bass, and freshwater
drum dominated the estuarfne populations.
The highest density of yel'fow perch was
found 1n nearshore areas associated with
sandy bottoms ~ part fcul arl y north of
ifoodtfck Peninsula and 1n the vfcfnfty of
Locust Point. The following depth/density
relationsh1p was observed for yellow
perch:

The same general relat1onship was found
for most species, fndfcatfng a greater
preference for spawning and nursery
grounds fn the coastal areas.

Johnson �984! believes that the most
fmportant factor influencing production of
fish larvae fn western Lake Erie marshes
fs predation. Although no information fs
available on predator-prey interactfons
fnvolv1ng larval f fsh in retlandsi related
research has indfcated habftat structure
can be important 1n mediating the outcome
of aquatfc predator-prey interactions.
Glass �971! found that 1argemouth bass
 ~~ ~ggi~! predation success
declined as the complexfty of habitat
structure 1 ncreased. Crowder and Cooper
  1979! concluded that areas of high
structural complexity should create an
effective refuge for prey and enhance
thefr survfval. However. Hel fman �979!
found that shading produced by surface
structures might also influence predator-
prey interactions. He found prey-sized

hl
strongly attracted to shade produced by
floats � m dfameter! in ponds where no
submerged structure was present. He
concluded that prey f fsh in shade can
detect a predator  in sun! long before the
predator can detect the prey.

The aforementioned research shows
that prey species and prey-sized fish may
actively escape predators by dfsappearfng
fnto areas of high structural complexity
or by seekfng shade so as to gain the
v 1 sua1 advantage. Consequently ~ f ish
larvae in wetlands may use floating
habitat types to gain the vfsual advantage
while other larvae may use submergent or
emergent habitat types to hide from
potentfal predators. Open ~ater areas in
western Lake Erie coastal marshes may be
expected to have low larvae use durfng the
day because of the increased success of
vfsual predators fn this habitat type> but
these areas, partfcularly the uncontrolled
wetlandsi may be fmportant to f fsh larvae
at nfght.
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Varfatfons tn year-class strength
 YCS! of western Lake Erie fishes may also
be due to other factors' particularly the
availability of plankton food to larval
f1sh as they emerge from the estuaries.
For example, wa'lleye, whfch spawn in large



numbers on the rf ff les of the Maumee and
Sandusky r1vers  Cooper et al, 198la! r
have shown a hfghly var1able YCS. w1th
strong correlat1on exf sting between the
rate of spring warm1ng of the nearshore
waters and the number of young-of-the-year
walleye captured dur1ng fall stock
assessment surveys  Busch et al. 1975!.
Thfs suggests that increase recruitment
under more rapid warming  earlier 1n the
sprfng! may be a result of temperature
effects on crftfcal food resources. such
as the zooplankton.
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Qiaaarrt Shadrhlewife Larvae
~~Yellow Perch Larvae

Emerairt Shiner LarVae
~F eshwator D um Ls ae

~~Rainbow Smelt Larvae
White aaaa/White PerCh Larvae

Figure 78- Seasonal variation in zoopfankton pro-
ductivity, the relative contribution of zooplank-
tonic taxa to that productivity, and the distribu-
tion of ntajor ichthyoplankton tasa in western Lake
Erie for 1976. Note that all fish taxa show up in
the ichthyoplankton prior to the June increase in
zooplankton product ion  Cul ver and Margraf 1984!.
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Temperature also strongly affects the
productfon of zooplankton. Culver and
DeMott   1978! stud1ed the seasonal
varfatfon of bfomassr productfon, and
species compos1t1on of zooplankton fn
western Lake Erie and found that the
plankton coomunftfes undergo a switch from
domfnat fon by copepods fn the spring to
domfnatfon by cladocerans as the water
warms. Because this trans1tfon occurs
near the begfnnfng of the planktfvorous
phase of many larval fish  F1gure 78!. the
effect of temperature on the transft1on



may strongly affect the avaflabf1 fty of
the larger zooplankton  particularly
cl adocerans! for young f fsh.

Larval fish studies conducted fn the
vicinity of Locust Point in the mfd-1970s
 Cooper et al. 198lb; Mfzera et al. 1981!
shaw that al 1 f 1 sh taxa showed up in the
fchthyoplankton samples prior to the June
1ncrease fn zooplankton product1on  Figure
78! . Consequently ~ the YCS of fishes
recruited during this time period was poor
 Ohio Division af rfldl1fe 1984!.
Recruitment of yellow perch fn 1983 was
also poor. Although taken from different
years> 1976 and 1983 diet fnformatfon
 Figure 79! sho~s that the shift from
sma 1 1 zoopl ankters to the 1 arger
cladocerans dfd not take place until the
perch had reached the juvenile stage �0
ta 60 mm!. presumably because the
praductfon of larval fish and cladocerans
were aut of phase by several weeks  Culver
and Margraf 1984!.

4.4 COASTAL MARSHES AS FISH AND

WILDLIFE HABITAT

By their very nature  whfch mast
generally includes a dfvers1ty of
emergent. floating-leaved. and submersed
aquatic plants! coastal marshes provide
more food and shelter for wild'life than
any other coastal or offshore hab1tat fn

western Lake Er1e. Invertebrates>
particularly the crustaceans> insects, and
gastropads, are abundant on and among
wetland vegetation. These organisms are
important food 1tems for more prized fish
species and some of the mammals wh1ch
dwell at the marshes edge. Some waterfowl
and other b1rds rely on the marsh plants
for sustenance, nesting sites> and cover>
while others util 1 ze the f 1 sh and
fnvertebrates which fnhab1t the marshes.
The foregoing sectfons of this chapter
have discussed fn some deta11 the
util fzatfon of coastal wetlrnds by the
various animal groups.

An analysts of energy flow fn the
coastal marshes reveals that the entire
heterotrophic component of the wetlands fs
dependent on organic matter produced
through photosynthesis. One way that thfs
materfal 1s utilized fs through grazing of
1 1 vfng tfssues. Several species of
waterfowl feed on various parts of aquatic
macrophytes. The seeds af pondweed,
sedges, smartweedr rater shield. wild
rfce, and bulrush are preferred foods as
are the foliage of pondweed> wild celery>
naiad, duck~cad. and ~ater reed ~ and
tubers or rootstocks of wild celery and
saga pondweed  Tilton et al. 1978!.
Several mammals, including muskrat and
deer, browse heavily on many of the
aquatfc macrophytes. Phytophagous  p!ant-
eatfng! fnsects> such as leafm1ner
beetles> are the food supply for several
species of marsh birds> ffshes, reptiles,
and masmual s,

Another fora of plant utf11zation fs
the dfrect consumption of organic detritus
and the ingestion of the microbial
popul at i ons assoc 1 ated w 1 th t h 1s
particulate organic matter. Many benthic
invertebrates rely completely on such food
sources. These organisms fn turn fora the
food supply for many vertebrates fn the
coastal aat shes.

 larvae!
ie76

 juvenile!
f983

Figure 79, Invertebrate diet for yel lor
perch larvae and guvenfles, fllustrating a
shift to the larger cladocerans as the
ffsh grow and move out af the vegetated
areas ta feed fn the open lake  Culver and
Margraf 1984!.

In addftfon to being a d1rect or
fndfrect food source for many species of
anfmals> aacrophytes provfde cover and
nesting areas for raterforl. Several
specfes of ffsh, such as northern pfke,
spawn 1n vegetated retlands and muskrats
prefer emergent vegetat1on for con-
struct1on of their feeding platforms and
houses  Tflton et al. 1978!.



CHAPTER S.

WETLAND DISTURIIANCE AND MARSH MANAGEMENT

Figure 80. Extent of wetlands bordering western Lake Erie in 1800
compared to 1984 distribution of coastal marshes.

One of the most sfgnff leant
environmental changes fn western Lake Erie
was the drafnfng and filling of the
extensive coastal marsh system. Prior to
18SO, an extensive coastal marsh and swamp
system covered an area of approximately
4,000 km2 between Vermf1 fon, Ohio> and the
mouth of the Detroft River and extended up

the Maumee Rfver Valley fnto Indfana
 Figure 80!. This area was largely
cleared. drainedi and filled to provfde
agricultural land, lumber. and trans-
portation routes, so that at present only
about 150 km2 of coastal marshland
remains. Most of thfs remafning marshland
fs encompassed by dikes. Between 1850 and
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Figure 81. Extent of the Black Swamp in northwestern Ohi  F th1960!. em o   orsyt

1900. as coastal marshes were dra ined and
f 1 1 1 ed for conversion to ag r 1 cul tureen
dikes were constructed to protect farmland
from seasonal flood1ng and to separate
them from adJacent open water and unf1lled
marsh  Trautman 1977!. Dur1ng this time
the marshes of western Lake Erie gained
considerable fame as waterfowl hunting
areas.

After 1900, the rate of loss of the
remaining marshlands accelerated due to
inc.reas ing development pressure > chang1ng
lake water levels, increasing agr icul tural
siltation, and wave eros1on. During this
period i groups of weal thy sportsmen
interested in preserving quality waterfowl
hunting in the area purchased most of the
remaining marshland around western Lake
Er ie. Marshes were enclosed by a second
generation of dike equipped wfth gates
and pumps to protect the marshes from
flooding, siltation, and wave eros ion and
to permit water level regulation within
marshes for the production of aquatic
plants used by waterfowl. Since 19SO>
many of these privately owned marshes were
acquired by the Ohio Department of Natural
Resources and the U. S. Fish and W ild 1 ife
Service to be used as wildlife refuges;

public hunting, recreat i on a 1 areas, and
areas; preserves; and state parks.

refers to a 1 arge fl at area
northwester n Dh1o that once was lush
marshl and, Or 1 ented northeast-southwest
along the south side of the Maumee River,
it was about 160 km long and 40 km wide
 Figure 61! . The swamp was on a b road
plain that once was the bottom of an
ancestral stage of Lake Erie. The former
lake had a surface elevation nearly 70 m
higher than the modern lake because of a
glac1al 1ce dam in the northeastern part
of the Erie basin. Once the ice had
melted back to the north and the lake had
drained, the marshes formed on the lowest
and flattest bottoml ands wher e adequate
natural drainage was the poorest. The
black organ 1c muck associated with the
swamp gave the area its name  Forsyth
1960!.



Durfng the early years of settlement
the Black Swamp presented difficulties to
soldfers and settlers. Kaatz   1955!
related early descriptions of the wetlands

as "hideous swamps" where "man and horse
haC to travel mfd leg deep fn mud" for 3
days to reach the Maumee River from
Sandusky ~ a distance of 50 km. Early
farmers ditched local areas of the marsh.
but without ma/or drafnagerays to carry
away the ditch water> their efforts were

Figure 82. Map of streams tributary to western Lake Erie. Inset map fllustr ates a
ditch system within Portage Rfver basin whfch was constructed to dra1n the Black Swa
 Langlofs 1965!.

n e ac wamp

141



Table 29. Coastal wetland losses and gafns on the Mfchigan shore of
western Lake Erie and the lower Detroit River.

Area   1967-73! Net change
 ha!

Wetl and Area �916!
 ha!

564
87

905
36

186
340

36

328
45

101
10
82

257
4

-236
-42

-804
-26

-104
-83
-32

-79
-120

+2
-18

144
136
26
38

65
16
28
20

TDTAL 2,498 956 -I i 542

Data source: Jarorskf and Raphael   1978!.

In the past
hal f century s igni ficant losses have
occurred in coastal wetlands that remained
after the initfal draining of the lake
plafns. Most of thfs area, particularly
south of the Detroit Rfver mouth> is
located in lagoons beh1nd sand barr iers.
Table 29 presents the wetland losses that
have taken place between 1916 and 1973 in
Monroe and Wayne count1es, Mfch 1 g an. The
Lake Erie water level for 1916 averaged
173.8 m, whereas the level fn 1973 was
174.7 m. The losses have been attrfbuted
to continued drafnage and f111> and to
encroachment by Lake Erie as a result of
record high water levels 1n 1973 .

The development of the city of
Monroe, Michigan, has had a particularly
sign f f 1 c ant fmpact on the coastal
wetlands. Only about 100 ha remain
phys1cally unartered today 1n an area
~here 70 years ago the marshland were 10
t1mes mor e extensive. F igure 83 dep fcts
hfstorical changes in land use in the
vic1nity of Monroe and the Rfver Raisin
Estuary. In 1915> agricultural activity

North Maumee Bay
To'ledo Beach Marsh
Monroe/i.a Plaisance Bay
Brest Bay/Stony Point
Swan Creek
Pofnte Mouillee
Rockwood Marsh
Lower Detroft River
and Marsh Creek
Grosse Ile
Stony Island
Celeron Island

occupied the area west of the marsh. By
1975, development had taken place on the
coastal barrier and had spread northward
from the Raisfn R1ver, fragmenting and
isol ating smal le r parcel s of marsh.
Ident1fiable causes of wetland alterat1on
over the 60-year period inc 1 ude r 1 ver
channelization, private development> and
publ fc f f 1 1 1ng. At Sterling State Park
the barrier was modified for recreational
activities which are largely orfented
toward Lake Erie ~ rather than toward the
wetlands to the west. In addition to
actual loss of wetland acreage, the
qual1ty of remaining wetlands has been
ser1ously degraded  Jaworski and Raphael
1976!.

This is a typical pattern for the
loss of coastal wetlands throughout the
western Lake Erie region. Development
usually begins on the margins of the
wetland and proceeds toward the center fn
an ir regular fashion, often fragment1ng
the marsh into hydrological ly isolated
un fts.
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Percent

1937 1964 1975Wetland type

17 44 68
8 3 0

61 26 15
10 3 1
3 ll 6
1 13 10

100 100 IOO

Percent

Wetland type 1950 1970 1977

10 12 40
0 3 20

73 67 16
3 0 5

10 9 8
4 9 11

100 100 100

~i~iff~i~ P e r h a p s the ma st d 1 s-
ru pt 1 ve consequence o f w ate r 1 e ve1
fluctuation fn western Lake Erie,
particularly hfgh levels. 1s the
destruction of the barrier beaches and
exposure of the wetlands to wave eros1on
 Ffgure 84!. Ou Dfng the high water
period in 1952 and again fn 1972-73
barrier beaches were breached fn many
locations. At the southwestern base of
L f tt 1 e Ced ar' Po f n t ~ northeast storms
dur1ng the former per fod washed away the
bar, allowfng the lake to engulf a large
sectfon   1.5 km2! of marshland. This
embayment, known as Potters Pond, has
never been reclafmed. While such "wash-
outs" remain devofd of submersed and
floatfng-leaved communftfesi adjacent
d 1ked wetlands are colon1zed by emergent
and submergent macrophytes.

Jaworsk1 et al. �981! 1nvestfgated
the impact of water level fluctuatfons at
seven coastal wetlands on the Great Lakes.
Twa of these were located on Lake Erie:
Woadtfck Peninsula fiarsh fn Mfchfgan and
Toussafnt Marsh fn Ohio. Tables 30 and 31
and F1gures 85 and 86 show how the
vegetation and conf fguratfon of these
coasta'f marshes have changed through tfme
fn response to water level fluctuatfon and
land use p ractfces. The most noteworthy
change that has occurred fn the per1od of

Figure 84. Barrfer beach at Magee Marsh
befng breached by waves during a northeast
storm fn November 1952  Savoy 1956! ~

Table 30. Hfstorfcal chanqes fn wetland
vegetation at Woodtfck Peninsula Marshal
Michigan.a

Open ~ater
Floating/Submersed plants
Emergent plants
Meadow plants
Shrub-swamp
Developed/Agr1culture

Data source: Jaworskf et al, �981!,

b Marsh area: 970 ha
Water level data:

1937  July 27! 173.96 m
1964  May 27! 173.64 m
1975  August 8! 174.47 m

Tabfe 31. Historfcal changes fn wetland
vegetation at Toussafnt Marsh. Ohio.a

Open water
Floating/Submersed plants
Emergent plants
Meado~ plants
Shrub-wooded
Devel oped/Agriculture

Data source: Jaworski et al. �981!.

b Marsh arear 715 ha
Water level data:

1950  October 6! 173.92 m
1970  June 2! 174.10 m
1977  June 10! 174.26 m



Bay Cr eek

! 9 5Whiting
Station

LaEE EEJE
AEE ERIE

V Shrubs

s Hardwood Trees

+ Agriculture and
Developed

Q Managed Marsh

Rgure 85 Comparison of Woodtick peninsula Marsh between 1937 and 1975 showing
progressive loss of wetland vegetation  Jaworskf et al. 1981!.

time under consfderatfon �937-77! has
been a dramatic fncrease fn the percentage
of open water and a corresponding decrease
fn the area covered by emergent plants.
Most of thfs change fs attrfbuted to
i nc re a s ed w ate r 1 eve 1 s .

The emergent plants fn Magee Marsh
are fnd fcatf ve of water level
dfsturbances. Savoy  l956! reports that
the low water level of 1900  about 173.5 m
above IGLD! was associated wfth cattails
�0%!, bur reed �0%! > and bluepoint grass
�0%! vegetation. In 1955, the water
level was about 1 m hfgher and the swamp
1oosestrf fe  90%! was the dominant

d cghh~
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j +~,'; I o.s
g Bulrushes and Broad
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ls7andP C g sl
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Cape

E3 Broad-Leaved Emergents D Sedge-Grassy
Q Young Emergents Meadow

Qi HardwoodE Cattails Trees

8 Vegetated Flats Agriculture
g Shrubs and Developed

emergent macrophyte ~ wfth cattafls �$!
and bluegrass �%! occupyfng small areas.
Worsetaf 1  f i~~ ! ~gi~~g! was a'iso
found locally along the marsh edge of the
barr f er beach. We attributed this
"pronounced transformat f on" o f the
vegetatfve complex to the extreme changes
fn the water level of the marsh. Greater
depths of water fn the marsh durfng spring
and summer are not favorable for the
growth of cattail> one of the more
desirable plants fn controlled marshes.
Loosestrffe> however, shows a greater
tolerance for extreme f'fuctuations than do
most emergent marsh plants> and can
encroach upon, and can almost entfrely
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Figure 86. Distribution of wetland vegetation in 1950 and 1977 at
Toussaint Marsh, Ohio, showing an increase in the amount of open
water in the marsh  Jaworski et a'I. 1981!.
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Figure 87. Aquatic macrophyte displacement model for western
Lake Er i e, ShOwing COn1r!unity reSpOnSe tO wa ter 1 eVel ChangeS
 rnodf fied from Jaworski et al. 1981!.
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displace extensive stands of cattail. A
pl ant community di sp 1 acernent mod el
developed by Jaworski et al.   1981! for
Lake St. Clair has been modified for use
on Lake Erie to predict vegetation
responses ta changing water levels iFigure
87!,

Water diversions
for Lake Erie and the other Great Lakes
have been proposed as a solution to
critical water shortages in other regions
of the United States. Manny �984!
investigated the potential impacts of such
diversions on the fishery resou rces of the
lakes. He pointed out that temporary
~ater withdrawals by power plants
currently operating in western Lake Erie
entrain about 1 billion fish larvae per
year--primar ily gizzard shad, white bass,
walleye, f reshwater drum> and yel 1 ow
perch. Patterson and Smith i1982!
estimated that these losses equal about
10% of all young fish produced by these
species each year in western Lake Erie.
Manny concluded that permanent diversions
would dewater wetlands which serve as
spawning or nursery grounds for these and
other fish species, He also observed that
dewatered fish habitat would not be
reestabl ished at the lower lake level for

the estuarine wetlands because of inlet
elevation restrictions. The adverse
effects on fish of additional water
diversions from the Great Lakes should be
greatest in Lake Erie, where water uses
are already large enough to reduce the
population of some economically important
species.

~mi ni~QQ 1 Located
on filled marshland at the mouth of the
River Raisin> the Monroe Power Plant
�>150 MW! annual ly impinges 5 million
fish <including 500, 000 yellow perch>. and
entrains 20.7 million iarva92 fish and 27,5
million fish eggs  Goodyear 1978!. This
plant al so entr ains 55.6 mill ion
macrozoobenthic organisms �7$ chirono-
mids! and 159,000 kg of zooplankton.
Because of the large demand for cooling
water  92 m3/s!, the entire flow of the
River Raisin  average flow = 19 m3/s! is
diverted through the plant most of the
year. Although resident fish populations
in the upper reaches of the river are
little affected by the plant. those
species that require access to bath the
estuary and to Lake Erie are denied a
route of transit by the operation of this



p'lant. The combined impact of entrafnment
and impingement amounts to an annual loss
of about 120,000 kg of yel'low perch to the
fishery. Other power generating plants of
Grosse Ile> Swan Creek. North Maumee Bay,
Maumee River Estuary, and Locust Point are
located in the proximity of coastal
wetlands and have vary iag degrees of
impact on the local fisheries. In
addition to the Monroe plant, only those
located in the vicinity of Maumee Bay have
signfficant impingement and entra1nment
losses.

The Davis-Besse
Nuclear Power Station, constructed on the
edge of Navarre Marsh> began operation
1977. Tritium �H! is produced in nuclear
power reactors under normal operating
conditions by severa'1 mechanisms, Tr1tium
emits low-energy beta particles and has a
physical hal f-1 1 fe of 12,35 years. The
estimated tritfum release by the 872 MW
David-Besse pressurized water reactor
ranges from approximately 1,000 cur les
 Ci! per year  USAEC 1973! to 350 Ci per
year  USNRC 1975! into Lake Erie.
Retention of tri tium in seven organisms
from Navarre Marsh was studied by Adams
<1973!: two species of snails, crayfish,
tadpoles, carp, blueg111, and mallard.
After laboratory exposure for 4B hr in a
tritiated water environment, the organisms
studfed were practically free of 3H
following a period of 14 days 1n a
t r it 1 um- f ree> encl osed environment within
Navarre Marsh. After longer periods of
exposure �-2 weeks! the snail > grip~
~~~, and the mallard duck contained
concentrations of bound 3H that were in
excess of the marsh water.

all depths then decreased with time,
Natural diffusion of tritiated water
appears to adequately explain 3 H movement
into and f rom the sediment. Tritium
levels in curly-leaf pondweed, p ickerel
weed, and smartweed generally tended to
follow tritium levels in the ma rsh water.
Unbound tritium uptake for crayfish, carp,
and b'luegi 1 1 was rap id. Maximum levels
were reached within 1 to 3 days of
application. Bound tritium in these
spec1es took 7 to 20 days to reach a
maximum level. Both unbound and bound
trit1um in all spec1es decreased following
maximum levels. White �976! devel oped a
simulat1on model of the tritium kinetics
with the data from this investigation.

Additional research by Lehman   1973!
in the Navarre Marsh enclosure showed that
tritium can also be translocated in a
freshwater marsh through food-web
r elationshi ps. The highest average
tr1t1um concentrations were in the stem
t 1 s sue o f the emergent aquatic vegetation
�11% of the water tritium level as
compared to 23% for the submergent plant
species!. A high 3H level exhibited by
several aquat ic anfmals and bottom
sediments in early autumn coincided with a
loss of tr1tium of several spec ies of
aquatic plants. Lehman concluded that
this translocation of 3H from aquat1c
vegetation to aquatic animals and sediment
was a function of rapid uptake and
assimilation of trit iated food in the
aquatic food web and retention of tritium
in the organ1c detritus in the bottom
sediments.

Later experiments by Adams < 1976!
involved the tr1tium kinetics of Navarre
Marsh. Ten Ci of trit1um were introduced

nto a 2-ha enclosure in the marsh and the
H kinetics in the marsh water, bottom

sed1ments, and selected aquat1c plants and
animals were determined. The t ri ti um
half-life 1n the water was 61 days, and
only 3% of the initial tritium was present
in the water after nearly 1 year,
Fo't lowing appl <catfoni peak tritium levels
in the sediment were observed on Day 13
for the top 1-cm 'layer. on Day 27 at the
5-cm depth, and on Day 64 at the 10-cm
depth. No tritium movement below the 20-
cm depth was observed. Concentration at

Suspended materials such
as clay. silt> finely divided organic
matter> wastes> bacteri a, pl ankton and
other microscopic organfsmsi and col 1 o 1 ds
are the ma1n constituents in turbid
waters. This material hampers the
photosynthet1c process, reduces visi-
bility, may hamper respiration> and
settles to the lake bottom. Silt and clay
are particularly damaging to gravel and
rubb'le-type bottoms by filling interstices
between grave'l and stone. thereby damag ing
fish spawning habitats and the habitats of
aquatic 1nsects and other invertebrates.
such as mollusks and crustaceans  Pinsak
and Meyer 1976!.



Turbidity throughout Maumee Bay and
many of the estuarine and coastal marshes
is high. The suspended solids load of the
Maumee R1ver averages about l,200~000
tons/year. Part of thfs is deposited in
the bay. Low settlfng rates  approx-
imatel y 40 hr for 90% settl fng!,
characteristically low transparency ~ and
high suspended sediment concentration in
the estuary waters reflect the f fnel y
particulated character and low density of
the suspended river sediments  Pfnsak and
Meyer 1976!. The average concentration af
suspended solids in Maumee Bay is 37 mg/1,
but nearshore levels are generally over 60
mg/1.

Phosphorus, an
fmportant plant nutrient, goes through
cycles of photosynthesis and decom-
position. It fs considered to be the
nutrfent that fs most feasfble to control
for the purposes of 11mitfng plant growth,
Hfgh phophorus concentratfons in combina-
tion with other nutrients and favorable
growth conditi ons a re con due I ve to
eutrophication ~ the most objectionabie
effect of thfs element. Stimulated algal
growth and consequent die off can create
objectionable odors in public water
suppl fes and oxygen depletion problems fn
enclosed basfns and wetlands. The major
sources of phosphorus are atmospher1c
deposition~ leaching of soil and rack,
er os f an ~ ag r i cul tural runoff, decom-
position of plants and anfmals, chemical
manu facturing, industrial and domestIc
sewage effluents, and detergents.

The Maumee River Is the source of the
highest phosphorus concentrations entering
western Lake Er1e  Herdendor f 1983 ! .
averaging about 180 mg/1 at the entrance
to Maumee Bay  Figure 42!. Although low
1n concentratfon when compared to the
Maumee R1ver, the Oetroft River in 1980
contributed about 37% of the total load of
phosphorus to Lake Erfe, whereas the
Maumee Rf ver accounted for l2% of the
total load.

Nitrogen and silica are also
fmportant nutrfents that generally occur
fn excess concentrations fn western Lake
Erie. Loadfngs from the drainage basins
surroundfng the lake are hfgh. There fs a
direct rel ation between concentratfons fn
nearshore waters of the lake and seasonal

var i at I on s I n runo f f, 1 nd f cating the
significance of dfffuse sources. Although
phosphorus levels in nearshore waters are
showfng a decreasing trend over the past
decade. nitrogen fs contfnuing to increase
 Herdendorf 1983! .

The estuarfes and coastal marshes of
western Lake Erie serve as sInks for many
types o f po1 1 ut ants. Maumee Ba y ex h i b f ts
el evated numbers of tub I f I c f d worms
 Figure 88!, an fndication of high
o rga n i c po 1 1 ution  Goodnight and Whf tley
1960! . iffea surements in 01 d Woiaan Creek
t4a r sh a n d Sandusky Bay by Krieger �984!
suggest that we tland plants incorporate
some of the biologically available forms
o f phosphorus and nitrogen  entering from
tributaries! which are more refractile to
utf1fzatfon by 1imnetic algae 1n the lake.
As a result, enhanced plant growth may
occur fn the protected estuaries.
Springer  l97I! reports that the Rfver
Canard is an Important source of nitrates,
phosphates, and other nutrfents as well as
organfc pollutfon for western Lake Erie.
High nutrient levels must be due primarfly
to agricultural and natural drainage, as
well as septfc tank leakage, because
industry wastes are not present fn the
drafnage system and nc major
municipalitfes discharge into the rI ver.
Based on the hfgh biological productfvfty,
the c1 ass f f fcatfon of the estuarfne
portion of the river Is eutrophfc.

fate of pesticfdes fn the largely
agricultural watersheds surround fng west-
ern Lake Erfe fs a matter of fncreas1ng
concern. A substantial increase fn the
1mplementat1on of conservation tillage
practfcesi fs expected to reduce sediment
and total phosphorus yields to the lake.
but on the other hand such tfllage methods
 partfcularly no-tfll age! requf re an
fncreased applicatfon of pestfcldes. Many
of the herb fcides are water soluble> and
their residues in streams may fncrease
with conservatfon tfllage  Logan 1981!.
The forecasted fncrease 1n pesticide
application in the basin until the end of
the century f s app rox f mate 1 y 2% pe r yea r
for herb f c I des and 4% per year for
fnsectfcfdes. Baker et al. �981! has
shown that pestfcfde concentrations are
highest in the Lake Erie tributaries
durIng storm runoff events. partfcularly



Figure N. Pol lution in Maumee Bay as indicated by concentration of
tubificids  sludge worms! in the bottom sediments  Wright 1955; Pinsak
and obeyer 1976!.

those which occur within 2-3 weeks after
the planting of crops tn late spring and
early summer.

The ef fects of currentl y used
agricultural pesttcides on the biota of
freshwater marshes and wetlands are not
known. The gradual decltne of aquatic
macrophytes tn the Chesapeake Bay has been
partly attributed to their exposure to
residual herbicides  Bayley et al. 1978;
Correll and Wu 1982!. A similar decline
in the number of macrophyte spectes and
their distr1but1on in Lake Erie has been
attributed to several anthropogentc causes
but not spectf1cally to pest1cides  Davis
l969; Stuckey 1979! . Recent work by
Krteger   1984! establishes that, during
much of the grow1ng season, Lake Erie
marshes and estuaries are contam1nated
with agr1cultural herb1ctdes at levels
which are inhibitory to some native
macrophyte and algal species. The spatial
distribut1on of such contaminants with1n
these hab1tats has not been determined.
However, preliminary measurements indtcate

that pestictde residues may not be
un 1 f orml y d 1 str ibuted and may reach the 1 r
highest   inhibitory! concentrations 1n
tr1butary channel s with dimini shing
concentrations toward the margins where
aquatic macrophytes are most abundant.
Once herbictdes have contaminated the
marsh> however. some of them will persist
through much of the growing season at
level s 1nd1v1duall y approaching l ug/l.
Krteger �984! found levels of ll ug/1 of
atraz inc in the waters of Old Woman Creek
Marsh, Correll and Wu �982! have
demonstrated that atrazine concentrations
of 12 ug/1 w i 1 1 cause 50% mortal 1 ty in
wild celery  ~~g! ~ithin 47 days.

Poe �983! stud1ed the food habits of
larval yellow perch tn the Detroit River
to determ1ne whether deg raded water
quality reduces feeding activity and if
the kinds and amounts of food eaten by
perch larvae changed as they passed
downstream from relatively unpolluted
waters near Belle l'sle to waters heavily
impacted by industrial and municipal waste
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discharges near Grosse Ile. Larvae from
the upper and lower portions of the r fver
had sfmflar dfetsr mainly copepods and
rotffers, but the Incfdence and rate of
feeding of larvae collected near Grosse
Ile was markedly reduced when compared to
feeding behavior near Bel'Ie Isle.

Typically, each winter 1ce completely
covers the western basin of Lake Erie and
fts coastal marshes and estuaries with the
possfble exception of the Detroft River
mouth  Figure 89!. When the fce 1s frozen
fast to the shore11ne it can provide
protectfon for the barrier beaches and
marsh substrate from wave attack,
However, as the fce begins to break up fn
the sprfng or during temporary thaws, it
can be destructfve to wetland habitat.
Langlois and Langlofs �984! observed
large sections of fce broken from sheet
fce that had been driven by the wfnd up
onto the low shorel ine of Middle Bass
Island and had uprooted aquatic p'I ants
from the bed of Fishery Bay on South Bass
Island durfng February 1946. This
phenomenon I s probably not a rI despread
disturbance fn Lake Erie coastal marshes,
but Is 1 ikely to be of local fmportance
from time to tfme.

Another problem assocfated wIth ice
cover fn marshes fs winter ffshkfll. This
often occurs when snow cover fs sufffcfent
to limit light penetratfon through fce
below the compensation point for the
submersed aquatic plants. Under these
cond it I ons r cont I nued resp f rat I on
eventually consumes the available oxygen,
resultfng in fish mortality. WInter
f fshkfll s have been reported for Magee
Marsh  BednarIk 1956! r but the extent of
this problem fn other marshes fs unknown.

S I nce the advent of
European colonfzatfon approximately 200
years agor f fsh communftfes and habftats
fn Lake Erfe have been radfcally changed
by a serfes of largely culturai stresses.
The orfgfnal wetlands complex contained a
fish community domInated by specfes rhfch
requIred ~ate  free of suspended sedfment
and a habitat rfch fn aquatfc vegetation
 Trautman 1981!. At least 40 specIes of

Lake Frie ffshes are dependent on or occur
fn coastal wetlands for at least some

Cot SOLIIDATED PACK
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l
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Figure 89. Ice cover fn restern Lake ErIe
under various conditions. Earlfest
opening and closfng dates for Toledo
Harbor> 7 March and 8 Oecember; latest
datesr 4 Aprfl and 21 December <Pfnsak and
Meyer 1976!.



portion of their life history  Yan Meter
and Trautman 1970>. Habitat loss has been
consIdered the underlying cause for the
hfstorfcal and continuing decl tne of many
fish specIes dependent on retland habItat.

Host typfcal of these f Ish are the
large esoc I ds, Northern pike  ~
~~! and the Great Lakes musk el lunge
 f.. I~lg  gJ ! were once abundant and
commerc ia'fly Important In coastal marshes
of restern Lake ErIe  Trautman 1977>
1981!. Both species mfgrate from the lake
Into the estuarIes and coastal marshes
shortly before or after Ice breakups
sparntng among submersed aquatic plants,
After spawning. the adults' and later the
young, move downstream toto the 'fake.
Oams began to be bu'tlt along the lake
tr tbutar ies in rapidly tncreasfng numbers
after 1800. The erectIon of a dam often
prevented f tshes from mIgratfng upstream
to prevent spawning. Some headraters not
dammed rere dItched and drafned, a
practice which a' so destroyed considerable
sparning habitat for these spec tes. The
d 1k ing and impounding of many marshes
prevented the spawners from entering those
habt tats. By 1970 both f I sh rere quIte
rare throughout Lake Erie; muskellunge has
nor been placed on the Ohio endangered
spec tes 1 1st.

Carp, a species introduced Into the
lake In 1880, is a troublesome fish In
many western Lake Erie wetlands. They
enter controlled marshes from the lake
thrOugh reirS and sCreenS and remaIn fn
the marsh throughout the year unless
temporarIly eradicated by pofsonfng or
drardorn. Carp begin spawning In the
marshes In late Apri92 and continue until
early June. They retard the growth of
aquatic vegetation fn the marsh by
consuming It and by rot 1 fng the rater so
that fncreased turb tdity reduces
photosynthetic efficIency  Hunt and
Hickelson 1976!. Stomach analyses of carp
from Erie Marsh fndicated that they
pr fmaril y consumed aquatic plants  King
and Hunt 1967!.

Pofsonfng wIth toxaphene and rotenone
has been practiced In this marsh since
1953 for the eradIcatfon of carp and has
been 1 arge1 y succes s f ul f n remov I ng most
carp from the treated areas, but
reproductIon by remafnIng carp and

Invasfon by Lake Erie carp through wetrs
has resulted fn reestabl fshment of thfs
fIsh in the marsh. Beneftcial results of
carp removal I nc1 ude I nc reased water
clarity and plant growth. King and Hunt
�967! found that stonerort  ~ spp.!
growth Increased by 3 F 000%. 01 ssol ved
oxygen tn the marsh rater also rose an
average 0,6 mg/1. Adverse effects of
pofson1ng included some destruction of
aquatIc Invertebrates and possibly several
raterbirds and water snakes  ~ sp.!.
The use of toxaphene Is no longer
permitted by the Michfgan Department of
Natural Resources, The currently
recommended program for carp control in
Michigan coastal mar shes Invol ves
contInued use of rotenone to keep carp
populations low and fnstallation of smal 1
mesh screens on all culverts and refrs
 Hunt and Hickelson 1976!.

KiLXIU'.&i~ Env I ronmental changes
have also taken place in western Lake
Eries and particularly fn Maumee Bay>
whIch have had an effect on raterforl
popul atf ons. Earl ier, abundant aquatIc
vegetat ton attracted canvasback and
redhead ducks. Factors that have combined
to el tmInate this vegetatIon are the
suspended sediment load from the Maumee
River> the dredging of the ship channel>
and the Introduction of carp  Pinsak and
Meyer 1976!. The birds dependent on
aquatic vegetation for food have declined.
The construction of large electrIc
generating plants on the Maumee Rf ver
Estuary has resu'!ted In the release of
large quantities of heated water which
keeps local areas from freezIng in the
rfnter. This factor attracts waterfowl >
wading birds, and gulls which congregate
near the thermal outfalls 1n w Inter. The
ffsh, which are eIther k11led or trapped
by thermal barriers. are eaten by the
rest dent gull and heron popul at fons
 Campbell 1968!. The establishment of
State and Federal wI ldl ife refuges and
various prIvate waterfowl marshes have
helped maintain the present waterfowl
popul at I on s. These re f uges const I t u te an
Important element f n local waterforl
conservatfon by providing Important
nesting and feedfng areas for local
raterforl and by affording restfng places
for mIgrating bIrds.



5.2 WETLAND OWNERSHIP AND

MANAGEMENT

The present system of coastal marshes
around the western end of Lake Er/e has a
total area of appr'oxfmately 280 km . Most
of the marshes are highly managed,
protected areas used as wfld11fe refuges,
nature preserves ~ publ fc fishing and
hunting areas, and prfvate hunting clubs.
The majorfty are owned and managed by the
U. S. Fish and Wfldl ffe Serv1ce, Mfchigan
Department of Natural Resources> Oh 1 o
Department of Natural Resources  ODNR!,
Parks Canada ~ Ontario Mfn1stry of Natural
Resources, and the Winous Point> Ottawa>
and E r f e Shoot ing Clubs.

The managed marshes prov1de excellent
habitats for a great variety of wildlife>
although the1r prfncfpal functfon 1s the
attract1on and productfon of waterfowl and
furbearers. Ironically> these attract1ve
and productfve areas are presently of
little value as spawnfng and nursery areas
for economfcally fmportant Lake Erie fish
populat1ons. The hfstorfcal importance of
Lake Er1e's wetlands fn supportfng fish
populations fn the open lake> has long
been recognfzed. At least 40 specfes of
ffsh, 25 of which are sfgnfficant game or
commerc1al species> are dependent to some
degree on the lake's wetlands as spawning
and nursery areas. Notable among these
are northern pfke> muskellunge> carp.
bu llheads, sunfishes, crappies> and
1 argemouth bass. Spec1es such as gizzard
shad. emerald sh1ner, spotta11 shiner,
channel catfish. whfte bass> yellow perch>
and freshwater drum seem to make
opportunistic use of wetlands. but thefr
degree of dependence fs not known.

As described earlier fn thfs report>
as recently as 150 years ago the western
end of Lake Erie was surrounded by an
extensive marsh and swamp-forest system
known as the Black S~amp. Settlement of
the area proceeded at a rapid pace after
the War of 1812. Between 1850 and 1920
most of the wetlands were drained and
fflled to provide agrfcultural land and
s1 tes for urban and commerc1al
development. Yo some extent engendered by
this development> some adverse
environmental cond ftfons--especTally
agrf cultural s 1 1 tati on > wave e ros 1 on > and
water-level f 1 uctuat 1 ons � contributed to

wetland losses during th1s perfod. At the
same time, the reputatfon of Lake Erfe's
wetlands as qua11ty waterfowl hunting
areas was spreading.

About 1920, groups of wealthy
sportsmen and State and Federal agencies,
alarmed at the rate of wetl and loss ~
purchased most of the remaining wetland
areas, These areas were enclosed by dfkes
to protect them from wave erosion>
sfltatfon> and rater level fluctuation.
Gates, pumps> and flumes of varfous types
were 1nstalled to control water levels
withfn the marshes. Thfs made ft possib'le
to produce the right types and amounts of
aquatic vegetation used by wildlife, thus
enhancing the quality of the marshes as
waterfowl and furbearer habftats. The
result was the present system of
controlled ~ managed marshes. Without
controls, sfltatfon and erose on rou'Id
quickly el fm1nate most of the marshes.

Appendfx 8 lists 70 of the more
prom1nent coastal marshes border1ng
western Lake Erie  Figure 3! and indicates
the1r primary ownership. Most of the
natural lagoon retlands remaining along
the coast are small and fn prfvate
ownershf p w 1 th a few noteworthy
exceptions. Sheldon Marsh which lfes at
the extreme eastern end of Sandusky Bay fs
protected from wave attack by Cedar Point
spit. This marsh. owned by ODNR. Div1sfon
of Natural Areas and Preserves, fs
reserved for scfentffic research and
hab1tat preservation. Two other large>
publ fcly owned lagoon marshes fnclude
Middle Harbor Marsh, part of East Harbor
State Parki and Point Pelee Marsh with1n
PoTnt Pelee National Park.

The 1 a rge> d 1 ked wet 1 ands are
prfmar11y owned by three entftfes: I!
Federal agencies~ 2! State agencies. and
3! private shooting clubs. Most of these
wetlands are managed for raterfowl
habitat. A fer, like the diked areas used
fot d1sposal of harbor dredgfngs~ support
wetland vegetation as a secondary benefft.
Examples of g o ve rnme n t-cont ro1 1 ed d 1 ked-
~etlands primarily set aside for waterfowl
habitat' propagation~ and hunt f ng are
Ottawa Nat1onal Nfldlffe Refuge, Magee
Marsh and Metzger Marsh Wfldl 1 fe areas



 Oh1o!; Erie Harsh and Pointe Houfllee
Marsh W 1 1 dl 1 fe areas   M 1 c h 1 g an !; a n d B f g
Creek Marsh  Ontar1o! . Wf nous Po1nt
Marsh and Moxley Marsh are two of the
large, prf vatel y owned wetlands on
Sandusky Bay «hfch are protected by
earthen and r1p-rap dfkesi and which have
pumping systems to control water 1 eve'! s
within the marshes,

The e st u ar 1 ne wet 1 ands ad]o 1 n1ng
western Lake Erie have a mfxed ownership
inc 1 ud 1 ng pr1vate ~ mun1c 1 pal ~ State>
provincial, and Federal bodies. They vary
from small marshes along the upper reaches
of the estuaries to extensfve wetlands
near the mouth. Plat maps reveal that
more fndfv1dual parcels of land are
estuar1es than the other two types of
wetlands. Wfthfn the next several
decades. estuar1es are 1 fkely to
experience the greatest development
pressure as waterfront property becomes
scarce. Examples of publicly owned
estuarine wetlands include: Old Woman
Creek Marsh  Oh1o!. Huron River Marsh
 Mfchfgan! > and Big Creek Marsh  Ontarfo!.

Approximately 5i000 private water-
f owl f ng c 1 ub s control at least 10. 000 k m
of waterfowl habftat fn the Mfssfssfppf
Flyway  Barclay and Bednarfk 1968!. In
addi t1on to provfd1ng hunting
opportun1t fes, these p r 1 vate c 1 ub s
contr1bute materially to the waterfowl
management efforts 1n the flyways by: 1!
preserving valuable habitat> 2! fncreasfng
utf1 fty of habitat through ~ater level and
vegetation management< 3! encouragfng pro-
duction of waterfowls 4! a1dfng waterfowl
distributfon, and 5! fnvestfng substantfal
funds to maintain the quality of outdoor
recreation. These clubs complement and
supplement State and Federal programs
a1med at preserving waterfowl habftat.
Such 1nvestments would be d1fficult to
match under publfc ownership.

Waterfowl huntfng pressure fn the
Canadfan Lake Erie and Lake St. Clair
ma rshes 1 s 1 f ght. Springer �971!
explafned this light pressu re as a
consequence of "severe" hunting
restrfctfons on pr1vate marshes whfch make
up 85% of the marshes along these lakes.
The highest waterfowl capabflfty areas fn
the Canad ian portion of western Lake Erie
occur 1n the marshy estuarfes of the

Canard Rfver and Bfg Creek. Private and
provfncial hunting areas are located in
these marshes.

At the time of 1ts discovery and
early settlement, the North American con-
t1nent had an 1mmense waterfowl pop-
ulation. Experts agree that no other area
on the earth's surface ever supported such
a vast number of so many different ducks
and geese  Mfssfssipp1 Flyway Council
1958!. This fs a legacy of the glacial
fce sheets which left much of the northern
United States and virtually all of eastern
and central Canada dotted with lakes ~
coastal marshes, and pra1r1e wetlands-
fdeal waterfowl habftat. The last glacier
receded from the Great Lakes region about
10>000 yea'rs ago and from the breeding
grounds fn northwestern Canada only 6,000-
8+000 years ago. Therefore, about 5,000
years ago the c11mate of North America
stabf1fzed at conditions sfmilar to those
we have today--a cl fmate that favors
waterfowl breeding fn the high 1 atf tudes
and w 1 nter1ng 1 n the middle to low
latitudes. This circumstance set fn
motfon the requfrements for spring and
fall migration along the flyways and
mfgratfon corrfdors.

Long after the fnft1al settlement of
the Great Lakes region, waterfowl huntfng
was free and harvest unlfmfted. But. as
the advancfng tide of homesteaders reached
the north-central prafrfe states and
provfnces fn the late 1800s~ radfcal land
use changes began. From that tfme on
North American waterfowl habitat
deter forated. In the North. 1 f terai 1y
m111 fons of acres of former nestf ng
grounds were drained and put to the plow.
In the South, not only agrfculture> but
al so urban 1 zat f on a nd in du st r 1 a 1 f z at 1 on,
cont1nued to reduce available resting and
wintering grounds.

The progressive decl fne in waterfowl
numbers wh feb followed these changes 1n
land use eventually led to actions
desfgned to save and enhance the remaining
waterfowl populatfons. Spring hunting and
commercfal hunt1ng were abolished in the
1920s. In the 1930s ~ the Federal
government undertook regul atfon of
mfgr atory waterfowl, attempt 1 ng to



proportion the annual harvest to annual
production. Th is has been accomplished
through a collective effort by Statei
provincial, and Federal agencies of the
United States> Canada, and Mexico to
obtain waterfowl data and to standardize
restrictions on shooting seasons and
hours, bag lim1ts, and prohibit1ons of
certain kinds of baiting and 11ve decoys.
  Mi ss 1 ss i pp 1 F 1 yway Counc11 195B! .

Migratory
waterfowl management is essent1ally based
on control ing plant succession to meet the
seasonal needs of waterfowl. Intensive
and economical management is best achieved
by control of water levels' s1nce
fluctuation of water levels has a marked
influence on the succession of aquatic
p'iants  Kadlec 1962!. Marsh managers in
Ohio obtain the best results from
drawdowns  by use of dikes and/or pumps!
in May to create a nesting habitat for the
summer  Figure 90!, and ref looding 1n the
fall to attract large numbers of fall
migrants  Meeks 1969!. Partial reduction
of water levels  rather than complete
drying of the soil! exposes knolls used

for nesting and leads to an interspersion
of su1table submerged ~ emergent and
shore'i 1 ne vegetat 1 on  Figure 91! .
Experimental test's show that where only
partial drawdown was done, dense growths
of smartweed  a good waterfowl food!
developed along the dike and'other exposed
areas wh11e dense stands of emergents such
as bulrush. water-mil foil, and sp1kerush
developed on flooded areas. In tests
where the water was not drawn down, less
desi rab1 e water 1 il ies and ar rowhead
covered most of the formerly open water
areas. Meeks �969! found that dra1ning
during mid- to late May allows muskrats to
raise two litters w1thout 1nterrupt1on,
and does not interfere w1th duck nest1ng.
No redraining of the marshes was done
after the water was initially removed;
therefore> due to rain> some water was
often present well 1nto the growing
season. The normal practice is to ref lood
the marshes in September.

In the Lake Erie region> the
Mississippi Flyway Council serves as the
ncl earing house" for coordinated pl arming
of the fl yway. The council 1s a delegate

Figure 90. Winous Point Marsh during drawdown stage; emergent beds of
American water-lotus  fielumbo lutea! in foreground  July 1984}.

155



Figure 91. interior region of Winous point Impar sh, a contr oiled wet-
land on the north shore of Sandusky 6ay  July 1984!.

organization, including in its membership
admin1strat1ve and technical repre-
sentativess from the f1sh and game
departments of all states and prov1nces in
the flyway, a flyway coord1nator assigned
from the U. S. Fish and Wildlife Service>
and members from other public agenc1es
concerned w1th waterfowl research or
management, The council facil itates the
effect1ve interchange of information
between member agencies, assists in the
coordination and 1ntegration of management
programs, and encourages management
research.

In recent decades most waterfowl
populat 1ons have made encouraging
recoveries from the lor point of the early
1930s> when di sasterous droughts in
addition to drainage and changing land-use
patterns, took the1r tol 1 . Today,
continental waterfowl populations have
regained a measure of balance with the
habitat which now remains for their use>
and hunting regulations have been relaxed
somewhat. Yet dra1nage cont1nues, indus-
trialization further reduces habitat> and
the number of waterfowl hunters continues
to grow, emphasizing the need for
cont1nued sound management practices.

The dikes and management prac-
tices essential to maintaining good>
productive marshes are a'iso generall y
believed to prevent fish from entering and
using the marshes as sparning and nursery

areas  Johnson 1964!. Drastic declines
over the last 50-60 years in the abundance
of marsh-dependent fish populations have
been attributed in '1 arge part to the
wholesale draining and filling of marshes
before 1920 and subsequently to diking,
which prevented f1sh from entering the
remaining marshes. Dikes are constructed
of a sol1d clay base, covered with rip-
rap> and are placed such that water can
enter or leave the marshes only through
spec1ally constructed channels. Screens
are placed over flumes and gates to
exclude carp  F1gure 92!. These screens
also keep desirable f1shes from entering
and leav1ng the marshes.

Two aspects of control led marsh
management are problematic with respect to
management of these marshes for fisheries.
First, water levels 1n these marshes must
be maintained at levels optimal for
production of aquatic plants used by
waterfor'l and for control of dike erosion.
During h1gh lake ~ater levels of high
watershed runoff periods. particularly
during spr1ng, gates must be opened or
pumps run to remove excess water and
minimize dike erosion and silt deposit1on.
During low lake water levels, such as
occur during late summer and falli pumps
must be used to introduce lake rater 1n
order to maintain minimum rater levels for
aquatic plant product1on. or gates may be
opened to take advantage of high seiches
and to admit water to the marshes+ thus



Figure 92. Wa ter level cont rol structure be tween Sa ndus ky Bay and
Wfnous point Marsh; note bar screen at left side to exclude carp  July
1984!.

avofdfng pump operating costs. The tfmfng
of these operatfons fs generally dictated
by climate and weather conditions. and
marsh managers are often unable to provfde
access or egress to fishes which mfght
otherwise use the marshes as spawning and
nursery areas. Low water 1 evel s
ma inta f ned dur 1 ng the summer are also
conducive to dissolved oxygen depletion
and summer f f shk f 1 1 . Second, marsh
managers are compelled to exc'lude carp
from controlled marshes, because this
specfes readfly overpopulates marshes ~
consumes desirable aquatfc vegetation, and
ro f1 s the water. thereby f ncreasfng
turbidity and decreasing productfon of
aquatic plants. Marsh managers are very
reluctant to open gates unnecessarfly
durfng 1 ate spring and early sualner. when
carp spawnfng runs occur, even f f
desfrable species are thereby excluded.
Certafn "marshes" are kept dewatered
dur f ng sprfng and summer for the
production of cash crops. such as soybeans
and corn, then flooded for waterfowl
attraction fn the fall.

Regulatory and management agencies
concerned wfth protectfng Lake Erie fish
populations generally oppose construction
of dfkes around shal i ow, estuarine
b ot t om1 a n d areas b ec a use they supposedly
keep ffsh from reaching spawnfng and

nursery areas. Thfs fs a justifiably
cautious approach to protect f ng an
fmportant resource. However, without
dfkes these bottomland areas are 1 fttle
more than flooded mud flats wfth little
aquatic vegetation. The fmportance of
these flooded mud flats as fish spawnfng
areas fs not known but fs currently being
stud fed   Snyder and Johnson 1984! . Many
coastal landowners would lfke to establish
controlled marshes fn such areas. Thfs
may be desfrable from the standpoint of
creating economfcally valuable waterfowl
and furbearer hab f tats where only
"marginal" habftats presently exist.

5,3 PROSPECTS FOR TiHE FUTURE

The coastal wetlands of western Lake
Erfe have experfenced progressfve loss fn
area and quality for more than 100 years.
As a result of natural processes and
European settlement. Trautman �977 '
1981! has care fully documented the
envfronmental degradatfon of the marshes
that fringe the low shores of the lake.
But more than presenting an account of
despair. he gfves a clear pfcture of the
former magnificence of these wfldl f fe
habitats. This understanding fs extremely
fmportant fn desfgnfng any restoratfon. or
for that matter any comp rehensf ve
management pl an.



W1thin the last 50 years the marshes
have also experienced extreme fluctuations
in water levels. From the record 1ow
levels of the mid-1930s to the record h1gh
levels of the early 1950si early 1970s,
and mtd-l960s, the coastal marshes have
been in a constant state of flux. Such
dramat1c changes in the position of the
marshes d1d not f it well into the
devel opment scheme imposed by settlement
of the region. Therefore, as Lake Erie
began to encroach. or more precisely
reclaim former wetlands. it was resisted
w i th mass 1 ve structures, r ather tnan
al 1 owed to re-establ 1 sn new marshes
further inland.

As a consequence, most of the marshes
along the Chio and Michigan shores, and
some on the Ontario shore, exist only
behind substantial dikes. This is the
pr1ce that must be pa1d to maintain a
stable shoreline under varying water leve1
condtt1ons and still retain a semblance of
coastal marshes. Fortunately, most of the
larqe marshes are under ownership of
public agencies and private hunting club~
that are commi tted to long-term
preservation of a marsh ecosystem, albeit
managed to enhance certain aspects of the
ecosystem.

In the mi dst of the control 1 ed
wetlands are two excellent examples of a
management strategy of letting nature take
1ts course. Directly across the lake from
one another, Old Woman Creek National
Estuarine Research Reserve and Point Pelee
Nat1onal Park have adopted such a plan.
These marshlands are not managed for any
specif ic component of the environment and
they are not art1ftcialy protected from
any natural environmental process. These
marshes are natural laboratories for the
study of coastal and wetland processes.

Although State and Federal regulatory
and management ageecies oppose the

construction of new controlled marshes,
most of the suitable, high quality
marshlands remaining around Lake Erie are
dtked marshes, Water levels in these
marshes are regulated; therefore, these
marshes may not be accessible to spawning
fish because of control structures'
Conversely, uncontrolled marshes are
eas11y accessible by spawning ftshi but
they are subject to storm surge, se1che
activity. and high turbidity. In addition
to eros1on ana siltation. these submergec
bottomlands 1acx the desirable water
quality and aquatic vegetation needed for
spawntnq by sensitive species. Thus, a
major problem facing effective
conservation and management of Lake Erie
fish stocks is the lack of information on
controlled and uncontrolled use of
wetlands by the Lake Erie fish community.
Research compar1ng fish use of controlled
marshes and shal'low, uncontrolled
estuar1ne bottomlands may help resolve
this resource con f11ct. I f the
uncontrolled bottomlands are found to be
of limited value as spawning and nurser~
areas, then perhaps their development into
controlled marshes need not be discour-
aged. Conversely, if controlled marshes
are in fact found to be of lim1ted value
as spawning and nursery areas, new
management practices to improve them as
such, without stgnt f tcantly interfering
w1th their principal role as waterfowl and
furbearer habitats, need to be developed.

As development pressures continue to
eat away at the smaller prtvate marshes. a
new strategy 1s evolving within the
regulatory agencies. Rather than accept a
piecemeal, fragmentation of marshes,
agencies are negotiating various types of
loss m1tigation. These include not only
the enhancement of existing low-quality
marshes, but the establishment of both
upland and deep-water marshes as
replacement for lost habitat. This is an
encouraging approach that will likely be
expanded in the future,
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