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ABSTRACT
RELATIONSHIPS BETWEEN COASTAL WETLAND HABITAT
AND YOUNG OF THE YEAR FISH COMMUNITY CHARACTERISTICS,
DISTRIBUTION, AND GROWTH
By

Sharon A. Schapel

Although wetlands are important habitat for the early life history stages of
many fish species, little is known about how wetland habitat characteristics affect
young of the year (YOY) fish. This study examines the effect of wetland habitat
characteristics on YOY fish community composition, distribution, and growth at
two spatial scales. At the macrohabitat scale, relationships between habitat
characteristics (e.g. habitat complexity, wetland area, and percent cover of
different vegetation types) and characteristics of the YOY fish community,
including fish abundance, species richness, diversity, species composition, and
fish growth, were examined. At the microhabitat scale, relationships between
habitat characteristics (e.g. vegetation type and density, water depth, dissolved
oxygen, and turbidity) and the distribution of YOY bluegill, banded killifish, yellow
perch, and spottail shiners were examined. Additionally, two enclosure
experiments were conducted to evaluate the growth of YOY bluegill under
different microhabitat conditions. Young of year fish were responding to changes
in wetland habitat characteristics at the macrohabitat and microhabitat scale.
Habitat characteristics that had the largest influence on YOY fish included the
abundance and type of wetland vegetation, and water depth. The amount of

vegetation influenced species richness, diversity, community composition, and
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fish growth at the macrohabitat scale. The type of vegetation present influenced
the presence or absence of banded killifish, and the presence or absence and
growth of bluegill at the microhabitat scale. Wetlands that had areas of deeper
wetland habitat had a higher diversity of YOY fish, and faster growth rates of
bluegill. Within wetland areas, the presence or absence of YOY fish from three
of the four fish species examined was positively correlated with increasing water
depth within the 0 to 100 cm range sampled. Other macrohabitat characteristics
that showed strong relationships with the YOY fish community included habitat
complexity and the presence of islands, sand bars, or gravel bars. At the
microhabitat scale, the presence or absence of resident wetland species was
correlated with changes in the physical structure of the habitat, while the
distribution of transient wetland species was correlated with changes in water
quality. Results of the enclosure experiments indicated that YOY bluegill fed on
both macroinvertebrates and zooplankton when confined to emergent vegetation,
submersed vegetation, or open water habitats; however they consumed more
zooplankton and less macroinvertebrates in open water than in vegetated
habitats. Bluegill growth was influenced by the density of YOY fish as well as the
type of vegetation present, growing faster at low densities, and in areas of

submersed vegetation.
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INTRODUCTION

Covering approximately 1,209 km?, coastal wetlands are an important
component of the Great Lakes ecosystem. These wetlands play an important
role in shoreline stabilization, sedimentation, and nutrient dynamics. One of the
important functions of Great Lakes coastal wetlands is providing habitat for fish.
Over 75% of Great Lakes fish species utilize coastal wetlands for some portion of
their life cycle. For many of these species, coastal wetlands serve as important
habitat for early life history stages. There are several reasons why wetlands
provide quality habitat for young fish. Wetlands are areas with abundant
submersed and emergent vegetation. This vegetation provides small fish with
places to hide from potential predators, and also reduces the maneuverability of
larger predatory fish. Wetlands are also very productive habitats, with abundant
macrophyte, phytoplankton, and periphyton communities. This high productivity
allows for abundant populations of zooplankton and macroinvertebrates which
serve as food for many young fish.

Wetland losses have been considerable in all of the Great Lakes, with an
estimated 60-80% of the Great Lakes wetlands having been lost as a result of
agriculture, land filling, residential, and industrial development. In some regions,
up to 75% of coastal wetlands have been destroyed, and the remaining wetlands
in these areas are heavily degraded due to development pressures, nutrient

enrichment, watershed changes, and pollution inputs. These activities have
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altered the total amount of habitat available to young fish as well as the
characteristics of the remaining habitat. In order to quantify the impact of habitat
alterations on fish populations, there is a need to identify habitat attributes that
determine the use of Great Lakes wetlands by fishes.

This study focuses on the use of Great Lakes coastal wetland habitat by
young of the year (YOY) fish. Young of the year fish were chosen for study
because the growth rate of fish in their first year of life is critical in determining
their overwinter survival and ultimately year class strength.

Past research has demonstrated that the distribution of YOY fish is not
uniform within wetland areas or among different wetland environments. Yet, little
is known about which habitat characteristics lead to higher abundances and
diversities of young of year fish, or how habitat influences species composition
and growth rates of YOY fish. Optimal foraging theory predicts that YOY fish
should choose habitat patches that maximize energy intake per unit time,
because growth rates, particularly in the first year, must be maximized to
increase likelihood of survival to breeding age. But there is often a trade-off
between the increased protection from predation and decreased foraging
efficiency in areas of increased habitat structure. As a result, a fish should
choose the environment that allows it to minimize its risk of predation while
maximizing foraging success.

The overall goal of this project is to assess how wetland habitat
characteristics at two different spatial scales affect the distribution, growth, and

survival of YOY fish in the Laurentian Great Lakes. By increasing understanding



of which habitat characteristics influence the distribution, abundance, diversity,
and growth of young fish, managers will be better informed to make decisions
concerning the protection, restoration, or alteration of Great Lakes coastal habitat

and the Great Lakes fisheries that depend on these habitats.



CHAPTER 1: EFFECT OF COASTAL WETLAND MACROHABITAT
CHARACTERISTICS ON THE YOUNG OF THE YEAR FISH
COMMUNITY IN SAGNINAW BAY, LAKE HURON
ABSTRACT
Wetland loss and degradation have been extensive throughout the Great
Lakes, impacting wetland habitat conditions and fish populations. The goal of
this study was to examine relationships between wetland habitat and the young
of year (YOY) fish community, including fish abundance, species richness,
diversity, and species composition. Additionally, relationships between habitat
characteristics and the growth rates of YOY fish were examined. Study sites
included fifteen wetland areas in Saginaw Bay, Lake Huron. At each site, habitat
characteristics including location, percent cover of vegetation types, maximum
water depth, habitat complexity, wetland area, and proximity to other
geographical features such as rivers and islands were recorded. Gear used to
sample the YOY fish community included seines, minnow traps, Breder traps,
throw traps, and trapnets. Habitat characteristics that explained the greatest
variation in the YOY fish community included the percent cover of submersed
vegetation or open water, the presence of islands and other land features, and
water depth. Percent cover of submersed vegetation was positively correlated
with species richness and the growth of yellow perch and banded killifish, while
the amount of open water had a negative relationship with species diversity, and
impacted species composition. The presence of sand bars, gravel bars or
islands was positively correlated with fish abundance, and species richness, and

impacted fish community composition. Greater species diversity and faster



individual growth rates of YOY bluegill were found in wetlands with areas of
deeper water. Regional factors such as distance to the outer Bay did not have
significant relationships with fish abundance, species diversity, evenness or fish

growth; however they did impact fish community composition.



INTRODUCTION

Covering approximately 1,209 km? (Herdendorf et al. 1981), coastal
wetlands are an important component of the Great Lakes ecosystem. These
wetlands play an important role in shoreline stabilization, sedimentation, and
system productivity (Jude and Pappas 1992). Great Lakes coastal wetlands also
serve as important habitat for various life stages of fish (Liston and Chubb 1985,
Chubb and Liston 1986, Jude and Pappas 1992, Leslie and Timmins 1994,
Minns et al. 1994, Brazner 1997, Brazner and Beals 1997). A high percentage of
Great Lakes fish species (>75%) depend upon coastal wetlands for some part of
their life cycle (Stephenson 1990, Whillans 1992).

Wetland losses have been considerable in all of the Great Lakes, with an
estimated 60-80% of the Great Lakes wetlands having been lost as a result of
agriculture, land filling, residential, and industrial development (Comer et al.
1995). In some regions, up to 75% of coastal wetlands have been destroyed,
and the remaining wetlands in these areas are heavily degraded due to
development pressures, nutrient enrichment, watershed changes, and pollution
inputs, compromising their ecosystem value (Jude and Pappas 1992, Krieger et
al. 1992). For example, the alteration of habitat within coastal wetlands affects
the abundance and composition of fish populations that use these habitats (Poe
et al. 1986, Leslie and Timmins 1994, Minns et al. 1994, Brazner 1997, Brazner

and Beals 1997, Johnson et al. 1997).



Among the important but poorly defined values of coastal wetlands is their
role as habitat for the early life history stages of a number of fish species
(Jaworski and Raphael 1978). Coastal wetlands provide spawning habitat for
some species (e.g., Esox spp., Lepomis spp.) and habitat for early life history
stages of these and other species (e.g., Perca flavescens, Micropterus spp.)
(Chubb and Liston 1986, Herdendorf et al. 1981, Stephenson 1990, Petering and
Johnson 1991, Jude and Pappas 1992, Brazner et al. 1998). In order to evaluate
the impacts of wetland loss and degradation on fishery resources throughout the
Great Lakes, more research is needed on the fish community structure within
coastal wetlands, and the function of wetlands as spawning areas and habitat for
early life history stages of fish.

Potential benefits of coastal wetlands for juvenile fish include the high
primary productivity of these environments, reduced risk of predation, and rich
zooplankton and benthos food sources that wetlands provide (Jude and Pappas
1992). Macrophytes are a key component of the habitat of Great Lakes coastal
wetlands, providing young of the year (YOY) fish with refuge from predation by
serving as protective cover that reduces the visibility of YOY fish and the
maneuverability of adult piscivores (Savino and Stein 1982, 1989, Werner et al.
1983, Mittelbach 1986, Gotceitas and Colgan 1987, Werner and Hall 1988,
Gotceitas 1990a,b, Heck and Crowder 1991). Vegetation also plays a role in
determining the quality and quantity of invertebrates within wetlands (Turner

1988, Cardinale et al. 1997, Cardinale et al. 1998).



The abundance, growth, and survival of juvenile fish are not uniform within
a single wetland or among wetlands within the same lake or geographic area
(Chubb and Liston 1986, Bryan and Scarnecchia 1992, Baltz et al. 1993, Brazner
1997, Brazner and Beals 1997, Weaver et al. 1997, Duffy and Baltz 1998,
Jackson and Jones 1999). Many fishes segregate within and among habitats
along gradients of distance from shore, vegetation structure, temperature, and
depth (e.g., Keast and Harker 1977, Werner et al. 1977, Johnson and Stein
1979, Brandt et al. 1980, Keast 1984; Killgore et al. 1989, Bryan and
Scarnecchia 1992, Michaletz 1998, Pierce et al. 2001). Understanding the
spatial distribution of organisms in ecosystems is of crucial importance for
understanding ecosystem functioning (Hayes et al. 1996). In order to determine
the impact of habitat alterations on fish populations, there is a need to identify
habitat attributes that affect the use of Great Lakes wetlands by fishes (Brazner
and Beals 1997).

This study builds upon previous efforts to identify linkages among habitat
attributes and fish communities, by examining not only community characteristics
and species composition, but also relationships between wetland habitat and
YOY fish growth. Additionally, this study was carried out within a single aquatic
system, Saginaw Bay, Lake Huron, thereby minimizing potential effects of
differences in adult fish community characteristics among lake systems.

The goal of this study was to examine relationships between habitat
characteristics of wetland environments and the YOY fish community.

Specifically, relationships between wetland habitat characteristics and attributes



of the YOY fish community such as fish abundance, species richness, species
diversity, and species evenness were examined. Additionally, | sought to identify
which habitat characteristics may play an important role in determining the
species composition of the YOY fish community in different wetland areas.
Finally, because the growth rates of freshwater fish within their first year of life
are of critical importance in determining their likelihood of winter survival and
ultimately year-class strength (Houde 1994), this study also examined the
influence of wetland habitat characteristics on the success of YOY fish from four

different species as measured by their growth rates.
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METHODS

Study Site Description

My study sites were located within Saginaw Bay, Lake Huron, USA.
Compared to the rest of Lake Huron, Saginaw Bay is a eutrophic embayment
with high productivity (Jude and Pappas 1992, Skubinna et al. 1995, Cardinale et
al. 1998). The Saginaw River flows into the southern portion of the Bay, carrying
silt and nutrients, and thereby affecting water quality along the eastern portions
of the Bay. Conditions gradually improve from the mouth of the Saginaw River
toward Lake Huron, creating gradients in environmental conditions (Jude and
Pappas 1992). Several other smaller tributaries flow into Saginaw Bay. With the
exception of urban and industrial landuses near Bay City on the southwestern
shore of the Bay, the surrounding land use is primarily agricultural.

Saginaw Bay is relatively shallow; eighty percent of its volume is less than
5.5 m deep (Beeton et al. 1967). Water levels within the Great Lakes are cyclical
in nature, with alternating periods of high and low water (Geis 1979, Boutin
2000). Water levels in Saginaw Bay during the study years averaged
approximately 0.5 m below the long term mean (Figure 1.1). There are extensive
areas of gravel and sand beds scattered throughout the Bay, as well as several
small islands. These structures may help to shelter the coastal wetlands from
damaging wind and wave energy as strong southwesterly and northeasterly

winds are common within Saginaw Bay (Schelske and Roth 1973).
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Figure 1.1: Water levels (m IGLD 1985) recorded by NOAA Essexville Station
#9075035 in Saginaw Bay, Lake Huron in 2000 and 2001 compared to long

term mean (1918-2000).
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A great diversity of coastal habitats exists within Saginaw Bay. There are
large and extensive wetlands with emergent vegetation communities dominated
primarily by Scirpus pungens and Typha angustifolia. Submersed plant beds are
dominated by Myriophyllum spicatum, Valisineria americana, Potamogeton spp.
and Chara globularis.

Fifteen different wetland areas located throughout the Bay were selected
as study sites and sampled in the summer of 2000 (Figure 1.2). Due to lower
water levels in 2001, only twelve of these wetlands were sampled in 2001 (Au
Gres, Essexville, and WigWam were not sampled). All of the wetlands sampled
were at least 1.5 hectares in size, and separated by at least 10 km. Seven of
these sites are located along the western shore of Saginaw Bay, while eight sites
are located along the eastern shore of Saginaw Bay. Study sites varied in
habitat characteristics, with some wetland areas being rather small and
contained within distinct boundaries (e.g., Bayport), while other wetlands were a
portion of continuous vegetated habitat along the coast that stretched on for
many kilometers (e.g., Pinconning). The wetlands also varied in the presence of
a structure such as islands, sand bars, or gravel bars that may offer protection

from wave action.

Fish Collection

A variety of gear types was used to sample fish in 2000 (Table 1.1). As

the size of YOY fish increased and vegetation growth became more prolific, it
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Figure 1.2: Map of approximate locations of study sites in Saginaw Bay,

Lake Huron.
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Table 1.1: Summary of fish collection methods used in 2000 and 2001.

# etlands ’43?52";2? StartDate  End Date
ampled wetland

Seine 15 5 6/12/2000 6/28/2000
Minnow trap 15 20 7/6/2000 7/13/2000
Breder trap 15 10 7/25/2000 8/14/2000
Throw trap 15 10 7/25/2000 8/14/2000
Throw trap 12 10 9/1/2000 9/4/2000
Trapnet 12 4 7/23/2001 8/10/2001

14
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was necessary to switch sampling gears. The same number of samples was
taken at each of the fifteen wetlands with each gear type. For each gear type, all
sites were sampled within a three week period, for a total of five sample events in
each wetland over a 15-week period in 2000.

A 5 m beach seine (3mm mesh) was used in May 2000, and five 15 m
seine hauls were conducted at each site.

Minnow traps were used to sample fish in early June 2000. A total of 20
traps were set overnight in each wetland in water less than 1 m deep. Ten of the
20 traps were baited with saltine crackers.

Ten modified Breder traps (Breder 1960) were set overnight in each
wetland in late July thru early August 2000. These traps were constructed of
Plexiglas, with dimensions of 32 cm x 17 cm x 17 cm, and 46 cm long wings. A
5m long lead made of 5 mm mesh nylon netting with lead weights and fishing
bobbers for floats was attached to each trap to increase catch (Figure 1.3).
Rebar placed through holes drilled through the trap was used to attach the lead
to the trap and fasten the other end into the sediment.

A modified throw trap (Figure 1.4) was used to sample fish within the
wetlands in late July thru September 2000. Throw traps have been shown to be
an effective method of sampling YOY fish in vegetated wetlands (Kushlan 1981,
Freeman et al. 1984, Dewey 1992, Baltz et al. 1993, Raposa and Oviatt 2000).
The throw trap used was designed with an angle iron base, weighted with lead,
to cause the trap to sink rapidly. A PVC (4 cm diameter) frame was used for the

top of the trap, which would float on the water’s surface. Three mm mesh nylon
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Figure 1.3: lllustration of modified Breder trap used to catch YOY fish.
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Figure 1.4: Design of 1 m? throw trap used to sample YOY fish in wetlands in

late July thru September of 2000.
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netting was used for the sides of the throw trap. The trap sampled 1 m? of
wetland habitat up to 1 m in depth. The net was deployed by two people tossing
the frame into the water. Pihl and Rosenberg (1982) found that animals
generally did not exhibit an avoidance response to throw traps until moving
people were within 1.5 m, and our throws typically covered a distance of three to
four meters. The trap was deployed ten times in each wetland habitat. After
deployment, the bottom of the frame was pushed into the sediment. A5 mm
mesh seine was used to remove fish from the trap. Seining continued until six
consecutive seine hauls resulted in no additional fish being captured.

Trapnets (Figure 1.5) were used to sample fish in late July and August of
2001. Four traps were deployed overnight in each of the twelve wetland areas.
The traps consisted of a PVC frame measuring 100 cm x 50 cm x 35 cm. The
PVC was filled with a sand and gravel mix to cause the trap to sink and increase
rigidity. Mesh netting (3 mm) was used for the sides and funnel of the trap. The
funnel had a round opening of 11.5 cm. Wings constructed of 5 mm mesh
netting were attached to the traps. Each wing was 7.5 m in length, with lead
weights and plastic floats.

With all gear types, a stratified random sampling procedure was used to
select sample locations. Effort was made to sample the diversity of habitat
conditions available to YOY fish within a given wetland in proportion to the
availability of that habitat type. All fish collected were identified to species, and
counted. At each sample location, the standard length of five to ten individuals of

each species was recorded. A minimum of ten individuals per species were
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Figure 1.5: Design of trapnet used to sample YOY fish in wetlands in 2001.
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preserved in a 90% ethanol solution, for otolith analysis of growth rates. An
Optimas imaging system was used to measure the total radius of the otolith, and
the radius of the otolith before the last seven rings were deposited. Growth rates
of fish over the week preceding their capture were calculated according to

procedures for the body proportional hypothesis outlined in Francis (1990).

Habitat Measurements

The location of each sample was recorded in the field using a hand held
Garmin GPS unit. The presence of gravel bars, sand bars, islands or other
structures that may serve to shelter the wetland from wave energy was also
recorded.

Five 200 m transects were established within each wetland to sample
characteristics of the vegetation community. Random locations were selected
along the shore for the starting point of each transect, with the criteria that all
transects were located at least 20 m apart. Transects ran perpendicular from
shore into the wetland. Water depth was measured every five meters along each
transect. Additionally, the presence of open water, submersed, emergent, or
floating leaf vegetation was recorded every five meters. These data were used
to determine the percent cover of open water, submersed vegetation, emergent
vegetation, and floating leaf vegetation, habitat complexity, and the maximum
water depth along the transects for each wetland.

Black and white aerial photographs from 1998 were obtained from the

Michigan DNR website. The MrSID GeoViewer software program was used to
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measure the area of each wetland and the distance from each wetland area to
the nearest river. These photographs were also used to measure the size of
islands, sand bars, or gravel bars adjacent to the wetlands sampled.

USGS topographic maps were used to determine the distance from each
wetland to the Saginaw River and to the outer Bay. The outer Bay was defined
as water northeast of a line connecting Au Gres Point on the western bank of
Saginaw Bay to Sand Point on the eastern bank of Saginaw Bay (Figure 1.2).
USGS maps were also used to categorize each wetland as on the eastern or
western bank of Saginaw Bay, with the Saginaw River being used as the dividing

line (Figure 1.2).

Data Analysis

Analysis of Covariance (ANCOVA, forward selection procedure, a = 0.05)
was used to relate fish abundance, species richness, species diversity, and
species evenness to habitat characteristics of each wetland. Only the twelve
wetlands that were sampled in both 2000 and 2001 were used for this analysis.

Principal Coordinate Analysis (PCoA, city block distance measure) was
used to compare the YOY fish communities in each of the twelve wetlands
sampled in 2000 and 2001. A matrix was constructed containing information on
the presence / absence of all species collected within the wetlands. Species that
were found in only one of the twelve wetlands sampled were dropped from this
analysis. Jaccard's similarity index was used to measure similarity of the YOY

fish communities among wetlands. ANCOVA analysis was used to examine
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relationships between the PCoA scores of each wetland for the first two PCoA
axes and habitat characteristics of those wetlands.

The mean weekly growth rate of four fish species, yellow perch, Perca
flavescens, spottail shiner, Notropis hudsonius, banded killifish, Fundulus
diaphanous, and bluegill, Lepomis macrochirus, over the week preceding their
capture was compared among wetlands. To minimize the variability in growth
rates due to time, fish size, fish age, and year, only fish collected over the 3-week
sampling period in 2001 were used for this analysis. Approximately 20 to 30 fish
of each species per wetland were used in this analysis. Growth rates were
calculated according to the body proportional hypothesis model outlined in
Francis (1990). ANCOVA was used to examine relationships between mean fish
growth rates in different wetland sites and the habitat characteristics of those

sites.
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RESULTS
General Catch Characteristics

A total of 3,800 young of the year fish was collected in the fifteen wetland
areas throughout the study period. Fish sampling in 2000 resulted in a capture of
2,768 YQY fish, while 1,032 fish were collected from the twelve wetland areas
sampled in 2001 (Table 1.2). In 2000, total catch of fish ranged from a low of 10
at WigWam to 684 at Bayport. In 2001, total YOY catch ranged from 8 at
Killarney to 396 at Linwood. The number of fish species caught at a single
wetland in 2000 or 2001 ranged from two to eighteen (Table 1.2).

Young of year fish from 36 different species were collected throughout the
two-year study period. WigWam had the lowest species richness, with only two
species collected (Table 1.3). The highest number of species was collected at
Linwood, where young of year fish from 21 species were collected. Common
carp (Cyprinus carpio ) was the only species found in all fifteen wetland areas.
Other common fish species included quillback (Carpiodes cyprinus), banded
killifish, bluegill, spottail shiner, largemouth bass (Micropterus salmoides), and
yellow perch. Twelve fish species were collected in only one of the fifteen

wetland areas (Table 1.3).
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Table 1.2: Summary of overall fish catch, and number of species of young of

year fish captured at each study site in 2000 and 2001.

Total Fish Caught # Species Caught
2000 2001 2000 2001

Au Gres 382 - 5 -
WigWam 10 - 2 -
Pine River 20 82 7 6
Pinconning 195 82 4 2
Coggins 96 14 5 4
Linwood 160 396 18 11
Killarney 304 8 11 3
Essexville 105 - 7 -
Quanicassee 29 22 5 5
Oakhurst 132 28 10 5
Thomas 36 14 4 3
Fish Point 213 34 6 8
Hog Island 389 247 8 6
Bayport 684 55 13 3
Sand Point 13 50 3 6
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General Wetland Characteristics

Seven wetlands were located along the western shore of Saginaw Bay,
while eight were located on the eastern shore (Figure 1.2, Table 1.4). The size
of the wetlands ranged from 1.6 hectares at Coggins to 26.6 hectares at Hog
Island. The distance from the wetland to the nearest river ranged from 0 km at
Quanicassee to 8.0 km at Oakhurst. The distance from wetlands to the Saginaw
River ranged from 4.8 km (Killarney) to 41.8 km (Au Gres and Sand Point), while
the distance to the outer portion of Saginaw Bay ranged from 2.4 km (Au Gres) to
43.9 km (Quanicassee). Six of the fifteen wetlands sampled had one or more
structures such as sand bars, gravel bars, or islands that may have provided the
wetland area with some degree of shelter from wave action. The cumulative
length of these islands, sand bars, or gravel bars ranged from 253 m to 2,173 m.

There was a broad range in the percent cover of open water within a
wetland, with values ranging from a low of 10% at Pine River to 96% at
Essexville (Table 1.5). Percent cover by emergent vegetation ranged from 1%
(Killarney and Oakhurst) to 68% (Pinconning). The amount of cover provided by
submersed vegetation also had a broad range from 0% (Pinconning and Fish
Point) to 69% (Pine River). The amount of cover by floating leaf vegetation was
very low in all fifteen wetlands sampled. Only two of the wetlands (Linwood and
Au Gres) had any patches of floating leaf vegetation intersecting a transect.
Percent cover of floating leaf vegetation was 5% at Linwood and 22% at Au

Gres. All other wetlands sampled had 0% cover of floating leaf vegetation.
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Table 1.4: General characteristics of wetlands measured from handheld GPS,

1998 aerial photographs, maps, and visual observations in the field. Numbers in

the structure category represent the number of islands, sand bars, and/or gravel

bars if present, and their cumulative length (m).

GPS Shore Area km to kmto kmto
Coord. ofBay  (ha) Neérest S.ag. Outer  Structure
River River Bay
Au Gres gg’: DWW 19 38 418 24 2378m
WigWam gg’: oW W 56 11 399 105 1,800m
Pine River arEN w70 08 35 150 i
Pinconning ggf 2N W6 24 249 236 .
Coggins ggf s W16 02 180 290 ]
Linwood gg’: SN W B 01 145 346  1,1914
Killarney gg: s W 51 17 48 402 -
Essexville gg: 2w E 88 5.9 67 413 -
Quanicassee ggf DN E 6 0 164 439 -
Oakhurst ggf oW E 56 80 204 359 ;
Thomas Tzl B 65 49 260 28 .
Fish Point ggf sew E 146 13 343 257 4,551
Hog Island gg: s E 266 19 300 129 62173
Bayport gg’: N E 29 38 375 75 2253
Sand Point ggf oW E 68 01 418 64 -
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Table 1.5: Summary of transect data, indicating percentage cover of different

vegetation types (open water, emergent, submersed, and floating leaf) within

each wetland, habitat complexity, and maximum water depth measured along

transects.
% Cover Max.
% Cover % Cover % Cover . ]
Floating Habitat Water
Open Emer. Submer.
Leaf Comp. Depth
Water Plants Plants
Plants (cm)

Au Gres 33 3 42 22 29 15
WigWam 60 27 13 0 22 15
Pine River 10 21 69 0 12 97
Pinconning 32 68 0 0 20 25
Coggins 70 9 21 0 27 25
Linwood 20 15 60 5 18 61
Killarney 89 1 10 0 21 35
Essexville 96 2 2 0 7 20
Quanicassee 20 62 18 0 38 30
Oakhurst 45 1 54 0 44 61
Thomas 88 2 20 0 23 35
Fish Point 36 64 0 0 24 35
Hog Island 34 34 32 0 41 33
Bayport 15 40 45 0 18 74
Sand Point 69 9 22 0 37 30
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Habitat complexity values ranged from 7 (Essexville) to 41 (Hog Island). The
maximum water depth along a transect ranged from 15 cm at Au Gres and

WigWam to 97 cm at Pine River.

Relating Fish Community Characteristics to Wetland Habitat

The abundance of YOY fish was significantly greater (R? = 0.677, F1 10 =
20.924, p = 0.001) at sites that had one or more structures such as sand bars,
gravel bars, or islands that may have provided the wetland with shelter from
wave action, compared to sites that lacked such a structure (Figure 1.6). The
average catch of fish in wetlands without a structure was 141 t 36 fish, while the
average catch of fish in wetlands with one or more of these structures was 545 +
106 fish.

Species richness within the twelve wetlands ranged from 6 to 22 species.
Results of the ANCOVA (R? = 0.854) indicate that there are significant positive
relationships between the presence of one or more islands, sand bars, or gravel
bars and species richness (F1s = 21.826, p = 0.002), and percent cover of
submersed vegetation (F1s = 17.335, p = 0.003). A negative relationship was
found between species richness and distance from the wetland to the Saginaw
River (F18 = 8.247, p = 0.021).

The Shannon-Weiner species diversity index (H') was used to calculate
the diversity of the YOY fish community sampled within each of the twelve
wetlands. Species diversity ranged from 0.240 at Pinconning to 1.424 at Pine

River. A positive relationship was found between species diversity and maximum
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Figure 1.6: Abundance of YOY fish captured in wetlands without a structure

such as a sand bar, gravel bar, or island, and wetlands with such a structure.
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water depth along a transect (F1 ¢ = 64.385, p < 0.001), while a negative
relationship was found between species diversity and the amount of coverage of
open water (F1 9 = 14.617, p = 0.003). Overall model performance resulted in a
R? = 0.952.

Species evenness for the twelve wetland areas ranged from 0.149 at
Pinconning to 0.682 at Thomas. Results of the ANCOVA (R? = 0.959) indicate
that there are significant positive relationships between species evenness and
maximum water depth along a transect (F19 = 52.118, p < 0.001) and percent

cover of open water (F1 9 = 32.904, p < 0.001).

Relating Fish Community Composition to Wetland Habitat

The first two PCoA axes explained 79.7% of the variance in the species
presence/absence data, with the first axis explaining 48.3% of the variance, and
the second axis explaining 31.4% of the variance. Visual inspection of the PCoA
plot (Figure 1.7) indicates that Coggins (C) and Quanicassee (Q) had very similar
species composition, with both wetlands having similar scores for axes one and
two. Sand Point (S) and Thomas (T) also had similar scores for the first two
axes. Other wetlands such as Pine River (R) and Fish Point (F) had similar
scores for axis 1, but not for axis 2. Similarly, Linwood (L) and Coggins (C) had
similar scores for axis 2, but very different scores along axis 1.

Multiple linear regression analysis was used to relate the wetland scores

along axes one and two to wetland habitat characteristics. PCoA scores along
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axis 1 were related to characteristics of the wetland habitat (R* = 0.737). There
were significant relationships between PCoA axis 1 scores and the presence of
one or more islands, sand bars, or gravel bars (F1 ¢ = 17.447, p = 0.002), and
habitat complexity (F19 = 5.188, p = 0.048). PCoA axis 1 scores were higher in
wetlands that had one or more islands, sand bars, or gravel bars, and in
wetlands with low habitat complexity. Species that were more common in
wetlands with high scores along PCoA axis 1 included: bluegill, green sunfish,
pumpkinseed, yellow perch, brown bullhead, and spotfin shiner.

Habitat characteristics of the wetlands sampled were also able to explain
much of the variation in scores for PCoA axis 2 (R? = 0.871). Scores for this axis
were related to the presence of one or more islands, sand bars, or gravel bars
(F16 = 8.879, p = 0.025), the shore of Saginaw Bay where the wetland was
located (F16 = 18.697, p = 0.005), the amount of cover of open water (F1¢ =
12.625, p = 0.012), and the distance from that wetland to the nearest river (F16 =
7.927, p = 0.031). In general, wetlands with high scores for PCoA axis 2 had one
or more islands, sand bars, or gravel bars, and were located on the eastern
shore of Saginaw Bay. Additionally, wetlands with large amounts of open water,
and that were located near rivers had higher scores for PCoA axis 2. Species
that were more common in wetlands with low scores along PCoA axis 2 included:
largemouth bath, common shiner, brown bullhead, white sucker, and

pumpkinseed.
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Relating Fish Growth to Wetland Habitat
Yellow Perch

YOY yellow perch were collected in seven different wetland areas during
the three-week sampling period in 2001. Mean individual growth rates of yellow
perch in the week preceding capture in these wetlands ranged from 0.45
cm/week at Thomas to 0.81 cm/week at Linwood (Table 1.6). Mean weekly
growth rate over all seven wetlands was 0.59 £ 0.05 cm/week.

A significant positive relationship (R? = 0.792, F1 5 = 18.982, p = 0.007)
was found between mean growth rates of yellow perch in the seven wetlands and
the amount of submersed vegetation cover (Figure 1.8). In general, YOY yellow
perch grew better in areas that had higher amounts of submersed vegetation.
There was not a statistically significant relationship (R? = 0.002, F1 5 = 0.009, p =
0.927) between mean weekly growth rate of YOY yellow perch within the seven
wetlands and mean standard length of YOY yellow perch from those wetlands

(Figure 1.8).

Spottail Shiner

YOY spottail shiners were collected in six different wetland areas during
the three-week sampling period in 2001. Mean growth rates of spottail shiners in
the week preceding capture in these wetlands ranged from 0.32 cm/week at
Bayport to 0.50 cm/week at Fish Point (Table 1.6). Mean weekly growth rate

over all six wetlands was 0.43 £ 0.03 cm/week.
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Table 1.6: Mean growth rate (cm/week) of young of year yellow perch, spottail

shiner, banded killifish, and bluegill over the week preceding capture, in each of

the twelve wetland areas where fish were captured during 2001.

Yellow Spottail Banded ‘
Wetland Bluegill

Perch Shiner Killifish
Pine River 0.74 £ 0.11 0.38 £ 0.02 0.55+0.03 0.58 £ 0.03
Pinconning - - 0.50 £ 0.02 -
Coggins - - 0.49 £ 0.03 -
Linwood 0.81£0.03 0.41+£0.02 0.50 £ 0.02 0.59 £ 0.01
Killarney - - - 0.25+0.03
Quanicassee - - - -
Oakhurst 0.64 £ 0.04 0.47 £ 0.02 0.55 £ 0.05 -
Thomas 0.45 £ 0.04 - 0.47 £0.03 0.35+0.01
Fish Point 0.46 £ 0.04 0.50 £ 0.07 0.42 +£0.07 0.27 £ 0.02
Hog Island 0.50 £ 0.02 - 0.44 £ 0.02 0.24 £ 0.01
Bayport 0.57 £ 0.02 0.32+0.01 0.51 £ 0.02 0.67 £ 0.02
Sand Point - 0.48 £ 0.05 0.48 £ 0.03 0.30 £ 0.02
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B. YOY yellow perch growth vs. standard length of perch
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Figure 1.8: Relationship between A) mean growth rates (cm/week) of YOY
yellow perch and amount of submersed vegetation cover and B) mean growth
rates (cm/week) of perch and mean standard length (cm) of perch. Symbols
represent the first letter in the name of each wetland area sampled, except for

the Pine River wetland which is represented by the letter R.
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ANCOVA was used to relate spottail shiner growth rate to wetland habitat
characteristics, and was able to explain a large proportion of the variation in
mean growth rates (R? = 0.976). A positive relationship was found between
mean growth rates and habitat complexity (F44 = 63.612, p = 0.004), while a
significant negative relationship was found between growth rate and maximum
water depth sampled along a transect (F1 4 = 20.654, p = 0.020). There was not
a statistically significant relationship between mean weekly growth rate of YOY
spottail shiners within the six wetlands and mean standard length of YOY spottail

shiners from those wetlands (R? = 0.566, F14 = 5.223, p = 0.084).

Banded Killifish

Young of the year banded killifish were collected in ten of the twelve
wetland areas during the three-week sampling period in 2001. Mean growth
rates of banded killifish in the week preceding capture in these wetlands ranged
from 0.42 cm/week at Fish Point to 0.55 cm/week at Oakhurst and Pine River
(Table 1.6). Mean growth rate of YOY banded killifish over all ten wetlands was
0.49 £ 0.01 cm/week.

ANCOVA was used to relate banded killifish growth to habitat
characteristics (R? = 0.785). Results of the multiple linear regression indicate
that there is a significant negative relationship between killifish growth rate and
the presence of one or more islands, sand bars, or gravel bars (F,7 =9.726, p =

0.017), and a significant positive relationship with percent cover of submersed
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vegetation (F17 = 17.591, p = 0.004). In general, banded killifish grew better in
areas that lacked islands, sand bars, or gravel bars, but where there was
abundant submersed vegetation cover. There was not a statistically significant
relationship between mean banded killifish growth rate and mean standard length
of YOY banded killifish within the ten wetland areas (R? = 0.254, F1g =2.726, p =

0.137).

Blueqill

The growth rates of YOY bluegill in the week preceding their capture was
analyzed for eight wetland areas. Mean weekly bluegill growth rates within a
wetland ranged from 0.24 cm/week at Hog Island to 0.67 cm/week at Bayport
(Table 1.6). Overall mean bluegill growth rate was 0.41 £ 0.06 cm/week.

A significant positive relationship (R? = 0.756, F; = 18.640, p = 0.005)
was found between mean growth rates of bluegill in the eight wetlands and the
maximum water depth measured along a transect within those wetlands (Figure
1.9). In general, YOY bluegill grew faster in wetland areas that had at least some
areas of deeper water. There was not a statistically significant relationship (R? =
0.042, F1 ¢ = 0.260, p = 0.628) between the mean weekly growth rate of YOY
bluegill in the different wetland areas and the mean standard length of YOY

bluegill from those wetlands (Figure 1.9).
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Figure 1.9: Relationship between A) mean growth rate of YOY bluegill (cm/wk)
and maximum water depth (cm) measured along a transect and B) mean growth
rate of YOY bluegill (cm/wk) and mean standard length of bluegill (cm) in eight
wetlands. Symbols represent the first letter in the name of each wetland area

sampled, except for the Pine River wetland which is represented by the letter R.
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DISCUSSION

Young of the Year Fish Community in Saginaw Bay, Lake Huron

This study sampled the YOY fish community in 2000 and 2001 in fifteen
different wetlands areas around Saginaw Bay, Lake Huron. The young of year
fish community in these wetlands was numerically dominated by eight fish
species: banded killifish, quillback, common carp, spottail shiner, bluegill, green
sunfish, goldfish, and yellow perch. The dominant fish species found within
Saginaw Bay afe similar to those reported for other wetlands in Lake Huron
(Leslie and Timmins 1994) and other coastal wetlands throughout the Great
Lakes (e.g., Chubb and Liston 1986, Jude and Pappas 1992, Brazner 1997).

Overall, YOY fish from 36 species were captured in the coastal wetlands
of Saginaw Bay over 2000 and 2001. This value is within the range of species
richness (18-38 species) reported from other studies of coastal wetlands in Lake
Huron (e.g., Loftus 1982, Minns et al. 1994, Leslie and Timmins 1997). The
number of species captured within a single wetland during this study ranged from
2 to 18 species. This value is low compared to the range (15-41 species)
reported in other studies of Great Lakes coastal wetlands, many of which
examined both the adult and juvenile fish community (e.g., Chubb and Liston
1986, Poe et al. 1986, Randall et al. 1996, Brazner 1997, Johnson et al. 1997).

Although a total of 36 fish species was captured within the coastal

wetlands in Saginaw Bay, twelve of the fish species captured were found in only
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one wetland area. An abundance of rare species was also documented in a
study of coastal wetland areas in Severn Sound, Lake Huron (Leslie and
Timmins 1994). Fish species considered to be uncommon in their study
outnumbered common species by more than three to one. However the authors
noted that it was likely that these rare species were not sampled in proportion to
their true abundance, which is probable in this study of YOY fish in Saginaw Bay

as well.

Influence of Habitat Characteristics on the YOY Fish Community

A wide range of YOY fish abundances, species richness, diversity,
community composition, and fish growth rates were observed among the
different wetlands sampled in Saginaw Bay. These results indicate that all
wetland environments are not equal in terms of their value for YOY fish. More
fish, greater numbers of species, different species, and faster growing fish were
collected from certain wetlands compared to others. Table 1.7 provides a
summary of the statistically significant relationships between YQOY fish
community metrics and measured wetland habitat characteristics included in the
ANCOVA models.

In general, characteristics of the macrophyte community within the
wetlands were important in determining YOY fish use of wetland areas, with
percent cover of open water or submersed vegetation having a statistically

significant relationship to 60% of the metrics of the YOY fish community
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measured. In addition to macrophyte cover, habitat characteristics relating to
hydrology and geomorphology (presence of one or more islands, sand bars, or
gravel bars, and maximum water depth measured along sample transects), had

large influences on the YOY fish community.

Aquatic Vegetation

Macrophytes are a key component of the habitat of Great Lakes coastal
wetlands, providing young of the year fish with refuge from predation by serving
as protective cover that reduces the visibility of YOY fish and the maneuverability
of adult piscivores (Savino and Stein 1982, 1989, Werner et al. 1983, Mittelbach
1986, Gotceitas and Colgan 1987, Wemer and Hall 1988, Gotceitas 1990a,b,
Heck and Crowder 1991). Macrophytes also serve as important habitat for
macroinvertebrate and zooplankton food resources (Cardinale et al. 1998). The
amount of submersed vegetation and open water had impacts on 60% of the
YOY community metrics examined in this study.

There was a significant relationship between the percent cover of
submersed vegetation and species richness in wetlands in this study. YOY fish
from more species were collected in wetland areas that had high amounts of
submersed vegetation cover. Species of YOY fish that were more commonly
present in wetlands with high amounts of submersed vegetation cover included:
largemouth bass, green sunfish, pumpkinseed, bowfin, longnose gar, and brown
bullhead. Several other studies have documented increases in species richness

or diversity in wetlands with increased vegetation cover (Keast et al. 1978, Bryan
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and Scarnecchia 1992, Leslie and Timmins 1994, Minns et al. 1994, Randall et
al. 1996, Pierce et al. 2001).

Extremely high plant cover (70-80%), has been shown to result in a
decrease in fish species richness (Crowder and Cooper 1982, Wiley et al. 1984,
Killgore et al. 1989, Lillie and Budd 1992, Dibble et al. 1996). No decline in
species richness with increased vegetation cover was found in this study.
Previous studies on the detrimental impacts of high vegetation cover have
examined effects of plant cover on the entire fish community, whereas this study
focused only on YOQY fish use of coastal wetlands. YOY fish are extremely
vulnerable to predators, and are more likely to remain associated with vegetation
because of the shelter they provide, regardless of potential decreases in foraging
efficiency. Larger fish face less of a predation risk, and therefore may move from
vegetated areas when macrophytes become too abundant.

Leslie and Timmins (1994) documented a higher diversity of YOY fish in
areas of Severn Sound, Lake Huron that had submersed vegetation compared to
areas located on exposed shore and dominated by open water habitat. Similarly,
this study found a significant negative relationship between species diversity and
the amount of open water within a wetland. In general, wetlands with more open
water areas, or less vegetation, had lower diversities of YOY fish.

The structure that aquatic macrophytes provide has been shown to have a
dramatic influence on the abundance, distribution, and species composition of
fish in the littoral zone (Wemer et al. 1977, Keast et al. 1978, Poe et al. 1986,

Heck and Crowder 1991, Leslie and Timmins 1994, Dibble et al. 1996, Randall et
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al. 1996, Miranda and Pugh 1997, Weaver et al. 1997, Pierce et al. 2001).
These studies have demonstrated a general increase in fish abundance with
increasing vegetation cover. This study did not find a relationship between
vegetation cover and fish abundance; however, a significant relationship was
found between the amount of open water and species composition. Brown
bullhead, bowfin, white suckers and emerald shiners were more common in
wetlands with low amounts of open water.

Positive relationships were found between the amount of submersed
vegetation and the growth of yellow perch and banded killifish. These faster
mean weekly growth rates in wetlands with abundant submersed macrophytes
are likely a result of the fact that submersed plants serve as habitat for abundant

macroinvertebrate and zooplankton food resources (Cardinale et al. 1998).

Presence of Sand Bars, Gravel Bars or Islands

The presence of one or more habitat structures such as sand bars, gravel
bars or islands had a large impact on the YOY fish community, with this
characteristic appearing in 50% of the models constructed. The presence of one
or more of these structures was positively correlated to fish abundance and
species richness. More fish were collected, and more species were collected in
wetlands that had one or more of these structures than in wetlands that lacked
these structures. Additionally, this habitat characteristic impacted fish community
composition. Yellow perch, brown bullhead, spotfin shiners, green sunfish, and

pumpkinseed were all more common in wetlands with one of these structures
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than wetlands without. Finally, the growth of YOY banded killifish was slower in
wetlands with one or more of these structures.

Although this study did not measure wave or wind energy within the
different wetland areas, | hypothesize that sand bars, gravel bars and islands
serve to shelter the wetland areas from wave action. The dissipation of wind
energy through the presence of vegetation has been shown to result in changes
in water quality, turbidity, phytoplankton, epiphytic algae, zooplankton,
macroinvertebrates, and fish (Suzuki et al. 1995, Randall et al. 1996, Cardinale
et al. 1997, Cardinale et al. 1998). Several studies have documented decreases
in the cover of aquatic vegetation with increasing wave action. There was not a
statistically significant decrease in the amount of open water in wetlands that had
one of these structures (F 13 = 2.446, a= 0.142), however mean percent open
water in areas that lacked one of these structures was 58% while mean percent
open water in areas that had one of these structures was 33%.

Additionally, exposure to wave action has been shown to influence the
littoral fish community. This study documented large decreases in fish
abundance in wetlands that lacked a sand bar, gravel bar or island. In a study
comparing fish production in wetland areas in Lakes Ontario and Huron, Randall
et al. (1996) found that exposure to wind resulted in lower abundances of fish.
Randall et al. (1996) did not compare species richness or composition among the
wetland areas.

There was a considerable range in the number of islands, sand bars or

gravel bars located adjacent to the wetlands sampled, where only one structure
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was present at WigWam and Linwood, while 6 structures were present at Hog
Island. There was also a large difference in the total length of these structures
among wetland areas, ranging from 253 m to 2,173 m. The differences in the
number and size of these structures likely affects the impact they have on wind
and wave energy, with single larger structures providing the highest degree of
shelter from wave and wind energy. Multiple smaller structures may provide
some protection from wave energy while allowing for increased mixing and

interactions with offshore areas of Saginaw Bay.

Water Depth

The maximum water depth identified along sampling transects also had a
large impact on the YOY fish community, being present in 40% of the models
developed. Species that were more commonly present in wetlands with greater
maximum water depths included: brown bullhead, bowfin, longnose gar, and
common shiner. Wetlands that had areas with deeper water levels (>60 cm) had
higher species diversity and species evenness. The areas of deeper water likely
provided the YOY fish with refuges of cooler water temperatures and higher
dissolved oxygen levels during warm summer days, resulting in more diverse fish
communities.

Maximum water depth was correlated to the growth of YOY fish of two of
the four species examined; bluegill grew faster in wetlands where there were
areas of deeper water, whereas spottail shiners grew faster in wetlands where

maximum water depths remained quite shallow. According to Leslie and
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Timmins (1994), bluegill can be classified as phytophillic species, spending most
of their lives in close association with aquatic vegetation, whereas spottail
shiners are psammophils preferring sandy habitats. Because of their phytophillic
nature, bluegill are more likely to require areas of deeper water in close
association to the vegetation. They may have a higher dependence on nearby
deeper water refuges in times of low oxygen and extreme water temperatures.
Spottail shiners, on the other hand, may be more likely to temporarily leave
vegetated areas in search of better habitat conditions.

Water levels within the Great Lakes are cyclical in nature (Geis 1979,
Boutin 2000), and water levels within Saginaw Bay during the study period
averaged approximately 0.5 meters below the long term average. The
importance of having areas of deeper water is likely exaggerated during times of
low water levels. It is possible that during times of normal or high water levels,
habitat factors other than water depth would increase in importance in their
affects on the YOY fish community.

A review of the literature revealed few studies that have examined the role
of water depth in influencing the YOY fish community; with the exception of Keast
and Harker (1977) who found a steady decrease in fish abundance from an
average depth of 0.8 to 8 meters. Although not directly related to maximum
water depth, Benson and Magnuson (1992) found a change in species
composition with increasing depth gradient.

A few studies have compared fish abundance and diversity in relation to

water depth at larger spatial scales. For example, Chubb and Liston (1986)
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found highest densities of larval fish in shallow (<1 meter) vegetated areas of
Pentwater Marsh, Lake Michigan. Similarly, Keast et al. (1978) found that
vegetated areas < 2 meters deep had more diverse and abundant fish
communities compared to deeper areas of submersed vegetation, and adjacent
open water areas In Lake Opinicon. Finally, Bryan and Scarnecchia (1992)
documented a higher species richness and abundance of larval and juvenile fish
in wetlands areas with a mean water depth less than 1 meter compared to areas

with deeper water levels in Spirit Lake, lowa.

Habitat Complexity

Several studies have documented increases in the species richness and
diversity of littoral fish communities with increasing habitat complexity or habitat
heterogeneity (e.g., Benson and Magnuson 1992, Tonn and Magnuson 1982,
Eadie and Keast 1984, Leslie and Timmins 1994, Jenkins and Sutherland 1997,
Weaver et al. 1997). This study did not find a relationship between habitat
complexity and species richness or species diversity.

Habitat complexity did have an influence on species composition. Brown
bullhead, bowfin, and white suckers were more common in wetlands with low
habitat heterogeneity, while gizzard shad and sand shiners were more common
in wetlands with high habitat heterogeneity. Weaver et al. (1997) also found
vegetation patchiness to be important in determining species assemblages, with
some species increasing in abundance with vegetation patchiness, and others

decreasing in abundance.
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Habitat complexity was positively related to the growth of spottail shiners.
The faster growth rates with increased heterogeneity may be a result of the fact
that patchiness within vegetation provides prey fishes with a habitat in which
shelter is in close proximity to open spaces that harbor rich zooplankton food
resources. This reduces the amount of time and energy these fish need to spend
moving from areas that provide them with protection from predators to feeding

areas.

Importance of Regional Factors

In examining patterns of fish community assemblages in coastal wetland
and beach habitat in Green Bay, Lake Michigan, Brazner and Beals (1997) found
that fish abundance, species richness, and community composition were greatly
influenced by geographical region within the Bay. They found distinct species
assemblages in wetlands from the lower, middle and upper portions of the Bay,
with regional factors being more important than surrounding development
pressure, habitat related factors (e.g turbidity, conductivity, pH, macrophyte
cover), predation, or competition in determining the distribution of fish species
(Brazner and Beals 1997, Brazner 1997). Regional patterns were also seen in
the grouping of fish species utilizing coastal wetlands into assemblages in the
Canadian waters of the Great Lakes (Kelso and Minns 1996).

This study examined the impact of several regional factors (e.g., distance
from Saginaw River, distance to the outer bay, eastern or western shore of

Saginaw Bay) on the YOY fish community. Contrary to the results of Brazner
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(1997) and Brazner and Beals (1997), the regional factors examined in this study
did not have significant impacts on YQOY fish abundance. Additionally, no
significant relationships were found between these regional factors and species
diversity, species evenness, or fish growth. However, there was a significant
relationship between species richness and distance to Saginaw River. Species
richness was higher in wetland areas located closer to Saginaw River, and
species richness decreased with increasing distance from Saginaw River.
Regional factors also appeared to have an impact on species composition, with
different fish communities associated with the eastern compared to the western
shore of Saginaw Bay. Gizzard shad, green sunfish, sand shiners, and yellow
perch were more common in wetlands on the eastern bank, while white suckers,
rock bass, and bowfin were more common in wetlands on the western bank of

Saginaw Bay.

Future Research Needs

The presence of a structure such as an island, sand or gravel bar within a
wetland area had a large impact on YOY fish abundance, species richness, and
community composition. These structures may be important because they help
to shelter the wetland and the YOY fish community from damaging wave and
wind energy. However, more research is needed in determining why these
structures had such a positive effect on the YOY fish community, if they have a

significant effect on wind and wave energy, and if they may help deter larger
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predatory fish from entering the wetland environments, and thereby improve the
value of the wetland for YOY fish.

There was a high degree of similarity in the types of species that
dominated the YOY fish community in the wetlands sampled in Saginaw Bay, as
compared to the YOY fish community sampled in other wetlands throughout the
Great Lakes. Additionally, species richness in Saginaw Bay was within the range
of species richness identified for other Great Lakes’ coastal wetlands areas. As
a result of this similarity in species composition and richness, it appears that the
YOY fish community within Saginaw Bay can be considered representative of a
typical YOY fish community of Great Lakes wetlands. Further research is
necessary to determine if the patterns identified in this study between habitat
characteristics and the YOY fish community can be applied to other wetland
areas within the Great Lakes.

Many of the coastal wetland habitats along the Great Lakes are under
pressure from development, resulting in degraded water and habitat quality. In
order to understand how alterations in coastal wetland systems may influence
young of the year recruitment, there is a need to first identify habitat
characteristics that may influence YOY community attributes, species
composition, and growth rates of YOY fish. This study identified several habitat
characteristics that can influence the YOY fish community. However, further
research is necessary to determine how these relationships may differ as a resulit
of changes in surrounding land use, development pressure, and human activity in

the vicinity of these wetland environments.
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Finally, the success of YOY fish within wetland environments is influenced
by characteristics of the wetland as a whole, such as those investigated in this
study. However, the distribution of YOY fish is not uniform within a wetland, and
the success of YOY fish is likely also impacted by within wetland characteristics,
such as the types of vegetation habitat available, wetland productivity, and water
quality. Future research is needed on how these characteristics may influence

YOY fish recruitment.
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CHAPTER 2: EFFECT OF COASTAL WETLAND MICROHABITAT
CHARACTERISTICS ON THE DISTRUBUTION OF YOUNG
OF THE YEAR FISH IN SAGNINAW BAY, LAKE HURON
ABSTRACT

Although coastal wetlands are important habitat for early life history stages
of many fish species, little is known about how wetland habitat characteristics
affect the distribution of young of year (YOY) fish. This study examined the
relationship between wetland habitat characteristics and the distribution of four
fish species: bluegill, banded killifish, yellow perch, and spottail shiner. Changes
in habitat preferences as YOY bluegill and yellow perch increased in size and
comparisons in habitat preferences between resident and transient wetland
species were also examined. A 1-m? throw trap was used to sample the
distribution of YOY fish within four coastal wetlands in Saginaw Bay, Lake Huron.
The number and size of YOY fish, microhabitat characteristics, and adjacent
habitat conditions were recorded for each sample. Logistic regression analysis
was used to model relationships between the distribution of YOY fish and
microhabitat characteristics. Water depth, vegetation type, and water
temperature were the most influential characteristics in predicting the distribution
of YOY fish. This study did not identify differences in the habitat preferences of
YOY bluegill or yellow perch of different size classes. A difference in the types of
microhabitat characteristics that were important to resident and transient YOY
fish was observed. The presence or absence of resident wetland species
(bluegill and banded killifish) was correlated with physical habitat structure such

as the type of vegetation present, while the presence or absence of transient
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wetland species (yellow perch and spottail shiner) was correlated with variations

in water quality.

63



INTRODUCTION

Coastal wetlands play an important role in Great Lakes ecosystems, and
their ecosystem values have been altered and likely compromised by a variety of
human influences (Krieger et al. 1992). Among the important but poorly defined
values of coastal wetlands is the spawning and early life history habitat that they
provide to Great Lakes fishes (Jude and Pappas 1992). Coastal wetlands
provide juvenile fish with many benefits including rich food resources and
protective cover. This cover reduces the visibility of small fish by providing many
places for these fish to hide from predators, and reduces the maneuverability of
larger fish (Savino and Stein 1982, 1989, Wemer et al. 1983a,b, Mittelbach 1986,
Gotceitas and Colgan 1987, Wemer and Hall 1988, Gotceitas 1990a,b, Heck and
Crowder 1991, Carr 1994). Coastal wetlands also provide young fish with rich
zooplankton and macroinvertebrate food sources (Rozas and Odum 1988,
Turner 1988, Cardinale et al. 1998).

Alteration of coastal habitats affects the abundance and composition of
fish populations that use these habitats (Poe et al. 1986, Leslie and Timmins
1994, Minns et al. 1994, Brazner 1997, Brazner and Beals 1997, Johnson et al.
1997, Duffy and Baltz 1998). The destruction and degradation of coastal
wetlands throughout the Great Lakes over the past 200 years have coincided

with major changes in the fisheries of the Great Lakes (Krieger et al. 1992).
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In order to quantify the impact of habitat alterations on fish populations,
there is a need to identify habitat attributes that determine the use of Great Lakes
wetlands by fishes. Understanding which habitat characteristics are important to
the success of young of the year (YOY) fish can lead to better informed decisions
on the management, protection, and restoration of coastal habitat and the Great
Lakes fisheries that depend on these habitats.

Several authors have called for more information on the nursery function
of Great Lakes coastal wetlands (Herdendorf et al. 1986, Jude and Pappas
1992). This study focuses on the role of coastal wetland areas as early life
history habitat for juvenile fish rather than larval fish or spawning habitat for two
reasons. First, juveniles have the ability to select habitats, whereas habitats for
larval fish are based more on spawning habitat selection by adults and water
currents. Additionally, in an examination of potential impacts of habitat alteration
on northern pike, Esox lucius, recruitment in a Lake Ontario coastal wetland,
Casselman and Lewis (1996) concluded that the use of wetlands as early life
history habitat plays a more critical role than use of wetlands as spawning habitat
in determining year class strength.

Secondly, in freshwater systems, it has been suggested that the growth
rate of fish in their first year of life is critical in determining their overwinter
survival and ultimately year class strength (Houde 1994). Fish recruitment can
be increased by enhancing the survival and growth of juvenile fish within their
early life history habitats (Rothschild 1986, Baltz et al. 1993). However, little is

known about how environmental factors influence habitat selection by juvenile
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fish. At the microhabitat level, the habitat preferences of an individual species
should be influenced by their ability to forage, grow, and avoid predation (Baltz et
al. 1993). Optimal foraging theory predicts that young fish should choose habitat
patches that maximize energy intake per unit time, because growth rates,
particularly in the first year, must be maximized to increase likelihood of survival
to breeding age (Post and Prankevicius 1987, Tonn and Paszkowski 1987). But
there is a trade-off between the increased protection from predation and
decreased foraging efficiency in areas of increased habitat structure. As a result,
a fish should choose the environment that allows them to minimize the predation
risk/foraging rate ratio (Wemer and Hall 1988, Gotceitas 1990b).

Much of the recent work that has increased our understanding of coastal
wetland influences on Great Lakes fish species has used artificial substrates
(e.g. Petering and Johnson 1991), was conducted at a coarse spatial scale of
resolution (e.g. Jude and Pappas 1992, Brazner 1997), or in a controlled
mesocosm setting (e.g. Dionne and Folt 1991). Each of these methods has
unique advantages and disadvantages. For example, the use of artificial
substrates has the advantage of being able to control vegetation characteristics
such as plant density and leaf surface area; however this may not present the
same biological situation to juvenile fish as natural vegetation due to changes in
food density between artificial and natural stands of vegetation. Using a coarse
spatial scale of resolution has been shown to be beneficial in determining the
relative importance of wetland habitat compared to other littoral zone

environments; however, it lacks information on the specific attributes of wetlands
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that attract fish. The use of mesocosms has been beneficial in demonstrating
changes in the behavior or growth of fish with changes in vegetation density or
structure. However, the nature of mesocosms limits the diversity of habitat
patches available to an individual fish. This study built upon these previous
efforts by quantifying relationships between the presence or absence of juvenile
fish in the field and microhabitat characteristics, where the microhabitat of an
individual fish is defined as the place where that individual is located at a point in
time (Baltz 1990).

The goal of this study was to increase understanding of how wetland
microhabitat characteristics influence the distribution of juvenile fish. Specific
objectives of this study were to 1) determine which microhabitat characteristics
are related to the presence or absence of juvenile fish from four different species,
2) determine if habitat preferences change as YOY fish increase in size, and 3)
determine if the same habitat characteristics are important to resident and
transient wetland fish species. Distribution patterns of four fish species were
investigated: bluegill, Lepomis macrochirus, banded killifish, Fundulus
diaphanous, yellow perch, Perca flavescens, and spottail shiner, Notropis
hudsonius. These species were chosen in part because they are abundant
within Saginaw Bay. These species also represent a combination of resident
wetland species (bluegill and banded killifish)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>