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ABSTRACT?®

The inaugural statef-thelake report forLake Erie was
published in 2004overing information collected largely
through 2003. This second statkthelake report uses
information collected in 2002008 to assess progress
toward meeting fish community objectives (FCOs)
established by the Lake Erie Committee (LEC) of the Great
Lakes Fishery Commission. The LEC, comprised of
representatives of fisheri@sanagement agencies from the
five jurisdictions bordering the laBeMichigan, New
York, Ohio, Ontario, and Pennsylvadiaestablished fish
community goals and objectives in 2003 &fhcoordinate
and guide agency efforts for collective fishery benefits. The
goals call for having mesotrophic and oligotrophic
conditions in Lake Erie with halaits that support balanced,
well-functioning fish communities for the benefit of
associated fleeries. The first goal is that mesotrophic
waters in the western basin, central basin, and nearshore
eastern basin should have a ewamlter fish community
with walleye Sander vitreusas a key predator. A second
goalis that oligotrophic waters afhore i the eastern basin
should have a coldiater fish community with lake trout
(Salvelinus namaycushand burbot l(ota lota) as key
predators. Achievement of these goals is predicated on
progress toward 13 objectiveaimed at having suitable
environmental coditions and habitats to support key
predators and their prey, interacting through a -well
functioning food web to sustain valuable fisheries in all
five jurisdictions. As of 2008, none of 13 FCOs were
deemed fully attained. Seven FCOs that addressed

3Complete publication including map of place names, other chapters, scientific fish
names, and references is availadtlbttp://www.glfc.org/pubs/SpecialPubs/Spl17_01.pdf
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ecosygem conditions, various habitats, contaminants, and
genetic diversity of fish stocks were considered partially
achieved. Six FCOs that addressed bapiecific
sustainald harvests of fish stocks, foeeeb structure,
productivity and fishery yield, and pextion of rare fish
species were mostly achieved. One rare fish species, lake
sturgeon Acipenser fulvescej)s showed signs of
improvement in Lake Erie during 20@9€08. The average
annual fishery yield (14.4 million kg) from highalue
species durin@0042008 was above the lower end of the
LECO6s fish commuarvidtifionad.j ecti ve (13.

Fish community goals for mesotrophic and oligotrophic
areas were partially met in 20@9008. The coeWater fish
community persisted with walleye as the top dater
lakewide and was generally stable (if not improving) in the
mesotrophic nearshore of the eastern basin. However, in the
eutrophic western basin, shifts in the fordigl
community and recruitment patterns for all piscivorous
fishes portrayed an ineasingly unstable food web.
Improvements in environmental conditions through
management of phosphorus loads into the western basin
and continued habitat restoratiane needed to fulfill the
fish community goal. In the eastern basin, the avéder

fish canmunity experienced generally suitable oligotrophic
conditions. Lake trout abundance was low and well below
rehabilitation targets but slowly improving, and natural
recruitment was not detected. Burbot abundance was high
but declining due to failing recrment. Lake trout and
burbot suffered high mortality from sea lamprey
(Petromyzon marings Coldwater predators were
dependent on abundant rainbow smélsrherus mordgx
emerald shiner Notropis atherinoidgs and round goby
(Neogobius melanostomus the absence ddiporeia spp,

and cisco Coregonus artedi Restoration of a naturally
reproducing and abundant lake trout population and
improved recruitment of burbot are needed to fulfill the



cold-water fish community goal. Cisco restoration also
would improve foodweb functionality but may require low
abundance of rainbow smelt.

Management efforts to address recommendations from the
first stateof-thelake report include several key
accomplishments during 20@008. Environmental
objectives in support othe fish community goals and
objectives were drafted by the LEC in 2005 and provide
priorities for habitat protection and improvement that
would benefit fish communities andslieries. A new
walleye fisherymanagement plan was developed by the
LEC to impove management responses to population
changes. Efforts continued to improve percid stock
assessment models and research was initiated to determine
new methods for identifying discrete percid stocks. Lastly,
the LEC created a new position statement related
changing water levels and began work on a position
statement for offshore wind power, an emerging issue.

The LEC remains committed to achieving fish community
stability through managemeénfipromoting healthy stocks

of top predators, minimizing impact®fn invasive species,
and protecting and/or restoring important coastal nearshore
and tributary habitats. Emerging issues of concern include
hypoxia, fish health and diseases, wipdwer
development, and increases in dissolved reactive
phosphorus that havprecipitated harmful algal blooms.
Priorities for the next five years are:t(l) work with
parhers to reduce phosphorus loa@;understad the risk
from potential windpower initiatives to shared fisheries;
(3) address halit priorities in the lake dsin; (4) support
research on percid stock discrimination, movements,
recruitment, and mechanisms affecting food webs and fish
comrmunity structure in each basi(b) supportaggressive
sea lamprey control to attain targets for adult lamprey
abundanceand lake trout marking rates(6) develop a



rehabilitation plan for ciscd7) develop sustainable harvest
policies on walleye and yellow perch stocks that meet fish
community goals andbjectives and stakeholder needsd

(8) explore opportunities to improvdish habitats in
connecting corridors (St. Claibetroit River system and
upper Niagara River).



INTRODUCTION TO STATE OF LAKE ERI E
2009

James L. Markham® and Roger L. Knight

This report is an assessment of the state of Lake Erie from 2004 through

2008, updating a previous assessment through 2003 (Tyson et al. 2009). We

begin with a brief review of important physical and biological attributes of

the lake that support its diverse fish communities. These attributes underlie

management of fisheries onsfh st ocks shared among Lake Er|
jurisdictions (four states and one provinEgg. 1) andserve as the basis for

the fish community goals and objectives (Ryan et al. 2003) of the Lake Erie

Committee (LEC) of the Great Lakes Fishery Commission. Wewowith

a description of status and trends of par an
objectives and a synthesis of progress toward the goals of the LEC ending by

identifying emerging issues and priorities for the next assessment period

(20092013).

Lake Erieis the shallowest angouthermost Laurentian Great Lake, with

three distinct basins (western, central, and eastern) that differ in shape,

depth, hydrology, and biological productivitgege Fig. 1 for location of all

place names Although Lake Erie overhlis considered mesotrophic

(moderate biological productivity), some areas in the shallow western basin

are fAeutrophi c gand muchgdithepdeap cdasterh bagin is y )

Aol igotrophico (1 ow pr entalbasini waters y ) . Producti\
geneally follows a gradient between the western and eastern basins

“Complete publication including other chaptesnd references is availablat
http://www.glfc.org/pubs/SpecialPubs/Sp17_01.pdf

®J.L. Markham . New York State Department of Environmental Conservation, Lake Erie
FisherieResearchunit, 178 Point Dr., Dunkirk, NYL4048 USA.

R.L. Knight. Great Lakes Fishery Commissj@100 Commonwealth Blvd., Suite 100
Ann Arbor, M1481081563,USA.

SCorresponding authgemail:james.markham@dec.ny.dgov
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declining from west to east. Productivity also decreases from shallow
inshore areas to deep offshore areas in all basins.

Variation in physical features and biological productivity within antbng

the basins of Lake Erie affects fish ecology and community diversity, stock
structure, behavior (movements), and ultimately how fisheries are managed
(Ryan et al. 2003; Tyson et al. 2009). Generally, mesotrophic areas of Lake
Erie support coeWater fish communities of walleye, yellow perch,
smallmouth bass, northern pike, and muskellunge, with aragéd shiner
forage basesge Table 1 for common and scientific names of fishes).
Hexageniamayfly populations are sentinels of mesotrophic conditions i
Lake Erie (Edwards and Ryder 1990). Eutroptdcea fish communities are
characterized by black basses, white perch, white bass, channel catfish,
freshwater drum, and a prey base dominated by gizzard shad afid age
spiny-rayed fishes (yellow perctwhite perch,white bass, and freshwater
drum). Oligotrophic areas sustain celdter salmonids (lake trout, lake
whitefish, steelhead, isco) and burbot with a foragesh community
dominated by naturalized rainbow smelt, safgjed shiners, and,
historically, cisco. Deewater amphipod®Diporeia spp., an indicator of
healthy oligotrophic food webs, are no longer found in Lake Erie (Barbiero
et al. 2011). Lake sturgeooccupy nearshore areas across the |dke
remain rare. Nearshore fish communities tend to organize around dynamic
coastal habitats, such as wetan bays, rivers, and estuarieshereas
offshore fish communities are strongly influenced bgrtimal stratiication,
dissolvedoxygen levels, bottom structure (reefs), and circulation patterns
(gyres). Repeatability and persistence of key spawning and nursery habitats
over time have supported stock formation for several -liajhe species
(walleye, ydow perch,and lake whitefishivhose movements within and
among basins provide fisheries benefits to multiple jurisdictions through
coordinated management.

Fig. 1.Map of Lake Erie showing the eastern and western basins, twoasuis
of the central basin, inteational boundary line, various municipalities and
landmarks, and selected tributaries (italics), as referenced in the text.
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Table 1.A list of common and scientific names of indigenous and introduced

fishes and invasive species used in thioreAllsos hown i s e@dech speciesb
in the Lake Erie food web aslaltsand its current use by fisheries (commercial,

recreational, both, or protected). Indigenous fishes that have been extirpated are

S0 noted.

Common Name Scientific Name Role in Food Web Fishery Use

Indigenous Fishes

Black basses Micropterusspp. Nearshore Recreational
omnivores

Blue pike Sander vitreus Piscivore Extirpated

glaucus

Burbot Lota lota Benthicpiscivore Both

Channekatfish  Ictalurus punctatus Nearshore Both
omnivore

Cisco Coregonus artedi Pelagicplanktivore  Protected

Emeraldshiner  Notropis athernoides Pelagicplanktivore Commercial
Freshwatedrum Aplodinotus grunniens Benthicomnivore  Both

Gizzard shad Dorosoma Pelagicplanktivore Commercial
cepedianum
Lakesturgeon Acipenser fulvescens Benthicomnivore  Protected
Laketrout Salvelinus namaycust Offshorepiscivore  Recreational
Lakewhitefish Coregonus Benthicomnivore ~ Commercial
clupeaformis
Muskellunge Esox masquinongy  Nearshor@iscivore Recreational
Northernpike Esox lucius Nearshorgiscivore Recreational
Sauger Sander canadense Nearshoreiscivore Extirpated
Shiners Notropisspp. Planktivore Commercial
Smallmouthbass Micropterus dolomieu Benthicomnivore  Recreational
Troutperch Percopsis Benthicplanktivore None

omiscomaycus




Table 1, continued

Common Name Scientific Name Role in Food Web Fishery Use
Walleye Sander vitreus Piscivore Both
White bass Morone chrysops Pelagicpiscivore Both
Yellow perch Perca flavescens Benthicomnivore  Both

Introduced Fishes

Commoncarp Cyprinus carpio Benthicomnivore =~ Commercial
Rainbowsmelt  Osmerus mordax Benthicplanktivore Commercial
Steelhead Oncorhynchus mykiss Pelagicomnivore Recreational

Invasive Species

Alewife Alosa pseudoharengu Pelagicplanktivore none

Quaggaand Dreissenaspp. Benthicplanktivore N/A

zebra mussels

Roundgoby Neogobius Benthicomnivore  None
melanostomus

Tubenoseyoby  Proterorhinus Benthicomnivore  None
semilunaris

Sealamprey Petromyzon marinus Pelagicpiscivore None

Spinywater flea Bythotrephes Pelagicplanktivore  N/A
longimanus

White perch Morone americana Pelagicomnivore Both

Other factors that have affected the capacity of the Lake Erie ecosystem to
support desired fisheries includegiadation ofhabitats and ovéshing,

both of which contributed to the loss of native fish stocks (Ryan et al. 2003;
Tyson et al. 2009). Spawning and nursery habitats in rivers, estuaries,
wetlands, and nearshore coastal areas are most affected by human activities.



Lost stocks of lake trout, walleye, cisco, lake whitefish, blue pike, sauger,
and lake sturgeon are attributed in large part to declining recruitment due to
degradation of critical habitats for reproduction. Fisheries responded to
declining catches by incrsimg efbrt and switching to other moabundant
species, which also contributed to stock collapses. Several populations of
indigenous species (blue pike, sauger, and lake trout) never recovered from
these stressors or persist only as remnant populatmaso(and lake
sturgeon) that remain unavailable to current fisheries. Habitat and fish
community responses to anthropogenic stresses are useful indicators of
ecosystem condition.

During 20042008, just as in the past 40 years, Lake Erie commercial and
reaeational fisheries targeted primarily walleye and yellow perch, and
secondarily, various other native species (e.g., white bass, freshwater drum,
lake whitefish, and channel catfish) and n@tive species (e.g., rainbow
smelt, common carp, and white plexc Quota management of inter
jurisdictional fisheries continued for a large walleye stock that spawns in the
western basin but moves throughout the lake. Coordinated-gimta)
management continued between @it and New York on an eastepasin
walleye population that is smaller and less migratory than the western stock
(Kutkuhn et al. 1976LEC 2004; Tyson et al. 2009). A new plan was
implemented by the LEC in 2005 to guide quota management primarily on
the westerfbasin walleye stock (Locke et al. Z)0The LEC also continued
guota management for four recognized stocks diioweperch (western
basin, west central basin, eashtral basin, and eastern basin). Annual yield
of primary and secondary species from Lake Erie fisheries averaged 16.1
million kg during 20042008 with percids comprising 433% of yearly
totals.

The LEC, comprised of repsentatives of fisheriemanagement agencies

from Michigan, New York, Ohio, Ontario, and Pennsylvania, has two broad

goals:(1 ) ito secur e antlybcaolwatardigh dgmmymitye d o mi n a
with walleye as a key predator in the western basin, central basin, and the

nearshore waters of the eastern basin, characterized bgusglfning

indigenous and naturalized species that occupy diverse habitats, provide

valuable fisheries, and reflect a healthy ecosysiema(dd At o secure a
predominantly colewater fish community in the deep, offshore waters of the

10



eastern basin with | ake trout and burbot as
Achievement of these goals dems on progress towartl3 objectives

(Table 2)aimed at having suitable environmental conditions and habitats to

suppot key predator and prey speciageracting through a weflnctioning

food web to sustain valuable fisheries in all jurisdictions endke.

Table 2. Fishcommunity objectives of the LakeriE Committee (Ryan et al.
2003 and an assessment of their achievement during the 28! reporting

period.

Component Fish Community Objective Assessment
Ecosystem Maintain mesotrophic conditions (DO g A | Partially
conditions phosphorus) that favor a dominance of ec achieved

water organisms in the western, central,
nearshore waters of the eastern basins; sun
water transparencies should range frofh &
(9.7516.25 ft) in mesotrophiareas.

Nearshore Maintain nearshore habitats that can suppori Partially

habitat high-quality fisheries for smallmouth bass,  achieved
northern pike, muskellunge, yellow perch, an
walleye.

Riverine and  Protect andestore selsustaining, stream Partially

estuarine spawning stocks of walleye, white bass, lake achieved

habitat sturgeon, and rainbow trout.

Fish habitat Protect, enhance, and restore fish habitat Partially
throughout the watershed to prevent achieved
degradation and foster restoratiorttod fish
community.

Contaminants Reduce contaminants in all fish speciesto  Partially
levels that require no advisory for human achieved
consumption and that cause no detrimental
effects on fiskeating wildlife, fish behavior,
fish productivity, and fislmeproduction

11



Table 2, continued

Component Fish Community Objective Assessment

Western basin Provide sustainable harvests of walleye, yelll Mostly
perch, smallmouth bass, and other desired achieved
fishes.

Central basin  Providesustainable harvests of walleye, yellc Mostly
perch, smallmouth bass, rainbow smelt, achieved
rainbow trout, and other desired fishes.

Eastern basin  Provide sustainable harvests of walleye, Partially
smallmouth bass, yellow perch, whitefish, achieved
rainbow smelt, lake @ut, rainbow trout, and
other salmonids; restore a ssifstaining
population of lake trout to historical levels of
abundance.

Genetic Maintain and promote genetic diversity by  Partially

diversity identifying, rehabilitating, conserving, and/or achieved
protecting locally adapted stocks.

Rare, Prevent extinction by protecting rare, Mostly

threatened, anc threatened, and endangered fish species (fol achieved

endangered example, lake sturgeon anidcg and their

species habitats.

Forage fish Maintain a diversity of forage fishes to suppc Mostly
terminal predators and to sustain human use achieved

Foodweb Manage the foodveb structure of Lake Erie t¢ Mostly

structure optimize production of highly valued fish achieved
species; recognize the impance oDiporeia
andHexageniaas key species in the food wek
and as important indicators of habitat
suitability.

Productivity Secure a potential annual sustainable harves Mostly

and yield 13.6:27.3 million kgs (3860 million Ibs) of achieved

highly valued fish

12



In the chapters that follow, we examine recent changes in environmental

conditions that affect habitats and food webs in the various basins of Lake

Erie and cause detectable responsefisincommunities and fisheriess a

means of evaluating the LEC6s fish community
20042008. We also identify emerging issues of concern to the LEC and

their priorities for attention over the next reporting cycle (22093).

13



ENVIRONMENTAL CONDIT IONS®

James L.Markham’, Jeffrey T. Tyson, Elizabeth Trometer, and
Timothy B. Johnson

Background

Changes to the trophic status of Lake Erie sincesptdement times have
been welldocumented. Excessive nutrient enrichment from a variety of
sources during the 1950s ai®60s (Burns and Ross 1972) moved the
western basin from mesotrophic to hyeertrophic, the central basin from
mesotrophic to eutrophic, and the eastern basin from oligotrophic to
mesotrophic (Ryan et al. 2003). By 1970, the eerichment of phosphorus
stimulated excessive production of samce algae, which caused basde
anoxia (Beain 1969) that affected drinkingater supplies, recreation, and
fish communities. In 1972, the Canddes. Great Lakes Water Quality
Agreement established phosphorusilozanagement in Lake Erie to control
algal abundance and anoxic conditions in the central basin. Annual goals for
total phosphorus (TR)oads wer e set atlwthispiBgD0 metric tons

SComplete publication including map of place names, other chapters, scientific fish
names, and references is availablbtgd://www.glfc.org/pubs/SpecialPubs/Sp17_01.pdf

3.L. Markham . New York State Department of Environmental Conservation, Lake Erie
FisheriesResearctunit, 178 PoinDr., Dunkirk, NY 14048, USA.

J.T. Tyson. Ohio Depannent of Natural Resourcg@Division of Wildlife, Sandusky
Fisheries Researdbinit, 305 E. Shoreline Dr., Sandusky, OH 44838A.

E. Trometer. U.S. Fish and Wildlife Service, 4401 North Fairfax ,DRoom 520,
Arlington, VA 22203 USA.

T.B. Johnson Ontario Ministry of Natural Resourceand Forestry Glenora Fisheries
Station, 41 Hatchery Lane, PictonN®&OK 2T0, Canada

7Corresponding authdgemail: james.markham@dec.ny.gov
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concentrati 6nsn dfhelwe®gAdtn "foatkd n and 10
central and eastern basins (Dermott et al. 1999; Ryan et al. 2003). Improved

wastewater treatment and modified laumgk practices reduced TP loadings

55% by the midl980s, and spring TP concentrations in the central basin

aver aged*durh®19881%2L(Neilson et al. 1995). The Lake Erie

fish community, especially walleyand yellow perch populations, responded

positively to these changes beginning in the late 1970s and continuing

through the late 1980s, although the mechanisms for the gositbponses

were not clear (Knight 1997).

The arrival ofDreissenaspp.(quagga and zebra mussels)1987 and their
subsequent expansion throughout the lake brought further changes to the
Lake Erie ecosystem, including increases in water clarity, declimes
chlorophyll a, and the alteration of rockyottom areas used by fish for
spawning (Leach 1993; Nicholls and Hopkins 1993). Phytoplankton biomass
declined 6836% (Makarewicz 1993; Johannsson and Millard 1998),
primary production declined 225% (Millard et al. 1999), and energy flow
shifted from the pelagic to the benthic food web (Ryan et al. 2003). By the
late 1980s, the combined effects of TP load managemerd@iskenaspp.
proliferation caused the western basin to return to a mesotrophic st&e whi
the central basin became oligotrophic (Bertram 1993), which was
unfavorable for percids (Ryan et al. 2003). The eastern basin became ultra
oligotrophic periodically in the 1990sadversely affecting yellow perch
(Charltan 1994; MacDougall et al. 200but benefiting lake whitefish and
burbot. Dreissenaspp. biomass generally stabilized in most areas of Lake
Erie by 2002 (Patterson et al. 200%rhaps because of predation by native
fishes (freshwater drum and yellow perch) and invasive round goby.

In 199, the Lake Erie Forage Task Group of theke Erie Committee
(LEC) initiated a lower trophidevel assessment to aid scientists and
fisheries managers in evaluating changes in the ecosystem. As recommended
by Tyson et al. (2009), the assessment has agdithrough 2008 and is
likely to continue for the foreseeable futurEhe assessment consists of
biweekly sampling from May through September at three offshore and three
inshore stations per basin to collect water temperatlissplved oxygen

(DO), light level, water transparency, total phosphorus, chloropayll
phytoplankton, zooplankton, and benthos. Following, we present data
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summaries for several of these lower trophic parameters and relate them to
targets established lifje LEC under their ExsystemConditions Objective
(Ryan et al. 2003

Hypolimnetic Dissolved Oxygen

The concentration of DO in the hypolimnion (bottom layer of water below

the thermocline) is an important component of fish habitat and an indicator

of ecosystem health. Low (<thg A)LDO is stressful to fish and other

aquaic organisms, and hypoxic 4 md)ALor anoxi®x (<1 mgAlL
conditions can be lethal. Given the bathymetry of the lake, low DO is
common only in the central basivhere thermal stratification occurs within

a couple meters of the lake bottom leaving a thin hypolimnion with limited
oxygen storage capacity due to its low water volume (Burns and Ross 1972).

In the shallow western basin, mixing of the water column by wind generally
prevents thermal stratificatiopmnd DO r e maT. nnsthe ddep mg A L
easten basin, DO is rarely limitinggwing to a thick (>20 m) hypolimnion

with ample oxygen storage capacity.

Levels of hypolimnetic 'DOakegkiedaring| |y exceeded
JuneAugust of 20042008, but hpoxic conditions were detected annually

in the central basirfFig. 2). Compared to 1992003, low DO was less

evident in the western andastern basins during 20@008 but more

prevalent in the central basin, particularly in 22D07.

Fig. 2.Dissolvedo x y gen ( DO) c o n‘cnean bottoe tatiofishose ( mg A L
sites in the western, central, and eastern basins of Lake Erie duringugunst,

19992 008. The hor i Z'marksthé concéntmation betow whicimg A L

DO limits the distribution of rany temperate freshwater fishékake Erie

Forage Task Group data
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Phosphorus

Concentrations of TP in the open waters of Lake Erie generally reflect the
availability of nutrients to phytoplankton and overall biological productivity.
Phosphorushould rang from 102 0 & gnAniesotrophic areas and1®

O g Aih oligotrophic areas to support desired fish communities in Lake Erie
(Leach et al. 1977; Ryan et al. 2003). Average annual TP concentrations
e x c e e de d'in2he wedtgrd hasin dmg 19992008jumping sharply
after 2002 f r'otno aabboouutt' d@daq niajybi P003
2008 (Fig. 3) placing the western basin within the eutrophic range4@0

O g A)LSampling stations in the Maumee and Sandusky River plumes in the
open lake producedypere ut r ophi ¢ | ev e l™s Degpite TP
stable loading of TP to the western basin during 280@8, a higher
proportion of phosphorus was indissolved reactive phosphorus (DRP)
form, which is more readily available for algal uptake than pdatietoound
forms (see Progress, Emerging Issues, and Priorities chiaptée full
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repor). The higher proportion of DRP caused harmful algal blooms
throughout the westerbasin in 2004, 2005, and 200dth particularly
extensive blooms in 2007 and 20Q&ke Erie Nutrient Science Task Group
2009; Joosse and Baker 2011). Reasons for increased DRP loads include
increased runoff from spring storms, changes in agricllpregtices, high
winds that resuspend nutrients from lake sediments, and recycling of

nutrients byDreissenaspp. (Reutteet al.2011).

Fig.3.Mean tot al phosphor us)weighedby menthc ent rati ons
in Lake Erie at offshore sites in the western, central, and eastern basins and at

inshore sites in the eastern basin duringedAigust, 19992008. Shaded areas

show the range of TP concentrations in the targeted trophic class for each basin

according to Leach et al. (1971)ake Erie Forage Task Group data
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Although the marked increase in TP that occurred in the westernwasin

not as evident in the central and eastern basins, mean concentrations of TP
more than doubled between 1999 and 2008 in both of these basins (Fig. 3).
Centralbasin TP levels increased during 198803 but remained within

102 0 G qddithen hoveredaround 152 5 & drdni 2004 to 2008.
Unusually large phosphorus loads from a-y@@ar flood event on the Grand

River in Ohio elevated TP concentrations in 2006. Nearshothe eatern

basin, TP ranged fromt61 5 GgAd was *inméstydas ffom

1999 to 2008, with the highest valuecoming in 2008. In the eastern
basinés of f shor econeceatrations sangedafiom®d@e TP
OgAL with the exception of 2008 when

The west to east phasing of the rise i doncentrations suggests a time
lagged gradient of response to major tributary inputs. Marked increases in
TP from 2002 to 2003 in the western basin were expressed one year later in
the central basin and offshore eastern basin and about five years ldier i
inshore eastern basin.

Transparency

Water transparency measured with a Secchi disk (here8ftechi depth)
should range from 3 to 6 m in mesotrophic areas and >6 m in oligotrophic
areas to support desired fish communities and production in Lake Er
(Leach et al. 1977; Ryan et al. 2003). Secchi depth is limited by suspended
sediment and algal turbidityhe relative composition of each affects the fish
community differently. Doubling the Secchi depth value provides an
approximation of the photic zmwhere pelagic algal production occurs.

Trends in the mean Secchi depth from summer 98B varied among the
basins Fig. 4). In offshore westernbasin waters, mean Secchi depth
fluctuated around 2 m with no trend and was less than the mesotroglic tar
range over the entire decade. Meat@i depth in offshore centrbhsin
areas was-% m with no trend during 1998008. In nearshore eastern basin,
mean Secchi depth oscillated between mesotrophic and oligotrophic
condtions during most of 1992008 with only two years (2004, 2008)
clearly falling within the mesotrophic range. Mean Secchi depth in offshore
easterrbasin waters ranged between 6 and 7 m during -2894 and
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between5 and 8 m during 2002008 but was near or deeper than the
oligotrophicthreshold (>6 m) for all years except 2004 and 2008.

Fig. 4. Mean Secchdepth(m) weighted by montin Lake Erie abffshore sites
in the western, central, and eastern basins and ladrimssites in the eastern
basinduring JuneAugust 19992008. Shadedreas show the range of Secchi
depth in the targeted trophic class for each basin according to Leaclilé7a)
and Ryan et al. (2003).éke Erie Forage Task Group data
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Trends in Secchi depth coarsely tracked changes in phosphorus levels that
affected algal production throughout the lake during 12008. Secchi
depth was consistently lowest iretlvestern basiwhere annual summer TP
concentrations far exceeded the mesotrophic threshold over the entire
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decade, and was highest in the eastern habsre TP targets were more
often met. However, mean Secchi depth remained stable and within the
mesotrophic range ovée decade in the central badiespite TP levels that
exceeded mesotrophic status in most years after 2003. Whereas algal
production waglriven by TP loadings that varied among the basins, Secchi
depth was also affected by wind patterns, sediment turbidity, and the
removal of suspended particles by fifeeding of Dreissenaspp., which

may account for discordance of trends between Sesgth and TP levels

over the decade in any basin.

Progress: Ecosystem Conditions Objective

Lower trophiclevel assessments indicate changing ecosystem conditions in
Lake Erie between 1998003 and 20042008. Phosphorus concentrations
increased in all bass between the two periods, exceeding the mesotrophic
target (162 0  &)yiA bffshore western and centtsdsin waters, and
oligotrophic status @& 0O By AL offshore easterhasin  waters.
Phosphorus concentrations increased into the mesotrophic chmgey
20042008 in the nearshore eastern basin. Recurring cyanobacteria blooms
occurred during 2082008 in the western basimhere TP concentrations
were the highest of any basin. Summer water transparency (mean Secchi
depth) was consistently shallowan the mesotrophic range-§3n) in the
western basin during 1922008 but within the mesotrophic range in
offshore central and eastdpasin areas for all years except 2008. Mean
Secchi depth in nearshore eastérasin waters changed from oligotrophic t
mesotrophic status during 20@808. Low DO was more prevalent in the
central basin during 2062008 than during 1992003 but was less evident

in the other basins.

The EcosystemConditions Objective (Ryan et al. 20083 calls for
mesotrophic conditiass troughout most of Lake Erieith specified ranges

for TP and Secchi depth. By 2008, mean TP concentrations were about two
to three times higher than levels of 1999 in all basins and exceeded the
mesotrophic range in two of three basins. In contrast, meachSdepths
were within mesotrophic range in two of three basins in 2008. Further
changes in ecosystem conditions are expected if DRP loadings to the
western basin pestiat high levels (or increase)th lagged responses in the
central and eastern basin
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Recommendations

1.

The current lower trophitevel recommendations for TP and Sec
depth indicators of mesotrophic conditions in the western, central
nearshore eastern basins remain valid to promote harmonic i
populations.

Other data orfower trophic levels that have been collected shoulc
analyzed, particularly for benthos, which could be important sentine
hypoxia impacts on the ecosystem.

DRP loads in the western basin must be managed to prevent exc
production of nuisate algae that can reduce water transparency
increase the frequency of low DO events. Combined with stresses
invasive species, climate change, and the current eutrophic state
western basin, objectives for percid production and fisheriesesiz
may be compromised if mesotrophic conditions are not restored.

Although mesotrophic conditions persist in parts of the central b
recent trends of increasing TP and lower transparency should be
through management of DRP loads to thestern basin. Phosphor
levels and water transparencies should be monitored in the near
along with yellow perch production to determine if mesotrof
conditions are being maintained.

Research in the western basin should focus on the impdc
cyanolacteria blooms on lower trophievel organisms relative to foec
web disruption and on the contribution of cyanobacteria bloom
hypoxia in the central basin.
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6.

In the deep offshore waters of the eastern basin, the recommenda
maintainoligotrophic conditions in lower trophic levels remains valic
promote the rehabilitation of a balanced ewalgter fish community
with selfsustaining stocks of lake trout and ecologically import
populations of burbot and coregonines.

Research isieeded to determine hdreissenaspp., after two decade
of establishment, have affected fish recruitment, growth, diets,
behavior, particularly in the nearshore areas of the eastern basin.
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ENVIRONMENTAL OBJECT IVES AND
HABITAT 8

Ann M. Gorman® and Tom MacDougall

Background

In addition to arecosystem conditions objecti{@yan et al. 2003 theLake
Erie Committee (EC) established three fish community objectives (FCOSs)
that address habitatnearshore habitatjverine and stuarine habitat, ah
fish habitad and an objective to addressntaminantgRyan et al. 2003
Through 2004, the LEC addressethabitat and ContaminantObjectives
through position statementsupport ad participation in initiativessuch as
the Lake Erie Lakewide Managemeénlan (LaMP); and habitat work by
individual member agencies (Tyson 2009).

In 2005, the LEC formalized0 environmental objectives (Table BEC
2005) to systematically guide actions through a framework that incorporates
identifiable habitat units, key fisstocks, and relevant spatial scales. The
spatial scales include loestale instream habitat/stream flows, mesale
nearshore zones, broadale offshore water masses (gyres), dp&n
hydrodynamics, and larggcale inflows.

The environmental objeetts describe general actions and expected
outcomes that link directly to over hal f of

8Complete publication including ap of place names, other chapters, scientific fish
names, and references is availablbtad://www.glfc.org/pubs/SpecialPubs/Sp17_01.pdf

°A.M. Gorman. Ohio Department of Natural ResourdeBivision of Wildlife, Fairport
Fisheries Research Statjdri90 High St., Fairport Harbor, OH 440TFSA.

T. MacDougall. Ontario Ministry of Natural Resourceand Forestry,Lake Erie
Management UnitBox 429, 1 Passmore Ave, Port Dover, ON NOA 1R8nada

°Corresponding author (emaginn.gorman@dnr.state.oh)us
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objectives, includingNearshore HabitatRiverine and Estuarine Habitat
Fish Habitat ContaminantsEcosystem Conditiong-orage FishandFood

Web StructurgRyan et al. 2008 Several of the environmental objectives
identify Priority Management Areas (PMAS) that recognize the importance
of specific locabns to the recovery of locallgdapted fish stocks that are
depressed or extirpated.

Achievement of the environmental objectives will directly affect progress
toward the related FCOs. Efforts to implement the environmentatigs

in 20052008 included: (1) actions that directly aftessed specific
objectives,(2) standardization and collatiarf disparate dataets, and?3)
communication of the objectives to managers and scientists working in the
Lake Erie basin.

Table 3.Ten environmental objectives of the Lake Erie Committd&Z(2005)
with linkages to directly related fish community objectivés |parenthesés
(Ryan et al. 2003or a description of each fish community objec}ive

1. Coastal and shoreline processesstore natural coastal systems and
nearshore hydrological proes(nearshore habitat, fish habitat)

2. Rivers and estuaridsrestore natural hydrological functionslinke Erie
rivers and estuaridsiverine and estuarine habitat)

3.  Water levels and climate chardgeecognize and anticipate natural
changes in water level and leteym effects of global climate change an
incorporatehese into management decisignsarshore habitafish
habitat)

4. Wetlands and submerged macroph§tesstore submerged aquatic
macrophyte communities in estuaries, embayments, and protected
nearslre areagnearshore habitagfish habitat)

5. Fishhabitat protectiod halt cumulative incremental loss and degradati
of fish habitat and reverse, where gibte, loss and degradation of fish
habitat tish habitat)

6. Fish access improve access to spawning and nursery habitat in rivers
coastal wetlands for nag and naturalized fish specigsh habitat)
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Table 3, continued

7. Openwatertransparenady re-establishopenwater transparency consiste
with mesotrophic conditions that are favorable to walleye in the centre
basin ad areas of the eastern basioqgystem conditions)

8. Diswlved oxygenDO)d maintainDO conditions necessary tmmplete
all life-history stagesf fishes and aquatic invertebrafesosystem
conditions)

9. Contaminant® minimize the presence of contaminants in the aquatic
environment such that the uptake of contaminanfishes is significantly
reducedcontaminants)

10. Habitat impacts of invasive speaegprevent the unauthorized
introduction and establishment of additionah-native biotainto the Lake
Erie basin thahave the capability to modify habitats in Lake Ef@dge
fish, food-webstructurg.

Actions toward Environmental Objectives, 20042008

Coastaland ShorelineProcesse¢Objective #1Table 3)

Understanding and inventorying coastal hydroodification and the
resulting impacts on coastal processes are the focus of this environmental
objective. During 20042008, state programs for coastal management
assisted in the regulation of shoreline construction and manipulation and
generated n@s of coastal wetlands, coasttosion areas, and priority
conservation areas for potential developtmehoffshore wind farms (see
Progress, Emerging Issues, and Priorities chapténe full repor}. Other
groups initiated projects to restore natural hydrology in PMAs in Ontario at
Long Point, Big Creek Marsh, and Rondeau Bay and in Ohio at Middle
Harba. Goals for these projects include restoration of connectbdtgas to
promote water exchange atite extent ofsubmerged aquatic vegetation,
both of which can improve fish habitat. Because these areas consist of
wetland habitats, the four projects alsaddress fish access (see
Environmental Objectivé6, Table 3).
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Fish-Habitat Protection (Objective #5,able 3)

Protection and restoration of fish habitat occurred at specific sites in various
locdions across the basin. Below are summaries of major pgoject
undertaken in the past five years. Many other sswdle projects were
underwayin the basipnand most are documged annually (HTG 2009; see
http://www.dfc.org/pubs/lake _committees/erie/spatial_inventory/inventory
index.htm).

Fish Access (Objective #8able 3)

The Sandusky River (Ohio) and Grand River (Ontario) are recognized as
PMAs because of issues associated with actesspawning habitat for
locally adapted stocks (extant or extirpated). In the Sandusky River, efforts
continued toward removal of the large Ballvile Dam, which will restore
hydraulic connectivity, improve water quality, and open 39 km of river
previouslyinaccessible to fish (specifically walleye) moving upstream from
Lake Erie Investigations into the hydrology, sediment, and biotic
communities of the Sandusky Riweereunderway. The Dunnville Dam in

the Grand River also blocks a Lake Erie walleye stomk over 90% ofts
historical spawning habitat and contributed to the extirpation of a lake
sturgeon stock that spawned in the river. Efforts to allow walleye to access
upstream habitat have included the creation of a fishway, a hatchery
stocking progren, and manual lifting of fish past the barrier. However,
evaluation of these efforts through 2008 indicates that lscgke
manipulations of the system, including dam removal, need to be considered
for full habitat restoration. The transfer of informatiand experience from
arranging for theBallville Dam removalia membero f t he LECG6 s
Task Grouphas helped to inform the hab#ahabilitation discussion in the

Habitat

Grand River. T h e ahdEL@MPE{seeebalayiobjeativeme nt a |

also have facted into the decision processes for both dam removal projects.
Other examples of progress involve figlassage projects. The Great Lakes
Fishery and Ecosystem Restoration Program funded a project at Chautauqua
Creek (New York) to improve access to over i &f spawning and rearing
habitats for steelhead and other stream fishes. Likewise, the Pennsylvania
Fish and Boat Commission investigated the feasibility, costs, and benefits
associated with fish passage at a pair of dams on the East Branch Conneaut
Creek
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In general, fish access continues to be a major habitat issue for Lake Erie,
and dam removals proceed as opportunities allow. Although dam and barrier
removal is acknowledged as important by all agencies, the ongoing problem
of sea lamprey control (seedgress, Emerging Issues, and Priorities chapter
in the full repor} and recent government commitments to rerdeevanergy
sources (e.g., hydrelectric power) may pose challenges to restoring fish
access via dam removal.

Contaminants (Objective #9,able 3)

Changes in Lake Erie contaminant levels can be tracked by advisories to the
public on consumption of fish that reflect breschle contaminatiqgrwhole
fish-based contaminant concentrations that reflect {ecale contamination,

and the presence of s&rel species likdHexageniamayflies.

Each of the five jurisdictions publishes annual consumptiaisades for

local sport fishedased on levels of contaminants (e.g., organochlorines and
toxic metals) in fish tissue. The number and type of contartsreampled,
advisory reporting method (i.e., number of ounces per meal and number of
meals per month, week, or year), length ranges of fish, and risk assessment
are not standardized among state agencies (Scherer et al. 2008) and Ontario,
thereby making imr-jurisdictional consumption advisories difficult to
compare. Moreover, trends in advisories sometimes difi@nong
jurisdictions. For example, Ohio reported improvement between 2004 and
2008 in advisories for walleye (reduced from one meal per montmdo o
meal per week), yellow perch (from one meal per week to two meals per
week), and channel catfisiido no't consumenonthy)o one meal
(http://www.epa.state.oh.us/dsw/fishadvidargex.asp¥ In Ontario waters
during 20042008 however, midsized walleye (~55 cm) were restricted
from eight to four meals per month, whereas larger walleye (~75 cm) either
remained the same at four meals (central basin) or were restricted from four
to two meals per month (eastern basin) (Ontario Ministry of the
Environment 2011). Lack foa standard for reporting fistonsumption
advisories compromises discernment of lakewide trends intifishe
contaminants.

Studies on contaminants from whdish samples showed variability in
trends depending on contaminant, methodology, and species. For example,
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although organochlorine (total DDT, chlordane, dieldrin,
hexachlorobenzene, heptachlor epoxide, and lindane) declined in-figtole
tissues of lake troutrdm Ontario waters (M. Keir, Environment Canada,
personal communication, 2010), mercury levels in walleye increased
(Bhavsar et al. 2010). On local scales, studies from select areas reported
ongoing sources of fish contamination, such as in eastern Lag the

upper Niagara River (KarRiddoch et al. 2008), and the Black River
(Ohio), but the general trend for contaminant concentrations in Lake Erie
fishes was downward through 2008.

In 1985, the Water Quality Board of the International Joint Commission
designated 12 locations in the Lake Hyasinas Areas of Concern (AOC).
ComprehensivdRemedial Action PlangRAPs)were developed to restore
beneficial uses to these areas, most of which have impaired uses due to
contaminants. By 2008, the Wheatldgrbour AOC (Ontario) had satisfied
criteria and a delisting process was begun, and the Presque Isle Bay AOC
(Pennsylvania) became thei r st AOC t o be |phase.ed as
Only one other AOC of the 38 AOCs in the Great Lab@sinhad achieved

that status. On the Black River (Ohio), the fish tumor indicator for beneficial
usewaxt hanged f r onnrécoveryd and bemthos degradation
was delisted in its East Branch tributary. Also signifying progress toward
reducing Lake Erie contaminenwere the dredging of the Ashula and
Maumee Rivers (Ohioand the remediation of contaminated sediments at
the Black Lagoon in the Detroit River (Michigan)

Hexageniamayflies represent not only a desirable component of the food
web Ryan et al. 2008but also a possible pathway for introducing sediment
contamination to higher trophic levels. Althoudtexageniapopulations
were not restored lakewide by 2008, results wfital monitoring were
promising but variable (Bowen and Schloesser 2009). Theirufation
status is addressed in thea k e  BVestem Basirchapterin the full
report Monitoring ofHexageniashould continue because the mayflies move
contaminants (particularly heavy metadsich as cadmium and zinc; Opfer
2008) from lake sediment mthe food chain.
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Understanding Fish-Habitat Interactions

Broadscale habitat issues that encompass basin or lakewide watershed
scales are difficult to encapsulate and prioritize in a manner that facilitates
effective management, especially by single figsons that often lack the
necessary authority to address them. Some habitat data sets are unsuitable
because they are incomplete or contain pooled data that cannot be fully
integrated due to disparities in scale, classification scheme, or temporal
relevance (for dynamic parameters). Improved assessment and
understanding of habitat requirements and use by Lake Erie filees
needed to develop tools andtalaases that can guide decisimaking to
protect and improve important habitats. The sections tilw describe
efforts during 20042008 to compile data and gain knowledge for select
species (lake trout) and habitats (nearshore) and to ajgihhdbitat
linkages to walleye

Habitat Data Compilations

Progress was made in cataloguing, categoriziagdstrdizing, and collating
habitat data on broad scales. Habitat dagaewcollected to establish fish
habitat associations where data were scarce (e.g., nearshore habitat) or where
historical information was missing or outdated (e.g., lake trout spawning
habitat). Current, contiguous, integrated habitat data are a critical need

of managers weighing potential modifications in the lake basin, such as in
siting wind farms (see Progress, Emerging Issues, and Priorities chrapter
the full repor}.

Severalinitiatives were underway to provide decision tools for managers
during 20042008. The Lake Erie Geographic dnfnation System project
(LEGIS), described previously as a fislabitat priority (Tyson 2009),
collated habitat and fisheries datets from a@ss the bsin and combined
them into lakwvide sets, where possible. Although recently expanded with
additional datasets and distributed across agencies during -2008,
LEGIS has yet to realize its full potential as a fisheries tool for incorporating
halitat into manageent decisions. The Lake Erienbitional map project
developed for the Lake Erie LaMP, tracked changes in habitat quantity and
quality that resulted from preservation, conservation, and restoration efforts,
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and helped managers guard againgher loss or degradation from lande
alterations. This tool will be aeful for establishing landse fisheries
connections outside of typical fisheries agency mandates. The Lower
Trophic Level Assessment database (FTG 2009), maintained by the Forage
Task Group since 1999, remained a key tool for assessing fish community
and environmental objectives associated with nutrient status and related
habitat indicators (see Environmental Conditions chapténe full repor}.

The Lake Erie Limnological Syntkes Project (2002008) focused on
abiotic limnological data (temperature, Secchi depiQ) collected
throughout the lake by numerous agencies from the 1960s to 2009. This tool
sought to improve knowledge about the dynamics of these abiotic
components offish habitat, such as the applicability of LEC nutrient
objectives in the presence Dfeissenaspp.(quagga and zebra musseisd

the nearshore phosphorus sh(iécky et al. 2004seeProgress, Emerging
Issues, and Priorities chapterthe full repor}.

Lake TroutHabitat

Research toward lake trout rehabilitation in Lake Erie (HTG 2009; CWTG
2009) provides an example of efforts to overcome data gaps and poor
resolution of habitat data as well as to identify new issues. In 2005, the LEC
called for a coliborative effort of the Coldwater Task Group and Habitat
Task Group to assess the quality, quantity, and location of potential lake
trout spawning habitat in Lake Erie. The objective, derived from the Lake
Erie lake trout management plan (Markham et ad80was to determine if
habitat is limiting lake trout production and to better direct stocking efforts
over suitable habitat. The research, funded through the Great Lakes Fish and
Wildlife Restoration Act and the Canada Ontario Agreement, included the
development of a predictive geographic information system (GIS) model,
based on published habitat preferences, to be assessed with remote sensing
techniques (sidscan sonar and RoxARnacoustic seabed classification)
and validated with underwater video.

Sewral key findings emerged from the assessment of lake trout spawning
habitat. Firstly, the accuracy of the GIS model to assess habitat at a
biologically relevant scale was severely limited by the coarse resolution and
inaccuracies of the availablbase layers (i.e., National Oceanic and
Atmospheric Administration bathymetry and substrate mapsn ftbe
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LEGIS). New data of fineresolution revealed areas of suitable (cobble)
habitat on localizedcales (Fig. 5). Secondlunderwater video assessments

of substate at several areas initially deemed suitable fromsida sonar
showed that the substrate was buried unDegissenaspp. and algae
(Cladophoraspp.) with occluded interstitial spaces that possibly methi
sediment. Therefore, remotensing of subsites alone is not always an
accurate assessment of their biological suitability for lake trout spawning.
Thirdly, the unexpected discovery of unsuitable conditions at Brocton Shoal
(New York), a reference site known historically to have supported
reprodution of indigenous lake trout, has important management and
research implications. Habitat features (substrate composition) considered to
be stable were susceptible to alteration by invasive or nuisance species.
Stocking of lake trout at areas like BroctBhoal to reestablish a naturally
reproducing stock may be unrealistic given the predaptcondition of the
substrate. Lastly, unexpected collections of sexually mature lake trout over
non-cobble areas during spawning periods suggest that the fiskiartng

to alterations of previously preferred habitat by seeking other, possibly
unsuitable, areas for spawning.

Fig. 5. Thedistribution of bottom substrates on Brocton Shoal (New Yark
Lake Erie as depicted in)(&lational Oceanic and Atmospheric Administration
maps and the Lake Erie Geographic Information System and (b) -acfihe
sonar map made during 2007.

32



Course-Scale Substrate

. mud
. sand/mud
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. Boulder cobble pile, debris, course sand cobble
- Boulder cobble debris, block and fractured bedrock
. Coarse sand cobble
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NearshoreHabitat

Nearshorg<5 m bottom depth) environments provide critical spawning and
nursery habitats, support higher biodiversity and more rare species than
offshore habitats, and are subjected to higher levels of nutrient loading due
to riverine and coastal inputs. However, conagigely little is know about
nearshore fish habitak®cause assessments of fish communities and habitats
have largely focused on offshore areas where most fishing occurs. Nearshore
community assessments were initiated during 20028 in the upper
Niagama River by the State University of New York, College of
Environmental Science and Forestry, along the south shore of the western
basin by the Ohio Dmartment of Natural Resourcd3dNR), in the St. Clak
Detroit River System (SCDRS) by the U.S. GeologiaaivBy and theJ.S.

Fish and Wildlife Serviceand along the north shore of Lake Erie by the
Ontario Ministry of Natural Resources and Forestry (OMNRF). These
surveys employed a variety of sampling gears, including beach seines
(OMNRF), bottom trawls (Bio DNR), and electrofishing (OMNRF and
Ohio DNR) with objectives to document species diversity and rare species
and to examine habitat characteristics. Although considerable knowledge
was gained about these previouslysampled areas, a comprehensive,
standarized approach for assessing nearshore dsbg needed to establish
fish-habitat linkages on a basinwide scale.

Communication of Fishery and Environmental
Objectives

Achievement of fishery and environmental objectives that involve coastal
processes, watdevels, climate change, watershed loadings of nutrients and
suspended solids, as well as critical habitats in tributaries, estuaries, and
nearshore areas, require coordinated efforts from resource managers. In
20042008, the LEC continued to coordinaféds in several ways: agency
member participation in LaMP groups, participation in other state and
federal initiatives, and the issuing of position statements.

The LaMP management committee approved ecosystem management

objectives in 2004 and in 2005 da work on environmental indicators;
both were informed by the LEC's fishery and environmental objectives
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through the active participation of agency members. For exartgih,
phosphorug¢ ar get s of the LaMP match those from ¢t
Conditions Objective The LaMP 2008 update
(https://www.epa.gov/sites/production/files/2018/documents/lakerie-
lamp-2008.pdj reveals considerable overlap between the d{de@ned
PMAs and the priority watersheds and focal areas of the LaMP, which is
helpful in aligning priorities of federal, state, provincial, and local agencies
for implementation of theGreat Lakes Water QualitAgreement In
Ontario, watershed management is led predominantly by provincial
conservation authorities that actively participate in the LaMP process and
that recognize LaMP objectives. In U.S. jurisdictioR&Ps for individual
watersheds are in accoradanwith the LaMP.

During 20042008, LEC agency members also participated in other state and

federal initiatives that could affect fish habitat, specifically the Michigan

Great Lakes Pl an, Ohi ods Balanced Growth | ni
Great Laks Basin Fish Habitat Partnership of the National Fish Habitat

Action Plan. All of these initiatives benefitted from communication of the

LEC6s fish community and environment al obj ect
were established.

The LEC continues to issuposition statements to highlight issues of
collective importance to agency fishery managers
(http://glfc.org/pubs/lake _committees/eliEC_docs/position_statements/ch
anging_water_level_effects.pdf A 2005 p o s iChahging statement (
water level effects on Lake Erie and the Lake St. Clair Ecosgsiem
recognized that fluctuating water levels and subsequent shifts of the littoral
zone areimportant to the structure, function, and productivity of aquatic
systems. It referenced impacts under four environmental objectives (coasta
and shoreline processesater levels and climate change, laetls and
submerged macrophytes, afigh-habitat potection) By 2008, the LEC had
begun developing a position statement on offshore wind power (see
Progress, Emerging Issues, and Priorities chaptée full repor}.
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Progress: HabitatRelated Fish Community
Objectives

Action has been taken on a numlwérrecommendations by Tyson et al.
(2009). Environmental objectives were formalized to better define habitat
related FCOs (EC 2005). Several datsets on geospatial habitat were
collected between 2004 and 2008 (e.g., updated substrate information from
lake trout habitat work) and put in the LEGIS. A series of workshops in
2007 increased knowledge and use of LEGIS. Recommendations to assess
nearshore habitats were realized in a number of jurisdictions to the extent
resources allowed. Plans to incorporatevimmental variables into
management decisions on fish populations thrc
Il ight 0 appr oa cbht)hampered by adacksof undesstarting
about interactions between environmental variabhes fish populations on

a lakewide scale. Progress was slow on recommendations seeking to
continue incorporating data into the LEGIS.

Progress toward four habiteglated FCOsRyan et al. 2008is summarized
below. Actions have modestly improved fish habitat in Lake Erie, but
consideable work is needed to achieve these F(&sther details can be
foundin the Actions toward Environmental Objectives, 2D0O8 section
(see above).

Fish Habitat

Coastal processes continue to be addressed through effortgeoCstastal
ManagemenProgramsand the completion of projects in PMAs in Ontario at
Long Point, Big Creek Marsh, and Rondeau Ba:
Harbor. Fish access will be improved following completion of dam removal
or fish-passage projects in New York (Chautauqua Qreatd Ohio
(Conneaut Creek, Grand River, and Sandusky River). Numeroussrakl
projects were initiated or completed across the basin. Environmental
objectives(Table 3),involving processes, environmental conditions, and
habitat degradation, were edfabed in 2005, and they are relevant to
fulfilling the Fish Habitat Objective. Expansion and distribution of the
LEGIS database will facilite its use in determining fidrabitat targets and
planning assessments. Further achievement of the Fish Hebimdttive
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should occur through improvements to fish access, restoration of coastal and
shoreline processes, restoration of wetlands and submerged aquatic
macrophyte communitiescorporation of watetevel changes and climate
change into management decispand general protective actions that halt

or reverse cumulative incremental loss and degradation of hakatae(3).

NearshoreHabitat

Projects that benefit coastal proces@hksscribed under Fish Habitat above)
also signify progress toward protegfiror improving nearshore habitats.
Monitoring programs in nearshore areas were initiated in the SCDRS, Upper
Niagara River, the western basin, and along the Ontario shoreline to assess
habitat types anéish-species diversity and fighabitat use. In conpction

with LEGIS, new nearshore monitoring projects will help the LEC
determine how much habitat is needed to support desired fish communities
and identify habitatype targets to guide restoration projects (Tyson 2009).
Further achievement of the Nearshd1abitatObjectiveshould result from
restoration of coastal and shoreline processes, restoration of aquatic
macrophytesand incorporation of watdevel changes and climate change
into management decisions.

Riverine andEstuarine Habitat

Projects thabenefit fish acces&described under Fish Habitat abow$o
signify progress in increasing the amount of river and estuarine habitats.
Projects to restore habitats in the SCDRS amper Niagara River
connecting channels represent important progressthfer Riverine and
Estuarine Habitat Objectiva-urther achievement of this objectigbould

result from restoration of natural hydrology through barrier removal and
from improvements to management of watershed drainage, riparian zones,
and rivermouth ares.

Contaminants

The general trend suggests declining impacts from conéemsiron the Lake

Erie ecosystenbased on signals from consumption advisories (mixed),
whole-fish tissue samples (improvements at 6 of 12 AOCs), and abundance
of Hexagenia mayflies (increased). Further achievement of the
ContaminantsObjective should result from actions that minimize the

37



addition of contaminants to Lake Erie and the availability of extant
contaminants for uptake by aquatic organisms.

Recommendations

Furtherprogress to achieve habiaiated FCOs should focus:on

1. Improving knowledge about interactions between environme
variablesand fish populations on a laki&le and a relevant time sca

by:

a. Standardizing assessmengthodology and databak@mats;

b. Challenging conventional knowledge about {flshbitat
relationships thain reality, may be dynamic, adaptive response
stressors

c. Cautiously applying results from hadbased speciegsabitat
models;

d. Considering potential impacts of newly taslished invasive
species, even in habitats that &edieved to be welunderstood;
and

e. Supporting ongoing maintenance, development, promotion,
distribution of LEGIS, including incorporation of regularly upda
biological datesets.

2. Developing dditional protocols or guidelines for application of t
environmental objectives to identify priority actions needed to act
t he LECédatett RCDS. t a't

3. Standardizing quaification of fishtissue contaminants across t

Great Lakes to provida more continuous and regional perspective t
exists currently.
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LAKE ERIE®&S BESBTPERN

Richard Drouin** and Karen Soper

The westersb a s i

noés

Background

mor phol ogy,

hydrol ogy,

Lake Erie. The western basin separated from the rest of the lake by a
series of islands and shoals running from west of Hu@imp, to Point

Pelee, Ontariol t i s t he shall owest of Lak
average depth of 7.4 m and a maximum depth of 18.9 m and constiftes 1
of the | akebs surface area and 5%

1993) . Over

(disconnected from Lake Erie via dikes).

e

of

90% of t he sFankridbdtesieson nu al
this basin. Southern areas of the western basin are strongly influenced by
nutrientrich waters from theMaumee River and the Sandusky River,
whereas the northern portion is largely influenced by nutpeot waters

from Lake Huron and Lake St. Clair via the Detroit River (Zhu et al. 2008).
The divergent inflows create gradients in productivity and traesgsrthat

affect biological production and diversity in the basin. The western basin
warms faster and reaches higher summer temperatures than the other basins
and is the first to ice over in winter. Basin substrates vary from soft
sediments that support amray of benthic invertebrates to limestone reefs
and islands that attract structtgeeking fauna, including many fishes.
Wetlands that formerly dominated the watershed and shorelines of a pristine
western basin are greatly diminished in quantity (aeea) functionality

Despite environmental

¥Complete publication including map of place names, other chapters, scientific fish
names, andeferences is available lattp://www.glfc.org/pubs/SpecialPubs/Sp17_01.pdf

1R, Drouin and K. Soper. Ontario Ministry of Natural Resources and Forestry, Lake
Erie Management Unitith Floor, 659 Exeter Road, London, ON N6E 1L3, Canada.
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degradation, the western basin still provides important spawning, nursery,
and foraging habitats for the highest diversity of fishes in the lake, including
key stocks of wallge, yellow perch, and lake whitefistwhich have
persisted as others were extirpated (Edwards and Ryder 1990; Ryan et al.
2003).

Of Lake Erieds three basins, environment al c
western basin respond most rapidly to chanmeweaher and watershed
land uses that affect tributary dynamics (e.g., discharge rates, sediment and
nutrient loads, thutary water plumes in the opdake, extent ofmixing

zones in estuaries). Biota respond relatively quickly to changing conditions
in the western basin, initially through productiorf ¢ower-trophiclevel
organismgollowed by lagged responses in food webs, fish recruitment, fish
behavior, and fisheries performance. Over longer time periods, persistent
spawning groups become stocks that lersdahilizing influence tahe fish
community and food webgiven their adaptations to the dynamic
environmental conditions (Zhu et al. 2008).

Following, we explore changes in the westdrasin food web relative to
Tyson et al. (2009) and assess progressitt theLake Erie Committe@ s
(LEC) fish community objective@~COs)(Ryan et al. 2003

Food-Web Structure

Summer phosphorus concentrations in the weste
(eutrophic status) during 19990 0 3 a n d™ ddridg ntdst Adars of

20042008 (Fig. 3)and produced cyanobacteria blooms annually after 2003

(See Environmental Conditions chapiethe full repor}. Next we examine

responses bidexageniamayfly nymphs, the foragéish community, and top

predators to eutrophic conditionsat have persisted for a decade in the

western basin.
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Hexagenia

Burrowing mayflies Kexagenia limbata and H. rigida) are indicator
organisms for mesotrophic environments (Edwards and Ryder 1990; Krieger
et al. 2007). As nymphs, they were widely digitddl and abundant
throughout the western basin until the 1950s when bouts of anoxia
essentially eliminated them (Britt 1955a). The recovery of oxygenated
conditions through the 1980s, following actions implemented through the
Great Lakes Water Quality Agesnent led to recolonization of the western
basin by mayflies (Makarewicz and Bertram 1991; Gerlofsma 1999). Studies
of recolonizing adult mayflies in the western basin indicate that abundance is
likely a function of temperature and wind conditions (Cork@®l0;
Corkum et al. 2006). AlthougH. rigida was the early colonizeH. limbata

now represents over 90% of the adult population. Edwards et al. (2009)
conclued that restoration of westebasin Hexageniapopulations could
occur if stable densities ofymphs are maintained.

Trends inHexageniadensity over several studies from 1995 through 2007
(Bowen and Schloesser 2009) indicate cyclic patterns of increasing density
over fouryear periods, which may reflect compensatory mechanisms in the
mayfly populdions (Fig. 6).Britt (1955b) reported average densitie288

510 nymphd i from samples collected in 1928930 and 1942943.
Average nymph densities ranged fr@86 to 684 ifiin over hal of the

years during 1992007 but were lower during 2002007 (116472
nymphgin®) than in 19992003 Q06-516A if). Thus far, these data indicate

no compelling evidence of anoxiaduced mortality of nymphs in a
eutrophic western basin.

Fig. 6.Mean densit{ n u mb3af Heragenianymphs in the western basin of
Lake Erie during four separate studies (differently shaded bars) conducted in
19952007 (Bowen and Schloesser 2009).
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Forage Fishes

Density of forage fish in the western basin was less variable in-2008
than in19992003, but shifts in prey types were eviddrig( 7; FTG 2009).
Interagency surveys with bottom trawls produced annual estimates of 4,000
6, 000 f or'aig 0042008 fedimipaaed to 2,6@0500 forage

f i s hik19892003. Foragdish composition sifted toward more spiny
rayed species (mostly afewhite perch) and fewer clupeids during 2004
2008. Me an d'pof spinyrayed forfage dishel hoae from 2,519
in 19992003 to 4,271 in 20062008 while that of clupeids fell from 1,512 to
255. Incontrast, density of sefayed forage fishes in 202D08 (680) was
generally similar to that in 1998003 (532). Density of sefayed fishes
(especially emerald shiners and round gobies) during-2008 was above

the longterm mean but declined durirgp062007. Clupeid (ag@ gizzard
shad) density remained low from 2004 through 2008, following a recent
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peak in 2002. Alewife has been absent or rare in th

the western basin since
2002 (O6Gorman et al. 20

e
12) .

Fig. 7. Density (fisth haof three types of foage fish in Lake Erieos
basin, as determined by area swept with bottom trawls towed in Michigan, Ohio,

and Ontario waters during Augusf,9992008 (FTG 2009)The forage types

c | up e i spisydayesd madudefionly fish olage Q whereas the forage type

s o f t incluales st af all ages.
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Walleye

Walleye are abundant predators in the western basin thatichmesponses

in the foragefish community and lower trophic levels through intensive
and/or selective predation (Knight and Vondracek 1993). In the western
basin,walleyebecome obligate piscivores early in life and selectrsgféd
Notropisand clupeids over spimayed fishes (Kight et al. 1984). During
20042008, walleye diet remained dominated by gizzard shad\amapis
despite high abundance of spirayed forage fish and low abundance of
clupeids. Walleye growth was not impaired by the reduced density of
clupeids (Vandergdcet al. 2010).

The western basin of Lake Erie is the major spawning and nursery area for
walleye in Lake Erie. Discrete stocks of walleye spawthenMaumee and
Sandusky Riversand on reef complexes in Ohio and Ontario waters
(Goodyear et al. 1982). Rdss from tagging and genetic studies show
strong fidelity to spawning areas with low straying behavior (Wang et al.
2007; Stepien and Faber 1998). After spawning, the stocks mix and move
throughout Lake Erie. Some fish range as far north as northernHiaka
(Wang et al. 2007). Key research efforts are underway or needed to
understand the genetic composition of stocks, to develop -spmtific
identification markers (genetic, otolith microchemistry), to determine
potential and realized production fronesternbasin habitats, and to explore
options to manage exploitation on a staegkecific basis.

Walleye abundance in the western basin pealkethe 1980s and then
declinedthroughout the 1990s and into the e&000s (Fig.8; Vandergoot
et al. 2010). Ding 20042008, the number of adult (Oage
increased from an estimated 14 million fish in 2004 to 59 million fish in
2005, due to an exceptional 2003 yekass, before falling to 17 million fish

in 2008 (WTG 2009)The number of adult walleye aaged 31.2 million
fish during 20042008, as compared to 19.6 million fish during 1:2993.
Annual survival rates of adult walleye during 262208 (5864%) were
similar to survival rates during 199903 (5362%). Annual exploitation
rates in 20042008 (10-17%) were also similar to exploitation rates during
19992003 (1323%) (WTG 2009). Variation in adult numbers was driven
by annual variability in ag® recruitment, and walleye numbers during
20042008 were sustained by moderate recruitment from 19628601 as
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well as strong recruitment from 2003. During 208, recruitment was
weak in 2004, 2005, 2006, and 2008 and moderate in 2007, which will likely
lead to a reduction in adult walleye numbers during 2003 relative to
2004-2008.

Fig. 8. Walle y e
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Interagency quota management of mistock walleye fisheries continued
during 20042008. Following implementation of dhreeyear harvest
strategy to halt population declines and promote stock recovEfy Z004),

a new Walleye Management Plan was developed by the LEC irZ00
primarily to manage stocks spawning in the western basin (Locke et al.
2005). The plan impleanted a new policy with a variable fishing rate that
trackschanges in population abundaras opposed to the constant fishing
rate policies formerly used. Quotas and resulting exploitation rates in the
current year fluctuated with changes in recruitméat tvere measured two
years earlier. Total harvest for the western basin averaged 985,000 fish
annually dumg 20042008 (range: 438,000,607,000 fish; Fig. 8). Annual
yield averaged 2.6 million kg during both 26R2@08 and 1992003.

Yellow Perch

Yellow perch are opportunistic omnivores in western Lake Erie. Adults eat
mostly benthic invertebrates (includigreissenaspp. (Qquagga and zebra
mussels) and Hexagenia and forage fishes, but they will switch to
zooplankton if necessary (Knight et al. 1984)kd.iwalleye, large yellow
perch prefeNotropisand gizzard shad. Unlike walleye, yellow perch will
switch to spinyrayed fishes in the absence of preferred-smfed fishes
(Knight et al. 1984). Tyson and Knight (2001) found that changes in
Hexageniaaburdance elicited a diet and growth response by yellow perch in
western Lake Erie during the 1990s. Yellow perch diets were not examined
during 20042008 but mean total lengths of adult (ageg)2perch from
agency fall tawl and gilhet collections in the @astern basin was relatively
stable between 1992003 and 20042008 with the highest values of the
decade occurring in 20e2008 (YPTG 2009). However, mean condition
(Fultonds K) of adul t yell ow perch
remained among ¢hlowest of the three basins in most years during 1999
2008 (YPTG 2009). Hayward and Margraf (1987) determined that growth of
yellow perch in the western basin was slower than in the central basin
because of higher summer water temperatunestiae lower Bundance of
macranvertebrates.
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Lake Erieds yellow perch stocks came from sin
Hatcher 1993) and 80% of their haplotypes are common among basin
populations (Ford and Stepien 2004). However, biological differences exist
between the westerbasin stock and other stocks in the lake, and thé LE
recognizes a discrete westdrasin stock for quota management. Spawning
occurs in nearshore areas and bays of western Lake Erie (Goodyear et al.
1982) onthe bottommostly over vegetatim Little is known about their
fidelity to spawning areas, pespawning movements, or other behavior, but
yellow perch are believed to be far less migratory than fishes like walleye,
white bass, and lake whitefish, givatistinct differences in biological
characteristics among perch stocks. Ryan et al. (2003) cite the loss of
nearshore vegetation as a factor in the decline of yellow perch populations in
Lake Erie.

Abundance of adult yellow perch declined in thestern basin during 2004
2008 becausean exeptionally strong 2003 yeatass passed through the
popul ation. There were about 35 million yellc
2008, approaching the low levels of the 1a880s (Fig. 9)pwing to weak
yearclasses produced in 2004, 2005, 2006, and 20@&ne (2007) found

that warm winters and low copepod production during May were important
factors leading to small yellow perch yedasses in the western basin.
Ludsin (2000) established that yellow perch recruitment in the western basin
was influencedby spring water temperatures during 19683 but that
during 19841998 following mandated reductions in poisburce
phosphorus loadings, recruitment was influenced more by nutrient loading
from rivers than by temperatur€arreonMartinez et al. (2014yletermined

that predation of larval yellow perch by walleye, white bass, and white perch
within plumes of the Maumee and DetrBitverswas substantial and could
affect age0 recruitment in the basin.
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Fig. 9. Yellow perch abundance (millions of fi€ha g2 and total harvest
(millions of kg) in the western basin of Lake Erie, 12098 (YPTG 2009).
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Westernbasin fisheries harvested about 1.0 million kg of yellow perch
annually during 2002008, but harvests declined steadily from 1.4 million
kg (2001) to 0.5 million kg in 2008, which was the lowest in the time series
dating backo 1976 (Fig. 9). The exceptionaliyrong 2003 yeaclass was a
major contributor to the fishery, representing the largest fraction of yellow
perch caught between 2006 an@0& in the western basin. In Ontario,
commercialgillnet effort for yellow perch in 2062008 was the lowest
since 1975. High harvests of the late 1970s and early 1980s(jrent
controls) could not be sustained through the early 1990s given low
recruiment and relatively low adult survival rates (YPTG 2005).
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Smallmouth Bass

Diet studies show a feeding behavior that is opportunistic with a high use of
invasive round goby since its establishment in the western basin, resulting in
increases in the growtrate of smallmouth bass (Steinhart et al. 2004b).
Smallmouth bas populations thrive under lepsoductive conditions than
percids and are less tolerant of high turbidity, which has been linked to
reductions in population size (Edwards et al. 1983). Hatynostly fish and
crayfish (Decapoda) in western wateRound goby, a sofrayed fish, is
abundant on rocky substratesid its density remained high in 202@08 in

the western basin (FTG 2009). Growth and condition of smallmouth bass in
western Lake Ee are high compared to bass in other lakes located at a
similar latitude.

Smallmouth bass spawn in nearshore areas of western Lake Erie (Goodyear
et al. 1982) where nests are fanned out of bottom substrates by the males
who guard eggs and fry againsegators. Limited tagging studies indicate
that smallmouth bassalie highlylocalized home rangeand captured fish
return quickly to nesting areas (Steinhart et al. 2004a). Round gobies are
known predators of fish eggs and fand can quickly decimate &st in the
absence of the guarding male bass (Steinhart et al. 2004a). Other predators
on smallmouth bass nests include yellow perch and white perch. Nesting
success declined between 2005 and 2008 around the weaténnislands
owing to the frequency ansgeverity of stormevents moreso than from

round goby predation on eggs and fry (Steinhart et al. 2005).

Trends in smallmouth bass abundance during 208 were determined

for Ontario waters of the western basin wilimtario Ministry of Natural
Resources and Forest(@MNRF) index gillnets set at specific locations,
based on the habitat preference and site fidelity of bass. Following major
increases from 1990 to 1996, catch rates (number of fish per gang of nets)
declined through 20D and remained low through 20G8eraging about one
tenth of the peak values ih996 (Fig. 10). Ohiadinitiated standardized
gillnetting for smallmouth bass at key locations in 2005 and wiblort
results in the next stat#-the-lake report.

During 20042008, smallmouth bass were less abundant than in previous
years in westerbasin surveys conductedith bottom trawls towed in
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suboptimal habitats for bass (OMNRF, Lake Erie Management Unit,
Wheatley, Ontario, unpublished data). dddition to nest raiding by round
goby and storm events, increasgidsolved reactive phosphorggice the

late 1990s may be related to declining abundance of smallmouth bass
(Nicholls et al. 2001; Dolan and McGunagle 2005). Another potential factor
in declining smallmouth bass abundance is increased mortality from double
crested cormorantéhalacrocorax auritups (Tyson et al. 2009). Although
Bur et al. (1999) found low incidence of smallmouth basin in avian predator
diets, reduction of Lake Erie doubteested cormorant colonies is underway

in various jurisdictions (albeit for different purposes) and may be lessening
effects of cormorant predation on the smallmouth bass population in the
western basin.

Performance of smallmouth bass fisheries generatfimed during 2004

2008 relative to earlier periods. Smallmouth bass are not commercially
harvested and are targeted by a relatively minor segment of recreational
fisheries in the western basin. In Ohio waters, smallmouth bass fisheries
experienced majodeclines in effort, harvest, and harvest rdtesn 1999

2003 to 20042008 following a new (2004) regulation that prohibited the
harvestof smallmouth bass from Maytd June 26 (ODNR 2005). Michigan
fisheries harvested an average of 226 fish annuallyg@®042008, which

was 79% less than the average in the previousyfae period (MDNR
2009). In Ontario waters, the average annual catch (5,021 fish) of
smallmouth bass in 2005 and 2008 (the only years assessed during 2004
2008) was 35% lower than theemage from five previougearly surveys
(1985, 19901992, and 1998)although average catgber angling hour
increased to 0.56 in 20a808 from 0.46 in earlier surveys (Belore et al.
2008).

Fig. 10. Relative abundance of two age groups of smallmough ib@®ntario
waters of Lake Eriebs -peeusitteffartnCPUE s i n
f i s H)Anrindex gillnets, 1992008.
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Fisheries exploitation is not believed to be the predominant factor affecting
abundance of smallmouth bass during 12998 A majority of smallmouth
bass were released upon capture in all recreational iishier the western
basin and bgatch mortality from commercial fisheries should have been
relatively low given major reductions in the numbergifnets set orthe
bottomfor yellow perch in 2002008 (YPTG 2009).

Lake Sturgeon

Lake sturgeon have been largely absent from the Lake Erie fish community
for over a century. In th&t. ClairDetroit River SystenfSCDRSY, the lake
sturgeon is relatively abundant and feeds extehsion invertebrates,
including Dreissenaspp., as well as on round gobies and other small benthic
fishes (Boase 2005). Little is known about the current diet of lake sturgeon
in western Lake Erie.
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Lake sturgeon spawn in gravel areas of large rivers {(ar et al. 1982),

such as those in the SCDRS. Spawning runs persisted through 2008 in the
St. Clair River and efforts are underway to improve spawning habitesse

and in the Detroit Rivewhere minimal reproduction is occurring. The
western basin of Lake Erie is a suspected nursery area for juveniles and a
foraging area for adults of the SCDRS stock. The addition of artificial reefs
in the Detroit River during 2002008 attracted spawninfish of several
species, including lake sturgeon, but recruitment of sturgeon from these
reefs remains to be proven. A spawning run may have once been present in
the Maumee River, but surveys during 2®08 failed to capture any lake
sturgeon (FWS, AlpenFish and Wildlife Conservation Office, unpublished
data).

Historical commercial harvests indicate that the western basin of Lake Erie
had one of the largest lake sturgeon populations in the Great Lakes (OMNR
2009a). By the turn of the 20th century, heoee the westerrbasin
population collapsed from intense exploitation, pollution, and loss of
riverine and estuarine habitat (Zollweg et al. 2001; OMNR 2009a). Over the
ensuing decades, efforts were made to remediate stressors that led to the
collapse, andhey have recently produced positive results, as evidenced by
an increase in the number of lake sturgeon reported to Lake Erie fisheries
agencies by commercial and recreational fishers. In-2008, commercial
fishers reported 29 lake sturgeon, and amsgteported 31 in western Lake
Erie. Moreover, biologists collected 38 lake sturgeon during assessments
with gillnets and bottom trawls in the western basin. Lengths ofake |
sturgeon ranged from 3@4829 mm, suggesting that reproduction is
occurring n the western basin or in the SCDRS. In comparison, lake
sturgeon collections from 1992 through 2003 totaled 182 fish, 17 from fall
sampling with gillnets in Ontario, and 165 tagged in 12988 and 2001 by

the U.S. Fish and Wildlife Servicén Ontario waérs, with total lengths
ranging from320-970 mm (Zollweg et al. 2001).
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Currently, lake sturgeon are designated as threatened in Ontario and
endangered in Michigan and Ohio (MDNR 2009; ODNR 2009; OMNR
2009a). Commercial harvest of lake sturgeon has besmbited from U.S.
waters of the Great Lakes since 1977 and from Ontario waters since 2009.
Recreational fisheries in Michigan, Ohio, and Ontario (as of 2008) are
restricted to catch and immediate release with no possession. In 2009, the
OMNREF prohibitedtargeting of lake sturgeon by recreational fisheries.

Other Species

Monitoring of channel catfish, freshwater drum, white bass, and white perch

is not conducted in the western basin, but these species are caught in

westernbasin fisheries (Table 4). Bec®m most commercial and sport

fisheries typically do not target these species in the western basin, their

fishery yi elddsanar et hiubsy cmrtacvhi de only coarse i
abundance. Average annual fishery vyields (Table 4) increased between

19992003 and 20042008 for white perch (147%), freshwater drum (11%),

channel catfish (11%), and white bass (4%). Collectively, these four species

accounted for 28% of the total annual yield of nine major fishes in the

western basin during 199803 and 33% during0042008.

Table 4. Annual yield (thousands of kg) of various fish species from commercial

and sport fisheries in the Michigan, Ohi o, and
western basin during 202D08. Also shown are the average annual yields for

19992003and 20042008.
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Year Averages

2004 1999

Species 2004 2005 2006 2007 2008 2008 2003
Burbot - - <1 - - <1 <1
Channel catfish 181 142 204 259 236 204 171
Freshwater drum 147 206 214 181 256 201 164
Lake whitefish 137 33 100 183 250 141 209
Rainbow smelt <1 - - <1 - <1 <1
Walleye 1,546 2,244 3,586 3,426 2,280 2,616 2,629
White bass 736 743 717 841 909 789 742
White perch 466 359 522 516 481 469 186
Yellow perch 1,317 1,147 1,109 801 467 968 1,082
Total 4,530 4,874 6,454 6,209 4,880 5,388 5,183

Progress: WesternBasin Fish Community Objectives

Several recommendations from Tyson et al. (2009) for achieving FCOs
apply tothe western basin, includinfl) improve an understanding of how
habitats affect fish production, particularly for walleye, yellow perch, white
bass, lake sturgeomnuskellunge, and northern pikg2) ensure that
population models and exploitation stgites are maintained or improved to
sustain isheries on percid stockehile accommodating changing ecosystem
conditions and stakeholder support; a8 consider how percid fisheries
management affects other species, such as smallmouth bass and lake
whitefish. Two key actions occurred during 26Pd08 relative to these
recommendations. First, research was initiated to further understand walleye
stock discreteness, movements, and contributions to fisheries. When coupled
with guidance from the new environmahobjectives, this research will help

the LEC determine priorities for increasing fish production from habitats
essential to key stocks. Second, the quota management plan for walleye was
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completed (Locke et al. 2005), an important step in revising thek sto
assessment model to account for ecosystem changes in a transparent fashion
to better inform stakeholders. Other items relative to the recommendations
of Tyson et al. (2009) are included in an assessment of progress toward the
FCOs (below).

Food-Web Structureand Forage-Fish Dynamics

The western basin was eutrophic and unstable during-2008 (see
Environmental Conditions chaptér the full repor}, and responses were
expressed in both benthic and pelagic food webs.-fsleyabundance was
relatively stable, but the community shifted from dominance by predator
preferred clupeids to leggeferred spimyrayed fishes. Ag® white perch
accounted for most of the increase in spiayed forage fishes. Increases in
round goby abundance may hawereased mortality on early life stages of
native fishes through predation but benefitted the growth of juvanie

older life stages by providing a readily available and abundant food item.
Hexageniacontinues to be important in the western basin as @aheyeaten

by many fishes, but their existence may be threatened by anoxia stemming
from increased algal production. Historicalljjexagenia populations
collapsed almost immediately upon exposure to sleomd anoxia in the
1950s, and their recovery lagged decade behind the -aeration of
sediments in the early 19808ontinued adjustments to foekeb structure
should be expected if eutrophic conditions persist in the western basin into
the foreseeable future. The shifts could include major declindsxagenia
declines in foragdish growth rates, and declines in clupeid ahatropis
abundance, unless predatory demand (piscivore biomass) drops sharply.

Habitat Objectives

Actions to improve fish habitat or access to habitats by key fish stocks are
summaized above (see Environmental Objectives and Habitats chiapter
the full repor}. Although these actions are important, nutrient management
to move the western basin back to a mesotrophic condition remains the
highest priority to obtain optimal productiofrom all desired fishes
recognized in the FCOs. Wetland restoration projects are needed in the
western basin to benefit species like northern pike.
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Fish Stocksand Genetic Diversity

Persisting and increasing eutrophic conditions in the western basirg dur
19992008 are cause for concern about the future status of locally adapted
fish stocks. Percid stocks that are dependent on nearshore, riverine, and
estuarine habitats for spawning and nurturing of young, particularly those
dependent on the Maumee @andusky Rivers and Ohio reef systems, may
be especially responsive to changes in nutrient loadings that ianegdr
eutrophication of westerbasin waters. Percid recruitment was variable and
weak during 20042008. Further responses are expected, inajudeauced
growth and continued weak recruitment of percids, declines in recruitment
from stocks of lake whitefish that spawn in the western basin, and increases
in fish species tolerant of eutrophic conditions (e.g., freshwater drum,
channel catfish, whitbass, and white perch). Declines in local smallmouth
bass stocks may also be related to eutrophication, the negative effects of
storms and round goby on nesting success, and mortality from double
crested cormorant predation.

Assessment and research ramadi critically important to LEC management

of the western basin during 20@008. Interagency bottom trawling and
monitoring of lower trophic levels are instrumental in detecting and
understanding system responses to major environmental changes intthe basi
that affect fish recruitment and fishery yields. Research to determine stock
specific recritment contributions to westetmasin fish populations and
associated fisheries is underway and is needed to guide prioritization of
habitat protections and imprements. Sampling programs are still needed
for species that are not currently being rigorously assessed and have shown
signs of continued stress in the western basin for just under a decade, such as
smallmouth bass and lake whitefish. Smallmouth bass neay lseful
sentinel species for detecting nearshore habitat changes related to climate
and shoreline alterations in the western basin. Efforts to address fish
production and to maintain relatively conservative fishery exploitation
represent partial achiement of theGenetic Diversity=CO.
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Rare, Threatenedand Endangered Species

Results of current intgarisdictional collaborative efforts aimed at restoring
lake sturgeon have been relatively encouraging. Although there are still
many unknowns with respeto the population status of lake sturgeon in the
western basinrecently there has been a magtimistic outlookfor the
recovery of the speciess both adult and juvenile fish were reported with
increasing frequency. In addition, LEC agencies havdiraged to restrict
harvest of rare, threatened, and endangered spsuigs as lake sturgeon.
Eutrophic conditions are not optimal for lake sturgeon. Persistence of
eutrophic conditions in the western basin will likely delay, if not preclude,
recovery of a Lake Erie spawning stock. However, future nutrient
management in the Maumee River watershed could provide opportunities to
restore historically important spawning habitat for lake sturgeon in the
western basin.

Productivity andYield from WesternBasin Fisheries

Westernbasin fishery yields of all major species averaged 5.4 million kg
during 20042008 as compared to 5.2 million kg in 192003 (Table 4).
Most (8590%) of the annual yields were from highlue species (e.g.,
walleye, yellow perch, whitdass, and lake whitefish) in both fiyear
periods. Percids accounted for 67% of the average annual yield from all
major species and 80% of the yield from higllue species in 2062008,
which was similar to their contributions duriri992003. On avege,
westernbasin fisheries accounted for 31% (4.5 of 14.4 million kg) of the
lakewide yield of higkhvalue species during 202008 compared to 34%
(4.7 of 13.8 million kg) in 1992003.
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Recommendations

Work with waterquality managers to restore @pdorus, transparenc
and dissolved oxygen levels to within target ranges.

Continue research on mechanisms affecting recruitment and morta
walleye and yellow perch stocks in the western basin and
associated implicatis for habitatmanagement, foedieb structure,
and fishery yields.

Continue to work collaboratively with federal agencies and univers
to better understand the distribution and population status of ac
species at risk, particularly lake sturgeon, withinwlestern basin.

Encourage continued monitoring by environmental science and-w
quality agencies to tradkexagenisstatus and trends.

Develop and implement agenspecific assessment programs

smallmouth bass in the western basin, standagigampling gears an
protocols as much as practicable.
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LAKE ERI E®S EBASINFRAL

Kevin A. Kayle'® and Charles Murray

Background

The central basin of Lake Erie is delineated by lthke Erie Committee
(LEC) as that part of the lake east of a nestluth line between Point Pelee,
Ontario, and Huron, Ohjand west of a nortsouth line bounded by the
Pennsylvania Ridge at Presque Isle, Pennsylvania, and the landward end of
Long Point, OntariqFig. 1). It hasan average depth of 18.5 m, a maximum
depth of 25.6 m, and makes up 63% of the | ak
(Bolsenga ad Herdendorf 1993). For fishempanagement purposes (stock
assessments and quota allocations), the central basin is splisaootih
almost equally into westentral andeastcentral sukbasins along a jagged
dividing line from Fairport Harbor, Ohio, to the&FCanada boundary, then
west to a line from the international boundary to Port Glasgow, Ontario
(YPTG 20009).

Although the ceftral basin is mostly mesotrophic, it became increasingly
eutrophic during 2002008 (Fig. 3). Nutrients enter the nearshore areas
from large harbors imnd rivers discharging tthe central basiand from
Ohio rivers discharging to the western basin. Aaptsource oftotal
phosphorugTP) to the central basin is release from sediments under anoxic

2Complete publication including map of place names, other chapters, scientific fish
names, andeferences is available lattp://www.glfc.org/pubs/SpecialPubs/Spl17_01.pdf

13 .A. Kayle. Ohio Department of Natural ResourdeBivision of Wildlife, 2045 Morse
Road, Building G3, ColumbusOH 43229 USA.

C. Murray . Pennsylvania Fish and Bo&ommission,Lake Erie FisherieRResearch
Unit, 7895 West Lake Road,®. Box 531, Fairview, PA 1641%JSA.

BCorresponding author (emaklevin.kayle@dnr.state.oh s
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conditions, which occurred during 20@008 (see Environmental
Conditions chaptein the full repor}.

Environmental conditions and habitats in the central bafem reflect a
gradient between the shallow western basin and deep eastern basin for many
abiotic and biotic featuresjthough they also reflect features that are unique

to the central basin. For example, water depths, temperatures, and lower
trophiclevel indicators in the central basin tend to be intermediate to those
of the other basins, yet hypoxia occurs naturally only in the central basin
(Fig. 2). Additionally, the western and eastern basins have water masses that
rotate within the boundaries od&h country, whereas the central basin has
two dominant gyres (one per sbhsin) that span the waters of both
countries, with counteclockwise rotation in the wesentral ancclockwise
rotation in the eastentral sukbasins (Saylor and Miller 198. How these

gyres affect foodveb structure of the central basgnot wellunderstood,

but they are known to affect algal distribution&C 2005) and may have
additional implications for pelagic food webs and fish behavior. At present,
and historically, migatory fish stocks have traversed the central basin during
spring or fall en route to feeding or spawning grounds. Resident stocks of
many fishes were extirpated in the central basin by the 1960s, likely due to
degradation of nearshore spawning and foiggiabitats.

Food-Web Structure

Forage Fishes

In the central basin, density of forage fish in agency surveys conducted with
bottom trawls in fallvaried among subasins and years during 199008.

In Ohio waters, average densityf i $§)hwAshsanilar bateen 19992003
(1,774) and 2002008 (1,851) irthe westcentral sukbasin but 31% higher
between 1992003 (2,564) ath 20042008 (3,371) in the easentral sub

basin (Fig. 11). In 2008, foragiesh density in Ohio was among the highest
values recorded in 1998008. InPennsylvania waters of the easntral
subbasin, average density of forage fish decreased 14% betwee20939

and 20042 0 0 8 from 1, 509" Hhutotraning3wdst notf i s hAha
conducted in two years (2006, 2008) of thter period. Bottom trawling
was not conducted in Ontario during 198808.
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Walleye

Compositian of the centrab a s i n 6-fish dommuaity shifted noticeably
between 1992003 and 20042008 fig. 11).In the westcentral sukbasin,
average clupeid (&0 gizzard shad and alewife) abundance in 22028
declined 69% from that in 1998003 with clupeids coritsuting only 3% to
total foragefish abundance in 2082008 Abundance of rainbow smelt
declined 36% between the fiyear periods, and smelt made about 18%

of the total forage in 2002008. Abundance of other sofiyed fishes
(Notropis troutperch, and round goby) was similar between time periods
and made up about 30% of the forage base throughoutZ(8® Spiny
rayed species (age yellow pech and white perch) increased substantially
(65% on average) between 192803 and 2002008, comprising 47% of
total foragefish abumance in 2004€008. In the eastentral sukbasin,
spiny-rayed species (especially agavhite perch) in Ohio waters inagsed
from 51 t 0(2-22%7f tdtal ferdydish density) from 1992003

to 20042008. A different pattern was evident in the abbreviated data from
Pennsylvania waters, where density of spiayed fishes (primarily age
yellow perch) declined h&een 1992003 and 2002008. Rainbow smelt
and other softayed fishes were the daémant forage fishes in the east
central basin during 1992008. Clupeids were never abundant in Ohio or
Pennsylvania in either time period. Throughout the central baswifa
hatches were poor during 199908; aged fish were caught in trawl
surveys only in 2006. No tubenose gobies were captured in any of the trawl
surveys conducted in the central basin.

Fig. 11. Density (fisA hheof rainbow smelt and three types of other forfigie
in three areas of LakerB e 6 s ¢ & rOhio waters bfahe iwestern sub
basin and Ohio and Pennsylvaniaaters of the eastern sbhsi® as
determined by area swept with bottom trawls during October-2008 (FTG
2009). No trawling wasdone in Pennsylvania waters in 2006 or 200Be
f or ag eclupeidp e @ spihy rdiyed include only fish ofage Q whereas
t he f or ahgreoftrayeplamd ra@inbow smelt include fish of all ages.
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Mean sizes of forage fishes or compositionpoddator diets did not differ
between 1992003 and 2002008 (FTG 2009). Diets of various predator
species were predominantly emerald shiner, rainbow smelt, round goby, and
gizzard shad in both fivgear periods.

Walleye is the mosabundant top predatan the central basin during
summer and falland its feeding preferences in the central basin are the same
as in the western basin (seea k e  Westem 8asin chaptén the full
repor). During 20042008, walleye diets in the central basin were
dominded by gizzard shad, rainbow smelt, aatropis(FTG 2009), just as

in preceding years.

Walleye populations in the central basin of Lake Erie are mostly dependent
on production of young fish from stocks that spawn in the western basin
even though thergatributary and reef spawning aggregations of walleye in
the central basin. A Grand River (Ohio) spawning stock annually produces
age0 walleye but with minimal contribution to the centbasin walleye
population. Similarly, production of agewalleye fom nearshore reefs in
Ohio and Ontario waters of the central basin is believed to be minimal.

Older walleye, paitularly age3 and older females, migrate seasonally from
the western basin into and through the ceriealin. Annual abundance of
age 3 andolder fish (males and females) in theestern walleye stock
averaged 11.3 million fish (range 8.5 to 12.8 million19992003 and 19.8
million fish (range 8.5 to 37.4 million) in 2062008 (WTG 2009). The
increase in walleye abundance was driven egtiogl the large 2003 year
class (se¢ a k e Waesiera Basin chaptan the full repor}, members of
which became migratory during the latter years of 220d8.

The average annugleld of walleyes from centrddasin fisheries increased
from 1.4 to 1.8million kg between 1992003 and 200£008. Annual
yields ranged from 1.1 to 2.3 million kg between 2004 and 2008, with a peak
in 2006 that reflected full recruitment diieg 2003 yeaclass. In the east
central sukbasin, fishery pdormance (yield, catcperunit effort, and
mean age harvested) in 20R608 was the highest since the late 1980s
(WTG 2009). Lower yields are expected during 2@093, given a new
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variable fishingrate policy (Locke et al. 2005) and low to moderate annual
recruitment ofwvalleye from the 2002008 yeaiclasses.

Yellow Perch

Diets of adult yellow perch in the central basin were dominated by the
zooplankteBythotrephes longimanyspiny water fleapnd emerald shiner
during 20042008. Other plankton and Chironomidae wereasseally
important to earlier lifestages. No changes in adult growth rates were
evident between 1992003 and 200£008.

Spawning stocks of yellow peratemain well distributed throughout the
central basin. Many of the major spawning areas are locatedritedary
inputs of nutrients and warm turbid water. These conditions foster growth of
plankton and provide refuge for larval and juvenile fish from predators.
Bottom trawling indicates inshore movements for spawning by some fish
while others remain inaekp (1015 m) waters (@io DNR, Fairport Harbor
Fisheries Research Station, unpublished data). After spawning, yellow perch
move farther offshore and are affected by hypoxia and upwellings, but
impacts on feeding, growth, survival, and future recruitmeatumcertain

(see Progress, Emerging Issues, and Priorities chiates full repor}.

An emerging issue for yellow perch (and other species) during-2008

was the outbreak of a new, unique strain of viral hemorrhagic septicemia

virus (VHSV) in Lake Ee (see Progress, Emerging Issues, and Priorities

chapterin the full repor}. Moribund yellow perchested positive for VHSV

in 2006 as did gizzard shad in 20@D08. No other percid dieffs were

observed after this initial event, bfuirther testing ath research aréeing
completed to determine the extent of the
status of fish health in the central basin, other portions of Lake Erie, other

Great Lakes,and neighboring inlad waters in the United Statesnd

provinces 6Canada.
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Adult yellow perch were abundant in the central basin du2i®@42008
relative to 19758003 owing to a strong 2003 yeatass and moderately
strong 1999, 2001, 2005, and 2006 yedasses (YPTG 2009). Between
19992003 and 20042008, averagebundance increased from 76.5118.3
million fish in the westentral sukbasin, and from 57.2t74.7 million fish
in the eastentral sukbasin. Adult abundance in 20@®06 was the highest
of any year during 1973008 in both sulibasins of thecentralbasin (Fig.
12).

The average annual yield of yellow perch from certtedin fisheries
increased from 2.3 to 3.3 million kg between 12983 and 20042008
(YPTG 2009). During 2002008, annual yields ranged from 1.8 to 2.0
million kg (mean: 1.9 milliorkg) in the westentral sukbasin and from 1.1

to 1.7 million kg (man: 1.4 million kg) in the easentral sukbasin. Current
LEC harvest policy for yellow perch invokes a risksed assessment of a
constan fishing rate for each centrbbsin stock. Devepment of a new
Yellow Perch Management Plan will guide future interagency management
of fishery exploitation.

Fig. 12. Yellow perch abundance (millions of fi8ha @)eand harvesfmillions

of kg) in the western and easterndula s i ns of liral kasin, B75 e 6 s

2008 (YPTG 2009).
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Smallmouth Bass

Round goby is the primary prey of adult smallmouth basisercentral basin

of Lake Eriewith new evidence of increasing consumption by juvenile
smallmouth bass during 20@008 relative to previous years. Growth of
age0 and agel smallmouth bass, as judged from the size of individuals
caught with bottom trawls in 2062008, has increased ropared to that in
the decades prior to round goby establishment.

Rare catches of smallmouth bass in offshore gillnet assessments indicate that
stocks along the north shore of the central basin are small and localized,
supporting minor sport fisheries nghe ports of Erieau, Burwell, and Bruce
(OMNR 2009b; MacDougall et al. 2004). Most spawning occurredeefs

and shoals in water <1t deep. Adults are scattered in waters as deep as 15
m after nesprotection is completed in msdmmer.

Gillnet surveysdrgeting smallmouth bass were initiated in the Ohio waters
of the central basin in 2006 to monitor age compositiondoftes Survey
results from 200€008 indicate minor increases in recruitment and the
presence of fish up to age 17 (ODNR 2009). Annuaftsteore monitoring is
being initiated to determine the status of juvenile smallmouth bass (ODNR
20009).

Smallmouth bass fisheries in the central basin are small compared to those in

the western and eastern basins, and they are diminishing. During2@084

fishery effort for smallmouth bass in Ohio waters averaged 68,8200

angler hours annually as compared to 138,208,000 angler hours in
19992003. Catch rates were high in both fiwear periods with many

anglers practicing catch and release whitrvesting <4,000 smallmouth

bass per year (ODNR 2009). ‘hlae viemploement ati ol
season in Mayjune reduced angler effort in Ohio waters of the central basin,
although to a lesser degree than in the western basinl(se& e Er i ed s
Westen Basin chaptem the full repor}. In Pennsylvania waters, fishing

effort for smallmouth bass ranged from 2,000 to 10,000 angler hours during
20042008, as compared to 6,000 to 20,Gler hours annually during
19992003. Release rates were high asdemced by an average annual

harvest of only 189 fish from an average annual catch of 5,700 smallmouth

bass (PFBC 2009).
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Steelhead

Steelhead diets varied between asins and among months, and the
presence of pelagic and benthic prey reflected feedimgighiout the water
column. At least seven species of fish and ten species of invertebrates
(aquatic and terrestrial) were eaten, but fish were the predominate prey
(>99% dry weight biomass). Shiners composed 71% of digt \Weight
biomass) in the wesiental subbasinand 36% of the diet in the easintral
subbasin. Rainbow smelt were also important prey (209oweight in the
westcentral andd2% in the eastentral sukbasins). Roungoby was eaten

only in the eastentral sukbasin (<1% dry weight).

Steelhead, an introduced species, spawn in various tributaries that are largely
unsuitable for recruitment at levels sufficient to sustain stocks in the central
basin. Fisheries are maintained through stocking of hatebargd fish by

state and provinciaagencies As in 19992003, about 1:3.4 million
yearling steelhead werstocked annually in the centdadsin drainage
during 20042008, the vast majority in Ohio and Pennsylvania tributaries
(CWTG 2009). &elhead stocked in the centlasin drainagemace up

about 7680% of the 1.72.0 million steelhead stocked annually in the Lake
Erie watershed since 1990.

Steelhead survival is likely influenced by predation from sea lamprey. Sea
lamprey monitoring and control continue in the Grand River (Ohio),
Conreaut Creek (Ohio and Pennsylvania), and Raccoon Creek
(Pennsylvania). Lampricide treatments in two consecutive years (2008 and
2009) are being implemented in the Grand River and Conneaut Creek (as
well as in other major sea lamprey producing tributariekake Erie) to

stem the upturn in sea lamprey numbers and marking rates on target species
(seeL a k e [EastérreBasin chapter the full repor}.

Steelhead sport fisheries in the central basin occur mostly in tributaries

during spawning runs. An evaluk i on of Pennsylvani ads steel he
was completed in 2004 (Murray and Shields 2004). Monitoring of steelhead

fisheries in Ohio tributaries began in fall 2008 and ex¢erldrough spring

2010. Annual harvest of steelhead by the sport fishery in the waters of

the central basin during 20008 ranged from 5,000 to 32,000 fish

(CWTG 2009), which was lower than in 1992003 (23,00€123,000 fish).
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Variation in annual harvests between the fixear periods was driven by

subpar catch rates of walleya the offshore sport fishery in 20@008, a

fishery in which steelhead aredaych. Sukpar catch ratesf walleyeled to

reduced effort and thus a lower harvest of steelh&gshucity ofcreeldata

from all agencies on the opdake fisherymay be creating an appearance of

highly variable harvests. Targeted catch rates for steelhead anglers in the

open waters of the cent(aage0.06a26n averaged
f i s Aumimg 20042008 (GNTG 2009), which is at least as high as

averages ) reportetl forf other BrAah rakes (Hanson 2006).

Other Species

Population trends for burbot, lake whitefish, and rainbow smelt are covered
intheL a k e Eastere Basin chaptén the full report Adults of these
species are large limited to oligotrophic areaghat are mostly in eastern
Lake Eriebut also include limited offshore regions in the central basin. In
the central basin, the average of annual fishery yields declined between
19992003 and 20042008 for burbot (82%), lakevhitefish (56%), and
rainbow smeli(2%) (Table 5). Rainbow smelt provided the highest yield of
any species in 2004 and the second highest annually during 2005, 2007, and
2008. In aggregate, burbot, lake whitefish, and rainbow smelt accounted for
about 26%of the annual yield of major species in the central basin in-2004
2008, as opposed to 34% in 198@03. In cormparison, percids made up-44
45%, respectively, of the average annual yields in the central basin in 1999
2003 and 2004£008.

Targeted monitoringdf secondary fish populations (e.g., channel catfish,
freshwater drum, white bass, and white perch) is not conducted by any LEC
agency in the centréasin;these species are harvestedstly as bgatchin
centratbasin fisherie¢Table 5). Trends in figry yields provide only coarse
indicators of the four secondary spe6iabundance. The average of annual
fishery yields (Table 5) declined between 12Z9®3 and 2002008 for
white bass (16%) and freshwatium (3%)but increased substantially for
white perch (196%) and channel catfish (91%). Collectively, the four species
accounted for about 20% of the total annual yield of major fishes in both
five-year periods.
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Table 5. Annual yield (thousands of kg) of various fish species from commercial

and sport isheries in Ohio, Ontario, alde nnsyl vani a waters of Lake E
central basin during 2002008. Also shownare the average annual yields for

19992003 and 2004£2008.

Year Averages

2004 1999

Species 2004 2005 2006 2007 2008 2008 2003
Burbot <1 <1 <1 <1 <1 <1l <1l
Channel catfish 16 26 45 10 25 25 13
Freshwater drumr 37 63 46 30 40 43 44
Lake whitefish 140 106 55 120 107 105 240
Rainbow smelt 4,138 2,192 50 2,446 2,416 2,248 2,303
Walleye 1,079 1,550 2,298 2,204 1,872 1,801 1,359
White bass 974 639 549 857 1,300 864 1,032
White perch 512 816 783 949 804 773 261
Yellow perch 3,017 3,095 3,678 3,413 3,138 3,268 2,287
Total 9,915 8,492 7,507 10,031 9,704 9,128 7,544

Progress: CentratBasin Fish Community Objectives

As eutrophic conditions (increasing TP and hypoxia) developed in the
central basin during 2002008 (see Environmental Conditions chapter

the full repor}, several recommendations fromsby et al. (2009) remain
especially relevant for achievindish community objectives(FCOg,
including (1) the LEC should improve their understanding of how habitats
affect fish production for offshorgpawningspeciessuch as yellow perch;

(2) ensure tht population models and exploitation strategies are maintained
or improved to susin fisheries on percid stockshile accommodating
changing ecosystem ogitions and stakeholder support; a8 consider
how percid fisheries management affects osiparcies, such as smallmouth
bass. Actions toward these recommendatidnsing 20042008 largely
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focused on assessment of changing ecosystem conditions and associated
responses in fish community dynamics, as well as on communication with
stakeholders. Detigion specific FCOs are provided below.

Food-Web Structureand Forage-Fish Dynamics

Trends of increasing TP concentrations and low DO events between 1999
2003 and 2004008 indicate that the central basin transitioned from
mesotrophic to eutrophic, whiclikely drove shifts in the foragish
community and foodveb structure. As the central basin became
increasingly productive during 202008, the numbers of spimgyed
fishes (especially age white perch) in Ohio waters rose, a trend that was
also appant in the increasingly eutrophic western basin over the same five
years. The increased numbers of-8gehite perchduring 20042008 were
particularly noticeald in the eastentral sukbasinwhere previously they

had been inconspicuous. Gizzard shadidedlin abundance between 1999
2003 and 2004008 inthe western basin and the weshtral sukbasin but

not in the astcentral sukbasinwhere they maintained similar (albeit low)
levels of abundance between periods. These results suggest thah shéts
structure of the foragiish community in the central basituring 19992008
reflect a general wesb-east trophic response to increasing TP similar to
trends observed in the western basin. Piscivorous fishes did not shift their
diets to lesprefered spinyrayed fishes in the presence of abundant
rainbow smelt andNotropis and growth rates of higbalue fishes remained
high. Therefore, the FCOs relatenl food-web structure and foragesh
dynamics are judged to havedpelargely met during 2082008 but are in
jeopardy for future years if eutrophication accelerates or persists. Shifts that
could jeopardize meeting the FCOs include major declines in benthic
invertebrates and changes in feeding behavior, movement, growth, and
reproduction of forage ral piscivorous fishes in response to increasing
anoxia.
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Habitat Objectives

Actions to improve fish habitat in Lake Erie were summarized previously
(see Envionmental Objectives and Habitahapterin the full repor}.
Shoreline modification, dredgingnd erosion continued to affect fish habitat

in the central basin during 20@908. Much work is needed to improve
habitats for fish that spawn in rivers and/or in nearshore waters. Nutrient
management aimed at restoring mesotrophic conditions in the |deasia
remains the highest priority to obtain optimal production from all desired
fishes recognized in the objectives. A potential threat to fish habitat emerged
during 20042008 wlen a developer of offshore wimgbwer projects
explored opportunities in I@o waters of the central basiaising concerns
related to siting, design, funding, and potential effects on aquatic biota and
habitat. OhioDepartment of Natural Resourcesrsonnel were engaged in
assessment requirements for site leasing and developprescribing a
regimen of activities that developers neétb complete before, duringnd

after installation of winebower turbines.

Fish Stocksand Genetic Diversity

The intent of theGenetic DiversityFCO is to protect or improve locally
adapted indigenous fish stocks through management of habitat and fishery
exploitation. Given the variety of nearshore habitats in the central basin,
including numerous tributaries, extensive shoreline bluffs, embayments
harbors, and nearshore reefs, as well as a large offshore area that
periodically becomes hypoxic, the existence of-Boale discrete fish stocks

is presumed but largely unproven. Some local stocks, such as blue pike,
were permanently lost as nearshdbitats of the central basin became
degraded irthe 1960s. The LEC recognizes and broadly assesses two large
stocks of yelbw perch (west central and ea&sintral sukbasins) for quota
management purposes, but fiseale stock structure is unknown.
Smallnmouth bass may have spatially discrete stocks among and within Ohio,
Ontario, and Pennsylvania waters. Little was learned about biological,
genetic, and behavioral differences among local stocks of any fish species
between 1992003 and 20042008. Increasigly eutrophic conditions in the
central basin may affect local stocks differently, depending on the
distribution and duration of anoxic zones that could influence foraging
behavior, growth, and survival. Research on stock identification that is
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underway fo walleye will help elucidate stock structure for that species and,
if successful, similar techniques may also be applicable to yellow perch,
smallmouth bass, and lake whitefish in the central basin. Efforts to address
fish production from different habig and to maintain relatively
conservative fishery exploitation represent partial achievement of the
Genetic Diversity=CO.

Productivity andYield from CentralBasin Fisheries

Fishery yields of major species from the central basin averaged 9.1 million
kg during 20042008, as compared to 7.5 million kg in 192803 (Table 5).
Most (90%) of the increase in average yield was due to higher vyields of
percids. Average annual yield of all highlue species (walleye, yellow
perch, lake whitefish, white bass, arainbow smelt) increased from 7.2 to
8.3 million kg between 1992003 and 2002008, with percids accounting

for 50% and 61% of thes totals, respectively. Centdahasin fisheries
accounted for 52% of the average lakewide yield of tiglhe species in
1999-2003 and 5862% of the average lakewide yield annually from 2004
through 2008.

Recommendations

1. Strive to maintain mesotrophic conditions in the central basir
supporting efforts to reduce TP concentrations in the webtesin and
by working with waterquality managers and researchers to be
understand and control major nutrient inputs from streams
combined sewer overflows.

2. Support monitoring and research on lower trophic levels
environmental coditions in the central basinith a speific focus on
understanding the effects of hypoxia on fish distribution, fisheries,
fish assessments.

3. Identify specific coastal, riverine and estuarine, and nearshore
habitats in the central basin that require protection and improveme
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Continue efforts to understand mechanisms affecting recruitmen
mortality of yellow perch in the central basin.

Continue efforts to understand fish production in, and migra
through, the central basin in response to changing lake condi
nutrients, and hypoxia.

Continue efforts tocontrol sea lamprey in lampreproducing

tributaries to the central basin. Monitor other tributaries where
lamprey may contribute to the centtadsin stock.
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LAKE ERI E6S HABISYTERN

James L. Markham™, Donald W. Einhouse, Kevin A. Kayle, Tom
MacDougall, Charles Murray, Kurt Oldenburg, Martin A. Stapanian,
Paul Sullivan, Elizabeth Trometer, and Larry Witzel

Background

The eastern basin of Lakgrie isseparated from the adjacent central basin

by the submerged Pennsylvania Ridg#ich crosses the lake from Long

Point, Ontario, to Presque Isle, Pennsylvania (Burns 1985; Ryan et al. 1999),

and extends east to the head of the Niagara River at BuffaloyYNew The

eastern basin has an average depth of 18.9 m, a maximum depth of 64.0 m,

and makes up 24% of the | akebs surface ar ez
(Bolsenga and Herdendorf 1993). The eastern basin receives most of its

“Complete publication including map of place names, other chapters, scientific fish
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waterfrom the upstream central baput also has major river inflows on the
north shore from the Grand River (Ontario) and on the south shore from
Cattaraugus Creek (New York) (Sly 1976). Extensive areas of marsh and
wetlands are found in Long Point Bay and in the lower reaches of timel Gra
River (Ryan et al. 1999). Bottom substrates vary with exposed bedrock and
deposits of sand and gravel along the south shdrereas the north shore is
dominated by clay and sand. Mud bottoms predominate in the deeper waters
(Burns 1985).

The seasonahermal cycle of the eastern basin closely resembles that of the
other Great Lakes (Hartman 1972). During the winter, the basin is nearly
isothermal at 0.1°C (Burns 1985). In spring, after ice breakup in the central
and western basins, ice flows move east eover the eastern basin, causing
the warming of neasurface water there to lag behind the western basin by
18 days and the central basin by 11 days (Hartman 18¥#ght warming

and complete iceut occurs during April and early May. Then the upper
waters warm more rapidly, and a relatively stable and thick metalimnion
forms that narrows and sinks as the summer progresses. The epilimnion is
well mixed, reaching around 24°C by early August before it starts to cool.
Hypolimnetic water warms slowly, reaaly 7-9°C before fall turnover in

late October, and winter conditions are reached by late December (Hartman
1972). The eastern basin can be classified as deep dimictic; it stratifies
thermally and has a thicker hypolimnetic layer of cold water than érists
the central basin (Ryan et al. 1999). At full thermal stratification (typically
early September), the metalimnion usually forms at depths near 20 m but can
be deeper or shallower depending on summer heat intensity or upwelling
events associated with sased strong winds.

A diversity of habitats, fish species, and stock behavior makes the eastern
basin uniqgue among the three basins of Lake Erie. Environmental conditions
and habitats are most stable in the eastern basin as compared to the western
and catral basins, butvhen conditions change, responses in food webs and

in the coolwater fish community occur initially in mesotrophic areas
nearshore. Oligotrophic offshore areas provide the vast majority of thermal
habitat necessary to sustain a eafgfte fish community in Lake Erie but

also provide a thermal barrier that affects movements of somenedet
species and fosters thiermation of localized stocks. Together, nearshore

76



and offshore habitats support (or once supported) resident and migratory
stocks of several key fish species, including walleye, yellow perch,
smallmouth bass, lake trout, cisco, burbot, lake whitefish, and rainbow
smelt Spawning and nursery habitat for most of these stocks are in the
nearshore waters of the eastern basin. Heweadults of some coldater

fish stocks (lake whitégh and rainbow smelt presentbisco and lake trout
historically) reproduce in the western basin and migrate to the eastern basin
as waters warm. CooVater species (walleye) also spawn ie tivesten

basin and use eastédpasin habitats during warm months. The combination
of havirg cool and coldwater habitatand resident awell as migratory

fish stocks has important implications for foodveb structure, fish
production, and ultimately, fisheriegeld.

Food-Web Structure

Diporeia spp.

Diporeia spp. are deewater amphipods that were once the dominant
benthic macroinvertebrates in all five of the Great Lakes (Cook and Johnson
1974). They were important to the diets of a number of forage fishes,
including cisco, lke whitefish, and rainbow smelénd thus provded an
important conduit of energy from phytoplankton to higher trophic levels
(Barbiero et al. 2011 and references within). DeclineDiporeia spp.
populations became evident across the Great Lakes in the early 1990s,
i ncluding deep eastemaasin ( @érmolt ankl KereE 1997% 6 s
Sampling at 12 sites across Lake Erie between 1997 and 2009 produced no
Diporeia spp. (Barbiero et al. 2011). Although the cause for the
disappearance dbiporeia spp. remains unknown, suspicion has centered
upon irteractions with Dreissena spp., (Quagga and zebra mussels);
however the mechanism(s) remain unclear (Barbiero et al. 2011 and
references within).

Forage Fishes

A diverse and abundant base of forage fishes is vital to the sustainability of
easterrbasincold- and coolwater fishcommunities. A century ago, cisco, a
softrayed fish, was the major forage fish in eastern Lake Erie. Rainbow
smelt, emerald shiners, gizzard shad, all pelagic species, and the benthic
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round goby have replaced extirpated cisco. Bawnsmelt and round goby

are major prey of lake trout and burbot, two top esiter predators.
Rainbow smelt are also major prey of walleye, whereas round goby provide
abundant prey for yellow perch and smaluitto bass. Assessments of
foragefish abundane in the eastern basin are accomplished through
independent surveys conducted with standardized bottom trawls by the
Ontario Ministry of Natural Resources and Fore§®WINRF) and the New
York State Department of Environmental Conservation (DEC) (OMNR
200%; Einhouse et al. 2009).

Density and diversity of foragfishes in the eastern basin were high during
20042008 as compared to 1992003. Overall densities in 202008
ran ﬂ ed from 4, 16 BewtYork viaterfrid4,010 to$,258 h a
f i s hid®@netariowatersas compared with densities in 192903 of 1,978

t o 5, 51% Nfeiws hYdohrak ) and 57 ®ntario) (Fig.1, 346 fi shAha
13). Similar shifts in forage species between 120893 and 2002008 were
detected by the OMNIRand DECwith increaes in mean densities of round
goby, other softayed fishes (emerald shiners and tpetch), and spiny
rayed fishes (agé yellow perch, white perch, and white bass), and
decreases in clupeids (Fig. 13). Increased density of spygd fish was
largely due to abovaverage recruitment of yellow perch. Clupeids (gizzard
shad and alewife) did not have major yelsses after 1999 (Ontario) or
2002 (New York). Rainbow smelt increased in New York waters and
decreased in Ontario waters during 2@DO8 reldive to previous years, but
they were abundant throughout the eastern basin durie§20D8. In
general, the foragish community in the eastern basin provided abundant
softrayed prey for both coolnd coldwater piscivores.

Fig. 13. Density(fishA hhaof rainbowsmelt and three types of other forage fish

in two areas of L & koag PBint iBaydirs Onarmsatde r n b asi n
waters of the open lake Mew Yorkd as determined from the area swept with

bottom trawls during October 192908 (FTG 2009).The forage types

ficl up e i spisydayead madudefionly fish ofage Q whereas the forage type

fiother soft rayedand rainbow smelt include fish of all ages.
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Cisco

Cisco is indigenous to the Great Lakes and historically supported one of the

mod-productive fisheries in Lake Erie (Scott and Crossman 1973; Trautman

1981). It was also the dominant planktivoretie eastern basin and the

mostimportant food for lake trout. Cisco is considered extirpated in Lake

Erie, although commercial fisherman havwecorded >20 individuals since

1996 €i g .

14) .
including ovefishing, habitat loss and degradation, eutrophication, and

The popul ationds d,e mi

interactions with no#indigenous speciesuch as rainbow smelt and alesvif
(Christie 1974; Ebener 1997; Madenijian et al. 2008; Baldwin et al. 2009).

Fig. 14. Lake Erie showing the number of cisco caught at various locations in

19952008. All ciscoes were caughttine Ontario commercial gilinet and trawl
fisheries (circles) wih the exception of one fish (triangle) that was caught in

index gillnetting by the Ohio Department of Natural Resources near Fairport

Harbor, Ohio. Total number of cisco caught in 12988 is slightly higher than
that shown because catches without lacainformation have been excluded.
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A remnant cisco stock may still exist in Lake Erie. A total of 11 cisco were
collected by commrcial fishers during 2002008bringing the total number

of cisco collected since 1994 to #Hid. 14).An examination of DNA from

nine of the cisco caught between 1995 3063 found that they were mest
similar genetically to Lake Erie cisco from the 1950s and 1960s based on
microsatellite markers U.S. Geological SurveyNorthern Appalachian
Research Lalratory, unpublished data). Of cisco from extant Great Lakes
populations, those from Lake Huron were most similar to the recently
collected cisco from Lake Erie. Workshops were conducted in 2003 to
review the current status of cisco and impediments to stmtkvery in the
Great Lakes and in 2006 to discuss a model of cisco management developed
for Lake Superior with implications for cisco restoration in the Lower Great
Lakes (CWTG 2009).

Walleye

During 20042008, walleye diets remained dominated by rainbowelt with

minor contributions from numerous other spegdiesluding emerald shiners,
round goby,Morone spp., and clupeids (FTG 2009iscrete stocks of
wall eye spawn in Ontariobs Grand River, near
and New York waters,aridn New Yor kés Cattaraugus Creek an
Bay. Historically, resident stocks in the eastern basin were considered
spatially and genetically distinct from westerand centrabasin stocks
(Wolfert and Van Meter 1978; Nepszy et al. 1991). However, thegis of
tagging studies (Wang et al. 2007), genetic investigations (Stepien and Faber
1998; McParland et al. 1999; Gatt et al. 2003), and analysis of harvest
patterns (WTG 2010) indicates that considerable mixing occurs seasonally in
the eastern basin treeen walleye that are resident there and those that
migrate from the westn basin. The degree of mixingnd thus theelative
contribution of westerbasin walleye to individual eastebasin fisheries,
varies geospatially, seasonally, and annually fmetion of the magnitude

of the westersbasin walleye population and environmental and biotic
factors. For exaple, the proportion of westelrasin walleye in the eastern
basin sport fishery was 73% in 1996 (Gatt et al. 2003) and &5% in
19992000, but their proportional contributions to the commercial fishery
remained similar between these two time periods (Einhouse and MacDougall
2010). A lack of suitable habitat is limiting production of walleye for at least
the Grand River stock (s&nvironmentbObjectives and Habitat chaptier
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the full repor} where a dam blocks access to >90% of available spawning
substrate (MacDougall et al. 2007).

Abundance of walleye Oage 2 in the eastern b

migrant fish) was higher in 2062008 han in nost years between 1992 and

2003 based on two of three agency surveys with gilin€ig.(15). Peak
abundance occurred in 2005 due to recruitment of fish from a dominant
2003 yeaiclass. Elevated abundance wassl pronounced but also evident
inthesur vey conducted in Ontariods Long
rise in walleye abundance in recent years was due to the persistence of the
strong 2003 yeatlass, moderate yeatasses were also produced in the
eastern basin in 206806, and they ats contributed to higher walleye

abundance in the eastern basin in 200@8.

The average amal yield of walleye to eastestvasin commercial and sport
fisheries decreased from 118.6 to 88.7 thousand kg betweer2009%nd
2004-2008. Annual yields rangefiom 32.1 to 151.1 thusand kg between
2004 and 2008vith a peak in 2006 that reflected full recruitment of the
2003 yeafclass to the fisheries. Performance of the walleye sport fishery in
the eastern basin (harvesatahperunit effort, and mean age heested) in
20042008 was the highest since the [dt®80s when the strong 1984 year
class recruited to the fishery (Einhouse et al. 2009).

Fig. 15. Rel ative abundance ofErwalbkeye
eastern baséh Long Point Bay in Ontario and waters of the open lake in

Point B

Oage 2

Ontario and in New Yor& based oncateheruni t ef fort )(nCPUE; fishAnet

index gillnets, 1982008. The Ontario Ministry of Natural Resourcasd

Forestry (OMNRF) conductednetting in Long Point Bay and, in partnership

with the Ontario Commerci al Fisheriesbd
Ontario waters of the basimhe New York State Department of Environmental
Conservation (DEC) conducted netting in the open New York waitrtthe

basin. Note that scales of the vertical axes differ.
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Yellow Perch

Yellow perch is an abundant, adaptable benthrinnivore in the eastern
basinable to use a wide variety of water temperatures and habitats (Scott
and Crossman 1973Jhe diet ofyellow pech changes with size and season
but is largely comprised of fish, benthic invertebrates, and zooplankton.
Although data on diets during 20@®08 are not available, anecdotal
information gathered from anglers and biologists who conducted agsgssm
surveys indicate that round goby have become increasingly common in
yellow perch stomachs since its invasion of the eastern basin in 2000 (DWE,
personal observation). Growth rates of yellow perch in the eastern basin
have been consistently high sinbe early 1990s (YPTG 2009).

In the eastern basin, yellow perch are considered to be one population for
assessment and infrrisdictional quota managemeeven though there
may be small spawning stocks that are spatially insolated. Basin bathymetry
and alarge volume of cold water offshore may limit yellow perch
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distribution and account for differing recruitment patterns among various
locations in the basin. Myers and Bence (2001) concluded that multiple
stocks were likely present within the basin. Howeaemorerecent study by

the OMNR- (OMNR 2006) reaffirmed treating yellow perch as a single
population for quota management. Further research is necessary to elucidate
stock structure on a local scale and determine the implications of that
structure to maagement of yellow perch in the eastern basin.

The yellow perch population in the eastern basin has expanded considerably

since the 1990snd the expanded population has been relatively stable from

2000 through 2008 (Fig. layg 2 rangddundance of
from 10 to 16 million fish dring 20042008 compared to 0.5 to 4.6 million

fish in the 1990s (YPTG 2009). Strong recruitment, coupled with high adult

survival rates (~65%) due to a conservative harvest strategy (YPTG 2009),

fostered a 10to 15-year recovery of yellow perch in the eastern basin, the

basin with the lowest biological productivity in Lake Erie.

The average annual yield of yellow perch to sport and commercial fisheries
in the eastern basin increased from 43.2 to 124.9 thousanmebrkgl 999

2003 to 2004008. Annual yields during 20€2008 ranged from 90.7 to
152.1 thousand kg and were the highest since 1990 but were less than half of
the levels of the 1970s and 1980s (Fig. 16). Catch rates of yellow perch
increased relative to 199803 for all commerciahnd sport fisheries in the
basin (YPTG 2009).

Fig. 16. Yellow perch abundance (millions of fiéha g eandzharvesfmillions
of kg) in the eastern basin of Lake Erie, 12088 (YPTG 2009).
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Smallmouth Bass

The diet of smallmath bass in the eastern basin of Lake Erie changed from
the 1990s to the 2000s (Crane and Einhouse 2016). During 1B®@&3
(before theround gobyinvasion), adult smallmouth bass ate mostly (54%,
frequency of occurrence) crayfistibécapodaspp.), and fish (clupeids,
Morone spp., and rainbow smelt) composed only about 10% of the diet.
However, romd goby quickly became the masimmon diet item (73%,
frequency of occurrence) following its establishment in eastern Lake Erie in
1999, and craysh became only a minor (6%) diet item. Coincident with this
diet shift, there was an increase in the mean size of smallmouth bass at ages
2, 3, and 4 (Einhouse et al. 2009; Crane and Einhouse 2016).
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Little is known about the stock structure of smallitiobass in the eastern

basin of Lake Erie. At least two stocks exist on the Ontario side of the basin,
one in the Long Point Bay area and the other near Port Colborne (OMNR
2006). Ontario tributaries along the north shore do not support any known
spawningareas of lakévased smallmouth bass populations, whereas a few

of New Yorkods tributar i-based dopulaonsp por t

(Goodyearet al.1982; New York State DEC, Lake Erie Fisheries Research
Unit, unpublished data).

Annual gillnet assessmemnindicate that smallmouth bass numbers (all ages)
remained relatively high during 20008 as compared to earlier years in
both New York and Ontario waters of the eastern bdsig. (L7). Young

(ages 1 and 2) and ol d ( aripeacfca@es f i

from New York waters than in catches from Ontario waters. Ontario
assessments show a thiyegar period of decreased abundance from 2004 to
2006 followed by increased abundance in 2007 and 2008 (Fig. 17).
Smallmouth bass recruitment duri@9042008 was similar to, or higher
than, historical levels in New York waters and similar to, or lower than,
historical levels in Ontario waters.

Fig. 17. Relative abundance of various age groups of smatnmags in two
areas of L ak asimBEong PdnsBayeimQGntar amiatdrss of the

open lake ifNew Yorkd based oncateperuni t ef fort (*@PUE;

Ontari o & indew York)hinfindex tillnets, 1982008. Netting was
conducted by the Ontario Ministry of Natural Resegiand ForestrfyOMNRF)

in Long Point Bay and by the New York State Department of Environmental
Conservation (DEC) in open New York waters of the basin.
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Angling effort and catch decreased acrosstexabasin sport fisheries for
smallmouth bass during9932008. Smallmouth bass anglers in New York
waters released 94% or more of bass caught, whereas anglers in Ontario
waters released about 27%, onrage, of the bass caught. Cajperhour of
smallmouth bass by anglers was higher in New York than @ntari
particularly after 1994 when New York opened the previously closed spring

months to bass fishingrig. 18).

Fig. 18. Catclperu ni t e f f o r t™) of sBalrdoEth bagsibysanghets in
Ontario and New York wat e19842008 Notecake Eri eds eas
that New Yorkinstituted a spring catch and release fishery for smallmouth bass

har v e dnthes¢l9942006kor bass O15

in 1994 that permitted.  dai |y
O 2 iAches (20072008) long.
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Lake Trout

Lake trout diets in the eastern basiuring 20042008 differed from their
diets in previous years. Prior to 2002, rainbow smelt was the predominant
prey of lake trout. In 2002, round goby was first observed in lake troug diets
and its occurrence increased thereafter (@A2009). During 2002008,
leanstrain lake trout ate mostly rainbow smelt %%, frequency of
occurrence), but round goby increased from 15% to 55% (frequency of
occurrence) during the fivgear period. Nodean (Klondike) strain lake
trout ate fewer rainbow smelt (@%)and more round goby (35%)than
leanstrain fish in 20042008. Despite the diet shift, lake trout growth was
fast and condition was high, just as they have been since the early 1990s in
easternLake Erie (CWTG 2009). Klondiksetrain bke trout grew slowe

than learstrain lake trout, andat age 4 they wereon average 5inm
shorter and 734 lighter than lean fish (CWTG 2009).

No native stocks of lake trout are known to exist in Lake Erie. Decades of
overexploitation, pollution, loss of habitat, and @sive species caused their
extirpation around 1965 (Hartman 1972; Christie 19Cérnelius et al.
1995). Moderrday restoration efforts began in 1969 with the stocking of
17,000 yearlings by the Pennsylvania Fish and Boat Commission, but annual
stockings ad directed assessment programs did not begin until 1980
(Cornelius et al. 1995). The initial rehabilitation objective of establishing an
adult lake trout population was successfdue to annual stockings of
200,000 yearlings during 198®95 (Fig. 19) andsea lamprey control.
Effective sea lamprey control and continuous stocking allowed the adult
population to expand andy the early 199Qsspawning occurred on
nearshore reefs and in harbors (Culligan et al. 1995; Fitzsimons and
Williston 2000). Howevergcuts to stocking in 1996 (Einhouse et al. 1999)
and relaxation of sea lamprey control (Sullivan et al. 2003) during the mid
1990s caused adult abundance by 2000 to rapidly decline to etuetssed
before control beganStockng has since increased in megecent years
(Fig. 19), but efficacious sea lamprey control remains elusive. A revised
Lake Erie Lake Trout Rehabilitation Plan was completed in 2008 (Markham
et al. 2008), and it provides population targets for restoring a viable
population of lake trat.
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Fig. 19. Numbers of lean lake trout of various strains andewmm lake trout of
Klondike strain stocked in the eastern basin of Lake Erie,-2888. Stocking
numbers are shown as yearling equivalents. Nearly all lake trout were stocked as
spring yarlings and the numbers stocked as fall fingerlings were reduced by
59% to approximate an equivalent stocking of spring yearlings (fingerling to
yearling survival for stocked lake trout in Elrod et al. 1988). Lean strains of lake
trout sto&ked other tharthe Finger Lakestrain were Lake Superior, Lewis
Lake, Clearwater Lake, Slate Island, Traverse Island, Lake Manitou, Lake
Ontario, and Lake ErieHorizontal black lines indicatetocking goals during
19801995, 19962004, and 2002008.
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The abundancef lake trout steadily increased the eastern basin after
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catchesand lake trout >age 10 composed <3% of the overall catch. Lake
trout of all ages were more abundant in New York waters than in
Pennsylvaniaand Ontario waters, coinciding with stocking locations and
limited movement of stocked fisiround the basin. Despite more than 25

years of stocking lake trout into Lake &b s eastern basin, no natu

reproduced lake trout have been documented.

Fig.2 0. Rel ative abundance of adul t (O
Lake Eriebs eastern basi n -ferusiteffortson t
( CPUE; - insstafdar@ assessment gillnets set in three zones that
comprise the coldvater samphg area, 1992008. The CPUE in each zone is
weighted by the proportion of area >20 deep in the eastern basin that lies
within that zone: Pennsylvania waters (22%), Ontario waters (55%), and New
York waters (23%).
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Much of the increase in lake troubundance in the eastern basin during
20042008 was due to lake trout of the Klondike strain, a deaier
spawning strain from Lake Superior first stocked into Lake Erie in 2004
(Fig. 19). These fish were the first stockings of a-team form of lake trou

in the Great Lakes. Returns of Klondik#ain fish have been excellent
through age baveragingmore than two times higher thaaiped stockings

of Finger Lakesstrain laketrout. Klondikewasthe mostabundant strain of
lake trout in 2008 coldvater asessments despite having been stocked in
limited numbers since 2004.

Angler harvest of lake trout in Lake Erie remains very low and appears to be
decreasing (CWTG 2011). Average annual harvest from New York and
Pennsylvania waters was lower during 2@D08 (297 fish) than during
19992003 (324 fish). Much of the harvest during 208 occurred in
2004 (895 fish); thereaftethe annual harvest ranged from 108 to 214 fish.
Lake trout remain a protected species for the commercial yishedntario,

and ecords of bgatch mortality are not available.

Burbot

Burbot diets in the eastern basin during 2Q008 diffeed from diets in
previous yearslue to the invasion of round goby. Prior to 2000, rainbow
smet dominated the diets of burbwith frequency ofbccurrence as high as
90% in August samples (CWTG 2009). Round goby was first detected in
burbot diets in 2000, two years earlier than in lake trout diets, and goby
became the main prey of burbot by 2003. During 22048, round goby
was found in 4880% of burbot stomachs. Rainbow smelt remained a
common preyand emerald shiner, gizzard shad, alewife, and yellow perch
were eaten occasionally. The shift in diet did not affect growth and condition
of adult burbot.

Burbot made a startling recovery in easteake Erie during the midto late
1990s due mainly to improved water quality and control of the sea lamprey
population (Stapanian et al. 2006). In addition, the large numbers of adult
lake trout during 1994997 buffered burbot from sea lamprey predation,
increasing survival of young adult burbot to spawning age (Stapanian and
Madenjian 2007). Annual gillnet surveys conducted by the OMNIR
partnership with the Ontari@ o mme r c i a | Assbdiaoh &nd by staté
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agencies (Fig. 21) indicate that burbot abundance and biomass declined from
2003 to 2008 (CWTG 2009). This decline was attributed to the combined
effects of an aging adult population and a severe reduction in recruitment
after 2001 (Stapanian et al. 2010a)

Fig. 21. Burbot relative abundance in Ontario, New York, and Pennsylvania
watersol., ake Eri eds east ecachpberang éffart(GPESEed on gi |l |l net

f i s H)AL8852008 (CWTG 2009).
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Little is known about burbot reproduction in LakeieErNearshore areas,
such as Presque Isle and stream mouths in New York, appear to be important
spawning habitats during late fall and winter. Stapanian et al. (2010a)
speculate that recruitment declines from 2001 through 2008 were due to
increased predath on burbot fry and eggs by an increasing yellow perch
populaton, and/or the effects of warmater temperatures in winter (i.e.,
reduced number of days for optimal spawning and egg development and
increased destruction of eggs by turbulence becausdtlef ite cover).
Warm winters have been associated with lower reproductiveessicn
burbot populations worldide, particularly near the southern extent of its
range (Stapanian et al. 2010b).

The average annual commercial yield of burbot declined 93eirastern
basin from 1992003 (42,048 kg) to 2062008 (3,138 kj (Table 6).
However, yields during 1992003 were driven by the development of a new
market such that over 183,000 kg of burbot were harvested commercially in
1999. The market did not pé&ts Annual yields fell from 15,00Rg in 2000

to <2,000 kg in 200&nd remained low through 2008 (Table Burbot
composed <1% of the total fisheries yield in #astern basin during 2004
2008compared to 2% in 1992003.

Table 6. Annual yield (thousds of kg) of various fish species fraaammercial

and sport fisheries in Pennsylvania, New York, and Ontario waters of Lake
Eri ebds east er £008.Ase shownataithe iavergge anhualdyields
for 19992003 and 200£2008.
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Year Averages

2004 1999

Species 2004 2005 2006 2007 2008 2008 2003
Burbot 4 6 2 2 1 3 42
Channel catfish <1 <1 <1 <1 <1 <1 <1
Freshwater drurr 2 1 <1 <1 <1 1 2
Lake whitefish 8 9 9 117 114 51 37
Rainbow smelt 1,744 929 788 2,037 1,312 1,362 1,680
Walleye 32 57 151 100 103 89 119
White bass 8 2 3 13 26 11 4
White perch 2 2 7 9 9 6 1
Yellow perch 91 132 152 108 142 125 43
Total 1,894 1,140 1,116 2,388 1,709 1,647 1,927

Steelhead

Steelhead are pelagic predators in the open waters of the eastern basin
competing mainly with walleye in this niche. A lakewide study of steelhead
diets in Junédctober 2004 showed that they are opportunistic feeders on
fish and invertetates (Clapsadl et al. 2006). About 93% of the 44 stomachs
with food from the easterbasin samples were collected August and
September. Eastetvasin steelhead ate mostly fish (>99% of dry weight
biomass) and some (<5% frequency of occurrence) invattb
(Bythotrephes longimanuspiny water fleapnd Dreissenaspp.). Rainbow

smelt was the mostommon preyoccurring in 68% of the stomachs and
making up 43% of diet biomass (dry weight). Round goby was found in 20%
of the stomachs but provide®% of diet biomass (dry weightywing to a

fish that ate 18 of them. Shiners made up abeli®% (occurrence and
biomass) of the diet. In general, rainbow smelt dominated steelhead diets in
eastern Lake Erie, whereas shiners becatmeasingly important in more
westwardareas. Round goby was a minamtributor to the diet lakewide

but was more frequently eaten by steelhead in the eastern basin than by

95



steelhead in the two other basins. Steelhead growth did not change
throughout 20042008.

The nonindigenoussteelhead was introduced into Lake Erie by the state of
Michigan in 1882and all jurisdictions were stocking this species by 1929 to
support recreational fisheries (Kustich and Kustich 1999; Crawford 2001).
Various strains of steelhead have been stoc&edwford 2001). Pollution,
invasive species, and nominal amounts of stocking kept steelhead
populations low through the 1960s (Kustich and Kustich 1999). Successful
results from stockings in 1975 prompted increased stocking by the early
1980s (CWTG 2004)About 568,000 yearling stdedad were stocked
annually in US. streams and harbors of the eastern basin during 2(8%®
(CWTG 2009). Some natural reproduction occurs in several New York and
Ontario streams (Gordon and MacCrimmon 1982; Einhouse et al), 2007
natural recruitment is minimal anihsufficient to sustain stockewing
largely to unsuitable habitat in the tributaries.

Easterbasin tributaries are the core of Lake Er
an increasingly popular fishery that provideseptionally high catch rates.
Creel surveys conducted in Pennsylvania (Murray and Shields 2004) and
New York (Markham 2006; Markham 2008pwcfirm that the majority of
steelhead angling occurs in the tributaries when fish move from the lake into
the strems to spawn. During fall 2003 to spring 2004, total angling effort in
New York tributaries was around 200,000 angler hours iar@ennsylvania
tributaries nearly 600,000 angler hours. Catch rates of steelhead in both
jurisdictions were nearly identicdipvering around 0GBf i s h(Bich 22).

Since the late 1990s, steelhead catch rates of diary cooperators fishing New
York waters have steadily increased in tributaries while catch rates in the
open water of the eastern basin have remained steady (Fig. 23
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Fig. 22. Catctperu n i t ef fort ™) ofCsRéead by angldrsAim r

tributaries to, and the open W08 ers of, Lake |
Catch rates in New York (NY) are from angler diaries and tributary creel

surveys conducted frofall to spring in 20032004, 20042005, and 20062008

whereas catch rates in Pennsylvania (PA) are from a tributary creel survey

conducted from fall to spring in 20 04.
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Fig. 23.Lake whitefish relative abundance in various areas of Lake Erie based
on gillnet catckperu n i t ef fort ™) OB52@8. TdpipanklAn et
relative abundance in New York (NY) and Pennsylvania (PA) waters of the
eastern basin. Bottom panel: relative abundance in Ontario waters of the eastern
basin, west and easentralsubbasins, and along the Pennsylvania Rithgs
separates the central and eastern basins. Assessments in Ontario waters were
conducted by the Ontario Ministry of Natural Resouiaas Forestr{OMNRF)

in partnership with the Ontario Commerciaisherie$ Association (OCFA).

Note that scales of the two panels differ.
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Lake Whitefish

Diet information is scant for lake whitefish in the eastern basin. Data from
Ohio waters of the central basin likelyeaepresentative of the eastduasin

diet during 19922008. Generally, lake whitefish of alages were
opportunistic feedersating a variety of organisms in the central basin. Lake
whitefish >360 mm total lengtivere largely benthivorougeding mainly on
Chironomidae, Isopoda, Sphadae, andDreissenaspp. (CWTG 2007).
Round goby was a minor (<5% dry weight biomass) component of the lake
whitefish diet (CWTG 2009). The relative importance of these prey to the
diet varied among years with no obvious pattern during -PO@B.
Howevermean condi ti on -4 &d dlderanalé and fikmalef o r
lake whiefish declined during 20062008after increasing during 1992003

and during 20062008 was consistently below historical (192929)
values reported by Van Oosten and Hile (194%) Hoth sexes (CWTG
2009). The change in condition appears cyclic and may be a density
dependent response to a dominant 2003-gleas.

Lake whitefish spawn on shallow rocky substrates in late fall throughout
Lake Erie (Goodyear et al. 1982). Major spawgiaggregations and
associated commercial fisheries persist in some of the areas used
historically, such as in Michigan waters and in Ohio waters of Maumee Bay,
Ohio, reefs in the western basinanous reefs around the westdrasin
islands (Ohio and Onti@ waters), and near the mouth of the Detroit River.
By 1900, many spawning runs had deteriorated due teeoysoitation and
environmental degradation (Trautman 19&hd most fisheries collapsed by
1960 (Regier and Hartman 1973). Of the native saldsmnonly lake
whitefish has recovered to any extent following elimination of -over
exploitation and improvement of the poor water quality after the early 1970s
(Markham 2009).

Abundance of adult lake whitefish varies across seasons within each of Lake
E r B ¢hiee basins. In fall, the fish migrate from the eastern basin to
spawning grounds in the western basin and then return back to the cold
hypolimnetic waters of the eastern basin by summer of the following year.
Accordingly, fishery effort and harvest waramong seasons and basins.
Standardized gillnet assessments of lake whitefish abundance are conducted
along the Pennsyhnia Ridge in the eastern baaimd in the westentraland
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east central sukbasins. In Ontario waters, lake whitefish abundance
( f inef'h as low during 1992003 at all sites before increasing in
Pennsylvania Ridge assessments during 208 Fig. 23. In New York
waters, annual gillnatatches averaged@l f rietS durfag 19992003 and

1-1 2 f i'sdriAgn 20042008 (Fig. 23).Assessments in Pennsylvania
waters produced | O)wf lakawhitefish n al(yeats f i shAnet
except 1996 and 2007. Collectively, gillnet assessments indicated that lake
whitefish abundance during 20@D08 was among the highest since the
mid-1980s and was higher in the eastern basin than in the central basin.
Recruitment was inconsistent during 198808 with a strong yearlass
produced in 2003 and moderate yeksses in 2001 and 2005 (CWTG
2009).

Commercial harvest of lake whitefish in Lakeie was moderate in 2004
2008 relative to years since 1987 (Fig. 24). Lakewide, the annual harvest
during 20042008 averaged 297,676 kg, similartt®e mean harvest from
1987 t02003 but only 60% of the average annual harvest in 12%®3
(495,755 kg). A harvest of 470,587 kg in 2008swhe highest yield since
2000when over 610,000 kgs were harvested. (CWTG 2009). In most years
during 19992008, a majority (~50%) of the annual comunial harvest was
taken with gillnets in Ontario waters of the western basin during fall,
although harvesby a winter fishery in the westentral sukbasin was at
times similar in magnitude. Eastepasin commercial harvest was >99% in
Ontario watersvhete it made up % (19992003) to 14% (20042008) of the
average annual yield of lake whitefish to Ontario fisheries lakewide. In
Ohio, >90% of the average annual trapnet harvest of lake whitefish occurred
in November, and harvest increased slightly from Q@ &y in 19992003 to
15,400 kg during 2062008but with a decadal peak of 37,600 kg in 2008.
The Pennsylvania trapnet fishery typically harvested <1% of the lakewide
yield of Ilake whitefidbr &€agfhcthHaprmetes! i(fktgAkm
generally delined during 1992003 and increased during 262@08 in
Ontario and Ohio commercial fisheries (CWTG 2009).
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Fig. 24. Total commercial harvest (thousands of kg) of lake whitefish from Lake
Erie slowing the amount of harvest from waters in Michigan, iglvania,
Ohio, and Ontario, 1982008. Gillnetting ceased in Pennsylvania waters in
1996 and commercial fishing resumed in Michigan waters in 2006 and 2007.
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Rainbow Smelt

Rainbow smelt remaia valuable commercial spesi inOntario waters of

the eatern basin and is important in the food web as both predator and prey.
Rainbow smelt have a broad diet, including zooplankton,
macroinvertebratesand fish larvae and juvenilesd thus are a potential
competitor and predator to other planktivores (Pothogt al. 2009 and
references within). Rainbow smelt undergo an ontogenetic diet shift from
small zooplankton to larger zooplankton, macroinvertebrates, and finally to
fish (Bidgood 1961; Pothoven et al. 2009). The composition of the diet of
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