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Charges to the Forage Task Group 2082016

1. Report on the results of the interagency lower trophic level monitoring program and status
of trophic conditions as they relate to the Lake Erie Fish Community Goals and Objectives.

2. Describe he status and trends of forage fish in each basin of Lake Erie.
3. Continue hydroacoustic assessment of the pelagic forage fish community in Lake Erie,
incorporating new methods in survey design

Lakes Hydroacoust Standard Operating Procedures where possible/feasible.

4. Report on the use of forage fish and new invasive species in the diets of selected
commercially or recreationally important Lake Erie predator fish.

5. Develop and maintain a database to track Aguatiasive Species in Lake Erie



Charge 1: Report on the results of the interagency lower trophic level monitoring program
and status of trophic conditions as they relate to the Lake Erie Fish Community

Goals and Objectives.
(J. Markham, TMacDougall, Z. Biesinger)

In 1999, the FTG initiated Lower Trophic Level Assessment program (LTLA) within Lake
Erie and Lake St. Clair. Nine key variables, as identified by a panel of lower trophic level experts,
were measured to characterize estasyn change. These variables inclugesfiles of temperature,
dissolved oxygen and light (PAR), water transparency (Sesthidepth, nutrients (total
phosphorus), chlorophydl, phytoplankton, zooplankton, and benthos. The protocol called for each
staton to be visited every two weeks from May through September, totaling 12 sampling periods,
with benthos collected on two dates, once in the spring and once in thEdathis report, we will
summarize the last 17 yearslatke Eriedata for summer stacetemperaturesummermottom
dissolved oxygen, chlorophydl concentrations, zooplanktivory, water transparency and total
phosphorusStations were only included in the analysis if there were at least 3 years each
containingé or more sampling dates.afibns included in this analysis are stations 3, 4, 5 and 6
from the west basin, stations 7, 8, 9, 10, 11, 12, 13 and 14 from the central basin, and stations 15,
16, 17, 18, 19, 20 and 25 fraime east basin (Figure 1.0.13tation 25 (located off Sturgedoint
in 19.5 meters of water) was added in 2009.

Thefish communityobjectives (FCO) for the lower trophic level ecosystem in Lake Erie are
to maintain mesotrophic conditions that favor percids in the west, central and nearshore waters of
the east basin, and oligotrophic conditions that favor salmonids in the offshors efdter east
basin (Ryaret al.2003). Associated with these trophic classes are target ranges for total
phosphorus, water transparency, and chloroghiflable 1.0.1). For mesotrophic conditions, the
total phosphorus range is198 ¢ g/ L, sAugustewaterfransparency iss3neters, and
chlorophylla concentrations between 255. 0 € g / dt al.{9L7¢. &ar khe offshore waters of
the east basin, the target ranges for total
6 m, and cldrophylac oncentrati ons of < 2.5 g/ L.

Mean Summer Surface WaterTemperature

Summer surface water temperature represents the temperature of the watenetets
depth for offshore stations only. This index should provide a good measure otrsiatiem
production and growth rate potential for fishes, assuming prey resources are not liMeay.
summer surface temperatures across all years are warmest in the west basin (mean=23.4 °C),
becoming progressively cooler in the central (mean = Z1)&Ad east basins (mean = 20.6 °C)
(Figure 1.0.2). Annual means range from 2262009 to 25.2°C (2006 in the west basin, 20.5
°C (2009 to 24.2C (2012 in the central basin, and 186 (2003) to 22.4C (2005) in the east
basin. Above serieavaage temperatures were evident across all basins in 2005, 2006, 2010, 2011
and 2012; below average temperatures occurre@dn,2003, 2004, 2008, and 200® slightly
increasing trend in summer surface water temperature is evident for the centratdraties in
this 17 year time series, but a slightly decreasingitrervident for the west basiin 2015, the
mean summer surface water temperature was below the-geeiege in the west (22.6 °C) and
east (19.8 °C) basins, but at above averagfearcentral basin (22.5 °C).
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Hypolimnetic Dissolved Oxygen

Dissolved oxygen (DO) levels less than 2.0 mg/L are deemed stressful to fish and other
aqguatic biota (Craig 2012; Eland Crowder 2002). Low DO can occur when the water column
becomes stratified, which céedn in early June and contindlerough September in the central and
east basis In the west basin, shallow depths allow wind mixing to penetrate to the bottom,
gererally preventing thermal stratificatiofConsequently, there are only a few summer
observations that detect low bottom DO concentrations in the time d&gase(l.0.3). In 2015,
there were no observations from the west basin stations of DO bel@Wthey/L threshold.

Low DO is more of an issue in the central basin, where it happens almost annually at the
offshore stations (8, 10, 11 and 13) and occasionally at inshore stdbissslved oxygen of less
than 2.0 mg/L has been observed as eariyidslune and can persist until late September when fall
turnover remixes the water columm 2015, bottom DO was below the 2.0 mg/L threshold in the
central basin on two occasions (Station 10 on 8/28/2015, 0.36 mg/L; Station 11 on 8/18/15, 1.89
mg/L) (Figurel.0.3).

DissolvedOxygenis rarely limiting in the east basin due to greater water depths, a large
hypolimnion and cooler water temperatur@fie only occasion when DO was below the 2.0 mg/L
threshold was on 14 July and 13 August, 2010 at the 8ta5i¢igure1.0.3). No DO
concentrations of less than 7.0 mg/L were recorded in the east basin in 2015.

Chlorophyll a

Chlorophylla concentrations indicate biomass of the phytoplankton resource, ultimately
representing production at the lowest levia the west basin, mean chlorophgtoncentrations
have mainly been above targeted levels in the 17 year time series, fitting into eutrophic status rather
than mesotrophic status (Figure 1.0.4). Annual variability is also the highest in the wedhbas
2015, the mean chlorophylconcentration was 10j&g/L in the west basin, which was abdhe
targeted mesotrophic ranghn the central basin, chlorophyliconcentrations have been less
variable and within the targeted mesotrophic range for the entire time series, and that trend
continued in 2015 (4.@g/L) (Figure 1.0.4).In the east basin, chlorophylconcentrations in the
nearshore waters have beerolethe targeted mesotrophic level for the entire time series (Figure
1.0.4). This may be due to high levels of grazing by dreissenids (Nicholls and Hopkins 1993) in the
nearshore east basin waters where biomass of quagga mbDsselsgna bugensisemans high
(Pattersoret al.2005). Conversely, chlorophyk levels in the offshore waters of the east basin
remain in, or slightly above, the tatgd oligotrophic range. In 201the mean chlorophyd
concentrations were 1.5 pg/L in the nearshore watfltse east basin and 1.8 ug/L in the offshore
waters. Chlorophyl& concentrations are most stable in the east basin.

Total Phosphorus

Total phosphorus levels in the west basin have exceeded FCO targets since the beginning of
the LTLA montoring progran (Figure 1.0.5).In 2015, total phosphorus concentrations in the west
basin increased to 69.@)/L and were in the hypesutrophic range. The value was heavily
influenced by one exceptionally high value (1,¢&fL) recorded on 10 August at Station 4 thie
mouth of the Maumee Riveiotal phosphorus readings without this value are lower (35.5 pg/L)
and near readings for the previous three years, but still remain well above thrdketsentral
basn, total phosphorus levetxceeded FCO targeft®m 2006to 2014but have decliedin recent
years (Figure 1.0.5). Total phosphorus measures in the central basin in 2015 were 17.1 pg/L, which
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was essentially equal to 2014 values and within the desired mesotrophic range for the second
consecutive yearln the nearshore waters of the east basin, total phosphorus levels have remained
stable and within the targeted mesotrophic range for nearly the entire time series (Figure 1.0.5). A
gradual increasing trend was evident from 2006 through 2010, but nikigdtend has been
observedsince201Q Total phosphorus levels in the offshore waters of dstbasin show a

similar trend to nearshore waters, and hewmetimesisen above the targeted oligotrophic range

into the mesotrophic range recent yearsin 2015, mean total phosphorus concentrations in the

east basin decreased slightly in the nearshore waters to 7.4 pg/L, which was below the targeted
mesotrophic range for the second consecutive year. Phosphorus measures in the offshore waters of
the easbasin increased in 2015 to 8.4 ug/L but remained in the targeted oligotrophic range.

Water Transparency

Similar to other fish community ecosystem targets (i.e. chlorophtdital phosphorus),
water tansparencyas been in the eutrophic range, whichatowthe FCO target in the st
basin for the entire time series (Figure 1.0.6). Mean summer Secchi depth in the west basin was
2.3 min 2015, which was equal to 2014 measures. In contrast, water transpatbameintral
basin has remained within the targeted mesotrophic range for the entire series with the exception of
2015 (2.9 m), which was slightly below the mesotiopgarget range (Figure 1.0.6).ransparency
was in the oligotrophic range, which is aBdwCO targets for the nearshore waters of the east basin,
from 1999 through 2006, but has been stable and within the FCO targets for the last nine years
(Figure 1.0.6). In the offshore waters of the east basin, water transparency was within the
oligotrophc target from 1999 through 2007, but shifted into the mesotrophic range in five of the last
seven years. In 2015, mean summer Secchi depth was 5.7 m in the nearshore waters of the east
basin, which was equal to measures in 2014 and within the targetetfopbg range, and 6.5 m in
the offshore waters, which was within the targeted oligotrophic range. Mean summer Secchi depths
have been steadily increasing in both areas since 2008.

Zooplankton Biomass

Zooplankton biomasgaries among basins and yeahs.the west basin, the 26inean
biomass wag41.3mg/nT, which waghe highest value in the time series and well attbgdong
term average of 84 mg/nT (Figure 1.07). Cladocerans provide the bulk of the biomass of
zooplankton in the west basiiowever, both calanoid and cyclopoid copepods were also abundant
in 2015. In the centrabasin,mean zooplankton biomass declined fortthied consecutiveear to
78.1mg/nT. Copepods are higher in biomass in the central basin compared to the \Wwediutas
cladocerans are less numero&sast basin zooplankton results are not yet available for 2014 and
2015, but overall zooplankton biomass is traditionally lower in the east basin compared to the
central and west basins (Figure T)0.Looking at lager trends, there appeared to be a gradient of
high zooplankton biomass in the west and lower biomass in the east from 1999 tdn2007.
addition, cladocerans were more dominant in the west basin than elsewhere. Since 2009,
zooplankton biomass has beeghest in the central baswith the exception of 201ivhen it was
highest in the east basamd 2015when it was highest in the west basin



Distribution of New Zooplankters

For this reviewdata from stations 3, 4, 5, 6, 9, 10, 11, 12, 15, 16,8,749 and 20 were
included.Bythotrephes longimanwgas first collected in Lake Erie in October 1985 (Btial.

1986). Itis consistently present at central and east basin stations, but is very rare at west basin
stations. Densities ranged from 0.001 6¢370individuals/nt and were generally higher from July
through September.

Cercopagis pengawvas first collected in Lake Ontario in 1998, and by 2001 was also
collected in the west basin of Lake Erie (Therri@tlal.2002). It first appeared in this sampling
effort at station 5 in July 2001 and station 9 in September 200dubsequent years it has also
been found at stations 5, 6, 9, 10, 15, 16, 17, 18 and 19. Except for the year 2002, when it was
collected at 8 station§ercopagiss seen less frequently around the lake tBgiiotrephes
Densities ranged from 0.03 to 876 individual$/m

The first record oDaphnia lumholtzin the Great Lakes was in the west basin of Lake Erie
in August 1999 (Muzinic 2000)lt was firstidentified in our seasonal sampling effort in August
2001 at stations 5 and 6, and at station 9 by September P@phnialumholtziwas collected at
stations 5 and 6 in 2002, and at stations 5, 6, 8 and 9 in Zdarenot available for these
stations from 2005 through 2010, but in 20DR1lumholtziwas found at station 5 and 6 with
densities of 91 and 83 individualsimespectively.In 2007 it was found at station 18, the first and
only year observed ithe easbasin; @nsities ranged from 0.0@8 91 individuals/m.

Fish Community Ecosystem Targets

Measures of lower trophic indicators (total phosphorus, transparency, chlomyphy#015
indicate that the west basin isareutrophic stateCurrent conditions favor eentrarchidbass,
sunfish)fish communityinstead of the targeteaid (Walleye,Y ellow Perch) fish community
(Table1.0.2). In the centrabasin, the lower trophic measures in 2@bntinue tdall within the
targeted mesotrophic rangeeferred by prcids. In the east basiimeasures of total phosphorus,
chlorophylla, and transparency indicate a borderline mesotrophic/oligotrophic state for the
nearshore waters but within the targeted oligotrophic range favored by salmonids in the offshore
waters. In generatecent trophic measures across Lake Erie indicate that productivity is slowly
declining.



Table1.0.1. Ranges dafelectedower trophic indicators for each trophic class and associated fish
community (Leach et al. 1977; Ryder andrKE978).

Trophic Class Phosphorus Chlorophyll a Transparency Harmonic Fish
(ug/L) (ng/L) (m) Community

Oligotrophic <25 Salmonids
Mesotrophic 9-18 2.5-5.0 3-6 Percids
Eutrophic 18- 50 5.0-15 Centrarchids

Tablel1.0.2. Measures of key lower trophic indicators and current trophic class, by basin, from
LakeErie, 20b. The east basin is separated into nearshore and offshore.

m Phosphorus Chlorophyll a Trophic Class
(ug/L) (ug/L) (m)

West 10.5 Eutrophic
Central 17.1 || 4.2 2.9 Mesotrophic
East - Nearshore 7.4 1.5 5.7 Oligotrophic
East - Offshore 8.4 1.8 6.5 Oligotrophic
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Figurel.0.1. Lower trophitevel sampling wtions in LakeErie andLake St. Clair. Station 25
was added in 2009.ake St. Clair stations were last sampled in 2005.
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Figurel.0.2. Mean summer (JuAigust) surface water temperat*€) at offshore stations, by
basin in Lake Erie19992015. Dark blue lines represent tinseries average water
temperatur€199932012) Data included in this analysis by basin and station: West
3, 6; Central 8, 10, 11, 13; East16, 18, 19, 25.
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Figurel.0.3. Summer (Junéugust) bottom dissolved oxygen (mg/L) concentrations for offshore
sites by basin in Lake Erie, 1928915. The red horizontal line represents 2 mg/L, a
level below which oxygen becomes limiting to the distribution of many temperate
freshwateffishes. Data included in this analysis by basin and station: Vet
Centrali 8, 10, 11, 13; East16, 18, 19, 25.
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Figurel.0.4. Mean chlorophylla concentration (ug/L), weighted by monthy basin in Lake Erie,
19992015 The east basin is separated into nearshore and offshore. ¥abol\ed
areagepresent targeted trophic class range. For this analysis data from stations 3
through 20, and 25 were included



Mean Total Phosphorus (pg/l)
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Figurel.0.5. Mean total phosphorus (ug/Lyeighted by month, for offshore sites by basin in Lake
Erie, 19992015. The east basin is separated into nearshore and offshore. Yellow
shaded areas represent the targeted trophic class range. For this analysis data from

stations 3 through 20, and 25 wareluded.
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Figurel.0.6. Mean summer (Jur&ugust) Secchi depth (m), weighted by month, by basin in Lake
Erie, 19992015. The east basin is separated into inshore and offskiellow shaded
areas represent the targeted trophic class range. For this analysis data from stations 3
through 20, and 25 were included.
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Figure 1.07. Meanzooplankton biomass (mgfirby major taxonomic group by basin, 1999
through 205. There is no data for 1999 and 2€A015in the eastern basinVest
basin includes stationstBrough6. Central basin includes stations 7 throughEést
basin includes stations 15 through ZData excludes rotifers, and veligers.
Harpacticoid zooplankton comprise a miniscule biomass for some years and are not
included in the graph.
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Charge 2: Describe the status and trends of forage fish in eachabin of Lake Erie.
2.1 Synopsis 0f2014 Forage Status and Trends
Eastern Basin

9 Tota forage fish abundance in 2015 was above the-¥0e ar aver age i n Ont a
bottom trawl assessment aslightly belowthe 16y e ar aver age i n New Yo
bottom trawl assessment

1 Youngof-the-year (ag-0) Ranbow Smelt density was above average in ON and NY and
below average in PA

1 Yealing-and-older(age-1+) Rainbow Smelt density was above average in ON and below

average in NY and PA

Youngof-the-yearYellow Pech density was below averageNY and ON

Young-of-the-yearAl ewife density was low basin wide

Young-of-the-yearGizzard Shad densityincreasedasin wide

Young-of-the-yearEmeaald Shinerdensity increased to above average in ON and was

below average in NY and PA; ade density was below averabasin wide

Spottail Shinerremainedat low density throwghoutthe east basin

Round Gby densitiesincreased in all agency surveys and were above)lyear averages for

some surveys

= =4 4 -4

= =

Central Basin

1 Forage fish abundanceeclined from2014 andis belowlong termaveragg25 years, 1990

2014) in OH

Young-of-the-yearYellow Perchabundancés belowl0-yearaveragen both PA and OH

Youngof-the-yearRainbow Smelt abundancesisthe 10-year average iRA, and mixed

in OH (eastern OH below average, western OH above average

1 YearlingandolderRainbow Smelt densities arethe 10year averagin PA, above 1§ear
average in OH

1 Youngof-the-yearand Agel+Emerald Shiner densities weaethe 10year average in

PA, but extremely low in OH

Round @by abundances at (western OH) or below 4ear average (PA, eastern OH)

Gizzard Shad indices were some of tinghest inthe time series both PA and OH

= =

E
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West Basin

= =4 =4 = =4 =4 4

= =

Forage abundance and biomass below average levels
Youngof-the-yearGizzard Shad densiipcreased from 2014bovel0- year mean
Youngof-the-yearRainbowSmelt densityncreasedbut belowl0-year mean

Youngof-the-yearand agel+ Emerald Shinemdicesdeclined from 2014; well below 10
year mean

Youngof-the-yearWhite Perchdensitydeclined from 2014 levels; half of 4@ar mean
Round Goby abundanégsimilar to 2014; well below 1{ear mean

Strong Age0 Walleye recruitment in 2014; best since 2003; well above beyeaOand
long-term means

Youngof-the-yearYellow Perch recruitment declined from 2014, but rersaiall above
10-year and longerm means

White Bass recruitment increased mubelow10-year mean

Size of aged Walleye, Yellow Perch, White Bass and Smallmouth Bass were smaller than
average; agé White Perch were near long term means;

Fall Walleye diets showed reliance on Gizzard Shad
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2.2 Eastern Basin (J. TrumpickasJ. Markham and M. Hosack)

Foragefish abulance and distributionin eastern Lake Erie is determined chiefly
fromannual bottom trawl assessments condated independently by the basin agencies (also
see East Basin Hydroamustic Suvey sedion ofthis report). During 2015,NY SDEC,
OMNRF and PFBContinued long-term trawling programsin theirrespedive jurisdictions.
A total of 34 trawl towswere sampled acrossNew Y ork waters in 2015 (bringing the total
years oftrawl data to 24), 1104wl towswere competed in rearshore(35 years of datagnd
offshare (32 years of datagreas of Long Point Bay during Ongrioés vaioustrawl
assessments and 8 trawls were completed in Pennsylvania waters of the East Basans(26
of data) Figure2.21).

Rainbow Smelt are therincipal prey fish species of piscivores inthe offshore waters

of eastern Lake Erie and the most abundant forage species in most years and jurisdictions.
In 2015, Rainbow Smelt were the most abundant forage species in Ontario and New York
waters of the East Basin (Figure 2.2.2). Yowfgheyear density in the Ontario trawl
program vas the highest since 2003 (3245/ha) agg 1+ density was the highest since

2009 (411/hajTable 2.2.1) In the New York surveyageO density (2856/ha) was down

from a record high in 2014 brtemained well above averag€earlingandolder density in

New York increased to 575/ha from low numbers in 2014. In Pennsylvania waters, both
age0 (108/ha) ancdgel+ (35/ha) densities were much lower than in the other jurisdictions
The mean fork length afge0 RainbowSmelt (58 mm), as measured in the ®iat survey,
increased in 2015 but remained below average, while yearlings (98 mm) decreased to below
average values (Figure 2.2.3).

The densities of neemelt forage fish species in eastern Lake Erie varied by jurisdiction
(Table 2.2.1, Figure 2.2.2). Recruitmentagie0 Emerald Shiner was high in Ontario waters
(347/ha) in 2015, incasing to above average levels. contrastage0 Emerald Shiner density
was below average in New York (134/ha) and Pennsylvania (54¥tesxling-and-older
Emerald Shiner density was below average in all jurisdictidf@mingof-the-year White Perch
densities in Pennsylvania were much higher (27 #he) in New York (17/ha) and Ontario
(<1/ha) waters.Youngof-the-yearGizzard Shad dengsincreased in all jurisdictions, with
the hghest densityn Pennsylvania (34/ha). Tre&erch (all ages) remained a significant
portion of the catch only in NeWork, with densities of 32/ha, although this is well below
average.Densities of all ages of Spottail Shiner continued to be low in adidigtions (<6/ha).
Similarly, age0 Alewife numbers remained low in all jurisdictions (<6/ha).

Round Gdy becamean important new species in the eastern basin forage fish commbaity
it appearedh the late 1990sBy 2001, Round Goby was the most ecand most nmericdly
abundant pedescaught in agency index trawl gear acrosseasten Lake Erie, with densities
peaking around 2007. In 2015, an increase in Round Goby density (all ages) was observed in all
East Basin trawl programs compatedhe previous yearn 2015, énsity washighestin New
York (430/ha) and lowest in Pennsylvania (39/fa@ble2.2.1) Round Goby density in New
York, while below average, was at its highest level since 2009. Two of the three Ontario trawl
surveys had 2015 densities higher than average.
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2.3 Central Basin (J. Dellerand M. Hosack

Routine bottom trawl surveys in the central basin beg&eimmsylvania in 1982 and @hio
in 1990to assess age percid and forage fish abundance and distributidimere are no annual
trawl surveys in Ontario waters of the central baJirawl locatons in Pennsylvania range from 13
to 24 m depth and Ohio trawl locations range from 5 to >2{gpth(Figure 2.3.1).Ohio West
covers the area from Loraia Fairport Harbor Ohio Easttovers thearea from Fairportarborto
the Pennsylvanistate line The Pennsylvanigurvey covers the area from the Pennsylvania state
line toErie, PA. In 2015, a total of47 trawl towswere completed in the central basif,in Ohio
East,12in OhioWest and 24 in Pennsylvania

In 2015, overall forage abundande Ohio waterdeclined from 2014 and was below the
long term average for the 26 year sur@egure 2.3.2).The largest declines were in the Rainbow
Smelt and softayed groups (primarily Emerald Shiners). The clupeid and spiysd groups did
increa®e from 2014, but the increase was not enough to offset the sharp declines in Rainbow Smelt
and softrayed groupsAll forage group density estimates were below the/@ar average except
clupeids. In Pennsylvania, Rainbow Smelt were the primary forageisp prior to 1998, when
Round Goby entered the system and became the primamageft forage speci€Bigure 2.3.3).
Recently, spig-rayed species, ageWhite Perch and ageYellow Perch have been the most
abundant forage group in Pennsylvania.

Trends inRainbow Smelabundance were not consistent across central basin surveys.
Young-of-the-year Rainbow Smelt indicekecreaseth Ohio waters from 204, and wereabove
average in the west, but below average in the east (Table 2.3.1). The Pennsylvania index was above
average and is the second highest in the time se¥iealingandolder Rainbow Srelt indices
increased iOhio and were above average. In Penrayig, the agd+ index was the second
highest in the time series, but was slightly below avefagble 2.3.2)

| n S2R0eln n sy ldv arecsg®aond -latgrmer al d Srha aarerormweglei gh
bel ow averagrtr ast , Emerald Shiners weagfe al mo:
t hyeear i ndi ces( Qweiroe Wehset ol nodvindddotwe is iE a 5 hsge rtii ense
(Tabl eyYa®@Bilair@gder i ndices were thehbhowstish/t
(Table 2.3.2)

Round by first appeared in central basin trawl survey®lro in 1994andin Pennsylvania
by 1997. Generallydensities of this exotic species have tended to be higher in eastern relative to
western areas of the basihhis pattern wasbservedagain in 205 for age0, but not forage 1+,
and trends in density estimates were not consistent across theYasng-of-the-yearand agel+,

Ohio Westindices increased fro 2014 and were above average, whildo Easindices decreased
from 2014 and were below averagehe Pennsylvania agé indexwasabove average, whikbe
agel+index washelow average.

Young-of-the-year Gizzard Shad patterns were more typical of historic patteR@%swith
higher densitiesaxurring inwestern areas of the basin compared to the(Eabte 2.3.1) Gizzard
Shadindicesfrom 2015 were the highest in the time seneBennsylvania and Ohio Eaahd
second highesh Ohio West. Youngof-the-year Alewives are not routinely daped in Ohio and
Pennsylvania trawl surveys and were not encounteradyirof the trawl surveys in 2015.

Since 2005Yellow Perchcohorts in the central basin have tended to be strongest in the east
relative to the westlin 2015, Yellow Perch age indices were below average ith@aeas of the
centralbasin(Table 2.3.1).Yearlingandolder indices in both Ohio surveys increased from 2014,
with above average densities in Ohio West and below average densities in Ohio East. The
Pennsylvania indefor agel+ wasalso below average (Table 2.8.2
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White Perch indices in Pennsylvania were the highest in the time series-fdbaadeagel +.
Young-of-the-year indices in Ohio increased from 2014, but were below average. Yeanting
older indices in Oio were the lowest in the time series and have been declining since 2013.

2.4 West Basin (E. Weimer)
History

Interagency trawlindpas been conducted in Ontario and Ohio waters of the western basin of
Lake Erie in August of each year since 1987, though missing effort data from 1987 has resulted in
the use of only data since 1988. This interagency trawling program was developeduemea
basinrwide recruitment of percids, but has been expanded to providee@grcommunity
abundance indices. In 1992, tinéeragency Index Trawl Groupl{G) recommended that the
Forage Task Group (FTG) review its interagency trawling program antbgestandardized
methods for measuring and reporting baside community indices. Historically, indices from
bottom trawls had been reported as relative abundances, precluding the pooling of data among
agencies. In 1992, in response to the ITG recomateng the FTG began the standardization and
calibration of trawling procedures among agencies so that the indices could be combined and
guantitatively analyzed across jurisdictional boundaries. SCANMAR was employed by most Lake
Erie agencies in 1992, (yYMNR and ODNR in 1995, and by ODNR alone in 1997 to calculate
actual fishing dimensions of the bottom trawls. In the western basin, net dimensions from the 1995
SCANMAR exercise are used for the OMNR vessel, while the 1997 results are applied to the
ODNRvessel. In 2002, ODNR began interagency trawling with the new vessel R/V Explorer II,
and SCANMAR was again employed to estimate the net dimensions in 2003. In 2003, a trawl
comparison exercise among all western basin research vessels was initiatisthjramgower
correction (Table 2.4.1) factors have been applied to the vessels administering the western basin
Interagency Trawling Program (Tyson et al. 2006). Presently, the FTG estimatewidasin
abundance of forage fish in the western basin usiftgmation from SCANMAR trials, trawling
effort distance, and catches from the August interagency trawling program. Speude
abundance estimates (number/ha or number/m3) are combined witheaxiglttt data to generate a
speciesspecific biomassstimate for each tow. Arithmetic mean volumetric estimates of
abundance and biomass are extrapolated by depth stéia (6m) to the entire western basin to
obtain afishing power correctioadjusted, absolute estimate of forage fish abundance and¢som
for each species. For reporting purposes, species have been pooled into three functional groups:
clupeids (ag® Gizzard Shad and Alewife), sditined fish (Rainbow Smelt, Emerald and Spottalil
Shiners, other cyprinids, Silver Chub, Trd&Reérch, and Bund Gobies ), and spimayed fish (ag®
for each of White Perch, White Bass, Yellow Perch, Walleye and Freshwater Drum).

Hypoxic conditions have been observed during previous years of interagency bottbm traw
assessment in the west basibue to concens about the potential effects of hypoxia on the
distribution of juvenile percids and other species, representatives from task groups, the Standing
Technical Committee, researchers from the Quantitative Fisheries Center at Michigan State
University and Olo State University (OSU) developed an interim policy for the assignment of
bottom trawl statusinformed by iterature (Eby and Crowder 2002raig and Crowder 2005) and
field study (ODNR /OSU/USGS) concerning fish avoidance of hypoxic waters, an ipicy
was agreed upon whereby bottom trawls that occurred in waters with dissolved oxygen less than or
equal to 2 mg per liter would be excluded from analyses. The policy has been applied retroactively
from 2009. Currently, there is no consensus amtagk groups on the best way to handle this sort
of variability in the estimation of yearlass strength in Lake Erie. In part, this situation is
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hampered by a lack of understanding of how fish distribution changes in response to low dissolved
oxygen This interim policy will be revisited in the future following an improved understanding of
the relationship between dissolved oxygen and the distribution of fish spadiéife stages in

Lake Erie(Kraus et al. 2015).

2015 Results

In 2015, hypolimnet dissolved oxygen levels were not below the 2 mg per liter threshold at
any site during the August trawling survew. total, data from 70 sites were used in 2(Hi§ure
2.4.1)
Total forage abundance was below average in 2015, the second yeamef (feglre
2.4.2). Spinyrayed species decreased 24% compared to 2014, while clupeids amysdft
species increased 23% and 3%, respectivébtal forage abundance averaged 3,694 fish/ha across
the western basin, decreasing 14% from 2014, and mgddilow the londerm average (5,229
fish/hg. Clupeid density was 1,052 fish/ha (average 1,148 fish/ha)ragdt! fish density was 216
fish/ha (average 540 fish/ha), and sprayed fish density was 2,425 fish/ha (average 3,540
fish/ha). Relative abundance of the dominant species includes) \&bée Perch (45%), agé
Gizzard Shad (28%), and aferellow Perch (13%).Total forage biomass in 2015 was similar to
2014, increasing only 4% (Figure 2.4.Relative biomass of clupeid, satiyed, and spinyayed
species was 47%, 1%, and 52%, respebtj and differed from their respective historic averages of
30%, 7%, and 63%Spatial maps of forage distribution were constructed usingdefPi@cted site
specific catches (humber/ha) of the functional forage groups (Figure 2.4.4). Abundance contours
were generated using kriging techniques to interpolate abundance among trawl locations. Clupeid
catches were highest near Sandusky Bay and Point Pelegayaftfish were most abundant near
Pelee Island. Spinsayed abundance was distributed relagnalenly throughout the basin.
Recruitment of individual species is highly variable in the western basin. Yajtthgyear
Yellow Perch (494/ha) decreased relative to 2014, whileDagalleye abundance (84/ha)
increased sharply (Figure 2.4.5); botarevwellabovelong-term means. Youngf-the-year White
Perch (1,673/ha) dipped below the 2014 abundance. Yaoldtig-year White Bass (62.3/ha)
increased but remains well below the léegn mean. Youngf-theyear Rainbow Smelt increased
relativeto the longterm mean in 2015 (108/ha). Youn§theyear Gizzard Shad (1,052/ha)
increased relative to 2014, above the lbeign mean, while age Alewife were almost non
existent (Figure 2.4.6)Densitiesof age0 (10.5/ha) and ageé+ Emerald Shiners (1H4d) remain
well below the longerm mean (Figure 2.4.7Pensity of Round Gob{43.9/ha) remained nearly
identical to 2014, one of the lowest abundances sinceappe&arance 1997.
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Table 2.2.1 Indices of relative abundance of selected forage fish speciesin Eastern Lake Erie from bottom trawl survevs conducted by Ontario,
New York, and Pennsvlvania for the most recent 10-vear period Indicies are reported as arithmetic mean number caught per hectare
(INPH) for the age groups voung-of-the-vear (YOY), vearling-and-older (YAQ), and all ages (ALL). Long-term averages are reported
as the mean of the annual trawl indices for the most recent 10-vear period (2005-2014) and for the two most recent completed
decades. Agency trawl surveys are described below. Pennsvlvania FBC (PA-Fa) did not conduct a fall index trawl survey in 2006,
2010, 2011, 2013, and 2014 and the 2008 survey was a reduced effort of four tows sampledin a single day.

Age Trawl Year 10-Yr & Long-term Avg. by decade

Species Group Survey 2015 2014 2013 2012 2011 2010 1009 2008 2007 2006 10-Yr 2000's 1990's
Rainbow YOY ON-DW 32452 10016 2179 16577 5092 3269 1482 12030 2913 1256.0 7303 13915 4317
Smelt YOY NY-Fa 2856.1 53797 7360 4136 15804 14166 715 21280 28881 508.8 1638.3 15240 14509
YOV PA-Fa 107.7 NA NA 3845 NA NA 511 148 2620 NA 1029 1126 4037

YAO ON-DW 411.0 4.6 1653 3678 2771 2227 16343 773 2328 136.2 315.6 360.7 3586

YAO NY-Fa 3751 242 446 222 6400 9978 30100 3465 1783 162.9 602.2 1534 3816

YAO PA-Fa 346 NA NA 213 NA NA 4129 18 986.6 NA 2845 179.0 1267.1

Emerald YOY ON-DW 346.7 29 587 4383 703 117.6 348 160 203 4523 188.6 4632 523
Shiner YOY NY-Fa 134.1 512.9 127.6 943 29301 62.9 485 37 1509 7785 3001 1940 1124
YOY PA-Fa 337 NA NA 14.1 NA NA 10401 00 823 NA 2274 1093 421

YAO ON-DW 6.5 25 188.6 1192 2011 307 40.1 952 1498 42003 316.6 8190 377

YAO NY-Fa 242 8018 654 038 18262 206 1564 182 848 925.5 4144 2908 1054

YAO PA-Fa 1152 NA NA 836 NA NA 13271 00 47230 NA 1237.2 6922 090

Spottail  YOY ON-OB 58 5.0 8.1 19.1 25 30 37 378 352 198 193 1193 8159
Shiner YOY ON-IB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 05 0.1 0.2 05 1139
YOY NY-Fa 0.0 0.1 0.0 1.8 0.7 6.5 0.1 03 01 0.3 1.0 36 109

YOY PA-Fa 0.0 NA NA 0.0 NA NA 13 00 00 NA 03 0.1 31

YAO ON-OB 1.5 0.2 30 1.6 05 21 33 75 41 104 3.6 108 746

YAO ON-IB 0.1 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.1 20

YAO NY-Fa 0.0 0.2 03 20 200 104 51 15 00 42 5.7 64 40

YAO PA-Fa 0.0 NA NA 0.1 NA NA 0.0 00 00 NA 0.0 00 52

Alewife  YOY ON-DW 0.7 0.0 177 7073 21 09 0.1 23 10 786 81.0 223 2312
YOY ON-OB 34 0.0 26.1 6.0 6.8 0.0 19 119 446 7118 82.0 821 885

YOY NY-Fa 54 0.0 2182 1838 124 154 0.0 36 222 303 516 942 320

YOY PA-Fa 0.0 NA NA 43 NA NA 0.0 00 8.1 NA 25 11 21

Gizzard  YOY ON-DW 0.4 0.0 0.0 476 189 133 04 86.5 346 14 204 213 135
Shad YOY ON-OB 10.1 04 03 200 34 38 0.0 40 220 287 84 76 134
YOY NY-Fa 32 0.6 38 47 150 409 53 108 117 142 11.1 119 43

YOV PA-Fa 341 NA NA 1.0 NA NA 0.0 00 00 NA 0.2 00 03

White YOY ON-DW 0.5 0.0 0.0 08 0.0 1.6 0.6 54 01 09 1.0 20 18
Perch YOV ON-OB 0.2 0.0 0.0 na 0.0 0.0 0.0 21 07 1.2 0.5 28 176
YOV NY-Fa 16.9 352 44 183 363 1573 202 4315 346 019 03.0 743 203

YOY PA-Fa 276.9 NA NA 3706 NA NA 6450 06 4222 NA 206.7 2328 68.1

Trout All ON-DW 0.1 0.0 0.0 0.0 0.0 03 08 08 08 11 04 09 0.6
Perch All NY-Fa 323 63.3 1488 3389 6343 4616 516.6 2064 3622 3203 559.2 §251 4069
All PA-Fa 1.3 NA NA 487 NA NA 6190 0.6 1537 NA 200.0 1420 575

Round All ON-DW 67.2 0.5 143 1200 1254 97 436 4526 9732 933 1909 2359 00
Goby All ON-OB 3591 98.5 763 68.0 1033 67.6 912 634 739 327 703 86.9 01
All ON-IB 151.6 95.4 496 802 114.6 1351 2805 2118 2630 340 1285 1200 01

All NY-Fa 4303 136.8 830 1802 1658 1733 5026 4668 12032 846.7 4552 6544 1.0

All PA-Fa 391 NA NA 310 NA NA 3716 4410 17711 NA 682.9 11613 330

'"WNA" denotes that reporting of indices was Not Applicable or that data were Not Avalable.
Ontario Ministry of Natural Resources Trawl Surveys

ON-DW Trawlinz is conducted weely during October at4 fixed stations in the offshore waters of Chter Lore Point Bayusing a 10-m trawl with 13-mm mesh cod end liner.
Indices are reported as NPH; %0's Avg is for the period 1990 to 1999; 00's Avg isfor the period 2000 to 2009,

ON-OB Trawlinz is conducted weely durins September and October at 3 fixed stations in the nearshore waters of Outer Long Point Bavusing a §.1-m rawl witha 13-mm
mesh cod end liner. Indices are reported as NPH: 90's Avg isfor the period 1990 to 1999 00's Avg isfor the period 2000 to 2009,

ON-IB Trawling is conducted weeldy durins September and October at4 fixed stations in Iner Lons PointBayusing a §.1-m trawl witha 13-mm mesh cod end liner.
Indices are reported as NPH; %0's Avg is for the period 1990 to 1999; 00's Avg isfor the period 2000 to 2009,

New York State Department of Environment Conservation T rawl Survey
NY-Fa Trawling is conducted at approximately 30 nearshore (13-30 m) statiors dring October using a 10-m wawl with a &.3-mm meshcod end liner.
Indices are reported as NPH; 0's Avg is for the period 1992 to 1889, 00's Avg isfor the period 2000 to 200%.

Pennsyly ania Fish and Boat Commission Trawl Survey
PAFa Trawlingis conducted at rearshore (< 22 m) and offshore (> 22 m) statiors during October using a 10-m trawl witha §.4-mm mesh cod endliner.
Indices are reported as NPH: %0's Avg is for the period 1990 to 1999; 00's Ave isfor the period 2000 to 2009,

18



Table 2.3.1Relative abundance (arithmetic mean number per hectare) of selecte@demes
from fall trawl surveys in the central basin, Ohio and Pennsylvania, Lake Erie, from
200-2015. Ohio West (OH West) is the area from Huron, OH, to Fairport Harbor, OH.
Ohio East (OH East) is the area from Fairport Harbor, OH to the-Pénmsylvara
state line. PA is the arém the OhiePennsylvania state line to Presque Isle, PA.

Year
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 201§ Mean

Species  Survey
Yellow OH Wes 439 83 1510 315 16 41.1 10.3 69.2 8.9 37.7 19.6 404
Perch OH East| 156.2 170 1778 528 0.5 96.3 151 1344 8.9 49.1 18.6 70.8
PA 4.3 10.0 8634 14.2 - 481.6 28.0 - 107 2336

White OHWes| 1,047.2 3888 1,096.2 468.1 379.0 254.8 346.6 1,709.6 1747 1350 37140 600.0
Perch OH East| 2,034.5 415 1,099 916 346 1903 721 6619 2001 994 338§ 4522
PA 26.1 - 174 1990 146.3 - 380.1 22 - 7584 1285

Rainbow OH Wes 8.7 69.6 784 7357 2678 7762 298 844 1260 7478 447.Q 2924
smelt OH East 444 5136 7024 3,997.7 03 4216 2473 3191 128 1,7095 2364 796.9

PA 9.3 - 348 5522 231 - 104 1328 - 1481 1271

Round OH Wes 408 137 268 190 245 284 1008 182 175 6.3 56. 29.6
Goby OHEast| 148.1 417 2731 263 10 418 2560 539 458 862 668 974
PA 110.8 - 2240 2271 720 - - 3.3 11.7 - 1241 1082

Emerald OHWes{ 6304 6565 363 250 7.5 88 3617 951.3 22185 1369.3 3.9 626.5
Shiner OHEast| 279.8 10036 63.7 20.2 17 2349 103.7 21885 306.2 650.1 132 4852
PA 10.0 - 0.8 0.0 304.6 - - 0.0 31.6 - 5771 578

Spottail OH Wes 0.1 0.0 21 34 0.4 0.0 0.6 0.0 0.0 25 0.0 0.9
Shiner OH East 11 0.2 0.5 0.2 0.0 0.0 0.3 0.0 0.0 0.0 0.4 0.2
PA 0.0 - 0.0 0.0 0.0 - - 0.0 0.0 - 0.0 0.0

Alewife  OH Wes 0.0 31 0.0 0.0 0.0 0.0 0.0 0.0 52.1 0.0 0.0 5.5
OH East 0.0 3.2 0.0 0.0 0.0 0.0 0.0 0.1 36.1 0.0 0.0 3.9
PA 0.0 - 0.0 0.0 0.0 - - 2.8 5.0 - 0.0 13

Gizzard OH Wes 134 368 1838 332 526 26 6758 987 3042 338 568.0 1435
Shad OH East 157 277 155 631 3.9 8.5 4.2 287 395 7.3 455.6 214
PA 0.7 - 0.0 0.0 0.0 - - 0.0 0.0 - 8.7 01

Trout- OH Wes 0.1 0.2 0.8 0.3 0.3 0.7 1.6 0.0 0.1 0.3 0.4 0.4
perch OH East 1.6 0.1 54 0.1 0.2 14 2.7 0.2 0.0 0.6 1.2 1.2
PA 0.7 - 10.8 1261 28.2 - - 0.0 0.0 - 2.2 27.6

The Pennsylvania Fish and Boat Comiaissvas unable to sample 2006 201Q 2011and 2014
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Table 2.3.2 Relative abundance (arithmetic mean number per hectare) of saejedtedpecies
from fall trawl surveys in the central basin, Ohio and Pennsylvania, Lake Erie, from
2006-2015. Ohio West (OH West) is the area from Huron, OH;doport Harbor,
OH. Ohio East (OH East) is the area from Fairport Harbor, OH to the Pennsylvania
state line. PA is the area from the ORlennsylvania state line to Presque Isle, PA.

Year
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 201§ Mean

Species Survey
Yellow OH Wes| 19.2 4.6 20.7 53.4 20.2 11.9 6.3 7.4 34.9 154 41.3 194
Perch OH East| 132.3 11.9 37.0 264 1394 124 55.5 23.3 1095 24.2 30.2 57.2

PA 49.0 - 27.4 76.4 1218 - - 1177 73.7 - 59.0 1.7

White  OH Wes| 340 669 240 780 458 326 258 458 1959 5.8 1.7 55.5
Perch OH East 201 347 168 36.6 2823 448 498 7.7 546.9 4.4 1.4 104.4
PA 0.0 - 0.8 42 626 - - 7.8 18.4 - 78.9 15.7

Rainbow OHWes} 1085  20.7 43.2 105 5283 180 283 129 171 349 3408 82.2
Smelt OH East 308 173 5324 649 1091 569 2164 1431 4856 150 2954 167.2
PA 14 - 10.8 35 4065 - - 205 251 - 69.7 78.0

Round OH Wes 383 154 269 638 604 440 686 118 243 6.9 35.9 36.0
Goby OHEastf 2630 71.0 1856 1678 193 360 1181 270 463 891 724 1023
PA 915.7 - 3568 3266 76.0 - - 729 8.6 - 50.3 292.8

Emerald OHWesf 266.7 500.6 300.0 5612 1277 515 1382 9988 2980 558 0.9 329.9
Shiner OHEast| 479.6 406.0 27.8 1,159.4 167.8 3751 149.7 4332 84 3335 1.8 354.1
PA 75.1 - 7932 280 1725 - - 8.9 17.2 - 17983 1825

Spottail OH Wes 0.2 0.8 1.6 24 19 0.0 20.7 0.0 05 1.7 0.0 3.0
Shiner OH East 3.8 0.6 0.6 29 0.0 0.0 31 3.0 2.9 0.0 0.0 17
PA 0.0 - 0.0 0.0 0.0 - - 0.0 0.0 - 0.0 0.0

Trout- OH Wes| 17.1 75 4.2 33 0.9 0.7 3.3 1.6 33 0.6 0.7, 4.3
perch OH East 76.2 4.3 6.7 8.4 15 5.0 7.9 11.7 1.0 0.4 3.0 12.3
PA 63.6 - 158 617 1275 - - 304 9.3 - 8.3 51.4

- The Pennsylvania Fish and Boat Consiua was unable to sample2006, 20102011and 2014
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Table2.4.1. Mean catciperunit-effort (CPUE) and fishing power correction factors (FPC) by vessetiesage
group combinations. All FPCs are calculated relative to the R.V. Keenosay.

Mean
Age Trawl CPUE Apply
Vessel Species group Hauls (#/ha) FPC 95% ClI rule®

R.V. Explorer  Gizzard shad Age 0 22 11.8 2.362 -1.265.99 Y
Emerald shiner Age O+ 50 678 1.494 0.232.76 Y
Troutperch Age 0+ 51 113.2 0.704 0.490.91z Y
White perch Age 0 51 4772 1.121 1.01-1.23 z Y
White bass Age 0 50 11.7 3.203 0.81:5.60 Y
Yellow perch Age 0 51 10122  0.933 0.621.24 N
Yellow perch  Age 1+ 51 119.6 1.008 0.721.30 N
Walleye Age 0 51 113.7 1.561 1.251.87 z Y
Round goby Age 0+ 51 2003 0.423 0.220.63 z Y
Freshwater Age 1+ 51 249.1 0.598 0.430.76 z Y
drum

R.V. Gibraltar Gizzard shad Age 0 29 14.2 1.216 -0.402.83 Y
Emerald shiner Age 0+ 43 51.3 2.170 0.483.85 Y
Troutperch Age 0+ 45 82.1 1.000 0.651.34 N
White perch Age 0 45 513.5 0.959 0.621.30 N
White bass AgeO 45 219 1.644 0.003.28 Y
Yellow perch Age 0 45 739.2 1.321 0.991.65 Y
Yellow perch  Age 1+ 45 946 1.185 0.791.58 Y
Walleye Age 0 45 1192 1.520 1.17-1.87 z Y
Round goby Age 0+ 45 774  0.992 0.41:-1.57 N
Freshwater Age 1+ 45 105.2 1.505 110191z Y
drum

R.V. Grandon Gizzard shad Age 0 29 709 0.233 -0.060.53 z Y
Emerald shiner Age 0+ 34 205.4 0.656 -0.041.35 Y
Troutperch Age 0+ 35 1359 0.620 0.420.82 z Y
White perch Age 0 36 771.4 0.699 0.440.96 z Y
White bass Age 0 36 34.9 0.679 0.430.93 z Y
Yellow perch Age 0 36 1231.6 0.829 0.581.08 Y
Yellow perch  Age 1+ 36 1234  0.907 0.581.23 Y
Walleye Age 0 36 2086 0.920 0.721.12 Y
Round goby Age 0+ 36 1618 0.501 0.080.92 z Y
Freshwater Age 1+ 36 58.8 2.352 1.51:3.19z Y
drum

R.V. Musky Il Gizzard shad  Age O 24 8.8 1.885 -1.505.26 Y
Emerald shiner Age 0+ 47 323 3.073 0.365.79 Y
Troutperch Age 0+ 50 624 1.277 0.941.62 Y
White perch Age 0 50 255.7 2.091 1.37281z Y
White bass Age 0 46 84 4411 0.907.92 Y
Yellow perch Age 0 50 934.0 1.012 0.77-1.26 N
Yellow perch  Age 1+ 50 349 3.452 1.235.67 z Y
Walleye Age 0 50 63.7 2.785 224333z Y
Round goby Age 0+ 49 669 1.266 0.392.14 Y
Freshwater Age 1+ 49 1.6 93.326 48.39138.26z Y
drum

z-lndicates statistically si%®yYmaafsidecisiontule thdidatedeFP@ apmieatioh r o m 1
was warranted; , N means decision rule indicated FPC application was not warranted
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2015 Trawl Sites by Agency

OMNREF - nearshore

OMNREF - offshore Ontario
NYSDEC
PFBC

New York

Pennsylvania

Figure2.21 Locations sampled with standard index bottom trawls by Ontario (OMNRF), New
York (NYSDEC) and Pennsylvania (PFBC) to assess forage fish abundance in eastern
Lake Erie during 2015.
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Figure 2.2.2 Meadensity of prey fish (number/ha) by fuimnal group in the Ontaridjew York
and Pennsylvaniaaters of the eastern basin, Lake ErieB32015.
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