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Executive Summary  

 

Introduction  

 

The Lake Erie Committee Forage Task Group (FTG) report addresses progress made on four charges:  

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 Objectives.  

2. Describe the status and trends of forage fish in each basin of Lake Erie and evaluate alternate data sources and 

methods to enhance description of forage fish abundance.  

2.1. Describe forage fish abundance and status using trawl data.  

2.2. Report on the use of forage fish in the diets of selected commercially or recreationally important Lake Erie 

predator fish.  

2.3. Describe growth and condition of selected commercially or rec reationally important Lake Erie predator fish  

3. Continue hydroacoustic assessment of the pelagic forage fish community in Lake Erie, incorporating new methods in 

survey design and analysis while following the GLFCɅs Great Lakes Hydro Acoustic Standard Operating Procedures 

where possible/feasible. Support STC review of hydroacoustics.  

4. Act as a point of contact for any new/novel invasive aquatic species.  

 

The complete report is available from the Great Lakes Fishery CommissionɅs Lake Erie Committee Forage Task Group 

website ( http://www.glfc.org/lake -erie -committee.php ) or upon request from a Lake Erie Committee , STC, or FTG 

representative.   

 
 

Interagency Lower Trophic Level Monitoring  

     The Lower Trophic Level Assessment monitoring program 

has measured nine environmental variables at 18 stations 

around Lake Erie since 1999 to characterize trends  in lake 

productivity . In 2021, t he Trophic State Index, which is a 

combination of phosphorus levels, water transparency, and 

chlorophyll a, indicate d th at the West Basin was above the 

targeted mesotrophic status, while the Central Basin was 

barely within mesotrophic status (favoring percid production). 

The East Basin offshore and nearshore areas were both 

oligotrophic in 2021. Low hypolimnetic dissolved o xygen 

continues to be an issue in the Central Basin during the 

summer months.  

   

West Basin  Status of Forage  

     In 2021, data from 68 trawl tows were used (up from 66 in 

2020).  Total forage density averaged 8,800 fish per hectare across 

the West Basin - the largest forage density since 1990 . A large 

outlier catch of White Perch  did  upwardly bias the  total density  

estimate . Age-0 Walleye relative abundance (346/ha) was a record 

high for the time series. Age -0 Yellow Perch density (1,358/ha) was 

well above average. Age -0 White Perch (6,438/ha) was the greatest 

since 1990. Age-0 Gizzard Shad abundance (81/ha) was below the 

ten -year mean (713/ha). Densities of Emerald Shiners have 

remained low  for seven years. Round Goby abundance (81/ha) was 

the highest since 2009.  

Forage Task Group 

Executive Summary  

2020 Report  
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Central Basin Status of Forage  

      In 2021, 32 trawl tows were completed in the Ohio waters of 

the Central Basin. Forage abundance increased in 2021 relative to 

2020, with most of the catch comprised  of Rainbow Smelt and 

spiny -rayed species  (e.g., yellow perch). However, total forage 

densit y remain ed well below  the long-term mean. Age-0 Rainbow 

Smelt density  increased from 2020 and were above the long-term 

mean. Age-1+ Rainbow Smelt abundance decreased from a 

recent high abundance in 2020  and is now  one of the lowest 

densities  in the time series . Round Goby age -0 indices decreased 

across the basin and were below the long -term mean . Emerald 

Shiner  remain at very low densities in the basin . Yellow Perch 

density  increased slightly from 2020 ; however, these continue to be some of the lowest densities  in the time seri es. Age-0 

Walleye abundance was the highest ever recorded in the time series.  The age -0 Walleye index was almost five times the 

long-term m ean. 

  

East Basin Status of Forage  

      Total forage fish density  in 2021 decreased in Ontario and has 

been below the long -term mean  for the last 5 years . Forage fish 

density  increased in New York and is at the highest level since 2016 . 

Catches of age-0 Rainbow Smelt were very high in New York waters  

(2nd highest in time  series), whereas they were low in  Ontario . 

Catches of age-1+ Rainbow Smelt were low in both Ontario and New 

York. Catches of age-0 and age-1+ Emerald Shiner were low in all 

jurisdictions. Round Goby densities increased in Ontario and were 

above the long -term mean . Round Goby remained below average in 

New York waters. Gizzard Shad and Alewife densities were above 

average in New York  and below average in Ontario . Age-0 Walleye 

density in 2021 was the highest ever observed in New York waters . 

Catches of most  other species were low.  

 

Hydroacoustic Assessments  

     The primary purpose of Lake Erie hydroacoustic surveys is to estimate densities of important forage fishes in each 

basin of Lake Erie in July during the new moon.  In the East Basin, age-1+ Rainbow Smelt density (# fish/hectare) decreased  

in 2021  relative to  2020, but remain ed higher th an the low seen in 2019 . In the Central Basin, age-0 Rainbow Smelt 

densities were the highest on record, while Emerald Shiner and age -1+ Rainbow Smelt remained at low levels. In the West 

Basin, prey fish density  was greater in 2021 than the last five years, whereas prey biomass (kg/hectare) was low 

suggesting that the forage fish community was composed of small, young fish. Across all basins, work continued on the  

Lake Erie hydroacoust ic survey  redesign,  and another year of comparison data  (new vs. old  design) was collected in the 

Central and East Basins. Further analys es will take place in 202 2 wit h the results informing the path forward for the Lake 

Erie hydroacoustic survey  design .      

 

Aquatic Invasive Species  

     In 2021, the U.S. Fish and Wildlife Early Detection and Monitoring program captured a Nile Tilapia near Cleveland, Ohio ; 

however, additional sampling efforts in the same area did not yield any more Nile Tilapia. No other nonindigenous aquatic 

species were captured in Lake Erie. The FTG is working towards incorporating the FTG Aquatic Invasive Species  (AIS) 

database with the USGS Nonindigenous Aquatic Species database so that the data can be archived and  help track AIS on 

greater geographic scale.      
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Charges to the Forage Task Group 20 21ɀ2022 

 

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 Objectives.  

 

2. Describe the status and trends of forag e fish in each basin of Lake Erie and evaluate 

alternate data sources and methods to enhance description of forage fish abundance.  

2.1. Describe forage fish abundance and status using trawl data.  

2.2. Report on the use of forage fish in the diets of selected commerc ially or 

recreationally important Lake Erie predator fish.  

2.3. Describe growth and condition of selected commercially or recreationally 

important Lake Erie predator fish  

 

3. Continue hydroacoustic assessment of the pelagic forage fish community in Lake Erie, 

incorporating new methods in survey design and analysis while following the GLFCɅs 

Great Lakes Hydro Acoustic Standard Operating Procedures where possible/feasible. 

Support STC review of hydroacoustics.  

 

4. Act as a point of contact for any new/novel invasive aquatic species.  
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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 Objectives . 

(J. Markham) 

Background   

    

In 1999, the Forage Task Group (FTG) initiated a Lower Trophic Level Assessment 

program (LTLA) within Lake Erie and Lake St. Clair (Figure  1.0.1). Nine key variables, as 

identified by a panel of lower trophic level experts, were measured to characterize 

ecosystem change. These variables included profiles of temperature, dissolved oxygen , 

light (PAR), water transparency (Secchi  disc depth ), nutrie nts (total phosphorus), chlorophyll 

a, phytoplankton, zooplankton, and benthos. The protocol called for each station to be 

visited every two weeks from May through September, totaling 12 sampling periods, with 

benthos collected on only two occasions (once in the spring and once in the fall ). For this 

report, we will summarize the last 23 years of data for summer surface  temperature, 

summer  bottom dissolved oxygen, chlorophyll a concentration, water transparency, total 

phosphorus, and zooplankton. Data from all sampled s tations were included in the analysis  

unless noted.  In 2021, stations 3ɀ6 in the West Basin, 7ɀ12 in the central basin, and 15 -18 in 

the East Basin were sampled (Figure 1.0.1).  

 

Lake ErieɅs Environmental Priorities (EPs; LEC, 2019), in prescribing actions that are 

critical for achievement of its Fish Community Objectives (Francis et al. 2020), describe 

desirable trophic conditions in Lake Erie.  The EPs seek to achieve mesotrophic conditions in 

the western, central, and nearshore waters of the eastern basin and embayments.  

Conversely, an oligotrophic environment would most benefit the coldwater fish community 

that utilizes the deep, offshore waters of the eastern basin (Ryan et al. 2003).  These trophic 

classes are associated with t arget ranges for total phosphorus, water transparency, and 

chlorophyll a (Table 1.0.1). For mesotrophic conditions, the total phosphorus range is 9 -18 

Ǉg/L, summer (June-August) water transparency is 3 -6 met res, and chlorophyll a 

concentration between 2.5 -5.0 Ǉg/L (Leach et al. 1977). For the offshore waters of the East 

Basin, the target for total phosphorus is < 9 Ǉg/L, summer water transparency > 6 m, and 

chlorophyll a concentration < 2.5 Ǉg/L.   

 

A trophic state index (TSI ; Carlson 1977) was used to produce a metric which merges 

three independent variables to report a single broader measure of trophic condition. This 

index uses algal biomass as the basis for trophic state classification, which is estimated using 

measures of chl orophyll  a, water transparency , and total phosphorus. Each independent 

measure is combined and the average of the three indices reflects a trophic state value for 

that site and sampling event. The median value of the combined daily indices is used to 

determ ine an annual index for each basin . Because the number generated is only a relative 

measure of the trophic conditions and does not define trophic status, this index was 

calibrated to accept Lake Erie ranges for values of total phosphorus, chl orophyll  a, and 
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transparency  (from Leach et al. 1977) that have long been used to assess trophic conditions. 

In these terms, oligotrophic conditions have a TSI < 36.5, mesotrophic conditions have a TSI 

between 36.5 and 45.5, eutrophic  conditions have a TSI  between 45.5 and 59.2, and hyper -

eutrophic  conditions have a TSI  >59.2. 

  

Mean Summer Surface Water Temperature  

 

Summer surface water temperature represents the temperature of the water at < 1 

met re of  depth for offshore stations only. This index should provide a good measure of 

relative system production and growth rate potential for fishes, assuming prey resources 

are not limiting.  Mean summer surface temperatures across all years are warmest in the 

West Basin (time  series mean = 23.5 °C), while  becoming progressively cooler in the Central 

(time  series mean = 21.8 °C) and East Basins (time  series mean = 20.5 °C; Figure 1.0.2). In 

2021, the mean summer surface water temperature was above average in  the West (24.1 

°C) and Central (23.9 °C) Basins. In the East Basin, mean summer surface water 

temperature was 21.0 °C, which was slightly above average. A slight increasing trend in 

summer surface water temperature is evident in all three basins for this time  series. 
 

Hypolimnetic Dissolved Oxygen  

 

Dissolved oxygen (DO) levels less than 2.0 mg/L are deemed stressful to fish and other 

aquatic biota (Craig 2012; Eby and Crowder 2002).  Low DO can occur when the water 

column becomes stratified, which can begin in early June and continue  through Septembe r 

in the central and East Basins. In the West Basin, shallow depths allow wind mixing to 

penetrate to the bottom  and prevent s thermal stratification  across much of the basin . 

Consequently, there are only a few summer observations that detect low bottom DO 

concentrations in the time series ( Figure 1.0.3).  In 2021, there were  no observations  from 

the West Basin stations with a  DO below the 2.0 mg/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 stations. In 2021, 

bottom DO was below the 2.0 mg/L threshold in the Central Basin on four occasions 

(Station 11: 7/26/21 ɀ 1.56 mg/L, 8/26/21 ɀ 0.27 mg/L; Station 8: 8/25/21 ɀ 0.5 mg/L; Station 

10: 8/26/21 ɀ 0.78 mg/L) and slightly above the 2.0 mg/L threshold on three other occasions 

(Figure 1.0.3). 

DO is rarely limiting in the East Basin due to greater water depths, a large hypolimnion 

and cooler water temperatures. The only occasion when DO was below the 2.0 mg/L 

threshold was on 14 July and 13 August, 2010 ( Figure 1.0.3). In 2021, East Basin bottom DO 

measurements ranged between 5.3 ɀ10.8 mg/L and were never below the 2.0 mg/L 

threshold.  
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Chlorophyll a  

 

Chlorophyll a concentration is an indica tor of phytoplankton  biomass  and represent s 

production at the lowest trophic level. In the West Basin, mean chlorophyll a 

concentration s have mostly  been above targeted levels in the 23 -year time  series, which is 

consistent  with  eutrophic status rather tha n the  targeted mesotrophic status (Figure 1.0.4). 

Annual variability is highest in the West Basin. In 2021, the mean chlorophyll a 

concentration in the West Basin (6.3 µg/L) was above the targeted mesotrophic range. In 

the Central Basin, chlorophyll a concentrations have been less variable and within the 

targeted mesotrophic range for the entire time series  ɀ a trend  that continued in 2021 (4.9  

µg/L; Figure 1.0.4). An increasing t rend in chlorophyll a is evident in the Central Basin over 

the past eight years. In the East Basin, chlorophyll a concentrations in the nearshore waters 

have been below the targeted mesotrophic level for the entire time  series, including 2021 

(2.0 µg/L; 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 mussels 

(Dreissena bugensis) remains high (Patterson et al.  2005). Conversely, chlorophyll a levels in 

the offshore waters of the East Basin remain in, or slightly above, the targeted oligotrophic 

range (2021: 2.5 µg/L). Chlorophyll a concentrations remain the 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 monitoring program and , in some years , have been in the hyper -

eutrophic range (Figure 1.0.5). In 2021, mean total phosphorus concentrations in t he West 

Basin decreased to 20.9  µg/L, which is  the lowest value in the time  series but still above  the  

mesotrophic target. In the Central  Basin, mean total phosphorus levels had exceeded FCO 

targets from 2006 through 2013, were borderline mesotrophic/eutrophic in 2014 and 2015, 

and then began to increase again in 2016 (Figure 1.0.5). Total phosphorus measures in the 

Central Basin increased slightly in 2021 to 31.5 µg/L and have been above the targeted 

mesotrophic target for six consecutive years. In the nearshore waters of the East Basin, 

total phosphorus levels have remained stable and within or near the targeted mesotrophic 

range for the ent ire time  series (Figure 1.0.5). Total phosphorus levels in the offshore 

waters of the East Basin show a similar trend to nearshore waters and had risen above the 

targeted oligotrophic range from 2008 through 2013 , but have declined in more recent 

years. In 2021, mean total phosphorus measures were nearly equal in the nearshore (8.1 

µg/L) and offshore (8.0  µg/L) waters of the East Basin. 
 

Water Transparency  

 

Similar to other fish community ecosystem targets (i.e. , chlorophyll a, total 

phosphorus), water t ran sparency in the West Basin has been in the eutrophic range  and 

below the FCO target for the entire time  series (Figure 1.0.6). Mean summer transparency 
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in the West Basin was 1.7 m in 2021  and was the lowest value in the time series . In 

contrast, water transparency in the Central Basin has remained within the targeted 

mesotrophic range for most of the time  series (Figure 1.0.6). However, water transparency  

in the Central Basin was  2.6 m in 2021 and is a new low for the time  series. In the 

nearshore water of the East Basin, water transparency was in the oligotrophic range, which 

is above the FCO targets, from 1999 through 2006, sharply declined, and then steadily 

increased and generally remaining within the FCO targets for the next ten  years (Figure 

1.0.6). Water transparency has generally hovered around the cusp of the 

mesotrophic/oligotrophic range since 2016 but decreased in 2021 (4.9 m) and was within 

the targeted mesotrophic range. In the offshore waters of the East Basin, water 

tr ansparency was within the oligotrophic target from 1999 through 2007, decreased into 

the mesotrophic range in five of the following six years, then increased thereafter. Similar 

to the nearshore waters, water transparency decreased in 2021 in the offshore waters (5.6 

m) and was in the mesotrophic range.  
 

Trophic State Index (TSI) and Ecosystem Targets  

 

A box and whis ker plot s were used to describe the trophic state index (TSI) for each 

basin in Lake Erie (Figure 1.0.7).  Median  TSI values indicate  that the West Basin was in a 

eutrophic status from 1999-2015, which is mo st favor able for a centrarchid (bass, sunfish)  

fish community . In recent years, overall measures of productivity have declined  and are 

near or within the targeted mesotrophic status, which is mo st favorable for percid (Walleye 

(Sander vitreus) and Yellow Perch ( Perca flavescens)) production. In the Central Basin, 

media n TSI values have generally remained within the targeted mesotrophic range for the 

entire time series. Trends in the nearshore waters of the East Basin indicate median TSI 

values and ranges mostly below the targeted mesotrophic range in the early years of the 

time series, increas ing into the targeted mesotrophic zone in the late -2000s, then 

decreasing back into oligotrophic status since 2014. Similar trends are apparent in the 

offshore waters of the East Basin. The TSI values for  2021 indicate eutrophic status in the 

West Basin (46.9), mesotrophic status in the Central Basin (44.4), and oligotrophic status in 

both the nearshore (35.3) and offshore (35.7) waters of the East Basin (Table 1.0.2). Trends 

in trophic status measures indicate that Lake Erie has decreased in productivity over the 

past decade but generally remains in a favorable condition for percid production.  
 

Zooplankton Biomass  

 

Zooplankton samples were collected at most stations in 2021. However, analysis of this 

data is not  complete and therefore updated zooplankton biomass will not be presented in 

this report.  
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Table 1.0.1 : Thresholds  for  trophic indicators and the trophic state index associated with 

each trophic state and fish community (Leach et al.  1977; Ryder and Kerr 1978; Carlson 

1977). 

  

 
 

 

 

Table 1.0.2 : Trophic state index and current trophic status, by basin, from Lake Erie in 

2021.  

 

  

Trophic 

Status

Phosphorus 

(µg/L)

Chlorophyll a 

(µg/L)

Transparency 

(m)

Trophic State 

Index (TSI)

Harmonic 

Fish 

Community

Oligotrophic <9 <2.5 >6 <36.5 Salmonids

Mesotrophic 9 - 18 2.5 - 5.0 3 - 6 36.5 ς45.5 Percids

Eutrophic 18 - 50 5.0 - 15 1 - 3 45.5ς59.2 Centrarchids

Hyper-eutrophic >50 >15 <1 >59.2 Cyprinids

2021 TSI 2021 Trophic 

Status

West 46.9 Eutrophic

Central 44.4 Mesotrophic

East - Nearshore 35.3 Oligotrophic

East- Offshore 35.7 Oligotrophic
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Figure 1.0.1 : Lower trophic level sampling stations in Lake Erie.  Stations 3ɀ12 and 15ɀ18 

were sampled in 2021.   

 

 
Figure 1.0.2 : Mean summer (June -August) surface water temperature ( °C) at offshore 

stations  weighted by month  for each basin  in Lake Erie, 1999 ɀ2021. Solid black lines 

represent time series trends .  
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Figure 1.0.3 :  Summer (June-August) bottom dissolved oxygen (mg/L) concentrations for 

offshore sites by  basin in Lake Erie, 1999ɀ2021. The red horizontal line represents 2 mg/L, a 

level below which oxygen becomes limiting to the distribution of many temper ate 

freshwater f ishes.  

 

 
Figure 1.0.4 :  Mean  chlorophyll a concentration ( µg/L), weighted by month,  for each  basin 

in Lake Erie, 1999ɀ2021. The East Basin is separated into nearshore and offshore.  Shaded 

areas represent trophic class ranges.  
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Figure 1.0.5 : Mean total phosphorus  (µg/L), weighted by month, for offshore sites in each 

basin of Lake Erie, 1999ɀ2021. The East Basin is separated into nearshore and offshore.  

Shaded areas represent the tro phic class ranges.  

 

 
Figure 1.0.6 : Mean summer (JuneɀAugust) Secchi depth (m), weighted by month in each 

basin of Lake Erie, 1999ɀ2021. The East Basin is separated into inshore and offshore.  

Shaded areas represent the trophic class ranges.  
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Figure 1.0.7 : Box and whisker plot of trophic state indices (TSI) by basin in Lake Erie, 1999 ɀ

2021. The East Basin is separated into nearshore and offshore. Shaded areas represent 

trophic class ranges. Boxes indicate 25 th  and 75 th  quartiles of the values w ith the median 

value as the horizontal line. Vertical lines show the range of values  with individual points 

representing outliers.  
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Figure 1.0.7 : (Continued) Box and whisker plot of trophic state indices (TSI) by basin in Lake 

Erie, 1999ɀ2021. The East Basin is separated into nearshore and offshore. Shaded areas 

represent trophic class ranges. Boxes indicate 25 th  and 75 th quartiles of the values with the 

median value as the horizontal line. Vertical lines show the range of values  with individual 

points representing outliers.  
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Charge 2: Describe the status and trends of forage fish in each basin of Lake Erie and 

evaluate alternate data sources and methods to enhance description of forage fish 

abundance.  

 

Note: A full species list and their scientific names can be found in Appendix 1. 

2.1: Describe forage fish abundance and status using trawl data.  

 

2.1.1    Eastern  Basin  Status of Forage  (J. Markham, M. Thorn , and M. Hosack) 

 

Long-term bottom trawl surveys conducted by New York, Ontario, and 

Pennsylvania are used to assess forage fish abundance and distribution in the East 

Basin (also see East Basin Hydroacoustic Survey, Section 3.1). In 2021, a total of 34 

trawl tows were conducted in  New York waters and 32 trawl tows in the  offshore 

waters of Long Point Bay , Ontario (Figure 2. 1.1.1). No trawling was conducted in the 

Pennsylvania waters of the eastern basin in 2021 due to boat issues.  
 

In 2021, overall forage fish densities increased in New York waters , while forage 

fish densities  remained low and well below the time series average in Long Point Bay 

(Figure 2.1.1.2). Rainbow Smelt is typically the most abundant forage species in most 

years and jurisdictions. In 2021, Rainbow Smelt catches were primarily compo sed of 

age-0 individuals in both New York and Ontario waters; low densities of age -1+ 

Rainbow Smelt were caught in both jurisdictions. The age -0 Rainbow Smelt density  in 

New York was the second highest density  in the time series and accounted for most 

of the increase in overall forage  densit y. Age-0 Rainbow Smelt density was low in 2021 

for Ontario waters . Emerald Shiner catches remained low in  all surveys  for 2021 . 

Round Goby, an important species in the eastern basin forage fish community since it 

appeared in the late 1990s, peaked in the mid -2000s and has since generally 

remained at a lower but stable abundance in all jurisdictions (Table 2. 1.1.2). The 

abundance of Round Goby increased in Ontario surveys in 2021 and was above 

average, whereas it remained below average in New York. Clupeid (Gizzard Shad, 

Alewife) abundance was above average in New York waters but below average in 

Ontario waters. New York also recor ded its highest abundance of age -0 walleye in 

their time series in 2021 along with moderate catches of both age -0 and age-1 yellow 

perch. Catches of most other species were low in 2021.  

 

2.1.2    Central Basin  Status of Forage  (J. Deller and M. Hosack) 

 

Central Basin  bottom trawl surveys to assess age -0 percid and forage fish abundance 

and distributions began in Pennsylvania in 1982 and in Ohio in 1990. Trawl locations in 

Pennsylvania range from 13 to 24 m in depth and Ohio trawl locations range from 5 to  >20 

m in depth (Figure 2.1.2.1). Ohio West covers the area from Lorain  to Fairport Harbor . Ohio 

East covers the area from Fairport Harbor to  the Pennsylvania state line . The Pennsylvania  
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survey covers the area from the Pennsylvania state line to  Erie. In 2021, 32 trawl tows were 

completed in Ohio. Pennsylvania was not able to trawl in 2021. Ontario began bottom 

trawling the Central Basin in 2016 and data from this program will be included in future 

Forage Task Group reports.    

Overall , forage density  in Ohio increased from 2020 and was primarily composed of 

Rainbow Smelt. Rainbow Smelt was the only functional group that increased from 2020 and 

were above long -term means (Figure 2.1.2.2). The remaining functional groups continue to 

be well below long -term m eans in Ohio.  

The density  of Rainbow Smelt, Emerald Shiner, Round Goby , and Gizzard Shad, which 

are the primary forage species in the Central Basin, showed mixed results in 2021. Age -0 

Rainbow Smelt density in 2021  was the highest since 2014 and was the 7 th  highest density  

in the 31 -year time series. Age -1+ Rainbow Smelt abundance decreased from a recent high 

abundance in 2020 to one of the lowest densities  in the time series. There are no apparent  

long-term  trends in the density  of either Rainbow Smelt ag e group. Age -0 and age-1+ 

Emerald Shiner densit ies remained low in 2021 and have been at the lowest levels in the 

time series since 2015. Round Goby density  for both age -0 and age-1+ fish declined from 

2020 and were well below long-term means.  Densities  for both age groups were the third 

lowest since Round Goby became established in the Central Basin. Age-0 Gizzard Shad 

density  decreased from 2020 and was well below  the  long-term mean. Densities for spiny -

rayed species also showed mixed results in 2021. Yellow Perch densities  for age -0 and age-

1+ fish increased slightly from 2020 ; however, these continue to be some of the lowest 

indices in the time  series.  White Perch densities  for both age group s declined from 2020 

and were well below long -term means.  Age -0 Walleye abundance was the highest ever 

recorded in the 31 -year time series of the Ohio Central Basin trawl  program ; the age-0 

Walleye index was almost five times the long -term mean.  

 

2.1.3    West Basin  Status of Forage  - Interagency  (Z. Slagle) 

 

Background 

 

Annual i nteragency bottom trawling has been conducted in August within the  Ontario 

and Ohio waters of the West Basin, Lake Erie since 1987, though missing effort data from 

1987 has resulted in the use of data since 1988. In 2003, an interagency trawl comparison 

exercise was conducted that allows catches to be standardized across vessels using Fishing 

Power Correction (FPC) factors and basin -wide estimates to be calculated (Tyson et al. 

2006; FTG 2001, 2017). To estimate forage abundance, species are first enumerated by age 

class in each trawl based on total length. Trawls are then filtered  to  remov e catches where 

the trawl  net was damaged or hung on the bottom. Since 2009, trawl  catches beginning 

with bottom dissolved oxygen <2.0 mg/L have also been removed as an Ɉinterim policyɉ to 

deal with hypoxia (FTG 2017). Catches are then divided by area fished (square metr es of 

bottom, calculated by multiplying vessel -specific wing widths from SCANMAR estimates and 

GPS-measured distance travelled on bottom while trawling) to yield catch/m 2 (catch per 

effort, CPE). Arithmetic mean CPE is then converted to hectares and average d by depth (0 -6 
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m and >6m) and country (US/CAN) strata. CPE by strata are multiplied by strata area s and 

summed  to yield a basin -wide total abundance and is then divided by total basin area to 

yield basin -wide catch per hectare.  

To estimate species biomass , a similar process to abundance calculation is conducted. 

On deck, a minimum of 30 fish by species and age class are measured for total length. In 

summary calculations, a length for each unmeasured fish is randomly drawn from a 

normal distribution with me an and standard deviation calculated from the measured fish 

within the specific trawl -species-age class combination. Biomass (in grams) is then 

estimated for each fish (measured and unmeasured) by applying a species -age-class 

specific length -weight regress ion generated from historical data.  

For reporting purposes, species are pooled into three functional groups: clupeids (age -

0 age classes of Gizzard Shad and Alewife), soft -rayed fish (all age classes of Rainbow Smelt, 

Emerald Shiner, Spottail Shiner, other  cyprinids, Silver Chub, Trout -Perch, and Round 

Goby), and spiny -rayed fish (age -0 age classes of White Perch, White Bass, Yellow Perch, 

Walleye and Freshwater Drum).  Total forage is calculated by summing these functional 

groups.  

 

2021 Results 

 

 In 2021, hypolimnetic dissolved oxygen levels were below the 2.0 mg/L threshold 

(i.e., hypoxic) at two sites during the August trawling survey; both hypoxic sites were 

located west of Point Pelee.  In total, data from 68 sites were used in 2021, which is up from 

66 in 2020 (Figure 2.1.3.1).  

 Total forage density  in 2021 increased 322% from last year and was over double the 

ten -year mean ɀ the greatest forage density  in the West Basin since 1990 (Figure 2.1.3.2; 

Table 2.1.3.1). This high density  estimate was partially driven by an outlier catch of 27,111 

age-0 White Perch that occurred on the west shoreline of Point Pelee, possibly stemming 

from nearby hypoxia concentrating fish. Spiny-rayed density  increased 371% from 2020. 

Soft-rayed species increased 181% f rom 2020. Clupeid density  was low in 2021, declining 

58% from last year. Total forage density averaged 8,800 fish/ha across the West Basin, 

which is around twice the ten -year mean (4,302 fish/ha). Clupeid density was 81 fish/ha 

(ten-year mean 714 fish/ha),  soft -rayed fish density was 281 fish/ha (mean 246 fish/ha), and 

spiny -rayed fish density was 8,438 fish/ha (mean 3,342 fish/ha).  

Recruitment of individual species remains highly variable in the West Basin (Table 

2.1.3.2).  Age-0 Walleye density  in 2021 was the greatest in the time  series (97/ha), with 

three out of the last four years hitting  new highs (including 2018 and 2019; Figure 2.1.3.3). 

Age-0 Yellow Perch density (1,358/ha; Figure 2.1.3. 3) was the third greatest in the time 

series and rem ained above the ten -year mean (445/ha) for the fourth consecutive year. 

Age-0 White Perch density  (6,438/ha) was the greatest since 1990, partially due to the  

outlier catch of 27,111 individuals (Figure 2.1.3.4). Age -0 White Bass density  (31/ha) 

remained w ell below the ten -year mean (108/ha). Densities of all ages of Rainbow Smelt 

continue to be minimal in the West Basin. Age-0 Gizzard Shad density  (81/ha) fell to well 

below the ten -year mean (713/ha), continuing a trend of high annual variation (Figure 
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2.1.3.4). Densities of age -0 (5/ha) and age -1+ Emerald Shiners (0.1/ha) were again very low, 

with minimal densities for six straight years (Figure 2.1.3.5).  Round Goby (all ages) reached 

their greatest density  (81/ha) since 2009. Age-1+ Silver Chub density  (9/ha) remained high 

again in 2021, well above the ten -year mean (2.4/ha); age -0 Silver Chub fell to ~1/ha. Age -0 

Mimic Shiner density  was unusually high at 33/ha (ten -year mean = 2/ha).  

 

2.1.4    West Basin  Status of Forage ɀ Michigan  (J.-M. Hessenauer )     

 

Michigan initiated a bottom trawling program to assess the forage and age -0 sportfish 

community in the Michigan waters of Lake Erie in August of 2014. Th e assessment samples 

eight two -minute index grids for one five - or ten -minute tow, typically sampling an area of 

approximately 0.2 ɀ0.4 ha, depending on tow time. The otter trawl has a 10 -met re head 

rope and 9.5 -mm terminal mesh and is deployed with a single  warp and 45.7 -met re bridle.  

In 2021, all eight sites (Figure 2.1.3.1; green points on West Basin map ) were sampled on 

August 2 nd, 3rd  and 4 th, 2021.  

The 2021 trawl survey captured 4,727.9  (forage fish/ha) , the second largest catch in the 

MI time series and a 108% increase in density  relative to 2020 (Figure 2.1.4.1; Table 2.1.4.1). 

Age-0 Yellow Perch (2,723.5 fish /ha) and age-0 White Perch (1633.3  fish /ha) were the two 

most abundant species in the catch. The densities of Yellow Perch and White Perch in 2021 

were up from 2020. No Emerald Shiners were caught  in 2021 or 2020. Mimic Shiners 

continued their decline and were at lower density than  2020; however , Spottail Shiners 

increased 138% in 2021 relative to  2020 Ɂ their highest catch in the  time series. Gizzard 

Shad density was  up 169% from 2020 but  remain s well below the time series mean . Silver 

Chub and Channel Darters were both observed in the trawl in 2021. Another strong year 

class of Smallmouth Bass was observed in 2021  (14 fish /ha), which is the second highest 

catch in the  time series.  Age -0 Walleye catch was 25.6 fish /ha indicating another strong 

year class of this sportfish as well.    

The develop ment of this dataset will allow for the evaluation of trends in forage 

abundance and the recruitment of sportfishes in MichiganɅs Lake Erie waters in future 

years, while contributing to a greater understanding of forage dynamics in Lake ErieɅs 

Western Basi n.   

 

 

 

 



 

18 

 

2.2: Report on the use of forage fish in the diets of selected commercially or 

recreationally important Lake Erie predator fish.  

 

2.2.1    Eastern Basin Predator Diet  (J. Markham)     

 

Walleye 

 

Beginning in 1993, annual summer (June ɀAugust) visits were made to fish cleaning 

stations by the NYSDEC to gather stomach content information from angler -caught Walleye 

in the New York waters of Lake Erie.  In 2021, 305 Walleye stomachs were examined of 

which only 60 (20%) contained food remains.  Round Goby were the dominant species 

(60%), by volume,  in Walleye diet s followed by Rainbow Smelt (30%; Figure 2.2.1.1). Also of 

note was the presence of zooplankton in Walleye stomachs (1% by volume) which was a 

rare occurrence but has been present for the past  five years.  

 

Lake Trout 

  

Seasonal diet information for Lake Trout is not available based on current sampling 

protocols. Diet information was limited to fish caught during August 2021 (N=74) in the 

interagency coldwater gill net assessment (CWA) surveys i n the East Basin of Lake Erie. 

Rainbow Smelt have traditionally been the main prey item for Lake Trout, typically 

comprising over 90% of Lake Trout diet items. However, Round Goby have become a 

common prey item since they invaded the East Basin of Lake Erie in the early 2000s.  In 

years of lower adult Rainbow Smelt abundance, Lake Trout tend to prey more on Round 

Goby. In 2021, Rainbow Smelt were again the prominent prey fish for Lake Trout, occurring 

in 78.4% of the non -empty stomachs, followed by Round Go by (10.8%; Figure 2.2.1.2). 

Yellow Perch (1.4%) were the only other identifiable fish species found in Lake Trout 

stomachs in 2021.  

 

2.2.2   Central  Basin Predator Diet      

 

 Predator diet data collected from the Ohio waters of the Central Basin are not yet 

available and will be reported in next yearɅs Forage Task Group Report.  

 

2.2.3   West Basin  Predator Diet      

 

Yellow Perch     (R. Oldham [USGS], K. Keretz [USGS], and Z. Slagle) 

 

Yellow Perch diet samples were collected by the USGS Lake Erie Biological Station 

(Sandusky, OH) in 2021. However, at the time of publication, samples were not yet 

processed due to an ongoing physical location change for the office. Yellow Perc h diet 

summaries for 2021 will be reported in next yearɅs FTG Report. 
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Walleye     (J-M. Hessenauer ) 

 

Diets of adult Walleye are sampled as part of the Michigan trawl and gill net surveys. 

Fifty-one adult Walleye diets were sampled from August trawls and 29 5 adult Walleye diets 

were sampled from October gill nets in 2021.  

                 

Of the 54 walleye stomachs sampled in August , 35% contained prey items  (Table 

2.2.3.1). Of th ose with  gut contents, the majority (57%) were unidentifiable fish . Species 

identified in gut contents included Gizzard Shad (14%), White Perch (10%) , and Yellow Perch 

(19%). In October, 60% of diets sampled were not empty.  Gizzard Shad were the most 

abundant prey item (42%), followed by White Perch (9%) and Yellow Perch (7%), while 17% 

of the diet comprised unidentifiable fish  (Table 2.2.3.2). 

 

2.3: Describe growth and condition of selected commercially or recreationally 

important Lake Erie predator fish  

 

2.3.1 Eastern Basin Predator Growth  (J. Markham) 

 

Walleye length at age -1 and age-2 from netting surveys targeting juveniles in the New 

York waters of  the East Basin has declined for  the past five years. In 2021, age-1 and age-2 

walleye were 1.4 and 1.5 inches below the long -term average length , respectively; both 

metrics ranked at or near the lowest observed  lengths in the 40-year time series ( Wilkins  

2022). In general, age -0 and age-1 Yellow Perch have exhibited stable growth rates over the 

past decade. In 2021, growth of both age-0 and age-1 Yellow perch w as above their time 

series averages (2.5 and 7.6 mm, respectively ; Markham and Wilkins  2022). 

 

Adult Walleye condition in the New York waters of Lake Erie has increased for the past 

three years. In 2021 , the estimated weight of a 20 -, 24- and 28-inch harvested Walleye was 

2.6, 4.6 and 7.4 lbs., respectively  ɀ consistent with  their long-term  averages of 2.7, 4.7 and 

7.6 lbs. (Figure 2.3.1.1).  

 

Adult Lake Trout condition in the New York waters of Lake Erie has generally remained 

stable over the past 10 years (Figure 2.3.1.2). A decline in both length and weight at age -5 

was evident in 2019 an d consistent with changes in the forage community. However, both 

metrics increased in 2020 and 2021 to values more typically observed in the past decade.  

 

2.3.2 Central Basin Predator Growth  (J. Deller)     

 

Growth rates of age -0 Walleye increased slightly from 2020 but remain below the long -

term mean. Age -0 Walleye growth rates have been below long -term means since 2015, 

most likely due to density dependent effects ; Walleye densities  have been above the long -

term mean since 2017 in the Central Basin. Growth rates of most other age-0 fish  species 
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increased from 2020 and were above long -term means. The increase in size is likely biased  

because of the Ohio bottom trawl survey was not completed until mid November, the 

latest calendar date in t he time series , due to poor weather . 

 

2.3.3 West Basin  Predator Growth  (Z. Slagle) 

 

Overall, mean length of age -0 sport fish in 2021 was similar to 2020 (Figure 2.3.3.1).  

Lengths of select age -0 species in 2021 include Walleye (103 mm), Yellow Perch (71 mm), 

White Bass (69 mm), and White Perch (65 mm). Walleye average length has increased two 

straight years from the time series low. Other sportfish  lengths  were near time series 

averages. 
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Table 2.1.3.1 : Ten-year mean density  (arithmetic mean number per hectare), 2021 density , 

and the percent difference between 2021 and the ten -year average for forage fish 

functional groups from fall trawl surveys in the West Basin Lake Erie. Data are collected by 

NDMNRF and ODNR and combined using FPC factors. 

 

Functional Group  Mean: 2010 ɀ2020 2021 +/ - 

All forage species  4301.9 8800.1 105% 

Clupeid  713.8 81.4 -89% 

Soft-rayed  246.1 280.6 14% 

Spiny-rayed  3342.1 8438.1 152% 

 

 

 

Table 2.1.3.2 : Ten-year mean density  (arithmetic mean number per hectare),  2021 density , 

and the percent difference between 202 1 and the ten -year average for selected forage 

species from fall trawl surveys in West Basin Lake Erie. Data are collected by NDMNRF and 

ODNR and combined using FPC factors.  

 

Species  Age class  Mean: 2010 ɀ2020 2021 +/ - 

Emerald Shiner  Age-0 40.9 4.9 -88% 

Emerald Shiner  Age-1+ 40.3 0.1 -100% 

Freshwater Drum  Age-0 96.9 264.9 173% 

Gizzard Shad Age-0 713.4 81.4 -89% 

Rainbow Smelt  Age-0 32.2 21.5 -33% 

Rainbow Smelt Age-1+ 0.4 0.0 -91% 

Round Goby  All ages 23.0 80.6 251% 

Walleye Age-0 68.8 345.6 402% 

White Bass Age-0 107.8 31.4 -71% 

White Perch  Age-0 2623.6 6438.2 145% 

Yellow Perch Age-0 444.9 1358.0 205% 
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Table 2. 1.4.1: Average density (number of fish per ha) of forage sized and age -0 sportfish 

captured during the Michigan trawl survey. Yr/Yr% is the percent change from 2020 to 

2021. Yr/2014 -2020% is the percent change from 2021 to the 2014 -2020 average. Blanks 

indicate no catch in either 2021, 2020, or both.  

 

Common Name  
Age 

Group  
2014 2015 2016 2017 2018 2019 2020 2021 Yr/Yr %  

Yr/  

2014ɀ

2020 % 

Emerald Shiner  All 2.1 0 0 0 7.2 11.4 0 0     

Channel Catfish  YOY 0 0 0 0 0 1.6 0 0     

Freshwater Drum  YOY 29.4 6.9 6.3 0 45.6 7.9 5.4 5.7 5.6 -60.7 

Gizzard Shad YOY 55.4 2.7 11.4 730.9 259.4 0.5 15.2 40.9 169.1 -73.4 

Johnny Darter  All 0 0 0 0 0.3 0 1.4 0     

Logperch  All 1.9 14.8 3.1 4.4 2.3 2.2 29.1 46.1 58.4 458.3 

Mimic Shiner  All 5.3 617.9 170.6 120.2 40.1 141.5 53 6.0 -88.7 -96.3 

Rainbow Smelt  YOY 0.3 2.7 0 2.2 0 0 0 0.3   -59.6 

Round Goby  All 43.4 135.8 19.2 41.4 58.6 24.7 125.7 84.1 -33.1 31.2 

Silver Chub All 0 11.3 0.6 3.4 5.9 5.2 21.6 5.8 -73.1 -15.4 

Smallmouth Bass  YOY 5.4 0.3 1.9 0 3.2 0 59.9 14.0 -76.6 38.6 

Spottail Shiner  All 54.2 18.8 26.6 2.2 6.3 10.6 24.2 57.7 138.4 182.6 

Trout -Perch All 25.6 16.8 68.8 62.1 290.4 19 25.4 75.3 196.5 3.7 

Tubenose Goby  All 0 0 1.9 2.2 1.7 0 0 0.3   -63.8 

Walleye YOY 0.6 4.8 3 16.6 50.3 68.5 31.9 25.6 -19.7 1.8 

White Bass YOY 1.2 7 8.4 101.8 48.2 15.5 11.4 9.3 -18.4 -66.4 

White Perch  YOY 715.5 783.2 448.5 1896.4 8100 389.1 1193.8 1633.3 36.8 -15.5 

Yellow Perch YOY 129.5 335.8 424.4 331.6 1683 1291 675.2 2723.5 303.4 305.4 

Grand Total  - 1070.1 1958.8 1203 3315.4 10603 1988.5 2273.8 4727.9 108.0 48.8 

                        

Dreissen id 

Mussels*  
ALL 0.41 0.55 0.81 0.45 0.6 0.66 0.68 0.53 -22.1 -10.2 

* Dreissen id mussels reported as kilograms captured per ha trawled and are not included 

in the Grand Total catch per ha values.  
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Figure 2.1.1.1 . Locations of standard index bottom trawls by Ontario (blue) and New York 

(orange) to assess forage fish abundance in the East Basin of Lake Erie in 2021.  

Pennsylvania did not trawl in 2021 due to vessel issues.  
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Figure 2. 1.1.2: Mean density of pr ey fish (number per hectare) by functional group in the 

Ontario, New York and Pennsylvania waters of the eastern basin, Lake Erie, 1992 -2021. 

Pennsylvania did not sample in 2010, 2011, 2013, 2014, 2018 , or 2021.  
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Figure 2.1.2.1 . Locations sampled by Ohio (yellow) with index bottom trawls to assess 

forage fish abundance in the Central Basin, Lake Erie during 2021. Pennsylvania did not 

trawl in 2021 due to vessel issues.  
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Figure 2.1.2.2 : Mean density of prey fish (number per hectare) by functional group in Ohio 

waters of the Central Basin, Lake Erie, 1990ɀ2021. 

 

  
























































