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1.0 Charges to the Forage Task Group in 1997-1998

The Forage Task Group (FTG) addressed four major charges from the Lake Erie Committee
(LEC) during the 1997-1998 work year:

1)  Continue to describe the status and trends of forage fish species and invertebrates in
1997 for each basin of Lake Erie;

a) Forage Task Group Bullet Statements (section 2.0);
b} Detailed Basin summaries (section 3.0);

® Eastern Basin summary (section 3.1)

®  (entral Basin summary (section 3.2)

®  Western Basin summary (section 3.3)
Predator Diet summary (section 3.4)

2) Continue the investigation and analyses regarding the utility of the interagency trawl
assessment program (section 4.0):

a) Support the use of SCANMAR equipment for interagency calibration of
assessment trawl gear. Continue the development of an experimental design to
facilitate forage assessment (section 4.1),

b) Continue trawl catch simulations to select appropriate measures of central
tendency expressing species’ abundance (section 4.2),

c) Complete statistical evaluation of species CPE indices and effects upon sampling
from physical and environmental features (section 4.3),

3) Conduct bioenergetics simulation to estimate consumption of smelt and other prey fish
by predators in the central and eastern basins (section 5.0);

4)  Develop a hydroacoustics program to assess important forage fish stocks in the central
and eastern basin. Plan should include sampling schedule, protocol, implementation
costs, objectives, as well as agency staff and vessel requirements (section 6.0).

The bracketed numbers printed above in bold face, indicate the subsection where progress is
reported for a particular charge in this document.






2,0 Forage Task Group Bullet Statements

Eastern basin

. Dreissenids {mostly quagga mussels) now comprise more than 90% of the benthic
invertebrate biomass. Conversely, biomass of the amphipod Diporeia has decreased in
deeper regions of the Eastern Basin. Also, cladoceran and copepod biomass have
dramatically decreased since 1984,

L Forage fish species diversity remains poor, with rainbow smelt ranking as the dominant
species available to open water piscivores. Rainbow smelt continue to experience high
mortality; age-2 smelt are poorly represented and age-3 and older cohorts remain virtually
absent from the population. Mean size of age-1 smelt during fall, 1997 was the lowest
observed in a time series spanning from 1984, and annual trends in age-1 smelt size have
shown a progressive decline since 1995, The first confirmed observation of the round
goby (Neogobius melanostomus) in Long Point Bay occurred in February, 1998, and
raises many questions concerning the potential impacts of another new exotic species on
an already much altered Eastern Basin fish community.

° Rainbow smelt continue to dominate the diet of open water piscivores. The Forage Task
Group is using a bioenergetics approach to quantify forage fish demand by walleye,
rainbow trout, lake trout, and burbot. Results of these simulations will be described in a
second report later this year.

° Age-1 walleye, age-1 yellow perch and sub-adult smallmouth bass were small in 1997,
However, no consistent pattern of change in growth has been apparent for aduits of these
species or lake trout.






Central basin

Zooplankton biomass has not changed significantly in the central basin, but composition
has changed since zebra mussel introduction. Daphria biomass decreased and calanoid
copepod biomass increased in the central basin.

Smelt continue to be the most abundant age-0 forage species, with goby being the most
abundant yearling-and-older forage species. Age-0 abundance indices decreased from
1996, while most yearling-and-older indices increased over 1996.

Smelt and Notropis spp. were the principle prey in walleye diets through the summer and
fall. There was a dramatic increase in the occurrence of emerald shiners in the diets of
walleye from the west-central basin.

Endemic benthic fauna decreased from 16.3 g/m’® to 12.2 g/m® in 1993. Dreissena
accounted for the rest of the benthic biomass for a total of 296.9 g/m’.






Western Basin

Abundance of zebra mussel larvae peaked in the western basin in 1993 and has gradually
declined since. Zooplankton abundance has been relatively stable since the precipitous
decline in the late 1980’s. On the other hand, large benthic macroinvertebrates such as
amphipods, caddisflies, and mayflies have increased dramatically during the past 4 years.

A diverse forage fish base is present in the western basin, with balanced representation of
3 functional groups: clupeids (age-0 alewife and gizzard shad), soft-rayed fish (smelt,
spottail shiners, emerald shiners, and silver chub), and spiny-rayed fish ( age-0 white
perch, yellow perch, white bass, walleye and freshwater drum). Clupeids dominated the
catches in 1997. The large decrease in total forage abundance and biomass over the past
10 years is attributable to decreases in spiny-rayed forage fishes, particularly age-0 white
perch. Increases in abundance and biomass of soft-rayed forage fishes are due primarily to
increased abundance of age-1 and older emerald and spottail shiners.

Increases in shiner abundance in recent years are reflected in fall walleye diet composition.
Yellow perch diets in the western basin reflect the increased abundance of Hexagenia,
trichopterans, and amphipods. :

Size of age-0 walleye and yellow perch have been below average during the past two
years. No consistent pattern of change in growth is apparent for age-1 and older walleye
and yellow perch in Ohio surveys of the western basin, but growth of age-1 and older
walleye and yellow perch is down in Ontario surveys.






3.0 Detail Status of Forage
3.1 Eastern Basin. (by L. Witzel, D. Einhouse, E Trometer, C. Murray)

The status of prey fish in the eastern basin of Lake Erie has been determined annually by
independent bottom traw! assessments conducted in the fall by the Ontario Ministry of Natural
Resources (OMNR), New York State Department of Environmental Conservation (NYSDEC),
and Pennsylvania Fish and Boat Commission (PFBC). NYSDEC has also conducted a summer
(July) traw! survey of deep water stations (< 36 m) since 1987, All indices of abundance from
agency trawl surveys are reported below as geometric mean catch per trawl hour (GMCPTH).
Long-term average species abundance is reported as the arithmetic mean of the annual GMCPTH
- estimates for the time series associated with each agency's trawl survey.

Fall traw! assessments indicate that recruitment of young-of-the-year (YOY) smelt was poor
throughout eastern Lake Erie in 1997 (Table 3.1-1). OMNR and NYSDEC trawl survey data
show that YOY smelt recruitment was well below long-term average abundance in 1997 (Figure
3.1-1). Relative abundance of yearling-and-older (YAO) smelt increased in 1997, but remained
below long-term average abundance (Table 3.1-1). All agencies reported near record low catches
of YAQ smelt in 1996 (Figure 3.1-2). The 1996 year class was the dominant cohort among YAQO
smelt in eastern basin index trawl catches in 1997. Cohorts older than age-2 remain scarce in the
population.

Growth of YOY smelt (OMNR data) improved in 1997 following near record low size in
1996 (Figure 3.1-3). The smallest YOY smelt were observed in 1988 (54.0-mm FL). Yearling
smelt in 1997 were the smallest ever observed in OMNR index trawl catches (Figure 3.1-3). The
pattern of alternate year increases in size of age-1 smelt that characterized the population from -
1984 to 1994 has changed in recent years to progressively smaller yearlings.

Clupeids typically make up less than three percent (by number) of index trawl catches in the
offshore waters of Long Point Bay, and indices of their abundance may not accurately reflect
recruitment. All agencies reported poor recruitment of YOY alewife and gizzard shad in 1997,
YOY catch rates of these species were below long-term average abundance (Table 3.1-1).
Agency trawl surveys indicate that emerald shiners experienced very poor YOY recruitment in.
1997 (Table 3.1-1). The strong 1996 year class did not successtully recruit to yearlings in 1997,
suggesting that this cohort experienced high mortality during 1997. Depressed smelt populations
may have contributed to increases in predation pressure on emerald shiners. Agency trawl
surveys indicate that YOY spottail shiner recruitment declined below long-term average
abundance in 1997 (Table 3.1-1). Recruitment of YOY white perch continued to be poor
throughout the eastern basin in 1997 (Table 3.1-1). All agency trawl surveys reported a declme in
availability of YOY white perch.

Widely conflicting trends in abundance indices of clupeids and shiners between surveys
(nearshore versus offshore) and among agencies may be attributable to large variations in catches



associated with widely chumped distributions of these species. Furthermore, temporal and spatial
variations may be confounded by differential effects exerted on fish distributions by Dreissena
spp. For instance, increased water clarity may render bottom trawls increasingly less effective in
the nearshore, relative to offshore areas of the lake.

Smelt are the most abundant prey fish species available to predators in the offshore waters
of eastern Lake Erie. Smelt typically comprise 90 percent or more of index trawl catches (by
number) and are generally the dominant food item found in the diets of salmonines and walleye.
Other prey fishes known to comprise important components of piscivore diets in eastern Lake
Erie include alewife, gizzard shad, white perch, and spottail and emerald shiners. Relative
contribution of these species to the diets of fish predators varies with annual fluctuations in
abundance. : -

' With the introduction of zebra mussels into Lake Erie, eastern basin benthic invertebrate
communities have undergone substantial changes. Currently, in deep-water areas of the eastern
basin, over 91% of the total benthic invertebrate biomass is Dreissena (mostly quagga mussels)
(Dermott and Kerec 1997). ‘Density of non-dreissenid invertebrates increased significantly, but
biomass decreased significantly from 1979-1993. The greatest reduction in benthic invertebrate
biomass occurred in Diporeia, chironomid, and Pisidium species.

Additional reductions in invertebrates have also occurred in zooplankton in the eastern
basin. Dahl et al. (1993) found that zooplankton biomass and composition has changed
dramatically from 1984-1993. Large Daphnia, which accounted for 22.3% of zooplankton
biomass in the mid-80's, were virtually absent in 1993. Additionally, the NYS Department of
Environmental Conservation (NYSDEC) has conducted a zooplankton survey in the eastern basin
since 1984. From 1984-1988, several sites in New York waters of the eastern basin have been
sampled, with some changes in methodology over this period. From 1989-1996, the methods and -
sample sites have remained the same. NYSDEC data show that mean annual cladoceran biomass
has declined dramatically since 1984 (Figure 3.1-4). The decrease at the Van Buren and Dunkirk
shallow stations from 1984-1995 were only marginally significant (p=0.075) due to the high
variability inherent in the data. Annual cladoceran biomass decreases are driven primarily by
decreases in biomass in June. In 1996, cladoceran biomass increased in at the Dunkirk nearshore
station, but remained extremely low at the Dunkirk deep site (Figure 3.1-4). NYSDEC data also
indicate that mean annual copepod biomass has declined slightly from 1984-1996 (Figure 3.1-5).
Monthly abundance of copepods varied inter-annually, but generally decreased within years.
While quite variable, there were no observable changes in average copepod or cladoceran lengths.

In summary, the relative abundance of prey fish in the eastern Lake Erie appeared to be well
below average levels during 1997, due largely to low abundance of YAO smelt. Poor recruitment
by clupeids and shiners in the eastern basin may shift greater forage pressure to smelt in the
offshore waters in 1998, The moderately poor 1996 year class of smelt will likely continue to
provide the largest single supply of forage for offshore piscivores in 1998.



3.2 Central Basin (by J. Deller and E. Trometer)

Fall assessment bottom trawls are conducted by the Pennsylvania Fish and Boat Commission
(PFBC) and the Ohio Department of Natural Resources (ODNR) in the central basin of Lake Erie .
during late September and early October of each year. In 1997 the PFBC was unable to complete
the fall survey in the central basin due to adverse weather conditions. The data for the central
basin forage fish assessment is from the ODNR fall trawl survey only.

- Basin wide, except alewife and goby, age-0 abundance indices decreased from 1996, and are
well below an eight year mean (Table 3.2-1). The 1997 year class will be one of the smallest since
1990. Smelt continue to be the most abundant age-0 forage species, while goby are the most
abundant YAO forage species (by number) in the central basin (Table 3.2-2). Some species from
the 1996 year class are apparent in the YAO abundance indices. Smelt, yellow perch, white perch
and goby have increased over 1996, with smelt being at the second highest levels since 1990.
Relatively large 1996 age-0 abundance indices for trout perch and Nofropis spp. did not carry
through to the YAOQ indices, suggesting poor survival of these forage species. Overall prey
abundance (in numbers) in 1997 was similar to the early 1990’s, but the composition has changed
from being predominantly spiny-rayed in 1990 and 1991 to soft-rayed species in 1997 (Figure 3.2-
1). This change is due to a decrease in white perch abundance and an increase in round goby.
Depending on the size of the1998 year class, the 1998 forage base will probably decrease in the
central basin due to the poor 1997 year class and consist mainly of goby, smelt and shiners.

Large scale changes in the lower tropic levels of the central basin have occurred over the
past several decades, in concert with phosphorous reduction and zebra mussel introduction.
Zebra mussels accounted for over 99% of the benthic biomass nearshore and 27% of the benthic
biomass offshore at a deeper station in 1993 (Dahl et al. 1995). As in the western basin, there has
been little change in biomass of endemic benthic fauna (16.3 g-m™ in 1979 and 12.2 g/m* in
1993), but Dreissena added to the biomass for a total of 396.9 g-m™ in 1993 (Dahl et al. 1995).
Mean veliger density in the west-central basin was 28,000 m-* in 1996, down 71% from 1995
(OMNR 1997). In 1993, there was no reduction in mean zooplankton biomass in the west-central
basin from the pre-zebra mussel period to the post-mussel period but there were changes in
species composition (Dahl et al. 1995). Daphnia biomass decreased and calanoid copepod
biomass increased.



3.3 Western Basin (by J. Tyson, T. Johnson, M. Thomas, and E. Trometer)

Forage fish abundance in the western basin in 1997 was assessed using the August
interagency bottom trawl survey conducted by ODNR and OMNR at 72 sites in the western basin
(Figure 3.3-1). Both agencies have used SCANMAR to calibrate their nets enabling us to pool
the data and generate a basin-wide estimate of absolute abundance and biomass for functional
prey groups. These groups include clupeids (age-0 alewife and gizzard shad), soft-rayed fish
(smelt, spottail shiners, emerald shiners, and silver chubs), and spiny-rayed fish (age-0 white
perch, yellow perch, walleye, white bass, and freshwater drum). Round goby continued to expand
through the western basin in 1997 and may be added to the sofi-rayed prey group in future years.
It should be noted that OMNR trawls in 1997 were conducted by a vessel not yet calibrated by
SCANMAR. For purposes of simplicity, the trawl opening values for the standard Ontario survey
vessel and net were used to generate this year’s pooled values, These values will be corrected
after the RV Loftus trawl has been calibrated by SCANMAR this summer.

Clupeids were the most abundant functional prey group in 1997, by both numbers and
biomass (Figure 3.3-2). Clupeid abundance was the highest observed since 1993. Combined -
biomass of clupeids and soft-rayed forage fish in 1997 was similar to values reported in 1996,
with both years considerably higher than reported in 1994 and 1995. Spiny-rayed fish abundance
and biomass declined in 1997 relative to the levels seen in 1996, and was much lower than the
levels present during the late 1980°s and early 1990’s, when white perch abundance was much
higher. This decrease in abundance of age-0 spiny rayed forage may translate 1nto a reduced
buffer from walleye predation for gizzard shad and shiners.

Since 1988, the abundance and biomass of clupeids has generally been higher in the southern
portion of the western basin (Ohio trawl sites). In 1997, this pattern returned following unusually
high clupeid abundance and biomass in Ontario waters in 1996 (Figure 3.3-3). In 1997 the
highest biomass estimates for clupeids were found near Catawaba Island and Sandusky Bay
(Figure 3.3-4). Abundance and biomass of soft-rayed forage fish was also higher in 1997,
especially in Ontario waters as a result of increased abundance of yearling and older spottail
shiners (Figure 3.3-5). Waters between Kingsville and Leamington produced the highest biomass
estimates for soft-rayed fish in 1997 (Figure 3.3-4). The highest density of spiny-rayed forage
biomass in 1997 was centered around the Lake Erie islands, with an area of moderate biomass
density extendmg northward toward Leamington (Figure 3.3-4).

Numerous changes in the lower trophic levels of the western basin food web have been
observed in recent years. Abundance of zebra mussel larvae peaked in the west basin in 1993 and
has gradually declined since (OMNR 1997). Zooplankton abundance has remained relatively
constant in recent years, after a precipitous decline in the late-1980’s (OMNR 1997). However,
most of the decline in zooplankton from 1988-1996 is associated primarily with declines in the
abundance of small rotifers and nauplii (declines of 72% and 56% for rotifers and nauplii,
respectively); cladoceran abundance has not changed appreciably during the time series. On the
other hand, an explosive increase in the burrowing mayfly, Hexagenia, has been documented



across the western basin since 1994 (Table 3.3-1) (Krieger 1997). There has also been a dramatic
increase in Gammarus biomass in the western basin. Biomass of Gammarus increased from an
average of 1.6 g/m” in 1979 to 487.4 g/m* in 1993 (Dahl et al. 1993, Krieger, pers. comm.).

Fish diet studies in the western basin reflect some of the observed changes in both
invertebrate production and in forage fish species composition. Yellow perch stomachs examined
by ODNR and the USGS-BRD showed substantial increases in the occurrence of large benthic
macroinvertebrates such as Hexagenia, tricopterans, and amphipods (Figure 3.3-6) in recent
years. ODNR walleye diet data indicate an increasing occurrence of emerald shiners in recent
years (Figure 3.3-7). '

While no consistent trends in mean lengths for the major forage species in the western basin
are evident from the interagency trawl data, age-0 walleye and yellow perch both exhibited lower
than average growth in 1996 and 1997 (Figures 3.3-8, 3.3-9). This may be a function of cooler
growth conditions and density-dependent growth resulting from the large 1996 year classes of
each species. No consistent pattern of change in growth has been apparent for age-1 and older
walleye or yellow perch in Ohio surveys {ODNR 1998), while Ontario surveys indicate that
growth is down for ages 0-4 (Cook 1998).

In summary, the forage outlook for the western basin in 1998 appears to be good. Clupeids,
the primary forage of walleye, continued to contribute substantially to the total forage biomass in
1997 and should experience lower than normal over-winter mortality due to the unseasonably
warm conditions during winter 1997-98. If trends of increasing sofi-rayed forage fish biomass
and macroinvertebrate production continue through 1998, predators in the western basin should
experience better than average conditions for growth and production.

3.4 Predator Diet (by L. Sztramko, M. Bur, D. Einhouse, and A. Cook)

Walleye _
Walleye stomachs were examined for food contents by ODNR and OMNR in the western

and central basins, and by NYSDEC and OMNR in the eastern basin. ODNR samples were
obtained from index gill nets (kegged and bottom sets) fished at random and fixed (historic) sites
across a range of depths during October. In 1996 and 1997, OMNR samples were obtained
through a partnership arrangement that is described in the Lake Erie Food Web Study section
below. Budgetary constraints prevented OMNR samples, which were collected from anglers
during June-August of 1996 from being analyzed. Samples were not collected in 1997.
NYSDEC samples were from the summer angling fishery. Mean percent volume was calculated
by NYSDEC as the mean percent displacement volume of stomach contents. Mean percent by
weight was calculated by ODNR as the ingested volumes derived by calculating a mean total
length from backbone, standard, or total lengths and then applying a year and species-specific
length-weight regression to each prey item found in the stomach to obtain weight estimates.
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Walleye in the western basin of Lake Erie were found to have a diverse intake of prey fish
that included clupeids (mostly gizzard shad), emerald shiners, rainbow smelt, yellow perch, and
Morone spp. (mostly white perch) (Figure 3.4-1). Gizzard shad have been the primary prey
species for age-1 and older walleye within the western basin (ODNR) during the late summer and
fall, when age-0 clupeids become available to walleye as prey. Tn 1997, the proportion of emerald
shiners consumed by walleye increased, the proportion of gizzard shad remained stable, and
alewife declined. In the west-central basin in 1997, the proportion of emerald shiners in walleye
stomachs increased dramatically, comprising about 50% of stomach contents; the proportion of
alewife remained the same; the proportion of gizzard shad declined (Figure 3.4-2).

* Central basin diet data indicated that rainbow smelt and Notropis spp. were the principle
prey in walleye diets throughout the summer and fall (Figure 3.4-3). The discrepancy in stomach
contents of walleye between the west-central and central basins may be attributed to differences in
sampling gear (size selectivity), methods, season, time of day (day vs night), and where walleye
were captured in relation to distributions of prey fish. Additionally, water current patterns, and
presumably water temperatures, are unique on both sides of the Pointe Aux Pins Peninsula.
Walleye diet information from the west-central basin includes fish collected from Huron to Avon
Point, OH while data from the central basin include fish collected from Cleveland to Ashtabula,

OH. Occasionally, yellow perch have been a minor component of Walleye diet in the central
basin during the last 10 years.

In the eastern basin walleye consumed smelt almost exclusively (NYSDEC data) (Figure
3.4-4), A small percentage of the summer diet of walleye was comprised of benthic
macroinvertebrates, particularly Ephemeroptera. Emerging Ephemeroptera densities are typicaﬂy
at their highest during that period. Morone spp., Notropis spp., and cIupelds were also present in
eastern basin walieye diets.

Yellow Perch and White Perch

Yellow and white perch were examined for food contents by USGS-BRD in the western
basin. Western basin samples were from bottom trawls fished at index stations during May and
August-October, since 1989. Mean percent volume was calculated as the mean percent
displacement volume of stomach contents. :

The diet of yellow perch in the western basin from 1991 to 1997 has consisted mostly of
benthic macroinvertebrates (Figure 3.4-5). Mollusks, zebra mussels, amphipods, chironomids,
and Hexagenia spp. have traditionally comprised a major component of the stomach contents.
Zooplankton, on the other hand has pulsed as a major food component with high proportions in
1993 and 1995. The relative contribution of prey fish in the diet of yellow perch has remained

relatively constant over time with pulses in 1992, 1994, and 1996 when fish comprxsed about 20,
30, and 60%, respectively, of the total stomach volume.
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The main food of white perch has been zooplankton (Daphnia spp. and Bythotrephes
cederstroemi) and macrozoobenthos (chironomids and amphipods) (Figure 3.4-6). As in yellow
perch above, fish (clupeids, Morone spp., Notropis spp.), as a food item, pulsed in 1992, 1994,
and 1996. Mollusks were not as important a food item in white perch as they were to yellow
perch. Zebra mussels usually comprised less than 3% of the food volume in white perch
stomachs. '

Lake Erie Food Web Study, 1995-97

A partnership study involving Environment Canada, The Lake Erie Fish Packers and
Processors Association and the Ontario Ministry of Natural Resources was conducted between
June and October , 1995, and May and June , 1996. Approximately 3,277 fish stomachs were
examined from walleye, smalimouth bass, yellow perch, white perch, channel catfish, salmonids,
coregonids, white bass, burbot, and freshwater drum. Although originally intended to cover the
entire lake, the majority of samples were from the western and central basins. Samples that were
taken in 1997 have not been analyzed yet. :

Walleye stomach contents revealed that generally, clupeids and smelt are the major
components of walleye diet with smelt assuming a greater role moving from west to east. In
addition, there is a general temporal shift in the western basin with smelt and Notropis spp.
comprising the majority of the diet in May and June, and clupeids, the majority, in August and
September. In 1996, OMNR data indicated that yellow perch were consumed by yearling walleye
(<381-mm total length) in July and August in the western basin and in May by walleye >533-mm
total length (10% mean volume). | _ o
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4.0 Interagency Trawling Program

An ad-hoc task group, called the Interagency Index Trawl Group (ITG) was formed in 1992
to: 1) review the interagency index trawl program in western Lake Erie and recommend
standardized trawling methods for measuring fish community indices, and; 2) lead in the
calibration of agency index trawling gear using SCANMAR acoustical instrumentation. Upon
their termination in March 1993, the ITG recommended that work on interagency trawling issues
be continued by the FTG on three matters. Progress on these charges are reported below

4.1 Calibration of Bottom Trawls (by M. Bur)

The SCANMAR hydroacousitics equipment has been reserved for the first two weeks of
July, 1998. This year we hope to aquire more precise estimates of bottom trawl net openings.
Sample size analyses indicated that 10 replicate tows would give us an 80% precision level on net
opening parameters. In addition, Ontario and Ohio will each have new boats conducting
interagency trawling, and SCANMAR will be used to calibrate the trawls. In 1997, ODNR used
the equipment on the RV Explorer to reparameterize their bottom trawl based upon the
aforementioned sample sizes. The results of this exercise, as well as those conducted in 1992 and

1995, are included in (Table 4.1-1).

Demand for this type of gear on the Great Lakes has risen over the past few years. The
SCANMAR gear, which is owned by the Great Lakes Science Center, Ann Arbor, is being uysed in
several research projects. Available time slots for the gear may be limited in the future.
Information on the cost of purchasing additional equipment is currently being gathered.
Potentially, the purchase of additional gear would allow for increased use of the gear during
assessment cruises.

4.2 Central Tendency Statistics (by B. Haas)

Resource management agencies on Lake Erie typically report the relative abundance of
selected fish species from index trawls as an arithmetic mean or geometric mean catch per unit
effort (catch per trawl hour). B. Haas has been leading a charge to determine the most
appropriate statistic for describing relative abundance. He has written a computer program that
simulates trawl catches of fish from populations of known size and distribution characteristics,
The arithmetic mean, geometric mean, and median are generated from multiple trawl catch
simulations. These statistics are then evaluated on the basis of how close they approximate the
known (true) population size.
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4.3 Summary of Species CPUE Statistics (by J. Tyson)

Interagency trawling in August has been conducted in Ohio, Michigan, and Ontario waters
of the western basin of Lake Erie from 1987-1997.  This interagency trawling series was
developed to more precisely measure basin-wide fish community indices including growth and
abundance of forage species. Information collected during interagency trawling surveys include
species-specific length and abundance data. A total of 75-80 standardized tows per year are
conducted in Ohio, Michigan, and Ontario waters of Lake Erie’s western basin (see western basin
summary, Figure 3.3-1). Tows are stratified into four depth strata (0-3 m, 3-6 m 6-9 m, and >9
m). :

Historically, indices as computed from standard bottom trawling have been reported as
relative indices which cannot be combined across agencies and could only be compared on a
qualitative basis. In 1992, the Interagency Trawling Group charged the Forage Task Group with
development of standardized trawling procedures and calibration of agency trawls such that the
indices could be combined and guantitatively analyzed. Preliminary calibration work was done in
1992 by several Lake Erie agencies using SCANMAR acoustic equipment to assess the
dimensions of the bottom trawls being used. Subsequent work with SCANMAR has been
conducted in 1995 for both OMNR and ODNR boats, and in 1997 for the ODNR boat.

Currently, the Forage Task Group reports basin-wide estimates of forage abundance in the
western basin, using information from SCANMAR trials, total trawling distance, and catches
from August interagency trawling. The estimate of volume sampled by each tow in conjunction
with the species-specific abundance estimates of each tow allows for computation of a species-
specific quantitative abundance estimate (in # /m® or hectare) for each tow (see western basin
forage summary). Additionally, using the volumetric estimate of abundance in conjunction with
the length/weight data from the interagency trawls, a species-specific biomass estimate (in g/m®)
for each tow can be generated. These estimates are then extrapolated by depth strata to the entire
western basin of Lake Erie to obtain an absolute estimate of abundance by species. '

With the parameterization of trawl opening, combined density estimates are now being used
to estimate absolute abundance. Because we have moved beyond treating the trawling survey as
a “relative abundance index”, we need to understand other sources of bias and variability that
influence the abundance estimates. There are several factors that have not been quantified and
could introduce sizeable bias and variability into the abundance estimates (Gunderson 1993).
These factors include: :

1) The effects of extrapolatmg abundances based upon depth strata rather than some other
method of stratification,

2) “Haul effects”, due to differences in vessel avoidance, deployment and gear
configuration,

3) The effects/magnitude of visually cued avoidance.

14



Two of the aforementioned factors can be addressed in the near future. The effects of
extrapolation of abundances based upon depth strata could potentially be addressed using
acoustics techniques. Data from acoustics surveys could be used to validate extrapolation of
nearshore (shallow) abundances to offshore pelagic areas that are not effectively sampled by the
bottom trawls. ODNR is planning a slightly more extensive acoustic survey of the western basin
in 1998, to examine pelagic fish distribution and abundance.

The other potential bias that could be addressed in the near future is the effect of visual
avoidance on abundance estimates. This could be an extremely important issue. The interagency
trawling series has been conducted from 1987-1997, which spans the period when zebra mussels
colonized Lake Erie, and subsequently, the increases in water transparency (Figure 4.3-1), These
large increases in water transparency could potentially increase the incidence of visually cued
avoidance. There is a substantial amount of evidence in the literature that suggests that visually
cued avoidance, particularly for clupeids, could seriously bias abundance estimates (Gunderson
1993, Michaletz 1997). In conjunction with the acoustics pilot project, ODNR did a series of
day/night tows, and found significant differences in both abundance and length distributions of
gizzard shad between the day and night samples (Figures 4.3-2, 4.3-3). These differences could
translate into large biases in absolute abundance estimates of clupeids. ' Additionally, the USGS-
BRD has a data series of day/night tows that is currently being key-entered. With information on
forage fish distribution and the magnitude of visually cued avoidance, forage abundance 1nd1ces
should be refined substantially. : :

5.0 Bloenergetlcs Modeling of Predator Consumption

(by L. Witzel, D. Einhouse, T. Johnson, and A. Cook)
Notice to readers:
Modeling the abundance of walleye spatially and temporally has been a major challenge in this
exercise and we were unable to complete bioenergetic simulations on time for inclusion in this
report. Since walleye are the single largest consumer of prey among Lake Erie’s fish predators,
it is inappropriate to present consumption estimates for the other modeled predators in the
absence of comparative walleye estimates. We expect to have a final summary of this charge
available as a separate report some time during this year. Persons interested in receiving a copy
of the report can make a request to the current FTG chairmen (J. Tyson and D. Einhouse) or to
L. Witzel at their respective agency address. The Introduction (section 5. 1 ) and Methocis
(sections 5.1 and 5.2 below) summatrize our progress.

5.1 Introduction

The Lake Erie Forage Task Group was assigned a charge to evaluate the consuniption
demands of smelt and other prey fish by predators in the central and eastern basins. Our task
group had addressed a similar charge beginning in 1991 with lake trout and continuing in 1992-93
with coverage of walleye and other salmonines. The results of these earlier bioenergetic -
simulations were reported in the 1992 and 1993 issues of the FTG Annual Reports to the LEC
(Einhouse et al. 1992 and 1993, respectively). This material was also presented at the 1996
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JTAGLR Conference and a final manuscript of the same has been accepted for publicationin a
book entitled “State of Lake Erie Ecosystem (SOLE): Past, present and future” (Einhouse et al.
1998, in press). These earlier simulations are now dated due to recent dramatic changes in the
Lake Erie ecosystem, to salmonine stocking levels and to abundance of Erie’s keystone predator,
the walleye. It is typically the predator abundance estlmates that most influence consumption
estimates from the model simulations.

The present bicenergetic model simulations will focus on only the major predator species of
Lake Erie: walleye, lake trout , rainbow trout (including steethead), and burbot in the eastern
basin, walleye and rainbow trout in the central basin. Other salmonines, modeled in our earlier
simulations, will not be directly considered because these predators are not major components of
the fish community and information specific to these species is lacking. We included burbot in our
streamlined approach because it now appears to be a significant predator, particularly of smelt in
the eastern basin. Unfortunately reliable data concerning popuiation size, mortality rates, age
structure and diet were lacking for Lake Erie burbot, reqmrmg us to make a number of
assumptions and approximations.

For walleye and rainbow trout, we believe the current simulations will be an improvement
upon our earlier analyses because of an increased availability of species-specific or Lake Erie-
specific data such as, caloric density data for smelt, walleye diet data, and abundance estimates of
lake trout and walleye.

5.2 Methods

5.21  The model

A generalized bioenergetics model of fish growth was used to model consumption of
walleye, lake trout, rainbow trout and burbot (Hewett and Johnson 1987). Bioenergetics (or
physiological energetics) involves partitioning energy acquired through ingestion into the major
physiological components of the basic energy budget equation as described by Warren and Davis
(1967) where:

= (M. + M, + SDA) + (F + U) + (G, + G);
(metabolism) (waste) (growth)

C =rate of energy consumption,
M, =standard metabolic rate,
M, = metabolic rate increase due to activity,
SDA = metabolic rate increase due to specific dynamic action,
F+U = waste losses due to egestion (feces) and excretion (urine) rates,
G, = somatic growth rate due to protein synthesis and lipid deposition, and
G, = growth rate due to gonad (reproductive) synthesis.
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One of the more common and robust applications of bioenergetic budgets is in estimations of
predator fish consumption from observed growth (Kitchell et al. 1977, Rice et al. 1983,
Stewart et al. 1983,). We used the most recent version of the fish bioenergetics software
[Fish Bicenergetics 3.0 for Windows developed by Hanson et al. 1997].

We modeled predator consumption for the period from 1984 to 1996. The bioenergetics
model required the following species specific information: 1) metabolic parameters for
consumption, respiration, egestion and excretion; 2) temperature data representing the
predators life history; 3) caloric density of predator and prey, 4) diet; 5) predator weight-
at-age and reproductive losses, and, 7) population abundance. Details of these model inputs
are provided below. - S :

5.2.2  Metabolic parameters

We used the standard physiological parameters values of respiration, egestion and
excretion for walleye, lake trout and rainbow trout that are provided as defaults in the Fish
Bioenergetics 3.0 for Windows software (Hanson et al. 1997). A companion set of metabolic
parameters did not exist for burbot, but did for an alternate, ecologically similar gadoid, the
Atlantic cod (Gadus morhua). We used the cod bioenergetics model as a surrogate for
burbot following the work of Rudstam et al. (1995), who used a cod-based model to estimate
prey consumption by burbot in the Wisconsin waters of Green Bay, Lake Michigan.

5.2.3  Thermal distribution
Walleye.

The seasonal thermal history of walleye was modeled using daily lake temperatures
recorded at municipal water intakes and information on species temperature preference.
Water intake facilities included Port Dover (eastern basin), Port Stanley (east-central basin),
Wheatley (west-central basin), and Ruthven (western basin). We assumed walleye would
reside in the warmest temperatures available, up to their physiological optimum (22°C for
adults, 26°C for juveniles; Kitchell et al. 1977). During the winter months we assumed
walleye would find thermal refuges, enabling them to avoid temperatures below 2.5°C..

We assumed that western basin temperatures‘ would best represent the thermal
distribution of all yearling walleye throughout the year, based on their preference for littoral
habitats and warmer temperatures (Hokanson and Koenst 1986).

Rainbow Trout. ‘

Eastern basin, Lake Erie water temperatures were used to describe the thermal habitat of
rainbow trout. The thermal ¢ycle of eastern Lake Erie was described from water temperature
data collected over approximately a 30-year period (1956-1985) at the municipal water
intake of Port Dover. In our model simulations we assumed rainbow trout occupied the
warmest water available up to their physiological optimum, 16°C for age-1, and 13°C for
age-2 rainbow trout, as reported by Negus (1995).
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Lake Trout,

Water temperatures recorded at the Dunkirk, NY municipal water intake were used to
describe the thermal history of lake trout in eastern Lake Erie. Fish stock assessments in the
New York waters of Lake Erie indicate lake trout are most abundant in thermal strata of 8
to 10°C during late summer., This 10°C maximum summer temperature corresponds with
Lake Ontario collections of stocked lake trout by Elrod and Schneider (1987) that were
comprised of the same genetic strains used in the Lake Erie stocking program. As such, we
- assumed the maximum water temperature that lake trout occupied was 10°C.

Burbot.

We used the same source of temperature data to describe the thermal history of burbot
as was used for lake trout. We assumed that burbot would occupy the warmest water
available up to a physiological optimum, which we set as 12°C for ages 1 to 3 and 10°C for
age 4 and older burbot according to Rudstam et al. (1995).

5.2.4 Caloric density of predator and prey
Walleye.

Energy density of walleye was assumed to be constant at 4814 J-g™ wet mass (1150
cal-g™) for all ages of walleye in all seasons (Kelso 1972). Prey caloric densities were also
assumed to be constant for all prey sizes and in all seasons (Mark Kershner, Ohio State
University, personal communication). | '

Rainbew Yellow " Other Invertebrates
Smelt perch Shiners Clupeids fish
Energy density 1150 1000 1200 1250 1000 750
(callg)

Rainbow Trout. 7

Energy density of smelt and “other fish” were assigned a constant value of 1100 cal-g™
throughout all seasons and across all years of the time series. This value is similar to the
‘measured energy content of another population of smelt dominated by younger cohorts in
Lake Ontario (Lantry and Stewart 1993). Invertebrates were assigned a constant energy
density value of 750 cal'g™.

Lake Trout, : _

Energy density of lake trout was assumed to be constant at 1362 cal-g™ for all ages
across seasons. Caloric density of prey items “other” and “invertebrates” also were held
constant for all ages across seasons at 1100 cal'g’and 750 cal'g”, respectively. We
modeled two different prey caloric densities of smelt. In one set of simulations we assumed
smelt caloric density remained constant at 1100 cal'g? throughout the year for all ages and
years. In a second independent set of simulations, we assumed smelt caloric density remained.
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constant at 1400 cal-g™ for most of the year, decreasing from 1400 to 1100 cal-g" between
model days 108 and 197 to simulate an over-winter energy loss, followed by a gradual return
to 1400 cal'g™ between days 197 and 280 to simulate a post-spawning recovery in condition.

Burbot.

Energy density of burbot was assumed to be constant at 1000 cal-g™ for all ages across
seasons. Caloric density of prey items “smelt”, “other fish”, and “mvertebrates were set at
1100, 1100, and 750 cal-g", respectwely ' -

5.2.5  Diet Composition
Walleve '

Upon evaluation of all available diet data we considered only 6 diet categories; rainbow -
smelt, yellow perch, shiners, clupeids, other fish and invertebrates. We used information
presented in the comprehensive spatial and temporal survey of Cook et al. (1996) to describe
walleye diets in each season in each basin. We then compared the observations of Cook et al.
with the agency surveys which spanned many years, but lacked the comprehensive spatial and
seasonal information of Cook et al. These agency reports have been summarized in section
3.4 of this report. In general, few long term changes in diet composition were seen across
years. As aresult we used a standard diet to characterize the diet of the walleye in all years.
We also had good agreement between the agency estimate and those reported in Cook et al,
reinforcing our assumption to use a single source for diets. The only exception was for the -
eastern basin of Lake Erie, where few samples were obtained by Cook et al. In this basin
only, we opted to use the NYSDEC data exclusively. '

We used diet information summarized for number 2 walleye (<383 mm) to represent
age-1 fish. Size-at-age information collected with the diet information suggests this size
group is almost exclusively age-1 fish. For older age groups of walieye, there was little
evidence to suggest significant diet shifts associated with walleye size. As a consequence we
pooled all information for all other size classes (383 mm and larger) to report a single diet
per basin per season. Any unidentified fish remains were allocated to the known ﬁsh types in
proportion to their reported abundance.

Rainbow Trout. _

Data describing rainbow trout diet in Lake Erie remain scarce and incomplete. There are
no diet data representing juvenile cohorts in Lake Erie and we assigned diet proportions
described by Jude et al. (1987) in Lake Michigan. The only Lake Erie data available for this
analysis came from a small OMNR sample of angler caught rainbow trout (n=24 central
basin, n=7 east basin) in 1987. These data, representing only adult cohorts, suggest a diverse
array of prey fishes comprise the diet of rainbow trout, with smelt contributing less than half
of the volume attributable to forage fish. This view of a diverse rainbow trout diet is
supported by other Great Lakes observations (Rand et al. 1993), but remains inconsistent
with observed species composition of forage fishes determined from Lake Erie trawl surveys
(see section 3.0), and also is dissimilar to diet descriptions for other eastern and central basin
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piscivores (see section 3.4) that portray smelt as the principal forage fish species available to
open water predators.

In the rainbow trout bioenergetics model, we partitioned rainbow trout diet into three
categories: “smelt”, “other fish” and “invertebrates”. We addressed the information gaps and -
apparent inconsistencies by using the smelt segment of the diet described from the smali Lake
FErie sample, pooled with the Rand et al. (1993) diet depiction as a characterization of a low
bound for smelt consumption (approx. 30 % of total), and alternatively pooled “smelt” and
“other fish” to represent a high bound of smelt consumption. The remaining non-fish
contribution to the rainbow trout diet was apportioned to invertebrates as fixed contributions
for various life stages and seasons. As such, we provide a range for potential smelt
consumption ranging from minimum values assuming ~ 30 % smelt by volume in the diet, to
a ceiling of the total estimated fish consumption over the time series.

Lake Trout. :

We examined available diet information for lake trout from stomach content analyses
conducted by NYSDEC and PFBC, mostly during summer gill net assessments from 1984 to
1996. For all age groups of lake trout examined, smelt was the dominant prey species,
accounting for 80% or more of the stomach volume. Diet data were described for three life
stages: age-1, age-2 and age-3+. For each lake trout life stage we categorized the diet into
three components: “smelt”, “invertebrates” and “other”, and ascribed proportions of these
components that varied seasonally to reflect observed shifts in food habits.

Burbot. : :

Information describing the diet of eastern Lake Erie burbot were provided from stomach
samples collected in New York (1992-96 sampling of 189 burbot stomachs) and
Pennsylvania waters (1987-93 sampling of 90 burbot stomachs). Prey items from these
samples were quantified as percent frequency of occurrence instead of the preferred measure
- percent volume (or percent mass). These data indicate that burbot ate predominately smelt;
other prey included white perch, dreissenid mussels, and much smaller amounts of several
other fish species and a variety of invertebrates. Cook et al. {(1996) examined the stomachs of
7 burbot and found that smelt represented 52 to 86% of the stomach volume in samples
collected from two areas of eastern Lake Erie during September 1995. Cook et al. also
reported stomach contents for a sample of 37 burbot caught by a commercial trawler in
Ontario waters of eastern Lake Erte on June 9, 1996. Smelt comprised 90% of the stomach
volume from this sample, However their freshness (undigested condition) lead the author to
suspect that the smelt consumption may have occurred while the burbot were in the trawl.
We relied on a Green Bay study (Rudstam et al. 1995) for diet information of young burbot.
From these data sources we pieced together a generalized description of burbot diet. For
age-1 and age-2 burbot we assumed a diet of 55% fish and 45% invertebrates. For age-3 and
older burbot we assumed the diet was 80% smelt, 15% other fish and 5% invertebrates.
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5.2.6  Predator weight-at-age and reproductive losses
Walleve

We used annual observed weight-at-age for fish collected as part of the interagency
gillnet assessment conducted annually in October between 1978 and 1992. Subsequent to
1992 we used weight-at-age data collected in September as part of the LEFPPA / OMNR
Partnership gillnet assessment. Sexes were pooled and we assume a 1:1 sex ratio. The
simulated mode! year began Jan 1, so weight-at-age was adjusted to account for growth
between January 1 and the actual fall sampling period (September / October). We ran the
bioenergetics model for a one year period (Oct 1 to Oct 1) for all ages of walleye in all basins
for 1 year. From the output, we estimated the growth increment attained by a walleye
between Oct 1 and Jan 1 (30% of annual growth increment). Therefore, we concluded the
remaining 70% of the growth occurred between Jan 1 and the Oct 1 sampling. These
numbers were verified using monthly average weight-at-age data for commercially caught
walleye collected in the central basin. We estimated this fall / winter growth increment to be
18.2% above the October observed wexght (Don MacLennan, OMNR, personal
commumcatxon)

We assumed-a 10% weight loss associated with spawning for adult (age-5*) walleye
(Henderson and Nepszy 1994). Spawning occurred on model day 90 (April 1) in all years.

Rainbow Trout.

We used observed weight-at-age data for rainbow trout collected between 1984 and
1987 from an autumn electrofishing survey in the New York waters of Lake Erie. Mean
weight-at-age for each sex was pooled equally to represent an assumed 1:1 sex ratio for the
population. These observed autumn weights were adjusted to align with the population
estimates for the simulated model year, which began May 1 by initially running the
bioenergetics model for a one year period (Oct 1 to Oct 1) and using the predicted May 1
weights for each cohort. We also assumed a 10 % spawning loss to occur on March 1,
beginning with age-3 rainbow trout.

Lake Trout.

We fit a vonBertalanffy growth model to observed weights-at-age of lake trout collected
from index gill nets fished annually during August in eastern Lake Erie waters. The predicted
weights from the growth model were preferred over observed weights because the former
eliminated some intra-cohort variation in weight-at-age.

We assigned a 6.8% spawning losses to age-5 and older lake trout. Spawning occurred
on model day 77 (Nov. 1%) in all years. :

Burbot.

We fit a vonBertalanffy growth model to observed weights-at-age of burbot caught
- incidentally in lake trout assessment gill nets. The growth model predicted a negative weight
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for age 1 burbot, s0 we used 70g as a value for this cohort based on comparative data from
Green Bay, Lake Michigan (Rudstam et al. 1995). We assigned a 11% spawning loss to age-
3 and older burbot. We assumed spawning occurred on model day 213 (March 15%),

5.2.7  Population abundance
Walleye.

We used CAGEAN (catch-at-age analysis) output produced by the Walleye Task Group
to estimate walleye standing stock for Lake Erie. This technique combines all catch and
effort data from the commercial and angler fisheries with estimates of natural mortality
(M*"O 32) and terminal fishing mortality (0.174) to estimate population size at the start of any
given year. Annual output from the model includes the total number of walleye by age from
age-2 to age-7". :

We applied an estimated survival of 71% to hindcast the number of yearling walleye
from the CAGEAN estimated number of 2 year-olds for each year. Using lakewide index
data collected in September of each year since 1989 as part of the Partnership gillnet
assessment, we estimated 81.6% of the yearling walleye are resident in the western basin,
17.3% in the central basin, and 1.1% in the eastern basin,

For the older age groups of walleye (ages-2 through 7+) we allocated the population
seasonally and spatially (between basins) using the distribution of commercial catch in Lake
Erie. The fishery targets ages 3-5 walleye (the model age of the population), and is selective
in targeting effort when and where walleye are distributed. This assumed migratory nature of
the walleye is supported by independent tagging and index assessment (Henderson and Wong
1993; Bob Haas, MDNR, personal communication). Population size-at-age from CAGEAN
were then combined with the allocation algorithm to estimate the number of walleye by age
in each basin in each season.

Rainbow Trout.

Rainbow trout abundance in Lake Eri¢’s central and eastern basins was estlmated for the
stocked population only using the reported rainbow/steelhead stocking densities of yearlings
(or yearling equivalents) from each agency bordering central and eastern basin waters, and
reducing these stocked yearling totals by an assumed initial stocking survival rate of § = 0.6,
as recommended by Lake Erie’s Coldwater Task Group (pers. comm. F. Cornelius). Annual’
abundance of rainbow trout cohorts beyond this inital "stocking mortality” stage were then
simulated by applying a constant, annual survival decrease function in four succeeding years.
This survival decrease function for rainbow trout was developed from an OMNR tagging
study from 1984 to 1991. Rainbow trout tag return data from the OMNR study were used in
the program “"ESTIMATE" as described by Brownie et al. (1985) to calculate a mean annual
survival rate of 32.9%. These initial stocking and annual survival estimates were applied
uniformly over both basins and the entire 1984 to 1996 time series.
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One particularly uncertain element for simulating rainbow trout population sizes within
the central and eastern basins of Lake Erie is unknown distribution of this species in the open
lake. Unlike lake trout, the thermal limits of rainbow trout habitat do not confine their
distribution to eastern basin waters. All jurisdictions around Lake Erie pursue rainbow trout
stocking programs with the expectation of supporting sport fisheries in their own
jurisdictional waters. Also, most spawning-phase steelhead strains of rainbow trout are
believed to home to the same tributary streams where the original stocking took place. As
such, we might expect that rainbow trout stocking rates by jurisdiction are directly
proportional to abundance by basin. This view of regional abundance according to stockmg
densities remains consistent with the objectives of individual agency steelhead stocking
programs. However, the distribution of the lakewide summer sport harvest data in 1996
‘offer a sharply contrasting view of steelhead distribution. In 1996, apportioning rainbow
trout abundance in accordance with the recent stocking history would account for 86 % of
the lakewide population residing in the eastern management units (4 and 5), yet 70 % of the
south shore rainbow trout sport harvest in 1996 (scaled to one million angler-hours) occurred
in central basin statistical districts (2 and 3). Given these dissimilar views of rainbow trout
distribution, we present a range of estimates based on two alternative assumptions of; 1)
populations distributed between basins according to the local stocking history, or 2)
distributed similar to the 1996 sport harvest.

Lake Trout.

Lake trout abundance in eastern Lake Erie was estimated from a population simulation
model developed by the Coldwater Task Group (primarily F. Cornelius) in collaboration with
the Statistics and Modeling Group (Ryan 1993). The lake trout simulation model was created
within an electronic spreadsheet (Lotus or Excel). The principal input data are the number of
yearling equivalent lake trout stocked each year. Subsequent ages up to age-20 are generated
by a negative exponential function where S=e?. The model builds a population structure
beginning in 1974, using actual stocking levels through to 1996. It also allows for projections
to the year 2007 based on assumed annual planting of 120,000 spring yearlings. For purposes
of the current bioenergetic analyses, only the years 1984 to 1996 were used. '

Instantaneous mortality/survival rates used in the modei were taken from the hterature
per Ryan (1993). Values used were as follows: S

initial post stocking mortality M;=0.6 ;

annual mortality M =0.015;

initial sea lamprey-caused mortality at age-3 of M =0.37 ;

subsequent sea lamprey-caused mortality at age-4 and oider of M=0, 25; and
fishing mortahty maximum of F=0.23 . -

We modeled 11 cohorts of lake trout ages-1 to 11+ for each of the years from 1984 to
1996.The starting date of each simulation was August 15%, which corresponds to the period
of annual lake trout assessment.

23



Burbot,

Burbot are not a targeted spemes of Lake Erie fisheries and the incidental catch is largely
unreported. Consequently fisheries catch data do not exist to support an analysis of
population abundance. The best available catch information for eastern basin resident burbot
comes from multi-agency (NYSDEC, PFBC and USGS-BRD) annual lake trout assessment
and Ontario partnership gillnet surveys. We compared catch rates of burbot relative to lake
trout in these data series as a way of estimating the size of the burbot population. Absolute
estimates of lake trout population abundance were available from a simulation model
described above.

We found a wide range in relative abundance of lake trout to burbot across jurisdictional
waters of eastern Lake Erie. In New York waters, lake trout were more abundant than burbot
by a 3:1 ratio. In Pennsylvania waters burbot catches were similar to lake trout (1:1 lake trout
to burbot). Two independent index gillnet surveys in Ontario waters indicate that lake trout
were less abundant than burbot by a ratio 0.7:1 (lake trout assessment data) and 0.5:1
(Ontario Partnership index gillnet data) lake trout : burbot. From these comparisons we
assumed that burbot were approximately equal in abundance to lake trout.

Young burbot were underrepresented in aged samples from gillnet assessment data
(Pennsylvania waters). We reconstructed a hypothetical population of burbot consisting of
100,000 age-3 and older fish that decreased in number from age-1 to 10+ by a constant
instantaneous total annual mortality rate of 0.4. Rudstam et al. (1995) used an instantaneous
total annual mortality rate of 0.5 for ages-1 to 5 and 0.9 (0.5 natural mortality, and 0.4 fishing
mortality) for age-6 and older burbot. We assumed that a mortality rate of 0.4 wasa -
reasonable estimate of the level of survival that probably existed within the eastern Lake Erie
burbot population in the absence of targeted fishing effort, and which helps to explain the
large number of older burbot observed in index gillnet catches. A description of the
reconstructed burbot populatlon follows:

Generalized burbot poulation

age estimated number
1 111,257
2 66,754
3 40,052
4 24,031
5 14,419
6 8,651
7 5,161
8 3,114
9 1,869
10 1,121
11 673
12 404
13 242
14 145
15 87
age 3 and older 100,000
age 10 and older . 2,672
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We ran a single simulation of the bioenergetics model on each of the 10 cohorts (ages-1
to 10%) for the generalized population (table above) and summed the consumption estimates
across cohorts. The starting date of each simulation was August 15" . We then estimated total
prey consumption of the eastern Lake Erie burbot population in year x by multiplying the
consumption estimate for the generalized population by a scaling factor equal to the number
of age-3 and older lake trout in year x divided by the number of age-3 and older burbot, where
the number of age 3 and older burbot was constant at 100,000,

5.3 Results and Discussion (to be reported later)
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6.0 Develop a Hydroacoustics Program For Lake Erie
(by D. Einhouse, L. Witzel, J. Deller, C. Murray, L. Rudstam, and J. Tyson)

6.1 Introduction

Since 1993, the Forage Task Group has used fisheries acoustic techniques as an
additional tool to assess forage fish stocks. These fisheries acoustic surveys have annually
occurred from 1993 to 1997. The 1993 to 1996 surveys were principally summertime efforts
conducted only in eastern Lake Eire using the New York State Department of Environmental
Conservation’s 70-kHz single beam echosounder (Simrad EY-M, 7024 transducer). In 1997,
a new 120-kHz split-beam system (Simrad EY-500) was jointly purchased by the Lake Erie
Committee member agencies and the Great Lakes Fishery Commission. The 1997 survey
work with this new system included the ongoing July, eastern basin survey, and also expanded
to new pilot efforts in the central and western basins of Lake Erie. The 1997 field data
collection, including acoustic and mid-water trawl sampling, was conducted among four
agencies (NY, ONT, OH and PA ) and five research vessels (RVs Argo, Explorer,
Keenawsay, Grandon, and Perca) throughout Lake Erie’s west, central and eastern basins.
Replicate “split-beam / single beam “ transects were also obtained in October, 1996, This
comparison is currently being investigated by Lars Rudstam towards developing a correction,
if necessary, to directly compare eastern Lake Erie fish density estimates over the entire 1993
to 1997 time series that now spans use of two fisheries acoustic systems . There has been
considerable progress addressing this need, but completion of this task is not available at this
time. As such, results presented in this report will focus only on across lake comparisons
among only the 1997 acoustic sampling efforts and ongoing agency bottom trawling
programs.

6,2 Methods

The new 120-kHz echo sounder was calibrated by the manufacturer in 1996. Subsequent
standard target calibration during and after the July, 1997 survey showed no change from the
manufacturer’s calibration. Acoustic signals were processed/analyzed using the
EY500/EP500 analysis software (version 5.2, Simrad 1996). This software calculates total
volume back- scattering strength and single fish target strength (TS) simultaneously by
applying 20 and 40 log R time-varied gain (TVG) functions. Fish densities, by TS bin, are
calculated by apportioning the volume backscattering distribution from single targets among
the total volume backscattering strength. The lower threshold for volume backscattering and.
single fish target strength was set to -70 dB. From these data, we selected a subset TS range
of -55 dB to -43 dB as representative of pelagic forage fish (~ > 50 mm) that are available to
piscivores. We also selected this acoustic size range as perhaps comparable to the length range
of forage fish fully recruited to agency bottom trawling programs during summer. As
mentioned previously, the east basin acoustic survey was conducted during July. The pilot
acoustic surveys in the west and central basins occurred in August and September,
respectively. Therefore, the TS range included primarily yearling-and-older (YAO) fish in the
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east basin, but also included some young-of-the-year fishes (YOY) in the west and central
basins.

Data acquisition throughout the 1997 efforts generally occurred at a vessel speed of 6.0
knots with the transducer affixed to a towed body 1-m below the lake surface. In the central
and western basins of Lake Erie, the pilot acoustic sampling efforts were limited to transects
completed in one daytime and one nighttime survey. In these portions of the lake, the water
column between 4 m below the surface to a bottom backstep of 1-m in the central basin, and
0.2- m in the west basin, were the portions examined. In the east basin, the ongoing, 5-night,
systematic survey was completed in July, and an additional limited effort was completed in
October. The east basin effort occurs only at night and is stratified vertically by thermal layer
(epilimnion, thermocline, hypolimnion), and horizontally by the area encompassed within three
depth contours (15 -25 m, 25 -35 m, and >35 m). The water column examined within these
eastern basin strata extended from 4-m below the surface to a backstep of 1-m above the
detected bottom.

Trawling programs accompanied acoustic sampling efforts in all three basins. The
companion trawling activities in the east and central basins were conducted primarily using a
mid-water trawl with fishing dimensions of 36-m®. The west basin effort employed the
standard, west basin interagency bottom trawl. Measurements for this traw! are listed in Table
4.1-1. All trawl samples were counted by species and sub-samples of each species were
measured for total length. Mid-water trawling conducted by OMNR in the east basin also
included an analysis of the composition of trawl catches by weight.

6.3 Results and Discussion

The 1997 summer, acoustic survey in eastern Lake Erie suggested a pattern of YAO
pelagic fish abundance similar to the previous 1993 to 1996 efforts. Pelagic fish densities were
concentrated near the thermocline, particularly in locations where the thermocline was in close
proximity to the bottom. The lowest YAO pelagic fish densities occurred centrally over the
deepest portion of the eastern basin, and also where thermal stratification did not occur along
the easternmost transect (Figure 6.3-1). Accompanying nighttime, mid-water trawl samples
collected during this acoustic survey characterize the species composition of this pelagic fish
community as dominated by rainbow smelt (Table 6.3-1). We believe this smelt resource
annually consists of essentially two abundant cohorts (age-0 and age-1) that somewhat
spatially separate in the water column due to differing thermal preferences during summer
stratification. However, mid-water trawling to date has failed to adequately confirm the
vertical distribution of YOY smelt because they remain difficult to sample with trawls during
summer due to their small size. It remains of considerable value to achieve separate YOY and
YAO abundance and biomass estimates for rainbow smelt because these cohorts are
differentially preyed upon by east basin piscivores and the commercial fishery. However, until
we can resolve some lingering reservations about the potential overlap of these smelt cohorts
in the water column, especially in the high density thermocline stratum, our estimates of YAQ
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smelt abundance and biomass remain only a relative index (Table 6.3-2). We have made
considerable progress in pursuing this issue and expect further progress with some focused
sampling in 1998 to assess YOY smelt distribution. Upon addressing the question of YOY
smelt vertical distribution, we should be able to re-examine a S-year data series of mid-
summer acoustic data towards achieving an understanding of smelt absolute biomass and
production. This information would be particularly useful for understanding predator demand
over this same time series (see Bioenergetics Section).

The 1997 acoustic survey efforts also provided an opportunity to implement a standard
approach for comparing fish densities across basins; specifically between the ongoing eastern
basin survey, and the pilot efforts conducted in the central and west basins of Lake Erie
(Figure 6.3-1). Also, a recently implemented “volumetric” reporting format for agency
bottom trawl surveys provided an additional opportunity to compare independent approaches
to estimation of fish density throughout Lake Erie. A direct comparison of nighttime acoustic
pelagic forage fish density (#/m*) and daytime bottom traw! forage fish (#/m®) estimates are
presented in Figure 6.3-2. Daytime bottom trawl volumetric densities greatly exceed
nighttime pelagic acoustic estimates in central and eastern Lake Erie because the smelt
resource remains concentrated near the bottom during the day and dispersed through the
relatively deep water column at night, producing a dilution effect for nighttime acoustic
volumetric estimates relative to daytime bottom trawls. This nighttime, vertical migration is a
well known rainbow smelt behavior (Ferguson 1965, Witzel et al. 1995). However, the west
basin pilot effort produced dissimilar results. In western Lake Erie, nighttime, pelagic
acoustic densities (#/m*) were approximately double the estimates produced from daytime
bottom trawling at the same locations. The species composition of the west basin forage fish
community is much more diverse than observed in easterly areas, as such, these differing
density relationships in the west basin cannot be as readily explained based on single species
movement patterns, and may not be comparable as volumetric estimates to the central or east
basin surveys, Perhaps patchy distributions, traw! avoidance, or other variables are
contributing to these differences observed in western Lake Erie. Replicate daytime, acoustic
efforts in central and western Lake Erie produced pelagic fish density estimates 44 % and
10 % respectively, of the nighttime survey results. In the future, we will examine comparison
of acoustics and trawl data on an areal basis, instead of a volumetric basis,

The FTG would like to continue west basin acoustic investigations during 1998 as an
independent approach to validating the ongoing trawl surveys that measure fish density. Thus
far, the limited western basin acoustic efforts remained heartening as a validation of
“expanded trawl densities” because the method used to extrapolate daytime trawl! densities to
the entire water column was within 20 % of the mean nighttime acoustic density estimate for
the limited 1997 investigation. The pilot central basin effort is also planned to expand in 1998
as an extension of the ongoing eastern basin survey.
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Beyond expansion of the field sampling program, there have been several other
significant initiatives in direct support of Lake Erie fisheries acoustics efforts conducted by the
Forage Task Group that will expedite development of a lakewide acoustic sampling program.
Firstly, a fisheries acoustic symposium and workshop were held during the 1997 IAGLR
annual meeting in Buffalo, NY. This acoustic workshop assembled technical experts in
fisheries acoustics from throughout North America and Europe who discussed a variety
acoustic sampling issues using Lake Erie as a template for the discussion. Also, beginning in
1998, support with specialized survey design and analysis considerations for our Lake Erie
survey efforts is being provided by Elizabeth Connors, a MS candidate at Cornell Universities’
Biometrics Department, pursuing Lake Erie acoustic survey design and analysis considerations
as her thesis topic. These initiatives should facilitate development of an effective long term
fisheries acoustic sampling strategy for Lake Erie beginning in 1998,
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Table 3.1-1

Indices of relative abundance of six forage fish species in eastern Lake Erie from bottom trawl surveys conducted by

Ontatio, New York, and Pennsylvania in 1995 and 1996. Indices (GMCPTH) are reported for the age groups young-of-
the-year (YOY) and yearling-and-older (YAQO). Long-term averages (LT Avg) are reported as the mean of the annual
GMCPTH indices for survey years up to and including 1996, Agency trawl surveys are described below.

YOY YAQ

Species Trawl Survey 1997 1996 LT Avg 1997 1996 LT Avg
Senelt ON-DW 1027 616.0 1630.3 72.8 328 569.1
NY-Su - - ©2079.0 1562.0 6624.0

NY-Fa 178.2 1305.4 1178.0 206.0 363 100.0

PA-Fa - 183.0 2795.5 - 61.5 1226.2

Emerald ON-DW 0.1 417 144 0.3 1.4 7.5
Shiner ON-OB 1.3 6.0 L3 0.9 43 1.3
NY-Fa 0.0 0.4 270 42 0.2 28.1

PA-Fa - 46 57.0 0.6 26.4

Spottail ON-DW 2289 515.1 92,4 47 9.9 438
Shiper ON-IB 3.8 8.5 127 0.1 0.2 0.9
NY-Fz 0.6 0.6 156 0.7 0.7 27

PA-Fa — 0.0 Ll 0.0 6.9

Alewife ON-DW 0.2 0.0 10.4 0.0 0.0 0.5
ON-OB 03 02 2.1 0.0 0.1 0.1

NY-Fa 2.4 0.4 74 1.0 0.0 1.1

PA-Fa - 0.0 8.4 — 0.0 21.0

Gizzard ON-DW 0.0 0.7 6.7 0.0 0.0 0.2
Shad ON-OB 0.4 4.1 3.5 0.1 0.1 0.4
NY-Fa 0.6 0.1 24 0.0 0.1 0.1

PA-Fa — 0.0 28.1 — 0.0 0.6

White ON-DW 0.0 0.5 2.6 0.1 0.0 2.0
Perch ON-OB 17 46 4.3 0.5 0.1 0.5
NY-Fa 0.1 26 12,9 0.6 03 2.1

PA-fa — 16 442.9 - 0.0 36.1

Ontarle Ministry of Natural Resources Trawl Survey
ON-DW  Trawling is conducted weekly during October at 4 fixed stations in the offshore waters of Outer Long Point Bay using a 10-m trawl with a 13-

mm mesh cod end liner. Indices are reported as GMCPTH and LT Avg is period ﬁ’om 19841996,

ON-CB  Trawling is conducted weekly during September and October at 3 fixed stations in the nearshore waters of Outer Long Point Bay using a 6.1-m

trawlwith 3 13-mem mesh cod end liner. Indices are reported as GMCPTH and LT Avg is peried from 1980-1996.

ON-IB Trawling is conducted weekly during September and October at 4 fized stations in Tner Long Point Bay using a 6.1-m trawl with a 13-mm mesh

cod end liner. Indices are reported as GMCPTIH and LT Avg is period from 1980-1996,

New York State Department of Environmental Conservation Trawl Surveys

NY-Su  Trawling is corducted at 14 stations in stratified waters (<36 m) during July using a 10-m teaw] with a 9.5-mm mesh cod end liner. Indices are
reported as Arithmetic Mean Catch per Traw! Hour (AMCTH) and LT Avg is for the period 1987-1996.

NY-Fa Trawling is conducted at 30 nearshore (15-28 m) stations during October using a 10-m trawl with a 9.5-mm mesh cod end liner. Indices are
reported as GMCPTH ard LT Avg is for period from 1992-1996.

Pennsylvania Fish and Boat Commnission
PA-Fa Trawling is conducted at nearshore (<22 m) and offshore (>22 m) stations during October using 2 10-m traw] with a 6.4-mm mesh cod end liner.
i Indices are reported as GMCPTH and LT Avg is for the period 1984-1996. Indices were not reported for 1997 due to incomplete trawl data.
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Table 3.2-1
Geometric mean catch-per-hour-trawling (a) for selected age-0 forage species during
October trawls in Ohio waters of the central basin, Lake Erie, 1990-1997.

Year Alewife G. Shad Smelt  E.Shiner  S.Shiner T.Perch  Y.Perch  W.Perch Drem Goby
1950 03 11.1 4437 23.8 0.2 33 8.1 1403.0 2.7 0.0
1991 0.5 1.0 6.7 13.9 0.0 L1 2.0 430.6 0.8 0.0
1992 5.9 2.1 1095.1 33 0.1 39 12.2 28.1 0.0 0.0
1993 0.0 0.6 2.8 2.7 0.6 2.0 12.2 399 0.4 0.0
1994 1.2 2.0 206.0 6.6 1.0 2.0 11.2 68.1 0.4 1.1
1955 11 0.9 467.4 46 0.7 2.8 53 66 0.2 2.5
1996 0.8 33.0 566.3 7.0 34 28 86.1 250.5 0.3 11.1
1987 1.4 1.4 93.0 3.8 0.9 0.3 2.0 93 0.2 47.5
Msan 1.4 6.5 361.1 8.8 0.9 2.6 174 279.5 0.6 8.1

(a)  Values have been scaled to compare with trawl equipment used prior to 1995.

Table 3.2-2  Geometric mean catch-per-hour-trawling (a) for selected age-1 and older forage
species during October trawls in Ohio waters of the central basin, Lake Erie, 1990-
1997.

Year  Alewife  G.Shad  Smelt  E.Shiner  S.Shiner  T.Perch  Y.Perch®  W.Perch® Drum Goby

1990 0.0 0.2 26.7 18.4 0.6 18.4 6.4 881 1106 0.0
1991 0.1 0.1 14.5 22.0 0.1 219 10.1 108.6 118 00
1992 0.¢ 0.0 13.5 3.8 0.1 3.8 1.2 354 176 0.0
1993 G0 0.2 61.7 4.4 0.1 4.4 4.4 04 ‘148 Q0
1994 6.0 0.0 14.3 2.0 L1 24 0.8 02 23 0.§
1995 Gl 1.4 18.2 4.5 : 22 4.5 41.0 17.3 168 25
1996 0.0 0.0 17.6 8.2 1.6 82 43 9.2 194 484
1997 6.0 0.1 46.2 4.3 1.6 4.3 22.3 13.0 186 812
Mean 9.0 0.3 26.6 84 : 0.9 83 113 34.0 265 166

(a)  Values have been scaled to compare with trawl equipment used prior to 1995.
(b)  Yellow perch and white perch are age-1 only.
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Table 3.3-1.  Mean number of Hexagenia nymphs per square meter of lake bottom found in
May 1995 to 1997 at three locations, and averaged for 23 locations in the western
basin of Lake Erie. Reproduced rom Krieger (1997).

Year North of Little ~ South of Middle  East of Middle Western basin
Cedar Point Sister Island Bass Island average

1995 115 5 43 34

1996 755 67 - 34 104

1997 2064 619 499 451

Table 4.1-1.  Fishing stage trawl opening estimates (in meters) for RV Explorer from 1992,
1995, and 1997 SCANMAR trials.

Year Trtmnt Reps Doors CV(%) Wings CV(%) Gape CV(%) Surface Area

92 Low 2 7.57 8.30 466 720 105 980 4.89
Catch
92 High 2 7.14 8.30 438 720 138 980 6.04
Catch .
95 2 4.42 1.00 154  5.10 6.80
97 9 4.83 350 150 16,10 725
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Table 6.3-1.  Summary of summer mid-water trawl catches to characterize species composition in offshore
areas (>15 m contour) of the eastern basin of Lake Erie, 1993-1997.
NUMBER
THERMAL NUMBER OF or PERCENT

YEAR GEAR TIME STRATUM TOWS YAO SMELT | OTHERFISH | YAO SMELT
1993 Midwater Night Epilimnion 1 75 11 87.2%
1993 Midwater Night Thermocline 2 108 5 95.6%
1993 Midwater Night Hypolimnion 3 369 4 98.9%
1995 Midwater Night Epilimnion 6 574 714 44.6%
1995 Midwater Night Thermocline 6 20,490 959 99.9%
1995 Midwater Night Hypolimnion 6 9,389 119 95.9%
1996 Midwater Night Epilimnion 3 2,220 207 91.5%
1996 Midwater Night Thermocline 2 3,740 4 99.9%
1996 Midwater Night Hypelimnion 1 104 2 98.1%
1997 Midwater Night Epilimnion 8 12,506 194 98.5%
1997 Midwater Night Thermocline 13 17,870 106 99.4%
1997 Midwater Night Hypolimnion 5 3,937 1 99.9%

Table 6.3-2.  Estimated numeric abundance of YAO smelt-sized fish (TS of -55 to -43 dB) in

cold water habitat in the eastern basin of Lake Erie during July, 1997. Confidence

limits (95%) are the percent of the total abundance estimate.

JULY, 1997 LARGE FORAGE FISH ABUNDANCE IN COLD WATER HABITAT OF

EASTERN BASIN, LAKE ERIE (TARGET STRENGTH RANGE -55 to -43 dB)

DEPTH TOTAL NUMERIC
CONTOUR ABUNDANCE (95%Conf. Int. as percent of mean)
15-25m 900,915,580 119.8%
25-35m 872,153,698 148.1%
35-65m 479,153,883 28.8%
ALL 2,252,223,160 74.7%
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Figare 3.1-1 Relative abundance (GMCPTH) of young-ofithe-year rainbow smelt in fall
trawl index surveys of eastern Lake Erie, 1984-1997.
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Figure 3.1-2 Relative abundance (GMCPTH) of yvearling-and-older rainbow smelt in fall
' trawl index surveys of eastern Lake Erie, 1984-1997.
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Figure 3.3-1. Sample sites for August interagency trawling program, western basi.n of
Lake Erie, 1997,
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Figure 3.3-2. Estimated abundance and biomass of prey fish groups in Ontario and Ohio
- waters of the western basin, Lake Erie, generated from August trawls,
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Figure 3.3-6.  Frequency of occurrence of selected benthos in diets of yellow
perch, Ohio waters of the western basin, Lake ¥rie, 1990-1997.
* 1997 data were provided by USGS-BRD, and were from fish
collected in the East Harbor and L. E. Islands area.
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Figure 3.3-7. Mean percent occurrence of emerald shiners in fall walleye diets from

Ohio waters of the western basin, Lake Erie, 1988-1997, Fish are
collected using kegged and bottom gill nets.
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Figure 3.3-8, Fall total length of age-0 walleye collected in bottom trawls from Ohio waters
of the western basin of Lake Erie, 1972-1997,
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Figure 3.3-9, Fall total length of age-0 yellow perch collected in bottom trawls from
Ohio waters of the western basin of Lake Erie, 1972-1997,
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Figure 3.4-1.  Foed items identified from stomach contents of walleye collected in (ODNR)
fall gill nets, in the western basin of Lake Erie, 1983-1997.
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Figure 3.4-2. Food items identified from stomach contents of walleye collected in (ODNR)
fall gill nets, in the western-central basin of Lake Erie, 1983-1997.
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Figure 3.4-3, Food items identified from stomach contents of walleye collected in (ODNR)
bottom trawls, in the central basin of Lake Erie, by month, 1997.
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Figure 3.4-4. Food items identified from stomach contents of walleye collected, in the eastern
basin of Lake Erie, 1993-1997 (NYSDEC summer sport fishery data).
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Figure 3.4-5.  Food items identified from stomach contents of yellow perch collected in
(USGS) bottom trawls, in the western basin of Lake Erie, 1991-1997.
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Figure 3.4-5.  Food items identified from stomach contents of white perch collected in
(USGS) bottom trawls, in the western basin of Lake Erie, 1991-1997.
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Figure 43-1.  Mean secchi depth in August, Ohio waters of the western basin,
Lake Erie, 1982-1997.
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Figure 4.3-2. Gizzard shad length-frequency histogram from August
day/night trawls, 1997.
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Figure 6.3-1

Mean abundance and biomass {g)/ hectare of gizzard shad from

August day/night trawls, 1997.

Pilot Central Basin Survey

Pilot western basin survey

Sampling locations and relative density estimates for pelagic .
forage-sized fish during 1997 summer fisheries acoustic surveys in
Lake Erie.
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* . note daytime trawl estimates are for the traw] opening only, and are not expanded for the entire water column.

Figure 6.3-2. Lake wide comparisons of volumettic (fish/1000 cu. m) density
estimates of forage sized fish during concurrent summer traw! and

acoustic surveys in 1997.
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