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EXECUTIVE SUMMARY

As part of an Amended Consent Judgment between Onondaga County and the New York State
~partment of Environmental Conservation (NYSDEC), the Onondaga County Department of
Water Environment Protection (OCDWEP) has been tasked with conducting an Ambient
Monitoring Program (AMP) on Onondaga Lake and several of its tributaries. Part of this
program involves assessing the fish community of the lake over time as mandated improvement
projects are completed at the Metropolitan Syracuse Wastewater Treatment Plant and the
Combined Sewer OVerflow network located on some Onondaga Lake tributaries. The approved
fisheries assessment program portion of the AMP dictates that sampling will be conducted every
two years from 2000 to 2012. The year 2001 Onondaga Lake fish sampling program was a non-
mandatory voluntary effort by OCDWEP. The 2001 effort focused on assessing the relative
abundance and species composition of the lake's fish community, evaluating propagation
success, establishing baseline conditions of the fish community, and experimenting with
differing sampling techniques in order to identify the most efficient and cost effective way of
sampling some parts of the fish community.

Sampling of the Onondaga Lake fish community was accomplished by targeting different life
stages and habitats of fish with collection gear suited specifically for sampling specific features
of the community of interest. As a result, individual programs were conducted for sampling
pelagic (open water) larval fish, littoral (shallow water or shoreline oriented) larval fish, littoral
juvenile fish, littoral adult fish, and littoral nesting fish. Sampling of the adult pelagic
community was not conducted in 2001 as it had been in 2000.

The littoral habitat of the lake was divided into five strata based on a combination of substrate
type and wave energy, both of which influence aquatic macrophyte abundance and, in turn,
habitat quality. These strata form the basis of the stratified sampling program used for littoral
adults, juveniles and littoral larvae. These five strata are: I

Stratum 1. Oncolite substrate with low wave energy (NW portion of lake).
Stratum 2. Wastebeds with a mixture ofCaCO3 (20%), Ca silicate (10%), MgaH (8%), and

other mineral substrates with silt-like texture (mid-lake western shore).
Stratum 3. South end with soft sediments that reflect influences from tributaries and

wastewater/stormwater facility outfall.
Stratum 4. Oncolite substrate with high wave energy (SE shoreline)
Stratum 5. Oncolite substrate with medium wave energy (NE portion of lake).

The larval fish community was sampled using three techniques, Miller high-speed trawls
(pelagic), larval seines (littoral) and light traps (both pelagic and littoral). Sampling was
conducted once a month in May, June and July of2001. Pelagic larval sampling stations were
evenly distributed between the north and south basins of the lake. Littoral larvae seining sites
were evenly distributed between the five strata previously described. The inclusion of light traps
as a larval fish sampling technique in 2001 was done in an attempt to determine if this type of
equipment would be a an efficient and cost effective manner of obtaining comparable larval fish
samples.
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Juvenile fish were collected approximately every other week in August and September using
standard NYSDEC seine sampling protocols. Littoral juvenile seining sites were the same as the
littoral larvae sites previously described.

The lake's littoral zone was divided into 24 approximately equal length segments for sampling
adults by boat electrofisher and a fish nest survey. Adult fish were sampled in these same 24
segments by boat electrofishing in May, September, and October 2001. Fish nests within each of
the 24 segments were counted once in June to assess the distribution and species composition of
centrarchid (bass and sunfish) spawning.

The larval fish sampling captured and identified 626 fish comprising 12 species. Common carp
was the most abundant species, accounting for 45% of the combined larval catch. Gizzard shad
with 23% and Lepomis sp. at 11 % were the next most frequently collected species. Nine other
species each comprised the remaining 21 % of the catch contributing less than 10% of the total
catch. Diversity of larval fish collected by different sampling gears was highest for pelagic light
traps (0.59), followed by littoral seines (0.54), pelagic trawls (0.42), and littoral light traps (0.39).
The larval gear species richness values were highest for littoral seines (8 species), pelagic trawls
(6 species), littoral light trap (6 species), and pelagic light traps (4 species). The proportional
species composition was significantly different (chi-square) when comparing both the pelagic
trawl and pelagic light trap (p-value = 0.0008) and the littoral seine and littoral light trap (p-value
= 0.0000) catches indicating that light traps generally captured different communities than either

the trawls or seines. Low catch rates of larval fish in each of the sample gears deployed in 2001
limited our ability to determine if light traps are an acceptable alternative to the current sampling
gears impossible.

The juvenile littoral seine study focused on the post-larval survival of species that successfully
reproduced in the lake. The juvenile seine efforts captured 8,163 fish from 18 species. Lepomis
sp. (consisting of both bluegill and pumpkinseed) was the most abundant taxa representing 68%
of the catch, followed by gizzard shad at 19%. The remaining 16 species each individually
accounted for less than 5% of the catch. The mean Catch per Unit Effort (CPUE) for August and
September combined was I 36/haul. All five lake shore strata had similar species composition
and the overall diversity index value for the lake was 0.47 (range across strata was 0.21-0.51).
The relative weights (a measure of plumpness) for juvenile largemouth bass and smallmouth
bass were 114 and 95 respectively, indicating favorable feeding conditions in the lake at the time
of sampling. Condition factor values (another measure of plumpness) varied from 2.1 to 3.3 for
smallmouth bass by strata, while largemouth bass was relatively consistent at about 2.9, which is
also indicative of favorable feeding conditions in the lake.

~

A total of 1,887 fish nests were observed during the littoral nesting survey, all of which were
located in the north basin of the lake. Pwnpkinseed was the most common species encountered,
representing (89%) of nest observed. Bluegill, largemouth bass, smallmouth bass and nests
where no fish was observed contributed the remaining 11 %.

The 2001 electrofishing survey collected a total of2,809 fish comprising 22 species. The species
collected were primarily adult wannwater species, with the majority being considered by several
authors to be moderately to highly tolerant of pollution, such as nutrient enrichment, turbidity
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and shoreline disturbance. Species composition (with 22 species overall) varied little by season.
The species diversity was highest in September (0.98), lowest in October (0.78), and the
diversity of the total catch was 0.95. The CPUE was highest in May (514/hr.) and lowest in
September (164/hr.). Garnefish accounted for 29% of the total CPUE, with the most abundant
species being yellow perch and bluegill. Differences between strata were most pronounced in
May due to a large catch of gizzard shad. No yearling largemouth bass and few (0.377/hr.)
yearling smallmouth bass were captured. This may indicate possible poor survival of the 2000
year-class of largemouth and smallmouth bass. Nine species of fish examined for condition
factors, with the exception of smallmouth bass and white sucker had values near the ideal of 3.0.
The relative weight value for both smallmouth bass and white sucker was 98. The generally good
condition factors and relative weights of most adult fish studied indicates that fish were probably
feeding well in Onondaga Lake during the sampling periods. Proportional stock density (PSD) is
a numerical descriptor of length-frequency data. Bluegill (75) had the greatest PSD value,
followed by smallmouth bass (65), largemouth bass (65), and pumpkinseed (62). These values
are typical of a fishery dominated by large, old individuals and are often reflective of an under-
fished waterbody.

Based upon the result of the 2000 and 2001 fish sampling programs and input from Technical
Advisors and members of the Biological Working Group the OCDWEP fish community
monitoring program in Onondaga Lake was changed from an intensive biennial sampling
program to a less intensive annual program beginning in the year 2002.
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1.0 INTRODUCTION

Monitoring of the fish community in Onondaga Lake is among the requirements of the Amended

Consent Judgment (ACJ) signed by Onondaga County in January 1998. Onondaga County is

required to "Complement the chemical monitoring program with a biological monitoring effort

to assess the densities and species composition of phytoplankton, zooplankton, macrophytes,

macrobenthos, and fish" (ACJ Appendix D, N .4). The ACJ also states that the County should

"evaluate the success of walleye, bass and sunfish propagation (quantitative lakewide nest

surveys, recruitment estimates, and juvenile community structure) in the lake" (ACJ Appendix

D, N .5). Sampling is to be conducted every two years through the 15 years of the County's

Ambient Monitoring Program (AMP).

The objectives of monitoring this element of the aquatic ecosystem are to:

2.

Assess relative abundance and species composition of fish.

Evaluate success of walleye, bass, and sunfish propagation.

3. Evaluate impacts of control actions on the fish community.

mtensive monitoring of the fish community was conducted in 2000 (IA and EcoLogic 2001).

Fish nests, pelagic and littoral larvae, littoral juveniles and pelagic and littoral adults were

sampled. However, members of the Onondaga Lake Technical Advisory Committee and others

recommended a shift from the intensive biennial program to a less intensive annual program.

This recommendation was based on the need to characterize year-to-year variability. During

2001, the Onondaga County Department of Water Environment Protection (OCDWEP) sampled

the fish community of Onondaga Lake to meet the following objectives:

.

.
Gather data to characterize the fish community in 2001.

Evaluate the efficiency of light traps in sampling the larval fish community.

11ris report presents the results of the year 2001 Onondaga Lake fish monitoring program.

9



..

2.0 MATERIALS AND METHODS

This section describes the field sampling programs that comprised the 2001 fisheries sampling

program, and the methods used to analyze the data collected. Differences between the 2000 and

2001 field sampling programs are specified.

2.1 FIELD SAMPLING

As discussed in Section 1.0, the fisheries sampling program in 2001 was considered as a model

of a reduced annual version of the biennial sampling program that was conducted in 2000. As

such, there were modifications to the sampling gear, season, frequency, and sites to some aspects

of the sampling program in 2001. The components of the 2000 and 2001 programs are

summarized in Table 2.1-1 for comparison. Program modifications are described in more detail

in the following sections.

2.1.1 Pelagic Larvae Sampling

Pelagic ichthyoplankton (fish larvae) samples were collected in open water (>10 m) on May 16,

June 13, and July 12, 2001 in the north and south basins of Onondaga Lake (Figure 2.1-1).

Sampling generally followed the procedures outlined in the NYSDEC Percid Sampling Manual

(1994). Larvae were sampled at night with a Miller high-speed trawl using a net mesh size of

500 J.UD. A depressor was suspended 0.6 m below the trawl for stability. One sample was

collected from each of three depths (1, 3, and 5 m) at each location (north or south basin) for a

total of six samples collected within Onondaga Lake per sampling date. Trawls were towed on a

straight transect at a constant 7 mph for 4 minutes. A factory-calibrated flowmeter was mounted

in the center of the mouth opening of a Miller high-speed tr~wl to estimate volume of water

sampled. A calibrated multi-parameter water quality meter was used to measure a profile of

dissolved oxygen, conductivity, pH, and redox at O.5-m depth intervals in each basin.

Trawls were retrieved and contents were emptied into a labeled plastic sample jar and preserved

in 10% formalin solution. Samples were subsequently transferred to 70% ethanol.

10



Larval light traps, similar to the one depicted in Figure 2.1-2, also were deployed in conjunction

with the Miller high-speed trawl sampling. The traps were constructed so that larval fish.

attracted to the light stick, entered the trap through v-~haped notches on the sides of the trap. The

light traps were set at night in water deep enough to allow proper functioning and in the

proximity of Miller sampler transects, with which they were paired. The traps were deployed for

approximately 4 hours. When the traps were retrieved, the fish were captured in the collection

bucket at the base of the traps. The light trap samples were handled and processed the same as

the Miller trawl samples.

2.1.2 Littoral Larvae Sampling

Sampling of fish larvae in the littoral zone of the lake occurred during daylight on May 17, June

14, and July 11, 2001. The lake was divided into five shoreline strata based on habitat type

(Figure 2.1-3). One site within each stratum was sampled with a 3.1-m long x I-m deep larval

fish seine with 500-J.1m mesh netting. Prior to sampling, the water temperature, dissolved

oxygen, specific conductance and pH were measured at a depth of 1 m with a calibrated water

quality meter. The seine was stretched perpendicular to shore in 1 m of water and hauled for a

distance of 10m. After completion of the haul, the bottom lead line was lifted to a horizontal

position parallel to the top float line and the seine was taken to shore for processing.

After a seine sweep was completed, the seine was rinsed in a 30-gal tub until all material was

removed. The contents of the tub then were filtered through a 500-J.lIn sieve bucket and placed

in a pre-labeled sample jar containing 10% fonnalin. Samples were subsequently transferred to

70% ethanol. Larval fish from each sample were identified to species (or the lowest possible

taxon) and enumerated. These samples were picked, sorted, arid identified by trained OCDWEP

personnel.

Larval light traps were deployed in conjunction with the seining effort. The light traps were set

at night on the same dates as the larval seine sampling, in the proximity of a paired seine

sampling location and in water deep enough for proper functioning. The construction and

operation of the light trap are described in Section 2.1.1. The light traps were deployed for

11



approximately 4 hours. The light trap samples were handled and processed the same as the seine

catches.

2.1.3 Juvenile Fish Sampling

Juvenile fish sampling in Onondaga Lake during 2001 was conducted by trained OCDWEP

personnel and generally followed the procedures outlined in the NYSDEC Centrarchid Sampling

Manual (1989). Four sampling events were completed: mid-August (9th - 13d1), late August

(22nd - 23rd), early September (4d1- 6d1), and late September (21 5t - 24th). The stratified random

sampling design used for littoral larval seining also was used for juvenile fish seining. The lake

was divided into five strata based on habitat (Figure 2.1-3), with three sites sampled within each

of the five strata, for a total of 15 sampling sites. The samples consisted of a one-quarter-circle

(45) sweep of a 50 ft (IS.2m) x 4 ft (1.2 m), lI..-inch (0.64 cm) mesh bag seine dragged in <2 m

of water.

During sampling, one brail of the seine was held on shore and the other end was extended

perpendicular to shore. Holding the in-shore brail stationary. the lakeward brail was swept to

shore. After the single haul was completed at a site. the fish were identified by a fisheries

biologist and counted. A minimum of 10 individuals of each species at each site was measured

for length. Unknown species were preserved in a 10% fonnalin solution and identified at a later

date. Smaller «30 mm long) bluegill and pumpkinseed sunfish were nearly indistinguishable

from each other; therefore all young-of-year sunfish were lumped (in the field) into the category

of "Lepomis spp."

2.1.4 Adult Fish Sampling

Fish were sampled by boat electrofishing conducted by trained OCDWEP personnel within the

littoral zone of Onondaga Lake. General procedures outlined in the NYSDEC Centrarchid

Sampling Manual (1989) were followed. The electrofishing survey was conducted once in the

spring (May 9-11) and twice in the fall (September 17-19 and October 22-24). The lake's littoral

zone was divided into 24 equal-length segments, or transects (Figure 2.1-4). The electrofishing

boat was run parallel to shore along each transect, and the actual electrofishing time to cover
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each transect was recorded. The entire shoreline was sampled, as the end of one transect was the

beginning of the next. Sampling occurred at night (from Y1 hour after sunset to Y1 hour before

sunrise). The electro fishing unit (Smith-Root Type GPP 9.0) was set at a pulsed DC frequency

of 120,340 volts, and 21 to 25 amps.

Transects were sampled in one of two ways. For odd-numbered transects, all fish species seen

were captured and processed, as described below. For even-numbered transects, all fish were

netted; however, only the gamefish were retained for processing, while non-game fish were

released. The following species were considered gamefish for this purpose.

Largemouth bass

Smallmouth bass

White crappie

Brown bullhead

Walleye

Yellow perch

Bluegill

Pwnpkinseed

Black crappIe

Yellow bullhead

Channel catfish

All esocids (pike family)

Rock bass

All salmonids (trout)

Fish collected for processing were identified to species, measured for total length (nearest rnm)

and, for the October samples, weighed (nearest g). For samples in which small to moderate

numbers of fish were collected, all fish were measured. For samples in which high numbers of

one or more species were collected, subsarnpling was conducted in the following manner. Thirty

randomly selected fish of each species were measured for length and weight (October only), and

the remaining fish were identified to species and counted only. All carp and gizzard shad

occurring in large schools were visually estimated without actually collecting the fish to

minimize catch mortality and to facilitate processing of the catch.

Adult gamefish in good condition also were tagged with a numbered Floy tag. The Floy tags

were labeled with information directing anyone recovering a tagged fish to contact the

OCDWEP so information on the species, location/date of capture, and size of the fish could be

obtained. Scale samples were collected for smallmouth bass, largemouth bass, walleye, rock

13



bass, yellow perch, white perch, bluegill, pumpkinseed, gizzard shad and black crappie during

fall sampling from the first 10 adults of each species collected per transect The goal was to

collect a minimum of 30 samples per species for each of the two fall sampling events. Scale

samples were collected from the side of the fish, below the lateral line and under the tip of the

pectoral fin.

Littoral Nesting Survey

Fish nests were counted along 24 transects distributed around the lake's littoral zone on June 7.

200 1. Establishment of transects is described under Section 2.1.4, smce the same transects also

were used as boat electro fishing stations. Date of the survey was determined based on water

temperature (between 60 and 65°F), water clarity (ability to see bottom in 2 m of water), and

weather conditions (sunny and calm). Nests in each section were counted by maneuvering a

small boat at constant speed, parallel to shore, in a single transect over 1 m of water. One

observer wearing polarized sunglasses stood on an elevated platfonn at the front of the boat,

reporting the number of nests observed and, if possible, the species guarding those nests. A

second person recorded the observation data, while a third person piloted the boat.

Physical/Chemical Sampling

Items recorded includedConditions at each collection site were recorded prior to sampling.

location, weather conditions, personnel, time, date, water clarity (good, moderate, poor), water

temperature, dissolved oxygen concentration, conductivity, pH, and redox potential. The water-

quality measurements were made at a depth of 1 m for the littoral sampling sites and at O.5-m

intervals from surface to bottom at pelagic sampling locations. Habitat variables were recorded

for each sampling location and included substrate (% composition of the three most dominant

types, e.g. mud, cobble or oncolites), cover (structural and vegetative), and water depth. These

recorded variables varied by gear type: substrate, cover, and depth for seining; cover and depth

for electrofishing; and cover and substrate for the nesting survey. Data were recorded on field

sampling sheets at the time of sampling and later entered into a database by County personnel.
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Stratum 5
Northeast Shore
Oncolite
Medium Energy

N

Stratum 1

Oncolite
Low Energy

Stratum 4
Mid-lake, East Shore
Oncolite
High Energy

Stratum 2
Southwest Shore
Wastebeds
Medium Energy

Stratum 3
South Shore
Fine Sediment
High Energy ""'-

,

~

,

Note = Map not to scale

Figure 2.1-3. Location and description
of strata sampled in Onondaga Lake
during 2001.
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15 GF". I
AF OF
16 1 "

I
Note: Map not to scale

Figure 2.1-4. Boat electrofishing
transect locations in Onondaga
Lake during 2001./ Transect Borders

AF = All Fish transects
GF = Gamefish Transects
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DATA ANALYSIS2.2

2.2.1 Relative Abundance

Relative abundance for pelagic larvae sampled with Miller high-speed trawls was calculated as

the number of larvae/m3. The cross-sectional area of the trawl mouth opening and the estimated

amount of water sampled from the flow meter readings were used to estimate volume sampled in

m3. CPUE or density is the number of fish in a tow divided by the volume sampled. Difference

in the proportional species composition of the Miller trawl catch vs. the pelagic light trap catch,

and the littoral seine catch vs. the littoral light trap catc~ were tested using chi-square analysis.

The null hypothesis for this comparison was no significant difference between the catch and

composition of the light traps versus the Miller trawls and littoral seines. The proposal was to

utilize light traps in place of the Miller trawls and littoral seines to assess the larval fish

community. The similarities of the catch in the Miller trawl Ys. the pelagic light trap, and the

littoral seine VS. the littoral light trap, were expressed in tenns of an index of proportional

similarity (PS) (Brower et al. 1990), according to the fonnula:

PS = L [lowest percentage for species between the two gears]

Littoral larvae or juvenile seine CPUE was calculated as the number of fish per seine haul.

Littoral or pelagic light trap CPUE was calculated as the number of fish captured per hour. The

recorded length of time that each light trap was set (approximately 4 hours) represented the

number of sampling hours and was divided into the fish catch.

Electrofishing CPUE was calculated as the number of fish per hour of electrofishing.

number of seconds recorded for each electro fishing nm was converted to a fraction of an hour

and divided into the fish catch to give the number of fish per hour. When calculating average

CPUE values, gamefish (see Section 2.1.4) and non-gamefish had to be treated separately.

Gamefish were collected at all 24 transects per survey, while non-game species were only

collected at 12 transects. Therefore, only the 12 transects at which all fish, including non-
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gamefish, were counted could be used to calculate CPUE for non-game species. Complete
results are presented in Appendix A.

The CPUE by age group (spring yearling, fall fingerling [i.e., young-of-the-year (YOY)], and

older fish) for largemouth bass and sma11mouth bass utilized the size cutoffs from the 2000

study. except for spring yearling smallmouth bass. The length frequency distribution for spring

smallmouth bass in 2001 indicated that 180 rom would be a more appropriate maximum length

cutoff for yearlings in 2001 study than the 200 rom cutoff used in year 2000 (Figures 2.2-1 and

2.2-2). The total number of bass in the appropriate length category was summed and divided by

the effort for the season (spring or fall) to give catch-per-hour estimates.

2.2.2 Length, Weight, Condition, and Relative Weight

Mean total lengths and associated standard errors were calculated at the level desired (e.g. site,

stratum, date) for each species by life stage.

The condition factor calculations used linear rc-gression analysis of log weight plotted against log

length, using each fish of the selected species as a data point. The slope of the resulting

regression equation value of the equation log w = log a +b (log I) (where I = length and w =

weight) is the "b" condition factor. Species collected in the electro fishing study and included in

the analysis of condition factors were bluegill, pwnpkinseed, smallmouth bass, and largemouth

bass. Condition factors were also calculated for largemouth bass and smallmouth bass from the

t

juvenile seine survey.

Relative weight (W J values were calculated by gear for the same species as used for the

condition factor estimates. Published species-specific "standard weight" values (Anderson and

Neumann 1996, Bister et al. 2000) were divided into the actual measured weight and multiplied

by 100 to give the relative weight for each fish. Average relative weights and the associated

standard error then were calculated for each species of interest.
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Length frequency histograms were plotted for all species having 20 or more individual fish

captured by electro fishing and measured in 2001

2.2.3 Juvenile Growth Rates

Instantaneous growth rate was calculated for juveniles (YOY) of the following species:

tessellated darter, banded killifiSh, yellow perch, white perch, bluntnose minnow, gizzard shad,

largemouth bass, Lepomis sp., pumpkinsee~ and smallmouth bass. Instantaneous growth rates

(G) were calculated for each sampling site and stratum, and for the whole lake, according to the

formula G = In (It 110), where 10 and It are the mean lengths of YOY for a particular species in

August and September, respectively.

2.2.4 Proportional Stock Density and Relative Stock Density

Proportional stock density (PSD) and relative stock density (RSD) indices were calculated for

black crappie, bluegill, largemouth bass, pumpkinseed, arid smallmouth bass from the

electro fishing study. PSD is the number of fish that are ~f a "quality siZ.e" or longer, divided by

the number of fish that are of a "stock size" or larger multiplied by 1 00. RSD is the number of

fish larger than a specified size (e.g., "preferred" size), divided by the number of stock size fish

and multiplied by 1 00. PSD and RSD give an indication of the recreational fishing opportunities

in a lake for a given species. It also can suggest inter- and intra-specific competition dynamics if

strong patterns emerge.

The PSD and RSD values were based on length categories provided in Anderson and Neumann

(1996). RSD values were calculated for largemouth bass of 3~1 and 457 mm and smallrnouth

bass of305, 356, and 457 Inm.
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The size categories used for calculation ofPSD and RSD for each species were:

~pce:iies -Sfo:cWSe QtberSiZes
LQwerliiDit. Loweclimit ,Lqw~r!imit. Lowerumit~

305 rom
(12 inches)

Largemouth bass 200 mm
(8 inches)

381 mrn
(15 inches)

457 mm (18 inches)

Smallmouth bass 180 mm
(7 inches)

280 rom
(11 inches)

356 mm
(14 inches)

305 mm (12 inches)
457 mm (18 inches)

Bluegill 80mm

mm
(3 inches)

153 mm
6 inches)

203 mm
(8 inches)

Pumpkinseed
t~5~C~) I~~~:--

130mm 200mm 254mm
u ,,' .,' t:> inches) (8 inches) i (10 inches)

Black Crappie

2.2.5 Community Indices

Community indices used in this report included total number of fish caught, species richness

(number of species), and the Shannon-Weiner index. The number offish caught and the species

richness values are the sums of the respective variables. The Shannon-Weiner index is

calculated as H' = L Pi log Pi where Pi is the proportion of the fish of species (i) in the total catch.

All three of these indices can provide insight mto whether progress is being made towards the

Onondaga Lake restoration goals. A significant change in the number of species, catch rates and

the Shannon-Weiner value could be indicative of improvement in Onondaga Lake.
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Figure 2.2-1. Length frequency distribution of largemouth and
smallmouth bass from the spring 2001 Onondaga Lake
AMP electrofishing sampling.
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24



3.0 RESULTS

The results of the 2001 fisheries sampling program are summarized in this section, and

comparisons are made to data collected during the 2000 program, where appropriate. Due to

changes in several components of the monitoring program comparisons between year 2000 and

2001 are not a major emphasis of this study. Data from individual samples or sampling locations

in 2001 are presented in Appendix Tables 1 through 13.

PELAGIC AND LITTORAL LARVAL FISH SURVEYS3.1

For simplicity, the results of the pelagic and littora1larval fish surveys are expressed in tenns of

the number of "larvae" caught, whereas the catch could consist of the early juvenile life stage of

fish, in addition to the larval life stage. Upon review of larval fish identified in 2000 by the

Colorado State Larval Fish Laboratory two larvae identified as white bass have been re-

identified as actually being one white perch and one Morone sp. These two fish were the only

"white bass" captured in any of the sampling gears and for all life history stages in 2000. As

such, the overall species richness for 2000 is now 32 instead of 33 and the larvae richness is now

18 instead of 19.

Species Composition3.1.1

A total of 626 larval fish representing 12 species was collected in the combined pelagic and

littoral sampling efforts in Onondaga Lake during 2001 (Tables 3.1-1 and 3.1-2). This represents

a decline in the overall catch and number of species from 2000 (16,567 larvae and 18 species).

The lower number of larval fish captured in 2001 was the result of less intensive sampling

compared to the year 2000 program (252 pelagic samples in 2000 vs. 36 in 200 1; 315 littoral

samples in 2000 vs. 30 in 2001). The lower number of species in 2001 also may be an artifact of

fewer samples. An increased number of samples would increase the probability of encountering

the more uncommon taxa.

Common carp was the most commonly captured species in 2001, representing 45% of the

combined catch of the larval fish gear (Figure 3.1-1). Gizzard shad represented 23% of this total
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catch, Lepomis spp. represented 11 %, and white sucker and brook silverside each represented

9%. Yellow perch, pumpkinseed, freshwater drum, golden shiner, white perch, largemouth bass

andjoh1U1y darter together comprised the remaining 3% of the total catch.

Direct comparisons of the total catch data between the years 2000 and 200 1 are difficult due to

differences in identification level and sanipling methods (inclusion of light traps in 2001). Figure

3.1-2A & B includes data only from the Miller trawl (common to both years) and standardizes

the level of taxonomic identification in order to make such a comparison. The pelagic larval fish

community was similar in both years, with members of the herring family dominating the catch

(70-76% of the total catch; Figure 3.1-2A & B). Littoral seines showed the same four species

being most abundant in 2001 as in 2000, but in different proportions (Figure 3.1-2C & D). In

2001, carp dominated the catch (58%) while white sucker, brook silversides and Lepomis spp.

were nearly equally represented (12 to 14%). In 2000, Lepomis and brook silverside had

comprised 88% of the catch, while carp and white sucker each represented only 3%.

3.1.2 Species Diversity and Richness

The Shannon-Weiner species diversity index, calculated for all larval fish samples combined,

was 0.71 in 2001 (Table 3.1-3). The diversity indices from pelagic trawl tows and littoral seines

alone were similar to the year 2000 results from each gear type (Table 3.1-3). Comparison of

light trap diversity versus trawls and seines in 2001, however, yielded differing results. The

species diversity in the pelagic light trap catches (0.59) was higher than in pelagic trawls (0.42),

while diversity in littoral light traps (0.39) was lower than in littoral seines (0.54). These

relatively low diversity values resulted from a preponderance of individuals in relatively few,

dominating species.

Species richness (total number of species) for larval fish in 200 1 was 12, compared to 18 in year

2000 (Table 3.1-4). The lower richness in 2001 was likely attributable to fewer samples

collected than in 2000. Despite the smaller number of samples collected in 2001, the pelagic

tows in 2001 captured one more species than in 2000 (six compared to five). Littoral seines,

however, captured 10 fewer species in 2001 (eight) than in 2000 (18). Together, the pelagic and
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littoral light traps in 2001 captured two fewer species than did pelagic trawl and littoral seines

combined. Littoral light traps captured more species (six) than did pelagic light traps (four).

3.1.3 Relative Abundance

The mean CPUE for all species combined in 200 1 was lower than in year 2000 for both the

pelagic trawls (O.77/m3vs. 3.25/m3) and the littoral seines (27/haul vs. 43/haul) (Figure 3.1-3A &

B). CPUE for most species also was lower in 2001 than year 2000; the exceptions to this were

for yellow perch in pelagic trawls (Figure 3.1-3A) and for carp and white sucker in littoral seines

(Figure 3.1-38). Some of the observed differences in CPUE may have been due to the reduced

sampling effort in 2001, which resulted in fewer replicates and sampling events (every other

week in 2000, monthly in 2001; Table 2.1-1).

Littoral light traps caught almost 13 times as many fish per hour than did pelagic light traps

(Figure 3.1-4). All species captured in light traps, with the exception of yellow perch, were

captured at higher rates in littoral light traps than in pelagic ones. Assuming that light traps

sample the pelagic and littoral zones with equal efficiency, these results indicate that larval fish

are more concentrated in the littoral zone of the lake than in the pelagic zone. This result is

consistent with the fact that the larvae of many species inhabit shallow and calm water areas of

lakes and rivers (Backiel and Welcomme 1980).

Although CPUE units fundamentally differ for light traps, Miller trawls and seines, the relative

abundance of individual species based on CPUE can be compared among the gear types. While

keeping in mind the very small sample sizes involved, the pelagic samples from the Miller trawl

and the pelagic light trap appeared to be similar in that gizzard shad and yellow perch are

common species in both gears (Figure 3.1-5A). However, carp and Lepomis spp. comprised a

larger percentage of the light trap catch than of the trawl catch.

test, the proportional species composition differed significantly between the Miller trawl catch

and the pelagic light trap catch (Table 3.1-5).

When analyzed by a chi-square
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In the littoral zone, only the relative abundance of Lepomis spp. was similar between the seine

and the light trap catches (Figure 3.1-58). Like the pelagic sampling gears, the proportional

species composition differed significantly between the littoral seine catch and the littoral light

trap catch (Table 3.1-5). The difference in species composition between the littoral seine catch

and the littoral light trap catch was even more pronounced than between the two pelagic larval

gear types, as indicated by a proportional similarity index of only 0.261 compared to the

proportional similarity index of 0.455 for the Miller trawl and pelagic light trap catches (Table

3.1-5).

As discussed previously, the small sample sizes preclude making confident statements regarding

comparisons between the light traps and the other two gear types. Given that the there were

notable differences in the composition of the catch between gear types and one of the goals of

this monitoring program is to describe the fish community it would be valuable to keep all three

gear types. A study examining the relative selectivity's of Miller trawls and light traps suggests

that larval sampling programs utilize a mix of passive and active gear to alleviate bias (Gregory

and Powles 1988)

I
Differences in species composition within the littoral light trap and seine catches may have been

due to the timing of sampling; seining occurred in daylight and traps were fished at night. Diel

onshore and offshore movements could explain these differences, particularly the absence of

gizzard shad from the daytime seine samples.
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Table 3.1-1. Total catch of larval fish during 2001 in the pelagic and littoral zones
using Miller High speed trawls, larval fish seines and light traps.

Pelagic
Total Catch

Littoral
Total Catch

Entire Lake
Total Catch

Species
Light
Trap

Light
TrapTrawl Seine-

238
All gear

277
145
58
S7
54
IS
12 ,
2
:2

.~
t .
1

3
S

36
11723

-~ 56
57
46
8
2

C
Gizzard shad
White sucker

. ide

h

res waterGo . er

h
Lar bass
Jo v er

1
4

7.
~
.4 6

11
2

2
1

Total 33 15 410 168 626

Table 3.1-2. CPUE of larval fish by species in each sampling gear used in the 2001
larval fish program. Note that direct comparison of CPUE for different
sampling gears is not appropriate (i.e. light traps vs. trawls) due to
differing units of effort.

Pelagic
Light
Trap

~!!!!l.
0.05
0.08

Littoral

Light
Trap

.~~
0.56
1.77

Pelae:ic Littoral

Species Trawl
(#/m3)

Seine
(#/Haul)- - -

15.8
0.49
0.07

Ca
Gizzard shad
White sucker 3.7

3.8
3.1
0.5
0.1

0.01
0.14

0.12

~
0.03 0.09

0.02

-- ~

I PumuKmseed
I Freshwater drum 0.01

0.1Golden shiner
~it~~ch 0.04

0.02, Largemouth bass
, Johnny darter 0.1

, Total 0.20 2.58 0.77 27.30
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Table 3.1.3. Shannon-Weiner diversity indices for larval fish in all sampling gear types
in 2001 and 2000. NC=not calculated. Note: no light traps were used in
2000.

Table 3.1.4. Species richness for larval fish in all sampling gear types in 2001 and
2000. Note that in 2000 larval fish were identified to the family through
species levels depending on the organism, while in 200 1 all fish were
identified to species. The species richness for 2000 takes into account the
number of distinct species identified.

Pelagic
Light
Traos

Littoral
Light
Tracs

Pelagic
Tows

Littoral
Seines

All
Samples

2001 Species
Richness 6 4 8 6 12
2000 Species
Richness 5 18 19
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Table 3.1-5. Proportional similarity analysis of whole Jake larval survey catches to compare
gear types in dle 2001 Onondaga Lake AMP.

0.455Proportional similarity between Miller high-speed trawls and larvalligbt traps =
Chi-Square test (2 x 4)
Overall chi-square value = 16.64
P-value = 0.0008
Degrees of freedom = 3

238
57
56
46
8
2
2

58.05
13.90
13.66
11.22
1.95
0.49
0.49
0.24
0.00
0.00
0.00

Gizzardshad
Carp

Bluegill
Pumpkinseed

Freshwater drum
Largemouth bass
Brook silverside
Golden shiner
Johnny darter
White sucker
Yellowoerch

117
36
7
6
1
1
0
0
0
0
0

69.64
21.43
4.17
3.57
0.60
0.60
0.00
0.00
0.00
0.00
0.00

Carp
Brook silverside

White sucker
Bluegill

Yellow perch
Golden shiner
Pumpkinseed
Johnny darter

Freshwater drum
Gizzardshad

Larr,emoutb bass

0
0
0

0.261Proportional similarity between larval seines and larval light traps =
Chi-Square test (2 x 6)
Overall chi-square value = 338.0
P-va/ue = 0.0000
Degrees of freedom = 5
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Freshwater drum All Taxa I

-.

t Lepomis spp.
..0 ..

Herring Family Yellow perch

Figure 3.1-3. CPUE of selected taxa captured in pelagic Miller High Speed Trawls
and littoral larval seines in 2001 and 2000.
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3.2 .JUVENILE FISH SEINING

Although seining in the littoral zone of Onondaga Lake targeted the juvenile (young-of-the-year

of YaY) life stage, the catch also included adult or non- YOY fish. The following section

addresses only those fish detennined to be YOY, based on length frequency data for each species

and sampling month. The breakdown of the seine catch by YOY and non- YOY is presented in

Table 3.2-1.

3.2.1 Species Composition

A total of 8163 YOY fish, representing 18 species (Lepomis consisting of bluegill and

pumpkinseed), were collected by littoral seining in 2001 (Table 3.2-2). Lepomis (68%) was by

far the most abundant species, with gizzard shad (19%) also being common. Of the remaining

16 species, only yellow perch (4.0%), largemouth bass (3.1%), and smallmouth bass (2.4%)

comprised more than 1 % of the total catch. In 2000, gizzard shad represented 66% of the catch,

and Lepomis spp. represented 24% of the catch (Figure 3.2-1). The apparent reversal in the

relative abundance of these two species appeared to be related to increased abundance of

Lepomis spp. rather than to decreased abundance of gizzard shad. The dominance of Lepomis

spp. in 2001 closely resembled the community structure in 1993 and 1994, when Lepomis spp.

represented 60% and 91% of the total YOY catch (Arrigo 1998) (Figure 3.2-1). The presence of

substantial numbers of yellow perch YOY in 2001 was also noteworthy, as they were not

captured in year 2000.

Fisheries surveys between 1991 and 2001 have found a total of26 fish species occumng as YOY

in Onondaga Lake (Table 3.2-3). Of these 26 species, only Lepomis (bluegill and pumpkinseed),

largemouth bass, banded killifish, and white sucker were caught in every survey throughout this

time, while 11 species were captured in only one of the six surveys. Lepomis, gizzard shad,

yellow perch and largemouth bass apparently are the most productive species consistently

reproducing in the lake, contributing more than 1 % of the YOY catches in at least four of the

surveys. While always present, the white sucker most likely spawns in tributaries to the lake and

not within the lake itself.
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In most years, two species (e.g., Lepomis and gizzard shad) typically have dominated the YOY

catch. The presence of YOY yellow perch has been sporadic annually; they were absent from

catches in two of the six survey years. Although YOY smallmouth bass were caught in most

years, their numbers increased in 2000 and 200 1 to represent over 1 % of the total catch. The

apparent increase in abundance ofYOY smallmouth bass in the 2000 and 2001 was corrob<,rated

by the 2000 and 2001 nesting surveys ronfinning spawning activity, whereas no spawning

activity was observed in the 1990~s (Arrigo 1998).

The two species most frequently captured during larval sampling, Lepomis spp. and gizzard shad,

were examined in terms of their spatial distribution as YOY (Figure 3.2-2). Most Lepomis were

found in Strata 3 and 4 (south and southeast shores) in both 2001 and 2000 (Figure 3.2-2A and

B). Stratum 2, characterized by wastebeds, produced very few YOY Lepomis in either year,

presumably due to the lack of appropriate spawning and nursery habitat. A1I:nost the entire catch

of gizzard shad came from Strata 2 and 3, i.e., primarily within the south basin of the lake, in

both 2001 and 2000 (Figure 3.2-2C and D).

3.2.2 Species Diversity and Richness

For 2001, the Shannon-Weiner species diversity index for YOY within the entire lake was 0.47,

with indices for individual strata ranging from 0.21 to 0.51 (Figure 3.2-3A). For 2000, the

diversity index for the entire lake was 0.73, with indices for individual strata ranging from 0.31

t~

to 0.58 (Figure 3.2-3A). The relatively low diversity values in both years are a result of the

dominance of Lepomis and gizzard shad. Although diversity within strata varied considerably

between years, Stratum 2 (wastebeds) had the lowest diversity in both years.

The species richness value for YOY fish in 2001 was 18, compared to 14 species collected in

2000 (Figure 3.2-3B). In fact, more species were collected in 2001 than in any of the five
h",t

previous surveys (range 7 to 16, Table 3.2-3). Four species were collected in 2001 that hadbeen

previously found as yay: tessellated darter, bluntnose minnow, Johnny darter and longnose

dace. Eight species found as yay in previous years were not caught in 2001 and included

longnose gar, northern hogsucker, alewife, rock bass, rainbow smelt, northern pike, freshwater
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drum. and black crappie. Most of the species missing during 2001 could be considered

uncommon or rare. and thus might not have been caught due to the reduced sampling effort in

2QOl compared to 2000.

YOY yellow perch were collected in substantial numbers in 2001 but were completely ab~ent

from catches in 2000. This probably indicates successful reproduction for yellow perch during

2001, while there may have been reproductive failure for yellow perch during 2000.

The pattern of species richness among the five strata seen during 2001 resembled that seen in

2000 (Figure 3.2-3B). Most strata had 10 to 15 species, except for Stratum 2, where the number

of species caught was only eight in 2001 and six in 2000. The habitat in Stratum 2 is

characterized as wastebeds.

The overall increase in richness and decrease in diversity from 2000 to 2001 is due to the greater

dominance of a few species in 200 1 that ameliorated the affect of increased number of species in

the diversity measure.

3.2.3 Relative Abundance

,The mean CPUE for all species combined in August and September 2001 of 136/haul was 67%

more than during the same months in 2000 (83/haul) (Figure 3.2-4), largely the result of an

increase for Lepomis spp. (92/haul in 200 1, compared to 13/haul in 2000). Other species

showing an increased CPUE in 2001 included yellow perch (5.6/haul vs. O/haul), largemouth

bass (4.3/haul vs. 0.8/haul) and smallmouth bass (3.3/haul vs. 1.9/haul) (Figure 3.2-4). Gizzard

shad CPUE declined from 58/haul to 26/haul. The changes from 2000 to 2001 may reflect

variability in reproductive success.

3.2.4 Length, Relative Weight, Condition and Growth Rates

Lepomis spp., largemouth bass, sma1lmouth bass, and gizzard shad were larger in August 2001

than in August 2000 (Figure 3.2-5A). Largemouth bass showed the greatest difference in size,

averaging about 36% larger in August 2001 compared to August 2000. Lepomis spp.,
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smallmouth bass, and gizzard shad were 29%, 23%, and 100/0 larger in 2001 than in 2000,

respectively.

Differences in average size between years may be due to factors including time of spawning,

temperature, forage availability, size-selective predation, and inter- and intra-specific

competition. Water temperature data from Onondaga County's monitoring buoy (depth of2 m)

indicated that 2001 may have been warmer than 2000 during the critical time for spawning and

growth (May-August) (Figure 3.2-5B). The warmer water temperatures in May and June 2001

could have allowed earlier spawning than in year 2000, thus allowing more growth time prior to

capture in August. OCDWEP personnel observed large numbers of fish nests in the lake starting

in mid-May 2001, while nests were not observed in 2000 until early June. The increased water

temperatures in 2001 also may have improved the food availability and growth rates for YOY

fish.

Relative weight (WJ can be used to compare growth conditions temporally or spatially. In

general fish in good condition have a W r of about 100 (Anderson and Neumann 1996). When W r

is substantially below 100, problems may exist in food or feeding conditions. When values are

well above 100, prey may be overabundant (Anderson and Neumann 1996). The comparison of

these metrics for YOY bass over time will help to determine the changes in relative fitness of

bass over the course of the AMP.

The Wr for largemouth bass and smallmouth bass YOY in 2001 varied little by stratum.

Largemouth bass W r averaged 114, indicating that the population was in better than average

condition (Figure 3.2-6A&B). Smallmouth bass mean Wr in 2001 was 95, also indicating that

they are in generally good condition.

Another measure of growth conditions for fish is the condition factor, which is the slope of a

length-weight regression. Typically values are near 3.0 for fish (Anderson and Neumann 1996).

The condition factor for YOY largemouth bass was consistent among strata and averaged 2.9

(Figure 3.2-6C). Condition factor values for smallmouth bass however varied by stratum, with

values of2.2 for Stratum 2 (SW shore) and 2.1 for Stratum 4 (SE shore) being lower than for the
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other three strata (range of 2.8 to 3.3). This may indicate that areas of the lake do not provide the

same feeding opportunities or habitat for smallmouth bass.

Lakewide Wr for YOY largemouth bass and smallmouth bass was 22% and 25% lower,

respectively, in 2001 than in 2000 (Figure 3.2-6). Likewise, lakewide condition factor values for

largemouth bass and smallmouth bass YOY were 12% and 6% lower, respectively, in 2001 than

in 2000 (Figure 3.2-6). These differences may indicate density dependent effects, since the YOY

population size of both species in 2001 was apparently much larger than in 2000 (2.4 times

larger for smallmouth bass and 4.1 times larger for largemouth bass). An increase in population

density may have increased intra-specific competition for food and decreased individual fish

foraging success, thus leading to poorer average condition of the individual fish (VanDen A vyle

1993).

Instantaneous growth rate (G) is the rate of change in size (total length) over a given time

interval. Length data were available from August and September in 2001 to calculate G. Growth

rates vary naturally between years and can be affected by many factors, including density-

dependent factors (e.g., food competition) or density-independent factors (e.g., temperature).

Trends in growth rates over many years may help illustrate any impacts of Metro upgrade

measures on the YOY community and/or help to explain observed differences in the community.

Instantaneous growth rates in 2000 and 200 1 are presented for selected species in Figure 3.2-7.

For the three species where comparable data were available in both years, two (smallmouth bass

and Lepomis spp.) grew at slower rates in 2001 than in 2000 and one (gizzard shad) grew at a

faster rate. Both species that grew more slowly in 2001 were 2 to 7 times more abundant in 2001

than in 2000. Conversely, gizzard shad was half as abundant in 2001 than year 2000. Density-

dependent factors may have influenced growth rates, in addition to condition and relative weight,

as previously discussed. Even though YOY largemouth bass and smal1mouth bass were larger in

August 2001 than in August 2000 earlier nest building and spawning may have more than offset

the slower growth rate in 2001.
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