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Abstract: The alewife Alosa pseudoharengus) population in Onondaga Lake was
surveyed May 30 and October 22, 2013 using smahrpelagic gill nets and
hydroacoustics (123 kHz split beam). Catches da$icies in the vertical gill nets
averaged 137 fish/hr (range: 105 to 188 fish/hiflay and 90 fish/hr (range: 38-140
fish/hr) in October. The majority of fish caughtnealewife (May 92%; October 90%).
May mean catch rates were higher than in 2011 d2 2@ther species caught included
brown bullhead Ameiurus nebulosus), emerald shinemNotropis atherinoides), gizzard
shad Dorosoma cepedianum), golden shinerNotemigonus crysoleucas), yellow perch
(Perca flavescens), round goby eogobius melanostomus) and longnose gat épisosteus
osseus). Average length and weight of alewife was 128 (ramge 99-153 mm; May)
and 127 mm (88-153 mm; October). Mean wet weiglgievt 7.8 g (May) and 17.2 g
(October). The length distribution was bimodal ottbMay and October. In May, age 1
fish lengths ranged from 95-117 mm whereas old=wiaks were larger than 110 mm
indicating minimal overlap between age 1 and afist2 In October, age 0 fish were
smaller than 105 mm and age 1 fish ranged fromIBBmm. Gas bubbles were not
present in the lake during the two 2013 surveyss TBhin contrast to previous years’
surveys where bubbles were a significant souregrof. Alewife density was estimated
with hydroacoustics to be 1045 fish/ha in May (adgend older), corresponding to 18.5
kg/ha. Fish density in spring 2013 was similar ¢éoslties from 2010-2012, and higher
than densities in 2008-2009. Biomass in May 2048 similar to the biomass in spring
2012. The October alewife density estimate was 6i324ha with an estimated biomass
of 108.8 kg/ha. Because this is our first falireste, we cannot compare the fall
densities with previous years.
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Introduction

Alewife, Alosa pseudoharengus, increased dramatically in Onondaga County’s
electrofishing samples in 2003 and remained hig20i4 to 2007 (Wang et al. 2010).
This increase was due to a strong 2002 year ddewife biomass increased as these
young fish grew throughout the summer of 2002 dediée predation is the most likely
cause for the concomitant decline in laRgphnia and large calanoid copepods (Wang
et al. 2010). Additional year classes of alewifeeveroduced in 2004 — 2007 and the
abundance of alewife remained high from spring@fi®through the spring of 2007
(over 1600 fish/hectare (ha)) (Wang et al. 201Q)rgeDaphnia were mostly absent
from the lake between 2003 and 2007, althoughrtiedler Daphnia retrocurva was
present in 2007. Alewife declined to low abunda@O0 fish/ha) in the spring of 2008,
remained low in the spring of 2009 and increaseadnague to a strong year class in 2009
to around 1000 fish/ha in 2010. This was directiyrelated with changes in
zooplankton. Larg®aphnia returned in 2008 and 2009 and disappeared iretheff
2009 concomitant to the increase in biomass o209 alewife year class and have
continued to be absent through 2012. Water clardy high in 2008 and early 2009 and
relatively low in 2010-2013. Such cascading trophteractions have been observed with
increases in alewife elsewhere (Brooks and Dod9&®,1Harman et al. 2002). This
report presents the results of the 2013 spring@hdurveys of alewife and discusses the
effects of alewife on zooplankton and phytoplanktmough 2012.

M aterials and M ethods

Fish were sampled using vertical gill nets sdbat locations in the SE, NE, SW
and NW quadrants of the lake (Tables 1 and 2).6I'meter (m) deep and 21 m long nets
consisted of 7 panels, each with a different mesh(6.25, 8, 10, 12.5, 15, 18.75, 25
millimeter (mm) bar mesh). This set of mesh sizdsoatch alewife between 50 and 240
mm (Warner et al. 2002). The nets were set fronstiace to 6 m depth for
approximately 2 hours (hrs) in water with bottonpttheof about 8 m. Fish were
identified to species and depth of catch recorde2im intervals. A random subsample of
30 (May) or 50 (October) alewives or all individsialf other species were measured for
total length in mm, and weight in grams (g) froncleaet site. Alewives were aged
using whole otoliths extracted from a subsampl&Qdf alewives in May and 50 alewives
October (Table 3) Dry weight was obtained afteiirdyyfor 5-7 days in 60 C for alewives
caught in May and for 7 days at 70 C for alewivasght in October.

Concurrent to net sampling, Onondaga Lake wassen/using a 123 kHz split
beam echo sounder (settings in Table 4) along sexaghly parallel transects running
SW to NE or NE to SW (total transect length 8.8 (may) and 9.5 km (October)). The
surveys were conducted on the nights of May 3032#tween 21:12 and 23:33 and
October 22, 2013 between 20:43 and 22:57. Spatation of the data was measured
with a GPS unit that recorded latitude and longgtddectly to the acoustic data stream
(Figures 1 and 2). The transducer was towed atnGdepth looking downwards.

Acoustic data were recorded directly to a laptomgoter in the field and
analyzed with the EchoView software (version 5.38@iax Inc. Hobart, Tasmania,
Australia). The units were calibrated on May 18rf@&dl unit, used in May), Sep 9 and



Oct 24, 2013 (Oneonta unit, used in October) wishaadard -40.4 dB 33.2 mm tungsten
sphere (Table 4). Calibration offset was 0.7 dBX@ ms pulse length for the Cornell
transducer. No gain corrections were needed foOtieonta transducer (field
calibrations within +/- 0.5 dB of factory calibratis). All data were visually inspected for
consistent bottom detection, interference fromaefbubbles and aquatic vegetation and
corrected when needed. The ambient noise levedsuned in the Sv domain were
-121.24 dB (May) and -126.19 dB (October). Thikig enough to register fish with a
TS of -60 dB without bias at all depths preser®imondaga Lake (maximum depth 19.5
m). Analysis was done for each transect from ® % i and from 6 m depth to the
bottom in May and from 2 to 9 m and 9 m to the dmotin October based on fish
distributions. The near-field of these transduceepproximately 1.5 m and they were
mounted on a rigid pole 0.5m below the surfaceer&tore, the acoustic analysis is
restricted to depth below 2 m from the surface.

Target density in May 2013 was calculated fromaherage measured in situ TS
and ABC following the standard operating procedareGreat Lakes acoustics (Parker-
Stetter et al. 2009). The minimum threshold fshfl'S was chosen to be -55 dB in both
May and October based on the in situ TS distrimstioAppropriate depth varying
thresholds were applied to the Sv data (-61 dBmumn “TS” threshold in EchoView).

All calculations are made in the linear domain bBadk transformed to dB unit when
appropriate.

Bubbles were not observed in May or October of 2@1®ntrast to previous
years’ surveys where bubbles were a significantcgoaf error. To account for the
proportion of targets < -55dB that were alewife,s@@averted the alewife catch in the gill
nets to an expected TS distribution based on theage observations by Brooking and
Rudstam (2009). The expected TS distribution fraxwhe5 mm size group was
calculated, weighted by the number of fish in e€achm group caught in the gill nets,
summed, and normalized to obtain an expected T8hdison of alewife from the
alewife population present in the May and Octolir®surveys (Figure 3). The
proportion of expected targets <-55dB was thenutaled and the alewife density based
on fish >-55dB increased to account for these sn#drgets (Table 5) This approach
was used in several other lakes by Brooking andsfna (2009) and Rudstam et al.
(2011).

Alewives were caught between the surface and 2pthde the vertical gill nets;
depths that were not surveyed with acoustics duleetmear-field effect. To account for
these fish, we assumed that catchability per ue# af netting was the same in water 0-2
m as in 2-6 m and calculated the density in 0-2aseHd on the ratio of the catch and
acoustic density from 2 to 6 m depth (see Rudstaah 2011). Finally, the proportion of
targets assumed to be alewife were obtained frenavierage proportions of alewife in
the four net sets.

Results
May 30, 2013 survey:

Net sampling. A total of 1245 fish were caught in the gill aéTables 1 and 6; 105 to
188 fish/hr, average 137 fish/hr). Other fish spe@aught in May 2013 included one



brown bullhead Ameiurus nebulosus), 79 emerald shineNptropis atherinoides), 12
gizzard shadorosoma cepedianum), 10 golden shineiNotemigonus crysoleucas), and

2 longnose garlepisosteus osseus). Alewife represented 92% of the catch (89 — 97%).
Of the total alewife catch, 53% were caught in 0-2d%6 in 2-4m and 13% in 4-6m
depth.

The alewife size distribution had two distinct medish larger than 125 mm and
fish smaller than 125 mm (Figure 4). Of the aget,fall fish smaller than 110 mm were
age 1, however, both age 1 and age 2 fish weredeetw10 mm and 120 mm. This
suggests that the smaller length mode consistedlynafiage-1 alewives with a few age-
2 fish. Fish smaller than 125mm represented 38%eMmeasured alewife catch. The
larger length mode consisted of age-2 and oldevitdeAverage length of all measured
alewife was 128 mm (N=121, range 99-153 mm). Agerangth of age 1 fish was 109
mm and average length of age-2 fish was 129 mml€T3b

Acoustic data. Target density for targets larger than -55 dB rarfgem 24 to 1043
targets/ha (Table 5). About 10% of the expectegkta from the alewife caught in the
gill nets would be smaller than -55 dB. The totaelafe density was therefore increased
by 10% (Brooking and Rudstam 2009). Surface caoecepresented 1.53 times the
density in 2-6 m depth; this was applied to eaahdect. Resulting alewife density
ranged from 101 to 2018 fish/ha in the 7 transaotban average alewife density of 1045
fish per hectare weighted by transect length (Stathdrror 248 calculated from the
transect densities, Table 5). Given the averagghwef alewife in the net sample (17.7
g, Table 1), the alewife biomass was 18.5 kg/h®l@&). The fish distribution was
patchy with most fish found in the north basin (Fiy1).

October 22, 2013 survey:

Net sampling. A total of 719 fish were caught in the gill néfable 2 and 6; 38 to 140
fish/hr, average 90 fish/hr). Other fish specia@gght in October 2013 included 17
gizzard shad, 32 golden shiner, 24 emerald shamer round gobyNeogobius
melanostomus) and one yellow perchPérca flavescens). Alewife represented 90% of the
catch (54 - 99%). Alewife catches in the threetidégyers averaged 38% (0-2m), 44%
(2-4m) and 18% (4-6m).

The alewife size distribution in October was algaddal (Figure 4) with 16% of
measured fish below 110 mm. The first mode (<110mwnkisted of age-0 alewives.
The fish larger than 115 mm were age 1 and oldér fAverage length of all measured
alewife was 127 mm (N=200, range 88-153 mm). Ageiangth of age-0 fish was 99
mm and age-1 fish was 125 mm (Table 3).

Acoustic data. Target density for targets larger than -55 dB ranfgem 1634 to 11072
targets/ha (Table 5). About 9% of the expectegetisrfrom the alewife caught in the gill
nets would be smaller than -55 dB. The total alewliénsity was therefore increased by
9%. Surface correction represented 1.38 timesehsity in 2-6 m depth; this was
applied to each transect. Of the total fish targes6 m, 90% were assumed to be
alewife. Resulting alewife density ranged from 19814433 fish/ha in the 7 transects
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and an average alewife density of 6324 fish petdneaveighted by transect length
(Standard error 1650 calculated from the transecsities, Table 5). Given the average
weight of alewife in the net sample (17.2 g, Ta)lethe alewife biomass was 108.8
kg/ha (Table 5). Fish were more evenly distribute@ctober than in May and more fish
were found in the south basin than in the nortlirb@sgure 2).

Discussion

In 2013, alewife dominated the open water regio@mondaga Lake even though
a larger number of gizzard shad, golden shinereamelrald shiner were caught in 2013
than in previous years’ surveys. Densities ingeng of 2013 were similar to
observations made since 2010 and higher than éendiiring the low alewife years of
2008 and 2009, but lower than estimates from 202 Table 7, Figure 5). This
general pattern is consistent with the zooplanktmposition in 2012. The zooplankton
community in 2012 was dominated by snigdbmina longirostris (Rudstam and
Hotaling 2013). Larg®aphnia, which are correlated with higher water transpayen
were only present in high abundance in years poi@002 and in 2008-2009; years with
low alewife abundance (Wang et al. 2010, RudstasnHotaling 2013). The relatively
low growth rate of alewife in the lake also indeshigh abundance (Rudstam et al.
2011). Dry weight to wet weight ratio (an indicatd condition) was 0.24 (range 0.20 —
0.28) in spring 2013 which was similar or greatert the ratio in 2011 (0.23) and 2012
(0.25), but lower than 2010 (0.29) and 2009 (0.38ngth at age-1 was higher than in
2011 and 2012 but similar to 2010 (Table 3, Fighre

A high proportion of the alewives caught in May e/@n the top 2 m of the nets.
This suggests that our density estimates frompghieg may be biased low. Even though
our methods attempt to account for fish in theaefwater, the estimates are more
uncertain when more fish are found above 2 m. A&im Onondaga Lake may be
avoiding the boat causing our acoustic estimat@s4m of water to be biased low.
Interestingly, net catches were very high in thengpof 2013 — the highest average catch
on record since 2005 (Table 6, Figure 5). In gainepring net catch per effort do not
correlate well with acoustics densities estimakégure 5). Alewives generally spawn in
shallow water in June (Klumb et al. 2003) and th# et sites were close to shore (8 m
depth). This may result in higher alewife catchiethase sites compared to the lake-wide
average densities. The cumulative effects of beaidance behavior in the top of the
water column and high concentrations of alewifgistg for spawning in the nearshore
may have resulted in a high biased spring net suamd a low biased spring acoustic
survey.

Alewives were more evenly distributed in the fdfish were recorded down to a
depth of roughly 16 m in the acoustic data. Whtdow that depth had low oxygen
concentrations. Catches in 0-2m were not higher th&-6 m of water (Tables 2 and 6),
which also indicates a more even depth distribubibalewife in the fall. However, the
deeper targets appeared to be smaller than thesudexe oriented fish (Figure 3),
suggesting that smaller alewives may be more abmindaeeper water that was not
sampled by the net. The October gillnet sample thesefore be biased towards larger
fish and the biomass estimate from the fall mapibsed high.



The alewife density estimate from October was greiditan 6000 fish/ha. These
values for alewife density are intermediate to éhesen elsewhere in New York State. In
Cayuta Lake, alewife densities range from 50000@0D alewife/ha, while in
Canadarago Lake, alewife densities range from 8200 alewife /ha (Rudstam et al.
2011). Length-at-age and condition (% dry weigttpnondaga Lake alewife in the fall
was similar to the values in the high density I&Rayuta Lake) and lower than
Canadarago Lake, where age-1 fish can reach len§230 mm and larger by the fall.
Zooplankton species composition and size distrilouivere also similar between
Onondaga and Cayuta Lake. These indicators (acsugtiowth and zooplankton
community variables) suggest that Onondaga Lake legh-density alewife population.

Density in the fall was about six times the densigasured in the spring.

Alewife can have high overwinter mortality rates@rman and Stewart 1999), which
will result in higher fall than spring estimatese\hould also expect higher fall densities
as a new year class of young fish hatched in 204 #haluded in the fall but not in the
spring estimates from that year. However, thestigecture indicates that not all these
additional fish observed in fall 2013 were from tieav 2013 year class. There are a
number of possible reasons for this. First, tlepprtion of age-0 fish in fall of 2013

may be higher than indicated in the net catchesallr acoustic targets were observed
in deeper water not sampled by the nets. Secoadnay be underestimating the spring
density of age-1 and older fish due to spawningatigns and boat avoidance (discussed
above). Third, alewife may move out into the casystem during the winter and spring
and have not yet returned to the lake in May. [Ehgth and age distribution in May and
October show a predictable increase in the lenfsthebage 1 fish which suggest that we
are aging the fish correctly.

As fall surveys are now possible due to the dedhineubble release from the
sediment, we suggest changing the alewife survélyetdall. Fall surveys are also more
comparable with alewife surveys elsewhere in inlsles York lakes (e.g. Rudstam et al.
2011). The number of alewife present in the fatludles age-0 fish, which can have large
effect on zooplankton and the ecology of the lake ia a useful measure of abundance
before a possible over-winter mortality event. Tisk are also more spread out in the
water column in the fall compared to the springwidweer, a few additional years of
coupled spring and fall surveys would help detestire causes for the higher densities
in the fall. Future fall surveys should also sagnple fish deeper in the lake with
additional nets to better identify the deeper terge
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Table 1. Summary of fish catches in the four vertical ggits with variable mesh size set
in Onondaga Lake on May 30, 2013. Nets were set dark and retrieved 2.2 to 2.4
hours later. Proportion by depth layer is basedlewife only. 92% of the fish caught
were alewife.

SE NE SW NW Averages
Quadrant Quadrant Quadrant Quadrant
Latitude N N 43° N 43° N 43° N 43°
05.387' 06.533' 04.921' 05.980'
Longitude W W 760. W 76°' W 76°' W 76°'
11.797 13.710 12.580 14.275
Soak time (h) 2.2 2.4 2.2 2.3 2.3
# fish caught 277 305 231 432 311
Water depth (m) 8 8 8 8 8
Catch / hour 125.9 129.8 105.0 187.8 137.1
Proportion 0-2 m 0.40 0.53 0.55 0.65 0.53
2-4m 0.45 0.36 0.32 0.25 0.34
4-6 m 0.15 0.11 0.14 0.10 0.13
Alewife 270 281 205 385 285
Catch / hour 122.7 119.6 93.2 167.4 125.7
Mean Length (mm) 132 135 119 124 128
Range of lengths (mm) 106-146 108-153 99-148 108-14 99-153
Mean Weight (g) 24.3 18.6 13.2 14.9 17.8
Golden shiner 4 2 2 2 3
Catch / hour 1.8 0.9 0.9 0.9 11
Mean Length (mm) 171 174 162 201 177
Emerald Shiner 0 20 14 45 20
Catch / hour 0 8.5 6.4 19.6 8.6
Mean Length (mm) - 84 84 86 85
Gizzard Shad 1 2 9 0 3
Catch / hour 0.5 0.9 4.1 0 1.4
Mean Length (mm) 118 163 166 -- 149
Longnose Gar 2 0 0 0.5
Catch / hour 0.9 0 0 0 0.2
Mean Length (mm) 1110 - -- -- 1110
Brown Bullhead 0 0 1 0 0.25
Catch / hour 0 0 0.5 0 0.1
- 183 -- 183

Mean Length (mm) -




Table 2. Summary of fish catches in the four vertical geits with variable mesh size set
in Onondaga Lake on October 22, 2013. Nets wdrafter dark and retrieved 2 hours
later. Proportion by depth layer is based on dkamly. 90% of the fish caught were
alewife.

Mean Length (mm)

SE NE SW NW Averages
Quadrant Quadrant  Quadrant Quadrant 9
| atitude N N 43° N 43° N 43° N 43°
05.397' 06.559' 04.927' 05.983'
Longitude W W 76° W 76° W 76° W 76°
9 11.797 13.719' 12.585' 14.265'
Soak time (h) 2.0 2.0 2.0 2.0 2.0
# fish caught 140 280 224 75 180
Water depth (m) 8 8 8 8 8
Catch / hour 70.0 140.0 112.0 37.5 89.9
Proportion 0-2 m 0.24 0.37 0.49 0.42 0.38
2-4m 0.67 0.46 0.30 0.34 0.44
4-6 m 0.09 0.17 0.21 0.23 0.18
Alewife 75 275 221 73 161
Catch / hour 37.5 137.5 110.5 36.5 80.5
Mean Length (mm) 127 127 123 129 127
Range of lengths (mm) 89-150 91-152 88-144 97-153 88-153
Mean Weight (g) 171 175 16.4 17.9 17.2
Golden shiner 28 4 0 0 8
Catch / hour 14.0 2.0 0 0 4.0
Mean Length (mm) 75 80 - -- 78
Emerald Shiner 20 1 3 0 6
Catch / hour 10.0 0.5 15 0 3.0
Mean Length (mm) 95 77 89 - 87
Gizzard Shad 17 0 0 0 4
Catch / hour 8.5 0 0 0 2.1
Mean Length (mm) 205 - - - 205
Yellow Perch 0 0 0 1 0.3
Catch / hour 0 0 0 0.5 0.1
Mean Length (mm) - -- - 202 202
Round Goby 0 0 0 1 0.3
Catch / hour 0 0 0 0.5 0.1
- - - 84 84




Table 3. Age distribution and length-at-age of alewife indbdaga Lake from 2005 to
2013. All ages were assigned using otoliths. AdisiDare only caught in the fall.

Total #
Age 0 1 2 3 4 aged
Proportions (%)
2005 0 10 84 6 0 50
2006 46 31 23 0 0 26
2007 25 20 33 18 5 40
2008 46 14 24 14 2 50
2009 40 26 10 19 5 25
2010 60 24 10 6 0 50
2011 26 74 0 0 0 50
2012 52 13 28 7 0 85
2013- 41 35 17 6 1 100
May
2013-
Octoper 12 64 10 12 2 0 50
Mean length-at-age (mm)
20058 133 138 152
2006 122 151 161
2007 123 155 157 159 162
2008 127 148 156 162 162
2009 148 179 181 196 194
2010 111 174 192 200
2011 103 123
2012 103 120 127 133
2013- 109 129 136 139 150
May
2013-
October 99 125 139 139 138

a) Age structure and length at age from October 20f4#stated to ages for spring of
2005. Lengths assumes no over winter growth @ sttective over winter
mortality.

b) Estimated from the size structure
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Table 4. Settings used for acoustic estimates of alewitetatal fish densities in
Onondaga Lake on the nights of May 30 and OctoBeP@13. Thresholds and detection
limits according to Parker-Stetter et al. (2009).

Par ameter Values Values

Date (m/d/y) and time 5/30/2013 21:14-23:33 10/02820:43-22:57

Unit Biosonics 123 kHz, 72 Biosonics 123 kHz, 7.5
beam width, split beam beam width, split beam

Analysis software EchoView 5.3 EchoView 5.3

Analyzed by Per Rudstam, 1/2/2014 Per Rudstam?012/

Pulse rate/ pulse length 3pps/0.2ms 3 ppsiB.2

Lower threshold for fish -55 dB, basedon TS -55dB, based on TS
distribution. Distribution.

Absorption coefficientand  Constant 0.0039 dB/m  Constant 0.0047 dB/m

sound speed and 1465m/s and 1447 m/s

Equivalent beam angle -20.35 dB -20.12 dB

Noise at 1 m (Sv/TSu) -121.2 dB /-149.9 dB -12682/ -154.7 dB

Detection limit TS -60dB

without bias 77m 103m

Calibration offset Sv Sv: 0.70 dB Sv: 0.00 dB

Single fish detection criteria

Max beam compensation 6 dB 6 dB

Pulse duration min, max 0.6, 1.5 0.6,1.5

Standard Deviation of angles 0.6, 0.6 0.6, 0.6
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Table5. Acoustic data and density estimates of alewif®@mondaga Lake on May 30
and October 22, 2013 using a 123 kHz split bearh Amerage TS reflects all targets >-
55dB. Alewife Density includes the whole water e¢oluaccounting for alewife in the
surface layer (see methods). ABC is the area beattering coefficient associated with
these targets (for targets >-55dB, from 2m defthjget Density is calculated from
ABCl/ops, Whereops is the backscattering cross section of all targetsbdB. Target
Density does not include the near-field of the d$chucer (0-2m). Finally, Total Alewife
Density includes an estimate of near-field densithd the lower tail of the TS
distribution from alewife (predicted number alewidegets with TS < -55dB). In May,
the number of expected smaller targets were 10%ra@dtober they were 9% of the
density of targets > -55dB. The total fish dengigs also adjusted for the proportion of
alewife in the catch (92% in May, 90% in Octoberyield total alewife density. Mean
values are weighted by transect length. Biomaseisnean fish density multiplied with
the average weight of alewives caught in gill nets.

May 30, 2013

Transect Transect Average ABC Target Alewife

# Length TS (dB) (m?/ha) Density Density
(m) (>-55dB) (fish/ha)
(#/ha)

1 1103 -40.8 0.002 24 101
2 1459 -46.6 0.010 466 1096
3 1337 -45.6 0.009 312 727
4 1445 -39.0 0.005 43 381
5 1294 -45.6 0.014 525 1095
6 1203 -45.5 0.019 682 1515
7 916 -46.3 0.024 1043 2018

Average 1251 -44.2 0.012 416 1045

Biomass

(kg/ha) 18.5
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October 22, 2013

Transect Transect Average ABC Target Alewife
# Length TS (dB) (m?/ha) Density Density
(m) (>-55dB) (fish/ha)
(#/ha)
1 1348 -45.0 0.347 11072 14433
2 1461 -45.2 0.195 6532 7567
3 1440 -45.2 0.080 2616 3172
4 1435 -37.1 0.859 4361 6270
5 1593 -38.0 0.282 1789 2153
6 1271 -43.1 0.188 3815 4468
7 954 -43.6 0.071 1634 1981
Average 1357 -42.5 0.289 4605 6324
Biomass
(kg/ha) 108.8
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Table 6. Average fish catches in the vertical gill netshawtiriable mesh size set in Onondaga Lake in 2@03-2Four nets were set
in each survey with the exception of the 2012 sywkich only includes data from three nets (seérfoi®). Details on the sets for
2013 are in Tables 1 and 2.

Date 5/17 6/4 6/6 6/4 6/4 5/20 6/9 6/7 5/30 10/22
2005 2006 2007 2008 2009 2010 2011 2012° 2013 2013
Soak time (h) 2.4 5% 2.3 2.0 2.1 2.0 2.1 2.0 2.3 2.0
Proportion (0-2m) 0.38 0.43 0.42 0.37 0.23 0.20 40.2 0.36 0.53 0.38
(2-4m) 0.41 0.24 0.31 0.46 0.44 .380 0.28 0.36 0.34 0.44
(4-6m) 0.21 0.32 0.27 0.17 0.33 .420 0.48 0.28 0.13 0.18
Alewife (#/h)
Catch/hour 75.4 56 95 66 42 97 58 785 125.7 80.5
Mean length (mm) 149 132 153 145 170 135 119 117.8127.5 126.5
Min length (mm) 108 110 104 115 123 95 89 91 99 88
Max length (mm) 164 169 195 176 204 219 137 153 153 153
Mean weight (g) 33.7 24.9 28.4 28.0 49.2 26.5 12.9 12.0 17.8 17.2
Other sp. (#/h)
Gizzard shad 0 6.7 1.0 0 0 0 0 55 1.4 2.1
White perch 0.1 0.1 0.4 1.4 0.3 0 1.2 0.33 0 0
Yellow perch 0 0 0.5 0.1 0 0 0 0 0 0.13
Walleye 0 0 0 0.2 0 0 0 0 0 0
Emerald shiner 0 1.4 0 0.1 0 0 0 0.83 8.6 3.0
Golden shiner 0 0 0 0 0.4 1.5 0.9 0.33 1.1 4.0
Smallmouth bass 0 0 0.2 0.2 0 0 0 0 0 0
Pumpkinseed 0 0 0 0 0 0 0 0 0 0
Brown trout 0.1 0.02 0 0.1 0 0 0 0 0 0
Channel catfish 0 0 0 0 0 0 0 0 0 0
Longnose gar 0 0 0 0 0.5 0 0 0.17 0.23 0
Rock bass 0 0 0 0 0 0.12 0 0 0 0
Round Goby 0 0 0 0 0 0 0 0 0 0.13
Rainbow smelt 0 0 0 0 0.2 0 0 0 0 0
Brown Bullhead 0 0 0 0 0 0 0 0 0.11 0

a) One net left overnight for 12 hours. Excludingtthet yields a catch per hour of 64 fish/hr
b) One net was excluded from depth proportion catchcatch per hour averages because it was threesmatker than six.
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Table 7. Results from May-June acoustic-gillnet surveyalefvife in Onondaga Lake 2005 to 2013. Bubblesewet present in the
surveys of 2013, 2011 and 2005-2007, but occuré@®i? and 2008-2010. All fish were assumed todesite up to 2012. The

2013 values are adjusted for the proportion of déein the gillnet catch. Target strength thresalded in the calculations are given
(TS minimum).

Alewife  Biomass
Alewife  Abundance (kg/ha)
# Soak Average Alewife catch TS Abundance surface-
Date of net time proportion per net-hour Age-1 0-2m minimum 2m-bottom  bottom
survey sites (h) alewife % (range) (%) % (range) (dB) (fish/ha) (fish/ha)
5/17/2005 4 2.4 99 75 (35-174) 4 38 (29-49) -60 oa18 2242 75.5
6/4/2006 4 5.6 88 56 (11-92) 62 43 (35-54) -60 6165 2328 50.4
6/6/2007 4 2.3 98 99 (44-148) 17 42 (26-57) -60 4108 1632 46.2
6/4/2008 4 2.0 97 66 (22-87) 32 37 (29-42) -47 60 4 9 2.7
6/4/2009 4 2.1 97 43 (24-66) 38 22 (4-43) -45 95 212 6.0
5/20/2010 4 2.0 98 97 (73-147) 69 20 (13-26) -47 870 912 24.2
6/9/2011 4 2.1 96 56 (36-111) 29 24 (9-49) -56 498 525 6.8
6/7/2012 3 2.0 92 69 (64-77) 53 36 (31-41) -49 909 1346 14.9
5/30/2013 4 2.3 92 126 (93-167 41 54 (40-65) -55 447 1045 18.5
10/22/2013 4 2.0 90 81 (37-138) 64 38 (24-49) -55 4573 6324 108.8
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Figure 1. May 30, 2013patial distribution of alewife from acoustic datad alewife

catch per hour from gill net data. Transects aaddit time between transects are
included. Gray bubbles represent acoustically @erslewife densities. Alewife targets
detected by acoustics are assumed to be in the mampertion as alewife caught in the
gill net survey. The maximum bubble size for acmudénsities is 2853 alewife/ha. Red
bubbles represent alewife caught per hour fomgitlsites in the SE, SW, NE and NW
sections of the lake. Maximum bubble size for igdt data represents 167 alewife caught
per hour.
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Figure 2. October 22, 2013patial distribution of alewife from acoustic datad alewife
catch per hour from gill net data. Transects aaddit time between transects are
included. Gray bubbles represent acoustically @eralewife densities. Alewife targets
detected by acoustics are assumed to be in the mapertion as alewife caught in the
gill net survey. The maximum bubble size for acmudénsities is 24337 alewife/ha. Red
bubbles represent alewife caught per hour fomgitlsites in the SE, SW, NE and NW
sections of the lake. Maximum bubble size for igdt data represents 138 alewife caught
per hour.
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Figure3. Observed and expected target strength distribsiior the May 30, 2013 and
October 22, 2013 acoustic surveys of Onondaga Bikiebles were not present in 2013
in contrast to previous years’ surveys. “Obsenisdhe frequency distribution of the
targets observed using acoustics in different diyilrs. “Expected” is the target
strength frequency distribution (normalized to ookthe gill net catches which are
representative of 2-6m depth as modeled by theglibty density function in Brooking
and Rudstam (2009).
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Figure4. Length distribution of alewife in vertical gillets from May and October 2013
as well as Spring surveys from 2010-2012.
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Figure 5. Alewife densities obtained with hydroacoustics (Astics, fish/ha) and the gill
net catch of all fish species per hour (Net catc@asch/hr) from May-June surveys in
2005 to 2013 and an October survey in 2013. Aledesities were derived from
hydroacoustic and net catch data. Error bars focatehes represent the range observed
in the four nets. Net catch data for 2012 includiely three nets: one net that was only 3
meters deep was excluded from this graphic.

7000 + -+ 200.00
= Acoustics 1 1 180.00
6000 + T
—e—Net catches + 160.00
5000 - 140.00
)
%4000 _ 120'00E
:5 100.0643
23000 - 80.00°
a}
2000 - 60.00
40.00
1000 -
20.00
. 0.00

2005 2006 2007 2008 2009 2010 2011 2012 201213
May Oct

20





