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Executive Summary 

Limnological, hydroacoustic, and gill net data has been collected from Silver Lake since 2008. 

This data has allowed researchers to observe long term ecosystem trends in Silver Lake. This has allowed 

us to better understand the impact of the introduction of non-native alewife (Alosa pseudoharengus) and 

the effectiveness of biomanipulation through trout stocking in Silver Lake. 

 Alewife has remained abundant in Silver Lake through 2015 with densities over 2800 

fish/ha since 2008.  Large zooplankton such as Daphnia have been present when the alewife population 

was lower than average, but were never abundant in 2008 to 2015.  Both 2014 and 2015 were years with 

low Daphnia abundance and also low abundance of calanoid copepods.  If further studies are to be 

conducted in Silver Lake, we suggest more attention to the limnology of the lake including monthly 

nutrient and phytoplankton samples coupled with continued zooplankton and water clarity measurements.  

Continuing the fall alewife survey will allow us to infer causes if there are changes in the limnology of 

the lake in 2016.  More frequent TP and chlorophyll sampling would allow us to better understand the 

effect of nutrient loading on the water clarity of the lake. It could also be beneficial to focus more effort 

on the invertebrate zooplankton predator community by adding samples for Chaoborus. This would allow 

us to get a more complete picture of the processes affecting the zooplankton community in Silver Lake. 

Summary of results from 2015 research program: 

 Alewife Density in 2015 was 4384 fish / hectare (ha) which is a decrease from the 2013 peak 

(5172 fish/ha) but similar to the densities in 2014 (4632 fish/ha). Growth rates were low which 

also indicates high density. 

 The Daphnia population density was very similar to 2014 (1.2 individuals/L in 2015 and 1.0 

individuals/L in 2014) both of which were more than double the Daphnia density of 2013. The 

average size of the Daphnia found in 2015 was 0.68mm and 0.70mm in 2014 which is typical for 

the relatively small daphniid species present in the lake.   

 Secchi disk depth increased to 4.6m in 2015 which is the second deepest since 2006 (the deepest 

was 4.9m in 2008). Chlorophyll was only measured in October in 2015 and was low at that time.  

Chlorophyll values in 2014 was higher, consistent with lower Secchi disk transparency in that 

year.  

 As per Cornell researcher’s recommendations neither brown nor rainbow trout were stocked in 

2015. 

 In the fall survey one largemouth bass, one rock bass, and one yellow perch were caught. The 

rock bass and the yellow perch both had alewife in their stomach contents.  The largemouth bass 

also had fish in its stomach but the species could not be identified.  It was likely an alewife. 

These results are consistent with alewife effects observed in other lakes. Alewives typically cause 

declines in large efficient zooplankton grazers, higher phytoplankton and lower water clarity.  Although 

water clarity was relatively high in 2015, a decrease in the alewife population would likely increase water 

clarity further. However, stocking trout has not been a viable management strategy for Silver Lake and we 

do not recommend continuing trout stocking.  There are other predators on alewife in the lake 
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Introduction 

The E.L. Rose Conservancy and Actus Foundation have a philosophy of stewardship and have 

supported efforts in environmental conservation in order to gain knowledge about the natural resources in 

the area. This work has led to a cooperative relationship with Cornell University researchers to study and 

work to improve the water quality, fisheries, and aquatic ecosystems connected to Silver Lake. Cornell 

researchers initially reviewed historical information and assessed the fish and zooplankton community 

using a variety of field sampling methods. Since 2008 Cornell researchers have concentrated on the 

impact of the introduced alewife and monitoring the effectiveness of trout stocking as a means of 

biomanipulation. 

It is believed that sometime after 1992 non-native alewife (Alosa pseudoharengus) were introduced to 

Silver Lake. As a result of alewife planktivory; phytoplankton production increased and water clarity 

decreased. In order to reduce the alewife population the E.L. Rose Conservancy and Silver Lake 

Association instituted a trout stocking program in 2006. Silver Lake was stocked with both rainbow trout 

(Onchorhynchus mykiss) and brown trout (Salmo trutta) each fall in 2007, 2008, 2009, 2012, 2013, and 

2014. No trout were stocked in 2010, 2011, or 2015. Despite an initial drop in alewife density during the 

first two years the alewife population rebounded in 2010 and has been high in 2013, 2014, and 2015. 

Because the trout stocking program has not resulted in the expected decline in alewife, we do not 

recommend continuing this stocking program. 

The primary focus of Cornell researchers has been to provide annual estimates of the alewife 

abundance and zooplankton community structure of Silver Lake. We have coordinated with Russ Cole to 

sample multiple times throughout the year. The information gathered through these efforts has been very 

useful for assessing the effectiveness of the trout stocking program as a means of controlling the Silver 

Lake alewife population, and for understanding the impact of alewife on Silver Lake. 

Research activity conducted in 2014 and 2015 included: 

- On the night of October 12th 2014 and October 6th 2015 hydroacoustic sampling of the open water 

portion of the lake was conducted to estimate the density and biomass of the Silver Lake alewife 

population. 

 

- In October gill net surveys were run along with the hydroacoustic sampling. The samples 

collected through gill netting were then used to support the hydroacoustic data and provide 

alewife specimens for the evaluation of the age structure and growth rate of the population. 

 

- Limnological sampling on several occasions in both years from summer months through October. 

This included Secchi disk depth and vertical net zooplankton tows with the help of Russ Cole. 

Cornell researchers also measured vertical profiles of temperature, dissolved oxygen, and 

chlorophyll (using a fluorometer) in June 2014 and in October in both years.   
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Section 1- The State of the Lake in 2015 

 Along with Russ Cole Cornell researchers monitored Silver Lake in 2014 and 2015. Zooplankton 

were sampled and water clarity was evaluated from June 16 through October 12 2014 and from July 12 

through October 6 2015. On October 12, 2014 and October 6, 2015 Cornell researchers surveyed the 

alewife population using hydroacoustics and gillnets. There were also nighttime samples of zooplankton 

and Chaoborus taken. Having information from throughout the most productive season is helpful in 

assessing the impact of alewife and other variables on water quality. In this section we address four key 

questions:  

1) Has the alewife population decreased? 

2) Has water clarity increased? 

3) Has the zooplankton community changed since stocking began? 

4) Has the trophic state of the lake changed? 

 Answering these questions will help us understand the dynamics of Silver Lake and the 

effectiveness of the trout stocking project. 

1) Has the alewife population decreased? 

In the month of October 2015 the alewife population was accessed using both hydroacoustic and 

gill net data. The alewife density was estimated to be 4384 fish per hectare (ha), which was very similar 

to the 2014 alewife density (4632 fish/ha). While it is not the highest alewife density (Figure 1), it is 

higher than the alewife densities at the beginning of the trout stocking project (2850 fish/ha in 2008 and 

3831 fish/ha in 2009) indicating an overall trend towards an increasing alewife population. The answer to 

this question is that while there was some fluctuation in the alewife population they are not decreasing. 

For a more complete description of the 2014-2015 alewife survey, please refer to appendix I.  
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Figure 1. Average alewife density in Silver Lake from 2008-2015.  

 

 

2) Has the water clarity increased? 

Water clarity was measured in Silver Lake from July through October with a Secchi disk, a 

weighted, 8-inch diameter disk with four alternately colored black-and-white sections.  The depth to 

which the disk can be viewed provides a standardized measure of water clarity. It was the Assistance of 

Russ Cole that allowed us to have water clarity data for the entire summer sampling season. 

An improvement in average water clarity did occur in 2015 (4.6m) which marked the first time 

Secchi disk depth has been over 4m since 2008 (Figure 2). The Secchi disk depth in October was much 

lower compared to the rest of the year, but this may be because the October measurement was taken at 

night (using a strong light) as opposed to the daytime (Table 1).  

Considering this information the answer to this question is yes, water clarity did improve in 2015 

when compared to the previous six years.  However, this increase was not due to increase in large 

zooplankton associated with a decrease in the alewife population (see below).    
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Figure 2. Average Secchi disk depth (m) of Silver Lake from 2006-2015 

 
 

3) Has the zooplankton community changed since stocking began? 

The zooplankton community in 2015 was once again dominated by small bodied cladocerans and 

cyclopoids, Daphnia abundance was similar to 2014 and both adult and juvenile calanoids were absent for 

a second year in a row (Figure 3). Since 2012 large calanoids have been decreasing and small cladocerans 

(Bosminids) have become increasingly dominant. This is an indication of increased planktivory from 

visual predators like alewife as opposed to gape limited planktivores like Chaoborus (Brooks and Dodson 

1965, MacKay et al 1990). 

 With the help of Russ Cole we were able to observe the changes in zooplankton size and 

community structure through the summer of 2015. Two replicate samples were taken on five dates 

between July 12th 2015 and October 6th 2015. Throughout the season, large zooplankton like Daphnia and 

calanoid copepods were either low (compared to other groups) or in the case of calanoids absent. Daphnia 

densities were lowest in July and early August (0.18 individuals/L and 0.15 individuals/L respectively)  

indicating strong alewife planktivory (Brooks and Dodson 1965). The only Daphnia species present 

throughout the season was Daphnia ambigua, a small Daphnia that had an average length of 0.68mm.  

This small Daphnia species is more common than larger species when fish planktivory is high. 

 The answer to our third question, is the zooplankton community changing, is yes. The community 

is shifting from a more even distribution of large and small bodied species to being dominated by small 

bodied cladocerans. However, this change in the zooplankton community is indicative of increasing 

planktivory by visual predators like alewife, rather than the expected decrease. 
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Figure 3. Mean Density of zooplankton types in Silver Lake, PA from 2008-2015. Each year is the 

average densities from multiple samples taken between May and October. 

 

 

4) Has the trophic state of the lake changed? 

Lakes are ranked according to three productivity levels; oligotrophic, mesotrophic, and eutrophic 

(from least to most productive).  The four water quality parameters used to classify these productivity 

levels are; Secchi depth (m), chlorophyll -a (µg/L), hypolimnetic oxygen depletion (percent depletion), 

and total phosphorus (µg/L). Silver Lake chlorophyll a was measured using a sample taken on October 6th 

2015 using an in-situ fluorometer. 

Data before the introduction of alewife indicated that Silver Lake used to be more into the 

oligotrophic range (with a Secchi >10m). After the introduction of alewife, Silver Lake has been near the 

dividing line of low and mid productivity lakes. Silver Lake in 2015 has been closer to oligotrophic than 

it has been in the past, but is still considered to be mesotrophic and has definitely not returned to its 

historic productivity levels (Table 1).  

We have only limited data to answer the fourth question.  The Secchi disk data from 2015 do 

indicate an improvement in water clarity.  Our best answer is that the lake should still be considered 

mesotrophic. 

  



9 
 

Table 1. Measurements of total phosphorus, Secchi disk depth, and chlorophyll from 2008-2015. Any 

gaps indicate that the measurements were either not taken or there was an error in the measurement (the 

2011 Secchi is not used because the measurement was influenced by abnormal flood events). 

Year TP (g/L) Secchi (m) ChL  (g/L) 

2008  4.9  

2009  2.7  

2010  2.7  

2011 12  5 

2012 10.4 (7.0-14.7) 3.7 (2.5-4.5)   

2013  3.6 (3.0-4.0) 2.4-5.3 

2014 11.0 (10.8 - 11.1) 2.8 (1.5-4.25) 3.4 

2015  4.6 (2.1-4.74) 1.3 

 

Section 2- Indications of Trophic Change 

 Silver Lake, PA has been studied for over 10 years with special attention to the alewife 

population since 2008. The data obtained so far has been useful in the analysis of changes in the alewife 

population, zooplankton population, and water quality. It has also been useful for evaluating the 

effectiveness of the trout stocking project. The three important questions about the trophic state of Silver 

Lake that have arisen are: 

1) Are the changes in the zooplankton community linked to the Alewife population? 

2) Has zooplankton size structure changed since stocking began? 

3) Are there indications of future trophic changes? 

The answers to these questions will give us a better picture of the changes in water quality and trophic 

state due to the alewife invasion. 

1) Are the changes in the zooplankton community linked to the Alewife population? 

The efforts of Russ Cole and Cornell researchers resulted in 5 dates sampled for zooplankton in both 

2014 and 2015. Because of this data we are able to observe changes in the zooplankton community over 

time and relate these changes to the possible trophic and abiotic factors that influence them. The average 

length of crustacean zooplankton is an indication of grazing pressure on algae because larger herbivorous 

zooplanktons are more efficient feeders on large algae than smaller bodied herbivorous zooplankton 

(Sommer and Sommer 2006, Hanazato et al. 2001). As alewife density increases, zooplankton size 

typically decrease (Brooks and Dodson 1965, Figure 4) because visual predators such as alewife will prey 

on larger zooplankton first (Harman et al. 2002, Kohler and Ney 1981). Therefore, the ratio of large 

bodied cladocerans (Daphnia) to small bodied cladocerans (Bosminids) is an indicator of planktivory rate.  

The data from Silver Lake support this mechanism (Figure 5). As alewife density increases so predation 

pressure on large zooplankton which causes the ratio of large to small (DA to BO) cladocerans to 

decrease.  
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The answer to the question, are the changes in the zooplankton community linked to the alewife 

population, is yes 

 

Figure 4. Average Zooplankton size from 2008 through 2015 compared to alewife density for that time 

period.   

 

Figure 5. Ratio of large bodied Daphnia (DA) to small bodied Bosminids (BO) from 2008 through 2015 

compared to alewife density for that time period. 
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2) Has zooplankton size structure changed since stocking began? 

The zooplankton community and size structure of Silver Lake has been studied since 2008. Since that 

time, large-bodied zooplankton has declined (both Daphnia and larger calanoid copepods) and the 

zooplankton community is now mainly composed of small bodied cladocerans (Figure 3). The ratio of 

large to small bodied cladocerans in Silver Lake is directly related to alewife density (Figure 5). The 

implications of these changes are discussed more thoroughly in section 2 question 3. 

The answer to the question is yes the zooplankton community has changed since stocking began, but 

the changes suggest increased alewife abundance rather than the desired decrease. 

3) Are there indications of future trophic state changes? 

Silver lake is currently considered to be a mesotrophic lake. We have no indications of future trophic 

state changes in the lake at this time.  Rather than changes towards lower alewife abundance, larger 

zooplankton, decreased algae and increased water clarity that was the goal with the trout stocking 

program, the changes in the zooplankton community is in the opposite direction.  Alewife remains 

abundant and shows no indication of a decline.  Therefore, we do not expect a return towards more 

oligotrophic conditions in the future.  

The answer to the question is that the data that we have at this time does not indicate a future change 

towards oligotrophic conditions. 

Section 3- Recommendations for Management 

So far the data collected has shown that stocking trout has not had a significant effect on the 

alewife population in Silver Lake. Since there has been little to no change in planktivorous predation 

pressure there has not been a significant increase in Daphnia size or density and large calanoid copepods 

have not been found in the past two years. There has however been an improvement in water clarity in 

2015, but this is not due to a decrease in alewife and associated effects at lower trophic levels.  

If further studies are to be conducted in Silver Lake, we suggest more attention to the limnology 

of the lake including monthly nutrient and phytoplankton samples coupled with continued zooplankton 

and water clarity measurements.  Continuing the fall alewife survey will allow us to infer causes if there 

are changes in the limnology of the lake in 2016.  More frequent TP and chlorophyll  sampling would 

allow us to better understand the effect of nutrient loading on the water clarity of the lake. It could also be 

beneficial to focus more effort on the invertebrate zooplankton predator community by adding samples 

for Chaoborus. This would allow us to get a more complete picture of the processes affecting the 

zooplankton community in Silver Lake. 

Our recommendations for 2016 are therefore: 

1) Limnological surveys at least monthly from May through October including samples for 

nutrients and chlorophyll-. 

2) Survey the alewife population in October. Also to sample, measure and ID Chaoborus larvae 

to gain a more complete picture of the invertebrate predator community. 
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Appendix 1.  Hydroacoustic and Gill Net Estimates of Alewife (Alosa pseudoharengus) Abundance 

in Silver Lake, PA, 2014 and 2015.   

Summary:  The alewife (Alosa pseudoharengus) population in Silver Lake, Pennsylvania, was surveyed 

on the night of June 16, 2014, October 12, 2014 and October 6, 2015 using small-mesh pelagic gill nets 

and hydroacoustics (123 kHz split beam).  903 fish (99.8% alewife) were caught in the nets in 2014 and 

348 (99.1% alewife) in 2015.  Catches per hour were more similar as the nets were set for a longer time in 

2014 (catch per site per hour 95 alewife in 2014 and 77 alewife in 2015).  Other species caught were one 

brown trout (Salmo trutta) and one black crappie (Pomoxis nigromaculatus) in 2014 and 1 largemouth 

bass (Micropterus salmoides), one rock back (Ambloplites rupestris) and one yellow perch (Perca 

flavescens) in 2015.  All of these predators had eaten alewife.  The ages of the fish were determined by 

examining annual rings on otoliths of the fish caught in 2014.  Average length of age-1 alewife was 79 

mm, age-2 alewife 96 mm, and age-3 118 mm and age-4 132 mm in 2014. The size distribution showed 

two main peaks in both 2014 and 2015 corresponding to age-0 and age-1 fish in 2014 and age-1 and age-2 

fish in 2015.  This indicates continued reproduction and over winter survival in both years.  Mean percent 

dry weight of alewife was around 25% for age-0 and age-1 and around 22.5% for older fish. This 

indicates higher condition in 2014 than in 2013 but similar to the values for 2008 to 2012.  These values 

indicate low condition and slow growth relative to New York State alewife populations. This in turn 

indicates a high abundance of alewife relative to the productivity of Silver Lake.  Acoustic density 

estimates confirm high fish abundance.  Fish density for targets > -60dB was estimated to be 4630 fish/ha 

in October 2014 and 4380 fish/ha in October 2015. Almost all fish were within the warmer, oxygenated 

top 10 m of water.  Biomass was estimated from the average weight of the alewife catch (5.7g wet wt in 

2014 and 6.1 g in 2015) and the acoustic density.  The corresponding fish biomass was 26.4 kg/ha in 2014 

and 25.0 kg/ha in 2015.  Acoustically derived alewife densities were similar across the lake and densities 

among separate transects ranged from 2980 to 5640 fish/ha in 2014 and 3450 - 5630 fish/ha in 

2015.  These data show that the alewife population continues to be very abundant with little change from 

2014 to 2015.   

Introduction    

The alewife, Alosa pseudoharengus, is an effective planktivore and abundant alewife populations 

cause declines in large, efficient zooplankton algae grazers.  Therefore, abundant alewife populations are 

usually associated with high chlorophyll levels and decreased water clarity.  We have followed the 

alewife population in Silver Lake with hydroacoustics since 2008 as part of our efforts to understand both 

lower trophic levels and water clarity in the lake, and to test if the stocking of brown trout (Salmo trutta) 

and rainbow trout (Oncorhynchus mykiss) will have an effect on alewife populations.  In this section, we 

present the results of the 2014 and 2015 acoustic and gill net survey for alewife in Silver Lake, 

Pennsylvania.    

Materials and Methods 

Silver Lake was surveyed using a 123 kilohertz (kHz) split beam echo sounder (Table 1, Figure 1). A total 

of 5 transects of acoustic data were collected along the major axis (north-south) of the lake during the 

night of October 12, 2014 and October 6, 2015 and analyzed for alewife abundance (Figures 1 and 

2).  Acoustic transects were evenly spaced across the whole lake and analyses were conducted by 

transect.  Spatial location of the data was measured with a GPS unit that recorded latitude and longitude 

directly into the acoustic data stream.  All acoustic data were collected on the night of October 12, 2014 

between 20:35 and 21:45 and on the night of October 6, 2015 between 23:05 and 23:50 (EST).  Acoustic 

data was also collected on June 16, 2014, but not analyzed.  Chaoborus larvae dominated the acoustic 
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returns in June, masking fish echoes and making it impossible to estimate alewife abundance with that 

data.  

Acoustic data were recorded directly to a laptop computer in the field and analyzed with the 

EchoView software (version 6.1 Myriax Inc.). The unit was calibrated on the October 12, 2014 (same 

night as survey) and September 9, 2015 with a standard 33 mm tungsten sphere.  No gain corrections 

were needed for the transducer (field calibrations within 0.2 dB of factory calibrations) in 2014 and a 

calibration offset of -0.74dB was applied for 2015.  All data were visually inspected for consistent bottom 

detection, interference from surface bubbles and aquatic vegetation and corrected when needed (Figure 

1).  The ambient noise level measured in the Sv domain was -134.6dB at 1 meter (m) in 2014 and -132.1 

dB in 2015, which corresponds to -163.2dB and -160.7 in the target strength (TS) domain. This is low 

enough to register fish with TS of -60dB at 128 m in 2014 and 111 m in 2015 depth without bias and thus 

is more than sufficient for the alewife survey in Silver Lake (equations in Parker-Stetter et al. 

2009).  Analysis was done separately for each transect. The near-field of this transducer is approximately 

1.5 m and it was mounted on a rigid pole 0.5 m below the surface.  Therefore, the acoustic analysis is 

restricted to depths below 2 m.  Water within 0.2 m of the bottom was also excluded.  

Fish density was calculated for each transect from the average measured in situ target strength 

(TS) and area backscatter coefficient (ABC) as follows. Since almost all the fish caught in the gill nets 

were alewife, all targets were assumed to be alewife. In situ TS distributions were obtained with 

EchoView using targets within the half power beam angle and settings for single fish determination 

following the Standard Operating Procedure for Great Lakes Acoustics (Table 1, Parker-Stetter et al. 

2009).  Alewives were assumed to be targets larger than -60dB based on the shape of the TS distribution 

and known range of TS from a given alewife size group (Brooking and Rudstam 2009).  The peak in 

targets below -60dB is interpreted as invertebrates, such as Chaoborus (phantom midge) larva, which are 

common in Silver Lake.  Fish density was calculated based on average in situ target strengths for targets 

larger than -60dB.  Appropriate depth varying thresholds were applied to the Sv data following Parker-

Stetter et al. (2009).  Fish densities in the top 2 m were calculated based on relative catches in vertical gill 

nets in 0-2 m versus 2-6 m and acoustic density in the 2 to 6 m depth range following Rudstam et al. 

(2011).  Additionally, a depth distribution was obtained in 1m intervals combining data from all transects 

and the average in situ TS in each depth layer to evaluate vertical distributions of alewife. All averages 

and calculations are made in the linear domain and back transformed to dB units where appropriate.  

Concurrent to the acoustic survey, fish were sampled using vertical gill nets.  The 6 m deep and 

21 m long nets consisted of 7 panels, each with a different mesh size (6.25, 8, 10, 12.5, 15, 18.75, and 25 

mm bar mesh).  This set of mesh sizes will catch alewife between 50 and 240 mm (Warner et al. 

2002).  The nets were set in pairs at three locations in the southern, western and eastern quadrants of the 

lake (Figure 2), with one net fishing from the surface to 6 m depth, and the other in deeper water (Table 

2).  Nets were left in place for 2.2 to 2.5 hours.  Fish were identified to species and the depth of catch was 

recorded in 2 m intervals.  Length in mm was measured for all fish and a subsample was used to obtain 

dry weight and age data (Table 3).  The ages of the alewife were determined by examining annual rings of 

otoliths.  Wet-to-dry weight was determined by drying fish in a 70oC oven for 7 days (N=30). Weight was 

estimated for all fish caught using a length-weight regression derived from the subsample measured with 

both length and weight.  Alewife were not dried or aged in 2015 as little changes in growth and condition 

have been observed since the survey started in 2008. 

Results and Discussion  

Net sampling.  A total of 903 fish were caught in the gill nets in 2014 and 351 fish in 2015 (Table 2).  901 

of these fish were alewife in 2014 and 348 were alewife in 2015. Catch per hour per site was similar in 
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the two years with 95 alewife in 2014 and 77 alewife in 2015.  Individuals were found from the surface, 

to a depth of 12 m, with the fish distributed mainly in the top 6 m of water (Table 2, Figure 3).  Acoustic 

depth distribution showed fish present to 11 m with most fish between 3 and 9 m (Figure 3).  Acoustics 

cannot sample the top 2 m of the lake.  Very few fish were caught in the nets or measured with acoustics 

in water deeper than 10 m.    

Average length of the alewife caught in 2014 was 86.6 mm (SE 1.2, range 49 to 135 mm) and 

average weight 5.7 grams (g) (SE 0.2, range 1.0 – 25.9 g). Average length and weight were calculated for 

a subsample of 164 fish (up to 100 per net).  Size distribution of alewife in 2014 had two main peaks 

(modes at 75 and 100 mm, Figure 4), that corresponded to age-0 and age-1 fish according to ages from 

otoliths (Table 3).  A few age 2 (120mm) and age-3 (130mm) fish were also caught and aged in 

2014.  Average length of the alewife caught in 2015 was 90.7 mm (SE 1.2, range 56-142mm) and average 

weight 6.1 g (SE 0.26, range 1.4 – 20.4 g) in the random sample of 169 fish.  We also found one larger 

fish 145 mm, 24.6 g not included in this sample.  Again the size distribution showed two peaks (modes at 

65 and 100 mm) which we interpret as age-0 and age-1 fish.  However, we did not age the alewife caught 

in 2015. Larger fish, presumable age 2 and older were again present in 2015. Alewives typically reach 

lengths of 60 to 90 mm by September of their first year of life in New York inland lakes, but can get 

larger, up to 140 mm, in productive lakes with large zooplankton (e.g., Canadarago Lake, Rudstam et al. 

2011).    

The fish aged in 2014 were also weighed and then dried in a drying oven for 7 days at 70oC.  No 

weight decrease occurred from day 5 to day 7 indicating that all the water had evaporated from the 

samples.  These fish were used to calculate the dry/wet weight ratio: an index of condition.  Dry/wet 

ratios were higher for the age-1 and age-2 fish (25-26%) than for the age 3 and older (22 -23%).  These 

values are typical for Silver Lake and low compared to observations in other regional lakes (Rudstam et 

al. 2011).  This is consistent with the high alewife population in Silver Lake.     

Two fish other than alewife were also caught in the gill nets in 2014 and three in 2015 (Table 2, 

brown trout, largemouth bass, yellow perch, black crappie, rock bass).  We released the brown trout, but 

looked for alewife consumption in the other fish.  The black crappie caught in 204 had consumed 2 small 

fish, likely age-0 alewife. In 2015, the largemouth bass had consumed one 77 mm alewife, the rock bass 

had consumed three alewife (2 smaller than 70mm, one 92 mm), and the yellow perch had consumed 1 

101 mm alewife.  These predatory fish were in good condition.  

Acoustic data.  The target strength distribution was similar through the epilimnion. We therefore analyzed 

the whole water column as one depth layer. Mean target density calculated from the in situ TS data 

obtained from the five transects and weighted by transect were 3151 and 3296 fish/ha from 2 m to the 

bottom in 2014 and 2015, respectively (Table 4). Almost all targets were found in the top 10m of the 

water column (Figure 3, example from 2015). Densities from 0-2 m were calculated from acoustic 

densities from 2-10 m assuming the catchability in the gill nets are the same from 2-10 m and 0-2 m of 

water (see Rudstam et al. 2011, here we combined the surface and bottom net catches for this 

analysis).  47% of the fish were caught in 0-2m in 2014 and 34% in 2015.  The density estimated from 

these catches in 0-2m was added to the total density for a value of 4632 alewife/ha in 2014 and 4384 

alewife/ha in 2015.  Assuming all of these fish were alewife, and an average weight of alewife of 5.7 g in 

2014 and 6.1 g in 2015 (see above), the alewife biomass was calculated to be 26.4 kg/ha in 2014 and 26.3 

kg/ha in 2015.    

Acoustic densities obtained from 2014 and 2015 (around 4500 fish/ha) were somewhat lower 

than those observed in 2010 and 2013 but higher than those seen in 2008, 2009, 2011 and 2012 (2850, 

3831, 3032 and 3738 fish/ha, respectively).  For comparison, densities around 2000 to 3000 fish/ha are 
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common in New York lakes (Fitzsimons et al. 2005, Wang et al. 2010, Rudstam et al. 2011) and densities 

of over 6000 fish/ha were observed in Onondaga Lake in 2013 (Rudstam et al.  2014). Slow growth rate 

in Silver Lake alewife is consistent with these high density values.  

It should be noted that high densities of fish close to the surface add uncertainty to the acoustic 

density estimates because they rely on interpolation from limited net catches.  Small alewife may also 

have lower catchability due the size selectivity of the nets.  Lower than expected average TS values as 

well as the small size of age-0 fish that we did catch suggest that this may be the case.  If this is true, the 

biomass estimate is biased high and the proportion of age-0 alewife in the population is biased low.  The 

estimate of total alewife density, however, would not be affected.   
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Table 1. Settings used for acoustic estimates of open water fish in Silver Lake in 2014 and 2015.  

Thresholds and detection limits according to Parker-Stetter et al. (2009). 

 

Parameter Values in 2014 Values in 2015 

Date and time October 12, 2014 

20:33 - 21:45 

October 6, 2015   

23:05 - 23:50 

Unit Biosonics 123 kHz, 7.4 o 

beam width, split beam 

Biosonics 123 kHz, 7.4 o 

beam width, split beam 

Analysis software EchoView 6.1 EchoView 6.1 

Analyzed by Lars Rudstam,  3/12/2016 Lars Rudstam, 3/12/2016 

Pulse rate/ pulse length 3 pps / 0.2 ms 3 pps / 0.2 ms 

Lower threshold for fish -60dB  -60dB 

Absorption coefficient; sound 

speed 

Constant 0.0047dB/m ; 

1446m/s 

Constant 0.0047 dB/m; 

1446 m/s 

Equivalent beam angle -20.23 dB -20.23 dB 

Noise at 1 m (Sv/TSu) -134.6 dB / -163.2 dB -132.1 dB / -160.7 dB 

Detection limit TS -64dB without 

bias 

147 m 128 m 

Calibration offset  Sv 0 dB -0.74dB 

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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Table 2. Summary of fish catches in the six vertical gill nets with variable mesh size set in Silver Lake on 

October 12, 2014 and on October 6, 2015.  Most of the fish caught were alewife, with one brown trout 

and one black crappie caught in 2014 and one largemouth bass, one rock bass and one yellow perch 

caught in 2015. Upper and lower depth is the depth of the upper and lower net line (measured with 

acoustics for the sinking nets).  Sinking nets were set from the bottom stretching up 6 m from the bottom. 

Floating nets are set from the surface down to 6 m depth. 

October 12, 2014: 

 

Site 1 

(West) 

Floating 

Site 1 

(West) 

Sinking 

Site 2 

(East) 

Floating 

Site 2 

(East) 

Sinking 

Site 3 

(South) 

Floating 

Site 3 

(South) 

Sinking 

Latitude N 41⁰ 56.024 41⁰56.046 41⁰ 56.042 41⁰ 56.030 41⁰ 55.916' 41⁰ 55.914' 

Longitude W 75⁰ 57.233 75⁰ 57.253 75⁰ 56.985 75⁰ 56.981 75⁰ 57.018' 75⁰ 57.008 

Set time (h) 19:25 19:20 19:05 19:15 18:50 18:30 

Retrieve time (h) 22:34 22:27 22:18 22:23 22:08 22:00 

Soak time (h) 3.1 3.1 3.2 3.1 3.3 3.5 

Upper depth (m) 0 5.5 0 4.5 0 9 

Lower depth (m) 6 11.5 6 10.5 6 15 

# alewife caught 479 7 300 6 109 0 

Catch / hour alewife 154.5 2.3 93.8 1.9 33 0 

Upper 1/3 0.38 0.4 0.43 0.17 0.6 -- 

Median 1/3 0.4 0.4 0.32 0.33 0.36 -- 

Lower 1/3 0.21 0.2 0.25 0.50 0.05 -- 

Alewife           

Mean Length (mm) 80.4 90.7 87.2 86 91.7 -- 

Range (mm) 54-122 72-115 52-133 74-96 49-135 -- 

Prop <80mm (%) 68 29 38 50 14 -- 

Other Fish None None 

Brown Trout 

650 mm 

Black 

Crappie 302 

mm 

None None None 
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Table 2 continue – catches on October 6, 2015 

 

Site 1 

(West) 

floating 

Site 1 

(West) 

sinking 

Site 2 

(East) 

sinking #1 

Site 2 

(East) 

sinking #2 

Site 3 

(South) 

floating 

Site 3 

(South) 

sinking 

Latitude N 1 41⁰ 56.0’ 41⁰ 56.0’ 41⁰ 56.1’ 41⁰ 56.1’ 41⁰ 55.9’ 41⁰ 55.9’ 

Longitude W 75⁰ 57.2’ 75⁰ 57.2’ 75⁰ 57.0’ 75⁰ 57.0’ 75⁰ 57.0’ 75⁰ 57.0’ 

Set time (h) 23:00 23:00 23:00 23:00 23:00 23:00 

Retrieve time (h) 00:30 00:30 00:30 00:30 00:30 00:30 

Soak time (h) 1.5 1.5 1.5 1.5 1.5 1.5 

Upper depth (m) 0 6 0 6 0 4 

Lower depth (m) 6 12 6 12 6 10 

# alewife caught 136 11 82 30 78 11 

Catch / hour alewife 90.7 7.3 54.7 20 52 7.3 

Upper 1/3 0.38 1 0.38 0.73 0.41 0.55 

Median 1/3 0.36 0 0.27 0.2 0.28 0.45 

Lower 1/3 0.26 0 0.35 0.07 0.31 0 

Alewife       

Mean Length (mm) 89 100 85 94 79 92 

Range (mm) 45-138 66-142 59-106 71-135 52-111 60-135 

Prop <80mm (%)       

Other Fish  
Yellow Perch 

351mm 
 

Rock Bass 

241 mm 
 

Largemouth 

Bass 380mm 

1) Same location as in past years, latitude and longitude based on 2013 
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Table 3.  Length-at-age and percent dry weight for alewife from Silver Lake, PA caught in October of 

2008-2014.    

Age 

Mean 

Length 

(mm) 

Range N 
 

% DW Range N 

2008 
       

0 69 58-80 6 
 

22.3 17.7-25.3 12 

1 92 85-97 10 
 

22.9 20.2-24.3 10 

2 112 105-120 10 
 

25.0 22.7-28.2 18 

3 131 119-144 3 
 

-- -- 0 

4 141 133-152 3 
 

-- -- 0 

2009 
       

0 64 55-69 10 
 

23.4 21.0-25.9 15 

1 87 80-92 4 
 

23.8 22.3-26.4 8 

2 106 99-110 6 
 

25.2 22.9-27.2 17 

3 126 118-136 7 
 

-- -- 0 

4 137 133-143 3 
 

-- -- 0 

2010 
       

0 65 55-75 10 
 

22.4 19.3- 24.7 17 

1 76 70-82 2 
 

21.7 -- 1 

2 90 83-108 9 
 

22.2 22.5-29.3 22 

3 114 106-121 4 
 

-- -- 0 

6 175 -- 1 
 

-- -- 0 

7 187 -- 1 
 

-- -- 0 

2011 
       

0 65 52-77 12 
 

20.4 15.8-25.0 27 

1 -- -- 0 
 

-- -- 0 

2 128 122-135 15 
 

24.7 21.8-25.5 9 

3 137 132-140 5 
 

25.2 23.4-27.4 3 

4 148 147-150 3 
 

-- -- 0 

5 165 -- 1 
 

24.9 -- 1 

8 208 -- 1 
 

24.7 -- 1 

9 220 -- 1 
 

26.0 -- 1 

2012        

0 57 54-59 5  18.6 15.8-25.2 5 

1 114 96-123 35  25.5 23.2-29.8 87 

2 127 116-133 19  26.9 22.6-30.9 17 

3 153 139-166 11  24.2 21.5-26.9 11 

4 169 157-190 5  24.6 23.5-27.3 5 

5 234 -- 1  31.7 -- 1 

7 244 235-252 2  31.1 30.7-31.5 2 

2013        

0 60 59-61 2  19.7 16.7-22.7 2 

1 92 84-117 16  20.9 17.5-26.7 14 

2 118 110-130 11  a)20.0 17.2-22.0 14 

3 157 -- 1  -- -- 0 

2014        

0 79 72-92 13  25.8 22.3-28.3 12 

1 96 93-100 7  25.4 22.9-26.7 8 

2 118 111-121 5  22.0 21.0-22.6 5 

3 132 129-135 5  22.5 20.9-26.0 5 

a) The dry weight to wet weight ratios in this row represent all alewife age 2 and older. 
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Table 4.  Results from acoustics estimate of alewife in Silver Lake October 12, 2014, using a 123 kHz 

split beam unit.  Density includes the whole water column (see methods).  Density is calculated from 

ABC/bs, where bs is target strength in the linear domain (back scattering cross section: bs = 10(TS/10)).  

Target density is calculated based on transect specific in situ TS.  The alewife density in 0-2 m was 

calculated based on average 2-6 m density and catch in the gill nets and was added to the target density to 

calculate alewife densities from 0m-bottom. Based on net catches, 47% of the alewife were caught from 0 

– 2 m depth in 2014.  In 2015 this value was 33 %.  Biomass is the alewife density multiplied with the 

average weight of alewife caught in the gill nets (5.7 g in 2014, 6.1 g in 2015).  Average acoustics values 

are weighted by transect length 

Transect # Transect Length 

(m) 

Average TS 

(dB) 

ABC 

(m2/ha) 

Target Density 

(>-60 dB) 

Alewife 

Density 

    below 2m 0m-bottom 

    (#/ha) (fish/ha) 

October 12, 2014 Survey 

1 858 -50.7 0.033 3839 5643 

2 862 -50.7 0.026 3064 4504 

3 422 -49.4 0.023 2027 2980 

4 468 -48.2 0.044 2899 4262 

5 504 -50.3 0.031 3304 4857 

Average 623 -50.1 0.031 3151 4632 

Biomass 

(kg/ha) 

    26.4 

October 6, 2015 Survey 

1 150 -51.9 0.023 3543 4712 

2 863 -52.6 0.022 3948 5251 

3 914 -53.1 0.013 2591 3446 

4 556 -52.6 0.023 4236 5634 

5 536 -50.5 0.026 2899 3856 

6 503 -53.2 0.013 2772 3687 

Average 587 -52.4 0.019 3296 4384 

Biomass 

(kg/ha) 

    26.3 
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Figure 1. An example of an echogram in the Sv domain. The echogram represents transect 3 of the 

October 6, 2015 hydroacoustic survey of silver Lake, PA. Colors are indicative of the strength of the 

signal returned (brown is the strongest and grey the weakest; scale to the right in dB). Note the 

concentrations of targets between 5 and 10 m and very few targets below 10m (grid lines are in 5 m 

increments). 
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Figure 2.  Net sampling station and typical acoustic survey design 2015 design shown.  Net sites for 

West, East and South sites are also indicated.  Acoustic survey design varies slightly among years.  
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Figure 3.  Depth distribution of gill net catches and acoustically determined fish density in one meter 

increment. Profiler (Hydrolab Sonde 3) temperature and dissolved oxygen are represented by the black 

lines.  Samples were taken on October 6, 2015.  Note that the fish distribution is an average for the whole 

lake whereas the temperature and oxygen profiles are for one station in the middle of the lake.   
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Figure 4.  Size distribution of measured alewife in Silver Lake in 2008-2015  
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