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The role of small lake-outlet streams in the dispersal of zebra mussel 
(Dreissena polymorpha) veligers in the Upper Susquehanna River Basin 

of New York 
 

Michael S. Gray 
 
 

Abstract: In the summers of 2003 and 2004 larval zebra mussels (veligers) were sampled 
with a 63 µm-mesh plankton net weekly at multiple locations on two streams in the 
Upper Susquehanna River Basin of New York to examine what role the streams played in 
the natural dispersal of zebra mussels.  The longitudinal distribution of veligers indicated 
that zebra mussels disperse following the source-sink model in Oaks Creek and a 
combination of the source-sink model and the downward-march model of dispersal in 
Eaton Brook.  Both streams contribute significant numbers of veligers to larger rivers 
downstream and in one case, the larger downstream river became infested with zebra 
mussels.  Two impoundments on Eaton Brook likely have been infested with zebra 
mussels.  The veliger production in the newly infested impoundments resulted in a 10-
fold increase in the flux of veligers leaving Eaton Brook.   

 
 

INTRODUCTION 
 
 Zebra mussels (Dreissena polymorpha (Pallas, 1771)) were discovered in Lake St. 
Claire, Michigan in 1988 (Herbert et al., 1989).  Since then, zebra mussels have 
successfully invaded and colonized 374 waterbodies in at least 15 states and two 
Canadian provinces (USGS, 2004).  Zebra mussels typically disperse by ‘hitching’ rides 
on recreational boats (Bossenbroek et al., 2001; Buchan and Padilla, 1999; Johnson et al., 
2001), commercial shipping vessels (Johnson and Carlton, 1996), and displaced aquatic 
macrophytes (Horvath and Lamberti, 1997) and by passively drifting during their larval 
life stage (i.e., veliger stage) in lotic (Johnson and Carlton, 1996; Horvath et al., 1996) 
and lentic (Johnson and Carlton, 1996; Martel, 1993) water currents.    
 
 Numerous studies examine and predict the dispersal of zebra mussels in lentic 
habitats (Bossenbroek et al., 2001; Buchan and Padilla, 1999; Martel, 1994) and large 
rivers (Bocherding et al., 1992; Kern et al., 1994; Mellina and Rasmussen, 1994; Stoeckel 
et al., 2004), however, few studies have addressed larval zebra mussel dispersal in small 
streams (see Horvath et al., 1996; Miller and Haynes, 1997).  The few studies that 
examined zebra mussel dispersal in small streams (Horvath et al., 1996; Horvath and 
Lamberti, 1999 a & b; Miller and Haynes, 1997) focused research on colonization 
dynamics of the zebra mussels, and not specifically on the role of the streams acting as 
longitudinal dispersal conduits to downstream waterbodies, though Horvath and Lamberti 
(1999 a & b) note that small streams can be potential dispersal conduits for larval zebra 
mussels.   
 

The dispersal of larval zebra mussels in lotic habitats requires headwaters 
colonized by zebra mussels to provide veligers for dispersal to areas downstream of the 
headwater (Horvath et al., 1996; Stoeckel et al., 2004).  Horvath et al. (1996) and 
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Horvath and Lamberti (1999 a & b) found that veliger concentrations in Christiana Creek, 
a small stream in Michigan and Indiana, declined exponentially with increasing distance 
from the lake-outlet.  They proposed that veliger mortality from turbulence and shear 
forces (see also Rehman et al., 2003) was likely the reason for the exponential decrease in 
veliger abundance with increasing distance from the lake-outlet.  They didn’t, however, 
examine the role Christiana Creek served in providing veligers to the St. Joseph River, 
whose confluence with Christiana Creek is ~18 km downstream of the Christiana Lake 
headwater.   

 
 The first established population of zebra mussels in the Upper Susquehanna River 
Basin was documented in Eaton Brook Reservoir, Madison County, New York in 2000 
(Lord, 2002) followed by a second documented invasion into Canadarago Lake, Otsego 
County, New York in 2002 (Horvath and Lord, 2002).  Because this is currently the 
beginning of the invasion of zebra mussels in the Susquehanna River Basin, we are in a 
unique position to examine the dispersal dynamics of larval zebra mussels.  The goal of 
this study was to examine the potential of zebra-mussel-infested Eaton Brook Reservoir 
and Canadarago Lake to provide sufficient veliger numbers to colonize larger, 
downstream rivers.    
 

METHODS 
 

Study Area 
 

Eaton Brook and Oaks Creek are located in the Upper Susquehanna River Basin 
of New York (Figure 1).  The headwaters for Eaton Brook and Oaks Creek are Eaton 
Brook Reservoir (N 42º 51.872' W 075º 41.207') located in Madison County, New York 
and Canadarago Lake (N42° 47.51' W75° 0.93') located in Otsego County, New York.   

 

 

Figure 1.  Madison and Otsego Counties, NY (1 cm = 70.4 km).     
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Eaton Brook Reservoir (115 ha; Figure 2) was constructed in the 1830’s to supply 
water to the Chenango Canal, which connected the Erie Canal in Utica, NY with the 
Susquehanna River in Binghamton, NY (Ingmire, 2004).  The Chenango Canal is no 
longer in operation.  The dam at Eaton Brook Reservoir (~20 m) has both hypolimnetic 
and epilimnetic (spillway) discharges.  Additionally, the spillway has a series of large 
concrete baffles to minimize the velocity of water coming over the spillway.  Canadarago 
Lake (760 ha) has a small, adjustable-board low-head dam installed in the 1960’s to 
stabilize summer lake levels.  The Canadarago Lake dam lies 1.8 km from the lake outlet.  
Eaton Brook ends at its confluence with the Chenango River ~8 km from Eaton Brook 
Reservoir.  Oaks Creek ends at its confluence with the Susquehanna River, 22 km from 
Canadarago Lake.   

 
 

Figure 2.   Sampling site locations on Eaton Brook (1 cm = 1.6 km) and Oaks Creek (1 
cm = 5.8 km).  Maps were produced using ArcView GIS version 3.21a. 
 

 Eaton Brook shares geomorphologic characteristics with second to third order 
streams, whereas Oaks Creek shares geomorphologic characteristics with third and 
fourth-order streams.  The stream gradient over the length of the stream (derived from 
topographical maps) for Eaton Brook and Oaks Creek is 0.009 and 0.001 respectively.  
Eaton Brook is less sinuous than Oaks Creek.  Eaton Brook’s average width is ~5-7 m 
(except impoundments) and Oaks Creek’s average width is ~10-15 m.  Eaton Brook 
resembles a northeastern freestone creek for most of its length, however it has 3 man-
made impoundments (~3.5, 5.2, 3.0 ha).  Oaks Creek also resembles a northeastern 
freestone creek, however its upper reaches (outlet to 1.8 km) resemble lentic habitats with 
very low velocity, soft substrate, and macrophytes along the banks.  Downstream of the 
dam, stream gradient and velocity begin to increase, and the creek begins to resemble a 
freestone creek 
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 Sample sites on Eaton Brook (n=6) were located above the dam on Eaton Brook 
Reservoir (0 km) and then 0.2, 1.0, 2.4, 4.9, 7.8 km downstream from the dam.  
Additionally, two other sites were investigated on the Chenango River 9.7 and 22.1 km 
downstream from the Eaton Brook Reservoir dam.  Sample sites on Oaks Creek (n=5) 
were located 1.8, 6.6, 11.5, 13.6, and 22 km downstream of the Canadarago Lake outlet.  
Additional sample sites (n=3) were added to the Susquehanna River below its confluence 
with Oaks Creek in the summer 2004.  These sites were located 33, 52.3, and 62 km from 
the Canadarago Lake outlet.  Goodyear Lake is located just downstream of the 52.3-km 
site.  The 62-km site is 2.3 km downstream of the Goodyear Lake dam.  Veligers 
observed from the 62-km site are assumed to be from Goodyear Lake and not 
Canadarago Lake.  Distances on Eaton Brook were determined using DeLorme 
TopoUSA version 5.0 software and distances on Oaks Creek were determined using 
ESRI ArcView GIS version 3.2a software using data provided by the Otsego County Soil 
and Water Conservation District. 
 

Physicochemical Parameters 

 Water chemistry was monitored on Eaton Brook on 12 June 2003, 17 July 2003, 
and 14 August 2003; water chemistry was monitored on Oaks Creek on 13 June 2003, 17 
July 2003, and 14 August 2003.  Water quality was not monitored in the summer 2004.  
Temperature, dissolved oxygen, conductivity, and pH were measured using an YSI water 
analyzer.  Water samples (n=2 per site) were also taken for alkalinity (sampled on 17 July 
2003) and calcium (sampled on 14 August 2003) measurements for both streams.  
Calcium and alkalinity analysis procedures were adapted from APHA (1989).   
 
 Discharge was calculated on each sample day in both years.  Discharge was not 
calculated (from stream measurements) on Eaton Brook on 15 July 2004 due to inclement 
weather.  Discharge was calculated by multiplying the cross-sectional area of the stream 
channel by the mean stream velocity (i.e., at ~40 % stream depth), which was measured 
using a Marsh-McBirney digital flowmeter.  Discharge was calculated from Eaton Brook 
0.2 km from the Eaton Brook Reservoir outlet and on Oaks Creek 11.5 km from the 
Canadarago Lake outlet.  Discharge could not be calculated from sampling sites upstream 
of the 11.5 km site on Oaks Creek because deep water precluded safe wading.  On seven 
dates in the summer of 2003, stadia gauge readings were made at the Eaton Brook 
Reservoir spillway for construction of a discharge-rating curve for Eaton Brook.   
 

Discharge from 15 July 2004 on Eaton Brook was calculated by linearly 
regressing all discharge data with readings from the stadia gauge (n=7) on Eaton Brook 
Reservoir and then interpolating the discharge reading from the stadia reading 15 July 
2004 on the regressed rating curve (R2= 0.78).   
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Veliger Sampling 
 

Quantitative veliger sampling procedures were adapted from Horvath and 
Lamberti (1999).  Veligers were collected by bucketing 90L of water from the water 
column into a 63µm-mesh plankton net.  Each concentrated sample was then rinsed into 
sterile plastic sample bags with 70% ethanol.  Three samples were collected per site for 
each date.  All sites on Eaton Brook (including the reservoir) and Oaks Creek were 
quantitatively sampled.  The two sites on the Chenango River and the three sites on the 
Susquehanna River were qualitatively sampled.  The qualitative sampling procedure was 
also adapted from Horvath and Lamberti (1999).  This procedure involved hanging a 
63µm-mesh plankton net in the thalweg (main channel) for a period of five minutes.  The 
concentrated samples were then rinsed into a sterile sample bag with 70% ethanol.  Only 
two samples were collected at the sites that were qualitatively sampled.  The purpose of 
qualitative sampling is to document the presence or absence of veligers at those sampling 
locations.  Sites were qualitatively sampled because veliger concentrations were too low 
to make accurate counts given the limited volume of water sampled.  Additionally, the 
qualitative sites were in much larger rivers (compared to Eaton Brook and Oaks Creek) 
and thus high turbidity made quantifying veligers in the concentrated samples difficult.  
The most downstream site on the Susquehanna River (62 km) was sampled quantitatively 
starting 25 June 2004.  

 
Veligers were sampled from the lowest most point on the stream (i.e. the 62-km 

site on the Susquehanna River and the 22.1-km site on the Chenango River) and then 
moving upstream towards the headwaters.  If sampling was done from upstream to 
downstream, the higher veliger concentrations at the upstream sites could potentially 
introduce unnecessary error because veligers could potentially cling to the inside of the 
net despite rinsing, and add to the veliger count/concentration of downstream sites.  
When sampling occurs in an upstream direction, the concentrations in the streams should 
be increasing and any veligers stuck to the inside of the net will have a minimum effect 
on the count.  On the rare occasion that sampling occurred from upstream to downstream, 
the plankton net was soaked in distilled vinegar to dissolve any veligers potentially 
sticking to the inside of the net.  The plankton net was also placed in distilled vinegar 
when moving between streams to minimize contamination error  
 

Veligers were quantified using cross-polarization microscopy (Johnson, 1995).  
This technique allowed for easy identification of zebra mussel veligers.  Five1-mL 
subsamples per sample were pipetted into Sedgewick-Rafter Counting Cells and veligers 
were quantified and placed into three developmental categories based on external 
morphology.  These size (developmental) categories include the straight-hinged or D-
stage, umbonal-, and pediveliger-stages (Figure 3).  The straight-hinged stage is the first 
veliger developmental stage and is characterized by a ‘D’ shaped shell, the umbonal stage 
is the mid-developmental veliger stage characterized by the appearance of the umbo, and 
the pediveliger stage (or late-umbonal stage) is the final stage of veliger development and 
is characterized by the development of a well-developed umbo and larger size (Horvath 
& Lamberti, 1999).  The pediveliger stage veligers are competent to settle.   
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Figure 3.  Zebra mussel life cycle (Black, 2003). 

The qualitative samples were processed by pipetting 3 1-mL subsamples into 
separate petri dishes and then rinsing with a small volume of 70% ethanol to dilute the 
samples.  The dilution of the 1-mL sample served to facilitate finding veligers among the 
large amounts of sediment in the samples.  The qualitative samples were also examined 
using cross-polarization microscopy. 

 
Veliger Flux 

In order to account for potential flow effects and dilution of veliger concentrations 
(i.e., veligers L-1) due to varying discharge levels across both temporal and spatial scales, 
veliger flux (i.e. millions of veligers day-1 passing a specific location) was calculated 
(Stoeckel et al., 1997; Stoeckel et al., 2004).  Veliger flux per day was calculated using 
the following equation:   

 
f  = V*Q *86,400 / 106, 

where f = flux, V = veliger concentration (veligers  L-1), Q = discharge (L  s-1), and 
86,400 represents the number of seconds in a day (converting from seconds to days). 
Discharge is assumed to be constant along the entire length of each stream, even though 
discharge will increase with increasing distance from the lake-outlet due to discharge 
input from tributaries.  
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Veliger Mortality 

 Veliger mortality was examined using methods adapted from Horvath and 
Lamberti (1999).  Veligers were sampled using the qualitative sampling procedures 
explained above in Oaks Creek (1.8 and 22 km sites) and the Susquehanna River (62 km 
site) on 25 June 2004 and in Eaton Brook (0.2 and 7.8 km sites) on 28 June 2004.  
Sampling occurred in the last week of June 2004 because this time corresponded with the 
first major reproductive events in the summer of 2003.   
 
 Three samples were taken from each site and placed in sterile plastic bags 
suspended over a water bath to minimize temperature fluctuations.  Neutral Red             
(45 mg L-1) was then added to the samples until a volume of 100 mL was reached and the 
samples were allowed to set for a period of 3 h in order for the live veligers to incorporate 
the stain.  Following the 3-h stain time, the samples were rinsed with tap water and the 
veligers were enumerated using stereo dissecting microscopes (20X).  The veligers were 
first located using cross-polarized light.  After the veligers were located, they were 
examined under unpolarized light (bright field) in order to determine if the veliger 
incorporated stain particles (i.e., the veliger is alive).  Veligers were considered alive if 
they turned pink or red (from Neutral Red) and/or if they were actively swimming.  
Veligers were considered dead if no stain was visible under the white-light conditions.  
Veligers were identified as being alive, dead, or broken and counted until 100 veligers 
were counted from an individual sample.  The 100-veliger target was not met at either 
Eaton Brook site or the Oaks Creek 22 km site because of low veliger concentrations. 
 

Statistical Analysis 

 All data for veliger concentration and flux were logarithmically regressed using 
SPSS for Windows Student Version 10.0.5 and SPSS Version 11.5.0 software.  The 
normality assumption was tested using Kolomogorov-Smirnoff (with Lillifors) tests.  All 
data were normally distributed.  The homogeneity of variance assumption was tested by 
plotting the residuals versus predicted values on scatterplots.  The scatterplots indicated 
that the veliger concentration and flux data variance is heterogeneous, thus violating the 
homogeneity of variance assumption.  McArdle and Anderson (2004) note that data with 
unequal variances are typically transformed and the resulting data are then analyzed, 
however, the use of transformed data to minimize heterogeneity often “leads to grossly 
inflated type I error.”  Thus, the statistical data were interpreted cautiously (without 
transforming the data) considering the heterogeneity of variance.    
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RESULTS 
 

Physicochemical Parameters 
 

 All water chemistry parameters fell within the range suitable for the survival of 
zebra mussels (Tables 1 and 2).  Zebra mussels require water temperature between 2 and 
30º C (Smirnov et al., 1993), dissolved oxygen concentrations >1.8 mg L-1 (Sprung, 
1987), calcium concentrations >12 mg L-1  (Sprung, 1987; though Neary & Leach (1992) 
suggest concentrations >28 mg L-1), and pH between 7.4 and 9.4 (Sprung, 1987).  See 
appendices A1-A3 for additional water quality data and discharge data for Eaton Brook 
and appendices B1 and B2 for similar data for Oaks Creek. 

 
 
Distance from Outlet (km) Temp. (°C)  DO (mg L-1) Ca (mg L-1) pH 

0 22.85 8.69 24.4 8.49 
0.2 22.57 7.85 25.7 8.38 
1.0 21.44 8.60 26.1 8.08 
2.4 20.55 8.21 32.1 7.90 
4.9 21.30 8.51 37.7 8.17 
7.8 20.47 8.63 40.1 8.31 

 
Table 1.  Mean summer (n=3 dates except Ca which was measured on one date) water 
chemistry in Eaton Brook and the Chenango River in the summer 2003. 
 
 
 
 
 
 
Distance from Outlet (km) Temp. (°C)  DO (mg L-1) Ca (mg L-1) pH 

1.8 20.56 7.23 48.5 7.84 
6.6 20.48 6.58 48.1 7.76 
11.5 20.70 7.18 47.7 7.82 
13.6 20.55 7.55 48.1 7.80 
22 19.78 8.11 51.3 7.96 

 
Table 2. Mean summer (n=3 dates except Ca which was measured on one date) water 
chemistry in Oaks Creek in the summer 2003. 
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Veliger Sampling 
 
(note: y-axis scales are not constant among graphs due to large variation in concentrations and flux.  
Error bars = ±1 s.e. EB = Eaton Brook and OC = Oaks Creek). 
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Figures 4-7.  Mean longitudinal veliger concentrations and mean daily flux in Eaton 
Brook in the Summers 2003 and 2004. 
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OC 2004 Flux
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 R2 = 0.963   P = 0.003    R2 = 0.967   P = 0.003 

 
 

Figures 8-11.  Mean longitudinal veliger concentrations and mean daily flux in Oaks 
Creek in the Summers 2003 and 2004. 
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Figures 12-15.  Veliger development in Eaton Brook and Oaks Creek. 
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Figures 16 & 17.  Veliger mortality in Eaton Brook and Oaks Creek in the last week of 
June 2004. 
 
 
 The veliger mortality data should be viewed with caution because the veliger 
counts were very low for the Eaton Brook (n = 164 veligers at 0.2 km and n = 46 veligers 
at 24.4 km) sites and the 22-km site on Oaks Creek (n = 18 veligers).  The 1.8-km site on 
Oaks Creek (n = 305 veligers) and the 62-km site on the Susquehanna River (n = 299 
veligers) had acceptable numbers (i.e. n = ~300 veligers) of veligers in the samples. 
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Flux in and out of EB- 2004
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Flux out of EB- 2004
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Figures 18 -21. Figures on the left illustrate veligers entering and leaving Eaton Brook. 
Solid dots represent veligers entering Eaton Brook and open dots represent veligers 
entering the Chenango River.  Figures on the right illustrate veligers entering the 
Chenango River (note variable range at top).  Mean flux out of Eaton Brook was 2.3 
million veligers day-1 in 2003 and 24.6 million veligers day-1 in 2004. 

 
 
 
 
 



 14 

Flux in and out of OC- 2003
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Flux in and out of OC- 2004
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Flux out of OC- 2004
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Figures 22-25. Figures on the left illustrate veligers entering and leaving Oaks Creek. 
Solid dots represent veligers entering Oaks Creek and open dots represent veligers 
entering the Susquehanna River.  Figures on the right illustrate veligers entering the 
Susquehanna River (note variable ranges).  Mean flux out of Oaks Creek was 57.9 
million veligers day-1 in 2003 and 120.9 million veligers day-1 in 2004. 
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Figures 26 & 27. The figure on the left illustrates the size distribution of veligers that 
have come out of Goodyear Lake (62-km site).  The figure on the right illustrates veliger 
concentration for the 62-km site.  It is assumed that veligers are from Goodyear Lake and 
not Canadarago Lake. 
 
 
 The qualitative sampling on the Chenango River (9.7 & 22.1 km from Eaton 
Brook Reservoir) in 2003 yielded 1 observation of veligers at 9.7 km site and 3 
observations of veligers at the 22.1 km site (out of n = 11 dates); in 2004, sampling 
yielded 2 observations at each site (out of n = 10 dates).  The qualitative sampling on the 
Susquehanna River in 2004 (sites 33, 52.2, & 62 km from Canadarago Lake) yielded 5 
observations at the 33 km site, 8 observations at the 52.2 km site and 10 observations at 
the 62 km site (out of n = 10 dates).   
 
 For individual sampling date data on veliger concentration, flux, and 
development, see Appendices A4-A21 for Eaton Brook data and Appendices B3-B20 for 
Oaks Creek data.   
 

DISCUSSION 

 Horvath et al. (1996) proposed that zebra mussel veligers disperse in lotic systems 
following source-sink models.  These models require an upstream zebra mussel infested 
lake or reservoir (source), with the outlet stream being the sink.  Veligers passively drift 
from their parent headwaters through the outlet into the outlet stream where the veligers 
continue drifting, settle to the substrate and attach (i.e. instream recruitment), or die. The 
source-sink model assumes that adult zebra mussels will only be found in streams 
relatively close to the outlet of source-lake or reservoir and that instream reproduction is 
minimal because propagules will likely drift out of the stream before enough time has 
elapsed to allow for settlement.  This appears to be the case in Oaks Creek, where 
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instream recruitment is minimal (Hingula, 2004).  If any instream reproduction occurs, 
the propagules will likely drift through Oaks Creek and into the Susquehanna River 
before they develop enough to settle.  
 

Veliger dispersal is more complicated in Eaton Brook because 3 impoundments 
act as retention zones for veligers coming from Eaton Brook Reservoir and at least two of 
these impoundments likely have adult populations, which are likely producing veligers 
that are drifting downstream.  The data show that adults probably colonized the first two 
impoundments in 2003 (colonization is assumed but has not been verified with an adult 
survey of the impoundments); mean veliger concentrations and flux decreased 
logarithmically from the lake outlet in 2003 but not in 2004 (Figures 4-7).  Thus, it 
appears that Eaton Brook (disregarding the impoundments) is acting as a sink, and the 
impoundments that mimic lentic conditions which favor veliger production and survival 
(Mackie, 1995), are acting as veliger sources to areas further downstream (the large peak 
mid-stream in Figure 7 represents veliger production in the 2 colonized impoundments).  
The lack of instream reproduction in Eaton Brook (disregarding the impoundments) 
supports the source-sink model, however, the presence of reproducing adults in the Eaton 
Brook impoundments isn’t consistent with the source-sink model.   

 

 

Figure 28.  Zebra mussel dispersal models in small streams. Rectangles = infested 
headwater, triangles = zebra mussel population, circles = infested impoundment, and line 
= outlet-stream.  A) Source-sink model: infested headwater supplies veligers to stream 
with minimal instream settlement (triangle) of adult mussels.  B) Downstream-march 
model: infested headwater supplies veligers, which settle in the entire length of the 
stream. C) Eaton Brook dispersal model: headwater supplies veligers to stream. Minimal 
settlement (except impoundments).  Inline impoundments provide additional veligers to 
waters downstream. D) Oaks Creek dispersal model:  same as source-sink model. 
 

Horvath et al. (1996) also examined another dispersal model, the downstream-
march model.  This model also requires a lake or reservoir that acts as a source of 
veligers to its outlet-stream; however, in this model colonization is predicted to occur 
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along the entire length of the stream (colonization was not restricted to short distances 
below dams).  Though it appears that at least two of the impoundments have been 
colonized and adult zebra mussels are present in Eaton Brook <250 m from the dam, few 
to no other adult zebra mussels were found along the length of Eaton Brook (Gray, 
unpublished data).  Thus, the downstream-march model doesn’t adequately describe 
zebra mussel dispersal in Eaton Brook.  Veliger dispersal in Eaton Brook appears to 
follow a combination of the source-sink model and the downstream-march model.  
Veligers that would ordinarily settle (rarely), die, or drift through Eaton Brook to the 
Chenango River (source-sink) have been retained in the impoundments long enough to 
develop to the pediveliger stage and settle (Stoeckel et al., 2004) and then develop into 
adults that begin reproducing (downstream-march).   

 
The presence of impoundments in Eaton Brook likely expedited the downstream 

migration of zebra mussels in Eaton Brook and likely into the Chenango River.  In 2003, 
where it is assumed that no adult zebra mussels are in the impoundments, the mean flux 
of veligers out of Eaton Brook into the Chenango River was 2.3 million veligers day-1.  In 
2004, after the impoundments are assumed to be colonized, veliger flux into the 
Chenango River increased 10-fold to 24.6 million veligers day-1.  This large increase in 
veliger flux may be attributed to variation in veliger production and flow conditions 
(among years), however, veliger flux in Oaks Creek only showed a 2-fold increase in 
veliger flux into the Susquehanna River from 2003 to 2004 (57.9 to 120.9 million 
veligers day-1).  I propose that the presence of zebra mussel infested impoundments in 
Eaton Brook produced at least some of the excess veligers that accounted for the 10-fold 
increase in mean veliger flux in 2004.  Further research is required to more fully 
understand the importance of the impoundments in the production of veligers that are 
drifting into the Chenango River.   

 
It is not clear whether zebra mussels have colonized the Chenango River because 

no surveys for adult zebra mussels were performed on the Chenango River.  However, it 
is possible that the Chenango River has been colonized between the confluence of Eaton 
Brook and the site 22.1 km downstream of the Eaton Brook Reservoir dam because 
veligers were found in the quantitative samples more frequently at the 22.1 km site than 
the 9.7 km site in 2003.  Unlike 2003, veligers were found at equal frequencies at these 
two sites in 2004.  It is also possible that the Susquehanna River is colonized between the 
Oaks Creek confluence and Goodyear Lake because veligers were found in the 
quantitative samples more frequently at the 52.2-km site than the 33-km site in 2004.  
Further research should also be directed at determining if the lotic portions of the 
Susquehanna River (i.e. above Goodyear Lake) have been colonized by zebra mussels.  
 

 The headwater lakes Eaton Brook Reservoir and Canadarago Lake do supply 
veligers to larger downstream rivers (Figures 19, 21, 23, & 25) via their outlet-streams 
and may contribute veligers that settle downstream and start new populations.  This 
hypothesis was supported in the Oaks Creek system when zebra mussel veligers were 
found in Goodyear Lake and in the Susquehanna River downstream of Goodyear Lake in 
2004.  It is possible that zebra mussels could have been introduced from recreational 
boater use of Goodyear Lake; however, data collected by Armstrong (2004) indicated 
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that veliger production from Canadarago Lake is the likely source of zebra mussels in 
Goodyear Lake.  Goodyear Lake now has a self-sustaining population that is providing 
veligers for areas farther down the Susquehanna River (Figure 27).  The only other 
possible upstream source of zebra mussel veligers to Goodyear Lake would be from 
Otsego Lake, which currently is not colonized by zebra mussels (Gray, unpublished 
data).  It is not clear at this time if the Chenango River is colonized, however, the 
Chenango River is receiving large quantities of veligers from Eaton Brook, and its likely 
that if the Chenango River is not colonized currently, it will be in the future due to the 
large numbers of veligers it receives from Eaton Brook.   

 
The number of veligers needed to colonize the Susquehanna and Chenango Rivers is 

unknown, but we can assume that the threshold was reached in 2003 in the Oaks Creek-
Susquehanna River system because the Susquehanna River (Goodyear Lake) now has a 
zebra mussel population.  The mean flux into the Susquehanna River from Oaks Creek in 
2003 was 57.9 million veligers day-1 without considering mortality.  If the mortality data 
are considered, then 19.1 million veligers will enter the Susquehanna River per day.  This 
number may be exaggerated because the mortality percentage for the Oaks Creek-
Susquehanna River confluence site is based on a very small (n = 18) sample size and the 
mortality survey didn’t distinguish between developmental stages.  Schneider et al. 
(2003) found that when mortality is assumed to be constant among developmental stages 
(as in this study) the contribution from veliger sources may be substantially 
overestimated.  Schneider et al. (2003) followed a single cohort of veligers down the 
Illinois River and found that mortality of D-stage veligers was 8.9 % day-1 and increased 
to 81.5% day-1 when the D-stage veligers metamorphosed into umbonal veligers and then 
decreased to 63.9% day-1 with the transition from umbonal to pediveliger stage; they 
verified this mortality bottleneck in the laboratory.  Their overall numbers may also be 
slightly inflated because they assumed all veligers in their samples to be alive, rather than 
actually estimating the ratio of alive to dead veligers using the Neutral Red staining 
technique.  Because this study assumed mortality to be constant across all developmental 
stages, the estimated flux threshold necessary to colonize Goodyear Lake may be 
considerably less than the 19.1 million veligers day-1 estimated to be entering the 
Susquehanna River from Oaks Creek in 2003.  It is not possible to estimate the flux 
threshold necessary to colonize the Chenango River until we know the river is colonized.  

 
Schneider et al.’s (2003) developmental bottleneck explains the dominance of D-

stage veligers (compared to umbonal and pediveliger stages) in all samples collected 
during this study (Figures 12-15 & 26).  If mortality were equal across developmental 
stages we would expect to see a nearly equal proportion of D-stage and umbonal-stage 
veligers in the samples.  However, the umbonal-stage veligers are far less common than 
the D-stage veligers, which is consistent with the developmental bottleneck.  Far fewer 
pediveliger-stage veligers would likely be found because they are competent to settle and 
are less likely to be found in the water column.  In addition to stage-specific mortality, 
the hydrodynamic and mechanical stresses associated with lotic dispersal of veligers also 
contribute heavily to mortality of veligers (Horvath & Lamberti, 1999a; Rehman et al., 
2003).  This is illustrated well by Figures 18, 20, 22, and 24; large numbers of veligers 
enter the head of the streams and the concentration of veligers drops logarithmically with 
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distance away from the lake-outlet.  If no mortality occurred over the length of the 
stream, we would expect to find roughly the same number of veligers at the outlet and at 
the confluence of the larger downstream rivers.  The ability of these streams to attenuate 
the flux of veligers is apparently not great enough to prevent millions of veligers from 
dispersing into new waterbodies. 

 
 In order to fully understand the dispersal dynamics of zebra mussels in the Upper 
Susquehanna River Basin of New York, more research should be directed at:   

1. Determining exactly what role the impoundments on Eaton Brook are playing 
in producing veligers for the Chenango River. 
2. Determining if the Chenango River is colonized and if it is, to what extent. 
3. If the Chenango River is colonized, is it producing veligers that disperse into 
the Susquehanna River? 
4. Determining how far the veligers produced in Goodyear Lake are dispersing 
and if they are colonizing areas downstream.   

 
Eaton Brook and Oaks Creek clearly are providing significant numbers of veligers 

to downstream rivers, and in the case of the Susquehanna River, mussels have been able 
to successfully invade the downstream river.  If the Chenango River becomes colonized 
and begins producing veligers, the Susquehanna River below the confluence of the 
Chenango River will have many more zebra mussels coming into it, which should be of 
concern to raw water users of the Susquehanna River.  Additional attention should also 
be given to examining the potential to minimize veliger flux into new water bodies by 
taking advantage of the natural ability of streams to attenuate veliger flux (e.g. this study; 
Horvath & Lamberti, 1999a), the developmental bottleneck intrinsic to zebra mussel 
ontogeny (Schneider et al, 1993), and other novel methods of veliger control (Rehman et 
al., 2003) which could potentially halt or slow the further natural dispersal of zebra 
mussels into new waterbodies. 
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Eaton Brook Reservoir boaters: 

 habits, zebra mussel (Dreissena polymorpha) awareness, and adult 
zebra mussel dispersal via boaters 

 
Michael S. Gray 

 
 

Abstract:  A boater survey was conducted at the Eaton Brook Reservoir (EBR) boat 
launch, Madison County, New York in the summer 2003 to: 1) ascertain the level of 
zebra mussel awareness and the habits of EBR boaters, 2) estimate the number of boaters 
dispersing zebra mussels, and 3) predict where EBR boaters may next transport zebra 
mussels.  1,635 boating trips were estimated to occur from the EBR boat launch in the 
summer 2003.  98% of the 126 interviewed boaters have heard of zebra mussels.  68% of 
those interviewed reported knowing that proper boat washing could prevent the dispersal 
of zebra mussels and 67% of boaters reported washing their boats (though only 39% 
reported washing their boats after every trip).  6% of interviewed boaters had zebra-
mussel encrusted macrophytes entangled on their anchors.  98 EBR boaters were 
estimated to disperse zebra mussels in the summer of 2003 with 20 estimated dispersal 
events leading to waterbodies not yet infested by zebra mussels. The results of this study 
show that increased awareness (via enhanced outreach programs) would likely slow or 
stop the further overland dispersal of zebra mussels from EBR. 

 
 

INTRODUCTION 

Zebra mussels (Dreissena polymorpha (Pallas, 1771)) were first discovered in 
North America in Lake St. Claire, Michigan in 1988 (Herbert et al., 1989).  Since the 
initial discovery, zebra mussels have found their way into at least 374 waterbodies across 
North America; this includes waterbodies in at least 15 states and 2 Canadian provinces 
(USGS, 2004).  Zebra mussels have established populations in the Mohawk, Hudson, and 
St. Lawrence River basins and Great Lakes Ontario and Erie of New York.  The first 
documented established population of zebra mussels in the Upper Susquehanna River 
Basin of New York was discovered in Eaton Brook Reservoir (EBR), Madison County, 
New York in the summer of 2000 (Lord, 2002).  The introduction of the zebra mussel 
into the Upper Susquehanna River Basin is of concern to resource managers, ecologists, 
and raw water consumers of the Susquehanna River from central New York to the 
Chesapeake Bay of Maryland and Virginia (~715 river km).  Zebra mussels are a serious 
concern because they have been documented to have significant negative ecological, 
economic, and recreational impacts in waterbodies they invade.   

 
The first major ecological impact related to zebra mussels is the significant 

reduction of phytoplankton biomass (80-90% reduction in the Hudson River (Caraco et 
al., 1997; Pace et al., 1998)) in infested waterbodies (Idrisi et al., 2001; Ramcharan, 
1992).  Reduced phytoplankton biomass increases the depth of photosynthetically active 
radiation penetration into the water column (Idrisi et al., 2001; MacIsaac, 1996), which 
results in increased macrophyte biomass (MacIsaac, 1996; Griffiths, 1993), transfers the 
primary productivity (i.e. energy) from the pelagic zone to the benthic zone (Karatayev et  
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al., 1997; Leach, 1993; Ludyanskiy et al., 1993; Ramcharan et al. 1992), and potentially 
impacts fish recruitment, growth, distribution, and abundance (Strayer et al., 2004; 
Rutherford et al., 1999; Ludyanskiy et al., 1993).    

 
Zebra mussels can have other significant impacts related to their filter feeding 

activities.  Vanderploeg et al. (2001) noted that zebra mussels selectively rejected toxic 
strains of Microcystis aeruginosa, a planktonic blue-green algae, which resulted in toxic 
blooms of M. aeruginosa in Lakes Huron and Erie.  Effler et al. (1996) found that zebra 
mussels in the Seneca River of New York had a significant impact on water quality; the 
zebra mussel infestation changed the Seneca River from a turbid, low-nutrient, high 
productivity (i.e. phytoplankton), high oxygen (saturated) river to a river with high 
transparency, low productivity, and low oxygen concentrations in a period of 3y.  Effler 
et al. (1996) noted that that reduction in oxygen concentrations was great enough to 
violate the New York State Standards for daily minimum and daily mean oxygen 
concentrations in the Seneca River in the summer of 1993.  Griffiths (1993) observed 
similar impacts in Lake St. Claire: “The removal of seston by filtering mussels has 
promoted a shift in habitat structure from a relatively homogeneous environment of 
turbid water and silty substrata to an environment of clearer water with patches of 
macrophytes, mussel colonies, and silty sand spaces.”  Another impact derived from the 
filter-feeding of zebra mussels is a size-selective decline of zooplankton (Pace et al., 
1998).  Pace et al. (1998) found that zebra mussels significantly reduced the biomass of 
small zooplankters (e.g. tintinnid ciliates, rotifers, and copepod nauplii), which resulted in 
a total reduction of zooplankton biomass of 70% following the invasion of zebra mussels 
into the Hudson River.  Additionally, zebra mussels have been found to bioaccumulate or 
bioconcentrate various toxins (e.g. polychlorinated biphenyls, polynuclear aromatic 
hydrocarbons, and heavy metals) present in some infested waterbodies (Fisher et al., 
1993; deKock & Bowmer, 1993).  deKock & Bowmer (1993) found that tufted ducks 
(Aythya fuligula) that ate contaminated (i.e. cadmium and other organochlorine 
contaminants) zebra mussels incorporated the toxins from the zebra mussels into their 
fatty tissues, which resulted in teratogenic effects (birth defects).   

 
Zebra mussels have also been found to significantly impact benthic communities 

in North America (MacIsaac, 1996), as well as in Europe (Karatayev et al., 1997).  
Perhaps the greatest ecological threat zebra mussels pose to infested waterbodies is their 
impact on native bivalves (Schloesser et al., 1996).  The world’s highest diversity of 
freshwater mussels (Unionidae) are found in North American waterbodies, with 297 
recorded species (~1/3 of the world’s freshwater mussel fauna); unfortunately, 12% are 
presumed extinct and an additional 60% are threatened or endangered by a suite of 
anthropogenic impacts such as habitat degradation (Ricciardi et al., 1998; Williams et al., 
1993).  Native unionids are further imperiled by the invasion of zebra mussels into North 
America because zebra mussels attach to unionid shells via byssal threads which 
negatively impact respiration, feeding, locomotion, valve movement, and cause shell 
deformities (Baker & Hornbach, 1997; Mackie, 1993; Ricciardi et al., 1996; Ricciardi et 
al., 1998; Schloesser et al., 1996).   
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 Ludyanskiy et al. (1993) called the zebra mussel one of the most notorious 
biofoulers in the world due to their severe economic impacts related to the fouling of raw 
water intakes at reservoir pumping stations, electric generating plants, and other 
industrial facilities.  Zebra mussels attach to the hard surfaces (e.g. raw water intakes, 
screens, etc.) with their byssal threads in high densities, which results in severe 
reductions of flow (i.e. 20-30% of original opening).  These reductions in flow have been 
great enough to shut down power plant operations (Ludyanskiy et al., 1993).  Additional 
economic impacts related to zebra mussels include the fouling of commercial and 
recreational boat hulls and motors and tourism revenue loss due to sharp zebra mussel 
shells littering beaches and swimming areas and the smell of decaying zebra mussels 
which have washed up onto lakeshores (Ludyanskiy et al., 1993).  Ludyanskiy et al. 
(1993) cites the United States Fish and Wildlife Services as estimating the total economic 
impact of the zebra mussel to be $5 billion by 2000 in the Great Lakes region alone. 
  

Because zebra mussel infestations result in so many negative impacts and because 
humans mediate the overland dispersal of zebra mussels (Johnson et al., 2001; Buchan & 
Padilla, 1999; Johnson & Carlton, 1996; for natural dispersal of zebra mussels from EBR 
see Gray & Horvath, 2004) this study examined the habits of boaters utilizing the EBR 
via a boater survey in order to: 1) predict where future invasions may occur, 2) determine 
how boater habits may be related to their knowledge of zebra mussels and their impacts, 
and 3) to estimate the number of boats transporting adult zebra mussels to other non-
infested waterbodies.  Another very important component of this study was to provide a 
source of public outreach information related to zebra mussels and other aquatic nuisance 
species so that recreational boaters and anglers are aware that their actions could 
potentially impact the resources that they enjoy.  This study will provide valuable 
information to resource managers who are interested in predicting the further dispersal of 
zebra mussels and will help ecologists and raw water consumers to prepare for the further 
dispersal of zebra mussels.  Data gathered in this survey will also allow managers to 
determine where to best spend funding for outreach programs, whose goal is to minimize 
the further dispersal of zebra mussels and other aquatic nuisance species.   
 
Methods 

 
The boater survey was conducted at the New York State Department of 

Environmental Conservation Eaton Brook Reservoir Boat Launch (N 42° 51.64' W75° 
41.49'), Eaton, Madison County, New York. The boater survey was conducted in June, 
July, and, August 2003.  Boaters were surveyed after they retrieved their boats from the 
water at the conclusion of their outing.  Boaters were only interviewed once; on return 
trips to the boat launch, the trip was recorded but the boater was not interviewed.  Boaters 
were interviewed whenever possible.  However, boaters remaining on the water after 
1400h on morning survey dates and after 2100h on evening survey dates were not 
interviewed, but their trip was recorded for the total count.  Boaters that had launched 
their boats and then experienced mechanical problems were not surveyed.  Survey 
answers were recorded on preformatted data sheets (Appendix C1).  At the conclusion of 
the interview, an information pamphlet about zebra mussels was disseminated to the 
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boaters.  Any questions the boaters had about zebra mussels (ecology, biology, impacts, 
etc.) were answered by the surveyor at the conclusion of the interview.   

 
 

 

Figure 1.  Upper Susquehanna River Basin and EBR.   

Sampling dates for the boater survey were chosen by numbering each weekday 
(weekend days were numbered on a separate scale); two weekdays per week (for each 
week in June, July, and August) were chosen based on random numbers (actually 
pseudorandom numbers are generated based on algorithms) generated by Microsoft 
Excel®.  The same procedure was also performed to determine which weekend days 
were to be surveyed.  The appropriate number of weekend days to be surveyed was 
determined by using the same proportion as the 2 weekdays per week: total summer 
weekdays (e.g. 26 survey weekdays : 65 total number of summer weekdays; 10 survey 
weekend days : 27 total number of weekend days; both ~0.4,  Table 1).  Survey times 
were chosen by randomly choosing a.m. or p.m. via the Excel® random numbers 
generator for the first sample date for weekends and weekdays and then alternating 
survey times after the first survey day (Table 2).  Morning surveys typically were 
performed from 0700 to 1400 hours and evening surveys were typically performed from 
1400 to 2100 hours.  Poor weather days were not surveyed due to very low use of the 
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boat launch (as determined by several rainy survey dates with few to no boaters 
interviewed). 

 

Day a.m. p.m. 
Monday 2 2 
Tuesday 2 2 

Wednesday 1 1 
Thursday 0 2 

Friday 1 2 
Saturday 3 2 
Sunday 1 2 

 
Table 1. Number of boater survey days and times in the summer 2003 at the Eaton Brook 
Reservoir.  There was equal sampling between survey times (p = 0.29) and days (p = 
0.852). 
 
 
 
 

Date Day Time  Date Day Time 

6/2/2003 Monday p.m.  7/15/2003 Tuesday p.m. 
6/6/2003 Friday a.m.  7/25/2003 Friday p.m. 
6/14/2003 Saturday a.m.  7/26/2003 Saturday p.m. 
6/15/2003 Sunday p.m.  7/28/2003 Monday a.m. 
6/16/2003 Monday p.m.  7/29/2003 Tuesday p.m. 
6/23/2003 Monday a.m.  8/2/2003 Saturday a.m. 
6/25/2003 Wednesday p.m.  8/9/2003 Friday p.m. 
6/28/2003 Saturday a.m.  8/10/2003 Sunday a.m. 
7/1/2003 Tuesday a.m.  8/13/2003 Wednesday a.m. 
7/3/2003 Thursday p.m.  8/15/2003 Friday p.m. 
7/8/2003 Tuesday a.m.  8/17/2003 Sunday p.m. 

 
Table 2. Boater survey dates and times in the summer 2003 at Eaton Brook Reservoir. 
 
 The distance between locations (i.e. between EBR and trip origin, etc.) were 
measured using Delorme TopoUSA version 5.0. 
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RESULTS 
 
 In the summer 2003, 126 boaters were interviewed with another 98 boats counted 
for a total of 224-recorded boating events.  The mean trip length for boaters using EBR 
was 3.02 h (min. = 0.5h, max. = 8 h).  The purpose of boating trips on EBR was as 
follows: 56% (n = 71) fishing, 43% (n = 54) pleasure, and 1% (n = 1) work.  The target 
species of anglers was as follows: 47 % (n = 33) all species, 32 % (n = 23) bass 
(Micropterus dolomieui and M. salmoides), 11% (n = 8) panfish, and 10 % (n = 7) 
walleye (Sander vitreus).  Anglers targeting more than one species (except the basses) 
were placed in the all species category.  Only one angler noted they were targeting 
rainbow trout (Oncorhynchus mykiss) in addition to walleye.  Of all the anglers surveyed, 
56 % (n = 40) used live bait and 44% (n = 31) used artificial lures.  Of the anglers that 
reported using bait, 80 % (n = 32) used worms, 7.5% (n = 3) used minnows, and 12.5% 
(n = 5) reported using a combination of worms, crayfish, minnows or leaches.   
 
 

Hull Type n  %  Propulsion Type n % 

Bassboat 3 2  Electric motor 1 1 
Canoe 6 5  In/Out 10 8 

Cuddy Cabin 3 2  Inboard 4 3 

Inflatable 1 1  Jet Drive 7 6 

Jetboat 2 2  Outboard 83 66 
Jetski 5 4  Paddle 17 13 

John boat 12 10  Rowboat 2 2 
Kayak 10 8  Sail 2 2 

Open Bow 22 17     
Paddleboat 1 1     
Pontoon 4 3     
Sailboat 2 2     
Ski boat 5 4     
Tri-hull 2 2     
V-hull 48 38     

 

Table 3 & 4.  Hull type and method of propulsion of boats used by EBR boaters in the 
summer 2003. 
 

The mean hull length of boaters using EBR was 4.6 m (15’) (min. =1.8m (5.9’), 
max.= 7.3 m (24’).  Of the boaters using EBR, 33 % (n = 41) reported having livewells in 
their boats, 67 % (n = 85) of the boats did not have a livewell.  Of the 41 boaters 
reporting having livewells in their boats, 44 % (n = 18) reported using their livewells 
prior to being interviewed and 56% (n = 23) did not use their livewells.  Of those boaters 
using their livewells, 72% (n = 13) indicated they would empty their livewell at the 
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conclusion of their trip (i.e. at the dock or parking lot) and 28% (n = 5) indicated the 
livewell would be drained at home, the same day of their trip.  Of all the boaters 
interviewed, only one indicated they do not store their boat on a trailer.  This boater 
indicated the last boating trip and the next boating trip will occur in EBR, so it is assumed 
the boat was being pulled from the water for servicing or some other non-trip related 
activity.  73 % (n = 90) of the boaters indicated they did not use their anchors on the day 
of the interview and 13% (n = 34) indicated they used their anchor (anchor data were 
missing for 2 surveys).  
 

 

Figure 2.  County of origin for boaters using EBR in the summer 2003.  Madison County 
is highlighted. 

 

When asked where they last used their boats, 63% (n = 80) reported using their 
boats last in a waterbody infested with zebra mussels; 50 of those boaters last used their 
boats in EBR.  Of those boaters who last used their boats in a zebra mussel infested 
waterbody, 55 used their boats within the last 7 days and 18 boaters of those came from 
waterbodies other than EBR.  When asked where they were going to use their boats next, 
29% (n = 36) reported planning on going to a zebra mussel-free waterbody and 69% (n = 
25) of those boaters reported they will use their boats in a zebra mussel-free waterbody 
within the next 7 days (Table 6).  Seven days is the maximum amount of time I assume 
zebra mussels can live outside of water.  This is a conservative compromise between the 
3-5 d suggested by Ricciardi et al. (1995) and the 2 wk suggested by Padilla et al. (1996).   
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From ZM WB n n  in < Week Distance (km) 

EBR 50 37 0 
Cazenovia Lake 3 2 17 

Oneida Lake 6 3 42 
Erie Canal- Rome 1 1 43 

Otisco Lake 5 2 48 
Skaneateles Lake 2 2 54 
Canadarago Lake 4 4 57 

Cayuga Lake 3  84 
Lake Ontario at Oswego 3 1 93 

St. Lawrence River at Alexandria Bay 1 1 165 
 

Table 5.  EBR boaters who last used their boats in zebra mussel infested waterbodies 
(WB) (and within <7d) and the distance between last use WB and EBR.  The mean 
distance between last use WB and EBR is 60 km (67km excluding EBR). 
 
 

To Non-ZM WB n = n = < Week Distance (km) 

Hatch Lk. 2 2 3 
Bradley Brook Res. 1 1 4 

Erieville 1 1 5 
Lebanon Res. 5 4 10 
Leland Ponds 2 2 10 
Moraine Lk. 1 1 15 

De Ruyter Res. 9 9 17 
Delta Lk. 1 1 53 

Whitney Point Res. 1  59 
Otsego Lk. 1  67 

Chenango Lk. 1 1 73 
Trout Lk. 1  134 

Adirondacks 1  167 
Black Lk. 2 2 183 

Sunset Pond 1  188 
Fish Creek Pond 3  194 

Saranac Lk. 1 1 194 
 
Table 6. Reported next use WB’s (and within <7 d) and the distance from EBR to those 
WB’s.  The mean distance of next use WB and EBR was 81km. 
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Of the 126 boaters interviewed 67% (n = 84) reported they cleaned their boats, 
with the remaining 33% (n = 42) reporting they do not wash their boats.  Of the boaters 
that reported washing their boats 12% (n = 10) wash their boats once per year, 28% (n = 
33) wash their boats monthly, 16% (n = 13) wash their boats weekly, and 39% (n = 33) 
reported washing their boats after every trip.  Of the 84 boaters that reported washing 
their boats, only 64% (n = 54) reported washing their trailers in addition to washing their 
boats.  All boaters who washed their trailers did so at the same time as when they washed 
their boats.   

 
 Of the 126 boaters interviewed, 98% (n = 123) reported hearing of zebra mussels; 
2% (n = 3) had never heard of zebra mussels.  When asked if they knew how to prevent 
the dispersal of zebra mussels, 68% (n = 86) of the boaters reported they knew that 
washing their boats could minimize further dispersal of zebra mussels; 32% (n = 40) did 
not know they could minimize the dispersal of zebra mussels by properly washing their 
boats.  
 

Zebra Mussel Impact Categories n % 

Ecological 34 27 
Ecological & Economical 15 12 
Ecological & Recreational 6 5 

Economical 12 10 

Economical & Recreational 2 2 
Recreational  3 2 

Knowledge of All Impact Categories 8 6 
No Knowledge of Impacts 46 37 

 

Table 7.  EBR boater knowledge of zebra mussel impacts.   

 

 The total estimated number of boater trips during June, July, and August 2003 to 
EBR was estimated to be 1,635.  Aquatic plants were observed (and removed) on 14% (n 
= 18) of the boats or trailers of EBR boaters.  Adult zebra mussels were observed on 6% 
(n = 7) of the boats of EBR boaters.  All adult zebra mussels were observed attached to 
aquatic macrophytes, which were wrapped around anchors.   
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DISCUSSION 
 
 The results of this study show that exotic species outreach programs directed at 
preventing the spread of exotic species by educating boaters (e.g. signs, brochures, etc.) 
have not been entirely effective.  Though 98% of the interviewed boaters have at least 
heard of zebra mussels (this is much better than the 73% reported by Balcom & Rohmer 
(1994)), 32% were not aware that they could prevent the dispersal of zebra mussels by 
properly washing their boats.  Interestingly, 33% of the boaters reported not washing 
their boats; a Pearson’s Correlation test indicated that boater’s knowledge that they can 
disperse zebra mussels and whether or not boaters wash their boats is correlated (p = 
0.003).  This indicates that boater knowledge of zebra mussels is related to the whether or 
not boaters wash their boats (i.e. boaters without knowledge of zebra mussels do not 
wash their boats).  If the boaters who do not wash their boats began washing their boats, 
it would be possible to slow or halt the overland dispersal of zebra mussels.  It should 
also be noted that boaters should be encouraged to wash their boats more frequently 
because only 39% of EBR boaters wash their boats after every trip.  This is not much of a 
problem if the boaters are not moving between waterbodies, however, this study also 
shows that significant numbers of boaters are bringing their boats from other zebra 
mussel infested waterbodies to EBR < 7 d of their last boat trip, and significant numbers 
of EBR boaters report planning a boating or fishing trip to uninfested water bodies in < 7 
d after their EBR trip.  This illustrates the transient nature of EBR boaters, which may be 
indicative of boater behavior in other areas of New York.  This is a potential problem 
because they could be dispersing zebra mussels to multiple waterbodies across the state.  
Additionally, 37% of the boaters could not describe any zebra mussel impacts, 50% of 
boaters could describe at least one (category) zebra mussel impact, and only 6% could 
describe the ecological, economic, and recreational impacts that zebra mussels have on 
waterbodies.  Thus, managers should devote more resources to educating the boating 
public about exotic species dispersal (especially zebra mussels). 
  

The total estimated number of boater trips during June, July, and August 2003 to 
EBR was estimated to be 1,635.  If the percentage (i.e. 6%) of zebra mussels observed on 
boats leaving EBR is applied to the number of estimated boating trips, then 98 boats 
leaving EBR could be potentially transporting adult zebra mussels.  Twenty-nine percent 
of EBR boaters reported their next trip destination as being a non-zebra mussel infested 
waterbody and 69% of those boaters will be using their boat in < 7 d.  This means that 
~20% of EBR boaters will be using their boat in a non-zebra mussel waterbody in < 7 d.  
Therefore, it is estimated that 20 boats (20% of 98 boats transporting adult zebra mussels) 
carried live zebra mussels from EBR to non-infested waterbodies in the summer of 2003.  
The number of estimated zebra mussel dispersal events (20) from EBR in 2003 may seem 
insignificant.  However, when one considers the number of boaters using some of the 
larger lakes and reservoirs in New York that are infested with zebra mussels and the total 
number of dispersal events that originate from those waterbodies, the potential for zebra 
mussels invading other waterbodies in New York is great.  Researchers should examine 
the waterbodies listed in Table 6 to determine if they have been colonized by zebra 
mussels.  These waterbodies (except Saranac Lake, which likely has a pH that is too low 
and not enough calcium to support zebra mussels) are predicted to be colonized based on 
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the results of this survey.  The list of waterbodies in Table 6 is likely incomplete because 
only ~8% of the estimated number of boaters were actually interviewed during this study 
and it is likely that EBR boaters traveled to several other uninfested waterbodies.   
 
 All the zebra mussels observed on the boats departing EBR were found attached 
to macrophytes entangled on anchors, which conflicts with data collected by Johnson et 
al. (2001) who found zebra mussel-encrusted macrophytes on anchors of 1 of 49 boats 
examined.  Other researchers (Johnson et al., 2001) have found large numbers of zebra 
mussel-encrusted macrophytes entangled on boat trailers and sometimes motors, props, 
etc.  I did not find this to be the case at EBR.  Very few macrophytes were observed near 
the boat launch at EBR and thus it was not unusual that few macrophytes could be 
entangled on boat trailers.  Only 14% of EBR boaters leaving the boat launch had 
macrophytes entangled on their boat or trailer, which is much less than the 33% of boats 
leaving Lake St. Claire, MI (Johnson et al., 2001).  Thus, it is possible that the biomass of 
macrophytes may play a greater role in the overland dispersal of zebra mussels in 
waterbodies with high macrophyte biomass.  If macrophytes were to begin growing 
closer to the EBR boat launch, it seems likely that the rate of zebra mussel-encrusted 
macrophytes getting entangled on boats and trailers would increase, and thus the number 
of dispersal events could increase significantly.    
 
 This study did not address the overland dispersal of larval zebra mussels 
(veligers) in water stored in livewells or baitwells (compartments used to store live fish or 
bait), bilges, or motors.  However all boaters who stated they used their livewell said they 
would either drain their livewell at the dock or at home, but all of those boaters stated the 
livewells would be drained the day of their trip.  Thus, it seems unlikely that boaters 
using livewells at EBR would be dispersing veligers from water stored in their livewells.  
Boaters were not asked if they drained their bilges. However, Johnson et al. (2001) 
suggested that any veligers in bilge water will likely not survive due to poor water quality 
(e.g. from fuel, etc.).  No boaters were observed (except jetskiers) draining water from 
their motors, thus, it is possible, but not likely (Johnson et al., 2001), that veligers could 
be dispersed via veligers entrapped in boat motors simply because of the small volume of 
water entrained in the motor. 
 
 In addition to EBR boaters dispersing zebra mussels to other non-infested 
waterbodies, they could be potentially spreading other exotic species.  Anglers have been 
shown to be vectors of dispersal of exotic fishes (Mills et al., 1994), invertebrates (e.g. 
the zebra mussel & Orconectes rusticus, the rusty crayfish, Lodge et al., 2000), and 
macrophytes (Mills et al., 1994).  As noted above, 14% of boaters leaving the EBR boat 
launch had macrophytes entangled on their boat and or trailer.  Additionally, 56% of 
anglers using EBR stated they used live bait.  However, no questions were asked about 
how the anglers treated excess bait or where bait was acquired, so whether or not EBR 
boaters are vectors of dispersal for other aquatic exotic species has yet to be determined.  
They likely are involved in the dispersal of Eurasian water milfoil (Myriophyllum 
spicatum), a species that was observed by the author to be encrusted with zebra mussels.   
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 The results of this study show that more can be done to educate boaters so the 
further overland dispersal of aquatic nuisance species (especially zebra mussels) can be 
minimized or prevented entirely.  Perhaps requiring boating licenses, which require a 
small amount of classroom training, some of which could be directed at minimizing the 
dispersal of exotic species, would assure that most boaters are aware of the problems 
associated with zebra mussels and other nuisance species.  It appears the signs posted at 
boat launches are not entirely effective.  Eaton Brook Reservoir had a small information 
kiosk ~10m from the boat launch.  However not all boaters were observed reading the 
signs (Gray, unpublished qualitative data), and many of the interviewed boaters knew 
little or nothing about zebra mussels despite the posted information nearby.  If the sign 
had been posted closer to the boat launch, perhaps boaters would have paid more 
attention.  Also, it may be beneficial to implement penalties in New York (and other 
states which lack these penalties) for transporting exotic species which would require 
boaters to be more cautious when it comes to their boating practices.   
 

This study identified other research questions that need to be addressed:  
1. Have zebra mussels invaded any waterbodies visited by EBR boaters (see 

Table 6)? 
2. Does macrophyte biomass affect the percentage of boaters that dispersal zebra 

mussels? 
3. How can the effectiveness of outreach programs and be improved? 
4. How does the placement of outreach signage affect the level of aquatic 

nuisance species awareness? 
5. Are anglers who use live bait spreading aquatic nuisance species to and from 

EBR? 
6. Are EBR boaters dispersing veligers? 

 
The results of this study show that the zebra mussel awareness among EBR 

boaters, and likely other New York boaters, could be improved.  If it does improve, the 
probability of further overland dispersal would likely be reduced or, ideally, eliminated.  
Unfortunately, EBR boaters are likely dispersing zebra mussels, and likely into 
waterbodies not infested with zebra mussels.  Without additional measures to stop or 
slow the overland dispersal of zebra mussels, the invasion of zebra mussels will likely 
continue until the landscape is saturated with zebra mussels (Kraft et al., 2002). 
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Appendix A1 
 
 

Distance (km) Date Temp. (°C)  DO (ppm) Cond. (µS cm-1) pH 

0 6/12/2003 18.23 9.03 0.159 8.28 
0.2 6/12/2003 17.87 9.04 0.16 8.25 
3.2 6/12/2003 17.59 9.21 0.166 8.05 
8.1 6/12/2003 17.01 8.82 0.183 7.98 
16.8 6/12/2003 17.52 9.36 0.229 8.15 
24.4 6/12/2003 16.86 9.59 0.246 8.28 
31 6/12/2003 15.69 10.43 0.346 8.25 
43 6/12/2003 15.71 8.82 0.374 7.99 
0 7/17/2003 24.31 8.22 0.178 8.60 

0.2 7/17/2003 24.08 7.05 0.178 8.50 
3.2 7/17/2003 22.75 8.11 0.185 8.08 
8.1 7/17/2003 21.79 8.09 0.218 8.01 
16.8 7/17/2003 22.69 7.97 0.285 8.27 
24.4 7/17/2003 21.97 8.05 0.303 8.42 
31 7/17/2003 20.89 9.80 0.375 8.60 
43 7/17/2003 19.68 10.57 0.401 8.38 
0 8/14/2003 26 8.83 0.159 8.58 

0.2 8/14/2003 25.77 7.46 0.161 8.39 
3.2 8/14/2003 23.99 8.49 0.175 8.11 
8.1 8/14/2003 22.84 7.73 0.206 7.71 
16.8 8/14/2003 23.69 8.2 0.251 8.09 
24.4 8/14/2003 22.57 8.26 0.27 8.24 
31 8/14/2003 20.62 10.48 0.381 8.42 
43 8/14/2003 20.95 9.45 0.43 7.99 

 
 

Physicochemical parameters in Eaton Brook in the summer 2003. 
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Appendix A2 
 
 
 

  
Date Sampled Date Analyzed Distance (km) mL titrant  Conc. (mg L-1 as CaCO3) 

7/17/2003 7/24/2003 0 6.2 62 
7/17/2003 7/24/2003 0 6.7 67 
7/17/2003 7/24/2003 0.2 6.9 69 
7/17/2003 7/24/2003 0.2 6.8 68 
7/17/2003 7/24/2003 3.2 7.1 71 
7/17/2003 7/24/2003 3.2 6.4 64 
7/17/2003 7/24/2003 8.1 8.4 84 
7/17/2003 7/24/2003 8.1 5.7 57 
7/17/2003 7/24/2003 16.8 11.0 110 
7/17/2003 7/24/2003 16.8 6.5 65 
7/17/2003 7/24/2003 24.4 11.8 118 
7/17/2003 7/24/2003 24.4 11.5 115 
7/17/2003 7/24/2003 31 14.0 140 
7/17/2003 7/24/2003 31 14.0 140 
7/17/2003 7/24/2003 43 14.4 144 
7/17/2003 7/24/2003 43 14.1 141 
7/17/2003 7/24/2003 Standard 11.8 118 
 

Alkalinity concentrations in Eaton Brook in the summer 2003. 
 
 

Date Q (m3 s-1) Q (L s-1) Stadia  Date Q (m3 s-1) Q (L s-1) Stadia 
5/30/2003 0.20 204 0.2  6/3/2004 0.10 104 0.25 
6/5/2003 0.42 415 0.3  6/9/2004 0.12 117  
6/13/2003 0.25 254   6/24/2004 0.03 29 0 
6/19/2003 0.12 122 0.1  7/1/2004 0.01 8 -0.5 
6/26/2003 0.22 222   7/15/2004 0.16 160 0.1 
7/2/2003 0.08 78 0.1  7/8/2004 0.15 153 0.1 
7/9/2003 0.04 40   7/29/2004 1.29 1287  
7/17/2003 0.09 90   8/5/2004 0.27 272 0.15 
7/30/2003 0.07 69 0.05  8/17/2004 0.49 490 0.3 
8/14/2003 0.16 163 0.1  8/27/2004 0.31 307  
8/28/2003 0.01 9 -0.15      

 
Discharge in Eaton Brook in the summers 2003 and 2004. 
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Appendix A3 
 
 
 
 

Date Sampled Date Analyzed Distance (km) mL titrant  Ca (mg L-1) 
8/14/2003 9/30/2003 0 3.0 24.0 
8/14/2003 9/30/2003 0 3.1 24.8 
8/14/2003 9/30/2003 0.2 3.3 26.5 
8/14/2003 9/30/2003 0.2 3.1 24.8 
8/14/2003 9/30/2003 3.2 3.2 25.7 
8/14/2003 9/30/2003 3.2 3.3 26.5 
8/14/2003 9/30/2003 8.1 4.0 32.1 
8/14/2003 9/30/2003 8.1 4.0 32.1 
8/14/2003 9/30/2003 16.8 4.7 37.7 
8/14/2003 9/30/2003 16.8 4.7 37.7 
8/14/2003 9/30/2003 24.4 5.0 40.1 
8/14/2003 9/30/2003 24.4 5.0 40.1 
8/14/2003 9/30/2003 31 6.6 52.9 
8/14/2003 9/30/2003 31 6.6 52.9 
8/14/2003 9/30/2003 43 7.3 58.5 
8/14/2003 9/30/2003 43 7.2 57.7 
8/14/2003 9/30/2003 STD 10.1 81.0 
8/14/2003 9/30/2003 STD 10.1 81.0 

 
Calcium concentrations in Eaton Brook in the summer 2003. 
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Appendix A4 
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y = 2.2030+ (-1.0035*(ln(x))                       y = .8677+ (-0.2381* (ln(x)) 
R2 = 0.836   P = 0.011                                   R2 = 0.343       P = 0.343 
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y = 1.5683+ (-0.9199*(ln(x))                        y = 14.2588+ (-11.179* (ln(x)) 
R2 = 0.795   P = 0.017                                   R2 = 0.931      P = 0.002 

 
Longitudinal veliger concentrations in Eaton Brook in the summer 2003. 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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Appendix A5  
 
 

26 June 2003
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y = 0.4480+ (-0.3078*(ln(x))                          y = 0.4188+ (-0.2519* (ln(x)) 
R2 = 0.939   P = 0.001                                 R2 = 0.664      P = 0.048 
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y = 0.1009+ (-0.0616*(ln(x))                        y = 0.8222+ (-0.8236* (ln(x)) 
R2 = 0.687   P = 0.041                                 R2 = 0.799      P = 0.016 

 
Longitudinal veliger concentrations in Eaton Brook in the summer 2003. 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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y = 0.0115+ (-0.0064*(ln(x))                       y = 0.2403+ (-0.0816* (ln(x)) 
R2 = 0.534   P = 0.099                                 R2 = 0.181      P = 0.400 
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y = 0.0166+ (-0.0120*(ln(x))                        
R2 = 0.88.   P = 0.005                                  

 
Longitudinal veliger concentrations in Eaton Brook in the summer 2003. 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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3 June 2004
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y = 0.7137+ (-0.1637*(ln(x))                       y = 0.4705+ (-0.1811* (ln(x)) 
R2 = 0.335   P = 0.229                                 R2 = 0.200      P = 0.373 
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y = 0.8134+ (-0.4420*(ln(x))                       y = 1.3581+ (-0.7850* (ln(x)) 
R2 = 0.524   P = 0.104                                 R2 = 0.641      P = 0.056 

 
Longitudinal veliger concentrations in Eaton Brook in the summer 2004. 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 



 45 

Appendix A8  
 

 
8 July 2004
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y = 0.6269+ (-0.3708*(ln(x))                       y = 2.1595+ (-1.3995* (ln(x)) 
R2 = 0.978   P = 0.001                                 R2 = 0.940      P = 0.001 
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y = 4.2867+ (0.4365*(ln(x))                       y = 1.6748+ (-1.5516* (ln(x)) 
R2 = 0.119   P = 0.503                                 R2 = 0.782     P = 0.019 
 
Longitudinal veliger concentrations in Eaton Brook in the summer 2004. 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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y = 0.3345+ (-0.2613*(ln(x))                       y = 0.1530+ (-0.1369* (ln(x)) 
R2 = 0.807   P = 0.015                                 R2 = 0.887      P = 0.005 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Longitudinal veliger concentrations in Eaton Brook in the summer 2004. 
(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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y = 38.8429+ (-17.675*(ln(x))                      y = 31.1165+ (-8.5691* ln(x)) 
R2 = 0.836   P = 0.011                                 R2 = 0.226      P = 0.341 
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y = 34.4010+ (-20.182*(ln(x))                      y = 150.311+ (-117.84* ln(x)) 
R2 = 0.795   P = 0.017                                 R2 = 0.931      P = 0.002 

 
Veliger flux in Eaton Brook in the summer 2003. 

(note: y-axis scales are not equal due to high variation.)   
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26 June 2003
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y = 8.5864+ (-5.8860*(ln(x))                      y = 2.8236+ (-1.674* ln(x)) 
R2 = 0.938   P = 0.001                                  R2 = 0.663      P = 0.048 
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y = 0.3480+ (-0.2133*(ln(x))                      y = 6.3934+ (-6.4038* ln(x)) 
R2 = 0.692   P = 0.040                                 R2 = 0.799      P = 0.016 

 
Veliger flux in Eaton Brook in the summer 2003. 

(note: y-axis scales are not equal due to high variation.)   
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30 July 2003
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y = 0.0692+ (-0.0381*(ln(x))                      y = 3.3702+ (-1.1553* ln(x)) 
R2 = 0.534   P = 0.099                                 R2 = 0.184      P = 0.397 
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y = 0.0125+ (-0.0087*(ln(x))                       
R2 = 0.855   P = 0.008                                  

 
Veliger flux in Eaton Brook in the summer 2003. 

(note: y-axis scales are not equal due to high variation.)   
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3 June 2004
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y = 6.4142+ (-1.4713*(ln(x))                      y = 4.7463+ (-1.8295* ln(x)) 
R2 = 0.334   P = 0.229                                 R2 = 0.201      P = 0.373 
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y = 2.0390+ (-1.1064*(ln(x))                      y = 0.9368+ (-0.5421* ln(x)) 
R2 = 0.523   P = 0.104                                 R2 = 0.641      P = 0.056 

 
Veliger flux in Eaton Brook in the summer 2004. 

(note: y-axis scales are not equal due to high variation.) 
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8 July 2004
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y = 8.3070+ (-4.9052*(ln(x))                     y = 29.8566+ (-19.336* ln(x)) 
R2 = 0.978   P = 0.001                                R2 = 0.940      P = 0.001 
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y = 476.552+ (48.4224*(ln(x))                     y = 39.3559+ (-36.446* ln(x)) 
R2 = 0.118   P = 0.504                                 R2 = 0.782      P =  0.019 

 
Veliger flux in Eaton Brook in the summer 2004. 

(note: y-axis scales are not equal due to high variation.) 
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17 August 2004
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y = 14.2266+ (-11.057*(ln(x))                      y = 4.0240+ (-3.6124* ln(x)) 
R2 = 0.807   P = 0.015                                R2 = 0.885      P = 0.005 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Veliger flux in Eaton Brook in the summer 2004. 
(note: y-axis scales are not equal due to high variation.) 
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Veliger development in Eaton Brook in the summer 2003. 
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Veliger development in Eaton Brook in the summer 2003. 
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Veliger development in Eaton Brook in the summer 2003. 
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Veliger development in Eaton Brook in the summer 2004. 
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Veliger development in Eaton Brook in the summer 2004. 
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Appendix A21 

 
17 August 2004
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Veliger development in Eaton Brook in the summer 2004. 
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Appendix B1 

 
 

Distance (km) Date Temp. (°C)  DO (mg L-1) Cond. (µS cm-1) pH 

1.8 6/13/2003 16.66 8.72 0.251 7.88 
6.6 6/13/2003 16.63 8.65 0.301 7.94 
11.5 6/13/2003 16.98 7.84 0.305 7.84 
13.6 6/13/2003 17.42 7.74 0.317 7.83 
22 6/13/2003 17.70 8.09 0.328 7.97 
1.8 7/17/2003 20.81 5.64 0.361 7.76 
6.6 7/17/2003 21.16 5.48 0.363 7.78 
11.5 7/17/2003 21.47 6.81 0.346 7.87 
13.6 7/17/2003 21.10 7.65 0.346 7.74 
22 7/17/2003 19.70 8.57 0.358 8.04 
1.8 8/14/2003 24.21 7.33 0.326 7.88 
6.6 8/14/2003 23.65 5.61 0.324 7.55 
11.5 8/14/2003 23.64 6.88 0.324 7.76 
13.6 8/14/2003 23.12 7.26 0.318 7.83 
22 8/14/2003 21.95 7.66 0.32 7.87 

 
 
 

Date Q (m3 s-1) Q (L s-1)  Date Q (m3 s-1) Q (L s-1) 
6/5/2003 3.61 3610  6/4/2004 3.19 3186 
6/13/2003 2.82 2820  6/11/2004 2.53 2534 
6/19/2003 1.93 1930  6/18/2004 1.79 1789 
6/26/2003 2.27 2270  6/25/2004 0.89 894 
7/2/2003 2.52 2520  7/2/2004 1.13 1127 
7/9/2003 1.20 1200  7/9/2004 1.53 1532 
7/17/2003 0.91 910  7/22/2004 2.19 2188 
7/30/2003 3.62 3620  8/7/2004 6.47 6474 
8/6/2003 5.30 5300  8/17/2004 4.84 4841 
8/14/2003 3.76 3760  8/26/2004 4.44 4441 
8/21/2003 1.56 1560     
8/28/2003 0.75 754     

 
 

Physicochemical parameters (above) in Oaks Creek in the summer 2003.  Discharge 
(below) in Oaks Creek in the summers 2003 and 2004. 
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Appendix B2 
 
 
 
 

Date Sampled Date Analyzed Distance (km) mL titrant  Conc. (mg L-1 as CaCO3) 

7/17/2003 7/24/2003 1.8 5.8 58 
7/17/2003 7/24/2003 1.8 13.0 130 
7/17/2003 7/24/2003 6.6 13.0 130 
7/17/2003 7/24/2003 6.6 13.0 130 
7/17/2003 7/24/2003 11.5 12.5 125 
7/17/2003 7/24/2003 11.5 12.5 125 
7/17/2003 7/24/2003 13.6 12.2 122 
7/17/2003 7/24/2003 13.6 11.3 113 
7/17/2003 7/24/2003 22 13.1 131 
7/17/2003 7/24/2003 22 12.8 128 

 
 

Date Sampled Date Analyzed Distance (km) mL titrant  Conc. (mg L-1) 

8/14/2003 9/30/2003 1.8 6.0 48.1 
8/14/2003 9/30/2003 1.8 6.1 48.9 
8/14/2003 9/30/2003 6.6 6.0 48.1 
8/14/2003 9/30/2003 6.6 6.0 48.1 
8/14/2003 9/30/2003 11.5 5.9 47.3 
8/14/2003 9/30/2003 11.5 6.0 48.1 
8/14/2003 9/30/2003 13.6 6.0 48.1 
8/14/2003 9/30/2003 13.6 6.0 48.1 
8/14/2003 9/30/2003 22 6.3 50.5 
8/14/2003 9/30/2003 22 6.5 52.1 

 
Alkalinity (above) and calcium (below) concentrations in Oaks Creek in the summer 

2003. 
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Appendix B3 
 

5 June 2003
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y = 1.0738+ (-0.2372*(ln(x))                       y = 2.1089+ (-0.8028* (ln(x)) 
R2 = 0.460   P = 0.208                                   R2 = 0.826      P =  0.032 
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y = 0.6035+ (-0.1589*(ln(x))                       y = 9.7155+ (-3.6030* (ln(x)) 
R2 = 0.357   P = 0.287                                   R2 = 0.858      P =  0.024 

 
Longitudinal veliger concentrations in Oaks Creek in the summer 2003 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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Appendix B4 
 
 

2 July 2003
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y = 6.6121+ (-2.4157*(ln(x))                       y = 2.2869+ (-0.8763* (ln(x)) 
R2 = 0.906   P = 0.013                                   R2 = 0.808      P =  0.038 

 
 

17 July 2003
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30 July 2003
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y = 1.6506+ (-0.6190*(ln(x))                       y = 2.5451+ (-0.2934* (ln(x)) 
R2 = 0.845   P = 0.027                                  R2 = 0.071      P =  0.665 

 
Longitudinal veliger concentrations in Oaks Creek in the summer 2003 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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Appendix B5 
 
 

6 August 2003
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y = 7.4487+ (-2.1325*(ln(x))                       y = 37.1444+ (-13.804* (ln(x)) 
R2 = 0.937   P = 0.007                                  R2 = 0.834      P =  0.030 

 
 

21 August 2003
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y = 2.2376+ (-0.7353*(ln(x))                       y = 0.0335+ (-0.0083* (ln(x)) 
R2 = 0.979   P = 0.001                                 R2 = 0.224      P = 0.420 
 

Longitudinal veliger concentrations in Oaks Creek in the summer 2003 
(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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Appendix B6 
 
 

4 June 2004
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y = 2.8226+ (-0.5371*(ln(x))                       y = 4.9253+ (-1.8163* (ln(x)) 
R2 = 0.344   P = 0.298                                 R2 = 0.839      P = 0.029 

 
 

18 June 2004
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25 June 2004
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y = 26.4593+ (-9.7809*(ln(x))               y = 5.4307+ (-1.9328* (ln(x)) 
R2 = 0.890   P = 0.016                                  R2 = 0.933      P = 0.008 

 
Longitudinal veliger concentrations in Oaks Creek in the summer 2004 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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Appendix B7 
 
 

2 July 2004

Distance from Lake-Outlet (km)

0 5 10 15 20 25

C
on

ce
nt

ra
tio

n 
(v

el
ig

er
s 

L-1
)

0.0

0.2

0.4

0.6

0.8

 

9 July 2004

Distance from Lake-Outlet (km)

0 5 10 15 20 25
C

on
ce

nt
ra

tio
n 

(v
el

ig
er

s 
L-1
)

0

1

2

3

4

5

6

7

 
 

y = 1.5866+ (-0.4991*(ln(x))                y = 7.5346+ (-2.5487* (ln(x)) 
R2 = 0.946   P = 0.027                                 R2 = 0.921      P = 0.010 
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7 August 2004
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y = 5.1589+ (-1.5411*(ln(x))               y = 7.0220+ (-1.8157* (ln(x)) 
R2 = 0.699   P = 0.078                                 R2 = 0.775      P = 0.049 

 
Longitudinal veliger concentrations in Oaks Creek in the summer 2004 

(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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Appendix B8 
 
 

17 August  2004
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y = 1.1797+ (-0.3191*(ln(x))               y = 0.0619+ (-0.0103* (ln(x)) 
R2 = 0.956   P = 0.004                                 R2 = 0.218      P = 0.428 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Longitudinal veliger concentrations in Oaks Creek in the summer 2004 
(note: y-axis scales are not equal due to high variation.  Error bars represent ±1 s.e.) 
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Appendix B9 
 
 

5 June 2003
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y = 334.027+ (-73.757*(ln(x))             y = 512.981+ (-195.17* (ln(x)) 
R2 = 0.452   P = 0.214                                 R2 = 0.827      P = 0.032 
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y = 100.117+ (-26.285*(ln(x))             y = 1904.91+ (-706.42* (ln(x)) 
R2 = 0.351   P = 0.293                                 R2 = 0.858      P = 0.024 

 
Veliger flux in Oaks Creek in the summer 2003. 

(note: y-axis scales are not equal due to high variation.)  
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Appendix B10 
 

 
2 July 2003
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y = 1439.16+ (-525.70*(ln(x))             y = 237.506+ (-91.008* (ln(x)) 
R2 = 0.906   P = 0.013                                 R2 = 0.808      P = 0.038 
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y = 129.462+ (-48.549*(ln(x))             y = 795.074+ (-91.221* (ln(x)) 
R2 = 0.843   P = 0.028                                 R2 = 0.070      P = 0.667 

 
Veliger flux in Oaks Creek in the summer 2003. 

(note: y-axis scales are not equal due to high variation.) 
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Appendix B11 
 
 

6 August 2003
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y = 3410.38+ (-975.97*(ln(x))             y = 12067.4+ (-4484.5* (ln(x)) 
R2 = 0.937   P = 0.007                                 R2 = 0.834      P = 0.030 
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y = 301.446+ (-99.043*(ln(x))             y = 1.8763+ (-0.4343* (ln(x)) 
R2 = 0.979   P = 0.001                                 R2 = 0.166      P = 0.496 

 
 

Veliger flux in Oaks Creek in the summer 2003. 
(note: y-axis scales are not equal due to high variation.) 
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4 June 2004
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y = 776.983+ (-147.85*(ln(x))             y = 1078.33+ (-0.397.66* (ln(x)) 
R2 = 0.344   P = 0.298                                 R2 = 0.839      P = 0.029 
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y = 4090.59+ (-1512.2*(ln(x))             y = 419.499+ (-149.35* (ln(x)) 
R2 = 0.890   P = 0.016                                 R2 = 0.933      P = 0.008 

 
 

Veliger flux in Oaks Creek in the summer 2004. 
(note: y-axis scales are not equal due to high variation.) 
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2 July 2004
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y = 154.331+ (-48.633*(ln(x))             y = 997.909+ (-337.47* (ln(x)) 
R2 = 0.944   P = 0.028                                 R2 = 0.921      P = 0.010 
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7 August 2004
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y = 976.039+ (-291.63*(ln(x))             y = 3929.95+ (-1016.7* (ln(x)) 
R2 = 0.699   P = 0.077                                 R2 = 0.777      P = 0.048 

 
 

Veliger flux in Oaks Creek in the summer 2004. 
(note: y-axis scales are not equal due to high variation.) 
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17 August 2004
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26 August 2004
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y = 496.128+ (-135.03*(ln(x))             y = 22.5696+ (-3.1990* (ln(x)) 
R2 = 0.957   P = 0.004                                 R2 = 0.182      P = 0.474 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Veliger flux in Oaks Creek in the summer 2004. 
(note: y-axis scales are not equal due to high variation.) 
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Appendix B15 
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Veliger development in Oaks Creek in the summer 2003. 
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Appendix B16 
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Veliger development in Oaks Creek in the summer 2003. 
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Appendix B17 

 
6 August 2003

Distance from Lake-Outlet (km)

0 5 10 15 20 25

P
er

ce
nt

0

20

40

60

80

100

 

14 August 2003

Distance from Lake-Outlet (km)

0 5 10 15 20 25
P

er
ce

nt
0

20

40

60

80

100

 
 
 

 

D-Stage
Umbonal Stage
Pedeveliger Stage

 
 
 

21 August 2003

Distance from Lake-Outlet (km)

0 5 10 15 20 25

P
er

ce
nt

0

20

40

60

80

100

 

28 August 2003

Distance from Lake-Outlet (km)

0 5 10 15 20 25

P
er

ce
nt

0

20

40

60

80

100

 
 

Veliger development in Oaks Creek in the summer 2003. 
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Appendix B18 
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Veliger development in Oaks Creek in the summer 2003. 
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Appendix B19 
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Appendix B20 
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Veliger development in Oaks Creek in the summer 2003. 
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Appendix C1- EBR boater survey form. 
 

Eaton Brook Reservoir Boater Survey 
 
Survey #_______ Repeat Yes / No   Date:_______ Time:_______ Surveyor:_______ 

 
“Good morning (afternoon, etc).  My name is Mike Gray .  I am from the SUNY Oneonta Biological Field 
Station and I am conducting a boater survey of Eaton Brook Reservoir for the Madison County Planning 
Department.  Would you mind if I ask you a few questions about your boating practices?  The survey should only 
take a couple of minutes and I can ask you the survey questions as you prepare your boat for travel.” 
 
Today: 

·  What is the purpose of your outing?  Fishing / Pleasure / Work / Other:____________ 
·  How long were you on the water? ______________________ 
·  If fishing, what fish species are you targeting?_________________________________ 
·  Are you going to use live/dead bait? Yes / No  Type:__________ 
·  Where did your trip originate?  (county, town, state) ____________________________ 

 
Last Use: 

·  Where did you last use your boat? EBR / LEB/ BRB / HAT / LLP U or L / CAZ / MOR / TUS / ONI / 
Other:__________________________ 

·  When did you last use your boat? Within last Day (s) / Week / Month / Year / NA 
 
Next Use: 

·  Where will you use your boat next?   EBR / LEB/ BRB / HAT / LLP U or L / CAZ / MOR / TUS / 
ONI / NA /Other:________________________ 

·  When will you use your boat next? Within next: Day (s) / Week / Month / Year / NA 
 
Boat Maintenance: 

·  Do you wash your boat?  Yes / No If, yes, how often?  Daily / Weekly / Monthly / Annually / 
NA/AU 

·  When was the last time you washed your boat? Within last Day (s) / Week / Month / Year / NA 
·  How do you wash your boat?   Wash In / Out / Dry / Scrub /Chem/ NA 
·  Do you wash your trailer?  Yes / No If, yes, how often?  Daily / Weekly / Monthly / Annually / NA/AU 
·  When was the last time you washed your trailer?  Within last Day (s) / Week / Month / Year / NA 

 
Boat Specifications 

·  Length:_____ Power: IN / O / IO / Other:__________ Type:___________________ 
·  Do you have a livewell? Yes / No  If yes, do you use it?  Yes / No  
·  How do you change the water?  Same day / Next trip / Home / Dock / NA 
·  How is your boat stored?  Dry / Wet 
·  Did you use your anchor today?  Yes / No  Inspection? Yes / No                 

ZM observed? Yes / No  
 
Boater ZM Knowledge 

·  Have you heard of Zebra Mussels? Yes / No 
·  What do you know about Zebra Mussels?  Ecological / Economical / Recreational /Nothing 
·  Are you aware of the problems associated with Zebra Mussels?  Yes / No  
·  Do you know how to minimize the spread of Zebra Mussels?  Yes / No 
·  Would you mind if I check your boat for Zebra Mussels?  Yes / No 

o Were Zebra Mussels observed?  No / Trace / Some / Many  Were aquatic plants observed on 
Boat? Yes / No  On trailer?  Yes / No 

 
“This concludes the boater survey.  I thank you very much for your time and cooperation.  Your answers will 
help contribute to the management of Eaton Brook Reservoir.  Do you have any questions?” 
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Appendix C2- question numbers and codes for appendices C3-C17. 
 

1. What is the purpose of your outing? f = fishing, p = pleasure, w = work 
2. How long were you on the water?  
3. What fish species were you targeting? a = all species, b = bass, na = not 

applicable, pan = panfish, p = pickerel, rt = rainbow trout, yp = yellow perch, w = 
walleye 

4. Did you use live bait? 
5. What type of bait did you use? a = artificials, c = crayfish, l = leaches, m = 

minnows, na = not applicable, tn = trapnet, w = worms 
6. What town are you from? 
7. What county are you from? 
8. Where did you last use your boat? d = days, m = month, w = weeks, y = year 
9. When did you last use your boat?  d = days, m = month, w = weeks, y = year 
10.  Where will you use your boat next? 
11. When will you use your boat next? d = days, m = month, w = weeks, y = year 
12. Do you wash your boat? 
13. How often do you wash you boat? au = after use, d = days, m = month, na= not 

applicable, w = weeks, y = year 
14. When was the last time you washed your boat? d = days, na =  not applicable, m = 

month, w = weeks, y = year 
15.  How long is your boat? 
16.  Method of propulsion.  i = inboard motor, io = inboard/outboard motor, j = jet 

drive, o = outboard motor, p = paddle, r = rowing, s = sail 
17. Hull type. 
18. Do you have a livewell? 
19. Do you use your livewell? 
20. When do you change the livewell water? au = after use, h = at home, na = not 

applicable 
21. How is your boat stored? d = dry 
22. Did you use your anchor today? 
23. Anchor inspected? 
24. Zebra mussels observed on anchor? 
25. Have you heard of zebra mussels? 
26. What do you know about zebra mussels? a = all impacts, ec = ecological impacts, 

en = economic impacts, n = nothing, r = recreational impacts. 
27. Do you know how to minimize the spread of zebra mussels? 
28. Zebra mussels observed on boat or trailer?? 
29. Aquatic plants observed on boat? 
30. Aquatic plants observed on trailer? 

 
Note: For yes/no response questions, y = yes and n = no. 
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Appendix C3 
 

# Date Day Type Time Surveyed? 1 2 3 4 5 6 7   
1 6/2 Mon pm 1435 y f 0.5 a n a Eaton Madison   
2 6/2 Mon pm 1514 y w 5 b, yp, w n tn Rome Oneida   
3 6/2 Mon pm 1655 y f 5 w y a Baldwinsville Onondaga   
4 6/2 Mon pm 1950 y f 3 pan y w Oneida Oneida   
5 6/2 Mon pm 2055 y f 3 a y w Eaton Madison   
6 6/6 Fri am 1200 y f 5 w n a Binghamton Broome   
7 6/14 Sat am 813 y f 3 w y m Waterville  Oneida   
8 6/14 Sat am 1146 y f 2.5 b, p n a Sharrel Oneida   
9 6/14 Sat am 1350 y f 6 pan y w Bridgewater Oneida   
10 6/15 Sun pm 1430 y f 5 w n a Sherburne Chenango   
12 6/15 Sun pm 1435 y p 0.5 na na na Albany Albany   
13 6/15 Sun pm 1440 y p 3 na na na Oteli Madison   
14 6/15 Sun pm 1443 y f 1 pan y w Erieville Madison   
15 6/15 Sun pm 1445 y f 3 b n a Canastoda Madison   
16 6/15 Sun pm 1455 y p 2 na na na Fabius Onondaga   
16 6/15 Sun pm 1455 y p 2 na na na Fabius Onondaga   
17 6/15 Sun pm 1510 y f 5 a n a Morona Oneida   
18 6/15 Sun pm 1543 y f 3.5 w, rt y w Cazenovia  Madison   
19 6/15 Sun pm 1610 y f 3.5 b, w y w,c Cazenovia  Madison   
20 6/15 Sun pm 1619 y f 4 yp y w Fredona Chenango   
21 6/15 Sun pm 1750 y p 2 na na na Utica Oneida   
22 6/15 Sun pm 1828 y f 3 a y w Earlville Madison   
23 6/15 Sun pm 1915 y p 3 na na na Munnsville Madison   
24 6/15 Sun pm 1935 y f 2.5 a y w Oneida Oneida   
25 6/15 Sun pm 1952 y f 1 w y w Cinnanatus Cortland   
26 6/15 Sun pm 1957 y p 1 na na na Fabius Onondaga   
27 6/15 Sun pm 2010 y f 5 wal y w Munnsville Madison   
28 6/15 Sun pm 2013 y f 2 a n a Sherburne Chenango   
29 6/15 Sun pm 2041 y f 3 w, p y w Staten Island Richmond   
30 6/16 Mon pm 1711 y f 7 pan n a Munnsville Madison   
31 6/16 Mon pm 1753 n-declined          
32 6/16 Mon pm 1909 y f 2.5 a y w Cazenovia  Madison   
33 6/16 Mon pm 1910 y f 1.5 pan y w Erieville Madison   
34 6/16 Mon pm 2009 n-repeat          
35 6/16 Mon pm 2018 y f 3 pan y w Oneida Oneida   
36 6/16 Mon pm 2025 y p 0.7 na na na Fayville Onondaga   
37 6/16 Mon pm 2018 n-missed          
37 6/16 Mon pm 2018 n-missed          
38 6/16 Mon pm 2048 n-repeat          
38 6/16 Mon pm 2100 n-missed          
38 6/16 Mon pm 2100 n-missed          
38 6/16 Mon pm 2100 n-missed          
39 6/23 Mon am 1400 n-repeat          
40 6/25 Wed pm 1444 n-repeat          
41 6/25 Wed pm 1629 y p 2.5 na na na Oxford Chenango   
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Appendix C4 
 

# Date Day Type Time Surveyed? 1 2 3 4 5 6 7   
42 6/25 Wed pm 1715 n-missed          
43 6/25 Wed pm 1850 y p 2 na na na Waterville Oneida   

44 6/25 Wed pm 1855 y p 1.5 na na na W. Eaton Madison   
45 6/25 Wed pm 1930 y f 5.5 a n a Morrisville Madison   
46 6/25 Wed pm 1955 y p 1.5 na na na Eaton Madison   
47 6/25 Wed pm 2030 y f 1 a y w Fabius Onondaga   
47 6/25 Wed pm 2030 y f 1 a y w Fabius Onondaga   
47 6/25 Wed pm 2100 n-missed          
47 6/25 Wed pm 2100 n-missed          
47 6/25 Wed pm 2100 n-missed          
47 6/25 Wed pm 2100 n-missed          
48 6/28 Sat am 926 y f 2.5 yp y a Smyrna Chenango   
49 6/28 Sat am 1055 y f 3 b, w y w Manlius Onondaga   
50 6/28 Sat am 1025 y f 2.5 b, s n a Utica Oneida   
51 6/28 Sat am 1040 y f 2 b, p n a Oneida Oneida   
52 6/28 Sat am 1050 y f 3 a y w Utica Oneida   
53 6/28 Sat am 1104 y f 3.5 a y w Oneida Oneida   
54 6/28 Sat am 1114 y f 4.5 b n a Syracuse Onondaga   
55 6/28 Sat am 1240 y f 3 b n a Bouckville Madison   
56 6/28 Sat am 1241 n-missed          
57 6/28 Sat am 1400 n-missed          
57 6/28 Sat am 1400 n-missed          
57 6/28 Sat am 1400 n-missed          
58 7/1 Tue am 1141 n-repeat          
59 7/1 Tue am 1211 y f 3 wal y m Manlius Onondaga   
60 7/1 Tue am 1400 n-repeat          
61 7/1 Tue am 1400 n-missed          
61 7/1 Tue am 1400 n-missed          
61 7/1 Tue am 1400 n-missed          
61 7/1 Tue am 1400 n-missed          
61 7/1 Tue am 1400 n-missed          
61 7/1 Tue am 1400 n-missed          
61 7/1 Tue am 1400 n-missed          
62 7/3 Thu pm 1525 y p 2 na na na Norwich Chenango   
63 7/3 Thu pm 1601 y p 2 na na na Norwich Chenango   
64 7/3 Thu pm 1618 n-missed          
65 7/3 Thu pm 1647 y f 3.5 a y w DeRuyter Madison   
66 7/3 Thu pm 1647 n-missed          
67 7/3 Thu pm 1730 y f 6.5 b n a Lakeland, FL Polk   
68 7/3 Thu pm 2006 y p 1 na na na Eaton Madison   
69 7/3 Thu pm 2020 y p 1.5 na na na Manlius Onondaga   
70 7/3 Thu pm 2035 y p 1 na na na Erieville Madison   
71 7/3 Thu pm 2040 y f 4 b, yp y w Plymouth Chenango   
72 7/3 Thu pm 2040 n-repeat          
73 7/3 Thu pm 2046 n-declined          
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Appendix C5 
 

# Date Day Type Time Surveyed? 1 2 3 4 5 6 7   
74 7/3 Thu pm 2100 y p 2 na na na Fayetteville Onondaga   
75 7/3 Thu pm 2112 y p 2 na na na Smyrna Chenango   
76 7/3 Thu pm 2115 n-missed          
77 7/3 Thu pm 2115 n-missed          
78 7/8 Tue am 1400 n-repeat          
78 7/3 Thu pm 2115 n-missed          
79 7/8 Tue am 1400 n-repeat          
80 7/15 Tue pm 1430 n-repeat          
81 7/15 Tue pm 1504 y f 6 a y m,w Syracuse Onondaga   
82 7/15 Tue pm 1538 n-repeat          
83 7/15 Tue pm 1504 n-missed          
83 7/15 Tue pm 1504 n-missed          
84 7/15 Tue pm 1550 y p 3 na na na Chittenango Madison   
85 7/15 Tue pm 2031 y f 3.5 b y w Cincinatus Cortland   
86 7/15 Tue pm 2100 n-missed          
87 7/25 Fri pm 1500 y p 3 na na na Preston Chenango   
88 7/25 Fri pm 1500 n-repeat          
89 7/25 Fri pm 1530 y f 4 b, w y w, l Oxford Chenango   
90 7/25 Fri pm 1603 y f 4 b n a Oxford Chenango   
91 7/25 Fri pm 1740 y f 1 a n a Sheds Madison   
92 7/25 Fri pm 2015 y p 1.5 na na na Oneida Madison   
93 7/25 Fri pm 2030 y p 2 na na na Erieville Madison   
94 7/25 Fri pm 2043 y f 2 a n a Sherburne Chenango   
95 7/25 Fri pm 2100 n-missed          
95 7/25 Fri pm 2100 n-missed          
95 7/25 Fri pm 2100 n-missed          
96 7/26 Sat pm 1440 y p 0.75 na na na Peterborough Madison   
97 7/26 Sat pm 1454 y p 1 na na na Oxford Chenango   
98 7/26 Sat pm 1500 y p 2 na na na Sullivan Madison   
98 7/26 Sat pm 1500 y p 2 na na na Sullivan Madison   
99 7/26 Sat pm 1506 y p 1 na na na Morrisville Madison   
100 7/26 Sat pm 1614 y f 2 b n a Sherburne Chenango   
101 7/26 Sat pm 1650 y f 4 a y w Bouckville Madison   
102 7/26 Sat pm 1650 n-repeat          
103 7/26 Sat pm 1725 y p 2 na na na Oxford Chenango   
103 7/26 Sat pm 1725 y p 2 na na na Oxford Chenango   
103 7/26 Sat pm 1725 y p 2 na na na Oxford Chenango   
104 7/26 Sat pm 1725 n-repeat          
105 7/26 Sat pm 1755 y p 2 na na na Poolville Madison   
106 7/26 Sat pm 1810 y p 3 na na na Sherburne Madison   
107 7/26 Sat pm 1820 y p 1.5 na na na Oriskany Falls Oneida   
108 7/26 Sat pm 1830 y p 2 na na na Morrisville Madison   
108 7/26 Sat pm 1830 y p 2 na na na Morrisville Madison   
109 7/26 Sat pm 1834 y p 3 na na na Canastoda Madison   
111 7/26 Sat pm 1825 n-missed          
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Appendix C6 
 

# Date Day Type Time Surveyed? 1 2 3 4 5 6 7   
74 7/3 Thu pm 2100 y p 2 na na na Fayetteville Onondaga   
75 7/3 Thu pm 2112 y p 2 na na na Smyrna Chenango   
76 7/3 Thu pm 2115 n-missed          
77 7/3 Thu pm 2115 n-missed          
78 7/8 Tue am 1400 n-repeat          
78 7/3 Thu pm 2115 n-missed          
79 7/8 Tue am 1400 n-repeat          
80 7/15 Tue pm 1430 n-repeat          
81 7/15 Tue pm 1504 y f 6 a y m,w Syracuse Onondaga   
82 7/15 Tue pm 1538 n-repeat          
83 7/15 Tue pm 1504 n-missed          
83 7/15 Tue pm 1504 n-missed          
84 7/15 Tue pm 1550 y p 3 na na na Chittenango Madison   
85 7/15 Tue pm 2031 y f 3.5 b y w Cincinatus Cortland   
86 7/15 Tue pm 2100 n-missed          
87 7/25 Fri pm 1500 y p 3 na na na Preston Chenango   
88 7/25 Fri pm 1500 n-repeat          
89 7/25 Fri pm 1530 y f 4 b, w y w, l Oxford Chenango   
90 7/25 Fri pm 1603 y f 4 b n a Oxford Chenango   
91 7/25 Fri pm 1740 y f 1 a n a Sheds Madison   
92 7/25 Fri pm 2015 y p 1.5 na na na Oneida Madison   
93 7/25 Fri pm 2030 y p 2 na na na Erieville Madison   
94 7/25 Fri pm 2043 y f 2 a n a Sherburne Chenango   
95 7/25 Fri pm 2100 n-missed          
95 7/25 Fri pm 2100 n-missed          
95 7/25 Fri pm 2100 n-missed          
96 7/26 Sat pm 1440 y p 0.75 na na na Peterborough Madison   
97 7/26 Sat pm 1454 y p 1 na na na Oxford Chenango   
98 7/26 Sat pm 1500 y p 2 na na na Sullivan Madison   
98 7/26 Sat pm 1500 y p 2 na na na Sullivan Madison   
99 7/26 Sat pm 1506 y p 1 na na na Morrisville Madison   
100 7/26 Sat pm 1614 y f 2 b n a Sherburne Chenango   
101 7/26 Sat pm 1650 y f 4 a y w Bouckville Madison   
102 7/26 Sat pm 1650 n-repeat          
103 7/26 Sat pm 1725 y p 2 na na na Oxford Chenango   
103 7/26 Sat pm 1725 y p 2 na na na Oxford Chenango   
103 7/26 Sat pm 1725 y p 2 na na na Oxford Chenango   
104 7/26 Sat pm 1725 n-repeat          
105 7/26 Sat pm 1755 y p 2 na na na Poolville Madison   
106 7/26 Sat pm 1810 y p 3 na na na Sherburne Madison   
107 7/26 Sat pm 1820 y p 1.5 na na na Oriskany Falls Oneida   
108 7/26 Sat pm 1830 y p 2 na na na Morrisville Madison   
108 7/26 Sat pm 1830 y p 2 na na na Morrisville Madison   
109 7/26 Sat pm 1834 y p 3 na na na Canastoda Madison   
111 7/26 Sat pm 1825 n-missed          
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Appendix C7 
 

# Date Day Type Time Surveyed? 1 2 3 4 5 6 7   
183 8/9 Sat pm 1624 n-missed          
184 8/9 Sat pm 1845 y p 2 na na na Chittenango Madison   
186 8/9 Sat pm 1858 n-repeat          
187 8/9 Sat pm 1909 n-repeat          
188 8/9 Sat pm 1920 y f 2 b y m Floyd Oneida   
189 8/7 Thu pm 1330 n-repeat          
189 8/7 Thu pm 1330 n-repeat          
189 8/7 Thu pm 1330 n-missed          
189 8/7 Thu pm 1330 n-missed          
189 8/7 Thu pm 1330 n-missed          
189 8/7 Thu pm 1330 n-missed          
190 8/10 Sun am 939 n-repeat          
191 8/10 Sun am 1028 n-repeat          
192 8/10 Sun am 1047 y p 1 na na na Canasoda Madison   
193 8/10 Sun am 1107 y f 4.5 a y w New Berlin Chenango   
194 8/10 Sun am 1122 y f 2.5 w y w Lafayette Onondaga   
195 8/10 Sun am 1123 n-repeat          
196 8/10 Sun am 1221 y p 2 na na na Canastoda Madison   
197 8/10 Sun am 1234 y f 4.5 a y w, c, m Cazenovia  Madison   
198 8/10 Sun am 1400 n-missed          
198 8/10 Sun am 1400 n-missed          
198 8/10 Sun am 1400 n-missed          
199 8/13 Wed am 924 y p 1 na na na Utica Oneida   
200 8/13 Wed am 1140 y f 4.5 b y w Whitesborogh Oneida   
201 8/13 Wed am 1400 n-missed          
202 8/15 Fri pm 1521 n-repeat          
203 8/15 Fri pm 1350 y f 2.5 b n a Jefferson Twp, NJ Morris   
204 8/15 Fri pm 1641 n-missed          
205 8/15 Fri pm 2005 y f 2 a y w Cazenovia  Madison   
206 8/15 Fri pm 2009 y p 6 na na na Georgetown Madison   
207 8/15 Fri pm 2035 y f 4 b y w Plymouth Chenango   
208 8/15 Fri pm 2043 y p 4.5 na na na Eaton Madison   
209 8/15 Fri pm 2100 n-repeat          
210 8/17 Sun pm 1515 n-missed          
211 8/17 Sun pm 1520 n-missed          
212 8/17 Sun pm 1735 n-missed          
213 8/17 Sun pm 1754 y f 4 a y w Canastoda Madison   
214 8/17 Sun pm 1800 y p  na na na Lafayette Onondaga   
215 8/17 Sun pm 1806 n-declined          
216 8/17 Sun pm 1816 y p 2 na na na Munnsville Madison   
217 8/17 Sun pm 1828 y p 4.5 na na na Frankfort Herkimer   
218 8/17 Sun pm 1955 y p 2 na na na Norwich Chenango   
219 8/17 Sun pm 1959 y p 0.5 na na na Georgetown Madison   
220 8/17 Sun pm 2004 y f 2 b y w Morrisville Madison   
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Appendix C8 
 

# 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
1 EBR m EBR w y y y 17 o bow n na na d n n 
2 Delta Res. w EBR d y m w 16.5 o whaler n na na d n n 
3 EBR w EBR d n na na 14 o vhull n na na d y n 
4 EBR y Oneida Lk. m y m w 17 o vhull n na na d n n 
5 LeLand Ponds w Bradley Brook Res. d n na na 12 e vhull n na na d n n 
6 Goodyear Lk. y EBR w y au y 17 o vhull y no na d n n 
7 Canadarago w EBR w y w w 16 o vhull y na na d n n 
8 EBR w EBR w y m m 16 o john y n na d n n 
9 Moraine Lk. m Hatch Lk. w y au w 14 o vhull y y au d n n 
10 Lebanon Res. w   n na na 14 o  bow n na na d n n 
12 EBR y w m y m w 18 io bow n na na d n n 
13 EBR w EBR w y y y 15 o bow n na na d n n 
14 na na Lebanon Res. w y au y 16 o vhull y n na d y y 
15 EBR m Mexico m n na na 11 o john y y au d n n 
16 Little York Lk. w Fish cr. m n na na 15 p kayak n na na d n n 
16 Little York Lk. w Fish cr. m n na na 12 p kayak n na na d n n 
17 EBR w EBR w n na na 16 o john y y au d n n 
18 EBR d Cazenovia Lk. d y au d 19 o vhull y y au d n n 
19 Cazenovia Lk. w EBR d y y m 16 o bow n na na d y n 
20 EBR w EBR w y y m 16 o bow y y au d y n 
21 EBR w EBR d y m m 19 in ski n na na n   
22 EBR w Moraine Lk. w n na na 16 o bow y n na d y y 
23 EBR w Adirondacks m n na na 19 o cuddy n na na d y y 
24 EBR w EBR w y w na 19 io bow n na na d y n 
25 Oneida Lk. d Black Lk. w y m m 15 o vhull n na na d y n 
26 EBR d EBR w y m na 16 o vhull y n na d   
27   Lebanon Res. y n na na 10 r john n na na d n n 
28 Otsego Lk. d  w n na na 18 o vhull y n na d y n 
29 DeRuyter Res. d Lk. George w y au m 12 o vhull n na na d y y 
30 EBR d w d y au w 17.5 o john y n na d n n 
31                 
32 LeLand Ponds w  w y w w 14 r vhull n na na d y n 
33 Cazenovia Lk. y EBR d n na na 14 o vhull n na na d y n 
34                 
35 EBR w Sunset Pond DK n na na 15 p canoe n na na d y y 
36 Erie Canal d Erie Canal d n na na 18 p race canoe n na na d n n 
37                 
37                 
38                 
38                 
38                 
38                 
39                 
40                 
41 LK. Eaton-ADK y LK. Eaton-ADK m y m d 14.5 j jetboat n na na d n n 
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Appendix C9 
 

# 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
42                 
43 EBR d EBR w y au d 14 j jetboat n na na d n n 

44 EBR d EBR d y au d 8 j jetski n na na d na n 
45 Lebanon Res. d EBR d y w w 16 o vhull n na na d y y 
46 EBR d Lorise LK. w y y m 14 s sail n na na d n n 
47 Labrador Hollow d EBR w n na na  p kayak n na na d n n 
47 Labrador Hollow d EBR w n na na  p kayak n na na d n n 
47                 
47                 
47                 
47                 
48 na na Lebanon Res. d na na na 14 o vhull n na na d n n 
49 DeRuyter Res. w EBR w n na na 14 o vhull n na na d y y 
50 Lake of Owl w Lake of Owl w n na na 16 o vhull n na na d n n 
51 Canadarago d DeRuyter Res. d y au d 17 o vhull y n na d n n 
52 EBR w Black Lk. w y au w 19 io bow y n na d y n 
53 DeRuyter Res. w DeRuyter Res. w y m m 14 o vhull n na na d n n 
54 Otisco Lk w Saranac lk w y m w 16 o vhull y y au d n n 
55 Yellow Lk. w Oneida Lk. d n na na 17.5 o vhull y n na d n n 
56                 
57                 
57                 
57                 
58                 
59 EBR d EBR w y y na 17 o bow y n na d y n 
60                 
61                 
61                 
61                 
61                 
61                 
61                 
61                 
62 Oneida Lk. y Chenango Lk. d y m d 20 o poontoon y n na d n n 
63 EBR w EBR w y au w 16 o bow n na na d y n 
64                 
65 na na DeRuyter Res. d y au na 18 O poontoon N na na d n n 
66                 
67 Moraine Lk. d Otsego Lk. d y w m 17.5 o bass y y au d n n 
68 EBR y EBR d y au y 19.5 io bow n na na d n n 
69 EBR w EBR w n na na 17 o john n na na d n n 
70 EBR w Hatch Lk. w n na na 9 p kayak n na na d n n 
71 EBR m EBR m y m m 16 o trihull n na na d y n 
72                 
73                 
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Appendix C10 
 

# 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
74 Moose River  Fish Cr. Pond m n na na 16 p canoe n na na d n n 
75 EBR y EBR d n na y 21 io bow n na na d n n 
76                 
77                 
78                 
78                 
79                 
80                 
81 Cazenovia Lk. w Onondaga Lk. w y w m 16 o bow n na na d y y 
82                 
83                 
83                 
84 St. Lawrence R. w St. Lawrence R. w y au w 12 o infl n na na d n n 
85 S. Otselic R. w EBR w y m m 17 p canoe n na na d n n 
86                 
87 Oneida Lk. m Don't Know w y au m 15.5 o vhull y n na d n n 
88                 
89 Moraine Lk. m Chenango Cr. w y m m 16.5 o vhull y n na d n n 
90 Chenango Lk. m na na n na na 16 o vhull n na na d n n 
91 na y Otisco Lk. m y au d 10 o vhull n na na d y n 
92 na na EBR w n na na 16 o poontoon n na na d n n 
93 Lk. Titus y EBR w y au na 16 o vhull n na na d y n 
94 Canadarago d Lebanon Res. d y m m 14 o vhull n na na d n n 
95                 
95                 
95                 
96 EBR w EBR w y au w 15 o ski n na na d n n 
97 EBR w na na y m w 6 j jetski n na na d n n 
98 Lk. Ontario m Cazenovia Lk. d n na na 13.6 p kayak n na na d n n 
98 Lk. Ontario m Cazenovia Lk. d n na na 11.1 p kayak n na na d n n 
99 EBR w EBR w y w w 8 j jetski n na na d n n 
100 EBR m EBR m n na na 14 o vhull n na na d n n 
101 EBR m Oneida Lk. w n na na 16 o vhull y y au d n n 
102                 
103 Cayuga Lk m Don't Know w n na na 10 j jetski n na na d n n 
103 Cayuga Lk m Don't Know w n na na 10 j jetski n na na d n n 
103 Cayuga Lk m Don't Know w n na na 14 s sail n na na d n n 
104                 
105 Cape Cod  EBR w y w m 20 o vhull n na na d y n 
106 EBR m EBR d n na na 16 io vhull n na na d n n 
107 EBR d Oneida Lk. d y m w 20 io bow n na na d y n 
108 Stoney Pond m Cazenovia Lk. w y m m 14 p kayak n na na d n n 
108 Stoney Pond m Cazenovia Lk. w y m m 14 p kayak n na na d n n 
109 EBR w EBR m n na na 17 io bow n na na d n n 
111                 

 
 
 



 89 

Appendix C11 
 

# 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
112                 
113 EBR m EBR d y m na 16 o ski n na na d n n 
114 Canadarago w EBR w y au w 18 o ski y n na d n n 
115                 
116 Lebanon Res. w EBR w y au w 14.5 o vhull y y au d y y 
117 EBR d EBR d y au d 15 p canoe n na na d n n 
118                 
119 EBR d EBR w y au d 16 o vhull y n na d n n 
120                 
121 EBR w EBR d y au d 16 o john n na na d n n 
122                 
123 Moraine Lk. m Lebanon Res. w y au m 18.25 o bass y y au d n n 
124                 
125                 
126                 
127 Lebanon Res. m EBR w y au m 14 o vhull n na na d y n 
128 Lk. Ontario w EBR w y m m 15 o vhull n na na d y y 
129 Moraine Lk. m EBR w n na na 14 o vhull y n na d n n 
130 Otisco Lk m DeRuyter Res. w y w w 14 o vhull y y au d n n 
131 Otisco Lk m DeRuyter Res. w y au m 15.75 o john y y au d n n 
132 DeRuyter Res. w DeRuyter Res. w y au w 16 o john y y au d n n 
133 DeRuyter Res. w Skineatles Lk. w y w w 21 o bass y y au d n n 
134 Skineatles Lk. w Cayuga Lk. d y au w 18 o vhull y y au d n n 
135 Otisco Lk m DeRuyter Res. w y m m 17 o bow y y au d y n 
136 Skineatles Lk. w DeRuyter Res. w y au w 17 o john y y au d y n 
137 Long Pond w EBR m y m m 14 o vhull y n na d y n 
138                 
138                 
138                 
139 EBR y EBR m y y y 18 io bow n na na d n n 
140                 
140                 
140                 
140                 
140                 
140                 
140                 
140                 
140                 
140                 
140                 
141                 
179                 
180                 
182                 
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# 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
183                 
184 Oneida Lk. m Oneida Lk. m n na na 16 o bow n na na d n na 
186                 
187                 
188 EBR w EBR w n na na 15 p canoe n na na d n na 
189                 
189                 
189                 
189                 
189                 
189                 
190                 
191                 
192 EBR w EBR w y y d 6 p paddleboat n na na d n na 
193 EBR d EBR w y w w 14 o vhull y n  na d n na 
194 EBR w EBR w y m m 16 o john n na na d y y 
195                 
196 Chitton Pond w EBR w y m w 9.5 p kayak n na na d n na 
197 Otisco Lk d Don't Know w n na na 15 o vhull n na na d n na 
198                 
198                 
198                 
199 EBR w EBR d y m d 19 in ski n na na d n na 
200 Moraine Lk. d Don't Know d n na na 16 o vhull y n na d n na 
201                 
202                 
203 Lk. Hepatcong m Trout Lake m y au d 14 o vhull n na na d n na 
204                 
205 EBR d EBR d y w w 18.25 o vhull n na na d y n 
206 EBR d EBR d y m w 18 io cuddy n na na d n na 
207 DeRuyter Res. d DeRuyter Res. d y au d 15.5 o vhull n na na d n na 
208 EBR d EBR d y w y 16 o bow y n na d y n 
209                 
210                 
211                 
212                 
213 EBR m EBR w y y m 12 o john n na na d n na 
214 DeRuyter Res. d Don't Know na y au d 22 in cuddy y n na d n na 
215                 
216 Oneida Lk. d EBR w y au d 15 o bow n na na d n na 
217 Oneida Lk. w Delta Res. w y m na 24 o poontoon n na na d y y 
218 Lebanon Res. m EBR na y y y 17 in bow n na na d n na 
219 Whitney Point Res. m Whitney Point Res. m n na na 12 o vhull n na na d n na 
220 EBR m Canada m n na na 16 o vhull y y h d n na 
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Appendix C13 
 

# 24 25 26 27 28 29 30 
1 n y ec, en, r n n n n 
2 n y ec, en y n n n 
3 n y ec, en y n n n 
4 n y en y n n n 
5 n y ec n n n n 
6 n y ec, en y n n n 
7 n y n y n n n 
8 n y ec y n y n 
9 n y ec y n y y 
10 n y n n n n n 
12 n y en n n n n 
13 n y ec y n n n 
14 y y ec, r y n n n 
15 n y ec y n n n 
16 n y ec y n n n 
16 n y ec y n n n 
17 n y n n n n n 
18 n y ec, en, r y n n n 
19 n y ec y n n n 
20 n y n n n n n 
21  y  ec, en, r y n n n 
22 y y ec, en y n n n 
23 y y n n n n n 
24 n y n y n n n 
25 n y ec n n n n 
26  y a y n n n 
27 n y ec n n n n 
28 n y n y n n n 
29 y y ec y n n n 
30 n y a y n n n 
31        
32 n y n n n n n 
33 n y ec, r y n n n 
34        
35 n y ec y n n n 
36 n y ec y n n n 
37        
37        
38        
38        
38        
38        
39        
40        
41 n y n n n n y 
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Appendix C14 
 

# 24 25 26 27 28 29 30 
42        
43 n y ec n n n n 

44 n y ec, r y n n n 
45 y y n n n n n 
46 n y ec y n n n 
47 n y r y n n n 
47 n y r y n n n 
47        
47        
47        
47        
48 n y ec, en n n n n 
49 n y a y n n n 
50 n y n n n n n 
51 n y n n n n n 
52 n y n n n n n 
53 n y ec y n n n 
54 n y ec y n n y 
55 n y ec n n n n 
56        
57        
57        
57        
58        
59 n y ec y n n n 
60        
61        
61        
61        
61        
61        
61        
61        
62 n y n y n n n 
63 n y en n n n n 
64        
65 n y ec, en y n n n 
66        
67 n y n n n n n 
68 n y en y n n n 
69 n y ec, en y n n n 
70 n y ec, en y n n n 
71 n n n y n n n 
72        
73        
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# 24 25 26 27 28 29 30 
74 n n n n n n n 
75 n y n y n n n 
76        
77        
78        
78        
79        
80        
81 y y ec, en, r y some y y 
82        
83        
83        
84 n y n y n n n 
85 n y ec y n n n 
86        
87 n y ec, en y n n n 
88        
89 n y ec y n n n 
90 n y n y n n y 
91 n y ec y n n n 
92 n y n n n y y 
93 n y ec, r y n n n 
94 n y a y n n n 
95        
95        
95        
96 n y n n n n n 
97 n y n n n n n 
98 n y en, r y n n n 
98 n y en, r y n n n 
99 n y ec, r y n n y 
100 n y ec n n n n 
101 n n n n n n n 
102        
103 n y n n n n n 
103 n y n n n n n 
103 n y n n n n n 
104        
105 n y ec y n n y 
106 n y n n n n y 
107 n y r n n n n 
108 n y en y n n n 
108 n y en y n n n 
109 n y n n n n n 
111        
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# 24 25 26 27 28 29 30 
112        
113 n y n y n y y 
114 n y ec y n n n 
115        
116 n y ec, en y n n n 
117 n y ec, en y n n n 
118        
119 n y n y n n y 
120        
121 n y en y n n n 
122        
123 n y ec y n n n 
124        
125        
126        
127 n y n y n n n 
128 n y ec, r y n n n 
129 n y en n n n n 
130 n y n y n n n 
131 n y ec y n n n 
132 n y n y n n n 
133 n y ec y n n y 
134 n y ec y n n n 
135 n y n n n n y 
136 n y n y n n n 
137 n y n y n n y 
138        
138        
138        
139 n y ec n n n y 
140        
140        
140        
140        
140        
140        
140        
140        
140        
140        
140        
141        
179        
180        
182        
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Appendix C17 
 

# 24 25 26 27 28 29 30 
183        
184 na y n n n n n 
186        
187        
188 na y ec, en y n n n 
189        
189        
189        
189        
189        
189        
190        
191        
192 na y n n n n n 
193 na y ec, en y n n n 
194 n y en y n y n 
195        
196 na y en y n n n 
197 na y ec y n n y 
198        
198        
198        
199 na y ec y n n y 
200 na y ec, en y n n y 
201        
202        
203 na y n y n n n 
204        
205 na y en y n n n 
206 na y n y n n n 
207 na y ec, en y n n n 
208 na y n n n n n 
209        
210        
211        
212        
213 na y n y n n n 
214 na y en y n n n 
215        
216 na y ec y n n n 
217 n y n y n n n 
218 na y n n n n n 
219 na y n y n n n 
220 na y ec n n n n 

 
 
 
 


