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Abstract: In the summers of 2003 and 2004 larval zebra msiggeligers) were sampled
with a 63 pm-mesh plankton net weekly at multiplegtions on two streams in the
Upper Susquehanna River Basin of New York to examihat role the streams played in
the natural dispersal of zebra mussels. The lodgial distribution of veligers indicated
that zebra mussels disperse following the soundlesiodel in Oaks Creek and a
combination of the source-sink model and the dowdwaarch model of dispersal in
Eaton Brook. Both streams contribute significaminbers of veligers to larger rivers
downstream and in one case, the larger downstre@mbecame infested with zebra
mussels. Two impoundments on Eaton Brook likelyehaeen infested with zebra
mussels. The veliger production in the newly itddimpoundments resulted in a 10-
fold increase in the flux of veligers leaving Ea®rook.

INTRODUCTION

Zebra musseld)reissena polymorphéPallas, 1771)) were discovered in Lake St.
Claire, Michigan in 1988 (Herbert et al., 1989)nc® then, zebra mussels have
successfully invaded and colonized 374 waterbadies least 15 states and two
Canadian provinces (USGS, 2004). Zebra musseisatiypdisperse by ‘hitching’ rides
on recreational boats (Bossenbroek et al., 200&h&u and Padilla, 1999; Johnson et al.,
2001), commercial shipping vessels (Johnson antic@ad 996), and displaced aquatic
macrophytes (Horvath and Lamberti, 1997) and bgipaly drifting during their larval
life stage (i.e., veliger stage) in lotic (Johnsor Carlton, 1996; Horvath et al., 1996)
and lentic (Johnson and Carlton, 1996; Martel, }®&&er currents.

Numerous studies examine and predict the dispefsabra mussels in lentic
habitats (Bossenbroek et al., 2001; Buchan andI®2at®99; Martel, 1994) and large
rivers (Bocherding et al., 1992; Kern et al., 1989kllina and Rasmussen, 1994; Stoeckel
et al., 2004), however, few studies have addrelssedl zebra mussel dispersal in small
streams (see Horvath et al., 1996; Miller and Hay897). The few studies that
examined zebra mussel dispersal in small streams/éth et al., 1996; Horvath and
Lamberti, 1999 a & b; Miller and Haynes, 1997) feed research on colonization
dynamics of the zebra mussels, and not specificallthe role of the streams acting as
longitudinal dispersal conduits to downstream waddres, though Horvath and Lamberti
(1999 a & b) note that small streams can be pa@kdispersal conduits for larval zebra
mussels.

The dispersal of larval zebra mussels in lotic tedbirequires headwaters
colonized by zebra mussels to provide veligersiispersal to areas downstream of the
headwater (Horvath et al., 1996; Stoeckel et 8042. Horvath et al. (1996) and



Horvath and Lamberti (1999 a & b) found that veligencentrations in Christiana Creek,
a small stream in Michigan and Indiana, declingglogrentially with increasing distance
from the lake-outlet. They proposed that veligertality from turbulence and shear
forces (see also Rehman et al., 2003) was likeyd¢hson for the exponential decrease in
veliger abundance with increasing distance fromdke-outlet. They didn’'t, however,
examine the role Christiana Creek served in progdieligers to the St. Joseph River,
whose confluence with Christiana Creek is ~18 kmrkiveam of the Christiana Lake
headwater.

The first established population of zebra musselse Upper Susquehanna River
Basin was documented in Eaton Brook Reservoir, BadCounty, New York in 2000
(Lord, 2002) followed by a second documented invagnto Canadarago Lake, Otsego
County, New York in 2002 (Horvath and Lord, 200Because this is currently the
beginning of the invasion of zebra mussels in thegBehanna River Basin, we are in a
unique position to examine the dispersal dynamidareal zebra mussels. The goal of
this study was to examine the potential of zebrasulinfested Eaton Brook Reservoir
and Canadarago Lake to provide sufficient veligenhers to colonize larger,
downstream rivers.

METHODS
Study Area

Eaton Brook and Oaks Creek are located in the UBpequehanna River Basin
of New York (Figure 1). The headwaters for Eatondk and Oaks Creek are Eaton
Brook Reservoir (N 42°51.872' W 075° 41.207") tedan Madison County, New York
and Canadarago Lake (N42° 47.51' W75° 0.93") laca®©tsego County, New York.

Madison County

Figure 1. Madison and Otsego Counties, NY (1 cm = 70.4 km).



Eaton Brook Reservoir (115 ha; Figure 2) was coiegdd in the 1830’s to supply
water to the Chenango Canal, which connected tlee@anal in Utica, NY with the
Susquehanna River in Binghamton, NY (Ingmire, 200@)e Chenango Canal is no
longer in operation. The dam at Eaton Brook Rase(+20 m) has both hypolimnetic
and epilimnetic (spillway) discharges. Additioyalihe spillway has a series of large
concrete baffles to minimize the velocity of wateming over the spillway. Canadarago
Lake (760 ha) has a small, adjustable-board lovgHokean installed in the 1960's to
stabilize summer lake levels. The Canadarago dake lies 1.8 km from the lake outlet.
Eaton Brook ends at its confluence with the Cheod®iger ~8 km from Eaton Brook
Reservoir. Oaks Creek ends at its confluence th#ghSusquehanna River, 22 km from
Canadarago Lake.

Canadarago Lake

Ot ==go Lake
Eaton Brook

Reservair
o0 km

1.0km
2.4km
Eatorn Brook 4.9km 7.8km

9.7km

Chenango
River 522 km

Good yesr Lake
EZ km

Figure 2. Sampling site locations on Eaton Brook (1 cm&Kim) and Oaks Creek (1
cm = 5.8 km). Maps were produced using ArcView @éSsion 3.21a.

Eaton Brook shares geomorphologic characteristitssecond to third order
streams, whereas Oaks Creek shares geomorpholagiacteristics with third and
fourth-order streams. The stream gradient ovelethgth of the stream (derived from
topographical maps) for Eaton Brook and Oaks Cre@k009 and 0.001 respectively.
Eaton Brook is less sinuous than Oaks Creek. Hatook's average width is ~5-7 m
(except impoundments) and Oaks Creek’s averagdigdt10-15 m. Eaton Brook
resembles a northeastern freestone creek for mdstlength, however it has 3 man-
made impoundments (~3.5, 5.2, 3.0 ha). Oaks Cleek@sembles a northeastern
freestone creek, however its upper reaches (dotei8 km) resemble lentic habitats with
very low velocity, soft substrate, and macrophyiesg the banks. Downstream of the
dam, stream gradient and velocity begin to increase the creek begins to resemble a
freestone creek



Sample sites on Eaton Brook (n=6) were locatedalize dam on Eaton Brook
Reservoir (0 km) and then 0.2, 1.0, 2.4, 4.9, m8downstream from the dam.
Additionally, two other sites were investigatedtba Chenango River 9.7 and 2Rrh
downstream from the Eaton Brook Reservoir dam. @asites on Oaks Creek (n=5)
were located 1.8, 6.6, 11.5, 13.6, and 22 km dawast of the Canadarago Lake outlet.
Additional sample sites (n=3) were added to theg8elsanna River below its confluence
with Oaks Creek in the summer 2004. These sites lweated 33, 52.3, and 62 km from
the Canadarago Lake outlet. Goodyear Lake iséalgaist downstream of the 52.3-km
site. The 62-km site is 2.3 km downstream of tlhedyear Lake dam. Veligers
observed from the 62-km site are assumed to be @oodyear Lake and not
Canadarago Lake. Distances on Eaton Brook weszrdated using DeLorme
TopoUSA version 5.0 software and distances on @aksk were determined using
ESRI ArcView GIS version 3.2a software using dataved by the Otsego County Soil
and Water Conservation District.

Physicochemical Parameters

Water chemistry was monitored on Eaton Brook odurie 2003, 17 July 2003,
and 14 August 2003; water chemistry was monitore@aks Creek on 13 June 2003, 17
July 2003, and 14 August 2003. Water quality watstmonitored in the summer 2004.
Temperature, dissolved oxygen, conductivity, andysfe measured using an YSI water
analyzer. Water samples (n=2 per site) were alsert for alkalinity (sampled on 17 July
2003) and calcium (sampled on 14 August 2003) nreasents for both streams.
Calcium and alkalinity analysis procedures werggethfrom APHA (1989).

Discharge was calculated on each sample day mymars. Discharge was not
calculated (from stream measurements) on EatonkByod. 5 July 2004 due to inclement
weather. Discharge was calculated by multiplyimg ¢ross-sectional area of the stream
channel by the mean stream velocity (i.e., at ~4€ir&@am depth), which was measured
using a Marsh-McBirney digital flowmeter. Dischargias calculated from Eaton Brook
0.2 km from the Eaton Brook Reservoir outlet andOaks Creek 11.5 km from the
Canadarago Lake outlet. Discharge could not beutzied from sampling sites upstream
of the 11.5 km site on Oaks Creek because deep praeluded safe wading. On seven
dates in the summer of 2003, stadia gauge readiags made at the Eaton Brook
Reservoir spillway for construction of a dischargéng curve for Eaton Brook.

Discharge from 15 July 2004 on Eaton Brook wasutated by linearly
regressing all discharge data with readings froenstadia gauge (n=7) on Eaton Brook
Reservoir and then interpolating the dischargeingailom the stadia reading 15 July
2004 on the regressed rating curvéR.78).



Veliger Sampling

Quantitative veliger sampling procedures were asthfrom Horvath and
Lamberti (1999). Veligers were collected by buakg©OL of water from the water
column into a 63um-mesh plankton net. Each comattt sample was then rinsed into
sterile plastic sample bags with 70% ethanol. &lsamples were collected per site for
each date. All sites on Eaton Brook (includingtéservoir) and Oaks Creek were
guantitatively sampled. The two sites on the ChgoaRiver and the three sites on the
Susquehanna River were qualitatively sampled. dutaditative sampling procedure was
also adapted from Horvath and Lamberti (1999).sTmocedure involved hanging a
63pm-mesh plankton net in the thalweg (main chgrfoek period of five minutes. The
concentrated samples were then rinsed into aestaihple bag with 70% ethanol. Only
two samples were collected at the sites that weaditgtively sampled. The purpose of
gualitative sampling is to document the presenabsence of veligers at those sampling
locations. Sites were qualitatively sampled beeaugdiger concentrations were too low
to make accurate counts given the limited volumeatier sampled. Additionally, the
gualitative sites were in much larger rivers (conepao Eaton Brook and Oaks Creek)
and thus high turbidity made quantifying veligerghe concentrated samples difficult.
The most downstream site on the Susquehanna Ri2ém{) was sampled quantitatively
starting 25 June 2004.

Veligers were sampled from the lowest most pointtenstream (i.e. the 62-km
site on the Susquehanna River and the 22.1-knositke Chenango River) and then
moving upstream towards the headwaters. If sampliss done from upstream to
downstream, the higher veliger concentrations @ugistream sites could potentially
introduce unnecessary error because veligers gmihtially cling to the inside of the
net despite rinsing, and add to the veliger coonttentration of downstream sites.
When sampling occurs in an upstream directiongtimeentrations in the streams should
be increasing and any veligers stuck to the ingfdbe net will have a minimum effect
on the count. On the rare occasion that samplaegroed from upstream to downstream,
the plankton net was soaked in distilled vinegatissolve any veligers potentially
sticking to the inside of the net. The planktohwas also placed in distilled vinegar
when moving between streams to minimize contanonatiror

Veligers were quantified using cross-polarizatioenescopy (Johnson, 1995).
This technique allowed for easy identification ebza mussel veligers. Fivel-mL
subsamples per sample were pipetted into SedgeRafier Counting Cells and veligers
were quantified and placed into three developmeragdgories based on external
morphology. These size (developmental) categamidade the straight-hinged or D-
stage, umbonal-, and pediveliger-stages (FigurelBg straight-hinged stage is the first
veliger developmental stage and is characterizea ‘By shaped shell, the umbonal stage
is the mid-developmental veliger stage charactdrigethe appearance of the umbo, and
the pediveliger stage (or late-umbonal stage)aditial stage of veliger development and
is characterized by the development of a well-dgwedl umbo and larger size (Horvath
& Lamberti, 1999). The pediveliger stage veligans competent to settle.
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Figure 3. Zebra mussel life cycle (Black, 2003).

The qualitative samples were processed by pipeRihgnL subsamples into
separate petri dishes and then rinsing with a snwollime of 70% ethanol to dilute the
samples. The dilution of the 1-mL sample servefdd¢ditate finding veligers among the
large amounts of sediment in the samples. Thdtgtieé samples were also examined
using cross-polarization microscopy.

Veliger Flux

In order to account for potential flow effects afhlilition of veliger concentrations
(i.e., veligers [}) due to varying discharge levels across both teaimd spatial scales,
veliger flux (i.e. millions of veligers d&ypassing a specific location) was calculated
(Stoeckel et al., 1997; Stoeckel et al., 2004)ligée flux per day was calculated using
the following equation:

f = Vv*Q *86,400 / 16,

where f = flux, V = veliger concentration (veligets®), Q = discharge (L Y, and

86,400 represents the number of seconds in a daydding from seconds to days).
Discharge is assumed to be constant along theedatigth of each stream, even though
discharge will increase with increasing distancenfithe lake-outlet due to discharge
input from tributaries.



Veliger Mortality

Veliger mortality was examined using methods aelditom Horvath and
Lamberti (1999). Veligers were sampled using thalitative sampling procedures
explained above in Oaks Creek (1.8 and 22 km siied)the Susquehanna River (62 km
site) on 25 June 2004 and in Eaton Brook (0.2 a@8dm sites) on 28 June 2004.
Sampling occurred in the last week of June 2004l this time corresponded with the
first major reproductive events in the summer @20

Three samples were taken from each site and placsdrile plastic bags
suspended over a water bath to minimize temperétotiations. Neutral Red
(45 mg L*) was then added to the samples until a volum@6friL was reached and the
samples were allowed to set for a period of 3 order for the live veligers to incorporate
the stain. Following the 3-h stain time, the sasaplere rinsed with tap water and the
veligers were enumerated using stereo dissectiogsuopes (20X). The veligers were
first located using cross-polarized light. Afteetveligers were located, they were
examined under unpolarized light (bright field)arder to determine if the veliger
incorporated stain particles (i.e., the veligealige). Veligers were considered alive if
they turned pink or red (from Neutral Red) andfdhey were actively swimming.
Veligers were considered dead if no stain was Msilnder the white-light conditions.
Veligers were identified as being alive, dead, mkien and counted until 100 veligers
were counted from an individual sample. The 10gee target was not met at either
Eaton Brook site or the Oaks Creek 22 km site bexafi low veliger concentrations.

Statistical Analysis

All data for veliger concentration and flux wergdsithmically regressed using
SPSS for Windows Student Version 10.0.5 and SP3S8orel11.5.0 software. The
normality assumption was tested using KolomogororSoff (with Lillifors) tests. All
data were normally distributed. The homogeneityasfance assumption was tested by
plotting the residuals versus predicted valuesoatttasrplots. The scatterplots indicated
that the veliger concentration and flux data vareis heterogeneous, thus violating the
homogeneity of variance assumption. McArdle and&xson (2004) note that data with
unequal variances are typically transformed andékelting data are then analyzed,
however, the use of transformed data to minimizerbgeneity often “leads to grossly
inflated type | error.” Thus, the statistical datare interpreted cautiously (without
transforming the data) considering the heteroggmdivariance.



RESULTS

Physicochemical Parameters

All water chemistry parameters fell within the gansuitable for the survival of
zebra mussels (Tables 1 and 2). Zebra musselseagater temperature between 2 and
30° C (Smirnov et al., 1993), dissolved oxygen em@tions >1.8 mgt(Sprung,

1987), calcium concentrations >12 mg (Sprung, 1987; though Neary & Leach (1992)
suggest concentrations >28 mg)L.and pH between 7.4 and 9.4 (Sprung, 1987). See
appendices A1-A3 for additional water quality datal discharge data for Eaton Brook
and appendices B1 and B2 for similar data for Gadezk.

Distance from Outlet (km) | Temp. °C) | DO (mgL™) | Ca (mg L™ 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 ms@surone date) water
chemistry in Eaton Brook and the Chenango Riveéhénsummer 2003.

Distance from Outlet (km) | Temp. °C) | DO (mg L™) Ca (mg LY 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 mahsuarene date) water
chemistry in Oaks Creek in the summer 2003.



Veliger Sampling

(note: y-axis scales are not constant among graplo® to large variation in concentrations and flux.
Error bars = £1 s.e. EB = Eaton Brook and OC = Oakseek).
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Figures 4-7. Mean longitudinal veliger concentrations and meaity flux in Eaton
Brook in the Summers 2003 and 2004.
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Figures 8-11. Mean longitudinal veliger concentrations and meaity 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 Creekhe last week of
June 2004.

The veliger mortality data should be viewed wietutton because the veliger
counts were very low for the Eaton Brook (n = 1@{igers at 0.2 km and n = 46 veligers
at 24.4 km) sites and the 22-km site on Oaks Cfeek18 veligers). The 1.8-km site on
Oaks Creek (n = 305 veligers) and the 62-km sittherSusquehanna River (n = 299
veligers) had acceptable numbers (i.e. n = ~30@e&ed) of veligers in the samples.
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Figures 18 -21Figures on the left illustrate veligers enteringl &&aving Eaton Brook.
Solid dots represent veligers entering Eaton Branwdk open dots represent veligers
entering the Chenango River. Figures on the illytgtrate veligers entering the
Chenango River (note variable range at top). Meenout of Eaton Brook was 2.3
million veligers day in 2003 and 24.6 million veligers dayn 2004.
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Flux in and out of OC- 2003 Flux out of OC- 2003

12000 250
= 10000 = 200
5 g
8000
2 2 150
i) o
'g 6000 g
x x 100
Z 4000+ T
o) 3 50
2 20004 2
() ()
> >
0 04
5/1/03  6/1/03  7/1/03  8/1/03  9/1/03  10/1/0 5/1/03 6/1/03 7/1/03 8/1/03 9/1/03
Date Date
Flux in and out of OC- 2004 Flux out of OC- 2004
4000 800
"= 3000+ "= 600
© ©
7] %))
c c
o o
= 2000 = 400
£ E
x X
3 3
L 1000 L 200
) o
2 =2
o o
> 0+ > 04
5/1/04  6/1/04  7/1/04  8/1/04  9/1/04  10/1/0 5/1/04  6/1/04  7/1/04  8/1/04  9/1/04  10/1/04
Date Date

Figures 22-25Figures on the left illustrate veligers entering &maving Oaks Creek.
Solid dots represent veligers entering Oaks Creekopen dots represent veligers
entering the Susquehanna River. Figures on the itigstrate veligers entering the
Susquehanna River (note variable ranges). Mearofltiof Oaks Creek was 57.9
million veligers day in 2003 and 120.9 million veligers dain 2004.
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Figures 26 & 27.The figure on the left illustrates the size digitibn of veligers that
have come out of Goodyear Lake (62-km site). Tdneré on the right illustrates veliger
concentration for the 62-km site. It is assumed teligers are from Goodyear Lake and
not Canadarago Lake.

The qualitative sampling on the Chenango Rivef £22.1 km from Eaton
Brook Reservoir) in 2003 yielded 1 observation eligers at 9.7 km site and 3
observations of veligers at the 22.1 km site (dut ® 11 dates); in 2004, sampling
yielded 2 observations at each site (out of n ddi@s). The qualitative sampling on the
Susquehanna River in 2004 (sites 33, 52.2, & 6Zrkm Canadarago Lake) yielded 5
observations at the 33 km site, 8 observationiseab?.2 km site and 10 observations at
the 62 km site (out of n = 10 dates).

For individual sampling date data on veliger conicaion, flux, and
development, see Appendices A4-A21 for Eaton Brdetia and Appendices B3-B20 for
Oaks Creek data.

DISCUSSION

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

Veliger dispersal is more complicated in Eaton Brbecause 3 impoundments
act as retention zones for veligers coming fronoRd@rook Reservoir and at least two of
these impoundments likely have adult populatiorscivare likely producing veligers
that are drifting downstream. The data show tdatta probably colonized the first two
impoundments in 2003 (colonization is assumed batrfot been verified with an adult
survey of the impoundments); mean veliger concéatra and flux decreased
logarithmically from the lake outlet in 2003 buttmo 2004 (Figures 4-7). Thus, it
appears that Eaton Brook (disregarding the impowemds) is acting as a sink, and the
impoundments that mimic lentic conditions whichdaveliger production and survival
(Mackie, 1995), are acting as veliger sources éasmfurther downstream (the large peak
mid-stream in Figure 7 represents veliger producitiothe 2 colonized impoundments).
The lack of instream reproduction in Eaton Broosr@garding the impoundments)
supports the source-sink model, however, the poesehreproducing adults in the Eaton
Brook impoundments isn’t consistent with the sotsitdk model.

B

Figure 28. Zebra mussel dispersal models in small streamsgaRgles = infested
headwater, triangles = zebra mussel populatiodesir= infested impoundment, and line
= outlet-stream A) Source-sink modeinfested headwater supplies veligers to stream
with minimal instream settlement (triangle) of adulssels.B) Downstream-march
model infested headwater supplies veligers, whicheattthe entire length of the
stream C) Eaton Brook dispersal moddieadwater supplies veligers to stream. Minimal
settlement (except impoundments). Inline impounasierovide additional veligers to
waters downstreand) Oaks Creek dispersal modedame as source-sink model.

Horvath et al. (1996) also examined another digpen®del, the downstream-
march model. This model also requires a lake sermmir that acts as a source of
veligers to its outlet-stream; however, in this mlocblonization is predicted to occur
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along the entire length of the stream (colonizati@s not restricted to short distances
below dams). Though it appears that at least fiwbeoimpoundments have been
colonized and adult zebra mussels are presenttonBrook <250 m from the dam, few
to no other adult zebra mussels were found aloadetingth of Eaton Brook (Gray,
unpublished data). Thus, the downstream-march humesn’'t adequately describe
zebra mussel dispersal in Eaton Brook. Veligepelisal in Eaton Brook appears to
follow a combination of the source-sink model anel dtownstream-march model.
Veligers that would ordinarily settle (rarely), da drift through Eaton Brook to the
Chenango River (source-sink) have been retaindteimmpoundments long enough to
develop to the pediveliger stage and settle (Stedestkal., 2004) and then develop into
adults that begin reproducing (downstream-march).

The presence of impoundments in Eaton Brook likalyedited the downstream
migration of zebra mussels in Eaton Brook and {iketo the Chenango River. In 2003,
where it is assumed that no adult zebra mussels éhe impoundments, the mean flux
of veligers out of Eaton Brook into the ChenangeeRivas 2.3 million veligers ddy In
2004, after the impoundments are assumed to baizelh veliger flux into the
Chenango River increased 10-fold to 24.6 milliotigezs day*. This large increase in
veliger flux may be attributed to variation in \gdr production and flow conditions
(among years), however, veliger flux in Oaks Creely showed a 2-fold increase in
veliger flux into the Susquehanna River from 2002®04 (57.9 to 120.9 million
veligers day}). | propose that the presence of zebra mussedtied impoundments in
Eaton Brook produced at least some of the excdggerethat accounted for the 10-fold
increase in mean veliger flux in 2004. Furtheeeash is required to more fully
understand the importance of the impoundmentsarptbduction of veligers that are
drifting into the Chenango River.

It is not clear whether zebra mussels have coldrize Chenango River because
no surveys for adult zebra mussels were performetti® Chenango River. However, it
is possible that the Chenango River has been aadrbetween the confluence of Eaton
Brook and the site 22.1 km downstream of the E8t@ok Reservoir dam because
veligers were found in the quantitative samplesariggquently at the 22.1 km site than
the 9.7 km site in 2003. Unlike 2003, veligers eviErund at equal frequencies at these
two sites in 2004. It is also possible that thedsiehanna River is colonized between the
Oaks Creek confluence and Goodyear Lake becauggergeWere found in the
guantitative samples more frequently at the 52.2skmthan the 33-km site in 2004.
Further research should also be directed at det@rgnif the lotic portions of the
Susquehanna River (i.e. above Goodyear Lake) hese tolonized by zebra mussels.

The headwater lakes Eaton Brook Reservoir and Gaagd Lake do supply
veligers to larger downstream rivers (Figures 119,23, & 25) via their outlet-streams
and may contribute veligers that settle downstraathstart new populations. This
hypothesis was supported in the Oaks Creek systeen webra mussel veligers were
found in Goodyear Lake and in the Susquehanna Rmenstream of Goodyear Lake in
2004. 1t is possible that zebra mussels could baes introduced from recreational
boater use of Goodyear Lake; however, data colldeyeArmstrong (2004) indicated
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that veliger production from Canadarago Lake islitedy source of zebra mussels in
Goodyear Lake. Goodyear Lake now has a self-sustppopulation that is providing
veligers for areas farther down the SusquehannarRiigure 27). The only other
possible upstream source of zebra mussel veligggobdyear Lake would be from
Otsego Lake, which currently is not colonized bgraemussels (Gray, unpublished
data). It is not clear at this time if the Chemajver is colonized, however, the
Chenango River is receiving large quantities ofgezk from Eaton Brook, and its likely
that if the Chenango River is not colonized cutlserit will be in the future due to the
large numbers of veligers it receives from EatoadBr

The number of veligers needed to colonize the Sesguna and Chenango Rivers is
unknown, but we can assume that the threshold @zhed in 2003 in the Oaks Creek-
Susquehanna River system because the Susquehamnd@odyear Lake) now has a
zebra mussel population. The mean flux into thegBahanna River from Oaks Creek in
2003 was 57.9 million veligers dayithout considering mortality. If the mortalityth
are considered, then 19.1 million veligers willerthe Susquehanna River per day. This
number may be exaggerated because the mortalitemge for the Oaks Creek-
Susquehanna River confluence site is based ornysswall (n = 18) sample size and the
mortality survey didn’t distinguish between devetemtal stages. Schneider et al.
(2003) found that when mortality is assumed to dnestant among developmental stages
(as in this study) the contribution from veligeustes may be substantially
overestimated. Schneider et al. (2003) followethgle cohort of veligers down the
lllinois River and found that mortality of D-stageligers was 8.9 % d&yand increased
to 81.5% day when the D-stage veligers metamorphosed into uaibaiigers and then
decreased to 63.9% dayith the transition from umbonal to pediveligeage; they
verified this mortality bottleneck in the laboratorTheir overall numbers may also be
slightly inflated because they assumed all veligetheir samples to be alive, rather than
actually estimating the ratio of alive to dead gets using the Neutral Red staining
technique. Because this study assumed mortalibg ttonstant across all developmental
stages, the estimated flux threshold necessargltmize Goodyear Lake may be
considerably less than the 19.1 million veligerg testimated to be entering the
Susquehanna River from Oaks Creek in 2003. lbigossible to estimate the flux
threshold necessary to colonize the Chenango Rivdrwe know the river is colonized.

Schneider et al.’s (2003) developmental bottlereeqdains the dominance of D-
stage veligers (compared to umbonal and pedivedigayes) in all samples collected
during this study (Figures 12-15 & 26). If mortalvere equal across developmental
stages we would expect to see a nearly equal gioparf D-stage and umbonal-stage
veligers in the samples. However, the umbonalestadigers are far less common than
the D-stage veligers, which is consistent withdbeelopmental bottleneck. Far fewer
pediveliger-stage veligers would likely be founatéese they are competent to settle and
are less likely to be found in the water column.adldition to stage-specific mortality,
the hydrodynamic and mechanical stresses assoetetbtic dispersal of veligers also
contribute heavily to mortality of veligers (Hortia& Lamberti, 1999a; Rehman et al.,
2003). This is illustrated well by Figures 18, 2@, and 24; large numbers of veligers
enter the head of the streams and the concentmaitieeligers drops logarithmically with
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distance away from the lake-outlet. If no moryatitcurred over the length of the
stream, we would expect to find roughly the sammlper of veligers at the outlet and at
the confluence of the larger downstream riverse ahility of these streams to attenuate
the flux of veligers is apparently not great enotmprevent millions of veligers from
dispersing into new waterbodies.

In order to fully understand the dispersal dynanaitzebra mussels in the Upper
Susquehanna River Basin of New York, more resesttolld be directed at:

1. Determining exactly what role the impoundmemt€aton Brook are playing

in producing veligers for the Chenango River.

2. Determining if the Chenango River is colonized & it is, to what extent.

3. If the Chenango River is colonized, is it pradgoveligers that disperse into

the Susquehanna River?

4. Determining how far the veligers produced in Ggear Lake are dispersing

and if they are colonizing areas downstream.

Eaton Brook and Oaks Creek clearly are providiggificant numbers of veligers
to downstream rivers, and in the case of the Siquea River, mussels have been able
to successfully invade the downstream river. ¢ @henango River becomes colonized
and begins producing veligers, the Susquehanna Balew the confluence of the
Chenango River will have many more zebra mussetsrgpinto it, which should be of
concern to raw water users of the Susquehanna.RAdxlitional attention should also
be given to examining the potential to minimizeiget flux into new water bodies by
taking advantage of the natural ability of streamattenuate veliger flux (e.g. this study;
Horvath & Lamberti, 1999a), the developmental leoitick intrinsic to zebra mussel
ontogeny (Schneider et al, 1993), and other nowthods of veliger control (Rehman et
al., 2003) which could potentially halt or slow thether natural dispersal of zebra
mussels into new waterbodies.
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Eaton Brook Reservoir boaters:
habits, zebra mussel@reissena polymorphgaawareness, and adult
zebra mussel dispersal via boaters

Michael S. Gray

Abstract: A boater survey was conducted at the Eaton BrodeReir (EBR) boat
launch, Madison County, New York in the summer 2603L) ascertain the level of
zebra mussel awareness and the habits of EBR bpajerstimate the number of boaters
dispersing zebra mussels, and 3) predict where E@&Rers may next transport zebra
mussels. 1,635 boating trips were estimated tardtom the EBR boat launch in the
summer 2003. 98% of the 126 interviewed boateve haard of zebra mussels. 68% of
those interviewed reported knowing that proper lgaghing could prevent the dispersal
of zebra mussels and 67% of boaters reported washgir boats (though only 39%
reported washing their boats after every trip). @interviewed boaters had zebra-
mussel encrusted macrophytes entangled on thdioasc 98 EBR boaters were
estimated to disperse zebra mussels in the sumi2&08 with 20 estimated dispersal
events leading to waterbodies not yet infesteddiyya mussels. The results of this study
show that increased awareness (via enhanced olifpeagrams) would likely slow or
stop the further overland dispersal of zebra madseim EBR.

INTRODUCTION

Zebra musseldreissena polymorphgPallas, 1771)) were first discovered in
North America in Lake St. Claire, Michigan in 19@8erbert et al., 1989). Since the
initial discovery, zebra mussels have found theiywto at least 374 waterbodies across
North America; this includes waterbodies in at tedsstates and 2 Canadian provinces
(USGS, 2004). Zebra mussels have established atiqms in the Mohawk, Hudson, and
St. Lawrence River basins and Great Lakes OntawdioEaie of New York. The first
documented established population of zebra musséie Upper Susquehanna River
Basin of New York was discovered in Eaton Brookdresir (EBR), Madison County,
New York in the summer of 2000 (Lord, 2002). Theaduction of the zebra mussel
into the Upper Susquehanna River Basin is of cantteresource managers, ecologists,
and raw water consumers of the Susquehanna Romrdentral New York to the
Chesapeake Bay of Maryland and Virginia (~715 rkra). Zebra mussels are a serious
concern because they have been documented to igaifecant negative ecological,
economic, and recreational impacts in waterbodieg invade.

The first major ecological impact related to zefmassels is the significant
reduction of phytoplankton biomass (80-90% redurcitiothe Hudson River (Caraco et
al., 1997; Pace et al., 1998)) in infested watem@drisi et al., 2001; Ramcharan,
1992). Reduced phytoplankton biomass increasedapih of photosynthetically active
radiation penetration into the water column (Idesal., 2001; Maclsaac, 1996), which
results in increased macrophyte biomass (Macld88; Griffiths, 1993), transfers the
primary productivity (i.e. energy) from the pelagiene to the benthic zone (Karatayev et
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al., 1997; Leach, 1993; Ludyanskiy et al., 1993nRlaaran et al. 1992), and potentially
impacts fish recruitment, growth, distribution, aaalindance (Strayer et al., 2004;
Rutherford et al., 1999; Ludyanskiy et al., 1993).

Zebra mussels can have other significant impataseckto their filter feeding
activities. Vanderploeg et al. (2001) noted tredira mussels selectively rejected toxic
strains ofMicrocystis aeruginosaa planktonic blue-green algae, which resultebxnc
blooms ofM. aeruginosan Lakes Huron and Erie. Effler et al. (1996)riduthat zebra
mussels in the Seneca River of New York had a fsogmt impact on water quality; the
zebra mussel infestation changed the Seneca Roward turbid, low-nutrient, high
productivity (i.e. phytoplankton), high oxygen (sagtted) river to a river with high
transparency, low productivity, and low oxygen cemications in a period of 3y. Effler
et al. (1996) noted that that reduction in oxygencentrations was great enough to
violate the New York State Standards for daily miam and daily mean oxygen
concentrations in the Seneca River in the summB®88. Griffiths (1993) observed
similar impacts in Lake St. Claire: “The removalsafston by filtering mussels has
promoted a shift in habitat structure from a relkly homogeneous environment of
turbid water and silty substrata to an environnoérdiearer water with patches of
macrophytes, mussel colonies, and silty sand spaéemther impact derived from the
filter-feeding of zebra mussels is a size-seleati®eline of zooplankton (Pace et al.,
1998). Pace et al. (1998) found that zebra musssigicantly reduced the biomass of
small zooplankters (e.g. tintinnid ciliates, rotfeand copepod nauplii), which resulted in
a total reduction of zooplankton biomass of 70%ofeing the invasion of zebra mussels
into the Hudson River. Additionally, zebra musdese been found to bioaccumulate or
bioconcentrate various toxins (e.g. polychlorinatgzhenyls, polynuclear aromatic
hydrocarbons, and heavy metals) present in sorasted waterbodies (Fisher et al.,
1993; deKock & Bowmer, 1993). deKock & Bowmer (BY%ound that tufted ducks
(Aythya fuligulg that ate contaminated (i.e. cadmium and othearayghlorine
contaminants) zebra mussels incorporated the tdsons the zebra mussels into their
fatty tissues, which resulted in teratogenic efdbirth defects).

Zebra mussels have also been found to significamihact benthic communities
in North America (Maclsaac, 1996), as well as imdpe (Karatayev et al., 1997).
Perhaps the greatest ecological threat zebra nsuysss¢ to infested waterbodies is their
impact on native bivalves (Schloesser et al., 199®)e world’s highest diversity of
freshwater mussels (Unionidae) are found in Nomfefican waterbodies, with 297
recorded species (~1/3 of the world’s freshwatersalisuna); unfortunately, 12% are
presumed extinct and an additional 60% are thredtenendangered by a suite of
anthropogenic impacts such as habitat degradaRmeiardi et al., 1998; Williams et al.,
1993). Native unionids are further imperiled bg thvasion of zebra mussels into North
America because zebra mussels attach to unionils stree byssal threads which
negatively impact respiration, feeding, locomotiealve movement, and cause shell
deformities (Baker & Hornbach, 1997; Mackie, 19B&;ciardi et al., 1996; Ricciardi et
al., 1998; Schloesser et al., 1996).
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Ludyanskiy et al. (1993) called the zebra mussel @ the most notorious
biofoulers in the world due to their severe ecormmipacts related to the fouling of raw
water intakes at reservoir pumping stations, alegenerating plants, and other
industrial facilities. Zebra mussels attach tolihed surfaces (e.g. raw water intakes,
screens, etc.) with their byssal threads in higisdees, which results in severe
reductions of flow (i.e. 20-30% of original open)ngrhese reductions in flow have been
great enough to shut down power plant operationdgyanskiy et al., 1993). Additional
economic impacts related to zebra mussels incheléouling of commercial and
recreational boat hulls and motors and tourismmagdoss due to sharp zebra mussel
shells littering beaches and swimming areas andrtedl of decaying zebra mussels
which have washed up onto lakeshores (Ludyanslay.€1993). Ludyanskiy et al.
(1993) cites the United States Fish and Wildlifevi®es as estimating the total economic
impact of the zebra mussel to be $5 billion by 200the Great Lakes region alone.

Because zebra mussel infestations result in so megative impacts and because
humans mediate the overland dispersal of zebraetsugkohnson et al., 2001; Buchan &
Padilla, 1999; Johnson & Carlton, 1996; for natuliapersal of zebra mussels from EBR
see Gray & Horvath, 2004) this study examined thgth of boaters utilizing the EBR
via a boater survey in order to: 1) predict wherterfe invasions may occur, 2) determine
how boater habits may be related to their knowleafgeebra mussels and their impacts,
and 3) to estimate the number of boats transpoatitudt zebra mussels to other non-
infested waterbodies. Another very important congmt of this study was to provide a
source of public outreach information related tbraemussels and other aquatic nuisance
species so that recreational boaters and angke@are that their actions could
potentially impact the resources that they enjblis study will provide valuable
information to resource managers who are interaatpdedicting the further dispersal of
zebra mussels and will help ecologists and raw matesumers to prepare for the further
dispersal of zebra mussels. Data gathered irstingey will also allow managers to
determine where to best spend funding for outrgaograms, whose goal is to minimize
the further dispersal of zebra mussels and othgéatamnuisance species.

Methods

The boater survey was conducted at the New Yorte &iapartment of
Environmental Conservation Eaton Brook ReservomtB@aunch (N 42° 51.64' W75°
41.49", Eaton, Madison County, New York. The boatevey was conducted in June,
July, and, August 2003. Boaters were surveyed Hfeg retrieved their boats from the
water at the conclusion of their outing. Boateesewonly interviewed once; on return
trips to the boat launch, the trip was recordedthetooater was not interviewed. Boaters
were interviewed whenever possible. However, bisatamaining on the water after
1400h on morning survey dates and after 2100h enieg survey dates were not
interviewed, but their trip was recorded for thieat@ount. Boaters that had launched
their boats and then experienced mechanical prableene not surveyed. Survey
answers were recorded on preformatted data shiegpedix C1). At the conclusion of
the interview, an information pamphlet about zebrsssels was disseminated to the
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boaters. Any questions the boaters had about rebsaels (ecology, biology, impacts,
etc.) were answered by the surveyor at the cormiusi the interview.

4B E ston Brook Feservoir Boat Launch

Figure 1. Upper Susquehanna River Basin and EBR.

Sampling dates for the boater survey were chosemumbering each weekday
(weekend days were numbered on a separate sevabeldekdays per week (for each
week in June, July, and August) were chosen basedrmlom numbers (actually
pseudorandom numbers are generated based on latgerijenerated by Microsoft
Excel®. The same procedure was also performeeétermine which weekend days
were to be surveyed. The appropriate number okerekdays to be surveyed was
determined by using the same proportion as theekdagys per week: total summer
weekdays (e.g. 26 survey weekdays : 65 total numbsnmmer weekdays; 10 survey
weekend days : 27 total number of weekend days; b04, Table 1). Survey times
were chosen by randomly choosing a.m. or p.m.haeBxcel® random numbers
generator for the first sample date for weekendsveeekdays and then alternating
survey times after the first survey day (Table Blorning surveys typically were
performed from 0700 to 1400 hours and evening ysrwere typically performed from
1400 to 2100 hours. Poor weather days were ngegead due to very low use of the
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boat launch (as determined by several rainy sudeatgs with few to no boaters
interviewed).

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

Wednesdayj 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 sun2@@3 at the Eaton Brook
Reservoir. There was equal sampling between sumag (p = 0.29) and days (p =
0.852).

Table 2.Boater survey dates and times in the summer 20Batan Brook Reservoir.

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 Wednesdajp.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 Wednesdaja.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.

measured using Delorme TopoUSA version 5.0.
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RESULTS

In the summer 2003, 126 boaters were interviewgh another 98 boats counted
for a total of 224-recorded boating events. Thamtep length for boaters using EBR
was 3.02 h (min. = 0.5h, max. = 8 h). The purpafdaoating trips on EBR was as
follows: 56% (n = 71) fishing, 43% (n = 54) pleasuand 1% (n = 1) work. The target
species of anglers was as follows: 47 % (n = 3Ppadcies, 32 % (n = 23) bass
(Micropterus dolomieui and M. salmoide41% (n = 8) panfish, and 10 % (n = 7)
walleye Gander vitreus Anglers targeting more than one species (exttepbasses)
were placed in the all species category. Onlyangger noted they were targeting
rainbow trout Oncorhynchus mykis# addition to walleye. Of all the anglers swed,
56 % (n = 40) used live bait and 44% (n = 31) umdificial lures. Of the anglers that
reported using bait, 80 % (n = 32) used worms, 7(5% 3) used minnows, and 12.5%
(n = 5) reported using a combination of worms, fislly minnows or leaches.

Hull Type n % Propulsion Type| n %
Bassboat 3 2 Electric motoy 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 Sall 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 usedByR boaters in the
summer 2003.

The mean hull length of boaters using EBR was 4(@%) (min. =1.8m (5.9,
max.= 7.3 m (24’). Of the boaters using EBR, 387 41) reported having livewells in
their boats, 67 % (n = 85) of the boats did notehavivewell. Of the 41 boaters
reporting having livewells in their boats, 44 %<1.8) reported using their livewells
prior to being interviewed and 56% (n = 23) did osé their livewells. Of those boaters
using their livewells, 72% (n = 13) indicated theguld empty their livewell at the
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conclusion of their trip (i.e. at the dock or paudgilot) and 28% (n = 5) indicated the
livewell would be drained at home, the same daeir trip. Of all the boaters
interviewed, only one indicated they do not sttx&rtboat on a trailer. This boater
indicated the last boating trip and the next bagtiip will occur in EBR, so it is assumed
the boat was being pulled from the water for seéngor some other non-trip related
activity. 73 % (n = 90) of the boaters indicatkdyt did not use their anchors on the day
of the interview and 13% (n = 34) indicated thegditheir anchor (anchor data were
missing for 2 surveys).

Figure 2. County of origin for boaters using EBR in the sum2@03. Madison County
is highlighted.

When asked where they last used their boats, 63%8(0) reported using their
boats last in a waterbody infested with zebra mMasSe of those boaters last used their
boats in EBR. Of those boaters who last used Hwaits in a zebra mussel infested
waterbody, 55 used their boats within the lastysdad 18 boaters of those came from
waterbodies other than EBR. When asked wherewleeg going to use their boats next,
29% (n = 36) reported planning on going to a zelwasel-free waterbody and 69% (n =
25) of those boaters reported they will use theatb in a zebra mussel-free waterbody
within the next 7 days (Table 6). Seven dayseasmiaximum amount of time | assume
zebra mussels can live outside of water. Thisdsreservative compromise between the
3-5 d suggested by Ricciardi et al. (1995) and?tiak 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 ehirsfested waterbodies
(WB) (and within <7d) and the distance betweenlsst WB and EBR. The mean
distance between last use WB and EBR is 60 km (6&ketuding EBR).

To Non-ZM WB n= n =< Week Distance (km
Hatch LK. 2 2 3
Bradley Brook Reg. 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 Reg. 1 59
Otsego Lk. 1 67
Chenango LKk. 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 trstatice from EBR to those
WB'’s. The mean distance of next use WB and EBR &t&sn.
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Of the 126 boaters interviewed 67% (n = 84) regbttey cleaned their boats,
with the remaining 33% (n = 42) reporting they dxd wash their boats. Of the boaters
that reported washing their boats 12% (n = 10) whsh boats once per year, 28% (n =
33) wash their boats monthly, 16% (n = 13) waslr theats weekly, and 39% (n = 33)
reported washing their boats after every trip.tl@f84 boaters that reported washing
their boats, only 64% (n = 54) reported washingrttnailers in addition to washing their

boats. All boaters who washed their trailers d@ichsthe same time as when they washed
their boats.

Of the 126 boaters interviewed, 98% (n = 123) riggbhearing of zebra mussels;
2% (n = 3) had never heard of zebra mussels. Vakked if they knew how to prevent
the dispersal of zebra mussels, 68% (n = 86) obtaters reported they knew that
washing their boats could minimize further dispeadaebra mussels; 32% (n = 40) did

not know they could minimize the dispersal of zefzssels 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 dudinge, July, and August 2003 to
EBR was estimated to be 1,635. Aquatic plants wbeerved (and removed) on 14% (n
= 18) of the boats or trailers of EBR boaters. lAdabra mussels were observed on 6%
(n =7) of the boats of EBR boaters. All adultrzeimussels were observed attached to
aguatic macrophytes, which were wrapped aroundaach
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DISCUSSION

The results of this study show that exotic specigseach programs directed at
preventing the spread of exotic species by edug&iiaters (e.g. signs, brochures, etc.)
have not been entirely effective. Though 98% efittierviewed boaters have at least
heard of zebra mussels (this is much better tha@ 336 reported by Balcom & Rohmer
(1994)), 32% were not aware that they could pretlemtlispersal of zebra mussels by
properly washing their boats. Interestingly, 332the boaters reported not washing
their boats; a Pearson’s Correlation test indicttatiboater’'s knowledge that they can
disperse zebra mussels and whether or not boagests their boats is correlated (p =
0.003). This indicates that boater knowledge dfaenussels is related to the whether or
not boaters wash their boats (i.e. boaters witknatvledge of zebra mussels do not
wash their boats). If the boaters who do not whsir boats began washing their boats,
it would be possible to slow or halt the overlamspérsal of zebra mussels. It should
also be noted that boaters should be encourageddio their boats more frequently
because only 39% of EBR boaters wash their botds efery trip. This is not much of a
problem if the boaters are not moving between vbatdies, however, this study also
shows that significant numbers of boaters are bxqntheir boats from other zebra
mussel infested waterbodies to EBR < 7 d of thast boat trip, and significant numbers
of EBR boaters report planning a boating or fishtimg to uninfested water bodies in <7
d after their EBR trip. This illustrates the tream nature of EBR boaters, which may be
indicative of boater behavior in other areas of Néwk. This is a potential problem
because they could be dispersing zebra musselsltpla waterbodies across the state.
Additionally, 37% of the boaters could not descrimg zebra mussel impacts, 50% of
boaters could describe at least one (categorypz®hissel impact, and only 6% could
describe the ecological, economic, and recreatiomaicts that zebra mussels have on
waterbodies. Thus, managers should devote mooen@ss to educating the boating
public about exotic species dispersal (especiahra mussels).

The total estimated number of boater trips durimge] July, and August 2003 to
EBR was estimated to be 1,635. If the percentiagetdo) of zebra mussels observed on
boats leaving EBR is applied to the number of estitt boating trips, then 98 boats
leaving EBR could be potentially transporting acilbra mussels. Twenty-nine percent
of EBR boaters reported their next trip destinatisrbeing a non-zebra mussel infested
waterbody and 69% of those boaters will be usieg thoat in < 7 d. This means that
~20% of EBR boaters will be using their boat in a1zebra mussel waterbody in <7 d.
Therefore, it is estimated that 20 boats (20% olb@&ts transporting adult zebra mussels)
carried live zebra mussels from EBR to non-infestaterbodies in the summer of 2003.
The number of estimated zebra mussel dispersate{20) from EBR in 2003 may seem
insignificant. However, when one considers the benof boaters using some of the
larger lakes and reservoirs in New York that afested with zebra mussels and the total
number of dispersal events that originate froméeheaterbodies, the potential for zebra
mussels invading other waterbodies in New Yorkresayy Researchers should examine
the waterbodies listed in Table 6 to determinédfythave been colonized by zebra
mussels. These waterbodies (except Saranac Lakeh \ikely has a pH that is too low
and not enough calcium to support zebra mussedgyradicted to be colonized based on
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the results of this survey. The list of waterbsdie Table 6 is likely incomplete because
only ~8% of the estimated number of boaters wengadigtinterviewed during this study
and it is likely that EBR boaters traveled to saVether uninfested waterbodies.

All the zebra mussels observed on the boats degdfBR were found attached
to macrophytes entangled on anchors, which cosflicth data collected by Johnson et
al. (2001) who found zebra mussel-encrusted magteplon anchors of 1 of 49 boats
examined. Other researchers (Johnson et al., 2@%&) found large numbers of zebra
mussel-encrusted macrophytes entangled on bolarsrand sometimes motors, props,
etc. |did not find this to be the case at EBRerjwfew macrophytes were observed near
the boat launch at EBR and thus it was not unusiaaifew macrophytes could be
entangled on boat trailers. Only 14% of EBR baakeaving the boat launch had
macrophytes entangled on their boat or trailercig much less than the 33% of boats
leaving Lake St. Claire, Ml (Johnson et al., 200Ihus, it is possible that the biomass of
macrophytes may play a greater role in the overthspersal of zebra mussels in
waterbodies with high macrophyte biomass. If mplytes were to begin growing
closer to the EBR boat launch, it seems likely thatrate of zebra mussel-encrusted
macrophytes getting entangled on boats and trailletdd increase, and thus the number
of dispersal events could increase significantly.

This study did not address the overland disperfsiarval zebra mussels
(veligers) in water stored in livewells or baitvee(compartments used to store live fish or
bait), bilges, or motors. However all boaters wgltetted they used their livewell said they
would either drain their livewell at the dock orraime, but all of those boaters stated the
livewells would be drained the day of their triphus, it seems unlikely that boaters
using livewells at EBR would be dispersing veligieon water stored in their livewells.
Boaters were not asked if they drained their bilgtsvever, Johnson et al. (2001)
suggested that any veligers in bilge water wikkliknot survive due to poor water quality
(e.g. from fuel, etc.). No boaters were obsene@épt jetskiers) draining water from
their motors, thus, it is possible, but not likeJphnson et al., 2001), that veligers could
be dispersed via veligers entrapped in boat maiarply because of the small volume of
water entrained in the motor.

In addition to EBR boaters dispersing zebra mgssebther non-infested
waterbodies, they could be potentially spreadirtngoexotic species. Anglers have been
shown to be vectors of dispersal of exotic fisiddlg et al., 1994), invertebrates (e.qg.
the zebra mussel &rconectes rusticyshe rusty crayfish, Lodge et al., 2000), and
macrophytes (Mills et al., 1994). As noted abd of boaters leaving the EBR boat
launch had macrophytes entangled on their boabatrdiler. Additionally, 56% of
anglers using EBR stated they used live bait. H@neno questions were asked about
how the anglers treated excess bait or where lz@tagquired, so whether or not EBR
boaters are vectors of dispersal for other aqeitic species has yet to be determined.
They likely are involved in the dispersal of Eugasivater milfoil Myriophyllum
spicatun), a species that was observed by the author embeisted with zebra mussels.
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The results of this study show that more can bedo educate boaters so the
further overland dispersal of aquatic nuisanceisggespecially zebra mussels) can be
minimized or prevented entirely. Perhaps requibogting licenses, which require a
small amount of classroom training, some of whictld be directed at minimizing the
dispersal of exotic species, would assure that imosters are aware of the problems
associated with zebra mussels and other nuisaeogesp It appears the signs posted at
boat launches are not entirely effective. EatomoRrReservoir had a small information
kiosk ~10m from the boat launch. However not aliteos were observed reading the
signs (Gray, unpublished gualitative data), andyrrhe interviewed boaters knew
little or nothing about zebra mussels despite thetqu information nearby. If the sign
had been posted closer to the boat launch, petiwgisrs would have paid more
attention. Also, it may be beneficial to implemeenalties in New York (and other
states which lack these penalties) for transporixafic species which would require
boaters to be more cautious when it comes to Hugting practices.

This study identified other research questions iegtd to be addressed:

1. Have zebra mussels invaded any waterbodies visitdeBR boaters (see
Table 6)?

2. Does macrophyte biomass affect the percentageatéisthat dispersal zebra
mussels?

3. How can the effectiveness of outreach programsoandproved?

4. How does the placement of outreach signage atfiedetel of aquatic
nuisance species awareness?

5. Are anglers who use live bait spreading aquatisange species to and from
EBR?

6. Are EBR boaters dispersing veligers?

The results of this study show that the zebra niasgareness among EBR
boaters, and likely other New York boaters, cowddroproved. If it does improve, the
probability of further overland dispersal woulddli be reduced or, ideally, eliminated.
Unfortunately, EBR boaters are likely dispersingraemussels, and likely into
waterbodies not infested with zebra mussels. Wiitdditional measures to stop or
slow the overland dispersal of zebra mussels,mix@sion of zebra mussels will likely
continue until the landscape is saturated withaetussels (Kraft et al., 2002).
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Appendix Al

Distance (km) Date Temp. (°C) DO (ppm) Cond. (uS cn) pH

0 6/12/2003 18.23 9.03 0.159 8.2§
0.2 6/12/2003 17.87 9.04 0.16 8.25
3.2 6/12/2003 17.59 9.21 0.166 8.0%
8.1 6/12/2003 17.01 8.82 0.183 7.98
16.8 6/12/2003 17.52 9.36 0.229 8.1%
24.4 6/12/2003 16.86 9.59 0.246 8.28
31 6/12/2003 15.69 10.43 0.346 8.2%
43 6/12/2003 15.71 8.82 0.374 7.99

0 7/17/2003 24.31 8.22 0.178 8.6(
0.2 7/17/2003 24.08 7.05 0.178 8.5(
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 8.6(
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 tmersar 2003.
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Appendix A2

Date Sampled Date Analyzed| Distance (km)|{mL titrant Conc. (mg L™ as CaCQ)

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 24.4 115 115

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 soner 2003.
Date Q (nT'sh Q (Ls") [Stadia Date Q(rsh | Q(LsY) [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 6/9/200 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 01
7/2/2003 0.08 78 0.1 7/8/2004 0.15 153 Q.1
7/9/2003 0.04 40 7/29/200 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 8/17/2001 0.49 490 0|3
8/14/2003 0.16 163 0.1 8/27/2001 0.31 307
8/28/2003 0.01 9 -0.15

Discharge in Eaton Brook in the summers 2003 a2 20
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Appendix A3

Date Sampled Date Analyzed| Distance (km){mL titrant Ca (mg L™
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 sumags3.
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Appendix A4
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Longitudinal veliger concentrations in Eaton Brankhe summer 2003.
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Appendix A5
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Longitudinal veliger concentrations in Eaton Brankhe summer 2003.

e: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Appendix A6
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Longitudinal veliger concentrations in Eaton Brankhe summer 2003.

e: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)

43



Concentration (veliger 1)

Concentration (veliger 1)

Appendix A7
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R2=0.641 P =0.056

Longitudinal veliger concentrations in Eaton Brankhe summer 2004.

(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Appendix A8
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Longitudinal veliger concentrations in Eaton Brankhe summer 2004.
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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17 August 2004 27 August 2004
4 2
31 &
S
IS
14 c
@]
0+ B ©
o 2 4 & s o 2 4 & s
Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)
y = 0.3345+ (-0.2613*(In(x)) y = 0.1530+ (-0.1369* (In(x))
R?=0.807 P =0.015 R®=0.887 P =0.005

Longitudinal veliger concentrations in Eaton Brankhe summer 2004.
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Appendix A10
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Veliger flux in Eaton Brook in the summer 2003.
(note: y-axis scales are not equal due to higtatiarni.)
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Appendix A11
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in the summer 2003.

(note: y-axis scales are not equal due to higtatiani.)
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Veliger Flux (millions day)
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Appendix A12
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Veliger flux in Eaton Brook in the summer 2003.
(note: y-axis scales are not equal due to higtatian.)
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Veliger flux in Eaton Brook in the summer 2004.
(note: y-axis scales are not equal due to higtatiarni.)
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Appendix Al14
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the summer 2004.

(note: y-axis scales are not equal due to higtatian.)
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Veliger Flux (millions day)
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Appendix A15
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Veliger flux in Eaton Brook in the summer 2004.
(note: y-axis scales are not equal due to higtatian.)
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Veliger development in Eaton Brook in the summed20
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Appendix B1

Distance (km) Date Temp. °C) | DO (mg L") | Cond. (uS cm') 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 7.871
Date Q(rsh | Q(Lsh Date Q(m3s) | Q(LsH
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 71222004 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 Cretleisummer 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~ as CaCQ)
7/17/2003 7124/2003 1.8 5.8 58
7/17/2003 7/24/2003 1.8 13.0 130
7/17/2003 7124/2003 6.6 13.0 130
7/17/2003 7/24/2003 6.6 13.0 130
7/17/2003 7/24/2003 115 12.5 125
7/17/2003 7124/2003 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%
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) concentraisan Oaks Creek in the summer

2003.
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Concentration (veligers1)
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Appendix B3
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Longitudinal veliger concentrations in Oaks Creekhe summer 2003
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Appendix B4
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Longitudinal veliger concentrations in Oaks Creekhe summer 2003
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Longitudinal veliger concentrations in Oaks Creekhe summer 2003
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Longitudinal veliger concentrations in Oaks Creekhe summer 2004
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Longitudinal veliger concentrations in Oaks Creekhe summer 2004
(note: y-axis scales are not equal due to highatian. Error bars represent £1 s.e.)
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Appendix B8
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Veliger Flux (millions day)

Veliger Flux (millions day)

Appendix B9
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Veliger flux in Oaks Creek in the summer 2003.
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Veliger Flux (millions day)

Veliger Flux (millions day)
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Veliger flux in Oaks Creek in the summer 2003.
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Veliger Flux (millions day)

Veliger Flux (millions day)
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6 August 2003

3000

2500+

2000

1500 +

1000

500 +

T T T T
0 5 10 15 20 25

Distance from Lake-Outlet (km)

y = 3410.38+ (-975.97*(In(x))
R?=0.937 P =0.007

21 August 2003

300

250

200

150 4

100+

50

0 5 10 15 20 25
Distance from Lake-Outlet (km)

y = 301.446+ (-99.043*(In(x))
R?=0.979 P =0.001

Veliger Flux (millions day)

Veliger Flux (millions day)

14 August 2003
12000
10000
8000 -
6000 -
4000
2000
0 .
o s 10 15 2
Distance from Lake-Outlet (km)
y = 12087 (-4484.5* (In(x))
R*=0.834 P =0.030
28 August 2003
3
2 .
1 -
O -
0 5 io 15 éo 25
Distance from Lake-Outlet (km)
y = 1.8%6(-0.4343* (In(x))
R*=0.166 P =0.496
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Veliger Flux (millions day)

Veliger Flux (millions day)
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Veliger Flux (millions day)
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Veliger flux in Oaks Creek in the summer 2004.
(note: y-axis scales are not equal due to higtatian.)
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Veliger development in Oaks Creek in the summeB200

73




Percent

Percent

Appendix B16

2 July 2003 9 July 2003
100 100
.
_
80 - 80
60 2 60
[}
o
o
a
40 40
20 20
0 T L T T T O = T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)
E D-Stage
7ZZZZZI Umbonal Stage
I Pedeveliger Stag
17 July 2003 30 July 2003
100 / 100
_
80 - Z 80
60 2 60
[}
&)
3]
ol
40 - 40 -
20 20
0 T T T T T O = T T T T
0 5 10 15 20 25 0 5 10 15 20 25

Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)

Veliger development in Oaks Creek in the summeB200

74



Percent

Percent

100

80 +

60 +

40 +

20 1

100

80 +

60 +

40 +

20 1

Appendix B17

6 August 2003 14 August 2003
100
80 -
e 60
3
@
o
40
20
T 0 = T T T T
20 25 0 5 10 15 20 25
Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)
E D-Stage
7ZZZZZI Umbonal Stage
I Pedeveliger Stag
21 August 2003 28 August 2003
100
80 -
= 60+
[<5]
&)
@
o
40 -
20
T T T T 0 = T T T T
5 10 15 20 25 0 5 10 15 20 25

Distance from Lake-Outlet (km)

Distance from Lake-Outlet (km)

Veliger development in Oaks Creek in the summeB200

75



Percent

Percent

4 June 2004

Appendix B18

11 June 2004
100 100 7
é
80 80 - é
60 = 60
(]
o
()
o
40 40
20 20
0 7 T T T T 0 7 T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)
E D-Stage
7ZZZZZI Umbonal Stage
I Pedeveliger Stag
18 June 2004 25 June 2004
100 100
80 80
60 = 60
[<5]
o
(]
o
40 40
20 20
0 7 T T T T 0 7 T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)

Veliger development in Oaks Creek in the summeB200

76



Percent

Percent

Appendix B19

2 July 2004 9 July 2004
100 100
80 80
60 = 60
Q
o
(O]
o
40 40
20 20
0 T T T T 0 7 T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)
I D-Stage
ZZzzz Umbonal Stage
I Pedeveliger Stage
22 July 2004 7 August 2004
100 100
v
Z
80 80
60 = 60
(]
o
)
o
40 40
20 20
0 T T T T 0 T T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Distance from Lake-Outlet (km) Distance from Lake-Outlet (km)

Veliger development in Oaks Creek in the summeB200

77



Percent

100

Appendix B20

17 August 2004

80 +

60 +

40 +

20 1

26 August 2004

5 10 15 20

Distance from Lake-Outlet (km)

25

100
80 -
= 60 +
[}
o
(O]
o
40 -
20
T T T T 0 7
5 10 15 20 25 0
Distance from Lake-Outlet (km)
I D-Stage

ZZzzz Umbonal Stage
I Pedeveliger Stage

Veliger development in Oaks Creek in the summeB200

78



Appendix C1- EBR boater survey form.

Eaton Brook Reservoir Boater Survey

Survey # RepeatYes / No Date: Time: Surveyor:

“Good morning (afternoon, etc). My name is Mikeagr | am from the SUNY Oneonta Biological Field
Station and | am conducting a boater survey of iE8i@ok Reservoir for the Madison County Planning
Department. Would you mind if | ask you a few digss about your boating practices? The surveyishonly
take a couple of minutes and | can ask you theeyuguestions as you prepare your boat for travel.”

Today:
- What is the purpose of your outindg®shing / 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 balt@s / No Type:

Where did your trip originate?cqunty, town, state

Last Use:
Where did you last use your bo&BR / LEB/ BRB / HAT / LLP U or L/ CAZ / MOR / TUS ONI /
Other:
When did you last use your boa#ithin last Day (s) / Week / Month / Year / NA

Next Use:
Where will you use your boat nexttBR / LEB/ BRB / HAT / LLP U or L/ CAZ / MOR / TUS
ONI / NA /Other:
When will you use your boat nex¥¥ithin 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 b#¥ithin last Day (s) / Week / Month / Year / NA
How do you wash your boat®ash In / Out / Dry / Scrub /Chem/ NA
Do you wash your trailer¥es / Ndlf, yes, how often?Daily / Weekly / Monthly / Annually / NA/AU
When was the last time you washed your trailé/hin last Day (s) / Week / Month / Year / NA

Boat Specifications
- Length: PoweiN / O /10 / Other: Type:
Do you have a livewellYes / NoIf yes, do you use itX¥es / No
How do you change the wate&ame day / Next trip / Home / Dock / NA
How is your boat stored®ry / Wet
Did you use your anchor today®es / No Inspection?es / No
ZM observed Yes / No

Boater ZM Knowledge
- Have you heard of Zebra Musse¥€s / No
What do you know about Zebra MusselE@ological / Economical / Recreational /Nothing
Are you aware of the problems associated with Zéhrasels?Yes / No
Do you know how to minimize the spread of Zebra b&ls? Yes / No
Would you mind if I check your boat for Zebra Muls8eYes / No
0 Were Zebra Mussels observetl® / Trace / Some / ManyVere aquatic plants observed on
Boat?Yes / No On trailer? Yes / No

“This concludes the boater survey. | thank yowwauch for your time and cooperation. Your answeits
help contribute to the management of Eaton BroodeRair. Do you have any questions?”
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Appendix C2- question numbers and codes for appendices C3-C17.

What is the purpose of your outing? f = fishing; pleasure, w = work

How long were you on the water?

What fish species were you targeting? a = all g§sdi = bass, na = not

applicable, pan = panfish, p = pickerel, rt = rawitrout, yp = yellow perch, w =

walleye

Did you use live bait?

What type of bait did you use? a = artificials, crayfish, | = leaches, m =

minnows, na = not applicable, tn = trapnet, w =wer

What town are you from?

What county are you from?

Where did you last use your boat? d = days, m =timan= weeks, y = year

When did you last use your boat? d = days, m =tman= weeks, y = year

10 Where will you use your boat next?

11.When will you use your boat next? d = days, m = thow = weeks, y = year

12.Do you wash your boat?

13.How often do you wash you boat? au = after useddys, m = month, na= not
applicable, w = weeks, y = year

14.When was the last time you washed your boat? dys,ae = not applicable, m =
month, w = weeks, y = year

15. How long is your boat?

wnN e

ok

© 0N

16. Method of propulsion. i =inboard motor, io = odvd/outboard motor, j = jet
drive, o = outboard motor, p = paddle, r = rowigag; 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 = afsey, 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 itspac = ecological impacts,
en = economic impacts, n = nothing, r = recreationpacts.

27.Do you know how to minimize the spread of zebra sels?

28.Zebra mussels observed on boat or trailer??

29. Aguatic plants observed on boat?

30. Aquatic plants observed on trailer?

Note: For yes/no response questions, y = yes andm
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