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Biodrawversity LLC assessed 26 lakes and reservoirs and four rivers in the Connecticut River watershed to de-
termine presence of zebra mussels (Dreissena polymorpha) and to evaluate the potential for these waterbodies to 
support zebra mussels based on physical, chemical, and biological parameters. Fieldwork was conducted during 
May and June of 2010. Data were collected at one to five sites per lake (40 total sites), six sites in the Connecticut 
River, and one site each in the Westfield River, Deerfield River, and Chicopee River. Most of the following pa-
rameters were recorded for each waterbody: secchi depth, water temperature, water chemistry (dissolved oxygen, 
pH, alkalinity, conductivity, calcium, total nitrogen as N, total phosphorus as P, and total suspended solids). 
Presence of adult zebra mussels or veligers, physical habitat characteristics, and species composition and abun-
dance of submerged aquatic plants, snails, and native freshwater mussels were also documented.  This report also 
uses data from the Acid Rain Monitoring (ARM) Project of the University of Massachusetts Water Resources 
Research Center and the Phase I Zebra Mussel Assessment in Berkshire County (Biodrawversity 2009) to provide 
a comprehensive risk assessment for 166 waterbodies (including multiple sites along the mainstem Housatonic 
and Connecticut Rivers) in central and western Massachusetts. This included 108 waterbodies in the Connecticut 
River watershed and 58 waterbodies in the Housatonic River and Hudson River watersheds of Berkshire County. 

Neither zebra mussel adults nor veligers were detected during the survey, although the physical and chemical 
suitability of waterbodies for zebra mussels varied considerably and four lakes showed characteristics somewhat 
favorable for zebra mussel colonization, reproduction, and growth.  A total of 56 aquatic plant species, 14 snail 
species, and seven native mussel species were documented during the study.  Among the waterbodies sampled, 
species richness of aquatic snails ranged from zero to seven (average = 3.0), and three lakes considered most sus-
ceptible to zebra mussel invasion contained a higher average species richness of aquatic snails (combined average 
= 6.0) than low-risk lakes (combined average = 2.4). Species richness of native freshwater mussels ranged from 
zero to six (average = 1.4) among the waterbodies and showed no trend with regard to water chemistry. Lakes and 
ponds usually contained only one or mussel two species, whereas six mussel species were documented in the Con-
necticut River. Known biological indicators of an aquatic ecosystems’ vulnerability to zebra mussel invasion (e.g., 
presence of the submerged aquatic algae Chara and calciphilous aquatic snails) were not observed in this study 
although Chara had been documented in Congamond Lakes prior to this study. A non-native bivalve, the Asian 
clam (Corbicula fluminea), was encountered in the Connecticut River (Easthampton), Aldrich Lake (Granby), 
Congamond Lakes (Southwick), and Five Mile Pond (Springfield).

Research suggests that zebra mussels are not likely to become established in waterbodies with pH below 7.4 
and calcium below 12.0 mg/L. Higher pH and calcium levels are more suitable for this species. The following 
water chemistry thresholds were used to determine susceptibility to zebra mussels:

• Low Risk: pH <7.4, Calcium <12.0 mg/L, Alkalinity <20.0 mg/L
• Medium Risk: pH 7.4-8.0. Calcium 12.0-20.0 mg/L, Alkalinity 20.0-65.0 mg/L
• High Risk: pH >8.0, Calcium >20.0 mg/L, Alkalinity >65.0 mg/L

For waterbodies in the Connecticut River watershed, including those monitored as part of the ARM Project, pH 
ranged from 4.9 to 8.7 (average = 6.7), and calcium concentrations ranged from 0.4 to 27.0 mg/L (average = 6.6 
mg/L). These pH and calcium values indicated a very low risk that zebra mussels could become established in 
the region; only nine of 109 (8.3 percent) waterbodies assessed were considered to have medium or high risk of 
zebra mussel establishment based on water chemistry parameters. Moreover, several small and eutrophic ponds in 
the highly urbanized Springfield area (Watershops Pond, Porter Lake, Silver Lake, and Harts Pond) had pH and 
calcium levels near or within the optimal range for zebra mussels, but physical and biological parameters of these 
urban ponds made them less suitable than the chemistry data indicated. Based on the dual role of water chemistry 
and physical habitat, only four of the waterbodies assessed in the Connecticut River watershed are considered sus-
ceptible to zebra mussel invasion, including Pequot Pond (Westfield), Congamond Lakes (Southwick), Ashfield 
Lake (Ashfield), and Wrights Pond (Holyoke). All but the latter experience moderate to heavy recreational use 
(boating and angling) that increases the likelihood of zebra mussel introduction. We recommend public educa-
tion, boat ramp inspections, and monitoring for Pequot Pond, the Congamond Lakes, and Ashfield Lake. 
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Adult zebra mussels (Dreissena polymorpha) were detected in 
Laurel Lake in 2009, prompting a series of actions by state 
agencies that were summarized in the Massachusetts Interim 
Zebra Mussel Action Plan (DCR 2009). This was the first oc-
currence of zebra mussels in Massachusetts. The zebra mussel 
was accidentally introduced to North America in the late 1980s 
by commercial shipping vessels carrying freshwater ballast from 
the Black or Caspian Sea region of Eastern Europe (Hebert et al. 
1989, Strayer 2009). Within ten years of its discovery in Lake 
Erie in 1987, the zebra mussel had spread throughout much of 
central and eastern North America, including susceptible wa-
terbodies in New England and eastern New York. The United 
States Geological Survey’s (USGS) Nonindigenous Aquatic 
Species (NAS) Program website provides time series maps, cur-
rent sightings, and other information relevant to the spread of 
zebra mussels in all of North America.

Zebra mussels and the closely related quagga mussel (Dreis-
sena bugensis) have caused ecological and economic damage 
throughout North America (MacIsaac 1996, Strayer 2009). 
Like blue or ribbed mussels in marine environments—and un-
like any native freshwater mollusks in North America—adult 
dreissenid mussels attach to solid objects using strong byssal 
threads. Once established in a waterbody, they have the poten-
tial to alter basic ecosystem functions such as nutrient cycling 
and food web dynamics, they may eliminate native freshwater 
mussels via fouling and competition, and they can influence the 
transport and fate of contaminants (Nalepa 1993, Bruner et al. 
1994a-b, MacIsaac 1996, Strayer 1999).

The discovery of zebra mussels in Laurel Lake raised con-
cern that this species might exist in other waterbodies in the 
region, or that some waterbodies might be susceptible to ze-
bra mussels due to suitable water chemistry and prevalence of 
dispersal vectors. In general, waterbodies with high calcium 
concentrations and high pH are considered most suitable for 
zebra mussel growth and reproduction (Strayer 1991, Murray 
et al. 1993, Smith 1993, Cohen and Weinstein 2001). In Mas-
sachusetts, only the Hoosic and Housatonic River watersheds 
had been characterized as highly susceptible to zebra mussel 
invasion according to these water chemistry criteria (Smith 
1993). The Connecticut River watershed (with the exception of 
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the Millers and Chicopee watersheds) and most of 
eastern Massachusetts were considered moderately 
to marginally susceptible. Due to low pH and low 
calcium, waterbodies in the Millers and Chicopee 
watersheds, the coastal plain of southeastern Mas-
sachusetts, and Cape Cod were considered immune 
to zebra mussels (Smith 1993). There is considerable 
variation in the water chemistry of lakes and streams 
in these regions. Therefore, specific studies of nu-
merous waterbodies were needed to predict where 
zebra mussels would be most likely to survive, if they 
were to be spread more widely in the region.

A Phase I Assessment of 20 Berkshire County 
lakes and the Housatonic River was completed in 
October 2009 that documented zebra mussels in 
the mainstem Housatonic River for the first time 
and identified susceptible waterbodies in Berkshire 
County (Biodrawversity 2009). Biodrawversity was 
contracted to conduct a Phase II Assessment of wa-
terbodies in the Connecticut River watershed (Fig-
ure 1) in 2010 to determine (1) if zebra mussels were 
already present and (2) the susceptibility of water-
bodies to the establishment of zebra mussel popu-
lations based on physical, chemical, and biological 
parameters. The Phase II Assessment included a syn-
thesis of ARM data to expand the risk assessment 
to waterbodies in the Connecticut River watershed 
that were not included in the 2010 field assessment, 
and for the Housatonic and Hudson watersheds of 
Berkshire County.

+)(.,�+�)!�+!/!�)�-�

A total of 26 lakes and four rivers were selected for 
field assessments in 2010 (Table 1, Figure 2). Lakes 
were selected based on available water chemistry 
data and degree of public access, as well as to provide 
adequate spatial coverage of the target geographic 
area. Based on zebra mussels well-documented water 
chemistry requirements, we knew in advance that 
some target waterbodies were resistant to zebra mus-
sels because of low pH and low calcium yet we gathered field 
data to provide a more comprehensive assessment. Lakes were 
divided into three categories (Table 1):

• Primary Lakes: Included five lakes with higher pH and 
calcium levels that were more likely to support zebra mus-
sels. All contained public boat access. These were surveyed 
for a minimum of one-half day by boat and at multiple 
sites throughout each lake. The full suite of physical, chem-
ical, and biological parameters were recorded at these lakes.

• Secondary Lakes: Included eight lakes that we thought 
had marginal pH and calcium levels based on available 
information. These lakes tended to be small with only 
one primary access point and less frequent visitation by 
trailered boats than primary lakes. These were surveyed for 
one-half day or less. Sites were accessed by boat or by land, 
usually only at or near the primary access points. The full 
suite of physical, chemical, and biological parameters were 
usually recorded at these lakes but at fewer sites than in 
primary lakes.
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• Additional Lakes: Included 13 lakes that we thought had 
unsuitable pH and calcium levels based on available infor-
mation; some of these were also small and had limited ac-
cess. Only field measurements of water chemistry (includ-
ing pH, conductivity, temperature, and dissolved oxygen) 
were taken from ten of these lakes, more cursory biological 
surveys were conducted and usually from a single access 
point (none if access was denied), and plankton samples 
were only collected from waterbodies with pH above 7.0. 

Survey sites within the five primary lakes were intended to in-
clude a minimum of three areas: (1) the lake outlet, (2) the 
public boat ramp, and (3) the deep basin. Sampling sites in the 
eight secondary and 13 additional lakes were usually restricted 
to primary access points, which often overlapped with outlets 
and deep areas. Many of the lakes were very small, shallow, eu-
trophic, heavily vegetated, and contained mostly soft substrates. 
Likely surfaces for zebra mussel colonization, such as rocky 
substrates, piers, anchors, mooring lines, concrete walls, bridge 
abutments and other surfaces were generally targeted for adult 
zebra mussel surveys. The number of sampling sites per lake 
ranged from one to five, for a total of 40 lake sites.

Nine sites in four rivers were also surveyed: six sites in the 
Connecticut River (including the Oxbow in Northampton), 
and one site apiece in the Westfield River (Westfield), Deerfield 
River (Deerfield), and Chicopee River (Chicopee). Connecticut 
River survey sites were at OFBA boat launches and survey sites 
at the other three rivers were at convenient access points.

�!)5-.+

Specific methods used at each lake are noted in Appendix 1. De-
contamination procedures generally followed guidelines in the 
Massachusetts Interim Zebra Mussel Action Plan (DCR 2009), 
supplemented with more specific measures for field technicians 
and SCUBA divers. The field crew possessed redundant sets of 
field gear so that field equipment was not transferred to a new 
waterbody without undergoing proper decontamination. This 
included boats, sample collecting equipment, SCUBA/snorkel 
gear, and wetsuits.

��
��������������������������

�� Laboratory Chemistry: One or two water samples were 

collected for all primary and secondary lakes but for only 
three of the additional lakes. A single water sample was 
collected for each of the river sites. Water samples were 
collected in early to mid-May, two to four weeks prior to 
biological surveys. Berkshire Envirolabs in Lee, Massachu-
setts, provided sample containers and completed the analy-
ses, except for the Five Mile Pond sample that was analyzed 
by Spectrum Analytical in Agawam.  Samples were kept on 
ice and brought to the lab each afternoon so that pH could 
be accurately measured. The lab measured the following six 
parameters: pH, alkalinity (mg/L), calcium (mg/L), total 
nitrate as N (mg/L), total phosphorus as P (mg/L), and 
total suspended solids (mg/L).

�� Field Chemistry: Field measurements of pH, temperature, 
dissolved oxygen, and conductivity were recorded at all 
lakes and rivers using a YSI (Yellow Springs Instruments) 

;7������"����������������#���#������"����	������(����$������
�����#������##������%�
��2



�������	

�����
������

�

��������������������	��$�����#����
����"���

��	
���


�

�����������"��

�������	
����

Model 200 DO probe and YSI pH 63 probe. Measure-
ments were taken in early to mid-May two to four weeks 
prior to biological surveys, and some parameters (especially 
dissolved oxygen and temperature) were recorded a second 
time when biological sampling occurred.

�� Secchi Depth: Secchi depth was recorded at survey sites 
where the bottom was not visible from the surface.  

�� Physical Habitat: Surveyors recorded the water depth, 
substrate characteristics, and shoreline condition at each 
survey site. 

����� ��������������

• Adult Zebra Mussels: Surveyors searched for adult zebra 

mussels by SCUBA diving, snorkeling in shallow water, 
and wading along shorelines to collect any live animals or 
shells with an aquatic D-frame net or clear-bottom bucket. 
Surveys were qualitative and focused on visual searches for 
adult or juvenile mussels. Surveyors looked on the under-
sides of hard objects and conducted tactile searches under-
neath rocks and undercut riverbanks. All surface types were 
surveyed at each site but hard substrates were targeted. 

• Larval Zebra Mussels (Veligers): Plankton samples were 
collected from one to five locations within each lake and 
combined into a single composite sample for each lake. 
Surveyors used the 33-E28 Veliger Net from the Wildlife 
Supply Company (length = 80 inches; opening width = 20 
inches, mesh size = 63 microns, dolphin bucket = 1,000 
mL). Nets were connected to a 60-ft line marked in 3-ft 
(1-meter) increments, and a sliding line weight so that the 
net could quickly be lowered to the desired starting point. 
At shallow sites, horizontal plankton tows were collected 
from areas of relatively clear water (i.e., few macrophytes) 
at a depth that prevented the net from dragging on the 
bottom and scooping up mud. At deeper sites, plankton 
nets were lowered to within 3-6 feet of the bottom (or a 
maximum of 25 feet) while the boat was stationary, then 
the boat was driven at trolling speed for two or three min-
utes while the net collected plankton throughout the water 
column. At river sites, the plankton net was held in light 
current for two to three minutes. Contents were filtered 
and rinsed into a 500 mL container and preserved in 70 
percent ethyl alcohol. The final composite samples were 
decanted several hours later, after contents had settled, and 
then topped off with fresh alcohol to ensure that alcohol 
concentrations were suitable for preservation. In the labo-
ratory, samples were examined using a 45x dissecting mi-
croscope fitted with cross-polarized light (Johnson 1995). 

• Snails and Native Mussels: Surveyors documented and/or 
collected snails and native mussels while searching for adult 
zebra mussels. Native mussels were identified in the field 
and released unharmed. In most cases, snails were identi-
fied in the field but some were also collected and preserved 
for identification in the laboratory using keys of Jokinen 
(1983, 1992) and Smith (1995). The species and relative 
abundance of snails and mussels were recorded for each 
survey site. Snails with a more patchy distribution or whose 
habitat did not overlap with our target habitats (e.g., shal-

low littoral areas) were underrepresented in our samples.
• Aquatic Plants: Species composition and relative abun-

dance of submerged aquatic plants were recorded at each 
survey site, and in some cases, other locations throughout 
the lake. Because the study focused on zebra mussels, a lim-
ited number of sites were surveyed per waterbody and a 
comprehensive botanical inventory of each lake and river 
was not completed. Furthermore, surveys were conducted 
before flowering and fruiting stages of most aquatic plants. 
Supplemental information on plant communities was 
gathered from other sources.

• GPS coordinates were taken to record locations of survey 
sites. Reference photographs of survey sites and other inter-
esting or unique features of each waterbody were taken.

��%%�� 
• Bathymetric maps were available for many of lakes and 

ponds assessed in this study. In addition, 0.5-meter ortho-
photos for each lake were downloaded from the Massachu-
setts Office of Geographic Information Systems (MassGIS) 
and used to display survey sites. Field data were imported 
into ArcGIS 9.2 to create maps. Appendix 3 provides brief 
profiles of some waterbodies surveyed for this report.

.���������������������	��  
• Decontamination procedures generally followed guidelines 

in the Massachusetts Interim Zebra Mussel Action Plan 
(DCR 2009), supplemented with more specific measures 
for field technicians and SCUBA divers who are specifically 
studying zebra mussels.

• The field crew possessed redundant sets of field gear so that 
field equipment was not transferred to a new waterbody 
without undergoing proper decontamination. This includ-
ed boats (multiple canoes and kayaks were used), sample 

'-�#&�#��	��#����--�	�	���2
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collecting equipment, SCUBA/snorkel gear, wetsuits, etc.
• After use, equipment was either bagged so that it could 

be washed later, left to soak in buckets of vinegar, sprayed 
with a 10 percent bleach solution and left to dry, or soaked 
and/or wiped down with 90 percent isopropyl alcohol. 
Plant fragments were removed from all gear. Boats were 
used in one location per day, and they were cleaned with a 
hot powerwash each evening. Plankton nets, wetsuits, and 
SCUBA gear were washed in hot soapy water, sprayed with 
a 10 percent bleach solution, rinsed, and dried.

+	%%�����������������.���
We reviewed available data on surface water chemistry of lakes 
and rivers in the region, with particular emphasis on three pa-
rameters considered most important to zebra mussels: pH, cal-
cium, and alkalinity. Most supplemental data came from the 
ARM Project of the University of Massachusetts Water Resourc-
es Research Center (Appendix 2). The dataset included 108 wa-
terbodies in the Connecticut River watershed when combined 
with the 2010 field data (among these 108 “waterbodies” were 
six sites in the mainstem Connecticut River). ARM data were 
gathered for waterbodies in the Housatonic and Hudson wa-

tersheds and combined with 2009 field data (Biodrawversity 
2009) to create a dataset of 58 waterbodies for these two water-
sheds. The full dataset included 166 waterbodies or river sites 
in the Connecticut, Housatonic, and Hudson River watersheds. 
Thresholds for pH, calcium, and alkalinity were used to define 
risk categories for zebra mussel invasion (Table 2).

$!+(/)+

�3���
��������������������������

Table 3 summarizes much of the physical and chemical data 
for the 30 waterbodies surveyed in 2010. In these waterbodies, 
pH ranged from 5.9 to 8.7 (average = 7.2), calcium concentra-
tions ranged from 2.0-27.0 mg/L (average = 9.3), and alkalinity 
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ranged from 4.0-51.0 mg/L (average = 22.3). These values are 
higher than the regional average because we selected waterbodies 
that were more suitable for zebra mussels, with a few exceptions 
such as Laurel Lake, Lake Rohunta, and Lake Wyola that we 
knew were unsuitable. Among the 108 waterbodies in the Con-
necticut River watershed considered in this assessment, includ-
ing the ARM waterbodies, pH ranged from 4.9 to 8.7 (average 
= 6.7), calcium concentrations ranged from 0.4 to 27.0 mg/L 
(average = 6.6 mg/L), and alkalinity ranged from -0.5 to 51.0 
mg/L (average = 12.2 mg/L). This larger dataset is probably a 
better indication of the regional susceptibility to zebra mussels. 
Only four waterbodies had a pH higher than 8.0, including one 
of the Congamond Lakes (Southwick), Porter Lake (Spring-
field), Harts Pond (Agawam), and Watershops Pond (Spring-
field). The latter three are urban ponds in the greater Springfield 
area, and along with Pequot Pond (Westfield), they are the only 
ones with with calcium levels higher than 20.0 mg/L. 

��3�����	
�

Mollusc surveys were conducted in a total of 21 lakes and four 
rivers, and neither zebra mussel adults nor veligers were de-
tected. Fourteen aquatic snail species were encountered during 
the survey and species richness ranged from zero to seven (aver-
age = 3.0) among the waterbodies (Table 4). The three lakes 
considered most susceptible to zebra mussel invasion (Ashfield 
Lake, Pequot Pond, and Congamond Lakes) contained a higher 
average species richness of aquatic snails (combined average = 
6.0) than low-risk lakes (combined average = 2.4). Most snail 

species encountered are widespread in southern New England 
and not indicative of calcareous conditions. The most common 
native snail species were Amnicola limosa, Physa gyrina, and 
Campeloma decisum. Amnicola limosa was found in 12 lakes and 
three rivers, Physa gyrina was found in nine lakes and two riv-
ers, and Campeloma decisum was found in seven lakes and two 
rivers. The non-native Viviparus georgianus was present in eight 
lakes and none of the river sites, making it far less prevalent in 
the region that it was in the Berkshire County lakes surveyed in 
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2009. The non-native Cipangopaludina chinensis, which was not 
detected in Berkshire County during the Phase I Assessment, 
was found in five lakes and in the Connecticut River.    

Seven native mussel species were encountered during the 
survey (Table 5). Elliptio complanata was found in 11 lakes and 
all rivers and Pyganodon cataracta was found in 12 lakes and 
one river. Lampsilis radiata was only found in Pequot Pond, and 
four species—including Lampsilis cariosa, Leptodea ochracea, 
Anodonta implicata, and Alasmidonta undulata—were confined 
to the Connecticut River or Westfield River. Three of the mus-
sel species are protected in Massachusetts and location data was 
submitted to the Massachusetts Natural Heritage and Endan-
gered Species Program. A non-native bivalve, the Asian clam 
(Corbicula fluminea), was encountered in the Connecticut Riv-
er, Aldrich Lake (Granby), Congamond Lakes (Southwick), and 
Five Mile Pond (Springfield). To our knowledge, these are the 
first reports of the Asian clam upstream of the Holyoke Dam in 
the Connecticut River and in Aldrich Lake.

���3��?	����������
�
Species composition of aquatic plants was recorded for 19 lakes. 
A list of 30 genera and 56 species (including nine genera not 
identified to species) was compiled from field observations or 
available reports (Table 6). Our field observations were biased 
toward the more common aquatic plants that are recognizable 
early in the growing season, and thus our lists may have greatly 
underestimated species richness and community composition 
in most waterbodies. Other investigators had conducted mod-

erately to highly rigorous aquatic plant invento-
ries in Lake Rohunta, Laurel Lake, Lake Wyola, 
and Congamond Lakes. Average plant species 
richness for these four lakes was 24.7, whereas the 
2010 fieldwork reported an average plant species 
richness of only 7.3 for the other 15 lakes. We 
cannot draw any conclusions about aquatic plant 
community patterns in these lakes because plant 
surveys were a small part of the fieldwork and sur-
vey effort was not consistent among lakes.
    The most prevalent native submergent aquat-
ic plants were species in the genus Potamogeton 
(especially P. epihydrus, P. amplifolius, and P. 
robbinsii), Elodea (E. nuttallii or E. canadensis), 
Vallisneria americana, and species in the genus 
Utricularia (seven species; most common were 
U. purpurea and U. radiata). Some of the more 
prevalent non-native submergent species included 
Myriophyllum spicatum, Ceratophyllum demersum, 
and Najas minor. Trapa natans was also observed 
in Forge Pond in Granby.

.�+�(++�-�

As described in the 2009 Phase I Assessment, 
weight-of-evidence suggests that zebra mussels 
may exist within a range of chemical conditions 
and are more likely to become established in wa-
terbodies with high pH (>8.0) and high calcium 

(>20.0 mg/L). Studies that reviewed water chemistry parame-
ters in waterbodies where zebra mussels are established are more 
informative than studies that attempt to predict where zebra 
mussels might occur based on thresholds. Zebra mussels are es-
tablished in several northeastern lakes and rivers whose calcium 
concentrations may seem marginal based on early predictions, 
such as Lake Zoar in Connecticut (17.0 mg/L), Lake Bomoseen 
in Vermont (18.0 mg/L calcium), West Twin Lake in Connecti-
cut (21.0 mg/L calcium), and portions of the lower Hudson 
River and middle and northern Lake Champlain (Cohen and 
Weinstein 2001, Pete Stangel, Vermont Agency of Natural Re-
sources, personal communication). In 2010, zebra mussels were 
discovered in Lake Zoar and Lake Lillinonah in Connecticut 
(Biodrawversity 2010), which are large impoundments of the 
lower Housatonic River. More than 800 zebra mussels were col-
lected from these two impoundments. Most individuals (>90 
percent) were found in Lake Zoar, yet water chemistry in Lake 
Zoar is considered marginal (pH = 7.6, calcium = 17.0 mg/L). 
Although Lake Lillinonah is upstream of Lake Zoar and has 
higher calcium levels (23.1 mg/L) and similar pH (7.5), far few-
er animals were found in Lake Lillinonah. The presence of zebra 
mussels in Lake Zoar indicates that other waterbodies with suit-
able pH and calcium levels in the mid to upper teens might be 
more susceptible than previously thought.

In this study, lakes were categorized according to their po-
tential to support reproduction and growth of zebra mussels 
based primarily on water chemistry (calcium, pH, and alka-
linity) but physical habitat was also considered because many 
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ponds assessed in this study were very small, shallow, heavily 
vegetated, and eutrophic (none of these traits are particularly 
suitable for zebra mussels). Among the 2010 survey sites and 
the ARM waterbodies in the Connecticut River watershed (a 
total of 108 waterbodies or river sites), 12 waterbodies had at 
least marginal pH (>7.4), nine waterbodies had at least mar-
ginal calcium levels (>12.0 mg/L), and 25 waterbodies had at 
least marginal alkalinity levels (>20.0 mg/L) (Tables 7-8). For 
the three water chemistry parameters combined, only nine wa-
terbodies were classified as having medium or high risk of zebra 
mussel invasion (Table 8, Figure 3). Of these, four are small 
waterbodies in urban environments whose water chemistry is 
strongly influenced by myriad effects of urbanization and whose 
physical habitat is generally not suitable for zebra mussels and 
that receive no boat traffic. These include Watershops Pond 
(Springfield), Porter Lake (Springfield), Harts Pond (Agawam), 
and Silver Lake (Agawam). Wright Pond (Holyoke) has mar-

ginal water chemistry for zebra mussels but it is also a municipal 
water supply with no boat access or fishing allowed. We did 
not assess the habitat or biological community of Wright Pond. 
McLoed Pond is a small pond embedded in the Catamont State 
Forest in Colrain and has unusually high calcium levels (13.2 
mg/L) and pH (7.4) for small high-elevation ponds in the re-
gion; we consider this pond only marginally susceptible to zebra 
mussels.

Only three waterbodies in the watershed with suitable wa-
ter chemistry (medium or high risk) were considered to have 
physical habitat that would support zebra mussels and are acces-
sible. These included Congamond Lakes (Southwick), Pequot 
Pond (Westfield), and Ashfield Lake (Ashfield). We consider 
these lakes at medium to high risk although calcium levels in 
Congamond Lakes (15.0 mg/L) and Ashfield Lake (14.0 mg/L) 
are toward the low end of zebra mussel’s tolerance range. Pequot 
Pond has calcium levels of 20.0 mg/L and a pH of 7.7, making 
its chemical environment more suitable for zebra mussels than 
some other waterbodies in New England where zebra mussels 
are already established. We believe it is unlikely that zebra mus-
sels could become established in the Connecticut River in Mas-
sachusetts based on low calcium, although other studies have 
suggested the Connecticut River might be at risk (Murray et 
al. 1993, Smith 1993). We also do not consider the Quabbin 
Reservoir capable of supporting zebra mussels based on low pH, 
calcium, and alkalinity. 

Figure 4 shows susceptibility of 166 waterbodies in cen-
tral and western Massachusetts to the establishment of zebra 
mussels based on available water chemistry data. The regional 
analysis includes the Connecticut, Housatonic, and Hudson 
River basins of Berkshire, Hampden, Hampshire, and Franklin 
counties as well as western parts of Worcester County that oc-
cur within the Connecticut River watershed. Nearly all of the 
naturally susceptible waterbodies in this region occur in the low 
elevation areas of the Housatonic and Hoosic watersheds. This 
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area is part of the Western New England Marble Valleys ecore-
gion that is characterized by calcium-rich soil and water and 
extensive groundwater aquifers.  Plots of pH versus calcium for 
waterbodies in the Connecticut River watershed (Figure 5a) and 
the Housatonic and Hudson River watersheds (Figure 5b), with 
risk thresholds overlaid on the plots, clearly show differences in 
the suscepibility of waterbodies in these areas.

Heavy recreational use increases the probability of zebra 
mussel introduction. The scientific literature shows that multi-
ple introductions are needed to establish a population (Johnson 
and Carlton 1996, Padilla et al. 1996, Schneider et al. 1998, 

Kraft and Johnson 2000, Bossen-
broek et al. 2001). Pequot Pond is 
very accessible, has multiple launch 
sites, and receives a fair amount of 
visitation. The Congamond Lakes 
are also very accessible, have mul-
tiple launch sites, and receive high 
visitation including competitive 
bass tournaments that draw anglers 
from around the region. This is one 
of the first lakes in southern New 
England where Asian clams became 
established and it is also infested 
with a variety of invasive aquatic 
plants. In 2008, 48 boats last used 
in zebra mussel infested waters 
(Lake George NY, Twin Lakes CT, 
Lake Ontario NY, and Lake Cham-
plain VT) were launched in the 
Congamond Lakes (DCR 2008), 
indicating a high prevalence of po-
tential dispersal vectors. Ashfield 
Lake is much smaller and primarily 
draws local anglers, especially be-
cause its small size and small ramp 
precludes foreign motorboats. Of 
the three lakes, Pequot Pond and 
Congamond Lakes are probably 
most in need of zebra mussel educa-
tion and monitoring.

Despite the broad ecological 
tolerance of most snail species we 
encountered, there appeared to be 
a positive correlation between snail 
species richness, pH, and calcium 
(Figure 6). Poorly buffered, low-cal-
cium lakes tended to have low spe-
cies richness of aquatic snails com-
pared to well-buffered high-calcium 
lakes. Neither of the two calciphi-
lous snail species documented in the 
Phase I Assessment—Marstonia lus-
trica and Valvata tricarinata—were 
found in the 2010 study, but species 
richness of other documented snails 
followed the same trends observed 

in the Phase I Assessment. Lakes assessed in the 2010 study 
usually lacked algae of the genus Chara, a biological indicator 
of calcareous lakes found in several lakes in Berkshire County. 
The one exception was Congamond Lakes where Chara was 
reported in a 2009 study (Northeast Aquatic Research 2009), 
although we did not detect Chara in our more limited surveys. 
Marl, a calcium precipitate that settles on the bottom of calcar-
eous lakes and is therefore a reliable predictor of high calcium 
levels, was not observed in any of the 2010 study lakes but was 
observed in several Berkshire County lakes. 

Although there are a small number of lakes in the Connect-

�H�I

J�H�I

K�H�I

��H�I

L�H�I

M�H�I

N�H�I

LHMI MH�I MHMI NH�I NHMI OH�I OHMI �H�I �HMI �H�I

�H�I

J�H�I

K�H�I

��H�I

L�H�I

M�H�I

N�H�I

LHMI MH�I MHMI NH�I NHMI OH�I OHMI �H�I �HMI �H�I

�������%��&

3�(��%��&

%5

�
��
��
	�

�6
�
 7
/8

%5

�
��
��
	�

�6
�
 7
/8

4� 	���>3�'-���$�"3�
��������-�����$���	�����������#�C�D������##������%�
���	����������#��C�D�
���3�����#����#��3����#�	����������$�������������$���	���������	�����
��-��-���#�����
"��������2���������#����(�����&�	�����������������	#����#(�������-�����-�#����#�>��-�� 2

6�8����������	��$�����#����
��

�������%��&

3�(��%��&

6�8�5�	
�����������5	�
���#����
��




�������	

�����
������

�

��������������������	��$�����#����
����"���

��	
���


��

�����������"��

�������	
����

icut River watershed that might support zebra mussels, none are 
considered optimal for this species and they generally lack many 
of the strongest biological indicators of high-risk lakes that were 
documented in Berkshire County. Nevertheless, Pequot Pond 
has higher pH and calcium levels than several other waterbod-
ies in the Northeast where zebra mussels are already established 
and should be considered at high risk. Congamond Lakes and 
Ashfield Lake may be less suitable for zebra mussels than Pequot 
Pond but might still be vulnerable. Anglers and boaters should 
carefully follow established decontamination procedures when 
visiting or leaving the Congamond Lakes, Pequot Pond, and 
Ashfield Lake. Signage and boat ramp monitoring are recom-
mended. Periodic aquatic surveys are recommended to increase 
chances of early detection.
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�-��������&� 9��#�� 3��"����� ��##����� ��##����� *2� ��2� � 2� +* 2)�  � 2 6�)  ��� ��	
�����'�#� ��������� 7��#&-�# ��##����� ��##����� )2� �2 �2� +* 2��6� � 2�0*6 �%� ��	
�#��#��'�#� !�-�# ���&����� 3�����#�� 3�����#�� )20 �2�  2� +*�2�)0� � 2)�60 �%� ��	
����������&� ��-�����	# 3��"����� ��##����� ��##����� *2 + + +* 2� 6� � 2����  ��� ��	
���4�-����&� ���4�-� 7��#&-�# ��##����� !���4�-� *2� ��2� ��2� +* 26��� � 2) 0  ��� ������
���-�����&� �����#(�# ���&����� 3�����#�� 3�����#�� *2* )2� � 2� +*�2���� � 2�6�� �%� ��	
���-���%����
��� !�-�# ���&����� 3�����#�� 3�����#�� *2 �2� ��2� +*�2�0�� � 2���� �%� ��	
����������&� 3�#���-�5'��� ���&����� 3�����#�� 3�����#�� *2� ��2� ��2) +*�2�6�� � 2���6  ��0 ��	
�&�#��%����
��� ��������� 7��#&-�# ��##����� ��##����� �2�  2 �2� +* 2�6*) � 2� )6 �%� ��	
�	����'�#� ��#���4�-� ���&����� ��##����� 7����#(�# *2 *2�  �26 +*�2�)�� � 2��6� �%� ��	
������'�#� ,�	���-�� 7��#&-�# ��##����� ��--��� )2) �2� �20 +* 2 6�) � 2)�0� �%� ��	
���
���'�#� ��#��# 3��"��# ��##����� �����"�� �2) + 026 +* 206 � � 2 ��� �%� ��	
���#��&��'�#� 9���������#(�# ���&����� 3�����#�� 3�����#�� 62�  )2* * 2 +*�2��6� � 2  6� �%� 3�(�
��-��#�%����
��� 3�#���-� ���&����� 3�����#�� 3�����#�� �20 �2 +�2 +*�2�)�� � 2���� �%� ��	
��#�����'�#� 9���������#(�# ���&����� 3�����#�� 3�����#�� *2�  2� 62� +*�2 6�) � 2 ��0  ��0 ��	
��#�#�'�#� ;�� ���&����� ��##����� 7����#(�# �20 + �*2� +*�2���* � 2�6�� �%� ��	
������'�#� 3�#���& ���&����� 3����# X�#������& �2�  26  2� +*�2��60 � 2)�)� �%� ��	
���&$����'�#� 3��������# �������� ��##����� �����"�� �2� + �2) +*�20 *� � 2�6)0 �%� ��	
��(�'�#� ;�� ���&����� ��##����� 7����#(�# �20 ��2� + +*�2��0� � 2�0�  ��0 ��	
�-����'�#� �-�#�$��� 3��"��# ��##����� ���4�-� �2� + *2� +* 20**) � 2�*6� �%� ��	
��(�'�#� ��
�� ���&����� ��##����� !���4�-� *2 �2� ��2� +*�2��*) � 2��� �%� ��	
��(�'�#�I��#��#��'�#� ��
�� ���&����� ��##����� !���4�-� �2� �2� �20 +*�2���* � 2���� �%� ��	
����#��'�#� %�����#� ���&����� 3�����#�� 3�����#�� 62 �)2� 062� +*�2��0� � 2�**6 �%� 3�(�
��������--�'�#� ��--�������( 3��"����� ��##����� ��##����� *2� + �)2� +* 2*��) � 2�**� �%� ��	
����&�����'�#� 9���������#(�# ���&����� 3�����#�� 3�����#�� *2* ��2� ) 2* +*�2�)�� � 2�*)6 �%� ������
���	#�#(�'�#� ;�&��� �������� ��##����� �����"�� �2) + �2� +*�200�0 � 2���� �%� ��	
���&�'�#� ���4�-�� 3��"��# ��##����� ���4�-� *2� + �02) +* 2*�  � 2�*� �%� ��	
���&-��+!�#�#���&� ���&� ���&����� ��##����� ���4�-� �2�  2�  2� +*�2��*) � 2�� ) �%� ��	
���#��'�#� ��
�� ���&����� ��##����� !���4�-� �2� + 62) +*�2��)6 � 2��)6 �%� ��	
�����'�#� �������&����(� ���&����� 3�����#�� 3�����#�� *2� + � 2� +*�2���* � 2� �* �%� ��	
������'�#� '������� �������� ��##����� �����"�� �20 + *20 +* 2�6�6 � 2��)6 �%� ��	
��#���'�#� ���&� ���&����� ��##����� ���4�-� *2� �2�   2� +*�2��0* � 2 06�  ��0 ��	
���������%����
��� �������� ���&����� 3�����#�� 3�����#�� 62�  02) ���2� +*�2���* � 2)))�  ��0 3�(�
�����"�������&�'�#� ��#��# 3��"��# ��##����� �����"�� �26 �2) � 2� +* 2��0* � 2��0* �%� ��	
�����"���%����
��� ���-�	 3��"��# ��##����� �����"�� *2� �2� 62� +* 2��*� � 2�**6  ��� ��	
�����"���%�
�� �����"�� 3��"��# ��##����� �����"�� *2� )2� 62� +* 2���) � 2�)��  ��� ��	
����#������#����'�#� ���&� ���&����� ��##����� ���4�-� �2� �20 �2) +*�2�*� � 2 6�� �%� ��	
���8�����'�#� �-��&����( ���&����� 3����# 3����� *26 �)2� �)2 +*�2�*0 � 2* �� �%� ������
�������3�--�'�#� ;�� ���&����� ��##����� 7����#(�# �2* �2 02� +*�2�*�� � 2  �� �%� ��	
�-���%�
�� ��#���4�-� ���&����� ��##����� 7����#(�# *2� + ��2 +*�2�*�� � 2�6�� �%� ��	
�-�""�'�#� �����#(�# ���&����� 3�����#�� 3�����#�� �2 �2� �2� +*�2�*0 � 2�*�* �%� ��	
�-�
�-�#���&�%����
��� 3�#���-� ���&����� 3�����#�� 3�����#�� *2 �20 � 2) +*�2�� ) � 2��)� �%� ��	
�-�
����-����#��'�#� %�-�#� �������� ��##����� �����"�� �2� �2) )20 +*�20* * � 2�00� �%� ��	
����-���#2�%����
��� �-�#�$��� 3��"��# ��##����� ���4�-� �2*  2) �2) +* 20�)6 � 2���0 �%� ��	
��-��%�
�� 7-����� ���&����� ��##����� !���4�-� �2� �2� �20 +* 20 �0 � 2��0� �%� ��	
��#������&�'�#� %�����#� ���&����� 3�����#�� 3�����#�� 62� ))2) �*�2� +*�2�*�� � 2���� �%� 3�(�
��#(���#����&�� ����	��& 3��"��# ��##����� ���4�-� 62� �)2� ��2� +* 2*)*� � 2����  ��� ������
��##������%�
�� ,���4�-� 7��#&-�# ��##����� ��##����� *2) 62�  02� +* 2�)�� � 2*�))  ��� ��	
��##������%�
�� 9�-- 7��#&-�# ��##����� ��##����� *2� 62�  �2� +* 2)��* � 2��*�  ��� ��	
��##������%�
�� �����"�� 3��"��# ��##����� ��##����� *2� 62�  �2� +* 2� )* � 2�)��  ��� ��	
��##������%�
�� 3�4�-� 3��"����� ��##����� ��##����� *2� 62�  �2� +* 2)0�� � 2�0��  ��� ��	
��##������%�
�� .�����"�# 3��"����� ��##����� ��##����� *2) ��2�  �2� +* 2��6 � 2 66�  ��� ��	
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��##������%�
�� ,�����"�# 3��"����� ��##����� ��##����� *2) ��2�   2� +* 2�� ) � 2 0��  ��� ��	
��#	�--�'�#� �����#(�# 3��"����� ��##����� ���4�-� �26 )2* ��2� +* 260)� � 2��0 �%� ��	
��������!���'�#� ���$4�-� ���&����� 3�����#�� 3�����#�� *26 + � �2) +*�2�0 6 � 2���� �%� 3�(�
��	���'�#� 9���#�� �������� ��##����� ��--��� )2� �26 +�2� +*�206�� � 2�� * �%� ��	
���#������'�#� ��#���-�#� 3��"����� ��##����� ��##����� *2� )2� � 2� +* 2) )� � 2)��  ��� ��	
���#������'�#� �������&����(� ���&����� 3�����#�� 3�����#�� *2) ��2 �2� +*�2�6�0 � 2��)6 �%� 3�(�
���#����&� �������&����(� ���&����� 3�����#�� 3�����#�� 62� �)2 � �2 +*�2�6�0 � 2��0* �%� 3�(�
����#�'�#� ;�� ���&����� ��##����� 7����#(�# �2� *2* 026 +*�2��6� � 2 ��� �%� ��	
�����-���&� '�-��� 3��"��# ��##����� �����"�� )2� �2� +�2) +* 2�)�� � 2�06� �%� ��	
�����-���&� %�����#� ���&����� 3�����#�� 3�����#�� 62� )020 � �2) +*�2��0 � 2��6� �%� 3�(�
����#�'�#� ;�� ���&����� 3�����#�� 3�����#�� �2� 02� ��20 +*�2�))� � 2�60� �%� ��	
!���#�'�#� ������4�-� 3��"����� ��##����� ���4�-� �2) + + +* 26��� � 2��*�  ��� ��	
!�
���'�#� ���$4�-� ���&����� 3�����#�� 3�����#�� �2*  26 �2� +*�2��)� � 2���� �%� ��	
!�����--�'�#� >��"-��# �������� ��##����� ��--��� �2� �2� �2� +* 2�6�� � 2)0 ) �%� ��	
!���4�-��%�
�� 7-����� ���&����� ��##����� !���4�-� �2* �2) )20 +* 2)*6� � 2)**6 �%� ��	
!���4�-��%�
�� !���4�-� 7��#&-�# ��##����� !���4�-� *2� 62� �2� +* 2�� � � 2) ��  ��� ��	
!���#��'�#� %�-�#� �������� ��##����� �����"�� �26 �2� 620 +*�20*�6 � 2�) � �%� ��	
!�����&�����&�'�#� ;�� ���&����� ��##����� 7����#(�# )20 )2) )2� +*�2�* 6 � 2�0*6 �%� ��	
!���'�#� ���4�-�� 3��"��# ��##����� ���4�-� )2) �2� �20 +* 2*��* � 2�*)) �%� ��	
.���A#�����'�#� ,�	����-�����(� ���&����� 3�����#�� 3�����#�� �20 *2� ��2� +*�2�0�� � 2���� �%� ��	
7��#����%����
��� �����#(�# ���&����� 3�����#�� 3�����#�� �2�  20 �2� +*�2 �� � 2�660 �%� ��	
7�-�#���&� �����#(�# ���&����� 3�����#�� 3�����#�� �2� +  2* +*�2   6 � 2�� ) �%� ��	
7��&��'�#� ��#��-- 7��#&-�# ��##����� ��##����� )2� + �2� +* 2�� � � 2)�)) �%� ��	
7�
����-��'�#� �"��#(4�-� 3��"��# ��##����� ��##����� *2) �2) ��2� +* 2)�0� � 2��06  ��� ��	
7��(��'�#� 9��#�� 3��"����� ��##����� ��##����� *2� + + +* 2�*�) � 2 *)�  ��� ��	
9��#����&� '��� ���&����� ��##����� ���4�-� �2� �2� �2� +*�2��*) � 2��6� �%� ��	
9�����'�#� ���5>���#(��� ���&����� 3�����#�� 3�����#�� *2� �2� ��2� +*�2�6�6 � 2 6*�  ��0 ��	
9���#	����'�#� >��"-��# �������� ��##����� ��--��� )2� �2 �26 +* 2���� � 2))� �%� ��	
9��-����'�#� ���#������#(�# ���&����� 3����# ������ �2� + +�2� +*�2��*) � 2��6� �%� ��	
3����#��'�#� ������4�-� 3��"����� ��##����� ���4�-� �20 + + +* 2*00) � 2���)  ��� ��	
3����'�#� �(�	�� 3��"��# ��##����� ��##����� 62�  �2) ��2 +* 2*��) � 2��0� �%� 3�(�
3�	-���%����
��� '�-��� 3��"����� ��##����� ��##����� �2�  2)  2 +* 2���� � 2�*)� �%� ��	
3��������	�'�#� ,�	����-�����(� ���&����� ��##����� 7����#(�# *2� + �620 +*�2 �06 � 2��06 �%� ��	
3�����'�#� ;�� ���&����� 3�����#�� 3�����#�� �2� �20 �2� +*�2��* � 2 �60 �%� ��	
3�--�%����
��� '�-��� 3��"����� ��##����� ��##����� �2� +  2� +* 2���� � 2�6�� �%� ��	
3��#�'�#� ���&� ���&����� ��##����� ���4�-� �26 )2 ��2� +*�2� )� � 2 6 ) �%� ��	
3�����#���%�
�� ��#�= ���&����� 3�����#�� 3�����#�� *20 � 2� ���2� +*�2 ��) � 2�0�0  ��0 3�(�
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