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EXECUTIVE SUMMARY  
The Vermont Department of Environmental Conservation (DEC) annually monitors Vermont 
lakes for aquatic invasive species, particularly one of the more impactful invasive species, zebra 
mussels (Dreissena polymorpha). Lake Champlain zebra mussel monitoring is completed by the 
Long-term Water Quality and Biological Monitoring Program and Vermont inland lakes 
monitoring is completed by the Aquatic Invasive Species (AIS) Program. For the 2021 season, 
the AIS Program’s zebra mussel monitoring primary objective was to gather samples from as 
many high priority lakes as possible. A list of these priority lakes was developed and ranked 
based on proximity to waterbodies with zebra mussel infestations, motorboat access, and calcium 
levels within the range of the species carrying capacity of 20 mg/L. Once lakes were selected, 
AIS Program Staff developed a plan to visit each lake during the field season (July to August) as 
well as the adult spawning season, when veligers would likely be present. During the 2021 field 
season, 28 inland lakes were surveyed, from which 128 plankton tow net samples and 36 earth 
metal samples were taken. Using the Standard Operating Procedure: Field Sampling Methods for 
Invasive Mussels Early Detection (US Bureau of Reclamation, 2021), samples were taken from a 
motorboat unless launch sites were inaccessible, in which case samples were taken from the 
shoreline. Earth metal samples were also taken within each location to gather total calcium data. 
Of the lakes sampled, the average calcium level was 19.75 mg/L, seven lakes were found to have 
calcium levels above 20 mg/L, and 5 additional lakes had calcium levels very close to 20 mg/L.  
 
Laboratory analysis of the 128 plankton net tow samples concluded that no veligers were found 
in lakes where zebra mussels are not presently found. Five veliger samples were confirmed from 
Lake Bomoseen, the only inland lake to have known zebra mussel populations. One sample from 
Lake Memphremagog was inconclusive. Established populations of zebra mussels have been 
found in Memphremagog, Quebec since 2017. Based on this inconclusive result and the known 
population on the border, future sampling in Memphremagog should be expanded to include 
additional sample sites and sampling measures, such as physical surveys.   
 
INTRODUCTION 
The best management tool to reduce the threat of an aquatic invasive species introduction and 
potential infestation is prevention. To reduce the spread of aquatic invasive species in Vermont, 
DEC monitors lakes for invasive species whilst being especially attentive to the most impactful 
invasive species, such as zebra mussels. Monitoring for zebra mussel introduction or infestations 
allows the DEC to be aware of any changes in the status of lakes on an annual basis. In the case 
of a new introduction detection, the DEC can administer early detection, rapid response 
procedures for the affected waterbody.  
 
In Vermont, Lake Champlain and Lake Bomoseen have known zebra mussel populations as of 
2021. These populations can cause damage to in-water infrastructure, reduce the quality of 
recreational activities like swimming, effect native mussel communities, and have other major 
negative economic and environmental impacts (Benson, 2021).  
 
Lakes that are at-risk for a new introduction of zebra mussels include those that are in close 
proximity to an infested lake, have motorboat access (a known potential vector for an 
introduction), and have total calcium levels above 15mg/L. Plankton net tow sampling is a 
proven method to sample for the free-swimming zebra mussel larvae, or veligers, that are found 

https://dec.vermont.gov/watershed/lakes-ponds/aquatic-invasives/monitoring/zebra-mussels
https://dec.vermont.gov/watershed/lakes-ponds/aquatic-invasives/monitoring/zebra-mussels
https://dec.vermont.gov/watershed/lakes-ponds/aquatic-invasives/monitoring/zebra-mussels
https://www.usbr.gov/mussels/docs/FieldSOP_3.2021.pdf
https://www.usbr.gov/mussels/docs/FieldSOP_3.2021.pdf
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within the water column. Intensive monitoring for early detection is completed on an annual 
basis to reduce the likelihood for an infestation if an introduction is found or occurs.  
 
GOALS AND OBJECTIVES 
The goals of the program are to monitor the potential distribution of zebra mussel populations in 
Vermont’s inland waterbodies and to maintain a report of this distribution on a yearly basis to 
ensure a reduced likelihood of infestation of zebra mussels after an introduction.  
 
FIELD SAMPLING METHODS 
 
Sample Site Selection 
Sample sites were chosen to represent the highest likelihood of veliger introduction and potential 
infestation based on physical and geographical parameters.  
 
Physical 

• Historic total calcium levels recorded in mg/L found in Vermont Integrated Watershed 
Information System (IWIS) 

• Motorboat access (from VT Fishing Access Area profiles) 
• Frequency of motorboat travel (from VT Public Access Greeter Data) 

 
Geographic 

• Distance in kilometers from a zebra mussel infested waterbody  
 
Lakes are prioritized that have been previously sampled, have motorboat access, are frequented 
by motorboats, are in close proximity to a waterbody with zebra mussels, have total calcium 
levels above 6.0 mg/L, and other considerations (see Appendix D - Sample Site Prioritization 
sheet). The sampling season begins when water temperatures reach 12° C (55° F), the 
temperature in which zebra mussels release their gametes (Marsden, 1992). Sites for zebra 
mussel surveys were selected using the Lake Inventory Database (Lake ID), a list of Vermont 
waterbodies within the DEC database.  
 
Motorboat Sampling 
When using motorboats to conduct sampling in lakes without zebra mussels, the boats traveling 
from one waterbody to another are cleaned, drained, and dried. Equipment is decontaminated as 
stated in the methods below. Boats and equipment used in waterbodies with known mussel 
populations are decontaminated with hot water using a decontamination unit and dried prior to 
visiting an un-infested waterbody.   
 
Plankton net tow samples are collected following the Standard Operating Procedure: Field 
Sampling Methods for Invasive Mussels Early Detection (US Bureau of Reclamation, 2021), 
from a motorboat unless launches were inaccessible, whereby samples were taken from the 
shoreline. The plankton tow net and cod-end were kept submerged in a container for at least 10 
minutes with vinegar for decontamination between sample sites. 
 

https://vermontgov-my.sharepoint.com/:x:/g/personal/kimberly_jensen_vermont_gov/EdeM5ceKXNNJmuDe9iT0TFUB56IyKvaWWrFvnLdK5Nn4aw?email=Autumn.Osgood%40vermont.gov&e=0FWiSi
https://vermontgov-my.sharepoint.com/:x:/g/personal/kimberly_jensen_vermont_gov/EdeM5ceKXNNJmuDe9iT0TFUB56IyKvaWWrFvnLdK5Nn4aw?email=Autumn.Osgood%40vermont.gov&e=0FWiSi
https://www.usbr.gov/mussels/docs/FieldSOP_3.2021.pdf
https://www.usbr.gov/mussels/docs/FieldSOP_3.2021.pdf
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Field-blank Sample Collection Method 
Upon arrival at a site and before the first sample was collected, the plankton-tow net and cod-end 
were removed from the vinegar bath and rinsed completely with a gallon of tap, distilled, or 
deionized (DI) water. After this, a single field-blank sample was collected by pouring 1-gallon of 
DI or distilled water into the opening of the net. The water that was retained in the cod-end was 
poured into a labeled sample bottle and topped off with 95% ethanol. The field blanks were used 
to confirm that the nets have been properly decontaminated before sampling and to help validate 
any positive veliger findings. If blanks were completed on the motorboat, field samples were not 
collected from the same spot where the net was rinsed as there may be residual vinegar that 
could compromise the sample. 
 
Field samples were taken following standard operating procedures and field sheets documented 
sample number, date, time, station identification, type of tow, number of tows, water depth 
(using a Depthtrax 1H handheld depth finder), and coordinates. These were recorded in an online 
excel spreadsheet using a mobile device. Test tubes were labeled in relation to waterbody and 
sample number. Samples were topped off and preserved with 95% ethanol, labeled, and stored 
for analysis. After use, and prior to sampling at next site, the plankton net was rinsed to remove 
any remaining organisms.  
 
Vertical Plankton Tow 
For water depths above 5 meters and more, samples were completed by the lowering the net to 4 
meters deep from the boat or dock, and retrieved by pulling the net vertically and straight up 
through the water column following procedure.  
 
Horizontal Plankton Tow  
If the water was not 5 meters deep or more for a vertical sample, the net was instead thrown 5 
meters and dragged to the boat (or shoreline) while keeping the opening of the tow net 
submerged. The procedure was kept constant for the horizontal plankton tow. The difference in 
the horizontal plankton tow sample is how the net is lowered and retrieved.  
 
Between Locations/ Net Decontamination 
Between sampling different waterbodies, the net and cod-end, and other equipment (if 
applicable) were soaked in a vinegar bath for at least 10 minutes to destroy any potential veligers 
and prevent contamination.  
 
End of Day 
The plankton tow net and cod-end are placed in the vinegar bath for at least ten minutes or 
during travel, then rinsed with tap, well, DI, or distilled water, and hung to dry. All other water 
quality instrument components were also rinsed and dried, following manufacturer’s 
recommendations for storage.   
 
Storing Samples 
Samples were kept in 95% ethanol in a 37° F refrigerator until analysis.  
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Earth Metal Analysis 
Earth metal samples were taken using 125 mL plastic sample bottles. Each sample was identified 
with a project code, sample number, date, and time. In the field, earth metal sample bottles were 
rinsed three times with lake water. Sample bottles were then filled to the shoulder, capped 
securely, and stored at room temperature for sample processing.  
 
At the lab, earth metal samples were acidified with 150 µL of 35% nitric acid. Samples were 
dropped off to the Vermont Agricultural and Environmental Laboratory (VAEL) where they 
were tested for alkaline earth metals. Results of this analysis were then sent through email from 
VAEL and total calcium levels were added to the data spreadsheet.  
 
 
LABORATORY ANALYTICAL METHODS 
 
Veliger Analysis 
Samples were analyzed with a dissecting scope with 40x magnification. Samples were kept 
vertical to allow floc to settle to the bottom. The contents of the sample test tube were placed 
into a glass Petri dish with ¼ divisions and examined under the microscope. If samples were too 
opaque due to sediments, only part of the sample was placed into the petri dish and ethanol was 
added to reduce the concentration of the sample.  
 
Veligers were detected by using a cross-polarized light on the microscope. Cross-polarization is 
accomplished by using a microscope with a polarizing filter above and below the sample. One 
filter is rotated until the only light passing through both filters is that which is refracted by 
certain substances. Veligers were identified by their iridescence and distinguishing black cross 
which is visible under cross-polarized light. Samples were determined as either having zebra 
mussels present or absent and recorded as such.  

 
RESULTS AND DISCUSSION 
 
Sample Site Selection 
In total, 28 lakes were selected for sampling. The average proximity of the sample lakes to lakes 
with zebra mussel infestations was 20.7 km. The minimum distance was 0 km (Bomoseen, 
Memphremagog) and the maximum distance was 73 km (Harvey’s Lake to Memphremagog).  
 
List of Waterbodies Sampled 
Arrowhead Mountain Lake, Beebe Pond, Big Salem Lake, Lake Bomoseen, Burr Pond, Clyde 
Pond, Crystal Lake, Lake Dunmore, Echo Lake (CHRTN), Fairfield Pond, Glen Lake, Harvey's 
Lake, Lake Hortonia, Island Pond, Lake Derby, Lake Eden, Lake Fairlee, Lake Iroquois, 
Maidstone Lake, Lake Memphremagog, Lake Morey, Miles Pond, Seymour Lake, Shadow Lake, 
Shelburne Pond, Lake St. Catherine, Willoughby Lake.  
 
Earth Metals 
The recorded total calcium level average was 15.34 mg/L in the IWIS of all the waterbodies 
sampled in this study. Based on the sample analysis from this study, calcium levels were found 
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to be slightly higher, with an average of 19.75 mg/L. The lowest calcium level recorded was 
from Maidstone Lake at 2.63 mg/L, while the highest calcium levels was recorded at 
Memphremagog at 64.2 mg/L. According to Cohen, calcium levels of at least 20 mg/L are 
required for zebra mussels to reproduce and establish surviving populations (Cohen, 2004).  
 
Seven out of the twenty-eight lakes had calcium levels above 20 mg/L including: Beebe Pond, 
Burr Pond, Derby Lake, Harvey’s Lake, Lake Hortonia, and Shelburne Pond. An additional 5 
lakes had calcium levels within 3 mg/L of the 20 mg/L threshold. Lake Memphremagog had 
calcium levels above 20 mg/L for six out of the twelve samples in that lake. Lake Bomoseen was 
found to have marginal calcium levels at 18.64 mg/L for zebra mussels, despite there being an 
established reproducing population of zebra mussels. IWIS data from 2019 reported Lake 
Bomoseen calcium levels just below 20 mg/L at 19.64 mg/L.  
 
Veliger Analysis 
Overall, 128 veliger samples from 28 lakes were analyzed. Additionally, the blank samples were 
analyzed and were found to be uncontaminated. Of the 128 lake samples, 5 samples were found 
to contain the presence of zebra mussel veliger specimens while 122 did not. One sample, taken 
from Memphremagog, was “inconclusive” for zebra mussel veligers. Of the samples that had 
zebra mussel veliger specimens, all were known to already have established populations in Lake 
Bomoseen. No new zebra mussel specimens were found in Lake Memphremagog.  
 
CONCLUSIONS 
Results indicate a continued need to sample for zebra mussel veligers, and to monitor for adult 
populations throughout Vermont. There remains a well-established population in Lake 
Bomoseen, with all 5 confirmed zebra mussel veligers samples attributed to this site. Although 
zebra mussel populations have been discovered in Lake Memphremagog on the Canadian side, 
this study found no evidence of veliger specimens in the United States. Due to the proximity of 
the zebra mussel populations on the northern side of the lake, it will be exceedingly important in 
the next coming years that thorough veliger sampling continues for Lake Memphremagog.  
 
Due to the differences between the historical IWIS data and the more recent earth metal samples 
retrieved within this project, it is recommended to continue annual earth metal sampling for each 
waterbody. Of the 36 earth metal samples from this study, 23 had total calcium levels above 17 
mg/L. Comparably of the IWIS data, only 7 out of 25 of the samples had earth metal levels 
above the 20 mg/L threshold. Due to this disparity, all at-risk waterbodies may be prioritized for 
future sampling. Memphremagog accounted for 12 out of the 23 earth metal samples above or 
close to 20 mg/L.  
 
RECOMMENDATIONS FOR FUTURE 
Future research and sampling efforts should continue to incorporate earth metal sampling efforts 
for each waterbody that is sampled for zebra mussel veligers. When choosing sample sites within 
a lake, locations should be chosen where environmental conditions are suitable to sustain zebra 
mussel populations, i.e. total calcium levels, pH, substrate, etc. such as the shoreline and bay 
areas, and mouth of tributaries.  
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The Memphremagog sample sites in 2021 were chosen using a transect method that may be 
beneficial to track the progression of veliger presence and dispersal in the future and 
recommended sites for 2022 (Appendix A). In the future, samples should include sites closer to 
shorelines and back bay areas, similar to efforts developed and mapped by Memphremagog 
Conservation Inc. (Appendix B). Memphremagog Conservation Inc. reported a presence of zebra 
mussel adults and veligers on the Vermont/Quebec border in 2021 (Appendix C). Additional 
equidistant sample sites along the Vermont border, potentially at private residences if boating is 
disadvantageous, should be located with assistance from DEC Regional Partners.  
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APPENDIX A  
Lake Memphremagog in Vermont, USA Maps  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lake Memphremagog VTDEC 2021 Sample sites zebra mussel veliger sampling. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Recommendations for VTDEC 2022 Sample sites zebra mussel veliger sampling. 
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 APPENDIX B 
MCI Sample Sites and Calcium Concentrations Map 2019 
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 APPENDIX C 
Lake Memphremagog in Quebec, Canada Maps  

Reported by D’Avignon et al., 2020.  
 

 
 
 

 

Map of MCI Summer, 2019 Sampling sites and presence (red) or absence (green) of zebra mussels 

Map of MCI Summer, 2021 Sampling sites and presence (red, orange, yellow) or absence (green) 
   



   
 

   
 

APPENDIX D 
Site Ranking and Prioritization 
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