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Background 
 

Quantitative aquatic plant surveys were undertaken for Lake Carmi, Vermont as part of a 

cooperative effort between the Lake Carmi Campers Association (LCCA) and the Darrin Fresh 

Water Institute.  The aquatic plant survey was designed to evaluate a treatment program based on 

mechanical harvesting to control Eurasian watermilfoil (Myriophyllum spicatum).  The Point-

Intercept Rake Toss survey method presently recommended by VTDEC and NYS DEC was 

employed.  

 

The survey area encompassed the entire littoral zone of Lake Carmi.  The project was designed to 

obtain data to evaluate current aquatic plant management efforts and review potential new 

strategies.  The assessment will generate the information necessary to: 1) review effectiveness of 

aquatic plant management efforts, 2) meet all permit requirements and 3) provide data for 

comparison of post-treatment conditions to prior survey information. 

 

Introduction  
 

Survey Site 

 

Lake Carmi is located in Franklin County 

in the Town of Franklin, Vermont 

(Figure 1).  The lake has a surface area of 

1402 acres and a steeply sloping 

watershed of 7,710 acres (VT Water 

Quality Division).  Located on the 

northeastern margin is the only outlet, 

which is dammed and used to maintain 

the level of the lake.  Lake Carmi has a 

maximum depth of 33 feet and a mean 

depth of 13 feet.  The lake bottom slopes 

gently away from the shoreline in most 

places, with large areas of lake-bottom 

available for the growth of aquatic plants. 

 The lake is also designated as eutrophic 

or high in nutrients necessary for plant 

growth in the water column.  Lake 

transparency (secchi depth) as recorded 

by the Vermont Lay Monitoring Program 

averages 6.5 feet (2 meters), and can be 

used to estimate the maximum depth of 

rooted aquatic plant growth.  A 
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preliminary survey of Eurasian watermilfoil growth in Lake Carmi on July 22, 2010 was 

conducted by Aquatic Control Technologies, Inc. (ACT).  They reported Eurasian watermilfoil in 

approximately 200 acres of Lake Carmi, with dense, near mono-specific growth in approximately 

100 acres of the lake.  Dense growth was typically observed in water depths of 4 to 8 feet, with 

scattered growth extending to water depths of 15 feet.     

 

An aquatic plant survey of Lake Carmi in 1976 and 1982 (VT DEC Records) reported 17 and 18 

species, respectively.  The list of species present included Chara, Elodea canadensis, Eleocharis, 

Vallisneria americana, Nuphar variegata, Nymphaea odorata, Sparganium sp. and the 

pondweeds: Potamogeton amplifolius, P. gramineus, P. perfoliatus and P. richardsonii.  All of 

these are native species common to the northeastern US.  A non-native species, Curly-leaf 

Pondweed (Potamogeton crispus) was reported at that time and a milfoil species was reported 

without species attribution.  The presence of Eurasian watermilfoil (Myriophyllum spicatum), 

was first confirmed in 1982.  Additional surveys in 1986 and 1990 produced between 5 and 11 

native species.  Recent surveys in 2000 and 2002 both listed 20 species of aquatic plants, with 

the aquatic plant population of Lake Carmi including 2 native loating-leaf species, 2 native 

rooted floating-leaf species, 2 native emergent species and 15 submersed species (VT DEC 

Records).  Eurasian watermilfoil and curly-leaf pondweed remained the only exotic invasive 

species present, however Phragmites (Phragmites australis) was reported within the watershed.  

Based on all surveys, a total of 33 species of aquatic plants are reported for Lake Carmi. 

 

Aquatic plant management based on mechanical harvesting to control Eurasian watermilfoil was 

initiatedat Lake Carmi in 1985.  Annual mechanical harvesting has been conducted since that 

time, to a maximum of 300 hours of effort, and supported thru a grant from the Vermont 

Department of Environmental Conservation, the Town of Franklin and the Lake Carmi Campers 

Association (Krayesky 2010).  Annual cost of operation has increased steadily, from $8,500 in 

2004 to $9,000 in 2009 and $10,450 in 2010.  While mechanical harvesting provides access to 

the open waters of the lake for recreational use, this technology does not generally provide a 

long-term reduction in the density of growth of Myriophyllum spicatum.  Suppression of canopy 

formation through mechanical harvesting may allow for light penetration and thus the survival of 

native plant species in areas of dense Eurasian watermilfoil growth.  Reduced Eurasian 

watermilfoil density in shallow waters as a result of winter ice scouring may be also be providing 

areas for colonization for native species with greater resistance to winter scour.  In order to 

control Eurasian watermilfoil, a long-term aquatic plant management program, keyed to effective 

use of all appropriate technologies is a worthwhile programmatic goal.  The current survey is 

designed to provide aquatic plant population data sufficient to develop a long-term strategy based 

on current levels of plant growth and to provide a baseline of aquatic plant growth to use to 

evaluate future control efforts.  
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Methods 
 

Species List and Herbarium Specimens.  As the lake was surveyed, the occurrence of each 

aquatic plant species observed was recorded and herbarium specimens collected.  The herbarium 

specimens were pressed, dried, and mounted (Hellquist 1993) at the Darrin Fresh Water Institute 

Laboratory in Bolton Landing, NY, where they became part of the permanent collection.   

 

Point Intercept Survey.  The frequency and richness of aquatic plant species were evaluated 

using a point intercept (rake toss) method (Madsen 1999).  At each grid point intersection, all 

species located at that point were recorded, as well as water depth.  Species were located by a 

visual inspection of the point and by deploying a rake to the bottom, and examining the plants 

retrieved.  A differential global positioning system (DGPS) was used to navigate to each point for 

the survey observation.  Point intercept plant frequencies were surveyed between September 9
th
 

and 10
th
 of 2010.  Based on a 100 meter grid and excluding the majority of points outside the 

littoral zone, a total of 307 points were surveyed for Lake Carmi.  The point intercept method 

allows a large number of discrete observations in a short period of time facilitating statistical 

analysis and comparisons.  Point intercept methods also allow for production of distribution 

maps for all species listed.   

 

Figure 1.  Distribution of survey points for Lake Carmi aquatic plant survey. 
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Relative abundance.  To characterize relative abundance of each of the species identified in the 

point intercept survey, a scale developed by Cornell University and the US Army Corps of 

Engineers was employed.  For each rake toss, the relative abundance of each plant species 

collected was recorded based on a rating scale described in Table 1.  Relative abundance for all 

species is provided in Appendix A as a guide to the distribution and density of each species.   

 

Table 1.  Relative abundance scale based on US Army Corp/Cornell methods. 

 

Code Rating Abundance 

   

0 no plants  

1 trace growth of plants fingerful on rake 

2 sparse growth of plants handful on rake 

3 medium growth of plants rakeful of plants 

4 dense growth of plants difficult to bring into boat 
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Results and Discussion 
 

Lake Carmi  Survey Results 

 

In September of 2010, the aquatic plant community of Lake Carmi included 20 submersed 

species, 2 floating-leaved species, 6 emergent species and 1 floating species.  A total of 33 

species have been reported for Lake Carmi when all survey years are considered.  A list of all 

species reported is included as Table 2.  The majority of the species encountered are typical of 

nutrient rich (eutrophic) lakes within the northeastern US.  Two exotic species, Eurasian 

watermilfoil and Curly-leaf pondweed, have been reported for Lake Carmi.  Only one of these, 

Eurasian watermilfoil (Myriophyllum spicatum) was reported in 2010.  

 

Table 2.  Aquatic plant species present in Lake Carmi from prior surveys and in 2010. 

 

Species  Common Name 1976 1982 2000 2002 2010 

              

Ceratophyllum demersum L. coontail   x x   x 

Chara/Nitella sp. muskgrass, chara x x x   x 

Eleocharis acicularis  

            (L.) Roemer & Schultes 
needle spike-rush x       x 

Elodea canadensis Michx. elodea x x x x x 

Eriocaulon aquaticum (Hill) Druce pipewort     x x x 

Fontinalis novae-angliae Sull moss         x 

Juncus sp. rush x x       

Lemna minor L. duckweed x   x x x 

Myriophyllum spicatum L. Eurasian watermilfoil x x x x x 

Najas flexilis  

           (Willd.) Rostk. & Schmidt. 
bushy pondweed   x x x x 

Nuphar variegata  

           Engelm. Ex Durand 
yellow pondlily x x x x x 

Nymphaea odorata Ait.  white pondlily x   x x x 

Pontederia cordata L. pickerelweed         x 

Potamogeton amplifolius Tuckerm. largeleaf pondweed x x x x x 

Potamogeton crispus L. curly-leaf pondweed x         

Potamogeton epihydrus Raf. ribbon-leaf pondweed     x   x 

Potamogeton foliosus Raf. leafy Pondweed   x       

Potamogeton gramineus L. 
variable-leaf 

pondweed 
x   x   x 

Potamogeton natans L. pondweed         x 
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Species  Common Name 1976 1982 2000 2002 2010 

              

Potamogeton perfoliatus L 
clasping-leaved 

Pondweed 
x x x x x 

Potamogeton pusillus L. small pondweed     x x x 

Potamogeton richardsonii  

        (Ar. Benn.) Rydb. 

Richardson's 

Pondweed 
x x     x 

Potamogeton spirillus Tuckerm. narrow-leaf pondweed     x   x 

Potamogeton vaseyii Robbins Vaseyôs pondweed   x     x 

Potamogeton zosteriformis Fern. flat-stem pondweed   x x x x 

Ranunculus longirostris Godron white watercrowfoot   x   x x 

Sagittaria graminea  Michx. arrowhead     x x x 

Scirpus sp. rush   x   x x 

Sparganium angustifolium Michx. burreed x x   x x 

Spirodela polyrhiza (L.) Schleid. big duckweed       x   

Typha sp. cattail x x x   x 

Vallisneria americana L. wild celery x x x x x 

Zosterella dubia Jacq.  water stargrass     x x x 

 

 

None of the plants reported for Lake Carmi are on the threatened or endangered list for the state 

of Vermont (VT DEC 2006).  Three species, Potamogeton vaseyii, Ranunculus longirostris and 

Zosterella dubia, are listed as uncommon in Vermont but regionally secure.    

 

 

Maximum Depth of Colonization 

 

Maximum depth of colonization by rooted aquatic plant growth extended to a depth of 6 meters 

(20 feet), defining the littoral zone.  Specimens of Elodea canadensis, Ceratophyllum demersum 

and Myriophyllum spicatum were all found to occur between 5 and 6 meters depth.  Macroalga or 

charophytes of the genus Nitella were commonly found at the deep margin of aquatic plant 

growth, where they appeared to carpet the lake bottom forming an underwater meadow.  This is a 

common phenomenon in lakes in our region.  Depth distribution of sampling points (Figure 2) 

was equitable throughout the littoral zone.  Species richness in Lake Carmi was moderate, with 

several species occurring in more than 5% of survey points (Table 2).  Hard sand or rocky 

substrates limited aquatic plant abundance in certain areas but both the north and south ends of 

the lake supported extensive populations of aquatic plants.   
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Figure 2.  Depth Distribution of Lake Carmi  sampling points in 1 meter depth classes. 

 

 

 
 

 

Species Lists 

 

Maps of the distribution of aquatic plant species for Lake Carmi are included in Appendix A.  

Species richness in Lake Carmi was moderate, with several species occurring in more than 5% of 

survey points (Table 3).  Native plant species were by far the most widely distributed plants (41% 

of survey points).  The native waterweed Elodea canadensis was the most abundant plant 

species, present in 33% of all samples collected.  Eurasian watermilfoil was the third most widely 

distributed plant (19% of survey points, see Figure 2).  A number of other native species were 

also commonly observed, including Vallisneria americana (24%), Ceratophyllum demersum 

(9%), Fontinalis novae-angliae (7%) and Zosterella dubia (5%).  With this distribution of native 

species and the moderate abundance of Eurasian watermilfoil, the probability of native plant 

restoration in areas formerly inhabited by Eurasian watermilfoil should be high following 

management efforts. 
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Table 3.  Lake Carmi  percent frequency of occurrence data.   

 

Species Percent Frequency 

  Chara/Nitella 3.3% 

Ceratophyllum demersum 8.5% 

Elodea canadensis 33.2% 

Fontinalis novae-angliae 6.8% 

Lemna minor 0.3% 

Myriophyllum spicatum 19.2% 

Najas flexilis 1.3% 

Nymphaea odorata 1.0% 

Nuphar variegata 1.3% 

Potamogeton amplifolius 2.9% 

Potamogeton gramineus 0.3% 

Potamogeton epihydrus 0.3% 

Potamogeton natans 0.3% 

Potamogeton perfoliatus 1.0% 

Potamogeton pusillus 2.0% 

Potamogeton richardsonii 0.3% 

Potamogeton vaseyii 0.3% 

Potamogeton zosteriformes 0.7% 

Ranunculus longirostris 0.7% 

Sagittaria graminea 0.3% 

Sparganium angustifolium 0.7% 

Scirpus sp. 1.3% 

Vallisneria americana 23.5% 

Zosterella dubia 4.6% 

 

 

A total of 29 species were recorded in open lake surveys of Lake Carmi in 2010 (Table 1).  These 

results are comparable to previous surveys in 1976 (16 species), 1982 (18 species), 2000 (20 

species), and 2002 (18 species).  One previously unreported species, (Fontinalis novae angliae), 

was encountered in 2010.  This native moss species is common regionally.  Species absent from 

the 2010 survey but present in prior surveys were generally present in only a single survey year, 

with the exception of Juncus sp.  This species is small in stature and prefers sandy sediments in 

shallow waters.  The rake toss methodology may not effectively sample this species due to itsô 

small size. 
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Figure 3.  Lake Carmi  frequency of occurrence summaries for all water depths. 

 

 
 

Forty one percent of whole lake sampling points were vegetated by at least one native plant 

species (Figure 3), 66% of survey points with depths less than 6 m (Figure 4) and 83% of survey 

points less than 2 meters depth yielded native aquatic plants.  Eurasian watermilfoil was present 

in 18% of whole lake survey points, and 30% of survey points in less than 6 meters water depth, 

representing the littoral zone or zone of aquatic plant growth.    
 

 
 

Figure 4.  Lake Carmi  frequency of occurrence summaries 

for sampling points less than 6 meters water depth. 
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For survey points within the littoral zone, water depth less than 6 m (Figure 4), results similar to 

whole lake surveys are reported.  The expected relationship of greater frequency of occurrence of 

aquatic plants with shallower water depth is consistent with that reported in the open literature.    

 

Species richness results for the point intercept survey are presented in Table 4 and Figure 5. 

Whole lake species richness was 1.13 species per survey point.  For survey points exclusively 

within the littoral zone (depths less than 6 meters) species richness increases to 1.80 species per 

sample and the shallow end of the littoral zone (depths less than 2 meters) yields 2.56 species per 

sample point.   

 

Table 4.  Lake Carmi  species richness for the point intercept survey. 
 

Plant Grouping Water Depth Class Summary Statistic Point Inter cept Survey 

Native plant 

species Whole Lake  Mean 0.95 

 (all depths) N 307 

    Std. Error 0.08 

  Points with  Mean 1.51 

  depths <6m N 184 

    Std. Error 0.11 

  Points with  Mean 2.28 

  depths <2m N 76 

    Std. Error 0.20 

All plant Whole Lake Mean 1.13 

Species (all depths) N 307 

    Std. Error 0.09 

  Points with  Mean 1.80 

  depths <6m N 184 

    Std. Error 0.13 

  Points with  Mean 2.56 

  depths <2m N 76 

    Std. Error 0.21 

 

Native species richness was 1.51 species per survey point in the entire littoral zone (depths less 

than 6 meters).  Whole lake native species richness was 0.95 species per sample.  In the shallow 

portion of the littoral zone, depths less than 2 meters, species richness was 2.28 native species 

per sample. As expected, species richness in the littoral zone and its shallow fringe was higher 

than whole lake species richness.  The steep bottom slopes and dominance of hard bottom (rock, 

gravel and sand) in certain areas of Lake Carmi limits the abundance of aquatic plants and thus 

the species richness.  For comparison, Lake Hortonia and Burr Pond in Rutland County, Vermont 

typically produce between 2 and 3 species per survey point in the littoral zone.  
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Figure 5.  Lake Carmi  species richness for native species.  

Error bars  are standard error of the mean. 
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Summary 
 

Quantitative aquatic plant surveys were undertaken in 2010 for Lake Carmi, Vermont at the 

request of the Lake Carmi Campers Association.  The project was designed to obtain data to 

evaluate current aquatic plant management efforts and review potential new strategies.  The 

project consisted of two components: 1) collection of herbarium specimens throughout the lake 

for compilation of a species list, and 2) point-intercept frequency and depth data for points 

distributed throughout the lake.  Point intercept plant frequencies were surveyed between 

September 9
th
 and 10

th
 of 2010.  The point-intercept portion of the survey provides distribution 

and density information for all aquatic plant species present.   

 

In September of 2010, the aquatic plant community of Lake Carmi included 20 submersed 

species, 2 floating-leaved species, 6 emergent species and 1 floating species.  A total of 24 

species were collected in the point intercept portion of the survey.  These results are comparable 

to previous surveys in 1976 (16 species), 1982 (18 species), 2000 (20 species), and 2002 (18 

species).  Combining all survey results, Lake Carmi supports an aquatic plant population of 33 

species, including 2 floating species, 2 rooted floating-leaf species, 7 emergent species and 22 

submersed species.  One previously unreported species, (Fontinalis novae angliae), was 

encountered in 2010.  This native moss species is common regionally.  Species absent from the 

2010 survey but present in prior surveys were generally present in only a single survey year, with 

the exception of Juncus sp.  This species is small in stature and prefers sandy sediments in 

shallow waters.  The rake toss methodology may not effectively sample this species due to itsô 

small size.  The timing of the current survey late in the growing season may also have limited the 

abundance of some species, particularly curly-leaf pondweed (Potamogeton crispus) which 

typically reaches peak abundance in June or July.  None of the plants reported for Lake Carmi are 

on the threatened or endangered list for the state of Vermont (VT DEC 2006).  Three species, 

Potamogeton vaseyii, Ranunculus longirostris and Zosterella dubia, are listed as uncommon in 

Vermont but regionally secure.    

 

The littoral zone or area of the lake supporting rooted aquatic plants was calculated to extend to a 

depth of 6 meters, with rooted aquatic plants observed to a maximum depth of 6.1 meters.  The 

littoral zone represents 46% of the surface area of the lake, or approximately 640 acres.  

Macroalga, represented by Chara and Nitella, were observed to 6.2 meters depth.  Lakewide 

aquatic plants were present in 42% of survey points, including 67% of points within the littoral 

zone.  Represented another way, aquatic plants cover approximately 430 acres of the 640 acres of 

lake bottom within the depth range suitable for aquatic plant growth.  Eurasian watermilfoil was 

present in 31% of littoral survey points (Figure 6), which converts to 198 acres coverage, a value 

very similar to the 200 acres reported by ACT in 2010.   

 

An invasive aquatic plant, Eurasian watermilfoil (Myriophyllum spicatum), was the third most 

abundant member of the Lake Carmi aquatic plant community.  This species was present in 19% 
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of survey points lakewide, and found to occur in 31% of survey points within the littoral zone of 

the lake.  Eurasian watermilfoil was present in water depths of from 0.5 meters to 6.0 meters, 

with its maximum abundance occurring in depths of 2 to 4 meters.   

 

 
 

Figure 6.  Distribution of Eurasian watermilfoil ( Myriophyllum spicatum) growth in  

Lake Carmi  in 2010.   

 

While Eurasian watermilfoil growth was extensive in the northern and southern ends of the lake 

(Figure 6), a number of native species were also commonly observed.  Species richness was 

moderate, with only waterweed (Elodea canadensis), duck celery (Vallisneria americana) and 

the invasive Eurasian watermilfoil (Myriophyllum spicatum) occurring in more than 10% of 

survey points.  Other common native rooted aquatic plant species included Ceratophyllum 

demersum (9% of survey points), Fontinalis novae angliae (7%), Zosterella dubia (5%), 

Chara/Nitella (3%), Potamogeton amplifolius (3%), and Potamogeton pusillus (2%).  With this 

distribution of native species and the limited abundance of Eurasian watermilfoil, the probability 

of native plant restoration in areas formerly inhabited by Eurasian watermilfoil should be high 
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following management efforts. 

 

Management of Eurasian watermilfoil in Lake Carmi has been based primarily on mechanical 

harvesting for the past 25 years.  This management practice was instituted in 1985 and continues 

on an annual basis.  While long-term reductions in Eurasian watermilfoil abundance have not 

been reported, benefits of mechanical harvesting may include reduced canopy formation of 

Eurasian watermilfoil.  Lack of canopy formation allows light penetration to the lake bottom, 

which in turn permits an understory of native aquatic plant species to survive.  This understory of 

native species has been reported to slow the spread of invasive species such as Eurasian 

watermilfoil.  Limited data collection during past management efforts make it difficult to 

evaluate the effectiveness of this management technique.  However, while differences in the 

distribution of dense growth of Eurasian watermilfoil may have occurred, there is no indication 

of a lake-wide decline in Eurasian watermilfoil in Lake Carmi and in fact Eurasian watermilfoil 

currently dominates large areas of the lake.   

 

A review of available aquatic plant management strategies, with pros and cons for each is 

included in Appendix B.  Selection of appropriate management techniques should be based on all 

available information, including the characteristics of the species to be managed, the extent and 

density of plant growth including both target species and any rare, threatened or endangered 

plants present, the needs of all lake users, existing physical and financial constraints and any 

other appropriate considerations.   
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Appendix A.  Lake Carmi Plant Distribution Maps  A-1 
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Aquatic Plant Distribution and Density Maps for Lake Carmi 

Based on Point Intercept Survey Data 
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Appendix A.  Lake Carmi Plant Distribution Maps  A-2 

 

 

 

 

 
 

 

 

 

 

 

 

 

 


