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1.0  INTRODUCTION 

Indian Lake is the largest body of water (193-acres) located completely within the City of Worcester, 
Massachusetts.  It has a mean depth of 10 feet and has served as a recreational resource to residents by 
providing opportunities for swimming, picnicking, fishing and boating.  However, the lake suffers from 
poor water quality which causes algae blooms, low dissolved oxygen levels and an abundance of aquatic 
weeds including an invasive aquatic species, Eurasian milfoil (Myriophyllum spicatum).      

The water quality problem that exists in Indian Lake has been documented over a period of many years.  
High nutrient levels, particularly phosphorous and nitrogen, and a nuisance aquatic plant problem were 
first noted in a study conducted by the Massachusetts Department of Environmental Quality, Engineering 
Division of Water Pollution Control in 1976.  Nuisance plants including Eurasian milfoil, have been present 
within the lake for many years, and have continued to impact aquatic habitat value and recreational 
opportunities at Indian Lake until recent time.  A study in 1982 by Tighe & Bond further characterized 
phosphorous loading to the lake by identifying Ararat Brook and the Kiver Pond tributary inlets as the 
prime contributors of phosphorous.  An additional study in 1989 demonstrated that storm water draining 
from the highly urbanized watershed of Indian Lake was the primary source of phosphorous. The 
eutrophic condition caused by nutrient loading to the lake is one of the factors that contributed to the 
success of many species of aquatic vegetation in the lake including Eurasion milfoil.      

Indian Lake has been placed on the state’s Integrated List of Impaired Waters (formerly the 303d list) for 
nuisance aquatic plants, organic enrichment and low dissolved oxygen.  A draft TMDL was released by 
the state in 2001 to begin to address the water quality problems in the lake.  A target phosphorous load 
of 298 kg/year was established with the goal of reducing nuisance algae blooms and the associated low 
dissolved oxygen levels and high turbidity.   

In 1985, the Indian Lake Watershed Association (ILWA) was incorporated as a non-profit with the goal to 
monitor and revive Indian Lake.  Management actions were undertaken shortly thereafter by ILWA and 
the City of Worcester to address the nuisance plant problem and improve water quality.  A 6-foot winter 
water level drawdown was initiated in 1986 to eliminate excessive plant growth in near-shore areas and 
this management technique has continued annually since at least 1991.   

ILWA and the City of Worcester have worked on a number of projects to improve water quality conditions 
in the lake including sewering homes within the lake’s watershed, repairing a sewer pumping station, and 
stenciling nearly 1,500 storm drains within the watershed.  The ILWA was awarded a 319 Non-Point 
Source Grant during the summer of 2002 for $250,000 to implement controls to further reduce nutrient 
and sediment input into Indian Lake.   

The 2002 319 grant project also included plans to implement an innovative, but unproven, plant 
replacement pilot program at Indian Lake which is the subject of this report.  The goal of the plant 
replacement pilot program was to determine whether it is effective and feasible to control Eurasian milfoil 
by eliminating it through the use of herbicides and preventing it from re-establishing itself in these same 
areas by actively transplanting more desirable (typically bottom growing) native aquatic plant species to 
the cleared area soon after the milfoil had been killed by the herbicide.   
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If this pilot program was successful in Indian Lake it was expected that the technique would then be 
considered a viable option for maintaining long-term control of the milfoil population and would ultimately 
reduce the need for annual or semi-annual herbicide applications in the future.  Lessons learned through 
this pilot program are also intended to provide the state and other interested parties with a case study 
that may be used to evaluate the potential for plant replacement to be applied elsewhere in the state as 
a technique for long-term nuisance weed management. 

2.0  METHODS 

ESS Group Inc. (ESS) conducted the plant replacement pilot program at Indian Lake, Worcester, 
Massachusetts during the summer of 2004.  The premise of the program was to investigate the success 
of eliminating nuisance invasive species, in this case Eurasian milfoil, and then replanting the cleared 
areas with low-growing native plants taken from other areas of the lake or from a neighboring 
waterbody.  The intent was to accelerate the establishment of the native plant community so that it 
would be able to fend off and possibly prevent the establishment of the less desirable invasive plants.  
The plant replacement pilot program was completed using a seven step process; the methodology 
associated with each step is described below: 

Step 1:  Survey of Water Depth, Sediment Type, and Plant Distribution at Indian Lake and the 
Neighboring Little Indian Lake  
 
ESS carried out surveys of water depth, sediment type and plant distribution at Indian Lake and Little 
Indian Lake on June 8 and June 11, 2004.  The purpose of the plant distribution survey was to fully 
describe the composition and abundance of plant species in both lakes.  This information was used to 
facilitate the selection of potential areas within Indian Lake for inclusion in the plant replacement pilot 
study and to assess the potential for Indian Lake or Little Indian Lake to serve as the “donor” lake for the 
pilot program.   

The assessment of water depth and substrate type throughout Indian Lake was intended to aid in the 
selection of potential plant replacement study plots since plant growth is linked to these parameters and 
the success of the study was dependant upon selecting study areas conducive to the growth of the 
selected replacement plant species.  The assessment of water depth and substrate type throughout Little 
Indian Lake allowed us to find locate suitable quantities of replacement plants within the donor lake.   

A number of transects were established in order to thoroughly characterize water depth, substrate type 
and plant beds throughout both Indian Lake and Little Indian Lake (Figures 1 and 2).  

Water depth was measured in accordance with our Standard Operating Guidelines (SOGs) for bathymetric 
survey (Appendix A) in order to create bathymetry maps for both lakes.   A sonar unit was attached to 
the bottom of a boat which was driven along each transect, recording a sufficient number of 
measurements to accurately characterize depth contours in 2 foot increments for Indian Lake (Figure 3) 
and in 1 foot increments for Little Indian Lake (Figure 4).  Substrate type was also characterized at each 
transect point for Indian Lake and Little Indian Lake (Tables 1 and 2 respectively). 
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Aquatic plants (including emergent, floating leaved, and submergent species) in and around Indian Lake 
and Little Indian Lake were mapped following an approach comparable to that outlined in the Standard 
Operating Guidelines (SOGs) for the creation of an aquatic plant map (Appendix A).  Plants were 
surveyed along pre-established transect lines through direct observation from a boat in very shallow 
areas and by grappling specimens from the bottom with a rake on a throw line, in deeper waters.  
Additionally, unique habitats that were identified during our survey but were not located along the pre-
established transects were also surveyed so that we were sure to cover all areas of the lake that might 
support additional species or distinct plant communities.  Special attention was paid to the location and 
characteristics of beds of Eurasian milfoil in Indian Lake, since this was the focus of the study.  

Based on the findings of these surveys, total macrophyte percent cover (defined as the portion of lake 
bottom occupied by plants), and total macrophyte percent biovolume (defined as the proportion of the 
water column filled with plant material) were mapped throughout Indian Lake (Figures 5 and 6) and Little 
Indian Lake (Figures 7 and 8).  Macrophyte cover and biovolume were expressed using a 0 to 4 semi-
quantitative scale ranging from absence of plants (zero) to maximum possible biovolume or cover (four).  
A list of all plant species that were identified in Indian Lake and Little Indian Lake are presented in Tables 
3 and 4, respectively. 

Based on our survey of plant distribution at Little Indian Lake, the lake was deemed to be a suitable 
donor of healthy native aquatic plants due to the extensive coverage of slender water nymph (Najas 
flexilis) and small pondweed (Potamogeton pusillus).   Najas flexilis and Potamogeton pusillus plants that 
were observed in Little Indian Lake were each less than 3 feet tall making them ideal candidates for 
transplantation to Indian Lake since they were well developed but not yet at their full growing season 
height of about 4 feet.  At full height neither of these plants would pose a threat to the habitat value or 
recreational utility of Indian Lake making them desirable native plant species.  Furthermore, both of these 
native species reproduce via seed propagation which would enable them to drop their seeds once placed 
into Indian Lake, further improving the chance of success for the plant replacement program. 

Step 2:  Selection of Study Plots at Indian Lake 

Based on observations made by ESS in the field on June 8 and 11, 2004 and the developed plant maps, 
five sites were selected to be included in the plant replacement pilot program (Figure 9).  These sites 
were selected based on the presence of dense Eurasian milfoil growth.  Although the pilot program had 
originally planned to select up to 12 sites to include in the study (6 treatment and 6 control sites), ESS 
was unable to do this given that only five milfoil beds were found in the entire lake.    

Of the 5 (five) sites selected three were designated as “treatment plots” (to be treated with the plant 
replacement approach) and two were designated as “control plots” (to allow us to document how the 
plant community would respond without any plant replacement).  The center of each of the five plant 
plots was marked using a Differential Global Positioning System (DGPS) (Figure 9) to ensure that they 
could be found again in the future. 
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Step 3:  Elimination of Plants from Targeted Study Plots in Indian Lake 

On June 17, 2004 Aquatic Control Technologies Inc., (Aquatic Control), a State-licensed herbicide 
applicator, applied the herbicide 2,4-D to each of the 5 (five) selected study plots to eliminate all plants.  
Aquatic Control was supplied with the relevant DGPS coordinates marking the center of each plant plot.  
This enabled them to accurately locate the 5 (five) study plots previously selected by ESS.  In addition, 
Carl Nielsen of ESS accompanied Aquatic Control to aid them in locating the study plots and to ensure the 
application of herbicide was performed in accordance with the intended treatment design.  

Step 4:  Reconnaissance of Targeted Study Plots in Indian Lake 

On August 4, 2004, approximately six weeks after the herbicide treatment of the study plots at Indian 
Lake, ESS conducted a reconnaissance survey of the study plots to ensure that the plants and their roots 
were no longer viable.  The center of each of the five study plots was found again by programming the 
DGPS location coordinates back into the DGPS unit and navigating to the correct location.  The water was 
too murky to see the bottom of the lake from the boat (Secchi disk depth of only 0.9 meters), so an 
Aqua-Vu underwater camera was used to view the study plots.  The Aqua-Vu the camera, when lowered 
on a cable to the depth required, displays video on the connected on-board monitor.  The Aqua-Vu is 
equipped with an infra-red light on the lens that allows visibility in the dark conditions at the bottom of 
Indian Lake.  Each study plot was thoroughly examined by driving the boat throughout the study plots 
with the camera lowered to just above the lake bottom.  The camera lens was positioned to face down 
towards the sediment as well as out into the water column (Figure 10), allowing views of the study plot 
from both horizontal and vertical angles. 

Step 5:  Harvesting of Native Plants from Little Indian Lake 

On August 9, 2004 native plants were harvested from Little Indian Lake.  Based on observations made by 
ESS in the field on June 11, 2004 and on the developed plant maps, the donor plants chosen to be 
harvested from the lake were slender water nymph and small pondweed.  This decision was based upon 
the relative abundance and health of these plant species in Little Indian Lake, as well as their low profile 
growth characteristics.  In addition to being low-growing species, both of these native species are bottom 
cover plants which make them good candidates for replacement plant species at Indian Lake.  The 
ultimate goal was to cover the lake bottom within the treatment plots with these native plants thus 
making it difficult for Eurasian milfoil to become established in the same area.  The native species do not 
have the same negative impact on the recreational uses of the lake as the Eurasian milfoil since they are 
low growing and do not form a canopy that can shade other species of plants or disrupt recreational use 
of the lake. 

The replacement plants were pulled carefully from the bottom sediments of Little Indian Lake to ensure 
that a complete root system was attached to each plant.  Plants were bundled together, with 
approximately 3 to 6 plants forming each bundle.  Each bundle of plants was attached to a weight (either 
a rock or a metal nut) by winding the top section of the roots around the weight and securing it loosely 
with a very thin ferrous wire, leaving the bottom sections of the roots free to rest in the soft bottom 
sediment of Indian Lake.  The attached weight served as an anchor to prevent the buoyant plants from 
floating up out of the soft sediment, and in test observatiosn made in shallower water, the weights were 
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observed to pull a significant portion of the attached root systems into the soft sediment in less than 15 
minutes.   

In total 220 weighted bundles of plants were created representing nearly 1,000 individual plants.  
Approximately 90% of the bundles were composed of slender water nymph and the remaining 10% were 
composed of small pondweed.  Plant bundles were carefully laid in a cooler containing water and enough 
ice to prevent the plants from decaying or dehydrating before they could be transferred to Indian Lake.  
Plant harvesting and the creation of the bundles were completed in a single day. 

Step 6:  Planting of Native Plants within Targeted Study Plots in Indian Lake 

On August 10, 2004 the native plants collected from Little Indian Lake were transferred to Indian Lake.  
At each of the three Indian Lake treatment plots (T1, T2 and T3) native plant bundles acquired from 
Little Indian Lake were planted within an area of approximately 1,000 square feet (Figure 9). The 
planting procedure involved dropping plant bundles into the treatment plot area by dropping the bundle 
so that the attached weight connected to the plant roots slowly descended to the lake bottom, thus 
allowing the root system of the plants to make contact with the soft sediment and start to establish a 
hold (Figure 11).  Plant bundles were deployed throughout the treatment plots in a grid pattern to ensure 
an even coverage of the 1,000 square foot area (Figure 12).  Four buoys were temporarily deployed at 
the corners of each treatment plot to mark out the areas to allow for easier and more regularly spaced 
deployment of the plant bundles within each 1,000 square foot plot.  

At treatment plots T1 and T2, 100 plant bundles were planted over 1,000 square feet, resulting in a final 
plant density of approximately 1 plant bundle for every 10 square feet of sediment, or nearly 0.5 
plants/square foot.  At treatment plot T3, only 20 plant bundles were planted over 1,000 square feet, 
resulting in a final plant density of approximately 1 plant bundle for every 50 square feet of sediment, or 
about 0.1 plants/square foot.  Control plots C1 (adjacent to T1) and C2 (adjacent to T2) were left 
unplanted to see how quickly they might be recolonized by milfoil or other plant species when left 
unmanaged. There was no control plot established alongside T3 due to the much smaller size of the 
original plant bed.  

Step 7: Reconnaissance of Targeted Study Plots in Indian Lake One Year Later 

On July 7, 2005, approximately one year after the planting of slender water nymph and small pondweed 
at the three treatment plots in Indian Lake, ESS conducted a reconnaissance survey of the study plots to 
document how well established the native replacement plants had become in the treatment plots.  
Attention was paid to the density of plants and the quality/health of the plants in the treatment plots.  In 
addition, control plots were examined to document what plants had grown back into these areas and at 
what density.  Once again, the water in Indian Lake was too murky to see the bottom of the lake from 
the boat (Secchi disk depth of only 0.6 meters), so the Aqua-Vu underwater camera was used to view the 
study plots.  Each study plot was thoroughly examined by driving the boat throughout the study plot with 
the camera lowered to just above the bottom of the lake.  The camera lens was positioned to face down 
towards the sediment as well as out into the water column (Figure 10) to allow viewing of the study plot 
from both horizontal and vertical angles. 
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3.0  STUDY RESULTS 

Lake Bathymetry and Plant Mapping 

A survey of water depth, sediment type and plant distribution at Indian Lake and Little Indian Lake were 
carried out along evenly distributed transects on June 8th and June 11th, 2004 (Figure 1 and Figure 2).  In 
addition to the 27 transects in which plants were surveyed at Indian Lake, 3 additional transects to 
measure depth-only were run east-west across the Lake’s center.  In Little Indian Lake, all transects 
included both depth and plant distribution.   

Results of the survey on Indian Lake are presented in Table 1.  The dominant substrate type in the 
southern portion of the Lake south and west of Sears Island (transects 1-8, 20 & 21) was muck, followed 
by sand.  Moving east, along the northern side of Sears Island (transects 9-14), the substrate was 
comprised of larger sand and gravel particles in addition to muck.  Heading north along the eastern edge 
of the Lake (transects 23-27), the substrate was primarily dominated by sand, gravel and cobbles 
followed by muck.  Continuing west around the remainder of Indian Lake (transects 15-19 & 22), the 
substrate was comprised of a relatively even mix of muck, sand, gravel, and cobble. 

Bathymetry within Indian Lake as determined by the survey is presented in Figure 3.  The majority of the 
area south and west of Sears Island was relatively shallow, ranging from 6 to 8 feet in depth.  The 
deepest portion of the Lake lies northeast of Sears Island with a maximum depth of 18 feet.  The 
majority of the Lake appears to range in depth from 6 to 10 feet.   

The results of the survey conducted in Little Indian Lake show that the substrate is much more uniform 
than Indian Lake (Table 2).  In the case of Little Indian Lake, muck was the only substrate encountered, 
in addition to woody debris at several of the sampling points.   

Bathymetry mapping within Little Indian Lake indicates that it is much shallower than Indian Lake with 
most of the Lake ranging in depth from 2 to 3 feet (Figure 4).  There were no deep depressions or other 
unusual features found along the Lake bottom.      

A total of seven aquatic plant species were identified during the initial survey in Indian Lake including 
both native and non-native species (Table 3).  The only non-native species found was Eurasian milfoil, 
Myriophyllum spicatum.  The plants were found to form relatively small plant beds close to shore and 
were mapped based on percent cover and percent biovolume (Figure 5 and Figure 6).  As evident from 
the plant cover and biovolume maps, aquatic plant coverage within Indian Lake was sparse.  The largest 
plant beds were found in the following areas:  northeast of Sears Island, the northwest corner of Indian 
Lake where Ararat Brook discharges into the Lake, and in scattered beds south and west of Sears Island.  
The majority of the plant beds were located within close proximity to the shore but in water depths 
greater than 6 feet (likely due to the annual drawdown).  Plant percent cover and percent biovolume 
within the beds varied widely, ranging from 1% to 100%.  The largest area of dense plant coverage 
appeared in the northwest corner of the Lake in the vicinity of the Ararat Brook discharge.  The center 
portion of Indian Lake was too deep to support plant growth which typically did not grown in water 
depths greater than about 10 feet.  Five plant beds comprised of the invasive Eurasian milfoil were 
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mapped – two larger beds, each approximately 100,000 total square-feet and three smaller beds, each 
approximately 28,000 total square-feet.  Three of the milfoil areas were located along the eastern side of 
the Lake close to shore while the other two mapped areas were located west of Sears Island.        

Greater plant diversity was documented in Little Indian Lake during the initial survey with a total of 9 
aquatic plant species (Table 4).  Plants within Little Indian Lake were mapped by percent cover and 
percent biovolume (Figure 7 and Figure 8).  Plant coverage was much greater in Little Indian Lake with 
almost the entire Lake (> 90%) containing at least some plant coverage with the exception of the 
northeastern tip (Figure 7).  Plant coverage within the Lake ranged widely from 1% to 100% cover, with 
no dominant percent cover class.  Plant biovolume was also much greater in Little Indian Lake than in 
Indian Lake (Figure 8).  Most of the plants had biovolume levels greater than 75% except for a small 
patch of cattail (Typha latifolia) and duckweed (Lemna minor) in the southeast corner of the Lake.  The 
most dominant plant species within Little Indian Lake were slender water nymph (Najas flexilis) and small 
pondweed (Potamogeton pusillus),     

Plant Replacement Study 

Results from the survey conducted on June 7th, 2005, approximately one year after the herbicide 
treatment and subsequent transplanting of the replacement plants are presented in Table 5.  During this 
survey, two small, 4” high Potamogeton pusillus plants were observed at treatment plot, T2, and two 
Najas flexilis plants were observed at treatment plot T3.  No other plants were observed at any of the 
other plots – either treatment or control.   

It should be noted that several Secchi depth readings that were taken at various times throughout the 
course of the project yielded very low readings.  Secchi depths ranged from a low of 0.69 meters (about 
2 feet) to a high of 1.25 meters (about 4 feet).  Any Secchi reading less than 1.25 meters is considered 
an indicator of poor water quality and unacceptable for contact recreation according to state standards.  

4.0  CONCLUSIONS AND RECOMMENDATIONS 

Despite the failure of the transplanted native plants to successfully colonize the area that was cleared of 
Eurasian milfoil, the results of this pilot study offer a number of important conclusions that may be useful 
for future projects of this nature.   

The failure of the small pondweed (Potamogeton pusillus) and slender water nymph (Najas flexilis) to 
establish themselves after being transplanted from Little Indian Lake is most likely related to the poor 
water clarity in Indian Lake.  Algae blooms in Indian Lake during the growing season of both 2004 and 
2005 were documented to begin early in the growing season and continue throughout the summer 
months.  These blooms limited the availability of sunlight at the bottom of the lake.  Without adequate 
sunlight, the native plants, the replacement plants, and even the Eurasian milfoil were unable to grow in 
the study plots or, for that matter, elsewhere within the lake.  The relative absence of Eurasian milfoil 
and native plant species within Indian Lake in 2004 and 2005, particularly as compared to previously 
documented coverage in 2002 showing an extensive plant community, lend credence to the conclusion 
that light availability has dramatically impacted the plant community in Indian Lake.  The lack of light at 
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the bottom also was likely to be responsible for the plant community’s inability to re-colonize the control 
plots and the reduced survivorship of the replacement plants within the treatment plots.   

In order for a plant replacement project to be successful in Indian Lake or elsewhere in the state, it will 
be critical for minimum light conditions to be met at the pond bottom.  In addition to suffering from light-
blocking algae blooms, Indian Lake was probably not an ideal candidate for a plant replacement project 
since it already utilizes a winter drawdown to control plants to a depth of 6 feet.  Therefore, light has to 
penetrate the water to a depth of at least 6 feet to support plant growth in the lake.  Unfortunately, the 
water clarity, as measured by Secchi disk transparency, was never observed to be greater than 4 feet 
during the 2004 or 2005 growing seasons.  It is likely that the milfoil is able to sustain itself better under 
these conditions since it can become established in water depths of 6 to 10 feet in Indian Lake during the 
early spring and as water clarity deteriorates during the summer it is able to grow up into the water 
column to reach the sunlight thereby allowing it to out compete and further shade the low-growing and 
more desirable native species.  Thus, the low water clarity resulting from algal blooms should be 
addressed before further attempts are made to conduct plant replacement at Indian Lake.
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Table 1  Depth of Water and Substrate Type Documented in Indian Lake,
              June 8th and 11th 2004
Transects and sample locations are depicted on Figure 1.

Transect Number
Sampling Point ID 

Number
Water Depth 

(Feet)
Substrate Type

1 1.6 Sand
2 4.0 Sand
3 5.0 Muck
4 4.8 Muck
5 3.2 Sand
1 1.0 Sand
2 4.0 Muck
3 5.0 Muck
4 5.1 Muck
5 5.3 Muck
6 4.0 Muck
1 5.0 Muck
2 6.0 Muck
3 5.2 Muck
4 3.0 Muck
5 2.2 Sand & Muck
1 1.3 Muck
2 2.8 Clay
3 4.0 Clay
4 6.0 Muck
5 6.5 Muck
6 5.0 Muck
7 3.8 Sand & Gravel
1 1.8 Sand
2 3.3 Muck
3 3.3 Muck
1 5.6 Muck & Leaves
2 6.6 Muck
3 7.0 Muck
4 6.8 Muck
5 5.8 Muck
6 2.7 Muck
1 2.7 Sand
2 7.5 Muck
3 6.6 Muck
1 5.5 Muck
2 7.8 Muck
3 8.0 Muck
4 8.5 Muck
5 6.9 Sand & Gravel
1 4.0 Sand & Gravel
2 8.0 Sand & Gravel
3 9.8 Sand & Gravel
4 9.9 Muck

9

5

6

7

8

1

2

3

4



Table 1  Depth of Water and Substrate Type Documented in Indian Lake,
              June 8th and 11th 2004 (Continued)
Transects and sample locations are depicted on Figure 1.

Transect Number
Sampling Point ID 

Number
Water Depth 

(Feet)
Substrate Type

1 4.7 Sand & Gravel
2 5.2 Sand & Gravel
3 9.5 Sand
4 10.1 Muck
5 10.3 Muck
6 13.8 Muck
1 5.2 Sand
2 6.3 Sand & Muck
3 8.3 Muck
4 7.7 Muck & Debris
5 7.9 Muck & Debris
1 5.2 Sand
2 7.0 Muck
3 7.8 Muck
4 3.2 Sand & Gravel
1 3.5 Gravel
2 4.4 Sand
3 6.8 Sand
4 7.9 Sand & Muck
5 9.8 Sand & Muck
1 5.6 Gravel
2 8.2 Sand & Gravel
3 11.3 Sand & Gravel
1 3.0 Gravel & Cobble
2 5.5 Sand & Gravel
3 6.8 Muck
4 7.0 Muck
5 6.5 Muck
1 3.5 Muck
2 6.0 Muck
3 4.6 Rock and Muck
1 4.3 Sand & Cobble
2 6.3 Sand & Cobble
3 7.7 Muck
4 7.8 Muck
5 7.8 Sand
6 6.8 Gravel & Cobble
1 4.9 Cobble & Gravel
2 9.9 Muck
3 9.2 Muck
1 3.4 Sand & Gravel
2 9.2 Muck
3 10.3 Muck & Debris
4 11.1 Muck

17

18

19

13

14

15

16

10

11

12



Table 1  Depth of Water and Substrate Type Documented in Indian Lake,
              June 8th and 11th 2004 (Continued)
Transects and sample locations are depicted on Figure 1.

Transect Number
Sampling Point ID 

Number
Water Depth 

(Feet)
Substrate Type

1 4.8 Sand
2 7.2 Muck
3 8.0 Muck
1 3.1 Sand & Muck
2 5.6 Muck
3 5.8 Muck
4 5.5 Muck
5 7.8 Muck
1 3.0 Sand
2 5.2 Sand & Muck
3 6.8 Sand & Muck
4 8.9 Muck
5 10.0 Muck
6 9.4 Muck
7 10.5 Muck
1 2.7 Sand
2 4.4 Sand
3 6.3 Sand & Gravel
4 7.1 Sand & Gravel
5 11.1 Muck
1 4.7 Rocks
2 11.0 Muck
3 10.1 Muck
4 10.3 Muck
5 10.3 Muck
6 10.7 Muck
1 10.3 Muck
2 10.7 Muck
3 7.8 Sand & Gravel
4 5.9 Sand
5 2.3 Gravel & Cobble
1 4.5 Cobble & Sand
2 6.2 Cobble & Sand
3 6.8 Cobble
4 6.3 Cobble & Sand
5 7.8 Cobble & Sand & Gravel
6 9.3 Cobble & Muck
7 11.9 Muck
1 2.8 Sand
2 5.3 Sand
3 7.9 Cobble & Sand
4 8.5 Cobble & Sand
5 14.2 Not recorded

25

26

27

21

22

23

24

20



Table 2  Depth of Water and Substrate Type Documented in Little Indian Lake,
             June 11th 2004.
Transects and sample locations are depicted on Figure 2.

Transect Number
Sampling Point 

ID Number
Water Depth 

(Feet) Substrate Type
1 3.4 Muck
2 3.8 Muck
3 3.9 Muck
4 3.4 Muck
5 3.1 Muck & Debris
6 2.8 Muck & Debris
7 2.0 Muck & Debris
1 2.3 Muck & Debris
2 3.4 Muck & Debris
3 3.6 Muck
4 3.9 Muck
5 3.6 Muck
1 2.2 Muck
2 3.0 Muck
3 3.8 Muck
4 3.0 Muck
5 2.0 Muck & Debris
1 2.5 Muck
2 3.6 Muck
3 3.8 Muck
4 3.6 Muck
5 2.4 Muck
1 2.1 Muck
2 2.5 Muck
3 3.1 Muck
4 3.0 Muck
5 2.2 Muck
1 2.3 Muck
2 2.8 Muck
3 2.6 Muck
4 2.7 Muck
5 2.2 Muck
6 1.2 Muck

5

6

1

2

3

4



Table 3  Plant Species Documented in Indian Lake
Plant species distributions are depicted on Figures 5 and 6.
Plant assessment conducted by ESS on June 8th, and June 11th, 2004.

Common Name Scientific Name
Duckweed Lemna spp.
Eurasian milfoil1 Myriophyllum spicatum 1

Stonewart Nitella spp.
Common reed Phragmites australis
Grass Poa spp.
Smartweed Polgonum spp.
Pickerelweed Pontederia cordata
1 = Non-native "exotic" species



Table 4  Plant Species Documented in Little Indian Lake
Plant species distributions are depicted on Figures 7 and 8.
Plant assessment conducted by ESS on June 11th, 2004.

Common Name Scientific Name
Duckweed Lemna minor
Purple Loosestrife1 Lythrum salicaria
Bushy pondweed Najas flexilis
Stonewart Nitella spp.
Yellow pond lily Nuphar variagatum
Smartweed Polgonum spp.
Small pondweed Potamogeton pusillus
Cattail Typha latifolia
Watermeal Wolffia columbiana
Filamentous green algae
Blue-Green algae
1 = Non-native "exotic" species



Plot ID Plant Cover* Plant Biovolume* Species
T1 0 0
C1 0 0
T2 1 1 Potamogeton pusillus
C2 0 0
T3 1 1 Najas flexilis
* Based on a 0 to 4 scale with 0 = no plants, 1 = 1-25%, 2 = 26-50%, 3 = 51-75%, and 4 = 76-100%

Table 5  Post-Transplant Plants at Study Plots, Indian Lake, June 7th 2005
Study plot locations are depicted in Figure 9
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Little Indian Lake
Plant Biovolume Map 
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Figure
8

Engineers
Scientists
Consultants

N

.. . .

.. . . .

Outlet to Indian Lake

.. .. .

. . ..

.. ..

.. . . ..

1 2 3 4 5

5 3 2 1

5 64321

5 4 3 2 1

1 2 3 4 5

23467

Indian Lake Plant Replacement Pilot Program 
Worcester, Massachusetts

Scale:  1” = 120ft

Ty
Ty
Lm

Fg Fg
Lm

LmLmLm
FgFg

Nf
Nf

Nf

Nf

Nf

Nf

Fg

Percent Biovolume
0%

1% - 25%

26% - 50%

51% - 75%

76%% - 100%

Fg

Fg

Ni

Ni

Ni

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp

Pp
Pp

Pp

Pp

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf
Nf

Nf

Nf

Nf

Nf

Nf

Fg

Fg
Fg

Fg

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf
Nf

Nf

Nf

Nf

Bg

Bg

Bg

Bg

Bg

Bg

Bg

Bg

Nf

Nf

Nf
Bg

Nf

Pp

Pp

Pp

Pp

Pp

Pp
Pp

Pp
Pp

Pp Pp

Pp
Pp

Pp
Pp

Pp

Pp

Pp

PpNi

Ni

Ni

Ni

Nf

Ni

Bg

Bg

Bg

Ni

Pp

Pp

Pp

Pp

Pp
Pp

Pp

Pp

Pp

Pp

Nf

Pp

Pp

Nf

Nf

Bg

Bg

Bg

Bg

Fg
Fg

Pp

Pp

Pp

Pp

Pp

Pp

PpPp

Lm

Lm

Lm

Pp

Pp

Pp

Pp

Pp

Pp

Nf

Bg

Fg

Fg

Fg

Fg

Fg

Fg

Nf

Nf

Nf

Nf

Nf

Nf

Nf

Nf Nf

Nf
Nf

Nf

Key to Dominant Plant Species
Bg = Bluegreen algae
Fg = Filamentous green algae
Lm = Lemna minor - Duckweed
Ni = Nitella spp. – Stonewort 
Nf = Najas flexilis – Bushy pondweed
Pp = Potamogeton pusillus – Small pondweed
Ty = Typha latifolia – Cattail



Indian Lake Plant Replacement Pilot Program
Worcester, Massachusetts

Scale:  1” = 615ft

Indian Lake 
Study Plot Locations 

Figure
9

Engineers
Scientists
Consultants

. .5

Rt. 190

Anarat Brook

Outlet

N

Sears IslandBoat Ramp

C1 T1

Control Plot 1

Treatment Plot 1

Eurasian milfoil plant bed 
removed by herbicide in 

June 2004

Eurasian milfoil plant bed 
removed by herbicide in 

June 2004

Eurasian milfoil plant bed 
removed by herbicide in 

June 2004

C2

T2

Control Plot 2

Treatment Plot 2

T3

Treatment Plot 3

GPS Coordinates of Study Plots

Latitude                                     Longitude
C1 =     N42o17.712’ W71o48.655’
T1 =     N42o17.718’ W71o48.701’
C2 =     N42o17.740’ W71o48.538’
T2 =     N42o17.765’ W71o48.517’
T3 =     N42o18.019’ W71o48.440’



Engineers
Scientists
Consultants

Indian lake Plant Replacement Pilot Program
Worcester, Massachusetts

Schematic Representation 
of Aqua-Vu Camera Positions  

Figure
10

Lake Surface

Sediment

Camera Position 1
Camera Position 2



~1.5 ft

Engineers
Scientists
Consultants

Indian lake Plant Replacement Pilot Program
Worcester, Massachusetts

Not to scale

Diagrammatic Representation 
of Planting Technique  

Figure
11

1

2

~10 ft

Lake Surface

Plant settlement

Plant deployment

Najas Plant

Najas Plant

Rock attachment

Najas Roots

Wire fastening

Sediment



Engineers
Scientists
Consultants

Indian lake Plant Replacement Pilot Program
Worcester, Massachusetts

Not to scale

Schematic Representation 
of Treatment Plot Plant Layout  

Figure
12

Lake Surface

Sediment

~ 40 ft

~ 40 ft

~ 8 ft



 

 

Appendix A 
 

Standard Operating Guidelines 







 

 

Appendix B 
 

Indian Lake Photo Log 


