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Executive Summary 
 

Purpose 

 The first aspect of this IQP project was to survey the conditions, which promote and 

perpetuate a eutrophic condition of Indian Lake and Little Indian Lake. Subsequently, the 

project aims to outline the origins and effects of the pollution; as well as help in monitoring and 

preventing further eutrophication within both. The second aspect was to survey the 

surrounding storm drains which lead into the lake, documenting them whether they are 

properly stencilled and also re-stencilling any drains which have not been spray painted. All of 

these results were then displayed on the Indian Lake Watershed Association web page in a way 

that is assessable to the public. This IQP directly affects the local Worcester area as Indian Lake 

is used by the public for fishing, swimming, and boating throughout months of the year.  

Methods 

 In order to physically assess the lake, the IQP group first took a tour of the lake on a 

pontoon boat while evaluating different areas of the lake for visual problematic areas. To 

gather and assess the density of weeds throughout the lake, an aluminium rake tied to a string 

was used. At every data point the rake was submerged from the front of the boat at a distance 

of about 10 feet away from the vessel. After giving the rake a few seconds to sink to the 

bottom, it would be pulled back, dragging the rake along the bottom which collected the plants 

along the bottom of the lake. Once the rake reached the surface, the quantity and type of weed 

were recorded. In order to provide an updated survey of the lake, the group used additional 

data points in problematic areas as well as the same location points used in the 2013 survey. 

The data collected at each point was uploaded into Google Maps. This program utilizes google 

earth and drops pins at specified geocoordinate location using latitude and longitude 

coordinates. Each coordinate was customized to display the plant species and density.  

 To carry out the assessment of the storm drains the group located approximately 750 

catch basins using a paper map provided by the City of Worcester. When the group approached 

each storm drain the first job was to clean off the stone from any overgrowth. Once cleaned, 

the next step was to check if the stencilling was necessary. If stencilling was needed, we would 
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check if the stencil fit on the stone easily. We then used white spray paint to stencil drains in 

which the stencil directly fit on. Some drains were too small to fit the stencil perfectly, 

therefore would require minor adjustments in order to fit all of the words. Other drains were 

much too small for stencilling, in which we displayed stickers provided by the City of Worcester 

on the stone. To record our data the team created an online mapping of the storm drains, using 

a GPS tracking smartphone app. A picture of each storm drain was taken and posted on the 

interactive map for every storm drain that was visited by the IQP team. Once uploaded on to 

Google Maps in a similar way as the weeds were, the maps was colour coded to display the 

status of the drain. 

Results 

 Results from the survey indicates that Eurasian Milfoil had increased in both frequency 

of occurrence and area of coverage. The average cover area, which represents the density of 

the weeds found at each of the points, rose to 1.86 in comparison to the 2013 survey of 1.69. 

Data also showed that Small Pond Weed was less relevant throughout the lake, however it was 

higher densities in the parts of the lake where it was located. With 6 instances of small pond 

weed with average coverage area of 3.333 compared to 10 instances and average coverage 

area of 2.2 for the 2013 survey. Emergent plants showed a minor change between the two 

surveys with roughly the same occurrence and same average density. A new species called 

Canada Rush was also found in one instance during the 2016 survey. Sediment analysis showed 

high quantities of black substances which turned out to be decomposed organic material such 

as grass. This was contrary to the samples collected by Brown and Caldwell survey done in 

2013, suggesting that weed growth and death has been excessive. At the end of the project the 

group had determined that 350 of the 774 storm drains leading to Indian Lake had been 

stencilled. There are currently 53% of the total storm drains left to be stencilled or updated. 

Conclusion 

 Lƴ ǘƘƛǎ ǎǘǳŘȅ ǘƘŜ ƎǊƻǳǇ ƛŘŜƴǘƛŦƛŜŘ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ LƴŘƛŀƴ [ŀƪŜΩǎ 

macrophytes. In comparing them to two earlier studies we confirm that macrophytes growth 

has increased. Based on our survey and previous surveys the drawdown could be favouring two 
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problematic species, which lead to the recommendation of other possible treatments for the 

ILWA. 

Recommendations 

 Storm water runoff has shown to be the most direct influence on the trophic status of 

Indian Lake. With this said, the best way to prevent inflow of high nutrient laden water is to 

raise awareness in the community on the effects of anthropogenic activity on the quality of 

water. Direct solutions for the lake were researched, including the manipulating of light to 

physical kill off the submerged weeds by limiting light penetrating, thus inhibiting growth and 

causing death. Other direct solutions for treatment of the lake were also discussed and 

proposed to the ILWA. The current treatment of drawdown is very cheap and limits the growth 

of aquatic plants, but it is also known for promoting the growth of the problematic species. The 

drawdown cannot be a single, long-term solution for the lake. Dredging, which improves water 

circulation and removes weeds, is extremely expensive and not feasible for the ILWA at this 

time. Chemical treatments are cheaper than dredging but still expensive and can cost hundreds 

of thousands of dollars. Chemical treatments are effective in preventing aquatic growth by 

restricting available nutrients, however they insert foreign materials into lake which have the 

potential to disturb the natural ecology of the lake. The last treatment, light screens, is the best 

treatment option based on our research as stated earlier in the paragraph due to their ability to 

limit light. The ILWA could afford the light screens which are shown to be completely effective 

in areas where they have been previously applied. Some downfalls of these screens are 

required reapplication of the treatment every 2-3 years, which could result in additional costs.  
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1.0 Introduction 

The delicate balance of biodiversity within any area is subject to the continuous 

influence of human activity. Changes in environmental biodiversity often have cascading effects 

on ecology, and subsequently human behavior closely linked to that ecology.  

One such location, which has undergone ecological reform, is Indian Lake in Worcester, 

MA. Historically, Indian Lake is a commercial, developmental, and recreational resource for 

residents and visitors of Worcester. In recent years both Indian Lake, and the adjoining smaller 

body of water: Little Indian Lake, have changed due to anthropogenic pollutants. These 

pollutants have triggered a process called eutrophication, which has attenuated or ceased 

human accessibility to the Lake. Eutrophication is a process in which a lake experiences a 

positive flux of organic nutrients. 

The goal of this project is to characterize the propensity of anthropogenic pollutants to 

change the chemical and ecological composition of a lake during eutrophication. Subsequently, 

the project aims to outline the origins and effects of the pollution; as well as help in monitoring 

and preventing further eutrophication within the two lakes. 

 

1.1 Past efforts in monitoring and treatment of the lakes 

The Indian Lake Watershed Association (ILWA) was formed in 1985 to monitor the 

condition of the lakes. The group focused on the invasive species of macrophytes, quality of 

water, and general ecological health of Indian Lake. In conjunction with the city of Worcester, 
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the ILWA proposed a lake drawdown to combat the issues of Indian Lake. Furthermore, the 

ILWA also promotes public awareness of the dangers of anthropogenic runoff within the 

surrounding community as a cause of eutrophication. The group members of this project have 

worked closely with the ILWA, as WPI students have in the past, to survey the lake and provide 

a general analysis on the conditions of the lake and surrounding areas.  

 

1.2 Objectives and Deliverables 

This project will survey the conditions, which promote and perpetuate a eutrophic 

condition within Indian Lake. The current biodiversity survey of this project extends to the areas 

of both Indian and Little Indian Lake.  

Furthermore, the group will survey the surrounding storm drains, which lead into the 

Lake, and will continue to add any missing stencils warning about the consequences of 

inadvertent waste deposition.  

Lastly, maps constructed from the surveyed data will be presented using two programs. 

The first is google maps and is directed towards the concerned public hoping to learn about the 

ǇǊƻƎǊŜǎǎƛƴƎ ŎƻƴŘƛǘƛƻƴ ƻŦ ǘƘŜ ƭŀƪŜΦ ¢ƘŜ ǎŜŎƻƴŘ ǿƛƭƭ ǳǎŜ wŜǾƛǘ [¢ϰ ǿƛǘƘ ǘƘŜ ƛƴǘŜƴǘƛƻƴ ƻŦ ŀƛŘƛƴƎ 

potential future professional organizations involved with the treatment of the Lakes. 

Google maps provide the user the ability both to view past and forthcoming biological 

surveys of Indian Lake, and also partially or collectively isolate specific variables within any 

mapping. 



3 
 

aŀǇǎ ƳŀŘŜ ƛƴ wŜǾƛǘ [¢ϰ ǇǊƻǾƛŘŜ ǘƘŜ ǳǎŜǊ ŀƴ ŀŎŎǳǊŀǘŜ ŘŜǇƛŎǘƛƻƴ ƻŦ ŎƻƴǘƻǳǊ Řŀǘŀ ǿƛǘƘƛƴ 

the lakes and surrounding area to be used in analytical models of water level control and lake 

hydrology.  

Using these programs this projects also aims to provide hypothesis on the current status 

of the lakes and potential treatment for them as well as the importance of this treatment.  

In summary, this project will give the ILWA a survey of factors promoting eutrophication 

in Indian Lake, continue the stenciling of storm drains which are missing the warnings of 

incidental waste deposition, present the data in clear and concise programs which allow for the 

viewing and manipulation of data, and finally discuss the current and potential future of the 

status of the lakes.  
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2.0 Background 

2.1 Ecological composition and progression of eutrophic lakes 

Generally, the process where one ecological formation is replaced by a different one is 

ƪƴƻǿƴ ŀǎ ǎǳŎŎŜǎǎƛƻƴ ŀƴŘ ƛǎ ŀ ƴŀǘǳǊŀƭ ƻŎŎǳǊǊŜƴŎŜ ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ŘȅƴŀƳƛŎ ōƛƻǎǇƘŜǊŜΦ {ǳŎŎŜǎǎƛƻƴ 

in which a body of water is replaced by land or marsh is categorized as ecological extinction. 

The Environmental Protection Agency (EPA) considers the process of eutrophication to be a 

subset of succession due to the high probability of extinction in eutrophic lakes. (Barstch, 1972) 

The distinction between eutrophication and natural succession can be attributed to the time-

scales at which each one occurs. As such, the Ecological Society of America has detailed that 

ŜǳǘǊƻǇƘƛŎŀǘƛƻƴ ƛǎ άǘƘŜ ŀōƴƻǊƳŀƭ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ ŀ ǇǊƻŎŜǎǎ όǎǳŎŎŜǎǎƛƻƴ), which is regarded as 

normal, (and) has had diverse effects, some of which are not suitable for the best interests of 

Ƴŀƴέ (Jonge, Elliott, & Orive, 2002). The hypothesized natural pattern of succession, from lake 

formation to extinction, has been proposed to follow sigmoid growth curves as seen in Figures 

1 and 2. Conversely, Figure 2 also illustrates the asymptotically accelerated extinction caused by 

unnatural influences.  
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Figure 1 {ƛƎƳƻƛŘ ǇǊƻƎǊŜǎǎƛƻƴ ƛƴ ŀ ƴŀǘǳǊŀƭ ƭŀƪŜΦ !ŘŀǇǘŜŘ ŦǊƻƳ ά9ǳǘǊƻǇƘƛŎŀǘƛƻƴέΣ  ōȅ DΦ CǊŜŘ [ŜŜΣ aŀȅ 
1972 Northeast Fish and Wildlife Conference, 1972 

 

Figure 2 Comparison of proposed progression of Eutrophication in natural and accelerated lakes. 
!ŘŀǇǘŜŘ ŦǊƻƳ ά9ǳǘǊƻǇƘƛŎŀǘƛƻƴ ƻŦ [ŀƪŜǎ ōȅ 5ƻƳŜǎǘƛŎ 5ǊŀƛƴŀƎŜέΣ ōȅ !ǊǘƘǳǊ 5Φ IŀǎƭŜǊΣ мфптΣ 9ŎƻƭƻƎȅΣ ǇΦ 
383-395 1984 

Carlson (1977) developed the Trophic State Index to gauge the level of acceleration to 

ecological succession within a body of water. This index uses the three factors in Figure 3 to 

assign a trophic state to lakes.  
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Brown and Caldwell (2013) ƛŘŜƴǘƛŦƛŜŘ LƴŘƛŀƴ [ŀƪŜ ǘƻ ōŜ ƘȅǇŜǊǘǊƻǇƘƛŎ ŀŎŎƻǊŘƛƴƎ ǘƻ /ŀǊƭǎƻƴΩǎ 

LƴŘŜȄΦ ¢ƘŜ ǎǘǳŘȅΩǎ ǊŜŎƻǊŘǎ ƻŦ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƴƎ ŦŀŎǘƻǊǎ ǘƻǿŀǊŘǎ ǘƘƛǎ Ŏƭŀǎǎification can be seen in 

Table 1. The intent of the index was to provide a base level for the ecological impacts resulting 

from each index. Thus, Indian Lake has and will experience the most severe ecological problems 

from eutrophication. 

 

Table 1 Board of Regents of the University of Wisconsin system 
(image creator) Trophic Table [Table compiled of trophic 
elements] Retrieved from http://lakesat.org/maptext3.php 
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Table 2 Table consists of values for 6 areas dŜǎƛƎƴŀǘŜŘ {² ŀǊƻǳƴŘ ǘƘŜ ƭŀƪŜΦ !ŘŀǇǘŜŘ ŦǊƻƳ άLƴŘƛŀƴ 
[ŀƪŜ tƘƻǎǇƘƻǊƻǳǎ wŜŘǳŎǘƛƻƴ {ǘǳŘȅέ ōȅ .Ǌƻǿƴ ŀƴŘ /ŀƭŘǿŜƭƭΣ CŜō нсΣ нлмо 
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2.2 Using biodiversity as a determinant of trophic state and ecology in a 

eutrophic lake 

Compared to oligotrophic and mesotrophic lakes, Eutrophic and hypereutrophic Lakes 

are marked by a large increase in the supply of organic matter in the form of aquatic, primary 

producers  (McQuatters-Gollop, et al., 2009). The decomposition of these primary producers 

generates silt and soil in the lakebed. If this is compounded with poor water circulation in the 

lake this increase in production will widen the littoral zone and eventually shallow the lake. 

(Figure 3) 

  

Figure 3 Effects of Sunlight on zones in lakes National Science Foundation (image creator) (2003) 
ά[ŀƪŜ ½ƻƴŜέ wŜǘǊƛŜǾŜŘ ŦǊƻƳ ²ŀǘŜǊ ƻƴ ǘƘŜ ²Ŝō 
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The targeted widening of the littoral zone can be attributed to the primary producers that 

collectively compose the greatest amount of organic matter in a eutrophic lake: submerged 

macrophytes. The growth of submerged macrophytes is restricted by the large amount of 

sunlight they require for photosynthesis. Sunlight does not reach deeper parts of the lake such 

as the limnetic zone, and thus restricts macrophytes to growth in the littoral zone. This results 

in the sedimentation and growth of the littoral zone. Consequently, the growth of the littoral 

zone allows for more sunlit area for macrophytes to grow in and expedites the process of 

eutrophication. Essentially, the average depth predominantly determines the trophic state of a 

lake. (Reference the Secchi collumn in Table 1) 

Due to the large influence macrophytes have on lakebed sedimentation, many studies 

use macrophytes as a prime determinant of ecological function and biological function in 

shallow lakes. This is the basis for surveying and documenting the macrophytes growing in 

Indian Lake.  
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2.3 Problematic Macrophyte Species of Indian Lake 
  

2.3.1 Eurasian Milfoil (Myriophyllum spicatum) 
Eurasian Milfoil is submerged perennial plant. The plant 

can be identified by the reddish tint to its stem and the feather-

like leaves, clustered in whorls of 4-5 at nodes along the stem. 

The reproductive cycle of Eurasian Milfoil begins when water 

temperature reach 15 degrees centigrade in the spring and 

summer. The plant will sustain growth and eventually flower 

when the plant reaches the surface of the water. The cold 

weather of fall forces the plant to die down back to crowns, which 

are buried in the sediment, in order to sprout again during the 

spring. Eurasian Milfoil is classified as a perennial because of 

these crowns and the plants ability to survive the winter months. (Washington State 

Department of Ecology, 2016) 

2.3.2 Small Pond Weed (Potamogeton pusillus) 
 
 Like Eurasian Milfoil, Small Pond Weed is a submerged 

macrophyte with a perennial growth cycle. The plant can be 

identified by its slender flat leaves growing in frequently 

branching patterns. Furthermore, the leaves typically have a large 

midvein which distinguishes the plant from similar Potamogeton 

plants. The reproduction of Small Pond Weed also begins with 

warmer weather and the plant experiences sustained growth 

Figure 5 Figure of Small Pond 
Weed (United Phosphorous, 
Inc., 2008) 

Figure 4 Example of Eurasian 
Watermilfoil (Washington 
State Department of Ecology 
2016) 

https://en.wikipedia.org/wiki/Potamogeton_pusillus
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until flowering in the late summer. Furthermore, the plant can produce winter buds, however, 

can also regenerate from rhizomes and fibrous roots which makes the plant especially resistant 

to the cold. Furthermore, many different species of small pond weed are found to grow in 

conjunction with Eurasian Watermilfoil.  (United Phosphorous, Inc., 2008) 

2.4 Anthropogenic Promoters of Macrophyte Growth in Eutrophic Lakes 

Both the United States and European Unions have recognized that anthropogenic 

activity is closely linked with the increase in organic matter causing lakes to undergo 

accelerated ecological change (Lewis, Wurtsbaugh, & Paerl, 2011). Several studies have cited 

that two main chemicals in anthropogenic pollution are responsible for the stimulation of the 

growth of macrophytes in lakes. These two chemicals are varied forms of phosphorous and 

nitrogen. Furthermore, many of these studies correlate an increase in human activity around 

the area of eutrophication and the influx of these two chemicals. A paper by the Department of 

Marine Biology at the University of Groningen has documented a handful of these studies 

which show an increased accumulation of nitrogen and phosphorous in various bodies of water 

around the world. This has been tabled and added in Appendix A. Another, long term study has 

tracked the specific influx of these two nutrients into the Rhine at Lobith over a 50 year period. 

(Figure 6) When cross-referenced to a graph of ǘƘŜ ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ όCƛƎǳǊŜ т) there are 

specific correlations in influx of nutrients and population growth prior to the establishment of 

environmental agency restrictions.  
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2.5 Origin of anthropogenic Phosphorous and Nitrogen pollution in Indian Lake 

Various Point and diffuse sources can account for the influx of phosphorous and 

ƴƛǘǊƻƎŜƴ ƛƴǘƻ ōƻŘƛŜǎ ƻŦ ǿŀǘŜǊΦ άLǘ Ƙŀǎ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŀǘ ŘŜǘŜǊƎŜƴǘǎΣ ŘƻƳŜǎǘƛŎ ǎŜǿŀƎŜΣ ŀƴŘ 

fertilizers are the three major human made sources of nutrient enrichment in and 

ŜǳǘǊƻǇƘƛŎŀǘƛƻƴ ƻŦ ƴŀǘǳǊŀƭ ǿŀǘŜǊ ōƻŘƛŜǎέ (Khan & Ansari, 2005)The scope of this study does not 

include the specific activities that produce these two nutrients and only identifies their origin to 

be a derivative of human function. The Massachusetts Department of Environmental Protection 

(MassDEP) has identified stormwater runoff as the primary source of total phosphorous loading 

Figure 6 Influx of Nitrogen and Phosphorous into Rhine at Lobith over 50 year 
period (Jonge, Elliott and Orive 2002) 

Figure 7 growth of human population 
over 50 years (Jonge, Elliott and Orive 
2002) 
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to Indian Lake. This storm water runoff is primarily introduced into the water system upstream 

through Mill Brook. (Brank, et al., 2002). Another origin of these nutrients is the storm drains 

which drain into the lake. The contribution of the storm drains to nutrient loading is the basis 

for surveying and documenting the status of stenciled warnings on the storm drains.  

The MassDEP has evaluated the total maximum daily loads (TMDL) of phosphorous to 

the lake from both these sources to be 1.43 kg/day in 2002 (Brank, et al., 2002). (Brown and 

Caldwell, 2013) affirmed this large flux of phosphorous in their 2013 phosphorous reduction 

study. Some other chemical components that the (Brown and Caldwell, 2013) study identified 

in lake have been added to appendix B. 

 

2.6 Chemical Effects of Eutrophication on Water Quality: 

2.6.1 Algal Blooms 
The most concerning effect of eutrophication is that it compromises water quality due 

to the overgrowth of unwanted algae. The increased level of nutrients in lakes can cause a 

bloom of phytoplankton, some of which produce toxins that adversely affect human health. The 

effects on water quality vary based on the algal bloom. The geneses of phytoplankton, which 

cause the most detrimental effects on water quality, are dinoflagellates, diatoms, and 

cyanobacteria. (Giannuzzi, Sedan, Echenique, & Andrinolo, 2011) 

2.6.2 Cyanobacteria 
Cyanobacteria frequently produce harmful toxins that pose a threat to human health. 

With respect to Indian Lake this has caused the lake to close for recreational activities several 

times. A medical record documents a case where a patient who used Salto Grande Dam, 
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Argentina as a recreational source experienced nausea, abdominal pain and fever mere hours 

after exposure. Furthermore, several days after exposure dyspnea and respiratory distress were 

reported by the patient at which point he/she had to be hospitalized for hepatotoxicosis until 

the effects of the toxin wore off (Giannuzzi, Sedan, Echenique, & Andrinolo, 2011). 

2.6.3 Diatoms 
Diatoms also adversely affect the quality of water by producing volatile, harmful 

substances, which affect the sensible organs in 

humans.  Though this pƘȅǘƻǇƭŀƴƪǘƻƴ ƛǎƴΩǘ ƪƴƻǿƴ ǘƻ ōŜ ǘƻȄƛŎ ƛǘ 

deteriorates the quality of water by affecting its taste and smell.  

2.6.4 Dinoflagates  
Algal blooms of dinoflagate can produce toxins that 

adversely effect fish and shellfish of the water body. This is 

more commonly know as red tide and can have adverse effects 

on humans who consume these animals (Vasconcelos, 2006). 

2.7 Ecological Effects of Eutrophication 

2.7.1 Macrophyte Biodiversity 
A study of 71 shallow Danish, freshwater, shallow Lakes revealed that submerged 

macrophyte diversity had an inverse correlation with total phosphorus in the water (Jeppsen, 

Jensen, SonderGaard, Lauridsen, & Landkildehus, 2000). This is not only an issue because of the 

ecological ramifications of loss of species diversity. The niche separation of nutrients is an 

important role in the balance of water quality. Macrophytes of different species have been 

found to coexist by sharing nutrients instead of competing for them; especially in the case of 

Figure 8 biodiversity of several lake Species 
compared to phosphorous load. Adapted 
from (Jeppsen, Jensen, SonderGaard, 
Lauridsen, & Landkildehus, 2000) 
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invasive macrophytes (Stiers, Njamuya, & Triest, 2011). The reduction of macrophyte diversity 

thus results in a decrease in reuptake of nutrients by macrophytes and could result in algal 

blooms mentioned previously.  

2.7.2 Fish Biodiversity 
The study by Jepsen also noted a change in the biodiversity 

of fish. The general trend was for the loss of game fish in favor of 

cyprinidae. The succession of cyprinidae was attributed to their 

ability to feed on the overgrowth of macrophytes resulting from 

eutrophication. Fishermen of Indian Lake support this idea as they 

report catching mostly carp when questioned during surveying.  

2.8 Threats to Indian Lakes History 
Indian lake serves as a historical landmark for the 

community of Worcester due to its involvement in converting 

Worcester to an Industrial City. The current 228 acre Indian Lake 

ōŜƎŀƴ ŀǎ ол ŀŎǊŜ ǇƻƴŘ ŎŀƭƭŜŘ άbƻǊǘƘ tƻƴŘέΦ 5ŀƳƴƛƴƎ aƛƭƭ .ǊƻƻƪŜ ŀǘ bƻǊǘƘ tƻƴŘ ŀƴŘ {ŀƭƛǎōǳǊȅ 

Pond to form the headwaters for the Blackstone Canal converted this pond. Blackstone Canal 

was meant to connect Worcester to the trade hub of Providence Rhode Island and encourage 

the development of Worcester. (Brank, et al., 2002)Unfortunately, the advent of railroads 

Figure 9  biodiversity of several 
fish species compared to 
phosphorous load. Adapted from 
(Jeppsen, Jensen, SonderGaard, 
Lauridsen, & Landkildehus, 2000) 
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rendered Blackstone Canal inefficient a few years later, however, its impact on Worcester 

remains.  

 

 

2. 9 Threats to Recreational Value of Indian Lake 

Many people use Indian Lake for recreational activities such as swimming, boating, and 

fishing. If the process of eutrophication continues within the lake then toxic phytoplankton will 

render any recreational activity that involves contact with water unsafe. Furthermore, the 

overgrowth of macrophytes will also make boating impossible because of its impact on motor 

boats engines.  

Figure 10 /ƻƴƴŜŎǘƛƻƴ ŦǊƻƳ LƴŘƛŀƴ [ŀƪŜ ǘƻ .ƭŀŎƪǎǘƻƴŜ /ŀƴŀƭΦ !ŘŀǇǘŜŘ ŦǊƻƳ ά! ǿŀǘŜǊ wŜǎƻǳǊŎŜ-ōŀǎŜŘ Ψ{ƳŀǊǘ DǊƻǿǘƘΩ 
¦Ǌōŀƴ 5ŜǎƛƎƴ {ǘǊŀǘŜƎȅ ŦƻǊ ²ƻǊŎŜǎǘŜǊΣ aŀǎǎŀŎƘǳǎǎŜǘǘŜǎέΣ ōȅ wƛȊȊƻ !ǎǎƻŎƛŀǘŜǎΣ нллоΣ ǇΦ мΣр 
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2.10 Threats to Commercial Uses of the Lake 

Though the commercially driven purpose of Indian Lake has changed since the Industrial 

revolution the lakes waterfront still serves as a home for many residents. The unaesthetic and 

sensory outcomes of eutrophication cause the value of the land around the lake to depreciate 

in value. 
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3.0 Methodology 

 The survey of the entire Indian Lake watershed was completed to update and assess its 

ecological state. 

 

Figure 11 Indian Lake Watershed (Center) modeled in Civil 3d LTTM with respect to road systems 

 First, growth of submerged, floating, and emergent aquatic plants was surveyed. The data 

collection from the 2013 survey established a set of location points that were used for 

comparison (Cheston, Gribble, & Plante, 2013) Data collected from our survey will be useful 
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when compared to prior surveys in order to determine any changes in the aquatic plant growth. 

The parameters that will be compared are growth rates, location and population of plants 

throughout Indian Lake.  

 Next, some storm drains leading towards Indian Lake were surveyed and stenciled to 

determine the current appearance of every catch basin and create an updateable system for 

the ILWA to use for future stenciling. Techniques used during the stenciling were in accordance 

with the City of Worcester and the ILWA.  

 The data from topographical maps was combined into a model-based environment 

ǳǎƛƴƎ wŜǾƛǘ [¢ϰ ǎƻŦǘǿŀǊŜ ǘƻ ǊŜƴŘŜǊ ŀ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴŀƭ ǾƛŜǿ ƻŦ ǘƘŜ ƭŀƪŜ ŀƴŘ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀǎΦ 

wŜǾƛǘ [¢ϰ software is a simplified 3D tool that produces coordinated, high-quality architectural 

designs with embedded documentation. The model allowed us to display the elevation of 

surrounding areas as well as the depth of the water in relation to the Indian Lake watershed.    

3.1 Preparing for Lake Surveying 

 Before going out onto the lake for surveying, the 

group took a tour of the lake to assess different areas of the 

lake for visual problematic areas. In order to provide an 

updated survey of the lake, we used additional points along 

with the location points used in the 2013 survey. In the more 

dense areas of the lake, as seen during the tour, more 

collection points were conducted. The group also spoke with 

local residents in the area to better understand their view of 

Figure 12 Transect Lines used for surveying 
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the plant growth on the lake. Most points surveyed started 

near the shore and additional points were surveyed while 

moving in a straight line away from the shore. (Figure 12) 

Most of the emergent plants covered the shoreline 

perimeter of the lake. A motorized boat was used to assess 

the aquatic plant growth in deeper areas of Indian lake and 

canoes were used to approach the shallow banks of the 

lake. With Little Indian being shallow, using a canoe was the 

only option to survey the entire Lake. In the end, 166 data 

collection points were recorded and shown on the final 

survey map of Indian Lake and Little Indian. In the 

ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ōƻǘƘ нлмоΩǎ ǎǳǊǾŜȅ ŀƴŘ ƻǳǊ ǎǳǊǾŜȅΣ нуо 

different points can be seen. (Figure 13) 

 

3.1.2 GPS locator for aquatic plant survey 

 All data points were used by a smartphone App άDt{ ¢ǊŀŎƪǎέ that was able to track our 

location and time of the point for easier reference at a later date. After researching different 

options, including a USB data logger and a boat GPS, we determined that the smartphone 

technology was precise enough for us to conduct the survey. The smartphone also allowed for 

easy transition of the data points to a computer. At each location the time, location, species of 

plant, and amount of plants were recorded. 

 

Figure 13 Collection of Points between 
2013 and 2015 
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3.2 Meta data collected  

3.2.1 Date and Time  
 The date and time of each point was recorded through a GPS tracking app on a 

smartphone. In addition to the use of the smartphone, we wrote down the time on paper along 

with the weed type/amount just in case the app information could not be transferred to a 

computer for any reason. After the first few times on the boat we determined the app was 

sufficient enough and was compatible with the computer, so we did not need to hand write the 

data anymore.  

 

3.2.2 Density of Weeds  
 The group in 2013 modified an aluminum gravel rake to collect the weeds. The same 

rake was used during our surveying in order to keep the surveys as similar as possible. The rake 

was weighted to ensure that it would reach the bottom. Attached at the top of the rake was a 

rope that was used to pull the rake up. At every data point the rake was submerged from the 

front of the boat at a distance of about 10 feet away from the boat. After giving the rake a few 

seconds to sink to the bottom, we 

would begin to pull the rope, dragging 

the rake along the bottom. Once the 

rake reached the surface, the data 

were recorded.  

 After inserting the rake, 

dragging it and pulling it onto the boat, 
Figure 14 Picture of Rake after Dredging 
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we had to determine the amount and type of plants found. In order to determine the density of 

the amount of plants found, we divided the collection into five separate categories shown 

below, as developed by the U.S. Army Corps of Engineers. Sequential numbers starting at 0 

were also assigned to their respective notation in order to average the density among collected 

points. High density yielded a higher number. 

Notation Description 

Z (zero)  No plant life collected 

T (trace Finger-full on rake 

S (sparse) Handful on rake 

M (moderate) Rake-full of plants  

D (dense) Difficult to bring into boat 

Table 3 Average Coverage Area 

3.3 Identification of Invasive and Non-Invasive Species 
The identification of plants was carried out by referring to a guide published by the 

Massachusetts Department of Environmental Management. Initially differences between 

Eurasian Milfoil and Small Pondweed were difficult to discern while at the lake. In such cases 

where the species of plant was difficult to determine a sample was stored in a ziploc bag until 

the guide could be more comprehensively referenced in identifying the species. This process 

was applied to submerged, emergent, and floating plants. The underlying cause behind the 

difficulty in identification was often depositions of silt and dead matter on the sample 



23 
 

accumulated during the dredging process. When a comprehensive identification of the plants 

was permissible the sample was cleaned in order to facilitate species identification.    

 

3.4 Interactive Data Mapping  

Data were collected over a series of five non-consecutive days by hand while on site. 

Each day after surveying was completed the data were transferred to a computer in the form of 

a .csv file to back the data up. Csv files are spreadsheets of data and can be read by any excel 

type viewing program. When imported into the chosen program the titles of the spreadsheet 

columns were predetermined by the mapping app. These had to be renamed to the current 

titles of the spreadsheets in order to reflect similar depictions of data points as the 2013 IQP 

Group(Cheston, Gribble, & Plante, 2013). From here, the csv file was uploaded to myMaps; a 

function of google which uses google earth and drops pins at specified geocoordinate locations. 

MyMaps took the csv file and prompted the user to specify the longitude and latitude columns 

of the spreadsheet. The program also prompted the user to correlate the columns 

corresponding to the title and a short description of the point.  

The map was then automatically generated with the user selected variables. Another 

advantage of myMaps was the ability to stratify the data by color and look at any combination 

of strata while others were hidden. By separating the main csv file into sub-csv files consisting 

of homogeneous aquatic plants a color could be chosen to represent the aforementioned 

aquatic plant on the map. Thus, all color depictions of plants were individualized and could be 

compared at will by turning the layer which housed the corresponding csv file on and off within 

myMaps. When each specific point had been checked to insure correct results and absence of 
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grammatical errors the clearance of the map was changed to be viewable by everyone. As a 

result anyone with the url of the map would be referenced to the website and be able to view 

the map. It is important to note that the general public was not granted clearance to edit the 

map. This is so the data remains consistent and is not corrupted by those who have not actually 

performed the study.  

 

3.5 Preparing for the Storm Drain Stenciling  
 There are approximately 750 storm drains within Worcester city limits that lead to 

Indian Lake. Using a map provided by the City of Worcester, we were able to geolocate each 

storm drain. The map has been added to Appendix C This map provided a general estimate of 

the last time the storm drains were monitored and stenciled. The first job was to clean off the 

stone from any grass or gravel on top of it. Once clean, the next step was to check if stenciling 

was necessary. Our group focused first on the groups of drains that did not have a date of 

when they were last stenciled. Once at 

the storm drain, we accessed the 

condition of the stenciling on the stone. 

The City of Worcester provided us with a 

brush, safety vests, the stencil, 

spraypaint, glue, stickers, and gloves in 

order to complete the stenciling of each 

drain.  

 

Figure 15 Materials Provided By the City of Worcester 












































