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 Introduction 
Lake Shirley, located in the Towns of Lunenburg and Shirley is a 354‐acre waterbody that supports 

varied recreational and wildlife habitat uses.  There is a large community of residential properties 

surrounding the lake as well as a popular campground both of which bring many people to enjoy and 

rely on this important water resource.  The lake also supports a heathy fishery as well as a wide array of 

wildlife including bald eagles.  

As a man‐made waterbody, Lake Shirley is experiencing symptoms of eutrophication including nuisance 

weeds and algae growth.  The rate and impact of eutrophication is exacerbated by development in the 

watershed as well as the presence of several non‐native and invasive species.   

The lake has been studied extensively including a Diagnostic/Feasibility study by Metcalf & Eddy in the 

late 1980’s, a nutrient loading / dredging feasibility study in 1999 and numerous studies by lake 

management contractors including Geosyntec and Solitude Lake Management (formerly Aquatic Control 

Technology).  The most current assessment work was performed by Water Resource Services starting in 

2015 and continuing through 2016.  On‐going work is planned for WRS in 2017 and beyond.  The Lake 

Shirley Improvement Corporation (LSIC) is the governing body which oversees the lake and over the 

years LSIC members have taken a very active role in assessment and management activities. 

This Lake Management Plan serves to document, formalize, organize and prioritize management 

activities on the lake moving forward.  This document is intended to be a dynamic and “living” plan 

which will be updated as needed to include ongoing assessments of the lake’s condition and experience 

garnered through on‐going management activities at the lake and emerging techniques in lake 

management. 

 Identified Areas of Concern 
The following sections identify specific areas of concern for Lake Shirley, encompassing both in‐lake and 

watershed topics.  These issues threaten the overall health and intended uses of the lake and will be the 

focus of lake management actions. 

2.1. Nuisance & Non‐Native Plant Growth 
Since at least the 1970’s, Lake Shirley has experienced nuisance growth of both non‐native and native 

aquatic plants.  The relatively shallow depth and gradually sloped shorelines of the lake create expansive 

littoral areas capable of supporting nuisance plant growth.  The northern and central basins especially, 

which were originally grassy meadow prior to the damming of the Catacoonamaug Brook in the mid 

1800’s, exhibit dense growth of aquatic plants.  The deeper southern basin has a more limited 

assemblage of aquatic plants. 

Of specific concern in Lake Shirley is the presence of non‐native species including variable watermilfoil 

(Myriophyllum heterophyllum), Eurasian watermilfoil (Myriophyllum spicatum), fanwort (Cabomba 

caroliniana), curlyleaf pondweed (Potamogeton crispus) and spiny naiad (Najas minor). Several species 

of native plants can also problematic in the lake including tapegrass (Vallisneria americana) and bushy 

pondweed (Najas flexilis).  In the most recent vegetation survey of the lake conducted by Solitude Lake 

Management in October of 2016, sixteen aquatic plant species were identified however past surveys 

had identified as many as 27 species (2002).  
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The most recent aquatic plant survey data can be found in the 2016 Management Year‐End Report 

(Attachment A).  The following table shows the list of aquatic plant species found in Lake Shirley during 

2006 & 2016 along with their corresponding % presence and % dominance.  It should be noted that 2006 

was the year before the annual herbicide treatments began. 

 

 

While some variability is expected in plant growth from year to year, there are some clear changes, both 

positive and negative between 2006 and 2016.   

 Desirable reduction in the growth of non‐native Eurasian and variable milfoil. 

 Undesirable reduction in the growth of coontail, Robbins pondweed and grassy pondweed. 

 Increase in both species of naiad; non‐native European naiad and native bushy pondweed. 

 Desirable increase in native bladderwort and clasping leaf pondweed.  

 Of the 23 species listed in 2006, 16 were found at 5 stations or less (limited distribution) and 12 were not 

observed in the 2016 survey.  With the exception of Eurasian milfoil and grassy pondweed, all twelve 

species lost were of limited distribution.  Five species were observed in 2016 that were not listed in 2006 

resulting in a net loss of seven species. 

 Due to their limited distribution, the lack of observations does not necessarily mean that these species are 

not present in the lake any longer. 

 Not all survey years were examined, so there may have been other species with transient observances 

both within and before the timeframe in question. 

While the total number of species observed has generally decreased since 2006, the species richness or 

average number of species observed at each station has remained relatively stable since 2006 (see 

graph below).  It’s uncertain what caused the decrease in species richness from 2005 to 2006, but 

Geosyntec references a severe algae bloom in 2006 which also reduced overall plant cover and biomass 

Common Name Scientific Name

Eurasian Milfoil Myriophyllum spicatum 52 20 79% 30% 0 0 0% 0% Desirable Reduction of non‐native plant

Coontail Ceratophyllum demersum 47 16 71% 24% 1 0 2% 0% Reduction in native plant

Wild Celery Vanlisneria americana 34 2 52% 3% 52 30 79% 45% Increase in native plant

Robbin's Pondweed Potamogeton robbinsii 34 19 52% 29% 2 1 3% 2% Redcution in native plant

Grassy Pondweed Potamogeton gramineus 13 0 20% 0% 0 0 0% 0% Reduction in native plant

European Naiad Najas minor 10 1 15% 2% 40 5 61% 8% Increase in non‐native plant

Fanwort Cabomba caroliniana 7 0 11% 0% 18 4 27% 6% Increase in non‐native plant ‐ but highly variable from year to year

Variable Milfoil Myriophyllum heterophyllum 5 0 8% 0% 0 0 0% 0% Desirable Reduction of non‐native plant

White Waterlily Nymphaea odorata 3 0 5% 0% 3 0 5% 0% Similar

Big‐Leaf Pondweed Potamogeton amplifolius 2 0 3% 0% 0 0 0% 0% Limited Distribution

Yellow Waterlily Nuphar variagata 2 1 3% 2% 0 0 0% 0% Limited Distribution

Big Duckweed Spirodela polyrhiza 2 0 3% 0% 0 0 0% 0% Floating Plant ‐ limited distribution

Bushy Pondweed Najas flexillis 1 1 2% 2% 51 23 77% 35% Increase in native plant

Musk Grass Chara sp. 1 0 2% 0% 1 0 2% 0% Limited Distribution ‐Often confused with Stonewort

Common Bladderwort Utricularia vulgaris 1 0 2% 0%

Little Floating Bladderwort Utricularia radiata 1 0 2% 0%

Thin‐leaf Pondweed Potamogeton pusillus 1 0 2% 0% 2 0 3% 0% Limited Distribution

Bur reed Sparganium sp. 1 0 2% 0% 0 0 0% 0% Emergent Plant ‐ Limited Distribution ‐ 2016 survey did not catalog

Richardson Pondweed Potamogeton richardsonii 1 0 2% 0% 0 0 0% 0% Limited Distribution

Hedge Hessop Gratiola 1 0 2% 0% 0 0 0% 0% Limited Distribution

Duckweed Lemna minor 1 0 2% 0% 0 0 0% 0% Floating Plant ‐ limited distribution

Watermeal Wolffia sp. 1 0 2% 0% 0 0 0% 0% Floating Plant ‐ limited distribution

Water marigold Megalondonta beckii 1 0 2% 0% 0 0 0% 0% Limited Distribution

Curlyleaf Pondweed Potamogeton crispus 0 0 0% 0% 2 0 3% 0% Not well cataloged in late summer/fall surveys due to growth cycle

Stonewort Nitells sp. 0 0 0% 0% 0 0 0% 0% Limited Distribution ‐Often confused with Chara

Clasping‐leaf Pondweed Potamogeton perfoliatus 0 0 0% 0% 8 2 12% 3% Increase in native plant

Sago Pondweed Stuckenia pectinata 0 0 0% 0% 2 0 3% 0% Limited Distribution

Spikesedge Elocharis sp. 0 0 0% 0% 2 0 3% 0% Limited Distibution

Ribbon‐leaf Pondweed Potamogeton epihydrus 0 0 0% 0% 1 0 2% 0% Limited Distribution

Filamentous Algae Various 0 0 0% 0% 5 0 8% 0% Probably not catalogued well in all surveys

Aquatic Moss Musci sp. 0 0 0% 0% 0 0 0% 0% Limited Distribution

Small waterwort Elatine minima 0 0 0% 0% 0 0 0% 0% Limited Distribution

Plant Species
Notes

% stations 

dominant

6 1 9% 2% 2016 survey did not identify to species, but overall increase

# stations 

dominant

% stations 

present
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that year.  The LSIC began a deeper drawdown regime in 2002 which may also account for changes in 

species composition over this period, especially in shallower water (<6 feet). 

 

Overall plant density in the lake was decreasing going into the 2006 survey and then continued to 

decrease slightly through 2009 where it started a slight increasing trend which accelerated in 2015 and 

2016.  Plant biomass over this same period remained relatively stable until noticeably increasing in 

2015.  Notable changes in 2015 include SOLitude Lake Management taking over the survey work, which 

may have affected subjective elements of the survey protocol, such as determination of indexes, and in 
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2016 there was a major shift in the treatment areas due to new selection criteria and increase presence 

of curlyleaf pondweed, which allowed for increased development of plants in historically treated areas. 

The LSIC recognizes that native aquatic plants are beneficial to the lake’s ecosystem and maintaining 

adequate cover and a diverse assemblage of native species is important.  Given the high recreational use 

of the lake, favorable conditions for aquatic plant growth and the presence of non‐native species 

however, there will be an on‐going need for plant management.  The key moving forward is to manage 

non‐native and nuisance growth in a manner that maintains desirable conditions in the lake, while 

preserving the native plant community.  

While herbicide treatments have been employed at Lake Shirley since 2007 with good success, it is 

desirable to look at ways to reduce the amount of area treated and herbicide used.  Continued use of 

herbicides will be necessary but establishing more definitive criteria and investigating the use or 

expanded implantation of non‐chemical techniques will help to achieve this goal.  Reducing herbicide 

treatment will also allow more resources to be directed towards important assessment techniques and 

longer term project goals.   

Plant assemblages have changed over the years and certainly since treatments started.  Many of these 

changes have been positive, specifically the reduction of nuisance milfoil growth, but large scale 

treatments may be having less obvious, detrimental effects, such as a loss of native species diversity.  

Additional discussion on proposed plant management actions plan is presented in Section 6 of this plan. 

2.2. Nuisance Algal Blooms 
Lake Shirley has experienced periodic blooms of microscopic algae which have negatively impacted 

water clarity and recreational uses.  In 2014, under guidelines established by the Massachusetts 

Department of Public Health, severe blooms of cyanobacteria (blue‐green algae) closed the lake from 

late August until early October.  In 2015, the water clarity stayed within desirable levels throughout the 

summer. 

To maintain desirable water clarity at the lake in past years, treatments with copper sulfate have been 

used to reduce elevated algal density.  Fluctuations in phosphorus levels and climatic patterns likely 

govern the severity and frequency of algal blooms, indicating that the lake may be at a transition point 

in terms of phosphorus loading.  Specific discussions of phosphorus levels in Lake Shirley are included in 

other sections of the plan. 

With increased awareness about the possible harmful effects of cyanobacterial blooms and the strict 

guidelines on recreation and algaecide treatment imposed by the MA DPH and the Massachusetts 

Department of Environmental Protection, monitoring and management of phosphorus levels and algal 

blooms will be a priority of management moving forward. 

Past analysis of algae levels was intermittent and generally performed in response to the onset of 

nuisance conditions. In 2015, the LSIC contracted with Water Resource Services (WRS) and Dr. Ken 

Wagner to perform more regular testing of the lake’s algae (identification & enumeration).  This work 

continued in 2016 in addition to algal sampling conducted by the SOlitude Lake Management.  The 2015 

& 2016 algal biomass data is summarized in the following table and the full report is included as 

Attachment B (2015) and Attachment C (2016). 
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Following the severe bloom in 2014, water clarity was improved in 2015 however cyanobacteria still 

dominated the algal assemblage through the summer months and algae biomass often exceeded the 

“level of concern” of 3,000 ug/l.  Despite the elevated biomass levels, cell counts did not exceed 25,000 

cells/ml and were below the MA DPH threshold of 70,000 cells/ml.  In 2016, the algal population 

remained relatively diverse and the presence of cyanobacteria was limited although overall the water 

clarity was less desirable.  The 2016 WRS assessment determined that suspended turbidity and detritus 

along with lower water levels contributed to the poor water clarity.   

 

 

 

2.3. Elevated Phosphorus Levels 
Past studies and current conditions have clearly established that the lake periodically experiences 

elevated phosphorus levels that support nuisance weed and algae growth.  Phosphorus originates 

mainly from the watershed, but internal recycling of phosphorus from the lake sediment can also 

contribute to the annual load.  The Metcalf & Eddy study minimalized internal sources of phosphorus 

from Lake Shirley and the BSC study did not address internal sources.  Work by WRS revisited this topic 

in 2016. 

The following table summarizes the phosphorus data from previous studies, 

 

Study  North Basin  South Basin  Inlets 

M & E 1986  Concentrations ranged 
from 0.01 – 0.07 mg/l 

Concentrations ranged from 
0.01 – 0.07 mg/l and spiked 
in the hypolimnion to 0.16 in 
July  

~0.3 mg/l average. 
Maximum concentration 
observed was 0.14 mg/l 
from Catacoonamug Brook 
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BSC 1999  Concentrations ranged 
from 0.01 – 0.06 mg/l 

Concentrations ranged from 
0.03 – 0.04 mg/l and spiked 
in the hypolimnion to 0.13 in 
July 

Multiple dry and wet 
weather sampling.  Values 
ranging from <0.01 to 0.26 
mg/l 

Geosyntec 
2006 

0.05 mg/l at surface, 
<0.01 mg/l mid‐depth, 
0.04 mg/l near bottom 

<0.01 mg/l at surface, 0.05 
mg/l at mid‐depth, 0.06 mg/l 
at bottom. 

0.04 mg/l 

WRS 2016  0.01‐0.033 mg/l at surface, 0.028‐0.07 mg/l at bottom 
of south basin. 

0.01‐0.260 mg/l with 
highest level occurring 
from Catacoonamaug 
Brook wet weather sample. 

 

Elevated phosphorus levels have a direct effect on the frequency and severity of algae growth and the 

ratio of phosphorus to nitrogen is a primary factor in determining the prevalence of blue‐green species 

(cyanobacteria) to other less problematic species.  Addressing elevated phosphorus levels is a key to 

meeting the management objectives at Lake Shirley. 

2.4. Watershed Issues 
Lake Shirley has a sizeable watershed area which directly impacts water quality and sedimentation in 

the lake.  Continued monitoring and management of the nutrient, suspended solids and pollutant 

sources in the watershed is important for the long term health of the lake. The 1999 BSC study and the 

2004 Preliminary Stormwater Assessment conducted by Geosyntec is the most recent detailed 

assessment of the watershed and formed the basis for a number of watershed improvements that were 

completed in 2006‐2009 with Section 319 grant funds.  

In 2016, WRS toured the watershed and collected new tributary data, which is provided in Attachment 

C.  In summary, the assessment yielded the following observations. 

 Minimal erosion and stormwater drainage systems in the watershed. 

 Much of the watershed drainage goes to wetlands or ponded depressions which provide 

substantial detention and pollutant removal. 

 Most lake shoreline drainage goes directly to the lake with few pipes or ditches. 

 Dry weather field data suggests no specific concerns with baseflow or groundwater flow. 

 Laboratory data for dry and wet weather shows some issues to be addressed, but that incoming 

water quality is not a daily threat to health of the lake. 

2.5. Sedimentation 
Sedimentation is a common concern for all lakes, especially impoundments.  Sedimentation generally 

occurs over a long period of time, but prior studies have identified a significant amount of sediment in 

Lake Shirley, averaging 2‐4 feet over the lake and as much as 12‐feet in some areas of the south basin.  

While removal of existing sediment is probably not feasible, especially lake‐wide, minimizing additional 

sedimentation will help to slow the eutrophication process.  The 2004 Preliminary Stormwater 

assessment identified several areas of concern that were partially addressed with work completed 

under the 319 grant, but no additional work has been completed since that time. 
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2.6. Dissolved Oxygen Depletion 
In the deeper areas of the southern basin, it has been established in previous studies that the 

hypolimnion experiences oxygen depletion and associated water quality changes.  Such depletion 

degrades fish habitat, increases internal recycling of phosphorus and generally increases the severity of 

eutrophication.  The 2016 study by WRS observed the following dissolved oxygen profile in the southern 

basin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During June, there was a gradual decrease in oxygen starting at 2 meters and eventually dropping below 

2 mg/l of oxygen at 6 meters.  In August, the stratification was more pronounced and oxygen fell rapidly 

below 3‐meters.  A similar oxygen profile was observed by BSC in the summer of 1999.  Other areas of 

the lake are generally well mixed with adequate amounts of oxygen across the bottom in water <9‐feet.  

There are some areas in the north and central basins which are slightly deeper than 9‐feet and may 

experience intermittent low oxygen levels at the sediment water interface which can promote release of 

phosphorus. 

 Management Goal/Objectives 
The following goal/objectives have been established by the LSIC, 

 Manage aquatic vegetation within Lake Shirley in a manner that balances the aquatic habitat 

and recreational uses. 

 Prevent the introduction of new invasive species. 

 Manage nuisance algal blooms to maintain desirable water clarity and recreational uses; prevent 

closure of the lake due to cyanobacteria levels. 
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 Establish a regular in‐lake water quality monitoring program to guide management actions and 

assist with long‐term planning. 

 Support the Town of Lunenburg to monitor, assess and manage watershed sources of nutrients, 

solids and other pollutants for the long term health of the lake. 

 Increase public education and involvement amongst the lake residents/users. 

 Existing Management Techniques 
Many of the issues facing Lake Shirley are currently being managed through a variety of techniques 

including, 

 Winter drawdown 

 Herbicide treatment 

 Algaecide treatment 

 Vegetation and water quality monitoring 

4.1. Winter Drawdown 
Winter drawdown of Lake Shirley has been used for many years mainly to manage the growth of non‐

native and nuisance aquatic plant growth.  Drawdown works by lowering the lake level in the winter 

months to expose the littoral sediments to drying and freezing.  This was a major recommendation in 

the Metcalf & Eddy Diagnostic Feasibility study, which recommended an optimal drawdown of up to 9‐

feet.  Due to impacts on residential private wells however, the drawdown has varied between 4 to 6 

feet.  The drawdown has worked well to control nuisance growth of milfoil and fanwort in the shallow 

margins of the lake, however, weather conditions are not always conducive to an effective drawdown 

every year and there are also significant populations of nuisance growth in deeper waters that are not 

affected.  Additionally, there are some potentially problematic plants species in the lake that are not 

well controlled with drawdown, such as tapegrass and naiad. 

4.2. Herbicide Treatment 
Aquatic herbicide treatment has been used at Lake Shirley to control nuisance aquatic plant growth 

since 2007.  Specifically, the contact herbicide Reward (diquat) has been used annually to control an 

initial, severe predominance of Eurasian watermilfoil, but in recent years has been more focused on 

controlling curlyleaf pondweed, spiny naiad and tapegrass.  Populations of fanwort have fluctuated from 

year to year but have not been managed with herbicide due mainly to the costlier approach and 

herbicide required. 

4.3. Algaecide Treatment 
Treatment with copper sulfate has historically been used at Lake Shirley to reduce algae levels and 

maintain water clarity and desirable recreational conditions.  LSIC monitoring of water clarity using a 

standard Secchi disk has been used to establish the need to treating the lake with copper sulfate.  When 

the water clarity drops below 5‐feet or if there is a rapid loss of water clarity, treatment is scheduled and 

performed. 

4.4. Vegetation and Water Quality Monitoring 
Annual surveys of the lake’s vegetation are conducted as part of the on‐going management program.  

Specifically, a pre‐management survey is conducted in early June to establish areas in need of herbicide 



 

Lake Shirley 
Management Plan  10  Version 4 : April 2019 

treatment and a follow‐up post treatment survey is conducted in September or early October to 

document both non‐native and native vegetation and assess the results of the treatment program.  

Additionally, third‐party surveys had been conducted annually through 2013, in the later summer period 

using a more quantitative data point methodology.   Water quality has been monitored periodically over 

the years by various contractors and the LSIC began on‐going work with WRS in 2015 to update and 

interpret both tributary and in‐lake water quality. 

 Evaluation of Management Options 
There are many in‐lake management options available for the issues identified in Lake Shirley.  Regular 

evaluation of these and any emerging options and their feasibility for Lake Shirley is an important aspect 

of the management plan.  Existing options were initially evaluated in the Metcalf & Eddy Diagnostic 

Feasibility study and later updated in the BSC study and by the LSIC’s lake management contractors.  The 

following is a brief discussion of many of the available options available for Lake Shirley. 

A more detailed evaluation of these and other management techniques can be found in the “Final 

Generic Environmental Impact Report on Eutrophication and Aquatic Plant Management in 

Massachusetts” (MA GEIR) and the accompanying “Practical Guide to Lake Management in 

Massachusetts”.  These documents can be found at http://www.mass.gov/eea/agencies/dcr/water‐res‐

protection/lakes‐and‐ponds/eutrophication‐and‐aquatic‐plant‐management.html  

5.1. Drawdown 
Drawdown is a relatively inexpensive and effective technique for nuisance plant control in many lakes.  

Drawdown is already being used at Lake Shirley, but its effectiveness is limited by the depth of 

drawdown and by the variety of target plant species.  Drawdown works well on variable milfoil, Eurasian 

milfoil, fanwort and curlyleaf pondweed.  During favorable weather years, the drawdown has worked 

well on these species within the 6‐foot drawdown zone, but significant populations have persisted 

beyond this depth.  Additionally, the drawdown tolerant species, tapegrass and naiad have become 

increasing problematic.  A deeper drawdown (~ 9‐feet) was recommended in the Metcalf & Eddy study, 

but further investigation and evaluation of private water supply wells will be needed. 

Effects of Drawdown on 19 Common Aquatic Plants* 

Decrease in Abundance  Increase in Abundance No Change or Variable  

Watershield (Brasenia)  Bulrush (Scirpus) Pondweeds (Potamogeton spp.)

Waterlilies (Nuphar & Nymphaea)  Bushy pondweed (Najas) Bladderwort (Utricularia) 

Spike Rush (Eleocharis)  smartweed (Polygonum 
coccineum) 

Tapegrass (Vallisneria) 

Watermilfoil (Myriophyllum spp.)  leafy pondweed (Potamogeton 
epihydrous) 

elodea (Elodea canadensis)

Fanwort (Cabomba)   

Coontail (Ceratophyllum)   
Based on Table from "Restoration and Management of Lakes and Reservoirs" by Cooke et.al.) 

It is generally recommended to vary the depth of drawdown from year to year in order to prevent 

drawdown resistant species from becoming problematic and also to allow beneficial species that may be 

affected by drawdown to recover.  Since the deeper drawdown was approved in 2002, the lake has 

consistently been lowered 5‐6 feet each year.   
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In 2016, the LSIC conducted a survey of lake residents to catalog the presence and specifications of 

shoreline wells. The questionnaire was distributed to residents 1) by US Mail, 2) via an online survey 

service and 3) was made available to complete on the LSIC website. A copy of the well use questionnaire 

is included as Attachment D. 

A summary of the online survey results (55 submissions) is below, 

 87% of the respondents had a private well 

 30% reported having a shallow dug well 

 29 resident reported wells within 50 feet of the shoreline 

 Four respondents reported having issues with their wells when the lake was drawdown 

 Three of the four indicated that they reported the issue to the LSIC 

 

5.2. Harvesting & Hydro‐Raking 
Neither of these mechanical techniques are recommended for control of aquatic plants that spread by 

fragmentation, such as milfoil and fanwort.  Mechanical harvesting is analogous to “mowing the lawn” 

and generally provides less than seasonal control of plant species like those in Lake Shirley.  Hydro‐

Raking is a more intensive removal technique which has been used previously at Lake Shirley.  Although 

it is not recommended for use in controlling milfoil and fanwort, it may be useful for residential 

shoreline debris management and for removal of other plants species like tapegrass, which may not be 

fully addressed by herbicide treatments. 

5.3. Dredging 
Dredging was extensively evaluated in the BSC study and although it was determined that dredging 

would likely provide some control of both rooted plants and algae, the cost was prohibitive.  It has 

become even more difficult and expensive to design, permit and conduct dredging projects, so a major 

dredging at Lake Shirley is unlikely.  As further water quality and watershed assessments are conducted 

it may be possible that partial dredging could become an option, but currently there are no plans to 

further pursue dredging at Lake Shirley. 

5.4. Herbicide Treatment 
The use of aquatic herbicides is a widely used, cost‐effective technique to manage nuisance plant 

growth while minimizing disruption to the lake system and posing a negligible effect to non‐target 

species and humans.  Aquatic herbicides are closely regulated by the US Environmental Protection 

Agency, the MA Department of Agricultural Resources and the MA Department of Environmental 

Protection.  The choice of herbicides can allow for area and species selectivity while providing effective 

seasonal or longer periods of control.  The table below lists the currently available herbicides available 

for use in lakes and ponds.  Additional information on currently approved aquatic herbicides and 

algaecides can be found on the MA DAR’s website at http://www.mass.gov/eea/agencies/dcr/water‐res‐

protection/lakes‐and‐ponds/eutrophication‐and‐aquatic‐plant‐management.html  
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Active Ingredient 

 

Trade Names 

 

Plants Controlled 

 

Irrigation Restriction 

Label 

 

Copper (algaecides 

& herbicides) 

Copper sulfate; K‐Tea; 

Cutrine Plus; Captain; 

Komeen, Nautique 

Algae – filamentous & 

microscopic; curlyleaf 

pondweed other submersed 

None 

Sodium Carbonate 

Peroxyhydrate 
Phycomycin; GreenClean 

Algae – filamentous & 

microscopic 
None 

Diquat  Reward 

Milfoil & other submersed 

plants; duckweed & 

watermeal 

3‐5 days 

Endothall 
Aquathol K (herbicide); 

Hydrothol 191 (algaecide) 
Pondweeds and algae  7‐14 days 

Fluridone  Sonar & generics 

Watermeal, duckweed, milfoil, 

fanwort and other submersed 

plants 

30‐day min (often 60‐90 

days with multiple 

applications 

Glyphosate  Rodeo & generics 
Cattails, phragmites, purple 

loosestrife, waterlilies, etc. 

None 

 

2,4‐D  Navigate 
Milfoil, water chestnut, 

waterlilies 

~ 30 days.  If known uses 

are present, residue 

testing is required 

Triclopyr 
Renovate 3; Renovate 

OTF 
Milfoil, purple loosestrife 

180 days or required 

residue testing 

 

Imazapyr  Habitat 
Phragmites and mose 

emergent vegetation/lilies 

Up to 120 days; requires 

residue testing 

Imazamox  Clearcast  Pondweed, milfoil, hydrilla  Residue testing required 

Flumioxazin  Clipper 

Fanwort, milfoil, other 

submersed and floating plants 

(watermeal) 

~5‐days 

Products Pending MA Department of Agricultural Resources (DAR) Registration 

Penoxsulam  Galleon  Hydrilla, milfoil, watermeal  Residue testing required 

Bispyribac‐sodium  Tradewind 
Milfoil; hydrilla; some floating 

and emergent weeds 

Extended; requires 

residue testing 

Carfentrazone  Stingray  Floating & Emergent plants  Up to 14 days 

 

5.5. Algaecide Treatment 
Copper based algaecides have long been used to control nuisance algae blooms, even in drinking water 

reservoirs.  Low doses of copper sulfate, applied at the onset of a bloom can work very well to prevent 

more severe condition from developing.  While it is more desirable to address the underlying nutrient 

levels that support nuisance growth, copper algaecides provide an effective means to maintain desirable 

conditions for recreation and prevent possible dissolved oxygen fluctuations and fishkills.  Chelated 

copper algaecides are also commonly used, but are generally impractical and too costly for use in large 

lakes.  Peroxide based algaecides can be effective on certain types of algae, but are not reliable or cost 

effective at this time. 
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5.6. Benthic Barriers 
Benthic barriers are designed to address very localized areas of nuisance plant growth.  The barriers are 

placed on the bottom of the lake to block sunlight which prevents plants from growing and provides 

compression to kill existing plants.  Cost and maintenance of benthic barriers can be very high.  The use 

of benthic barriers to manage large areas of nuisance plant growth is not recommended, however the 

LSIC may wish to facilitate the use of benthic barriers by individual homeowners to manage growth 

within their swimming and boat dock areas. 

5.7. Biological Controls 
There are currently no proven or permittable biological control measures for the target plant species in 

Lake Shirley. General use bacterial and/or enzyme additives have provided some limited benefits in 

small ornamental ponds but are generally not scalable to larger waterbodies. 

5.8. Aeration 
Aeration will not provide direct control of nuisance plant growth.  Aeration works by increasing the 

circulation and/or oxygenation of the water in the lake.  While aeration can provide some benefit 

towards promoting the natural decomposition of organic material, the cost to implement such a 

technique on a waterbody like Lake Shirley would be prohibitive.  Previous reports have not identified 

internal loading of phosphorus as a primary component of the annual loading to the lake, so aeration as 

a means to prevent oxygen depletion and internal recycling is not required. 

5.9. Nutrient Inactivation 
Given the increased awareness of the hazards associated with nuisance blue‐green algae blooms and 

the fact that phosphorus concentrations are often high enough to support such blooms in Lake Shirley, 

the use of alum, either as an injection system at the inlet(s) or as an in‐lake treatment, becomes more 

attractive.  The use of alum was evaluated in the BSC study but was dismissed due to a perception of 

high cost and limited longevity of benefit.  As alum has been used more widely in New England since 

that time, the use of this technique at Lake Shirley should be re‐visited. 

Alum works by chemically and physically stripping the water of phosphorus and rendering it biologically 

unavailable.  While alum will not affect the growth of aquatic plants, it can have an immediate effect on 

the growth of nuisance algae.  Alum can be applied as a low‐dose application designed to reduce in‐

water phosphorus concentrations over the short‐term or at a higher dose to also inactivate phosphorus 

in the sediment that is potentially released under anoxic conditions or as the result of natural 

decomposition. 

5.10. Watershed Management 
There are numerous watershed management BMP’s and techniques that may apply to sources and 

issues in the watershed of Lake Shirley.  Previous assessments and watershed BMP’s were conducted in 

2004‐2009, but there are no specific plans currently prepared to conduct work in the watershed.  As 

new tributary data is collected and the watershed is re‐evaluated, the available technologies will be 

assessed. 

5.11. Hand‐Pulling/Diver Assisted Suction Harvesting 
Manually and suction harvesting nuisance plant growth is best for very small, dense areas of growth or 

areas of very sparse growth over an acre or two.  It is not a practical or cost effective technique to 
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manage moderate or dense growth over large areas.  Such a technique could be used to manage 

specific, localized areas of non‐native growth in Lake Shirley once extents and densities have been 

reduced by other means. Given the current populations of problematic plants in the lake, these 

techniques are unlikely to be practical at Lake Shirley. 

 Recommended Management Options 
The following existing and new management options are recommended for Lake Shirley. 

6.1. Current Activities to Be Continued 
The following management activities currently being implemented at Lake Shirley will be continued with 

modifications as noted. 

6.1.1. Drawdown 
The current drawdown practice is providing a definite benefit in reducing nuisance plant growth and will 

be continued.  While a deeper drawdown is likely to provide added benefit, it is currently limited by 

effects on private wells and recent changes on how drawdowns are viewed at MA DEP and MA DFW 

make a deeper drawdown unlikely to be permitted.   

6.1.2. Chemical Treatment 
Herbicide treatment will be continued for management of non‐native plants and problematic areas of 

native species.  Currently there is little or no presence of Eurasian or variable milfoil so management of 

non‐native species has been focused on curlyleaf pondweed and European naiad.  Given its distribution 

as well as the variation in density from year to year and budget constraints, the LSIC has chosen not to 

actively manage fanwort at this time.   

The presence of non‐native plants will trigger treatment at the discretion of the LSIC based on species, 

location, density and biomass. While no specific, quantitative triggers will in place, the LSIC understands 

the importance of native species to the lake ecosystem and will look to preserve non‐nusiance, native 

species to the extent possible, considering impacts on recreation and historical areas of problematic 

levels of growth.  The exception to this rule will be the two areas of the lake designated as “habitat 

preservation” areas.    

Given the sometimes expansive infestation of curlyleaf pondweed early in the summer and the many 

dense areas native plants later in the summer, surveys and treatments may be conducted in two phases 

as needed.  If needed, the first phase will would target early season growth (primarily curlyleaf 

pondweed and possibly milfoil), while the second phase will target later season growth of primarily 

tapegrass and naiad. 

For the milfoil, curlyleaf pondweed and  naiad, treatment will be conducted with Reward (diquat) 

herbicide. Spot‐Treatments of tapegrass, may require a low‐dose of a liquid, copper chelate 

algaecide/herbicide (i.e.  Captain/Nautique) in addition to Reward.  Should fanwort be treated, the 

herbicide used will likely be either Sonar (fluridone) or Clipper (flumioxazin).  Use of chelated coper 

products, Sonar or Clipper will require review and approval in advance of treatment. 
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6.1.3. Algaecide Treatments 
Copper sulfate shall be allowed when one or more of the following need criteria are met: 1) a reduction 

in water clarity below 5‐feet, 2) algae composition is dominated by blue‐green algae and cell counts 

exceed 30,000 cells per ml or more, 3) blue‐green algae clumps become visually apparent on the water 

surface.  The final decision to move forward with treatment will rest with the Conservation Agent, 

designated representatives of the LSIC Board of Directors and the lake management contractor. 

6.1.4. Vegetation Monitoring 
The vegetation in Lake Shirley will be surveyed on several occasions annually in order to document 

conditions and to help guide the management program.  Past surveys of the lake have been conducted 

either as qualitative assemblage surveys or as more quantitative data points surveys.  Moving forward, 

the spring and fall surveys will be conducted using both general assemblage and data point surveys.  The 

data points will be the same ones as used in past reports from Geosyntec and as shown below. 
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6.1.5. Water Quality Monitoring (In‐Lake & Watershed) 
Beginning on May 1 or earlier and continuing through the recreational season until September 31, the 

LSIC will collect Secchi disk clarity measurements at least weekly and more often as conditions dictate.  

The figure below shows the water clarity and algae sampling locations.  Primary clarity stations (green 

diamonds) will be used when clarity is at desirable levels.  If clarity drops below 5‐feet, measurements 

will also be taken at the additional clarity stations (red triangles) and algae samples will be collected 

weekly at the algae sampling stations (yellow x’s). 
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In 2016 & 2017, the LSIC contracted with Dr. Ken Wagner of WRS to conducted extensive water quality 

monitoring and assessment services.  The LSIC will again contract with Dr. Ken Wagner and WRS, or 

another qualified consultant, to perform sampling in the 2019 season and beyond, consisting of in‐lake 

and tributary samples to help build the existing database and refine nutrient loading models. 

 

6.1.6. Public Education 
The following public education tasks will be undertaken 

 Make various informational sheets available on the LSIC website 

 Include a “State of the Lake” presentation at the LSIC annual meeting which will provide an 

update on the various annual and ongoing assessments as well as stress the importance of 

maintaining adequate cover of native plants in the lake. 

 Provide educational materials to residents of Lake Shirley on the prevention of new invasive 

species to the lake. 

 

6.2. New/Enhanced Techniques 
The following new or enhanced techniques will be used. 

6.2.1. Benthic Barrier 
In order to enhance the control of aquatic plants within high‐use swimming and dock areas, the LSIC will 

support the purchase and use of benthic barriers by individual homeowners.  This may require the filing 

of a permit with the Conservation Commission.  If any residents are interested LSIC will work with their 

contractor to set pricing for benthic battier and will develop an order form which will include a review of 

the use, installation and maintenance of bottom barriers.   

6.2.2. Nutrient Management 
With the current levels of phosphorus in Lake Shirley, the potential for nuisance algae blooms and 

stricter regulations governing recreational use and algaecide treatments, the need for preventative 

management in underscored.  Based on WRS assessments, managing phosphorus in both the watershed 

and within the lake is likely to be required.  Additional WQ and sediment testing is warranted to refine 

recommendations, but a primary focus is likely to be evaluating and implementing alum dosing stations 

at the primary lake inlets to intercept phosphorus.  Such an endeavor is beyond the resources of the 

LSIC alone and will require involvement of the Town of Lunenburg as the owner of the lake and 

regulator of activities in the watershed.  In‐lake techniques, such as alum treatments, can also be 

investigated, but will not likely provide enough benefit alone given the estimated loading from the 

watershed. 
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Lake Shirley  
Lunenburg/Shirley, Massachusetts 

2018 Year‐End Report 
 

November 30, 2018 
 
Report Prepared by:  SOLitude Lake Management 
      590 Lake Street 
      Shrewsbury, MA  01524 
 
Report Prepared for:  Ms. Joanna Bilotta, President 
      Lake Shirley Improvement Corporation (LSIC) 
      PO Box 567 
      Shirley, MA 01464 

jobilotta@comcast.net  
 

 
Dear Joanna: 
 
In accordance with the aquatic plant management contract between SŌLitude Lake Management (SOLitude) and 
the Lake Shirley Improvement Corporation (LSIC) for Lake Shirley, the following document serves to provide this 
year’s treatment and survey results, as well as management recommendations for next season.  The continued 
objective of the program is to manage non‐native and nuisance aquatic vegetation as well as potentially harmful 
cyanobacteria (blue‐green algae) blooms.  Multiple monitoring events, herbicide/algaecide treatments and 
reporting are key tasks of the project.    
 
All management activities were consistent with the Order of Conditions [DEP File #284‐0388 (Shirley), DEP File 
#208‐1064 (Lunenburg)] and the License to Apply Chemicals issued by MA DEP (#18237) 
 
With the most recent Order of Conditions (OOC) issued by the Lunenburg Conservation Commission in the fall of 
2015, the management program is now being conducted under more stringent and detailed monitoring and 
reporting requirements. A Lake Management Plan (LMP) was also developed in 2016 as dictated by the new OOC, 
containing approved guidelines for determining treatment activities.  A chronology of the 2018 program’s primary 
milestone activities is as follows: 
 
 Issuance of License to Apply Chemicals permit from MA DEP ........................................................................ May 16th 

 Early‐Season pre‐treatment inspection .......................................................................................................... May 30th 

 Mid‐season pre‐treatment inspection and point survey ................................................................................... July 3rd 

 Mid‐season Reward (diquat)/Nautique (copper) herbicide treatment for 
tapegrass/naiad ......................................................................................................................................... July 25th 

 Monitoring of microscopic algae and Secchi Disk water clarity by LSIC ................................................... May‐October 

 Post‐treatment, late summer plant inspection ..................................................................................... September 21st 
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Early Season Pre‐Treatment Survey 
 
The early season pre‐treatment survey is conducted specifically to document early emerging target vegetation, 
such as curly‐leaf pondweed (Potamogeton crispus) and Eurasian milfoil (Myriophyllum spicatum).  Due to the 
growth cycle of curly‐leaf pondweed, it is especially important to manage this plant early, before reproductive 
structures (turions) are developed and released.  Milfoil is also typically an early emerging species, but its 
frequency of occurrence has been minimal over recent years. 
 
This year’s early season survey, conducted on May 30th, showed one small area of dense curlyleaf pondweed 
growth and two areas of more sparse growth totaling less than 40‐acres (See Figure 1).  Due to various logistical 
and funding factors, no early season treatment was conducted this year, but early season target species should 
continue to be monitored in future years and treated is necessary. 
 
 
Mid‐Season Pre‐Treatment Survey  
 
The objective of the mid‐season, pre‐treatment plant survey is to document the lake‐wide density and distribution 
of plant species throughout the lake.  Typically, under the two‐treatment approach, the timing and methodology of 
the mid‐season survey is intended to better represent potentially problematic, native species such as tapegrass 
(Vallisneria americana) and European (spiny) naiad (Najas minor) among others.  The 2018 mid‐season survey 
served to assess the growth of all invasive species [fanwort (Cabomba caroliniana), curly‐leaf pondweed, Eurasian 
milfoil and variable milfoil (Myriophyllum heterophyllum)] as well as identify any nuisance growth of native plant 
species. 
 
The survey was conducted using an expanded methodology, which is a combination of SLM’s historical qualitative 
assessment and Geosyntec’s more quantitative procedures.  In addition to recording data on the general plant 
assemblage, point data was collected at 66 data points throughout the lake (See Figure 2).  At each point, data was 
collected on the species composition (species present), plant growth density and plant biomass.  These are the 
same locations and point #’s used by Geosyntec in past reports.   
 
The mid‐season, pre‐treatment survey was conducted on July 3rd.  Fanwort and tapegrass were the most 
commonly observed plant in the lake followed closely by bladderwort (Utricularia spp.).  Curly‐leaf pondweed was 
observed at three locations, and neither Eurasian nor variable milfoil were observed during the survey.  Substantial 
areas of fanwort were also observed, but this plant is currently not being actively managed with herbicides due to 
funding and other constraints.  The practice of winter drawdown at the Lake has provided some control of 
fanwort. 
 
Based on criteria put forth in the LMP, any areas of the lake with non‐native species and other areas with either a 
density or biomass index of 3 or greater, would be potentially targeted for treatment.  Due to the presence of non‐
native spiny naiad and nuisance growth of native plants, approximately 37 acres were designated for treatment. 
The mid‐season, pre‐treatment report, which includes plant survey data and the proposed treatment map, is 
attached.   The Commission approved this treatment at their July 24th meeting. 
 
Herbicide Treatment 
 
As previously mentioned, no early‐season treatment, targeting curly‐leaf pondweed, was performed.  A mid‐
season treatment was conducted on July 25th, for tapegrass, naiad and any remaining curly‐leaf pondweed that 
persisted at the end of the growing cycle.  Treatment was conducted with Reward (diquat) and Nautique (copper) 
herbicides.  Based on observations made on the day of treatment, the proposed treatment areas were reduced 
from 37 to 28 acres. 
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As with all treatments, the lake community and the two towns were notified prior to treatment by LSIC.  Several 
means of notification were utilized: placement of a written notice in the newspaper(s); placement of large, printed 
signs at major road intersections/locations around the lake and posting of numerous 8.5 inch by 11‐inch orange 
colored, printed signs around the lake shoreline and other means of communication/notification. 
 
The treatment was performed with an 18‐foot Jon boat equipped with tank, pump, and sub‐surface injection 
system. By injecting the diluted herbicide sub‐surface, it eliminates the potential for aerial drift. GPS guidance was 
used to monitor the position of the boat and its relation to the treatment areas. The treatment proceeded 
smoothly and without difficulty, Figure 3 shows the GPS recorded treatment tracks.  A summary of the treatment 
specifications is as follows. 
 

Treatment Date  July 25th

Product  Reward (diquat) & Nautique (copper)

Treatment Area  28 acres

Quantity  30.5 gallons – Reward
44.5 gallons – Nautique 

GPS Tracks  See Figure 3

Applicator name  Dominic Meringolo, MA Certification #24004 

Site Conditions  Weather: Mostly Cloudy, light winds, 80⁰F
Water Temp: 29.2⁰C at surface, 23.5⁰C near 
bottom 
Dissolved Oxygen: 7.8 mg/l at surface; 2.5 mg/l 
near bottom (9‐feet) 
Water clarity: 5’9” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 – Mid‐Season Treatment Specifications 
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Algae & Water Clarity Monitoring 
  
Water clarity was monitored closely again this year and readings were taken starting in the beginning of May and 
continuing  through the end of September.  The following graph shows the water clarity in the North and South 
Basins over the course of the season along with the 2015‐2017  basin averages for comparison. 

 
 

Water clarity fluctuated this year but never dropped below 5‐feet at any point during the sampling period.  As has 
historically been the case, clarity improved through the end of May before slowly decreasing to typical summer 
conditions.  Clarity was at its worst in July and then again in late August, but as the level was maintained above 5‐
feet, no additional clarity stations were monitored and no algae samples were collected this year.  As usual, clarity 
was better in the south basin overall, but were periods in late July/early August and again in early/mid‐September 
where clarity in both basins was similar.  
 
We recommend maintaining the current trigger criteria and continuing to collect samples as a composite of the 
top three feet of the water column, when clarity drops below 5‐feet.  Additionally, during critical periods, SOLitude 
Biologists can also examine samples for a preliminary assessment.  The lab has made available an expedited 
turnaround process (for a higher cost) that the LSIC will consider budgeting for next summer in order to get more 
timely results. 
 
Late Season Survey 
 
The late season survey was performed on September 21st.  The survey followed the same methodology as the 
spring and prior year’s surveys.  At each point, data was collected on the species composition (species present), 
plant growth density and plant biomass.  Figure 2 (attached) shows the location of data points in Lake Shirley.   

Graph 1 – Water Clarity 
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Table 2 (below) shows the number of points exhibiting each category of plant density along with the average 
density index for each year of the survey (2002‐2018).  

 
Table 3 (below) shows the number of points exhibiting each category of plant biomass, along with the average 
biomass index for each year of the survey. 
 

 
 
Both the average plant density and biomass indices were noticeably lower than in 2017, but still generally higher 
for the density index as compared to the period 2006‐2015.  In 2016, only one treatment was conducted in mid‐
June and mostly targeted a large expansion of curlyleaf pondweed, allowing an abundance of late season growth 
of native species to drive high density and biomass conditions.   The data from this year indicates that the 
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management program prevented the conditions of dense, problematic growth seen in 2016 while maintaining a 
healthy population of vegetation in the lake.  The graph below shows the change in the average indexes over time. 
 

 
 
Another useful metric is the species richness index (average number of species observed at each point) and the 
total number of species observed.  The following graph shows these metrics over time. 
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Graph 2: Plant Density and Biomass Index, 2002‐2018
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Graph 3: Species Richness Index and Total Observed Species, 2002‐2018 
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The total observed species has fluctuated from year to year although there has been a general decrease since 
2006. The species richness decreased significantly in 2006 and since then has fluctuated around 3±.  In 2018, 
however, both the species richness and total observed species saw increases.  In general, species with very low 
occurrence can be difficult to observe from year to year and substantially account for the drop in the number of 
species observed, or similarly, an increase in the number of observed species.  The continued increased dominance 
of bushy pondweed and tapegrass over recent years is also likely a significant cause of the decrease in species 
richness.  Another significant factor may be extended periods of poor water clarity, which can affect growth 
patterns and surveyor visibility. 
 
The following are some general notes on this year’s vegetation assemblage.  Older data and summaries of 
historical growth can be found by referring to the information contained in the last Geosyntec report, issued on 
October 18th, 2013.  The complete point data table from the 2018 surveys are shown on the next page.  Figure 4 & 
5 shows the late season plant density and biomass represented by color coded points. 
 
General Notes 
 

 Continuing with the two survey/treatment approach better matches the varied growth patterns of 
potential target species in the lake, but does put a strain on resources.  This year growth of curlyleaf 
pondweed was observed at lower quantities, but treatment was not feasible given several factors. 

 Curlyleaf pondweed was again much less prolific indicating that the heavy growth in 2016 was an anomaly 
likely doe to a confluence of different factors. Non‐native milfoil species are essentially absent from the 
lake based on survey data. 

 Tapegrass continue to be one of the most dominant species in the lake, observed with similar occurrence 
to 2017, but dominant at fewer points. 

 European naiad made a resurgence this year to become the most frequently observed plant during the 
fall survey. A third species of naiad was observed this year as well. 

 Naiad species can sometimes be difficult to distinguish depending on phenology and there could be some 
issues with identification during historical surveys. 

 Bladderwort, a beneficial native species, maintained substantial presence in the lake. 

 The number of stations dominated by non‐native species (fanwort and European naiad) increased in 2018. 

 Clasping leaf pondweed was found at 11% of the points this year as compared to 5% of the points in 2017.   

 The continued presence of a number of pondweed species, including ribbonleaf, Robbins and flatstem 
pondweed was observed this year. 

 Fanwort occurrence was substantially higher this year. 
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Table 5: Aquatic Vegetation Survey Results

Date: September  21, 2018 X= Present D = Dominant

Common Name Scientific Name
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 24a 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62a 63 64

European Naiad Najas minor 39 11 59% 17% X X X X X X D D X X X X X X X X X X X X D X D D D X X X X D D X X D X D X D X

Wild Celery Vanlisneria americana 30 7 45% 11% X X X X D D X X D X D X X X X X X D X X X X D D X X X X X X

Macro‐algae (Nitella sp.; Chara sp.) 29 12 44% 18% X D X X X D D X X X D D D D X X D X X X X D D D X X X D X

Slender Waternymph Najas gracillina 20 1 30% 2% D X X X X X X X X X X X X X X X X X X X

Fanwort Cabomba caroliniana 18 9 27% 14% D   D D D D X X D X X D X D D D X X X X

Bladderwort Utricularia Sp. 16 2 24% 3% D X X X X X X X X X X X D X X X

Bushy Pondweed Najas flexillis 10 4 15% 6% X D D X X D X X D X

Clasping‐leaf Pondweed Potamogeton perfoliatus 7 5 11% 8% X D D D D X D

Coontail Ceratophyllum demersum 3 1 5% 2% X X D

Aquatic Moss Musci sp. (Fontinalis?) 3 1 5% 2% X D X

Watershield Brasenia schreberi 2 0 3% 0% X X

Ribbon‐leaf Pondweed Potamogeton epihydrus 2 0 3% 0% X X

Robbin's Pondweed Potamogeton robbinsii 1 1 2% 2% D

Flatstem Pondweed Potamogeton zosteriformis 1 0 2% 0% X

3 2 2 2 4 3 5 3 1 2 3 2 1 3 1 0 1 5 0 0 3 4 2 2 3 2 2 0 1 4 5 5 4 2 3 3 4 6 0 5 2 3 4 5 2 6 3 6 2 4 3 4 3 1 3 4 2 4 1 2 4 0 2 3 2 4

2 2 2 3 3 1 1 2 1 2 3 1 1 1 1 0 1 4 0 0 2 3 1 1 2 2 1 0 1 2 2 2 2 2 4 2 3 2 0 2 1 4 2 2 2 3 2 4 1 2 4 3 3 1 2 2 2 3 1 2 1 0 1 2 1 3

2 2 2 2 2 1 1 2 1 3 1 1 1 3 1 0 1 3 0 0 1 1 1 1 1 1 1 0 1 3 4 1 1 2 2 1 3 2 0 3 1 1 2 2 1 2 1 3 1 1 2 2 1 1 2 3 2 2 1 1 1 0 1 1 1 1

   *Non‐native, invasive species

 

Monitoring LocationsPlant Species
# stations 

present 

# stations 

dominant

% stations 

present

% stations 

dominant

Species Richness

Plant density Index

Plant biomass index

Key to Density and Biomass Indices

Value Density (% cover) Biomass

0 Absent: 0% No growth

1 Sparse: 1‐25%
Scattered plant growth; or primarily 

at lake bottom

4 Very Dense: 76‐100%
Abundant growth throughout water 

column to surface

Less  abundant growth; or in less  

than half of water column
Moderate: 26‐50%2

3 Dense: 51‐75%
Substantial  growth through 

majority of water column
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Drawdown Report 
 
The following tables presents lake level and outflow data for the 2017/2018 drawdown period 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 7 – Outflow Rates During Refill (2018) 
Table 6 – Water Level Log During 2017/2018 Drawdown

10/815/17 Draw Down

10/15/2017 4:25 PM Open Open 0

10/16/2017 3:00 PM Open Open ‐3

10/17/2017 3:30 PM Open Open ‐7

10/15/2017 4:45 PM Open Open ‐11

10/20/2017 10:20 AM Open Open ‐18

10/23/2017 Open Open ‐27

10/27/2017 Open Open ‐25

10/28/2017 Open Open ‐24

10/29/2017 10:15 AM Open Open ‐27

10/30/2017 10:30 AM Open Open ‐22

10/31/2017 10:30 AM Open Open ‐9 (Heavy rain =3")

11/1/2017 10:30 AM Open Open ‐7

11/2/2017 10:20 AM Open Open ‐6

11/3/2017 10:30 AM Open Open ‐7

11/4/2017 12:00 PM Open Open ‐8 (Clean Top Valve)

11/5/2017 10:30 AM Open Open ‐10

11/6/2017 10:30 AM Open Open ‐12

11/7/2017 10:10 AM Open Open ‐13

11/8/2017 10:40 AM Open Open ‐15

11/9/2017 10:30 AM Open Open ‐18

11/10/2017 10:40 AM Open Open ‐20

11/11/2017 10:15 AM Open Open ‐22(clean valve to clean inlet)

11/12/2017 10:15 AM Open Open ‐25

11/13/2017 10:20 AM Open Open ‐26

11/15/2017 10:00 AM Open Open ‐30

11/17/2017 3:15 PM Open Open ‐34

11/18/2017 11:10 AM Open Open ‐37 (Clean leaves at inlet)

11/20/2017 10:30 AM Open Open ‐39 (Clean inlet)

11/21/2017 10:20 AM Open Open ‐41 (Clean inlet)

11/24/2017 10:30 AM Open Open ‐43

11/25/2017 11:00 AM Open Open ‐45

11/26/2017 10:30 AM Open Open ‐47

11/27/2017 10:20 AM Open Open ‐48

11/28/2017 10:15 AM Open Open ‐49 (Clean inlet)

12/1/2017 10:30 AM Open Open ‐50

12/3/2017 10:30 AM Open Open ‐51

12/5/2017 10:15 AM Open Open ‐52

12/7/2017 10:30 AM Open Open ‐53

12/10/2017 10:15 AM Open Open ‐55

12/12/2017 10:20 AM Open Open ‐57

12/15/2017 10:20 AM Open Open ‐59

12/16/2017 10:30 AM Open Open ‐60

12/19/2017 3:00 PM Open Open ‐62 (Clean inlet)

12/22/2017 1:15 PM Open Open ‐64

12/28/2017 10:00 AM Open Open ‐65

1/12/18 11:00 Open Open ‐54"

1/16/18 9:30      "      " ‐45"

1/20/18 10:30      "      " ‐48"

1/26/18 10:00      "      " ‐48"

1/30/18 11:00      "      " ‐48"

2/3/18 11:00      " Closed 150 ‐52"

2/13/18 9:00      "      " ‐40"

2/17/18 9:00      "      " ‐38"

2/21/18 9:30      " Closed ‐40"

2/24/18 9:00 Closed 150      " ‐38"

2/28/18 4:30      "      " ‐32"

3/4/18 8:00 Closed 220      " ‐20"

3/7/18 8:00      "      " ‐14"

3/11/18 9:30 Closed 230      " ‐7"

3/15/18 9:00      "      " ‐1"

3/16/18 10:00      "      " Water over top

Table 8  – Water Level Log During 2018/2019 
Drawdown as of  12/5/18 

10/15/18 10:00      " Open +5

10/16/18 10:40      "      " +3

10/17/18 10:15      "      " 0

10/18/18 4:00      "      " ‐3

10/19/18 9:30      "      " ‐5

10/20/18 10:15      "      " ‐8

10/21/18 9:50      "      " ‐11

10/22/18 4:20      "      " ‐14

10/23/18 4:30      "      " ‐17

10/24/18 9:15      "      " ‐19

10/25/18 10:00      "      " ‐21

10/26/18 9:45      "      " ‐23

10/27/18      "      " ‐23 Rain

10/28/18      "      " ‐22

10/29/18      "      " ‐24 Rain

10/30/18      "      " ‐24 Clean  leaves off T

10/31/18      "      " ‐25

11/1/18 3:30      "      " ‐22

11/2/18 9:00      "      " ‐24 Fri. & Sat. Rain

11/3/18 10:15      "      " ‐24 Heavey Rain Early 

11/4/18 9:03      "      " ‐12

11/5/18 10:00      "      " ‐11 Rain

11/6/18 9:30      "      " ‐10 Rain

11/7/18 9:15      "      " ‐8

11/8/18 9:00      "      " ‐6

11/9/18 9:15      "      " ‐4 Heavey Rain, Clean

11/10/18 10:50      "      " ‐2

11/11/18 9:30      "      " 0

11/12/18 12:00      "      " +1

11/13/18 8:45      "      " +3 Heavy Rain

11/15/18 8:45      "      " +4 Rain

11/17/18 8:30      "      " +5

11/20/18 9:00      "      " +6 Rain

11/21/18 9:00      "      " +5

11/22/18      "      " +4

11/24/18      "      " +2

11/25/18 9:15      "      " +1

11/26/18 9:00      "      " +5 Heavy Rain

11/27/18 10:45      "      " +8 Rain

11/28/18 9:15      "      " +6

11/29/18 9:00      "      " +7

11/30/18 9:00      "      " +8

12/1/18 10:30      "      " +8

12/2/18 9:00      "      " +8 Rain

12/3/18 9:10      "      " +6

12/4/18 9:15      "      " +6

12/5/18 9:05      "      " +5
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Anticipated Management in 2019 
 
Based on the results of the 2018 management program, we anticipate seeing continued, minimal growth of 
watermilfoil this coming summer, however there is a likelihood that curly‐leaf pondweed will be present in 
significant proportions early in the season as well as fanwort a short time after.  Native growth, primarily tapegrass 
and naiad will also likely require management later in the season.  We will continue to proceed and determine 
treatment needs based on the established criteria. 
 
The proposed plan for 2019 is as follows 

 
 
 

Task  Schedule Notes/Criteria 

Early Season Survey  Mid/late April Survey for early emerging plants, 
primarily curlyleaf pondweed but 
also milfoil.  Survey will be 
conducted at established survey 
points but will not include full 
collection of data. 

1st Treatment  Early/Mid May Treat all areas of the lake with 
curlyleaf pondweed and milfoil 

Mid‐Season Survey  Late June/Early July Full data point survey 

2nd Treatment  Mid‐Late July Treat any additional areas of non‐
native growth, plus selected areas 
of problematic native plant growth 
based on density/biomass criteria. 

Late Season Survey  Late September/early October Full data point survey 

 
Reward herbicide alone will provide good control of milfoil, curly‐leaf pondweed and naiad.  Tapegrass is 
sometimes more difficult to control and, if needed, a combination of Reward and a copper‐based herbicide 
(Nautique) or algaecide (Captain/copper sulfate) should be used to increase effectiveness and produce more 
desirable results.   
 
If desired and approved by the LSIC, areas of fanwort could be treated with the Clipper (flumioxazin) herbicide, 
which was registered by the State in 2013.  Unlike Sonar (fluridone) which has been discussed in the past, Clipper 
works quickly and can be used effectively to spot‐treat relatively small areas of fanwort.  The timing for treatment 
of the fanwort will most likely coincide with the 2nd treatment for later season growth.  The on‐going issue with the 
use of Clipper is that under current regulations, the same areas of the lake can only be treated once every 4 years 
unless it’s in the immediate vicinity of a high‐use area such as a beach or boat launch.  While it’s possible this 
condition may be lifted in the future, for it will be necessary to either rotate the areas treated with Clipper or treat 
subsections of larger areas of fanwort over the course of multiple years.   
 
In order to use Clipper and other forms of copper besides copper sulfate, approval for use of the new products 
must be sought from the Shirley Conservation Commission.  The Order of Conditions from the Town of Lunenburg 
allows the use of alternate products pending approval of annual treatment plans. 
 
Monitoring of water clarity and algal populations (as necessary) provides timely information to guide algaecide 
treatments should such treatments be warranted.  It continues to be of paramount importance to ensure that the 
water clarity monitoring is conducted on a regular basis (weekly or bi‐weekly depending on general observation) 

Table 8 – Proposed Plan for 2019 
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from May‐October and that results are provided to SOlitude and other project partners so that algaecide 
treatments are scheduled in a timely manner.  Should treatment of the algae be required in 2019, copper sulfate is 
again proposed for use. 
 
We recommend LSIC continue to pursue an integrated approach to manage nuisance plants and algae utilizing 
drawdown and herbicide/algaecide as required.  To address overall lake management and long‐term goals, the 
LSIC should continue the investigation and implementation of alternative in‐lake methods, watershed 
management, public education and diagnostic assessments.   
 
We hope this report will be of help to LSIC in planning for 2019 and beyond.  If you have any questions regarding 
this report, please feel free to contact me.  We look forward to working you again in the year ahead. 
 



2018 Year‐End Report 

ATTACHMENTS   

 

 Figures 
o Figure 1 – Early Season Curlyleaf Pondweed Locations 

o Figure 2– Survey Points 

o Figure 3 – Mid‐Season Treatment Map with Tracks 

o Figure 4 – Late Season Survey Plant Density Map 

o Figure 5 – Late Season Survey Plant Biomass Map 

 2018 Mid‐Season Pre‐Treatment Report 
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Figure 2: Survey Point Locations
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Figure 3: 2018 Mid-Season Proposed Treatment Areas & Treatment Tracks
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Figure 4: Late Season Plant Density

Shirley, Lake
Lunenburg/Shirley, MA

!(

!(

!(

!(
!( !(

!(

!(
!(

!(

!(
!(
!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(

!(

!(

!(
!(

!(

!(

±1:12,000
0 610 1,220305

Feet

!( 0
!( 1
!( 2
!( 3
!( 4

Plant Density
Legend



Figure 5: Late Season Plant Biomass
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Date:  July 16, 2018 

To:  Lunenburg Conservation Commission 

From:  Dominic Meringolo, Senior Environmental Engineer/Territory Leader 

Re:  Lake Shirley – Surveys and Treatment Plan for Mid‐Season Weed Treatment 

Dear Commissioners, 

Based on a survey conducted by our Biologists on July 3rd, we are recommending treatment to approximately 40‐
acres of Lake Shirley  to manage nuisance weed growth, primarily naiad  (Najas sp.) and  tapegrass  (Vallisneria 
Americana).  Per the Lake Management Plan, areas of the lake that exhibit either density or biomass factors of 3 
or greater (>50%) are candidates for management.  Additionally, any growth of non‐native species, in this case 
European (spiny) naiad (Najas minor) and curlyleaf pondweed (Potamogeton crispus) can also be treated.  Some 
candidate areas were not designated for treatment due to their proximity to undeveloped shorelines and/or the 
presence  of  non‐nuisance  species  (ex.  Stonewort/Chara)  or  unmanaged  species  such  as  fanwort  (Cabomba 
caroliniana). 

The Southwest cove of the middle basin (bordered by Round Road, Parmenter Street and Johnson Street) has been 
designated for treatment based on observations of tapegrass growth not captured by data points.  This shallow 
cove has historically been one the most heavily grown in areas of the lake with tapegrass. 

Treatment is tentatively scheduled for July 25th.  The Reward (diquat) herbicide will be used for this treatment at 
a rate of 1.0‐1.5 gallons per acre and a copper‐based product, either Nautique or copper sulfate will also be applied 
in areas dominated by tapegrass.  

A map  of  the  recommended  treatment  areas  is  attached.    I will  be  attending  the  July  23rd meeting  of  the 
Conservation Commission to discuss this plan and answer any questions. 

Regards, 
SOLitude Lake Management 
 
 
 
 
Dominic Meringolo 
Senior Environmental Engineer/Territory Leader 

590 Lake Street 
Shrewsbury, MA 010545 
 
Phone:    (508) 865‐1000 
FAX:         (508) 865‐1220 
e‐mail:     info@solitudelake.com 
Internet:  www.solitudelakemanagement.com 
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Table 1: Aquatic Vegetation Survey Results

Date: July 3, 2017 X= Present D = Dominant

Common Name Scientific Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 24a 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62a 63 64

Fanwort Cabomba caroliniana 23 14 35% 21% D D D D D D D D X X X X X D D D D X D X D X X

Wild Celery Valisneria americana 22 8 33% 12% X D D X X D D X X X D D X X X X X X X D X D

Bladderwort Utricularia Sp. 18 4 27% 6% X X X X X X X X X X X X D X X D D D

Musk Grass Chara sp. 14 11 21% 17% D D D D D D D X D D D D X X

Stonewort Nitella sp. 13 5 20% 8% X X X D D D X D X X X D X

Thin‐leaf Pondweed Potamogeton sp. 11 3 17% 5% X X D D X X D X X X X

Bushy Pondweed Najas flexillis 10 2 15% 3% X X X D X D X X X X

European Naiad Najas minor 10 3 15% 5% X X X X X X D D D X

Filamentous Algae Various 6 2 9% 3% X D X X X D

Northern Naiad Najas gracilima 3 0 5% 0% X X X

Curlyleaf Pondweed Potamogeton crispus 3 0 5% 0% X X X

Ribbon‐leaf Pondweed Potamogeton epihydrus 3 0 5% 0% X X X

Clasping‐leaf Pondweed Potamogeton perfoliatus 2 0 3% 0% X X

Coontail Ceratophyllum demersum 2 0 3% 0% X X

Flatstem Pondweed Potamogeton zosteriformis 2 1 3% 2% D X

Yellow Waterlily Nuphar variagata 1 0 2% 0% X

White Waterlily Nymphaea odorata 1 0 2% 0% X

Water Starwort Callitriche sp. 1 0 2% 0% X

Robbin's Pondweed Potamogeton robbinsii 1 0 2% 0% X

2 4 2 2 3 2 3 2 3 3 6 0 2 2 1 2 3 7 0 0 1 6 2 1 3 1 2 0 0 1 2 1 2 0 2 2 2 4 1 0 3 3 0 2 5 6 5 2 4 3 4 1 1 1 5 2 3 2 0 3 2 0 1 1 4 1

2 3 3 2 2 3 1 1 2 2 3 0 2 3 1 2 4 4 0 0 1 4 1 2 2 1 3 0 0 3 3 2 1 0 4 2 3 4 2 0 4 3 0 2 4 2 2 1 2 2 1 3 3 3 4 1 2 2 0 1 3 0 1 1 2 1

2 2 2 2 2 3 1 1 2 2 1 0 1 1 1 1 2 4 0 0 1 3 1 2 1 1 1 0 0 2 4 1 2 0 4 1 3 3 3 0 3 2 0 1 3 3 2 3 1 3 3 2 2 2 3 1 1 2 0 1 4 0 1 1 2 1

   *Non‐native, invasive species

Species Richness

Plant density Index

Plant biomass index

Monitoring LocationsPlant Species

# 
st
at
io
n
s 

p
re
se
n
t 

# 
st
at
io
n
s 

d
o
m
in
an

t

%
 s
ta
ti
o
n
s 

p
re
se
n
t

%
 s
ta
ti
o
n
s 

d
o
m
in
an

t



 

 

ATTACHMENT B – 2017 Assessment Report (WRS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



     

Diagnostic Assessment of Lake Shirley 

from 2015-2017 Studies, with 

Management Implications 
 

 
 

Prepared by Water Resource Services, Inc. 
 

 

              

 

 

March 2018 

 



     

Contents 
Introduction ..................................................................................................................................... 4 

Project Approach ............................................................................................................................ 4 

Results ............................................................................................................................................. 6 

Review of past studies ................................................................................................................ 6 

In-lake Water Quality ............................................................................................................... 11 

Storm water reconnaissance and sampling ............................................................................... 19 

Seepage ..................................................................................................................................... 23 

Sediment ................................................................................................................................... 25 

Plankton .................................................................................................................................... 26 

Nutrient Loading Assessment ....................................................................................................... 30 

Atmospheric Deposition ........................................................................................................... 33 

Direct Ground Water Seepage .................................................................................................. 33 

Overland Flow .......................................................................................................................... 34 

Discharges ................................................................................................................................. 35 

Wildlife ..................................................................................................................................... 35 

Internal Loading ........................................................................................................................ 36 

Loading Summary ..................................................................................................................... 38 

Diagnostic Conclusions ............................................................................................................ 40 

Management Considerations ......................................................................................................... 42 

 

  



     

List of Tables 

 
Table 1. Field water quality data under dry conditions ................................................................ 20 
Table 2. Water quality data from tributaries ................................................................................. 21 
Table 3. Seepage measurements in Lake Shirley.......................................................................... 24 
Table 4. Seepage water quality in Lake Shirley ........................................................................... 24 

Table 5. Seepage water, phosphorus and nitrogen loads to Lake Shirley..................................... 25 
Table 6. Sediment features from Lake Shirley in June 2016 ........................................................ 26 
Table 7. Phosphorus and nitrogen loading from the Lake Shirley watershed .............................. 34 
Table 8. Water, phosphorus and nitrogen loading summary ........................................................ 38 

 

List of Figures 
 

Figure 1. Surface water, storm water and sediment sampling stations at Lake Shirley ................. 5 

Figure 2. Locations of Lake Shirley seepage measurements .......................................................... 7 
Figure 3. Bathymetry of Lake Shirley ............................................................................................ 8 
Figure 4. Temperature in Lake Shirley in 2016-2017................................................................... 12 

Figure 5. Dissolved oxygen in the upper basin 2016-2017 .......................................................... 12 
Figure 6. Dissolved oxygen in the middle basin 2016-2017 ........................................................ 13 

Figure 7. Dissolved oxygen in the lower basin 2016-2017 .......................................................... 13 
Figure 8. Specific conductivity in Lake Shirley in 2016-2017 ..................................................... 14 
Figure 9.  pH in Lake Shirley in 2016-2017 ................................................................................. 14 

Figure 10. Alkalinity in Lake Shirley in 2016-2017 ..................................................................... 15 

Figure 11. Turbidity in Lake Shirley in 2016-2017 ...................................................................... 15 
Figure 12. Chlorophyll-a in Lake Shirley in 2016-2017............................................................... 17 
Figure 13. Secchi disc transparency in Lake Shirley in 2016-2017 ............................................. 17 

Figure 14. In-lake total nitrogen in Lake Shirley in 2016-2017 ................................................... 18 
Figure 15. In-lake total phosphorus in Lake Shirley in 2016-2017 .............................................. 18 

Figure 16. First flush storm water total phosphorus and total nitrogen ........................................ 21 

Figure 17. Fractionation of total phosphorus and total nitrogen in Easter Brook samples ........... 22 
Figure 18. Phytoplankton in Lake Shirley, 2015 - 2017 ............................................................... 27 
Figure 19. Contaminant loading schematic .................................................................................. 31 



     

  
Page 4 

 
  

Introduction 
 

The Lake Shirley Improvement Corporation (LSIC) has been working to manage Lake Shirley 

for many years, and the lake has been subject to various studies over the last three decades. 

Limited water quality investigation has been conducted over the last 20 years, but there has been 

active management of rooted plants. More recent occurrence of cyanobacteria blooms prompted 

renewed interest in water quality. Water Resource Services (WRS) was retained by the LSIC 

initially to evaluate plankton and to review past water quality assessments in 2015, and then was 

further contracted to conduct additional investigations in 2016 and 2017 to aid understanding of 

conditions and development of a management plan. Investigative tasks have included: 

 Phytoplankton and zooplankton analyses 

 Storm water reconnaissance and sampling 

 In-lake water quality assessment in spring and summer 

 Sediment sampling and assessment  

 Ground water seepage assessment 

 Reconsideration of coupled watershed-lake models 

Project Approach 
 

WRS staff reviewed past studies and related data provided by the LSIC prior to 2015. WRS 

performed plankton analyses in 2015 and expanded the program to include in-lake water quality 

assessment in 2016 and 2017. Targeted studies on watershed inputs with a focus on storm water, 

sediment composition and possible internal loading of phosphorus, and ground water seepage as 

a source of nutrients, were conducted in 2016 and 2017. With a limited budget, the intention was 

to gather enough data to suggest management options relating to water quality and algae blooms. 

Rooted plant issues are addressed separately by SOLitude Lake Management (formerly Aquatic 

Control Technology), which has managed rooted plants in Lake Shirley for many years and 

prepared an updated plan in 2016. 

 

Plankton analyses include phytoplankton and zooplankton, the former collected as whole water 

samples and the latter as net tows. Samples are preserved with glutaraldehyde, processed in the 

lab, and examined under microscope magnification of 100 to 400X. Quantitative counts of algae 

cells and zooplankton individuals with size measurements allows estimation of biomass per unit 

volume of lake water. 

 

Profiles of temperature, oxygen, pH, conductivity, turbidity and chlorophyll-a by fluorescence 

were obtained with a Hach Hydrolab DS5 multi-probe field instrument at three lake stations 

(upper, middle, lower, Figure 1) on two dates in 2016 and three dates in 2017, with   
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Figure 1. Surface water, storm water and sediment sampling stations at Lake Shirley 
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measurements at least every meter from surface to bottom. Water samples were collected from 

near the surface at the upper and middle lake stations, and from the surface and bottom of the 

lower lake station. Water samples were tested at Microbac Laboratories in Connecticut for forms 

of phosphorus and nitrogen by standard methods. 

 

The quality of inflows was determined by sampling the two main tributaries, Easter Brook and 

Catacoonamaug Brook, plus an unnamed input from a wetland slightly north of Easter Brook 

(Figure 1). Samples were collected during dry conditions as grab samples, while first flush storm 

water samples were collected with passive devices mounted on rebar stakes placed in the stream 

channels such that containers were filled upon the initial rise in water level with rainfall. A post-

storm sample was collected on the waning part of the hydrograph, after cessation of rainfall but 

before background flow conditions were reached. WRS set up the sampling system, but a team 

of LSIC volunteers collected most samples. Sampling was completed in 2016, but no sampling 

was performed in 2017, limiting the data base for this typically variable input source.  

 

Surficial sediment was collected with an Ekman dredge at each of the three lake stations (Figure 

1) and tested at Northeast Laboratories in Connecticut for percent solids, percent organic matter, 

iron-bound phosphorus, and total phosphorus.  

 

Ground water seepage was assessed by placing seepage meters in nearshore areas (Figure 2), 

allowing them to incubate for 2-4 hours, and recording the change in water volume in attached 

bags. Multiplying volume by area by time, the seepage in liters per square meter per day was 

calculated. By assigning each seepage meter to an area extending half-way to the next seepage 

meter and out to the depth at which muck became more than a foot thick, the total seepage into 

the lake was estimated. 

Results 

Review of past studies 
 

Studies by M&E in 1986 and BSC in 1999 provided most of the available water quality 

information prior to 2015. Lake Shirley is a 354 acre lake divided into 3 recognized basins 

(Figure 3). Two of the basins are shallow, with maximum depths of about 11 feet. The third and 

most downstream basin is not deep over most of its areas, but has a small area (11 acres) with 

maximum depth at 38 feet.  The average depth of Lake Shirley is 7.2 feet and the total volume at 

full pool elevation is 2557 ac-ft. the flushing rate  has been estimated at 4.07/yr, which equates to 

a detention time of 89 days. 
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Figure 2. Locations of Lake Shirley seepage measurements 
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Figure 3. Bathymetry of Lake Shirley 
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The watershed covers 9050 acres, with 6 drainage areas identified but only two (Easter and 

Catacoonamaug) providing most of the drainage area and 70% of the total flow to Lake Shirley. 

The watershed is 52% forested, 12% cropland, and 8% residential (lots mostly >0.5 ac). A model 

applied by DEP model used 52% forest, 28% rural, 11% urban, and 219 septic systems <100 m 

from the lake. Sandy, porous soils seem to cover most of the watershed, but the area is glacially 

influenced and may have underlying clay and till soils.  

 

The bottom of the lake is sandy to gravelly at the margin and mucky over most of the lake area. 

Past sediment testing revealed TP at 139-759 mg/kg and iron at about 20,000 mg/kg. It is likely 

that much P is bound to iron and could be released if oxygen levels are low at the sediment-water 

interface. 

 

Surface water and septic P load was estimated at 519 kg/yr by M&E and 652 kg/yr by BSC. 

M&E also estimated 145 kg/yr from sediment, precipitation, and background ground water 

inseepage. It was estimated that 38% of the incoming P was retained in lake. The internal P load 

(release from sediment) was considered nominal (<2%) in 1986, but was estimated to be larger 

larger but not dominant in 1999. The nitrogen (N) load was estimated at 10,116 kg/yr, suggesting 

an N:P ratio of about 12.6 from loads. This is low enough to promote cyanobacteria that can use 

dissolved N gas, but not extremely low. 

 

Tributary P concentrations tend to average 0.03 to 0.04 mg/L during dry weather, but values up 

to 0.11 mg/L have been observed. Wet weather tributary P values tend to be higher, up to 0.14 

mg/L, but averaged about 0.07 with high variation over space and time, which is typical for 

storm water. Ammonium-N tends to be <0.3 mg/L in tributaries, but other N forms were less 

studied. 

 

Catacoonamaug Brook was the largest contributor of P at about 279 kg/yr (43% of the estimated 

total load), but it drains 61% of the watershed, so the yield per unit area is lower than for other 

areas. Easter Brook contributes an estimated 126 kg/yr (21% of the total), while it drains just 

over 19% of the watershed. The direct drainage area to the lake, mostly the developed shoreline 

area, contributes about 162 kg/yr (25% of total P load) but covers only about 10% of the 

watershed, making it one of the largest contributors per unit area. 

 

In-lake P concentration was 0.03 to 0.06 mg/L in the upper water layer, which is most of the lake 

and all of the upper and middle basins. P concentration averaged 0.13 mg/L in the deepest area in 

the lower basin. These concentrations are all large enough to support algae blooms. However, 

not all the total P is available, and with high organic content and sometimes low pH, P may still 

limit algae growth in Lake Shirley. 
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Oxygen is low near the sediment in water >8 feet deep, but did not appear devoid of oxygen in 

past measurements except in the “deep hole” of the lower basin. Water clarity has been <4 ft in 

many summers, a low value that used to be grounds for closing beaches for public safety, but is 

just a warning threshold now. The 1999 BSC study indicated a decline in lake condition since the 

1986 M&E study. 

 

Rooted plants were surveyed by Geosyntec in 2006 and SOLitude or its predecessor ACT in 

most years since then. Rooted plant growth can be dense, given that so much of the lake is 

shallow and the substrate is largely a mix of sand and organic muck, optimal for plant growth. 

Fanwort (Cabomba caroliniana), Eurasian watermilfoil (Myriophyllum spicatum) and variable 

watermilfoil (Myriphyllum heterophyllum) have invaded Lake Shirley and have caused use 

impairment. Spiny naiad (Najas minor) is another invasive species noted from the lake, but is 

less of an impairment threat. Curly leaf pondweed (Potamogeton crispus) is a more recent 

invasive species in the lake, but usually dies back by early summer and is less of a concern.  

 

Native species of rooted plants in Lake Shirley include 23 species, with coontail (Ceratophyllum 

demersum), Robbins’ pondweed (Potamogeton robbinsii), and water celery (Valisneria 

americana) most abundant. Sometimes water lilies (yellow and white) are abundant in peripheral 

patches, but are not found far from shore. 

 

Problems with rooted plant have generally been addressed with herbicides and drawdown. 

Dredging has been recommended in the past as a superior control technique, but the cost was 

prohibitive. It was estimated by BSC in 1999 that 800,000 cubic yards of material would have to 

be removed at a cost in excess of $10 million, and that cost would be considered very low today. 

 

From pre-2000 studies, water quality had declined but cyanobacteria were not a big problem. 

This has changed, however, and cyanoblooms have been an intermittent summer problem over 

the last decade. Increasing problems with cyanobacteria have caused the lake to be posted with 

warnings against contact recreation in parts of recent summers. Cyanobacteria have multiple 

bloom modes, and it is possible that growths start at the sediment-water interface and rise to 

form a bloom after accumulating sufficient nutrients. It is also possible that they are reacting to 

storm inputs. There does appear to be a progression of conditions from north to south, from the 

upper basin to the lower basin, with the worst conditions in the north/upper basin. Conditions are 

not necessarily acceptable in the other basins, but blooms may be worse in the upstream portion 

of the lake where the two major tributaries enter. 
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In-lake Water Quality 
 

Temperature was fairly uniform top to bottom except in the one deep area in the lower basin 

(Figure 4). Temperatures increase from spring through summer, consistent with seasonal 

expectations, but after May the temperature exceeded 20
o
C in all three basins, indicating poor 

conditions for coldwater fish. The deep area of the lower basin maintains a colder temperature, 

but has minimal oxygen in those deep waters. We would not expect to find trout in Lake Shirley, 

but warmwater fish such as sunfish, bass and pickerel would do fine.   

 

Oxygen tends to be >5 mg/L in all areas <3 m (10 feet) deep (Figures 5-7), which is the vast 

majority of the lake. However, profiles from the one deeper area in the lower basin indicate a 

sharp loss of oxygen in water >3 m deep. Slight thermal stratification is enough to limit mixing 

and allow oxygen demand from bottom sediment to cause oxygen depletion near the sediment-

water interface, however, and while overlying water had adequate oxygen, insertion of the DO 

probe into the sediment yielded low oxygen in water >2.7 m (9 ft) deep. This suggests that 

undesirable sediment-water interactions associated with low oxygen may occur over a large area 

in Lake Shirley.  

 

Conductivity (Figure 8), which represents dissolved solids but does not indicate the composition 

of those solids, is fairly stable over space and time at a moderate level between 240 and 305 

µmhos/cm. There is a slight increase with depth and over the summer, both likely related to 

release of dissolved substances from the sediment under low oxygen conditions. Background 

conductivity in this area is around 100 µmhos/cm, so the observed values, while moderate, are 

elevated from natural levels for this area. 

 

The pH (Figure 9) ranged from 6.6 to 7.6 SU near the surface, slightly higher than might be 

expected for this relatively acidic landscape, but likely an effect of photosynthesis by abundant 

rooted plants and algae. The pH declined with depth, indicating less photosynthesis (which 

removes CO2 and raises pH) and more release of acids from decomposition (largely in the 

sediment). 

 

Alkalinity (Figure 10) was measured by field titration and is not part of the instrument bearing 

probes for other field water quality. Values were between 18 and 36 mg/L except in the deep 

section of the lower basin on the last day of sampling (Sept 2017, with a value of 65 mg/L), a 

low to moderate level typical of this area. The higher values for deep water reflect releases of 

substances from the sediment.  

 

Turbidity (Figure 11), which is a measure of light attenuation and represents suspended solids in 

the water column, was between 3 and 8 NTU for most stations and depths, a moderate to slightly  
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Figure 4. Temperature in Lake Shirley in 2016-2017 

 

 
 

Figure 5. Dissolved oxygen in the upper basin 2016-2017 
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Figure 6. Dissolved oxygen in the middle basin 2016-2017 

 

 
 

Figure 7. Dissolved oxygen in the lower basin 2016-2017 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 2 4 6 8 10

D
e

p
th

 (m
)

DO Concentration (mg/L)

Shirley Middle Dissolved Oxygen 

6/15/16 8/9/16 5/17/17 7/13/17 9/22/2017

0.0

2.0

4.0

6.0

8.0

10.0

12.0

0 2 4 6 8 10

D
e

p
th

 (m
)

DO Concentration (mg/L)

Shirley Lower Basin Dissolved Oxygen 

6/15/16 8/9/16 5/17/17 7/13/17 9/22/17



     

  
Page 14 

 
  

 
 

Figure 8. Specific conductivity in Lake Shirley in 2016-2017 

 

 
 

Figure 9.  pH in Lake Shirley in 2016-2017 
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Figure 10. Alkalinity in Lake Shirley in 2016-2017 

 

 

 
 

Figure 11. Turbidity in Lake Shirley in 2016-2017  
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elevated range.  Algae can cause high turbidity, but much of the elevated turbidity appears to be 

a function of suspended non-living organic particles. Average chlorophyll-a values from field 

fluorescence (Figure 12) in Lake Shirley were higher than 4 µg/L, the general threshold for low 

algae biomass, in 12 of 15 samples, but exceeded 10 µg/L, the threshold for high biomass, in 

only 2 samples, both in the upper basin. These values are high enough to impart color to the 

water, but are not high enough to explain the high turbidity in at least the upper basin. A mix of 

algae and resuspended organic sediment is likely involved in turbidity levels in Lake Shirley. 

 

Water clarity, as assessed by Secchi transparency (Figure 13), were rarely higher than 3 m and 

sometimes lower than 2 m. Secchi readings collected by volunteers were similar on dates closest 

to the WRS sampling, and additional data from volunteer monitoring helps characterize the 

pattern in Lake Shirley over space and time. Clarity tends to increase from north to south, inlets 

to outlet, upper to lower basin. Clarity tends to decrease from spring through summer, although 

weather patterns can affect this trend. But overall clarity is not high, and the range is not wide. 

No major algae blooms were observed in 2016 and 2017 (copper was used to prevent a bloom in 

2017), which kept clarity from declining even more. Algae affect clarity, but so does suspended 

sediment, and WRS staff noted substantial boat-induced sediment suspension during site visits. 

A combination of factors led to observed low clarity, all of which tend to cause decreased clarity 

over the course of the summer. 

 

Nitrogen levels in Lake Shirley (Figure 14) include ammonia, nitrate (the analysis for which 

includes nitrite, but nitrite is minimal in lakes) and organic nitrogen, adding up to total N. N was 

not fractionated in all samples due to preservation requirements if samples cannot be delivered to 

the lab the same day, but that fractionation is provided for samples on which is was performed. 

Values for total nitrogen (TN) in excess of 0.5 mg/L are moderate, while values >1.0 mg/L are 

considered high; only 6 of 15 TN values were >0.5 mg/L for shallow water samples, but all but 

one value from the deep bottom station in the lower basin exceeded 1.0 mg/L. That station is 

subject to low oxygen and accumulation of ammonia and organic N. Nitrates are not a dominant 

component in any sample; nitrates are a preferred N source for algae and the low values may 

indicate N limitation of production. Under such conditions, certain blue-green algae that can 

utilize N gas dissolved in the water column are favored.  

 

Phosphorus levels in Lake Shirley (Figure 15) range from 0.010 to 0.033 mg/L for surface 

samples, with values of 0.028 and 0.390 mg/L for the deep sample in the lower basin. The 8/9/16 

bottom sample from the lower basin was collected at only 4 m; the value likely would have been 

much higher if collected near the bottom in 6+ m (20 ft) of water. Values >0.010 mg/L represent 

a risk of algae blooms, although we usually set the likely problem level at 0.20 mg/L. While all 

samples had TP of at least 0.010 mg/L, only 6 of 15 surface samples exceeded 0.020 mg/L, so   



     

  
Page 17 

 
  

 

 
 

Figure 12. Chlorophyll-a in Lake Shirley in 2016-2017  

 

 

 

 
 

Figure 13. Secchi disc transparency in Lake Shirley in 2016-2017 
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Figure 14. In-lake total nitrogen in Lake Shirley in 2016-2017 

 

 
 

Figure 15. In-lake total phosphorus in Lake Shirley in 2016-2017 
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while P is not low, it is also not routinely excessive. Where measured, dissolved P was low in all 

but the deep samples, where release from sediment under low oxygen levels fosters such 

accumulation. Surface water TP was higher in the upper basin than in the middle or lower basins, 

consistent with past observations.  

Storm water reconnaissance and sampling 
 

Surface water inputs in general and storm water runoff in particular are often very influential in 

determining lake conditions. We toured the watershed and lake shoreline to assess key input 

points for surface water and understand the drainage pattern. While there are steep slopes in 

many areas, erosion was limited and storm water drainage systems were few. The main surface 

water inlets are all to the upper basin of the lake. Drainage from shorefront properties goes direct 

to the lake, but with few pipes or ditches that were evident. Drainage within the apparent 

watershed but off the lake goes mostly to wetland or ponded depressions. These may overflow to 

the lake in especially wet periods, but provide substantial detention and no overflow was 

observed on any site visit in 2016 or 2017. Much of this water may move more slowly through 

the sandy soil to the lake, removing many possible contaminants. 

 

Lake Shirley inlets include Easter Brook, Catacoonamaug Brook, and a wetland tributary off of 

Reservoir Road. These were sampled in dry weather, during first flush and post storm conditions, 

although not all sampling was complete for any storm and samples were only collected in 2016. 

Sampling was conducted with the aid of Les Smith. Passive samplers were placed in the streams 

to capture first flush storm water, while grab samples were collected before and after storms 

when possible. Samples were tested for ammonia (AN), total kjeldahl nitrogen (TKN), 

nitrate+nitrite (NN), total phosphorus (TP) and dissolved phosphorus (DP) if delivery was 

possible the same day as collection. If preserved for later delivery, only TP, TKN and NN could 

be tested.  Summer of 2016 had few rain events. In comparison to the last 8 years, there was a 

little less than half (48%) the average precipitation from May to August. Despite this we were 

able to capture at least partial data from 4 storm events, with Easter Brook successfully sampled 

most frequently.  

 

On June 15, 2016, the two main inlets to Lake Shirley and the outlet were assessed under dry 

weather conditions for water quality parameters measured by field instruments, including 

temperature, dissolved oxygen, specific conductivity, pH, chlorophyll a, and turbidity (Table 1). 

Note that the sum of the two main inflows does not add up to the measured outflow, suggesting 

other water sources, especially with some evaporation in between inflow and outflow. No other 

flowing surface water was observed on that date, and the difference could have been supplied by 

ground water inseepage, but the water level in the lake could also have been changing, so the 

mismatch is not striking or easily explained. The only issue suggested by dry weather field data 

was the elevated conductivity in Easter Brook; all other values were within the expected range. 
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Table 1. Field water quality data under dry conditions 

 
 

 

Field data are not collected by passive samplers, and the focus of that effort is on laboratory data 

for nutrients (Table 2, Figure 16). In general, most values are moderate, with a few higher and 

lower values, but no clear trend of excessive nutrient levels was detected. It is expected that 

forms of N and P will be elevated in first flush storm water, but the expected runoff P 

concentration for developed areas is >0.30 mg/L and the expected N level is >3 mg/L. Very few 

values exceeded these thresholds. The area is not extensively developed, and there are many 

wetlands that help trap nutrients. Most N and P enter the lake as particulate matter which is not 

readily available for algae or plant use and becomes part of the sediment by settling, as 

evidenced by the fractionation of P and N forms for Easter Brook (Figure 17). 

 

There is considerable variation in nutrient levels over time and space, and it normally requires 10 

or more storms spread out over several years to adequately characterize storm water. More storm 

water sampling will therefore be needed, and it is unfortunate that samples were not collected in 

2017. Yet the results suggest a fairly normal pattern of low inputs during dry weather, a short 

period of elevated inputs early in a storm, then a return to lower loading as accumulated 

contaminants are washed out of the drainage area. The peak inputs may indeed represent 

substantial loading, but this occurs only during a relatively small period of time overall.  

 

Considering potential impact of inputs on a lake, we tend to flag values >0.05 mg/L for TP and 

>1.0 mg/L for TN. All three sampled inlets exhibited high values in at least one event (Figure 

16) by those thresholds, but high values do not occur all the time. Looking at Easter Brook, 

which yielded the most samples, TP and TN were elevated in 2 of 4 first flush samples and 2 of 6 

samples overall. There is certainly a storm water issue to be addressed, but incoming water 

quality is not a daily threat to the health of the lake.  
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Table 2. Water quality data from tributaries 

 

 
 

 

 

 
 

Figure 16. First flush storm water total phosphorus and total nitrogen 
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Figure 17. Fractionation of total phosphorus and total nitrogen in Easter Brook samples 
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Seepage 
 

Measurement of the amount of water seeping into Lake Shirley as ground water was conducted 

in June 2017. Many more measurements over multiple periods of time could improve the 

estimate, but this was the first effort we know of to quantify inseepage quantity and quality for 

Lake Shirley. Given that ground water appeared to be a potentially large contributor of N and P, 

this effort was considered essential. Seepage of <5 L/m
2
/day are considered low, while values 

>20 L/m
2
/day are considered high. The seepage quantity varied from 0.6 to 6.0 L/m

2
/day (Table 

3), a low range that was surprising for what appeared to be sandy soils. The ground water table 

may be low relative to the normal lake level, which is raised by a dam over the natural elevation. 

The thick organic muck also impedes ground water exchange, and there may be substantial clay 

under the sand in the vicinity of the lake that also restricts ground water flow.  

 

Samples collected at each seepage site with littoral interstitial porewater samplers provided 

values for dissolved P (tested as total P on filtered samples) and total dissolved N (tested as TKN 

and nitrate N in filtered samples) in the incoming ground water (Table 4). Dissolved iron was 

also assessed, as iron levels are often elevated in ground water and will inactivate P when the 

ground water is exposed to oxygen upon entry to the lake. P concentrations were generally low; 

only one value exceeded 0.05 mg/L, and not by much. TKN was also generally low, with only 

one value >0.5 mg/L, from the same sample that yielded the high P concentration. Nitrate was 

not high on average, but 4 out of 16 samples had elevated nitrate N (>2 mg/L), which is almost 

certainly a function of on-site wastewater discharges. 

 

Multiplying the seepage quantity values by the corresponding areas they represent, the total 

inseepage in each shoreline segment was estimated (Table 5). The total ground water input was 

estimated at just over 1 million m
3
 per year. Precipitation landing directly on the lake accounts 

for about 1.6 million m
3
/yr, so while the ground water input is not negligible, it is not particularly 

large in comparison with other water inputs.  

 

Multiplying the seepage quantity for each segment by the corresponding P and N concentrations, 

the load of each nutrient can be estimated (Table 5). The total input of P from ground water is 

estimated at 20.5 kg/yr, which is a minor portion of the total P load as calculated in past efforts. 

The total input of N from ground water was considerably higher, however, at 1360 kg/yr, which 

is probably a significant fraction of the total load of N to Lake Shirley. N is not removed by 

passage through soil, so N added to the ground water by on-site wastewater disposal systems can 

be expected to reach the lake. P is removed by soil rather readily, so it is not surprising that little 

of it makes it to the lake. Again, additional assessment may be warranted, but this initial effort 

does not suggest that ground water in general and on-site wastewater disposal in particular is a 

major source of P to Lake Shirley, but it may be a substantial source of N. 
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Table 3. Seepage measurements in Lake Shirley 

 

 
 

Table 4. Seepage water quality in Lake Shirley 

 

 

Lake Seepage   Dates: 6/14/17, 6/15/17, 6/19/17

Station GPS#
Water 

Depth (ft)

Distance 

From 

Shore (ft)

Total Time 

In Lake 

(hr)

Net Gain 

Volume 

mL

Seepage 

(L/sq.m/

day)

1 185 2.0 20.0 3.6 105 2.80

2 186 3.0 10.0 3.9 25 0.62

3 187 2.5 13.0 4.2 130 3.00

4 188 3.0 12.0 4.0 105 2.52

5 196 2.5 6.0 2.1 50 2.31

6 197 3.0 10.0 2.0 115 5.52

7 191 3.0 8.0 3.7 170 4.40

8 203 2.0 3.0 1.7 60 3.47

9 204 3.0 7.0 2.6 50 1.86

10 199 2.0 8.0 2.9 175 5.83

11 200 2.0 5.0 3.0 145 4.64

12 205 3.0 7.0 3.33 125 3.60

13 206 3.0 8.0 3.41 105 2.96

14 208 3.0 8.0 3.38 105 2.98

15 207 3.0 2.5 3.5 205 5.62

16 209 2.5 10.0 2.41 150 5.98

Station

Total 

Kjeldahl 

Nitrogen

Total 

Phosphorus

Nitrate-

Nitrite as 

N

Iron

mg/L mg/L mg/L mg/L

1 0.78 0.067 0.03 5.30

2 0.14 0.021 0.03 1.54

3 0.05 0.012 0.12 0.06

4 0.38 0.028 0.50 0.08

5 0.31 0.005 2.13 0.03

6 0.22 0.030 0.05 0.09

7 0.10 0.005 2.56 0.03

8 0.11 0.005 0.23 0.03

9 0.11 0.020 0.76 0.03

10 0.35 0.012 0.03 0.07

11 0.48 0.046 0.03 0.88

12 0.20 0.014 0.03 0.05

13 0.43 0.031 3.34 0.06

14 0.01 0.005 0.08 0.03

15 0.22 0.005 0.58 0.03

16 0.20 0.013 5.82 0.03

Lake Shirley Ground Water_ June 2017
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Table 5. Seepage water, phosphorus and nitrogen loads to Lake Shirley 

 

 

 

Sediment 
 

Because oxygen can be low in water as shallow as about 9 ft and phosphorus bound to iron can 

become available to algae under low oxygen conditions, sediment in each basin was tested to 

determine the potential for “internal loading” of P to be a major P source (Table 6). The upper 

few inches of sediment can interact with the overlying water and were tested. For Lake Shirley, 

those sediments have low solids content (mostly water) and high organic content (34 to 63%), 

typical of lake muck that has accumulated over many years of plant and algae production. Total 

P levels in sediment are moderate, ranging from 255 to 835 mg/kg. Iron bound P, or Fe-P, is also 

moderate at 151 to 551 mg/kg. The middle basin had the lowest P concentrations, consistent with 

lower organic content, but the cause of the lower organic content is unknown. More sampling 

would be recommended before drawing definitive conclusions for this lake, but there are 

substantial reserves of sediment P in at least some parts of the lake. 

 

Based on sediment features above, the upper 4 cm of sediment contain between 0.9 and 2.5 g 

P/m
2
 of area. Not more than 10% of that total would be expected to be released in a summer 

season when exposed to low oxygen, but that would equate to 90 to 250 mg/m
2
. With a water 

depth around 3 m (10 ft), that provides 3000 liters of dilution, and the concentration of P in the 

water column could increase by up to 30 to 83 µg/L, a very large increase. With about 20% of 

the lake bottom area experiencing this release, this concentration will be further diluted by 

TKN NO3-N TDN TDP Area

Seepage 

quantity

Annual 

seepage TDP TDP TDN TDN 

Station GPS# mg/L mg/L mg/L mg/L m2 L/m2/day m3/yr mg/day kg/yr mg/day kg/yr

1 185 0.780 0.025 0.805 0.067 43,678 2.80 44639 8182 3.0 98451 35.9

2 186 0.143 0.025 0.168 0.021 40,934 0.62 9242 539 0.2 4254 1.6

3 187 0.050 0.115 0.165 0.012 38,844 3.00 42535 1363 0.5 19228 7.0

4 188 0.381 0.501 0.882 0.028 48,725 2.52 44817 3389 1.2 108297 39.5

5 196 0.310 2.130 2.440 0.005 46,314 2.31 39010 566 0.2 260781 95.2

6 197 0.223 0.051 0.274 0.030 71,314 5.52 143683 11731 4.3 107979 39.4

7 191 0.100 2.560 2.660 0.005 60,624 4.40 97338 1413 0.5 709364 258.9

8 203 0.108 0.227 0.335 0.005 72,047 3.47 91248 1325 0.5 83748 30.6

9 204 0.113 0.758 0.871 0.020 76,350 1.86 51847 2869 1.0 123723 45.2

10 199 0.348 0.025 0.373 0.012 61,445 5.83 130751 4191 1.5 133617 48.8

11 200 0.479 0.025 0.504 0.046 45,817 4.64 77596 9715 3.5 107147 39.1

12 205 0.196 0.025 0.221 0.014 52,633 3.60 69228 2617 1.0 41916 15.3

13 206 0.425 3.340 3.765 0.031 51,171 2.96 55210 4659 1.7 569500 207.9

14 208 0.109 0.077 0.186 0.005 20,297 2.98 22094 321 0.1 11241 4.1

15 207 0.218 0.583 0.801 0.005 17,206 5.62 35312 513 0.2 77493 28.3

16 209 0.200 5.820 6.020 0.013 35,299 5.98 76984 2700 1.0 1269709 463.4

TOTAL 782,697 1031535 20.5 1360.2
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fivefold for the lake overall, suggesting P increases of 6 to 17 ug/L. Even those increases 

represent a substantial risk of algae blooms, however. 

 

Of particular concern is the potential for P to become available at the sediment-water interface 

and support growth of algae resting on the sediment. Blue-greens and filamentous green algae 

are especially known for this mode of growth; after some weeks of P uptake and growth with 

excess accumulation of P in cells, the colonies or filaments of cyanobacteria develop gas pockets 

in their cells and float upward to take advantage of more light. Synchronized rise of such blue-

greens can result in blooms that seem to form overnight. Green algae mats form and capture their 

own photosynthetic gases, with those bubbles lifting the mats toward the surface of the lake. 

Even though P is not being actively mixed into the overlying waters by diffusion, the algae act as 

vectors of that P and promote ongoing blooms after the initial bloomers die and decay. 

 

Table 6. Sediment features from Lake Shirley in June 2016 

 

 
 

 

Plankton 

 

Phytoplankton, or floating algae, were assessed from samples collected in 2015, 2016 and 2017. 

WRS collected or received samples in July through September in 2015, from June through 

August in 2016, and in May through September of 2017. Additional samples were provided by 

Lake Shirley volunteers or SOLitude Lake Management to Northeast Laboratories in 2015 and 

2016, but the mode of analysis by Northeast Labs is not directly comparable to that performed by 

WRS. 

 

Algae results from WRS (Figure 18) illustrate problems with blue-green algae (cyanobacteria) in 

2015 but less so in 2016 and 2017. Algal biomass exceeded the probable problem threshold of 

3000 µg/L for many samples in 2015, while no samples exceeded that threshold in 2016, 

although all values were above the possible problem threshold. Composition was dominated by 

blue-greens in 2015 and by a mixed assemblage in 2016, with greens and goldens most abundant 

by mass in 2016. The differences are likely to reflect nutrient input differences, but we have  

Lake 

Basin
Total Solids  Organic

Total 

Phosphorus

Iron Bound 

Phosphorus

Station % %
mg/kg dry 

weight

mg/kg dry 

weight

Upper 11 61.8 564 401

Middle 11 33.8 255 161

Lower 9.5 63.0 835 551
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Figure 18. Phytoplankton in Lake Shirley, 2015 - 2017 
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nutrient data for only 2016, leaving the differences to speculation. In July of 2017 a bloom of the 

cyanobacterium Dolichospermum appeared to be developing, but Solitude Lake Management 

treated with copper and the bloom was prevented. 

 

In 2015 there were multiple bloom-forming blue-greens that were abundant, including possible 

toxin forming Dolichospermum (formerly called Anabaena). In 2016, the most abundant blue-

green was Aphanizomenon, which is a potential toxin producer but has not been known to 

produce toxins in northeastern USA lakes. In 2016 the more abundant algae were greens of the 

order Chlorococcales and the golden alga Dinobryon; the chloroccalean greens achieve highest 

abundance at elevated N levels, while the blue-greens tend to dominate when N is limiting. In 

2017, golden algae and diatoms were most abundant in May, with cyanobacteria increasing in 

July before copper treatment. The September samples featured a mixed assemblage with green 

algae most abundant. 

 

The Northeast Labs data do not provide a direct comparison, but do provide data from time 

periods in between WRS samples.  Blue-greens were not nearly as abundant in 2016 as in 2015, 

but peaked in mid-July and prompted an algaecide treatment. Another small peak was observed 

in mid-August, but no treatment was conducted in response. Treatments in 2016 and 2017 may 

have avoided the major cyanobacteria bloom of 2015. 

 

Zooplankton are small animals, mostly crustaceans, that live in the water column. Many eat 

algae and most are consumed by small fish as food. They are therefore an important link in the 

food chain. Zooplankton were assessed from the June and August 2016 and May, July and 

September 2017 sampling by WRS (Figures 19 and 20). Zooplankton included mostly copepods 

and cladocerans, both crustacean forms. Except for the lower basin sample in June, zooplankton 

biomass was low in 2016. Biomass was low in May of 2017, but increased markedly in July and 

September. Average body length was moderate for all samples in 2016 and for the May 2017 

samples, but increased substantially in July and September 2017.  Limited to moderate grazing 

capacity on algae and moderate food value for fish are indicated by the zooplankton community. 

Variability is high enough to warrant continued monitoring. 
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Figure 19. Zooplankton biomass in Lake Shirley in 2015 and 2016 

 

 

 

 

 
 

Figure 20. Zooplankton average length in Lake Shirley in 2015 and 2016 
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Nutrient Loading Assessment 
 

While the results of the investigations of  the last 3 years may seem plentiful, the spatial and 

temporal limits of the data restrict what we can do in terms of revisiting the loading estimates 

from past studies. Yet we have generated some new or updated estimates, and can work 

backward to evaluate loading of N and P to Shirley Lake in at least a preliminary manner. The 

key components (Figure 19) include the following : 

1. Atmospheric deposition – Pollutants landing on the lake surface either with precipitation or as 

dryfall. This includes only direct inputs; airborne contaminants falling on the land or upstream 

lakes are processed as other inputs, such as overland flow (runoff). Direct atmospheric inputs 

constitute a large source only where the lake is large relative to the watershed, so we would not 

expect atmospheric loads to be dominant in this case. 

2. Direct groundwater seepage – Pollutants entering with groundwater that directly enters the lake. 

Groundwater that enters a stream or upstream lake is accounted with the flow from that stream or 

lake and is not part of this element. This can be a major element where the lake is a kettlehole or 

seepage lake with no tributaries and located in sandy or rocky soils. This element may include 

wastewater from on-site disposal (septic) systems, which can raise the level of some 

contaminants substantially and are often split off by modeling efforts as a subset of this element. 

Lake Shirley could be subject to significant seepage impacts from nearby development, but the 

data suggest mainly N inputs, not substantial P loading. 

3. Overland (surface) flow – Pollutants entering with surface water flows. These can be direct 

runoff from the immediate watershed or flows from streams that drain non-contiguous land 

areas. This also includes flow from upstream lakes to the target lake. This is often the largest 

loading element. Lake Shirley has a relatively large watershed (25 times the area of the lake), so 

there is a threat of substantial inputs with storms. 

4. Discharges – Pollutants entering in any release that is not a natural flow channel, like a stream or 

lake overflow. This would include wastewater treatment facilities, cooling water, or other 

directed flows from human endeavors. This can be a major source of contaminants even with 

minor flows when concentrations are very high, but discharges are not a known influence on 

Lake Shirley. 

5. Wildlife, mainly waterfowl – Pollutants released directly to the lake by birds, beavers, muskrats 

or other wildlife using the lake. Human inputs are not typically counted in this category. No flow 

is usually associated with wildlife inputs, but contaminant loads are often assigned based on the 

number of animal units present on a yearly basis. These are most influential in smaller ponds in 

settlings that attract many birds, like urban parks. We have not data for this category for Lake 

Shirley, but the impact does not appear to be great. 

6. Internal loading – Pollutants that entered the lake from the above sources and are retained by the 

lake, usually by incorporation into the sediment, but are recycled and put back into the water 
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column. This can include release from the sediment, as with dissociation of iron and phosphorus 

under anoxia, release from plants after uptake from sediment as “leakage” or upon senescence, or 

stirring up of the bottom by wind or foraging fish like carp or catfish. This can be a major portion 

of the P load in lakes with long detention times, and as it is most often associated with summer, 

it may be disproportionately important in supporting algae blooms. The potential for this source 

to be influential in Lake Shirley is high, but past assessments have not indicated it as a major P 

source. It is rarely a major N source. 

 

 
 

Figure 19. Contaminant loading schematic 

 

 

 

A proper loading analysis considers each of the above source categories and works to bracket 

likely inputs associated with each. Often this involves first assessing the water load, then the 

concentration of associated contaminants, although it is possible to directly estimate loads as 

export coefficients based on direct measurements elsewhere, applied to land uses or lake area in 

the subject case. While no approach is better than direct measurement, the number of 

measurements necessary to adequately represent a source may be impractical to collect.  Multiple 

approaches with consideration of the range of possible inputs are therefore often applied. 
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Atmospheric Deposition  
 

On average, 1.1 meters of precipitation lands directly on Lake Shirley and the surrounding land 

every year; the precipitation landing directly on the pond provides about 1.6 milllion m
3
/yr of 

water. Processing of precipitation that falls on land into runoff, groundwater, or evaporation is 

not part of this loading element; only the direct precipitation is addressed here. Average 

phosphorus concentration in precipitation varies over geographic area and with weather pattern 

(e.g., from the north, south, east or west), but is generally low in the northeast. Values measured 

by WRS staff in the past have averaged a little less than 20 µg/L, with values below 10 µg/L or 

as high as 50 µg/L possible. Particles containing phosphorus may fall from the sky even in dry 

weather, and may constitute as much as half the input, but much of these particulates will not 

contain readily available phosphorus and will become part of the sediment, the load from which 

is accounted for separately. N loading is typically 20 times the P load from atmospheric sources. 

 

Applying a concentration of 20 µg/L to a rainfall of 1.6 million m
3
/yr onto Lake Shirley, the total 

load of phosphorus from direct atmospheric input would be 32 kg/yr. The N load would be about 

640 kg/yr.  

 

Direct Ground Water Seepage 
 

Groundwater seeps directly into the lake from surrounding land. Often this groundwater carries 

wastewater contaminants where on-site wastewater disposal systems are used, and can be an 

important source of phosphorus under certain conditions, but generally soil does an acceptable 

job of removing phosphorus. Farther from the lake, such groundwater may be intercepted by 

streams and become overland runoff, but some seepage into most lakes is expected. This can be 

measured directly with seepage meters, and samples can be taken with porewater samplers or 

from nearby wells to assess quality, and this investigation was accomplished in 2017 for Lake 

Shirley.   

 

The seepage survey conducted by WRS resulted in a P load estimate of 20.5 kg/yr and an N load 

estimate of 1360 kg/yr. Much more N reaches the lake than P. The BSC (1999) study estimated 

that P reached the lake at a rate of 110 kg/yr, but this was not based on any actual data, just 

calculations using values from other systems. While the results of the single survey by WRS 

cannot be regarded as providing highly accurate loading estimates, it does appear that the BSC 

estimate is high and that on-site wastewater disposal is not a major source of P to the lake. That 

wastewater may be a substantial source of N, however, and this is consistent with many other 

studies in Massachusetts. 
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Overland Flow  
 

Surface water flows enter Lake Shirley from two main tributaries, both entering the upper basin. 

Direct measurement of flow and phosphorus concentration in the tributaries feeding Lake Shirley 

has been conducted, but not at a level that would allow reliable application of concentrations and 

flows. It is the best we can do right now, however, and since surface water inflows are likely to 

be substantial nutrient sources, an effort is made here to estimate those inputs. 

 

Using the area of the drainage basins for Catacoonamaug and Easter Brooks, with the remainder 

of the watershed taken as the difference between those two tributary drainage areas and the total 

watershed area of 9050 acres, and multiplying by the standard water yield for this area (1.0 

cfs/mi
2
), we get approximate total inflows of water from the 3 defined drainage areas (Table 7). 

Catacoonamaug supplies more than the water of the other drainages together, as it occupies 61% 

of the total watershed and the other two drainage areas represent about 20% each. The total water 

load from the watershed is estimated at about 12.6 million m
3
/yr, very close to the 12.8 million 

m
3
/yr estimated by BSC (1999). With the direct precipitation input of about 1.6 million m

3
/yr 

and the ground water seepage of about 1 million m
3
/yr, the total inflow to Lake Shirley would be 

15.2 million m
3
/yr, with surface flows dominating.  

 

 

Table 7. Phosphorus and nitrogen loading from the Lake Shirley watershed 

 

 
 

The P and N concentration data for the surface water inputs are limited; additional data should be 

collected to refine this analysis. But based on what we have, and assuming that half the total 

water inputs will occur during dry weather and half in wet weather (wet weather happens 1/5 of 

the time, but provides 5 times the flow on average), the average P and N concentrations can be 

calculated from the available data and multiplied by the water load to get P and N loads (Table 

7). Our best estimate for P loading from the watershed at this time is 345 kg P/yr and 13,726 kg 

N/yr, with Catacoonamaug Brook as the largest contributor. 

 

With the uncertainty associated with flows and concentrations, there is a fairly wide margin of 

error for phosphorus loading from watershed sources. It is suggested that the load from the direct 

drainage area via overland flow will be about 206 kg/yr. It would not be surprising for annual 

Watershed Source

Area 

(mi2) Area (ac) Area (ha) Flow (cfs)

Flow 

(m3/yr)

Avg P 

conc 

(mg/L)

Avg N 

conc 

(mg/L)

P Load 

(kg/yr)

N Load 

(kg/yr)

Catacoonamaug 8.63 5521 2208 8.63 7709793 0.028 1.034 218 7968

Easter 2.69 1720 688 2.69 2403168 0.030 1.477 72 3549

Other drainage 2.83 1809 724 2.83 2528240 0.022 0.874 56 2208
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loads to vary by at least 25% in either direction, based on precipitation pattern, which will drive 

non-point source loading from the watershed.  

 

Additionally, some of the incoming load will be refractory particulates that do not directly 

contribute to the effective load; a loss of about 25% of the actual load to particulate settling 

might be expected. The concept of an effective load is important to grasp, as loading analyses 

should consider generation of a load at the source, any attenuation of that load on the way to the 

lake, and the form in which the load enters, which translates into its utility to algae and its 

immediate effect. Most analyses will tend to overestimate the effective load, as data for forms of 

phosphorus are often lacking. Many of the input sources may include some refractory 

(unavailable) phosphorus, but runoff inputs are most susceptible to this influence, as those inputs 

include soil, sticks, leaves and other matter that does not rapidly or easily give up associated 

phosphorus. 

 

Discharges 
 

We are unaware of any discharges to Lake Shirley. Here we refer to releases from activities 

subject to regulation as discharges under the Clean Water Act and related state statutes. 

 

Wildlife 
 

Studies of wildlife inputs of phosphorus to lakes have focused on waterfowl (Manny et al. 1975, 

Portnoy 1990, Scherer et al. 1995) and established a range of likely “exports” per bird per year, 

with variation based mainly on bird size (e.g., gulls vs. ducks vs. geese). If bird counts are 

available, one can estimate inputs with some degree of reliability. In the absence of counts, the 

exercise is highly speculative. 

 

We are unaware of any bird counts for Lake Shirley. Assigning a fairly arbitrary number of 100 

waterfowl being present for half the year, we have 50 bird-years. An average value of 0.2 kg 

P/bird-year is reasonable from the literature, yielding a bird-related P load of 10 kg/yr. For N, the 

average input is assumed to be 1.0 kg/bird-yr, so the estimated load is 50 kg N/yr. These 

estimates could easily be off by 100% in either direction, but as a relatively low load among the 

range of assessed sources, it does not warrant much additional effort. Further, bird management 

in a situation like that at Lake Shirley is difficult and in some ways counterproductive; the 

presence of birds is considered an asset by many lake users. 
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Internal Loading  
 

Internal loading can involve multiple processes. Plants pull nutrients from the sediment and may 

either leak some of those nutrients into the water column or release them upon typical fall 

senescence. Bottom feeding fish or wind in shallow area can resuspend sediment and processes 

in the water column may make some of the associated nutrients available. Decay of organic 

matter in shallow water may release P into the water column, and this can be a significant source 

where highly organic sediments are found in shallow water with adequate oxygen to support 

decay. Most often, however, substantial internal loading is a function of release of P from iron 

complexes under anoxic conditions near the sediment-water interface. This tends to happen in 

deeper water, below the thermocline, but can occur anywhere that the surficial sediment goes 

anoxic. Anoxia arises when oxygen consumption exceeds the rate of resupply. Even with 

adequate oxygen in the overlying water column, sediments can experience anoxia and release P 

from iron compounds. 

 

Release of P from iron-bound forms in surficial sediments is a function of the concentration of 

iron-bound P and the extent and duration of anoxia. Once stratification begins, replenishment of 

deep water oxygen is strongly curtailed, while decomposition accelerates as temperatures rise. 

Oxygen near the bottom is used up first, with the anoxic interface rising from the bottom as 

oxygen is consumed and not replaced. As that anoxic interface rises, more sediment area is 

exposed to anoxia and iron-bound phosphorus may be released. The actual release process is a 

function of redox potential, the intensity of electron stripping from available compounds, 

preferentially oxygen, but later nitrate and eventually sulfate. While oxygen can only decline to a 

concentration of zero, redox potential can continue to decline, going negative, increasing the rate 

of P release even after oxygen is depleted. 

 

In Lake Shirley, thermal stratification is weak over most of the lake, with just an 11 acre area in 

the lower basin having a truly separate bottom layer in summer. The maximum temperature 

difference between the pond surface and bottom is often too small (<3 C
o
) to resist wind mixing. 

Yet we found low oxygen when the oxygen probe is placed in contact with the bottom sediment 

in water deeper than about 9 feet, so anoxia does occur at the sediment-water interface, but any 

released phosphorus may be subject to oxidative reactions before it moves upward very far.  

 

In a relatively shallow waterbody, algae blooms that depend on internal recycling of P can still 

be expected, as light in all but the deepest water is adequate to allow green algae mats or 

cyanobacterial colonies to grow at the sediment-water interface and then float upward. Many 

cyanobacteria initiate growth on the bottom, then form gas pockets in their cells and rise to the 

surface almost synchronously. Those cells tend to carry excess P, and once in the upper waters 

the algae can grow with adequate light. When cells die, some portion of the P is released into the 
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upper waters and can support other algae growth. Blooms that start on the bottom and move to 

the surface are therefore not just symptoms of increasing fertility but vectors of it. The 

cyanobacteria blooms in Lake Shirley may get their start this way, but the elevated P levels in the 

water column may support those blooms for longer than is sometimes observed in other lakes 

where deep water P is elevated but surface water levels are low.  

 

The area of potentially significant P release is linked to the zone of anoxia, but the rate of release 

may vary substantially over space and time within that zone and defining that zone is difficult in 

a polymictic lake (one that stratifies weakly or not at all and can mix often in response to wind). 

Areas may contribute P off and on over the year. This complicates calculation of phosphorus 

release. The lack of a distinct bottom layer where phosphorus accumulates further impedes 

estimation of release rates. 

 

One can apply literature values for release rates, but this is more speculative. However, use of 

literature values as a reality check on estimates from a lake can help validate results; most anoxic 

sediments with significant levels of iron-bound phosphorus will release at least 1.0 mg/m
2
/day, 

while sediments exposed to anoxia for longer periods may release phosphorus at levels in excess 

of 12 mg/m
2
/day. Another approach involves assessing the mass of iron-bound phosphorus in 

surficial sediments that might be subject to release and estimating releases as a percentage of that 

total. Finally, cores can be collected and incubated in a lab with measurement of phosphorus 

levels in the overlying water at the start and end of the incubation period to determine release 

rates under varying levels of oxygen presence or duration of anoxia. 

 

The concentration of iron-bound phosphorus in the uppermost layer of sediment was assessed for 

each of the three basins with one sample each, which yielded values of 401 (upper), 161 

(middle), and 551 (lower) mg P/kg dry weight sediment. Based on solids content and related 

sediment features, the mass of P expected in the upper 4 cm is estimated at 0.9-2.5 g/m
2
.  This is 

a rough estimate that should be refined with additional testing if internal load management is 

pursued, but provides an estimate of how much phosphorus is available per unit area. It would be 

expected that no more than 10% of that P would be released in any one year, based on 

experience elsewhere. For the area of the lake deeper than 9 feet (about 70 acres, or 280,000 m
2
), 

this suggests a possible release of 25 to 70 kg each year, mainly during summer. 

 

A load of 25 to 70 kg/yr from 280,000 m
2
 over a period of 100 days would equate to an average 

release rate of 0.9-2.5 mg/m2/day, which is within the expected range based on extensive 

assessments in other lakes. 

 

N loading from internal sources has not been investigated for Lake Shirley, but is usually 3-7 

times the P loading from internal sources, and is not often a major source to lakes. For Lake 
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Shirley, an estimated range of 125 to 350 kg/yr is suggested. Even the highest conceivable N 

load from internal sources of 490 kg/yr is low in comparison to other sources to this lake. 

 

Loading Summary 
 

The water load is divided between direct precipitation, overland runoff from three defined 

drainage areas, and groundwater inseepage (Table 8). The surface load of water from the 

watershed is clearly dominant, with Catacoonamaug Brook as the largest itemized source. This 

dominance in water load carries over to the P and N loads, where it represents close to half of the 

total load to the lake. Easter Brook is next largest among source of P and N, but is slightly less of 

a water source than the remaining part of the watershed (exclusive of drainage to 

Catacoonamaug Bk). Internal loading is the next largest source of P after the three surface 

watershed drainage areas, but ground water is the next largest source of N after the surface 

watershed. All other sources are minor and not likely to be relevant to lake management. 

 

Table 8. Water, phosphorus and nitrogen loading summary 

 

 
 

The total P load from this investigation (455 kg/yr) is lower than the loads estimated by M&E 

and BSC in 1986 and 1999, respectively, which formed a tight range of 652-664 kg/yr. The in-

lake P concentration given in those studies ranged from 30 to 60 µg/L, while the average from 

2015-2016 measurements was 22 µg/L. Whether past measurements and calculations were off or 

the load and in-lake concentration have actually been reduced over the last 20-30 years is 

unknown. Yet all paired loads and concentrations for P correspond well when applied in models 

that predict either concentration from load or load from concentration.  

 

While more monitoring data would be helpful, the current status of the lake with a P load of 455 

kg/yr and an average surface water concentration in the lake of 22 µg/L is believable and 

Source

Flow 

(m3/yr) Flow (%)

P Load 

(kg/yr)

P Load 

(%)

N Load 

(kg/yr)

N Load 

(%)

N:P Load 

Ratio

Watershed

   Catacoonamaug 7709793 50.6 218 47.9 7968 49.8 37

   Easter 2403168 15.8 72 15.7 3549 22.2 50

   Other drainage 2528240 16.6 56 12.2 2208 13.8 40

Atmospheric 1557000 10.2 32 7.0 640 4.0 20

Ground water 1032000 6.8 21 4.5 1360 8.5 66

Wildlife 0 0.0 10 2.2 50 0.3 5

Internal 0 0.0 48 10.4 238 1.5 5

Total 15230201 100.0 455 100.0 16014 100.0
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consistent with observations. A concentration of 22 µg/L is high enough to support blooms, but 

given variation over time, would be expected to lead to variable conditions with regard to algae 

in the lake. That is what we see over time; some periods of acceptable clarity and others of low 

clarity with quantified algae blooms. 

 

Determining a desirable P load can be done with models too. If an in-lake P concentration of 10 

µg/L could be achieved, algae bloom potential would be greatly diminished. That would require 

an approximate halving of the current load. There might still be issues with algae growing at the 

sediment-water interface and floating upward, but reducing the P load and in-lake concentration 

would be major steps toward minimizing algae proglems. 

 

The N load from past studies was estimated at slightly more than 10,000 kg/yr, while the load in 

this study was estimated to average slightly more than 16,000 kg/yr. Applying the load in the 

available empirical models, the predicted N concentration in the lake should be close to 0.8 

mg/L, while the actual concentration from 2016-2017 data was 0.46 mg/L. Undoubtedly much of 

the N load from the watershed is particulate (leaves, sticks, soil) and largely refractory (does not 

easily decay and get released) and will settle to form the organic muck observed in the lake but 

not figure into N concentrations in the overlying water. The N load experienced by the lake, 

backcalculated from the in-lake concentration, is about 9330 kg/yr. 

 

The ratio of the apparent total N and P loads is about 20:1, in between what would be expected to 

promote cyanobacteria vs what would favor green algae. With variation over the course of the 

year, the ratio may deviate in favor of one or the other. In the spring, with higher flows from the 

watershed (which have high N:P ratios, Table 8) would be expected to favor green algae, or 

golden algae and diatoms when combined with colder temperatures. But in summer, with much 

lower watershed loading and the entire internal and wildlife loads being added, the N:P ratio will 

be much lower. The N:P ratio for water in the deepest part of the lower basin is about 8:1; if a 

similar ratio prevails at the sediment-water interface wherever oxygen is low, that would favor 

growth of cyanobacteria in those areas. Again, variability over time and space will make 

predictability difficult, but the processes at work can be understood. How we might control them 

to get the best conditions becomes the central question for lake management. 
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Diagnostic Conclusions 
 

Lake Shirley is a moderately sized (354 acre) lake with 3 defined basins but many coves and 

generally shallow depth. It has a large watershed (>25 times the area of the lake), resulting in 

generally large but temporally variable water inputs. The potential for variable conditions over 

the lake area and over time is very high, making it hard to monitor effectively and inexpensively 

in support of management decisions and expenditures. Effort over 3 decades has improved our 

understanding of this lake, but there are aspects that have not yet been well enough assessed to 

draw clear conclusions. This summary seeks to outline key information we now possess that can 

aid management.  

 

The average in-lake surface water P concentration is 0.022 mg/L (22 µg/L) from 2016-2017 

sampling. This is at the threshold for support of algae blooms on a frequent basis, but variation 

over time and space in Lake Shirley suggests that corresponding algae growth will also be 

variable. The average nitrogen concentration is about 0.5 mg/L, a moderate value, and variation 

in the N:P ratio also suggests that different types of algae will be favored over space and time. 

Water clarity tends to hover around 2 m and rarely exceeds 3 m. There is a gradient of conditions 

from upper through lower basins that suggests the worst conditions occur in the upper basin, 

where most watershed loading occurs. 

 

The pH is near neutral but slightly higher than would be expected as a natural background for 

this area, probably as a function of rooted plant and algae growth, which raise pH through 

photosynthetic activity. Alkalinity is near the threshold between low and moderate ranges (near 

20 mg/L) and conductivity is slightly elevated (240-310 µS) for this area but not high, possibly a 

consequence of road salt build-up. Turbidity is variable but mostly moderate (3-8 NTU), yet still 

higher than desirable for optimal lake conditions. 

 

The main surface water inputs come from two tributaries to the upper (northern) basin, Easter 

Brook and Catacoonamaug Brook, the latter draining more area and having more influence on 

the lake. Additional smaller inputs exist, notably the wetland near Reservoir Road west of the 

upper basin, and possible overflows from wetland areas around the other basins and direct runoff 

from adjacent developed parcels, but >75% of all surface water inputs will enter the north basin 

and move through the lake from there. With a detention time of 2-3 months, water from the 

upper basin will move through the system with some regularity. Flows will decline over summer 

and into early fall, but what comes from the watershed, especially during storms, is enough to 

determine most aspects of water quality in Lake Shirley most of the year. Some coves are more 

isolated, however, and may not flush nearly as often as simply dividing the lake volume by the 

rate of inflow would suggest. There is also a small area (11 acres) of the lower basin that is deep 

enough to stratify strongly enough to create a separate water layer during summer. That layer is 
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subject to very low oxygen and build-up of ammonium N and available P, but represents only a 

small volume (<6%) of the lake. 

 

Based on limited monitoring, nutrient loading tends to follow the flow in this system, and the 

two main tributaries account for almost 2/3 of the P load and slightly more of the N load. 

Remaining surface water inputs account for another 12-14% of P and N loading. Internal loading 

is the next largest itemized source of P (10%) after watershed loading from surface flows, while 

ground water seepage (9%) is the next largest source of N after surface water inputs. The total 

load of P is about twice what would be desirable to minimize the potential for algae blooms, but 

enters in a temporally variable pattern with changing N:P ratio that most favors cyanobacteria in 

mid- to late summer. To cut P loading on half, it will be necessary to address watershed surface 

water loading, as most of the P enters with surface water, especially storm water runoff.  

 

Water clarity is lowered by algae blooms, but is also reduced by organic particles resuspended by 

wind or boat action acting on sediment in this generally shallow lake.  With low oxygen at the 

sediment-water interface over at least 70 acres (>9 feet deep) of Lake Shirley and substantial P in 

that sediment that becomes available at low oxygen levels, algae may grow well at the sediment 

surface over all but 11 of those 70 acres that are too deep for light to support algae growth. Those 

algae can then float upward, causing blooms; many cyanobacteria and filamentous green algae 

utilize this mechanism of bloom formation. It is also possible that decomposition of organic 

matter facilitates algae growth near the sediment-water interface in areas <9 feet deep. Even if 

watershed inputs are curtailed, it may also be necessary to address P availability in bottom 

sediments to control algae blooms. 

 

From limited monitoring, ground water does not appear to be a significant source of P to Lake 

Shirley. On-site wastewater disposal does not appear to be contributing substantially to P loading 

of Lake Shirley, but N loading from ground water is larger and is likely a consequence of on-site 

wastewater disposal. This is consistent with findings in many other Massachusetts lakes. 

 

Plant conditions were not evaluated as part of the WRS effort, but past surveys have detected at 

least 5 invasive species and several native species that can grow to nuisance densities. A 

drawdown is conducted in most winters to enhance plant control, and the main problem plants in 

Lake Shirley are susceptible to drawdown, so this may limit but not eliminate the need for 

herbicides. We are unaware of any evaluation of the most advantageous target depth for the 

drawdown, impact assessment, or refill calculations.  

 

SOLitude assesses plants and to some extent algae in most years, and recommends and carries 

out any treatments. At least one herbicide and one algaecide treatment were conducted in each of 

2016 and 2017, and algae biomass was much lower than observed in 2015 when cyanobacteria 
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blooms were severe. Herbicide treatments to control rooted plants have maintained desirable 

conditions over much of the lake, but can release nutrients during the summer that could support 

increased algae growth. Major algae blooms are not often associated with plant die off, but some 

increase in algae is to be expected and could be a factor in Lake Shirley. We may be trading 

rooted plant problems for algae problems in some cases, necessitating management of both types 

of nuisances. 

 

Management Considerations 
 

Management choices embody science (will it work?), economics (can we afford it?) and 

sociopolitical elements (can we get a permit and will the action be acceptable to the user 

community?). This assessment really only deals with the scientific aspects of lake management, 

but the other factors are at least as important. 

 

The breakdown of P and N loading indicates that meaningful reductions will have to come 

through watershed management, and that the two main tributaries, Catacoonamaug and Easter 

Brooks, are the primary targets. Certainly optimal management of shorefront properties could 

lower nutrient inputs, but with the two main tributaries accounting for 64% of the estimated P 

load and 72% of the estimated N load, meaningful reductions will need to focus on the land 

draining to those tributaries. An appealing alternative to watershed management is to treat each 

tributary near the point of entry to the lake with a P inactivator, like aluminum, dosing inputs 

during periods of high flow, mainly during storm events. It is philosophically more appealing to 

manage inputs near their sources, but it would be more expedient, less expensive, and more 

effective to treat the incoming water. 

 

Surficial sediment as a source of P cannot be ignored, however, as algae can make efficient use 

of this source and considerable P-rich sediment has built up over many years in Lake Shirley. 

Inactivation of surficial sediment P is a well-documented approach, with aluminum the most 

common P inactivator. An area of at least 70 acres would need to be treated (all area >9 feet 

deep), and treatment of a greater area might be desirable, but data to determine the precise extent 

of a target treatment zone are currently lacking; more sediment testing would be needed. The 

extent of in-lake treatment necessary to control algae blooms is uncertain, however, and attention 

should probably first be focused on reducing watershed loading of P. 

 

The other aspect of surficial sediment that is problematic is the resuspension of organic particles 

by wind and boat activity. With an average depth of just over 7 feet, wind or motorized 

watercraft will cause sediment resuspension, and low density organic matter may remain in the 

water column for days at a time, creating turbidity additional to that caused by algae. It is not 

clear how much of this effect is due to wind and how much to boats, but observations during 
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sampling trips did indicate that boats were a factor. Checking turbidity on a daily basis during 

weekdays and weekends, during sunny weather and rainy periods, and during windy conditions 

and calm days is not difficult and would elucidate the relative roles of weather and boats on non-

algal turbidity. Such studies have been conducted elsewhere with variable but conclusive results. 

 

If sediment resuspension is to be reduced, either the factors causing the resuspension might be 

regulated (boats only, as wind is not subject to management), or the sediment could be removed 

to a point where induced mixing does not reach the sediment surface. Dredging would represent 

true restoration of Lake Shirley, and might solve multiple problems (sediment resuspension, 

excessive plant growth, some algae blooms), but is very expensive and not easy to permit in 

Massachusetts.   

 

Rooted plant nuisances and algae blooms can also be attacked directly through herbicides and 

algaecides, and those have been mainstays of recent management in Lake Shirley. The use of 

herbicides by has not been excessive, partly from concern over impacts through the permit 

system and partly due to cost, and control of rooted plants has not been extreme. Habitat value 

for fish and other water-dependent organisms does not appear to have been compromised, 

although no detailed studies have been conducted. The lake is certainly not devoid of plants. Use 

of copper as a control on algae, especially cyanobacteria, has been conducted fairly scientifically 

over the past two years, with algae concentrations tracked and copper applied before a bloom has 

truly formed. In both 2016 and 2017 a single, well-timed treatment prevented major 

cyanobacteria bloom formation. Failure to treat in that manner allowed a major cyanobacteria 

bloom in 2015. 

 

Peroxide-based algaecides could be considered in place of copper, but there is little risk of 

collateral damage from copper in this system with one treatment per year. Reducing nutrients, 

especially P, is the preferable strategy, but will be more costly and take longer than use of 

algaecides. Maintaining the option to use an algaecide while working toward P control is a sound 

strategy. 

 

Adjustment of the management plan put forth by SOLitude in 2017 will require discussion by the 

LSIC and the regulatory community, consideration of funding sources, and additional planning. 

Some form of P control for the two main tributaries discharging to Lake Shirley should be the 

top longer term priority, with herbicides, algaecides, and possibly P inactivation for surficial 

sediments used as interim and supplemental methods. The drawdown may be a useful 

management tool as well, but we do not have enough information to properly evaluate all aspects 

of drawdown at this time. 



 

 

ATTACHMENT C – Well Use Questionnaire 

 

 

 

 

 

 



Dear Lake Residents: 

The Lake Shirley Improvement Corporation (LSIC) is working with the Lunenburg Conversation 
Commission on the LSIC Order of Conditions (available at www.lakeshirley.com) for our Weed 
and Algae treatments. The commission requested that the LSIC create a Lake Management Plan 
(LMP) (available at www.lakeshirley.com) for Lake Shirley. Within that LMP there is a section 
pertaining to our yearly drawdown.  

The LSIC conducts successful drawdowns yearly.  

Benefits of Water Level Drawdown: 

1. Control certain aquatic plants that grow in shallow water by exposing the root systems to 
drying and freezing.  

2. Allow access to the shoreline for structural maintenance, debris cleanup, and sediment 
removal.  

3. Protect shoreline structures from ice damage. 

4. Increase flood storage capacity of the lake.  

Potential Detriments or Impacts of Water Level Drawdown  

1.  Shallow wells located near the shoreline can lose water supply during a deep drawdown. 

2. A lower water level can move fish that require vegetation for concealment out to deeper water 
where they are susceptible to predation. 

3. Limits the availability of near-shore ice cover for skating.  

In years past with our yearly drawdown, we are able to achieve a 5 ½ to 6-foot drawdown, and 
then the LSIC and Conservation start to receive notification of issues with shallow well.  

An action in the LMP section 6.1.1. Drawdown is that the LSIC “Inventory number and location 
of shallow wells around the lake that have been or could be affected by a deeper drawdown (>6 
feet).” 

6.1.1. Drawdown 

The current drawdown practice is providing a definite benefit in reducing nuisance plant growth 
and will be continued.  As a deeper drawdown is likely to provide added benefit but is currently 
limited by effects on private wells and further assessment is required. There may also be a 
benefit to varying the level of drawdown from year to year.  The LSIC has established the 
following goals to further assess the practice of drawdown at Lake Shirley. 

  Review drawdown assessments and recommendations in previous studies. 

  Inventory number and location of shallow wells around the lake that have been or could be 
affected by a deeper drawdown (>6 feet). 



  Investigate the feasibility of providing alternate water sources for the affected wells. 

 Research current bathymetry data and assess the need for additional bathymetric surveys. 

 Assess the outlet structure for lowering ability. 

 Research and assess whether or not a variable depth drawdown is appropriate for Lake Shirley. 

 

We are asking if you could, please help us with bullet “Inventory number and location of shallow 
wells around the lake that have been or could be affected by a deeper drawdown (>6 feet). 

The LSIC is sending this out electronically and by US mail to all residents and asking if you 
could please provide/complete the survey.  

Thank you for your cooperation, have a safe, healthy, and happy winter season.  

 

Joanna Bilotta 

LSIC President 



LAKE SHIRLEY 
WELL USE QUESTIONNAIRE 

 
 
Attention Shoreline Property Owners!! 
 
In an effort to evaluate the continued use of winter drawdown at Lake Shirley, the Lake 
Shirley Improvement Corporation (LSIC) is requesting that each lakefront homeowner 
provide information on their private wells. 
 
Please answer the following questions: 

1) Do you have a private well? _____ yes ______ no 

2) Is the well a shallow dug/infiltration well   or a drilled/artesian well  

3) How far from the edge of the lake is the well located?   feet. 

4)  How deep is the well? ________ feet 

5) What do you use the well water for?     

____drinking or cooking  

____showering or bathing 

____watering lawn or garden 

____flushing toilets  

____watering livestock    

____washing clothes or dishes 

____other uses (please specify below) 

6) In the past, have you experienced any problems using your well when the lake was or was being drawdown 
for the winter?  _____ yes ______ no.  Did you notify the LSIC?  _____ yes ______ no. 

7)  Do you have an alternate source of water (i.e. town water, second well, etc.)  _____ yes ______ no 

8)  Is this a year-round residence? _____ yes ______ no 

 
Below, please fill in your name and address and mark the approximate location of your 
property on the map of the Lake on the reverse side. 

         Lake Address     Primary or Winter Residence (if different) 

Name: _________________________________             _____________________________  

Street/Lot #: ______________________________             _____________________________  

State/Zip: ________________________________             _____________________________  

Phone (days): _____________________________              _____________________________  

 
 
Please Return This Form On or Before            To: 
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