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MEMO 
 
Date: December 5th, 2016 
 
To:  Curtis Rand – First Selectman; Salisbury, Connecticut 
        Carey Fiertz – President; Twin Lakes Association 
 
From: Aquatic Ecosystem Research – 1204 Main St. #161; Branford, CT 06405 
 
RE: Data Analysis 
 
 
Dear Curtis and Carey, 
 
Thank you for choosing Aquatic Ecosystem Research to assist you in the conservation 
of the beautiful Twin Lakes ecosystem.  We are writing to provide you with an update 
regarding the data analysis that has recently been completed.  We have summarized 
some of the key points and provided you with some recommendations for 2017 lake 
management initiatives. 
 
If you have any questions or comments, do not hesitate to contact us.  Again, thank 
your for your business and we look forward to working with you to help you achieve 
your conservation goals. 
 
Sincerely, 
AQUATIC ECOSYSTEM RESEARCH 

 
Mark June-Wells, Ph.D. 
NALMS Certified Lake Manager 
ESA Certified Ecologist 
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INTRODUCTION 
 
Data was obtained from a variety of sources including Solitude Lake Management and 
Connecticut Department of Energy and Environmental Protection.  Those data, which 
spanned the years of 2004 through 2015 were compiled by AER staff in to a united, 
uniform database.  Data that were compiled included temperature and oxygen profile 
data, aqueous nutrient data, pelagic algae community data, aquatic macrophyte data, 
and fisheries data.   
 
Following the compilation process, data were evaluated for consistency and data 
structural features including normality, equality of variances, skewedness, and 
kurtosis.  Then data were analyzed using a variety of univariate and multivariate 
techniques. 
 
This memo is intended to provide a brief overview of the notable findings.  Here we 
solely present the most important data features and trends.  Finally, we have also 
provided a series of initiatives to consider for the 2017 season because the current 
schedule for the completion of the final report may inhibit your fiscal planning process.  
Therefore, the initiatives presented here will afford you the ability to plan for the 2017 
summer season. 
 
 
DATA STRUCTURAL FEATURES 
 
The following section outlines findings from the data QA processes.  Each important 
finding is individually presented. 
 

1) Data Consistency 
a. Water quality data was not measured in a consistent manner from year 

to year.  There were multiple problems with the water quality data 
collection protocol.  They are: 

i. Dissolved oxygen and temperature profiles were never 
developed through the full water volume of East Twin Lake.  The 
maximum depth the lake is 25m and Solitude Lake Management 
only developed the temperature and dissolved oxygen profiles to 
a depth between 10 and 20m. 

1. This structural feature of the current water quality 
monitoring protocol does not afford the ability to 
construct a lake oxygen budget or assess the flux of 
nutrients from the sediment surface. 

2. Hypolimnetic (bottom) nutrient tests were also not taken 
close to the sediment surface; instead they were taken at 
a depth of 20m.  This further complicates developing a 
nutrient budget for the lake. 

ii. The intervals at which nutrients, algae, and thermal/oxygen 
profiles were assessed differed from year to year. 

1. This structural feature of the current water quality 
monitoring protocol makes comparing chemical features 
from year to year difficult.  Essentially, the strategy for 
analyzing the lakes water quality is not standardized. 
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2. There are currently 3 yearly examinations of water quality.  
This means that there are large gaps in the dataset, which 
further complicates developing nutrient budgets and 
ecologically relevant trends in the system. 

iii. Overall, the water quality monitoring program requires 
standardization.  By continuing to implement a program that is 
inconsistent and incomplete, you compromise the value of this 
management initiative from both fiscal and ecological 
perspectives. 

 
2) Reduction of Water Quality Monitoring Scope 

a. Throughout the years, the scope of the water quality monitoring 
program has been reduced.  Initially, the program spanned four months 
and two lakes.  Since its inception, the number of visits per year has 
been reduced to 3, the number of variables collected has been reduced 
by 2, and all monitoring of West Twin Lake ceased after 2011. 

b. From an ecological perspective, this compromises data value in 
management decision making; and, from a budgetary perspective there 
should have been reductions in project cost that coincided with the 
reductions in project scope. 

 
3) Data Structure 

a. The dataset differed from some of the statistically important structural 
features such as normality. 

b. This is not a major issue in the sense that AER’s statistician can 
compensate for these shortcomings through the use of non-parametric 
or permuted parametric statistical tests. 

c. This is a common feature of ecological data and there is no fault 
associated with this finding. 

 
SUMMARY OF IMPORTANT FINDINGS 
 
The following is not an exhaustive overview of the data analytics.  Here we present the 
most important findings.  A full review of the data analysis will be presented in the final 
lake management plan. 
 

1) Water Quality 
a. There has been a significant increase in the amount of late season 

phosphorus present in the hypolimnion (bottom waters) since 2004.  
Total phosphorus in the hypolimnion reaches its maximum in 
September-October; however due to the data collection strategies that 
are being implemented, there is no way to relate this finding to other 
important chemical features such as oxygen. 

i. Phosphorus fuels algae growth, particularly in lakes that are 
phosphorus limited like Twin Lakes. 

ii. Additionally, hypolimnetic phosphorus concentration coincides 
with increased algae blooms; especially blue-green algae. 

iii. This trend is particularly concerning because the Twin Lakes are 
a hard water system where carbon dioxide is not the major form 
of carbon available to algae.  Bicarbonate is the major source of 
carbon that can be used by the algal community.  There is a 
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strong relationship between bicarbonate availability and blue 
green algae. 

1. Since the Twin Lakes are rich in bicarbonate and 
historically poor in phosphorus, if hypolimnetic 
phosphorus continues to increase AER expects that blue 
green algae will continue to expand their population size, 
which might result in significant blooms. 

a. It should be noted that blue green algae do pose 
some risk to human health because some genera 
release cyanotoxins that can impact the skin, 
hepatic system, or nervous system. 

b. Water clarity has changed significantly since 2004. 
i. From 2004 to 2008, there was a linear decrease in average 

water transparency. 
ii. In 2008, that trend stabilized and now the average water clarity 

is ~5.5m (18.4ft). 
2) Algal Community 

a. The total number of algal cells present in the water column has 
increased in a significant fashion since 2004.  Prior to 2012, there was 
an average of 12,000cells per milliliter of water.  From 2012 to 2015, the 
average number of cells per milliliter of water was 45,000, which is 
nearly a 4-fold increase. 

b. Algae community diversity has decreased significantly.  This means that 
where there was once a community shared by numerous genera in an 
even manner, there is now a community that is dominated by one group 
of algae. 

c. Blue green algae now dominate the pelagic algal community.  Pre-2012, 
blue green algae comprised 80% of the late season algae community.  
They now comprise 95-100% of the late season community. 

i. There has been a shift in the balance of the algae community; 
due to the inconsistencies of the sampling protocol it is difficult 
to determine what shift has caused the change in the algal 
community composition. 

 
FY2017 MANAGEMENT RECOMMENDATIONS 
 
The following are a set of management initiatives that should be considered for the 
FY-2017 summer season. 
 

1) Water Quality Monitoring 
a. Based on the lack of continuity and consistency encountered in the 

water quality monitoring data set, AER recommends that a third party be 
used to evaluate the water quality of the Twin Lakes.   

b. It might also be valuable to develop a QAPP to direct the monitoring 
program if different vendors are used throughout the years. 

2) Rare Plant Survey 
a. The last rare plant survey occurred in 2002.  Future herbicide permitting 

will likely require a new survey soon. 
3) East Twin Boat Lane Construction 

a. As outlined in the previously delivered memo, AER proposes that a boat 
lane be constructed through the lilies to the wetland on the northern 
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side of the East Twin Lake.  This will enhance recreational opportunities 
and increase the flow of water into East Twin Lake (See Appendix). 

4) Maintenance of the Causeway Underpass 
a. Debris accumulates at the point in the lake; the debris inhibits boat 

access and promotes aquatic vegetation.  This area should be cleared of 
debris yearly. 

5) Hydroraking – Northwest Corner of West Twin Lake 
a. The northwest portion of West Twin Lake is currently inundated with 

sediment and lily-species.  It would greatly improve recreational access 
for residents in this area; additionally, it would improve water flow out of 
the system (See Appendix). 

6) Lily Management 
a. The rowing lanes of West Twin Lake are currently being encroached 

upon by lily-species.  Managing these lilies with a hydrorake would 
improve usability (See Appendix). 
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APPENDIX 
 
Figure 1: 
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Figure 2: 
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Figure 3: 
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