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1.0 INTRODUCTION

The Town of Hull, in partnership with The Town of Cohasset and a private organization, the
Straits Pond Watershed Association (SPWA), and other locad partners, has initiated a long-term
watershed management planning effort a Straits Pond (“Pond’).  This report specificaly
describes issues and recommendations involving the application of the pedticide temephos (trade
name Abate) as a short-term measure for the control of non-biting midges (Chironomys sp.).
Concern over midge infestation and increesng aguetic nuisance vegeation, primarily floaing
dgd mats, and concerns about water qudity prompted the initiation of a midge montoring
program and limnologica invedigation & Straits Pond located in the towns of Hull and
Cohasset, Massachusetts.  Environmentd Science Services, Inc. (ESS) conducted the study
during late spring, summer, and early fdl of 2001. The invedtigation incuded an evduation of
watershed features as well as the physica, chemicd, and biologicd features of the lake. The
gods of the investigation wereto:

?? Deemine the effectiveness of Abate gpplication through monitoring midge lavae
digtribution and population;

?? Assurethat Abate is being applied appropriately so asto be both safe and effective;

?? evauae the need for Abate gpplication in generd, as well as to evauate options for agee
contral;

?? BEvduate water qudlity, aguatic vegetation, and watershed influences in relaion to midge
population and distribution; and

?? Deveop asat of management recommendations based on the findings of this study.

The investigation of Straits Pond consisted of the following key components:

Pre- and Post- Abate Application Monitoring Program Design

Water Qudity Monitoring

Sediment Midge Larvae Monitoring

Survey of Aquatic Vegetation

Definition of “Nuisance Conditions’ and Adult Midge Monitoring Training and Guidance
Preparation of Management Recommendations Find Report

33 3333

This report summarizes the gpproach and results for this monitoring program, discusses midge
management  feasbility of management dAternaives, and provides midge management
recommendations for Straits Pond and its watershed.
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2.0 BACKGROUND

This section includes a higory of Strats Pond and its management, a discusson of midge
biology and population dynamics, and an overview of chemicd trestment conducted & Straits
Pond.

2.1 Higtory of Straits Pond and |ts M anagement

Like many hydrologicaly-restricted lakes and ponds across Massachusetts and elsewhere,
Straits Pond has a serious eutrophication problem.  Origindly a sdt marsh dammed in the
late 1700s to support mill operations, Straits Pond has become progressively fresher and
more phosphorus-limited over time. Until very recently, septage emptied directly into the
Pond dong with the unmitigated stormwater and landscape runoff that continues today,
exacerbating this nutrient imbaance. Substantial amounts of phosphorus have accumulated
in the Pond's organic sediments (IEP, 1980), cregting a ready source of this nutrient that is
released when dissolved oxygen (DO) drops sufficiently in the Pond' s bottom waters.

Since the late 1800s, to varying degrees, Straits Pond watershed residents have endured the
growth of nuisance aguatic weeds (eg., dgae blooms), fish kills, dense swarms of midges,
and foul odors emanating from the Pond. Today, as the naurd biodiversty of the Pond has
been dtered through increased pollution, sedimentation, and the spread of invasive species,
these problems have grown exponentidly. Every spring, as water temperatures rise in this
shalow coastd pond, DO levels drop and swarms of non-biting adult midges emerge,
impairing the qudity of life — and in some cases, hedth — of locd resdents As the spring
turns to summer, the Pond's surface becomes covered in thick mats of dgae, and its bottom
is choked by widgeongrass (Ruppia maritima) and pondweed (Potamageton pectinatus).
These rooted plants feed on nutrients in pond sediments, effectively recycling these nutrients
to the pond bottom as they die and decompose in late summer-ealy fdl. All of these
conditions favor the hearty midge — an insect both tolerant of and a visble indicator of
polluted, oxygenstarved environments — over more desirable finfish and benthic organisms,
many of them midge predators.

Efforts to eradicate midges through the gpplication of chemicd pedicides have had limited
success a achieving long-term insect control (MA DPH, 1953; Beres and Burbank, 1992;
Beres et d., 1994) and have done nothing to address the root causes of midge infestation:
nutrient enrichment and hydrologic redriction. However, dgnificant dtrides have been made
to reduce nutrient inputs to the Pond via both in-lake and watershed approaches.
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A 2001 USGS topographic map was used to identify the watershed of Straits Pond (Figure
1). Although this is likely to be a very close approximation of the true watershed boundary,
it is possble that the sorm drainage systems in the watershed might not mirror surface

topography.

Hull, Cohasset, and Hingham — the three towns containing the Strait’'s Pond watershed —
continue to make ggnificant investments in sawerage improvements, and have now sewered
much of the watershed, with assgtance from the DEP's State Revolving Fund (SRF). In
1999, Hull upgraded the derdict tide gate controlling the exchange of seawater to and from
the Pond and hired a locad resdent to operate the gate in a manner that alows more
flexibility in the management of tidal exchange and protects properties around the Pond from
flooding. In 1986, Sraits Pond and the Wer River Estuary became one of the
Commonwedth’s first Areas of Critical Environmenta Concern (ACEC). In 1992 and 1994,
teachers and students at Hull High School and South Shore Charter School conducted two
extensve sudies of midge populations in Straits Pond (Beres and Burbank, 1992 and Beres
e d., 1994). These dudies involved fiddld sampling and laboratory investigations which
found midges taken from the Pond ceased to pupate and often died a sdinities greater than
18 ppt (Beres and Burbank, 1992 and Beres e d., 1994). Recent sdinities measured in
Straits Pond ranged from 10.26-11.43 ppt (ENSR, 2001). Beres and Burbank (1992) and
Beres et d. (1994) dso obsarved that fish such as mummichogs and sriped killifish fed
extensvely on Straits Pond midges but ceased to prey and died off with incressng water
temperatures (>807F) and low oxygen conditions (typicaly < 6.0 mg/L).

In Spring 2001, Hull and Cohasset teamed up to fund an assessment of the effectiveness of
their chemicd midge control drategy and produce the Pond's firg full-fledged management
plan (this document). Hull consarvation officids have snce characterized watershed sub-
drainage aress in preparation for design of gppropriate stormwater treatment measures.  Hull
recently received a Coasta Pollution Remediation Grant from Massachusetts Coastal Zone
Management Program to begin implementation of these measures. Students  from
Wentworth Inditute of Technology recently developed conceptud designs for specidized
caich basns, condructed wetlands, detention facilities, and other Stormwater trestment
devices for the Pond.

SPWA, in patnership with the towns ad date environmentd agencies, has hosted two
Biodiversty Days, organized Coast Sweep cleanups, led bird waks and coastal geology
tours, and produced and circulated watershed management outreach brochures. SPWA and
locd municipd officids have worked closdy with the Weir River Watershed Association
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(WRWA) and the dae environmentd agencies to devdop watershed plans for the
Weymouth-Weir and Boston Harbor watersheds. The Hingham Sedectmen appointed a
Streamflow Task Force to coordinate with the EOEA, DEM, and their consultant, GZA, on a
dreamflow and water budget study for the Weir River watershed. The Task Force dso
supported fish passage and other habitat restoration projects at Foundry Pond and other Stes
in the watershed. Recently, at the behest of locad environmentdidts, the private company that
supplies water to pats of Hull, Hingham, and Cohasset, the Massachusetts American
Company, agreed to fund maintenance of a red-time streamflow monitoring gauge on the
Wer River. SPWA and WRWA ae adso working with EOEA’s Boston Harbor Watershed
Team to implement water qudity sampling and naturd resource inventories in the Wer and
Straits Pond watersheds.

To be sure, the active resdents and officids of this watershed have done a lot toward
resoring the environmentd integrity and biodiversty of Srats Pond.  Stll, inhibited tidd
flushing and poor water circulation limit the Pond's ability to dear itsdf of its legacy of
nutrient enrichment.  In the late 1940s, the footbridge leading out to the unnamed idand on
the northwestern sde of the Pond (now part of the Coleman property) collapsed. The bridge
was replaced with a fill causeway with undersized culverts to adequately circulate water. The
culverts quickly filled in with sediment. The idand is now a de facto peninsula into the
center of the Pond, blocking water circulation and contributing to stagnation and invasive
plant growth. The current landowner has submitted a letter to the SPWA expressng his
interest in seeing the idand become conservation land.

At about the same time the culverts were inddled, as the fird Straits Pond tide gate was
being built to replace the old flashboard dam control Structure a the outlet to the Wer River
estuary, cobble fill was placed dong a bedrock/ledge feature at the western end of the Pond
cregting a temporary impoundment to dlow condruction to teke place in the dry. This
cobble fill was never fully removed and, together with a portion of the ledge, the fill redtricts
tidal exchange and prevents complete flushing of the Pond at low tide.

2.2 Midge Biology and Population Dynamics

Larvd growth rates of aguatic insects including midges are based largely on the totd length
of time avalable for growth and the biomass accumulation rate of the larvae. Temperature
aone has not been found to be as important as degree-day accumulation in terms of larva
development (Resh and Rosenberg, 1984). The degree-day accumulation for any given day
is defined as the difference in degrees between the mean daly temperaiures and the
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devdopmental threshold. The avalable scientific literature on this subject suggest that the
number of degree days needed to complete development for a given species is congtant (Resh
and Rosenberg, 1984). However, only a few studies have been conducted to determine the
number of degree-days needed to complete larval development for particular species or in
paticular habitats.  Therefore, there is no specific degree-day development threshold
available for midges in Straits Pond. However, the literature suggests that a warmer winter
and early soring would result in an earlier emergence of midge pupae from Pond sediments
and adults from the Pond. This is an important consideration in the design of future midge
monitoring and management plans for the Pond.

Voaltinism is the frequency with which aguetic insect life cycdles are completed. Midges are
known to complete more or less life cycles based on the cimatic zone in which they live
(Resh and Rosenberg, 1984). In the northeastern U.S,, midges have generaly been found to
complete between two and three life-cycles per year. Beres and Burbank (1992) and Beres et
d. (1994) found that an initid midge emergence from Straits Pond sediments occurred in
goproximately mid-April, with subsequent emergences in June and Augus, and a decline in
midge populations in September.  During pesk emergence, large numbers of these midges
inundate resdentid areass caudng annoyance and public hedth risks due to inhdation and
respiratory effects, according to Hull Board of Hedth declarations. Midge larvae growth and
development may be enhanced in nutrient rich waters (PPCP, 2000), and the presence of
certain midge species may be indicative of excessve organic and nutrient inputs in the Pond
(Webb, 1999).

2.3 Abate Application at Straits Pond

Under Emergency Declarations issued by the Board of Hedth, the Town has applied
insecticides to Straits Pond to control midge infestations and protect the public from
asociated inhdation and ingestion risks snce the 1950s.  Recent midge control efforts
include the annua application of Abate, an agent which targets the larva stage of midge
development. Abate is idedly agpplied in late March before the first generation of over-
wintering larvae complete the maturation process and emerge from the Pond as adults, and
Abate has been applied to Straits Pond in order to control midge populations for each of the
past sx years (Lee Lyman — pers. comm., 2001). In early 2001, members of the Hull
Conservation Commisson requested that the Town provide additiond information on midge
management and Abate gpplication a the Pond. Given the absence of gpplicable long-term
midge population dendty data from Straits Pond in relation to Abate gpplication, the Abate
application proposed by the Town and ESS for 2001 was a routine gpplication based on past
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prectice, data avaladle in published literature, and the manufacturer's requirements. The
Town and ESS recommended that Abate be applied in April just prior to the reported initid
emergence period of adult flies from the Pond.

In March 2001, the Town received approva from the Hull Conservation Commisson to
aoply a pdleized form of Abate containing 1% temephos (active ingredient) for one year
subject to renewd for years two and three based on the Commisson’s review of monitoring
data Thefollowing isan excerpt from that Order:

“The treatment to control the populaion of non-hiting midges is limited to the use
of Abate™ 1-SG (active ingredient, Temephos). This gpprovd is limited to one
year (2001), subject to renewa for the remaining two years (2002 & 2003) of this
order. Following the first year gpplication and prior to December 31, 2001, the
goplicant shal present to the Commission the results of their work to develop a
threshold larvee densty to govern future gpplications. This report shdl be the
precursor for a renewa request and no guarantee is made that subsequent
gpprovas will be granted by the Commission.”

The application was contracted to a licensed commercid applicator who applied the materia
in concentrations required by the manufacturer for control of mosguitoes and midge larvae in
“shdlow ponds and lakes” This concentration, as specified by the manufacturer, was 5-10
Ibs. of formulated product per acre, resulting in the gpplication of 0.05 — 0.1 pounds of
temephos per acre. Abate is gpplied directly to the water column and acts on organisms both
in the water column and in surface sdiments. According to the manufacturers description of
the product, Abate is generdly not persgent in the environment and disspates reldively
soon after application.  Therefore, the effect of the chemical is to kill midges present a the
time of gpplication but not for any considerable period theresfter.
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3.0 STUDY APPROACH

Monitoring midge larvae populations, the efficacy of Abate applications, aguetic vegetation, and
water qudity will provide essentid basdine information for the development of the Long-Term
midge Management Plan.

3.1 Study Methods and | mplementation

3.1.1 Sample Site Selection

Based on discussons with the Hull Conservation Agent and SPWA as wdl as
observations of Pond conditions such as water circulation patterns and watershed land use
and topography, 10 midge sampling transects were selected. Transects were dso Sted to
provide thorough coverage of the Pond and coverage of a variety of habitat conditions.
Habitat conditions observed at these Stes are presented in Attachment A.  Sediment grab
samples were collected dong each of the 10 transects within three discrete pond zones: 1)
nearshore areas, 2) mid-depth/offshore areas, and 3) deepwater areas. These zones were
sdected in order to determine if there were any dgnificant differences in the
effectiveness of current Abate application protocols with water depth and distance from
shore. Hull officids who had observed the Abate application process hypothesized that
the Abae application vessel (an arboa) was goplying the chemicd in higher
concentrations in deeper portions of the Pond because the vessel could not access
shdlower areas due to its draft requirements, particularly when fully loaded with Abate.
In order to test this hypothesis, nearshore aress were located a& an gpproximate water
depth of 2 feet and at an approximate distance from shore of 10 feet, offshore areas were
located at an approximate water depth of 3 feet and an gpproximate distance from shore
of 100 feet, and deepwater areas were located at an approximate water depth of 4 feet and
an gpproximate distance from shore of 500 feet, with sample locations Sted in each area.
In total, three grab samples were sampled each round along the 10 transects, for a total of
30 samples per round.

3.1.2 Sample Site and Bathymetric M apping

Pond sampling locations were recorded and accurately transcribed onto a Pond locus map
(Figure 2). In addition, water depth measurements were collected at each midge sampling
location and depth contours were developed and incorporated into the locus map. The
Town and/or its consultant may use this locetionad informaion to return to the same
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sample locations for future rounds of midge lavae population monitoring, should
additional sampling be necessary.

3.1.3 Midge L arvae Sampling M ethodology

Midge sampling was performed usng an 6” x 6" Ekman dredge from an ESS motorized
boat dong the 10 predefined transects. At each sampling location, a pre-cleaned Ekman
dredge was used to retrieve one grab sample. Grab samples are preferred over cores for
mogt invertebrate sampling dudies since this method preferentidly collects the upper
oxygenated layers of the pond's subgrate where biologic activity is typicaly grested.
Upon retrieval, excess water and fine sediment were drained out of the sample by placing
the grab sample into a 3 gdlon bucket deve with a 541 um (#30 mesh) bottom.
Extraneous debris remaining in the bucket was removed by hand or was removed by
repeasted washings. After each sample had been adequatdy washed, dl resdud materid
remaning in the bucket was transferred to a 10 inch x 14 inch plagtic gridlined tray with
two deineated sections. Resdud materid was then evenly didtributed dong bottom of
tray, and ESS personnel counted the number of midge larvae present in one randomly
sdected quadrat per sample. Only 3 dead midge larvee were identified in samples
collected during the 4/19/01 post-Abate sampling effort.  All midge larvae counted were
dive (i.e, red and wriggling) a the time of sampling. The number of midges counted in
the quadrat was then multiplied by two (the tota number of sections in the tray) and then
divided by the surface collecting area of the dredge. The dredge surface area (36 square
inches) was then multiplied by a conversion factor of 50 in order to provide the number
of midges per square meter. Severad voucher specimens of midges were collected and
preserved in ethyl dcohol for future reference. Dredge and bucket seve were thoroughly
washed immediately folloning each grab sample enumeration.

3.1.4 Midge Sampling Schedule

A totd of dx rounds of fidd sampling (midge monitoring) and investigation were
conducted a Straits Pond. ESS personnd conducted initid fidd sampling (midge
monitoring) and invedtigation efforts on 3/28/01 and 4/19/01. The pedticide Abate was
applied to the Pond by Lycott Environmental on 4/11/01 in between these two rounds of
sampling. An additiond four (4) rounds of monitoring were conducted on 6/4/01, 7/6/01,
8/13/01, and 9/28/01. The results of the 2001 ESS midge enumeration are presented in
Tables1 and 2.
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3.1.5 Water Quality Monitoring

ESS personnd measured water temperature, DO, pH, sdinity, and conductivity dong
sample transects during each sample round. In addition, ESS sampled water qudity at
two locations in Straits Pond on 9/28/01 in order to characterize exising water qudity
conditions in the Pond. Water qudity was sampled a one appropriate deep-water
location (SP-1), both at the surface and bottom (to differentiate any potentid sdt-wedge
related issues), and at one location near the outlet of the pond (SP-2) for a totd of three
samples (see Figure 2). These samples were andyzed for fecd coliform, E. cali, totd
phosphorus, dissolved phosphorus, tota Kjeldahl nitrogen, tota suspended solids (TSS),
DO, temperature, pH, <dinity, and conductivity. Sampling, andydss and reporting
protocols accepted by MADEP and USEPA were followed, and a MADEP certified
laboratory was used to andyze samples. A discusson of results from this sampling is
presented in Section 4.2.

At each location, ESS personnd collected surface water samples in laboratory cleaned
and labeled sample bottles from just benesth the water surface at an appropriate distance
from the bank or submerged obstacles via the direct grab method. Bottom water samples
were collected via a van dorn bottle. A summary of water quaity sampling/laboratory
parametersis provided in Table 3.

Additiond water qudity measurements were collected in the fidd by ESS usng
insrumentation according to ESS MADEP approved Standard Operating Guiddines.
Measurements at each sampling ste included pH, specific conductance, temperature, and
DO. Fedd measurements were taken directly in the water column. A summary of weter
quality parameters that were measured in the field is provided in Table 4.

3.1 6 Aquatic Vegetation Survey

ESS conducted a survey of aquatic vegetation, and macroscopic dgee a the Pond on
8/13/01. Transects were established relative b in-pond conditions such as water depth,
cove isolation, length of littord zone, and past observation of aguatic plants. At
regularly-spaced sample dations along the transects, observed aguatic plant species were
liged and prioritized by dominance. Measurements of percent cover and bio-volume (a
volumetric measure which varies by depth of vegedive materid in a pre-defined sample
areq) of aguatic vegetation were adso be made, and samples were categorized at each
dation for both cover and bio-vaume as follows: 0-25%, 26-50%, 51-75%, or 76-100%.
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A map of aguatic plant didribution a the time of sampling is included as Figure 3. In
addition, a plant species list and percent cover and bio-volume measures conducted aong
transects are presented in Tables 5 and 6, respectively.

3.1.7 Adult Midge Monitoring Training and Guidance

In Spring 2001, ESS conducted a training sesson for SPWA members and others
interested in  monitoring adult midges. ESS recommended gppropricte sampling
protocols and provided implementation guidance. The population of post-emergent adult
midges was sampled at least weekly using light traps set a 10 locations (each associated
with a transect) dong the Pond shore for an edtablished period during April through
September.  These samplers were checked, and captured adult midges were enumerated.
Unfortunately, this method of monitoring proved unsuccessful due to wesather and Pond
conditions experienced a Straits Pond during the study period.

3.1.8 Egtablishment of Definition of “ Nuisance Conditions’

The Town has proposed applications of Abate in 2002 and 2003 as part of an Integrated
Pest Management (IPM) concept, applications triggered by the results of ste-specific
monitoring of midge larvae populatiion densty. The Town has dso stated that Abate
applications proposed for 2002 and 2003 will only be made when midge lavae
population dendgty exceeds threshold vaues developed through the monitoring of the
2001 Abate application.

In generd, IPM suggests that chemical treatments not be applied as a matter of routine,
but only when specific dte monitoring indicates that pest dendty is aove a certan
“trigger” threshold. Depending on the pest vector to be controlled, threshold vaues may
be reported in larvae per square meter, insects per unit volume, rodents per acre, or other
densty messure. There is no trigger threshold vaue for nuisance midge populations
reported in the avalable literature.  Specific discussons with both Norfolk County and
Pymouth County Mosquito Control Digtricts, both the Northeastern and Southeastern
Regiond Offices of the Depatment of Environmenta Protection, the MA Office of
Coadd Zone Management, and Town of Scituate Conservation Commisson dteff
(regarding midge control as Musquashcut Pond) adso disclosed no specific trigger
threshold value for midge control.
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Without any pre-existing IPM threshold upon which to rely, ESS proposed to develop
threshold midge larvae densties by sampling the pre-gpplication midge larvae population
and monitoring the concentration of adult midges and midge larvee & one-month
intervals throughout the 2001 midge season. This information has generated data on the
ovead| efficency of Abate as a short-term control agent, the re-growth of the midge
population following control efforts, and provided a basis for use of a threshold larvae
dengty for potentid Abate gpplications in 2002 and 2003. In addition to field monitoring
data, literature research on midges was conducted via both library and internet searches
and through didogue with paticipants on the “midge ligsarve” a web-based
cdearinghouse of current midge information, and informd interviews were conducted
with Town officids and locd resdents. Results of this research are presented in Section
4.5,
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4.0 STUDY RESULTS

An analyss of potentia trends and issues of concern was performed based on pre- (3/28/01) and
post- (4/19/01) Abate gpplication midge larvae monitoring in Straits Pond as well as overdl
midge monitoring results.  Summary data collected and analyzed by ESS are presented in Tables
1, 2, and 5 through 16 and Figures 4 through 8. Key findings of this andyss are presented
below.

4.1 Pre-to Post-Abate Application Midge Monitoring Results

ESS daff andyzed midge concentration data usng Andyss of Variance (ANOVA)
datigticd tests to determine if midge concentrations varied dgnificantly between pre- and
post-Abate application sample dates (Table 7). Means of pre-Abate application samples vs.
post-Abate application samples were compared for 3/28/01 (pre-) vs. 4/19/01 (post-) as well
as for 3/28/01 (pre-) vs. the mean of 6/4/01, 7/6/01, 8/13/01, and 9/28/01 (all post-). Overdl
pre- and post-Abate gpplication transect means were compared as well as means of samples
collected in the nearshore, offshore, and degpwater zones (Tables 8-10; Figures 6-8).

The reaults of this anadyds varied based on the water depth (distance-from-shore) zone.
When the means of dl sites and zones (combined) were compared for pre- vs. post- and for
pre- vs. dl pod-, no sgnificant differences were found between the means (? < 0.05, see
Table 7). However, a dgnificant decrease in midge concentrations was found between the
deepwater pre- and post- means, while the offshore mean incressed dightly from pre- to
post- but did not increase dgnificantly (Table 9). No sgnificant difference was found for
nearshore means. However, mean midge populations were found to increase most in samples
collected in the nearshore zone. These results indicate that Abate may have been more
effective — or more effectively applied — in the offshore and despwater zones than in the
nearshore zone.

ESS dso examined midge concentration results found by Beres e a. (1994). The midge
larvae sampling methodology used by Beres et d. (1994) was essentidly the same as that
used by ESS, and the findings of the 1992-1994 study are reported in the same units used by
ESS. ESS ran an ANOVA test for the means of dl sites sampled on 6/12/94 (pre-) vs. 7/1/94
(post-) and found a dgnificant decrease in mean midge concentrations between 6/12/94 and
71194 (? < 0.05, see Table 11). Abate was applied to the Pond during this interim period on
6/23/94. However, midge concentration data from 1992-1994 (Beres et d., 1994) and data
from the present study indicate that midge concentrations in the Pond aso experience a
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naturd decline during this time of year (Figure 4 & 5), 0 some of this variance may be
explaned by these naturd changes in the midge life cycle. Beres et d. (1994) did not sample
in different water depth (distance-from-shore) zones, insead one sample was collected at
each sample location to represent that portion of the Pond. In addition, ESS compared the
means of higoric midge data (1992-1994) to the 2001 data for amilar seasond sampling
periods and these data suggest that there are significantly more midges reported in the present
study than in the 1992 and Beres et d. (1994; Tablel?2).

Of the 30 locations sampled by ESS, results a 13 of these indicated an ncrease in midge
concentrations from pre- (3/28/01) to post- (4/19/01) Abate application, with 14 showing an
gpparent decrease, and 3 showing no change (Tables 1 & 2; Figure 5). Sample T4-1, located
on the south shore of the Pond in Cohasset, had the highet midge larvae dengty of the
samples taken on both 3/28/01 and 4/19/01. The midge larvee dendity at this Ste more than
doubled from the first to the second sample round and was a full order of magnitude greater
on 4/19/01 than any of the other Stes sampled that day. This may indicate a source of
pollution in the vicinity of this dte, potentidly related to septic or sormwater discharge.  Site
T1-1 had the highest midge concentration for any sample date with 40,000 midge larva per
square meter on 6/4/01. T1-2 and T1-3 ds0 had reatively high concentrations that day.

Severd other dtes (eg., T1-2, T2-2, T5-3, T6-1 and T7-2) had high midge larvae dengties
relative to the other Stes sampled on 4/19/01, and sSte T6-1 had a rddivdy high
concentration on 6/4/01.

An analyss of potentia trends and issues of concern was performed based on overal 2001
midge larvae monitoring. The following findings are worth consdering:

?? Midge population densties generaly agppeared to increase just after Abate gpplication
in April, with populations remaining & or near April pos-application levels into June
and July. This increase was found to be datigticdly dgnificant usng an ANOVA test
(?<0.05; see Table 7).

?? Midge population dengties generdly appeared to decrease subgtantidly from March
(3/28/01) to August (8/13/01) and to September (9/28/01). These decreases were
found to be atistically sgnificant usng an ANOVA test (?< 0.05; see Table 7).

?? Midge population dengties generdly appeared to decrease subdantidly from July to
August, remaining a or near August (8/13/01) levelsinto September (9/28/01).

?7? A ddidicdly dgnificant (? < 0.05) increase in mean annud midge concentrations
can be seen in the ESS 2001 data as compared to data collected during both the 1992
and 1994 sampling seasons of the Beres et al. (1994) study (see Table 12).

z:\my documents\imy documents astraits pond-ess study \final ess\final report-rev6.doc



ESS Project No. H114-000, Midge Management Recommendations for Straits Pond
February 22, 2002 Page 14

4.2 Water Quality and Aquatic Vegetation Results

In generd, nutrient rich waers and reportedly poor water circulaion have resulted in
depressed DO levels in the deeper waters of the Pond during summer months.  These
conditions are favorable to midge growth and would not be conducive to a hedthy predator
base. Therefore, midges thrive during low DO conditions, which is evidenced by the peek in
midge concentrations during the lowest DO period which was found to be June-August
(Tables :2,13-14). It should aso be noted that the Pond dratifies from approximatey early
June through late Augudt, as indicated by the DO profiles for these months in Table 15. This
dratification further creates conditions a the sediment water interface that favor midges, as
few predators such as killifish can tolerate these low DO conditions. Furthermore, the poor
DO levels would reduce the likdihood for success of a pond management Srategy relying on
increasing the predator base aone. Even with more predators having access to the Pond,
these fish would not tend to utilize the deeper areas of the Pond as well as the shdlow aress
found to be extremdy low in DO. The Massachusetts Surface Water Quality Standards
(MADEP, 1998) establish a standard for DO in waterbodies of equa or greater than 5.0 mg/L
and grester than 60% saturation for Class B warmwater fisheries (BWWF) waters, the
classfication for Straits Pond (314 CMR, 1997). DO levels in Straits Pond were found to fal
below this level in deeper water samples in July and August but remained above 8.0 mg/L in
surface waters sampled during the study period (Table 15). Before a drategy can be
developed to help the Pond achieve this standard, better understanding of Pond water quality
under various mixing conditions (eg., wel-mixed, ealy drdification, draified) and the
typical seasond mixing cycles is required. A recommended monitoring Strategy that would
become part of the Pond’s IPM approach is provided in Section 6.

The issue of how nutrient concentrations influence both midge and aguatic plant populations
in the Pond is somewhat complex in coastad ponds like Straits Pond which receive substantia
freshwater inputs from their watersheds as wel as regular sdt water inputs from adjacent
eduaries. These factors as well as the configuration of the Pond may limit the ability of pond
management techniques to completdy eiminate midge populations from the Pond, although
the management god expressed by locd resdents is to reduce the midge population below
nuisance levels which may be achievable through a combination of short- and long-term
measures.  The key to understanding this issue and designing an gppropriate management
program is to develop a monitoring program targeted to the management gods. The water
quaity discusson below is meant to provide a basis for management program development
discussons among loca residents and Town officids.
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Waterbodies with sdinities greater than 10 ppt generdly tend to be nitrogen limited, meaning
that any avaldbile nitrogen is dmost immediatey utilized by aguatic vegetdion to fud
growth and tha without sufficient nitrogen additiond growth is limited. In freshwater
systems, phosphorus tends to be limiting. Clearly, nutrient limitation goes to the heart of
resdents concerns about the overabundance of both aquatic vegetation and midges. The
aquatic plant community, including macroscopic agee, retains and cydes nutrients through
the Pond during the year. As these plants die and decompose, DO is used up and DO levels
fal, creating conditions favorable to midges as described above. Warmer water temperatures
during the summer months accderate plant growth and death rates as well as decomposition
rates, leading to lower DO leveds in the warmest months.  However, the reduction in nutrient
inputs to the Pond from watershed sources can only go so far toward reducing aguatic
vegetation and increasing DO levels. Once a pond has a high level of aguatic vegetation, the
aquatic plant community can cycle and effectively recycle nutrients from the amaosphere and
gored in pond sediments to fud growth year after year. In these cases, it is often better to
seek an in-pond solution such as aquatic vegetation harvesting or, in some cases, dredging in
conjunction with watershed source reduction to control the long-term aguetic vegetation
problem and the associated DO and midge problems. Presently, there are no Massachusetts
dandards for nutrients. However, USEPA guidance suggests that in many cases phosphorus
levels exceeding 0.03-0.05 mg/l and nitrogen levels exceeding 0.1 mg/l may lead to
accelerated waterbody eutrophication.

Sinity levels in the Pond were in most @ses greater than 20 ppt (Table 13 & 14), indicating
a dsrong sdtwater influence.  While data from water quaity samples collected and anayzed
for nutrients during this study did not indicate a definitive nitrogen or phosphorus limitation
(Table 16), it is difficult to make such a determination based on the relativdy smal number
of water qudity samples collected during the study. A long-term monitoring program is
needed to better understand this important issue.

Basad on discusson with Town officials and loca resdents, aguatic vegetation is currently a
nuisance leves in Straits Pond in the summer months.  Active management, primarily
through in-pond measures, will be required to bring vegetation levels into check. See
Sections 5 and 6 and Table 17 and 18 for more information on potentia in-pond measures.

4.3 Discussion of Abate Efficacy

The increase in midge larvae dengties from pre- to post-Abate application may be related to
midge populaion dynamics, Abate efficacy, some combination of both, or other factors such
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as seasonad o annua temperature vaiaions tide gate management/tidd  exchange. The
findings of this sudy did not show a sgnificant reduction in midge concentrations after the
gpplication of Abatein 2001.

As no other analogous published studies were available for comparison, ESS compared the
2001 midge population density data to data collected during the Beres et d. (1994) study to
better understand whether these April midge larvae densties would have been less, equa b,
or greater if Abate had not been gpplied. ESS understands that Abate was not applied to
Straits Pond during the 1992 and 1993 sampling seasons during the Beres et d. (1994) study,
however, in-pond water levels were manipulated as a part of a pond management experiment
during that period. Abate was applied (athough the dosage and form of application are not
known) during the 1994 season of the study on 6/23/94 (Beres et d., 1994). Mean midge
concentration data from both the ESS 2001 and 1992-1994 are presented in Figure 4.

Although the Beres et d. (1994) study had severd inconssencies in its experimenta design
and some of the conclusons included in the study’s reports are not fully supported by the
data collected, the midge concentration data were collected in a scientificaly sound and vdid
manner and provide the best available higtoric information on midge concentrations related to
Abate application in Massachusetts ponds.

4.4 Definition of “ Nuisance Conditions’ and Midge M anagement T hreshold

No threshold midge management thresholds or reference vaues gppropriate for application to
the Straits Pond stuation were found in published literature and internet Stes researched by
ESS daff and through interviews with key pest management ad locad officds
Homeowners around Straits Pond were interviewed in 1992 (Beres and Burbank, 1992) to
determine the level of awareness and interest in the midge issue and to characterize public
opinion on the extent and duration of midge infedtaion.  The results of tha survey suggest
that the levd of “nuisance’ varied among respondents, some saying they consdering midges
a serious hedth risk and others saying they did not find midges to be much of a problem.
The results of the survey adso indicate that respondents considered the months of June, July,
August the months when midges (the adult flies) were the greatest nuisance.  Some
respondents also mentioned that May and September were periods of some level of nuisance
from midges (Beres and Burbark, 1992).

Due to the inconclusve nature of findings relative to Abae application, a threshold densty
vaue to govern the application of Abate in years 2002 and 2003 cannot be developed at this
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time. In place of such a threshold, ESS recommends that a performance-based approach be
consdered tha is integrated with other Pond assessment and management measures, as
discussed in Sections 5 and 6. These findings may aso indicate that a more targeted
approach to Abate application may be more effective a controlling midge larvae populations
in Straits Pond or that other management methods may be more effective.
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5.0 MANAGEMENT FEASIBILITY ASSESSMENT FOR STRAITS POND

This section presents a discusson of the feashility of sdected management options for Straits
Pond aswell as the basis used for sdecting these dternatives.

5.1 Management Objectives

Based on interviews with SPWA members and locd officids, the primary management
objectives for Straits Pond can be stated as follows:

?? Reduce the population density of midges in and around the Pond;

?? Increase the Pond' s aility to clear itsdf of nutrient enrichment;

?? Reduce the extent and bio-volume of nuisance aguatic plantsin the Pond; and
?? Reduce the frequency and severity of dga bloomsin the Pond.

5.2 Management Alter natives

Severd management options were evaluated based on fiedd observations, an andyss of
avalable data, and a review of previous Straits Pond studies.  Alternatives analyzed included
chemica treatment, other in-pond management measures, and watershed management
measures. A discusson of these dterndives is presented below and recommended
aternatives are presented in Section 6.0.

5.2.1 Chemical Application Alternatives

While numerous approaches to midge management could be tested for Straits Pond,
Based on midge monitoring for Straits Pond conducted by ESS (2001) and other studies
(i.e, Beres et d., 1994), there appears to be some uncertainty as to the effectiveness of
applying the chemica pegticide Abate to Straits Pond for midge control, a least under the
current protocol.  Specifically, mean midge concentrations were found to incresse dfter
Abate application on 4/11/01 in nearshore and offshore zones and decrease in the
deepwater zone, and the ability to attribute midge concentration reductions found in 1994
to Abate application may be confounded by what appear to be natural cycles in midge
populations in the Pond. Given this dtuation and the lack of other andogous midge
monitoring data in relaion to Abate goplication, ESS recommends tha the following
subset of management approaches be considered by the Town, SPWA, and other
interested parties:

Please Note: These alternatives are not presented in order of priority.
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1. Continue Current Abate Application Protocol — Abate would be applied as it has
been over the entire Pond by alicensed pesticide applicator.

2. Continue Current Abate Application Protocol with Monitoring — Abate would be
goplied as it has been over the entire Pond by a licensed pedticide applicator. The
Town or its consultant would monitor midge populations over severad rounds both
pre- and post-Abate application. This may be done for one or more years. The data
would be reviewed at the end of each study season to refine the understanding of
Abate effectiveness.

3. Temporally Targeted Abate Application — Under this dternative, Abate would be
goplied ether once or twice during the spring-summer during periods of highest
midge concentrations found during 2001 and 1992-1994 monitoring and/or prior to
intial adult fly emergence.

4. Spatially Targeted Abate Application — Under this dternative, Abate would be
goplied to those areas of the Pond that demonstrated higher midge concentrations
during 2001 monitoring.

5. Experimental Abate Application —

5a. Under this dternative, two coves of known high midge concentrations and of
amilar environmental, geomorphic, and ared character would be sdected for study.
In one cove, a st curtain would be hung to isolate the cove from the rest of the Pond.
Abate would be applied in this cove only. No Abate would be gpplied to the other
cove or to the rest of the Pond. Both coves would be monitored for midge
concentrations over several rounds both pre- and post- Abate application.

5b. Under this dternative, two coves of known high midge concentrations and of
amilar environmental, geomorphic, and ared character would be sdected for sudy.
Silt curtains would be hung to isolate both coves from the rest of the Pond. Abate
would be applied in one cove only. No Abate would be applied to the other cove.
Both coves would be monitored for midge concentrations over severd rounds both
pre- and post-Abate application.

6. Apply No Abate in 2002 with Monitoring — This dternative would gpply no Abate
to the Pond in 2002. The Town or its consultant would monitor midge populations

over several rounds. Data from 2002 would be compared to data from 2001 and 1994
to refine the understanding of Abate effectiveness.

7. Increased Dose Abate Application — Abate would be gpplied over the entire Pond
by a licensed pedticide gpplicator usng a higher dose of the chemicad in accordance
with rules and regulations on Abate use.

5.2.2 Other In-Pond Management Alter natives
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Other in-pond management dternatives include the following:
Dredging

Nutrient inactivation in in-flowing waters and bottom sediments
Mechanica harvesting of agquatic vegetation

Herbicide application

Biologicd controls

Benthic Barriers

33 I IIIAS

Drawdowns

5.2.3 Watershed M anagement Alternatives

Waeshed management measures focus on  identifying sources of water qudity
impairment in the drainage area of the study waterbody. In the case of Straits Pond, a
maor goa of the Towns which share the Pond and SPWA has been to prevent nutrients
from entering the Pond which fud the growth of nuisance aguatic vegetation and create
conditions favorable to midges as discussed in Section 2. Based on fied observations
and extengve discussons with Town officds and SPWA members, the following
watershed management aternatives were considered:

?7? Stormwater management (eg., pecidized cach basns condructed wetlands,
detention/recharge);

?? Groundwater qudlity improvements (eg., Sewer extensons, septic system upgrades);
and

?? How improvements (eg., modifications to the tide gate at the Route 228 bridge,
ledge notching near the inlet/outlet to dlow increased tidal exchange, and dredging).
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6.0 RECOMMENDED POND AND WATERSHED MANAGEMENT PROGRAM

Based on fidd observations, an analyss of avalable data, a review of previous Straits Pond
dudies, discussons with Town officids and SPWA members, and professond judgment, the
following recommendations were developed for short- and long-term midge control and water
quality management at Straits Pond:

6.1 Recommended Chemical Application Approach for Midge Control

Based on the research and andysis conducted under this study, ESS recommends that the
following management measures be implemented under an adaptive Integrated Pest
Management (IPM) approach tied to future midge monitoring results:

Temporally Targeted Abate Application — Abate would be applied ether
once or twice during the spring-summer during periods of highest midge
concentrations found during 2001 and 1992-1994 monitoring and/or prior to
initid adult fly emergence. Application would ke based in part on degree-day
monitoring, as discussed in the ESS draft report.

Spatially Targeted Abate Application — Abate would be specificaly
targeted to those aeass of the Pond that demondrated higher midge
concentrations during 2001 monitoring.

Experimental Abate Application — Two coves, a test cove and a control
cove, of known high midge concentrations and of Smilar environmentd,
geomorphic, and ared character would be sdected for study. Silt curtains
would be hung to isolate the control cove from the rest of the Pond, and no
Abate would be applied to this cove. Abate would be applied in the test cove
only. No Abate would be applied to the other cove. Both coves would be
monitored for midge concentrations over severa rounds both pre- and post-
Abate application.

As discussed in Section 2.2 of the draft report, the literature on aguatic insect development
suggedts that a warmer winter and early spring would result in an earlier emergence of midge
pupae from Pond sediments and adults from the Pond. To account for this, ESS recommends
that ar temperature data be monitored (or that NOAA or other local monitoring data be
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tracked) throughout the year and used to determine the most appropriate application time for
Abate each spring that Abate is to be applied.

More complete tracking and reporting of Abate gpplication concentrations and methods is
aso recommended. Based on monitoring results that indicated reduced effectiveness of
Abate as applied to the Pond in nearshore and/or shallow areas, ESS recommends applying
Abate in these areas of the Pond when the Abate gpplication vessd is not fully loaded so that
these areas can be better accessed and Abate can be applied in an appropriate concentration.
ESS recommends that the Town work with its licensed pesticide applicator to revise the
gpplication protocols based on the findings of the ESS study — and in future based on an
adaptive IPM approach tied to midge monitoring results — in order to implement the
recommendations listed herein most effectively.

ESS dso recommends that the Town consder usng a dow release tablet form of Abate
rather than the granular form used presently. Tablet form Abate has been shown in a least
one scientific study to be more effective a controlling midges than the granular form.

6.2 Algae M anagement M easur es

Control of agee blooms in Sraits Pond can be accomplished over the long-term by
improving the qudity of water entering the pond and/or incressing the flushing of the Pond
by seawater. In the short-term however, it may be desrable to control agae blooms through
the use of in-lake management actions such as mechanica remova or chemica application.

Mechanica techniques that may be employed would depend on the nature of the agee
bloom. For blooms that form agd mats or floating colonies, a weed harvester could be
employed. If mats are aufficiently dense a hydro-rake could adso be utilized. The cogst for
these gpproaches would range from a minimum of $350/acre for harvesting up to a maximum
of $2,500/acre for hydro-raking plus additiond cost for trucking and disposd of the materiad
removed.  Typicdly, mechanicd removad techniques work best after subgtantid mat
formation has occurred and conditions in the pond are a pesk nuisance levels. Ultimatdy,
the success of either of these gpproaches will be dependant on the nature of the agae bloom
and the level of effort expended.

Chemicd control is likdy to be the mogt effective and the most economica short-term
gpproach for adgae control. Algae treatments in Straits Pond would likely be performed
usng Ceptan™ or KT® algicide (both copper based compounds) or Hydrothol® 191 (see
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Attachment B). Hydrothol® 191 is a broad-spectrum organic aguetic dgicide. The mogt
gopropriate choice will need to be determined by a licensed commercid applicator and is
likely to be based on the specific type of agae present, pond sdinity, dissolved oxygen, and
potentidly other physca or chemicd factors a the time of trestment. Whichever chemicd
is sdected, it will be important to treat the dgae before they are dlowed to develop into a
noxious aga bloom. To track dgd growth may require waer clarity monitoring with a
Secchi disk or other method. Treating adgee chemicdly before mgor noxious bloom
outbresks or mechanicaly will subgtantidly minimize the potentid for fish kills associated
with low oxygen levels crested by decaying dgee following treetment. Similarly, it may be
advisable to treat the pond in sections over time (Stepwise treatments) to further reduce the
risk of oxygen problems.

6.3 Other Recommended | n-Pond and Water shed M anagement M easur es

The following waershed management measures ae recommended based on  fidd
observations, an andysis of available data, and a review of previous Straits Pond studies'.
These are long-term measures that could be pursued by watershed partners through grant and
other funding programs over time. A lig of specific implementation projects based on these
measures and cost estimates for these projects isincluded as Attachment A.

1. Tidal Exchange and Water Circulation Improvements — Proposed measures include
remova of the fill causeway to the idand (or replacement of undersized culverts with
aopropriately szed culverts) and remova of cobble fill and, as necessary, ledge outcrop
to alow increased tidd exchange. Such improvements are expected to improve benthic
and fisheries habitat and passage by increasing tidd exchange, flushing nutrients,
increesng DO and <dinity, and reducing water temperatures.  This includes find desgn
and permitting of these measures.

2. Tide Gate Management Planning — After Strategy 1 is implemented, a tide gate
management program will be developed based on new flow regimes in order to manage
toward desred biological, ecosystem, and other endpoints. Strategy 1 will dlow more
complete cold-weather drawdowns and improve the likdihood of success of other
proposed aguatic weed control strategies.

3. Mechanical Harvest of Algae and Pondweeds — Mechanicd harvest and off-site
composting of agae and pondweeds will be scheduled once a year for each of the three
years of the grant in order to remove nutrients, reduce plant dengties, improve habitat,
and supplement other management activities.

1 Diagnostic/feasibility studies conducted since 1953 support and recommend these approaches (MA DPH, 1953; |EP, 1980; Bereset al., 1992
and 1994).

z:\my documents\imy documents astraits pond-ess study \final ess\final report-rev6.doc



ESS Project No. H114-000, Midge Management Recommendations for Straits Pond
February 22, 2002 Page 24

4.

Integrated Pest Management (IPM) — This approach will involve locd resdent
volunteer monitors, loca officids, and technicd advisors in the agpplication of targeted
biologicad and, as necessary, chemical controls to control midges and restore ecologicdl
balance to the pond ecosysem. A caefully crafted monitoring and associated
management communication program will be the bads for a dynamic management
system supported by loca data collected on a regular basis to support day-to-day
management decisons. Midge predators such as mummichogs and killifish will be
viewed as “keystong’ gpecies for the Straits Pond ecosystem. Numeric population
(minimum) targets will be established by species for midges and sdected “desrable’ fish
and macroinvertebrate species, and a set of management protocols will be tied to tide gate
operation and biologica/chemica control Strategies.

Watershed Outreach and Involvement (see Outreach and Technology Transfer section
below).
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