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DISCLATMER

This report was funded under a cost sharing Substate Agreement
between the Commonwealth of Massachusetts through its Division of
Water Pollution Control (Division), Clean Lakes Program (Chapter
628, Acts of 1981), and the Town of Eastham. As stated in the
Substate Agreement (Paragraph A.3.4), the Town is required to
submit a draft Final Report for the Division’s review and
comment. Subsequently, the Town must submit a Final Report that
incorporates the Division’s comments and corrections. Final
payment of a 10% retainage would be released upon acceptance of

the Final Report by the Division (Paragraph 1.7 of the Substate
Agreement).

Prior to the completion of this Phase I project, most of the

- resources and staff of the Clean Lakes Program were reallocated
by the Department of Environmental Protection. As one
consequence of these actions, a thorough and timely review of
this report was not feasible. Since the Town and its
subcontractor, Baystate Environmental Consultants, Inc., should
not be burdened unduly, the Division adopted an interim procedure
of checking draft final reports solely to determine whether the
scope of work (Appendix A of the Substate Agreement) had been
met. This Draft Final Report has been checked by the Division,
any discrepancies have been rectified by Baystate Environmental
Consultants, Inc. and, at a minimum, it does fulfill all
requirements specified in the scope of work. The Division has,
therefore, accepted this report in accordance with Paragraphs 1.7

and A.3.4 of the Town for subsequent reimbursement to Baystate
Environmental Consultants, Inc.

It should be emphasized, however, that this report has not been
subjected to a full and thorough review by the Division as in the
past, and therefore, the quality and completeness of this report,
and the assessments and recommendations contained therein,
represent primarily the work and judgements of Baystate
Environmental Consultants, Inc.
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PROJECT SUMMARY

Herring Pond and its watershed were the subjects of a Phase I
Diagnostic/Feasibility Study, conducted under the M.G.L. Chapter
628 Clean Lakes Program. This study was performed by the firm of
Baystate Environmental Consultants, Inc. for the Town of Eastham.
The Diagnostic/Feasibility study’s primary goals were to |
investigate water quality in the pond, identify major sources of
nutrient loadings in the watershed, and provide appropriate
recommendations for improvement and protection of the water
resource. The major concerns expressed by the Town were
increases in aguatic macrophytes in the pond, their impact on the
recreational utility and visual aesthetics of the pond, and the
future protection of the pond as a desirable resource.

The results of the Diagnostic portion of the study indicate that
Herring Pond is a mesotrophic pond, moderately impacted by its
residential setting, but suitable for a wide variety of uses.
Phosphoxrus was the most critical limiting nutrient for primary
production in Herring Pond. The most important sources of
phosphorus to Herring Pond are groundwater (46%) and internal
loading, or recycling within the pond (38%) The biclogical
communlty which exists under these condltlons includes a modest,
but increasing macrophyte community, and a flourishing panfish
community. The major recreational problem with the rooted

‘aquatic plants is their peripheral distribution, not their
overall density.

The Feasibility portion of the study considered available
management options and recommended lake management techniques
most appropriate for Herring Pond. The recommended options were
environmental education of watershed residents, particularly with
reference to groundwater protection, and selected macrophyte
removal/control. Implementation of all management options would
reduce the phosphorus budget by 5 to 22% This is not a large
decrease in phosphorus content, but the real value of the
management program lies in its protection of the water resource
and potential improvement of recreational utility. A detailed
description and cost estimate for each recommended option is
provided. Costs of the recommended management options and a
corresponding monitoring program total to $45,562, with minimum
required local support (Eastham’s portion) of $18,141 under the
Massachusetts Clean Lakes Program. Presently, however, the MA
Clean Lakes Program has no funds allocated to new projects,
making it a very unlikely source of financial support in the near
future. While Herring Pond is in a condition acceptable for all
current uses, the Town of Eastham should consider improvement and
protection actions in the near future, as the cost of restoration
is likely to be far greater than the cost of prevention. ‘






PART 1

DIAGNOSTIC EVALUATION






INTRODUCTION

The establishment of the Massachusetts Clean Lakes Program under
Chapter 628 of the Acts of 1981 enabled many municipalities to

acquire funding for study and restoration of their lakes. As an
environmentally aware and concerned community, the Town of .
Eastham applied for a grant for a Phase I Diagnostic/Feasibility
study of Herring Pond. After being awarded the grant, the Town

contracted Baystate Environmental Consultants, Inc. to conduct
the study.

Concern over the present and future status of Herring Pond has
prompted the request for a study. The water gquality impacts of
domestic activities in the Herring Pond watershed were largely
unknown, and the aesthetic value and recreational status of
Herring Pond was perceived to be gradually deteriorating,
although it remains a popular recreational facility. Maintenance
of the pond through mitigation of present negative influences and
the prevention of major degradation of this water resource in the
future are desired.






DATA COLLECTION METHODS

Previous studies of Herring Pond were reviewed, and historic
conditions were discussed with local residents and other parties
concerned with the pond. Maps and reports prepared by the United -
States Geological Survey (USGS) and Solil Conservation Services
{(5CS) were used to initially assess watershed characteristics.

Of particular use were the USGS (1974) Orleans Quadrangle Sheet
from the 7.5 minute series, the USGS-Massachusetts Department of
Public Works Bedrock Geologic Map (Zen, 1983), the Barnstable
County so0il survey information provided by SCS (unpublished), and
aerial infrared photographs obtained from the National
Cartographic Information Center (1985). Areal measurements were
made with a Planix Electronic Planimeter. Determinations made
from maps were verified by field inspection by staff engineers,
biologists, and a geo-hydrologist.

Historical lake and land use were investigated through
conversations with watershed residents, previous reports and
maps, state agency correspondence, and field inspection. There
is relatively little documentation of historic events at Herring
Pond. The aid of Mrs. Crosby of Crosby Village Road is
acknowledged in accessing historic information.

A bathymetric map was generated along cross-lake transects with
the aid of an electronic depth finder. Soft sediment depth was

assessed by driving a probe to first refusal; these measurements
were performed by divers. '

A comprehensive monltorlng and investigative research program was
implemented to assess the physical, chemical, and biological
characteristics of Herring Pond. Sampling stations were selected
from topographic maps and field inspection. These stations are
described in Table 1 and shown in Figure 1. The in-lake station
was sampled with a Scott bottle at the surface and bottom.

Samples were collected approximately monthly between April 1988
and March 1989.

Sixteen parameters were routinely assessed at regular sampling
locations (non-storm stations) (Table 1). Temperature and
dissolved oxygen levels were measured with a YS1 model 57 meter,
with vertical profiles obtained at the in-lake stations (1.0 m
intervals). The pH was measured with an Orion model SA 250 pH
meter. Conductivity was assessed with a YSI model 33 s-C-T
meter. Turbidity was measured with a Hach model 1860
turbidimeter. A one gallon water sample was taken at each
sampling location and transported to Arnold Greene Testing
Laboratories in Natick, MA for analysis of suspended solids,
total alkalinity, iron, chlorides, total Kijeldahl nitrogen,
nitrate nitrogen, ammonia nitrogen, total phosphorus, and
orthophosphorus by accepted standard methods (e.g., Kopp and
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TABLE 1

HERRING POND DIABNOSTIC/FEASIBILITY STUDY

EASTHAM
n
Station Mo. Location Sample Description
[ .
HP-1 OQutiet/occasional inlet at boat taunch
off Herring Road.
HP-2s In-lake station, central area, surface.
HP-Zm In-take station, central area, mid-depth.
HP-2b In-lake station, central area, near bottom.

Parameters to ke assessed by lahb:

In-takesoutiet:

Total phasphorus alkalinity Fecal coliform
Orthophosphorus Total suspended =solidz Fecal streptococci’
fmmonia nitrogen Chiorides

./ HNitrate nifrogen Total iron

Total Kieldahl nitrogen
Storm drains:

#11 of the zabove, plus

Cadmium iron Zinc
Chromium Lead Qi1 and grease
Copper Manganese

i ¢ BEC to do:

Temperaturs Conductivity Secchi diskK transzparency?
Dissolved oxyaen Turbidity Chicrophyli
pH F1aty Phytoplankton
, Ratnfall ZooplankKion {zezsonall
i -
Date Sampled by
{
.1 Transferred ta cn




McKee, 1979; APHA et al., 1985). ©Separate bacterial samples were
collected for fecal coliform and fecal streptococci analyses,
also performed by Arncld Greene Testing Laboratories by standard
methods (membrane filter technique).

A 20 cm Secchi disk was lowered on the shaded side of the boat to
evaluate water transparency at the in-lake station. Analyses of
chlorophyll concentration and features of the phytoplankton and
zooplankton communities were conducted for that location as well.
Phytoplankton samples were obtained from a depth integrated
composite sample, while zooplankton samples were collected by
oblique tow of an 80 micron mesh net. Phytoplankton samples were
pregserved with Lugel’s sclutlion and zooplankton samples were
preserved with a formalin solution. Plankton samples were
analyzed microscopically for species composition, relative
abundance and biomass. The size distribution .of the. zooplankton
was also assessed, and all data were recorded and tallied using a

microcomputer routine developed by BEC and Cornell University
personnel.

Groundwater interaction with Herring Pond was assessed through
direct measurement of seepage into and out of the pond, and
sampling of porewater near its point of entry or exit from the
pond (Mitchell et al. 1988). Seasonal influences. were
investigated by conducting groundwater seepage -surveys in late
spring and late summer of the study vear.

Seepage measurements were accomplished with.meters constructed
from 208 liter barrels cut in half and modified to accept a
fitting to which a bag with a predetermined volume of water is
attached. 'The meter is set into the sediment, open end down.
After several hours in situ, the bag will have accumulated
detectable additional water if there is seepage into. the .open end
of the barrel, and the bag loses. water if there is seepage into
the groundwater from the pond.

Porewater samples were collected with a littoral interstitial
porewater (LIP)} sampler (Mitchell et al. 1989), which functions
as a miniature well when inserted into the groundwater near the
shoreline. A hand pump draws water into an intermediate glass
trap, yvielding a sample of groundwater near the pond. LIP
samples are processed at the laboratory in the same manner as
other water quality samples, but for a reduced set of parameters.

Additional groundwater investigations were conducted by
installing five permanent monitoring wells in wvarious locations
around the pond. These wells allow for the determination of
local groundwater elevation as well as water quality. Knowledge
of groundwater elevations is useful in determining the horizontal
direction of groundwater flow. Domestic wells from residences
around the pond were also sampled during the study. Although

10




domestic wells do not provide information regarding groundwater
elevation, they do provide for water quality analysis. All well
samples were analyzed for ammonia nitrogen,  nitrate nitrogen,
total filterable phosphorus, orthophosphorus, pH, specific
conductance, chloride, iron, and fecal coliform.

Sediment samples were obtained from the in-lake station (Figure
1) with an Ekman dredge. The sample was analyzed by Arnold
Greene Testing Laboratories for total kijeldahl and nitrate
nitrogen, total phosphorus, organic/inorganic fraction, heavy
metals (As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, V, Zn), and oil and
grease.

Macrophyte species composition and areal extent of cover were
assessed by visual inspection by divers. The distribution of
summer bottom cover was mapped, noting dominant species in each
area. . Observations were made of the subsurface density,
composition, and distribution of macrophyte stands.

Benthic macroinvertebrate composition was examined several times
during this study, most carefully in association with the
macrophyte survey. Samples collected with a D-net and an Ekman
dredge were analyzed in the field to the level of family, and a
semi-quantitative assessment of abundance was made.

A fishery survey of Herring Pond was performed by BEC personnel.
in August, 1988. This survey included an evening seining
operation at the public beach. A fishery survey was also
conducted by the Massachusetts Division of Fisheries and Wildlife
(MDEW) . Sampling methods of this survey included day and night
electroshocking and setting of three gill nets set overnight.
Captured fish were placed in holding tanks until they could be
measured and scale-sampled, after which they were returned to the
pond. Collected scales were assessed in the laboratory to
facilitate age and growth determinations. Additionally, herring
collected from the pond outlet during herring runs were provided
by Mr. Henry Lind, Natural Resource QOfficer for the Town of
Eastham. These fish were analyzed for egg content.

A detailed listing of all field and laboratory methods is

included in Appendix A. Equipment, instrumentation, techniques,
and any specific handling requirements are listed.

11
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LAKE AND WATERSHED DESCRIPTION AND HISTORY

Lake Description

Herring Pond is located in the Town of Easthamb Barnstable
County, Massachusetts. It lies at latitude 47°49730" and
longitude 69°597 00", encompassing an open water area of 17.7 ha
(43.7 ac) (Table 2). Herring Pond has a pear shape (Figure 1),
with a ratio of the shoreline length to the circumference of a

circle having the same area as the pond (known as the shoreline
development factor) of 1.06.

Depth contours in Herring Pond reveal a deep central depression
(Figure 2). The mean depth is 6.2 m (20.2 ft) and the maximum
depth is 10.929 m (36 ft), with the deepest point in the center of
the pond. The hypsograph for Herring Pond (Figure 3), suggests a
rather gradual deepening from the shoreline to maximum depth.

Herring Pond contains a total volume of approximately 1,085,200
cu.m of water. Based on study year data, the long-term detention
time for water in Herring Pond is estimated at 2.81 years (1,024
days). The variability of the detention time is largely a
function of weather pattern. BAssuming that detention in Herring
Pond is a function of annual precipitation, long-term detention
- time ranges from 1.6 to 4.2 years (584 to 1,533 days).
Precipitation during the study year (96.4 cm) was well below the
long-term mean value (114.3 cm). Consequently, the detention
time observed during the study yvear falls in the upper portion of
the range of detention times based on long-term precipitation.
values. Flushing rate is simply the inverse of detention time;
for Herring Pond, a flushing rate of 0.36 times per year is
calculated from observed data, whlle a range of 0.24 to 0.63
times per year could be expected. ' The quality of water in
Herring Pond is therefore likely to be a function of both input
quality and natural processes within the pond.

Direct precipitation, direct runoff, groundwater seepage, and
rare inflow due to storm tides are the only sources of water for
Herring Pond. The pond lies in a natural depression shaped
largely by glacial action. The pond has a single inlet/outlet
channel, but inflow is quite rare. During the BEC study, only 10
minutes of inflow from a very high storm tide was recorded by
Town officials. During dry periods of the year (i.e., summer),
the pond level drops, rendering the outlet inactive,

The shoreline of Herring Pond is primarily of sandy nature and in
most areas slopes steeply. Much of the land area along the
shoreline is developed but vegetation is maintained, thereby
reducing serious erosion damage commonly associated with steeply
sloping shorelines. Herring Pond is an aesthetically important
feature of the environment to the residents of the Herring Pond

L3



TABLE 2

CHARACTERISTICS OF HERRING POND AND ITS WATERSHED

Lake Parameters

Location: Barnstable County, Town of Eastham, 47249’30" lat.
‘ 69759700" long.

Area: 17.7 ha (43.7 acres)
Depth: Mean 6.2 m {(20.2 ft.)

Maximum 10.9 m (35.8 ft)
Volume: 1,085,158 cu.m (879 acre—-ft.)
Detention Time: Mean 2.81 yr (1,026 days)

Range 1.6-4.2 yr (684-1,533 days)

Maximum Length 0.55 km (1,820 ft)
Maximum Width 0.40 km (1,300 ft)
Shoreline Length 1.58 km (5,200 ft)
Shoreline Development 1.06

Watershed Parameters

‘Area - (Excluding Herring Pond) : 35.3 ha (87.2 acres)
Watershed Area/Lake Area ' 2.0
Land Use: % Residential (Low Density) 66.6

% Recreation : 1.8 .

% Forest ‘ 22.1

% Cemetery _ 1.8

% Open ' 7.7

14
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FIGURE 3

Hypscgraphic Curve of Herring Pond, Eastham, MA.

% area deeper than given depth
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watershed and the Town of Eastham. Popular activities associated

with the pond include swimming, fishing, and boating (primarily
non-nmotorized) . '

There is currently only one developed beach on Herring Pond, with T
some public parking available for beach-goers. The bathing area

itself is limited and is characterized by sandy hydrosoils.

Boating on Herring Pond is limited to motorized craft of less

than 10 h.p., and public access is possible from the beach area

itself. This beach is under ownership and managenent of the Town
of Eastham.

Watershed Description

The watershed of Herring Pond covers 53.0 hectares (130.9 ac),
including the open water area of the pond itself (Figure 4), and

is located in a primarily residential setting (Figure 5). This
is not large in an absolute or relative sense; the resultant
watershed to pond area ratio is a low 2 to 1. 1In our aquatic -

survey work throughout Massachusetts and the Northeast U.S. in
general, BEC, Inc. has found that ratios of around 10:1 or less
indicate great potential for successful watershed management and
desirable pond condition. Given the residential nature of the
Herring Pond watershed, the potential for water quality
degradation exists, however. There are no point sources of
pollution (registered discharges) in the watershed of Herring
Pond, but non-point sources do exist.

Low density residential areas (e.g., 1.0 ac lots) account for
almost 67% of the watershed area, exclusive of the pond, with
forested land comprising another 22.1% (Table 2, Figure 5). Open .
area constitutes 7.7% of the watershed, and recreation areas and
cemetery accounting for the remaining 3.6%. Stormwater 1nputs to
Herring Pond are minimized due to the minute amount of impervious
surface more typically associated with more urban watersheds.
Sources of surface water inputs to Herring Pond are restricted
primarily to overland drainage and the rare reversal of flow
through the outlet structure during storm tides.

The estimated groundwater drainage basin of Herring Pond is
presented in Figure 4. The drainage basin was determined through
interpretation of a groundwater elevation map prepared by the
Cape Cod Plannlng and Economic Developement Commission (CCPEDC).
BEC used this same source in estlmatlng the groundwater drainage
basin of neighboring Great Pond in Easthalm during the
Diagnostic/Feasibility Study of Great Pond.

Groundwater in the northern portion of the groundwater drainage
to some extent resides in Jemima Pond allowing purification.
Freshwater groundwater appears to flow in a northeast to
southwest direction. There is an apparent interaction with

17
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saltwater in the southern portion of the drainage. The exact
extent of this source is not known. It is likely tidally
influenced, but does appear to be constant (i.e., non-seasonal) .

Watershed Geology and Soils . o

The Generalized Geologic Map of Cape Cod (Oldale 1985) shows most
of Eastham and all of the Herring pond watershed as Eastham Plain
Deposits, defined as mostly gravelly sand deposited as glacial
outwash. 5tone counts in Eastham Plain Deposits are dominated by
felsic volcanic rock, and these deposits represent the youngest
glacial drift on the Cape. Sites of ice~contact with the drift
are marked by deposits of silt and clay, which today complicate
the flow of subsurface water in Eastham. Melting blocks of ice
embedded in the countryside, left behind by the melting glacier,
created lakes known as kettleholes. All of the Eastham lakes
were formed in this manner.

The scils which have developed in the Eastham area are
predominantly coarse sands of the Carver and Eastchop Series.
The soils of the Herring Pond watershed consist exclusively of
Carver coarse sands (Figure 6) (Soil Conservation Service 1987).
These soils are excessively drained, droughty soils which have a
water table usually extending greater than 6 feet below the
surface. Permeability of these soils is very rapid (>20 in/hr)
‘in the subsoil and substratum, allowing minimal runoff.-

The Carver coarse sands of the Herring Pond watershed rate very
poorly as septic tank absorption field soils. The effluent . '
filtering properties of these soils are considered so unfavorable
or so difficult to overcome that special designs and/or increased
maintenance are required. Problems stem from rapid percolation
and. low phosphorus adsorptive capacity, making septic systems in
these soils a groundwater contamination hazar '

Histerical Lake and Land Use , _
From the late 1800’s to early 1900’s, landuse in the Herring Pond
watershed was dedicated primarily to agricultural practices,
although there did exist a cement block factory about a quarter-
mile south of the pond. Crops inlcuded white turnips, potatoes,
carrots and spinach. There were very few trees in the watershed

during this period, although pine trees became reestablished
during the 1920's and 1930's.

During this early period, the land was primarily owned by a few
inter-related families; the Crosbys, Hortons, and Foresters. The
najority of the land to the south and east of the pond was under
ownership of the Crosby family. All of the property north of the
pond belonged to the Hortons, cousins of the Crosbys and
Foresters. Other related families recieved lots and built homes
after property prices dropped in the 1930’s. During the 19307 s,

20
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FIGURE 6

Herring Pond

SOILS IN THE WATERSHEED OF HERRING POND

NAME/DESCRIPTION

Carver coarse sand; 3 to 8 percent slope
Carver coarse sand; 8 to 15 percent slope
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there were three houses in the Herring Pond watershed. By the
1970’s, there were from eighteen to twenty shorefront homes on
Herring Pond. Presently, there are twenty-four shorefront homes,
with additional lots for sale just off the shoreline.

During the War of 1812, prisoners were kept at Crosby Tavern, now
a private residence located near the Bridge Street Cemetery. The
old meeting house, now gone, was located near the Crosby Tavern.

The original beach on Herring Pond was located south of the
existing beach, and was built by the Crosbys. The current beach
property was sold to the Town of Eastham in 1952 by the Crosbys
and the owners of the property immediately north of the outlet.
The outlet channel has been there since pre-Crosby times, and has
been modified for an alewife run multiple times over the last
one-hundred years. The road accessing the southern shore area of

the pond, Crosby Village Road, was named Damond Road prior to the
1950’ s.
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LIMNOLOGICAL DATA BASE

Limnological data were collected for cne year in an effort to
assess pond conditions and evaluate temporal and spatial
variability in physical, chemical and biological parameters.
Through this data collection, Baystate Environmental Consultants,
Inc. (BEC) seeks to understand the Herring Pond ecosystem and to
identify those factors which are critical to its maintenance. A
considerable data base is generated through the course of this
year—long monitoring, not all of which is of equal importance.
It is necessary to distinguish between the critical items and
those of more general interest or minimal utility in the
management of the system. Therefore, much of the raw data has
been incorporated into Appendix B of this report. Included in
Appendix C are calculation sheets which detail the derivation of
useful values and other information of secondary importance, as
well as the quality data evaluation program results.

Flow and Water Chemistry

The waters of Herring Pond are a composite of the dilute mixture
of chemical substances introduced by the weathering of rock in
the watershed, from seasonal precipitation, and from cultural use
of the landscape {(e.g., housing), including the infrastructure
(e.g., roads) which supports this culture. ‘The importance of
these various sources to Herring Pond is dependent on both their
concentration and the measured volume of water containing these

substances which enters the pond from both surface and sub-
surface pathways.

Herring Pond is . a natural feature of the environment and the
amount of surface waters draining into the pond are minimal.
This study revealed a single combined inlet/outlet structure (HP-
1), which services Herring Pond (Figure 1). This was active as
an inlet only during a rare storm tide. Additional water enters
the pond from precipitation, groundwater and overland runoff.
Losses from the lake include evaporation, groundwater outseepage,
and one outflow (HP-1), which was active only from fall to late
spring (September to June). The raw, time-weighted annual mean
for the outflow was 0.062 cu. m/min. (0.036 cfs). Derivation of
groundwater and precipitation inputs, as well as evaporative and

groundwater losses, are detailed in the Hydrologic Budget section
of this report.

The chemical constituents of water samples were assayed and
summary statistics, including mean (average), minimum and maximum
values, were established (Table 3). To compensate for
differences in flow volumes and sampling intervals, the annual
mean of the following chemical parameters were appropriately
flow- and time-weighted (HP-1) or time-weighted (HP-2S, HP-2M,

23



TABLE 3

VALUES OF MONITORED PARAMETERS IN THE HERRING POND SYSTEM

PARAMETER

UNITS

-STATISTIC

TOTAL PHOSPHORUS
ORTHOPHOSPHORUS

AMMONIA NITROGEN

NITRATE NITROGEN

TOTAL KJELDAHL NITROGEN
HITROGEN:PHOSPHORUS RATIO

TEMPERATURE

DISSOLVED OXYGEN
D.0. SATURATION
TOTAL SUSPENDED SOLIDS

TURBIDITY

CU.M/MIN MEAN

UG/L

U6/L

MG/L

MG/L

HG/L
NONE

CELSIUS

MG/L

o

MG/L

NTU

HAXTMUM
MINIMUM

MEAN
MAXTHUM
MINTHUM

MEAN
MAXTHOM
MINIMUM

¥EAN
MAXIMUM
MINIHUM

MEAN
MAXIMUM
MINIMUM

HEAN
MAXTHUM
HINIMUM

MEAN
MAXTHUM
MINTHUM

MAXTHUM
MINIMUM

MEAN
HAXIHUM
MINIMUM

MEAN
MAXTMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

MEAN

MAXTHUM
MINIMUM
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HP-1 HP-25  HP-24  HP-2B
06 - - -
17 - - -

4 - - -
27 27 38 3
110 60 60 90
10 10 20 10
10 10 t2 12
19 10 20 30
10 10 10 10
.04 .03 02 .08
.24 10 .04 .52
.01 .01 .01 Q1
.06 .02 .03 .02
.31 07 .05 07
.01 .01 01 .01
.42 .90 .56 .56
.49 .80 .19 .18
.33 31 .46 .36
32 28 19 3
ol 65 32 73

4 8 10 8

24.0 27.8 24.5 18.0
£.0 1.5 17.2 1.1

i0.4 10.3 7.8 3.6

12.6 13.7 9.6 9.6
8.6 7.6 6.8 2

- 98 87 30
-, 13 107 82
- 87 79 2
2.4 2.4 1.5 3.5
6.0 8.0 3.0 15.0
6.0 6.0 1.0 .4
i.1 1.1 1.0 1.9
2.4 3.8 1.4 6.6
.3 2 .6 3



TABLE 3 - CONTINUED

VALUES OF MONITORED PARAMETERS IN THE HERRING POND SYSTEM - CONTINUED

PARAMETER : UNITS  STATISTIC HP-{  HP-25  HP-24  HP-2B
CONDUCTIVITY | UKHOS/CH HEAN 618 628 132 630
MAXTHOM 710 860 800 800

MINIMUM o014 362 700 305

PH ' S.U. - MAXIMUM 6.6 7.1 6.9 6.8
HINIMUN 5.2 5.4 9.9 5.6

TOTAL ALKALINITY HG/L MEAN 14.6 15.3 6.1 17.0
' MAXITMUM 17.0 17.0 17.9 26.3
MINIHOM 12.0 12.0 14.8° 2.0

CHLORIDE HG/L HEAN 207.5 205.t  205.2  205.4
: MAXTHUM 278.6  263.0 213.0 267.0
MINTHUM 172.9-  173.3  201.1 1477

IROH  Me/L  MEMN .08 07 09 .o
HAX [HUK 20 18 21 (.49
HINIHOM 02 . 62 02
FECAL COLIFORM §/100ML  MEANX 14 7 - -
' MAXTHUM 40 10 - -
HINIHOH 16 0 - -
FECAL STREPTOCOCCI H/L00ML MEANK 1 9 - .
- HAX INUH s 2000 @ - -
HININUY 10 0 - -
CHLOROPHYLL A UG/l MEAN 2.1
MAXIMOM 4.6
HINTHUM 7
SECCHT DISK TRANSPARENCY METERS MEAN 4.4
MAXTHUM 6.6
HINTHOM 3.0

* GEOMETRIC MEAN APPLIED INSTEAD OF ARITHMETIC MEAN.
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and HP-2B): total phosphorus, orthophosphorus, ammonia nitrogen,
nitrate nitrogen, Kjeldahl nitrogen, and chloride. These values
were used in calculating nutrient lcadings to the pond (kg/yr).
Also analyzed were total suspended solids, total alkalinity,
iron, and instantaneous measurements such as dissolved oxygen,
temperature, pH, chlorophyll a, conductivity, turbidity and
secchi disk transparency. Mean values for these parameters are
given as unweighted averages of sampling dates, as were the
derived values of percent saturation and nitrogen to phosphorus
ratios. Mean values of fecal coliform and fecal streptococci
were reported as geometric means instead of arithmetic means.

It 1s appropriate to begin a discussion of the chemical
composition of Herring Pond with the elements that are considered
critical for lake productivity, namely phosphorus and nitrogen.
Phosphorus is considered.the element "limiting" primary
productivity in most temperate zone lakes, as it is most often
the element in shortest supply in relation to the needs of plants
(phytoplankton or rooted aquatic plants). It is also more easily
controlled than most of the other essential plant nutrients. The
level of total phosphorus in a lake is a good indicator of the
degree of fertilization or eutrophication that the lake is
undergoing {(Wetzel, 1983; Goldman and Horne, 1983).

Total phosphorus, as the term implies, refers to all.the
phosphorus in a volume of water, including dissolved and
particulate forms. Total phosphorus in the open waters of
Herring Pond (HP-23, HP—-2M, and HP-2B) averaged approximately 31 -
ug/l, with the greater concentration in. the metalimnetic (HP-2M)
sample. Water exiting the system (HP-2), was somewhat lower at
21 ug/l. The greatest in-lake concentrations were observed
during the summer months, during which time the outlet was
inactive ‘(i.e., not flowing), accounting for the observed
differences. The observed increase in total phosphorus ,
concentrations during the summer months is largely attributed to
internal loading and is discussed in greater detail in the
Nutrient Budget section of this report.

Orthophosphate is the form of phosphorus most readily available
for biological assimilation, and the turnover (recycling) rate of
this fraction is important in determining levels of lake
productivity. In Herring Pond, levels rarely rose above the
level of detectability (10 ug/l); this is not uncommon for an
inland lake, and indicates that there is no substantial reserve

pool of phosphorus. Algal production is ’likely to be a function
of phosphorus recycling

Nitrogen is another important plant nutrient, and occurs in three
major forms in aquatic systems: ammonia, nitrate and organic
compounds. Ammonia and nitrate can be measured directly, while
organic nitrogen is taken as the difference between Kjeldahl
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nitrogen (a digestion-based test result) and ammonia nitrogen.
Ammonia and nitrate are readily available for uptake by plants.
Both forms can cause toxicity problems at high concentrations.
Ammonia nitrogen is toxic to most animals at concentrations
dependent on temperature, pH, and dissolved solids levels.
Nitrate can be toxic to humans at concentrations above 10 mg/1
{(as N). ©Nitrogen inputs to aquatic systems are very difficult to
control as a consequence of high nitrogen concentration in, the
atmosphere and the high mobility of nitrogen in the soil (Martin
and Goff, 1972). The interconversion of wvarious forms of
nitrogen is readily accomplished by bacterial action as well.

Ammonia is sequentially converted to nitrite and then to nitrate
in the presence of oxygen by naturally occurring bacteria. 1In
general, the decline of oxygen during the summer in the
hypolimnia of lakes, or in wetland areas, promotes the buildup of
ammonia through decay processes. In Herring Pond, which
thermally stratifies during the summer period, the time-weighted
hypolimnetic (HP-2B) ammonia concentrations were nearly four-fold
greater than in surface waters (0.11 and 0.03 mg/l,
respectively). However, these differences appear to be
attributable to outlying values observed in bottom samples during
periods of mixis. There are no obvious explanations for these
anomolously high wvalues, as they do not exhibit any apparent
trend. In the Herring Pond system, ammonia values ranged from
0.01 to 0.52 mg/l, with most values occurring in the lower end of
the range. Based on the levels -of ammonia, in conjunction with
PH and oxygen values, ammonia toxicity does not appear to be a-
threat to vertebrates found in Herring Pond.

‘Nitrate nitrogen was found in moderately low concentrations in

Herring Pond during the study year. Time-weighted mean values .
for the year ranged from 0.02 to 0.03 mg/l1 within the lake. The
outlet (HP-1) however, exhibited a time and flow- weighted mean
nitrate value of 0.10 mg/l. Typical values for this station
ranged from 0.01 to 0.05 mg/l, with one wvalue of 0.31 mg/1l.
Aside from this outlying value, nitrate values from outlet
samples were similar to other in-lake values. Total Kjeldahl
nitrogen (TKN} exhibited in-lake mean wvalues in the range of 0.52
to 0.57 mg/1l, being rather evenly distributed throughout the
study year. Nitrogen dynamics and loading are more fully
discussed in the Nutrient Budget Section of this report.

The nitrogen:phosphorus ratio, calculated as (TKN + nitrate
nitrogen / total phosphorus }, indicates potential shifts in the
chemical resources important to the primary producers. The time-
weighted annual mean surface in-lake ratio was almost 28:1, and
was found to be less than 10:1 on only two ocassions, although it
approached this value on a few occasions. Bottom N:P values were
similar to surface values, with no discernible trend in :
variations between surface and bottom N:P ratios. These ratio

27



have important implications for the lake and its biological
community. Concentration of chlorophyll a is generally dependent
on total phosphorus at TN:TP ratios greater than 17:1, while
nitrogen levels are usually more influential at ratios of 10:1 or
less (Smith, 1982). 1In themselves, nutrient ratios do not
necessarily indicate whether phosphorus or nitrogen-deficiency
will limit phytoplankton. Other factors need to be considered
such as nutrient and light availability, grazing, flushing rate,
as well as in-lake concentrations of a host of trace metals, any
of which may be in relative short supply. The observed TN:TP
ratios of Herring Pond would tend to support the hypothesis that
phosphorus is more limiting to primary production than is
nitrogen, however,

While nutrient ratios do not provide conclusive proof of limiting
factors, other potentially limiting factors, such as light
availability, flushing rate or grazing appear unlikely to provide
the primary control of biological growth in this system. Thus,
phosphorus remains the most appropriate target element for
control in a lake management program. It is far easier to reduce

or eliminate phosphorus inputs than to attempt to control other
rossible influences.

The water temperature and oxygen profiles in Herring Pond
demonstrated a typical temperate zone seasonal pattern (Figure -
7a-c). The study year started with isothermal conditions in
March. With increasing solar insolation and gradual spring
warming, the onset of thermal stratification became noticeable in
May. There was an observed deepening of the zone of thermal
discontinuity (thermocline) throughout the summer months. In
general, mid-thermocline was detected at depths of about 6 to 7
meters. Below the thermocline, hypolimnetic oxygen values
declined largely as a result of isolation from the mixed surface
layer (epilimnion), and thé rate of decomposition of organic

matter (bacterial respiration) exceeding primary productivity
(photosynthesis) .

By October, the thermocline had completely degraded, and
temperature profiles were isothermal. Temperature profiles
remained isothermal throughout the fall and winter months,
exhibiting continuous cooling. As expected, oxygen values
increased with decreasing water temperatures at all depths except
at the very bottom (@ 10 m), where sediment oxygen demand
depressed oxygen levels in the overlying water.

Oxygen in the water column of Herring Pond displayed considerable
seasonal wvariation, due to water temperature change and biotic
activity (Figure 7a-c). The amount of oxygen which will dissolve
in water is dependent on temperature, dissolved substances and
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Temperature Profiles (July-September 1988)
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FIGURE 7c

Temperature Profiles (October 1988-March 1989)
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atmospheric pressure. The relation of the actual oxygen level to
the maximum possible concentration is called the percent
saturation and reveals much about lake metabolism.

Dissolved oxygen was generally found to be uniformly distributed
throughout the water column during periods when the pond was

mixed (i.e., unstratified). During periocds of thermal
stratification, however, there was a marked decline in
hypolimnetic oxygen concentrations. In surface waters, the

percent saturation was never observed to be less than 80 percent
with respect to temperature during the study year. In bottom
samples, however, particularly during periods of thermal
stratification, percent oxygen saturation approached 0 percent.
In addition to isolation from the air-water interface, the
‘depletion of hypolimnetic oxygen is a function of decreased solar
insolation and the concommittant reduction in photosynthetic.
activity in the face of continued decomposition in bottom waters..
The severely low oxygen concentrations were restricted to the
very deepest layers of Herring Pond. Generally, oxygen values -
immediately beneath the thermocline were similar to epilimnetic
values, tapering to minimal values near the bottom. )

Other chemical parameters monitored on a routine basis include
total suspended solids, turbidity, conductivity, total
alkalinity, pH, chloride and iron (Table 1). Chlorophyll a and
secchi disk transparency-are discussed in the phytoplankton
section and bacteria are considered separately. o
Total suspended solids exhibited an in-lake range of 0.0 to 15.0
mg/1l, with the bottom samples more often containing higher totals
of particulate matter, most likely from sinking ‘and resuspension.
The outlet values ranged from 0.0 to 6.0 mg/l. Overall, these
levels of suspended materials are considered low to moderate.

Turbidity in the Herring Pond system was relatively low :
throughout the study year. In-lake values ranged from 0.2 to 6.6
NTU, with the highest values observed in bottom samples. Mean
values for all stations ranged from 1.0 to 1.9 NTU.

Specific conductance (conductivity) is an indirect measure of the
dissolved solids content and chemical fertility of water. Low
fertility is usually indicated by conductivity values less than
100 umhos/cm (USEPA, 1976). By comparison, conductivity values
in the Herring Pond system are extremely high. Mean values
ranged from 618 to 732 umhos/cm. These very high values appear
to be a consequence of Herring Pond’s proximity to the Atlantic
Ocean. As will be discussed in the groundwater section of this
report, it is quite apparent that Herring Pond is subject to sub-
surface saltwater intrusions. These intrusions do not promote
excessive productivity, and lessen the meaning of observed
conductivity readings in terms of overall.system fertility.
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Chloride values in the Herring Pond system were very high and
were reflective of the very high conductivity values. Chloride
concentrations were consistent throughout the study vear, and
exhibited a range of mean values of 205.2 to 207.5 mg/l for all

stations. ‘The means are below the limits recommended for
drinking water (250 mg/l), although on one occasion (04/22/88)
this limit was exceeded. Suggested sodium levels ({(usually about

2/3 of the chloride conc.) were assumed to always exceed the
drinking water standard of 20 mg/l.

Total alkalinity provides a measure of the buffering capacity of
Herring Pond. Mean values were typically in the range of 14.6 to
17.0 mg/l as CaCO,. The ability of the pond to withstand acidic
additions without™pH change, would be considered moderate. The
low buffering capacity of the soils found in the watershed
provides little protection against acid precipitation. The pH
values from the Herring Pond stations ranged from 5.2 to 7.1 over
the study year. Higher values were typically observed during
the summer months. On all but one occasion the pH values were
below neutral (7.0 S.U.), with values typically observed in the
6.0 to 6.5 range, classifying the pond as slightly acidic.

Groundwater Assessment

Routine water quality sampling was supplemented by sampling of
local wells and the interstitial porewater in littoral (shallow
water) sections of Herring Pond. Positions of the porewater
sampling stations are indicated in Figure 8. Porewater samples .
were collected in May and August 1988. . Domestic well samples
were collected in conjunction with porewater sampling and the
locations of these wells are shown on Figure 9. Water quality
data from these sample stations are presented in Table 4 and
Table 5, respectively. Additionally, five permanent monitoring
wells were installed in the Herring Pond watershed to aid in
assessing the elevation of the groundwater table in the
watershed, and to investigate the quality of the groundwater
further from the pond’s edge and independently of domestic supply
systems. The location of these monitoring wells and associated

water quality data are shown in Figure 10 and Table 6,
respectively.

There were apparent seasonal variations noted in both porewater
and domestic well water quality with respect to phosphorus
concentrations. Both of these sources exhibited higher
concentrations of total filterable phosphorus during the spring
survey, but there was no discernible correlation between
porewater and well water quality. Orthophosphorus exhibited
similar trends, but of lesser magnitude. The highest total
filterable phosphorus value (3,070 ug/l) came from Well F,
located on the southern shore of the pond during the spring
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FIGURE 8

LOCATION OF L.I P. SAMPLE STATIONS
IN HERRING POND

100 m
328 f1

nf,k 2 't%}tt‘t?—.&‘_‘:!
_}:‘5 PW-2%
RS Sy

Mote: For quality control purposes, additional
samples (PY-13 and PY¥Y-14) were collected
from the same shoreline vicinity as P¥-12
in Augqust, 1988
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survey. This particular well contained a high total filterable
phosphorus wvalue (1,830 ug/l) during the summer survey as well,
but the source of this high value is unknown. In most cases, the
concentration of total filterable phosphorus in domestic well o
samples from around Herring Pond were lower than interstitial .
porewater values, although there were a few exceptions. The
biological availability of groundwater phosphorus is dependent on
incoming (or outgoing) groundwater concentration, season
(accumulation), soil type (adsorption), the degree of oxygenation
(remineralization) and the bacterial flora (uptake or release)
connected with the layer. The relationship of porewater
phosphorus to lake loading is poorly understood, so it is
difficult to equate high interstitial values with contributions
to the overlying water. It is possible, however, to identify and
classify those shoreline segments with respect to groundwater 5
loading potential, based on interstitial porewater total ‘
phosphorus concentrations.

Concentration of total iron was assessed in interstitial
porewater and domestic well samples. Under oxygenated conditions
ferrous iron, Fe(II), is hydrolyzed to ferric iron, Fe(III), and
may react with phosphate, forming an iron phosphate precipitate.
If under these conditions the Fe:P ratio is sufficiently high
(2:1 to 5:1), this reaction is efficient in removing phosphate
from solution (Armstrong et al., 1987; Stauffer, 1981). : ;
Porewater iron concentrations ranged from 1.63 to 9.49 mg/l. 5
Although these concentrations are not unusually high compared to
other studies, they may be sufficient to retain phosphate at the
sediment-water interface under oxic conditions. This scavenging
of phosphate by iron at the sediment level would minimize the
potential influence that inseeping groundwater exerts on the
water quality of Herring Pond. -This may be of major importance
in the Herring Pond system, as approximately one-half of the pond
is assoclated with epilimnetic (oxic) water on an areal basis
during periods of stratification. 1In addition, only the deepest
portions of the hypolimnion were observed to be anoxic (i.e.,
less than 1.0 mg/l 0,), which would tend to further reduce the
sediment-water inter%ace potentially releasing phosphorus in
large quantities. Overall, domestic well samples contained low
to moderate levels of iron, ranging from 0.02 to 11.84 mg/l. 1In
general, there was a tendency for higher values in wells along
the southwestern periphery of the pond.

Ammonia values ranged from 0.01 to 0.51 mg/l in the wells and
from 0.01 to 4.00 mg/l in interstitial porewater. The highest
well value (from Well H) corresponded to the highest ammomnia
value among well samples on both survey dates. This particular
well is located adjacent to the public beach. Analysis of ‘ L
Porewater samples from this vicinity revealed relatively high |
values of ammonia on both occasions. It appears that the ’
significant areas of potential nitrogen loading, based on
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TABLE 6

HERRING POND PERMANENT MONITORING WELL SAMPLES (5/10/89)

ANALYSIS UNITS  STATION L ‘

HP-Wl  HP-WZ  HP-W3  HP-W4  HP-WS
FEC COLI (/100ml3) 10 . 10 10 10 10
TRON (mg/1) 4.1 4,2 19.4 - .75 .33
TOTAL FILT. P (ug/]) 2700 220 180 70 80
ORTHO P (ug/1) 1900 130 80 70 60
AMMORIA N (mg/1) .11 .09 .05 .07 05
NITRATE N (mg/1) .09 .04 .14 { A7
CHLORIDE (mg/1) 131,90 55.9 27.4 11.8 40.2
PH su) 6.4 6.3 6.3 6.8
CONDUCT (umhos/cm) 3% 159 109 70 125
TURBIDITY (NTU) 1.4 2.3 5.0 3.3 1.5
ELEVATION (ft2 7.42 7.98 8.29 9.89 8.46
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porewater analysis, are the southwest and northeast areas of the
pond. Nitrate was found in relatively high concentrations along
the northeast shoreline only, however. Although domestic wells
and porewater quality did not appear to correspond with respect
to phosphorus, there was a semblance of a relationship with -
respect to nitrogen. For instance, nitrate as a source of
nitrogen was observed in relatively high concentrations in
porewater and well samples primarily from the southeastern
shoreline along with an occasional high ammonia wvalue. This was
especially apparent in porewater samples PW-2 and PW-12, and in
well samples WB, WD, WE, and WK. Ammonia, on the other hand, was
the predominant form of nitrogen in well and porewater samples
along the western shoreline (Well WH, PW-5, PW-6, and PW-7),
although it was found in similar concentrations in porewater
samples from other areas of the pond as well.

Conductivity averaged 202 umhos/cm in the well samples and 401
umhos/cm in the porewater samples (relative to in-lake of around
650 umhos/cm) . Conductivity values in porewater samples from the
southwestern area of the pond and in Well WI ranged from about
520 to 790 umhos/cm. These extremely high conductivity values
corresponded with wvery high chloride values (@ 200-220 mg/l), and
stongly suggest that intrusion of saltwater via groundwater in
the southwestern portion of the pond influences in-lake water

quality as demonstrated by the similarly high in-lake chloride
and conductivity wvalues.

Values for pH in well samples ranged from 6.2 to 6.4 in the May
well survey, and from 6.2 to 9.2 in August. Wells WG and WH
exhibited the higher values during both surveys. The unusually
high value in well WH (9.2) is unexplainable,. but may be related
to its proximity to the alleged zone of saltwater intrusion.
Porewater pH values ranged from 5.6 to 6.3 during the May survey,
and 5.7 to 6.8 during the August survey. As in the well sample
results, the higher values observed during the August porewater
survey were observed in samples from the southwest periphery of
the pond (i.e., PW-5, PW-6, PW-7, and PW-8).

Measurement of fecal celiform in well water indicated no
ecological or health hazard in any of the well samples. Values
were consistently no greater than 10/100 ml. Fecal coliform
levels in porewater samples only exceeded 10/100 ml in three
samples, all from the western shoreline of the pond. These
values were not high however, and ranged from 20/100 ml to 60/100

ml. The contact recreation standard of 200/100 ml was never
exceeded. :
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Stormwater Assessment

Herring Pond is topographically situated within a moderately
sloped watershed. However, there are no existing storm drain
systems in the watershed to direct the stormwater to the pond,
and much ¢f the water reaching Herring Pond must do so as
overland flow or as groundwater. There is, however, a catch
basin west of the pond that occasionally discharges into Herring
Brook. Only during storm tides, which are very rare, will this
act as a potential source of pollutant loading to Herring Pond.
Following a steady rain on 5/11/88, BEC personnel collected water
from the catch basin in an effort to characterize the nature of
its contents. This station was designated HP-3, and the results
of the analyses are included with routine survey data in Appendix
B. Not once during the course of this study was this source
observed to be an active contributor to the pond. As the water
quality in the catch basin was better than most runoff samples

collected by BEC over the past few years in other systems, there
is no cause for concern.

In the Herring Pond watershed, the runoff coefficient is likely
to be quite low due to the minimal amount of impervious surface.
As a result Herring Pond receives only moderate amounts of
overland storm water flow from the watershed. Owing to the
permeable -nature of the sandy soils in the watershed, much of the

precipitation percolates into the soil and ultimately recharges
the groundwater.

Bacteria

Fecal coliform (FC) and feecal streptococci (FS) were assessed
during this study (Table 3). These bacteria come from the
digestive tract of all warm-blooded animals, human and non-human,
and do not in themselves represent a serious health threat.
However, as they are occasionally accompanied by pathogens, they
are considered indicators of potential health hazard if present
in substantial numbers. The FC values obtained during this study
were below the Massachusetts standards for contact recreation,
which are 200/100 ml for multiple sample geometric means and
400/100 ml for single samples (or 10% of monthly samples). The

geometric mean of the in-lake station was 9/100 ml and 14/100 ml
for the outlet.

Values for fecal streptococci were similar to coliform counts
except on 4/05/88 when fecal streptococci counts reached 2000/100
ml in the in-lake sample. There are no bathing standards for
streptococci, however. The geometric mean for the in-lake
samples was 12/100 ml, while the outlet mean was 11/100 ml.
Potential sources of bacteria to Herring Pond include waterfowl
and possibly septic system inputs via groundwater, ‘
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FC:FS ratios may give some indication of the origin of observed
bacteria, as ratios associated with human-derived bacterial
assemblages are considerably higher than those associated with
non-human sources. The FC:FS ratio for humans is more than 4.0,
whereas the ratio for domestic animals is less than 1.0
(Tchobanoglous and Schroder, 1985) If ratios are obtained in the
ranges of 1 to 2, interpretation 1is less certain. The confidence
of this interpretation is alsc less sure when FC counts are low
(<200/100 ml). This would exclude all of the routine Herring
Pond data from consideration. However, the very low bacterial

counts suggest the conclusion that raw human septage is not
coming into the pond.

Phytoplankton

Phytoplankton, or microscopic algae suspended in thée water
column, are an important component of aquatic food webs, but may
also impart detectable color and. odor to lake water as well as a
reduction in water clarlty Phytoplankton abundance is often
approximated by measuring the concentration of chlorophyll a, a
pigment used in photosynthesis. It is the same pigment
responsible for making grass and leaves green. Chlorophyll a
usually represents 0.5 to 2% of total phytoplankton biomass and
has been correlated with production and standing crop at various
levels of the food web, water clarity, and phosphorus
concentration (e.g., Jones and Bachmann, 1976; Oglesby and
Schaffner, 1978; Hanson and Leggett, 1982; Vollenweider, 1982).

Measured chlorophyll a concentrations in Herring Pond ranged from
0.7 to 4.6 ug/l (Table 3,. Appendix B). The mean value was 2.1
ug/l. Based on equatlons which relate chlorophyll a
concentration to total phosphorus concentrations, expected
chlorophyll a values in Herring Pond would range from 2.6 to 14.3
ug/1l, with a mean value of 6.6 ug/l (Jones and Bachman 1976,
Oglesby and Schaffner 1978). For calculations, see Appendix C.

These predicted values are substantially greater than those
observed in Herring Pond. Among the possible explanations for
the lower values observed in Herring Pond is that a large portion
of the total phosphorus pool may be refractory (i.e.,
unavailable), or that chlorophyll values for late summer
underestimate true algal biomass as the nature of the cyanophyte
cell wall commonly poses difficulties during pigment extraction.
Substituting the mean orthophosphorus value observed in Herring
Pond (10 ug/1l) into the equation yields an expected chlorophyll

concentration of 2.6 ug/l. This agrees more closely with observed
values.

Chlorophyll a values are often considered indicators of the
trophic state of a lake. Fitting a lake or reservoir into any
classification system is a subjective process with no single
parameter capable of fully "defining" the trophic status of a



lake. However, chlorophyll a levels are among the more telling
parameters. The mean and range of chlorophyll a values from
Herring Pond correspond to a meso-oligotrophic or moderately
fertilized condition (Wetzel 1983).

Chlorophyll and non-living suspended solids are important
determinants of water clarity. Secchi disk transparency, a
measure of water clarity, ranged from 3.0 to 6.6 m in Herring
Pond, with a mean of 4.4 m (Table 3, Appendix B). The predicted
mean value for transparency, based on the observed mean
chlorophyll value, would be 6.4 m (Appendix C) {Oglesby and
Schaffner 1978, Vollenweider 1982). This suggests that observed

turbidity in Herring Pond is largely a function of algal
densities.

The nature of the phytoplankton community in Herring Pond varied
with time over the course of the study year and included members
from seven major algal divisions. The seasonal patterns of
abundance {(cell numbers and cell biomass) are shown in Figure 11.
Secchi disk transparency should have .been expected to exhibit a
pattern inversely related to algal abundance, although it does
appear to be inversely related to chlorophyll concentrations.

The most numerous taxa were blue-green algae (Cyanophyta), .
diatoms (Bacillariophyceae), green algae (Chlorophyceae), golden-
‘brown algae (Chrysophyceae), and ‘cryptophtes {(Cryptophyceae) . .
Euglenophytes and dinoflagellates (Pyrrophyta) were also present,
but in relatively low numbers, although the. latter contributed
substantially to the biomass on several occasions. The seasonal.
progression of dominants was diatoms (winter), dinoflagellates, -
diatoms, and green algae (spring), green and blue—-green algae
(summer), and diatoms and green algae (fall). Blue-green algae-
tend to be dominant at low nitrogen:phosphorus (N:P) ratios

(Smith, 1983). The lowest N:P values were observed during the
sunmer months and began to rise during the early fall during
which diatom populations became dominant. This pattern is common

to many temperate lakes, and reflects the response of the
phytoplankton community to changing physical, chemical, and
biotic factors (Wetzel 1983, Reynolds 1980) . ‘

Some of the more numerous algal genera were: cyanophytes,
Anabaena, Oscillatoria, and Chroococcus; chrysophytes, Dinobryon;
cryptophytes, Cryptomonas; chlorophytes, Staurastrum,
Elakatothrix, and Qocystis; and the diatoms, Fragilaria, Synedra,-

and Asterionella. The summer blue-green community was dominated
primarily by Anabaena.

Overall, the phytoplankton community structure and abundance are
representative of a meso-oligotrophic system. The limiting
factors in Herring Pond are likely to be nutrients {(primarily
phosphorus) and, less importantly, light, particularly during
winter months. Grazing by zooplankton may also subtly influence
algal community structure through size-selective grazing.
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Macrophytes

An extensive in-lake macrophyte and sediment survey was conducted
on August 8, 1988. A team from BEC visually inspected the lake
bottom via snorkel and SCUBA diving. Macrophytes (large aquatic
plants) were identified and their density was mapped.

The taxonomic composition of the macrophytes of Herring Pond is
shown in Figure 12. A total of 17 submerged and emergent species
were found in Herring Pond or on its shoreline. Identification
was according to Fassett (1957). The most widely distributed
genera were Ceratophyllum, Potamogeton, Eleocharis, and Najas.
Filamentous green algae (chlorophytes) were also observed during
this survey, and were observed primarily in the eastern portion
of the pond. The central, deep portion of the pond was generally
devoid of rooted aquatic plant 1ife. The nearshore zone was
inhabited by a variety of plants with the deeper, more offshore
zones dominated primarily by Ceratophyllum and Najas.

The density of these plants is indicated in Figure 13. :
Macrophyte density was generally greatest (50% - 100% cover) from
10 to 100 meters from the shore, decreasing drastically beyond
this point. The peripheral shoreline zone was characterized by
minimal macrophyte coverage which appeared linked to sandy arecas
overlain by minimal organically rich sediment.

The biomass of macrophytes was measured by setting a large ring
(0.88 sg. m) on the bottom of the sediments and harvesting (by
diver) all the plants thus enclosed. Depending on the amount of
coverage, the macrophyte biomass in Herring Pond ranged from 0 to
2.6 kg/sqg.m. The type of dominant macrophyte influenced the
amount of biomass present, even in areas of high coverage (75~

100%) . 1If Eleocharis was the dominant plant, a virtual carpet of
short stems would prevail, without much biomass. In contrast,

areas with high coverage of Ceratophyllum would yield greater

biomass. Average biomass was moderate relative to many other
lakes studied by BEC.

Zooplankton

Zooplankton are of interest because they represent the linkage
between the bottom of the food base and higher trophic levels,
namely planktivorous fish. Zooplankton were sampled twice during
the year, at periods corresponding to late spring (May) and mid-
summer (August). The zooplankton community of Herring Pond was
primarily dominated by cladocerans, but included copepods and
rotifers as well (Appendix B). The most important zooplankton
genera were the cladoceran Daphnia in spring, and the cladoceran
Eubosmina in summer. In the spring survey, Daphnia was the major
contributor (@ 74%) to the total zooplankton biomass, but was
virtually absent during the summer survey,
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B ) FIGU_RE 12 -
Distribution of Aquatic Macrophyte Taxa
in Herring Pond, Eastham, MA
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BG = Brasenia schreberi

Ca = Clethra alnifolia

Cd = Cerataphylium demersum
Ch = Chara 3p.

Ec = Elodea canadenais

Er = Eleocharis robbinsii

Species List

FG = Filamentous green algae
Gr = Gratiola lutea

J = Juncus 3p.

Lb = Lobelia dortmanns

Ly = Lythrum selicaria

Mg = Myrica gale

Nf = Najas flexilis

Ni = Nitella ap.

Pg = Potamogeton 3p.

Pr = Potamogeton richardsonii
Sc = Scirpus ap.

Tl = Typha latifolia
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FIGURE 13
Density of Bottom Coverage by Aquatic Macrophytes
in Herring Pond, Eastham, MA
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Zooplankton communities differed markedly between the two
surveys. Numerically, zooplankton were nearly 3.5 times more
abundant in spring than in summer, whereas spring zooplankton

biomass was nearly 11 times greater than in summer. There was a
shift in the mean size from 0.59 mm in spring to 0.30 mm in ——
summer. The overall impressicn is that of a relatively unstable

zooplankton community, and one that is possibly impacted heavily
by fish predation with respect to individual size and
composition. The observed shift in mean size of zooplankton may
be reflective of a seasonally changing algal assemblage and size
selective grazing behavior of the different cladoceran genera.
Alternatively, the changing size structure of the zooplankton
community may be controlled by the predatory activities of
abundant planktivorous fish, particularly alewife. If so, this
would lead to the conclusion that the size of the zooplankton
community 1is experiencing both bottom up (food availability) and
top down (fish predation) control. However, the low summer
biomass and near absence of zcooplankters larger than the minimum
size consumable by alewife strongly suggests fish predation as
the controlling influence in this system. Departure of young
alewife in fall and rejuvenation by resting eggs. are important
factors in the apparent spring recovery of Daphnia.

Macroinvertebrates

The invertebrates of Herring Pond were qualitatively sampled. by
dip net and visual observation. A limited variety of taxa were
present in Herring Pond, and no single taxa was observed to be
especially abundant. Molluscan invertebrates in Herring Pond
were represented by fresh water clams (Unionidae). Other
frequently observed invertebrate inhabitants included pillow
mites (Hydracarina) and crayfish {(Cambaridae).

Fish

Of the 262 fish caught during the Herring Pond fishery survey
conducted by BEC, seven species were represented (Table 7a).
Included among these were yellow perch (Perca flavescens),
pumpkinseed (Lepomis gibbosus), golden shiner (Notemigonus
crysoleucas), killifish (Fundulus diaphanus), american eel
(Anguilla rostrata), alewife (Alosa pseudoharengus), and a
solitary chain pickerel (Esox niger).

The survey conducted by the Massachusetts Division of Fisheries
and Wildlife (MDFW) in June, 1988, found many of the same fishes
as the BEC survey with a few exceptions. Most notably, The MDFW
cbserved both rainbow trout (Onchorynchus mykiss) and brown trout
(Salmo trutta) in Herring Pond, whereas these species were not
captured during the BEC survey; these species were observed by
divers and caught by fishermen while BEC personnel were present,
however. Alewife were not observed in the pond by the MDFW, but
a few were observed in the herring run. The results of the MDFW
survey are presented in Table 7b.
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The rather dense growths of coontail (Ceratophyllum demersum) in

the offshore waters provide ample cover for fish. These growths

do not present a nuisance to boaters or bathers, and a healthy

fishery requires some measure of macrophyte cover. These densely
covered littoral areas are ideal for species such as punmpkinseed T
and golden shiners, whereas the deeper, more offshore pelagic

zones are better suited for yellow perch and alewife. Killifish

are most often associated with the shallow shoreline areas.

Critical to the evaluation of the Herring Pond fishery is the
assessment of the magnitude of the alewife spawning run and the
impact of this species on the pond’s zooplankton community. The
spring spawning run was monitored and logged by Natural Resource
Department personnel of the Town of Eastham in April and May of
1988 and 1989. Only four alewife were observed in the channel in

1988, and low water levels prevented access to the pond. The
1989 run was much more successful. '

The Natural Resource Department also collected nineteen adult
alewife and provided these along with the herring log to BEC
personnel for examination. This allowed for the estimate of the
number of alewife entering Herring Pond, and an estimate of the
reproductive potential of the population. The latter was
facilitated by examining the ovaries of adult female alewife to

estimate the number of eggs entering the pond during the run
(Table 8}).

Spawning female alewife were carrying an average of about 89,000
€ggs. Sea-run females typically produce 60,000 to 100,000 eggs
(Scott and Crossman, 1979). Eggs are broadcast at random, and
hatching takes place in about 6 days at 15.6° C. It is estimated
that 240 to about 720 alewife entered Herring Pond during the
spawning runs. A male:female ratio of about 1:1 suggests that
between 10 million and 32 million alewife eggs were spawned in
Herring Pond during the 1989 spawning run. Assuming a survival
rate of between 0.1 percent and 1.0 percent, an average of

105,000 likely survive to juvenile stages (range = 10,000 to
320,000) .

Sediment Analysis

The depth of the soft sediment in Herring Pond was mapped in
August 1987. The sediment layer was measured by a diver pushing
a metal rod into the bottom to the depth bf first refusal. Notes
were made about the nature of the underlying substratum. The
depth of the sediments is shown in Figure 14, and the volume is
shown in Table 9. A typical transect of the pond sediments would
reveal sandy nearshore zones with minimal soft sediment cover
giving way to deeper zones characterized by increasing soft

sediment depths. From a relative standpoint, the soft sediment
volume in Herring Pond is minimal.
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TABLE 8 |

HERRING POND HERRING RUN STATISVTICSV 7

Number of fish taken = 17

Female/Male ratio = 1.13

Range of weights = 140 - 232 g

Average welight of adults = 191 g

Range of lengths = 229 - 305 mm

Average length of adults = 267 mm ' P
Average weight of eggs/female = 36 g

Average percent of female body weight represented by eggs = 17%
(range 14.4 - 20.3%)

Number of eggs/g of eggs = 2,480
Average eggs/female = 89,280

Range of eggs/female = 71,920 - 119,040
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FIGURE 14 ‘
Soft Sediment Depth in Herring Pond, Eastham, MA
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TABLE 9

SOFT SEDIMENT VOLUME IN HERRIN_G POND

Soft Sediment Depth Range Volume Contained Within Range

(M) (CU.M)
0.0 - 0.5 19659
0.5 - 1.0 39537
1.0 - 1.5 24352

>1.5 38743
Total >122291
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