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Executive Summary

Review and Interpretation of Harwich Ponds Volunteer Monitoring Data
Final Report

December 2006

The Town of Harwich pond monitoring volunteers have provided sufficient data to allow
a prioritization of the water quality problems in the 13 ponds that have been monitored:
Andrews, Aunt Edies, Bucks, Cornelius, Flax, Hawksnest, Hinckley, John Joseph, Robbins,
Sand, Skinequit, Walker, and White.  Monitoring data show that all the ponds have water quality
concerns, although some have clear water quality impairments.  The worst among these, by
increasing level of impairment, are Sand, Cornelius, Hinckley, John Joseph, and Skinequit.

Although existing data is sufficient for prioritization of future efforts, more refined data
collection will be necessary to assess any of the individual ponds.  The available data is
inadequate to determine whether the variability in the individual ponds is due to natural
variability in the ecosystems or is due to the limited number of samples.  The water quality
portion of refined data collection can be accomplished through enhancement of the existing
monitoring program, including more careful adherence to the PALS sampling protocol and more
frequent data sampling runs.  Water quality data would then need to be brought into additional
context through the delineation of watersheds, evaluation of nutrient sources within the
watersheds, development of water and nutrient budgets, and potential sampling of pond
sediments.  One example of this type of individual pond analysis was recently completed by the
Cape Cod Commission for the Indian Ponds in Barnstable (Eichner, et al., 2006).

Short of more refined individual pond sampling, it is recommended that the Town, at a
minimum, continue to sample the current list of ponds on an annual basis.  This annual sampling
should closely mirror the current sampling and laboratory procedures completed through the
annual Pond and Lake Stewards (PALS) Snapshot sampling.  The Snapshot has been coordinated
every August and September since 2001 by the Cape Cod Commission and UMASS-Dartmouth,
School of Marine Science and Technology (SMAST).  Results from town annual monitoring
should be reviewed and interpreted every five years to determine whether any notable water
quality trends are occurring.

Any future sampling should work to maximize the effort and value of having volunteers
collect the data and the Town pay for laboratory services.  The existing dataset for Harwich
ponds has some limitations because of inconsistent sampling procedures.  Although the PALS
protocol is the stated basis for sampling, a number of ponds have samples collected at non-
standard depths, as well as dissolved oxygen recordings at depths intervals less than every meter.
More consistent use of the PALS protocol will allow the town to have better confidence in
interpretation of water quality results, provide a better basis for any future individual pond
assessments that may be planned, and maximize the efforts of volunteers.  It is recommended
that training of monitoring volunteers be reviewed to ensure that the protocol is clearly
understood.
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I.  Introduction
The Town of Harwich has 63 ponds that collectively occupy 220 acres (Eichner, et al.,

2003).  Of these ponds, about half of them are greater than one acre and 20 of them are greater
than ten acres.  As population has grown in the town, public concerns about pond water quality
have also increased.

These local pond concerns mirror concerns that are being raised Cape-wide.  The Cape
Cod Commission and other community partners, including the Community Foundation of Cape
Cod, the state Executive Office of Environmental Affairs, and the University of Massachusetts
Dartmouth School of Marine Science and Technology (SMAST), developed the Pond and Lake
Stewards (PALS) program to respond to these concerns.  Initial PALS activities included a
number of accomplishments, including the production of the Cape Cod Pond and Lake Atlas
(Eichner, et al., 2003), a number of “Ponds in Peril” workshops where pond concerns and
solutions could be shared among all towns and volunteers, and participation of volunteers in the
National Secchi Dip-In using Secchi disks provided by the Commission to measure transparency
in their ponds.  Volunteers who participated in the Dip-In wanted to know more about the water
quality in their ponds and, with SMAST’s offer of free laboratory analysis of water samples, the
Commission, SMAST, and the towns created the first PALS Snapshot sampling in 2001.

 Many towns, including Harwich, took the opportunities presented by the annual PALS
Snapshots, which have continued through 2005, to create volunteer pond monitoring programs.
In Harwich’s case, the monitoring program has included funding for laboratory analysis of water
samples, training of volunteers, and coordination through the Water Quality Task Force.  The
Harwich program uses the PALS sampling protocol as guidance and the collection of samples
from 13 of the town’s ponds.

During the 2005 discussions of Barnstable County’s Growth Management Initiative
(GMI), a number of towns requested assistance from the Cape Cod Commission to provide
interpretation of the pond water quality data that has been collected by volunteers over the
previous years.  The Commission and the Town worked together to develop a scope for a project
to review this data; this project was funded using both GMI and Town funding.  The agreement
between the Town and Commission required the Commission to review of Harwich’s data and
provide trophic classifications and monitoring recommendations.

With the assistance of the Harwich Water Quality Task Force, all of the volunteer data
was compiled, organized, and reviewed by Commission water resources staff.  A preliminary
summary of this review was presented at a Task Force meeting on June 22, 2006.  The
information presented below details the review of the volunteer monitoring data, including
recommendations for future monitoring.

II. Pond Data Sources
The initial PALS Snapshot in 2001 is the first volunteer data collected from the 13 ponds

reviewed in this report.  Data for all the ponds has been generally been collected twice a year
since the initial 2001 PALS sampling with one of the samplings each year being the annual
PALS Snapshot.  Field sampling procedures followed the PALS Snapshot protocol, including



2Figure 1.  Ponds monitored by Harwich volunteers (ponds shown in pink are reviewed in this report)
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water column profile measurements of dissolved oxygen and temperature, and Secchi disk
transparency.  All laboratory analysis has been completed by the SMAST lab; laboratory
procedures are described in the SMAST Coastal Systems Analytical Facility Laboratory Quality
Assurance Plan (2003).  Laboratory analysis has included the following parameters:  total
nitrogen, total phosphorus, chlorophyll a, pH, and alkalinity.  Detection limits for laboratory
analytes and field data collection are listed in Table 1.

In order to complete the data review, Commission staff organized the data by sampling
station according to the PALS sampling protocol that was used for the data collection.  Thus, a
pond like Andrews Pond that is ~8 m deep would have a shallow sampling station at 0.5 m and a
deep sampling station that is one meter off the bottom.  The deep stations depth would vary due
to slight changes in the sampling location and fluctuations in the pond’s water level.

Data was reviewed on both a town-wide basis and an individual pond basis.  Town-wide
analysis allows comparison between the ponds, while the individual pond analysis allows for the
review of sampling procedures and development of recommendations for future activities.  The
analysis generally focuses on averages concentrations between June through September; this is
the primary period of ecosystem activity in Cape Cod ponds.

Table 1.  Field and laboratory reporting units and detection limits for data collected for the
Harwich Ponds

Parameter Matrix Reporting
Units

Detection
Limit Accuracy (+\-) Measurement

Range
Field Measurements
Temperature Water ºC 0.5°C ± 0.3 ºC -5 to 45

Dissolved
Oxygen Water mg/l 0.5 ppm

± 0.3 mg/l or ± 2% of
reading, whichever is

greater
0 – 20 mg/l

Secchi Disk
Water Clarity Water meters NA 20 cm Disappearance

Laboratory Measurements - SMAST

Alkalinity Water mg/l as
CaCO3

0.5 80-120% Std. Value NA

Chlorophyll-a Water µg/l 0.05 80-120% Std. Value 0-145
Nitrogen, Total Water µM 0.05 80-120% Std. Value NA

pH Water Standard
Units NA 80-120% Std. Value 0 - 14

Phosphorus,
Total Water µM 0.1 80-120% Std. Value NA
Note:  All laboratory measurement information from SMAST Coastal Systems Analytical Facility Laboratory
Quality Assurance Plan (January, 2003)
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III.  Town-wide Water Quality Data
A.  Field Collected Water Quality Data
1.  Dissolved Oxygen and Temperature

Pond and lake ecosystems are controlled by interactions among the physical, chemical,
and biological factors within a given lake.  The availability of oxygen determines distributions of
various species living within a lake; some species require higher concentrations, while others are
more tolerant of occasional low oxygen concentrations.  Oxygen concentrations also determine
the solubility of many inorganic elements; higher concentrations of phosphorus, nitrogen, and
iron, among other constituents, can occur in the deeper portions of ponds when anoxic conditions
convert bound, solid forms in the sediments into soluble forms that are then released into the
water column.  Temperature is inversely related to dissolved oxygen concentrations (i.e., higher
temperature water holds less dissolved oxygen).

Oxygen concentrations are also related to the amount of biological activity in a pond.
Since one of the main byproducts of photosynthesis is oxygen, a vigorous algal population can
produce DO concentrations that are greater than the concentrations that would be expected based
simply on temperature interactions alone.  These instances of “supersaturation” usually occur in
lakes with high nutrient concentrations, since the algal population would need readily available
nutrients in order to produce these conditions.  Conversely, as the algal populations die, they fall
to the sediments where bacterial populations consume oxygen as they degrade the dead algae.
Too much algal growth can thus lead to anoxic conditions and the release of recycled nutrients
back into the pond from the sediments potentially leading to more algal growth.

Shallow Cape Cod ponds [less than 9 meters (29.5 ft) deep] tend to have well mixed
water columns because ordinary winds blowing across the Cape have sufficient energy to move
deeper waters up to the surface.  In these ponds, both temperature and dissolved oxygen readings
tend to be relatively constant from surface to bottom; this would be the expected condition in
most of the Harwich ponds reviewed in this report.

In deeper Cape Cod ponds, mixing of the water column tends to occur throughout the
winter, but rising temperatures in the spring heat upper waters more rapidly than winds can mix
the heat throughout the water column.  This leads to stratification of the water column with
warmer, upper waters continuing to be mixed and warmed throughout the summer and the
isolation of cooler, deeper waters.  The upper layer is called the epilimnion, while the lower layer
is called the hypolimnion; the transitional zone between them is called the metalimnion.  Among
the Harwich Ponds, only John Joseph is deep enough to have strong stratification of temperature
and dissolved oxygen.

Since the lower layer in a stratified pond is cut off from the atmosphere by the
epilimnion, there is no mechanism to replenish oxygen consumed by sediment bacterial
populations as they consume organic matter (e.g., algae, fish) that has sunk to the bottom.  If
there is extensive organic matter falling to the sediments, as one would expect with lakes with
higher amounts of nutrients, the bacterial respiration can consume all of the oxygen before the
lake mixes throughout the water column again in the fall.  John Joseph tends to have low oxygen
or anoxic conditions only in its deepest waters.
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The state surface water regulations (314CMR4) have numeric standards for both
dissolved oxygen and temperature.  Under these regulations, ponds that are not drinking water
supplies are required to have a dissolved oxygen concentration of not less than 6.0 mg/l in cold
water fisheries (e.g., like John Joseph) and not less than 5.0 mg/l in warm water fisheries (e.g., the
rest of Harwich’s monitored ponds).  These regulations require that temperature not exceed 680F
(200C) in cold-water fisheries or 830F (28.30C) in warm water fisheries.  There are additional
provisions in the regulations that allow lower concentrations or higher temperatures if those are
natural background conditions.

Dissolved oxygen and temperature concentrations are the most extensive dataset
collected by volunteers for the Harwich ponds.  Readings were generally collected at an initial
depth of 0.5 meter and then 2 m increments below that (e.g., 0.5 m, 2 m, 4 m, etc.); the PALS
protocol, which is the stated basis for the Harwich sampling requires readings at every meter
(e.g., 0.5 m, 1 m, 2 m, 3 m, 4 m, etc.).  Among the 13 ponds in Harwich with collected volunteer
data, there are 56 stations or depths where dissolved oxygen concentrations were measured
between 2001 and 2005.  These stations generally have between 8 and 22 readings.  Among the
13 ponds, only John Joseph would meet the criteria for a cold-water fishery; the remainder of the
ponds would be considered warm water fisheries.

Of the 47 stations in the 12 warm water fishery ponds, six had average concentrations
between June and September less than the state 5 ppm standard for warm water fisheries (Figure
2).  These six stations are located in the following five ponds:  Cornelius (1.5 m depth), Hinckley
(5 and 7 m), Sand (6 m), Skinequit (4 and 6 m), and Walker (8 m).  John Joseph had two stations
(14 and 15 m) that had average concentrations less than the state 6-ppm cold water fisheries
standard.

Although Massachusetts has adopted regulatory limits for dissolved oxygen, the
occurrence of physiologically significant concentrations can have profound impacts on fish and
other animals in a pond ecosystem if they occur even once.  For example, study of fish
populations have shown decreased diversity, totals, fecundity, and survival at low dissolved
oxygen concentrations (e.g., Killgore and Hoover, 2001; Fontenot, et al., 2001, Thurston, et al.,
1981; Elliot, 2000).  Concentrations of less than 1 ppm are generally lethal, even on a temporary
basis, for most species (Wetzel, 1983; Matthews and Berg, 1997).  With this in mind, staff also
identified stations where dissolved oxygen concentrations of 1 ppm or less had been measured.
In addition to all nine of stations identified above that averaged less than the state regulatory
concentrations, two additional stations in two additional ponds had dissolved oxygen minima of
1 ppm or less:  Andrews (8 m) and Bucks (8 m) (see Figure 2).


