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Background
In spring of 2019, the Friends of Chatham Waterways (FCW) and the Town of Chatham (Town)
contracted with the Association to Preserve Cape Cod (APCC) to initiate a second season of
cyanobacteria monitoring in five lakes and ponds throughout the Town. In certain conditions,
cyanobacteria, also known as blue-green algae, can multiply rapidly and produce harmful
cyanobacteria blooms (HCBs) that can be harmful to humans, pets and wildlife. Increasing
frequency of these blooms and associated health threats are an emerging global environmental
issue that is attributed to changing climate and nutrient pollution. In response to widespread and
increasing concern about cyanobacteria and HCBs, agencies at all levels have developed
programs to address the issue including town and state health and natural resource departments,
the federal U.S. EPA, the World Health Organization, and many others. In the New England
region, a group called the Cyanobacteria Monitoring Collaborative (CMC) was initiated and
developed a cyanobacteria monitoring methodology in spring of 2017, which APCC’s
monitoring methods are based upon.
Goals of this monitoring program included improving understanding of cyanobacterial
populations in these lakes, increasing awareness of this issue throughout the community, and
communicating results to help protect public health and safety. This program was developed as a
joint effort between APCC, FCW and the Town in which APCC provided training, oversight,
and project management while FCW collected samples and both FCW and the Town provided
equipment and funding to support the program.
To best communicate results, APCC developed a tiered warning system and an online map
(https://www.apcc.org/cyano/index.html), which are used to communicate findings and to trigger
recommendations for public advisory notices from the Town. Warning levels are based on
recently published research by the University of New Hampshire’s Center for Freshwater
Biology (UNH). These papers document a strong relationship between concentrations of the
cyanobacterial pigment phycocyanin and presence of the harmful cyanotoxin microcystin
(Leland and Haney, 2018; Leland et al., 2019). In these papers, Leland and Haney identified
mathematical formulas to calculate expected microcystin toxin concentrations based on
community composition (e.g., what types of cyanobacteria were present) and the phycocyanin
pigment concentrations found in lake water samples. By comparing expected microcystin
concentrations with guidelines from the Massachusetts Department of Public Health (MassDPH)
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and the United States Environmental Protection Agency (EPA) we developed our tiered warning
system.
There are multiple other toxins produced by cyanobacteria, for example anatoxin, that are likely
present in lakes across the Cape. Testing methods for these toxins are in early phases of
development. Until further advances in toxin analysis and monitoring methods are developed, we
feel that our method of using phycocyanin as an indication of potential threat level from all
toxins is the best approach.
Cyanobacteria status levels used by APCC are as follows:
1. No or Low Amount of Cyanobacteria: Monitoring results indicate no or low amounts of
cyanobacterial cells, pigments and toxins. This status level suggests that, to the best of our
knowledge, at the time and location of sample collection, regular recreational usage of the
pond is safe with respect to cyanobacteria and cyanotoxins.
2. Moderate Amount of Cyanobacteria: This status level indicates potential for low to
minimal health risks to people but higher potential risks to pets. It is recommended to avoid
letting pets interact with the water at this level. This status level is triggered when monitoring
data indicate that moderate amounts of cyanobacterial cells and/or pigments are present
and/or that levels are increasing since past sample dates. There may or may not be visible
particles in the water column or floating scum on the water surface. Cyanotoxin levels are
likely below MassDPH guidelines.
3. High Amount of Cyanobacteria: This status level indicates potential for low to moderate
health risks to adults but higher potential risk to babies, small children and pets. This status
level is triggered when monitoring data indicate that high amounts of cyanobacterial cells
and/or pigments are present and that a HCB may be forming or presently occurring. Water
may be cloudy and/or significant amounts of visible suspended particles or floating surface
scum may be present. Cyanotoxins are likely present but may still be below MassDPH
guidelines. APCC typically notifies the Town to recommend an advisory posting when a
pond is found to be at this status level.
4. Recreational Use Advisory: This status level indicates moderate to severe health risks for
people, children, and pets. This status level is triggered when monitoring data indicate that
high levels of cyanobacterial cells and/or pigments are present. At this level visible
suspended particles, surface or shoreline scum is likely to be present, water is likely cloudy
and cyanotoxin levels may be at or above MassDPH guidelines. This level is only indicated
on our online map when the Town has initiated an official public advisory notice.
Methods______________________________________________________________________
APCC’s cyanobacteria monitoring methodology relies on a combination of field observations
and analysis of water samples to assess the cyanobacteria status of a lake or pond. Methods used
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this season were the same as those used in 2018 to allow comparison across multiple seasons.
Throughout the 2019 monitoring season, field observations and pond water samples were
collected at six predetermined sites in the five targeted ponds (Figure 1).
Prior to the start of monitoring a sampling schedule was established, which planned for sample
collection at each pond every other week from May 15 to October 9. APCC led a kick-off
meeting, which was attended by FCW volunteer samplers at White Pond on June 5, 2019 to
distribute sampling equipment and demonstrate sampling techniques. May samples were
collected by APCC and FCW volunteers began sampling after the kick-off event, although
sampling at the Lovers Lake North site did not begin until June 19 due to access over private
property and lack of coordination with landowners.
On the morning of each sample date, samplers traveled to each of the sites where they made
general observations, completed field data sheets and collected samples following our
monitoring protocol. Field observations were important to document water clarity, presence of
suspended particles, floating scum and other indicators of a high density of cyanobacteria. Other
information collected in the field included sample location, date and time, recent past and current
weather conditions, visible and olfactory water conditions, air and water temperature, and
observations of wildlife and human activity.
On each sampling date at each site, two water samples were collected in 500 milliliter (mL)
opaque plastic sample bottles. Samples were collected at the locations indicated on Figure 1,
each of which was near the shoreline where water depth was approximately 1-2 feet. The first
sample entailed collecting a “grab” of water just below the surface by scooping water with a
sample bottle. The second “net sample” was collected using a fine mesh (50 micrometer (um))
plankton net, which was cast out toward the pond center and retrieved horizontally along the
surface for about 10 feet at a rate of about 1 foot per second. Samples were then placed on ice in
a cooler, transported to a refrigerator at the town hall annex, and finally picked up by APCC
interns and/or staff and delivered to APCC’s laboratory facility for analysis.
Laboratory analysis involved a combination of microscopy (i.e., identifying distinct types of
cyanobacteria) and fluorometry (photosynthetic pigment analysis) to document and track
potentially harmful cyanobacteria in the ponds. For the fluorometric analysis, water samples
were frozen and thawed to lyse cells and facilitate analysis of two photosynthetic pigments,
phycocyanin (PC) and chlorophyll-a (CHLA). PC is the primary pigment in cyanobacteria and
CHLA is the primary pigment in non-cyanobacterial algae and plants. PC concentration is a good
indicator of the amount of cyanobacteria (abundance) present in a pond and the ratio of PC to
CHLA indicates the relative dominance of cyanobacteria over algae.
After analyzing samples, APCC recorded data in a Microsoft Excel spreadsheet and updated
results on the online map to provide public access to the most recent monitoring results. When
conditions were deemed concerning (i.e., when a high level was indicated), APCC notified the
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Town to recommend additional sampling and/or posting of public advisory notices to warn the
public of the hazard.

Figure 1. Cyanobacteria monitoring stations in Chatham in 2019. Note that we sampled two sites
in Lovers Lake which were named Lovers North and Lovers South to account for potential
variation in results due to the physical separation of north and south lobes of the water body.
To interpret results, APCC relies on multiple data points from each sample date as well as
looking at ongoing trends over multiple sample dates. We utilize the following guidelines,
provided in Table 1 below, to manage our map status levels and to trigger recommendations to
the Town to post an official advisory notice. Status levels are applied based on a combination of
genera dominance and phycocyanin (PC) concentration. Samples dominated by Microcystis are
expected to have roughly ten times the microcystin toxin concentration as compared with
samples dominated by other genera of cyanobacteria as documented in the research papers cited
above. Additional information including growth rate (e.g., change in PC concentration over
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time), microscopy results (e.g., density of cells, filaments, or colonies) and field observations
(e.g., water clarity, presence of visible particulates, scum, etc.) are important in informing our
interpretation and resulting actions and recommendations to the Town for action.
Table 1. APCC Cyanobacteria Monitoring Results Interpretation Table
Dominant Genus
Map Status Level and Color
Microcystis
Other
Low
PC <10 ug/L
PC <100 ug/L
Moderate
PC 10 to 100 ug/L
PC 100 to 1000 ug/L
High
PC >100 ug/L
PC >1000 ug/L
Per Town decision often with APCC recommendation and
Advisory
MassDPH guidance.
Results_______________________________________________________________________
Goose Pond
A. Cyanobacteria Community Composition:
Microscopic analysis of samples from Goose Pond throughout the 2019 monitoring season
identified three genera of cyanobacteria, each of which are known toxin producers. Average
percent dominance of each genus for the season was: 83% Dolichospermum and less than 1%
each of Woronichinia and Aphanizomenon. On two sample dates, June 5 and July 17, no
cyanobacteria were found in our samples.
Table 2. Goose Pond Cyanobacteria Genera Dominance
Sample date

APCC map
status level

Percent dominance of each genus identified

May 15, 2019

Moderate

89% Dolichospermum, 11% Woronchinia

May 22, 2019

High

100% Dolichospermum

May 29, 2019

High

100% Dolichospermum

June 5, 2019

Low

No cyanobacteria found.

June 19, 2019

High

100% Dolichospermum

June 26, 2019

Low

100% Dolichospermum

July 3, 2019

Low

100% Dolichospermum

July 17, 2019

Low

No cyanobacteria found.

July 31, 2019

Moderate

95% Dolichospermum, 5% Aphanizomenon

Aug 14, 2019

Low

94% Dolichospermum, 6% Aphanizomnenon

Aug 28, 2019

Low

100% Dolichospermum
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Sept 11, 2019

Low

100% Dolichospermum

Sept 25, 2019

Low

100% Dolichospermum

B. Cyanobacteria Abundance Based on Phycocyanin Pigment Concentrations:
Phycocyanin (PC) pigment concentrations in Goose Pond samples varied throughout the
season with a low of 5.19 ug/L on July 3 and a high of 2970.47 ug/L on May 29. PC
concentrations in Goose Pond were moderate to high during three sample events in May and
one in June. Results from the remainder of the season indicated low levels aside from one
moderate level on July 31.

Figure 2. Goose Pond Phycocyanin Concentration
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C. Warnings, Advisories and APCC Cyano Map Status Levels:
APCC indicated high levels of cyanobacteria for Goose Pond on our cyanobacteria status
map on May 22, May 29 and June 19, indicating that caution to avoid contact with the pond
was recommended during that period to avoid potential health impacts to people and pets.
We did not contact the Town to recommend any official warnings or advisories, although we
were concerned and close to notifying the Town during the period of high levels.
D. Discussion:
Progressively increasing PC levels beginning on the first sample date (May 15) reached high
levels on May 22 and May 29. In combination with field observations of significant
suspended cyanobacterial material it is likely that a HCB event may have occurred between
May 15 and May 29. There was significant pollen mixed with cyanobacteria colonies present
throughout this early season bloom event, which made it difficult to assess what portion of
the visible scum material was cyanobacteria versus pollen with the naked eye. We did have
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some concern that pollen may have been interfering with our fluorometry readings. Although
consistent PC readings of replicate subsamples did confirm that cyanobacteria levels were
high. We increased sampling frequency around this period to track the bloom more closely
although ultimately decided to not notify the Town when PC levels dropped dramatically on
June 5 and visible surface scum levels did not reach levels where we suspected the Town
would take any action. Despite the lack of an official warning this season, these findings
were concerning as this pond is frequented by recreational users and especially by dogs, who
are especially susceptible to harm from consumption of cyanobacteria and toxins.
Lovers Lake North
A. Cyanobacteria Community Composition:
Microscopic analysis of samples from the northern sampling site at Lovers Lake throughout
the 2019 monitoring season identified three genera of cyanobacteria each of which can
produce toxins. Average percent dominance of each genus was: 78% Dolichospermum, 20%
Woronichinia and less than 1% Microcystis (Table 3).
Table 3. Lovers Lake North Cyanobacteria Genera Dominance
Sample date

APCC map
status level

Percent dominance of each genus identified

June 19, 2019

Moderate

80% Dolichospermum, 4% Microcystis, 16% Woronichinia

July 3, 2019

Moderate

93% Dolichospermum, 1% Microcystis, 6% Woronichinia

July 17, 2019

Low

100% Woronichinia

July 31, 2019

Low

84% Woronichinia, 16% Dolichospermum

Aug 14, 2019

Low

89% Dolichospermum, 11% Woronichinia

Aug 28, 2019

Low

96% Dolichospermum, 4% Woronichinia

Sept 11, 2019

Moderate

99% Dolichospermum, 1% Woronichinia

Sept 25, 2019

Low

100% Dolichospermum

Oct 9, 2019

Low

100% Dolichospermum

B. Cyanobacteria Abundance Based on Phycocyanin Pigment Concentrations:
Phycocyanin (PC) pigment concentrations in Lovers Lake North samples varied throughout
the season with a low of 11.28 ug/L on July 31 and a high of 659.45 ug/L on July 3. PC
concentrations in Lovers Lake North were moderate during the first two sample events in
June and July and one later in September. Results from the remainder of the season indicated
low levels of cyanobacteria.
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Figure 3. Lovers Lake North Phycocyanin Concentration
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C. Warnings, Advisories and APCC Cyano Map Status Levels
APCC indicated moderate levels of cyanobacteria for Lovers Lake North on our
cyanobacteria status map on June 19, July 3 and September 11 indicating that pet owners
may have wanted to take caution to avoid letting their pets contact the lake during those
periods. Map status for the remainder of the season indicated no or low amount of
cyanobacteria. Based on our results, we did not feel it was necessary to contact the Town to
recommend any official warnings or advisories at any point during this season for the Lovers
Lake North sampling site.
D. Discussion
Steadily increasing PC levels between the first and second sample dates (June 19 and July 3)
initially appeared concerning as the levels exceeded moderate levels and were trending
toward high levels. Subsequent findings of low levels from July 17 through end of August
alleviated concerns. Field observations indicated that water was clear with no visible surface
scum or suspended cyanobacterial particles throughout the season, although there was
significant pollen present during early samples and green algae mats at various points.
Findings this season indicated that the Lovers Lake North site did not have any significant
issues related to cyanobacteria, although the algal mats in this lake, both at the north and
sound sample sites do suggest a problem with nutrient loading.
Lovers Lake South
A. Cyanobacteria Community Composition:
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Microscopic analysis of samples from the south sample site at Lovers Lake throughout the
2019 monitoring season identified three different genera of cyanobacteria, each of which can
produce toxins. Average percent dominance of each genera was 51% Dolichospermum, 32%
Woronichinia and 9% Microcystis. On the first sample date, May 15, 2015, no cyanobacteria
were detected in our samples (Table 4).
Table 4. Lovers Lake South Cyanobacteria Genera Dominance
Sample date

APCC map
status level

Percent dominance of each genus identified

May 15, 2019

Low

No cyanobacteria found.

June 5, 2019

Low

100% Microcystis

June 19, 2019

Moderate

84% Dolichospermum, 16% Woronichinia

July 3, 2019

Moderate

50% Dolichospermum, 49% Woronichinia, 1% Microcystis

July 11, 2019

Low

100% Woronichinia

July 17, 2019

Low

99% Woronichinia, 1% Dolichospermum

July 31, 2019

Low

68% Woronichinia, 32% Dolichospermum

Aug 14, 2019

Low

90% Dolichospermum, 10% Woronichinia

Aug 28, 2019

Moderate

98% Dolichospermum, 2% Woronichinia

Sept 11, 2019

Moderate

97% Dolichospermum, 1.5% Woronichinia, 1.5% Microcystis

Sept 25, 2019

Low

75% Dolichospermum, 20% Woronichinia, 5% Microcystis

Oct 9, 2019

Low

85% Dolichospermum, 15% Woronichinia

B. Cyanobacteria Abundance Based on Phycocyanin Pigment Concentrations:
PC concentrations in Lovers Lake South samples varied throughout the season with a low of
3.20 ug/L on May 15 and a high of 611.62 ug/L on July 3 (Figure 4). PC concentrations were
consistently low this season at this site aside from two bumps to moderate levels from June
19 to July 3 and again from Aug 28 to Sept 11, which mirrored findings on the north end of
the lake.
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Figure 4. Lovers Lake South Phycocyanin Concentration
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C. Warnings, Advisories and APCC Cyano Map Status Levels
APCC indicated moderate levels of cyanobacteria for Lovers Lake South on our
cyanobacteria status map on June 19, July 3 and Aug 28 and Sept 11 indicating that pet
owners may have wanted to take caution to avoid letting their pets contact the lake during
those periods. Map status for the remainder of the season indicated no or low amount of
cyanobacteria. Based on our results, we did not feel it was necessary to contact the Town to
recommend any official warnings or advisories at any point during this season for the Lovers
Lake South sample site.
D. Discussion
Although the sampling season in Lovers South started with no cyanobacteria seen under the
microscope with confirming low PC levels, PC concentrations increased steadily from the
first sample on May 15 until peaking at a moderate level on July 3, which suggested a
growing cyanobacteria population. On the subsequent sample on July 11 the PC level fell
back to low levels and did not indicate any significant or concerning growth trends for the
remainder of the season. Field observations indicated that there were suspended particles in
the water column at various points and that large mats of filamentous algae covered much of
the water surface along the shoreline throughout the season. Findings this season indicated
that the Lovers Lake South site did not have any significant issues related to cyanobacteria,
although the algal mats in this lake, both at the north and sound sample sites do suggest a
problem with nutrient loading.
Schoolhouse Pond
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A. Cyanobacteria Community Composition
Microscopic analysis of samples from Schoolhouse Pond throughout the 2019 monitoring
season identified three different genera of cyanobacteria, each of which can produce toxins.
Average percent dominance of each genera was 61% Dolichospermum, 5% Woronichinia
and 8% Microcystis. On three sample dates (July 17, July 31, October 9) no cyanobacteria
were detected in our samples (Table 5).
Table 5. Schoolhouse Pond Cyanobacteria Genera Dominance
Sample date

APCC map
status level

Percent dominance of each genus identified

May 15, 2019

Moderate

100% Dolichospermum

June 5, 2019

Low

100% Dolichospermum

June 19, 2019

Low

100% Dolichospermum

July 3, 2019

Low

50% Woronichinia, 50% Microcystis

July 17, 2019

Low

No cyanobacteria found.

July 31, 2019

Low

No cyanobacteria found.

Aug 14, 2019

Low

97% Dolichospermum, 3% Microcystis

Aug 28, 2019

Moderate

98% Dolichospermum, 2% Microcystis

Sept 11, 2019

Low

100% Dolichospermum

Sept 25, 2019

Low

71% Dolichospermum, 29% Microcystis

Oct 9, 2019

Low

No cyanobacteria found.

B. Cyanobacteria Abundance Based on Phycocyanin Pigment Concentrations:
PC concentrations in Schoolhouse Pond samples varied throughout the season with a low of
1.16 ug/L on July 17 and a high of 171.32 ug/L on May 15 (Figure 5). There was one
additional date where levels extended into our moderate range at 140.22 ug/L on August 28.
PC concentrations were low for the remainder of the season.
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Figure 5. Schoolhouse Pond Phycocyanin Concentration
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C. Warnings, Advisories and APCC Cyano Map Status Levels
No warnings or advisories were recommended by APCC or posted by the Town for
Schoolhouse Pond this season. APCC’s online map indicated that levels were low throughout
the season aside from two moderate levels on May 15 and August 28 during which we
recommended taking caution to avoid letting pets interact with the pond.
D. Discussion
These results indicate that cyanobacteria in the surface waters of Schoolhouse Pond did not
form any significant blooms or particularly concerning events during our monitoring in 2019.
Compared with the other five sites that we sampled in Chatham this season, we consistently
found the lowest (least concerning) levels at this one.
Stillwater Pond
A. Cyanobacteria Community Composition
Microscopic analysis of samples from Stillwater Pond throughout the 2019 monitoring
season identified four different genera of cyanobacteria, which was the greatest diversity
found in any of the Chatham ponds this season and each of which can produce toxins.
Average percent dominance of each genera was 48% Dolichospermum, 42% Woronichinia,
9% Microcystis and 1% Aphanizomenon. On two sample dates (May 15 and Sept 11) no
cyanobacteria were detected in our samples (Table 6).
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Table 6. Stillwater Pond Cyanobacteria Genera Dominance
Sample date

APCC map
status level

Percent dominance of each genus identified

May 15, 2019

Low

No cyanobacteria found.

June 5, 2019

Moderate

100% Microcystis

June 19, 2019

High

93% Dolichospermum, 6% Woronichinia, 1% Microcystis

June 26, 2019

High

94% Dolichospermum, 5% Woronichinia, 1% Microcystis

June 28, 2019

High

96% Dolichospermum, 3% Woronichinia, 1% Microcystis

July 11, 2019

Low

56% Dolichospermum, 54% Woronichinia

July 17, 2019

Low

99% Woronichinia, 1% Dolichospermum

July 31, 2019

Low

76% Woronichinia, 10% Dolichospermum,
14% Aphanizomenon

Aug 14, 2019

Low

80% Dolichospermum, 20% Woronichinia

Aug 28, 2019

Low

100% Dolichospermum

Sept 11, 2019

Moderate

No cyanobacteria found.

Sept 26, 2019

Low

100% Woronichinia

Oct 9, 2019

Low

100% Woronichinia

B. Cyanobacteria Abundance Based on Phycocyanin Pigment Concentrations:
PC concentrations in Stillwater Pond samples varied throughout the season with a low of
2.17 ug/L on Sept 26 and a high of 41,138.81 ug/L on June 28 (Figure 6). While the first two
sample dates indicated low levels there was an increasing trend in PC starting on May 15,
which continued steadily until reaching the highest level on June 28. Three sample dates
during this period (June 19, June 26 and June 28) indicated high levels of PC. From July 11
to August 28 levels were low. One final spike in PC to 742.00-ug/L occurred on Sept 11
before the season quieted down through the last sample.
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Figure 6. Stillwater Pond Phycocyanin Concentration
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C. Warnings, Advisories and APCC Cyano Map Status Levels
Upon reviewing results from the June 19 sample, which indicated a high level of
cyanobacteria, APCC opted to increase the sampling frequency by collected another sample
the following week on June 26. This June 26 sample indicated that the PC level had
increased by an order of magnitude. We were very concerned with these findings and opted
to run a screening test for microcystin toxins which returned a positive result in the range of
5 to 10 ug/L, which confirmed that a toxic bloom was presently occurring. Field observations
documented “thick green
surface scum” on this date and
microscope analysis found
dense colonies of
Dolichospermum. APCC
promptly informed the Town
with this information and
recommended that the public
be notified. APCC again
visited and sampled Stillwater
Pond two days later (June 28)
and found significantly higher
PC concentration, higher
density of Dolichospermum on
the microscope slide (Figure
Figure 7. Microscope image of dense Dolichospermum
7), and expanded areas of
colonies in Stillwater Pond sample collected on 6/28/19.
cyanobacterial scum on the
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pond surface (Figures 8 and 9). This additional confirmatory information was communicated
to the Town to provide further evidence of the apparent bloom and associated public health
threat. The Town followed up by communicating with the MassDPH, but it was decided that
action was not needed to inform the public of this active harmful cyanobacterial bloom. The
bloom was communicated on APCC’s online map, which indicated that Stillwater Pond had a
high level of cyanobacteria, which may have produced health threats to adults, children and
pets during this time period.

Figures 8 and 9. Harmful cyanobacteria bloom at Stillwater Pond on June 28, 2019.
D. Discussion
APCC’s monitoring results for Stillwater Pond this season indicated that a harmful
cyanobacteria bloom did occur, as described above, between June 19 and June 28. The high
level of PC documented on June 28 was among the highest levels ever recorded during our
past three seasons of monitoring at more than 60 lakes and ponds across the Cape, which
indicates that cyanobacteria was very dense in that sample and that toxins were likely
present. This bloom was dominated by the cyanobacteria genus Dolichospermum, which is
known to have potential to produce seven different cyanotoxins within three groups of toxins
including skin toxins (lipopolysaccharides), liver toxins (cylindrospermopsin, microcystins)
and neurological toxins (anatoxin, BMAA, neosaxitoxins, saxitoxins) (Source: USGS 2008
Scientific Investigations Report 5038). Using a microcystin screening test strip made by
Eurofins-Abraxis, APCC confirmed presence of significant concentration (5 to 10 ug/L) of
microcystin in the sample collected on June 26. Screening tests for other toxins are not
readily available so we do not have any information about presence of other toxins during
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this bloom event. The surface scum associated with this bloom presented with typical green
and blue floating material, which was observed as an approximately 10-foot wide by 60-foot
long strip along the shoreline at our sample site. We did not survey other portions of the pond
to assess the total extent of the bloom, although in future seasons would recommend a more
complete survey of the pond, perhaps using a drone to take aerial photographs. Based on our
findings, APCC felt the public should have been notified of the potential risks of contact with
this bloom to allow informed personal risk assessment at the pond shore. This pond should be
watched closely in future seasons now that we know it is in a condition where harmful
blooms are forming.
White Pond
A. Cyanobacteria Community Composition
Microscopic analysis of samples from White Pond throughout the 2019 monitoring season
identified three different genera of cyanobacteria, each of which can produce toxins. Average
percent dominance of each genera was 89% Microcystis, 10% Woronichinia, 2%
Dolichospermum (Table 7).
Table 7. White Pond Cyanobacteria Genera Dominance
Sample date

APCC map
status level

Percent dominance of each genus identified

May 15, 2019

Moderate

70% Microcystis, 20% Dolichospermum, 10% Woronichinia,

May 22, 2019

Low

84% Microcystis, 16% Dolichospermum

May 29, 2019

High

89% Microcystis, 11% Dolichospermum

June 5, 2019

Moderate

50% Microcystis, 50% Dolichospermum

June 19, 2019

High

87% Dolichospermum, 12% Microcystis, 1% Woronichinia

June 26, 2019

High

96% Dolichospermum, 3% Microcystis, 1% Woronichinia

June 28, 2019

High

86% Dolichospermum, 13% Microcystis, 1% Woronichinia

July 3, 2019

High

85% Microcystis, 14% Dolichospermum, 1% Woronichinia

July 17, 2019

High

97% Microcystis, 3% Dolichospermum

July 24, 2019

High

49% Microcystis, 49% Dolichospermum, 2% Woronichinia

July 31, 2019

Moderate

87% Microcystis, 5% Dolichospermum, 8% Woronichinia

Aug 14, 2019

High

96% Microcystis, 1% Dolichospermum, 3% Woronichinia

Aug 28, 2019

High

97% Microcystis, 3% Woronichinia

Sept 11, 2019

Moderate

94% Microcystis, 3% Woronichinia, 3% Dolichospermum

Sept 25, 2019

Moderate

77% Microcystis, 21% Woronichinia, 2% Dolichospermum

Oct 9, 2019

High

80% Microcystis, 20% Woronichinia
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B. Cyanobacteria Abundance Based on Phycocyanin Pigment Concentrations:
Phycocyanin (PC) pigment concentrations in White Pond samples varied throughout the
season with a low of 9.19 ug/L on May 22 and a high of 7,624.65 ug/L on June 26 (Figure
10). PC concentrations were generally moderate to high throughout this monitoring season
with only six of the sixteen total samples returning values below 100 ug/L.

Figure 10. White Pond Phycocyanin Concentration
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C. Warnings, Advisories and APCC Cyano Map Status Levels
Due to dominance of Microcystis in this pond PC readings above 10-ug/L were interpreted as
moderate levels and those above 100-ug/L were interpreted as high levels on APCC’s online
map. Resultant map posting levels included a total of ten highs, five moderates, and only one
date with a low result. According to this interpretation, White Pond was considered to present
a potential health threat to pets, children and adults throughout much of the 2019 monitoring
season. Like Stillwater Pond, White Pond appeared to have formed a harmful cyanobacteria
bloom which extended from at least June 19 through June 28. Interestingly, during this
bloom period the composition dominance switched from Microcystis to Dolichospermum,
suggesting that the Dolichospermum were responsible for this bloom. The second period of
rapid increase in PC from July 3 through July 24 coincided with a resurgence of Microcystis
dominance suggested they may have been responsible for a second smaller bloom, which
peaked on July 24. Levels on July 31 were barely below our 100-ug/L threshold for high
level but again increased into high levels on August 14 and August 28, when Microcystis
remained dominant. Thus, high levels and subsequent potential health threats dominated
much of June, July and August in White Pond in 2019. Consistently high PC values,
documentation of cyanobacteria genera, presence of visible suspended cyanobacterial
particles in the water, and positive toxin test results between June 19 and June 28 prompted
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APCC to recommend that the Town post public advisory notices to warn the public, which
came roughly at the same time as the recommended advisory for Stillwater Pond. The Town
responded that they communicated with MassDPH and came to the same conclusion that the
results did not warrant communication with the public to warn of the potential health threat.
D. Discussion:
Over the past two seasons of monitoring Chatham ponds for cyanobacteria we have
consistently found concerning results in samples from White Pond with regard to
cyanobacterial composition, dominance and abundance in terms of PC concentration. This is
the only pond in Town that we have found to be dominated by Microcystis, which is known
to produce more microcystin toxins per unit of PC than other cyanobacterial genera (Leland
and Haney 2018). While the harmful bloom that formed in White Pond this season did not
present significant visible evidence at the pond surface, the combination of consistently high
PC levels and a positive microcystin toxin screening test (5 to 10 ug/L), using the EurofinsAbraxis kit, supported our interpretation that a harmful cyanobacteria bloom did in fact occur
between June 19 and 28 and may have extended significantly longer through the season.
Based on these findings APCC felt that the public should have been informed of this
potential health threat and that harmful toxin exposure may have occurred in this lake as we
observed multiple individuals swimming and boating during the period of likely bloom
occurrence.
Conclusions
This second season of cyanobacteria monitoring in Chatham Ponds was successful in achieving
multiple goals. The Friends of Chatham Waterways citizen group again engaged with APCC to
learn about cyanobacterial ecology and completed sampling on a predetermined schedule at six
sample sites throughout the six-month long season. These volunteer samplers gained awareness
of the growing issue of harmful cyanobacteria blooms and spread awareness throughout the
community as they talked with their friends, neighbors and colleagues. Valuable data was
collected, compiled and summarized in this report, which are useful to expand understanding of
cyanobacteria conditions this season and for comparison with past and future monitoring results.
The combined support and engagement from the Town and FCW helped APCC’s Cape-wide
monitoring program to expand capacity to sample more lakes and ponds across the Cape, to
collect more valuable data, and to spread awareness to help protect public health and safety.
Lastly, the Town became more engaged in this emerging environmental and public health issue
and in turn, the issue will be better managed in future seasons and the health and safety of the
citizens of Chatham will be better protected.
The 2019 season was a very active season for cyanobacterial growth throughout the Cape. We
saw many more harmful blooms occur regionally than in past seasons and the same trend was
apparent in Chatham. Compared with our results from the 2018 monitoring season we
documented increases in the season average PC concentrations (BFC samples) at three sample
sites and decreases at the other three sites (Table 8). These findings indicate significant increases
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in average cyanobacteria biomass in White and Stillwater Ponds presumably due to the HCBs
that occurred in 2019, smaller seasonal variations in Schoolhouse Pond and Lovers Lake, and a
fairly large decrease in Goose Pond due to a very high concentration documented on Sept 21,
2018.
Table 8. Average phycocyanin (PC) concentrations in BFC samples in 2018 and 2019.
2018 Average PC in BFC
2019 Average PC in BFC
Name
Samples (ug/L)
Samples (ug/L)
White Pond
361.43
940.09
Stillwater Pond
123.23
4443.37
Schoolhouse Pond
75.44
55.35
Lovers Lake South
229.19
110.03
Lovers Lake North
116.07
172.33
Goose Pond
1021.85
516.63
This occurrence of HCBs appears to be increasing both in frequency and severity and due to
climate change and ongoing nutrient pollution, we anticipate this trend will continue over the
long term. Variations from year to year are, however, likely due to short-term weather impacts.
This spring 2019 there was significant precipitation which seems to have been a strong
contributor to the active season we had. If it is dry next spring, there may be less cyanobacteria
growth next season but this is speculation and we should remain motivated to continue our
monitoring work to continue building our understanding of this important issue.
Recommendations
Ongoing Monitoring: Monitoring over multiple years would provide greater understanding of the
cyanobacteria community in these lakes and ponds of Chatham. In other lakes APCC has
repeatedly observed that visible surface scums appear at certain PC levels. Some lakes bloom in
spring and fall, some in mid-season and some are typically triggered to bloom after significant
precipitation events or at certain water temperature thresholds. Thus, each lake seems to have its
own individual cyanobacterial fingerprint. Once there is a sense of a lake’s historic behaviors we
can more reliably forecast when a harmful bloom is likely to form. Based on this, we recommend
continued collaboration between the Town, FCW and APCC to conduct ongoing monitoring in
these lakes and ponds for multiple years so we can continue increasing our understanding of their
typical cyanobacterial behaviors and track trends and changes over time.
Communication Methods: In order to meet the goal of increasing public safety around
cyanobacteria and HCBs, improved communication with the public is needed. Educational
events and outreach efforts help to raise awareness and understanding of the issue. Establishment
of clear thresholds are needed to trigger communication of warnings when necessary and
improved methods for communicating those warnings are of high importance to reduce potential
exposure and associated health effects. Currently, towns across the Cape typically post public
advisory signage at public access locations when severe visible blooms occur and management
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of those advisories is based on cyanobacterial cell density thresholds set by MassDPH. This is
problematic because cell counting has been shown to have a high margin of error, is expensive
and often takes multiple days to have samples collected and analyzed. Thresholds based on
phycocyanin and dominance, as APCC has implemented, have been shown to be a more accurate
indicator of cyanobacteria density and toxicity, are less expensive, and results can be attained on
the same day as sample collection allowing rapid response and communication when needed.
Additional communication methods including emails, phone calls, permanent signage, flags,
phone-apps, and online resources (such as APCC’s cyano map) may be valuable to inform the
public quickly and comprehensively.
Source Control Methods: Conventional management of HCBs across the Cape has focused on
various in-pond treatments including addition of aluminum sulfate (alum) to reduce bioavailable
forms of phosphorus, which is typically considered to be the primary cause of this issue. While
these treatments do often produce desired results, they may only provide temporary relief from
one factor (phosphorus) contributing to the increasing issue of excessive cyanobacteria growth
and they raise significant concern among environmentalists for a variety of reasons. Recent
research has found that alum treatments can produce “unintended ecological consequences”
including increasing dissolved aluminum and sulfate in lake water, altering important nitrogen
cycling processes and affecting benthic communities (Nogaro et al., 2013). Negative side-effects
of dissolved forms of aluminum may harm certain invertebrates and are known to be toxic to fish
(Gensemer and Playle, 1999). A third paper on this topic concluded that alum treatment should
not be used to treat HCBs due to unintended effects including microcystin toxin release and
reduced activity of beneficial cyanobacteria-lysing and microcystin-degrading bacteria (Han et
al., 2013). Furthermore, there is growing evidence that management of nitrogen in addition to
phosphorus is important in controlling HCBs. Nitrogen loading has been found to promote
blooms of certain non-nitrogen fixing genera of cyanobacteria including Microcystis (Paerl et al.,
2010), which was often dominant in White Pond over the past two seasons. Microcystis have
been found to dominate waters with low phosphorus concentrations and nitrogen loading may
“selectively promote the abundance of Microcystis” (Gobler et al., 2016).
The most robust solution to this problem is to reduce sources of both phosphorus and nitrogen.
The largest sources of these nutrients enter surface waters with wastewater and stormwater,
although atmospheric sources, agriculture and landscaping practices likely also play a significant
role. In combination with the Town’s comprehensive sewering effort, it remains important to
track conditions in lakes and ponds and to implement additional nutrient source control strategies
where needed. APCC’s State of the Water’s Report provides advice and guidance here:
https://capecodwaters.org/action-plan/. Additionally, the Cape Cod Commission’s Technologies
Matrix provides additional suggestions for source reduction strategies here:
http://www.cch2o.org/Matrix/explore.php
In addition to managing nutrients, the issues associated with changing climate conditions
including the currently warming atmosphere and altered rainfall patterns are believed to play a
significant role in the increasing frequency and intensity of HCBs (Paerl et al., 2019). Due to this
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factor, nutrient management alone will likely not solve our impending cyanobacteria crisis.
Instances of algal blooms in oligotrophic alpine lakes are now becoming common, which is
attributed to the combination of climate change and atmospheric sources of nutrients (nitrous
oxides), both of which stem from fossil fuel combustion and associated air pollution.
Summary of Recommendations:
1. Continue monitoring in 2020 to increase our understanding of cyanobacteria communities
and the frequency and timing of HCBs and allow comparison with past years.
2. Identify clear warning thresholds and improve communication with the public when
HCBs are suspected and/or confirmed.
3. Identify sources of phosphorus and nitrogen and work to implement controls to eliminate
them at the source before they enter the lakes to reduce or eliminate desire for potentially
harmful in-pond treatments.
4. Consider climate change as a significant contributor to this issue and work to reduce fossil
fuel usage and associated emissions of greenhouse gases and other air pollutants.
5. Advocate for research and development of in-pond cyanobacteria control methods that do
not harm aquatic life or ecosystems.
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