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2003 Cobscook Bay Phytoplankton Monitoring Program

“Directly or indirectly, phytoplankton are the main food source for everything else in the ocean.” —
Great Bay Coast Watch, “Monitoring Meadows of the Sea”

Summary
The Cobscook Bay Resource Center has monitored phytoplankton presence and abundance in the

Cobscook Bay region since 1998. Data is shared with and analyzed by the Maine Department of Marine
Resources (DMR). Samples are collected using two methods: net tows and “at-depth” cell counts. We
sample six shore-side sites and two fish farm sites regularly. Other sites are sampled by special
arrangement. We have recently completed development of a database which allows us to track changes
in the phytoplankton community as they occur. In response to blooms of multiple species which
occurred in 2003, the Resource Center developed an email notification system to inform fish farmers
and other interested parties of phytoplankton conditions. Our partner in these efforts is the Pleasant
Point Passamaquoddy Environmental Department.

Methods/Purpose

The Resource Center conducts phytoplankton monitoring using two different methods. The “net tow”
sampling method allows us to look for increases or decreases in a particular species or overall numbers
of phytoplankton since the last time a site was sampled. Water is collected using a plankton net. The
“at-depth” sampling method is quantitative and allows us to identify species present in a particular
amount of water. A one liter sample of water is collected and reduced to a one milliliter subsample. All
phytoplankton in the subsample are identified and counted. By multiplying the number of
phytoplankton counted by 1000 the number of phytoplankton per liter can be calculated.

The frequency of our sampling schedule follows the growth cycles of phytoplankton in our area. In the
absence of any unusual phytoplankton events we sample according to the following schedule:
beginning in May, we sample once a week at six sites. We then sample twice a week from June through
August, decreasing to once a week in September, twice a month in October and then once a month
through the winter months. We collect the “at-depth” samples at the aquaculture sites once per month
from June through October, sampling more frequently by special arrangement.

We collect net tow samples at six sampling locations around Cobscook Bay, traveling over 100 miles
per sample trip. Our shore-side sites include Lubec boat ramp, Edmunds boat ramp, Eastport
Breakwater, Pleasant Point pier, and Robbinston boat ramp. We added our sixth site, Pembroke boat
ramp, in August 2003 to allow us to gather more complete data about phytoplankton occurrences in the
central region of Cobscook Bay. Samples are also collected at two Heritage Salmon fish farm sites in
South Bay and Broad Cove.

The regulatory agency responsible for assuring the safety of shellfish harvested for human consumption
is the Department of Marine Resources. Information collected by the Resource Center is communicated
to DMR and also entered into a database at the Resource Center. Data collected is used to provide an
early warning of phytoplankton blooms to DMR to help in determining extent of closure areas and
timing of re-opening areas to harvest. The legal closure and reopening of shellfish areas is determined
by DMR, based on levels of toxins within shellfish tissue samples.

Data collected at aquaculture sites is provided to the grower and DMR. Knowing the kind and
concentration of phytoplankton present in the water can help growers make crucial decisions
concerning treatment and feeding of fish.



The database of information collected since 1998 is maintained at the Resource Center and is used by
researchers, fishermen, and agencies such as the USDA. Environmental conditions and tide cycle are
recorded as well as semi-quantitative analysis of phytoplankton and zooplankton observed.

In 2003, the Resource Center collected 239 net tow samples and 12 at depth samples over 50 sample
days.

Individual Blooms (See graphs entitled “Species of Phytoplankton Which Bloomed in 2003)

A bloom of Thalassiosira in June was the first event of the 2003 phytoplankton season, followed by a
bloom of Chaetoceros at the end of July. The major event of the season was a multi-species bloom of
Pseudonitzschia, Ditylum, Chaetoceros, and Alexandrium which occurred during September. The toxic
species Alexandrium was present for much of the summer and forced shellfish closures in each month
from July through October. The Resource Center was able to document the presence of Alexandrium in
the water in advance of every shellfish closure that was enacted in Cobscook Bay during 2003.

Thalassiosira spp.

Thalassiosira is a chain-forming diatom common in the Gulf of Maine; some species have spines which
protrude from the cells. Certain species of Thalassiosira have been known to cause mechanical damage
to fish gills and marine invertebrates.

During the first two weeks of June, Thalassiosira comprised an average of 50% of the net tow samples.
From then until the first week of September, it was a minor presence in the water samples. On
September 8™ and 12" it comprised 30% and 44% of the net tow samples, respectively, and contributed
to the sharp overall increase in phytoplankton numbers in September. In the September 16™ cell count
for South Bay, Lubec there were 77,000 Thalassiosira per liter out of a total 472,000 phytoplankton per
liter.

Chaetoceros spp.

Chaetoceros does not produce toxins but is known to cause mechanical damage to finfish. This species
has spines with serrated edges which can lodge in fish gill tissues, causing irritation, overproduction of
mucus, and eventual death.

We observed a bloom of this species in June when Chaetoceros was 50-74 % of total net tows and on
July 28th when it was 71 % of total phytoplankton. In mid-September Chaetoceros numbers were
elevated but were less than 25 % of the total, as phytoplankton numbers increased overall.

Pseudonitzschia
Pseudonitzschia is a chain forming diatom which is known to produce domoic acid. This neurotoxin
causes amnesiac shellfish poisoning (ASP) in humans and birds that consume affected shellfish. '

Pseudonitzschia was present as a very small percentage in the water samples throughout the sampling
season. On August 28" it peaked as 33% of the phytoplankton net tows. It remained less than 10% of
the total recorded through September. The count on September 16™ was 5,000 of 266,000 cells (2%) in
Broad Cove, Eastport and 8,000 of 472,000 (2%) in South Bay, Lubec. It was part of the major
phytoplankton bloom, but was dwarfed by the large numbers of other species present in the water
column.



This is a contrast to the 2002 season, when Pseudonitzschia bloomed in September and the cell counts
reached 26,000 out of 112,000 (23%) per liter and 15,000 cells of 43,000 (35%) per liter in the above
Bays.

Ditylum spp.

Ditylum commonly occurs throughout this region. It is not known to be toxic; however it has long
spines which can cause mechanical damage to gills. As with any phytoplankton species, extremely high
numbers have the potential of causing low dissolved oxygen problems during nighttime respiration
period and elevated oxygen levels during daylight hours.

During the months of June through August, Ditylum was absent or present in single numbers. In the
September phytoplankton bloom, it increased from 23% to 61% of the net tow numbers. On the 16" it
was 37% of the at-depth sample at Broad Cove (99 of 266 thousand per liter) and 30% of the sample at
South Bay (140 of 472 thousand per liter). (See graph entitled “2003 Total Phytoplankton by
Genus”)

In contrast, Ditylum bloomed earlier in 2002. During the third week in August it represented 70% of net
tows and an average of 67% of the actual cell counts in the above Bays. In September 2002, Ditylum
was seen in only single numbers in the September water samples.

Alexandrium

Alexandrium spp. are spherical phytoplankton which have flagella, allowing movement within the
water column. This dinoflagellate is usually a golden brown, which when large blooms occur, produce
darkened waters known as “red tide.”

Alexandrium produce neurotoxins that cause Paralytic Shellfish poisoning (PSP) in humans. Blooms
occur in warm weather months when Alexandrium grows very rapidly. Filter-feeding shellfish such as
clams and mussels ingest the Alexandrium, possibly causing harm to the shellfish and to the humans
who consume them. Humans affected by this condition may experience a tingling sensation, numbness,
nausea, and even death. Alexandrium has been known to kill seabirds, fish, whales and other mammals.

Alexandrium was present in net tows in low numbers 60% of the time throughout the sample season
until September 16, 2003. On that date, of the 626 phytoplankton seen, 27 of them were Alexandrium.
This was at the peak of the phytoplankton bloom in Cobscook and also preceded the closure by DMR to
shellfish harvesting in the area.

In 2002 Alexandrium was only seen infrequently in net tows and was not present at all after the first of
August. In the at-depth samples, it was seen only in July 2002 (two in South Bay) and in August, two
were noted at Broad Cove.

The "at depth" samples in 2003 told a different story. In Broad Cove, Eastport, three Alexandrium were
counted in June, nine on August 12", eight on September 16™ and two on September 22, 2003. The
South Bay, Lubec cell counts on the same dates were: none in June, twelve in August, nine on
September 16" and 2 on the September 22™,

Overview of Fall Bloom Event
As unusually warm weather continued through the first two weeks of September, conditions were
optimum for phytoplankton populations to increase in numbers at an alarming rate. Chaetoceros,
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Ditylum, and Thalassiosira were present in large numbers in Passamaquoddy and Cobscook Bays, 15-
50%, respectively, on September g™,

One week later, these three genus’ comprised 82% of the extremely high phytoplankton numbers found
in the net tow samples. The at-depth count at South Bay on the 16th was as follows: 209,000
Chaetoceros per liter, 140,000 Ditylum per liter, and 77,000 Thalassiosira per liter. A combination of
several other phytoplankton species resulted in an extremely high number of 472,000 cells per liter.
(See graph entitled “Phytoplankton Genus Distribution”)

Alexandrium reached a high of 4% of net tow totals seen on September 16™. The actual count of this
“red tide” organism was eight to nine thousand cells per liter at the South Bay and Broad Cove sites.

Aquaculture firms on the eastern side of Grand Manan, New Brunswick began to report fish mortality
in early September. The press reported fish mortalities in the tens of thousands for the Canadian farms
and Maine farms feared similar losses. Cobscook Bay site managers noted changes in fish behavior and
monitored dissolved oxygen levels constantly. One observation was the sharp increase in dissolved
oxygen (DO) levels attributed to the photosynthesis of the extremely high levels of phytoplankton
present during the day. At night, the fish endured a dramatic drop in DO due to the respiration of the
high concentration of diatoms and dinoflagellates.

The Resource Center responded to this phytoplankton bloom by increasing sampling and by
development of a communications network; emails and faxes containing phytoplankton counts and
information were sent to aquaculture firms and local agencies. This networking continued through
September and into October as the blooms disappeared and threats to the fish dwindled.

In response to requests for additional information, the Resource Center hosted and provided instruction
at a phytoplankton workshop attended by representatives of local aquaculture firms, USDA, and
Cooperative Extension/Sea Grant.

Observations of Alexandrium continued throughout September. It was no surprise when the entire
Maine coast was closed to all shellfish harvesting on October 6, 2003. This statewide closure lasted for
three days.

Public Health Closures

Customarily, the Cobscook Bay region from Moose River, Trescott to the Canadian border is closed for
mussel harvesting during the warm weather months due to the threat of paralytic shellfish poisoning
caused by the phytoplankton Alexandrium. In response to interest from mussel harvesters, DMR
reclassified a portion of this closure in spring of 2003 and placed a conditional opening for the harvest
of mussels on South Bay, Lubec. Because mussels are very efficient filter feeders and can accumulate
toxins quickly, DMR specified that the mussel fishery would be closed immediately with even low
levels of Alexandrium in Cobscook Bay.

Beginning on July 8" and continuing throughout July, the Resource Center reported the on-going minor
presence of Alexandrium to DMR. These observations were followed by a closure, due to shellfish
toxicity determined by DMR, on mussel harvesting which was enacted on July 22" and remained in
effect until August 1% .

On August 8", the Resource Center observed a sharp increase in the abundance of Alexandrium.
Samples taken on August 11 and 12 showed the continuing presence of Alexandrium, followed by a
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DMR closure, based on shellfish assays, for the harvest of clams on August 13" for the outer portions
of Cobscook Bay.

Alexandrium was observed at low levels throughout the rest of August in samples collected by the
Resource Center. Another sharp increase in Alexandrium on September 2™ preceded the closure of the
ocean quahog fishery from Beals to the Canadian border on September 9,2003. This closure remained
in effect throughout the winter and toxin levels in these shellfish remained very high.

The highest levels of Alexandrium from net tows in Cobscook for the year were observed on September
16™ with a total count of 27. On the same day, DMR closed the entirety of Cobscook Bay for clam
harvesting.

In September DMR found rapidly increasing toxicity levels in shellfish meat samples along the coast.
These levels were higher than have been recorded by DMR since the 1970s and closures were issued
for more than two-thirds of the Maine coast. Complete closure of the Maine coast to the Canadian
border was issued by DMR on October 6. The coast-wide closure remained in effect through October
9,2003.

This bloom was devastating to harvesters statewide and was widely covered in the media. The closures
enacted by the state affected the harvest of mussels, soft-shell clams, carnivorous whelks and snails,
mahogany quahogs, oysters and surf clams. A bloom of this intensity so late in the year was
remarkable, as were the unusually warm early September temperatures.

Year in Review

During the 2003 phytoplankton monitoring season we:

e Collected 239 net tow samples and 12 at depth samples over 50 sample days.

e Added a sixth sampling location to our shore-side sites in order to monitor more effectively
phytoplankton abundance in central Cobscook Bay.

e Completed the redesign of our phytoplankton database that allows us to quickly chart trends as they
occur.

¢ Provided advance notice to DMR of the presence and growth of Alexandrium.

e Identified and tracked the presence and growth of Chaetoceros and Thalassiosira during the
summer months.

e Tracked an intense fall bloom of Chaetoceros, Ditylum, Pseudonitzschia, Thalassiosira and
Alexandrium.

e Responded to requests for information from the aquaculture industry by setting up an email
notification system and conducting a phytoplankton workshop for industry representatives.

For more information contact:

Cobscook Bay Resource Center



Office Location: 183 County Road
Mailing Address: 4 Favor Street, Eastport, Maine 04631
Phone & Fax: (207) 853-6607 Email:cobscook@prexar.com Website:www.cobscook.org



