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Project Snapshot

SMAST in conjunction with MLA, and another SMAST project to estimate the relative
abundance and distribution of larval lobster and fish using a towed neuston net, sampled near-
surface zooplankton populations that are food for North Atlantic right whales (Eubalaena
glacialis). The zooplankton component of the study is being performed by Professor Jefferson
Turner and his graduate student Evan Weig.

Introduction

The studies described here were to quantify abundance and distributions of near-surface
zooplankton in the windfarm area south of Martha’s Vineyard during May and June of 2021. This
was being done because endangered right whales (Eubalaena glacialis) (Kraus et al. 2005; Meyer-
Gutbrod & Greene, 2018) have historically been known to forage on zooplankton, in and around
waters off southeastern New England during portions of the spring and summer periods (Wishner et
al. 1988; 1995; Mayo & Marx, 1990; Kenney et al. 1995; Nichols et al. 2008; Leiter et al. 2017;
Mayo et al. 2018; Ganley et al. 2019; 2022). In particular, right whales are known to occur in waters
near wind energy areas on the continental shelf offshore from Rhode Island, and in waters off
southeastern Massachusetts between Martha’s Vineyard and Nantucket (Leiter et al. 2017).

Right whales feed primarily on surface accumulations of zooplankton, particularly late
juvenile developmental stages (copepodites) and adults of the copepod Calanus finmarchicus
(Murison & Gaskin, 1989; Mayo & Marx, 1990; Baumgartner & Mate, 2003; Baumgartner et al.
2003a; 2003b; 2017; Costa et al. 2006; Parks et al. 2012; Cronin et al. 2017). Previous studies have
found associations between right whales and high abundances of C. finmarchicus in waters off New
England and eastern Canada (Baumgartner et al. 2003b; Pendleton et al. 2009; 2012; Meyer-
Gutbrod et al. 2015). Thus, in order to understand temporal and spatial distributions of right whales
in wind energy areas off southeastern New England, it would be advantageous to understand spatial
and temporal distributions of the zooplankton species that are the preferred prey of right whales.

Methodology

We quantified abundances and distributions of near-surface zooplankton in the wind energy
area south of Martha’s Vineyard on the same sampling cruises as ongoing surveys of lobster larvae
and larval fish that were being performed by scientists from SMAST of the University of
Massachusetts Dartmouth (UMass Dartmouth). We joined this program on short notice
(approximately a month before sampling), when neuston sampling cruises for larval fish and lobster
larvae had already been scheduled. This is an important consideration, since timing of our sampling
cruises was not targeted for periods when right whales have been most frequently recorded in the
windfarm area, but rather our sampling was added to wind energy area cruises that had already been
scheduled.

Zooplankton samples were collected twice each month during May and June of 2021.
Zooplankton sampling was done at each of 30 stations sampled each day in the SMAST survey, at
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the same stations as ongoing neuston net sampling for lobster larvae and fish larvae. Since these
surveys involved two vessels, each of which sampled 15 stations on each sampling day, there were
two zooplankton sampling teams, one on each research vessel. This resulted in a total of 120
zooplankton samples: 15 from each research vessel on each of 2 days per month, for 2 months in
May and June of 2021.

Zooplankton sampling and microscopic analyses employed methodology that has been
successfully used during the Harbor Outfall Monitoring project in Boston Harbor and Massachusetts
Bay, funded by the MWRA, which has been ongoing since 1992 (Turner, 1994; Turner et al. 2011).
Briefly, this involved sampling and microscopic analyses, as described below.

Zooplankton sampling included tows with 0.5-meter mouth-diameter zooplankton nets (102
pm-mesh) equipped with flowmeters for quantification of the volumes of water sampled in tows.
Tows lasted approximately 90 seconds (timed with a stopwatch), in order to avoid net clogging with
certain forms of phytoplankton, such as chain-forming diatoms. Net clogging occurs if the mesh of
the net becomes clogged with phytoplankton and stops filtering during the tow, but the stopwatch
continues to run. This results in erroneous flowmeter counts per second, which are needed to
compute water volumes sampled. If a flowmeter is not still turning at the end of a net tow, indicating
that net clogging had occurred, then the tow should be repeated for shorter periods until an
unclogged tow is obtained. Sampling by Turner for over 30 years in the MWRA project, and for 33
years in Buzzards Bay (October, 1987-February 2020) has revealed that net clogging rarely occurs
within 1.5 minutes, but if it does, this becomes apparent from flowmeters with non-turning
propellers at the ends of tows. Nets were towed horizontally, just below the surface, at a depth that
keeps the mouth of the 0.5 meter diameter net mouth nets completely immersed, in order to maintain
correct sampling volume estimates. Collected samples were preserved immediately after collection
in approximately 10% formalin:seawater solutions, and later transferred to 70% ethanol. The
formalin preservation was to immediately preserve zooplankton tissues, and the subsequent transfer
to ethanol was to avoid having analysts breathing carcinogenic formalin fumes during microscopic
analyses.

Microscopic analyses of zooplankton samples were also according to methodology used in
the MWRA surveys. Briefly, this involved splitting zooplankton samples with a Folsom plankton
splitter, which divides samples into two equal portions with each split. Splitting occurred until visual
estimations suggested that there were at least 250 animals in each split. Aliquots of at least 250
animals are required in the MWRA project. During the warmer months to be sampled during the
present studies, targeted splits with at least 250 animals were approximately 1/256, 1/512, 1/1024,
1/2048 or 1/4096 of the total. During splitting, the two splits prior to the targeted split were also
saved until analyses of each sample were completed, in case the targeted splits did not contain at
least 250 animals. In such a case, initial splits that contained < 250 animals would be combined with
coarser splits (for example splits of 1/128, 1/64, 1/32, 1/16) to obtain at least 250 total animals.
Microscopic analyses of copepods (small crustaceans approximately the size of a sesame seed or
smaller) were to species, sex (adult male or female), and developmental stage (juvenile copepodites
or adults). Analyses were to major group for all non-copepod zooplankters, most of which were
meroplankton (=planktonic larvae of benthic, or bottom-living animals) such as barnacle nauplius
larvae, bivalve and gastropod veliger larvae, etc.. In addition, since Calanus finmarchicus
developmental stages (which are of different sizes) have been related to right whale feeding in some
studies (Baumgartner & Mate, 2003; Baumgartner et al. 2003a; 2003b; Wishner et al. 1988; 1995),
we separately quantified larger female and male adults, as well as combined copepodite stages of C.



finmarchicus. Final data were presented as number of animals of a given category per cubic meter of
water sampled (the latter determined from net mouth diameter, tow times and flowmeter readings).

The methods used in this survey were identical to those employed in the MWRA surveys
(with all zooplankton samples from 1992-1994, and since 1998 having been counted by Turner),
with one exception: zooplankton tows in this study were horizontal just below the water surface,
rather than oblique over the water column as in the MWRA sampling. That was because right
whales feed primarily on near-surface accumulations of zooplankton.

Personnel for these studies are described below. The Principal Investigator (Jefferson
Turner) has been performing plankton research since 1969. Turner trained the graduate student
(Evan Weig) and other personnel from the Stokesbury laboratory in zooplankton sampling. Turner
participated in all sampling cruises, training Weig and other technicians in zooplankton sampling,
and to help Weig and/or the technicians with sampling. Turner also trained Weig in laboratory
zooplankton analyses, including zooplankton splitting, microscopic counting and taxonomic
analyses, and quantification of water volumes sampled. Weig performed laboratory microscopic
analyses of zooplankton when not sampling at sea. Weig will use the data from the study for his
M.S. thesis research in the graduate program of the Department of Fisheries Oceanography (DFO) at
SMAST.

In addition to providing zooplankton data to the Massachusetts Clean Energy Center, and for
use in Evan Weig’s M.S. thesis, it is intended that these zooplankton data will provide the basis for
at least one peer-reviewed publication. Such has been the result of Turner’s plankton projects during
the MWRA sampling program (Turner, 1994; Turner et al. 2006; 2011; Jiang et al. 2007; Hunt et al.
2010,) and the Buzzards Bay monitoring program, funded intermittently by the Massachusetts
Department of Environmental protection, NOAA Sea Grant, and UMass Dartmouth (Borkman &
Turner, 1993; Chute & Turner, 2001; Pierce & Turner, 1994a; 1994b; Turner & Borkman, 1993;
Turner et al. 2009).

Results

Sampling for this study was conducted from May through June 2021 at 30 stations during
each sampling period (see Figure 1, Table 1) at stations that were randomly selected and
distributed based on the proportional total area within each ten-meter depth contour of the 3670
km? study area. The same 30 stations were sampled twice in May (5/13-5/14, and 5/27) and twice
in June (6/9 and 6/25) of 2021. At each station an approximately 90-second tow was conducted
just under the surface (where right whales feed) with a 102 um-mesh net equipped with a
flowmeter, to quantitatively assess abundance and distribution of zooplankton. Samples were
preserved in approximately 10% formalin:seawater solutions within minutes of collection.
Laboratory processing and microscopic examination of samples began within days of collection
and are completed.

Results from this study:

1) Described distributions of zooplankton taxa and species in the areas of concern

2) Compared abundance data with temperature

3) Determined the variations of zooplankton species in the wind-energy lease areas.
This work will create a baseline of data to be use in future studies and analyses as the planned

windfarm projects continue.
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The zooplankton component of the project was added only in early May of 2021
(approved by MCETC on 5/12/2021), and sampling commenced on 5/13/2021. We successfully
completed all field research sampling identified in the list of tasks from the scope of work. Figure
2 and Table 2 contain the summarized environmental data (temperature, salinity, dissolved
oxygen, and pH) for each sampling period where data are available.

Turner collected all zooplankton samples on the 5/13-14 Rock ‘n Roll cruises, and trained
Travis Lowery and Rachael Norton of the Stokesbury laboratory in zooplankton collection
techniques so that they could do zooplankton collections on future cruises. Turner also collected
zooplankton on the 5/27 and 6/9 Encourager cruises, and trained Evan Weig in collection
techniques on the 6/9 Encourager cruise. Turner collected zooplankton on the 6/25 Encourager
cruise, while Weig was collecting zooplankton on the same day on the Rock ‘n Roll cruise.

In the laboratory, Turner trained Weig in transferring samples from formalin:seawater to
70% ethanol solutions, splitting samples using a Folsom plankton splitter, and identification
and counting of zooplankton using a dissecting microscope. Such microscopic analyses are
completed, and Turner was initially present in the laboratory whenever Weig was performing
such analyses, so that Turner could teach Weig the identifications of previously unencountered
zooplankton taxa as they occurred. As of early May of 2022, Weig had completed microscopic
analyses of all of the total 120 samples.

After completion of microscopic analyses of zooplankton samples, Weig completed
flowmeter calculations for volume of water sampled in net tows, in order to present quantitative
data. These data are presented in Figures 3-11 and Tables 3-6. As expected for samples from 102 pm-
mesh net tows (from Turner’s zooplankton results since 1992 for the Massachusetts Water
Resources Authority (MWRA) Boston Harbor Outfall Monitoring Study), copepod nauplius
larvae (nauplii) were the numerically-dominant taxa, along with adults and copepodites
(juveniles) of the tiny (< 1 mm total length) copepod species Oithona similis. Other frequently-
encountered but much less-abundant copepod taxa included adults and (mostly) copepodites of
Centropages typicus, Pseudocalanus spp. (includes two species that are not easily distinguished
morphologically), Temora longicornis, and Microsetella norvegica. All of these copepod taxa are
known to be common in continental shelf waters south of New England, such as the study area.
Other sporadically-abundant taxa included the marine cladoceran Evadne nordmanni, the
tunicate Oikopleura dioica, radiolarian protozoans, and meroplanktonic larvae of benthic
invertebrates, such as gastropod veligers, echinoderm plutei, barnacle nauplii, polychaete larvae,
and other unidentified meroplanktonic larvae. These larvae likely reflect seasonal reproductive
events by their benthic-invertebrate parents, which are typical in local waters during the warmer
months.

Interestingly, in the aliquots counted (always >250 total animals) from the samples
collected, Weig found few adults or copepodites of the larger copepod Calanus finmarchicus.
This copepod is a primary prey item of right whales. We speculate that the absence of Calanus
may be a factor in the total absence of right whales observed during these cruises.

Numerically-dominant taxa are briefly summarized by date of sampling below. However,
it is apparent from Figure 3 that zooplankton abundances were somewhat patchy, with
substantially-different total abundances at different stations. This was despite the facts that
stations were relatively close to each other (Figure 1), all sampling was done during daylight,
and sea conditions during sampling periods were relatively calm. The reasons for this patchiness
are unknown.

On May 13 and May 14 (Table 3), copepod nauplii and the copepodites of the small (< 1
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mm total length) copepod Oithona similis were most abundant, together with echinoderm pluteus
larvae and some gastropod veliger larvae. These larvae likely reflect seasonal spawning by their
benthic (bottom-dwelling) parents.

On May 27 (Table 4), the same assemblages as in the previous sampling period were

collected, together with a few Centropages typicus copepodites.

On June 9 (Table 5), collections were again dominated by copepod nauplii and O. similis
copepodites, but with a few copepodites of the copepods Centropages typicus and Pseudocalanus
spp.. There was also greater diversity of meroplankton ((echinoderm plutei, fish eggs, gastropod
veligers, polychaete larvae) and other non-copepod zooplankton (the marine cladoceran Evadne
nordmanni, small medusae, and protozoan radiolarians). Abundances of echinoderm plutei and
polychaete larvae were generally lower than on the previous sampling dates.

On June 25 (Table 6) there was the highest zooplankton diversity of any of the sampling
periods. Multiple copepod species, including Calanus finmarchicus, were present. Copepod nauplii
and Oithona similis were most abundant, but Centropages typicus adults and copepodites were also
moderately abundant. There was abundant meroplankton, primarily bivalve veliger larvae and fish
eggs, as well as other non-copepod, non-meroplankton taxa such as Evadne nordmanni, Oikopleura
dioica and radiolarians. Although the copepod C. finmarchicus was sporadically present, its
abundances were relatively low (4,337-29,635/m?) compared to copepod nauplii, O. similis
copepodites and bivalve veligers.
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Figure 1. Sampling sites for 2021 in the southern New England offshore development areas.

Sampling Period Stations Sampled Vessel
Date
5/13/2021 1 15 Rock ‘n Roll
5/14/2021 1 15 Encourager
5/27/2021 2 30 both
6/09/2021 3 30 both
6/25/2021 4 30 both

Table 1. List of sampling dates, sampling periods (each period consists of 1 or 2 vessels each
sampling 15 stations on a given day), the vessel that operated on the sampling date.
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Figure 2. Environmental data by sampling period A) average temperature in degrees Celsius
B) average salinity in parts per thousand C) average dissolved oxygen in milligrams per liter
D) average pH. The timeframe of this dataset is May through June. All data points have their
respective standard deviations (vertical lines) included.

Sampling Period | Temp (C) Salinity (PPT) DO (mg/L) pH

1 11.21(0.55) 29.05 (0.40) 11.11(0.24) 8.29 (0.04)
2 14.55 (0.51) 27.36 (0.75) 10.36 (0.30) 8.3(0.04)
3 16.20(0.73) 26.18 (0.19) 10.43 (0.31) 8.77 (0.49)
4 18.26 (1.07) 25.98 (0.92) 9.68 (0.45) 8.39 (0.04)
Total 15.06 (2.70) 27.28(1.42) 10.40 (0.61) 8.44(0.31)

Table 2. Mean and standard deviation (in parentheses) environmental data by sampling period
for the duration of the surveys.
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Total Animals/Cubic Meter at Stations

Sampled Four Different Sampling Periods in
2021
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Figure 3. Total animals/cubic meter at stations sampled during four different sampling periods in
2021.
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Total Individuals/Cubic Meter of Relevant Copepod Taxa on
Cruises 5/13/21 and 5/14/21
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Figure 4. Total individuals/cubic meter of relevant copepod taxa on cruises on 5/13/21 and
5/14/21.
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Total Individuals/Cubic Meter of Relevant Copepod Taxa on
Cruises 5/27/21
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Figure 5. Total individuals/cubic meter of relevant copepod taxa on cruises on 5/27/21.
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Total Individuals/Cubic Meter of Relevant Copepod Taxa on
Cruises 6/9/21
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Figure 6. Total individuals/cubic meter of relevant copepod taxa on cruises on 6/9/21.
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Total Individuals/Cubic Meter of Relevant Copepod Taxa on
Cruises 6/25/21
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Figure 7. Total individuals/cubic meter of relevant copepod taxa on cruises on 6/25/21.
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Figure 8. Composition of observed organisms in samples taken on 5/13 and 5/14/21.
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Composition of Observed Organisms in Samples Taken on
5/27/21
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Figure 9. Composition of observed organisms in samples taken on 5/27/21.
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Figure 10. Composition of observed organisms in samples taken on 6/9/21.
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Figure 11. Composition of observed organisms in samples taken on 6/25/21.
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Table 3. Total individuals/cubic meter of different taxa found in samples taken 5/13 and 5/14/21
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Table 4. Total individuals/cubic meter of different taxa found in samples taken 5/27/21
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Table 5. Total individuals/cubic meter of different taxa found in samples taken 6/9/21
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Table 6. Total individuals/cubic meter of different taxa found in samples taken 6/25/21.
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Discussion

During our May-June sampling periods, we observed no right whales and recorded few
Calanus finmarchicus copepodites and no C. finmarchicus adults. The absence of the whales was
possibly related to the near-absence of the copepods that are the primary prey of the whales,
which may be due to the warm waters in May and June. Water temperatures during our sampling
(Figure 2, Table 2) were consistently higher than 11°C, which was warmer than the copepod’s
preferred temperatures of < 10°C in the North Atlantic (Helaouét & Beaugrand, 2007). Recall
that the zooplankton sampling was added to the sampling protocols shortly before sampling
began, and that the already-scheduled sampling periods were geared around the May-June period
which is the beginning of the period when early-stage lobster larvae are found in the plankton off
southern New England (Milligan, 2010). Thus, it is not surprising that we found few Calanus or
right whales, because the waters were already warmer than times when right whales and
abundant Calanus aggregations have historically been recorded off southern New England.

According to Record et al. 2019 and Meyer-Gutbrod et al. (2021), the Gulf of Maine and
Scotian Shelf underwent a regime shift in 2010, with warming by Gulf Stream-driven warm
slope waters entering the region. This created a less-favorable foraging environment for North
Atlantic right whales during their historical seasonal migrations from the western Gulf of Maine
in winter and spring, to the eastern Gulf of Maine and Scotian Shelf in summer and autumn.
Such movements of right whales track abundance of late-stage copepodites of Calanus
finmarchicus, which are the main prey of right whales.

Calanus finmarchicus is a relatively large (2-4 mm total length), lipid-rich copepod that
prefers cold water (Pershing & Pendleton, 2021). In the North Atlantic, this species has its
maximal abundance between April and September at temperatures of 6-10°C (Helaouét &
Beaugrand, 2007), and Beaugrand et al. (2002) categorized it as a “subarctic” species. Chust et
al. (2014) have characterized the recent distributions of C. finmarchicus in the North Atlantic as
“one of the most striking examples of poleward migration related to sea warming.”

This copepod can occur in surface aggregations that are much more abundant than
background concentrations, and right whales are known to locate and feed on such copepod
aggregations (Mayo & Marx, 1990; Keeney, R. D. et al. 2001). By the middle of the decade
which began in 2010, in concert with poleward shifts in abundance of Calanus finmarchicus,
which were coincident with warming in the Gulf of Maine, right whales had moved their late
spring/summer foraging areas from the Gulf of Maine and western Scotian Shelf northward to
the Gulf of St. Lawrence (Meyer-Gutbrod et al. 2021).

In the wind-energy areas off southern Massachusetts and Rhode Island, during a period of
extended aerial surveys from October 2011 through June 2015, Leiter et al. (2017) found that
sightings of right whales “only occurred during the winter and spring, beginning in December
and ending in April.” Monthly sighting rates across all years of the survey were highest in
February and March. Although there were numerous right whale sightings in the areas south of
Martha’s Vineyard and Nantucket Island, mainly north of 41°N latitude, Leiter et al. (2017)
concluded that right whales “appear to arrive in December and leave in May, and this seasonal
presence is consistent with historical records.”

Accordingly, our sampling, while occurring in the right place, appears to have been
slightly later than the right time. By the mid- to late-May and June periods of 2021 during our
sampling, right whales appear to have already departed from the windfarm areas south of
Martha’s Vineyard. This was likely related to the paucity of Calanus finmarchicus and other
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larger copepods, and was indicated by our failure to observe any right whales during our
sampling. Presumably this northward phenological shift will be exacerbated by further warming
due to ongoing climate change. Thus, future efforts to investigate relationships between presence
of right whales and abundant copepods in the windfarm areas of southern New England would
benefit from sampling earlier in the spring than periods of mid-May through late June.
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