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Introduction and Season Summary

Since 1998, the Massachusetts Division of Marine Fisheries (DMF), with support from NOAA/NMFS, has
collaborated with the right whale research and disentanglement programs at the Provincetown Center

for Coastal studies (PCCS), showing great commitment to understanding and mitigating the plight of the

North Atlantic right whale (Eubalaena glacialis). DMF has supported the ongoing study of the whales’

abundance, distribution and demographics by funding PCCS’ aerial surveys of Cape Cod Bay and

adjacent waters; DMF has also funded the continuing long-term monitoring study of the right whales

and the ecosystem that supports them with an investigation of the interaction between the whales and

their zooplankton prey.

In the last 12 years, the PCCS Right Whale Research Program (habitat studies and aerial survey) and DMF

have reached important milestones in the study and conservation of the North Atlantic right whale.

1.

We have demonstrated in fine detail the very close relationship between right whale
distribution and the structure and richness of zooplankton resources at many scales*.

Our management application, predicting the movement and distribution of whale aggregations
using basic understanding of zooplankton patterns of patch formation and movement, as well
as our observations and reporting of right whale distribution, has aided DMF’s understanding
and defining areas of risk of entanglement and ship strike*.

Bottom layering of right whale food resources, discovered during preliminary studies of
zooplankton vertical structure, has led to an important understanding of the risk of
entanglement in the buoyant ground lines of fixed gear*; hence habitat research has resulted in
a Gulf of Maine—wide regulation of ground lines. The bottom-layer discovery changed the
planned direction of the ALWTRT consensus that was originally set to require “low-profile”
ground lines rather than sinking lines*.

Studies of the controlling zooplankton resource and seasonal distribution of right whales, has
added significantly to the recent plans by the Commonwealth to undertake ecosystem-based
management and zoning of the coastal environment of the Cape Cod region by defining regions
of zooplankton productivity and whale foraging.*

The baseline quality of the zooplankton resource in Cape Cod and southern Massachusetts Bays
has been documented and, during a time of change in coastal waters, represents a benchmark
that allows the tracking of conditions that support right whale residency, providing information
essential to ocean management and conservation.

In an effort to reduce ship strikes, all right whale sightings have been reported to the North
Atlantic Right Whale Sighting Advisory System.

Photo-identification has contributed to the New England Aquarium catalog which in turn allows
for tracking the recovery of the population as a whole, through studies of population and
individual health assessments, reproductive status, movements, demography, and patterns of
habitat use.

Zooplankton analysis and right whale photo identification have added significantly to the
collaborative effort with scientists at various institutions, including but not limited to the Gulf of



Maine Research Institute, the New England Aquarium, the University of Rhode Island, Woods
Hole Oceanographic Institution, and the North Atlantic Right Whale Consortium.*

Those items with an asterisk (*) have been reported in part or in whole at technical or management
meetings or in publications.

The patterns of right whale and zooplankton abundance and distribution in Cape Cod Bay and
surrounding habitats, during the 2010 season, deviated from patterns observed in past years. Densities
of the primary zooplankton genera in Cape Cod Bay, Calanus, Pseudocalanus and Centropages, did not
become enriched the way they have in the past; dense bottom layers of Pseudocalanus did not make up
the early season feeding resource, as they had in 2008 and 2009, and late stage Calanus was absent at
the end of the season when it is typically more abundant. Although right whale abundance did peak in
mid-April as is typical, the sightings per unit effort were not as high as they had been in the previous two
years. There was also an increase in the abundance of right whales seen on eastern track lines,
particularly in the north-east portion of the survey area.



Methods
Aerial survey methods

The methods used to study right whales in Cape Cod Bay and the adjacent waters are the same as those
that have been used since 1998. Aerial surveys were flown weekly, in the Cape Cod Bay (CCB) Critical
Habitat and adjacent waters, including the area east of Cape Cod (ES) and Rhode Island Sound (RIS). All
surveys were flown in a Cessna 336 Skymaster (N1773Z), a twin engine, high wing aircraft, using
methodology developed by CeTAP (Scott and Gilbert 1982, CeTAP 1982). The scientific crew recorded
all cetacean, vessel, and fishing gear sightings. In the event of a right whale sighting, the plane would
circle the animal to obtain the necessary photographs for individual identification. In addition, to
photographic information, behavioral data and association with other whales was recorded. These
methods conform to research protocols followed by the North Atlantic Right Whale Consortium and
approved by NOAA Fisheries. After each aerial survey and habitat cruise, the number of right whales
observed and their corresponding location were reported to the NOAA fisheries Sighting Advisory
System (SAS) via email.

It should be noted that all current safety measures have recently been documented in the PCCS Right
Whale Aerial Survey Program Safety Policy and Operating Procedures Manual (Leeney & Chronic, 2010).
This document was created with the intent of being continually updated, in seasons to come, as the
safety operations, equipment, and philosophy of the program continue to strengthen and change.

Habitat studies methods

The methods used for studying the feeding habitat of right whales in Cape Cod Bay are the same as
those that have been used since at least 2003. Surface and water column net tows were conducted
once to twice per week, weather permitting, at eight to nine “regular” stations that have been sampled
since the inception of the program in the 1980s. More directed “special” stations were also sampled
when of particular interest for the study of right whale-zooplankton interaction. Discrete depth vertical
pump sampling and horizontal transect sampling were also used as methods to study fine-scale patterns
in zooplankton distribution and abundance. Oceanographic data were also collected using a Seabird ®
CTD.

For a more detailed description of aerial and habitat methods, including aerial survey track lines and
habitat sampling stations, please see Surveillance, Monitoring and Management of North Atlantic Right
Whales in Cape Cod Bay and Adjacent Water-2009 (Leeney et al., 2009).



Results
Right Whale Aerial Survey Results

The PCCS aerial survey team flew 32 surveys, complete or incomplete, from January 1 through May 15,
for a total of 8,178 nm. Twenty-four of these surveys covered CCB, six covered the Eastern Survey (ES),
and one reactionary survey was flown in Rhode Island Sound (RIS). A total of 170.6 hours were flown, of
which 141.5 hours were spent on effort. Right whales were seen on 26 of the 32 aerial surveys in 2010.
The first right whale sighted in CCB during the 2010 season was documented on January 28. Right
whales were last seen in CCB on April 20. The last right whales sighted by the PCCS aerial survey during
2010 were documented on the ES, on May 11 this flight coincided with the end of the PCCS aerial survey
season; therefore it is possible that right whales continued to utilize the ES habitat after the aerial
season had ended. During the 2010 season, approximately 45% (n=199) of the right whale population
cataloged in the North Atlantic Ocean was documented by the PCCS Right Whale Research Program in
Cape Cod Bay and the adjacent waters (Pettis, 2009; PCCS 2010). These numbers parallel the previous
three years during which approximately half of the right whale population has been seen in CCB and
adjacent waters each year(49% in 2009; 50% in 2008; and 45% in 2007; Leeney et al., 2009; Jaquet et al.,
2007; PCCS, 2010).

Abundance
Sightings per unit effort calculations revealed that right whales reached peak abundance in CCB, in mid-

April (24.26 whales/100nm, Figure 1). This seasonal pattern of relative abundance was similar to the
sightings from 2008, rather than 2009. Unique to 2010 was a sharp increase in right whale sightings, per
unit effort, in CCB during the first week in February (11.49/100nm; Figure 1); this pattern has not been
documented since 2001 (22.03/100nm, Brown et al., 2001; PCCS, 2010).
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In 2010, the number of right whales per 100 nm of effort was lower than in 2008 and 2009 (2.56, 2010;
3.56, Leeney et al., 2009; 3.41, Leeney et al., 2008, Figure 2). However, the numbers are still more
consistent with sightings in more recent years compared to sightings in the earlier years of the project
(0.99, 2001; 0.56, 2002; 0.80, 2003; 0.75, 2004; 0.75, 2005; 1.07, 2006, Leeney et al., 2009; PCCS, 2010,
Figure 2).
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To establish a proxy for residency time, the variable “whale-day” was applied (Jaquet et al., 2007;
Leeney et al., 2008) to the 2010 data (Table 1). Whale-days were computed by summing the number of
days each individual was observed.

Table 1: Number of whale days, and number of whale days per 100 nm of effort, based on area surveyed by the
PCCS Right Whale Research Program 2010.

Area # of whale-days Whale-days per
100 nm
CCB (3-15) 346 6.7
Track lines 1&2 7 0.89
Track lines 1-15 353 5.9
ES 84 4.56
Total CCB & adjacent 437 5.6



Demographics

Of the 199 individual right whales seen by the PCCS Right Whale Research Program in 2010, to date 163
have been matched to whales in the North Atlantic right whale catalog. The demographics of these 163
animals have been broken down below (Tables 2, 3, and 4; and Fig. 3a, b-5a, b). The age and gender
ratios of all the whales documented in 2010 are presented as pie charts and are similar to the ratios
observed in 2009 (Leeney et al., 2009). It should be noted that when comparing the demographic
pattern between each survey area covered by PCCS in 2010 there was a similar pattern, with ratios of
48%:26%:26% for Male:Female:Unknown (Fig. 3a). This pattern is also similar to the demographics for
the North Atlantic right whale population (47%:34%:17%, NEAq data). In addition, the age ratios show a
similar trend throughout all PCCS survey areas 59%:29%:10% for Adult:Juvenile:Unknown (Fig. 3b). This
is similar, as well, to the age ratios for the right whale population (72:27, Adults:Juveniles, NEAq data).



Table 2: Gender and age ratios for right whales, in all survey areas, sighted by the PCCS Right Whale Research
Program in 2010.

Full survey (n) Female Male Unknown Total
gender

Adult 28 62 6 96

Juvenile 12 14 21 47

Unknown age 3 2 11 16

Calf 0 0 4 4

Total 43 78 42 163

Unknown age
10%

calf
2%

Figure 3a: Gender ratios for right
whales sighted in CCB and adjacent
waters, by PCCS Right Whale Research
Program in 2010.

Figure 3b: Age ratios for right whales
sighted in CCB and adjacent waters, by
PCCS Right Whale Research Program in
2010.



Table 3: Gender and age ratios for right whales sighted in CCB (track lines 3-15) by the PCCS Right Whale Research

Program in 2010 .

CCB (n) Female Male Unknown  Total
gender

Adult 23 48 3 74

Juvenile 9 13 18 40

Unknown age 2 0 10 12

Calf 0 0 4 4

Total 34 61 35 130

Unknowr age
9%

Figure 4a: Gender ratio for right
whales sighted in CCB, by PCCS Right
Whale Research Program in 2010.

Figure 4b: Age ratios for right whales
sighted in CCB, by PCCS Right Whale
Research Program in 2010.



Table 4: Gender and age ratios for right whales sighted on ES by the PCCS Right Whale Research Program in 2010

ES (n) Female Male Unknown Total
gender
Adult 14 24 4 42
Juvenile 5 5 9 19
Unknown age 1 2 3 6
Calf 0 0 1 1
Total 20 31 17 68
Unknown age calf

9%

Figure 5a: Gender ratio for right
whales sighted on the Eastern Survey
(included are whales that were also
seen in CCB), by PCCS Right Whale
Research Program in 2010.

Figure 5b: Age ratios for right whales
sighted on the Eastern Survey
(included are whales that were also
seen in CCB), by PCCS Right Whale
Research Program in 2010.



Behavior
Throughout the survey season, in CCB and the ES, there was a change in the observed behavior of right

whales (Figure 6). Initially, in the months of January and February, a high proportion of right whales
were engaged in SAGs and other miscellaneous behaviors (e.g. Julian days 30-45: 2.4% feeding, 53%
SAG, and 43.9% other behaviors, Fig. 6). As the season progressed, into March and April, there was an
increase in the proportion of whales subsurface and skim feeding, and a decrease in the proportion of
animals in SAGs and other behaviors (e.g. Julian days 90 — 105: 80.5% feeding, 7.89 % SAG, and 11.5
other behaviors, Fig. 6).
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An analysis of behaviors based on time, throughout the season, demonstrated that feeding behaviors
were the predominant behavior observed on an hourly basis, with the exception of 1400 — 1459, when
SAGs were the predominant observed behavior (Figure 7). Generally, feeding was at its peak in the
morning, 0900 — 0959 (92% of observed behaviors were feeding behaviors), and later in the day 1500 —
1759 (62%, 71%, and 77% of observed behaviors were feeding behaviors, Fig. 7). However, there was
also a spike in feeding from 1200 — 1259 (76% of observed behaviors were feeding behaviors, Fig. 7).
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Distribution Patterns

2010 showed an increase in abundance of right whales east of Cape Cod (ES) (78 individuals), in
comparison with earlier years of the project. However, previous coverage of this area has been variable
and sporadic. In 2010, 30% of flight hours (n=52.5) were used surveying areas outside of CCB, including
track lines 1, 2, and 16 in a CCB survey, ES, and RIS. In 2010, 39% (n=78) of the individual right whales
were seen on the ES; these sightings can be further broken down as follows: 20% (n=41) of these
animals were only sighted on the ES, and never in CCB. Furthermore, 18% (n=37) of identified
individuals were seen in both CCB and the ES. The Rhode Island Sound survey was carried out in order
to document a large aggregation of right whales reported by the Northeast Fisheries Science Center
(NEFSC) aerial survey team. The survey could not be carried out until 11 days after the NEFSC report had
been made; no right whales were seen during the PCCS survey. Preliminary analyses of the photo
identification data collected by NEFSC in the RIS area suggest that a considerable proportion of the
individuals sighted in RIS (46 of 62 individuals) were not sighted in the regular PCCS survey areas in CCB
and the ES during 2010. When the RIS whales are included in the analysis of data from the general
region, approximately 71% of the entire right whale population was seen in CCB, ES, and RIS in 2010
(Pettis, 2009; PCCS 2010; NEFSC, unpublished data, 2010).

Figures 8a-f illustrates right whale sightings made by the PCCS aerial team in 2010. In addition, figures
8b-f overlay right whale sightings with all fishing gear sightings. Figures 9a-f portray all humpback whale
and fin whale sightings, in addition to fishing gear. It should be noted that these are snapshots in time
and do not represent the actual movement of whales or fishing gear. The 2010 survey season saw a
slightly different right whale distribution on the ES then what has been documented in the last three
years (Leeney et al., 2009 & 2008; Jaquet et al., 2007). Right whales were concentrated more in the
north east region of the ES, particularly in March and April, similar to the distribution in 2006 (Jaquet et
al., 2006). However, there was still an aggregation of animals in the south east portion of the ES, similar
to 2009 and 2008 (Leeney et al., 2009 & 2008). In Cape Cod Bay, the distribution was similar to previous
years with most sightings in the eastern portion of the bay (Leeney et al., 2009).

11



Figure 8a: 2010 right whale sightings (n=387), red circles indicate at least one right whale.

Figure 8b: Right whale (n=1) and fishing gear sightings for the month of January, 2010. Each white circle represents at least
one piece of fishing gear, each red circle represents at least 1 right whale.
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Figure 8c: Right whale (n=43) and fishing gear sightings for the month of February, 2010. Each white circle represents at least
one piece of fishing gear; each red circle represents at least 1 right whale.

Figure 8d: Right whale (n=70) and fishing gear sightings for the month of March, 2010. Each white circle represents at least one
piece of fishing gear; each red circle represents at least 1 right whale.
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Figure 8e: Right whale (n=240) and fishing gear sightings for the month of April, 2010. Each white circle represents at least one
piece of fishing gear; each red circle represents at least 1 right whale.

Figure 8f: Right whale (n=33) and fishing gear sightings for the month of May, 2010. Each white circle represents at least one
piece of fishing gear; each red circle represents at least 1 right whale.
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Figure 9a: Fin whale (n=246) and humpback whale (n=246) aerial sightings for January — May 15, 2010. Yellow circles represent
at least one fin whale, green circles represent at least one humpback whale.

Figure 9b: Fin whale (n=10), humpback whale (n=1), and fishing gear sightings for the month of January, 2010. Each white circle
represents at least one piece of fishing gear, each yellow circle represents at least one fin whale, and each green circle
represents at least one humpback whale.
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Figure 9c: Fin whale (n=5), humpback whale (n=1), and fishing gear sightings for the month of February, 2010. Each white circle
represents at least one piece of fishing gear, each yellow circle represents at least one fin whale, and each green circle
represents at least one humpback whale.

Figure 9d: Fin whale (n=56), humpback whale (n=14), and fishing gear sightings for the month of March, 2010. Each white circle
represents at least one piece of fishing gear, each yellow circle represents at least one fin whale, and each green circle
represents at least one humpback whale.
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Figure 9e: Fin whale (n=127), humpback whale (n=106), and fishing gear sightings for April, 2010. Each white circle represents
at least one piece of fishing gear, yellow circles represent at least one fin whale, green circles represent at least one humpback.

Figure 9f: Fin whale (n=48), humpback whale (n=124), and fishing gear sightings for May, 2010. Each white circle represents at
least one piece of fishing gear, yellow circles represent at least one fin whale, and green circles represent at least one
humpback whale.
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Right Whale Habitat Studies Results

The right whale habitat studies program has been collecting data on the relationship between right
whales and their habitat for 26 years, 12 of which have been thanks to the support of DMF and
NOAA/NMFS. In the last 12 years of research, we have expanded the understanding of right whales’ use
of habitat as a result of their zooplanktonic prey’s distribution and abundance, over large and small
temporal and spatial scales. In sampling both systematically surveyed stations distributed throughout
Cape Cod Bay, and at locations where right whales have formed feeding aggregations, we have learned
about the seasonal cycles of zooplankton in the bay during the season of right whale residence, and how
these cycles affect the whales’ behavior, abundance and distribution.

There has been considerable year-to-year variation in zooplankton abundance, and the general pattern
of enrichment from January to May, in Cape Cod Bay, in both surface waters (Fig. 10a) and the water
column (Fig. 10b). In the year 2010, a peak in total surface zooplankton was observed at the beginning
of April, on the 92" Julian day or April 2" with average zooplankton concentrations at regular sampling
stations reaching 5978 organisms/m>. A peak in total water column zooplankton was also observed at
the beginning of April, on the same day, reaching a concentration of 12893 organisms/m>. The average
density of all zooplankton, in both the surface waters and water column show no simple trends over the
last eight years (Fig. 11).
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Figure 10a. Surface zooplankton in Cape Cod Bay during the typical period of right whale residency (0—150th Julian
day), regular stations only.
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Water column daily mean zooplankton,
Cape Cod Bay 2003-2010
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Figure 10b. Water column zooplankton in Cape Cod Bay during the typical period of right whale residency (0-150th
Julian day), regular stations only.

8000.00
7000.00 - ,’\ —— surface total zooplankton
o\ densities (org/m3)
6000.00 - SN
’ \
' \
ME 5000.00 ’ \ - —+ = water column total zooplankton
- ," "\ densities (org/m3)
g 4000.00
c
@
5 3000.00
2000.00
1000.00
000 T T T T T T 1
2003 2004 2005 2006 2007 2008 2009 2010

year

Figure 11. Yearly trends in average total zooplankton sampled at regular stations, from 2003 to 2010; surface and
water column densities shown.

From mid-January to mid-May, the typical season of right whale residency in Cape Cod Bay (Nichols et
al., 2008), cycles of three primary copepod genera have dominated the right whale prey resource:
Centropages typicus and Centropages hamatus, Pseudocalanus spp. and Calanus finmarchicus (Costa et
al., 2006; Pendleton et al., 2008). The order and timing of these cycles have been relatively consistent
over the last several years both in the surface waters (Fig. 12a) and water column (Fig. 12b).
Centropages, which appears first in the season, has a negative slope (Fig. 12a and b, purple), inverse to
that of Calanus, which has a positive slope throughout the season (Fig. 12a and b orange).
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Pseudocalanus has a small negative slope during the season (Fig. 12a and b, blue). The temporal
occurrences of the highest concentrations among these genera are for the most part mutually exclusive
(Fig. 13a-13c). This is likely due to the seasonality of the three taxa, and differences in their life cycles
with regard to environmental factors. Water column densities only were used to demonstrate this,
because they offer a more complete view of the water column, and include surface zooplankton.
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Figure 12a. Surface densities of the three primary copepod taxa, from regular stations, that make up the right
whale prey resource in Cape Cod Bay, Julian day 0-150, 1999-2010, on a logarithmic scale; trend lines shown.
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Figure 12b. Water column densities of the three primary copepod taxa, from regular stations, that make up the
right whale prey resource in Cape Cod Bay, Julian day 0-150, 2003-2010, on a logarithmic scale; trend lines shown.
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Figure 13a. Water column Calanus density (x-axis) versus water column Centropages density (y-axis) in
organisms/m3; regular stations only.
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Figure 13b. Water column Calanus density (x-axis) versus water column Pseudocalanus density (y-axis) in
organisms/m>; regular stations only.
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Figure 13c. Water column Pseudocalanus density (x-axis) versus water column Calanus density in organisms/ma;
regular stations only.
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During the 2010 season, both surface and water column densities of all three of the primary copepod
genera showed different patterns of enrichment and decline compared with the over-all trend of past
years. At the beginning of the season, Centropages density was at relatively high levels, dropped off,
and then enriched again toward the end of the season (Fig. 14a and 14b, left). Typically however,
Centropages densities are higher at the beginning of the season, and steadily drop toward May (Fig. 14a
and 14b, left). Pseudocalanus densities during the 2010 season remained relatively low throughout the
season, peaking in April (Fig. 14a and b, middle). In past years, Pseudocalanus densities remained high
throughout the season, peaking in March (Fig. 14a and b, middle). Finally, Calanus densities during the
2010 season reached unusually high levels, and then plummeted at the beginning of May (Fig. 14a and
b, right). Typically, Calanus densities do not drop, but rather continue to increase through the end of
the season (Fig. 14a and b, right).
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1999-2010 Surface Density trends of
Centropages spp. in Cape Cod Bay,
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Figure 14b. Water column densities of Centropages (left), Pseudocalanus (middle) and Calanus (right), at regular stations from 2003-2010. Polynomial trend
lines show the trends of past years’ data combined (black) and 2010 data (blue).

Figure 14a. Surface densities of Centropages (left), Pseudocalanus (middle) and Calanus (right), at regular stations from 1999-2010. Polynomial trend lines
show the trends of past years’ data combined (black) and 2010 data (blue).
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Over the last eight years, abundance of the three primary copepod taxa has varied both in the surface

waters and the water column (Fig. 15a and b). Pseudocalanus appears to be much more variable from

year to year compared with the other two copepod genera. Centropages is less abundant than either of

the two other genera in all years. None of the taxa show simple trends toward enrichment or decline

over the time period discussed.
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Figure 15a. Trends in surface densities of the three primary zooplankton taxa, sampled at regular stations and

averaged by year, from 2003-2010.
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Right Whale Research Program Results

The synthesis of right whale abundance and behavior and zooplankton abundance, composition and
behavior is the crux of the PCCS Right Whale Research Program. In 2010, zooplankton abundance
played an important role in the behavior of right whales in Cape Cod Bay. When the total zooplankton
was at its seasonal peak, 81% of recorded right whale behaviors were feeding behaviors (Fig. 16).
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Figure 16. Proportions of various right whale behaviors, and average water column total zooplankton density,
Calanus density, Pseudocalanus density and Centropages density, over the 2010 season; data binned by
approximately two week periods.
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Figure 17a. The three primary copepod genera sampled in surface waters from January 2003 to May 2010, averaged by month,

including regular stations only, and right whale SPUE in Cape Cod Bay, averaged by month.
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Figure 17b. The three primary copepod genera sampled in the water column from January 2003 to May 2010, averaged by month, including regular stations

only, and right whale SPUE in Cape Cod Bay, averaged by month.

26



8000

7000

6000

5000

4000

organisms/m3

3000

2000

1000

Jan-10

Feb-10 Mar-10

Apr-10

May-10

14

12

10
Calanus total
&
" Calanus early
b=
C Calanus late
m

Pseudocalanus total

Centropages total

SPUE

Figure 18a. The three primary copepod genera sampled in surface waters from January to May of 2010,

averaged for each month, including regular station data only, and right whale SPUE in Cape Cod Bay,

averaged by month for the 2010 season.
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Figure 18b. The three primary copepod genera sampled in the water column from January to May of
2010, averaged for each month, including regular station data only, and right whale SPUE in Cape Cod
Bay, averaged by month for the 2010 season.
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When graphed with the average abundance of the three primary zooplankton genera over the last eight
years averaged by month, right whale SPUE does not consistently occur at the maximum of any one
zooplankton taxon; rather, it occurs more often at the intersection of the Pseudocalanus and Calanus
maxima (Fig. 17a and b). This pattern is more pronounced in the water column data (Fig. 17b). During
the 2010 season however, the peak right whale SPUE occurred during the peak of Calanus, both in the
surface waters (Fig. 18a) and water column (Fig. 18b). This peak also coincided with a weak maximum in
Pseudocalanus abundance. Also noteworthy is the relatively high abundance of early stage compared
with late stage Calanus, both in the surface waters (Fig. 18a) and water column (18b).
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Discussion:

Cape Cod Bay and the adjacent waters proved again to be an important winter and spring habitat for
North Atlantic right whales in 2010. From 2007-2010 the proportion of the right whale population
sighted in these waters has been greater than 45% yearly (Jaquet et al., 2007; Leeney et al., 2008 &
2009). The large proportion of right whales sighted in these waters in conjunction with the area’s
proximity to shore, and thus its convenience as a defined habitat in which to study the species,
reinforces the significance of PCCS’s programs in this region for the monitoring of the population as a
whole.

The “whale-days” variable was computed as a way of determining the residency time of right whales in
CCB and adjacent waters. Residency time is most likely a result of the number of whales that can be
supported by the resource in CCB in a given season (Leeney et al., 2008; Jaquet et al., 2007). Hooker et
al. (2002) suggest that as the number of feeding right whales increases, the resource will be depleted,
and therefore the feeding efficiency of each right whale will be reduced. Residency time of right whales
in CCB and the adjacent waters will be further analyzed and the results will be presented in the form of a
publication in the next year.

In 2010, the demographics of the animals seen by the PCCS Right Whale Research Program were
representative of the general population. However, the demographics in CCB and the adjacent waters
have shifted over the course of the project. This is another area which the PCCS Right Whale Research
Program hopes to explore further, in order to determine if this shift was based purely on the
demographics of the greater population or if there is an underlying cause.

Similar to previous years of the study, skim and subsurface feeding increased in March and April, and
was most commonly observed in the early and later parts of the day (Fig. 7) (Leeney et al., 2008 & 2009).
The behavior of right whales at these points in the day continues to suggest a diel vertical migration of
copepods, which has been observed in many copepod species (Williams & Conway, 1984; Durbin et al.,
1995; Hays et al., 1997). The risk of ship strikes and entanglements to right whales is predominantly
dependent upon this depth-selective behavior in the zooplankton. Further, an over-all seasonal
relationship between zooplankton abundance, Julian day, and behavior for the 2010 survey season (Fig.
16) confirmed the influence of the zooplankton resource on right whale behavior, and therefore risk; as
expected, once the zooplankton, primarily composed of Calanus, increased in abundance, the
percentage of right whales skim and subsurface feeding increased as well. In contrast, when
zooplankton was less abundant, a higher proportion of whales were observed engaging in SAGs or other
behaviors (traveling, logging, etc).

In past years, early-season aggregations of whales have been observed feeding on bottom layers,
primarily composed of Pseudocalanus (Leeney et al., 2008 & 2009). During the 2010 season,
Pseudocalanus abundance, and duration of presence in the bay, was greatly reduced compared to past
years (Fig. 14a and b, middle; Fig. 17a and b). The lack of feeding , or stable aggregations, of whales
observed earlier in the season (Fig. 16) may have been a result of the relatively low abundance of
Pseudocalanus (Fig. 15a and b) during the 2010 year, as well as the unusually late period of
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Pseudocalanus enrichment (Fig. 14a and b middle). These findings will be important as we continue to
learn more about how different zooplankton taxa use the water column, subsequently how we would
expect right whales to react to their movements on a daily and seasonal basis, and how these
interactions translate into predictable changes in anthropogenic risk to the whales.

As suggested by the results (Fig. 17a and b), it appears to be the over-lap of Calanus and Pseudocalanus,
that results in a preferred feeding habitat for right whales in Cape Cod Bay. This period of copepod
taxon intersection makes it more likely that there will be at least one type of food in the bay on which to
rely; if one taxon is low, the other may be high and vice versa. The chances of a right whale finding no
food are lower if the whale is relying on more than one type of food. Therefore, the over-lap of Calanus
and Pseudocalanus may act as energetic insurance for the whales. This may explain in part why the
peak whale abundance in the bay occurs not always at the peak of one zooplankton taxon or another,
but rather during the intersection of the two most abundant taxa (Fig. 17a and b).

Unique to the 2010 season zooplankton resource was the over-all lack of late stage Calanus (Fig. 18a and
b). It has been shown that the intrusion of the Western Maine Coastal Current (WMCC) plays a major
role in the abundance of zooplankton in the Massachusetts Bays system (Jiang et al., 2007). It is possible
that this year, the over-all strength and/or trajectory of the WMCC changed, playing a role in the
absence of late stage Calanus in Cape Cod Bay.

Future Work by the PCCS Right Whale Research Program

The program aims to address a number of the questions introduced in the discussion as peer-reviewed
publications within the next year. Topics include: right whale behavior and risk controlled by the vertical
structure of zooplankton, the importance of the Calanus-Pseudocalanus over-lap in determining the
presence of right whales in Cape Cod Bay, the relationship between residence time in the bay and the
zooplankton resource, seasonal patterns in demographics as related to prey, the role of wind and
currents in creating suitable right whale habitat in Cape Cod Bay, and further analysis of the 2010 Rhode
Island Sound event.

The PCCS Right Whale Research Program plans to continue its long term monitoring of right whales and
zooplankton in Cape Cod Bay, while expanding its range into adjacent important habitats. We also plan
to conduct an in-depth study on mid-water risk to right whales resulting from the vertical movements of
their prey. Lastly, we will continue to monitor entanglements and work closely with the PCCS Marine
Animal Disentanglement Program.
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