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ARsTRACT

Merth Atlantic sight whales (Bubaloems glaciaflis) are known to spend the
majarity of the year hetween the Grear South Chanoel southease of Cape Cod,
and the Nova Scotian shelf, %W examined sightings of right whales on and
aronnd Jeffreys Ledge, a 54-km-long glacial deposit off the coast of nocthern
Massachusetts, Mew Hampshire, and baine. Sightings on Jeffreys Ledpe were
extracted from three dara sers: (1) a systematic sutvey of the entire north-
eastern continental shelf between 1979 and 1982, (2} whale-watch and re-
search-cruise sigheing daca from 1984 to 1997, and (3 a collaborative dara-
base of sighetings collected by organizations conducting right whale research
and all ocher available sources, Each database supporred two seasonal sighting
peaks, During sucnmer {especially July and August) sightings weee primarily
of mother-calf pairs. Several cow-calf pairs were seen over several days to
weeks. Jeveral femalies were resighted in more than one year, but eoly when
talves were present. During October, Wovember, and December, sightings
included all age classes, surfare-feeding behavior was frequently ehsetred, and
some animals were resiphted over several weeks, Given the relatively reduced
sighring effort during fall, chis number of sightings is surprising. During the
20 yr of ohservations, 52 of 374 photo-identified Nocth Atlantic right whales
£13.95) were seen ar least once on Jeffieys Ledgs, 'We suggest thar Jeffreys
Ledge may be a more inyportant right whale babicae than previously believed,
and that it may play an impottant eale in annoal movernents and diseribucion
of this population.
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The northern right whale (Exbelesna glacialisy is the world's mose endan-
gered large whale species, Some 3003350 animals corrently live in the western
MNorth Aclantic Ocean (Knowleon ef & 19945, and remnanr populations persisc
in the MNorth Pacific {Scarff 1086). This species was huored excensively until
the early pare of che 20 century but has been protected from commercial
whaling cificially since 1935 (Brownell ¢ 2L 1980),

In the past two degades, intensive surveys in certain high-use habicaes have
revealed a hasic annual pattern of movements of the North Atlantic population
(Wino ef 2 1986, Kraus and Kenney 1991}, During winter, & pertion of the
population (primarily mothers with newborn calves, and some juveniles) occurs
off the coast of the southeagtern US, During late winter, these whales move
norchward and join other right whales, first in Cape Cod Bay and, shortly
after, in the Great South Channel {between Cape Cod and Georges Bank)
{Hamilton and Mayo 1990, Kenney ¢ « 1995). From there, many animals
mave north to the Bay of Pundy and the Nova Scotian shelf for the summer,
remaining until at least early sucurnn (Mirchell er #/ 1986, Keaus ef 2/ 1988,
Murison and Gaskin 1989, Gaskin 19291).

Berween che early fall disappearance of right whales from the Bay of Fundy
and winter occurrence of calving females and juveniles off the southern U8,
and late winter appearance of all segments of the population in Cape Cod Bay,
lictle Is known of their distriburtion and almost nothing is known of their
MOVEIIELES.,

YWhile the distribution and occureence of right whales is well documeneed
in high-use habitats such as che soucheastern U5, (Kraus & of 1988, Krans
and Kenney 1991}, the Grear South Channel (Kenney ¢ 24 1993), Cape Cod
Bay (Hamilton and Mayo 1990, Kraus and Kenney 1991}, and rhe Bay of
Fundy and Scotian shelf (Mitchell & 2/ 1986, Kraus o 2/ 1988, Murison and
Gaskin 1989, Gaskin 1991}, little is known outside those areas. Survey and

T gther research effort has been highly bizsed towsards areas of known use. In

: this paper we examine sighring records of right whales on and around Jeffreys
Ledge, en underwarsr sheal lovated off the New England {especially New
Hampshire and Maine} coastline, which has not been previously identified as
an important habitat for norchern right whales.

MeTHODS

Jeffreys Ledge is a complex, shallow glacial deposit, characerized by depchs
of 45—61 m and a length of appreximately 54 km {Fig. 1}. Depths of 33—
120 m occur on the wesr side of the Ledge ("Scancum’s Basin®) and 100130
m to the easr. Bottom substrate 15 & mixture of rocks, sand and gravel, and
mud, both on the Ledge itself and in the deeper basing. We defined the Jetfreys
Ledge “tegion” for sightings data as lying between 43°20'N and 42°35'N,
and west of 65°30"%W to the shoreline,

Sighting data for this paper were collected from three programs: (1) a com-
prehensive cetacean survey program conducted off the northeascern United
States (1979—1981), {2) cormemercial whale watch {1982-1996) and dedicared
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Figuwre 1. Bathymetric contour ploc of Jeftreys Ledge atea,

vessel roverage (1984-1997), and (3) & comprehensive database of all reported
sightings of North Atlantic right whales from any available source through
1594, Decajls of these programs are as follows:

{1} The Cetacean and Turtle Assessment Program (CETAP) was condueted
by the University of Rhode Island (URI) from late 1978 through early 1982
for the rontinental shelf of c¢he Unired States from Cape Hatreras to Nova
Scotia (CETAP 1982). Ir included dedicaced surveys from air and shipboard,
2 platforme-of-opportunity (POF) survey program in which trained observers
were placed aboard 2 wide vatiery of aircraft and ships working in che sendy
area, and collection of opportunistic sightings from all available soutces, in-
chading historical data which existed prior to the study, CETAP data are
archived ar URI fsee below). Trackline and environmental information includ-
ed with the dedicated and POP survey data caon be used to quantify survey
effort as length of survey rrackline rompleted within defined criceria (observers
on warch, sea state of Beaufort 3 or below, visibiliey at least cwe nautical
mmiles, and aircraft alticude 305 m or lower), For details of the CETAP surveys
or the SPUE methods, see CETAP (1982), Kenney and Winn {1986), and
Shoop and Kenney (1992}

(2} The Ceeacean Research Unic {CRIT in Gloucester, Massaehuserts, col-
lected right whale sighting data from commercial whale watches between
1984 and 1996, YWhale-watch vessels working cut of Gloncester were used
exclusively from 1984 to 1991, coveting only the southern half of Jeffreys
Ledge. In 1992 CRU instituted a sighting neesork of whale-waech boats from
a number of ports in New Hampshire and southern Maine, which covered all
of the Ledge regulady. Whale wacches typically allowed ewo houts on ar
around the Ledge, Whale-watch cruises took place from May vneil Ocrober,
witl # heswy emphasis on the months of June through Seprember. Whale
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watches uvsually cacgered areas where humphack whales were most common
{see Weinrich ef #/. 1997 for additional details on whale-watch methodology}.

Dedicated-vessel coverage by CRU took plact aboard 4 6.7-m vessel (1984
19923 or an 8.3-m vessel (19931997} depatring from Gloucester, Massachu-
setts, Bach cruise was 7—13 h long. These excursions teok place from 1 April
w0 15 November in each year, with emphasis on wotk in April, Ocrober—
November, and daring opportukistic periods of mporred wdidle concenteation
during May to September.

(3} Since 1986 a number of research groups and institutions have joined in
3 cooprrative program, informally called che right whale “¢onsortium.” One
aspect of the program is data sharing, with all sighting data being incorporated
into & common database (the “consorrium database™), which iz managed and
archived at URI The original core of the database was the CETAP daea. A
copy of the photo-identification daeabase from a righe whale caralog is also
mainrained at URL, and the two databases are cross—referenced. Both che con-
sorcium and catalog databases include vontributions from a wide variery of
soutces and so are the broadest available tecord of right whale occurrence in
the westertt Noreh Atlantic. Becanse of the varied nature of the data, it was
impossible to-quantity effore. However, all records for the Jeffreys Ledge area
were extracted dnd summarized for analysis.

It should be noted that the three data sources urilized in this paper are not
independent. Ar least some occurrences of righe whales in the Jeffreys Ledge
area are recorded in mote than one. For example, when a righr whale was
sighted by CRY obsetvers and photographed, the photes ate conrriburted to
NEA and incotporated into the catalog, and all catalog tecords not already
incladed in the ¢onsortium database are added during annual updates. Whet-
ever possible, we separated overlapping data by comparing sighting lises for
duplication by day, location, ar observer.

Individual right whales were idearibed through photography (usually wsing
35-mm cameras and Z00—400-mm maximal focal leagd zoom lenses] of che
callosicies on the whales head and additional scars or distinceive mackings
(Kras e «f 15986). Phorographs were matched against a collaberacive catalog
maintained atr the New England Aquacium (NEA) (Kraus & &/ 198G, Crone
and Kraus 19903, and assigned numbers accordingly (listed ay RWC (Right
Whale Catalog) #). Life history details reported hete originate from previous
sighting information detailed in the caralog.

REsuprs
CETAF Data

There were 13 sightings of 22 right whales on Jeffreys Ledpge during the
CETAP surveys (Table 1). OF these, 11 (34.6%) sightings of 18 {(81.8%) whales
wete between October and December, during 35% of che roral Jeffreys Ledge
survey effort. December had both the greatese nomber of sigheings (9 and
the greatest number of individuals (15, all seen on 7 December 1978 (Fig.
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2. Survey efforr was greatest in June, November, and December, with sub-
stantial coverage in all monthy except Jonuary and May (Table 13 Only one
cowlcalf paic was seen (in Novembes) duritg the CETAP surveys.

CRU Data

Thoere were 4% sightings of 66 individuals on Jeffreys Ledge (Table 1) OF
these, 34 {72.0%) sightings of 5% (87.3%) individuals were seen berween
Avgust and October. Seprember and October had the greatesr number of
sightings {13 in each month), with more individuals (27) being seen in Oc-
tobér than in any other single month {Fig. 3). By comparison, survey effore
was grestest during July and Aupuase {when 47.9% of rotal survey effort ook
place), with secondary pezks mn June and September (Table 1) The single
highese daily count was seven whales photographed on 31 Qceober 1994, Nine
of the 43 {(20.9%) sighrings were af cowicall pates: one (01 1%5 in Apnl, two
(24.2%) in July, two (22.29%) in Augusc, and four {44.5%) in October,

Censovtinm Databats

There were 231 sighrings of 348 whaies on Jeffreys Ledge berween 1972
and 1994 (Table 1), Whales wete seen it all months excepe February, Mote
whales were seen in July than any other monch, when 103 (20.6%) animals
were recorded. Other months with high totals seere Auguse (62 individuals,
or VB, and Corober (30 individuals, or 14.3%), Between 22 and 31 whales
also were seen in each of September, WNovember, and December. In rotal, 301
whales were seen between July and Decemnber, while there were only 47 ani-
mals between January and May, Cowdeall pairs were seen oo 45 oreasions, of
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Figare 3. Bightings of righr whales per day, CRU dacsbase 19841997,

which 32 (71.1%) wete seen during July and Anpust, and only 8 (L7.7%)
during Beprember through December, :

In total, there are 101 caralog records from Jefireys Ledge (0.93% of the
total 10,833 caralog records) of 52 differenr individuals, or 13.995 of the 374
pharographed whales. Out of the twenty cow/calf caralog records from Jeffreys
Ledge in july, 18 (O0%) were of only five females. Several whales wete re-
sighted on Jeifreys Ledge both within the same year and hetween vears. B¥C
#1266 was photogtaphed un eight occasions in thes veaes: twice in July 1082,
five eimes in July and Avgust 1985, and once in July 1988 (all years in which
she had & cadf). BWC #3152 (2 mele) was seen on Jeffreys Ledge on five
occasions in Octaher 1982 and Seprember 1984, RWC #1505 (then a 9-yr
old male) was seen on 10, 11, and 18 Seprember 1994, A morher-calf pair
(RWC #1412 and #1413) were photopraphed on Jeffieys Ledge on € Oowber
ahd 21 October 1984, a 13-day sighting interval. This female was rephoto-
graphed with 2 differept calf on 4 and 5 Oceober 1997; 1o ather sighrings of
this whale exise in the catalog, elther from the calving grounds or any of the
orher known high-use areas.

DirscUssion

The sighting data from all three sources suggest that Jeffreys Ledge may
be a more imporrane habjear for right whales, both in cerms of pumbets of
animals and eonsistency of occutrence, than has been previously recognized.
The atea appears to be one where right whales are seen on 4 regular basis,
especiglly svhen animals may be moving to and from more northern waters.
Furthermore, the records from feffreys Ledge represent the giestest pirmber
of sightings during the fall, when the movements of right whales are poody
kenown,
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The highest number of right whale sightings in the consortiom database
for Jeffreys Ledge was during July and Avgust (49.8% of total sightings). This
is a perind when most, i nor all, animals have depateed the Grear Sourh
Channel (Kenney o @/, 1995) and are arriving in the Bay of Fundy (Winn &
i, 1986, Kraus and Kenney 1991). Bxcept for mother-calf pairs, whales ap-
parently remained on the Ledge for only shore petiods of time. This suggests
that many of the Jeffreys Ledge sightings were of transient whales moving
toward the Bay of Fundy and the Scocian Shelf, which lies approcmately 200
km to the noreheast of Jeffreys Ledge, There may be litele energetic advantage
to remaining fir extended petiods in the Jeftreys Ledge area during the sum-
mer, given the high probability that richer prey resources are available in the
Nowva Scotian feeding grounds.

Morher-calf pairs were disproportionarely represented on the Ledge during
this time. This is not unexpected since right whale mother-calf pairs are sight-
ed in many areas theoughowr the Gulf of Maine during the late spring and
eatly sammer.! It is possible that mothers may also be exposing their calves
to “eraditional” feeding habitats ac chis time and may be Bringing their calves
to Jeffreys Ledge for this reason. Radio-tagging studies have shown, that moth-
er-calf pairs eraverse unusually large distances when compared to other classes
of whales (Mare ef 2/, 1997), and studjes of humpback whales have shown that
calves are mote likely to return o a specific location if they were first sighted
there as calves (Weintich 1998). Certainly this is supported by animals such
as #1266 and #1412, who have each been seen on multiple accasions in mul-
tiple years when they had a calf, but not in [ntervening years.

Perhaps more sutprising is the number and consistency of sighrings of right
whales on Jeffreys Ledge during the fall. This is a period where observer effart
is at its lowest, especially in the CRU darabase, Whale-watching hoars all
terminate their season by the end of Ocrober for insurance reasons and greacly
reduce their number of trips after the start of Seprember. One would cherefore
Sxpece a strang bias rowards summer sightings, Despite this, Seprember and
Lctober were the months ar which sightings peaked in the CRU data, CETAP
data show a similar peak, moch of which can be ateribueable to a cluster of
nine sightings of 15 whales on a single December day, This shows that large
concentrations of whales have vccurred at rimes when covetage in other areas
may have not recorded them at all.

It is seriking rhat in che fall we do not see the dispeaportionste number of
mother-calf pairs that we do during summer sightings, s evidenced in both
the CRU and cotwortium database. Calves may be weaned and sepatated from
their mothee by this time. In bumpback whales weaning ocours as eacly as
mid-Gutober in ¢ few mother-calf pairs (Baraff and Weintich 1993), and tight
whale calves can sucvive weaning by this time (Hamilton ef o/ 1996). How-
ever, we believe it s unlikely that weaning alone would acemme for the lower
praportion of cow-calf pairs. Rather, this may simply be an impertant feeding

t Parsonal communication from Scott Kraus, New England Aquacinm, Ceneral Wharf, Boseon,
MA 02110, Janwary 190E.
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atea for the population 25 a whole following their departure feom the Bay of
Fundy, wich the number of mother-call paics represenative of che population
az & whele. Dhaing the sumener mest vighe orhales are passing through en
tonte towards rich feeding peounds in the Bay of FundyiScotian Shelf atea,
while mothers with calves ane lingering for longer periods,

Jeffreys Ledge wmay also be an itnportant faading habicac for cight whales
during the fall. Suface skimming and wppetent pear-surface feeding (whale
leaving slicks constantly on the sutface while spending prolonged periods of
tima {up to Several honts) it gteas less than T ke dismeted) were commanly
seen during fall sightings. Typically dusing July and Angost wiales were
observed traveling, and we have no observatipns of surface-feeding behavior,
The low level of observer coverage and phoro-identification effore would greac-
ly wnderestimate length of sray during che fll pesied, b our daa show
sevetal individuals (including the only residency of any anirmals besides cow/
calf pairs) who were resighted for at ieast a weck within the same year.

Farther evidence for prolonged occupation of Jeffreys Ledge in the fall comes
From satellite cagging data (Mace & 4 1992, 19471 An adult male right
whale tagged in the Bay of Pundy on 13 Ocrober 1989 left the Bay shortly
after being tagged and then spent ar least 10 d on or neac Jeffreys Ledge {25
Ortober— Novernber 1989). Tag transmissions cegsed while rhe whale was
still around the Ledge, so this was a minimum oeotpancy periad.

We assume thae right whales remain in the Bay of Pundy as long as prey
ie sufficient. Onee prey avaiability falls below a cerrain level, however, the
whales will likely abandon that ares and may begin a migrarion toward cheir
winter habitars, eithet the southeastern Unieed States coase {especially fit preq-
nane fenales and joveniles) or other destinations still unknown. If this move-
ment Is, in fact, triggered by lack of prey and chere iz another area nearby
where prey resources may pe zufbcient, the whales may at least investigate
that region briefly on ¢heir way our of the Gulf of Maine. If vight whales feed
little, ot even fast completely for prolonged periods duting the wintet, it wotld
ke adaptive sense for them to stay in that amea a5 long =3 prey resvmrces
remain sufhcient :

All of the known high-use feeding areas for right whales have genlogical
fearnres which appest © fever concentmacion of plankton, especially calanoid
copepods, thegugh interactions with Wedtugiaphic conditions (Mayo and Maex
1950, Kraus and Kenney 1991, Kenney e #1993, The topography of jef-
fravs Ledge, and the covatse-clockwise cntrent thooughaur the Gualf of Maine
influences the oceanography of the Ledge {Apollomin 197%), placing this area
in the same broad cacegory

We do not know on what prey right whales feed while on, Jeffreys Ledge.
In other habitars North Adlantic right whales feed pritoarily on copepods,
especially Calenur flumarebicns (Kenney o @l 1985, 1986, Marison and Gaskin
1989. Kenney and Wishner 1995), with some variation when other species
are ahundane (including Presdpealanur mingiar, Contegpage; spp-, ot larval bar-
nacles; Mayo and Mare 1990}, Copepod productiviey in the Gulf of Maine is
highest in spring and decteases during summer and fall {Apollonio 1975}, so
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the time that tight whales are on Jeffreys Ledge should be that of lowest
copepod awailability. It is possible chat the oceanographic features of Jeffreys
Ledge aggregate available copepods inte levels which attracts tight whales,
There is, however, an alternare soutce of prey which right whales may also
ase which is uniquely preseat an Jettreys Ledge during chis time. Duaring the
fall, Jeffreys Ledge is the largest spawning ground for the Gulf of Maine
herting (Clupes harengus) stock (Bovar et /. 1973, Cooper ¢ 2l 1973, Sinclair
and Tremblay 1984). Hetring eggs batch into 5-7-mm planktonic larvae after
1-3 wk, grow apptoximately 2 mm/mo until the following spring, and are
genetally retained within the area of hatching for at least several months (Iles
and Sinclair 1982, Townshend e 2l 1989). While chete are tio records of
herting larvae densicy which approach the levels of 1,000/m? found as a feed-
ing threshold by Mayo and Baoc (19903, Few actoal measnrements have been
made.? Qur understanding of the feeding ecology of right whales on Jeffreys
Ledge, therefore, might benefic from mote intensive studies of babitar use and
pey.-

Jeffreys Ledge may be an important fall feeding area for right whales and
an important nursery ared during summer, The presence of considerable con-
centrations of whales during fall, sighted over several years despite very low
observer effore, and the indication of some extended whale residencies appears
to indicate a habirac which plays an imporrant role in the apnual cycle of chis
population. More dedicated surveys during she fall and corly witcer and stod-
ies of the physical and aceabographic characteristics of the area jrself would
provide more insight into the importance of Jeffreys Ledge as habirac for righe
whales in the Western North Atlantic.
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