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Introduction
The working group was convened by the N ortheast Fishe ries Science Center (N EFSC ) and met at the Woo ds Hole
Oceanographic Institution on 16 th April 2004.
Management of the critically endangered North Atlantic right whale (Euba laena g lacialis), and mitigation of some
specific issues facing this population, requires better data on the foraging ecology of the animals. For example,
knowledge of how right whales use the water column when foraging would likely assist the development of gear design
or other mitigation strategies aimed at reducing entanglement risk. Similarly, foraging ecology can potentially provide
invaluable information to characterize habitats that are important to right whales, and this information can subseq uently
be used to better understand their distribution (both overall and in relation to threats such as fishing gear and ship traffic).
The working group held an informal one-day meeting to discuss critical knowledge gaps regarding North Atlantic right
whale diving behavior, foraging ecology and habitat, and how studies of these topics can assist management. The major
objectives of the meeting were to identify research ob jectives and methods that: (i) prov ide data to assist development
of mitigation measures for fishing gear entanglements; (ii) better characterize habitats important to right whales; an d (iii)
improve our ab ility to predict the distribution of right whales from environmental variab les.

Summary of management issues
Entanglement
Entanglem ents in fishing gear represent a serious problem for right whales (Knowlton and Kraus 2001). M itigating
entangleme nts through modification of gear requires knowledge of how right whales beh ave, notab ly how they dive and
forage in the water column relative to the presence and configuration of fishing gear (especially lines). Both ground lines
and vertical lines are known to present a risk for right whales and other large whale species (Kozuck et al. 2004).
Examination of the amou nt of gear in the water by sea son suggests tha t summer in the northeastern U.S. and Atlantic is
a particularly high-risk time for right whales.
With ground line , a potential so lution has bee n suggested in that the replac ement of floa ting line with sinking or
neutrally buoyant line w ould reduce the line’s profile in the water and thus potentially reduce risk. However, the major
question to be addressed on this topic is whether ground line should be on the bottom, or slightly above it (e.g. floating
line modified by attaching we ights to lower the profile). Line on the bottom abrades faster and may get fouled on the
bottom, and is thus a problem for fishermen, while line that is above the ocean floor might represent a greater
entanglement risk. Resolution of this problem requires better information on how right whales fora ge, and whe ther in
doing so they move above, or are in contact with, the sea floor. Similarly, studying foraging behavior elsewhere in the
water column will help to understand the nature of risk that right whales face relative to fishing gear, and may thus assist
the developmen t of mitigation strategies.

Predictive modeling
Although the large-scale geographic and migration patterns of the North Atlantic right whale stock are broadly known,
detailed knowledge is lacking regarding the environmental (and perhaps social) factors determining fine-scale temporal
and spatial distributions. The ability to predict localized distributio n patterns of this sp ecies would be extrem ely
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valuable. Such an ability would be useful in maximizing the efficiency of assessment surveys, in potentially identifying
currently unknown right whale habitats, and in crafting and implementing management measures to mitigate humanrelated conflicts (notably entanglement and ship strikes).

Summary of current and past work
The following section provides capsule summaries of past and current work relating to foraging ecology and predictive
modeling. Summ aries were provided by working group p articipants.

CETAP
The Ce tacean and Turtle Assessment Program (CETAP) was a multi-year study (1978-1982) designed to characterize
the spatio-temporal distributions and abundances of whale, dolphin and sea turtle populations off the northeastern U.S.,
as baseline environmental information for potential oil an d gas leasing. One component of the project included focused
studies on a particular high-use habitat, the Great South Channel region east of Cape Cod, in collaboration with the
NMFS MARM AP sampling and with a NASA -funded rem ote-sensing stud y called the "N antucket Sh oals Experim ent."
Using a variety o f aerial and shipboard sampling methods, there was an attempt to simultaneously assess physical
oceano graphic parameters, phytoplank ton, zoop lankton, and whales, and th eir ecologica l inter-connec tions. The re sults
(CETAP, 1982) showed that right whale aggregations were located in the vicinity of the densest concentrations of
Calanus finmarchicus sampled in the Gulf of Maine to that time. It was hypothesized that the Calanus concentrations
were the result of topographically-induced upwelling. These results later became background data for planning the
SCOPEX study (see be low). One p ortion of the stu dy included estimation of the threshold average zooplankton
concentration that right whales require to break even energetically over the long term. This was further refined and
published separately (K enney et al. 1986); the mid-point o f the estimated ra nge suggeste d that right whale s needed to
feed on average in patches with densities exceeding tens of thousan ds of stage C -V Calanus per cubic meter of water.

SCOPEX
The South Ch annel Oc ean Pro ductivity Exp eriment (SC OPE X) was a m ulti-disciplinary stud y of a whale-zooplankton
predator-prey system in the Great So uth Channel region of the southwestern Gulf of Maine. The study focused on the
oceanographic factors responsible for the development of dense patches of the copepod Calanus finmarchicus, which
comprise the major prey resource for right whales. A pilot study was conducted in the spring of 1986 (Wishner et al.
1995), and more intensive sampling occurred during the spring season in both 1988 and 1989 (K enney and Wishner
1995). Three non-mutually exclusive hypotheses underlay the study: patch development is due to (1) extremely high
in situ primary and secondary productivity; (2) large numbers o f Calanus are advected into the region and concentrated
by hydrographic processes; and/or (3) a behavioral tende ncy of the cop epods the mselves to ag gregate. T he results
confirmed the co-occurrence of right whales w ith high-density Calanus patches, and also demonstrated that right whales
fed on patche s with higher proportions of later life stages. The physical oceanographic studies supported the advection
hypothesis, possibly aug mented b y a tendency o f Calanus to aggregate, but there was little evidence to support the
produc tivity hypothesis.

GLOBEC
The GLOBal ocean ECosystems dynamics (GLOBEC) Georges Bank program (Wiebe et al. 2001) seeks to understand
the ecology an d popu lation dynam ics of two imp ortant com mercial fish spe cies, cod an d haddo ck, and of t wo key
zooplan kton group s, Pseudocalanus spp. and Calanus finmarchicus. Much of the GLOBE C field work concentrated
on George s Bank, a region that is seldo m visited by righ t whales. Ho wever, GL OBE C researc h on the right wh ale’s
primary prey, C. finmarchicus, in the Gulf of Maine basin regions near Georges Bank has particular relevance to right
whale ecological research (e.g., Meise and O’Reilly, 1996, Durbin et al. 1997, 2 000, Co nversi et al. 2001). Moreover,
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GLOBEC modeling efforts have p rovided the physical and biological framework to exp lore how a nd why C.
finmarchicus accumulate in certain areas at certain times of the year, such as during the sp ring in the Great South Channel
(Lynch et al. 1998, Miller et al. 1998). Although field work has ended, the GLOBEC program will soon begin the final
analysis phase. T he GLO BEC program will continue to improve our understanding of the Gulf of Maine ecosystem and
should there fore be clo sely monitore d by resear chers intereste d in right whale e cology.

Work by T. Woodley in the Bay of Fundy
Woodley (1992) characterized right whale habitat in the lower Bay of Fundy by quantifying relationships (using habitat
index equations) between 19 physical and environmental variables and the distribution and density of whales in 5X5km
quadrats. Right whales w ere found to be distribute d in the deep er areas of the Grand Mana n basin where the bottom
topography was flat, the water stra tified, and tides were high. W ithin the central gyre of the Bay of Fundy, these
characteristics contribute to aggregation s of zoop lankton, which were found in significantly higher c oncentratio ns in
quadrats with right whales than those without. V ariation in right whale density was primarily explained (42%) by the
interaction of maximum depth and an index of mid-water prey abundance derived from echograms. Habitat use by right
whales in the Bay of Fun dy appea rs to be primar ily associated w ith prey distributio n and abu ndance, w hile the effects
of physical env ironmenta l characteristics a ppear to b e indirect.

Doctoral work by J. Goodyear
The University of Guelph conducted studies of right whale diel activity, diving and prey abundance in the lower Bay of
Fundy during 198 7-1990. T hese studies were part of the doctoral research of Jeff Goodyear (Goodyear 1996). Right
whales were tagged primarily with radio transmitters that allowed monitoring of movements and dive durations, with
some tags provid ing depth-o f-dive data via an acoustic transmitter (Goodyear 1993). In contrast to the observations of
Baumgartner and Mate (2003), a few of the tagged whales dove to and appeared to forage very near or at the sea floor.
This behavior was most apparent in 1989. The long attachment durations of the Goodyear implanted tags also allowed
the estimation of daily activity budgets. Right whales spent over half their day engaged in long dives, during which they
were presumed to be feeding.

Contemporary right whale energetics and prey-field studies in the Bay of Fundy
Dalhous ie University (C. Taggart and colleagues) are conducting a study in the Bay of Fundy of right whale energetics
and the prey field. This research involves collabo ration with a PhD student (J. M ichaud). The study uses in situ
zooplankton sampling ac ross a range of seasonal, horizontal and vertical scales using direct (BONGO, RMT, BIONESS
nets) and indirect (ADCP backscatter, optical plan kton coun ter) sampling , lab-based estimates of ind ividual and b ulk
zooplankton stages, size, biomass, lipid (Iatroscan) and en ergy (Parr Isoperb ol calorimetry) content. CT D (water mass)
and ship- and bo ttom-moun ted ADP Cs provid e data for infer ring circulation patterns. The research focuses on the
temporal and spatial variation in the d istribution, con centration, b iomass, stage -develop ment, and lip id and ene rgetic
content of the prey-field (p rimarily C. finmarhicus) collected in the vicinity and at the depths of feeding whales. The
samples are being used for identification and staging and for estimating abundance, biomass, lipid content (mainly wax
esters) and total energy content variation in time and space. These measures allow for inter-conversion of various metrics
for direct com parison with liter ature values, a s well as for der iving estimates (w ith uncertainty) of the energy ava ilable
to the whales; these data are essential to any determination of if, and how, energy demands are being met and to estimate
right whale car rying capac ity from an ene rgetics persp ective.
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Historical variation in the right whale prey-field in the Bay of Fundy
Dalhous ie University is also engaged in investigating how much of the inter-annual variation in the abund ance and quality
of prey might explain inter-annual variations in right whale distribution (Bay of Fundy vs. Roseway Basin), whale
condition/h ealth and reproductive success (calving, calving intervals, etc.). The paucity of historical data on zooplankton
abundance and quality m ake this question difficult to address. However, now available are the detailed contemporary
data outlined above that form the basis for the inter-conversion and calibration of the various metrics necessary to go
back in time to arrive at reasonable estimates of inter-annual variability in the prey-field. This can be achieved because
the necessary historical data (including oceanographic measures) and the entire plank ton sample material exist for the
autumn, annually for the period 1972 to 1998 inclusive, in both the Bay of Fundy and in Roseway Basin. Furthermore,
the historical collection methods match those used in some of the contemporary work. From the historical samples, interannual variation in the quantitative estimates of the planktonic prey-field can be d erived (stage, size, abundance biomass)
and expa nded using the above inter-calibration conversio ns (lipid and energetic co ntent).

Cape Cod Bay Foraging Studies
Studie s of Cape Cod Bay and adjacent waters, including Stellwagen Bank and the northern near-shore portion of the
Provincetown Slope, were first undertaken in the 1960’s from aircraft and vessels by Bill Schevill and Bill Watkins of
WHO I. Though much of their effort was dir ected at aco ustic research and at the oc currence p atterns of right wh ales in
the region, their reports contain pertinent observational anecdotes describing the patterns of right whale habitat use that
prevailed in the early years of their study. Striking among their observations were those of whales skim feed ing in
patches of o range-red p lankton dur ing the spring.
In 1984, guid ed by the ea rly studies by Sc hevill and W atkins and b y observatio ns from wha le watching b oats, the
Center for Coastal Studies (CCS) initiated work on the whales found in Cape Cod Bay during the winter and spring. The
discovery in the mid-1980’s of regular whale residency and feeding in the Bay during the early and mid-winter months
stood in contrast to the previously he ld view that right w hales were fo und in Cape C od waters a s part of a brief migrationrelated impulse in the mid spring. Work since 1984 by CCS has focused on a variety of aspects of habitat use and
environmental correlates of whale occurrence and the continuing collection of basic photo-identification information for
use by the New England Aquarium. Working in close proximity to whales feeding near or at the surface has permitted
the identification of special characteristics of the plankton resource that release feeding behavior. Such work has led to
a characterization of the environment favored by the whales. Among these are: (1) identification of small-scale foraging
patterns in the vertical and horizontal planes that optimize food intake; (2) energetic calculations from the feeding
cylinder of the whales that surpasses estimated requirements by a factor of more than two; (3) an estimated feeding
threshold tha t governs the p atterns of hab itat use in the Ba y; and (4) and a variety of characterizations of the resource
patch that control feeding. Studies of the vertical structure of the acceptable patches and the use of zooplankton measures
to manage the habitat with respect to fishing and shipping activities have been the focus of recent CCS research efforts.
Over the past decade scientists from several institutions h ave studied aspects of ha bitat use by right w hales in the B ay.
These include: Cabell Davis (WHO I, zooplankton distribution and patch form ation), Chris C lark (Corn ell University,
using vocalization s to track the m ovemen ts of right whales in Cape Cod Bay), Peter Tyack (WHO I, development of the
DTAG ), aircraft survey studies (C eTAP and recen tly CCS/D MF), an d “critter cam ” attachmen t and mon itoring (to
determine reaction of whales to vessels and orientation of whales during deep feeding bouts).
In summary, C ape Co d Bay offe rs an opp ortunity to study v arious aspe cts importan t to the management and
conservation of right whales. Cape Cod Bay, though arguably an atypical right whale hab itat, presents inve stigators with
an opportunity to investigate issues of feeding, distribution, and management of the species which cannot be conducted
or addressed in othe r habitats.
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Atlantic Zonal Monitoring Program
In 1999, Canada’s Department of Fisheries and Oceans began an environmental monitoring program at several stations
on the Canadia n shelf. Known as Atlantic Zonal Monitoring Program (AZMP ), this program measures zooplankton and
phytoplankton abundance, nutrient concentrations, and hydrograp hic data at mo nthly or more frequent intervals. The
stations at Prince 5 near the Bay of Fundy and Station 2 off of Halifax should provide information most relevant to right
whale eco logy.

Cornell University Right Whale Prediction System
Researchers at Cornell University, the Center for Coastal Studies, the New England Aquarium, and the University of New
Hampshire are collaborating to develop an operational system that will provide environmental information useful for
predicting right whale moveme nts. The ultimate goal is to develop data products indicating potential right whale feeding
areas. At the center of this project is a model that predicts the distribution of the copepod Calanus finmarchicus, a key
right whale food source. The system uses high-reso lution satellite imag ery of sea-surfac e tempera ture and chlo rophyll
to drive the dynamics of the model. The accuracy of these products is being assessed using comparisons with direct
measurem ents of Calanus abundance and egg-production rate from Jeffreys Ledge, observations of zooplankton and right
whales in Cape Cod Bay, and historical right whale and Calanus data. The forecast system will provide information on
potential right whale feeding areas, predictions that should aid in the implementation of any dynamic management
program.
This system has been operational since early 2004, and consists of three com ponents: (1 ) routines to au tomatically
retrieve and processes daily satellite measurements of sea surface temperature (SST), SST gradients (an indicator of
fronts), and ocean color (an indicator of chlorophyll concentration); (2) a Calanus model tha t combine s satellite
information with circulation fields from the G ulf of Maine to predict the d istribution of Calanus finmarchicus; and (3)
a web interface to the data pro ducts.

Duke University Predictive Modeling
Duke University investigators are developing techniques fo r modeling marine ma mmal distrib ution. This effort focuses
on the development of novel Bayesia n techniques, as well as more spatially explicit methods. The effort is bringing
together spatial modelers, Bayesian statisticians, marine mammalogists, ecologists and oceanographers. The goal of the
program is to prod uce predictive mod els at spatial and temporal resolutions useful to m anagers.

University of Massa chusetts SS T analy sis
J. Bisagni and S. Wagner (University of Massachusetts, Dartmouth) conducted a study using archive d SST data to
identify fronts, and to re trospective ly link these fronts to past right whale distribution data. The study remains
unpublished, but it is believed that no reliable associations between fronts and right whales were identified. Whether
this was a result of d eficiencies in statistical analytical techniques, poor resolution of SST d ata, or some other factors,
is unknown.

Tagging (satellite-mo nitored and T DR-base d) in the Bay of F undy and elsewhere
Oregon State Unive rsity (OSU) conducted several studies of right whale ecology in the summer habitats of the lower Bay
of Fundy and the southwestern Scotian Shelf during 1999-2001. In the Bay of Fundy, these studies built upon the habitat
research of Murison and Gaskin (1989) and W oodley and Gaskin (1996). The OS U research consisted of (1) a foraging
ecology study based on suction-cup a ttached time-d epth reco rder data (Baumgartner and Mate 2003), (2) a distribution
and habitat study b ased on sim ultaneous visu al and oce anograp hic surveys (Baumgartner et al. 2003a), (3) a study of
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long-range moveme nts using satellite-mo nitored rad io tags (Mate et al. 1997; Baumgartner and M ate, submitted), and
(4) a study of the rela tionship between right whale distribution and their prey’s horizontal and vertical distribution over
diel and tidal time scales (Baumgartner et al. 2003b). Each of these studies emp hasized the importance of late-stage
Calanus finmarchicus in the diet of right whales in these habitats. Baumgartner and Mate (2003 ) found th at the C.
finmarchicus upon which right whales fed during the day were aggregated in very discrete layers above a bottom mixed
layer. These laye rs were com prised of C. finmarchicus fifth copepodites that were likely in diapause (Baumgartner et
al. 2003b). Right wh ales occasionally dove to the bottom in the lower Bay of Fundy, but these dives appeared to be
exploratory in nature. Observed foraging dives always occurred tens of meters above the bottom.

Digital tag (DTAG) research
The digital acoustic recording tag (DTAG, Johnson and Tyack 200 3) records the mo vements and orientation o f animals,
and has been used to record the swimming and diving behavior of right whales in the Bay of Fundy (Nowacek et al.
2001). Some o f the data colle cted (such a s orienta tion during foraging) may be useful for assessing risk factors
associated with entanglement of whales in fishing gear. Information on entanglement risk can be gleaned from existing
DTAG data: 1) orientation during foraging dives, e.g. “side-skimmin g” with the whale rotated with respect to its long
axis (i.e. rolled) and, if present, whether these behaviors are transient or continuous; 2) significant heading changes (i.e.
to stay in the patch); 3) amplitude and frequency of fluke stroke, especially during foraging versus “exploratory” or Vshaped dives, and specifically whether a whale’s mouth is open or closed at this time; 4) occurrence underwater of
“nodding” behavior frequently seen at the surface in Cape Cod Bay that may indicate a whale cleaning its baleen; and
5) how close to the bottom whales forage (using information on water depth derived from positional data).

Prey species and prey detection
Prey species
Work in Cape Cod Bay and elsewhere has indicated that right whales feed on various species of inve rtebrates, with
calanoid copepo ds being d ominant. Cape Cod Bay in 2004 was dominated by a bottom layer of Centropages in January,
followed by surface layers of Pseudocalanus and then Calanus. This succe ssion is not unus ual, and also occurs in the
Great South Channel over winter and into spring.
In the BO F in summer, the prey base is diapausing Calanus above the bottom mixed layer. The forage base is very
different in the GSC in sp ring, with active, growing Calanus behaving in ways which are not we ll understood. Thus,
extrapolating from one habitat to another may be inappropriate.
We currently know nothing of what right whale prey - and thus the whales them selves - are doing at night. In the BOF,
acceptab le layers of prey may sometimes occur close to the surface at night. Data from tagged whales suggest shorter
dives and more time at the surface during the night-time period (Goodyear 1996).

Prey detection
Little is known about how right whales use their senso ry systems to detect and exploit prey p atches.
T ouch: the use of touch as a primary m eans of sampling prey den sity is likely, but this requires anatomical
investigations of facial enervation, notably the configuration of the trigeminal nerve.
Smell: the olfactory lobe and nares are well developed in mysticetes (unlike in toothed w hales), and u se of smell to
detect prey patches downwind at the surface is quite plausible (Cave 1988).
Taste: the ro le of taste is unkno wn, but it is likely to be important in a ssessing the qu ality of prey.
Sight: this is likely to be important at short distances (though constrained by underwater visibility). Color sensitivity
in right whales is uncertain, but anatomical examination of the eyeball suggests that the resolution of the whale’s eyesight
is generally good.
Hearing: the role of hearing in prey detection is unknown, although right whales might exploit shadowing from copepod
patches against the ambient noise field.
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The group ag reed that nothing could be pursued on this topic that would further management aims.

Foraging questions relating to entanglement, and required research
Videotaped observations of surface feeding indicate that the mouth of right whales is continuously open for long periods
during foraging. It is almost certain that this also occurs during sub-surface foraging, anywhere in the water column.
This likely explains why right whales become entangled through the mouth more often than humpback whales (Kozuck
et al. 2004), which are gu lp feeders.
The major questions about right whale foraging with implications for entanglement risk are given be low, together with
comments on information required to clarify the situation.

1. Do right wh ales forage at or ne ar the sea floor?
It is known from work in Cape Cod Bay that ultra-dense layers of prey exist just above (and probably at) the bottom.
It is not clear whether the results from Cape Cod Bay are representative of other areas, but Wishner et al. (1995) have
documented bottom layers in various places in the world.
Mud has sometimes been observed on the heads of right whales, indicating that the animals are contacting the bottom
(wholly or partly upside-down) when they feed. This phenomenon occurs in the Bay of Fundy, and has been observed
occasion ally in Cape Cod Bay (but which is largely sandy bottom) and never in the Great South Channel (which is also
not mud bottom).
Right whales tagged by Baumgartner and Mate (2003) routinely went to the top of the bottom mixed layer, no matter
where that wa s in the water column. Other data (Goodyear 1996) indicate that right whales dive and may forage at or
near the bottom in the Bay of Fundy. Both Baumgartner and Nowacek report detached tags returning to the surface
covered with mud, indicating that whales make contact with the sea floor.
In at least some habitats, right whales spend en ough time at or very close to the bo ttom to generate high risk of
entanglement with ground lines. Inspection of the anatomy of a right whale’s head indicates that any line must be placed
below the deflection point at the anterior tip of the rostrum so as not to be captured by an animal feeding upside down
on the bottom ; M. M oore (pe rs. comm.) e stimates this distanc e to be ap proxima tely 1 foot (30 c m). The strong
implication of these two factors is that ground lines in these habitats should be made of sinking rope, and located on the
bottom, no t right above it.
Howeve r, understand ing whether this p henome non occu rs in all habitats is critical, and there is no point in requiring
modification of ground lines in an area unless whales were feeding at the bottom there. As noted above, bottom layers
occur in Cape Cod Bay and in the Bay of Fundy; it is not kno wn whether th is is the case in othe r habitats. Rese arch to
establish the characteristics and location of prey layers in other right whale feeding habitats, and documenting the
foraging be havior of righ t whales in these a reas should be a high pr iority.
Obse rvations of a tag ged whale (Van H alen) suggeste d the whale w as diving to the bottom in a ll of its moveme nts
through the Gulf of Maine re gion. Thu s, the risk-averse a pproac h would b e to require sinking line in all area s. It is
possible that bottom layers of prey do not occur over rough bo ttom (which h ave higher tur bulence); ho wever, there is
currently no evidence for this. The resolution of bottom type data is probably not good enough to correlate this with right
whale distribu tion. Contac ting USG S to investigate this further would be helpful.
There are no dive data or foraging information for right whales south of Cape Cod, so it is not clear whether sinking
line should be required for this area (notably the mid- and southern Atlantic region).
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2. Do right wh ales on prospe cting dives (e.g. while traveling) o pen their mou ths?
Wheth er right whales open their mouths on prospecting dives is an important question. Dive profiles derived from
DTAG data suggest that right whales are prospecting and sampling the water colum n much of the time even wh ile
traveling. It is not known whether they o pen their mo uths during p rospecting , which would significantly increase their
risk of entangle ment.
It is likely that open versus closed mouth behavior could be detected through high-amplitude fluke strokes or increased
fluke stroke rates in the DTAG data, since an animal must generate more power to move with the mouth open.
Preliminary analysis of existing DTAG data sug gest that prospecting dives are not conducted with the mouth open.
Ground-truthing this by tagging surface-feeding whales, where the mouth can be observed and correlated with the tag
data (possibly in combination with a video tag) would be a useful approach. A joint DTAG/vi deo (e.g. cr itter cam)
deployment for diving whales would also be important to determine how movement changes when the mouth opens at
depth, but positioning of the video sufficiently far forward on the whale to observe what the mouth was doing might be
problematic.

3. How do whales beco me entang led in surface system lines?
It is relatively easy to envisage how whales feeding at depth (whether at the bottom or somewhere in the water column)
would become entangled by contacting ground line or end line; an animal’s orientation while feeding m ay be impo rtant.
However, it is less clear how whales become entangled in surface system lines. Does this re sult from a wha le directly
contacting surface system g ear while surfac e feeding, or from hitting line further down and subsequently becoming
entangled in the surface system as the whale reacts and moves towards the surface (sliding up the line somehow)?
Without direct observations of foraging whales actually becoming entang led in gear at o r below the su rface, it is
probab ly not feasible to address this question with additional research. Such observations would occur only by chance,
and are thus unlikely.

4. Other issues
It was agreed tha t any foraging research needs to be conducted in the same locations in multiple years to account for
inter-annual va riability.
W e do not cur rently know wh ether right wha les forage wh ile migrating off the U.S. mid-Atlantic states, or while in the
southeastern U.S. calving area; this is generally thought to be unlikely. Given that this issue has important implications
for entanglement risk (and therefore fisheries management), research to determine whether whales feed in these areas
should be cond ucted. This might involve tagging, as well as stable isotop e or fatty acid analysis.
Very few fatal entanglements were recorded prior to the 1990's, and also very few head wraps were observed among
entangled whales; there se ems to be an increa sing trend tow ards head entangleme nts in the last deca de or so. This shou ld
be quantified, and if a trend is evide nt it would raise the question of what changed in the 1990's. Possible explanations
would be a chang e in fishing effort or a change in p rey characte ristics that would modify foraging behavior such that
entanglement risk was increased. The collapse of the groundfish fishery in the 1990's and the subsequent expansion of
lobster effort may offer an explanation; this should be investigated. Examining licensing and the trend towards areas
which right whales are known to freq uent might represent fruitful approaches.
It is not known h ow right whale s are oriented when they feed along the bo ttom (i.e. do the y swim parallel to the bottom
or with the bod y angled up ?) It would b e useful to exam ine photog raphs of wh ales with mud on the ir heads to see if
these can provide any insights.
Tag-base d foraging stu dies in other a reas (begin ning with the G reat South C hannel a nd western Gulf of Maine and
perhaps then moving to other areas) should be a priority. Baumgartner is attempting to pursue a rapid-response approach
in which such work is condu cted in areas where right whales are rep orted by surveys. Targeting future foraging research
at areas where gear is conc entrated wo uld be useful. TDRs should be placed onto all tagged whales (including entangled
animals).
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Habitat characterization and predictive modeling
Although factors such as socia l behavior m ay to an exten t determine w here right wha les are found (and while the ir
occurrence during winter in the southeastern U.S. is likely not re lated to food), for the purpose of prediction it must be
assumed that the primary effector of right whale distribution is prey. Accord ingly, all predictive models seek to use
environmental data to identify areas of prey concentration. From a management point of view, the important scale for
prediction of right whale occurrence is on the order of kilometers (i.e. the extent of a right whale aggregation).
In terms of prey density, there are three thresholds that are important to right whales: (i) long-term average density that
allows a whale to break even energetically; (ii) the long-term average density that allows a whale to add surplus energy
(important for mature females but also other classes); and (iii) the immediate threshold which triggers feeding. It is taken
as axiomatic that whales have evolve d the ability to detect patches, detect gradient densities within patches, and assess
prey quality (e.g. prey type and stage).
The key question is whether environmental variables (e.g. SST, sea-surface height - whether remotely sensed or
otherwise) can reliably be used as an indicator of conditions likely to aggregate plankton in such a way that average
density exceeds one or all of the three thresholds above. Also important to this effort is to explore the linkage between
remotely sen sed data an d actual ph ysical proce sses that may/ma y not aggrega te prey.
Obtaining extensive data on right whale distribution is critical to any attempt to correlate e nvironme ntal conditio ns with
right whale presence or absence. Because both positive and negative data are essential in such analyses, it is critical that
broad-sc ale surveys be conducted over several years to determine which areas are important every year, which are
importa nt in some ye ars but not others, and which are not important at all. The broad-scale surveys currently being
conducted by NEFSC, in combination with surveys by CCS and others, are beginning to provide such data for the Gulf
of Maine region, and these data are expected to be a critical component in developing predictive mode ls. Surveys in
other areas (e.g. the mid-Atlantic and further south) will also be usefu l in this regard. The minimum duration of such
surveys is unclear, but several years of data are essential to capture inter-annual variability in occurrence.
In this regard, it should be noted that right whales have been documented to use a particular area heavily for several
years, then aband on it for a dec ade, a pro blem which greatly comp licates efforts to ass ess the value o f specific habita ts
using data collec ted over sh orter perio ds. Roseway Basin is the best example of this phenomenon: it was heavily used
in the 1980 's, then virtually aband oned after 1 992. T he working group no ted that, had se veral years of surveys been
initiated after 1992, the results would have led us to the erroneous conclusion that Roseway was of little or no importance
to this species.
However, from a scientific point of view such dramatic changes are potentially very useful. Examining characteristics
of specific hab itats with and without right whales in certain years (notably the Great South Channel in 1992 and adjacent
years, and Roseway Basin before and after 1993) would likely produce important insights into the environmental
characteristics that determine habitat suitability. Alternatively, it is possible that such analyses might highlight our
inability to do this a t all.
On a shorter timescale, if whales are observed to remain in a particular area for a protracted period, this suggests that
the area is significant for foraging (although social factors may also be important). C onversely, an area in which whales
do not remain is pre sumably on e which do es not have a dequate prey or one which, while rema ining "acceptable", is less
valuable as a foraging location than other adja cent habitats w ith which it may unfavorably "compete". Characterizing
such areas, examining whether they can be distinguished using environmental data and, if so, using such d ata to identify
other pote ntially suitable/unsuita ble habitats, wo uld be a significa nt step toward s develop ing a predic tive mode l.
This leads to the question of which characteristics should be examined in suitable/unsuitable habitats, and whether the
data are of sufficient resolution to use reliably as a predictor of right whale occurrence/absence. Using satellite data which largely tells what is hap pening at or close to the sur face, which in itself is indicative of growth rates of copepods may be useful in pre dicting habita t during spring and autum n; it is perhaps no t useful in summe r, when cop epods go into
diapause at depth.
Baumgartner commented that right whales do not appear to be assoc iated with fronts, b ut Pershing n oted that the sc ale
of detection is a problem and that much smaller-scale features may be important in concentrating prey, but that these may
be difficult to detect with current sampling.
Overall, a better understanding is required of vertical distributio ns of both the processes an d the prey organisms.
Distribution of prey layers is being studied in Cape Cod Bay and the B ay of Fundy, but the micro-scale physics that drive
the formation of these layers (ca using aggreg ation) are less w ell known. The be havior of co pepod s is also impo rtant;
layer formation may be imp ossible if animals are not activ ely attempting to somehow hold their place in the water
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column. Are the diapausing layers there because of passive aggregation from physical factors, or some other reason?
All of this will potentially vary by habitat and by season, so work acro ss areas and times to exam ine this variability is
important.
Among other things, pr edictive mo deling may a lways be flawed b ecause a re mnant po pulation is likely well belo w
carrying capacity, and thus truly suitable habitats may not necessarily be occupied by whales (i.e. there are too few
whales in the population to exploit all suitable areas). Overall, the working group recognized that the variou s efforts
described above will certainly contribute to the goal of developing predictive models, but that the outcom e was prese ntly
unclear.
It was acknowledged that ongoing work should be coordinated so that data and analytical approaches could be used
to the greatest effect. In this regard, Nowacek agreed to chair a small working group to coordinate research; the group
is charged w ith summarizin g current kno wledge an d potential d irections to asse ss whether pr edictive mo deling is truly
feasible to the e xtent that it could at some po int be of prac tical use to man agement.
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