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Figure 1.  Distribution of sperm whale sightings from
NEFSC shipboard and aerial surveys during the summer
in 1990-1995.  Isobaths are at 100 m and 1,000 m. 

October 1999

SPERM WHALE (Physeter macrocephalus):
 North Atlantic Stock

STOCK DEFINITION AND GEOGRAPHIC RANGE
The distribution of the sperm whale in the USA EEZ

occurs on the continental shelf edge, over the continental slope,
and into mid-ocean regions (Figure 1).  Waring et al. (1993)
suggest that this offshore distribution is more commonly
associated with the Gulf Stream edge and other features.
However, the sperm whales that occur in the eastern USA EEZ
likely represent only a fraction of the total stock.  The nature
of linkages of the USA habitat with those to the south, north,
and offshore is unknown.  Historical whaling records compiled
by Schmidly (1981) suggested an offshore distribution off the
southeast USA, over the Blake Plateau, and into deep ocean.
In the southeast Caribbean, both large and small adults, as well
as calves and juveniles of different sizes are reported (Watkins
et al. 1985).  Whether the northwest Atlantic population is
discrete from the northwestern or northeastern Atlantic is
currently unresolved.  The International Whaling Commission
recognizes one stock for the North Atlantic. Based on a review
of tagging and genetic studies, Reeves and Whitehead (1997)
suggest that sperm whale populations have no clear geographic
structure.  There exists one tag return of a male tagged off
Browns Bank (Nova Scotia) in 1966 and returned from Spain
in 1973 (Mitchell 1975).  Another male taken off northern
Denmark in August 1981 had been wounded the previous
summer by whales off the Azores (Reeves and Whitehead
1997).

In the USA EEZ waters, there appears to be a distinct
seasonal cycle (CETAP 1982; Scott and Sadove 1997).  In winter, sperm whales are concentrated east and northeast of Cape Hatteras.
In spring, the center of distribution shifts northward to east of Delaware and Virginia, and is widespread throughout the central
portion of the mid-Atlantic bight and the southern portion of Georges Bank.  In summer, the distribution is similar but now also
includes the area east and north of Georges Bank and into the Northeast Channel region, as well as the continental shelf (inshore of
the 100m isobath) south of New England.  In the fall, sperm whale occurrence south of New England on the continental shelf is at
its highest level, and there remains a continental shelf edge occurrence in the mid-Atlantic bight.  Similar inshore (<200m) observations
have been made on the southwestern portion (Kenney pers. comm) and the eastern Scotian Shelf, particularly in the region of “the
Gully” (Whitehead et al. 1991).

Geographic distribution of sperm whales may be linked to their social structure and their low reproductive rate and both of these
factors have management implications.  Several basic groupings or social units are generally recognized — nursery schools, harem
or mixed schools, juvenile or immature schools, bachelor schools, bull schools or pairs, and solitary bulls (Best 1979; Whitehead et
al. 1991).  These groupings have a distinct geographical distribution, with females and juveniles generally based in tropical and
subtropical waters, and males more wide-ranging and occurring in higher latitudes.  Male sperm whales are present off and sometimes
on the continental shelf along the entire east coast of Canada south of Hudson Strait, whereas, females rarely migrate north of the
southern limit of the Canadian EEZ (Reeves and Whitehead 1997).  However off the northeast U.S, CETAP and NMFS/NEFSC
sightings in shelf-edge and off-shelf waters included many social groups with calves/juveniles (CETAP 1981; Waring et al. 1992,
1993).  The basic social unit of the sperm whale appears to be the mixed school of adult females plus their calves and some juveniles
of both sexes, normally numbering 20-40 animals in all.  There is evidence that some social bonds persist for many years.
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POPULATION SIZE
Total number of sperm whales off the USA or Canadian Atlantic coast are unknown, although seven estimates from selected

regions of the habitat do exist for select time periods (Table 1): spring and summer of 1978-82, August 1990, June-July 1991, August-
September 1991, June-July 1993, August 1994, and July-September 1995.  These surveys were conducted in continental shelf edge
and/or deeper oceanic waters.  Sightings were almost exclusively in the continental shelf edge and continental slope areas (Figure 1).

A population size of 219 sperm whales (CV=0.36) was estimated from an aerial survey program conducted from 1978 to 1982
on the continental shelf and shelf edge waters between Cape Hatteras, North Carolina and Nova Scotia (Table 1; CETAP 1982).  The
estimate is based on an inverse variance weighted pooling of spring and summer data.  An average of these seasons were chosen
because the greatest proportion of the population off the northeast USA coast appeared in the study area during these seasons. This
estimate does not include corrections for dive-time or g(0), the probability of detecting an animal group on the track line.  This
estimate may not reflect the current true population size because of its high degree of uncertainty, its old age, and it was estimated
just after cessation of extensive foreign fishing operations in the region.

A population size of 338 (CV=0.31) sperm whales was estimated from an August 1990 shipboard line transect sighting survey,
conducted principally along the Gulf Stream north wall between Cape Hatteras and Georges Bank (Table 1; Anon. 1990; Waring et
al. 1992).  Data were collected by one team that searched by naked eye and analyzed using DISTANCE (Buckland et al. 1993; Laake
et al. 1993).  Estimates include school size-bias, if applicable, but do not include corrections for g(0) or dive-time.  Variability was
estimated using bootstrap resampling techniques.

A population size of 736 (CV=0.33) sperm whales was estimated from a June and July 1991 shipboard line transect sighting
survey conducted primarily between the 200 and 2,000m isobaths from Cape Hatteras to Georges Bank (Table 1;  Waring et al. 1992;
Waring 1998).  Data were collected by one team that searched by naked eye and analyzed using DISTANCE (Buckland et al. 1993;
Laake et al. 1993).  Estimates include school size-bias, if applicable, but no corrections for g(0) or dive-time.  Variability was
estimated using bootstrap resampling techniques.

A population size of 705 (CV=0.66) and 337 (CV=0.50) sperm whales was estimated from line transect aerial surveys conducted
from August to September 1991 using the Twin Otter and AT-11, respectively (Table 1; Anon. 1991).  The study area included that
covered in the CETAP study plus several additional continental slope survey blocks.  Due to weather and logistical constraints,
several survey blocks south and east of Georges Bank were not surveyed.  The data were analyzed using DISTANCE (Buckland et
al. 1993; Laake et al. 1993), where the CV was estimated using the bootstrap option.  The abundance estimates do not include g(0)
and were not pooled over platforms because the inter-platform calibration analysis has not been conducted.

A population size of 116 (CV=0.40) sperm whales was estimated from a June and July 1993 shipboard line transect sighting
survey conducted principally between the 200 and 2,000m isobaths from the southern edge of Georges Bank, across the Northeast
Channel to the southeastern edge of the Scotian Shelf (Table 1; Anon. 1993).  Data were collected by two alternating teams that
searched with 25x150 binoculars and were analyzed using DISTANCE (Buckland et al. 1993; Laake et al. 1993).  Estimates include
school size-bias, if applicable, but do not include corrections for g(0) or dive-time.  Variability was estimated using bootstrap
resampling techniques.

A population size of 623 (CV=0.52) sperm whales was estimated from an August 1994 shipboard line transect survey conducted
within a Gulf Stream warm-core ring located in continental slope waters southeast of Georges Bank (Table 1; Anon. 1994).  Data were
collected by two alternating teams that searched with 25x150 binoculars and an independent observer who searched by naked eye
from a separate platform on the bow.  Data were analyzed using DISTANCE (Buckland et al. 1993; Laake et al. 1993).  Estimates
include school size-bias, if applicable, but do not include corrections for g(0) or dive-time.  Variability was estimated using bootstrap
resampling techniques.

A population size of 2,698 (CV=0.67) sperm whales was estimated from a July to September 1995 sighting survey conducted
by two ships and an airplane that covered waters from Virginia to the mouth of the Gulf of St. Lawrence (Table 1; NMFS,
unpublished data).  Total track line length was 32,600 km (17,600 nmi). The ships covered waters between the 50 and 1000 fathom
contour lines, the northern edge of the Gulf Stream, and the northern Gulf of Maine/Bay of Fundy region.  The airplane covered
waters in the Mid-Atlantic from the coastline to the 50 fathom contour line, the southern Gulf of Maine, and shelf waters off Nova
Scotia from the coastline to the 1000 fathom contour line.  Shipboard data were collected using a two independent sighting team
procedure and were analyzed using the product integral method (Palka 1995) and DISTANCE (Buckland et al. 1993).  Shipboard
estimates were corrected for g(0) and, if applicable, also for school size-bias.  Standard aerial sighting procedures with two bubble
windows and one belly window observer were used during the aerial survey.  An estimate of g(0) was not made for the aerial portion
of the survey.  Estimates do not include corrections for dive-time.  Variability was estimated using bootstrap resampling techniques.
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Because all the sperm whale estimates presented here were not corrected for dive-time, they are likely downwardly biased and
an underestimate of actual abundance.  Given that the average dive-time of sperm whales is approximately 45 min (Whitehead et al.
1991; Watkins et al. 1993), the bias may be substantial. 

Although the stratification schemes used in the 1990-1995 surveys did not always sample the same areas or encompass the entire
sperm whale habitat, they did focus on segments of known or suspected high-use habitats off the northeastern USA coast.  The
collective 1990-95 data suggest that, seasonally, at least several hundred sperm whales are occupying these waters.  The 1995
estimate is nearly eight-fold greater than  CETAP data from a decade previous.  Sperm whale abundance may increase offshore,
particularly in association with Gulf Stream and warm-core ring features; however, at present there is no reliable estimate of total
sperm whale abundance in the western North Atlantic. 

The best available current abundance estimate for the western North Atlantic sperm whale is 2,698 (CV=0.67) as estimated from
the July to September 1995 line transect survey (NMFS, unpublished data)  because this survey is recent and provided the most
complete coverage of continental shelf edge and continental slope waters off the northeast USA coast.

Table 1. Summary of abundance estimates for the western North Atlantic sperm whale.  Month, year, and area covered during each
abundance survey, and resulting abundance estimate (Nbest) and coefficient of variation (CV).

Month/Year Area Nbest CV

spring & summer
1978-82

Cape Hatteras, NC to
Nova Scotia

219 0.36

Aug 1990 Gulf Stream 338 0.31

Jun-Jul 1991
Cape Hatteras, NC to
Georges Bank, shelf
edge only

736 0.33

Aug-Sep 1991
Cape Hatteras, NC to
Nova Scotia

705 and 337* 0.66 and 0.50*

Jun-Jul 1993
Georges Bank to
Scotian shelf, shelf
edge only

116 0.40

Aug 1994
warm-core ring SE of
Georges Bank

623 0.52

Jul-Sep 1995
Virginia to Gulf of St.
Lawrence

2,698 0.67

* From data collected on the Twin Otter and AT-11, respectively.

Minimum Population Estimate
The minimum population estimate is the lower limit of the two-tailed 60% confidence interval of the log-normally distributed

best abundance estimate.  This is equivalent to the 20th percentile of the log-normal distribution as specified by Wade and Angliss
(1997).  The best estimate of abundance for sperm whales is 2,698 (CV=0.67).  The minimum population estimate for the western
North Atlantic sperm whale is 1,617 (CV=0.67).

Current Population Trend
There are insufficient data to determine the population trends for this species. 

CURRENT AND MAXIMUM NET PRODUCTIVITY RATES
Current and maximum net productivity rates are unknown for this stock.  While more is probably known about sperm whale life

history in other areas, some life history and vital rates information is available for the northwest Atlantic.  These include: calving
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interval is 4-6 years, lactation period is 24 months, gestation period is 14.5-16.5 months, births occur mainly in July to November,
length at birth is 4.0 m, length at sexual maturity 11.0-12.5 m for males, and 8.3-9.2 m for females, mean age at sexual maturity is 19
years for males and 9 years for females, and mean age at physical maturity is 45 years for males and 30 years for females (Best 1974;
Lockyer 1981; Best et al. 1984). 

For purposes of this assessment, the maximum net productivity rate was assumed to be 0.04.  This value is based on theoretical
modeling showing that cetacean populations may not grow at rates much greater than 4% given the constraints of their reproductive
life history (Barlow et al. 1995).  

POTENTIAL BIOLOGICAL REMOVAL
Potential Biological Removal (PBR) is the product of minimum population size, one-half the maximum productivity rate, and

a “recovery” factor (MMPA Sec. 3. 16 U.S.C. 1362; Wade and Angliss 1997).  The minimum population size is 1,617 (CV=0.67).
The maximum productivity rate is 0.04, the default value for cetaceans.  The “recovery” factor, which accounts for endangered,
depleted, threatened stocks, or stocks of unknown status relative to optimum sustainable population (OSP) is assumed to be 0.10
because the sperm whale is listed as endangered under the Endangered Species Act (ESA).  PBR for the western North Atlantic sperm
whale is 3.2.

ANNUAL HUMAN-CAUSED MORTALITY
Four hundred twenty-four sperm whales were harvested in the Newfoundland-Labrador area between 1904-1972 and 109 male

and no female sperm whales were taken near Nova Scotia in 1964-1972 (Mitchell and Kozicki 1984) in a Canadian whaling fishery.
There was also a well-documented sperm whale fishery based on the west coast of Iceland.  Other sperm whale catches occurred near
West Greenland, the Azores, Madeira, Spain, Spanish Morocco, Norway (coastal and pelagic), Faroes, and British coastal.  At
present, because of their general offshore distribution, sperm whales are less likely to be impacted by humans and those impacts that
do occur are less likely to be recorded.  There has been no complete analysis and reporting of existing data on this topic for the
western North Atlantic.

Total annual estimated average fishery-related mortality or serious injury to this stock during 1993-1997 was zero sperm whales.
Although, in 1995 one sperm whale was entangled in a pelagic drift gillnet and released alive with gear around several body parts.
Presently, this injury has not been used to estimate mortality.

Fishery Information
Three sperm whale entanglements have been documented from August 1993 to May 1997.  In August 1993, a dead sperm whale,

with longline gear wound tightly around the jaw, was found floating about 20 miles off Mt Desert Rock.  In October 1994, a sperm
whale was successfully disentangled from a fine mesh gillnet in Birch Harbor, Maine.  In May 1997, a sperm whale entangled in net
with three buoys trailing was sighted 130 nm northwest of Bermuda.  No information on the status of the animal was provided.   

Data on current incidental takes in U.S. fisheries are available from several sources.  In 1986, NMFS established a mandatory self-
reported fisheries information system for large pelagic fisheries.  Data files are maintained at the Southeast Fisheries Science Center
(SEFSC).  The Northeast Fisheries Science Center (NEFSC) Sea Sampling Observer Program was initiated in 1989, and since that
year several fisheries have been covered by the program.  In late 1992 and in 1993, the SEFSC provided observer coverage of pelagic
longline vessels fishing off the Grand Banks (Tail of the Banks) and currently provides observer coverage of vessels fishing south
of Cape Hatteras.

By-catch has been observed by NMFS Sea Samplers in the pelagic drift gillnet fishery, but no mortalities or serious injuries have
been documented in the pelagic longline, pelagic pair trawl, New England multispecies sink gillnet, mid-Atlantic coastal sink gillnet,
or North Atlantic bottom trawl observed fisheries.

Pelagic Drift Gillnet
Only two records exist in the present NEFSC by-catch database.  In July 1990, a sperm whale was entangled and subsequently

released (injured) from a pelagic drift gillnet near the continental shelf edge on southern Georges Bank.  During June 1995, one sperm
whale was entangled with “gear in/around several body parts” then released injured from a pelagic drift gillnet haul located on the shelf
edge between Oceanographer and Hydrographer Canyons on Georges Bank.

The estimated total number of hauls in the pelagic drift net fishery increased from 714 in 1989 to 1144 in 1990; thereafter, with
the introduction of quotas, effort was severely reduced.  The estimated number of hauls in 1991, 1992, 1993, 1994, 1995, and 1996
were 233, 243, 232, 197, 164, and 149 respectively.  In 1996 and 1997, the NMFS issued management regulations which prohibited
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the operation of this fishery in 1997.  Further, in January 1999 the NMFS issued a Final Rule to prohibit the use of driftnets (i.e.,
permanent closure) in the North Atlantic swordfish fishery (50 CFR Part 630).  Fifty-nine vessels participated in this fishery
between 1989 and 1993.  Since 1994, between 10 to 12 vessels have participated in the fishery .  Observer coverage, percent of sets
observed, was 8% in 1989, 6% in 1990, 20% in 1991, 40% in 1992, 42% in 1993, 87% in 1994, 99% in 1995, and 64% in 1996. The
greatest concentrations of effort were located along the southern edge of Georges Bank and off Cape Hatteras.  Examination of the
species composition of the catch and locations of the fishery throughout the year, suggested that the pelagic drift gillnet fishery be
stratified into two strata, a southern or winter stratum, and a northern or summer stratum.  Estimates of total by-catch, for each year
from 1989 to 1993, were obtained using the aggregated (pooled 1989-1993) catch rates, by strata, assuming the 1990 injury was a
mortality  (Northridge 1996).  Estimated annual fishery-related mortality and serious injury (CV in parentheses) was 2.2 sperm
whales in 1989 (2.43), 4.4 in 1990 (1.77), 0 in 1991, 0 in 1992, 0 in 1993, 0 in 1994, 0 in 1995, 0 in 1996, and 0 in 1997.  Estimated
average annual mortality and serious injury related to this fishery during 1993-1997 was zero, assuming the 1995 injured sperm whale
was not a serious injury.  Table 2 summarizes the number of animals released alive and classified as injured or non-injured.  It also
includes the ratio of observed to estimated mortalities for this fishery.

Table 2.  Summary of sperm whales (Physeter macrocephalus) released alive, by commercial fishery, years sampled (Years),
ratio of observed mortalities recorded by on-board observers to the estimated mortality (Ratio), the number of observed
animals released alive and injured (Injured), and the number of observed animals released alive and uninjured (Uninjured)

Fishery Years Ratio Injured2 Uninjured

Pelagic Drift Gillnet 93-973  0, 0, 0, 0, NA   0, 0, 11,0, NA 0, 0, 0, 0, NA

  1 The observer recorded this animal being released alive and having the “gear in/around several body parts”.
  2 Annual mortality estimates do not include any animals injured and released alive.
  3 The fishery did not operate in 1997.

Other Mortality
  Ten sperm whale strandings have been documented along the USA Atlantic coast between Maine and Miami, Florida, during

1994-1996 (NMFS unpublished data).  
In eastern Canada, five dead stranding were reported in Newfoundland/Labrador from 1987-1995; nine dead stranding along Nova

Scotia from 1988-1991; seven dead stranding on Prince Edward Island from 1988-1991, and two dead strandings in Quebec in 1992
(Reeves and Whitehead 1997).

Ship strikes are another source of human induced mortality.  In May 1994 a ship struck sperm whale was observed south of Nova
Scotia (Reeves and Whitehead 1997).

STATUS OF STOCK
The status of this stock relative to OSP in USA Atlantic EEZ is unknown, but the species is listed as endangered under the ESA.

There are insufficient data to determine population trends.  The current stock abundance estimate was based upon a small portion
of the known stock range.  Total fishery-related mortality and serious injury for this stock is less than 10% of the calculated PBR.
This is a strategic stock because the species is listed as endangered under the ESA.

REFERENCES
Anon. 1990. Cruise results, NOAA Ship CHAPMAN, Cruise No. 90-05. Marine Mammal Sighting Survey. NOAA, NMFS, NEFSC,

Woods Hole Laboratory, Woods Hole, MA 5pp.
Anon. 1991. Northeast cetacean aerial survey and interplatform study.  NOAA, NMFS, SEFSC & NEFSC, 4 pp. Available from

NEFSC, Woods Hole Laboratory, Woods Hole, MA.
Anon. 1993. Cruise results, NOAA Ship DELAWARE II, Cruise No. DEL 93-06, Marine Mammal Survey. NOAA NMFS NEFSC,

Woods Hole Laboratory, Woods Hole, MA 5 pp.
Anon. 1994.  Cruise results, NOAA Ship RELENTLESS, Cruise No. RS 94-02, Marine Mammal Survey/Warm Core Ring Study.

NOAA NMFS NEFSC Woods Hole Laboratory, Woods Hole, MA. 8pp



48

Barlow, J., S.L. Swartz, T.C. Eagle, and P.R. Wade. 1995. U.S. Marine Mammal Stock Assessments: Guidelines for Preparation,
Background, and a Summary of the 1995 Assessments. U.S. Dep. Commer., NOAA Tech. Memo. NMFS-OPR-6, 73 pp.

Best, P. B.  1974.  Biology of the sperm whale.  Pages 53-81.  In: W. E. Schevill (ed), The whale problem:  A status report.  Harvard
University Press, Cambridge, Massachusetts, 419 pp. 

Best, P. B.  1979.  Social organization in sperm whales, Physeter macrocephalus.  Pages 227-289.  In: H. E. Winn and B. L.  Olla
(eds), Behavior of marine animals, Vol. 3:  Cetaceans.  Plenum Press, New York. 

Best, P. B., P. A. S. Canham, and N. Macleod.  1984.  Patterns of reproduction in sperm whales, Physeter macrocephlus.  Rep.
int Whal. Commn. (special issue) 8: 51-79.

Buckland, S. T., D. R. Andersen, K. P. Burnham, and J. L. Laake.  1993.  Distance sampling:  Estimating abundance of biological
populations.  Chapman and Hall, New York, 442 pp. 

CETAP.  1982.  A characterization of marine mammals and turtles in the mid- and north Atlantic areas of the U.S. outer continental
shelf.  Cetacean and Turtle Assessment Program, University of Rhode Island.  Final Report #AA551-CT8-48 to the Bureau of
Land Management, Washington, DC, 538 pp. 

Laake, J. L., S. T. Buckland, D. R. Anderson, and K. P. Burnham. 1993.  DISTANCE user’s guide, V2.0.  Colorado Cooperative Fish
& Wildlife Research Unit, Colorado State University, Ft. Collins, Colorado, 72 pp. 

Lockyer, C.  1981.  Estimates of growth and energy budget for the sperm whale.  Pages 491-504 in Mammals in the seas, III.  FAO
Fish. Ser. No. 5.  FAO, Rome, 504 pp. 

Mitchell, E. and V. M. Kozicki.  1984.  Reproductive condition of male sperm whales, Physeter macrocephalus, taken off Nova
Scotia.  Rep. int Whal. Commn. (Special Issue 6): 243-252. 

Northridge, S.  1996. Estimation of cetacean mortality in the U.S. Atlantic swordfish and tuna drift gillnet and pair trawl fisheries.
Final report to the Northeast Fisheries Science Center, Contract No.

Palka, D. 1995. Abundance estimate of the Gulf of Maine harbor porpoise.  pp. 27-50.  In: A. Bjørge and G.P. Donovan (eds.)
Biology of the Phocoenids. Rep. int Whal. Commn. Special Issue 16.

Reeves, R. R. and H. Whitehead.  1997.  Status of sperm whale, Physeter macrocephalus, in Canada.  Can. Fld. Nat.
111(2):293-307.

Rice, D. W.  1989.  Sperm whale. Physeter macrocephalus Linnaeus, 1758. PP. 177-233 in Handbook of marine animals. Vol. 4. Ed.
S. H. Ridgway and R Harrison. Academic Press, London.

Scott, T.M. and S.S. Sadove. 1997.  Sperm whale, Physeter macrocephalus, sightings in the shallow shelf waters off Long Island,
New York.  Mar. Mamm. Sci. 13: 317-321.

Schmidly, D. J.  1981.  Marine mammals of the southeastern United States and the Gulf of Mexico.  Department of the Interior, U.S.
Fish and Wildlife Service Publication FWS/OBS-80/41, Washington, DC, 166 pp. 

Wade P.R., and R.P. Angliss. 1997. Guidelines for assessing marine mammal stocks: Report of the GAMMS Workshop April 3-5,
1996, Seattle, Washington. U.S. Dep. Commer., NOAA Tech. Memo. NMFS-OPR-12, 93 pp.

Waring, G.T. 1998.  Results of the summer 1991 R/V Chapman marine mammal sighting survey.  NOAA NMFS NEFSC, Lab. Ref.
Doc. No. 98-09, 21pp. Northeast Fisheries Science Center, Woods Hole, Massachusetts. 

Waring, G.T., C.P. Fairfield, C.M. Ruhsam and M. Sano.  1992.  Cetaceans associated with Gulf Stream features off the northeastern
USA shelf.  ICES. C.M. 1992/N:12. 29p.

Waring, G.T., C.P. Fairfield, C.M. Ruhsam and M. Sano.  1993.  Sperm whales associated with Gulf Stream features off the
northeastern USA shelf.  Fish. Oceanogr. 2(2): 101-105

Watkins, W. A., K. E. Moore, and P. Tyack.  1985.  Sperm whale acoustic behavior in the southeast Caribbean.   Cetology 49: 1-
15. 

Watkins, W.A., M.A. Daher, K.M. Fristrup, and T.J. Howald. 1993. Sperm whales tagged with transponders and tracked underwater
by sonar. Mar. Mamm. Sci. 9(1):55-67.

Whitehead, H., S. Brennan, and D. Grover. 1991. Distribution and behavior of male sperm whales on the Scotian Shelf, Canada. Can.
J. Zool. 70: 912-918.


