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Abstract: This study investigates possible regional vari-
ations in size composition of adult female sperm whales
(Physeter macrocephalus) using data from 3302 pregnant
individuals taken on Soviet whaling expeditions to the
Southern Hemisphere 1961/62-1974/75. A general linear
model (GLM) was used to take the covariates of expedition,
latitude and ocean basin into account. The average body
size decreased from south to north in each ocean basin,
with the biggest decrease (about 200 cm) in the Indian
Ocean; followed by the Pacific Ocean (about 110 cm),
and the Atlantic Ocean (about 80 cm). Independent data
confirm the small size of female/immature sperm whales
in some tropical areas of the Indian and Pacific Oceans.
The mechanism responsible for this geographic variation
in sperm whale growth could reflect culturally transmit-
ted differences in foraging behaviour between clans of
female/immature sperm whales in response to differing
availabilities of prey resources by geographical region —
McNab’s resource rule. However there is little available
information for such a mechanism to be readily identifi-
able. Although data for oceanic squids (sperm whale’s
main source of food) are lacking, there is evidence that the
individual sizes of neritic species are positively correlated
with latitude. Hence feeding in equatorial regions may be
energetically more demanding due to smaller individual
prey size, with consequent effects on growth rate.
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Introduction

The sperm whale (Physeter macrocephalus; Linnaeus,
1758) is a pelagic, deep-sea species of cetacean with seem-
ingly few geographical barriers to movement, especially
in the Southern Hemisphere. Mature males migrate sea-
sonally between high latitudes and warmer waters, while
in the Southern Hemisphere females and juvenile males
are widely distributed in waters north of the subtropical
convergence. Both sexes can range widely, with maximum
shortest-distance movements of 7400 km for males and
4332 km for females recorded, including some involving
trans-oceanic or trans-equatorial passages (Ivashin 1967,
Mizroch and Rice 2013).

Genetic studies have found low but significant levels
of differentiation between ocean basins using mtDNA
(Lyrholm and Gyllensten 1998), but either no significant
(Lyrholm et al. 1999) or a low but significant differentia-
tion using microsatellites (Bond 1999). This possibly indi-
cates more frequent inter-oceanic movement in males
than females (Lyrholm et al. 1999). Non-genetic differ-
ences have also been found in social structure between
female sperm whales from the Eastern Pacific and North
Atlantic Oceans, with grouping of family units and the for-
mation of sympatric cultural clans occurring in the former
but not in the latter (Whitehead et al. 2012).

Within ocean basins, mtDNA evidence of genetic dif-
ferentiation is less common (Lyrholm and Gyllensten 1998,
Lyrholm et al. 1999), but has been found between female-
dominated samples from either side of the North Atlantic
(the Mediterranean and Gulf of Mexico; Engelhaupt et al.
2009), while in the North Pacific a study using micros-
atellites, mtDNA and single-nucleotide polymorphisms
revealed low-level but significant differentiation between
whales in the California Current and those off Hawaii
and in the Eastern Tropical Pacific (Mesnick et al. 2011).
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Vocal clans of groups of females and immature offspring
that share a repertoire of distinctive culturally determined
vocalizations, have been found to be largely sympatric
within the South Pacific Ocean (Rendell and Whitehead
2003), whilst sympatric cultural clans were not found in
the North Atlantic (Whitehead et al. 2012) and vocal clans
off the coast of Japan and the Ogasawara Islands in the
northwest Pacific were found to be geographically sepa-
rate (Amano et al. 2014). While there is no simple rela-
tionship between vocal dialects and maternal genetics, a
comparison of mtDNA variation among vocal clans in the
South Pacific indicated that vocal membership explains a
larger amount of genetic variation than geographical loca-
tion (Rendell et al. 2012).

No studies to date have revealed significant geographi-
cal variation in morphometrics or other phenotypical char-
acters in the sperm whale, which is otherwise regarded as
a monotypic species (Rice 1989, Mizroch and Rice 2013). In
this article we examine the sizes of pregnant female sperm
whales taken in pelagic whaling (mainly in the Southern
Hemisphere) for possible evidence of geographical differ-
ences in growth, and suggest that the observed trends are
consistent with the “resource rule” of McNab (2010), where
mammalian species become larger or smaller depending
on the size, abundance and availability of resources.

Materials and methods

From 1948 to 1949, Soviet whaling expeditions operated
widely in the Southern Hemisphere and with little adher-
ence to international restrictions. Practically all whales
available in an area were taken (Mikhalev 2000) including
those that were under the legal length, lactating or calves:
the idea was to leave a “barren desert” (Golovlev 2000).
Although many of these catches were not reported or were
falsified in official statistics at the time, subsequently
many of the true figures have come to light (Anonymous
1995, Yablokov and Zemsky 2000, Ivashchenko et al. 2011,
2014). These include 22,329 sperm whales additional to
the official statistics. Because of the widespread and vir-
tually non-selective nature of this hunt, these catch data
potentially provide an unusually representative sample of
the sperm whale population, surpassed in coverage only
by the nineteenth century open-boat fishery, but (unlike
those data) including details of sex, length and reproduc-
tive condition of all the whales taken. To reduce the effects
of differing age compositions of the catch, only data from
pregnant individuals as a proxy for adult females have
been used here.
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Information on a total of 2132 pregnant females was
available from sperm whales processed aboard the Soviet
factory ship Yuriy Dolgorukiy during the Antarctic seasons
1961/62-1974/75. Available data included the date of
capture, position of capture (in degrees, minutes and deci-
mals of a minute), length of the foetus (to the nearest cm)
and sex. Three obvious outliers were detected and deleted
from the database. These were females 18.9-21.4 m long,
caught between 50° and 63°S, and thus very unlikely to
be sperm whales — all were taken in the 1961/62 season. A
more serious issue surrounded those foetuses for which
the length was recorded as 1 cm, of which there were 104
(or 4.9% of the total). If the embryo was lost, the length
was also recorded as “1 cm”, so at first sight it is not
clear which of these 104 records refer to foetuses of 1 cm
and which to lost foetuses. Where possible, the original
whale “passports” (individual catch records initiated by
catcher crew and completed by scientists on the factory
ship — Ivashchenko et al. 2011) have been inspected to see
which interpretation is correct. Those where the foetus
was recorded as “lost” have been deleted from the data-
base, while those where the foetus was recorded as “early
stage” have been retained. Whales for which an original
“passport” could not be located were also deleted, making
a total of 59 records omitted from the analysis. The result-
ant total of pregnant females used in the database for this
expedition was therefore 2070 (Table 1).

For the remaining two Soviet factory ships, the Sovet-
skaya Ukraina and Slava, data for 1448 pregnant females
were available from the International Whaling Commis-
sion (IWC) database. From these, all records where the

Table 1: Number of pregnant sperm whales reported by Soviet
expeditions to the Southern Hemisphere (after adjustment for
probable errors).

Slava VYuriy Dolgorukiy — Sovetskaya Ukraina  Total
1961/62 10 82 92
1962/63 36 70 3 109
1963/64 118 208 62 388
1964/65 164 481 194 839
1965/66 69 44 113
1966/67 65 48 113
1967/68 13 149 162
1968/69 24 87 111
1969/70 153 153
1970/71 49 99 148
1971/72 328 328
1972/73 255 255
1973/74 197 197
197475 298 298
Total 397 2070 839 3306
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foetal length was given as O or 1 were omitted, being
considered as unhelpful or ambiguous, respectively (no
“passports” were available to establish whether the latter
foetuses were “lost” or “in early stage”). The resultant
total of pregnant females available from these two expedi-
tions was therefore 1236 (Table 1).

Catches were made between October and the follow-
ing May, but over 95% occurred in the 6 months Novem-
ber to April, or from late spring through summer to mid
autumn. Two peaks [in November/December (32.8%) and
March/April (55.2%)] presumably corresponded to the
movements of the expeditions entering and leaving the
Antarctic, respectively.

Pregnant females were taken between 23°N and 56°S
(Table 2); no catches were taken between 100° and 175°W,
so there are no data for the Central Pacific Ocean. In addi-
tion, latitudinal coverage was fair in the Atlantic and
Indian Oceans, but restricted to higher latitudes in the
Southwest Pacific and lower latitudes in the Southeast
Pacific.

After omitting four records as their inclusion consti-
tuted levels of the “Latitude” factor with too few records,
the remaining 3302 data records (including those north of
the equator) for the lengths of pregnant females were used
in this analysis. All animals were measured to the nearest
cm. The model fitted is given by:

Adultlength =u+p Basin 7 Latitude T Basinxtatitude T€ 4]
where
Adult,_ . is the length of an adult female
sperm whale (in 0.1 m),
u is the intercept,
Basin is a factor with 3 levels associated

with Atlantic (60°W-20°E), Indian
(20°-140°E) and Pacific Ocean
(140°E-175°W, 100°-60°W) basins,
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is a factor with 14 levels associ-
ated with 5-degree blocks of lati-
tude values spanning 50°S-29°N
(excluding 15°-20°N),

is the interaction between Basin
and Latitude, and

is the error term assumed to be nor-
mally distributed.

Latitude

BasinxLatitude

Variants of this model were considered as well as one
which included a factor “Expedition” with three levels
associated with identity of expedition. The model in equa-
tion (1) was selected over other variants on the basis of its
Akaike’s information criterion (AIC) value.

Results

To determine the importance of each of the explanatory
variables in the model, each individual variable was fitted
to the adult female lengths of the sperm whales, as well as
combinations of the explanatory variables. The AIC value
as well as the percentage of the total variation of adult
female lengths for each model fitted are shown in Table 3.
The inclusion of the explanatory variable representing the
expedition (EEXPe 4iion) @lone had the highest AIC value and
lowest ":dj statistic. The razCli statistic did not change and
the AIC value increased when omitting this explanatory
variable from the model with all the other explanatory
variables (Table 3), so that it was excluded from further
analyses that included interaction terms. Table 4 shows
model predicted adult lengths of pregnant sperm whales
for each level of latitude and ocean basin for the final
general linear model (GLM) of equation (1) which was
selected on the basis of AIC.

Table 2: Distribution of pregnant sperm whales taken by Soviet whalers by latitude and ocean basin, 1961/1962-1974/1975.

Latitude Atlantic Ocean Indian Ocean Pacific Ocean Total
0! 0| 0, 0|
60°W-20° 20°-140% 140°E-175°W 100°-60°W
20-30°N 40 40
10-20°N 31 31
0-10°N 6 50 56
0-10°S 13 26 7 46
10-20°S 15 9 35 59
20-30°S 178 102 9 289
30-40°S 999 1106 83 2188
40-50°S 264 28 302 594
50-60°S 3 3
Total 1515 1355 385 51 3306
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Table 3: The Akiake’s information criterion (AIC) and the percentage of the total variation of adult female lengths of sperm whales

explained by various general linear models (GLMs).

Model AlC AAIC %l gy A%r,
Adult,, =+, +e 39,819 304 7.7 8.9
Adult,, =K+ e 39,728 213 10.5 6.1
Adult,, =1+ ot 40,058 543 0.8 15.8
Adult, =By e 39,545 30 15.4 1.2
Adult,, =B e mpearion 39,812 297 8.0 8.6
AdUlt,, o =04 Eepeiion 39,701 186 11.3 5.3
Adulty, =148tV L de+§Expe dition € 39,546 31 15.4 1.2
Adu ltlength U g Latitude TP gasinnatitude TE 39,515 0 16.6 0

A%’:d; is the decrease in%r:di compared to the “best” model and AAIC is the increase in AIC compared to the “best” model.

Table 4: Model predicted lengths (x 10 cm) of adult female sperm
whales, with their standard errors in percentiles, for each level of
latitude and ocean basin as obtained from the GLM analyses.

Latitude Ocean Basin
Atlantic Indian Pacific

20°N-25°N 97.70(1.09)

10°N-15°N 94.88 (1.31)

5°N-10°N 97.00 (3.44) 90.21 (1.40)

0°N-5°N 102.00 (4.86) 94.46 (1.35)

5°5-0°S 100.20 (3.07) 96.54 (1.40)

10°S-5°S 103.50 (2.43) 99.00 (3.97) 95.44(2.29)

15°S-10°S 96.00 (4.86) 97.37 (2.43) 93.76 (1.67)

20°S-15°S 101.15(1.91) 93.94 (1.72)

25°5-20°S 99.32(0.77) 98.08 (1.98) 96.44 (2.29)

30°S-25°S 99.98 (0.69) 97.93(0.72)

35°S-30°S 103.36(0.27) 99.08 (0.26) 108.79 (1.20)

40°S-35°S 103.87 (0.36) 100.78 (0.35) 103.82(0.97)

45°S-40°S 105.92(0.43) 100.83 (1.40) 104.08 (0.41)

50°S-45°S 105.50 (1.98) 110.25 (3.44) 108.47 (1.77)

Figure 1 shows the raw data for the length of pregnant
sperm whales by latitude. Figure 2 shows the model pre-
dicted adult length of pregnant sperm whales. As the GLM
selected includes an interaction term between latitude and
ocean basin, these model predictions are shown for each
level of the latitude factor and each level of the ocean basin
factor. Figure 3 shows these predicted lengths for each
basin in the same plot for ease of comparison. A decline
in these lengths from south to north as latitude changes is
evident in all ocean basins, more so in the Indian Ocean
(with a decrease of about 200 cm) and more gradually in
the Atlantic Ocean (about 80 cm). Data for the Pacific Ocean
are more sparse and no information is available there north
of the equator, but again the mean length drops by about
100 cm between females south of 30°S and those north
of 25°S, although the samples originate from the western
South Pacific and eastern South Pacific Ocean, respectively.
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Figure 1: Variation in length of pregnant sperm whales with latitude
in Soviet catches, 1961/1962-1974/1975 squares, Pacific Ocean;
diamonds, Atlantic Ocean; circles, Indian Ocean.

Discussion

Although latitudinal coverage was uneven, and overall
coverage in the South Pacific was poor, the analysis in
this article clearly indicates that the body size of mature
(pregnant) female sperm whales taken in Soviet pelagic
whaling in the Southern Hemisphere varied with latitude,
with individuals taken in tropical waters being signifi-
cantly smaller than those in temperate regions.

Although the expedition effect was shown to be
minor, the question still needs to be asked whether these
features in the observations could represent an industry-
related artefact. There would not seem to be any obvious
operational reason why the observations should represent
deliberately falsified whaling data. Although the Soviet
whaling operations themselves involved serious misre-
porting and/or falsification of records submitted to the
Bureau of International Whaling Statistics (Ivashchenko
et al. 2011), the statistics used here were not intended for
international perusal. In addition, the taking of pregnant
females was not illegal, and there is no sign from the
size composition of the animals taken that there was any
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Figure 2: Model predicted adult length of pregnant sperm whales
(with 95% confidence intervals) for each level of latitude and ocean
basin. The histograms indicate sample size.
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Figure 3: Comparison of model predicted length of pregnant sperm
whales for each level of latitude and by ocean basin.

manipulation of recorded lengths to meet the minimum
length requirement, which at that stage was 38 ft (11.6 m)
for pelagic whaling. Selection was also unlikely to have
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been a factor, as apart from the non-selective nature of the
Soviet operations, such selection would presumably have
been for larger animals irrespective of locality.

Furthermore, there is independent evidence of the
diminutive nature of female sperm whales in some low
latitude areas. In the northern Indian Ocean, photogram-
metric measurements of 49 sperm whales (females and
immature males) off the east coast of Sri Lanka in 1983
and 1984 produced lengths ranging from 7 to 11 m with a
mode at 9-9.5 m; 87.7% were <10 m long (Gordon 1990). In
the tropical eastern Pacific, Waters and Whitehead (1990)
made similar measurements of at least 200 different
sperm whales off the Galapagos Islands in 1985 and 1987;
these were also believed to be females and small males.
They concluded that females appeared to be smaller
(by some 0.8 m) at every age when compared with other
sperm whale populations (Ohsumi 1971, Gambell 1972). A
nearly identical size distribution (8-11 m) was found for
79 females and immature sperm whales measured pho-
togrammetrically off the Seychelles in 1990 (Kahn et al.
1993).

Some 19th-century whalers also believed that female
sperm whales differed in size in different areas. Accord-
ing to Captain HW Seabury (Clark 1887): “they vary much
in size in different places. In the Caribbean Sea, Gulf of
Mexico, and along the Gulf Stream through the Atlantic,
they run small, and full-grown cows will not average over
15 barrels”. Seabury’s observations for the Gulf of Mexico
are confirmed by a photogrammetric study in 2002/3,
where 84.2% of 38 females and immatures measured
were 7.5-10 m long, appreciably smaller than 167 females/
immatures measured earlier using the same technique in
the Gulf of California, where 82% were 9-11.5 m long. Fur-
thermore, a first-year non-neonate in the Gulf of Mexico
measured only 3.3 m, substantially below the expected
size at birth (Jaquet 2006). Sperm whales around the
Ladrone (Mariana) Islands, in the Sulu Sea, Mindora Strait
and around the East Indian islands were also said to be
generally very small, and mostly cows with calves (Clark
1887), and whales in Indonesian waters were considered
to be particularly small (D. Chatwin, pers. comm.). Nine
whales landed by whalers from Lamalera, Indonesia, in
1979 ranged from 6.12 to 10.1 m, with five females between
8.5and 10 m averaging 9.3 m in length (Hembree 1980). The
smaller size of Indian Ocean females was also commented
upon by Seabury: “Those caught in the Pacific Ocean near
the equator as far as longitude 135°W, average about 25
barrels while those caught farther west and in most parts
of the Indian Ocean run smaller” (Clark 1887). Wray and
Martin (1983) commented on the belief that sperm whales
in the Indian Ocean were undersized, and showed the oil
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yields of 222 whales, of which 107 had yields of 20 barrels
or less. Unfortunately the use of oil yield data to demon-
strate size differences assumes that there is no regional
variation in fatness; however, in a study of sperm whales
in the southeast Pacific between latitudes 5° and 36°40’S,
several indicators of fatness suggested a decreasing ten-
dency from south to north (Clarke et al. 1988).

Latitudinal segregation of sperm whale stocks has
been proposed for the western North Pacific by Kasuya
and Miyashita (1988), with one female concentration
inhabiting the western North Pacific Gyre, to the north of
the Oyashio Front, and a second to the south of the front of
the Kuroshio current system; the former summers mainly
north of 40°N and the latter south of 30°N. This proposal
has been criticized by Mizroch and Rice (2013), principally
on the grounds that there was overlap between the stock
boundaries and a number of Discovery mark recoveries
showed movement across them (although these issues
were considered by Kasuya and Miyashita). Nevertheless,
Amano et al. (2014) have shown further latitudinal differ-
entiation within the western North Pacific, with females
and immature sperm whales off Japan (at about 34°N) dif-
fering in vocal repertoire and diving behaviour from those
off the Ogasawara Islands (at about 27°N).

A latitudinal zonation of sperm whale stocks was
suggested by Wilkes (Clark 1887). He proposed four
zones, two from the equator to the Tropics of Capricorn
and Cancer (ca 23° 30’S and N, respectively), and two
from those tropics to 50°S and N, respectively. Although
these zones were created ostensibly for convenience
of description, in his subsequent elaboration Wilkes
seems to make a distinction between the behaviour of
sperm whales in the tropics (where they were “almost
always to be met with”) and at higher latitudes, where
he describes several patterns in seasonality and move-
ment. Rice (1977) concluded that because 19th century
whalers took sperm whales near the equator all across
the Pacific year round, it was possible that they were a
separate breeding stock, although they could also have
represented individuals from both northern and south-
ern hemispheres on their respective winter migrations
6 months apart. A year-round presence in equatorial
regions has subsequently been confirmed in an analysis
including information about where whales were both
seen and not seen by 19th century whalers (Smith et al.
2012). The possible non-migratory nature of the equato-
rial whales has also received some support from obser-
vations that females from the Galapagos population
are non-migratory, whereas females in higher latitudes,
such as off Durban (at 30°S), seem to show clear seasonal
migrations (Whitehead and Weilgart 2000).
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Other, indirect evidence suggests that there may be
latitudinal differentiation of sperm whale populations.
Kasuya and Miyashita (1988) refer to reported differences
in colour, incidence of oval (Isistius) scarring, tooth size,
shape of lower jaw and even schooling behaviour between
southern and northern sperm whales in the western North
Pacific. Mikhalev (2000) reports that sperm whales from
the Arabian Sea have a substantially higher incidence
of ambergris than whales from higher latitudes, and
lack fresh Isistius bites. The prevalence of ambergris in
the population is suggested by the importance attached
to its collection from the beach in Oman, South Yemen
(Gallagher 1991) and Somalia (Small and Small 1991).
Nineteenth-century whalers also remarked on the greater
yield of spermaceti (said normally to be about one-sixth
of the total yield) from whales taken in the vicinity of the
equator than from those off Japan or in the North Pacific
(Bennett 1840). Differences have also been found in
social structure between female sperm whales from the
eastern Pacific and North Atlantic Oceans (Whitehead
et al. 2012). Jaquet (2006) reports that the Gulf of Mexico
whales, besides being smaller, have a different social
organization, smaller group sizes and a higher incidence
of some scarring types (mostly holes in and missing por-
tions of flukes) than Gulf of California whales, while both
Hembree (1980) and Fuchs (1978) refer to the small group
sizes, put at three to five individuals by Fuchs (1978), of
Indonesian sperm whales.

Conclusions

Analysis of pregnant sperm whales in the catches of
Soviet whaling expeditions en route to and from the Ant-
arctic indicates that the length of mature females tends
to decline from south to north, a finding that seem to be
confirmed by a number of independent lines of evidence,
at least in as far as some tropical populations appear to be
smaller than average. The mechanism(s) that could give
rise to such a size differentiation are unclear - they could
be behavioural, genetic or environmental.

An ontogenetic explanation, that there could be parti-
tioning of the adult female population by size, with larger
individuals migrating into higher latitudes — as occurs in
males (Best 1979) — would seem to be contradicted by the
nature of female sperm whale society, where social units
consist of whales of different sizes/ages that live and move
together over periods of years (Whitehead 2003), although
admittedly the longer term dynamics of these units have
hardly been studied. As discussed earlier, evidence of
genetic differentiation of female populations is sparse,
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although at least one of the regions with small females
(Gulf of Mexico) has been shown to be genetically distinct
from other populations in the North Atlantic using mtDNA
(Engelhaupt et al. 2009). However there has been no
intensive sampling of female sperm whales in the South-
ern Hemisphere over the range of latitudes covered by the
data in this article, so whether there is a genetic basis for
the size differences must remain an open question.

Differences in apparent foraging behaviour between
sympatric clans of female and immature sperm whales
have been described for the North Pacific and South
Pacific, manifested as different movement patterns, def-
ecation rates and diving synchronies (Whitehead and
Rendell 2004), or differences in the diurnal pattern of
diving behaviour (Aoki et al. 2007). If these are a response
to differing prey availabilities, and are culturally transmit-
ted, they could form the basis for differences in energetic
budgets between clans, and hence a mechanism whereby
some populations may exhibit different growth patterns
to others. It may also be that different clans have differing
prey preferences or that different clans occupy different
geographical regions. There is however little information
on the distribution and abundance of squids and no infor-
mation on clan composition in the Southern Atlantic or
Indian Oceans so that such mechanisms are not readily
identifiable.

Although the lack of data on abundance for oceanic
squids that are the prey of sperm whales prevents any
real test of McNab’s resource rule, there are indica-
tions of declines in the size of individual teuthids (albeit
neritic and shelf-edge species) from high to low latitudes
(Pauly 1998, Rosa et al. 2012), and some data on declin-
ing blubber thickness in female sperm whales from high
to low latitudes (Clarke et al. 1988). Taken together, these
would seem to make the concept of reduced availability of
resources (also in terms of the availability and size of prey)
at low latitudes a real possibility to explain the trends
found in mean sizes of adult female sperm whales.
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