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PINNIPED BRAIN SIZES

Except for a few scattered estimates in the literature (see Table 1), brain
sizes in most pinniped species are unknown. A knowledge of pinniped brain
sizes is useful for two reasons. First, comparative and allometric studies require
a good estimate of (body) size. Brain size is often a better estimator than other
measures (Sacher and Staffeldt 1974, Gittleman 19864) because it is less var-
iable intraspecifically (Economos 1980, Pagel and Harvey 1988). Body weight
in particular is highly variable in large species and changes with season, re-
productive condition, and physical condition, among other factors (Gittleman
19864). Estimates of size in pinnipeds are especially problematic. Body weight
is highly variable due to blubber mass varying both seasonally and individually
(MclLaren 1993; see also Table 2). Estimates derived from body length tend
to be more uniform,' but depend on how the measurement was taken, some-

! Unpublished data and personal communication from Michael M. Bryden, University of
Sydney, Sydney, NSW 2006, Australia, July 1999.
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thing for which there is no clear consensus for pinnipeds (American Society
of Mammalogists 1967, McLaren 1993).

Second, there has been disagreement about the size of pinniped brains com-
pared to other mammals. Anatomical studies report relatively larger brains (as
measured by various brain indices) in the few pinniped species examined (Wirz
1950, Stephan 1972). However, more recent theoretical papers have argued
that pinnipeds, and aquatic mammals in general, should possess relatively
smaller brains because the high metabolic demands of neural tissue conflict
with the need to conserve oxygen while submerged (Robin 1973, Hofman
1983), or because large animals have proportionately smaller brains, and diving
species are large to maximize oxygen-storage capabilities (Worthy and Hickie
1986). Finally, an empirical study based on the limited information available
concluded that there was no difference in relative brain size between aquatic
and non-aquatic mammals (Worthy and Hickie 1986). The conflicting con-
clusions from these studies in pare reflect the limited information available
and should be regarded as tenuous.

To provide an initial estimate of brain size for most pinniped species (Table
1), T measured the cranial capacity of specimens (generally one male, one
female) housed at the Natural History Museum, London, following the pro-
tocol of Gittleman (19864). The volume of cleaned, undamaged skulls was
determined using 2.0 mm plastic beads and this value was used to directly
estimate brain weight assuming 1 ml = 1 g. The generally close agreement
in Table 1 between values derived using this technique and the literature
values based on more direct techniques indicates that indirect volumetric mea-
sures are reasonable estimates of brain size (see also Radinsky 1967, Jerison
1973).

Although the sample sizes are admittedly small (and often point estimates),
I present average brain weights for each species (based on both my measure-
ments and literature estimates) together with brain sizes as a percentage of
body weight in Table 2. Relative brain size ranges from 0.03% of body weight
in male southern elephant seals (Mirounga leonina) to 1.02% of body weight
in female Galapagos fur seals (Arcrocephalus galapagoensis). It can be quickly
seen that relative brain size tends to be smaller in heavier species. This trend
also holds within strongly sexually dimorphic species (i.e., the smaller females
have relatively larger brains). This suggests that brain size in pinnipeds is
bounded within relatively narrow limits, possibly due to functional constraints
on skull size.
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A DESIGN FOR A TWO-DIMENSIONAL BOAT-BOUND
HYDROPHONE ARRAY FOR STUDYING HARBOR SEALS,
PHOCA VITULINA

Hydrophone arrays have many applications for studying marine mammal
acoustic behavior (Watkins and Wartzok 1985, Clark et 2/. 1986, Spiesberger
and Fristrup 1990), but the design of these arrays is frequently constrained
by the site and equipment available, as well as by the distribution and behavior
of animals. For this study we built an array to determine the spatial distri-
bution of male harbor seals making low-frequency vocalizations (mean of 665
Hz) during the breeding season (Van Parijs ez 2/. 1997). Our aim was to use
male harbor vocalizations to map distribution at sea (Van Parijs ez /., in press
@). Male harbor seals perform vocal and dive displays at display sites for male/
male competition and/or to attract females (Hanggi and Schusterman 1994,
Bjgrge er al. 1995, Van Parijs ez 2. 1997). The infrequent vocalizations of
males (Van Parijs ez /. 1997; Van Parijs et 2/., in press &) made the use of a
directional hydrophone impractical.

The wide distribution of male display areas (Van Parijs ez 2/, 1997; Van





