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Elephant Seals: Genetic Variation and Near Extinction

Abstract. Blood samples from northern elephant seals (Mirounga angusti-
rostris), representing five breeding colonies in California and Mexico, were sur-
veyed electrophoretically for protein variation reflecting underlying genetic dif-
ferences. No polymorphisms were found among 21 proteins encoded by 24 loci.
This uniform homozygosity may be a consequence of fixation of alleles brought
about by the decimation of this species by sealers in the last century.

What are the genetic consequences
for a species of reduction in numbers
to near extinction? We have approached
this problem by examining genetic vari-
ation in the northern elephant seal
(Mirounga angustirostris) whose num-
bers have varied enormously over the
last 150 years.

In the mid-1800’s, northern ele-
phant seals were hauled-out by the thou-
sands at numerous breeding rookeries
along 2700 km of the coast of Cali-
fornia and Baja California, Mexico (/).
From 1820 to 1880 they were heavily
exploited by man for oil. Because of
a biological necessity to breed and
give birth on land, the seals were more
vulnerable than whales; hunters could
quickly slaughter hundreds of adults
and pups. The commercial harvest was
so extensive and indiscriminate that by
1884 the species was considered vir-
tually extinct (2). Only the most re-
mote population survived—that on a
nearly inaccessible beach on Isla de
Guadalupe, 240 km west of Baja Cal-
ifornia (3). Estimates based on early
census data indicate that this remnant
population may have consisted of as
few as 20 individuals in the early 1890’s
and the total number remained less
than 100 individuals until at least 1900
(4). Under the protection of the Mexi-
can and U.S. governments, the north-
ern elephant seal slowly increased in
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numbers and, by the early 19307,
began to establish additional breeding
colonies (5). Since then, the species
has reoccupied its former breeding
range and now numbers more than
30,000 (6). Thus the genetic recon-
struction of this species was influenced
by two factors: (i) the northern ele-
phant seal suffered a severc “bottle-
neck” in numbers and (ii) its present
genetic resources were derived from a
single isolated population possessing
but a fraction of the total variability
of the predecimation species.

To assess the possible consequences
of this species-wide decimation and sub-
sequent recovery, we surveyed pro-
teins electrophoretically for polymor-
phisms reflecting underlying genetic
differences at structural gene loci (7).
Blood samples were collected from 159
seals of both sexes at five rookeries:
Afio Nuevo Island (N = 67), San Mi-
guel Island (N = 24), San Nicolas Is-
land (N =20), Isla de Guadalupe
(N = 25), and Islas San Benito (N =
23) (8). Starch-gel electrophoresis was
performed for 21 proteins encoded by
24 presumptive gene loci (9). No indi-
vidual or populational differences were
found; all proteins were monomorphic.

Is an apparent absence of genic
heterozygosity unique to this species or
is it also characteristic of other pinni-
peds? For perspective we can look at

the northern elephant seal’s nearest
relative, the southern elephant seal
(Mirounga leonina), which is subant-
arctic in distribution. This species was
also hunted extensively in the last cen-
tury, but the effects were not as cata-
strophic as for the northern elephant
seal (10). McDermid et al. (I11) dem-
onstrated five polymorphisms among 18
proteins examined electrophoretically
in 42 individuals from Macquarie Is-
land. From their data, we estimate
genic heterozygosity at 0.028. Another
population studied by Seal et al. (12)
showed no variation in six proteins in
18 animals, but these proteins were
among those found to be monomor-
phic by McDermid et al. (11).

The electrophoretic analysis of genic
variation in pinnipeds other than Mi-
rounga has been very limited (13).
Multiple phenotypes of transferrin were
demonstrated in 8 of 12 species of pin-
nipeds studied (I/4), and other poly-
morphic proteins include haptoglobin
in 2 species, lactate dehydrogenase in
another, and a rare variant of hemo-
¢lobin in a fourth (15).

Electrophoretic studies have con-
vincingly demonstrated that a high level
of genic variation is maintained as a
normal equilibrium condition in most
natural populations of plants and ani-
mals. In 22 species of vertebrates sur-
veyed, genic heterozygosity averaged
0.0584 and the proportion of polymor-
phic loci ranged from 10 to 20 percent
(16). The northern elephant seal appar-
ently is genetically depauperate relative
to its southern congener and other verte-
brates, and indeed may be entirely
monogenic. Whether this situation rep-
resents a reduction in genetic diversity
from the level existing prior to the bot-
tlenecking of the species is problemati-
cal. It is likely, however, that the ge-
netic constitution of this species has
changed as a consequence of decima-
tion. It has been suggested that the
magnitude of genetic change could be
assessed by comparing means and vari-
ances of dimensions of museum speci-
mens collected in the last century and
more recently (4).

The roles of natural selection and
random drift are complementary in
bringing about a reduction in overall
diversity in small and isolated popu-
lations. The uniformity of the marine
environment throughout the range of
the northern elephant seal provides lit-
tle opportunity for the proliferation of
genetic variability by natural selection.
It is reasonable to assume that a rela-
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tively low level of genetic variability
would be maintained within single
small and isolated breeding colonies;
discontinuities in the distribution of
neutral or weakly selected alleles be-
tween breeding colonies would be large-
ly a function of the “founder effect”
(17). At the time of its bottleneck,
the effects of random drift and inbreed-
ing on the population as a whole would
have been amplified because of the
small size of the remnant herd and the
slow rate of recruitment. The only im-
migrants to the Isla de Guadalupe pop-
ulation would have been survivors from
other populations forsaking their tra-
ditional breeding grounds. Addition-
ally, the highly polygynous mating sys-
tem of elephant seals, wherein as few
as 14 percent of the males inseminate
all the females, would greatly reduce
the effective population size (I8).
Dramatic reductions in genetic vari-

ability as an apparent consequence of
isolation and the “founder effect” are
known in natural populations of sev-
eral organisms (/9). Although genetic
drift has generally been invoked to ac-
count for reduced variability in small
and isolated populations, it is possible
that the effect results in part from den-
sity-dependent selection or adaptation
to a narrow range of environmental
heterogeneity (20). In any event, how-
ever, the absence of protein polymor-
phisms in the northern elephant seal
indicates that genic variability is not
essential for the continued existence of
animal species. Our results also suggest
that the northern elephant seal, now
lacking a pool of variability with which
to adapt to changing conditions, is es-
pecially vulnerable to environmental
modification.
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Thimann Laboratories, University
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Department of Zoology,
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Carnosine in the Primary Olfactory Pathway

Abstract. Carnosine (B-alanyl-L-histidine) is present in mouse olfactory bulbs
and nasal olfactory epithelium at concentrations exceeding that previously reported
for any brain region of any species. After peripheral deafferentation, carnosine
concentrations in the olfactory bulbs decrease to less than 10 percent that of
normal, while other amino compounds are unaffected. Carnosine appears to be
highly localized to the primary olfactory pathway.

Two naturally occurring dipeptides
of histidine, carnosine (3-alanyl-L-his-
tidine) (Z) and homocarnosine (y-
aminobutyryl-L-histidine) (2), have
been known as constituents of excitable
tissue for many years. Nevertheless,
virtually nothing is known of their
function. While studying the effect of
peripheral deafferentation on amino

acid pools in the primary olfactory
pathway of mice, I observed specific
changes in the concentrations of car-
nosine measured by chromatographic
and electrophoretic techniques. These
observations may eventually lead to
elucidation of the function of these
dipeptides.

Extracts for analysis were prepared
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