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A Complex Chromosome Rearrangement in the Karyotype of a Wild-Caught Male Sea Otter
Deborah A. Duffield, Jan Chamberlin-Lea, and James E. Antrim
California sea otters have been maintained at Sea World, San Diego, California since 1972. The sea
otters studied here had been integrated into a sea otter breeding program in 1973 (Antrim and Cornell
1980). The early pupping history of this breeding colony, when it consisted of the original male and eight
females, was characterized by a pattern of stillbirths, anomalous offspring and spontaneous abortions.
The congenital anomalies expressed included a heart defect, the absence of the digestive tract from
mouth to intestines with other instances of parts of the digestive tract missing (e.g., liver, pancreas),
incomplete diaphragm and the presence of facial anomalies, such as severe cleft palate and absence of
eyes. The severity and array of the abnormalities were, to us, highly suggestive of the types of birth
malformations seen in the segregation of chromosome anomalies in humans (Yunis 1977; Smith and
Jones 1982). Chromosome studies were, therefore, undertaken on the male and three of the females in
the breeding colony to investigate the possibility that there was a chromosomal abnormality segregating
in this breeding colony. We report here the results of chromosome studies undertaken on a male and 3
female California sea otters in the Sea World sea otter breeding colony. We also discuss possible
implications of these findings to conservation efforts.
Materials and methods
Karyotypes were established from blood and fibroblast cultures in the male, and from blood cultures in the
females. At the time of this study, no pups were available for examination. Blood was drawn by femoral
venipuncture. Tissue and blood samples were refrigerated and shipped by one-day air to Portland State
University for culturing. Blood samples were cultured in RPMI-1640 media (Gibco), supplemented with
25% fetal calf serum, antibiotics and phytohemagglutinin (Duffield and Chamberlin-Lea 1990). These
cultures were grow for 4 days, synchronized for one to two hours with colcemid, followed by a second 610 minute colcemid synchronization 21 hours later. The cells were harvested, exposed to 0.075M KCL
hypotonic, and fixed. Subsequent to the initial blood sample, the male died of septic endotoxemia and
corneal fibroblasts were cultured. The fibroblast culture was grown in Hams F-10 (Gibco), supplemented
with 15% fetal calf serum, antibiotics and a fungicide, as per Duffield et al. (1991).
A variety of staining techniques were used to construct karyotypes. These included standard Giemsa
staining, G-banding, C-banding (Hack and Lawce 1980), and a fluorescent R-banding technique using
chromomycin A3 and distamycin A (Sahar and Latt 1978; Schweizer 1980; Duffield and Chamberlin-Lea
1990; Duffield et al. 1991).

Results
Chromosome irregularities were seen in the male California sea otter karyotype when compared with the
three females. The chromosomal differences in the male were consistently present in all of his cells, both
leucocyte and fibroblast, and were not seen in any of the cells of the females examined. A representative
female R-banded karyotype is shown in Figure 1; the male is presented in Figure 2.

The three pairs of chromosomes exhibiting a consistent irregularity in the male (b5, c10 and c13) are
marked. The differences between the chromosome pairs in the male and in the three females is illustrated
in more detail in Figure 3.

The rearranged b5 homologue in the male is missing a faint-staining or 'dull' area in the short arm. The
c10 rearrangment represents a possible inversion of the short arm of the chromosome (see Figure 4) and
there is an apparent difference in the short arm and centromere region of one of the chromosomes of pair
c13, as compared to the other homologue and to the chromosomes of the females.

Discussion
The precise nature of the chromosomal changes in the male California sea otter are not easy to resolve
without chromosomal evaluation of the abnormal offspring. Many species of marine mammals have
variable fluorescent R-band regions, referred to as heteromorphisms (Duffield and Chamberlin-Lea 1990;
Duffield et al. 1991). These variable regions can differ between individuals within populations and are
considered to be normal variants in the chromosomes . The apparent inversion in chromosome c10
could, indeed, be an example of normal R-band differences in the centromeric and short arm telomeric
region of this chromosome. However, this variant was not seen in any of the females, nor in another male
karyotyped subsequent to this study (this male was chromosomally similar to the three females and did
not exhibit any karyotypic irregularities). It was judged to be an inversion because of the way it visually
matched an "inversion" produced by physically inverting the short arm of chromosome c10 in the females
(see Figure 4). However, only a small number of California sea otters have been examined and future
karyotyping of more animals would help to resolve the normal vs. abnormal interpretation of this particular
chromosome. The types of changes in the other two chromosome pairs have not been seen as normal
chromosome variants in other marine mammal species studied with R-banding, and from the anomalies
seen in the pups sired by this male, it would seem likely that there was, indeed, a complex chromosomal
rearrangement in the karyotype of the breeding male. Since this wild-caught male was phenotypically
normal, it was presumed that he was a balanced carrier for this rearrangement. Balanced complex de
novo chromosome rearrangements have been reported in humans (e.g., Magenis et al. 1981).
The pupping history in the sea otter colony for the period involved the breeding of this male and the eight
females. Eighteen pups, all sired by the one male present in the breeding colony, were born from 1975 to
1982. There was one set of twins. Eleven pups were stillbirths or abortuses. Several of these exhibited
congenital anomalies. The anomalies were not confined to particular matings, but appeared in offspring of
several of the females. Of the live births, five pups lived only 1-2 days. One was congenitally abnormal,
the others were either under normal birth weight (as compared to values of 1.4 - 2.3 kg reported for
successful births in wild sea otters: Kenyon 1969; Estes 1980) and congenitally weak, or appeared
malnourished and died of maternal neglect. There were three pups of good birth weight, who lived for a
longer period of time. One female pup lived for approximately two weeks and died of a respiratory
infection. Another female pup died after 21 days of malnutrition and maternal neglect. One male pup lived
for four months, dying of congestive heart failure resulting from an apparent congenital heart defect.
Interbirth intervals ranged from 7 months 25 days to over 31 months, with a median interbirth interval of
11 months. Therefore, in this breeding colony where there was continual access to a male, there is the
possibility of additional undetected pregnancies and spontaneous abortions during the apparently longer
interbirth intervals.
Given the normal chromosome pairs seen in the karyotypes of the females examined, the existence of
the chromosomal irregularities in the male karyotype suggested that he was a major contributor to the
reproductive problems in the breeding colony. Numerous examples of chromosomal rearrangements
producing multiple congenital anomalies are described in humans (Yunis 1977; Smith and Jones 1982).
With the increased chromosomal resolution made possible by chromosome banding techniques, many
cases of fetal and newborn abnormalities and malformations, and of increased rate of spontaneous

abortion and stillbirth, have been associated with families carrying balanced chromosome
rearrangements, including both simple and complex translocations and inversions (Budberg et al. 1982;
Buchinger et al. 1981; Anderson et al. 1981; Cohen et al. 1983; Ostovics et al. 1982; Palmer et al. 1987;
Gadow et al. 1991). The occurrence of late pregnancy abortions, failure to thrive, maternal neglect and
the range of abnormalities seen in the offspring in this breeding colony would be consistent with a
chromosome rearrangement involving small chromosome segments.
Interpretation of the observed congenital anomalies as directly resulting from genetic missegration of a
complex chromosome rearrangement in the male is complicated by two factors. At the time of this study,
the offspring could not be karyotypically examined to associate specific chromosomal duplication or
deficiencies with the presence of anomalies. Furthermore, there is evidence both from captive breeding of
sea otters (Antrim and Cornell 1980) and from the wild (Kenyon 1969), that first-time births have a lower
success rate and are often characterized by stillbirths or failure of the pups to thrive. These effects would
have also contributed to the pupping history in this breeding colony. To this latter point, however, the
consistent pattern of congenital anomalies, stillbirths and spontaneous abortions throughout the breeding
history of a number of the females, argues against this being the only explanation for the breeding
problems. The most common signs of autosomal chromosome aberrations, which include increased
spontaneous and stillbirth rates, and in live offspring, low birth weight, failure to thrive, mental retardation,
head and facial anomalies and heart and abdominal defects (Vogel and Motulsky 1979; Gadow et al.
1991), certainly characterize the pupping history in this colony.
Implications for conservation efforts
Congenital malformations can also be caused by a number of environmental factors. The possibility that
the birth anomalies were caused by a teratogenic agent cannot totally be ruled out in the absence of
verification of karyotypic abnormalities in the anomalous offspring. However, it can be argued that given
the range of congenital defects, as well as the presence of apparently phenotypically normal offspring in
this colony, one would not expect the problem to be related to a single teratogenic agent, nor to any
single, consistent factor in their environment. A study of the water environment of this sea otter colony
was undertaken, subsequently to the chromosome study, to see whether the water quality treatment or
filtering of water in this particular system produced a teratogenic-like effect on in vitro cells (Nicholas and
Duffield, unpublished observation). Cells were grown in water from a variety of sources and were scored
for chromosome damage; such as, breaks, rearrangements and sister chromatid exchanges. The highly
treated water of the sea otter filtration system, compared with other sources, which included purified
water, local bay water and local drinking water, was ranked as having no added effect on chromosomal
change in culture when compared to the purified water control. It is interesting, as an aside, that the local
drinking water had a statistically significant effect on chromosome breakage and rearrangement in the
cultures.
Potentially, there is also the possibility that the apparent "irregularities" in the chromosome pairs of the
male resulted from a cross between parents from stocks of wild sea otters which were chromosomally
differentiated. For example, there has been continuing controversy over the discreteness of Alaskan and
Californian sea otter populations (Kenyon 1969; Lidicker and McCollum 1981; Wilson et al. 1991; Cronin
et al. 1996). The male in question came from Monterey Bay, California. However, with the occasional
introduction of Alaskan sea otters along the Oregon and Washington coasts (see Jameson et al. 1982),
there is a possibility, although thought to be remote, that some of these have been integrated into the
California population. If these two populations were chromosomally distinct, a cross between them would
certainly give rise to an individual exhibiting irregular pairing of chromosomes. An R-band karyotype has
not yet been done for the Alaskan sea otter to test this possibility. Either source, structural rearrangement
or population difference, could have resulted in the production of anomalous offspring by the carrier
animal.
Ralls et al. (1983) predicted that despite the population bottleneck in the California sea otter population
caused by fur hunting in the 18th and 19th centuries, 77% of the original genetic diversity would be

expected to be retained and that the bottleneck would, therefore, not have had much impact on loss of
genetic variation. Genetic variation in both allozymes and mtDNA has been subsequently demonstrated
in various sea otter populations (see Cronin et al. 1996; Scribner et al., in press). This would imply that
deleterious effects, such as, increased mortality in young animals and reduced fertility expected as a
result of loss of genetic variability, would not be an anticipated consequence of the near extinction of the
California population (Ralls et al. 1983; Cronin et al. 1996). On the other hand, from a genetic drift
argument, if one of the subsequent founders of the current population, i.e. one of the survivors, was
carrying a chromosome rearrangement, the frequency of that rearrangement in the recovered population
could be fairly high based on chance contributions of individual founders. In time, selection would be
expected to lower the frequency of the chromosome rearrangement, but in the interim, because of its
effect on reduced fertility (Tupler et al. 1994) as well as on lowered pup production through spontaneous
abortion and failure to thrive, it might have a significant impact on the observed rate of recovery of the
population. This would be true, as well, if the source of chromosome irregularity were the consequence of
breeding between individuals of chromosomally differentiated subspecies subsequent to sea otter
translocation efforts.
The frequency with which balanced chromosome rearrangements occur in the wild is not known for most
species. In man, the frequency of balanced autosomal rearrangements estimated from prenatal
cytogenetic studies ranges from 0.224% (Hook et al. 1983) to 0.4% (Van Dyke et al. 1983). Chromosome
abnormalities are reported for cattle (Swartz and Vogt 1983; Bongso and Basrur 1976), sheep (Bruere
1969), pigs (Akesson and Henricson 1972; Henricson and Backstrom 1964) and horses (Hughes and
Trommershausen-Smith 1977). These have been associated with physical anomalies, fetal death and
reproductive inefficiency. Balanced translocations have been reported for wild-caught cetaceans (Duffield
1977; Worthen 1981). The presence of a carrier of a chromosomal rearrangement in a wild sea otter is,
therefore, not in itself, surprising. However, in a population which has suffered the degree of genetic
bottlenecking and reduction in numbers seen with the California sea otter, it might be useful to further
evaluate the frequency of chromosomal rearrangements in the current population.
In terms of the impact on captive breeding programs, the finding of a phenotypically normal, but
karyotypically abnormal wild-caught male in the Sea World breeding colony, emphasizes the importance
of screening potential breeding animals for chromosomal rearrangements which could lead to costly risk
of abnormal births and compromised breeding success in captive breeding programs. This is especially
important in breeding colonies built around a single male or a single breeding pair of animals.
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