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seals/knf in March and April, respectively)
than those reported in eastern Sakhalin. A
large number of pups suggest that the study
area is an important breeding center.

A baseline for cranial features was ob-
tained by examining the 23 measurements
and 2 nonmetrical attributes of 152 seals col-
lected at the Nemuro Strait, Hokkaido. The
development of morphometrical characteris-
tics of skulls ceased at 7.9 years and 11.9
years for males and females, respectively. The
sutures were half ankylosed till approxi-
mately 10 years of age in both sexes. The sag-
ittal crest appeared from about 5 years in
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males. Large individual variations in the
skull were noted in the feeding, breathing,
and facial-expression apparatus.

In addition, genetic features of spotted
seals in Hokkaido were investigated using mi-
tochondrial DNA (mtDNA) sequencing. From
66 spotted seals, 57 haplotypes were identified.
Phylogenetic trees did not indicate clear geo-
graphic differences between the Sea of Ok-
hotsk and Japan coasts. It showed a high level
of diversity in spotted seal mtDNA, and it is
reasonable for the ecological features of this
species to have a high mobile ability and be
distributed over a wide range.

Original papers of this thesis appeared in Mammal Study, 26 . 109-118 (2001), . Vet. Med. Sci.,64 . 137-

144 (2002), and Ecol. Res., 17 : 79-96 (2002).
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Studies of genetic and morphological
characteristics of red deer (Cervus elaphus),
with implications for their conservation in
Xinjiang, China.

This study was carried out based on the
following four objectives :

1. To analyze the phylogenetic relationships
among Chinese, and North
American red deer.

2. To sample and analyze geographic vari-
ations of skull morphology in red deer of
Xinjiang, China.

3. To assess genetic diversity of the Tarim
red deer subspecies based on studies of mi-

European,

crosatellite DNA.

4 . To suggest conservation measures to pro-
tect red deer populations, based on data of
the present study.

The main parts of this dissertation are as
follows :

1. Molecular Phylogeography of the Red
Deer (Cervus elaphus) Populations in Xinji-
ang of China : Comparison with Other Asian,
European, and North American Populations

To determine the phylogeography of red
deer (Cervus elaphus) populations of Xinjiang,
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we identified control region sequences, and
then compared geographic variations and
phylogenetic relationships among Xinjiang
populations and other populations from Asia,
Europe, and North America. The red deer
mtDNA control region included different cop-
ies of tandem repeat sequence of 38 to 43-bp
motifs. This allowed us to clearly distinguish
the Western lineage from the Eastern lineage
of this species in Eurasia. The western lineage
was evident among the Tarim populations
from southern Xinjiang and the European
populations, all of which had four copies of the
motifs. By contrast, the Eastern lineage con-
sisted of populations from northern Xinjiang

(Tianshan and Altai Mountains), other
Asian areas (Alashan, Gansu, Tibet, Mongolia,
and northeastern China), and North America,
all of which shared six copies of the motifs.
MtDNA phylogenetic trees showed that there
are two major clusters of haplotypes associ-
ated with the Western and Eastern lineages,
and that sub-groupings of haplotypes in each
cluster were congruent with their geographic
distributions. The present study revealed that
a geographic boundary separating the West-
ern lineage from the Eastern lineage exists
between the Tarim Basin and the Tianshan
Mountains in Xinjiang. The phylogenetic
proximity of North American populations
with those of northern Xinjiang, northeastern
China, and Mongolia, supports the view that
red deer migrated from northeastern Eurasia
to North America along the land-bridge (Ber-
ingia) formed between the two continents dur-
ing late Pleistocene glaciation.

2 . Geographic Variations of Skull Morphol-
ogy in the Red Deer (Cervus elephus) of Xin-
jiang, China

Variations of 14 cranial morphological
characteristics of Xinjiang red deer (Cervus
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elephas) were investigated using multivariate
principle component analysis of samples from
three distinct populations (Tarim, Tianshan,
and Altai populations). Deer from the Altai
population had greater PRIN 1 values and
smaller PRIN 2 values than those from the
Tarim population. PRIN 1 and PRIN 2 values
for deer from the Tianshan population were
intermediate to values for the other two popu-
lations, but were closer to values for the Altai
deer. Habitats of Altai and Tianshan popula-
tions are characterized by coniferous forests
and a cold climate, whereas those of the Tarim
population are riparian poplar forests in de-
sert regions with hot summers. Morphological
similarity of deer from the Altai and Tianshan
populations may reflect the similarity of habi-
tat, while the unique morphological charac-
teristics of Tarim deer may reflect adaptations
to a desert climate.

3. A Preliminary Study of the Genetic Di-
versity of the Xinjiang Tarim Red Deer (Cer-
vus elaphus yarkandensis) Based on Microsat-

ellite DNA Analysis

To evaluate the genetic diversity of the
Xinjiang Tarim red deer (Cervus elaphus yar-
kandensis) population, we analyzed the fre-
quencies of microsatellite alleles. Samples
were collected from three isolated populations
in Xaya, Lopnur and Qarqgan of Xinjiang. Al-
though 10 microsatellite loci were examined,
alleles of 133 to 190 base-pairs were detected
for only three loci : BM5004, BM4208 and BM
888.The average observed multilocus het-
erozygosity was 0.08=x0.04 for the Xaya, O for
the Lopnur, and 0.17+0.08 for the Qargan
population. The average heterozygosity of all
populations was 0.08+0.02.The observed
heterozygosities were significantly lower than
the expected values. The present results sug-
gest that the bottleneck offect has occurred in
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the populations of the Xinjiang Tarim red
deer.

4. Conservation Status of the Endangered
Tarim Red Deer, Cervus elaphus yarkandensis

Morphological and genetic analyses
showed that the Tarim red deer belongs to the
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western (European) red deer lineage and
likely experienced an historic population bot-
tleneck. These results suggest that the Tarim
red deer is a unique subspecies which war-
rants higher level protection than its current
status in China. Conservation programs
should be implemented to stop the fragmenta-
tion and deterioration of habitat conditions.

Orginal papers of this thesis appeared in Jpn. J. Vet. Res.,49 : 231-237 (2001), and Zool. Sci. 19 : 485-495

(2002).
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Reproduction is the most important proc-
ess in wildlife because it directly influences
the viability of a population. This study was
designed to better understand the physiology
and life-history parameters of reproduction in
Steller sea lions (Eumetopias jubatus) , spot-
ted seals (Phoca largha) and ribbon seals

(Phoca fasciata) that migrate from Russian
waters to the coastal waters of Hokkaido in
winter.

The ovaries, uterus and placenta were
collected from harvested female sea lions and
seals that have been in the coastal waters of
the Nemuro Strait, northeast Hokkaido, Ja-
pan, between late January and early
April, 1995-1999. Thin sections were made for
immunohistochemistry and histology analy-
ses.

Firstly, I analyzed the localization of ster-
oidogenic enzymes (P450 scc,3 p HSD and P
450 arom) in the corpus luteum and placenta
of Steller sea lions, spotted seals and ribbon
seals. P450 scc and 3 B HSD were present in
all luteal cells of each corpus luteum, and

most luteal cells was immunostained for P450
arom. P450 scec and 3 B HSD immunostained
negatively in placentae, however, P450 arom
was present in the syncytiotrophoblasts.
These findings suggest that ( 1) corpora lutea
of these species synthesize pregnenolone, pro-
gesterone and estrogen during the late gesta-
tional period, and (2 ) placentae of these spe-
cies are not capable of synthesizing progester-
one, although they are capable of synthesizing
estrogen. These characteristics are similar to
those of some terrestrial carnivores in the
suborder Caniformia.

Secondly, I analyzed the localization of
prolactin receptors in the pregnant corpora
lutea from the three pinniped species. Prolac-
tin receptors were present in all luteal cells of
each corpus luteum. This suggests that pin-
nipeds require prolactin to maintain corpora
lutea during late pregnancy, as for other ter-
restrial carnivores.

The average age of sexual maturity in fe-
male Steller sea lions, based on the presence
of corpora lutea or retrograde corpora lutea,



