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Abstract

At present, origin and geographical distribution of some mammalian species have been
increasing with their number including distribution range in central Japan at an alarming rate.
The present doctoral dissertation is focusing especially for sika deer (Cervus nippon). Rapid
expansion of this species has resulted serious ecological imbalance subsequently loss of
biodiversity. To elucidate the ecology of increasing wild sika deer is an important issue from
the viewpoint of biodiversiiy, agriculture, forestry and conservation purposes. Genetic
analysis with the advantage of widely used nuclear DNA microsatellite has been emerged as
the most popular, versatile marker type for ecological applications, available for inferring
population structure and dynamics. This study will clarify the genetic characteristics of sika
deer in Toyama Prefecture, entering routes of multiple groups from adjacent Prefectures.
Since the number of deer populations in Toyama Prefecture is increasing every year,
continuous monitoring is necessary in near future. This dissertation aims to disentangle the
contribution of background and understanding the current population structure using 11
polymorphic microsatellite loci. The present study identified that hybridizing with a resident
and introduced species to enhance genetic diversity, population structure, gene flow and
dispersal pattern around Toyama Prefecture. This thesis demonstrates mainly five chapters,

such are:



I) The first part briefly illustrates general introduction of the study.

II} 1In the second part, previously maternally-inherited mitochondrial DNA analysis
detected individuals possessing exogenous haplotypes of sika deer mainly from central part
of Toyama Prefecture, which was thought to be derived from artificially introduced
individuals. The present study assessed the effects of hybridization on the exogenous and
indigenous haplotypes in the major occurrence area; this has created a fear of alteration of
indigenous ecosystem. Using the NewHybrids software the results reliably distinguished that
hybrids between the two species are fertile and produce viable offspring in backcrosses with
both parental species. Furthermore, the study elucidated the contribution of genetically
divergent ancestral sources and subsequent loss of pure parental species due to continuous

mating across generations in the central part of Toyama Prefecture.

III) In the third part, population genetic diversity, genetic structure, admixture and
migration paths were identified. Deviations from the HWE were observed in the present
study, resulting from the mixture of samples from different sources. The Result of pairwise
Fsr, Fisher’s exact test and molecular variance (AMOVA) among Toyama and neighboring
Prefectures populations showed low but significant differentiation (Fst = 0.028, P<0.0001).
Nei’s genetic distances also displayed populations were genetically very close. In addition,
factorial correspondence analysis (FCA) and principal coordinate’s analysis (PCoA)
identified genetic similarity between regional neighboring Prefectures, although Gifu was
slightly distinct. The detected genetic continuities seem more related to the effect of past
historical events. Historical migration results identified dispersal into Toyama Prefecture
from all three directions, thus suggested that sika deer entered into Toyama Prefecture from

multiple routes. Although, migration into Toyama Prefecture was high especially from one to



the cast whereas from Toyama Prefecture to south. Furthermore the study results highlight
that the corridors may still be functional as there is evidence of contemporary migration. This
was also confirmed Bayesian STRUCTURE results, suggested that population of Toyama
Prefecture derive from multiple ancestral sources, consequently five distinct clusters were
present in the neighboring Prefectures populations. Each of the Prefectures has strong
biasness of one particular cluster however; Toyama Prefecture showed multiple lines of

genetic structure and maximum admixture across the central region.

IV) Finally, the main goal was to assess whether any isolation-by-distance pattern in data
sets using mantel tests. The result suggested significant but weak positive relationship
between geographic and genetic distance, (Rxy = 0.14, R? = 0.02, P< 0.002). Additionally,
spatial genetic structure results indicated the presence of non-random spatial structuring and
genetic association among individuals at larger distances. Individuals below this threshold,
share a higher proportion of genes, than spatially distant individuals. Furthermore, both male
and female sika tended to be dispersed further away from the natal area, although
interestingly slight higher indication was observed for female bias dispersal. This result was
also supported with the negative Assignment index analysis (Alc) provided the evidence of

female biased dispersal among Toyama and neighboring Prefectures.

V) Lastly, from these findings, it could be concluded that gene flow among neighboring
population was high and started occurring many years before from the present study period.
Additionally the present study observed central part of Toyama Prefecture mixed with
multiple ancestral sources and mostly prevailed with polluted gene pool. Therefore, concern
has been expressed that conservational strategy should be taken to maintain genetic integrity

in Toyama Prefecture.
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