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Effects of latitudinal difference on ecological

andevolutionary characteristics of Asiatic salamanders
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Acceleration of molecular evolutionary rates (MERSs) in the lower latitude regions has been documented
in broad taxa, such as mammals, amphibians, plants and foraminifera. However, it is still unclear whether this
correlation is general and what is the cause of this pattern. In the present study, I investigate evolutionary history
of diversification of the eastern Japanese salamander genus Hynobius (Caudata: Hynobiidae), and I provide an
example showing a negative correlation between latitude and MERs. In addition, I estimate the cause of this

latitudinal pattern based on ecological and physiological studies.

In the first part of the thesis, phylogenetic relationships among the Hynobius species were estimated by
molecular phylogenetic analyses of mitochondrial cytochrome b (Cyt b) and cytochrome ¢ oxidase subunit 1
(COI) genes. The Hynobius salamanders are distributed from the Eastern Asia to Central Asia. The Japanese
Islands have the highest species diversity of Hynobius, and 57% of the 23 species recorded on the Japanese
Islands are endemic the islands. Thus, the Japanese Hynobius salamanders are excellent model systems to
investigate how species diversity has been originated. The inferred phylogeny suggests that the northernmost
lineage occurred from in Hokkaido is first diversified from other Hynobius. In the next, lineages of the Eastern

and Western Japan, and those on Taiwan were separated. In addition, the lineages of the Western Japan included
species phylogenetically closer to the species of the Asian Continent than those of the Japanese Islands,
suggesting repeated immigration of the species among the Asian Continent and the Japanese Islands. The history
of diversification in the Japanese Hynobius most likely reflects geological history of the Japanese Islands,
repeated isolation and connection of the islands from the continents. The present findings show how biological
diversity has been originated in the Japanese Islands.

In the second part of the thesis, I focus on how generation time differs among the regions of different
latitude. It is still unclear how generation time of Hynobius salamander changes due to the difference in climate.
As salamander has unique lifestyle and life history, it is an excellent model to investigate how generation time

changes by climatic change. Age structure of a breeding population of Hyrnobius lichenatus in Sendai (140°47'E,
38°14'N) was examined to estimate the generation time. The patterns of lines of arrested growth on the cross-
sectional bones (LAG) were examined to estimate the age structure of breeding adult salamanders and their
maturation ages. The age for each sex was estimated using 27 individuals. In the breeding population of H.
lichenatus from Sendai, no significant difference was detected in both of the age structure and the maturation age
between males and females. The present results were compared with previous study intended for age structures
on two breeding population/metapopulation of Hynobius tokyoensis. Significant differences in age structure were
found between the Chiba and Sendai populations. The population from Chiba becomes to mature earlier and has
a shorter life than that from Sendai. In contrast, there is no difference in age structure between the populations
from Tokyo and Sendai. Present findings suggest that generation time is not necessary affected by temperature
but is affected more strongly by other environmental or ecological factors.

In the third part of the thesis, hypothesis of latitudinal gradient of MERs was tested via phylogenetic
analyses of mitochondrial Cyt b and COI genes on the eastern lineages of the Japanese Hynobius salamanders
that occurred from the range of 34°N - 44°N. Significantly higher MERs were detected in the lower latitude

regions than in the higher latitude regions. Neutrality of each gene showed latitudinal decline toward lower



latitude for COI, whereas no significant difference in neutrality among different latitude regions was detected for
Cyt b. It is unlikely that population size causes this phenomenon, because population size should affect both of
these gene regions. Latitudinal difference in pressure of natural selection was detected in COI gene region, but
the direction of intensity of selection pressure was opposite to the direction of MERs. Thus, there is no evidence
that natural selection results in this latitudinal pattern. It is most likely that the observed latitudinal trend is a
result of enhanced mutation rates in the populations of lower latitude. Metabolic activity is expected to affect
mutation rates via harming the DNA with free radical oxygen, thereby organisms with long hibernation is
supposed to have lower evolutionary rates. Latitudinal gradient of the length of dormant season and generation
time were examined to test the above hypothesis. The relationship between latitude and length of active phase can
be estimated by examining relationship between the date of first oviposition occurred and latitude of the locality
where the oviposition was recorded, because their mating seasons come after the hibernation season. The
analyses showed that the active phase is longer in the regions of lower latitude. Thus, metabolic rate of
salamander is expected to be higher in warmer environments, suggesting increase of molecular evolutionary rate
in the populations of lower latitude.

In conclusions, inferred phylogenetic relationships among Hynobius species reveal complex history of
isolation and immigration of species between the islands of Japan and the Asia Continent. Based on the analyses
of age structure, generation time is not necessarily affected by temperature or latitude in Hynobius salamanders.
Acceleration of MERs in lower latitude regions was detected in Hynobius species. Latitudinal difference in
metabolic activity is the only factor which can affect the latitudinal trend in MER in Hynobius. It is unlikely that
generation time results in the latitudinal pattern of MER in Hynobius. Although further comprehensive analyses
would be needed, the present study strongly suggests that climatic condition affect mutation rate through the

change of activity and metabolic rates.
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