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Historical biogeography and temporal changes in body size of amphibians in the Ryukyu Archipelago,
Japan, inferred from their Late Pleistocene and more recent fossils and subfossils
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My research project has been conducted to establish plausible hypotheses regarding the recent
distributions and morphological changes of amphibians of the Ryukyu Archipelago on the basis of the
late Pleistocene fossils and more recent skeletal remains. My dissertation consists of seven chapters.
Chapter 1 introduces issues addressed and methods employed in this study.

The next chapter (Chapter 2) reviews the studies on amphibian fossils from Japan conducted by
foregoing researches to clarify points, from which my study has started. In the Ryukyu Archipelago,
amphibian remains were abundantly found by these researchers from fissure and cave deposits dated as
the Late Pleistocene. Nevertheless, only a few of them have been subjected to investigations in
appropriate manners, leaving most materials to be examined with adequate comparative skeletal
specimens of extant species from the Ryukyus and adjacent regions.

In the third chapter (Chapter 3), I examine the Late Pleistocene bufonid remains found from the
Pinza-Abu cave, Miyakojima Island, for their taxonomic allocation. Frontoparietals, squamosals, and
sphenethmoids included in this assemblage exhibited morphological features common to the Bufo
gargarizans populations currently occurring on Miyakojima Island and a few adjacent islets. The
indigenous nature of these populations, whose origins have sometimes been attributed to recent artificial
introduction, was supported, whereas their origin remains uncertain since the islands have considered to
be young and oceanic.

In Chapter 4, I survey species composition in a group of the Late Pleistocene amphibian fossils
collected from two fissures in the karst region of southern Okinawajima Island. The fossils included
eight species extant on this island, but five of them are currently confined to the northern part. Current
populations of these five species require year-round presence of streams in dense and hunmud forests for
their persistence as reproductive populations. Therefore, present findings strongly suggest that the
relatively arid and poorly forested area of southern Okinawajima had environment similar to that in the
northern forested area of the island at least during a part of the Late Pleistocene period.

Anuran remains, presumably no more than some decades before present, from Yoronjima Island are
examined in Chapter 5. The frog remains are identified to five extant species, of which Rhacophorus
viridis viridis is known from this island only by several museum specimens collected in approximately
50 years ago. This findings support the native occurrence of Rhacophorus v. viridis on Yoronjima,
which has been regarded as doubtful. A couple of human related factors are considered as possibly
responsible for the local extinction of this frog.

Chapter 6 explores the patterns and causes of the observed differences in body size in some frog
species among the two Late Pleistocene and the extant populations on Okinawajima Island. The length
of the humeral condyles was used as an index for the body size. Body size of Rana sp. was largest at the
Last Glacial Maximum and smallest at the present, while those of Rana narina and Rhacophorus v.
viridis were largest in 30,000 BP and rapidly decreased thereafter. Application of skeletochronology to
the fossils of Rana sp. and R. narina from 30,000 BP and the extant counterparts revealed that these
species have different causes for the observed larger body size in the Late Pleistocene populations. In
Rana sp. males in the Pleistocene seems to become larger than those of the extant population by
one-year of age, whereas females were similar body size at one-year old between two allochronic
populations, but grew more rapidly in the Late Pleistocene populations thereafter. In R. narina, the large
body size in the Late Pleistocene population was attributed to its longevity. Negative effect of warm
climate was assumed on the somatic growth in Rana sp., while increased mortality was inferred from
the pattern in R. narina.

In Chapter 7, following issues are discussed. The amphibian fauna of the Ryukyu Archipelago seems
to have experienced drastic changes in diversity, distribution, and morphology since the Late
Pleistocene. At least some of these changes may have been consequences of anthropogenic impacts, a
major menace to indigenous insular biota worldwide. Historical viewpoints inferred from the fossil
study may be crucial for biodiversity researches on insular areas since its ecosystems have often been
modified completely by several extrinsic factors through their vulnerable nature. Information recovered
from such studies should be useful not only as a key to our better understanding of current biodiversity
statuses but also for predicting its future changes.
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