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Abstract: We found a salamander of the genus Hynobius on Kamishima of the 
Amakusa Islands, Japan, which is new to this island group. From the charac-
teristics of larval habitat and morphology, this salamander is considered to be a 
lotic breeder. Until the discovery of this species, only a lentic breeding species 

(Hynobius nebulosus) was known from the Amakusa Islands. Morphologically 
the present salamander is well differentiated from other lotic breeding Hynobius 
of nearby regions and is closest to the southernmost population of H. bouleng-
eri from the Osumi Peninsula among the species or populations examined. In 
order to determine its taxonomic position, however, genetic analyses using a 
larger number of comparative specimens are needed. The biogeographic signif-
icance of the present finding is briefly discussed.
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INTRODUCTION

 The Amakusa Islands is located ca. 15km 
west of Kyushu, Japan, and consists of two 
large islands, Kamishima (225km2 in area) and 
Shimoshima (574km2 in area), and approxi-
mately 120 much smaller islets (Fig. 1). Islands 
of this group are largely low in altitude, with a 

peak of Mt. Kuratake on Kamishima Island 
(682m asl) representing the highest point.

 A total of 11 native amphibians (two species 
of Urodela [Hynobius nebulosus and Cynops 
pyrrhogater], and nine of Anura [Bufo japan-
icus japonicus, Hyla japonica, Rana tagoi, R. 
japonica, R. nigromaculata, R. limnocharis, 
R. rugosa, Buergeria buergeri, and Rhacoph-
orus schlegelii]) and one introduced frog 

(Rana catesbeiana) have been recorded from 
the Amakusa Islands (Okochi and Hayashi, 
1992; Maeda and Matsui, 1999; Sakamoto, 
unpublished data). Because all these species 
are also very common in the western part of 
the main island of Kyushu facing the islands, 
little attention has been paid to the amphibian
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 FIG. 1. A map of the Amakusa Islands and the 

Kyushu Main Island, Japan, showing sampling 

localities of hynobiid species used in this study. 

Coarsely dotted and darkened areas represent areas 

>500m and 1000m asl, respectively.

fauna of this island group until now.

 Recently, we collected specimens of a Hyno-
bius salamander along a small stream of 
Kamishima Island. The specimens resembled 
H. naevius at a glance, but were not easy to 
identify. However, this form was obviously a 
lotic breeder (Sato, 1943), because it had a 
stout tail, mountain habitat, and stream dwell-
ing larvae with claw-like cutaneous structures. 
Up to now, H nebulosus, a lentic breeder, has 
been found in lowlands of Kamishima and 
Shimoshima Islands as mentioned above. This 
species possesses a compressed tail with yel-
lowish streaks on its edges, and these morpho-
logical characteristics, along with its breeding 
in the still water, completely differentiate H. 
nebulosus from the salamander in question. 
From the southern part of Kyushu, three 

species of lotic breeding Hynobius salamanders, 
H. naevius, H. boulengeri, and H. stejnegeri, 
have been reported.

 In order to assess the taxonomic status of 

this salamander, we investigated its natural 

history and compared its morphological char-

acteristics with those of its putative relatives 

from the main island of Kyushu.

MATERIALS AND METHODS

 The salamander was searched for on 7 April, 
7 May, and 14 October 2002, along small 
streams on Kamishima Island, Kumamoto 
Prefecture (detailed locality information is not 

given for conservation reasons). Environmen-
tal conditions of the habitat were recorded, 
and salamanders collected were fully anesthe-
tized and their livers were removed for genetic 
study. They were then fixed in 10% formalin 
before final preservation in 70% ethanol.
 Four populations of three lotic breeding 

Hynobius species from the central and south-
ern parts of Kyushu Main Island were used for 
morphological comparisons-one representing 
H. naevius, another H. stejnegeri, and the 
remaining two (one from the Sobo-Katamuki 
Mountains and the other from Osumi Penin-
sula) H. boulengeri (Fig. 1). Of the three 
forms of H. naevius recognized by Sato et al. 

(1994) from Kyushu, we used one population 
of the southern Kyushu type (Sato et al., 1994) 
that is distributed close to the Amakusa Islands. 
See Appendix for current locations of voucher 
specimens.
 The following seven morphometric charac-

ters were measured; SVL (snout-vent length, 
from tip of snout to anterior angle of cloaca), 
HL (head length, from tip of snout to gular 
fold), HLL (hind limb length), TAL (tail 
length), HW (head width, measured at jaw 
articulation), VTL (length of vomerine tooth 
series), and VTW (width of vomerine tooth 
series). Measurements were taken to the near-
est 0.1mm with dial calipers. Values of SVL 
and those of HL, HLL, TAL, HW in relation 
to SVL were compared among samples. The 
ratio of VTW to VTL (VTW/VTL), one of the 
key characters for species identification in this 

group (Sato, 1943), was also obtained and 
compared. The number of costal grooves (CG) 
was counted, and overlap of finger and toe tips 

(limb overlap, LO) when both forelimbs and 
hind limbs were adpressed along the body was
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recorded as the number of costal folds between 
those tips. In this character, a plus value 
indicates overlap and a minus value indicates 
separation. We also counted the numbers of 
teeth on the vomerine (VTN), upper jaw 

(UJTN), and lower jaw (LJTN). Differences in 
SVL and ratio values among samples were 
statistically tested by Student's t-test and Mann-
Whitney's U test, respectively. The definitions 
of characters followed Matsui (1987). The 
significance level was 95% in all these statisti-
cal tests.
 To summarize the morphological relation-

ships among populations studied, we performed 
canonical discriminant analyses (CDA) with 
the CANDISC procedure (SAS, 1990). In 
these analyses, we omitted TAL because not 

all individuals had intact tails.

RESULTS

Habitat, life history, and morphology
 The salamanders were collected in the 

daytime under fallen leaves and gravel along a 
small stream (maximum width=3m) on 7 
April and 7 May 2002. The stream was 
surrounded by a forest of planted cedars 

(Cryptomeria japonica) and its banks were 
covered with native plant species. This type of 
environment was typical of the montane 
regions on Kamishima Island (Fig. 2A). The 
bottom of the stream was covered mainly with 
rocks (Fig. 2B). There were small waterfalls 

(ca. 1m in height) near the place where we 
found salamanders.
 Nine males, one female, and two juveniles 
were collected on 7 May 2002 from one local-
ity. The testes and ovaries of these adults were 
atrophied. Fourteen larvae were also collected 
on 14 October 2002 in the moderately flowing 
stream along which metamorphs had been 
collected. These larvae were found at night 
near the banks of the stream.
 Morphological data of the adults are sum-

marized in Tables 1-3. Males were smaller in 

SVL and had relatively longer and stouter 

limbs than in the single female. In all adults, 

the head was moderately depressed and body

was robust. Six of the ten adults had regener-
ated tails, and the intact tails were short and 
thick. The posterior half of the tail was keeled, 
moderately above and weakly below. The 
dorsum was brownish gray. The trunk had 
numerous silvery dots mainly on the lateral 

and ventral sides, with a few on the dorsal side 

(Fig. 3). The two juveniles collected in early 
May measured 32.7 and 33.4mm in SVL. The

 FIG. 2. (A) Overall view of the habitat of 
Hynobius sp. on Kamishima Island, showing the 
typical vegetation. (B) The stream where adults and 
larvae of H. sp. were found.

 FIG. 3. An adult male of Hynobius sp. from 

Kamishima Island.
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juveniles had more silvery dots over the whole 
body surface than the adults.
 Fourteen larvae found in October had SVLs 

ranging from 22.2 to 28.5 (x=25.5)mm. Five 
of these larvae were thought to have started 
metamorphosis because of obvious reductions 
in their gills and tail fins. All larvae possessed 
a claw-like dark cutaneous structure on each 
digital tip. The body was light brown in 

ground color marbled with dark grey.

Morphological comparisons

Because only one female specimen was

available from Kamishima Island, we com-

pared only male samples in detail. In SVL, 
males from Kamishima Island were signifi-
cantly smaller than those of the species 
compared except for H. boulengeri from 
Osumi Peninsula (Table 1). Compared with 
the salamander from Kamishima Island, H. 
boulengeri from the Sobo-Katamuki Moun-
tains had a relatively long head, while H. 
boulengeri from the Osumi Peninsula and H. 
naevius had relatively narrow heads. Also, H. 
boulengeri from the Sobo-Katamuki Moun-
tains and H. stejnegeri had longer hind limbs

TABLE 1. Comparisons of SVL (x±2SE, followed by ranges in parentheses, in mm) and ratio (in %) of

each character dimension to SVL (medians, followed by ranges in parentheses) in five samples of the 
Hynobius salamanders examined.

 TABLE 2. Variation in the numbers of costal grooves (CG) and costal folds between adpressed limbs 

(LO) in the five samples of the Hynobius salamanders examined.
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TABLE 3. Comparisons in shape of the vomerine tooth series (VTW/VTL: median), and the numbers

(x±2SE) of vomerine teeth (VTN), upper jaw teeth (UJTN), and lower jaw teeth (LJTN) among the five

samples of the Hynobius salamanders examined. Figures in parentheses indicate ranges.

in relation to SVL than the Kamishima sala-
mander (Table 1). The tail length of males 
from Kamishima Island was significantly 
shorter than that of males of H. boulengeri 
from the Sobo-Katamuki Mountains and H. 

stejnegeri.
 The salamander from Kamishima Island 
consistently had 13 costal grooves, whereas 
specimens of each of the other populations 
examined had either 13 or 14 grooves (Table 
2). The frequency of occurrence of 14 grooves 
was especially high in H. boulengeri from the 
Osumi Peninsula and H. stejnegeri. In the 
salamander from Kamishima Island and H. 
boulengeri from the Osumi Peninsula, the 
limbs were more widely separated than in the 
other samples (Table 2).
 The salamander from Kamishima Island 
had a V-shaped vomerine tooth series. The 
ratio of width to length of the series (VTW/
VTL) was larger in the H. boulengeri popula-
tion from the Sobo-Katamuki Mountains (i. e., 
it had a shallower vomerine tooth series) and 
smaller in H. naevius (i. e., it had a deeper 
series) than in the salamander from Kamish-
ima Island (Table 3). The salamander from 
Kamishima Island had more vomerine teeth 
than the others. Likewise, the number of teeth

 TABLE 4. Standardized coefficients for the first 
three canonical axes (CANs 1-3) of variation of 
characters.

in upper and lower jaw was greater in the 
Kamishima Island salamander than in H. 
boulengeri from the Osumi Peninsula and H. 
naevius (Table 3).
 Standardized coefficients of the six mea-

surements calculated for the first three 
canonical axes (CANs 1-3) and proportions 
for these axes are presented in Table 4. 
Cumulative proportions indicate that CANs 
1-3 account for 98.8% of the total variation. 
The first and second canonical axes account 
for 87.4% and 7.8% of the total variation, 
respectively. The high positive coefficient 
value of HLL was obtained in CAN 1 axis,
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the high negative value of HW in CAN 2, 
and high negative value of HLL in CAN 3, 

and these were the main discriminanting 

features. The value of VTW was the second 

contribution for discrimination in all the 

three axes.

 Figure 4 shows two dimensional plots of the 

first three canonical variables. The salamander 

from Kamishima Island largely overlapped H. 

boulengeri from the Osumi Peninsula on the 
first canonical axis. However, on the second 

and third axes, the two populations tended to 

be separated from each other.

 FIG. 4. Two dimensional plots of the first 
(CAN 1) versus second (CAN2) canonical variables 
(upper) and the first versus third (CAN3) canonical 
variables (lower). Closed squares, open circles, 
open squares, open triangles, and reversed open 
triangles represent scores for specimens of Hyno-
bius sp. on Kamishima Island, H. boulengeri from 
Sobo-Katamuki Mountains, Osumi Peninsula, H. 
stejnegeri, and H. naevius, respectively.

DISCUSSION

Natural history

 The habitat and external morphology of 
larvae and adults of the salamander from 
Kamishima of the Amakusa Islands indicate that 
this is a lotic breeder (H. naevius group of Sato 

[1943]). The Kamishima salamander seems to 
breed before May and then stay near the breed-
ing stream. The most important aspects of its 
natural history such as breeding season, oviposi-
tion site characteristics, clutch size, egg diameter, 
egg sac shape, hatching time, and size of larvae 
at hatching are totally unknown.
 Some larvae seem to start metamorphosis 

before mid October, and the average size at 
metamorphosis is estimated as approximately 
26mm in SVL. However, some other larvae 
may overwinter and metamorphose at a larger 
size in the following spring or summer, as is 
usual with other lotic breeding Hynobius 
species (Misawa and Matsui, 1997). Estimated 
size at metamorphosis (ca. 26mm) is smaller 
than that of H. boulengeri from the Sobo-
Katamuki Mountains and H. stejnegeri (ca. 
35-50mm in SVL: Sato, 1954; Nishikawa et 
al., unpublished), but is similar to that of H. 
boulengeri from the Osumi Peninsula (ca. 25-
35mm: Sato, 2003; Nishikawa et al., unpub-
lished). In H boulengeri, geographically vari-
able size at metamorphosis is thought to induce 

great variation in adult SVL (Nishikawa et al., 
2001).
 The two juveniles collected in May were 
slightly larger than older larvae collected in 
October, and thus seem to have metamor-

phosed before winter and increased in size. 
Sexual maturation seems to be attained at 
about 60-70mm in SVL in males, and possi-
bly at a larger size in females.

Taxonomic status

 The color pattern of the salamander from 

the Kamishima Island, characterized by numer-

ous silvery dots scattered on the brownish gray 

body, is shared with some individuals of H. 

boulengeri from the Osumi Peninsula. Such a 

pattern is also similar to that of H. naevius,
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although silvery markings are more developed 
in this species. We found claw-like structures 
on the larval digital tips of the Amakusa sala-
mander, which is common to populations of 
H. boulengeri from the Kyushu Main Island 
and H. stejnegeri but is absent in H. naevius 

(Sato, 1943; Sato, 1954, 2003).
 In SVL of adult males, H. sp. from 

Kamishima Island is smaller than H. bouleng-
eri from the Sobo-Katamuki Mountains and 
H. stejnegeri, and is larger than the H. 
naevius we examined. The present salamander 
is most similar to H. boulengeri from the 
Osumi Peninsula but differs from it by a 
relatively wider head and larger numbers of 
vomerine and jaw teeth. However, the sample 
size currently available is not sufficient to 
make a taxonomic decision now, and further 
morphological analysis based on additional 
specimens, especially of females, and genetic 
analysis are needed to determine the taxo-
nomic status of this salamander.

Biogeographic implications
 In the past, the Amakusa Islands may have 

experienced frequent connection to and sepa-
ration from the Kyushu Main Island through 
the Yatsushiro Sea in between, which is very 
narrow and shallow (only 15km wide and 
mainly 25-55m deep currently). Occurrence 
of one of the largest pyroclastic flows from the 
Aso volcano (ca. 90000yBP) found in the 
Amakusa Islands demonstrates the relatively 
recent land connection of this island group 
with the Kyushu Main Island (Machida, 2001), 
and can explain the high similarity of the 
batrachian fauna between them.
 The presence of two Hynobius species, H. 
nebulosus and H. sp., on Kamishima of the 
Amakusa Islands is ecologically very interest-
ing because, in contrast to relatively large 
areas of the Main Islands of Japan, where 
more than one species occur, no more than 
one species is known from other small periph-
eral islands (e. g., only H. okiensis on Oki 
Island, H. tsuensis on Tsushima Island, and 
H. nigrescens on Sado Island). This is proba-
bly due to the small carrying capacities of

these other islands. The exceptional coexist-

ence of two Hynobius species on Kamishima 

Island may be partially attributable to their 

habitat segregation, with H. nebulosus occu-

pying a niche in the lowlands, and H. sp. in the 
mountains. The relatively short period of 

isolation between the Amakusa Islands and 

the Kyushu Main Island might also be respon-

sible for the current coexistence of these two 
species.

Conservation
 Among the salamanders examined in this 

study, H. boulengeri from a limited area on the 
Sobo-Katamuki Mountains is protected by Oita 
Prefecture and H. stejnegeri from Kumamoto 
Prefecture is also locally protected by the 

prefectural government. These species are also 
listed in the Red Data Book by the Japan Min-
istry of Environment (Matsui, 2000). However, 

H. sp. from the Amakusa Islands, first reported 
here, and the population of H. boulengeri from 

the Osumi Peninsula are not protected at all. 
Because both of these two morphologically 
unique populations are surely facing artificial 
habitat destruction, measures for their conser-
vation urgently need to be taken.
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APPENDIX

Sampling localities and catalogue number of 
specimens examined
 Voucher specimens are stored in the Gradu-

ate School of Human and Environmental 
Studies, Kyoto University (KUHE), S. Tanabe's 

private collection (T), S. Sato's private collec-
tion (ST), M. Sakamoto's private collection 
(SK), Osaka Museum of Natural History 
(OMNH), and the National Science Museum, 
Tokyo (NSMT).
 Hynobius sp. from Kamoshima of the 
Amakusa Islands: Kumamoto Prefecture 

(adults: KUHE 30332-30339, SK 4; juveniles: 
KUHE 30340, 30341)

 H. boulengeri from the Sobo-Katamuki 
Mountains: Ume-cho, Oita Prefecture and 
Takachiho-cho, Miyazaki Prefecture (Adults: 
KUHE 18920, 21619, 22813, 22889, 24878, 
24967, 25096, 26142, 27125, 27183, 27184, 
28748-28752, 28753, 28754, 28755, 28756; 
two unnumbered ST specimens)

 H. boulengeri from the Osumi Peninsula: 
Tashiro-cho and Koyama-cho, Kagoshima 
Prefecture (Adults: KUHE 18923, 22892, 
24961, 24962, 28539; OMNH H108; NSMT 
H03664, H04534)

 H. stejnegeri: Gokase-cho, Miyazaki Pre-
fecture (Adults: KUHE 12983, 14955, 14956, 
22815, 22817-22819, 26065-26068, 27156-
27560; T 2537, 2808; one unnumbered ST 
specimen)
 H. naevius: Ume-cho, Oita Prefecture (adults: 

KUHE 25098, 27383, 28846, four unnum-
bered ST specimens)
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