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Abstract

    Two problems havc been involved in the classification of the Japanese toads : (1) relation-

ships with the continental forms, and (2) relationships among forms hitherto described within

the islands. The present study was undertaken with the purpose ot- resolving the latter
problem, and to achieve this, morphometric variation analyses were made ofa large number
of preserved specimens. The results were synthesized with the hitherto accumulated non-
metrical and non-morphological information so as to taxonomfcally revise the Japanese toads.

A historical review of the classificat{on of theJapanese toads revealed that the most complex

problems were involved in the still-water breeding forms from the main islands (= the Japanese

common toad), and that thc taxonomic confusion was caused mainly by previous authors'
classification through examination ofa small number ofspecimens notwithstanding the great
variability ofexternal morphometric characters ofthe toads. The critical points for measurc-
ments fbr each character, and problcms with measurement crrors duc to variant fixation and

preservation are discussed. Allomorphic relations of 30 charactcrs to SVL were analyzed
fbr four age/sex groups o{' 147 Japanese common toads from rvlomoyama, Kyoto, with thc
result that many characters should be trcated separately tbr three groups, i.c., young, adult

males, and adult females. Besides, it was determined that simple ratios to SVL should not
be calculated for many characters. For theJapanese common toad, SVL and relativc value
(ACV:=theoretical value calculated by the allomorphic relationship of each character to
SVL) of 10 selected characters for each of 2,525 specimens belonging to 96 populations were

analyzed, and the presence or absence of intrapopulational age and sexual variations and of
interpopulational variations was noted. From these analyses, the Japanese common tbad
was divided into northeastern (A) and southwestern (B) types chiefiy by the relative size of

thc tympanum diameter. For the two types of the .Japanese common toad, presence of
morphometric clines in re!ation to geographical and/or climatological parameteis was in-
vestigated. Clear clinal tendencies were found mostly in type A, whereas few clear trends
were detected in type B. Taxonomical meaning of the clines was discussed, and it was
suggested that the Japanese common toad should be split into taxa beiow the species level.

Similar morphometric analyses were made on the still-water breeding Miyako toad from thc
Ryukyu Archipelago. The results for 176 specimens from 4 populations ind{cated that this
form was very uniform in. external morphometry, that it greatly differed from the Japanesc

common toad in several characters, and that the differences were greater bctween this form

and geograph{cally adjacent type B Japanese common toads in some characters. Similar
analyscs were also performed on 265 specimens of 13 populations of thc stream-breeding
,Japanese stream toad. Interpopulation variation in this form was very small. Comparisons
with sympatric and allopatric populations of thc Japanese common toad wcre made with the,

result that the two fbrms were found to be morphometrically almost complctcly separatcd,
showing grcatest differentiation in thc zQne. of sympatry. Taxonomic ('onclusions wcre
drawn with thesc rcsults in mind. For tlie.Japa. ncsÅë c,ommon toad, thc typc scries or topc)-

types of each of the hitherto described fbrms wcre compared with thc othcr populations and

it was determined that neither type A nor typc B can bc split further. Thc syntypes of Bqfo

l) Part of a thesis submitted to the Faculty of Scien(:e of Kyoto University in partial fu1filment

requirein(,".nts for the D. Sc. degree.
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vul•garis .iaPonicus, which is the oldest of all the described forms from Japan and is now kept in

Leiden, were examined and a lectotype was designated and described. This form clearly
belonged to type B. 'rhc nature of the intergradation of morphometric. variations between

type A and type B is discussed, and special attention is paid to the sudden change in the
morphocline in the tympanum diameter. From this discussion, the relation of thc two typcs
is regarded as subspecific, and they are treated as B. j'aponicus fbrmosus (type A) and B. i

j'aponicus (type B). For the Miyako toad, the morphometric difference f'rom the Japanese,
common toad in the adjacent distribution range was studied, and the two fbrms are regarded
as belonging to the different lineages. In addition, the known results ofartificial hybridization

support this idea, and therefbre, the form is regarded as specifically different from J'aPonicus

and is treated as a subspecies (mi akonis) of the northeastern Chinese species B. gargarizans.

The Japanese stream toad has been showii to have strong genetic compatibility with the
Japanese common toad. Therefbre, from the viewpoint of evolutionary taxonomy, the
taxonomic value of the evidence from genetical sources is discussed. The two forms are
distributed sympatrically, but are judged to seldom interbreed or show morphological inter-
gradation in nature. Thus, notwithstanding the strong genetic compatibility of the artificial

hybrids, theJapanese stream toad is regarded as a full species, B. torrenticota, as was originally

described. In conclusion, the Japanese toads are taxonomically divided into three species,
Bufo j'aPonicus (.i. J'aPonicus Schlegel, 1838 and i formosus Boulenger, 1883), B. gargarizans

miyakonis Okada, l931, and B. torrenticola M. Matsui, 1976.
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                               Introduction

    The family Bufonidae is a large group of anuran amphibians consisting of more

than 18 genera (Trueb, 1971; Pillai and Yazdani, 1973; Gorham, 1974; Ruiz and
Hernandez, 1976), among which the genus Bufo is predominant both in the range of
distribution and in the number of species included.

    The genus is almost cosmopolitan and is distributed in all the main land masses

except Greenland, Australia, New Guinea, and New Zealand (Goin et al., 1978). At
least 187 species were known some ten years ago (Gorham, 1974), and the number is
still increasing (e.g., Tandy et al., 1976; Matsui, 1976a; Ye, 1977; Andr6n and Nilson,

1979; Duellman and Toft, 1979), since, as pointed out by Blair (1972), there are many

undescribed cryptic species, and there still remain areas not yet thoroughly surveyed.

    Chiefly by the shape of the frontoparietals, the toads of this genus can be divided

into broad-skulled and narrow-skulled types (Martin, 1972). The former type is
considered to be adapted to warmer climates and the latter to colder climates (Blair,

1963, 1972).

    The Japanese toads treated in the present paper are regarded as members of the
Bufo bufo species group (n-complex) which belongs to the narrow-skulled type (Inger,

1972; Matsui, l976d, 1980a, b). The distribution range of the Bufo bqfo complex is

rather wide compared with that of the other species groups of the genus and includes

most of Europe, western North Africa, northern Asia Minor, central Asia, northeastern

Fig. 1. Map of Eurasia showing distribution range of the Bufo bufo cornplex, from dat.a by

      Arnold and Burton (1978)., Bann{kov et al. (1977), Borkin and Roshchin (1981),
      Fuhn (1960), Liu and Hu (1{61), Matsui (1976d), Pasteur and Bons (1959),
      Schmidtler and Schmidler (1969), Schneider (1974), and Terhivuo (1981).
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Asia, Taiwan, Japan, and Sakhalin (Inger, l972; Matsui, 1976d; Fig. 1). The toads
of this complex, as a whole, are different from members of the largely sympatric Bqfo

viridis complex in some morphological features (Inger, 1972; Matsui, 1980b), forming

a somewhat uniform group. On the other hand, geographic variation in some mor-
phological characters in this complex is pronounced and this makes the classification

within the complex not easy (Inger, 1972; Matsui, 1980a).

    The complex from Japan has been regarded as represented by two species: the
Japanese common toad and Miyako toad (Brfo bufo ssp.), and theJapanese stream toad
(Bufo torrenticola). The distribution range of the former species within the Japanese

Islands includes the southernmost part of Hokkaido and most parts of Honshu, Shikoku,

and Kyushu. It also occurs in Goto, Yakushima, and Tane-gashima Islands, but has
never been reported from Sado, Oki, and Tsushima islands. In the Ryukyu Archi-
pelago, it naturally occurs only in Miyakojima Is. and has been artificially introduced

into Okinawa.iima Is. (Yashiro, 1938) and Kita- and Minami-Daitojima Islands.
(Matsui, 1975b). By contrast, the distribution ofBepfo torrenticola is much more limited;

it is found only in some parts ofHonshu (Matsui, 1976a, 1980e). As many as five forms
(subspecies), i.e., hokkaidoensis, montantts, formosors, j'aPonicus, and "akushimensis have been

reported for Japanese common toad (Okada, l966). This number is extremely large
compared with that of the other Japanese anuran species (of the 31 other species, only

four are currently divided into more than two forms ; Hlla hallowellii (2 spp.), Rana porosa

(2 spp.), Rana tagoi (3 spp.) and RhacoPhorus viridis (2 spp.)), and this suggests that the

Japanese common toad is far more variable than the other species. On the other hand,

the number also suggests that the Japanese common toad tends to have been split into

too many forms compared with the toads of this complex in the continental regions:
only fbur subspecies in Europe (bufo, sPinosus, gredosicola, and verrucosissimus) and three

in China (gargarizans, andrewsi, and minshanicus) are generally recognized as valid (Liu

and Hu, 1961 ; Mertens and Wermuth, 1960), though the forms of China have not yet
been thoroughly surveyed (iMatsui, 1980a).

    Most of the Japanese fbrms have been classified and described on the basis of only

several morphological characteristics on small number of samples, and therefore, the

classifications made so far stand on taxonomically weak grounds. In the current
systematics of anurans, much attention has been paid to characters other than mor-
phological ones, and data from many biological aspects, such as ecological, physiological,

genetical and ethological, have become increasingly emphasized (Blair, 1962).

    The fundamental ground for reasonable systematics, however, is considered to be

morphological data (Zweifel, 1973) which have been well selected and derived from a

large collection of samples. Yet morphoiogical investigations of Japanese anurans
seem to be less advanced than those in other countries, and morphological variations

ofon]y few species have been studied (Rana nigromaculata-Porosa complex: Moriya, l954;

Kokuryo and Matsui, 19. 79; Rana limnocharis: Kuramoto, 1968). The Japanese toads
are supposed to be the most variable amongJapanese anurans. Nevertheless, no actual

analyses of morphological variation have been made.

    With the purpose of establishing reasonable systematics of the toads of Bufo bufo
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complex, I have been studying them from many approaches (Matsui, 1974a, b, 1975a,
b, c, d, 1976a, b, c, d, e, f, g, 1977a, b, 1978b, 1979a, cj 1980a, b, c, d, e, f, 1981; Matsui

and Satow, 1977; Matsui and Wakana, 1978; Miyamae and Matsui, 1979), and in the
present study, I tried to clarify the morphological variations of the Japanese toads so

as to revise them systematically.

    With this view, 1 1 metric characters, including most of the hitherto taxonomically

stressed ones, were statistically investigated in 2,966 samples from many regions of

Japan.
    In the course of this study, I paid attention as much as possible to ontogenetic

variation, or morphological changes with growth, and to sexual dimorphism in adults,

both of which have been almost totally neglected by the previous authors. I ana}yeed

morphometric characters from the standpoint of allomorphic relations between snout-
vent length and dimension of each morphometric character and, by calculating the
ACV (Thorpe, 1975), I tried to eliminate the errors which might be possibly produced

by calculating a simple ratio betwcen two dimensions.

    Further, I made analyses on geographic and climatic clines for each character and

considered relations between morphological variations and environmental factors for

a better unders-tanding of the meaning of variations.

    Finally, I made an attempt to revise the classification of the Japanese toads by

synthesieing the results of the morphological studies and other non-morphological data

hitherto reported (e.g., genetic compatibility, habitat selection, and distribution, etc.).

                                     I
                  History and Problems of the Taxonomy
                          of the Japanese Toads

1. A Historical Reviett) ofClasszfcation qf the JaPanese Toads

  a) 1826-1907
    The Japanese common toad was first described in 1826 by Boie under the name
of Bwfb praetextatus, without any indication of the exact type locality. In the next year

he assigned this name to the specimens collected by Blomhoffin Nagasaki (Boie, 1827).

Boie's type specimens, however, seem to have been lost by the beginning of' the 20th

century (Stejneger, 1907), and since then the name Praetextatus has been used only by

a few authors (e.g., Slevin, 1930). The oldest type series oftheJapanese common toad

now existing was collected by Siebold and BUrger in "Japon" and described by Schlegel

( 1938), and the series is now kept in the Rijksmuseum van Natuurlijke Historie (RMNH),

Leiden (Matsui, 1980c).
    Schlegel regarded these type specimens as a variety of the European common toad

and gave them the name Bufo vulgaris var. j'aPonicus. Being a typical lumper, he dedicated

many pages of his original description of the Japanese common toad to critiques upon

splitting with regard to problems ofsynonymy prevailing at that time in the classification

of toads and frogs. As a result, he did not hesitate to believe the Japanese common

toad to be a mere climatic variety of the European common toad.
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    As shown in the upper lines of Table 1, most of the authors before 1882 regarded

the Japanese tpads either as identical with, or as merely subspecifically separate from

the European common toad (GUnther, 1858; Bleeker, 1858; Martens, 1876; Boulenger,
1880; Hilgendorf, 1880).

    Among these authors, Boulenger (1880), in reviewing the Palaearctic toad species

in detail, has admitted that the Japanese and Chinese common toads have some char-
acteristics different from the European common toad. But such characters seemed to
him unstable and he concluded that it was unnecessary to separate the former as sub-

species from the latter, a view sharply opposed to the opiniong. of Lataste (l880) and

Camerano (1879), who tried to differentiate the Asiatic common toads from the
European representative at the species rank.

    Boulenger (1883), on the other hand, described a distinct species Bufo formosus on

the basis of specimens collected from Yokohama and deposited in the British Museum

of Natural History (BMNH). Fifteen years later, he regarded the Japanese common
toad from Kobe as identical with European common toad- the same treatment as in
1880- and mentioned nothing about the "distinct species"formosus (Boulenger, 1898).
    These examples clearly indicate that in the early stage of classification of the Japa-

nese toads, there was some confusion with regard to the relationship with the European

common toad, and it was Stejneger (1907) who arranged the problems in order. He
reviewed in detail the taxonomic history of the Japanese toads by the beginning of the

20th century and summed up the taxonomic problems in the following three points
(Stejneger, 1907: 57, parenthesis by me) :

    (1) Is there more than one species ofBufo inJapan?
    (2) (If there are more than one species,) is one of these identical with the species

on the mainland ?

    (3) In case ofdifferent forms being recognized, what names are to be employed?

He tried to give answers to these problems by comparing available specimens and, as

a result, recognized three Japanese forms: Bufo formosus, Bufo bufo 7'aPonicus, and Bufo

smithi; the last form was newly described by himself.

    In his study, Stejneger adopted the "International Rules of Zoological No-
menclature" (1905) which had just been adopted at that time, and used the specific
name of bufo instead of vulgaris, the name widely been used for the European common

toad (The type species of the genus Bufo was changed from Bqfo vulgaris Laurenti, 1768

into Rana bufo Linn6, 1758, but some authors debated whether to regard bufo as type

species of the genus (Levition and Anderson, 1970: 174; Mertens, 1971)).

    Among the three forms, the outline of Bufo bufo J'aPonicus, the only one Japanese

subspecies of the European common toad, was most unclear to him, and with some
reservation, he considered that the name was to be tentatively applied to the specimens

from Kobe and Nagasaki. The sole specirnen he could actually examine was the one
from "Miyakoshima (?)" (Stejneger, 1907: 69). He also stated that both formosus
and trueJ'aPonicus seemed to be included in the type series ofBufo vulgaris var. j'aponicus

reserved in R]VINH (its exact locality is unknown as stated previously). I was able to

examine the series and reached a different opinion from Stejneger (Matsui, 1980c),
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and I will report the results in detail in the latter pages of the present paper.

  b) 1908-1942
    No essential changes occurred in the classification of theJapanese toads during the

20 years after Stejneger's treatment.
    In 1927, Okada published a paper on the distribution oftheJapanese frogs in which

he listed the name of Bufo bufo mi7akoensis (Schlegel) distributed in the Ryukyu Archi-

pelago, but no description was made of this apparently "new" form. In the next year
he described two new subspecies : Bufo vulgaris hokkaidoensis and B. v.2akushimensis (Okada,

1928). Attention must be paid to the Okada's use of "vulgaris" for a specific name;

this point can be reviewed by examining his treatment of the toads from the Far East
in his famous monograph published two years later (Okada, 1930). He recognized
four subspecies ofBufo "vulgaris", i.e.,formosus, juPonicus, hokkaidoensis, and.7akushimensis,

from the islands ofJapan, and eliminated Stejneger's (1907) Bufo smithi as a synonym of

B. v, j'aPonictts. He gave the name Bufo "bufo juponicus" "(Stejneger)" to the toad from

Miyakojima Isl. of the Ryukyu Archipelago. What we should notice is his way of
applying scientific names and his recognition of "species". According to Okada's clas-

sification, there existed two toad species named Bufo vulgaris and B. bufo in Japan, but

as already shown by Stejneger (1907), the former name is nothing but a synonym of

the latter.

    That he did not precisely differentiate subspecies from species is evident from his

description in the chapter on the distribution ofJapanese toads: "...in the Japanese
territory, ...the following nine `species' occur..." (Okada, 1930: 20). It is highly

probable that lack of species recognition with him resulted in a misunderstanding of

meanings of Stejneger's taxonomic treatment.

    He stated in the description of B. "bqfo j'aponicus]': "the subspecies was described

on the basis of the specimen collected by Stejneger from Miyako Island."; but this
statement is incorrect, since, as already mentioned, `Viaponicus" was described not by

Stejneger but by Schlegel and the former author only assigned the name j'aponicus to a

specimen deposited in the Tokyo Imperial University from an uncertain ioc,ality,

"Miyakoshima?".
    In the English monograph published in the next year (Okada, 1931), his treatment

of the specific names of the Japanese toads was unchanged and both "borfo" and
"vutgaris" were still retained. However, the toad from Miyakojima Isl. (Bufo bufo
j'aponicus in 1930's monograph) was newly described under the name of Bufo bqfo

mivakonis in this monograph.

    However, if it is taken into account that the concept of biological species was
undeveloped in those days, Okada should be praised in spite of this taxonomic confusion,

because he contributed much to the knowledge that the Japanese toads are morpho-
logically heterogeneous and, especially, that the Miyako toad is tairly remote from the

    Even after the publication of these monographs, Okada long continued to use the

species names vutgaris and bufo, and described an additional new subspecies B. v.
montanus in l937. Furukawa and Takashima (1942), on the contrary, proposed that
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the name of the Japanese toads, Bufo vulgaris Laurenti was only a junior synonym of

Bufo bufo (Linn6), but their opinion was not widely accepted.

  c) 1943-1966
    In 1947 Inger published a review of the herpetofauna of the Ryukyu Archipelago,
and in his paper he stated that Okada's original description of the Miyako toad (Okada,

1931) was incomplete, because it showed no tangible differences from the Chinese
common toad. Thus he relegated mipakonis as a synonym of the Chinese Bufo bufo
gar.garizans Cantor (Inger, 1947). He considered that the Miyako toad had been
recently introduced into Miyakojima Is., since its distribution range is restricted to this

island, which is thought to have been under water through many geohistoric ages. In

another paper on the distribution and speciation of the herpetofauna in the Ryukyu
Archipelago, he emphasized again that there was not even a slight difference between

the Miyako toad and Chinese toads except the peculiar distribution of the former

(Inger, 1950).

    Nakamura and U6no (1963) contributed much to put the confusion since Okada
(1930) in order. They relegated all the five subspecies recognized by Okada, which
are distributed in the Japanese islands north of Yakushima, to the synonymy of Bufo
bufo j'aPonicus and considered it enough to recognize onlyformosus and juponicus as valid,

if indeed there was any necessity to divide them into subspecies. They treated the

Miyako toad in the same way as Inger (l947, 1950).
    Okada (1966) strongly opposed Nakamura and U6no's view by insisting on the
validity of five subspecics, but his description for each subspecies was almost identical

to that made 30 years ago except for the use of bufo, instead of vulgaris, for the species

name.
  d) 196'7-
    In tbe years reviewed above, classification of the Japanese toads was made mainly

on the basis of morphological characters, and most of the authors invariably believed

that the Japanese toads were conspecific with the European common toad.

    In the 1970s, detailed analyses of morphological as well as non-morphological
characters began to appear and resulted in a great change in taxonomic position of the

Japanese toads. Guttman (1967) showed between the European and the Japanese
common toads, the existence of a great difference at more than subspecies level in the

electrophoretic patterns of blood proteins. Martin (1972) supported Guttman's view

from the observation of skull morphology.

    I quoted the idea of these authors and suggested that the systematic relationships

of the ,Japanese and European toads would require reexamination and, in order to
pursue this, it would be necessary to make anaiyses on biochemicals like parotoid gland

secretion as well as morphological variation analyses (Matsui, 1974a). I analyzed

ontogenetic and sexual variations of external characters of the Miyako toad and have

suggested that this form is different from the Chinese gargarizans in several characters

(Matsui, 1974b). I found a new toad from Ohdaigahara, Nara Pref. and Neo, Gifu
Pref., whose larvae inhabit mountain torrents-a habit up to that time known only for

the larvae of Bepfo bufo andrewsi from western South China (Matsui, 1975c)-and I de-
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scribed this stream toad as Bufo torrenticola based on the peculiar larval ecology and

morphology, and adult morphology (Matsui, 1976a). The Japanese stream toad was
described as a fu11 species because I have found that this species is distributed sympa-

trically with B. bufo formosus and ecologically isolated from the latter in Neo Valley,

Gifu Pref. (Matsui, 1976a).

    I (Matsui, 1975d, 1976b) also made cross experiments to get better understanding

of the taxonomic relations between continental and Japanese toads; I found that the
hybrids of femalej'aponicus Å~ male mi akonis are fertile, whereas those of femaleJ'aPonicus

 Å~ male sPinosus are sterile. Further, I discussed the situation of the Eurasian anurans

as a fauna complex, paying special attention to the tendencies found in the degree of

specific differentiation of these animals, and from these results, suggested that the

Japanese and European common toads could be separated from each other as two
distinct species.

    From the results of further cross tests, I showed that the Japanese toads warrant

separation from the European common toad, and in addition, I found that there is almost

no postmating isolating mechanism between Japanese stream toad and still-water type
formostts (Matsui, 1977a, b). A4atsui and Satow (1977), on the basis of the electro-
phoretic properties of hemoglobin, thought that the Japanese still-water type toads,

formosus andJ'aponicus, form a unique group with theJapanese stream toad and that they

are remote from the European common toad. Moreover, Matsui and Wakana (1978)
and Matsui (1980a) proposed systematic relations within the Bufo bufo complex from
the results of a karyological study and showed that the Asiatic toads were remote from

European Bufo bwfb.

    Nishioka et al. (1978), based on cross experiments, reached the same conclusion as

Matsui (1977a, b) about the relations of the Japanese common toad with the European

common toad and the Japanese stream toad. Kawamura et al. (1980) published the
results of crass tests and made taxonomic conclusions about Japanese toads and the
European common toad. Their conclusion, based purely on the results of laboratory

crosses, was that all theJapanese toads may have been differentiated from the European
Bufo bqfo and could be grouped into Bufo j'aPoniciis.

2. Taxomic Problenzs and Characters to be Chosen

  a) Taxonomic Problems
    In view of the taxonomic history stated above, forms of toads hitherto described

fromJapan can be summarized as follows:

    Bufo vulgaris var. j'aPonictts Schlegel, 1838. Fauna Japonica, Rept. 106, 139. Japon.

    Bufoformosus Boulenger, 1883. P.Z.S.L. 140. Yokohama.
    Bufo smithi Steineger, 1907. Bull. U.S.N.M. 58: 64. Toza, Shikoku.

    Bqfo vulgaris hokkaidoensis Okada, 1928. Annot. Zool. Japon. 11: 269. Hakodate,

Hokkaido.
    Bufo vulgarisJakushimensis Okada, 1928. Annot. Zool. Japon. 11 : 269. Yakushima.

    Bufo bufo mi akonis Okada, 1931. Tailless Batr. Jap. Empire 47. Miyakojima,
Riukiu Isl.

    Bufo vulgaris montanus Okada, 1937. Sait6 Ho-on Kai Mus. Res. Bull. 12: 189. .
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Ch6kaizan, Yamagata PreÅí
    Bufo torrenticota M. Matsui, 1976. Contrib. Biol. Lab. Kyoto Univ. 25: 1. 0hdaiga-

hara, Nara Pref.

    It is certain from the recent information (Matsui, 1976b, 1977a, b; Kawamura
et al., 1980) that the Japanese toads can be separated from European Bufo bufo at the

species level. However, relationships between the toads ofJapan and those of the
continental Far East have not yet been clarified, and these are most important problems

which need to be investigated hereafter.

    Among the toads ofJapan, the Miyako toad seems, even from its peculiar distri-
bution alone, to be taxonomically different at least above subspecies level from the

forms of the main islands. Although Inger (1947, l950) regarded the Miyako toad as
consubspecific with the Chinese common toad, his conclusion was derived only from

Iiterature and not from actual observations on specimens ofthe Miyako toad. Kawamura
et al. (1980) separated the Miyako toad as a subspecies of the Japanese toad (including
the Japanese stream toad), but the results of cross experiments they made between this

subspecies and the Japanese stream toad clearly indicate that their taxonomic treatment

is unreasonble; this indicates the didiculty in classifying toads only on the basis of cross

tests in the laboratory.

    More dithcult probiems are involved in the taxonomic relations among forms of
the Japanese main islands. Of the seven forms hitherto described from Japan other

than Ryukyu Archipelago, only the larvae of Bufo torrenticota are known to be stream

types, and all the remaining forms are regarded as still-water types (hokkaidoensis-

Muramatsu et al,, 1963; montanus- Matsui, 1976e; formosus- Okada, 1938, Matsui,
1976all'aponicus- Nakamura, 1934, Matsui, l976a; smithi- Matsui, unpublished data;

lakushimensis- Matsui, 1979a). Bufo torrenticola clearly differs from the other forms

ecologically, and also has peculiar morphology. Therefore, even Kawamura et al.
(1980), who considered Bufo torrenticota to be conspecific with still-water type j'aponiczts

andlakushimensis, recognized the morphological and ecological peculiarity of torrenticola

and were forced to separate it as a "subspecies" fromj'apaonicus.

    Opinions differ among authors as to the application of the results of cross tests.

Even if the artificially produced hybrid of any two forms proved to be fertile, it would

be dangerous to consider these two forms conspecific on the basis of such tests alone

(see Simpson, 1961; Packard, 1971; Kuramoto, 1979). The different standpoint
between Matsui (1976a) and Kawamura et al. (1980) is based on the difference in the

recognition of species actuaily living in natural conditions.

    Half of the forms of the still-water type (hokkaidoensis, montanus and "akttshimensis)

were described by Okada (l928, 1937), but there are instances in which his description

does not agree with his measurement data (e.g., Okada, 1931: 40), and most of his
formt have vague outlines partly because of his insuMcient variation analyses.

    On the other hand, Matsui (1976a) separated the Japanese stream toad from the
still-water forms on the basis of the fact that, where they occur sympatrically, mor-

phological difference is evident and no intermediate form occurs. By contrast,
Kawamura et al. (1980) "believed" the occurrence of morphologically intermediate
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natural hybrids of still-water and stream types in view of the high morphological
variation among the still-water •forms.

    Consequently, clarification of the taxonomic position of the Japanese stream toad

itself would require, first of all, studies on the morphological variations.

  b) Characters to be Chosen

    The original description of Bttfo vulgaris var. juPonicus was rather incomplete; the

basis on which Schlegel separated the Japaneg,e toad aq a variety of the European
common toad were: (1) more vivid coloration, (2) conical head wider at its base, (3)

more protruded snout at the level of the nostrils, and (4) more evident dark blotches

on the belly. He thus recognized the differences in the coloration and the shape of the

head, but he did not metrically analyze the second and third characters. '
    Boulenger (1883), who accepted Bufo formosus as a close relative of Bu.fo vulgaris,

pointed out that the former could be separated from the latter by the following
characters: (1) larger tympanum, (2) longer hindlimb, (3) longer toes, (4) deeper
incision of the foot web, and (5) s.horter first finger,

    Stejneger (1907), in dividing Japanese toads into three forms, i.e. formostts, smithi,

and bufo j'aPonicus, paid attention to such characters as (1) the size of tympanum, (2)

length oflimbs, (3) length relation of first and second fingers, (4) length and thickness

of parotoid, and (5) degree of web incision of the foot. Of these characters, he listed

the measurements of tympanum diameter and the tympanum-eye distance for.farmosus
and smithi.

    The characters utilized by Okada (I928, 1930, 1931, 1937, 1966) in differentiating

the six Japanese forms are shown in Table 2. Most of the characters employed by him

wcre in the head region and special attention was paid to their relative sizes: the most

important characters were (1) size of tympanum, especially with relation to its distance

from eye, (2) snout length, (3) parotoid length, (4) relation ofinternarial to interorbital

distance, and (5) relation of internarial or interorbital distance to tympanic diameter.

In addition, degree of web extention and coloration were in some cases regarded as

diagnostic characteristics. ,,
                                       .t    Nakamura and U6no (1963) pointed out the differences in body size and degree
of web extention between the Japanese and the Miyako toads.

    I split the Japanese stream toad from the other Japanese toads because of (1) the

sma]ler and indistinct .tympanum, (2) the shorter and less divergent parotoid, (3) the

larger hand and foot, and (4) the peculiar body coloration in life, and I tabulated

morphometric values (Matsui, 1976a: 4).

    In short, most of the distinguishing characters differentiating either Japanese toads

from the European common toad, or fbrms in Japan are morphometric ones and more
than halfofthem are in the head. Only the coloration and webbing are enumerated as

non-metric characters. Among the morphometric characters, authors most oftcn
mentioned tympanum size and next hindlimb length and parotoid shapc.

    As already stated above, most of the taxonomic problems still unsolved are
concerned with relationships among forms of still-water type toads of the Japanese
main islands (the Japanese common toad). Characters hitherto given importance in
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Table2. Diagnostic characters employed by Okada (1928, l930, 1931, 1937, 1966) to
   differentiate six forms in Japanese toads. Abbrebiations for the forms: for =,formosus,
   J'aP=J'aPondetcs, hokk== hokkaidoensis, mon=montanus, )aku=]akushimensis, mi a=mi akonis.

j'ap hokk mon ),aku mi a

fer

J-ap

size of

  tympanum
position
  of nostril

snout length

size of

  tympanum
hindlimb
  length

size of

  tympanum

parotoid
  length

size of

  tympanum
development
  of toe web

sizc of

  tympanum

hindlimb
 length
size of

  tympanum
internarial/
  orbital w.

development
  of toe web

development
  of toe web

Itokk

rrton

developmcnt
  of toe web

sizc of

  tympanum

d{;velopment
  u{' toe wcb

development
 of toe web

size of
  tylllpanum/
  interorbital
    . or tnter-
  narial

yaku
developmcnt
  of toe web

c!assifying the still-water type toads from the Japanese main islands are mostly mor-

phometric characters: (1) size of tympanum, particularly in relation to its distance
from eye, (2) length and width of parotoid, (3) snout length, (4) relation of internarial

and interorbital widths, (5) length oflimbs, and (6) web extention; this last was the only

nonmetric character. Thus, morphometric characters alone suMciently, if not com-
pletely, make it possible to reexamine the validity of taxonomic status of each form.

                                      il
                   General Descriptions of Materials and
                           Methods of Observation

1, Materials

  a) Poputation
    The main object o{' this study is to revise taxonomic relations of the Japanese toads

chiefly from the results ofvariation analyses ofexternal morphology. For this purpose,

I tried to randomly collect as many specimens of toads from as wide a range as possible.

Most of the specimens examinecl were collected by myself, and their habitats were
observed at the time of collection. In addition, I was able to examine specimens
presented by many people or borrowed from museums and research institutions. As
a result, I could investigate holotypes or topotypes of all the eight forms ofJapanese
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 1
 2
 3
 4
 5

6
 7

8

9

10
11

12

13

14
ljr

l6

17

18
19.

20
21

22
23

24
25

26
27

28
29
30
31

32

33

34
35

36
37

38
39
40
41

42
43
44
45
46
47
48

Population

Table 3.

  t..--

Hakoda te

Shimokita
Tsugaru
Aomori
Hakkoda
Iwaizumi
Hayachine
Moriyoshiyama
Sugawa spa
Chokaizan
Yusa
g. endai

Oguni
Fukushima
Tak{ne
Niigata

Kase
Shiobara
Tatebayashi
rv(ito

Tsukuba
Kiyosumi
Tokorozawa
Togane
Tokyo
Yokohhma
Okutama
Hotakayama
Shiga Kogen
Agamayama
Ueda
En' zan
Fuji

Izu

Amagi
Myoko
Omachi
Matsumoto
Ikawa
S. hizuoka

Kurobc
Titeyama
Kamikochi
Kiso

Ohkuwa
Ontake
Takayama
Gujyo Yahata
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Number ofJapanese common toads examined.

          '
Number of s peclmens

young.

  3
  l

  2

  1

  1

 32

  4

 13 •
  1

  1

  2

 65

 12

  1

 10

 2

 8
 8
 2
 14-

 6
  1

 2
 6
 3

  I

 2
 ,r)

 2
 6

1

3

1

1

adult male adult female

 ll

  1

20

 6
 9
  1

 16

  1

 8

 1
 3
 1

64
 .r)

34
2t,)

20
10

67
22
IJr

39.

 6
41

 1•

 3
10

l3

51

 2
29

 1
 1.

 5
70
14

 3
 2
 1
-39. •

 l
 1

 3
 2

 3

 1
2

3

 1

 1
15

 1
8

zl,

2

 1
13

24
16

20
 9.

18

21

6
!2

 3'

17

 3•
2

7

3

30
1

10

25

1

1

 6
 6-

 5
1

t.t. 1..r

Total

 17
  2
  3
 22
 10
 11
  2
 63
  6
 29
  1
  6
  3
  5
  1
142

  .5

 70
 41
 40
 20
 95
 45
 21
 5{

 17'
 60
 18
 11
 18
 l8
 87
  6
 39
  2
  3
 10
 9.7

 20
  4
  2
  2
 4-5

  8
  l,

  3.
  9
  4

(cont'd.)
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Population
Number of sp eclmens

young adult male adult female

49
50
51

52

53

54
55
56
57

58
59
60
61

62
63
64
65
66
67
68
69
70
71

72

73

74
75
76

77

78

79
80
81

82
83
84
85

86
87
88
89
90
91

92
9.3

9.4

95

96

Horai
Nagoya
Yatsuo
Kanazawa
Hakusan
Shiramine
Nogo Hakusan
Mihama
Kohoku
Kyoto Ashu
Hirasan

Kuramayama
Kyoto Iwakura
Daimonjiyama
Kyoto Momoyama
Settsu

Kobe
Nara
Tsu
Ise

Yoshino
lzumi
Ryujin

Kumano
Kinan
Awaji
Mikata
Daisen
Matsue
Hiba
Kammuriyama
Hagi
Takamatsu
Sanuki
Tsurugisan
Ishizuchisan

Oda
Kochi
Ashizuri

Usuki
Hikosan
Ik{

Satsumafuke
Kirishima

Hyuga
Kagoshima
Koshiki

Yakushima

 2
 3
 2

 2
 l
 5
23
10

 ,1,

 1
47
65

2

2

24
2

2

 l
23

 2

s) r)

2

3

10

91

3

3

4
11

3

9

5.r,

2

3

7

1

13

3

21

l2

6

3

10

25
21

8
Jr7

24
28
10

46
 1
 i)

3

1

1

2

12

 1

27
22
JrO

 1

3

6

27
3

31

2

7

1

4

16

5

5

3

2

1

7

14

2

12

12

9
11

4

36
1

1

 2
 1

 3
 2
,12

 1
2

 1

9
15

10

23

2

7

3

l4

3

8

4

22

 1

 1

 1

1

ll

Total

  8
 26
 17
 11
  5
 11
 34
 36
  7
 43
 79
 37
 40
 61
147

  4
  8
 27
  2
  4
  3
 23
  6
  4
119
  1

  4
  3
  1

 20
 42
123

 76
  3

  7
 21

 12
 JrO

 6
94

 8
 3
29

 8
 2
 6
  1

40

227
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rrable 4. Gcographic parameters for populations of the Japanesc commontoad.

Population
Longitude (eE) Latitude (oN) Altitude

range x range X range

(nl)

  x

1

2

3

4

 5
6
7

8

9
10

ll

12

13

l4
IJr

16

17

18
19.

20
21

22
23
24
25
26
27

28
29
30
31

32
33

34
35

36
37
38
39
40
41

42
43
44
45

46
47
48

141

140
140
1,ro

141

.14-141.

.24-140.

.37-140,

.51-l40.

.50-141,

140.

l39

140

28
25
52

S7

59

OO-1tK}.Ol

.45-139. .

.13-140,

138.

139.

139.

140.

140.

48
23

49. -l39. .20

47-139,
33-139.
25-1tlO.

06-140.

139.19-139.
139.56-140.
139.28-l39,
139,29-139.
139.10-139,
138.57-139.
138.31-138.
138.21-138
137,31-138.
138.40--139.

138.42-138.
138.55-139.

137

137

138

138

.52-137.

.59-l38,

,11-138.
,19-138.

137.

137.

137.

137

137

31-137
36-137
37-137

51

52
Sl

18

26
20
42
34
13

09
43
38
17

02
58
10

Jr8

16

24
31

.3Jr

.40

.46

,24-137.
.15-l37.

30
16

140.43
141.21

140.25
140.45
140,54
141,54
141.30
l40.37
140.46
140.01
140.02
140.5t

139.47
140.21

140.41
139,02
139.37
139.49
139,43
140.28
140.11

140.1O
139.23
140,08
139.35
139.32
139,11
139.03
IS8 34
138 27
138,03
139,52
138,4{

l39.00
138,57
138.0r)

l37.56
138 Or)

138.17
138,24
137.28
137.33
187.38
l37.4,1

137.46
137.27
137.l6
137.00

41.

41.
`ro'

40.

39,

39.

38
37

18-41,25
OO-41.01
33-tlO,49

36-40,39
39-39,48

06-39.07

.04-38.

.36-38.

37.42-37

36
36

36
35

35

35
3jr

25

09

.57

.54-37.

.14-36.

.23-36.

.58-36.

.07-35.

.Jr o-3Jr .

.33-3Jr.

07
20
32

12

09.

.r}1

48

35.22-35,33
35.28-35.48
36,43-36,48
36.38-36.49
36,21-36.31
36.00-36.33
35.43-35.52
35.18-35.25
34.ttO-35,08

36.

36.

36.

3i
3S.

Jr 2-36.53

32-36.57
11-36.15
13-3S.34
09. -35.12

36.26-36.27
36.07-36,15
35.36-35.51

35
35

,49-35.
.48-36.

Jr2

08

41,4r)

41,22
41.01
40.41
tK}.38

39.42
39.33
39.59
38.59
39.07
39.01
38.15
38.1tj

37,53
37.26
37,SO
37.45
36.59
36.17
36,28
36.0S)

35.08
35.SO
35.41
35.42
35.28
35.42
36,46
36.43
36,26
36.21

35.49
35.21
35.59
34.51
36.53
36.47
36.14
.ar),2o

35.1O
36.35
36.27
36.Ie
35,46
35.44
35.51
35.58
35.4Jr

 20- 280
  O- 20
  O- 5
 40- 200
450- 920
 40- 220

630- 870

1150-1700

l30- 400
580-15OO

15- l20

960--17OO

 20- 40
 40- 60
 20- 30
 20•- 228
  70- 110

 30- 40
 30- 80
 tK)m 60
 150- 550
 700-2000
11OO-2300
I070-1700
 360-1130
 800-1450
 550-1685
   Jr- 280

1300-1800
 800-1300
 620-1080
 680-17oo
 220- 600

2080-2300
1:')oo-1sr)o

 440-1ooO

1300-2180
 380- 580

 30
 20
  5
 110

690
 150
1350
 750
1120
1450
 440
 1OO
 270
 730
 780
  50
 3oe
1220

  30
  50
  30
 120
  70
  3Jr

  60
  50
 380
1270
1810
1310

 730
1080
1280

  90
1OOO
1600

 970
 870
1 08 t• }

 370
 9. 00

2200
1630

 750
1550
1740

 480
 800

(cont'd.)
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(Table 4. con{'d.)

}'opulation
     I.ongitudt

   range

l37.2tt)-137.35

(oE)

x

49
.r,O

.r ,1

.r,2

f)3

54
S5

56
S7

58
59
60
61

62

63
64
65
66
67
68
69
70
71

72

73

74
7.!,

76

77

78

79

80
81

82

83
84
8:5

86
87

88
B9
9.0

91

{2
9, fl

94
'9. t•,

96

136.31-

136,

136.

136.

136.

135.

135.

135.

137.06

43-136,55

35-136.
OO-136.
07-136.
43-135,
50-135,
39-135.

43
Ol

24
46
57

47

135,29-135.37
135..16-135.18

135 40-135.52
136 27-136 30
136 42-136 46
13,5.52-136.03
13t.),23-13S.40

135.20-13S.44
135.46-13S.59
13:5.20-!3,{).JrO

134.

133.

132

131

133

32-135.
33-133.

oo
47

r)f)-133 Ot•)

,09. -131

49--134

23

04

133,06-133,10
132.54-133.02
133,18-l33 33
132.48••-133.01

1 30 . i) fF-131 .

128.41-129
l30 ?,O-130

131.

13e.

26

28
37

07-131.211
33--130.4.5

130.21- 130 39

137.32
136.S9
136.SO
l36.`lrO

136,48
136.45
l36,39
l36.01

136.18
135.45
135.52
135.44
135.48
135.48
135.47
135 33
135 17
135.46
136.29
136.44
135 56
l35.33
135.33
13t),53

135,3f)

134.52
.134.46

133.40
133.1O
133.01

132 05
131 17
133.59
134 02
l34,04,

133.08
132 59
l33 26
l32.r)5

131.48
l31.10
l29.0i)

130 37
130.f,1

l31 16
130.39
129. . t) L` .)

130 30

Latitude (oN)

range

34..54-35.1l

36.1S-36.30

36.13-36.18

35.42-35.45
35.31-36.01
35.15-35.36
35.16-35.21
35.07-35.i7
35,03-35.09

35.01-35.03

34.51-34,55
34,44-34.47
34,40-34.41
34.36-34,42
34.25-34,27
34.16-34i30
34.20-34.26
33.S6-34.05
33.39-33.S7
33.27-83.41

35.31-35.3S
35.16-35.23

35,02-35.0tl

34.14-34.46
34.23-34 29

33 43-33,46
33 30-33,32
33 L)3-33 34
32 43-32 48

32.5l-33,29
3L.40--33.20
32 17--33,07

31,29-31.48
31.35-31.48

30 16-30.27

x

35.02
3Jr .08

36.27
36.34
36.16
36.07
35.44
35.tl6

35.23
35.18
35.12
35.07
35.05
35.02
34.56
34.53
34.46
34.41
34.39
34.26
34,23
34.23
33.S9
33.49
33.35
34.14
35,33
35.20
35.30
35.03
34.26
34.28
34.25
34.07
33.53
33.44
33,32
33.28
32.46
33.07
33.12
33.00
32.42
31.57
31.39
31.38
31,Sl
30 22

229

AltiLude (m)

range X

400-11OO
 40- 80
180- 830

Jroo-noo

400- 550
 20- 200
140- 890
350- 850
280- 580
300- 650

100- 300

 70- 90
140-- 380

 40- 650
150- 400
 15- 250
 30- 110
260- 860
1tK}-1O5O

200" 800
 70- 200
 10- 100

120- 3oo
5oo- 900

560-1290

10- 150
20- 70

650-1450
700-1700
840- 980
 10- 250
 10- 200

 t500-- 1 l OO

 100- 500
 200- 46i)

1250-1450

 20- 80
 50- 70

10-- 60

720

 60
400
 50
820
850
480

 1iO

530
580
380
420

 180
200

 80
290
3jro

250
 130

 80
 jr40

 590
470

 160
  .r,O

 50
 210
 700

 20
900

 795

 80
 30
 7eo
1050
1270

890
 110
 150

 20
 770
 300
 330
13r)o

 f}o

 60
  20
  40
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toads hitherto described. The specimens available for this study were 2,966 individuals

from 283 points in various localities ofJapan. As will be mentioned later, I excluded

very young specimens of less than about 20 mm SVL, since analyses of external mor-

phology were very diMcult in these samples because of the poor development of some
characters.

    Specimens from each point are regarded to form a deme (Gilmour and Gregor,
1939; Mayr, 1978) there, but, for the convenience ofcomparisons, I grouped specimens

of the Japanese common toad from 241 demes into 96 populations according to the
geographic location and climatic conditions under which each deme exists, and in
analyzing the variation, I regarded each population as a basic unit. The name of the

locality, number of specimens, geographic location, and climatic environment for each

deme analor population are shown in Tables 3-5. Likewise, the data Ibr the Miyako
toad and for the Japanese stream toad are shown in Tables 6-9.

    The geographical and climatological parameters for each population are the means

of parametric values of all the demes included. The methods for calculating these

values are described elsewhere (chapter V).

    Since little is known about the dispersal range and barriers for the distribution of

the Japanese toads, I chose the splitting method in grouping demes into population:

if both two demes have ample number of samples, they were not grouped into one
population even if their geographic locations were situated close to each other. As a

result, the distributional range for each population is not necessarily the same (Fig. 2).

                                              '  b) Determination qfSex and Maturity

    In the majority of hitherto reported studies on variations in frogs, analyses were

made either only on adults (e.g., Moriya, 1954; Church, 1960; Karlstrom, 1962; Berger,

1966; Inger, 1966; Nevo, 1973; De Lange, 1973; Trueb, 1977), or on samples without
discrimination ofsex (e.g., Cochran, 1955; Shannon and Lowe, 1955; McAlister, 1962;

Schaaf and Smith, 1970). In some cases, only one sex was analyzed (Rogers, 1972).

    In the present study, sex and maturity of the specimens except for a few (mostly

borrowed ones), were distinguished, and analyses were basically made on four agelsex

groups (young male, young female, adult male, and adult female). Since exact age
determination was not made tbr most of the specimens, the term "age groups" is in-
correct in a strict sense. The term, however, is used simply to indicate the division of

relatively younger and older individuals, with the boader Iine drawn at sexual
maturation. Adult males were identified by secondary sex characters (Liu, 1936) : in
sexually mature males, the base of the first finger is slightly swollen and the inside ofthe

first, second, and third fingers is equipped with dark, horny nuptial asperities. These

asperities develop most prominently during the breeding season, but most males retain

rather clear asperities even in the nonbreeding seasons.

    The remaining three age!sex groups are not always easily distinguished by the ex-

ternal features, and discrimination was made by the results 6fdissection. Maturity in

females was determined by the degree of development of the ovary and oviduct : females

with pigmented ova in ovaries, or those having ovaries with corpora lutea and enlarged

and convoluted oviducts were regarded as adults (Inger, 1954: 203; Karlstrom, 1962:
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5. Climatic parameters for well-represented populations oftheJapanese common toad.
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Population Temperature
   (9C)

Precipitation
  (mm) Population Temperature

   (oC)
Precipitation
  (mm)

1

3

4

 5

6

8

9

10

12

13

14

16

l7

18

19

20

21

22

23

24

25

L6

27

28

29

30

31

32

33

34

36

37

38

39

40

43

44

46

47

48

,+9

g)o

8.8
9. .7

9.7

8.1

10.3

6.7
 t.).1

 3.4

11.7

10.3

9.1

13.6

11.1

8.5

14.7

14.0

14.2

15.5

14.3

14.8

15.l

15 6

13.3

 ,5 .7

4.2

6.6

10.8
 8. .r)

 83
15, t•)

 r).1

 86
 98
 9.7

11.9
 :-) .2

11 9
 ttLl

13.5

10 8

 9.6

15.3

1232

1t597

1392
'1961

' 993

2540

2081

2621

1232

3246
152Jr

l971

2913

1435

1105

1379

1245

1992

1333

l279

1274
f503

14t50

1893

182f)

1212

 878
1 r) oo

2170

1798

2393

2514

1197

2003

2549

2899
2:54,9

2-i .) 13

260{

279- 3

2410

1450

.r)1

:-)2

t)3

r)4

Jr5

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

7Je

76

78

79

80
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Table 6. Number ofMiyako toads examined.

           -nTtrm umt       ' Number of specimens

Population

young
adult
male

adult
t'emale

Total

 97

 98

 99

1OO

Table 7.

Miyakojima

Irabujima

Daitojima

Okinawajima

32

1

1

43

5
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2
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7

3

131

 10
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Geographic and climatic paran)eters for populations of the Miyako toad.
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Table 8. Number ofJapanese stream toads examined.

Population

Corresponding
  sympatnc
 population
of the Japanese
common toad

Number of specimens

young
adult
male

adult
female Total

!Ol

102
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l(S

107
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lll
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'rable 9. Geographic and climatic parameters for populations of theJapanese stream toad.

Population
Longitude (oEÅr Latitude (oN) Altitude (m)

range x range x range R

Tempera-
  ture
  (oC)

Precipita-
  tion
  (mm)

101

102

103

104
105

106

107

108
109.

I10

111

li2

113

136.27-137.07

136,35-136 43
136.11-136 29
135 43-135 45
135 50-135 53

136.03-136.14

135.50-135.56

135 40-136 Ol
136 1orl36 16

136 47
136 41

136 39
136.20
135.tl4

135.51
136 42
136.08
136 06
135 54
135 34
l35 53
136 12

36.12-36.32

35.42-35 48
35.09-35 iro
35 20-35 22
35 11-35 14

34,11-34.27

34,07-34.14

33 39-33 57
34 Ol-34 05

36
36
35
35
35

35

34
34
34
34
34
33
34

.25

.05

.45

.24

.21

.13

.25

.19

.11

.11

.03

.49

.03

 550-l500

`roO- 800

200-1099
274- 780
650- 850

450- 900
1400-1600
440-1500

   -1300
200- 580

 80- 300

 550
920

 590
 580
480

 750
220

 710
15oo
1OOO

  ?
430

 150

12

9
12

11

12

12

15

12

6

IO

12

13

15

6
5

1

3

1

7

7

2

5

5

4
5

4

3259
3663
3362
2279
2001
22iro

1945

3371
xl,51O

2179
2982
3101

3820

g
t6

g
g•

8
N.lj
s."B

;•

g
k
N.

"
Scn:"

ro
ee
ec



234 M. MATsui

t- -tttt.t .t

a
:t

tttt.tlt.

•• •2

2A.Demes(closed circles) and popula-

tions(dotted areas) O{-
..3

conunon
correspond
Table3.

toad

to

examtne'd.
populations

theJapanese
Numbers
listedin

4,.t:•,:,,i/;•,,•

tt.,t,t.

r5

- '8

7'"•
.ttt

•10 9

11 tt
t

13
12•"•

lvV
.ii'i'ii,ii

t/

•' :fl/

t/t:
,,. :t.

/ttttttt

16.1,"1/
17 ///':ii/////tt"/

' ,' 15

18

./:t,.////..

2ttttt./tt.ttt

51ee.ip/l.vtt

41stS

v•

ge,4'2

t:t/ttttt///t

28
•/,t/-lt//il.e','/.•

19

tt

2ay

-,•

54ts
{,1

tVJ•U3
•1/)''

38//lil,

1/t..1///;1/:///.,s•

/t/t/t.

'i[/.

ii.I•i.111•i•s6,"il-ili5i•

[//111'l.;..ap/./,.
'

fii'""'-,g"i••

8-

44
-k.ii.III'

"--
39.,•{•

25
t"tttllltltltl/ltltlliltti

{,,,.24

,,.-

50 ts
.s.i,.

,i,•

t-/

22
!

' t.
-•

tlilltl/111tlt 34

58, 63).

    De Lange (1973) determined sex by the results of mere observations of external
features, but I eschewed this method, and specimens not sexed by dissection were dis-

carded on most occasions.

2. 0bservation Methods

  a) Measurements
    Measurements and observations were made on preserved specimens, and obviously
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                    such as those showing vertebral anomalies were excluded from

                       taken with a divider and a vernier caliper, to an accuracy of

                      pecimens, a binocular dissecting microscope equipped with an
                      utilized. To minimize the measurement error, I myself made
all the measurements for all the specimens.

    In anurans, measurements taken after fixation somewhat differ from those taken
from fresh specimens; shrinkage occurs in fixed and preserved specimens, as will be

mentioned later. It is, however, actually impossible to make measurements for various

body parts on many fresh specimens at a time. Further, specimens kept in museums
and institutions are always preserved ones, and measurement data in the literature are

mostly for preserved specimens. Consequently, I chose to make measurements on
preserved specimens.

    Most of the specimens measured were fixed for one night in 100/. commercial
formalin, washed in tap water, and later transferred to and preserved in 700/o ethanol
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(the method recommended by Pisani, 1{73). Most of specimens borrowed from
museums and institutions were preserved in 60-70`)'.' ethanol, except a few specimens

which have been fixed and preserved long in fbrmalin or whose method of fixation was

unknown.
  b) Dimensions Measured
    The reference points for 31 chiefcharacter dimensions and comments on them are
described below (see also Fig. 3). These include most of the lengths hitherto fi'equently

measured in the taxonomy of anurans, but many of the reports so far inadequately
indicate the reference points for measurements (e.g., Boulenger, 1880, 1897; Okada,

Fig. 3.

se

XN/-
 26

17

2

24

22

Clharacter dimensions. 1: snout-vent length (Siv'L); 2: head'.length (HL); 3:
snout-nostril length (S-NL); 4: nostril-eyelid length (N-EL); 5: snout length (SL);

6: eye length (EL); 7: tympanum-eye length (T-EL); 8: tympanum diameter (TD);
9: head width (HW); 10: internarial distance (IND); 11: intercanthal distance
(ICD); 12: interorbital distance (IOD); 13: upper cyel{d width (UEN'V); 14: upper

eyelid margin distance (UEMD); 15: interpar6toid-Lip distatice (IIYTD); 16:
parotoid length (PL); 17: parotoid width (P"J); 18: forc)iml) length (FLL); l9:
lower arm length (LAL); 20: third finger length (TFI.); 21: first finger length
(FFL); 22: outer palmar tubercle length (OPTL); 23: inner palmar tubercle length

(IPTL); 24: hand length (HAL); 25: forearm width (FAW); 26: hindlimb length
(HLL); 27: tibia length (TL); 28: tbot length (FL); 29: fourth toe length (FTL);
30: outer metatarsal tubercle length (OM"I'Ii) ; 31 : innctr metatarsal tubercle length

(IMTL).

1931), and, therefore, .gome character dimensions treated herein do not necessarily

coincide with those reported by the previous aLithors in regard to reference points.

Usually, paired structures were measured on the 1(tft side of the body unless there was

a defect or anomaly on that side. Direct line distance was measured for each dimension,

unless otherwise noted,
    i.) Standard Character Dimertsion
    1) Snout-vent length (SVL==Body }erigth): distance from the tip of the 'snout (=.-most anterior
point on upperjaw in theJapanese toads) to the anterior margin ofthe vent, measured dorsally on tlattened
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body. This is the standard of body size, and the reference points are the same as those taken by most

previous authors.
    ii) Character Dimensioms of Hread Region
    2) Head length (HL): fistance ffom the tip ofthe snout to hind border ofthe angle ofthe jaw (not
parallel with the median line), measured ventrally. This is a standard of head size and the reference

points are the same as those taken by Liu (1950) and Duellman (1970). For preserved toads, in contragt
to frogs, it was in most instances diMcult or impossible to assess a(;curately the length ofthe head measured

parallel with the body axis.
    3) Snout-nostril length (S-NL): distance from the center of an external naris to the tip ofsnout
(not parallel with body axis). Previous workers seem to have measured the minimurn distance between

a nostril and the tip of the snout.
    4) Nostril-eyelid length (N-EL) : distance from the corner ofthe external naris to the anterior margin

of the upper eyelid (not parallel with body axis).
    5) Snout length (SL): distance from the tip of the snout to the angle fbrmed by snout and upper
eyelid (not parallel with body axis). The values are smaller than those measured between the tip ofsnout

and th.e eye itself.
    6) Eye length (EL): the greatest diameter of the eye, including upper eyelid; i.e., distance between

anterior and posterior ends of upper eyelid. Consequently, in a strict sense, the measured values are
larger than the actual eye diameter. I took measurements for the above dimensions because it is im-
possible to measure eye diameter excluding thc upper eyelid (Duellman, 1970) for specimens fixed with

eyes closcd.
    7) Tympanum-eye lcngth (T-EI.) : minimuin distance {'rom the posLerior (;orner of upper eyelid to

the anterior border of tympanum. Strictly, this is not a distance between eyc and tympanum. The
{;haracter has been givcn taxonomic importance in relation to 'rD. It is sometimes impossible to measure

this length for individuals with an indistinct tympanum.
    8) Tympanum diameter (TD): the greatest diameter of the tympanum. It is a vertical distance
in most individuals. This has been most frequently noticed with relation to T-EL in the taxonomy ofthe

,Japanese toads. In some individual$, especially in theJapanese stream toad, it is impossiblc to measure
this because of the vague contour of the tympanum. In addition, the tympanum is often undeveloped

in young individuals of less than about 20 mm SVL.
    9) Head width (HW) : the width of the head measured at the angles ofthejaws ; measured ventrally,

excluding warts at rictus. Consequently, this measurement does not necessarily represent the maximum
width of head. This is onÅë of the standards of the hcad size. The greatest head width is often used in

frogs (e.g., Cochran, 1955; Inger, 1966s Duellman, 1970);in teads the degree ofdevelopment of warts at

the rictus is various, and therefore measuring thc maximum width would cause greater errors.
    10) Internarial distanc{) (IND): distance between centers of the external nares. The measured
value is larger than the minimum distance between the nostrils (Inger, 1966; Duellman, 1970).

    11) Intercanthal distance (ICD): d{stance between anterior edges of canthus. The reference

poip, ts were shown by Terent'ev and Chernov (1965:56).
    12) Interorbital distance ÅqIOD) : the minimum distance betwcen the paired upper eyelids, measured

perpendicular to the body axis. This is regarded as an important dimension in the taxonomy offrogs and

is also f'rcqucntly measurcd in toads (c.g., Okada, 1931 ; Smith, 1951). In theJapanese toads, however,

thc outer margins of the frontoparietals elevatc dorsolatcrally with gvowth of the body, giving a vague

dorsal c:ontour to the upper eyclids. Therctl'tre, thb- reference points be.tween which the measurements

arÅë made a, r'c soinctimes vague, resulting in me.asurement errors.

    13) Uppcr eyelid width (UENN') : the greatest width of the upper eyelid, measured perpendicular to

{ts antero-posterior axi.s. This widt.h is notice. d witli rc!ation Lo lOD (e.g., Smith, 1951), but measurement

errors are easily cncountered (br thc samc rc:tson as in IOD in normal spec,imens, as well as in specimens

with closed eyes.
    14) Upper eyelid margin distancc (UEMD): the greatest distance between outer margins ot' right
and left upper eyelids, measured perpendicular to the body axis. This dimension is not measurable for

specimens with closed eyes.
     15) Inter-parotoid-tip distance (tPTD): distance between most anterior points ol' right and left

parotoicLs, measured perpendicular to body axis. The refcrence points are the same as those used by
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Rogers (1972) and were referred to as "interparotoid space" by Matsui (1976a). Ifthe anterior ends o{'
the parotoids are not protruded, the median points of their anterior end were regarded as the most anterior

pomt.
    16) Parotoid length (PL) : the greatest length ofthe parotoid gland, exclusive ofthe wartsjust behind

it (Matsui, l979b). Ifthe right and left parotoids differed extremely in length, the larger was measured.

Just as for dimension 8, this length was unmcasurable in extremely young individuals of less than ca. 20

mm SVL, since the parotoid gland is not developed in them. This length is often regarded as important
in relation to dimension 17 (Okada, 1937; Porter, 1964b).

    17) Parotoid width (PW) : the greatest width of the parotoid gland. If the right and left parotoids
were different in width, the wider was measured. This width is often used as a diagnostic character to
differentiate toad species (e.g. , Porter, 1 964a) but is unmeasurable in young individuals for the same reason

as for dimension 16.

    iii) Character Dimettsions ofForelimb

    18) Forelimb length (FLL): distance from the axilla to the tip ofthe longest finger (the 3rd finger),

measured with the forelimb stretched perpendicular to the body axis. This length is one of the standard

measures to show sizes oftoads; but in fixed materials, particularly in males, this length is often unmeasur-

able since the forelimbs can hardly be stretched fully as indicated by Schuster (l950) and De Lange (1973).

Measurement errors may be great because the exact point at the axilla is often not determinable.

    I9) Lower arm length (LAL): distance from the elbow joint to the tip of the longest finger (the
3rd finger), measured with the forearm stretched straight and flexed perpendicular to the upper arm.

This is a standard measure offorelimb, and measurement points are the same as thosc shown by Liu (1950).

It is easily measurable even in firmly fixcd specimens. This dimension was rcferred to as "radial-ulnar
length" by Matsui (1976a).
    20) Third finger length (TFL) : clistancc {'roni the base point between third and t'ourth fingers to the

tip of the third finger, measured dorsally with the {ingers stretched straight (this lengtli equals thc outer

length of the third finger). In a few samples, this dimcnsion was unmeasurable because thc tip of thc

third finger was damaged or missing.

    21) First finger length (FFL): distance from the distal end of the inner metatarsal tubercle to the
tip of the first finger, measured with the finger fully stretched (this length is equal to the inner length of

the Ilrst finger).

    22) Outer palmar tubercle length (OPTL): the maximum length of the outer palmar tuberclc,
measured parallel to the forearm axis. In toads, there are numerous warts and wrinkles on the palmar
surface, and therefore' , the outer palmar tubercle is sometimes united with the warts near its distal end.
Consequently, the reference points are sometimes obscured. This is one of the diagnostic characters given

by Okada (1930) for the Miyako toad.
    23) Inner palmar tubercle length (IPTL):the maximum length of the inner palmar tubercle; the
reference points are not clear if the tubercle is feeble.

    24) Hand length (HAL):distance from the proximal edge ofthe outer palmer tubercle to the tip
of the longest (third) finger, measured with the hand fully stretched. The reference points are different

from those shown by Liu (1950).
    25) Forearm width (FAW) : The greatest width of the forearm flexed perpendicular to the upper
arm. The reference points are the same as those shown by Liu (1950) and Bell (1978). The measure-
ments, however, are somewhat unreliable, because this width may vary with the mcthod of fixation and
physiological condition of each ind{vidual.

    iv) Character Dimensions of Hindlimb

    26) Hindlimb length (HLL): d{stancc t-rom the center ofarius to the tip ofthe Iongest (fourth) toc,

measured dorsally with the hindtimb fu11y stretched perpendicular to the body axis. ]n the specimens
fixed too firmly, the character is sometimes unmeasurable because the kneejoint can hardly be extendcd

as stated by Schuster (1950). This has been frequcntly measured as one o{' thc standard dimcnsions oi'the

hindlimb.

    27) Tibia length (TL) : the greatest length of the tibia, measured with the hindlimb positioned in a

Z. pattern. The reference points correspond to those shown by Peters (1964: Fig. 30B-1).

    28) Foot length (FL):distance from the proximal end ofthe inner metatarsal tubercle to the tip of
the longest (fourth) toe (not parallel with hindlimb axis). This lcngth is not measurable when ihe toe
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tips are missing or damaged. Ifthe right and left feet were extremely different in length, measurement
was taken of the longer foot. The reference points arc the same as those given by previous workers (e.g.,

Okada, 1931; Duellman, 1970).
    29) Fourth toe length (FTL):distance from the center of the third subarticular tubercle to the tip

of the fourth toe. The measurement, therefore, is shorter than the actual length of the fourth toe•

    30) Outer metatarsal tubercle length (OMTL) : the greatest length ofthe outer metatarsal tubercle,

measured parallel to the hindlimb axis. This dimension may be unmeasurable, or measurement errors
may be great because the base of the tubercle is often obscured.

    31) Inner metatarsal tubercle length (IMTL): the greatest length ofthe inner metatarsal tubercle,

measured parallel to its long axis. This dimension is taxonomically noted in frogs of the genus Rana (e-g.,

Berger, l964, 1966; Borkin et al., 1979) and is also suggested to have special relation with age (Kauri,

1959).

  c) Shrinkage in Fixed Specimens
    In the mollusca, copepoda, fishes, reptiles, and mammals, all or part of the body

of a preserved specimen shrinks considerably and the degree of shrinkage is precisely

known (Kubo and Yoshihara, 1972; Klauber, 1937; Maeda, 1977), but information

is scarce on amphibians (Inger, 1954).

    Body sizes described in taxonomic works of anurans have been generally based on

preserved specimens; in ecological and ethological research, on the contrary, measure-
ments are usually taken in life chiefly because the frogs and toads are marked and
released. Therefore, it is necessary to elucidate the shrinkage relation between fresh

and fixed specimens so as to make it possible to compare data from both sources. Further,

                                                                         --the degree of shrinkage changes in accordance with length of period of preservation in

some fishes (Stobo, 1972), and this tendency might also occur in amphibians. Con-
sequently it is also necessary to check whether it is possible to compare the data for

long-preserved museum specimens directly with the data for recently fixed and preserved

materials.

    1) Shrinkage caused by formalin fixation
    Inger (1954) has shown in the Philippinese anurans that measurement errors are
greater in body length than in head width or tibia length. His observation seem to
suggest a greater shrinkage rate by fixation in the body length than in the other measure-

ments. Theretbre, I examined the degree of shrinkage by formalin fixation for the

body ]ength.

     1-a) Shrinkage in toads fixed alive
    During the course cf field research, toads are often directly thrown into formalin

and fixed alive, and they are usually fixed with the body somewhat bent. In order to

determine the shrinkage rate under these conditions, 27 male and 15 female adult toads

from Kammuriyama (Pop. 79) were utilized. First, each toad was anesthetized with

chloreton and then the body was fu11v stretched. The SVL measurement was taken
in this condition. second, ifter recov6ring from anesthesia, the toad was put into loo,/o

formalin solution and fixed alive. The following day, measurement was taken again
after the fixed toad was washed in tap water and transferred to 700/. ethanol.

    The percentages of SVL in the preserved condition to that in fresh state ranged from

89.5 to 93.90/. (X-92.2Å}O.47 (2SE)) and from 91.3 to 96.10/, (X--93.3Å}O.74) in

males and females, respectively. The value wras significantly larger in females than
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Tablc 10. Difference between Stejneger's (1907: A) and my measurcments (taken in 1978: B).
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106.3

K
.

K
$
g



Table 11. Difference between g. tejneger's (1907: A) measurements ofTD and T-EL and mine (taken in 1978: B). Specimens are from USNM collect;ons.

E pecimen

TD T.EL
Specimen

Drr T.EL

A .B 1OOBIA A B 1OOB/A A B 100BIA A B 100B/A

11348

34309

34310

34311

34312

34313

34314

34315

34317

34318

34319

34320

34321

34322

34323

34324

5

9

 8.5

9

9

 85

95
85
9

85
85•

95
8

8

10

7,5

5

8

7

9

10

12

9

9

9

8

7

9

8

7

12

8

3

8

8

2

2

o

3

o

8

tlr

3

2

1

8

2

8

106.

 97

 91

102

ll3

l41

97

105

108

98

85

96

101

97

122

117

o

8

8

2

3

2

9

9

9

8

9

8

3

5

0

3

2,5

4

3

3.5

tlr

3

3.5

3

3,5

4

3

3,5

4

3

3

2.5

2.6

4,1

2.7

4.1

4.5

2.8

1.8

2.8

3.3

3.6

2.8

2.3

3.0

2.7

3.8

2,2

104.0

102.5

 90.0

l17.1

112.t•)

93.3

 51.4

 93.3

94.3

90.0

93.3

65.7

 75.0

90.0 '

126.7

88.0

34325

34326

34327

34328

31851

31929

31943

31945

31946

31947

31948

31949

31951

9

9

8

6

3. .i

2

5

35
25
25
2

2

6,1

9.2

9.6

7.3

6.3

3.9

2.1

6.2

3.6

2.8

2.9

2.4

1.9

6.1

l02.2

106.7

91.3

105.0

111.4

los.e

124.0

102.9

112.0

116.0

l20.0

95.0

1OO.O

3.tt

3

3.5

3

3.5

2

tlr

35
25
25
2

2

6

X==106.1Å}
    4.3
    (2SE)

4,3

3.0

3.2

2.7

3.2

1.4

3,8

3.2

2.8

2.2

2.2

1.9

5

122.9

1OO.O

91.4

90.0

91.4

70.0

95.0

91.4

112.0

88.0

110.0

95.0

83.3

X=94.IÅ}
   6.0
   (2SE)

g
.N
...

g
l
g
r"..N-b"

}?

g
R
.N

""

ro
gi
p



in males (t =2.58, dF=40, .Ol ÅrpÅr.02). Thus, the SVL measured in toads fixed alive

was 7-80/. smaller than that measured in fresh specimens, and the shrinkage rate was

greater in males.

     1-b) Shrinkage in toads fixed dead
    If enough equipment was available for preparing specimens, such as in the labora-

tory process, toads were killed with chloretone and fixed on a board w'ith the body fu11y

stretched.

    To obtain data for shrinkage rate in this condition, 22 male and 4 female adults

from Matsumoto (Pop. 37) were used. After having been killed with chloreton, each

toad was measured for SVL with the body fully stretched, fixed in formalin for 24
hours, and then remeasured. Then, the specimens were w'ashed in tap water and
transferred to 700/, ethanol, and measurements were taken once again two days after

fixation.

    The results thus obtained showed that the SVL after formalin fixation was 95.8-
100.90/, (males; X :98.2Å}O.62 (2SE)) and 99.0-99.80/. (females; X=99.4Å}O.34)

of the values before fixation. There was no significant difference between the sexes

(t==1.65, dF=24, .2ÅrpÅr.1). The SVL after washing and preservation in ethanol
was 96.4-100.20/, (males; X=:98.6Å}O.41) and 97.9-101.00/, (females; X=99.4
Å}1.27) of the original SVI.. Sexual difference in shrinkage rate was not detected

(t=1.55, dF==24, .2ÅrpÅr.1). Thus, shrinkage from the original body length was
only O.6-1.49/. ; there is a slight change caused by washing and preserving specimens

in ethanol.

    2) Shrinkage in toads long preserved in ethanol
    In order to estimate the degree of shrinkage caused by long preservation, several

character dimensions were measured for the specimens of the United States National

Museum (USNM) collection and the obtained data values were compared with those
shown by Ste.jneger (1907).
    In this examination, the reference points adopted were not always identical and

measurements were taken by different persons, and therefore, it was expected that
there would be large measurement errors. The results, however, were contrary to this

supposition, as shown in Tables 10-11. Although the available data were meager,
these data indicate that the shrinkage rates were very smal] even after preservation

extending over about 70 years.

                                    III
              Intrapopulation Allomorphosis in the Japanese
                  Common Toad from Momoyama, Kyoto

    As pointed out above, morphometric characters suc,h as limb length, parotoid
iength, tympanum diameter and tympanum-cye length, often expressed as ratios between

two dimensions, have been regarded as diagnostic in the taxonomy oftheJapanese toads
(e.g., Stejneger, 1907; Okada, 1931). Some of the characters, however, were used for

distinguishing forms notwithstanding the presence of sexual dimorphism Mrithin a form
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(e.g., limb length: Okada, 1931). Sexual dimorphism in some morphometric char-
acters is known in some toads (Cei, 1960), and further, the proportions among these
characters change with growth in ranid frogs (March, 1937; Shimizu, 1940; Mecham,
1954; Kauri, 1957; Martof and Humphries, 1959 etc.).

    As to theJapanese toads, such problems have hitherto been almost totally neglected,

and no detailed studies have been made on sexual dimorphism and ontogenetic changes
in these characters. Consequently, to analyze geographic variation of main characters

and taxonomically revise the Japanese toads, the problems of sexual and ontogenetic

variations must be examined. It seems of value to study first the variations of these

characters in detail within a deme.

    On the other hand, a proper method of age determination for the Japanese toads
has not been established, and individual difference in growth rates in a given period is

enormous in toads: some individuals may be sexually mature and others immature even
if they are similar in body size, or conversely, animals of the same age often show great

difference in body size from one individual to another, especially in immature stages.

    For the metrical analyses of the character variations in animals like the Japanese

toads, in which no accurate age-grouping is possible, and even ifit is possible, variation

in growth rates is extremely great, analyses on reiative growth or allomorphic (this

terminology adopted from Suzuki, l973) relations among morphometric characters are
ofgreat value (Lundelius, 1957; Dodson, 1975).

    It has also been indicated by Atchley et al. (1976) that there are statistical problems

in determining the presence or absence of difference among any animal groups by
comparing simple ratios between morphometric characters (e.g., Porter, 1968). Whether

this idea holds true or not is still a debated problem (Corruccini, 1977; Heyer, 1978),

but it is highly probable that in some morphometric characters the ratio to the standard

dimension would change with growth (e.g., eye length to SVL). From this point of
view, too, examinations of allometry or allomorphosis will have some value in the
analyses of variations in toads.

    In this paper, I will examine the allomorphic relations (in the sense of Needham

and Lerner, 1940; often treated as part of allometry: Gould, 1977; see Suzuki, l973

for terminology) ofmorphometric characters ofbody parts, including characters hitherto

regarded as taxonomically diagnostic, for the toads from Momoyama, Kyoto. In
addition, I wi}1 determine the validity of the method of allomorphic analyses by examin-

ing the patterns ofdifferences related to age and sex, which are estimated by this method.

                         MATERIALs AND METHODS

    A total of 147 toads collected duringJuly 1972 and March l977 from Momoyama,
Fushimi-ku, in the city of Kyoto (Population 63) were used for this study. The number

ofindividuals and body size of four groups, divided by age and sex, are shown in Table

12. Sex and maturity determinations were made by the method described above. As
mentioned there, most of the young individuals ranging from just after metamorphosis
to the size of ca. 20 mm in SVL had a indistinct, undeveloped tympanum and parotoid
gland, and it was diMcult to take correct measurements on them. Therefore, extremely
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Tablc 12. Number and body size (SVL) fbr cach agelsex group Qf the Japanese,common

   toad from Momoyama, Kyoto.

SVL
Agelsex group N

range XÅ}SD SE CV
eyoung 31
?young 34
Cadults 46
9adults 36

32.5- 90.3

24.0- 99.2

79.8-116.6

84,8-135.0

68.4Å}14:2

64.0 I, 19.7

98.5,L, 7,9

109.6Å}-11.E-i}

2..56 20,80
3.37 30,73
1.18 s,66
1,95 10.51

young individuals were excluded from the materials. All the specimens were first fixed

in IOO/. formalin and later washed in tap water and preserved in 700ff, ethanol, The

31 measured dimensions are shown in Fig. 3. These include most of the characters
hitherto given taxonomic importance. For each of the fbur agelsex groups (young
male, young female, adult male, and adult female), SVL (X) was taken as the standard

dimension and the values of the remaining 30 dimensions (Yj) w'ere plotted against X
on a logarithmic scale. The relations ofYj to X were expressed by the power function

Y=bX" (Huxley, 1932; Emerson, 1978; Sweet, 1980) cstimated by the least square
method. Variance analyses were run to examine thc fitness of applying this formula
to the raw data by testing the significance of regression. Since some characters showed

low correlation with SVL, a significancc level of 99% was set in order to eliminate

possible misinterpretation. Whether each character is isomorphic or not to SVL was
tested by the same method. The presence of difference in slopes and positions of any

pair of lines was detected after the method of Reeve (!940). The terminology used in

this chapter is adopted from Suzuki (1973).

                                  REsum's

  a) Regression to Allomorphic Formutae

    The allomorphic relationships of the 30 characters to SVL are shown in Fig. 4 and

Table 13. The relation of each dimension (log Yj) to SVL (log X) was linear on the
double logarithmic axes, but the departure of the points from the calculated regression

line was rather large in some characters. In order to know whether it was appropriate

to correlate the relation of such variable characters to SVL, the value of correlation

coeMcient (r) between them was first examined (Inagaki, l971).
    In young females, all the 30 characters are correlated to SVL with the r's greater

than O.9, and even the lowest correlation coeMcient was O.935 (rl"D to SVL). In young

niales, correJation coefficients were slightly smaller than in young females: in thc three

characters r was smal]er than O.9L , and thc. ,srriallest r was O.883 in HAL to SVL.

    In adults, r's were far smaller than in the young. In the males, r is greater than

O.9 only in fbur characters and the largestrwas O.927 in S-NTL to SVL. By contrast,

in as many as 11 characters, r's were smaller than O.7 and the r was only O.465 in T-EL

to SVL. The IQwest correlation coefllcient (r=O.347) was found in IOD, and the
correlation between this character and SVL was statistically insignificant (I;i,43:=5.89,
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.05 ÅrpÅr.Ol). The correlation coefficients were generally greater in adult females than

in adult males. In only seven characters r was smaller than O.7, and the smallest r was
o.s72 in T-EL t6 svL.

    Although the correlation coefficients "rere rather small in some characters in adults,

statistically significant correlations were ascertained between such characters and SVL

with only one exception (IOD in adult males), and almost all the characters could
regress to SVL (Table l3). Thereibre, the adult male IOD will be excluded from the
description henceforth.

50
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HEAD
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o
o

.
e

A

EYE

   o
oo
o

A

SVL

   o
oooo

             L----.tL. -='                                  50
    Fig. 4. Allomorphic r'{;lationships ofHL (Top) and EL (Bottom) to SVI. in the four age/sex

          groups (inverted triangles==young males, triang]es=:-:-young femaies, closed circles
           =::adult n'tales, open circles:=-adult fcma,lesÅr, of the Japanese common toad from
           rvloinoyama, Kyoto.

    'I'here was no clear tendency for the characters highly correlated to SVL to be

conce.ntrated in any of the body regions, it' the 30 characters were divided into three

groups according to the regions where they lay (head, foreiimb, and hindlimb). In the

characters of the head region, high correlation to SVL was found in HL, HW, SL,
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Table 13a. Allomorphic constants (a) and initial growth indices (B) for regression lines o{'

   each morphometric character-SVL in the Japanese common toad from Momoyama,
   Kyoto. Males. Growth type abbreviations are: I=isomorphosis, Btabradymorphosis,
   T=tachymorphosis.

Character Maturation N crÅ}SD log B      Growth
r      type

HI,

S-NL

N.EI.

SL

EL

T.EL

TD

HW

IND

ICD

IOD

UEW

UEMD

IPTD

PL

PW

FI.I.

LAL

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adutts

young
aclul!,s

young
adults '

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

30

43

29
45

29
4r)

29
45

30

45

28
44

31

45

31

46

29
4S

29
41

29

45

28

44

29
42

29

44

31

45

29
4i)

30

46

29
45

O,893Å}O.033
1.033Å}e.067

O.767-FO.049
1.0084-O.062

O.631Å}. O.056

O.999Å}O.15:e)

O.761Å}O.052
1.011Å}O.106

O.707Å}O.046
O.656+O.125

1.193Å}O.102
O.926 ,.tO.272

1,373 -t, O.111

1.001Å}O.194

1,034 Å}O.

1.029-l-O.

03J
  tl082"•,•,.

O.815+O.041
O.762+O.086

O.840--O.043
    .t-
O.920Å}O.176

O.889Å}O.073
O.583-FO.240

O.832lO.048
O.853-FO.130

O . 863 ,l,. O . 032

O.850-l-O.106

O.915 I,, O.037

0.84•1,l:O.091

1.101 +O.068
l.093rEO.136

1 .226 J.lr. O.076

O.952,t,O.180

O.966+O.032
1.123 -,, O.097

O,9{ 7 1- O.038

o.g2e ,i.o.os3

x

-O.280
-O.S73

-O.673
-1.132

-O.505
-1.232

-O.428
-O.929

-O.413
-O.326

-1.741
-1.286

-2.020
-1.335

-O.482
-o.f)lr)

-O.808
---

 O . 70 tS

-O.619
-O.805

-O.813
-O.258

-O.756
-O.828

mO.311
-O,322

-- O.425
-O.318

-O.839.

-O.854

- 1 . :507

-1.046

-O,123
-O.423

-O.286
-O.142

o.

o,

e.

o.

o.

o,

o

o

981

923

948
927

901

701

.943

.825

O.945
O.624

o.

o.

o.

o

o.

o.

o

o

o
o

o
o

917
465

917
617

987
883

,968
,803

.966

.642

.920

.347

o,

o.

o

o.

0-

o.

o,

0•

o.

o.

o.

o

o.

o.

960
711

982
785

979
818

948
776

{52
627

9- 8f)

868

981
860

B
I

B
I

B
I

B
I

B
B

I

I

T
I

I

I

B
B

B
I

I

B
I

B
I

I

I

I

I

T
I

I

1

I

I

(cont'd.)
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(Table 13a. cont'd.)

Character ]N(Iaturation N a+SD log B r
Growth
 type

TFL

FFI,

OP'I"I.

IPTL

HAL

FAW

HLL

TL

FL

FTL

OMTI.

IMTI.

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

youllg
adults

young
adults

young
adults

29
44

29

43

29
43

30
43

30

43

29
43

31

4f)

31

45

31

44

29
42

29

43

29
44

O.879 -L O.
     LL.
O.81O--O.

1.080Å}O.

1.363+O.

1.211+O.
1.I40Å}O.

1.I23Å}O
O,731Å}O.

O.926Å}O.
O.905Å}O.

1.198+O.
1,363 ,,L, O.

O.997+O,
1.069+O.

0.975 -i-0.

1.076Å}O.

1,053Å}O.

1,102Å}O.

1.096-FO.
1.115-a,-O.

1.212--l-O.

1.!89 ,Å} O.

O.999Å}O.
O.835Å}O,

048
128

078
181

073
209

097
163

093
083

113

181

040
077

036
092

043
075

066
110

120
209.

060
173

-O,644
-o.r)sg

-1.127
-- 1.636

-1.57.r)

-1.444

-1.579
-O.801

-O.443
-O.426

-1.406
-1,636

 O.112
-O.O08

-O.393
-O.569

-O.480
-O.543

-1.066
-1,078

--
1

---
1

-1
-o

.742

.728

.258

.923

O.962
O.699

O.937
O.762

O.954
O.648

O,910
O,575

O.883
O,862

0.898
O.762

O.977
O.904

O,981
O,873

O,977
O,916

O.954
O,849

O.889
O.66S

O.955
O.597

I

I

I

I

T
I

I

I

I

I

I

I

l-

I

I

I

I

I

I

I

I

I

I

I

'I"able 13b. ,"Lllomorph{c con/ tants (cr) and initial growth indic,cs (B) tbr regression lines of

   cach morphometric character-SVL in the Japanese commori toad from Momoyama,
   Kyoto. Femalcs.

Character Maturation N cr+SD log B 1'
Growth
 type

HL

S.NL

NT-EL

SL

EL

young
adults

young
adults

young
adults

young
adults

young
adul ts

34
34

34
34

.?3

34•

33

3+

33

34

o

o

o

o

o.

o.

o

o

o

o

879.EO
793+O

858Å}O.
. 83 ,5 Å}O.

7r)oto
716 •+- O.

.843-ÅÄ-O.

.717,f,.O.

.659-+-O.

.588-l-O.

O18
.071

e33
078

034
133

023
083

-O.249
-O.075

-O.833
-O.783

-O.721
-O.643

-O.58Lt

-- O.321

033 -O,329
103 -O.178

O 993
O.891

O.978
O.884

O.9L 70

O,688

O.989
O,835

O,963
O.711

B
B

B
I

B
I

B
B

B
B

(cont'd.)
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(Tablo 13b. cont'd.)

Character Maturation

T-EL

TD

HS,V

IND

ICID

IOD

UEW

UEMD

IPTD

PL

PW

FLL

LAL

TFL

FFL

OPTL

IPTL

HAL

FAW

HLL

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

young
adults

N
33
33

34
34

34
3r)

33

34

33
33

33

34

33

34

33

33

33

34

34
3E,

33

34

34
34

33

34

33

34

31

33

33

34

33

34

34

34

32

33

34
33

M. MATsui

aÅ}SD

1.238Å}O.Otl2

O.8S8Å}O.221

1.063Å}.O.071

O.8S9Å}O.IS3

1.015Å}O.O19
O.825ti.,O.074

O.792+O.025
O.664Å}O.085

O.834Å}O.032
O.716Å}O.126

O.884Å}O.040
O,687Å}O.158

O.843Å}O.029
O.608Å}O.118

O.807+O.020
O.624 ,}, O.082

O.921,LO.021
O.670ti-O.084

1.056 t, O.037

O.9. 72 -l-O.090

1 , O02 ti:O. 043

O.81O-V-O.144

O.965Å}O.024
O.877Å}O.064

1.029Å}O.023
O.852•-1-O.067

0.918Å}O.033
O.707Å}O.124

1.066-FO.034
0.768Å}O.104

1.276--O.041
1.065--O.161

1.154rÅ}O.059

1.015rEO.164

1.010,hO.022
0.80tl,,iE-O.O76

1.165 ,t, O.052

1.032,f,O.246

1 . 003 -{-0.01 9L

O.880+O,061

log B

-1.803
-1.126

-1.436
-1,038

-O.4S7
-O.070

-O.746
-O.479

-O.S89
-O.353

-O.791
-- O.415

-O.773
-O.307

-O.201
 O.162

-O.431
 O.053

-o.7Jr r)

-o . .r)gr)

-1.091
-O,742

-O.124
  O.060

-O.346
  O.OO1

-O.714
-O.294

-1.085
-O.489

-1.676
-1.279

-1.624
-- 1.373

-O.594r

-O.187

-1.336
-1.074

  O.092
  O.344

r

O.983
O.572

o.g3r)

0.705

O.994
O.889

O.9. 8:',

O.810

O.978
O.714

O.970
O.608

O.982
O.673

O.990
e.so6

O.992
O.814

O.981
O.884

O.972
O.705

O.990
O.925

O.993
O.914

O.981
O.710

O.9. 86

O.797

O.984
O,760

O,961
O,737

O,99. 3

O.882

O.971
O.603

O.9. 95

O.934

Growlh '
'type

T
I

1-

I

I

I

B
B

B
I

B
I

B
B

B
B

B
B

I

I

I

I

I

I

I

I

B
B

I

B

T
I

I

I

I

I

T
I

I

I

(cont'd.)
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(Table 13b. cont'd.)

Character Maturation N aÅ}SD log B r
Growth
 type

TL

FL

FTL

OMTL

IMTL

young
adults

young
adults

young
adults

young
adults

young
adults

34
34

34
36

33
33

33

34

33

34

O 981Å}O O18
O 910Å}O 056

l 025,i O 023

O 840Å}O 075

1 028Å}O 044
O 632Å}O 134

1 2orÅ}o oso
O 894Å}O 189

1 178Å}O 054
1 037Å}O 159

-O.406
-O.258

-O.439
-O.067

-O.959
-O.161

-1.710
-1.136

-1.565
-1.307

O.994
O.945

O.992
O.887

O.972
O.647

O.974
O.641

O.969
O.755

I

I

I

I

I

B

T
I

T
I

IND, and IPTD, but the r's ofT-EL and IOD were small in all the four age/sex groups.

As to the characters of the forelimb, FLL and LAL showed a high correlation with SVL,

and the correlations of IPTL and OPTL with SVL were low. In the same manner,
among the hindlimb characters the correlations of HLL, FL, and TL with SVL were
high but those of IMTL and OMTL were low.
  b) TJPes ofAllomorPhosis in Each AgelSex Group

    Except for adult male IOD, all the characters could regress to SVL as stated above.

The pattern in allomorphic relation of each character to SVL was examined in each
age!sex group with reference to the allomorphic constant (a in Y =bXW).

    As shown in Fig. 5, the allomorphic constant (a) varies with characters. The
values ofa were statistically compared with the case ofa=1 in each character for each

agelsex group (pÅq.Ol) and were divided into three types: tachymorphosis (aÅr1,
henceforth expressed as T), isomorphosis (cr=1, I), and bradymorphosis (crÅq 1, B).

    In the young, 18 characters in males and 14 in females belonged to type I, but in

adults, as many as 27 characters in males and 22 in females are type I. The type T
was found only in the characters of the young (Table 14).

    If each of the 30 characters, other than IOD, was grouped by the sequence of
allomorphic types in the order of young males, young females, adult males, and adult

females, nine types could be discriminated (Table 14). As many as 11 characters fall

within type IIII, four characters each within types BBIB and ITII, three characters

within BBII, and two characters each within TIII and BBBB. Each of the remaining
three characters represented one type.

    As to the location in the body, only two characters in the head region were of type

IIII (i.e., isomorphic in all the four agelsex groups), and this number accounted for

12.50/. ofthe total number ofcharacters in the head region. By contrast, six characters

(750/.) in the forelimb and three characters (500/.) ip the hindlimb were regarded as

type IIII. Conversely, all the characters of types BBIB and BBII were characters of

the head region. Type ITII was fbund in characters of the head, forelimb, and
hindlimb.
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Fig. 5A. Variation in the allomorphic constant for each charactcr. Closed triangles: young
males; open triangles : young females; c)osed circles: adult males; open circl(•s : adult

females. Symbols indicate mean and vertical bars standard deviation.

  c) Comparison ofAllomorphic Retations among A.gelSex CrouPs

    In some of the nine types differentiated as above, one age group was different from

other groups in the allomorphic relations; e.g., when one character wag. of type ITII,

young females were different in allomorphic relation (tachymorphic) from the remaining

three groups (isomorphic), In order to know whether such a difference was statistical]y

significant or not, slope and positional differences of the regression lines (Reeve, 1940)

were examined for the four combinations of- these agefsex groups : young males and young

feamles; young males and adult males; young females and adult females; adult males

and adult females (Table l5).
    Statistically significant difference in slope was fbund in only a few of a total of 1 l6

combinations, notwithstanding the great intergroup differences which were found
when a (=slope of the regression line) of each group was separately compared with
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TFt FFL OPTL IPTL
 chavacter

HAL FAW LAt FU

     "     :
     V ID
     s
     x
     e
     g
    i Fig• 5B. Variation in the al-      O.5 lomorphic constant for                                                          eachcharacter. Nota-
                                                          tions as in Fig. 5A.
           FFL FL OMTL IMTt Tt HtL
                         character

the case ofa== 1 and expressed as I, T, or B. Namely, no significant difference in slope

was found among the agelsex groups in the 26 characters (over 900/. ofa total of 29

characters). Only two characters of the head region and one of the hindlimb region
showed significant differences in slope. Of the three significantly different characters,

difference with growth was found in the male S-NL and female IPTD, and sexual
difference was found in the FTL in adults.

    In contrast to such uniformity in the slopes, the positions of the regression lines

varied more among the age/sex groups, and there were significantly different combi-

nations in 16 characters (over 500/6 of the 29 characters) (Table 15). The percentage

of the characters that showed difference in some combinations was smaller in the
forelimb region than in the head and hindlimb regions. This tendency coincided with

that fbund in the slopes. In males, 12 characters were positionally different, but in

females only four were different. On the other hand, only two characters were posi-

tionally different in young, but in adults 13 were different. There were clearly many

positional differences in the combinations including adult males, and the adult males



Tablc 14. Growth type for each morphometric character in the four age,isex groups, grouped by the location on the body.

   growth types are as in Table 13.

Abbreviations for the

Head

apteroposterlor

young adults

e? As6

   lateral

young adults

eg eg

Forelimb

Character

       '
  '

HL

 S-NL•

 N-EL

 SL

 EL

 T-EL

TD

 PL

Character
           young
Character
           X9

adults

T9
Character

Hindlimb

   young

   eg
adults

eg
B

B

B

B

B

I

T

I

B

B

B

B.

B

T

I

I

I
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I
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I
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I
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B
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HW
IND

ICD

IOD

UEW

UEMD

IPTD

PW

I

B

B

I

B

B

I

T

I

B

B

B

B

B
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I
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I

I
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T
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T
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I

I

I
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I

I

I

I

I

I

I
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T
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"rable 15. Age and sexual differences in the slope (a::=allomorphic constant) and position (b) for regression lines of each morphometric character-SVL in

   theJapanese common toad from ]Vfomoyama, Kyoto. ++ ==difference at 99. 91o level. + --difference at 950/o level. -=no difference.
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were distinct from the remaining three age/sex groups.

   Neither slope nor positional difference was found in the 12 characters among the
four age!sex groups. This number accounted for 41.30/. of the total number of the
character, five characters in the head region (SL, N-EL, PL, EL, TD), five in the fore-

limb (OPTL, IPTL, FAW, LAL, FLL), and two in the hindlimb (IMTL, OMTL).
In these characters, allomorphic relation to SVL did not change with growth, and the
relation was not sexually different.

   The intergroup relations for each character based on allomorphic characteristics

are shown in Fig. 6. In only one character (IPTD in femaJes), significant difference

was found both in slope and position of the regression lines, but in most cases significant

differences were related to position.

  d) Characteristics ofAllomorPhic CoeZ7icients in the Combined GrouPs

   Of the 30 characters, only three were found to be significantly different in the

8y =

"o
9y =

Sa

ll

9a

A

ay

H

?y

   N
= 9a
E

sy

ll

?y

# 8a

tl

\a

B

sy

ll

9y

#

#
F

Sa

11

k

sy

ll

?y

c

6y = Sa
H
?a

N N

?y = 9a

G

Fig. 6.

                           ey =@            8y = Ca

            lt N ll N            gy \Eli) gy                               =@

               DH
AIIomorph{c re}ationships among four age/sex groups. Groups without difl"erencc
in either or both slope and position of rcgression line are connected. A: N-EL, SL,

EL, TD, (IOD), PL, FLL, LAL, OPTL, IPTL, FAW, OMTL, IMTL; B: S-NL; C:
FFL; D: FTL; E: HL, HW, UEW, UEMD, TFL, HAL, HLL, TL, FL; F: T-EL,
PW; G: IND, ICD; H: IPTD.
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slope of the regression lines, whereas there were many significant differences in the

position among the four age/sex groups. For each of the 26 characters with no sig-
nificant slope differences among the four groups, and for IOD, which was omitted from

the above descriptions, the four groups were combined and the allomorphic constant
(==slope) was newly calculated as an average slope for each character to SVL for the

toad specimens of the Momoyama deme (Table 16).
    The newly obtained slopes were statistically compared with the case of a ==l.
Nine cases were regarded as isomorphic (no difference from a= 1), five as tachymorphic

(aÅr1), and 13 as bradymorphic (aÅq1). There were large differences before and
after combining age groups: e.g., before combining the groups, each of the four groups

had an isomorphic relation in HW, HAL, and FL to SVL, but bradymorphic and
tachymorphic relations emerged in these characters after combining the groups.

    In the head region, 11 characters were bradymorphic and three isomorphic to
SVL, and no tachymorphic character was found. All of the seven head characters
which were measured perpendicular to the body axis were bradymorphic to SVL (Fig.

Table 16. Characters showing no clifferences in the allomorphic constants among four age/

    sex groups. A summary of allomorphic relations to SVL. Four agefsex groups

    combined.

Character N a•l-SD logB r Comparson with
    a=1 p

Growth
 type

HL
N-EL
SL
EL
T-EL
TD
HW
IND
ICD
IOD
UEW
UEMD
PL
PVN;

FLL
LAL
rrFL

FFL
OPTL
IPTL
HAL
FAVNJ

HLI.
'1'1.

FL
OMTL
IMTL

l41

141

141

142

138

144
146

141

136
141

139

137

145
141

144
141

140
134
139

140
141

137
14•3

144
145
139
140

O.866Å}O,01l
O.739Å}O 021
O 823Å}O.O15
e 665Å}O.O17
O 975.LO 037
1.059-FO 033
O 937+O O15
O 795Å}O O14
O.79410 022
O.771--O 030
O. 782 1..O O19

O 761 -4 0.014
1 .019 -1-O O1 9.

0 898Å}.O 027
O.987-l-O,O12
O,982 i.j-O O12

0.823,ii,O 023

1.o17,F,o.o2o
l.I86 I-O.026

1.079-l-O.028
O 933 l,0 018
1 273-L-O 042

1 032+O,O13
1 O16Å}e.O12
1.063Å}O,O18
1.080Å}O 031
1 08l,t.,.O.025

-O 230
-O.704
-O.545
-O 339
-1.359
-1,443
-O 310
-O.762
-O.531
-O.603
-O.671
-O.126
-O.694
-O,920
-- O.159
-O 263
-O.553
--•--

 1 . 008

-- 1,528

---
1.4g. .r)

-- O,462

-1.518
 O.049
-- O.463
-O 495
-1 505
-1.404

O,989
O 949
O 978
O.959
O.913
O 939
O 983
O.978
O 953
O 909
O 963
O.976
O.976
O,943
O 989
O 990
O.951
e,g7s
0 969
O 957
O 974
O 935
O 989
O 990
O.981
O 947
O.965

F 1,139==:150,18
F 1,139==156,07
F 1,139 == 144,28

F 1,140=402.18
F1,136== O.44
F1,142== 3,25
F 1,144= 18 83
F 1,139=201 61
F 1,134 Å}- 88 67

F1,139== 58,36
F 1,137==135 60
F 1,135=273 83
F1,143=: O.94
F1,139= 14.30
F1,142= 1,18
F1,139- 2.36
F 1,138- 60.83
F1,132- O.72
F 1,137= 51.96
F l,138 -- 8 01
F 1,139-- 13.44
F 1,135=T. 43,08

Fl,141= 5.79
F1,142- 1,60
F 1,143== 12,91

Fl,137= 646
F1,138- 10 48

Åq

Åq

Åq

Åq

År

År

Åq

Åq

Åq

Åq

Åq

Åq

År

Åq
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År
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Åq

Åq

Åq
Åq
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Åq
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.Ol

.05
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B
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7). Of the characters measured parallel to the body axis, those situated anteriorly had

small allomorphic coeMcients and were bradymorphic; EL was particularly brady-
morphic. In general, the characters posteriorly situated in the head were isomorphic.

In the forelimb region, two characters were bradymorphic, three tachymorphic, and

three isomorphic. Both the two bradymorphic characters, i.e., HAL and TFL, were

1.0

as N-Et st EL T•EL IB PL HL

1.0

Fi
-.o.

s
o
9
=act
o
=
od i.o
(

o.

---------'-b--"d'-----'-vttZ'---"'--

fft IPTt

1.0

o.

Fig. 7.

INTt

Growth gradients in the characters showing no differencg among tbur age,isex
groups. Means for the combined four age groups are connccted by the lines. A:
chara6ters on the head measured along body. axis; B: characters on the head
measured perpendicular to body axis; C:.characters on the forelimb; D: characters

on the hindlimb.
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situated distally on the forelimb, and two tachymorphic characters were two tubercles

on the palm (OPTL and IPTL). Though the allomorphic constant ofFAW was great,
this character could not be regarded as tachymorphic since the range of variation was

too wide. In the hindlimb, three characters were isomorph{c, two tachymorphic, and

no bradymorphic character was found. The tachymorphic characters were FL and
IMTL, both of which were situated near the distal end of the hindlimb.

                                 DIscussloN

    Regressionformula and correlation coeLOicients: It was March (1937) who made detailed

allometric analyses on amphibians for the first time. He applied a simple regression

equation Y=:aX+b to express the relation of hindlimb length (Y) to the body length
(X) in the European grass frog (Rana temporaria). Several authors also applied this

formula to the relations of body parts (Y) to body length (X) for the anurans including

toad species (eg., Underhill, 1961; De Lange, !973). •
    However, application of this simple equation to the size relations of body parts was

cautioned against by Dodson (1975). He reexamined the data obtained by Lundelius
(195 7) on the Iizard body proportions and pointed out that it was dangerous to determinc

the linearity of a cloud of spots on the X-Y plane by visual inspection. He strongly

recommended the use of the power function Y==bXdi for analyses of body proportions.

The simple equation Y=aX+b, adopted by March (1937), is nothing but an isomorphic
relation of X and Y (when cr=:1 in Y==bXct). Inapplying the Y==bXdi formula,
however, both variables, X and Y, are usually plotted on double logarithmic axes, and

are line-fitted in the log Y=alog X+log b formula. In this case, consequently, the
range of the variables X and Y strongly afFects results such as the correlation coeflicient

(Dodson, 1975).
    As seen in the above results, the correlation coefficient of each character to SV'L

was in many cases rather small, and this tendency was particularly evident in adult

toads. Several reasons can be assumed for this. First, it is presumed that this might

be caused by narrow SVL ranges in adults on double logarithmic axes. The coefllcients

of variation (CV) of the SVL of young toads here treated were rather large (20.8 for
males and 30.7 for females). In contrast to this, the CVs for adults were less than half

of those of the young (8.1 in males and 10.5 in females). As the second reason for the

small correlation coeMcients in many characters, it can be supposed that there might

be greater measurement errors in some characters than in others. In fact, it is evident

that small correlation coeflicients were obtained in those characters in which the
measured reference points werc often indistinct (c.g., UEW and IOI)).

    It is also expected that in thc characters with small absolutc dimensions, e.g., IPTI.

of thc threlimb and IMTL of the hindlimb, measurement crrors would bc greater than

in thc charactcrs with larger absolute dimcnsions. But this assumption is not always

corrcct because higher correlation coel'I'icients werc obtained in some smaller characters

than in those with larger absolute dimensions; in the adult male, for instancc, absolutely

sniall S-NL showed a high correlation with SVL. Further, small correlation coefficients

were found more frequently in adults, despite, their decidedly larger absolute dimensions



258 M. MA'rsui

than in the young. Consequently, the actual high variability in the dimensions of
some characters could be adduced as the third reason for the small correlation coethcients

in those characters.

    Inagaki (1971) proposed regarding the correlation coefficient as a standard
criterion to determine the possibility ofline-fitting on the double logarithmic axes. He
                               'considered it impossible to fit the two variables on a single line if they had a correlation

coeMcient smaller than O.95, and in order to obtain a `higher correlation', he divided

the set of raw data into small groups and obtained a regression line from the sequence

of average values of these groups. Suzuki (1973) at first supported Inagaki's idea of

utilizing correlation coeflicients. But later, dealing with data obtained by the method

employed in the present study and not by Inagaki's method of division, he reached the

conclusion that studies of allomorphosis could not be made if the correlation coeMcient

value alone was too much emphasized (Suzuki and Teranishi, 1977). Just as pointed

out by Shimizu (1959), paying too much attention to the linearity would make us
overlook the nature ofactual variation expressed as bias from the regression line. Thus,

in the present study, too much stress was not put on the magnitude of correlation coef-

ficients. Instead the statistical comparisons were run to examine whether it was ap-

propriate to correlate each character to SVL. It became clear that all but one charac-

ter were significantly correlated to SVL, and the allomorphic fbrmula could be properly

applied between these characters and SVL.

    StoPe and Position of' the re.gression lines: In analysing allomorphic relations ot' given

characters, more stress has been put on the allomorphic constant (a=slope of the re-

gression line) than on initial growth index (b in Y=bX") (Shimizu, 1959; Kaneko,
1978; Aimi, 1980). In the present ftudy, therefore, allomorphic patterns oi' the char-

acters in each age!sex group were first analyzed with reference to the property of a.

More isomorphic characters were found in adults than in young. This result seems
to have been biased in relation to the small correlation coeMcient value in each character

in adults, and is considered to be chiefly due to the greater magnitude of character

variation in adults than in young.

    Therefore, allomorphic types derived from the comparisons of allomorphic con-
stants ofgiven characters of each group with the case ofa=1 do not seem to reflect the

real allomorphic relation of such characters to SVL among groups. Thus, a definite
conclusion cannot be drawn on the allomorphic patterns by examining the values of a

from separate groups, and it was necessary to detect the presence of actual difference

in allomorphic constants among the groups by statistical comparisons. Most of the
inter-group differences in allomorphic constants of characters were not statistically

significant, when the significance level was set at 999/,. The three characters with

significant intergroup difference (S-NL, IPTD, FTL) are considered to actually change

growth rate with sexual maturity, or to be actually sexually different in growth rate.

The other 27 characters seemed to have a constant allomorphic constant in the Momo-

yama deme, though the range of variation was wide in some of them.

    When the four age/sex groups were combined, two-thirds of these 27 characters
were not strictly isomorphic. This suggests that using simple ratios between two
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dimensions should be avoided in many cases in dealing with the morphometric char-

acters for the taxonomic purpose, at least for the toad.

    Contrary to the properties of allomorphic constants discussed above, there are
inter-group positional differences in the regression lines for many characters. The

biological significance of the positional difference of regression lines seems to have not

been discussed suMciently, and, some authors have paid less attention to this difference

than to slope difference (e.g., Aimi, 1980). However, the tendency toward positional

differences in the allomorphosis of toads from the Momoyama deme suggests that the
positional difference in regression lines has even greater biological significance than the

slope difference, because of the following two results obtained: (1) sexual difference

was found in many characters in adults, whereas only a few characters were sexually

different in the young, and (2) difference with growth was found more frequently in the

characters of males than in those of females. These seem to agree well with the trend

in differentiation which is generally accepted to occur in the process of morphological

change in animals (Tokuda, 1957).

    This seems to suggest that it is of dubious value to pay more attention to the slope

difference than to the positional difference in allomorphically examining morphometric

characters in the field of taxonomy. Rather, it seems necessary to find a better way to

express the inter-group character difference which is expressed by the positional differ-

ence of the regression lines, yet whose biological significance has not been well
established.

    IntraPoPulation variation: From such a viewpoint, intergroup difference in each

character will be discussed here, attaching importance equally to the positional and

slope differences. In the young, only two characters, ICD and IND, showed positional

difference in regression lines, whereas the other 28 characters did not exhibit such a

difference. Therefore, both sexes may be combined as to these 28 characters in mor-

phometric analyses. On the contrary the 14 characters (HL, HW, IND, ICD, UEW,
UEMD, IPTD, TFL, FFL, HAL, HLL, TL, FL, FTL) were sexually different in
position or even in slope of regression lines in adults, and therefore, males and females

should not be combined for these characters.

    In the male, one characte (S-NL) had a slope difference, and 12 characters (HL,

T-EL, HW, UEW, UEMD, IPTD, PW, TFL, HAL, HLL, TL, FL) had positional
differences between the young and adults. Accordingly, young and adult males should

not be combined for these characters. By contrast, in the female, only four characters

(FTL, PW, T-EL, IPTD) showed positional difference and one (IPTD) showed slope
difference between the young and adults. Though the number of characters showing
difference with growth in allomorphic parameters in female was only about one-third

of the male characters having such difference, thc young and adults should also be
treated separately for these four character,g.

    Inter-group difference was found neither in slope nor in position of 12 characters.

Of these, three (SL, FLL, LAL) regressed to SVL with high correlations (rÅrO.8), and

it is considered that they have neither sexual difference nor difference with growth in

allomorphosis against SVL. On the other hand, the remaining nine characters are



more variable with rather small coeMcient values when correlated to SVL. Therefore,
there is a possibility that sexual difference or difference with growth might be masked

in these characters.

    In conclusion, in dealing with each of 30 morphometric characters as a diagnostic

character in taxonomy, the three groups (young, adult males, and adult females) should

be treated separately for most of the characters, and males and females should be sepa-

rately treated for several of them even within the young.

    Grorc,th gradient andjunction: Though the aim of this study is not to analyze growth•-

gradients in body parts and the treated characters are not always suitable for
such analyses, some interesting allomorphic tendencies svere observed. When the
allomorphic constants of the 27 characters which have no slope difference among the

groups were ca]culated in the combined four groups, the number of bradymorphic
characters decreased, and conversely, the number of tachymorphic characters increased

in the following order: head characters measured parallel with the body axis-head
characters measured parallel with the body axis-forelimb characters-hindlimb char-
acters. The tendency for the number of charac;ters with a greater cr value to increase

in the sequence from the more anterior head region through mid fbrelimb region to
more posterior hindlimb, suggests the presence of a postero-anterior gradient in body•

parts of the toad. This kind of gradient has been known to occur in birds (Huggins,

1940). In the hindlimb characters, TL had a larger a value than FL, suggesting thc
presence ofa proximo-distal gradient. This tendency coincides with the result obtained

by the simple equation i'n the European common toad (De Lange, 1973) and is also

similar to the observations made in fetal mammals (Shimizu, I947). '
    Generally speaking, the characters showing overall size or shape, such as HL,

FLL, and HLL, were found to be isomorphic to SVL. Exceptionally, HW was brady-
morphic to SVL, but this character has a greater a value than the other head characters

that were measured perpendicular to the body axis. Further, the a values of the
characters attached to the main body parts, such as the parotoid (both in length and

width) in the head region, the lengths of two palmar tubercles in the forelimb, and

IMTL in the hindlimb, were relatively Iarge and some of these characters wcre even

tachymorphic to SVL. Dodson (1975), who examined the allometry (==:allomorphosis
in the present work) of the alligator skull, conc}uded that the characters with negative

allometry (=bradymorphic characters in the present study) decrease functional im-
portance with growth, and conversely, the characters with positive allometry (=tachy-

morphic characters) increase functional importance with the incrcase of the standard

size. The parotoid gland, as well as other skin glands, of thc toad is regarded as a
defense organ against predators (Lutz, 1970; Szarski, 1972), and the metatarsal tubercle

is considered to be important as a fossorial organ fbr hiding or hibernation (Smith,

 1951). Therefbre, Dodson's idea (op. cit.) may apply to these organs and the weak
bradymorphosis in the head width can be explained in relation to food uptake. Howevcr,

suMcient understanding has not yet been obtained as to functional significance of the

two palmar tubercles, and the relationships of allomorphosis and function in such
characters require further investigation. Problems concerning growth gradient shou]d
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also be solved 1)y ftirther investigation, including osteorrietry.

                                    IV
                      Morphometric Variation in the
                         Japanese Common Toad

    As reviewed in the history of classification of the Japanese toads, many problems

are involved in the taxonomy of the group whose members spend their larval life in

still water (still-water type). The so-called Japanese common toad and the Miyako

toad are the members in question.

    Regarding classification oftheJapanese common toad, there are different opinions

among taxonomists, and it is in some cases divided into several forms (Okada, l930,

l931, 1966; Matsui, 1979a), and in others treated as a single form (Nakamura and
U6no, 1963). The taxonomic position of the Miyako toad is sometimes discussed in
relation to the fbrms ofChina and the nature ofthe basic problem is different from that

involved in the Japanese common toad.
    In this chapter, I will present the results of analyses of morphometric variation of

the external characters of this frequently disputed Japanese common toad. In the
process o. f analysis, I did not employ hitherto recommended ratios among characters,

but used the adjusted character value (ACV) ofeach character at a unit body size. By

,geparately analyzing intra- and interpopulation variation, I tried to elucidate the pattern

of variation specific to each ol' them.

    On the basis ot'the results thus obtained, it became clear how many l'orms could be

differentiated for the Japanese common toad.

                          TVIAtl••ERIALs AND ME•l-1{OD$

  a) Ailaterials

    As shown in Table 3, the materials examined for the geographic variation in the

morphometric characters comprised 2,525 specimens. Determination of sexual
maturity and sex identification were made by the method described in the foregoing
chapter. From the results described in the previous chapter, it was evident that in

young toads, there was little sexual dimorphism in the allomorphic relation of each
character dimension to SVL, and therefore, both sexes were treated together for young

toads. As a result, three agelsex groups, young, adult males, and adult females, were

treated separate).y.

  b) Citaraclers Chosen and A4ethods,for CoinXJarisons

    1) Characters
    The l 1 morphonietric characters selected ibr the analyses on geographic variation

were: (1) S VL, (2) head length (HL), (3) snout length (SL), (4) tympanum-eye length

(T-EL), (5) tympanum diameter (TD), (6) head width (HW), (7) parotoid length
(PL), (8) parotoid Nvidth (PW), (9) lower arm length (LAL), (10) tibia length (TL),

and ('11) f'oot length (FL).

    2), Geographic Nrariation in the allomorphic constant

    ,gXllomorphic relations of ten charactcrs to SVL were examined with reference to
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the allomorphic constant (a) in eight populations of the Japanese common toad: Pops.

8, 16, 18, 22, 73, 80, 88, and 96. The result on Pop. 63 reported previously was also

included. Each ofthese populations included a moderate number ofspecimens tbr each
of the three agelsex groups, and the SVL range of each agelsex group was adequately

wide (Table 17), In addition, the geographic distribution of these populations covers

most of the known range of the Japanese common toad (Fig. 8).

    In calculating allomorphic cohstant values, the three age/sex groups were combined,

since the results obtained for Pop. 63 indicated the lack of inter-group difference in the

allomorphic constants for the ten selected characters. The methods for calculation and

boor

6i

/

S.16

.t'" rIIx•--q•-e

 ..J

j
xf

Fig. 8. Geographic locations of the nine populations of theJapanese common toad analyzed
      for interpopulation allomorphosis.

statistical comparisons on allomorphic relations were same as those described in another

chapter.

    In order to analyze the geographic variation of the allomorphic constant, the
correlation between latitude of the locality where each population lived (X) to the

allomorphic constant (Y) was calculated, and the statistical significance was examined

(pÅq .05) for the nine populations.

    3) CalculationofACV
    The adj'usted character value (ACV) described by Thorpe (1975) was calculated
for each individual toad using the representative allomorphic constant for each character.

In this method, the allomorphic relation of a given character dimension to a standard

character dimension was obtained first for'a group of animals, and next, the relative

size of that character for a unit size of standard character was calculated on the basis

of the assumption that the allomorphic constant first obtained represents the ontogenetic
                                                         Agrowth rate for each individual in the group. Namely, ACV (Yi), the estimate of
character Yi for an individual having standard character dimension Xi, is calculated



Table 17. Range ot'SVL for the nine populations ofthe.Japancse common toad analyzed tbr interpopulation allomorphosis.

Populatit)n .

              N

 young

range

adult males adult females

 X

36.1

58,1

45.2

73.7

66.1

70,9

68.9

56.5

74.2

N range X N range x N

Total

  range

8

l6

18

22

63

73

80

88

se

32

di

12

10

65

95

91

55

13

23.

24.

20

22.

24.

24.

49.

21.

23.

5- 79.0

8- 93 , Jr

5- 91 8

8- 9.4.2

O- 99.2

5-105.2

5- 98.8

2- 72.8

O-137.7

16

64

34

67

46

12

22

31

16

66.8-1l1 O

 60.8-148 2

80 4-113 2

90 O-156 5

79 8-116 5

107 2-145.0

80.0-108 O

62 7-102 3

95 2-119 8

 88 2

120,2

 99.0

129 8

98,5

128.3

92.5

82,9

110.1

15

13

24

18

36

12

10

8

11

 74.3-120.5

103.2-149.8

 87.6-119.6

106.5-147.2

84.0-13jr.o

120.2-155.8

87.3-123.0

 93,6-122.0

131.2-176.0

100 1

126.3

l02.1

125.6

109.6

137 8

103.7

107.6

l60.1

63

142

 70

95

147

119

123

94

40

23

24

20.

22

24

24

49

21

23

5-120,

8-149

5-l19

8-i a6

C135.

5-155.

5-123.

2-122

O-176

rl

8

6

5

o

8

o

o

o

k.
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8
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by the formula:

             A          log Y,=:;alog X.+(log Yi-alog Xi)

where X, is the unit size ot' the standard character, and a is the rcpresentative allo-

morphic constant ibr the group inciuding the individual in question.

    The standard character treated here is SVL. The results, reported in the previous

chapter, indicated the presence of sexual andlor age diH'erences in the position of the

regression lines of some characters against SVL. For such characters, three age/sex

groups were treated separately in calculating ACV. For the unit size of the standard

character (SVL), 100 mm was arbitrarily chosen for computing ACV, since this value
was intermediate between young and adult actual mean SVLs, and, with only a few
exceptions, toads of most populations pass this size in the course of growth.

    For each of the nine populations mentioned above, ACVs were calculated using
the a values specific to each population, and for the remaining populations of the Japa-

nese common toad, the a values calculated by combining the data for nine populations

were used. Ifthe variation in a values fbr any one character against SVL proved to be

significantly correlated to geographical parameter (latitude of the sampled location) in

the above nine populations, the linear equation between the two variables was obtained

and a values were newly calculated from the equation lbr all populations except for the

above mentioned nine.
    For either intra- or interpopulational comparison of SVL and ACVs, populations

with sample size three or larger were considered. For SVL, Student's t• tests were run
at the significance levei of95 O/o, and the means were expressed by XÅ}2SE, unless other-

wise noted. However, tv-ro-tailed }viann Whitney's U tests were run at the rejection

level of 59/, tbr ACVs, since the normality in the distribution of ACVs has not been
ascertained, and therelbre, the routine method of Student's t tests was not applicable.

Thus, the magnitude ofACVs tbr any character representing a populaLion was expressed

by a median.

                                  REsum's

1. SVL
    Young toads were excluded from the SXv"'L variation analyses, since they were
collected at various stages of growth, which might cause far greater size variations than

in adults due to their extremely heterogeneous growth stages.

  1) Interpopulation variation in the population mean SVL

    The mean of the mean SVLs tbr 58 populations of adult males was 116.29Å}4,40
mm. Population 10 had the smallest mean SVL (70.9 mm), and Pop. 88 (82.9 mm)
and Pop. 8 (88.2 mm) ranked next and third. 'I'he largest mean SVL (143.3 rnm) was
found in Pop. 56, and Pop. 61 (140.7 mm), Pop. 34 (140.6 mm), and Pop. 50 (140.6 mm)

were among the populations with large mean SVI.. The largest mean SVL was 2.02
times iargcr than the smal]est.

    Interpopulation variation in mean SVL (rl-ablc 18) was great, and each ol' 58
populations showed more or ]ess significant diH-erences Il'om each other. Ainong them,

Pop. 10 was most conspicuous, showing difflerences in all of the 57 possible combinations,
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i.e., Pop. 10 was regarded as having a mean SVL completely different from the other

populations oftheJapanese common toad. All the other populations had overlapping

mean SVLs. Among them, Pop. 88 was remarkable, being different from other S5
populations (96.5% of total 57 populations). Population 8 (different from 87.79/. of

other populations), Pop. 56 (84.2%), and Pop. 61 (80.70/,) were conspicuous populations

frequently different from other populations in mean SVL.

    In 50 female populations, the mean of the mean,SVLs was 126.70Å}5.11 mm.
The smallest population mean SVL (68.9 mm) was exhibited by Pop. 10, and Pop. 43
(98.2 mm) and Pop. 8 (100.1 mm) had also small population mean SVLs. Population
96 had the largest mean SVL (160.1 mm), and Pop. 87 (158.5 mm) and Pop. 61 (150.7
mm) ranked next and third largest. The Iargest value was 2.32 times larger than the
smallest.

    In adult female populations, the same tendency as in adult ma]e populations was

observed in interpopulation variation in mean SVL. As in males, Pop. 10 was different

from all other 49 populations, and was regarded as having a distinct mean SVL among

the populations of the Japanese common toad. The remaining 49 populations had
more or less overlapping mean SVLs, but among them, Pop. 96 was conspicuous with
43 differences in 48 possible combinations (89.60/.). Population 87 was also remarkable

in having differences from other 42 populations (87.59/, of total number of 48 combi-
nations) .

    Of 44 well represented populations (the sample size of both males and females
larger than three), 14 (31.89/,) exhibited sexual dimorphism in mean SVL. In the
remaining 30 populations, females tended to be larger than males, but the differences

were statistically insignificant (pÅr.05). When population means were combined for

each sex and the values obtained were compared, sexual dimorphism was evident
(t=3.11, dF==106, .O05ÅrpÅr.OOI), and females were generally regarded as larger in
SVL .than males.

    For a comparison of variability in the mean SVL between males and females,
mean SVL values were logarithmically transformed and variance was computed for
each sex (the method proposed by Lewontin, l966 and Moriarty, 1977). The result
indicated no sexual dimorphism in the mean SVL variability (F43,4g=1.03, pÅr.05).

  2) Variation in the minimum SVL
    Among 1,179 individuals of 81 populations, the smallest adult male was found in

Pop. 2 (Shimokita) and was 43.2 mm in SVL. The smallest adult female among 585
individuals of 78 populations was in Pop. 3 (Tsugaru), and had an SVL of 53.5 mm
(Table 18).

    The means ofthe minimum SVLs among populations were 97.6Å}4.4 mm for males,
and 112.2Å}5.6 mm for females, and these values were significantly different (t==4.15,

dF==106, p(cOOI). Thus, females were regarded as larger than males in minimum
SVL.
  3) Variation in the maximum SVL
    Among 1•,179 individuals of 81 populations, the largest adult male was found in

Pop. 79 (Kammuriyama) and was l62.5 mm in SVL. The largest adult female among



Table 18. SVL (in mm) variation inJapanese common toad adults.

adult males adult females

Population

N
SVL

N
SVL

range x SD 2SE CX,T range x SD 2SE cv

1

2

3

4

5

6

7

8

9

10

12

13

14

1.r)

16

17

18

19

20

21

22

23

11

1

20

6

9

1

16

 1

8

 1

3

 l

64

 i)

34

25

20

10

67

22

79.2-110.8

78.3-116.2

96.5-108.0

67.2-107.8

66.8-111.0

61.2-79,2

92.2-112.8

60 8-148.2

l08.0-134.0

80.tF113.2

99.5-146.0

106 8-l47,2

122.8-141.2

90.0-156.5

81.1-126.2

92

43

7

2

96.6

102.7

93.9

76.8

88.2

9. 0.4

70.9

120.2

1OO.5

81.7

120

124

99

125

134.

132

129

1OO

2

6

o

2

7

o

8

7

9.2

7

4

14

9

1

2

ll.4

6.8

10.9

l9

9

9

11

9.

6

10

13

3

8

7

7

1

3

1

o

5.5

S.6

3.4

9.5

5,7

4.8

12.5

4.8

8,8

3.3

4.7

4.1

4,O

2.5

5.5

9.9

8.

4

lr)

2

o

1

12.9

9.6

10,8

16

7

9

9.

6

4

7

l2

1

9

8

,l,

7

7

8

9

3

1

2

3

1

1

15

1

8

4

2

1

13

24

16

20

9

18

21

101.3-109,2

108

96

6-111.8

2-121.8

74.3-120.5

59

110

1OO.

l03.

5-76.2

O-130.5

O-109.1

2-149.8

87.6-119

115.3-r42

126,2-152.

108.4-135

106.5-147

78.6-129

6

2

8

o

2

o

106.6

53

110

106

109

78

1OO

94

68

124.

l04

1OO

l26

5

2

7

8

8

1

2

9

4

6

5

3

102.1

133.4

137.2

128.5

125.6

105.5

4.6

13.4

13.0

5

9

9

7

13.7

9.

7.

7,

8,

8,

13.

8

5

9

3

o

2

5.3

15.5

6.7

4

9

1

7

7.6

4

3

3

5

3

5.

o

7

5

5

8

8

4,3

12.5

13.0

8

7

5

8

ll,O

96
56
58
6.4

6.4

l2.5
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(Table 18. cont'd.)

adult males adult females

Population

N
SVL

N
SVL

range X SD 2SE CV range X SD 2SE cv
24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

"
45

15

39

 6
41

 1

 3
10

13

51

2

29

 1

 1

5

70

14

3

2

1

39

1

1

l18.0-148.2

82 8-137 2

109 5-135 2

105.0-144.0

98.6-l11.2

95.0-11O.4

91.0--143 5

83.2-134 5

104.0-106 6

1l5.5-155 5

94.5-117.2

95.0-135.2

1O7.8-140.0

ll9 2-143.2

84.6- 90.2

82.8-107.7

l35 1

109.I

124.1

125.8

 94.4

105.3

105.0

116 7

108 2

105.3

140.6

154.5

 80.0

104,6

115.6

120.3

129.6

 87.4

81.0

95.8

124,O

102.0

9.5

11.7

10.8

10.4

6.3

4.9

14.0

11.1

11.1

 9.7

9.9

7.6

12.3

6.1

4.9

3.8

8.8

3.2

7,3

3.1

7.7

3.1

4.1

8.7

2.4

4.1

14.2

l.9

7.0

10.8

8.7

8.3

6.0

47
12.0

10.3

7.9

9.3

8.6

6.3

9.5

6.4

6

l2

3

l7

3

2

7

3

30

1

10

25

1

1

6

6

117.8-137.5

1OO,3-136.2

102.2-115 8

121.8-155.0

104.5-112.0

94.4-1O1.2

97.5-ll6.0

111,O-135.0

97.2-131 3

91.0-l54,5

105.6-131.2

90

108

.5-109.3

.2-141.2

130.3

115.0

109.4

137.4

108.2

97.8

l06.7

126.8

1!4.0

128.2

129.6

l20.4

122.4

79.2

9.8.2

130.4

7.0

9,6

68
11.2

3.8

6,2

l3.7

8,8

21.0

5.9

8.7

11.7

57
5

7

5

4.

3

9

4

3

4.7

15.8

3.2

l3.3

2.4

7

9

.1

.5

5.

8.

6.

8

3

4

3

3

1

5

5.8

10.8

7.7

16.2

4,9

8.

9.

9

o
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(Table 18. cont'd.)

adult males adult females

Population SVL
N

SVL
N

range X SD 2SE cv range X SD 2SE cv

47

48

49

50

51

52

53

54

55

56

Jr7

58

59

60

61

62

63

64

65

66

68

69

3

2

3

21

12

6

3

10

2r)

21

8

i)7

26

28

10

45

 1

5

3

1

lll,V120.0

137.8-140 2

104 8-155,O

116.2-160 5

1e4 8-144.0

96.a-lll.O

98.4-108.4

119.2--142 O

llO O-158.0

131 O-157.0

108 2-l43 O

106 O-l58 2

l26 2-149 O

120 O-151 2

101 8-139 5

79.8-116.5

102.3-129.0

103.2-I21,5

115.8

139.0

129.4

140.6

l29.9

101.7

102.8

132.4

139.4

143.3

129 3

137.7

134 9

140 7

l19. 6

98 5

106.4

112.8

110,2

132.5

4.5

25.1

11.6

12.6

5.5

5.1

86
12.3

6.3

9.9

9.9

6.2

8.3

11.2

7.9

10.4

9.9

5.2

29.0

5.1

7,3

4.5

5.9

5.5

4.9

 3.8

7,O

26
24
31
7.1

24

9.3

11.4

39

19.4

82
9.7

54
5.0

6.5

8.9

44

7,7

7.2

46
5.9

93
81

9.2

8.9

5

1

5

5

3

2

1

7

14

2

12

12

9

11

4

35

 l

1

2

1

121.5-134.8

102.4-141.0

137.2-146,2

130,O-l48.0

103 O-122.0

140,8-159. .2

125.5-145 8

114.0-119 2

108,O-153.0

121.5-147.2

128 2-155.0

i41 2-162.2

l12.2-125.0

84.0-135.0

123.4-146,2

129.0

138.5

122.8

142.4

141.6

l12.5

145.2

147.5

139.1

116 6

132 8

136 6

142.0

l50.7

120 3

l09,6

I08 4

127.5

134.8

161.5

5.1

16.9

3.6

10.1

6.8

6.0

11.5

78
86
5.9

5.6

ll.5

4.5

15.2

3.2

11 6

5.

3.

6.

4.

L!

)

3

:)

3

1

2
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(Table 18. conL'd.)

adu]t males adult females

Population

N
SVL

N
SVL

range X SD 2SE cv range X SD 2SE cv
71

72

73

74

75

77

78

79

80

81

83

84

85

as

87

88

89

91

92

93

94

95

96

1

2

12

1

L)7

22

;Åro

1

3

6

27

3

31

2

7

1

4

l6

126.2-l34

107.2-14i)

9:)

80

103.

98

l03

80

119

62

1OO

94

2

e

4-162 5

.O-108.0

4-148.2

2-124.2

2-138 2

2-141.5

2-152 2

7-102 3

6-107 O

2-118 8

97 O-121.0

95.2-119 8

l49.

130

128

2

2

3

109 6

129.5

92.5

l28.3

132.6

II3.4

125.2

l22 4r

134.2

82 9

103 8

105 3

116

109.

8

o

110,1

5,7

13.2
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71
9.4

l3

12

11

l6
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5

8

8

.7
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9.1
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8.2

8

7

4

3

2

1i)
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4
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4

o
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.4
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4
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3

3
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7.5

3

2
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1

2

1

9

1.i

10

23

2

7

3

14

3

8

4
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1

1

l

1
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130 9
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585 individuals of 78 populations was found in Pop. 96 (Yakushima), and had an SVL
of I76.0 mm (Table 18).

    The mean of the maximum SVLs among populations was 132.19Å}4.92 mm for
males, and 139.29Å}5.13 mm for females. These values differed significantly (t=1.99,

dF==106, .OlÅqpÅq.05) and males were judged to have a smaller maximum SVL than
females.

  4) GeographicvariationofSVL
    The variation range of mean SVLs (X) among 58 adult male populations was
divided into six size classes by the method presented by Yamagishi (1977:I02), and the

number of populations included in each size class was examined (Fig. 9). The figure

showed inconspicuous bimodal distribution with peaks in the size classes 95.1$XÅq

107.2, and 119.3$XÅq131.4. In adult females, 50 populations had unimodal distri-
bution with a peak in size class 129.7SXÅq144.9 (Fig. 9).
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Fig. 9. Number of populations tabulated by 12.1 mm (A:
      (B: adult females) intervalg ofpopulation mean SVL.

t60

adult

  180
(mm)

males) or by 15.2 mm

    These results indicated that it is diMcult to divide populations in females, but in

males it was possible to recognize two groups. Thus, male populations were divided
into two types (I: small body size; III: large body size) by the border at SVL==113.25

mm, and female populations were arbitrarily divided into three types (I: small body
size; II: moderate body size; III: large body size).

    Geographic distribution of each type was examined (Fig. 10). In males, type I
populations were distributed over the whole range, except for Shikoku. By contrast,

type III populations were distributed in a narrower range, from Kanto to Chugoku and

Shikoku, and were never found in Tohoku and Kyushu. In the areas from Hokuriku
and Kanto to Kinki, where both types occurred, the number of type III populations was

about twice of that o{' type I. Thus, populations with small body size were judged to
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predominate in the extremely eastern and western areas, and conversely, those with
large body size occupied the area around the center of the distributional range of the

Japanese common toad.
    In females, type II populations showed wide distribution from Southern Tohoku

to Kyushu. Type I populations were predominant from Chubu eastwards, but were
sporadically found in Kinki, Chugoku, and Kyushu. A more limited range, from
Chubu westwards, was occupied by type III populations. Thus, it can be roughly
stated that populations with small body size decrease and, conversely, those with large

body size increase from north to south in the distributional range of theJapanese common

toad.

    These sexually different tendencies in geographic variation of mean SVL resulted
in iarger female/male SVL difference in the southwestern localities, and details of this

subject are stated later.
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Fig. 10. Geographic d{stribution of type I (small-sized: closed circles), type II (mediurn-
   sized: double circles), and type III (large-sized: open circles) populations of the

   Japanese common toad. Top: adult males; bottom: adult fcmales.
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    As evident from Fig. 10, some populations greatly differed from the surrounding

populations in SVL. In adult males, the following combinations were regarded as
having considerably different SVL: Pop. 10 vs, Pops. 8, 13; Pop. 13 vs. Pops. 16, 17;

Pop. 18 vs. Pops. 17, 19; Pop. 43 vs. Pops. 38, 47; Pop. 23 vs. Pops. 19, 27; Pop. 25 vs.

Pops. 21, 24; Pop. 52 vs. Pop. 51; Pop. 53 vs. Pops. 51, 54; Pop. 63 vs. Pops. 61, 62;

Pop. 80 vs. Pop. 79. In these populations, the mean SVL of the former was more than

1.2 times smaller than that of the latter(s). The most extreme combination was Pop.

63 vs. Pop. 61; the latter had mean SVL 1.43 times larger than the former, in spite of

their geographically close distribution.

    In the same manner, the following combinations were obtained for adult females:

Pop. 10 vs. Pop. 8; Pop. 23 vs. Pops. 19, 27; Pop. 26 vs. Pop. 27; Pop. 43 vs. Pops. 38,

47; Pop. 62 vs. Pop. 61; Pop. 63 vs. Pop. 61; Pop, 80 vs. Pop. 79; Pop. 88 vs. Pop. 89.

The former population had mean SVL more than !.2 tirnes smaller than the latter in
these combinations. In the combinations Pop. 10 vs. Pop. 8 and Pop. 63 vs. Pop. 61,
the differences were particularly large (1.45 and 1.38 times, respectively). Thus, as in

males, some populations of adult females were regarded as very different from the
neighbouring populations in SVL.

2. Allomorphic Variation

  a) Variation in AllomorPhic Constant

    Allomorphic relations of each character to SVL are summarized in Table 19.

    1) HL: The nine populations could be arranged in the following order by the
magnitude ofa values: Pop. 63 (a==O.866)-Pop. 80-Pop. 16-Pop. 6-Pop. 73-Pop.
22-Pop. 88-Pop. 18-Pop. 96 (a=O.997). No correlation was foirnd between the

magnitude of a values and geographical parameters (represented by -latitude of the
                                                  -1., .)-.Ioca!ity; Fig. IIA; dF==7, r==-O.383, pÅr.1). There were significant differences in

slope and position between the regressions oftwo populations having largest and smallest

a values (Pop. 96 vs. Pop. 63: slope: Fi, i7s =28,28, pÅq.Ol; position: Fi, t76==57.52,

pÅq.Ol). However, the variation in a values within a population was so great that the

interpopulation difference in slope was insignificant between two neighbouring popu-

lations arranged by the magnitude of a values (e.g., Pop. 63 vs. Pop. 80: slope:
Fi,22s=5•81, .05ÅrpÅr.Ol). By contrast, positional difference was occasionally sig-

nificant even between two neighbouring populations (e.g., Pop. 16 vs. Pop. 8: position :

Fi, io7==29.38, pÅq.Ol). This result indicated that there was no evident geographic
trend in the variation of allomorphic constants of HL against SVL in nl'ne populations.

The combined allomorphic constant was O.939Å}O.O04 (3SE, N=.671), and sho"red a
                                                        t.bradymorphic relation ofHL to SVL (comparison with the case of a= 1 : Fi, 66g==206,67,

    2) SL: The nine populations could be arranged as tbllows by the magnitudc ol'

a values: Pop. 63 (a=O.823)-Pop. 80-Pop. 16-Pop. 8-Pop. 73--Pop. 88-Pop.
I8-Pop. 22-Pop. 96 (a=O.942). No significant correlation was fbund between cr
values and geographical parameters (Fig. 11B; dF==7, r==-O.489, pÅr.1). The
largest a value was significantly different from the smallest (Pop. 96 vs. Pop. 63 : slope :

Fi,i7s==13.14, pÅq.Ol; position: Ft,i76=19.92, pÅq.Ol), but these two extremes were
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bridged over by the intermediate values. The a value obtained by combining nine
populations was O.877Å}O.O05 (3SF], N=:675), showing bradymorphic relation of SL to

SVL (compar{son with the case ofa==1: Fi, 673=573.64, pÅq.Ol).

    3) T-EL: The nine populations could be arranged as follows: Pop. 16
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Fig. 11. Correlation between latitude of locality and allomorphi{' constant in the ninc
       populations of the Japanese common toad. Horizontal bar indicates mean and
       vertica] bar indicates standard deyiation of allomorphic constant. A: HL; B:
       SL;C: T-EL; D: TD; E: HW;F: PL; G: PW; H: LAL; I: TL;J: FL. Signifi-
       cant correlations were found only in D and F.
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(a =O.945)-Pop. 63-Pop. 18-Pop. 80-Pop. 22-Pop. 8-Pop. 73-Pop. 96-Pop.
88 (a==1.121). The variation range ofa value for this character was so great within

each population that there was no significant slope difference between the regressions

of two extreme populations, although the positional difference was significant (Pop. 88

vs. Pop. 16: slope: Fi,gs==2.10, pÅr.1; position: Fi,gs=94.31, pÅq.Ol). The a values

were not significantly correlated with geographical parameters (Fig. 11C; dF=7,
r== -O.488, pÅr.1), and the a obtained by combining nine populations was 1.052Å}O.031

(3SE, N=536), indicating the isomorphic relation ofthis character to SVL (comparison

with the case ofa=1: Fi, s3`=2.79, pÅr.1).

    4) TD: Although the allomorphic constant of TD to SVL varied considerably
within each population, it (Y) decreased towards the south in correlation with latitude

(X) and the equation Y==O.023X+O.290 (r=O.799, pÅq.Ol) was obtained (Fig. 1ID).
The nine populations could be arranged according to the magnitude of allomorphic

constants in the following manner: Pop. 88 (a=O.977)-Pop. 96-Pop. 73-Pop.
63-Pop. 80-Pop. 8-Pop. 22-Pop. I6-Pop. 18 (a=1.I85). There were significant
slope and positional differences between the populations with maximum and minimum
a values (Pop. 18 vs. Pop. 88: slope: Fi,g6=10.90, pÅq.Ol; position: Fi.g7=195.57,
pÅq.Ol), but these values were connected by values of intermediate populations. The

a value obtained by combining nine populations was 1.043Å}O.021 (3SE, N=555),
indicating that this character was isomorphic to SVL (comparison with a==1;
F,, ,,,=4.10, .05 ÅrpÅr.ol).

    5) HW: The nine populations could be arranged as follows: Pop. 63 (a=O.937)

-Pop. 80-Pop. 16-Pop. 18-Pop. 22-Pop. 88-Pop. 8-Pop. 73-Pop. 96
(cr=1.089). Nocorrelation was found between a values and latitudes (Fig. 11}]';
dF=:7, r=-O.458, pÅr.1). Significant differences were found in slope and position of

regression lines between two extreme populations (Pop. 96 vs. Pop. 63: slope: Fi, iso

=17.46,pÅq.Ol; position: Fi,isi=:23.20, pÅq.Ol), but the two populations were
bridged over by intermediate populations (e.g., Pop. 96 vs. Pop. 73: slope: Fi, i`6=3.37,

pÅr.05). The combined a value was l.O04Å}O.O07 (3SE, N==673) and the character
was regarded as isomorphic to SVL (comparison with the case of a=1: Fi,6n=O.31,
pÅr.05).

    6) PL: The nine populations could be arranged as follows: Pop. 8 (a==O.960)-

Pop. 16-Pop. 22-Pop. 18-Pop. 80-Pop. 96-Pop. 63-Pop. 73-Pop. 88
(a=1.046). The cr values (Y) and latitudes (X) correlated significantly with the

equation Y=:-O.O081X+1.288 (r=-O.752, .02ÅrpÅr.Ol; Fig. 11F). Thus the
allomorphic constant of PL to SVL was regarded as decreasing from south to north.
The variation range of allomorphic constant within a population was so great that there

were insignificant differences in slope and position of the regressions of the two extreme

populations (Pop. 88 vs. Pop. 8; slope: Fi, ito==5.39, .05Årp År. .Ol ; position: Fi, m= 3.29,

pÅr.05). The combined allomorphic constant was O.997Å}O.O08 (3SE, N=555) and
the character was regarded as isomorphic to SVL (comparison with a= 1 : Fi. ss3=O.1 l,

pÅr.1).

    7) PW : The populations could be arranged by the magnitude of the allomorphic
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constants in the foHowing way: Pop. 16,(a=O.726)-Pop. 88-Pop. I8-Pop. 8-Pop.
80-Pop. 73-Pop. 22-Pop. 63-Pop. 96 (a= O.934). The correlation of a values to
latitudes was insignificant (Fig. 1IG; r==-O.650, dF=:7, .1ÅrpÅr.05). The maximum

and minimum a values differed l'rom each other (Pop. 96 vs. Pop. 16; slope: Fi, s3==
8.852, pÅq.Ol; position: Fi, s4=O.l5, pÅr.1), but were bridged over by the values of

intermediate populations. The a value obtained by combining nine populations was
O.628Å}O.032 (3SE, N==551) and this character proved to be bradymorphic to SVL
(comparison with a=1: Fi, s4g==132.59, pÅq.Ol).

    8) LAL: The populations were arranged as follows: Pop. 80 (a==O.906)-Pop.
96-Pop. 73-Pop. 22-Pop. 18-Pop. 63-Pop. 16-Pop. 8-Pop. 88 (a= 1.017), and
no correlation was found between a values and latitudes (Fig. 1IH; r=O.392, dF=7,
pÅr.1). Intrapopulation variation range ofa value was not wide and the neighbouring

populations had insignificant differences in a values (e.g. Pop. 80 vs. Pop. 96; slope:

Fi,g4=3•76, pÅr.05; position: Fi, gs ==110.94, pÅq.Ol), although they differeq greatly

in the position of the regression lines. The a value of the combined nine popul•ations

was O.999Å}O.O05 (3SE, N=554) and was regarded as isomorphic to SVL (comparison

with a== 1: Fi, ss2=O.061, pÅr.1).

    9) TL: The nine populations could be arranged by the magnitude of the allo-

morphic constant in the following way: Pop. 96 (a=T-O.948)-Pop. 16-Pop. 63-Pop.

73-Pop. 22-Pop. 80-Pop. 8-Pop. 63-Pop. 88 (a=1.032). There was no cor-
relation between a values and Iatitudes (Fig. 11I; r=-O.564, dF==-7, pÅr.1): The cr

value for Pop. 96 was somewhat smaller than rather 'uniform values of the remaining

populations, but the difference was not significant between Pop. 96 and Pop. 16, which

had the second smallest value, (slope: Fi. s4=6.43, .05ÅrpÅr,Ol; position: Ft, ss=2.76,

pÅr.05). Therefore, the significant difference in ev values between Pop. 96 and Pop.

88, which had the largest cr value (slope: Fi, ss=12.22, pÅq.Ol; position: Fi, B6=1.02,

pÅr.05), became continuous by the values of the intermediate-populations. The
combined avalue, a== 1.019:i:O.O05 (3SE, N==555), proved this character tachymorphic

to SVL (comparison with the case ofa=1: Fi,sss=14.32, pÅq.Ol).

    10) FL: As TL, Pop. 96 hadasmallavalue. The nine populations could be
arranged as: Pop. 96 (a==O.946)-Pop. 16-Pop. 80-Pop. 63-Pop. 22-Pop. 73-Pop
18-Pop. 8-Pop. 88 (cr== 1.134). No significant correlation was detected between a
values and latitudes (Fig. 1IJ; r--O,454, dF==7, pÅr.1). The smallest a values were
significantly different from the largest (slope: Fi, Bs=22.60, pÅq.Ol: position; Fi, s6=

O.52, pÅr.1), but were bridged over by values of the intermediate populations (e.g.,

Pop. 96 vs. Pop. 16; slope: Fi, s`=5.22, .05ÅrpÅr.Ol; position: Fi, ss=10.29, pÅq.Ol).

The a value obtained by combining nine populations, a== 1.058Å}O.O07 (3SE, N=556)
indicated that FL was tachymorphic to SVL (comparison svith a==-1: Fi,ss4::';64.02,

  b) Growth Gradient Variation '
    Although the allomorphic constants of most characters against SVL varied
somewhat within a population, general trends in growth gradient relations were analyzed

by the use of allomorphic constants obtained by combining all agelsex groups in each
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population (Table 19). ' '
    The lines formed by connecting the combined a values of ten eharacters (bold lines

in Fig. 12) were similar in shape among nine populations, with a few exceptions in some

characters. The a values for TD varied somewhat among populations and populations
could be divided into two groups : (a) a value for TD smaller than those for T-EL and PL

(Pops. 73, 88, 96), and (b) a values for TD larger than those for T-EL and PL (Pops.

8, 16, 18, 22, 63, 80). The relation in the magnitude ofa value between PW and FL

showed a slight deviation in Pop. 96 from other populations: the a value for FL
(a=O.947) was almost equal to that for PW (a=O.934) in Pop. 96, whereas the former
value was somewhat larger than the latter in the remaining populations.

1.2

1.0

O.8

O.6

POP
pof,

POP
POP

pop
pop
POP
POP
pop

           T•EL TD PL -.HL• HW PW LAL Ft
                            charaeter
Fig. 12. Growt]i gradicnts in the'nh'ie populations ot' theJapanese common toad.

B. Jf'ariation in ACVfor Each C/iaracter

  a) Iiariation in ACVfor Each Character

    1) HL: The presence ofdifferences in the allomorphic relation ofHL and SVL
among age!sex groups has been suggested in the previous chapter. Therefore, the three

agelse,x groups were treated separately in the analyses ofACV for this character (Table

20).- .
    OfS52'ybting, the smallest ACV, 26.9, was possessed by an individual from Pop.
62, ancl the iargest, 37.7, by one from Pop. 70. The latter value was 1.40 times larger

than the former. The smallest ACV median for 39 populations of young toads was
31.0 for Pop. 31, and Pop. 1 (median=31.2) and Pop. 57 (31.3) ranked next and third.
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Table 20. Variation in the HL ACV of theJapanese common toad.

young adult males adult females

Popula-
 tion

N
ACV

N
ACV

--- --------•----------•-------  N  range median

ACV

range median range median

 1
2

3

4
 jr

6

7

8

9
IO

11

12

13

14

l5

16

17

18

19

20
21

22

23

24
25
26
27
28
29
30
31

32

33

34
35
36
37

38
39
40
41

42
43
44
45
ca
47
48

3

1

2

1

1

30
4

13

1

1

2

26

11

1

11

2

8

8

2

l4

6

1

3

6

4

1

2

s•)

2

6

1

3

1

1

30.8-31.Jr

32.

31.

31.

32.

30.

2-33,2

3-35.
1-35.

6-35.

2

2

7

9-33.7

28.9-33.5

31.1-34.6

30.

31.

31.

31.

31.

29.

31.

29
30
30

31

33
31

31

O-34.

7-S2.

7-35.

8-35.

O-36.
7-35.

4-35.

.7-31.

.9-34,

.7-35.

.4-33.

.1-36.

.2-34.

.6-36

31.

9

7

1

1

5
.r
)

3

7

7

7

r)

2

2

1

1-3i 5,

31.2
31.2
32.7

3Jr .9

32.8

33.1
32.9
34.1
33.9
32.3

32.3

31.8

33.1

29.3
32..7

32.2

33.1

33.5
33.8
33.1

32.7
32.2
31.0
32.2
33.5

36.9
32.4
33.6
32.7
34.0

32.6

34.0
35.3
33.4

11

1

19

6

10

1

15

1

8

1

3

1

30
5

30

25
20
10

30

22

15

30
6

30
1

3

4

12

30
2

29
 1
 l

 s

30
14
3

2

 1

30

1

3

2

29.2-34.8

29.7-35.5
30.9-32.4
28.2-32.5

29.4-35.3

32.4-36.6

31.Jr

32.Jr

32.7
31.5
30.6
29.5
32.5
32.7
34.6

           33.1
31.5-35.4 33.1
            31.7

28.7-B3.2
29.7-35.2
31.1-34.9
30.2-34.4
30.4-33:2•
30.2-32.8
30.S-33.7
28,3-33.4
29.7-34.1
28.8-34.4
30.9-33.9
30.9-35.7

30.6--32.4

29.4-31.0
30,7-33.5
30.2-34.8
32.5-36.0
28.7-35.6

30.8-34.6
29.9-33.9
31.7-37.1
31.3-3f).9

32.5-32.8

28.7-33,7

31.1
32.6
32.9
32.4
31.6
31.3
32.1

30.7
31.2
31.2
31.9
33.4
32.5
31.8
30.2
32.0
32.8
34.2
32.Jr

33.4
35.8
32.8
32.1
34,.5

33.9
32.7
32,9
32.1

34.4

33.9-36,2 35.0
31.8-32,4 32.1

3

1

2

3

1

1

16

1

8

4

2

1

13

24
16

20
9

18

21

6
12

4
17

3

2

6

3

30
 l

10

2S

1

1

5

6

5

1

29.3-31
.8rm'r

32.3-34.1
30.1-32.6

31.7-36.2

33.2-34.4

32.1-33.3

30.6-32.5

28.5-33.5

30.8-36.3
81.0-34.7
30.7-34.4
31.S-34.S
30.9-35.6
28.9-33.4
31 .. 1-32 .4

28.2-33.6
30.6-33.3
31.4-35.9
33.3-34.5
33,8-34.2
30.8-35.0
31.8-33.6
30.5-36.0

29.9-34r.`l

28.7-34.4

30.9-32.2
31.2-34.6

33.1-35,6

"T3-
O.9

32.

33.

31.

29.

32.

33.

34.

33.

7

2

2

5

3

6
7

6

32.7

31.

34.

31.

33.

32.

32.

33.

33.

30,

81.

32.

31.

33.

33.

34.

32.

32.

33.

31.

32.

Jr

6

6

2

7

4

o

2

8

8
2

9

8

8

o

2
Jr

Jr

1

o

32.0

36.6

32.

3t.

33.

34.

34.

9

6

1

2

8

(cont'd.)
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(Table 20. cont'd.)

Popula- -
 tiOII

young adult rnales adult females

N
ACV

N
ACV

N
ACV

range median range median range median

49
50
51

52
Jr3

54
55
Jr6

57

58
59
60
61

62
63
64
65
66
67

oa
69
70
71

72

73

74
75

76
77

78

79
80
81

82
83
84
sr)

86
87

88
89
90
91

92
93
94
95
96

2

3

2

2

 I
5

23
10

4
1

30
66

2

2

22

 1

2

 1

23
 1

30

2

3

10

30
2

3

4
11

3

 9

31

2

3

7

1

14

32.6-34.
29.4-33.
34.4-36.

32.

1 33.
3 31.
4 35.

035 .2

30.3-32.
32.7-36.
31.5-34.
34.0-34.

26.8-35.
28.3-35.
31.6-35.
33.6-34.
29.5-36.

8
5

3

6

6

7

o

7

3

31.7-32.6

30.

30.

7-37.7

9-36.4

30.1-32.
32.9-34.

33.

32.

31.

34.

33.

34.

32.

32.

31.

33.

34.
32.

32.

32.

33.

33.

35.

3
Jr

4

9
3

2

2

o
ilr

1

6
9
3

1

9

8
1

9
6
2

33.3

9 31.
2 33.

3l.8-36.9

30.3-34.
33.3-33
33.1-35.
35.3-36,
30.4-38.
32.8-35.
32.4-36.

30,7-36.
32.4-33.
31,7-34.

7

8

4
9

5
1

4

o
s)

8

31.6-3S.6

5

4

34.4

32.

33.

34.

36.

34.

34.

34.

32.

32.

33.

3

6
5

o
o
2

1

8
9

6

32.8

34.9

32.4--35.5 34.2

3

16

12

'6
3

10
2Jr

21

7

30
26
28
11

43
1

5

3

1

1

2

13

1

27
22
30

1

3

6

27
3

30
2

7

1

4

32.

30.

30.

3!.

31.

31.

30.

31.

32.

30.

27.

30.

29.

28.

30.

31.

32.

28.

33.

29,

29.

32.

30,

30.

32.

29.

32.

32.

31.

16• 31.

1-34
1-34

&35
O-32
7-33
8-36
9-34
9-35

.2

.8

.2

.4

.4

.6

.3

.3

3-35.

6-37.
6-36.
O-35.
9-34.
8-33.

5-33.
1-33.

1-34.

9-33.

6

o
3

4
9

6

5

9

33.0
32.6
32.6
31.9
32.4
34.3
32.7
33.2

34.0
33.2
33.7
33.1
32.1

31.1

32.9
32.7
32.6

35.2

     34.9

4 33.3
8 31.9

2-37.2
2-34.1
6-35.2

8-35.
9-36.
1-36.

5-34.
2-34.
7-34.

6

7

9

1

4

6

o-3 jr .4

8-34.

7-35,

2

33.2
35.0
31.2
32.2

35.4
34.2
34,3
34.1

33.3
31.7
33.6

33.3

32.2
32.9

2 33.0

5

3

3

2

1

6
14
2

12

12

9

11

4

34
1

1

2

l

3

2

H
1

2

1

9

15

IO

23

2

7

3

14

3

8

4

22
1

 1

 1

 1

11

26.

29.

32.
32,

33.

32.

32.

33.

31.

33.

32.

26.

29.

32.

34.

32.

31.

35.

32.

30.

32.

30.

33.

32.

33.

32.

33.

29.

33

32.

32.

9-35.
9-32.
O-34.
Jr-32.

7-35.

i-36.
O-33.
3-37.

9-36.
2-36.
9-37.
9-34.
O-35.

3-33

8
8
5

5

6

4
7

2

1

4
9
7

6

.Jr

7-3 Jr .

2-33.

7-36.

o

1

1

1-37.3

5-37.
8-37.
3-35.

2-35.

1

o
3

2

8-34.2
4-35.1
9-34.6
3-37.3
5-35.1
5-35.7
6-34,3

5-35 .6

4-36,8

33.Jr

31.2
32.9
32.Jr

33.

34.

34.

32.

34.

34.

34.

34.

32.

32.

34.

3Z.

32.

31.

34,

32.

33.

32.

36.

32.

34.

34.

33
32.

8

4
1

9
5

o
8

4
o
3

8

6

9

1

8

6
jr

3

2

9

7

5

6

5

34.0
33.5
34.3
34.7
34.3
32.8
33.9.

34.

34.

3Jr.

32.

32.

34,

3

3

9

6
Je

o
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The largest value was 36.0 for Pop. 83, and Pop. 60 and Pop. 78' (median
==34.4) followed. The largest median was 1.16 times larger than the smallest.

    Of 951 adult males, the smallest ACV, 27.6, was exhibited by an individual from

Pop. 60, and the largest value, 37.2, by one from Pop. 79. The largest value was 1.35

times larger than the smallest. The smallest median of 58 populations of adult males

was 30.2 for Pop. 30, and the value 30.6 for Pop. 6 and 30.7 for Pop. 23 ranked next and

third. Popuiations 47 and 79 had the largest median, 35.0, and Pop. 10 (ACV
median=34.6) followed them. The largest value was 1.16 times larger than the
smallest.

    For 580 adult females, the smallest ACV, 26.9 was found tbr an individual from
Pop. 49, and the largest, 37.9, was ibr one from Pop. 61; the latter value was 1.41 times

larger than the former. The smallest median, 30.8, among 50 populations, was found
in Pop. 23. Population 1 (median= 30.9) and Pop. 5 (31.2) also had a small median.
The largest was 34.8 for Pop. 60 and Pop. 71, and Pop. ,78 (median==34.7) tbllowed.
The largest median was 1.13 times larger than the smallest. Thus, among the totql of

2,804 individuals, the largest value was 1.41 times larger than the, smallest.

    Difference with age between young and' adult males -was found in five out of 27
                                              'comparable populations (18.50/.s Pops. 25, 63, 73, 88, 96' ). O"t Qf,24 combinations
between young and adult females, thc difference was .significant only i4 Pop.'  80
(U2o,io=:31, pÅq.05). The median of ACV in adult males was smaller than that in
yourig'in every population having age difference, but adult females showed a larger

value than young in Pop. 80. Age difference betweep' young and adult males'was
more frequently observed in southwestern populations. .
    Sexual dimorp'hism was found in five out of 44 combinations (l1.40/.'; Pops. 20,

22, 55, 63, 80), and males had smaller medians than females in all these populatiohs.

    Although all populations more or less overlapped in ACV medians, somewhat
distinct populations were observed. In young, Pops. 1 and 83 were most distinct, being

different from 76.30f!. of the remaining populations. Among the populations of adult

males, Pop. 30 was most remarkable differing from 84.29/, of other populations, and

Pop, 79 was also distinct (differed from 82.59/o). Amgng adult females, Pop. 23 was

most conspicuous with difference ti'om 75,5•% of the remaining populations.

    The variation range of ACV medians was divided into size classes for each age!sex
group, and the distribution pattern of the populations ibr each' size class was examined

(Fig. 13). In young, the median (X) of most populations fell within the range of
32.3sgXÅq34.9, resulting in unimodal distribution with an ill-defined mode at the size

class 32.3SXÅq33.6. Adult males also exhibited unimodal distribution and the ]argest
                    'number ofpopulations concentrated in the size class 32.6$XÅq33.4. In adult females,
the mbde was found to deviate extremeiy t6wards the larger size classes, and a larger

number of populations were found in the size class 33.6SXÅq35.0.
                                                              '    From these results, the range ofACV medians for each ag61sex group was divided

arbitrarily into three, and populations were grouped into three types (I: short head;

II: moderate head; III: long head) by the magnitude of the ACV median. The
geographic distribution of these three types was examined for each agelsex group (Fig.
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l4), In all three••.agelsex groups, the distributional range.of type II populations was

wide, ,ranging,from the Tohoku District to•Kyushu, and type III populations were
scattered among type II populations. Though the distribution ,patterns of the three

types were-not discrete, the range of type I populatiQns was characteristically restricted

to regions frQm. Kinki District nQrthwards in each ,age/sex group. .
   .2) SL: From the pesults for Pop. 63 (see the previous chapter), three agelsex

groups were combined for analysis (Table 21). Among 2,204 specimens, the smallest
ACV, 10.5, was exhibited by an individual from Pop. 62, and the largest value, 15.4,

by one from Pop. 39. The largest value was 1.47 times larger than the smallest. The

smallest popglation median, 12.1, was exhibited by Pop. 30 among 83 populations, and

Pop. 6 (median=12.2), Pop.,1, (12.4), and Pop. 31 (12.4) followed. The largest median

          ttt tttt             ..
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             10
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             o
      .ee           fl' l2o           si ••-
           g15
   .• '' ' 'e  .-' .a  - ts 10
           L.           gi s
         -E -           io
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c

         . .o              - .,.' 30• 32 34 ,36
                '' ' median AeV •
             Fig. 13. Number.ofpopulations tabulated by l.3 mm (A: young),
                    O.8 mm (B: adult males), and O.7 mm (C: adult females)
                    intervals of population ACV median of HL.
                                '                                 .t                              ttt                                                '                         tt/t. t tt t ttwas 13.8 for Pop. 86, and Pops. 64 api ,,'71;.(ACV-13.7) 'fo.11owed. ., . The largest median
                           '                              .t -was 1.14 times larger than the sl.T}4Ilest. InterPppulayign ,vat/a. ti6h ln' m' edians was

r.Otti.ei,i?S".ts. a6")9 O"e POPUiatiOn djtL..?. .r,/.e.9..,,..f!o.m, . ia...y.,.tt.gst 69•s?(.., of the remaini.g pop..

    The variation range of medians for 8g populations was divided into nine size

classes as shown in Fig. I5. A mode was recognized at the size class 13.1$XÅql3.3,

and another lo"'er peak was foynd,g.F,12.7SXÅq12.9. . . ..
    Frorp this pbservation, populqtiops, were div.jded into.two types for convenience:

I, shor.t snout, and II, Jong snout. .The geographic distribution of the each type was
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far from discrete and populations of both types were found over wide ranges (Fig. 16).

The number of type I populations, however, was greater in the areas from central Japan

eastwards than in western areas.
    3) T-EL: The three age/sex groups were separately analyzed, since the allomor-
phic variation was thought to affect the ACV (Table 22). Of 725 young, an individual

from Pop. 16 had the smallest ACV (O.8), and one from Pop. 73 had the largest value

Fig.
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14. Geographic distribution of type I (short head: closed circleli), type II (medium

   head: double circles) and tYpe III (long head: dpen circles) poPulations of the
   Japanese common'toad. Top: young; middle: adult males; bottom: adult females.
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21. Variation in the SL ACV oftheJapanese common toad.

Popula- N
 tlon

ACV Popula-
 tion N

ACV
range median range

 1
2

3

4

 5
6

 7
8

9

10

11

12

13

14

15

16

17

18

19

20
21

22

23

24
25

26
27

28
29
30
31

32
33

34
35
36
37

38
39.

40
41

42
43

"
4S)

46
47

48

17

2

3

20
10

12

2

50
6

29
 1

6

3

5

 1
50

5

69
41

40
20
94
45
21

55
18

50
18

 9.

8
18

50

 5
39

2

3

4
r)o

20
tlr

2

2

"
8
1

3

9

4

10.7-13.7
12.0-12.9
12 5-13.5
11 7-13.9
11 1-13.7
11 3-13.2
11 O-12.9
10 7-14r.6

12,2-13,8
12,5-15.2

12 8-13.8
12 tl-13.6

11 8r13.6

10 6=L14.6

11 7-13.5
11 5-14.7
11 9-14.3
11 3-14.0
12 1-14.0
11 3-13.9
11 e-13.8
11 3-14.3
11 1-14.5
12 5-13.7
12 O-14.5
11 8-14.0
12 1-14.2
11.0-13.8
10 6-13.0
11.8-14 3
12.1-13.9
11 9-15.1
13 2-13.8
12 9-13,6
12 2-13.3
11 2-14 O
11 9-15.4
12 5-15.2
12 6-13,2
l2.5-13.7
11.zF14,8
12 7-14.,r)

12 8-13.8
12 4-14.4
12.6-14.1

12.4
12.5
12.9
12,7

12.4
12.2

12.0
12.9

12.8
13.6
12.5
13.2
.13.1

12.7

13.1

12.6
13.0
13.1

13.l

12.6
l3.0
12.7

12.6

12.7

12.8
13.1

13.1

13.0
13.2
12.1

12.4
13,1

13.2

13 1

13,5
13 3

12.7

12.7
13.5

13.5

12.9
13.l

13.2

13.5

14.0

13.4
13.3
13.2

49
50
51

52
53

54
55
56
57

58
59
60
61

62
63

64
65
66
67

68
69
70
71

72.

73

74
75

76

77

78

79
80
81

82
83
84
85
86
87
88
89
90
91

92
93
94
95
96

 8
 22

 17
 11

 Jr

 11

 33

 36

 7
42

 50

39
•39

 50

50

 4
 8
25

 1
 4
 3
23

 5
 4
120

 1
 4
 3
 1
20
42

123

76

 3
 6
21

 12

50

 5
94

 8
 3
29

 8
 2
 6
 1
41

12

11

12

11

12

12

11

12

12

12

11

12

11

10
11

13

11

11

12

12

12

13

12

11

12

12

12

l2

11

11

13

12

11

l3

12

13

11

12

11

11

12

13

12

11

5-14.8
 1-14.2
O-14.3
3-13.3
6-13.7

 1-14.1

8-14.2
 1-14.6
2-13,5
3-14.8
7-15.0
5-14.9
8-15.2
5-14.3
3-14.0

 1-14.2

&14.4
 1-14.5

8-14.0
8-13.7
4-14.1
3-14.1
9-l4.1
5-14.4

2-13.7
3-13.4

.6-14.6
3-15.0
O-14.4
4-14.2
O-13 2
6-14.3
9-14.9
O-14,5
3-15.0
O-14.3
4-13.8
6-14.2
7-14.6
O-14.0
7-13.8
8-14.6
5-13.6

7-15.2

283

median

13.7

12.5
13.1

12.5
13.1

13.1

13.0
13.3
12.6
13.3
13.4
13.7
13.3

12.5
12.7
13.7

13.2
12.4
14.4
13.4
l3.3
13.1

13.7
13.3
13.0
13.4
13.3
13.0

11.9
13.5

13.6
12,8
13.0
13.1

13.5
13.2

13.5
13.7
13,6
12.7
13.5
13.1

12.8
13 1

14.2
13.1

12.1

13.3
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Fig. 15. Number ofpopulations tabulated by O.2 mm intervals
       of population ACV median of SL.

(5.8) ; the largest value was 7.25 times larger than the smallest. The smallest population

median of the 39 populations of young was 2.2 shown by Pop. 10, and Pops. I8
(median=2.5) and 57 (2.6) had also small medians. Population 82 had the largest
median (4.4) and the value for Pop. 84 and Pop. 7P (4.3) fo11owgd. The largest median

was 2.03 times larger than the smallest. , .- .
    An individual in Pop. 27 had the smallest ACV (1.0) among 1,168 adult males, and

one in Pop. 80 had the largest value (ACV =5.3). The largest value was 5.38 times
larger than the smallest. The smallest median for 58 adult male populations was 1.9
found in Pop. 10, and Populations 4, 5, and 28 (median =2.0) also had small medians.
The largest median was 4.5 in Pop. 84, and Pop. 85 (4.3), Pop. 80 (4.2), and Pop. 62

(3.9) were among the populations with large medians. The largest median was 2.35

times larger than the smallest. '

-x.V

Åq9 1'

.i\oit-

 o

Fig. 16. Geographic distribution of type I (short snout: closed circles) and type Il (lortg

       snout: open circlesÅr populations of the Japanese common toad.
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    The female with smallest ACV (l.2) was found in Pop. 5 among 576 individuals.

The largest ACV was shown by an individual from Pop. 86 and was 5.6, 4.62 times
larger than •the smallest. Among 50 adult female populations, the smallest ACV
median (2.3) was shown by Pop. 31, and the populations 5 (median=2.4), 20, 16
(median=2.5) had also small medians. The largest median (4.5) was found in Pop.
62, and Pop. 80 (median =4.4), Pop. 89 (4.2), and Pop. 88 (4.2) were'populations with

second to fourth largest medians. The Iargest median was 1.95 times larger than the

smallest.

    There were age differences between young and adult males in nine out of27 availa-

ble populations (33.30/.; Pops. 8, 16, 22, 25, 31, 39, 63, 73, 88). Significant difference was

found between young and adult females only in Pops. 10 and 62. In these populations,

medians of adult males were invariably smaller than those of young, and conversely,

medians ofadult femalesi were larger than those ofyoung.

    Sexual dimorphism in adults was found in eight out of 44 available populations
(18.20/,; Pops. IO, 21, 22, 59, 62, 79, 81, 91), and females had a larger median than

rnales in all these populations. The presence ofdimorphism was more frequent in the

pop'ulations from southwestern Japan.
    In young, Pop. 10 was most distinct, having differences from 89.50/. of the remain-

ing populations. Among populations of adult males, Pop. 80 differed from 89.50/. of

the remaining populations, and Pop. 85 was also distinct, having differences from
80.79/o ofthe remainings. Adult females had slightly lower number ofdifferences than

young and adult males, and both Pop. 62 and Pop. 80 had differences from 75.50/. of

the other populations.
    For each age/sex group, range of medians was divided into size classes and dis-

tribution of populations in these size classes was examined (Fig. 17). In the young,

two evident peaks were found in the smaller and larger extremes of size classes
(2.2SXÅq2.8, and 4.0SXÅq4.6). Similarly in adult males, two evident peaks were
found and the smallest number of populations were distributed in the size class
2.9$XÅq3.4. Adult females showed a pattern similar to young and adult males with
two peaks in the both sides of the size class 3.5$XÅq3.9.

    These observations indicated that the populations eould be divided into two types

(I: short tympanum-eye; II: long tympanum-eye) by the magnitude ofACV medians
in each of the three age/sex groups. In young, type I populations were distributed
from the Kinki District eastwards, and type II populations were found from the Chubu

District wastwards (Fig. •18). In the larger part of the Chubu district, populations of

both types were found, but the number of type II populations was much smaller. A
similar distribution pattern was observed in adult males, but the overlapping range was

narrower than in the young. Adult females also showed a pattern similar to that
found in young and adult males, but a single type II population was found in the Tohoku

District remote from all other populations of that type.

    4) TD: Three age!sex groups were combined for variation analyses (Table 23).
Of 2,501 individuals, the smallest ACV, 3.2, was possessed by an individual from Pop.

66, and the largest, 9.8, by one from Pop. 8. The Iargest value was 3.03 times larger
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Table 22. Variation in the T-EL ACV of the Japanese common toad.

Popula-
tion

young adult males adult females

N
ACV

N ---
AcvT

N
ACV

range median range median range median
1

2

3

4
Jr

6
7

8

9
10

11

12

13

14

l5

16

l7

18

19

20
21

22

23

24
25
26
27

28
29
30
31

32
33

34
35
36
37

38
39

40
41

42
43
44
45
46
47
48

3

1

2

1

1

15

4
13

1

1

2

64

11

1

10

2

8

8
2

14

5

1

3

6

4

1

2
5'

2

5

l

3

1

1

2.0- 3.3

2.4- 2.8

1.8- 4.0
2.7- 3.2
2.0- 2.4

3.0- 3.1

O.7- 3.6

1.3- 3,4

2.1- 3.4
3.0- 3.2

2.7- 4,4
2.0- 3,2
1.t+- 3.2

2.1- 3.6
2,4- 3,1

3.0- 3.9
1.6- 3,6
3.3- 3.9

3.3- 3.3
2.2- 3.4
1.6- 2.6
3.8- 4.7

2.9- 3.6

2.6
3.3
2.6

2,5
2.2

3.0
3.0
2.2
2.5
3.2

3.0

2.6

2.5

2.8
2.7
3.1

3.3
2.8
2.3
2.6
2.7
3.0
3.4
2.7
3.4

3.3
3.3
2.7
2,•1

4.2

3.5

3.2
3.9
3.3

11

1

20
6

10

1

14

1

8

1

3

1

63
5

33
25
20
10

67
22

15

38
6

41

1
3

6

12

51

2

29
1

1

5

69
14

3

2

1

38
1

1

3

2

1,7- 2.8

l.4- 2.8
1.7- 2.5
1.2- 3.0

1.5- 2.9

1.4-- 2.6

2.0- 2.6

1.2- 3.0
1.4- 2.9
1.5- 3.4
1.3- 2.9
1.4- 3.1
1.4- 2.9
1.3- 3.1
1.3- 3.2
1.7- 3.3
1.8- 3.8
2,2- 3,1
1.0- 4.2

l.7- 2.4
1.7- 2.7
1.2- 3.0
1.9- 3.6
3.6;- 4.5

1.7- 3.5

2.7- 3.1
l.8- 3.8
2.2- 4.0
2.9- 3.8
1.9- 2.I

1.4- 2.9

2.0- 2.7
2.7- 3.4

2.3
1.9

2.0
2.0
2.2
2.9
2.4
2.4
1.9

3.9
2.3
2.2

2.1

2.3
2.3
2.3
2.3
2.3
2.4
2.4
2. r)

2.8
2.6
2.6
2.3
2.1
2.1
1.9

2.8
4.1

2.6
3.0
1.9

2.9
2,6
3.2
3.3
2.0
2.2
2.3
2.5
1.9

2,3
3.0

3

1

2

3

1

1

16

1

8

4

2

1

13

24
16

20
9

18

21

6
l2

4
16

3

2

5

3

30
1

10

25

1

1

6
6

5

1

2.2- 3.1

2. 0- 2. Jr

1.2- 3.3

1.3- 3.4

2.2- 3.2

3.9- 4.4

2.2- 2.6

1.3- 3.6

1.9- 3.3
1.Jr- 3.7

1.4- 3.3
2.2- 3.8
1.9- 3.6
1.8- 3.4
l.9- 3.7
2.0- 3,2
2.2- 2.9
1.8- 3.6
1.8- 3.5
2.3- 3.4
2.0- 2,9
1.6- 2.8
2.0- 4.0

2.3- 3.4

1 9- 3.9

2.0- S.8
2.4- 3.4

2.2- 3,1

2.7

2.7
2.2

2.4
2.9
2.4
2.6
2.0
2.6

4.1

2.4
3.6
2.5

2.6
2.Jr

2.Jr

2.9
2.9
2.7
3.0
2.8
2.7
2.9
2.6
2.8
2.5
2.3
3.1

3.6
2.8

2,8

4.7

2.4
2,9
2.8

2.8
3.4

(cont'd.)
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(Table 22. cont'd.)

young adult males adult females

Popula-
tion

N
ACV

N
ACV

N
ACV

range median range median range median

49
50
51

52

53

54
55

56
57

58

59
60
61

62

63
64
65
66
67

68
69
70
71

72

73

74
7Jr

76

77

78

79
80
81

82
83
en
85
86
87

88
89
90
91

9,2

9.3

94
95
96

2

3

2

2

1

5

23

10
tlr

1

43
63

2

2

22
1

2

1

23
1

95

1

3

10

91

2

3

4
11

3

9

54
2

3

5

1

11

2.4- 3.3
3.2- 3.6
2.2- 2.6

3.0- 3.1

1.6- 3.0
2.5- 4.1
2.3- 3.8
2.7- 3.9

2.2- 4.5
2.3- 5.3
2.4-- 4.7

3.4- 4.7
2.9- 4.9

2.9- 3.2

3.6- 5.0

3.2- 5,8

s.Jr- 4.0

3.4- 5.3

3.0- 5.3
3.7- 3.8
4.0- 4.7
3,4- 5.2
3,5- 4.9
3.7- 4.5
3,3- 4 9

3.2- 4.9
4.5- 4,9
3.5- 4.3

3.2- 4.4

3.1•-- 5.7

2.8
3.4
2.4

3.0
3,3
2.6
3.3
3.1

3.4
3.0
3.5
4.1

3.5
4.1

4.1

3.8
3.1

4.0
4.3
3.1

4.2

3.2
3.7

4.3 '

4.3

3J
4.4
4.3
4.3
4.1
4.1

4.1

4.7
3.8

3.7

4.1

3

21

12

6
3

10

2S

21

6

59
25
28
11

44
1

5

3

l

1,
2

13

1

27
21

51

1

3

6
27

3

31

2

7

1

4

4.2 16

2.6- 3.6
2.0- 3.7
1.9- 3.1
2.6- 3.9
2.0- 2.8
1.1- 3.3
1.8- 3.8
2.0- 3.6

3.2- 3,7
1.ÅqF 3.7

2.2- 3.7
1.9- 3.9
2.6- 4.7
2.4- 4.6

2.3- 4.1
3.4- 4.0

3.3- 3.8
2.4- 4.5

3.0- 4.3
3.4- 5.3
2.0- 4.6

3.7- 5.1
3.tl- 5.1

3.0- 4.6
2.3- 4.4
2.9- 4.5
3.1- 3.8

3.0- 4.1

2.6- 4.0

2,8- 4.2

3,1

2.7
2.5
3.3
2.3
2.2
2.7
2.8

3.5
2.7
3.0
2.7
3,6
3.7
3.2
3.0
3.7

3.1

3.6
3.6
3.7

5

5

3

2

1

5

14

2

12

10

9
11

3

33
1

1

2

1

3

2

11

1

2

    1
4.6 9
3.7 15
4.2 10
3.3 23

4.3 2
4.5 7
4.3 3
3.8 14
3.4 3
3.7 8
3.4 4
3.8

3.2
3.3

3.6

22
1

1

1

1

11

3.1- 3.5
2.7- 3.3
2.3- 3A
3.6- 3.9

2.7- 3.6
2.0- 4.0
3.3- 3.5
2.7- 3.9
2.3- 3.5
2.0- 3.9
2.1- 4.7
4.1- 4,7
3.0- 4.8

3.5- 4.0

2.9- 3.8
3.8- 4,l
3.7- 4.3

4.tl- 4.8

3.4- 4.7
3.4- 4.7
4.0- 5.0
3.2- 4.8

4.5- 5.5
3.4- 5.0
3.9- 4.4
3.2- 5,6
3.3- 4.3
3.3- 5,4
3.4- 5.1

3.6- 5.6

3.or 4.5

3.3
3.0
3.0
3.7

2.3
3.1

2.9
3.4
3.3
3.1

3.2
3.2
4.5
3,9
4.8
3,8

3.7
3.0

3,4
4.0
4.0
4.1

4.6

2.9
4.1

4.1
4.4
3.9

5.0
4.1

4.1
4.1

3.7
4.2
4,2

4.4
4.4
4.7
3.6
4.2
3.9
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than the smallest. ' '' '' '
    When the medians of 83 populationsi were examined, Pops. 90 and 92 had the
smallest value, 4.4, and Pop. 73 (median=-4.7) was the third. The largest median'was
?[g6fOtrimPeOsPiar3gearntdhinhethnee:lh, Iaa, I:egsetS.t ValUe was 8•e for Pop• iO• The largest value was

                              '    Ipterpopulation comparisons revea]led overlaP in ACVs among populations, and all

                                t. t                                'populations had.ACVs insignificantly different from at least several other populations.

There were, however, many differences and Pops. 10, 40, and 80 differed from 85.40/.
of the remaining populations. Populations 8 and 92 were also distinct, with differences
    'from 82.90/. of the other populations. . '''
           '                   /t                                               '

'

    15
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  E  so
    20

    15

    10

    .5

     o

B

c

'

t tt

        •• • •1 •2.,3 •4 5. . ,                                 median ACV
    - Fig: 17. Number 6fpopulations tabulated by O.6 mm (A:young),
     ' ' '' e.5 mrri' (B: adult males)-and O.4 mm (C: adult fema•16s) • ,i '
         ' ' ' ' intervals ofpopulation' ACV median ofT-EL. ' •'

                   ttt    t. t.t tt ttt/ .t t                                  t / ttt   ttt    The range of medians whs divided into ten size classes and. the number of Popu-
                                         tt.Iati6ns belonging .to each size class was examined (Fig. 19)../ The figure showed an

evident bimodal distribution of populations: two evident modes were found in the size

classes, 4.9$XÅq5.3, and 6.5'=ÅqXÅq6.9, and there• was an evident decrease of number

of populations at the size class 5.7SXÅq6.1. ': ' '
    From this observation, populations were divided into two types:I and II. TypeI
included populations with medians Iarger than 5.9, and type II included ones with
medians smal!er than 5.9. The geographie distribution ofthese two types was examinecl
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(Fig. 20). As clearly seen in Fig. 20, the two types were rather clearly separated at the

Kinki District; type I populations were found from there eastwards and type II popu-

lations, with one exception each in the Tohoku, Kanto, and Hokuriku districts, were

distributed from Kinki westwards.

    5) HW: ACV was separately analyzed fbr each of the three agelsex groups
(Table 24). Of 554 young individuals, the smallest ACV, 31.2, was found tbr an

:)/Åq---
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    /

'""'" "'4 tti '"-'t"'-vs,
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/ ... /xV
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Fig. 18.

t""L...s

e,`e

•s..

'!-..hX..

/

Å~/
/

-----

x

9'
vf  /4 ./ / A

Geographic distribution of type I (short T-E: closed circles) and type II (long T-E:

open circles) populations of the Japanese common toad. Top: young; m{ddle:
adult males; bottom: adult females.
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Popula-
tion

1

2

3

4
5

6
7

8
9

10
11

l2

13

14

15

16

17

18

19

20
21

22

23

24
25

26
27

28

29
30
31

32

33
34
35

36
37

38
39
40
41

42

43
44
45
46
47
48

M. MATsui

Table 23. Variation in the TD ACV of theJapanese cominon toad.

N
AC:V Popula-

tion N
ACV

range median range. med{an

17

 2
 3

22
10

12

 2
62

 6
28

 1
 6
 3
 5
 1
141

 5
69
40
40
20
95
45
21

58
18

60
18

11

13

18

86

 7
39

 2
 3

10

97
19

 4
 2
 2
44

 8
 1
 3
 9
 4

5.1- 7,l
6.4- 8.4
7.4- 9.0
6.3- 8.9
5.7- 8.1
5.8- 7.5
6,6- 7.1
5.9- 9.8
5.5- 8.4
6.0 9.6

4.7- 5.5
6.0- 7.1
6.1- 8.3

5.2- 8,1
6.2- 7.5
4.5- 8.7
4,6- 8.4
4.8.N 7.5
4. 9. - 7.5

4.5- 8.5
4.7- 8.2
5.I- 8.1
4.4- 7.5
4.8- 7.3

5.F86
5.5- 8.5
Jr.6- 7.9

5.3- 7.2
5.5- 8.6
4.4" 8.5
6.3- 7.5
5. 0- s. jr

7.2- 8.9
5.1- 7.5
6.1- 7.9
4.9- 8.0
5.1- 8.5
6.8- 9.1
7.0- 8.0
6.6- 8.0
5.6- 9.6
S.4- 7.8

6.9- 8.0
6.0- 8.3
5.3- 7.6

Jr .9

7.4
8,3
7,6
7.1

6.8
6.9
7.9
7.3
8.0
6.5
5,2

6.5
7,l

7.7
6.7
7.1

7.2
6-r)

6.0
6.4
6,6
6.5
6.6
5.5
6.2
6.9
6.8
6.8
6.3
6.7
7.1

6.7
6,6
8,O
6.I
6,9
6"r)

6.8
7,9
7.5
7.3
7,7

6,6
8.1

7.4
7.1

66

49
50
51

52

53

54
55

56
57

58
59
6e
61

62
63
64
65
66
67
68
69
70
71

72

73

74
75

76

77

78
79
80
81

82
83

84
85
86
87

88
89
90
91

92
9.3

94
95
96

 8
26
17

11

 5
11

33

36

 7
41

81

39

40
59

142

 4
 8
25

 2
 4
 3
23

 5
 4
119

 1
 tlr

 3
 1
20
42

123

76

 3
 7
21

12

.r,O

 5
9.3

 8'
 3

L)9

 6
 2
 6
 1
40

6,O- 7,1
5.4- 7.tl,

4,9- 8,3
4.4- S,9
6.9- 8,1
5.5- 8,3
4.9- 7.9
5.5- 7.6
5.4- 7.2
5.2- 8.4
5.1- 8.4
5,2- 8,3
5.0- 8,1
3.7- 7.2
3.7- 6.6
3.7- 5.1
3.9- 5.9
3.2- 6.4
4.6- 4.8
5.7- 7.8
6.1- 7.0
4.3- 6.5
5.6- 6.2
4.7- 6,5
3,4- 6.4

5.7- 7,7
4.5- 5.4

4.4- 6.l
3,6L 6.9
3.6- 6.0
3.6- 6,3
4.5- 5.4
3.7- 5,9
4.1- 5.9
4,3- 6,2
4,O- 6,8
4.1- 6.3
3.5- 6.1
4,4- 5.6
tt,0- 6.8
tl.1- 6.0

3.S- 4.9
5, 3- Jr , r)

4.5- 6.1

4.1- 5.7

6.6
6J2
6,8
5.2

7.6

6,8
6.7

6.7
6.3
6.6
6.7
6.7
6.7
5.2

4.8
4.6
5.0

io
4,7
6.8
6.5
5.2

6.0
5.6
4.7

4,6
6.7

5,O
7,9

5.5
5"5
4.8
5.0
4.8
5.1

5.0
5.3
r) ,3

5.4
t•).o

5.0
4,r)

5,O
4.Jr

.r, ,4

5.2
4.0
5.0
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Fig. 19.
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Number of populations tabulated by O.4 mm intervals
of population ACV median of TD.
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15
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5
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individual in Pop. 39, and the largest, 45.8, for one from Pop. 58; the largest was 1.47

times larger than the smallest. The smallest median of 39 populations was 35.8 for
Pops. 1 and 52, and Pop. 57 (36.5) had the third smallest median. The largest median

was 41.0 for Pop. 46, and Pop. 58 (median==40.8) and Pop. 83 (40.7) followed. The
largest median was 1.15 times larger than the smallest.

    The smallest ACV among 950 adult males was 30.8 for an individual of Pop. 21,
and the largest was 44.0 for one in Pop. 84; the largest was 1.43 times the smallest. The

smallest median of 58 populations was 33.7 for Pop. 1, and Pop, 21 (33.8) and Pop. 24

(34.0) showed the next and third smallest value. The largest median was 40.5 for
Pop. 84, and Pop. 47 (median=40.2) and Pop. 13 (39.2) followed. The largest value
was 1.20 times larger than the smallest.

Fig. 20.
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Geographic distribution of type I (large-TD: open circles) and type II (small-TD:

closed circles) populations ef the Japanese common toad.
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Table 24. Variation in the HW ACV of theJapanese common toad.

young adult males adult females

Popula-
 tion

N
ACV

N
ACV

N
ACV

rapge median range median range med{an

1

2

3

4
5

6

7

8

9

IO
11

12

13

14
1,5

16

17

18

19

20
21

22

23

24
25
26
27

28
29
30
31

32

33

34
35

36
37

38
39.

40
41

42
43
44
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(Table 24. cont'd.)
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    Among 574 adult females, the smallest ACV, 32.8, was possessed by an individual
from Pop. 38, and the largest, 46.0, by one from Pop. 30; the latter was 1.40 times the

former. The smallest median for 49 populations was 35.9 for Pop. 24, and the values

for Pop. 23 (36.0) and Pop. 1 (36.2) ranked next and third. The largest value was 41.4

for Pop. 47, and Pops. 71 and 91 (ACIV==40.8) followed. The largest value was 1,15
times the smallest. Thus, among 2,078 individuals, the magnitude ofdifference between

the }argest and the smallest ACVs was 1.47 times.

    Age differences were found between young and adult males in 12 out of27 available

populations (44.49/,; Pops. 8, 16, 25, 31, 58, 59, 60, 63, 73, 80, 88, 96), and between

young and adult females in four out of 24 available populations (16.70/. ; Pops. 22, 25,

28, 80). The medians ofadult males were invariably smaller than those ofyoung. In
adult females, medians were larger than in young in Pops. 22, 28, and 80, whereas in

Pop. 25, young had a larger median than adult females.

    Sexual dimorphisms in medians were found in 28 out of 43 available populations
(65.10/.), and adult females always had a larger value than males. There was no
particular trend in the occurrence of intrapopulation ACV variation in relation to
geographic distribution.

    In young, one population (Pop. 1) had differences from only 60.5% of the remain-

ing populations. By contrast, in adult males, Pop. 47 differed from 78.90/6 of the
remaining populations, and Pop. 24 also had many differences (77.20/.). In adult
females, Pops. 1, 23, and 24 each had differences from 77.1O/. ofother populations.

    The variation range of medians was divided into size classes, and the number of

populations included was examined for each agelsex group (Fig. 21). In young, a
clear peak was not found and most ofthe populations fell within the range of37.1 =ÅqXÅq

41.0. By contrast, adults showed marked unimodal distributions. There was a clear

peak at 36.1$XÅq37.3 in males and at 38.6SXÅr39.5 in females. Thus, it was im-
possible to divide the populations by the magnitude of ACV medians.

    Populations were arbitrarily divided into three types (I : narrow head ; II : moderate

head ; III wide head), by the magnitudes of the medians, and the geographic distribution

of each type was examined (Fig. 22). In young, type II populations showed wide dis-

tribution from Tohoku to Kyushu, type I populations were limited to areas east of

Kinki, and type III populations were found from Kanto westwards. In adult males,
tÅrrpe I populations were limited to east of Chubu as in young, but the distributional

range oftype III was wider than in young, extending from Tohoku to Kyushu. Again
in adult females, type I populations were distributed from Chubu eastwards; the range

of type II extended from Tohoku to Kyushu, and type III exhibited scattered distri-

bution from northern Kanto to Kyushu.

    6) PL: Three agelsex groups were treated together in the analyses of ACV
(Table 25). Of 1,789 individuals, the smallest ACV, 17.1, was found for one from
Pop. 87, and the largest, 28.7, was for one from Pop. 54. The latrer value was 1.68

times larger than the former.

    When the medians of 83 populations were compared, Pop. 83 had the smallest
value,'19.1, and Pops. 76 and 87 (median=20.1) ranked next. The largest median,
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24.6, was for Pop. 46, and Pop. 54 (ACV== 23.6), Pop. 52 (23.3) and Pop. 70 (23.1)
followed. The largest value was 1.24 times the smallest.

    Interpopulation comparisons revealed that no population could be completely
separated from all other populations by ACVs. Some popuiations, however, were
found to be distinct. Among them, Pop. 46 was most conspicuous, differing from
95.10/, o{' the remaining populations, and Pop. 83 was also marked with differences

from 86.60/. of the remainings.

    The range of medians (X) was divided into ten size classes, and the number of
populations included in each size class was examined (Fig. 23). As seen in the figure,

there was an evident unimodal distribution, and the mode was observed at the size
class 20.9 g XÅq 22. I .
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    Fig. 21. Number ofpopulationt tabulated by 1.3 mm (A: young), 1.2 mm (B: adult males),
           :md O.9 mm (C: adult t'emales) intervals of population ACV median of HW.

                                                '    From this observation, populations were arbitrarily grouped into three types (I:

short parotoid; II: medium parotoid; III: long parotoid) to examine geographic
variation. Figure 24 indicates wide distribution of these three types: type I popu-

lations were found from Tohoku to Chugoku and Shikoku, and types II and III were
distributed over nearly the entlre range of the Japanese common toad.

    7) PW: The three age!sex groups were separately analyzed (Table 26). Of
536 young, an individual from Pop. 75 had the smallest ACV (4.4), and one from Pop.
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73 had the largest value (IO.8)s the latter value was 2.45 times larger than the former.

The smallest median of 39 populations of young was 5.1 for Pop. 1, and Pop. 9 (median

-- 5.8) and Pop. 85 (5.9) ranked next and third. Population 73 exhibited the largest

median, 8.3, and Pop. 63 (7.8) and Pop. 31 (7.7) followed. The largest median was
i.63 times larger than the smallest.

    Among 945 adult males, one from Pop. 43 showed the smallest AC:V (5.3), and
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Fig. 22. Geographic distribution of typc 1 (narrow head: closed elrclt/:s), type II (medium
'head:' double circ.les), and type III (wide headi opei{ circles) populationS of the

Japanese common toad.' Top: young; middle: 'adult males; bottom: adult females.
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25. Variation in the PL ACV ol' theJapanese common toad.
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Fig. 23.

  30

g 25
--.l-,

g 2o
g'als

..e
,..Io

I•s

   o
          20 22 24 26
              median ACV

Number of populations tabulated by O.6 mm intervals
of Population ACV median of PL.

another from Pop. 34 showed the largest (10.3); the latter was 1.94 times larger than

the former. The smallest median among 58 adult male populations was 6.5 for Pops.

40 and 58, and Pop. 47 (ACV=6.6) had also small median. The largest median was
8.4 for Pop. I9, and Pop. 21 (8.3) and Pop. 34 (8.2) followed. The largest median was

1.30 times larger than the smallest.

    The smallest ACV among 577 adult females was 5.0 exhibited by an individual
from Pop. 18, and the largest was IO.5 for one in Pop. 86; the largest was 2.12 times the

smallest. Among 50 populations, Pop. 43 had the smallest median (6.6), and Pops.
18, 61, and 88 (6.9) followed. The largest median (8.8) was found Ibr Pop. 81, and

Pop. 71 (median=8.6) and Pop. 12 (8.5) ranked next and third. The largest value

Fig. 24.
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Geographic distribution of' type I (short parotoid: closed circles), type II (medium

parotoid: double circles) and type III (long parotoid: open circles) populations

of the Japanese common toad.
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was 1.33 times larger than the smallest.

    Age differences were found between young and adult males in five out of27 available

populations (18.50/.; Pops. 1, 32, 39, 59, 88), and between young and adult females in

four out of 24 available populations (16.70/6, Pops. 26, 32, 58, 73). The medians of

young were in most cases smalier and in only two cases larger (Pops. 73 and 88) than
those ofadults. Sexual dimorphism was found only in three out of44 available popu-
lations (6.80/, ; Pops. 10, 19, 81), and females had larger medians than males in two of

these three populations. Difference with age between young and adult males was more

frequently observed in the populations from northeastern Japan.

    There were some distinct populations: in young, Pop. 1 differed from 89.50/. of the

remaining populations, and Pop. 73 differed from 81.60/, of other populations. In
adult males, Pop. 40 was most distinct, differing from 77.20/. of the remaining popu-

lations. Among populations of adult females, Pop. 81 differed from 83.79/. of other
populations.

    The variation range of medians was divided into size classes, and the number of

populations included was examined for each agelsex group (Fig. 25). In young,
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 median ACV
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Number of populations tabulated by O.8 mm (A: young),
O.3 mm (B: adult males), and O.4 mm (C: adult females)
intervals of popUlation ACV median of PW.
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Table 26. Variation in the PW ACV of LheJapanese common toad.

young adult males adult feniales

Popula-
tion ACV

N --
ACItT

N
ACV

N
range. median range inedian

1

2

3

4
f)

6
7

8
9

10

11

12

13

14
ljr

16

17

18

19

20
21

22

23
24
25
26
27
28
29
30
31

32

33
34
35
36
37

38
39
40
41

42
43
44
4t•)

46
47

48

3

1

2

1

30
4

13

1

1

2

30

11

1

10

2

8
8
2

14

6
i

3

6

4

1

2

5

2

6

1

3

1

1

4.9- 5.4

jr . s- 6.3

5.5- 8.3
5.2- 6.1
5.8- 8.0

5.0- 7.5

6.0- 8.5

6.2- 7.9

5.8- 8.6
6.6- 7.2

6.Jr- 7.7

5.6-m 8.5

5.4- 6.4
5.5- 8.6
S.2- 7.8

6.5- 9.8
5.3- 7.2
7.3- 8.5

6,8- 7.:'}

6.2- 7.Jr

6,4- 6.7
.r).2- 7,.r)

6.9- 7,4

S.1

S.1

6.0

5.6

7.0
5.8
6.9
6.7
6.9

6.2

7.3

7.1

5.0
7.3
6.9

7.1

6.8
5.9
7.0
6.5
6.0
7.7

6.2
7.7

8.2
7.1

68
6.S

6.2

6.1

7.4
6.Jr

6.4

11

1

20
6

10

1

15

1

8

1

3

1

30
5

30
25
20
IO

30
22
IS

30
6

30
1

3

7

12

30
2

29
1

1

r)

30
14

3

2

 1
30

 1
 1

3

2

5.9- 8.1

5.9- 7.6
6.9- 8.0
6. Jr- 8. 1

5.9- 8.7

6.2- 7.3

5.6- 7.5

s.Jr- 9.3

6.3- 8.5
5.9- 8.1
6,9-1O.1
7.5- 9.9
6.6- 9.8
6.4- 8.7
6.F 9.0
6.1- 8.9
6.4- 9.3
6.6- 8.2
6.2- 8.9

6.3- 8.4
6.pt 8.4
6.4- 9.0
6.1- 8,4
6.9- 8.3
6.6-1O.3

r).Jr- 8.3

6 2- 8.5
6.3- 8,1
5.6- 7.6
7.3- 8.0

5,3- 8.2

5.E- 7,1
7.2- 7.3

7.1

7.l

6.9
7.3

6.9
5.8
7.1

6.2
6.7

6.2
6.8
5.9

7.3

7.0
7.1

8.4
8.1

8.3
7,t}

7.5
7.8
7.7

7.5
7.8

7.5
7.4
7.5

7.6
7.2

7.6

82
6.Jr

6.7
7,2

7.4
7.4
6.5
7.6
7.2

6.6
i,.7

6,1

6.5
7.2

3

1

2

3

1

1

16
1

8

4

2

1

13

24
16

20
9

18

21

6
l2

4
17

3

2

6

3

30
1

10

2:)

1

1

6

6

tb

1

range

7.2- 7.8

S.7- 6.7
7.0- 8.1

6.4- 8.1

6.7- 7.8

7.8- 9.3

6.2- 6.5

5.7- 8,2

S.O- 8.3
6.8- 8,7
6.4- 9.9
6.8- 8.2
5.9- 8.7
6.S- 8.9
6.S- 8.0
6.2- 9.2
7,8- 8.4
5.8- 8,6
7.2- 7.3
6.2- s.Jr

6.9- 8.7
6.5- 7.9
6.3-- 8 5

7.3-1O.2

6.0- 9.0

5.6- 7.2
6.7- 9.4

6.3- 7.5

rnedian

 7.i,

5.8
6.2
7.4

6.9
6.0
7.0

6,O
7.3

8.5

6,4
6.2

6.9

6.9
7,8
7.8
7.7

7.2

7.7

7.4
7.Jr

8.I
7.Jr

7.3

7,3

7.8

7.3
7,3

7.9

8.0

7.4

7.2

6.1

6.6
7.7

7.1

6.0

(cont'd.)
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(Table 26. cont'd.)

young adult males adult females

Popula-
tiOll

ptT
ACV

-N
ACV

N
ACV

range median range median range median

49
50
51

52
53
54
55
56
57
58
59
60
61

62
63

64
65
66
67

68
69.

70
71

72
73

74
75

76
77

78

79

80
81

82
83

84
85
as
87

88
89
90
9.1

92

93
94
95
96

2

3

2

2

l

s

23
10

4
1

30
30

2

2

22
1

2

1

23
1

30

2

3

10

30
2

3

4
11•
3

9

30
2

3

6

1

14

5.8- 7.5
6.F 7.8
6.9- 7.0

6.6- 7.4

5.0- 7.3
Jr.3- 7.5

4.8- 7.7
6.4- 7.2

4.5- 8.9.

6.or 9.2
.r).s- 7.6
6.9- 8.1
5.9- 8.3

4.9- 6.9

5.l- 8.0

6.FIO.8

4.4- 6.1
4.7- 8.3

5.8- 8.7

5.5-- 9.2

7.7- 8.6
6.4- 7.6
6.1- 7,8
6.4- 8,3
4.9- 6 6
4,6-10 2

5.1- 9. ,1

6.4- 6.5
S.6- 7.4

t•).6- 7.1

5.1-84

6.6
7.0
7.0

7.0
8.7
6.7
6.5
6.6
7.0
5.8
6.9
7.8
6.7
7vr)

7.0
9. .6

Jr.9

7.0
6,9
7.2

8.3

5.3
6.8

7.3

7.2
8.2
7.0
7.2
7.3

59
6.8

7.r)

6.tT

6.9

6.1

9.4

3

19

12

6
3

10

25
21

7

30
26
28
ll

30
1

f)

3

1

1

2

13

1

27
22

30

1

3

6

27
ca

30
2

7

1

4

7.1 15

6.0- 8.1
6.6- 8.0
5.8- 8.0
6.7- 8.6
6.3- 7.7
6.3- 8.9
Jr.s- 9.3

5.9- 8,1

4.7- 7.6
6.1- 8.5
5.8- 9.0
6.0- 8,4
6. 1- 8 8
6. 1- 8 8

7,7- 8.4
6.9- 7,9

7 9- 8.5
5 4- 89

5.7- 9.2
6.3- 8.1
6.6- 9.1

6,1- 8.3

.6.1-76
6.4- 9 6
7, 8- 8. 2}

Jr.7- 7.5

5,9- 6,O

7.3- 9.0

7.3- 8.8

6,1-81

6.9
7.1

6.9
7.6
7.2

7.7

7.4
7.0

6.5
7.3

7.4
6.9
7.5
7.4
7.6

80
7.3

8.4

7.9
8.2
7.5

5

4
3

2

1

6
13

2

12

12

9
11

4
30

l

1

2

1

3

2

11

1

2

    1
8.3 9
7.6 15
7rl 10
8.0 23

7.4
7.4
6.8
7.7

8.0
6.7
6.0

7,7

7A
8.2

7,O

2

7

3

14
3

8
4

tz.r.)

1

1

1

1

11

6.tF 7.7
6.7- 8.1
7.0- 8.4
7.8- 8.0

7.2- 9.4
6.3- 8.2
6.!F 7.1
6.2- 9.1
5,9- 8.1
6,3- 8.1
5.8- 7.9
6,6- 8.9
6,6- 9.0

7.7- 8,1

8.0- 9,1
9.3- 9.9
6.6- 8.6

7.5- 7.9

6.8- 8.3
6.0- 8,3
6.5- 7,8
6.6-1O.1

7.1- 8.1
5.9- 8.4
7.0- 7.9
6.4-10.5
6.1- 8.0
Jr .g- 8.2

6.2- 8.0

6.0- 8.5

5.6- 8,4

7.0
7.6
7.5
7.9

8.3
8.1

7.0
6.8
7.4
6.9
7.5
6.9
7.6
7.6
6.8
8.7

7.9
7.4

8,6
9.6
7.3
9.4
7.7

7.0
7.7

7.1

7.2

8.8

7.6
7.2

7.5
7.8
6.8
6.9
7.3

7.4
9,2
6.0
8.1

89
7.2
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marked unimodal distribution was observed and a large number of populations was
concentrated in the size class 6.7.Åq,.XÅq7.5. By contrast, in adult males, one moderate

peak and another faint peak were found in the size classes 7.4:.!{ XÅq 7.7 and 8.0$XÅq8•3,

respectively. Adult females exhibited unimodal distribution with a peak in the size
class 7.4 :{g XÅq 7.8.

    These results made it diMcult to recognize particular groups and populations were

arbitrarily divided into two types (I: narrow parotoid; III: wide parotoid) for young

and adult males, and a third type, type II (medium parotoid), was added to the adult

female populations. The geographic distribution of these two or three types was
examined (Fig. 26). In young, typeI populations were found overa wide range from
Hokkaido to Kyushu, and type III also showed a wide distribution from Hokuriku
westwards. In adult males, the distribution range of type I populations was wide as
in young, but that of type III populations was limited to the southern part of Honshu,

Shikoku, and Kyushu. In adult females, populations oftypes I and II were distributed

over almost the whole range, whereas type III populations were found scattered among
the other two types from Tohoku to Shikoku.

    8) LAL: Three agelsex groups were combined for ACV variation analyses
(Table 27). Among 1,888 individuals, the smallest ACV, 41.5, was possessed by one
from Pop. 34, and the largest value, 57.9, by one from Pop. 13. The largest value was

l•40 times larger than the smallest. The smallest median for 83 populations was 45•6

for Pop, 20, and Pop. 24 (median=46.0), Pop. 50, and Pop. 65 (46.1) followed. The

largest median, 52.9, was found for Pop. 85, and Pop. 90 (52.7) and Pop. 46 (52•5)
ranked next and third. The largest value was 1.!6 times larger than the smallest.

    Interpopulation comparisons in medi4ns revealed that each population could not
be separated from at Ieast several other populations. Population 20 was most con-
spicuous, having differences from 92.70f6 of all other populations. Pop. 50 differed from

86.60/. and Pop. 24 from 84.10/. of the remaining populations.

    The variation range of medians for 83 populations was divided into ten size classes,

and the number of populations included was examined (Fig. 27). The figure showed
a distribution with three peaks; one strong peak in the size class 48.8$XÅq49.6 and

another in 50.4SXÅq51.2, plus an weak peak in 45.6SXÅq46.4.
    From this observation, three types (I: short arm; II: medium arm; III: long arm)

were discriminated, and the geographic distribution of each type was examined (Fig.
28). As seen in Fig. 28, type II populations were found everywhere except Kyushu,

and type III also had a wide distributional range from southern Tohoku to Kyushu.
Type I populations, however, were more confined, with scattered distribution from
Kanto to Kihki.

    9) TL: The three age!sex groups were separately anaiyzed for ACV (Table
28). Of 759 young, the smallest ACV, 30.3, was exhibited by an individual from Pop.
80, and the Iargest, 42.8, by one from Pop. 32; the largest value was 1.41 times of the

smallest. The smallest median of 39 populations was 34.0 for Pop. 66, and Pop. 29
(ACV==34.2) and Pop. 9 (34.4) ranked next and third. The largest median was 38.0
for Pop. 85, and Pop. 46 (ACV=37.7), Pop. 92 and Pop. 88 (37.5) were second, third,
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and fourth. The largest value was l.12 times larger than the smallest.

    Of 1,175 adult males, the smallest ACV, 30.2, was possessed by an individual from

Pop. 80, and the largest, 42.6, by one from Pop. 84. The latter value was 1.41 times

the former. The smailest median of 58 adult male populations was 34.7 for Pop. 65,
and the values 35.1 (Pop. 24) and 35.3 (Pop. 50) ranked next and third. The largest
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Fig. 26.
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Geographic distribution oftype I (narrow parotoid: closed circles), type II (medium

parotoid: double circles) and type III (wide parotoid: open circles) populations of

the Japanese common toad. Top: young; middle: adult males; bottom: adult
females.
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Popula-
 tion

1

2

3

4
 5

6
7

8
9

IO
ll

12

13

14

15

16

17

18

19

20
21

22

23
24
2Jr

26
27

28
29
30
31

32

33
34
35

36
37
38
39.

40
41

42
43
44•

45
46
47
48

M. MATsul

Table 27. Variation in the LAL ACVof the Japanese common toad.

N
ACV Popula-

 tion N
ACV

range median range

17

2

3

22
10

12

2

50
6

29
 1

6
3

5

1

50
5

JrQ

41

39
20
50
4S

20

50
18

50
18

11

18'

18

50
7

39
2

3

10

50
20

 4
 2
 2
45

 8
 1
 3
 9
 4

45.

43.

47.
4Jr.

44.

44.

47.

43.

46.

45.

48.

45.

44.

44
47

44
43
42

44
4Jr

43
42

44
45
45
45
45
44
43
44
48
41

48
48
47

44
46
47

48
49
43
46

2-51.0
4-51.3
1-51.5
1-50.9
3-52.3
4--50.8

1-47.2
8-55.5
7-52.0
9-54.1

2-51.8
8-57.9
8-50.2

.o-jr3.o

.O-54.2

.3-54.I

.2-50.9
,5-49.0
,3-sO.Jr

.2-54.7

.5-51.3

.5-S-1.0

.3-54.1

.8-52.7

.3-55.4

.7-52.0

.7-52.7

.1-54,4

.8-53.2

.4-56.7

.3-56.8

.5-52.7

.4-56.1

.5-51.4

.tF56.0

.Jr-53.6

.3-53.7

,6-54.8

.7-49.0

.5--4r9.6

.9-53.7
,6-52.4

46.

45.

48.

8-57.8
8-54.5
2-51.0

48.4
47.4
49.5
48.1

48.8
47.4
47.2
48.9
49.0
49.4
47.9
49. .4

Jrl.2

48.0
49.0
48.3
50.1
49.3'

47.4
45.6
47.2
49.8
47.1

46,O
48.8
49.1
Jr o.2

49.1
48.3
47.6
48.6
51.1
51.1
47.9
S2.3
49.6
50.6
49.6
51.6
52.5
48.8
49.6
49.3
so.tj

4r9.2

52.5
50.5
49.4

49
.r)O

51

52

53
Jr4

55
56
57
Jr8

59
60
61

62
63

64
65
66
67
68
69.

70
71

72

73

74
75

76

77

78

79
80
81

82

83
84
85
86
87

88
89.

90
91

9.2

93

94
95
96

8

21

17

10

5

11

34
36

7

41

50
39
40
59
JrO

4
8

2Jr

 1

4
3

23

 5
4

50
 1
 .4

3

 l
20'

42
50
50

3

 7
21

12

50

 5
r)o

8

 ll

24

 8
 2

6

41

47.

43.

44,

47.

47.

46.

46.

44.

45.

46.

43.

43.

44.

46.

46.

49.
44.

47.

47
45
47
46
48
43

4-54.
5-tl9 ,

4-53.
7-51.

8-53.
1-51.

O-56.
2-51.
2- Jr o.

7-55.

1-51.

3-51.

8-51.
2-54.
6-55.
1-53.

4-50.
7-53.

.o-Jr2,

.3-52.

. tl--53 .

. tv- Jr 4 .

.7-50.

.3-57.

46.

51.

47.

46.

45.

"•
50.

47.

48.

48.

47•.

46.

47.

47.

51.
4•7.

r)o.

46.

48.

47,

7-50.

O-51.

4-54.
1-53.

1-51.

2-54.

tF53.
3-57.

4-56.
2-57.

1-55.

1-S2.

6-55.
{-55.
1-54.

: e:j-JJ,
7-54.
s-r)o.

9-52.

2

o

9

6

4
6
3

3

8

8

3

8
5

6
5

4
1

8

6

7

8

3

1

3

9
7

o
6
7

7

4

o
6

4

4
1

6

3

9
3

{)

5

2

9-56.2

median

51

46
48
49
50
49
50

48
48
51

47

49
48
50
50
r)o

46
JrO

JrO

49
49
g)1

49
49

49
49
49
51

53

50
49
48
48
Jr2

51

52
52
Jrl

4•9

Jrl

f}2

r) lt

51
'LJ

48
JrO

.1

.1

.o

.o

.O

.o

.4

.6

.8

.5

.Jr

.o

,5

.Jr

.6

.8

.1

.8

.6

.5

.2

.3

,6

.s

.4

,2

.8

.3

.2

.8

"5

.4

.1

.1

.6

.9

.Jr

.2

"5

,3

,3

.7

.9

.2

.7

.Jr

52.2
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Fig. 27.
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median was 39.0 for Pop. 84 and Pop. 85, and Pop. 66 (38.9) followed. The largest

value was 1.12 times larger than the smallest.
    Of 581 adult females, the smallest ACV, 30.0, was exhibited by an individual from

Pop. 60, and the Iargest, 40.2, by one from Pop. 83; the latter was 1.34 times the former.

Among 50 populations of adult females, the smallest median, 33.0, was shown by Pop.

i and Pop. 23 (median=33.2) and Pop. 24 (33.5) also showed small medians. The
largest value was found for Pop. 84 (median==36.9), and Pop. 96 (36.6) and Pop. I
(36,5) ranked next and third. The largest value was 1.12 times larger than the smallest.

Thus, among a total of 2,515 individuals, the smallest ACV wasl .42 times smaller than

the largest.

    Differences with age were found between young and adult males in 1l out of 27

                                  "'fs.

         a        iS}: ••`t-/•.. g.//g'""' /'

          o    '-1.xe2 År' Å~Å~/ /X'Lt-7(x.

         -H..4

Fig. 28. Geographic distribution oftype I (short arm: closed circles), type II (medium arm:

       double c.ircles) and type III (long arm: open circles) populations of the Japanesc

       common toad.
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Table 28. Variation in the TL ACVof the Japanese common toad.

young adult males adult females

Popula-
 tlon

N
ACV

N
Acxr

N
ACV

range mcdian range median range inedian

 1
 2
 3
 4
 5
 6
 7

8
9

10
11

12

13

14

15

16

17

18

19

20
21

22
23
24
2S

26
27

28
29
30
31

32

33

34
35
36

37

38
39
40
41

42
43

44
45
46
47

48

3

1

1

1

31

4
13

1

1

2

65

12

1

11

2

8

8

2

14

6
1

3

6

4

1

2

5

2

6

1

3

1

1

32.8-37,5

32.7-35.8

32.1-38.S
33.8-35.5
34.1-37.1

32 . -34. r)

31.3-39.2

33.4-37.7

34.8-39.2
36.8-36.8

33.5-37.8
33.1-37.9
33.9-36.7
32.5-38.0
3O.O-38.3

34.3-37.0
34.4-42.8
34.3-37.0

33.9-36.7
34.2-38.3
36.4-37.7
32.7-38.7

33.9-40.2

36.3
32.9
34.3

35.3
34.2

35.7
34.4
35.6
35.Jr

35.9

33.4

S5.i)

3r).9.

33.7
35.9
36.8

35.7
36.0
35.3
34.9
34.2
33.8
35.9
36.6
35.7

38.1

35.3
35.9.

37.1

36.0

37,O

37.7
37.0
32.5

ll

1

20
6

10

1

15

1

8

1

3

1

63
 r)

34
25
20
10

67
22
1.5

39
6

41

 1
3

10

12

51

2

29
 1

 1

 r)

70
14

3

2

 1
39.

 1

 1

3

2

36.

35.

37.

33.

32.

35.

35.

O-39.8 37.9 3
         38.3

2-39.9
O-39.8
8-37,4

O-39.0

5-41.4

5-39. .3

34.0-39.
36.7-41.
34.2-40.
33.5-39.
32,3-37.
34.4-36.
33.6-40.
34.2-38.
32.7-37.
33.6-40.
35.3-38.
34.2-40.

35.

34.

35.

34.

36.

32.

3Jr.

33.

36.

35.

35.

33.

36.

36,

9
6

2

1

8
9
1

2

o
3

2

7

7-38.4
6-39.0
7-39.0
3-41.7
3-41.3
6-39.0

2-38.9
9-40.9
8-40.0
2-40.3
8-36.4

O-39.S

37.9
38.3
35,6
33.0
36.3
36.6
37.6

38.1

37.0
37.I

37.1

38,6
37.2
36..r,

3:'),6

36,O
36.6
35.8
35.1

36.7
36.9
37.6
36.3
37.0
36.7
37.0
37.6
38.8
35.6
35.8
38.0
37.2
36.9
38.4
37.3
36.I

38.3
36.5
34.9
36.0

1-39.4 37.2
3-37,7 37.0

1

2

3

1

l

16

1

8

4

2

1

13

24
16

20
'9

17

21

6

12
,l,

16

3

2

7

3

30
1

10

2:5

I

I

6

6

5

1

34.

34,

31.

32.

31,

34.

33.

33,

31.

32.

31.

33,

33.

31.

32.

31,

32.

32.

32.

33

32.

32.

33,

31.

31.

32.

33.

32.

6-38,1

7-34.
2-34.

8

5

7-38,7

4-36,7

3-36.1

7-36.8

O-37.9

5--36.9

O-37,6
4-34.7
5-36.7
6-38.5
O-36.Jr

7-34,5
O-36.1
8-35.0
1-37.7
3-36 3
3-36.5
2-36.7
8-37.8
2-38.3

9-35. 6

7-38.0

7--37.

5-38.
4
2

6-36.4

36.o-

35,

34.

32.

35.

33.

3Jr.

34,

34.

4
7

9

6

4
4
9.

2

3 Jr ,3

35.2
3S.O
35 3

34,9
3`lr.8

33.6
34.9
35.8
33.2
33,Jr

34.2
34.0
35,5
34 8
34.9
34,3
35.6
35.4
33.2
33.9.

34,7

39,2

3r,,

35,

35.

3

4

4

35.0
33.6

(cont'd.)
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(Table 28. cont'd.)

Popu}a- '
 tion

young adult males adult females

N
ACV

N
ACV

N-
ACV

range median range median range median

49
jrO

51

Jr2

53
54
55
56
57
58

59
60
61

62

63
64
6.r,

os
67

68
69
70
71

72

73
74

75

76

77

78
79
80
81

82

83
84
85

86
87

88
89.

90
91

92

93
94
95

96

2

3

2

2

 1
5

23
10

4r

1

44
67

2

2

23
2

2

1

23
2

95

2

3

10

91

2

3

4
11

3

9

Jr6

2

3

7

1

36.

34,

38.

33.

O-36,
8-35.
7-41.

3 36.2
6 35.2
9 40.3

9-37.5

31.3-36.
3l.8-38.
32.9. -37.

34.7-36.

32.0-39.
31.5-41.
34.4-37.
34.7-35.
31.2-37.
35.2-35.
33.6-3Jr.

33.

33.

32.

34.

34.

33.

30.

34.

34.

36.

34.

37.

34.

8-38.
8-35.

8

9
3

6

tlr

5

9

8

o

2

4

3

2

5-38.1

O-35.
2-39.

35.7
32.7
35.2
36.0
34.7
35.8
34.6
34.7
36.7
36.1

35.2
34.0
35.2
34.5
36.1
35.7
34.5

34.8

2 34.6
O 36.7

3-37.3

3-39.I
2-39.2
7-37.2
1-37.6
1-42.4
5-38.4
7-39.1

34.2-39.
36.l-37.
33.5-36.

35.

11 35.

35.7

34.7
36.7
35.9
36.6
36.8
38.0
36.9

6 37.5
9 37,O
9 35.4

6-40.0

7-37. 2

37..r,

37.5

36.3

3

18

12

6
3

10

25
21

7

57

26
28
10

45
 1
 r)

3

1

1

2

13

 1

27

22
51

1

3

6

27
3

31

2

7

1

4

16

36.3-39. .1

32.8-37,0
32.7-39.5
35.4-40,1
34.8-37.4
35.6-39.9
34.2=l1.1
34.4-38.2

35.6-38.8
33.1-39.0
33.8-39.4
33.8-39.3
36.1-39.9
34.3A2.2

33.3-3S.8
37.Im'41.8

37.7
35.3
36.3
37.6
35.7
37.8
37.5
36,4

36.7
36.6
37.1
36.7
37.6
38.3
36.8
34.7
38.9

37.2

            34.7
34.9-36.9 35.9
33.6-37.3 35.5

35.4-39.3
30.2-39.7
32.5-39.5

36.2-42.6
36,9-40.5
34.7-40.4
37.5-39.2
34.3-40.9
38.6-39.4

36.9-39.8

36.3-37.3

36.1-38.9

36.3
37.2
36.3
35.8

38.3
39.0
38,9
37.8
38.4
38.8
39.0

38.Jr

34.8
36.7

37,7

5 33.037.0
4 33.4-36.8
3 33.8-35.1
2 35,1-35.3

1

7

14
2

12

12

9

11

4

34
1

1

2

1

3

2

11

1

2

1

9

15

10

23

2

7

3

14
3

8
`i

22
1

1

1

11

34,9-38.3
33.5-37.6
34.5-35.2
32.6-37,9
30.8-37.1
30.0-38,4
33.1-36.7
34.6-37.2
34.1-38.9

31.2-33.8

33.1-36.1
33.6-35.2
32.3-39,O

35.8-38.1

32.1-38.1
33.3-37.0
33.4-37.7
32.1-37.4

36.6-40,2
34.7-38.2
33.7-37.4
33.9-37,6
33.9-36.0
34.8-37.8
33.5-36.8

33,6-37.1

35.0-37.5

35,3
35.2
34.6
35.2

36.6
36.4
35.7
34.9
35.3
34.6
35.5
35.0
35.8
36.2
3i).2

33.4

S2.5
30.4

35,O
34.4
34.4
33.8
37.0

36.4
35.5
35.2
34.7
34.7

38.4
36.9
35.7
36.0
35,2
36.3
35.8

3S.6
37.2
34.7
33.3

36,5



available populations (40.70/,; Pops. 10, 16, 18, 52, 59, 62, 63, 66, 80, 88, 96), and adult

males had invariably larger medians than young. By contrast, only one out of 24
populations (Pop. 88) showed significant age difference with age betwecn young and
adult females. Sexual dimorphism was found in 24 out of 44 available populations
(54.59/.), and males had larger ACV than females in all these populations. The oc-
currence of intrapopulation variation in the median was found more frequently in the

populations from southwestern Japan.
    There were some interpopulation differences in each agelsex group, In young,
Pop. 85 was most distinct, with differences from 71.19/. of the other populations. In

adult males, Pop. 24 differed from 68.40/. of the other populations. Populatlons of

adult females had less variable medians: the most marked Pop. 84 differed from only

44.90/, of the other populations.

    The variation range ofACV medians was divided into size classes, and the number

of populations included was examined for each agelsex group (Fig. 29). In young, a

unimodal distribution was found and the peak was in the size class 35.0$XÅq36.0.
Adult males exhibited a less distinct mode, and larger number of populations were
found in the three size classes between 36.1 and 38.2. In adult females, the histogram

showed a marked unimodal distribution, and the peak was in the size class 35.1 $XÅq

35.8.

    From these results it was difficult to divide. the populations according to their

                        20

                        15

                        10

                         5

                         o
                       2
                      .2

Fig. 29.
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             34 36 38 40
                median ACV
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O.7 mm (B: adult and O.7 mm (C: adult fernales) intervals of
population A{ Xl' mcdian of TL.
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medians, and three types were arbitrarily set (I: short tibia; II: moderate tibia; III:

long tibia) to examine geographic variation (Fig. 30). In young, type II populations

were distributed over almost the whole range. Type I populations were found in
several localities in Honshu, and type III populations showed scattered distribution in

Kyushu and Chubu. In adult males, type II populations showed a wide distribution
and type III populations also ranged widely from Tohoku to Kyushu. Type I popu-
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]'ig. 30. Geog'raphic dis. trlbudon of type t (short tibia: closed circle.s), type Il (medium

tibia: double circles), and type III (long tibia: open circles) populations of the

Japanese common toad. Top: young; midd]e: adult males; bottom: adult females.
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Table 29. Variation in the FL ACVof the Japanese common toad.

young adult males adult females

Popula-
 tlon

N
ACV                     AcvT

 -- --- N --- -- -- --
median range

-------  N
ACV

range median range inedian

1

2

3

4

 5
6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
21

22

23

24
25

26
27

28
29
30
31

32

33

34
35

36
37

38
39
40
41

42

43

44
45
46
47
48

3

1

2

1

1

32

4
13

1

l

2

64

11

1

11

2

8

8

2

14

6
1

3

6

4

1

2

.r
)

2

6

1

3

1

1

39.

43.

4-42,1

S-44,8

40,7-49.
41.0-46.
42.9-50.

1

4
o

40.2-40.8

33. 3-46.2

40,S-53.1

39,,r)-4Jr.

40.9-45.

37,7-47.
39.0-44.
41.2-43.
38.1-46.
40.0-43.

39,O-45,
39.7-50.
40.9-43.

39.

40,

44.

38.

38.

o

2

6

9

o
3

5

7

5

1

9-42.4
9-44.9
2-44.9
6-47.4

2-49,6

41 1
39.3
44.2

42.4
42.0

44,3
43.2
46.3
40.0
45.7

40.Jr

40.8

44.8

40.6
42.1
43.0

41,3
42.6
42.1
42.2
41.7
45,2
42.6
42 4
42.2

44, . 9.

41.1
42.4
44.6
42.9

.r}o.6

45.1
42,5
40 8

11

1

20
6

10

1

15

1

8

1

3

1

63
 t•)

34
2:r)

20
9

66
22
15

38
6

41

 1
3

9

12

51

2

29
 1

 1

 5
70

14
3

2

 1
39.

 1

 1

3

2

42 O-48.4

42,

45.

42.

39.

9-50
1-48
7-48

,3

.7

a3

4-52.1

45.0-s3..r)

42.

36.

44.

43,

39,

38.

39.

38,

40.

37.

41.

ua•

40.

44.

39
40.

42,

45,

37.

42.
3gL

44.

42.
43.

39. .

43.

42

7-45

46.6
46.7

47.0
47.2
45.2
41.9
47.1

47.8
.r}o,1

     44.4
.8 44.1
     49.3

7-47.

3-52.

2-51.
7-r)o,

2-45,

5-46.
3-48.

949.
3-43.

6-51.
9-46.
5-53.

Or46.
9-48,

4-47.
3-50
3-53,

1-48.

4-47.
o-r)1.

7-51.
O--48 ,

9-t50.

9.-t.}1

8
.r
)

6

6

o

8
7

o
5
jF

7

1

9

2

o
9

3

o

3

1

r)

6

2

.2

6-49.1
2-46.3

44.0
47.4
47,O
42,8
40.8
42.0
43.8
44.9
40.6
44 9
44.0
46.2
44.4
45.0
43.8
43.4
47.2
49.3
42.8
43.7
47,1
44.8
45.3
47.,r)

45.7
47.1
48.5
46,2
46.4
47.8

46.2
44.3

3

1

2

3

1

1

16

1

8

4

2

1

13

24
16

20
9

17

21

6

12
ilr

16

3

2

7

3

30
 1

10

21,

1

;

6

6

5

1

--39. 2-41.6

40.3-40.
34.7-42.

38.

42.

3

4

3-47.9

7-47.7

37.4-41

42,

.o

7-44.0

35.6-42.7

38.0-44.5
34.3-42.4
34.7-39.0
34.8A1,3
36.5-42,5
34.5-40,3
33,1-38.1
37.S-43.4
38.4-40.3
39.0-44.5
36,9q2.3
38,7-43.7
37.0-42.1
38.4-40,5
38.7-45.6

32.

36,

7-41.8

:)-43.4

39. .3-45.

38.0-42.

41.2

43.0
40.8
39.1

40.9
42,7
42.5
39.6
44,6

38,:5

43.3
40,6
39. .2

41.:-)

37.4
36.f,

37.7
40.1

37.5
3:5.9

39 3
39.2
40,.r)

40,3
41.2
39.5
39.7

41,7
42.1
38.4

39L .7

44,2

     42.1

5 425
6 405

37.0-40 4 39 1

36 7

(cont'd.)
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(Table 29. cont'd.)

young adult males adult females

Popula- -'"r'-
 "on N

ACV
              N
     median

ACN}T

N
ACV

range

49
JrO

51

52
53
Jr4

55
56
57
58
59
60
61

62

63
64
6S

66
67

68
69
70
71

72

73

74
75

76

77

78
79

80
81

82

83

84
85

86

87

88
89.

90
cjl

9.2

93

94
9S

96

2

3

2

2

1

5

23
10

4
1

47
6Jr

2

2

22
1

2

1

23
1

9r)

2

3

IO

9i

2

3

4
11

3

 9

56
2

3

7

1

11

tl,l

37

44

.7-43.

.1-40.

.2-48.

41.1-44

37.

38.

38.

42.

37.

35.

40.

36.

38.

37.

8

3

o

.3

O-42.
1-45.

O-44.

844.

6-45,

7-47.

1-46.

9-41.
5-45.

6
5

7

7

9

8

5

Jr

3

.r)-43.9

38,2-4S.2

38.

39.

41.

40.

4-47,O

6-42.6
8-44.9

6-44.4

37.8-49.6
39,5-46,2
40.4-44.9
43,5-45,5
41,9-:')o,.r)

42.9-46,6
40.2-47.6

40,

42.
38.

42.

s-.r)o.g

8-tl4.2

9-43.2

O--4.5,2

39.6-43

range

42.7
38.4
46.1

42.7
38.6
40.1
42.9
41.8
43.6
40.7
41.3
42.1

43.3
39.2
41.3
40.9
40.7
39.9
42.1
41.2

42.1

41.1
42.9

42.3

42.7
42.9
42,7
44.4
44.4
44,4
42.9

45,3
43.5
40..r)

44r.1

44.3

.8 42.0

3

20
12

6
3

10

25
21

7

58
26
28
10

44
 1

 5
3

1

l

2

13

 1

27
22

50

1

3

6

27
3

31

2

7

1

4

16

median range median

40.6-46,8
36.0-45.8
40.1-48.0
4e.4-t+7.2

4S.5A8.5
42.3-48.2
37.5-48.6
38.0-46.6

41.2-46.0
37.7-48.2
37.3A7.3
40.4-48.7
44.0-47.2
42.5-5O.6

41.1-46.4
43.S-46.8

42.2-43.8
38.5-49.S

41.6-48,7
43.349.5
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lations occurred from Tohoku to a part of Shikoku. In adult females, type II popu-
lations showed a wide distribution as in young and adult males, but type I populations

were limited from Kanto and Chubu northwards. Type III populations were fbund
scattered in the regions from Chubu westwards, in a part of Kanto, and in Hokkaido.

    10) FL: The three agelsex groups were separately analyzed tbr ACV variation
(Table 29). Of 756 young, the smallest ACV, 33.3, was tbund fbr an individual from
Pop. I6, and the largest, 53.1, was Ibr one from Pop. 18. The largest value was 1.59

times larger than the smallest. The smallest median of 39 populations of young toads

was 38.4 for Pop. 52, and Pop. 57 (median==40.l) and Pop. 90 (40.5) were populations
with small medians. The largest value was 46.3 for Pop. 10, and Pop. 88 (45.3) and
Pop. 46 (45.1) also had large medians. The largest median was 1.20 times larger than

the smallest.

    Among 1,172 adult males, the smallest ACV, 35.0, was exhibited by an individual

from Pop. 81, and the largest, 53.9, by one from Pop. 88; the latter value was 1.54 times

the former. The smallest median of 58 populations of adult males was 39.8 ibr Pop.
50, and the values 40.6 for Pop. 24 and 40.8 fbr Pop. 20 ranked next and third. The

largest median was 50.1 for Pop. 10, and Pop. 88 (median==49,7) and Pop. 96 (48.1)

followed. The largest value was 1.26 times the smallest.

    Of 579 adult females, the smallest ACV was exhibited by an individual from Pop.

34 and was 32.7. The largest ACV, 47.9, was found for one from Pop. 8, and the value

was 1.47 times larger than the smallest. The smallest median for 50 popuJations of

adult females was 35.9 for Pop. 24, and Pop, 20 (median=36.S), Pop. 19 (37.4) and
Pop. 87 (37.5) had also small medians. The largest median was 44.6 fbr Pop. 10, and

Pop. 62 (median=43.2) and Pop. 96 (42.6) ranked next and third. The largest value
was 1.24 times the smallest. Thus, among the total of 2,507 individuals, the largest

ACV was 1.65 times larger than the smallest.

    Differences with age between young and adult males were found in 18 out of 27
available populations (66.7%), and in all these populations, adult males had larger

medians than young. In the comparisons of young and adult females, nine out of 24
available populations (37.50/,) showed significant differences, and adult females had a

larger median than young in every population.

    Sexual dimorphism in adults was fbund in all but two (Pops. 62 and 73) popu-
lations, accounting for 95.50/o of the total number of 44 populations. In every popu-

lation, males had a larger median ACV than females. No clear relation was observed

between geographic distribution and occurrence of variations.

    In young, Pop. 52 was most marked, with differences from 73.79/, of the remaining

populations. More conspicuous differences were observed in adult males: Pop. 50
differed from 93.00/, ofthe other populations, and Pop. 24 from 91.20/, ol- the remaining

populations. In adult females, Pop. 10 had the largest number ofdifferences and 87.89/6

of the remaining populations differed from it.

    For each agelsex group, variation range of medians was divided into sizc (:lasses,

and distribution of the populations in these size classes was examined (Fig. 31). In

all the three agelsex groups, histograms showed marked unimodal distribution. In
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young, there was a peak in the siee class 40.4=Åq,XÅq42.4, and adult males also showed

a peak at 43.2[.XÅq46.6. Adult female populations exhibited an even more marked
peak at 38.9$.XÅq40.4. 'Thus, the populations could not be divided by the shape of
the histogram.

    Three types (I: short foot; II: moderate foot; III: long foot) were arbitrarily set

for analyzing geographic variation (Fig. 32). In young, type II populations were
distributed over the whole range, and type I populations were restricted to a part of

Hokuriku. Type III populations showed scattered distribution from Tohoku to Kyushu.
In adult males, distribution pattern of type II populations was similar to that in young,

but the distributional range of type III was wider than in young. Type I populations
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                   intervals of population' ACV median of FL.

were limited to the regions from Kanto to Hokuriku, and a part of Shikoku. Adult
females showed a pattern similar to young and adult males, with wider distributions of

type II and III populations. Type I populations were never found at the extremities
of the distributional range.

  b) Patterns of Intra- and InterPopulation Variation in ACvV

    1) Intrapopulation variation in ACV
    Ail the characters analyzed exhibited more or less marked intrapopulation variations

as described above. The degree of variability for a character was estimated by the
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magnitude of ratio of extremes (RE=-rmax. ACV observed/ min, ACV observed; modi-
fication of Dubois 1976: 36) within each age/sex group of each population (Table 30).

The most variable character was T-EL and RE exceeded 4.0 in several populations
(young: Pop. 16, RE==4.77; adult males: Pop. 28, RE=4.29). However, in the
majority of the remaining populations, RE for T-EL ACIV were within the range of
1.1-2.7, and the median was about 1.6 for young and adult males. In adult females,
T-EL ACVs were less variable (range of RE==l.12-2.79). The next highly variable
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Table30. Degree of' variability in each character
        observed/minimum value observed).•

measured by RE ( =- maxlmum value

Character Age/sex group N RE in all
individuals N RE in population

   medians

HL

SL

T.EL

TD

HW

PL

P"r

LAL
TI.

FL

Young
3,) Adults

9 Adults

Total

Combined

Young
ÅëAdults

9Adults
Total

Combined

Young
eAdults
?Adults
Total

Combined

Youhg
TAdults
9 Adults

Total

Combined

Young
eAdults
? Adults

Total

Young
TAdults
9 Adults

Total

 5.r)2

 9S1

 580
2084

2204

 72.r)

1168

 576
2469

2501

 554
 950
 574
2078

1789

 536
 945
 577
2058

l888

 759
117S

 581
2515

 756
1172
 .',79

2S07

1

1

1

1

.40

.35

.41

.41

39

58
50

1,16
1.16
1.13

1.47

7

Jr

4
7

.76

.38

.62

.76

83

39

58
50

1.14

2.

2.

L

3.03

1

1

l

1

.47

.43

.40

.47

1.68

2.

L
2.

2.

4jr

94
12

4Jr

1.40

L
L
L
L

41

41

34
42

1.59
1.54
l.47

1.65

83

39

58
49

83

39
-58

JrO

83

39
58
50

39
58
50

03
35
95

1.86

L
L
1.

15

20
15

1.24

1.

L
L

63
30
33

1.16

L
L
L

1.

1.

L

12

12

12

20
26
24

character was TD, and RE ranged l.1-2.0 in this character. PL and PW also showed
a large RE. By contrast, HL and TL exhibited little variability; RE was at most 1.3
in these characters.

    Difference with age was more conspicuous in males than in females (Table 31).
When the degree ofdifferentiation was estimated by percentages ofsignificantly different

populations to the total number of examined populations, there was a high degree of
differentiation between young and adult males: in 66.70/, of the examined populations

they differed for FL;in 44.49/. for HW, and in 40.79/. for TL. When there wasadiffer-

ence, adult males had larger TL and FL ACV and smaller HW ACV than young. On
the contrary, the largest percentage value of difference between young and adult
females was 37.59/. for FL; and in only 16.70/, for I'IW and PW, the examined
populations differed between these two groups. Adult females had larger FL ACV,
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Table 31
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. Occurrence frequency of ontogenetic and sexual differences in the ACV median
  among populations of theJapanese common toad. For division oi'populations,
  see text. An intermediate population, Pop. 25 is included in the total.

   type A

pN
.8,Cd//O.'e60glg

type B

Character Combination ,N.,o
,Sd/Tt?Sei,i/;g

   Total

pNopO
,ll d//fi!":efiO-,il.lg

HL

T-EL

HW

PW

TL

FL

Y:eAd.
Y:?Ad.
TAd:9Ad.

Y:eAd.
Y:9Ad.
TAd:?Ad.

Y:eAd.
Y:9Ad.
eAd:\Ad.

Y,ÅëAd.
Y:?Ad.
eAd:?Ad.

Y:eAd.
Y:?Ad.
eAd;?Ad.

Y:eAd.
Y:?Ad.
XAd:9Ad.

15

13

30

IS}

l3

30

15

13

29

15

13

30

15

13

30

15

13

30

 o
 o
10.0

33.3

 7.7
13.3

40.0
15.4
65.5

26.7
23.1

 6.7

26.7

 o
so.o

60.0
38..r)

1OO

11

10

13

11

10
13

H
10

13

11

10

13

11

10

13

11

IO

13

36.4
1O .O

15.4

27.3
10.0
30.8

45.5
10.0
61,5

 9.1
10.0

 7.7

63.6
10.0
61.S

72.7
30.0
84.6

27

24
44

27

24
44

27

24
43

27

24
4`l

27

24
44

27
2tl

"

18.5

4.2
11.4

33.3
8.3

18.2

44.4
16.7

6S.1

18.5
16.7

 6,8

.40.7

 4.2
f}4.5

66.7
37.i)

g Jr .s

but in HW and PW, young had a larger value than adult females in some populations
and the situation was reversed in others. These results indicated a higher frequency

of ontogenetic differentiation in males than in females. This tendency was especially

obvious in FL and HW. In adult females, FL exhibited a much higher degree of
ontogenetic differentiation than other characters.

    As to sexual dimorphism in adults, three (HW, TL and FL) of the six characters
showed even higher frequency ofdifferences than in the ontogenetic comparisons between

young and adult males. Among these, difference in FL was most conspicuous, and
95.50/. of the examined populations showed sexual dimorphism in this character. HVvr

and TL were sexually dimorphic in more than one half of the examined populations.
From these results, it is postulated that sexual differentiation usually occurs in the

characters of hindlimb and in head width: adult males are judged to have-a propor-
tionately narrower head and longer hindJimb than adult females in theJapanese common

    2) Interpopulation variation in ACIV
    In the ten characters examined, no population had an A(IV median completely
different from all the other populations. Even the most distinct population at rnost
differed from less than 750/. of the other populations (FL in young, TL in all the three
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agelsex groups). Consequently, it was impossible to divide the population of the
Japanese common toad by the magnitude ofACV medians for any one character, if the

geographic distribution of each population was not taken into account.

    After examining geographic variation in the ACV medians of the ten characters,
clear geographic distribution patterns were found only in a few characters. In the

three characters on the head (HL, SIi and HW) and in TL (of adult females), popu-
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lations with smaller ACV tended to be limited to northeastern Japan. In adult toads,

populations having small ACV in FL were not found in the northern and southern
extremities of the distribution range.

    On the contrary, a clear geographic distribution pattern was observed in TD and
T-EL. In these characters, bimodal distribution was found in the frequency distribution

of populations classified by the magnitude of ACV medians, and the two groups of
populations thus divided had a distributional boundary around the Chubu or Kinki
District.

D
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   ae

xxA

e
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e
e
e

    Fig. 34. Geographic distribution oftype A (closed range), intennediate type (dotted range)

           and type B (open range) populations of the Japanese common toad. Broken line
           indicates the boundary between type A and type B populations.

    From the relation between T-EL and TD (Fig. 33), two distinct types (A: with
large tympanum and short tympanum-eye distance; B: with small tympanum and long

tympanum-eye distance) could be distinguished. The presence of the two types could
be most clearly recognized in adult females, and was obscure in young. When each
population was grouped into either of the two types for each agelsex group, the results

agreed well among the threc age!sex groups: one population regarded as type A in

young w'as also grouped into the same type in adu]ts of both sexes. Thus, by syn-
thesizing the results for each age!sex group, each population could be grouped into either

ofthe two types,

    The populations indicating a slight difficulty in grouping were Pop. 1 (Hakodate),

Pop. 25 (Tokyo), and Pop. 39 (Ikawa). In Pop. 1, the young had smaller ACV in both
characters than in the other populations. Both sexes of adults, however, had character-

istics completely within the range of type A, and therefore, the population was classified
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as that type. In Pop. 25, adult males werejudged to belong to type B, but adult females

to type A. Young were situated in an intermediate position. Therefore, Pop. 25 was
treated as an intermediate type. The young of Pop. 39 werejudged to be type A by
the size of the tympanum, but had larger tympanum-eye length than any other popu-

lation of type A. The tendency, though much less conspicuous, was also observed in
adult males. It was, however, judged that there was no serious problem in classifying

the population as type A.

    From these results, the distribution of each population was plotted on a map, and

a clear-cut distribution pattern was observed: populations of type A were distributed

from the Kinki District eastwards, and those of type B were found from there westwards.

By the relation of T-EL and TD, populations which had been excluded from the fore-
going analyses because of the small sample size could be divided into either of the two

types. The distributional pattern of these populations agreed well with that obtained

for well-represented populations. In this way, the borderline for the distribution range

of the two types could be drawn (Fig, 34).

    There were, however, a few exceptions, and two type B (Pop. 12 and Pop. 52) and

one intermediate type (Pop. 25) populations were included in the distribution range of

type A. The discrepancy in this distribution will be discussed later.

                                 DIscussloN

    As stated previously, morphometric characters hitherto given importance in the
classification of the Japanese toads include TD, T-EL, PL, PW, SL, IND, IOD, and
HLL. For these characters, intrapopulation allomorphosis against SVL has been
examined for the population from Momoyama, Kyoto (Pop. 63 ; see the previous chapter).

The result obtained in that studv indicated that IOD did not correlate with SVL and
                            .was a very variable character, at least in adult males. This character is easily measured

for ranid frogs and some species of true toads (especially for the broad-skulled types

having bony crests on the head), whereas in the Bqfo bufo complex, it is often very

didicult to take an accurate measurement for this dimension, because of the vague
reference points. For this reason, I omitted this character from analyses, and also

ignored analyses based on IND, since the character has significance only when com-

pared with IOD. Measuring HLL is very diMcult for specimens which have been
fixed too hard. In the present study, TL and FL were examined instead ofHLL. All
the other important characters were included in the analyses, and therefore, the exami-

nation of the ten characters here treated seems suthcient, if not complete, for detecting

morphometric variation pattern in the Japanese common toad.
    Pattern ofallemorphosis and a comParison bj' ACV: In comparing the size ofa character

between two animal groups which have different standard length range, we must
calculate the "relative size" of the character by certain methods. As a standard for

such methods, ratios were widely employed by many authors (e.g., Mayr, Linsley, and
Usinger, 1953), and were considered to be usefu1 in every fieid of biology.

    External meristic characters, such as scales in lizards and snakes, and costal grooves

in salamanders, are generally few in anurans, and the dimensions of morphometric
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characters are far more important in this animal group. Many authors used ratios in

expressing external morphology and in comparing different taxa (e.g., Berger, 1964s

Blair, 1955; Church, I960; Ferguson and Lowe, l969; Inger, 1947, 1954, 1966; Mc-
Alister, 1962; Porter, 1968; Schaafand Smith, 1'970).

    Atchley et al. (1976), after theoretically pursuing the variance of two character

dimensions and their ratios, which are used in discriminant analysis, warned against

the use of ratios for comparing taxa. Corrucini (1977) and Dodson (1978) opposed
the opinion of Atchley et al. (op. cit.), and the use of ratios is still rather popular (e.g.,

Hemmer et al., 1978; Heyer, 1978; Dubois and Khan, 1979; Busse, 1981).

    Aside from the discussion bv Atchley et al. (1976), the use of simple ratios must be

made prudently, since ontogenetic change is known to occur in ratios among some
characters (e.g., Kauri, 1957; Martof and Humphries, 1959). As stated in the pre-

vious chapter, some characters showed isomorphic relations to SVL, whereas others

were tachymorphic or bradymorphic in the population of the Japanese common toad
from Momoyama, Kyoto. Consequently, it seems more proper at first to examine
allomorphic relations among characters in comparing character dimensions among
groups of toads, especially when groups include animals of different ages.

    On the other hand, it is far more troublesome and complex, and less easily under-

standable, to express size relations by allomorphic equation than by ratios. Moreover,

the Y intercept of allomorphic equation (B of Y=BXdi) seems to have little concrete
meaning and the interpretation of that meaning is in no way easy (White and Gould,

1965).

    For these reasons, I gave up trying to express size relations by ratios nor allomorphic

                    'equations, but employed ACV (Thorpe, 1975: 29) instead. By using this value, two
characters having tachymorphic or bradymorphic relations to each other could be safely

analyzed, and further, the significance of positional difference in allomorphic equations

(see the discussion of previous chapter) seems to be well reflected (Fig. 35).

    As a first step for calculating ACV, variation in allomorphic constants was examined
in nine populations of the Japanese' common toad, Although geographic trends were

found in only two characters (TD and PL), all the other characters exhibited some minor

variation in the magnitude of the allomorphic constant, The presence ef geographic
variation in allomorphosis of some characters elucidated in this paper is in accordance

with that reported for some fish species (Kubo and Yoshihara, 1972), and by accu-
mulating and analyzing a larger number of populations, some clear geographic pattern

may be detected in all characters. It is, however,' estimated that the use ofcombined

a value for calculating ACV acted towards decreasing, and not increasing, interpopu-

lation differences in ACV.

    Variation in SVL: Since ectothermic vertebrates, including anurans, appear to
continue size increase throughout their life, it has bcen argued tliat mean body size of

such animals cannot be estimated (Kauri, 1959: 87; Trueb, 1977: 175).
    Although reports on the growth of the Japanese toads are few, the available data

indicate that the growth rates are much slower in mature adults than'in immature young

(Matsui, 1975a; Hisai, 1975). This tendency coincides well with those observed for
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other Bufonid toads or frogs ofother families (e.g., Hamilton, 1934; Blair, 1953; Martof,

1956; Turner, 1960; Briggs and Storm, 1970; Oukouchi, 1978). The body size of the
Japanese common toad has been found to vary more prominently within an age class
than between age classes (Matsui, unpublished; Hisai, 1981). Hisai (1981) reported
the body size of breeding males from Tokyo as follows: two years old=109dL11 (SD)
mm, three years old== 110Å}9 mm, four years old=109Å}8 mm. These figures indicate
almost no differences among different age groups. According to this author, breeding

females had slightly larger mean body sizes, but the variation range largely overlapped

that for males (Fig. 36). Further, almost no difference was found in the body siee of

adult males between the individuals which matured at certain years of age and those

which matured more than one year later (Matsui, unpubl.; Hisai 1981).
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    This information seems to permit comparing mean body sizes of adult toads in
spite of the doubt expressed above, at least if we exclude individuals which have just

matured sexually. The cause ofthe great variation in the adult body size is thus largely

at,tributed to the great variation in the individual growth rate, but another ecological

t'actor is also important, In the population I'rom Momoyama, Kyoto (Pop. 63), the
body sizes of breeding adults var•ied yearly, and there was a strong negative correlation

between the•numbe,r of breeding toads and the yearly mean body size (Matsui, 1981 ;

Fig. 37). In this case, populati,on density further affected the body sizes of yearly

breeding toad populations,
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    In interpopulation comparisons, it was found that both sexes of some populations

did not overlap adjacent populations in the mean SVLs. Among such cases, some
combinations included a large altitudinal gap; e.g., 1,170 m of altitudinal difference

between Pop. 16 and Pop. 18, and 760 m of difference between Pop. 38 and Pop. 43.
In these combinations, the difference in mean SVL might have been related to the differ-

ence in altitude, but other combinations did not include such altitudinal gaps (e.g., Pop.

61 vs. Pop. 63, and Pop. 24 vs. Pop. 25). In these combinations the mean SVL of one
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Fig. 36. Body length growth in theJapanese common toad from 'I'okyo, reported by Hisai
(1981). Closed triangles: males; open triangles: fcmales. Symbols indicate mean
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theJapanese common toad from Momoyama, Kyoto. Field data tbr 1973-1977
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population was extremely smaller than that of surrounding populations, in spite of their

geographic similarities. Such a trend was obvious in Pop. 23, 25, 52 and 63, and these

populations had some ecologically remarkable features. The toads of Pop. 23 were
obtained from a pond where a large number of breeding toads are yearly captured by
frog collectors (Ouchi, Pers. Com.). The toads of Pop. 25 Iived in gardens surrounded

by human habitations in the center ofTokyo, and those ofPop. 52 were from the campus

of a university. Samples of Pop. 63 were also from an isolated area of a shrine in the

city. All of the habitats of these populations were isolated places and the population

densities were high. To date there is no accurate ecological information, but it is
easily surmised that a limited area ofactivity, high population density, and the increased

possibility of human influence will affect the body size of toads. A similar effect of

human influence on toad body size has been pointed out for the Chinese common toad,

which is a close relative oftheJapanese common toad (Boring and Liu, 1934).

    Body size (SVL in the present study) thus varied greatly intrapopulationally, but

there were far greater interpopulational SVL differences among some populations. In

Pop. IO, which included adults of both sexes with the smallest mean SVLs among all

the examined populations, males attained sexual maturity at the SVL of 61 mm and

females at 60 mm SVL, and no individuals greater than 79 mm in males and 76 mm in
females were obtained. Conversely, in Pop. 96, which included the females with the

largest mean SVL, males less than 95 mm SVL and females less than 130 mm SVL
were all sexually immature. Therefore, the SVL of the smallest mature male in Pop.
96 was 1.2 times larger than the largest adult male in Pop. 10, and the smallest mature

female in Pop. 96 had an SVL 1.7 times larger than the largest adult female of Pop. 10.

These values are far greater than the ordinary range ofintrapopulation SVL variation.

    The trends in the geographic variation ofmean SVL differed between the two sexes,

i.e., populations with larger SVL tended to be distributed in more southern localities

in femaies, but populations with smaller SVL were often found in the northern
and southern extremities of the distributional range in males. Reflecting such trends,

the female mean SVL of the southernmost population (Pop. 96, Yakushima: mean
SVL=160 mm) was the largest among the examined populations, whereas the male
mean SVL of the same population (1 lO mm) was smaller than that for populations from

more northern ]ocalities. In the habitats of this population, the natural environment

was wel} preserved, and therefore, it is unlikely that the small body size in males is the

result ofhuman influence or restricted habitat conditions. Even if there might be some

unnoticed environmental selective pressures, effects on only one sex are not easily inter-

pretcd. Consequently, the mean SVL of each population, although it might be more
or less affected by cnvironmental pressures, is considered to have a specific ge.netical

basis in expression.

    Mcmbers of Pop. 10 had distinctly small SVLs and differed from all other popu-

lations in mean SVL in both sexes. However, populations from northernmost Honshu,
though excluded from the analyses of means due to small sample size, had even smaller

SVLs (one male from Pop. 2 had an SVL of only 43 mm, and one female from Pop. 3
had an SVL of 54 mm), and might not differ from Pop. 10 in mean SVL. Therefore,
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mean SVL alone does not seem useful in differentiating populations of the Japanese

common toad.
    ACV variation: In homoiothermal vertebrates, body size is specifically or sub-
specifically uniform, and direct comparisons in some characters can be made by absolute

measurements. Even in frogs, such an analytical process is possible if the variation

range in body size is extremely small (e.g., Trueb, 1977). In analyzing the morphome-

tric character variation oftheJapanese common toad, however, comparisons by absolute
dimensions are impossible since there is a great intrapopulational variation in the unit

length (=SVL), and the magnitude of interpopulational difference in the unit length

is greater than fbur times.

    By employing ACVs, comparisons among groups of toads having different SVLs
seem to have been achieved more accurately. Within one population, highly variable

characters were T-F.L, TD, PL and PW, and HL and TL showed lesser degree ofvari-
ability. These results coincide with those reported by Underhill (1961, a, b), who
showed that adults of Bufo woodhoorsei and B. hemiophr],s from South Dakota had higher

variability (compared by the magnitude of CV tbr the ratios of characters to SVL) in

PL and PW than in HL, SL, and TL.
    All the characters showing high variability had absolutely smail dimensions, and

greater measurement errors might have been included than in characters "Tith larger

absolute dimensions. Two organs, thc tympanum and parotoid gland, are related to
the four highly variablc characters, and are essentially not supported by bony ele,ments•

This might be a more important reason for the higher variability in the ACVs of related

characters. Further, the tympanum apparently has the single function of a receptor
of airborne sounds (Martin, 1972; Capranica, 1976) and the parotoid gland that of a

defense organ against enemies (Lutz, 1970). Other organs (head, forelimb, and
hindlimb), including less variable characters, have multiple functions. Therefore,
higher variability in the relative size of the former two organs within a population and!

or within an age!sex group seems to suggest that these organs are less vital to

the individual toad than the latter organs.

    In the characters analyzed by differentiating age!sex groups, adult females generally

exhibited lesser degree of variability than in young and adult males. Alhough this

result agreed with that obtained by Trueb (1977) in the Ecuadorian Hivla lanctJfbrmts

skull measurements, Kellicott (1907) reported higher variability in some characters

(e.g., HL, TL and FL) in females than in males in adult Bufo lentiginosus americanus

(=B. americanus) from Ohio, Underhill (1961a) reported that the ratios of character
dimensions to SVL were slightly more variable in females of B. tvoodhousei. He also

reported, however, that males were more variable in some characters in B. hemioPhi),s

(UnderhM, l961b), Moreover, in thc threc species of European pond frogs of the
Rana esculenta group, the variability in the two sexes varied according to the species and

the characters (Berger, 1966). Consequently, a generalized conclusion cannot bc
drawn about sexual dimorphism in the degree of character variability.

    Ontogenetic comparisons within a population revealed greater difference in ACV

between young and adult males than between young and adult females. rl'he highest
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degree of differentiation was observed in FL betwcen young and adult females, but
even in this case, only less than half of the examined populations exhibited significant

differences. Though the actual difference might have been masked by the small sample

size in some populations, it may be concluded that adult females ontogenetically differ-

entiate morphological characters less markedly than adult males.

    Only a fcw papers have reported age variation in anurans. McAlister (1962)
found ontogenetic change in HLIBody L ratio in Rana PiPiens and noted that juveniles
had larger heads than adults. Blair (l955) indicated no difference in HLL/SVL ratio

between adult females and juveniles of Bufo microscaPhus, although sexual dimorphism

was obvious in this character. These previously reported results coincide well with the

results reported here, whereas the ontogenetic change in TLIBody L ratio in Rana esculenta

complex (Kauri, 1954, 1959) and R. s71vatica (Martof and Humphries, 1959) con-
tradicted my results. There might be a generic difference between Bufo and Rana in
the ontogenetic change in hindlimb proportions.

    The sexual dimorphism in adults discussed above reflected the ontogenetic features.

In a large number of populations, sexual dimorphism was found in HW, TL, and FL,
and males had smaller HW and longer TL and FL than females.
    There is a high correlation between HW and mouth itv'idth in toads (Matsui,
unpubl.), and the relatively larger HW in females suggests the presence ofsexual dimor-

phism in the feeding ability. Hisai (1981) found that, in theJapanese common toad
IVom Tokyo, mouth width was sexually dimorphic and that females had significantly
wider mouths than the males of same body size.

, The observation that the characters of the hindlimb develop better in males than
in females coincides well with those reported fbr many species of Bqfb (B. b. bufo: De

Lqnge, l973; B. b. gargarizans: Fang and Chang, 1931, Boring, l939; B. viridis: OpatrnY,

1974, Hemmer et al., 1978; B. hemioPh2))s: Underhill, 1961b; B. microscaphus: Blair 1955).

In other species, however, no sexual dimorphism was found in the hindlimb characters
(B. teoodhousei: Blair, 1955, Underhill, l961b). The greater development of hindlimb

characters in males suggests that they are more active than females, especially in the

breeding season, for searching, pursuing females, and fighting with the same sex
(OpatrnY, 1974; De Lange, 1973).

    Thus, the results of the intrapopulation variation analyses largely coincided with

those obtained from allomorphic analyses (previous chapter), and suggested that in

analyzing morphometric variation of toad populations, at least HW and hindlimb
characters should be separately treated for •the three agelsex groups.

    Interpoputation variation: The ten morphometric characters dealt with in the present

study included most of the characters hitherto considered important for ciassifying the

Japanese toads, but no character differentiated a particular population from all the

other populations. Severai characters exhi})ited vague trends in geographic variation

pattern, but none of them, except TI) and T-EL, differentiated geographically sharply

outlined population groups.

    There was a marked geographical trend in the pattern of variation in TD and
T-EL, and the relation of these two characters enabled me to divide the populations
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oftheJapanese common toad into two groups. T-EL is the distance between posterior
corner of upper eyelid and anterior corner of tympanum, and, since the shape of the

head as a whole is almost uniform, is affected by the size of the tympanum (TD). The
total size of T-EL and TD, however, is not necessarily constant, and therefore, the two

metric characters can be treated independently.

    Both T-FJL and TD were not only intrapopulationally highly variable in ACV,
but also variable among populations. In dealing with such variable characters, carefu1

examination of variation patterns are at first required, since even intrapopulationally

highly variable characters can be taxonomically diagnostic (e.g., PW: Underhill, 1961a).

If the variation pattern of one character has no relation with geographic distribution,

and similar variation pattern is only sporadically observed, the taxonomic value of that

character should be regarded as low.

    As a matter of fact, the distributional patterns of T-EL and TD were found to be

regular, and two groups of populations were distinguished in the northeastern and

southwestern parts ofJapan by the magnitude ofACV medians. Further, by comparing
these two characters, the distributional range of the two groups could be clearly defined

throughout the three agelsex groups, Therefore, the populations of the Japanese
common toad were divided into two types: one, type A, is found northeast ofthe Kinki
District, and the other, type B, is found from the Kinki District southwestwards.

    Exceptional populations were found at three localities in the area from the Hokuriku

District eastwards. Both Pop. 12 (Sendai) and Pop. 52 (Kanazawa) belonged to type
B, but their localities were fairly distant from the main distributional range of other

type B populations. Toads of these two populations were collected on the campus of
universities, and it is highly possible that they are descendants of individuals artificially

introduced for laboratory purposes. Population 25 (Tokyo) was a unique intermediate

of types A and B, and was coliected from the center oflarge cities. In this region, the

native population, probably having morphometric traits similar to surrounding Pop.
23, 24, and 26, seems to have been hybridized with individuals artificially introduced

from other, probably southwestern, localities ofJapan for laboratory, pharmacological,

and other purposes. It is probable that, in the areas where samples of Pop. 12 and
Pop. 52 were obtained, native toad populations might have nearly perished because of
overcollecting for laboratory purposes, and later, small portions ofintroduced individuals

might have established stable populations. Since these areas are in the city region and

largely isolated from nearby montane regions, hybridization with the surrounding
populations might have occurred only rarely, and formation of intermediate type
populations might have been prevented.

    Although seldom recorded accurately, the Japanese common toad has been arti-
ficially introduced into regions where native populations were absent (Sado Is. : Okada,

1930, Iwasawa, 1960; Tsushima Is.: Murakami, 1981; Izu Oshima Is.: Goris and
Terada, 1977; Miyakejima and Hachljojima Is.: Matsui, unpubl.). P'urther, toads
have been transported for human utilization : in the periods of Meiji and Taisho, a great

number of toads seem to have been brought to iarge cities for making bags and other
leather articles of their skin {br export (Okada, 1938: 346; Tokita, 1962: 210). The
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abundant literature dealing with toads as experimental materials clearly indicates that

toads have been extensively used for laboratory purposes, and it is highly probable that

the toads from various parts ofJapan were transported to large cities where there were

universities and laboratories.

    Artificially introduced amphibians establish stable colonies and steadly widen the

distribution range (e.g., Bufo marinus: Honegger, 1970, Matsui, 1975b, Easteal, 1981;

Rana catesbeiana: Matsui, 1980f; R. tigerina: Matsui, 1979b; Xenopus laevis: Bury and

Luckenbach, 1976, Behler and King, 1979). Doubtlessly a portion of the Japanese
common toads artificially transported for commercial and laboratory purposes will get

free or be released and establish a new population if the environmental conditions are

suitable. Indeed, toads have been artificially transferred much more often than is
usually expected.

    From these considerations, the occurrence of the three exceptional populations
mentioned above is regarded as a result ofartifact, and by eliminating these populations,

the distribution range of the two types are more clearly defined.

    In conclusion, analyses of variation in morphometric characters revealed a high

morphological variability of the Japanese common toad, but the geographic variation
trends in two characters, i.e,, tympanum diameter and tympanum-eye length, allowed

me to recognize two groups of populations: one (type A) is distributed in northeastern

Japan and is characterized by large TD and small T-EL; the other (type B), is found in

southwestern Japan and has small TD and large T-EL.

                                    v
                   Geographic and Climatic Clines in the
                       Merphometric Characters of
                       the Japanese Common Toad

    In the Japanese common toad the SVL and the adjusted character value (ACV:
Thorpe, 1975) of each character exhibit complex geographic variation patterns. The
existence of particular geographic gradients in population median ACV is suggested in

some characters, but in others such obvious trends are not found. In this paper, the

variation of SVL and ACV of each character will be analyzed in relation to the geo-

graphical and climatological parameters which are considered to reflect environmental

conditions ofthe distributional ranges. In order to grasp what geographic and climatic

factors may be involved in the variation ofeach character, morphometric clines ofeach

character against each parameter are studied.

    Geographic and climatic clines ofmorphometric characters exhibited by amphibians

have been studied in some species (e.g., Schmidt, 1938; Schuster, 1950; Ruibal, 1957;

Kauri, 1959; "I"erent'ev, 1962; N'evo, 1972, 1973), but only a few ofthese studies strictly

clarified relationships among parameters and character dimensions. As to theJapanese

amphibians, only vaguely outlined geographic gradients were found among roughly
grouped populations (e.g., lvloriya, 1954; Sawada, 1963; Wada, 1964; Kuramoto,
1968), and no strict parametric analyses have been made on the clines.
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    Taking these circumstances into consideration, I examined populations of the
Japanese common toad, which were split as geographically small as possible, and pre-

cisely determined the geographical and climatological parameters.

                          MATERIALs A.ND METHoDs

    Each well-represented popuiation of the Japanese common toad (Nl.l)3 ibr each
agelsex group in Table 3) was a basic unit tbr the analyses. Characters (Xi, lbr ab-
breviations, see chapter II of this paper) analyzed for the elucidation ofclines included:

mean SVL of adult males and adult females; relative female and male mean SVL;
ACV median of HL, T-EL, HW, PW, TL, and FL for adult males; ACV median ot'
SL, TD, PL, and LAL for combined three agelsex groups. The data tbr these characters

are to be found in the previous chapter.

    For geographical parameters, latitude (X2), longitude (X3), and altitude (X4) of

the locality where each population was collected have been employed (Fig. 2, Table 4).

These parameters were mostly represented as means of the values for demes involved

in the population. Parameters tbr each deme were read from 1:50,OOO scale maps.
However, if most of the samples of a population belonged to a single deme, values ibr

that deme were taken as representing that population.

    For climatological parameters, estimated values of annual mean temperature (Xs)

and annual precipitation (X6) of the locality ofpopulations were chosen (Table 5). In

a few instances, exact climatological parameters were taken tbr the exact locality of the

demes. Therefore, I first obtained the data from 7"he temPerature of Japan and The
rain,fall oflaPan (Jap. Meteorological Agency, 1973a, b) tbr three locations nearest to a

deme, Next, theoretical values for the three locations, as if they were at the same

altitude with the deme, were calculated fbr the temperature values on the assumption

ofa O.550C temperature decrease per 100 m increase in altitude (Yoshino, 1965). The

average of values estimated for the three localities were considered to represent temper-

ature parameters for the encircled deme, and then, the averages fbr these demes were
treated as parameters for the population. Since no simple relationship with the change

in altitude has been demonstrated for precipitation (Yoshino, 1961), uncorrected values

were used for analyses. Consequently, there may be greater errors in the precipitation

parameter than in that of the temperature. The annual minimum temperature and
average temperature for the coldest month were provisionally analyzed in relation to
the mean SVL of adult females, but the results were not markedly different from those

obtained for the annual mean temperature.

    In the previous chapter, populations of the Japanese common toad were grouped
into either A, B, or intermediate type (Fig. 34). Since only one population was included

in the intermediate type, analyses were first made separately on types A and B, and il'

the two types had the same tendencies, overall tendency was estimated, with the two

types and the intermediate type combined. Values for each morphometric character
were first plotted against parametric values, and then the regression analyses were run

on the basis of the distribution pattern of these plotted dots.

    In most cases, morphometric values were regressed linearly with parameters, but
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in a fbw instances, the second degree polynomial regressions were applied. The sig-
nificanc,e of fitness of thÅë regression line wasjudged by the value of correlation coeficient

at the significance level of950/.. The multiple and partial correlations were analyzed

for elucidating the interaction among parameters.
    For the mean SVL and relative female and male mean SVL, relations with all the
five parameters were analyzed, and from the results of these anaiyses, only relationships

with climatological parameters were analyzed for the ACV median of each character.

                                REsuLTs

  a) Relationships between GeograPhical Parameters and Mean SVL

    As shown in Fig. 38, the relation of the population mean SVL (Xi) of adult males
to the latitude (X2) was somewhat variable, but, as a whole, seemed to fit either a simple

linear or second degree polynomial regression. When the plotted dots were linearly
regressed, there was a significant negative correlation (pÅq.OOI) in the type A popu-

lations, but the regression was insignificant in type B (pÅr.1). If all the populations

were combined, a significant linear regression was obtained (.OlÅrpÅr.O05). Popu-
lations of type B, however, had a rather small SVL in spite of their localities in lower

latitudes, and no population with large SVL was included. To solve this discrepancy,

a second degree polynomial regression model was fitted for combined populations. The
obtained formula, Xi==: -O.804 X22+55.633 X2-841.137, could be significantly fitted

(FRo, Fvo, FT: pÅq.Ol), and had still higher correlation (r=O.460) than in the linear re-

gression (r=-, -O.366). From this equation, it was estimated that the maximum SVL,
l20.99 mm, was reached at 340 35' 18"N, and from this latitude northwards and south-

wards, the SVL decreased.
    The correlation ofadult male mean SVL with longitude (X3) was weak (Fig. 28),
and only in the type A populations, was the regression to the simple linear equation
significant (pÅq.OOI). Regressions for type B and for cbmbined three types were
insignificant (pÅr.I).

    Although SVL greatly varied in the lower altitudes (O-IOO m) (Fig. 38), there
was a significant negative correlation between mean SVL of adult males and altitude
(X4) in the type A populations (.O05ÅrpÅr.OOI). When the three types were combined,

a significant negative correlation (.05ÅrpÅr.02) was obtained. Thus, after combining

all the populations, it was estimated that the SVL decreased about 1.0 mm with a 1OO m

increase in altitude (Table 32). ''
    As in the adult males, mean SVL of the adult females was negatively correlated
(pÅq .OO1) with the latitude in the type A populations, and significant negative correlation

(.05År. pÅr-.02) was detected in type B, too. These two regressions were not different

from each other in the slope and,position (slopel Fi,4s==O.06, pÅr•25; position: Fi,46

==1.01, pÅr. .25), and all the populations could be coinbined together with the inter-

mediate type populatiQn, and .were regarded as forrping a single latitpdinal cline (Fig.

39). The combined regression had a strohg negative correlatipn (pÅq.OOI) and a
5.5 mm decrease in SVL per one degree increase in latitude was estimated (Table 33).

    Also, as in the adult males, there was a significant negative correlation (pÅq.OOI)

                                                  tt
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between longitude and mean SVL of the type A populations of the adult females (Fig.

39). Although no correlation was obtained in the type B populations (pÅr.1), a strong

t50

j.s
E
g

NV
")100
ee

50

oo

o

o

-g

o

o

:'5/ili,.K.

oe }            .

.

-e

- -...   .'x
  X..,

    tNs

t50

AE
E

--
:too

50

tse

3
: iOO

50

30  35
latltode (oN)

4e

t30 135
lentlt-de("E)

l40

. e"

seo

e
 o
.  o

•- -- 4
.

 looe
altttude (mÅr

     t....... e .
'-' St.L.   -s---     esx-

is6o'"-•---"

Fig . 38. Correlation between geographical parameters (Top: latitude; middle: longitude;
     bottom: altitude) and adult male mean SVL. CIosed circles: type A population;
     open circles: type B population; open triangles: intermediate population. St:L-
     tistically significant regression llnes for each type (bold) and/or combined ÅqdaghedÅr

     populations are shown.



MorPhometr2 and Revisio. n of laPanese Toads 331

negative correlation was obtained when all the populations were combined (pÅq.OOI)

and a 2.8 mm decrease in SVL with the increase of one degree in latitude was estimated
'

.

Table 32. Corre'lation between geographical or climatological parameters (X2=latitude,

X3==longitude, X4=altitude, Xs==annual mean temperature, X6=:annual
precipitation) and SVL (Xi) in the Japanese common toad. Adult males. A
single population of intermediate type is included in the combined populations.

Variable
  Xi

 Typc of
population N

Xi=aXi+b

a b
r p

X2

X3

X,

Xs

X6

    A
    B
Combined

    A
    B
Combined

   A
    B
Combined

   A
    B
Combined

    A
    B
Combined

40
17

58

40
17

58

40
17

Jr8

40
17

58

40
l7

58

-7
-o
-2
-Jr

  1

-o
-o
 o
-o

 4
-o
 2

 o
 o
 o

.

24680
60606
90789

59660
08415
54794

O1789
OI086
OI036

1912e
91750
O1390

OO049
OO119
Ooo4jr

383
 133

 220

893
-31
 191

 l27

 110
 120

 71
 127

 91

 116
 110

 115

.

.

+

.

+

.

.

.

.

4678
6411
3842

4971
4847
4079

2726
1340
9312

1894
O137
4112

7962
5160
3507

-o
-o
-o

-o
 o
-o

-o
 o
-o

 o
-o
 o
 o
 o
 o

.

.

714
061
366

528
159

098

491
277
288

760
152

420

021

052
020

Åq.001
 År.l
.O1ÅrÅr.O05

 Åq.OO1

År.1

 År.1

.O05ÅrÅr.OO1

 År.1
.05ÅrÅr.02

Åq.OO1
 År.1

 Åq .OO1

 År.1

 År.1

 ÅrJ

**

NS
**

**

NS
NS
**

NS
*

**

NS
**

NS
NS
NS

Table 33. Correlation between geographical or climatological parameters (X2-X6) and
SVL (Xi) in theJapanese common toad. Adult femlales. Notation as in Table 32.

Variable Type of
  Xi population N

Xi==:aXi+b

a b
r p

Å~2

X3

X4

Xs

X6

   A
    B
Combined

    A
    B
Combined

   A
    B
Combined

    .gY

   B
Combined

    A
    B
Combined

33
16

50

33
16
i)o

33
16
.r)o

33
16

50

33
l6

50

-6.
-5.
-5.

-6.
-1.
-2.

-o.
 o.
-o.

 3.
 o.
 3.

 o.
 o.
 O.

4461O
78990
53450

29930
89510
85600

02287
O1422
O1374

93230
40790
O"30

O0253
O1779
O0855

358
330
323

995
386
517

135

128

l32

 78
127

 88

118

 93
109

.

.

.

.

.

1864

0406
6105

6470
3900
5243

4962
3601
9. 739

266Jr

6732
5621

8810
7210
5250

-e
-o
-o
-o
-o
-o
-o
 o
-o

 o
  o

 o
 o
 o
 o

608
549
613

601
287
490

601

339
34 f)

740
067
578

093
661

317

Åq .OO1

.05ÅrÅr.02

Åq.OO1

 Åq.OO1

 År.1
Åq .OOI

Åq.OO1
 År.1
.02ÅrÅr.Ol

Åq .OO1

 År.1

Åq.OO1

 År.1
O1ÅrÅr.O05

05ÅrÅr,02

**
*

**

**

NS
**

**

NS
*

**

NS
**

NS
**
*
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    The negative correlation between altitude and mean SVL (Fig.
significant in type A, but the correlation was insignificant in type B.

populations were combined, a significant negative correlation (.02Årp

tained, and a 1.4 mm average decrease in SVL was estimated to occur per
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Table 34. Multiple correlation (R) and partial correlation (r) between geographic or clima-

        tological parameters (X2-X6) and SVL (Xi) in the Japanese common toad. Three
        types of populations combined. Notations as in Table 32. Multiple correlation
        equation for the males: Xi==-78.430-6.047X2+3.025X3-O,O08X4, and for the
        females: Xi=363.703-4.446X2-O.543X3-O.OIOX4•

adult males adult females
Correlation

r p

Rl.234

Rl.23

Rl.34

Rl.42

Rl.s6

r12.3

r12.4

r13.2

r13.4

r14,2

r14,3

r15• .6

r16.r}

r12,34

1' 13.24

r14,Z3

 O.537
 O.503
 O.291
 O.424
 O.421
-O.495
-O.325
 O.370
-O.047
-O.230
-O.275
 O.421
 O.034
-O.487
 O.387
-O.257

.02ÅrÅr.O1

.OlÅr
.05ÅrÅr.02

.OlÅr

.OlÅr

.OlÅr

.02ÅrÅr.Ol

.OlÅr

.1Åq

.1ÅrÅr.oJr

.05ÅrÅr.02

,OlÅr
.1 År.

.OlÅr

-OlÅr
.1ÅrÅr.Ott)

**
**
*

**
**
**
**
**

NS
NS
*

**

NS
**
**

NS

 O,657
 O.613
 O.553
 O.651
 O.667
-O.380
-O.590
-O.050
-O.490
-O.310
-O.320
 O.621
 O,261
-O.370
-O.040
-O.300

.OlÅr

.OlÅr

.OlÅr

.OlÅr

.OlÅr

.02ÅrÅr.O1

.OOIÅr

.1Åq

.OO1År
.05ÅrÅr.02

.05ÅrÅr.02

.OO1År
,1Åq

.02ÅrÅr.01

.1Åq

.1 ÅrÅr .05

**
**
**
**
**
**
**

NS
**
*

*

**

NS
*

NS
NS

in altitude.

    Since each of the three geographic parameters was not considered to affect the
magnitude of mean SVL independently; multiple correlation analyses were run for each

sex (Table 34). In the adult males, the combination oflatitude and longitude had the

highest correlation, that oflatitude and altitude next, and that oflongitude and altitude

had the lowest correlation. In the adult females, the order of the first and second was

reversed, but the longitude-altitude combination still had the lowest correlation. These

results indicated that the complex action oflatitude with the other two parameters most

effectively affects the magnitude of the mean SVL.

    Further, statistically "pure" action of the three parameters on mean SVL was
estimated by partial correlation analyses for the combined populations. When longitude

and altitude parameters were held constant, latitude had a strong negative correlation

to mean SVL both in the adult males (pÅq.Ol) and in the adult females (.02ÅrpÅr.Ol).
Only in the adult males was there a significant "positive" correlation between longitude

and mean SVL under constant conditions of latitude and altitude. Significant cor-
relation was found neither in adult males nor in adult females between altitude and

mean SVL, when latitude and longitude were kept constant. This is in contrast to the

results obtained by simplc and multiple correlation analyses.

  b) Relationships between Climatotogical Parameters and Mean SVL

    As shown in Fig. 40, there was a highly significant correlation between annual

mean temperature (Xs) and mean SVL of the type A populations in the adult males.
Though insignificant correlation was obtained for type B populations, a significant
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positive correlation was obtained when the three types were combined (pÅq.OOI). In
the combined populations, a 2.0 mm increase in SVL was estimated to occur with the
increase ofone degree in temperature. From Fig. 40, possibility of fitness of plotted

dots on the second degree polynomial regressions might be suggested, but the estimated

equation, Xi=-O.159 Xs2+7.243 Xs+57.968, was insignificant in the second degree
regression (Fvo=O.806, dF =1, 38, pÅr.05).
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    Fig. 40. Correlation between climato]og{cal paramcters (Top: annual mcan temperature;
           bottom: annuaT preclpitation) and adult male mean Slv'L. Notations as in Fig. 38.

    No significant correlation was found in either type A or type B populat.ions between

annual precipitation (X6) and adult male mean SVL (Fig. 40), and when all the
populations were combined, there was also no significant correlation (pÅr.1, Table 32).

    In the adult females (Fig. 41, Table 33), as in the adult males, there was a sig-

nificant positive correlation between annual mean temperature and mean SVL in the

type A populations (pÅq.OOI), but no correlation was detected in type B. When all
the populations were combined, a highly significant positive correlation (pÅq.OOI) was
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obtained. Thus, if all the populations were combined, they would constitute a single

cline, along which a 3.0 mm increase in SVL occurs with an increase of 10C in temper-

ature.
    In contrast to the adult males, a significant positive correlation (.01 ÅrpÅr.O05) was

observed between the annual precipitation and mean SVL in the type B populations
(Fig. 41). When all the populations were combined, there was a significant positive
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     Fig. 41. Correlation between climatological parameters (Top: annual mean temperature;
            bottoin: annual precipitation) and adult femalc mean SVL, .Notations as in Fig. 38.

correlation (.05ÅrpÅr.02), and a O.86 mm SVL increase with an increase of 100 mm in
precipitation was estimated (Table 33).

    When all the populations were combined and multiple correlations of the two
climatological parameters with mean SVL were analyzed (Table 34), high correlation
coeMcient values were obtained for both sexes, and particularly in the adult females,

the value thus obtained (Ri,s6=O.667) was even higher than the maximum value
obtained from the analyses of geographical factors (Ri.2`=O.651). Therefore, the two
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                                                        '                                              'climatological parameters were regarded as equally good or even better predictors of

mean SVL than the geographical parameters. '
  c) llelationships between Geographicat and, Climatolo,gical Parameters and Retative Female

     and Male Mqa.n S VL
    As noted abQve, there was a certain geographic trend in the variatioh of the sexual

dimorphism in t'he' mean SVL, and the relationship of mean SVL with lhtitude could

be expressed not only by a simple linear equation, but also by a second degree polynomial

regression equation in the adult males, whereas only the former equation could be
applied in the adult females. Therefo're, it was naturally assumed that there might be

certain relationships between the degree of sexual dimorphism and Iatitude, and the

sexual difference in mean SVL in relation to each parameter was analyzed.

    The sexual difference in mean SVL was expressed by femalelmale mean SVIJ ratio
for each population, and the obtained values were correlated with each parameter. As

Fig. 42.
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shown•in Fig. 42, the type A populations completely differed from those of type B in
the relationship oflatitude with the relative female and male mean SVL. In the type

A populations, there was a significant positive correlation with latitude,,whereas a

significant negative correlation was tbund for the type B populations. Regression
equations for the two types (Table 35) markedly differed from each other both in the

slope and• positions 'indicating/ the existence of two different clines between the two

typesL There was greater sexual dimorphism in the mean 'SVL in more northern type
A'pQpulations and in iztiore southern type B populations.

Table35. Correlation between geogrhphical or ch'matological parameters (X2-X6) and

        relative female and male mean SVL (Xi) in the Japanese common toad. Notations
        as in Table 32.

Vasl'ftb'e ,.',Y.P,e.,2•.f. N Xi==aXi+b

a b
r p

X2

X3

X4

Xs

X6

   A
   B
Combined

   A
   B
Combined

   A
   B
Combined

   A
   B
Combined

   A
   B
Comb{ned

30
l3

44

30
13

44•

30
13

44

29
13

43

30
13

44

 O O1599
-O 0929.1
-O 02325

-O OO074
-O 05327

-- O 02380

 0 OOOOI
 O OOO05
-O OOOOI

-O O0466
 O O1221
 O O0766

 O OOOO03
 O OOO15
 O OOO07

O.4460 O.448
4.2966 -O.845
1.9006 --O.429

1.1311 -O.021
8.2656 -0.724
4.3315 -O.657

1.0230 O.097
1.1610 O.151
1,0752 -O,O19

1.0825 -O.256
O.9919 O.223
O.9759 e.240

1.0228 O.036
O.8326 O.714
O.9405 O,409

.02ÅrÅr.0i

Åq ,OO1

,O05ÅrÅr,OO1

År.1
.O1ÅrÅr.ooJr

Åq .OO1

År.1

År.,1

År .•,1

,År .1-1

År :'1

År.1

År.1
.O1ÅrÅr.O05

.O1 ÅrÅr.O05

**
**
**

NS
**
**

NTS

NS
NS

NTS

NS
NS

NS
**
**

    In the type B populations, relative female and male mean SVL was significantly
and negatively correlated to Iongitude, (.OlÅqpÅq.05), but no significant correlation was

obtained fQr the type A populations (Fig,-42). When all the populations were com-
bined, there was a significant negative correlation (pÅq.OOI). Therefore, the more
western populations werejudged to exhibitgreater sexual dimorphism in the mean SVL.

No correlation was obtained between altitude and relative female and male mean SVL.

    Annual mean temperature was not significantly correlated with relative female and

male mean SVL. By contrast, there was a significant positive correlation between
annual precipitation and relative female and male mean SVL in the type B popula-
tions (.OlÅrpÅr.O05; Fig. 43). When all the populations were combined, there
was a significant positive correlation (.Ol ÅrpÅr.O05), and it was judged that a greater

sexual dimorphism in mean SVL occurred in the regions where, there was a larger
amount o{' annual precipitation.
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  d) Relationships between Ctimatological Parameters and ACV Median of Each Character

    From the results of analyses on the relations of mean SVL with each parameter, it

was estimated that both sexes showed in many cases similar clinal tendencies, and clima-

tological parameters seemed to be equally good or better predictors of the mean SVL

than the geographical parameters. Consequently, in the following analyses, only adult

males were used for the characters which had been determined to be separately analyzed

for the three agelsex groups in the foregoing chapter. Only relations between popu-
lation ACV median of each character and the climatological parameters were analyzed.

    1) HL: No obvious correlation was found between annual mean temperature
and median of HL ACV (Fig. 44), and correlation coeMcients were in no instances
significant (Table 36). By contrast, there was a significant positive correlation between

annual precipitation and ACV median in the type A populations (Fig. 44). When
all the populations were combined, there was a highly significant positive correlation

(pÅq.OOI), which suggested that in the populations inhabiting areas of greater pre-

cipitation, the toads had a longer head.

-)ee
nte

eE
)
x
-e
es

-..

t.4

1.2

S 1.0

e
e.El,S(

ea!6ei' . C
s ee
   .

                      looo 2ooo 3oeo 4ooo                                  Precipitation(mm)

    Fig. 43. Correlations between annual precipitation and rÅëlative femalc and malc mean
           SVL. Notations as in Fig. 38.

    2) SL: NTo correlation was observed between mean annual temperature and
ACV median (Fig. 45). By contrast, a significant positive correlation was obtained
in the type A populations between annual precipitation and SL ACV median (Fig. 45
and Table 37), and a highly significant positive correlation was obtained for the
combined populations (pÅq.OOI). These trends were similar to those found for HL

ACV median.
    3) T-EL: Although the correlations between annual mean temperature and
ACV median were insignificant in both the type A and type B populations (Table 38,
Fig. 46), a significant positive correlation was obtained when all the populations were

combined. No correlation was observed between annual precipitation and ACV
median (Table 38).
    4) TD: In the type A populations, a significant negative correlation was found
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Table 36. Correlation between
(Xi) in the Japanese

climatolog

 common
ical parameters (Xs-X6) and
toad. Adult males. Notation

HL ACV median
as in Table 32.

Variable
  Xi

 Type of
population N

Xi=aXi-l•b

a b
r p

Xs

X6

    A
    B

Combined

    A
    B

Combined

40
17

Jr8

40
17

58

-o.
-e.
-o,

 o.
 o.
 o,

Ol592

20247

02128

OO068

OO050

OO067

32.7337

35 8972

32.8804

31,1878

31.7400
31.2221

-O,047
-O,442
-O.067

 O.478
 O.285
 O,452

 År.1

,1ÅrÅr.oJr

 År.1

.O05ÅrÅr.

 År.1

 Åq .OOI

OO1

NS
NS
NS

**

NS
**
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4000•,

annual mcin temperature;

Three age!sex groups com-

Table 37. Correlation between climatological
(Xi) in the Japanese cornmon toad.
as in Tablc 32.

parameters (Xs-X6). and SL ACV m.edian
 Three age!sex groups combinedr Notations

Variablc
  Xi

 Type of
population N

Xi=aX{+b
r p

Xs

X6

   A•
   B
Combined

   A
   B
CIombined

54
28
83

54
28
83

 O.OO090
-O.03354
-O.OO1l5

O.OO027
O.OOO12
O.OO023

13.0i77

13.5926
13.0712

l2.4618
12.8742
12,5712

 o,
-o.
-o.

O08
237
OIO

O.494
O.196
O.412

År,1

År,1

År.1

Åq.OO1
År,1

Åq .OO1

NS
NS
NS
**

NS
**

between annual mean temperature •and ACV median, and the latter value was judged
to decrease in the region where higher temperature prevailed. No significant cor-
relation was found in the type B populations (Fig. 47). A significant negative cor-
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Table 38. Correlation between climatological parameters (Xs--X6) and T-EL ACV
median (Xi) in the Japanese common toad. Adult males. Notations a/ in Table 32.

vagl,ft,bie ,.T,"Y.P,e.,2•.f,, N Xl=aXi+b

a b
r p

Xs

X6

   A 40   B 17
Combined S8

   A 40   B 17
Combined 58

 O 03397
-O 04991
 O 09592

 O OOO06
-O OOO06
 O OOO13

2.1028
4.4406
1.6551

2.3579
3.8187
2.5772

 o
-o
 o

 o
-o
 o

296 .1)/År:05

298 År'.1
503 Åq.OOI

128 År.1
093 År.1
141 År.1

NS
NS
**

NS
NS
NS
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     Fig. 46. Correlation betweeri annual mean temperature and adult male T-EL ACX)'
            niedian. NotaLions as in Fig. 38,

relation (pÅq.OOI) was obtained when all the populations were combined (Table 39).

No significant correlation was found between annual precipitation and ACV median
                      '                             '                                                       '(Fig. 47, Tablc 39. ). '    5) HW: There was no correlation' between annual mean temperature and
HW ACV median (Fig. 48), but a significant positive correlation (.O05ÅrpÅr.OOI)

was found between annual precipitation and ACV median in the type A population
(Table 40). Although no correlation was detected in the type B, combined populations
exhibited a significant positive correlation (.Ol ÅrpÅr.O05) between annual precipitation

and ACV median, notw'ithstanding the high variance as shown in Fig. 48. These
trends were the same as those found for HL and SL.

    6) PL: No significant correlation was obtained between the two climatological
parameters and PL ACV median (Fig. 49, Table 41).

    7) PW: Between the two climatological parameters and ACV median of PW,
significant correlations were found only in the type A populations (Fig. 50, Table 42).

When all the populations were combined, significant correlations were found in relation

to both parameters. The relationships, however, differed between the two parameters,

and annual mean temperature positively, and'annual precipitation negatively, correlated

with ACV median. Th•us, PW ACV median, in the combined populations, increased
                                                                   'in the region where high temperature and low precipitation prevailedi- • '' '
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Correlation between climatological parameters (Top:
bottom: annual precipitation) and TD ACV median.
bined. Notations as in Fig. 38.
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Table 39. Correlation between climatological parameters (X.r-X6) and TD ACV median
(Xi) in the Japanese common toad. Three agelsex groups combined. Notations
as in Table 32.

Variable
  xi

 Type of
population N

Xi==aXi+b

a b
1' p

Xs

X6

   A
   B
Combined

   A
   B
Combined

54
28
83

f)4

28
83

-O.06913
-O.OOI03
-O.14825

O.OOO18
O,OOO09
O.OOO08

7.5634
5.0922
7.9787

6.4564
4.8721

6.0509

-o
-o
-o

.443

.OIO

.543

-O.238

O.227
O.057

Åq .OO1

År.1

Åq.OO1

.1ÅrÅr.05

 År.1

 År.1

**

NS
**

NS
NS
NS

    8) LAL: There was a weak, but significant negative correlation between annual
mean temperature and ACV (.05 ÅrpÅr.02) in the type A populations, but no correlation

was found in the type B (Fig. 51). Further, no significant correlation was obtained

for the combined populations (pÅr.I, Table 43). Between annual precipitation and
ACV median, there was a significant positive correaltion (pf...Ol) in the type A popu-
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lations, and the correlation was still significant when all the populations were combined

(Fig. 51).

    9) TL: A significant negative correlation was found between annual mean
temperature and median ACV only in the type A populations, and type B and combined

populations exhibited insignificant correlations (Fig. 52, Table 44). Also, no cor-

relation was found between annual precipitation and median ACV (Table 44).
    IO) FL: In the type A populations, the two climatoiogical parameters correlated
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Table 40. Correlation between climatological parameters (Xs-X6) and HW ACV rnedian
(Xi) in theJapanese common toad. Adult males. Notations as in Table 32.

Variable
  Xl
   '

 Type of
population N

Xi=aXt-l-b

a b
r p

Xr)

X6

   A
   B
Combined

   A
   B
Combined

'40

 17
Jr8

40
17

58

 o.
UO.
 o.

 o
-0
 o

OO257
20469
OO189.

.OO085

.OO021

.OO071

36.1494
40.0279
36,3578

34.4620
37.3989
39.9212

 o
-- o

 o

.030

.308

.O18

 o.
-o.
 0-

447
082
340

År

År

År

.1

.1

.1

oo .r) xhÅrÅr .oo1

År.1
o1ÅrÅr,oo.r)

NS
NS
NS
**

NS
**

25

24

23
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19
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Tablc 41

Variable
  Xi

. Corre!ation between climatological parameters (X.r-X6) and PL ACV median
  (Xi) in the Japanese common toad. Three agefsex groups combined. Notations
  as in Table 32.
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well with FL'mediah ACV, but no correlation was found in the type B.' When all the
populations were combined, ',ACV median could be• significantly' and negatively cor-
related with annual mean temperature (Table 45, Fig. 53), and positively with annual
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Fig. 50.
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Table 42. Correlation between climatological

(Xi) in the Japanese common toad.
parameters (Xs-X6) and PW ACV median
Adult males. Notations as in Table 32.
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                                        tt t/precipitation (Fig. 53). These trends were the op' i osite of those found for PW ACV.

    To sum up, the ten morphometric characters could be divided into the following
four types by the relationships of ACV median to climatological parameters (annual
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Fig. 51
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annual mean temperature;
Three age/sex groups com-

mean temperature==Xs,
combined :

a)

b)

c)

d).

annual precipitation=X6) when

PW and FL: correlated with Xs and X6
T-EL and TD : correlated with Xs

HL, SL, HW, and LAL: correlated with X6
PL and TL: not correlated with Xs and X6

both types A and B were
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Correlation between climatological parameters (Xs-X6) and LAL ACV rnedian
(Xi) in the Japane.se common toad. Three age!sex groups combined. Notations
as in Table 32.
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Table 45. Correlation between climatological parameters (Xt-X- 6) and

(Xi) in the Japanese common toad. Adult males: Notations as
FL
in
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rrable

median
32.

Variable
  Xi

 Type of
population N

Xi==aXi+b

a b
I' p

Xs

X,

   A 40 -O   B17OCombined 58 -O
   A
   B
Combined

40
17

58

o
o

o

.45970

.oo880

.22590

. OO082

.OO096

.OO087

49
45
47

.8457

.2533

.7186

43.

43.

43.

0649
2692
1279

-O.693 Åq.OOI
 O.OIO År.1
-O.377 =:.O05

O,300 .05ÅrÅr.02

O.303 År.1
O.310 .02ÅrÅr.Ol

**

NS
**

*

NS
*

"-

52

50

48

46

4zl

42

oo

38
5

t
eo - o8

  --h..-.! Åq3fX
.,S,.xe .tte

           x      s
          o
      ee
         e

10 15temperatupe eC)

'b----.."..

20

--

52

se

ng

ca

tl4

42

co

38
1000

  eo

oo.

  ok

e

eO
ee

e

2000 3000 Preelpitatien(mm)
4000

Fig . 53. Correlation between climatological
     bottonl: annual precipitation) and

     Fig. 38.

parameters
adult male

 (Top: annual mean temperature;
FL ACV median. Notations as in



Morphometr] and Revision oflaPanese Toads 349

                                  DIscussloN

    AImost all characters correlated with at least some of the parameters in the type A

populations, but only a small number of characters correlated with the parameters in

the 'type B populations. The variation ranges of the geographic parameters were wider

in type A than in type B, but the ranges of the climatological parameters were not
markedly different between the two types (Fig. 54). The smaller number of type B
populations might have affected the insignificant correlations of morphometric values

with the parameters, but the results are so different between the two types that it is

judged that there are actually different relations ofmorphometric values with parameters

between types A and B. Therefore, the trends obtained by combining the two types
are mere rough estimations for the general clinal tendencies of the Japanese common
toad.
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 ' Fig. 54. Variation in the clirnatological pararneters' among populations of the Japanese
            commpn toad. NotatiQns as in Fig. 38.

••• SVL: Male mean SVL correlated well with latitude and altitude, and the cor-
relation with the former was particularly high. The relation, however, was not simple

and after combining the two types, the correlation was higher in the second degree

polynomial regression than in the simple Iinear regression. Namely, the Japanese
common toad, as a whole, increased in SVL in the southern part ofJapan, but in the

extreme south, the SVL again decreased. Wada (1964) noted that aJapanese green
frog, RhacoPhoras arboreus, reached maximum body size at 350N and became smaller from

there southwards and northwards. Although based on rather a rough estimation, his
conclusion agrees well with my results. A decrease of SVL in the regions with lower
latitudes is also known for Middle American Bufo vallicePs and B. mazatraensis (Porter,

1964).

  •. In adult females, SVL correlated with all the geographic parameters and increased

in more•southern or 'western regions and in the regions of lower altitude. Schmidt
(l938) and Alle et al. (1949), considered that the body size of poikilothermal animals

increases as they approach to the optimum climatic conditions or to the optimum
habitat. Rensch (1932) stated that the maximum size is attained in the optimum
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portion of the species range if factors other than the temperature affect the body size.

If these theories are applied to the present results, the two sexes would seem to have

different optimum climatic condition or optimum habitat. Martof and Humphries
(1959) claimed that the optimum environment for increasing the body size is not always

the one for increasing the number ofindividuals, and insisted that the optimum environ-

ment should be measured by the abundance of individuals. The sexually different
geographic clines in the SVL of the Japanese common toad, thus, are not easily explained

by the rather vague concept of the optimum environment.

    Most of the previous authors explained body size clines in reiation to temperature

andlor humidity. The present report revealed that the Japanese common toad in-
creased its body size towards lower latitudes to some extent in the male, and over the

whole range in the female. Further, both sexes increased in body size at lower altitudes.

These results agree well with the trends found for the European common toad, Bufo

bufo (Schuster, 1950; De Lange, 1973), for North American Bepfo exsul (Schuierer,

1962), and for North American Rana s7tvatica (Martof and Humphries, 1959)•

    De Lange (1973) attributed the larger body size in the southern region to the

longer growth period and to the growth acceleration under higher temperature.
Schuierer (1962) stated that the small body size ofBwfb exsul from the highland of Cali-

fornia reflects adaptive selection towards a shorter growth period. The study of Martof

and Humphries (1959) on Rana s2tvatica is far more precise than the two studies on Bufo,

but they could find only a vague cline in one part of the distribution range. They
considered the small body size advantageous in the colder region because of the pos-

sibility of faster heat exchange, but they could not correlate the body size of the frog

with annual mean temperature. The ambiguous results obtained by Martof and
Humphries (op. cit.) may in part be due to the method they employed for elucidating
the cline, i.e., splitting the wide range ofdistribution, a method similar to that employed

for the present study. By contrast, well established clines are often found when only

several points are chosen in a wide range of species distribution, or samples from severat

distant localities are combined to represent a sampling point (e.g., Schuster, 1950; De

Lange, 1973).

    There are some reports which revealed the trends opposite to the body size increase

in higher temperature regions mentioned above. Kauri (1959) examined the geographic
variation of the European and North African Rana esculenta complex, and analyzed the

patterns of variation in relation to the climate. He found that the body Iengths at
metamorphosis and at sexual maturity are larger in the northern region or in the samples

reared at lower temperatures, 'and thus he concluded that Bergmann's law applies to
the body size cline ofRana esculenta. Ray (1960) experimentally examined the possibility

of applying Bergmann's rule to poikilotherms, and concluded that the rule applies to

the body size of amphibians, since he found that the NTorth American Bufo boreas and

Rana s71vatica, when reared at lower temperatures, become larger at metamorphosis.

These two studies also indicate the prolongation of body growth at lower temperatures.

Kozlowska (1971) found the body length in breeding female Rana temporaria from Poland

larger at higher elevations, and ascribed the results to the possible higher mean age of
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the frogs at higher elevations.

    Several studies analyzed the correlation of precipitation or humidity with body

size clines. Blair and Littlejohn (1960) studied combinations of related anurans dis-

tributed in the eastern and western North America, i.e., Pseudacris ornata- P. streckei,

Acris gr2ttus- A. crePitans, and Bufo w. woodhoztsei- B. zv..fotvleri, and found that the

western representatives are larger than the eastern ones. They considered the larger

body size to be adaptively advantageous for water conservation in the more xeric
western region. Nevo (1972) found that the males of Bufo viridis from Israel increase

in body length and body weight from the more humid southern coastal region towards
the arid northern desert region. He considered the latger body size with relatively

small evaporative body surface area to be advantageous in the arid region for enduring

the longer dry season. He failed, however, to detect a significant precipitation-
dependent body size cline in the female. He (Nevo, 1973) further examined the cor-
relation ofbody size with ten parameters including climatic and geographic ones, in the

eastern North American Acris crePitans and A. gr211us. He found that the frogs from arid

regions were larger and indicated that the body length variation is best explained by the

annual precipitation. He further clarified the adaptive significance of the body size

increase against aridity by experimentally demonstrating higher tolerance for dessication

in the larger frogs than in the smaller ones.

    By contrast, Schuierer (1962) reported that in the North American Bufo boreas, the

body size of populations from desert regions is smaller than in populations from coastal

or montane regions. But he did not show the actual data.

    In the present study, the SVL of both sexes of type A (more northeastern popu-
lations) exhibited highly significant positive correlation with the temperature, but no

correlation was found with the precipitation. In type B (more southwestern popu-
lations), the SVL of neither sex correlated with the temperature, but the female SVL
highly correlated with the precipitation. These results suggest that the body size of

both sexes is directly affected by the temperature in the type A populations, but in the

distribution range of type B, neither temperature nor precipitation restricts the body

size. The significant correlation with precipitation in the female is a result of the

infiuence of other unknown factors, since the trend found in the female, the body size

increase with the increase of precipitation, is opposite to the trends shown by previous

authors (Blair and Littlejohn, 1960; Nevo, 1972, 1973). Thus, unlike the case of
North American or Israeli frogs and toads, it seems that the amount of precipitation
does not so much affect the body size of the Japanese common toad as to select the larger

individuals to survive. The mean annual rainfall ranges from 100 to 850 mm in the
habitats ofBwfb viridis in Israel (Nevo, 1972), and even the wettest area has less precipi-

tation than in the range covered by theJapanese common toad (annual precipitation of

more than 878 mm). The lack ofcorrelation ofmale body size with precipitation in the

type B populations also suggests the effect of factors other than climate on body size.

The fact that the region where the maleJapanese common toad reaches maximum body
size approaches the overlap zone with the Japanese stream toad should be also noted.
The interspecific relations of the toad body size are discussed elsewhere in the following
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    Relativefemale and male mean SVL: The sexually different clinal trends in the body

size naturally affect the clines in the relative female and male mean SVL. To date,

only Martof and Humphries (1959) mentioned the relative female and male body size
cline in anurans. They found in Rana s21vatica that the relative female and male body

size increased in parallei with the increase in body size of both sexes towards southern

regions ofthe distribution range. Their results cannot be directly Åëompared with mine

since they did not give concrete data, but they are in agreement with mine at least in

that the relative female and male body size increases in the southern region and regions

where the female increases in body-size•.

    The present study revealed the presence of completely different relative female and

male mean SVL clines between types A and B. In the type B populations, the female!
male 'SVL ratio became extremely•greater towards•the south. The known body size
growth pattern in the Japanese common toad indicates a remarkable growth up to the
time ofsexual maturity and a subsequent decrease in the growth rate. It is also known

that the females mature sexually more than one year later than the males. On the
basis of this information, the uniformly small body size in the southern male toads

seems to suggest that these toads mature sexually and almost cease growth when they

are still small. . , -, ,,
    By contrast, the large size in the southern females seems to suggest that they become

sexually mature and decrease in growth rate after they have attained a large size.
Namely, a difference in the body size growth curves between the two sexes is suggested.

Further, the sexually ex•tremely, different mean SVL, which is theught to approximate

the body size at the time of sexual maturity, seems to suggcst a difference in the time -of

sexual maturity between,the,twQ sexes. -- •.. •, •'- ' , .••-
    In the southern distribution ranges of the Japanese common toad, the temperature
and the precipitation probably' do not act to inhibit•growth, and the longer growth

period is Iikely to act to inerease the growth of the toad unless there are other inhibitory

factors. The large size in the female would be the result of such a cQndition, but the

male would mature sexually and cease growth at a rather early period in its life. The

difference of one year in the time of maturity in the two sexes will act tQ strengthen the

sexual •difference in the body size of the southern populations more effectively than in

the northern populations. Further, the breeding peried tends to be longer in the
southern populations (e.g., November to March in Yakushima and Nagasaki: Matsui,
1979a; Nakamura, l934) ; and in such conditions, it is probable that-the males tend, to

stay longer at the breeding sites and have more chance to be attacked by enemies than

the females, which generally stay at the breeding site only a few days. Consequently,

it is expected that the mortality in the breeding males would be higher in the southern

populations than in the northern ones, resulting in the fact that the male breeding
population is composed of younger generations (generally based the collection for- the

prescntstudy). -.- , . .•. /. . ,
    The adaptive significance of the geographic cline of the relative female aftd male

mean SVL is to date unknown. Licht (1976) argued that the difference in optimum
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body size between the two sexes permits effective amplexus and fertilization in Bufo

americanus. Davies and Halliday (1977) found that, in Bafo bqfo from Oxford, England,

the male body size differed before and during fertilization, and was larger in the latter

case. They experimentally demonstrated lower fertility in the combination of smaller

male and larger female and considered that a higher fertilization rate was maintained

by non-random pair formation. Likewise, Gittins et ai. (1980) reported pair formation

by larger males in the same species from mid-Wales, although pair formation was already

determined before fertilization in this population, probably due to much stronger male

competition for females than in Oxford.

    These reports indicate a lower fertility rate for the smaller male and larger femaie

pair, but the sexual difference in the body size is far smaller than that found in the type

B populations from Southern Japan. Therefore, if we admit the results obtained for

Bt!fo bufo from England, it follows that the southern populations oftheJapanese common

toad would have very low fertilization rates. There are negative data for the cor-
relation ofsexual differences in body size and fertility rate (Kruce, 1981), and as far as

I have observed in the field, there seem to be no remarkably unfertilized egg masses
at the breeding sites of the type B populations. The marked sexual diffcrence in thc

body size of the southern populations might be related to the life of thc metamorphosed

toads (e.g., possible sexual segregation in food uptake) rather than to reproductive

strategy.

    ACV ctines: Compared with studies of the body size, rather few reports have
correlated the size of anuran body parts with climatological parameters. Among the
characters showing general shape of the head, HL, SL, and HW, increased in size with

the increase of precipitation, but no correlation was found with temperature. Ruiba}

(1957) examined the shape of the snout in the widespread North American Rana PiPiens

(currently divided into several distinct species) and found that relative bluntness of the

snout was expressed as a function of latitude and altitude and was better correlated with

environmental temperature; i.e., the snout became blunter in cooler regions. According

to him, similar clines were observed in some other species ofRana found in the same area.

The results of the present study do not coincide with Ruibal's observations, and the

difference might be due either to the difference in the measured reference points or to

the generic difference between Rana and Bufo. Ruibal (1957) did not mention
precipitation.

    The results of the present work show a relatively small head in the regions of less

precipitation, and this trend can be interpreted as an adaptation to diminish water

loss in the more arid regions by decreasing the surface of protruding parts of the body,

    Among the four characters in the posterior part of the head, PL exhibited insig-

nificant correlation with climatological parametcrs. Blair (1941) could not find geo-

graphic clines for PL and PW in Bufofoivleri and B. americantts distributed in the eastern

part ofthe U.S.A. Since the geographic sequence he studied seems to represent temper-

ature and/or precipitation gradation to some degree, his result is thought to show the

lack ofclimatic clines in PL and PW in the two toad species. Consequently, my results

regarding PL coincided with Blair's observations. Regarding PW, however, my
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results contradicted those ofBlair, and ACV median correlated positively to temperature

and negatively to precipitation. The function ofthe parotoid gland is considered to be

restricted to protection from enemies, and it seems dithcult to functionally interpret the

significant correlation of PW with climatological parameters, although PL exhibited no

such correlation. Further, a larger PW in regions where lower precipitation prevails

seems to contradict the adaptive significance interpreted for HL, SL, and HW. The

occurrence of larger PW in the warmer and more arid regions ofJapan, however,
coincides well with the situation in most of the toad species of the broad-skulled type

(Martin, 1972), which are distributed in hot and arid regions and possess a broad
parotoid as represented by Bufe marinus. As discussed later, the climatic clines found

in PW can be interpreted to have adaptive significance in relation to FL.

    Two characters, TD and T-EL, were utilized to separate the Japanese common
toad into two types, A and B. When each of the two types was separately analyeed,

only TD of type A showed negative correlation with temperature, and in neither type A

nor type B did T-EL exhibit climatological clines (i.e., ACV was almost constant in

each group). After combining the two groups, however, both TD and T-EL could be

correlated with temperature. As already stated, T-EL and TD have an antagomstic
size relation from their topology. Reflecting this relation, T-EL showed a positive, and

TD a negative, relation to temperature. Whether or not such clinal tendencies are
general in anurans cannot be assessed, since no study has been made on the cline of the

tympanum slze.
    In general, the absolute size of the anuran tympanum increases in proportion to the

body size (see chapter III ofthis paper) , and the larger anurans (hence with larger tympa-

num) are said to have higher sensitivity and, by better impedence adjustment and more

efficient transmission to the mid-ear, have less cut-off for higher frequency sound than

the smaller ones (with smaller tympanum) (Martin, 1972). On the other hand,
Capranica (1976: 447) could find neither sexual nor age differences in sensitivity in

electrophysiological recordings from the VIII nerve of Bufo sp. and Rana catesbeiana and

has stated that the functional significance of tympanum size variation is unknown.

    If the assumption that a larger tympanum has better sensitivity is correct, some

adaptive significance could be found in the climatic cline which shows a larger tympanum

in colder regions. Both sexes of the Japanese common toad have smaller body size in

the colder regions. The call frequency of the Japanese common toad, as in other
bufonid toads (Zweifel, 1968; Nevo and Schneider, 1976), has little correlation with

the temperature, but is negatively correlated with body size (Matsui, 1980f). Con-
sequently, in smaller toads, emitting a higher frequency sound would be more advan-

tageous for effective aggregation at the breeding site, if they had larger tympanums.

Indeed, the breeding season in the colder regions is more delayed and at the same time

much shorter than in the warmer regions. Further, in extremely delayed breeding
seasons, as in high mountains ofthe Tohoku region, several anuran species breed together

at one breeding sjte. In such cases, it is highly probable that the role of the mating

call, though usually considered to be unimportant for species recognition in lower or

warmer regions, is more important, and the relatively large tympanum seems to be
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advantageous in this respect.

    On the other hand, the cline obtained in the combined populations indicated
decrease of the male mean SVL in the much warmer southern region. The combined
cline for TD showed that the tympanum was relatively small in this region, and this

condition may be regarded as less advantageous for effective breeding aggregation•
In this warmer region, however, the breeding period is long, and aggregation at a time

ofa large number ofindividuals is supposed to be less important than in colder regions.

Further, the fact that type B populations, when not combined with type A, did not
exhibit the clinal tendency in TD indicates a relatively constant tympanum size in con-

trast to the decrease in body size. From this fact, the selection, which would be expected

to act effectively in the colder regions, seems to compensate the disadvantage due to

decrease in body size, though in a weaker way than in the colder regions.

    The climatic cline in T-EL might be Iargely explained in relation to TD, but the

inconstant sum of the regression Iines of T-EL and TD clearly indicates that T-EL is

not wholly dependent on TD.

    Among the characters of the limbs, LAL and FL showed climatic clines, whereas
TL exhibited significant correlation with temperature only in type A, and no climatic

cline was found when the two types were combined. This is an unexpected result,
since in previous works in which the applicability of Allen's rule to the anurans was
tested, the length ofthe tibia was most thoroughty investigated, and most ofthe published

data report that the relative tibia length becomes shorter in the regions ofhigher latitude

and Iower altitude (Schmidt, 1938; Schuster, 1950; Kauri, 1959; Martofand Humphrieg-,

1959; Ray, 1960; Terent'ev, 1962), This trend is not limited to the Bufonidae (Bufo
boreas and Bufo b4fo), but is also found in the Hylidae (Pseudacris sePtentrionalis) and

Ranidae (Rana E71vatica, R. temporaria, R. arvalis, R. pipiens, R. esculenta complex, R.

nigromaculata). The only exception, reported by Kauri (1964) for R. esculenta from

Sweden, indicated the shorter tibia under higher temperature, but this result was
obtained for experimentally reared frogs and is regarded as an abnormal condition due

to temperatures higher than the optimum Iimit. Schuster (1950) found a north-to-
south increase of limb part proportions in European Bufo bufo, and reported that the

trend was more prominent in the tibial than in the tarsal portion including FL. There-

fore, the absence of correlation between temperature and TL in the combined Japanese
common toad populations seems to indicate the presence of a subtle difference in the

adaptation to the environment between types A and B. The weak negative correlation
ofTL with temperature observed in type A is in agreement with the experimantal case
reported by Kauri (l964), and is opposite to the generally reported trend mentioned

above. The trend found in type A is also in agreement with that found in FL.

    Whether or not the larger LAL in the regions with more precipitation is a general

phcnomenon is undetermined, since no comparable data are available, but, likc thc
characters of the head region, the trend can be regarded as adaptive for preventing

evaporation in the more arid regions. •At the same time, the shorter LAL would be
advantageous for hiding under the ground in the more arid regions.

    A similar interpretation can be made fbr FL. Blair and Littlejohn (1960) observed
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a parallel phenomenon among Bufo, Pseudacris, and Acris distributed in the U.S.A., in

which each of the eastern representatives had larger tbot than the corresponding. western

relative. They suggested that the shorter foot in the more arid western region was a
surface-to-mass phenomenon in relation to water conservation. Nevo (1973) reported
that the relative foot length in the eastern North American Acris crepitans was correlated

with the complex factors of humidity, precipitation, longitude, and the number of
sympatric frog species. He concluded that l'oot length was related to predation pressure

and!or competition tbr food, rather than to a single climatological parameter, and that

the relatively long FL was an adaptation for ethcientjumping.

    The present study indicated a longer FL in regions with lower temperature and

greater precipitation. In such regions there is heavy snowfall, and the longer FL seems

to reflect the need for more effective activity in a shorter active season. As already

stated, males have more developed feet than young and females, and this may indicate
that the longer foot may be particularly significant in the male reproductive activity.

TheJapanese common toad has few opportunities to swim during non-breeding seasons,
and its Iocomotion depends on walking rather than hopping orjumping (Matsui, 1978a).
Further, it seldom occupies the same niche with other frog species. Thus, the adaptive

significance of a longer FL suggested by Nevo (1973) seems to be not always applicable

in the case of the Japanese common toad.

    The tendency in the climatic cline for FL was opposite to that {bund for PW: i.c.,

FL increased in the colder and wetter regions, whereas PW increased in warmer and

drier regions. This seems to suggest the compensative significance ofthe two characters

for escaping from enemies. Possibly, the toads with a longer foot will jump away,

whereas those with a wider parotoid will sit still and protect themselves by gland
secretion. Further, it is easily imagined that the shorter foot is advantageous for digging

to prevent desiccation in regions of less precipitation. Similar considerations have been

made for African toads inhabiting deserts and regions with a long dry season (Tandy

and Keith, 1972).

    Cline and tax'onom),: In conclusion, most of the morphometric characters examined

in the Japanese common toad, as a whole, exhibited geographic andlor climatic clines.

This seems to indicate an adaptive significance for each character, but the degree of

adaptation seems to be stronger in type A than in type B. The relation ofmorphological

clines found in animal groups and their taxonomic relationships has long been discussed,

and generally, groups ofanimals exhibiting a single cline cannot be divided into separate

taxonomic units (Bogert, 1954; Trueb, 1968). Some authors divide such groups into

different taxa by the presence of more than two clines. Imaizumi (1970: l89), Ibr
example, was of the opinion that the populations of a single species always form a single

cline in some characters, and thereforc, if characters of one population do not fit the

well established clines of the specics, the exc,eptional population should be regarded as

belonging to another species. On the other hand, at least in the taxonomy ot' anurans,

the system that does not recognize different species, or even subspecies, when the char-

acters of combined populations show a single cline, often ieads to unreliable taxonomic

conclusions. For example, Kauri (1959) and Terent'ev (1962) lumped the formerly
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named taxa included in the European Rana esculenta complex, after confirmed a single
cline in each character ofexamined populations. At the present, however, the complex

is known to include two distinct species and their hybrids (GUnther, l979). Conse-
quently, both the system of attributing different clines to species differences (Imaizumi,

1970) and the system of not recognizing the different taxa for an observed single cline

(Kauri, 1959; Terent'ev, 1962) are two extremes. For taxonomic decision mor-
phological clines should be treated carefu11y, combining all the data from every source.

    In the Japanese common toad, the clinal differences found between types A and B
are insuflicient requisites for recognizing two distinct species, but at the same time the

observed differences would indicate that it is ipappropriate to regard them as a single

taxon. Accordingly, it would seem reasonable to rank the two types as different taxa
below the species level, i.e., races or subspecies.

                                  VI
               Morphometric Variation in the Miyado Toad

    Members ofthe genus Bufo are absent in the larger part ofthe Southwestern Islands
between Yakushima Isl. and Taiwan, and in thi,g region, toads have long been reported

only from Miyakojima Is. In addition, the occurrence oftoad species in the Daitojima

islands has recently been reported (Matsui, 1975b; Ikehara and Shimojana, 1975).

    The toad occurring in Miyakojima Is. was named Bufo bufo mi akonis by Okada
(1931), and has been treated as a different species from theJapanese common toad (Bufo

vulgaris ssp.) distributed in the regions from Yakushima Is. northwards and the Bankoro

toad (Bufo bankorensis) in Taiwan. Later authors, however, considered the occurrence

ofthe Miyako toad in Miyakojima Is. as artificial, and regarded this form as a subspecies

identical with the Chinese common toad (Inger, 1947, 1950; Nakamura and U6no,
1963).

    I provisionally analyzed morphological variation of the Miyako toad from Miyako-

jima with emphasis on the postmetamorphic ontogeny (Matsui, 1974b). In the present
study, morphometric variation of the population ffom Miyakojima Is., as well as of the

populations artificially introduced into other islands, are further investigated. The

results thus obtained are compared with the patterns of variation tbund in the Japanese

common toad, and the systematic relationship of the Miyako toad with the Japanese
common toad is brieflv discussed.
                  i

                         MATERIALS AND METHODS

   The localities and sample sizes for tbur populations ofa total of176 Miyako toads

are shown in Table 6. The samples composing Pop. 100 (Okinawa.iima) are American
Museum of Natural History collections (AMNH 6329-6334) from Nago. Intro-
ductions of the Miyako toad from Miyakojima into Okinawajima, were reported to have

been made between 1934• and 1937 (Yashiro, 1938), and the introduced populations
are reported to have increased in number for some time (Takashima, 1954), but the
establishment of further stable populations seems to have been unsuccessful.
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    The allomorphic relations between SVL and ten morphometric characters were
examined for the pooled 63 individuals (23 young, 20 adult males, and 20 adult females)

from Miyakojima (Pop. 97), and ACV of each character for each individual toad was

calculated from the allomorphic constants thus obtained.

    In comparing intra- and interpopulation variations, as well as in the comparison
with theJapanese common toad, only agelsex groups with a sample size of three or larger

were considered. Statistic procedures were the same as those utilized for the analyses

of the Japanese common toad.

                                REsuLTs -

L SVL
    1) Variation in the mean SVL
    The population mean SVL of the three populations ranged ffom 80.7 mm (Pop.
99) to 90.3 mm (Pop. 98) in adult males, and the mean of the population means NN'as

84.71 Å}5.76 mm. The largest population mean was 1.12 times larger than the smallest.

    The mean SVL of four populations ranged from 87.7 mm (Pop. 99) to 105.0 mm
(Pop. 98) in adult femaless the largest was 1.20 times larger than the smallest, and the

mean for population means was 96.73Å}7.84 mm.
    Of the three comparable populations, two (66.70/.) showed sexual dimorphism in
mean SVL (pÅq.05), but the difference in the mean of population means was not sig-
nificantbetween the two sexes (t=2.30, dF=-=-5, .1 ÅrpÅr.05). Females were not regarded

as being larger than the males probably due to the small number ofsampled populations.

    The mean SVL ofadult males showed a significant difference between Pop. 98 and
Pop. 99, but these two populations were linked by the intermediate value of Pop. 97.

    Of the six possible combinations among four populations in adult females, three

were significantly different (Pop. 97 vs. Pop. 99; Pop. 99 vs. Pop. 98; Pop. 99 vs. Pop.

100), but all the populations were bridged by the overlap ofintermediate populations.

    2) Variation in the minimum SVL
    Among 71 adult males from four populations, the smallest individual was found
in Pop. 97, and was 61.3 mm in SVL. The smallest adult female among 71 individuals
of four populations was also found in Pop. 97, measuring 77.0 mm (Table 46).

    The mean of the population minimum SVLs ivv'as 73.0Å}14.81 mm for males and
88.63Å}5.74 mm for females. The difference was insignificant (t=::17.60, dF==5,

Table 46. SVL (in mm) variation iti adult Miyako toads.

adult males adult females

Popula-
 tlon SVL

N ------ -- ---:
     range X

N --
SVL

SD 2SE CV range X SD 2SE CV
97

98

99

1OO

tl,3 61,3-113 2• 83 2 10 9 33 13 1
5 86 7-100 7 9. 0 3

21 71.0-- 9S 2 80 7
 2 79.2- 81,3 80 3

60 5tL 67
61 27 76,

t•)6 77 0--119.0 9.29

 t•) 99 6--110 9 105.0

 7 82 2-102 O 87.7
 3 95.7-IQ5.2 101.3

10.4 28 11 2
5.4 .4 8 S•) 1

69 52 79
5.0 5.7 49
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.2ÅrpÅr.1), and both sexes were regarded as having the same minimum SVL.

    3) Variation in the maximum SVL ,
    Among 71 adult males from four populations, the largest individual was found in
Pop. 97, and was 113.2 mm in SVL. The largest adult female among 71 specimens
of four populations was also found in Pop. 97 and had an SVL of 1 19.0 mm (Table 46).

    The mean of the population maximum SVLs was 103.03Å}1O.65 mm for males and
109.28Å}7.46 mm for females. The difference between these means was statistically
insignificant (t== 1.00, dF=5, .4ÅrpÅr.2), and no sexual dimorphism in maximum SVL
was detected.

    4) SVL difference between the Miyako toad and Japanese common toad
    In adult males, some populations of the Miyako toad were similar in mean SVL to

several Japanese common toad populations which have small SVLs, and each of the
three populations ofthe Miyako toad was not different from 2-1O of58Japanese common

toad populations in mean SVI..

    The mean of population mean SVLs, 84.71Å}5.76 mm for the Miyako toad,
however, was significantly smaller (pÅq.Ol) than that for the 58 populations of the

Japanese common toad (1 l6.29Å}4.40 mm), and the means of the minimum and maxi-
mum SVLs were also significantly smaller in the Miyako toad (pÅq.05 and pÅq.Ol,
respectively). Thus, the Miyako toad was regarded as being smaller than theJapanese

common toad in the SVL of adult males,
                                                            '    In adult females, the mean SVL ofeach of the four populations of the Miyako toad

was not different from that of 2-16 of 50 populations of the Japanese common toad.

However, the mean of population mean SVLs (96.73 L7.84 mm) was significantly
smaller (pÅq.Ol) than that of the Japanese common toad (126.70Å}5.11 mm). The
means of minimum and maximum SVLs were also significantly different between the
two forms (pÅq.Ol). Therefore, like males, adult females of the Miyako toad were
iudged to have smaller SVLs than those of the Japanese common toad.

2. i411omorPhic Variation

  a) DqVlerence in the AllomorPhic Constant between the Mi7ako Toad and the JIaPanese Common

      Toad
    Populations other than Pop. 97 contained an insufficient number of samples for
the analysis of allomorphic variation, and the allomorphic relationship of each of the

10 characters to SVL in Pop. 97 was examined and compared with that obtained for
the Japanese common toad (Table 47).

    For HL, SL, LAL, TL, and FL, the allomorphic constant for Pop. 97 was within
the variation range oftheJapanese common toad. For T-EL, the allomorphic constant

of Pop. 97 (a=O.800) was generally smaller than that of the Japanese common toad
populations, but w'as insignificantly different from the smallest a value of the Japanese

common toad (a=O.945, Pop. 16; siope: Fi, to6==2.48, pÅr.05; position: Fi, io7=:=20.56,

pÅq.Ol). The allomorphic constant of TD in the Miyakojima population (a=O.810)
was smaller than the smallest value in the Japanese common toad populations (Pop.
88, a=O.977), and there were significant differences in slope and position between these

two populations (slope: Fi, ios==7-8.41, pÅq.Ol; position: Fi, io6=12.99, pÅq.Ol). Thus,
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Table 47. Allomorphic constants (a) and initial growth indices (B) for regression of each

morphometric character-SVL in the Miyako toad from Miyakojima. Three
agelsex groups combined. Growth type abbreviations are: Irisomorphosis,

B==bradymorphosis.

Character N aÅ}SD log B r Growth type

HL 60SL 60T-EL 63TD 63HW 60PL 60p"•r 63LAL 60TI. 60FL 60

o
o
o
o

o

o
o

o
o

o

s73,to.o2o
s6 r) Å}o . o2 .r)

800 "Å} O.057

81OÅ}O.054
932Å}O.031
964Å}O.054
986Å}O.053
9. 3tlr -O. 038

954 t. O , 03 1

972 .Å} O . 042

-O.264
-O.647
-1.157
-- O.983
-O.305
-O.687
-1.155
-O.216
-O.382
-O.369

o

o
o
o

o

o
o

o

0

o

98Jr

976
875
887
970
919
921

954
971

950

B
B
I

B
I

I

I

I

I

I

the north to south decrease in a value found in the Japanese common toad populations

was further strengthened in the Miyako toad.
    For HW, the allomorphic constant of Pop. 97 (a =O.932) was insignificantly different

from the smallest value (a=O.937, Pop. 63) of the Japanese common toad (slope:
Fi.2o2::=O.02, pÅr.05; position: Fi,2o3==1.43, pÅr.05). The cr value for PL in the
Miyakojima population (a==O.964) was within the variation range of the Japanese
common toad, but was closer to the values for northern populations of the latter forrn

(Pop. 8: a = O.960; Pop. 16: a=O.975) than to those of southern populations, contrary

to the cline found among the populations of the Japanese common toad. For PW,
the a value of Pop. 97 (a=-=-O.986) was insignificantly different from that of Pop. 96

(a==O.934), which was the largest in the Japanese common toad populations (slope:
Fi, g3=021, pÅr.05; position: Fi, g4=O.67, pÅq.Ol).

  b) Grotvth Gradient Jiariations

    Marked deviation from the populations of the Japanese common toad was found
in the Miyako toad. First ofall, a values ofT-EL (a==:O.800) and TD (a=O.810) were

much smaller than those of SL (a=O.865) and PL (a=-TO.964) in Pop. 97, strongly
contrasting to the condition in the Japanese common toad. The relation in a value

between T-EL and TD was similar to that of type A populations of theJapanese common

toad, whereas the relation between TD and PL resembled that of type B populations.
Further, the a value of PW (a=O.986) Nv'as slightly larger than those of HW (a =O.932)

and LAL (cr=O.934) in the Miyako toad. This is also opposite to the condition that

prevails in the Japanese common toad.

3. Variation in ACV,for Each CItaracter

  a) Variation itz ACVfbr Eaclt Character

    1) HL: Among 26 young, both the sma}lest and the iargest ACVs, 27.9 and
33.0, respectively, were exhibited by individuals from Pop. 97, and the largest value

was 1.18 times larger than the smallest. Only the data for this population were adequate

for the analysis, and the median for the population was 30.6 (Table 48).

    Of 39 adult males, the smallest ACV, 28.3, was fbr an individual from Pop. 97, and
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Table 48. Variation in ACV of the Miyako toad. Three agelsex groups separated.

young adult males adult females

Charac-
 ter

Popula-
 tion

N ---
ACV

N
ACV

N --
ACV

range median range median range median

HL

T.EL

HW

PW

TI.

FL

97

98
99

1OO

97
98
99

1OO

97
98
9{

1OO

97
9.8

99
1OO

9.7

98
99

1OO

97

98
99

100

25

l

32

1

32

1

32

1

1

20

1

1

20

1

1

27.9-33.0 30.6

31.3

2,O- 3.3 2,8

2.9

33.2-43.2 36.3

4.5- 8.4

37.9

6.5

6.6
7.2

30.6-36.4 32.7

30.4
33.2

33.1-40.5 36.7

37.0
38.1

25
5

7

2

31

5

21

2

35
s

8

2

31

5

21

2

20

 5
21

2

20
5

21

2

28.

29.

29.

29.

2.

2.

2.

2.

30.

34.

33.

35.

5.

6.

5.

6

32.

34.

31.

32.

36.

41.
35.

38.

3-31.
5-31.
5-31.
O-29.

o-

4
2-
3-

2

8

8
9

3.4
3.2
3.8
2.4

6--38 .

1-37.

7-38.

O-36.

8
8
1

1

O- 7.8
O- 8.3
4- 7.8
5- 7.2

3-39.
9-37.
5-36.
2-34.

1-45.

O-43.
9--45 .

4-39.

1

7

9
1

5

8

4
1

30.

30.

30.

29.

2.

2.

2.

2.

35.

36.

35.

35.

o
7

7

5

8
6

8
3

7

3

1

6

6.4
7.1

6.4
6.9

35.

36.

34.

33.

39.

42.

40.

38.

o
8
6

1

2

3

2

8

41

5

1

3

51

5

7

3

53
5

2

3

54
5

7

3

20
5

7

3

20
5

7

3

27.8-32.9 30.
29.0-32.1 29.
         30.
29.9-31.0 30.

2.

2.

2.

2.

33,

34.

33.

36.

5.

6.

5.

5.

31.

31,

30.

32,

2- 3.

2- 3.
5- 3.

3- 3.

340 .
6-38,

9-34.
7-38.

5-
5-

0
.

8
1

7

6

5

8

8
3

8.0
7.4
6.7
7.8

O-34.4
8-33.9
7-33.6
1-34.8

34.4-38,
34.-38,
34,8-37.
35.4-40.

4
3

9

o

2.

2.

3.

2.

36.

36.

34.

37

6.

6.

6.

6.

6

9

o
6

8
7

1

9

6
1

3

3

6

9
3

9

33.0
33.5
32.3
33.4

35.

35.

36.

36.

6
3

5

3

the largest 31.8, was for ones from Pops. 98 and 99. The latter value was 1.13 times

larger than the former. In the three well represented populations, the smallest median,

30.0, was shown by Pop. 97, and the largest, 30.7, by Pops. 98 and 99. The largest
value was 1.03 times the smallest.

    Of 50 females, both the smallest ACV, 27.8, and the largest, 32.9, were exhibited

by individuals from Pop. 97. The largest value was 1.I8 times larger than the smallest.

Population medians varied from 29.9 (Pop. 98) to 30.6 (Pops. 97 and 100), and the latter

value was 1.02 times the former. Thus, amonga total number of1l5 individuals, the
largest ACV was l.19 times larger than the smallest value.

    Neither age nor sexual difference in ACV was found in Pop. 97. Adequate samples

fbr ontogenetic comparisons were not available for other populations, but no sexual

dimorphism was found in Pop. 98, either. Interpopulation differences in medians
were detected neither in adult males nor in adult females.

    2) SL: Among 135 individuals, both the smallest and the largest ACVs were
exhibited by individuals from Pop. 97, and were 10.8 and 13.6, respectively (Table 49).
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Table 49. Variation in ACV of the M{yako toad. Three agelsex groups combined.

Chta.;ac- P?,p..u.ia' N ACV

range

109

 10

 10

 6

10.8-13.6
11.8-12.9
11.5-13.2
11.8-12.9

median

SL

TD

PL

97

98
99

1OO

97

98
99

1OO

97

98
99

1OO

124

 10

28

 6
109

 10
29.

 6

3 2- 55
3 5- 49
3 3- 54
3 8- f) ,{

14 4-21 1
14 3-19 7
14 5-21 O
12 7-19 7

12.2

12 2
12.1

12,5

43
46
45
54

17 3

16 3
18 O
16 8

Charac- Popula- N
 Ler tlon

LAL 97 4i)
       98 10
        99 29'
       100 6

ACV

range

40 1-ul9
`lr4 1-49- •

tl,O 7-50.

43.6-48,

  median

6 44.7
2 45.9
9 43.8
6 4s.,r)

The largest ACV was 1.26 times larger than the smallest.

    Medians for four populations varied from 12.1 (Pop. 99) to 12.5 (Pop. 100). The

largest median was only 1.03 times larger than the smallest. Interpopulation difference

was not detected among six combinations of four populations.

    3) T-EL: Thirty-two young of Pop. 97 had ACVs ranging 2.0-3.3, and an
individual from Pop. 100 had the value within this range. The largest value was 1.57

times larger than the smallest. The median for the young of Pop. 97 was 2.8.

    Of 59 adult males, the smallest ACV, 2.0, was for an individual from Pop. 97, and

the largest value, 3.8, was for one from Pop. 99. The latter value was 1.87 times larger

than the former. Medians for the three populations ranged from 2.6 (Pop. 98) to 2.8

(Pop. 99). The latter value was 1.07 times the former.

    ACV for 66 adult females ranged from 2.2 to 3.8. Both of these values were found

for individuals from Pop. 97, and the largest was 1.77 times larger than the smallest.

Medians for the four populations ranged from 2.7 (Pop. 98) to 3.1 (Pop. 99) The
largest value was l 16 times the smallest Thug., among 157 individuals, the largest

ACV was 1 91 times larger than the smallest. Intrapopulation and interpopulation
variation analyses revealed the absence of differences in all combinations.

    4) TD: Among 168 individuals, the smallest ACV, 3.2, was exhibited by an
individual from Pop. 97, and the largest, 5.9, by one from Pop. 100 (Table 49); the

largest value was 1.83 times larger than the smallest.

    The medians for the four populations ranged from 4.3 for Pop. 97 to 5.4 for Pop.

100, the largest value being 1.25 times larger than the smallest.

    The result of the interpopulation comparisons of ACVs revealed only one sig-
nificant difference out of six possible combinations: Pop. 100 had a significantly larger

median than Pop. 97 (U6, 2o=20, pÅq•05)•
    5) HW: Among 33 young, both the smallest and the largest ACVs, 33.2 and
43.2, respectively, were exhibited by individuals from Pop. 97 (Table 48), and the
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largest value was 1.30 times larger than the smallest. The median ACV for Pop. 97

young was 36.3.
    Of 50 adult males, the smallest ACV, 30.6, and the largest, 38.8, were found for

individuals from Pop. 97, and the latter value was 1.27 times the former. Among the

three populations, the smallest median, 35.1, was for Pop. 99, and the largest, 36.3, was

for Pop. 98. The latter value was only 1.03 times the former.

    Of 63 adult females, individuals from Pop. 97 exhibited the smallest (ACV==33.3)

and the largest values (ACV=40.5); the latter was 1.22 times larger than the former.

Medians varied from 36.1 (Pop. 98) to 37.3 (Pop. 100), and the latter value was only

1.03 times larger than the former. Thus, among 146 individuals, the largest ACV was

1.41 times larger than the smallest.

    In the comparisons of interpopulation and intrapopulation difference in medians,

only sexual dimorphism was detected in Pop. 97, and females had a larger median than

males in this population (U2o. 2o=115.5, pÅq.05).

    6) PL: Among 154 individuals, the smallest ACV, 12.7, was found for one in
Pop. 100, and the largest, 21.1, for one in Pop. 97 (Table 49). The largest value was

1.66 times the smallest.

    Medians for four populations varied from 16.3 (Pop. 98) to 18.0 (Pop. 99), and the

latter value was 1.10 times larger than the former. Interpopulation difference in

medians was observed between Pop. 98 and Pop. 99 (pÅq.05).

    7) PW: Thirty-two young of Pop. 97 had ACV ranging 4.5-8.4, and an
individual in Pop. 99 and another in Pop. 100 had values within this range (Table 48).

The largest value was 1.86 times larger than the smallest. The median for the young
of Pbp. 97 was 6.5.

    Of 59 adult males, the smallest ACV, 5.0, was fbr an individual from Pop. 97, and

the largest, 8.3, was for one from Pop. 98. The latter value was 1.67 times larger than

the former. Medians for the three populations ranged 6.4 (Pops. 97 and 99) to 7.1
(Pop. 98); the larg. est was 1.11 times the smallest.

    ACVs of 69 adult females ranged from 5.4 (exhibited by one from Pop. 100) to 8.0
(by one from Pop. 97), and the Iargest was 1.48 times larger than the smallest. Medians

for four populations ranged from 6.3 (Pop.•99) to 6.9 (Pops. 98 and 100), and the largest

value was 1.10 times larger than the smallest.

    Neither intrapopulation nor interpopulation difference in ACV median was found.

    8) LAL: Among 90 individuals, the smallest ACV, 40.1, was shown by one in
Pop. 97, and the largest, 50.9, by one in Pop. 99 (Table 49); the largest value was 1.27

times larger than the smallest.

    Medians for four populations varied from 43.8 (Pop. 99) to 45.9 (Pop. 98), and the

latter value was l.05 times larger than the former.

    Interpopulation comparisons revealed two significant differences (Pop. '97 vs.
Pop. 98: U2o, ie=50.5, pÅq.05; Pop. 98 vs. Pop. 99: Uio, 2o==31, pÅq.05).

    9) TL : Among 22 young, the smallest ACV, 30.4, was exhibited by an individual
from Pop. 99, and the largest, 36.4, by one from Pop. 97 (Table 48). The largest value

was 1.19 times larger than the smallest. Only Pop. 97 had adequate sample size, and

,
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had the median, 32.7.
    Of48 adult males, the smallest ACV, 31.5, was exhibited by one from Pop. 99, and

the largest, 39.1, by another from Pop. 97; the latter value was 1.24 times larger than

the former. Among the three populations, the smallest median, 34.6, was for Pop. 99,

and the largest, 36.8, for Pop. 98. The largest median was 1.06 times larger than the

smallest.

    Of 35 adult females, the smallest ACV was exhibited by an individual from Pop.

99, and was 30.7. The largest ACV, 34.8, was shown by one from Pop. 100, and was
1.13 times larger than the smallest value. Medians for the four populations varied from

32.3 (Pop. 99) to 33.5 (Pop. 98);the latter was 1.04 times larger than the former. Thus,

among 105 individuals, the largest ACV was 1.29 times larger than the smallest.

    In the comparison of intrapopulation variation for medians, a significant age
difference was found between young and adult males of Pop. 97 (U2o. 2o =84, pÅq.05),

and adult males had a larger median than young. Sexual dimorphism was found in
Pops. 97 (U2o,2o=56.5, pÅq.05), 98 (Us.s=O, p=.Ol), and 99 (U2o,7=9, pÅq.05),
and males had a larger median than females.
    Interpopulation comparisons revealed significant differences among adult males:

Pop. 98 had a significantly larger median than Pop. 97 (Us, 2o== 14, pÅq.05) and Pop.

99 (Us, 2o==11, pÅq.05).

    10) FL: Among 22 young, both the smallest and the largest ACV, 33.1 and 40.5,
respectively, were found in individuals from Pop. 97 (Table 48). The largest value was

1.22 times Iarger than the smailest. Only Pop. 97 had a Iarge sample size, with a

median of 36.7.
    Among 48 adult males, the smallest ACV, 35.9, was found for an individual from
Pop. 99, and the largest, 45.5, for one from Pop. 97; the largest value was 1.27 times

larger than the smallest. Among the three populations, the smallest median, 39.2, was

for Pop. 97, and the largest, 42.3, for Pop. 98; the largest was 1.08 times the sma]lest.

    Of 35 adult females, the smallest ACV, 34.4, was exhibited by two individuals from

Pops. 97 and 98, and the largest, 40.0, by one from Pop. 100; the latter value was 1.16

times larger than the former. The medians for the four populations ranged 35.3 (Pop.

98)-36.5 (Pop. 99); the largest value was 1.03 times larger than the smallest. Thus,

among I05 individuals, the largest ACV was 1.37 times iarger than the smallest.

    In the comparisons ofintrapopulation variation in medians, a significant age differ-

ence was found between young and adult males of Pop. 97 (U2o. 2o== 74, pÅq.05), and

adult males had larger median than young. Sexual dimorphism was found in Pops.
97 (U2o, 2o == 1 7, pÅq .05), 98 (Is, s -= O, p == .Ol), 99 (U2o, 7 :==' 6, pÅq .05), and adult males

had a larger median than females.
    In adult males, interpopulation comparisons revealed significant differences: Pop.

98 had a significantly larger median than Pop. 97 (Us, 2e==13, pÅq.05) and Pop. 99

(U,, ,,=l5, pÅq .05).

  b) Patterns qf IntraPoPulation and InterPoPutation Variation in ACV and ComParison zvi,th

      the JaPanese Common Toad

    1) Intrapopulation variation
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    Most conspicuous intrapopulation variation was found in T-EL, and TD, PL, and

PW also varied markedly. By contrast, HL, HW, and TL had rather stable ACVs

within a population.
    Since the sample size of young toads was inadequate, detailed analysis was im-

possible for age variation, In the single available population (Pop. 97), the young
differed from adult males in TL and FL. Marked sexual dimorphism was observed in
TL and FL, and all the three examined populations exhibited significant differences.

Only one out of the three populations showed sexual dimorphism in T-EL and HW.
Though the number of examined populations was limited, it can be concluded that adult

males had longer hindlimbs than adult females.

    2) Interpopulation variation
    Generally, only slight interpopulation variation was observed (Table 50). Only

Table 50. Degree of variability in each character
minimum ACV) in the Miyako toad.

measured by RE (==maximumACV/

C:haracter Age/sex group N RE in all
individuals N RE in population

   medians

HL

SL

tr.EI`

TD
H"J

PL

PW

LAL

TL

FL

 Young
 eAdults
  ? Adults

 Total

Coinbined

 Young
  8Adults
  9Adults
 Total

Combined

 Young
  eAdults
  6Adults
 Total

Combined

 Young
  XAdults
  9Adults
  Total

Combined

  Young
  8Adults
  9Adults
  'rotal

  Young
  eAdults
  9Adults
  rvotal

26
39
50

115

135

32
Jr9

66
l57

168

33

50
63

l46

l54

 32

 59
69

162

 90

 22
 48
 35
loJr

 22
 48
 35
105

1.18
i.13

1.18
1.19

1.26

1.57
1.87
1.77
1.91

1.83

1.30

1.27
1.22
1.41

1.66

1.86
1.67
1.48
1.86

1.27

1.I9
1.24
l.13
1.29.

1.22
1.27

1.16
1.37

3

3

tlr

3

4

4

3

3

4

3

4

4

3

4

1.03
1.02

1.03

1.07
1.16

1,25

1.03
1.03

1.10

1.11

1.10

1.05

1.06
1.04

3 1.4 1.
08
03
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two out of six combinations exhibited significant differences in LAL, adult male TL,
and adult male FL. Therefore, one population differed only incompletely from another
.in morphometric characters.

    3) Comparisons with theJapanese common toad
    From the results of the interpopulation variation analyses, populations of the
Japanese common toad were divided into two types (see preceding pages), and each of
them was separately compared with the Miyako toad (Table 51).

    When populations of the Miyako toad were combined for each agelsex group and
the range of ACV medians for a character in the combined populations was compared

with the ACV median for each population of the Japanese common toad, the Miyako
toad did not differ from some populations of the Japanese common toad in every char-

acter. The characters showing marked differences were: PL, FL (of young), TL (of
young), and HL (ofyoung and adult females). In PL, the Miyako toad differed from

Table 51. Percentage of the Japanese common toad populations shjwing significant difference

        in ACV median from all populations of the Miyako toad (enly one population •availabie
        for young). A sing]e i'ntermediate type of theJapanese common toad {sincluded in
        the total.

Character
type A    typc B

,N
,.s! diffi.`u,R,i{i,

Total

AgeXsex group        o/,,' -oiT
Nof      differing
pops.       pops.

ll;'oF'ild/Off/.k,r2/:,g

HL

SL

T-EL

TD

HW

PL

PW

LAL

TL

FL

 Young
  eAdults
  9Adults

Combined

Young
eAdults
9Adults

Combined

Young
eAdults
\ Adults

Combined

 Young
  eAdults
  ?Adults

Comb;ned

Young
eAdults
9 Adults

Young
eAdults
9Adults

20
40
33

54

20
40
33

54

20
40
32

54

20
40
33

f)4

20
40
33

20
40
33

70.0
62.Jr

69.7

42.6

20.0
10.0
o

94.4

,+5.0

o

21,9.

94,4

25.e
o

o

66.7

70.0
 5,O
 9. .1

95.0
40.0
15,2

i8

17

16

28

18

17

16

28

18

17

l6

28

18

17

16

28

18

17

16

18

17

16

94,4
70,6
93.8

60.7

'1OO

 76.5
 81.3

o

72.2
 5.9
31.3

89.3

,27,7

o

 o

9. 6.4

88.9
23,i)

37 5

88 9
58 8
37 5

30

58

so

83

39
.r)8

50

83

39

58
49

83

39
i)8

50

83

39
58
r)o

39
Jr8

50

82.1

63 8
80.0

48.2

59.0
29,3
26,O

61,4

59,O
 l.7
24.r)

94.4

25.6
 o

o

77.1

84 6
10 3

18 0

9L) 3

44.8
18 O
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940/6 of the Japanese common toad populations. On the contrary, in both PW (of
adult males and adult females) and HW (of adult males), only slight or even no differ-

ence was observed. Two types of the Japanese common toad differed from each other
in the frequency of differences from the Miyako toad: e.g., in T-EL, only O-200/. of the

type A populations differed from the Miyako toad in every agelsex group, whereas
77-1000/. of the type B populations differed from the Miyako toad. Conversely, the
Miyako toad differed from 940/, of type A populations, but did not differ from all of the

type B populations in TD. As a whole, the Miyako toad more clearly differed from
geographically adjacent type B populations than from distant type A. The number of
characters in which more than 809/. of the Japanese common toad populations differed

from the Miyako toad was only three of type A, and only one halfof type B.

    It was possible to summarize the relation of ACV magnitudes for each character
between the Miyako toad and theJapanese common toad as follows. (1) HL: The
Miyako toad had generally smaller ACV than the Japanese common toad, especially
type B populations. (2) SL: The Miyako toad had ACV smaller than about one half
of the Japanese common toad populations. (3) T-EL: The Miyako toad usually had
smaller ACV than type B populations, but had ACV similar to type A populations;
(4) TD: The Miyako toad had ACV similar to type B, but had a clearly smaller ACV

than type A populations. (5) HW: The Miyako toad tended to have smaller ACV
than type B in young, but did not differ in other combinations. (6) PL: The Miyako
toad had markedly smaller ACV than theJapanese common toad. (7) PW: No marked
difference between the two forms. (8) LAL: The Miyako toad tended to have smaller

ACV, especially in comparison with most ofthe type B populations. (9) TL: In young,

the Miyako toad tended to have smaller ACV than the Japanese common toad, but in
adults the difference was slight. (10) FL: In young, the Miyako toad had smaller

ACV, and in adult males it had smaller ACV than about one half of the Japanese
common toad populations. In adult females, the difference was slight.

                               DIscussloN

    The distribution of the Miyako toad is confined to small islands like Miyakojima,

Irabujima, ShimQiijima, Kita and Minami Daitojima (Matsui, 1979a; Shimojana,
1976; Toyama et al., 1980). As expected from this restricted distribution, ACV ofeach

morphometric character exhibited a Iow degree of variation. Characters showing
large variation in the Japanese common toad were also variable in the Miyako toad,
and the high variability of T-EL, TD, PL, and PW in both forms seems to suggest that

these characters are variable in the entire Bufo bufo complex. The degree ofvariability

in these characters, however, was much less in the Miyako toad than in the Japanese

common toad. This may be due to the much smaller number of populations included
in the Miyako toad, and at the same time, to the fact that each population ofthe Miyako

toad is limited in the range of distribution.

    The slight interpopulation variation in the Miyako toad is different from the
condition in theJapanese common toad, and this suggests that the populations inhabiting

the islands other than Miyakojima have been artificially introduced from MiyakQjima
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relatively recently. The population from the Kita and Minami Daitojima Islands
have been regarded as descendants of artificially introduced populations from Taiwan

(Ikehara and Shimojana, l975; Shimojana, 1976). In addition, the Miyako toad
coexists with the Giant toad, Bufo marinus, in these islands (Matsui, l975b). No mor-

phologically marked deviation from the other populations, however, was detected in
the toads from these islands. Populations from the Daitojima islands, like other island

populations of the Miyako toad, are morphologically quite different from the Taiwan
populations of B. bankorensis (Matsui, 1979a), and the close morphological similarity of

the Daitojima populations with the population from Miyako.iima indicates a higher

possibility of introduction from the latter island than from Taiwan. The absence of

morphological deviation relating to possible ecological segregation with B. marinus

seems to suggest that the niche of the two species overlaps only narrowly in the islands

partly because of their phylogenetically remote relationship and short history in the

islands.

    The Miyako toad differed morphometrically from the Japanese common toad in
many characters, and the difference was particularly conspicuous in the length of the

parotoid. ACV of PL was smaller in the Miyako toad than most populations of the
Japanese common toad, whereas ACV of PW did not differ markedly. In othcr words,
the Miyako toad had a relatively much shorter parotoid gland than the Japanese
cOmmon toad. The degree ofprotrusion in the parotoid was not examined in the present

study, but the parotoid gland in the Miyako toad usually protrudes less than in most

Japanese common toad populations, and is much flatter than the Formosan B.
bankorensis. Since the parotoid gland is a defense organ against enemies, the less
developed short parotoid of the Miyako toad seems to suggest the relatively little im-

portance ofthis organ, and hence, the relative lack ofpredators in the restricted environ-

ment of the small islands. ACV of characters in the hindlimb (TL and FL) tended to

be smaller in the Miyako toad than in the Japanese common toad. The length of
hind]imb is regarded as correlated to the ability to jump, and hence, to escape from

enemies. Thus, the characters of the hindlimbs also support the idea that relatively

few enemies occur in the habitats of the Miyako toad.

    As reported in the previous chapter, the body size of the female Japanese common
toad showed a cline with clear body size increase towards the south. The population

from Yakushima, which had the largest SVL among populations of the Japanese
common toad, is geographically nearest to the range of the Miyako toad. Females of
the Miyako toad had instead small body size and their SVL equaled that oftheJapanese

common toad populations from distant northern Honshu. The small body size of the
female Miyako toad clearly deviates from the cline obtained for the Japanese common

toad. Although males of the Miyako toad seem to fit on the latitudinal cline in the

Japanese common toad (as expressed by a second degree polynomial regression model),

the small size of females makes the Miyako toad deviate from the relative female and

male mean SVL cline found in the type B populations of the Japanese common toad.

    The Miyako toad differed not only from the distant type A populations of the
Japanese common toad in the ACV ofTD and FL (ofyoung), but also from the adjacent
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type B populations in the ACV of HL, T-EL, and LAL. These characters have been
considered to have some relation with the climatic conditions of the habitats in the

Japanese common toad (especially in type A populations ; see previous chapter), and the

differences between the Miyako toad and the type B populations of the Japanese
common toad seem to suggest the presence of differcnce between them in the mode of

adaptation to environmental conditions as represented by climate. Namely, the
Miyako toad is regarded as having physiological features different from the Japanese

common toad. Non-metric characters such as degree of toe webbing and body colour,

though not treated in this paper, differ between the Miyako toad and the Japanese
common toad. In addition, the two forms differ in skull morphology (Matsui, 1979a)

and karyology (Matsui, 1980a). Therefore, the Miyako toad is thought to represent
an evolutionary lineage different from theJapanese common toad. The Mi}rako toad
is closer to the continental population around Shanghai (Matsui, 1979a) than to popu-
lations from Taiwan, Fukien, and Szechwan. I will report in detail the relation of
the Miyako toad to the Formosan and Chinese representatives in future publications.

                                  VII
                  '                 Morphometric Variatien in the Japanese
                     Stream Toad, Bufo torrenticola

    TheJapanese stream toad, Bufo torrenticola, was first reported for its stream-dwelling

larvae (Matsui, 1975c), and was later described as a fu11 species by its distinct larval

ecology and morphology, adult morphology, and, particularly, sympatric distribution

with theJapanese common toad (Matsui, 1976a).
    The species is known only from Kinki and western Chubu districts of Honshu, and

about 30 localities have hitherto been recorded (Matsui, 1976a, d, 1980e; Sasaji, 1979i

Miyazaki, 1979; Tomita, 1980; Nambu, 1980; Tamai, pers. comm•)•
    Recently, Kawamura et al. (1980) proposed to treat the Japanese stream toad
as a subspecies of the Japanese common toad, and to use the name Bq,fo .iaPonicus

torrenticola. Their proposal was made purely on the basis of the results of laboratory

hybridizations. The results obtained by Kawamura et al. (op. cit.) are essentially

similar to my previous reports (Matsui, 1977a, b, 1979a) in that the reciprocal crosses

of the Japanese stream toad and the Japanese common toad result in fertile Fi.

    The most important problem is whether or not natural hybridization actually
occurs as Kawamura et al. (1980) "believed", and this problem must be solved by a
all-round approach. A better taxonomic conclusion can be made after the accumu-
lation of suHicient information about the re]ationship of thc two {'orms undcr natural

    In the present chapter, I will analyze the morphometric variations of the Japanese

stream toad and compare them with variations in the sympatric and allopatric popu-
lations of the Japanese common toad, and the Miyako toad.
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                          MATERIALS AND METHODS
    The localities and sample sizes for 13 populations of a total of 265 Japanese stream

toads analyzed for morphometric variation are shown in tables 8 and 9. The data for

the Japanese common toad and the Miyako toad used for comparison are shown in the
previous chapters.

    The methods for determining maturity and sex, the body parts measured, and the
method of taking measurements are as described in the previous chapter.

    For the morphometric characters, (1) SVL; (2) head length (HL); (3) snout
Iength (SL); (4) tympanum-eye length (T-EL); (5) tympanum diameter (TD); (6)
head width (HW); (7) parotoid length (PL); (8) parotoid width (PW); (9) lower arm

Iength (LAL); (10) tibia length (TL); and (11) foot length (FL) were chosen. The
allomorphic relations of the ten characters to SVL were first obtained for 61 pooled

individuals (31 young, 15 adult males, and 15 adult females) from Ohdaigahara (Pop.

109), and ACV for each individual toad, at the SVL of 100 mm, was calculated for
each character with the a]lomorphic constants thus obtained.

    Intrapopulation and interpopulation comparisons, as well as comparisons with the

Japanese common toad and the Miyako toad, were made of SVL and the calculated
ACVs. Three agelsex groups (young, adult males, and adult females) were distinguished

for the comparisons. In the comparison of morphometric values, populations with a

sample size of three or greater for each age group were considered. As shown in Table

52 and Fig. 55, the populations oftheJapanese common toad employed for comparisons
were divided into three groups according to the relative distance from the sympatric

zone.

Table 52. Eighty-three populations of the Japanese common toad classified by their geograph{c

        location in relation to the distributional range of theJapanese stream toad.

sy
y.p.,e.tric Sgii&Pcgni2,ICt.Z,?s":•,, Allopatric zone

digtant from zone
of sympatry

P?iP.".la' Type P?PoUnla' Type P?//o\la' Type P?,P•oUnla- Type P?loUnla' Type P?iP•ola' Type

.r,1

54
55
57
f•i)8

Jr9

68
71

72

A
A
A
A
A
A
A
A
B

47

48
50
52
5.3

Jr6

60
61

62

63

64
66
69
70

73

A
A
A
B
A
1•N

A
A
B
B
B
B
A
B
B

1

3

4
,r
)

6

8

9

10

12

13

14

l6

17

18

19

A
.A

A
A
A
A
A
A
B
A
A
A
A
A
A

20
21

22

23

24
2rl

26

27
28

L9
30
31

32

33
34

A
A
A
A
.A

A
A
A
A
A
A
A
A
A
A

36
37

38

39

40
43
44
46
4•9.

f)'i)

7.r,

76
78
79.

80

A
A
.4L

A
A
A
A
A
A
B
A
B
B
B
B

81

82
83

84
85
86
87

88
89
90
9.1

92
94
96

B
B
B
B
B
B
B
B
B
B
B
B
B
B
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Statistic procedures employed were the same as in the preceding chapters.

                                     REsuLTs

L VariationinSVL
    Young toads were omitted from the analysis because of the greater variation than

in adults due to their heterogeneous growth stages.

    1) Variation in the mean SVL
    The mean of the adult male mean SVLs in the eight populations was 94.98Å}5•47

mm. Population 110 had the smallest mean (82.9 mm), and Pop. 105 had the largest
(104.2 mm: Table 53). The largest mean SVL was l.26 times larger than the smallest.
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A map ot' western Cihubu and Kinki districts of Honshu, showing locations tbr the

demes and populations of theJapancse strcam toad. •Closed circles==stream toad
demes; open circlcs=common toad dcmes; half-fi11ed .circles==m{crosympatric
demes of the two forms. Hatchgd areas=sympatric populations; dotted areas==
allopatric populations. Dashed line encircles the allpoatric populations of the
common toad adjacent to the sympatric zone; long-and-short dashed line indicates

the boundary betwecn type A and type B populations of the common toad.
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Table 53. $VL (in rrlrn ) ,variation in adultJapanese stream to, ads.

Popula-
 tiOll

adult males adult females

N - ---•----
     range

SVL
-N

SVI.

X SD 2SE CV rapge x SD 2SE .CV
101

102

l03

104
loJr

106

107

108
109

110

112

113

 3 8'tl,.2-IOI.O 94.1

 1 108.210 8,5.4-117,6 101.4

 1 98.2 6 95.l-116.2 104,.2
 4 76.2- 95.4 88.7

13 70.5-l19,5 97.4
42 70.0-101.8 88.6
ll 71.8- 97.5 82:9

 1 l17.0 3 81.2-120,6 102,7

8.

12,

7.

8.

14.

7.

7,

19.

8

2

6

6

o

e
9

9

10,2 9.4

 7.7 12.0

6.2 7.3
 8.5 9.6

 7.8 14.4
 2.4 8.7
 Jr .2 8.9

23,O 19.4

1

4

 1

4

 1

 5
46

3

2

2

95.2-135

129.2-146

124.0-135
88.2-119

110.6-127
ll6.4-119
l67.0--168

  122
.6 120
  117
.O 137

  106
4 128
2 103
2 116
8 118
O 167

.8

.5 18.5

.8

.8 6.9

.2

.7 4.4

.9 7.6

.4 9.3

.1

.5

18.5 15.3

6.9 5.0

4.0 3.4
2.2 7.3

IO.8 8,0

    Interpopulation variation in mean SVL was not great, and only six out of28 combi-

nations (21.4t/.) proved to be different. Thus, the mean SVL of each population
overlapped the SVLs of the other populations.
    For the five female populations, the mean ot- the population means was

121.45Å}ll.42 mm. The smallest mean SVL, 103.9 mm, was exhibited by Pop. 109,
and the largest, 137.8 mm, by Pop. 105. The latter value was 1.24 times the former.

    Like males, interpopulation variation in feniales was not great, and only three out

of IO combinations were found to be significantly different (Pop. I05 vs. Pops. 109,

110; Pop. 108 v.s Pop. 109). The two extreme populations were thus linked by the

intermediate populations. ' . ,,
    Sexual dimorphism in the mean SVL was eVident, and fi                                                    our of five populations
                                            '(80.00/.) were sexually different in mean SVL (pÅq.05). ' Females had a larger mean

                                                 'of mean SVLs than maies (t =4.71, dF=1l, pÅq.OOI).

.,)," .eAa,`'.V.e.,fe.lll.a,ie,P,",d. M"'e Mea"..S/.IYL ranFf9 ffoT}},il•},.; (pop. io3) to i.4o (p.,.

    2) Variation in the minimum SVL .' •
    Among 95 individuals of 1 1 populations, the smallest aclult male was found in Pop.

109 and was 70.0 mm in SVL. The smallest adult female among 69 individua]s of 10
populations was also in Pop. 109 and had an SVL of 88.2 mm.

    The means of the population minimum SVLs werc 79.30Å}6.24 mm for males and
109.44Å}15.86 mm for t'emales, and I'emales wcre statistically significantly larger in

minimum SVL (pÅq.05).

    3) Variation in the maxi•mum SVL •
    The largest adult male among 95 individuals was found in Pop. 1 13 and was 120.6

mm. The largest adult female among 69 individuals was,also found in Pop. 113 and
had an SVL' of l-68.0 mm.
                                                  '    The rneans of the population maximum SVLs were 108.70Å}7.57 mm for males
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and 132.68Å}9.00 mm fbr females, and females were judged to be larger in maximum
SVL than males (pÅq.05).
2. IntrapoPulation AltomorPhosis in the Japanese Stream Toadfrom Ohdaigahara

   The intrapopulation allomorphosis patterns of the Japanese stream toad from Pop.

109 are summarized in Tabl'e 54.

Table. 54. Allomorphic constants (a) and initial growth indices (B) {br regression of each

        morphometric•character---SVL in the Japanese stream toad from Ohdaigahara.
        Three agelsex groups combined. Growth type, abbreviations are: I=Fisomor-
        phosis,B=bradymorphosis.T==tachymorphosis. .• ,

charaEler N crÅ}SD l6g B r Growth type

HL • 61SL 61T-EL 61TD 61HW 61PL 61PW 61LAL 60TL 61FL 61

O.922Å}0,O16
O.788Å}O.026
1.I91--O.053
1.106 ,,t O,093

O.996-L-O.023

1.021,EO.on4
O.865J-O.034
1.013 ti,O.O17

e.948:tO.O17
1,107Å}O.025

-O.328
-O.492
-1.714
-l.779
rO.424
-O.809
-O.909
-O.293
-O.328
-:- O. 533

O.991
O.970
O.946
O.839
O.984
O,950
O.957
O.992
•O.990

O.986

B
B
'1-

I

I

1

B
I

B
T

    Among ten characters, four were isomorphic to SVL: TD, HW, PL, and LAL.
T-EL and FL were tachymorphic, and HL, SL, PW, and TL were bradymorphic, to
SVL.
    When these-results were compared with those obtained fbr the Japanese common
toad described in the previous chapter, only two characters, T-EL and TL, exhibited

differences. The allomorphic constant for T-EL against SVL in the Japanese stream
toad (a -- 1.191) was larger than the value derived from the combination ofnine Japanese

commoh toad populations (cr=-1.052). However, the slopes of the regression lines for

theJapanese stream toad and for the Pop. 88, which had the largest a value among the

nine common toad populations, did not differ significantly (slope: Fi,io6=O.745,
pÅr.05 ; position: Fi, io7=40.28, pÅq.Ol).

    TL exhibited bradymorphic relation to SVL in theJapanese stream toad, whereas

the combined Japanese common toad populations had a tachymorphic relation. In
this case, however, the a value for the Japanese stream toad (a=O.948) was within
variation range of a values (O.939-1.032) for the Japanese common toad populations,

and insignificant differences in a value were found between' the Japanese stream toad

and populations of the Japanese common toad having small a values.
    The shape of the growth gradient curve in theJapanese stream toad was similar to

that of the Japanese common toad except fbr reiations among T-EL, TD, and PL.
3. Variation in ACV.fbr Each Character

  a) Variation in ACV.for I.{."ach Character

   '1) HL: Of87 young, the smallest ACIV, 30.2, was shown by an individual tl'om
Pop. 109., and the largest, 37.9, by one from Pop. 105 (Table 55). The latter value
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Table :r}:' ). Variatiorl in ACV of the Japanese stream toad. Three agelsex groups separated.

young adult males adult females

Charac-
 ter

PoPula-
 tion

N --
ACx2T

N-
ACV

-------  Nmedian

ACV
range median range range median

HL

T.EL

HW

PW

101

102

103

104

105

106

107

108

109

110

112

113

101

102

103

104

105

106

107

108

109

110
112

113

101

102

103

104
1oJr

106

107

108
109.

1IO
111

112

1!3

101

102

103

104
1Of)

106
107

6

4

4
6

6

1

5

43
2

6

4

5

4
4

6

 5
1

 f)

4r)

2

6

4

6

4

4
6
6

1

 5
44

2

'2

6

4

6

4

4
6

6

1

32.0-36.3 33.9

31.2-34.
31.0-34.
32.9-37.
30.9-3Jr.

1

9

9

7

31.4-36.0
30.2-36.0
32.2-34.0
31.7-35.4
33.9-3S.3

3.7- 5.6

4.3m ,r).

4.2- 5.
4.4- f).

4.4- 5.

4 2- .r,.

3.2- 6.
4.3- 4.
4.4- 5.
4.5- 5.

36.2A2

8

1

3

7

1

3

7

2

5

33.0
33.6
34.5
33.7
32.1

33.8
32.7
33.I

34.0
34.8

4.7

4,9
4,6
4.8
5,4
4.1

45
4-r,

4.:1}

4.7
5.0

.9 39.6

36.0-40.
36.7-40.
37.3-43.
35.3-41.

34 6-41
34 341
36,4-39
34ll-38
36.0-43
38.9-40

1

7

2

5

.2

.2

.o

9

,3

,9

6.4- 7.3

,r) g- 7.

6,1- 7.
g}.Jr- 8

:3 , 7- 7.

1

2

6
3

38.3
38.9
40.5
38.3
37.9
38 7
37.2
37,7
36.5
38.8
40,7

6.9.

6.7
6.8
6.tj•

63
82

3

1

10

1

6
4

13

38
11

 1

3

3

1

9.

1

6

4

12

41

10

1

3

3

1

10

1

6

4

13

38
ll

1

3

3

1

10

1

6

4

32.0-34.2 32.9
        3t.} . O

30.9-3S.1 33.6
        33.8
33.3-35.8 34.2
31.7-34.4 32.2

30.7-34.9 32.
29.6-35.1 32.
31.5-34.9 33.
        32.
33.7-35.2 34.

4.6- 5.2

4.1- 5.3

4,7- S.1
4.lr- iO

3 5-- t.) 3

3.7- 5.9
3.9- 5.6

4.6- i4

7

5

3

2

9

4.9
4"5
4.4
3.9
4.9
4.7

4,4
4.6
4.5
3.7
4.9

37.2-za38.6 37.

        38.
35 6-39. .6 37.

        39.
36.6-40.2 38.
36.4-39.1 37.

34 3--39,7

32 4-37,8
36 1-41.0

37.8-40

9

6
2

2

1

2

37 1

35.3
37.9

  38.
.4 3q,.

6.0, - 6.7

,r} s- 8.1

5.4-•7.5
5.6- 7.1

3

0

6.6
7.3
6,9.

6.3

64
6.1

1

4
1

4

1

5

33
3

2

2

1

4
1

4

1

5

44
3

2

2

1

4
1

4

 1

 :5

33
3

 2
2

2

1

4

1

4

1

        33.6
33.7-36.1 35.6
        37.0
35.1-36.5 36.0

33.4-35.5
31.4-36.4
33.2-34.2
34,1-35.7
33.0-35,6

4.tl- 5.6

4.7- S.7

4.0-
3.0-
4.4-
4.2-
3.9-

5.3
6.4
6.1

4.8
4.3

36.

35.

33.

33.

34.

34.

5

5

5

4

2

o
2
9.

9

3

.4

.o

.6

.9

S.8
5.0
4.8
S.1

4.5
4.1

        40.
40.7-43.3 41.
        43.
41.1-42.0 41.

38 6-41.6
35.4-41.2
39.5-40,O

39.3-41.
37.8-zlO.

1

8

oe .s- 6.{

5,2- 6.3

42.

40.

38.

39.

40.

39.

5

o

9
5

7

1

3

8

2

3

6.Jr

6.1

7.6
r) .s

66
(collt'd.)
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(Table rxi cont'd.)

young adult males adult females

Charac-
 ter

Popula-
 tion

N-
ACvT

N---
ACV

N
ACV

range median range median range median

TL

FL

108
109.

110
112

113

101

102

103

104
105
106

107

108

109
110

lll

112

ll3

101

102

103

104

105

106
107

108

109
110

Hl
112

ll3

 .r)

44
2

6

4

6

4
4

6
6

1

 r,

44
2

2

6

4

6

4
4

6

6

1

 f)

44
2

 1

 6
4

r).7- 6.7

5.3- 8.1
7.1- 7.7
6,O- 7.Jr

f).2- 6.6

63
6.7
7.4
6.7
6.1

31.0-38.6 36.0

34,7-37,9 36 5
34,9-39.6 37 5
37,3-39.2 38 4
36.0-38.7 37 6
         36 t•)
36 2-41 6 38.l
34 O-3 9. 7 36 8
34r,9.-41.1 38.0
34.i)-39.2 36.9.

3i,O--40.tt) 37.8

38 4-40.0 38.8

44.0-49..5 46.1

42,6-SO.5
46.2-52.6
45.) , 4--48 4

45.8-49,4

45.1-52.5
41 O-53 1
44 7--53.7

44 i)-48 8

47.2-52.6

,ff] 6

48.9
4i) 8

47.6
46 8
49 2
47,7
49,2
44 2
46.1

47.7

13

40
11

 1
3

3

1

10

1

6

4

13

40
ll

1

3

3

l

10

1

6

4

13

40
11

1

3

tr,.7I 7,s

:'/ .2- 88
jr .4- 8.7

6.2- 7.4

6.2
6.8
7.5
7.2

6.7

39.1-41.3 40 3
         40 1
38.2-43,1 41 1
         40 9
38 O-42 7 40 1
39 6-41.6 41 O

35 9--41 6 39,7
33 7--42,l 38.5
38.4•--42.4 40.0

         38.
38.9-407 40.

t.)2.3-•5i),2 .53.

         r)2.
tl6 3--57.4 52.

         50.
49 O-55 8 52,
Jrl.7-55.0 S2.

1

o

9
7

7

2

7

4

47,9-55.1 S3,O
46 6-59.1 52.3
50 8--59.6 53.5

         48,1
48 9-50 6 49 8

 .r)

33
3

2

2

1

4
1

4

1

 Jr

33
3

2

2

1

4
1

4

1

 Jr

33
3

2

2

6.0- 6.6
t),6-- 7.5

5.5- 6.7
6.6- 6.8
6.3- 6.3

37.9-41.1

39. .3-4rO.9

36.9-39.8
33.3-40.7
37.3-39.8

6.3
6.jr

6.2
6.7
6.3

39.7
39.6
40.9
40.0

38.0
37.9
36,8
38.f)

39.3-39.8 39,5
36.7-38.0 37.4

         46.8
44.6-47.3 44 7
         48 5
43.2-`lr5.8 44 6

         49.4
41.7-45.9 45.0
41.8-51.2 45.8
45.4-46.7 46,3

46.8-47.1 47,O
41.0m41.3 41.1

was 1.26 times larger than the former. Among the population medians of ACV in
nine populations, the smallest was 32.7 for Pop. 109, and the largest, 34.8, for Pop.

113;. the largest was 1.06 times larger than the smallest.

    Of 91 adult males, the smallest ACV, 29.6, was exhibited by an individual from

Pop. 109, and the largest value, 35.8, by one from Pop. 105. The largest value was
1.21 times larger than the smallest. Thc smallest ACV median of eight populations
of adu}t mates was 32.2 for Pop. 106, and the largest value was 34.9 for Pop. 113. The

latter value was l.08 times larger than the former.

    Of 56 adult {'emales, the smaliest ACV, 31.4, was exhibited by an individual from

Pop. 109,-and the largest, 37.0, by one from Pop. 104; the largest was 1.18•times the

smallest. The smallest ACV median for five populations was 33.2 for Pop. 109, and



376 M, MATsvl

the largest was 36.0 for Pop. 105. The largest value was 1.08 times larger than the

smallest. Thus, among a total of234 individuals, the largest ACV was 1.28 times larger

than the smqllest.

    Age related differences in ACV median were not detected between young and either

adult males or adult females. Sexual dimorphism in ACV was found in three out of
five combinations (60.00/.; Pops. 103 (Uio,4=5, p==.05), 105 (U6,4 =2, p=7-.038), 108

(Ui2, s=6, pÅq ,05)), and females had larger medians than males.

    As to interpopulation differences, only two out of 36 combinations in young
revealed significant differences (Pop. 105 vs. Pop. 109: U6.2o=26, pÅq.05; Pop. 109

vs. Pop. 113: U2o,4==13, p=.05). In adult male populations, four out of 28 combi-
nations were significantly different (Pop. 105 vs. Pop. 108: U6. i2=8, pÅq.05; Pop. 105

vs. Pop. 109: U,,,,=22, pÅq.05; Pop. 108 vs. Pop. 113: U,,.,=1, pÅq.05; Pop. 109
vs. Pop. 113: U2o, 3:==7, pÅq.05). Three out often combinations were different in adult

females (Pop, 103 vs. Pop. 109: U4, ig=9.5, pÅq.05; Pop. 105 vs. Pop. I09: U4, ig=13,

pÅq.05; Pop. I08 vs. Pop. 109: U,, ,,=19, pÅq .05).

    2) SL: Among 178 individuals, the smallest ACV, 10.7, was exhibited by one
from Pop. 109 and the largest value, 14.9, by one from Pop. 112 (Table 56) ; the latter

value was 1.40 times the former. Medians for ten populations varied from 12.1 (Pop,

109) to 13.5 (Pops. 112 and 113). The largest median was 1.11 times larger than the

smallest.

    Among 45 combinations, nine (20.09tt/) were found to be significantly different

interpopulationally. Population I09 had the largest number ofdifferent combinations,

and was different from the other seven populations in median'.

    3) T-EL: Among 87 young, the smallest ACV was exhibited by one from Pop.
109 (AC,V==3.2), and the largest (6.3) also by an individual from the same population

(Table 55). The largest value was 2.00 times larger than the smallest. Of the nine
populations examined, the smallest median, 4.5, was for Pop. 108, and the largest, 5.4,

was for Pop. 106; the largest value was 1.20 times the smallest.

    Of 91 adult males, the smallest ACV, 3.5, Mras shown by an individual from Pop.
108, and the largest value, 5.9, by one from Pop. 109. The latter value was 1.71 times

larger than the former. Medians for eight populations ranged from 4.4 (Pop. 103) to

4.9 (Pop. 101), and the largest value s4ras 1,13 times the smallest.

    ACVs of67 adult females varied from 3.0 to 6.4. Both of the extreme values'were

fbund for individuals from Pop. 109, and the largest was 2.14 times larger than the

smallest. Medians for five populations ranged from 4.8 (Pop. I09) to 5.1 (Pop. I10),

and the largest median was l.07 times the smallest.

    Intrapopulation variation analyses revealed neither age nor sexual differences in

any of the examined populations. Likewise, interpopulation variation was slight with

only one difference out of 28 combinations in adult males (Pop. 105 vs. Pop. I08), and

no significant differences were found in the combinations for young and adult females.

    4) TD: Among 240 individuals, the sma]lest AC:V, 1.7, was exhibited by an
individual from Pop. 109, and the largest, 5.1, •by one from Pop. 103 (Table 56); the

largest was 2,95 times larger than the smallest. The median of ACVs for ten popu-
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Fl'able 56. Variation in AC:V of theJapanese stream toad. Three age/sex groups combined.
l

'

Charac- Popula-
 ter tion N

   ACV   ---TT----- C"ht2,rac- P?,p..u.ia- N

range median

ACV I

range median

SL

'rD

101

102

103

104

105

106

107

l08

109
110
112

113

 8 11.3-14.2
 2 13.2-13.8
18 11.6-14.3
6' 11.8-14.0

16 12.3-14.8
10 11.2-14.4
 2 12.4-13.2
22 11.tl-14.3
61 10.7-13.7
15. 11.413.4
 9 12.3-14.9
 9 12.5-14.6

101 8 3.3- 4.2
102 2
I03 17
104 6105' 16
106 9
107 2
108 22
109. 126
110 14
112 9
ll3 9

,3.2- 3.2
2.1- 5.1
3.3--4.2
2.4- 4.4
3,1- 4.6
3.6- 3.9
2.6- 3.7

-1.7-•4.9
3. 1,•- 4.2

2.6- 3.6
2.4- 4.0

13.0
13.5
13.0
13,O
l3.4
12.8
12.8
12.9
12.1

12.7
13.5
13.5

4.1
3.2
3.3

3.8 '
3.6

.3,5

3.7
3.1

3.1

3.4•
3.1
3:,1.

.PL 101
       102
       103
       104
       105
       106
       107
       108
       109
       110
       .1 12
       113

LAL 101
       102
       103
       104
       l05
       106
       107
       108
       109
       110
       112
       113

9
2

18

6

l6

10
2

23
60
16

 9
9

9

2

18

5

16

lo

2

23
60
16

9

9

14.F19.5 17.8
20.l-20.9 20.5
14.5-23.0 17.8
15.1`18.4 16.2
14.2-20.8 16.1
16.4..18.7 17.0
l6.7-17.4 17.1
'13.tl-20.9 16.4
13.3-22.0 17.2
15.0-19.9 17.8
13.1.20.2,, .18.3,
15.1-18.9 16.8'

50.2-56.9 53.5
53.2-57.4 55.3
50.1-58.1 54.6
52.6-60Ll 56.1
50,3-56.6 54.3
52.2-57.0 54.9
53.1-53.4. 53,3
48.1-58.6 55.0
'49.6-58.3 54.2
5L5-58.4 54.8
52.8-57.3 55.6
49.5-60.0'  55.2

lations ranged from 3.1 for Pop. 108 and Pop. 109 to 4.1 for Pop. 101; the largest value

was 1.33 times larger than the smallest.

    The interpopulation comparison of medians revealed 16 significant differences out

of45 possible combinations; Pops. 108 and 109 differed from the other five populations

in median. ' '
    5) HW: Among 90 young, the smallest ACV, 34.2, was exhibited by an
individual from Pop. 111 and the largest, 43.3, by one from Pop. 112; the largest value

was l.27 times larger than the smallest. Among nine populations, the medians varied

from 37.2 for Pop. 109 to 40.7 for Pop. I13 (Table'55). The largest median was 1.10
times larger than the smallest,

    Of 91 adult males, the smallest ACV, 32.4, was found in an individual from Pop.

109, and the largest, 41.0, in one from Pop. 110. The former value was 1.27 times the

latter. The medians for eight adult male populations ranged from 35.3 (Pop. 109) to

39.0 (Pop. 113), and the largest value was 1.11 times larger than the smallest.

    Of 56 adult females, the smallest ACV, 35.4, was exhibited by an individual from

Pop. 109, and the largest, 43.3, by one from Pop. 103; the latter value was 1.23 times

the former. Among five populations, the medians ranged from 38.3 for Pop. 109 to
41.5 for Pop. i05, and the largest value was 1.08 times larger than the smallest. Thus,
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among 237 individuals, the largest ACIV was 1.34 times larger than the smallest.

    As to intrapopulation variation, age variation in HW ACV was not marked, with
significant differences in only two out of 11 combinations; in Pop. 109, young had a

larger median than adult males (Uig, ig=::58, pÅq.05), and in Pop. 103, adult females

had a larger value than young (U4, ,==O, p=.028).
    By contrast, sexual dimorphism was conspicuous, and all the five populations
examined showed significant differences. Adult females were invariably larger than

adult males in the median ofACVs.
    In the comparisons of interpopulation variation, the foilowing number of combi-

nations were found to be significantly different: two out of 36 combinations in young,

seven out of 28 combinations in adult males, and seven out of ten combinations in adult

females. Members of Pop. 109 were most conspicuous, having a larger number of
different combinations with other populations, and adult males of Pop. 109 had a smaller

median than any ofother populations.
    6) PL: Among 180 individuals, the smallest ACV, 1.3.1, was found in one from
Pop. 112, and the largest, 23.0, in one in Pop. 103 (Table 56). The largest value was

1.75 times larger than the smallest. Medians for ten populations varied from 16.1
(Pop. 105) to 18.3 (Pop. 112), and the latter value was 1.13 times larger than the former.

    Interpopulation difference in medians was not observed among 45 possible

combinations.
                '    7) PW : Among 88 young, the smallest ACV, 5.2, was exhibited by an individual

from Pop. 113, and the largest, 8.6, by one from Pop. 105 (Table 55). The latter vatue

was l.64 times larger than the former. Of nine populations, Pop. 113 exhibited the
smallest median, 6.1, and Pop. 101 showed the largest value (6.9). The largest median

was 1.12 times larger than the smallest.
    Of93 adult males, the smallest ACV, 5.2, was exhibited by an individual from Pop.

109, and the largest, 7.5, also by one from the same population. The latter value was

1.70 times the former. Medians fbr eight populations ranged from 6.1 (Pop. 106) to

7.5 (Pop. 110);the largest was 1.24 times the smallest.

    ACVs for 56 adult females ranged from 5.2 (exhibited by one from Pop. 105) to
7.6 (by one from Pop. 104), and the largest was 1.47 times larger than the smallest.

Medians for five populations ranged from 5.8 (Pop. 105) to 6.5 (Pop. 109); the largest

median 1.12 times larger than the smallest.
    Neither age difference nor sexual dimorphism in medians was observed in any of

the populations. Interpopulation variation in medians was not great: one out of 36
combinations (Pop. 101 vs. Pop. 113: U6.4:=-r2, p=:.038) in young, one out of 28 in
adult males (Pop. 108 vs. Pop. 110: Uii. i3==20.5, pÅq.05), and one out of ten in adult

females (Pop. 105 vs. Pop. 109: U4, ig=10, pÅq.05), were significantly different.

 • 8) LAL: Among 179 individuals, the smallest ACV, 48.1, was shown by one
 in Pop. 108, and the largest, 60.1, by one in Pop. 104 (Table 56); the largest value was

 1.25 times larger than the smallest. Medians for ten populations varied from 53.5
 (Pop. 101) to 56.1 (Pop. 104), and the•latter value was 1.05 times larger than the former.

    Interpopulation comparisons revealed no significant differences in medians among
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45 possible combinations. •- •'
    9) TL: Of 90 young, the smallest ACV, 31.1, was exhibited by an individual
from Pop. 112, and. the largest, 41.7, by one from Pop. 108 (Table 55);•the latter value

was 1.34 times larger than the former. Among nine populations, the smallest'median,

36.0, was for Pop. 101, and the largest, 38.8, for Pop. 113. The largest ACV median

was 1.08 times larger than the smallest.

    Of 93 adult males, the smallest ACV, 33.7, 'was exhibited by an individual from

Pop. 109, and the largest, 43.1, by one from Pop. 103; the latter value was 1.28 times

larger than the former. Among eight populations, the smallest ACV median, 38.5,
was for Pop. 109, and the largest, 41.1, for Pop. 103. The }argest median ACV was
1.07 times latger than the sMallest.

    Of 56 adult females, the smallest'ACV was exhibited by an individual from Pop.
I09, and was 33.4. The largest ACV, 41.1, by one from Pop. 103, was l.23 times larger

than the smallest value. Medians for five populations varied from 36.8 (Pop. 109) to

40.4 (Pop. 105); the latter was 1.09 times larger than the former.

    Marked differences with age in medians were observed between young and adult
males: out of seven available populations, five (71.40/,) differed significantly and adult

males had a larger median than young in these populations. The difference between

young and adult females was not so marked, and two (Pop. 103: U4,4=O, p=.028;
Pop. 105: Ue, 4==O, p==.Ol) out of four populations resulted in significant differences.

In these populations young had smaller medians than adult females. Sexual dimor-
phism was observed only in one (Pop. 109) out of five populations, and males exhibited

alarger value than females. ,
    Interpopulation variation in ACV medians was not great. In young, six out of
36 combinations proved to be different, and Pop. 113 differed from four of the eight

other populations. In adult males, three out of 28 combinations were different, and

all of these differences were exhibited by Pop.. 109. Three out of ten combinations

differed in adult females, and Pop. 109 differed from two of four other populations.

    10) FI.: Of 89 young, the smallest ACV, 41.0, was exhibited by an individual
from Pop. 109, and the largest, 53.7, by one from Pop. 110 (Table 55); the latter value

was 1.31 times larger than the former. Among nine populations, the smallest ACV
median, 45.8, was for Pop. 105, and the largest, 49.2, for Pop. 108. The largest median

was 1.08 times larger than the smallest.

    Of 93 adult males, the smallest ACV, 46.3, was exhibited by an individual from
Pop. 103, and the largest, 59.6, by one from Pop. 110; the latter value being 1.29 times
larger than the former. Among eight populations, the smaliest ACV medi'an, 49.8,

was found in Pop. 113, and the largest, 53.9, in Pop. 101. The largest median was

1.08 times larger than the smallest. '
    Of 56 adult females, the smallest ACV, 41.0, was exhibited by one from Pop. I13,
and the largest, 5l.2, by one from Pop. 109. The latter value was 1.25 times the former.

The median ACV for five populations ranged from 44.6 (Pop. 105) to 46.3 (Pop. 110),

and the largest value was 1.04 times the smallest. Thus, among 238 individuals, the

largest ACV was 1.45 times larger than the smallest.
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    As in TL ACV medians, marked age differences were observed between young and
adult males in medians ofFL; five (71.40/,) out ofseven combinations differed and adult

males had larger value than young. Between young and adult females, the difference
was slight, and only one out of four combinations differed significantly (Pop. I08:

Us, s=2, p=.032). Young had a larger value than adult females in this population.
    Sexual dimorphism in this character was great and all the five examined popu-
lations showed significant differences. Males invariably had larger medians than
females,
                                                                     '    In young, interpopulation variation in medians of ACV was iess marked than in
TL, and none of the 36 combinations resulted in significant differences. Also, in adult

males, only one out of 28 combinations proved to be significantly different (Pop. 110

vs• Pop. 113: Un,s==O, pÅq.05). None differed out of 10 combinations in the adult

Table 57. Degree of variability in each character

observed/minimum ACV observed).
measured by RE (=:-:-maximum ACV

Character Agetsex group N RE in all
individuals N RE in populatlon

   medians

HL

SL

T.EL

TD

HW

PL

PW

LM
TL

FL

Young
eAdults
9Adults
Total

cornbined

Youhg
eAdults
? Adults

'rotal

Combined

Young
eAdults
?Adults
Total

Combined

Young
ÅëAdults

9Adults
Total

Combined

Young
eAdults
?Adults
Total

Young
XAdults
?Adults
Total

 87 1.26
 91 1.21
 56 1.18234 1.28
178 1.40
 87 2.00
 91 1.71
 67 2.14
24.5 2.14
240 2.9S
 90 1.27
 91 1.27 56 1.23237 1.34
180 1.75
 88 1.64 93 !.70
 56 1.47
237 1.70
179 1.25
 90 L34 93 1.28 56 1.23
239 1.34
 89 1.31
 93 1.29.
 56 1.25238 1.45

9

8
5'

10

9
8

5

10

9
8
5

10

9

8
:r

)

10

9

8
5

5

9

8
Jr

L
L
L

L

L
t'

L

L

L
L
L

L
L
L
1.

L

L
1.

L
L

L
L
L

06
08
08

11

20
13

07

33

10

11

08

13

12

24
12

05

08
07

09
09

08
08-
04.



Moiphometrpt and R i-evaston of JaPanese Toads 381

female populations,

  b) Patterns ofIntrapopulation and lnterpopulation Variation in ACV

    1) IntrapopulationvariationinACV
    When the variability of ACV was estimated by RE, TD and T-EL showed the
highest variability, and PW ranked next (Table 57). The values of RE, however,
were low compared with those for the Japanese common toad.
    No age difference was detected for HL, T-EL and PW (Table 58). By contrast,
HW, TL, and FL showed differences, and among them, the differences in TL and FL
were marked between young and adult males. TL showed a distinct difference between
young and adult females. Thus, in males, the characters of the hindlimb were judged

to increase their relative length in the course of sexual maturity.

Table r)8. Sumniary of intrapopulation variation in the median of ACV among populations

of the Japanese stream toad.

Character Combination   Nof
populations

  N of
 differing
populations

  o/. of
 differing
populations

HL

T-EL

HW

PW

rrl.

FL

Y.: eAd.
Y.: 9Ad.
eAd.: ?Ad.

Y.: eAd.
Y.: 9Ad.
eAd.: ?Ad.

Y.: eAd.
Y.: \Ad.
XAd.: 9Ad.

Y.: XAd.
Y.: 9Ad.
eAd.: 2Ad.

Y.: eAd.
Y.: ?Ad.
eAd.: 9Ad.

Y.: eAd.
Y.: ?Ad.
eAd.: ?Ad.

7

4

5

7

4
Jr

7

4
5

7

4
5

7

4
5

7

4
Jr

o
o

3

o
o

o

1

1

r)

o

o

o

5

2

1

5

1

Jr

o

o

60.0

o

o

o

14.

25.

1OO

o

o

o

71

50
20

71.

25,

1OO

3

o

4

o
o

4

o

    Marked sexual dimorphism was observed in HW and FL, and all the examined
populations differed in these characters between the two sexes of adults. In the 600/o

of the examined populations, HL showed dimorphism, whereas TL showed few sexual

differences and T-EL and PW exhibited no dimorphism.
    2) Interpopulation variation in ACV
    The young did not exhibit marked interpopulation variation, and at most 16.791o

of the examined combinations resulted in significant differences (Table 59). Likewise,

adult males exhibited little variation, and they differed in HW in 250/, of possible

combinations. Adult females showed slightly higher variation, and differed in HW
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Table 59. Summary of interpopulation variation in the median ofACV among populations

        of the Japanesc stream toad. .

Character Age/scx group    N of
combinations

   N•of O/, of
 -differing differing
combinations combinations

HL

SL,

T.EL

TD

HW

PL

PW

LAL
TI.

FL

Young
eAdults•
9Adults

Combined

Young
eAdults
9Adults

Combined

Young
eAdults
\ Adults

Combined

Young
eAdults
9 Adults

Combined

Young
eAdults
9 Adults

Young
eAdults
9Adults

36

28
10

45

36
28
10

45

36

28
10

4r)

36

28
10

45

36

28
10

36

28
10

   2
   4

'3
   9

   o
   1
   o

   16

   2
   7
   7

   o

   1
   1
   1

   o

   6
   3
   3

   o
   1
   o

 5.6
l4.3

30.0

20.0

o

 3.6
o

35.6

 5.6
2Jr.o

70.0

o

 2.8
 3.6
10.0

o

l6.7

IO.7

30.0

o

 3.6
o

in 70% of the examined combinations, whereas no interpopulation difference was
observed in T-EL and FL.
    As to the characters examined by combining the three agelsex groups, PL and LAL

showed no difference, and TD differed in about one-third ofthe combinations examined.

From these results, interpopulation variation in the Japanese stream toad was judged
to be low.

4. ComParisons with the Japanese Common Toad and the Mi ako Toad in SVL and Medians
                                                                     '

    adult males.-All of the four populations of the Japanese stream toad had a mean
SVL 1.24-1.55 times significantly smaller than the corresponding sympatric populations

of the Japanese common toad (Pop. IOI vs. Pop.'51; Pop. 104 vs. Pop. 55; Pop. 105 vs.

Pop. 58; Pop. 106 vs. Pop. 59),. '
    Means of the mean SVLs for the four sympatric and four allopatric populations
of the Japanese stream toad did not differ significantly (97.07Å}7.03 and 92.88Å}8.84

mm, respectively). Similarly, in the five sympatric and 11 adjacent allopatric popu-
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lations of the Japanese common toad, means of mean SVLs did not differ (133.75Å}4. 1 1

and 121.50Å}10.21 mm, respectively). The values for the Japanese common toad
were significantly larger than those for the Japanese stream toad.

    Among 58 populations of the Japanese common toad, three out of five (60.00/o)
sympatric and four out of 11 (36.40/.) adjacent aliopatric populations significantly

differed from all populations of the Japanese stream toad. All of these common toad

populations having different mean SVLs from the stream toad populations were type A.
Out of 42 more distantly distributed allopatric populations, only six (14.30/.) differed

significantly from all of the stream toad populations, and in this case also, the different

common toad populations were all type A. Thus, only 13 out ofa total of58 populations

(22.40/,) of the Japanese common toad completely differed from all populations of the

Japanese g.tream toad in mean SVL. Among the populations oftheJapanese common
toad having mean SVL different from the stream toad, only Pop. 10 had a smaller mean

than any of the Japanese stream toad populations, and the remaining common toad
populations invariably had a larger mean SVL than the stream toad populations. None
of the three available populations of the Miyako toad differed from populations of the

Japanese stream toad in mean SVLs.
    adult females.-Of the two available corresponding sympatric populations (Pop.
103 vs. Pop. 55, and Pop. 105 vs. Pop. 58), the two forms differed significantly in only

one (Pop. 103 vs. Pop. 55), and theJapanese common toad had a mean SVL 1.22 times
larger than the Japanese stream toad in these populations. The means of the mean
SVLs for three allopatric populations (ll6.32Å}l4.30 mm) overlapped the mean for
the two sympatric populations (X==129.l4) in the Japanese stream toad. Similarly,

in the five sympatric and seven adjacent allopatric populations of the Japanese common

toad, means of the mean SVLs did not differ (140.95Å}5.57 and 132.66Å}10.60 mm,
respectively). Only the values for allopatric populations of the Japanese stream toad

and sympatric populations of the Japanese common toad differed significantly.

    Among 50 populations of the Japanese common toad, none of the sympatric and
only one out of eight (12.50/.; Pop. 61) adjacent allopatric populations differed sig-

nificantly from all populations of the Japanese stream toad. The single different

common toad population be}onged to type A. Out of the 37 remaining more distant
allopatric populations, only three (8.10/.) differed significantly from all of the stream

toad populations. These included one type A and two type B populations. Thus,
only four out of 50 (8.00/6) common toad populations had mean SVLs completely
different from all populations ofthe stream toad. Three out offour (75.09C.,) populations

of the Miyako toad were significantly smaller in mean SVLs than all populations of the

Japanese stream toad.

  b) ACVMedt'an
    1) HL: young.-Medians of ACV fbr the Japanese stream toad and for the
Japanese common toad did not differ between each ofthe three corresponding sympatric

populations (pÅr.05), and in the zone of sympatry, the median of population medians
for the six populations of the stream toad (3E .O-34.5, median of population medians =

33.8) was not different (U6,s==5.5, p==.46) from that for the three populations of the
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Japanese common toad (31.3-34.2, median==33.0).

    No significant difference in median of population ACV medians was obtained
between the populations from the sympatric zone and those from the allopatric region

(N==3, 32.7-34.8, median=32.7; U6, 3=9, p==.10) in the Japanese stream toad, and

likewise in the Japanese common toad•, sympatric and neighbouring allopatric popu-
lations (N==7, 31.5-34.4, median=33.0) did not differ in the median of population

medians (Us, 7==10, p ==1.0). All of the seven allopatric common toad populations
distributed adjacent to the sympatric zone were not different from at least one popu-

lation of the Japanese stream toad in the median of ACV.

    Also, all of the 29 remaining distantly distributed allopatric populations of the Japa-

nese common toad had insignificantly different ACV medians from at least one popu-
lation of the Japanese stream toad. A single population of the Miyako toad (Pop• 97)
had a significantly smaller median for HL ACV than in all the Japanese stream toad
populations.

    adult males.--Medians for the Japanese stream toad and for the Japanese common

toad did not differ between each of the four corresponding sympatric populations, and

in the sympatric zone, the median of population ACV medians for the four populations

of the stream toad (32.2-34.2, median of population medians==33.3) and those for the

five populations ofthe common toad (32.6-34.3, median =33.2) did not differ (U4, ,s=9,

p==.90),

    In the Japanese stream toad, populations from sympatric a'nd allopatric 'zones did

not differ in the medians (medians for the latter populations==32.5-34.9, median of

population medians=33.0; U4.4=8, p==1.11), and also in the common toad, the
median of population ACV medians did not differ in the sympatric and adjacent
allopatric (31.1-•35.0, median==32.5, N==10) popuiations (Us,io=I4, pÅr•05)• All
of the 11 allopatric populations of the Japanese common toad from neighbouring
localities did not differ from at least some of the Japanese stream toad populations in

medians.

    Among the 42 remaining allopatric populations of the Japanese common toad from
more distant Iocalities, only two geographically isolated type A populations (4.80/o;

Pos, 23, 30) differed from all populations of the Japanese stream toad. Thus, only two

(3,50/o) of a total of 58 common toad populations differed completely•from the stream

toad populations. One of the three populations of the Miyako toad (Pop. 98) differed
significantly from all populations of the Japanese stream toad by smaller HL ACV.

    adult females.-Only two corresponding populatiohs (Pop. 103 vs. Pop. 55, and
Pop. 105 vs. Pop. 58) were available for comparison. In one ofthese (Pop. 105 vs. Pop.

58), stream and common toad differed significantly, and the former had a larger median

than the latter (U4, i2==6, pÅq.05). In theJapanese stream toad, populations from the

sympatric zone exhibited slightly larger medians (35.6 and 36.0) than those of three

allopatric populations (population median=33.2-35.0, median of population medians==
33.9), and some combinations among these populations resulted in significant differences

as stated previously. •
    Each of the five populations of the common toad from the sympatric zone (popu-
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lation median ACV=32.9-34.8, median of population medians=34.1) did not differ
from at least one of the five Japanese stream toad populations in medians.

    Among eight populations of the Japanese common toad from neighbouring
Iocalities (population median ACV==31.2-34.8, median of population medians ==33.8),

only one (12.59/,; Pop. 63=type B) differed from all populations of the stream toad.
In 36 more distant allopatric populations oftheJapanese common toad, only six (16.79/o ;

Pops. 4, l6, 23, 24, 38, 43) were different from all populations ofthe stream toad. These

different populations were all type A, and had smaller HL medians than in the stream
toad. Thus, only seven (14.00/.) ofthe total of50 common toad populations completely

differed from all populations of the stream toad.

    Two of the three populations of the Miyako toad (Pops. 97, 98) also differed from

all of the Japanese stream toad populations, and had smaller ACV.
    The above results indicated a similar tendency through three agelsex groups: in

and near the zone of sympatry, populations of the Japanese stream and common toads

were similar in the median of HL ACV. A few populations of the Japanese common
toad having differences from the stream toad were all in the localities distant from the

sympatric zone, and had smaller medians than the stream toad. The Miyako toad
was judged to have a smaller ACV median than the Japanese stream toad.

    2) SL: The corresponding four populations oftheJapanese stream and common
toad differed insignificantly in medians.

    Population medians of ACV for the six sympatric and four allopatric populations

of the stream toad did npt differ (12.8-13.5, median==13.0, and 12.1-13.5, median===.

12.8,,respectively; U6,,=6.5, p==.31). Likewise, nine populations of the Japanese

common toad from the sympatric zone and 15 from the neighbouring allopatric range

had similar medians (12.6-13.7, median=13.2 and 12.4-13.7, median=13.1).
    None of the 24 Japanese common toad populations in and near the sympatric zone
differed from any of the Japanese stream toad populations in medians. Similarly, all

the 59 remaining allopatric populations of the common toad from more distant localities

ha,d ACV medians similar to at least one of the stream toad populations.

    Populations of the Miyako toad differed from 3-7 of IO Japanese stream toad

populations, but none differed completely from the latter,

    3) T-EL: young,-When the medians for theJapanese stream toad and for the
common toad were compared in each of the corresponding sympatric populations, all
the threc combinations resulted in significant differences (Table 60). In all the sym-

patric populations, the Jqpanese stream toad had medians of T-EL ACV 1.45-1.79
timcs larger than those of the Japanese common toad, and in no corresponding popu-
lations did the range of ACV overlap. Thus, six populations of the stream toad and
three populations of the common toad from the sympatric zone differcd significantly

in the medians (4.6-5,4, median==4.8, and 2.6-3.3, median==3.1, respectively: U6, 3=O,

p--.02). . • •
    There was no significant difference between six sympatric and three allopatric

(population median ACV==4.5-5.0, median of population medians=4.5) populations
of the Japanese stream toad (U6, 3=5, p ==- .38).
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Table 60. Difference in the T-EL ACV between theJapanesestream toad (t) and theJapanese
        common toad (j) from the zone ofsympatry. For populations with sample size over
        20, only 20 samples were used for Mann-Whitney's U test (signified by an a'sterisk).

Age/sex grouP Form Popula-
 tion N

ACV

range median
U p

Young

eAdults

t

J

t

J

t

j

t

j

t

J

t

J

t

J

104
57

105
58

106
59

101

51

103
55

105
58

106
.r)9

4
 s

6
23

5

10

3

12

9
25

6
6

 4•
59.

4r.2- 5.1
1.6- 3.0

4.4- 5.3
2,5- 4.1

4.5- 5.7
2.3- 3,8

4,6-- 5,2
1.9- 3.1

4.1- 5,3
1.8- 3.8

4.7- 5.1
3,2- 3 7

4, 1- 5.0
1.4- 3.7

`lr.6

2.6

4.8
3.3

5.4
3.1

4.9
2.5

4.4
2.7

4.9
3.5

4.7
2.7

o

o*

o

o

o*

o

o*

Åq .05

Åq .05

Åq •OJr

Åq.05

Åq .05

Åq .05

Åq .OJr

    In theJapanese common toad, the range ofmedians in the seven ad.iacent allopatric

populations (3.4-4.3) did not ovelap that for three sympatric populations, and the

medians differed significantly between these two groups (U3, 7=O, p=.02; median of

population medians for allopatric populations==4.1). The adjacent allopatric popu-
lations of the Japanese common toad had T-EL ACVs closer to the Japanese stream
toad than the sympatric populations.

    Among 39 populations ofthe common toad, 23 (59.00/O had medians ofACV differ-
ent from stream toad populations: all of the sympatric and three of seven (42.90/,)
adjacent allopatric popuiations significantly differed from all the Japanese stream toad

populations in medians. These included four type A and two type B populations
(Table 66). Out of29 more distant allopatric populations, 17 (58.60/,) differed. These

common toad populations had smaller medians than the stream toad, and all but two
were type A. A single population of the Miyako toad did not differ from at least one

population of the stream toad in median of ACV.
    adult males.-In all the corresponding sympatric populations, the range of ACV
did not overlap, and all the four combinations resulted in significant differences (Table

60). TheJapanese stream toad had medians ofACV 1.41-1.95 times larger than those
ofthe common toad. Thus, four populations ofthe stream toad and five ofthe common
toad from the sympatric zone differed significantly in the median ofpopulation medians

(4.4-4.9, median of population medians=4.8 and 2.2-3.5, median=-2.7, respectively;
U,, ,=O, p==..02).

    There was no significant difference in population medians between four sympatric

and four allopatric (population medians= 4.4-4.9, median of population medians= 4.6)
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populations of the Japanese stream toad (U`, 4= 5, p=.49).

    In theJapanese common toad, the range of medians in the 1 1 allopatric populations

from the surrounding localities (2.3-3.9) overlapped that for five sympatric populations,

but the median of population medians in the allopatric populations (3.0) was closer to

that for the Japanese stream toad than in the sympatric populations. All the five
sympatric and 11 adjacent allopatric populations of the common toad differed from
all populations of the stream toad.

    When the 42'allopatric populations oftheJapanese common toad from more distant
localities were compared, 38 (90.5%) differed significantly from all populations of the

stream toad. Populations of the common toad which did not differ from stream toad

populations were all type B. In Honshu, only one population from the western
extremity (Pop. 80) had a median that did not differ from those for three of eight popu-

lations of the Japanese stream toad. Three populations from Shikoku (Pops. 84, 85,
87) had ACVs overlapping those for the populations ofthe stream toad.

    Thus, as many as 54 (93.1 O/.) of total 58 populations ofthe common toad had ACV

medians different from all the stream toad populations, and the populations of the
common toad having T-EL ACV's similar to those of the stream toad were all from the

localities markedly distant from the range of the stream toad.

    All the three popu]ations of the Miyako toad had significantly smaller medians

than any of theJapanese stream toad populations.
    adult females.-Each of the two corresponding sympatric populations of the Japa-

nese stream and common toad differed significantly in ACV (Pop. 103 vs. 55: U4, s==O,

p==.02; Pop. 105 vs. 58: U,, i2=O, pÅq.05), and all of the five common toad popu-
lations from the sympatric zone had significantly smaller population medians (3.0-3•4,

median of population medians=3.1) than each of the five stream toad populations
(range of population medians, 4.8-5.1).

    The ranges of ACV overlapped between the sympatric and allopatric populations
of the Japanese stream toad. In the Japanese common toad, the range of medians
(2.8-4.5, median of population medians=3.2) was larger in the neighbouring allpatric

populations (including type A and type B) than in the sympatric populations (all type

A), but the difference in population medians was insignificant (Us, s== 17, pÅr.05).

    0nly one of eight adjacent allopatric populations of the common toad (Pop. 62
==type B) did not differ from some ofthe five ppulations ofthe stream toad, and all the

seven remaining populations (87.50/.) were significantly smalier than all populations

of the Japanese stream toad in ACVs.

    Among the remaining 37 more distantly distributed allopatric populations of the

common toad, 11 did not differ from at least one of five stream toad populations in

medians. Ofthese, four were from Honshu (Pops. 12, 78, 79, 80), four from Shikoku
(Pops. 84, 85, 86, 87), and three from Kyushu (Pops. 88, 89, 91), and all were type B.

The remaining 26 populations Åq70.30/6) had significantly smaller medians than all the

stream toad populations. Therefore, in total, as many as 38 out of 50 (76.00/.) popu-

lations of the Japanese common toad had smaller ACV medians than any of the stream
toad populations.
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    Four populations of the Miyako toad had significantly smaller medians than all of

theJapanese stream toad populations.• ...• '' -,
    4) TD: When the medians for the stream toad and for the common toad were
compared in the corresponding populations from the zone of sympatry, all the six
combinations resulted in significant differences (pÅq.05, Table 61). In all the cor-

responding populations, the Japanese stream toad had a smaller'tympanum than the
Japanese common toad, and the magnitude ofdifference was 1.66-2.02 times. Only
between Pop. 103 and Pop. 55, did the ranges of ACV slightly overlap,

                       .. ..t   Table 61. Difference in the TD ACV between corresponding Japanese stream toad (t) and the
           .Japanese common toad (j) populations frorp the zone of sympatrY. For PopulationS
    ' with sample size over 20, only 20 sampleS were 'used for Mann-iWhitney's U test (sig: '

           nified by an asterisk). ,' '• • '. '

   Form P?iPoUnla- N .---.-.T...) p.
                                   range median

    t 101 8 , 3.3.- 4.2 • 4,1 .,O . Åq.05,    j 51 17 4.9.- 8.3 6.8
    t 103 . l7 ,, 2,1-.5i}.1,.. 3.3 , 1* ., Åq.05
    j f)5 33 4.9- 7,9 6.7                                      '         /t t                     ttt          t tt t/    t 104 6 3.3- 4.2 3.8 O t.-.-..Or,    j 57 7 514- 7.2 613                       /. t .t    t 105' 16 2.4- 4.4 '3,6 O* Åq.Ot•)                              t tt tt                                                                tt/    j• 58 41 5.2- 8.4• '6.6 •                                           '           ttt    t lo6' ' g '' 3.IL 4.6' ''3.5 'o* Åq.os
                                '    j '•'''59. '• 81 ' '5.1- 8,4 ' 6.7 '' ''
    t ' 112'' ' 9. 2.6L '3.6 3i ' 'o L( .dJr
    j 72 4 4.7- 6.5' 5,6 •'
    Thus, six corresponding sympatric populations of the stream toad and the common

toad had a significantly different• median of' population ACV mediahs (3.l-4.1, media•n
==3.6, and 5.6-6.8, median=6.6, respectively; U6,6=O, p=r.OOI).
    There was a significant difference between six sympatric and four allopatric Åqpopu-

lation medians=3.1-3.4, median of population medians==3.1) populations of the
Japanese stream toad (U6, 4==2, p==.038), and the allopatric populations had smaller

ACV. - ' ' 1    In the Japanese common toad, the range of population medians was larger (4.7-
7.6, median=6.2) in 15 neighbouring allopatric populations than in nine populations

from the sympatrio zone (5.6-6.8, median==6.8), but the medians ot'population medians

did not differ significantly (Us, is==34, p)År.05). All the nine sympatric and 14 of !5

adjacent allopatric (93.39,/.) populations of the common toad had significantly larger

medians than any of the Japanese stream toad populations. Only one type B popu-
lation from an adjacent locality (Pop. 64, Settsu) had an insignificantly different median

from two populations ofthe stream tQad (Pop. 101:U4; s==6, p :.11; Pop. 104: U4,6=3,

ACV' t/
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    When 59 allopatric populations' of the common toad from more distant localities

were compared with the stream toad in medians ofTD-ACV, only one type B population
from Kyushu (Pop. 90) was insignificantly different 'from three of ten.populations of the

Japanese stream toad, probably due to small sample size (Pop. 90 vs. Pop. IOI : Us, 3=6,

p=.27; Pop. 104: U6,s==2, p=F=.10; Pop. }06: Ug,3==3, pÅr.05). Therefore, 58 out
of 59 populations (98.30/.) ef the Japanese common toad from distant localities had

larger medians than any of' the stream toad populations. Thus, as many as 81 out of
a total of 83 populations (97.60/,) of the common toad differed from all populations of

the stream toad. '' ..• ' '. ' ' -' '• . ,
 • All of the .four populations of the Miyako toad dlffered from populations of the

Japanese stream toad in medians, and had larger values than the latter.

    From these results it was obviouS'that -only a few populations of the Japanese
common toad had medians of ACV similar to-those of•the Japanese stream toad, and
that, even in such cases, more distantly distributed populations of the common toad

tended to have more siMilarities with the stream-toad.

    5) HW: young.-Each of the corresponding three populations of the Japanese
stream and common toad (Pop. 104•vs. 57; 'Pop. 105 vs. 58; Pop. 106 vs. 59) did not

differ significantly in ACV median (pÅr.05).

    Medians of population medians of the six-sympatric and three allopatric populations

did not differ"'in the stream toad (38.3L40.5, median:==38.9, and 37.1-40.7, median==-

38.7, respectively; U6,3==8, p==.90), Also, in the common toad, three populations
from the sympatric zone and seven from the adjacent allopatric zone had insignificantly

different medians (36.5-40.8, median=38.6 and 35.8-40.2, median=39.4, respectively;

U,,,=. 10,p===1.0), - • i-.i .. . ., ...,
    No populations of the Japanese common toad', including those from more distant
localities, differed from any of the Japanese stream toad populations in medi4,ns. A

single population ol' the Miyako toad (Pop. 97) had a median insignificantly different

        'from five out ofnine stream toad populations.

    adult males.-Only one (Pop. 106 vs. Pop. 59) of the four corresponding popu-
lations of the stream and common toads differed significantly in medians (Ui. 2o=11,

pÅq.05), and in this combination, the common toad had a smaller median.

    Medians for the four sympatric and four allopatric populations of the Japanese

stream toad did not differ .(37.2-38.1, median=37.6 and 35.3-39.0, median=37.5,
respectively; U4, 4-=10, pÅr.1). Similarly, in the common toad, five populations from

the sympatric zone and 1l from the adjacent allopatric region did not differ in the

median of population medians (35.6--38.0, median::::36.5 and 34.9-40.2, median=36.8,
respectively; U-,, ii == 22, pÅr.Q5).

    Among 42 more distantly distributed allopatric populations of the common toad,
only two (4.8%; Pops. I and 24) differed froni all populations of the Japanese stream

toad in medians. - The locations ofthese two type A populations (Hakodate and Togane)

were far from the range ofthe stream toad. Thus, only 3.50/. ofa total of58 populations

of the common toad differed completely•from the stream toad. Of the three popu-
lations of' the Miyako toad, two (Pops. 97 and 99) differed from seven of eight popu-
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lations of the Japanese stream toad, but none differed completely from the latter.

    adult females.-Each of the two corresponding sympatric populations of the
stream and common toad did not differ significantly in medians.

    In theJapanese stream toad, two sympatric populations had slightly larger medians

than three allopatric populations, but no difference was observed between Pop, 103
(sympatric) and Pop. 110 (allopatric). Five sympatric and seven adjacent allopatric

populations of the common toad had similar medians (38.4-40 8, median==39.6, and
37.7-41•.4, median==39.0, respectively; Us, 7==14, p-ma-.63).

    Among 37 allopatric populations of the common toad distant from the sympatric
zone, five (13.50/. ; Pops. I, 23, 24, 38, 43; ajl type A) had significantly smaller medians

than any of the five stream toad populations. Populations other than these five had

medians not different from at least one population ofstream toad. Thus, of the total

number of 49 common toad populations, only 10.20/. differed completely from all the

stream toad populations.

    Of the three Miyako toad populations, two (Pops. 97 and 98) had smaller medians

than all of the stream toad populations, and one (Pop. 100) had an insignificantly
different median from,' only one of five stream toad populations (Pop. 109; U3, 2o=17,

pÅr,05).

    6) PL: -The comparison ofACVs in the corresponding six sympatric populations
of the Japanese stream and common toad all resulted in significant differences (Table

62), and populations of the common toad had medians 1.17-1.35 times larger than
those of the corresponding populations of the stream toad.

    Sympatric and allopatric populations of the stream toad did not differ in medians

(l6.4-17.8, median=17.0, and 16.1-18.3, median=17.4, respectively; U6.4==11.5,
pÅr1). Only one of the nine sympatric and 15 adjacent allopatric populations of the

Table 62. Difference in the PI. ACV between corresp6nding Japanese stream toad (t) and the

.Japanese common toad (j) populations from the zone ofsympatry. For populations
with sample size 20 or larger, only 20 samples were used for Mann-S4Jhitney's U test
(signilied by an asterisk).

Form Popula-
 tion

 101
  51

 103
  5.r,

 104
  .r,7

 10S
  ,r)8

 106
  :59

 112
  72

N
range

ACV
median

U p

t

j

t

1

t

•)

t

.l

t

j

t

J

9
17

18
33

6
7

16

40

10
40

 9.

4

14,1-19,5
18,1--24.8

14.5-23.0
17,7-25.0

1:5 . 1-18,4

18 3-24.4

14,2--20,8
17.6-23.9

16.4-18.7
17.5-24.2

13,1-20.2
19. 5-22 5

17.8
21.3

17.8

215
16,2
21.8

16.1
21.0

17.0
21.6

18.3
21.3

6

33*

1

16.5*

5*

.3

Åq .05

Åq.05

Åq,Ol

Åq.05

Åq .05

Åq•OJr
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common toad had medians not different from those of the stream toad populations.
The single exception was Pop. 68 (Ise), which did not differ from one of 10 stream toad

populationS (Pop. I12).

    Among more distantly distributed 59 allopatric populations of the common toad,
only seven did not differ from some populations of the Japanese stream toad in medians

(Pops. 3, 13, 14, 40, 82, 83, 87). These populations were from far east of the sympatric

zone in Honshu (type A) or from Shikoku (type B). Thus, as many as 75 out ofa total
of 83 populations (90.40/.) of the Japanese common toad had medians different from
those of all populations of the Japanese stream toad.

    All the four populations of the Miyako toad had medians insignificantly different

from those of the stream toad.

    7) PW: young.-All the corresponding populations of theJapanese stream and
common toad (Pop. 104 vs. 57; Pop. 105 vs. 58; Pop. 106 vs. 59) differed singnificantly

in medians (pÅr.05).

    In the Japanese stream toad, population medians for the six sympatric and three

allopatric populations did not-differ (6.3-6.9, median== 6.7, and 6.1-6.7, median==6.3,

respectively; U6,3==2, p=.10), whereas in the common toad, three sympatric and
seven adjacent allopatric populations differed significantly in medians (6.5-6.7, median

=:6.6, and 6.9-8.3, median=7.0, respectively; U3. 7=O, p=.02).

    Among 39 populations of the Japanese common toad, only one (2.60/. ; Pop. 73==
type B) had a significantly larger median than those of the nine populations of the

stream toad. All the remaining populations of the common toad did not differ from
at least one population of the stream toad. A single population of the Miyako toad
did not differ from 'any of the stream toad populations.

    adult males.-Only one (Pop. 106 vs. 59) of the four corresponding populations
of the stream and common toads differed significantly in medians (U4, 2o= 8, pÅq.05).

In this combination, the common toad had a larger median than the stream toad.

    Medians for four sympatric and four allopatric populations of the Japanese stream

toad did not differ (6.1-6.9, median==6.5, and 6.2-7.5, median==6.7, respectivelyJ
U,,4=5, p==.49), and similarly in the common toad, five sympatric and 11 adjacent
allopatric populations did not differ in medians (6.5-7.7, median==7.4, and 6.6-7.6,

median=7.3, respectively; Us, n=24, pÅr.05).

    Among the populations of the Japanese common toad, only one (1.79/. : Pop. 19
=type A) had a significantly larger median than those of eight populations of the
stream toad, and all the remaining populations of the common toad did not differ from

at least one population of the stream toad. None of three populations of the Miyako

toad differed from any of theJapanese stream toad populations.

    adult females.-The two available corresponding populations of the stream and
common toad from sympatric zone had almost similar medians (6.0 and 6.3, respec-
tively). Likewise, no difference Nvas observed between sympatric and adjacent
allopatric populations of the Japanese common toad in medians (6.9-8.6, median of
population medians==7.5, and 6.9-7.6, median=7.3, respectively; Us. 7===l1, p=.34),
and medians were significantly larger than those for theJapanese stream toad (sympatric
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and allopatric populations combined: Us,s=O, p==.O08, and Us,7=O, p==.O02,

respectively). .. •, ,•
    Among 50 populations of the Japanese common toad, 31 (62.00/o) differed com-
pletely from all the stream toad populations: three out of five type B populations
(60.00/,) from the sympatric zone and tbur (two type A and two type B) out of eight
populations (50.00/.) from the adjacent allopatric region significantly differed t'rom all

populations oftheJapanese stream toad. Ofthe remaining 37 more distant populations,

24 (64.90/.) differed from all of the stream toad populations. These populations in-

cluded l6 of type A, one intermediate, and seven of type B, and invariably had larger

ACVs than in the stream toad. By contrast, each ofthe four populations ofthe Miyako

toad differed from at most two of the five stream toad populations.

    8) LAL: The comparison of the medians between stream and common toad
from the zone of sympatry resulted in significant differences in all the six corresponding

combinations (pÅq.05, Table 63), notwithstanding the slight overlap of ACV range. in

three populations. Six populations of the stream toad and nine of•the common toad
from the zone of sympatry differed significantly in medians (53.5-56,1, median ==54.8,

and 47.5-51.5, median=49.5, respectively; U6, g=O, pÅq.05). In the sympatric zone,
theJapanese stream toad had medians in LAL ACV 1.05-1.06 times larger than in the
common toad, and only between distantly located populations did medians not differ

(Pop. 101 vs. Pop. 58: Ug, 2o=56, pÅr.05; Pop. 101 vs. Pop. 71:Us,D=8, pÅr.05).

    In the Japanese stream toad, no significant difference was found between six popu-

lations from the sympatric zone and four from the allopatric zone (allopatric==54,.2-55.2,

median;54.9; U6, 4==12, pÅr1)• ' - '
    The range of medians was larger (46.1-51.3) in the 15 neighbouring allopatric

Table 63. Difference in the LAL ACV between c6rrespondingJapanese stream toad (t) and the
        Japanese common toad (j) populations froM the zone of sympatry. For populations
        with sample size 20 or lavger, only 20 samples were used for Mann-Whitney's U test

        (signified by an asterisk). .

Form P?iP.oUnla'
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populations of the common toad than in nine sympatric populations, but the median of

populagiop medians ofthe former (49.5) did not differ from that ef the latter (Uis, g=57,

pÅr.05).

    Six out of nine populations (66.70/.) of the common toad from the sympatric zone

differed from all populations oftheJapanese stream toad. Among 15 allopatric popu-
lations ranging adjacent to the sympatric•zone, only five (three type A and two type B)

slightly overlapped some geographically more distant populations of the stream toad
(Pop. 101 vs. Pops. 47, 53, 64, 69, 70; Pop. Ie5 vs. Pop. 69; Pop. 113 vs. Pop. 70), and

the remaining 10 populations (66.7%: five,type A and five type B) differed from, all of

the stream toad populations.

    Of the remaining 59 populations of the common toad from more distant localities,
21 (36.80/,, 10 type A and 1 1 type B) did'not differ significantly in medians from at least

one population of the stream toad. Among them, popuiations of the common toad
which did not differ from as many as 6-10 stream toad populations were Pops. 13, 40,

46, 82, 83, 84, 85, 89, 90. All of these populations are distributed distantly from the

zong of sympatry, anq..Ihe number gf type B populations was larger than that of type A.

    Thus, among the total of83 populations, 54 (65T1 O/,) had significantly smaller ACV

medians than all populations of !hg.str.ea;p, toad, ,,.... .
, , All ogfour pQpula.tigns of.thg .Miyako toad had significantly smaller ACVs than any

                                                                       'popula?lopoftheJapanesestre4Ir},!oq,d•,,.,,,., ... 1. ,.. . '
                                               '    9) TL: young.-Two of three populations of theJapanese stream toad (Pops.
                                                                '105, 106) had medians.1.08-1.09 tipees. .significantly Iarger than the corresponding
sympatric populations oftheJapanesl.,coml,p, ,on toad (U6. 2g=18, pÅq.05, and U6, 6 :O,

p==.OQ2, respectively),,whereas in the remaining one population (Pop. 104), the median

did not differ from the corresponding common toad,popptlation.(U4, s:=4, p=-.19).

 . Medians for six populations from sympatric and three from allopatric zone did
not differ in the stream toad (36.0-38.4, median==37.6, and,36.8-38.8, median=38.1,

respectively; U6, s=5, p=.38), and similarly in the common toad, three populations
from sympatric and seven from adjacent allopatric region did not .differ in the median

of population •ACV medians (34.ÅqF36.2, median=35,6, qnd,34.0-36.7, median=35.2,
respectively; Us, 7= 10, p = 1).- • .• , , ,' .. ,
    All populatio,ns of the common toad including those from more distant localhies

did not differ from at least one of the stream toad populations in medians,
notwithstanding occurrence of many different combinations. A single comparable
Miyako toad population had a significantly smaller ACV median than those of all,the

stream toad populations. . . , ,,, ..
    adult m41es.-All of four• po.pulqtions of the strearp toad had 1.08-1.12 times larger

medians than,rhe corresponding sympatri,c common toad pQpulations (Table 64).
                                                                      '                                                    t.    In the Japanese stream toad, mpÅëdians of the.four populations from the sympatric

zene were larger than those of four al.lopatric populations (40.1-41.1, median==40.6,

a-nd 38.5-40,O, median--39,9, respectively; U4,`=O, p==.03). By contrast, between

five sympatric and 11 adjacent allepatric populations of the common tQad, medians
did notdiffer significantly (36..4-37,9, median=36.8, and 35.3-38.9, median=37.1,
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Table 64.

                    M. MATslJI

                         N
Difference in the adult male TL ACV between corresponding Japanese stream toad
(t) and theJapanese common toad, (j) populations from the zone ofsympatry. For
populations with sample size 20 or over, only 20 samples were used for Mann-
Whitney's U test (signified by an asterisk).
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respectively; Us, n=24.5, pÅr.05). These latter two median values were significantly

smaller than those of the s'tream toad.

    Among 58 populations of the common toad, three out of five sympatric (60.0%)
and six (five type A and one type B) out of 11 adjacent allopatric (54.50/,) populations

differed significantly from all populations of the stream toad. Out of 42 more distantly

distributed populations, 21 (50.00/.) differed significantly. Thus, a total of 51.70/6 of

common toad populations had different medians from all populations of the stream toad.

In these populations, medians were invariably smaller than those of the stream toad.
Likewise, all the three populations of the Miyako toad differed from ail populations of

the Japanese stream toad, and had smaller ACVs than the latter form.

    adult females.-Two stream toad populations had medians l.09-l.13 times sig-
nificantly larger than that of the corresponding sympatric populations of the common

toad (Pop. 103 vs. Pop. 55: U,,7= 1, p=.Ol; Pop. 105 vs. Pop. 58: U`, i2=O, pÅq.05).

    In the Japanese stream toad, two populations from the sympatric zone exhibited
slightly larger medians than those for the three allopatric populations (39.6-40.0, and

36.8-38.5, median==37.9, respectively), and as stated previously, some combinations

among these populations resulted in significant differences. In the common toad, five

sympatric and seven adjacent allopatric populations did not differ in the median of

population ACV medians (34.6-36.4, median=35.0, and 34.4-36.2, median==35.5,
respectively; Us,7=13.5, p=Li58). Medians of the common toad populations were
significantly smaller than those of the allopatric stream toad populations.

    Among 50 populations of the common toad, 23 (46.00/,) differed completely from
all the stream toad populations. Two out of five sympatric (40.00/,) and two out of

eight adjacent allopatric (25.00/o: one type A and one type B) populations differed
significantly from all populations of the stream toad. Out of 37 more distant allopatric

populations, l9 (51.40/.) differed. Thus, 46.00/. ofthe common toad populations differed

from the stream toad and invariably had smailer medians. Similarly, all the four
populations of the Miyako toad had significantly smaller ACVs than those of all the
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stream toad populations.

    10) FL: young.--All.ofthe
1.22 times significantly larger than

populations (Table 65).

oflaPanese Toads

.three stream toad.populations had medians

those of the corresponding sympatric common

395

1.07-

toad

Table 65. Difference in the FL ACV between corresponding .Japanese stream toad (t) and the
Japanese common toad (j) populations from the zone ofsypapatry. For populations
with sample size 20 or larggr,. only 20 samples were used for Mann-Whitney's U test
(signified by an asterisk).
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    Medians of the six sympatric and three allopatric populations of the stream toad

did not differ (45.8-48.9, median=46.3, and 47.749.2, median==47.7, respectively;
U6,3=2, p=.10). Similarly, in the three sympatric and seven adjacent allopatric
populations of the common toad, medians did not differ significantly (40.1-42.9,
median=41.8, and 38.4-42.I, median==42.I, respectively; U3, 7=3, p=:.12). Medians
of the Japanese common toad were significantly smaller than those of the Japanese
stream toad.

    Among 39 populations of the common toad, all the three sympatric (1000/., type A)

and'six out of seven (85i70/., all type B) adjacent allopatric populations differed sig-

nificantly from all populations of the stream toad. Out of 29 more distantly ranging

populations,'nine (31.00/.) differed significantly. Thus, 46.20/,'of the commQn toad
populations differed from all the stream toad populations in medians. A single Miyako

toad population significantly differed from every population of the stream toad. In

the populations mentioned above, mcdians were .invariably smaller than in the stream
toad.-

    adult males.-All of the four populations of the stream toad had medians 1.19-1.22

times significantly larger than those of the corresponding sympatric populations of the
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common toad (Table 65). ' '    Medians tbr the four sympatric and fbur allopatric populations of the stream toad

did not differ (49.8-53.J', median:= 52.7, and 52.4-53.9, median=:52.7, respectively;

U4, 4=6, p=::.68). Similarly, in the five sympatric and 1 1 adjacent allopatric common

toad populations, the median of the population medians did not differ (43.3--45.2,

median==44.2, and 39.8-47.4, median=42..9, respectively; Us,n==:27, pÅr.05).
Medians of the common toad were significantly smaller than those of the stream toad.
    Among 58 common toad populations, as many as 50 (86.20/.) differed completely
from the populations of the stream toad. All the sympatric (1000/,) and 10 out of 11
adjacent allopatric (90.90/. : five type A and five type B) populations differed significantly

from all populations of the stream toad. Out of 42 more distantly located populations,

35 (83.30/,; 26 type A, one intermediate, and eight type B) differed from all of the

stream toad populations. All of the three Miyako toad populations also differed
significantly from every population of the Japanese stream toad. All these different

combinations included a larger ACV in the stream toad.

    adult females.-Two stream toad populations (Pops. 103, 105) had l.08-1.ll
times significantly larger medians than in the corresponding sympatric common toad
populations (U4, 7=O, p =.O06 and U`, i2::=3, pÅq.05).

    Medians of the three allopatric populations (45.0-46.3, median==--45.8) were only

slightly larger than those of the two sympatric populations (44.6-44.7) in the stream

toad. In the same manner, between the five sympatric and seven adjacent allopatri(;

common toad populations, medians were similar (38.1-41.6, median:==39.8 and 37.8-
43.2, median=39.1, respectively; Us,7;::=16, p=:.87). The values for the stream toad

were significantly larger than those for the common toad.

    Among 50 popu!ations of the Japanese common toad, 39 (78.00/.) differed from all

populations of the stream toad. All the five sympatric (1000/.) and six out oi' eight

(75.00/, : five type A and one type B) adjacent allopatric populations differed from all

populations of the stream toad. Out of 37 more distantly distributed populations, 28
(75.70/. : 17 type A, one intermediate, and 10 type B) differed significantly fi'om all of

the stream toad populations. All ofthe four populations ofthe Miyako toad significantly

differed from all populations of the stream toad. In all these different combinations,

theJapanese stream toad had invariably larger medians.

                               DIsc()ssloN

    Hybrids between two different species sometimes resemble either of the parental

species in some characters (Cory and Manion, 1955; Feder, 1979; Kobel et al., 1981),

but the reciprocal hybrids artificially produced between the Japanese stream toad and

the Japanese common toad are morphological}y intermediate between the parental
species, and have intermediate morphometric values in such characters as TI), PL
and FL, whieh are important for distinguishing the two forms (Matsui, unpubl.;
Kawamura et al., 1980: 34), though the brain morphology and the clutch size are
apparently affected by maternal source (Masai et al., 1982; Kawamura et al., 1980).
Consequently, if natural hybridizations actually occurred in natpre, and hybrids NN'ere
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frequently produced in the zone of sympatry, the hybrids would mingle with parental

forms and would show continuous morphological variation within the sympatric zone.
Individuals showing intermediate morphology, however, have never been actually
obtained in the zone ofsympatry, and all ofthe collected specimens can be assigned to

either of the two forms (e.g., by the relationship between T-EL and TD: Figs. 56-57).
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Where individuals exhibiting distinct adu]t morphology of the Japanese stream toad

occur, there are also found stream dwelling tadpoles with unique morphology. It is of

course, very difficult to eliminate the possibility of natural hybridization or intro-
gression, but the hitherto available data indicate very infrequent occurrence of such

cases, and suggest the presence of complete pre-mating isolating mechanisms between
the Japanese stream toad and the Japanese common toad.

    IntraPoPulation variation Pattern: Most pronounced age variation in the Japanese

stream toad was the relative elongation ofTL and FL in males, and females also showed

a tendency toward TL elongation. The results in males agreed well with those obtained

from males of the Japanese common toad, but the trend found in the female stream toad

somewhat differed from that observed in the female Japanese common toad. In the
latter form, young and adult females were almost identical in TL. Thus, not only the

male, but also the female of the stream toad had a long tibia, resulting in less evident

sexual dimorphism in this character than in the common toad.

    Among sexual dimorphisms found in theJapanese stream toad, the most remarkable

ones were in HW and FL. This result is similar to that found in both type A and type
B populations of the Japanese common toad. By contrast, the frequency of sexual
dimorphism in T-EL and TL was lower than in the two types of the common toad, and
the frequency ofdifference in HL was also slightly lower in the stream toad.

    These trends in age and sexual variation coincide well with those reportcd for the

species ofBufo (Boring, 1939; De Lange, 1973; Fang and Chang, 1931 ;, Hemmer et al.,
1978; OpatrnY, 1974; Underhill, 1961b), and 4re considered to be gencral in this genus.

    InterPoPutation variation pattern: Since the main habitats of the Japanese stream

toad are limited to areas around mountain streams, the degree of isolation among
populations is thought to be stronger in the Japanese stream toad than in the Japanese

common toad, which utilizes wider and more various habitats. The pattern of mor-
phological variation of the Japanese stream toad seems to indicate that the influence

of such isolated distribution does not increase interpopulation variation. Geographic

variation in the morphometric characters of the Japanese stream toad was generally
less prominent than in the Japanese common toad. This may partly be due to the
narrower distribution range of the stream toad. The presence of more pronounced
variation among Japanese common toad populations in and near the zone of sympatry
with the Japanese stream toad, however, indicate that the Japanese stream toad, as a

whole, is surprisingly uniform in the mprphometry of each character.

   SVL variation: The SVL of females of the Japanese stream toad was significantly
larger than that of males, and average relative female and male SVL was 1.28. This
value is large compared with that of the Japanese common toad, and corresponds to
the value of type B populations of the latter form from the southern region. In the

populations of the Japariese common toad distributed in and near the zone of sympatry

with the stream toad, the sexual difference in SVL was mUch smaller. Relative female

and male mean SVLs in the Japanese stream toad populations completely deviate from
the clines exhibited by the common toad populations, and the sexual difference in SVL

in the stream toad is thought to be caused by factors different from those affecting the
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Japanese common toad populations. For the type B populations of the Japanese
common toad, the sexual difference in SVL could be attributed to the variation in the

breeding season and subsequent individual growth and development, but such con-

siderations hardly apply to the Japanese stream toad.

    The SVL of females in stream-breeding Rana and Amotops (often referred to as
Staurois) is reported to be much larger than that of conspecific males (Pope, 1931 : 55i

Liu, 1950: 66). The female of a rhacophorid, Buergeria buergeri, which is another

unique stream breeder from Japan and frequently cohabits with the Japanese stream
toad, has also markedly larger SVL than the male. Since many species of Rhaco-
phoridae often exhibit great sexual dimorphism in SVL, the larger female SVL in B.
buergeri may partly refiect its phylogeny. In the case of the Japanese stream toad,

however, the essentialy unique mode of life lies in its stream breeding, which differs

from most of the toad species of Bufo, and the sexual dimorphism in SVL can be more

directly attributable to the habit ofstream breeding. According to Pope and Liu (op.

cit.), the small body size of the male is regarded as advantageous to the mated pair to

reduce resistance in the swift water, and to the female to have a light load while trying

to swim about in a current. This assumption is considered to well explain the SVL

sexual dimorphism in the Japanese stream toad.

    When all the populations are combined, males of the Japanese common toad ex-
hibited a cline on which the maximum SVL is attained at about 340 35' N, which passes

near the centre of the distribution range of the Japanese stream toad. The factors
affecting the SVL cline of the Japanese common toad populations have been discussed

elsewhere. In the zone ofsympatry with the stream toad, males ofeach common toad
population had SVL 1.2-1.6 times larger than the corresponding stream toad rnales,
and this fact indicates that some ecological factors in relation to the sympatric distribution

affect the SVL of the two forms.

    In contrast to males, the SVL of the Japanese stream toad females was similar to
that of the female Japanese common toad. The Japanese stream toad has a slenderer

body shape than the common toad, and even a gravid female has a rather slim body and

has a smaller number of eggs than a common toad with the same body size (Matsui,
unpubl.). The relatively smaller number of eggs laid by a female stream toad seems
to suggest that a certain size of SVL is required for the female stream toad to lay larger

number ofeggs than is critical for guaranteeing the conservation ofthe species (generally

the number of eggs laid is proportionate to the size of the female within a toad popu-

lation: Kadel, 1977). The larger SVL in the female also seems to guarantee a larger

SVL difference between the sexes and hence easier breeding in a stream as discussed

above.
    ComParisons with the common toad and the Mi ako toad in ACV: The difference in the

morphometric characters between the Japanese stream toad and the Japanese common
toad was more distinct in the zone of sympatry than in the allopatric regions, as re-

presented by T-EL, TD and FL (Table 66; Fig. 58).
    More than 750/6 of the Japanese common toad populations differed from all popu-

lations of the Japanese stream toad in T-EL (in both sexes of adults), TD, PL, and FL
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Table 66. Percentage of theJapanese coinmon toad populations showing sign{ficant differences tn thc

$. VL .and• in med. ian of ACV from all. populatiops of the Japanese .st. .r.eam toad. , ,

Sympatric zone , ' Adjabent al]opatric zone
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(in both sexes of adults), and especially, more than 900/. of the common toad cliffered

in male T-EL, TD, and PL (three age/sex groups combined for the latter'two characters).

All of these characters have been regarded as diagnostic for differentiating theJapanesc

stream toad from the Japanese common toad '(Matsui, '1976a).
    All of the Japanese stream toad populations were differentiated from 97.60/, of the

Japanese common toad populations, and bnly' two' (Pop. 64tSettsu and Pop. 90==Iki)
among 83 populations of the' common toad used for comparison did net differ {'rom only

some of the stream toad populatiens in TD. The overlap of TD ACV in the two
exceptional populations and the stream toad populations, however, was slight and the
former population had TD ACVs similar to those of only two of ten stream toad popu-

lations, and the latter only three of ten: The number of samples included in these
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(Table 66. Cont'd.)
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populations was quite small (N =4 fbr Pop. 64 and N=3 for Pop. 90), and this small

sample size assuredly has affected the results. Therefbre, with ample samples, the
Japanese stream and common toad can be actua]ly differentiated from each other by

the TD ACV alone.
    PL ACV similarly differentiated all the stream toad populations from 90.49/, of
the common toad populations. Eight out of 83 populations of the common toad had
PL ACVs insignificantly difTerent from somc o{' the stream toad populations, and among

thcm, seven ar.e distributed in northeastcrn.Honshu or in• Shikoku. The remaining one

(Pop. 68==Ise) ''is 'sympatric with the stream toad population, and 'was not different

from only one of ten stream toad populations. In this case also, the sma!1 number of
the sample seems to have affected the results (N=4 for Pop. 68). The two populations

not different in TD as mentioned above differed from the ,stream toad populations in
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PL ACVs. Thus, by combining only two characters (TD and PL), the Japanese
stream toad and the Japanese common toad can be completely differentiated.

    Populations of the Japanese common toad showing similarities to the Japanese
stream toad in some characters all belonged to type B, and those distributed in Shikoku

(Pops. 82, 83, 84, 87) exhibited the most remarkable resemblance. These populations
did not differ from some of the stream toad populations in more than two of the three
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Fig. 58. Variation in TD ACV as represcnted by percentage histog'tams t'or the populations

ofthe stream toad and thc common toad from the sympatric and adjacent allopatric.

zone. Closed polygons. ==sympatric stream toad populatlon; hatched polygons==
allopatric stream toad population; dot.ted polygons==allopatric common toad
population; open polygons==syinpatric common toad population. Base line for
each polygon corresponds tc. the latitude for thc location ofthat population. '
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characters which are regarded as important in differentiating the two forms (T-EL,
PL, and LAL). These results also indicate that the common toad differs from the
stream toad more greatly in the zone of sympatry than in the al]opatric regions.

    Since the number of populations treated was not adequate, and the range of distri-

bution is restricted in the Japanese stream toad, it is diMcult to analyze the geographic

and climatic clines of SVL and ACV of each character. However, when the obtained
data were compared with the clines found in theJapanese common toad (see the forgoing

chapter), there are marked differences between the two forms in most of the characters,

and the ACV for each character in the Japanese stream toad markedly deviated from
the clines formed by type A or type B populations oftheJapanese common toad. There-

fore, the Japanese stream toad is regarded as markedly different from the Japanese

common toad in the mode of adaptation to its habitat.

    All of' the Miyako toad populations completely differed from the Japanese stream
toad in the ACVs ofT-EL, TD, LAL, TL and FL. The relatively short parotoid ofthe
stream toad, however, coincided with that of the Miyako toad. Among the dis-
tinguishing characters, relative lengths oflimbs exhibited most marked differences: the

Miyako toad tended to show relative shortening of the limbs, whereas the stream toad

was characterized by the elongation of limbs. Thus, the Japancse stream toad is
regarded as more remote from the Miyako toad than from the Japanese common toad.

    The relatively small tympanum in the Japanese stream toad is regarded as cor-
related to its breeding habits. Although our knowledge of the breeding behavior of'

the Japanese stream toad is only fragmentary, observations made to date indicate that

males of this species, unlike those of the Japanese common toad, neither call nor wait

for the arrival of females near the water's edge, but wait fbr females on the deep bottom

of the stream (Matsui, 1976f). It is, therefore, highly probable that the function of

the mating call is further reduced in this form than in the Japanese common toad, and

this might have led to the reduction of the tympanum. The allied stream-breeding
B. andrewsi from Southwestern Clhina also has a small tympanum, and the further
specialized Korean B. stej'negeri has a tympanum completely concealed under the skin
(Matsui, l980b). A similar indistinct or cryptic tympanum is reported for most of the

Middle American stream-breeding hylid species (Duellman, 1970: 24).
    Aiong with the small tympanum, a short parotoid gland and long hindlimb also
characterized the Japanese stream toad. The relatively long tibia in females of the
stream toad contrasts to the short tibia of the common toad females as discussed above.

These two organs exhibited some correlation in the Japanese common toad in relation

to defence and escape against enemies, and the same interpretations can be applied to

theJapanese stream toad. Escaping rapidly frorn the enemy by long hindlimbs possibly

compensates for the probable small amount of poison secretcd by the small parotoid

glands. The presence of long hindl{mbs in the Japanese stream toad is also regarded

as an adaptation for swimming, since some semiaquatic Bqfo species often possess long

hindlimbs (e.g., B. kisotensis, B. Iemairi, B. rangeri: Tandy and Keith, 1972). The

Japanese stream toad also had longer lower arms than in most of the Japanese common
toad populations, and this seems to be an adaptation for climbing and clinging to the
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surface of rocks near and in the mountain stream.
    In conclusion, the Japanese stream toad completely differs from the sympatric

common toad in more than two morphometric characters and no intermediate forms
are found,, The few common toad populations similar to the stream toad in some
characters are all from regions completely isolated from the range of the Japanese
stream toad. These facts demonstrate that the Japanese stream toad is a fu11 species

distinct from theJapanese common toad. Each ofthe morphometric features character-
izing the Japanese stream toad is regarded as adaptive to the specialized mode of life-

particularly.the breeding habits- of this form.

         VIII
Taxonomic Conclusions

    As described above, Japanese toads can be divided into four forms (type A and

type B of the Japanese common toad, the Miyako toad and the Japanese stream toad)
by morphometric variation analysis. In this chapter, ail the hitherto named forms are

reexamined in the light of the morphometric characteristics and, by adding cvidence

from non-metric and non-morphological sources, conclusions on the classification ol'

the Japanese toads will be drawn.

1. Ree.vamination of the Described Forms

    The toad materials treated in the present study iriclude•either type series or sarnples

from the type localities (topotypic specimens) ofall forms hitherto described fromJapan,

incJuding syntypes ofBufo vulgarisJ'aPonicus: Bufo vulgarisjaPonicus Schlegel (type locality

=Japan; syntypes,-RMNH 2109, 21 15, 21 16, 21 1 7, 21 l9, 21 19A) ; B.formosus Boulenger

(type locality==Yokohama; Pop. 26, Yokohama==topotypic specimens), B. smithi
Stejneger (type locality==TQza; Pop. 86, Kochi==including type series, USNM 31851,

31929, 31943, 31945-49, 31951); B. v. hokkaidoensis Okada (type locality=HakodateJ

Pop. 1, Hakodate=topotypes); B. v. )akushimensis Okada (type locality=Yakushima;
Pop. 96, Yakushima=topotypes); B. v.• montanus Okada (type locality=Chokaizan;
Pop. 10, Choka'izan=topotypes);'B. bufo mi akonis Okada (type loCality==Miyakojima;

Pop. 97, Miyakojima==topotypes); B. torrenticola M. Matsui (type Iocality=Ohdaiga-

hara; Pop. 109, OhdaigaharaÅ}including 'type series,-OMNH Am 2272-75, 4202-21,
USNM 198427-28, AMNH 90768-69, SMF 68201-02). The validity• of-each form is
reexamined on the basis of these samples.

  a) .laPanese Common Toad
    Populations of the Japanese common toad were divided into northeastcrn typc A
and southwcstern type B chiefly by the relative size of tympanum diameter.

    1) TypeA
   ,formosus: Iorms hitherto described 1'rom the distributien range of type A are,
B. formosus, B. v. hokkaidoensis, and B. v. montanus and all of these are characterized by a

tympanum diameter twice as large as the tympanum-eye distance (Stejneger, 1907;
Okada, 1930, 1931, 1937, 1966). Of these three forms,formosus 'is the oldest and was

described from the specimens from Yokohama, My samples from this locality (Pop.
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26) coincided well with the original description offormosus, and had large tympanums

(ACV median=6.2), more than twice as long as the tympanum-eye distance (ACV
median =2.8 for young, 2.6,for adult males, and 2.7 for adult females). .

    hokkaidoetrsis: This form has been regarded as being differentiated from.formosus

by the larger tympanum and longer hindlimb (Okada, 1928, 1930, 1931, 1966). My
samples from the type Iocality (Pop. 1), however, had TD ACV ranging 5.1-7.1
(median=5.9), and these values completely overlapped those of Pop. 26 (topotypes of

lbrmosus, T, D ACV,==4.8-7.3, me.diqnFi6.2). Further, most of the type A populations

from the Tohoku District of Honshu had TD ACV medians larger than that of Pop. 1.

As to TL and FL, which are regarded as repr.esenting the hindlimb length, there were

almost no differences between young of Pop. 1 and Pop. 26, and the latter population

had a larger value than the former in FL. Similar results were obtained for adult
males. Only in adult females, Pop. I had slightly larger ACV medians in TL and FL

than Pop. 26. Many type A populations from northeastern Honshu had larger ACV
medians than Pop. 1 in these hindlimb characters. Population 1 and populations from

the Tohoku District Iargely overlapped in the variation range of other characters and

in some instances, Pop. 1 was nearer to more southern populations from the Chubu and

Kanto distr.icts From these results, itis morphometrically impossible -to differentiate

hokkaidoensi.s .from the populations ofnortheastern Honshu. . ..

    montanus: B. v. montanus'was•reported to have a larger tympanum and a longer
parotoid than in formosus (Okada, 1937;- l90; 1966: 25). Jn the present stvdy•, I ex-

amined the samples from Clhokaizan (Pop. 10==topotype). This population had a very

large tympanum (TD ACV median==L-8,O), and differed from 85.4% of the other 82
populations of the Japanese common toad in this character. The, ACV median fo,r
Pop. IO was significantly larger than that for' topotypes of.flormostts (Pop. 26, ACIvf =-6.2).

The large TD A(IV, however, was found.not only in• Pop. 10, but also among popu-
lations from'the localities distant from Pop. 10: Pop. 3 from the northernmost lowland

of Tohoku District had a median of 8.3 and Pop. 43 from highland of Chubu District

had a median of 7.7. In addition, the PL ACV of Pop. 10 Åqmedian==22.6). was not
only about the same as that of Pop. 26 (median=22.1), but smaller than those of some

populations of type A (Pop. 46: median==24.6 and Pop. 54: median==23.6), Thus,
a longer parotoid in montanus was not validated. The most remarkable characteristic

of Pop. 10 was a small body size and both sexes had smaller SVLs than in any other
population. It is, of course, taxonomically dithcult to differentiate Pop. 10 from other

populations only by smaller body size, but the population is clearly more conspicuous

in this regard than Pop. 1 (=hokhaidoensis).

    Though not treated in this study, some comments on the body colour must be made :

Okada (1966: 23-24) insisted that the reddish spots are a diagnosti.c character of
montanus, bu•t such spots are not confined to this form, and are found in almost•every

population of the Japanese common toad, though the degree of development varies
considerably (Matsui, unpubl.). Thus, both morphometrically and non-metrically,
it seems safe not to separate montanus from formosus as a distinct form, although the

uniquely small body size of Pop. 10 suggests some. ecological divergence of this popu-
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lation from others.

    2) TypeB
    From the range of type B, B. smithi and B. v. 2akushimensis have been described.
Besides, B. v. j'aPonicus is suggested to have originated from southwestern Japan, i.e.,

the range occupied by type B (Matsui, 1980c).

    smithi: Bufo smithi was differentiated from B. formosus by the smaller tympanum,

whose'diameter is subequal to the tympanum-eye distance (Stejneger, 1907: 64).
Samples for this form (Pop. 86) include the type series. In contrast to the original

description, TD ACV for this population (median==5.3) was larger than T-EL ACV
(median : young=4.1 ; adult males= 3.8; adult females=4.1), but this TD median value

was smaller than that offormostts (Pop. 26: median==6.2) whereas the T-EL values were

larger than in the latter form (T-EL ACV median for Pop. 26: young==2.8, adult
males==2.6, adult females=2.7). Thus, the two forms can be clearly separated by the
relation of these two characters, as type A and type B have already been differentiated.

    Some populations of type B from Honshu and Kyushu, however, had TD and
T-EL ACVs similar to Pop. 86, and smithi from Shikoku cannot be differentiated from

such populations. Therefore, Okada's treatrnent of placing the unique form from
Shikoku into the synonymy ofj'aPonicus (Okada, 1930, 1931, but note that Okada's
.iaponicus has been assigned to the common toad populations from southwestern Japan
and not restricted to the type series ofjuPonicus) is judged to be reasonable.

    ]akushimensis: This island form was described as distinguished from j'aponicus

(==southwestern populations of the Japanese common toad as mentioned above) by
the shorter hindlimb, smaller tympanum and different internostril-upper eyelid
width relation (Okada, 1928: 269). The last character is not suitable for comparison
as stated earlier (see chapter III). Samples from the type locality (Pop. 96) did not have

markedly shorter hindlimbs than the populations from the adjacent Kyushu District.

Some populations of type B from Honshu (e.g., Pop. 80) had even shorter hindlimbs

than Pop. 96. TD ACV of Pop. 96 (median =5.0) was similar to, or in some case even
larger than, those ofsome populations from Kyushu (e.g., Pops. 90 and 92). Therefore,

2akushimensis cannot be morphometrically differentiated from some of the type B

populations.
    From these results, it seems morphometrically impossible to differentiate hokkaido-

ensis and montanus from other populations of type A, and they should be synonymized
with formosus. Likewise, smithi and )akushimensis cannot be regarded as distinct from

other populations of type B.

    Bufo vulgarisj'aPonicus: The name ofj'aPonicus is the oldest ofthe hitherto recognized

,Japanese forms. There are many problems, however, in this form, such as unknown
exact locality and possibility of the presence of two forms in the type series as suggested

by Stejneger (1907). I examined the type series and provided some answers to these

questions (Matsui, 1980c). Although Stejneger (1907) considered some specimens
with ill-developed webbing in the type series ofj'aPonicus asformosus, the variation in the

degree of web development can be considered as ontogenetic and two forms cannot be
recognized. The range ofmorphological variation is not extensive and all the specimens
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seem to have been collected from a narrow range in southwestern Japan.
    The type series of Bqfo vulgaris j'aponicus is composed of 15 individuals as shown in

Table 67. When the allomorphic relation of each morphometric character against
SVL was calculated and ACVs were derived (Tables 68 and 69), the relation of TD
and T-EL in the type series clearly indicated thatj'aponicus belonged to type B, confirming

the reasonableness of Matsui's (1980c) suggestion.

Table 67. Measurements (in mm) ofsyntypes ofBufo vulgarisy'aPonicus Schlegel.

Sp. No. Age!Sex SVL HL SL T-EL TD HW PL PW LAL TL FL

RMNH
do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

do.

2109
2109
2109
2109
2109
2109
2116
2116
2115
2115
2119
2117
2117
2115
2119A

young
 do.
 do.
 do.
 do.
 do.
 do.
 do.
 do.
ead.
 do.
 do.
9ad.
 do.
 do.

200 72
35.7 11 8
36 8 12 7
42 2 14 8
44.2 l5 3
62.8 21 8

 76.5 26 8
87.3 28 O
89,6 30 8

108.8 35 8
109,3 39 8
112.7 34 2
115,O 38 0
ll6 tl, 38 8

141 4 43 6

31 - 09 6.7
5.2 1.4 1.8 138
5.2 13 L8 I38
58 1.8 2.2 162
68 1,9 2.8 180
89 2.9 3,2 24,8

 99 4.2 42 31.2
112 3.2 3,4 35.2
128 3,9 5.2 38.8
13 9 3.2 5,1 40.0
142 5.1 5.8 43.7
141 4.1 4,8 38.2
158 4.2 6.5 46.2
155 58 6.6 453
17,7 52 65 52,5

 42
 7.8
 7,8
10,2

 9.8
13,2

16.2

22.1

21.0
21.8
23.0
27.8
27.8
24.4
35,O

1

3

3

4
3

4
6

9

8

9

7

8
9

8
11

.8 88 6.3 6.4
,4 17.8 12,8 14.0
.8 19.2 13.3 142
.2 21,2 15.0 17.2
.8 21,6 14,9 15.2
.8 32.2 22.2 27.2
.4 36,2 26.5 31.0
,8 41.8 31,O 33.8
.2 45.2 31.2 35.2
.8 53.2 39,8 51.2
.3 57.2 42.8 51.5
.2 55.3 42.9 50.0
,2 59.8 42.1 49.2
.7 57,O 42.9 45.9
.2 68.2 48,3 56.0

    Although a holotype has been not designated, I here propose that the specimen
RMNH 2I 19A be designated the lectotype ofBqfo vulgarisj'aponicus, because it is a com-

plete specimen (an adult female) and evidently figured in the original description

(Schlegel, 1838: TAB. II. 5-6; Fig. 59). The other syntypes (RMNH 2109=6 young;
2115=1 young, 1 adult male and 1 adult female; 2116-2 young; 2117=1 adult male
and 1 adult female; 2119:=1 adult male) thus become paralectotypes of Bufo vulgaris

j'aponicus Schlegel.

    Description of lectotype.-Snout-vent length (SVL) 141.4 mm; tibia length 48.3

mm (34.20/, ofSVL) ; foot length 56.0 mm (39.60/, ofSVL); head length (HL) 43.6 mm
(30.80/, of SVL); head width 52.5 mm (37.1O/, of SVL); snout obtusely acuminate in
dorsal view, blunt, slightly sloping in lateral profile; canthus rostralis moderately

marked, and loreal region slightly concave; nostrils midway between tip of snout and

anterior margin of upper eyelid, their distance from each other 9.7 mm, greater than

their distance from eyes, 7.3 mm, but Iess than width of upper eyelid, 11.2 mm; eye

diameter 1.7 times the distance from eye to nostril; interorbital space 9.2 mm, concave,

narrower than width of upper eyelid, and O.9 times the internarial distancei tympanum

distinct, its diameter 6.5 mm, 1.25 times its distance from eye 5.2 mm; parotoid gland

elongated and slightly elevated, diverged posteriorly, its length (PL), 35.0 mm (24.80/,

ofSVL), about three times its width, 1 1.2 mm; forelimb stout, 84.2 mm (59.50/, ofSVL) ;

fingers with remnant of webbing at their base, tips blunt, first and second fingers sub-
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equal; two large palmar tubercles, inner one prominent, 5.3 mm, on base of inner
margin of first finger, and outer one, 10.9 mm, on base of third and fourth fingers, large

and elliptical, about 2.0 times the inner one in size; hindlimb short, 164.0 mm, 1 16.00/.

SVL, about twice the length of forelimb; heels slightly meeting when held at right

angles to body; third and fifth toes with one phalanx free of broad web, though fringes

extend to tips, fourth toe with three phalanges free; webs thick, not crenulate; inner

metatarsal tubercle oval, with feeble cutting edge, its length 8.7 mm, shorter than first

toe, which is 11.7 mm; outer metatarsai tubercle round, 6.2 mm, O.7 times length of

inner; no tarsal fold; distinct basal subarticular tubercles, some bifid; back covered by

numerous keratinized tubercles of varying size; tubercles on hindlimb with spinose
tips; a scattered row of medium-sized lateral tubercles running longitudinally from

posterior edge of parotoid to groin; top of head only feebly granular without large
warts; a group of conical tubercles behind rictus; venter coarsely granular; tibial gland

not marked; no distinct tarsal gland.

    Color (in alcohol).-Dorsum olive brown; tips ofwarts surmounted by black spots;
vertebral stripe absent; evident black band on lower side of parotoid extending laterally

along flanks, dorsally bordered by creamy band; underside of body and limbs dirty
yellow, with many distinct dark blotches, except on throat, where only junctions of

jaws are spotted with black. .
    Descriptive remarks.-The skin of an adult male (RMNH 21 19) is badly damaged
especially on the digits. A pair of specimens (RMNH 2117) are in amplexus and
undoubtedly the female is gravid although I did not dissect it. Adult males are smaller

in body size than adult females (Table 67). Adult males have dorsally a more acumi-

nate snout than adult females. Laterally, the snout of adult males is more sloping than

that of adult females. Most of the young and one adult female (RMNH 21159) have
an evident canthus rostralis like the lectotype, but one young, all the adult males and

one adult female (RMNH 21179) have a less marked canthus rostralis. Smaller young
have a flat interorbital space, and in the larger ones, this space is slightly concave. All

the adult specimens have a clearly concave interorbital space. Some of the young
specimens have strongly elevated parotoid glands, but the others have rather Hat parotoid

glands as in the lectotype. All the adult males have flatter parotoids than the lectotype.

All the adult males have dark nuptial asperities on the inner and upper sides of the first

and second fingers and on the inner surface of the third finger. Adult males have
relatively longer hindlimbs than adult females (Table 69). Toe webbing is less de-
veloped in young than in adults. Degree ofweb development is assessed by the method

proposed by Dubois (1976: 43) and shown in Table 70. Nine specimens, incjuding
the lectotype, have webs not crenulated. and the remaining six have more or less
crenulated webbing. The top of the head is covered by minute granules in the young.

Adult specimens have a more or less smooth top, and granules, if present, are scattered

or form weak wrink}es, and large warts are never present. Spines on warts are well

developed in the lectotype and are fbund even on the warts on the flanks. Other speci-

mens have less develpped spines mostly only on the dorsal surface of the hindlimbs, and

all the adult males have smooth warts, lacking these spines. In some of the paralecto-



rrable 68. Allomorphic constants (a) and initial growth indices (B) for regression

    lines of each moiTphometric•characfer-SVL in the syntypes of Bufo
    vul,garis J'aPonicus Schlegel.

Character N a log B

HL
SL
T-EL
TD
HS•N;

PL'

PW
l.AL
•I'L

FL

1'

15

15

14

IJr r

15

15

15

15

l5'

15

O,951 -O.382
O.902 -O.683
O,972 -1.337
0 99rt -1.291
l.031 -O.471
1.039 -O.722
O.878 -O.840
.l.024 -O.351
1.053 -•O.546
1.123 -O.621

O.997

0.997

O.944

0,976

O.994

0.992

O.972

O,997
Q, 998

O.993

Table 69. ACV (at SVL F= 100 mm)of synt}k'pcs of BuLf , vntearis .1'aPenictt s' Schlegel .

C;liaracter
youl}g adult males adult females sex, age' combined

N. range median N range inedian N range median N range median

HL
SL
T:EL.

TD
HW
PL
PW
LAL'

,

TL
FL

9

8

9

9

9'

9

31.4r34.6

3.zF 5.4

35.2-43.Jr

7.2-11.0

34.3-38.1

38.0-45.9

33,3

4.2

40.1

8.4

3S.

41.

8

9

3

3

3

3

.3

3

30.5-36.6.• S3.0

2.9- 4 7

33.8-39. L9

6.8- 9.1

36.4T39.0
43.7-46,6

•3.7

36.7

7.4

37.8
46.6

3

3

3

3

3

3

3i.4-33.6

3.7- 5.0

36.7-tro.O

7.6-'8.3

33.5-36.6
38.0-42.1

33.3

3.7

38.7

8.1

S6.6
38.7

15

l5

15

15

12.014.2

3.9- 6.3

20 . 0-2 t•) . 5

45.7-53.4

l3.1

5.1

21.4

49.8

"-o

g
•K
k
:t
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Tt'tble 70. X}'ariation in extent of.toe web in the syntypes of Bufo vttlgaris.j'aPonicrts Schlegel,

         as expressed by the tbrmula proposed by Dubois (1976: 43). Figures indicate

         number ofspecimens. '
Toe AgelSex degree of webbing

3rd outer 314 1- 1 1+ 1 1/4 1 1/3

young
Tadults
9 adu'ltsi

Total

,1

1

6

1

7

2

2

1

1

3

3

1

1

4th inner 1/4 1/3 1/2 213

ybung
Åëadults
.? adults

Total

1

1

6

1

7

2

3

1

6

1

1

4th outer 1f4 113 112 2/3

young
eadults
? adul ts

Total' •

5

5

4
2

1

7

2

2

1

1

5th inner 1 1+ 1 1/4 1 1/3 1 2f3

young
Xadults '

9adults'

Total•

3

3

f)

5

1

1

2.

1

3

4

1

1

typeS (RMNH 2109), the colour is badly faded. Nine specimens, including the lecto-
type, lack a vertebral line, and the remaining six possess it. The smaller specimens of

RMNH 2116 and RMNH 2119 have an incomplete, but evident thin vertebral line.
Except for specimens of RMNH 2109, which are discoloured, all the syntypes have a
more or' less evident dark stripe on each side of body. Adult specimens including the

lectotype, have strongly defined stripes and one female (RMNH 2115) has reddish
spots on these stripes. One young (RMNH 2116) has interrupted stripes and the other

(RMNH 2115 yoting) has less defined weak stripes. Creamy light marking above the
dark fiank stripe is evident in one young of RMNH 2116, in RMNH 2115 male and in
RMNH 21'17 female, as in the lectotype. In another specimen of RMNH 2116 and
in RMNH 21'15 female and in RMNH 21 1 7 male, the border between this light marking

and the dorsal colour is not evident, and in RMNH 21 19, the light marking is not seen.

XvTentral dark markings are found in all the paralectotypes, excepting discoloured

RMNH 2109. 0ne'specimen ofRMNH 2!16, RMNH 2117 female and RMNH 2115
feMale have more developed dark matkings than in the lectotype. By contrast, RMNH

211'5 young and RMNH 2119 have fewer dark blotches than in the lectotype. Dark
spots on thejuncture of thejaws are present in all the paralectotypes, and some speci-

mens'have Many dark markings over a'wide range along thejuncture of the upper and
            'lowerjaws. '
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    3) Comparisons ofj'aPonicus with type B pOpulations
    SinceJ'aPonicus is evidently closer to the type B than to type A, comparisons were

made with other nominate forms of type B. Stejneger (l907) described smithi as a distinct

species on the basis that it has a small tympanum, the diameter of which is subequal to

its distance from the eye. Later, Okada (1930, 1931) synonymized smithi withj'aPonicus,

but the name j'aPonicus was used by Okada, in opposition to northeastern formostts, for

the populations from southwestern Japan except for 2akttshimensis. When the type
series ofj'aponicus was compared with Pop. 86 (including the type series of smithi), there

were minor differences in some morphometric characters. The degree of toe webbing
is the chief difference that Stejneger noted, but the type series of the two forms were not

markedly different in this character (Matsui, 1980c).

    Okada (1928) stated that 2akushimensis has a smaller tympanum and shorter
hindlimb than j'aPonicus, but the type series ofjaPonicus did not show such tendencies.

The variation range of TD largely overlapped and the median was almost equal in the

two forms. Of the hindlimb characters, the two forms largely overlapped in the
variation range of TL, and in the adult female, lakushimensis had larger TL ACV than

j'aponicus. The same tendency was found for FL. Thus,2akushimensis is not differen-

tiated morphometrically from the type series ofj'aPonicus. The type series ofjuponicus

is not conspicuous in every character when compared with populations of type B, other

than smithi (Pop. 86) and 2akushimensis (Pop. 96). Therefore, all the populations of

type B should be called juPonicus. Kawamura et al. (1980) retained the subspecific
namelakushimensis on the basis ofslight difference in the viability ofthe hybrids obtained

by a cross withJ'aPonicus. The population from Yakushima has indeed some peculiarities

in its ecology and physiology, for oviposition takes place before winter when the water

temperature is rather high (Matsui, 1979a). The results of the hybridization by
Kawamura et al. (1980), however, are not applicable for a taxonomic decision, because

their data are meager regarding this form, and, generally, they provide no information

how they correlate the various degree of genetic compatibility to the classification

among the given animals.

    4) Taxonomic relation of type A and type B populations
    The Japanese common toad has long been treated as a subspecies of the European
common toad, Bufo bufo bufo (Schlegel, l838; Nakamura and Ueno, 1963; Okada, 1966),
but as stated in the earlier pages of this paper, these two taxa show low genetic compa-

tibility and are definitely different at specific rank. Since j'aponicus is the oldest name

assigned to the Japanese common toad, it is appropriate taxonomically to call the
Japanese common toad binominally Bufo juponicus Schlegel.

    From the climatic clines shown in the morphometric characters, I concluded that
type A and type B of theJapanese common toad should be divided into some taxonomic

 category below species. The two forms are almost identical in the fundamental patterng

 of mode of life and can hardly be regarded as different species.

     It is diMcult to decide whether or not the two types sbould be separated as different

 subspecies, since there are no abstract or generalized criteria invoked for the recognition'

 of subspecies (Thorpe, 1981: 369).
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    The currently popular definition ofsubspecies was proposed by Mayr, Linsley and

Usinger (1953) and was slightly modified by Mayr (1963.: 348): a subspecies is an
aggregate of local populations of a species, inhabiting a geographic subdivision of the

range of the species, and differing taxonomically from other populations of the species.

As repeatedly pointed out by Mayr (1954, 1963), a subspecies is regarded as a purely

subjective category. But even if most subspecies may be artificial or a category of

convenience, some other subspecies, though smaller in number (Simpson, 1961), may
represent a distinct evolutionary lineage (Wiley, l981). Further, however subjective

the category of subspecies may be, it is not suMcient to establish a subspecies simply

because one population differs from others. What level of differentiation is suficient

or necessary for subspecific recognition should be tested repeatedly and seriously
dlscussed (Thorpe, 1980).

    Some morphometric characters exhibited clines in the Japanese common toad.
The relation of subspecies to cline has been debated, and Moreau (1948) proposed as

follows: the naming of subspecies which are segments of a cline can be justified only if

discontinuities in the gradient can be defined and located. Bogert (1954) also stated

that little is gained by the application of names to portions of a continuous cline and

that subspecies should be recognized only when sharp discontinuities in the trends of

one or more individual characters can be demonstrated. It is, of course, apparent as

Sibley (1954) indicated, that in nature not all clines "step" conveniently at the same

    In the Japanese common toad, two types are differentiated by the medians of TD
ACV, although the variation range of this character is extensive even within a single

population. The geographic cline of the median of TD ACV, however, suddenly
changes around the Kinki District (Fig. 60). The distribution ofseveral type B popu-

lations in the range of type A has been interpreted as artificial. The sudden "step"

found in the geographic cline of TD ACV median seems to indicate the possibility of
separating the two types as different subspecics. After dividing populations into two

types (=aggregations of populations) around the region where such a "step" was
found, the northeastern type A exhibited clear clines in a larger number of characters,

whereas in the southwestern type B clearly clinal characters were few. Further, the

male body size decreased in both directions around that "step". Thus, the "step" in

the clines occurred in at least two characters at nearly the same place. The validity

of Amadon's "759/. rule" (Amadon, 1949; conventional level of subspecific difference

by Mayr, 1963) was thrown in doubt by Gosline (1954) and its general applicability
has not yet been well assessed. When type A and type B are regarded as an aggregation

of populations, however, the rule apparently applies to the TD and T-EL ACV medians

    From these considerations, it is not unreasonable to treat the two types as different

subspecies, although the treatment may be somewhat artificial. Thus, type A and
type B should be called as Bufo J'aPonicus formosus and B. i j'aPonicus, respectively. As

discussed previously, each subspecies is regarded as being in the evolutionary process

of adapting to the environment of its own distributional range, and it seems more sig-
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nificant from the evolutional viewpoint to recognize two subspecies rather than to
combine all the populations under a single subspecies. Such a division seems usefu1

not only for taxonomists (Simpson, 1961) but also for the students of physiology and

ecology. There are no evident physiographical barriers between the ranges of these
two subspecies, but this fact alone does not negate the existence of two subspecies.

  b) Mi ako Toad
    The morphometric characters of the Miyako toad exhibited little variation and

only one form was recognized. The Miyako toad only slightly overlapped several
populations of the Japanese common toad in its morphometric characters, and could
bejudged to be fairly divergent from the latter form. Further, the Miyako toad differed

more from geographically adjacentj'aPonicus than from distant.formosus.

1500

..-L

E
e

(Iiooo
:=

f
g
=,.•

u
:
as 500
'e

o

- ===ttk.mseeÅ}-.,--eta-

        '         A-= !te!!iE!i!!!E:!iE!E== ;-.-

-.

.Elllllilllil

-=iiii:ii$!E!E

      -
iEiE!!ie!ES

-.,,.,,,,.,iiiltiti:I!,,

-------- !Eii

".A-----H
      .A-----
    ----th---------

-Lr,-

Fig. 60.

                         TD ACV
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A; open triangles: type B; open square: intermediate type. Each sYmbol and
horizontal line represents median and range, respectively. • '



MorPhometrl and Revision q fJaPanese Toads 415

    These geographically disjunct morphometric differences between the Miyako and

the Japanese common toad strongly indicate the presence of physiological differences
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between the two forms. In addition, other features of the Miyako toad such as
karyology, skull morphology, and coloration differ from those of the Japanese common

toad, indicating that the two forms represent different evolutionary lineages.

    The Miyako toad, like theJapanese common toad, clearly differs from the European

common toad at specific rank as indicated by the reSults of artificial hybridization
(Matsui, unpubl.; Kawamura et al., 1980). It is not easy to determine the taxonomic

relation with theJapanese common toad since they are allopatrically distributed. The
results ofanalyses ofmorphometry as well as ofother non-metric characteristics discussed

above, however, suggest that the Miyako toad is specifically distinct from the Japanese
                                      '                                         'common toad. '    I (Matsui, 1976b) reported that hybrids artificially produced between female
j'aPonicus and male mi akonis possessed gonads with an inner structure not much different

from the gonad structure of the control. j'aponicus Å~ j'aponicus. I did not discuss tax-

onomic relationship of the two forms since the examined material was a gmall sample

and reciprocal crosses were not tried at that time. Kawamura et al. (1980) made
extensive hybridization experiments and concluded that the Miyako toad is a subspecies

of the Japanese common toad, Bufo j'aponicus. Their taxonomic conclusion, however,

seems not in accordance with the vast amount of data they exhibited. Halfof the male
hybrids between female mivakonis and malej'aponicus were tripioid and sterilc. and when

back-crossed with female j'aponicus or mi akonis, the descendants usually did not meta-

morphose. These authors repeated]y stressed that the Japanet,e stream toad, Bufo
torrenticola, is "scarcely" (sic) isolated reproductively from the Japanese common toad,

Bwfo j'aPonicus, and relegated the former to a subspecies ofjuponicus. The Miyako toad,

when crossed with the Japanese stream toad, exhibited even worse rcsults than those
obtained in the cross with theJapanese common toad. When fema}e mi akont-s and malc

torrenticola were crossed, the male hybrids were either triploid and sterile or diploid with

abnormal testes. The female hybrids were triploid; some did not lay eggs and others

laid eggs most of which did not hatch, It seems to me quite dithcult from these results

to conclude that the Miyako toad is conspe6ific with the forms of main islands, especially

with the Japanese stream toad.

    These examples indicate that the taxonomical interpretation of the results of
artificial hybridization is rather complex. When inviable or sterile hybrids are obtained

between two forms, it contributes much to the taxonomic decision (i.e., the indication

of separate species), whereas if viable hybrids show various degrees of abnormality in

the gonads, the interpretation is rather dithcult. There is yet no general criterion

for taxonomic judgement on the forms of animals showing 'various degrees of genetic

compatibility. It is, however, natural to consider that hybrids showing low fertility

under artificial conditions would be selected more severely under natural conditions

and would hardly contribute much to the reproduction of t.he species.

    Kawamura et al. (1980) indicated .that artificial hybrids between female mi akonis

and male)akushimensis are inferior to the control mi"akonis Å~ mi akonis in the rate of

metamorphosis. My results with the same combination exhibited fewer normal sperms
in the hybrids than in the controls (Matsui, unpubl.), This genetic incompatibility
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indicates the presence of a great gap between the Miyako toad and the southernmost
population of theJapanese common toad (i.e.,Jakushimensis, synonymized withJ'aPonicus

in the present study), as indicated by their morphological divergence.

    Thus, from both morphological and genetic evidencc, the Miayko toad should
be given specific recognition different from the Japanese cominon and stream toads•

Recently, Kawamura et al. (1982) made artificial hybridization experiments between
forms of the Japanese toads and the Chinese common toad (Bufo gragarizans) from
Peking, in which they found a high genetic compatibility of the Miyako toad and the

Chinese toad from Peking. Since the Miyako toad is morphologically similar to the

northeastern populations of the Chinese common toad, but at the same time somewhat

differs from the southwestern populations (Matsui, l974b, 1980a), it seems at present

proper to consider mi akonis and gargarizans (type locality=Chu-zan=northeastern

population) to be subspecifically related.

  c) laPaneseStream Toad
    The Japanese stream toad, Bufo torrenticola, is sympatrically distributed with the

still-water typeJapanese common toad in some parts ofits range. Most of theJapanese

stream toad populations are sympatric with common toads of the subspecies formosus
and only in a few locations has sympatry with juponicus been ascertained. Namely,

,formosus, characterized by a large tympanum, is sympatric with the morphologically

contrasting torrenticota which has an extremely small tympanum, whereas most popu-
lations ofj'aponicus, intermediate between the above two forms in the diameter of the

tympanum, are allopatric with torrenticola. As a result, the morphological difference

is the greatest between the Japanese stream toad and the common toad in the zone of
sympatry. The difference is not limited to the size of the tympanum, but other char-

acters such as male body size and limb length also markedly differ between the two

forms in the sympatric zone. Even if allopatrically distributed common toad popu-
Iations are taken into consideration, torrenticota is still significantly differentiated mor-

phologically from almost all populations ofj'aPonicus andformosus.

  '    The clear morphological difference found in the sympatric zone indicates that each

form maintains its own identity and that they rarely interbreed in natural conditions.

Artificially produced hybrids between the two forms are fertile (Matsui, 1977b, 1979a),

and Kawamura et al. (1980) considered torrenticota as a subspecies ofJ'aPonictts on the basis

ofthe results ofartificial hybridization. The latter authors' idea ofregarding two forms

as conspecific when they produce fertile hybrids seems to be based on the Mayr's earlier

definition that a species is groups of actually or potentially interbreeding natural popu-

lations which are reproductively isolated from other such groups (Mayr, 1940), It must,

however, be noted that the same author (Mayr, 1963: 15) admitted that he was accused
by `hasty' readers of having a species concept "based on cross-sterility." He dis-
tinguished the capacity to produce fertile hybrids (=fertility) and the exercise of this

capacity in nature (==crossability), and at the same time clearly pointed out that the

two subspecies are never sympatrically distributed.

    There are many reports which indicate that fertile hybrids can artificially be
produced between two apparently different natural species or even between two species
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ofdifferent genera, although not so commonly in animals as in plants. Hybrids between

Thatitimus maritimus and Ursus arctos, between Alopex tagoptts and Vutpes vulPes, between

Anas Plat7rhv7nchos and A. acuta, between Taricha torosa and T. rivularis, and between

NotroPis latrensis and N. venustus, are some examples ofvertebrates (Twitty, 1961, 1964;

Imaizumi, 1966; YoshiYuki, 1981), The taxonomical value of the results of artificial

hybridization has been summarized by Cain (1954), and as indicated by Simpson
(1961), such results cannot be taxonomically decisive criteria. Davis and Heywood
(1965) followed the idea of Simpson (op. cit.) and noted "Despite the undoubted im-

portance ofintersterility in the evolution ofspecies, crossability criteria must be assessed,

for purposes of a general classification, iike any other taxonomic character and not be

unduly weighted". More recently, Grant (1971) clearly postulated a similar idea:
"Viewed from the standpoint ofthe evolutionary species concept, the important question

is not whether two species hybridize, but whether two species do or do not lose their

distinct ecological and evolutionary roles. If, despite some hybridization, they do not

merge, then they remain separate species in the evolutionary perspective". A more
generalized definition of species in relation to hybridization is well analyzed and sum-

marized by Wiley (1978, 1981). Thus, successful crossing is subject to many inter-
pretations, only one of which is the conclusion that the two forms belong to the same

species (Wiley, 1981: 68). '
    On the basis of these generalized views, it seems reasonable to regard the Japanese

stream toad as a distinct species. Kawamura et al. (1980), in 'the cour'se of deciding

the taxonomic position of the Japanese stream toad, considered the great variability

of the Japanese common toad to be a result of natural hybridization, and believed that

theJapanese stream toad and theJapanese common toad "inevitably" interbreed. ' Such
an idea obviously neglects the actual distribution pattern of the two forms under natural

conditions. ' ' ''• ''    The Japanese stream toad is clearly separated from the European common toad
(Becfo bufo) at specific rank, Likewise, it is specifically different from Bufo gargarizans

mi akonis as discussed- above. These decisions •can• be made on the basis of the 'results

of artificial hybridization (Matsui, unpubl.; Kawamura et al., 1980). I consider
that "sterile" or "extremely abnormal" artificial hybrids can be a good indication of

the different taxonomic status of the parental species, but not vice versa. From these

views, Bqfo torrenticola is regarded as being recognizably distinct from both Bqfo
j'aPonicus and Bufo gargarizans mi akonis at specific rank.

2. Summar.y ofthe Taxonomic Conclusions

    Thus, the Japanese toads are separated into three species: -
         Bufoj'aPonicus•j'aPonicus Schlegel, 1838 • ,
         BufojuPonicttsfermosus Boulenger, 1883

         Bufo gargarizans mi akonis Okada, 1931

         Bufo torrenticota M. Matsui, l976

    These forms may be separated by the following key:

    A. Stream breeding; tadpoles with large mouth, dental formula
     IIIIII; metamorphosed toads with small and indistinct tympanum
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Åq4.1, and Iong foot År49.8 in adult males and År44.6 in adult
females at SVL 100 mm;•Western Chubu and Kinki, Honshu...... B. torrenticola
AA. Still-water breeding, tadpoles with small mouth, dental formula
I: 1 +11IIIs metamorphosed toads with moderate to large tympanum
År4.3, and short foot Åq50.1 in adult males and Åq44.6 in adult females

at SVL 100 mm
   B. Short parotoid Åq18.0 at SVL 100 mm; interorbital flat;
   seldom with dark stripe on fianks; web well developed;
   Ryukyu Archipelago......................................................... B. g. mi akonis

   BB. Long parotoid År19.1 at SVL 100 mm; interorbital con-
   cave ; usually with dark stripe on flanks ; web ill developed'; from

   Yakushima Isl. northwards.

       C. Medium tympanum 4.5Åq Åq5.6 at SVL 100 mm; south-
       western Honshu, Shikoku, Kyushu ................................. B. i j'aPonicus

       CC. Large tyMpanum År5.9 at SVL 100 mm; northeastern
       Honshu, Hokkaido ...........,...............................,....... B. i .formosus

'
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