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INTRODUCTION

This is primarily an advance report on the amphibians collected in
China by the Central Asiatic Expeditions' of The American Museum of
Natural History, but an effort has been made to include, in addition,
all the Chinese material contained in the collections of the American
Museum. .

In 1927, Karl P. Schmidt published ‘Notes on Chinese Amphibians’
which dealt with a large part of the material treated here and, in fact,
his report has been entirely incorporated in the present one.

This paper is chiefly concerned with amphibians which I col-
lected in Fukien and on the island Hainan. Many additional ones
were secured during my trips through Anhwei, Hunan, Shansi,
Chihli, and Inner Mongolia. Wang Fa-hsiang, a native collector
whom I personally trained, obtained valuable material in Chihli and

1Formerly called * Third Asiatic Expedition.”
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Shantung, while other members of the Expeditions, chief among them
Walter Granger, are responsible for additional specimens of interest. I
will not enumerate the sources of that part of the collection already
included and accounted for by Schmidst.

Special emphasis has been placed on life histories and an effort
made to bring together all the important field observations on Chinese
amphibians found in the literature. It is hoped that one result of this
paper will be the stimulation of interest in field work among students of
biology in China.

I am deeply indebted to Dr. Roy Chapman Andrews for the oppor-
tunity of serving four years on the field staff of his Central Asiatic Ex-
peditions. Dr. G. K. Noble not only read the entire manuscript but
offered much friendly advice for which I am grateful. Mr. Karl P.
Schmidt also read the manuscript and made many valuable suggestions.

List or ForMs CONSIDERED INVALID

The species listed in the left-hand column below have been found by
me to differ in no essentials from certain well-known forms as indicated.
Forms previously relegated to synonymy by others are not included here.

Tylototriton asperrimus Unterstein = T'ylototriton verrucosus Anderson

Molge labiatum Unterstein = Pachytriton brevipes (Sauvage)
Osteosternum amoyense Wu =0eidozyga lima (Gravenhorst)
Rana courtoist Angel =Rana spinosa David

Rana duboisreymondi Vogt =Rana spinosa David

Rana caldwelli Schmidt =Rana adenopleura Boulenger
Rana mellt Vogt =Rana andersonit Boulenger
Polypedates feyi Chen = Polypedates dennyst (Blanford)

List oF LArvE DESCRIBED
The following larval forms are described for the first time:

Hynobius chinensis

Hyla chinensis

Hyla sanchiangensts

Hyla stmplex

Rana adenopleura

Rana astatica

Rana guenthert

Rana latouchit

Rana montivaga

Rana nigromaculata mongolia
Rana nigromaculata reinhardtiz
Rana plancyi
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Polypedates dennys:
Polypedates ozycephalus
Philautus doriz
Kaloula borealis
Among the above, there is doubt about the identity of the Rana
montivaga tadpole only, but two larve, though described in full and
figured, have not been named. One is a ranid, recorded as Rana
(species?), the other a polypedatid, recorded as Polypedates species?
Three tadpoles, though not formally described in detail, are re-
ported for the first time. They proved to be so similar to known forms
that a description is unnecessary. They are:
Megophrys kuatunensis
Bufo bankorensts
Polypedates leucomystax megacephalus
Rana japonica, Rana spinosa, and Staurors rickett: tadpoles are re-
described for reasons explained under each, and two larve are doubtfully
referred to Bufo raddes.

LocALITIES OF SPECIAL IMPORTANCE

Approximately 175 Chinese geographical names are to be found in
the following pages. These group themselves roughly into (a) places of
medium to small size, where many specimens have been collected; (b)
large cities found on all maps; and (c) minor localities of no great im-
portance in either a general or special sense. The following list is in-
tended to allocate all of group (a) but, as anyone can imagine, the classi-
fication of so many places is no simple matter and slips have doubtless
been made. Group (b) localities are too readily found to take up space
here, while the situations of those in (c) are designated where they occur
in the text. :

Cr'UNGAN CITY..................see page 410 and map, page 611.

Cr'UNGAN HSIEN.................. see page 410 and map, page 611.

Fursing or FucHiNGg HSIEN. ...... see page 411 and map, page 611.

Hox’ou or Hokow.............. on the plateau of northeastern Kiangsi, west and a
little south of Kwangsin. See map, page 611.

KIENNING........................a fu city on the northern branch of the upper Min

River, Fukien. See map, page 611. Not to be
confused with the hsien city of the same name
some distance west of Yenping near the Kiang-
si boundary.

KIUKIANG........................on the Yangtze River in extreme northern Kiangsi.
The mountains immediately to the south are
known as the Lushan and it is there that
Kuling is situated.
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KOWLOON..................... on the mainland just opposite Hongkong Island
directly to the north.

KUATUN.........................see page 410 and map, page 611.

LIKIANG..........................in northwestern Yunnan, near the Yangtze River;
altitude 8200 feet on H. R. Davis’ map of
Yunnan.

LitoNG..........................in Kwangtung, immediately north of the area under
British control surrounding Hongkong Island.

LOFAOSHAN......................arange of mountains sixty miles east of Canton and
seventy north of Hongkong, reaching an
altitude of 4000 feet or a little more.

MT.OMEI. .......oovveveennn.. a precipitous mountain in ‘Szechwan immediately
west of Kiating, attaining an altitude of
11,000 feet. Also called Omi or Omei Shan.

NINGEWO.......................a& fu city at low altitude in southeastern Anhwei.

NODOA.......o.o o in northern central Hainan, near the foothills of
the island’s southern highland.

PiNGHsIANG or PINGSIANG. ........ in extreme western Kiangsi, at about 27° 41’ N.
latitude.

SAN CHIANG......................5 mountain village in northwestern Fukien. See
page 411 and map, page 611. .

SHIUCHOW...................... a fu city in Kwangtung about 120 miles north of
Canton.

SurFu.. ... P a fu city in southern Szechwan, at the junction of
the Min and Yangtze Rivers. The altitude is
given as 800 feet on H. R. Davis’ map of
Yunnan.

TALIFU..........................in northwestern Yunnan. The altitude is given as

TENGYUEH or MOMIEN. .........

WANHSIEN. ...cooovvvn oo,

WHAMPOA. .....ceoeiee i

YENPING. .....ccoovvevveinn ..
YUANKIANG. ... oo

6700 feet on H. R. Davis’ map of Yunnan.

.in extreme western Yunnan. The altitude is given

a8 5365 feet on H. R. Davis’ map of Yunnan.

.on the Yangtze River in extreme eastern Sze-

chwan, at an altitude of 600 feet.

.twelve miles southeast of Canton, on an island in

the Chu Kiang or Pearl River.

on the Yangtze River in eastern Anhwei.

Woauting is a chow city about forty miles northwest
of Yunnanfu at an altitude of 6000 feet (H. R.
Davig’ map of Yunnan). The area under its
jurisdiction is. Wutingchow District or Hsien.
For the sake of uniformity with Schmidt,
I have in this case used the word, District,
instead of its Chinese equivalent, Hsien.

.see page 411 and map, page 611.
.in southeastern Yunnan, on the Yuan Kiang or

Red River. The altitude is given as 1500
feet on H. R. Davis’ map of Yunnan and its
distance from Yunnanfu as about 110 miles.
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The question of the proper Romanization of Chinese geographical
names is no simple matter because scholars of various nationalities
translate the sounds in different ways, and because much similarity often
exists between the names of places even within one province. A good
example of the possibility of error arising from this latter cause is the
case of Lianghokou or Lianghokow, Szechwan (see page 429). Finding
four towns of this name (it is immaterial whether the final letter is u or
w) on the map of the province, I went to some trouble to determine which
one of these was referred to, only to find out that the place in question
was still a fifth Lianghokou in the same province! When such repetition
occeurs, it does not always mean that the real names are duplicated but
rather that different Chinese names are spelled with the same English
letters.

In general, I have used the spelling of the Postal Map of China,
which may be bought for a small sum at any large Chinese post office.
For reasons too involved to enumerate here, this standard has not
always been followed but, in an effort to avoid confusion, I have desig-
nated the position of every locality, some of the largest anq best known
cities excepted.

The present tendency is to omit the suffixes fu, ting, chow, and hsien,
as their only purpose is the indication of grades of political importance
among cities. If added, these final syllables are, nevertheless, often
useful in helping one to distinguish between localities in the same
province that happen to be spelled alike, and their retention for this
reason is sometimes justified.

Anglicized Chinese monosyllables, when put together as names,
may be written as a single word, separated by spaces, joined by hyphens,
or even capitalized, but, in general, it is best to do the simplest thing, i.e.,
write each* name as one, unbroken word without spacing, hyphens or
more than one capital letter. For example, the capital of Shansi is
variously seen as Tai Yuan, Tai-yuan, Taiyuanfu, ete., but it is printed
as Taiyuan on the Postal Map.

According to the rules of writing Chinese sounds in English, many
syllables are separated in the middle by an apostrophe, which merely
indicates a soft or aspirated pronunciation. It is not easy to retain
" such a mark and only the most literally minded attempt to do so
in geographical names. On many special maps of small areas, the
apostrophe is used throughout in an effort to be more accurate, but
frequently it is dropped entirely, and I fail to find a single one in the list
of names taken from the Postal Map. Edward Stanford has not used
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it in his ‘Complete Atlas of China,” which happens to be by far the most
useful one procurable.

A word of caution should be added: no one has an ear so acute that
he or she can write down with any degree of accuracy Chinese mono-
syllables when first heard. It is essential that some method be devised
by which every sound may be properly written according to the rules of a
standard system, preferably the Anglicized form as found in either Wade’s
or Hirth’s syllabary of Chinese sounds (Hirth, 1907). In general,
Chinese characters, rather than some local pronunciation, should form
the basis of Romanization.

HaINaN

The island of Hainan occupies a position of especial significance for
those interested in the Chinese fauna. Lying almost wholly south of
latitude 20° N., it is the southernmost extension of China. In the same
latitude as northern Indo-China and northern Luzon, its faunal relations
are primarily Oriental and its fauna is as tropical in character as that of
any other corner of China. It may be divided into two regions; a
northern, open plain and a southern, rugged highland, mountainous and
partly forested. Five Finger Mountain forms the center of the highest
section and reaches an altitude of 6300 feet.

The following is a paraphrase of Moninger’s (1919) description of
the Hainan climate:

During the summer season the thermometer ranges steadily from 80° to 90° F.,
the heat is very intense and the humidity great. Through the winter months, the
temperature occasionally drops to 45° but rarely below and never that low unless the
sky is cloudy. Frost is practically unknown [at lower altitudes]. From the first of
October the weather is generally fair until January, with an occasional day of rain.
Several weeks of January and February are very damp for the air is constantly

saturated with a fine mist but no rain falls. In March and April, when the monsoons
blow, the air is very dry.

SumMARY OF CONTRIBUTIONS TO THE HERPETOLOGY OF HAINAN!
Swinhoe (1870) published the first list of Hainan amphibians,
enumerating three species as follows:

Rana esculenta

Rana gracilis

Hyla chinensis
No specimen of the first was preserved, so obviously he must have mis-
taken some common Hainan Rana for the Chinese representative of the

1This list is complementary to Schmidt’s similar one dealing with the reptiles of Hainan and con-
tained in the introduction of his paper published in 1927.
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European green frog, Rana nigromaculata. R. gracilis is a synonym of
limnocharis and his Hyla may safely be taken as simplez.
In 1888, Boettger reported upon a collection made in Hainan by

Otto Herz. A list of his six species follows:

Ozyglossus lima

Rana gracilis

Rana macrodactyla

Rana tigrina

Rhacophorus maculatus

Bufo melanostictus

Ozxyglossus is now Oeidozyga, while R. tigrina is the equivalent of
R. rugulosa and R. maculatus a synonym of Polypedates leucomystax
leucomystar.

Boettger (1894) made an addition to the list from the collection of
Bernhard Schmacker, Rana guentheri.

Cope’s 1895 report on Hainan material included but one species of
amphibian which he called ‘“ Hyla arborea var.,” after noting its distinc-
tive characteristics. He undoubtedly had a specimen of H. simplex
before him, because it is the only Hyla certainly known on Hainan, where
it is abundant.

Mr. John Whitehead was the first to secure representatives of the
mountain fauna of Hainan but his trip was costly because he died in the
interior of the island. Boulenger (1899) identified the collection which
contained three new species designated by asterisks in the following list:

Rana graminea*

Rana andersonii

Staurois hainanensis*
Rhacophorus leucomystax
Rhacophorus oxycephalus*
Bufo melatostictus

R. andersoni, in addition to the three new forms, constitutes a new
record for the island.

Barbour described Microhyla hainanensis in 1908, a species now
relegated to the synonymy under M. pulchra. His description, never-
theless, is the first Hainan record of pulchra.

In 1913, Vogt listed nine amphibians comprising a collection made
on Hainan by Schoede and presented to the Berlin Museum. Micro-
hyla ornata and M. butler: were thus reported from Hainan for the first
time, the latter, however, as a new species, M. boulengeri, which has
only recently been considered synonymous with M. butleri (Parker,
1928). Vogt ended his paper with a list of eighteen forms then known to

@
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occur on Hainan. From this list, for reasons already stated, Microhyla
hainanensis must be deleted and Hyla simplex substituted for H. arborea
and H. chinensts together. I do not know on what authority Microhyla
fisstpes was included but the point is immaterial because Parker (1928)
considers it identical with M. ornata.

Mell’s 1922 paper on the fauna of southern China includes quota-
tions of Hainan records. He has duplicated Vogt’s list in almost every
detail, so the remarks already applied to that are appropriate for Mell’s
nominal list.

During my sojourn on Hainan, Malcom Smith made a collecting
trip there, securing nineteen forms, two of them undescribed and six
others also new for Hainan. His additions to the fauna are listed below,
each new species marked with an asterisk:

Ozxyglossus levis martensi Rana taipehensis
Rana kuhlii Microhyla achatina
Rana nasica Microhyla butler:
Rana spinulosa* Micrizalus torrentis*

The important point to be noted here is that M. heymonst must be sub-
stituted for M. achatina because the latter is now regarded as confined to
Java (Parker, 1928).

The present paper includes seventeen species from Hainan, none of
them new to science but a few of special interest. A complete list follows:

Bufo melanostictus Polypedates leucomystazx leucomystaxr
Hyla simplex Polypedates oxycephalus
Owidozyga laevis martenst Polypedates species?*
Ocidozyga lima Philautus doriae*
Rana guenthers Philautus vittatus*
Rana limnocharis Kalophrynus pleurostigma*
Rana macrodactyla Microhyla butler:
Rana taipehensis M icrc;hyla ornata
Microhyla pulchra

The four marked species are additions to the fauna but one of them,
unfortunately, has not been definitely identified and cannot be included
in a final list of Hainan amphibians. The large series of H. simplex
clears up in a most satisfactory way the long confused question of the
tree toads found on the island. The introduction of two new genera to
the fauna, Philautus and Kalophrynus is worthy of note and one of them,
P. vittatus, well illustrates a point brought out below, i.e., even in the low-
lands, common forms frequently escape the notice of first-class collectors.

The twenty-five amphibians definitely known to occur on Hainan
are listed below. I have arranged two columns: one for a brief state-

*
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ment of the range, the other for the probable habitat preference of each

form.

RANGE

HABITAT PREFERENCE

(1) Bufo melanostictus

From India and southern
China southward through the
Malay Archipelago to the
Philippines

Open plains and pla-
teaus

(2) Hyla stmplex

Annam and Tonkin

Vegetation of lowlands

(3) Owidozyga laevis mar-
tenss

Peninsula of southeastern Asia!

Quiet water of open,
level or hilly country

(4) Oceidozyga lima

Northeastern India and south-
ern China to and including the
Malay Archipelago

Quiet water of open,
level or hilly country

(5) Rana andersonit

Southern and central China,
Upper Burma, and Tonkin

Mountain streams

(6) Rana graminea

Southeastern China,
and Tonkin

Annam,

Mountain streams

(7) Rana guenthers

Southern and central China,
Annam, and Tonkin

Quiet water of plains
and plateaus

(8) Rana kuhli

Loo Choo Islands, Formosa,
southern and central China
through the Malay Archipelago

Quiet water of moun-
tains

(9) Rana limnocharis

India, Japan, and central China
through the Malay Archipela-
go to the Philippines

Quiet water and grass-
land from sea-level
to at least 7000 ft.

(10) Rana macrodactyla

Extreme southern China, Ton-
kin, Burma, and Siam into the

Streams and wet areas
of open country at

Malay Peninsula low altitudes
(11) Rana nasica Tonkin and Hainan Mountains
(12) Rana rugulosa Central and southern China, | More permanent quiet

Burma, and Formosa through
much of the peninsula of
southeastern Asial

water of plains and
plateaus

1Th% region from Upper Burma and northern Indo-China to and including the entire Malay

Peninsula will be thus designated.
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RaANGE

HaBIiTAT PREFERENCE

(13) Rana spinulosa

Known only from Hainan

Mountain streams

(14) Rana taipehensis

Formosa, extreme southeastern
China, (Tonkin?),and Annam

Grass and streams
from low to moderate
altitudes

(15) Staurois hainanensis

Known only from Hainan

Cascades

(16) Micrizalus torrentis

Known only from Hainan

Mountain streams

(17) Polypedates leucomys-
tax leucomystax

Peninsula of southeastern Asial
through the Malay Archi-
pelago to the Philippines

Vegetation of level as
well as mountainous
country

(18) Polypedates oxyce- Known only from Hainan Cascades
phalus :
(19) Philautus dorize Burma and Siam Vegetation of low,
level country
(20) Philautus vittatus Upper Burma, Siam, and | Vegetation of low,
Cochin China level country
(21) Kalophrynus pleuro- | Southern China and Burma | Open country near
stigma southward through the Malay | streams at low and

Archipelago

moderate altitudes

(22) Microhyla butler:

Central and southeastern China
southward into the Malay
Peninsula

Grassland of plains,
plateaus, and moun-
tains to moderate
altitudes

(23) Microhyla heymonsi

Formosa and southern China
through the peninsula of
southeastern Asia' to Sumatra

Open country at low
altitudes as well as
high mountains

(24) Microhyla ornata

India through Burma, central
China, and Formosa south-
ward into the Malay Penin-
sula

Open plains, plateaus,
and low mountains

(25) Microhyla pulchra

Extreme southeastern China,
Tonkin, Siam, and Cochin
China -

Plains, plateaus, and
low mountains

1The region from Upper Burma and northern Indo-China to and including the entire Malay
Peninsula will be thus designated. “
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Although the amphibian fauna of Hainan has been analyzed and
discussed by Smith and others, the above table brings together data
never before correlated and should enable us to arrive at ¢onclusions of
some finality. I have purposely omitted reference to conventionalized
formule relegating the various species to zodgeographic regions or areas
because I believe that better results can be obtained by adhering to the
simplest possible method of presentation. The ranges as given are
intended to be correct even in detail but I have only indicated the habitat
preferences in a general way, distinguishing readily secured, open coun-
try forms of wide and general distribution from the more elusive moun-
tain inhabitants whose ranges are often very erratic.

Careful examination of the above table brings certain facts to light
as follows: ‘

1.—Nineteen of these Hainan frogs are already known to be widely distributed in
southeastern Asia (Nos. 1, 3-10, 12, 14, 17, 19-25). Nearly all of this number of
gpecies are lowland and open country types readily collected and generally abundant.

2.—The four forms not known to occur off the island are mountain-stream in-
habitants secured only with great difficulty, a fact that may entirely account for their
apparent absence elsewhere (Nos. 13, 15-16, 18). It is more than probable that these
will turn up when the higher regions of the adjacent mainland are thoroughly explored.

3.—There are but two remaining forms: R. nasica, also a mountain species,
the range of which is but partly known; and H. simplez, the single representative of
the north and central Asiatic fauna that extends over much of Europe.

It may be concluded, then, that the lowland amphibian fauna of
Hainan is exactly what it would be were the island still connected with
the adjacent mainland, while the mountain fauna is more distinctive, a
condition that undoubtedly is largely accounted for by our incomplete
knowledge of the amphibians inhabiting the mountains of the opposite
mainland. In addition, it is safe to state that more than twenty-five
species exist on Hainan.

Fukien AND ITs THREE PRrINcIPAL LOCALITIES

Fukien is one of China’s ‘“Eighteen Provinces.” Located on the
southeastern coast, it is bounded by the Formosan Strait on the east,
Chekiang on the north, Kiangsi on the west, and Kwangtung on the
south. It is roughly quadrangular in shape and set obliquely, the north-
western corner being a little east of the southeastern. With the excep-
tion of the four corners, it lies wholly within the area bounded by the
24th and 28th parallels of north latitude, and the 116th and 120th
meridians of east longitude. The area is 46,332 square miles.
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In southeastern China, from southern Anhwei southward through
Chekiang, Kiangsi (the flat country of the Poyang Lake region excepted),
Fukien, and much of Kwangtung, endless chains of steep, rugged moun-
tains rise to an altitude of from three to more than seven thousand feet.
Their general trend is from northeast to southwest, or parallel to the
coast, and the wildest and highest ranges follow inland provincial
boundaries, while along the sea lower chains are found.

Obviously, an area lying just north of the tropic of Cancer, having
great altitudinal differences resulting from ranges extending more or less
north and south, and an extensive coast line, would possess a rich and
interesting fauna and flora. Fukien is just such an area that has proved
nowise disappointing, harboring, as it does, no less than 118 forms of
reptiles and amphibians together. This count does not take marine
species into consideration.

To the Chinese, the name Fukien is almost synonymous with the
word mountain. This, moreover, is a true conception. The deeply
indented coast, a result of subsidence, is no less rugged and hilly than the
interior, though here the low mountains are broken up by plains. Pro-
ceeding inland, the mountains increase and the plains diminish until,
along the western border, high, steep ranges almost completely inter-
cept transportation. It is here that peaks rise to more than 7000 feet
and sparsely settled, primeval forests abound. These western ranges
arise from a plateau about 1200 feet above sea-level.

The northern half of the province, that section with which this
paper directly deals, is drained largely by the Min River system. The
headwaters of this river arise along the Fukien-Kiangsi boundary and
descend as several small rivers to unite at Yenping and form the Min.

The three Fukien localities of special importance, Ch’ungan Hsien,
Yenping, and Futsing Hsien, are described separately below.

Cr'uneaN HsiEN.—As shown on the map, page 611, Ch’ungan
City, Kuatun, and San Chiang are all included in this area. Ch’ungan
City is situated on an open, highly cultivated plateau inhabited by few
interesting amphibia. After crossing this thickly settled region, one
soon enters the Kuatun mountains extending along its western border
where possibly the highest peaks of the province are found. Kuatun
itself is little more than a series of houses stretched along a valley that
comes to an end just below the summit of Kuatun Mountain (Plate
XIX, fig. 1), locally reputed to reach a greater altitude than any of the
neighboring mountains. This valley is bowl-shaped and partly culti-
vated at its upper end, but lower down it is narrow, steep-sided, and
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forested. San Chiang, a typical mountain village, is situated some 1200
to 1500 feet lower in a wide valley through which an interprovinecial
highway extends. The pass into Kiangsi, a few miles above San Chiang,
is called T’ung Mu Kuan. The San Chiang-Kuatun region, then, is
rugged and well forested as shown in the photographs of plates XVIII-
XXI. Ihave no exact data on the altitudes of this region but the figures
already given and those on the map, page 611, are the most reliable ones
available.

Kuatun is famous as the collecting ground of both Abbé Armand
David and Mr. J. D. LaTouche. Mr. Outram Bangs of the Museum of
Comparative Zoology, Cambridge, Massachusetts, has supplied me with
a list of twenty-seven birds having Kuatun ag their common type locality,
while no less than fifteen mammals and seven reptiles have been described
from there.! The same is true of the following amphibians (those re-
cently described by me are not included):

Rana latouchis
Rana ricketti o
Megophrys boettgers

This by no means exhausts the Kuatun new-species list but gives
some idea of the scientific importance of this remote village.

In this paper, I have, as a rule, used Ch’ungan Hsien to designate
specimens from the ‘‘hsien’ or district controlled politically by Ch’ungan
City. This term, then, is inclusive of several localities, Ch’ungan
City, Kuatun, San Chiang, etec., but, in nearly every case, specific de-
tails are added in the text to indicate the exact origin of the material.

YenpriNG.—This city, situated where the main branches unite to
form the Min River, has been visited by botanists as well as zoologists.
Caldwell, Sowerby, and Andrews collected here with good results. The
water front of the town is only some 500 feet above sea-level but the
precipitous, forested mountains six to ten miles west of the city reach a
height of 4200 feet or more. Thus, specimens from a great range in
altitude may be taken. (See map, page 611.)

Fursine? HsieN.—In this area, low, intensely cultivated plains and
rugged mountains are mixed in about equal proportions. The latter
scarcely exceed 3000 feet in altitude and are for the most part quite bare.
One range in which I worked is still clothed in forests and it was there
that the cascade and swift-stream amphibians were taken. I made my
headquarters in Ling Shih Szu, a large but delapidated monastery at the

1The more inclusiveterm Ch'ungan Hsien is given by me (Pope, 1929) as the type locality of seven
aéd];i.itional new reptiles, all the types of which were taken in the mountains about Kuatun and San
iang.
2Hokkiang or Hokchiang is the local and Foochow equivalent of Futsing.
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base of the mountains. Futsing Hsien is on the coast just southeast of
Foochow. (See map, page 611.)

SummaRY OF CONTRIBUTIONS TO THE HERPETOLOGY OF FUKIEN
Our knowledge of the amphibia of this provinee begins with Stein-
dachner’s 1869 report on the collection made by the ‘Novara.” Two
species were recorded from Amoy as follows:

Bufo melanostictus
Hyla chinensis

David’s records of the three species listed below do not strictly
belong here but are, nevertheless, worthy of mention, dealing as they do
with specimens from extreme eastern Kiangsi near the Fukien boundary:

Triton orientalis
Cynops chinensis
Rana latrans or spinosa
-The first is generally known as T'riturus orientalis, while the second is
now referred to the subsequently described Pachytriton brevipes.
In 1882, Boulenger described a new species from Amoy:

Rana guentheri

La Touche visited Kuatun in 1896 and 1898. Boulenger (1899)
reported on his interesting collection from there as follows:

Rana kuhlt

Rana boulengert

Rana japonica

Rana latouchis*

Rana andersoni

Rana ricketts*
Rhacophorus leucomystax
Rhacophorus dennyst
Bufo vulgaris
Leptobrachium boettgers*

The three species described as new are marked with asterisks. R.
boulenger: is a synonym for R. spinosa, while the genus Leptobrachium
is now united with Megophrys. The toads called B. vulgaris are un-
doubtedly identical to the B. bankorensis of the present paper, and R.
leucomystax to P. l. megacephalus. Boulenger was much gratified to see
- the three R. dennys: from Kuatun because, since its description in 1881
from an indefinite locality, he had received one from Foochow and was
consequently able to base a new account on all five specimens then known.
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The following species' secured at Foochow by Kreyenberg are
included in Wolterstorff’s 1906 extensive report on Chinese collections:

Rana esculenta chinensts
Rana japonica

Rana limnocharis
Microhyla ornata

Hyla chinensts

R. e. chinensis is certainly Schmidt’s R. nigromaculata reinhardtii. The
first, third, and fourth are additions to the fauna.

Only after many years had passed was the knowledge of the Am-
phibia of Fukien increased by Annandale’s 1917 record of Rana rugulosa
from the province.

Boulenger reported Rana longicrus from Ching Fung Lin, Fukien,
in his Monograph (1920), a record referred to R. japonica in the present
paper.

A great revival of interest was initiated when Stejneger listed the
Chinese material in the National Museum (1925). The following six

among a total of eighteen forms recorded from Fukien were additions
to the fauna:

Pachytriton brevipes
Microhyla sowerbyt
Microhyla heymonsi
Rana plancy:

Rana adenopleura
Ozydozyga lima

As explained in the ‘ Annotated List of Species,” M. butler: should be
substituted for M. sowerbyi, described as new, and R. fukienensis for R.
plancyi. Ozydozyga is a synonym of Oeidozyga.

The next contribution, made by Schmidt in 1927, was based on the
fine collections of Caldwell, Andrews, and Heller, and although it con-
sisted of as many as thirteen species, it included no additions to the
fauna.

In 1929, Wu recorded Oeidozyga lima from Amoy as the type of a
new genus and species Osteosternum amoyense.

The present paper includes a total of thirty-two species collected
by myself in Fukien, the following nine constituting new records:

1This lot of species was also enumerated in a communication from Kreyenberg in 1905 and a short
article by Wolterstorff of the same date. These references, though included in the Bibliography at the
end of this paper, are not quoted directly because of their comparative inaccessibility.
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Hynobius chinensis
Megophrys kuatunensis*
Megophrys pelodytoides
Megophrys hasselti
Hyla sanchiangensis*
Rana chunganensis*
Rana graminea
Rana montivaga

- Rana (species?)

The three starred forms were described by me as new in 1929.
Unfortunately, one of the nine cannot be included in a final list because
of its uncertain identity.

The accompanying table summarizes the distribution of Amphibia
within Fukien, giving habitat preferences and general ranges in terms of
provinces, countries and other major geographical divisions. An
asterisk indicates a record based entirely upon material in the collection
of the American Museum or upon my personal observation. A study of
this table will show at once the complex nature of the Fukien amphibian
fauna, consisting as it does of twenty-two oriental and nine Palearctic
species. The former, after excluding Megophrys kuatunensis, Bufo banko-
rensis, Rana chunganensis, and Polypedates leucomystax megacephalus,
species whose ranges are not known or very incompletely defined, may
be divided into three groups as follows:

1.—Forms widely distributed through southern China and the peninsula of
southeastern Asia including, or not, part of India and the Malay Archipelago:
Megophrys pelodytoides, Megophrys hasseltii, Bufo melanostictus, Oeidozyga lima, Rana
kuhlii, Rana limnocharis, Microhyla butleri, Microhyla heymonsi, and Microhyla ornata.

2.—Forms of moderately wide distribution in China and the peninsula of south-
eastern Asia: Rana andersonii, Rana graminea Rana guentheri, Rana montivaga, and
Rana rugulosa.

3.—Forms of limited distribution in central and southeastern China and, in two
-cases, Tonkin: Megophrys boetigeri, Rana spinosa, Staurois ricketti, and Polypedates
«dennysi.

The ranges of three of the nine holarctic forms are not known or
only poorly defined, Hynobius chinensis, Hyla sanchiangensis, Rana
japonica, while the remaining six may be divided into two groups of
equal size as follows:

1.—Those locally distributed in southeastern China and, in two cases, Formosa,
but having no very close allies: Pachytriton brevipes, Rana adenopleura, and Rana
latouchis.

2.—Those locally distributed in southern and central China and Formosa (one
form excepted) but having very close allies of much wider distribution: Hyla chinen-
818, Rana fukienensis, and Rana nigromaculata reinhardiii.



Table Showing Distribution of Forms Within Fukien

1See note page 407.

Range WitHIN FUKIEN
GENERAL RANGE ExcLu- | HABITAT PREFERENCE IN
ForsiNe | YenpiNG | Cr'unean| OTEER Lo-| sIvE oF FukEN Fukmn
HsmN Reaion HsmN CALITIES
(1) Hynobius chinensis Rare* Known only from Ichang, | Forest floor near top of
its type locality highest ranges
(2) Pachyiriton brevipes Abundant*| Abundant | Abundant* Kiangsi, Kwangtung and | Swift mountain streams
Yunnan!
(3) Megophrys boettgers Abundant*| Abundant*| Abundant Kiangsi, Chekiang, Kwang-| Vicinity of shaded moun-
(Kuatun is tung and Hongkong tain streams
the type
locality)
(4) Megophrys kuatunensis Abundant* (Known only from type | Vicinity of shaded mountain
(Kuatun is locality) streams at highest alti-
the type tudes
locality)
(5) Megophrys pelodytoides | Abundant*| Abundant*| Abundant* Tonkin, Burma, Siam, | Vicinity of shaded mountain
and Malay Peninsula streams
(6) Megophrys hasseltsi Abundant* Kwangtung, Burma, and | Vicinity of shaded mountain
Siam southward through streams
Malay Region to Philip-
pines
(7) Bufo melanostictus Abundant | Abundant*| Abundant*| Kienning,*| Formosa, Kwangtung,| Open, level and hilly regions,
Foochow,*| Hainan and Yunnan in| low to medium altitudes
Amoy China. Widelydistributed
through India and south-
ward from China through
Malay Region to Philip-
pines
(8) Bufo bankorensis Abundant Formosa and Szechwan High altitudes in mountains
(9) Hyla chinensis Abundant | Abundant*| Abundant*| Foochow, | Central China and Formosa| Vegetation of plains and
Amoy to northern Kwangtung; plateaus to moderate alti-
northern and western tudes in mountains
limit of range not well
defined
(10) Hyla sanchiangensis ) Abundant* (Known only from type | Vegetation of higher moun-
locality) ains
(11) Owidozyga lima Only mod- Amoy Kwangtung and Hainan in | Quiet water of open country
erately China. Widely distrib- at low altitudes
abundant| buted southward from
eastern India and China
through Malay Region
(12) Rana adenopleura Abundant | Abundant* Formosa Quiet water in mountains
(13) Rana andersonis Abundant®*| Abundant*| Abundant | Foochow | Kwangtung, Hainan, Yun- | Mountain streams
nan, Hupeh, Burma and
Tonkin
(14) Rana chunganensis Abundant* (Known only from type | Mountain forests
locality)
(15) Rana fukienensis Abundant Abundant*| Foochow | Formosa Quiet water of plains and
plateaus
(16) Rana graminea Only* Hainan, Annam and Mountain streams
moderately Tonkin
abundant | Abundant*
(17) Rana guenthers Abundant*| Abundant*| Abundant*|Amoy (type| Szechwan, Kaingsu, Kiang- | Quiet water of plains and
] locality), si, Kwangtung, Hainan, plateaus
Kienning,*| Yunnan, Hongkong,
Foochow Tonkin and Annam
(18) Rana japonica Abundant*| Abundant |Kienning, | Widely distributed through | Grassy areas from sea-level
Ching Fung| central and southern to considerable altitudes
Lin, Foo- China, but range is in mountains
chow poorly defined
(19) Rana kuhlss Probably* | Abundant Loo Choo Islands, Formosa,| Quiet waters of mountains
abundant Kiangsu, Kiangsi, Yun- !
nan, Kwangtung, Hai-
nan, and Hongkong
southward through Ma-~
lay Region
(20) Rana latouchss Abundant*| Abundant Formosa Quiet water of mountains
(Kuatun is .
the type
locality)
(21) Rana lsmnocharss Abundant | Abundant | Abundant*| Foochow, | From India through cen- | Quiet water and grassland
Upper Min| tral Szechwan and Shan- from sea-level to consid-
Basin tung to Japan and erable altitudes in open
southward through Ma-~ mountain valleys
lay Region to. Philip-
pines
(22) Rana montsvaga Probably* Not* |Abundant* Annam Mountain forest floor
present | abundant
but rare
(23) Rana rugulosa Abundant*| Abundant*| Abundant*| Foochow | Yunnan, Szechwan, Hupeh,| More permanent, quiet water
Hunan, Kiangsi, Anhwei,| of plains and plateaus
Kiangsu, Chekiang,
Kwangtung, Hainan,
Formosa, Hongkong, and
southward into penin-
sula of southeastern Asia?
(24) Rana nigromaculaia Abundant | Abundant®*| Foochow | R. nigromaculata is widely | Quiet water of fields and
reinhardits distributed in central ditches from sea level to
and northern China, considerable altitudes in
but the ranges of the mountains
subspecies are not well =
defined. This one is
found as far south as
northern Kwangtung
; . Hupeh, Kwangsi, Anhwei, | M, ;
(26) Rana spinosa Abundant®| Abundant | Abundant UFooolu;:[vi,ll Chebiang, Kwangtung, ountain streams
pg";dn Kiangsi, Hongkong, and
Tonkin
(26) Staurois ricketis Abundant*| Abundant | Abundant Kwangtung and Tonkin | Shaded cascades
(Kuatun is
the type | E
locality)
(27) Polypedates dennyss Probably* | Abundant | Abundant | Foochow, | Hunan, Kiangsi, and Generally distributed but
abundant Yuchi Kwangsi partial to vegetation of
mountain forests
(28) Polypedates leucomystax Abundant | Abundant | Foochow | Formosa, Kiangsu, Kwang-| Vegetation of plains, pla-
us tung, and Hongkong - teaus, and mountains to
e considerable altitudes
(29) Microhyla butlers Abundant Szechwan, Kwangtung, Grass-grown valleys in
Hainan, Tonkin, Siam, mountains of moderate
Cochin China, and altitude
Malay Peninsula
(30) Microhyla heymomt Abundant*| Abundant | Abundant* Hainan, Formosa, Tonkin, | Open, grassy valleys of
Siam, Cochin China, high mountains
Malay Peninsula Nias,
and Sumatra
(81) Microhyla ornaia Abundant | Abundant | Abundant®| Kienning, | Szechwan, Yunnan, Hunan,| Grassland from sea level to
Foochow Kiangsi, Anhwei, Kiang- considerable altitudes in
su, Chekiang, Kwang- | mountains
tung and Hainan in
China. Exclusive of
China it is found in
Burma, Assam, Siam,
Annam, Malay Penin-
sula, India and Ceylon
1A single specimen is reported from Yunnan as stated under P. brevipes in the ‘ Annotated List of Species.’ This record is open to doubt.
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An analysis of the distribution of the thirty-one forms within
Fukien itself gives the following results: the three chief localities
(Foochow taken together with Futsing Hsien, and Kienning with Yen-
ping) have almost an equal number of oriental forms, the only difference
being that a greater number of mountain inhabitants are recorded from
Ch’ungan Hsien, a difference doubtless to be accounted for by the more
thorough collecting done there. It is another matter when the Pale-
arctic fauna is considered because Futsing Hsien has only four and Yen-
ping five, but Ch’'ungan Hsien seven forms. This illustrates the real
difference between northeastern and northwestern Fukien. The rugged
mountains of the northwest not only act as a barrier to the passage of
northern species but afford a relatively temperate climate for them to
enjoy in a latitude south of where they normally occur. ’

In conclusion, it may be stated that Fukien derives its fauna chiefly
from the south. A few northern forms, however, penetrated the moun-
tains of its northwestern border or followed the coast southward and
became widely distributed throughout the province, while others took
up their abode in the northwestern highland where they found a temper-
ate rather than a semi-tropical climate. Conversely, southern lowland
species reached different points in their northward advance along the
coast, only a limited number of them having passed Yenping, however,
while many of those adapted to mountain life followed the highland of
the western boundary and became well established even as far north as
Ch’ungan Hsien. One might describe Fukien as the meeting ground of
Palearctic and oriental faunas, a term likewise applicable to northern
Kwangtung as shown by Mell (1929). It would be hard to find another
place possessing such a complete mixture of Amphibia representing two
of the major faunistic divisions of the world.

MEeTHODS AND PERIODS OF COLLECTING

Many of the large series of specimens included in this report were
collected through local farmers. This method, previously employed to
good advantage by Wall, Andrews, and many others, is very satisfactory
when combined with constant supervision. It is, however, far more
practicable with reptiles than amphibians. Frogs are easily found when
breeding and, at such times, two or three persons can often secure a
sufficiently large series in a few minutes. Rare reptiles may never be
seen by any one individual no matter how clever at collecting that one
may be and such species can only be secured through local help.
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Immediately upon arrival at a new locality, I invariably called
together all professional snake-catchers, fishermen, and hunters, and
the like, hiring the most promising and gleaning as much information as
possible from the rest. My own helpers organized idlers and ambitious
boys in the hope that some of them could be permanently interested in
collecting. At least one of our party always remained in camp to act as
purchaser. My own time was largely spent in reconnaissance, special
night studies of habits, and so forth. I collected mammals, fishes, and
insects as well as reptiles and amphibians, so the hours never dragged.
The fishes were for the most part taken at odd times, but I spent several
months hunting mammals.

Experience soon taught me that it was wise to buy only specimens in
perfect condition, and, as a result, each community soon learned what a
waste of time it was to bring mutilated or partly spoiled reptiles and
amphibians to camp. The practical-minded oriental farmer readily
understands one’s point of view and I soon learned to regard him as the
most reasonable individual whose acquaintance I have been privileged
to enjoy. I also learned his love of bargaining and consequently set a
sliding scale of prices that varied from day to day with each species in a
manner similar to that employed by the New York Stock Exchange.

The following is a summary of my important herpetological collect-
ing centers in Fukien and the time spent in each:

Yenping April 12, through June 2, 1925

Ch’ungan Hsien  June 12, through July 20, 1925

Futsing Hsien August 24, through October 5, 1925

Ch’ungan Hsien  April 25, through September 3, 1926
While working in Ch’ungan Hsien, I sent a collector to Ho’kou, Kiangsi,
to get the common forms there. Specimens from Ch’ungan City,
Kienyang, Kienning, and Foochow were taken at odd times either by
myself or one of the men directly in my employ.

HABITAT PREFERENCES!

This subject must be approached with great caution because a
definite line can rarely be drawn that will, with any degree of certainty,
serve to define and delimit habitats. So few field observations have
been made on Chinese frogs that little or no help may be derived from the
literature, and I have, therefore, decided not to generalize but to be as
specific as possible and include only the results of my own observations.

1An abbreviated form of this section, entitled “Frog Habitats in China,” was published in the
Bull. of the Peking Soc. of Nat. Hist., IV, part 2. Although a few changes have been made in details
and arrangement, the above is essentially the same as the original article.
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In this way, I hope to form a solid foundation on which others may build
by adding new data. Therefore, when I record a frog from a certain
habitat I mean that it was found there by me, not that it invariably
or only occurs in such an environment. In another region it might
frequent an entirely different type of country.

The following points require emphasis and are added here by way
of suggestion to field workers.!

Conclusions should not be drawn until repeated observations have
been made on specimens occurring in numbers. If a species is seen in
this or that habitat, the fact should be recorded and corroborative data
searched for at once. Frogs, like other animals, will wander. Moreover,
false conclusions are often drawn from single observations even when
made on a specimen in normal surroundings. For example, a frog that
invariably breeds in quiet, roadside pools may, after heavy rains, be
found laying in swift streams because quiet pools are often temporarily
connected with nearby streams. Other cases of misleading coincidence
could readily be cited.

Many species are plastic in habits and consequently occur in more
than one type of habitat. Polypedates leucomystax leucomystar, on
Hainan Island, deposits its froth masses of eggs on the ground by grassy
pools in open spaces, as well as on trees, or high above the ground in
bushes and thickets. In Fukien, I found the closely allied form, P.
leucomystar megacephalus, living and breeding in rockwork facing of
rice-field terraces. Nevertheless, there are important points of simi-
larity between these seemingly different habits: i.e., the eggs, always
enclosed in froth, are invariably deposited adjacent to, or directly over
water.

The difficulty of drawing absolute lines between certain habitats is
well illustrated by the indefinite distinction between the flooded field,
pond, and pool habitats. It is impossible to say when a pool becomes a
pond or to tell at what point an unworked or partly-dried flooded field

.turns into a series of pools. For example, there are certain species that
greatly prefer a really permanent body of water even though it is more
than likely to be inhabited by voracious fishes of considerable size,
while others would shun such a place, not only because of its fishes but
for other reasons of a more complex nature. The first species would
best be called pond, the second pool (or flooded field) type. Let us con-
sider Rana rugulosa as an example of the former. It is obvious that such

. U take the liberti\: of making these suggestions for the special benefit of those interested in living
animals, because, in the past, works on the herpetology of China have not dealt with such questions.
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a large frog could scarcely conceal itself in a small pool, while its size
renders it comparatively safe from the attacks of fishes when in its
normal or pond habitat. Turning to larve, it is safe to say that the
spawn of rugulosa would fairly fill a pool in which hundreds of Micro-
hyla eggs might develop unnoticed. It is needless to explain further.
Anyone should realize, from the above examples, the usefulness of distin-
guishing between various favorite sites, in spite of the fact that such
sites may not help in defining the habitats of all species of a given
region.

Although the ‘““Breeding Habitats,” and ‘‘Tadpole Habitats’’ are
generally identical, there is enough difference to warrant separate treat-
ment of the two in the following outline. Forms marked with an asterisk
occur in opposite columns. They are, in other words, the most adapt-
able ones.

Adult Habitats
BusH AND TREE
PrLAIN AND PLATEAU MouNTAIN
Hyla immaculata Hyla sanchiangensis
Hyla chinensts Polypedates dennysi*
Hyla stmplex Polypedates leucomystax megacephalus*
Polypedates dennysi*

Polypedates leucomystax leucomystax
Polypedates leucomystax megacephalus*
Philautus doriae

Philautus vittatus

Young Hylas are frequently found in grass rather than higher vege-
tation. In Fukien, Polypedates leucomystaxr megacephalus inhabited
rockwork facing of terraces, as well as trees and bushes. '

GRrass
Rana amurensis Rana japonica
Rana asiatica Rana macrodactyla
Rana taipehensis

3

I am by no means certain just how completely some of these species
are adapted to climbing in grass.
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GROUND
PLAIN AND PrATEAU MouUNTAIN
Bufo bufo astaticus* Hynobius chinensts
Bufo melanostictus Megophrys boettger:
Bufo raddei Megophrys hasseltiz
Microhyla butlert* Megophrys kuatunensis
Microhyla ornata* Megophrys pelodytoides
Microhyla pulchra i Bufo bujo asiaticus*
Kaloula borealis Bufo bankorensts
Rana montivaga
Microhyla butleri*
Microhyla heymonst
Microhyla ornata*

The ground-inhabiting mountain forms might be further divided
into those frequenting the vicinity of forest streams, such as species of
Megophrys; those preferring the dryer sections of the forest floor, i.e.,
Hynobius chinensis, Rana montivaga, and, to some extent at least, Bufo
bankorensis; and those partial to the grassy regions of open valleys, as
the three forms of Microhyla. In Fukien, M. heymonst was especially
abundant in high valleys where it seemed to be entirely at home.

FroopEp FIeLps

"PLAIN AND PLATEAU " MOUNTAIN
Rana fukienensis! Rana adenopleura
Rana guentheri Rana latouchis
Rana nigromaculata nigromaculata Rana nigromaculata reinhardtis*
Rana nigromaculata mongolia
Rana nigromaculata reinhardtic*
Oewtdozyga lima
Oceidozyga laevis martenss

Ponp

Rana rugulosa is a typical pond frog of plain and plateau. Rana
adenopleura and R. latouchii originally might have been inhabitants of
mountain ponds or pools before the coming of rice planters who furnished
them with a more suitable habitat.

PooL
Rana kuhlic prefers shaded mountain pools and drains to open,
flooded fields. It also shuns forests.
Lowland pool forms have probably taken to a flooded field existence.
As stated just above, Rana adenopleura and R. latouchii might have
originally inhabited mountain ponds and pools. '

Erroneously considered by me as replacing Rana nigromaculata reinhardtii in eastern Fukien. See
Pope, 1929, ‘Frog Habitats in China,’ page 12.
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MOUNTAIN STREAM

Pachytriton brevipes Rana spinosa
Rana andersonis Staurois ricketts
Rana graminea Polypedates oxycephalus

Although all of these forms are well adapted to life in flowing water,
probably no two of them are alike in their ability to survive in a swift
stream after its emergence onto plain or plateau. Their habits are
worthy of special study.

Larval Habitats
QUIET WATER

PrLAIN AND PrLATEAU MovuNTAIN
Bufo bufo asiaticus* Hynobius chinensts
Bufo melanostictus Bujfo bufo asiaticus*
Bufo raddes Bufo bankorensis
Hyla chinensis Hyla sanchiangensis
Hyla stmplex Rana adenopleura
Oeidozyga lima Rana japonica*
Rana asiatica Rana kuhli:
Rana fukienensts Rana latouchii
Rana guenthert . Rana limnocharis*
Rana japonica* Rana nigromaculata nigromaculata*
Rana limnocharis* Polypedates dennysi*
Rana macrodactyla Polypedates leucomystax megacephalus*
Rana nigromaculata nigromaculata*
Rana nigromaculata mongolia
Rana nigromaculata reinhardiic
Rana rugulosa
Polypedates dennyst*

Polypedates leucomystax leucomystax
Polypedates leucomystax megacephalus*
Polypedates species?

Philautus dorize

Philautus vittatus

The tadpole of Hyla immaculata, though undescribed, will of course
be found to live in the quiet water of lowlands where the adults abound.
H. annectans is now known to breed in such water on the Yunnanfu
plateau. One wonders to what altitude it ascends in the mountains of
that province.

I have not attempted to distinguish between field and pond or pool
inhabitants because larvee are prone to stray from the site of their hatch-
ing and, even though the tadpole of R. rugulosa might be classed as a
pond type, it is not adverse to wandering into almost any quiet water.
R. kuhlii larve seemed to avoid open fields, however.
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Since nearly all of the tadpoles listed above may be found in flooded
fields, some idea of the importance of this habitat to Chinese frogs can

be formed.

MOUNTAIN STREAM

Megophrys boettger:
Megophrys kuatunensts
Megophrys pelodytoides
Megophrys hasselti
Rana montivaga

Rana spinosa

Rana (species?)
Staurots ricketti
Polypedates oxycephalus
Microhyla heymonsi

Rana andersonii, R. chunganensis, and R. graminea could be added with
perfect certainty, even though their tadpoles have not been described.

Breeding Habitats

VEGETATION 0UT OF WATER

PrLAIN AND PLATEAU
Polypedates dennysi*

Polypedates leucomystax leucomystax
Polypedates leucomystax megacephalus*

Philautus vittatus

MOUNTAIN
Polypedates dennysi*
Polypedates leucomystax megacephalus*

QuiET WATER

PLAIN AND PLATEAU
Bufo bufo asiaticus*
Bufo melanostictus
Bufo raddes
Hyla chinensis
Hyla simplex
Oaidozyga lima
Rana asiatica
Rana guenther:
Rana japonica*
Rana limnocharis*
Rana macrodactyla
Rana nigromaculata nigromaculata
Rana nigromaculata retnhardtic*
Rana nigromaculata mongolia
Rana rugulosa
Microhyla butlers*
Microhyla ornata
Microhyla pulchra
Kaloula borealis

MounTaIN
Hynobius chinensis
Bufo bufo asiaticus*
Bujfo bankorensis
Hyla sanchiangensis
Rana adenopleura
Rana japonica*
Rana kuhliz
Rana latouchit
Rana limnocharis*
Rana nigromaculata reinhardtiz*
Microhyla butlert*
Microhyla heymonst

The breeding of Hyla immaculata and Rana fukienensts, though unob-
served, without doubt takes place in lowland quiet water. Hyla annec-
lans, as stated above, is known to breed in quiet water. Rana plancyi
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is certainly a lowland breeder. I have never observed it in the field,
however.

MOUNTAIN STREAM

Pachytriton brevipes Rana chunganensis
Megophrys boettgers Rana montivaga
Megophrys kuatunensis Rana spinosa
- Megophrys pelodytoides Rana (species?)
Megophrys hasseltit Staurois ricketts
Polypedates oxycephalus

Rana andersonii and R. graminea could be listed here with perfect
safety.

For the sake of emphasis, I wish to state again that this outline is
by no means final or complete but distinctly suggestive and introductory.
It is the summary of a long series of scattered observations.

ADAPTATION TO LIFE IN MOUNTAIN STREAMS

Collectors and field workers are in the habit of observing animals
in their natural surroundings, but experimentalists study them in labora-
tories. These two groups are more than apt to disagree in their explana-
tions of how species are evolved, because the attention of the first group
is constantly focused upon beautiful examples of so-called adaptations to
environment, while the efforts of the second are largely spent in trying
to bring about permanent changes of almost any kind, and, finding their
task a most difficult one, come to look upon animals as relatively fixed
in structure, regardless of environment. In order to produce tangible
results, the laboratory investigator is forced to work against time, but
the field man is heedless of that element, for he describes and records
what has taken place through countless ages. It is one thing to see that
the tadpole of Staurots ricketti 1s adapted to an existence in swift water
and quite another to evolve a sucking-disc tadpole! Almost anyone
would concede that the sucking disc of this larva is correlated with life
ina special environment, but it is no easy matter to decide about many
other structural or instinctive modifications. My purpose is to discuss
briefly some possible adaptations to life in mountain streams.

It must be understood at the outset that a frog, like almost any other
living organism, finds living in swift water difficult because strong cur-
rents are not easily coped with. It isjust this difficulty that is responsible
for the evolution and survival of interesting changes in form and habits.

For the sake of clarity, I have divided the following discussion into
two sections.
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Apurrs.—Excepting those correlated with sex, leg strength, which
may be taken as the equivalent of swimming ability, is the only strue-
tural difference constantly present in the swift-stream Salientia dealt
with in this report. All such frogs that I have observed and studied,
possess powerful, long legs and well-developed toe webs.

Every current-inhabiting species of the Kuatun-San Chiang region,
Fukien, shows marked sexual dimorphism in either (a) body size, or (b)
development of nuptial asperities, together with enlargement of the
forearm by the male. In the case of Rana graminea and andersoniz, this
sex is only half the size of the female, but nuptial asperities are not well
developed, while in Rana spinosa the sexes are of equal size, but the
breeding male possesses nuptial asperities on the digits as well as on the
chest, and enormous forelimbs. Staurors ricketts is intermediate between
these two extremes; the female is slightly the larger, while the breeding
male bears conspicuous nuptial asperities on the digits and moderately
enlarged forelimbs. Among quiet-water frogs, I find no sexual differ-
ences comparable in degree of development to the above, so I feel justi-
fied in regarding such as directly correlated with and advantageous to
mountain-stream life. It is obvious that nuptial asperities and strong
forelimbs are useful during the egg-laying process because any current
would tend to separate breeding pairs. Reduction of size in the male
seems to be only another way of rendering the breeding process less
difficult. i

The form of the egg cluster and method of its attachment have,
among current dwellers, great adaptive significance. Certainly no quiet-
water frog anchors its eggs so securely as does Rana spinosa.

Larva.—The sucking disc of Staurois rickett: cited above is by far
the most convincing example of larval modification undoubtedly cor-
related with life in flowing water. The enlarged mouth of Megophrys
boettgers and M. kuatunensis, though also considered as such in this
report, is by no means so convincing a case. The tadpoles of Megophrys
pelodytoides and Rana montivagd not only possess well-developed mouths,
but slender, depressed bodies and powerful tails as well, and certainly
thrive in swift water. On the other hand, larval Rana spinosa and Mego-
phrys hasseltii, though swift stream dwellers, show no sign of special
modification. It should be remembered that the three main types of
mountain-stream larve reported above as represented by S. ricketti,
R. montivaga, and R. spinosa, do not choose exactly the same environ-
mental niches of their common habitat. Only the first is to be seen con-
tinuously exposed to direct currents, while the second frequents pools or
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ventures to swim under swift water among pebbles and stones upon which
it relies for protection from the force of the flow. The third type, repre-
sented by R. spinosa, remains in the deeper pools and thus avoids the
pull of the stream. One may reasonably conclude that mountain-torrent
tadpoles make the best of their current-resisting faculties but it must be
admitted that such larve more often than not show distinct degrees of
adaptation to their unusual environment.

IDENTIFICATION OF ADULTS

Although it is not within the scope of this paper to give detailed
keys for adult forms, I have written a key to the genera based largely on
those of Van Kampen'’s general work (1923). This has been done because
so little comprehensive literature on Chinese amphibians has appeared.
After a frog has been placed in its proper genus, it often may be identified
by simply glancing through descriptions. Of course, its habitat and
locality of capture should always be taken into consideration. The
above remarks are addressed largely to field workers and students of
-biology in China. Experienced museum men need no such advice.

KeY T0 THE GENERA OF SALIENTIA INCLUDED IN THIS PAPER
I.—Epicoracoid cartilages overlapping each other
A.—Upper jaw toothed

1.—Ribs present (in the adult).................. BOMBINA.
2 —Without ribs

a.—Terminal phalanges of digits not claw-shaped.

MEGOPHRYS.
b.—Terminal phalanges of digits claw-shaped. .. .Hyra.
B.—Both jaws toothless................... ... ... o Buro.
I1.—Epicoracoid cartilages firmly united in a median line
A.—Diapophyses of sacral vertebra distinctly dilated
1.—Upper jaw toothed....................... ... KALLUELLA.

2.—Upper jaw toothless

a.—Clavicle present............. O KALOPHRYNUS.
b.—Clavicle absent

a’.—Each palatine bone forming a prominent ridge

across the palate............... KALOULA.
b’.—Palatine bones not forming prominent ridges
across the palate............. MICROHYLA.

B.—Diapophyses of sacral vertebra not, or but slightly dilated
1.—An intercalary cartilage inserted between the two distal
phalanges of the digits
a.—Vomerine teeth present............ POLYPEDATES.
b.—No vomerine teeth. ................... PHILAUTUS.
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2.—No intercalary cartilage inserted between the two distal
phalanges

a.—Vomerine teeth present (very rarely absent). Digital -
discs, if present, without transverse groove

across the lower surface............... Rana.
b.—Vomerine teeth absent or feebly developed. Digital
discs large, broader than long, always present

on both fingers and toes and with a transverse

groove across the lower surface. ... .. StAUROIS.
¢.—Vomerine teeth absent. Finger tips never dilated into
dises, toes without discs or with very small ones

which never have a transverse groove across

the lower surface................ O®EIDOZYGA.

IDENTIFICATION OF LARVE

The following synopsis does not include salamander larvae because
so little is known of those inhabiting China. The only form considered
in the present paper is both figured and described, so there should be
little difficulty in its identification.

No.effort has been made to indicate relationships in this key, its
sole purpose being to facilitate the determination of species. Free use
should be made of the illustrations, because, with a very few exceptions,
all the tadpoles have been figured. Ocidozyga levis martensi has been
added for convenience even though its larva is not included in the collec-
tion, while Bombina and Kalophrynus are indicated as genera.

KeY To THE GENERA AND SOME SPECIES OF TADPOLES INCLUDED IN THIS PAPER

I.—Lips with transverse series of horny teeth; spiraculum median.. . ... BoMBINA.
II.—Lips with transverse series of horny teeth; spiraculum sinistral
A.—No sucking dise behind the mouth
1.—A series of papille extending entirely around the lips in a
single row which may be very narrowly interrupted in
the middle of the upper lip; vent dextral
a.—Papille poorly developed; teeth of each row in a
double series; at least 5 rows of teeth in each

Hp....ooo Rana rugulosa.
b.—Papillee well developed; teeth of each row in a single
series................... MEgorHERYS (part).

2.—Series of papille broadly interrupted or nearly absent on the
upper lip, sometimes narrowly interrupted on the lower

where the papille are always well developed; vent

dextral. . RANA (except rugulosa) PoLyPEDATES, PHILAU-

Tus and Hyra (see key p. 484).

3.—Papille present only at the sides of the mouth; vent median;
teeth of upper lip in one continuous and one interrupted

row, those of lower in 3 continuous rows. ....... Buro.
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B.—A large sucking disc behind the mouth and a poison gland on each side
of the belly posteriorly; 4 rows of teeth in the upper lip and 3 in
the lower, only the innermost row of each lip interrupted.

Staurots ricketts.
III.—Lips without transverse series of horny teeth

A.—Spiraculum sinistral

1.—Lips united and developed to form a large, expansile, funnel-

shaped appendage................ MEGOPHRYS (part).
2—Lipssmall................................. O&EIDOZYGA.
B.—Spiraculum median..KaLorarYNUS, KALOULA, KALLUELLA and
MICROHYLA.

ANNOTATED LIST OF SPECIES
CAUDATA
Hynobiidee
The members of this family are generally considered to be the most
primitive of living salamanders. They are very closely related to the
Cryptobranchide,—large, flattened, river inhabitants of eastern Asia,
Japan, and eastern North America, diagnosed by Noble (1927) as
permanent larve of an unknown hynobiid. The lowly position of the
Hynobiidee makes them especially important and, while museums pos-
sess much material, little is known of the life histories and larvee of many
species. Details of breeding habits may reveal important relationships,
as Noble (1927) has demonstrated. Dunn (1923) has gathered the
literature and reviewed the family, which will greatly facilitate field
work on this group. It ishoped that field workers in China will study the
life histories of the various species ensconced in the inaccessible regions
of central Asia and western China.

HyYNOBIUS
Hynobius chinensis Guenther
Plates XVI and XIX; Figure 1

A large series of early, advanced, and metamorphosing larve (A. M.
N. H. Nos. 30614-26) and eight recently transformed individuals (A.
M. N. H. Nos. 30532—4), all from Ch’ungan Hsien, are referred to this
species.

H. chinensis is based upon a single record of two specimens collected
by Pratt at Ichang and described by Guenther in 1889, so any additional
record of it is of great interest.

Hynobius is the one large genus among the five comprising the
hynobiid salamanders and it contains the species representing the stock
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from which the other forms have descended (Dunn, 1923). The range
of this genus embraces Japan and Korea in the east, Siberia and Russian
Turkestan in the north and west, and Hupeh and Formosa in the south.
There is a great hiatus between these two southern limits, no specimen
having been recorded on the Chinese mainland south or east of Ichang
in 1923 when Dunn wrote his review of the group. In fact, the Formosan
record did not exist until Maki (1922) described three species based upon
four specimens collected in the high mountains of that island. Dunn
places these three together under the name sonani and prophesies the dis-
covery on the adjacent Chinese mainland of a form allied to his own
navius group, this form to be that from which the Formosan species
were directly derived. He made this forecast to avoid the geographical
difficulty of deriving sonanz directly from any of the known species of the
naevius group, all of which occur in Japan proper, and the structural
one of deriving it from the two similar mainland species, leechiz and

Fig. 1. Larva of Hynobius chinensis from Ch’ungan Hsien, Fukien: lateral aspect.

chinensis. Obviously then, the discovery of a form in Fukien brings up
this important question of relationship, for it might reasonably be ex-
pected to be allied to either the Formosan or Hupeh species.

Unfortunately, this question cannot be settled finally because the
‘new material is largely larval and the larvea of neither sonani nor chinen-
sts have been described. Having made a study of my recently meta-
morphosed specimens and the descriptions given by Dunn and Maki,
I have concluded that the Fukien salamander has little in common with
sonant, while the description of chinensis fits it fairly well. This descrip-
tion of chinensis is brief and the Fukien specimens immature, so I do not
consider my identification at all certain and it is entirely possible that the
new material represents an undescribed form. My conclusions are based
largely upon the following points:

1.—The vomerine series (if fully developed) is short in the Fukien species. In
this respect it differs radically from the Formosan form but resembles chinensis.

2.—The fifth toe is always well developed in the material at hand, while in
sonant in exhibits a strong tendency to be lacking.
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3.—The tail is compressed as in chinensis, but apparently this is not the case in
sonani.

4.—No mottling is evident dorsally in the questioned form as in the salamanders
from Formosa, while chinensis is described as ‘‘nearly uniform horny black,” a phrase
partly applicable to the Fukien specimens. I will close this discussion with a descrip-
tion of A. M. N. H. No. 30532, the proportions of which must be considered decidedly
juvenile: Costal grooves 11, appressed toes meeting. Head length (measured from
snout to gular fold) 9.5 mm., width 9 mm.; total length 52 mm.; length from snout
to vent 31.5 mm. Head oval as seen from above; eye distinctly shorter than its
distance from snout; outline of upper jaw seen from side straight; angle of jaw be-
hind posterior corner of eye; a groove from eye to gular fold. Limbs well developed;
fingers 2, 3, 4, 1 in order of length; toes 3, 4,2, 1, 5; an indistinet tubercle under base
of first finger and first toe. Tail compressed throughout, its latter half very flat;
a dorsal crest extending forward to above posterior angle of vent; ventral crest
slight; tip obtusely pointed. Vent a simple slit. Vomerine teeth arise opposite or
just back of inner border of nares and curve sharply inward as they extend forward.
After approaching one another both turn backward to end side by side at a point only
a little posterior to the line of their origin and anterior to the center of the eyeballs.
Uniform lead black above; ventrum a little lighter with faint whitish mottling.
This specimen retains no scar on the side of the neck where the external gills were
absorbed, so it may be regarded as completely transformed but I do not know whether
or not the vomerine teeth, etc., have attained their final form.

DEescripTiON OF Larva.—The dorsal fin extends forward past the middle of the
back. The body and tail are spotted with gray, the spots being most profuse on the
tail fins where they often tend to run together. The head is uniformly gray and the
external gills are sparsely speckled with the same color. The maximum size is reached
in a specimen with the following dimensions: head, measured from tip of snout to
base of gills, 13 mm.; snout to vent 36 mm.; total length 62 mm. This specimen
(A. M. N. H. 30617) is in its early metamorphosis but the shortened gills still retain
rami on all three branches. Two barely metamorphosed individuals with gill stumps
still evident (A. M. N. H. 30624) measure just 32 mm. from snout to vent.

Measurements of a few larva follow:

Heap Sxout To VENT| ToTAL LENGTH
A. M. N. H. No. 30623 13.5 mm. 30 mm. 54 mm.
A. M. N. H. No. 30618 14.0 mm. 29 mm. 55 mm.
A. M. N. H.

No. 30622 13.0 mm. 27 mm. 50 mm.

. These larve were first obtained May 23, 1926, from two pools in
the same bamboo grove. (One of these pools is shown in Plate XVI,
fig. 2). They seemed to be made up of two lots; those of one measuring
about 17 mm. from snout to vent, while those of the other measured 26
mm. This indicates two periods of egg laying some days apart. As the
larvee developed, it became difficult to distinguish these lots. The first
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metamorphosed specimens were found July 2. As late as August 30,
one of the pools still contained a few larve with long gills, but the vast
majority had left for dryer ground. Constant search for many months
brought to light only three breeding sites, all small, temporary pools of
rainwater on the very tops of high ranges. Two of these pools dried in
midsummer before the larve had transformed. Moreover, they were
constantly visited by the wild pigs that used them as wallows and such a
visit always wrought havog with the amphibian inhabitants of the wallow.
All this shows what a precarious existence these hynobiids must lead in
the Kuatun region. It was difficult to search for adults because of the
nature of the soil of the bamboo groves surrounding the wallows. The
unbelievably numerous and tough bamboo roots had transformed the
soil for many inches below the surface into an impenetrable meshwork,
and the top of the soil was free from loose objects large enough to harbor
even a salamander. The adults must enjoy an existence infinitely safer
than that of their larvee, which is only mildy described as precarious.

These Hynobius larve were aggresive enough to deprive the smaller
Polypedates dennysi tadpoles, also inhabitants of the pig wallows, of
the ends of their tails.

BATRACHUPERUS
Batrachuperus tibetanus Schmidt

No additional specimens of this form have been received since its
description in 1927. The type locality is ‘“Tibetian border of Kansu,
at about latitude 33° N., elevation 9000 feet.” Schmidt’s diagnosis
follows: ‘‘Closely allied to Batrachuperus pinchonsi, from which it may
be distinguished by the more posteriorly situated vomerine teeth; the
more depressed head; the fourteen costal grooves; the absence of horny
covering on the palms and soles, only the tips of the digits having a horny
epidermis; the somewhat longer tail, .49-.52 of the total length; and
the much lighter coloration.”

' Schmidt had three specimens, all from the type locality. The type
isF. M. N. H. No. 5900. He suggests that the specimen recorded by Bar-
bour (1912) from ‘‘Lianghokow,” western Szechwan, belongs to the new
form rather than B. pinchonii = (sinensts), as stated by Barbour.

Mr. Zappey collected the specimen recorded by Barbour in 1912,
while on an expedition under the direction of the late Mr. E. H. Wilson
of the Arnold Arboretum. The name Lianghokou is such a common one in
Szechwan that I wrote to Mr. Wilson to determine the exact whereabouts
of the one in question. In reply, Mr. Wilson stated:‘‘ The Liang-ho-kou
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where Zappey secured the salamander is situated west of Tachienlu in
about latitude 102 east in extreme western Szechwan.”

Salamandridse
TYLOTOTRITON
Tylototriton verrucosus Anderson

Schmidt (1927) reported three specimens, two collected at Tengyueh
and one at ‘‘Genkang’’ or, more properly, Chenkang, a Yunnan town
southwest of Shunningfu and about midway between it and the Burma
frontier. Since then the American Museum has acquired, through ex-
change, an additional specimen labeled Yunnan (No. 23490).

In his original deseription (1871), Anderson gave the habitat of
verrucosus as ‘‘Nantin, Momien, and Hotha valleys, Western Yunnan.”
Momien is, of course, the same as Tengyueh. Anfandale (1911) re-
ported this species from Yangpi, a locality about ten miles west of Talifu
at an altitude of 5200 feet, and Tengyueh, while Boulenger (1882) lists
another Yunnan specimen, as well as one of Anderson’s, from the Nantin
Valley. Outside of China, verrucosus has been reported from the Kak-
hien Hills, Upper Burma (Boulenger, 1887); Darjiling (Dunn, 1918);
Sikkim (Mr. Wood-Mason quoting Colonel Mainwaring, 1877); ‘‘at
Kurseong (alt. 4500-5000 feet) in the Darjiling district” (Annandale,
1911); and Chieng Dao, northern Siam, between 5000 and 6000 feet
(Smith, 1924).

Anderson found it in ‘‘flooded rice-fields” ; Colonel Mainwaring, ‘“in‘
damp situations amongst decaying leaves and sticks.” Annandale
describes the habits as follows: ‘It is very abundant at Kurseong, .
breeding there in small pools of rainwater in June and July. Larvae
evidently just about to undergo their final metamorphosis are common in

- August, but I have seen quite young larva also in April and it seems
possible that the early spring showers induce a few individuals to breed,
although the majority do not do so until the real break of the rains.”
Brown (1910) states that T'. verrucosus ‘‘is common in damp ditches and
old wells around Tengyueh.”

Smith (1924) has written a paper on the larva of this form in which
he quotes Annandale as follows: ‘‘The life-history is interesting and the
metamorphosis apparently prolonged. The adults enter the water as
soon as the first spring showers fall in March or April and the females
begin to lay their eggs shortly afterwards. The eggs are lightly attached,
singly, to weeds, etc., and apparently hatch rapidly. The breeding
season probably continues throughout the rainy season but the adults
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have left the water by the beginning of October. The growth of the
larva is very slow in the first year, but the four legs are usually, if not
always, developed before winter, in which growth probably ceases. I
am not sure whether the young leave the water in the following year or
whether there is a further larval period of one or more years, but I think
that the metamorphosis is complete by the beginning of the second
winter at any rate in most individuals. There may, however, even be a
kind of ‘axolotl’ stage in suitable conditions.: The larva may, at any
rate, attain about half the size of the adult before its gills begin to shrivel
up and it leaves the water. This it does in October before the gills
have completely disappeared.” Continuing on his own account Smith
states: ‘‘The eggs of this newt are large although somewhat variable in
size, measuring, when the gelatinous envelope is fully distended by the
developing embryo, between 6 and 10 mm. in diameter. The young one
on emerging is about 11 mm. long, and is provided with well developed
external gills, with a pair of elongated ‘balancers’ originating from a
point behind and below the eye and in a line with the continuation of the
mouth backwards, with a crested tail and budding fore-limbs. These
latter develop rapidly and all four legs, with their digits, are complete
at quite an early stage in life. The ‘balancers’ apparently soon dis-
appear, although a trace of them often persists in the form of a small
tuberele at their point of origin.”

Tylototriton asperrimus, described by Unterstein as recently as 1930,
must certainly be placed in the synonymy of T'. verrucosus because the
description of this alleged new species fits verrucosus in every detail.
The two types of asperrimus come from an unnamed locality in Kwangsi
and there is no reason to doubt that verrucosus ranges eastward through
Yunnan into Kwangsi. In describing asperrimus, Unterstein does not
mention verrucosus but eompares his new material to andersoni of the
Riu Kiu Islands. Every point brought out by him as distinguishing
asperrimus from andersoni also serves to distinguish verrucosus from
andersons, so one is forced to conclude that Unterstein made no compari-
son between his types of asperrimus and specimens of verrucosus. Tylo-
totriton still stands with its two forms, verrucosus from Yunnan (and
Kwangsi), and andersoni from the Riu Kiu Islands.

TRITURUS
Triturus orientalis (David)

Schmidt’s 1927 report included seven specimens collected by me at
Ningkwo.
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This salamander was discovered by David in 1872 at ‘‘Tche-san”
village, near Chiichowfu, Chekiang (David, 1875). The same ex plorer
also found it at ‘“‘Tsitou,” a village seven to eight miles east of Kien-
changfu, eastern central Kiangsi, and again at ‘‘Mi-ouan,” another
village only five miles to the southeast of Tsitou. David named his new
newt Triton orientalis. Boulenger recorded a specimen from the Kiu-
kiang Mountains in 1882 as Molge pyrrhogastra. It was not heard of
again until Wolterstorff (1906) reported it as Triton pyrrhogaster orien-
talis from ‘25 miles inland of Cheechow (undoubtedly Kichow) and
Wusiieh, two Hupeh localities on the Yangtze River.” As recently as
1925, he listed specimens from ‘‘Hanchow” (certainly Hangchow),
Chekiang, also as T p. orientalis. Stejneger (1925) records a Nanking
example. .

H. H. Wilder (1921) states that larve and adults were abundant in
‘“little ponds leading up from Lake Si-Wu to the great Buddhist temple
of Ling-Ing’’ near Hangchow, in May, 1920.

Another newt, 7. sinensis (Gray), described in 1859 from ‘‘inland of
Ningpo,” is said to occur as far south as Hongkong. It was supposedly
found on the mainland but very near Hongkong Island (Boettger, 1888,
and Mell, 1922). Obviously, then, all records of salamandrids from
eastern China are of great importance.

Under Pachytriton brevipes my reason for placing the recently de-
scribed Molge labiatum in the synonymy of P. brevipes is stated.

Wolterstorff as recently as 1926 has discussed the relationships of all
the oriental forms.

Triturus wolterstorffi Boulenger
Schmidt’s 1927 report listed three specimens (A. M. N. H. 6560-2)
from Yunnanfu. Seven additional ones from the same locality (A. M.
N. H. 5451-5 and 16093) were apparently overlooked. Since then two
more of these newts have been purchased (A. M. N. H. 26373—4).
They, too, are from Yunnanfu, the only place from which this newt has
ever been recorded.

The Museum of Comparative Zoslogy, Cambridge. also has material
from Yunnanfu (Dunn 1918).

PACHYTRITON
Pachytriton brevipes (Sauvage)
Plates XIX, XX and XXII

A large series of 173 specimens was collected: 94 from Ch’ungan
Hsien (A. M. N. H. 28982-29007 and 30535-602), 24 from Yenping
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(A. M. N. H. 28481-90, 28552-8 and 30837—43) and 55 from Futsing
Hsien (A. M. N. H. 29203-57). Schmidt (1927) reported 61 additional
ones collected by Caldwell in Fukien. A specimen labeled Yunnan has
been recently received from Werner (A. M. N. H. 24319), a record open
to doubt. ¢

Unterstein’s Molge labiatum, described from Kwangsi in 1930,
differs in no recorded character from Pachytriton brevipes and I am
therefore considering these forms as identical. The presence of P.
brevipes in Kiangsi, Fukien, Kwangtung, and possibly also in Yunnan,
make its occurrence in Kwangsi very probable.

Stejneger (1925) considers his two Yenping specimens the second
record for this species, but Mell reported it from Kwangtung in 1922. P.
brevipes is known, then, from eastern central Kiangsi, whence the type
was described in 1877 as Triton brevipes; northern Kwangtung; Kwangsi
(as Molge labiatum); Yunnan (?); Futsing Hsien, and the Min River
drainage, Fukien. Judging by David’s Journal, p. 239, etc., the actual
type locality is “Tsitou,” a village in eastern central (not southern)
Kiangsi, seven to eight miles east of Kienchangfu.

As already pointed out by Schmidt (1927), Werner’s 1924 record of
brevipes from Hunan is a mistake, for he obviously had Bairachuperus
pinchonii (David) in mind. This is shown by his synonymy and
description. .

" P. bievipes is abundant in all the real mountain streams of Fukien,
even down to those of the low seaside ranges of Futsing Hsien. It shows
little altitude preference, being as common in Futsing Hsien as in the
high ranges about Kuatun. Mell found it from 450 to 800 m. altitude
in northern Kwangtung. '

A study of my large series shows that there is a definite average
difference in color pattern between Futsing and Ch’ungan specimens, the
latter being always distinctly spotted, the former only occasionally so.
T'he belly is sometimes marked in both races but in those from Futsing
Hisien these ventral markings are elongate and tend to run together, while
the bellies of the Ch’ungan Hsien individuals, when marked, are simply
spotted. The Ch’ungan Hsien race is also the larger. These differences
are not constant enough to justify even subspecific recognition but are
significant in further illustrating the general distinetness of the two
faunas, even identical species from the two regions showing a strong
tendency to differ. As one would expect, the Yenping specimens re-
semble those from Futsing Hsien.

The five largest specimens among a series of 224 Fukien individuals
are made up of three males measuring 94, 93, and 92 mm. from snout to
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vent, and two females of about the same size, measuring 93 and 92 mm.
There is no indication of marked sexual dimorphism in size, but such
figures would not reveal a small average difference. All of these five
largest specimens come from Ch’ungan Hsien. Cloacal papillee of the
larger males are 2 mm. in length. The smallest individual secured
measures just 30 mm. from snout to vent and differs from all the rest in
- having a very rough skin both above and below. In other respects,
however, it entirely agrees with the rest of the specimens, several of which
range only from 36 to 40 mm. in length. This small specimen may be the
equivalent of the rough terrestrial form commonly found in newts. It
was also taken in a stream, but lack of definite data prevents the
drawing of a conclusion concerning its habits.

All the mountain streams elevated at least a few hundred feet
above the open plains harbor these salamanders, but they are most

abundant in higher, rock-bound streams of all sizes down to mere trickles.
" They are sluggish in their movements and easily picked up once un-
covered. I saw one creeping over the top of a large, submerged boulder
devouring tadpole after tadpole of Staurors rickettsz. This took place in
broad daylight, hence brevipes is to some extent diurnal. In fact, I have
often seen them abroad on the bottom of pools through the day but they
are more easily found at night by use of lights. I have never seen one
voluntarily leave the water and even when a stream was poisoned they
did not take refuge on land but only tried to go deeper into the submerged
rocks of the stream bed. A characteristic, strong odor emanates from
captive brevipes.

The number of ova produced at one time by brevipes is not great.
Two females containing ripe ova were opened on July 8, 1926, at San
Chiang. The larger measured 163 mm. total length and held 37 well-
developed and 12 smaller ovarian eggs, the larger, 3 to 3.5 mm., the
smaller, 2 mm. in diameter. The second specimen was only 135 mm.
long and contained 4045 ova only 1.2 to 2 mm. in diameter. A third
female of unknown length opened August 11 of the same year, held 72
ripe ova, the majority of which were 3.5 mm. in diameter, while a few
measured only 3 mm. through.

SALIENTIA
Discoglossides
BOMBINA

The larvee of this genus may be recognized at once in China by the
combination of median spiraculum, median vent, and the fact that the
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rows of teeth are not simple in form but made up of two or three series
to each row.

Bombina orientalis (Boulenger)

Schmidt’s 1927 report included five specimens: two from Sokako in
Amposen, Manchuria (A. M. N. H. 5168-9), and three from Moukden
(A. M. N. H. 5180-2).

Type locality, Chefoo. In 1890, Boulenger proposed the name
Bombinator orientalis for the Oriental frogs now under consideration.
He designated neither type nor type locality but listed 19 specimens:
11 from Chefoo; four from North China; one from the southeastern
coast of Korea; and three from Chabarowka. I therefore designate
Chefoo as the type locality of Bombina orientalss.

Exclusive of China, this frog is distributed from Tsushima and
Quelpart Island northward through Korea, the Ussuri and Amur coun-
tries to Primorskaya (Nikolsky, 1918, and Okada, 1927). Additional
Chinese records are as follows: Chefoo (Martens, 1878, as Bombinator
igneus; and Stejneger, 1925); Tsingtao (Werner, 1903, and Wolter-
storff, 1906, as Bombinator orientalis); on the Yalu River, 180 miles
from its mouth in southern Railway, Manchuria (Stejneger, 1925);
Iliampo' Station, Chinese Eastern Manchuria (Nikolsky, 1918); and

"Yablonia? Station, Manchuria (Pavloff, 1926). B. orientalis is well
known in Korea (Slevin, 1925, ete.).

Stejneger (1907) describes breeding males as possessing nuptial
asperities ‘“on the inner side of fore arm, palmar tubercle and first,
second, and third fingers,” but lacking them on the posterior extremities.
According to him, the fingers of the females are longer and more slender
than those of the males. Slevin (1925) says that the males are rougher
and have fuller webbing, while the black dorsal markings are less distinct
in them than in the females.

Pavloff (1926) gives a brief account of the habits of B. orientalis,
stating that it frequents swamps. :

Bombina maxima (Boulenger) -

Schmidt’s 1927 report listed 17 Yunnan specimens: two from Yun-
nanfu; three from Hsinshao?; one from Wutingchow Distriet; and 11
from Likiang.

1T am unable to identify this place unless it is Imienpo, a station about 200 kilometers southeast of
Harbin and 25 east of Udimi (or Wuchimi).
*This station is, apparently, located some 250 kilometers southeast of Harbin and 75 east of Udimi
(or Wuchimi). I am not sure about the English spelling but a strict Anglicization of the Chinese char-
acters for it would be Ya-pu-lo-ni.
- 3Also spelled Hsinshow; located approximately 20 miles northwest of Siintien, northeastern
unnan.
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This species was described in 1905 from Tungchwanfu, northeastern
Yunnan, as Bombinator mazima. Mell (1922) reported it not rare in
damp woods around “Chauchow’” (probably Chaochow, a locality just
south of Talifu) at an altitude of 2000-2400 meters. Werner (1924)
recorded two specimens from Likiang.

Ifind that eleven Likiang specimens are still available for compari-
son. This small series is made up of six males measuring 50, 46, 39, 39, 36
and 33 mm. from snout to vent, and five females measuring 61, 61, 52,
36 and 35 mm. Since even the smallest male has well-developed nuptial
asperities, these data indicate that the females attain the greater size.
A female from Hsinshao measures 57 mm., a male from the same
locality, just 48 mm. Boulenger gives the length of one of the types, a
female, as 68 mm., while Werner records 60 mm. as the length of his
males. Schmidt has already pointed out that, “‘The first, second, and
third fingers, the metacarpal tubercle, and the inner face of the forearm
are provided with horny, nuptial asperities,” and that the metacarpal
tubercle is enlarged. I would like to add that the asperities on the
breast of the males differ slightly from those of the females in being
smaller and more uniform in size. Werner hag noticed that the leg is
longer and the web fuller in the male but I cannot agree with him when
he states that the male is the rougher of the two sexes because I find.
females fully as rough as any of the males. There seems to be, however,
a tendency of old females to grow smoother.

Pelobatids
MEGOPHRYS

Noble (1924 and 1927) considers Megophrys the most primitive
pelobatid genus. Its relationships to other genera are not entirely clear.
This is in part because of the almost total absence of good life-history
data. Therefore, it behooves residents of southern Asia to fill in this
void by describing the egg clusters, breeding habits, etc., of the various
species. Noble’s 1927 discussion of the value of life-history data is an
excellent guide to such studies.

In addition to the four forms dealt with in detail on the following
pages, the species listed below occur in China or adjacent to its frontier:

M. boulengeri (Bedriaga), described in 1898 from the Di chu! River, China. It
has not been re-discovered.

M. feae Boulenger, described in 1887 from the Kakhien Hills of the Yunnan-Burma
border region east of Bhamo, and found again in the Man-Son mountains of Tonkin
near the Kwangsi frontier (Boulenger, 1908).

1A name sometimes applied to the Yangtze River in the region of its emergence from Tibet and
entrance into Szechwan.
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M. carinensis (Boulenger) of Burma, recorded from Hsia-kuan! (6700 feet alti-
tude) Yunnan, by Annandale in 1911. It was described in 1889.

M. weigoldi Vogt, described in 1924 from a specimen taken at Washan, Szechwan.

M. minor Stejneger, described from Kwanhsien, Szechwan, in 1926. The type is
unique.

M. major Boulenger is known from Upper Burma; the Man-Son Mountains,
Tonkin, near the Kwangsi frontier; and doubtfully from western Yunnan. It
certainly is to be expected through southern Yunnan.

M. kempii Annandale, described from the Abor country in 1912, is sometimes
united with boettgeri. Its validity is discussed under that form.

Among the seven species named above, only the tadpole of major
has been described. It is very important to know definitely whether or
not the six remaining forms have the remarkable oral apparatus found
in all known tadpoles of the genus, with the exception of hasseltiz and
pelodytoides. The genus is considered to comprise two groups: a small
one in which the larve are unspecialized and the adults Rana-like;
and a larger one in which the tadpoles possess the remarkable expansible
oral apparatus or funnel mouth and a median instead of a dextral vent
(M. A. Smith, 1917).

Larvae.—The following key should serve to separate the larve
treated below. '

I.—Mouth lacking transverse rows of teeth, produced into a conspicuous, funnel-

shaped organ.......................... M. boettgeri, M. kuatunensis.

II.—Mouth entirely devoid of funnel-shaped production. Numerous transverse rows
of teeth present.

a.—Lips large, teeth small and inconspicuous, arranged in 4 rows above

(Fukien larvee; 5 to 6 rows in Siamese specimens) and 4 below.

Tadpole long and slender, total length about 52 mm.

: M. pelodytoides.

b.—Lips relatively small, teeth conspicuous, in 6 rows above and 5 below.

Tadpole large and very thick-set, attaining a maximum length of

108 mm. from tip to tip........................ M. hasseltis.

Megophrys longipes Boulenger

The collection of the American Museum contains a single specimen
of this species from China (A. M. N. H. 23549). This individual is from
northern Kwangtung where it was collected by Mell. The identification
seems to be correct but I cannot be sure because no comparative material
is available. It lacks supraocular appendages and measures 75 mm.
from snout to vent.

Mell (1922) records longipes from northern Kwangtung at altitudes
of 400-700 m. He names the following localities where it was collected

10r Siakwan, a locality at the outlet to Erh Hai, the lake on which Talifu is situated.
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by him: ‘“Drachenkopf,” a mountain directly east of Shiuchow and
about midway between it and the Kiangsi boundary; ‘Teeberg,” a
mountain between Shiuchow and Drachenkopf; and “Gau-fung,” a
locality north and a little west of Shiuchow, almost on the Hunan
boundary. .

The distribution of this form is remarkable. It appears to be known
only from Kwangtung and the Malay Peninsula whence it was described
by Boulenger, in 1885, from the ‘“mountains of Perak.”

Megophrys boettgeri (Boulenger)
Plates XIX and XXII; Figure 2

A large series of this species was secured in Ch’ungan Hsien (A.
M. N. H. 28751-810, 30259-323 and 30325-94). Larve were collected
at Yenping (A. M. N. H. 31082 and 31092), in Ch’ungan Hsien (A. M.
N. H. 29008, 29015, 30638-9 and 30642—4) and in Futsing Hsien
(A. M. N. H. 29411). For reasons given under Megophrys kuatunensis,
it is impossible to state that the Ch’ungan Hsien series does not contain
ANY tadpoles of that species. It is extremely improbable, though, that
more than a very few are included here.

A single tadpole from Mokanshan! collected by Wilder, is in the
American Museum (A. M. N. H. 32957).

M. boettgeri was recorded from Lushan, near Kiukiang, as Leplo-
brachium monticola by Boettger (1894). It was first recognized and
described as new by Boulenger in 1899 who had six specimens from La
Touche’s Kuatun collection. Boulenger named it Leptobrachium boett-
geri and gave a good figure. In 1908, he united Xenophrys and Lepto-
brachium with Megophrys, so Leptobrachium boettgeri became Megophrys
boettger:.

Some years later, du Bois-Reymond secured funnel-mouth tadpoles
on Lushan, near Kiukiang, which he described and figured in 1910.
They undoubtedly are M. boetgeri larvee. Annandale (1917) found tad-
poles on the Peak at Hongkong and, thinking that they might be larval
boettgert, described and figured them as such, placing a question mark
before the name. Smith (1924) confirmed this questioned record by a
visit to the Peak in 1923 where he secured both adult and larval boettgers.
In the meantime, Mell (1922), working in Kwangtung, collected a speci-
men in the mountains of the Kwangtung-Hunan border, and Wilder
found tadpoles on Mokanshan,! which undoubtedly are larval boetigers
(Wilder, 1921). The tadpole from Wilder’s lot, now in the American

1A mountain resort frequented by foreigners situated about 30 miles north of Hangchow, Chekiang.
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Museum, is accompanied by a note to the effect that adult boettger:
were also secured on Mokanshan.

This historical record shows that M. boettger: is known to occur in
Kiangsi, Chekiang, Fukien, and Kwangtung Provinces on the Chinese
mainland, as well as on the Island of Hongkong. Southern Hunan might
be added to the list, since Mell’s specimen came from the Kwangtung-
Hunan border region. Its range in northern Fukien is universal, for I

Fig. 2. Larva of M egophrys boettgeri from Ch’ungan Hsien, Fukien: (a) latera.l
aspect; (b) mouth.

found it as abundant in the mountain streams of Futsing Hsien and the
Yenping region as in those of Ch’ungan Hsien. It should not be forgotten
that all of my series of adults came from the vicinity of Kuatun Village,
the type locality of the species.

Unfortunately, no adults were found at Yenping and in Futsing
Hsien, but the abundance of the tadpoles in both of these localities is
conclusive proof of the presence of adults. In one comparatively low
Futsing coastal range, larve were common in cascades only a few hun-
dred feet above sea-level and this may be taken as evidence of the small
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part that altitude plays in the distribution of boettger:. This point is
discussed in greater detail below.

Whether or not Annadale’s kempzi, described from northern Assam
in 1912, is the same as boettgert, I am unable to determine. If Annandale’s
figure is accurate, the snout of kempii does not project enough for it to
belong to the long-snouted group in which boettgers is placed. In view
of the fact that new species of Megophrys are constantly being discovered
in China, I think it very likely that kempis is a distinct form with its
nearest allies in western China, or else an immature example of some
known western species. In the future it will be much easier to unite these
two distant ranges after sufficient proof of identity of the forms has been
secured than to eradicate from the literature records of too wide a distri-
bution of boettgers, should it be incorrectly united with kempsz.

The adults of the large Ch’ungan Hsien series fit Boulenger’s
description well and are especially constant in dorsal color pattern.
The skin, though usually smooth, is often covered with distinet tubercles
either single or joined to form short irregular rows. Externally, the
males can only be distinguished from the females by the loose skin of
their throats, slightly enlarged arms, and a minutely granular nuptial
“pad”’ on the inner side of each first finger. Though small and scarcely
raised, the brown color of this modified patch of skin renders it mod-
erately conspicuous, decidedly more so than the corresponding pad of
kuatunensis, for in that species the normally brown skin of the arm
matches the pad so well that it can scarcely be distinguished.

The following figures show that there is a constant if small sexual
difference in length. Thanks to the secretive habits and lack of voice in
the females, only 19 individuals of this sex are to be found in a series of
195 adult specimens. The largest 12 among this series of 19 range from
40 to 46 mm. in length, averaging only 41.7 mm. Two of the 10 largest
males among 176 were 40 mm. long, while the remaining 8 measured 39
mm. The average length of these 10 is 39.2 mm. or only 2.5 mm. below
the average for the 12 largest females, but it must be remembered that
the two series upon which these figures are based are very unequal in
size. Seventy per cent of the remaining 166 males are 35 or more milli-
meters in length, so it may be considered that the normal length of males
from Ch’ungan Hsien is from 35-37 mm. Maximum size is of some
importance in this genus when, let us say, we compare the size of
boettgeri, minor, kuatunensis or pelodytoides to that of giant carinen-

sis, a species attaining a length of 150 mm. or four times that of
kuatunensis.
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About Kuatun, these frogs were extremely abundant in the smaller
mountain streams up to a certain height above which their place was
taken by M. kuatunensis. 1 have no exact data to prove just what the
controlling factors in the distribution of the two species were, but I
judge that there were three: (1) humidity, which was certainly greater
in the highest parts of Kuatun Mountain so continuously wreathed in
clouds during the spring and summer months; (2) air temperature,
which was, of course, lowest in the highest valleys, and; (3) light, that
was largely cut out by the dense vegetation where I found kuatunensis
taking the place of boetigeri. I do not think that water temperature
plays a part because I have never found adults of either species actually
in the water, nor have I found any constant difference between the
temperature of the water inhabited by boetiger: and that inhabited by
kuatunensis. Thanks to the incessant calling of the males, it was an
easy matter to follow the distribution of the two species as one ascended
the stream beds. M. boettgeri’s tolerance of difference in humidity,
temperature of both air and water, and light must be fairly great in
order to allow it to range from almost sea-level in Futsing Hsien to
perhaps 5500 feet in northwestern Fukien, while the tolerance of kua-
tunensts for these factors seems to be very limited.

M. boetfper: was to be found every night calling from vantage points
either along or in the stream beds but not actually in the water and only
seldom very close to it. The males were generally to be seen conspicuously
perched on a boulder or other projecting object and I have never found
them together in numbers. I have seen but one specimen among many
score observed more than a few yards from a stream bed.

The call is a monosyllabic, explosive ‘chirp’” repeated from
twenty to forty times in rapid succession. The first few syllables are
uttered with increasing volume and speed, until the climax is reached
when the volume and speed again diminish with each successive note.
The contrast between the rather rapid rise to a climax and the gradual
decline gives a mournful air to the call as a whole. While calling, the
frog assumes an alert attitude, the head held high and the body slightly
raised on the legs. The expansion of the throat is considerable at the
climax of the call. This species, like all the others found in the Kuatun
streams, prefers hot, still nights for calling.

The breeding season is extensive and this perhaps explains in part
why the discovery of mating couples is so difficult.

The evidence for the extent of the breeding season at Kuatun is
chiefly in the form of almost completely metamorphosed tadpoles found
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as early as May 11 and as late as July 17 and small, immature tadpoles
entirely lacking leg buds, found at approximately the same dates.
These dates serve only as incomplete evidence because little collecting
of this species was done before May 11 or after July 17. In fact, a series
of very small, immature tadpoles was secured August 25 from a stream
frequented by kuatunensis, and while these will be taken as larve of
that species, I am certain that kuatunensis does not have a more exten-
sive season than its ally of lower altitudes. As positive evidence of the
actual time of egg laying, I have a record of a female confined in a bam-
boo tube depositing her eggs June 27, and of gravid females containing
mature ova brought in July 8 and 25. Judging by the most active period
of calling, I conclude that the season was at its height from the middle
of June through the middle of August. This evidence is not to be taken
as seriously as that based upon records of larval development because
the human ear plays strange tricks. M. boetiger: tadpoles of various
sizes were common in the Yenping mountains about the middle of May,
1925. This is not surprising in view of the facts cited above. It is more
interesting to know that this was true in Futsing Hsien early in Octo-
ber of the same year for thus we have evidence of an extremely pro-'
longed season there.

Although I made efforts to secure fertile eggs by hun#ing for them
in the open, as well as by confining males with gravid females, I was
unsuccessful. The unfertilized eggs laid in the bamboo tube June 27
were pale gray in color and evenly distributed through perfectly clear,
soft jelly that almost flowed out when the bamboo tube was tilted.
The unusually soft eggs were 1.5 mm. in diameter and about 200 in
number. A female dissected in the field held 238 ripe ova, and another
examined in the laboratory, about 240, numbers that check up remark-
ably well. The ova measures 2 mm. in diameter in the laboratory.

The function of the oral apparatus or so-called funnel-mouth of
tadpoles of certain species of Megophrys has been discussed at length by
various authors. The latest paper devoted to it that has come to my
attention is by Hora (1928) and includes a bibliography of no less than
twenty-eight titles. I observed the tadpoles of boettgeri off and on for
several months and believe that I can add a few points to the subject.

In the first place, I agree with Smith in thinking that surface feed-
ing is the only direct function of the apparatus, but can only offer as
evidence the fact that I have never seen a tadpole attempt to open the
funnel out under water or attempt to feed there in any other way.
Secondly, I believe that the tadpoles of boetigers, at least, are primarily
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adapted to life on the beds of small, mountain streams. This I believe
chiefly because I found them extremely abundant in such places ands
nowhere else in Fukien, and secondarily because their agility on these
stream beds forces me to consider them completely adapted to such an
existence. Above, I say ‘‘beds” advisedly, because about Kuatun
boettgeri tadpoles may be found among pebbles in tiny trickles where
they seem to be perfectly at home, thanks to their cylindrical form,
powerful tail, and lack of caudal crests worthy of the name. They make
their way about with unbelievable ease as no other tadpole can do. If
one is stranded, it jumps about until it finds water. I have seen one
cover several inches at every jump. They also seem to be able to adhere
to pebbles by using the ventral surface of the base of the funnel together
with the belly. In short, they are thoroughly at home while contending
with unusual conditions in a special way of their own and I failed to
find any other tadpole habitually frequenting the same sections of these
steep mountain springs and trickles. M. boettger: tadpoles also inhabit
the largest streams, but here they seek out the ecological equivalent of
the pebble- and stone-laden beds of the steep mountain cascades, i.e.,
the edges of the larger water-courses. Moreover, when put in an
aquarium containing water alone, they seem unable to rest on the bottom
without turning over and they constantly try to escape by darting up-
wards, unless they find something to rest against or burrow under. If
the larvee are so well adapted to mountain-stream life, why may we not
consider the oral apparatus an adaptation to surface feeding in
comparatively pure, flowing water where food is scarce? Is not Micro-
hyla heymonsi another example of such an adaptation? The fact that
the larve of other species inhabit sluggish water does not injure our point,
because the oral apparatus would not be disadvantageous even there.
If short, thick, deep-crested tadpoles such as those of hasseltiz can survive
in mountain streams, we know that form is not all-important and that
animals adapted for life in one niche can survive in others as well,
provided the differences are not too great. Numerous observers report
that funnel-mouth tadpoles hunt out either shallow or vegetation-laden
sluggish water where conditions are nearest to those of the beds of moun-
tain streams and where the tadpoles can avoid open pools and have
abundant support for their unstable, crestless forms. If such tadpoles
had evolved in quiet water their tails would not have become cylindrical
and crestless, but instead would have developed crests for support in
currents and open water. They would scarcely find such an elaborate
oral mechanism necessary in food-laden water of sluggish streams or
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quief pools. Certain Microhyla tadpoles survive by the hundreds in
, tiny pools of clear rainwater and yet they entirely lack enlarged lips.

Megophrys kuatunensis Pope!
Plate XIX; Figure 3

Type.—A. M. N. H. 30126; adult &*; Kuatun Village, Ch’ungan Hsien, north-
western Fukien Province, China; altitude 5500-6000 feet; April-September, 1926;
Clifford H. Pope, collector.
"~ Draanosis.—Closely allied to boetigersi of the same locality and minor of Sze-
chwan. It differs from both in the possession of a dark, thin, Y -shaped mark occupy-
ing the middle of the back; from boettger: in being dull brick-red instead of blackish,

Fig. 3. Megophrys kuatunensis, A. M. N.
H. No. 30126, type: (a) dorsal aspect; (b)
lateral aspect of head.

and in having distinctly smaller toe webs. The tibia of the new species is less than
half as long as the head and body, while that of minor is more than half this length.
The tibiotarsal articulation never reaches beyond the eye in kuatunensis but in minor
it reaches almost to the tip of the snout.

DescripTioN oF Type.—Tongue entire, vomerine teeth lacking. Head moderate,
as long as broad; snout very short, obliquely truncate, strongly projecting beyond
mouth. Canthus rostralis angular, loreal region concave; interorbital space as broad
as upper eyelid. Tympanum distinct, half diameter of eye. Fingers slightly swollen
at ends, first and second equal. Toes slender, scarcely swollen at tips, with barest
rudiment of web; a small, oval, flat inner metatarsal tubercle; no subarticular

1The original description (Amer. Mus. Novitates No. 352, May 20, 1929) is given herein full for
the sake of completeness.
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tubercles. Tibiotarsal articulation reaching tympanum; tibia two-fifths as long as
head and body. Skin smooth. Length, from snout to vent, 32 mm.; tibia 14 mm.
The dorsum is brown, a little darker than the ventrum. There is a dark, X-

shaped marking on the back and another triangular one on the head, one point of
which extends onto either upper lid. In addition, there are a few small spots on the
back. The belly is boldly marked with dark spots, the two largest of which are
longitudinal, one extending along either side of the mid-region of the ventrum, the
next two in size, also longitudinal, occupying corresponding lateral positions just
anterior to the base of the forelimbs. These four spots are light-centered. Another
conspicuous spot lies between the insertions of the forelimbs. The jaws, especially
the lower, are barred. The limbs are banded dorsally and, except on the ventral side
of the thighs, spotted below the bands. A dark band extends from the tibiotarsal
articulation onto the bottom of each foot. There is a light spot on thg back of each
thigh.

¢ Nores oN Pararypes.—The thirty-two! paratypes come from the type locality
(A. M. N. H. 301234, 30230-58, and 30324) and well agree with the type.

Many tadpoles were collected in streams apparently inhabited by
this form alone (A. M. N. H. 30606 and 30645), but I fail to find a char-
acter by which they may be distinguished from those of boettgeri. For
the present, the larve of these two species must be considered identical,
though doubtless a close comparison of material in the field will reveal
points of difference. I am only tentatively placing the first series here
(A. M. N. H. 30606).

The paratypes are comparatively uniform in structure but vary
slightly in the shade of the ground color, some being more reddish and
much lighter than the others. The posterior half of the X-shaped
dorsal pattern may be obscure but the anterior part is uniformly evident.
The belly is seldom so profusely spotted as in the type, but a longi-
tudinal spot is always present on either side of the mid-region of the
belly and a corresponding but shorter pair on either side of the chest just
anterior to the arm insertions. The spot in the middle of the chest is
almost always present.

Examination of the entire series of 33 types shows that there is
great uniformity of size among them. Two specimens are very immature
and among the remaining individuals only 5 are females. The following
figures represent the total lengths of these 5 females in millimeters,
together with the lengths of the right tibiz enclosed in parentheses:
38 (17.5); 34 (13.7); 34 (15); 32 (155); and 31 (17). In these speci-
mens, the tibiotarsal articulation reaches to the tympanum in the first,
second, and fourth; to a point between the tympanum and eye in the
third; and to the eye in the fifth. The 26 males are quite uniform in size,

1An additional specimen has been found since the appearance of the original description which
listed only 31 paratypes.
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the 3 largest measuring 32.0, 31.5, and 30.5 mm., the next ten 29.5 mm.
from snout to vent. Thus, 10 among the largest 13 are the same size.
The right tibiee of these 13 range from 13.4 to 15 mm. in length, only 2
being less than 14 and 2 as much as 15 mm. long. The tibiotarsal articu-
lations reach from just behind the tympanum to the eye. The foregoing
figures are set down to show the great range of variation in leg length
found in kuatunensis and to obviate the suspicion that long- or short-
legged individuals found in the future may represent new species or
subspecies. They also show that sexual dimorphism in size is rather
marked. In addition to the loose skin of the throat, the males have
slightly enlarged arms and a small patch of minutely granular skin on
the inner side of each first finger. This nuptial pad is not noticeably
raised or thickened and nearly matches the surrounding unmodified skin
in color. Consequently, it is very inconspicuous.

In habits, I detected only three points in which kuatunensis differed
from boettgers. They were as follows:

1.—The new species was confined to the very highest streams about Kuatun.
At certain altitudes boettgeri could no longer be heard, but kuatunensis alone was
abundant. I never found the new form in any of the larger valley streams where
boettgeri was so common and, indeed, one always seemed to replace the other. This
point is discussed in detail under boettgers.

2.—M. kuatunensis has a call distinguished from that of boettger: by its sharper,
more vigorous syllables that follow one another in less rapid succession. Each syllable
suggests a short buzz of an electric buzzer and lacks much of the mournful tone of
boettgeri’s more slowly repeated syllables.

3.—M. kuatunensts is more secretive in habits and does not call from conspicuous,
elevated vantage points as boettgers so often does.

Now that three small species of Megophrys with strongly projecting
snouts have been described from China, it becomes necessary, in the
interests of clarity, to distinguish between them. M. boettgeri is char-
acterized by a black area that almost entirely covers the back, is con-
stricted on the neck and brought to an abrupt end on the head near the
anterior extremities of the upper lids. The shape and extent of this band
is extremely constant, for among some 200 specimens I find almost no
variation in it. It is clearly shown in Boulenger’s original figure (1899).
‘The equally persistent but more variable dorsal pattern of kuatunensis
has already been described and, while it is found in other species of the
genus, no trace of it is ever seen in boettgeri. M. minor seems to lack
dorsal markings. These color distinctions, though possibly not as funda-
mental as structural differences, are by far the most useful in distinguish-
ing these three Chinese forms. M. minor is readily told from the other
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two by its long leg whose tibiotarsal articulation reaches to the snout.
In boettgeri and kuatunensts, this articulation reaches no farther forward
than the eye. The toe webbing of boetigeri, though described by
Boulenger as a ‘‘slight rudiment,” is, nevertheless, very distinct, and the
toes of the males might be called a quarter webbed. In kuatunensts, on
the contrary, what I have spoken of as the ‘‘barest rudiment’’ of a web
might be characterized by another as ‘“ web lacking.” It would be com-
paratively more accurate to describe the toes of boettger: as having a
“‘full rudiment of web to a quarter web,” those of kuatunensis as ‘“‘web
lacking or present as a bare rudiment.”

Megophrys pelodytoides (Boulenger)
Plates XX and XXII; Figure 4
Thirteen specimens of this species were secured: one from Yenping
(A. M. N. H. 28417) and 12 from Ch’ungan Hsien (A. M. N. H. 30127-

.

Fig. 4. Larva of Megophrys pelodytoides
_from Ch’ungan Hsien, Fukien: (a) lateral
aspect; (b) mouth.

38). Many larvee were collected in Futsing Hsien (A. M. N. H. 29413
and 32948), at Yenping (A. M. N. H. 31085), and in Ch’ungan Hsien
(A. M. N. H. 29016, 29019, 29025, 30609 and 30683-6).

M. pelodytoides was described in 1893. It was ‘“‘discovered in the
Karin or Karennee Hills, east of Toungoo, between Burma and Siam,
by the late La Fea. The types were obtained at Thao (1300-1400 m.)
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and in the district of the Karin Bia-po. I refer to this species a number
of specimens from a collection made in the Man-Son Mountains (3000-
4000 feet) in Tonkin, on the Kwangsi frontier.” (Boulenger, 1908).
It is also known from Perak (Butler, 1903—-1904) and Smith reports it
‘“not uncommon above 1000 meters’’ in Siam. So far as I can ascertain,
it has never before been reported from China.

Even though I have adults only from the vicinity of San Chiang
and Kuatun in the mountains of Ch’ungan Hsien, the numbers of tad-
poles collected in the Yenping and Futsing Hsien cascades prove its
presence there. In Ch’ungan Hsien, it was found in the larger valley
streams, while the larve taken in Futsing Hsien inhabited even the
lowest cascades of a coastal range. Altitude apparently plays less part
in its distribution throughout northern Fukien than in more southern
regions, such as Siam, where it does not descend to within a few hundred
feet of sea-level as in Fukien. This is not surprising but rather what
might be expected. It is hard to understand why Mell did not find this
species abundant in Kwangtung.

There is little doubt about the identity of my material, because I
have before me for comparison one of Boulenger’s Man-Son specimens
(A. M. N. H. 23821), as well as a second individual from Siam kindly
sent me by Dr. Smith. The Fukien frogs resemble the specimen from
Siam- rather than the one from Tonkin, but are distinctly smaller
than either. My 13 specimens are made up of one gravid female
29 mm. long, five adult males 27, 26, 25, 25, and 24 mm. in length,
respectively, and five very small individuals. Thus, 29 mm. seems to be
very nearly the average size of Fukien pelodytoides, while the Siamese
female measures 35 mm., the Man-Son female 38 mm. These measure-
ments indicate but do not prove that the females slightly exceed the
males in maximum length. The male is described by Boulenger as
having an internal subgular vocal sac. I fail to detect nuptial finger
pads or enlarged forelimbs in the present series.

Ripe ova of the single adult female from Fukien, No. 30128, are
relatively large and correspondingly few, measuring 2 mm. in diameter
and numbering 83. They are remarkably uniform in size. As would be
expected, the larger Man-Son female, No. 23821, contains more ova, for
my count is 205. They are the same size as those of No. 30128 and
apparently well developed.

An extensive breeding season in Ch’ungan Hsien is indicated by the
following data: tadpoles with leg buds 1 mm. long were found July 6
and 16, 1925 and August 28, 1926; tadpoles with leg buds 3-4 mm. in
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length were taken June 1 1926; tadpoles collected July 16, 1926, had
well-developed legs and forelimbs on the point of breaking through.
Few data were secured at Yenping where two tadpoles were collected
May 20, 1925; one with 2 mm. leg buds, the other immature with a body
11 mm. long and no sign of limbs. It is not surprising, in view of the
above data, to find the following specimens in Futsing Hsien, September
20-30, 1925:

2 tadpoles only 7.5 mm. body length (immature)

4 tadpoles only 10.0 mm. body length (immature)

2 tadpoles only 13.0 mm. body length (immature)

1 tadpole only 14.0 mm. body length (immature)

2 tadpoles with leg buds 1.0 mm. long (barely mature)

1 tadpole with 4 limbs but tail scarcely reduced

Smith secured tadpoles on Dio Nga Chang, northern Siam, early
in March. ,

Larval pelodytoides was not known until described by Smith in
1917. It has proved to be the second Megophrys tadpole without a
specialized ‘‘funnel-mouth’ and for this reason is especially interesting.
Upon comparing my specimens with Smith’s description, I noticed
several points of difference, so I borrowed two of his tadpoles from Siam
and find them to be essentially similar to mine but differing in the follow-
ing points:

Teera.—Fukien tadpoles have only four rows in the upper lip, those from Siam
five and six. I have examined 24 Fukien specimens. The Siamese larve have pro-
portionately longer and apparently more numerous teeth, while the lips appear
correspondingly smaller. This difference is noticeable.

PapiLLa.—I fail to detect any papillee other than those of the marginal row in
Fukien tadpoles, but the tadpoles from Siam may or may not possess scattered
papille in the corners of the mouth, as shown in Smith’s figure.

In addition to the above, I wish to call attention to a few more
points, some of which are omitted by Smith, while in others his deserip-
tion is either inaccurate or misleading. These points may now seem
unimportant but it is entirely possible that in the future they will prove
to be of real significance.

MovuTa.—Smith’s figure by no means does justice to the greatly developed lips
of this tadpole. Moreover, it pictures the teeth entirely too large. This fact will be
made clear by a comparison of his figure with mine. Some allowance must be made,
however, because the Fukien tadpoles do have lips even larger than those from Siam.
The true shape of the lips is shown in the new figure and I find this shape to be the
same for Siam as well as for Fukien tadpoles. This fact is worth emphasizing because
the enlarged lips of pelodytoides appear to be correlated with its cascade habitat, a
point brought out by Smith who says that the lips serve as an adhesive disc. My
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tadpoles can be told at a glance from any other Fukien larva simply by the relative
size of these broad lips. )

TeeTH.—Instead of being set directly on the lips, the teeth are ranged in rows
along the crests of high, fleshy ridges, the ridges themselves being much higher than
the teeth are long. While other tadpoles have raised teeth, I have never seen one
with ridges comparable to those of pelodytoides unless it be M. hasseltii, and, even
in this related form, the teeth are proportionately larger and the ridges smaller than
in pelodytoides. This character alone would serve to identify larval pelodytoides
among the other Fukien tadpoles of my acquaintance.

NasaL Paprinnz.—Each nostril is bordered by four conspicuous papille. It is
entirely possible that these have a definite function. Field observations combined
with a histological study would be required for the determination of this point. This
is the third unusual character that might serve to identify this tadpole! It is true that
such papille are also found in the closely allied M. hasseltiz, but in that form they are
extremely variable in size, form, and arrangement, being well developed only on the
dorsal side of the nasal opening. I have examined 13 specimens of each species, all
taken at random from large series and find pelodytotdes to have regularly four sym-
metrically arranged papillee completely surrounding each nostril, except in one speci-
men on one side of which there are only three papille. On the other hand, eight of
the 13 hasseltii tadpoles examined have from three to five small papille on the uPPER
side of the nostril only, one more has only a single papilla on the dorsal side, an addi-
tional one has eight papille almost surrounding the nostril, while the remaining three
have 13 very small, widely separated papillee completely surrounding this aperture.
Only one nostril of each hasseltis tadpole was examined. .

Smith brings out the fact that pelodytoides, in contrast to hasseltiz,
is an inhabitant of swift water. In fact, its entire structure indicates
such to be the case, indications completely confirmed by my field ob-
servations, as well as those of Smith. A flattened body and a powerful
tail, provided with low crests and well-developed belly muscles, combine
to enable this tadpole to cope with swift water.

Megophrys hasseltii (Tschudi)
Plates XIX and XX; Figure 5

A series of 20 metamorphosing and very immature individuals, allied
to, if not identical with this species, was secured in Ch’ungan Hsien
(A. M. N. H. 30682). Four lots of tadpoles were collected at the same
locality (A. M. N. H. 29018, 29020, 30681 and 32947).

The recently transformed specimens are too immature to serve as
the basis of a description, but their resemblance to hasseltsi is very
strong, while the numerous larve are strikingly like those of typical
hasseltii. Comparing these larve with Van Kampen’s 1923 description.
I find only the following differences:

1.—The tail is normally twice as long as the body, instead of only one and a half
to one and three-fourths times as long (in hasselts?).
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2.—The nostril is equidistant from the eye and the tip of the snout, rather than
nearer to the eye as in typical hasseltii.

3.—The distance between the eyes is only slightly, if at all, greater than that
between the nostrils. In hasseliss, as described by Van Kampen, the eyes are twice
as far apart as the nostrils.

4.—The tip of the tail is pointed, not rounded as in hasselti.

In contrast to these differences in proportion, the lips and dental
formula seem to be almost identical. Examination of 25 Ch’ungan tad-
poles shows that they always have six rows of teeth above and five below,
with only the outer row of each lip undivided. Some of the other rows

Fig. 5. Larva of Megophrys hasseltis from Ch’ung-
an Hsien, Fukien: (a) lateral aspect; (b) mouth.

may appear to be continuous, but they really are divided in the middle in
spite of their two halves coming in contact there. Fortunately, I have
some Javan tadpoles for comparison, and, even though all of Van Kamp-
en’s points cannot be checked on account of the poor condition of this
series from Java, I find that the space separating the nostrils is decidedly
greater in the Fukien tadpoles. The larval differences thus brought out
are about what one would except to find in a subspecies or distinet form
closely allied to hasseltzi. The solution of this question must await a
good series of adults from Fukien.

Mell reported hasseltiz from northern Kuangtung in 1922 and his
specimens may prove to represent the possibly distinet Fukien form.
There is no other Chinese record of this widely distributed amphibian.
It ranges through Burma, Siam, the Malay Peninsula, Singapore,
Sumatra, Java, and Boineo to the Philippines.

I have a large and well-preserved series of these handsome tadpoles



452 Bulletin American Museum of Natural History [Vol. LXI

from Ch’ungan Hsien and find that they attain a greater size than that
given by Van Kampen for hasseltis. This might also be taken as additional
evidence for the distinctness of the Fukien form, but I have not included
it above because size, as a character for distinguishing tadpoles, is more
often misleading than otherwise. The maximum length in my series is
" reached by an individual with legs 26, body 36, and tail 72 mm. long!
This makes a total length of 108 mm. compared to Van Kampen’s
maximum of 79 mm. A mature specimen of average size has leg buds
12, body 30, and tail 63 mm. in length and these dimensions may be taken
to represent the normal size of mature Ch’ungan Hsien tadpoles. They
make a total of 93 mm. or 15 mm. greater than Van Kampen’s maximum
of 79 mm. Asshown in Fig. 5b, the inner row of papille in the Ch’ungan
Hsien tadpoles is little more than two irregular series of scattered papille,
one on either side of the lower lip. Van Kampen speaks of two series
of papillee along the “sides and lower margin” of the lips, so id case a
detailed comparison of larval forms becomes advisable, a distinction may
possibly be found in the arrangement of the inner papille of the lower
lip, Van Kampen’s “lower margin series.” Van Kampen failed to describe
the external structure of the nasal opening, but I find it surrounded by a
raised edge, the dorsal and lateral parts of which are in the form of
papillee. These papille are especially well developed in the Ch’ungan
Hsien series, less so in the Javan tadpoles available to me.

The habits of larval hasseltii have been described by Smith and
Annandale in 1917 and Van Kampen in 1923. All these observers have
found the tadpoles in pools, but Annandale’s pools were in streams of
open country, Smith’s in pools of comparatively sluggish hill streams,
while Van Kampen is noncommital but simply says, ‘“pools and clear,
swiftly running water.” In Ch’ungan Hsien, the tadpoles frequented the
deeper pools of both large and small mountain streams. They seemed
to be confined to these deeper pools even though smaller individuals
could also be found nearer the current in small, shallow pools. We may
conclude that larval hasseltii, even though entirely devoid of any struc-
tural adaptation enabling it to cope with swift water, can survive in
mountain streams simply by remaining in pools. Its lack of adaptive
features has allowed it to live in different habitats in contrast to more
specialized forms whose very specializations have confined them to a
single type of habitat. As an example of such, one might cite tadpoles
of the various species of Staurois.

Smith (1917) reports the finding of hasseltiz tadpoles in January,
April, and July. This indicates either a long breeding season, slow larval
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development, or both. My data also indicate but do not prove slow
development and a protracted season. The San Chiang Chinese
insist that these frogs breed only in the late fall at which time they may
be traced down by their loud croaking from deep recesses among the
boulders lying along the streams. The height of a protracted season
might, of course, come at this time of the year in hasseltii, just as is
reported by Smith to be the case with Bufo melanostictus. I am putting
the following data in tabular form so that independent conclusions may
be drawn from them. Measurements are in millimeters.

DaTe or LeNgTH OF BoODY Lec Bups
PRESERVATION
May 7, 1926 9 (immature) None
May 26, 1926 35  (immature) Present
June 4, 1926 8-12 (immature) None
June 10, 1926 9-11 (immature) None
June 22-July 30, 1925 15-20 (immature) None
June 22-July 30, 1925 32  (mature) Well developed, 15
mm. long
June 22-July 30, 1925 | Two metamorphosing specimens
with tails almost completely ab-
sorbed

In the field, this tadpole is very easily confused with that of Rana
spinosa because of similarity in form, color, and choice of habitat. The
pelobatid may be recognized at sight by a light area at the dorsal junc-
ture of the tail with the body. This conspicuous area is in the form of a
V whose apex is directed posteriorly. Both species have conspicuously
spotted tails and dark bodies but the mature spinosa tadpole never
shows trace of this light, V-shaped marking.

Bufonidee
Buro

The tadpoles of this genus are remarkably similar in a great number
of species. They are, however, readily recognized as a group by their
generally dark or black color, thick-set bodies, median vent, and rounded
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tails. The dental formula is probably about the same in the Chinese
forms though the rows of teeth may vary in proportionate lengths.
The true differences can only be pointed out after examination of large
series. Field workers should have little trouble because of the general
scarcity of species in any one region.

Bufo melanostictus Schneider
Plate XXII; Figure 6
A large series of 246 specimens represents this species: 122 from
Nodoa (A. M. N. H. 27308-77 and 27379-430), 53 from Futsing Hsien
(A. M. N. H. 29115-67), 33 from Yenping (A. M. N. H. 28137-69), 14
from Kienning (A. M. N. H. 30771-84), 21 from Ch’ungan Hsien (A.
M. N. H. 28871-87 and 302014), two from Yuankiang (A. M. N.H.

Fig. 6. Larva of Bufo melanostictus from
Hainan (A. M. N. H. No. 27448): (a) lateral
aspect; (b) mouth.

30971-2), and one from Yangwupa, a Yunnan locality about 25 miles
northeast of Yuankiang (A. M. N. H. 30918). A single tadpole was
secured at Yenping (A. M. N. H. 31079) and a large series at Nodoa
(A. M. N. H. 27448).

Schmidt’s 1927 report included one specimen from Pinghsiang,!
one from Yenping, 11 from Fukien, and 23 from Tengyueh.

Van Kampen (1923) states that B. melanostictus ranges from India
and southern China through the Malay Peninsula and Archipelago to

- 1Thisrecord is very doubtful and should be omitted unless substagtiated by new material.
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the Philippines.! The Chinese records for this toad follow: Hainan
(Boettger, 1888 and 1894; Boulenger, 1899; Vogt, 1913; and Smith,
1923); Whampoa (Hallowell, 1860, as griseus); Canton (Boulenger,
1882; Boettger, 1885 and 1888; Wolterstorff, 1906; and Vogt, 1924);
Kwangtung (Vogt, 1914, and Mell, 1922); ‘Drachenkopf,” a mountain
directly east of Shiuchow and about midway between it and the Kiangsi
border, northern Kwangtung (Mell, 1922); Kwangsi (Vogt, 1930);
Amoy (Steindachner, 1869); Foochow (Stejneger, 1925); Futsing
(Stejneger, 1925); Fukien (Stejneger, 1925); Tengyueh (Annandale,
1911); Talifu (Mell, 1922). Hongkong records are few in number:
(Boulenger, 1882, and Boettger, 1888 and 1894). B. melanostictus is well
known from Formosa (Stejneger, 1907, etc.).

I found this to be the common toad of the Hainan lowlands and so
did Smith (1923). Mell states that it is abundant everywhere inKwang-
tung from sea-level to 800 m. In northern Fukien, it is universally
distributed from the Futsing Hsien coast to the base of the high Ch’ung-
an Hsien range. It did not reach San Chiang nor did we find it at
Hok’ou on the Kiangsi side of the mountain barrier. This may be taken
as an indication that melanostictus does not reach the plateau of northern
Kiangsi.

Van Kampen states that the males have a subgular vocal sac and,
during the breeding season, develop nuptial excrescences on the two
inner fingers. I find this to be the case in my specimens and can add
that the arms of breeding males are slightly enlarged. The females
attain the greater size, for I find upon examining a series of 53 toads
from Futsing Hsien, that the ten largest among the 29 males range from
65 to 72 mm. in length and average 67.8 mm., while the ten largest
among 24 females range from 74 to 85, averaging 78.3 mm. The females
are more variable in size, the smallest being 46 mm. long compared to
47 mm. in the more numerous males. I fail to detect any difference
between the sexes in either coloration or texture of the skin.

The Nodoa tadpoles agree with Van Kampen’s description. Flower
(1896), Smith (1917), and Annandale (1918) have also given good
accounts and descriptions of this tadpole.

B. melanostictus, according to Smith and Van Kampen, breeds
throughout the year at Bangkok and in Java, but Smith states that
increased sexual activity, correlated with the dry, cool weather, takes
place in November. Observation of a large colony of immature tadpoles
in a stagnant pool at Nodoa on December 7, 1922, corroborates Smith’s
statement. In February of this same year, numerous metamorphosing

1Taylor (1912) questions the single Philippine record.
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tadpoles were seen about Nodoa. Constant search at later dates failed
to reveal larve in any stage of development. It would be extremely
interesting to have data on the breeding season at various points on the
Chinese mainland. Most of the large Futsing females collected through
September ‘and October contain ova in the process of development, so
it is possible that the toads there also have a November-December
season of sexual activity. The presence of tadpoles in various stages of
development at Yenping, May 8, 1925, indicates that spring breeding
occurs in Fukien, too. These points can be settled only by field workers.
B. melanostictus ranges to 10,000 feet in the Sikkim Himalayas
(Boulenger, 1890), therefore its absence at San Chiang probably indicates
that the Ch’ungan Hsien mountains are on the edge of its range. Mell
reports it at 800 m. in Kwangtung, so it may be expected at high eleva-
tions farther south in Fukien. Altitude records should be made there.

Bufo bufo asiaticus Steindachner

A series of 235 specimens represents this form: 22 from Hok’ou (A. M.
N. H. 30707-28), 47 from Peking (A. M. N. H. 27457-503), 29 from
the Western Hills, near Peking (A. M. N. H. 27708, 27710-1, 27713-9,
27726-7, and 27738-54), 85 from Tsinan (A. M. N. H. 27816-900),
seven from Sohuang, a village 5 miles south of Pingting (A. M. N. H.
25845-51), one from Niangtzekwan (A. M. N. H. 25800), and 44 from
Chinszu (A. M. N. H. 25615-44 and 25686-99). Niangtzekwan is in
Shansi, near the Chihli (Hopeh) boundary, east and a little north of
Pingting, while Chinszu is about ten miles south and a little west of
Taiyuanfu. In addition, there is a series of juveniles from Ma Ying Hai,
near Ningwu, northern Shansi (A. M. N. H. 31011) and another from
Tsinan (A. M. N. H. 32952). Numerous tadpoles were also secured at
Tsinan (A. M. N. H. 32951).

I am also placing here 81 specimens identified by Schmidt (1927)
as bankorensis from the base of Tei Pei Shan, Tsing Ling Mountains,
Shensi; Chikungshan, southern Honan; Changsha and Shenchowfu,
Hunan; Ningkwo and Wuhu; Yenchingkou and Luanshihkou, two
localities within 20 miles of Wanhsien, Szechwan:; and 32 additional
ones called B. b. japonicus by him, from Peking and Hsing Lung Shan,
northeast of Peking; and Kweihwa, Shansi.

I cannot follow Schmidt in carrying bankorensis into the lowlands
of central China because my series from the mountains of northwestern
Fukien too obviously represents bankorensts, the types of which I have
examined, while the series from Hok’ou, on the eastern edge of the



1931) Pope, Notes on Chinese Amphibians 457

Kiangsi plateau, agrees with my Anhwei series in having a narrower
head than bankorensis. I fail to find any point of distinction between
the Shansi and Chihli toads called japonicus by Schmidt and those from
central China.

Shaw (1929) has written a brief account of the habits of this toad
but does not give dates in his notes on their breeding. A series of toads
taken at Peking from August 28 to September 1, 1924, contains many
males with very conspicuous nuptial asperities and females whose well-
developed ova are 1.5 mm. in diameter, indications of imminent mating.
These data should be checked because, in view of the fact that the great-
est amount of rainfall occurs at Peking in June, July, and August (Shaw,
1929), they are of special significance. The closely allied bankorensis
breeds through April in Fukien but it probably has a late summer or
early fall mating period as well.

Schmidt (1926) has suggested that these Chinese toads are not
so similar as generally considered but include closely allied forms with
different habits. If such is the case, field men alone can solve the problem
and lead the way to a more accurate classification.

Bufo bankorensis Barbour
Plate XVIII

Numerous specimens from Ch’ungan Hsien represent this species -
(A. M. N. H. 28811-30, 28898, 30205-29, and 30484-512). In addition,
there is a series of juveniles from the same locality (A. M. N. H. 30125).
Tadpoles were also secured in Ch’ungan Hsien (A. M. N. H. 30687-92).

B. bankorensis was described by Barbour from central Formosa in
1908 and introduced into the mountain fauna of China by Stejneger
when he reported it from Suifu and Shin-Kai-Si, Mt. Omei, Szechwan,
in 1925. I am glad of this opportunity to give confirmation by recording
it from the high mountains of Fukien. It is probable that the toad from
“Drachenkopf,” a mountain in northern Kwantung east of Shiuchow,
listed by Mell in 1922 as B. b. asiaticus, really represents bankorensis.
Boulenger’s 1899 series of “ B. vulgaris” from Kuatun certainly belongs

-here, while Vogt (1930)reports bankorensis from Kwangsi.

The Ch’ungan Hsien series is made up of 75 specimens, eight of
which are less than 47 mm. in length, while the remaining 67 are equally
divided between the sexes, 35 being male and 32 female.

The following table gives the important characters for the ten -
largest specimens of each sex. Measurements are in millimeters.



458 Bulletin American Museum of Natural History [Vol. LXI

. Tip of
Width of Vent to
A.M.N.H. S SLength, Head at IS)nout .to Tip of | Length| Top of
No. ex n‘?ut to Angle of osterior Longest | of Tibia | Head
ent End of
Jaw . Toe

Parotid
30222 o4 96 37.0 42.5 148 42.5 smooth
30503 J 96 36.0 40.0 137 40.0 | smooth
30219 4 96 37.0 38.5 135 37.5 | smooth
30510 I 93 34.0 40.0 134 38.5 |.smooth
30512 s 93 33.5 38.5 135 39.5 | smooth
28823 s 93 38.5 38.5 125 37.5 | smooth
30225 s 90 38.0 38.0 135 38.0 | smooth
30491 d 90 37.5 38.0 124 35.0 | smooth
30488 I 90 34.0 38.5 137 38.0 | smooth
30494 I 90 35.0 35.0 132 36.0 | smooth
30501 Q 117 48.0 48.5 155 43.5 | smooth
30500 Q 115 49.5 49.0 151 46.0 | smooth
30487 Q 115 47.0 47.0 153 44.0 | smooth
28813 Q 115 48.5 43.0 151 43.0 | smooth
30486 Q 114 46.5 46.5 155 45.0 | smooth
30485 Q 113 46.0 46.0 152 43.5 | smooth
30215 Q 112 48.5 48.5 150 44.0 | smooth
28816 Q 112 46.0 48.0 144 42.0 smooth
28812 Q 107 45.0 43.0 140 41.0 smooth
30490 Q 105 44.0 44.0 139 39.0 | smooth

This table includes the best available data on bankorensis It also
records the range of variation in the principal characters. A glance at it
will show that the females are decidedly the larger. The ten largest of
this sex average 112.5 mm. in length, while the ten largest males average
but 92.7 mm. The old males are remarkably smooth, the warts often
being almost absent and entirely devoid of tuberculate tips. The fe-
males seldom if ever attain this same degree of smoothness and are usually
quite rough. Breeding males bear dark asperities on the inner side of the
first three fingers. In life, bankorensis often has conspicuous red spots
on the sides, a part of the pattern that is not evident in preserved
specimens.

About Kuatun, these toads ascended the highest mountains where
I often found them in heavily-shaded bamboo forests and, indeed, our
entire series came from the mountains at San Chiang and Kuatun.

Paired couples were brought in on April 25, 1926, at San Chiang,
but breeding had been going on for some time then because I have tad-
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poles with leg buds 2 mm. long collected there April 24. Recently
metamorphosed toads, only 9.5 to 10.5 mm. in length from snout to vent,
were taken at San Chiang on May 17 and June 5 of the same year. I
found the numerous larvee in the quiet water of flooded fields at San
Chiang. A large female, containing 3725 moderately well-developed ova
1.5 mm. in diameter, was taken on August 3 at San Chiang, a fact in-
dicating that these toads breed in the late summer or early fall as well as
in the spring.

The tadpoles of bankorensis are not distinctive but have a type of
oral structure frequently found in toads: two rows of teeth in the upper
lip, the inner narrowly interrupted, and three continuous rows below.
Papillee are present laterally only. The tadpoles are black and rather
large; a specimen with leg buds 3.5 mm. long measures 29 mm. from
tip to tip, the tail ocecupying 18.5 mm. I am unable to find characters
distinguishing bankorensis larve from those of B. b. asiaticus collected
at Tsinan.

Bufo andrewsi Schmidt

One specimen collected at Yunnanfu by Walter Granger may be
considered as representing this form (A. M. N. H. 30883).

B. andrewsi was described in 1927 from 14 Yunnan toads. The
type locality is Likiang, but paratypes were reported from Yunnanfu;
Muyang, 40 miles north of Yunnanfu; and the Wutingchow District.
Schmidt states that the six specimens recorded by Werner in 1924 from
the region of Likiang' as B. wvulgaris asiaticus ““appear to be plainly
referable to this species.”

B. andrews: was diagnosed as ““ closely allied to Bufo bufo from which
it is distinguished by the presence of a tarsal fold, its finer and more
uniform tuberculation, the less divergent parotids, and the tuberculate
top of the head.”

It is hoped that additional Yunnan material will soon be available
for comparative studies. At present this species does not appear to be
a very distinct form.

Bufo raddei Strauqh
A series of 102 specimens represents this species: six from Ma Ying
Hai, near Ningwu (A. M. N. H. 31005-10), 14 from Tsinglo (A. M. N. H.
25821-34), 22 from Chinszu, near Taiyuanfu (A. M. N. H. 25645-66),
ten from Sohuang, a village five miles south of Pingting (A. M. N. H.

1Werner’s text reads, ** Zwischen Yungning, Yungbei und Lidijang.” Yungbei is probably the same
as Yungpeh of the Chinese Postal Map.
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25835-44), 24 from the Western Hills, near Peking (A. M. N. H. 27709,
27712, 27720-5, 27728-37, and 27755-60), and 26 from Artsa Bogdo,
Altai Mountains (A. M. N. H. 31022-47). Ningwu and Tsinglo are
towns in northern Shansi.

Schmidt’s 1927 report included 206 specimens: one from Chinszu
(spelled by him Chen Tzu), one from Tsingtao, and the rest from Mai
Tai Chao, a monastery in northern Shansi between Kweihwa and
Saratsi.

Two larve, both with buds 1.5 mm. long, taken at Ma Ying Hai,
July 10-16, 1922 (A. M. N. H. 32950), are provisionally placed here
because they seem to differ from my series of Bufo bufo asiaticus larve
in a few minor respects and, coming from northern Shansi, they cer-
tainly are either asiaticus or radder. It is well known that most Bufo
tadpoles are remarkably similar, so it is entirely possible that the two
variants are not raddei larve but abnormal asiaticus tadpoles. The
differences are:

1.—In the Ningwu larve, the nostril is half as long as the eye and separated from
it by a space equal to the diameter of the nostril. In astaticus the nostril is only one-
third as long as the eye and separated from it by a space twice the diameter of the
nostril.

2.—The interocular space equals the width of the mouth in astaticus but in the

Ningwu tadpoles this space is only three-fourths the width of the mouth.

3.—The Ningwu tadpoles are not black like those of astaticus, but very finely
spotted, appearing quite light to the unaided eye. In fact, the throat and tail crests
are entirely unpigmented. The difference in color is very marked but it is possibly
due to preservation. This is improbable because the Ningwu specimens are in good
condition.

Questions such as the above should be taken up by field workers.
A median vent occurring together with three rows of teeth below and two
above, and the absence of bordering papille, except on the side of the
lips, should serve to identify any tadpole in northern China as belonging
to the genus Bujfo. It is hoped that a good description of undoubted
raddet tadpoles will be published so that the larvee just described may
be definitely placed.

Stejneger (1907) describes the range of raddet as ‘‘the eastern part
of the desert Gobi, Alashan, and Ordos in Mongolia to Peking and Chefu
in the south and north to Dauria, the valley of the Amur and the Ussuri
country.” Nikolski (1918) gives a long list of localities, among them
Kokonor, eastern Tibet. Stejneger (1925) records specimens from
Yenan, northern Shensi; the Lanchowfu region of Kansu; and so forth.
There are old records of radde: occurring as far south in eastern China as
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Chefoo (Wolterstorff, 1906) and Tsingtao (Werner, 1903). It seems to
be lacking at Tsinan, however. The southern extent of its range in the
Yellow River region, in southern Shensi and possibly northern Szechwan,
should be traced by a careful accumulation of locality records.

Shaw (1929) states that raddes is rare about Peking. Our series
from the Western Hills indicates that it is more abundant where the
country is at least slightly elevated and rugged. Stejneger records it
from 6700 feet above sea-level in Kansu. I found these toads breeding
in the region of Mai Tai Chao on May 6 and 22, 1922. In one case,
they had congregated in great numbers throughout a grass-grown,
swampy area on the plain but near some mountains.

Bufo raddei is interesting in exhibiting two types of sexual char-
acters: one invariably confined to the males, the other only partially
correlated with sex. To the first type belong the subgular sae, nuptial
asperities on the fingers, enlarged forelimbs, and smaller size, all of
which are perfectly constant masculine characters. The only two chai-
acters of the second type are:

1.—The more contrasted color pattern of the female. This pattern is occa-
sionally seen in the male but is never lacking in the female. Fourteen among a series
of 93 males more than 42 mm. long, have almost typical female coloration, while a
few others possess it to a limited extent. Not a single female among 23, also more
than 42 mm. in length, shows the duller masculine coloration. This character seems
to be a feminine one seen occasionally in the opposite sex.

2.—The greater rugosity of the males. In this sex, the warts are not only more
numerous but each wart carries a number of dark tubercles on its apex. Females
frequently have tuberculated warts, so this character appears to be a masculine one
of common occurrence among females. It is extremely difficult to measure, even
though a smooth female differs noticeably from a typical male. The tubercles appear
in all degrees of development, either pigmented or unpigmented. A greater number
of the smaller females\were smooth; more of the larger ones were rough.

I fail to detect any correlation between degree of rugosity and
development of either type of color pattern.

Stejneger (1925) examined his series of raddes for color pattern and
likewise failed to find a female with the male type of pattern, but found
males with both types. His conclusions, though based on comparatively
few data, agree essentially with mine.

In determining the relative lengths of the sexes, I have used only
specimens from one locality in order to avoid confusion through mixing
of possible local races. So much of the country inhabited by radde: is
extremely barren that the toad probably varies much in size according
to its immediate surroundings. - The series selected consists of 190 toads
from Mai Tai Chao. Seventy-four juvenile specimens less than 43 ' mm.



462 Bulletin Americar: Museum of Natural History [Vol. LXI

in length were thrown out. Unfortunately, only 23 of the remaining 116
were females. The 12 largest females ranged from 58 to 72 mm. in
length, averaging 67.5 mm. No very accurate figure for the feminine
size can be arrived at from such meagre data, but surely the females
reach a larger size than the males because three females among only
23 are larger than the largest male among 93, while the average size for
the 12 largest males is only 64.7 mm. or some 3 mm. less than that for
the opposite sex, in spite of the great difference in numbers of individuals.
The males are remarkably constant in size, the 12 largest ranging only
from 62 to 68 mm. in length. Some 78 per cent of the 93 males are from
50 to 60 mm. long, while the actual figure for the modal length is 56,
many more individuals being of this length than any other..

/ : Hylide
HyLa!

The relationships of the frogs of this genus inhabiting China have
never been clearly worked out because of lack of comparative material.
Even when specimens are at hand it is no easy matter. This is due to
the extreme structural stability of the Eurasian members of the genus.
The differences are often relative and therefore difficult to define. Color
patterns are of importance in showing relationships, as well as in making
keys for convenience, but unfortunately, colors change and fade in
museum specimens. The whole matter was reviewed by Stejneger in
1907, and it is my purpose not to repeat or alter his conclusions but merely
to supplement them.

The most interesting thing in the study of Chinese tree toads is the
evolution of the development or disappearance of black pigment on the
sides and lateral aspects of the limbs of the various species. It is along
the line of transition from the green of the back to the yellow or white of
the ventrum that noticeable changes are taking place. This lateral
region of transition almost invariably has a certain amount of black
pigment. For example, in the Japanese form H. a. japonica, this black
may be diffuse or it may take the form of weak, irregular spots. In
itmmaculata of central China, it is often distributed much as in japonica
but never, however, in the form of spots. Turning to chinensis we find
this dark pigment concentrated into black lines over the tympanum and
intense black spots on the sides and legs.

1The following discussion is based on the conviction that all the forms of Hyla found in China belong
{0 the arborea grou% H., albotzniata Vogt, 1927, and H. bam Mawola Barbour, 1920 (new name for
Hyla monticola Barbour, 1912, not of Cope, 1876), the only species seemingly not of tlns oup, have

been wrongly identified, both bemg pol: tids belonging to the genus Pol pedates Dr. Noble
has examlllged the type of albotzniata (B. M. No. 24118) and I have d }I that of bamb
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It should be noted that whenever it is thus concentrated on the
sides, black spots appear on the lateral aspects of the femur and tibia
(chinensis, sanchiangensts, and annectans). The greatest develépment of
black is found.in sanchiangensts, for in this form the loin and leg spots
are profuse and small ones even occur regularly on the forelimbs. Here,
too, the breeding males develop the most conspicuous dark brown areas
covering the nuptial asperities of the inner fingers. Curiously enough,
however, in this highly spotted form, spots never appear along the
anterior half of the side, though they are always found in the axilla and
loin. This unspotted area is covered by highly diffuse, blackish shading
instead of spots. :

In H. a. japonica, I find not only greater variability of pattern but
more of it than in any other form, for it is in this species alone that black
frequently encroaches upon the green, and numerous examples with
conspicuous dorsal spotting and dark bars across the limbs are found.
It is just as if this black color had become separated from the dorsal
green, disappearing from the European form and certain Chinese ones,
only to reappear on the sides of others such as chinensis, sanchiangensis,
and annectans.

Since the chief questions that concern us here are the relationships
of the species under discussion, we must see what help may be derived
from this study of patterns. Boulenger considers the Japanese form as
ancestral to the European, because he takes the loin spot of the latter
to be a remnant of a more complicated dorsal pattern similar to that
regularly found in japonica and even evident at times in arborea arborea.
Preserved specimens of smmaculata from Anhwei very rarely show leg
bars, but perhaps these would be present at times in living specimens and
we might take this as additional evidence of the relationship of japonica
and immaculata. Structurally, these forms are much alike. Specimens
from Shantung and Kiangsu are greatly needed but they should be
studied in life. In fact, I believe that in the variable and rich pattern
of japonica we find the ground plan for the lateral spots of chinensis.
The relationship here is much less obvious because structural differences
come into consideration.

A comparative study of patterns convinces me that sanchiangensis
is nothing but a high altitude form of chinensis in which the lateral and
limb spotting has reached its highest development and there is little to
contradict this conviction, thanks to the structural similarity of these
species. Coming to simplex, we get a decided loss of spotting and, in
fact, the pattern of this species strongly suggests that of immaculata,
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The size of the digital discs and extent of webbing and proximity of
ranges, speak clearly for its alliance to chinensis rather than to immacu-
lata and there are, moreover, definite differences in color pattern to
distinguish it from immaculata. H. annectans combines characters of
immaculata and chinensis and its relationships will be clearer when the
ranges and life histories of the three forms are better known and the
tadpoles of annectans and tmmaculata have been described.

These data on color patterns have been given what might appear to
be an undue amount of space and weight here, but this is only because I
think they have been neglected in the past. I am fortunate in having
more material for study than anyone else and have taken such a fine
opportunity to make the most of an aspect to me quite as interesting
as any other. Even though I have water-colors made from life at my
disposal, a study of living specimens would be much more profitable.
Under the different specific headings, detailed results of my comparisons
of scores of specimens will be found.

It is anything but pleasant to admit that many lines of evidence
cannot even be considered in this paper, due to almost complete lack of
life-history data of the proper sort. Noble and Noble (1923) have shown
what value may be derived from a thorough field study of any one
species, and it is hoped that Chinese students will bestir themselves and
give to the herpetological world full accounts of these Hylas, at least one
species of which should be found breeding on the campus or in the country
immediately surrounding almost every Chinese university, not to men-
tion the yards and vicinity of innumerable students’ homes.

LarvE.—These are included in the key just following the genus
Rana, page 484.

Hyla immaculata Boettger

With the exception of a specimen from Lushan, near Kiukiang
(A. M. N. H. 23779), secured through exchange, there is no material in
addition to the series of 49 specimens from Wuhu and 32 from Ningkwo
reported by Schmidt in 1927.

Boettger described this form from Shanghai in 1888 as Hyla chinensis
immaculata but some years later, upon securing additional material
from Lushan, he referred to it as Hyla arborea immaculata (Boettger,
1892 and 1894). Gee (1919) lists immaculata from Soochow, where it
would, of course, be expected to occur. Barbour (1912) reports two
specimens that came either from Ichang or Szechwan. There are vari-
ous other records of Hyla from China that cannot be relied upon and it is,
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at any rate, safest to build upon a firm foundation now that the various
species have been more clearly defined and the chance of error corre-
spondingly lessened. It might even be best to start with a still cleaner
slate!

I feel that Schmidt is well justified in giving mmaculata full specific
rank, admitting, however, its alliance with the Japanese form. I also
agree with Stejneger (1925) who considers Stone’s' Mongolian specimens
as distinet from tmmaculata. Material from the region between the
Yangtze Valley on the south and Mongolia and Manchuria on the north
is badly needed.

The Anhwei series at hand is remarkably constant in form and
pattern, as Schmidt has already stated. The presence of faint, dark
bars on the limbs of a single specimen is significant, indicating, together
with the form of hand and foot, relationship to the Japanese form. A
careful study of living individuals should be made in order to ascertain
whether or not dark bars appear periodically and, if so, on what percent-
age of individuals. Examination of the tadpole, thus far undescribed,
certainly would throw additional light on the obscure relationships of
these Chinese tree toads. Okada’s 1925 description of typical Japanese
japonica larve indicates that they are not very similar to those of

- simplex, sanchiangensis, and chinensis, so the question arises, does the
larva of ‘mmaculata resemble that of typical japonica, or, let us say,
that of chinensis? The answer to this comparatively simple question
might do more to solve our problem than pages of detailed descriptions
of adults.

Sixty specimens of the original series of 84 have been retained in the
collection of the American Museum but, unfortunately, most of these
remaining specimens are only half grown, so it is impossible to determine
the maximum size of the sexes. Other sexual differences cannot be
detected either, but this is probably because none of the specimens was
collected during the breeding season.

H. immaculata is evidently a large species. The type, a male,
measured 35 mm., while Stejneger records the length of two specimens
as 29 and 40 mm. He does not give the sexes. The three largest females
among the 60 Anhwei specimens measure 34.5, 34.5, and 33.5 mm., the
three largest males, 30, 28.5, and 28 mm. Sexual dimorphism in size is
indicated even in these specimens that are scarcely to be considered as
fully mature. This lot of Anhwei tree toads made up of 27 males and 33
females, collected at an off season, illustrates a point of general interest

1Stone, 1899.
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to collectors: i.e., when a species, whose males are very conspicuous while
breeding, is collected during its breeding period, care must be taken to
secure females or else nearly the entire catch will be made up of males.
On the contrary, no such precaution is necessary if the specimens are
taken at random here and there at any time other than the mating period.

Hyla chinensis Guenther
Plate XXII; Figure 7
Ninety-three specimens represent this species: one from Foochow
(A. M. N. H. 30844), five from Futsing Hsien (A. M. N. H. 29429-33),
43 from Yenping (A. M. N. H. 28422-64), 29 from Ch’ungan City (A.

Fig. 7. Larva of Hyla chinensis from Yenping, Fukien (A. M. N. H. No. 31071):
lateral aspect.

M. N. H. 30142-70), and 15 from Ch’ungan Hsien (A. M. N. H. 28930~
5 and 28937—45). A series of tadpoles was secured at Yenping (A. M. N.
H. 31071).

Schmidt (1927) recorded 11 specimens of annectans from Yunnan
as chinensis (see annectans). In addition, he correctly reported eight
examples of chinensis from Fukien. A. M. N.H. 577 from Kagi, Formosa,
has not been previously recorded.

This species was described and figured in 1858 from ‘“China” by
Guenther. Since then, it has been reported from Kwangtung (Vogt,
1914); Shiuchow, in Kwangtung; and the Hunan-Kwangtung boundary
(Mell, 1922); Amoy (Steindachner, 1869); Foochow (Wolterstorff,
1906. and Stejneger, 1925); Futsing (Stejneger, 1925); the region of
Ningpo (Boettger, 1892 and 1894, and Wolterstorff, 1906); Soochow
(Gee, 1919); and Lushan, near Kiukiang (Boettger, 1892 and 1894).
It was long ago collected on Formosa (Guenther, 1864) and more re-
cently reported from there by Van Denburgh (1912). The British Mu-
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seum contains much additional Formosan material (Stejneger, 1907),
Blackwelder collected chinensis in the Tsing Ling Mountains, Shensi.
which Stejneger has seen (Stejneger, 1907). Yunnan records are dis-
cussed under annectans, and I am sure that David’s Szechwan report re-
quires confirmation (David, 1873). Due to the difficulty of identifying
the Chinese Hylas, their ranges are far from clear. H. chinensts is prob-
ably a true southeastern form but its distribution cannot be defined until
many additional data, including altitude records, are available. I
prefer to remain skeptical in regard to all specimens of chinensis from
northwestern China.

In Fukien, I found it to be common in the low country of Futsing
Hsien and Foochow; about Yenping, where it ranged to some little
altitude in the mountains; and on the Ch’ungan Hsien plateau. It was
replaced by sanchiangensts in the high mountains of the northwestern
border, the San Chiang-Kuatun region. Mell recorded it as common
from 600-800 m. on the Kwangtung-Hunan boundary and, since the
Ch’ungan plateau is at an altitude of about 1200 feet and the Yenping
mountains reach 4000, it probably ranges from sea-level to some 3000
feet in Fukien. It would not be expected to occur at very low altitudes
near the southern extremity of its range and the Kwangtung mountains
probably are not high enough to allow it to reach its upper limit there.

The possession of so fine a series makes me feel somewhat obligated
to record and discuss certain characters that seem to be especially trust-
worthy, thus supplementing former descriptions.

A fine black line extends from the anterior corner of one eye to that
of the other, passing just above the nostrils. Except for an island of
green on the side of the upper jaw below and anterior to the eye, this line
delimits the extent of green on the snout and upper jaw. The end of
the snout is brown. H. sanchiangensis agrees in this respect but other
forms do not. Special notice should be taken of the next point because I
find it absolutely diagnostic of chinensis. The tympanum is included in a
brown, black-edged triangle whose base is the posterior border of the
eye and whose apex lies above the insertion of the forelimb and is often
continuous with the lateral row of black spots. I have not seen a specimen
of chinensis that lacks this triangle nor have I found it present in any
other form. Among 42 Yenping individuals, I find spots invariably
present in the axilla. They may, however, be more or less joined to form
a line. Five of these 42 had one tiny black spot on the upper arm of one
side. Spots are always present on the side and loin and posterior face
of the femur. They are only very rarely absent on its anterior face and
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on the tibia. In sanchiangensis, although spots are nearly always
present in the axilla and are never lacking from mid-side to the insertion
of the leg, they are never present in the intervening area, small though it
be. Obviously, then, the distribution of spots on these species follows
a definite plan and is variable only within certain limits. I have ex-
amined, in addition to the series of 42 from Yenping, 29 Ch’ungan speci-
mens, most of which are juveniles, without detecting the slightest trace
of dark, dorsal spots or limb bars such as are generally found on H. a.
Jjaponica and very rarely on immaculata from Anhwei. This point should
be confirmed by constant examination of living material because a
knowledge of the possible occurrence of such an element of the pattern
is of importance in working out relationships.

In chinensis, sexual dimorphism of color is found in two dark patches,
one on either side of the lower jaw just at the anterior base of the loose
skin covering the subgular vocal sac. These two patches sometimes meet
in the midline, thus becoming very conspicuous. The small, slightly
raised nuptial pads, situated on the inner side of each first finger in the
males, are smooth and either light brown in color or unpigmented. The
arm of the breeding male is not enlarged. Females attain the greater
length. A series of 43 adults taken in the breeding season at Yenping
contains 35 males but only eight females, the latter ranging in length
from 29 to 38 mm. and averaging 34.1 mm. The large series of males
ranges from 25.5 to 32.5 mm., 16 individuals measuring 30 to 31.5 mm.
The 12 largest average 31.3, ranging only from 31 to 32.5 mm. Remark-
able uniformity in size among the males is shown by these figures.
Unfortunately, adult females are almost absent in the rest of my series,
but one specimen from Futsing measures 37 mm., agreeing well with the
largest Yenping specimens.

H. chinensis was first found in the mountains near Yenping, May
16, 1925. A specimen kept alone in a bottle deposited a batch of eggs
May*21. These eggs ranged from 1 to 1.5 mm. in diameter and were
partly pigmented. A gravid female was collected five days later and
the following year males, apparently still in their breeding season, were
taken at Ch’ungan City, July 25. Tadpoles, the smallest of which had a
body only 3 mm. in length, the largest leg buds 1 mm. long, were taken
in the Yenping rice fields May 26, 1925 and serve as evidence that the
breeding season began certainly before May 16. The month of May is
probably the height of the Yenping egg-laying period, while farther north
at’Ch’ungan City, this period no doubt begins later than at Yenping.
Our data are too incomplete for further conclusions.
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I observed chinensis to be abundant on roadside bushes at Hsing
Ts’un, a tea-collecting center some seven miles southwest of Ch’ungan
City. The Yenping specimens were taken on bushes of varying height.

DgscriptioN oF TaproLE.—Length of body twice its width; tail one and a half
to two times as long as body; one and a half to two times as long as deep. Nostrils
slightly nearer to eyes than to tip of snout, almost as far apart as the eyes which are
lateral and slightly nearer to spiraculum than to tip of snout. Spiraculum without
tube and equidistant from snout and base of tail. Vent dextral, situated just above
lower border of subcaudal crest. Tail acutely pointed, crests extending only a short
distance along back even in immature individuals. The body of a specimen with leg
buds 1 mm. long, measures just 8 mm.

The teeth of the upper lip are in one long, continuous and one long, narrowly*
interrupted row; those of the lower in three long interrupted rows. A double row of
papille borders the lips but is broadly interrupted along the middle of the upper lip.
Extra papillee are present in the corners of the mouth.

The color is black above with two broad, light bands extending from the snout
backwards between the eyes and along the back on to the upper edge of the muscular
part of the tail. Here they may either disappear or extend on to the tip. The muscular
part of the tail is distinctly light-edged ventrally. The skin of the belly is unpig-
mented, the tail crests only sparsely spotted. Probably in life this tadpole, when
immature, is jet black with gold dorsal bands just as simplex is. 1 failed to make a
special note of this point but seem to remember such to be the case.

Comparing the tadpoles of simplex, chinensis, and sanchiangensis,
I find that in size they are about equal, while the lips and teeth are quite
similar in form. The only marked structural differences are:

_(a).—The greater extent of the dorsal tail crest over the back in simpler, espe-

cially in immature individuals.

(b).—The greater depth of the tail compared to its length in chinensis.

(c).—The greater length of the tail compared to the body in simplez.
~ In coloration, too, they are alike, all having the same fundamental
pattern, but there are definite differences as follows:

(1).—H. simplez is alone in lacking the light border to the ventral edge of the

. fleshy part of the tail.
(2).—H. sanchiangensis is the only one with pigmented belly skin.
(3).—The nosterior narrowing of the dorsal bands is found only in sanchiangensis.

A comparison of large series of fresh material should be made by
way of confirmation of proportional measurements and color changes
accompanying growth. I am able to go into accurate details of color
change in simpler, thanks to a series of water-colors made from life.
Proportionate length and depth are hard to determine with precision in
preserved specimens.
~ The question of adaptation to pond and stream life in tadpoles may
properly be brought up here because one of our three species is clearly a
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mountain form (sanchiangensis) and another probably a lowland dweller
(stmplex). The third (chinensis) appears to inhabit both mountainous
and level country. Have the tadpoles of sanchiangensis become modified
so that they may live in swift water? This question must be answered in
the negative because no clear case can be made out for adaptive modifi-
cation, when we recall that in both simplex and sanchiangensis the tail
is two and a half times as long as deep. This conclusion is further borne
out by a study of breeding habits, for sanchiangensis breeds in level,
irrigated fields at San Chiang, just as simplez does at Nodoa. The re-
sponsibility of finding quiet water has been assumed by the adult, the
‘tadpoles remaining incapable of living in swift streams in spite of their
abundance and the relative scarcity of quiet water. In fact, all my ob-
gervations convince me that these Hyla tadpoles are peculiarly sensitive
to even a slight current and are utterly helpless in the face of a strong
one. The greater extent of the dorsal tail crest forward along the back
of immature simplex might be considered advantageous in quiet water,
while it would be anything but helpful to tadpoles occasionally subjected
to currents as chinensis or sanchiangensis undoubtedly are.

Hyla sanchiangensis Pope!
Plate XV; Figure 8

Tyee.—A. M. N. H. 30198; adult '; San Chiang, Ch’ungan Hsien, north-
western Fukien Province, China; 3000-3500 feet altitude; April-May, 1926;
Clifford H. Pope, collector.

DiaaNosis.—A mountain form closely allied to chinensis but differing conspicu-
ously in coloration and in having more extensive webbing of the fingers and toes.

DEescripTiON OF TypE.—Vomerine teeth two-thirds behind line joining anterior
edges of choans, nearer to each other than to choanz. Diameter of tympanum two-
fifths that of eye; diameter of finger discs slightly greater than that of toe discs.
Tibiotarsal articulation reaching center of eye. Fingers half webbed; toes fully
webbed.2 Skin smooth. Length, from snout to vent, 34 mm.

The back is purplish brown (leaf-green in life), the belly uniformly light.
There are numerous black spots on the posterior side, both sides of the upper leg,
and the inside of the lower leg; also on the arm and around its insertion. A fine,
black line starts at the tip of the snout, passes over the nostril, through the eye,
immediately above the tympanum, and along the upper side to join the first black
spots of the posterior side. A similar line, beginning below the nostril, skips the
eye and skirts the tympanum, extending parallel to the first line as far as the base of
the arm, where it meets the black spots of that region. In alcohol, the color of the
area between these two lines is not m#rkedly different from the general color of the
side. The upper jaw is weakly and irregularly bordered with black. The type,

IWith one important correction, as designed in footnote 2, below, the original description (Amer.
Mus. Novitates No. 352, May 20, 1929) is, for the sake of completeness, repeated here in

2In the original descnptxon, this sentence reads, ‘‘ Fingers with small webs: toes two—tlm'ds webbed,’
but careful re-examination establishes the fact that my first observation was inaccurate.
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taken during the breeding season, has conspicuous, dark nuptial pads on the inner
fingers and a large, grayish subgular vocal sac.

Notes oN Paratvees.—The 30! paratypes come from the type locality (A. M.
N. H. 28936, 30171-97, and 30199-200.

In regard to the distinctive color pattern of this species, there are
several points to be noted. First, the black line from the anterior corner
of one eye, passing forward and just above the nostrils to the corner of
the other eye, is strongly suggestive of the corresponding line found in
chinensis but differs in its tendency to form a point on the tip of the

~snout (in sanchiangensis). As in chinensts, this line delimits the extent
of green on the snout and upper jaw, unless a small isolated patch of that
color is found below and anterior to the eye. Second, chinensis lacks
the faint mottling found on the edge of the upper lip of sanchiangensts.

Fig. 8. Larva of Hyla sanchiangensis from San Chiang, Fukien: lateral aspect.

In the type, this mottling takes the form of an irregular black border to
the upper lip. Third, there is no tendency in sanchiangensts for the fine
black lines extending backward from the posterior border of the eye to
converge after passing the tympanum. Instead of coming to a point
behind the tympanum to form a triangle, as in chinensis, the upper
continues backward high up along the side until it joins the mid-side
spots, while the lower turns downward to join the spots in the axilla.
Fourth, sanchiangensis always lacks spots in the area behind the axilla
and anterior to the mid-side, while the spots of chinensis form a continu-
ous, if sometimes broken series from base of arm to base of leg. Fifth,
the upper arm in sanchiangensis always has at least one spot on its
posterior side, and such spots are generally present on both sides. Spots
are only rarely present on the forelimb in chinensis and, when present,
are very small. Sixth, there is a profusion of large spots in sanchiangen-
s1s from the middle of the side to the base of the hind limb, on both

1An additional specimen has been found since the appearance of the original description which
listed but 29 paratypes.



472 Bulletin American Museum of Natural History [Vol. LXI

sides of the femur, and on one side of the tibia. The side and leg spots
of chinensis are smaller and much less profuse. They are rarely absent
on the anterior face of the femur and the tibia. Seventh, I fail to find
very dark nuptial pads on the thumb of any of my large series of chin-
ensis but such are very conspicuous in nearly all of the specimens of
sanchiangensts. '

Structurally, chinensis and sanchiangensis are quite similar, the
only significant difference being in the extent of webbing. The fingers
of the former have only small webs, while those of the latter are half
webbed; the toes of chinensis are half webbed, those of sanchiangensis
fully webbed. The following table gives further comparisons. All
measurements are in millimeters.

chinensis sanchiangensis
Q o8 Q <t
A. M. N. H. No.
28457~ 28426 30172 30178
Length, snout to vent | 3.0 300 39.5  31.0
Diameter of tympanum 2.0 1.4 1.5 1.5
Diameter of eye 4.5 3.5 4.0 3.4
Width of finger disc 2.2 1.6 2.2 1.7
Width of toe dise 2.0 1.5 2.0 1.5

Sexual dimorphism in color is found in the darkened membrane of
the subgular vocal sac of the breeding male, the throat of the female
being unpigmented at all times. The amount of color on the vocal sac
varies greatly in individuals, but the pigment, instead of being confined
to the anterior base of the sac, as in chinensis, is spread more or less
over it. The nuptial pads are well developed and slightly rough, cover-
ing almost the entire inner side of each first finger. In 23 cases out of
25, the pads are dark brown, the brown extending, in its extreme
development, from the inner base of the finger to the end of the last
phalanx. The forelimb is not noticeably enlarged in these males. The
31 types are made up of 6 females, 38.5, 38, 37.5, 37, 34, and 34 mm.
in length, and 25 males ranging in length from 29 to 34 mm., 13 of the
25 measuring 30.5 to 31.5 mm. The nine largest males range from 32 to
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34 and average 32.8 mm. in length. The females are thus seen to be
appreciably larger than the males.

In the spring of 1926, I first heard these frogs in the flooded rice
fields at San Chiang on the night of April 29. They were floating about
on the water with distended legs, calling violently. Great numbers of
them would call in unison for approximately two minutes, after which a
complete silence of about the same duration would follow. I was able to
count no less than eight successive and remarkably constant alternate
periods of calling and silence. The performance became very irregular
upon the appearance of the moon, its light, no doubt, making me more
visible. Breeding in these fields continued at least until May 25, on
which date I last heard the sharp, trilled whistle of this species. I did
not find any tadpoles until May 16 of this same year when they were very
abundant and up to 14 mm. in total length. Their striped pattern
rendered them conspicuous.

On July 16, I first found a metamorphosing individual and soon
afterwards they were very numerous. These data indicate that in 1926
the breeding season was under way by the last of April and continued at
least through May. I did not arrive at San Chiang in 1926 until April
25, but the absence of tadpoles of any size in the rice fields upon my
arrival means that the breeding season had only just begun then. That
the mating period may continue well on into June is shown by a lot of
tadpoles from San Chiang with minute leg buds, dated July 14, 1925.

DescriptioN oF TaproLEs.—Four series were secured at San Chiang (A. M. N,
H. 29022, 30700, and 30702-3).

Length of body twice its width; tail about one and a half times as long as body,
two and a half times as long as deep. Nostrils nearer to eye than to tip of snout,
nearly as far apart as eyes, which are lateral and slightly nearer to spiraculum than to
end of snout. Spiraculum without tube and about as far from snout as from base of
tail. Vent dextral, situated above the lower border of subcaudal crest. Tail acutely
pointed, dorsal crest extending forward to middle of back in the immature individuals

from which this description was made. The body of a typical specimen with minute
leg budsis 7 mm. long.

The teeth of the upper lip are in one long, continuous and one long, narrowly
interrupted row; those of the lower lip in three long, unbroken rows. A double row
of papillee borders the lips but is broadly interrupted along the middle of the upper
side. Extra papille are present in the corners of the mouth.

The tadpole is black above and below, save for (a) two longitudinal dorsal bands,
wide in the region of the eyes, but becoming much narrower about the middle of the
back, and continuing along the upper edge of the muscular part of the tail to, or
nearly to its tip, (b) a light, ventral border along the muscular part of the tail and,
(c) a conspicuous light band extending forward over the belly from the base of the tail,
narrowing rapidly and coming to an end near the center of the belly. The tail crests
are sparsely and irregularly spotted, especially along their borders.
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I did not secure full data on the amount of color change undergone
by these tadpoles but probably the black becomes less intense as they
mature and the dorsal stripes, if originally gold, lose their brightness and
become dull green just as in simplex.

It is interesting, if only coincidental, that the larval form, as well
as the adult of sanchiangensis, should display decidedly more black pig-
ment than either simplex or chinensis.

Hyla annectans (Jerdon)

Thirty-two specimens (A. M. N. H. 30886-917) were collected on
Kunyang Hai, near Yunnanfu, at an altitude of 6400 feet, by Walter
Granger, October, 1926.

A. M. N. H. 5304-6, 5430-5, and 12944-5 from Yunnanfu, and 6590
from Wutsingchow District were reported as H. chinensis by Schmidt
in 1927. They were collected by John Graham for the American Mu-
seum. An additional specimen (A. M. N. H. 5765), is of uncertain
origin. It was not included in Schmidt’s report.

This frog was described from the Khasi Hills as Polypedates annec-
tans (1870) and has since been recorded from elsewhere in Burma
(Boulenger, 1887 and 1893) ; and from Tonkin (Parker, 1925). Anderson
(1878) reported Hyla chinensis common at Momien, (Tengyueh)
Yunnan, but I strongly suspect that he really found annectans. Annan-
dale (1911) probably made the same mistake in recording chinensis from
an altitude of 4500 feet at Pupiao (a locality in western Yunnan about
midway between Yungchang and the Salween River), and Tengyueh.
Vogt (1924) reports two specimens from Washan,! Szechwan. H.
annectans may be taken as the common: Hyla of the extreme west of
central and southern China.

I find that in a specimen from Yunnanfu, 30 mm. long from snout to
vent, the largest finger disc measures 1.5 mm. in width, while the disc
of the longest toe measures 1.4 mm. Measurements of additional speci-
mens confirm the proportion shown by this example. Comparing these
figures with those taken from chinensts, I find that the dises of annectans
are slightly smaller than those of chinensis of equal size, but distinctly
larger than those of immaculata. H. annectans possesses distinct but
small webs between the toes and in this respect resembles chinensis,
but the webbing of the toes is smaller than in chinensis and more like
that of ¢mmaculata, though the difference here is slight. Again, annec-

1A mountain in Szechwan about 85 miles southwest of Mt. Omei (as the crow flies!). The altitude
is given on H. R. Davis’ map of Yunnan as 10,550 feet.
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tans has a shorter leg than either of the other two species, and it alone
possesses the tuberculate fold from eye to shoulder. Correlated with
this fold, is a general extreme development of ventral and lateral
rugosity.

Comparative measurements (in millimeters) of simplex, immaculata,
annectans, and the Japanese form will be found below. Those for
chinensis and sanchiangensis are given under the latter species.

Turning to color, I find that annectans differs from all the other
Chinese forms in one very significant respect, i.e., its tympanum is not
involved in the brown band that extends posteriorly from the eye. In
annectans, this band coincides anteriorly with the thick, tuberculate
fold and could not, under such conditions, include the thin tympanic
membrane. The upper jaw and snout are consistently green, save for
the narrow band from nostril to eye, which never extends anterior to the
nostril. This is especially diagnostic of annectans also. Examination
of the series of 32 specimens from Kunyang Hai shows that the lateral -
spots are found neither in the axilla nor on the anterior part of the thigh,
where they are invariably present in chinensis. One among every six
specimens has a small spot on the upper arm, a condition somewhat com-
parable to that met with in chinensis. Loin spots are lacking in one out
of every four annectans, while such spots are constantly present in
chinensis. Coming to the legs, I find that, while both of these species
almost invariably have at least one spot on each aspect of the femur,
these leg spots are nearly always more numerous and conspicuous in
chinensis. The tibia of annectans lacks spots in every fourth example,
that of chinensis only very rarely. These species further show similarity
in having the green of the upper forearm stop at the wrist, that of the
upper side of the tibia at the tibiotarsal articulation. Boulenger (1890)
describes the males as having black nuptial excresences on the thumb,
but my series, which includes some breeding males, fails to show this
character, the asperities being small, smooth, and entirely colorless.

I have gone into great detail here in order to establish definitely
the identity of these species. Color distribution is quite as reliable as
slight differences in the position of the vomerine teeth, shades of leg
length, and degrees of webbing. Moreover, color pattern may be cor-
related with habits, as I have noticed that species lacking green pigment
below the wrist and tibiotarsal articulation and above the forearm seem
to assume habitually resting postures that leave these areas unexposed.
My observations are not definite enough to be set down in detail but
field workers may confirm or disprove such a correlation.
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I have never observed this species in the field but Mr. Granger tells
me that he collected the present series in swampy areas along the west
shore of Kunyang Hai (or Lake) where they were found sitting on grass
and rushes. This checks well with observations made on other species,
the young examples of which are often found in grass rather than bushes.
Mr. Granger’s series has already been described as composed largely of
immature individuals. Annandale (1911) quotes Brown who states that
Anderson’s Tengyueh chinensis (considered here as annectans) were found
on: bushes, so we have evidence that annectans does frequent bushes as
well as grass and rushes.

So far as I am aware, the tadpole has not been deseribed. This is
most unfortunate, because undoubtedly a comparison of the tadpole with
those of the allied Chinese forms will help a great deal in establishing
the relationship of the species.

Hyla simplex Boettger
Figure 9

One hundred and fourteen specimens (A. M. N. H. 26779-859,
26946-77, and 27378), all from Nodoa, make up the series of this species.
Numerous tadpoles were secured at Nodoa (A. M. N. H. 27445).

Boettger described this as Hyla chinensis simplex from Annam in
1901.! My Hainan specimens agree well with the description of the type
and it is not surprising that Hainan tree toads should turn out to belong
to a southern rather than a northern form. The Hainan fauna is well
known to be closely related to that of Indo-China.

As remarked by Boettger (1901) and Stejneger (1907), previous
records of Hyla from Hainan undoubtedly belong here (Swinhoe, 1870,
H. chinensis, and Cope, 1895, “H. arborea var.”).

The individuals of this series are remarkably constant in pattern,
none of them showing traces of the black spots of chinensts, so I am giving
the form specific rank. H. chinensis possesses the black lateral spots and
characteristic tympanic pattern just as invariably as simplex lacks them.

The hands and feet of simplex are very similar in degree of webbing
and size of discs to those-of chinensis. I have measured five typical
specimens of each for comparison and every specimen has slightly wider
finger than toe discs. Two specimens of simplex measure 32 mm. from
snout to vent and their finger and toe discs are, respectively, 1.5, 1.6 and
1.2, 1.3 mm. in width. Boettger’s original account need not be repeated,
but he did not give full details of pattern, so I will supplement his
color description.

1H, simplex also occurs in Tonkin (Boulenger, 1903).
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The lateral band begins at the nostril and, after crossing the eye,
involves the tympanum, immediately beyond which it turns slightly
downward before becoming very diffuse and indefinite in its lower border.
Thus, the snout and upper jaw are not effected and, save for the narrow
band from nostril to eye, exhibit green color similarlto that found on
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Fig. 9. Larva of Hyla simpler
from Hainan (A. M. N. H. No.
27445); (a) lateral aspect of barely
mature tadpole; (b) lateral aspect
c of advanced tadpole; (c) mouth.

the back. This green is definitely delimited on the wrists and at the
tibiotarsal articulations and does not extend on to the digits or upper
sides of the hands and feet. Black spots are never present on the sides or
limbs. The pattern is still more simple than in ¢mmaculata because
stmplex does not even possess such a well-developed, white border to the
dorsal green as that found in immaculata.

Eighty-three individuals among the series of 114 are immature and
less than 22 mm. long. The remaining 31 are made up of 16 males and
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15 females. The ten largest males range from 30 to 34 mm. in length,
averaging 30.2 mm., the ten largest females from 34 to 39, averaging
36.1 mm. The sexual difference in size is definite if not great. The
males bear small, slightly raised, nuptial pads on the inner side of each
first finger. These pads are smooth and entirely unpigmented. The
type, however, is described by Boettger as having brown nuptial pads,
s0 my males were probably not at the height of their breeding season
when taken, a conclusion substantiated by the lack of any great amount
of loose skin on the throat. As might be predicted under such circum-
stances, their forelimbs are not enlarged, nor can I detect any sexual
difference in color.

DgescripTioN oF TappoLE.—Length of body twice its width; tail about twice as
long as body, two and a half times as long as deep. Nostrils slightly nearer to eye
than to tip of snout, almost as far apart as eyes. Eyeslateral, about as far from snout
as from spiraculum, which is without a tube and equally distant from snout and base
of tail. Vent dextral, situated above the lower border of the subcaudal crest. Tail
acutely pointed, crests extending over back to snout in immature individuals, not as
far forward in more advanced specimens. Even when the legs are 8 mm. long, the
crest still extends a short distance along the back. . The body of a typical individual
with leg buds some 2 mm. long measures 10 mm.

The teeth of the upper lip are in one long, continuous and one long, narrowly
interrupted row; those of the lower lip in three long, uninterrupted rows. A double
geries of papille borders the lips but is broadly interrupted along the middle of the
upper lip. Extra papille are present in the corners of the mouth.

In life, this tadpole, previous to the budding of the hind limbs, is jet black above
with two broad, gold bands extending from the snout backward between the eyes and
along the back on to the edge of the muscular part of the tail, where they become
narrow and soon disappear. The belly and lower side are unpigmented. The crests
are transparent and colorless and some silver is present on the coils of the intestines.
As the tadpole matures, the black of the back and tail grows much less intense and
the bands become greenish, while the tail crests develop dark spots and become less
transparent.

Adult simplex were common at Nodoa as early as the first part of
January, so they must be more or less evident all the year round. Their
tadpoles were abundant in flooded rice fields and the more permanent
pools so numerous throughout the rolling country about Nodoa. I have
a metamorphosing individual that was killed April 23 and another
with leg buds only 1 mm. long killed June 11. These data indicate a
protracted breeding season and certainly do not, by any means, show its
extreme limits, for the specimens were collected only at random.

It was interesting to note that the jet-black, immature tadpoles
were remarkably delicate and seemed unable to rest on the bottom of an
aquarium due to their very deep tail crests. They were compelled to
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swim about constantly and, being weak, soon succumbed to a life of
confinement. Certainly they are adapted to an existence in quiet pools
containing abundant vegetation. On the contrary, mature examples
were quite hardy and extremely sluggish, even to the extent of leaning
against objects or lying on their backs for some minutes. They were not
handicapped by the large crests of the immature specimens. Their
behavior, too, is well suited to life in sluggish water. Thus, we see that
the change in color and form is accompanied by one in behavior.

Ranids
OEIDOZYGA

Smith (1916) has described the differences between tadpoles of the
two forms treated below and the following key is based upon his data.
I.—Upper tail crest extremely well developed and conspicuous anteriorly where it is

festooned and about four times as deep as the lower............ 0. lima.
II.—Upper tail crest low anteriorly and, at its highest point, scarcely deeper than lower.
O. lzvis martenst.

Owmidozyga' levis martensi? (Peters)

A large series of specimens from Nodoa represents this form (A. M.
N. H. 25971-26219).

Although this frog was recorded by Boulenger from Bhamo, a
locality in Upper Burma near the Yunnan border, as long ago as 1887,

" it was not known from Chinese territory until Smith reported it from
Hainan in 1923.

Boulenger called his Bhamo material Ozyglossus lzvis. Smith
(1916) has proposed that the larger form from the Malay Archipelago
and Philippines be thus designated, the smaller mainland one, ranging
through the Malay Peninsula, Siam, Burma, and Indo-China to southern
China, as levis martensi2 The two forms are distinguished chiefly by
size, the mainland frogs (from Siam), according to Smith, seldom ex-
ceeding 28 mm. in length from snout to vent, the insular specimens reach-
ing a length of 42 mm. Van Kampen (1923) gives the maximum length of
levis as 51 mm. and it may be assumed that he refers to an insular
specimen. Data given below indicate that the greatest length reached on
Hainan is 27 mm. Smith’s conclusions in regard to size are thus well
substantiated.?

I find that breeding males have a small nuptial pad with minutely
granular surface on the inner side of each first finger. These pads are at

1Stejneger (1925) substituted O:wdozwa for Ozyglossus preoccupied, but Smith (1927) has shown
that Oeid ozwa Kuhll and Van Hasselt, 1822, is the correct form. &
28mith (1930) now conslders this subspecles invalid.




1931} Pope, Notes on Chinese Amphibians 481

best poorly developed and inconspicuous in the specimens before me.
There seems to be no enlargement of the forelimbs correlated with these
nuptial asperities. ’

The series of 249 individuals from Nodoa contains 184 specimens
18 mm. and less in length, the remaining 65 being made up of 51 females
and only 14 males. These males range from 18 to 21.5 mm. in length,
averaging 19.7 mm. The corresponding figures for the 14 largest females
are 23 to 27 and 24.1 mm., respectively. Twenty-six of the entire series
of 51 females range from 20 to 22 mm. in length. Sexual dimorphism in
size is thus seen to be marked.

0. lzvis martens: was abundant in the flooded fields about Nodoa.
Smith (1923) found it as high as 1000 m. on Five Finger Mountain,
Hainan.

No larve were secured. Smith (1916) records that they closely re-
semble those of lima but differ in having a low upper tail crest that is not
folded like the large and conspicuous dorsal crest of that species. Accord-
ing to Van Kampen (1923), the distance between the eyes is twice as
great as that between the nostrils in levis, three to four times as great in
lima. This point should be carefully checked because Smith states that
the distance between the eyes is twice as great as that between the
nostrils in lima and my material corroborates his statement rather than
that of Van Kampen.

Omidozyga' lima (Gravenhorst)
Figure 10

One hundred and seventeen specimens were secured: 102 from
Nodoa (A. M. N. H. 26234-335), 14 from Futsing Hsien (A. M. N. H.
29296-309), and one from Foochow (A. M. N. H. 30845). A series of
tadpoles was collected at Nodoa (A. M. N. H. 27446).

Van Kampen (1923) gives the range of O. lima as from Bengal and
southern China to the Malay Archipelago. I find the following records
for China: Hainan (Boettger, 1888 and 1894, and Smith, 1923); Lilong
(Miuller, 1878); Canton (Boettger, 1888, and Stejneger, 1925); Lofao-
shan (Boettger, 1887-8); Kwangtung (Vogt, 1914); Amoy (Wu, 1929-
as Osteosternum amoyense); and Futsing (Stejneger, 1925). Mell (1922)
gives Kwangtung localities, some of which are not easily found because
he has used German names, omitting Chinese characters. ‘Logong,”
75 km. east of Canton, and ‘‘Tsogokwahn,” a village in the Shuichow
region some distance east of that city, are the only places that I can

18ee note one under Oidozyga lzvis martenss.
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identify. There are two records for Hongkong (Hallowell, 1860, and
Stejneger, 1925).

Wu (1929) based a new genus and species, Osteosternum amoyense,
on specimens of O. lima from Amoy. Boulenger assumed that all
species of the genus Oxyglossus possess a cartilagenous sternum, and Wu’s
genus is based upon this error. He admits that his new form cannot be
distinguished from O. lima by external characters.

0. lima apparently reaches its northern limit at Foochow whgre it
seems to be rare. I did not find it abundant in Futsing Hsien. About
Nodoa, it is the common rice-field frog and must be as abundant there

Fig. 10. Larva of Owidozyga lima from
Hainan (A. M. N. H. No. 27446): (a) lateral
aspect; (b) mouth.

as at Bangkok (Smith, 1916). Mell states that it reaches an altitude of
300 m. in Kwangtung.

An examination of the large series from Nodoa fails to reveal any
enlargement of the forearm or modified skin on the first fingers of the
males. Individuals of this sex may frequently be recognized by longi-
tudinal folds of skin on the throat. The following data show that the
females attain the greater size. After 31 juvenile individuals 12 or less
millimeters in length had been discarded, 15 males and 56 females made
up the remainder of the original series of 102 Nodoa specimens. The 15
males ranged from 19 to 22.5 mm. in length, averaging 20.7 mm., while
the 18 largest females ranged from 26 to 31 mm. and averaged 27.9 mm.
In fact, only one female measured less than 19 mm. and 29 were from 24
to 27 mm. in length.
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Smith (1916) has written an interesting paper on frogs of the genus
now under partial consideration and emphasized, among other things,
the thoroughly aquatic habits of O. lima. I found these frogs content to
remain for days floating without support on the surface of water con-
tained in a vessel with vertical sides. This fact may be taken as con-
firmatory of Smith’s statements regarding their aquatic habits.

The tadpoles of lima were carefully figured and described by Smith
who gives their total length as 33 mm., head and body 11 mm. The
Hainan specimens, when mature, measure 23 mm. from the tip of the
snout to the end of the tail, which is 17 mm. long. At this stage, the leg
buds have reached a length of 2.5 mm. The largest tadpoles have leg
buds 8 mm. long and measure 39 mm. from tip to tip, the tail alone
being just 29 mm. long. These data illustrate the importance of desig-
nating the Exacrt length of the leg buds at the time measurements are
made. Many other tadpoles as well as this one grow a great deal after
reaching maturity, i.e., between the time that the leg buds are quite
evident and the imminent appearance of the forelimbs or commence-
ment of caudal absorption. In the case of O. lima, the total length is
almost doubled after the well-formed leg buds have reached a length of
2.5 mm. . _

It would be unnecessary to re-describe the unique form and habits of
0. lima larvee. Inregard to the latter, Smith has brought out the follow-
ing points: (a) sluggishness, (b) bottom-frequenting habits, (c) early
use of larval legs, (d) carnivorous nature. I have confirmed all of these
but the last and would like to add one, i.e., when alarmed, they often
make short darts for safety in a characteristic way, a habit doubtless
correlated with their sluggishness, sombre colors, and large but exceed-
ingly limp, dorsal tail crest. If several specimens are placed in a vessel of
water containing a small amount of débris or remnants of leaves, twigs,
etc., and allowed to remain undisturbed, it will be noticed that they
distribute themselves about, soon becoming completely concealed. How
much of this interesting result is due to their form and color and how
much to their behavior, it is impossible to say, but the result is, never-
theless, striking. If a single individual is annoyed, it will dart to another
place and suddenly stop to remain motionless as before, the result being
its disappearance as if by magic. If, however, the whole contents of the
vessel is stirred, but without violence, the larve will be seen to float
about turning over and over as if lifeless, their colors and limp tail
crests causing them to resemble bits of débris floating around with them.
This description fails to do justice to the unusual behavior of a char-
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acteristic tadpole, but it at least assigns a use for its unique form and
color. The high dorsal tail crest is not rigid enough to be of service in
maintaining a balance and it is colored and formed unlike any other
homologous structure that I know of.

I found these tadpoles abundant about Nodoa in grass-grown
sections of flooded fields and irrigation ditches. They were collected
only with some difficulty because of their sombre colors and bottom-
frequenting habits.

. RANA

With the exception of Rana rugulosa, which is readily identified by
the'key preceding the “Annotated List of Species,” the following synopsis
includes all the larval forms of Hyla, Rana, Polypedates, and Philautus
treated in this paper.

Tadpoles are notoriously hard to describe because they are soft and
their body proportions change with growth. I do not believe that every
specimen can be determined by use of the following key, but if habits
and distribution are taken into consideration, no great difficulty should
be encountered. The synopsis is specific rather than general and should
not be disregarded or severely maligned if it does not always work. I
hope that errors and misleading sections will be pointed out to me so
that corrections and changes may be made.

Key To THE TApPOLES OF CERTAIN SPECIES OF Hyla, Rana, Polypedates, AND
Philautus INEABITING FUKIEN AND OTHER PArTs OoF CHINA

I.—Two rows of teeth in the lower lip.
A.—Lower lip bordered by a single series of papillee which is uninterrupted;
individual papillee uniform in length; a single row of teeth in the

B.—Lower lip bordered by two series of papille; individual papille of the
outer series very long and fringe-like and well separated from those
of the inner series; a single row of teeth in the upper lip.

Rana macrodactyla.
II.—Three rows of teeth in the lower lip.

A.—Not more than two rows of teeth in the upper lip.

1.—Body and muscular part of tail longitudinally striped (colora-
tion most vividly contrasted in the youngest individuals);
tail crest extending well on to back (especially in imma-
ture examples); mouth bordered by a double row of
papillee which is broadly interrupted in the center of the
upper lip but continuous on the lower; many extra
papille in corners of lips; all the papillee about uniform
in length.



1931] Pope, Notes on Chinese Amphibians 485

a.—Muscular part of tail largely pigmented (jet black in
immature specimens), its lower border entirely

lacking a light margin; lower sides and belly
unpigmented. ................. Hyla simplezx.
b.—Muscular part of tail partly pigmented (jet black in
immature specimens) but possessing a distinct,

light ventral margin; lower sides and belly
unpigmented................. Hyla chinensis.
c.—Muscular part of tail partly pigmented (jet black in
immature specimens) but having a distinct,

light lower margin; sides and belly largely
pigmented.............. Hyla sanchiangensts.
2.—Body and muscular part of tail not longitudinally striped;
tail crest not or scarcely extending on to back; only the
extremities of the upper lip bordered by papille which
are never in a double series there; papille of lower lip
continuous or interrupted but, if interrupted, either in a
single series of short papille, or a double series of un-
equal length, those bordering the lip long and fringe-like.
a.—Papille distinctly interrupted in the middle of the
lower lip; long, bordering fringes never present

(Central and southern China).

Rana limnocharis.

(Northwestern China).. ... .. Rana n. mongolia.

b.—Papille of lower lip uninterrupted and about equal
in length; arranged in a single series, the indi-
vidual papille of which may be rarely crowded
together.

(1).—Size small, with measurements of a typical
Ch’ungan Hsien specimen as follows:
total length 28, body 9.5 and leg
buds 5.5 mm........... Rana kuhliz.

(2).—Size large, with measurements of a typical
Ch’ungan Hsien specimen as follows:
total length, 59, body 22, and leg
buds10mm. .... Rana nigromaculata.
(See page 515 for differences between
the larvee of the subspecies of nigro-
maculata.)

c—Papille of lower lip in a double series, those of the
outer series long and fringe-like, very irregular
and variable in number.

(1).—A poison gland behind the mouth and one
on either side of the belly posteriorly;
teeth of upper lip in one continuous
and one broadly interrupted row.

Rana latouchis.
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(2).—No poison glands on belly; teeth of upper
lip in a single row which is often
broadly interrupted (due to wearing
AWAY) . oo eeen .., Rana adenopleura.

(3).—No poison glands on belly; teeth of
upper lip in one long, continuous and
one short, broadly interrupted row,
which is often barely evident.

Rana guenthers.
B.—Three or more rows of teeth in the upper lip.
. 1.—Papille of lower lip interrupted in the middle.
a.—Posterior half of tail, including crests, black; five
rows of teeth in the upper lip. . Philautus doriz.
b.—Posterior half of tail not black.

(1).—A metallic spot (dull white in preserved
specimens) on the tip of the snout;
four or five rows of teeth in the upper
lip. (Mainland of southeastern China
and Formosa.)

Polypedates 1. megacephalus.
(Hainan). . Polypedates l. leucomystaz.
(2).—No metallic spot on the tip of the snout.
(a).—Five rows of teeth in the upper
lip; tadpole entirely devoid
of pigment.
Polypedates species?
(b).—Three, rarely four, rows of teeth
in the upper lip; a black
stripe, very irregular in
outline, extending along the
muscular part of the tail
and produced forward along
the upper side where it isless
distinet . . Philautus vittatus.
2.—Papille of lower lip uninterrupted.
a.—Papillee of lower lip in a single series, the individual
papille of which may be crowded together;
usually three, rarely four, rows of teeth in the
upper ip.................... Rana japonica.
b.—Papillee of lower lip in a double series; a shallow
notch in the middle of the lower lip; at least four
rows of teeth in the upper lip.
Polypedates dennysz.
c.—Papillee of lower lip in more than two series; five
rows of teeth in the upper lip.

(1).—Papille of lower lip crowded and set close

together in very poorly defined series.
Polypedates oxycephalus.
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(2).—Papille of lower lip in a double outer
series, whi(':h is well separated from the
single inner one; papille of single
inner series set farther apart than
those of the double outer one.
Rana spinosa.
III.—Four rows of teeth in the lower lip.
A.—Lower lip bordered by a single, uninterrupted series of papillee; four
rows of teeth in the upper lip................ Rana asiatica.
B.—Lower lip bordered by a double series of papille.

1.—Body and tail, including crests, sparsely and irregularly
spotted with small areas of dark pigment variable in
size and shape and irregular in outline; tadpole large,
with measurements of a typical Ch’ungan Hsien speci-

men as follows: leg buds, 4, body 13, tail 25 mm.
Rana (species?).
2.—Body and tail not spotted as described above; size small,
with measurements of a typical Ch’ungan Hsien speci-

men as follows: leg buds 2, body 9, tail 18.5 mm.
Rana montivaga.

Rana rugulosa Wiegmann
Plate XXII; Figure 11

A series of 156 specimens of this species was secured: one from
Hok’ou (A. M. N. H. 30729), 24 from Ch’ungan Hsien (A. M. N. H.
28744-50, 28979-81, and 29490-503), two from Yenping (A. M. N. H.
28420-1), 41 from Futsing Hsien (A. M. N. H. 29026-66), one from Foo-
chow (A. M. N. H. 30846), 86 from Nodoa (A. M. N. H. 26436-95,
26978-98, and 27177-81), and one from Yuankiang (A. M. N. H. 30955).
Two lots of tadpoles were collected at Nodoa (A. M. N. H. 27440-1).

Schmidt’s 1927 report included 37 additional specimens from Yen-
ping, Ningkwo, and Changsha; but one of the Changsha frogs (No.
13151) is Rana nigromaculata, evidently included by mistake in the lot of
rugulosa.

This species and its allies have been intensively studied by Boulenger
and Annandale who do not agree on all the points in regard to them.
This question does not interest us here because rugulosa is the only form
at all widely distributed on Chinese territory, its nearest ally, tigerina
(Boulenger’s forma typica), being known in China only from southern
Yunnan (Annandale, 1917, and Boulenger, 1920). I am following Stej-
neger (1920) and Schmidt (1927) in using the name rugulosa instead of
tigrina pantherina (Boulenger, 1920). Exclusive of China, this form
occurs in Burma, Siam, Indo-China, and Formosa, while Annandale has



488 Bulletin American Museum of Natural History [Vol. LXI

reported it from Koh Samuie Island off the northeast coast of the Malay
Peninsula, and the city of Madras, India (Boulenger, 1920).

Stejneger (1925) has made a careful study of the distribution and
synonymy of rugulosa. The following records for Chinese localities are
based upon his summary, although a few have been taken from more
recent reports:

“Cap Syng-more,”! type locality of rugulosa (Wiegmann, 1835);
Hainan (Boettger, 1888 and 1894, as tigrina; Smith, 1923, as tigrina

Fig. 11. Larva of Rana rugulosa from
Hainan (A. M. N. H. No. 27441): (a)
lateral aspect; (b) mouth.

pantherina); Canton (Boettger, 1885 and 1888, Wolterstorff, 1906, Mell,
1922, and Vogt, 1924, as tigrina); Kwangtung (Vogt, 1914, as tigrina);
Fukien (Annandale, 1917); Foochow (Stejneger, 1925); Wenchow,
southeastern Chekiang (Stejneger, 1925); Ningpo (Guenther, 1855, and
Boulenger, 1882 as tigrina; and Boulenger, 1920, as tigrina pantherina);
Shanghai (Boulenger 1882, Werner 1903, Wolterstorff 1906, as tigrina;
Boulenger, 1920, as tigrina pantherina; Fitzinger, 1861, and Stejneger,
1925); Soochow (Gee, 1919, as tigrina); Kiukiang (Wolterstorff, 1906,
as tigrina) ; Pinghsiang (Wolterstorff, 1906, as ¢igrina) ; Ichang (Barbour,
1912, as tigerina); Mt. Omei (Vogt, 1924, as tigrina); “‘Hotha’ (Ander-
son, 1879, as tigrina).

. 1Apparently this is a locality on the northern coast of Lantao Island (or Tahsiishan) lying immedi-
ﬁely “lressg, of Hongkong Id. It is spelled Syng-mun by Meyen in his ‘ Reise um die Erde,’ Berlin, 1835,
» P. , ete.
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Hongkong records are as follows: (Hallowell, 1860, Steindachner,
1869, Parenti and Picaglia, 1886, Boettger, 1894, Stejneger, 1907, as
tigrina; Steindachner, 1869, as tigrina pantherina; and Fitzinger, 1861).
Wiegmann’s wittigera from Macao (1835) is included in Stejneger’s
synonymy. Formosan records are numerous (Stejneger, 1907, and 1925,
ete.). '

In Fukien, rugulosa is abundant from the lower valleys of Futsing
Hsien to the base of the high mountains of Ch’ungan Hsien. It is com-
mon on the open plateau about Ch’ungan City, for some of our speci-
mens were secured only a few miles to the southwest at Hsing Ts’un,
but we saw no signs of it at San Chiang. We collected it again at
Hok’ou on the Kiangsi plateau. The Yenping specimens were taken in
the large valley near the city and not in the mountains where most of
our work was done in that region. Apparently, then, it shuns mountains
rather than altitude, a fact indicated by its presence on the Ch’ungan
plateau at an elevation greater than we were able to find it in the Yen-
ping mountains.

The external vocal sacs, moderately enlarged forelimbs, and com-
paratively small nuptial pads on the first fingers of the breeding males,
have been described (Boulenger, 1920). In determining the sexual differ-
ence in size, I find that the series at hand are anything but well divided
among the sexes, and this fact has necessitated examination of several
series. (It should be noted that the Futsing and Ch’ungan lots have
been omitted because of the great number of immature specimens in-
cluded in them.) The resulting data, even though anything but uniform,
show clearly that there is a fairly constant sexual difference in size, the
females being the larger. Instead of attempting to write out these
rather heterogeneous measurements, I will put them down in tabular
form. The figures by the sex signs indicate the number of specimens of
each sex more than 70 mm. in length contained in the various series, while
the total lengths in millimeters of the largest individuals are written
below in the columns. Locality names head each pair of columns.

There is little difference in size between the females from the various
localities but the Hainan males are decidedly the largest, those from
Formosa the smallest. I have failed to find any color dimorphism cor-
related with this one in size, as a careful comparison of specimens from
all the series reveals only an average difference in the conspicuousness of
the dorsal spotting, those from Ningkwo and Changsha being the most
vividly marked in this respect. Schmidt has already noted this. Combin-
ing the various series, I find that the ten largest females range from 114
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Nopoa Formosa Ninegwo CHANGSHA YENPING

202 6 0 149 10 @ 54 11¢Q 2 0¢Q 2

122 99 82 119 89 118 84 81

121 97 78 119 89 113 84 77

121 97 78 100 89 111

121 96 78 100 85 109

118 87 78 98 76 97

118 72 77 96 90

114 75 96 90

113 75 92 82

113 75 92 82

113 72 78

to 122 mm. in length and average 119.1 mm., while the corresponding
figures for the ten largest males are 84 to 99 mm. and 91.2 mm.

The voracious habits of this and allied forms are well known, and it
was interesting to see recently metamorphosed individuals feed on the
tadpoles of Microhyla pulchra and ornata which they picked out of shallow
water with great alacrity. This observation was made on a series of
young rugulosa kept in confinement at Nodoa where the form is extremely
abundant.

I can confirm Smith’s (1917) statement that there are normally two '
uninterrupted rows of teeth in the upper lip of the rugulosa tadpole.
Examination of 79 Nodoa specimens fails to reveal a single one in which
the second row is not continuous. In the Nodoa series, the maximum
gize is reached when the legs are quite long. The total length is then 62
mm., while the head and body together measure 19 mm. Smith gives
the total length as 65-70 mm., that of the head and body 25 mm. The
Hainan tadpoles must have proportionally longer tails but the difference
is not great. Tadpoles with leg buds 3 mm. long measure only 15 mm.
from tip of snout to base of leg buds. Smith describes two forms, one
shorter than the other. I find that the width of the body is contained
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about one and three-fourths times in its length, while the nostril is
separated from the eye by a distance varying from one-third to one-
fourth the space between the nostril and the tip of the snout.

As far as my knowledge goes, the larva of rugulosa (and certain of
its allies?) are unique among ranids in possessing double sets.of more or
less alternating teeth to each row. This interesting fact seems to have
been entirely overlooked in all descriptions, but Noble (1927) has men-
tioned it in his discussion of the value of life-history data. He also gives a
figure.

Rana limnocharis Gravenhorst
Plates XV and XXII; Figure 12

An enormous lot of 438 specimens represents this species: 62 from
Ch’ungan Hsien (A. M. N. H. 28613-25, 2872443, and 29435-63), 94
from Yenping (A. M. N. H. 28258-351), 46 from Futsing Hsien (A. M.
N. H. 29190-7 and 29258-95), 100 from Nodoa (A. M. N. H. 26336—435),
35 from Yuankiang (A. M. N. H. 30920-54), and 101 from Tsinan
(A. M. N. H. 27901-59, 28006-46, and 32944). In addition, there is
a series of immature individuals from Ch’ungan Hsien (A. M. N. H.
29478). Numerous tadpoles were secured at Nodoa (A. M. N. H.
27439), and in Ch’ungan Hsien (A. M. N. H. 30627), while a single
larva was collected in Futsing Hsien (A. M. N. H. 32955).

Schmidt’s 1927 report included 266 additional specimens from Fukien;
Futsing Hsien; Yenping; Wanhsien; Yenchingkao, near Wanhsien;
Yochow, northeastern Hunan; Changsha; Chikungshan, southern
Honan; Ningkwo; Wuhu; and Nanking. The collection of the Ameri- -
can Museum also contains'an adult and a series of tadpoles from Hong-
kong, Nos. 7571 and 7569, an adult from Pinghsiang (A. M. N. H. 905),
and one from Fukien (A. M. N. H. 37108).

R. limnochares is said by Boulenger (1920) to range ““from Japan and
China to India, Ceylon and the Malay Peninsula and Archipelago, east-
ward to the Philippines, Borneo and Lombok.” It has been reported
from ‘“7000 ft. in Sikkim,” and, “is, after R. cyanophlyctis, the commonest
and most universally distributed of the Indian frogs.” Numerous
Formosan records may be found (Stejneger, 1907, etc.).

In China, this species has been reported from the following localities:
Hainan (Boulenger, 1882, Boettger, 1888, and Vogt, 1913, as gracilis;
Boettger, 1894, Boulenger, 1920, and Smith, 1923); Canton (Boettger,
1888, as gracilis; Vogt, 1924); Lilong (F. Miiller, 1878, as wiftigera);
Whampoa (Hallowell, 1860, as gracilis); Kwangtung, to an altitude of
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800 m. (Mell, 1922); Foochow (Wolterstorff, 1906, and Stejneger,
1925); Futsing (Stejneger, 1925); upper Min Basin, Fukien (Stejneger,
1925); Nimrod Sound, east of Ningpo (Wolterstorff, 1906); Ningpo
(Guenther, 1858, as vittigera; Guenther, 1864, and Boulenger, 1882, as
gracilis; Boulenger, 1920); Hangchow (Stejneger, 1925); Chusan
(Boulenger, 1882, as gracilis); “Da Laen San, s. w. of Ningpo,”! Ketau
Point,? and Dazeh Valley,® three Chekiang localities (Boulenger, 1920);
Hangchow*; Shanghai (Steindachner, 1869, and Boulenger, 1882, as
gracilis; Boettger 1894, Werner 1903, Stejneger 1925); Kiangyin,

Fig. 12. Larva of Rana limnocharis from
Hainan (A. M. N. H. No. 27439): (a) lateral
b aspect; (b) mouth.

Kiangsu (Stejneger, 1925); Soochow (Gee, 1919); Tsingtao (Wolters-
torff, 1906); Nanking (Wolterstorff, 1906, and Stejneger, 1925); Kiu-
kiang and region (Wolterstorff, 1906); Pinghsiang (Wolterstorff, 1906);
Hankow (Boettger, 1894, and Werner, 1903); ‘‘Jotschou,” Hupeh,’
(Vogt, 1924); Ichang (Swinhoe, 1870, as gracilis) ; Szechwan (Boulenger,
1882, as gracilis and 1920 as limnocharis); Suifu (Stejneger, 1925); Mt.
Omei (Stejneger, 1925); Yachow (Guenther, 1896, as gracilis); Chengtu
(Vogt, 1924); Kwanhsien (Vogt, 1924); ‘“Hotha” and ‘Ponsee,”
Yunnan (Anderson, 1869, as gracilis); and Kwangsi (Vogt, 1930). The

1Mr. H. W, Parker has been u ful in an attempt to find specimens in the British Museum
from such a locality, so it would best be left out of future reports. . .

2Written * Katang” by Boulenfer, which Mr. Parker believes to be a misprint for * Ketau" (Kitao)
or Ningpo Point, a headland directly east of Ningpo. L.

3MTr. Parker finds that this valley lies 50 miles inland from ‘San Moan Bay,’ which is undoubtedly
thesameasSan Men Bay, located alittlesouth of Nimrod Sound. o .

4My authority for thisrecord is Mr. Parker’s letter stating that the British M has a sp
from ‘‘ Hang Chau,” which certainly is a slightly inaccurate spelling of Hangchow.

5So designated by Vogt. I am unable to identify this locality.
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following records really belong above: Hongkong (Guenther, 1858, as
vittigera; Steindachner, 1869, and Boulenger, 1882 asgracilis; Boulenger,
1920); Kowloon (Wolterstorff, 1906); Teinzo and Me-tan-ji, in the
Kakhien Hills near the Yunnan-Burma frontier (Boulenger, 1887, as
gracilis); and the Man-Son Mountains of Tonkin, near the Kwangsi
frontier (Boulenger, 1920).

I found limnocharis common about Nodoa,and Smith (1923) col-
lected it at an altitude of 1000 m. on Five Finger Mountain, Hainan.
Mell (1922) states that it is the commonest small frog of Kwangtung
where it ranges to 800 m. Certainly there is no more abundant or uni-
versally distributed species throughout northern Fukien, where it ascends
to at least 4000 feet in the larger valleys about San Chiang. The north-
ern limits of its range in China seem to be Tsingtao and Tsinan in Shang-
tung; Chikungshan in southern Honan; Wanhsien in eastern Szech-
wan; and Kwanhsien and Chengtu in central Szechwan.

The largest specimen among 42 from San Chiang measures 46 mm.
from snout to vent, exactly matching in size the largest among 101 from
Tsinan, and being only 1 millimeter longer than the largest among 94
Yenping specimens. Thus, in spite of great differences in latitude and
altitude, remarkable agreement in size for mainland eastern China is
indicated. The maximum length in the Hainan series of 100 individuals
is 52 mm. Boulenger (1920) gives measurements of 81 specimens from
widely separated localities, and I find that the maximum size recorded
by him is 67 mm., the length of a specimen from Malacea, while only 14
of his measurements exceed 52 mm.

The forelimbs of breeding males are enlarged and nuptial pads
present on their first fingers, while the sides of their lower jaws are, as a
rule, conspicuously pigmented. Some color is always evident there in
this sex. These points have been summarized by Boulenger (1920)
also. Sexual dimorphism in size is moderately developed. The series of
94 specimens from Yenping includes 47 females and 33 males more than
25 mm. in length from snout to vent. The seven largest individuals of
the former sex range in length from 43 to 45 mm., those of the latter
from 32 to 37 mm., averaging 33.8 mm.

Annandale, Smith, and others have given accounts of the habits of
this frog, and I do not intend to repeat by recording my own observa~
tions that agree well with theirs, but I would like to state what I believe
to be the method of egg deposition. This method is especially interest-
ing to workers in China because it differs from that of any other Chinese
species with which I am familiar. R.limnocharis is a gregarious breeder.
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The sexes gather in great numbers in quiet water such as that of flooded
fields and, after pairing off, float about on the surfice. At intervals, the
females duck their heads and, as their vents reach the surface of the
water, eject the ova upon it. After some time, a large area becomes
covered with the floating eggs which extend in a single layer and are
barely adherent in small groups. Each egg is enclosed in a spherical,
transparent mass'about the size of a buckshot. A little later, all the
eggs sink to the bottom. On July 4, 1926, at San Chiang, I attempted to
count a mass of limnocharis eggs that had just been deposited in shallow
water at the edge of a rice field. I had arrived just as the rising sun
was dispersing the revelers, so I was not able to detgrmine how many
pairs were involved. The eggs numbered approximately 8000, even
though my patience gave out when 4500 had been counted. They were
spread over an area of perhaps 12 square feet.

A detailed study of this species would doubtless reveal interesting
facts, some indication of which I discovered by constructing a low mud
wall around a mass of eggs at San Chiang on June 8, 1926. Some time
before the nineteenth, more eggs were deposited within the wall, while
a second addition was made on that date, and a third on July 5. Ob-
viously, the mud barrier did not stop return visits, and who knows but
that it was the same frogs that came back to their initial breeding site?
Why should newcomers select a spot hidden from their water-level view
by the raised mud? It should be added that the site was not readily

-accessible to large numbers of these frogs for the area enclosed by the wall
was only a few square feet in the midst of an expanse of flooded fields.

My tadpoles from Ch’ungan Hsien with leg buds 9-11 mm. long
measure 13-15 mm. from tip of snout to origin of leg buds. Hainan
specimens of the same age are some 2 mm. shorter and of a more slender
build. I find no other difference. In both-Ch’ungan Hsien and Hainan

" tadpoles, the row of papillee bordering the lower lip is broadly interrupted.
In this respect, they agree with tadpoles from Siam (Smith, 1916) but
differ from Indian specimens (Annandale, 1918). Van Kampen (1923)
states that the tail is less than twice as long as the body and that the
spiraculum is equidistant from the tip of the snout and the base of the
tail. I find that in the tadpoles from Hainan, as well as those from

.Ch’ungan Hsien, the spiraculum is distinctly nearer to the base of the
tail, while in the Hainan specimens the tail is frequently twice as long
as the body.

The following data on the rate of development were secured through
examination of a developmental series collected at San Chiang in 1926.
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The eggs, supposedly deposited on the night of June 7, were still per-
fectly spherical at 4 ».M. of the eighth, although development was ob-
-viously progressing. The tail bud was quite evident at 10 o’clock the
following morning, while adhesive discs were present at the same hour,
June 10, and gill buds were just appearing on the morning of the eleventh.
Two days later, at 8 a.m., the external gills were gone, the lips partly
formed, and the edges of the mandibles pigmented. The outer row of the
upper, the inner row of the lower labial teeth, were well formed at 6
P.M., June 15, but the final rows were not present even by 2 p.M. of the
nineteenth when the larve measured 5 mm. from snout to vent. At 11
A.M. of June 23, the dental formula was complete and the larve had
increased in body length to 6.5 mm. The last larve of the series, dated
July 5, have leg buds 2 mm. long even though they mehsure only 8.5
mm. from snout to vent, or 2.5 mm. less than an individual of the same
stage in the series of larve collected at San Chiang. The above data
show that larval liémnocharis reaches maturity within 28 days, but the
small size of these larve, raised as they were in semi-natural conditions,
indicates that development may not have been entirely normal. This
attainment of maturity at a small size may be explained by the probably
higher temperature of the water in which the larve developed, a result
of its isolation from that of the surrounding field.

Undoubtedly, many factors have worked together in producing a
species as successful as limnocharis and certainly quick larval growth
is not the least of these. Rapid development insures successful reproduc-
tion in countries where, at all altitudes, large areas of land are repeatedly
flooded every year and irrigation ditches of universal distribution. It is
obvious that at San Chiang limnocharis has followed native rice culture,
because such regions do not naturally afford ideal mating sites for quiet
water breeders.

Rana kuhlii Duméril and Bibron
Plate XVI; Figure 13

A series of 99 specimens of this species was secured: 97 from Ch’ung-
an Hsien (A. M. N. H. 28954-78, 29464-75, and 29685-744), and two
from Yenping (A. M. N. H. 28467-8). Tadpoles were collected in Ch’ung-
‘an Hsien (A. M. N. H. 29017 and 30607-8).
v Boulenger (1920) and Van Kampen (1923) give the range of kuhlii
as southern China, Loo Choo Islands, and Formosa to the Malay Penin-
sula and Archipelago. In doing this, they consider Stejneger’s namiyet,
described from the Loo Choo Islands, as synonymous with kuhliz. Van
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Denburgh (1912) described and Ediscussed Formosan specimens but left
the question of their exact identity ‘‘for future consideration.”

In China, kuhlii is known from the following localities: Hainan
(Smith, 1923); Lafaoshan, Kwangtung (Peters, 1882, described as
Nyctibatrachus sinensis; Mell, 1922); ‘Ding-wu-shan” and ‘‘Nam-
gong,” localities near Canton (Mell, 1922); northern Kwangtung (Mell,
1922); Kuatun (Boulenger, 1899); Soochow (Gee, 1919); Kuling!
(Annandale, 1917, as namiyes); the region of Talifu (Mell 1922); and
“Hotha,” western Yunnan (Anderson, 1879). Both Anderson (1879)
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Fig"13. Larvatof Rana kuhlii from Ch’ungan
b Hsien, Fukien: (a) dorsal aspect; (b) mouth.

and Boulenger (1887) have reported kuhliz as common in the Kakhien
Hills near the Yunnan-Burma frontier, and Annandale (1917) recorded
it from Hongkong.

In Fukien, I found kuhliz one of the commonest frogs of the high San
Chiang Valley. We saw no sign of it in Futsing Hsien and found only
two specimens at Yenping. Mell (1922) found this frog rare at low alti-
tudes near Canton (‘“Nam-gong,” 100 m.) but abundant from 600-700 m.
in northern Kwangtung.

The female of this species is unusual in being smaller than the male.
After the individuals of the series of 97 specimens from Ch’ungan Hsien
measuring less than 35 mm. from snout to vent had been discarded, 47
males and 67 females remained. The 11 largest specimens of the former

1A summer resort in the mountains a few miles south of Kiukiang, much frequented b; fore:gners
living in China. These wovr tsins are the famous Lushan, also called Kuniu Ling and Chiu
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sex ranged in length from 52 to 67 mm., averaging 55.6, while the cor-
responding figures for the latter sex are 48 to 58 mm. and 50.8 mm.
Boulenger (1920) gives measurements of 43 specimens from widely
separated localities and I find that the four longest individuals listed by
him are males 87, 82, 81, and 76 mm. in length. These data fully cor-
roborate mine. An explanation of this reversal in relative size of the
gexes may be found in the well-known fact that male kuhliz possesses a
very large head, a condition so pronounced that it more than makes up
for a smaller body. This fact is clearly shown by the following table
which gives measurements in millimeters of three examples of each sex.
The head length was determined by placing one arm of the instrument
behind the posterior extremity of the lower jaw, the other at the tip of
the snout, while the body length is given as the distance from the pos-
terior extremity of the lower jaw to the vent, measured diagonally. The
total length is here taken as the sum of the head plus body length, a

figure that comes to slightly more than the usual direct snout to vent
measurement.

A. M. N. H. ToraL Bopy Heap Heap Huap Levara
SEx DivipED BY
No. LENnaetH | LENeTH | LENGTH WipTe
Bopy LEnGTH
28956 I 71.0 39 32.0 28.0 0.82
29715 s 63.0 35 28.0 27.0 0.80
29703 J 60.0 33 27.0 25.5 0.82
29711 Q 62.5 41 21.5 21.0 0.51
29706 Q 55.0 35 20.0 18.5 0.57
29719 Q 53.5 34 19.5 17.5 0.57

Looking at this table one sees that a male 71 mm. long has a slightly
shorter body than a female only 62.5 mm. in length, while a male measur-
ing 63 mm. possesses a body 5 mm. shorter than this same female of
approximately equal length (62.5 mm.). Considering the facts in a differ-
ent way, it may be stated that in male kuhliz the head is fully four-fifths
or 80 per cent as long as the body, while in the female it is only slightly
more than half as long. It should be noted that the length of the head
compared to its width is about the same throughout the series regardless
of sex. In addition to a larger head, the males also have the pair of bony
prominences in the front of the lower jaw developed to a much greater
degree than the females. Boulenger (1920) states that the fingers of
breeding males do not bear nuptial excrescences and that their arms are
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not thickened. Such is not the case in the series before me for distinct
pads are evident on the first fingers of the breeding males and their arms
are slightly larger than those of the females.

This frog is especially interesting from an ecological point of view
because, though obviously an aquatic form of the mountains and high
altitudes (vide Boulenger, Smith, Mell, ete.), at San Chiang, it frequents
neither the typical mountain streams nor the quiet waters of the flooded
fields but is found in trickles, small quiet pools, open roadside ditches
and drains (Plate XVI, fig. 1). It shuns cold springs, large mountain
streams, swift water, and heavily shaded places on the one hand, the
stagnant water of isolated pools on the other. Its local name ‘‘Ni
Lin” suggests its habits, for this “‘ni”’ means mud. It is often seen
in irrigation ditches extending along the edges of flooded fields where the
water is usually in gentle motion, but I have never seen it abroad in the
still water of the open fields. While it avoids the heavy shade of forests,
it rather prefers the protection afforded by overgrowing grass and bushes
because it is extremely secretive and subdued in its actions. When picked
up, it can make only weak efforts to escape and its short hops are in
strong contrast to the great leaps of the cascade species.

I heard kuhliz call only once and that was at San Chiang on the
night of May 23. The call was weak but deep and sounded like the word

““cocoa’ repeated several times in a gutteral fashion.

The eggs of this frog were found in the places ordinarily inhabited by
the adults. They are laid in clusters of from two to twelve eggs each and,
as a rule, adhere lightly to each other and grass stems or trash in the
pools. They do not float on the surface but lie on the bottom when un-
supported. Each egg is enclosed in at least two transparent sacs, the
outermost 6 to 7.5 mm. in diameter, the one within this about 5 mm. in
diameter. Sometimes as many as several hundred eggs are to be seen
scattered about in a small area. On April 29 and 30, May 1, 4, 6. 10,
and 21 and on June 5, 1926, newly deposited eggs were found in various
places at San Chiang.' The eggs are heavily and almost uniformly pig-
mented and about 2.5 mm. in diameter. In studying the early stages of
larval development, I fail to detect any sign of typical adhesive discs.

Tadpoles just emerging were seen on April 29, 1926, near San
Chiang, while a series ranging in age from immature specimens measuring
only 6 mm. from snout to vent to individuals with leg buds 1 mm. long
were collected there on June 3 of the same year (A. M. N. H. 30608).
Two specimens with leg buds 5.5 and 3 mm. long, were taken at this
same locality, July 14, 1925.
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Smith (1917) has described the kuhliz tadpole, and my specimeng
agree with his description except that, instead of having a broadly inter-
rupted inner row of teeth in the upper jaw, they have merely a rudiment
of this row consisting of a trace on either side. .

The habits of kuhliz at San Chiang become most interesting when
compared to those of the various cascade forms also found there, for
kuhlii shows no sign of similar sexual dimorphism in size or development
of hard excrescences on body or limbs exhibited at least to some degree
by all of them. It entirely lacks the sharp spines and shows only a trace
of the enormous forelimb development of the males of spinosa, while the
female, instead of being large, is reduced in size. Yet immature spinosa
and adult kuhlii are so much alike that only a close examination will
serve to distinguish them. These sexual differences are not the only ones,
for the legs of kuhliz, though of large girth and provided with well-webbed
toes, lack the strength exhibited by those of spinosa.- Could kuhliz
possibly mate successfully in a swift stream? Its lack of swimming power
would be one handicap, the necessity of a small female bearing a large
male, another, and the lack of a secure method of clinging together a
third. If thisis true, may not (male) spinosa with their spines and power-
ful forelimbs, (male) andersoniz and graminea, with their reduced size,
be “adapted”’ to life in cascades?

Rana phrynoides Boulenger .

Walter Granger secured a single specimen of this species at Yunnan-
fu (A. M. N. H. 30847).

Schmidt’s 1927 report included four additional examples, two col-
lected at Yunnanfu and two in the Wutingechow District of Yunnan.

Previous to Schmidt’s report, this species was known only from the
type specimens described by Boulenger in 1917. Since the type locality
is Tungschwanfu, a locality in northeastern Yunnan, this frog, so far as
known, is confined to that section of the Province. It will be interesting
to see how the ranges of eastern spinosa and western phrynoides extend
throughout the intervening provinces, Hunan, Kwangsi, Kweichow, and
Szechwan. The former is already known to occur as far west as Ichang.

Few data on relative sexual length are available but adding
measurements of the two Yunnanfu specimens listed above to those
given by Boulenger, I find that the four males measure 109, 91, 90, and
70, the females 110, 93, 90, and 75 mm. from snout to vent. Such figures
indicate that, as in spinosa, there is no sexual difference in size and that
the two species reach approximately the same size.
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~ The similarity between spinosa and phrynoides is striking, but my
study of these forms substantiates some interesting differences brought
out by Boulenger. I find that the breeding males of spinosa always
possess spines on the inner surface of the first three fingers and that the
breast spines are never divided into patches. Boulenger describes male
phrynoides as having the spines only on the two inner fingers and in two
patches on the breast, and one of the two Yunnanfu specimens before me
has numerous spines distributed in just this manner. The absence of
digital discs in phrynoides may indicate a choice of habitat different from
that of spinosa but the spinous rugosities and enormous forelimbs of the
breeding males more definitely indicate similarity of habitat. Field
observations alone will settle this point which, in view of a recent discus-
sion of the structure and function of digital pads in arboreal frogs
(Noble, 1928), is of importance. It is idle to speculate on this particular
case until field data are available.

Rana spinosa David

Plates XIII, XIX to XXII; Figure 14
A series of 187 specimens represents this species: 166 from Ch’ungan _
Hsien (A. M. N. H. 28888-97, 2890129, 29479-89, 29575-684, and
29745-50), 14 from Yenping (A. M. N. H. 28170-7, 28465-6, 28540 and
30822—4), and 7 from Futsing Hsien (A. M. N. H. 29198-9 and 29406-10).
Numerous larvee were secured from Ch’ungan Hsien (A. M. N. H.
29009-10, 29024, 306045, 306101, and 30667—-74), Yenping (A. M. N.
H. 31074 and 31091) and Futsing Hsien (A. M. N. H. 29416).

In addition, Schmidt’s 1927 report included one specimen from Ping-
hsiang; six from Futsing Hsien; and eight from Yenping. There are
two tadpoles collected near Yenping by Caldwell in 1920 (A. M. N. H.
32945). v

The history of this species, though short, is complex, a complexity
due to the remarkable similarity between immature individuals and
kuhlii, as well as the great variability in body and limb proportions and
secondary sexual characters of adult spinosa.

Although Guenther listed spinosa from Ningpo as kuhlii in 1858 and
1864, it was really discovered by David in “Cascades of Kiangsi’’ and
called R. latrans (1872), a name preoccupied (Steffen, 1915). David re-
ferred to it again in 1875' as latrans and spinosa from ‘‘Ouang-mao-
tsae,” a mountain village in Kiangsi near the Fukien boundary, east and
a little north of Kienchangfu.

1+ Journal de mon Troisiéme Voyage,’ 11, pp. 250 and 253.
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Guenther (1889) described Rana boulenger: from Ichang. Boulenger
(1899) reported additional examples from Kuatun, while Wolterstorff
(1906) secured it at Kuling,! near Kiukiang. In his 1920 Monograph,
Boulenger placed boulenger: in the synonymy under spinosa? and listed
new material from ‘Pingho’’? and the Man-Son Mountains, Tonkin, thus
not only clarifying matters but considerably extending the range of
spinosa. Finally, Mell (1922) reported it as boulenger: from the Hunan-

Fig. 14. Larva of Rana spinosa from
Ch’ungan Hsien, Fukien: (@) lateral aspect;
(b) mouth.

Kwangtung boundary; and the region east of Shiuchow, northern
Kwangtung.

Annandale (1917) desecribed tadpoles secured by himself on Hong-
kong as kuhliz larve but Smith (1924), after collecting material there,
showed that Annandale’s specimens really represented spinosa. Stej-
neger (1915) listed this species from the upper Min Basin, Fukien;
Foochow; and Yenping. R. spinosa, then, is definitely known from
Hupeh, Kiangsi, Chekiang,* Fukien and Kwangtung in China, as well
as from Hongkong and Tonkin.®

Rana courtoisi Angel (1922) is, so far so I can determine, identical to

1See note under Rana kuhlii, p. 496. i

’Boulenger states that the type locality of iatrans is Ichang, but Stejneger (1925) considers it to be
“Cascades of Kiangsi.” | .

*Probably an erroneousrecord. Mr. H. W. Parker has looked up the specimen ascribed to ‘Pingho”
and informs me it was secured by Kreyenberg whose collections were described by Wolterstorff. No
mention of such a place is to be found in Wolterstorff's reports. : i

4Fang and Chang (1926) described a frog as ‘' Rana species’ from Wenchow, which I believe was
later identified as spinosa in a reference that I cannot place. If such is the case, this species is known
from Wenchow as well as Ningpo in Chekiang. )

5T wo Szechwan frogs were doubtfully identified as boulergeri by Despax in 1913.
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spinosa. The type locality of the former is Chiki, a town in southeastern
Anhwei about ten miles northeast of Hweichow. Having failed to find
any difference between the two forms in question, I have no results of
my comparison to set down. If courtoisi is synonymous with spinosa,
the range of the latter is extended somewhat to the northeast.

Vogt’s Rana duboisreymond: was described in 1921 from Kuling,
near Kiukiang, a locality whence spinosa had already been reported.
Even though I have before me two specimens of this alleged new form
from Mell’s Kwangtung collection, I cannot find a single point distin-
guishing it from spinosa. I assume that these two individuals have
been examined by Vogt who reported jointly with Mell on his Kwang-
tung material. Two of the points used to distinguish the new form from

" spinosa are just those in which the latter is most variable, i.e., leg length
and arrangement of nuptial asperities. I fail to find a trace of Vogt's
“Saugscheibe’” on the forelimbs, in the Kwangtung material. Judging
by Vogt’s reports (1921 and 1922), the range of his new species coincides
with that of spinosa, a most unusual fact when it is remembered that
closely allied forms are in question. Mell reported duboisreymond: as
common in Kwangtung, but spinosa (called boulenger: by him) as rare
there. Angel (1928) listed a form from Langson, Tonkin, as R. dubois-
reymondi. 1 found spinosa extremely abundant in northern Fukien
where, as already remarked, it was extraordinarily variable, so much so,
indeed, that the Chinese called it by two names.

In view of the above details, I do not consider it necessary to go
farther into the matter and, until new evidence to the contrary has heen
‘presented, I prefer to consider spinosa the sole giant cascade frog of
eastern China, the male of which develops nuptial asperities on the breast
during the breeding season.

Mell found duboisreymonds in southern as well as northern Kwang-
tung but states that it was most abundant from 500 to 900 m. altitude.
He gives definite records for ‘Ding-wu-shan” and ‘‘Lo-fau-shan,”
the former west, the latter east of Canton.

R. spinosa shows little or no sexual dimorphism in size. The series
of 166 specimens from Ch’ungan Hsien includes only 92 individuals
measuring more than 47 mm. from snout to vent. Fifty-one of the 92
are male, the remaining 41 female. The ten largest males range from
82 to 125 mm. in length and average 95.6 mm., while the ten largest
females range from 81 to 118 mm., averaging 93.2mm. The largest male
(A. M. N. H. 28888) seems to represent the maximum size attained by
the species, for I find none appreciably larger among my series or in
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printed records.! On the other hand, A. M. N. H. 29575 measures only
52 mm. from snout to vent but is in possession of a full set of black-tipped
rugosities across the breast, indicating sexual maturity. A male 75 mm.
long shows no signs of roughness on the breast and this, together with
the general lack of uniformity in development of the spines in a large
series of males, is sufficient evidence to prove that these spines are a by-
product of testicular activity. Their extreme development is met with
in two males of my Ch’ungan Hsien series, one only 89 mm. long (A.
M. N. H. 29655), the other 125 mm. in length and the largest of the entire
series, No. 28888. In the latter, even the third finger bears some 30
black-tipped spines, while rugosities are present on the throat to within
18 mm. of the tip of the snout, and on the belly to a point only 52 mm.»
from the vent. The two extreme spines are 59 mm. apart. The greatest
diameter of the enormously enlarged forelimb just equals that of the
tibia, 22 mm. In the smaller male (No. 29655), the distribution of the
rugosities is much the same but they are even larger in proportion and
much more profuse. The seasonal development of these sexual characters
must be very rapid or else more cases of extreme stages would be met
with. For the present, it is interesting to consider spinosa the culmina-
tion of adaptive sexual dimorphism, coupled with digital development
found to a certain degree in phrynotdes of Yunnan. That western form
lacks digital swelling and its spines do not meet across the breast or
develop on the third finger as in spinosa. A wider distribution of the
spines must render the mating process more sure, while terminal finger
and toe pads should enable the frogs to progress on the slippery rocks of
their mountain streams. '

A. M. N. H. 29658 is an albino that, in life, was light yellow with
pink eyes.

Adult spinosa rivals rickett: in abundance throughout the mountain
streams of northern Fukien from the low coastal ranges of Futsing Hsien
to the highest mountains about Kuatun. I heard spinosa calling in the
Wu I Hills on the Ch’ungan plateau, near Ch’ungan City. There, low
hills stand isolated on the open plateau and are completely deforested,
so the presence of spinosa there may be taken as indication of its ability
to survive long after forests have disappeared. I have no evidence that
ricketts is able to do so and an explanation of this difference may lie in
the habitat preferences of the two species. Rana spinosa is a lover of
protected pools and deep recesses among boulders, rickett: of slippery,

IThe type of Angel’s R. courtoisi measures 126 mm. from snout to vent thus nva,hng my largest
specimen in size, while Angel (1923) records another male rourtoist as 130 mm. long.
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forest cascades and shaded stretches of water flowing swiftly over and
among countless rocks and boulders. The destruction of forests not only
reduces the flow of water but allows the sun to enter and dry out every
unsubmerged spot, thus eliminating the habitat niche that ricketts
seems to require. The pool- and recess-loving spinosa, on the other hand,
can find suitable retreat wherever water flows downward, over and
among rocky formations, for there pools and cavities are sure to be found.
About Kuatun, spinosa was so much in its element that it was found in
every stream, large as well as small. The highest streams, often too
small to afford sufficient shelter for the bigger individuals, were inhabited
by small to medium-sized examples and these went by the local name of
““Kao K’'ung Tze,” which is to say, the high cavity ‘‘thing” or form.
The largest specimens from the valley streams were called ‘Shih Lin,’
this Shih signifying rock. The Kuatuniteg insist that two distinct forms
oceur, stating that one is small and yellow, the other large and black.

This yellow hue is, I am sure, a sign of youth. I hope that future collec-
tors will try to recognize this distinction so explicitly believed in by the
Kuatun Chinese, because there is still a possibility that they are right.

Rana spinosa is prized as an article of diet and may be bought in all
the mountain towns of northern Fukien. It brings a much higher price
than rugulosa and is, therefore, consistently persecuted. The art of
frogging is so well established at Kuatun that special paraphernalia,
consisting of a basket for kindling and an iron fire-basket supported by a
long handle, have been devised and are kept in constant use. (See
Plate XVII, fig. 1.) Needless to say, spinosa is the principal booty
brought in from the nightly excursions of these energetic Fukienese.
The fact that it has successfully resisted its human enemies for so many
centuries speaks for its vigor. Long before the coming of the Chinese,
in the days when Fukien was but sparsely inhabited by mountain tribes,
spinosa must have made the primeval forests resound with its trilled
base notés, a sound rivalling in volume and depth that of any frog I
have ever heard. Another note is often given but it is a weak monosyl-
lable and reminds one of the sound of a hammer brought down upon a
small but long pipe filled with water. In 1871 (pp. 76-77) David wrote,
“La R. latrans mérite ce nom & cause de son cri qui imite de loin nn
aboiement profond.”

The eggs of spinosa are laid in mountain streams but the exact site
of deposition varies considerably with altitude. For example, in the
highest part of the comparatively level but greatly elevated Kuatun
valley, egg masses were found in patches of grass growing in a stream,
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while those seen at much lower altitudes were carefully placed near or in
cascades. This greater carelessness at high altitudes is only what would
be expected because there the streams are virtual springs, without excep-
tion leading to swift streams and the larve are sure to eventually reach
cascades. On the other hand, at low elevations, such carelessness might
result in the larvae’s hatching out in quiet water and being washed into
ditches or pools from which they could never escape. Humidity, air
and water temperature, and relative abundance of individuals are also
important factors in choice of egg-laying sites.

I saw no less than 36 clusters deposited i almost as many places,
80, in order to give a definite idea of the adaptability of the species in
choice of breeding site, I will append the following details:

7 clusters: attached to roots under the bank of a cascading stream. These
clusters were observed in three sites, two of which had been revisited.

5 clusters: attached to the exposed, bare surface of solid rock forming either the
bottom of a depression near the main current or that of a side pool.

4 clusters: attached to the lower surface of boulders lying directly over the main
current.

3 clusters: attached to rubbish or vegetation of a side pool.

2 clusters: attached to the lower side of boulders covering side pools. (See
Plate XII1, figs. 1 and 2.)

2 clusters: attached to rocks and rubbish in a spring; also to the banks.

2 clusters: attached to vegetation of a side stream.

2 clusters: attached to small stones in the main stream.

1 cluster: attached to the lower surface of a boulder over a side stream.

The only generalizations that I can draw from my observations are:
(1) the eggs of spinosa are always deposited under water; (2) they are
usually placed under some solid object bathed by the water of a mountain
stream or spring. The details enumerated above serve to show how many
exceptions there are to the second generalization, but it should not be
forgotten that concealed clusters are found only with difficulty, while
exposed ones are readily seen.

Every cluster examined was made up of numerous eggs, each in-
closed in an outer sac or capsule about 18 mm. in diameter and an inner
one only 13 mm. in diameter. These sacs are transparent and vary
greatly in size but the above dimensions represent rather large ones. I
also have records of outer sacs 20 mm. in diameter, as well as very much
smaller ones. Much mucus is held in the sacs. Every egg is attached to
some object by a thick mucous cable and may also be joined to adjacent
capsules by additional cables. If the eggs are thickly set, as frequently
is the case, the cables are more or less continuous near their points of
attachment to their common base. The cables are approximately 20
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mm. in length but they may be much longer or shorter. The area of
rock covered by the central mass of one cluster measured two feet by
eight inches, while the most extensive mass seen was eight feet long by
one to two feet across. It was, however, made up of eggs in two stages
of development. None of the clusters examined by me was contained in a
single, continuous mass and they were often widely scattered. It was
possible to make out small groups of eggs but such groups varied in size,
some containing as many as a dozen eggs but others were made up of
only one or two. The number of eggs included in a whole cluster seemed
to range from a few scoredo more than 800. I made counts and estimates
as follows: 836 (an actual count), 500, 475, 300, 200, 100, 100, 88, and
65. I have shown elsewhere that spinosa becomes sexually mature be-
fore attainipg full size, so it may be concluded that the low counts
represent, clusters deposited by small adults. One female was found to
contain 410 ripe ova as well as a lot of smaller ones obviously immature.
A second specimen held only 124 mature ova together with a batch of
smaller ones in an earlier stage of growth. Here is an explanation of the
frequent discovery of clusters containing eggs apparently deposited at
different times. The same female doubtless returns to her initial breed-
ing site when more of her ova have matured. Individual eggs are partly
pigmented, both before and after deposition, and are of anything but a
constant size. The largest seen were about 5 mm. in diameter, but 4 mm.
may be taken as the average size because I have measurements of eggs
from two sets, the larger 4 mm., the smaller 3.5 mm. in diameter.

I was repeatedly surprised at the great effort required to dislodge
spinosa egg capsules from their moorings of mucus, so it is little wonder
that floods do not wash them away. Then again, the individual attach-
ment of each egg means that it must be removed separately. The cap-
sules cannot be torn off in bunches. This method of attachment may
be considered vastly superior to that deseribed under graminea, for there
is no comparison between the effort required to dislodge the two types
of clusters. It is necessary to literally gather the eggs of spinosa, while
those considered under graminea may be removed in groups of hundreds.

Embryonic and larval development are extremely slow. This is
shown by examination of a developmental series (A. M. N. H. 31106),
the eggs and embryos of which grew under normal conditions at Kuatun.
The first eggs were taken July 6, 1926, and showed little sign of cell
division. The head and tail buds were not very evident until the eleventh
when the embryos were still no longer than the diameter of the large
yolks. Two days later, the embryos had greatly increased in length,
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while, on the eighteenth, their external gills, though short and poorly
branched, were well developed. On July 28, the larvee had assumed their
final shape, the edges of the mandibles were pigmented, and the lips
partly formed, but no teeth had appeared. At this stage, one of the
tadpoles measured 18.5 mm. from tip to tip, the tail alone being 12 mm.
long. Finally, on August 9, at least five weeks after deposition of the
eggs, the lower lips had received their full complement of teeth but the
upper held only three of the normal five rows. One of the larve then
measured 24.5 mm. from tip to tip, the tail alone occupying 16 mm.
There was, of course, no sign of leg buds in this tadpole, for, as shown
below, they do not appear until the head and body measure 20 mm.

I first found the eggs of spinosa in the San Chiang-Kuatun region
on May 30, 1926 (Plate XIII), and saw the last cluster there just before
my departure on August 28. About 68 per cent of the 34 clusters
recorded in this region were seen from July 1 to 17, most of the others
during the last part of June. The only Yenping record of eggs is
for May 23, 1925, while the extent of the season in Futsing Hsien is -
indicated by the discovery on September 21, 1925, of capsules from which
the larvee had only recently escaped. These eggs, however, had been
deposited at least two weeks before they were found.

The embryonic and larval development of spinosa is so slow that I
doubt if evidence of the extent of the breeding season based upon the
size of tadpoles is of great value. It seems ¢o me that I rarely looked
into a pool of a mountain stream in northern Fukien without seeing
larvee of this species and I am convinced that, even in Ch’ungan Hsien,
one would find spinosa tadpoles abundant throughout the winter months.
I have a tadpole with leg buds 4 mm. long that was taken near Kuatun
May 30, 1926, and am quite certain that we found numerous other
mature ones through May. On this same day, larve at least a week old
were collected, so it may be assumed that eggs were being deposited
during at least the last two weeks of May, 1926.

The first four Ch’ungan Hsien specimens with leg buds 1.5 mm. long
picked at random from a large series measure 21.5 to 22 mm. from snout
to origin of leg buds. If a tadpole takes five weeks to attain a body and
head length of 8.5 mm. (see foregoing developmental data) many more
weeks must be required for it to reach maturity at the sprouting of the
leg buds, for in the meantime the body has had to more than double its
length.

DescripTiON OF TADPOLE.—Length of body one and two-thirds times its width;
tail two to two and a fifth times as long as body, three and a quarter to three and a
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half times as long as deep. Nostril a little nearer to eye than to tip of snout; eyes
laterodorsal, as far from spiraculum as from tip of snout; the distance between
nostrils equal to five-sixths of that between eyes. Spiraculum sinistral, ending in a
short tube, directed upward and backward, barely visible from above, plainly so from
below, its tip twice as far from insertion of leg buds as from eye. Vent dextral, open-
ing under a large fold of skin which overlies and is continuous with the ventral tail
crest. Tail thick-set, with crests about equal in depth and very low anteriorly, not
extending on to back; its end pointed, but not acutely so.

Mouth ventral, its width equal to the interocular space. Lower lip bordered by
three rows of papille, the two outer rows arising from one base and separated from
the third and inner row by a distinct space which disappears in the middle of the lip
where the three rows come together. The double outer row is continued alone past
the corners of the mouth and for a short distance along the edges of the upper lip.
A few extra papille are present in the corners of the mouth. There are five rows of
teeth in the upper lip, the first continuous, the second slightly longer than the first
and very narrowly interrupted, the remaining three successively shorter and broadly
interrupted. The lower lip contains three rows of teeth, the outer a little the shortest,
the inner narrowly interrupted. The mandibles are black-bordered and with serrated
edges.

The body is dark above but the middle of the back is often a little lighter than the
rest of it. The belly is usually quite black, the tail conspicuously dark-spotted. In
very young tadpoles there is a light area on the back just anterior to the origin of the
tail, while a whitish spot shows through the skin on the upper right side, and the outer
coil of the intestine, also plainly visible through the skin, is distinctly whitish.

Smith (1924) has described the tadpoles collected by him on Hong-
kong but there are so many points of disagreement between my large
series of well-preserved material and his description, that I have written
out the characters as seen in my tadpoles. The present description is
based upon several specimens with leg buds just appearing. They are
remarkably uniform in size and form. A typical one with leg buds 5.5
mm. long measures 26 mm. from tip of snout to origin of leg buds and 83
mm. total length. There is, however, considerable difference in the size
of metamorphosing individuals. One such specimen measures only 20
mm. from tip of snout to the posterior side of the hind legs, another,
in the same stage of transformation, 35 mm., and yet the two were
taken in the San Chiang region. Smith based his description upon
a tadpole only 50 mm. in total length but I have large numbers of mature
specimens 70 and more millimeters long.

The larve of spinosa inhabit pools of mountain streams. They
were the most abundant tadpoles in the mountain streams visited by me
in Fukien, and I always found them among the rocks and débris forming
the bottom of the pools. The size of the stream and depth of the water
seemed to make little difference because they were always present wher-
ever a sufficient volume of water had gathered to form a pool.
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Rana plancyi Lataste
Figure 15

A series of 27 specimens represents this species: one from Hok’ou
(A. M. N. H. 30755), the rest from Tsinan (A. M. N. H. 28047-72).

Schmidt’s 1927 report included a lot of 25 specimens from Wuhu
and Ningkwo, and one individual from Changsha.

R. plancys was described from Peking in 1880. Boulenger recorded
specimens from Shanghai, Chusan, Ningpo, and Formosa in his ‘Cata-~
logue’ 1882. His Formosan specimens undouptedly represent fukienensis
as shownon pp. 512-3. Boettger (1894) reported specimens from Han-
kow; Lushan, near Kiukiang; Shanghai; and the Ningporegion. Wolter-
storff (1906) added Nimrod Sound, east of Ningpo; and Pinghsiang to
the list of localities and included a specimen
from the Kiukiang region. Annandale (1917)
found it at the Tai Hu, near Soochow, a
report confirmed by Gee’s 1919 Soochow
record. Jacot, in his article on Shantung
Herpetology, 1923, lists two specimens, pre-
sumably from the Tsinan region. Stejneger
(1925) states that the National Museum has
specimens from Futsing ; Foochow; Shanghai; Fig. 15. Larva of Rana
Kiangyin, in Kiangsu; and Formosa. These plancy: from Peking: mouth.
Futsing, Foochow, and Formosan specimens .
of course represent fukienensis. Shaw (1929) describes six Peiping (Pe-
king) specimens and lists an additional one from Nanking, while Slevin
(1925) gives data on specimens from four Korean localities. It is most
satisfactory to find that plancy: does not reach Foochow and Formosa,
because very few frogs have a range that includes the coastal plains of
Fukien and Formosa, essentially tropical in their affinities, and the dis-
tant Peking region with its temperate and northern fauna. Stejneger
noticed in 1907 the differences between what he called Formosan plancyi
and the Shanghai material that he used for comparison. My large
series has merely enabled me to prove how constant the differences are.
A detailed exposition of the characters distinguishing fukienensis and
plancy: will be found under the former.

Even though the Hok’ou specimen is small, I feel sure of its identi-
fication. It is not surprising to find typical plancyi on the northern
section of the Kiangsi plateau because the high ranges between Fukien
and Kiangsi doubtless serve as an efficient barrier to many species. If
plancy: and fukienensis intergrade, they probably do so in the lower
plains and valleys of the eastern seaboard.




510 Bulletin American Museum of Natural History [Vol. LXI

In spite of the fact that I have so many plancy: before me, I cannot
give definite sexual differences in length because there are only two males
of any size, one measuring 53, the other 51 mm. from snout to vent.
The three remaining males are only 38, 37, and 33 mm. long. All five
come from Tsinan. Eleven of the 21 Tsinan females exceed 40 mm. in
length and measure 72, 70, 69, 67, 62, 60, 57, 56, 48, 47, and 44 mm. from
snout to vent. The 12 Ningkwo and Wuhu frogs more than 31 mm.
long are females, measuring 61, 61, 61, 58, 58, 55, 55, 51, 49, 48, 42, and
39 mm., averaging considerably less than the northern series. These
data indicate that the females attain a size much greater than the males,
which have, however, a moderately developed nuptial pad on each first
finger, a point recorded by Boulenger in his Monograph (1920). The
arm of the male is not enlarged.

The ripe ova of a female 69 mm. long (A. M. N. H. No. 28048) are
1.5 mm. in diameter, partly pigmented and approximately 3200 in
number. A Tsinan specimen only 56 mm. long contains ripe ova.

DEescripTION OF TApPOLE.—Dr. Stejneger has very kindly allowed me to
describe a larval plancy: secured at Peking by Dr. Alice M. Boring (U. S. N. M. No.
76173). Unfortunately, this tadpole is just enough mutilated to prevent the taking
of some measurements and to make the determination of certain proportions difficult.
The mouth, however, appears to be in full possession of its teeth but the following
description, while not completé, should serve to establish the identity of the plancy:
larva. No date accompanies the specimen which measures 14 mm. from tip of snout
to origin of leg buds. The leg buds themselves are 8 mm. long.

Nostrils about equidistant from tip of snout and eyes, half as far apart as the
latter. Spiraculum sinistral, slightly nearer to eye than to origin of leg buds. Vent
dextral, its large orifice situated at the outer edge of ventral tail crest. The lower lip,
corners of the mouth, and extremities of upper lip are bordered by a continuous row
of even papille. There are a few extra papille in either corner of the mouth. The
teeth of the lower lip are arranged in two rows, the inner, narrowly interrupted, the
outer, continuous but a little the shorter. The single row of the upper lip is continu-
ous and borders the lip between the ends of the lateral papille. The teeth of the
lower lip, in contrast with those of the upper, are set on rather high, fleshy ridges.

It should be noted that this larval plancy: is characterized by fewer
rows of teeth than found in any other toothed tadpole described in this
paper. This point should be carefully checked and my entire description
amplified by field workers.

Rana fukienensis Pope!
Plate XXII; Figure 16

Tyee—A. M. N. H. 29182; adult 9, Futsing Hsien, northeastern Fukien
Province, China; August-October, 1925; Clifford H. Pope, collector.

. 1The original description, which aplpeaxed in Amer. Mus. Novitates No. 352, May 20, 1929, is re-
peated here in full for the sake of completeness.
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Fig. 16. Rana fukienensis, A. M. N. H. No. 29182, type: dorsal as-
pect, natural size.

DraaNosis.—A species combining the characters of nigromaculata and plancys.
Tts relation to plancy: is shown through the white stripe along the back of the thighs
80 characteristic of that species, the lack of an external vocal sac in the males, etc.,
while in general habitus and coloration it strongly suggests nigromaculata.

DEescripTioN oF TyYPE.—Vomerine teeth in two rounded groups between the
choane, their distance from the latter about equal to the distance between them;
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nostrils distinctly nearer to the tip of the snout than to the eye; toes fully webbed;
tips of digits tapering, rounded, not at all expanded or grooved; subarticular tubercles
distinet but small; inner metatarsal tubercle medium, its length half that of the fifth °
toe; an indistinct outer tubercle, no tarsal fold; an inconspicuous dorsolateral fold.
The skin is generally smooth but finely granular on the posterior region of the back.

The color of the back in alcohol is grayish olive with a faint, middorsal, longi-
tudinal stripe from the tip of the snout to the vent. The ventrum is light with very
faint, gray mottling more distinct on the thighs. There are a few black spots on the
posterior region of the back and irregular bars across the tibia. A distinct white
band extends along the back of the thighs above which they are boldly mottled. A
black band starts at the base of the thigh and extends forward along the side. It
breaks into spots before reaching the insertion of the arm but is continued as a band
along the posterior side of the arm to the palm. There is another black line from the
shoulder to the angle of the jaw.

Notes oN ParaTyres.—There are 15 paratypes from the typelocality (A. M. N.
H. 29183-9 and 29420-7) and four from Ch’ungan Hsien (A. M. N. H. 28946-9),
all collected in 1925.

The American Museum also contains 16 specimens from Horisha,
Formosa, previously identified as plancyi, that obviously belong here
(A. M. N. H. 11597-601, 116157, 11628-32, 11634, and 11641). In the
first appearance of this description, I included A. M. N. H. 30001, from
Ch’ungan Hsien, among the paratypes. Re-examination of this juvenile
specimen shows that it is nigromaculata.

As stated under R. plancy:, Stejneger’s 1925 record of that species
from Futsing, Foochow, and Formosa undoubtedly belong here.

The new form is distinguished from plancy: by the following char-
acters:

1.—The metatarsal tubercle of plancy: is both longer and higher than that of
fukienensis. Moreover, in plancy:, this tubercle is set at a distinct angle to the line
of the toe, while in fukienensis it is almost parallel to this line. The following table
shows the length of this tubercle compared to that of the toe in several females from

localities as indicated. The toe length is taken as the distance from the outer base of
its tubercle to its extremity. Measurements are in millimeters.

?;B(;T;&F LengTH oF ToE LocALITY

plancyi 5.5 8.0 Tsinan
6.5 8.5 Tsinan

4.5 8.0 Anhwei

5.0 8.0 Anhwei

Jukienensis 5.0 10.0 Futsing
4.5 10.5 Futsing

4.0 10.0 Formosa

4.2 10.0 Formosa
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It should be noted that Anhwei plancy: have relatively smaller tubercles than those
from Shantung. Unfortunately, the height of the tubercle and its angle are not
easily indicated in tabular form.

2.—The leg of fukienensis is distinctly longer than that of plancy:. The tibio-
tarsal articulation of the former reaches to the center of the eye, while that of the latter
barely reaches the tympanum. This difference is also shown by the following measure-
ments of eight females taken in millimeters. The foot is measured from the inner
base of the metatarsal tubercle to the tip of the longest toe.

A. M. N. H. ToTAL LENGTH OF | LENGTH OF L
OCALITY
No. LENGTH TiB1a Foot

plancyt 28050 70 30 38 Tsinan
28048 69 32 39 Tsinan
21957 61 27 33 Anhwei
21550 61 28 37 Anhwei

Sfukienensis 29184 70 34.5 41 Futsing
29185 70 37 43 Futsing
11599 70 36 41 Formosa
11597 61 30 35 Formosa

The foot length in one Anhwei specimen rivals that of fukienensis, so again we see that
Anhwei plancy: approaches fukienensts.

3.—There is a distinct difference in the dorsolateral folds of the two forms, for
in plancyi they are uniformly broad, low and usually flaring, while in fukienensis
they are either narrow or broad, high or low, and nearly parallel.

4.—Differences in coloration are the most marked of all. First, the light, mid-
dorsal stripe extending from snout to vent, is uniformly present and often very
conspicuous in all of the 36 specimens of fukienensts, while it is evident in only two
juveniles among 45 examples of plancyi. Secondly, the back of the thighs above the
stripe characteristic of both species is always boldly mottled in fukienensis, while
this mottling is absent in three-fourths of the cases in plancyi®and present to only a
limited degree in the remainder. Thirdly, in about half the specimens of fukienensis,
the belly is faintly mottled, but this mottling is evident in only one of the 26 Tsinan
plancyi and four of the 19 from Anhwei. An examination of living material will
undoubtedly reveal additional color differences, but I am unable to find any in the
preserved specimens. Jacot (1923) says that in life the belly of plancyi from Shantung
is yellow, and I feel sure that if such had been the case in fukienensis, I would have
noticed it.

A study of the above comparison is sufficient to convince one that
Anhwei plancys is a short step in the direction of fukienensis, and it is
entirely possible that the acquisition of additional material from inter-
mediate territory will furnish proof of complete intergradation. When
seen in the field, fukienensis and nigromaculata resemble one another,
especially in dorsal pattern and general habitus. Additional life-history
data should show just how fundamental this similarity is. In the mean-
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time, the following characters may be used in distinguishing the two
forms: (a) the larger metatarsal tubercle of nigromaculata, (b) the nu-
merous and conspicuous glandular ridges found between the dorsolateral
folds of nigromaculata but not of fukienensis, (c) the presence of external
vocal sacs only in nigromaculata, and (d) the light stripe along the back
of the thighs, characteristic of plancy: and fukienensis, but entirely
lacking in nigromaculata. There are minor color differences that need
not be taken up here.

Six of the 20 Fukien specimens of the new species are less than 30
mm. in length. The remaining 14 are made up of six males and eight
females. The males measure 47, 44, 39, 38, 37, and 36 mm., the females
73, 70, 70, 70, 63, 63, 61, and 58 mm. in length. The rapidly decreasing
size of these males indicates that they are not fully grown, but well-
developed nuptial pads on all but two prove them to be sexually mature.
The two individuals lacking these pads were taken in the late summer, a
fact, no doubt, accountable for their absence. Nine of the 16 speci-
mens from Formosa are male and seven female. The former measure 50,
48, 45, 45, 44, 41, 40, 39, and 36 mm., the latter 70, 68, 61, 60, 55, 55,
and 42 mm., from snout to vent. All of these males bear nuptial pads
on the first fingers but, like the Fukien series, they are not uniform in
size. Combining the four series and averaging the five largest of each
sex, I find that the males average 47, the females 70.6 mm. in length.
The figure for the females is probably a little nearer the true one than
that for the males, but these results are based upon sufficient data to
permit the conclusion that there is marked sexual dimorphism in size.
Male plancy: are even more scarce, but, from the few available data, it
seems that these two species have about the same degree of sexual differ-
ences in body length. The maximum size reached by females of the two
species is almost identical and in both forms the males develop mod-
erately large nuptial pads on the first fingers. In fukienensis, the fore-
limb of the breeding male is enlarged, a condition not detected in the
meagre plancy? material. No sign of external vocal sacs can be seen in
any of the Formosan males of the new form. Formosan females only
55 mm. long contain ripe ova, while the ova of a 68 mm. specimen are
1.3 mm. in diameter and half pigmented.

It is interesting to note that the tympanic membrane of the males
from Formosa possessing nuptial pads. equals that of the females in
diameter, in spite of the great difference in size between the individuals
on which the measurements were taken. In five males 45-50 mm. long,
this membrane ranges from 5.5 to 6.0 mm. in diameter, while in five
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females from 60-70 mm. in length it has almost the same range, 5.5 to
6.3 mm. Is this a seasonal development in the males or is this membrane
of a constant size in the species, regardless of sex and body length?

Rana nigromaculata nigromaculata Hallowell
Figure 17

A series of 284 specimens represents this form: 204 from Peking
(A. M. N. H. 27504-707) and 80 from Tsinan (A. M. N. H. 27960-
28005, 28073-102, and 28106-9).

Schmidt’s 1927 report listed 135 specimens and a series of tadpoles
from 26 miles south of Hsing Lung Shan, region of the old Imperial
Hunting Grounds, northeast of Peking; and 50 additional frogs from
Tsinan. The collection of the American Mu-
seum also includesexamplesfrom Manchuria,
Nos. 5171-8.

Schmidt discussed in detail the subdi-
vision of nigromaculata and published his
data in the form of a table and a key to the
three forms recognized by him. I find that,
while all of his characters are not reliable in
every case, it is possible to distinguish the
subspecies by his key. Moreover, anexami-  gj; 17, Larva of Rana
nation of three series of larvee, one from nigromaculata nigromaculata
Chinszu, one from the region of Hsing Lung from Chihli (A. M. N. H. No.
Shan, and the other from Ch’ungan Hsien, 14819): mouth.
vindicates his subdivision.

Annandale (1917) and Okada (1926) have figured as well as
described nigromaculata larvae from Japan, so it is not necessary to re-
peat details already given by them. Suffice it to say that the Hsing
Lung Shan tadpoles closely agree with their accounts, a fact virtually
predicted by Schmidt in calling the northeastern form nigromaculata
nigromaculata. The data enumerated below will serve to show the differ-
ences that I have found between tadpoles of the three series named
above. These differences, as would be expected from the general
similarity known to exist among Rana larve, lie chiefly in the structure
of the lips and not at all in the arrangement of the teeth. (Figs. 17-19).

TappoLEs oF R. n. migromaculata FrRoM THE REGION oF HsIiNg
Lune SEAN.—These larve are distinguished from the other two forms by
lips that flare outward laterally and ventrally and bear numerous
papille that are never separated in the middle of the lower lip by more
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than a notch. The chief point of variation is in the degree of ventral
flaring. In the series of eight tadpoles, the papille never fail approxi-
mately to meet in the middle of the lower lip, even though they may or
may not be mounted on an inward extension of the lateral expansion
there. The skin of the belly seems to be more opaque than in either of
the other forms. Unfortunately, the specimens are in such poor condi-
tion that body proportions cannot be determined with accuracy, but the
maximum size is not great.

TapproLEs OF R. n. mongolia FRoM CHINszUu.—The larvae of this
series are distinguished from those of typical nigromaculata by the lack
of the marked lateral and ventral outward flaring of the lips and from
typical nigromaculata as well as reinhardtii by the frequent absence of
papille in the middle of the lower lip.

An examination of 28 mongolia larve shows the following results:

17 specimens possess a single, continuous row of normal papillee bordering the
lower lip.

4 specimens possess a broadly interrupted row of papille bordering the lower
lip.
’ 3 specimens possess a narrowly interrupted row of papille bordering the lower
lip.
P 2 specinllens possess a continuous row of very short papille bordering the lower
Lip.
P 2 specimens possess a single but very crowded row of papille bordering the
lower lip.

Obviously, then, this form exhibits a strong tendency toward re-
duction of the lower lip papille. The frequent absence of bordering
papillee along this lip is not a character that varies with age, because
examples with teeth entirely absorbed still retain a continuous row of
papille there.

Two tadpoles of mongolia show the following dimensions in milli-
meters:

Leae Bubps TorAL LENGTH LeNgTH oF TaIL
4 39 25
12 46 28

TaproLEs OF R. n. reinharditi FrRoMm CH'UNGAN Hsien.—These
larvee do not possess the outwardly flaring lips of typical nigromaculata
nor are the central papille of the lower lip frequently absent as in
mongolia. In fact, the papille bordering the lower lip in reinhardtii
are not only constantly present in a single, unbroken row but they are
never crowded, variable or uneven in length, and are always set upon a
base which is continuous in line with the rather narrow, lateral aspects
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of the lip. The above data are based upon 14 specimens in excellent
condition (A. M. N. H. 30646). Although size is not a reliable character
in defining larval forms, I venture to say that resnhardtiz tadpoles attain
a greater size than those of either typical nigromaculata or mongolia.

The following dimensions of reinhardtiz larve will, when compared
with those of mongolia given above, illustrate my point.

Lec Bups TorAaL LENGTH LenatH OF TAIL
3 47 30
19 67 41

The Ch’ungan Hsien larve are more conspicuously spotted and mottled
dorsally than those from the North, a difference at least due in part to
better preservation.

The youngest tadpole of the series taken in the Hsing Lung Shan
region August 12, 1921, has a body 15 mm. in length and leg buds
equally long, while fully half of the specimens are far advanced in their
metamorphosis. Shaw (1929) states that, at Peking, these frogs appear
about the middle of March, breed for the most part in April but also in
May, and are rarely seen in October. He records advanced larve with
four legs for June 30, 1929. It is not surprising that, in the region of
Hsing Lung Shan, these frogs should have a rather more extended season
than at Peking, because the mountains and forests near the former locality
undoubtedly modify its climate.

Rana nigromaculata mongolia Schmidt
Figure 18

This form is represented by a series of 99 specimens from Chinszu,
a locality about ten miles south and a little west of Taiyuanfu (A. M. N.
H. 25667-85 and 25700-79). Tadpoles were secured from the same
locality (A. M. N. H. 25614 and 32949).

Nineteen specimens from Niangtzekwan in Shansi, near the Chihli
boundary, east and a little north of Pingting (A. M. N. H. 25801-19),
may be considered as intergrades between the present form and typical
nigromaculata found in the northeastern provinces.

The type locality of mongolia is Mai Tai Chao in northern Shansi,
between Kweihwa and Saratsi. In his description, Schmidt (1927)
listed 28 paratypes from the type locality; Kweihwa; and the base of
Tei Pei Shan, Tsing Ling Mountains, Shensi.

A tadpole collected at Chinszu on July 17, 1922, measures 39 mm.
from tip to tip but has leg buds only 4 mm. long, while another secured
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three days earlier was beginning to metamorphose when taken, the
forelimbs having just appeared. These meagre data give but little idea
of the time breeding occurred at low altitudes in central Shansi that year.

The tadpole of the present form is
compared to that of reinhardtii and typical
nigromaculata under the latter.

The intensively irrigated plain at Chin-
szu affords an excellent illustration of the de-
pendence of some amphibia upon man in
the Far East. As one walks along paths
leading through flooded fields of the famous
Chinszu rice, hundreds of mongolia leap into
the shallow water, members of an enormous

Fig. 18. Larva of Rana

) culata mongolia from
gmm_ M. N.o ;.; 1;}0. and thriving population made possible only

25614): mouth. through the industry of the rice cultivators.

Rana nigromaculata reinhardtii (Peters)
Figure 19

A series of 70 specimens represents this form: 28 from Yenping
(A. M. N. H. 28178-205), one from Kienning (A. M. N. H. 30812), 26
from Ch’ungan Hsien (A. M. N. H. 28831, 29434 and 30001-24) and 15
from Hok’ou (A. M. N. H. 30730-44). Tadpoles were secured from
Yenping (A. M. N. H. 31070) and Ch’ungan Hsien (A. M. N. H. 30613
and 30646-7).

In addition, Schmidt’s 1927 report listed 106 specimens from
Pinghsiang; Yenping; Fukien; Yenchingkao, near Wanhsien; Wan-
hsien; Wuhu; Ningkwo; and Changsha. A. M. N. H. 13151, also from
Changsha, was inadvertently listed under R. rugulosa by him.

It is futile to try to work out the ranges of the forms of nigromaculata
from the literature, but a few records showing the southern extent of
the present form should be of special value: in Fukien, Foochow
(Wolterstorff, 1906, as esculenta chinensis, and Stejneger, 1925); in
Kwangtung, ‘“ Mahntsishan” near the Hunan border, north and a little
east of Shiuchow (Mell, 1922); southwestern Hunan (Stejneger, 1925);
and in Szechwan, Suifu (Stejneger, 1925).

The new series of 70 specimens from northern Fukien and north-
eastern Kiangsi is made up of five juveniles less than 34 mm. in length
from snout to vent, 44 males and 21 females. The 13 largest males
range in length from 66 to 71 mm., averaging 67.0 mm., while 33 of the
entire series of 44 are from 59 to 68.5 mm. long. The 12 largest females
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range from 72 to 88 mm. in length and average 78.2 mm. Even though
only two females are less than 62 mm. long, one measuring only 62 mm.
contains ripe ova. Sexual dimorphism in size is thus seen to be marked. -
Breeding males bear a rather large, minutely granular nuptial pad on the
inner side of each first finger. Their forelimbs are only slightly enlarged.

These frogs are widely distributed throughout northern Fukien
where I found them common in the flooded fields at Hsing T’sun on the
plateau and at San Chiang in the high mountains of the northwest.
They were also abundant where we worked near Yenping. Records for
Foochow have already been given. It would be interesting to know
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whether or not they actually descend to sea-level at Foochow, for it is
entirely possible that the specimens forming the basis of Foochow re-
ports were taken in the ‘nearby mountains. I cannot understand why
we did not secure examples in Futsing Hsien if they are so common on
the Foochow plain. One would expect to find a northern form at high
altitudes near the southern limit of its range. Very few species common
as far north as Peking reach the sea-level plains of Futsing Hsien un-
modified. R. plancy? long stood as an exception to this rule but is herein
shown to be absent in Futsing Hsien where its place i taken by a near
ally, fukienensis.

Six tadpoles with leg buds only 0.5 to 1 mm. long were collected in
the rice fields at San Chiang on May 26, 1926. The largest individual

Fig. 19. Larva of Rana nigromacu-
lata reinhardtii from Ch’ungan Hsien,
Fukien: (a) lateral aspect; (b) mouth.
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measured 10 mm. from tip of snout to origin of leg buds. On the tenth
of July, three metamorphosing specimens were secured at the same
- locality. The tail was only half absorbed in the youngest but almost
completely so in the most advanced larva. These data indicate an early
mating period at San Chiang. The single tadpole from Yenping was
found May 27, 1925, and measures 51.5 mm. from tip to tip, the leg
buds being 6 mm. long, and shows that breeding at Yenping is still
earlier than in Ch’ungan Hsien.

The tadpole of the present form is compared to that of mongolia
and typical nigromaculata under the latter.

Rana noblei Schmidt

No additional specimen of this species has been received since its
description in 1927. The type locality is Yunnanfu and the type (A.
M. N. H. 5285) remains unique. It was diagnosed as follows: ‘‘Allied
to Rana nigromaculata, from which it is distinguished by its more
rounded snout, absence of dorsal folds between the dorsolateral folds,
smaller metatarsal tubercle, and very different coloration.” The speci-
men measures 91 mm. from snout to vent.

Schmidt suggests that this form may represent Rana nigromaculata
in the Yunnan area.

Rana amurensis Boulenger

There is no new material in the present collection. Schmidt re-
ported on the large series of 119 specimens from Hsing Lung Shan, a
mountain village in the region of the old Imperial Hunting Grounds,
northeast of Peking (A. M. N. H. 14570-681 and 14820-6).

R. amurensis was described from Kazakevitch, a locality a little
above the junction of the Ussuri River with the Amur, Amur Province
(Boulenger, 1886). Stejneger (1907) quotes records for Lake Khanka,
directly north of Vladivostok; Chemulpo, Korea; and Nikolayevsk,
Amurland. In addition, he includes the Kokonor specimens identified by
Nikolsky (1905) as amurensis. Obviously, then, he has carried the range
of amurensis far westward and practically beyond that of asiatica. In
1925, he again discussed amurensis, substituting for it the name chen-
sinensis, a term applied by David in 1875 to frogs from the Tsing Ling
Mountains of southern Shensi. The type locality of chensinensis is re-
moved from that of amurensis by a distance of nearly 2000 miles, and it is
my belief that Stejneger is not fully justified in substituting the former
name for the latter. It is not within the scope of this paper to take up
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such a difficult problem in detail but it is imperative that I set down
certain reasons for refusing to follow Stejneger and attempting to retain,
for the present at least, the name amurensis as applicable only to frogs
from regions, let us say, east of 114° east longitude. In the first place, I
have examined Stejneger’s Shensi material as well as a specimen in the
National Museum from Kokonor and fail to find any distinction between
the former and my Shansi asiatica, while the latter, in my opinion, rep-
resents a distinet form, probably Nikolsky’s kukunoris (1918). David’s
chensinensis I would place in the synonymy of asiatica. He refers to the
brilliant red and yellow color of the ventrum, a condition apparently
matching perfectly that recorded in my water-color of typical asiatica
from northern Shansi. I find that the frogs from Hsing Lung Shan do
differ from my northern Shansi specimens and would venture to say
that the former are terrestrial, the latter aquatic.

I have purposely refrained from quoting certain locality records in
order to avoid possibility of error. I believe that it is impossible to
identify properly these grass frogs of northern China until more material
is available because so many of the reports in the literature are not to be
relied upon. Among the least reliable of the more doubtful ones are:
‘Boettger (1894), specimens from Chinhai, near Ningpo; Mell (1922),
Kwangtung-Hunan border, and Talifu, Yunnan.

Schmidt has already stated that the frogs from Hsing Lung Shan
have a smaller web and narrower dorsolateral fold than the series of
astatica from northern Shansi. Unfortunately, the Hsing Lung Shan
specimens are largely juvenile, only seven individuals exceeding 35 mm.
in length from snout to vent. Four of these are females measuring 62,
57, 53, and 39 mm., the remaining three males 42, 42 and, 39 mm.
in length. The males possess nuptial pads similar to those found in
asiatica but not so well developed. The skin is comparatively smooth in
both sexes and I fail to find hard tubercles such as those often seen in
female asiatica. ‘

Rana asiatica Bedriaga
Figure 20
An even hundred specimens represent this form: 30 from Ma Ying
Hai, near Ningwu (A. M. N. H. 30975-31004), nine from Kolan (A.
M. N. H. 31013-21), one from Tsinglo (A. M. N. H. 25820), one from
Chinszu, near Taiyuanfu (A. M. N. H. 25613), 39 from Sohuang, 5
miles south of Pingting (A. M. N. H. 25852-90), and 20 from Niangtze-
kwan (A. M. N. H. 25780-99). In addition, there are two large series of



522 Bulletin American Museum of Natural History [Vol. LXI

tadpoles: one from Ma Ying Hai, near Ningwu (A. M. N. H. 31012),
the other from Kweihwa (A. M. N. H. 18095). All of the above localities
are in northern and central Shansi, only two of them, Chinszu and Ping-
ting, being as far south as Taiyuanfu.

Schmidt’s 1927 report listed 103 specimens: 14 from Kweihwa,
and 79 from Mai Tai Chao, a monastery between Kweihwa and Saratsi,
as astatica. I am also doubtfully including here a frog from Chikungshan,
southern Honan, called japonica auct. by Schmidt (A. M. N. H. 13229).

For reasons outlined under amurensis, I am considering the range of
asiatica, the type locality of which is Kansu and Ordos, to be restricted
tO:an ill-defined region including eastern Kanzu, Ordos, and most of

Fig. 20. Larva of Rana asiatica from Shansi
(A. M. N. H. No. 31012): (a) lateral aspect;
(b) mouth.

Shansi and Shensi. With this part of northern China as a center, the
distribution of asiatica will have to be determined as additional material
accumulates and is properly identified. Present records for China are
for the most part too uncertain to be relied upon. Stejneger (1925) has
discussed the distribution of this and allied forms but I cannot agree
with his conclusions and therefore am not including his records, even
though most of them are doubtless perfectly good. AsI have said under
amurensis, it is not within the scope of this paper to take up such a diffi-
cult problem in detail but} in order to do my share toward the attain-
ment of a solution, I will describe the material before me which, though
abundant, comes from a rather restricted area.

Rana asiatica is subject to great variation in northern Shansi. This
is best illustrated by a series of 90 specimens, 60 males and 30 females,
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from Kweihwa and Mai Tai Chao, localities removed from one another
by only a few miles, the latter being between Kweihwa and Saratsi.
In order to forestall the possible description of odd variants as new forms,
I am describing the range of variation exhibited by this series in some
detail. Almost any taxonomist would base new species upon certain
specimens contained in this series, were they given to him in selected lots,
each containing a definite type of variant, yet fully five-sixths of the
entire series were taken in the immediate vicinity of Mai Tai Chao.

S1ze.—The males of this series are remarkably constant in size, the entire lot of
60 ranging only from 34 to 57 mm. in length, while among the 35 largest individuals
the smallest seven are 42 mm. long. The ten largest males are from 52 to 57 mm. long
with 53.4 as the average length. The females are not nearly so constant in size, the
series of 30 measuring from 30 to 64 mm. from snout to vent, thus exhibiting a degree
of variation more than twice as great as the males. The ten largest range in length
from 43 to 64 mm. and average 53.8, or almost exactly the same as the males, in spite
of the fact that four females among only 30 are longer than the largest of 60 males!
It is also surprising to find a gravid female 38 mm. in length, or only slightly more than
half as long as the longest individual.

RugosiTy.—This is the most variable character detected in this series and,
oddly enough, it is correlated with sex. Among the ten largest females only three are
smooth, while seven show various degrees of roughness. The extreme development of
rugosity is found in No. 18115. In this specimen, the lateral aspect of the body to the
dorsolateral folds, the sides of the belly and the proximal half of the posterior face of
the thighs are covered with numerous hard, rounded, whitish tubercles reaching their
greatest size on the sides of the belly. Nine of the remaining 20 females show this
rugosity to some degree. Thus, 70 per cent of the larger females and 45 per cent of the
remainder are more or less rugose, but only one among 60 or 1.7 per cent of the entire
lot of males exhibits any degree ‘of rugosity. Examination of the series from Ma
Ying Hai and Pingting fails to reveal a repetition of this remarkable roughness seen
in the Kweihwa-Mai Tai Chao series, for in the former lots the rugosity is found only
occasionally and to such a limited and variable degree that its correlation with sex is
no simple matter. It seems probable that some local condition causes the extreme
development of tubercles but it is impossible to say why they should appear in the
females rather than the males.

CoMPARATIVE LENGTH OF METATARSAL TUBERCLE, FiRsT TOE aAND TIBIA.—
The tibotarsal articulation in the ten largest males reaches from the anterior corner
of the eye to the tip of the snout, usually to a point between the eye and the nostril.
In the ten largest females, it reaches from the center of the eye to between the eye and
nostril.

The following table records some comparative measurements of
these 20 longest individuals. The length of the first toe is measured
from the outer base of the metatarsal tubercle to the tip of the toe. The
length of this tubercle is taken along its base. All measurements are in
millimeters.
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A.M.N.H. SEx SxouT TO LENGTH OF | LENGTH OF | LENGTH OF
No. VENT TiBiA TUBERCLE Tor
18120 s 57 31.0 3.0 6.5
18150 o4 54 28.0 2.8 7.0
18181 s 54 27.0 3.1 6.9
18183 o4 54 28.0 2.9 6.3
18221 Ies 54 28.0 ‘1.8 6.5
18177 s 53 29.0 3.0 6.0
18152 s 52 29.0 2.8 7.0
18154 J 52 28.0 2.9 7.0
18158 s 52 27.5 2.5 7.0
18105 Ies 52 29.0 3.0 7.4
18187 Q 64 33.0 3.5 7.0
18114 Q 58 29.0 3.5 6.5
18115 Q 58 30.0 3.3 6.5
22073 Q 58 32.0 3.0 5.8
18116 Q 55 29.5 2.5 7.0
18184 Q 54 28.0 2.5 6.7
18208 Q 52 27.0 2.5 6.5
18153 Q 48 26.0 2.5 6.0
18118 Q 48 23.0 2.2 5.5
18159 Q 43 21.0 1.7 5.0

A great deal of variation in relative lengths is shown by this table,
which may serve as a standard of comparison for asiatica with allied
forms.

CororaTION.—I have before me a water-color of a Mai Tai Chao specimen of
asiatica made from life, No. 22073. The back is dark olive with a weak tendency
toward spotting. This same color is present on the dorsal aspect of the limbs which
are, however, quite distinctly barred with a darker shade of the ground color. The
belly and the ventral aspect of the limbs, including the webbing between the three
inner toes, are bright red, brightest on the belly posteriorly. There are dark-edged,
white reticulations on the chin. In recording chensinensis from western China,
Stejneger quotes Sowerby and David as describing the bellies of their specimens as
yellow, the underside of the legs red. The red of my water-color contains a shade of
yellow which is especially evident anteriorly on the belly and this, as stated under
amurensts, strengthens my belief that both Sowerby and David really collected
astatica.

The ventral aspect of the head in preserved specimens is often faintly mottled
along its edge, rarely completely mottled. Ordinarily, it is immaculate.

NupriaL Paps.—The inner side of the first finger of breeding males bears a
conspicuous, bulbous, gray pad with a granular surface. The pad is more or less
completely divided into sections by transverse furrows, one for each joint of the finger.
In its extreme development, it consists of four such sections. The forelimbs of breed-
ing males are moderately enlarged.



1931] _ Pope, Notes on Chinese Amphibians 525

DgscrrpTioN oF TapPOLE.—Length of body one and two-thirds width; tail one
and one-third to one and two-thirds times as long as body, four times as long as deep.
Nostril slightly nearer to eye than to tip of snout; eyes laterodorsal, slightly nearer
to tip of snout than to spiraculum, separated by a space equal to that between nostrils.
Spiraculum sinistral, visible from below, scarcely so from above; directed upwards
and backwards, not ending in a tube, equally distant from nostril and origin of leg
bud. Vent dextral. Tail not ending in a point, crests about equal in depth.

The mouth is ventral and half again as wide as the distance between the eyes.
The extreme ends of the upper lip, the corners of both lips, and the entire lower lip are
bordered with a continuous, single row of papille. There are a few extra papille at
the corners and ends of the lower lip within the continuous row. The upper lip bears
four rows of teeth, the outer long and continuous, the rest interrupted and successively
shortened. In the lower lip there are also four rows of teeth, the three outer continu-
ous, the innermost narrowly interrupted. The three inner rows are of equal length
but the outer is slightly shortened.

The body is brown above, the skin of the belly transparent but slightly pig-
mented laterally. The tail crests are clear or very faintly pigmented.

The above description is based upon a large series of well-preserved
material from Ma Ying Hai, near Ningwu. A typical specimen, with leg
buds 5.5 mm. long, measures 15 mm. in body length and has a tail 21
mm. long. The dental formula is constant in the entire series of 25
‘specimens. The Kweihwa material consists of 55 tadpoles not as well
preserved. In them the dental formula is less constant, four among the
55 lacking the short, innermost row of the upper lip. This is probably
the result of preservation. The Kweihwa tadpoles appear to be larger
than those from Ma Ying Hai, in spite of the fact that the former are not
as advanced in development as the latter. A typical Kweihwa specimen
with leg buds 5 mm. long measures 46 mm. from tip to tip, the tail
alone being 31 mm. long. Such a slight difference in size is not unusual
in tadpoles from widely separated localities.

Some indication of the breeding season in northern Shansi may be
found in the following data. The smallest specimens from Kweihwa
are immature with bodies only 9 mm. long, while the largest have leg
buds 7 mm. in length. All were collected June 1-10, 1922. The Ma Ying
Hai series, collected July 1016 of the same year, contains only mature
individuals, the smallest possessing leg buds measuring 4 mm., the oldest
just completing metamorphosis.

Rana japonica Guenther
' Figure 21
Forty-four specimens are referred to this species: six from Hok’ou
(A. M. N. H. 30749-54), seven from Ch’ungan Hsien (A. M. N. H.
28719-23 and 29476-7), nine from Kienning (A. M. N. H. 30803-11),
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14 from Yenping (A. M. N. H. 28469-80 and 28576-7), three from Yun-
nanfu (A. M. N. H. 30848-50), two from Kunyang Hai, near Yunnanfu
(A. M. N. H. 30884-5), two from Siwo' (A. M. N. H. 30973—4), and
one from Yuankiang (A. M. N. H. 30919). In addition, there are two
series of immature specimens; one from Yenping (A. M. N. H. 28526),
the other from Ch’ungan Hsien (A. M. N. H. 30679). One tadpole was
secured at Yenping (A. M. N. H. 31069) and several in Ch’ungan Hsien
(A. M. N. H. 30680).

Schmidt’s 1927 report included 91 additional specimens, all but one
of which I place here. That one, No. 13229, from Chikungshan, southern
Honan, is considered under asiatica. ’

Fig. 21. Larva of Rana japonica from Ch’ungan
Hsien, Fukien (A. M. N. H. No. 30680): (a) lateral
b aspect; (b) mouth.
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He divided his lot into three groups as follows:

8 specimens from Wanhsien, which he called japonica.

77 from Changsha; Nanking; Chikungshan, southern Honan; Ningkwo;
and Yenping; listed as japonica auct.

6 from Pinghsiang; Yenping; and Fukien; listed as longicrus.

A. M. N. H. 37104 from Fukien has not been included in any
previous report.

Having studied the literature and carefully examined all the speci-
mens in my new series as well as most of those in Schmidt’s, I have come
to the following conclusion. The grass frogs of central and southern
China belong to a single species divisible into three subspecies:

1A locality southwest of Yunnanfu, about midway between the southern end of Kunyang Hai and
Yuankiang, but a little nearer the former. Itisthe Hsi-O Hsien of Major H. R. Davis’ map of Yunnan.
He gives its altitude as 5,500 feet.
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1.—A comparatively heavy-set, short-legged form with a dorsolateral fold curved
downward to skirt the tympanum. This frog ranges through the Yangtze Valley as
far west as Hunan and Hupeh.

2.—A slender, long-legged form, also possessing a curved dorsolateral fold,
occurring in the southeast, especially Fukien and Formosa.

3.—A moderately slender form, with straight dorsolateral folds developed to a
much better degree than the curved folds of the other subspecies. It ranges from east-
ern Szechwan southwestward through Yunnan. Schmidt has noticed this form and
it is significant that I find the new Yunnan series in agreement with his six examples
from Wanhsien, eastern Szechwan. This frog probably intergrades with its eastern
ally between Changsha and Wanhsien.

The second subspecies has been known as longicrus, but I find it
cannot be separated, specimen by specimen, from the first one. It is also
significant to see that typical japonica from Japan is still more heavily
built than the Yangtze Valley frog. There is, then, a development of
slenderness from north to south.

This