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PREFACE 

It is hoped that this Handbook may be of help to the growing number 
of persons interested in salamanders and perhaps lead some of them to 
more detailed studies of many of the forms than I have been able to 
make. In the preparation of the book I have drawn freely on published 
information but have been fortunate in being able to know most of the 
species and subspecies in the field. The majority of existing type speci
mens have been seen at one time or another, and collections have been 
made at a considerable number of type localities. 

Many individuals and institutions have permitted the study of per
tinent material, and I am glad to acknowledge my indebtedness. In 
this connection, thanks should go to Thomas Barbour and Arthur Love
ridge, Museum of Comparative Zoology, Cambridge; Charles M. Bo
gert, American Museum of Natural History; C. S. Brimley and Roxie 
Collie Simpson, North Carolina State Museum; Archie F. Carr and 
Coleman J. Goin, University of Florida; E. B. Chamberlin, Charleston 
Museum; Doris M. Cochran, U.S. National Museum; E. R. Dunn, Hav
erford College; Helen T. Gaige, Museum of Zoology, University of 
Michigan; H. T. Gier, Ohio University; Francis Harper, Swarthmore, 
Pa.; L. M. Klauber, Zoological Society of San Diego; Charles E. Mohr, 
Philadelphia Academy; George A. Moore, Oklahoma A. and M. Col
lege; George S. Myers, V. C. Twitty, and Anita Daugherty, Stanford 
University; Leo T. Murray, Baylor University; M. G. Netting, Carnegie 

Museum; J. R. Slater, College of Puget Sound; Joseph R. Slevin, Cali

fornia Academy of Sciences; Edward S. Thomas, Ohio State Museum; 
Charles F. Walker, Ohio State University; and A. H. Wright and Har
old Trapido, Cornell University. 

For their efforts to secure particular species to complete the series of 



photographs I am particularly indebted to Dr. and Mrs. A.H. Wright, 
Mr. Joseph R. Slevin, Mr. M. B. Mittleman, Mr. N. B. Green, Mr. 
George Wilmott, Dr. V. C. Twitty and Catherine H. Brown. Students 
and associates have been most helpful. As companions in the field I 
have had the late Professor C. R. Crosby and Mrs. Crosby, Margaret R. 
Wright, Barbara H. Leonard, Hobart M. Smith, Arnold B. Grohman, 

and Joseph A. Tihen. Help in the preparation of the distribution maps 
was graciously given by Arnold B. Grohman, Hobart M. Smith, Bar
bara H. Leonard, Alice S. Bishop, and Beth S. Bishop. 

The majority of the photographs are original; a few have appeared 
in earlier reports of the writer. A considerable number were made in 
the field under varying and often trying conditions. A number of fine 
photographs have been contributed and acknowledgment is made at 

appropriate places. Of particular value for their fine detail is the series 
by Arthur I. Smith of Cornell University. Especial thanks should go to 
Raymond Maas, technician of the Department of Zoology, University 
of Rochester, for his patience and skillful help. Many line drawings and 
several excellent water colors were made by Mr. Hugh P. Chrisp. Other 
line drawings were made by Marion L. Stalker and Helen M. Zorch. 
The frontispiece in color is a drawing from life by Helen R. Basset. 
Finally, I would probably not have been able to complete the work at 
this time except for the consideration shown me by Dr. Curt Stern, who 

generously supported my activities and helped greatly by easing a teach

ing schedule over a considerable period. 

Rochester, New York 
March, 1943 

s. c. BISHOP 
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PART I 

INTRODUCTION 

The salamanders, the familiar frogs and toads, the less familiar ca:cil
ians, and a number of fossil creatures comprise the Class Amphibia. 
The living Amphibia are cold-blooded animals which possess a glandu

lar skin but lack a surface covering of scales, feathers, or fur. Some 

of the worm-like, burrowing ca:cilians have minute scales iil)bedded in 
the skin, which may be found by dissection, but their presence does 
not invalidate the general rule that recent Amphibia have naked skins. 
Salamanders possess tails; ca'.cilians, as adults, have very short tails and 
no limbs, and the frogs and toads, as adults, are completely tailless. 

In their development, amphibians pass through a larval, gill-bearing 
stage, and in this respect they differ from the reptiles, birds, and mam
mals. The eggs, which may be laid on land in moist situations, or in the 
water, lack a calcareous shell, and the young develop without the benefit 
of the protective embryonic membranes common to higher vertebrates. 
Some salamanders resemble certain of the reptiles in body form, the 
lizards, but the similarity is superficial, for lizards possess scales, claws 
on the toes, and-many of them-an external ear opening, structures 
lacking in the Amphibia. 

The salamanders comprise the Order Caudata, the name having ref

erence to the tailed condition. The group has had a long ancestry and 
the fossil types from which they may well have been derived constitute 
the order Phyllospondyli, the branchiosaurs and their relatives. These 
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comparatively small, salamander-like creatures have been found in 
numbers in deposits of Carboniferous and Permian age and, recently, 
in the still older Devonian of Greenland. The recent salamanders retain 
many of the structural features of their ancient ancestors and the modi
fications that have occurred mainly involve the skull and elements of 

the pectoral girdle. 
This Handbook includes all the species and subspecies from the 

United States, Canada, and Lower California which I regard as valid. 
Altogether seven families are represented, the number of species and 

subspecies in each indicated in tabular form below: 

Proteidae, the Mudpuppies . . . . . . . . . . . . . . . . . . . . . . . . . 7 species and subspecies 
Amphiumidae, the Congo-eels . . . . . . . . . . . . . . . . . . . 2 subspecies 
Cryptobranchidae, the Hellbenders . . . . . . . . . . . . . . . . . . 2 species 
Salamandridae, the Newts . . . . . . . . . . . . . . . . . . . . . . . . . . 12 species and subspecies 
Ambystomidae, the Blunt-mouthed salamanders . . . . . . . 19 species and subspecies 
Plethodontidae, the Lungless salamanders . . . . . . . . . . . . 79 species and subspecies 
Sirenidae, the Sirens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 species and subspecies 

RELATIONSHIPS 

The relationships of the families are not in every instance clearly 

understood. The Proteidae and Sirenidae are somewhat aberrant groups, 
the adults of which have retained certain larval structures and in addi
tion possess a number of distinctive characteristics not shared by other 
salamanders. The members of the Cryptobranchidae, Salamandridae, 
Amphiumidae, Ambystomidae, and Plethodont,idae, while often differ

ing markedly in appearance, present an ensemble of structural features 
which probably indicate common ancestry. On the basis of the char
acter of the structures associated with reproduction, a somewhat differ
ent alignment would be made. The members of Cryptobranchidae, 
their Asiatic relatives the Hynobiidae, and, quite possibly, the Sirenidae, 
have external fertilization and the females lack the cloacal sperm re
ceptacles which are present in all other families. External fertilization 

~s probably the primitive method, but the Sirenidac, while retaining this 
method, are considerably advanced in some other respects. The mem-
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hers of Proteidae, otherwise differing from the remaining families in 
certain skeletal features, possess the rather highly specialized devices 
associated with internal fertilization, the males having cloacal glands, 
the females, sperm receptacles, the spermathecae. The principal char
acteristics of the several families are indicated at appropriate places in 

the text. 

GENERAL HABITS 

Salamanders may be terrestrial, aquatic, or at home in either environ
ment. A few have become _arboreal and many are efficient burrowers. 

Many plethodontids are terrestrial throughout life, a few entirely 
aquatic, and some seasonally adapted to one or the other type of habitat. 
Many newts have a terrestrial interlude in an otherwise essentially 
aquatic life. Most adult ambystomids are mainly terrestrial except during 
the breeding season, when they resort to quiet waters for mating and 
egg-laying. The cryptobranchids, proteids, sirenids, and amphiumids 
are aquatic types, although some, on occasion, may inhabit burrows and 

abandon the water temporarily. 
Most salamanders are nocturnal or at least avoid direct light. Newts 

and some species of Desmognathus are commonly found abroad during 

the day, but these are exceptions to the general rule. The larvae of a 
number of salamanders, notably the ambystomids, are often active in 
the open while the adults of the same species may be in hiding. During 
the breeding season, species which are usually secretive may sometimes 
be found in exposed situations. Members of the family Sirenidae are 
sometimes taken while swimming freely in open water or among vege
tation, even in bright sunlight. Among the species that perform a defi
nite migration, either to the breeding places in the spring or to places 
of hibernation in the fall, are some that will expose themselves to light, 

although ordinarily they avoid it. 
The food of most salamanders consists of living animals and a great 

many different types are taken. A few, such as Cryptobranchus, will 
sometimes gorge themselves on animal refuse, and some, Gyrinophilus 
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and Amphiuma, are often cannibalistic. Siren, which usually feeds on 

crayfish, shrimp, and other animal types, will occasionally fill itself with 
filamentous algae. 

Most terrestrial salamanders in the North are inactive during the 

winter and some may spend months in hibernation. Most Ambystoma 
and the terrestrial members of the family Plethodontidae disappear with 
the coming of cold weather, burrowing beneath surface materials or 
occupying crevices or other openings in shale, rock, or soil. The more 

aquatic plethodontids may be found throughout the year in or along 
the margins of springs or spring-fed streams. Desmognathus o. ochro
phceu!, which is essentially terrestrial during the warmer months, re
sorts to the saturated soil of springy banks for the winter, where they 
may remain more or less active even in extremely cold weather. Newts 
may hibernate in upland terrestrial situations or in the mud of a drying 
pond, or may remain active and feed all winter· in ponds and springs. 
Necturus is sometimes found beneath the ice of bays and ponds, crawl

ing about on the bottom, and is occasionally captured by fishermen. 
Cryptobranchus, although less active, can be found in winter beneath 

sheltering objects on the stream bottom and will swim away leisurely if 

disturbed. 
In exceptionally dry seasons in the North, some salamanders burrow 

and remain hidden until the return of the rains. Plethoaon glutinosus 
is particularly susceptible to drying and will burrow deeply during a 
drought. Plethodon ci11e1·eus, while less sensitive than P. glutin.osus, will 
sometimes disappear for weeks in. the-absence of rainfall. In arid regions 

of the Southwest, some species are found only during the rainy season 
and will either burrow to reach moist situations or a:stivate during the 
hot dry periods. Siren has been found z stivating in burrows in a sandy 

field in Texas. 
Some salamanders perform seasonal migrations with considerable 

regularity. This is true of most ambystomids which enter the water in 
late winter or early spring for mating and egg-laying. The common 
spotted newt, which usually has a terrestrial stage in its life history, may 
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return to the water in the fall or in the spring, often in concerted mov 
ments involving many individuals. Ambystomids which retire from t~ 
breeding ponds after the eggs are laid often migrate in the fall seekin 
suitable pla~es in which to pass the winter. A. maculatum and ~ 
tigrinum are sometimes discovered at considerable depths, but A. jeffe 
sonianum may pass the winter beneath surface materials and withstan 
freezing temperatures. 

In striking contrast to the frogs and toads, whose calls may serve fc 
recognition marks as characteristic as those of birds, the salamanders a1 
essentially voiceless. It is true that some are capable of producing variot 
clicking noises, squeaks, yelps, or subdued bleats, but these can scarce! 
be regarded as true voice. Lacking vocal cords, the production of soun 
is, in some instances at least, mechanical, as when air is forced from th 
throat under stress of handling. Siren and its smaller relative Pseud< 
branchus sometimes voluntarily produce a faint yelping which may b1 

tray them in their retreats in the muck of a drying pond bottom. Ho' 

this sound is produced has not been explained. It is not true that th 
common spotted newt Triturus viridescens, or the red salamandc 
Pseudotriton ruber, calls like a Hyla, the several published records to th 
contrary notwithstanding. 

COURTSHIP PATTERNS. Much remains to be learned about the courtshi 
of salamanders, and only a few general statements can be made cor 
cerning certain groups. It is known that under favorable circumstanc< 
several species of Ambystoma participate in a kind of nuptial dance, th 

so-called liebesspiel. Usually males precede the females to the breedin 
waters and sometimes congregate in large numbers in limited area 
Here they engage in swimming and diving, frequently rising to th 
surface to gulp in air. They rub and nose one another and thres 
around generally until the water fairly boils. The males, which ofte 

predominate in numbers at the beginning of the dance, are frequentl 
joined by females until a hundred or more individuals may be partic 

pating. The purpose of the dance seems to be to stimulate the sexes fc 
the mating activit.ies which normally follow, The aroused male. deposi1 
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a series of spermatophores, small stump-shaped structures of jelly, each 
surmounted by a cap of sperm, and any interested female may secure 
the sperm by removing the cap from the base of the spermatophore 
with the lips of her cloaca. The male of Ambystoma jefjersonianum 

may actually grasp the female, holding her in firm embrace for a time, 
usually employing his fore legs in front, or immediately behind, those 
of the female. After this action, the sexes separate, the male to deposit 

spermatophores and the female to recover the sperm-sac, if she has 
been sufficiently stimulated. Among the newts of the genus Triturus, 

mating activities may be even more elaborate. The male develops dark, 
horny ridges on the thighs and tips of the toes of the hind legs, pursues 
the female, grasps her firmly in the region of the fore limbs or neck, 
and wrestles her about vigorously. At times he presses his neck glands 
against her snout and vibrates the tip of his tail, which is directed for

ward, apparently to waft the secretions of his cloacal glands toward 
the head of his mate. As in the Ambystomids, the male newt produces 
spermatophores, and these are broad of base but with a slender spine
like apex on which the sperm-sac rests. In certain species of Pletho

dontidae, e. g. Eurycea bislineata, the male rubs and noses the female 
much as in Triturus, and also presses the side of his head against her 

snout; but in Eurycea and some other plethodontid genera, the glands 
which provide the stimulus are not limited to the side of the neck but 
are found on the snout, about the eyes, and on the tail. These are brought 
into play in various ways. In Eurycea the stimulated female straddles 
the tail of the male and presses her chin against the gland at the base 

of the tail of the male. Then follows a curious walk which Noble ( 1929, 
p. 3) has called the "tail-walk"; the pair waddle off together, the male 
wagging his tail from side to side and the female following along with 
her head turning in the opposite direction at each bend of the tail of the 
male. Essentially the same kind of walk is practiced by pairs of Hemi

dactylium, in this case on land instead of in water as in the case of Eury~ 

cea. Only a single observation has been made on Gyrinopliilus. In this 

instance, the male grasped the female by the side of her head with his 
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jaws and attempted to present his cloaca to her snout. The fema 
turn held the body of the male in front of the right hind leg and 
turned and twisted, often as not upside down. The male Necturn 
maculosus engages in a kind of courtship which involves swimming 
crawling about the female, frequently passing over her tail and bet' 
her legs. The female, in the only recorded observation, remained r< 

passive, held herself erect on the hind legs and tail, and made no aw 
to escape. 

FERTILIZATION AND CARE OF THE EGGS. As indicated in a parag 

above, Cryptobranchidae and Hynobiidae practice external fertiliza 
and anatomical evidence indicates that this is true of the Sirenidae 
other salamanders, so far as is known, have internal fertilization. I1 
external method, the eggs are inseminated as they are extruded; i 
nal fertilization involves the production of spermatophores by the 
and the storage of sperm in receptacles of the female cloaca. Egi 
salamanders are of two general types, pigmented and with a s 
vitellus, and non-pigmented with a large vitellus. The anatomi 
primitive members of several groups lay small, pigmented eggs \\I 

are abandoned in water, and this method, very likely, is the prirr 

one. A possible exception is found in Sirenidae, which, although spc 
ized in some respects structurally, nevertheless retains the appari 
primitive method of reproduction. The pigmentless eggs with : 
vitellus are usually deposited in "nests" or hidden in some way an 
tended by one parent or the other; the pigmented eggs are usual 
more open situations. Here again the sirenids are an exception, £o. 
eggs have been found in clumps in cavities in the mud of a pond bo 

and attended by one of the parents. The more terrestrial plethodo. 
lay a comparatively small number of eggs which are usually ac 
panied by the female. The eggs may be laid in small clusters 
attached by a pedicel to some support (Plethodon cinereus and 

mognathus o. ochroph<eus), or deposited in a compact mass about V\ 

the parent coils (Desmognathus f. fuscus and Hemidactylium s 

tum). The more aquatic species usually produce a larger numb· 
9 
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eggs and attach them singly to the lower surface of a support in running 

water. This method is characteristic of Eurycea b. bislineata, Gyri

nophilus p. porphyriticus, Gyrinophilus d. danielsi and Pseudotn"ton r. 

ruher of the family Plethodontidae, and of Necturus m. maculosus of 

the Proteidae. Pseudotriton m. montanus, on the other hand, which 

commonly lives in slow, muddy streams or leaf-filled trickles, lays her 

eggs singly, attaching them to leaves or debris on the bottom; and 

this method is also employed by Manculus quadridigitatus. A number 

of salamanders deposit the eggs ill long rosary-like strings, one from 
each oviduct ( Cryptobranchus in water, the male in attendance, and 

Amphiuma on land); others, Stereochilus marginatus and Triturus, at

tach the eggs singly among the leaves of water plants, often hiding 

them effectively. Siren and Pseudobranchus tuck the eggs away in pock

ets in the mud or mtick of ponds of southern prairies. The eggs of the 

arboreal Aneides lugubris are frequently placed some distance above 

the ground in cavities in trees. The members of Ambystoma dispose 

their eggs in a variety of ways, the majority having an early-spring 

egg-lay.iflg season and depositing more or less globular masses, attached 

below the surface in quiet waters. The masses are distinguishable from 

those of frogs by the presence of a common envelope of jelly which 

encloses the whole. Ambystoma opacum deposits her eggs on land in 

the fall, in loose clusters not surrounded by a common envelope, in

stead of in the water during the early spring months. Some of the sub

species of Ambystoma tigrinum deposit the eggs in large clusters, while 

others attach them singly or in small groups. 

LARVAE. Larvae of salamanders differ from those of frogs and toads 

in their possession of true teeth. They are of several types which are 

associated with particular environments. The larvae of the terrestrial 

species of Plethodon, and some others, may pass the entire period of 

development within the egg, emerging as fully transformed individ

uals; or they may retain the gills for a short time after hatching. These 

and certain other wholly terrestrial larvae are characterized by the pos
session of stag-horn gills, the three branches arising from a common base 
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(Fig. 1b), and the absence of fins on tail and back. Plethodon cinereus, 

P. glutinosus and P. vandykei provide familiar examples. Larvae living 
in quiet waters are usually provided with large, bushy gills and .fins on 

c 
Fae. r. (a) Pond-type larva of llmbyW)ma tigri11uni . (b) Larva of terrcmial Pletho. 

do11 d11ereut. (c) Sue.am-type larva of Gyri11ophil111 porphyritku.s. [MJ..S. Jel.] 

the back and tail. This type is characteristic of Ambyn-0ma (Fig. ia), 
Tr.iturus, and Hemidactylium, the last-named a terrestrial plethodomid 
with an aquatic larval period. Species which live in running water, and 

some more terrestrial forms which have evidendy been derived from 
mountain stream ancestors, usually have short gills and the fin confined 
to the tall. Dicamptodon ensatus among the ambystomids, some species 

11 
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of Desmognathus, Pseudotriton, Gyrinophilus (Fig. 1c), and Eurycea 

of the family Plethodontidae, and Cryptobranchus fall into this cate

gory. Necturus is somewhat intermediate in character, possessing large 
bushy gills but having the fin confined to the tail. 

NEOTENY. The retention of juvenile structures and habits by animals 

which become sexually mature is known as neoteny. The members of 
Sirenidae and Proteidae have been mentioned as exhibiting this condi
tion and to these may be added the Cryptobranchidae and the Am

phiumidae. Among the Ambystomidae the most notable example is the 
axolotl, Siredon mexicana. This larval type attains a large size and 
breeds regularly, but retains the gills, larval dentition, and fins on back 
and tail. While this is the usual condition in the axolotl, several species 
of Ambystoma, and Dicamptodon ensatus, which normally transform, 
will, under certain conditions, remain as larvae throughout life but 
carry on all adult functions. In certain of the high mountain ponds and 
lakes of Colorado, Ambystoma may transform into normal adults or 

continue as larvae, the percentage of transforming individuals varying 
from year to year as local conditions may dictate. In the family Sala

mandridae, some individuals of the common spotted newt, Triturus v. 

viridescens, are neotenic in the Coastal Plain from Massachusett~ to New 
Jersey and probably elsewhere. Neotenic individuals of T. perstriatus 

and T. v. louisianensis are also known. In the family Plethodontidae, 

Eurycea neotcnes and E. nana from Texas and E. tynerensis from Okla
homa are normally neotenic, while occasionally individuals of other 
species, which usually transform, will breed as larvae. The only known 

specimen of Haideotriton and all Typhlomolge, blind white salaman
ders of the underground waters of Georgia and Texas, are also neotenic. 

WHERE TO LOOK FOR SALAMANDERS 

Salamanders should be looked for in all kinds of places. The terres

trial species will usually be found in greatest numbers where there is 
some moisture, but the apparently unsuitable situations should not be 
wholly neglected. Many species may be found by turning logs, pieces of 
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bark, stones, and rock fragments. Well rotted logs should be pulled 

apart and the loose bark stripped from the trunks of standing and pros
trate trees. Some species, such as Aneides a:neus and Plethodon glutino

sus, are often found in the crevices of rocky cliffs or shale banks, and 
Plethodon wehrlei beneath loose stones on the surface of the ground. 
Aneides lugubris occurs both on the ground and in cavities of trees. 

Many terrestrial species, which have an aquatic larval stage in their life 
history, congregate in large numbers in or near the breeding waters and 
advantage should be taken of such assemblages. In this category are 
many of the species of Ambystoma. Hemidactylium scutatum, although 
scattered widely during the greater part of the year, migrates in the 
spring to the vicinity of bogs, larch meadows, and woodland pools, 
where they may be found in moss, among the roots of grass, and occa
sionally beneath the bark of stumps or logs. Certain more or less aquatic 
species are adapted to life in or along the margins of springs and run
ning streams, and in this kind of situation some species of Eurycea, 

Pseudotriton, Gyrinophilus, Leurognathus, and Desmognathus are 

often abundant. Strictly aquatic types, such as Necturus and Crypto

branchus, are most easily collected in the comparatively shallow water 
of running streams, where they may be found by day hiding beneath 
sheltering objects on the bottom; at night they often crawl openly over 

the bottom. In muddy streams, ditches, and bayous they may some
times be taken by hook and line, and this is true of the voracious Am

phiuma. The waters of slow streams, woodland pools, ponds, and bogs 
may be seined for larvae and adults of certain Ambystoma, Triturus, 

Siren, and Pseudobranchus. In the semi-arid regions of the Southwest, 
the "tanks" and reservoirs provide the only open water available to 
salamanders over wide areas. In the shallow, weed-choked waters of the 
Florida "prairies," Pseudobranchtts is often extremely abundant and 
may be collected by rolling masses of aquatic plants upon the sloping 

shores. When other methods fail, Siren and ·some other aquatic types 
may be taken in wire traps such as are used for turtles and fishes. Eury

cea lucifuga, E. longicauda, and E. melanopleura are often found living 
13 
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in or about the entrances of caves, and several other species normally 

found in the open enter caves occasionally. The larvae of Typhlotriton 
spel~us are present in greatest abundance in streams in the open, while 

the adults are partial to underground waters and caves. Gyrinophilus p. 
duryi has been found both in caves and in the open. The blind, white 

Typhlomolge and Haideotriton, so far as is known, are found only in 

underground waters. If one in interested in the breeding habits of sala
manders under natural conditions, recourse must be had to night col

lecting; and this method is often the most effective for securing large 
numbers of certain species in the shortest time. During the breeding 
season, some species migrate by night and may be encountered on the 
way to or from the breeding waters. 

EQUIPMENT FOR COLLECTING 

Effective equipment for collecting salamanders may be very simple. · 
Cloth bags of various sizes, made of muslin or other stout cloth, will 

serve usefully in the field, if damp moss or leaves are provided to pre

vent drying of the specimens. Small cans, jars, or boxes will be needed 
if eggs or larvae are to be kept alive and in good condition. For the . 

larger aquatic species, metal containers with tight-fitting perforated 
covers are desirable, although many will survive if kept moist in a grain 

bag. A useful tool for the collector is the common, four-tined potato 
hook. These are made in various sizes and weights and serve admirably 
in turning logs and stones, stripping bark, and raking aquatic plants 
and other debris from ponds and bogs. A long-handled aquatic dip 

net is almost a necessity, and with it one may secure Necturus, Crypto
branchus, Siren, Amphiuma, and other mainly aquatic forms. A small 
seine of fine mesh occupies little space and is extremely useful in col
lecting larvae of various types in both running and quiet waters. Small 
forceps will be found of service in handling eggs and larvae. Wide, 

deep pockets or a knapsack will carry the accessories conveniently. 
The most important item for the field collector is the notebook. In 

it should be recorded all the pertinent facts relative to the specimens, 
14 
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the locality, the date, the collector's name, and notes on habitat and as

sociated species. The notes relating to a particular species or collection 
should be identified by a number or symbol of some kind which should 
correspond to that assigned to the field label placed with the collection. 
Field labels should be written at the time of collection and placed in 

the container to avoid the inevitable confusion that will result if reliance 
is placed upon memory alone. 

HOW TO PRESERVE SALAMANDERS 

Salamanders in many collections are poorly preserved and badly dis
torted. This may be avoided if care is used in killing and hardening. 
Chloretone for killing specimens may be purchased in crystal form and 
dissolved in water to make a saturated solution. An ounce of the solu
tion added to a quart of water in a tightly covered container will kill 

specimens and leave them perfectly relaxed. In the absence of chloretone, 
a 20 per cent solution of alcohol may be used. The specimens should 

then be arranged in trays for hardening. One part of commercial 40 per 

cent formalin added to 16 parts of water will provide the proper strength 
for fixing the tissues of salamanders, and 48 hours is usually sufficient 
for all but the largest specimens. Small individuals may be placed in 
formalin solution without injecting them, but large specimens of any 
species should be injected or slit in such a way that the preservative 
may enter the abdominal cavity. A hypodermic syringe of 2- or 3-ounce 
capacity and needles of various sizes should be available, or, in their 

absence, a sharp-pointed knife or a pair of scissors. For the best perma
nent storage of specimens they should he transferred to a 6o per cent 
solution of ethyl (grain) alcohol. Alcohol denatured with formaldehyde 
will serve if pure alcohol is not available, but wood alcohol should be 
avoided. In the absence of alcohol, the specimens may, of course, be 
left in the dilute formalin solution. Formalin solution is hard on the 

skin of most persons and acts as a mild poison on some. It is best to 
avoid long contact with the solution, and specimens may be handled 
safely with long forceps or rubber gloves. Some protection to the hands 

15 
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is afforded by lanolin if it is spread generously over the surface of the 
skin. 

ADDITIONS TO THE CHECKLIST 

One hundred and twenty-six species and subspecies are considered in 

this Handbook. This number includes the 102 forms recognized in the 

fourth edition of the Stejneger and Barbour "Checklist," 1939, with the 
exception of Manculus quadridigitatus remifer and Necturus alabamen

sis, which I do not regard as valid. Of this total I have seen living ex

amples of n5, or 90 per cent. Additions to the Checklist are listed below, 
and, for convenience, references follow the names: 

PROTEIDAE: Nectu,.us maculosus stictus Bishop 
Occ. Papers Mus. Zool. Univ. Mich. No. 451, pp. 9-X2, Pl. 2, 
Figs. 3- 4. 1941. 

CRYPTOBRANCHIDAE: Cryptobranchus bishopi Grobman 

AMBYSTOMIDAE: 
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Occ. Papers Mus. Zool. Univ. Mich. No. 470, pp. 5-9. 1943. 

Triturus granu/osus mazamae Myers 
Copeia, No. 2, pp. 80-81, l fig. 1942. 

Tritw·us granulosus twittyi Bishop 
Occ. Papers Mus. Zoo!. Univ. Mich. No. 451, pp. 16-18, 
PL 1, Figs. 4-5. 1941. 

Triturus perstriatus Bishop 
Occ. Papers Mus. Zoo!. Univ. Mich. No. 451, pp. 3-6, Pl. 1, 

Fig. 2. 1941. 

Tritums sim·ae Twitty 
Copeia, No. 2, pp. 65- 67, Pis. l, 4, c, c'. 1942. 

Ambystoma tigrinum diaboli Dunn 
Copeia, No. 3, pp. 160- 161. 1940. 

Ambystoma tigrinum mavortium Baird 
Jour. Acad. Nat. Sci. Phila. (2) l : 284, 292. 1850; Dunn, 
Copeia, No. 3, p. 158. 1940. 

Ambystoma tigrinum nebu/osum Hallowell 
Proc. Acad. Nat. Sci. Phila. 6: 209. 1853; Dunn, Copeia, No. 
3, PP· 158-159. 1940. 

INTRODUCTION 

Ambystoma tig1·inum melanostictum (Baird) [Siredon liche
noides melanosticta] 
Rept. Pacif. R.R. Survey, vol. 12, book 2, p. 306. 1860; Bishop, 
Copeia, No. 4, p. 256. 1942. 

PLETHODONTIDAE: Desmognathus quadramaculatus amphileucus Bishop 
Occ. Papers Mus. Zool. UI\iv. Mich. No. 451, pp. 12-14, Pl. 1, 

Fig. 3· z94r. 

Ensatina eschscholtzii picta Wood 
Univ. Cal. Pub. Zool. 42 (10) : 425-428. 1940. 

Eurycea griseogaster Moore and. Hughes 
Copeia, No. 3, pp. 139-142, Figs. 1-2. 194r. 

Eu1ycea nana Bishop 
Occ. Papers Mus. Zool. Univ. Mich. No. 451, pp. 6-9, Pl. 1, 

Fig. r. 1941. . 

Eurycea tynercnsis Moore and Hughes 
Amer. Midland Nat. 22 (3) : 696-699, Figs. 1-2. 1939. 

Gyrinophilus dunni Mittleman and Jepson 
Smiths. Miscel. Coll. 101 (2) : 1-5, Pl. r. 194r. (Regarded as 
a subspecies of G. danielsi in the Handbook.) 

Gyrinophilus porphyriticus inagnoscus Mittleman 
Proc. New Eng. Zoo!. Club. 20: 27-30, Pl. 6, Fig. F. 1942. 

Haidt:otriton wallacei Carr 
Occ. Papers Bost. Soc. Nat. Hist. 8: 333-336, Pis. l 1-12. 1939· 

Plethodon clemsonae Brimley 
Copeia, No. 164, pp. 73-75· 1927; Bishop, Occ. Papers Mus. 
Zool. Univ. Mich. No. 451, p. 20. 1941. 

Plethodon hardii Taylor 
Proc. Biol. Soc. Wash. 54: 77-79. 1941. 

Plethodon idahoensis Slater and Slipp 
Occ. Papers Dept. Biol. College Puget Sound. No. 8, pp. 
38-43, Figs. 1-2. 1940. 

Pseudotriton rnber vioscai Bishop 
Occ. Papers Boston Soc. Nat. Hist. 5: 247-249, Pl. 15. 1928. 

Pseudotriton montanus diastictus Bishop 
Occ. Papers Mus. Zool. Univ. Mich. No. 451, pp. 14-16, Pl. 2, 
Figs. 1- 2. 1941. 
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SIRENIDAE: 

Pseudotriton montanus floridanus Netting and Goin 
Ann. Carnegie Mus. 29: 175-183, Pl. r, Fig. 5. 1942. 

Pseudobranchus striatus axanthus Netting and Goin 
Ann. Carnegie Mus. 29: 183-193, Pl. z, Figs. 1-2. 1942. 

Siren intennedia nettingi Goin 
Ann. Carnegie Mus. 29: 21 l-217. 1942. 

ON THE USE OF THE KEYS 

The keys to aid in the identification of salamanders have been made 
as simple and usable as is consistent with accuracy and completeness. 
Of necessity, certain technical terms have been employed, but these may 
be understood by reference to the labeled drawings. It is not to be ex
pected that all specimens of all the many species can be identified with
out trouble, and the detailed descriptions and ranges of the various 
types should be taken into account if the key should prove inadequate. 

The keys are arranged so that alternative sets of characters appear 
in pairs. With the specimen in hand, examine the structures or char
acters indicated in the key, selecting those which fit the specimen. The 

number at the right-hand side of the page, following the alternative 
selected, will indicate the next set of characters to be examined. In 
several of the keys it will be found that the same generic or specific 

name appears more than once. This is to take into account different color 
phases, neotenic individuals, or other departures from normal. 

In the paragraphs dealing with family characteristics, the sizes in
dicated, the costal-groove counts, the number of toes, and other items 

refer to American species, and no account is taken of representatives 
found elsewhere. The size limitations given apply to normal adults, 
although under the accounts of particular species the measurements 

of neotenic individuals will usually be found where they differ materi
ally. It is, of course, to be expected that individuals may be found that 

exceed, in some degree, the limits of size indicated. 
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MAPS 

The maps showing the distribution of the various species and sub
species are based on records from the literature and museum collections. 
Only those believed to be reliable have been included, but it is scarcely 
possible that errors have been avoided in all cases. The peripheries of 
the ranges of a number of species will doubtless be modified as workers 
in particular regions study the local fauna more intensively. 

In a number of instances the maps indicate the range of a form which, 

it is realized, is a complex_of species or subspecies requiring additional 
study before its components can be properly delimited. This is certainly 
true of Ambystoma jeffersonianum, Plethodon cinereus, P. glutinosus, 

and Siren intermedia nettingi, and probably true of Ambystoma texa

num, Cryptobranchus alleganiensis, an<l Pseudobranchus from extreme 

southern Florida. 
In the case of subspecies occupying contiguous ranges, areas of known 

intergradation are indicated on the maps by overlapping of the symbols 
representing the subspecies. In a few instances, e.g. Gyrinophilus 

danielsi danielsi and G. d. dunni, where the subspecies are ecologically 

isolated within the same general range, the overlapping of symbols is 
unavoidable and does not necessarily indicate intergradation. The spotty 
distribution of some species, e.g. Eurycea lucifuga, is due to its cave
loving habits; in other instances, Ambystoma talpoideum, for example, 
it is probably due to our lack of knowledge. In the case of Necturus 
maculosus maculosus, the artificial introduction into several isolated 

river systems will account for the discontinuous distribution. 
The distribution as shown on the maps should indicate, in many in

stances, where profitable studies may be prosecuted. 
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ACCOUNTS OF SPECIES 

KEY TO FAMILIES 

ADULTS 

1. Body eel-like . . ... .. ... . ........ . .... .... .. ... .. . ............. 2 

Body not eel-like ........ ..... . . ...... . . . . ...... . ..... ... .. ... . 3 
2. With 2 pairs of diminutive limbs; a single pair of gill slits; aquatic 

....... ..... . ........ ......... . . ........ ..... .. AMPHIUMIDAE P· 49 
With anterior limbs, only, present; external gills present; aquatic ..... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SIRENIDAE P· 457 
3. Adult animals fully transformed; no gills, gill rudiments, or open gill 

slits ... ......... . . ... . ... .. ...... ...... . . ......... .. .... . .. 4 
Adult animals not fully transformed; permanent larval types, the 

animals reaching se~ual maturity while retaining some larval charac
teristics such as gills or gill rudiments, open gill slits, and larval 
dentition ...... ..... .. .. ..... . ... ... .... ... ......... ...... . 6 

4. With a groove (nasolabial) extending from nostril to lip; vomerine 
and parasphenoid teeth present; lungs absent; aquatic and terres-
trial .. ...... . .... .... ... .. ....... .. .. .... . ... PLETHODONTIDAE p. I 83 

Without a groove from nostril to lip; no parasphenoid teeth; lungs 
present . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . · 5 

5. Costa! grooves not developed; vomero-palatine teeth in 2 lines converg-
ing anteriorly; aquatic and terrestrial stages . ....... SALAMANI>RIDAE p. 67 

Costa! grooves present, indistinct in some; vomerine teeth in trans-
verse series; mainly terrestrial except in breeding season . ... . .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AMBYSTOMIDAE P· III 

6. With external gills in sexually mature adults ... .. .... . ........ .. . 7 
W ithout external gills in sexually mature adults; a single pair of gill 

slits opening ventrally; body much depressed; a wrinkled Aeshy fold 
on either side of trunk; size large, to 27"; aquatic ... ........... . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CRYPTOBRANCHIDAE P· 59 
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7. Toes 4-4; with 3 pairs of gills, bushy, red in life; lungs present; 
aquatic ................ .... ...... . ... . ... . ......... P1wTEIDAE p. 25 

Toes 5-5; gills short, or long and slender, but not bushy and red; 
lungs present or absent . .. ....... .. .. ..................... .. . 8 

8. Body without pigment; lungs absent; legs long, slender; eyes vestigial; 
aquatic, underground waters. Snout much depressed, gills small 
(Typhlomolge); or, snout not greatly depressed, gills long (Hai-
deotriton) .. .. .. ..................... ..... . ... PLETHOOONTIDAE P· I 83 

Body with pigment; eyes normal; lungs present or absent . . . . . . .. 9 
9. Costa! grooves distinct; gills well developed . .. . . . . .. ........ . .. . IO 

Costal groves not developed; gills often reduced to stubs or lacking, 
but with one or more open gill slits; size. small, to iY:i"; vomero
palatine teeth in 2 lines converging anteriorly; aquatic (Triturus) .. 
. ......... . .... ..... . ............ ............. SALAMANDRIDAE P· 67 

10. Size large, 611-1411
; body stout; lungs present; aquatic; dorsal fin broad, 

confined to tail (Dicamptodon); or, dorsal fin extending nearly to 
head (Ambystoma) .. . .................. . .... . .. AMBYSTOMIDAE p. III 

Size small, to 3"; body slender; tail narrowly keeled above and be-
low at tip; lungs absent; aquatic (Eurycea) ...... PLETHOOONTIDAE p. 183 
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Aquatic; permanent larvae with three pairs of bushy red gills; 1 ungs 
present; no nasolabial grooves; toes 4-4 in American species; no ypsiloid 
cartilage; no maxillae; eyelids lacking; pterygoid and palatine teeth in 
continuous series; size moderate to large, 6%" (168 mm.) to 17" (432 
mm.). The single genus, Necturus, in the area considered. 

GENUS NECTURUS 

KEY TO THE SPECIES AND SUBSPECIES OF NECTURUS 

r. Ground color above deep brown or russet with few or no large black 
spots or black dots . . . . . . . ..... . . . .. ... .. ... 2 

Ground color above rust-brown to dark-brown or dark-gray, with 
many large rounded black spots; or, with few or no large black spots 
but with numerous small black dots . . . . . . . . .. . ... . .. ... . .... . 3 

2. Dark brown to nearly black above, sometimes with a few small light 
spots on back and sides; throat dull white, belly bluish-white (yel
lowish in preservative) ; young larvae colored like adults; length to 
51%2" ( 142 mm.). Atlantic Coastal Plain streams in North and South 
Carolina and Georgia . . . . . . . . . . . . . . . . punctatus p. 46 

Ground color above russet to dark brown, sometimes with a few small 
dark spots on sides of trunk and tail; belly bluish-white (yellowish in 
preservative); chin and sides of throat grayish-brown ; young larvae 
unknown; size small, to 61%2" (167 mm.) . Known only from the 
vicinity of Mobile, Alabama ........................... . lodingi p. 35 

3. Belly light ...... ............... ..... .. .... . .... . .. . . ... .. ..... 4 
Belly pigmented and more or less mottled and blotched . . . . . . . . . . 7 

4. Belly whitish or yellowish wit~ut dark spots; dark bar on side of head 
conspicuous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Belly lightly pigmented, at least along sides; round dark spots of lower 
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FrG. 2. (il) Outline of N(eturus m. maciJ01111 to show l~ body form, persistent gill" 
and fou r toes on both fore and hind («:t. (H.P.C. Jd.} (b) Ope•l mouth of Nu tumsw. 
maculosm to show the character of the tongue 1rnd teeth. [M.L.S. de/.} (c} Spcrma
tophorcs of Nectums m. maculonu dq>Mitcd ;ifter st imulation with sheep :in rer ior lobe 

~ubst:11lte. (H.M.Z. de/.] 
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sides usually encroaching on sides of belly; dark bar behind eye, well 
or poorly developed .. . . .. .. _. . . . . . . . ... _ .. _ . . 6 

5. Color above brown, with black spots forming more or less linear series 
on back and sides; on either side of mid-line of back a broad longi
tudinal band with irregular edges, lighter than adjacent areas; sides 
of tail with large, diffuse black spots; larvae with dorsolateral light 
stripes, the bordering dark areas with short, light dashes; size mod
erate, to 9o/i.G" (243 mm.). Known only from Big Creek, near Pol-
lock, Louisiana . . . . .. .. . .. _ . _ . . . . . . . . . . . louisianensis p. 37 

6. Ground color above with many small ta n spots forming a finely reticu
lated pattern; back, sides, and tail with many small to large, rounded 
black spots; light brown ground color of lower sides encroaching at 
least on sides of belly; dark bar on side of head through eye poorly 
developed or lacking; chin and at least sides of throat and belly with 
separate black spots; small larvae without longitudinal light stripes; 
larva 80 mm. long, spotted; length to 82% 2" (223 mm.). Southern 
Louisiana, Mississippi, and Alabama . . .. _. _ . ... . . . .. _ . . . . . beyeri p. 28 

Ground color above rust-brown, with rounded blue-black spots scat
tered over back and sides; central area of belly light, sides of belly 
mottled and with a Eew dark spots; dark bar on side of head well 
developed; size large, to 17'' (432 mm.); larvae with light dorso
lateral stripes; adjacent dark areas with few or no light dashes. 
Mississippi River system from Arkansas River northward; Great 
Lakes and St. Lawrence River and tributaries; rivers and lakes of 
New York; Delaware and Susquehanna Rivers and tributaries .. .. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . maculosus maculosus p. 40 

7. Above with few to ma ny small black dots on a tan-specked, dark-gray 
ground; no large black spots ... .. _ . . .. .. ..... . ... . ....... ... 9 

Above with many large black spots on a rust-brown ground color .. . . 8 
8. Belly with a finely reticulated pattern of brown and light tan and scat

tered separate black spots; throat and area between fore legs lightly 
mottled with few or no dark spots; dark bar on side of head narrow; 
larvae colored much like adults; size small to moderate, average 8" 
(203 mm.), extreme length to 10'%" (257 mm.). Known only from 
the Neuse and Tar River systems in North Carolina . . . . lcwisi p. 32 

Belly light brown, with many small , tan or light yellow. flecks and 
scattered dark spots most abundant along sides; dark bar on side 
of head broad; size large, to 17'' (432 mm.). Range as above under 
6 . ... _ . . . . . . .. . _ . . . . . . ..... . _ . . . ..... .. .. maculosus maculosus p. 40 

9. Ground color above dark gray, almost black, with many small tan 
flecks scattered generally on the dorsal and lateral surfaces; many 
small black dots, at least on head; occasion:illy a few large, widely 
separated black blotches; size large, to 12%" (320 mm.). Known 
from Lake Winnebago, Wisconsin, and Mackinac County, Mich-
igan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . maculosus stictus p. 43 
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·\:.~ m. maculosus 
- m. stictus 
~ iewisi _..· 

MAP 1.-Disuibution of the subspecies of Nectunu maculoms, N. beycri, N. lcwi.s-i, 
N, p11nrlat111, N . ioui1ianrnsi.J, and N. lcdint•'.. 

anu.'s MUOPUPPY. Necturus beyeri Viosca. Fig. 3. Map I. 

TYP.E-LOCAUTY. Upper Cakasi~u River near Oakda]e, Louisiana. 

RANGE. Gulf Coast streams from Mississippi to western Florida! north~ 

ward th.rough western Georgia to Virginia. 

HABITAT. Viosca ( 1937, p. 136) writes that this species has been taken 
only .in sandy, spring~fed streams which have an average temperature 

of approximately 70° F . While it has been found on both sides of the 
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Mississippi Valley, it has not been recorded from the sluggish and 

muddy waters of the bayous, lakes, and rivers of the Mississippi system 

in Louisiana. 

SIZE. A series of adults measured by Viosca ( 1937, p. 124) varied in 

3 

FIG. 3- Nectw·us beyeri Viosca. (r) Adult female, actual length 61l?iG" (173 mm.). 
Bogue Falaya River at Covington, Louisiana. (2) Adult male, actual length 5%2" (r35 
mm.). (3) Same, ventral view. Bayou Lacombe Creek near Lacombe, Louisiana. 

length from 6%2" (160 mm.) to 82%2" (223 mm.) and averaged 8" 

(203 mm.) The proportions of an adult female 62%2" (175 mm.) long 
are as follows: head, length lo/i.6" (30 mm.), width %" (22 mm.); 

head and trunk to posterior end of vent 4%" (120 mm.); tail 27b" (54 
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mm.). In this specimen the tail comprises 30.8 per cent of the total 

length. 
DESCRIPTION. This is a species of moderate size and slender form. 

The head is widest immediately in front of the gills, tapers gently to 
the angle of the jaws, then more abruptly to the truncated snout. In 
side view, the snout is obliquely truncated, the swollen upper lip protrud
ing beyond the lower. The eye has the pupil black and the iris silvery 
except where crossed by an indistinct dark bar from the nostril. The 

head and trunk are less noticeably depressed than in Necturus maculosus 

and N. punctatus. There is an impressed median dorsal line extending 
from the base of the tail to the back of the head, and the body in cross 
section is roughly subquadrate. The tail keel extends above to a point 
opposite the posterior end of the vent and is continued forward as a 
low Reshy ridge to a point above the insertion of the hind legs. The 

hind legs are a little larger than the fore ; toes 4-4, normally l-4-2- 3 

in order of length from the shortest, but in all adults examined some of 
the toes are curiously thickened and distorted. The costal grooves are 

not very prominent, but usually 16 may be counted, including r each 

in the axilla and groin. 
coLOR. The general ground color above is a dark cocoa-brown (Natal 

Brown, Ridgway), with many small, irregular, tan-colored spots which 

form a finely reticulated pattern. The net-like pattern is continued over 
the sides of the head, trunk, and tail, the light spots on some individuals 
being fewer and farther apart on the lower sides and venter. The brown 
ground color fades somewhat on the lower sides of some, and on the 
venter becomes even lighter. Superimposed on the ground color are 
many deep brown, almost black, spots which are generally circular or 

roughly oval in outline. The dark spots vary in size from 2 to 5 mm. 
and are disposed in very irregular rows or in some individuals ap
parently at random. They tend to be smaller on the head, larger and 

more widely separated on the trunk and tail, and decrease somewhat in 

size on the lower sides. In specimens from west of the Mississippi Valley, 
the belly is strongly spotted on a dull flesh-colored ground (Viosca, 
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1937, p. 123, Fig. 2) ; in specimens I have examined from east of the 
Mississippi, the venter in some lacks the large dark spots and has the 
central area flesh color, with tinges of gray encroaching irregularly 
from the sides; in one individual the large dark spots are continued on 
the sides of the venter, leaving the central area brownish-gray, with 
separated, irregular, flesh-colored blotches along the mid-line. Some 
specimens in preservative take on a purplish cast above and are dull 
yellowish or grayish below. 

BREEDING. Very little has been published on the breeding habits of this 
species. Viosca ( 1937, p. 136) reports that all adults of N. beyeri have 
been taken during the winter and early spring months and were in 
gravid condition. This suggests a spring nesting period. 

LARVAE. I have not seen recently-hatched larvae of this species, but in 
a series of specimens sent me by Mr. Viosca are some apparently in their 
second season. These, taken in May and June 1937, vary in length from 
52 to 64 mm. These larvae resemble the adults in general form. They 
differ in having the dorsal tail fin continued as a low ridge to a point 

halfway between the hind and fore legs, and in details of color and 
pattern. In addition to the fine reticulations, there are many small spots 
of dull yellow distributed over the head and trunk and aggregated in 
linear series along the margins of the tail fin, where they are in strong 
contrast to the more highly pigmented central portion. The venter 

is very light, slightly pigmented along the sides in some, in others im
maculate. The larger, conspicuous, dark spots of the adults are barely 
indicated in the larger larvae and are absent in the smaller. 

In a juvenile specimen 91 mm. long, the colors are essentially those 
of the adults except that the net-like pattern of tan spots is less _wel~ 

developed. There are many small dash-like, dull yellow marks on the 
sides and top of the head and trunk, arranged in fairly regular linear 
series. Two of these lines are continued on the tail, where they converge 
near the tip. The margins of the tail fins are mottled with dull gold 

and brown. The ventral surface of the head and trunk is lightly pig
mented with brown. 
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LOding, 1922, p. 9, specimens from Montgomery County and Warrior 

River, Alabama; Viosca, 1937, p. 123. 

LEWIS
1 

MUDPUPPY. Necturus lewisi· Brimley. Fig+ Map I. 

TYPE LOCALITY. Neuse River near Raleigh, North Carolina. 

RANGE. Known only from the Neuse and Tar River systems in North 
Carolina. 

HABITAT. The majority of specimens of this species have been reported 

by Dr. C. S. Brimley of Raleigh, North Carolina. Little has been written 
concerning the habitat preferences. Many adults have been taken on 

hook and line in the early spring, and in addition Brimley and Mabee 
captured some specimens by dipnetting in the Neuse River near Raleigh. 

These individuals were among trash, in small backwaters of the main 

stream, in which there was a strong current. Specimens have also been 

taken in the Little River where the banks and bottom were sandy and 

muddy. 

SIZE. A series of adults measured by Viosca (1937, p. 125) varied from 

6%" (168 mm.) to 10%" (276 mm.) and averaged 73%2" (202 mm.). 
The proportions of an adult male from Raleigh are as follows: total 

length 7%" (193 mm.); head length di " (34 mm.), width 3%2" (24 
mm.); head and trunk to posterior end of vent 57'2" (139 mm.); tail 

2%2" (54 mm.). 
DESCRIPTION. N. lewisi differs from N. maculosus in its smaller size, 

in having relatively larger and fewer dark spots, and in details of color, 

pattern, and structure. The sides of the head are nearly parallel to the 

eyes, then converge rather abruptly to the truncated snout. Head and 

snout depressed, the trunk somewhat flattened dorsally, and with an 

impressed median line that extends from the base of the tail to the 
snout. The tail is less distinctly keeled above than in N. maculosus and 

extends forward only to the posterior end of the vent. In an adult male, 

the tail comprises 27.9 per cent of the total length. The legs are about 

equally developed. Toes 4-4, in order of length from the shortest 1-4-2-3. 
The 14 costal grooves are not well developed. The upper teeth are in 
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2 V~shaped series, the blunt apices directed forward. The premaxillary 

teeth, 10--12 in number on each side, form 2 short divergent series. The 

vomerine series are parallel with them and vary in number from 9 to 

12. Continuing in line with the vomerine series but separated by a short 

inte~val are the 5-'J pterygoid teeth, which form short curved series, 

convex outwardly. Opposite and outside the break between the vo-

2. 

FIG. 4. Nectul'Us lewisi Brimley. (r) Adult female, actual length ,%'' (194 mm.). 
(2) Same, ventral view. Little River, Wake County, North Carolina. [Mrs. R. C. Simp
son, collector.] 

merine and pterygoid series the inner nares open in an oblique groove. 
COLOR. In the living animal, the general impression is that of a rust

brown salamander with large black spots scattered over the back and 

sides. The ground color actually is an intense yellow-brown and the 
detailed pattern consists of an irregular network of small, lichen-like, 

chocolate-brown spots which give the generally rusty appearance. Scat

tered over the dorsal surface and on the ~ides of the trunk and tail are 

deep brown or bluish-black blotches. In some individuals the large 

dark blotches form a fairly regular dorsolateral series, in others they 

are irregularly scattered. The lower sides and belly are heavily pig~ 
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mentcd and have the yellow-brown in more scattered flecks. The ground 

color is dull brown or pale slate. The black blotches are generally fewer 
on the ventral surfaces and may be considerably smaller than those of 

the back and sides. The region between the fore legs and the under 

surface of the head is usually quite uniformly mottled, but lacks the 

black blotches in all specimens I have examined. The dorsal surface of 

the head generally has the dark markings of irregular size and shape 

but not rounded. The legs are marked above like the back, the hind 

usually with a few rounded black spots, the fore usually without them. 

A dark bar through the eye extends on the side of snout but does not 

reach the nostril. The tail keels . are sometimes strongly tinged with 

orange. 
BREEDING. Nothing has been published on the breeding habits of this 

species. A large male taken March 24, 1920, by F. Lewis, has the cloacal 

glands greatly swollen, the vent everted and exposing a large number 

of slender, thread-like papillae and, at the posterior margin, 2 short, 

widely separated nipples directed backward. This condition may in

dicate an early-spring mating season for this species, although some 

males of N. maculosus, which has a fall mating season, are known to 

retain the swollen glands until spring. 
A female, 168 mm. long, taken April 8, 1919, by F. Lewis, had the 

belly distended by eggs apparently ready for deposition. 
LARVAE. Brimley's smallest larvae were about 2Y:! inches long and were 

colored like the adults (Brimley, 1925, p. 14). Viosca (1937, p. 125) 

describes a 55-mm. formalin specimen as follows: "The entire dorsal 

region is a light grayish brown with a few ill-defined dark spots and 

vermiculations; this area broadens on the head, and in the rear it 

terminates at the origin of the upper dermal border of the tail. The 
sides are dark brown with more or less elongated light spots tending 

to be arranged in longitudinal rows. A faint darker band extends back
ward from the gills in a groove. A more or less irregular dark line ex

tends along the canthus and through the eye to the anterior border of 
the gills. The tail is dark with scattered light spots, a light or spotted 
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upper dermal border, and a light lower dermal border. The lower parts 

are light with occasional pigment spots, especially along the costal 

grooves, near the hind legs, and bordering the lower jaw." 

LOEDIHG
1
S MUDPUPPY. Necturus /Odingi Viosca. Fig. 5· Map I . 

TYPE LOCALITY. Eslava Creek near Mobile, Alabama. 

RANGE. Known only from Eslava Creek (type locality) and Hall's 

Mill Creek near Mobile, Alabama. 

Fie. 5. Necturus /Odi11gi Viosca. (1) Adult female, actual length 5~'1" (147 mm. ). 
(2) Same, ventral view. Hall's Mill Creek nea r Mobile, Alabama. 

HABITAT. Nothing has been published on the habitat relationships of 

this species. 
SIZE. The type, a female, has the following measurements as given by 

Viosca (1937, p. 126): length 6%a" (157 mm.), tail 2Yi.o" (51.5 mm.) ; 
head length lo/io" (30 mm.), width 2%2" (20 mm.). An adult female 

from Hall's Mill Creek has a total length of 61%2" (167 mm.). An

other sexually mature female from the same locality measures only 
51%2" (140 mm.). A pair of adult specimens give the following com-
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parative measurements: male, length 51%2" (142 mm.), tail 1
1Yia" 

(43 mm.); head length Ys" (22 mm.), width 1 o/ia" (17 mm.). Female, 

length 52%2" (147 mm.), tail 11%2" (46 mm.) ; head length 3
Ya2" 

(23 mm.) , width%" (18 mm.). 
DESCRIPTION. This is a small species and in life is the lightest colored. 

The head is widest just in front of the gills, tapers gradually to the 

eyes, then more abruptly to the trunc~ted snout. The gills are of moder
ate size and noticeably less bushy than in the other species. The trunk 
is roughly cylindrical, flattened slightly above, where there is an im
pressed median line, and more strongly below. The tail comprises 26-30 

per cent of the total length in the male, and 31-32 per cent in the female. 
The tail fin of the male is noticeably broader than that of the female 
and extends to a higher level above the back. The ventral fin in both 
sexes arises as a fleshy ridge just back of the vent and becomes com

pressed into a thin keel about at mid-length. Legs are of moderate size, 
the toes rather slender and widened at the tips, where they are lighter 

in color. Toes in order of length l-4-2-3; costal grooves 15, counting 1 

each in the axilla and groin. Teeth, premaxillary, 9-9; vomero-palatine 

9-11; pterygoid 7-7, in specimen from Hall's Mill Creek. 
coLOR. In living specimens, the ground color above varies in different 

individuals from russet to dark brown (Buckthorn Brown to Mummy 
Brown, Ridgway) . The ground color is developed as a fine network en
closing many small, irregular light spots. Scattered irregularly over the 
back and sides are black blotches which vary greatly in number in 
different individuals and in size from l to 3 mm. The black blotches in 
some tend to be larger and more diffuse on the sides of the tail, which 

may then be cloudy or marbled, the margins lighter, mottled with tan 

and reddish-orange blotches. The dark spots may be continued over 
the dorsal surface of the head, where they are fewer, smaller, and 
farther apart. In one specimen the dark spots are scarcely evident on 

the trunk, where they are few in number, and are entirely lacking on 
the head. A dark bar extends from the nostril through the eye, becoming 
somewhat broader and diffuse on the side of the head. The iris is tinged 
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with silvery above and below the dark bar. The legs are colored above 
like the back and may have 1 or 2 dark spots. The margins of the pig
mented areas on the belly may be nearly straight or highly irregular. 
In life the light ventral surfaces are bluish-white, with tinges of flesh 
on the center of the throat, between the legs, and in front of the vent. 
The chin and sides of throat are broadly pigmented with grayish-brown. 

BREEDING. Nothing has been published about the breeding habits. 
Males taken Feb. 13, 1938, in Hall's Mill Creek near Mobile, Alabama, 
by Percy Viosca, Jr., have the cloaca] glands greatly enlarged, the vent 
protuberant and everted to present many small slender fleshy filaments, 
and posteriorly a pair of broad nipples directed backward. In a female 
taken at the same time and place the ovarian eggs are very small, in
dicating that the season's complement had already been deposited or 
that the egg-laying season comes at a much later period in the year. 

LARVAE. In a larva 84 mm. long, the ground color is light brown in 
a reticulated pattern, the network enclosing tan spots of irregular size 

and shape but tending to be elongate on either side of the back and form
ing an indistinct line from the head onto the sides of the tail. There is 
no evidence of larger black spots in this individual. The tail, and 
particularly the fins, are strongly mottled with light yellowish blotches 
which are in strong contrast to the darker central areas of the tail sides. 
The gills are well developed and bushier than in the adults I have ex
amined. The tips of the toes are light, as in the adults. The dark bar 
through the eye is quite prominent but does not quite attain the nostrils. 
The legs are mottled tan and brown. The venter is dull flesh color, the 

lower lip, only, margined with dusky. 

Viosca, 1937, p. 126. 

LOUISIAHA MUDPUPPY. Necturus louisianensis Viosca. Fig. 6. Map I. 

TYPE LOCALITY. Big Creek, near·Pollock, Louisiana. 
RANGE. Known from the . type locality and from Indian Creek near 

Forest Hill, Louisiana. 
HABITAT. Aside from the fact that the specimens have been found in 
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streams, nothing has been published as yet on the habitat of this form. 

SIZE. Viosca (1,938, p. 144) writes that the adults average 8%" (222 

mm.), with the extremes J2%2" (196 mm.) and 9%{' (243 mm.). I 
have measured sexually mature adult males from the type locality 7~" 

(190 mm.) and 91 %;" (246 mm.) in total length. The proportions of 
an adult male are as follows: total length 91Yi.G" (246 mm.), tail (tip 

lost) 2%" (70 mm.); head length 1%" . (41 mm.), width 1%2" (32 

mm.). An adult female has the following measurements: total length 

91%611 (239 mm.), tail 2 2%2" (69 mm.); head length 1%" (41 mm.), 

width 1%2" (31 mm.). 

DESCRIPTION. The head is depressed, with the sides back of the eyes 

slightly diverging, in front converging strongly to the bluntly rounded 

snout. The eyes are small, the long diameter about 3 times in the snout. 
Gills short, 1-2-3 in order of length, highly pigmented; filaments numer

ous, slender, and longest at the middle of the rachis. Trunk rounded 

on the sides, flattened above and below. Costal grooves usually 16, and 

about 8 intercostal folds between the toes of the appressed limbs. Tail 

subquadrate at base, strongly compressed distally, the dorsal keel aris

ing above the vent as a low ridge and becoming thin and knife-edged 

at about the basal fourth. Ventral tail fin a rounded ridge behind the 

vent, becoming thin-edged at about the middle of the length. Legs 

about equally developed; toes 4-4, 1-4-2-3 in order of length from the 

shortest. The upper teeth form 2 V-shaped series, the blunt apices di

rected forward. The premaxillary teeth 9-12 on each side, thick and 

bluntly pointed on the anterior part of the hone, decreasing in size 

posteriorly; vomerine series parallel with the premaxillary, 9-12 on 

each side; pterygoid series short, each with 5 or 6 teeth. The vent of 

the female is a simple slit with oblique internal folds. The vent of the 

male is limited behind by two bluntly triangular papillae. 
COLOR. The general color above and on the sides is light yellowish

brown or tan, disposed in large irregular blotches which form fairly 

distinct dorsolateral bands. These light bands are made up of aggregates 
of small tan spots in a reticulated pattern, the interspaces being darker 
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brown. Scattered over the lighter ground color are large dark brown 

or blue-black spots, which on some individuals form more or less 

regular longitudinal lines. In specimens that are sparsely spotted above, 
there are usually only 2 rows of dark spots on the sides; individuals 
strongly spotted above may have several rows on the sides. There is a 

dark bar on the side of the head extending from the nostril through the 

. 1 

FIG. 6. Nectul'us louisiane11sis Viosca. (1) Adult female, dorsal view; actual length 
8%" (213 mm.). (2) Adult male, ventral view; actual length 7¥.!" ( 190 mm.). Big 
Creek near Pollack, Louisiana (type locality). 

eye to the base of the gills. The head is mottled or blotched above, but 

the dark spots are smaller than on the trunk. The pigment of the lower 
sides encroaches on the sides of the venter, leaving a narrow, relatively 

clear, Resh-colored area extending from the posterior part of the throat 

nearly to the hind legs. The large dark spots of the sides tend to coalesce 

along the center of the sides of the tail to form dark areas of considerable 

extent, the margins of the tail being blotched with black and tan or with 

tinges of orange. The legs are marked above like the back and below 

like the sides of the belly. 
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BREEDING. Viosca ( 1938, p. 145) states that specimens taken in February 
are in mature sexual condition, indicating an early spawning period. 
Some specimens sent me by Mr. Viosca in January had fully developed 
eggs apparently ready for deposition in early April, and in nature might 

have been deposited before that date. 
LARVAE. A larva 62 mm. long, taken Jan. 25, i941, in Indian Creek 

near Forest Hill, Louisiana, has a broad, dorsolateral, light band ex

tending on either side from a point behind the eye well onto the tail, the 

area between the bands being light brown. A dark band on the side 
extends from the nostril through the eye to the base of the gills and is 
continued along the sides of the trunk and tail to the tip. On the sides 
a fairly regular row of light dashes extends from the fore legs nearly 
to the tip of the tail, passing above the insertion of the hind legs. 
Dorsally there are a few small rounded black spots irregularly disposed. 
The ventral surfaces, except for the distal third of the tail and lower 

lip, are immaculate . 

• 
MUDPUPPY. WATERDOG. Necturus maculosus maculosus (Rafinesque). 

Figs. 2, 7. Map 1. 

TYPE LOCALITY. The Ohio River. 
RANGE. The Mississippi River system from the Arkansas River and 

northern Alabama northward; the Great Lakes and St. Lawrence and 
their tributaries in Manitoba, Ontario, and Quebec; Lake George and 
Lake Champlain, Mohawk River and Barge Canal, middle Hudson 
(probably via the Erie Canal), Susquehanna River, Delaware River 
(perhaps via the old Delaware and Hudson Canal), Connecticut and 

Farmington Rivers in New England (introduced). 
HABITAT. Thoroughly aquatic but found under the most diverse con

ditions. Abundant in the clear waters of lakes and streams, but occurs in 
muddy and weed-choked bays and coves, and in canals and drainage 

ditches. 
SIZE. Attains a maximum length of 17'' (432 mm.). Twenty-five adults 

from New York, Pennsylvania, and Kentucky average u 'Yi.G" (287.4 
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mm.). The proportions of an adult male are: total length u%" (292 
mm.), tail 3%2" (84 mm.); head length 13~2" (50 mm.), width 1 1=~h" 
(36 mm.). The measurements of an adult female are: total length 11%" 

1 

FIG. 7. Necturus m. marnlosus (Rafinc:sque). (1) Young adult, dorsal view. (:z) Same, 
lateral view. (3-5) Ventral views of three individuals to show variation in pattern. 
French Creek, Crawford County, Pennsylvania. 

(295 mm.), tail 4Ys" (105 mm.); head length r1Yis" (43 mm.), width 

1 1%2" (38 mm.). 
DESCRIPTION. The common Mudpuppy attains the largest size of any 
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of the several forms of N ecturus and has by far the widest distribution. 

The head behind the eyes is broad and swollen but tapers in front to 

the truncated snout. The trunk is somewhat depressed and has a distinct 

median, dorsal groove. The tail is strongly compressed and keeled above 

and below. The eyes are small, the horizontal diameter about 4 in the 

snout. There are usually 15 costal grooves. Legs short and stout; toes 

4-4, in order of length from the shortest, 1-4-2-3. The upper teeth are 

in 2 V-shaped series with the sides nearly parallel and the apices directed 

forward. The premaxillary teeth average rr.5 and vary from ro to 12; 

vomerines average 12.3 and vary fr~m IO to 14; pterygoids average 6.7 
and vary from 5 to 9. 

COLOR. The color is somewhat variable, but in general the impression 

is that of deep, rust-brown ground color, with rounded spots of blue

black scattered over the back and sides. Rarely the spots may be distrib

uted in 2 fairly regular rows along the back, and there is sometimes a 

lateral series. The upper surface of the legs is usually spotted and the 

free margins of the tail are often tinged with orange or reddish. On 

each side of the head a dark bar extends from the snout through the 

eye. The belly may be light and relatively free from darker pigment, 

uniformly pigmented so that the general tone is grayish, or with rounded 

dark. spots on a lighter ground color. Occasionally individuals may be 

found that are uniformly dark above and light in a narrow midventral 

area. 
SEX DIFFERENCES. The sex of adults may be determined by the size 

and form of the vent. In the male this is a longitudinal slit, wrinkled at 

the margins, crossed behind by a crescentic groove and provided with 2 

nipple-like papillae directed backward. During the breeding season it 
is surrounded by a swollen ridge which marks the limits of the cloacal 

gland beneath. The vent of the female is a simple slit. 
BREEDING. The mating season is in the fall. In western New York and 

Pennsylvania the sexes may be found together late in September and 
through October and November; more rarely throughout the winter 
months and in the early spring. Often both sexes share the same shelter 
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during the mating season. Fertilization is internal, males depositing 

spermatophores which consist of a gelatinous basal part, on the summit 

of which the sperm are aggregated in a whitish mass. After mating 

the sexes usually separate. In late May or early June, in the latitude of 

western New York, the female deposits her eggs and remains with 

them through the period of incubation, and often longer. She may be 

found occupying a shallow excavation beneath some stone or log with 

an entrance on the down-stream side. The eggs, attached singly to the 

lower surface of the sheltering object, are light yellow spheres ~" 
(5-6 mm.) in diameter and provided with 3 envelopes. The inner en
velope is a thin, tough, and elastic membrane enclosing a jelly-like sub

stance; the second layer is slightly thicker, clear and transparent; the 

third layer is thick, of jelly-like consistency, and forms the outer cover 

and attachment stalk. The eggs hatch in 38-63 days, depending on 

the temperature of the water. 
LARVAE. The newly hatcl~ed larvae average a little less than 1" in 

length (22-23 mm.). The fore legs and toes are fairly well developed, 

the hind legs short and directed backward, the toes scarcely indicated. 

The tail is keeled above and below. The color pattern of the larva differs 

markedly from that of the adult. There is a strongly pigmented median 

dorsal stripe which originates on the snout and extends the length of the 
trunk and on the tail, fading toward the tip. This is bordered on each 
side by a narrower yellow band extending from the base of the gills 

along the upper sides and basal third of the tail. Below the lateral light 

bands the sides are dark from the gills to the tip of the tail. The lower 

sides are somewhat lighter and fade to the yellow, yolk-distended belly. 

Sexual maturity is attained in about 5 years at a length of about 8" 
(200 mm.). 

WISCONSIN MUDPUPPY. Necturtts maculosus stictus Bishop. Fig. 8. Map I. 

TYPE LOCALITY. Lake Winnebago, Winnebago County, Wisconsin. 

RANGE. Known from the type locality and probably from Mackinac 

County, Michigan. 
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HABITAT. Found in the comparatively shallow parts of the lake. 
SIZE. The average length of ten adults of both sexes from Lake Winne

bago is u %" (292 mm.), the .extremes 9%11 (238 mm.) and 14%" 
(362 mm.). The proportions of an adult male are as follows: total 
length 12%11 (320 mm.), tail 31}b" (90 mm.); head length 13 Ya2" 

(50 mm.), width 11 Yi o" (42 mm.). An ad~lt female has the following 

FIG. 8. N ecturus maculosus stictus Bishop. {t) Adult female, actual length t4*" 
(363 mm.). (2) Same, ventral view. Lake Winnebago, Wisconsin {type locality) . 

measurements: total length 12Ys" (308 mm.), tail 3%11 (92 mm.); 
head length r 1

%G" (46 mm.), width r 1Yio" (42 mm.) . 
DESCRIPTION. The general impression is that of a very dark Necturus, 

heavily pigmented above and below. The head is broad and flat, widest 
immediately in front of the gills, the sides converging slightly to the 
angle of the jaws and more abruptly from this point to the broadly 
truncated snout. The head width averages 86.5 per cent of the head 
length as compared with 81 per cent in specimens from the Allegheny 
River, Cattaraugus County, New York, and 82 per cent in a series from 
the tributaries of Lake Ontario. The eye is relatively small, 4-4% in the 
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length of the snout, the iris blotched or flecked with yellow above and 
below the pupil. Gills short and bushy, the 3rd longest. The trunk is 
stout, flattened above and below, rounded on the sides. There are 
usually 15 costal grooves, occasionally 16, and approximately 6 intercostal 
folds between the toes of the appressed limbs. The tail is short, com
prising 27-30 per cent of the total length in the males and 29-32 per 
cent in the females. It is broadly oval in section at base and with a dorsal 
keel that arises opposite the.hind margin of the vent as a thick cord
like ridge and becomes compressed and thin-edged at about ~ the 
length ; ventral fin thin distally, becoming thickened at about the distal 
third. The legs short and stout; toes 4-4, short, broad and blunt-tipped, 
usually 1-4-2-3 in order of length from the shortest, sometimes 1-2-4-3. 
The teeth differ somewhat in number from those of the typical sub
species. The pterygoid teeth average 6.2 and range from 5 to 8; the 
premaxillary average 10.7 and range from 9 to 15; the vomero-palatine 
vary from II to 15 and average 12. 

COLOR. The general color above is dark gray, almost black. In life 
there is a superficial layer of tan chromatophores which obscures the 
ground color in varying degrees in different individuals. Scattered gen
erally over the dorsal surfaces, but usually most abundant on the head, 
are many small deep brown or black dots, which are characteristic 
of this subspecies and absent in typical maculosus. In some, these dots 
are also present on the sides and ventral surfaces. In addition to the 
dark dots, a few individuals have a few large dark blotches on the 
back and sides, where the superficial light chromatophores are lack
ing. These large blotches, when present, are usually larger and fewer 
than in typical maculosus. The ventral surfaces are very dark, with only 
an occasional individual showing a lighter area along the midventral 
line. In some there are a few large dark blotches on the belly, and in 
many a scattering of small tan flecks, most abundant along the sides. 
The upper surface of the legs is colored like the back, the lower surface 
like the belly. The margins of the tail are sometimes tinged with ochre. 
Small individuals have a dark bar through the eye, but this is usually lost 
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in the general coloration of the side of the head in old, dark individuals. 

SEXUAL DIFFERENCES. The sexes may be distinguished by the form of 

the vent, which in the male is lined with slender finger-like papillae 

and limited behind by a transverse groove and a pair of fleshy triangular 
lobes directed mesially. 

BREEDING. Nothing is known of the breeding habits which would 

distinguish this subspecies from the typical form, and it is likely that 

they are essentially similar in this respect. This subspecies has been 

figured by Viosca ( 1937, p. 129) and apparently by Pope and Dickinson 

(1928, Pl. I). 

SOUTHERN WATER-DOG. CAROLINA WATER DOG. Necturus punctatus 

(Gibbes). Fig. 9. Map 1. 

TYPE LOCALITY. Schoolbred's plantation on the South Santee River, a 

few miles from its mouth, South Carolina. 
RANGE. Atlantic Coastal-Plain streams in North Carolina, South Caro

lina, and Georgia. 

HABITAT. Permanently aquatic. Generally found in the lower and 

slower parts of streams having mud or sandy banks and bottoms; or 

in ditches where water is diverted from such streams. On Feb. 10, 1936, 
we collected in the Little River near Raleigh, North Carolina, and took 

specimens from among leaves and plant rubbish raked from the borders 

of the stream in a quiet backwater. 
SIZE. This is one of the smallest of the several species of Necturus, 

adults averaging about 5Yi.G" ( 125 mm.) and reaching an extreme 

length of about 6%6" (157 mm.). 
DESCRIPTION. N. punctatus is a slender species with the head relatively 

long and gently tapering from the g ills to the bluntly rounded snout. 

The head and snout are depressed, the trunk slightly depressed and 

with an impressed median dorsal line. The tail is keeled above from a 

point opposite the vent and below nearly to the vent where it runs into 
a fleshy ridge. In the fully adult male the tail comprises about 35.6 per 
cent of the total length. The legs are about equally developed, with the 

46 

FAMILY PROTEIDAE 

hind a little stouter and shorter than the fore. Toes 4-4, in order of 

length from the shortest 1-4-2-3. The costal grooves are well developed 

and conspicuous in juvenile specimens and vary in number in different 

individuals from 14 to 16. The gills are neither as long nor as bushy as 
in N. m. maculosus, but the filaments are slender and the rachises 

mottled. The eye has the pupil black and the iris brassy. A dark hori

zontal bar passes across the eye but is not conspicuous. The upper teeth 

Frc. 9. Necturus p1mctat11s (Gibbes). (1) Larva, dorsal view. Upper Little River, 
North Carolina. (C. S. Brimley and Roxie Collie Simpson, collectors.] (2) Larva, lateral 
view; actual length 3%6" (81 mm.). Middleton Mill Creek, North Carolina. [E. C. 
Raney, photograph.] 

are in 2 V-shaped series with the sides nearly parallel and the apices 

directed forward . 
Viewed from the side, the angle of the mouth reaches a point op

posite the hind margin of the eye. The fleshy margins of the sides of 

the upper jaw are turned upward and inward to form a thin flap. The 

margins of the lower jaw are turned first inward and upward, then 

outward and downward. When the mouth is closed, the two flaps inter

lock to form a tongue and groove. 
COLOR. The general color above is uniform dark brown (between 

Olive and Clove Brown, Ridgway). This color fades out somewhat on 
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the lower sides at about the lower level of the legs. The head and the 

snout, below the level of the eyes, are dirty white. The tail is lightly 

marked with small, rounded, tan or buff spots scattered along the low 

dorsal keel. The ventral tail keel has the margin largely free from dark 

pigment and is yellowish or pinkish. The legs have several pale spots 

above. The throat is dull dirty white, the belly bluish-white without 

pigmented spots. Specimens long in preservative are usually uniformly 

dull brown above and dull whitish or yellowish below. A few pale spots 

may be evident along the margins of the tail fins. 

BREEDING. Very little is known about the breeding habits of this species. 

LARVAE. The smallest larva examined was 28 mm. (1%") long. It is 

uniformly colored like the adults and is without dark spots or stripes. 

The tail is slightly mottled, owing to the presence of irregular pigment

free spots, and there is a row or two of pale spots of small size along 

the sides, marking the position of the lateral-line sense organs. The 

upper tail fin of young larvae extends forward on the trunk about half
way between the fore and hind legs. The color of the upper parts and 

sides is sharply cut off from the light lower sides and venter at a line 

which extends through the lower margin of the eye, the legs, and the 

ventral third of the tail. The 28-mm. larva mentioned above was taken 

by Mr. C. S. Brimley in Buffalo Creek, Wendell County, North Caro

lina, Nov. 30. At the same time and place other larvae 40 mm. long 

were taken. These obviously are young of the year, and the difference 
in length between these and the 28-mm. larva indicates a rather ex

tended breeding season. An additional year group is apparently repre

sented by 2 larvae taken in the Little River near Raleigh, North Carolina, 

in December 1934. These measure 65 and 88 mm. respectively. 

Bishop, 1927, p. 187; Brimley, 1907, p. 155; 1915, p. 195; 1924, P· 166; 
1926, p. 76; Brimley and Mabee, 1925, p. 14; Brimley and Sherman, 

1908, p. 19; Cope, 1889, p. 27; Corrington, 1929, p. 61; Fowler and Dunn, 

1917, p. 8; Pickens, 1927, p. 107; Viosca, 1937, p. 128; Wright, 1926, p. 82. 
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Aquatic; body large, eel-like to 4011 (1015 mm.); lungs present; limbs 
diminutive, toes reduced; gills lacking; a single pair of open gill slits; 

no nasolabial groove; no ypsiloid cartilage; eyelids lacking, dentition 
larval; vertebrae am phicrelous; a posterior projection of the prevomer. 
The single genus, Amphiuma, in the family. 

9-
c 

FIG. 10. (a) Outline of Amphiuma means tridactylum to show the eel.like body, 
diminutive limbs, and reduced toes. (b) Toes of A. m. tridactyltim enlarged. (c) Toes 
of A. m. means enlarged. [H.P.C. del.] 
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GENUS AMPHIUMA 
KEY TO THE SUBSPECIES OF AMPHIUMA MEANS 

I. Toes normally 2-2; costal grooves 57-60, average 58; no sharp line of 
demarcation between color of back and lower sides; length to 35" 
(889 mm.). Virginia south to Florida, intergrades with A. m. tri
dactylum in extreme western Florida and in parts of Alabama, 
Mississippi, and Louisiana . . . . . . . . . . . . . . . . . . . . means means p. 50 

:?. Toes normally 3- 3; costal grooves 60-64, average 62; a sharp line of 
demarcation between color of back and lower sides; length to 40" 
(1015 mm.). Gulf States, Alabama to Texas, northward in the 
Mississippi valley to Missouri . .. . ............. means t1·idactylum p. 54 

TWO-TOED CONGO EEL. TWO-TOED AMPHIUMA. Amphiuma means means 

(Garden) . Figs. 10c, II. Map 2. 

TYPE LOCALITY. Not given, but apparently from Charleston or East 
Florida. 

RANGE. Virginia south to southern Florida. Intergrades with A. m. 
tridactylum in extreme western Florida and in parts of Alabama, Missis

sippi, and Louisiana. 
HABITAT. This is a nocturnal, lowlands form, commonly found in 

drainage ditches, muddy pools, and swamps, in wet swampy meadows 
and along the margins of muddy sloughs. Often found hiding in cray

fish burrows and beneath debris, logs, and bark at the water's edge. 
That the species may occupy a definite retreat is indicated in the account 

of Harper (1935, p. 275), who writes, on the basis of a statement by 
Farley Lee, that a "large 'Snake Eel' ... used to have a lair in the water 
beneath a tussock ... on the Big Water" in the Okefinokee Swamp, 

Georgia. 
SIZE. This species attains a maximum length of nearly 3 feet. Goin 

(in litt., 1939) has given me measurements of 3 large individuals: 
Gainesville, Florida, 35" (889 mm.); Wallacetown, Virginia, 33%" 

(848 mm.) ; and Charleston, South Carolina, 32" (812 mm.). Harper 

( 1935, p. 276) mentions an example from a cypress bay adjoining Ches
ser's Island in the Oke.finokee Swamp, Georgia, that measured 33~" 
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(844 mm.). The proportions of a moderate-sized individual from Floyd's 
Island Prairie, Okefinokee Swamp, sent me by Dr. Francis Harper, 

are as follows: length, 19" (484 mm.); tail 5~" ( 133 mm.) ; head length, 
1%" (35 mm.), width %" (22.5 mm.). 
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MAP 2.-Distribution of the subspecies of Amplziuma mcaas. (A. means tridacty/11111 
also recorded from Clark County, Indiana.) 

oE:;cRIPTION. This is a uniformly colored, e::l-like form, with diminu .. 

tive limbs and normally with but 2 toes and a single pair of open gill 

slits. The head is widest just in front of the gill slits, then tapers evenly 
to the pointed and depressed snout. The eyes are small and without lids, 
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Fm. 11. Amphiuma means means Garden. ( c) Adult male, actual length 23%" (588 
mm.). (2) Same, ventrolateral view. North Biloxi, Mississippi. 
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the horizontal diameter about 4 times in the snout, the latter about 3V:i 

in the head, measured from the tip of the snout to the gill opening. 
Viewed from the side, the snout projects beyond the lower jaw, and 
the fleshy margins of the upper jaw are thin and flange-like and overlap 
those of the lower jaw. The angle of the mouth is about midway be
tween the tip of the snout and the insertion of the fore leg. There is 
no definite gular fold, but often a fairly distinct one on the side of the 
head just in front of the gill slit. The trunk is nearly cylindrical in 

life. Costa] grooves 57-6o and average 58, according to Goin ( 1938, 
p. 128). In the specimen from the Okefinokee Swamp mentioned above 
the count is 59. The tail is nearly circular in section at the base, becom
ing keeled above and rounded beneath, the extreme tip strongly com

pressed and pointed. Legs very small and slender; in the 19" specimen 
the fore legs are%/' (7 mm.) long, the hind legs %" (9.5 mm.). Toes 
usually 2-2, the inner one shorter. The vomerine teeth are in 2 long 
series which arise at the inner margin of the posterior nares and converge 
at a point just behind the premaxillaries; approximately 20 teeth in each 
sen es. 

COLOR. The general ground color in life is deep brown (Mummy 
Brown, Ridgway) on the dorsal surface of the head, changing to very 

dark grayish-brown on the trunk and tail, and only slightly paler (slate) 

on the sides and venter. The color of the dorsal surface fades gradually 
into the color of the lower sides, so that there is no sharp line of demarca
tion as in A. m. tridactylum. After being in preservative, the general 
color becomes dull bluish-brown, with the margins of the jaws, the 
throat, and the venter dirty grayish-white. 

BREEDING. Little has been published. Cope's account ( 1889, p. 218), 
quoted from Hay, refers to A. m. tridactylum. Brimley ( 1910, p. 10) 
reported 4 lots of eggs from Hastings, Florida, found in July beneath 
logs in the partially dried mud of drying pools, and there are eggs in 

the National Museum collection (No. 61239) taken by S. F. Hildebrand, 
July 24, 1918, at Hamburg, South Carolina. The following notes are 
from the unpublished account of Mr. J. A. Weber of Miami, Florida, 
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who has generously permitted their use. On Feb. 3, 1933, Mr. Weber 
found a nest of this species beneath a board at the edge of a dried pool 
in the Everglades south of Royal Palm Park, Florida. The nest was 

an elliptical depression from which a burrow led to subterranean cray

fish holes and contained .49 eggs disposed in a single long string at 

intervals of 5-ro mm., the whole disposed in a flattened ball-like mass 
and attended by a female 39 cm. long. When discovered the embryos 
were visible through the egg envelopes and by Feb. 22 had attained a 
length of 36 mm. Another lot of eggs successfully hatched June 21, 1935, 
was believed to have been deposited during January, thus giving an 

incubation period of about 5 months. 
LARVAE. Larvae at hatching had an average length of 55 mm. and 

were black above with a tan belly, dusky chin, grayish throat, and white 
gills. The legs were functional, the feet each with 2 toes. The ;young 

apparently transform at a small size, examples less than 3" long but 

without gills having been found (Harlan, 1825, p. 269). 

THREE-TOED CONGO EEL. THREE-TOED AMPHIUMA. Amphiuma means tri

dactylum Cuvier. Figs. roa-b, 12. Map 2. 

TYPE LOCALI1Y. New Orleans, Louisiana. 
RANGE. Alabama, Mississippi, Louisiana, and Texas on the Gulf, up 

the Mississippi to Arkansas, Tennessee, and Missouri. Intergrades with 

A. means means in extreme western Florida and parts of Alabama, Mis

sissippi, and Louisiana. 
HABITAT. This subspecies is found in lakes, open-spring streams of run

ning water, and streams flowing over calcareous rocks. They are also 
reported in drainage ditches, bayous, and wooded alluvial swamp lands. 

SIZE. Attains a somewhat larger size than A. means means, adults 

reaching an extreme length of about 40" (1015 mm.). The proportions 

of a male from Plaquemine, Louisiana, are as follows: length 33%" 

(844 mm.), tail 6~" (158 mm.); head length, 2%" (63 mm.), width 

1%" (37.5 mm.). A female from St. Bernard Parish, Louisiana, meas-
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ures: length, 20'4" (515 mm.), taii 4Yi " (108 mm.); head length rYs " 

(47.5 mm.), width l )~" (28 mm.). 
DESCRIPTION. This is a bicolored subspecies which, in typical examples, 

has 3 toes. The head is widest a short distance anterior to the gill slits, 

then tapers evenly to the pointed and depressed snout. The eyes are small 

and circular in outline, flush with the surface of the head and without 

lids, the horizontal diameter 6-J times in the snout. The snout about 3 

F1G. r:z. Amphiuma means tridactylum Cuvier. Adult male, actual length 33%" (84:z 
mm.). Plaquemine, Louisiana. 

times in the head, measured from the tip to the gill opening. Viewed 
from the side, the head is wedge-shaped, the tip of the snout obliquely 
truncated and projecting a short distance beyond the lower jaw. The 
fleshy margins of the upper jaw are thin, and overlap those of the lower 
jaw. The angle of the mouth is about midway between the tip of the 

snout and the posterior margin of the gill slit. The costal grooves vary 

from 60 to 64, according to Goin (1938, p. 128), and average 62. In the 
large male from Plaquemine, Louisiana, the count is 63, and in a female 
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from near New Orleans the count is 6o. The trunk is cylindrical, the 

tail oval in section at base, somewhat compressed distally, and more 

strongly keeled than in many specimens of A. m. means. The legs are 

small and slender; in the 20" specimen mentioned above the fore legs 

are only Yia" (II mm.), the hind legs 2%2" (16 inm.). Toes normally 

3-3, the 1st and 3rd about equal, the 2nd 2 or 3 times as long. The 

vomerine teeth in 2 long series which arise at the inner margin of the 

inner nares and converge at a point a short distance behind the premaxil

laries; approximately 16-22 teeth in each series. The skin is smooth and 

well supplied with mucous glands. On the head the openi~gs of the 

sense organs form double series, one on either side above and below the 

eye, converging on the snout. They also form irregular series on the sides 

of the head above the angle of the jaws and are continued in indistinct 

lines along the sides of the trunk. 

COLOR. The general ground color of this form is lighter than that of 

Amphiuma m. means, browner above and much lighter below. The 

dorsal color, which extends on the sides to about the level of the legs, 

is Benzo Brown or Clove Brown (Ridgway) and is rather sharply cut 

off from that of the lower sides, which are light gray (Light Mouse 
Gray, Ridgway). The snout is lighter than the rest of the head and the 

light color of the sides extends to a line that passes above the gill slit 

but below the eye. 
SEXUAL DIFFERENCES. The sexes may be distinguished by the form of 

the vent. In the female the vent is a simple slit, the margins bordered by 

a flat flange-like ridge. In the male the vent is bordered by a narrow 

raised ridge, and the inner surface anteriorly is lined by oblique serrated 

ridges. 
BREEDING. Hay ( 1888, p. 316) was apparently the first to give an ac

count of the breeding habits of this subspecies. On Sept. 1, 1887, while 

collecting in the drying bed of a cypress swamp near Little Rock, Ar

kansas, he discovered a large specimen coiled about a mass of eggs in a 

shallow depression beneath a large log. The eggs, about 9 mm. in di

ameter, contained highly developed embryos and were connected one 
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to another by a slender cord. The entire mass was estimated to contain 

about 150. The young were coiled within the capsules and upon release 

were found to be about 45 mm. long, dusky above, with indications of a 
darker dorsal stripe, and with a dark band on each side. Gills, legs, and 

toes were well developed. A large male specimen, with sperm held in a 

viscid mass in the vent, was found during May in northern Tennessee 

(Davison, 1895, p. 395). Parker (1937, p. 6i) found nests in Tennessee 
under logs in fairly dry soil in August and September and in midwinter. 

Some were near water and others a considerable distance from it. 

Baker ( 1937, pp. 2n-212) reported that the females guard the eggs, 

nests having been found beneath logs in August and in late September 

or early October in Tennessee. Adults kept under observation in the lab

oratory left the water in early July to burrow in the muck and there 

carry on the mating activities. 

On Nov. 16, 1941, a female and her eggs were found below the surface 

of the ground in a garden at Baton Rouge, Louisiana, by Mr. 0. J. Wen

zel, and sent to the Museum of Zoology at the University of Michigan. 

Many of the eggs hatched en route to Ann Arbor, Nov. 17, and these 

specimens a few days later averaged about 64 mm. in total length. A 
single individual removed from the egg envelopes had a total length of 

6o mm. and a tail length of 1 I mm. 

COLOR. The color in life shortly after hatching was dark brown above 

and on the sides, with many small, round, light dots scattered generally 

over the surface ; venter pigmented but lighter than the side, gray over 

flesh; legs well developed, grayish; toes 3-3, fully differentiated; gills 

very short, white; eye black ; dorsal tail fin rather broad and originating 

above the posterior end of vent; tip of tail rounded, ventral fin confined 

to the distal half. 
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Fie. 13. (a) Outline of Cr)rplobra11dw1 a//,ga'tie111is to show die forrn of the body, 
l~tera 1 fold~ on u unk and l:::ise of tai I, an<l kttls on the hind m.argi n <if 1he legs. 
[H.P.C. dcl.] (b) Mouth parts to show the character of the wnguc and 1ttth. [M.L.S. 
decl.] (e) P:trt of egg-ming to show the rosary-like am1ngement of cg~. [M.LS. de-/.) 
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Aquatic; body large, depressed, length to 27" (686 mm.); gills absent, 
a single pair of open gill slits, sometimes reduced or lost on one side or 
the other; eyelids lacking; lacrirnal and septornaxillary bones lacking; 
teeth larval; vertebrae arnphicrelous; fertilization external. The single 
genus Cryptobranchus in the area considered. 

GENUS CRYPTOBRANCHUS 
KEY TO THE SPECIES OF CRYPTOBRANCHUS 

Spiracular opening large, the long diameter contained twice in the distance 
between the external narcs; gular region not noticeably spotted with black; 
dark pigment on body and tail usually in spots. Susquehanna River, Missis
sippi River and tributaries from New York and Iowa southward to Missouri 
and Georgia ........ . ......... .. ....... ....... . ... .. .. . alleganiensis p. 59 
Spiracular opening small, often reduced to a pore-like opening, the long 
diameter contained in the distance between the external narcs not less than 
2Yz times; gular region usually spotted with black; dark pigment of trunk 
and tail usually in large blotches. Current River and Eleven Point River in 
Missouri and probably Spring River in Arkansas __ . . . . . . . . . bislzopi p. 63 

HELLBENDER. GIANT SALAMANDER. "ALLIGATOR." Cryptobranchus alle

ganiensi! (Daudin). Figs. 13- 14. Map 3. 

TYPE LOCALITY. Probably in the vicinity of Davenport's plantation, 

North Toe River, North Carolina.1 

RANGE. The Susquehanna and tributaries in New York and Pennsyl

vania; the Ohio and tributaries including the Allegheny; the Mississippi 

1 Harper, F. Amer. Midland Nat. 23 (3): 720. 1940. 
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River southward to Missouri, Arkansas, and Georgia. Also recorded 

from Iowa. 
HABITAT. Perennially aquatic and usually confined to running waters 

of fairly large streams and rivers, where it hides by day beneath shelter

ing objects on the bottom. 
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MAP 3.-Distribution of Cryptobra11cl111s alleganiensis and C. bishopi. ( C. allega11ie11sis 
also recorded from Iowa.) 
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SIZE. Adults on the breeding grounds average about 17%" (454 mm.) 

but mature males may vary from II%" (295 mm.) to 22
11 (56o mm.). 

Females attain a larger size, the maximum length about 27" (686 mm.). 
DESCRIPTION. The Hell-bender is a great soft-bodied creature with a 

wrinkled fleshy fold along each side of the trunk and a fleshy keel on 

1 

Fie. 14. Cr)1ptobra11chus allega11ie11sis (Daudin). (1) Adult female, aclual length 23" 
(585 mm.). (2) Same, ventral view. French Creek, Saegertown, Pennsylvania. 

the hind mar.gin of each leg. The head is broad and much depressed, 
widest back of the eyes and rounding in front to the truncated snout. 

The trunk is somewhat depressed and there is a median impressed line 

most strongly developed anteriorily. The tail is very strongly compressed 

and. provided dorsally with a deep, thin keel. The throat has many 

longitudinal wrinkles that converge on the chin. The gill slits are 

reduced to a single pair, the opening guarded by narrow lips and con

cealed by folds of skin on the throat. The eyes are small and the nostrils 

are placed at the angles of the snout. The costal grooves are not well 
developed on the sides and are generally lost in the wrinkled skin. The 
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legs are relatively short and broad. There are 5 toes on the hind feet, 

rounded and flattened at the tip, and with free fleshy margins. The 

fore feet have 4 toes. The upper teeth are in 2 arched series, those of the 

maxillary extending to the angle of the jaws, the prevomerine in series 

of 32-48. 
COLOR. The ground color varies from yellowish-brown through dull 

brick-red to deep brown, almost black. Scattered over the dorsal sur

faces there are usually lighter or darker spots irregular in size, shape, 

and disposition. The ventral surfaces are usually lighter than the back, 

sometimes spotted, often uniformly colored except for light areas· on 

the throat, in front of the vent, and a few scattered spots on the belly. 

The sexes are essentially alike in color, but the males are broader and 

heavier than females of the same length. The vent of the male in the 

breeding season is surrounded by a broad, swollen ridge. 

BREEDING. The mating season in western Pennsylvania and New York 

begins about the third week in August and extends well into September. 

At this season the male may be found guarding the nest and accepting 

females that have not deposited their eggs. Fertilization is external, the 

exception among American salamanders, and is accomplished by the 

emission of a white, cloudy, or ropy mass consisting of the seminal fluid 

and secretions of the cloacal glands. This is discharged into the water 

as the eggs are deposited by the female. The nest is a saucer-shaped ex

cavation in the stream bottom ben~ath some large sheltering object, 

usually a flat rock. The entrance is on the side away from the direct 

current and the male often lies among the eggs with his head guarding 

the opening. 
EGGS. The eggs are laid in long rosary-like strings, one from each ovi

duct, and lie in a tangled mass at the bottom of the nest; 300-450 eggs 

may be deposited by a single female, and several females may lay in a 

single nest. The individual egg is pale to bright yellow and unpig

mented, about ~" (6 mm.) in diameter. It is surrounded by a thin, 

transparent vitellus and floats in a thin fluid enclosed by a thick, lami

nated outer layer. The fresh egg and its envelopes measure about %" 
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( 18-20 mm.) in diameter. The incubation period varies from about 68 

to 84 days. In the Allegheny River near Wolf Run, fresh eggs may be 

found from the third week in August through the first week in Sep

tember. Some may hatch as early as Oct. 19, others as late as Nov. 23. 

LARVAE. At hatching the larvae average about 1 Yi6" (30 mm.) in 

length. The fore legs are short and stubby, the hind margins keeled and 

with 2 toes indicated. The hind legs are short, thick, paddle-shaped 

lobes directed backward. The tail is strongly compressed and with a 

prominent fin above and below. The larvae are strongly and rather 

evenly pigmented above, the color extending over the head, trunk, and 

tail fins but thinning out on the sides to the clear, yellow, yolk-colored 

belly. The gills are provided with short, flattened filaments. The larvae 

lose the gills when 4-5%" (100-130 mm.) in length and at an age of 
approximately 18 months: 

OZARK HELLBENDER. Cryptobranchus bishopi Grohman. Fig. 15. Map. 3. 

TYPE LOCALITY. Current River at Big Spring Park, Carter County, 
Missouri. 

RANGE. Known from the Current River and from Eleven Point River 

in Missouri, and probably from Spring River, Arkansas. 

HABITAT. So far as known confined to larger streams and rivers. 

SIZE. The average length of the 12 specimens comprising the type series 

is d~" (373 mm.), the extremes 10t:-Yl G
11 (278 mm.) and 1iYs" (447 

mm.) . The proportions of an adult female from Eleven Point River, 

near Greer Spring, Missouri, are : total length 1iYs" ( 447 mm.), tail 

4%" (u2 mm.); head length 2%" (70 mm.), width 21Ya/' (65 mm.) . 

DESCRIPTION. The head is depressed, broadly oval in outline, widest 

about midway between the eye and the spiracle, the sides in front of 

the eyes converging to the truncated snout. The fleshy folds of the sides 

of the trunk are continued on the sides of the head nearly to the angle 

of the mouth. The trunk is depressed, the lateral fleshy folds prominent, 

in 1-3 somewhat overlapping series on the posterior part of the trunk, 

but usually with only a single fold anteriorly. Tail strongly compressed, 
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bluntly rounded at tip, the dorsal margin with a thin keel which is con

tinued on the trunk as a low rounded ridge. Legs short, strongly de

pressed, margined posteriorly by thin, Aeshy keels. Toes 5-4, those of the 

hind feet 1-5-2-3-4 in order of length from the shortest, occasionally 

1-5-4-2-3; toes of the fore feet 1-4-3-2. Throat with many wrinkles 
which converge at the chin. Gill slits small, one or the other often re

duced to a pore-like opening, much smaller than in alleganiensis. Eyes 

Fie. 15. Cryptobra11ch11s bfrhopi Grohman. Adult female, actual length 15%'~ (403 
mm.). Eleven Poinc River near Greer Spring, Missouri. (Drawn by Hugh P. Chrisp.} 

small, without lids. Nostrils at the anteriolateral angles of the snout, the 

opening often larger than in alleganiensis. The teeth of the upper jaw 

in 2 broadly arched series, the premaxillary extending to the angle of 

the jaws, the prevomerine series shorter, with 28-51 teeth in the series 

counted. 
COLOR. Judging only by the condition in preserved specimens, the _gen

eral ground color of bishopi is lighter than that of alleganiensis, but the 

dark blotches are usually noticeably larger. The dark blotches com
monly reach their greatest development on the lateral surfaces of the 
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tail, but in some individuals are continued on the dorsal surface of the 

trunk and head. The gular region in most bishopi is rather heavily 

spotted with black; immaculate or lightly flecked in alleganiensis. The 

venter may be nearly immaculate or with scattered small black spots and 
larger blotches. 
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Fii;.. r6. (a) Ncotenic Tritm·us 11. 11im{na11s. ?or.im, New Yor~ .. (b) Trit~trns gn11111-
lcms twittyi. Saratoga, California; ~dult n\ak in breeding condmon ~howmg '~ollcn 
cl<X1eal glands and SC'liiu11I cxereK<:lleC$ on toe$, feet, :ind thighs. (c) Larv:i of Tm:1.mu 
torctus. (d) Larva of Trit-11riu n11ular11. (e) Larva o( T1·,wru1 g . gra1uJom1. (f) Mou1h 
~rl$ of Triturus g. v ·a11ulo.nn l.O show the character of the tongue :ind 1ccch. (a, b, 
H.P.C. Jc/.; c--f, M.L.S. de/.) 

t:.t:. 

Family SALAMANDRIDAE 

Aquatic and terrestrial stages; size small to large, 2 Yz" ( 64 mm.) to 
8Yz" (216 mm.); lungs present; no nasolabial groove; adults normally 

without gills; eyes well developed, lids present; toes 5-4; vomero-pala
tine teeth in long series divergent posteriorly; tongue small, only slightly 
free at margins; ypsiloid cartilage present; a small, bony pterygoid; 
vertebrae opisthoccdous. The single genus, Triturus, in the area consid
ered. 

GENUS TRITURUS 
KEY TO THE SPECIES AND SUBSPECIES OF TRITURUS 

1. Uniformly colored above and on sides, no spots, stripes or other mark
' ings; venter sometimes with brown·tipped tubercles and dark pig
' ment in large irregular blotches, but never with separate round black 

dots or spots of pigment; size moderate to large, length to 8Yz" 
(216 mm.). West of Rocky Mountains ........................ 2 

Color above and on sides not uniform; variously spotted, dotted or 
striped; belly usually speckled or spotted with black pigment, but 
no brown-tipped tubercles; size small to medium, length to 41Yi.a" 
( 120 mm.). East of Rocky Mountains ..... ... ....... . . . .. ...... 8 

2. Color above deep brown to almost black, belly tomato-red; adults usu
ally with a broad dark band crossing vent in male, occasionally in fe
male; skin of breeding individuals smooth; head narrow, snout 
bluntly pointed; eyes dark brown; length to 7% 2" (185 mm.). North-
western California .... ..... .... .... .... .............. . rivt1laris p. 89 

Color above brown, reddish-brown, or umber; belly yellow to orange 
but never tomato-red; sometimes a pointed or rounded lobe of pig
ment on sides of vent, or dark band crossing posterior end of vent; 
eyes not dark brown; skin of aquatic adults moderately smooth to 
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strongly roughened; head broad, snout broadly rounded . . . .. . 3 
3. Adults with dark pigment of lower sides encroaching irregularly on 

venter, most pronounced on throat and in area between fore legs, 
occasionally on belly; tail of breeding male with narrow keels; lower 
surface of legs and tail mainly black or blotched with black; posterior 
end of vent crossed by a black band in both sexes; length to 8¥2" 
(216 mm.). Crater Lake, Oregon .. ......... . g,-anulosus mazamae p. 74 

Dark pigment of lower sides not encroaching irregularly on venter; 
lower surface of legs never wholly black; posterior half of vent not 
crossed by a black band . . . . . . . . . . . . . . . . .. · · · · · · · · · · · · · · · 4 

4. Above dark brown to nearly black, reddish-brown, dark yellowish-brown 
to burnt umber; skin of aquatic adults sparsely to densely studded 
with small, brown-tipped tubercles; s:des of vent of male, less fre
quently of female, with rounded lobes of pigment; ven~ of breeding 
female on a conical elevation with opening directed obliquely down
ward; vomero-palatine teeth in 2 lines diverging evenly posteriorly . 5 

Above dilute chocolate-brown, dark seal-brown, or reddish-brown to 
burnt umber; skin of aquatic aduhs relatively smooth, with brown. 
tipped tubercles, when present, mainly limited to margin of lower 
jaw and anterior part of belly; or, skin roughened by numerous warts; 
vent of male sometimes with a pointed lobe of pigment; vent of female 
not on a conical elevation; vomero-palatine teeth in 2 lines nearly 
parallel anteriorly, diverging abruptly and curving outward pos· 
teriorly . .. ... .......... . . ........... .. · .......... · · · ·. · · · · · · 6 

5. Color above reddish-brown to deep brown, venter yellow to bnght r~d
dish-orange; skin of aquatic adults sparsely, if at all, studded .w1th 
brown-tipped tubercles, within small reticulated areas on back and 
venter; pigment of lower sides sharply cut off from .lighter venter 
along a nearly straight line; pigment on legs extendmg to ventral 
surface; fingers and toes short and wide; length to 71o/is" (201 
mm.). Mendocino County, California, northward through western 
Oregon and Washington to British Columbia and Alaska . . . . . . 
...... . ...... ... .. .. .. . .......... . ..... . granulosus granulosus p. 70 

Color above dark yellowish-brown to burnt umber, venter yellow to 
orange but less bright than in T. g. granulosus; skin of aquatic adults 
usually densely studded with brown-tipped tubercles; pigment of 
lower sides somewhat diffuse and meeting lighter venter along an 
irregular line; pigment on legs involving only upper half; fingers and 
toes longer; length to 71% 2" ( 196 mm.); average of males 611/iG" 

( 170 mm.), average of females 51o/ia" ( 140 mm.)._Saratoga Coun~~, 
California northward to Navarro River, Mendocmo County, Cali-
fornia .. .' ... ......... ............ .... . ..... . granulosus twittyi p. 77 

6. Skin with many warts above and below, particularly noticeable around 
eyes, lips, fingers, toes, and vent; snout short and blunt; length to 
6%2" (157 mm.); average of males 6Yi_ 6 " (154 mm.), average of fe-
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male 5'Vi G" ( 139.5 mm.). San Diego County, California . .klauberi p. 80 
Skin_ without warts and relatively smooth in aquatic adults; sometimes 

wtth low, rounded tubercles tipped with brown around margins of 
lower jaw and on belly' .... ......... ........ . ... .......... . .. 7 

7· Above chocolate-brown, venter burnt orange; skin over eyes pale; with 
many small brown-tipped tubercles on margin of lower jaw, between 
fore legs and at least on sides of belly and frequently along mid-line· 
tail fin of breeding male of moderate width; tail 56 per cent of tot:n 
length in male, 52 per cent in female; length to J'Ys" ( 194 mm.), aver
age of males 7'' ( 178 mm.), of females 6%" ( 156 mm.). Vicinity of 
Ch. c l"f . . ico, a 1 orma ... . . .. ... . ..... . .. ......... . . ....... . nerrae p. 93 

Abo~e dilute chocolate to d~rk seal-brown, breeding individuals paler; 
with few or no brown-upped tubercles on margin of lower jaw, 
when present on belly, restricted usually to sides; tail fins of breeding 
male wide; tail 53 per cent of total length in male, 50 per cent in 
female; length to 7%" ( 197 mm.). Northern Monterey County to 
middle Mendocino County, California . .. . .. . . .. . .... .... . torosus p. 95 

8. With a dorsolatcral series of small, round, black-bordered red spots; or, 
with dorsolateral red stripes which may be entire or broken at inter-
vals . ... ...... . . ........... ......... ... .. ... ....... . .... ... 9 

Without black-bordered crimson spots or red stripes, occasionally with 
a few small dorsolateral pinkish or yellowish spots which are without 
black borders .... .. ... . ..... . ...... ... . ... . . . ... . ... . ... . . 11 

9. Above brown to olive-green; a dorsolateral series of small, round, black
bordered red spots; belly yellow with black specks or dots. Skin 
smooth, tail strongly compressed, keeled (aquatic adults); skin rough, 
tail oval in section, ground color reddish-brown to bright orange-red, 
with dorsolateral series of black-bordered red spots (terrestrial stage); 
length to 4%" (120 mm.). Eastern North America, Hudson Bay, and 
northern Ontario to Georgia and Alabama, northward to Wisconsin 
and Michigan . . ..... . ..... . ... ........... viridescens viridescens p. 99 

With dorsolateral red stripes ............... . . . .. . ............. lo 
IO. Above olive-green; a dorsolateral, black-bordered red stripe interrupted 

at one or more points and usually limited to the trunk and posterior 
part of head; lower sides and venter yellow, speckled with black. Skin 
smooth, tail compressed (aquatic adults); skin rough, tail oval in 
section, ground color reddish (terrestrial stage). Adult males with 
3-3 pits on side of head; adult females with 3-3 or fewer, smaller, pits; 
length to 31%2" (92 mm.) . North and South Carolina, on the 
Coastal Plain and Piedmont . ............ .. . . . viridescens dorsalis p. 103 

Ground color above uniformly brown to olive-green; a narrow, usually 
unbroken dorsolateral stripe on head and trunk, bright red to red 
strongly suffused with dusky; stripe often broken on tail; often a nar
row middorsal light stripe; sometimes a row of red spots on lower 
sides; belly light yellow with small black flecks, occasionally immac-

69 



HANDBOOK OF SALAMANDERS 

ulate; adult male with 3-3 pits on sides of head, female without pits; 
skin smooth, tail keeled (aquatic stage) ; skin rough, tail oval in sec
tion, color reddish (terrestrial stage); length to 2 1%0 " (75 mm.). 
Southeastern Georgia and northern Florida .......... . . perstriatus p. 86 

r r. Ground color above light yellowish-brown to olive-brown or olive-green 
with scattered small black dots; sometimes with a few small dorso
lateral light specks, yellowish or pale red but not black-bordered; belly 
straw-yellow, tinged with orange in the region of the vent and with a 
few small scattered black dots; adult male with 3-3 pits on sides of 
head, female without pits; length to 3Yz" (89 mm.). South Carolina to 
Florida; west to Texas, Oklahoma, and Kansas; northward to Wis-
consin, Minnesota, and Michigan . . .. .... . viridescens louisianensis p. 106 

Olive-green above, marked with numerous large round black spots 
and smaller, dull yellow spots or dashes and a narrow yellow line on 
either side of mid-line of back; sides tinged with bluish-green; venter 
bright orange with large rounded black spots; length to 4%" ( 105 

mm.). Southeastern Texas . . . . . . . . . . . . . . . . , . . . . . rneridionalis p. 82 

OREGON HEWT. Triturus granulosus granulosus (Skilton) . Figs. l6e-f, 

17. Map.4. 

TYPE LOCALITY. Oregon. 

RANGE. From Mendocino County, California, northward through 

western Oregon, Washington and adjacent islands, British Columbia, 

and possibly Alaska. 
HABITAT. The aquatic adults are common in roadside ditches and bor

row pits and in the streams, lakes, ponds, and woodland pools. The 

terrestrial newts are found wandering about on the forest floor or hiding 

beneath logs and bark. 
srzE. The average length of 18 adult males from Oregon is 7%" 

(181 mm.), with extremes of 6o/io" (16o mm.) and 71o/i6" (201 mm.) . 

A series of 14 adult females average 5%" (140 mm.), with extremes of 

5%11 (130 mm.) and 6" (152 mm.) . The proportions of an adult male 

from Newport, Oregon, are as follows: total length 61%6" (176 mm.), 

tail3Ys" (98mm.);headlength %" (19mm.),width 1%2" (15mm.). 

An adult female from the same locality has the following measure

ments: total length 5%" (146 mm.), tail 3!}b" (80 mm.); head length 
2 % 2" (16 mm.), width 1 ~b" (13.5 mm.) . 
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DESCRIPTION. The head is broad and slightly convex above, widest at 

the angle of the jaws, the sides converging gently to the lateral exten

sions of the gular fold and ~he sides of the snout tapering abruptly to 
the truncated tip. Eyes moderate, crossed by a dark horizontal bar, the 

~ g. granulosus 
~ g. tw1tty1 
• g. mazamae 

' , 

-- _________________ \ 

......... __ _ 
MAP 4.-Distribution of the .subspecies of T1·iturus grmmlosus. (T. g. granulosus, or a 

form closely related to 1t, extends as far north as Admiralty Island, Alaska.) 
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iris above whitish, below dark with a whitish spot or bar immediately 

below the pupil. Interorbital distance about 2% in the head, measured 

along the side below the eye from the gular fold to nostril. Trunk well 
rounded above and on the sides, belly flattened. Costal grooves not de-

FIG. 17. Triturus granulosus gra11ulosus (Skilton). (1) Adult male, actual length 5%.a" 
(142 mm.). (2) Same, ventral view. Robinson Creek, Ukiah, California. [V. C. Twitty, 

collector.] 

veloped. Tail broadly oval in section at base, becoming sharp-edged 
above a short distance beyond the vent and strongly compressed distally; 

in breeding males the dorsal tail keel is widened so that its highest point 

is slightly above the level of the back; the ventral keel is narrow and 
does not reach the vent. Legs and feet strongly developed; toes short, 
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flattened, and wide at base, abruptly tapering, those of the hind feet 

1-5-2-4-3 in order of length from the shortest; toes of the fore feet 
1-4-2-3. Palmar and plantar tubercles, when present, poorly developed. 
Skin tuberculate within small reticulated areas, sometimes a few tuber
cles tipped with brown. Males in breeding season with skin relatively 
smooth. Tongue small, broadly oval in outline, and slightly free at the 
sides. The palatine teeth in 2 rows nearly in contact anteriorly, evenly 
diverging posteriorly and becoming separated by a distance about equal 
to twice the diameter of an inner naris. 

COLOR. The general ground color above varies from deep brown to 
reddish-brown. The dark pigment involves all dorsal surfaces and the 
sides of the head to the level of the nostril, leaving the upper lip light; 
and also the sides of the trunk to a level which involves the entire dorsal 

and lateral surfaces of the legs and all but a narrow stripe along the 
ventrolateral surface of the tail. In the male there is frequently a pointed 
lobe of pigment extending toward or reaching the vent, and in both 
sexes the dark pigment encroaches on the ventral surface of the fore
arms. The color of the ventral surfaces varies from yellow to bright 

reddish-orange. 
SEXUAL DIFFERENCES. The sexual differences are expressed in the 

greater size of the males, and by the form of the vent, which, in the fe~ 
male, is small and cone-like, with the opening directed obliquely down
ward, while in the male it is larger and longer and, in the breeding 
season, may be greatly swollen and strongly protuberant, the sides 
ridged and grooved, the opening with short free filaments. Soles of the 
feet and a spot at base of thighs below of ten pigmented in breeding 

males. 
BREEDING. The breeding season is apparently an extended one. Slater 

and Brockman (1936, p. II3) reported that eggs are laid soon after the 
ice melts from the ponds in northern Washington, and Gordon ( 1939, 
p. 51) remarked that eggs are laid in late winter in the vicinity of Cor~ 

vallis, Oregon. In our own experience, mated pairs collected June 1 and 
2

1 
1936, at Miranda, California, deposited many eggs a day or so later 
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in captivity, and freshly deposited eggs were collected June 21, 1936, 
in a pond 2 miles west of Lake Crescent, Washington. The eggs are 

deposited singly or in small clusters and have a diameter of 1.85-2 mm.; 

with their envelopes they average about 3.3 mm., but may reach 4 mm. 
There are 3 conspicuous envelopes in addition to the vitelline mem
brane, the 2 inner ones about equal in thickness, and together about Y:i 
the diameter of the outermost. 

LARVAE. The young and half-grcwn larvae are strongly blotched and 
mottled on the fins, the pigment somewhat concentrated along the mar
gins. The dorsal fin arises at the back of the head and reaches its great
est width about opposite the vent; the ventral tail fin extends to the 

vent. There is a conspicuous dark bar from the eye to the nostril, and 
usually 2 rows of larval light spots on the trunk, the upper next the 

dorsal fin, the lower along the sides above the legs, where, in older 

individuals,_ they often form a light stripe. In some large larvae the 
mottling of the fins is largely lost, but remnants of larval blotches re
main in the form of rounded dark spots on a more uniform ground color 
of reddish-brown. Larvae may attain a length of 55 mm. and transform 
the fall of the year in which they were hatched, or spend an additional 
winter and spring in the water and reach a length of 70 mm. before 

transforming in June and July. 

CRATER LAKE NEWT. Triturus granulosus mazamae Myers. Fig. 18. 

Map 4. 

TYPE LOCALITY. Mt. Mazama, Crater Lake National Park, Klamath 

County, Oregon. 
RANGE. Vicinity of Crater Lake, Oregon. 
HABITAT. At present known only from the higher slopes of Mt. 

Mazama. Nothing has been published on the character of the habitat. 

sIZE. The average length of thirteen adult males is 6%6 11 
(166 mm.), 

the extremes, 5Y:i" (139 mm.) and 8Vin" (214 mm.); nine adult fe
males average 5'Vs" (149 mm.), the extremes 5%" (133 mm.) and 6%" 
( 171 mm.). The proportions of a male are as follows: total length 8" 
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(202 mm.), tail 4}'.iG" (u3 mm.); head length 2%2" (20 mm.) width 

%" (16 mm.). An adult female has the following measuremen:s: total 
length 5

1
%6" (147 mm.), tail 3Yi6" (78 mm.); head length %" (16 

mm.), width 1%2" (13 mm.). 

DESCRIPTION. The head is broadly oval in outline, widest opposite the 
angle of the jaws, the sides converging to the lateral extensions of the 
gular fold, in front more abruptly to the truncated snout. The eyes are 

1 

2. 

Frc. 18. Tritums granulosus ma::amae Myers. (1) Adult male, actual length 7%" 
(200 mm.). (2) Same, ventral view. Crater Lake, Oregon. [Drawn by Hugh P. Chrisp.] 

of moderate size, the horizontal diameter equal to the distance from 
the anterior angle of the eye to the nostril of the same side. Trunk fairly 
stout, rounded above and on the sides, flattened below. Legs stout, toes 

5-4. Toes rather short and bluntly tipped, 1-5- 2-4-3 or 3-4 in order 
of length from the shortest, the first much reduced; toes of fore feet 

1-4- 2-3. Tail long, slender, compressed, becoming sharp-edged above a 
short distance behind the vent; ventral tail keel narrow and not reaching 

vent. Tongue small, broadly oval in outline. Vomero-palatine teeth in 
2 series, in contact anteriorly, and only slightly diverging posteriorly for 
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the anterior % of their length, then more abruptly. In some specimens 

nearly V-shaped (apex forward) , evenly diverging posteriorly. 

coLOR. This is a highly pigmented form, the preserved specimens 

being uniformly dark brown above and on the sides, the light areas on 

the venter yellow (possibly orange in life). The dark pigment extends 

on the sides of the head to involve the upper lip (rarely a light line 

along the extreme lower margin of upper lip), on the sides of the trunk 

to involve the under surface of the limbs, and on the tail so that only 

the extreme ventral margin of the bas:il part is light in color. In many 

individuals there are large dark blotches on the throat, on the area be

tween the fore limbs, and in varying degrees on the sides of the venter. 

A broad dark bar crosses the posterior half of the vent in most indi

viduals of both sexes. 
SEXUAL DIFFERENCES. The sexes may be distinguished not only by 

average-size differences, as indicated above, but by tail-length, that of 

the males averaging 55 per cent of the total and of the female 53 per 
cent. The form of vent is also characteristic of the sex, that of the mature 

male being large and strongly protuberant, the sides marked by oblique 

ridges separated by narrow grooves which converge at the slit, the ridges 

studded by a few dark-tipped tubercles. Internally there is, at the an

terior end of the vent, a triangular lobe with the point directed caudally 

and bearing, ventrally, a round, flat, disk-like structure which in some 

individuals is highly pigmented. On either side of this triangular lobe 

is a fleshy fold, with oblique grooves, which is expanded into a rounded 

lobe behind and meets its fellow of the opposite side at the middle line. 

In the female the vent is smaller, the sides with oblique grooves and 

folds which are continued within the margins. 
BREEDING. Nothing has been published on the breeding habits, eggs, 

or larvae of this race. An adult female taken July 7, 1938, at Crater Lake, 

possessed ovarian eggs of large size, but in the majority of specimens 

taken at the same time and place the eggs were small. 
Four of 26 specimens examined retained rudiments of the gills. These 

varied in length from 4%" (124 mm.) to 6" (152 mm.) and involved 
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both sexes. For the loan of a fine s~ries for study, from the type locality, 
I am indebted to Dr. G. S. Myers. 

TWITTY
1
S NEWT. Triturus granulosus twittyi Bishop. Figs. 16b, 19. Map 

4· 
TYPE LOCALITY. Saratoga, California. 

RANGE. Santa Clara, Santa Cruz, and Marin Counties, California. In
tergrades are known from Marin, Napa, and southern Mendocino Coun
ties. 

HABITAT. This subspecies is common in streams, ponds, and pools, and 
is occasionally found on land. 

SIZE. Twenty adult males from Saratoga and Boonville, California, 

average 61Yi6" (170 mm.), the extremes 52%2" (145 mm.) and 71%2" 
(1¢ mm.) . Twelve adult females from the same localities measure as 

follows: total length 5 1~611 (149 mm.), extremes 5%" (134 mm.) and 

6*" (159 mm.). The proportions of an adult male from Saratoga are 
as follows: total length 7% 211 

( 180 mm.), tail 4" ( 102 mm.); head 

length 2~h" (21 mm.), width 2
%2" ( 19 mm.) . An adult female from 

the same locality measures: total length 6%" ( 159 mm.), tail 3%'' (86 

mm.); head length 2 % 2
11 (19 mm.), width 2%2" (17 mm.). 

DESCRIPTION. The sides of the head back of the eyes are broadly 

rounded to the lateral extensions of the gular fold, where there is a defi

nite constriction. In front of the eyes the sides converge rather abruptly 
to the bluntly pointed snout. The eyes are of moderate size, the long 

diameter about twice in the snout. The eye is crossed by a broad, dark, 

horizontal bar, the iris above silvery, below mottled silvery and black. 

The interorbital distance about 2Yz in the length of the head meas

ured along the side from the tip of the snout to the lateral extension 
of the gular fold. The trunk is well rounded above and on the sides, 

flattened below. Costa! grooves not developed. The tail is broad at base, 

subquadrate in section, becoming sharp-edged a short distance behind 

the vent and strongly compressed distally. Legs and feet stout. Toes 

5-4, moderately long, depressed and widened basally, pointed at tip, 
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those of the hind feet 1-5-2-4-3 in order of length from the shortest; 

toes of the fore feet 1-4-2-3. Outer palmar tubercle developed, inner 
poorly developed or lacking. Skin roughePed and finely tuberculate, 

the brown-tipped tubercles usually very numerous on the belly, often 
single, sometimes in little clusters of 5 or 6 within small reticulated areas, 

1 

2 

F1G. 19. Triturus gra1111/osus twittyi Bishop. ( z) Adult female, actual length 6" (153 
mm.) . (2) Same, ventral view. Saratoga, California. [V. C. Twitty, collector.] 

fewer and larger on the back and sides. Tongue small, nearly circular in 

outline, and slightly free at the sides. The palatine teeth in a V-shaped 
series, the apex directed forward, slightly diverging for ¥2 the length, 

then more strongly diverging so that the rearmost are separated by about 

the distance between the inner nares. 
coLoR. The general ground color above varies from dark yellowish

brown to burnt umber, the dark pigment covering the dorsal surfaces 
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and the sides to involve the upper Y:? or % of the legs, the upper % of the 
tail and the sides of the head to below the nostril and eye. The ventral 
surfaces vary from yellow to orange but are less bright than in T. g. 

granulosus. In a few males the dark pigment encroaches on the sides 
of the vent in the shape of blunt lobes. ... 

SEXUAL DIFFERENCES. During the breeding s~ason, sexual differences 
are well marked. The vent of the male is large, strongly protuberant, 
the sides with oblique broken folds, the opening lined with fleshy lobes 
tipped with short filaments. The soles of the feet and a patch on the 
under side of the thigh near the base often pigmented. The vent of the 
female is small and cone-like, the opening directed obliquely down
ward. 

BREEDING. The eggs have been found, usually in quiet water, as early 

as Feb. 25 near Saratoga, California (Twitty, 1935, p. 76), with the 
height of the breeding season probably in March. There is some evi
dence, as indicated by Twitty, that breeding may be extended over a 

considerable period of the year. On May 20, 1936, we collected adults 
of both sexes at Saratoga, and on May 23 eggs were found in the con
tainers. The eggs were deposited singly and in small clusters of 2 or 3. 
Individual eggs I have measured have a diameter of 2 mm., or, with the 

envelopes, 2.5 to 3 mm. In addition to the vitellus there are only 2 well 
de.fined envelopes, the inner one thin and having the appearance of 
being finely laminated, the outer about twice as thick, softer and more 
homogeneous. 

LARVAE. Larvae at hatching are provided with balancers as in T. toro

sus and have a length of approximately 12 mm. at the time of inde

pendent feeding (Twitty, 1935, p. 79). At first there is a poorly de.fined 
dark dorsal stripe on each side, but this soon becomes diffuse and the 
pigment becomes distributed over the back and sides to form a very 

light reticulated pattern. The dorsal fin arises back of the head and 

extends to the tip of the pointed tail; the ventral fin extends to the vent. 

The larvae may attain a length of 75 mm. before transforming. Large 
larvae may have the fins lightly mottled and blotched, and there are a 
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few small, scattered, dark blotches of irregular size and shape on the 
sides of the trunk and tail. It is evident that not all larvae transform 
in the fall of the year in which they were hatched, for we have collected 
individuals up to 70 mm. in length. during May, when some adults were 
just depositing eggs. 

WARTY NEWT. Tritums klauberi (Wolterstorff). Fig. 20. Map 6. 

TYPE LOCALITY. Boulder Creek, San Diego County, California. 
RANGE. San Diego County, California. 
HABITAT. The breeding populations are known chiefly from Boulder 

and Cedar Creeks, in San Diego County, California. Klauber ( 1934, p. 
4) writes: "This newt is found in localities where permanent water is 
available. While usually present in the pools of streams during the 
spawning season, it spends most of its life on land. As in the case of 

most amphibians, night is the time of its greatest activity ; in the day
time, unless in water, it will usually be found hidden in leaves and under 

logs." 
s1zE. The average length of 27 sexually mature females from the type 

locality, sent me by Mr. L. M. Klauber, is 5%11 (139.5 mm.), with ex
tremes of 5%2" (126 mm.) and 6%2" (153 mm.) . Three males from the 
same locality average 6Yi 6 11 

( 154 mm.), with extremes of 52%2" ( 150 

mm.) and 6%a" (157 mm.) . The proportions of.a male and a female 

having the same total length are as follows: Male, total length 52%2" 

(150 mm.), tail 3%2" (83 mm.); head length 1YiG" (17 mm.), width 
%6" (14 mm.) . Female, total length 5:?%2" (150 mm.), tail 3%s" (81 

mm.); head length 2Ya2" (16 mm.), width %" ( 15.5 mm.). 
DESCRIPTION. This species is characterized by its short, broad head and 

the extreme wartiness of the skin. The head is widest opposite the eyes, 
the sides behind tapering quite strongly to the lateral extensions of the 
gular fold and in front more abruptly to the short, blunt snout. Eyes 

moderate, the interorbital width a little less than the distance from the 

nostril to the angle of the mouth, and only twice in the len8th of the 
head measured from the nostril to the lateral extension of the gular 

80 

FAMILY SALAMANDRIDAE 

fold. Costa! grooves not developed. Gular foio.,.. strongly developed. 

Trunk well rounded, flattened below. Legs stout, toes short, 5-4, those 
of the hind feet 1-5-2-4-3 in order of length from the shortest; toes of 
the fore feet 1-4-2-3, the 2nd and 3rd about equal. Tail subquadrate 
in section at base, becoming somewhat compressed and sharp-edged 

2 . 

Fie. 20. T1·itt11·us klauberi (Woltem orff) . ( 1) Adult female, actual length 5~a" ( 132 

mm.) . (2) Same, ventral view. San Diego, California. (L. M. Klauber, collector.] 

above and below distally. Tongue small, roughly circular in outline, 
free at the sides only, and often with a few rounded tubercles. Palatine 
teeth in 2 series, parallel and narrowly separated anteriorly for Yz- % 
the length, abruptly diverging posteriorily, or, the posterior ~ or Yz 
curved outward and backward. Skin everywhere beset with many wart

like tuberosities, often most conspicuous around the eyes, along the m.ar
gins of the mouth, toes, and vent. 
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COLOR. In life, according to Klauber ( 1934, p. 4), the general color is 
burnt orange above and yellow below. The dark pigment extends on 
the side of the head to the lower margin of the eyes, on the trunk to the 
lower level of the legs and the exposed surfaces of the tail. The eyelids, 

the tip of the snout, and the toes are frequently lighter in color than 
adjacent areas. 

SEXUAL DIFFERENCES. The sexes may be distinguished by the form of 

the vent, which in the male is large and quite strongly protuberant and 
in the female smaller and directed obliquely downward. 

BREEDING. Little is known of the breeding habits. A female taken April 
8 in Boulder Creek, San Diego, California, by L. M. Klauber, has ovar
ian eggs 2 mm. in diameter. The eggs are brown above and dull yellow 
below after being in preservative. The sides of the vent in this individual 
are swollen and somewhat protuberant, broken into ridges and retic

ulated areas, and studded with a few brown tubercles. 

TEXAS NEWT. Triturus meridionalis (Cope) . Frontispiece. Fig. 21. Map 5· 

TYPE LOCALITY. Matamoros, Tamaulipas, Mexico .. . "tributaries of 

the Medina River and southward." 
RANGE. Ea$t central Texas from Houston south to Brownsville, west to 

San Diego, San Antonio, and Helotes, north to Waco; Mexico, vicinity 

of Matamoros. 
HABITAT. The aquatic adults are found in the lagoons, bayous, and 

other quiet waters. Strecker ( 1922, p. 6) found them in numbers in 
Laguna Lake, Falls County, Texas. The land form has also been re

ported by Strecker. 
SIZE. In a series of specimens from Kingsville and the Rio Grande 

Valley in Texas, collected by Mr. Clyde T. Reed, and in specimens from 
Brownsville, Texas, the females vary in length from 95 to 105 mm. 
and the males from 86 to 95 mm. In the females the tail comprises 46-

50 per cent of the total length and in the males 46-53 per cent. 
DESCRIPTION. This is a stout little newt with a relatively broad and 

flat head, rounded trunk, and somewhat compressed tail. The skin is 
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slightly roughened even in the aquatic adults, and in this respect differs 
from most other newts. The head above has 2'.Jltlrrowly separated and 
nearly parallel ridges which originate on the snout and extend nearly 

to the back of the head. In some individuals these ridges fade out be-

MAP 5.- Distribution of Triturus pe1:<triat11s and T. meridio11alis. 

hind, in others they converge and continue as a low median ridge along 
the back. In living specimens these ridges may not be conspicuous. The 

eyes are crossed by a horizontal dark bar with the iris, above and below, 

brassy yellow. The tail is oval in cross section near the base, but becomes 
more flattened with narrow keels above ~nd below, beginning a short 
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distance behind the vent. The costal grooves are very poorly defined. 
The fore legs are rather slender, the 4 toes 1-4-2-3 in order of length 
from the shortest; hind legs stout, the 1st and 5th toes short, about equal 
in length, others 2-4-3. The tongue is small and fleshy, and slightly free 
only at the lateral margins. The teeth on the roof of the mouth are in 

Fie. 21. Triturus meridionalis (Cope) . (1) Adult female, actual leng~h 4~G". (104 
mm.). (2 ) Same, lateral view. Harlingen, Texas. (From Mrs. L. I. Davis, Harlingen, 

Texas.] 

2 long series, widely separated behind, converging abruptly for half 
their length, then more gradually to a point between the inner n~res. 

COLOR. The ground color varies from light blue-green on the sides to 
light olive-green on the back. Scattered at random over the dorsal sur
face are rounded black spots of moderate size and more irregular, some

what elongate, diffuse yellow spots. There are no red spots. Originating 
on the snout and continuing on the head and trunk are 2 narrow yellow 
lines one on each side of the middorsal line. These. lines are irregular 
and broken on the head, but become well defined oft the trunk, fading 

84 

FAMILY SALAMANDRIDAE 

out on the basal half of the tail. The legs are marked above with small 
round black spots and a few diffuse, yellow blotches; the toes are pale 
green at the base with tinges of yellow toward the tips. The lower sides 
have the black spots arranged in irregular lines and between them some 
yellow blotches. The black spots are slightly larger along the mid-line 
of the side of the tail, where they form a fairly regular series; a less well 
de.fined series of smaller black spots follows the edges of the tail keels. 
The sides of the head below the level of the eyes are yellowish. The entire 
ventral surface is bright orange, over which are scattered many rounded 
black spots. The black spots are small on the throat and legs, larger 
on the belly and tail. The orange of the ventral surface of the tail extends 
upward onto the lower third of the sides of the tail and halfway on the 
sides of the legs. 

SEXUAL DIFFERENCES. Sexual differences are quite strongly marked. 
The head of the male is widest behind, tapers gently to the eyes and 
then abruptly to the pointed snout; in the female, the sides of the head 
behind the eyes are parallel. On the side of the head of the male in a 

' 
line behind the eye, there are 2 or 3 elongate pits, partially covered above 
by a well de.fined ridge. The hind legs of the male are stouter than those 
of the female, and during the breeding season are armed with trans
verse horny ridges on the under surface of the thighs and with horny 
tips to the toes. The tail fins of the male are broader than those of the 
female, especially during the breeding season. The vent of the male is 
larger and more protuberant, but in both sexes the margins of the vent 

. are thrown into folds. 

BREEDING. Strecker ( 1922, p. 6) reports that this species breeds in 
March and April. Single eggs were found enclosed by immersed leaves 
in the smaller sloughs, and larvae were seined from small arms of these 
sloughs. Strecker found the young larvae indistinguishable from larvae 
of Triturus from Raleigh, North Carolina. 

Boulenger, 1888, p. 24 (Molge meridionalis); Cope, 1880, p. 30 (Die
myctylus miniatus, subsp. meridionafis); 1888, p. 395; Fowler and 
Dunn, 1917, p. 28; Strecker, 1908, p. 56; 1998a, p. 80: 1908b, p. 48 (Die-
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myctylus meridionalis); 1915, p. 54 (D. v. meridionalis); 1922, p. 6 

(Notophthalmus meridionalis); Wolterstorff, 1925, p. 293 (Diemicty
lus meridionalis). 

STRIPED NEWT. Triturus perstriatus Bishop. Fig. 22. Map 5. 

TYPE LOCALITY. Dedge Pond, 2 miles east of Chesser's Island, Charl

ton County, Georgia. 

RANGE. Lakeland, Lanier County, Georgia, and the Okefinokee 

Swamp in southeastern Georgia southward to central Florida, westward 

to Leon County, Florida. 

HAlHTAT. Aquatic adults have been found in the shallow ponds of the 
piney woods in the Okefinokee, and efts sometimes in fairly dry situa

tions on the islands. In Florida, Carr ( 1940, p. 45) reports larvae and 
adults in ponds and drainage ditches. 

SIZE. The average length of 86 adults of both sexes is 27'2" (63.4 mm.) , 

the extremes 2Vi.G
11 (52 mm.) and 3%2" (79 mm.), each sex attaining 

the same average length. The proportions of an adult male from near 

Chesser's Island, Okefinokee Swamp, Georgia, are as follows: total 

length 2%" (70 mm.), tail 1%2" (36 mm.); head length%" (IO mm.), 

width o/i.G" (5mm.). A female from the same locality measures: total 

length 21 ~2" (60 mm.), tail d':12" (28 mm.) . 

DESCRIPTION. The head is widest at the eyes, the sides behind nearly 

straight and slightly converging posteriorly, in front tapering abruptly 

to the blunt! y pointed snout. Cranial ridges not well developed; when 

present they arise on the top of the snout about midway between 'the 

anterior angle of the eye and the nostril, and extend, nearly parallel, to a 

point opposite the posterior angle of the eye, diverging somewhat at 

this point and broadly rounded behind. Eye with a dark horizontal 

bar, the iris above silvery, the long diameter about equal the distance 

from the anterior angle to the nostril. On each side of head of male a 

series of 3 elongate pits partially overhung by a low ridge; on the female 

these pits are lacking. The trunk is slender and somewhat compressed, 

costal grooves and gular fold not developed. The legs are generally 
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slender except the hind legs of the male in the breeding se~son, which 

then become enlarged and develop a thin keel on the hind margin. 

Toes 5-4, those of the hind feet 5- 1-2-4-3, the 5th short and webbed 

1 

F1G. 22. Triturus pcrstriatus Bishop. ( t) Adult female, actual length 21%2" (6r mm.) . 
(2) Same, lateral view. (3) Same, ventral view. Dedgc Pond, near Chesscr's Island, 
Okefinokee Swamp, Georgia. (Photographs of a preserved specimen.] 

internally at base, the 1st thickened and rounded at tip; toes of the fore 

feet r-4-2-3, long and slender. Tail strongly compressed, in the aquatic 

adults with a dorsal keel that arises above the insertion of the hind leers 
b' 

reaches its greatest width at a point just behind the vent, and tapers 
evenly to the tip; vent of the male large, strongly protuberant, the open-
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ing directed obliquely down and backward, and lined with many slender 

filaments. Tongue small, oval. Vomero-palatine teeth in 2 long series 

which arise opposite the hind margin of the inner nares and extend, 

narrowly separated, in parallel lines for % their length, then diverge 
abruptly. 

COLOR. Ground color above uniform dark brown to olive-green. On 

either side an unbroken narrow dorsolateral light stripe, bright red to 

red, strongly suffused with dusky. The stripes arise on the head between 

the eyes and continue the length of the trunk and often on the basal 

half of the tail; on the distal half, they may be broken into separate 

spots or lacking. Often there is a middorsal stripe lighter than adjacent 

areas but not red. The dorsolateral red stripes are not heavily black

bordered, as in dorsalis, but may have a slight concentration of dark 

pigment on either side. In some individuals there are a few small red 

spots on the lower sides between the legs. In most specimens there are 

a few small black flecks scattered over the dorsal pigmented areas; in 

some, the black flecks are mainly restricted to series which extend along 

either side of the middorsal line and the bases of the tail fins. The dark 

ground color extends on the sides of the head to the level of the eye, 

on the trunk to a line which passes just above the legs, and on the tail 

to different levels in different individuals, but mainly restricted to the 

upper %. The ventral surfaces are light yellow, usually '1'ith a few small, 
scattered, black flecks; an occasional individual may roe more heavily 

flecked, and, in about 25 per cent of all, the belly is immaculate. The 

upper surface of the limbs is colored like the sides. 

EFTS. The terrestrial efts are orange-red, the dorsolateral red. stripes 

present as in the adults, the skin roughened and the tail less compressed 

than in aquatic adults. Individuals I have measured varied in length 

from 43 to 51 mm. 
BREEDING. Little is known of the breeding habits. There is apparently 

an extended period of mating and egg-laying, for we have taken adults 

in breeding condition near Chesser's Island, Okefinokee Swamp, Geor
gia, in February, and adults from the same general locality in the Cor-
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nell University collection were in breeding condition when taken 
during June. 

LARVAE. The larvae I have examined were marked dorsolaterally with 

a series of pale spots, which may have been red in life, and the sides 
of the tail with scattered dusky spots; they varied in length from 25 to 

37 mm. Often neotenic individuals are found. These are usually marked 
dorsolaterally with a series of pale spots or stripes and on the lower 

sides with a series of small light spots. These attain the size of aquatic 
adults. 

WESTERN RED-BELLIED NEWT. Triturus n'vularis Twitty. Figs. 16d, 23. 
Map6. 

1YPE LOCALITY. Gibson Creek, near Ukiah, California. 

RANG.£. Known from Sonoma, Mendocino, and Humboldt Counties 
in northwestern California. 

HABITAT. Usually found in or near mountain streams (Twitty, 1935, 

P· 73). On May 31, 1936, we collected at the type locality of T. rivularis, 
Gibson Creek near Ukiah, California. Gibson Creek has its course in 

·part through a wooded glen and over a rough, bouldery bottom. Here 

in the more quiet pools Triturus granulosus and larvae of Dicamptodon 

were abundant, but no larvae and only a single adult of T. rivularis. 
The scarcity of adults at this time of the year was perhaps to be expected, 

since Twitty has found that they disappear shortly after spawning in 
April. 

SIZE. A series of 10 adult males from the type locality, measured by 

Twitty (1935, p. 74), varied in length from 6~" (165 mm.) to 7o/ia" 

(185 mm.) and averaged i Yta" (179.6 mm.); 5 adult females varied 

from 52
%2" (145 mm.) to 61o/ia" (173 mm.) and averaged 6%" 

(158.6 mm.). 

DESCRIPTION. This species may generally be distinguished from T. 
torosus and T. granulosus by its smoother skin, darker dorsal coloration, 

tomato-red venter, and dark iris, and by the arrangement of the teeth. 
The head is narrower than in r: t. torosus, widest opposite the angle of 
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the jaws, the sides converging slightly behind to the lateral extensions 
of the gular fold, in front abruptly to the depressed and pointed snout. 
The eyes dark brown. Costal grooves not developed; gular fold a 

transverse crease in some, in others fairly well defined. Legs stout, the 

~ rivularis 
~~ torosus 
_ sierrae 
• klauberi 

.......... ___ -· 

MAP 6. Distribution of Triturus rivularis, T. toroms, T. sierrac, and T. klauberi. 

toes 5-4, those of the hind feet usually 1-5-2-4-3 in order of length 
from the shortest; toes of the fore feet 1-4-2-3 or 3-2. The trunk is well 
rounded; the tail long and slender, oval in section at the base but with
out wide keels even in the breeding season. The tongue is small, roughly 
oval in outline, free only narrowly at the sides and behind. The palatine 
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teeth are in 2 rows, parallel and narrowly separated anteriorly for % 
the length, abruptly diverging posteriorly. 

coLoR. The general color above is a deep, dark brown, almost black. 
The feet are slightly lighter and the toes, especially the rst and 2nd, 
reddish-orange suffused with brownish. The dark color of the dorsal 

FIG. 23. Triturus rivu/aris Twitty. (1 ) Adult male, actual length 6%" (172 mm.). 
(2) Same, ventral view. Ukiah, California. (V. C. Twitty, collector.) 

surfaces extends on the sides to a well defined line which runs from 
the nostril along the sides of the snout to the eye, where it involves only 
the upper half of the lower lid, and from the posterior corner of the 
eye slants downward to the level of the jaws at the lateral extension of 
the gular fold. The dark dorsal color involves the exposed surfaces of 
the limbs and the entire tail except for a narrow ventral area which 

becomes line-like posteriorly. The ventral surface of the throat, belly, 

and tail is a bright tomato-red; the soles of the feet dusky orange-red 
with the tips of the toes darker. In the male a broad, dark brown band 
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extends directly across the vent; in the female the band may or may 

not be present. In some individuals the bright color of the underparts 

extends on the tip of the snout above the level of the nostril and faintly 

upon the upper eyelid. The surface of the skin when seen under low 

magnification appears to be broken up into small angular areas, within 

which are low, rounded tubercles; but the skin is smooth as compared 

with that of T. torosus and T. granulosus. 
SEXUAL DIFFERENCES. Sexual differences are not well marked. The male 

apparently attains a larger average size than the female and during 

the breeding season develops a few rugosities on the lower surface of 

the thighs, while the skin of the rest of the body is generally quite 

smooth. 
BREEDING. Twitty ( 1935, p. 73) found that breeding occurred only in 

streams of typical mountain-brook character. The eggs, ~n distinctive 

flat packets, were generally attached to the lower surface of stones in 

swift water. Several hundred egg clusters were collected or observed 

in Gibson Creek and Robinson Creek near Ukiah, California, in April 

1935. Active spawning had apparently been confined to approximately 
the first 3 weeks of April, with the peak near the beginning of the 

month. The eggs in the small flattened clusters varied from 5 to 15 in 

number and averaged 9 in a series of 20 c~unted. Individua~ eggs in the 

blastula stage averaged 2.75 mm. in diameter, as compared with 2.25 mm. 

for those of torosus. The eggs are variously pigmented, dark gray or 

grayish-brown, and are deposited in great abundance, in one instance 

a count revealing approximately 70 masses attached to the lower surface 

of a single stone and crowded within an area 12" x 8 Y:i ". · 
LARVAE. The recently hatched larva has the balancer either absent or 

rudimentary, never attaining half the normal size of that of T. torosus 

(Twitty, 1935, p. 76). The dorsal fin is less prominent and does not 

extend as far forward as in torosus. The head is flatter and longer than 

in the other described species and the body is uniformly pigmented 

over the back and sides. The larvae transform at a length of 45-55 mm., 

essentially the same as in T . torosus. 
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SIERRA NEWT. Triturus sierrae Twitty. Fig. 24. Map 6. 

TYPE LOCALITY. Cherokee Creek near Chico, Butte County, California. 

RANGE. Known from the vicinity of the type locality and from Eldo
rado, Mariposa, Tuolumne, Placer, and Fresno Counties, California. 

HABITAT. The western Sierran slopes, where, during the breeding sea

son at least, it tends to occupy streams_ with considerable current. 

s1zE. The average length of 15 adult males from the type locality is 7" 
( 178 mm.), the extremes 6% 211 

( 158 mm.) and 7%" ( 194 mm.) ; 6 

adult females from the same locality average 6%" (156 mm.), the ex
tremes 52%2" (150 mm.) and 61%2" (163 mm.). The proportions of 

an adult male are: total length 7Y:?" (190 mm.), tail 4%G" (no mm.); 

head length 2%2" (21 mm.), width %" (16 mm.). In the males the 

tail averages 56 per cent of the total length; in the females 52 per cent. 

DESCRIPTION. The head is widest immediately back of the eyes, the 

sides behind rounding gently to the lateral extensions of the gular fold, 

in front tapering abruptly to the truncated snout. The eye is crossed by 

a dusky horizontal bar, the iris silvery with a few dark Aecks. The trunk 

is slightly depressed, rounded on the sides, flattened below. Legs strongly 

developed; toes 5-4, those of the hind feet 1- 5-2-(4-3) in order of 

length from the shortest; toes of the fore feet 1-4-2- 3; palmar and 

plantar tubercles not developed. The tail is subquadrate in section at 

base, becoming sharp-edged above a short distance behind the vent, 

and slender and strongly compressed distally; in breeding males about 

intermediate in width between that of granuloms and torosus. Tongue 

small, broadly oval in outline, the surface spongy. Palatine teeth in 2 

long series nearly parallel or slightly diverging for% the length, abruptly 

diverging posteriorly. 
COLOR. The color above varies from chocolate-brown to burnt umber, 

with the skin over the eyes and the feet lighter, dusky orange. The dark 

pigment extends on the sides to involve the upp~r Y2 or % of the legs, 

on the cheeks to the lower margin of the eye, and on the tail to the 

lower third. The ventral surfaces are burnt orange, brightet on the throat, 
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tail, and sides of the belly than along the mid-line of the belly. The skin 

is relatively smooth and somewhat shining, and with a few small, soft, 
brown tubercles which are most apparent against the orange of the belly 
but present on all surfaces. 

Fie. 24. Tnturus sierrac Twitty. (1) Adult male, actual length 6%" (168 mm.). (2) 
Same, ventral view. Chico, California. [V. C. Twitty, collector.] 

SEXUAL DIFFERENCES. The sexes, aside from average differences in size, 
may be distinguished by the form of the vent. In the male it is large, 
strongly protuberant, and li.ned with ridges topped by many papillae. 
In the female, the vent is smaller and less protuberant, bordered either 
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side by a swollen ridge which is transversely grooved and armed on 
the surface by blunt tubercles. The sides of the venter proper are thrown 
into folds which converge to the slit and the inner surface is somewhat 
papillate. 

BREEDING. Twitty ( 1942, p. 66) found large numbers of adults mating 
and the females depositing eggs on April 9, 1937, in Cherokee Creek near 
Chico, California. The eggs were deposited in nearly spherical clusters 
containing rr-22 and were attached to the lower surface of stones in 
fairly swift water. Individual eggs averaged about 2.8 mm. in diameter. 

LARVAE. Several larvae from Antelope Creek, Placer County, Cali
fornia, taken August 26, 1899, varied from 55 to 62 mm. in total length. 
In the smaller specimens there is a strong suggestion of the pattern of 
Triturus t. torosus, in the development of a dark stripe on either side 
of the middorsal line. These narrow dark stripes originate on the back 
of the head and extend well on the base of the tail. The back between 
the stripes is sparsely marked with small dark spots, and the sides of 

the head, trunk, and tail have larger spots disposed somewhat in lines. 
The venter is immaculate. The dorsal fin arises just behind the insertion 
of the fore legs and reaches its greatest width about at the mid-length 
of the tail. The ventral fin extends to the vent. Recently hatched larvae 
possess balancers, as in torosus, and young larvae have numerous melano
phores extending farther ventrally on the sides than in that species. 

CALIFORNIA HEWT. Triturus torosus (Rathke). Figs. 16c, 25. Map 6. 

TYPE LOCALITY. Surroundings of the Bay of San Francisco, California. 
RANGE. From Monterey Bay north to middle Mendocino County, Cali~ 

fornia. South of Monterey Bay a related form extends south at least to 
Los Angeles County and possibly to extreme northern Lower California. 

HABITAT. The adults enter the water for the breeding season and may 
be found in streams, ponds, and reservoirs. The males frequently remain 

in the water for a considerable time, but transforming individuals leave 

the water if possible, and many females become more or less terrestrial 
after the egg-laying season. 
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s1zE. The measurements of the series that follow are from Twitty 
( 1935, p. 78). The average length of 7 adult males from Ukiah and 
Stanford University, California, is 6%" (16r.4 mm.), the extremes 

71Yio" (195 mm.) and 61
%2

11 (163 mm.); 10 females from the same 
localities average 6% 11 (158.2 mm.), the extremes 63~211 (177 mm.) 

Fie. 25. Trituru.r toroms (Rathke). (1) Adult female, actual length 6*" (171 mm.). 
Mount Hamilton, California. [V. C. Twitty, collector.] 

and 52'%2" (145 mm.). The proportions of an adult male from Ukiah, 

California, are as follows: total length iYs" (181 mm.), tail 32%2" (98 
mm.); head length 2%2" (22 mm.), width 2%2" ( 19 mm.). An adult 
female from the same locality measures: total length 52

% 2" ( 146 mm.), 
tail 2 2}b" (73 mm.); head length 2

%2" ( 19 mm.), width 1%2" ( 15 
mm.) . 

DESCRIPTION. The head is widest immediately behind the eyes, the sides 
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converging gently to the lateral extension of the gular fold, in front more 

abruptly to the bluntly pointed snout. The eyes are relatively large, the 
horizontal diameter about 1% in the snout. The interorbital distance 
is contained in the length of the head about 2 Y:! times. The eye is crossed 
by a dark horizontal band, the iris above silvery-yellow to greenish
yellow, more or less flecked or diffused with dusky. The legs are large 
and stout. Toes 5-4, those of the hind feet l-5-2-3-4 in order of length 
from the shortest, rath'er stout and depressed, bluntly pointed; toes of 

the fore feet 1-4-2-3. Tail subquadrate in section at base, becoming 
sharp-edged above a short distance behind the vent and compressed 
distally. The tongue is small, broadly oval in outline, slightly free at the 
sides and behind. The palatine teeth are in 2 series nearly parallel 
anteriorly, diverging abruptly at about the posterior third. Aquatic 
adults have the skin smooth and practically devoid of tubercles a~ve 
and with relatively few below. Terrestrial individuals have the skin 

roughened by blunt tubercles which are larger and more numerous 

above than below. 
coLoR. The general color varies somewhat in any local population, 

but the most pronounced differences are found when the aquatic breed
ing males are compared with animals that have assumed a terrestrial 

life. The adult males-and, to a less extent, the females-become much 
lighter in color, pale brown, as compared with the general dorsal color 
of terrestrial animals, which vary from dilute chocolate-brown to dark 
seal-brown. The pigmented areas include the sides of the head to the 
level of the nostril, the sides of the trunk to involve the upper Y2 of 
the limbs, and the upper % of the tail. The color of the ventral surfaces 
varies from yellow to bright orange, brightest on th~ throat, tail, under 
surface of the limbs, and along the sides of the belly. Often the sides 
of the body, especially in the males, become greatly darkened and in 

strong contrast with the lighter dorsal surfaces. 
SEXUAL DIFFERENCES. Sexual differences become well marked in the 

breeding season. The tail fins of the male are widened, the sides of the 
vent become greatly swollen and crossed QY prominent ridges, the open-
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ing lined with short filaments; the tips of the toes and a spot at the 

base of the thighs below become dark and horny. The sides of the vent 

of the female, while somewhat protuberant, never attain the size of 

those of the male and the inner margins are relatively smooth. 

BREEDING. The breeding period, more or less influenced by the char

acter of the season, may begin as early as December and continue to 

March. The male grasps the female with his fore limbs and may be 

seen carrying his mate as he swims about in the deeper pools or rests 

quietly on the bottom in shallow water. The eggs are deposited in small 

globular clusters containing on the average about 16 but varying from 

7 to 29 (Storer, 1925, p. 54). The masses are attached to sticks, vegetation, 

or other objects in the water. Individual eggs average about 2 mm. in 

diameter but may reach 2.5 mm. They are enclosed in an oval or round, 

fluid-filled envelope which has an average size of about 4.5 x 5.3 mm. 
The thickness of the jelly envelope varies from .41 to I.18 mm. (Storer, 

ihid., p. 55). 
LARVAE. The larvae at hatching have a length of about 11-12 mm. and 

are provided with balancers and short buds of the fore limbs. The gen

eral ground color is a light greenish-tan, the head slightly more yellow

ish. Beginning at a point just back of the eyes and extending the entire 

length of the trunk and tail there is a broad median light band which 

is limited each side by a narrow black line. The pigment within the 

light band is rather evenly distributed except on the dorsal fin of the 
tail, where it is concentrated to form dark blotches of considerable size. 
The sides immediately below the dorsolateral dark lines are evenly 

pigmented, but the lower sides and lower tail fin are blotched. The 

legs are pale greenish-yellow mottled with black. Larvae may attain a 

length of nearly 60 mm. before transformation, but the majority trans

form at a length of about 50 mm., beginning in early September and 

continuing through the several succeeding months. 
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COMMON H EWT. SPOTTED MlWT (aquatic ad uh) . EFT (Jancl stage) . Tri
turus viridesuns viridescens (Rafincsque) . Figs. 16a, 26. Map 7. 

TYPE LOCALITY. Lake George and Lake Champlain, N ew York. 

RANGE. Height of Land in Ontario and Quebec) eastward to the Gaspe 

Peninsula and New Brunswick ; southward ch.rough rhe eastern states 

co Georgia and AJabama; Tennessee northward to Indiana and Michi
gan. 

~ v. viridescens 
~ v. dorsalis 
~··;~~ v. f ou is ia nensis 

MAP 7.-Distr ibu1io1l of the subspecies of Trillrrus u11·iJescc1u. 
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HABITAT. The aquatic adults are found in pools, ponds, swamps, and 
quiet reaches of streams both in woods and in the open. The usually 

immature, terrestrial "efts" are most abundant in wooded areas in fairly 
moist situations. 

SIZE. The average length of 25 adults of both sexes from Clear Lake, 

Adirondack Lodge, New York, is 3~ 011 (78 mm.), the extremes 2 2%2
11 

(73 mm.) and 32%2" (g8 mm.). In the mountains of western North 
and South Carolina this subspecies attains a larger size, 25 adults averag

ing 32%2" (97 mm.), the extremes 3Ya 2" (77 mm.) and 4o/io " (no 
mm.). The terrestrial efts vary from 1%" (35 mm.) to 3%" (86 mm.). 

DESCRIPTION. Typical aquatic adults have a soft, smooth skin, strongly 
compressed tail, and a low dorsal ridge continuous with the fin of the 
tail. The head is moderately narrow and with prominent cranial ridges. 

The sides of the head converge gradually to the eyes, then more abruptly 
to the pointed snout. On the side of the head, at the level of the eye, 

a series of 3 pits in both sexes. Costal grooves and gular fold not well 
developed. Toes 5-4, those of the hind legs 1-5-2-4-3 in order of length· 
from the shortest; toes of the fore feet 1-4-2-3. As indicated above, the 
tail is strongly compressed, that of the male noticeably widened during 
the breeding season. The tail of the female is always narrower, the 
dorsal keel never extending above the level of the back. The tongue is 
small, fleshy, broadly oval in outline. Vomero-palatine teeth in 2 long 
series which arise at about the level of the inner nares and diverge 

slightly posteriorly. 
COLOR. The usual ground color is olive-green above, but varies from 

yellowish-brown to dark greenish-brown. The dorsal color extends on 
the sides to include the eyes, the upper % of the legs, and %-% of the 
tail. There is a dark line extending from the nostril through the eye 
and widening somewhat on the side of the neck. The throat, belly, lower 

surfaces of the limbs, and lower half of the tail are light to bright 

yellow. Scattered over both dorsal and ventral surfaces are many small, 
irregular, black spots, and on either side of the middorsal line is a series 
of bright red, black-bordered spots, variable in number and size. In 
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3 

5 
FIG. 26. Tnturt11 t1iridesce111 t1iridesce1u Rafincsque. (1) Adult female actual length 

l~ ,, ( ) > 4 n2 II4 mm .. Thacher Park, New York. (2) Adult male, actual length about 4'Ml" 
( 105 mm.). (3) Same, ventral view. Tl1acher Park, New York. (4) Full.grown cft, 
actual length about 2¥.i" (64 mm.). (5) Eft, year following transformation ; actual length 
about 11%2" (38 mm.) . 
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typical efts the body has a more rounded contour, the tail is scarcely 

keeled, and the skin is rough. They are orange-red above, yellow to 
orange below, and provided with the black-bordered crimson spots as 

in the adults. In some localities the efts are dull red and never attain 
the brilliant color of specimens from moist upland situations. The land 

stage, eft, may be skipped in certain Coastal-Plain regions; in other 

localities the land stage may be limited to a single year or extended to 

three. 
SEXUAL DIFFERENCES. Males in the breeding season, in addition to the 

broadly keeled tails, have a protuberant vent and the inner surface of 
the thighs and tips of the hind toes provided with black, horny· ex

crescences. 
BREEDING. The true mating and egg-laying season is in the spring. 

The males, however, may develop the sexual structures during the fall 

and winter and go through mating antics. Fertilization is internal, the 

males depositing small spermatophores, the sperm caps of which are 

picked up by the females. 
EGGS. Eggs to the number of 200-375 are deposited singly and usually 

fastened to leaves or stems of aquatic plants in quiet waters, rarely to 

the surface of stones. The individual egg has a diameter of about 1.5 mm. 

and with its elliptical envelopes measures about 2.42 x 3.57 mm. The 

upper pole of the egg varies from light- to dark-brown, the lower pole 

is light yellowish-green. A thin vitelline membrane closely surrounds 

the yolk. The layer next without is elliptical and encloses a thin fluid in 

which the egg floats. Outside of this there are 2 thin layers, the outer 

covered with fine hair-like filaments. The period of incubation varies 

from 20 to 35 days. 
LARVAE. Larvae at hatching average about %6" (7.5 mm.) in length. 

The gills are developed but only slightly branched, and balancers are 

present, one on each side of the head. The front legs are short blunt 

buds the hind legs not developed. The tail keel is continuous with the 

dor~l keel, which extends neilrlY to the head. The general color is light 
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greenish-yellow. On each side of the middorsal line a gray band extends 

the length of the body. There is a poorly developed line through the 
eye. Larvae attain a length of 1%-1%6" (35-40 mm.), average about 

36 mm., and normally transform from August to October at a length 

of l 'ViG" (36 mm.), a developmental l?eriod of 2-3 months. In the Woods 
Hole region, Massachusetts, and on Long Island, New York, some in

dividuals remain in the water throughout life and retain vestiges of 
the gills. 

BROKEN-STRIPE NEWT. Triturus viridescens dorsalis (Harlan) . Fig. 27. 
Map7. 

TYPE LOCALITY. Vicinity of Camden, South Carolina. 

RANGE. From Harnett and Onslow Counties, North Carolina, south

ward in the Coastal Plain to Kershaw and Georgetown Counties, South 

Carolina. Intergrades between this form and T. v. viridescens have been 

examined from the collection of Dr. C. S. Brimley from Moore, Harnett, 

Wake, and Craven Counties, North Carolina. 

HABITAT. Aquatic adults are found in ponds, pools, and slow streams. 
Throughout its range, efts are occasionally found in terrestrial situations. 

SIZE. The average length of 29 adults of both sexes is 3" (76 mm.), the 

extremes 22%2" (69 mm.) and 3%" (86 mm.). The proportions of an 

adult male from Wilmington, _North Carolina, are as follows: total 

length 21%6" (75 mm.), tail 11%2" (38 mm.); head length %" (10 

mm.), width %2" (7 mm.); a female from the same locality measures: 

total length 2 2
%2

11 (71 mm.), tail 1%" (35 mm.); head length %" (10 

mm.), width %2" (7 mm.). 
DESCRIPTION. This subspecies averages considerably smaller than typical 

viridescens. The sides of the head back of the eyes are nearly parallel, 

in front converging abruptly to the pointed snout. The eye is of moderate 
size, the horizontal diameter about equal the distance between the 

anterior angle and the nostril. On the sides of the head back of the 

eye, a series of small pits, usually 3-3 in the male; in the female the pits 
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are a little smaller and may vary in number from 1 to 3; very rarely, 
they are absent. The trunk is slightly compressed, less stout than in 

1 

~ .. ... -~-

2 

« ~ 
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FIG. 27. Triturns viridcscens dorsalis (Harlan). (1) Adult female, ac~ual length about 3" 
(77 mm.) . {2) Same, lateral view. (.)) Same, ventral view. Near Wilmington~ North. 
Carolina. 

T. ti. viridescens. Legs comparatively slender except hind legs of male 

in the breeding season; toes 5-4, those of the hind feet 5-1-2-4-3 or 

l-5-2-4-3 in order of length from the shortest, the inner and outermost 
much reduced; toes of the fore feet 1-4-2-3. Tail compressed and keeled, 
but not so greatly widened as in typical viridescens. Tongue small, oval 
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in outline. Vomero-palatine series long, the lines of teeth nearly parallel 
anteriorly, slightly diverging at the posterior third. 

COLOR. The ground color above, of the aquatic adults, is usually some 
shade of olive-green. This dar.ker color is sharply cut off from the yellow 
of the lower sides and venter, along a line which passes through the 
eye and along the trunk just above the legs. On the tail, the line of 
~eparation may continue that of the sides, jog upward to involve only 
the upper half, or turn downward to include the ventral fin. On each 
side of the mid-line of the back there is a narrow, broken, black-bordered 
red stripe which originates on the back of the head and extends to the 
base of the tail. In addition to the dorsolateral red stripes there is some
times a row of small red spots on the lower sides between the fore and 
hind legs, and a light line along the ridge of the back. Scattered gen
erally over the back and sides of the head, trunk, and tail are many 
small black dots or specks which are sometimes concentrated to form 
a fairly regular series along the line which separates the dark dorsal 
surfaces from the lighter ventral. On the sides of the tail the dark dots 

are sometimes larger and more diffuse. The lower sides and ventral sur

faces vary from pale to bright yellow, with separate black dots or flecks 
larger and much more numerous than in T. v. viridescens. 

SEXUAL DIFFERENCES. The sexes are easily distinguished, especially dur
ing the breeding season. The hind legs of the male are enlarged, the 
under surface of the thighs with horny ridges, the toes tipped with 
black. The vent of the male is large and strongly protuberant, the open
ing provided anteriorly with many large, soft, finger-like processes bear
ing short projections, and posteriorly with a group of longer unbranched 
filaments radiating from a common center. The vent of the female is 
small, the opening at the summit of a cone-like projection, the sides with 

ridges or series of low tubercles. 
EFTS. The terrestrial efts are reddish-brown and have the red stripes 

not so strongly bordered by black as in the aquatic adults. 
BREEDING. No detailed account of the breeding habits has appeared, 

but, so far as known, they do not differ materially from T. ti. viridescens. 
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A male taken Dec. 12 at Wilmington, North Carolina, has the sexual 

excrescences well developed, which may indicate an earlier season than 

that of typical viridescens. 

LARVAE. Larvae attain a length of at least r 1%2" (41 mm.), with the 

tail comprising about 50 per cent of the total length. Since terrestrial 
efts of equal size have been taken, the measurement indicated above 

may approximate the dimensions at transformation. Larvae I have ex

amined had the dorsolateral red stripes faintly de"eloped and not bor

dered by black, but with the belly faintly specked with black. 

LOUISJANA NEWT. Triturus viridescens louisianensis (Wolterstorff) . Fig. 

28. Map 7. 

TYPE LOCALITY. New Orleans, Louisiana. 

RANGE. Southeastern Atlantic and Gulf States from South Carolina 

to Florida, west to Texas, eastern Oklahoma and Kansas, north to 

Wisconsin, Minnesota, and Michigan. 

HABITAT. On March 19, 1936, we collected adults of both sexes in a 

small pond in pine woods at Natalbany, Louisiana. Larvae were taken 

in a roadside ditch choked with vegetation near Lake Okeechobee, 

Florida. In Louisiana the species is fairly common in pools, ponds, and 

slow waters of river bottoms of the Coastal Plain. 
SIZE. Smaller and more slender than typical viridescens, the aquatic 

adults vary from 2o/i.G" (65 mm.) to 3~~" (89 mm.) and average about 
3" (76 mm.) . The terrestrial "red efts" I have examined vary from 

11 Yi.G" (43 mm.) to 3Yi.s" (77.5 mm.). An aquatic adult with gill 
rudiments, from Bayou Boeuf, La Fourche Parish, Louisiana, is 3YlG

11 

(77.5 mm.); two larvae from near Okeechobee, Florida, measure 2" and 

2o/i.G" (50.5 and 55 mm.) respectively. 
DESCRIPTION. The aquatic adults have a smooth, soft skin and com

pressed tail. The head is narrow, the sides parallel back of the eyes, the 

snout bluntly pointed. Cranial ridges prominent, nearly straight, slightly 
converging anteriorly. Eyes .with iris brassy, tinged with gray and black. 

Males normally with 3 pits on each ~id~ of head, on a level wjth and 
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behind the eye; females without pits. Gular fold poorly developed in 

some, though normally well defined. Costal grooves not developed. Legs 

3 

Fie. 28. Triturus 11iridcscem lo11isia11e11sis ('Wolterstorff) . ( 1) Adult male, actual 
leng1,h abour 311 (76 mm.) . (2) Same, dorsal view. (3) Same, ventral view. Louisiana. 

generally smaller and more slender than in typical viridescens, hind 

legs enlarged in male. Toes 5-4, those of the hind feet, 5-1-2-4-3 in 

order of length from the shortest; fore feet, 1-4-2-3, the inner rudi
m<;ntary. Aquatic ad1,1lts of both sexes1 not in breeding condition, with 
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tail fins narrow and not extending anteriorly beyond the vent. In breed

ing males the dorsal fin arises abruptly above the insertion of the hind 

leg's, reaches its greatest width a short distance behind the vent, and 

tapers gradually to the tip; the ventral fin arises immediately behind 

the vent and continues to the tip without much variation in width. 

Sexual excrescences on the ventral surfaces of hind legs of male, form

ing short, broad, transverse ridges on thighs and, in some, smaller and 

flatter patches on the lower leg and sole of foot; toes with horny tips. 

Vent of male large, protuberant, with many slender papillae; vent of 

female smaller, somewhat constricted above the base and with the 

sides thrown into ridges. 

COLOR. The general ground color above varies from light yellowish

brown to olive-brown or olive-green, and is sharply cut off from the 

straw-yellow venter at a line which extends from the nostril along the 

side of the head through the eye and above the legs to the base of the tail; 

in some individuals along the tail at the base of the ventral fin. In males 

taken in the breeding ponds at Natalbany, Louisiana, the belly was 

tinged with orange in the region of the vent. Scattered over the dorsal 

surfaces are many small black specks. In some individuals, especially 

males, the spots are larger and more diffuse on the sides of the tail. The 

black specks of the ventral surfaces are generally fewer and smaller than 

in typical t1iridescens, although there is wide variation. In general, 

females are colored like the males, but are sometimes darker, with 

the lower half of the tail lighter, and dark pigment of the tail aggregated 

to form one or two longitudinal bands. Throughout the greater part of 

the range this form lacks the dorsolateral series of black-bordered crim

son .spots so characteristic of T. ti. t1iridescens. Where the range reaches 

that of t1iridescens, individuals are found with faint dorsal red spots, 

but they are incompletely ringed with black. I have seen intergrades 

from Illinois and South Carolina. "Specimens from che coastal plain 

of East Louisiana, north of the lakes, show small red spots, which are 

not seen on specimens south of Lake Pontchartrain or west of the 

Mississippi river" (Viosca, in lite.) . Contrary to statements of several 
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writers, the red land stage appears regularly in various parts of the 

range. It resembles that of T. ti. t1iridescens except that the red spots 

are lacking or greatly reduced. I have specimens from Arkansas, Missis

sippi, and South Carolina. Some individuals apparently omit the land 

stage from the life history and may retain vestiges of the gills. I have 

specimens from Louisiana, and Schmidt and Necker ( 1935, p. 62) 
report that in ponds at Miller, Indiana, transformation takes place on 

floating vegetation and a considerable proportion of adults retain traces 

of the external gills. 

BREEDING. Little has been reported concerning the breeding habits. 

Males and females in breeding condition were collected March 19, 1936, 
at Greensboro and Natalbany, Louisiana, and Mr. Percy Viosca, Jr., 

collected breeding pairs near Pollock, Louisiana, Feb. 22, 1938. The few 

larvae I have collected resemble closely the aquatic adults. I have not 

seen the eggs or recently hatched young, but the eggs are reported to 

be like those of typical t1iridescens (Turtox News, 20 ( 1): 9. 1942). In 

the collections of the University of Michigan are four neotenic in

dividuals from Gainesville, Florida, which vary in length from 2%2
11 

(53 mm.) to 2%" (67 mm.). 
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Ftc. 19- (a) Larva of Diramp1odon e11Jat111. The dotsal keel 1s confined to the t:ul. 
(b) Adult male of Rhyat:0t:titon olympicru. The squ~rish lobes at the vem ;ire cllaranc:r
istic. (c) Mouth parts of AmbyJJa11111 maculotrim to show dlC ch;iracter of the: tong\ci.e 
and tttth. (cl) Mouth part5 of Ambystom(l tc:rarwm to show the: charac(er of (he 
lOrlf:?UC and teeth. fa, b, H.P.C. Jel. ; c, d, M.L.S. dd.] 
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Mainly terrestrial except in the breeding season; size small to large, 

usually stout; lungs present; adults normally without gills; 1 no naso

labial grooves; eyes well developed, eyelids present; legs usually stout; 

toes 5-4; vomerine teeth in transverse series, usually interrupted one or 

more times ; no parasphenoid teeth ; tongue large, fleshy, free at sides; 

gular fold present; vertebrae amphicrelous; tarsus and carpus ossified; 
ypsiloid cartilage present. Three genera in the area considered. 

The structural characters distinguishing the genera are internal and 

not readily usable in the field. In the following key they are included for 

the sake of completeness and may be used in connection with the ex
ternal features indicated. 

KEY TO THE GENERA OF AMBYSTOMIDAE 

r. Eye large and strongly protuberant, the horizontal diameter equal to or 
greater than, length of snout; size small, to 4 Yi <i" ( 103 mm.) ; ground 
color above seal-brown variegated with small white Reeks; belly yellow 
or orange; tail short; vomerine teeth in 2 short, curved series widely 
separated ; no nasal bones; lungs and ypsiloid cartilage reduced. Only 
a single species, western Oregon and Washington ............... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rhyacotriton o/ympicus p. 178 

Eye small to moderate, the horizontal diameter not equal to length 
of snout; size small to large, 4" ( I02 mm.) to 12" (305 mm.) ; ground 
color above not seal-brown with white flecks and belly yellow; vomer
ine series variable but usually in well developed transverse series, 

i The larvae of Dicamptodon and of several species of Ambystoma sometimes attain 
n large size, retain the gills, remain permar1ently aquatic, and breed without the assump
tion of all adylt characteristics. S"d' iqdividuals arc termed pcotenic. 
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entire or interrupted one or more times; nasal bones present; lungs 
and ypsiloid cartilage normal . . . _ . . . _ . . _ _ . . . _ . . . . . 2 

2. Tail strongly compressed and thin-edged above distally; costal grooves 
not well defined; size large, to 12

11 (305 mm.); ground color above 
brown, mottled and marbled with darker brown or black venter 
lighter without dark markings. Only a single species; San~a Cruz 
County, California, north to southern coastal region of British Co-
lumbia; Idaho and Montana (Rocky Mountains) _. . ...... . 

.. _..... Dicamptodon ensatus p. 175 
Tail often glandular at base above, oval in section or rounded, some

times compressed but less sharp-edged above; costal grooves well 
defined; lacrimals lacking; size small to large; 17 species an<l sub-
species from Alaska to Mexico . _ ................... . Ambystoma p. II2 

GENUS AMBYSTOMA 
KEY TO THE SPECIES AND SUBSPECIES OF AMBYSTOMA 

1. Tongue with a median groove from which the plicae extend obliquely 
outward ................................................... 2 

Tongue without a median groove, the plicae radiating from the pos
terior part to the margins; or, plicae narrow, nearly parallel and ex-
tending to anterior margin of tongue .......................... 5 

2. Vomerine teeth in 2 short series wholly between inner nares, each series 
consisting of 2 or 3 rows of small teeth; teeth on margins of jaws in 
3 to 5 rows ....................... _ . . . . . . ...... · ............ 3 

Vomerine teeth not in multiplie series and wholly between inner narcs; 
teeth on margins of the jaw in a single row; color above deep brown, 
the lower sides with many grayish flecks; 13 costal grooves, counting 
2 in groin; length to 4 11 

( 102 mm.). North and South Carolina and 
Georgia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mabeei p. 136 

3. Ground color above black, with narrow white or yellow cross bands 
which extend on sides of trunk to level of the legs and on tail to 
ventral edge; belly dark with small, scattered, light spots; 15 costal 
grooves; length to 8'' (203 mm.). Arkansas and Missouri ......... . 
· - · - - · · · · · · ·. - .......... - . . . . .. - . . . . . . .. . _. annulatum p. u5 

Ground color deep brown to black; light markings not in the form 
of narrow white or yellow cross bands; costal grooves 13 or 14 .... 4 

4. Ground color deep brown to black, blotched above and on the sides with 
grayish or yellowish, lichen-like patches; costal grooves usually 14; 
length to 6" ( 153 mm.). Iowa, Ohio, Indiana, and Illinois, west to Ne
braska and Kansas, south to Texas and Louisiana; North Carolina. 
Also recorded from South Carolina, Tennessee, Kentucky, and West 
Virginia .-. .': : ..... .......... .' ......... ." ............ .. texanum p. 155 

Ground color black, frosted above and on sides with many light gray 
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fleckings which may form a reticulated pattern on the back, and nar
row vertical lines on the sides between the costal grooves; 13-14 
costal grooves; length to 4" ( 102 mm.). South Carolina to northern 
Florida and Alabama ............................. . cingulatum p. 123 

5· Head back of eyes with large, raised, kidney-shaped parotoid glands; 
dorsal ridge of tail strongly glandular, thicker than ventral edge; 
c_olor dark brown above, head and dorsal surface of tail lighter; venter 
lighter than back; dorsum rarely (in Olympic Mountains) with small 
yellow spots or blotches above; r I costal grooves; length to 7%" 
(195 mm.). Northern California to British Columbia . . . gracile p. 128 

Head back of eyes without conspicuous parotoid glands; dorsal edge 
of tail not noticeably thickened ............................. 6 

6. A br~ad~ middorsal light _band, tan, mustard-yellow or greenish-yellow, 
with megular edges; sides brown to black; usually 12 costal grooves; 
length to 511 

(128 mm.). California to British Columbia and Alberta· 
Montana and Idaho; Iowa ....................... macrodactylu,/, p. 139 

No broad middorsal light band . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
7. Above marked with 4 to 7 silvery-gray (female) or bright white (male) 

cross bands narrow dorsally, widened on the upper sides, where they 
sometimes unite to enclose a series of large, fairly regular black spots 
which extend along t~e mid-line of the trunk; costal grooves usually 
IIj length to 4 1 Yi 6 " (uo mm.). Massachuseccs to Florida, west to 
Louisiana and Texas, Mississippi Basin north to Arkansas, Missouri, 
Indiana, and Illinois .................................. . opacum p. 147 

Not with white or silvery-gray cross bands ....................... 8 
8. Ground color above dark, with lighter spots or flecks; or with vertical 

yellow bars . _ . . . . . . . . . . . . . . . . . . . __ . . . . 9 
Ground color above dark, with small round black spots ............ 16 

' · Ground color above brown to black, with vertical yellow bars or blo.tches 
which often extend from the middorsal to the midventral line; light 
markings sometimes confluent on lower sides; venter often irregu
larly blotched with dark; costals usually 13, occasionally 12 or 14; 
length to 8%" (213 mm.). Kansas, Oklahoma, central and western 
Texas, eastern Colorado, central and eastern New Mexico .. 

. . _ .................................... tigrinum mavortium p. 165 
Ground color above brown to black, without vertical yellow bars but 

with light spots, flecks or blotches of yellow, orange, whitish or 
bluish ................................................ . ... ro 

10. With yellow, orange, olive-yellow or brownish-yellow spots or blotches 
on a dark ground . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... II 

With pale bluish or whitish spots or flecks on a dark ground ...... 14 
I I. Light spots above dull yellow in life and tending to fuse to form irregu

lar blotches of considerable size, the light areas sometimes predomi
nating; usually a light blotch on dorsum of head extending on to 
snout; usually 13 costal grooves; tongue with narrow, parallel plicac; 
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length to 8% " (219 mm.). British Columbia, Alberta, Washington, 
Oregon, Idaho, Montana, Wyoming, North and South Dakota, and 
Nebraska ............ . .... .......... . . . tigrinum melanostictum p. 172 

Light spots on back yellow, orange, olive-yellow or brownish-yellow, 
showing little tendency to fuse, mostly well separated . ... : ..... I 2 

12. A dorso-lateral series of rounded yellow or orange spots only; sides dark 
gray or slate; belly pale slate without spots or blotches; us_ually 12 
costal grooves; tongue with plicae radiating from the posterior field; 
length to 8Ys" (206 mm.). Nova Scotia to Wisconsin, southward to 
Florida, Louisiana and Texas . . . ... . ........ . ..... .. maculatum P· 143 

Light spots above not limited to a dorsolateral series ... . .... : .... : 13 
r 3. With a few large, dorsolateral yellow or orange spots (rarely mva~mg 

middorsal region) and large yellow spots or blotches on the s1d~s; 
belly generally grayish with a few small dull yellow spots along m1d
line· costals usually 12; tongue with plicae nearly parallel except on 
side~; size to 8o/i 6 " (207 mm.). California .... . ... .. . ca/iforni~nse p. 119 

With olive-yellow or brownish-yellow spots or blotches on back, sides, 
and belly; 12 costal grooves; tongue with plicae diverging from i;ios
terior field ; length to 10

11 (254 mm.). New York to_no.rthern !'l~nda, 
to Minnesota, to Missouri ........ . .... ...... . ttgrmum t1gnnum p. 159 

14. With JO costal grooves; body short and stout; deep brown above i~ a 
broad dorsal band, lighter on tail; above with many small dull blu1sh
white Aecks aggregated in lichen-like patches; lower sides gray instead 
of brown, with light markings more numerous and forming larger 
blotches· venter like lower sides but with fewer light markings; length 
to 32%;" (97 mm.). North Carolina to Louisiana, north to I~linois 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . talpo1deum p. 151 

With more than ro costal grooves; body not short and stout . . ... . 15 
15. Body comparatively long and moderately slender;_ above dark-brown to 

almost black, with pale blue flecks on lower sides, old adults some
times with blue spots lacking; usually 12 costal grooves; toes long 
and slender; length to 7~ 11 (185 mm.). Hudson Bay southwa:d 
through New England and New York to Virginia, we~tward t~ Wis· 
consin, Illinois, and Arkansas .. . ................ . 7effersomanum P· 133 

Body large and stout; dark chocolate-brown abo,·e, with many dull 
whitish spots irregular in shape and size; belly l ight brown; I 1 costal 
grooves; length to 8%" (216 mm.). Alaska and British Colun:ibia to 
the Olympic Peninsula in Washrngton . . . . . . ..... . . . decort1catum p. 126 

16. Olive·green or dark gray above, often with small s~att_er_e<l black spots_ on 
back, sides, and tail in recently transformed md1v1duals, becommg 
uniformly dark above with age; ventral surfaces lighter, mottled and 
blotched with dark spots of irregular size and shape; usually 13 costal 
grooves; tongue with plicae narrow and f,arallel, or plicae br~ken in~o 
rows of small papillae; length to 9)'.1. 6 (230 mm.). Intenor Basm 
and Colorado Plateau in Utah, western Colorado, northwestern New 
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Mexico, and northern Arizona . . . . . . . tigrinum ncbulosum p. 168 
Gray, brown, or light-olive above, with many small rounded black 

spots, sometimes elongate on sides and below; sides lighter than back; 
dull yellow ventrally; usually 12 costal grooves, or 13 if 2 in groin 
are counted; tongue with narrow plicae extending to anterior margin; 
length to 1:2~" (312 mm.). North Dakota east of Altamount Mo-
raine into Alberta and Saskatchewan . .... . . . . . . . tigrinum diaholi p. 162 

RINGED SALAMANDER. Ambystoma annulatutn Cope. Fig. 30. Map 8. 

TYPE LOCALITY. Not known. 

RANGE. Vicinity of Hot Springs, Arkansas, and Stone County, Mis
souri. 

HABITAT. Strecker ( 1908, p. 86), reporting the observations of B. L. 
Combs, writes that specimens were found in October, beneath a log 
by the side of a creek, near Hot Springs, Arkansas. The log was partially 
imbedded in the mud, very much decayed, and almost covered by pine 
needles. In March of the year following, additional specimens were 
found beneath the same log. Noble and Marshall ( 1929, p. l) report 

that on Sept. 30, 1927, a number of adults were secured from a cistern 
in- a sweet-potato patch in Stone County, Missouri, and several from 
beneath piles of vines in the field and brush and leaves at the margin of 

a small pond. This species evidently burrows and spends most of the 
year below the surface of the ground. 

SIZE. One of the specimens measured· by Combs had a length of 8" 
( 203 mm.) . The proportions of a pair of specimens from Missouri are 
are follows: Male, total length 177 mm., tail 88 mm.; head length 17 
mm., width 14 mm. Female, total length 165 mm., tail 79 mm.; head 
length 16 mm., width 12 mm. 

DESCRIPTION. A strikingly marked salamander with a small head and 
long, slender tail. The body is well r.ounded but slender. The head is 
narrower than the widest part of the trunk, widest just in front of the 
lateral extensions of the gular fold, then tapering slightly to the eyes. 
The snout is depressed, evenly and bluntly rounded. There are 15 costal 
grooves, counting l each in the axilla and groin. The legs and toes are 
slender and when appressed to the sides are separated by 3 %-4 inter-
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costal spaces. Toes 5-4, those of the hind feet 1-5-2-3-4 in order of 
length from the shortest; fore feet 1-4-2-3. The vomerine teeth are in 2 

,t" 
I ' I I 
I \"' 

' 

annulatum 

MAP 1S.--J)1su1ouuon or Amoys1om.a a111111lawm. 

shOrt series enarely between the inner nares, each series consisting of 3 

rows ot about 7-u small blw1t teem. ·1ne llnes ot teetn are duecteel 
oouquely .torward ana rorm a w1ae, mverted V. 'leetn on the margms 
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of the jaws in 4-5 rows. The tongue is of moderate size, attached at 
the front, free along the sides, and provided with a median groove to 
which the plicae extend obliquely. 

COLOR. The general ground color varies from Clove Brown to Blackish 

1 

Fie. 30. Ambystoma a1111ulatttm. (r) Male, lateral view; actual length 6%" (162 mm.) . 
(2) Same, dorsal view. Reed's Spring, Stone County, Missouri. 

Brown No. 3 ( Ridgway), and the light cross bars and spots from deep 
Olive Buff to Baryta Yellow. In other words, the ground color may be 
deep seal-brown to almost black, and the lighter markings tan to deep 

sulphur-yellow. There is some variation in the intensity of markings on 
the same individual. The intercostal spaces on the lower sides are clouded 
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with pale grayish-white, which forms an indefinite, broad band between 

the fore and hind legs. The belly is slate, tinged with flesh, and marked 
with many small irregular whitish spots. The legs are grayish above, 
uniformly colored in some and spotted in others. There is usually a 
short transverse light -bar between the eyes, and in some specimens this 
is continued below the eyes as short bars directed diagonally backward ; 
usually there is a bar crossing the head back of the eyes, but this may 
be interrupted at the middle line or reduced to a single median spot; 
2-4 complete b~rs may cross the trunk, the anterior one above the in
sertion of the front legs, or the bars may be narrowly or widely inter
rupted along the mid-line and appear as short vertical side bars or 

elongate spots; from above, the tail may appear to be completely ringed 
with 4- 7 fairly wide bars; in a few specimens the sides of the tail are 
blotched and mottled irregularly. The light cross bars terminate on 
the lower sides, fading into the generally lighter areas. In no instances 

do they cross the venter. 
BREEDING. The observations of Combs (reported by Strecker, 1908, 

p. 86) indicate that on occasion this salamander may deposit its eggs on 

land in the spring. In March 1895, Combs turned over a log and dis

covered ·a female in the act of depositing eggs. The female was accom
panied by a male, which evinced interest in the process and crawled 
after her as she moved leisurely along; 35 eggs had been dropped singly 
on the ground, and the female, when placed in a container, added to 
the complement until 150 had been deposited. These eggs began to 
hatch on the 10th day after laying. On Sept. 30, 1927, Noble and Marshall 

( 1929, p. 1) found eggs abundant in a pond between Reed's Spring 
and Marvel Cave, Missouri. These eggs were deposited in clusters aver

aging about IO but varying from 2 to 45· Some were attached to vegeta

tion, but the majority were scattered over the bottom. 
EGGS. The eggs are clustered together by a thin, common envelope 

which follows the outline of the eggs. In addition, each egg is surrounded 
by a thin, adherent, viteJline membrane and 3 definite capsules. The 
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inner capsule encloses a milky jeJly; the layer next without is thinner, 

denser, and somewhat laminated ; the outer capsule has about twice the 
diameter of the middle and is thin and dear. 

LARVAE. Larvae taken April 18, 1936, by B. C. MarshaJl, average about 
48 mm. in length and vary from 46 to 50 mm. Larvae of this size have 
the legs and toes wen developed, a dorsal fin that extends to the head, 
and rather uniform pigmentation over the dorsal surfaces and lower 
sides. There is a definite and fairly broad, pigment-free band on the 
sides of the trunk from the gills to the basal third of the tail. 

Brimley and Brimley, 1895, p. 168 ( Linguelapsus annulatus); Cope, 

1886, p. 525; 1889, p. u5; Hurter and Strecker, 1909, p. 11 (Ambystoma 
annulatum) ; Noble and Marshall, 1929, p. 1; Stejneger, 1894, p. 599; 
Strecker, 1908, p. 85. 

CALIFORNIA TIGER SALAMANDER. Ambystoma californiense (Gray). Fig. 

31. Map 9· 

TYPE LOCALITY. Monterey, California. 
- RANGE. Found in the Great Central Valley and adjacent valley and 

foothill districts, from Sonoma and Sacramento to Monterey and Kern 

Counties, California. 
HABITAT. The region where this species is found is generally dry ex

cept during the winter rainy season, and the salamander is obliged to 
lead a subterranean existence during much of the year. Specimens have 
occasionally been found during ditching operations, in cellars, on irri-

- gated lands, or in other damp situations. During the breeding season 
they resort to ponds usually of a temporary character, for egg-laying 

(Storer, 1925). 
SIZE. Several females measured by Storer ( 1925, p. 61) varied from 

6~1 G to 8o/iG11 (163-207 mm.) in total length. In these the tail com
prised 40.7-49.2 per cent of the total. The proportions of a female from 

Fresno, sent me by Dr. A. H. Wright, are as foJlows: total length 6o/is" 
(166 mm.), tail 2%" (73 mm.) ; head length 1Ya2" (26 mm.), width 
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1%G" (20 mm.). A male from Palo Alto has a total length of 8Y2" 

(206 mm.), of which the tail comprises JY2" (89 mm.) or 43.2 per cent 
of the total. 

DESCRIPTION. This is a well marked species, distinct in a number of 

... '\:::, 

~ 
:/f- californiense 

MAP 9.-Distribution of Ambystoma californicnse. 

respects from the typical eastern Ambystoma tigrinum. The head is de
pressed, the eyes small but prominent, the snout broadly rounded. The 

skin is generally smooth, with little indication of large gland openings. 
The mouth is large, the angle of the jaws well behind the posterior angle 
of the eyes. Eye with the pupil small and black, the iris with a tii:ige 
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of brassy. The gular fold is prominent with slight vertical extensions. 
A depressed line extends backward from the eye and bends downward 
back of the angle of the jaws. Costal grooves variable from n to 13, 
usually 12 if I each is counted in the axilla and groin. Toes of the 
hind feet I-5-2-3-4 in order of length from the shortest; fore feet 
1-4-2-3. Tips of toes pinkish. Vomerine teeth in a transverse line which 

-

FIG. 3r: Amby1toma californiwse Gray. (r) Female, lateral view; actual length 6%" 
(165 mm.). (2) Same, dorsal view. (J. Westman, photograph.J 

may be interrupted at the mid-point; the line arching forward between 
the inner nares, the apex slightly in advance of the nares, the ends curv
ing outward behind them. The tongue is large, filling the floor of the 
mouth, the plicae forming narrow parallel ridges except on the sides, 
where they diverge slightly. 

COLOR. The ground color in living examples which I have examined 
is lustrous black. Specimens from Fresno, California, were marked 
dorsally with a double row of small, rounded, lemon-yellow spots, dis

posed on the snout, on the head back of the eyes, and rather irregularly 
on the trunk. A secondary row of larger, more irregular spots is de
veloped on the lower side of the head and trunk and is continued on 
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the sides of the tail, where a few toward the tip cross the middorsal 

line. The spots of this secondary series fuse in some instances and en

croach on the sides of the belly. The belly in general is grayish and in 

some individuals there are a few small, dirty yellowish spots along the 

mid-line. The legs are spotted on the sides, more rarely across the upper 

surfaces; toes mottled. 

BREEDING. Storer ( 1925, p. 65) writes that breeding normally occurs dur

ing the height of the winter rainy season in January or February. In 

some years eggs may be deposited as early as December 10 (Twitty, 

1941, p. r). The ponds regularly visited are usually shallow and of 

temporary character. The eggs are attached to stems of grass or weeds 

below the surface, usually deposited singly, although small groups of 

2-4 are not infrequent. Individual eggs are surrounded by 3 coats of 

jelly, the outermost thick-walled and soft, the 2 inner thin and of ap

parently greater density. The eggs hatch after a short developmental 

period of about 20 days. 
LARVAE. Larvae at hatching measure about 10.5 mm. in total length, 

but individuals may be r3 mm. In color they are pale yellowish-brown, 

with dark pigmented spots along either side of the tail (Storer, 1925, 
p. 67) . Larvae transform after a growth period of approximately 4 

months and at a size considerably smaller than that attained by A. 
tigrinum in the East, Storer having met:.imorphosed individuals only 

60 mm. in total length. Some larvae from Palo Alto, presented to me 

by Dr. V. C. Twitty, had attained a length of 76 mm. when captured 

late in March 1935. These have a noticeably depressed head and bluntly 

rounded snout. Storer ( 1935, p. 62) describes the larvae in life as fol
lows: "Body coloration dull dark green and light yellow, mixed with

out obvious pattern; dorsal and caudal fins with many large diffuse 

melanophores; belly semi-iridescent, of a yellowish tinge; legs and 

feet almost colorless; iris golden yellow, surrounded by black." 
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RETICULATED SALAMANDER. Ambystoma cingulatum Cope. Fig. 32. 

Map 10. 

TYPE LOCALITY. Grahamville, South Carolina. 

RANGE. South Carolina through eastern Georgia to northern Florida 
and Alabama. Also recorded from New Orleans, Louisiana. 

HABITAT. Little is known of the habitat preferences of this species. 

Two specimens were taken in the Okefinokee Swamp, Georgia: the 

% cingulatum 

MAP ro.- Distribution of Ambystoma cingu/atum. 
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BREEDING. Nothing has been reported on the breeding habits of this 

species, and the eggs and larvae are unknown. 

BRITISH COLUMBIA SALAMANDER. Ambystoma decorticatum Cope. Fig. 

33. Map II. 

TYPE LOCALITY. Port Simpson, British Columbia. 
RANGE. Coastal region of southeastern Alaska and British Columbia 

to the Olympic Peninsula in Washington. 
HABITAT. Apparently restricted to the coastal humid belt. Slater's 

~ A. decorticarum 
• B. caudatus 

MAr 11.-Djsfrib1.11ion of Ambystoma decorticatum and Batrachoseps caudatus. 
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specimen from the Olympic Peninsula was found beneath a plank on 

the bank of a stream. 
SIZE. Slater's specimen, a large male, has the following dimensions: 

total length 8%" (216 mm.), tail 4%0" (110 mm.); head length 1" (25 

--

f1G. 33. Ambystoma dccorticatum Cope. Adult male, actual length 81%2" (215 mm.). 
Forks, Washington. (Preserved specimen; J. R. Slater, collector.] 

mm.), width 1 o/io" (21 mm.). Measurements of the type as given by 

Cope (1889, p. 108) are: length 174 mm., to base of tail 60 mm., width 

of head 16 mm. 
DESCRIPTION. This is a large, robust species with a short, blunt snout 

and sturdy limbs. It is closely related to A. gracile. The head is widest 
just behind the angle of the jaws, the sides behind the eyes nearly straight 
or slightly converging, in front of the eyes strongly converging to the 
bluntly pointed snout. The corners of the mouth only a short distance 
behind the eyes. Glandular areas on the head back of the eyes are large 
but not raised above the surface as in A. gracile. The eyes prominent. 
In the male from the Olympic Peninsula there is a short, deep groove 
extending from the eye to the corner of the mouth, a long, sinuous groove 

from the posterior angle of the eye to the vertical extensions of the gular 

fold, and a less prominent groove from the angle of the jaw to the long 
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horizontal groove. The trunk is fairly short, the appressed limbs over

lapping by about 5 costal folds; a median groove from the back of the 
head to the base of the tail. Eleven costal grooves, counting 1 each in 

the axilla and grQin. The legs are large and strong, the feet broad; no 

plantar or palmar tubercles. Toes 5-4, those of the hind feet 5-1-2-4-3, 
2 and 4 about equal; toes of fore feet 4-1-3-2. Tail long and slender, 

rounded above and somewhat glandular but not to the extent found in 

A. gracile. Vomerine teeth in 4 short transverse series, the inner ones 

entirely between the inner nares and narrowly separated at the mid-line, 

the outer series widely separated from the middle, placed closely behind 

the nares, which they border only on the outer half. Tongue broad, 

without a definite median groove but with the plicae radiating from a 

poorly defined center opposite the point where the tongue narrows con
spicuous] y. 

I have never seen this species in life. Slater ( 1930, p. 87) describes the 

color as "dark chocolate brown, closely studded with quite small whitish 

spots of irregular size and shape. The ventral coloration is lighter than 

the dorsal, but is distinct brown." 

Apparently nothing is known about the breeding habits of this species, 

and the larvae have not been described. 

NORTHWESTERN SALAMANDER. Ambystoma gracile (Baird). Fig. 34· Map 

12. 

TYPE LOCALITY. Cascade Mountains, Oregon, latitude 44 ° N. 

RANGE. From Humboldt and Del Norte Counties, northwestern Cali

fornia, to British Columbia, Vancouver Island. 

HABITAT. Found under bark and logs in damp situations. Van Den

burgh's specimen from Requa, California, was found beneath a stump 

in wet earth. On June 15, 1936, I found a fine large adult beneath a log 
on a damp hillside near Sandy, Oregon. During the breeding season the 

adults resort to ponds, swamps, and slow streams for the egg-laying. 

SIZE. A large female has a total length of 7%" (193 mm.) of which 
the tail comprises 4" (102 mm.). The smallest fully adult female meas- . 

128 

FAMILY AMBYSTOMIDAE 

ures only 5%" (146 mm.) and has a tail length of 2%" (6I mm.). In a 

series of males the total length varies from 5%" (143 mm.), taii 2
1

%6
11 

(71 mm.), to 7%" (195 mm.), tail 4%" (107 mm.). 
DESCRIPTION. This species is of moderate size, smaller and more slender 

·\ 
-----------------

~ gracile 

MAl' J2.- Distribution of Ambystoma gracile. 

than its near relative, A. decorticatum. The head is broad, widest just 
back of the eyes, and with a broadly rounded snout. On the head back 

of the eyes are large, raised, kidney-shaped parotoid glands. Other 

glandular areas lie along the jaws behind the eyes and form a conspicu
ous ridge along the dorsal surface of the tail. Eyes prominent, iris dark 
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brown. A deep groove extending obliquely downward from the eye is 

met by a shaBower one extending vertically from the angle of the jaw 
and then continues to the vertical extensions of the gular fold. Trunk 
well rounded, in the females frequently with a shallow groove along the 
middorsal line and in the males often with a low ridge. Costa] grooves 
11, counting 1 each in the axilla and groin. Legs large and strong, in the 
male with appressed toes overlapping 6 costal folds. Soles and palms 
without tubercles. Toes 5-4, those of the hind feet 5-1-2-4- 3 in order of 
length from the shortest; fore feet, 1-4 about equal, 2-3. Tail long and 

slender, with the dorsal ridge rounded over, the ventral edge more knife
like, particularly on the distal half, in this respect differing from most 

Ambystoma. Vomerine teeth in a transverse sinuous line which may be 
broken into 3 or 4 series, those between the inner nares sometimes form
ing an uninterrupted, slightly arched series, or 2 series more strongly 
arched forward and narrowly separated at the mid-line. Lateral series 
~hort, arising behind the middle of the inner nares and extending 
slightly beyond their lateral borders. Tongue moderate, fleshy, the 

plicae diverging slightly on the sides from the posterior field. 
COLOR. The color in life is rich seal-brown above, with the glandular 

areas in the parotoid region, sides of head below the eyes, and the dorsal 
surface of the tail lighter brown. The ventral surfaces are brown, lighter 
than the back, and varied with tinges of bluish and flesh. Legs and feet 
colored dorsally like the back and ventrally like the belly. Individuals 
from a small lake in the Olympic Mountains, about 6 miles south of 
Sol Due Hot Springs, Washington, are marked above with yellow flecks 
and spots which vary in size from mere points to irregular blotches sev
eral millimeters in diameter. 

BREEDING. On June 25, 1936, we collected the adults, larvae, and eggs 
of this species in Frog Haven Ponds, which lie at an elevation of about 
4500' on the slopes of Mt. Rainier, Washington. Another series was 
taken in ponds fed by melting snow water near Reflection Lakes, Mt. 

Rainier. The eggs are disposed in groups attached to sticks, stems of • 
weeds, or grass, below the surface of the water1 and vary in size1 from 
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FIG. 34. Ambystoma gracile (Baird) . (r) Adult, lateral view; actual length about 
5'411 (134 mm.). Estacada, Oregon. (2) Adult, dorsal view; actual length J5h" (I94 
mm.). Sandy, Oregon. (3) Adult male, dorsal view; actual length 6%'' (168 mm.). 
Near Occ;r Lake1 Olympic Peninsula. 
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small clusters containing 25-30 eggs to large elongate masses containing 

as many as 270, and measuring 2-3" thick by 5-6" long. The outer

most jelly layer of the eggs lying near the surface of the mass fuses to 

form a common envelope which is thick and firm. Next within is a 

comparatively thin and transparent envelope having a diameter of about 

~mm., but which may widen before hatching to 1<r15 mm. Separat

ing this layer from the yolk is another envelope enclosing a thin jelly 

which is often milky. The yolk itself varies in diameter from 2.5 to 3 
mm., and has the animal pole dark brown to black and the vegetal pole 

white to cream-gray. Slater ( 1936, p. 234) observed a migration of adults 

and sexually mature larvae and watched a 140-rnm. larva deposit eggs 

in a small pond at South Tacoma Swamp, Washington, Feb. 23, 1931. 
LARVAE. The larvae, 1-7 days after hatching, vary in length from 15 

to 20 mm. At this age the fore legs and gills are well developed and 

about equal in length, the feet with 3 toes. The balancers are present in 

the younger larvae, lost in the older. At hatching, the pigment is quite 

uniformly distributed over the sides of the abdomen and head and is 

concentrated in a band along either side of the dorsal keel, where it is 

interrupted at shvrt intervals by yellowish-white blotches. Recently 

hatched larvae have a very broad dorsal fin which arises at the back of 

the head, reaches its greatest width just beyond the vent, and tapers to 

the tip of the tail. The ventral fin is broad and continues on the belly a 

short distance anterior to the vent, which opens through the keel itself. 

Full-grown larvae attain a length in excess of 6". In these the ground 

color varies, in different individuals, from deep brown to greenish- or 

olive-brown; the head lighter with reddish-brown tinges. Scattered over 

the sides and dorsum of the trunk and upper surfaces of the head and 

legs are many small, irregular, black flecks. The color fades slightly on 

the lower sides to the bluish-gray venter. In half-grown larvae the tail 

keels are moderately wide; in full-grown larvae they are quite narrow. 
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JEFFHSOM
1
S SA.LAMANDEI.. 8tUE-SPOTTED SALAMANDER. Ambys.toma ;ef

fersonianum (Green) . Fig. 35. Map I3-

T¥PE LOCALITY. Near Jefferson CoJlege, Canonsburg, Pennsylvania. 

M NGE. From Manitoba and Ontario north to 53° N. latitude ; Hull, 

,~~~;. jeffersonianum 

MAP 13.- Distribution of AmbymJma icOtmmia1111m. (Also recorded from Mammoth 
Ca.vc, Kentuc.k.y, and Mitchell County, North CaroJina. Scatt~rcd rccoc~ south of the 
gen~r:al range may be A. u .ronum or some orher specie$.) 

Quebec, eastward to GaspC, New Brunswick, and southward through 
New England and New York to Virginia, westward to WiscoRsin> Illi

nois, and ArkanS3s. 
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HABITAT. Mixed and deciduous woods with swamps, pools, and slow 

streams. Often extremely abundant on river flats, where they hide by 
day beneath old logs, bark, or other surface cover. 

SIZE. In the eastern form large specimens attain a length of 7~" ( 185 
mm.) but average about 6%" (162 mm.), the males and females about 

equal. In western New York and in the north and middle West there is 
a smaller, darker form. 

DESCRIPTION. This is a moderately slender species with a strongly 
glandular skin and faint pale bluish markings on the sides, in the adults. 
The head is only moderately broad and is widest just back of the promi
nent eyes. The trunk is well rounded and with a median impressed line. 
The tail is oval in cross section at the base, but strongly compressed dis
tally, and marked with vertical grooves on the basal half. There are 12 
costal grooves and the gular fold is prominent. The limbs are strong and 
the toes very long and slender, those of the front feet 1-4-2-3 in order 
of length. The hind feet have 5 toes, the 1st shortest, and the others, in 
order of length, 5-2-3-4. The vomerine teeth form a transverse series in

terrupted back of the inner nares and sometimes at the mid-line. The 
tongue is large and fleshy and nearly fills the floor of the mouth. In 
breeding specimens the color is quite uniform dark brown over the 
dorsal surfaces and upper part of the sides. On the lower sides are weakly 
developed, pale, irregular, bluish 8eckings. The venter is lighter, with 
some bluish markings, most abundant on the throat. Sexual differences 
are not well marked, but in the breeding season the vent of the male is 
swollen and protuberant. The legs of the male are slightly larger and 
longer than those of the female and the trunk length is shorter. In west
ern New York and in the Middle West there is a smaller, darker form, 
with light markings often better developed. The average length of 10 

mature individuals from western New York is 4%0" (n5.7 mm.). 
BREEDING. In March or early April the adults migrate to breeding 

ponds for the egg-laying. Fertilization is internal by means of spermato
phores-small, pyramidal structures with a gelatinous base and apical 
sperm mass. The male sometimes embraces the female, his fore legs be-
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hind hers. The females usually outnumber the males and often bid for 
attention during the mating season. The eggs are in small, cylindrical 
masses, containing on the average about 16, and are attached to slender 
twigs or other support below the surface of quiet pools or ponds. The 
number per mass varies from 7 to 40, and several masses complete the 

Fie. 35. Ambystoma jcffersoniam1111 (Green). (1) Adult female, actual length 6%" 
(162 mm.). Albany, New York. (2) Adult male, actual length 6:X{' (162 mm.). Albany, 
New York. (3) Egg mass, about* natural size. Albany, New York, April 7. (4) Larva, 
actual length 2 11}fo" (75 mm.). Albany, New York. 

complement, which may total over 200 eggs. Individual eggs have a 
diameter of 2-2.5 mm., and are enclosed by distinct envelopes in addi
tion to the soft, thick jelly layer which surrounds the mass and gives the 
appearance of a common envelope. The upper pole of the egg varies 
from dark brown to black; the lower pole is lighter. Under field condi

tions, the incubation period varies from 30 to 45 days. 
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LARVAE. Larvae at hatching have an average length of o/i.6" (app. 13 
mm.) but vary from IO to 14 mm. The head is broad, twice the width 
of the trunk, and has the sides parallel. The snout is blunt and the bal
ancers are attached midway between the eyes and the first pair of gills. 
The gills are provided with 2 rows of filaments. The fore legs are repre
sented by elongate buds directed backward, the hind legs are not de
veloped at hatching. The tail fin is continuous with that of the back, 
which extends almost to the back of the head. Larvae are strongly pig
mented above, the color varying from olive-green to brown, with tinges 
of yellow on the sides of the head and neck and rarely along the sides of 
the dorsal fin. Black pigment is concentrated to form large paired spots 
on either side of the middorsal line. Mature larvae vary from l %" to 311 

(48-J5 mm.). The length of the period is extremely variable, 56-125 
days, and transforming young may be found from July through Sep
tember. During the year following transformation a length of approxi

mate! y 4*11 
( 107 mm.) is attained, and the animals breed the following 

sprmg. 

MABEE's SALAMANDER. Ambystoma mabeei Bishop. Fig. 36. Map q . 

TYPE LOCALITY. Low grounds of the Black River near Dunn, North 
Carolina. 

RANCE. Known from the vicinity of Dunn and Wilmington, North 
Carolina, Charleston County, South Carolina, and Liberty County, 
Georgia. 

HABITAT. The first specimen of this species was secured by Mr. W. B. 
Mabee in the low grounds of the Black ~iver near Dunn, North Caro
lina, May r2, 1923. The species was described from this preserved ma
terial and no additional living specimens became available for study 
until 1934. On Feb. 23, 1934, A.H. Wright collected an adult near Wil
mington, North Carolina, and two days later ro or 12 adults and one 
juvenile specimen in Charleston County, South Carolina, near the 
Edisto River. These specimens were found in or beneath semi-rotted 
logs and bark, in the low bottom lands bordering the highway. On Feb. 
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12, 1936, we visited the locality, in Charleston County, where A. H. 
Wright had taken specimens, but failed to find this species. 

SIZE. The type specimen has a total length of roo mm., of which the 

MAP 14.-Distribution of Ambystoma maheci. 

tail comprises 40 per cent. Other measurements are as follows: head 

length 13 mm., width II mm. A female from Charleston County, South. 
Carolina, presented by A. H. Wright, has a total length of 95 mm., tail 
31 mm.; head length 13 mm., width 8 mm. 
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DESCRIPTION. A small, stout species with the general conformation of 

Ambystoma opacttm. The head is oval in outline, widest immediatdy 

behind the eyes, gently tapering posteriorly, and more abruptly to the 
bluntly rounded snout. The eyes are small but prominent, with a tinge 

2 

Fie. 36. Ambystoma mabeei Bishop. (r) Adult female, natural size, dorsolatcral view. 
(2) Same, dorsal view. Near Wilmington, North Carolina. (A. H. Wright, collector.] 

of brassy in the iris. There are 13 costcll grooves, counting 2 that run to

gether in the groin and I in the axilla. There are about 2 intercostal 

spaces between the appressed toes. The legs are stout and proportionally 

large for the size of the salamander. Toes 5-4, long and slender, those 

of the hind feet in order of length from the shortest, 4-3-2-5-1; fore 

feet, 3-2-4-1. The tail is noticeably short and comprises 33Ya-40 per cent 

of the total length. The tongue is oval in outline, fills the floor of the 
mouth, and is marked by a median impressed line, the plicae meeting it 
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obliquely. The vomerine teeth form a transverse line interrupted back 

of the inner nares. 
coLoR. In life the general ground color is deep brown in a broad band 

along the dorsal surfaces. On the lower sides are many small grayish
white flecks which become indistinct, dull tan as they approach the 

dorsal surface, where they seem to be overlaid by darker pigment. The 

light flecks are abundant on the head and legs, but few and scattered on 

the light brown venter. The throat is lighter, dull flesh color. In alcohol 

the color becomes almost uniformly deep brown or slate-gray, the lower 

sides and venter somewhat lighter. The pale spots mostly disappear in 
time, but a few may remain on the throat and along the sides of the 

belly. 
BREEDING. Nothing has been reported on the breeding habits of this 

species and the eggs are unknown. 
LARVAE. A larva approaching transformation at a length of 63 mm. 

was collected by Mr. C. S. Brimley at Andrews, North Carolina, in 1908. 
It may be this species. It has the costal-groove count and general colora

.tion of A. mabeei. 
This species bears a superficial resemblance to some specimens of 

A. texanum (microstomum), and the type specimen was .first recorded 

under that name by Brimley (1927, p. 10) . A specimen recorded as A. 
microstomum from Harnett, North Carolina, by Brimley (1926, p. 77) 
may also be this species. It is also likely that some of Cope's early records 

from South Carolina may refer to A. mabeei. 
Bishop, 1928, p. 157 (Ambystoma mabeei); Brimley, 1926, p. 77 (Am~ 

bystoma microstomum); Brimley, 1927, p. IO. . 
LOHG-TOED SALAMAHDER. Ambystoma macrodactylum Baird. Fig. 37· 

Map 15. 

TYPE LOCALITY. Astoria, Oregon. 
RANGE. From Calaveras County, California, north to British Columbia 

and Alberta; Montana and Idaho; also recorded from Iowa. 
HABITAT. At Crater Lake in Oregon this species was found in abun~ 
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dance beneath rocks just above water line (Evermann, 1897, p. 235). It is 

occasionally found beneath the loose bark of fallen trees. During the 

breeding season it resorts to ponds even though they be partly icebound. 

MAP 15.- Distribution of Amb}•stoma macrodactyfom. (Also reported from Iowa.) 

On June 25, 1936, we collected adults and eggs in ice-bordered pools on 
the slopes of Mt. Rainier. Here the adults crawled slowly over the bot

tom in shallow water and were easily captured. 

srzE. My largest specimen, a male, has a total length of 4%" (122.5 
mm.), tail 2%2" (58 mm.) ; head length 'Yt6" (14 mm.), width 1%2" 
(ro mm.). An adult female has a total length of 4Ys" (104 mm.) and a 
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tail length of 2~" (53.5 mm.). Slater (1936, p. 236) mentions a female 

127 mm. long. These are perhaps exceptionally large individuals, for 

the majority of my specimens are considerably shorter. 

Frc. 37. Ambystoma macrodactylum Baird. (1) Adult male, actual length 5" (128 
mm.). Mt. Rainier National Park, Washington. (2) Adult female, dorsal view; actual 
length 5%" (96 mm.). (3) Same:, dorsolateral view. Pullman, Washington. 

DESCRIPTION. This slender species of Ambystoma is most strikingly 
marked. Viewed from above, the head is broadly oval in outline, the 
snout bluntly rounded, and the sides behind the eyes only slightly con-
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verging to the strong constrictions marking the lateral extensions of 

the gular fold. The eyes are large and strongly protuberant, the iris 

tinged with dull brassy. A groove curves downward from the posterior 

angle of the eye to the angle of the jaw and from this an impressed line 

continues to the lateral extension of the gular fold. The trunk is slen

der, rounded above and on the sides, and flattened ventrally. Costal 

grooves 12 or 13, counting 1 each in the axilla and groin, the usual num

ber 12. Toes of appressed limbs may overlap 2 costal interspaces. Tail 

oval in section at base, becoming compressed and with a more pro

nounced dorsal ridge toward the tip. Legs moderately stout, toes 5-4, 

those of the hind feet 1-5-2-3-4 in order of length; fore feet 1-4-2-3. 
Tongue with the plicae radiating from the posterior .field. Vomerine 

teeth in 4 series which form a fairly regular transverse line. The middle 
series of 9 or IO teeth each are longer than the outer ones, lie wholly be
tween the inner nares, and curve outward and backward. They are sep

arated at the mid-line and from the inner nares by a distance about equal 

to ~ the length of one series. The outer series is short, contains 3-5 teeth, 

and forms a line directed obliquely outward behind the inner nares. 

COLOR. In life the .ground color varies from deep chocolate-brown to 

black. The animal is strikingly marked above, with a median stripe 

which varies in color from dull tan to a bright mustard-yellow, with 

some individuals definitely greenish-yellow. The stripe usually originates 

at the back of the head, but sometimes involves the entire dorsal surface 

of the head and continues withom interruption to the end of the tail. In 

some the stripe is broken one or more times on the trunk, and on the 

head may be represented by a number of small irregular blotches. The 

sides of the dorsal stripe are never entirely straight and usually are quite 

irregular. Immediately below the dorsal stripe the sides are black, the 

lower sides with many very small, light flecks in a broad band which 

originates on the side of the snout below the level of the eye and con

tinues along the side to involve the exposed surfaces of the legs. The 

lower side of the tail may be Recked heavily with white or be nearly uni
form black. Often, on the upper surface of the limbs, there are a few 

irregular tan or yellowish spots. The belly and lower surface of the legs ..... 
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are dark brown, everywhere minutely flecked with whitish points. The 

throat and lower surface of the tail have the ground color slightly 

lighter. The sexes may be distinguished by the form and size of the vent. 
In the male it is large and strongly protuberant, in the female, except in 

the breeding season, a simple slit. 

BREEDING. On June 25, 1936, our party, collecting with Professor J. R. 

Slater in small ponds near Reflection Lakes on Mt. Rainier, was for
tunate to find adults and eggs of this species in some numbers. The eggs 

were scattered singly and in small masses containing 8-10. Slater ( 1936, 
p. 235) gives additional information as follows: "The egg ... is 2.5 
mm. in diameter, black at the animal pole, with the lower two-fifths at 
the vegetal.pole light gray. The two envelopes do not show very clearly; 

the inner is 6 to 7 mm., and the outer 12 to 17 mm. in diameter, depend

ing on the age of the egg. They hatch in five to fifteen days and may 
transform at sea level in July, while in the high mountain ponds most 

of the larvae do not transform until the beginning of their second year. 

The size at transformation is 6o to 75 mm." ... "From a female 127 

mm. in length 184 mature eggs were taken." 
LARVAE. Some fully developed larvae received from J. R. Slater on 

August 15 completed transformation August 2r. The larvae were quite 

uniformly light greenish-gray to brownish-gray, flecked and mottled 
with dark brown and black. Ventral surfaces dirty white. In the recently 

transformed individual, the dorsal surfaces became greenish-yellow 

with metallic reflections, the head and legs less brightly colored than 

the trunk and tail. The ventral surfaces of the trunk and tail dark, finely 

speckled with whitish, yellowish, and silvery dots. Length 2%" (70 

mm.). 

SPOTTED SALAMANDER. Ambystoma maculatum (Shaw). Figs. 29', 38. 

Map 16. 

TYPE LOCALITY. "Carolina." 

RANGE. Nova Scotia, Prince Edward Island and mainland New Bruns
wick and Gaspe, Quebec; west to Lake Nipigon, Ontario, and Wiscon

sin; southward to northern Florida, Louisiana, and Tex:is. 
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HAB1TAT. Most abundant in areas of dedduous and mixed forests 

where ponds, s]ow streams, or temporary pools offer suitable breeding 
places. 

95 90 85 
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~\\~ macutatum 25 

....... ·· 
M11r 16. Distribution of A111byrt-oma macuktl11m. 

s1z£. Adult males vary from 5?1.G to 1%" (15<>-196 mm.) and average 

about 6Ysu (175.5 mm.) . Females are a little smaller, averaging about 
61Yto" ( 170 mm.) . 

DESCR.lPTION. The Spotted Salamander is stout.bodied and intermedi· 
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ate in size between A. jeffersonianum and A. tigrinum. The body is 

somewhat depressed, but the snout is broadly rounded and less flattened 

than in Jefferson's Salamander. The sides of the head back of the angle 

of the jaws are often swollen. The tail is oval in cross section at base and 

moderately flattened distally. The usual number of costal grooves is 12, 

sometimes 11or13. Gular fold prominent. The legs are large and strong, 

with toes 4-5, those of the front feet l-4- 2-3 in order of length; hind 

feet with toes l-5-2-3-4. The vomerine teeth form a transverse sinuous 

line, continuous or interrupted at the middle and back of the inner nares. 

The tongue is broad, free only at the margin, and marked with plicae 

that radiate from the posterior part. The color above is deep bluish

black, the lower half of the sides, the venter, and under surface of the 

limbs lighter, pale slate. On either side of the middorsal line of the body 

there is a more or less regular row of large, round, yellow or orange spots 

varying in number from 24 to about 45. The males are slightly slimmer 

than the females and in the breeding season may be recognized by the 

protuberant vent. The females at this season have the ventral surfaces 

.paler. 

BREEDING. Adults of both sexes migrate to the breeding ponds in the 

spring, late March or early April in the North. Sometimes many indi

viduals congregate in a limited area and indulge in a kind of nuptial 

dance, swimming about vigorously, rubbing and nosing one another 

until the water fairly boils. Fertilization is internal by means of sperma

tophores, stump- or vase-shaped gelatinous structures capped by whitish 

sperm masses. The eggs are deposited in large, compact masses 2%"-

3Y2" in diameter and attached to submerged objects. The external en

velope of jelly may be clear or milky white. It is thicker than in A. jeffer
sonianum and much denser. The number of eggs per mass varies from 

a dozen to over 250, but the average is about 125. Total complement may 

be deposited in half a dozen small masses or limited to I or 2 large ones. 

The individual egg is 2%-3 mm. ·in diameter, with the upper pole dark 

brown or gray and the lower pole dirty white or dull yellow. In the field 
the incubation period varies from 31 to 54 days, depending on the tern· 

perature of the water. 
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LARVAE. Larvae at hatching have a length of %" (12-13 mm.). The 
ground color is dull greenish yellow, with darker areas of olive on the 
head, and small rounded black spots scattered over the dorsal surfaces 
and forming an indistinct band on either side of the middorsal line. 
There are no large paired dark spots as in A. jeffersonianum. Gills and 
balancers are present at hatching, and the fore legs are represented by 
elongate buds; the hind legs not evident. The broad tail fin is continuous 
with the dorsal fin, which extends to a point opposite the fore legs. 
Larvae attain a length of 2 11 -3 7'2" ( 40-75 mm.) and average about 2 7'2" 
(51 mm.) during a development period of 61-IIo days. Transforming 
young may be found from August to . September, rarely to October in 

colder waters. The yellow or orange spots are sometimes acquired 
within a week following transformation. During the year following 
transformation the Spotted Salamander attains a length of about 31f "-• 411 (85-roo mm.) and may attain sexual maturity by the following 

spnng. 

MARBLED SALAMAHDER. BAHDED SALAMAHDER. Ambystoma opacum (Gra

venhorst). Fig. 39. Map 17. 

TYPE LOCALITY. New York. 
RANGE. From New Hampshire to Florida, west to Louisiana and 

Texas, Mississippi Basin north to Arkansas, Missouri, Indiana, Illinois, 

and Wisconsin. 
HABITAT. Found in drier situations than are suitable for most species 

of Ambystoma. Abundant in sandy and gravelly areas and in the low 

grounds bordering ponds and slow streams. 
s1zE. One of the smaller species of the genus, adults averaging about 

411 
( 100 mm.) in length but ranging to 120 mm. The females are a little 

longer and larger than the males. 

F1G. 38 (see opposite page). Ambystoma maettlatttm (Shaw). (1) Adult male, ven
tral. view; actual length 5%" (144 mm.). Albany, New York. (2) Adult female, dor
sal view; actual length 5%" (147 mm.). Albany, New York. (3) Adult male, dorso
lateral view; actual length 51o/i6" (149 mm.). Albany, New York. (4) Egg mass. (5) 
Spermatophores. 
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DESCRIPTION. In this strikingly marked salamander the body is thick, 
short, and more or less cylindrical or slightly depressed. In well-fed 
specimens there is no evidence of a dorsal groove. The head is moder-
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MAP 17.-Distribution of Ambystoma opacum. 

ately broad, slightly rounded above, and widest at a point above the 
angle of the jaw. The tail comprises 34.8-42.3 per cent of the total 
length. It is not greatly compressed and is thicker above than below. 
Gular fold prominent. Costal grooves n, or 12 if 1 immediately above 
the fore leg is counted. The legs are stout, the toes 5-4, those of the fore 
feet 1-4-2-3 in order of length; toes of the hind feet 1-5-2-3-4. The 
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vomerine teeth are in a transverse sinuous line, widely interrupted back 
of the inner nares and more narrowly interrupted at the middle. The 

~w·--
2. 

Frc. 39. Ambystoma opacum (Gravenhorst). (1) Adult female, actual length 3%" 
(¢ mm.). Raleigh, North Carolina. (2) Recently transformed individual, actual length 
2%G" {59 mm.). Coram, New York. (3) Larva, actual length d~" (45 mm.). Coram, 
Ne\v York. (4) Adult female with eggs. Raleigh, North Carolina, Oct. 26. (5) Adult 
male, actual length 3¥.l" (89 mm.). Raleigh, North Carolina. 

tongue is short, thick, and fleshy, with the · plicae radiating from a 
V-shaped area at the back. The ground color is deep lustrous black, 
with brownish tinges on the under side of the head and on the legs and 
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toes. The light markings, bright white in the males and dull grayish in 
the females, are extremely variable in size, shape, and distribution. In 
general they are restricted to the back and upper sides of the head, trunk, 
and tail, and are arranged in transverse bands, narrow dorsally and wid
ened on the upper sides, where they sometimes unite with the ends of 
adjacent bands to enclose a series of fairly regular black spots along the 
mid-line of the back. Sometimes the light markings fuse to form longi
tudinal bands, one on each side of the back. On the tail the light mark
ings are usually simple transverse bands. The sexes may be distinguished 
by the protuberant vent and brighter white of the males. 

BREEDING. In striking contrast to the habits of the majority of the spe

cies of Ambystoma, which deposit their eggs in early spring in water, 
the Marbled salamander migrates to the breeding grounds in the fall 

and deposits her eggs on land. Fertilization is· internal by means of 
• spermatophores. There is a brief courtship, apparently initiated by the 

male. The female deposits her eggs in a little depression in the ground 
beneath surface materials, old bark, logs, moss, or weeds. The situation 

chosen is one likely to be flooded by late summer or fall rains. The eggs, 

50-200 in number, are deposited singly, not aggregated by a common 
jelly covering as in other species of the genus, and are attended by the 
female. In the North the egg-laying season may start in September, 
farther south in October to December. The individual egg is about 2.7 
mm. in diameter and is provided with two separate envelopes, in addi
tion to the vitelline membrane, which give it an outside diameter of 4.2-

5 mm. The length of the incubation period is variable, depending on the 
amount of moisture present and perhaps, to some extent, on tempera
ture. The eggs usually hatch in the fall but may carry over to spring in 

the absence of rains. 
LARVAE. Larvae at hatching have a length of about%" ( 19 mm.), but 

individuals forced to remain in the egg may attain a length of 1
11 

( 25 
mm.). The larva is uniformly, lightly pigmented above and has a gray
ish tinge which soon changes to brown. The tail fins and sides are mot
tled with yellowish areas where pigment is lacking. The gills are long, 
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slender, and tinged with gray and yellow. The fore legs are slender and 
delicate but with the toes well developed. The hind legs are elongate 
buds without indication of toes. The balancers may be present or lost 
before hatching. Larvae that hatch in the fall may attain a length of 23-
45 mm. by the following March, and at the time of transformation in 
June vary from 63 to 74 mm. Sexual maturity is reached in the fall of 
the year following transformation or when 15-17 months old. 

MOLE SALAMANDER. Ambystoma talpoideum (Holbro?k). Fig. 40. Map 

18. 

TYPf: LOCALITY. Sea islands off the coast of South Carolina. 
RANGE. South Atlantic and Gulf States, North Carolina to Louisiana 

and northward to Illinois. Also recorded from Oklahoma, Arkansas, 

and Texas. 
HABITAT. Except during the breeding season, the adults are much 

given to burrowing and are only occasionally found beneath rotten 
wood in damp situations. In Louisiana, confined to areas of loose sand 

not affected by salt water (Viosca, 1938, in litt.). Strecker and Frierson 
( 1935, p. 33) found an adult occupying a mole-like burrow on the east 
bank of Wallace Bayou, De Soto Parish, Louisiana. Van Hyning ( 1933, 
p. 3) found larvae abundant in ditches and ponds near Gainesville, 

Flo,rida. 
s1zE. Adults I have measured vary in length from 85 to 97 mm. The 

proportions of a large female are as follows: length 97 mm., tail 36 mm.; 

head length 18 mm., width 14 mm. 
DESCRIPTION. This is a small, stout species with a broad, depressed head. 

The head is widest opposite the angles of the jaws, the sides slightly con
verging behind to the lateral extensions of the gular folds, more abruptly 
from opposite the eyes to the bluntly rounded snout. The trunk is well 
rounded, with a scarcely evident, median impressed line. The tail is 

short, comprising 34-37 per cent of total length, elongate oval in cross 
section at base, compressed toward the tip and slightly keeled above, 
rounded below. Costal grooves 10, counting 1 each in axilla and groin. 
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Legs proportionally stout, toes 5-4, those of the hind feet r-5-2-3-4 or 

r-5-2-4-3 in order of length; fore feet, toes 1-4-2-3. Toes meeting or 
slightly overlapping when legs are appressed to the sides. Tongue rela-
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MAP 18.-Distribution of Ambystoma talpoidewn. (Also reported from French Broad 
River, Henderson County, North Carolina, and from Transylvania County, North 
Carolina.) 

tively narrow, about as wide as distance between the eyes, smooth be
hind in a triangular area and with narrow plicae radiating from thi~ 
posterior field. Vomerine teeth in 3 distinct series, the middle series some 
distance posterior to and wholly between the inner nares, the lateral 
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series short, :with 5~ teeth, placed behind the inner nares and extend
ing a short distance outside of the lateral margins of the narcs. 

COLOR. The ground color above is deep brown in a broad band which 
involves the entire dorsal surface of the head and trunk, and a lighter 
brown on the dorsal surface of the tail. Scattered over the dorsal stu
faces are many small bluish-white flecks which are aggregated in small 
clusters to give a lichen-like effect. The light flecks are more abundant 
and smaller on the tail, fewer and more widely scattered on the head. 
The lower sides of the head, trunk, and tail have the general ground 
color bluish-gray instead of brown, and the light fleckings are much 
more numerous and form larger blotches. The legs above are colored 
like the back, brown with light fleckings. The ventral surfaces are col
ored like the lower sides except that the light markings are fewer and 

farther apart. 
BREEDING. Allen ( 1932, p. 3) found this species breeding in Harrison 

County, Mississippi, during February 1930. Eleven specimens were 
found in a hole in which there were 2-3 inches of water. In St. Tam
many Parish, Louisiana, Mr. Henry B. Chase found eggs and early 
larval stages during or following warm rains in January, when air tem
peratures V?ried from 50° to 70° F. The eggs were deposited in tem
porary pools in stands of sour gum, Nyssa biffora, and red gum, Liquid
amber styracifiua, and in ponds in pine woods in the sandy valleys of 
spring-fed rivers. The eggs were aggregated in small, fragile masses 

containing 4-20 and measuring 3cr57 mm. in length by 24-34 mm. in 

width. 
LARVAE. A series of larvae collected April 21, 1935, at Mt. Pleasant, 

South Carolina, and presented to me by Mr. E. B. Chamberlain, vary in 

length from r%" (35 mm.) to 2%" (57 mm.) . The head is broad and 
depressed, the snout bluntly pointed. The dorsal fin arises just back of 
the head, reaches its greatest width about opposite the vent, and con

tinues to the tip of the tail. The ventral fin is narrower and extends an
teriorly to the vent. The fins are speckled and lightly mottled with 
brown pigment. On either side of the dorsal fin is a broad, dark brown 
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band which is broken into a series of quadrate spots by lighter inter
spaces. Below these dark bands, a narrow light line extends from the 
gills to a point opposite the vent. The sides below the light line are 

F1G. 40. lfmbystoma talpoidcum (Holbrook) . (r) Adult female, actual length 3%" 
(86 mm.). (2) Same, \'entral view. Alton, Louisiana. 

brown, somewhat mottled, and lighter than the dorsal stripes. Throat 
and belly light, the former slightly mottled. Sides of head usually with 
a dark band through the eye from snout to base of gills, below this 

mottled. 
According to Mr. Henry B. Chase and Mr. Percy Viosca, Jr., the 

larvae transform at the end of April or early in May, having attained 
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nearly the size of adults. M. J. Allen ( 1932, p. 4) found this species breed

ing Feb. 12, 1930, in Mississippi, and larvae in the water until May 15. 
Individuals lost the gills at lengths varying from 50 to 65 mm., while 

transformed specimens, taken May 14, varied from 55 to 70 mm. 

TEXAS SALAMANDER. SMALL-MOUTHED SALAMANDER. Ambystoma texanum 

(Matthes). Figs. 29<l, 41. Map 19. 

TYPE LOCALITY. "Das erste Exemplar fond ich unter einem faulen 
Baumstamme im U rwalde am Rio Colorado, das zweite ebenfalls . . . 
im Cumming's Creeck [sic] Bottom, Fayette County" [Texas]. 

RANGE. Ohio west to southern Iowa, Kansas, and Nebraska; south to 
Texas and Louisiana; northward to Tennessee, Kentucky and western 

West Virginia. Also reported from Mississippi, North Carolina, and 

South Carolina. 
HABITAT. In Ohio reported by Morse ( 1904, p. 110) to be common in 

hilly regions, where they are found beneath logs and partially buried in 
damp turf. In Texas, Strecker ( 1922, p. 7) reports the species from low
.lands as well as uplands and on the prairie farms and flats. They are 
commonly found in hiding beneath old logs and drift material along 
river bottoms and sloughs. The species is much given to burrowing and 

frequently occupies de.serted crayfish holes. 
SIZE. Strecker ( 1922, p. 6) says that the species attains a length of 6" 

or more. The females average a little larger than the males. The largest 

I have measured, a female, has a total length of 51:Xo" (147 mm.), tail 
2%" (60 mm.). The proportions of a moderate-sized female from Waco, 
Texas, are as follows: total length, 5%" ( 139 mm.), tail 2~" (57 mm.); 
head length 1%2" (15 mm.) , width 1%2" (r: mm.). A male from the 

same locality measures: total length 5Ys" ( ~ 30 mm.), tail 2Y!" (57 
mm.); head length 1%2" ( 15 mm.), width 1 ~~ /' (II mm.) . Measure
ments of a considerable number of specimens i··dicate that the tail of the 

male is proportionally longer than that of the female. 
DESCRIPTION. A species of moderate size, characterized by the slender 

head and small mouth. The head is roughly oVll in outline when viewed 
155 



HANDBOOK OF SALAMANDERS 

from above, the sides behind the eyes gently converging to the lateral 
extensions of the gular fold and in front abruptly to the short blunt 

snout. Eyes small, the iris tinged with brassy. A sinuous groove from .the 
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MAP 19.- Distribution of Ambystoma texanum. (Also recorded f~om Richmond County, 
Georgia, and Rutherford County, North. Carolina.) 

posterior angle of the eye to the lateral extensions of the gular fold, 

poorly developed in some; a short vertical groove from this line passing 

just behind the angle of the mouth. The head is shorter and wider in the 
males than in the females. The trunk is rounded on the sides and above, 
flattened below. A slight median ridge from the back of the head to the 
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base of the tail and frequently an impressed line along the mid-line of 
the belly from the fore to the hind legs. The tail is oval in section at the 
base, slightly rounded below on the basal third, and compressed above, 

FIG. 41. Ambystoma texanum (Matthes). (1) Adult female, actual length 5' (128 
lllln.). Shreveport, Louisiana. (z) Adult male, actual length 41*G" (120 i:nm.) . Gayle, 
Louisiana. (3) Adult, dorsal view. Niles Township, Delaware County, Indiana. [Photo
graph by Leo T. Murray.) 

becoming definitely flattened distally. Costal grooves r4 or 15, the usual 
number being 14 when 1 each is counted in the axilla and groin; 2-3¥2 
intercostal spaces between the toes of the appressed limbs. Legs mod
erate the hind pair in the males stouter. Toes 5-4, those of the hind feet 
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1-5- 2-3- 4 or 4-3 in order of length from the shortest; toes of the fore 

feet, 1-4-2-3. Tongue moderate in size, the extreme edges smooth, the 

center marked with a longitudinal groove from which the plicae diverge 

obliquely. Vomerine teeth very slender, 10-12 in double rows behind 

and entirely between the inner nares, where they usually form 2 slightly 

separated series. On the margins of the jaws the teeth are small, foot
shaped and .in 2 or 3 rows. 

COLOR. In living adults, the ground color above is a deep brown, almost 

black, blotched above and on the upper sides with irregular, lichen-like 

markings of grayish-brown. On the lower sides the superficial lichen

like markings are usually much lighter, grayish-white, and frequently 

larger. The whitish markings are continued on the sides of the head 

below the level of the eyes and on the lower half of the tail to the tip. 

The basal segments of the legs are mottled above like the back; in front 

and behind the spots are lighter, more like the lower. sides. The ground 

color of ~he ventral surfaces is brown, lighter than that of the back, and 

here the light markings are fewer in number, less irregular in shape, and 

more widely scattered on the belly. Strecker ( 1909, p. 18) records some 

examples having yellowish underparts and with light-yellow-instead 

of grayish-white-spots between the costal grooves on the lower sides 

and belly .. 

BREEDING. In Ohio this species has been observed as early as February 

(Morse, 1904, p. 110), and, in Indiana, Hay (1889, p. 602) found eggs 

on March 3. Strecker ( 1928, p. 6) reported that in northeastern Texas 

the breeding season is during the first IO days of March. 

EGGS. The eggs are deposited singly or in small clusters and are at
tached to stems and sticks below the surface of the water. Individual 

eggs are small, about 2 mm. in diameter and, according to Hay (ibid., 
p. 6o3), are surrounded by gelatinous capsules composed of 2 principal 

layers separated by a very thin layer. Some eggs observed in the field 

March 3 had already hatched by March 28 and a few continued to harch 

until April 10. 

LARVAE. Larvae at hatching have a length of approximately 10-13 
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mm., bright olive-green above, with indications of squarish blotches 

along the back. Burt ( 1938, p. 377), who studied young material from 
Texas, remarks: "The youngest specimens exhibit a series of prominent 

vertical light bars or spots in addition to a distinctive light stripe on each 

side of the body and tail." In Ohio and Indiana the larvae are ready to 

transform by June. In the vicinity of Waco, Texas, transformation may 

take place in May at a length of approximately 2%" (70 mm.). 

EASTERN TIGER SALAMANDER. Ambystoma tigrinum tigrinum (Green). 

Figs. Ia, 42. Map 20. 

TYPE LOCALITY. Near Moorestown, New Jersey. 

RANGE. From Albany and Long Island, New York, southward to 

northern Florida, westward to Texas, northward to Minnesota and 
Point Pelee, Ontario. 

HABITAT. The Tiger salamander, as an adult, is essentially a burrow

ing species and spends most of its life below the surface of the ground. 

The breeding waters, to which it resorts in the spring, are found in semi

desert regions, pine barrens, and forests of plains and mountains, its 
ability to survive under such diverse situations probably being due to the 

burrowing habit. 

SIZE. The largest of the species of Ambystoma. The males exceed the 

females in size, averaging about 8" (202 mm.), but individuals of the 

eastern form attain a length of 10" (254 mm.). The females average 

about 7YiG" (177 mm.). 
DESCRIPTION. The body is stout and muscular and the skin fairly 

smooth. The head is broad, widest back of the eyes, and tapering grad
ually to the narrow neck. The snout is broadly convex above and bluntly 

rounded. The tail is oval in section at the base, thicker below than above, 
and compressed toward the tip. There are 12 costal grooves, counting 

I each in the axilla and groin. Gular fold prominent. The legs are stout 

and moderately long, the toes 5-4; those of the hind feet 4- 3-2-5-1 in 

order of length; fore feet 3-2-4-I. The toes are much depressed, short, 
~harply tapering to blunt tips. The vomerine teeth are usually in a single 
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continuous series, but sometimes interrupted at the middle point. The 
tongue is broad and fleshy, with only the margins free and thin. 

COLOR. The ground color ab9ve and on the sides is deep brown or dull 
black. On the lower sides the dark color meet~ the olive-yellow of the 

MAP 20.-Distribution of the subspecies of Ambystoma tigrinum. 

venter along an irregular line, with the light markings often extending 
upward between the costal grooves. Scattered over the dark ground 
color are many pale, brownish-olive or brownish-yellow blotches, ir

regular in size and shape, and tending to fuse and form bands on the 
lower sides and tail in some individuals. The under surface of the head 
is often uniformly yellow or yellow tinged with olive. The venter is 
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olive-yellow blotched and marbled with darker. The males are larger 
than the females and during the breeding season the vent is swollen and 

Fw. 42. Ambystoma tigi·inum tigrinum (Green). (1) Adult female, actual length 
fh" (190 mm.). (2) Same, dorsal view. Setauket, Long Island, New York. [L. G. Barth, 
collector; J. Westman, photograph.] (3) Larva, fully grown, actual length 41%/' (120 

mm.). Syosset, Long Island, New York, June 25. (4) Recently transformed individual, 
actual length 3%11 (89 mm.). Syosset. (5) Egg mass. Syosset. 

protuberant. The tail is usually longer and the hind legs longer and 

stouter in the male. 
BREEDING. In the early spring, March in the North, January or Feb

ruary farther south, the Tiger salamanders resort to the breeding ponds. 
There is a courtship in which the sex.e~ po~e and push one another with. 
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