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REPRODUCTIVE CYCLES
OF LIZARDS AND SNAKES

By

Henry S. Fitch

INTRODUCTION

Every species of animal, in adaptation to its particular ecological

niche, has attained various adjustments in the timing of its repro-

ductive efforts and in the numbers of offspring produced. For some

years, investigations of the life histories of various reptiles on The

University of Kansas Natural History Reservation caused me to

become aware of the great diversity of reproductive cycles, even in

species occurring in the same environments. Some of these same

species were investigated elsewhere in other parts of their geo-

graphic ranges, and were found to have somewhat altered repro-

ductive cycles. Interest in reproducti\'e cycles aroused by these

findings later led to an investigation of the cycles of several tropical

species, and eventually to a general survey of these cycles in the

snakes and lizards of the world.

Partly from published literature information has been compiled
for many species, but for most of them available data are few. Most

detailed life history studies that include intensive investigation of

reproductive cycles have been made in the United States, Europe,
and Japan, with little information from elsewhere, including the

tropics where most species of reptiles occur.

In studying reproductive cycles, I tried to learn as much as pos-

sible about the following for each species: 1, Whether it is vivipa-

rous or o\'iparous and, if the latter, whether part of the embryonic

development takes place in the female's oviduct; 2, Seasons of

copulation, ovulation, oviposition or parturition and hatching—how
they are correlated with annual cycles of temperature and precipi-

tation and whether the reproductive cycle is annual, occurs less

often, or more often; 3, If more than one brood or litter is produced

annually, the length of the interval between ovulation cycles, and

the effects of the abundance or scarcity of food; 4, Lengths of incu-

bation or gestation periods; 5, Time required for growth and de-

velopment from hatching or birth to sexual maturity; 6, Numbers of

eggs per clutch or young per litter; 7, Inti-aspecific differences in
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the above factors, arising from innate individual variation, from

age and size, and from geographic \'ariation.

Information was accumulated on all of these subjects, but was

incomplete for every species. More than 50 species have been the

subjects of detailed study, and their reproductive cycles are rela-

tively well known, but for most only meager data or scraps of

information are axailable from which reproductive cycles may be

deduced. Even such poorly known species are included, because

it is evident that each species is to some extent unique in its repro-
ductive pattern, although trends can be discerned for groups of

species, both on the basis of phylogenetic relationship and on the

basis of response to a particular type of climate or habitat.

PROCEDURE

Essentially, the data and conclusions presented herein originate

from three sources: 1, My field studies of various species of lizards

and snakes, chiefly in Kansas, California, and Oregon, but also in

most of the states in the far western United States, in Louisiana, in

Costa Rica for eight weeks in 1965, and in Ecuador in March of

1967; 2, Study of preserved museum specimens, chiefly in The

University of Kansas Museum of Natural History, the University
of California Museum of Vertebrate Zoology, The American Mu-
seum of Natural History, and the University of Texas Natural His-

tory Museum; 3, Survey of pubhshed literature.

The personal observations of my collaborators and me have

involved the following species: Agkistrodon contotirix, Agkistrodon

piscivorus, Ameiva ame'wa, Anolis chrysolepis, Anolis cupreus,

Anolis fuscoouratus, Anolis Jnimilis, Anolis Jemiirimts, Anolis lep-

toscelis, Anolis limifrons, Anolis lionotus, Basiliscus basihsciis,

Basilisciis vittotiis, Carphophis vermis, Cnemiclophorus deppei,

Cnemidophorus exsangiiis, Cnemidophoriis sexUneatus, Cnemido-

phortis tigris, Coluber constrictor, Crotaphijtus collaris, Crotolus

viridis, Ctenosaiira similis, Diadophis puncfatiis, Elaphe obsoleta,

Eumeces fasciattis, Eumeces obsoletiis, Geophis brachyceplialus,

Gerrhonotus coeruleus, Gerrhonotus multicarinotus, Gonatodes al-

bogularis, Heterodon nasicus, Heterodon platyrhinos, Holbrookia

maculata, Holbrookia texana, Kentropyx calcaratus, Mabuya allia-

cea, Neusticurus ecpleopus, Ophisauriis attenuatus, Sceloportis jar-

rovi, Sceloporus malachiticus, Sceloporus occidentalis occidentalis,

Sceloporus occidentalis biscriatus, Sceloporus undidatus crytliro-

cheilus, Sceloporus undulatus garmani, Sceloporus undulatus hya-



Reproductive Cycles of Lizards and Snakes 3

cinthinus, Sceloporus variahilis, Sceloporus virgatus, Scincella clier-

riei, Scincella laterale, Thamnophis elegans, Thamnophis ordinoides,

Tlmmnophis sirtalis, Urosaunis ornatus, and Uta stanshuriana. Ob-

sei\ ations on each of these species in its natural surroundings have

been supplemented by the examination of substantial museum
series. Additionally, sizable museum series of each of the following

have been examined to determine reproductive cycles even though
I had little or no opportunity to study them under natural condi-

tions: Ameiva festiva, Ameiva tindidata, Anolis tropidolepis, Bo-

throps otrox, Callisaurus draconoides, Cnemidophorus giittatus,

Corytophanes cristatus, Crotaphijtus wislizenii, Dipsas catesbyi,

Gerrhonotus monticolns, Gerrhonotus moreletii, Imantodes cenchoa,

Leimadophis reginae, Lygophis taeniunis, Leptodeira annulata,

Oxyrlwpiis petolo, Pseudohoa bitorquato, Sceloporus chrysostictus,

Sceloporus clarkii, Sceloporus graciosus, Sceloporus magister, Sce-

loporus undulatus elongatus, Sceloporus undulatus tristichus, and

Xenodon severus.

For the remaining 750 species dealt with, no original informa-

tion is presented, but condensed accounts of the reproductive

cycles, insofar as they can be construed from the literature, are

included, or if little information was available, the species con-

cerned are only briefly mentioned in text or tables. There are

excellent accounts of the reproductive cycles of a few dozen species

that have been the subjects of special study, but these represent

only a small percentage of the species that need to be studied, and

most of them are limited to the Temperate Zone. No information

is available concerning the reproductive cycles of most kinds of

reptiles.

Although reproducti\e cycles have been thoroughly studied in

relatively few species of reptiles, an extensive and scattered litera-

ture in many languages pertains to hundreds of species in all parts

of the World. To find and digest all the literature involved would

be a herculean task, perhaps beyond the capacity of one indixidual.

Nevertheless, I have undertaken a general survey of the literature,

using more than 600 publications but placing much reliance on

comprehensive regional works such as those of Wright and Wright

(1957) and Stebbins (1954) for the United States, Pope (1935) for

China, Smith (1935, 1943) for India, FitzSimons (1943, 1962) for

South Africa, and Fuhn and Vancea ( 1961 )
for Romania. Many

literature records cited by these authors have been accepted with-
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out tracing them to the original publications, which were often

inaccessible.

Before the last decade there were few papers dealing primarily
with reproductive cycles and many of the records herein cited were

gleaned from casual mention of breeding, gravid females, oviposi-

tion, or hatching of eggs or birth, in papers whose main emphases
were taxonomic or faunal. Herpetologists were so preoccupied with

these aspects of their science that they often failed to include the

sorts of data pertinent to the present study. Interest in breeding

cycles is a relatively recent development. Many published breeding
records that would have been of much significance were unusable

because the author had neglected to mention the date. A few

authors have been commendable exceptions to this lamentable

trend. Loveridge in his many technical papers on tropical African

reptiles, in both faunal surveys and taxonomic revisions, consis-

tently included notes on natural history, such as breeding condi-

tion, and time of appearance of young, so that a wealth of infor-

mation has accumulated for this part of the World. Similarly, Pope,
in his monumental work on the reptiles of China

(
1935

)
included

a large number of original records of reproduction. He also sum-

marized previous pertinent literature. Minton (1966) in West

Pakistan, Anderson
(
1963

)
in Iran, Broadley (

1959
)

in southern

Rhodesia, and Taylor in Thailand (1963, 1965) likewise provided

many valuable ecological notes. Unfortunately most herpetologists

in the American tropics ha\'e not followed the good examples of

these workers, though Stuart's publications on the Central Ameri-

can herpetofauna include many useful notes on natural history.

Some exceptionally significant and useful papers are those of

Fukada
(
1965

)
on the reproduction of Japanese reptiles, DeHaas

(1941) on the breeding of Javanese snakes, Kopstein (1938) on

Malayan snakes, Inger and Greenberg (1966) on breeding of

lizards in equatorial rain forest, Robertson, Chapman and Chapman
(1962, 1964) on Tanganyikan reptiles, and Harris (1964) on the

rainbow lizard of Nigeria. Bustard's (1955 to 1969) numerous

papers on African and Australian lizards both in captivity and

under natural conditions also deserve mention. Important studies

of exotic lygosomine skinks are those of Wilhoft ( 1963, 1965
)

in

the Australian tropics, and Barwick (1959) in New Zealand. In the

United States reproductive cycles of reptiles have received much
more attention, notably in the intensive studies of Mayhew. Tinkle,

Blair, Kennedy, Carpenter, Clark, and Piatt. Monographs of the
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African geckos by Loveridge (1947) and of the rattlesnakes by
Kkiuber (1956) likewise contain much important information on

the reproduction of these groups.

For a few of the species occurring near my family home at

Medford, Oregon (1920's and 1930's), or at the San Joaquin Ex-

perimental Range in Madera County, central California (1938-1942

and 1945-1947), or at The University of Kansas Natural History

Reservation in Douglas County, northeastern Kansas (1948-1967),

I have obtained data on reproductive cycles in the course of auteco-

logical investigations. Day by day observations on marked indi-

viduals throughout the season of their activity, and techniques such

as palpation of gravid females to count numbers of eggs or em-

bryos, and cloacal smears to demonstrate recent insemination have

been utilized.

Many other species were studied principally from preserved
museum specimens. In examining preserved material, the pro-

cedure was to determine the reproductive status of each sexually

mature female—whether nonfecund, having ovarian or oviducal

eggs, or recently parturient
—and to measure to the nearest milli-

meter (snout-vent length) each specimen in a series. The measure-

ments of immature specimens were especially significant in indicat-

ing the amount of growth made by each individual since hatching
or birth, hence the probable age, and by extrapolation, the time of

breeding in the population represented. Specimens of minimum
size usually had prominent umbilical scars indicating recent birth

or hatching, and with a somewhat wider margin of error, the ap-

proximate times of egg-laying and of conception. Growth rates are

well known for relatively few kinds and anyhow are subject to

much variation between individuals of a species even in one local-

ity. Nevertheless, the size-distribution of young in a population

sample often provided good evidence of whether year-round breed-

ing prevailed, or whether the breeding season was long or short.

In some instances, even though collection dates were all at one time

of year, the young formed a graded series from hatchlings to sub-

adults, whereas in other instances young formed one or more dis-

crete size groups, indicating concentrated breeding periods, with

nonbreeding periods intervening.

Gonads were examined in adult female specimens when the

abdomen had already been slit or when it was permissible to make
an incision for this purpose. Eggs in such specimens were measured

and counted. Testes were sometimes measured in male specimens,
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but relatively little attention was devoted to them. My purpose was
to relate reproductive cycles to the population dynamics of the

species concerned, and in this regard the cycle of the female is

more critical than that of the male. When fecund females are

present in the population there are usually males available to

inseminate them. For example, at The University of Kansas Na-

tural History Reservation I found that male snakes of most species

have motile sperm in their vasa deferentia throughout most or all

of their active season but that females ovulate only during a brief

period in spring. Only in exceptional instances is availability of

breeding males thought to be critical. For instance, Mayhew ( 1966)
in his study of the desert iguanid, Uma, found that in years with

inadequate moisture and food, the male gonads were inhibited and

he implied that this was a factor in greatly reducing the number of

young produced in dry years. Howexer, in many kinds of snakes

and at least some lizards there is prolonged storage of viable sperm
in the oviducts, and once a female has mated, the further avail-

ability of males may have little effect on her productivity.

Measurements, including those of reptiles themselves and of

eggs, are given in millimeters in nearly all instances. Both frac-

tional and decimal figures are used and imply different degrees of

precision; % indicates measurements in units of one-half, whereas

.5 indicates measurement in tenths.

In using literature records I have tried to make the citations as

brief and compact as is consistent with clarity. Although avoiding
direct quotations in most instances, I have tended to preserve the

wording of the original author in order to minimize the chance for

unintentional change in meaning.

The manuscript was submitted for publication on May 26, 1967.

Subsequently minor revisions were made, and information concern-

ing additional species was incorporated from recent literature.
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ACCOUNTS OF FAMILIES, SUBFAMILIES, GENERA
AND SPECIES

An attempt has been made to maintain a fairly uniform system
of presentation. Brief general statements for each family and genus
include mode of reproduction and trend of reproductive cycles, the

geographic area of occurrence and important characteristics of the

group, especially those directly concerned with method of repro-

duction. Such information is, of course, available in greater detail

in the literature, but the groups here included are seldom dealt

with under one cover, and most herpetologists have little familiarity

with the reptile fauna outside of one or two continents. Separate

species accounts are included for most groups, but not for certain

families like the Amphisbaenidae, Anniellidae, Dibamidae, Hydro-

phiidae, or Xenosauridae, nor for numerous genera, for which de-

tailed records for species were meager. In general, subspecies have

not been dealt with or even mentioned in the species accounts

except that in occasional instances where intraspecific differences

have been noted or suspected, trinomials have been used as con-

venient basis for comparing populations. Especially in the large
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and ecologically diverse genus Sceloponis brief accounts of the

several species groups are included, and also separate accounts

of several subspecies in instances where notable reproductive dif-

ferences between populations have been demonstrated.

In comprehensive works on reptiles the sequence in which the

various families and subfamilies are treated is not well standard-

ized, but the general trend, with supposedly more primitive groups

preceding those that are more advanced, is followed here. Within

the families (or subfamilies when these are used) and genera the

sequence is alphabetical. I have attempted to use currently ac-

ceptable scientific names and often these are different from the

ones under which the information was originally published. In

some instances, especially for exotic species, I may have inadver-

tently used outdated or incorrect names.

In the arrangement of families and subfamilies I huve tried to

reach a satisfactory compromise by using traditional and familiar

groupings but at the same time trying to follow systems not too

outdated. Subfamilies have been included only for Geckonidae

where they represent groups formerly accorded family rank that

are notably different in their reproduction, and in the Colubridae

where the exceptionally large number of genera need to be broken

up into more convenient units. The subfamily Boiginae as widely

recognized in the past is not used here, because of the consensus

among herpetologists that this is not a natural group, and that the

transition from solid teeth to grooved fangs (or vice versa) occurred

repeatedly in the evolution of the colubrids. Nevertheless some of

the "boigine" genera constitute closely related series, and to avoid

dissociating them, all the groove-fanged venomous colubrids for-

merly included as boigines are retained in a separate alphabetical

series following that of the aglyphous colubrines. Except for com-

bining the Boiginae with the Colubrinae, and for ranking the Acro-

chordidae as a distinct family, I have essentially followed the system
of classification for snakes used by Taylor ( 1965).

Underwood's recent (1967) work has resulted in drastic

changes in ideas of relationships within the snakes, and notably in

the dismemberment of the family Colubridae as formerly under-

stood. His system has not been followed here. Although it seems

to be based on valid data, it is admittedly tentative and subject to

further revision so that the more traditional and familiar system
is considered more appropriate for my presentation. No systematic

judgments are intended by my arrangements. Rather, I have ac-
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cepted uncritically arrangements that have been widely used and

seem to reflect the thinking of a large number of herpetologists.

Worm Lizards

Amphisbaenidae

Although recent investigations have suggested that the "worm
lizards" are not true lizards but constitute a separate suborder of

squamate reptiles, Amphisbaenia (Cans, 1967), they are briefly

considered here because of their traditional position as a saurian

family. However, the genus Trogonophis and its near relatives have

been placed in a separate family, Trogonophidae.

The worm lizards are fossorial reptiles in which the eyes are

reduced or vestigial, the body is elongate and annulated, and the

limbs are lacking or else represented only by much reduced fore-

limbs. The group is mainly tropical but extends into the temperate
zones and occurs in Africa and the Mediterranean region, South and

Central America, the West Indies, Florida and western Mexico.

Loveridge (194L362, 393, 436) cited several observations of repro-

duction in the African species. Seemingly most are oviparous, but

some ( trogonophids only?) are viviparous. A specimen of Cliirin-

dia eicerbecki taken on April 27, 1939, contained a single remark-

ably elongate egg (31 X 2 mm). Two females of Tonmropeltis

pistilhim taken at the end of August each contained four eggs
which were approximately 35 X 9 and 35 X 10 mm. On September
20 a third indi\'idual laid four eggs which measured 26 X 9, 30 X
9, 32 X 8, and 35 X 8 mm.

A pair of Saharan Trogonophis iciegmanni were observed inter-

twined but not copulating on June 10. Another observer found that

a female of this species which he had placed in a collecting bag,

had given birth to five young. Bons and St. Girons (1963) found

that in T. wiegmanni spermatogenesis commences in October and is

increased in spring, copulation occurs in June, ovulation takes place

by the end of June and young are born in September. They found

that in Blanus cinereus, another Moroccan species which is prob-

ably oviparous, the seasonal sequence of spermatogenesis, copula-

tion and ovulation is the same as in T. iciegmanni. Adult females

do not necessarily reproduce annually, but may go for longer in-

tervals without becoming fecund. Cans (1964:9) reported that a

female of Amphishaena duhia from Curitiba, Parana, Brasil, con-

tained three elongate eggs, each encased in a thin leathery shell.
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Carr (1949:77) found a clutch of two eggs of Rhineura floridana

hatching on September 12, 1943 at Gainesville, Florida.

Lizards

Gekkonidae

The geckos constitute a large family of lizards most of which

are tropical. Within the tropics they are abundant and widespread;

they occur on all the continents (except Antarctica) and through-
out Polynesia. They are primitive in various anatomical features,

but in other respects they are highly specialized, notably in having
the feet and digits modified as scansorial adaptations.

According to Kluge (1967:5): "Some species exhibit no definite

seasonal reproductive cycle, and mating may take place throughout
the year, but in other forms breeding appears to be cyclic and is

restricted to a very short period during the year. There is evidence

that some females can retain sperm for a considerable period. . . .

In others delayed oviposition occurs until embryonic development
is well advanced."

Several distinct families of geckos have been recognized in the

past, but Kluge (1967) has included all in the Gekkonidae, and has

considered the main groups of geckos to be subfamilies. Besides

having trenchant anatomical differences, these subfamilies differ

notably in their reproduction.

Diplodactylinae

These geckos constitute a relatively small group of 14 genera in

Australia, New Zealand, and New Caledonia. They produce two

parchment-shelled eggs per clutch—except for the three New Zea-

land genera Heteropholis, Hoplodactijhis, and Naultinus which bear

living young.

Oedura

Bustard (1967) has studied the reproduction of several species of tills

Australian genus. He considers the soft parchmentlike eggshells of these

lizards to be more primitive than the calcareous eggshells of most other geckos.

Despite oviparous haliits and soft-shelled eggs tlie lizards of this genus often

occur in extremely arid climates. Bustard's obser\ations led him to conclude

that in the relatively cool climate of south Australia one clutch per female

per year is the rule, but that in the north a female may produce several clutches

in the course of a season. Often a day or more elapses between the laying of

the first and the second egg in a clutch. Bustard recorded the following dates
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of oviposition for clutches. Oedura marmoiata: September 29 and October 1,

October 18 (Iwth eggs), October 28 (both eggs), November 9 and 12; O.

castclnaui: December 23; O. tnjoni: January 1 (3 ckitches); O. ocellata: De-

cember 31, January 4 (3 clutches), February 12; O. lesueurii: September (no

specific date) and December 23. Incubation periods noted by Bustard include

60 days for O. castelnaui; 49 days (for 5) and 51 days (for 1) for O. tnjoni;

39 days ( for 2 ) and 43 days for O. ocellata and 31 days for O. lesueureii.

Eublephaiinae

This is a small subfamily of geckos represented in both the Old

World (southwest and southeast Asia, Malaya, Borneo, Sumatra,

West Africa, Somaliland) and the New World (southwestern
United States south to Costa Rica). Taylor (1956:16) stated: "Two

eggs are laid." They resemble those of diplodactylines in having
soft parchmentlike shells.

Aeluroscalabotes

These geckos are limited to Borneo, Malaya, and adjacent regions of south-

eastern Asia. They are nocturnal and arboreal and have rather elongate bodies

and long legs with short toes that are compressed distally and bear retractile

claws. In their study of breeding cycles in equatorial rain-forest lizards of

Nanga TekaHt, Borneo, Inger and Greenberg (1966:1015) collected 80 adult

female cat geckos, A. fclinus, of which 32, distributed over 11 months of the

year, were gravid each with two eggs.

Coleomjx

The banded geckos are terrestrial, desert lizards of the soudiwestern United

States and the Mexican Plateau and the Pacific lowlands from Colima, Mexico,

south\\ard into Costa Rica. The growing season is long in the areas occupied,

and dates on which gra\id females have been collected indicate that t\\o or

more clutches are produced.

Coleomjx brevis.—Werler (1951:37) recorded tliat two females from San

Ygnacio, Texas, both laid eggs at the San Antonio Zoo on April 8, 1950.

Coleonyx elegans.
—Alvarez del Toro (1960:74) wrote that in Chiapas,

Mexico, this gecko lays a clutch of three or four eggs, but near Chilpancingo,

Guerrero, Mexico, on June 11 and July 2, Davis and Dixon (1961:38) found

that two females each had two large ova ready to be laid, and in Yucatan,

Mexico, Duellman (1965:27) found that females collected on April 9, 1963,
and August 15, 1962, also each contained two eggs.

Coleonyx variegatus.—Klauber (1945:142) stated diat this species of the

southwestern deserts lays two eggs. He mentioned one from San Diego County,

California, which contained o\iducal eggs on May 25 and another from Los

Angeles County which contained oviducal eggs on June 21. As an indication of

trend in seasonal acti\'ity Klauber listed the following numbers found on roads
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in the course of night driving: March, 1; April, 45; May, 340; June, 130;

July, 28; August, 24; September, 8; October, 12.

William S. Parker (MS) made a population study of these and other com-
mon lizards at Phoenix, Arizona. He found females containing eggs (visible

through the ventral body wall) from May through September and found

hatchlings from July through Noxember. Therefore he was convinced that

individual females produce repeatedly within the same season; probably there

are normally three clutches on the average in fully adult individuals. One had

large eggs when captured on June 30, and again on July 28. Frequency of

gravid females was highest in May and June. It was deduced that incubation

lasts about 45 days. Females hatched early in the season grew to adult size by
fall or by the following spring. Seemingly, young hatched in September or

October grew to maturity by the following late May, June, or July.

Eublepliaris

These are terrestrial geckos usually found in dry, rocky places. There are

four species, all Asiatic.

Eiiblepilaris macularius.—Anderson (1963:435) mentioned finding females
of the fat-tailed gecko in Iran carrying unlaid eggs on April 21, 1958, May 22,

1958, and August 20, 1958. Seemingly egg-laying occurs through much of the

season that the lizards are active, and se\'eral clutches per female in the course
of a season might be expected. Minton (1966:73) observed this species in

West Pakistan. A female laid clutches of two eggs each on April 21, May
10-12, and June 8. The eggs in the second and third clutches were fertile,

although the female had been isolated from males since April 8. Minton
mentioned other females containing eggs in August and September, and noted
that most young of the year appear in September and early October. He stated

that one female laid a clutch of three eggs.

Geckoninae

The majority of gecko species and genera belong to this sub-

family, which is cosmopolitan in the tropics and extends into the

Temperate Zones. The eggs are hard-shelled and calcareous.

Typically there are two eggs, laid together and glued to the sub-

strate in a sheltered situation, or even in the open, instead of being
buried in the soil like most reptilian eggs. Many eggs, up to 186

(M. Smith, 1935:27) may accumulate in a cluster through com-

munal laying. Incubation sometimes requires several months. A
few kinds that are relatively small, Aristelliger sp., Gehyra varie-

gata, are exceptions to the general rule in laying only one egg
instead of the usual two.

Cnemaspis

These are small tropical geckos of Africa, Asia and the East Indian

Archipelago.
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Cnemaspis africanus.
—Lo\eiidge (1947:94) published some data on re-

production ol: this forest gecko: April 22, a gravid female; Jnly 5, female con-

taining an egg with two freshly laid eggs nearby, beneath a log; July 1-7, 12

eggs foimd; October 31, two eggs laid by a female in British Cameroons; No-

vember 22, two eggs found in Uganda and three pairs of eggs found in Kenya;

December 12, gravid female; December 21, 31 eggs collected, some newly
hatched. Seemingly reproduction occurs throughout the year.

Cnemaspis qiiattuorschotus.
—Loveridge (1947:88) recorded 12 eggs, one

hatching, in the Belgian Congo on March 3, and eggs on November 18 and 21

in Uganda.

Cosym])otiis

These tropical geckos often li\'e as household commensals in the Orient and

East Indies. Church (1962:262) studied the reproductive cycle of C. plattjurus

in Ja\'a. He found that mating is not seasonal, but rather that breeding occurs

throughout the year in the equatorial region of his study. Copulation may take

place when the eggs are small. There are fecund females in every month.

There are no fat bodies. The larger the female lizard, the more likely it is

to have ripe or maturing ova.

Cyrtodactyhis

This is a large genus of small, some\\'hat arboreal. Old World geckos.

Cyrtodactyhis kaclihcnsis.—Minton (1966:78) found females containing

large eggs in West Pakistan in nearly every month. He stated that there are

one or two eggs per clutch.

Cyrtodactyhis kotschyi.
—Loveridge (1947:66) reported eggs found be-

tween June 30 and July 7 on Amorgas Island of the Cyclades in the Mediter-

ranean.

Cyrtodactyhis malayanus.—In tropical rain forest at Nanga Tekalit, Borneo

(1° 37'N), Inger and Greenberg (1966:1010) studied the breeding cycle of

this gecko. Males appeared to be in breeding condition all year; likewise there

were females with oviducal eggs and others with enlarging ovarian eggs at all

times of year, with no distinct seasonal pattern. One female had only a single

oviducal egg but each of 35 others had two. In females haxdng oviducal eggs,

the ovarian eggs were always minute and whitish. In adults without oxiducal

eggs, there were always ovarian eggs that were larger and yellowish, obviously

growing in preparation for ovulation.

Cyrtodactyhis puhistdctis.
—This species also was studied by Inger and

Greenberg (1966:1010) at Nanga Tekalit, Borneo. As in C. malayanus, males

showed seasonal fluctuation in reproducti\e acti\ity. In most months approxi-

mately one-fourth of the adult females contained oviducal eggs, but small

samples in January, March and June contained none with oviducal eggs, and
in both July and August two of three females in the monthly samples were

gra\'id. These de\"iations probably are not significant, and presumably breeding

actixity is maintained at about the same level throughout the year. As in C
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malaijanus, only females that lacked oviducal eggs contained enlarging yellow
ovarian eggs.

Cijrtodactylus scaher.—Loveridge (1947:65) reported two sets of eggs
found on August 2 at Port Sudan. In Iran, Anderson (1963:437) found hatch-

lings common in mid-August. A female laid two eggs in late August. A
breeding season spanning many weeks is indicated, hence perhaps females

ha\e the potential of producing two or more clutches in a season.

Gehyra

These small to medium-sized, nocturnal scansorial geckos occur in Australia

and islands of the southwest Pacific. Bustard (1964:269; 1969) studied G.

variegata in disturbed forest areas of New South Wales, Australia, and found

that the lizards do not breed imtil their third year. "Females lay one egg at a

time and normally two ovipositions occur each summer. The first egg is de-

posited in late November or early December and the second egg in the first or

second week of January." Of 103 mature females 96 per cent bred twice, one

per cent bred only once and three per cent may not have bred at all. Incuba-

tion required three months and survival of eggs was inversely proportioned to

the amount of rainfall. The larger, sympatric, G. australis was found to lay

two eggs per clutch. In the tropical climate of Cape York, Bustard found that

the breeding seasons of both species extended into "winter."

Eggs of G. oceanica have been noted from October 27 to November 27

(3 clutches) on Rennell Island in the Solomons ( Volsoe, 1956:122) and on

May 14 and 16 in the northern Marianas (Cagle, 1946b: 101).

Gekko

These large, heavy-bodied geckos of India, southeastern Asia, the East

Indies and northern Australia live in or about buildings in close association

with man, and are scansorial. The tokay, G. gecko, is widely distributed in

southeastern Asia and the Malayan Archipelago. Smith (1935:112) stated:

"The calling is not continued throughout the whole year. It commences about

the middle of the cool weather ( December ) ,
becomes more frequent as hot

weatlier approaches, and is at its maximum during March, April, and May.

During these months they can be heard calling frequently, sometimes all

through the night, one lizard after another taking up the cry from house to

house. After these months they call less frequently, and during the autumn are

usually silent." The vocalizations of the tokay seem to be primarily territorial

and proi:)a]3ly the waxing and waning of territorial vocalization is closely cor-

related with the breeding cycle in this lizard, as in male birds. There are two

eggs per clutch.

Fukada (1965:75) cited the studies of other authors in Japan indicating

that the egg-laying season is from June to August, with two eggs per clutch

(an instance of three eggs being laid is mentioned), only one clutch per year,

and an incubation period of 55 days in G. japonicus.

Gijmnodactijlus

These are small. Neotropical geckos closely related to the Old World

Cijrtoclactijhts. In Brasil, Vanzolini (1953:260) reported five clutches of two
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eggs each of G. geckoides in March of three different years. The eggs were

incubated in the laboratory and hatched after intervals of 15 to 170 days;

hence, the author concluded that they were laid at different times of year.

One female laid her eggs in captivity on February 3, and they hatched after

206 days, on July 18. The clutches of eggs found in the field would have been

laid in September, September, October, No\ember, and Feliruary, if all had a

six to seven month incubation period, as indicated by the one clutch kept from

laying to hatching. Presumably in this tropical climate there is some variation

in the incubation period depending on the situation and ambient temperature
of each egg, but this might be a fairly minor factor.

Hemidactijlus

This large genus contains mostly medium-sized species living in the

southern parts of Europe, Asia, Polynesia, and tropical America.

Hemidactijlus alhofasciahis.
—Grandison and Soman (1963:324) reported

finding of many clutches with two eggs in January in Maharashtra, India.

Hemidactijlus brookii.—Loveridge (1947:140) wrote that in November
each of four females contained t\vo eggs. In French Equatorial Africa on

December 2 a female contained two eggs, and on December 16 a pair of eggs
contained advanced embryos. A female from Tanganyika contained two eggs
on February 4. Bustard (1957:73) received a group of these lizards from

Ceylon in March 1955, and noted copulation twice in that month. Eggs were
laid in early May, on July 17, August 21 and August 27. Incubation lasted for

two and one-half months. Seemingly Ijreeding occurs at various times of year.

Bustard's observations indicate that a female takes interest in her newly laid

eggs and attempts to cover them with moss or other material; females in the

process of regenerating broken tails will not mate. Minton (1966:83) found
that in West Pakistan egg-laying of the spotted house gecko seems to be almost

continuous from March to October, but it is not known how many clutches are

laid by a single female.

Hemidactijlus ftaviviridis.
—At Delhi in northern India, Sanyal and Prasad

(1967:627-633) used a sample of 374 specimens in a year-round study of this

house gecko. At this locality, outside the tropics, there is a short annual breed-

ing season in March and early April. Eggs are laid in late April and early May.
Gonads of both sexes are of minimum size and in a quiescent state during June
and July, and pass into a recrudescent phase in late summer and autimin. The
males have spermatozoa in the vasa deferentia from October to May. There is

a gradual development of large yolk-laden follicles that reach their maximum
size in April in the females. Young hatched in May and June grow rapidly and
attain adult size of about 50 mm snout-vent length in August or September.
The eggs require 36 to 39 days for incubation. In West Pakistan Minton

(1966:86) noted eggs from early April through July and hatchlings from late

May to early August. He recorded incubation of 57 days.

Hemidactijlus frenattis.
—This was one of three house geckos studied by

Church ( 1962 ) in Ja\a. He found that mating, egg-laying, and hatching occur

throughout the year with little indication of seasonal trends. Howe\er, farther

north in the Loo Choo Islands, Fukada (1965:75) stated that the hatching
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season is July to August. Loveridge (1947:129) reported numerous eggs and

young in Kenya, May 10 to 14. On Tinian Island of the Mariana Group in

the western Pacific, Cagle (1946a) observed geckos probably of tliis species

(though reported as H. f:arnotii) during the period March to July 1945.

Throughout this time there were eggs in all stages of development.

Hemidactyhis gamotii.—McGregor (1904:115) reported seven incubated

eggs on Maui, Hawaiian Islands, on December 27. One hatched on January 13.

Kluge and Eckardt (1969) have demonstrated that this is a triploid, partheno-

genetic, all-female species.

Hemidactyhis longicephahis.—In Angola, Mancas (1963:227) reported two
females each containing two eggs in August.

Hemidactijhis mahoiiia.—Loveridge (1947:173) reported the finding of

eggs in East Africa on the following dates: February 26; March 3 and 4; May
13, 15 and 25; July 29; August 2; October 4 and 16; November 17; and De-
cember 4 and 20. Loveridge also cited FitzSimon's record of finding numerous

eggs in southern Rhodesia in December. Probably near the equator breeding
occurs throughout the year.

Hemidactyhis mercatorius.—In Nyasaland, Loveridge (1953:166) reported

hatching of eggs of a coconut-palm gecko on January 28, February 14, and

February 28. Two graxid females were found on January 12, and eggs were
found on February 16.

Hemidactyhis pcrsicus.
—Minton (1966:84) observed that in West Pakistan

eggs have been found from late July to mid-September.

Hemidactyhis tricdnis.—Minton (1966:85) observed that in West Paki-

stan females contain large eggs in May and June and tlie small young are

plentiful in September and early October.

Hemidactyhis turcicus.—Minton (1966:84) observed that at Karachi, West
Pakistan, hatchlings and females containing large eggs have been seen during
every month.

Heteronotia

These are small terrestrial geckos. In northern New South Wales, Australia,

Bustard (1968c) found a short annual breeding season in H. binoei with

gravid females present only between October and December. Hatching occurs

from the end of February to late March, after 47 or 48 days incubation. Most

females breed in their second summer v>'hen about 19 months old, but in some

breeding is delayed until a year later.

Lepidodactijhis

These small geckos are widely distributed over Polynesia and the East

Indies and occur also in Malaya and Geylon. Oliver and Shaw (1953:85)
wrote of L. higuhris, "In the Hawaiian Islands this gecko breeds throughout
the year and there seems to be no definite peak in mating activity." They
mentioned one mourning gecko found at Pearl Harbor on October 1 just after
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it had deposited an egg. On Octolier 10 it was foimd to have another egg

ready for laying. The same authors mentioned that a captive female laid an

egg on January 31, 1945, and on May 3, 92 days later, the egg was found to

have an almost fully de\eloped embryo, which perhaps had been somewhat

delayed in its de\'elopment by the relatively cool surroundings in the closet

where the egg was kept. Loveridge (1948:334) mentioned two adult females

collected at Gusiko, New Guinea, on April 5; one contained large eggs but

the other was spent.

On Tinian in the Mariana Islands, Cagle (1946a:9) collected eggs of this

species from March to July and found them to be in all stages of development,

indicating a long breeding season.

In September and October, 1966, John H. Fitch visited Baker, Hull,

Enderlniry, Rowland and Swains Islands in the central Pacific; he found

gra\id females on Rowland and Enderbiny in September, and in October he

found gra\'id females and eggs on both Rowland and Baker.

Lygodoctyhis

This genus includes tlie dwarf geckos, a group confined to tropical and

southern Africa.

Ltjgodactyhis angularis.
—Loveridge (1947:222) stated that 15 females

collected in Tanganyika, February 14 to 19, contained eggs in various stages

of de\elopment. In Nyasaland, Loveridge (1953:168) mentioned an inter-

rupted mating on August 26 and eggs observed on September 4, 23, and 30,

and December 12.

Lygodacttjhis capensis.
—Loveridge (1947:211) recorded gravid females

from Mozambique collected February 8 and 9, and May 27. He mentioned

clutches of eggs (always in pairs) found in southern Rhodesia, December 10,

and eggs found in Nyasaland on January 8, February 18 and March 17

Ltjgodactyhis conmdti.—Loveridge (1947:205) recorded one egg found in

Tanganyika on November 20, and a cluster of 102 other freshly laid eggs

found on December 21.

Lygodactylus giotei.
—Loveridge (1947:215) mentioned eggs found on

March 23 and 25, July 10 and 27 (the latter hatched on October 16), October

22, and November 9, 11 and 15. Obviously breeding occurs through much
of the year.

Lygodactylus picturatus.
—Loveridge (1947:226-235) recorded eggs in

Kenya and Tanganyika on January 1, February 1, April 11, June 10, July 5,

October 29 and 30, and December 4. Reproduction probably occurs through-
out the year.

Pachydactylus

This is a South African genus of geckos with many species, some of which

range northward into the tropics.

Pachydactyhis hicolor.—Loveridge (1947:361) stated that in Southwest

Africa the eggs could be found in June or July.
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Pachydactyhis capensis.
—FitzSimons (1943:103) stated that in South

Africa the eggs are laid in summer, but Loveridge (1947:383) recorded two

hatchlings caught in Transvaal on November 2, both having eggshells still

adhering to them.

Pachydactyhis geitje.—On October 27, 1955, Bustard (1963a:434) re-

ceived in Scotland 50 adults of this gecko from Robben Island off Capetown,
South Africa. Se\eral clutches of eggs were laid in November, two eggs per
clutch in each instance. Two of the eggs hatched after 122 days of incubation.

Pachydactyhis punctatus.—FitzSimons (1943:72) stated that in South

Africa the eggs are laid in pairs under stones in midsummer. In Southwest

Africa, Loveridge recorded eggs from the opposite time of year (May to July)
and he recorded eggs in East Africa and in southern Rhodesia in January.

Pachydactyhis scutatus.—Loveridge (1947:360) recorded eggs from Da-

maraland, June 16 to 19.

Pachydactyhis iveheri.—Loveridge (1947:394) recorded a large communal
nest site with many eggs and empty eggshells, in Great Namaqualand, July 31.

Peropiis

This is a genus of stubby-bodied, short-toed geckos, widely distributed in

Southern Asia and neighboring islands, Australia and Polynesia. Fukada

(1965:76) stated that hatching of P. miitilatiis occurs in July and August in

Japan, but Church (1962:262) found year-round breeding in Java. Loveridge

(1948:332) recorded hatching at Finschaven, New Guinea, in early August.
There are two eggs per clutch.

Fhehuma

The small geckos of this genus are confined to islands of the Indian Ocean
—Madagascar, and the Comoros, Seychelles, Mascarenes and Andamans.

Lo\eridge (1947:299) recorded a gra\'id female of P. madagascarensis on

Pemba Island, December 3.

PJiyUodoctyliis

These small, delicate geckos occur in the tropics and subtropics of the

northern and southern hemispheres. The four species for which data are

available seem to indicate year-round breeding \\'here the climate is sufficiently

warm, and a spring and early summer breeding season farther from the

equator.

Phyllodactyhis lincaius.—In South Africa FitzSimons (1943:27) stated that

eggs were laid in early spring; Loveridge (1947:248-250) recorded eggs from

Cape Province on August 23 and August 18 to 24.

Phyllodactyhis magnus.—Davis and Dixon (1961:39) wrote that in the

Chilpancingo region of Guerrero, western Mexico, females had enlarged ovarian

follicles and enlarged oxiducts in late Jime and early July. A juxenile of 37

mm snout-vent length was recorded on June 26. In Chiapas, Mexico, Alvarez
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del Toro (1960:71) found that clutches of two or more [sic] eggs are deposited

from December to April.

PJiylhxIactyhis iuberculosus.—In Sinaloa, Mexico, Hoddenbach and Lan-

nom (1967:295) olxserved seven gra\id females of which five each had two

eggs (in left and right oviducts) and two each had one egg—in the right

oviduct. Four of the seven females had ovarian follicles 4 to 7 mm in diameter,

indicating that there is more than one laying per season, and possibly repro-

duction throughout the year. The authors noted a low ratio of weight of clutch

to liody weight (5.5 to 7.2 per cent) in this gecko as compared with certain

terrestrial lizards, and they suggested a correlation with the scansorial habits

of the gecko.

Farther south, in the Isthmus of Tehuantepec, Dixon (1964:104, 105)
found matme eggs throughout the year in females of P. iuberculosus and P.

muralis.

Phyllodactyhis xanti.—In southern California Dixon (1964:104) found

that hibernation in this species lasts from late October to mid-March. Young
of the year begin to appear in mid-June and are found through August.

Ptychozoon

These arboreal geckos of southeastern Asia and neighboring islands have

webbed feet, and ha\e wide flaps of skin on the sides of the body and tail

that serve for concealment and seemingly for limited downward gliding from

branch to branch or from tree to tree. Loveridge stated of P. kuhlii "In Java

the incubation period is said to last fi\e months (November to May)." Pos-

sibly this statement was based upon the same record cited by Smith (1935:

120) of a female of P. lionotiim in Ja\a which laid two eggs in November;

hatching occurred the following May.

RhotropeUa

This is a monotypic endemic South African genus of clawless, diurnal,

saxicolous geckos. FitzSimons (1943:123) found that in August females of

RhotropeUa ocellata each contained two eggs ready to be laid.

Rhotwptis

This is a genus of South African diurnal desert geckos. Loveridge ( 1947:

290) stated that in Southwest Africa the eggs of Rhotropiis harnardi are laid

in May and June. FitzSimons (1943:121) found that in June females of

Rhotropus boultoni each contained t\vo eggs.

Teratolepis

This is an endemic monotypic genus of West Pakistan. Minton (1966:88)

observed that in southern West Pakistan the same female of Teratolepis

fasciata may lay several clutches of two eggs each in one season and that the

first clutch may be laid in early March.
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Thecadactyhis

This genus includes large, arboreal, Neotropical geckos. Beebe (1944:158)

reported that a female of the turniptail, T. rapicaudus, in British Guiana laid

an egg in a \'ivarium on August 25, 1922.

Tropiocolotes

These are small geckos of North Africa and southwestern Asia. Minton

(1966:81) found hatchlings of Tropiocolotes helenae in West Pakistan in

February, July and September—evidence that there is breeding activity

throughout much of the year.

Sphaerodactylinae

This subfamily contains five genera of small Neotropical geckos

that, unlike most other geckos, are voiceless. According to Taylor

(1956:19) a single egg is produced and the records here accumu-

lated, except for Beefe's (1944:148) of Splmerodoctylus moJei,

seem to bear out this statement. However, the reproductive poten-
tial may be fairly high because a new ovulation often follows ovi-

position, and presumably an individual female could produce many
eggs in the course of a year.

Gonatodes

These small arboreal geckos evidently produce one egg at a time over a

long lireeding season, but with one or more seasonal peaks of breeding activity

in the course of a year.

Gonatodes alhogularis.
—Beebe (1944:148) reported hatching of an egg on

March 1, 1942, at Kartabo, British Guiana. At Barro Golorado Island in the

Canal Zone, Swanson (1945:212) found six eggs of G. a. fiiscus beginning to

hatch on November 29, 1943. He stated that many young had appeared in

the vicinity in the preceding days, implying that there is a limited breeding
season and that hatching is limited to certain times of year. However, Breder

(1946:426) found both eggs and young at Colon, Panama, in late January.

Evidence of an extended breeding season is provided by 75 Costa Rican

specimens in the University of Kansas Museum of Natural History; 25 were

collected by me in the second week of March, 1965. Six of the eight adult

females in this group were gravid, and theie were young of the following

sizes (snout-vent lengths in millimeters): 23, 24, 24, 27, 29, 30, 36, 36, 36.

Breeding through the winter months is indicated. Fifty specimens were col-

lected in July and August, mostly on the 27th and 3rd, respectively. All of

18 adult females of this group had either an oviducal egg or a more or less

enlarged ovarian follicle. The series included young of the following sizes:

IS, 19, 20, 22, 23, 26, 32, 32 and 33 mm. The combined records seem to

indicate breeding throughout the year or most of it in Costa Rica. Each gravid

female examined by me contained a single egg.
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Gotiatodc.s annularis.—At Kartabo, British Guiana, Beehe (1944:150)

recorded the followinti field notes: April 29, 1922—an egg found washed up
on riverbank; July LS, 1920—fi\e eggs found; July 23, 1922—4 eggs found.

They were kept and hatched on August 17 and September 13; August 23,

1919—an egg found hatching in a palm stub. These few records indicate a

long breeding season; perhaps egg-laying occurs throughout the year.

Gonatodes concinnatus.—A series of 75 in the University of Kansas Museum
of Natural Histor\' from Limon Cocha, Napo, Ecuador, Jime 1966, were

examined. Twent\-two adult females, most of those of adult size, were carrying

a single egg apiece. The smallest graxid female was 32 mm in snout-vent

length and most adults were 35, 36 or 37 mm. There were also young of

various sizes; three were 16 to 20 mm, five were 21 to 25, and nine were 26

to 30. It seemed that reproduction had been continuous for several months

and perhaps it occurs year-round in this equatorial region.

Gonatodes taniac.—Test, Sexton and Heatwole (1966:10) collected these

lizards at Rancho Grande, Venezuela, through most of the year and concluded

that the greatest numbers of hatchlings might be recruited to the population

in the rainy season, but that hatching might occur at any time of year. Newly
hatched young 22 to 24.4 mm in snout-vent length, with evident umbilicus,

and characteristic pattern and behavior, were captured on the following dates:

March 11; May 1; June 3 and 29; July 13, 23, and 24; September 23; and

October 3. This small sample indicates hatching from late February to

October. Allowing an estimated two months for incubation, and including

an additional record of a female carrying a large unlaid egg on November 29,

there is evidence for egg-laying in every month except Octol^er and November.

Gonatodes vittatus.—Quesnel (1957) studied a population of the streak

gecko in Trinidad. Eggs were present e\ery month of the year, as seasonal

change is slight. Females were found to lay at approximately monthly inter\ als.

They were found to produce fertile eggs for as much as five or six months after

mating.

SpJiaerodactijlus

These are small Neotropical geckos that occur as far north as the southern

tip of Florida.

Sphaerodactylus cinereus.—Carr (1940:71) wrote that on Key West,

southern F'lorida, eggs of the ashy gecko are laid in August.

Sphaerodactijlus glaucus.
—In British Honduras, Neill and Allen (1959:33)

collected an egg on July 14, 1959; a hatchling emerged on August 18, 1959.

On May 13, 1939, at AKaro Obregon, Tabasco, Smith (1949:34) found many
eggs ready to hatch, as well as adults, under the loose bark of trees.

Sphaerodactylus molei.—At Kartabo, British Guiana, Beebe (1944:155)

obtained a female containing two eggs almost ready to be laid, on March 16,

1924, and on July 30, 1919, he found two eggs in a rotten stump.

Spliacrodactyhis nofatus.—In southern Florida, Carr (1940:71) reported

that eggs of the reef gecko are laid from Jime to August. Howe\ er, Duellman
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and Schwartz (1958:276) found seven eggs on December 29, 1951. Five of

these hatched 74 days after they were found and the remaining two hatched

after 79 days. On Key West on March 8, 1952 they found a communal nest

in a termite-ridden log which contained 280 eggs.

Igiianidae

The iguanids comprise one of the most diverse families of

hzards, with a large number of species, ranging from small to large.

Most are terrestrial, but many are scansorial. Essentially this is a

New World family, occurring from southern Canada southward

throughout the American tropics including the West Indies, and

into temperate South America, with greatest abundance and di-

versity in the southwestern United States and on the Mexican

Plateau. Also there are relict Old World genera in Madagascar
and Fiji. Most iguanids are oviparous but viviparity has been at-

tained independently in several different genera, seemingly always
in response to relatively cool climates. Plu/matums, at least, is

exclusively viviparous. In both temperate and tropical climates

many iguanids have well-defined breeding seasons, often with only
a single clutch laid per year. In the tropics the seasonal distribution

of rainfall seems to be the chief determining factor. In both

temperate and tropical areas some kinds seem to lack well-defined

breeding seasons but may breed year-round, or throughout much
of their season of activity. Several fairly well-defined subfamilies

have been recognized, such as Anolinae, Iguaninae and Scelopori-

nae. However, these groups are so large and ecologically diverse

that they are not especially useful in the present context. The
anoles differ from most of the other iguanids in their reproductive

habits. They are slender, active, often arboreal and mainly tropical

lizards; unlike other iguanids, they normally lay only one egg at a

time, and eggs may be produced in fairly rapid succession—the left

and right ovaries and oxiducts alternating in a regular and some-

times continuous cycle.

Amblyrliynclius

This monotypic genus is endemic to the Galapagos Islands. Although these

large iguanas occur only in the \'icinity of the equator, in an equable year-

round climate, accounts of their habits indicate that there is a relatively short

and concentrated breeding season. Egg-laying occurs toward the end of the

rainy season.

AmbhjiliyucJnis cristatus.—Carpenter (1966) recently pul^lished a detailed

account of the marine iguana's ecology, supplementing less complete accounts
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of many earlier observers. According to Carpenter, the l)reeding cycle is timed

to a\()id the ficirua season, a period when damp, heavy mist hangs over the

islands, approximately from Jime into October. The breeding season starts in

December on Narborough Island, and about one month later on Hood Island.

Egg-laying, and the breakdown of territoriality in the males occms in late

January and early February on Narliorough. Bartholomew (1966:245) ob-

served marine iguanas under natural conditions in January and February, 1963.

The breeding season had terminated at some time prior to his arrival, but

within the period of his stay, egg-laying began and reached its peak, with

dozens of females gathered on the beach in a small area digging nest holes

and fighting among themselves. He mentioned egg-laying on February -3 and

4 and stated that the clutch consisted of two large eggs. From a study of

natural nests he determined that incubation normally occurs within the

temperature range 28° to 30° C.

Eibl-Eibesfeldt (1961:70) stated that ". . . the female digs a hole approxi-

mately one foot deep in the sandy areas of the beach in which she deposits

the only two eggs that she lays during the period of one season. After the

eggs ha\e been laid, the hole is carefully co\ered. As these sandy areas are

often scarce, females often compete for them and fight in the same manner as

males." He described in detail the jousting of males, but explained that it was

limited to the breeding season and at other times the males were more tolerant

of each other.

Carpenter (1966:363) excavated 16 nests and found 29 eggs in them. One
nest contained six eggs (believed to be two clutches of three eggs each), three

other nests had three eggs each and the remaining 12 nests each had two eggs.

Shaw (1966:585) recei\'ed a female at the San Diego Zoo on February 24,

1964, and it had already laid an egg cu route. The following day it laid two

more eggs; the first egg was rendered inviable by desiccation. The other two

eggs were incubated at temperatures ranging from 80° to about 95° F; hatching

began after 112 days.

Anolis

The anoles comprise a large genus (with 165 species according to Schmidt

and Inger, 1957:120). They are fine-scaled, of small or medium size, with

light and slender bodies, large hind legs and very long tails. AlUiough some

species are mainly terrestrial, scansorial tendencies are strongly developed in

the group as a whole. The anoles are mainly Neotropical, with most of the

species in South America, Central America and the West Indies. The single

egg, which is the normal complement at each oviposition (for most species,

at least), is seemingly dropped rather carelessly instead of being buried in a

specially constructed nest burrow.

Aiiolis barkeri.—Kennedy (1965:42) observed and collected several of

these semi-aquatic anoles at Volcan Santa Marta in Veracruz, Mexico. A cap-

tured female laid two eggs in her container on July 7, and when dissected she

was found to have an enlarged follicle in one ovary.

AnoJis hiporcatiis.
—This is a giant species of central America and northern

South America. Beebe (1944:199) observed the species in British Guiana, and

collected records of courtship acti\ity and oviposition; without difterentiating
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lieh\'een them he noted the followins; numbers for these two types of observa-

tion combined: March—2, April— 1, May—3, June—7, August—2. In central

Peten, Guatemala, Stuart (1935:42) found that females contained one or two

fully developed eggs in April and May.

Anolis cawlinensis.—This common anole of the southeastern United States

is by far the northernmost representative of the genus. Its habits, ecology and
natural history ha\e been studied by several workers. Fox and Dessauer

(1958b; 196) found that males attain sexual maturity in the first year, after

six to eight months of rapid growth. They found that those below 55 mm
snout-vent (a length attained by some within two months of hatching) might

produce motile sperm but still had the accessory sex organs not fully developed.
Fox and Dessauer (1958a:438) found that in male anoles .spermatogenesis is

initiated in autiunn and is influenced by decreasing day length, and continues

through the winter, spring and early summer. In August the sex organs regress.

At that time the appetite is high and storage of fat and glycogen is tremen-

dously increased. Carr (1940:71) wrote that in Florida mating occurs in April
and May, and eggs are laid in June and July. However, Hamlett (1952:183),

studx'ing the species in the field and laboratory at New Orleans, found that

the breeding season extends from mid-spring until the end of summer, and
that the two ovaries alternate in producing eggs, which are laid singly at

intervals of about two weeks. Each egg ovulated requires 18 to 19 days to

complete its de\elopment, mature, and pass down the o\'iduct.

Anolis chrysolepis:
—Series of A. c. scijpheus in the University of Kansas

Museum of Natural History were obtained in rain forest at Santa Cecilia, Napo,
Ecuador in June 1966 and March 1967. Among nine collected in June there

were three gra\id females, but among 18 collected in March there was only
one gra\'id female and most were immature.

Anolis cobanensis.—In Guatemala, Stuart (1942:7) recorded a female that

"contained several fully formed eggs" on May 24.

Anolis crasstihis.—In Guatemala, Stuart (1942:4) found that females con-

tained large eggs in the middle and latter parts of May at altitudes of 1700

and 1800 meters.

Anolis ciipretis.
— I obserxed this species at Playas del Coco, Guanacaste

Province, Costa Rica, in late March—the dry season. Two adult females col-

lected then did not have enlarged o\'a. In the University of Kansas Museum
of Natural History two of three females collected in June, all four of those

collected in July, and five of the six collected in August were gra\id. The

species occurs in an area characterized by seasonal droughts and seemingly its

breeding is limited to the wetter parts of the year.

Anolis diDiiti.—In the Chilpancingo region of Guerrero, Me.xico, Davis and

Dixon (1961:40) noted developing ova (4 mm in diameter) in females in

early June, and large eggs ready for deposition in late June and early July.

Anolis juscoauratus.—Beebe (1944:200) obser\'ed "breeding males" in

British Guiana and Venezuela on May 10 and 16, on August 9, and on Decem-
ber 31. On May 12 he examined a female which had one egg fully de\e!oped
and ready to be laid, and another partly developed. I examined 204 collected
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at Santa Cecilia and Limon-Cocha, Napo, Ecnador, in June 1966 and March

1967. Nearly all adult females \\ere gra\id and there were young of \arious

sizes in both these months.

Anolis gadovi.—In the Chilpancingo region of Guerrero, Mexico, Davis and

Dixon (1961:40) obtained a female containing two shelled eggs on July 2.

Anoli.'i huiiiilis.—This small ground-li\ing anole is one of the most abundant

Central American species. I observed it in February and March, 1965, and

examined 214 in the Uni\ersity of Kansas Museum of Natural History. Most

of the adult females (31 to 49 mm snout-vent) were gravid, as follows: nine

of 10 collected in March, all six collected in April and May, 50 of 52 in

June, 20 of 21 in July, all eight in August, and all four in November. Although
the winter months were not represented in the sample, yoimg from near

hatchling size up were well represented in the series collected by the writer on

\huch 6 at Puerto Viejo, Heredia Pnnince, Costa Rica, indicating that year-

round breeding had occiured. The e\idence suggests that most mature females

produce eggs continuously.

Anolis lemurinus.—This is a medimn-sized Central American species. Stuart

(1948:49) noted that in Alta Verapaz, Guatemala, females contained well-

de\eloped eggs in mid-May. Thirty-six from Guatemala were examined by
me. The only adult female collected in February lacked enlarged ova, as did

three collected in March, but all six adult females in a June sample were

gra\id. The meager data a\'ailable suggest the possibility of seasonal restriction

of breeding.

Anolis leptoscelis.
—I examined a series of 19 in the University of Kansas

Museum of Natiual History collected at Santa CeciHa, Napo, Ecuador, in

March 1967. There were five gravid females, each containing two eggs of

different sizes. Also there were young of graded sizes.

Aiwlis limifwns.—Sexton, Heatwole and Meseth (1963:490) studied a

population of this abundant small anole in central Panama. In a March and

April sampling they found no eggs in the field, no young, and females con-

tained no oviducal eggs and only a few enlarged ovarian eggs. In June and

July in the same area eggs were found in abundance, and there were many
gravid females. At this time of year the population consisted of yoimg 16 to

26 mm snout-\ent and adults, 38 to 42 mm. In a December-January sample,

all but one were in the 28 to 48 mm range, large young and adults. It seemed

that reproduction virtually ceased in winter, and in the March-April dry

season. Field work liy the same authors has continued in a trans-Isthmus

transect. Sexton (personal communication, January 1967) stated that it is

'. . . clear that reproduction goes on at full tilt during the wet season and

is slowed down completely or partly during the dry season, depending on

conditions." He cited an instance when a sudden heavy rain in the dry season

caused a notable shift in the reproductixe status of females, and within a few

days many had dexeloped enlarged oxarian follicles or oviducal eggs.

I observed these anoles in the field in March 1965, and examined 299

specimens in the Museiun of Natural History, all from the Atlantic slope of

Costa Rica, where annual precipitation is high and the spring dr\' season is

much less marked than in some other parts of Central America, including the
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site of the study by Sexton et ah in Panama. Most of the mature females

(33 mm or more snout-xent) were gra\id, as follows: all ten collected in

March; 36 of 37 collected in June; 40 of 41 collected in July; 23 of 26 col-

lected in August, and three of four collected in September. Each series con-

tained a substantial number of young, and it is notable that in each instance

the >'oung were of graded sizes, from those recently hatched to those approach-

ing minimum adult size. Although nearly half the year is unrepresented by
the data at hand, the axailable evidence suggests year-round breeding in the

Costa Rican rain forest. Each gra\id female contained two eggs in different

stages of development.

Anolis lionotus.—This is a medium large species characteristic of streamside

habitat in hinnid tropical or subtropical forest. I examined 58 from Costa

Rica, collected in March, June, July, and August. Most of the adult females

were gravid, as follows: 10 of 12 collected in March; one in June; and all six

collected in July. The only female collected in August was not gravid. Young
were well represented in the March, July, and August series. With the limited

data at hand it can only be said that breeding extends through late winter,

spring and early smnmer, but perhaps it continues throughout the year.

Anolis mc^a])holidoiiis.—Near Chilpancingo, Guerrero, Mexico, Davis and

Dixon (1961:40) found that females were gravid in June.

Anolis nannodes.—In Alta Verapaz, Guatemala, Stuart (1948:50) found

females with \\ell-de\ eloped eggs in May.

AnoJis nehulosus.—In the \'icinity of Chilpancingo, Guerrero, Mexico, Davis

and Dixon (1961:41) found numerous females gravid in June and July. They
stated that these gravid females contained one to three (usually two) enlarged
ova.

Anolis nitens.—Beebe (1944:200), observing this species in British Guiana
and at Caripito, Venezuela, recorded breeding in April (13 records). May
(nine records), June (five records), July (two records), and August (two

records). In this region there is a rainy season in May, June, and July and a

shorter one in December and January, with dry seasons intervening.

Anolis omiltemanus.—Davis and Dixon (1961:41) found two gravid

females on June 11, and two more on June 24, at Chilpancingo. Each female

contained two ova.

Anolis pentaprion.—At Palenque, Chiapas, Mexico, Smith and Kerster

(1955:201) ol^tained 49 hatchlings in the period July 7 to August 2 from

eggs collected in bromeliads but no adults were seen.

A?io//,s sagrci.
—In southern Florida Duellman and Schwartz (1958:283)

noted mating on July 13 and August 13. Hatchlings were found in Miami on

June 12 and 25, 1953. An egg laid in a terrarium on July 14 hatched on

August 29.

Anolis tropidolepis.
—This is a montane species. I examined a series of 93

from central Costa Rica collected from March through August. Nearly all the

females of adult size (42 to 52 mm snout-\ent) were gra\id, as follows: all

three collected in March, the only one from April, all five from June, 24 of 26
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from July, and seven of 10 from August. The months September through

Feliriiary are not represented, but it can lie assumed that breeding extends

through most of the year or all of it, since the known breeding season extends

from the dry season throughout most of the rainy season, and otherwise sea-

sonal variation within the range is slight.

Bosiliscus

The basilisks are medium-sized o\iparous terrestrial iguanids of tropical

Central America. There may be year-round breeding in B. vittatus in tropical

rain forest habitat of the humid east Coast, but seemingly breeding activity is

more concentrated at certain times of year. B. Jiasiliiciis occurs where there is

a long dry season, and the breeding season seems to be short and well defined.

Basiliscus hasiliscus.—On March 18, 1965, I obtained 21 of these lizards

and saw many others at Rio Higueron, Guanacaste Province, Costa Rica. One

hatchling was captured and se\eral others of similar size were seen but

escaped. The remainder of the sample consisted of adults over a wide size

range, and large young. Seven females considered to be adults (more than

115 mm snout-vent) had enlarged oviducts, but their ova were minute and
none was gravid. It seemed that the females had oviposited some weeks

earlier, probably in January. That the breeding season had been brief and
concentrated was indicated by the fact that there were neither gravid females,
nor young between hatchling and adolescent size. In the seasonally dry
climate of Guanacaste, the breeding season may be more restricted than it is

in areas of more equably distributed rainfall. On Barro Colorado Island,

Panama Canal Zone, Netting (1936:116) reported newly hatched clutches on
March 7 and 8, 1934. Ortleb (1965:277) in the same area found a female

laying on June 24, 1963; 18 eggs were found and these hatched on October 8,

1964, after 77 days of incubation.

Basiliscus vittatus.—The banded basilisk is widely distributed in lowland

tropical areas of Central America. I examined 92 in the University of Kansas

Museum of Natural History, all from late winter, spring and summer. Those

from January, Fe]:)ruary, March, and April were adults and young that were

more than halfgrown. Young not much larger than hatchling size were present
in the July and August series. Gravid females were represented as follows:

one of three in February, two of three in March, all of three in April, one in

June, four of nine in July, three of seven in August, and none of one in

September. Hirth (1963a: 101), who studied these lizards in a coastal area of

northeastern Costa Rica, concluded that there is some breeding all year round,
but that it is concentrated in late spring and early simimer, for young are

much more abundant in August and September than at other times. In

Chiapas, Mexico, Alvarez del Toro (1960:80) reported egg-laying to occur in

April, May, or June, with young hatching in the rainy season. Near Chilpan-

cingo, Guerrero, Mexico, Davis and Dixon (1961:41) suggested that the

breeding season lasted from April to July. In the latter half of June adult

females (more than 70 mm snout-vent) were gravid. In central El Peten,

Guatemala, Stuart (1935:44) recorded a hatchling found on June 17 at the

beginning of the wet season. In British Honduras, Neill and Allen (1959:37)
observed hatchlings to be abundant in July but saw none in April. Smith and
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Laiife (1945:331) mentioned a female containing seven o\iducal eggs at

Boca del Rio, Veracruz, Mexico, July 20-21, 19-12. Smith (1935:142) men-
tioned a female containing three eggs in a collection from Guerrero and Vera-

cruz, June 28 to July 16.

In 13 gravid females dissected by the writer the clutch averaged 4.07 ±
.30. In all but two the clutch numbered 3, 4, or 5 eggs, and the mean ap-

proximated that of 4.2 found by Hirth (1963a: 101) in 25 females at Tortu-

guero. However, Alvarez del Toro (1960:80) stated that the usual clutch in

Chiapas is a dozen eggs, and Conant and Downs (1940:34) reported a clutch

of 14 eggs laid in captivity.

CalJisottrus

These are cursorial desert lizards of the southwestern United States and
Mexico. In the northern part of the range where the growing season is rela-

tively short, there is a brief breeding season, but farther south the breeding
season is more protracted and probably females produce several successive

clutches.

CaUisatiius draconoides.—The zebra-tailed lizard occurs in desert regions
from northwestern Nevada south far into Mexico. Stebbins (1954:221) stated

that seven gravid females averaged foiu- eggs apiece ( two to six ) and that

females were found with large eggs in late June, July, and late August. In the

series that I examined two females each contained live eggs and three con-

tained four eggs; these combined with Stebbins' records indicate an average
of 4.16 eggs.

I examined 33 from Washoe County, Nevada; none of five adult females

collected in May was gravid, but four of five collected in late June and one

of four collected on July 21 were gravid. The gravid female from July had a

snout-vent length of 62 mm whereas the non-gravid females on the same date

had snout-vent lengths of 79, 77, and 76 mm. It is surmised that first-year

young reach maturity, but produce eggs a little later than old adults. In

northern Nevada the growing season is relati\ely short and females may pro-
duce only one clutch per season. In the southern part of the range the growing
season is much longer, and multiple clutches may be the rule. A female of

only 54 mm snout-vent, from Baja California, March 14, was gravid whereas

six larger ones also collected in early spring in the same region were non-

gravid. The gravid female must have been considerably less than a year old.

In San Bernardino County, southern California, the ratio of gravid to non-

gravid females for several months was as follows: April— 1 to 5; May—2 to 2;

June—4 to 6; July— 1 to 6. In the early spring series of 61 from Baja California

the greatest concentration ( 19 ) falls in the size range 59 to 65 mm snout-vent

but otherwise there is fairly uniform distribution, from a hatchling only 29 mm
in length to the largest adult, 78 mm, again indicating an extended breeding
season.

In a population study at Phoenix, Arizona, William S. Parker (MS) found
an average of 4.5 eggs (2 to 7) in 19 gravid females. He found females with

enlarged ovarian follicles or oviducal eggs from April through August, and
found hatchlings from July to November. From analogy with the somewhat
similar Holbrookia texana, having a breeding season of about the same length
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in Texas, Parker surmised that a female might produce as many as five clutches.

He found that females mature and produce eggs in their first year; those

hatched in fall lay for the first time the following July or August.

Conjtoplmnes

These are medium-sized, crested, arboreal iguanids of Neotropical forests.

There are both oviparous and viviparous species.

Corytophanes cristatus.—Duellman (1963:235) noted that a female cap-

tured in southern El Peten, Guatemala, on June 28 contained eggs 11 mm in

diameter. In the same area Stuart (1958:22) reported a juvenile in early

April. Ream (1965:239) recorded that a female captured at Barro Colorado

Island, Canal Zone, on August 21, 1961, and taken back to the University of

Wisconsin, laid six eggs on February 5, 1962. Although the female had no

contact with a male in the 5/2-month inter\al, the eggs were fertile, and one

hatched on July 2, 1962. The other eggs failed to hatch but contained fully

developed embryos. Gravid females in the University of Kansas collection were

taken on the following dates: Jvme 28 (8 eggs, 12 mm in diameter); July 16;

October 1 (5 uterine eggs, 28 mm in length). Nongra\'id adult females in

the collection were taken on the following dates: March 3, July 17, August 8,

August 13, September 9 (two collected on August 13 and the one collected

on September 9 had enlarged oviducts and may have oviposited shortly before

collection); August 8. These few available records indicate that breeding and

egg-laying occur throughout much of the year.

Taylor (1956:166) found a female ovipositing, at Golfito, Costa Rica, on

September 9, 1952. The eggs were being deposited in a cavity tliat the female

had dug in the hard soil of a forest path; there were six in the clutch.

Corytophanes hernandesii.—Alvarez del Toro (1960:86) wrote that in

Chiapas, Mexico, the female of this species lays three or four eggs from May
to July. In El Peten, Guatemala, Stuart (1935:44) obtained a hatchling on

May 24, and (1958:22) a juvenile in mid-March.

CoiytopJiancs percarinatus.
—McCoy (1968a: 176) determined that tliis

montane Guatemalan species is viviparous. Ovarian follicles begin to enlarge

in late June, and in December females contain large eggs. Births are thought

to occur in late spring; four females in late May and June had quiescent ovaries

and enlarged oviducts indicating recent births. In 36 females there was an

average of 7.1 eggs or embryos. The finding of nonreproductive females of

83 and 86 mm snout-vent in early August and early October was interpreted

by McCoy as e\idence that females do not breed until the second summer
after birth.

Crotoplujttis

This genus consists of five species characteristic of arid regions of the

western United States and adjacent Mexico. All conform to the same general

seasonal pattern of behavior, with breeding in late spring and early summer,
and hatching of young in late summer. E\'en at the northern edge of the range
adult females have the potentiality of producing two clutches in a season. It is
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not known whether under favorable conditions more than two clutches per

year are produced.

CiotapJiytus collaris.—Reproduction in the collared lizard is best known
from my (Fitch, 1956) study in northeastern Kansas on the edge of the

natural range. In this area breeding occurs in May and June; eggs are deposited

in June or early July. Young may attain sexual maturity by the following

spring. For 13 first-year females (77 to 87 mm snout-vent) the clutch aver-

aged 3.7 eggs, for 11 presumed second-year females (90 to 97 mm snout-vent)

the clutch averaged 6.1, and for nine old adults (98 to 108 mm snout-vent)

the clutch averaged 8.3. Some first-year females do not produce eggs, and

more rarely second-year females are unproductive, whereas old adults some-

times produce two clutches in a season. One female of a small colony on the

University of Kansas Natural History Reservation produced two clutches in

both 1952 and 1953. In both years the first clutch of this female was laid in

the second week of June and the second clutch in the first week of July. Sev-

eral other large females in the same colony produced only a single clutch each

year. Farther south in the species' range, where the growing season is longer,

the opportimity for producing multiple clutches seems to be greater because

of the longer growing season.

Robison and Tanner (1962:26) listed 47 clutches of C. collaris, which

averaged 6.7 eggs (2 to 21). This average was raised by records of two

unusually large clutches of 16 and 21 reported in the literature, but considered

highly questionable in both instances by Robison and Tanner, because: "Un-

controlled conditions existed in both cases, since Ditmars . . . apparently had
several lizards within the same enclosure, and the observation of Burt and

Hoyle (1934:198) was made in the field."

Among the clutches listed by Robison and Tanner were 20 of the western

collared lizard, mostly from Utah, but including a few from northern Arizona,

Nevada, southern California, and Idaho, and this group averaged only 4.65

(3 to 8) eggs, whereas 33 clutches of the eastern collared lizard, recorded by

me from eastern Kansas, averaged 5.76 (1 to 12 ) eggs.

Crotaphijtus reticulatus.—Werler (1951:37) recorded that a female col-

lected in Starr County, Texas, on June 1, 1950, died on July 24 containing

eggs almost ready to be laid.

Crotaphijtus wisUzenii.—The leopard lizard is one of the most carnivorous

iguanids, living to a large extent on smaller lizards. It is notable in that the

female is larger and more robust than the male. As in many other iguanids,

the inseminated female develops reddish markings; in the leopard lizard these

markings are especially bright and concentrated.

In Mesa County, west-central Colorado, McCoy (1967:147) found that in

both sexes maturity is attained late in the second year, and that females lay a

single clutch (average 7.3 eggs in ten clutches) per season. Egg-laying is

completed in early July. Robison and Tanner (1962:26) listed 21 clutches,

including se\en from the literature and others gathered by themselves, in

Utah, Idaho and Nevada, which averaged 5.15 eggs (1 to 9). Montanucci

(1967:119) mentioned additional clutches of seven and four eggs from females



Reproductive Cycles of Lizards and Snakes 31

from southern California. There were complements of 5, 5 and 6 eggs in

specimens examined by me.

In a series of 90 leopard lizards from Baja California examined in the

course of the present study, seasonal distribution of gravid females was as

follows: March, two (the only two females representing this month); April,

five (of eight); May, six (of nine); June, three (of six); July, none (there

were two nongravid). Obviously in the southern part of the range the breed-

ing season extends over many weeks, and females perhaps produce two or

more clutches in a season.

Turner ct al. ( 1969) studied a population of leopard lizards in Rock Valley,

southern Nevada. They reported an a\'erage of 6.2 eggs in nine females in

1968. They found that four of 26 mature females in 1965 and one of seven

in 1966 laid t\\'0 clutches of eggs in a season. During the spring of 1966, due

to a combination of fa\'orable circumstances, growth was more rapid than

usual, and three of 21 yearling females attained adult size early in the season

(at about nine months of age), appeared graxid, and presumably produced

eggs. In the less favorable years there was little growth; reproduction was

almost negligible in 1963 and did not occur at all in 1964. In occasional

matming and egg-laying of first-year females, and in \'acillation of mature

females from production of one clutch per season to two clutches or no produc-

tion, this population paralleled the population of C. collaris studied by me in

northeastern Kansas. But seemingly much difi:erent environmental factors were
in\'ol\'ed. Turner et al. attributed a successful season of reproduction in C
wislizenii to heavy rains in late March and early April, with resultant luxuriant

growth and fruiting of perennial plants and abundance of associated arthropods,
and poor reproduction or total failure to seasons of drought. But in northeastern

Kansas, with abundant xegetation and insect prey, reproduction was most

successful in relatively dry summers and was inhibited in the 1951 season of

heavy rainfall, abnomially low temperature and frequent cloud cover.

Montanucci (1965, 1967) published accounts of the habits of the San

Joaquin Valley leopard lizard, C silus, now thought to merit recognition

as a distinct species. In this population males and females do not differ in

size. Montanucci found that the mating season lasts from late April to early

June, and he found evidence of females laying an occasional second clutch in

a season. Postnuptial red markings appear in the female approximately a week
after mating and reach their peak in two weeks. Average number of eggs in

C sihis is only three per clutch (2 to 5). Incubation was estimated at 57 days.

Hatching was noted to occur from about the first of August into September.
In late summer adults are seldom seen, seeming to retire into aestivation, but

females are far more active than males at that season, perhaps replenishing

their store of fat after having produced eggs.

Ctenoblepharis

This genus includes five species of terrestrial, medium-sized, heavy-bodied.

South American iguanids that occur on the western slope of the Andes. They
are omnivorous and predominantly vegetarian. Insofar as known they are

\iviparous. Donoso-Barros (1966:341) reported advanced embryos in female

C. jamesi in August and also reported viviparity in C nigriceps.
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Ctenosaiira

The ctenosaurs are large herl:)ivorous iguanids of Mexico and Central

America, primarily in arid regions. The available information indicates that

wherever these lizards occur they have a short annual breeding season in the

drier part of the year.

Ctenosaiira acanthiiia.—In late April, Smith and Burger (1950:167) ob-

tained gravid females in Veracruz which contained 17, 17, and 28 eggs.

Ctenosatira pectinata.
—In Morelos, Me.xico, Davis and Smith (1953:101)

noted numerous small green young, assumed to be recent hatchlings, from

late July on, and adults were not in breeding condition in late summer. These
authors therefore speculated that breeding must occur early in the year. Simi-

larly, in the Chilpancingo region of Guerrero, Me.xico, Davis and Di.xon (1961:

43) concluded that breeding must occur in early spring because in the latter

half of June adults were sexually quiescent and there were many small greenish

young, 59 to 65 mm in snout-vent length, and judged to be not more than a

month old. Evans (1951:10) studied behavior in a colony inhabiting a

cemetery at Acapancingo, Morelos, Mexico, and he noted that females were

laying their eggs in April. One female that was excavating a nest burrow on

April 11 had 49 eggs in her oviducts, and another captured on the same date

had just completed laying. At La Playa and Coalcoman in Michoacan, Mexico,
Duellman (1961:65) observed the bright green, recently hatched young in

early July.

Ctenosaiira similis.—Alvarez del Toro (1960:93) described the habits of

"Ctenosaiira pectinata" in Chiapas, Mexico, but probably his account is based

upon C. similis, because Chiapas is outside the known range of C pectinata.

The egg-laying season was stated to be March to May, with a clutch of 20 to

30 eggs and a 90-day incubation. Duellman (1965:599) in his study of the

fauna of the Yucatan Peninsula, Me.xico, noted that juveniles were common
on Isla del Carmen in early July, 1962, and on Isla Aguada on June 9, 1963.

Burt (1935:170) reported a juvenile 86 mm in snout-vent length from Balboa,

Canal Zone, on September 24. In my study 123 were examined, from Yuca-

tan, Nicaragua and Costa Rica. The smallest young examined were a group
of 12 hatchlings that averaged 54 mm (49 to 59) snout-vent. These were

collected June 3 and 4 near Managua, Nicaragua. Other young not much
above hatchling size have been collected in late June, July, and August, as

shown in the histogram. Fig. 1.

In late March, 1965, in Puntarenas and Guanacaste provinces, Costa Rica,

I observed many of these lizards including adults and partly grown young, but

no hatchlings. The smallest young were somewhat less than halfgrown. Two
collected that were considered representative of this size group were 140 and
149 mm snout-vent, hence they had nearly tripled in length since hatcliing,

perhaps 9-11 months earlier. Eighty-t\\'0 indi\iduals that were seen March
20 to 22 were classed as follows in regard to size:

Unusually large adults 11
Medium or small adults and large young 38

Young less than halfgrown 33

In this grouping, "medium or small adults and large young" probably in-

cluded several age classes, but they did not fall into easily recognizable size
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groups. Ten specimens that were collected did not include any unusually large

adults, and were of the following sizes in millimeters:

ex
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in alternate years. Most young emerge in August, and adults retreat into

liibernation in early autiuim, at least a month earlier than juveniles. In a

study at Phoenix, Arizona, William S. Parker (MS) found evidence of two
broods annually, and from the slow growth made by marked individuals he

concluded that at the earliest, sexual maturity is attained after three hiberna-

tions in the third vear of life.
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SNOUT-VENT LENGTH IN MILLIMETERS
Fig. 1. Snout-vent lengths of hatchling and juvenal ctenosaurs (Ctenosaura
siwilis) from Yucatan, Nicaragua, and northwestern Costa Rica. Smallest in-

dividuals, near 50 mm snout-v ent, were mostly collected in early June, which is

presumed to be the time of hatching. Average size had increased markedly by
July and August. Large adults are more thar 300 nun in snout-vent length.
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Enyaliosaurus

These small iguana-like lizards of Mexico and Central America occur

chiefly in arid regions, having pronounced seasonal changes—from warm to

cool and wet to dry; information a\ailable for E. clarki indicates a short annual

breeding season.

This species is a partially arboreal spiny-tailed lizard of the arid Tepal-

catepec Valley in Michoacan, Mexico. Duellman and Duellman (1959:9)
observed hatchlings in late June, but there were no gravid females at that

time of year, nor in late April. The authors suggested that egg-laying occurred

in early April. In late summer the population consisted of three fairly distinct

size groups: adults, juveniles not much above hatchling size, and an inter-

mediate group, presumably yearlings.

HoIbrooMa

There are several species of these oxiparous, terrestrial and cursorial lizards,

all in xeric habitats of the western United States and Mexico. Females attain

sexual maturity late in their first year, and the breeding season is long, lasting

from soon after spring emergence until late summer.

Holbrookia lacerata.—This is a species of central and southern Texas.

Axtell (1956:177) wrote: "Egg laying apparently takes place twice a year,

with the first clutch being deposited in May and June and the second in July
and August." He obtained evidence that newly matured females laid from
four to six eggs for their first clutches and five to seven for their second,
whereas those females that were fully adult laid se\-en to 12 eggs at a time.

Eggs laid on June 25 hatched July 31 to August 2 and another clutch laid

on August 23 hatched October 2 to 4.

Holbrookia inaculata.—The lesser earless lizard has an extensive geographic

range, from North Dakota to southern Mexico. No thorough study of its ecol-

ogy has yet been made. I observed it in many localities in Kansas and New
Mexico and examined series in the University of Kansas Museum of Natural

History and the American Museum of Natrnal History.

A series of 146 from Kansas was examined. In this part of the range speci-

mens are sometimes observed in April but most records are from May, June,

July, and August. Those emerging from hibernation in spring are mostly

adults, and first-year young that are well abo\ e hatchling size, and some are

adolescents. Seemingly all these young attain breeding maturity in the season

after their first hibernation. Ratios of gravid individuals to others among the

adult females examined were as follows: May, 3 to 0; June, 25 to 0; July, 10
to 1; August, 11 to 13. Hatchlings have been collected as early as July 6, and
these must ha\e come from eggs laid in early June or late May.

In the southern part of the range the breeding season is longer. A series of

219 were examined from Mexico and southern Arizona and the females showed
the following ratios of gravid to nongravid individuals in different months:

April, 4 to 26; May, 2 to 1; June, 10 to 6; July, 19 to 6; August, 18 to 3;

September, 2 to 1.

For 68 egg-bearing females from both northern and southern parts of the

range, the average clutch was 5.58 (10 to 2) eggs. However, averages were
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notably different in northern and southern parts as shown by the following

figures.

47 egg-bearing females from Kansas averaged 4.95 ± .21 (2 to 8) eggs.

21 egg-bearing females from Mexico and Arizona averaged 7.00 ± .34

(4 to 10) eggs.

The southern females averaged markedly larger and number of eggs per clutch

was closely correlated with size ( Table 1 ) . Northern and southern females of

similar size produced similar numbers of eggs.

Table 1. Correlation of Snout-vent Length with Numbers of Eggs in 65
Gravid Females of Holbrookia maculata.

Snout-vent length
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I^uona iguana.—Alvarez del Toro (1960:89) wrote that in Chiapas the

breeding season is from October to December and the iguana lays its eggs in

March or April. He stated that the female returns to the nest from time to

time during at least the first fifteen days of incubation. The eggs hatch after

approximately 90 days. Hirth (1963b: 614) studied the natural history of the

species at Tortuguero, Limon Pro\ince, on the northeast coast of Costa Rica,

and found that egg-laying occurs in March and early April, the hottest and
driest part of the year. Gravid females leave the forest to congregate on the

beach \\here conditions are fa\'orable for laying. Clutches consist of 29 to 40

eggs. The breeding season is timed so that hatching occurs at the beginning
of the summer rainy season. Hatchlings were found emerging on June 6. In

Panama, Hallinan (1920:45) found eggs on February 24, and Swanson (1950:

187) found that eggs are laid from early February to March. Hirth cited a

record by Carr of a nest found on a sandbar in Nicaragua on April 4. Copula-
tion has been obser\'ed in autumn.

Rand (1968) studied the nesting habits on an island 60 yards long

separated from Barro Colorado Island, Canal Zone, by a 20-meter channel.

An estimated 150 to 200 females migrated to the island by swimming the

channel for egg-laying beginning about the end of January and ending the

first week of March. "Presumably breeding is timed so that the incubating

eggs ha\e the maximum insolation during the dry season [December to April]

and the hatchlings have an abundant supply of herbaceous vegetation." Hatch-

ing occurred about the beginning of the rainy season—the last week of April or

the first week of May. Nesting was so concentrated on the small part of the

island that was suitably open, that the females excavating their burrows often

dug out each other's eggs.

Breeding cycles imdoubtedly are modified to some extent by local climatic

conditions. In British Honduras, Neill and Allen found "babies" in April. In

British Guiana, Beebe (1944:203) reported a nest with four eggs estimated to

ha\'e undergone one-third of their incubation on September 26, 1922, and
another nest with se\en eggs was found on October 3, 1920. The clutches of

four and se\'en eggs reported by Beebe are remarkably small as compared with

those mentioned by other observers, and may not have been complete. For
seven clutches reported by Hirth, and one each by Carr and Hallinan and
two by Rand in Central America eggs numbered 24, 29, 33, 34, 34, 35, 36,

39, 40, 41, and 45, axerage 35.5. The se\en females recorded by Hirth were
340 mm snout-vent and were thought to be recently matured indi\iduals laying

eggs for the first time. Much larger and presumably older indixiduals had
been reported but were rare because of persecution by humans and dogs.

Licht and Moberly (1965:515) experimented with incubating eggs and
divided a clutch of 41 into three groups, which were kept at different tempera-
tures—20°, 30° and 36° C. Only those kept at 30° developed normally.

Laemanctus

These medium-sized, arboreal casque-headed lizards inhabit lowland forests

in Mexico and Central America.

Laemanctus Jongipes.
—Duellman (1963:235) reported that a female from

soutliern El Peten, Guatemala, contained four ova 13.9 mm long—probably
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almost ready to be laid. In the same area five eggs were found on June 30.

They were kept, and hatched on August 30. McCoy (1968:676) mentioned a

clutch of three eggs.

Laemanctus serratus.—Alvarez del Toro (1960:83) stated that a clutch of

three or four eggs is laid in June or July. In the Gomez Farias area of Tamau-

lipas, Mexico, Martin (1958:57) found two gravid females excavating nest

burrows for the reception of their eggs on Jime 16, 1953. Martin noted that

a large female taken on January 1 had small o\aries and oviducts but enlarged
fat bodies. Another female taken on March 4 had oocytes 3.5 mm in diameter,

and also had enlarged fat bodies. Eight of ten other adult females collected

from late April to July had large oocytes or oviducal eggs. Hatchlings were

noted on August 28. McCoy (1968b:676) mentioned clutches of 3, 5, and

5 eggs.

Lioceplwlus

These are medium-small, West Indian, terrestrial iguanids. Evans ( 1953:

51 ) studied social behavior and territoriality in a confined group of L. cariuatus

received from Bimini. He o]iser\ed courtship and copulation in March.

Liolaemus

Schmidt and Inger (1957:118) stated that viviparity is found in ". . . cer-

tain species of smooth-throated iguanids (genus Liolaemus) living in the

Andes Mountains of southern South America. Presiuna]:)ly by retaining the

developing eggs, the females of these live-bearers will keep the eggs warmer
than they might otherwise be, simply because the females themselves must

seek out warm situations. In their habitats it would be difficult for these

lizards to lay their eggs in a place that would be sufficiently exposed to be

warm by day Init not so exposed as to liecome dangerously cold at night."

This statement applies especially well to L. multiformis. However some
other species, lixing imder less rigorous c'imatic conditions, have retained

o\iparity. L. multiformis occurs at altitudes up to more than 15,000 feet in

the northern Andes, and was studied by Pearson ( 1954:114) in southern Peru.

He found that there is a distinct annual breeding cycle. Beginning in early

March ( autumn ) follicles undergo a gradual enlargement for about two months

before ovulation occurs. Embryonic de\elopment, in the oviducts, requires

five to sexen months and the xoung are born in September, October and

November. By the following April (the breeding season) these young are

halfgrown. They mature in time to breed in their second year. In 20 gravid

females embryos or enlarged oxarian follicles axeraged 5.8.

Donoso-Barros (1966) has given excellent accounts of the many Chilean

species. In general these lizards inhabit open, arid areas, some in desert or

scruli, others alioxe timberline in the Andes, and still others in the sexerely

cold climate of far southern Chile, even beyond 50 degrees south latitude—
farther south than any other reptiles occur. Most are viviparous including

L. alticolor, altissimus, hihrouii. huergeri, cyanogaster, darwinii, dorbigmji, fxtz-

iugcrii, graveuhorstii, kiiigii, Icopardinus., lincomacidatus, magcllanicus, mulfi-

formis, nigrotiridis, ornatus, panthcrinus, pictus, schrodcri and signifer. All
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the far southern and high montane species are viviparous. Oviparous species

incKide L. fuscus, Icmniscatiis, monticola, uigromacidattts, and teyiuis. In L.

monticola, at least, eml^ryos are aheady well dexeloped at the time the eggs are

laid. Breeding generally occurs in August or September, eggs are laid in

October or November and births occur in January or February. Nmnbers of

eggs or yoimg recorded are: two in L. magcllanicus, two or three in L. fuscus

and lincomaculaius, three or four in L. monticola, fi\'e or six in L. gravenhorstii

and about si.x in L. tenuis.

Ophryoessoides

These small iguanids of South America are similar to Lioceplwhis of the

West Indies. Osorno (1938:200) observed O. ornatus near Bogota, Colombia.

He stated that the eggs, only two per clutch, are laid in wet ground, and

that incubation requires about six months. He noted that the lizards some-

times remain underground for periods of weeks.

PJinjnosaura

These are small, relatively sl<)w-mo\'ing, coarse-scaled insectivorous iguanids

of South American deserts, showing extreme xeric adaptation in their morphol-

og>' comparable to that of the agamid PJirtjnoccphalus. Three species are

known. Donoso-Barros ( 1966:347) wrote that P. rcichci of the Tarapaca Desert

in Chile is oviparous; a female contained two spherical eggs.

Phnjnosoma

The horned lizards are medium-sized or small, spiny-scaled flattened and

squat-bodied, m\rmecophagous iguanids of arid regions in the western United

States and Mexico. There are both o\'iparous and ^i^'iparous species. The

\i\iparous P. dougJassi is especially characteristic of high altitudes and high
latitudes.

Phnjnosoma asio.—AKarez del Toro (1960:96) wrote that in Chiapas this

lizard lays its eggs, a clutch of seven to 15, in the rainy season in September
or October, and they require approximately 80 days of incubation. Davis and

Dixon (1961:43) found a pair copulating near Chilpancingo, Guerrero, on

June 26. On August 13 the female of this pair, which had been kept, died in

o\ipositing and her clutch totalled 21 eggs.

Phnjnosoma coronatuiu.—Shaw (1952:72) wrote that a female in the San

Diego Zoo laid 10 eggs on June 15 and these hatched after 63 days. Another

female laid a clutch of 21 eggs on Jime 4 and hatching occurred after 67

days. Stebbins (1954:257) noted from six to 16 eggs, average II, in seven

females from southern California and Baja California.

Phnjnosoma cornutum.—The Texas horned lizard is oviparous. Van

Denburgh (1922) cited statements by Strecker that: "The usual number of

eggs deposited by this species is 24," and ". . . dozen or more [clutches] have

passed through my hands and in e\ery instance but one the eggs were 24 in

number." Although later records have not borne out the statement that the
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clutch consistently has 24 eggs, an average of only a little less, 22.5, is

obtained for 13 clutches, as follows: 37, 27, 24 (Van Denburgh, 1922), 20

(Ramsey, 1956:239), 14 (Hewatt, 1937:234), 18 to 29, average bet^veen 22
and 23 in eight clutches (Stebbins, 1954:256). Copulation has been noted

on April 22 in the Tularosa Basin of New Mexico by Lewis (1950:9), and

by Hewatt on April 19, 1936. In the latter instance the female o\'iposited on

June 2. Kauffeld (1943:345) noted egg-laying in mid-July in southern Arizona.

At Fort Worth, Texas, Ramsey noted that young appeared each year from

mid-August to mid-September. The span of several weeks indicated for the

breeding season suggests that a female may produce more than one clutch per

season, but direct evidence is lacking.

Pliiynosorna douglassi.—This short-horned species is by far the most
northern of the genus, and occurs at high altitudes over most of its range.
In conformance with a trend in reptiles of high altitudes and northern climates,

it has assumed viviparous habits. Stebbins (1954:260) wrote that 13 females

from Arizona, New Mexico and Oregon contained 8 to 31, average 16 to 17,

eggs; he recorded birth of a litter of 10 on August 27 to a Utah female, and
birth of a litter of 7 on August 7 to an Oregon female. Thirteen litters recorded

in the literature (Dammann, 1949b: 144; Smith, 1941:114; Tanner, 1942:60;

Tanner, 1954:94; Woodin, 1953:287; and Gehlbach, 1965:288) averaged 13.8

(6 to 30) young. Douglas (1966:731) recorded recently born young August
5, 6, 14, 21, and 30 in the Mesa Verde Park area of southwestern Colorado.

Dates of birth in confinement are: July 5, July 20 and July 25 for Arizona

material; Jime 25, July 11, July 20, August 3, August 10 and August 11, for

litters from females in northwestern New Mexico (Zuni Mountains) and for

litters from Utah females, August 14, August 16, August 24, and August 26.

Phrynosoma 7ncalli.—Stebbins (1954:261) recorded unlaid clutches of 7

and 10 eggs, the former with the eggs 6 to 7 mm in diameter on April 24,

and the latter fully developed (8 X 14 mm) on May 14. Wood (1936:70)
recorded a clutch of 28 eggs laid by one of the lizards on July 18, 1933. As

the lizard was said to have been sent from Tucumcari, New Mexico (far out-

side the natural range) there is perhaps some doubt regarding its identity.

Norris (1949:180) recorded that a female contained seven large eggs on

May 15, 1948.

Phrtjnosoma modestum.—This is a small species of the Chihuahuan Desert

and little has been written concerning it. In the Chisos Mountains of trans-

Pecos Texas, Minton (1959:40) observed copulation on May 13 and observed

a hatchling on July 3. At the Rio Conchos in Chihuahua, Smith, Williams and

Moll (1963:212) recorded a hatchling on August 25, and in the Tularosa

Basin of New Mexico, Lewis (1950:9) recorded a hatchling on August 21.

Bundy, Meyer, and Neess (1955:312) recorded that a female from the Car-

rizozo Malpais of New Mexico laid nine eggs on July 21.

Pliryno.soni(i orhiculare.—In Morelos, Mexico, Davis and Smith (1953:102)
found 12 and 13 large ova (9 mm) in two adult females of 63 and 74 mm
snout-vent length, collected August 8 to 20. In the same period four immature

individuals of 39 to 50 mm snout-\ent length, probably first-year young, were

also collected. Presiunably this species, a close relative of P. douglassi, is also

viviparous.
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Phrtjnosoiua platyrhinos.
—Steblsins (1954:259) found six to nine eggs

(a\erage between 7 and 8) in ten females examined, and he concluded that

most egg-laying occurs in June and early July. Shaw (1952:72) wrote that

a female laid 10 eggs on June 13.

Phrynosoma solaie.—Blount (1929:329) found that ovulation occurs from

July 19 to August 10. Schonberger (1945:53) recorded a clutch of 28 eggs

and William S. Parker (MS) recorded a clutch of 23, but usually there are

fewer. At Phoenix, Arizona, Parker ( MS ) found that hatchlings appear in

September and October. He concluded on the basis of growth rates that sexual

maturity is probably reached in the second year. He found an average of

20.5 (17 to 25) eggs in six clutches.

Fhiimaturus

This genus contains only P. paUiinia, a squat, heavy-bodied, mediinn-sized,

\'i\'iparous, Andean iguanid of largely vegetarian habits. Donoso-Barros (1966:

352) reported a litter of four young.

Plica

This is a South American genus. In British Guiana Beebe (1944:207)
recorded a female of P. plica containing two eggs on May 13, 1924. In the

same region Beebe (1944:208) found P. ximhra to be "in full breeding condi-

tion" in April, May and October. He recorded a mating pair on September 9,

1919; a captive female laid two eggs on October 14, 1920. There was a wide

size range in sexually matiue individuals, as some, at least, attained sexual

maturity at a remarkably small size compared with that of average adults.

Polijchrus

The long-legged lizards are arboreal forest dwellers of tropical America.

They are oviparous. In British Guiana, Beebe (1944:211) found individuals

of P. marmoratus "in full breeding condition" in January, July, and August.

On January 1, 1921, a female was found to contain seven eggs and on August

13, 1922, one was found to contain eight eggs. An extended breeding season

is indicated.

Sauromalus

The chuckwallas are large, chunky, saxicolous, oviparous iguanids that

occur in certain desert regions of the southwestern United States and north-

western Mexico.

Johnson (1965:12) studied a population of S. ohesus in the western Mojave
Desert of Kern County, California. Egg-laying was observed in nature on

June 22, 1960. Of 19 adult females examined in early summer, five had

enlarged ovarian follicles, one had seven oviducal eggs, and the remaining 13

seemingly were nonbreeders. Hence, Johnson hypothesized that two or more

years are required to complete an ovarian cycle. Shaw (1952:72) noted that

a female in the San Diego Zoo laid ten eggs on August 1. Another died with
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eight eggs in her oviducts on August 12. Johnson found that aestivation occurs

in late summer when the succulent vegetation required as food by these

lizards is scarce. The time required to attain sexual maturity is unknown, but

is probably several years judging from the slow growth rate shown by several

of Johnson's marked indi\iduals that were recaptured. The reproductive poten-

tial is therefore lower than in most lizards.

Sceloporus

This large genus occurring from Canada to Panama and from above timber-

line on mountain peaks to sea level has a striking array of species groups,

species, and subspecies that are ecologically diverse. Some are viviparous, most

are oviparous, and some of the latter retain their ova during the early stages

of embryonic development. Some of the species have a sharply circumscribed

breeding season with only one clutch or litter per female per year. Others

seemingly breed through much of their season of activity, and an individual

female may produce several clutches or broods. In some species sexual

maturity is attained in the first year of life, whereas others reach maturity

near the end of their second year. Hence there are great differences in

reproductive potential.

Table 2. Number of Eggs per Clutch or Young per Litter in Several Species
of the Genus Sceloporus.

Species

Mean num-
ber of eggs
or young
per brood

Number
of broods
in sample

Source of

information*

chrijsosticttts
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Fig. 2. Population samples of Sceloporiis chnjsostictus from Campeche, Yuca-

tan and Quintana Roo, Mexico, in The Uni\ersity of Kansas Museum of Na-
tural History, showing changing ratios of gravid females (black), nongravid
females (heavy stippling), and males (light stippling), and of adults and

young. A long breeding season, extending through much of the year, is

indicated, but breeding is at low ebb in July, and the ratio of young is high
during that month.
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montlis. The largest series, 125 specimens collected in July, was notable in

two respects; first, that breeding \\'as at a low ebl) with only three of 47 adult

females carrying eggs, and second that immatures made up nearly one-third

and were of all sizes from adolescents to the smallest hatchlings. The presence
of these young indicates pronounced breeding activity through the spring and
early summer. In a smaller sample of 55 from August (and the first day of

September) the composition had changed, with young mostly in the later

stages of growth, and with nearly 40 per cent of the adult females carrying
eggs. In small samples from winter (19 from January 14 to February 12) and
spring ( 17 from April 25 and 26) a high proportion of the adult females were

carrying eggs (70 per cent and 57 per cent, respectively), and young were
almost lacking. Seemingly, then, the incidence of breeding is high in the

winter and spring months, tapering off to a minimum in July and rising again
in August and September, with perhaps a second period of reduced activity
in the fall months. Compared with other species of the genus, Sceloporus
chrysostictus carries on breeding activity for a relatively long segment of the

year. However, its clutch is remarkably small as compared with most other

species. In 14 females dissected the clutch averaged 2.5; one had 1 egg, six

each had 2, six each had 3, and one had 4. Maslin (1963:15) recorded that

four of 15 adult females collected in late June and early July were gravid, and
he recorded coiuits of two, three and four oviducal eggs. In central El Peten,

Guatemala, Stuart (1935:45) reported that hatchlings appeared on May 20
after the first heavy rain of the year.

Sceloporus formosus Group

Sceloporus cnjptus.—This is a recently described species ( Smith and Lynch,
1967:19) from Oaxaca, Mexico. In the type series several females had oviducal

eggs in their oviducts in a condition that indicated oviparity, whereas other

members of the group are viviparous.

Sceloporus formosus.—In the Chilpancingo region of Guerrero, Mexico,
Davis and Dixon (1961:43) found that in mid-June all females 56 mm in

snout-vent length, or longer, were gravid. The smaller individuals had 3 or 4

ova; the larger, 8 or 9. Smith, Smith and Werler (1952:255) recorded a

female in Veracruz, Me.xico, that contained six embryos in November.

Sceloporus malachiticus.—Tliis medium-large viviparous species occurs at

the southern end of the geographic range of the genus and is present over a

wide range of altitudinal and climatic conditions. Doubtless the breeding
schedule is afi'ected by local conditions. In Alta Verapaz, Guatemala, Stuart

(1948:54) recorded juveniles at an altitude of 1410 meters in mid-May. Of
11 females that I collected in February in Costa Rica, all were gravid; young
from hatching size (26 mm snout-vent) up to more than halfgrown size were
present indicating many weeks of growth. Hence, young were being born in

December and January and females producing them must have been gravid in

October and through late fall and winter. The only adult female collected in

April was not gravid, and no adult females were taken in May. One of the two
taken in June was gravid. Of 16 adult females in June and July all but one
were gravid. A young female of only 47 mm snout-vent in July also was
gravid. This individual must have been still in her first year of life, probably
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not more than three or four months old. Numerous young from only a little

alioxe hatchling size up to adolescents \\'ere present in the July-August sample,

indicating that there must ha\'e been gra\id females in the spring and early

summer months, a period inadequately represented by the collections. In

brief, the e\'idence indicates a high incidence of breeding throughout most
of the year. Young females mature and produce first litters while still far short

of adult size. The high percentage of females carrying eggs in each sample

suggests that Htters are produced in rapid succession. For 20 clutches the

average was 4.5 eggs. Most gravid females are between 70 and 80 mm snout-

vent. As in most reptiles, size and age of the female is an important factor

in determining the number of eggs in her clutch. In the seven smallest gravid

females, those with snout-vent lengths less than 70 mm the average clutch was

2.8; in 12 females having lengths of 70 to 79 mm the average clutch was 4.8;

in one female of 83 mm there were six eggs, and the largest female, 90 mm
in length, had nine eggs. In Guatemala, Stuart (1951:57) reported that

females taken in early April were not gravid but those collected in early July
contained matiue eggs.

Scelopovus graciosus Group

Sceloporus graciosus.
—The sagebrush swift, the sole representative of this

group is oviparous and occurs in the western United States, where it ranges

much farther north than most other members of the genus. In a series of 226

from the northern part of the range (Washington, Oregon, and Idaho) col-

lected in May, June, and July, there are three overlapping size groups dis-

tinguishable: 1, old adults more than 54 mm in snout-vent length; 2, young

adults, 48 to 54 mm in snout-vent length comprising the greater part of the

breeding population, and 3, young hatched the preceding summer, mostly

more than one quarter grown but still short of small adult size. In May all

of nine adult females were carrying eggs. In June eight adult females were

carrying eggs, but two collected on the 17th and 26th of the month had

already laid. Of 21 adult females collected in July, only one (taken on the

26th at an altitude of 4500 feet) was carrying eggs. In southwestern Oregon
and extreme northern California females are gra\id in May and June, and

young hatch in late July and early August. In a collection from northern

California, four of six females taken in late May and June were gravid. A
series of 55 from northern California in July ( mainly the latter part ) and

early August consisted of three fairly distinct size groups: 1, breeding adults,

having snout-vent lengths of 51 to 61 mm; 2, one-year-old adolescents ha\'ing

lengths from 45 to 49 mm; 3, recently hatched young of the year having

lengths of 26 to 36 mm. Winters are long and severe in this part of the

range, and a little more than half the year is spent in hibernation. In the

southern part of the range (southern California and northern Baja California)

the potentially longer growing season seems to have little effect in altering

the breeding cycle. In a series collected in April, May, and June, 25 of 30
adult females were gravid; the exceptions were two collected on April 10

before their eggs had developed, and three others taken on June 22 (2) and

June 30 after they had laid. In this series there are two size groups—breeding
adults of 51 to 65 mm snout-vent length, and young recently emerged from

their first hibernation, 30 to 49 mm in length but chiefly in the range of 40
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to 46 mm. The two smallest individuals, both 30 mm, were collected in

April, and had made but little growth since hatching.

There is no evidence of production of successive clutches by females of

Sceloporus graciosus within one season; seemingly one clutch per adult female

per year is the rule. The clutch size is relatively small; for 58 gravid females

there was an average of 3.82 eggs. Clutch size is seemingly subject to some

geographic variation, as 32 clutches from the northern part of the range—
Washington, Oregon, Idaho, Nevada, and northern California—had an average
of 3.6 eggs, whereas 25 clutches from the southern part of the range—southern

California and Baja California—averaged 4.24 eggs.

Sceloporus grammicus Group

Sceloporus grammicus.—This is a widely ranging and geographically vari-

able species which occurs from southern Te.xas to central Me.xico. Mulaik

( 1936:72) observed the species in the lower Rio Grande Valley near Edinburg,
Te.xas. He reported seeing courtship activity on October 7, 1935, and observ-

ing gravid females in fall and early spring. A female captured on April 11

gave birth to a litter of 12 young on April 25. Gravid females collected by
Werler (1951:38) at an elevation of 7500 feet in the mountains of Veracruz

gave birth to litters on the following dates in 1960: January 11; February 7,

12, 16, 18, and 25; and March 6. Numbers of young per litter varied from

four to seven and averaged 5.7. In Morelos, Me.xico, Davis and Smith (1953:

104) found females carrying eggs in early August. These gravid females

varied in size from 33 to 67 mm. Near Chilpancingo, Guerrero, on June 9

and July 2, Davis and Di.xon (1961:46) found three adult females none of

which was gravid, and in early July they found partly grown young indicating

a spring breeding season.

Data available are insufficient to show whether S. grammicus has a limited

breeding season that varies from one region to another in response to local

climatic conditions, or whether, as seems more probable, the breeding .season

is long, extending over much of the season of activity. The group includes

only one other species, which is of more southern distri]:)ution.

Sceloporus merriami Group

Sceloporus merriami.—This small species of southern Texas and northern

Mexico is the sole representative of its group. Minton (1959:42) found that

in the Big Bend region of Texas, hatchlings begin to appear about mid-July

and at that time the remainder of the population consists almost entirely of

breeding adults. Hence it seems that sexual maturity is attained in the first

year of life. Chaney and Gordon (1954:78) obtained evidence that there may
be more than a single clutch produced by a female in a season.

Sceloporus pijrocepJialus Group

These are oviparous spiny lizards of western Mexico. Near Chilpancingo,

Guerrero, Davis and Dixon (1961:46) found that in June most adult females

of S. gadoviae contained three or four large ova. In the same area these

authors noted that most females of S. pyroceplialus had deposited their eggs
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liy mid-June, but Smith had reported females containing eggs on July 5 and

21, hence production of second clutches seemed probable.

Sceloponis scalaris Group

This group includes four species of small, terrestrial, lizards found chiefly

at high altitudes in Mexico. Davis and Smith (1953:102) collected a series

of S. aeneiis in the state of Morelos in the last week of July and the first week

of August. Ten of these females had large ova; 12 others appeared to have

oviposited recently, and the remaining six had small o\'a. Likewise, for S.

scalaris Anderson (1962:162) foimd that a series of females examined from

the Arroyo Mestefio at 8500 feet altitude in Chihuahua, on July 8, 1960, and

Jime 3 to 6, 1957, were mostly gravid, with large eggs, but others appeared to

have laid recently. One female was found finishing her nest after depositing

her eggs under a board on July 8, and the eggs hatched 47 to 48 days later.

Stebbins (1954:235) recorded a female collected in the Chiricahua Mountains

of southern Arizona on July 6 that contained 9 eggs approximately 7 X 11

mm, and another from the Valley of Mexico that contained 12 ova 3 mm in

diameter on July 17.

Sceloponis siniferus Group

This group includes four Mexican and Central American species; little has

been recorded concerning their reproduction. Alvarez del Toro (1960:101)
stated that in Chiapas, S. carinatus oviposits in June or Jidy and the clutch is

seven to 10 eggs. Davis and Smith (1953:104) recorded a hatchhng of

S. ochotcienai in Morelos on August 12. Da\'is and Dixon (1961:46) near

Chilpancingo, Guerrero, found all females to be gravid in June, with an

average of six eggs. In the same area they found that in June and early July
all females of S. siniferus were gra\id and young of the year had not yet

appeared.

Sceloponis spinosits Group

This group of nine large species inhabits arid regions in the southwestern

United States and Mexico. Several of the species are wide-ranging and have

recognized subspecies. The group includes both oviparous and viviparous

species. Eggs per clutch or young per litter are relatively numerous in these

lizards as compared with other groups.

Sceloponis clarki.—Kaufteld (1943a:345) recorded that a female Clark's

spiny lizard from southern Arizona contained 24 eggs with embryos 4/2 to 5

mm long on August 6. Stebbins (1954:239) recorded 8 to 14 (average 11)

large ova in four Arizona females collected on July 15 and 16. He recorded

that a female from the Chiricahua Mountains laid 22 eggs containing well-

formed embryos on September 3.

Further information concerning the extent of the breeding season is pro-

\ided by 97 specimens of S. c. boulengeii in the University of Kansas Museum
of Natinal History from Sinaloa, Chihuahua, and Durango. In this series egg-

bearing females were represented as follows: none (of foiu) from February 2
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to March 8, two (of seven) in May and June, one (of 13) in September, none

( of one ) in Octol^er, one ( of four ) in November, none ( of two ) in December.

None of two S. c. clarki females from Arizona in April and none of four from

Arizona in August was gravid. These few records indicate that breeding
extends over much of the year in S. clarki—at least from May to November.

The smallest graxid female was only 73 mm snout-vent, whereas the largest

female was 120 mm, and hence many times the bulk of the smallest. Pre-

sumalily the smallest egg-bearing females are still in their first year. Probably
adult females produce more than one clutch per season. Gravid females

examined liy me contained 10, 10, 10, 7, and 4 eggs.

Sceloporus Jiorridus.—Davis and Smith (1953:103) recorded that in

Morelos all females taken in late July and the first ten days of August con-

tained enlarged ova while those examined in mid-August either had fully

developed ova or had recently o\'iposited. Four newly hatched young were

seen in the period August 4 to 16. In this summer period all others seen

were 75 mm or more in snout-vent length—above minimum adult size. Seem-

ingly sexual maturity is attained in the first year, and the breeding season

extends over only a small part of the year. Nevertheless, there is a strong

possibility that females produce two or more clutches in one season. Near

Chilpancingo, Guerrero, Davis and Dixon (1961:46) found that breeding
occurs from May to September. Larger and older females had an average of

12 (9 to 15) eggs whereas smaller individuals averaged nine (8 to 15). Some

having enlarged oviducts indicative of recent laying also had embryonic
ovarian follicles.

Sceloporus niagister.
—Axtell (1959:99) recorded that a female desert spiny

lizard from Brewster County in southwestern Texas contained three large in-

fertile ova on June 30 and another contained 11 follicles just beginning to

develop. In the same general area Minton (1959:41) observed that there

were three distinct size groups: ". . . one of about 50 mm body length and

clearly young of the previous summer, one of 70-75 mm apparently individuals

a year older and still immature, and finally adults of 95 mm or more." He
recorded a hatchling of 33 mm snout-vent on July 19. Smith, Williams, and

Moll (1963:212) reported juveniles near hatchling size in late August and

early September at the Rio Conchos in Chihuahua, Mexico. Taylor ( 1936:

484) reported that a female from Sonora, Me.xico, contained 19 "well-devel-

oped" eggs on July 9. Shaw (1952:72) reported a clutch of S. m. magister

laid on May 30 and clutches of S. m. ntfidorsurn on May 12, June 18, and

June 27. Incubated under artificial conditions the first three of these clutches

hatched after periods of 82, 77, and 61 days. Stebbins (1954:238) recorded

California females with large eggs nearly ready to be laid on May 22 and

June 11, and recorded clutches laid in captivity by females from Baja Cali-

fornia and San Diego County, California, on May 12, May 30, and June 18

with incu])ation periods of 82 and 77 days. In eight clutches of eggs reported

in the literature, number varied from seven to 19 and averaged 12.4.

In general the evidence indicates a breeding season beginning in spring

JDut extending into early summer, with individual females probably producing
successive clutches of eggs. Minton's interpretation of the three size groups in

early spring, comprising adults and first-year and second-year young is un-

doubtedly correct, but probably the second-year young usually attain sexual
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maturity and breed before they ha\e reached an age of two years. Johnson,

Bryant and Miller (1948:265) in the Pro\'idence Mountains of southeastern

California noted only two size groups in May and Jnne: adults 84 to 111 mm
in snout-\ent length (in 22), and young measuring 77, 71, 69, 60, 54, and

51 mm. Each of five adult females taken in this same period contained

de\'eloping eggs, and these measured from 4.4 to 1.3.2 mm in different in-

dividuals.

Sceloporus mclanorhinus.—Near Chilpancingo, Guerrero, Davis and Dixon

(1961:45) found that in Jnne adult females had five to eight enlarged ova.

Alvarez del Toro (1960:97) stated that the female lays 15 to 20 eggs in June.

Sceloporus olivaceus.—Through the work of Blair (1960) in the vicinity of

Austin, Texas, the general ecology and reproduction of this species are better

known than for any other member of the genus. The breeding season is long,

continuing o\ er much of the warmer half of the year when the population is

continuously active. Both the number of eggs per clutch and the number of

clutches per season \ary according to the age and size of the female. The
females from eggs hatched one smnmer matine some time in the following

summer, but one clutch per season is typical for newly matured females, and
on the average, first clutches have 11.3 eggs. Two-year-old females have made
additional growth, and usually produce more eggs per clutch than first-year

indi\iduals and more than one clutch in the season. The largest females (four-

year-olds, rarely even older) may produce as many as 100 eggs (four clutches

of about 25 eggs each) in a season. 0\er a five-year period Blair calculated

that 945 clutches with a total of 15,080 eggs were produced on his ten-acre

study area, and the axerage clutch was 14.3 eggs. Percentages of the total

number of clutches that were produced by first-, second-, and third-year

females were 46.2, 41.3, and 12.5, respectively.

Sceloporus orcutti.—Mayhew (1963) made a four-year study of reproduc-

tion in the granite spiny lizard in the \dcinity of Riverside in southern Cali-

fornia. He found that testes are relatively small at the time of the lizard's

emergence from hibernation in January and February, but grow to the maxi-

mum size in April, then decline from May to August. Males appear to be

potential breeders (having motile sperm in the vas deferens) from mid-March

to mid-August. In females ova accumulate yolk in late April, and there are

eggs in the oviducts from late May to late July, with an average of 11 per
clutch. Mayhew suggested tliat the relatively short season during wliich

females have eggs in their oviducts indicated only one clutch of eggs laid

per year, but hatchlings appeared o\"er a two-months period, July 30 to

September 27. Reproductixe success \aried greatly from year to year, evidently

in response to the amount and distribution of rainfall in tliis arid region.

Sceloporus torquatus Group

This large group contains ten species, several of which have recognized

subspecies. These lizards are relati\ely large; insofar as known, all are

vi\iparous. In most lizards of the Temperate Zone, including Sceloporus and

including both oviparous and viviparous species, the young characteristically

appear in late summer, but in the species of this group the young are born in

early summer, late spring, or e\en in late winter.
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Sceloponts cijanogemjs.
—Hunsaker (1959:261) recorded that seven females

collected in Webb County, Texas, on March 15, 1958, each gave birth to a

litter in the subsequent period of weeks that the lizards were kept. Size of

female (snout-vent in millimeters), number of young per litter, and dates of

birth were as follows:

88
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Fig. 3. Population samples of Sceloporus jarrovi from southeastern Arizona in

The Uni\'ersity of Kansas Museum of Natural History showing changing sizes

of males (light stippling) and females (heavy stippling) at different times of

year. In April the population consists of adults of tsvo sizes: old survivors and
newly matured indi\idua]s born the preceding summer. By July each of these

groups has made further growth and a new crop of young has appeared. By
August both adults and young have made further growth.

(,snout-\'ent length) as follows: 86 mm—13 eggs; 68 mm—3 eggs; 67 mm—
5 eggs; 57 mm—3 eggs.

Sceloporus tnucrouatus.—Werler (1949a:67) reported that a female from

Las Vigas, Veracruz, Me.xico, produced nine young on January 6, 1949. In

the same area Smith, Smith and Werler (1952:256) found six females col-

lected from November to January all gravid, some with embryos near full

term. In the vicinity of Chilpancingo, Guerrero, Mexico, Davis and Dixon

(1961:46) found that by early June breeding activity was over and young
of 34 to 36 mm in snout-vent length were abundant. They speculated that

the main breeding season was in March or April.

Sceloporus poinsetti.
—In the Big Bend region of southwestern Texas,

Minton (1959:41) noted that newliorn crevice spiny lizards were first seen on

July 16 to 18. In the same general area Axtell (1959:100) noted a small

juvenile (42.8 mm snout-vent) on June 26. Smith (1936:612) recorded tliat

a female taken on May 31 contained 10 well-developed embryos, and he con-

cluded that the young probably are born early in June. Stebbins (1954:236)
stated that two females from Chihuahua, Mexico, contained seven and 10

emliryos respectively, and that one from near Fort Stockton, Texas, had seven

young in captivity on June 6, and another from Kimble County, Texas, had
11 young on June 7.

Sceloporus serrifer.
—In central El Peten, Guatemala, Stuart (1935:45) saw
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recently hatched young on May 17 and 18, just before the onset of the rainy

season.

SccJoponis iorqiiatiis.
—Smith (1936:576) wrote that in Zacatecas, Mexico,

young of this species are born in spring. In Morelos, Mexico, in late summer
Davis and Smith (1953:104) recognized three distinct size-age classes of

which the two larger were sexually matiue, and they suggested that maturity-

is attained in the first year of life. Werler (1951:39) wrote that a female

from near Morelia, Michoacan, Mexico, ga\'e birth to six young on May 8, 1950.

Sceloporus unduhtus Group

This group has four species and includes two of the lizards most familiar

to residents of the United States—Sceloporus occidenialis of the far western

states and SccJoponis undiilatus of the eastern states, occurring west through
the southern Rocky Mountains. S. virgatiis is a species of southern New Mex-
ico and Arizona and adjacent Mexico. S. cautus is a Mexican species for which
no information is available. Because much information is available from

different areas of the ranges of the other species and because there is evidence

that reproductive cycles are subject to some alteration in response to the

physical and biotic factors that occur in different regions, the subspecies will

be considered individually insofar as data are available.

Sceloporus occidentalis hiseriatus.—This relatively large subspecies occurs

in the southern and eastern parts of the range—from the Columbia River in

Washington and Idaho south through the Sierra San Pedro Martir in Baja

California. Hence, its populations occur in rather diverse climates, but there

is little evidence of major change in seasonal cycles in different regions. In the

northern part of the range the population is subjected to a severe winter

climate, and the growing season is short, probably only about half of the \ear.

At the southern end of the range, the winter climate is mild and hibernation

must be short and intermittent. In the foothills of the southern Sierra Nevada,

where I had the opportunity to observe these lizards over a period of years

(at the San Joaquin Experimental Range in Madera County, California) there

was some acti\ity throughout the year; on warm sunny days, e\en in Decem-

ber, January, and February lizards would emerge to bask, and probably to feed.

A series of 46 in the Museum of Vertebrate Zoology from the northern part

of the range in eastern Oregon and Idaho was examined. Size classes are

not well defined in this series, but the May-June sample, of 39 specimens, is

interpreted as constituting essentially two size groups: namely, adults, and

young produced the preceding summer. Adults are 65 to 87 mm snout-vent,

and young are 31 to 63 mm. The wide size range in the first year young is

in part geographical and altitudinal. In a series of 102 S. o. hiseriatus from

500 to 1000 miles farther south, southern California and northern Baja Cali-

fornia, gravid females are represented as early as April 10 and as late as July

10. Such an extended egg-laying season strongly suggests that a female may
produce more than one clutch, but definite proof for tliis supposition is lacking.

In April, May, Jime, and July samples the young in this southern population
do not comprise a distinct size group but most are in the 60 to 70 mm range—approaching adult size with some not readily distinguishable from small

adults.
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Thirty-se\'en gravid females of biseriatus had an average of 7.65 (3 to 14)

ova.

Sceloponis occidcntaUs lonfiipcs.
—Hopkins (MS) has studied the life his-

tory of this lizard in montane habitat on Ranier Mesa in southern Nevada.

The lizards ]:)reed at an age of two years. Clutches of nine eggs each were

laid by females 72 and 7.3 mm in snout-\ent length, and clutches of 10 and 11

in females of 77 and 76 mm. An 86 mm female laid 14 eggs. Laying occurs

in June and July, and hatching is in August and September. Immediately
after egg-laying the females replenish their fat bodies.

Sceloponis occidentalis occidentalis.—In a five-year study of this form near

Medford in southwestern Oregon and '300 miles farther south at Berkeley,

California, I (Fitch, 1940) accumulated the following facts regarding its

breeding and seasonal schedule. Mating occurs in late March or early April

soon after emergence from hibernation. 0\ipositi()n occurs in late May or

early June. Hatching is concentrated during the first week of August, but

with extreme limits from mid-July to mid-Septemlier. Variation in weather

from year to year, and variation in incubation period according to the nest

site chosen and the amount of warmth received, account for most of this

difference. It is unlikel)' that an individual female e\er produces more than

one clutch of eggs per season at either of the localities where observations

were made. At the time of the spring breeding season first-year young from

eggs hatched the previous summer are mostly 35 to 45 mm in snout-vent

length, the largest far short of adult size wliich is typically 6.5 to 70 mm.
Most growth is made during the subsequent summer and se.xual maturity is

attained late in the second year.

Fourteen gra\id female occidentalis had an average of 7.8 ova, with a

range of four to 13, hence not differing significantly from S. o. biseriatus.

Sceloponis undidatus consobrinus.—Carpenter (1959a: 110) studied a pop-
ulation of this subspecies in south-central Oklahoma. He found that hatchlings

appeared from mid-June through July, and comprised a size group distinct

from the adults through the smnmer and fall, but that by the following spring

they were no longer readily distinguishable from adults. Contrasting lizards

of this subspecies with populations of three other subspecies that also occur in

Oklahoma, Carpenter (1960:178) found an average clutch of 6.2 (3 to 8)

eggs in 13 S. !/. consobrinus, whereas there were 9.0 (4 to 13) in si.x S. u.

enjthrocheihis, 7.6 (5 to 12) in ten S. u. garmani, and 7.1 (4 to 12) in 13

S. u. hyacinthinus.

Scelo])onis iindulatus elongatus.—This large northwestern subspecies living

at relatively high altitudes, with a short growing season, seemingly does not

attain sexual maturity until late in the second year, at the northern edge of

its range, at least. In a series of 21 collected near the Utah-Wyoming bound-

ary, in Daggett and Sweetwater counties, respectively, June 15 to July 24,

snout-vent lengths ranged from 46 to 79 mm. Those from 46 to 54 mm
appeared to be \'earlings (hatched the previous summer) and those from 65
to 79 mm w^ere adults, but the status of six that measured 60 to 62 mm was
uncertain.

In southwestern Colorado, Douglas (1966:727) found gravid females in

June and early Juh', and one contained o\arian eggs 4x5 mm on August 5.
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Douglas speculated that some females might produce a second clutch. He
found an average of six eggs per clutch. In adjacent northeastern New Mexico,
Gehlbach (1965:281) found that in June and up to mid-July most females

over 40 mm snout-vent contained eggs. Gehlbach observed that in some
females containing uterine eggs, embryonic development was well underway
and the relatively large, pigmented eyes of the embryos were conspicuous.
The author suggested that fertilized eggs are retained by the females for

varying lengths of time, so that they can be deposited when conditions are

most favorable for them—after heavy rains.

Sceloporus iindiilatus erythrocheihis.—Compared with its neighbor, S. u.

garmani of the Great Plains, this subspecies is much different ecologically. It

has a shorter growing season and attains a much larger size. Both facts may
be correlated with the delayed sexual maturity. Seemingly sexual maturit>' is

usually not attained until late in the second year in enjthrocheilus. On August
15 and 16, 1964, at Black Mesa State Park in the western tip of the Oklahoma
Panhandle, I observed 37 of these lizards of which two were hatchlings and
the remainder were adults and subadults. Although the latter two groups were
no longer well defined, some of the subadults were still markedly below aver-

age adult size and obviously would have been immature and incapable of

breeding in the previous spring. In southeastern Colorado, Smith, Maslin and
Brown (1965:20) first observed young of the year on August 12, 1961.

In a mid-June collection of 37 enjthrocheilus from northern New Me.xico

there were gravid females 70, 69, 68, 68, 64, and 63 mm in snout-vent length,
and many smaller ones assumed to be young of the preceding summer were
not gravid, but a specimen only 41 mm in snout-vent length contained ovarian

follicles 6 mm in diameter. In this seemingly exceptional instance breeding
maturity had been attained by a first-year individual at a size much below
that of an average adult, but 12 other females ranging from 35 to 62 mm
snout-vent were not gravid and probably had not yet attained sexual maturity.

Sceloporus undulaius garmani.—A series of 76 in the University of Kansas

Natural History Museimi from \ arious parts of Kansas indicate a long breeding
season. An adult female collected on May 8 was gravid, as were ten of 15

females collected in June, all four collected in July and three of four collected

in August. No specific dates are available for those collected in August. Five

hatchlings 21 to 23 mm in length were collected July 2 to 14.

At a locality 17 miles west of Nickerson, in Rice County, in sand dunes

near the Arkansas River, I made repeated observations on a local population
in three seasons (Fig. 4). On May 3, 1966, it was found that the populations
consisted essentially of adults, but with a \\'ide range in size—from 39 to

62 mm, snout-vent. Males of 43 and 45 mm were mature and had motile

sperm, and only the smallest male of the series (39 mm) had not yet matured.

All but a few of the smallest females were slightly but noticeably distended

with eggs. Three oxerlapping size groups could be postulated: 1—the young
of the preceding year, including those of less than 46 mm snout-\ent length

( but probably others of this age group were more than 50 mm and o\ erlapped
the next group); 2—the main group, 48 to 54 mm snout-vent, mostly second-

year indi\iduals but including the more successful and older first-year >oung;
3—adults well above average size ( 56 to 62 mm ) and probably more than t\\'o
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years old. In a sample collected on July 11 there were only 15, but they fell

into the same three size groups. All the females were gravid. In a sample

collected on August 10 there were two distinct size groups—breeding adults

50 to 67 mm snout-vent, and hatchlings 25 to 41 mm. The same two discrete

groups were represented on August 26, but the average size and size-range of

the young had increased and the interval between young and adults had
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Fig. 4. Population samples of Sceloporus tindulattis garmani from a roadside

fence 17 miles west of Nickerson, Rice County, Kansas; heavily stippled
columns show adult or subadult females, lightly stippled columns show adult

or subadult males, and open columns show juveniles. In early May the popu-
lation consists essentially of breeding adults. In early August young of the

year outnumber adults and some ha\e already made substantial growth. By
late August the young of the year have increased markedly in relatixe abun-
dance and in average size, with a tendency to bimodality in size, indicating
first and second broods. Adults as well as young make substantial growth in

the summer. Samples are based upon lizards captured alive, measured in

the field, and released.
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decreased markedly. A\'erage size of adults increased from spring to late

summer, as shown by the following table.

Table 3. Changing Size ( Snout-vent Lengths in mm) in a Population of

Sceloporus tmdulatus garmanl. Rice County, Kansas.

Date
Adult and

subadult males
Adult and

subadult females Young

May 3, 1966 49.7 ± 1.61

July 11, 1964 52.4 ± .71

August 10, 1964 52.8 ± .36

August 26, 1964 54.8 ± .71

51.4 ±
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lower. At Wister Dam in southeastern Oklahoma, August 11 to 15, 1963,

I o]:)ser\ed large numliers of S. u. lujaciiitljiinis and handled and measured

many. They fell into two discrete size groups—adults, and young of the year.

Some of the adults appeared to be newly matmed (young of the preceding

year); others were much larger and bulkier, but none of the females was

gravid. Some of the hatchlings appeared to be newly emerged, judging from

their small size and prominent umbilical scars, and perhaps there were still

unhatched eggs in nests. Other young were several times the bulk of the

smallest hatchlings, and appeared to be several weeks old. The same area

was re\isited August 17 to 21, 1966, and 53 of the lizards were caught and

measured. Young of the year ranged in size from newly emerged hatchlings,

the smallest 22 mm snout-\ent, up to individuals of nearly twice this length

(43 mm) which must have hatched in early July (Fig. 5).

Sceloporus undulatus tiistichiis.—This large southwestern subspecies seems

to resemble the ecologically similar enjt]iiocheihis and elongatus and to differ

from the smaller, more eastern garmani and hyacintJiinus in requiring almost

two years to attain sexual maturity. In a series of 30 from southern Arizona

collected from June 19 to July 19,

the majority ( 17 ) were obviously

immature—46 to 57 mm in length.

Only the two largest in the series—
68 and 74 mm snout-vent—were

gravid. In a series of 14 collected in

the same general area in August,

adults and young of the preceding

year were no longer distinguishable,

and most fell in the size range 55 to

66 mm. One exception was an un-

usually large female of 85 mm, the

other was a juvenile of 40 mm, prob-

ably a young-of-the-year already sev-

eral weeks old when collected in

late August.
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ture in their first year. One female hatched alioiit midsummer of 1949 was

found to be gravid on April 26, 1950.

Sceloponis virgatus.—This small species, a near relative of S. unchdatus,

with which it was long included as a subspecies occurs in arid foothills and

mountains in the region where Arizona, New Mexico, Sonora, and Chihuahua

meet. Cole (1963:415) studied the species in southern Arizona and New
Mexico and found that nearly e\ery adult female collected in June was gravid,

but that most collected after mid-July were not gravid. He found that hatching

occurred in the third and fourth weeks of August in 1960 and 1961. I cap-

tured and observed many of these lizards in the Chiricahua Mountains of

southeastern Arizona from July 18 to August 3, 1956. In this period none was

gravid, but some appeared to ha\'e laid recently. A series of 25 collected in

this same area on April 5, 6, and 7, 1963, consisted of adults, adolescents and

large young, the latter two groups ranging from 31 to 43 mm in snout-vent

length and representing the brood of the previous August. With several weeks

additional growth, by the time of the breeding season, these smaller individuals

presumably would have matured. Comparison of measurements in the April

and July series shows that the average size increased from 49.0 to 55.6 mm
in the interval of about 11 weeks, and that the bimodality of the April series

had disappeared. S. virgatus resembles S. undulatus garmani, S. u. hijacinthi-

nus, and many other members of the genus in reaching maturity and breeding
before the end of the first year. However, it seemingly differs from most other

warm-climate species and resembles S. o. occidentalis in producing only a single

brood per year. Hence it is somewhat intermediate in its reproductive potential.

Sceloponis variabilis Group

Sceloponis cozumelae.—This tropical species was observed by Maslin

(1963:13) on the Yucatan Peninsula of Mexico within the period June 19 to

July 12. Of 18 adult females collected, 12 were gravid, with medium-sized to

large eggs. In three the eggs were uterine with shells already formed. The

average number of eggs per female was only 1.8. Of the 36 lizards collected,

11 were juveniles and others were subadults, indicating that the breeding
season was prolonged.

Sceloponis teapensis.—This species was observed by Stuart (1948:54) in

Alta Verapaz, Guatemala. He noted newly hatched young in late August at

an altitude of 675 meters.

Sceloponis variabdis.—This small species, one of the southernmost of the

genus, is widely distributed in the tropics, and occurs from ocean beaches to

moderately high altitudes. Populations may differ in their mode of reproduc-

tion, in response to local climates, as published accounts of different authors

indicate both oviparous and viviparous habits. Stuart (1948:55) reported

hatchlings in late June in Alta Verapaz, Guatemala. Alvarez del Toro (1961:

103) wrote that in Chiapas, Mexico, the female of this species lays a clutch

of four eggs at almost any time of year. The statement is unique in this

author's account, and he indicated relatively short breeding seasons for most

of the reptiles of Chiapas on which he had information. Brattstrom and Howell

(1954:118) recorded that a female of S. variabdis from an altitude near 3000
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feet in Nicaragua contained six oviducal eggs in January. Stuart (1948:55)

reported hatchlings in Alta Verapaz in June. Werler (1951:38) wrote that a

female from Veracruz at 7500 feet altitude contained seven nearly full-term

embryos on February 11, 1950.

Further clarification of the breeding cycle in S. variabilis is provided by
130 specimens examined in the University of Kansas Museum of Natural

History. Twenty-eight of these were obtained by me in Guanacaste, north-

western Costa Rica, in late March and 18 others came from the same locality

in July, while the remaining specimens are from Veracruz, Mexico, and are

fairly evenly distributed between the months of January, February, April, May,

October, No\ember, and December. The March series consists almost entirely

of adults, but three hatchlings were obtained and several others were seen.

Only two of eleven adult females were gravid and it seemed that most of the

females had oviposited recently and a breeding period was drawing to a

close, with the earliest eggs already beginning to hatch. The lack of in-

dividuals of intermediate size in the series indicated an earlier period of

months (fall and early winter) in which no breeding activity occurred. In the

July series from Costa Rica all ten of the adult females were gravid. There

were also eight adult males but no lizards short of adult size, again suggesting

a prolonged pause in breeding activity, this time in the spring months. The

specimens from Veracruz show the following changed ratios of females that

were gravid and of immatures from month to month.
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( Indefatigal)le). They found breeding to be at or near its peak during their

visit from January 23 to February 27, 1964. For 54 clutches of unlaid eggs
the average was 2.17, and more than two-thirds had just two eggs, but other

clutches had three, one and four in that order of frequency.

Burt (1935:168) noted that a series of 15 T. occipitalis from La Libertad,

Ecuador, collected on January 20, 1933, showed gradation in size from small

young ( 33 mm snout-\ent length ) to adults. A long breeding season is

indicated.

Uma

The sand lizards are small, terrestrial, oviparous iguanids confined to areas

of fine drifting sand dunes in several isolated areas in southwestern United

States and adjacent Mexico. They are closely related to lizards of the genera
CaUisatims and Holhrookia, and like them, have an extended breeding season

with the potentiality for several successive clutches to be produced by one

female.

Uina inornate.—Mayhew (1964b:49) studied the annual cycle and repro-

ductive habits of this lizard, and found that females might have eggs in their

oviducts any time from the last days of April through the first week of

September. Corpora lutea could be fomid in females over the same period,

and up to mid-September. Mayhew concluded that a female may produce
more than one clutch in a season. He stated "... a few precocial Uma
inornata of both sexes may breed in late summer following the year they hatch

but the majority normally reach reproductive maturity during the second simi-

mer following hatching." Gravid females had two, three, or four eggs in that

order of frequency. For 16 clutches the average was 2.44. In males, testis

volume changes markedly as the season progresses, with tlie maximum
attained in May. Males may breed from mid-May to mid-August.

Uma notata.—This lizard also has been studied by Mayhew (1966b) in

the deserts of southeastern California. As in U. inornata, eggs have been found

in the oviducts over a SM-month period. Under experimental conditions in

confinement females have produced successive clutches in 30 days and 39

days (Mayhew, 1964b), hence two or three clutches per season may be

expected. A two-egg clutch is most typical, followed in frequency by clutches

with three, one, four, and five eggs in that order. After dry winters the annual

crop of vegetation is miderdeveloped and its insect fauna is lacking, and under

these unfavorable conditions reproduction seemingly stops. In poorly fed

males testis volume remains small. As in U. inornata most young reach sexual

maturity in the second summer after hatching, but there are a few precocious

yearling breeders.

Uma scoparia.
—In this species, Mayhew (1966a: 114) found females with

oviducal eggs from mid-May to mid-July. Extent of reproductive activity varies

from year to year according to the amount of winter rainfall. After dry winters

testes remain small, females have relatively few eggs in their ovaries, and

there is a noticeable scarcity of hatchlings in late summer and autimm. Most

lizards of both sexes reach reproductive maturity in the second summer after

hatching.
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Uranascodon

This is a genus of tropical South America. Beebe (1944:214) stated that a

female U. superciliosa from British C.uiana laid 11 eggs on August 5, 1920

and six on August 22, 1922.

Urosaurus

Tlie tree lizards are small, active and scansorial and inhabit arid regions in

the southwestern United States and Mexico. They attain maturity within the

first year of life, and, in some instances at least, a female produces two or

several successive clutches within a single breeding season.

Urosaurus hicarmatus.—Alvarez del Toro (1960:103) reported that in

Chiapas, Mexico, the female of this species lays a clutch of 10 eggs in June.

Davis and Smith (1953:105) reported hatchlings in mid-August in Morelos,

Mexico, and also stated that females collected then had enlarging o\'a, implying
an extended breeding season and the production of more than one clutch

per female.

Urosaurus graciosus.
—Shaw (1952:72) reported egg-laying in confinement

on May 19 and July 25 by two females from Borego Valley, San Diego County,
California. These eggs hatched after incubation periods of 78 days and 61

days, respectively. The records imply an extended breeding season. Stebbins

(19.54:249) reported an average of four eggs in eight females.

Urosaurus microscuiaius.—Shaw (lac. cit.) reported that females laid their

clutches in confinement on Jime 19 to 23, and on June 27.

Urosaurus ornatus.—William S. Parker (MS) studied a population of the

tree lizard at Phoenix, Arizona. He found an average of 4.8 (2 to 7) large

ova in 24 females. Oviposition extended approximately from April to early

September. In the males, testes began enlarging in February and reached

maximum size in March in many individuals. Size of testis decreased from late

August through September, and was minimal in October. By April most of

the pre\'ious year's yoimg had reached minimum adult size, and these yearlings

made up the greater part of the breeding population. Hatchlings were abun-

dant in July and August.

A.splimd and Lowe (1964) studied a population in southeastern Arizona.

They found that testes imdergo enlargement in late spring reaching a maximum
in June, then retrogress imtil late September. Females have large ovarian or

oviducal eggs in June and early July and egg-laying is concentrated in the

second week of July.

First appearances of hatchlings have been recorded on July 31 (Minton,

1959:42, in the Chisos Mountains of southwestern Texas), August 10 (Cehl-

bach, 1965:287, in the Zuni Moimtains of northwestern New Mexico), and

August 28 (Douglas, 1966:729, in Mesa Verde National Park).

My own observations based on limited field experience with populations in

several southwestern states, and on examination of 558 museum specimens,
extend somewhat the findings of these authors. In 30 gravid female specimens,

eggs averaged 6.3 ± .337 per clutch. Clutches ranged from three to 13 eggs,

but there were either 5, 6, or 7 eggs in 23 instances. The average clutch was
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just the same for 14 specimens from Presidio County, Texas (U. o. schmidti),

and for 16 specimens from southern New Mexico and Arizona (U. o. chiri-

cahuae, U. o. linearis). Table 4 shows the incidence of gravid females among
those examined in different months. A lengthy breeding season is indicated

Table 4. Numbers of Adult Females of Urosauriis ornatus Collected in Dif-

ferent Months and Percentages That Were Gravid.

Month
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logically. Tinkle (1961:206) found that sexual niatiuity is attained in the

first year of life, and that almost all lizards are reproductive in the mating

season. In field ohservations Irwin (1965:101) found a strong tendency to-

ward monogamy, with male and female often in close association as joint

occupants of the same area. There is an annual tmnover of the population, so

that few adults present in one breeding season survive to participate in the

next. For those females that survive through an entire breeding season, three

clutches of eggs is the normal complement. The average clutch has 3.8 eggs

but large females lay more eggs than smaller ones. Also, size of clutch under-

goes reduction from an average of 4.2 in March to only 2.7 in August.

William S. Parker (MS) studied these lizards at Phoenix, Arizona. There

hatchlings first appeared in late May, but most emerged in June (80 per cent

of sample) and they were abmidant in July (25 per cent of sample) becoming
scarce later in the season. In August, many young of the year attained adult

size. Parker's observations confirmed Tinkle's findings in Texas, that there is

almost complete population turno\er in the course of a year. Parker found an

average clutch of 4.05 (2 to 6) eggs in 57 females.

My own study of the brown-shouldered lizard was based chiefly on 1241

museum specimens. Little can be added to the thorough accounts of Tinkle.

However, there is exidence of geographic variation in size of clutch, and

much more striking evidence that time and duration of the breeding season is

subject to geographic variation. A northern series from scattered localities in

Washington, Oregon, Idaho, and northern \e\ada compared with a southern

series from various localities in San Bernardino and Riverside counties in

southern California and from Baja California showed the following significant

difierences in size of clutch:

37 northern females averaged 2.73 ± .144 eggs (1 to 4)

73 southern females averaged 3.43 it .13 eggs (1 to 6)

Table 5 indicates the span of the breeding season in different parts of the

range. In tlie northern part gravid females are found only within the three

month period May through July, but in southern California, gravid females

have been foimd in seven months of the year and in Baja California they have

been found in eight months. '

Cuellar (1966:549) found that delayed fertilization may occur, with sperm

remaining functional in the oviducts for as much as 81 days after copulation.

Thirty adult females were captured early in tlie breeding season and kept

isolated from males. In their first clutches they produced a total of 68 eggs

of which 95 per cent were fertile, and in their second clutches there were 24

eggs of which 53 per cent were fertile. No eggs of the third clutches were

fertile. Cuellar suggested that since regression of the male gonad begins by

mid-July and egg-laying continues into August, many females may not be

re-inseminated, but may depend on stored sperm for fertilization of late

clutches.

Hoddenbach and Turner (1968:262) found that in southern Nevada the

average clutch \'aries from year to year by as much as one egg, and that fer-

tility is closely correlated with the crop of winter growing annual plants, which

probably determine the population levels of the insects on which the lizards

subsist.
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Table 5. Ratios of Gravid Indi\'idiials in Adult Female Uta stansbuiiana
Collected in Different Months and in Different Parts of the Geographic Range.

'
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AgatiHi

These are small, terrestrial or scansorial lizards, many of them found in

desert habitats. Breeding seasons indicated in several of the species cover

periods of months, hence individual females probably produce several clutches

of eggs. Breeding is concentrated in the spring months in Iran and North

Africa; in South Africa the opposite time of year (the southern spring) is the

chief breeding period.

Agat7ia agarna.—In tropical East Africa, Loveridge (1936:294) recorded

gravid females March 23 to 29 and April 9 to 13, 1934. These contained 9,

10, 10 and 12 eggs.

At Gadomurtu, Kenya, 0" 01' north latitude, at an elevation of 5800 feet,

Marshall and Hook (1960:204) collected and studied a year-round sample of

these lizards including 103 adult males, 109 adult females and 36 juveniles.

Photoperiod as a seasonal factor was eliminated since the locality was so near

the equator that difference in day-length was \'irtually nil. Nevertheless, the

production of eggs occurred almost entirely within the period June through

September and with a definite peak in July and early August. At that time of

year eggs in three distinct phases of development were found in the same
female: shelled eggs in the oviduct (usually nimiberiug 10 to 12 per clutch),

yolked eggs of intermediate size in the ovaries, and minute, colorless ovarian

eggs which had not yet begun their growth. There was obvious correlation of

the breeding cycle with changing food supply. In the dry season the lizards

were much less in e\ idence, and those obtained often had relati\ely little food

in their digestive tracts, with relatively large percentages of plant material.

But during the season of the "long rains" in the summer months, the lizards

were more active, usually had their digestive tracts crammed with insects, and

rapidly accumulated fat bodies. In the period of the "short rains" in winter

only one instance of egg production was noted; seemingly precipitation was

usually inadequate to trigger a breeding cycle, or possibly breeding was
inhibited by the relatively low nighttime temperatures at that time of year.

Another detailed study was made by Harris (1964:76, 82, 84) in Nigeria.

At Ibadan he foimd that egg-laying begins about mid-February soon after the

beginning of the rainy season, and that eggs can still be found occasionally as

late as December; there is breeding through much of the year. However, at

Kano and Zaria, farther from the coast, in a savanna type of vegetation, witli

a dry season lasting from November to April, the onset of the breeding season

is delayed from si.x to eight weeks, with no breeding from December to March.

Harris found that there are usually five or six eggs per clutch (3 to 8). About
tvvo months are required for incubation, and females were found to be sexually

mature at an age of about 14 months.

At Accra, Ghana, Chapman and Chapman (1964:121) likewise found

reproduction to be closely correlated with seasonal precipitation, with most

breeding occurring during die main rainy periods or soon after them. The

development of the gonads was thought to be related to the abundance of

food, and ants were found to comprise a large part of the diet. At Suacoco,

Liberia, Daniel (1960:94) found that the eggs, usually numbering from six

to nine, are laid mainly in June and July, but with occasional production at

other times of year. He concluded tentatively that sexual maturity was attained
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in the second year at a snout-vent length of aliout SO mm. Lizards of iibout

60 mm, twice the length of hatchlings, were thought to lie one-year-olds.

Agama agilis.
—In Iran, Anderson (1963:446) found that the short-tailed

agama first appears in early March and is abundant by mid-April. All females
taken between March 1 and July 18, 1958, were gravid. One that laid in cap-
tivity had other enlarged eggs in both ovaries. Obviously two or more clutches

may be produced in a single season. Both newly hatched young and half-

grown individuals have been seen in late October and early November. In

West Pakistan, according to Minton (1966:94): "Indirect evidence such as

the finding of large eggs in females and the development of bright colors by
both se.xes indicates that breeding begins in May and continues through early

August." Minton observed small young from the first week of July through
November.

Agama atricollis.—In tropical East Africa, Loveridge (1936:296, and 1942:

329) recorded gravid females on November 7, February 10 to 15, February
23, and May 7. In Angola, Mancas (1963:228) reported that three females
collected in September had eggs beginning to mature and in November one
had large eggs.

Agama bibronii.—In Morocco, Bons (1964) found this species to have a

breeding season lasting from March to August, with nine to 12 eggs per clutch

having embryos already partly developed at the time of laying. In the western
Atlas Mountains the breeding season is shorter, mid-June to mid-August, with
two fairly distinct egg-laying periods.

Agama caucasica.—Khonyakina (1965:121) studied the natural history of

this Caucasian species. He found that sexual maturity is attained late in the

second year. Ovarian follicles begin to enlarge soon after emergence from
hibernation. Mating occurs in May and June, and the six to 14 eggs, in a

single clutch, are laid at the end of May or in June. Young appear in late

summer. In West Pakistan, Minton (1966:94) noted evidence of breeding in

early May and June ". . . with about a dozen eggs laid in June or July."

Agama cyanogaster.—Robertson, Chapman and Chapman (1964:310)
studied this agama in the Rukwa Valley of southwestern Tanganyika in an

equatorial climate. In a year-round sample of adult females there were gra\id
indixiduals in October (3 per cent), No\ember (45 per cent), December (50

per cent), January (60 per cent), February (100 per cent), March (14 per

cent), and none in April through September. Egg-laying and hatching occur

mainly in the wetter part of the year. A similar pattern seemingly prevails in

Nyasaland, where Loveridge (1953:178) noted that a female collected in

July had only small ova, but on October 21, one had ova enlarged (6 mm) to

about half of mature size and on November 29, December 2, and December
15 females with oviducal eggs were collected.

Agama hispkJa.
—In Nyasaland, Loveridge (1953:179) noted that 12 fe-

males collected in January were all gra\id, and had from 12 to 20 eggs. In

South Africa, FitzSimons wrote that the eggs are laid in early summer, and
about 14 constitute a typical clutch. In Angola, Mangas (1963:230) men-
tioned a female containing four eggs in September, two containing eight and
nine eggs in October and others containing eight, 10 and 12 eggs in November.
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Agama inermis.—In Tunisia, Mosaiier (1934:52) recorded a female with

se\eral large eggs on May 31.

Agama mipta.—In Iran, Anderson (1963:443) collected gravid female yel-

low-speckled aganias in March, August and October, indicating a remarkably

long breeding season for a species occurring so far north in the Temperate
Zone. In southern Baluchistan, Minton (1966:92) noted that breeding occurs

in late February and March and that small young begin to appear in June
and are found as late as November.

Agama persica.
—In Iran, Anderson (1963:452) noted that a female in late

August had eggs in her left ovary.

Agama planiceps.—Mertens (1955:57) recorded that a captive female of

this South African species laid five eggs on February 5. He noted that the

lizards were still hibernating in mid-September but were frequently observed

in October.

Agama sanguinolenta.—This central Asian species is discussed in an im-

dated book entitled "Reptile Life," an English translation (by Margot Schierl,

published by Spring Books, London) of an original Czechoslovakian edition by
Zdeiiek Vogel. The female is stated to lay three batches of eight to 10 eggs

per season, one batch in April, one at the end of May, and one in July.

Agama tuberculata.—M. Smith (1935:216) wrote of this western Hima-

layan species that it breeds from May to July and perhaps the early part of

August. Females examined in May and June were carrying seven and nine

eggs. The long breeding season observed indicates that probably two or more
clutches are produced, by some females at least.

Ampliiholunis

The bearded lizards of Australia comprise a large genus, with small, medi-

um-sized, and large species. Seemingly their breeding is limited to the warmer

half of the year. Waite (1929:101, 107) stated that the military dragon, A.

macuJatiis of southern Australia, lays four or five eggs in February or March

and that A. pictus of the central districts lays about eight eggs in late February
or early March. Loveridge (1934:323, 324) recorded that a female of A.

dicmensis was gravid in early December, and that in September a female of

A. barbatus had its body distended with 22 eggs. Worrell (1964:67) stated

that in A. InirJiatus there are eight to 24 eggs in a clutch and that incubation

lasts about three months. In northern New South Wales Bustard (1968:137)
foimd that A. barbatus emerges from hibernation in September and is active

until the end of May. Females are gravid in October and November (one
contained six eggs). Young first appear at the end of December and are

abundant by February.

Calotes

According to M. Smith (1935:180) this genus of the "bloodsuckers" has

about 27 species in the Oriental region, East Indian Archipelago, and New
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Guinea. They are strongly arboreal in habits, and oviparous. The available

records indicate a breeding season beginning in spring and lasting for many
weeks.

Calotcs cnstateUtis.—In equatorial Bornean rain forest, Inger and Green-

berg (1966:1017) collected eight gravid females, six of which each contained

two eggs, while the remaining two each had only one.

Caloies emma.—In Thailand, Taylor (1963:900) noted that adults were

ubiquitous in May but were scarce in the November rainy season. At the

latter time the active population consisted chiefly of young of two distinct

size- and age-groups: those recently hatched, .32 to 48 mm in snout-xent

length, and a larger group, of 65 to 74 mm. The adult size is relati\ely large

( typical snout-vent length 97 mm ) . Possibly two years are required to attain

maturity, Init it is probable that the size groups represent early and late broods

of the same season, judging from the growth rate recorded in C. versicolor.

Calotes jerdoni.
—M. Smith (1935:195) recorded copulation in a pair of

these Indian lizards on August 25, and the finding of eggs in the Chin Hills

on August 11.

Calotes mystaceus.—M. Smith (1935:199) recorded copulation of captives

in Thailand on May 9, nesting on June 21, and hatching on August 20. There

were seven eggs.

Caloies rouxi.—McCann (1940:53) wrote of this Indian agamid, "The

breeding season commences during the hot weather, i.e. the middle of May,

and reaches its height in June when the eggs are laid. The clutch numbers

from 4 to 9, but 6 or 7 appears to be the general rule." He recorded clutches

of 4, 6, 6, 6, 6, 6, and 9, average 6.1.

Calotes versicolor.—Asana (1931:1043) studied the natural history of the

common Indian "blood-sucker" in the \'icinity of Bombay. He found that

breeding begins the first or second week of May and ends the first or second

week of September. The testes undergo seasonal change in size that is much

more marked than that in most other lizards and seemingly comparable to

that in birds; at their minimum in mid-winter they are scarcely noticeable,

l-)ut they enlarge rapidly in February and throughout the spring months.

McCann (1940:51) wrote that at Andheri and Tulsi Lake, at the beginning of

the breeding season, in April, females contained only ovarian eggs and had

large fat bodies, but later in the season the fat bodies were exhausted. McCann

(1940:51 and 1937:843) recorded clutches of 10, 11, 12, 14, 14, 15, 15, 17,

18, 21, 23, 23, and 23, average 16.6. Asana (1931:1045. 1046) incubated

many eggs in the laboratory and found that they hatched in from 42 to 45

days. Individuals that he marked as hatchlings had attained sexual maturity

when they were recaptured nine to 12 months later. In West Pakistan, Minton

(1966:89) obser\ed that there were fema'es containing large eggs from early

June through September, and he recorded that six clutches with six to 19 eggs

were found between June 29 and October 22. At Varanasi, India, Pandha and

Thapliyal (1967:122) found that egg-laying occurred from July 23 to August

23, and the clutch varied from one to 23.
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Ceratophom

This genus, with oiiIn' three species, is endemic to Ceylon and occurs in

mountainous areas. The male has a prominent flexilile nasal appendage. The

habits are arboreal. M. Smith (1935:15.3) cited an instance of the finding of

four newly laid eggs of C stocldaiti in January.

Cophotis

Of the two species in this genus one occurs in Ceylon, the other on Sumatra

and Ja\a. They are highly specialized for arboreal existence, haxing com-

pressed bodies and prehensile tails. M. Smith (1935:151) stated of C.

ccylanica that it is the only vixiparous agamid except for Phrynocephahis.

Specific details concerning reproduction seem to be lacking for both genera.

Draco

The flying lizards are small, delicate aganiids in which the body has lateral

winglike patagia that are collapsible and are supported by the last several

pairs of ribs. When extended, the patagia support the lizard in long gliding

flights from tree to tree. Also, the patagia function for display and are brightly

colored in gaudy patterns that differ between species and sometimes differ

betx\'een the male and female of the same species. Although almost exclusively

arboreal, these lizards come to the ground to lay their eggs, and the female

digs a burrow for this purpose. The genus has one species in southern India

and many in the Malayan region, the Philippine Islands, and the East Indian

Archipelago.

Draco dussumicri.—McCann (1940:46) wrote of this Indian species that

the breeding season is undoubtedly during the monsoon rains. In each of

three gravid females he found four eggs. Taylor (1963:820) noted that four

eggs are the usual clutch also in D. fiinbriatiis, tacniopteriis, volans, formosus,
and macukitii.s.

Draco mclanoi)o^oi}.
—Large series of these lirards were collected by Inger

and C.reenberg (1966:1012) in their study of reproductive cycles in equatorial

rain forest lizards at Nanga Tekalit, Borneo. Breeding males and gra\'id

females were collected in exery month of the year. In most months, when
substantial samples of females were obtained, between 40 and 85 per cent

contained o\iducal eggs, with no evident seasonal trend. Six females each

contained only one oxidncal egg and 76 had two (one in each oviduct).

Ovarian eggs of 2.0 mm or less usually were white and those of 2.5 mm
diameter or larger were yellow, indicating that yolk-deposition and growth
were in progress. Females that had the largest oxiducal eggs (larger than

16 mm in length) usually also had relativeK' large and yellow ovarian eggs,

whereas in the females with smaller, recently cnulated eggs, the ovarian eggs

were minute and white. Seemingly when eggs, one on each side, are ovulated

and enter the oxiducts there is a temporary inhibition of groxvth in the

remaining ovarian eggs xx'hile those in the oviducts continue to groxv. When
the oviducal eggs reach a length of 16 to 17 nun, one egg in each ox'ary

resumes its groxvth and accumulates yelloxv yolk material in preparation for

the next ovulation.
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Draco ohsciirus.—This species also included in the study hy Inger and

Greenberg (1966:1012) in Borneo was found in relatively small numbers.

Only 15 adult females were captured; nine of them were gravid, and these

were distributed o\er six months of the year. Each of live gravid females

contained four eggs, two each contained three eggs and one contained one.

Draco quinqiiefasciatus.-
—A total of 266 were examined by Inger and

Greenlierg in Borneo. All adult males were reproducti\ely active, regardless

of time of year. Gravid females were collected in all months, and showed no

distinct seasonal trend, but usually made up between 30 and 50 per cent of

each monthly sample of adult females. Thirty-eight gra\id females each

contained three eggs, 18 had two eggs, four had four eggs, and two had one.

As in D. melanopogon, there seemed to be a pause in development of ovarian

eggs after an ovulation, and the gravid females with recently ovulated eggs in

their oviducts had only small white eggs in their ovaries.

Goniocephaltis

These highly arboreal agamids occur in southeastern Asia and the Indo-

Australian Arcliipelago.

Goniocephalus grandis.—In equatorial rain forest at Nanga Tekalit, Borneo,

Inger and Greenberg (1966:1017) obtained 27 gravid females; 13 each had
three eggs, 12 each had fom-, and there was one each with one and five eggs.

The gravid females were distributed over 11 months of the year, suggesting
that breeding continues uninterruptedly.

Goniocephalus liogaster.
—This was another of the species studied by Inger

and Greenberg in Borneo. Of 22 gra\'id females, 12 each had three eggs,

eight each had four and two had one. As in G. grandis, gravid females were
obtained in 11 months of the year, suggesting that breeding is continuous in

this species as it was demonstrated to be for several others that were repre-
sented by larger samples.

Leiolepis

This Oriental genus includes medium-large, terrestrial and cursorial lizards,

which live in burrows in open sandy situations. They are of flattened body
form. L. hcUiana is widely distributed in southeastern Asia. M. Smith (1935:

241 ) cited a statement by Annandale that ". . . it is monogamous, a single

pair inhabiting a burrow which is shared by several young ones, probably
hatched in March or April. . . . They lay large oval shaped eggs."

Moloch

This is a monotypic genus including only the thorny de\il, a small, squat,

m>rmecophagous, spiny-bodied agamid which occurs throughout much of the

arid region of tlie Australian interior. Cogger (1967:40) stated that in M.
horridus mating generally takes place in October or No\ ember, the eggs, often

six to eight, are laid by early January, and the young hatch in late February
or early March.
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Otocnjptis

This genus has only two species of small to medium-sized, forest lizards

in India and Ceylon. M. Smith (1935:147) cited a statement by Deraniyagala

that in O. ivicgmanni there is no definite breeding season and that there are

three or four eggs in a clutch.

PJirynocephaltis

The toad-headed li/ards are a group of more than 40 species in the deserts

of central Asia. M. Smith (1935:228) wrote of the genus: "It is also said to

he viviparous. Embryos, usually two in number, in a well-advanced stage of

de\elopment, can be found in the females, but always in conjunction with a

large yolk-sac. How far development proceeds before the young are born is

not known." In West Pakistan, Minton (1966:97) noted that females of P.

Iiifcoguttafus contained two to four large eggs in May and that young were

abundant in late August.

Sitana

These small lizards of India and Ceylon are terrestrial and sometimes

bipedal, usually living in open situations. M. Smith (1935:146) recorded

courtship by the fan-throated lizard, S. ponticeriana, in the latter half of

August and finding of young on October 14. He stated that there are six to

eight eggs per clutch. McCann (1940:48) mentioned a female from near

Belgaum, India, that laid 11 eggs on June 7, 1938, after two days in captivity.

Chopra (1964:190) reported that in 1963 a captive female from near Poona,

kept w ith t\\-o males, laid successive clutches of eggs on August 29, September
17, and October 10. There were 11, 13 and 14 eggs. Copulation was seen on

August 31—two days after the first laying—and vigorous courtship was noticed

after the second laying, in tlie third and foiuth week of September.

Uromastix

The spiny-tailed lizards are large, heavy-bodied, herbivorous, desert-living

agamids which live in burrows, in southwestern Asia and northern Africa.

Mosauer (1934:53) stated that a female U. acautJiiuunis brought alive from

Tunisia to Vienna laid eight eggs on June 25. In West Pakistan Minton

(1966:91) found that the breeding season of U. liardwicki is in March and

early April; eight to 14 eggs are laid from April to early Jime, and young

begin to appear in late Jime.

Chamaeleontidae

The chameleons are mostly specialized for arboreal existence.

They are limited to the Old World and chiefly to the African and

Madagascan tropics. The genera Brookesia and Rhamplioleon are

oviparous; Microsatira is viviparous and the large genus Cliamaeleo

has species in both categories. A notable aspect of reproduction in
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chameleons is their retention of viable sperm in the oviduct long
after mating, and the occasional fertilization of a new batch of ova
before the embryos of an earlier lot have reached full term.

Brookesia

The stump-tailed chameleons are oviparous lizards of partly terrestrial and
partly arboreal habits, in Africa and Madagascar. Loveridge (1936:335;
1942:371; 1951:181; 1953:193-194) recorded field notes concerning fecund
females of the East African species. One of B. hrachijura contained six eggs.
One of B. platyceps contained o\arian eggs in late June or early July; another
was ox'ipositing on February 17. One of B. spectrum was gravid on January 18
and another on Fel^ruary 20. There were three eggs in one clutch. One of
B. kersieni contained three eggs 3)2 nnn in diameter on April 24 and on June
12 another contained six eggs about 2 mm in diameter. The holot\pe of
B. ionidesi, collected in January, contained fully de\eloped eggs, and others
contained large eggs on February 20, 22, and 25 and March 1 (t\\o) and 8.

Chiimaeleo

These chameleons occur chiefly in tropical Africa, lint also in Ceylon,
Arabia, along the southern coast of the Mediterranean and in southern Spain.
Some are oxiparous and others are \'iviparous. Also there are two well-defined

categories of tropical species as regards extent of breeding season. In one
group of species breeding occurs throughout much of the year, whereas the
other group has a short breeding period. Schmidt and Inger (1957:95)
pointed out that the \i\iparous species in general occur in cooler climates

(farther south or at higher altitudes). Also, they pointed out the advantages
conferred by viviparity in these specialized arboreal lizards.

Chumadco basiliscus:—Shaw (1960:182) observed several of these cha-
meleons received from northern Nigeria on October 10, 1957. A female v\'as

digging a burrow on December 4, and on December 7, 23 eggs had been laid

at the end of a 20-inch burrow. Hatching occurred 169 to 183 days later

(average 172.8 days).

Chamack'o hitacuiatus.—Bustard (1966:14) studied the reproduction of

the side-striped chameleon, a large species of the East African highlands, and
noted births in the months of April, May, July, September, October, and
November. Loveridge (1936:333) found that in one group of females col-

lected from Decemlier 12 to January 17, most contained from nine to 22

eggs. On December 28, 10 of 30 females in another group were gravid, con-

taining eggs in various stages of development, with the following numbers:

5, 6, 6, 7, 7, 8, 9, 9, and 10. Bustard concluded that possibly these lizards

breed throughout the year and he obser\ed that females are noticeably graxid
for as much as three months prior to parturition. In five females examined by
Bustard fetuses numbered 10, 14, 17, 19, and 21. One gravid female contained

18 fetuses that were nearly full-term and three embryos that \\'ere relatively

minute and were thought to represent a more recent o\ulation. Similady,
another female contained 15 large and two minute embryos. After extensive
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field work on chameleons in East Africa, Philip W. Ogilvie stated (in litt.)

"The chameleons around Lake Victoria seem to have no particular breeding

season, and one can find, in the same sample of animals, females with all

stages of development in utero, of C. hitueniatus, C. hoJinelii and C. jacksoni

... I found ovaries with undeveloped o\a, completely developed ova, and

some term embryos."

CJiamaclco cJiomaclcon.—The common chameleon is a species of the

.southern Mediterranean region. Bons and Bons (1960:323) found that eggs

kept in the laboratory required 250 to 260 days for incubation. Mating occurs

in August or sometimes in September, and eggs are laid about mid-October.

Thus the annual breeding cycle differs greatly from those of lizards of other

families that occur in the same region.

C/iflmflc/c'o ^//7c'/)/.s.—Loveridge (1936:330; 1942:363; 1953:184) recorded

gra\id females of the flap-necked chameleon at various localities hi tropical

East Africa in March, April, May, July, and November. He recorded clutches

of 23, 26, 36 and 36 eggs. In a series of 20 adult females collected September

24 to 30 none had enlarged ova. In the Rukwa Valley of southwestern Tan-

ganyika, Robertson, Chapman, and Chapman (1962:423) noted that one

caught in February had 49 enlarged follicles in the left o\ary and 46 in the

right, averaging 5.5 mm—a remarkably large complement for any lizard, but

perhaps not all of them would have matiued. In the tropical portion of the

range seemingly there is a long breeding season, Init with interruptions during

the less favorable parts of the year. FitzSimons (1943:154) stated that in

South Africa 40 to 50 eggs are laid in late summer and incubation lasts about

three months. Mangas (1963:232) reported that in Angola females did not

have enlarged ova in August, September, October, or November.

Chainaeleo fiiacilis.
—Loveridge (1936:330) wrote that in 30 females col-

lected in mid-January at the base of Mt. Elgon, Uganda, all ova were minute.

Chamaeleo hohnelii.—Bustard (1965b:403) kept a group of these montane

East African chameleons and recorded number of young in six litters. There

were 8, 8, 9, 11, 11, and 11 young, average 9.7. He recorded births of litters

on August 20, September 19 and October 10.

Chamaeleo melleri.—Loveridge (1953:188) mentioned a clutch of 70 eggs

laid by one of these giant one-horned chameleons from Zomba, East Africa,

but quoted an informant to the effect that the average number is near 50.

Philip W. Ogilvie (in litt.) informed me that in Tanganyika the young of this

species all hatch within a 30-day period, mainly June.

Chamaeleo rudis.—Rand (1963:20) stated that all of the six females in

the type series of C. /•. stemfehli at Mt. Meru, Tanganyika, contained eggs in

August 1957.

Chamaeleo senegfl/en.siv.—Loveridge (1929:84; 1936:329; 1942:362) re-

corded gravid females of this tropical East African species on January 8, March

13, and July 12, indicating a lengthy breeding season, or perhaps breeding

throughout the year. Three of the females contained 7, 14, and 60 eggs.

Chamaeleo zeijlanicus.
—M. Smith (1935:252) observed this Asiatic species

in captivity and rt'corded mating on October 5 and 6, nest-making on Novem-
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her 9, and egg-laying on November 11. In West Pakistan, Minton (1966:99)
observed copulation in captive chameleons on October 10 and 11, and re-

ported that four females laid clutches of 10 to 18 eggs between November 25

and December 12.

Microsaum

The se\'eral species of small, \'iviparous chameleons of this genus are

endemic to southern Africa.

Microsaura pumila.—Atsatt (1953:59) obserxed the reproduction of this

species in captivity. A female captured on January 5, 1940, and caged with

other females, produced a litter of young on February 23. On April 26 and

May 3, after an injection of pituitrin, she aborted embryos, indicating reten-

tion of viable sperm from a mating prior to capture. On July 16 to 19 she

aborted eight more embryos. On November 12 she aborted 13 eggs, and

again on March 24, 1942, she aborted a clutch of 13 eggs. Busack and Busack

(1967:231) obtained a gravid female from near Capetown and she produced
successive litters on November 3 and 14, 1959, and February 20, 1960. Al-

though caution must be exercised in extrapolating from these observations to

animals li\ing under natural conditions, it is probable that litters are produced
from closely consecuti\e, or even o\erlapping, pregnancies, with no restricted

breeding season. Bustard (1955:6) wrote that a captive female gave birth to

11 young on April 22. She had been received earlier the same month. Fitz-

Simons (1943:164) stated that in South Africa a litter of about eight to ten

young is born in midsummer.

Microsaura vcntralis.—Bustard (1963b: 704) recorded a mating of captive

individuals on July 23, 1953. The female died after three months, and con-

tained 13 well developed embryos. FitzSimons (1943:171) stated that a

female in South Africa dissected in November contained 20 embryos in an

early stage of development.

Rliamplioleon

These small, oviparous, arboreal chameleons occur chiefly in the African

tropics, but one species, R. marslialli, li\es in South Africa, where FitzSimons

(1943:173) reported gravid females in Decem]:)er. There were 12 to 18 eggs.

XantiLsiidae

This family of small, geckolike, viviparous, terrestrial lizards has

only a few genera and species, with a discontinuous distribution in

the West Indies, Central America, and the southwestern United

States.

Kkniherina

This is a monotypie genus of insular and relatively large xantusiids con-

fined to the Channel Islands off the coast of southern California. Brattstrom
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(1951:143) recorded females of K. riversiana from San Clemente Island con-

taining 4, 5 and 6 eggs, and he recorded females from San Nicolas Island

with 6, 7, 8, and 9. Amrein and Amrein (1951:180) collected females on

San Nicolas in early September which contained three and foin- nearly full

term embryos.

Lepidophynia

This genus is confined to a limited area, mainly of humid tropical lowland

in Central America. Stuart (1948:55) wrote that a female of L. jlavimacii-

latum from Alia Verapaz, Guatemala, contained .six eggs on March 29, 1940.

Xantusia

This genus has species in arid regions of the southwestern United States.

Xantusia liensltawi.—Brattstrom (1951:143) stated that there are usually

two young.

Xantusia vi^ilis.
—Miller (1951:117) described the breeding cycle of this

common desert lizard. Spermatogenesis is in fall and spermiogenesis is in

spring. Copulation usually occurs in the last week of May and the first week

of June. Gestation lasts approximately 90 days. Of 78 gravid females, 60 had

two embryos, 17 had one, and one had three. Corpora lutea are prominent

throughout pregnancy. Males attain sexual matmity late in their second year,

but in females breeding is delayed until the third year. Miller (1954:38) found

that both the prevalence and the timing of breeding were greatly affected by
differences in the weather from year to year. In 1951, an unusually dry year,

many females either did not produce eggs, or resorlied them early in pregnancy.
Of 32 adult females examined only two were gravid. In 1940, a relatively dry

year, ovulations occurred mostly in the first ten days of June. In 1952, a re'a-

tively wet year, ovulation did not occm- imtil the last week of June or the first

week of July.

Bartholomew (1953:45-50) performed a series of experiments to test the

interaction of light and temperature in controlling the gonadal cycle of the

night lizard. Males proved to he much more responsive than females to the

experimental treatment. Groups of lizards were kept for periods of weeks in

late fall and winter in artificial light for 16 hours per day. Difterent groups
were kept at temperatures of 8°, 20° and 32°. At the higher temperatures

males showed a much accelerated rate of gonadal development, comparal:)le with

that of the more responsi\e kinds of birds. The females showed only limited

response in ovarian development. The photoperiodic response of the female

was insufficient to take the ovaries beyond the first stages of reproductive

development, and was virtnalK' independent of temperature.

Scincidae

The skinlcs are a large family of rather primiti\'e lizards of

world-wide distribution in temperate and tropical regions. Most

species and genera are tropical. Presumably viviparity has devel-
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oped many times independently in the family; according to Greer

(1968:171) 95 viviparous species are known, and 152 oviparous

species. Most genera are either exclusively oviparous or exclusively

viviparous, but the genera Ettmeces, Leptosiaplws, Mahuija, and

Sphenomorphus all include species of both types. I have followed

Mittleman's (1952) systematic arrangement of the lygosomine

skinks, resulting in a partitioning of the large genus Lim,osoma

(sensii lain) into many smaller generic units—even though this

arrangement has not been universally accepted by herpetologists.

Ahlephanis

These oviparous skinks occur hotli in the tropics and the Temperate Zone

in the Old World. The meager information availalile indicates that in tem-

perate regions they follow the usual pattern of breeding in spring ( at opposite

times of year in the northern and southern hemispheres), and that in the

tropics the annual breeding cycle is timed so that the young appear in the

rainy season.

Ahlcphanis boutonii.—On a voyage in the Central Pacific in September to

October, and December, 1966, John H. Fitch (pers. comm.) collected 102 of

these skinks on seven small islands. He found gravid females only on Rowland
Island in September and Baker Island in October. In December several

hatchlings were observed on Enderbury Island. McGregor (1904:117) recorded

finding eggs on Maui, Hawaiian Islands, on December 19. Hatching occurred

on January 30.

Ahh'pharus kitaibelii.—In Romania, Fuhn and Vancea (1961:186) reported

that courtship and mating of this dwarf skink takes place in mid-April, laying

in early June, and hatching in August.

AblcpJuirus wahlbergii.—FitzSimons (1943:238) stated that in South Africa

the eggs of the savanna snake-eyed skink are laid in spring or early summer.

In tropical East Africa, Loveridge (1936:328; 1953:216) observed, "Clearly

tjie two eggs laid by this species hatch during the rains ( mid-No\'ember to

mid-March in normal years)" and he mentioned hatchlings found November

30 and gravid females on February 17 and 28. These females had 4, .5, and

6 eggs.

Acontias

These are small, highly fossorial, limbless, short-tailed \i\'iparous skinks of

South Africa and East Africa. FitzSimons (1943:244) reported that in A.

mclcagris of Cape Province, South Africa, the three or four young are born

in late summer or early autumn.

CarJia

These small oviparous lygosomine skinks of Australia, New Guinea, and the

Moluccas are of lacertiform habitus w itii well developed limbs.
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Carlia fiisca.
—In this tropical skink of northern Australia, tliere is a definite

l^reeding season, from October through Feljruary. Wilhoft and Reiter (1965:

385, 386) made a study of the breeding cycle at 16° soutii. Field work was

carried on from October through March. The monthly ratio of females with

oviducal eggs to other adult females for part of the year was as follows:

October, 2 of 10; November, 7 of 18; December, 11 of 18; January, 6 of 14;

February, 7 of 13; March, none of 11. All gravid females contained two eggs,

one in each oviduct. Dining March the gonads and accessory sex structmes of

both sexes regressed in size, Init by October both sexes were again reproduc-

tively active. Field work was discontinued from April through September.

Carlia rhotnboidalis.—In northern Australia Wilhoft (1963) found that the

males of this tropical skink were capalile of reproductive activity throughout

the year. In females productivity was relatively low in the colder half of the

year, as shown by the following ratios of gravid individuals in monthly samples:

7 of 46 in January, 8 of 42 in February, 7 of 46 in March (no sample in

April), 1 of 5 in May, 1 of 5 in June, none in July or August, 2 of 22 in

September, 4 of 66 in October, 4 of 33 in November, and 8 of 42 in December.

Each gravid female had two eggs.

Chalcides

Members of this genus are desert skinks of North Africa and southwestern

Asia. They are viviparous and seem to have a relatively short spring breeding

season.

CJialcides ocellatus.—In Tunisia, Mosauer (1934:54) noted, "In the period

from April 30 to May 11, 1928, almost all the females of the large number

examined contained eggs with developing embryos . . . from three to eight but

almost all the females contained six to seven eggs." He found the embryos to

be further advanced in the larger and older females. Mendietta (1962:159)

likewise found a brief reproductive period with pregnancies beginning in May
and terminating some 50 days later, at the end of July. The volume of the

fat bodies was found to be in inverse ratio to the volume and activity of the

gonads. The skinks were found to attain sexual activity in the second year of

life. Kehl and Combescot (1955:58) described a simple chorio-allantoic

placentation in the ocellated skink.

Chalcides tridactylus.
—Mosauer (1934:55) noted females of the three-

toed desert skink with ovarian eggs on April 19; four days later he found one

that had fertilized eggs in its oviducts. Kehl and Combescot mentioned tliis

species as having a complex chorio-allantoic placentation, more advanced than

that found in C. ocellatus.

Egernia

The Australian spiny-tailed skinks are robust, coarse-scaled lizards gen-

erally found in arid, rocky habitats. They are viviparous. Hickman (1960:

111) observed the annual cycle of E. tvhitii in the vicinity of Hobart, Tasmania.

He found that mating occurs in spring (October) and most births occur in

February. There are from one to five young per litter. Seemingly at least four
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years are required to attain fully adult size of 80 mm snout-vent length. E.

cimninghami is a montane Australian species; Worrell (1964:39) stated that it

has litters of about three young.

Emoia

These small, smooth-scaled skinks ha\ing relatively short bodies and well

developed limbs, are widely distributed on islands of the Pacific, even in

Polynesia.

Emoia atrocostata.—Alcala and Brown (1967:596-604) studied the ecol-

ogy of this tropical skink on Negros Island in the Philippines. It was concluded
that breeding occurs throughout the year, because young of hatchling size or

not much larger were observed in every month, but no definite seasonal peaks
were discernible. The usual clutch was two eggs. Incubation averaged 60

days in the lal^oratory. Matiuity was attained within nine or ten months from
the time of hatching. The population consisted of about 71 per cent first-year

individuals. The ma.\imum age attained in a large sample of marked in-

dividuals was between three and four years.

Greer ( 1968:418) noted that in most species of Emoia including atrocostata,

callisticta, cyanogaster, cijamira, loveridgei, mivaiti, nativitatis, pallidiceps,

physicae, ruficauda, sorex and submetallica, the clutch of eggs is normally two,
but that several exceptionally large species produce more eggs per clutch.

Emoia ctjanura.
—Baker (1947:245) made a year-round study of the repro-

duction of this species in tropical rain forest, at 15° 15' south latitude on

Espiritu Santo in the New Hebrides. In this locality there was no dry season,

mean temperature varied only 2° C between the coolest and hottest month, and

day-length differed only one hour and 48 minutes from summer to winter.

Under these conditions breeding occurred throughout the year but with a

definite peak in "summer"—November and December—and relatively few

eggs were produced at the opposite time of year, in May and June. Testis-

weight in males varied seasonally, tending to parallel egg production in females,
with a summer maximum and winter minimum. In the Central South Pacific,

John H. Fitch ( pers. comm. ) found no graxid females among many of these

lizards seen on Hull Island in October. He reported a female in a nest (prol>

ably communal) with 11 eggs on Fanning Island, March 17, 1964.

Emoia nigra.
—In diis large species (78 to 118 mm snout-vent length),

Greer (1968:418) found two to four eggs, average 2.4, in 11 females.

Emoia samoense.—Greer (1968:418) found fi\e eggs in a female of 96 mm
snout-vent.

Emoia werneri.—In a study by Baker ( 1947:245) in the New Hebrides, the

seasonal cycle of this species was found to parallel closely tliat of E. cyamira
as discussed above.

Eunieces

This is a large genus of skinks, confined to the Northern Hemisphere but

found in both the New World and the Old World, with the majority of species
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occmring in tlie Temperate Zone but some occurring in the tropics. The few

viviparous species are the exceptions; most are oviparous, and tliese are notable

in that the female ordinarily remains in the nest with the eggs throughout their

incubation. E\'en after hatching, the family group may remain together for a

short time. Hence the female produces but one brood per year. Breeding is

normally in spring, but occurs in fall in the Floridan E. egregitis.

Ettmeces brevilineatus.—This is a medium-small species of southwestern

Texas and adjacent Mexico. Werler (1951:40) wrote that at the San Antonio

Zoo eggs were laid in April and May. Sabath and Worthington (1959:31)
recorded a clutch of eight eggs laid on June 3, 1958. On May 28 a female was
found by them to contain eight eggs.

Eumeces callicephalus.
—Campbell and Simmons (1961:212) reported find-

ing an inculaating female in Jalisco, Mexico, on August 14, 1960. The female

\\ as coiled around the three eggs, in a depression. One of the eggs hatched on

September 1, and the hatchling was eaten by tlie female. The two remaining

eggs hatched on September 5. Zweifel (1962:64) recorded that a female from

Nayarit, Me.xico, laid six eggs on July 18 and hatching occurred on July 26,

after a remarkably short incubation period.

Eumeces copci.
—Smith and Laufe (1945:338) recorded a juvenile of

32 mm snout-vent collected southeast of Mexico City on July 3, 1942. Presum-

ably this individual was born in early June or May. An early breeding season

is indicated.

Eumeces dicei.—Axtell (1960:23) established the viviparity of tliis montane

species of northeastern Mexico, and recorded four gravid females, each having
three large embryos on July 6 and 7.

Eumeces egregius.
—Mount (1963) studied the natural history of the red-

tailed skink in Florida and southern Georgia. He found that the species is

notably diflerent from other members of its genus in that it mates in autumn—
September or October. Inseminated females undergo a period of postulating

quiescence when they remain underground, almost totally inactive, for many
weeks. In 14 captixe females that had mated, nest burrows were dug and

eggs were laid between April 3 and June 15, 1960. Incubation required 31 to

51 days. The female remains with her eggs throughout their incubation.

Hamilton and Pollack (1958:25) uncovered an incubating female at a depth of

four inches on June 15, 1950. The same authors noted that enlargement of

ovarian eggs begins in late summer and continues tlirough tlie autumn, winter,

and early spring. Although copulation occurs typically in early autimm, it may
be delayed until spring; for example Bal^bit (1951:79), observed copulation at

Key West on March 13, 1946. Mount (1963:375) found an average of 4.8

(2 to 9) eggs in 13 clutches.

Eumeces fasciatus.
—The natural history of the common five-lined skink was

studied by me (Fitch, 1954) at The University of Kansas Natiual History

Reservation near the northwestern limit of the range of the species. The sldnks

normally emerge from hibernation in late March. Seemingly hibernation and

emergence trigger the breeding cycle, since individuals that have begun to

hibernate can be brought into breeding condition in midwinter by keeping
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them at high temperatures for a little more than two weeks (Fitch, 1954:46).

Normally breeding activity reaches its peak in the second week of May, and is

marked by the assumption of pugnacious behavior and of bright orange-red
suffusion of tire head in males. A female may mate with several males over a

period of days, and within a week or two the resultant hormonal changes cause

her to become more secretive, remaining in hiding and excavating a nest burrow

in decaying wood or damp soil. In late May or June the eggs are deposited in

the nest burrow, which is usually not more than three inches deep and typically

is beneath a flat rock in a situation exposed to sunshine for at least part of the

day. During incubation the female emerges only occasionally for short forays,

and is usually in the nest cavity with her body looped around the eggs, which

are kept in a compact cluster. The female may defend the eggs against small

predators, and may moisten them by voiding the contents of her bladder on

tlie floor of the nest cavity. By further burrowing activity she may displace

the nest cavity upward or downward from its original position, thus regulating

in some degree the amount of moisttue. Two or more females often have their

nests near together, in connecting but distinct excavations. Being sluggish and

Uttle inclined to forage during incubation, the female becomes somewhat emaci-

ated, and she may eat some of her own eggs. Much of the female's season of

activity is used up in preparing a burrow for die eggs and in tending them after

they are laid; there is no possibility of a second clutch the same season. Hatch-

ing occurs from the last week of June until August. For 64 clutches the mean
was 9.16 eggs per clutch, ranging from four to 15. In typical populations

approximately half of the egg-bearing females are tvvo-year-olds, and these

newly matured individuals lay fewer eggs, on the average than do old adults.

For 24 females 65 to 70 mm in snout-vent length, the clutch averaged 8.2

eggs, whereas for 40 females of 71 to 78 mm the clutch averaged 9.7.

Eumeces inexpectatus.
—In southern Florida Duellman and Schwartz (1958:

290) noted copulation on June 24, 1953. On the same day they found a

female coiled about a clutch of 11 eggs under a log, and hatchhngs were col-

lected in June. In Mississippi Smith and List (1955:120) recorded a clutch of

11 eggs, in a natural nest that hatched on August 14. Obviously the breeding

season is much less restricted than in E. fasciatus.

Eumeces laticeps.
—Goin and Coin (1951:30) observed a small colony of

these skinks in their yard at Gainesville, Florida, over a period of years. They
found that even in the mild Florida climate hibernation lasts from the tliird

week of September (adults) or the second week of October (young) until late

March or early April. In this colony hatchlings appeared in late June or early

July. In Georgia Martof (1956:111) found a clutch of 13 eggs on June 13;

a captive female that he kept laid a clutch of 16 eggs on June 11. Another

female was found by Martof brooding her clutch of 15 eggs on September 18,

1955. The remarkably late date caused the author to speculate that some eggs

may fail to hatch the season they are laid, and that they may not be able to

withstand the winter. However, experiments have shown that embryos of

Eumeces fasciatus are not harmed by temperatures near freezing (A. V. Fitch,

1964:184). The female involved was a relatively small one and may have

matured too late to produce her clutch at the usual time. Carr (1940:76)

recorded copulation in confined greater five-lined skinks on May 2, and eggs

were laid on June 3. In general the few recorded clutches of E. laticeps
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markedly exceed in number of eggs tliose of E. fasciatus. The normal number

of eggs per clutch cannot be stated with precision because of the possil^ility

that some of the recorded clutches pertain to indi\iduals of fasciatus or inex-

pcctatiis and others may be composites.

Eumeces latiscutatus.—Fukada (1965:74) noted the paucity of literature

concerning this common Oriental five-lined sldnk, and cited a record of a

copulating pair on Kyushu in the early summer of 1955, and the finding of

seven oviducal eggs in another female.

Eumeces Itjnxe.
—This montane Mexican species is remarkable in being

viviparous. Tanner (1958:62) recorded a female from Durango that had two

fully developed embryos. Werler (1951:40) wrote that of two females cap-

tured at Las Vigas, Veracmz on January 16, 1950, one gave birth to five young
on March 12, and the other had three young on March 17. The same author

(1949a: 67) wrote that a female from five miles south of Tezviitlan, Pueblo,

November 17, 1948, produced young on January 15, 1949.

Eumeces multivirgatus.—Gehlbach and Collette (1959:142) wrote that an

adult male taken in Nebraska on June 26, 1957, had enlarged testes and red

head indicatixe of breeding condition. On the same date two adult females

had ovarian follicles only slightly enlarged— 1.8 mm or less in diameter. A late

breeding season is indicated. In the Zuni Mountains of northwestern New
Mexico, Gehlbach (1965:296) found two incubating females in nest burrows

with their clutches of three and five eggs, on June 28, 1954, and August 7,

1957. Another female was found with a brood of four hatchlings on August 17.

Eumeces obsoletus.—The Great Plains skink breeds in May in northeastern

Kansas. Nest biurows, usually under flat rocks, can be found with gravid

females in late May and early June, or with clutches accompanied l^y the female

in late June, July or early August. However, many adult females captured in

the same months are not in nest l)urrows and are neither gravid nor parturient.

Seemingly in any one year a substantial proportion of them fail to breed. Those

that do breed remain with the eggs throughout their incubation. Eggs hatch

in July (usually the latter half) or in August. The smallest fecund female

examined was 105 mm snout-vent, but many others of approximately this size

were not carrying eggs. Judging from the growth rates of marked young of

various sizes, females do not mature until the third year at the earliest, and

probably most often the fourth year, after 13 or 19 months of active life.

(Hibernation extends from mid-October to mid-April.) Rate of growth differs

greatly among individuals. Males are sexually matme in their second or third

years. In 12 egg-bearing females the number of eggs varied from seven to 17

and averaged 11.0. A recently completed intensive three-year study of a

population of Great Plains sldnks in northeastern Kansas, by Russell J. Hall,

bears out and extends these findings.

Eumeces ochoterenae.—Near Chilpancingo, Guerrero, Me.xico, Davis and

Dixon (1961:50) found adult females in June that appeared to have produced

eggs recently. A hatchling was taken on June 18.

Eumeces septentrionalis.
—In southeastern Minnesota, Breckenridge (1943:

591 ) studied a colony of prairie skinks and found that there are five to 13 eggs
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per clutch, laid from the end of May to mid-July. Young attain matinity at tlie

end of the second year. Clarke (1955:163) mentioned clutches of 6, 7, 9, and
10 eggs laid l^y females in Osage County, Kansas, June 23 to 27. Gehlbach and
Collette (1959:142) mentioned an exceptionally large (84/2 mm snout-\ent)
Nebraska female that contained 18 eggs and a smaller female tliat contained

11 on Jime 8, 1956. On this date males had red heads and still appeared to be
in breeding condition. In northeastern Kansas the prairie skink breeds sexeral

weeks later than the fi\'e-lined skink in the same localities. Sabath and

Worthington (1959:31) mentioned a Texan female only 60 mm in snout-vent

length which laid nine eggs on May 26 and 27.

Eumcces skiltonianus.—The breeding of this western species is known
chiefly from the olxservations of Tanner (1943, 1957) in Utah. He stated that

mating occurs in May or early June. Females with large ovarian eggs were
found through June to July 2. One female laid eggs on July 9. Recent hatch-

lings were found in nests on August 3, August 3, August 21, and August 23.

In 20 clutches or broods mentioned by Tanner the mean was 4.25 eggs, with

four in 11, five in six, and with six, three and two eggs each in one. Some
indication of geographic variation in size of clutch is pro\ ided by the statement

of Stebbins (1954:283) that eight females from California contained seven to

10 ova with an axerage between eight and nine; ]:iut, as pointed out by Tanner,
some of these eggs were small and perhaps would not ha\e developed.

Eumeccs tefragmmmus.—Werler (1951:41) recorded that a female from

Laredo, Texas, laid 12 eggs on April 27, 1950, and another laid a clutch of

five eggs on May 4.

Eumecia

These viviparous lygosomine skinks of Nyasaland, East Africa, are of vermi-

form habitus, with limbs much reduced. At Kaimosi, Loveridge (1936:324)
found four to eight embryos in four females of E. anchietae collected in mid-

February.

Hemiergis

This genus includes \iviparous lygosomine Australian skinks so specialized

for fossorial existence that the body is vermiform, limbs are greatly reduced and
ear opening is minute. In H. peronii of western Australia, Smyth and Smith

(1968:575) foimd that ovulation occurs in October (spring) when male testes

are at their smallest and males lack motile sperm. It is inferred that copulation

occurs only in autimm and that fertilization is accomplished by sperm stored in

the females' oviducts during winter. The two to four young are born in late

February or early March.

Isopachys

The one species, 7. gyldenstolpei, is endemic to Thailand and is limbless,

fossorial, and little known. Taylor (1963:1064) obtained a female which

contained fi\e embryos, demonstrating viviparity.
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Lainpropliolis

Tliis genus includes lygosoniine sldnks of Australia, New Caledonia, and

the New Hebrides and Loyalty Islands. They have well developed limbs, and

are o\iparous. Worrell (1964:46) wrote of the common Australian L. gui-

chcnoti that it lays two or three eggs, often in commimity laying areas, beneath

stones or among grass roots.

Leiolopisma

Species of this lygosomine genus occur in Australia, New Zealand, New
Caledonia and West Africa; they are of lacertiform habitus with well developed

limbs, and some or all are viviparous.

Leiolopisma aeneum.—Barwick (1959:344) obtained limited data for this

New Zealand skink, along with more extensive information for the commoner
L. zeJandica. The two are alike in ha\ing a long liibernation period, from some

time in April through August, and a spring breeding season, which Mas found

to be some two weeks earlier in L. aeneum. Several females of the latter had

o\'ulated by September 22 when a small series was collected. L. aeneum is

\ivii5arous. Of 13 fecund females, 11 each had two eggs or embryos, and the

other two each had three.

Leiolopisma zelandica.—This common New Zealand skink was studied

year-round by Barw ick ( 1959 ) at Wellington. He found that ovulation occurs

in early spring (October) and that females o\ailate for the first time when they

are 21 months old and have recently emerged from the second hibernation.

After an ovarian resting i^eriod, new ova begin to enlarge in March, are four

to five mm in diameter by late June ( the middle of the hibernation period ) ,
and

are as much as 6.5 mm in diameter by the time of ovulation in October.

Cestation lasts about three months. The lizards are \'i\'iparous, with well-

developed placentation. Births are concentrated in January. There is only one

litter per female per year. In 33 females there were, on the average, 5.02 eggs
or embryos; two had two, 12 had four, six had fi\e, nine had six, two had

sex en and two had eight. In the male, Barw^ick foimd that testes were smallest

during hibernation—mid-April through August—increased in mass in spring—
September through December—and had sperm present in epididymes through

January, February, and March.

Lepfosiapltos

These East African ground skinks resemble Ltjgosoma but have better

dexeloped limbs. Seemingly there are both oviparous and \iviparous species.

In the Mubuku \'alley, Loveridge (1942:351 and 354) found five females of

L. graueri in various stages of pregnancy in early January. In the same period
one female of L. kilimensis contained only two small ova whereas two others

contained oviducal eggs, and three clutches of eggs that were hatching or ready
to hatch were foimd. In mid-April Lo\eridge (1936:325) found a communal
nest with perhaps 50 eggs, imder a log. It seemed that there were usually four

eggs per clutch. Of L. meleagris, 14 females were found "in all stages of

pregnancy" each having two eggs or embryos.
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Lipinia

These viviparous lygosomine skinks are lacertiform in habitus and resemble

Leiolopisma in most respects; they occur in southeastern Asia and islands of

the southwestern Pacific northeast to the Hawaiian Islands. In the equatorial

climate of New Britain Hediger ( 1934 ) found only one embryo per female in

the moth skink, L. noctua. But in the Hawaiian Islands Oliver and Shaw
(1953:91) found two embryos in each of six females while two others had only
one each. Females from the Marshall, Tuamotu and Marquesas Islands also

were found to have either one or two embryos. In the Hawaiian Islands, all

seven females collected in September contained embryos but four females in

July were not gravid.

Lijgosoma

This genus includes slender, elongate, burrowing or secretive skinks in

which the limbs are relatively minute. They are found from southern Asia to

Australia. M. Smith (1935:291) wrote that a captive female of L. quadrupes
in Bangkok, Thailand laid three eggs on May 27 and these hatched on June 28.

Mahtiya

The grass skinks are primarily tropical in distribution Init occur both north

and south of the tropics and are found in both the New World and the Old
World. Some are oviparous; many others in various parts of the world are

viviparous. The general trend seems to be toward a long breeding season or

year-round breeding in the tropics and a relatively short spring breeding season

farther from the equator.

Mabutja alliacea.—A female collected by me at Pandora, Limon Province,

Costa Rica, on March 11, 1965, contained a fetus that was almost fully de-

veloped. Taylor (1956:302) mentioned a specimen (KU 34339) from Costa

Rica that contained several nearly full term embryos.

Mabutja aurata.—In Iran, Anderson (1963:464) recorded a female five-

striped grass skink that contained eggs on May 23, 1958. M. Smith (1935:263)
stated that the species is viviparous.

Mabiiya baijonii.
—In Angola, Manyas (1963:234) noted five gravid females

in September, October, and November. One had four embryos and one had

seven.

Mabutja bocagi.—In Nyasaland, Loveridge (1953:208) observed mating in

nature on August 12 and 24. A female that he obtained on August 10 con-

tained minute embryos.

Mabuya brachijpoda.—Webb (1958:1312) studied a series of these vivip-

arous grass skinks from southern Mexico, and found that births occur in late

June and July. Ten containing embryos were collected from June 26 to July

28; their litters ranged from four to six. Davis and Dixon (1961:49) found

that of four adult females taken near Chilpancingo, Guerrero, from June 21

through July 2, one had recently given birth and the other three contained

tu'o, three, and four embryos that were nearly full term.
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Mahnya capensis.
—FitzSimons (1943:218) wrote that about ten young are

produced in late summer by this South African skink.

Mahuya carinata.—M. Smith (1935:268) stated that in the Godavari Dis-

trict of India breeding occurred in March. McCann (1940:55) noted that

young were numerous in June and July.

Mahuya dissimtlis.—M. Smith (1935:262) stated that this species of north-

western India is oviparous and lays six or seven eggs.

Mahuya irregularis.
—Loveridge (1936:320) noted one from East Africa

that contained five almost fully developed embryos on December 28, 1933.

Mahuya Jacertiforinis.
—In Nyasaland, Loveridge (1953:202) recorded that

a female obtained on January 6 contained large eggs. Many others collected

the same month were obviously gravid but were not dissected.

Mahuya mahoiiya.—In British Guiana, Beebe (1945:31) recorded the birth

of a litter of four young on August 29, 1920, and he fovmd this species in

breeding condition in July and August.

Mahuya macularia.—M. Smith (1935:266) stated that a captive female in

Thailand laid three eggs, and he cited a statement by Blanford that breeding
occurred in May in the Godavari district of India. McCann (1940:55) recorded

a pair copulating at Salsette Island on June 22. The female of this pair con-

tained four eggs, and another contained three. In West Pakistan, Minton

(1966:100) noted, "Females from July through September are heavy with

eggs. A few unattended clutches of four to six eggs presumed to be of this

species were found under piles of decaying grass during July and August.
Small young ha\'e been obserxed from late June through early October."

Mahuya macuhlahris.—In tropical East Africa, Loveridge (1936:311; 1942:

344 ) recorded females with eggs ready to be laid on November 29 and June
17 to 20; in February he noted females with both small and large ova. Clutches

contained fi\e and 13 eggs. In the Rukwa Valley of southwestern Tanganyika,

l^obertson. Chapman and Chapman (1962:423) examined 14 adult females;

the two from July each had shelled eggs in their oviducts, and others from

June (2), September (1), and October (1) had enlarged ova 8 to 10 mm in

diameter. Two each from May and No\eml)er had enlarged o^aducts indicating

recent parturition. A long breeding season is indicated.

Mahuya megahira.—Loveridge (1936:315; 1942:346) recorded seven

gravid females collected in East Africa in the latter half of February of two

different years. They contained 4, 4, 5, 6, 6, 8, and 13 eggs or embryos.

Mahuya multifasciata.
—Taylor and Elbel (1958:1108) reported a gravid

female with nearly full term embryos in Thailand on July 28, and reported

recently born young on May 16. A long breeding season, with the possibility

of at least two litters per female per season, is indicated. In equatorial rain

forest at Nanga Tekalit in Borneo, Inger and Greenberg (1966:1017) obtained

four gravid females, three of which each contained three eggs, while the other

had only two. The same authors recorded a specimen from Assam that con-

tained six eggs, and cited statements of clutch size as four to eight, or five to

seven eggs on the Asiatic mainland farther from the equator.
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Mahmja quinqtietaeniata.
—Schmidt and Inger (1957:130) wrote that the

African five-lined skink lays about 10 eggs under stones or logs, and as many
as 40 ha\e been found imder one log, but in different stages of development

indicating that different females had contributed to the lot. In Nyasaland,

Loveridge (1953:198) reported a female containing large oviducal eggs in

August. Loveridge (1936:316) reported a female containing oviducal eggs in

late April. According to FitzSimons (1943:215), in South Africa six to eight

young are born in late summer, and if this statement is correct it indicates a

shift to viviparity in the cooler climate of the southern part of the range.

Mahmja nidis.—In equatorial rain forest of Nanga Tekalit in Borneo, Inger

and Greenberg (1966:1015) olitained gravid females in six months of the year,

and at least one gra\id female was obtained in every month in which the sample
exceeded one. Nine gravid females each contained two eggs, nine each con-

tained three, and one contained four.

Mabutja striata.—Robertson, Chapman and Chapman (1964:317) studied

the reproductive cycle of this viviparous species in the Rukwa Valley of south-

western Tanganyika only a few degrees (6° to 9°) south of tlie equator. Evi-

dence from the male and female gonads and from the incidence of young
indicated that there was some breeding throughout most of the year, but with

a marked depression from August to October. A total of 117 skinks was

examined. The percentages of the adult females that contained embryos in

each month were as follows: January 0, February 18, March 87, April 85,

May 75, June 68, July 35, August 60, Septeml^er 22, October 20, November 10,

December 0. Young less than 59 mm in snout-\'ent length were absent in Feb-

ruary, March, and April, but increased rapidly in May and June to a peak in

July, then tapered off gradually to a small number in December. In 90 gravid

females eggs or embryos averaged 7 ( 2 to 1 1 ) . In the equatorial region where
this study was made, extent of breeding actixity is seemingly controlled by
the a])undance of insect prey and this in turn is influenced by the amount of

rainfall. The rainy season brings a great abundance of insects.

Limited data from other parts of the range indicate that breeding schedules

may be somewhat altered in response to local climates. Loveridge (1929:77)

stated that a female from Mombasa in East Africa had advanced embryos on

June 24. In later papers the same author (1936:319; 1953:204) recorded

gravid females on January 19 and February 10, and he noted that many, pos-

sibly all, females collected in Nyasaland in January were gra\'id. Different

females contained 6, 6, 6, 6, 6, and 9 eggs or embryos. Pienaar (1966:67)

stated that in Kruger National Park, South Africa, the fixe to 10 young are

born in late summer or autumn, but he mentioned females from Southwest

Africa bearing well developed embryos in midwinter. In adjacent Angola,

Mancas (1963:235) noted females with 3, 4, 5, and 7 eggs in August, Septem-
ber and October.

Mahiiya sulcata.—In this South African species mating occurs in spring, and

about four young per litter are born in late summer (FitzSimons, 1943:228).

Mabutja unimarginata.—A series of 36 in the University of Kansas Museum
of Natiual History from the Pacific slope of Costa Rica were examined. All

but one, for which dates were recorded, had been collected in July and

August, and these comprised two fairly distinct size groups: adults 76 to 80
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mm snout-vent, and young 56 to 60 mm. One female obtained August 22 or

23 contained two ova 3 mm in diameter; five others had enlarged oviducts

suggesting recent birth of litters.

Mabinja vami.—Loyeridge (1936:318; 1942:347; 1953:214) published

notes on the reproduction of this wide-ranging species, from various parts of

East Africa. He reported gravid females March 11 to 18 (one giving birth),

March 23, April 16, August 2 to 5, August 8 to 20, September 2 to 7, Septem-
ber 27, October, and November 30. Unborn litters of 1, 2, 2, 3, 4, 4, 6, and 8

young were reported, and in another group the numbers ranged from four to

six. FitzSimons wrote that in South Africa four to 12 young are born in late

summer.

Mahuya vittuta.—Mosauer (1934:56) examined females in Tunisia and

observed that series collected in Tozeur, April 30 to May 11, and at Gafsa

June 1 to 5 contained partly developed embryos.

Melanoseps

These are limbless fossorial skinks of tropical Africa. In Nyasaland Love-

ridge (1953:222) found that in M. ater ". . . almost all females taken between

mid-September and mid-October were gra\'id, usually holding about three

elongate eggs, very approximately 10 X 5 mm, some of which contained tiny

embryos."

Modlitis

These small lygosomine skinks of eastern Asia and Africa are elongate but

retain well developed limbs. Loveridge (1936:322-323) observed tliat females

of M. modesUis from Voi, East Africa were gravid in early June, each con-

taining two eggs or rarely three. He reported East African females of M.

sundevalli gravid in mid-June; one had four eggs, the other had six. In South

Africa FitzSimons (1943:235) found lireeding at just the opposite time of

year, with the clutch, usually of four eggs, produced in late summer. Gans,

Laurent and Pandit (1965:38) reported a female of M. vinciguerrae taken

alive, near Agfoi, Somali Republic, which gave birth to one young on August

5, 1961, and was found to contain two others.

Neoseps

This is a monotypic genus of small Floridan skinks in which the body is

elongate, the limbs, especially the front pair, are greatly reduced, and the eyes

are small. Telford (1959:110-119) studied the life history of A^. reijnoldsi.

Mating occurs in March and April. In one instance a female laid a clutch of

two eggs 55 days after mating. Two others also have been recorded to have

contained clutches of two unlaid eggs. Seemingly sexual maturity is attained

at tlie end of die first year.

ISlessia

This is a Ceylonese genus of small, elongate, fossorial skinks having much
reduced limbs. M. Smith (1935:356) stated that N. btirtoni is oviparous, with

two eggs constituting a clutch.
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Ophiomorus

These are elongate, fossorial skinks in which the limbs are small with the

number of digits reduced, and the head is wedge-shaped with tlie jaw counter-

sunk. Minton (1966:106) reported that a female of O. tridactyJus collected

near Sanghar, West Pakistan, on April 1, contained four small embryos with

large yolk masses, and he collected small young near Karachi in late June.

Ophioscincus

These are small, limitless, vermiform, fossorial skinks occurring in south-

eastern Asia and Australia. In Thailand, Taylor (1963:1060) found a single
newborn young of O. roulei on April 21 in a terrarium with a female captured
a few days before. Taylor noted that other females collected at the same time

contained embryos in different stages of development.

Riopa

These viviparous vermiform lygosomine skinks of southern Asia and tropical
East Africa have the limbs much reduced. Loveridge (1936:321) examined
14 R. tanae from Kan, East Africa, on June 4 and found most of the females

to be gravid, with either two or three embryos.

Saiphos

These oviparous, elongate lygosomine skinks occur from southeastern Asia

to Australia. Bustard (1964:715) reported that a female S. equalis from near

Dorrigo, New South Wales, Australia, laid three eggs in early March.

Cogger (1967:74) stated that S. equalis represents an intermediate stage
between the skinks that are typical egg-layers and those that are live-bearers;

when its eggs are laid they contain advanced emlaryos which complete their

development and hatch within a few days.

Scelotes

These small, elongate, snakelike, viviparous skinks of Africa and nearby
islands in the Indian Ocean, tend to have limbs much reduced or absent. Fitz-

Simons (1943:183 and 205) writing of the South African species, noted that

a female of S. alberti had five well developed embryos in mid-December and
that in S. mira, young, usually four, are born in the latter half of summer.

He noted that in S. bipes there are only two per litter, born in March. Rose

(1929:127) also noted hvo young of this .species born in March. Pienaar

(1966:57) stated that in S. bidigittatu.s one or two young are born in late

summer or early autumn. Loveridge (1942:359) reported that five females of

the East African S. tetradactylus had small eggs in mid-March but a sixth had
oviducal eggs.

Scincella

This genus includes the few lygosomine skinks found in North and Middle
America. Other species are found in Australia, Asia, and neighboring islands.
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The species are so similar to those of Leiolopisma that they are separated with

difficulty.

ScinccUa assata.—In Chiapas, Mexico, Alvarez del Toro (1960:109) found

that the female lays two to four eggs, from May to July. At Chilpancingo,

Guerrero, Mexico, in the latter half of June, Davis and Dixon (1961:50) found

that most females were gravid, containing one to four eggs. Seemingly the

population consisted essentially of adults at that time of year.

Scincella cherriei.—Greene (1969:55) examined 90 specimens in the Uni-

versity of Kansas Museum of Natural History from Central America repre-

senting the months of March through September; he concluded from the

seasonal distribution of ovarian follicles, oviducal eggs, and hatchlings that

breeding extends over this entire period. Of the 25 adult females examined,

24 per cent were gra\'id. On March 5 and 6, 1965, I collected a series of 20

in the Atlantic lowlands at Puerto Viejo, Heredia Province, Costa Rica. All of

five adult females were gravid. Also, there were hatchlings and larger young,
of the following snout-vent lengths: 22, 23, 23, 26, 27, 32, 33. 44, 44, 48, 51.

Although the period of gestation and the growth rate are unknown they may be

assumed to resemble those of S. latcralc, and extrapolation suggests that these

young must have been produced by mothers who were gravid in several of the

months ( October through February ) not included in Greene's records. A year-

round breeding season is probalale, although more records are needed to

demonstrate \\'ith certainty that breeding continues through the autumn and

winter.

Of the five adult females examined by me, two each contained two eggs

and the other three each contained three. Greene wrote that each of four

females containing oviducal eggs had two. A small average clutch of only

2.25 eggs is indicated by this small sample.

Scincella himalaijanum.—M. Smith (1935:300) stated that this montane

species is viviparous, producing three or four yoimg at a time, and that gravid

females were found in May but not in September.

Scincella laterale.—The ground skink, common in the southeastern United

States, is one of the smallest North American lizards; its eggs are laid with

embryonic development already well imderway; the female does not remain to

guard her clutch as in Eumeces, jjut may rapidly recuperate and produce addi-

tional clutches of eggs in the cour.se of the same season. Anderson (1965:95)
wrote that "A Greene Cormty [Missouri] female laid a clutch of four eggs on

May 31 and a second clutch of three eggs on June 22." This is the only definite

information available regarding the interval between clutches, but probably
the 22-day interval Anderson recorded is near the minimum. At the northern

end of the range, as in northeastern Kansas, egg-laying extends from some time

in April into July; two broods per season may be typical, but farther south on

the Gulf Coast, egg-laying probably extends from early April through the first

half of August, and as many as five clutches per female seem possible. Known
inculcation periods range from a little less than a month to a little more than

two months. Females are not known to attain sexual maturity in the same

season in which they are hatched. Some, hatched relatively early, are breeding
adults by the following spring. Others hatched later in the season (especially

in the northern part of the range) emerge froiu their first hibernation still less
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than halfgrown. Fitch and Greene (1965:572) found strong correlation be-

tween number of eggs per clutch and average snout-vent length of females (130
in all), as follows: 1 egg— $ 43.3 mm, 2 eggs— 9 44.6 mm, 3 eggs— 2 47.0

mm, 4 eggs— 2 49.4 mm, 5 eggs— 2 50.5 mm, 6 eggs— 2 52.6 mm, 7 eggs—
2 52.0 mm.

Average clutch size varied in several geographic samples as follows: 2.97 in

130 females from over the entire range but chiefly from the western part;

3.77 in 31 females from Kansas and Missouri; 2.35 in 17 females from Arkansas
and Oklahoma; 3.02 in 57 females from Texas; 2.82 in 11 females from the

vicinity of Houston (Lewis, 1951:235); 3.3 in 31 females from Louisiana

(Johnson, 1953:19); 2.6 in a sizealsle but unspecified number of clutches from
northern Florida (Brooks, 1967:79).

In an intensive population study on a small area at Gainesville, Florida,

Brooks found that oviducal eggs were present from April through August.
In males testes began enlarging in October, and reached a maximum size in

January; then there was gradual decrease, to a minimum in August.

Scincella reevesi.—Webb, Jones and Byers (1962:163) reported one in

Korea that contained "enlarged" follicles 1 mm in diameter on October 23.

Obviously ovulation would not have occurred until the following spring. The
same authors mentioned a male that had enlarged testes, possibly indicative

of breeding activity, on August 10.

Scincella sikkimense.—M. Smith (1935:302) reported the finding of two
clutches of eggs at 4700 feet in the last week of June.

SplienomorpJms

These small, terrestrial or arboreal, lacertiform, tropical lygosomine skinks

occur from southeastern Asia to the Papuan, Melanesian and Australian

regions. Most species seem to be viviparous. Worrell (1964:53) wrote that S.

quoyi of South Australia is viviparous, producing about eight young in a litter.

Brongersma (1942:1.34) obtained 22 gravid females of S. temminckii from

West Java; the dates of collection were not recorded. Eggs averaged 3.4; 11

had two, four had three, four had five, and three had seven. Bustard (1964:

175) reported the birth of five young on March 7 to a female of the Australian

skink, S. tryoni, an inhabitant of tropical rain forests. Loveridge (1948:353)

reported that a female of the New Guinean S. pratfi contained three oviducal

eggs on June 13. Cogger (1967:72) stated that the Australian copper-tailed

skink, S. taeniolata, is oviparous whereas the desert banded skink, S. fascio-

latiiin is a live-bearer. Taylor (1963:1024) noted that in S. inclicus there are

six to nine young per litter.

Tiliqua

The blue-tongues are large, heavy-bodied, smooth-scaled viviparous Aus-

tralian skinks. Worrell (1964:62-63) wrote that in T. scincoldes the litter con-

sists of about six to 20 young. T. casuarinae has about six young, T. gerrardi

12 to 24. Waite (1929:144) stated that the young of T. scincoides are born in

the warmer part of the year in South Australia. For this species Tschambers
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(1949:141) cited literature records of litters numbering 10, 14, and 18 young,
and he recorded birth of two litters, of five young each, at the Lincoln Park

Zoo in Chicago. One litter was born on January 15 some two months after

the lizards were received from Australia.

Trachijdosaiirus

The stump-tailed skinks are large, armored, heavy-bodied, keel-scaled,

viviparous, Australian lizards. Waite (1929:140) wrote that T. rugosus has only

two yoimg per litter. The young are relati\ely large at birth, approximately

half the length of the mother.

Tropidophorus

The waterside skinks are viviparous lizards occiuring from southeastern

Asia to northern Australia. In equatorial rain forest at Nanga Tekalit, Borneo,

Inger and Greenberg (1966:1017) obtained 16 gravid females of T. brookei.

Five each contained fi\e eggs, eight each contained four, two each contained

three and one contained one. Smith (1935:329) reported that two females of

the Indian T. microlepis which he kept gave birth to seven and nine yoimg,
1 espectively, at the end of April.

TijphJosaiirus

These are elongate limbless vermiform South African lizards in which the

eyes are vestigial. Brain (1959a:71) examined two females of the highly
fossorial T. lineaius of the Kalahari Desert on February 20, 1958. One female

138 mm in length contained a fetus of 71 mm and the other female (137 mm
in length) had a fetus of 74 mm. The young are thus relatively large at birth,

and a remarkably low reproducti\e potential for a lizard is indicated.

Cordvlidae

These arc medium-sized, viviparous, African lizards that are

usually saxicolous in dry, open habitats. Chamaesaura anguina is a

serpentiform South African species having much reduced Kmbs.

FitzSimons (1943:412) stated that the four or five young are born

in late summer.

Cordylus is a large genus, the girdle-tailed lizards, mostly living

in eastern and southern Africa. One litter per year per female is

the rule, and there are one to four young. FitzSimons (1943:420-

457) made the following statements concerning South African

species: C. cordylus
—one to three young, most often only one,

which is born in late summer; C. catapliractus
—young l^orn in

summer; C. coeruleopunctatus
—females with three and four late

embryos in late November; C. giganteus—usually two young in late

summer or autumn; C. jonesi
—two to four young born in summer;
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C. namaquensis—mating in early spring (August or September)
and young born in January; C. polyzonus—mating in early spring

and young, usually two, born in midsummer or late summer.

Bustard (1955:8, 1957:71) reported that a female C. cordylus gave
birth to young in March, and that three females of C. polyzonus

gave birth in April. In Kruger National Park, South Africa, Pienaar

(1966:94, 104, 106) found that C. ivarreni produces two to five

young, usually in the latter half of summer; the montane C. van-

dami produces up to six young in January or February; and

juveniles of C. laevigatus are in evidence during December and

January. Loveridge (1936:298) found females of C tropidosterimm
to be gravid on March 12, 1934 near Kaimosi, East Africa.

Pienaar (1966:115) stated that in Platysaurus intermedius the

young, usually two, are born in late summer. FitzSimons (1943:

466, 469, 473, 480) stated that in P. capensis the one or two young
are born in spring or early summer, and that in P. guttatus there are

usually two, born in late summer. In Pseudocordylus microlepido-

tus, there are usually four young, born in late summer; in Pseudo-

cordylus subviridis females collected in November had early em-

bryos; in January embryos were almost full term.

Gerrhosauridae

This is an African and Madagascan family with several genera

related to the skinks and lacertids and intermediate between them

in some respects. Insofar as known they are oviparous. The plated

lizards, of the genus Gerrhosaurus, are medium-sized to large ter-

restrial and saxicolous lizards occurring over much of Africa south

of the Sahara Desert. Loveridge (1942:341; 1953:224, 227) pub-

lished field notes concerning several of the species. A female of

G. flavigularis from Nchisi, East Africa, contained four oviducal

eggs on December 11. Eight other females collected in January

and February contained only small ova, but a clutch of five eggs

was found on February 10. Females of G. major contained only

small ova in June and July, but one collected in August contained

three oviducal eggs. On the coast of Kenya evidence of a definite

breeding season was found, as many hatchlings of G. nigrolineatus

were observed between May 8 and June 20. FitzSimons (1943:

271) reported that in the South African G. validus the clutch of

four eggs is laid about midsummer.
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Teiidae

This large family of lizards is confined to the New World, and

most abundant in the tropics, although species occur from the

northern United States to Chile and Argentina. Insofar as known
all are oviparous; there are cursorial, scansorial, semi-aquatic, and

fossorial types. Much information is available regarding reproduc-
tive cycles in Cnemidophorus, the only genus that invades the

Temperate Zone of North America, but relatively little is known

regarding other genera. Cnemidophorus breeds in spring and early

summer. It is one of the few vertebrate genera in which partheno-

genesis is known to occur regularly. In some other genera that are

confined to the tropics (e.g., Kentropijx, Neusticuriis, Proctoporu.s)

breeding possibly is continuous throughout the year.

Atneiva

These are medium to large terrestrial teiids that occur in a variety of habi-

tats in Mexico and tropical Central and South America. Available information

suggests that their breeding is seasonal in some parts of Central America, but

in equatorial regions there is probably year-round breeding.

Ameiva ameiva.—Beebe's (194.5:12) observations on this species in British

Guiana and Venezuela suggested that breeding continued through much of the

year. Beebe examined the following numbers of females with eggs nearly ready
to be deposited in March (2), May (2), June (3), July (3), and October (2).
In March, 1967, I had the opportunity to observe the species at a locality some
1200 miles farther west Init also near the equator—Santa Cecilia, Napo
Pro\'ince, Ecuador. At this locality the lizards were abundant on an island in

the Rio Aguarico, connected with the adjacent mainland at times of low water,
and having various types of serai vegetation, with open areas of sand and

shingle. On this island most of the lizards seen were juveniles and although
63 collected formed a graded series from hatchlings to large adults, young 40
to 50 mm in snout-vent length (judged to be not more than a month old)
constituted by far tlie most numerous size group. Away from the island the

lizards were seen only occasionally—in serai partly open situations such as in

banana groves, or at edges of the air field—and all those seen were adult or

subadult. None of the large females collected (121, 105, 103, 90, and 90 mm
in snout-vent length) were gravid.

In June, 1966, Charles Fugler made a smaller collection in the same general

area, and the composition of the population then was strikingly different. The
collection consisted chiefly of adults and subadults (18) with four of inter-

mediate size and no small young. One of the two adult females was gravid.

Although inadequate to show the trend of breeding over the year, tlie two

collections do indicate probable egg-laying in June or July, and in January and

the months preceding. Also, they indicate changes in the incidence of breeding

at different times of year.
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Ameiva festiva.
—I examined 86 specimens in the University of Kansas Mu-

seum of Natural History from Costa Rica, most from the humid eastern low-

lands. Four were collected in March, one in June, 32 in July, 30 in August
and 20 in September. The lone June specimen was less than half grown. There

were gravid females in the collections from the other four months, as follows:

one of two adults (85 mm or more snout-vent) in March; two of eight in July;

five of seven in August; and five of seven in October. Young less than 60 mm
in snout-vent length and probably only a few weeks old were present in the

samples as follows: three of five in March; five of 32 in July; five of 30 in

August, and six of 20 in September. Young of 43, 50, and 55 mm in March

indicate breeding weeks earlier, probably in January; thus breeding is demon-

strated to occur from early in the year into September, and may occur also

in the period October to December not represented in the records. Among
six of the gravid females foiu- each contained three eggs; another had four and

the remaining individual had one.

Smith (1968:238-239) in a field study at Pandora, Limon Province, con-

cluded that there was no seasonal variation in reproduction. He examined 87

gravid females and found an average of 2.2 eggs per female. Findings were

essentially similar for the present species and for A. quadrilineata in the same

locality.

Ameiva quadrilineata.—A population study of this Central American lizard

was made at Tortuguero, Limon Province, Costa Rica, by Hirth (1963a). He
found juveniles on the beach in all months when observations were made,

including January, February, March, April, June, July, August and September.
Therefore he concluded that some breeding occurs throughout the year, but

with a definite peak, as young were more abundant in August and September
than at other times. Hirth measured the growth made by marked individuals,

which decreased from a gain of six mm ( snout-vent ) per 15 days in hatchlings
to less than one mm per 15 days in adults. The growth rates recorded suggest
that females might reach the minimum size of sexual maturity (48 mm snout-

vent) in somewhat less than three months. Probably most breeding is by first-

year individuals as tliere is rapid population turnover. In 18 gravid females

there were from one to four eggs with a mean of fr^vo.

In his study at Pandora, Limon Province, Smith (1968:238-2.39) concluded

that for both A. quadrilineata and A. festiva reproduction occurs throughout the

year, but his actual field observations were limited to a two-months period

between mid-July and mid-September in 1963 and 1964. All of 96 mature

females contained either yolked follicles or oviducal eggs and/or corpora lutea,

with averages of 2.05 for follicles and 2.07 for oviducal eggs and corpora lutea.

Captive females laid their eggs 17 to 21 days after ovulation (as determined

by palpation). After laying, four to six weeks elapsed before deposition of

yolk in eggs of tlie next clutch began.

Ameiva undidata.—Fifty-one in the University of Kansas Museum of Na-

tural History from Yucatan (mostly from Piste), Mexico, were examined. All

were collected in a seven-day period, July 18 to 24. There were no hatchlings,

juveniles, or even halfgrown individuals. Males ranged from 85 to 115 mm
snout-vent but half of them were 105 to 110 mm long. Females ranged from

76 to 10.3 mm in snout-vent length; five of them (76, 82, 86, 93, and 94 mm
snout-vent) were nongravid, but the remaining 14 (89 to 103 mm) were
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gravid. Seemingly a breeding season had begun in early July or June, after

se\eral months interruption of breeding—a time sufficient to allow the last

hatchlings to grow to adolescent size of 76 to 94 mm. Presimiably summer and

fall constitute the breeding season on this part of the Yucatan Peninsula. Three

females each contained seven eggs, three contained fi\e, and there was one

each with six, foiu", and two eggs.

Anadia

These minute, slender, and elongate teiids have narrow heads and much-
reduced limbs. They are arboreal. Dunn (1944:18) reported two eggs of

A. hogoiensis found under a stone near Bogota, Colombia, on October 17, 1943.

These eggs were kept and hatched on December 25.

Bachia

This is a genus of tropical, wormlike, fossorial teiids in which the legs are

much reduced. Beebe (1945:13) reported that a female of B. flavescens taken

in British Guiana on June 22, 1920, contained an egg nearly ready to be laid.

Cnemiclophorus

This is a large genus of terrestrial and cursorial teiids, characteristic of

open ha]:)itats, from the northern United States southward into South America.

E\'en the northern species have a breeding season that lasts for several weeks,

with the potentialit>' for t\vo clutches annually per female. Southern species in

regions having long, hot summers, are much less in evidence after a few weeks

of intensive activity in spring, and may aesti\ate after a fairly short breeding

season. Thus all species seem to conform more or less to a seasonal breeding

schedule, with egg-laying extending from April to August in some instances.

Several clutches of eggs may be produced in a single season by females in

populations inhabiting equable climates. From one to se\en eggs comprise a

clutch, but most often there are two or three. The most notable aspect of

reproduction in this genus is the existence of many separate populations that

seem to be parthenogenetic. In certain localities males are rare, and in others

careful search has failed to reveal any males at all. Many of the species are

normally bisexual, however.

Cnemidophoriis angusticeps.—Maslin (1963:19) collected this species in

Yucatan, Mexico, between mid-June and mid-July, 1959. Among 62 males and

60 females there were only two juveniles (41 and 39 mm snout-vent).

Cnemidophoriis communis.—On the Tres Marias Islands, Mexico, in late

March and early April, 1954, Zweifel (1959:81) found active juveniles to be

aljvmdant, but only one adult was found, and this one was inactive, beneath

a stone.

Cnemidophorus costatus.—Zweifel (1959:95, 101, 105) who reported this

species as C. sacki, obtained several records of breeding in western Mexico.

In Sinaloa and southern Sonora gravid females were recorded on July 18 (2)
and 19; August 5 (3), 10, 11, and 22. In Jalisco, Tanner and Robison (1960:

59) found two freshly laid clutches on July 8; a gravid female was with one
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clutch. Zweifel observed that at the Tres Marias Islands in late March and the

beginning of April, 1957, only juveniles were active and the one adult found
was cool and inactive beneath a stone. Near Chilpancingo in tlie latter half

of June and early July, Davis and Dixon (1961:52) found most females to be

gravid; those that were relatively small (60 to 70 mm snout-vent) contained
two to four eggs, whereas the larger adults (79 to 90 mm) usually had four
to six eggs.

Cnemidophorus cozumdus.—Maslin (1963:18) collected 78 in the Yucatan

Peninsula, between mid-June and mid-July, 1959. All were females; seemingly
this species is parthenogenetic. Fourteen of the lizards contained large, nearly
matine eggs, and 12 others had slightly enlarged eggs (up to 3 mm) but most
had immatm-e ovaries. Maslin suggested that there might be several broods

per season, judging from variation in size of the lizards and in degree of

development of ovaries.

Cnemidophorus deppii.
—In Morelos, Mexico, Davis and Smith (1953:106)

collected a female having two shelled eggs in her oviducts on August 21. On
the same date another female had two ova 4 mm in diameter. Between July 29
and August 21 three other females had foiu- ova each, averaging about 5 mm
in diameter.

In late March, 1965, I observed these lizards at Playas del Coco, Guanacaste

Province, in northwestern Costa Rica. Most of those seen were young a little

more than halfgrown. I have examined 96 from Nicaragua and Costa Rica.

Eighteen collected in April were adults and sujjadults, 61 to 80 mm snout-vent.

Only three were females; they were 64, 64, and 61 mm snout-vent, and none
was gravid. In a June sample eight of 11 females were gravid and in July three

of six were gravid. One a little above hatching size was collected on June 27
and another, recently hatched, on August 14 and 15. Seemingly egg-laying
occurs through much of the year.

Cnemidophorus exsanguis.—In the Santa Rita Mountains of southern Ari-

zona, Echternacht (1967) found that females with mature eggs or yolked fol-

licles were present continually between June 20 and August 18. The average
clutch consisted of three eggs; the range was from one to five.

C exsanguis is parthenogenetic; males have not been found. At the Rio

Conchos in northern Chihuahua, Mexico, Smith, Williams, and Moll (1963:

210) found three small young (37/2, 45, and 50 mm snout-vent) on August 17

and 18, but the population seemed to consist mainly of sexually mature females.

Cnemidophorus guttatus.
—I examined 62 of these lizards in the University

of Kansas Museum of Natural History from Veracruz and Guerrero, Mexico

(subspecies guttatus and immutahiUs) . Adult males outnumbered adult females

nearly two to one. The following adult females were gravid: all three collected

in June; four of five collected in July; one of two collected in August. The
remainder of the year was represented ])y only two specimens in May and four

in Octoljer. Perhaps there is partial or complete hibernation during late

autumn, winter, and early spring even in the subtropical region where this

species occurs. The June collection consisted of two size groups: nine well-

grown young, 59 to 76 mm snout-vent, prolial^ly from the preceding summer,
and 13 adults 93 to 116 mm snout-vent. The only juvenile near hatchling size
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(43 inni snout-xeiit) was collected on October 22. Thus the breeding season

extends at least from June through Au.gust, and probal:)ly begins in May or

earlier. Old females proliably produce sexeral clutches per season, and yearling

females probably mature in time to produce at least one clutch. Four gravid

females each contained three eggs, two each contained four eggs, and one had

only a single egg.

Cnemidophorus hyperythrus.
—Bostic (1966) studied the reproductive cycle

of this chaparral-dwelling lizard in San Diego County, California, and adjacent

Me.xico in Baja California. He found that sexual maturity is attained late in the

first year. Ova begin to accumulate yolk about mid-May. Fully adult females

ordinarily deposit one clutch of eggs in June and another in mid-July, but for

first-year females a single clutch is the quota for the season. Clutches average

about 2.3 eggs.

Cnemidophorus Icmniscalus.—In British Guiana and Venezuela, Beebe

(1945:19) obtained evidence of continual Ineeding, but most activity was

during (or at the end of) the rainy season. His records were for January (1),

March (1), May (2), June (5), July (3), August (3), September (1), Oc-

tober (1). Females containing eggs were collected on January 13 and Sep-

tember 10.

Cnemidophorus sacki.—Davis and Smith (1953:106) reported this species

as C. gigas and noted that only one of 17 females taken in Morelos, Mexico,

in late July was gravid.

Cnemidophorus sexlineafus.—In northeastern Kansas a local population of

six-lined racerunners was studied (Fitch, 1958) over a nine-year period.

Emergence from hibernation occms in late April or early May. Some of the

emerging young are only slighdy larger than hatchlings and some are nearly

halfgrown, but most fall between these extremes. By late May some females

are noticeably gravid. Egg-laying occurs regularly throughout June and early

Jul>', and occasionally in August. Young emerging from hibernation in spring

ordinarily mature in time to participate in breeding, but indi\ idually they con-

tribute relatively small quotas of eggs. Eleven gravid probable first-year females

(up to 64 mm snout-vent) averaged 1.8 eggs; eight probable second-year

females (65 to 71 mm) averaged 3.1, and five larger females averaged 4.2.

A female that has laid may produce a second clutch within three weeks, and

perhaps more than two clutches per season are contributed by large old females,

though specific records of such occurrences are lacking.

Size of clutch and timing of breeding may vary geographically. Brown

(1956:36) in North Carolina found hatching to occur from late June to early

September but with concentrations near mid-July and early August. In South

Carolina, Bellis (1964:9) recorded appearance of hatchlings on July 21, 22,

and 23. In southern Oklahoma, Carpenter (1959b:81; 1960a: 175) found that

on May 9, nine per cent of adult females were gravid and that the percentage

gradually increased to 56 per cent in late July, then declined abruptly to only

14 per cent in early August. He found the average clutch to be only 2.46

(1 to 6) eggs. Brown found an average of 2.92 ( 1 to 5) eggs per clutch in 67

clutches from North Carolina. In western Texas Hoddenbach (1966:110)

found 3.06 ± .14 eggs per clutch, with more eggs in earlier clutches, and more

eggs in first-year females than in older ones. He found two clutches per season
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to be typical, and reported 1.8 times as many eggs in the right oviduct as in

the left. He stated that fat bodies in the posterior part of the coelome decrease

in size as the reproductixe season ad\ances.

Cnemidophorus tesselattis.—This large desert species is another of those

having all-female populations. In western Texas, Tinkle (1959:197) noted that

in fall most of those seen were young of the year, 45 to 55 mm snout-vent.

In spring these young still constituted a distinct size group, 60 to 70 mm snout-

\'ent, readily distinguishable from the adults. Tinkle stated that the size dis-

triljution indicated most would not reach matinity until the second spring after

birth. In the Rio Conchos area of northern Chihuahua, Mexico, Smith, Wil-

liams, and Moll (1963:211) did not observe hatchlings until August 28. On
this and sulisequent days five young ranging from 36 to 50 mm snout-vent were

collected, but 57 others were apparently adult.

Cnemidophorus tigris.
—This is a large, wide-ranging species characteristic

of desert regions over much of the western United States and northern Mexico.

Several ecological studies of local populations have been made. McCoy and

Hoddenbach (1966:1671-1672) compared reproduction in Mesa County, Colo-

rado, and in Winkler County, Texas, in the northeastern and southeastern parts

of the range, respectively. In the Colorado locality the growing season is

relati\ely short, with only 154 frost-free days, as contrasted with 218 frost-

free days in Winkler County, Texas. In Colorado emergence occurs about May
1 and egg-laying is concentrated about Jime 21. The axerage clutch has 3.4

eggs (2.9 in females producing their first clutches and 3.9 in older females),

with only one laying per female per season. In contrast the lizards in Winkler

County, Texas, emerge about mid-April, and their eggs develop relatively

rapidly. Egg-laying is concentrated in late May and, for second clutches, in

late July. The average clutch contains only 2.2 eggs (2.1 in the younger

females, 2.8 in the older) and the individual mean reproductive potential is

4.5 eggs annually.

Near Phoenix, Arizona, William S. Parker (MS) studied a population by

live-trapping and marking in 1965 and 1966. He found that emergence from

hibernation occurred in March, and the spring population contained a high

proportion of first-year young, from near hatching size to near adolescent size.

By late June all these young had grown to adult or sul^adult size, and a new

crop of hatchlings had appeared. Hatchlings continued to appear through July

and August. Parker concluded that in the area of his study all females reach

maturity by their second spring, and that early hatchlings may become repro-

ductive in the year following. In 40 females Parker found an average clutcli

of 2.05, ranging from one to four in correlation with size of the female. He
concluded that females lay at least two clutches per season, and probably three

or four.

Tinkle's (1959:199) observations in western Texas caused him to believe

that some individuals reach sexual maturity in their second summer after

hatching, but that many do not mature until the tliird growing season. In my
own study a total of 395 museiun specimens were examined, notably a collec-

tion of 265 from 16 miles north\\'est of Pecos, Reeves County, Texas, on July 31

and August 1, 1962. This series shows that: 1, males grow to be slightly larger

than females, since the seven largest, 88 to 95 mm snout-vent, were all males;

2, adults are most concentrated in the size range 81 to 83 mm snout-vent;
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3, smaller adults including gravid females, in the size range 71 to 80 mm, and

inmiatures of 52 to 70 mm snout-vent, are probably young of the previous

>ear's crop. There were no hatchlings in the Reeves County collection, and

many of the adult females (17 in a total of 76) were still carrying eggs. For

16 gravid females the average clutch was 2.12 eggs: 10 each had two, four

each had three, and two each had one.

Most observers in other parts of the range have recorded later emergence

from hibernation and later appearance of hatchlings than found by Parker in

soutliern Arizona. Appearance of hatchlings has been recorded on July 17 in

southern New Mexico, July 30 and August 3 in trans-Pecos Texas (Milstead,

1957:119), August 30 in northern Chihuahua, Mexico (Smith, Williams, and

Moll, 1963:211), and near the end of July in southern Nevada (Tanner and

Jorgensen, 1963:18). Obviously the population dynamics of the species under-

goes change o\ er its extensive range, affected not only by changes in size and

frequency of clutch noted by McCoy and Hoddenbach but by the length of

time required from hatcliing to maturity.

50 60 70
SNOUT-VENT LENGTH IN

80 90
MILLIMETERS
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Fig. 7. Population sample of Cnemklophorus tigris from 16 miles northwest of

Pecos, Reeves County, Texas, July 31 and August 1, 1962, based on specimens
in The University of Kansas Museum of Natiual History; black columns repre-
sent egg-bearing females, stippled columns represent nongravid females and

open columns represent males. Young of the year had not yet appeared on the

dates of sampling, but approximate size of hatchlings is indicated by arrow.

Extensive overlapping in size is indicated between old adults, mostly the larger

individuals, and adolescents from the preceding year's brood. It is uncertain

whether the yearling females are reproductive.
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Cnemidophorus velox.—Douglas (1966:732) found three to five ova in

gravid females collected in Mesa Verde National Park on June 23, 1963, and

June 10, 1964. Hatchlings first appeared in 1963 on August 30.

Echinosaura

These are small, secretive, partly nocturnal teiids of Panama, Ecuador, and

Colombia, often found along streams. The genus is monotN'pic. Uzzell (1965:

89) recorded two females of E. Jiorrida each of which had two oviducal eggs,

one in each o\'iduct.

A two-egg clutch seems to be characteristic of most microteiids (Anadia,

Echinosaura, Leposoma, Neusticiirus, Prionodactyhis), although some (Bachia,

Proctoporiis) may lay only one egg at a time. Presumably the small size of the

clutch is compensated for by frequent laying. At Pasto in southern Colombia,
Valdivieso and Tamsitt (1963:33) collected t\vo females of "Euspondylus
vertebralis" (probably Prionodactyhis vertehraJis) \\'hich each contained two

eggs (ovarian in one, oviducal in the otlier).

Kentropyx

This is a genus of mediimi-sized, active, rather heavy-bodied, terrestrial and

scansorial South American teiids. In British Guiana, Beebe (1945:20) found

a female of K. calcaratus that contained four eggs ready to be laid on April 18,

1924. I observed this species at Santa Cecilia, Napo Province, Ecuador, in

March 1967. Of 59 that were collected, the size distribution (snout-vent

length) was as follows: 30-39 mm:l; 40-49:13; 50-59:6; 60-69:3; 70-79:5;

80-89:5; 90-99:7; 100-109:14; 110-119:5. The last three groups included sex-

ually matine individuals and there were 12 females that had oviducal eggs or

enlarged ovarian follicles.

In a smaller collection made in June 1966 at Santa Cecilia and at Limon

Cocha, Ecuador, by Charles Fugler, there was one gravid female, and there

also were young of the following snout-vent lengths: 44, 61, 76, 82, 85. The
records establish that there is egg-laying in June, also in March, and perhaps in

the three or four months preceding it. Year-round lireeding seems probable

although records from late sunmier and autumn are desirable. Six gravid
females each contained two eggs; four each had five, and there was one each

with fom-, three, and one. With Beebe's record these indicate an average
clutch of 3.07.

Leposotna

These minute teiids occur in northern South America and adjacent Central

America.

Leposoma percarinatum.—In British Guiana Beebe (1945:21) found two

clutches of two eggs each on March 6, 1922, and on April 28 a captive female

laid tsvo eggs. On June 19, 1919, a female containing two enlarged eggs was

captiued.

Leposoma sonthi.—Taylor (1956:237) mentioned two eggs found at the

base of a tree, in Costa Rica. They had nearly completed incubation, and when
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one of the eggs was broken the young Hzard escaped. A gravid female con-

tained two eggs, hence this was assumed to he tlie typical clutch. Eleven gravid

females that I examined from Panama and Costa Rica also each contained two

eggs.

Neusticurus

These small teiids of tropical South America, and Panama, live near streams

and ponds, and obtain their food from the water.

Neusticurus ecpleopus.
—Uzzell (1966:313) recorded two communal nests

of brown water lizards, one with four and the other with five eggs, in a rotten

log at the Rio Iscozazin in Peru. Eggs in lx)th nests were beginning to hatch.

In 19 instances females of Neusticurus laid clutches of two eggs apiece, or were

found to contain two oviducal eggs when dissected. A twentieth individual

contained only a single egg but perhaps had already laid one.

In March, 1967, I had the opportunity to oliserve this species at Santa

Cecilia, Napo Province, Ecuador. Forty-two were collected and approximately

an equal munber that were seen escaped. Twelve that were considered adults

were distributed over a remarkably wide size range, from 49 to 65 mm, and

the six of these that were females were all gravid. The remaining 30 were of

graded sizes from hatchlings to subadults but with ten concentrated in the

range 26 to 30 mm—probably in their first month of life after hatching. A

single hatchling was collected in the same area by Charles Fugler in June,

1966. The season of hatching is thus demonstrated to extend from late winter

through early summer, and probably extends throughout the year.

Proctoporus

These are small, ground-living South American teiids. Test, Sexton and

Heatwole (1966:29) found that P. aclujlens breeds through most of tlie year in

Estado Aragua, Venezuela. They found individuals of hatchling size in Janu-

ary, March, July, October, November, and December. The last month produced

the largest sample and, allowing two months for incubation, may indicate that

October, in the waning part of the rainy season, is a time of heightened egg-

laying activity. No records of egg-laying in March were obtained, nor were

there records of hatchlings in May. March is the last and driest month of the

non-rainy season, and the authors suggested egg-laying might cease briefly at

that time of year. Three females of P. striatus obtained by Valdivieso and

Tamsitt (1963:34) at Bogota, Colombia, in March 1960 each laid a single egg

in a terrarium soon after capture.

Tiipinamhis

This South American genus includes the giants of the family—active, fast-

moving predatory lizards that are mainly terrestrial but swim, climb, and dig

well. In southern Brazil, Milstead (1961:26) dissected a female T. teguixin

which contained 32 oviducal eggs a\'eraging 23 nun in length. This same

female tegu contained approximately 50 enlarged ovarian follicles ( 1 to 3 mm
in diameter) suggesting that a second clutch would have been produced not

long after the first. In British Guiana Beebe (1945:26) found a clutch of
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six eggs of T. uigropimctahis in a termite nest on June 16, 1919, and a clutch
of four eggs on April 16, 1924. He obserxed a mating pair on April 20, 1924,
and a female containing six eggs on August 21, 1922.

Lacertidae

The lacertids comprise a sizable family of lizards, best repre-
sented in Africa, but fomid also across Europe and Asia, except in

the far north. These are terrestrial lizards, mostly of active and
cursorial habits, frequenting open situations. All are oviparous, but
the northernmost species, Lacerta vivipara, has attained viviparity
over an extensive area in the northern part of its range. Most
information concerning breeding cycles pertains to species in the

Temperate Zone; for them a long breeding season with production
of two or several clutches of eggs by an individual female seems to

be a common pattern.

Acantliodactylus

The fringe-footed lizards are essentially a desert group found in North
Africa, extreme southern Europe, and southwestern Asia—areas having a pro-
nounced winter season.

Acanthodactylus cantoris.—This is a species of Pakistan, Iran, and neighbor-
ing areas. Anderson (1963:457) noted that females carrying ovarian eggs
indicate egg-laying in autumn or e\en in winter. He cited Blanford (1876),
who found numerous young in No\'ember, and concluded that eggs hatch in

autimm as no small juveniles are found in spring or summer. Minton (1966:
107) reported that females containing large eggs had been collected from late

March through July, and that yormg began to appear aliout the end of June
and loecame increasingly connnon through the first half of October.

AcaittJwdactylii.s pardalis.—At Sidi bon Ali, Tunisia, Mosauer (1934:53)
found that females contained two to four eggs (three in most instances) on
April 22, 1928.

Algt/roides

This genus includes several species in Europe and Africa. Loveridge (1942:
336) reported several gra\id females of the sparser-scaled forest lizard, A.

vaucrcscUi, from Idwi Island, Lake Kivu, Congo, in February. A. allcni is a
montane grassland species, limited to altitudes above 9000 feet on Mt. Elgon
in Uganda and Mt. Kenya in Kenya. Greer (1968:231) noted that A. alleni

and two species of snakes found in the same montane grassland habitat were
exceptional in their oxiparity, whereas 11 other species of snakes and lizards
of five families that occur there are all viviparous. Greer quoted an informant
that the eggs of A. allcni are laid under flat stones, and he mentioned dissecting
a gra\'id female containing two shelled eggs in which there was still no sign
of embryonic development.
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Cahrita

This genus includes two species of jungle-inhalMting lizards found in tropi-

cal India and Ceylon. M. Smith (1935:375) reported that a female of C
IcscJienaiilfi contained six eggs in April, and jineniles were observed in the

same month.

Ereinias

This large genus of slender, active, terrestrial laccrtids, occurs acnxss Asia

to southeastern Europe and through much of Africa in deserts and other open
habitats. Compared with species of the closely related genus Lacerta, those of

Erctnias are, in general, smaller and liaxe a more rapid sequence of generations

and a relatively short life expectancy.

Ercmias argtis.
—Webb, Jones and Byers (1962:162) studied specimens

from Korea and found a female to be gra\id on May 8; another female laid

four eggs between June 4 and 14.

Eremias argiita.
—Fuhn and Vancea (1961:258) stated that mating occurs

in May and oviposition in the first week of July in Romania. Darevsky ( 1960:

1217) studied this lizard in Armenia. At altitudes of about 2000 meters it is

active for only about 4^2 to 5 months of the year; nevertheless two or more
clutches of eggs are produced in the course of the season of activity. Only the

first clutch develops at the expense of the fat bodies. Eggs of later clutches

draw on nutrients directly as these are ingested and assimilated.

Eremias giittulata.
—In Iran Anderson (1963:460) found females that con-

tained eggs on March 2, April 7 and August 16. He observed hatchlings from

late April through November. He expressed the opinion that adult size is

attained in the spring following the season in which the eggs hatch. At Sidi

bon Ali in Tunisia, Mosauer (1934:53) noted that females contained t\vo to

three large eggs on April 22. In West Pakistan, Minton (1966:110) obtained

evidence of an early spring breeding season with young appearing as early as

May and reaching maturity Iw the following winter.

Ercniias lineoocellata.—In South Africa, FitzSimons (1943:346) found tluit

about six eggs were laid in early summer.

Eremias iicumanui.—On the basis of observations at Ngatana River, East

Africa, June 11 to 16, 1934, Loveridge (1936:306) wrote, "It seems possible

that the main breeding season was over though half a dozen females [in a

series totalling 66 specimens] were gravid." One held three eggs measuring

8x6 mm; anotlier, three measiuing 9 X 5; a third, two eggs measuring
11 X 6.

Eremias pleskei.
—Peters (1964:467) studying tliis species in southwestern

Asia, concluded that the young from eggs produced early in the season mature

and breed before the end of their first year of life. Females generally produce
two clutches of eggs per season, and clutches a\erage two eggs each. In two

to three years of life a female probably totals approximately 12 eggs. Similar

patterns of development, reproduction and survival occur in E. lineolata and
E. scripta.
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Eremias specki.
—Loveridge (1936:307) recorded gravid females and many

juveniles in East Africa, March 23 to 30. There were four eggs in each of

three females and Hve in one. On September 9, 1933, most females were gravid.

Eremias velox.—This is another Asiatic species studied by Peters (1964:

467). He found that maturity was attained at the end of the first year. In the

summer following their hatching, females generally produce two clutches of

eggs, but in subsequent summers, after further growth, females produce three

or four clutchs per season with, on the average, more eggs than occurred in the

early clutches, and sometimes as many as six eggs. The same pattern holds for

E. strauchi. In West Pakistan, Minton (1966:109) obtained data indicating a

spring lireeding season, with eggs laid from late May to early July. Near

Quetta young appeared in late August.

Ichnotropis

This genus includes several species of active terrestrial lizards of tropical

Africa and some in South Africa. In Angola, Mancas (1963:238) recorded

gravid females of I. capensis in October and November. Different individuals

contained 6, 7, 8, 9, 9, and 11 eggs. In the Rukwa Valley of Tanganyika
6° to 9° south latitude, Robertson, Chapman, and Chapman (1962:425) ob-

tained a gravid female in July, having one shelled ovum in each oviduct, and
one in July had ovarian eggs. Pienaar (1966:92, 93) writing of the fauna of

Kniger National Park, but perhaps drawing upon records from other areas,

stated that the clutch in I. capensis is usually six and that in I. squamulosa is

usually 10 to 12.

Lacerta

This genus, common in the Mediterranean region, and extending through

nuich of Africa and into central Asia, is most characteristic of open habitats,

with cursorial adaptation and incipient scansorial habits in some. All the species

except L. vivipara in the northern part of its range are oviparous and several

are known to produce two or more clutches in a season. L. vivipara occurs in

relatively cold climates and its viviparous habits are an obvious adaptation to

cool and damp weather, but the long gestation period limits it to a single

brood per season and results in reduced reproducti\e potential.

Lacerta agilis.
—Smith (1951:188-190) summarized the facts concerning the

reproduction of this species in England and France. Mating is usually in May.
The eggs, usually six to 13, are laid in June and July, and require seven to 12

weeks incubation. Some females on the European mainland lay relatively

early in the season, in May, and later produce second clutches. There are no

records of second clutches in England. Eml)ryonic development has already

begun when the eggs are laid. In Romania, Fuhn and Vancea (1961:197 and

203) found that breeding occurs in May or June; females are gravid in early

July and sometimes until August. Eggs may be laid by mid-July and hatchlings

appear in late August. Kehl and Combescot (1955:58) described seasonal

changes in the reproducti\e tracts. They stated that follicle formation continues

throughout the year. The eggs matiuing in Ajjril and May are discharged from

the ovary. The mid-section of the oviduct with ciliated and granular epithelial
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cells thickens to 120 microns in May, but is only 45 microns in August. In

spring the epithelium of the anterior genital area of the fossette in the female

is much thickened in adult indi\'iduals (210 to 260 microns vs. 35 to 40

microns in the male) and its lower aspect is pitted with tubular invaginations

which enter the underlying tissue.

Lacerta jacksoni.—l^overidge (1936:301; 1942:334) published the follow-

ing notes concerning the reproduction of this East African species:

December 12 to 24 Two females had ova 4x7 mm
January 29 A female had three eggs

February 10 to 28 Two females each contained
four eggs 14 X 7 mm and 15 X 7 mm

February 13 to 28 _— Many females (in a series of 85 specimens)
were gravid, with three to five eggs ready to lay

Lacerta mtiraJis.—In an early study of the wall lizard in the Indre district

of central France, Rollinat (1897:5-23) found that mating occurs toward the

end of March. During spring and early summer fat bodies undergo reduction

in both sexes, but especially in females with enlarging ovarian folHcles. Ovula-

tion occurs in the latter part of April, and egg laying is chiefly in May and

June. There are three to eight eggs in a clutch—usually only three in females

producing their first clutches. Rollinat found that only one clutch per year was

produced in the area of his study. The lizards attained sexual maturity in their

fourth year. Eggs hatch from late JuK' to Septeml^er.

Cooper (1958:113) observed the reproduction of this common European

species in confinement. Seven females laid their eggs on June 1, 3, 6, 12, 14,

17 and 21, respectively. Four of these females produced second clutches after

intervals of 32, 28, 23, and 21 days and the last two each produced a third

clutch, after intervals of 33 and 32 days, respectively. The author did not

mention the sizes or ages of the females involved. In Romania, Fuhn and

Vancea (1961:230) found that eggs are laid from May to July and old females

may produce tsvo or three clutches per season. They recorded hatching mainly

in late July and early August.

Lacerta praticola.
—In Romania, Fuhn and Vancea (1961:251) found this

species to be active from April to Octol^er. Gravid females are seen in mid-

June. A female in confinement oviposited on June 28 and eggs hatched on

August 14.

Lacerta saxicola.—This Asiatic species is notable for having populations

that reproduce parthenogenetically, and others that reproduce with a normal,

bisexual pattern. Darevsky and Kulikova (1962:160) studied the species in

parts of Armenia where bisexual and parthenogenetic populations overlap. In

these areas sterile hybrids—females with reduced ovaries and oviducts—were

sometimes found. In these hybrids, gametes differentiate but meiosis was found

to proceed normally only to the early pachytene stage.

Lacerta taurica.—Fuhn and Vancea (1961:238) stated that in Romania

egg-laying occurs in the second week of May and hatching is in September.

Lacerta viridis.—In the Indre district of central France, Rollinat (1900:16)
found that mating of the green lizard occurs in May and egg-laying in the

following weeks, sometimes as early as May 18. Both sexes attain maturity in
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the third year, and these tliird-year individuals breed a little later than old

adults. Rollinat (1900:18) recorded clutches of six to 19 eggs, and he thought
that only one clutch per year was produced.

Sayer ( 1953:148) kept captive indi\iduals received from Italy. He observed

courtship several times in late April. The female laid 14 eggs on June 17 and

they hatched on August 15. In Romania, Vancea and Fuhn (1959:76) and
Fuhn and Vancea (1961:218) found that emergence from hibernation occurs

at the end of March, egg-laying is in the last week of June or early June, and

hatching is in August, usually in the first half. White (1957:89) found that

captive females lay two clutches in a single season, and laying of the second

clutch may take place about the time that the first is hatching.

Lacerta vivipam.—Smith (1951:196-198) stated that in England mating
occurred in April and May and gestation lasted about three months, with most

young born in July. Litters usually had five to eight young but ranged from
four to 10. Young were usually dropped by the female in a moist, concealed

situation, and sometimes did not escape from enclo.sing meml^ranes for several

days. Twenty-two months were required to attain se.xual maturity, in the male

at least. In the Pyrenees Movmtains the species retains oviparous habits and

eggs with parchmentlike shells are laid. As many as 60 have been found in

one nest.

Fuhn and Vancea (1961:244) stated that in Romania breeding occurs in

May and that attainment of sexual maturity requires at least three years.

Fukada (1965:75) recorded pertinent facts concerning the natural history of

this widespread species on Sakhalin, as follows. Breeding activity begins soon

after emergence from hibernation, in early May, and continues from one to

two weeks. During this interval lizards of both sexes may copulate two or

three times daily, or even as many as five times. In early August two to five

bluish-black, thin-shelled "eggs" are produced, but some yoimg rupture the

enclosing membranes immediately, and others usually do so within an hour.

The species is unique in being the only viviparous lacertid.

Latastia

These lacertids inhabit tropical East Africa. In late March and April at

Voi, Kibwezi, and Mbololo, Loveridge (1936:.304) obtained six gravid females

of L. longicaudata; three contained three eggs apiece and the others each had

four.

'Nucras

These are rather slow-moving terrestrial lizards usually found in grassland

habitat in tropical and South Africa. Fit/Simons (1943:315) stated that the

South African N. ddalandii lays a clutch of four eggs about midsinnmer, and
Pienaar (1966:88) stated that in N. intertexta also, the clutch is usually four

eggs.

Ophisops

This genus includes desert lizards in North Africa and southwestern Asia.

In Iran, Anderson (1963:462) recorded finding females of O. elegans con-
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taining eggs on August 2 and 5, 1958, and in the autumn of 1960. In south-

western Asia, Peters (1964) found this species conforming to the same seasonal

lareeding pattern followed by Eremias pleskei, witli young niatining at the end

of their first year, and with females producing two relatively small clutches in

tlieir first breeding season, but producing three or four larger clutches in sub-

sequent breeding seasons. In West Pakistan, Minton (1966:112) reported

egg-laying in O. jcidoni in late July and early August and hatchlings collected

from July through November.

Takydromus

This genus includes several species of slender, long-tailed lizards found in

grassy habitats in southeastern Asia from the tropics northward to Japan and

Korea. Loveridge (1945:67) stated that in Java the clutch of T. scxlineatus

consists of two or three eggs laid in April and May. A more extended breeding

season might be expected. The kanahebi, T. tacJujdromoides, is common in

Japan and has lieen the subject of several intensive studies. Fukada ( 1965:74)

summarized the known facts of its reproduction and life history in an account

based largely on the work of Ishihara, done mostly with captive animals in the

Kyoto area. A captive female may produce as many as six clutches in a single

season. The interval between clutches averaged 17.5 days. Eggs averaged 3.6

(1 to 9) per clutch, but averaged as few as 3.0 for the smallest females (40 mm
snout-vent), up to 6.0 for the largest (70 mm snout-vent).

Telford (1969) in a field and laboratory study in central Honshu, extended

and supplemented these findings. Corpora albicantia were found to i^ersist

long after deposition of a clutch, seemingly for the lifetime of the lizard, and

hence provided bases for measuring productivity, and also for aging individuals.

Young females matured in the season following their first hibernation, and

produced successive clutches averaging 2.6, 2.4 and 2.4 eggs in this first

lireeding season. Second- and third-year females also normally produced three

clutches in the course of a season, with averages of 4.0, 4.0 and 3.4 eggs for

the former and 4.4, 5.1 and 3.5 for the latter. Oviposition begins in early May
and ends before mid-August. Number of eggs per clutch is correlated with

age of female rather than with size as such. Of the total female sample 62.5

per cent had survived their first breeding season, 25.0 per cent had survived

their second, 9.8 per cent their third, and 2.7 per cent their fourth season.

Tropidosaura

This genus consists of several species of terrestrial lizards living in montane

habitats in South Africa. FitzSimons (1943:307) wrote that a female T. <!,u]<irls

taken near the end of November contained eight v\ell developed eggs.

Varanidae

The monitors are small to large or giant-sized lizards occur-

ring mainly in the tropics in Africa, Asia, the East Indies and the

Australian region. They are active, strong-limbed, fine-scaled

lizards well adapted for burrowing, climbing and swimming but not

highly specialized for any of these ways of life.
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Varanus

The living monitors are referred to this genus. They are oviparous and are

proljalily the most prolific of lizards. The habit of ovipositing in termite nests

has been reported in both African and Australian species. Cogger (1967:58)
stated that for species occurring in southern Australia there is a definite spring

breeding season extending from about Septemloer to December, the eggs
hatching between December and March, but that in New South Wales emerg-
ing hatchlings have been found in early spring suggesting late summer mating,
with eggs laid in autumn.

Varanus hengalemis.—In West Pakistan, Minton (1966:113) reported that

females of the Indian monitor collected in July and early August contained 24
to 29 large eggs apparendy nearly ready for deposition, and one female laid

19 eggs on August 4-.5. Young are usually seen from late June through August.

Varanus griseus.—Minton (1966:115) reported that in West Pakistan newly
hatched desert monitors had been collected in August and September.

Varanus komodoemis.—Little information is available concerning reproduc-
tion in the Komodo dragon lizard, a species that is by far the largest of any
living lizards. Maleev and Darevsky (1963:24) stated, on the basis of speci-
mens collected in July and August, that mating occurs no later than the

Ijeginning of July on the island of Komodo—a month earlier than in those kept
in the zoo at Surabaja, Java. Young were thought to appear in March after

the end of the rainy season. Darevsky and Kadarson (1964:1360) noted that
in an adult female killed on August 26 there were oocytes devoid of yolk, and
15 corpora lutea, indicating production of a clutch of eggs, probably in July
or August.

Varanus monitor.—M. Smith (1935:403) wrote that in Burma the breeding
season of the Indian monitor is in the hotter part of the year, and that in central

India the eggs are laid in September. McCann ( 1940:57) noted that at Salsette

Island in India, most young appear during the hot weather and the early part
of the monsoon. He recorded a hatchling at Kurla in February and a juvenile

judged to be from three weeks to a month old on May 24.

Varanus niloticus.—In the Rukwa Valley of southwestern Tanganyika,
Robertson, Chapman and Chapman (1962:425) noted that an adult female
taken in November and another in Decemljer each had ova beginning to

develop (4 mm in diameter) but that one taken in May had no developing
ova. In Nyasaland, Loveridge (1953:240) found small young to be abundant
in mid-February. FitzSimons (1943:407) wrote that in South Africa the

eggs, numbering 40 to 60 per clutch, are laid about midsummer in termite

nests, and require as much as nine or 10 months to incubate.

Varanus salvator.—M. Smith (1935:407) stated that in Thailand eggs are

laid at the beginning of the rainy season—usually in June.

Anguidae

This is a relatively small family occurring in northwestern Africa,

Europe, Asia, North and South America, and the West Indies.
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Most are medium-sized lizards having elongate bodies, reduced

limbs, and a heavy dermal armor of bony plates. Of the genera

here considered, Abronia, Anguis, Opliiodes, Sauresia and Wet-

morena are viviparous, whereas Diploglossus and Gerrhonotiis have

both oviparous and viviparous species, and Ophisaurus is exclusively

oviparous.

Abronia

These are large, arboreal alligator lizards of Mexico and Central America.

Presumably all are viviparous but no information is available for most of the

species. Davis and Dixon (1961:52) mentioned a female of A. deppei at

Chilpancingo, Guerrero, Mexico, which contained enlarged ovarian follicles on

June 10. Werler (1951:41) reported that an A. graminea from Las Vigas,

Veracruz, Mexico, gave birth to a litter of four young on April 12, 1950. Smith

and Alvarez del Toro (1963:103) described A. hjthrocJiila from Chiapas,

Mexico, and reported that the holotype contained 13 large eggs on July 11.

These eggs had no discernible embryos; however, another individual gave birth

to young on July 15, indicating a breeding season of many weeks duration.

Smith and Williams (1963:22) mentioned four specimens of A. oaxacae from

Oaxaca, Mexico, and stated: "One of the young was born in early May, 1960,

to No. 51270; the other was born to the same female in May, 1961." They did

not explain whether the single young for each year was the entire complement,
or whether the fourth specimen mentioned was an adult male which mated

with the female in the interval between births.

Anauis"to"^

The viviparous slow-worms of Emope conform to a breeding schedule

typical for Temperate Zone reptiles of relatively northern distribution, with

mating in spring, gestation lasting through much of the summer, and birth in

late summer or autumn. Smith (1951:175-180) summarized the literature

regarding A. fragilis, and gave a comprehensive account of its life history.

Mating activity is greatest during late April but may continue through May
and early June. Males become sexually mature in their third year, but maturity

is delayed in females rmtil the fourth or fifth year. Ovulation occurs in June.

The young are usually born in late August, and there are ordinarily six to 12

young per Jitter, but numbers range from four to 19. This species attains a

remarkable longevity for a small lizard. A male already adult when captured
survived for 54 years, and after 45 years he mated with a female known to be

at least 20 years old. In Romania, Fuhn and Vancea (1961:265) studied the

eastern subspecies (A. f. colchiciis) and found that impregnation occurs in May
and young are born in August.

Diploglossus

The galliwasps are large, heavy-bodied tropical lizards that have several

species in the West Indies and Central America. Greer (1967:94-96) sum-

marized the available literature records concerning their reproduction and
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contributed many firsthand observations. He examined 12 gravid females of

the Hispaniolan D. costatus which averaged 5.6 (3 to 9) eggs or embryos, and
he cited literature records of birth of litters with three and eight young. In the

Hispaniolan D. criisculus he found an average of 3.2 (2 to 5) eggs or embryos
in eight gravid females. In four gravid females of the Jamaican D. curtissi he
found an average of 3.3 (2 to 4) eggs or embryos, some of the latter almost

full term. In four D. pJeii of Puerto Rico he found two to four oviducal eggs
with small embryos, and Schmidt and Inger ( 1957:164) stated that this species
was a live-bearer. Olier (1968:326) reported that a female D. stenurus in

Haiti gave birth to seven young Jvme 4 to 6, 1963, and another gave birth to

five young on May 15.

The Cuban D. delasagra is oviparous. Greer reported a gravid female con-

taining two eggs tliat had small embryos but had well developed white shells,

and he cited a literature record of an alleged male found with five eggs which
he seemed to be guarding. D. bilobatiis of Central America is also oviparous.
William E. Duellman (pers. com.) found a clutch of six eggs under a log in

a cafetal at Isla Bonita, Heredia Province, Costa Rica, on June 25, 1966. The
eggs hatched on July 15, 1966. Taylor (1956:204) reported that a female was
found brooding six eggs under a log in Costa Rica.

Gerrhonotus

The alligator lizards have elongate bodies and tails, short legs, and keeled

scales. They occur in western North America and Middle America, from south-

western Canada southward to Panama. Here included in the genus are Elgaria
and Barisia (Tihen, 1949). Stebbins (1958:23) proposed a realignment of

their species, with all included in the genus Genhonotiis but with two sub-

genera: Gerrhonotus with the species kingi, panamintinus, multicarinatus,

cedrosensis, paucicarinatus and lioccplialus, and Barisia with antauges,

coeruleus, gadovi, imbricaius, modestiis, monticoliis, moreleii, rtidicoUis, and

viridiflavus. Within each group the species are almost entirely allopatric, but
the subgenera tend to parallel each other in their overall distribution, with

large-scale geographic overlapping between their species. However, the sub-

genus Barisia occurs in relatively cool (northern, coastal or montane) habitats

and insofar as known all its species are viviparous whereas those of the sub-

genus Gerrhonotus are oviparous.

Gerrhonotus coeruleus.—Lewis (1946:155) obtained a group of these

lizards, subspecies principis, near Seattle, Washington, and noticed vigorous

mating activity in several different cages containing them from April 26 to 28.

Four litters were born from seven to ten weeks later, and young numbered

4, 5, 6 and 7. On the Oregon coast Pimentel (1959:6) collected 14 gravid
females and found four to six eggs per female. Svihla (1942:54) observed a

mating at Seattle, Washington, on April 6, and Vestal (1940:51) observed a

mating in northwestern California on April 16. At the latitude of San Francisco

copulation has been observed by myself and others in G. c. coeruleus in the

second week of April. Alligator lizards are capable of activity at relatively low

temperatures, and in the mild coastal climate that prevails over much of the

range the season of activity is long. However, farther inland at high elevations

emergence and breeding are delayed and the season of activity is much
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shortened. Van Denburgh (1922:447) wrote that in Yosemite Valley these

lizards mate about the middle of June; if typical, this indicates notable delay

which might postpone attainment of maturity for one or more seasons and

affect markedly the population structure. Where the species occurs at much

liigher altitudes and/or much farther north, the effect would be correspondingly

greater.

Gerrhonotus gadovi.—Stebbins (1958:18) stated that a female from 8200

feet near Omilteme, Guerrero, Mexico, contained five fetuses nearly full term

on April 28. Davis and Dixon (1961:53) recorded a juvenile that could not

jiave ])een more than a few weeks old at Chilpancingo, Guerrero, Mexico, on

June 24.

Gerrhonotus imbricatu.s.—Duellman (1961:88) mentioned finding a copu-

lating pair on July 4, 1955, on Cerro Barolosa, Michoacan, Mexico, at an altitude

of 2700 meters. Stebbins (1958:18) mentioned a female taken in Mexico on

Gerro Popocatepetl, 11,000 feet on May 4, which contained five young ready

for liirth, as did another from Omilteme, 8200 feet, Guerrero.

Gerrhonotus kingi.
—Stebbins (1958:22) stated that a female from Gochise

County, Arizona, laid 15 eggs on June 5, 1957.

Gerrhonotus liocephahis.
—This large alligator lizard of southwestern Texas

and Mexico has a short and incomplete hibernation period and a long season

of activity. Flury ( 1949:65) observed several instances of copulation in autumn

in captixe indi\iduals. He concluded that autumn is the breeding season, but

perhaps breeding extends over most of the season of activity or all of it. He
recorded that a captive female laid 14 eggs on March 30, 1948, and these

eggs hatched on May 16, 17, and 18. A newly caught female laid 22 eggs on

May 11, 1948. In the Big Bend region of Texas, Minton (1959:45) recorded

a juvenile of 45 mm snout-vent length (well above the size at birth) on

July 17. Werler (1951:41) wrote that at the San Antonio Zoo a female from

Medina County, Texas, laid 12 eggs January 30 to February 1, 1950, and

another female from central Texas laid five eggs on February 18, 1950. The
latter clutch hatched from March 31 to April 2. Greene and Dial (1966:303)
described brooding behavior in a female found in a rock crevice coiled around

a clutch of eight eggs. Burkett (1962:211) obtained a female from George-

town, Williamson County, Texas, which on May 15 after brief captivity, laid a

clutch of 31 eggs. On or about June 9 this individual deposited a second large

clutch of 28 eggs. The relatively short interval between clutches in this

indi\idual, and the wide span of egg-laying dates, suggest the potentiality for

several Isroods per season and a notalily high reproductive potential.

Gerrhonotus monticohis.—This vi\iparous species lives at high altitudes in

Central America. 1 examined 65 from central Costa Rica in the University of

Kansas Museum of Natural History. All were collected in July and August,

except for five in March and four in June. Of the latter, two are adult females,

lioth gravid; 12 of 13 adult females from July also were gravid. The thirteentli

was of minimum adult size (63 mm snout-vent) and perhaps still sexually

immature. However, in the August sample four adult females were gravid and
four were not, suggesting the waning of a reproductive cycle. One female had

full term embryos but in two others enlarged ovarian follicles still were not
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full-sized and subsequent embryonic development would have extended for

many weeks, probably through September and into October. A juvenile taken

in mid-July had a snout-vent length of only 36 mm and could not have been
more than a few weeks old. The female that bore it must have been gravid in

spring—probably April, May and June. One of the five specimens collected in

March (the 22nd) was 34 mm in snout-vent length and was judged to repre-
sent a pregnancy that may have begun in December and extended through
January and February. Thus the small group of specimens at hand indicates

a breeding season that extends through most of the year ( December through
October), but with some seasonal change and with the greatest incidence of

gravid individuals in early summer. In 17 gravid females, eggs or embryos
averaged 5.35 (3 to 10).

Gerrhonotus moreletii.—This is a small montane Central American species.

Stuart (1948:60) wrote that in Alta Verapaz, Guatemala, this lizard bears its

young about mid-May, when the heavy rains begin. In field work in 1940 he
found the first newborn young on May 21, and on the same day collected a

female that contained nine fully developed fetuses. Stuart (1951:60) reported
newborn young at Ixchiguan, Guatemala, in early June.

Thirty in the collection of the Museum of Natural History were examined.

All seven of the adult females (more than 73 mm snout-vent) collected Feb-

ruary 24 and 25 contained late embryos. There were no small juveniles in

this winter sample, but one male was below adult size (61 mm snout-vent).
In a July sample of 21, four adult females were not gravid and three others

contained enlarged ovarian follicles. There were juveniles of 33 and 36 mm
snout-vent length (several weeks old) and other older immatures of 53, 56,

57, 64 and 65 mm. The specimen that was 53 mm snout-vent was a female

already gravid, carrying three embryos, indicating that sexual maturity is

attained at a remarkably small size and probably at an early age. Breeding
through much of the year is indicated, but with some indication that it

slackens or ceases in autumn. In 15 gravid females, eggs or embryos averaged
6.0 (4 to 9).

Gerrhonotus tnulticarinatus.—Fifty specimens from Oregon (subspecies

scincicauda) and 82 specimens from southern California (subspecies webbi)
in the Museum of Vertebrate Zoology were examined to determine the breeding

cycle and to search for possible difl^erences in schedules existing between popu-
lations in the northern and soudiern parts of the range. Nine of ten adult

females (120 mm or more snout-vent) from Oregon in May and Jime con-

tained enlarged ovarian follicles. Other adult females collected on July 5, 17

and 19 did not have enlarged follicles and probably had already laid their eggs

judging from the enlarged condition of their oviducts. Immature specimens of

various sizes, seemingly representing at least two successive annual age-groups,

were examined as follows: 43 mm snout-\ent, October 12 (young of the year

probably about a month old or a fittle more); 43 mm June 7 (first-year young
hatched in previous summer); 60 mm August 1, one-year-old; 63 mm August 3,

one-year-old; 74 mm May 4 (second-year individual after one full season of

growth and two hibernations ) ; 79 mm October 1 1 ( second-year individual after

one full season of growth and one hibernation ) . Possible third-year individuals

were of the following sizes: 89 mm May 19; 89 mm August 17; 93 mm July 19;
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100 mm August 9; 101 mm April 15; 101 mm June 4; 101 mm June 29; 102 mm
August 9; 108 mm August 9; 109 mm August 7.

Farther south the growing season is longer, and breeding occurs earlier in

spring. Ratios of nongraxid to gravid females from southern California in spring

and summer were as follows: in April, 1 to 4; in May, 1 to 4; in June, 1 to 6;

in July, 1 to 0; in August, 2 to 0; in September, 1 to 0. Shaw (1943:194)

reported finding a clutch of 20 eggs in a gopher burrow on June 1, 1942. All

had hatched on July 25. Atsatt (1952:276) reported 12 eggs laid on June 8,

1941, which hatched August 16 and 17. Gander (1931:14) recorded a clutch

of 15 laid on July 17. Stebbins (1958:25) stated that eggs laid in captiWty

had eni]ir\ OS at the limli bud stage.

Burrage (1965:512) stated, "Both wild and captive G. in. nanus and wcbhi

lay 2 clutches of eggs per year and occasionally a third. Marked nanus and

tvebbi females in the field that laid 2 clutches early in the season were found to

be gravid again in Septemlier. Marked and immarked gravid tvebbi females

have ])een found in the field as early as 16 April, and as late as 24 September,

and those of nanus from 24 April through 8 September. . . ."

In southern populations indi\iduals attain larger average and maximum

size, and the reproductixe potential is higher, not only because of i^roduction

of second clutches, but l^ecause clutches average larger. Egg counts for nine

Oregon G. m. scincicauda averaged 9.0 (8 to 11). For 13 G. m. multicarinatus,

from the Sacramento Valley and San Francisco Bay region, clutch size aver-

aged 11.62 (6 to 17), and for 13 tvebbi from southern California, clutches

averaged 11.83 (5 to 20). Burrage reported upon 25 clutches of tvebbi

which averaged 13 (5 to 41) eggs, and 12 clutches of the insular G. m. nanus

which averaged 10 (1 to 18) eggs.

Opinocles

This is a South American genus in which the forelimbs are absent and the

hind limbs, though present, are much reduced. According to Greer (1967:95)

only O. vertebralis is known to be a live-l^earer; he found 9 and 15 eggs in

two gravid females. Two O. intcrmedius females each contained 11 oviducal

eggs.

Opliisaurus

The several species of "glass snakes" are elongate legless lizards, occurring

in Europe, Asia, and North America, in the Temperate Zone and also in the

tropics. Insofar as known, all are oviparous. The female deposits eggs in a

burrow and "guards" them throughout their incubation. Hence, one clutch

per season is the rule.

Ophisatirus apodus.—Conant and Downs (1940:35) wrote that two eggs

were found on July 20, 1937, in a cage with se\'eral female scheltopusiks re-

ceived at the Philadelpliia Zoo from the London Zoological Society.

Ophisatirus attenuatus.—Ecology of the slender glass lizard has been studied

by me at The University of Kansas Natural History Reser\'ation in the north-

western part of the range. In this area the lizards emerge from hibernation in

late April or early May, and the breeding season is in the latter half of May.
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Adult males are much more in evidence than are adult females in the breeding
season. The eggs are normally deposited in June or July, as late as July 27

(Gloyd, 1928:119). The female remains with her clutch after ovipositing, and
her presence may benefit the eggs, JDy turning them and by maintaining the

humidity of the nest chamber. However, the female is not aggressive in

defending the eggs against predators, and at times she may feed upon the

eggs herself. During inculcation the female's food consumption is slight, and
she is sluggish and inactive and is losing weight. Hence, there is no possibility

of the production of more than a single clutch in a season. Typical sizes for

glass lizards of different ages are as follows:

hatchling 60 mm snout-\ent, 1 g
one-year-old 120 mm snout-vent, 9 g
two-year-old ISO mm snout-vent, 30 g

three-year-old 210 mm snout-vent, 47 g

Breeding matiuity is attained in the third year by some, but probably postpone-
ment until the fourth year is more typical. Hence, the population turnover is

gradual as compared with that of most small lizards.

At tlie University of Kansas Natural History Reservation over a period of

years the following records of clutches from females that laid their eggs in

captivity or were dissected before laying, were gathered: 6, 7, 8, 8, 9, 10, 10,

16, 16, 16, 17. Also, two gravid females kept in the same container produced
20 eggs between them. Clutches of 8 (Gloyd, 1928:119) and 11 (Blair,

1961:201) have been reported in the literature. For the total of 15 clutches

mentioned above, the average was 10.8 eggs.

Ophi.mtinis gracilis:
—M. Smith (1935:394) wrote that in the eastern Hima-

layas this lizard produces four to seven eggs in July or August.

Ophisaurus hartii.—M. Smith (1935:394) cited Pope who found a female
of this Chinese species in a nest guarding eggs on August 17. Hatching occurred
in September.

Sauresia

This is a monotypic genus of Hispaniola. Greer (1967:96) found a single
fetus that was almost full term in a gravid female of S. sepsoides, thus demon-
strating that these lizards are viviparous.

Wetmorena

This is a monotypic Hispaniolan genus. Greer (1967:96) listed two gravid
females of W. haetiana with three and eight eggs. In one there were almost
full term embryos demonstrating viviparity.

Anniellidae

This family includes one genus of small, viviparous, legless

lizards, Annielh, in California and Baja California. They burrow
in sandy places. According to Miller (1944:274) A. pidchra ovu-

lates in late May and early June. Females containing embryos have
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been found on August 31, September 15, November 10, November

11; Stebbins (1954:304) recorded births on Oetober 8 and 15 and

stated that young (one to four, but most often two per female) are

born in September, October, or November. As much as three years

may be required to attain maturity.

Xcnosauridae

This family has only one genus, with three localized species, in

Mexico and Guatemala; (the genus, Shinisaiirus, in China is some-

times included also or sometimes allocated in a separate family,

the Shinisauridae). These lizards are viviparous. Fritts (1966:598)

discussed the reproduction of Xenosaunis ^mndis on the basis of

information gleaned from several preserved specimens. Four

females from Veracruz, Mexico, collected January 3 and January

16, 1939, contained preovulatory eggs nine to 12 mm in diameter.

Three other females collected at the same locality on July 9, 1964,

all contained embryos in an advanced stage of development. Eggs
or embryos numbered four, five, and six each in two females, and

seven in one, for an average litter of 5.2. Alvarez del Toro (1960:

128) wrote that in Chiapas, Mexico, X. grandis rackhami produces

a litter of three young and the time of birth is from March to July.

Helodermatidae

These large oviparous lizards inhabit arid regions in western

Mexico and the southwestern United States. Bogert and Martin

del Campo (1956:120) suggested a two-year breeding cycle in the

Gila monster, Heloclerma suspectum, since a captive female that

did not produce one year became gravid the next. Gates (1956:

184) kept a pair in captivity and observed copulation on June 4,

1955, and again on June 9 and September 30. The female died on

November 12 and was found to contain five eggs 26.8 X 14 mm.

A female from near Yuma, Arizona, laid six eggs during the first

three weeks of July (Funk, 1966:255). Curtis (1949a: 148) received

a female Mexican beaded lizard, //. Jiorridtim, on October 14, 1948,

and she laid a clutch of 15 eggs over a three-week period from

January 31 to February 20. In Chiapas, Alvarez del Toro (1960:

122) noted that the female of this species lays a clutch of four to

eight eggs from October to December. Taub (1963:149) stated

that a female of H. Iiorridum which had lived for 20 years in a zoo

died in July 1961 and was found to have three eggs in each oviduct.
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Snakes

Boidae

This primitive, widely distributed family is here construed to in-

clude the pythons, which, however, differ from the typical ])oas in

reproductive habits and in various anatomical characters. Pythons
have often been ranked as a distinct family, or at least subfamily;

they are oviparous, whereas typical boas are viviparous. In the

pythons clutches of eggs are usually large, and the female coils

around them and guards them until the time of hatching, except as

she may leave temporarily to feed, drink, or shed. Pope ( 1961:141)

noted that effective concealment of the many large eggs would be

difficult, and that a big snake is an effective protector for them.

Nevertheless, descriptions of the behavior of brooding pythons in

nature and in confinement, indicate that they are not especially

aggressive at this time, but rather tend to be lethargic. Pythons

guarding their eggs in zoos have often been studied and much
evidence has accumulated to indicate that several of the giant

species, coiled in a compact mass about the clutch, are able to raise

their own body temperatures and those of the eggs above environ-

mental temperatures, thereby hastening development. Substrate

temperature exerts far more influence than air temperature on the

snake's temperature, and failure to recognize this prevented defini-

tive conclusions in all early studies of incubation, where the air

temperature received most attention. Seemingly the incubating
Indian python is unique in that at rather regular intervals the body

undergoes shivering muscular contractions by means of which she

maintains her temperature at a relatively high level when her sur-

roundings are cool.

Boa

These large Neotropical boas are normally viviparous, but a remarkable

incident cited below demonstrates that occasionally at least they can still

produce shelled eggs. In Chiapas, Mexico, Alvarez del Toro (1960:148) stated

there were from 20 to 50 young at a birth in B. constrictor. Pope (1961:137),

on the basis of pul^lished records, gave the number of young in a litter as 21

to 64. Hoover (1936:62) received a female from Central America in May,

1934, and on July 19 she gave birth to two fully developed yoimg and also laid

13 leathery shelled eggs. Stuart (1948:62) mentioned a female in Alta Vera-

paz, Guatemala, which in early April contained 11 well developed eggs. In

British Honduras, Neill (1962:241) obtained two gravid females, each about

six feet long. One gave birth to 16 yoimg on August 10 and the other to 12
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young on August 19. Mole (1924:239) stated that on Trinidad the breeding

season inckided December, January, February, and March, and he mentioned

young born in May.

Cliarina

This monotypic genus inchides only the rubber snake, a blunt-tailed dwarf

boid of secretive and somewhat fossorial habits, in the western United States

and adjacent Canada in relatively cool climates, mainly in or near coniferous

forests. Like other boas the rubber snake, C. hottae, is viviparous. Tanner

and Tanner (1939:28) wrote that in Utah young are normally born in Sep-

tember, but speculated that some births might be delayed until early spring.

Svihla (1943:128) wrote that a female captured in Washington produced a

litter on September 20 or 21. Erwin (1964:222) observed birth of young on

August 24, to a Cahfornian female. Litters of young born in captivity, or

embryos in gravid females, nimibered as follows: 2, 3, 3, 4, 4, 5, 6, 8, average

4.4 (Fitch, 1936:644; Svihla, 1943:128; Stebbins, 1954:354; Wright and

Wright, 1957:55, 59).

Coralius

These are medium-large arboreal Neotropical boids. Mole (1924:237)

mentioned a pair of C. enydris captured while mating in February in Trinidad.

The female of this pair gave birth to between 20 and 30 young the following

August. A large female of C. canimis in the American Museum of Natural

History that died after 40 days of captivity, contained ten seemingly full term

fetuses on November 14, 1927.

Epicrates

This is a genus of medium to large Neotropical boas, with representatives

in the West Indies and in Central and South America.

Epicratcs ccnchria.—Mole (1924:236) mentioned mating observed in

Trinidad in October and January. The female involved in the first observation

gave birth to a brood in July.

Epicrates striatus.—Hanlon (1964:143) observed reproductive activities in

Bahaman boas in captivity. One captured on June 19, 1960, gave birth to 51

young on September 19. In 1962 courting was observed on March 13 and

copulation was noted on March 14, April 3, April 8, and April 13. One copu-

lation lasted from 7:45 p.m. on March 14 until 8 a.m. on the following day.

There were two males and three females in the group, and each mating in-

volved a different combination of individuals. On October 17, 12 young were

born to the female that mated on March 14 and April 8.

Eryx

Sand boas are small, burrowing snakes that occur chiefly in desert regions

of southeastern Europe, Asia, and Africa.
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Erijx coluhrmus.—Loveridge (1936:234) reported that in East Africa on

April 24, 1934, a native brought in a female and seven young, evidently her

recently born litter; all eight snakes were found together in a ]:)urro\v.

Eryx conicus.—Minton (1966:120) reported that in West Pakistan a female

670 mm long gave birth to a single young on July 11, and another female 710

mm long gave birth to 11 young on July 21.

Eryx jaculus:—Fuhn and Vancea (1961:271) stated that in Romania tliis

dwarf sand boa lays six to 12 eggs in July, and the eggs hatch immediately.

Eiinectes

The giant South American anaconda is partly aquatic. Pope (1961:137)
stated that the number of young usually ranges from 28 to 42 in E. miirinus.

He mentioned broods of 19, 28, 30, and 72, the latter number said to be the

young of a 19-foot female. Neill and Allen (1962:73) stated that an anaconda

captured in British Guiana in October, 1958, gave birth to four young on the

following January 8 and 9, and also extruded abortive eggs. The latter, along
with fetal membranes, were devomed by the parturient female. On the basis

of observations made in Trinidad Mole (1924:238) stated that mating occurs

in December and January, and that the young, numbering 32 to 40 per litter,

are born in July or August. Belluomini and Hoge (1958:187) mentioned a

litter of 82 young removed from a female by Caesarean section. Eight of these

young survived.

Licliamira

These are medium-small boas of chaparral and desert halsitats in the south-

western United States and adjacent Mexico. Wright and Wright (1957:64)

stated that there are usually 6 to 10 young, born alive, in L. wseofusca. They
recorded a female from Sonora, Mexico, that contained three embryos, and

another that on June 29 had two eml^ryos estimated to have completed about

two-thirds of their development. Klauber (1933:214) mentioned a litter of

six born November 16. Kurfess (1967:478) observed mating in captives on

June 17, soon after the male was introduced into the female's cage. Five

young were born on October 26 after a presumed gestation of 131 days.

Liasis

These are large to giant pythons of the Australasian region. Pope (1961:

129) mentioned a record of a female L. amethistinus found coiled around a

clutch of 19 eggs.

Python

Typical pythons are large or giant snakes, in Africa, southeast Asia, and

the East Indies.

Python curttis.—Noble (1935:1) observed reproduction of the blood python
in captivity. A female from Sumatra laid 16 eggs in January, 1934, and re-
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mained coiled al)()ut them. A check of her l^ody temperature on Fel)niary 11

indicated that it was not above that of her surroundings. Schmidt and Inger

( 1957:181 ) mentioned a clutch of ten eggs.

Python moJiinis.—Wall (1921:65) wrote that mating of the Indian python
occurs in Decemlier, January, and February; eggs are laid in March, April,

May, and June. Smith (1943:109) wrote that in northern India the mating of

this giant snake takes place in the colder part of the year. Pope (1961:123-

146) summarized many records of breeding mostly based on individuals kept
in zoos far from their natural habitats, as follows. In 16 clutches there were

15 to 54 (average 29) eggs and there are records, probably authentic, of

clutches of 100 and 107 eggs. There is one record by Wall of a female killed

on Ceylon and found to contain large eggs on August 2. Fi\'e successful incu-

bations of clutches in capti\ity, ranged from 57 or 58 to 66 days. Pope men-
tioned indi\iduals kept in captivity by Stemmler-Morath which bred annually
for several years. A female hatched in 1945 bred in 1950. Several males

copulated with her in the period April 22 through May 9 and she laid eggs
on June 28. Dowling experimented with an incubating Indian i^ython in the

period April 24 to May 17. During this time her surroundings \'aried from

78° to 90.5° F, but the snake kept her temperature within one degree of 90° F.

The qui\'ering muscular contractions with which she maintained her tempera-
ture were especially frequent when siuroundings were cool, according to Pope.

Python regiiis.
—Pope (1961:141) stated that this African python has been

credited with laying eggs as well as giving birth.

Python reticulatus.—The reticulate python is Asiatic and is one of the

largest living snakes, therefore much in demand in zoos, and best known from

observations on captive individuals. Pope (1961:123-146) reported clutches

of eggs laid by females of various lengths as follows: 10 feet—15 eggs; 10

feet—16 eggs; 11^2 feet—14 eggs; 13^2 feet—34 eggs; 18 feet—about 50 eggs;

IS feet—33 eggs; 20)2 feet—57 eggs; 23 to 26 feet—103 eggs; about 26 feet—

96 eggs. Dates of laying in capti\nty were in the months April through October.

Incubation lasted 80 days in two instances and 55 to 60 days in one. In this

species as in other pythons the eggs already contain small but well formed

embryos at the time of laying. Unlike Indian pythons, females of this species

that bred in captivity, seemed incapable of producing a clutch annually.

Python sehae.—The African rock python is another of the largest living

snakes. Broadley (1959:11) wrote of a female found in southern Rhodesia

with 39 eggs and hatchlings on December 24, 1956. One was recorded on

Damba Island, Angola, with 50 newly laid eggs at the end of January. A 14-

foot female was found containing eggs ready to be laid in Natal on June 2.

In captivity one laid on January 12 and another on April 5. Pope ( 1961 )

stated the average clutch was 46 eggs and mentioned individual clutches as

follows: 20, 23, 23, 26, 29, 31, 34, 38, 40, 44, 49, about 50, 51, 54, 55, 57,

58, 62, 69, "about 100." Pope, in describing Dowling's experiments with

incubating pythons, stated that a rock python kept from 2^2 to 4 degrees warmer
than its surroundings (substrate 81° F) did not midergo quixering such

as occurred in an Indian python. At 77° to 93° a clutch required almost 100

days of incubation.
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Trcichijhoa

These are small Neotropical boas. Barbour (1937:139) received a female,
probably T. houlengeri, from Panama in April 1936, which contained embryos
four inches long; he estimated that they would have grown another inch before
birth.

Typhlopidae

This family contains small fossorial snakes of wormlike appear-
ance, and having vestigial eyes. The family is pantropical in dis-

tribution, occuring even on remote Pacific islands and extending
into the warmer parts of the temperate zones. Oviparity is the rule

but there is at least one record of viviparity.

Typhhps

This large genus of blind snakes, with more than 160 recognized species,
has a distribution comparable with that of the family. The number of eggs
seems to vary greatly among different species.

Typhlops avahibae.—Bogert (1940:16) mentioned a female found in a

termite nest at Kassa, French Congo, on October 25, 1930, with three newly
hatched young and three eggs still unhatched.

Typhlops bihroni.—FitzSimons (1962:69) stated that in this South African

species there are from five to eight eggs per clutch. Bogert (1940:15) men-
tioned a female from Natal that contained five eggs in December 1932.

Typhlops hlanfordi.—Loveridge (1942:255) mentioned a female from

Mushogero, East Africa that contained nine oviducal eggs on February 3.

Typhlops bmminus.—In the Loo Choo Islands of southern Japan, egg-laying
extends from June to September according to Fukada (1965:73). He cited an
instance of two eggs laid on August 9, 1912, and stated that there are usually
three to six eggs. Wall (1918:380) mentioned eight gravid females from
Assam over the period from April to July. Cagle (1946c: 101) reported that a

gravid female collected on the Pacific island of Tinian deposited three eggs on

April 21 (two days after captiue). Two of the eggs hatched on May 29. In

West Pakistan, Minton (1966:115) reported gravid females in December,
January, and early May, and hatchlings on August 3 and September 7.

Typhlops diardi.—Wall (1918:382) stated that the embryos are partly

developed when the eggs are laid and that there are five to eight eggs per
clutch. Smith (1943:44) stated: "A very large specimen of T. diardi ... ob-

tained by me near Saigon contains 14 embryos all perfectly developed." E. H.

Taylor (pers. com.) suggests that "T. diardi" may consist of two or more

.species, diffeiing in their reproduction.

Typhlops lumhriciformis.—Loveridge (1936:229) mentioned a female fiom

Kenya that contained four oviducal eggs on June 29, 1934.



Reproductive Cycles of Lizards and Snakes 121

Typlilops punctatus.—Loveridge (1942:256) mentioned one female from

East Africa containing 19 oviducal eggs on July 1 and another that had 10

eggs on July 12.

Ttjphlops schlegeli.
—In southern Rhodesia, Broadley (1959:9) examined a

gravid female that contained 37 eggs on May 31, 1957. FitzSimons (1962:74)

stated that in southern Africa the eggs are as few as 12 in young adults to as

many as 60 in old adults, and are laid with embryos already partly developed,

in late spring and early summer. The eggs require from a month to six weeks

to hatch.

Leptdtyphlopidae

These small wormlike snakes are remarkably similar to typhlop-

ids in external appearance, but are well set off from them by

important structural differences. All are in the genus Leptotijphlops,

which has about 40 species in Asia, tropical Africa, and the Amer-

ican tropics northward to the southwestern United States. A brood-

ing colony of L. dulcis was found by Hibbard (1964:222) on the

shortgrass plains of southwestern Kansas, in a bank at a depth of

2/2 feet, beneath sandstone and a surface layer of silt. Altogether

there were 42 eggs which seemingly comprised six clutches, and

in most instances, if not all, a female was coiled around the clutch

of eggs when they were found on July 10, 1962. Beneath some of

the clutches were old, dry, open eggshells, which seemed to be

those that had hatched in previous years. At another nearby site,

on July 5, 1961, Hibbard had found four gravid females containing

4, 3, 3, and 2 eggs, within three feet of each other in a bank, about

18 inches beneath the surface and two feet back from the exposed
soil of the cut bank.

In southern Cahfornia Klauber
(
1940b: 14<S) studied L. humilis

and noted that most females were carrying eggs in early summer,

and he assumed that egg-laying occurred in late summer. He
recorded gravid females with egg-complements of 2, 2, 3, 4, 4, 6 and

6 eggs. Newly emerged young were found to be about one-third of

the maximum length of adults. Alvarez del Toro (1960:145) re-

ported that in Chiapas, southern Mexico females of L. phenops

produce eight to 12 eggs, usually in June or July.

In southern Rhodesia, Broadley (1959:10) noted a female of

L. longicauda having two eggs (21 X 4 mm) on No\'ember 22,

1957. Minton (1966:117) reported that a female of L. hlanfordi

captured in West Pakistan in early December contained a single

elongate egg (25 X 2.5 mm).
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Acrochordidae

The wart snakes are medium-sized to large, with bulky bodies,

loose skins, granular scales and no ventral plates, as they are highly

specialized for aquatic existence and helpless on land. Although

these snakes have often been allocated as a colubrid subfamily,

recent studies by Underwood (1967) have indicated that relation-

ships are with the henophidians, including some of the most primi-

tive groups of living snakes—boas, pythons, uropeltids and xeno-

peltids. The two species occur in the Old World tropics, mainly in

coastal regions from southern India to northern Australia and the

Philippines. Both are viviparous. Smith (1935:134) wrote that

Acrochordus javonicus produces 25 to 32 young, and A. granuhtus

produces six to eight.

Uropeltidae

The seven genera are confined to India and Ceylon and are

specialized for fossorial existence; the head is small, not distinct

from neck and with skull bones solidly united. The tail is remark-

ably short and blunt, and is rough or spiny. According to Smith

(1943:64) "As far as is known all the species are viviparous, pro-

ducing 3 to 8 young at a time." The genus Uropeltis has more than

20 species, chiefly in southern India, with one species in Ceylon.

In these snakes the blunt tail is cylindrical or obliquely truncate,

the terminal scute ending in two points side by side, or a transverse

ridge. Wall (191(S:634) wrote concerning the ocellate thistle-tail,

U. ocellatus: "I have lately ascertained that it is viviparous in

habits. The season of birth apparently ends in July in the Nilgiris."

He recorded that two females contained three and five fetuses.

Colubridae

This is the dominant family of living snakes. They are of

cosmopolitan distribution except in climates too cold for reptiles to

exist, and on remote oceanic islands. They have undergone an

adaptive radiation to occupy a great variety of habitat types and

have achieved speciaHzed habits and morphology for such ways of

life as terrestrial, fossorial, psammophilous, arboreal, aquatic, and

even incipient marine, and for diets such as worms, slugs, centi-

pedes, snails, fish, frogs, and mammals. There are some 270 living

genera according to Schmidt and Inger (1957:187). Less than one-

third of these genera are considered here but perhaps these con-
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stitute a representative sample. Little or nothing is known con-

cerning the reproduction of most of the remaining kinds.

Oviparity is the general rule among the colubrids, and there are

few exceptions. Among the genera here considered, the rear-fanged

AhaetuIIa and Psamnwdynostes of the Old World, Taclujmenis and

its near relatives in South America and the aglyphous Cownella,

Duberria, Pseudaspis, Conopsis, Toluca, Meizodon, Ilelicops, one

species among the many of Elaplie, nine genera of North American

natricines (plus the Asiatic Natrix annidaris), and all of the homa-

lopsine water snakes are the only known viviparous types.

There has been much difference of opinion as to the proper
familial limits of the Colubridae. The Acrochordidae, here dealt

with as a distinct family, have often been included, and the dip-

sadines and pareatines have often been considered a distinct family.

Underwood (1967) suggested reassigning many of the genera

traditionally placed in the Colubridae to the "Dipsadidae," "Homa-

lopsidae" and "Natricidae."

For the purpose of the present paper, the natricines and the

relatively small groups of genera comprising dipsadines, pareatines,

xenodermines, sibynophiines, dasypeltines and xenodontines have

each been discussed as subfamilies, and the remaining genera com-

prising the great majority have all been included in the large sub-

family Colubrinae. Conforming to some degree with traditional

lines of division, the colubrines are here discussed in two alpha-

betical series of genera, the aglyphous or harmless snakes, and the

opisthoglyphous, or rear-fanged group.

Colubrinae

Aglyphous series

These nonvenomous snakes include a bewildering array of

forms not readily subdivided into orderly suprageneric units.

Nearly all the species are oviparous. Two of the exceptions,

Coroiiella austriaca and Elaplw rufodorsata, have ranges extending

farther north and into cooler climates than most other snakes, so

that their viviparity is of obvious adaptational value. There is no

such ready explanation for viviparity in the African slug-eaters

(Duberria), although they do range into fairly cool climates in the

South Temperate Zone. Of New World genera, seemingly only

the aquatic Neotropical Helicops and the montane Conopsis and

Tohica are viviparous.
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Adelphicos

This is a Neotropical genus. Stuart (1948:78) wrote that in Alta Verapaz,

Guatemala, the eggs of A. varaepacis are deposited just liefore the start of the

rainy season in May.

Alsophis

These are slender, diurnal, terrestrial, oviparous. Neotropical snakes. Per-

kins (1943:110) received a pair of Cuban A. anguUfer at the San Diego Zoo

in April, 1939, and the female produced clutches of 9, 8, and 9 eggs in 1939,

1940 and 1941; egg-laying was on August 24, August 17 and July 19. Incuba-

tion took 95 days in 1939 and 89 to 94 days in 1940. Copulation was observed

on May 28, 1940 and May 27, 1941.

These few records suggest that in the subtropical but somewhat seasonal

climate of Cuba this endemic snake has a short breeding season and stereotyped

breeding schedule resembling the schedules of various kinds of snakes in

temperate North America. However, the interval between copulation and egg-

laying is notably long, and recorded hatching dates are late in the fall in

Alsophis anguUfer.

Arizona

The glossy snakes comprise a single polytypic species (Arizona elegans) of

nocturnal oviparous colubrines, in the southwestern United States and northern

Mexico. There are brief accounts of its reproduction by Burt and Hoyle ( 1934:

208), Reynolds (1943:196), Cowles and Bogert (1944:285), Klauber (1946:

378), and Wright and Wright (1957:91, 93, 95, 97, and 101). Clutches men-

tioned by these authors contained: 3, 4, 4, 5, 6, 7, 7, 9, 9, 10, 10, 10, 12, and

23 eggs—average 8.5. The clutch having 23 eggs was laid on July 8 and

hatched after 68 days.

Aspidura

The rough-sides are a genus with five species of small, secretive oviparous

snakes that feed upon soft-bodied invertebrates. They are confined to Ceylon

and the Maldive Islands. Smith (1943:336) stated that two to five eggs at a

time are laid by females of A. hrachijorrhus. The same author ( 1943:337) cited

a record of a female of A. copii that contained 21 eggs. Wall ( 1921:211 ) wrote

that A. irachijprocta usually lays from four to 12 eggs, and that breeding seems

to continue through most of the year. In series collected in February and

March many of the females were graxid.

Atretium

The two .species of keellxacks in this genus are found in Ceylon, India, and

Yunnan and are oviparous. Wall (1921:130) recorded a pair of olivaceous

keelbacks, A. schistosum, mating at Bangalore, India, on August 27. He re-

ported egg-laying on April 26 and on January 1. A female was nearly ready to

lay on December 9. A long breeding season is indicated. Smith (1943:320)
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stated that from 12 to 30 eggs are laid, and Wall (1912:1014) mentioned

clutches of 10, IS, and 20.

Boaedon

This genus of the African house snakes, is primarily tropical. The few

records of breeding indicate a breeding season extending over much of the

year and show that a female can produce successive clutches of eggs in a

season.

Boaedon fiiliginosus.
—In southern Rhodesia, Broadley (1959:14) observed

captives in copulation on September 16 and 17. A female (not the one seen

mating) laid seven eggs on November 10. In the Rukwa Valley of southwestern

Tanganyika, Robertson, Chapman and Chapman (1962:426) noted females

containing developing ova in February, May and August. In May one contained

10 large ova. In September one had seven large oviducal eggs and also ovarian

eggs six mm in diameter. FitzSimons (1962:122) stated that there are usually

eight to ten eggs (up to 16) laid in spring or early summer.

Boaedon lineatus.—Loveridge (1936:239; 1942:264) published notes con-

cerning the reproduction of this East African house snake. He recorded gravid

females with oviducal eggs on the following dates: December 16, January 11,

March 1 (two females), March 11, March 25, May 10, at Butadinga, Sipi,

Kaimosi, Lamu Island and Ujiji. Numliers of eggs per clutch were: 1, 1, 2,

5, 6, 7, 8, and 10. Six eggs were found in a termite nest on February 2.

Blackwell (1954:136) observed egg-laying in a captive female. She was re-

ceived in November 1952; on January 30, 1953, she laid six eggs most of

which were fertile. On April 16, 1953, she laid a second clutch of eight, but

it was not determined whether tliese were fertile, because tliey were deposited

in a water dish and soon spoiled.

Calamaria

These small, secretive and burrowing tropical colubrines occur in the

Malayan region and the Indo-Australian Arcliipelago. Limited information is

available regarding the reproduction of tA\o species; seemingly breeding occurs

year-round.

In western Java, DeHaas (1941:343, 348) found that in C. lumbricoidea

the ratio of adults to young changed markedly during the course of the year.

In February and May the catch consisted entirely of adults, but through the

summer months immatures made up about half of the catch, rising to a maxi-

mum of 78 per cent in October, and then declining in udnter. Seemingly there

is year-round breeding, as gravid females were recorded in e\ery month of the

year. However, they were best represented in the period June through Sep-

tember; at other times of year the incidence of breeding is much reduced.

DeHaas obtained C. linnaei in even greater numbers than the preceding

species. Adults were taken in relatively large numbers (70 to 90 per cent of

catch) from June through October, then decreased to near 50 per cent through

November, December, and January, and increased again abruptly in the late

winter and spring. As in C. lumhricoidea gravid females were secured in every

month. But in C. linnaei there is no season of concentrated reproductive
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activity; the maximum numbers of gravid individuals were taken in March

(13), June (12), and August (15) with month-to-month fluctuations such as

might be expected if chance were the main determining factor.

Ce7nophora

The only species is the scarlet snake C. coccinea of the southeastern United

States, a small secretive, burro\ving, oviparous snake much like a milk snake in

appearance. Carr (1940:86) recorded a female that contained eight large eggs
on June 2. Wright and Wright (1957:115) recorded one clutch of three eggs,

and another of eight, the latter laid on June 23. Woolcott (1959:263) wrote of

five eggs found near Richmond, Virginia, on September 12, 1956; they hatched

13 days later. These few records indicate that the season of egg-laying is

lengthy and suggest the possibility that females may produce more than one

clutch in a season.

Carphophis

Tliis genus contains the worm snakes, small, smooth-scaled oviparous colu-

brines corresponding well in overall distribution with the original deciduous

forests of the eastern United States, in nonglaciated areas. They show strong

fossorial adaptation. Donald R. Clark, Jr. made an ecological study of C.

vermis at the University of Kansas Natural History Reservation and nearby
areas in nortlieastern Kansas; he provided the following information from two

seasons of field work on this local population. Mating occurs in September and
October and perhaps also in spring. Ovulation occurs mainly between April 23

and May 5. Fifty counts of oviducal eggs (from palpation of live snakes)

yielded an average of 3.14 (1 to 5) per clutch. For large ovarian eggs, counts

were somewhat higher and for clutches actually laid in captivity they were

somewhat less, indicating loss during development. Two clutches incubated

indoors but at temperatures approximating those in the field, hatched in 48 and
49 days. Worm snakes mate when three years old, in fall, or perhaps early in

the third year, in spring. In Kentucky Barbour (1960:10) found a somewhat
smaller average clutch (2.6 eggs), with egg-laying occurring about mid-June,
in C. amoenus helenae.

Coluber

The racers, fast-moving terrestrial colubrines of the North Temperate Zone,
conform to a breeding schedule typical for snakes of that region, with copula-
tion and egg-laying in spring, and hatching in late summer. There is no evi-

dence of individuals producing more than one clutch per year. In C con-

strictor there is notable geographic variation in size of clutch.

Coluber constrictor.—The common racer occurs over most of the United

States. The breeding cycle is best known in northeastern Kansas, the center of

the geographic range, where a 14-year field study (Fitch, 1963:459) showed

that mating occurs chiefly in May and during that month the male is especially

active in sexual search. Ovulation occurs most typically in late May but some-

times in June. The eggs are laid from mid-June to early August. In each
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breeding season some females of adult size are not fecund. Approximately 13

per cent of the two-year-olds in a summer sample were productixe, breeding

for the first time, and the percentage of fecund females was greater in each

successively older age group to a maximum of approximately 80 per cent in

old adults. Two-year-olds averaged only 9.2 eggs per clutch, whereas those that

were six years old or older averaged 15.7. Incubation averaged 51 (43 to 63)

days.

Bodih' size varies somewhat o\'er the geographic range, and number of eggs

Xier clutch also varies. In the northeastern C. c. constrictor, 14 clutches average

16.8, whereas in C. c. jlavwentris of Kansas, 62 clutches average 11.6 and in

C. c. mormon of the West Coast, 43 clutches average only 5.8.

Coluber jngularis.
—In Romania, Fuhn and Vancea (1961:277) found that

impregnation occurs in early May and that egg-laying occurs from late June to

early August.

Coluber rhodorachis.—In Iran, Anderson (1963:465) recorded a female

cliff^ racer having oviducal eggs 34 mm in length on June 27 and another having
ovarian eggs nine mm in diameter on July 4. At Karachi in West Pakistan,

Minton (1966:122) noted the smallest young in August and September.

Coluber ventromaculatus.—This is a species of northwestern India and

neighboring regions. Wall (1914:41) recorded three gravid females in May
(containing 3, 8, and 9 eggs) and stated that the young appear in August and

September.

Conopsis

These small colubrines, limited to high altitudes in Mexico are insofar as

known, viviparous, thus differing from the closely related genera Ficimia and

Gyalopion, generally found at lower altitudes. Duellman (1961:92) found a

copulating pair of Conopsis biscrialis at Capacuaro, Michoacan, Mexico, on

August 1, 1956. Greer (1966:371) examined a series of C. nasus collected at

Alvarez, 7500 to 8000 feet, San Luis Potosi, Mexico, in Octol^er and November.

In 20 gravid females embryos averaged 3.6 (1 to 6).

Coronella

The European smooth snake (C austriaca) resembles the North American

king snakes (Lampropeltis) but is viviparous. Smith (1951:240) stated that

mating occurs lioth in autumn and in spring. The young are usually born in

the latter half of August or in early September. In 50 litters numbers of young

ranged from four to 12 except for one which had 13. The female is usually

sexually mature at an age of four years. In Romania, Fuhn and Vancea (1961:

293) found that impregnation of females occurs in April and May, and young
are born at the end of August or in September.

Dendrelaphis

The bronze-backs are active, slender, elongate, diurnal tree snakes that occur

from the Himalayas through southern Asia and to Australia. Smith (1943:240)
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stated that from three to five elongate eggs are laid at a time and that embryos
are already partly developed at the time of oviposition. Worrell (1964:102)
wrote that in D. punctulatus in Australia, five to 12 eggs are laid in December
and hatching occurs after about three months' incubation. Wall (1910:784)
reported clutches of 6 and 7 eggs in the Indian lironze-back (D. tristis). Wall
(1921:226) reported gravid females of this species in January, February,
August, September and December, and instances of egg-laying in January and
August. Obviously breeding occurs through much of the year or all of it.

Diadophis

The ring-necked snakes are small, secretive, and terrestrial, and occur

throughout most of the United States and in adjacent Canada and Mexico.

Traditionally, the numerous forms have been grouped into three species, D.
punctatus (eastern), D. regalis (southwestern) and D. amabilis (Pacific Coast),
but all may be conspecific. Observations on reproductive cycles have been made
chiefly on the eastern forms. Copulation occurs in both autumn and spring,

egg-laying in early summer and hatching in late summer or early autumn.
Insofar as known, one clutch per season per female is the rule but possibly some
females produce second clutches. Females ordinarily mature and produce eggs
late in the third year. Population studies in Michigan, Kansas and Florida have
revealed differences in time of laying and numbers of eggs, as might be expected.

Diadophis punctatus.—Bhnchard (1930, 1936) studied the eggs, nests, and
young of the ring-necked snake in northern Michigan. There he found that

oviposition is typically in the latter part of June or the beginning of July. For
202 clutches the average number was 3.5. There were seven eggs in just one
clutch, 6 in 10, 5 in 27, 4 in 57, 3 in 64, 2 in 37, and 1 in 6. In general,
number of eggs per clutch showed a good correlation with size ( and presum-
ably age) of die female. The smaller fecund females (310 to 360 mm in total

length) usually had one to three eggs, those from 360 to 440 most often had
three or four eggs, and the largest, over 440 mm often had five or six eggs.
A typical incubation period was approximately 56 days.

In northeastern Kansas I found egg-laying to be concentrated in the last

week of June and the first week of July. In a random sample of 49 clutches
the number of eggs averaged 4.2 (1 to 8), with three-egg, four-egg and five-

egg clutches occurring in almost equal frequency, and, in combination, making
up three-fourtlis of the sample ( Fig. 8 ) . The number of eggs was found to be
closely correlated with size of tlie female. The fecund females ranged from
226 to 379 mm in snout-vent length ( 267 to 443 mm total length ) . Eggs incu-
bated in the laboratory generally hatched in early September. Probably the
females do not lireed until die third year, at an age of about 31 months.

Near the souUiern extreme of the range, in Florida, Myers ( 1965:43, 75-80)
found that eggs are probably laid from late May or June into August and that

females normally breed each year. Both sexes were thought to be sexually
mature by their second spring. In 20 adults containing large ova the a\erage
clutch was 5.2 (ranging from 2 to 10, with 4 being the most frequent number).
Myers' finding that egg-laying in Florida extends into August, later than in

northern states, is of significance in connection with the possible production of
second clutches in the prolonged growing season of the southern states. A
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reproductive events for D. corais suggest conformity to a typical Temperate
Zone schedule, except that all egg-laying dates are notably early. Groves ( 1960:

51) had a pair of Florida indigo snakes (D. c. couperi) which mated on October

30, October 31 and January 20. The female laid 11 eggs on the following

May 6 and these hatched on August 7. Another female laid 6 eggs on May 28

and they hatched on September 10. A third female laid 9 eggs on May 14,

1956, and another clutch of 11 eggs on May 25, 1957. LeBuff (1953:166)

recorded that a female captured on April 13 laid 6 eggs on May 2. A record of

outstanding significance was that of Carson (1945:225) who purchased a

female of this species from a dealer. After four years and four months in

solitary confinement, this snake, on May 29, 1945, produced a clutch of five

eggs, at least one of which was fertile. Wilght and Wright ( 1957:206) observed

captive individuals of D. c. erebennus at Brownsville, Texas, in late April,

1925: "Found 3 or 4 large eggs with some of them. They were dirty white,

tough, rough eggs easily 4 inches long." Stuart (1948:67) wrote that a female

D. c. melaminis in Alta Verapaz, Guatemala contained "partly formed eggs" in

early June.

Dnjmohius

These racerlike Neotropical snakes extend northward to extreme southern

Texas. The few available dates indicate egg-laying in spring.

Drtjmohius chloroticus.—In Alta Verapaz, Guatemala, Stuart (1948:64)

found that females contained well-developed eggs in May.

Drtjmohius margaritiferus.
—Gaige, Hartweg and Stuart (1937:18) reported

a gravid female in August, and another that laid seven eggs on April 22. Two
of the latter hatched on June 9 and 11. Werler (1949:59) reported that a

female laid seven eggs on April 22 and two hatched on June 9 and 11. The

same author reported a clutch of two eggs laid on July 29. In the Cayo District

of British Honduras, Neill (1962:240) reported one 359 mm in total length on

October 15, still retaining a faint umbilical scar, and probably only a few

weeks old.

Dnjtnoluher

These are slender and active Neotropical oviparous colubrines. D. dichrous

in tropical rain forest seemingly has an extended breeding season, thus re-

sembling most or all of the other snakes found in this same climate and type of

haliitat. A series of this species in the Bassler Collection of the American

Museum of Natural History, from Iquitos, Peru, were examined by me. The

two gravid females for which definite dates were available were collected in

August. Three undated females also were gravid. Females contained 2, 3, 4,

5 and 6 ova, average 4.0.

Among the snakes examined were eight young that probably were not much

beyond hatching size—227 to 273 mm in snout-vent length—and for these

seasonal distrilnition was as follows: two in February, one in March, one in

August, one in September, two in October, and one in December. On this

somewhat meager evidence it is tentatively concluded that in Drymoluher

dichrous as in the other common snakes of the Iquitos region, breeding is more

or less continuous throughout the year.
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Duberria

These small viviparous African snakes range from the tropics into the South

Temperate Zone. Bogert (1940:40) recorded females of D. hitrix from the

Rungwe Mountains in Tanganyika, which contained complements of 6, 7, 10,

10 and 17 eggs. Loveridge (1942:281; 1953:264) mentioned other gravid

females of D. hitrix from East Africa on January 27 (four), early July, and

November 8. They contained 7, 8, 10, 11 and 14 eggs. Broadley (1959:32)

mentioned a female in southern Rhodesia which ga\'e birth to seven yomig on

Decemlier 27, 1956. FitzSimons (1962:169) stated that in southern Africa

young may be born as early as October but are usually born in February.

Eirenis

These are small burrowing, desert snakes of southwestern Asia and northern

Africa. Anderson (1963:467) reported finding of gra\id females of E. pcrsica

in Iran on May 25 and August 30, 1958. One that was opened contained a

single elongate egg.

Elaphe

The rat snakes comprise a genus of medium to large colubrines in Europe,

Asia and North America, chiefly north of the tropics, and especially in forested

areas of eastern Asia and eastern United States. Comparison of the data for the

different species reveal some surprising contrasts. Oviparity is the rule, but one

Asiatic species, E. mfidorsata is viviparous. The group as a whole conforms

to the usual reproducti\e cycle of snakes in the Temperate Zone, with a spring

breeding season, and emergence of hatchlings in late summer or autumn. There

is notable difference among the species in length of time required from hatching

to breeding maturity—less than two years in E. qiiadrivirgata and E. guttata

(in captivity) to four years in E. ohsolcta.

Elaphe cannata.—Pope (1929:438) described a nest of this mcmtane Ori-

ental species, in the high bamboo forest near Kuatun, China. A clutch of 12

eggs were found on July 29, in the loose decaying vegetation of a pile of

bamboo waste. Hiding in the same pile of waste which contained the nest

were three adult E. carinata, one of which was a gra\id female containing

12 eggs.

Elaphe cUmacophora.—This large Japanese species is fairly well known

through the studies of Fukada (1965:69). Mating is in May or June and egg-

laying is from mid-July to early August. The female remains with the eggs,

coiled around them, for several days after laying. In 18 clutches the munber of

eggs averaged 9.2. The known range is from 4 to 24, with only four or five

produced by the smallest mature females and relatively large clutches produced

by those in the larger size classes. Recorded incubation periods range from

51 to 64 days and average approximately 58.

Elaphe compiciUata.
—This is another Japanese species smaller than the

preceding, and more subterranean in habits. Fukada stated that mating occurs

in May and June and egg-laying in July and early August. The female does

not remain with the eggs. Eggs average four per clutch (1 to 7), and incuba-

tion requires approximately 50 days.
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Elaphe dione.—Pope (1935:243) published several records of breeding in

northern China, and he also cited earlier published records. Gravid females

containing 4, 8, 8, and 11 eggs were reported in May and July and a clutch of

11 eggs was collected on July 18. Hatcliing of the latter occurred on Jidy 27

and 28 and six hatchlings each with an egg-tooth were brought in on August
14-15. According to one statement (Sowerby, 1914:164) the incubation period

is about three weeks. Webb, Jones and Byers (1962:167) noted that a female

from Korea collected June 13 contained nine oviducal eggs.

Elaphe guttata.
—Because the corn snake is common in the eastern United

States, and thrives in captivity, its reproduction has been observed more often

than that of most other snakes. Bechtel and Bechtel (1958:148-149 and 1962:

436-437) kept and reared corn snakes through se\'eral generations and were

successful in breeding an alliino strain from an original male that came from

North Carolina. One sruprising outcome of their work was the finding that in

both sexes, sexual maturity is attained at an age of approximately 18 months,

and that the females reared in captivity consistently laid their first clutches of

eggs at an age of two years. However, it seems that these captive-bred snakes

were not subjected to the same schedule of hibernation that they would have

had in nature, and perhaps their development was accelerated by a prolonged
season of acti\'ity and feeding. Records of their comtship and mating in Janu-

ary and March suggest that they were maintained at high temperatures per-

mitting them to remain active throughout the year.

The published records of breeding, indicating periods of "gestation" and

incubation are simimarized in Table 6. Most of the records by Bechtel and

Bechtel are of clutches laid by newly matured tsvo-year-old females, and hence

are relatively small. For the 17 clutches listed in Table 6, the average is

9.8 eggs.

Elaphe helcnac.—In the Deccan of northern India, Lindberg (1932:695)
found females containing eggs in July. In the Nilgiri Hills of southern India,

Wall (1921:200) found no gravid females in a collection of 107 specimens in

the months June to September, but a hatchling was taken on March 29.

Elaphe longissima.—Fuhn and Vancea (1961:290) stated that in the

aesculapian snake in Romania impregnation occius in May or June, egg-laying

about a month later, and hatching in September.

Elaphe ohsuleta.—The common rat snake occurs over much of the eastern

half of the United States, and is subject to much geographic variation within

tliis extensi^'e area. Doubtless reproductive cycles vary in response to climatic

and other environmental factors, but the extent of the change from one part of

the range to another is poorly known. In northeastern Kansas near the north-

western limit of the range I made a 15-year study of a local population. Females

generally produce their first clutches of eggs late in the fourth year of life when

a snout-vent length of more than 870 mm has been attained. Copulation some-

times occurs in the autimin but mating activity is most often obser\ed in late

April and May. Egg-laying occurs in late June or July and hatching is from

late August to early October. Wright and Wright (1957) summarized the

literatme. They reported clutches with the following numbers of eggs: 5, 6,

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 19, 21, 22, 24, 44. Several clutches each

with eight to 12 eggs were recorded, and seemingly the mode falls witliin tliis
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Table 6. Reproduction in Elaphe guttata.

Origin Date of Date of Nuniljer

Autliority of snakes copulation laying of eggs

Date of

hatcliing

Bechtel and
Bechtel,
1958
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July and August prolialily indicates production of second clutches. Some
recorded incubation periods for clutches in different parts of the range are:

53, 53 to 56, 59, 65, 106 and 109 days. Presumably the wide range in span of

incubation periods is due to differences in temperatures at which the eggs

developed, but perhaps the amount of embryonic development that takes place
before laying is also subject to some variation. Slack (1944:190) recorded an

18-day interval between copulation and egg-laying in a captive female. Lynch
(1966:.305) reported the finding of 76 eggs in a single cluster, in Brown
County, Indiana. These eggs might have been the combined clutches of only
two giant-sized females that were killed in the vicinity the following year, but

more probably they represented the combined clutches of several females. Old

eggshells remaining from earlier years were also present at the nest site.

Elaphe quadrivirgata.—Fukada (1960:6-21) studied the life lustory of

this Japanese species and found that snakes of both sexes mature late in their

second year. The young hatch late in the season and grow little before the

first hi]:)ernation; most of their growth is in the next full growing season, after

their emergence from hiliernation. Early in the third growing season (soon
after emergence from the second hibernation) at an age of one year and nine

months, the young are ready to breed. Hence, at the minimum, only tsvo years

per generation is required. The mating season is from late April to mid-June
and egg-laying is from mid-July to early August. The female remains coiled

around the eggs for several days after laying. In 56 clutches eggs averaged 8.9

(4 to 15). Size of clutch was correlated with size of the female. The smallest

productive females, 90 to 99 cm in length laid an average clutch of 7.3 eggs
(4 to 10), whereas the largest females, 130 to 139 cm, laid an average of 11.5

eggs (6 to 15). The incubation period is 40 to 57 days.

Elaphe quatuorlincata.—Fuhn and Vancea (1961:283) noted that in Ro-

mania impregnation occurs in June and July, oviposition in July, and hatching
in September or October.

Ela))Jic radiaia.—This is a common species of southeastern Asia. It is "ap-

parently oviparous," according to Pope (1935:263), who cited a statement by
Wall that females are to be found containing eggs in April, May, June, and

July, and that the eggs number five to 12.

Elaphe rtifodorsata.
—This northern semiaquatic species of Korea, Man-

churia, northern China, and adjacent parts of the U.S.S.R. is especially remark-

able in ]:ieing \i\iparous. Pope (1935:265) cited a statement by Sowerby

regarding birth of "eight or ten" young and he himself recorded birth of litters

on September 25. He recorded the following counts of eggs or embryos: 4, 7,

10, 11, 12, 12, 14, 16, 16, and 21. Maslin (1950:451) reported four gravid

females from Kiangsi, China, which contained 10 to 16 eggs in which embryos
were still not evident on June 7. Webb, Jones and Byers (1962:168) recorded

copulation of a pair in Korea on April 25.

Elaphe schreiwki.—This is a species of northern Cliina. Pope (1935:270)
cited a Russian author (Emelianov), who stated that eggs in a clutch range
from 13 to 30, that these are laid from mid-July to mid-August, and that the

young emerge in late August or September.
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EhipJic iacnlunis.—This is a larj^e and common Chinese species. Pope

(1935:275) reported females containing 11, 12, 12, and 13 eggs, which were

judged ahnost ready to be laid on June 28 and July 8.

Elaplie viilpina.
—The fox snake is a relatively small species of the north-

central United States. Wright and Wright (1957:264) reported clutches of

7, 9, 10, 11, 13, 14, 15, 17, 20, 21, and 29 eggs, average 15.1. They reported

laying on June 14 and 24, July 17, 17, 19, 20, 21, 23, 29, and on August 5 to 6;

hatching was recorded on Sei^tember 18 to 20 and October 19.

Elapoides

These small terrestrial colubrines occur in the Indonesian region. In west

Java, DeHaas (1941:343) found the largest numbers of gravid females of E.

fuscus in the dry season when rainfall a\'eraged 44 to 128 mm per month

(May—17, June—18, July
—19, August—14, September—33) but during the

remainder of the year, with rainfall of 353 to 522 mm per month, he obtained

fewer gravid females (October—4, November—5, December— 10, January—8,

February—3, March—11, April— 10). Adults made up about 60 per cent of

the June and July samples but from November through May immatures made

up al)out 60 per cent of each monthly sample.

Farancia

This genus includes two prolific oviparous species in the southeastern United

States. Insofar as known, one clutch per season is the rule, but the span of

several weeks in dates of recorded oviposition raises the possibility that a female

may produce more than one clutch per season.

Farancia ahacura.—The mud snake is a large somewhat fossorial species.

Meade (1937:12) observed copulation in caged individuals on July 11; eggs

were laid on September 5 and hatching took place on October 30. Several

observers have found females guarding their clutches of eggs or have noted

that they have remained with eggs laid in capti\ity. Riemer ( 1957:31 ) reported

a female in a burrow with her clutch, which was in process of hatching, near

Gainesville, Florida, on September 19, 1956. Van Hyning (1931:59), Meade

(19.35:190; 1937:12), Carr (1940:78), Conant and Downs (1940:35), Rey-

nolds and Solberg (1942:25), Wright and Wright (1957:274, 278), and Ken-

nedy (1959:71) published statements regarding egg-laying. Recorded clutches

of eggs found in nature, laid in captivity, or observed in gravid females number

as follows: 4, 11, 15, 15, 16, 18, 20, 22, 24, 25, 25, 28, 28, 29, 35, 36, 40,

43, 48, 50, .50, 54, and 104, average 32.2.

Farancia crytrogrannna.
—The rainbow snake is a fossorial and partly

acpiatic species of the Atlantic and Gulf coasts from Maryland to Louisiana. In

Virginia, Richmond (1945:30) found several nests in a sandy field. He found

a gravid female on June 24 which contained shelled eggs not quite ready to be

laid. On July 5 he foimd a female in the act of laying and on the same day

found two other nests with eggs containing embryos 60 mm long. Ditmars

(1936:284) reported a clutch of eggs laid on July 7. Clutches of 20, 22, 22,

33, 43, 47, 50, and 52 eggs, average 36.1, have been recorded (Wright and
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Wright, 1957:85; Neill, 1964a:279). The latter author reported egg-laying in
a capti\'e female on July 8 and 9 and in another on July 10, and the finding of
a natural nest on July 22.

Geophis

These are small, secretive, smooth-scaled, stubby-bodied colubrines. Nu-
merous species occur in Mexico and Central America; some are montane. In
the second week of February 1965, I obtained three gravid females of G.

bmchyccphahis on Volcan Barba, Costa Rica. In the last week of March I

obtained two nongravid females and three young of hatchling size between
Volcan Barba and Volcan Poas.

Gongylosoma

Snakes of this genus are small, terrestrial and oviparous and inhabit the
Indonesian region. In western Java, DeHaas (1941:346) found only adults of
G. haliodeira in June at the end of the rainy season, but the number of young
increased rapidly through July, August, and September (the dry season) and
young were in the majority through October, November, and December, with
a corresponding decrease from January to May. Bergman (1963:7) examined
19 egg-bearing females from Java that were 245 to 314 mm in body length.
The average clutch was 2.5; one had 1 egg, 19 had 2 and 20 had 3.

Grayia

These tropical African aquatic, fish-eating snakes are oviparous. Angel,
Guibe, La Motte, and Roy (1954:394) reported that a large female of G.
smithi from Mt. Nimba in French Guinea contained 23 large eggs in May.

Lampropeltis

The genus is primarily North American, but one species ranges southward
into northwestern South America. All species are oviparous; mating is in

spring, egg-laying in early summer, and hatching in late sunmier in all recorded
instances.

Lampropeltis caUigaster.—Clutches of six to 17 (average 11.0) have been
mentioned in the literature by Blanchard ( 1921:121 ), Shoop ( 1957:48), Minton

(1944:463), Guidry (1953:50), Clarke (1954:15), Carpenter (1958:115),
Dietrich (1960:47), Smith (1961:214) and Anderson (1965:240). Some dates
of egg-laying are: June 19, 22, 23, 27, and July 1, 5, 13, 20 and 22. Shoop
recorded clutches laid on June 19 and 27 which hatched on August 3 and 13

respectively. Anderson (1965:240) mentioned a clutch laid on June 23 which
hatched September 3 to 5.

Lampropeltis getuhis.—The "common" king snake occurs in the southern
half of the United States. Wright and Bishop (1915), Gloyd (1928:127),
Force (1930:32), Klauber (1939b:4), Van Hyning (1931:59), Blanchard

(1921:53, 54), Conant (1934:66), Meade (1932:70), Boyer and Heinze

(1934:196), McCauley (1945:91), Carpenter (1958:115), Brimley (1903:
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264), Knepton (1951:85), Wright and Wright (1957:374, 380, 383, 385,

390, 393), Cunningham (1959:18) and Anderson (1965:245) reported

clutches of eggs as follows: 5, 6, 6, 7, 7, 7, 8, 9, 9, 9, 9, 9, 10, 10, 12, 12, 14,

14, 16, 16, and 17, average 10.1. Mating has been reported on April 19

(Florida), May 14 (California), May 18 (Maryland), May 19 (Georgia),

May 22 (California) and June 21 (California). Meade reported an instance of

copulation in May, with egg-laying occurring after 73 days and hatching after

69 days of incubation. Some recorded incubation periods are: 59-60 days

(Knepton, 1951:85), 64-67 days (Anderson, 1965:247), 77-78 days (Blanchard,

1921:54), and 78-81 days (Conant, 1934:66).

Lampropcltis triangultim.
—The milk snakes constitute a highly variable

polytypic species occurring over most of the United States and southward into

northwestern South America. Gloyd (1928:119), Loomis (1948:121), Marr

(1944:485), Werler (1951:44), Condit (1955:257), and Wright and Wright

( 1957:371) have published on its reproduction. Clutches of 5, 5, 6, 6, 6, 8, 8,

9, 11, 11, 11, 11, 12, 12, 12, 13, 13, 15, 15, and 16 eggs (average 10.2) are on

record. Werler recorded a clutch laid June 5 that hatched July 24 and 25, and

another laid July 21 that hatched August 26 and 28. Egg-laying has also been

recorded on Jime 21 and July 3.

Lotnpropeltis zonata.—Stebbins (1954:402) mentioned a clutch of eggs of

this Californian species that required 63 days for incubation in the laboratory.

Cunningham (1959:18) mentioned a female tliat had tliree eggs on July 18.

Lamjyropliis

FitzSimons (1962:116, 118) stated that in southern Africa L. inornata lays

six to 12 eggs in "early summer or around midsummer," and that L. aurora lays

eight to 12 eggs.

Lebnodophis

These small, oviparous Neotropical colubrines have long breeding seasons,

and perhaps breed throughout the year. Sexton and Heatwole ( 1965:41) found

gravid females of L. epinephclus containing 5 and 7 eggs on June 22 and 23

in Panama. Gravid females of L. reginae are represented in the Bassler Col-

lection from Iquitos, Peru, for each month of the year, except for May, July,

and October when no adult females were collected, and January and April,

each represented by only one adult female. The 23 gravid females averaged

5.0 eggs; nine each had 5, three had 6, three had 7, two had 8, two had 3, two

had 2, one had 4, and one had 1. In L. taeniunis from Iquitos, females aver-

aged 3.88 eggs; five had 3, five had 5, three had 2, t\vo had 4, and t\vo had 6.

These gravid females were from March, June, Septeml^er, and October (Table

7), with small juveniles (118 to 128 mm snout-vent) from January (1), Feb-

ruary (2), May (1), August (1) and December (1). A female of L. himacu-

latus at Bogota laid 16 eggs on October 3 some of which hatched the next

September 3, after the remarkably long incubation period of 11 months

(Dunn, 1944:164).

At Rancho Grande, Estado Aragua, Venezuela, Test, Sexton and Heatwole

(1966:42) found a female Leimadopliis zweifeli with three eggs ready to be

laid on April 8, and a female containing five large ova on July 4. A juvenile of
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140 mm snout-vent, certainly not much larger than hatchling size, was found in

December. Hence, it seems that breeding must occur through much of the year.

Leptophis

The meml:)ers of this genus are racerlike frog-eating .snakes of the Neo-

tropical region. Information is available only for L. ahaetulla. Although the

data are fragmentary, they suggest that in the equatorial lowlands there is some

breeding throughout the year.

Leptophis- ahaetulla.—Oliver (1947:5) studied a series of 83 of these snakes

from Iquitos, Peru, in the collection of the American Museum of Natural His-

tory. He found that except for April when only one adult female was collected,

and September and October when none was collected, there were gravid in-

dividuals from every month (Table 7). The samples were too small to attach

much significance to the ratio of gra\id to nongra\id females. In the sample
males and females were represented in almost equal numbers, and their num-
bers fluctuated in somewhat parallel fashion from month to month. It is

remarkalile that the catch for March was more than twice that for any other

month, although according to Dr. Bassler's statement, cited Iw 01i\er, human
activity varied little. The trends for other kinds of snakes ol^tained in quan-
tities were similar, and also showed the largest catches in March. Oliver pointed
out that March was a month of high rainfall and of high water in the Amazon
River, tending to concentrate the snakes on high ground, lint the same state-

ment applies to the months immediately preceding and lollowing; other un-
known factors must have heen important in causing the large catch of snakes

during March.

Lijcodon

The Oriental house snakes are oviparous and seemingly have an extended

breeding season where they occur in the tropics.

Lycodon aulicus.—This snake was studied by Wall (1909:87-101; 1921:

151-162), Lindberg (1932:695), Pope (1935:188), and Smith (1943:265).
The latter stated that it lays from three to 11 eggs in a clutch, and possibly
breeds twice per year. In the Deccan of northern India Lindberg saw gravid
females in March, April, and May but farther south in the range egg-laying has

been reported from February to Octo])er. A female from Hong Kong laid eggs
on August 19 and they hatched on September 23. Wall reported gravid females

in December (1), January (1), February (3), March (3), April (5), May (4),
and June (3). He recorded clutches with 3, 3, 4, 4, 4, 5, 5, 5, 6, 7, 7, 8, 9, and
11 eggs, average 5.8. For six females that were from 24 to 29 inches in length,

clutches averaged 7.84 eggs per clutch, whereas in eight that were from 18 to

23 inches long the average was 4.25.

Lycodon fasciatus.
—Pope (1935:191), who cited earlier publications by

Wall, stated that this snake produces four to 14 eggs. He mentioned a gravid
female killed on June 6 and a hatchhng found on September 19.

Lycodon laoensis.—Smith (1943:260) mentioned that a female from
northern Thailand contained five eggs on April 3.
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Ltjcodon rhustiati.—Pope (1935:195) mentioned a gravid female with four

eggs, from Chungan Hsien, China, collected between July 9 and September 3.

Lycodon stiiattis.—In West Pakistan, Minton (1966:132) observed a mating

pair on March 3; the female laid four eggs on April 18. Smith (1943:262)

stated that two to four eggs are laid in July or August. Wall (1921:149) re-

ported two gra\ id females and a clutch of eggs found in August.

Lycodon suhcincfus.—This is a tropical species of southeastern Asia and

the Malay Archipelago. Smith (1943:258) mentioned a record of a female

from western Ja\a that laid fi\e eggs between May 20 and 24. These eggs

hatched on August 11.

Lijcodonomorplius

These snakes, found in aquatic or swampy habitats in Afiica south of the

equator, have cylindrical bodies with smooth scales. FitzSimons (1962:108)

stated that L. rufuhis in South Africa lays six to 10 eggs in "midsummer" and

that they hatch aliout two months later.

Lycopliidion

The African wolf snakes are small, smooth-scaled, short-tailed Ijurrowers;

seemingly they breed through much of the year in the tropics but have a more

restricted breeding season in the Temperate Zone. In East Africa, Loveridge

(1936:241; 1942:267) reported egg-bearing females of L. capensc on Decem-

ber 9, February 21 to 28 (eight females), March 2, April 26 to 30 (four

females), and June 30, and a clutch of eggs was found on February 2. In

southern Rhodesia, Broadley (1959:16) reported a gravid female on December

16 and two on December 29. Nineteen clutches averaged 4.37 eggs with the

h)llowing counts: 1, 2, 3, 3, 3, 4, 4, 4, 4, 4, 4, 5, 5, 5, 5, 6, 6, 7, and 8.

FitzSimons (1962:127) stated that in southern Africa six to eight eggs are laid

in "early summer." Possibly in the Temperate Zone, with seasonal restriction

of breeding, the average size of clutch is greater than in the tropics, but more

records are needed. These snakes are largely noctmnal and are usually found

in rainy weather or in damp places. They are saurophagous, and seemingly

subsist chiefly upon skinks.

Lijtorhynchus

These are small, oviparous snakes that are widely distributed in desert

regions of southwestern Asia and northern Africa, especially in sandy habitats.

They are notable in ha\ing the snout modified for bmrowing, as in many other

desert snakes, especially those of the genus Pliylloiliyncluis in North America.

There are several species, but they are rarely collected or observed, and little

has been written regarding any of them. It is known that at least part of the

diet con.sists of lizards.

LytoiJiynclnis paradoxus.
—Minton (1966:130) reported that a female cap-

tured in West Pakistan laid two eggs on May 8, indicating that tliis is one of

the least productive kinds of snakes.
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Masticophis

The whip snakes are large, active, slender, oviparous colubrines of the

southern United States, Mexico, and xeric regions in Central America and
northern South America. They seem to conform to the breeding schedule

typical of snakes living in the Temperate Zone. Whether there is ever more
than one clutch per female per season is unknown.

Masticophis flagelhitn.
—The coachwhip snake is a transcontinental species

of the southern United States. Eleven clutches had 4, 7, 8, 8, 9, 10, 11, 12, 13,

13, and 16 eggs, average 10.1 (Force, 19.30:26; Werler, 1951:41; Guidry,

1953:.50; Wright and Wright, 1957:448; Carpenter, 1958:114; Cunningham,

1959:18). Some dates of laying are: June 6 and 19; June 20 to July 7; July

2, 7, 17, and 17. Guidry recorded that a clutch laid on July 17 hatched on

August 30. Zweifel and Norris (1955:242) recorded a pair found mating on

August 5, 1950 in Sonora. The female contained large eggs.

Masticophis lateralis.—For the California racer clutches of 6, 6, 6, 6, 6, 8,

8, and 9 eggs (average 6.9) have been recorded (Wright and Wright, 1957:

432; Perkins, 1943:111; Werler, 1951:41; Stebbins, 1954:379; Carpenter, 1958:

114; Cunningham, 1959:18). A female that mated on April 1 oviposited on

May 27. Other dates of egg-laying are June 1, 24, 25 to 27, 28, and July 6.

One clutch of eggs incubated in the San Diego Zoo took 94 days from laying
till hatching.

Masticophis mentovarius.—Werler (1951:41) wrote that a wliip snake of

this large Mexican species laid 17 eggs from March 23 to 25. Alvarez del Toro

(1960:157) stated that about 20 eggs are laid in early spring in Chiapas.

Masticophis taeniatiis.—For the striped whip snake Gloyd and Conant

( 1934:13) recorded clutches of 3, 10, and 12 eggs in Texas; Wright and Wright

(1957:455) recorded clutches of 9 and 8; Maslin (1947:138) recorded two

clutches each with 4; Minton (1959:47) in southwestern Texas obtained a

gravid female which laid eggs on June 1; hatching occurred on August 2.

Melielya

The East African file snakes are ophiophagous and oviparous. The records

suggest a spring breeding season, at least in the southern part of the range

where there is cool winter weather. Loveridge (1939:143) mentioned a female

of the Cape file snake, M. capensis found November 19, 1926, in a heap of

plant debris and containing six eggs ready to be laid. In southern Rhodesia,

Broadley (1959:18) mentioned a female that contained five large eggs on

October 15. FitzSimons (1962:132) stated tliat there are five to eight eggs in

a clutch.

Meizodon

Members of this African genus, the bush snakes, are near relatives of tlie

European smooth snakes (Coionella). Little is known concerning the breeding

habits. Neill (1964b:38) mentioned the genus as viviparous. Loveridge

(1936:251) recorded a female M. semiornata from Kiliwezi, East Africa, which

had two oviducal eggs on March 29, 1934.
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Ninia

These are small secretive Neotropical snakes. The limited information avail-

able for two of the species indicates an extended breeding season for both.

Ninia mactilata.—I examined 64 coffee snakes in the University of Kansas

Museum of Natural History from Costa Rica, mostly from Volcan Turrialba,

but some had no date at all and others had such imprecise collecting dates as

"sunmier of 1954." The smallest individual is 81 mm in snout-vent length, the

largest 233 mm.

Six gravid females are 233, 231, 222, 218, 206 and 187 mm in snout-vent

length. Specific dates recorded for their collection were June 2, 1951, and

August 30, 1951 (for three). One that was dissected contained five eggs.

Young of the following snout-vent lengths were collected in different months
of the summer: June—111, 113, 137; July—104, 136; August—81, 89, 100,

103, 111, 113, 118, 135, 139, 152, 157, 158, 160, and 168 mm. Although only
three months of the year are definitely represented in the collection, the distri-

bution of gra\id females and of young of xarious sizes indicates breeding
throughout much of the year, if not all of it.

Ninia sebae.—Stuart (1948:77) found that in Alta Verapa^, Guatemala, this

snake reached maturity at a total length of 250 mm, and gravid females were

found from March to June. In early Jime a ju\enile having an lunbilical scar

indicative of recent hatching, was captured. Later, Stuart (1958:24) recorded

juveniles from Guatemala in mid-March and early April. In the Yucatan

Peninsula, Gaige (1936:298) found that females contained eggs on July 13

and 14. Near Pichucalco, Chiapas, Mexico, Burger and Werler (1954:647)
found clutches of 2, 3, 3, 4, 4 eggs, all under the same log, on August 20.

Alvarez del Toro (1960:170) wrote that in Chiapas the clutch consists of

three or four eggs.

Opheodnjs

Two species of green snakes occur in North America and several occm- in

eastern Asia. All are oviparous, with egg-laying in summer and hatching in

late summer or autimm. Mating sometimes occius in autumn
( Richmond,

1956:325).

Opheodnjs aestivus.—This is a species of the southeastern United States.

Numbers of eggs reported in clutches are: 3, 4, 4, 4, 4, 5, 6, 6, 6, 7, 7, 8, 9, 9,

10, 11 and 12, average 6.76 (Wright and Wright, 1957:114; Carpenter, 1958:

114; Sabath and Worthington, 1959:32; Anderson, 1965:216). Tinkle (1961:

33) in southeastern Louisiana found an average of 4.7 (1 to 9) ovarian fol-

licles more than 4 mm in diameter in snakes collected in winter. He suggested
that these larger follicles represented the egg complements of the next breeding
season. Tinkle obtained evidence that some females mature at the end of the

first year and others at the end of the second year. Egg-laying has been reported
for the following dates: July 8, 13, 20, 22, and August 1, 28 and 31. Addi-

tionally, Anderson recorded one clutch laid on Jidy 4 that hatched September 6
and another laid June 24 that hatched September 22 and 23. Sabath and

Worthington mentioned hatching of a clutch on July 21 and 22. In southeastern
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Texas, Guidry (1953:52) recorded clutches laid June 17 and August 28 that
hatched July 22 and October 20, respectively. Conant and Downs (1940:35)
mentioned a Maryland female that on July 13 laid eggs which hatched on
October 9 and 11.

Opheodnjs rna/or.—Pope (1935:285) reported females of this Chinese
species containing 4, 6, 6, 7, 7, 7, 8, 8 and 13 eggs. Two collected on June 24
and 25 had eggs ready to be laid. Two others were taken between June 12 and
July 20. Maslin (1950:454) reported a female taken on June 6 which con-
tained 10 immature eggs. For the ten clutches reported by Pope and Maslin,
average was 7.6.

Opheodnjs venialis.—ln a study of 53 egg clutches of the smooth green
snake in northern Michigan, Blanchard (1933:493) found an average of 6.7 ±
.24. The eggs were usually laid in the first three weeks of August (average
date August 10) and hatching occurred from August 5 to September 4, with
approximately one-third of a month bet^veen laying and hatching. In the

Chicago area Stille (1954:3) found an average of 5.8 ± .39 eggs in 25 clutches.

Egg-laying occurred from June 24 to July 31 with an average date of July 16
or 17. An average hatching date of August 10 was obtained for the Chicago
region. Wright and Wright (1957:558) mentioned 28 additional clutches from
miscellaneous localities over the range, and the average was 7.18. There are
records of copulation on August IS and August 21 in Ontario.

Fhilothammis

The bush snakes occur in the tropical and southern parts of Africa and are

slender, elongate, smooth-scaled, and partly arboreal in habits. Records indi-

cate that egg-laying occurs in early summer in the southern part of the range,
and that tliere is a relatively long breeding season in the northern, tropical

portion.

Philoihamnus hoplogaster.—In East Africa Loveridge (1953:261, and 1958:

74) reported females containing oviducal eggs on October 1, October 9 to 29,
November 11, December 12 (four females), December 18, December 23, Janu-
ary 5, February 20, February 25 and March 3 (two females). He noted that
several others collected in December had no enlarged ova. In southern Rhodesia

Broadley (1959:22) reported egg-bearing females on November 18 and Janu-
ary 20. Loveridge recorded a hatchling on February 12. Sixteen clutches

averaged 5.50 eggs with counts of 3, 4, 4, 4, 4, 5, 5, 5, 6, 6, 6, 7, 7, 7, 7, and 8.

FitzSimons (1962:149) stated that in southern Africa eggs are laid in early
summer.

Philothamnu.s irregularis.
—Loveridge (1942:272; 1953:262) reported gravid

females from Bundibugyio, Mihunga, Misuku, and Kinsengi in central Africa
on September 30, October 9, December 21, January 16, and February 10. They
contained 5, 5, 7, 8, and 11 eggs. He noted that a native brought in 193 eggs
from communal layings found in two termite nests on February 1. He stated

(1958:80) ". . . in Uganda and western Kenya, from 4 to 8 eggs are laid

toward the end of the lesser (November-Deceml^er) or greater (February-
March) rains, but that in the coastal belt of Kenya eggs are ready for laying
about June." In Sierra Leone, Menzies (1966:172) obtained a female that
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contained six eggs in September. In tlie same month he obtained another

cKitch of six eggs that were dug out of tlie ground; these hatched on Octol:)er 5.

FitzSimons (1962:146) stated that in southern Africa six to eight eggs are laid

in December, January, or Feliruary, and inculDation requires about two nif)nths.

PhilotJuwiuus natiilcnsis.—FitzSimons (1962:151) stated that usually about

six eggs are laid and that the young hatch in February.

Philotliamnus semivaricpattis.—Gra\id females of the spotted wood snake

reported by Loveridge (1936:248; 1958:126) from Kenya on May 8, June (no

definite date) and June 30, and by Broadley (1959:26) in southern Rhodesia

on January 26 contained unlaid clutches of 3, 3, 5 and 8 eggs. FitzSimons

(1962:144) stated that there are .six to 12 eggs per clutch.

Flnjllorhijnchus

These small, nocturnal, oxiparous, leaf-nosed snakes inhabit the southwestern

United States and Mexico. Little is known about their reproduction, l)ut the

records suggest that normally a female produces only one clutch per year, in

early summer. Brattstrom (1953:62) reported on P. decurtatus obtained over

a 20-year period in San Diego County, California. Females containing large

eggs were obtained chiefly in June (11 records) and July (3 records) but with

one record each for April, May and August. On the basis of size groupings,

the smallest fecund female ( 325 mm ) was thought to be in her third season of

growth. Stebbins (1954:369) stated that from two to four eggs are laid.

Pitiiophis

These are large, oviparous snakes that occur over a wide range of climatic

conditions from Canada to Guatemala. Spring breeding, early summer egg-

laying and autiunn hatching is the rule. In captivity, under favorable condi-

tions, females are capable of producing two clutches of eggs within a season.

Pittiophis inelanoleucus.—This polytypic species, as now conceived, has

divergent subspecies including melanoleucus of the eastern United States, saiji

of the Great Plains, and catcnifcr-deserticola-annectens-affinis of the western

states and adjacent Canada and Mexico. Ob\iously seasonal schedule is some-

what affected by latitude in such a wide-ranging species. Wright and Wright

(1957:592, 595, 598, 602, 611, 618) listed 49 clutches of eggs which averaged

9.7 per clutch (3 to 22). These showed some evidence of geographic variation;

eight from the southeastern states (subspecies melanoleucus and mugitus)

averaged 8.0 (4 to 12), 13 of smji averaged 12.4 (5 to 19), and 29 clutches

of the western subspecies averaged 8.9 (4 to 24).

Fisher (1925:108) mentioned an instance of copulation in captive catenifer

on April 21 and 29 and eggs were laid on August 7 and 8. Cowles (1935:44)

wrote that a pair of deserticola courted in late May and eggs were laid on

August 8 and 9. Klauber (1947:58) mentioned dates of laying ranging from

July 7 to August 17 in ten clutches in southern California (afflnis, annectens),

and for these same clutches incubation periods a\eraged 66;^ (64 to 71) days.

Conant and Downs (1940:39) reported a clutch of melanoleucus eggs laid

July 12 which hatched September 19, and another clutch laid July 13 hatched
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September 18 to 20. New (1953:182) reported a clutch of the same sub-

species laid June 28 which hatched September 11 and 13.

Of outstanding interest are breeding records of this species kept by Charles
E. Shaw at the San Diego Zoo which he kindly made available to me. One
snake, an albino female (P. m. annectens) received at the zoo as a juvenile in

May 1940, produced clutches of eggs (always 3, 4, or 5) on the following
dates: July 3, 1943, May 27, 1944, July 3, 1945, May 13, 1946, May 20, 1947,
May 29, 1948, July 4, 1949, May 4, 1951, May 12, 1952, April 29, 1954, April
16, 1955, June 23, 1956, and April 28, 1957. She died in December 1957. It is

notable that she produced a clutch annually—with a range of several weeks in
the date—except in the years 1950 and 1953, when she failed to produce. Her
unusually small clutches may have been in some way correlated with the

genetic abnormality involved in albinism.

A captive-bred albino, daughter of the above snake, had the following
breeding history, siunmarized from Shaw's notes:

September 1945 Hatched at zoo
May 1947, April, July and August 1948,

and March and April 1949 Courted
May 17, 1949 Mated
July 2, 1949 Laid three eggs
February and March 1950 Courted
April 6 and 8, 1951 Mated
May 10 to July 10, 1951 .._.__ Laid 5 eggs, each on a different day
April 13, 17, 19, and 28, 1952 Mated
April 28 and

May 29, 1952 Laid one and 4 eggs on these two dates
April 25, 1953 Mated
June 13, 15, 16 and 19, 1953 Laid 1, 1, 2 and 2 eggs
April 7, 9 and 17, 1954 Mated
May 31, 1954 Lmd 3 eggs
May 7 and 15, 1955 Laid 1 and 3 eggs
May 23 and 24 and June 1 and 3, 1959 .^ Laid 1 egg on each date
June 11, 1959 Died

A pine snake hatched at the zoo on July 15, 1940, was successfully reared
and produced clutches of 4 or 5 eggs on the following dates: February 10,
1943, April 24, 1945, March 18, 1946, April 29, 1946, February 1, 1947, May
16-17, 1948, April 2, 1949, April 12, 1950, and April 11, 1951. Another captive-
bred pine snake hatched on May 31, 1946, was kept in isolation until January
1954 then placed with other pine snakes including a male. In 1955 it laid
two clutches, of 6 and 7 eggs, on March 17 and November 4, respectively.

Another series of records was obtained from three female pine snakes from
the same clutch of eggs, which hatched at the zoo on April 25, 1941. On April
27, 1945 eggs appeared in the cage, laid presumably by just one of the three,
but it was not known which. Number 1 produced clutches on: April 12 and
13, 1946, March 12, 1947, May 4, 1947, March 13, 1948, March 14 and 15,

1949, March 29, 1950, and April 11, 1952. Number 2 produced eggs on April
4, 1948 and April 12, 1949. Number 3 produced eggs on April 20, 1946, April
1-4, 1947, May 23, 1947, April 5, 1948, April 12, 1949, May 1, 1950 and
April 22, 1952. It is notable that two of these females both produced second
clutches in 1947, and that from time to time any of the females might pass an
entire year with no egg production. There was notable difference in the pro-
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diicti\ity of these siblings, presumably resulting from the varying amounts of

food taken by them.

These records of captives must be used with caution in attempting to recon-

struct breeding cycles under natural conditions. Nevertheless, they are of

extraordinary interest in several respects. They show a strong tendency to

maintain an annual breeding cycle. They indicate breeding maturity is only

attained in the third or fourth year in PituopJiis. They demonstrate a poten-

tiality, e\en in these relati\ely northern snakes, to produce a second clutch of

eggs within a few weeks of the first one, under favorable conditions. They
indicate that the female snakes, even established breeders, living under favor-

able conditions and free of debilitating disease or injury, tend to skip a year

occasionally in their annual egg-production.

PlagiopJwlis

These are small, terrestrial and rather secretive, earthworm-eating colu-

brines of the Oriental region. Maslin (1950:439) mentioned females of

Plagiopholis sttjani collected in Kiangsi, China, in May and on June 7, which

contained 6 and 8 enlarged eggs. Pope (1935:180) mentioned additional

complements of 5, 6, 7, and 11 eggs.

Prosijmna

Loveridge (1936:255; 1958:160) reported gravid females of the East

African shovel-snout (Prostjmiia ambigiia) \\ith o\iducal eggs on May 28,

November 23, December 23, January 5, January 16, and February 23, and a

hatchling on October 4. Clutches had 3, 3, and 14 eggs. These meager records

indicate a long breeding season. In East Africa at Livale, Loveridge (1958:

168) reported a female of P. pitmani containing four large eggs on June 6.

FitzSimons (1962:155) stated that clutches of P. lineata average three or four

eggs.

Pseudospis

The mole snake (P. cana) is a medium-sized, burrowing, viviparous colu-

brine of South Africa. Brain (1959b: 71) described a mating observed in

February, 1958. Rose (1929:156) stated, "The progeny are born alive, very

small and exceptionally numerous, as many as 80 being produced at a time."

FitzSimons (1919:100-101) stated that there are usually 30 to 45 young and

he included a photograph of a female with her brood of 84 young. FitzSimons

(1962:165) stated that male mole snakes fight during the October mating

season, and that the young, averaging 30 to 50 per litter, are born in March or

April. He mentioned a record litter of 95 yoimg born at the London Zoo.

Ptyas

The Asiatic rat snakes are large oviparous colubrines that are primarily

tropical. The observations cited below indicate that, near the equator at least,

their breeding extends throughout much of the year and that individual

females are capable of producing at least two clutches per year.
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Pttjas korros.—The Indian rat snake, a large racerlike species, is widely

distributed in southeastern Asia and the Malay Archipelago. Pope (1935:219)

summarized several notes concerning its breeding. He mentioned four egg

clusters with about nine eggs apiece found in Kwangtung China in late May
and early June. Hatchlings were found there in early September. A female

killed near Rangoon, Brnina, on June 3 contained nine eggs. Gravid females

from Assam, northern India, May 13 to June 4, contained 1, 3, 4, 5 and 6 eggs.

A clutch of nine eggs found in Java on August 22 hatched on October 29. In

Malaya, Kopstein (1938:164) found one gravid female in February, one in

June and three in December. One female that he kept in captivity produced

two clutches with a 70-day interval intervening.

Ptijas mucosus.—Like the preceding, the dhaman is a large rat snake of

southeastern Asia and adjoining areas. Pope (1935:222) citing earlier publica-

tions by Wall, stated that the clutch consists of nine to 14 eggs, and that after

o\'iposition the female coils around them to guard them. In India, McCann

( 1937a:424) observed mating in April, May and June, and noted females with

oviducal eggs in June and July. Smith (1943:162) stated that in India mating

takes place in the hot weather—May or June—and eggs are deposited in

August or September. Wall (1921:181) noted pairing in June and July, and

gravid females as follows: May (4), June (3), July (12), August (2), and

November (1). He reported hatching in September (3 instances), October

(once) and December (once). In an earlier publication the same author

(Wall, 1906:268) hsted clutches as follows: 9, 9, 10, 11, 12, 12, 12, 13, 13, 13,

14, 14, average 11.8. Kopstein (1938:164) in ^hllaya reported gravid females

in February (1), June (1), September (1), October (2), November (2) and

Decem]>er (2). He reported that a female kept in capti\ity produced two

clutches with a 59-day inter\al inter\ening. He foimd tliat both sexes attained

sexual maturity approximately 20 months from the time of hatching. Both this

and the preceding species were among the "rice field snakes" which, Kopstein

found, did most of their egg-laying in the rainy season—No\ember through

April.

Rhadinea

These small, oxiparous snakes have many Neotropical species, and one

species, the yellow-lipped snake (R. jlavilata) inhabits Florida. Myers (1967:

67) reported clutches of 2, 3, 3, 3, 3, 4, 4, and 4 eggs, average 3.25. Dates of

o\iposition were June 4, July 6, July 19 and August 19, indicating a long

breeding season with a possibility of more than one clutch per female.

Rliinocheihis

The long-nosed snakes are confined to desert regions of the southwestern

United States and northern Mexico, where they conform to the usual breeding

schedule of snakes in the Temperate Zone. Klauber (1941:323), Stebbins

(1954:407), Woodin (1953:290), Shannon and Humphrey (1963:155) and

Lardie (1965:366) have published notes concerning the reproduction of R.

lecontei. These authors ha\e reported clutches of 4, 5, 5, 6, 6, 6, 7, 7, 7, 8 and

9 eggs, average 6.36. Shannon and Humphrey mentioned a clutch laid on

July 11 that hatched on September 30. Lardie mentioned a clutch laid on
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June 11 that hatched on August 15. A female kept by Woodin laid eggs in the

first week of July, another laid August 15-16. The spread of more than two
months in laying dates in this small sample suggests the possibility that more
than one clutch per season is produced by some females.

Salvadora

The patch-nosed snakes are racerlike colnbrines confined to the south-

western United States and northern Mexico. They are oviparous. The few

recorded dates of egg-laying show such a wide span that production of two or

more clutches per season by an indixidual female seems possible, but it remains

to be demonstrated.

Salvadora grahamiae.—Conant (1942:196) reported that a female from

near Palo Pinto, Te.xas, laid 10 eggs on April 1, 1941. Several of these hatched

August 4 to 10. Conant and Downs (1940:36) mentioned a clutch of six

eggs. Minton (1959:47) stated that a female collected April 1 deposited six

eggs on May 29, and these hatched on August 27 and 28.

Salvadora hcxalepi.s.
—Wright and Wright (1957:654, 659, 661) summarized

notes of sexeral earlier authors. One pair mated in captivity on April 14,

another pair in June. Gravid females with large eggs have been reported in

May (no specific date). May 31, June 4, and August 22. One female contained

five eggs and another had 10.

Scaphiophis

The beaked snakes are an African genus modified for fossorial life and

having the snout chisel-like in form. In the Rukwa Valley of southwestern

Tanganyika, Robertson, Chapman, and Chapman (1962:429) found that

females of S. alhopunctatus collected in January, March and April (one in each

month ) had only small o\ a, but that in May two had o\a 9 mm long and that

in July four contained large eggs 20 to 41 nnn long.

Sonora

The ground snakes are small, somewhat secretive, oviparous, and inhabit

arid regions in the southwestern United States and Mexico. One species, S.

episcopa, has been studied rather intensively under natural conditions. Over a

22-year period Kassing ( 1961:185) examined 1201 of these Great Plains ground
snakes from the vicinity of Tulsa, Oklahoma, and Palo Pinto, Texas. She found

that mating occurred in May and June and sometimes, seemingly, in fall. There

were 148 eggs in 36 gravid females, an average of 4.1 per clutch. Some of the

eggs that were incubated in the laboratory hatched in 53 to 67 days, but 84.6

per cent of the eggs spoiled within 24 days. The snakes were found to reach

maturity at an age of 1/2 years. In the Texan population egg-laying was con-

centrated in the period from June 3 to 5, and in the Oklahoman population it

occurred chieHy from June 19 to June 21. In Missoiui breeding is somewhat

later than in Texas and Oklahoma; Anderson (1965:257) mentioned tlie fol-

lowing clutches laid in captivity: five eggs on Jmie 22, four eggs on June 25,

six eggs on June 29, four eggs on June 26. Anderson observed courtship in
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recently caphired snakes on June 24, and he found a copulating pair under a

rock on September 21, thus obtaining evidence that there is both spring and
autumn breeding.

Staedeli (1964:581) obtained a female vermillion-lined ground snake,

S. semiannulata, from the Imperial Valley near El Centro, California, on

August 22, 1963. Three days later it laid a clutch of four eggs, and these

hatched on October 20 after a 56-day incubation.

Spalerosophis

These slender, racerlike, desert-living colubrines of southwestern Asia and

North Africa inhal^it a region of sharply defined seasonal change, with \\'inter

dormancy. The production of two clutches of eggs per season, and production
of a second clutch as late as mid-September is rather surprising, but observa-

tions on S. diadcma have revealed these capacities.

Spalerosophis arenarius.—Minton (1966:127) reported that a large female

killed in West Pakistan on October 3 contained 10 eggs, apparently almost ready
to be laid.

Spalerosophis atriceps.
—Minton (1966:125) reported the breeding history

of a pair from West Pakistan kept in capti\ity. The>' mated on the nights of

March 11 and 12 and the female laid three eggs on May 29 and a fourth a

week later. The next year they mated on April 20 and 21 and the female laid

three eggs on May 9. The third-year mating was not observed l)ut the female

laid fi\ e eggs on May 9. Another capti\e female laid eight eggs, October 25-26.

Spalerosophis diadema.—The diadem snake of Arabia and North Africa was

studied by Dmi'el (1967:332) in Israel. In 21 clutches he found an average of

8.0 (3 to 16) eggs per clutch. His records seemed to indicate an interval of

approximately 50 days between copulation and o\iposition in captiNdty. He
found in a study of capti\e individuals that efficiency in utilization of food

decreases with age, and that the older females are not able to maintain their

weight after successive clutches have been produced. It is remarkable that,

occasionally at least, a second clutch may be produced within the same season;

a ". . . female collected in the middle of May, 1960, laid a first clutch of 8 eggs
on Jime 8, 1960. This particular female was subsequently kept in isolation and

laid a second clutcli of 8 eggs on September 3, 1960."

Toluca

These small Mexican colubrines are closely related to snakes of the genus

Couopsis, and like them are limited to high altitudes, and are \'i\'iparous. Greer

(1966:372) examined several gravid females of T. lineata and established the

fact that this species is viviparous. There were 2, 3, 3, 3, 3 and 5 embryos,

some nearly ready for birth and enclosed only in a thin, transparent membrane.

Two of the females were collected in Veracruz in January. Others were from

Hidalgo, and no dates were recorded for them.

Tretanorhiniis

These are Neotropical water-lo\'ing snakes often found in mangrove swamps.
A gravid female of T. variabilis from Candelaria, Cuba, and kept by Petzold
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(1967:243) at the Berlin Tierpark, laid eight adherent eggs on Angust 1, and

four of these hatched after an incubation of 35 days.

Opisthoglyphous series

The following colubrid genera are more or less venomous, rear-

fanged snakes that often have been grouped as a subfamily Boigi-

nac, but the group is now considered to be an unnatural one and

some of the genera are believed to be more closely related to genera

of aglyphous colubrines than they are to each other. Nevertheless

some of the genera constitute natural groups that are closely re-

lated. Underwood (1967:110) retained the subfamily Boiginae for

the genera Boiga, Imantodes, Lepfodeira, Psammodijnastes, Tachij-

menis, and Telescopus, but he placed it in the family Homalopsidae,

along with homalopsine and dasypeltine rear-fanged snakes. Most

of the opisthoglyphous colubrines formerly considered boigines are

tropical or subtropical in distribution, and they are well represented

in South and Central America, Africa, and Asia, but they enter the

Temperate Zone in both hemispheres. Nocturnality and/ or arboreal

adaptation are especially common. In the Old World genera, ovi-

parity is the usual condition and only Aluiefidla and Psammodij-
nastes are viviparous. Bailey (1966:886) stated that he had seen

advanced embryos or recently born broods in the South American

Tomodon dorsatiis, Tachymenis peniviaims, Ttijchophis favovirga-

tiis, and at least seven species of TJiamnodynastes, and that none of

these genera is known to have oviparous species. He stated that

these genera form a closely knit suprageneric group, which prob-

ably also should include the genera CaJamodontophis, Gomesophis,
and Pseudofomodon and that probably all these are viviparous.

However, a larger number of Neotropical genera are exclusi\'ely

o\'iparous. In some of these tropical opisthoglyphs the breeding

season is known to be long, extending through much of the year.

AhaetuUa

These slender, arboreal, sainophagous, tropical Asiatic whip snakes are

slow-moving, and are remarkal^le in being \i\ipar()us. Seemingly breeding may
occur through much of the year or all of it.

AhaetuUa nasiita.—For the common green whip snake of India, Wall

(1921:298) recorded gravid females or birth of young on the follo\\'ing dates:

March 31, April, May (2 gravid; 2 gave birth), August, September (2 gravid),

December 3 (one gave birth to young). Smith (1943:378) stated that from

three to 22 >'oung are born at a time and this may occur in an\' month from

March to December. Wall (1905:548) mentioned litters or complements of
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eml^ryos or eggs numbering 3, 4, 5, 5, 12, and 8. The last record involved a

female in the London Zoo which was received ". . . from Java on the 15th of

August, 1885, gave birth to 8 young on January 9th, 1888, having had no male

companionship during this whole period."

Ahaetulla perroteti.
—Wall (1919) reported nine gravid females collected

in the Nilgiri Hills of southern India behveen July and the beginning of

September.

AhactuUo prasina.
—Smith (1943:376) obtained a female from south-

eastern Thailand, which contained young almost ready to be born on July 1.

Pope (1935:323-324) mentioned gravid females from Burma and Upper Assam

containing 3, 7 and 9 eggs. One was secured May 23, another on June 5 and

the third in late March or early April.

AparaUacttis

The centipede-eaters are small, secretive snakes with slender cylindrical

bodies, occurring in southern and eastern Africa. FitzSimons ( 1962:270) stated

that in A. capensis there are two to four eggs per clutch. Loveridge ( 1936:270)

recorded a female of the East African A. uhip.urcnsis having two o\'iducal eggs

on June 17, 1934. Loveridge ( 1942:300) also recorded a female of A. modesfus

containing two large eggs on November 13, 1938.

Boiga

This genus of rear-fanged snakes includes a rather diverse group of species,

the tree snakes, mangrove snakes and gammas, in tropical Africa, Ceylon, India,

Malaya, and the East Indies.

Boiga ceijlonensis.
—Wall (1921:279) found gravid females of this species

in May (1), August (3), and September (5).

Boiga forsteni.
—Wall ( 1921:289) noted gravid females of this Indian snake

in August and September. Smith ( 1943:359) cited the authority of local snake-

men for the statement that the female lays seven to nine eggs in the hot

weather.

Boiga multoniaculata.—Pope (1935:331) cited observations on the blotched

snake in Hainan and Burma. He mentioned females containing 5, 6, 7, and 7

eggs. At Rangoon one was reported depositing eggs on April 19. A female

from Burma contained eggs nearly ready to be laid on August 21. Obviously

the breeding season is lengthy.

In Malaya, Kopstein ( 1938:163) reported that a captixe female laid a clutch

of four eggs on October 22, 1936, and produced a second clutch of four just

60 days later on December 21. A second female produced two fertile clutches

of four eggs each on May 5, 1934, and January 1, 1935. Kept in isolation it

subsequently produced only infertile eggs.

Boiga ptilvendenta.—Schmidt (1923:62) recorded that one of these snakes

in tlie Belgian Congo contained large eggs (29 X 11 mm) in June 1914.

Boiga trigonata.
—Wall (1908:546) reported females of the Indian gamma

containing 3, 5, 6, and 10 eggs. The same author (1921:273) reported gravid

females in May (1), June (1), July (2), August (1), and September (1) in
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Ceylon. In the Deccan of northern India, Lindherg (1932:695) noted gravid

females in May, Jnne, and Jnly. Smith (1943:350) stated that from three to

11 eggs were laid. Minton (1966:139) reported that in West Pakistan, hatch-

lings were observed from late Septem]:)er to early Noveml:)er and that a female

laid eight eggs on August 28, some of which hatched on Octoljer 30. Another

female contained 11 eggs on August 31.

Chrysopelea

The flying snakes of the Malayan Region and adjacent southern China are

acti\e, arboreal and oviparous. Smith (1943:254) stated that at Bangkok,

Thailand, C. ornata mates in June, and lays from six to 12 eggs. Pope ( 1935:

320) stated that near Rangoon, Bunna, egg-laying was in June. Wall (1908:

236) reported females with complements of 6, 9, and 11 unlaid eggs.

Coniophanes

Tliese small, nocturnal, terrestrial, oxiparous snakes are mainly Neotropical,

but extend north as far as southern Texas. Lixezey and Peckham (1953:175)

wrote that a female C. fissiclens collected in San Marcos, Guatemala, in May
1951 contained two eggs. Brown (1937:234) wrote that a female of the black-

banded snake, C. im))cii(ilis. collected in March near Harlingen, Texas, laid

three eggs. Werler (1949:60) kept one from near Browns\ille, Texas, which

on May 3 and 4 deposited five eggs. Alvarez del Toro (1960:154) wrote that

in Chiapas, Mexico, this snake lays about 10 eggs which require 40 days incu-

bation. Stuart (1958:24) reported a female from El Peten, Guatemala, con-

taining well-de\'eloped eggs in mid-May, and reported juxeniles in mid-February
and early March.

Conophis

These are active, terrestrial, saurophagous snakes of arid areas in Mexico

and Central America. They are oviparous. Alvarez del Toro (1960:154) wrote

that in Chiapas the female of C. vittatus lays five to ten eggs in early spring.

Crotaphopeltis

These ncjcturnal, oviparous, frog-eating snakes are widely distributed in

Africa and breed at \arious times of year. In the Belgian Congo, Schmidt

(1923:109) reported an African white-lipped snake, C. hotamhoeia that con-

tained large eggs in July. Loveridge (1936:259, 1942:289, 1953:259) reported

several gravid females from East Africa: on March 31, June 4, June 15, June 16,

June 17, June 17, June 26, and December 18. Eggs numbered 3, 4, 5, 5, 6, and

10, axerage 5.5. The records suggest year-round breeding. However, in

southern Africa FitzSimons (1962:191) stated that the eggs, six to 12 per

clutch, are laid in spring or early summer. Incubation requires about three

months. Mating was obserx'ed in November.

Dlspholidus

The boomslangs are dangerously venomous, active and arboreal rear-fanged

snakes widely distributed in the tropical and southern parts of Africa. Loveridge
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( 1953:282) noted that a D. typus from Kasunga, Nyasaland, had 14 ova, August
19 to 23. Others collected in December, January, February, and March were

not gravid. Robertson, Chapman and Chapman (1962:430) mentioned a

female from the Rukwa Valley in Tanganyika in May which had 17 well-

developed ova 25 X 15 mm. In South Africa, FitzSimons (1919:154) reported

that a female laid 13 eggs in October. In southern Rhodesia, Broadley (1959:

36) reported a pair in copulation January 29, 1956. FitzSimons (1962:200)
stated that in southern Africa the eggs, usually 10 to 14 per clutch, are laid

from late spring to midsummer, and their incubation requires from four to

seven months.

Hypsiglena

These small, secreti\'e, terrestrial, nocturnal snakes of arid regions in the

western United States and Mexico seem to have an extended breeding season.

Hibbard (1937:74) reported that a female night snake, H. oclirorhijncha, cap-

tured in southwestern Kansas on June 12, 1936, contained four eggs. Stebbins

( 1954:459) wrote that a female from western Oklahoma laid six eggs on July 7,

and a female from Zapata County, Texas, captiued on March 10, laid four

eggs on April 25. Two of the latter eggs hatched on June 18.

Imantodes

These are remarkably slender and elongate arboreal snakes of tropical

South America and Central America. Available data suggest a long breeding

season, at least in equatorial rain forest. Stuart (1948:80) reported that blunt-

headed tree snakes, 7. cenchoa collected in late April and in mid-June in Alta

Verapaz, Guatemala, contained well-formed eggs. I examined 42 specimens

from Iquitos, Peru, in the American Museum of Natiual History. The only

graxid female was collected in January; nongra\id adult females were from

February (2), April (1), and July (2). Juveniles of less than 300 mm snout-

vent were collected as follows: February, 264 mm; March, 253 mm; August,

210 mm; September, 269 mm. Although it is inadequately small, the sample

suggests a long breeding season. The single gravid female that was examined

contained two elongate eggs.

Alvarez del Toro (1960:160) wrote that in Chiapas, Mexico, I. splendidu-i

lays four to eight eggs.

Leptodeira

These are oviparous, Neotropical snakes with arboreal tendencies. There is

some e\'idence of breeding throughout the year in the equatorial Peruvian rain

forest, but for Mexico and Central America records of graxid females are most

concentrated in spring. A capti\e female, of unknown origin but probably

from Central America, produced a clutch of eggs at about the same time—late

March to early May—in several different years (Haines, 1940:116).

Lcptodciiu (iinutlata.—I examined extensive series from Iquitos, Peru, in the

American Museum of Natural History Bassler Collection . There were 111 that

had recorded dates, at least to the month. Juxeniles less than 200 mm in snout-
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vent length, and probably not more than a few weeks old, were recorded as

follows: February, 185 and 157 mm; March, 182 mm; June, 174 mm; August,

186 and 155 mm; October, 171 mm; December, 161 mm. Gravid females were

taken in e\ery month except April, May, and July, hence, seemingly there is

breeding throughout the year. In 34 females eggs averaged 4.0; 16 had 4, nine

had 5, fi\e had 3, three had 2, and one had 7. Livezey and Peckham (1953:

175) mentioned a female of another subspecies (possibly another species),

taken in Guatemala, that contained 10 eggs in May. Taylor ( 1949:12) reported

one from San Luis Potosi, Mexico, that contained nine eggs.

Lcptodciio ircnaia.—Stuart (1935:53) reported a specimen from El Peten,

Guatemala, that contained se\en mature eggs on April 19.

Leptodcira maculata.—Duellman (1958:115) reported one from western

Mexico that was gra\id on June 18. He reported an incubation period of 57

days for two eggs kept under artificial conditions. Alvarez del Toro ( 1960:165)

stated that five to eight eggs are laid, in winter.

Leptodeira punctata.
—Duellman (1958:115) mentioned a gravid female

of this species collected in western Mexico on August 17 or 18.

Leptodeira septentrionalis.
—Haines (1940:116) published a remarkable

series of observations on one of these snakes accidentally shipped with bananas

from Central America to Detroit, Michigan, in March 1934. It was acquired by

Haines in August, 1934. It produced clutches with fertile eggs on March 20,

1936, May 6, 1938, and March 29, 1939. There were seven, six, and nine eggs

in these three clutches. It is notable that the snake tended to have an annual

cycle of reproduction with egg-laying in spring, but that it missed 1935 and

1937, that it was seemingly sexually mature and already inseminated when

acquired, and that the original supply of spermatozoa persisted and remained

viable for at least five years. The snake increased in length from 750 to 960

mm during the period of its captixity. Duellman ( 1958:115) mentioned gra\id

females of this snake collected on February 11, March 20, March 22-28, May
6, and May 7-14. He reported an incubation period of 79 days for eggs de-

posited by a captive female. Neill (1962:239) mentioned a hatchling from

British Honduras still retaining an lunliilical scar on August 28 and probably

hatched in the same month.

Leptodeira splcndida.
—Duellman (1958:115) mentioned a gravid female

from western Mexico collected on February 20.

MacreJaps

These small-headed, smooth-scaled, cylindrical, African, burrowing and

secretive snakes have reduced dentition, but with relati\ely large fangs and

potent \enom. FitzSimons (1962:263) stated that in the Natal black snake,

M. microlepidotiis, the clutch of three to eight eggs is laid about midsummer.

Oxy])eUs

The American \ine snakes are oviparous, slender, active and scansorial; they

occur from southern Arizona southward through tropical South America. In
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Panama, Sexton and Heahvole (1965:40) found a clutch of four eggs of O.

aeneus in a depression in leaf litter on July 1. These eggs hatched on July 13.

At the northern end of the range in Arizona, Stehbins (1954:454) reported a

clutch of four eggs for the same species. Sexton and Heatwole obtained a gravid

female of O. hrevirostris containing three eggs, in Panama on March 18, 1963.

Stuart (1948:82) reported a female of O. fulfiidm having well developed eggs

in mid-April in Alta Verapaz, Guatemala.

Oxijrhopus

These are slender, terrestrial. Neotropical, ophiophagous snakes. The

Bassler Collection from Iquitos, Peru, had gravid females of O. petolus collected

in March, September, and November. These females contained 5, 6, 6, 6, 8, 10

and 10 eggs, average 7.3. The five smallest individuals, those judged to be

only a few weeks old, were collected in November, December, January, and

June. Test, Sexton and Heatwole (1966:43) wrote that a female from Rancho

Grande, Estada Aragua, Venezuela, laid seven eggs June 1 and 2, and two of

the eggs hatched September 1-2.

Psamnwdynastes

The small, active, mock viper, P. piiheruleixtus is widely distributed in

southeastern Asia, and is descrilied as both nocturnal and diiunal, terrestrial

and arboreal, and of vicious disposition. Wall (1910:76) stated that in the hill

country of northern India mating is probably in August but in the plains the

breeding season is from December to February. He mentioned females con-

taining 6, 8, 10, and 10 eggs. Pope (1935:326) summarized the known facts

concerning its reproduction. He stated that the young per litter average six

(3 to 10). He mentioned a female containing small embryos when taken at

Yanping, China in May, a recently born individual at Rangoon, Burma in June,

females with ad\anced eml^ryos in August, and a gra\id female at Kutkai, in

northern Burma on October 8. In Thailand, Taylor and Elbel (1958:1146)

obtained a gravid female containing seven eggs on February 22. Obviously

the breeding season extends throughout much of the year, at least if the range

as a whole is considered. Gravid females of O. melanogenys were taken at

Iquitos in January (1), March (3), June (1), September (1), and November

( 1); see Table 7. Ten contained 5, 7, 7, 8, 8, 8, 9, 9, 9, and 11 ova.

PsammopJ}is

The sand snakes are terrestrial and oviparous and occur in grassy or sandy

habitat.

Psammophis angolensis.—Pienaar (1966:193) reported that in Kruger Na-

tional Park, South Africa, the pygmy sand snake produces a clutch of three to

five eggs.

Psammophis hiseriatus.—Loveridge (1940:59) noted that young appearing

to be recently hatched, 300 mm or a little more in length, were found in

Tanganyika in December.
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Psarnmophis schokaii.—Minton (1966:141) noted that in West Pakistan

hatchlings were found from early July through most of September. Females

contained six and five eggs on April 6 and May 1.

Psarnmophis sihilans.—In southern Rhodesia, Broadley (1959:46) reported

that a female sand snake laid 10 eggs on October 2, 1957, and these hatched on

February 22, 1958. In East Africa, Loveridge (1940:38) reported gravid

females on the following dates: November 29, December 13, December 21,

January 18, and January 18. There were 4, 7, and 10 eggs in different females.

In southwestern Tanganyika, Robertson, Chapman and Chapman (1962:428)

noted that a female taken in July had 26 large (21 X 7 mm) eggs whereas two

others taken in Novem]:)er and Decem]:)er had only minute ova. In Sierra Leone,

West Africa, Menzies (1966:175) obtained a clutch of eggs that were dug out

in March and contained large embryos. FitzSimons (1962:231) stated that in

southern Africa the eggs, usually 10 to 15 per clutch, are laid in December

or January.

Psarnmophis siihtaeniattis.—Lo\eridge (1940:53) reported gravid females

in East Africa on September 23, and October 22 (5 females). There were 6, 6,

7, 8, and 10 eggs. Sixteen recently hatched yoimg were foimd on Deceml)er

10 and January 1. In southwestern Tanganyika, Roliertson, Chapman and

Chapman (1962:429) obtained two females in September and one in October

which had enlarged oviducts as if they had oviposited recently, but six in the

period March to July and eight in November and Decem]:)er had only small ova.

Complements of 9, 20, and 20 eggs were recorded.

Fsaininophijhix

These are small, active, terrestrial African snakes. FitzSimons (1962:213)

stated that in the South African P. rhomhcatus the eggs, up to 30 per clutch,

are laid in midsummer, with embryos already partly developed, and the female

coils around them and guards them for the five or six \\eeks of incubation.

Loveridge (1942:290, 1953:273) reported two gra\id females of the striped

skaapsteker, P. tritaeniaius, containing eight and nine large eggs, on the

Lichenya Plateau in Nyasaland on August 10, and two other gravid females from

an altitude of approximately 10,000 feet in late October. Broadley (1959:43)

mentioned a captixe female which laid four eggs November 27 to 30, and then

died with 10 more eggs still unlaid. FitzSimons (1962:215) stated that in

P. t. tritaeniaius in South Africa, the clutch is 6 to 10 eggs. The species covers

a wide range geographically and altitudinally; doubtless there are geographic

differences in size of clutch and timing of breeding season.

Both P. rhomhcatus and P. tritaeniatus subsist on a variety of small xari-

ebrates such as frogs, lizards, birds and rodents. However, P. rhomhcatus is a

larger and much more active species, which has a more potent \enom. Accord-

ing to FitzSimons the venom is neurotoxic like that of South African elapids,

but is reputed to be even more powerful, weight for weight. Seemingly the

haliit of guarding the eggs has been recorded only in the species rliomhcatus.



156 Misc. Publ. 52, Univ. Kansas Mus. Nat. Hist.

Rhamphiophis

These beaked snakes are o\iparous, terrestrial colubrines of central and

eastern Africa. Loveridge (19.36:26.3) recorded three gravid females of R.

oxyiJiyncJuis at Sipi and Bukori in East Africa on December 13 and January

18; there were 4, 10, and 17 eggs.

Tachijmenis

These are small to medium-sized, rather stout-bodied, viviparous, rear-

fanged, South American colubrids ha\ing fairly potent neurotoxic and haemo-

lytic venom. Donoso-Barros (1966:403) stated that in T. peruviana in

northern Chile, females are carrying enlarged eggs in May and young (usually

six to eight per litter, sometimes as many as 10) are born about October.

Tantilla

These are small, burrowing or secreti\e snakes that are widely distributed in

the southern half of the United States and occur southward into the Neotropical

Region where there are many species. They are oviparous and are notable for

the small size of the clutch, with usually one, two or three eggs. Seemingly
it is normal for the female to ovulate a larger number but to resorb some of

them from the oviducts. Within the United States these snakes seem to con-

form to a breeding schedule typical for the Temperate Zone, but in the tropics

there is deviation from this schedule.

Tantilla coronata.—The crowned snake is a small, burrowing species of the

southeastern United States. Neill (1951:59) wrote of finding mating pairs

frequently, in April or May, beneath scant cover at the bases of rotting stumps,
on the outskirts of Augusta, Georgia. He found one nest with three eggs. Cook

( 1954:31 ) in Mississippi also recorded a gravid female with three eggs. Minton

( 1949:147) stated that a female from Indiana contained two or three ova which

were visible through the partly translucent body wall. Neill and Boyles ( 1957:

78) examined three gravid females collected in May in Tuscaloosa County,
Alabama. Each female had in her oviducts three elongate eggs (11 to 23.7

mm ) and in addition had five to nine small abortive eggs or yolks of more or

less roimded shape, one to four mm in diameter.

Tantilla gracilis.—In northeastern Oklahoma, Force (1935:649, 651, 6.58)

found that the population of the flat-headed snake in spring included besides

the reproductive females, some that were obviously first-year young (95 to 125

mm, with ova of microscopic size), and others that were intermediate in size

with somewhat larger immatme ova, and were taken to be second-year >'oung.

The first half of May was found to be the mating season, and clutches of eggs

were deposited by females in confinement on June 13, 18, 19, 22, 25 and 26.

Usually there were either two or three eggs in a clutch, but complements of

one and four were noted. Eggs incubated in the laboratory hatched on Sep-

tember 7, 14, and 17—83 and 84 days after oviposition. Carpenter (1958:115)
and Anderson ( 1965:259) reported additional clutches with 2, 2, 3, and 3 eggs.

Two clutches were laid in confinement on June 18 and July 1, and two others

found under natural conditions and brought to the laboratory hatched on Sep-
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tember 17 and 22. Neill and Boyles (1957:78) pointed out that this species,

like the crowned snake, ovukites many more eggs than the two or three that

constitute a normal clutch. Most of tliose in the oviducts of gravid females are

small aborti\e eggs, which seemingly are resorbed.

Tontilla plauiceps.
—In the Big Bend region of Texas, Minton (1959:50)

reported a gravid female of T. p. atriceps which contained a single egg ready to

be laid on June 1. Stebbins (1954:452) reported that two females of T. p.

utaJiensis collected in the Kingston Mountains of southeastern California each

contained a single large egg.

Tantilla schistosa.—Stuart (1948:83) reported two juveniles that appeared
to be not many days old on June 25, 1938, in Alta Verapaz, Guatemala.

Telescopiis

These are slow-moving terrestrial snakes of Africa and southwestern Asia.

FitzSimons (1962:186) stated that the African tiger snake, T. scmianmilatus,

la>s a clutch of six to 10 eggs. In Nyasaland, Loveridge (1953:267) reported

a gravid female with 14 large eggs on November 8 and another with 10 on

January 24. In the Rukwa Valley of southwestern Tanganyika, Robertson,

Chapman and Chapman (1962:427) found a female in May having 17 large

(9x4 mm ) ovarian follicles, and another in June having nine oviducal eggs.

Perhaps there is some egg-laying throughout the year.

Thelotornis

The African bird snakes are oviparous and arboreal and have exceedingly

elongate, slender and tapering bodies and tails. FitzSimons (1962:205) wrote

that in southern Africa, six to 10 eggs are laid by T. kirtlamlii about midsum-

mer—December or January.

Triiiiorplwclon

The lyre snakes are nocturnal and oviparous and occur in arid regions of

the southwestern United States, Mexico and Central America. The records

assembled below suggest that they do not conform to the seasonal pattern

typical for Temperate Zone snakes, with mating in spring, egg-laying in early

summer and hatching in late summer. In the San Antonio Zoo Werler (1951:

46) noticed \igorous cointship in a pair of T. hiscutatus on November 2, 1948,

and the female laid 20 eggs between December 29 and January 7. A female

from Colima laid 20 eggs on March 3, 1949. Stebbins (1954:456) wrote that

a clutch of 12 eggs was laid by a California lyre snake, T. vandenhttrp.hi, in

September, and he mentioned another clutch that hatched after 79 days of

incubation in the laboratory, and stated that a brood of apparently newly

hatched young were found in the field on October 1.

Natricinae

This subfamily of colubrids including the water snakes and their

near relatives was proposed and defined by Cope (1900:956) and
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further defined by Malnate (1960). The North American natricines

belong to nine genera and comprise a compact and well-defined

group of viviparous snakes, whereas the Old World forms com-

prising many genera are all oviparous except for a single species,

Notrix annularis. Many of the Old World species are tropical or

subtropical in distribution.

AdeJophis

The two small, rare, and secretive species occur in Mexico and are closely

related to snakes of the genera Tropidoclonion and Tliamnophis according to

Rossman and Blaney (1968). These authors stated that a female of A. foxi

from Mil Diez, Durango, gave birth to two yoimg and passed an infertile egg
on August 3, 1966; a gravid female obtained from the same locality in 1967

gave birth to four young on July 29.

Anipliiesma

This is a genus of small oviparous water snakes in southeastern Asia. Rec-

ords indicate that the number of eggs in a clutch is small, usually not more
than 10, and that in the tropical southern part of the range there is an extended

breeding season, with the possiJMlity of multiple clutches.

Amphiesma craspedogaster.—Pope (1935:106) reported live females of this

southern Chinese species that contained 1, 5, 5, 5, and 7 eggs, and Malnate

(1962:287) pu]:)lished additional records of two females with four eggs each

and one with two. Gravid females recorded by Pope were collected between

June 12 and July 20.

Amphiesma prtjeri.
—This is a species of the Riuldu Islands. Malnate and

Munsterman (1960:54) reported females containing 2, 3, 3, 4, 5, and 6 eggs.

Amphiesma sauteri.—Malnate (1962:268) reported females containing 2,

3, 4, 5, and 5 eggs in southern China.

Amphiesma stolata.—The striped keelback is widely distributed in southern

Asia. Smith (1943:.305) stated that mating probably takes place "during
aestivation" in the dry season, and that clutches of fixe to 10 eggs are laid from

May to September. Wall (1921:113) recorded gravid females from April to

October with the greatest number in July. Wall (1911:614) mentioned gravid

females containing 5, 8, 11, and 14 eggs, and the finding of many gravid females

from April to September. In West Pakistan, Minton (1966:137) reported that

a female laid 10 eggs on May 21, and these began to hatch on June 7.

Am))hiesma vihakari.—Fukada (1965:67) descrilied the reproduction of

this species in Japan. He obserxed courtship in captixes on June 17, and ob-

served "snake balls" in the field on May 17 and June 6. One ball consisted of

a female and four males, the other of a female and six males. Egg-laying occurs

in July or early August. In 10 clutches the average was 6.4 (4 to 10) eggs.

Recorded incubation periods were 34 to 37 days.
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C1ono])]iis

This monotypic North American genus usually has been included with

either Natrix or Regina. It is a near relative of the typical water snakes, genus

Natrix, but is secreti\e and not aquatic in habits. Kirtland's water snake (C.

kirtlandi) is a small, secretive species of Indiana, Ohio, and the adjacent parts

of neighlwring states. Conant (1938:77), Minton (1944), and Wright and

Wright (1957:499) published data concerning number of young and time of

JMrth. Litters contained 4, 5, 6, 6, 6, 7, 7, 7, 7, 7, 8, 8, 8, 8, 9, 11, 12, 22, 22,

and 22 young (average 9.6). Births have been reported on September 7, 8,

and 21.

Maciopistliodon

This genus includes several oviparous Asiatic water snakes. The records

indicate a long JMeeding season, at least in the southern, tropical part of the

range.

Macwpisthodon phimbicolor.
—Wall (1921:130) reported one gra\id female

green keell^ack on February 16 and others in May and June. He reported that

one laid 16 eggs, March 20 and 21, and that another laid seven eggs in late

March and tlie first day of April.

Macwpisthodon riidis.—Pope (1935:163) mentioned gravid females which

contained 18, 22, 23, and 25 eggs. Two were collected between June 12 and

July 20.

Natriciteres

This is a monotypic smooth-scaled water snake genus of tropical Africa.

It is closely related to the more familiar Natrix and was long included in that

genus. Like most of its Old World relatives, N. olivacea is oviparous. The

records enumerated below seem to indicate that breeding occurs throughout

much of the year but that there are local differences, and at times relatively

few of the snakes or none of them are breeding. Doubtlessly the seasonal

distribution of rainfall and its effect on the food supply determines the time of

I)reeding in this kind of snake.

Natriciteres olivacea.—Loveridge (1936:237; 1958:34 and 40) published

notes concerning the reproduction of the olive marsh snake in tropical East

Africa. Females containing large eggs were reported at Kaimosi, Fel^ruary 14

and 19 and at Ngatana, June 11 to 20 (five specimens). A sixth individual

from the last named locality had relatively small eggs. A female from Dar es

Salaam laid eggs on June 15. The eggs in these clutches numbered 6, 6, 6, 6,

6, 6, 6, and 8 (average 6.25). All pertained to N. o. olivacea. In N. o. nluguren-

sis occurring at higher altitudes, clutches were smaller, with 2, 2, 3, 4, 4, and

4 eggs found in gravid females on the following dates: July 22, October 8,

Octolier 9, November 19, November 25, November 29, at Bagilo, Nyange and

Amani. The specimen collected on October 8 had eggs only 5 mm in diameter,

])ut others had large eggs nearly ready to be laid, 16 to 22 mm long and 6 to 8

mm in width. However, Loveridge noted that in November the majority of
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females contained only minute ova. A long breeding season, extending over

much of the year, is indicated.

Natrix

This large genus includes the typical water snakes of North America,

Europe, and Asia. Many species formerly included under Natrix have been

transferred to other genera, such as the North American Clonophis and Regina,

the Asiatic Amphiesrna, Rhabdophis and Xenochrophis (Malnate, 1960; Ross-

man, 1963), and the African Natriciteres, but those still included in the genus

comprise a rather diverse lot. With a single exception, the European and Asiatic

species are oviparous, resembling in this respect the many other Old World

genera and species of the subfamily Natricinae. In contrast, the North American

species of Natrix are viviparous, as are their New World relatives in eight other

genera. Both oviparous and viviparous species are highly prolific. Correlated

with the large number of young in a brood is the unusually small size of the

young at birth or hatching. This in tiun can be related to the piscivorous habits

and the availability of fishes over a wide size range.

In north temperate climates there is a brief spring breeding season, but

farther south available dates indicate that the breeding season is much more

extended. In the extreme southern United States and to the southward the

season of activity is sufficiently long to allow for two consecutive gestation

periods, with the possibility that even a viviparous snake might produce young

twice in a year, but no actual instances are on record for members of this genus.

Natrix annularis.—This South Chinese species differs from other Old World

Natrix and their near relatives in being viviparous. Pope (1935:99) mentioned

females that contained 4, 5, 6, 6, 9, and 9 eggs or embryos. In four others that

he cited there were nine to 13 eggs and one that he found giving birth on

September 28 had a litter that totalled 13 young.

Natrix cyclopion.
—The green water snake is a large species of the southeast-

ern United States. Seemingly, it is one of the most prolific snakes; females in

Florida have been reported with the following numbers of embryos or young:

20, 20, 42, 67, 79, 97, 101 (Wright and Wright, 1957:473, 477; Betz, 1963b:

575; Duellman and Schwartz, 1958:307). Other recorded litters were much

smaller, with 4, 9, 14, 16, and 19 young and too few records are available to

indicate the usual or average number with any degree of accuracy. Courtship

and mating activity has been observed in the first three weeks of April in

Louisiana. Births of litters have been reported in mid-June and on June 19

and 21, on July 15, July 15, July 27, July 28, and August 7 in Florida, on July

16 and August 10 in Texas, and on September 20 in Missouri.

Natrix erythrogaster.
—The red-bellied water snake and its subspecies are

widespread in the southeastern United States and northeastern Mexico. Mating

has been recorded on April 22 in Michigan and on June 16 in Illinois (Wright

and Wright, 1957:482, 484). Dates for litters born in captivity are, for

Illinois: September 4; for Missouri: September 15, 19, 20, 21 (2 litters), 22,

and on October 2 (Anderson, 1965:136); for Texas: September 4. Seemingly

as in many other Temperate Zone snakes, mating in spring, gestation in sum-

mer and birth in early autumn is the normal pattern for this species. Conant
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(1965:144) mentioned a female of N. e. aha obtained near Rancho Grande,

Zacatecas, Mexico, in August 1960, which ga\e birth to 14 young on September

30, 1960. Kept in isolation she gave birth to another young and passed several

infertile eggs nearly two years later on Septeml^er 13, 1962. Excluding the last

mentioned l^irth as somewhat abnormal, 20 litters averaged 16.0 young, and

numbered 5, 8, 8, 11, 13, 13, 14, 14, 14, 15, 16, 16, 17, 18, 20, 22, 22, 22,

25, and 27.

Natrix fasciata.
—Wright and Wright (1957:528, 536) stated that for the

lianded water snakes CN . f. fasciata and iV. /. pictivcntris) litters ranged from

nine to 50, and they cited specific records of litters with 22, 23, 25, 29, 31, 33,

and 57 young. For iV. /. pictiventris of Florida, recorded birth dates are all

relatively early—June 10, 21, and 28, July 10, 13, 16, 17 (two litters), and

August 2. The salt marsh and mangrove water snakes, A^. /. clarki and N. f.

compressicauda, are distinct ecologically from the inland l^anded water snakes.

They are relatively small and probably have smaller litters. Some published
records are: 3, 4, 5, 6, 8, 11, 12, 14, 14, 15, 21 and 24 young, average 11.4.

Swanson (1948:106) observed copulation in captives from Key West, Florida,

in late January, and February 11 to 22. Wright and Wright (1957:517) men-

tioned a female from Texas that contained embryos in January. Births have

been oliserved in covipressicauda on June 13 and on July 23 and 28, and in

clarki on July 27 (Bishop, 1940:128; Wright and Wright, 1957:517; Duellman

and Schwartz, 1958:307).

Natrix maura.—Like most other Old World water snakes, this species of

southwestern Europe is oviparous. Blackwell (1952:134) reported that one

obtained in the Pyrenees Mountains laid 32 eggs while being transported in a

travel case between July 24 and July 30. These eggs hatched between Septem-

ber 6 and 14.

Natrix natrix.—Smith (1951:229-233) described in detail the reproduction

of this common British snake. Mating occurs occasionally in autumn but is

most frequent in April and May. Egg-laying is in June and July. Often the

clutch has 30 to 40 eggs, but the smallest productixe females have only eight

to ten, whereas a maximum of 53 has been recorded in a large female. Embryos
ha\e already begun their development at the time of egg-laying, and inculsation

requires approximately two months. Often there is communal egg-laying with

many clutches deposited together. Manure heaps or otlier such media which

generate heat are frequently chosen as the nest sites. Hatching is ordinarily

in late August or early September, but there is a possibility' that some young
overwinter in the eggs. The male may mature by the autumn of the tliird year.

Fuhn and Vancea (1961:300) wrote that in Romania this snake mates in

April or May, and egg-laying occurs in July or August.

Natrix rhombifera.—Betz ( 1963a) studied the o\arian cycle of the diamond-

backed water snake with specimens from southeastern Missouri and La Place,

Louisiana. In Missouri oxulation usually occurs between May 15 and June 15

and gestation is of approximately three months' duration. At the time of o\'ula-

tion immature ovarian follicles of tsvo successively smaller and distinct size

groups can lie discerned. Follicular growth is gradual o\er a two-year period,

but in the spring of the third year the follicles enlarge rapidly. As the follicles

mature, their numbers decrease, probably through atresia. In pregnant females
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disparity I^etween the total number of fetuses and number of corpora lutea can

he accounted for liy the numbers of dead embryos and yolk masses imderijoing

resorption. Counts of eggs in gra\id females or of young born in captixity are

available for 22 broods which averaged 47.3 (14 to 62, Anderson, 1965:138;

Betz, 1963a:695; Guidry, 1953:53; Force, 1930:33; Cagle, 1937:184; Wright
and Wriglit, 1957:502). This average may be high for the species, as the

records include series of gra\id females kept for study by Betz and by Cagle,

and there may have been some selection in obtaining or keeping them. Never-

theless the records indicate that N. rliomhifera is one of the most productive of

snakes. Reported birth dates are August 5, 5, and 27; September 3, 7, 10, 10,

13, and 25; and October 2. Anderson mentioned a female which gave birth to

six young on September 9, and gave birth to the remaining 24 young of her

litter almost four weeks later on October 5. All the young were born alive and

appeared to be normal.

The brown water snake, N. taxi.spilota is the geographical representative of

N. rhombifeia in the southeastern United States and perhaps the two should be

considered conspecific; anyhow they are similar ecologically. In Florida, Frank-

lin ( 1944:250) found 30 to 40 young in 30 broods. He found that the breeding

season is usually dining the latter part of May with young born in early August,

])ut yoimg may be born as early as Jime 15 or as late as late September. Duell-

man and Schwartz (1958:309) recorded a litter of 16 young.

Natrix sipedon.—Much literature concerning this species and its geographic

races has been assembled and summarized by Wright and Wright (1957:511-

551 ) from whose work the following figures are borrowed. Besides records from

previously published literature tliose cited by the Wrights included some of

their own and many from the unpublished dissertation of E. E. Brown. Seem-

ingly mating occurs only in spring. For the northern subspecies, N. s. sipedon,

litters of the following sizes are on record: 8, 9, 11, 14, 15, 16, 18, 19, 20, 21,

22, 23, 24, 25, 26, 27, 28, 29, 30, 37, 38, 39, 40, 41, 44, 45, 46, average 26.5

not including record litters of 99 and 76 ( Slevin, 1951:132). Some of these

figures appear repeatedly in the records. In certain cases it is difficult to de-

termine which are original and which are repeated from older publications, but

records are concentrated in the range 16 to 30. Birth dates reported for litters

of the northern water snake are: August 9, 12, 15, 17, 18, 19, 20, 21, 22, 23,

24, 26, 29, 30, 31; September 3, 6, 8, 9, 11, 15, 23; and Octol^er 10 and 12.

Obviously the latter half of August is the usual time for birth of litters, but

with a few appearing earlier, and some much later. For N. s. insulamm of

Lake Erie births have been reported relatively late in the season: September

5, 25, and 26.

Natrix tesselluta.—Fuhn and Vancea (1961:308) wrote that egg-laying of

this species occurs in June and July in Romania.

Natrix trianguligera.
—In Kopstein's (1938:164) study of Malayan snakes

he reported a gravid female of this species in April, one in June and one in

August. A long breeding season is indicated, and undoubtedly two or more

clutches can be produced by a female during the course of a season.
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Opisthofiopis

These small, montane, Asiatic water snakes are oviparous; the average clntch

of eggs is small. Pope (1935:170) collected gravid females of O. ktiatiinensis

in Kiiatun, China, lietween June 12 and July 20. There were five eggs in three,

.six in two, and three in one. Pope (1935:175) stated of O. latouchii: "The

number of eggs ranges from 1 to 4. Thirteen preserved females contained 3

eggs, eight contained 2, while 4 eggs were found in only six. A single one held

but 1 egg." In addition Pope was brought clutches numbering 2, 2, 3, 3, and

4; for the total of 33 clutches average was 2.84. In one instance the female

was coiled about the eggs, seemingly guarding them. Eggs were found imder

fiat rocks along swift mountain streams, and, in one instance at least, were

partly submerged in water.

Pseudoxenodon

These Asiatic water snakes are oviparous. Pope (1935:154) mentioned a

specimen of P. macrops taken in the Chin Hills in Burma on May 20 which

contained six eggs. Taylor and Elbel (1958:1149) mentioned one captured in

Thailand which contained ten ovarian eggs on January 19, 1958. The same

authors mentioned a juvenile taken on June 14, 1954, which was 263 mm in

length—probably near the size at hatching.

Regina

The North American striped water snakes of this genus have usually been

placed under Liodijtes (aJIeni) or under Natrix (fiiahami and septemvittata),

and probably they are derived from a Notiix-\ike ancestor. All are confined to

the eastern half of the United States. All are \i\'iparous. They differ from

Natrix species in the same area in medium to small size, crayfish-eating habits,

and relatively small litters of young. Rossman (1963) has redefined the genus.

Regina alleni.—Wright and Wright (1957:422) and Duellman and Schwartz

(1958:313) mentioned the following numbers of young born, or eggs or em-

bryos, in striped swamp snakes: 4, 6, 6, 6, 7, 8, 9, 9, 12, 34, average 10.1. They
mentioned birth of yoimg on June 24 (two litters) and in August, and the

finding of a female containing embryos on March 20. The meager records

imply a remarkably long breeding season. The mild climate and long growing

season in the range of R. alleni possibly permit it to produce more than one

litter per season.

Regina grahami.—Graham's water snake is a secretive, aquatic crayfish-

eating species of the prairie region. In Texas, Curtis (1949b:9) observed three

mating pairs on the night of May 9 and Anderson (1942:213 and 1965:125)

recorded mating in Missouri on April 21 and May 10. Litters of the following

sizes have been obser\ed: 6, 8, 9, 10, 13, 14, 14, 25, 27, and 31, average 15.7.

Birth has been noted July 29, August 15, and September 3, 5, and 10 (Smith,

1961:250; Wright and Wright, 1957:492; Anderson, 1942:213). Hall (1969:

159) examined 16 gra\id females, and eggs or embryos averaged 18.6 (9 to

39). For tlie total of 26 litters the average was 17.4, but some of these were

reported because they were considered exceptionally large.
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Regina septemvittata.
—The queen snake is a small striped water snake of

forest streams in the eastern United States from the Great Lakes to the Gulf of

Mexico. Information regarding the species' reproduction has been published

]:)y many authors. These records have been summarized by Wood (1949:749),

Conant (1951:81, 233) and Wright and Wright (1957:508-509) and addi-

tional records have been published by Smith (1961:257). Eliminating duplica-

tions, 20 litters had: 5, 6, 6, 7, 8, 8, 9, 10, 10, 11, 11, 12, 12, 12, 12, 13, 14,

17, 18, and 23 young, average 11.2. Reported birth dates include: July 6 and

30, August 4, 5, 7, 10, 12, 18, 23, and 31, and September 5, 7, and 9.

Rhahdophis

These Asiatic water snakes occur in a variety of climates. They are ovip-

arous, and in the tropics at least, there is year-round breeding, but with definite

peaks and troughs determined by the amount of precipitation, and probably

the food supply.

Rhahdophis chnjsarga.
—In Malaya Kopstein (1932:79) found that this

species lays four to seven eggs most often in the period September to January,

the rainy season, and the eggs require about h\'o months' incubation. In Java

DeHaas (1941:343, 347) found gravid females every month of the year but

there were more than twice as many in the dry-season months, June through

November, as in the remainder of the year. Adults made up from 70 to 90 per

cent of each monthly sample from June to November, but through December,

January and February the proportion of young steadily increased, imtil they

outnumbered adults. In the spring months the proportion of young steadily

decreased.

Rhahdophis himalaijana.
—Smith (1943:301) recorded a mating of the

Himalayan keelback on July 24.

Rhahdophis nuchahs.—Pope (1935:111) recorded gravid females of this

montane species of southwestern China collected on April 27, April 27, and

May 17.

Rhahdophis suhminiaia.—This widely distributed species was studied along

with other common snakes, by Kopstein (1938) in Malaya. He recorded three

gravid females in July and four in August, one each in February, May, June,

October and No\'ember. One female in captivity produced a clutch of eggs on

June 28 and a second clutch 55 days later on August 21. Another produced

a clutch on October 2 and a second clutch 44 days later on November 15. In

west Java, DeHaas (1941:343) found gravid females every month of the year,

but there were more than t\vice as many in the period June through Noxember
—the drier part of the year—than there were from December through May.

In his August and September samples all snakes were adults but in succeeding

months the young made up a progressively larger proportion till reaching a

maximum of 87 per cent in March and then again decreased. In regions near

the equator, as Nhilaya and Jaxa, the species seemingly breeds throughout the

year but with a pronounced peak and trough. Kopstein (1938:162) found that

the male attains sexual maturity in only 13 months from the time of hatching,

and the female in 17/2 months.
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Rliabdopliis tigrina.
—This niedium-large water snake has been thoroughly

studied in Japan by Fukada (1965:66) who has presented an excellent sum-

mary of the life history. Mating occurs chiefly in autumn ( October to mid-

No\enil:)er), l^ut also in spring. Egg-laying occurs from late June to early

August. Eight\'-four egg-complements a\eraged 12.3 (2 to 26). However, the

productivity tended to be proportional to the length of the females, as follows:

70 to 79 cm—8.3 eggs; 80 to 89 cm—10.9 eggs; 90 to 99 cm—14.2 eggs; 100

cm or larger
— 16.7 eggs. At room temperature incubation averages 37.6 (29

to 45) days. In both se.xes breeding matiuity is attained in autumn at an age

of approximately one year and three months, and the smallest breeding females

(620 mm) are only alwut half the maximum length. A clutch is produced

annually.

Seininatrix

This monotypic genus of the southeastern United States is vi\ipar()us and

probably is closely related to Natrix. In the mild climate where it occurs the

breeding season is long. The seasonal cycle of the Florida black swamp snake,

S. piip.aca. was studied liy Downing (1950) with a series of 203 specimens. He
found that o\a enlarge in spring and that the young per litter are usually five

or six with extremes from two to 11. Wright and Wright (1957:665) sum-

marized literature records and listed the following cormts of eggs found in

females or young in litters born in captixity: 3, 5, 5, 7, 8, 9, 11, average 6.86.

Birth dates mentioned include August 20 and 21, and October 18. The notable

spread in dates suggests the possibility that a female might produce a second

litter within one season, e\'en though there is a gestation period of many weeks.

Sioreria

Members of this genus are small, terrestrial, secretive, vi\iparous natricines.

S. occipitomaculata is mainly confined to the eastern half of the United States

and southeastern Canada, whereas S. dekaiji, which is sympatric with it through

much of this same area, occurs also southward into the tropics. In both species

mating is known to occur both before and after hibernation. Most records of

births are in late summer but in the southern part of its range S. dekayi may

give birth in early summer and obviously has a much altered breeding schedule,

perhaps with multiple broods.

Storeria dekoyi.
—De Kay's snake occurs under dixerse climatic conditions.

In a study at Flushing, Long Island, Clausen ( 1936:98-102) found that copula-

tion occurred in the last week of March or early April. In eight instances the

time between copulation and parturition was recorded in females kept in

isolation after mating was obser\ed. Supposed gestations ranged from 105 to

113 days and averaged 109.5, with parturition occurring from July 14 to

August 1. 0\er the range as a whole there are notable dexiations from this

schedule, as copulation has been obser\ed at \arious times of year. Minton

(1944) recorded liirtli of a litter in Indiana on June 26, and in difterent parts

of northeastern Mexico, Taylor (1949:206) and Fouquette and Rossman (1963:

196) ha^•e reported full term fetuses on June 29 and June 30, respectively.

Stuart (1948:63) reported a female "with well-formed eggs" on March 27 in

Alta Verapaz, Guatema'a. Later the same author (1954:59) reported a female
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in Guatemala containing nine eggs on March 8 and he reported a juvenile only
a few days old on May 27. Conant (1951:92) reported a female having large

eggs in October, and Wright and Wright (1957:701) mentioned a female cap-
tured in November ". . . which laid eggs March 20." Presumably premature
extrusion of embryos by a female kept active when she would have normally
been hiliernating was in\'ol\ed in this latter record. Other published birth dates

listed by Wright and Wright include: July 6, 14, 18, 20, 21, 22, 24, 25, 26, 28,

28, 29, 30, 31, 31; August 1, 1, 3, 4, 8, 8, 11, 14, 14, 14, 16, and 17; and Sep-
tember 4 and 14. For 62 litters reported in the literature the average is 14.0

(3 to 27) with the majority of litters in the range 11 to 18.

Storcria occipitomaculata.—The red-bellied snake is widely distributed over

the eastern half of the United States. Both fall and spring copulation are known
to occur regularly (Trapido, 1940:107). Spermatozoa remain viable over

winter in the female's oviduct so that a spring mating often is not necessary to

effect fertilization of the eggs.

In Michigan Blanchard (1937:151) found a 1-1 sex ratio. He found that

the snakes attain sexual maturity in their second year and become parents at

an age of approximately two years. Most young were born between the 10th

and 23rd of August but some appeared in late July and some as late as Septem-
ber 5. In 77 broods he found the number of young ranged from one to 13 and

averaged 7.18. There is some indication of geographic variation in numbers of

young. For 43 additional litters from localities well scattered over the geo-

graphic range (Wright and Wright, 1957:719; Smith, 1961:244; Denman and

Lapper, 1964:28) there were, on the average, 9.35 (2 to 21) young (or ova
or embryos in gravid females). In addition three females kept together gave
birtli to a combined group of 23 young which were not individually assignable
to their separate litters. Recorded birth dates were: June 18 and 30; July 17,

19, and 24; August 22, 23, 28, and 29; and September 4, 5, 7, 7, 9," 10, 19,

and 26.

Thamnophis

The garter snakes are the most abundant of North American snakes, oc-

curring from the subarctic south into the tropics, with a large number of species

and subspecies. All are \iviparous. They are notoiiously prolific. The usually

large litter is correlated with small size of yoimg at liirth, but growth is remark-

ably rapid and sexual matiuity may be attained in the second year. Size of

litter is subject to much variation, both interspecifically and intraspecifically.

Several population studies ha\ e indicated that \arying percentages of the adult

females may not become fecund in any one breeding season. Whereas various

oviparous snakes are known to lay successive batches of eggs in the same sea-

son, the garter snakes are the only viviparous snakes definitely known to produce
more than one litter in the covuse of a year. Such production is possible only
in the extreme southern United States or regions to the southward, in a mild

climate, with winter inactivity brief or lacking, and e\en under these conditions

it may be exceptional.

Thawnophis hutleri.—This small northeastern garter snake was studied by
Wright and Wright (1957:818) and Conant (1938:98). The latter author

mentioned two females that mated in captivity in the Toledo Zoo in different
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years on March 23 and April 4, and j^axx" l)irtli to litters on July 3 and Jul> 2,

respectively. Other reported birth dates are July 28, August 4, and August 7.

Litters of 4, 5, 8, 10, 12, 12, 14, and 16, a\erage 10.1, young have been

recorded. Carpenter (1952b:239) studying these and other garter snakes in

Michigan, found that some t\v()-year-old females may produce young, but

that the majority were not fecund until the third year.

TharnnopJii.s cyifoi)sis.
—This is a widespread Mexican and Central Ameri-

can species which enters the southwestern United States in Texas and Arizona.

Sabath and Worthington ( 1959:32) mentioned a Texas female which ga\e birth

to se\en young on August 14. Howe\er, Minton (1959:49) wrote concerning

his observations on this species in the Big Bend region ". . . on June 29, I col-

lected two very small ones about 8 indies in total length and probably only a

few days old. This suggests an autumn or winter breeding season." In the

Guadalupe Mountains of southern New Mexico Mosauer (1932:16) noticed

that about July 20 young, apparently newborn, appeared in large numbers

along a canyon stream. Woodin (1950:39) reported birth of a litter of 25

young on June 15 in Arizona.

Thamnophis clegans.
—This garter snake with its many geographic races is

widespread in the western United States. It is remarkable in having di\erged

into an aquatic and a terrestrial series of subspecies. Their intergrading contact

is in southern Oregon and northeastern California, but to the southward each

group becomes increasingly specialized for its terrestrial or aquatic mode of

life. In many areas the geographic representati\es of these two main lines

coexist without interbreeding. The isolating mechanism is not fully rmderstood.

Differences in hal:)itat and in body size would in themselves reduce the inci-

dence of interbreeding, but seemingly far more effective mechanisms are in-

\olved, prexenting even occasional cross-breeding. Seasonal differences in

sexual cycles might logically be suspected, but insofar as can be determined

there are no such differences. Seemingly the snakes of all populations normally

lireed in spring and yoimg are born in late July, August, or September (Fitch,

1940:113). Mating imder natural conditions has been observed on March 16

and 21 and May 2 in terrestrial representatives and on April 13 and June 26

in the aquatic representatives.

Fox, Gordon and Fox (1961:60) reported the following numbers of young

in Utters of T. e. terrestris born in the laboratory: 6, 7, 9, 10, 10, 10, 11, 11,

11, 11, 15, and 16, average 10.6. A somewhat smaller average of 8.6 was noted

by Stebbins (1954:416) for eleven litters. In the Puget Sound region Hebard

(1950:217) mentioned 271 offspring of 28 broods of T. e. vagram, an apparent

average of 9.7, but since his observations were not concerned with litter-size

as such, there may have been unmentioned escapes, discards, aborted or abnor-

mal young that were not included. For die aquatic southern subspecies T. c.

hammondi, Stebbins (1954:422) reported birth of a remarkably late litter of

25 young on October 30.

Thamnophis cqttes.
—In Alta Verapaz, Guatemala, Stuart (1948:63) re-

ported a graxid female (T. e. fulvus) containing nearly full-term embryos on

May 17.

Thamnophis marcianus.—This is a species of desert watercourses in the

southwestern United States and northern Me.xico. Relatively little has been
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written concerning its reproduction. Wright and Wright (1957:804 and 806)

and Stebhins (1954:428) have listed litters of 6, 9, 11, 12, 12, 16, 18, and 18,

average 12.8 with birth dates of June 19, and July 5, 15, 21, 24, 30, and

August 2.

TIiciDinopliis ordmoides.—This snake was studied by Hebard (1951:177) in

the Puget Sound region of western Washington. He found that copulation oc-

curred in both fall and spring; abundant motile sperm were found in the o\i-

ducts of females examined from Septemlier 20 through October 9, and court-

ship activity was prominent from the March 27 first emergence through mid-

April. Gra\'id females contained an average of 8.8 (3 to 15) embryos. How-

ever, in a series of 66 adult fema'es 33 per cent were not gra\'id. Such in-

dividuals when dissected rexealed pinkish o\'arian scars that were thought to

represent the pre\ ions year's corpora lutea.

Thamnophis proximiis.
—A population study of the western ril:)bon snake was

made liy Tinkle (1957:75, 76) in southeastern Louisiana. He found that from

April through July 88 per cent of adult females were gravid. In 13 gravid

females, number of ova were: 6, 9, 12, 12, 12, 13, 14, 14, 14, 14, 15, 17, 17, for

an average of 13.0. Producti\'ity was found to be closely correlated with the

size of the female; the largest had 17 ova and the smallest only six. Tinkle

stated, "Most snakes reached sexual maturity at an age of two years, but some

were not mature until their third spring." Other records for various parts of the

range were assembled by Wright and Wright ( 1957:830) and some for southern

Oklahoma were pubHshed by Caipenter (1958:113). The combined data of

these authors show litters of the following sizes: 4, 5, 6, 8, 8, 9, 9, 9, 9, 10, 12,

12, 12, 12, 14, 15, 15, 17, 18, 20, 27, average 12.0. Recorded birth dates in-

clude: July 4, 7, 18, 27, and 30; and August 9, 16, 20, 24, 25, and 31; and

September 14.

Although best known from the central United States, the ribbon snake

ranges far south along the Gulf Coast, into subtropical and tropical regions and

in fact is the southernmost of all TljamnopJiis. Neill ( 1962:240) wrote that one

captined in early April in British Honduras ga\e birth to six young on July 3.

Conant (1965:140) obtained a pair from near Santa Catarina in Nuevo Leon,

Mexico, on May 12, 1954. In four years of captivity both made notable growth.

Although never oliserxed in copulation they presimiably mated repeatedly, and

the female ga\e birth to a series of litters, as follows: 8 on June 2, 1956; 10 on

September 1, 1956; 10 on May 15, 1957; 9 on August 31, 1957; and 13 on

May 28, 1958. Although the unnatural conditions of captivity undoubtedly had

some efl^^ect on the breeding schedule of these snakes, the records are unique in

demonstrating the potentiality for production of two litters per year in the

tropics even in a viviparous species with a long gestation period.

Thamnophis radix.—The plains garter snake has been the subject of several

intensive studies. In the Chicago region Pope ( 1944:208) obser\ed that mating

occurred beUveen April 19 and May 24 but might also occur in autumn, and

births were concentrated in the first week of August. Wright and Wright

(1957:822) listed tlie following numbers of young in litters: 5, 13, 13, 17, 18,

19, 20, 21, 25, 27, 30, 35, 37, 40, 60, 92, average 29.2. Some reported dates of

birth are: August 6 and 31 and September 7, 29, and 30.

Seibert and Hagen (1947:19) studied a local population of these snakes in
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the Chicago area through an entire growing season. They found distinct annual

age-groups all of which showed increasing size as the summer progressed, but

In far the greatest gains were made by the first-year snakes. Of those captured,

52.7 per cent were first-year indi\iduals, 34.6 per cent were second-year and

12.6 per cent were third-year. The second- and third-year snakes were found

to be reproductive, but no figures concerning the incidence of fecundity were

presented.

Thamnopliis sauritus.—Carpenter (1952a, 1952b) studied the ecology of

the eastern ribbon snake in southern Michigan. He found an axerage of 10

eggs per female, and found that two-year-old females may produce yoimg, but

found it ". . . probable that many individuals of both se.\es of the three species

[T. sauritus, T. sirtalis, and T. hutleri] do not reach mature size until approxi-

mately their third spring after birth." Wright and Wright ( 1957:826) listed lit-

ters (ova, embryos, or young born) of the following numbers: 3, 4, 4, 4, 4, 5, 5,

5, 5, 5, 6, 6, 6, 6, 8, 8, 9, 9, 9, 9, 10, 11, 11, 12, 12, 12, 12, 12, 12, 12, 14, 14,

14, 15, 16, and 20, average 9.1. Young were born on the following dates: July

23; August 1, 6, 7, 10, 10, 11, 12, 17, 19, and 26.

Neill (1962:241) reported that a large captive female from Richmond

County, Georgia, produced a brood in July and another in early November, and

a Florida female was also reported to ha\e produced two litters in a season,

but young of the second litter were dead and malformed.

Tliamnophis sirtalis.—In a recent publication, I (Fitch, 1965) summarized

the literature regarding reproduction in this widespread North American species

which occius from the subarctic southward through most of the United States.

Mating may occur either in the fall or in spring but is especially concentrated

in the first few warm days after spring emergence, which may be in late March

or as late as early May, depending on latitude, altitude, and the trend of the

weather. 0\a are still small at the time mating occurs and several weeks pass

before they ha\e matured and o\ ulation takes place. In northeastern Kansas

this is typically about mid-Nhry, more than a month after emergence from

hibernation. In a series of 132 gravid females from eastern Kansas eggs or

embryos a\eraged 14.5 it .031. The range was from seven to 20, but the

a\erage increased from 12.0 in t^vo-year-olds to 16.8 in four-year-olds. For

two-, three-, four-, five-, and si.x-year-olds the percentages of gravid individuals

were, respectively, 42, 58, 93.5, 83, and 100.

In series from other parts of the geographic range somewhat different figures

have been obtained. In Michigan, Carpenter (1952a: 253) found an average of

18 young in 20 litters and in New Hampshire, Zehr (1962:324) found an

average of 12.9 embryos in 104 gravid females. Occasional litters are much

larger; there are seemingly authentic records of litters with 53, 64, 72, 74, 78,

80, and 85 yoimg ( Mattlin, 1948:149; Martof, 1954:100; Wright and Wright,

1957:840-841). For 100 other miscellaneous records of broods born in cap-

tixity, or embryos found in gra\ id females dissected, over the range as a whole,

the average is 26. One possible explanation for the fact that this average so

greatly exceeds those of the series examined by Carpenter, Fitch, and Zehr is

that herpetologists haxe been somewhat selective in reporting unusually large

litters and in keeping the largest gravid females in anticipation of the birth

of their litters.
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Over the range as a whole, the breeding cycle seems to conform closely to

the same schednle, with ovulation in late spring, pregnancy in early summer and

birth of young some time in July or August, but with minor differences resulting

from latitude, altitude, and weather. Birth has been recorded as early as June

24 in southern Louisiana (Meade, 1934:4), and July 3 in Ohio but as late as

Octolier 9 in Ontario in the northeastern part of the range. "Two pulilished

records deviate notably from the normal timing of the breeding cycle: Barton

(1952:198) reported a female of record size from Florida (received from Ross

Allen's Reptile Institute) which produced a litter on May 31, 1952, and

Triplehorn (1955:248) reported a female from Broward County, southern

Florida, which produced a litter on January 11, 1952. Seemingly in the semi-

tropical climate of southern Florida, the breeding cycle which prevails through-

out temperate North America may he much altered because a well-defined

season of winter dormancy is lacking" (Fitch, 1965:527).

Twpidoclonion

The lined snake of the central United States in the prairie region resembles

a diminutive garter snake. It is a close relative of Thomnophis ^md perhaps

derived from that genus but is terrestrial and secretive rather than aquatic in

habits. Its resemblance to Thamnophis extends to its reproductive habits; it is

viviparous, and mates either before or after hibernation. As in most diminutive

snakes, litters are small and young are relati\ely large at birth.

Twpidoclonion lineatum.—Force (1930, 1931, 1936) and Ramsey (1946,

1953) have studied its habits and Wright and Wright (1957:882) have sum-

marized miscellaneous notes regarding it. Litters have been reported with the

following numbers of young: 2, 3, 4, 6, 6, 7, 8, 8, 9, 9, 9, 10, 12, average 7.15.

In Oklahoma, Force found that births occur between the ninth and 31st of

August. Ramsey observed birth of fr^vo litters on August 14. He observed mat-

ing in a captive pair on September 1. Curtis (1949:11) observed mating in

October. Blanchard and Force (19.30:96) found that sexual maturity is attained

in the second year of life.

Virginia

The two diminuti\'e and secretive natricines of this genus occur in unglaci-

ated areas of the eastern United States. Both are \i\iparous and conform to a

breeding schedule typical of snakes in the Temperate Zone, with mating in

spring and birth of young in late summer or early autumn. Compared with the

presumably ancestral Matrix, earth snakes ha\'e small litters of young, and the

young are relatively large at birth.

Viifiinia .striatula.—Wrighi and Wright (1957:289), Carpenter (1958:114),

and Saliath and Worthington (1959:32) have published information regarding

sizes of litters and time of their birth in rough earth snakes. Seventeen litters

averaged 5.24 and had the following numbers of young: 2, 3, 3, 3, 4, 5, 5, 5,

6, 6, 6, 6, 6, 7, 7, 7, 8. Births of litters have been recorded on June 20 and

July' 4,' 6, 8, 17, and 29, and August 13 and 20. Clark (1964:293) studied a

local population of these snakes at College Station, Texas. He found that

mating occurred in March and April, ovulation in May and June, and parttnition
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mostly from mid-July to mid-September. Number of young in 16 litters

axeraged 4.94 ±: .48 (3 to 8), with positive correlation between numljer of

young per litter and body length of female.

Virginia valeriae.—A few records of reproduction in the smooth earth snake

have been published (Wright and Wright, 1957:291, 295; Smith, 1961:239).

Numbers of young reported in litters were: 2, 2, 4, 4, 5, 5, 6, 6, 6, 6, 7, 7, 7, 7,

8, 8, 8, 10, 12, 12, average 6.6. In \\'estern Pennsylvania Bothner and Moore

( 1964:709) reported nine litters which averaged 6.8 (5 to 9) young. All young
were born in September, from the 7th to the 30th. In Missouri Anderson ( 1965:

179) reported liirths on Ar.gust 16.

Xenocliropliis

These abundant Asiatic water snakes are like most other Old World natri-

cines in being oviparous. They are noteworthy for the large number of eggs

produced, and, at least in the tropical portion of the range, for the extended

breeding season, with repeated layings by an individual female in the course of

a year. In the literature X. piscator and X. vittata have usually been referred

either to Nairix or to Fowlea.

Xenochrophis cerasogaster.—Malnate and Minton (1965:31) cited a per-

sonal communication from J. A. Anderson stating tliat two female dark-liellied

marsh snakes from West Pakistan each laid 20 eggs in the iirst week of April,

and they mentioned one young near hatching size collected in May and se\cral

collected in August. They suggested that hatching might occur at the onset of

the rainy season which is usually in June or July. Howexer, the meager records

suggest that the breeding season extends over several months, and that like its

more southern relatixes, X. cerasogaster may produce more than one clutch in

a season.

XeiwcJirophis piscator.
—Pope (1935:122-123) summarized much published

literature concerning the checkered keelback and added new information. The

species is widely distributed in southern Asia and the Malay Archipelago. In

Assam in northeastern India graxid females ha\e been noted in December,

January, February, April and May and elsewhere in India from May to No\em-

ber, inclusive. Seemingly breeding occurs throughout much of the year. This

is one of the most prolific snakes; clutches of 8 to 88 eggs have been recorded.

Wall (1907:870) reported 19 clutches with 20, 20, 21, 24, 24, 24, 24, 34, 36,

39, 41, 44, 47, 51, 53, 57, 57, 61, and 85 eggs, average 40. An incubation

period of approximately 87 days is on record. In West Pakistan, Minton ( 1966:

136) reported the capture of several gravid females in February. Se\'en of these

laid clutches of 34 to 75 eggs between March 8 and 29.

Xenochrophis vittata.—This was one of the common Malayan snakes studied

by Kopstein (1938:163-164). He found gravid females in every month of the

year, but there were three to five records each month from December (in-

clusive ) through May ( the rainy season ) and only one or two records per

month for the remainder of the year which included the dry season. One

female kept in isolation produced a clutch of eight fertile eggs on March 26

and another clutch with the same nimiber 41 days later on May 3. A second

female produced successive clutches of five and six eggs on May 31 and Sep-
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tember 27. Both sexes were found to require only 10/2 months to attain sexual

maturity. Early matiuity, year-round breeding, and o\iparit>\ with frequent

clutches, combine to confer a remarkably high reproductive potential upon
this tropical snake.

Xenodontinae

This subfamily, recently re-established through the findings of

Smith (1963:288), Rossman (1966) and Underwood (1967), in-

cludes three or more genera of terrestrial, heavy-bodied, viperlike

( though harmless
) , bufophagous New World snakes. They are

oviparous.

Heterodon

This genus of three species occurs in the United StatQg and northern Mex-

ico. In south-central Kansas, Piatt (1969) ascertained the following facts

concerning the reproduction of H. nasicus: less than half the adult females are

gravid in any one breeding season and indi\idual histories provide limited

evidence of breeding in alternate years; most females produce their first clutches

when they are 20 to 22 months old; in central Kansas most egg-laying occurs

from July 2 to July 22, but records from elsewhere vary from June 3 to August
24. There are four to 23 (average 9.4) eggs per clutch but the clutch size is

correlated with the snout-\ent length of the female as follows: 490 mm or

more, average 14.0 eggs; 440 to 489 mm, average 6.8 eggs; 439 mm or less,

average 5.1 eggs. The recorded incubation periods are 52 to 64 (average 57)

days.

In the same area in H. platijrhinos Piatt found e\idence of autumn mating

( sperm in cloaca of a female on October 9 ) although spring mating is probably
more frequent. He found foiu- to 61 ( a\'erage 22 ) eggs in 53 clutches. Most

egg-laying in nature is in late June and early July, but the records span a much
wider range in dates, from May 27 (Texas) to August 28 (Indiana). The
wide range of egg-laying dates suggest the possibility that certain females

produce second clutches but no instance of this has yet been recorded. Prob-

ably one clutch per year is the general rule. One marked female is known to

have produced a clutch in 1962 and another in 1963.

Lijstrophis

This South American genus contains three species, which occur mainly south

of the tropics. Orejas-Miranda (1966:202) stated that the breeding season of

L. dorhigmji is the southern spring and perhaps also early summer. Copulation

was observed in September. Gravid females and egg-laying have been reported

in November and December. Clutches of seven to 15 eggs have been reported.

Hatching is mainly in January and February.

Xenodon

These frog-eating snakes of tropical South America seem to be near relatives

of the North American hog-nosed snakes and resemble them in many ways.
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Information is a\'ailable only for X. severus which seems to have year-round

Ijreeding in the tropical equatorial lowlands. A series of these snakes in the

American Museum's Bassler Collection from Iquitos, Peru, was examined by

the writer, to determine the species' breeding cycle in that equatorial region.

The population structure seemed much different than in most other kinds of

snakes from the same region that were examined, with a remarkably large

proportion of young, of all sizes from hatchlings to adolescents. Ob\'iously, the

reproducti\e potential is high. Only one gra\id female was found; that one

was collected in March, and contained 19 o\'a. Young that were near hatchling

size—171 to 205 mm—and could not have been more than a few weeks old,

were taken in the following months: January (2), March (2), April (2), Sep-

tember (1), November (1), and December (1). The well-dispersed seasonal

distribution of these hatchlings provides evidence of year-round breeding in

Iquitos.

Dipsadinae

This is a subfamily of Neotropical snakes having only three

genera, and sometimes separated from the colubrids. As a group

they show specialization for a diet of snails and slugs, and some are

highly arboreal, with remarkably attenuate bodies and tails. The

Asiatic counterparts are considered to belong to a different sub-

family.

I examined series of the South American Dipsas cateshiji from

Iquitos, equatorial Peru, in the Bassler collection of the American

Museum of Natural History. Of five gravid females for which

dates of collection had been recorded, one was taken in February,

one in March, two in April, and one in September. A )\n'enile of

159 mm snout-vent was collected in June, and others of 187 and

172 mm were from September and October—further indication of

an extended breeding season. Including many undated specimens,

there were in all 28 gravid females and these averaged 2.7 ova; 12

had 2, 12 had 3, and there was one each with 1, 4, 5 and 6.

John D. Lynch observed the montane species Dipsas oreas at

Tandapi, 1460 meters, Pichincha Province, on the Pacific slope of

Ecuador, and he kindly provided the following notes. Nine young

collected in late July of 1967 and 1968 were still near hatching size,

with the following snout-vent lengths: 167, 192, 193, 203, 203, 210,

214, 216 and 217 mm. A female of 690 mm snout-vent length col-

lected on July 22 contained seven eggs of about 28 X 15 mm. A

clutch of four eggs was found on July 15, 1967 beneath a log in a

pasture. They hatched on July 27, 1968. A long breeding season is

indicated, because the young found in July must have come from

eggs laid not later than early May. Perhaps there is some breeding

throughout the year.
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The Neotropical genus Sibon has been considered annectant

between other dipsadines and cokibrines. In northern El Peten,

Guatemala, Stuart (1958:28) found a pair of S. nelndata together

in late February, and from mid-March to mid-April he collected a

series of a dozen juveniles "not many days old." In the Cayo Dis-

trict of British Honduras, Neill (1962:239) obtained a hatchling of

S. sanniola which still had a prominent umbilical scar on Novem-

ber 1.

Pareatinae

These are elongate, arboreal, blunt-headed, tropical Old World

snakes which resemble in appearance and habits the Dipsadinae of

the American tropics, and perhaps are closely related to them. The

genus Pareas has several species in southeastern Asia. In Malaya,

Kopstein (1938:162) found that both sexes of P. carinatus mature

within 11 months of the time of hatching, hence the length of

generation is remarkably short.

Xenoderminae

This is a small group of colubrids occurring in southeastern

Asia and neighboring islands and in Central America. They are

peculiar in having body scales that lack free edges and are sep-

arated by areas of naked skin. The genus Achalinus has several

species of small, secretive, earthworm-eating snakes in southeastern

Asia. Fukada (1965:71) reported a female Achalinus spinalis from

Japan that had four oviducal eggs of somewhat different sizes.

Pope (1935:186) mentioned a female from southern Szechwan,

China, that contained seven well developed eggs with small em-

bryos, and another collected in "April or May" that contained four

eggs ready to be laid. Maslin (1950:427) recorded a female from

Kiangsi that contained six unlaid eggs on June 28. Xenodennus

javanicus is a frog-eating species of the Malay Peninsula and neigh-

boring islands; it frequents rice fields. Smith (1943:125) stated that

from two to four eggs are laid at a time, but Taylor (1965:692)

stated that it is ovoviviparous.

Homalopsinae

This is a subfamily of venomous, rear-fanged aquatic colubrids

found in rivers and estuaries and along coast lines of tropical

southern Asia and neighboring island groups southward to Aus-

tralia. All are viviparous.
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Cerberus

These are medium-small, fish-eating snakes of coastal habitats from Ceylon

along the coasts of southeastern Asia and the Indo-Australian Archipelago.

Wall (1921:259) reported gravid females of C. rhynchops in February (1),

late March (3), and April (1).

EnJiydris

These are stout-bodied, fish-eating snakes.

Enhijdris chinensis.—Pope (1935:313) wrote that 17 females from Fukien,

China, contained from three to 13 embryos and averaged 5.7. He mentioned

additional unborn litters of 3, 6, 7, 8, and 13 young. One female with nearly

full term embryos was captured on July 30 and another gave birth on August

27. Other gravid individuals were recorded in May and June and ". . . the

birth season there [Futsieng Hsien] was nearly over by early Septemlier."

Enhijdris cnhijdris.
—Pope (1935:315) summarized several published rec-

ords regarding the reproduction of this thoroughly aquatic and widely dis-

tributed snake. One female, taken near Rangoon, Burma, in March contained

six ova. Another gave birth to 11 young. One from Bangkok, Thailand, had

10 small embryos in December; another had 18 large embryos in April and a

third caught in July gave birth to a single dead young, probably the last of a

litter. Taylor (1965:914) recorded 11 young born July 8, 1959, in Thailand.

The scattered dates in this small sample indicate a long breeding season.

Enliydris plumhea.—Pope (1935:317) summarized information on the re-

production of this species. He stated that from two to 11 young are born

(average about six), that females are gravid in May and that by late August
the birth season is over, in Yenping and Hainan, China. However, Taylor and

Elbel (1958:1159) recorded a female with 14 enlarged ovarian eggs in Thai-

land on November 28, 1954.

Homalopsis

This is a monotypic genus of Oriental water snakes.

Homalopsis huccaia.—Berry and Lim (1967:310-312) studied the repro-

ductive cycle of the puff-faced water snake in the equatorial climate of Kuala

Lumpur, Malaya. Population samplings indicated that spermatogenesis is con-

tinuous throughout the year, and females with eggs or embryos were obtained

in each bimonthly sample. In October-November, December-January, and

February-March samples, reproductive females (with enlarged ovarian follicles

or embryos) comprised between 85 and 90 per cent, whereas the percentage

declined to 58.8 in April-May, 40.0 in June-July, and 50.0 in August-September.

Fat bodies were found to be large in all adult females, but there was no evident

correlation with state of ovary or oviducts, with eggs or embryos. In all, 43

reproductive females were examined, and litters averaged 9.26 (2 to 20).

Sibynophiinae

This small group of colubrids has representatives in Madagas-

car, Central America, and southeastern Asia. The small elongate,
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terrestrial snakes of the genus Sihynophis occur in southeastern

Asia and parts of Borneo, Java and the Philippines. Pope ( 1935:85)

reported collecting two gravid females of S. chinensis in the Yen-

ping mountains of China between April 12 and June 2, and at

Kuatan on August 22 he was brought three eggs which contained

embryos that were still small. Four preserved females contained

two to four eggs each. Pope (1935:88) mentioned two gravid

females of S. coUaris collected in the Kachin Hills on June 6.

Dasypeltinae
*

This subfamily consists of medium-sized, egg-eating colubrids

of India and Africa. DasypeUis scahra is the widely distributed

African egg-eater. Schmidt (1923:100) mentioned a large female

distended with eggs in November in the Belgian Congo. In East

Africa, Loveridge (1936:257; 1942:282) reported a female having

numerous large eggs on December 23 and another with 14 eggs on

January 16; he reported a female which contained six large eggs on

April 21. A litter of young that probably were recently hatched,

were collected on May 18. Cans, Laurent and Pandit (1965:68)

reported a clutch of three eggs laid on September 25, 1961, by a

female from the SomaH Republic. These eggs hatched on the fol-

lowing January 11 and 12. The same authors mentioned other

clutches of 8, 10, and 11 eggs laid by egg-eating snakes. From the

distribution of dates in these records it seems that the breeding

season is long and/ or variable.

Elapidae

The elapids, including the cobras, kraits, coral snakes and their

relatives are a family of front-fanged venomous snakes including

many of those that are most feared by man and are important as

destroyers of human life. Members of this family closely resemble

colubrines in most respects, except for their highly developed

venom glands, and tubular fangs for its injection. Elapids occur

in both the Old World and the New World, and are found chiefly

in the tropics and subtropics. The African spitting cobra, Hae-

machatus, is viviparous, as are most of the Australian genera (see

Table 8), but the American and Asiatic elapids are all oviparous.

Cogger (1967:90) stated: "In the southern parts of Austraha,

the breeding season usually extends from about mid-October to the

end of December. At least some specimens, though it is not known
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what proportion of the population, produce two batches of eggs or

young, usually two months or more apart, and typically in January
or March. This difference in time between the breeding or mating
season and the hatching or laying season reflects the average time

it takes for eggs to hatch after being laid, or the length of the gesta-

tion period in live-bearing species
—about eight weeks." Cogger

stated that in northern Australia most species lack a definite breed-

ing season.

Table 8. Reproduction in Australian Elapids.*

Species

Mode of

reproduction

Number of

eggs or young

Acanthophis antarciicus
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remain and guard their eggs after ovipositioii. Wall (1921:443) mentioned

elutehes of eggs of die Indian krait, B. cacnileus, found in May (one) and

June (two). Smith (1943:409) wrote regarding Bunganis ceylonicus that these

kraits ". . . retire about September to mate and do not dissohe their matrimonial

relationship until the \oung are launched upon the world in March." Wall

(1921:453) mentioned a clutch of eggs found in January.

Callophis

The Oriental coral snakes are nocturnal, secretive and burrowing elapids

closely related to the kraits. They occur from India to the Philippine Islands

and Japan. Pope (1935:343) cited instances of gravid females of C. macclcl-

landi with enlarged eggs, taken between June 12 and July 20, on August 6, and

on August 8. There were 4, 6, and 14 eggs.

Demansia

This genus includes several slender, active Australian elapids known as whip
snakes. Worrell (1964:118) wrote that the female black whip snake, D.

olivacea, produces about eight eggs each simimer.

Dendroaspis

The mambas are large, elongate slender elapids, with narrow heads and few

scale rows. They are of terrestrial and partly arboreal habits. The group is

entirely African and confined to regions south of the Sahara. These snakes are

oviparous. In the Rukwa Valley of southwestern Tanganyika, Robertson, Chap-
man and Chapman (1962:430) reported a pair of D. polylepis copulating in

June and a female containing ova 8 mm long in October. FitzSimons (1962:

311) stated that in southern Africa the usual clutch is 12 to 14 eggs, but occa-

sionally there are only nine or 10.

Flaps

This genus of two species comprises the so-called dwarf garter snakes of

Africa. They are longitudinally striped somewhat like the American natricine

ThamnopJiis, but ha\e small heads, cylindrical bodies, and scales smooth in

only 15 rows. FitzSimons (1962:285) stated that in southern Africa, E. lacteus

lays up to six eggs, in December or January.

Haemachatus

This is a monotypic genus of cobras endemic to South Africa and repre-

sented by the much feared ringhals, or spitting cobra. Isemonger (1962:72)

stated that the ringhals (H. hacmachaics) gi\es birth to its young—unlike the

other cobras, all of which are egg-layers. FitzSimons (1919:184) published a

photograph of a female with her newborn litter of 28 young. FitzSimons ( 1962:

290) wrote that litters a\erage between 20 and 30 young (sometimes as few

as 15 or as many as 60) and that they are born in late summer—January to

March.
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Micruroides

This is a monotypic genus of southern Arizona and adjacent Mexico, dif-

fering from the typical coral snakes in small size and more primitive dentition.

Funk (1964:219) wrote that a Sonoran coral snake, Af. euryxanihiis, 416 mm
in length contained two thin-shelled oviducal eggs on July 27, 1961.

Micrurus

The coral snakes are mainly a Neotropical group, but with one species in

the southeastern United States. They are mostly medium-sized, brightly

patterned, secretive, reptile-eating »lapids.

Micrurus corallinus.—Mole (1924:258) wrote that on Trinidad this species

has l^een seen mating in January, and that one was found with two eggs in July.

Micrurus diastema.—In Alta Verapaz, Guatemala, Stuart (1948:85) men-

tioned collecting a female of the many-ringed coral snake that contained well-

formed eggs on April 4, 1938. In British Honduras, Neill (1962:241) obtained

one 268 mm in length and having an indistinct umbilical groove on July 14.

"The snake had probably seen about 5^ months of actixity; and if it had gone

through no inactive period, it might have hatched in late January or early

February. Alternatively it could have hatched in late October or early Novem-
ber of the previous year, entering soon into a period of inactivity. . . ."

Micrurus elegans.—Stuart mentioned a Guatemalan female that had four

well-formed eggs on May 21, 1940.

Micrurus fulvius.—Sabath and Worthington (1959:32) mentioned a large

female Texas coral snake that contained se\en eggs on May 5, 1956. Telford

(1955:258) mentioned one in Florida that laid seven eggs on June 18, 1953,

a week after capture. Werler ( 1951:46) mentioned a female from San Antonio,

Texas, that mated at the Zoo on May 16 and 18 soon after capture and died on

June 3 containing nine eggs almost ready to be laid.

Micrurus psyches.—Beebe (1946:47) wrote that on June 22 one collected

in Kartabo, British Guiana, contained two large (25 X 7 mm) eggs still lacking

shells.

Naja

The typical cobras are highly \enomous, much feared, oviparous elapids

occurring in southern Asia, Malaysia and much of Africa. They are medium-

sized to large, active, terrestrial snakes.

Naja haje.
—The Egyptian cobra is widely distributed in Africa. On the

basis of observations made in the southern part of the continent, FitzSimons

(1962:296) stated that the clutch consists of eight to 20 eggs.

Naja mclanoleuca.—Wilson (1959:159) received six black and white cobras

sent from Blantyre, Nyasaland, to him in Edinburgh, Scotland, in the summer

of 1951. On November 23, 1955, a clutch of 17 eggs was laid by one female

and two of these hatched the following February 9. T\\enty-six eggs were laid
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by one female on June 30, 1957. On April 16, 1958, a pair was observed court-

ing; on May 12, 25 eggs were laid by a female thought to have been the same.

At Kaimosi in East Africa, Loveridge (1936:272) noted that a female con-

tained 15 eggs ready to be laid. Menzies (1966:175) reported a clutch of 26

eggs in Sierra Leone. According to FitzSimons (1962:301) there are usually

about 15 eggs per clutch.

Naja iiaja.
—Smith ( 1943:435) stated that in India pairing is in January and

February and egg-laying is mostly in May but may extend over several months.

He believed that ". . . from the time of pairing until the young are born [sic]

the pair remain together and the male also takes a share in guarding the eggs.

Inculcation takes from 69-84 days." Also in India, Wall (1921:474) wrote that

April and May were the principal months of egg-laying. He recorded a gravid

female in January, several in February, and several in July and August. In

Malaya, Kopstein (1938:164) found that like other "rice field snakes" the

cobra did most of its egg-laying in the winter rainy season. He stated that tlie

female remains with the eggs throughout the 88 days of incubation. In West

Pakistan, Minton (1966:155) noted that young cobras appear in the last week
of June and early July. Bogdanov (1966) studied the northern banded form

(N. n. oxiana) in the temperate climate of central Asia. In that region cobras

emerge from hibernation in March, and eggs are laid in July, with only one

clutch of 9 to 12 eggs per year.

Nfl/a nigricollis.
—In the Rukwa Valley of southwestern Tanganyika, Robert-

son, Chapman and Chapman (1962:430) recorded a female that contained

partly developed ova (10 X 5 mm) in June. There were 22 on the left side

and 28 on the right. According to FitzSimons (1962:305) there are 10 to 22

eggs per clutch.

NofecJiis

In the Australian tiger snakes the general appearance is somewhat viper-

like, as the body is moderately stout, and the head is broad and distinct from

the neck. The snakes are viviparous and unusually prolific. Waite (1929:228)
stated that the usual litter of N. scutatiis is about 30 young but there may be

as few as 17 or as many as 72, and in one instance 109 embryos were counted.

OphiopJ}agus

This monotypic genus includes only the king cobra or hamadryad, a giant

elapid snake of reptile-eating habits, occurring throughout much of south-

eastern Asia and on neighboring islands. Smith (1943:438) mentioned the

finding of two mating pairs of O. liannah at Palaw, Burma, in January and the

finding of nests containing eggs in April, May and June. The female king cobra

is known to guard her eggs throughout incubation, and accumulates a "nest"

of plant debris in which they are kept. Oli\er (1956) made detailed observa-

tions on a pair from near Bangkok, Thailand, kept at the New York Zoological

Park. In 1955 three matings were observed, all in March within a period of

nine days (but possibly there were other imobserved matings). In 1956 the

same pair was observed mating on six occasions over a period of approximately

60 days. In both years the female started building her nest on April 20 and
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laid her eggs on April 24. There were 41 eggs the first year and 51 the second.

Young hatched 10 to 11 weeks after the eggs were laid.

Oxyuramis

This monotypic genus includes only the taipan, a formidable giant elapid of

tropical northern Austraha. Worrell (1964:89) wrote that the mating of

Australian elapids, including O. scutellaius, takes place mainly after emergence
from hibernation, in September and Octol^er. He mentioned "the spectacular

wrestling of the males. . ." of black snakes, brown snakes and taipans, which

occurs in the breeding season and continues "throughout each day for about a

month." He stated that the taipan»is oviparous, producing 10 to 20 eggs which

hatch in 10 to 14 weeks. Loveridge (1945:157) mentioned one taipan that

contained three oviducal eggs, and another that laid seven eggs between Sep-
tember 27 and October 6.

Pseuclechis

This genus includes the Australian black snake and its near relatives, mod-

erately large, slender, and active, viviparous snakes. Waite (1929:215) stated

that for the black snake, P. porpJiyriaciis, in South Australia, February and
March are the usual birth months, and that there are usually from 15 to 20

young in a litter but there may be as many as 40. Worrell (1964:136) stated

that there are usually 12 or more young in a litter.

Pseudonaja

This genus includes the several species of lirown snakes that occur over

much of Australia and part of New Guinea. The size range of the species is

from small to large. Worrell (1964:139) wrote that mating of the Australian

brown snake, P. textilis, takes place in October and November and the female

lays 20 to 30 eggs in December or January.

Walterinnesia

This is the genus of the desert co]:)ra in North Africa and southwestern Asia.

Anderson (1963:471) mentioned an Egyptian cobra, W. aegyptica, from Iran

that had ovarian eggs on September 1, 1958.

Hydrophiidae

The numerous species of sea snakes are all alike in being

venomous, with elapid-like fangs and venom. However, they differ

greatly in degree of specialization for marine life. They are largely

restricted to the tropics and subtropics and most occur in the Indian

Ocean, especially near its northern coasts and in the southwest

Pacific in the Malaysian and Indonesian regions.

Sea snakes are known to congregate at certain times of year in

connection with their breeding cycles. At the time of bii'th of their
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young (or egg-laying in Laticauda) they may concentrate in large

numbers on certain small rocky islets. Taylor (1965:981) stated:

"I have seen very large numbers of the serpents identified as L.

cohihrina on the small island of Bubuan, Sulu Archipelago. Here I

have observed large females, with large broods of young. . . ."

Laticauda is oviparous. Herre and Rabor (1949:283) described

great concentrations of L. semifasciata on the island of Gato north

of the Philippine Island of Cebu in the Visayan Sea. In summer

both the snakes themselves and their eggs could be found in

abundance in grottos and ca\'es of the coral limestone. St. Girons

(1964:185-214) described the habits of a species of Laticauda in

New Caledonia in the southern part of the Tropical Zone. Sexual

maturity is attained late in the second year. Eggs are laid in sum-

mer (December to February). In winter approximately half the

population is concentrated ashore in crowded colonies, and disper-

sal occurs in September. Laticauda and Aipysurus represent the

subfamily Laticaudinae, the more primitive sea snakes, that retain

ventral scutes and have limited power of locomotion on land. All

the remaining genera comprise the Hydrophiinae, which are even

more specialized for marine life. They are helpless on land and do

not voluntarily leave the water. All are \'i\iparous and the young
are born in the water (Taylor, 1965:990).

Large breeding aggregations of sea snakes have been observed.

Copulation takes place in the water. Lowe (1932:43) described a

great concentration of Astrotia stokcsii in the Straits of Malacca.

The intertwined snakes formed a line running parallel to the course

of the observer's ship. After four hours of travel near the line,

which had all that time been visible, the ship approached nearer

and the observers ". . . were amazed to find that it was composed
of a solid mass of sea-snakes, twisted thickly together. . . . When
I say millions I consider it no exaggeration; for the line was quite

ten feet wide, and we followed its course for some sixty miles. . . ."

Smith (1943:440) who cited the above observations, mentioned a

similar, but probably more local concentration in the sea off Quan-
tan on the east coast of Malaya. "The whole sea around his yacht,

he said, seemed to be alive with sea snakes, twisting and coiling

together. They remained at the surface of the water and did not

dive down and disappear as they usually do."

Volsoe (1939:41) studied the sea snakes of the Persian Gulf and

the Gulf of Oman, and found that April and May comprise the

breeding season for various species including Enlujdrina schistosa.
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Hijdrophis cyanocinctus, H. lapemoides, Microcephalophis gracilis

and Praescutata viperina. He cited literature reports indicating that

the breeding season was February and March for Enlujdrina schis-

tosa and Hijdrophis cyanocinctus in the Ganges Delta, but that in

the Gulf of Siam the majority of species give birth to their young
in March and April. Hatching of the eggs of Laticauda coluhrina,

was reported to occur in June, July and August on the islands near

Singapore. Volsoe cited the following numbers of young in broods

of sea snakes: Asfrotia stokesii— 12, 14; Enhydrina schistosa—7, 11;

Hydrophis cantoris—6; H. caendescens—2 to 6; H. cyanocinctus—
3, 8, 9, 16; H. fa.sciatus

—
2, 4, 4; H. lapemoides—2, 2, 3, 5; H. mamil-

laris—4; H. ohscurus—5, 6, 9, 10; H. spiralis
—

5, 7, 14; H. stricticol-

lis—9; Kerilia jerdonii
—

3; Lapemis curtus—1 (in 4), 2 (in 7), 4 (in

1); Laticauda laticaudafa—7; Microceplialopliis gracilis
—1 (in 1),

2 (in 5), 3 (in 1), 6 (in 1); Pelamis platurus—2; Praescutata vi-

perina—3. Volsoe commented that with increasing specialization

for marine existence there is a trend toward smaller litters of young,
correlated with relatively large size of the young at birth. Visser

(1967:219) reported females of Pelamis platurus containing eggs
or embryos, on the coast of South Africa in February-March, May
18, July 28, September 20 and October 13. Large embryos occurred

in February-March, May, and October, indicating breeding through
much of the year. Broods numbered 1, 2, 3, 4, 4, 4, 5, and 6 young,

average 3.6. Visser commented that this average was higher than

in some of the less specialized hydrophiines, contrary to Volsoe's

statement. Minton (1966:148) reported a female of Enhydrina
schistosa from near Korangi, West Pakistan, that contained four

fully developed embryos on July 10.

Even within a few degrees of the equator, at Surabaya, Java,

Bergman (1943:156) obtained evidence of a restricted breeding
season. He examined nearly 800 sea snakes, Thalassophis anomahis,

Lapemis hardwickii, Enlujdrina schistosa, Hydrophis fasciatus, H.

brookei and H. cyanocinctus. His data indicated a single ovulation

cycle each year. Pregnant snakes began to appear in April samples,
increased rapidly in numbers in May and June, and made up about

75 per cent of the adult females through July, August and Septem-

ber, but then declined in numbers through October and November.

Wall (1921:387-423) mentioned reproductive state in a few in-

di\'iduals, most of which fall in line with the annual cycle described

by Bergman in Java. Gravid females were noted as follows: one of

KeriJia imhricata on June 25; one of Astrotia stokesii in August; one
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(in an early stage) of Enhydrina schistosa in November and many
in December, January and February; 12 of Lopemis curtus from

June 20 to July 12; one of PeJamis platunis in late March. A 9^2-

inch juvenile of the latter species was recorded on May 11.

Two species have been studied north of the tropics in southern

Japan. For one of these, Laticauda semijasciata, Fukada (1965:73)

found that mating takes place in September and October and egg-

laying occurs from mid-October to early December. Seven eggs

were laid by each of two females. A clutch laid on September 29

hatched the following March 4, after 160 days' incubation at 28° C.

Fukada reported that a female Hydrophis meJanocephahts gave

birth to young on October 16, 1928, one month after capture.

At Bahia Honda, Panama, Myers (1945:22) noted nocturnal

activity of the pelagic sea snake (Pelamis platunis) and collected a

series on March 1. They were of two distinct sizes with no inter-

mediates; all were either adults, or young 220 to 311 mm in length,

the smallest still showing faint umbilical scars.

Viperidae

There are both oviparous and viviparous types in the family.

Viviparity is the more common, and the northernmost vipers are

x'iviparous, but there are both oviparous and viviparous species, in

some numbers, both in the Temperate Zone and in the tropics. The

true vipers are venomous, front-fanged, usually heavy-bodied snakes

of Africa, Europe, and Asia. Although mainly tropical they are

remarkable for ranging farther north than any other snakes.

Atheris

These are arboreal, viviparous vipers of tropical Africa. Loveridge (1942:

314) mentioned a specimen of the Great Lakes bush viper, A. nitschei, from

Central Africa that contained nine embryos on January 18. Loveridge (1936:

280) noted that a female of the green bush viper, A. sqiiamigera, from Sipi,

East Africa, was distended with small embryos on December 18, 1933, but a

series of 49 snakes from Kaimosi, February 10 to 28, 1934, contained none that

was gravid.

Bitis

These large heavy-bodied African \'ipers are \i\iparous. There seem to be

well-defined l^reeding seasons, at least in some of the regions inhabited.

Bitis arietans.—In South Africa, FitzSimons (1919:223) stated that he had

often observed courtship in captive puff adders in October, November, and
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December, that in confinement the snakes had often given birth in March,

April, and May, and that in April 1910, five females all gave birth to young.
He reported that one female contained 27 fully de\ eloped eggs on June 24 and
another contained 24 eggs on July 1.

In southern Rhodesia, Broadley (1959:76) noted a pair of captive pufl^

adders mating on August 26, 1956. He wrote that a 30-inch female gave birth

to a brood of .35 young on December 2, 1957, and a 32-inch female contained

37 fetuses in early November. Loveridge (1953:295) wrote of this species in

East Africa: "Data suggesting that young vipers are born in November were
furnished by the finding in the garden at Chitala (mid-Deceml)er) of three

snakes so young their umbilical ^scales were not always healed. . . ." Larger

young were found in mid-February. In the Rukwa Valley of southwestern

Tanganyika, Robertson, Chapman and Chapman (1962:431) obtained a sample
of 24 adult females in year-round collecting and obtained gravid specimens
from May to August. Eggs or embryos in gravid females averaged 42 (23
to 56).

Bitis atropos.
—FitzSimons (1962:345) stated that eight to 15 young are

born, usually in March or April, in this South African species.

Biti.s caudalis.—FitzSimons (1962:351) stated that the 12 to 19 young of

the horned adder are born in summer—December to February.

Bitis cornuta.—For the South African many-horned adder, FitzSimons

(1962:349) stated that the usual litter is 12 (8 to 20) born in February or

March.

Bitis gahonica.—Loveridge (1942:311) reported a gravid female Gaboon

viper containing 43 large eggs on July 1, at Magrotto in central Africa.

Bitis nasicomis.—In the Belgian Congo, Schmidt (1923:144) reported a

female rhinoceros viper containing 31 young 200 to 210 mm long on February
16, 1920. Loveridge (1942:312) obtained three nongravid females in Novem-
ber and February.

Causus

The night adders are an African group of o\iparous vipers that are mainly

tropical in distribution. The observations of Woodward ( 1933 ) on a captive

C. rhomheatus indicate an extremely high reproductive potential, with in-

di\'idual females having the capacity to produce successive clutches of eggs at

inter\als of a few weeks.

Causus defilipii.
—In southern Rhodesia, Broadley (1959:75) reported that a

female laid two eggs on January 1, 1956, and was seen to mate on the following

day. Many hatchlings were noticed in February and March. FitzSimons (1962:

330) stated that the usual clutch is six to eight eggs, laid in summer, and that

incubation takes 3/2 months.

Causus lichtensteini.—Loveridge (1942:309) obtained gravid females of

this night adder in central Africa (Mubango, Bisu, Budongo, Kibale Forest) on

November 19 and 30 and December 4.
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Causiis rcsimus.—Loveridge (1942:308) found six eggs in a female green

night adder collected January 27 in East Africa.

Causiis rhomheatus.—Woodward (1933:189) made a remarkable series of

observations on a checkered night adder kept in captivity at Accra Ghana from

March 14, 1931, until January 18, 1932. This was a female two feet and two

inches in length. She laid clutches of eggs on the following dates: April 26,

May 22, June 16, July 13, August 18, September 18, and October 14, after

which the snake was remo\'ed from her individual enclosure and placed with

others and no more detailed obser\ations were made. Between clutches the

female had an active feeding period of several days during which she took

numerous toads, and underwent sloughing. Eggs in the several clutches num-

bered 11, 14, 17, 18, 16, 1.5, and 15, respectively. The female was kept in

isolation until the seventh clutch was laid, and attempt was made to incubate

each clutch. Fertility was 100 per cent in the first and second clutches, 64.7

per cent in the third, and 55.5 per cent in the fourth; subsequent clutches

were all infertile.

In East Africa, Loveridge (1936:292) obtained gravid females on August 2

and October 5. There were 14, 22, and 26 eggs in these clutches. In southern

Rhodesia, Broadley (1959:73) observed that a female laid 14 eggs on October

8, 1957. FitzSimons (1962:328) stated that in the Temperate Zone of southern

Africa only one clutch is produced annually, with 12 to 26 eggs, and that

mating is usually in early spring.

Echis

The saw-scaled vipers include two desert-living, medium-small but highly

\enomous species of northern Africa and southern Asia. Seemingly they differ in

breeding habits, E. carinatus being \iviparous whereas E. coJorata is o\iparous.

Echis carinatus.—Smith (1943:490) stated that litters consist of three to

12 young and that in the vicinity of Bombay, India, births are in April, May
and June. In West Pakistan, Minton (1966:160) recorded three to 11 embryos

in females collected during late March and April. Young were collected from

early June through the first half of August and a captive female gave birth to

nine young on July 23.

Echis colorata.—This species was studied by Mendelssohn (1965) in Israel.

He found that E. colorata is oviparous. Clutches average 7.6 eggs, but females

do not produce every year. Under unfa\'orable conditions gravid females resorb

the eggs. The eggs are relatively large and hatchlings retain a large reservoir

of yolk to sustain them in their early development.

Pseudocerastes

These horned vipers occur in southwestern Asia in desert regions. According

to Mendelssohn (1965) P. fieldi in Israel is oviparous, but the eggs are laid

with development of the embryos well advanced. Clutches are larger than in

Echis carinata.

Vipera

This is chiefly a Eurasian genus but with .species in North and East Africa.

One species extends north into subarctic regions, and at least two are tropical.
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although most of the area occupied is in the Temperate Zone. Most species are

viviparous but at least two are o\'iparous. In the tropics there seems to be

some ]:)reeding activity throughout the year, but in the far North the breeding
season is concentrated and individual females may produce young only once in

three or four years.

Vipera ammochjies.—Fuhn and Vancea (1961:316) wrote that in Romania

mating of the sand viper occurs in the last week of April or the first week in

May. The young, four to 18 per litter, are born in late August or early

September.

Vipera aspis.
—St. Girons ( 1957 ) studied the cycles of the reproductive

organs in the asp \iper in west-central France at about 47 degrees north latitude.

He found that in the male there is some spermatogenic activity throughout the

year, but that this activity is most intense in May and in late August and early

September. Courtship and copulation occur only in mid-May and in late

September. 0\'ulation occurs between the tenth and twentieth of June and

parturition occurs in early September. From four to 12 eggs are ovulated. In

the female the cycle is normally biennial. In the spring following parturition,

new follicles enlarge, but never attain a length of more than 20 mm and undergo
atresia in early June. At the northern extreme of the range the female's cycle

becomes triennial. According to St. Girons this is a matter of temperature

deficit; in the relatively short and cool growing season the female cannot

acquire and store sufficient energy to reconstitute herself and prepare for

another pregnancy after just one season of rest.

Vipera herns.—Vainio (1931) and Volsoe (1944) studied the reproductive

cycle of the common adder in northern Europe. In this northern part of the

range the female may have a three-year breeding cycle requiring two growing
seasons to regain her fecundity after a season of pregnancy. Usually ovulation

occurs in late May and the yoimg are born in the first t\vo or three weeks of

August. Litters vary, with from six to 20 young, but fully matme females usually

produce 10 to 14. Some males attain sexual matiuity at an age of 3/2 years but

females produce their first litters at an age of five years. In the British Isles

and most of Europe there is an annual breeding cycle (Smith, 1951:252). In

Romania, Fuhn and Vancea (1961:328) found that impregnation occurs in

April or May and the young are born in August or September.
In the Swiss Alps, Saint-Girons and Kramer (1963:212) found that the

season of acti\ity is shortened by 1/2 to two months, even as compared with

Danish populations. As a result ovulation occurs only in biennial or triennial

cycles, at the end of May, and gestation lasts until shortly before hibernation.

Insemination may occur from April to June.

Vipera russeUii.—In Ceylon, Wall (1921:511) found that there were gravid

females of Russell's viper every month of the year, but young were most often

born in the period May to November, and especially in June and July. For

India the same author (1907:12) mentioned gravid females in March, April,

May, July, and November, and births in June (5 instances), July (2 instances),

and September (one instance). He listed 19 fitters or complements of eggs or

embryos in gravid females, as follows: 1, 9, 9, 14, 15, 18, 18, 21, 24, 25, 33, 36,

39, 40, 40, 40, 55, 62, 63 (average 29.6). In West Pakistan, Minton ( 1966:157)
was informed that young are usually born in June, with 20 to 25 in an average

fitter.
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Vipera iirsini.—In Romania, Fuhn and Vancea (1961:328) found that

impregnation occurs in April or May and young are bom from July to Sep-
tember. Sexual maturity is attained in tire third year.

Vipera xanthina.—In Israel, Mendelssohn (1963) found that copulation of

these snakes occius in May, and that the species is oviparous. Eggs numbering
up to 22 per clutch, are laid in August, and their incubation requires from 39

to 62 days depending upon the temiDerature. Mendelssohn mentioned Vipera
lebetina as another oviparous species within the genus.

Ciotalidae

The pit vipers are sometimes allocated as a subfamily of the

Viperidae. They are prevalent in both temperate and tropical

regions of Asia, North America and South America, but are absent

from Africa and Australia. The many New World species of Bo-

throps, Crofalus, and Sistmrus all are viviparous. The monotypic

Neotropical Lachesis is the only genus that is entirely oviparous,

but Agkistrodon and Trimeresurus each have both oviparous and

viviparous species. The rattlesnakes are best represented in the

Temperate Zone. Those that have been studied seem to have births

concentrated in a period of weeks in late summer and autumn. The
same statement applies to species of Agkistrodon and Trimeresurus.

In Crotalus and Agkistrodon a biennial breeding cycle for females

seems to be common.

Agkistrodon

This genus includes three North American species and several others in

Asia, one extending west to southeastern Europe. The North American species

are viviparous, l)ut at least two of the Old World species are oviparous. One of

these is Malayan, the other inhabits southern China. The vi\iparous species of

the Old World occur far north in the Temperate Zone, and in high montane

habitats, but also in the tropics. Of the oviparous species A. rhodostoma, at

least, guards the eggs during their incubation. Reproduction is best known in

the North American copperhead and cottonmouth. In these species there is

usually a biennial breeding cycle in the female, but individuals deviate from

this pattern. Mating occurs most frequently in spring, but also at other times

of year. Female copperheads are gregarious in summer while they are pregnant,

and there is a tendency for the female and her brood to remain together for

at least a few days after partruition.

Agkistrodon ocutiis.—This is a large Oriental pit \iper which in some re-

spects resembles the North American copjperhead. However, it is oviparous.

Pope ( 1935:389) mentioned females that contained 20 and 26 eggs—indicating

an unusually high reproductive i^otential for a crotalid. He also mentioned an

embryo more than three inches long in a gravid female, hence much of the

embryonic development perhaps is i^assed in the body of the mother before

egg-laying occurs.
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Agkistrodon biJineatus.—Alvarez del Toro (1960:189) wrote that in Chia-

pas, the cantil has a litter of about a dozen young.

Agkistrodon contortrix.—My eleven-year field study of the copperhead in

northeastern Kansas (Fitch, 1960:272) led to the following conclusions re-

garding reproductive cycles of the species locally.

"Males become sexually mature in their second summer, usually many weeks

before they have attained an age of two years. At sexual maturity they may be

as small as 420 millimeters in snout-vent length. . . . Most females become

sexually matme after their third hibernation and produce first litters when

they are approximately 520 mm. Thereafter, females normally produce litters

in alternate years. Copulation may take place in any month throughout the

snakes' season of activity . . . most frequently in April soon after emergence
from hibernation, and in the latter half of May, the season when ovulation

occurs. Births are concentrated in the first half of September but may occur

in late August or early October."

The conclusion that females produce litters in alternate years was tentative,

based on the fact that many adult females captured in summer are not gravid,

and ". . . of ten females originally recorded as gravid, three were not gravid

when recaptured in odd-numbered years, and seven were again gravid when

recaptured in even-numbered years; [evidence that this] pattern may not hold

throughout the range of the species and particularly in the southern part is

indicated by Allen's (1955:228) record of a female from Texas that produced
successive litters on August 24, 1954 and August 20, 1955."

New evidence has not entirely borne out the suspected pattern of fecund

seasons in alternate years in individual females. Anderson (1965:268) wrote that

a captive female in Missouri bore successive litters on September 1, 1946 and

September 25, 1947. Also, Anderson recaptured a gravid female (previously

marked and released) on July 30, 1958, and recaptured it a second time on

September 3, 1959, when it was again gravid and about to give birth to a

litter. My own field work, continued through the seasons 1960 to 1966 after

publication of my copperhead study, yielded additional records of significance

in this connection. Four seemed to conform to the pattern of production in

alternate years, as follows:

No. 1 nongravid on May 19, 1960 and again on August 2, 1962
No. 2 gravid on June 1, 1960 but nongravid on July 10, 1961
No. 3 nongravid on July 10, 1961 and again on June 25, 1963
No. 4 nongravid on June 20, 1962 and gravid on July 13, 1963

However, in five other instances there was nonconformity with this pattern

as the following records show:

No. 5 nongravid on May 19, 1960 and gravid on June 12, 1962
No. 6 nongravid on July 17, 1960 but gravid on June 16, 1966
No. 7 nongravid on July 10, 1961 and again on July 1, 1962

(same individual as No. 2)
No. 8 gravid on July 5, 1961 and nongravid on July 31, 1965
No. 9 gravid on May 30, 1963 and nongravid on June 5, 1965

Seemingly, the female copperhead tends to have a biennial breeding cycle,

but with frequent deviations. Individuals may produce litters in two successive

years, or may go for two years without producing young. In six summers, 1960

through 1966, 142 captures of adult female copperheads were made, and these
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involved different individuals except for a relatively few recaptures, as listed

above. Most were obtained by funnel-traps set in grassland, and 81 of those

captured were nongravid whereas only 42 were gravid. Summer collecting

along hilltop ledges, however, has demonstrated that the population remaining

in those situations consists essentially of gravid females. The ratio of gravid

to nongraxid among those trapped in grassland showed progressive decrease in

successive months, perhaps indicating that in advanced pregnancy the females

have an increasing tendency to return to the rock outcrops and remain relatively

inactive.

late May June July August

No. of adult females
in sample 24 41 36 22

Percentage of

females gravid 46.0 41.4 27.8 18.3

In order to determine whether the reproductive cycle in the copperhead is

notably altered by climatic factors such as those between the northern and

southern extremes of the range, I examined a series of 9.5 from Terrell County,

Texas (intergrades bet^veen A. c. laticinctus and A. c. pictigaster) in the Uni-

\ersity of Texas collection, all taken in late June and early July, 1949. In

maximum and average size these copperheads were notably smaller than Kansas

populations ( which in turn are smaller than those from the northeastern United

States). Whereas the smallest fecund females in Kansas are approximately

530 mm snout-vent, five out of the seven gravid females in die Terrell County

series were below this size, and one was only 430 mm. Because Kansas females

typically attain this length at an age of two years, and die growing season in

Texas is longer, it seems that two-year-old females may be fecund in the

soudiern part of the range. Ten other females in the range 4.30 to 490 mm
were all nongravid, suggesting that the smallest gravid individual was unusually

precocious. The more matiue females 480 to 578 mm snout-vent, included six

gravid and nine nongravid individuals, indicating that, in southwestern Texas,

as in Kansas, a substantial proportion of the adult females are not fecund.

The seven gravid Terrell County females had an average of 3.0 eggs (two

with two, three with three and two with four) indicating a relatively small

average htter as contrasted with a mean of 5.02 for 115 Kansas litters and a

mean of 6.16 for 55 litters of A. c. mokeson from the eastern United States.

Agkistrodon halys.
—This is a widely distributed Asiatic pit viper with a

relatively northern distribution. Pope (1935:395) presented data concerning

reproduction in a series of females from China, Korea and Japan. Recorded

birth dates were "September" (three instances), "October," October 3, 4, and

16. For 19 counts of eggs in females, or of young in litters, average was

8.05 ± .62, ranging from three to 12. Fukada (1962:16) studied the mamushi,

A. h. bhnnhoffii in Japan. In 14 litters born in captivity the average was 5.0

(2 to 13). Of 69 young, 53.6 per cent were females. Birth dates ranged from

August 31 to October 14 but were mostly in the period September 11 to 21.

Agkistrodon hijpnale.
—Smith (1943:500) stated that the hump-nosed viper

is viviparous, producing from four to 10 young.



192 Misc. Publ. 52, Unw. Kansas Mus. Nat. Hist.

Agkistrodon nepa.—Wall (1921:556) recorded a female of the Ceylon

hump-nosed viper containing eggs "in an early stage of development" on

May 16. The species is viviparous.

Agkistrodon piscivorus.
—Wliarton (1966) studied a population of the

cottonmouth at Cedar Keys, Levy County, Florida, and found that ovulation

occurs in late May and early June (seemingly some\\'hat later than on the

adjacent mainland). Evidence of a biennial reproductive cycle was derived

from the fact that in 24 female reproductive tracts collected from May 1 to 20,

11 had ripening eggs and 13 did not, and among 34 females taken from June 1

to September 15, 16 were gravid and 18 lacked embryos. Thus about half of

the adult females neither ovulate nor bear young in any given year. Wharton
determined the average litter to be 5.5 young—fewer than on the mainland but

averaging somewhat larger. (Allen and Swindell, 1948:11, found an average
of 6.6 embryos in broods ranging from 12 to 3, in 31 gravid females from the

Everglades.) Wharton found that males are able to breed in the late summer
or fall of their second year, at an age of 22 or 24 months, and females become
fertile in the fall of their third year. Evidence from pair associations, and

sperm found in females, indicated tliat at Cedar Keys mating might occur in

spring, fall, or even winter.

Wharton emphasized the severity of the general environment and the

seasonal nature of the snakes' food supply (gleaned from a heron rookery) at

Cedar Keys, the site of his population study. Because of these circumstances it

seemed possible that the ])iennial breeding cycle was a local pattern rather than

a trait of the species as a whole. However, Burkett (1966:453) examined a

substantial number of adult females from the range of the western subspecies

A. p. leucostoma and obtained additional evidence of a biennial cycle. The
smallest gravid female examined l^y Burkett had a snout-vent length of 455 mm,
and of 69 females 450 mm or more in length, 29 were gravid. In the size

range 450 to 499 mm only three of 14 were gravid and doubtless most were

still immature. Eliminating tliis group, and considering only those over 500

mm in length, 26 were gravid in a sample of 55; 15 of 34 in the 500-599 range,

and 11 of 21 in the 600-899 range were gravid. The ratios fit well with the

trend to be expected if a biennial breeding cycle prevailed. A bit of contrary

evidence cited by Burkett was the record of a Florida female which in cap-

tivity gave birth to litters of 14 and 12 young in t\vo successive years. However,
this snake while in captivity did not hibernate and hence its normal cycle may
have been altered. In 27 gravid females Burkett found an average of 5.08

(1 to 14) eggs or embryos.

Agkistrodon rhodostoma.—Smith (1943:499) wrote that in Bangkok, Thai-

land, two females of the Malayan pit \'iper laid 13 and 30 eggs on August 1

and September 1. The females remained with their eggs and guarded them;

hatching occurred in 42 and 47 days.

Botliwps

This genus includes many species of Neotropical pit vipers. All are vivip-

arous. Some are tremendously prolific; the large fer-de-lance, for example,

often has several dozen young at one liirth, whereas the smaller species have
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relatively few young. The fer-de-lance is know n to give birth at \ arious times

of year.

Botlirops atiox.—I examined large series of fer-de-lances in the Bassler

colieetion of the American Museum of Natural History. Unfortunately most

of them had no specific dates, and tlie larger individuals usually were not intact

but often consisted of only head and/or skin so that it was not possible to

determine their reproductive status. Measurements had been recorded in the

field by the collector. A series of 191 were accompanied by specific dates and

among these the seasonal distriliution of young is significant. Unknown vari-

ables are the growth rate of the young and their size range at birth.

No definite conclusions can be drawn from these figures, but it seems that

young of the smallest size group are rather evenly distributed throughout the

year, suggesting a year-round breeding season in this part of the range, near

the equator. The smallest yoimg were three collected in March which were,

respectively 166, 165 and 152 mm snout-vent. Probably the usual size at

l)irth is considera])ly larger.

In British Guiana, Beel^e (1946:50) recorded gravid females on May 9

(16 eggs), June 19 (9 eggs), September 25 (8 fetuses nearly full term) and

Table 9. Monthly Size-distribution in 191 Bothrops atrox from Iquitos, Peru.

Snout-vent
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a 28-inch female had 17 young, then died and was found to have six more

young still in her oviducts. In British Honduras, Neill (1962:243) obtained

juveniles 246 and 278 mm in length on August 28 and September 5. The
umbilical scar was prominent in the smaller individual, partly healed in the

larger. Neill speculated that both probably had been born in August.

Crotalus

This large genus includes the typical rattlesnakes, a group occurring from

Canada southward through tropical South America, but having its greatest

diversity in arid parts of northern Mexico and the southwestern United States.

A tremendous amount of information on their reproduction has been assembled

by Klauber (1956 and earlier papers) along with other aspects of their natinal

history and systematics. The rattlesnakes are all \iviparous. They tend to be

gregarious hibernators, and mating may occur at the time of spring emergence
and/or when aggregations form in late autumn. The adult females while they
are gravid in summer, may also be somewhat gregarious. Study of populations
of several species has demonstrated or at least suggested a biennial breeding

cycle in the females, but this trend may not apply in relatively mild climates

with long growing seasons. Number of young per litter varies widely. In

general the large species have more mmierous young in their litters, whereas

small species have relatively few young per litter and these are relatively large

at the time of birth.

Crotalus atrox.—No detailed study of the ecology and reproductive cycle of

the western diamondback has as yet been made, but numerous miscellaneous

notes concerning observations in the field and on captives are available. Klauber

(1956:691) recorded copulation dates in the field on March 25, April 13, and

August 19; and in captivity in December (date not specified), on December 29,

in May (date not specified), and on August 5. Lowe (1942:261) recounted an

incident occurring in Kern County, California on September 20, 1941—the

tracks in the sand of two adults were found to meet and continue on together

into a burrow, and the snakes when dug out were found to be male and female.

Possibly mating had occmred. Lowe mentioned a similar incident that occurred

in Riverside County, California, on October 18, 1941, and he also mentioned a

mating on October 11, 1941, of a pair of captives from Indio, California.

Tinkle (1962:306) studied a local population in northwestern Texas, the

northern part of the species' range. The collections were made at dens in

winter. Two types of adult females were noted, those with large yolk-filled

follicles and those in which follicles were relatively minute. The latter group

mostly showed ovulation scars (corpora lutea) indicating ovulation in the

preceding spring. The author concluded that females of the population studied

had a biennial breeding cycle. However, of 106 adult females 70 had enlarged

follicles (and mostly lacked corpora lutea) whereas only 36 were "nonrepro-

ductive" (with small follicles and mostly having corpora lutea)—a notable

deviation from the 1-1 ratio that might be expected if a biennial cycle prevailed.

Tinkle suggested the possibility that his sample was biased somehow by the

method of collection, and thereby caused to deviate from the expected 1-1

ratio. It seems equally plausible that the unbalanced ratio indicates that about

two-thirds of the adult females actually are reproductive each year, and only
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about one-third fail to ovulate. Perhaps nutrition is the determining factor.

Tinkle found that in snakes of similar weight, the quantity of stored fat was

generally greater iu the reproduetive females, but there was considerable over-

lapping. He found that females mature at an age of three years and snout-vent

length of 900 mm. Reproducti\e females contained from six to 19 ripe eggs,

and the number was correlated with the size of the female. Tinkle emphasized

the desirability of obtaining similar data from the southern part of the species'

range to compare with his data from northwestern Texas. Klauber (1956)

obtained figures for 36 litters from his examinations of gravid females and from

the literature. Litters a\eraged 10.16.

Crotahis hasiliscus.—Little information is available concerning this Mexican

species. Perkins (1943:109) mentioned a litter born in captivity at the San

Diego Zoo on June 27, 1938. On August 17, 1940, t\\'0 survivors of this litter

were observed copulating—at an age of two years, one month and 20 days.

The same pair was again observed in copulation on August 31, 1941. Marcy

(1945:169) mentioned a large female received on May 3, 1944. which on

July 7, 1944, gave birth to 29 offspring, and also discharged four atrophied

eggs. The few dates available suggest a breeding schedule much different

from that of more northern rattlesnakes, with copulation occurring in late

summer and birth in early summer. Klauber (1956:702) recorded counts for

13 litters which contained from 14 to 60 young with an average of 33.1, indi-

cating that this rattlesnake is far more prolific than any of the more northern

species.

Crotahis cerastes.—Klaul^er (1956:683) recorded copulation in a pair of

captive sidewinders on May 11, 1944, two days after their capture, and another

captive pair mated on October 11. In the field, copulation has been recorded

on April 21, May 1, and May 7. Stebbins (1954:473) mentioned litters on

August 9 (Huachuca Mts., Arizona) and July 21 (Terrell County, Texas).

Klauber (1956:701) found litters of 5 to 18 in gravid females examined. For

the 37 litter counts recorded by him, I obtained an average of 9.44.

Crotahis durisstis.—Alvarez del Toro (1960:196) gave size of broods in

Chiapas as 20 to 41.

Crotahis horridiis.—The widely distributed, eastern, timber rattlesnake is

one of the best known rattlesnakes, but there has been no thorough study of its

reproductive cycle. It is one of the more northern rattlesnakes, and hibernates

in communal dens, sometimes in large aggregations, often with copperheads,

rat snakes, and other species. Seemingly mating usually occurs soon after

emergence, with ovulation a few weeks later, and the young born in late

summer or autumn. Some dates of birth are: August 26, 1936, in Minnesota

(Edgren, 1948:132); September 8, 1933, in New Jersey (Trapido, 1939:230);

September 12, 1951, in Ohio (Triplehorn, 1955:249); late August in Illinois

(Smith, 1961:273); and September 1 in Missouri (Anderson, 1965:294). On

the University of Kansas Natural History Reservation in northeastern Kansas

I have found young having only a "prebutton" (hence, probably only a few

days old) on September 30, 1950, and October 1, 1951. Litters of young have

been recorded as follows: 10 (Trapido, 1939:230); 7 (Edgren, 1948:132);

7, 10, and 11 in Louisiana (Clark, 1949:260); 12 (Triplehorn, 1955:249);

8 and 9 (Smith, 1961:273); 5, 8, 8, and 19 (Anderson, 1965:289, 294). In
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northeastern Kansas I have recorded 5, 6, 11, and 11 large eggs in females

palped or dissected. It has not been learned whether there is an annual or

biennial cycle in the timber rattlesnake. Klauber (1956:701) recorded counts

of 5 to 17 young in 51 females and his counts yield an average of 10.01.

Cwtalus lepidtis.
—Kauffeld (1943:607) reported the birth of a litter of

four rock rattlesnakes on August 9, 1941, in southern Arizona. Minton (1959:

52) mentioned a female that gave birth to three young on August 23, and on

August 4 he found a juvenile that appeared to be only a few days old in western

Texas. Stebbins (1954:473) reported births on August 9 (female from Hua-

chuca Mountains, Arizona), and on July 21 (female from Terrell County,

Texas). He wrote that six females contained two to eight, average four, young.

Klauber (1956) reported 14 litters with an average of 3.85 young.

Cwtalus price}.
—Kauffeld (1943:353) reported that a female from southern

Arizona gave birth to six young on August 19, and Stebbins (1954:477) re-

ported births of five young on July 28 and six young on August 18. Klauber

(1956) examined 11 gravid females that had from three to eight embryos,

average 5.84.

Crotahis ruber.—Perkins (1943:109) noted copulation on February 18,

1937, in a pair captured a few weeks before. On August 10 the female gave

birth to three young and aborted three eggs. On March 26, 1941, another

female and a male, both captives for several years, mated and produced young
on August 14. The same pair mated again on March 29, 1942, and the litter

that resulted was born 152 days later. The same pair was observed to mate a

third time on March 21, 1943. Klauber (1956:685) observed a copulating pair

in San Diego County, California, in early April. In 49 gravid females examined

by Klauber, numbers of young ranged from three to 20, and averaged 8.43.

Crotalus scutulatus.—Werler (1951:47) wrote that a female from Terrell

County, Texas, had three young on July 21, 1950. Woodin (1953:294) related

that on July 22 two adult females were dug out and three apparently newborn

young were found with them. McCoy (1961:140) observed many recently born

young on the highway near Robles Junction, Pima County, Arizona, on August

11, 1958. Klauber (1956:701) examined 14 females and found two to 11

young, average 8.10.

Crotalu.^- viridis.—This species is widespread in the western half of the

United States.

Several local studies have been made in different parts of the geographic

range. Rahn (1942:233) and Ludwig and Rahn (1943:15) studying the

prairie rattlesnake in the northern part of its range, noted that the adult females

at the hibernation dens formed two distinct groups. There were "ripe" females

destined to ovulate in late spring, in which ovarian follicles were already much

enlarged, and post-parturient females in which ovarian follicles remained small.

It was concluded that in the female prairie rattler there is a two-year breeding

cycle. In the first year eggs in the ovaries remain small, but they grow rapidly

in the summer of the second year and are large when the snakes are ready to

enter hibernation. Copulation may occur in the autumn or in early spring, and

upon ovulation in late spring the eggs are fertilized by stored sperm in the

oviducts. In a large series of prairie rattlesnakes from near Plattesville, South
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Dakota, Klaubcr (1956:687) found 59 adult lemalfs, of which 30 were in the

"ripe" stage and 29 were post-partuni. In Tooele County, Utah, Glissmeyer

(1951:27) studied the population of Great Basin rattlesnakes returning to a

liiliernation den o\er an 11-year period, and found that from 63 per cent to

12.5 per cent of the adult females captured in different years were productive.

Some of the annual samples were small, but for the entire 11-year period the

ratio of productixe to nonproductive females approximated 1-1, leading the

author to conclude that a biennial breeding cycle prevails. However, he might

equally well ha\e concluded that the ratio of reproductive females varies greatly

from year to year in response to weather, food and other environmental factors.

At the San Joaquin E.xperimental Range in the Sierra Nevada foothills of

central California, I studied a population of C. i;. helleri from 1938 to 1946

(Fitch, 1949:538). Of 33 adult females dissected in 1940 and 1946, 16 had

enlarging ova and 17 lacked them. Hence it was concluded that an individual

female may breed only in alternate years. However in March, April, and early

May, the eggs in all females were still relatively small ( in contrast to the findings

of Rahn, 1942; Glissmeyer, 1951; and Klauber, 1956, in more northern regions)

and ovarian follicles did not attain full size until nearly mid-June. Consequently

reproductive and nonreproductive females were not readily distinguished early

in the season. Further studies are needed before definite conclusions can be

drawn regarding the species' reproductive cycle on the West Coast. Klauber

(1956:701) accumulated many records of litters from his own examinations of

gravid females and from published literature, showing marked differences in

productivity between the subspecies as follows:

307 t;zrif?/5 (Great Plains) averaged 11.40 ± .19

49 orc^'flju/s' (northwest Coast) averaged 10.61 ± .98

12 helled (California) averaged 7.91 ± 1.15

38 luiosus (Great Basin) averaged 7.85 ± .48

10 miniius (northern Arizona) averaged 7.00 ± .78

7 caliginis (Los Coronados Islands) averaged 2.57 ± .34

Lachesis

This genus includes only the giant Neotropical bushmaster, L. mtita, the

only oviparous crotalid in the New World; the species is scarce, hence there are

few records of its reproduction. Mole (1924:268) in Trinidad first observed

and reported the oviparous habits, after a female kept by him laid a clutch of

10 or 12 eggs in July, 1903. Mole quoted a field observer, Reginald Carr, who

claimed to have found natiual nests in burrows of mammals on many occasions.

"There were never more than ten or twelve [eggs in a clutch]. He had known

six and had seen two and three and once only one."

Amaral (1926) wrote that one captured in Maharu, Bahia, Brasil, laid 11

eggs on December 6, 1921, and that another which died on March 1 contained

two oviducal eggs. Beebe (1946:48) wrote: "One female taken at Kartabo

[British Guiana] on April 6 contained seven nearly formed eggs each three

inches in length, and another snake captured on May 19 at Caripito had a 2)2

inch shell-less yolk." The widely scattered dates suggest that there is no well-

defined breeding season.
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Sistrurtis

Pygmy rattlesnakes and massasaugas are thonght to he more primitive than

the typical rattlesnakes of the genus Cwtalus, but are viviparous like them.

Recorded dates of copulation for the massasauga are in autumn but probably

mating occurs in spring also.

Sistniriis catenatus.—Birth dates for massasaugas are August 19 and 30 in

lUinois (Tobiasz, 1941:269) and August 11 in Ohio (Triplehorn, 1955:249).

Klauber (1956:692) mentioned records of copulation at the San Diego Zoo

on August 31, September 24, and November 9. For 54 litters, based on his

own examinations of gravid females, and on published literature, he found

from two to 19 young. I obtain an average of 8.16 ± .44 for his counts.

Sistmnis miliaiius.—Klauher (1956:701) listed counts for 15 litters of

young in the pygmy rattlesnake; numbers ranged from two to 18 and averaged

7.33 ± 1.05. Later, Carpenter (1960c: 142) recorded an unusually large litter

of 32 young born on August 6, 1959, at Lake Texoma, Oklahoma.

Trimeresurus

This is a genus of Oriental pit vipers, with several species, some tropical,

others extending into the Temperate Zone or into high montane habitats. There

are both oviparous and viviparous species, with various transitional stages. In

the Japanese and Chinese species, mating is in spring and young appear in

autumn, but nearer the equator in Ceylon seemingly there is no such well-

defined breeding season.

Trimeresurm flavoviridis.
—This is a large oviparous pit viper of the Loo

Choo Islands. Fukada (1965:71) summarized much information published by

Mishima in 1961, as follows: The mating season is from late March to late May
and egg-laying occurs from early June to early August. Clutches of eggs ranged

from three to 17 with an average of 8.7. The number of eggs was closely cor-

related with the size of the female, as follows.

Females of 110 to 119 cm averaged 4.4 eggs (3 to 7)
Females of 120 to 129 cm averaged 4.9 eggs (3 to 7)
Females of 130 to 139 cm averaged 8.0 eggs (3 to 11)

Females of 140 to 149 cm averaged 10.0 eggs (6 to 15)

Females of 150 to 159 cm averaged 12.4 eggs ( 10 to 17)

Females of 160 to 169 cm averaged 11.4 eggs ( 10 to 13)

The incubation period \\as 40 to 41 days. In the sulxspecies T. f. tokarcmis

of tlie Tokara Islands adult size is markedly smaller and observed clutches had

fewer eggs (2, 4, 4, 5, 5). Hatching occurred from late August to early October.

TrUncrctiurus jcrdonii.
—This montane pit-viper of southwestern China is

viviparous. Pope (1935:411-412) recorded birth of a litter on September 12,

and recorded gravid females collected in May (2), June (1), July 3 to 12 (3),

and August (1). In the broods found in graxid females or born in captivity,

there were 2, 4, 5, 5, 6, 7, 7, and 8 young.

Trimeresurus moniicola.—This is another montane Oriental pit viper, but,

unlike the preceding species, oviparous. However, eggs are seemingly retained
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inside the female until embryos are well developed. Nests are in plant debris

and the female guards her eggs. Pope (1935:414) described nests found in

Kuatun, China, in August. Eggs from three nests had hatched by September 12.

Trimeresuius okinavensis.—Fukada (1964:7) described reproduction in tlie

mamushi. A female obtained in June, 1963, fed normally. She laid six thin-

shelled eggs on August 28. x\fter t\\'o days the eggs had gained 19 per cent in

\\'eight by absorbing moisture from the damp substrate. Three of the eggs

hatched, one on August 31, a second sometime the following night, and the third

after one more day. Incubation periods were thus only three to four days.

Earlier observers ha\e noted similarly short incubation periods. Fukada cited

published records of egg-laying on September 10, and, in another instance, on

September 12. Ha\'ing a remarkably short incubation period, tliis oviparous

pit viper is on the verge of viviparity. In a later publication, Fukada ( 1965:72)

suggested that confinement of the female may have influenced somewhat the

sequence of laying and hatching, and he cited another author (Takara) who
observed a female in Okinawa (where the species is endemic) that gave birth

to fi\e young, some enclosed in membranes from wliich they soon escaped and

others already free.

Trimcrestiriis stejnegeri.
—Stejneger's pit xdper is an Oriental arboreal species

seemingly viviparous as large embryos have been found in females in summer.

Pope (1935:422) recorded broods of 4, 3, and 3 embryos. Maslin (1950:463)

recorded females containing seven and four oviducal eggs, the latter on

March 31.

Trimerestirus trigonocephahis.
—Wall (1921:562) reported gravid females

of this arboreal Ceylonese species on January 12 and July 1. They contained

five and 26 embryos. A year-round breeding season is suggested by these two

records, falling at opposite times of year.

DISCUSSION AND CONCLUSIONS

Factors Affecting Reproductive Cycles

Snakes and lizards have evolved into many ecological types oc-

curring from the deserts, rain forests, and high montane habitats of

equatorial regions over most of the land area of the tropics, through

the Temperate zones, and north even beyond the Arctic Circle.

They have undergone notable adaptations to withstand heat and

cold, drought and flood. Terrestrial, arboreal, fossorial, aquatic,

and exen marine types have exolved. There has been specialization

for diets of foliage or other plant parts, of insects or other inverte-

brates, and of vertebrates of each class, over a wide size range.

In making such evolutionary adjustments the squamates have

attained a great physical diversity of structures, proportions, sizes

and colors. Accompanying these differences are altered reproduc-

tive habits, which involve the size, shape, and number of eggs, the
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frequency with which clutches arc produced, the rate of their

development, the stage to which they develop before laying, and
their tolerances to factors of the physical environment. Hence,

great diversity characterizes the reproduction of the group as a

whole.

Numerous interrelated factors affect reproductixe cycles. These

cycles may be determined by innate rhythms of the animals them-

selves as appears to be the case in certain cobras, and in the copper-
head (Agkisirodon confortrix), and other animals confined in zoos,

far from their place of origin, which nevertheless reproduced regu-

larly each year at the same time that they would have if they had

remained under natural conditions. In others like the five-lined

skink (Eumeces fasciatus) the breeding cycle seems to be triggered

by a hibernation period, and upon emergence the animal undergoes

rapid physiological change to prepare it for the season of reproduc-
tion. In still other kinds, like anoles (Anolis caroJinensis) photo-

periodicity controls the waxing and waning of the breeding season,

but this phenomenon is much less general in reptiles (many of

which spend their daily and seasonal inactivity periods in hiding

places where they are shielded from the light) than in birds and

mammals. In many kinds of tropical reptiles, the breeding cycle is

influenced by the distribution of precipitation. In captivity several

kinds of snakes have been found to vary in frecjuency of egg-laying
and size of clutch, seemingly in response to amount of food con-

sumed, and various lizards have been shown to be relatively unpro-
ductive in drought summers.

Some variable aspects of breeding cycles in reptiles are: length

of time required for development from birth or hatching to ma-

turity, number of young born in a litter or eggs laid in a clutch,

normal length of interval between successive clutches or litters, the

size of the adult animals, and the relative size of their newborn

young or hatchlings.

In general, the fewer young there are in a brood or litter the

larger they will be at birth or hatching. In some species the new-

born young are slightly more than half the usual length of the

adult female, whereas in other kinds the newly emerged young are

less than one-fourth the length of the mother and of correspond-

ingly small bulk. In general the smallest kinds of snakes and

lizards ha\'e few young or eggs whereas the larger kinds are more

prolific. Size difference between hatchling and adult is thus closely

linked on the one hand with number of young and their survival
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expectancy, but on the other hand is Hnked with behavioral aspects

of species' ecology, and especially with food habits. The type of

available food may impose sharp limitations on the minimum size

of the young so that a stunted indi\idual setting out in life at a

size less than that which is usual for the species may have little

prospect of survival. Tliis applies especially to reptiles that are

predators upon higher vertebrates. In other kinds, which are such

generalized predators that they take a great variety of prey species,

or undergo a change of habits during the course of their growth,

and in which the young take kinds of prey different from those

utilized by the adults, or whose prey species
—

e.g., some fishes—
themselves have an even wider size range between young and

adult, the young reptiles are freed from such rigid restrictions to

minimum size; presumably it is advantageous to the species to have

its population dispersed over a wide size range thus reducing com-

petition between individuals. The fer-de-lance, common garter

snake, and common water snake are examples of such species in

which the newborn young are relatively small and numerous.

Length of time required from birth or hatching to sexual ma-

turity is an important aspect of each species' population dynamics

linked with such factors as length of growing season, level of

metabolism, and differential in size between adults and young.

While those kinds which attain greatest body size and those kinds

in which the young are smallest relative to adult size might be

expected to require the longest periods of growth, the correlation

is not close, and the time required for development is extremely

variable. From rapid development in the tropics, where there is

year-round activity, there is a noticeable trend to long-delayed

maturity in seasonal climates where the growing season may occupy

as little as one third of the annual cycle or even less. In small

lizards of the warmer parts of the Temperate zones, and in both

lizards and snakes in the tropics, sexual maturity may be attained

in the first year of life. However, many kinds, including some in

the tropics, do not attain sexual maturity until late in the second

year. In the Temperate Zone even small lizards of some kinds

(Anguis; Opiusourus) may require as much as four or five years to

reach maturity; but for the majority of species such information

still is not available, and most that have been studied require a

shorter period to mature.
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Size of Brood

On the basis of a sample of 150 species of lizards and 100 species

of snakes in which usual size of clutch or litter is fairly well known

(Figs. 9 and 10) it can be stated that snakes are by far the more

prolific of the two groups. For the snakes, seven is the most fre-

quent number of eggs or young per brood, and most broods fall in

the range two to 16, whereas in lizards the most frequent number
is only two; most species have means falling within the range two

to six but with some in the range seven to 15 and a few species

with larger complements.
There are relatively few species

—
essentially those with broods

of only one or two—in which the number of offspring is constant.

For many kinds, the expected range is great. Newly matured

females and those that are undernourished are the least productive;
maximum complements can be expected only from those that are

several or many years old, are near the maximum size for their

species, and are well nourished.

Little is known about the size of complement in the more pro-
ductive species. Several species of snakes have been known to pro-

duce complements of 100 eggs or more, and a larger number are

known to have produced complements between 80 and 100. How-

ever, these species usually produce much smaller complements, and

it is doubtful whether there are any that consistently a\'erage more
than 50 eggs or young. For most such prolific species, only a few

records are available and these cover a wide range, so that the

normal quota for the species can only be guessed. The most

productive genera known include the giant boas and pythons

(Eunectes, Pijthon), some of the larger water snakes of America

(Natrix) and Asia (Xenochrophis), the Australian elapid tiger snake

(Notechis), the mud snake (Farancia) of the southeastern United

States and mole snake (Fseudaspis) of South Africa among colu-

brines, two Neotropical crotalids (Boihrops atrox, Crotalus hasilis-

ctis) and a Paleotropical viper (Vipera russellii). For lizards the

largest clutches of 30 to 60 eggs are attained only by a few rela-

tively large kinds—the large iguanas (Iguana, Ctenosaura), the

South American tegu (Tupinambis), certain monitors (Varanus),
and some of the large chameleons (C. dilepis, C. melleri, C. senega-

lensis). All these most prolific kinds of lizards are oviparous. One
of the more prolific viviparous lizards is the horned lizard, Phry-
nosoma douglassii, which averages about 15 young and is known to

produce as many as 31.
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At the other extreme are the relatively numerous species of both

snakes and lizards that produce small clutches or broods, with only

one to four eggs or young. In the sphaerodactyline geckos there is

only one egg per clutch, but eggs are seemingly produced in fairly

rapid succession; reduction of the clutch to minimum size mini-

mizes the handicapping of the gravid female, the eggs are well

dispersed in time and space, and the hatchling is larger than it

would be if the egg were crowded by others in the female's body.
The most efficient production of single-egg clutches has been at-

tained in anoles, in which the two ovaries alternate in their ovula-

tions, so that at any one time the female usually contains two large

or fast-growing eggs at different stages of development. Other

lizards in which production of a single offspring at a time may be

the general rule are the amphisbaenid, Chirindia etverbecki, the

tciid, Bacliia fJavescens, and of viviparous species, the South African

Platysanrus capensis and the serpentiform fossorial skinks, Typhlo-
saurus Uneatus and Ophioscincus roulei.

For most of the species of snakes and lizards herein included,

the data were composites from various parts of the geographic

range. Probably all species of snakes and lizards that are wide-

ranging have both genetically and environmentally determined

geographic variation in such traits as numbers of eggs or young

produced, and timing of the breeding season, but for most the data

are inadequate to show such variation. There are many species in

Africa and Asia and a few in the Americas that range from equa-
torial regions into cool-temperate climates, and these provide par-

ticularly promising material for investigations of geographic varia-

tion in reproductive cycles, but as yet hardly any of them have

been well studied. One example is the gecko, Hemidactyhis frena-

tus, which breeds throughout the year in Java, but which has a

relatively short breeding season, with hatching limited to July and

August, in Japan.

In most of the widely distributed species of the United States

latitudinal changes in the extent of the breeding season are de-

monstrable, but they are often less well marked than might be

expected. In the northern states, the spring (or autumn) breeding
season is relatively short and well defined, but southward it be-

comes longer and more diffuse. The brown-shouldered lizard (Uta

stamburiana) is a good example. In the northern part of its range,
where the winter is long and intensely cold, gravid females are to

be found only in May, June and July, but in southern California
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they have been found from March to December, and in Baja CaH-

fornia have been found even in January and February. Thus in

the north, a local population consists of several discrete annual age

groups, whereas in the south there are individuals of intermediate

ages. There is increasing clutch size from north to south in this

species, with an average clutch of 2.7 in the northern part of the

range, 3.4 in southern California, 3.8 in western Texas, and 4.2 at

Phoenix, Arizona.
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Fig. 9. Histogram showing typical size of brood (number of eggs per clutch

or young per litter) in 150 species of lizards, as follows: brood of oxe—Geltyia

variegata, Gonatocles albogiilaris, G. concinnatus, Anolis cawlinensis, A. fiisco-

auritus, A. humilis, A. lemurinus, A. leptoscelis, A. limifrons, A. lionotus, A.

tropidolepis, Cordijlus cordyhis, and Trogonophis ewerbccki; brood of two—
Aeluwscalahotes fc'Iimis\ Cncmaspis africanus, Coleonyx variegatus, Cyrtodac-
tyliis mahiyauu.s, C. puhisulcus. Gecko gecko, G. japonicus, Gyiunodaciyhis
geckuides, Lygodactyhis cajK'nsis, PacJujdactyhis geitje, P. punctatus, Peiopiis

mutilatus, Rhotropella ocellata, Rhotropiis houltoni, Hcinklactylus albofascia-
tiis, Oedura ocellata, Amhlyrhynchiis cristatus, Sceloporus cozumelae, Uma
inonuita, U. notata, Calote.s cristatellus, Draco inelanopogon, Emoia callisticta,

E. cyanogaster, E. cyamiia. E. »iivarti, E. pallidiceps, Carlia rhoinboidalis,

Leiolopisma aeneum, Lepto.siaphos ineleagris, Lipinia nociiia, Mochlu.s modestus,
Nessia huitoni, Scelotes bipes, Scmcella cherriei, Trachydosaunis rugosiis, Trop-
idunis alhemaiiensis, Ameiva festiva, A. quadrilincata, Neiisticurns ecpleopus,
Le])osoma percaiinatum, L. southi, Cneniklophorus hyperythrus, C. tigris,

Xaiitii.sia hen.shawi, X. vigilis, and Anniella pulchra; brood of three—
Ciotapliytiis silu.'i, Sceloporus chrysostictus, S. variabilis, Draco obsciirus,
D. (luinquefasciattis, Goniocephalus grandis, G. liogaster, Mabuya nidis,

Melanoseps ater, Scincella laterale, Sphetiomorphus tcminiiickii, Cncmidopliorus
de])])ii, C. exsauguis, C. guttatus, C. sexlineaius, Keutro)>yx calearutus, Acan-
thodadylus pardalis; brood of four—Basilisciis vittatus, Callisaiirus veutralis,

Sceloporus graciosus, Ufa niearnsi, Ufa stansburiaiia, Urosaurus graciosus, hep-
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A number of other species parallel the brown-shouldered lizard

and each other in having increasing clutch-size from north to south,

as follows: Holbrookia mactiJata, 4.9 in Kansas and 7.0 in New
Mexico; Sceloporus graciosus, 3.6 in Oregon, Washington and

neighboring areas, 4.2 in southern California and Baja California;

Gerrlionotus coeruleus, 5.0 in Oregon and Washington, 6.3 in Cali-

fornia; Gerrhonotns miilticorinahis, 9.0 in Oregon, 11.7 in southern

California; Diadophis pimctattis, 3.5 in Michigan, 4.2 in Kansas,

5.2 in Florida; Storeria occipitoinaculata, 7.2 in Michigan, 9.4 in a

mixed sample from over the range as a whole; Opheodrys vernalis,

6.7 in northern Michigan, 8.8 in the Chicago region. However, in

certain other species the reverse trend seems to apply; Cnemido-

phorus tigris has an average clutch of 3.4 in Colorado, but only 2.2

in western Texas, and Scincella laterale averages 3.8 eggs in Kansas

and Missouri but only 3.1 in Texas and Louisiana. In various other

species the trends in variation do not follow either of these patterns.

For example, Crotalus viridis of the northern Great Plains produces
an average litter of 11.4 but on Los Coronados Islands, off the

northwestern tip of Mexico, the litter averages only 2.6, and inter-

mediate populations of interior California, the Great Basin and the

southern Rocky Mountains average between 7 and 8. Agkistrodon

contortrix shows a similar northeast to southwest trend, with a litter

tosiaphos kilimensis, Mabuya variata, Mochlus sundevalli, Scelotes mira, Tropi-
dophorus brookei, Gerrhosaunis validus, Eiimeces skiltoniamis, Lacerta jacksoni,
Latastia longicaudata, Nticras delalandii; Taktjdromiis tachijdromoides; brood
OF FIVE—Crotaplujtus wislizenii, Holbrookia texana, Sceloporus malachiticiis,
Eumcces egregius, Leiolopisma zelandica, Cordtjlus tvarretu, Charnaesaura

angidna, Xenosmirus grandis, Gerrhonotns coeruleus principis, G. monticola,
Ameiva widulaia; brood of six—Crotaplujtus collaris, Holbrookia niaculata,
Liotacmus multiformis, Sceloporus grammicus, S. oclioterenai, S. undulattis,
Urosaurus ornatus, Calotes rouxi, Chalcides ocellatus, Gerrhonotus coeruleus

shastensis, G. moreletii, Klauberina riversiana; brood of sevex—Corytophanes
pcrcarinatus, Mabuya striata; brood of eight—Phrynosoma platyrhinos,

Sceloporus occidentalis, lehnotropis capcnsis; brood of nine—Sceloporus jar-

rovi, S. poinsetti, Eumcces fasciatus; brood of ten—Eumeces septentrionalis;
BROOD of 11—Sceloporus clarki, S. orcutti, Agama agama, A. cyanocephala,
Chamaeleo bitaeniatus, Gerrhonotus rnulticarinatus; brood of 12—Fhrynosoma
coronaium, Sceloporus magister, Anguis fragilis; brood of 13—Sceloporus
torquatus, Ophisaurus attenuatus; brood of 14—Sceloporus olivaceus, Eumeces
laticeps; brood of 17—Calotes versicolor, Gerrhonotus liocepJialus; brood of
18—Phrynosoma douglassi; brood of 23—Phrynosoma cornutum; brood of 33
(estimated)—Ctenosaura similis; brood of 35 (estimated)—Iguana iguana;
BROOD OF 42 (estimated)—Tupinambis teguixin; brood of 50 (estimated)—
Varanus niloticus. For species having broods of more than 10, the figures are

only approximations since samples were small. It is shown that a brood of only
two is most frequent in lizards, with numbers of species decreasing rapidly for
broods with progressively larger numbers. In the histogram oviparous species
are shown by heavy stippling and the letter "O"; viviparous species are shown

by light stippling. The most prolific species are all oviparous.
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of 6.2 in the northeastern states, 5.3 in Kansas, and 3.0 in western
Texas. Coluber constrictor is most productive in the northeastern

United States, with an average clutch of 16.8 eggs, which is reduced

30 40 503 4 5 10 20
NUMBER OF EGGS OR YOUNG

Fig. 10. Histogram showing typical size of brood (number of eggs per clutch

or young per litter) in 100 species of snakes, as follows: brood of two—
Lapemis ciirtus; brood of three—Caiphopliis vermis, Tantilla coroiiata,

Dipms cateshyi, Opisthotropis latoucJiii, Microcephalophis gracilis; brood of
FOUR—Charina bottae, Diadophis punctatiis, Elaphe conspicillaia, Leimadophis
taeniunis, Lycophidion capensis, Leptodeira annulata, Amphiesma craspedo-
gaster, Crotahis lepidiis; brood of five—Boaedon lineatits, Leimadophis
reginae, Ptyas korros, Boiga multomactdata, Virginia striatida, Agkistrodon con-

tortrix, A. haJys blomJwffi; brood of six—Lycodon auliciis, Pliilotliamiuis

hoplogastcr, Rliinoeheihis lecontei, Amphiesma vibakari, Natriciteres ohvacea,
Crotahis pricei, Trimeresunis jerdonii; brood of seven—Masticophis lateralis,

M. taeniatus, Opheodrys aestivus, O. vernahs, Oxyrhopus petohis, Natrix annu-

laris, Seminatrix pygaea, Tropidoclonion lineatum, Virginia valeriae, Agkistro-
don piscivorits, Sistrurus miliarias; brood of eight—Opheodrys major, Spa-
lerosophis diadema, Oxyrhopus melanogenys, Storeria occipitomaculata, Agkis-
trodon lialys, Crotahis ruber, C. scutulatus, Sistrurus catenatus; brood of nine—Arizona elegans, Elaphe climacophora, E. quadrivirgata, Heferodon nasicus,

Thamnopliis ordinoides, T. sauritus, Crotahis cerastes, Trimeresunis flavovi-

ridis; Homalopsis buccata; brood of TE\—Lampropeltis doliata, L. getulus,

Masticophis flagellum, Clonophis kirtlandi, Thamnophis butleri, Crotahis atrox,
C. horridus; brood of 11—Lampropeltis calligaster, Psammophis subtaeniatus,
Natrix fasciata clarki (and N. f. compressicauda) , Regina septemvittaia, Tham-
noj)Jiis elegans, Crotahis viridis; brood of 12—Pituophis melanoleucus sayi.
Coluber constrictor, Elaphe rufodorsatum, Ptyas mucosas, Rhabdophis tigrina,

Thamno))his proximus; brood of 13—T}iamno))his marcianus; brood of 14—
Storeria dekayi; brood of 15—Elaphe obsoleta, Thamnophis sirtalis parietalis;
brood of 16—Natrix erytlirogaster, Caustis rhombeatus; brood of 22—Hetero-
don platyrhinos; brood of 27—Natrix sipedon; brood of 29—Python -molurus,

Thamnophis radix; brood of 30—Vipera russellii; brood of 32—Farancia

abacura; brood of 33—Crotahis basiliscus; brood of 35—Eunectes murinus;
brood of 36—Farancia erytrogramma; brood of 37—Pseudaspis cana; brood
OF 40—Xenoclirophis piscator, Bothrops atrox; brood of 41—Natrix cyclopion,
N. tuxispilota; brood of 42—Bitis arietans; brood of 46—Python reticulatiis,
P. sebae; brood of 47—Natrix rhombifera. The higher numbers are estimates
since few records are availalile for the more prolific species. It is shown that a
brood of seven is modal for snakes, and that most species normally ha\e broods
in the range tliree to 16. In the histogram o\iparous species are indicated by
heavy stippling, and by the letter "O," vi\iparous species are indicated by
light stippling, and, on the far right, by columns not designated by the letter

"O." Species of snakes having small broods are mainly oviparous, and there is

a tendency for the ratio of viviparous species to increase in species producing
larger broods.
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to 11.8 in the central states and 5.8 on the West Coast. A sample of

litters of Natrix fasciata from inland localities averaged 31 young,
whereas a smaller sample of coastal populations of eastern Florida

and the Gulf of Mexico averaged only 10.5.

In the tropical African water snake, Natriciteres olivacea, a low-

land sample had 6.3 eggs per clutch, vs. only 3.2 in a montane

sample. Aii]\istrodon hahjs has a litter of 8.0 young in China and

Manchuria but only 5.0 in Japan. Lipinia noctiia has only one

young at a time in the equatorial climate of New Britain, but

seemingly in the Hawaiian Islands near the edge of the tropics the

usual litter is two young. Accounts suggest that the African skink

Mahuija quinqiietaeniata is oxiparous in the tropics but viviparous
in the temperate climate of South Africa.

In almost every squamate species that has been thoroughly in-

vestigated some correlation has been found between the size

(and/ or age) of the productive female and the number of eggs
in a clutch or young in a littcn-. For some of the better known

species, differences in productivity between primiparous females

and large old adults have been found as follows: Crofapliytus col-

laris 3.7 and 8.3, Sceloporm- horridus 9 and 12; S. maJacliiticus 2.8

and 9; S. oVwaceus 11.3 and 25; S. undulotiis 5 and 8; Eumeces

fasciatus 8.3 and 10.1; Scincella lateraJe 1.8 and 3.8; Cnemidophorus
sexlineatiis 1.8 and 4.2; C. tigris 2.9 and 3.9; Lacerta muralis 3 and

8; Takijdromus iaclujdromoides 3.0 and 6.0; Tijthon retictdaius 14,

15 or 16 and 96 or 103; Cohd)er constrictor 9.2 and 15.7; Diadophis

piinctatus 2.4 and 5.4; Ehiplie climacoplwra 4.5 and 17.0; E. quad-

rivirgata 7.3 and 11.3; Heterodon nasictis 5.1 and 14.0; Lijcodon
auUciis 4.3 and 7.8; Amphiesma vibakari 5 and 10; Rliahdophis

tigrina 10.9 and 16.7; Thamnophis proximus 6 and 17; T. sirtalis

12.0 and 16.4; Agkistrodon contortrix 3.6 and 8.7; Trimeresurus

flavoviridis 4.4 and 11.4.

In some species the difference in productivity between young
and old females is small, in others it is relatively large. It is perhaps

greatest in Python reticidatus in which clutches of 14, 15 and 16

eggs were produced by females 10 to 11/2 feet long whereas clutches

of 96 and 103 were produced by females near the maximum length
of 26 feet—some 2J2 times the length of the small females and pre-

sumably more than 15 times their bulk, since bulk increases at a

rate approximating the third power of the linear dimensions.

The potential productivity of a population of reptiles hence de-

pends to a large extent on its age-distribution. Large and old
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females not only produce larger broods, but produce them with

greater consistency or at shorter intervals, so that a few such in-

dividuals may contribute more to the population than a considera-

bly larger number of smaller, recently matured females. In the

evolution of a species, the reproductive potential can be increased

both by precocial attainment of sexual maturity before completion
of growth, and by prolonging the growth period to permit attain-

ment of unusual maximum size in the occasional survivors that live

beyond the normal life span. It is characteristic of reptiles in gen-
eral that growth continues beyond the time that sexual maturity is

attained, but the tendency is much more pronounced in some. In

many kinds of lizards, especially in the females, growth tapers off

abruptly at a certain size, and individuals that are fully mature are

remarkably uniform in length. Nevertheless, in such species,

adolescence may be pushed back to a relatively early age, when
females are still far short of full adult size. In temperate climates

especially, such precocial maturing permits the female to contribute

offspring, albeit in small numbers, to the population in the breeding
season directly following that in which she herself was conceived.
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Fig. 11. Histogram showing typical size of brood in same group of species of

lizards represented in Fig. 9, but segregated into tropical and subtropical species

(heavy stippling or letter "T") and species of temperate climates, including the

high montane of tropical regions (light stippling). The majority of species
with small broods of one to three and those with large broods of more
than 15 are tropical whereas species having broods of four to 15 are mostly

in the Temperate Zone.
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Fig. 14. Histogram showing typical size of l)roocl in same group of species of
snakes represented in Figs. 10 and 12, but here segregated into four size

groups. Some correlation of ninnber of oHspring with size is shown. Small

species, up to 1.5 inches snout-vent, are shown by solid black columns; medium-
sized species, 16 inches to four feet snout-vent, are shown by heavily stippled
columns and the letter "M"; large species, four to six feet snout-vent, are shown
by light stippling and the letter "L"; giant species, more than six feet in snout-

\'ent lengtli, are indicated by the letter "G."
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Fig. 15. Histogram showing typical size of l)n)()d in same group of species of

lizards represented in Figs. 9, 11, and 13, but here segregated into six phylo-
genetic groups. Diagonally barred colunms represent geckos, heavy stippling
and letter "S" represent scincids, light stippling and letter "I" represent
igiianids and agamids, circle-and-dot pattern and letter "T" represent teiids

and lacertids, open columns and letter "A" represent anguids, black colmnns
and letter "O" represent "other." Geckos produce broods of only one or two,

iguanids and teiids have particularly wide ranges in sizes of broods, and anguids
tend to be relatively prolific as compared with most other groups.
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Fig. 16. Histogram showing typical size of brood in same group of species of

snakes represented in Figs. 10, 12, and 14, but here segregated into five groups
according to relationships, as follows: pythons and boas indicated by cross-

hatched column and letter "P"; colubrid ( nonnatricine ) represented by solid

black columns and letter "C"; natricines represented by heavily stippled
columns and letter "N"; viperids and crotalids represented by light stippling
and letter "V"; "others" represented by open columns. The most iDrolific

species of snakes are largely natricines, vipers, and giant constrictors but
with a few colubrids. The colubrids are especially well represented among

those species having from three to ten offspring.

Timing of Breeding Seasons

Geographic area and the chmate are obvious determining fac-

tors for the patterns of reproductive cycles. In the cooler parts of

the Temperate Zone there is invariably a short and well-defined

breeding season in spring (but in some species copulation may also

occur in autumn before entrance into hibernation), ovulation later

in spring, and birth of young or hatching of eggs in late summer

and/or early autumn. In some of the more northern kinds, the

female may ovulate only biennially, or at even longer intervals in

the adder (Vipera herns) of northern Europe. In the mid-Tem-

perate zones the breeding season is longer and various kinds of

oviparous lizards produce up to five or si.\ clutches per season.

Typical examples of such lizards having multiple clutches in the

course of a long breeding season are CoJeonyx, Anolis, CaUisourus,

Crotaphytus, Holbrookia, Sceloporus ,Uma, Urosaurus, Ufa, Agama,
Sitana, Corlia, Emoia, ScinceUa, Cnemidopliorus, Eremias, Lacerta,

Ophisops, Takydromus, and Gerrhonotus. For snakes living in

similar climates, one clutch per season seems to be the general rule.

But various species of snakes in the Temperate Zone are known to

have somewhat lengthened breeding seasons, suggesting the pos-

sibility of more than one brood being produced, although in most

instances this has not been definitely proven. These include Dia-

dophis punctattis, Heterodon nasicus, H. platyrhinos, Opheodrys
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aestivus, Salvadom liexalepis, Natrix cyclopion, Nafrix sipedon,
Regina alleni, R. septemvittata, Seminatrix ptjgaea, Storerio dekaiji,
S. occipitomaculata, and others.

Four species of Temperate Zone snakes have each been known
to produce two broods in the course of a season. For one of these,

Pituophis melanoleuciis, intervals between first and second clutches
were 42, 53, and 53 days. For another, Spalerosophis diadema the
interval was 97 days. The remaining two species are both vivipar-
ous; in Thamnophis pwximus intervals of 91 and 95 days between
litters have been recorded, and for T. saw itus an interval of about
14 weeks.

On the other hand, in various species of snakes of the Temperate
Zone, which supposedly have annual breeding cycles, population
samples include varying numbers of adult and seemingly normal
females which are unproductive; at least they are not gravid at the
time when most other adult females contain eggs or embryos. The
proportion of such nonbreeders differs according to the age- and

size-group of the snakes involved. For instance, in a sample of 46
adult female racers from Kansas in the breeding season, the fol-

lowing were nonbreeders: probable two-year-olds, 86 per cent;

three-year-olds, 44 per cent; four-year-olds, 40 per cent; five-year-

olds, 43 per cent; six-year-olds and older, 20 per cent. In a sample
of 181 adult females of Thamnophis sirfalis from the same region,

percentages of nonbreeders were: two-year-olds, 58 per cent; three-

year-olds, 42 per cent; four-year-olds, &A per cent; five-year-olds, 17

per cent and six-year-olds, none. In these instances actual ages of
the individual females usually were not known but were extra-

polated from their sizes and from known average growth rates.

Obviously size and age are only two of many factors which affect

productivity. Nutrition certainly is important also. For reasons that

were not evident, in several instances individual females (e.g. Pitu-

ophis melanoleuciis, Leptodeira annulafa) which were kept in cap-
tivity and thrived and usually produced clutches at approximately
annual intervals occasionally missed a year. In several lizards of

xeric habitats, including Xantusia vigilis, Uma inornata, U. scoparia,
Ufa stanshuriana, and Scelopoms orcutti, productixity during the

annual breeding season is demonstrably correlated with the amount
and distribution of rainfall, presumably through its effect on the

vegetation and on the insect population that it supports. Both male
and female reproductive cycles may be partly or wholly suppressed
in years of inadequate precipitation.
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In warm-temperate and subtropical regions breeding seasons

tend to be lengthened, and in some instances are timed with refer-

ence to the seasonal distribution of rainfall rather than to the

annual temperature cycle. In drier parts of the tropics breeding
seasons tend to be limited to the time of year when there is maxi-

mum rainfall. In tropical and subtropical regions relatively few of

the reptiles that have been studied have been shown to have short

and well-defined breeding seasons. However, seemingly most of

the hydrophiids do fall in this category; perhaps the king cobra

(Ophiophagus), the north Australian taipan (Oxyuranus), and the

African puff adder (Bitis arietans) do also. Among nonvenomous

snakes Adelophis veraepacis, Ahophis angulifer, and Dendrelapliis

ptmctulatus, insofar as known, limit their breeding to certain parts

of the year, and the same is true of the equatorial marine iguana

(Amhhjrhijnchus cristattis), of the montane iguanid Liohemus multi-

formis of southern Peru, and of the iguanas, Iguana and Ctenosaura

in Central America and Cijclura in the West Indies, Chamaeleo

melleri and some closely related species of chameleons in tropical

Africa, and perhaps species of Varamis. Most other tropical and

subtropical species that have been well investigated have proved to

have extended breeding seasons, which in some instances last

throughout the year. This applies to many tropical geckos, to

anoles, various agamids and chameleons, skinks, lacertids and teiids.

Also it applies to the snakes, DendreJaphis tristis, Calamaria hun-

hricoidea, C. linnaei, Dryoinohdyer dichrous, Duherria lutrix, Ela-

poides fuscus, Gongylosoma baliodeira, LeptopJm ahaetidla, Lyco-
don aulicus, Lycophidion capensis, Ninia maculaia, N. sehae, Vhilo-

thamnus hophgaster, P. irregularis, P. semivariegatus, Prosymna

amhigua, Ptyas korros, P. mucosus, Xenodon severus, Amphiesma
stolata, Aspidura trachyprocta, Atretium schistosum, Macropistho-
don plumbicolor, Natriciteres olivacea, Natrix trianguligera, Pseudo-

xenodon macrops, Rhahdophis chrysarga, R. suhminiata, Xeno-

chrophis cerasogaster, X. piscator, X. vittata, Boiga ceylonensis, B.

trigomitus, B. mtdtomaculata, Croiaphopeltis hotamhoeia, AhaetuUa

nasuta, Imantodes cenchoa, Leptodeira maculata, L. annukita, L.

septentrionalis, Oxyrhopus peiohis, Psammophis pulverulentus,

Oxyrhopus melanogemjs, Trimorphodon hiscutatus, Dipsas catesbyi,

Enhydris enhydris, E. phiml)ea, Dasypeltis scahra and Vipera rus-

sellii.

Even in tropical snakes relatively few specific instances of re-

peated layings by an individual female within a season have been
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reported although presumably this is a regular occurrence in many
species. Some actual records of intervals between successive

clutches are: 10 weeks in Boaedon lineatus, 60 days in Boiga mtilto-

maculata, approximately 30 days in Caustis rhomheatus, 59 days in

Ptijas mucosus, 70 days in P. korws, 41 days in Xenochrophis vit-

tata, and 44 days in Rhahdophis subminiato.

Viviparity versus Oviparity

One of the factors which makes for diversity in reproductive

cycles in the Squamata is this group's vacillation between the ovip-

arous and viviparous conditions. Primitively the squamates are

oviparous, producing large-yolked eggs which can survive only in

moist surroundings and which require several weeks, or sometimes

several months, to develop. However many squamate families and

genera have independently evolved in the direction of viviparity, by
retaining the fertilized eggs in the oviducts during their embryonic

development, and by achieving structures of varying degrees of

complexity for the transfer of materials between the mother and
her developing offspring.

In the foregoing species' accounts there are cited instances in

which normally oviparous kinds of reptiles retained eggs in their

oviducts until embryonic development was completed, and then

gave birth to living young. Hence the attainment of viviparity

seems an easy step in evolution. Yet despite the seeming trend

toward viviparity, a large majority of snakes and lizards have re-

tained oviparous habits and viviparity has developed only under

special conditions that render it advantageous. Certainly viviparity

is not necessarily the best and most efficient means of reproduction
in all situations; o\ iparity and ^•i^iparity each impose certain spe-

cial limitations as well as conferring certain special benefits. Pre-

sumably, in the course of evolution the transition from oviparity to

viviparity is a step that is not readily reversil)le. Nevertheless, a

species that had become vixiparous only recently in its evolutionary

history and had not greatly altered its gene balance for such adjust-

ments as the production of eggshell, might conceivably retain the

potentiality to revert to the oxiparous state when such a change
would be advantageous.

Ox iparity and xixiparity are closely linked with reproductive

potentials. Oxiparous reptiles tend to be more prolific because

xvhen the female has oxiposited she may be able to produce another

clutch in a relatively short time. The following are a few specific
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examples of intervals between clutches, including botli averages and

isolated instances: 17.5 days in Takydromus tachijdromoides, 19

days in Sitcina ponticerkina, 20 days in Sceloporus tindukitiis and

Euhlepharis macidariiis, 21± days in Crotapliytus coUaris, 22 days
in Scincella lateralc, 24 days in Sceloporus olivoceiis, 25 days in

Gcrrhonotiis infernalis, 30 days in Uma notata, 30±: days in Hol-

brookia texana. In snakes the minimum reported interval seems to

be 26 days in Causus rhombeatus.

In viviparous species the female is gravid for a much longer

time, and is usually more debilitated after parturition than is an

oviparous female that has just oviposited. Hence the interval be-

tween successive ovulatory periods is long—most typically a year
and sometimes two years or several. In Thamnophis proximus, T.

sauritus, Sceloporus malachiticus, and certain chameleons, the

females seemingly have the capacity under favorable conditions to

ovulate again soon after the birth of a litter, but presumably there

are relatively few live-bearers that have this capacity. In live-

bearers not only are all the eggs "in the same basket" but the "bas-

ket" is the female who is considerably burdened and handicapped

against an o\'iparous competitor and also made vulnerable to nat-

ural enemies or other mortality factors. The female is severely

handicapped in such acti\'ities as swimming, digging, running or

climbing, sometimes to the extent that she ceases to feed and re-

mains inactive in sheltered situations, surviving and sustaining her

developing young by drawing upon reserves of stored fat. The fill-

ing of the female's body cavity by the growing embryos also may
make it difficult for her to ingest or digest sizable food items.

Compensatory advantages that accrue from viviparity include:

1. Emancipation from the necessity of digging, or finding, a suitable

nest burrow—a necessity which may have limited the oviparous

counterpart to soils of a certain mechanical consistency and chem-

ical composition and a certain range of moisture content. 2. Protec-

tion of the eggs from harmful growths of mold or bacteria. 3. Pro-

tection of the eggs from invertebrates such as ants, beetles or fly

larvae, which might feed upon them. 4. Protection of eggs from

small \'ertebrate predators which can be repulsed by the gravid

female. 5. Protection of eggs from large predators, which can be

escaped by speed or elusiveness, or, in some instances, may be

repulsed or intimidated, especially by the females of \enomous

species. 6. Ability to transport the eggs and "juggle" them between

different microhabitats, thus avoiding unfavorable or lethal ex-



216 Misc. Publ. 52, Univ. Kansas Mus. Nat. Hist.

tremes of temperature and/ or moisture, but taking advantage of

the most favorable aspects of the general environment at any one

time. This last advantage applies especially in far northern and

alpine and certain coastal climates where environmental tempera-

tures, especially those beneath the soil surface are usually too low

to permit effective incubation of eggs.

Hence in viviparity, the chances of any one egg completing its

embryonic development are increased, but the female's life ex-

pectancy is shortened by the stresses and handicaps of pregnancy.
As a general rule, however, those forms which are viviparous have

relatively long life expectancy; viviparity would not be advan-

tageous to a species if the female's chances of surviving pregnancy
were low. The advantage of viviparity applies particularly to highly

aquatic kinds, and those specialized for arboreal existence to the

degree that they cannot venture to the ground without undue risk,

and have little or no capacity for digging.

In the cooler parts of the Temperate zones, where reptiles are

able to exist, the number of species represented is small, and a high

proportion of them, but not all, are viviparous. In different parts

of the world some of the groups that range farthest from the equa-
tor are the viperids, crotalids, natricines, colubrines, iguanids, gek-

konids, anguids and scincids. In progressively warmer climates the

total number of species and the proportion of egg-layers rapidly

increases.

Viviparity is also correlated with the body form and life habits

of the animal itself. Those kinds which are of stout, squat and

chunky build and are normally slow-moving or secretive, can

assume viviparity without much loss. But for slender, streamlined

species which habitually depend on speed and agility to catch

their prey and to escape enemies, the handicap involved in a long

pregnancy might be too great to permit a shift to viviparous habits.

In his able discussion of viviparity in snakes, Neill ( 1964b :41)

emphasized the factor of protection afforded the embryos by the

gravid females of venomous types, and credited to this factor the

prevalence of viviparity in vipers and pit vipers and other venomous

groups. Undoubtedly the protection afforded by the venomous

female is a real factor. But in evaluating it one must explain the

frequent occurrence of viviparity in lizards and in nonvenomous

snakes and the fact that many kinds of dangerously venomous

snakes, even some of the vipers and pit vipers, have retained ovip-

arous habits. Snakes of the genera Agkistrodon, Bitis, Bothrops,
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CwtaJiis, Trimerestirus, and Vipera are typical of viviparous reptiles

in general in their chunky bodies, sluggish habits and cryptic color-

ation, enabling them to escape notice of their enemies and to

ambush their prey with a minimum of activity. The same applies

to the viperlike Australian elapid death adder (Acantliophis) and

to a lesser degree to the tiger snake (Notecliis). Among other Aus-

tralian elapids there are additional genera also that are viviparous
and are rather stout-bodied, but the slender whiplike, highly active

genera (Demansia, Oxyuranus, Pseiidonaja) are all oviparous.

As an explanation of viviparity in many of the Australian elapids,

adaptation to extreme xeric conditions (Weekes, 1935) seems at

least equally as plausible as the supposition that this condition was

acquired for protection of the unborn young from natural enemies.

Although the Australian varanids, geckos, and agamids, living under

similarly xeric conditions, all have remained oviparous, these are

mostly active, fast-moving lizards and many of the skinks, especially

heavy-bodied forms and those that are highly scretive, have be-

come viviparous (Egernia, Hemiergis, Sphenoiuorphus, Tilkiua,

Tracliydosaurus).

In reviewing further the incidence of viviparity in snakes and

lizards it should be noted that there are only a few important

groups that are exclusively viviparous. These include annielids (a

small group, living in part in a cool coastal climate), cordylids

(armored, and generally slow-moving, lizards usually living in

well protected situations such as rock crevices, and some of them

occuring in cool-temperate climate), xantusiids and xenosaurids

(small groups of somewhat secretive lizards, again living in well

sheltered situations), boas (sluggi.sh, stout-bodied snakes, some

occurring in cool climates), acrochordids, homalopsine colubrids

and hydrophiines (groups highly specialized for marine life, or at

least having well-developed aquatic adaptations).

The remaining viviparous snakes and Hzards all belong to fami-

lies or subfamilies that are partly oviparous, but may be divided

into those groups in which viviparity is common and those in which

it is exceptional. In the first category come the crotalids, viperids,

and elapids, already discussed. Outside of Australia the only vivip-

arous elapid is the spitting cobra of South Africa, Haemachatns, a

rather stout and heavy snake compared with the numerous ovip-

arous elapids of Asia, Africa and the Neotropical region. The natri-

cines show an even sharper geographical dichotomy than the

elapids, since all the genera and species of the New World are
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viviparous, whereas the diverse Old World representatives are all

ox'iparous with the single exception of Natrix annularis. Although
the New World representatives are fairly diverse, a possible ex-

planation for their uniform vi\dparity is that all are derived from

the common ancestry of a northern viviparous species of Natrix.

Actually, the American natricines as a group arc relatively northern

in their distribution, while the widely distributed Old World coun-

terparts have a much higher proportion of tropical and subtropical

species. The Anguidae and Scincidae are the only other large

families in which viviparity is common. In some instances this may
be in adaptation to a cool climate as in a northern or montane

habitat (Anguis, Ahronia, Gerrhonotus) but in many other instances

the lizards involved are tropical. Secretiveness, partly subterranean

life, and the habit of living in dense ground cover such as leaf

litter, or decaying wood, or in rock crevices, seem typical of these

lizards. Some of them are slow and heavy-bodied, and they show

varying amounts of body armor.

In the remaining groups of snakes and lizards the viviparous

species are the relatively rare exceptions that have acquired such

habits in obvious adaptation to special conditions. In the geckos
for instance, oviparity is the rule and the New Zealand representa-

tives that have become viviparous occur in relatively cold climates,

with incidentally, unusually few efficient predators. In the Iguani-

dae viviparity has become established in the high montane species

of Liolaenius, and Conjtophanes, in various species of Sceloponis,

and in certain horned lizards, PJirynosorna. In Sceloponis, the

viviparous species arc in the minority, but occur in at least four

different groups within the genus, and obviously the evolutionary
transition from oviparity to viviparity has occurred several times.

Although some of the viviparous sceloporine species are montane

others are instead more characteristic of xeric situations. In general
it seems that the viviparous species are stout-bodied, and are

saxicolous or at least occur in situations with readily available

shelter—in contrast to the oviparous types, some of which are

ground-living and cursorial. In the horned lizards, Phnjnosoma,
most species are oviparous. The closely related P. douglassi and

P. orhiculare are both vixiparous, and are montane and/or

northern in relation to the distribution of other species. The

sluggish behavior, squat form, cryptic coloration and myrmeco-

phagous habits of horned lizards are typical of viviparous reptiles,

but it is noteworthy that the agamid counterpart, the Australian
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moloch, is oviparous. In the agamids, viviparity appears only
in the slow-moving arboreal Cophotis and perhaps in the squat,

heavy-bodied desert-living PhnjnocepJialus which conceals itself

in burrows or loose sand. Among the chameleons the viviparous

species are, in general, those that live at high altitudes and those in

South Africa, farthest from the equator. In the Lacertidae, only
Lacerta vivipara notable for its far northern distribution, is vivip-

arous. Among colubrine snakes oviparity is the rule but with occa-

sional viviparous forms. The viviparous AlioetuIIa is highly spe-

cialized for arboreal existence. Despite their slender attenuate body
form, these snakes are described as slow-moving, and seemingly

they hunt by ambush. In Fsammodynastes, another viviparous Old

World opisthoglyph and in a group of several rear-fanged South

American genera the significance of viviparity is problematical.

Viviparity in Coronella austriaca and EJaplw rufodorsata is prob-

ably linked with their relatively northern distribution. The South

African slug-eating Du])enia also occurs in relatively cool climates,

and in South America the highly aquatic Helicops is the only
known \'iviparous aglyphous colubrine. The Central American

Conopsis and Toluca obviously have become viviparous in response
to high montane habitats.

The habit of brooding is an alternative, or perhaps a substitute,

for viviparity, and confers some of the same advantages and handi-

caps. Many of the kinds of reptiles that have been reported to

brood lay their eggs with embryos already partly developed and

some have close relatives that are viviparous. However, relatively

few genera and species are known to brood. In lizards, especially,

brooding seems to be confined to certain groups—anguids (Ger-

rlwnotus liocepluilus, DipIof^Jossiis hilohatus, D. delasa<ira, Ophi-
saurus several species) and scincids (Eumeces probably all the o\'ip-

arous species, possibly Emoia)—of secretive habits, in which olfac-

tion is important, and the role of olfaction in maintaining the

female's interest in her eggs has been well demonstrated.

In snakes the relatively few kinds reported to brood are re-

markably diverse in size, habits, and relationships, and include:

typhlopids (?, Typlilops avakiihae), leptotyphlopids (Leptotyphlops

dulcis), pythons (Python curtiis, P. molurm, P. reticuhtus, P. sehae,

Liasis ametJiistinus), elapids (Bungarus caendeus, Naja 7mja, Ophio-

phagiis hannah, perhaps Micrurus coralUmis), crotalids (Agkistrodon

rhodostoma, Trimeresunis monticoJa), opisthoglyphous colubrines

(Psammophylax rhomheatiis), aglyphous colubrines (Elaphe climaco-
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phora, E. quadrivirgata, Farancia ahacura, Ptijas korros), and prob-

ably at least one natricine (Opisthotropis latouchii). Male brooding
has been reported but not well substantiated in Naja naja (male

accompanying the brooding female) and Diploglossus delasagra

(male alone attending nest). However, brooding is primarily a

female function. In some species the female's affinity for the eggs
is strong, and she remains closely associated with them throughout
their incubation. In other species brooding may occur only occa-

sionally, or may be confined to the early part of the incubation

period, or the female may be inclined to abandon the eggs at any
disturbance.

Obviously the brooding habit has evolved independently many
times in reptiles, and perhaps it serves different needs. Brooding
has been studied most thoroughly in the pythons, and in these giant

snakes it is well established that an important function of the

female is to raise the temperature of the eggs and hasten their

incubation. However, careful study of incubation in skinks of the

genus Eumeces has indicated that there is little or no regulation of

temperature by the brooding female, but that her regulation of

moisture in the nest is an important function. In the dangerously
venomous snakes, Fsammophijlax, Micrurus, Bunganis, Naja, Ophio-

phagus, Agkistrodon, and Trimeresurus, guarding and defending of

the eggs is of obvious value. The female of Opisthotropis latouchii,

having the habit of laying her eggs under flat rocks at the edges of

mountain streams, could conceivably compensate for rising or falling

water level by shifting the eggs to keep them from becoming too

dry or too wet, but it is not known whether incubation is of regular
occurrence in this genus.

In GerrJionotus liocephahis and Ptyas korros the observed brood-

ing habits are somewhat incongruous with the fact that females are

known to produce successive clutches. A female that remained

inactive guarding her eggs after ovipositing would probably lack

sufficient energy and food material to produce another clutch. How-

ever, it is not known how well the brooding habit is established in

these species, or whether the females that produce second clutches

are individuals that have lost or abandoned their original clutches.
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