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AN OUTLINE FOR THE STUDY OF A REPTILE
LIFE HISTORY

FRED R. CAGLE

Department of Zoology, The Tulane University of Louisiana,
New Orleans.

The renewed interest of biologists in natural populations, the de-
velopment of the new systematics, population genetics, biodemography,
and biosociology, ie. of bionomics, or ecology in the broadest sense,
has brought demands for detailed information on life histories of
animals. The herpetologist is thus obligated to reexamine many of
the standards and customary procedures in natural history. Renewed
emphasis is also being placed on the organization of the knowledge
comprised in natural history. Investigations in autecology (the
ecology of the individual or of the individual species) are aimed
toward the development of significant generalizations and principles.
The modern systematist should not and must not divorce his thinking
from ecology; the ecologist must not ignore systematics. While con-
demning the ecologist for ignoring systematics, the systematist has
often been guilty of ignoring ecology. There is an urgent need for
men thoroughly trained in the techniques of both ecology and sys-
tematics, men who can accelerate the trend toward a blending of
these fields.

The investigator interested in reptilian populations finds but few
studies of the bionomics of reptiles that meet critical standards. He
finds an assortment of fragmentary facts that are difficult if not im-
possible to integrate, and often immediately require the test of repe-
tition. It may be pointed out that repetition of field observations
in a critical spirit may be fully the equivalent of experimental test.
There seems to be a need for a statement of minimum requirements
of information basic to the formulation of suggestions for a systema-
tic approach to research on natural populations.

Perhaps the best test of significance of an observation in “natural
history” is one similar to the test for the adequate description of a
species or subspecies. Does the observation reflect an attribute of a
given population? Is it reported in such a fashion that it may be
integrated with other observations to state such an attribute? Or,
has the research merely reported an aberrant or extreme behavior
pattern, an anomalous situation, or such fragmentary data that it
fails to express any particular fact as an attribute of a population?

What information is required in a definitive life history investi-
gation? Ideally? What, practically, can the investigator hope to
contribute? In what areas of biology may his data be applicable?
What are the prevalent fallacies in life history analyses? Some at-
tempt is made here to indicate limits and to designate specifically
the obligation of the student interested in natural populations of
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reptiles. Many of the techniques developed by the ichthyologist,
mammalogist and ornithologist may well be utilized by the herpetolo-
gist. There is an urgent need for the development of new techniques
of research and for new applications of old ones. The herpetologist
does not have the equivalent of the procedure of the ichthyologist
for determining the age and growth of an individual by the exami-
nation of the growth lines of scales; nor does he have the trapping
procedure for systematic sampling as used by the mammalogist, or
the activity recording techniques developed by the ornithologist.
Equivalents of these techniques are among our greatest needs. All
of the needs for herpetological investigation cannot be enumerated
in this paper, nor can all of the techniques developed in other fields
be mentioned, but the bibliography is intended to provide suggestions
and a key to the vast literature.

The herpetologist concerned with the study of a single form cannot
hope to explore intensively all of the questions presented in the fol-
lowing discussion, but his awareness of the problems and of the
need for information will permit him to. make observations that
otherwise might not be recorded. A serious report on a life history
should be the result of a planned, long term research project. Such
a report will integrate all of the minor elements of the topic to be
gleaned from the literature with the more directed accumulation of
planned observations of the author. The investigator, through proper
planning, may maintain several such research programs. The outline
that follows is purposely elaborated; and it includes much detail thac
may appear unnecessary to my colleagues; but it is directed to the
students of the future who may be approaching similar problems
from both the ecological and the systematic side. An early and com-
parable effort to systematize studies in life histories that has had a
long usefulness is the summary of Walter P. Taylor (1919). Fitch
(1949) presents many valuable suggestions for the student interested
in natural history.

This paper is the outgrowth of an outline for the study of a reptile
life history prepared originally under the direction of Dr. Norman E.
Hartweg, University of Michigan. Its development has been en-
couraged by the critical and generous comments of Mr. Karl P.
Schmidt, Chicago Natural History Museum. I am indebted to Mr.
Roger Conant, Philadelphia Zoological Garden and Mr. Arthur
Loveridge, Harvard University for their suggestions. The group of
graduate students in herpetology at Tulane University has been a
constant source of stimulating challenge in the preparation of this
report. Mr. A. H. Chaney, Mr. Robert Gordon, Mr. Paul Anderson
and Mr. Richard Johnson have been of particular aid.

Studies contributing to concepts expressed in this review were
aided by a grant from the National Science Foundation.

L. What are the morphologic characteristics of the population to
be studied? Is action taken to insure that the data reported are
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obtained only from individuals of the gemus, species or sub-
species intended to be studied?

A. What is the taxonomic status of the population? What are
the diagnostic features? How are these related to the formal
description of the species or subspecies? Are these sharply
or only obscurely characterized?

These data are of extreme significance. Excellent infor-
mation must often be discarded by subsequent workers
because the author has failed to indicate clearly the taxo-
nomic characteristics of the population studied. Descrip-
tion must thus be such that any investigator can recognize
the population regardless of changes in nomenclature.

B. What other names have been attached to this population?

C. What samples of the population were collected and pre-

served and where are they deposited? Museum numbers?

A representative series supporting the description given

must be collected and deposited in a suitable museum col-

lection. Failure to do this is almost characteristic of

ecological investigations, yet the conclusion submitted

are often not acceptable because of questionable identifi-
cation of the material on which they are based.

D. What variation is observed in the individuals composing
the population? Of what is this variation a reflection?
Precise analysis and explanation of individual variation is
an obligation. Dice (1952) points out that few museums
have adequate storage or curatorial facilities to retain the
large number of specimens necessary for the analysis of
variation in local populations. The investigator must often
utilize materials that cannot be available to future workers;
his responsibility is thus multiplied. Through such studies
associated with field investigations we may hope to accumu-
late the data basic to systematic studies at the intraspecies
level.

1. What changes in color intensity, in pattern, or mor-
phology occur from birth to old age? Are there any
correlated sex differences? How are these changes re-
lated to taxonomic investigations? The limited infor-
mation available on ontogenetic changes in “characters”
has resulted in much confusion in taxonomy. The
trend in herpetological research toward thorough analysis
of such changes promises the development of a basis
for substantial clarification of the status of many forms
(Oliver, 1951).

2. Is the variation correlated with differences in the ex-
ternal environment?

With a gradient in the external environment? Is the
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2.

the variation due to differences in genotypes or does it
reflect the responses of a specific genotype to different
environments?

Investigations often query the status of the variation
described but do not perform the simplest of experi-
ments aimed at evaluating the genotypic flexibility
of the organism studied. Some investigations suggest
that some of the characters considered to be of taxo-
nomic importance are merely phenotypic modifications
(Fox, 1948). It is essential to the systematist that
he determine whether variations are the result of
heredity or environment or both.

What are the ontogenetic changes in mass as expressed
by measurements or weight? What is the maximum size
attained? Sex differences?

Although absolute size is not an acceptable taxonomic
character for poikilothermic vertebrates, genetic dif-
ferences in potential natural longevity or growth
potentials may be reflected in differences in maximum
sizes between populations (Lagler and Applegate,

1943).

What procedures were used in mensuration? Weigh-
ing?

Care must be used to insure adequate mensuration
practices and to insure that the investigator clearly
reports his procedures (Simpson and Roe, 1939;
Cazier and Bacon, 1949). Much confusion has been
caused by misunderstandings resulting from failure
to specify the methods followed. The significance of
the limits of error in such data should be borne in
mind. When measurements are accurate only to milli-
meters, proportions calculated to three decimal places
give a false aspect of accuracy of the data.

4. What are the principle differential growth changes in

each sex? How are these changes related to the major
phases of the life history?

Failure of the systematist to recognize the presence
of differential growth has led to the erroneous use of
proportions. If detailed quantitative studies cannot
be made, the investigator should, as a minimum, desig-
nate the gross changes in proportion. This is a par-
ticularly acute problem in poikilothermic vertebrates
(Hersch, 1941).

1I. What is the geographic range?
The range should be expressed first in terms of museum
specimens or records of authorities. All questionable records
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should be deleted. The range definition should indicate the
distribution of existing populations (Grobman, 1950). These
data may then, in connection with other information, form
the basis for the statement of a supposed “true range”.

A. What are the factors limiting the range?

These must be considered in terms of the ecological data
assembled during the progress of the investigation with
particular reference to the total knowledge of the eco-
logical valence of the animal and possible barriers to dis-
persal (Darlington, 1948; Cowles and Bogert, 1944; Dice,
1952). It is especially important to note that the limit-
ing factors may be entirely different on the different’
borders of the range of a species (Schmidt, 1950).

B. What physiographic and climatic factors are characteristic
of the range?
1. What are the annual temperature and rainfall cycles?
2. What are the mean annual, minimum and maximum
temperatures in the warmest and coldest parts of the
range?
Whenever feasible, temperature and rainfall data col-
lected by the investigator in the areas of intensive
study should be utilized. Of necessity, the investi-
gator must often use meterological and climatological
temperatures, but their interpretation should be based
on the data of the researcher (Baum, 1950).
3. Does temperature summation (heat summation) affect
the distribution of the species investigated?

C. What is the principal habitat? Marginal habitat?

1. Are microclimates of significance? throughout the
range? at the periphery of the range? (Geiger, 1950;
Diem, 1951).

What vegetational types characterize the habitat?

Do size or age groups tend to occupy different habitats?
Does the animal have an innate habitat recognition
mechanism? (Svirdson, 1949; Tinbergen, 1948).

1II. What is the age and sex composition of a local population?

IR

A. What annual changes occur in the composition of a local
population?

1. What is the sex ratio in mature individuals during the
breeding season? How does this change during a single
year?

Sex ratios are often reported without reference to ma-
turity or to the breeding season although radical
changes do occur in some reptile populations. Esti-
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mates of the relation of sex ratios to natality should
be based only on the relative frequency of mature in-
dividuals (Forbes, 1940; Cagle, 1948).

Sex identification is frequently reported without refer-
ence to the criteria used. What are these criteria?
Secondary sex characters? Gonad condition? If dis-
section, on what basis was sex determined?

2. What is the sex ratio in juveniles? At birth? In pro-
gressive age groups?

3. What annual changes occur in the ratio of juveniles to
adules? What is the potential contribution from “young
of the year” to the adult segment of the population?

4. Can an ecological life table be constructed?

The difficulty of determining mortality rates in most
reptiles forbids the successtul completion of such
tables yet an attempt to collect data basic to the esti-
mation of survivorship curves should be made (Dee-
vey, 1947).

5. What are the major predators? Is predation pressure
a significant factor in annual and long term cyclic
changes? What is the relation of loss from predation to
population density? (Errington, 1946).

. What long-term cyclic changes occur in the composition of

the local population? What is the cause of such cycles?
Is exhaustion of the adreno-pituitary system a factor as has
been demonstrated for some mammal populations? (Chris-
tian, 1950; Elton, 1942).

. Do local populations differ in composition? If so, what is

the basis of such differences?

Adequate local sampling provides a basis for obtaining
answers to such questions. It has been demonstrated that
substantial differences may be present in the compositions
of local populations. Comparison of population samples
must be tempered with an awareness of the difficulties
of obtaining such samples. Series of specimens preserved
in museum collections are rarely unbiased samples of
natural populations. The student should note particularly
those few long-term studies in local areas (De Haas,

1941).

. Does the individual animal or the mated pair occupy a

home range (or activity range as defined by Carpenter,

1952). Territory?

1. What is the size of the home range and of the territory?
a. What features of the habitat may modify the size?
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b. What is the relation of the size of the territory or
home range to density?
c. Does the individual have homing ability? If so,
what are the mechanisms involved in orientation?
The recovery of marked individuals in short-term
and long-term studies will provide information on
these questions. A wide variety of methods
have been used for the marking of reptiles: metal
bands or plates (Wickham, 1922); scale clipping
(Blanchard and Finster, 1933; Conant, 1948; Fitch,
1949); plate notching (Cagle, 1939); tattooing
(Woodbury, 1948); branding (Woodbury and
Hardy, 1948); painting (Cagle, 1946). Trapping
and other special collecting procedures are de-
scribed by Dargan and Stickel (1949), Lagler
(1943a). The calculation of size of home range
from trapping results is discussed by Hayne
(1949) and Stickel (1950). Stickel and Cope
(1947) summarize information on home ranges.
Schaefer (1941), Bailey (1952) and Leslie (1952)
discuss the estimation of size of animal popula-
tions by marking experiments.
The multiplicity of problems involved in animal
orientation are ably discussed by Fraenkel and
Gunn (1940).
2. Is the territory selected by the male, female or both?
Do both sexes participate in its defense?

a. What are the characteristic behavior patterns used
in defense of territory?
Lowe and Norris (1950) summarize the reports
of aggressive behavior in snakes.
b. What is the chief stimulus to maintenance of ter-
ritory?
c. Is the territory maintained throughout the year or
or only during short periods?
Nice (1941) presents a classification of the types
of territoriality.

IV. What is the density of the population?

There should be more than a vague estimate of density ex-
pressed as rare, common or abundant. The objective should
be to gain a measure of the number of individuals in a given
area expressed in terms clearly defined by the investigator.
The use of the concepts of abundance, and relative apparent
abundance as suggested by Marr (1951) is recommended.
The method selected for this determination of abundance
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must rest on the knowledge of the ecological requirements
of the individual. Kendeigh (1944) provides a suggestive
review of the procedures for measurement of bird population.
Andrushko (1936) suggests techniques suitable for some
species. A summary of methods is presented by Thomas
Park (1950). Information of particular value in estimating
populations from recovery of marked specimens is given by
Ricker (1948), Jackson (1939) and Bailey (1952). This
procedute has been applied to reptiles by several authors
(Cagle, 1950; Fitch, 1949; Stickel, 1950).

A. What is the relation of density to the questions posed in
sections I, D and III A to D (Blair, 1951)?

B. What is the relation of density of the form studied to that
of other reptiles inhabiting the area? (Fitch, 1949; Cagle,
1950; Cagle and Chaney, 1950).

. What is the porential reproductive capacity? What is the rela-

tion to realized reproductive performance? What are the best
measures of natality?

A. At what age and/or size does the animal become sexually
mature?

1. When are the secondary sex characters developed?
‘What is the relation of time of their appearance to the
potentiality of sexual functioning? (Regamey, 1935)

2. What cyclic changes occur in secondary sex characrer-
istics?

3. What is the relation of age of attainment of maturity
to the annual reproductive cycle?

Investigators often fail to indicate what they mean
by sexual maturity. Care must be exercised that the
criteria for maturity are defined. In reptiles these
may concern the presence of oviducal eggs in females,
of corpora albicantia, of ovarian follicles of a speci-
fied size or ovaries of a specified weight or volume
(Altland, 1951). In males a specific stage of sperm-
atogenesis, a specified testicle weight or volume in
relation to an indication of total body mass or the
presence of motile sperm may be useful (Cieslak,
1945; Cagle, 1944; Risley, 1938; Fox, 1952). No
adequate techniques are available for determining the
age of an individual reptile. The procedures used by
Bryuzgin (1939) should be further explored. Bryuz-
gin concluded that rings discernible in cleared skull
bones of snakes could be used to determine age.

B. What is the total period of reproductive activity in the life
of an animal?
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1. Does the annual reproductive potential remain the same,
decrease or increase with age?

2. When does senility occur?
3. What is the ecological longevity?

C. What is the annual realized reproductive performance?

1. What is the annual period of reproductive activity in
females? in males? What is the relation of this period
to the total annual activity cycle?

Baker (1947) discusses the causes of breeding seasons.
Vols¢e (1944) describes seasonal fluctuations in the
reproductive system. Kendeigh (1941) summarizes
information on the relation of length of day to gonad
development. This period is usually considered as
that period in which the females are “carrying” young
or are laying eggs. Much confusion has resulted from
failure to delimit this period. Thus it may be stated
that a female having eggs in the oviduct was col-
lected on a given date. Yet this is not clearly in-
dicative of the time when eggs may be deposited.
Each investigator should insure preciseness of defi-
nition. Writers frequently use the presence or ab-
sence of oviducal eggs to delimit the season but this
can lead to potential errors if not weighed properly.
Eggs may be retained in the oviducts for long periods
(Cagle and Tihen, 1948).

2. What correlation is there between courtship or copula-
tion and ovulation? What is the significance of the sex
ratio and population density in relation to annual real-
ized reproductive performance?

a.

These are little-explored areas in herpetology yet im-
portant ones if we are to arrive at an understanding
of those factors controlling changes in reptile popu-
lations. The fact that some reptile females may bear
young or deposit fertile eggs after as long as eight
years after copulation suggests that unbalanced sex
ratios may be of but scant consequence. The unveri-
fied yet not disproven statement that single or suc-
cessive copulations are essential to stimulate ovulation
indicates the importance of a favorable sex ratio. The
work of Darling (1938), Vogt (1942), Errington
(1946) and others has suggested that population
density may markedly affect breeding success.

What is the pattern of courtship?

Exploration of the courtship patterns with em-
phasis on interspecies differences promises to
yield much of value in explaining the develop-
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ment of physiological isolation. Noble and Brad-
ley (1933) furnish many suggestions for pro-
cedure and interpretation. Cagle (1950) de-
scribes differences in the courtship pattern be-
tween two species of the genus Psexdemys. Davis
(1936) summarizes the literature for snakes;
Gloyd (1947) suggests additional problems;
Greenberg (1945) summarizes the knowledge of
courtship in the family Iguanidae.

(1) How does it differ from that of related forms?

(2) What advantages in reproduction are provided
by the courtship pattern?

(3) What selective factors function in courtship?

(4) What secondary sex characters are of most
significance in courtship?

(5) What senses are involved in courtship? (Noble,
1937)

b. What is the relation of courtship drives to aggre-

gation? (Finneran, 1949).

¢. When do ovulation and fertilization occur?

(1) What is the fertilization rate? The relation of
successful courtship and copulation to fertiliza-
tion rate?

(2) Is copulation essential to ovulation? to egg
depositions? (Woodward, 1933).

3. How many groups of young (eggs) are produced each

year?

This question must usually be answered by the exami-
nation of ovaries from chronological samples taken
during the breeding season so that progressive changes
in number and size of ovarian follicles or total volume
or weight may be reported. Too, examinations of
the ovaries of females at the end of the reproductive
period may yield counts of ovulation points (corpus
luteum or corpus albicans) (Samuel, 1952).

4. How many young (eggs) are produced in each group?
Some investigators have depended solely upon counts
of oviducal eggs or of eggs found in nests. Both pro-
cedures are subject to substantial error as the worker
can but rarely be confident that no eggs have been
previously deposited, that ovluation is completed or
that two or more females have not utilized the same
nest. Counts of ovulation points are usually more
acceptable. Certainly the typical extreme variation
in number of eggs and young produced emphasizes
that little significance may be attached to many of
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a.

the literature reports of the number of young in single
females or nests. Counts of young present in the
uteri of viviparous or ovoviviparous forms possibly
provide the most reliable criteria of clutch size. (The
terms, viviparous and ovoviviparous, have been used
in varied ways in herpetological literature. It is sug-
gested that the term, ovoviviparous, be restricted to
describe a situation in which the developing young
gains no sustenance from the female).

Is there a correlation between reproductive capacity
and size or age? How is this related to estimates
of natality in local population?

The large difference in reproductive capacity be-
tween small and large females make it exceedingly
difficult to utilize much of the published data on
reproductive capacity as bases for estimates of
natality.

V1. What are the major factors conzrollz'ﬁg the relation of the
number of surviving youmng to the number of eggs or young
produced by females?

A. What are the characteristics of the egg at deposition?

1. How do the eggs vary in size, volume and weight in each
clutch?

The irregular shape of most reptile eggs reduces the
value of measurements of length or width reported
without volumes (Lynn and Brand, 1945).

2. Is there any correlation in size and/or weight and size
of female?

3. What changes occur in size and weight of eggs during
incubation?

The weight and volume of eggs change much and
irregularly with age and the environment. Cunning-
ham and Hurwitz (1936) reported that eggs increased
as much as 60% in weight during incubation. Data
on reptile eggs are of little value unless they are ac-
companied by statements as to their age and condi-
tions under which they were incubated. The statis-
tical treatment (Edgren, 1949) does not remedy this
discrepancy.

4. In what stage of development is the egg at deposition?

a.

Does this stage of development vary with the time
eggs are retained in the oviducts? If so, how does
this influence the incubation period?

How is the stage of development related to the egg
size and weight?
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B. Where and in what manner are eggs deposited?
1. Is a nest constructed?

a.
b.

C.

d.

€.

What factors determine the nest site?

How is the nest constructed?

What is the relation of choice of nest site and con-
struction to potential survival of young?

What is the behavior pattern of the female construct-
ing a nest? What features are of survival import-
ance?

Does the female use the same nesting site for subse-
quent clutches? in subsequent years?

2. Does the female remain with the eggs? return to them?
What is the relation of female behavior to survival
potential of young? of the females?

a.

b.

Does the female “defend” the eggs?
Does the female contribute “heat” to incubation?

These questions cannot be answered on the basis
of single observations. Behavior of reptiles is
sufficiently variable that repeated observations are
essential to description of behavior patterns. In
most situations the investigator can gain but re-
stricted field data on these questions and is com-
pelled to study captive specimens as a basis for
evaluation of field-collected data (Noble and
Mason, 1933).

C. What factors determine incubation rates?

1. What is the period of incubation? in field nests? in
the laboratory?

a.

b.

What is the relation of temperature levels or changes
to incubation time? of degree-hour to incubation
time? (Cunningham, 1939).

Are differences in incubation time between clutches
of eggs related to egg-deposition (sequence in ovi-
ducts; time of retention in oviducts; quality of shell
deposited) ? Observers frequently do not state in-
cubation periods in degree-hours and do not provide
their criteria for “hatching”. The extreme difficulty
of evaluating much of the published material makes
it unavailable for coherent treatment.

It is not usually possible to observe the deposition
of reptile eggs and the incubation period must be
expressed as the interval between the laying of the
last egg and the hatching of the last egg. This pro-
cedure is usually followed in reporting the incubation
time of bird eggs (Skutch, 1950). Although rep-
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VIIL

tiles typically deposit an entire brood over a short
period as compared with birds, the total time re-
quired to deposit a brood is often significant in
relation to the incubation period. The incubation
time should be expressed in terms of days and hours
or degree-hours.

2. How sensitive are eggs to low or high temperature dur-
ing the incubation period? What extremes are the eggs
subjected to in the typical nest site? Potential mortality?

3. How do the hatchlings escape from the egg? What is
the function of the caruncle? What mortality is involved
in the process of hatching?

D. Does the female develop any particular behavior traits as-
sociated with gestation?

1. What is the period of gestation? (Bragdon, 1951).

2. What are the principle causes of mortality during em-
bryonic development?

3. Does the female tend to select a particular type of site
for the birth of the young? Relation of such selection
to potential survival?

4. Describe the birth of the young.

What are the characteristics of the young? Are there any typical
bebavior traits? What is the relation of the behavior pattern
to survival? to growth?

A. What advantageous resources in morphology, physiology, be-
havior patterns do the young adults possess? (Daniel and
Smith, 1947).

1. What is the amount of yolk retained? Is it utilized as
a source of nourishment? How long and under what
conditions will it serve to support the young?

2. How long do the young remain in the nest or with the
female? What factors influence the length of this
period? May young overwinter in the nest? Remain
with the female for prolonged periods? What relation
may this bear to survival potentialities?

B. What are the major hazards to which the young are exposed
immediately after leaving the nest or the female?

What are the characteristics of the growth curve of individuals
of the local population?

A. What is the length of the growing season?

1. What are the factors serving to delimit the growing
season?  Availability of food? Changes in environ-
mental temperature? Cyclic changes independent of
temperature?
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Various procedures have been attempted for determin-
ing the limits of the growing season. The actual
observation of initiation and cessation of growth
through study of seasonal samples is best but such
observations are difficult to obtain. The correlation
of formation of growth rings in turtles with season
has been attempted (Cagle, 1946). Too, once the
minimum and maximum effective temperatures of
a form are known they may be utilized to approxi-
mate the time of initiation or slowing of activity.
This does not, however, necessarily define the growing
season as it has been demonstrated that reptiles may
become quiescent during the winter although re-
tained at constant temperature. Evans and Hegre
(1940) have suggested that some genetic time factor,
distinct from the temperature factor, is operative in
reptiles. _

What variations in length of growing season occur

within the area of investigation?
It is indicated by some researches that the time of
initiation or cessation of growth may vary significantly
from one local habitat or situation to another.

B. What is the annual increment (in that measure selected as
the best indicator of total change in mass) during each
season of the animal’s life? 'What sex differences occur?

1

58
4.

What are the factors influencing the rate of growth?
(size and/or age; senility, length of growing season,
social dominance).

What are the limits of variation in growth rates? How
does growth rate affect the attainment of maturity, na-
tality, mortality?

What age or size groups may be discerned? (Klau and
David, 1952).

Is growth potentially continuous throughout the life of
the individual?

C. What is the natural (ecological) longevity?

1
2

5
IX. What

What longevity records are available from captive sepci-
mens?

What estimates of age may be made from the popula-
tion samples (Woodbury, 1951).

What are the characteristics of youth, maturity, old age?

is the annual cycle of activity and what factors exert

primary influence on the cycle? (Fitch and Glading, 1947;
Oliver, 1947).

A. What is the relation of the growing season to the period
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(periods) of courtship, egg-deposition and birth of young?

B. What are the optimum, minimum and maximum effective
body temperatures?

C. What is the seasonal cycle in diel behavior (e.g., in bask-
ing) (Girons, 1947).

D. Are the animals quiescent during any period of the year?
Are aggregations formed?

i

2
3.

What preparations are made for the period of quies-
cence?
Where do the animals spend the winter?
What environmental factors cause the initiation of
quiescence? renewed activity?
Bailey (1949) demonstrated that the plains garter-
snake, Thamnophis radix could endure temperatures
of approximately —2°C. for a protracted period.
What is the composition (age groups, size groups, sex
ratios) of the winter aggregation?
What is the role of winter quiescence in limiting the
geographic distribution? (Bailey, 1948).

X. What is the diel cycle of activity?

A. What is the role of basking in the daily cycle?

15

2

What determines the time of basking, the length of the

period?

Sergeev (1939) reports a close relation between en-
vironmental temperature and the period of activity.
Benedict (1932) summarizes temperature relations in
reptiles.

What is the function of basking?

a. How is the period of basking related to rate of
increase or decrease of body temperature?

b. What is the characteristic behavior pattern in bask-
ing. How is this related to control of body tem-
perature? (Cowles and Bogert, 1944; Gunn, 1942;
Chernomordikov, 1943; Bogert, 1949).

B. Is feeding restricted to any particular part of the day? How
is the feeding behavior or length of the feeding period in-
fluenced by food availability?

C. Are breeding activities (courtship; egg-deposition; birth of
young) restricted to any part of the day?

D. When does the peak of activity occur in the daily cycle?

E. How is the diel (Klauber, 1939) cycle modified by weather
changes, population density?
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(periods) of courtship, egg-deposition and birth of young?

. What are the optimum, minimum and maximum effective

body temperatures?

. What is the seasonal cycle in diel behavior (e.g., in bask-

ing) (Girons, 1947).

. Are the animals quiescent during any period of the year?

Are aggregations formed?

1. What preparations are made for the period of quies-
cence?
2. Where do the animals spend the winter?
3. What environmental factors cause the initiation of
quiescence? renewed activity?
Bailey (1949) demonstrated that the plains garter-
snake, Thamnophis radix could endure temperatures
of approximately —2°C. for a protracted period.
4. What is the composition (age groups, size groups, sex
ratios) of the winter aggregation?
5. What is the role of winter quiescence in limiting the
geographic distribution? (Bailey, 1948).

X. What is the diel cycle of activity?

A. What is the role of basking in the daily cycle?

1. What determines the time of basking, the length of the
period?
Sergeev (1939) reports a close relation between en-
vironmental temperature and the period of activity.
Benedict (1932) summarizes temperature relations in
reptiles.
2. What is the function of basking?

a. How is the period of basking related to rate of
increase or decrease of body temperature?

b. What is the characteristic behavior pattern in bask-
ing. How is this related to control of body tem-
perature? (Cowles and Bogert, 1944; Gunn, 1942;
Chernomordikov, 1943; Bogert, 1949).

. Is feeding restricted to any particular part of the day? How

is the feeding behavior or length of the feeding period in-
fluenced by food availability?

. Are breeding activities (courtship; egg-deposition; birth of

young) restricted to any part of the day?

. When does the peak of activity occur in the daily cycle?
. How is the diel (Klauber, 1939) cycle modified by weather

changes, population density?
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Interspecies differences in the diel cycle of activity may
affect the entire life history. Exploration of the cycle
may yield the key to many of the problems presented
here. Noble (1946) presents valuable information on
such problems.

XI. What are the food habits? Their relation to growth and swr-

vval?
A. How does the animal obtain its food?

1. Can the animal pursue and catch actively moving prey?

2. What food preferences are exhibited in the field and
laboratory?

B. What are the principle foods? Relation to availability?
1. What is the relative importance of the food items?

2. How do feeding habits vary during the life of the ani-
mal?

3. Is there any seasonal variation in feeding habits?
Most studies of reptile food habits have reported a
high percentage of empty stomachs. It is thus es-
sential that the investigator utilize intestinal as well
as stomach contents. Too, the fecal material of
many reptiles may be used. Fitch and Twining
(1946) emphasize the value of scats in the determi-
nation of the food habits of snakes. The scats of
lizards, particularly, are of great value in food analysis.
Carpenter (1952) obtained data on food habits of
snakes by forcing regurgitation. Lagler (1943b) re-
views the food habits of Michigan turtles.

C. Does the animal act as a controlling or limiting predator?

. Does this form exhibit any characteristic and gemetically lim-

ited patterns of group behavior?

The study of behavior under undisturbed natural conditions
often yields startling information of basic importance to the
explanation of population problems (Svirdson, 1949; Cal-
houn, 1950; Carpenter, 1950) and phylogeny (Bellairs and
Underwood, 1951). Few zoologists have developed the ability
to profit from the observation of field behavior patterns
(Emlen, 1950). Herpetologists, particularly have not utilized
this procedure.

A. Do aggregations occur? If so what are the stimuli and bind-
ing forces in aggregation? the function of the aggregation?
(Noble, 1936; Allee, 1931, 1951; Greenberg, 1943.)

B. Are social hierarchies present?
1. If dominance hierarchy is present, what is the relation
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to territoriality, natality? (Evans, 1938, 1951; Greenberg,
1943).

2. How does the social hierarchy affect the migrating in-
dividual? the juvenile seeking a territory?

3. Does the social hierarchy influence growth and repro-
ductive potential? (Calhoun, 1950).

Such questions as these may be answered if some of
the methods of field ornithologists be adapted. The
use of blinds and optical equipment for observation
will yield much of value to the interpretation of
interactions. Observation towers were used to study
the behavior of turtles in Illinois (Cagle, 1944; 1950).
Excellent suggestions, many of which are of value to
the herpetologist, are presented by Emlen (1950).
The work of Evans (1938, 1951) is suggestive of
problems and procedures.

C. Are there typical defensive or offensive behavior patterns?
Bogert (1941) describes the “king-snake defense posture”
of rattlesnakes. Mertens (1946) summarizes reports of
such actions in reptiles.
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