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REPRODUCTIVE AND FAT CYCLES IN
CARIBBEAN ANOLIS LIZARDS

BY
PAUL LICHT and GEORGE C. GORMAN

(A contribution from the Department of Zoology and the Museum of Vertebrate Zoology
of the University of California, Berkeley, California)

INTRODUCTION

A wEaLTH of data has been aceumulated over the past few deecades on annual

| reproduetive activities in temperate-zone lizards. Sufficient species have been

studied to permit broad generalizations regarding variations in reproductive pat-
terns of temperate species (e.g., St. Girons, 1963; Mayhew, 1968; Licht et al.,
1969) and considerable progress has been made toward understanding the mecha-
nisms underlying these eyeles. However, understanding of saurian reproductive
strategies is still limited by a paucity of phenological data for tropieal lizards.
Although the tropieal lizards represent the richest part of the lizard fauna, com-
parative data for these are insufficient to allow any coneclusions regarding the
nature of variations in annual reproductivity or the factors that might be re-
sponsible for such varviations where they exist. The present investigation repre-
sents a preliminary attempt to gain such comparative information on these im-
portant aspeets of the ecology of the widely distributed neotropieal lizard genus,
Anolis.

Anolis is a suitable genus for comparative reproduetive studies. There are nu-
merous species (approximately 250) and the systematies of a large proportion of
these are well understood. Many are very abundant, henee easily eollected. In
addition, perhaps more is known about the reproduetive eyeles of one member of
this genus, 4, carolinensis, both in nature and in the laboratory, than of any other
lizard.

Anolis is widely distributed in Mexico, all of Central Ameriea, the northern

 half of South Ameriea, on virtually all Caribbean islands, and on the continental

United States. The genus is divided into two major groups, « and g (Etheridge,

| 1960), based upon osteological differences, and each of these groups is divided into

species series. We have chosen seven speeies from various islands in the West

| Indies for intensive study.

The species and localities ineluded permit numerous eomparisons to be made.
(1) Anolis grahami, a native of Jamaica, has been successfully introduced onto
Bermuda to the north. Populations from both localities have been sampled, to
allow comparison of the same speeies under rather different environmental eon-
ditions. (2) Anolis conspersus is a close relative of grahami on an adjacent island.
(3) Anolis lineatopus is sympatric with A, grahami in Kingston, Jamaiea; thus
sympatrie congeners can be compared. (4) Anolis sagrei is found on the western
half of Jamaieca, and is compared with the two preceding species from a different
part of that island, as well as with a population of sagrei that lives in Florida. (5)
Anolis richardi griseus and A, trinitatis are endemic to the island of St. Vineent.

[1]
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AgaIN we can compare sympatrie congeners, and ean compare these lizards with
rflatlves on more northerly islands that experience greater variation in photope-
ri)d and different rainfall patterns. (6) Anolis cybotes, an endemic of Hispaniola,
isat the same latitude as Jamaica but experiences different rainfall patterns and
thus Provides an additional source of ecomparison. Figure 1 shows the geographical
relations among the various habitats included in this study.

The taxonomic breakdown of the species studied is as follows:

Grovp SERIES SPECIES

Alphn latifrons A. trinitatis, A, richardi

Alpha erigtatellus A. eybotes

Bota arahami A. grahami, A. lineatopus, A. conspersus
Beta sagrei A. sagrei

MATERIALS AND METHODS
CoLLECTION, PRESERVATION, AND AUTOPSY OF SPECIMENS

Samples of most speeies were colleeted at approximately monthly intervals
over a one- to two-yvear period with the assistance of individuals stationed in the
wrious loealities. Jamaican collections of A, grahami, A, lineatopus, and A. sagrei
were supervised by Mr, Ethon Lowe; St. Vineent collections of A. trinitatis and
A richardi by Mr. Michael DeFreitas; Bermuda collections of A. grahami by
Mr. David Wingate; Florida collections of A. sagrei by Mr. Phil Baker; and
Grand Cayman collections of A. conspersus by Mr. John Gray, Jr. Freshly col-
leted specimens of A. cybofes from Port-au-Prinee, Haiti in 1968-1969 were
obtained through Georges René; Mr, J. Borno supplied a few collections in 1966.
Data for other Hispaniola localitics were obtained from collections in the Museum
of Comparative Zoology at Harvard University through the courtesy of Dr, E. E.
Williams. Dr. J, Wright of the Los Angeles County Museum and Dr. H, Campbell
of the F'lorida State Museum, University of Florida, provided numerous specimens
of A. sagrei from sonthern Florida and adjacent islands.

Most speeimens were fixed in 10 percent buffered formalin shortly after collee-
tion; a few of the A. cybotes collected in 1966 were obtained alive about a week
ifter eollection, and the A. sagrei from Florida were preserved in Bouin’s fixative.
Museum specimens of cybotes and sagrei were stored in alechol and the method of
preservation was unknown. Upon receipt in the laboratory, formalin fixed speci-
mens were transferred from 10 percent to 4 percent formalin for at least a day
mnd then rinsed in running tap water for a few hours before autopsy, Each indi-
vidual was measured (snout-to-vent length) and examined for nutritional and
rproduective condition as indieated below. Testis weight was found to vary with
fhe method of fixation: Formalin caused an incerease of about 16 percent and
Bonin’s solution caused a reduction of about 15 percent of fresh weight. Thus,
tstis weights cannot be compared among all species but weights should be eon-
istent for species obtained from each colleetor.

AT STORAGE

The weights of the paired abdominal fat bodies were taken as an index of energy
lalance; i.e., whether or not fat storage was occurring. Studies on Anolis caro-
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linensis by Dessauer (1955a) have shown that the seasonal variations in fat body
size generally reflect changes in total body lipids, the fat bodies accounting for
about half of the inerease in body lipid with the remainder being divided between
the liver and carcass (Licht and Jones, 1967). We initially measured liver weight,
but variability due to fixation made these weights too unreliable and this measure-
ment was discontinued. In general, monthly mean hepatic weights tended to vary
in parallel with the weights of the abdominal fat bodies. In most samples, we found
that the weight of the fat bodies was independent of body size (length) within the
range of sizes used (see below). Therefore fat body weight is expressed as an
absolute value.
REPRODUCTIVE STATUS OF MALES

The reproduetive condition of the males was judged by the weight of the testis
and by the histological appearance of the germinal epithelium and accessory sex-
ual structures (epididymis and sexual segment of the kidney). Autopsy pro-
cedures were the same as those deseribed in previous studies on Anolis in this
laboratory (see Licht, 1967a). The left testis was weighed to the nearest 0.1 mg.
The right testis, epididymis, and kidney were embedded in Paraplast, seetioned
at 8p and stained with Ehrlich’s hematoxylin and eosin for histological examina-
tion. In all species, the two testes were found to be similar in histologieal appear-
ance and weight; the few specimens showing gross variation between right and
left testis weights were not used, Variations in testis weights between monthly
samples are considered statistically significant if the means differed at the 5 per-
cent level using the Mann-Whitney U or Student ¢ test. To facilitate visnal com-
parisons among monthly samples we have employed a graphical presentation of
data including means, standard errors, and 95 percent confidence limits about
the mean (fq;*SE). In most cases nonoverlap between the 95 percent limits and
means of two samples indicates a statistically significant difference; for a more
detailed discussion of this method see Simpson et al. (1960:351).

The spermatogenic and interstitial cell activity of the testes were assessed quali-
tatively aceording to the seven eategories previously deseribed for A. carolinensis
by Licht (1967a) (table 1), The renal sex segment was examined qualitatively to
assess the degree of development; the hypertrophy of the renal sex segment gen-
erally requires a higher level of androgens than does the enlargement of the
epididymis (Licht and Pearson, 1969a). It is important to emphasize the inde-
pendence that may exist between testis size and spermatogenic activity. Endo-
erinological studies in A. carolinensis have shown that when gonadotropin levels
are relatively low, the testis may be very small but it still shows all stages of
spermatogenesis and androgen production (stage 6) while a large testis may be
only partly developed from these standpoints (see Licht and Pearson, 1969a,b).
In general, we assume that a gross decline in average testis weight, especially
when accompanied by reduced spermatogenie stages in at least part of the popu-
lation, indicates a reduetion in the rate of sperm produetion. The significance of
variations in testis size are considered more fully in the discussion.

The influence of body size on the indices of testicular activity presented a
greater problem than did the size-gonadal relation in females. It was relatively
easy to ascertain the size of sexual maturity for males by the appearanece of sperm
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in the testes and epididymis, and above this limit, the spermatogenic staging of
each species is independent of body size, However, among sexually mature males,
testis weight correlated significantly with body size. In many cases, the slope of
the regression of testis weight on body length was elose to 0.5, but the value for
this regression varied interspecifically and from month to month within each spe-
cies. The effeet of body size on testis weight was greatest when the testes were
maximal in size since the testes regressed to approximately the same minimal

TABLE 1
CLASSIFICATION OF SPERMATOGENIC STAGES IN Apvrr MaLE AnoLis!

Histological eondition
Stage e C -
Testis seminiferaus tubules Epididymist

1 Involuted with only resting spermatogonia and Sertoli cells | Atrophic and empty

2 Beginning of spermatogenesis, spermatogonial multiplica- | Atrophic and empty
tion and primary spermatocytes

3 Secondary spermatocytes and early spermatids abundant | Atrophic and empty
4 Transforming spermatids with a few spermatozoa Atrophic and empty

5 Marks the beginning of androgen secretion; spermatozoa | Hypertrophied but still
becoming more numerous no sperm

[ All stages of spermatogenesis abundant; spermiation has | Hypertrophied and
occurred? sperm filled?

7 Regression of epithelium; spermatozoa may still be abun- | Grades from hypertro-
dant but spermatids and spermatoeytes are scarce phie to atrophic

! Based on the clussifieation of spermutogenesis {:n;;rml for Anolis carolinensiz by Licht (1967a: table 1).
? Hypertrophy s indieated by an avernge epithelin]l height over 15u with conspicupus secretory activity in the

en,
t Sexual segment of kidney usually beeames enlarged und secretory (hypertrophied) at this time,

weight in mature individuals of all sizes. Thus, a simple gonosomatie index (e.g.,
ratio of testis weight to hody length) proved inadequate for correcting for varia-
tions related to body size. Rather than attempt a more complex transformation
of the data, we chose to minimize the influence of body size on testis weights by
limiting analysis to a relatively narrow range of body sizes which included only
large adult males. Furthermore, attempts were made to insure that the mean
and variance in body size were approximately the same for all monthly samples
of each species, so that variations in monthly mean testis weights eannot be ac-
eounted for simply by inequalities in the size of the animals in different samples
(table 2).
RerropueTive STATUS OF FEMALES

The genus Anolis has a relatively unusual type of egg produetion among liz-
ards, Only one follicle matures and ovulates at a time in cach ovary and there is
typieally an alternation between the two ovaries, A second ovulation never oceurs
from an ovary before the previous egg is laid. Consequently, only one egg appears



TABLE 2
Susmmary or Booy Sizes or Anous Usep 1N REPRODUCTIVE ANALYSES!
Length of males (mm) Lengths of fermales (mm)
Source Bpecies S ¥ ]
ool | Minimum | Masimum | oty mennt | Seal, | Mgz | MR | Moathly mean
St. Vincent........ richardi 63 67 123 03.2 (88-105) 60 88 76.0 (72.5-79.7)
trinitatis 45 55 71 63.3 (61-64.5) 41 43 50 46.1 (43-47.6)
Jamaiea........... grahami 49 55 73 63.9 (62-67) 38 43 51 46.0 (44.3-47.3)
lineatopus 45 55 71 62.5 (61.5-64.3) 41 43 51 45.7 (43.6-48.3)
sagrei 35 42 52 46.5 (43-48) 34 35 41 37.9 (35-40)
11| B R cyboles 52 55 73 66.7 (64-68.4) 45 46 56 50.0 (48-52.6)
CGrand Cayman. . . .| conspersus <50 55 73 63.5 (62-65.5) 38 40 47 41.4 (40-42)
PloPioR . oiiniiasiss gagrei 44 48 63 53.5 (50-59) 38 39 47 42.0 (40-44)
Bermuda.......... grahami 49 55 75 63.9 (62-66.9) 42 43 50 45.7 (43-48)

! Bady sizes nre presented as snout to vent lengths of preserved specimens.

+ Smallest male in which testis was st stage 6. These values are not intended as nccurate limita since in many cases we did not examine a wide range of small animals,
+ Smallest female containing an ovidueal egg. Not intended as accurntely defining lower limita of maturity (see note 2).

Vaulues show avernge mean and range of means (in parentheses),
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at a time in each oviduet and if an ovidueal egg is present in each oviduet, one is
always older. Only a single egg, presumably the oldest, is laid at a time (i.e., cluteh
size is one). Some of the details of this pattern of egg production are deseribed by
Hamlett (1952) for Anolis carolinensis and our data suggest that a similar phe-
nomenon exists for all the species studied here,

Measurements were made of the diameter of the largest follicle in each ovary,
and the presence of oviduecal eggs was noted. Ovarian follicles of 3 mm or more
were typieally yolky, and these are considered to be in the process of maturation;
ovulation oceurs at about 8 mm. Females were placed into four classes:

I. No ovidueal eggs, and follicles undeveloped (elear and less than 3 mm in di-
ameter)

IT. Atleast one ovarian follicle developing

IIT1. One ovidueal egg

IV. Two ovidueal eggs (one in each oviduet)

To facilitate discussion of data, females in elass I are designated as “non-
reproduetive” and those in the other three classes are considered “reproductive.”

Females with ovidueal cges ave referred to as “ovigerous.” We recognize several
limitations in the use of such data for judging reproductive rates and these will
be considered in more detail in the Discussion.

To faecilitate analysis of annual reproduetive patterns it was necessary to limit
analysis to females known to be reproduetively mature. A preliminary determina-
tion of the size at sexual maturity for each species was based on the smallest
ovigerous female collected. Tt is recognized that some error might result from using
this lower limit for judging sexual maturity, sinee it is likely that some variation
in the exaet size at sexual maturity might oceur, To minimize such errors only
females about 2 mm above this minimal size were used. Also, such errors should
be small sinee the vast majority of the females used were well above this minimal
size. Flurthermore, care was taken to insure that the distribution of sizes of females
in monthly samples was not hiased toward large or small individuals (data are
summarized in table 2).

CriMaToLOGICAL INFLUENCES ON REPRODUCTION

In a preliminary attempt to evaluate potential environmental influences on
reproductive activity, correlations between reproductive activities and various
climatic faetors were examined, Climatological data were obtained from loeal
meteorologieal stations for the period during which eolleetions were made. These
data may not all be equally reliable. Data for St. Vincent were obtained from the
Department of Agriculture in Kingstown, as tabulated by Mr., M. DeFreitas.
Jamaiean data were supplied by the Meteorological Service at Palisadoes Airport,
Kingston. Haitian data were supplied by the Observatoire Meteorologique Semi-
naire-College St. Martiac in Port-au-Prince, Data for Grand Cayman were pro-
vidled by the United States Department of Commerce Weather Bureau. Florida
data were obtained from the United States Department of Commeree’s Local
Climatological Data. Bermuda data were taken from the Department of Agrieul-
ture and Fisheries Botanical Gardens in Paget.

In partieular, attention was focused on the three most readily available types of
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climatological data: photoperiod, rainfall, and temperature. Daily photoperiods
(or day lengths) were determined from standard tables of sunrise and sunset fop
the latitudes corresponding to the various collecting sites (List, 1966). Studies oy,
one lizard (Anolis carolinensis) indicate that the additional low levels of illumi.
nation during twilight are probably not important for photo-sexual responses
(Licht, 1969a). Since most anoles sleep in relatively open sites, they are probably
exposed to almost the full photoperiod.

RESULTS OF STUDIES ON ST. VINCENT
GeoGgraPHY, CLIMATE, and SPECIES

St. Vineent is a voleanie island of about 150 square miles that lies in the
southern portion of the Lesser Antillean chain, at 13° 15’ north latitude and 612
15" west longitude. The specimens that we studied were eollected on the coast, in
and around Kingstown, the capital city. (Most of the lizards were collected in the

St. Vincent - 13°15'n
13} Photoperiod

hrs
12r
—

Mean Temperature

e e e S

oC max,

Fig. 2. Climatological data for St. Vincent during the period ineluded in this study.
All values represent monthly averages. Photoperiod is between sunrise and sunset,

Botanie Gardens.) Very little seasonal temperature change is evident in Kings-
town, but photoperiod and rainfall show distinet seasonal eyeles (fig. 2). Day
length varies by about 1.5 hours, ranging from 11 hours, 25 minutes to 12 hours,
55 minutes. Average monthly minimum and maximum air temperatures show
virtually no seasonal change, and the difference between these two levels (ie.,
maximal diurnal variation) is only about 7° to 8° C. Rainfall is variable, with a
low of 50 mm per month to a high of 350 mm, but the period of low rainfall (dry
season) is very short when eompared to the other Caribbean islands studied. In
1968, January and February were relatively dry (around 50 mm), but rainfall

N i it T

=
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inereased to over 100 mm in March. In 1969, January had high rainfall, but
February and Mareh were as dry as January-February, 1968 (fig. 2).

Our study ineluded both of the species of Anolis (A. trinitatis and A. richardi)
found on the island. A. trinifalis is a sexually dimorphie, moderate size anole
(table 2). A. richardi griseus is one of the “giant” members of the genus and rep-
resents the largest species in our study (table 2); males are almost twice as long
as most other speeies. There is a sexual dimorphism in body size, but even the
females of this species ave larger than the males of most other species. Aspeets of
the behavior of these species have been presented by Gorman (1967), and evolu-
tionary relationships by Gorman and Atkins (1968).

RerrobucTIVE AND FaT CYCLES 0F ANOLIS TRINITATIS AND A. RICHARDI GRISEUS

Both sexes of A. trinitatis and A. richardi griseus in St. Vineent showed some
reproductive activity in all months. However, scasonal fluetuations in the level of
reproductive activity were evident in A. frinitatis, and both species showed rela-
tively large seasonal variations in fat storage.

Anolis trinitatis
(Fig. 3)

Virtually every female A. frinitatis collected in the 25 monthly samples had
either an enlarging ovarian follicle (elass I1) or an ovidueal egg (classes I1I and
IV); only 8 percent of the 295 adult females eolleeted were nonreproduetive.
However, no samples were taken in which all females were ovigerous; the propor-
tion of sueh females ranged from 40 {o 85 percent, Furthermore, only 14 of the
total adult females (or 7 pereent of the 190 ovigerous females) had two oviducal
eggs, and these were distributed over eight months. Only slight changes in female
reproductive activities were evident, A decline in the frequency of ovigerous
females from about 80 percent to 40 percent oceurred between January and Mareh
in both years. These periods eoineide with the relatively brief “dry” season (see
fig. 2); however, a similar deeline in ovigerous females was also observed in the
two relatively large samples from November and December 1969, which are com-
paratively wet months. Thus, it is not clear that a reduction in egg production is
associated with rainfall.

Female A. {rinitatis did not show a distinet eycle in fat body weight. There was
no month in which all females had dissectable fat bodies, and fat bodies were
usually completely lacking in all animals. The highest frequeney of females with
readily dissectable fat bodies oceurred in the samples between January and April
1968, and again between January and Mareh 1969; i.e., during the dry months
when the frequency of ovigerous females was reduced. However, there was no ap-
parent relation between the presence of ovidueal eggs and the size of fat bodies
within a given monthly sample.

The testes of the vast majority of the male A. trinitatis collected in all months
were judged to be reproductively active (stage 6). However, a significant redue-
tion, of ea. 50 percent in testis weight oceurred during the wet winter months in
hoth years (fig. 3), suggesting a seasonal eyele in reproduetive activity. It is note-
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worthy in this conneetion that the November samples of both years were the
only ones in which more than one individual was not at stage 6; in 1969, three of
the nine animals were at stages 2 to 3. Testes remained small for about three to
four months and growth occurred in January or February, when reproductive
activity of females was minimal.
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Fig. 3. Reproductive and fat body data for Anolis trinitatis on 8t. Vincent. The numbers
of animals in each sample are shown on the abscissas above the months. Average fat body
weights are shown by the small dashed curves (@ ——— @) and refer to the values on the ordinate
on the right (females lacked fat and no data are given). Data for testis weights (lower graph
and left ordinate) include means (horizontal lines), one standard error about the mean (vertical
bars), and the 95 percent confidence limits about the mean (vertical lines); the solid curve
connects the means,

Reproductive data for females (upper graph): solid line and shaded circles (o .
ghow the percentage of each sample which was reproductive (combined values for elasses 1T, 111,
and 1V) ; and the dashed curve with unshaded circles (0 —=—- o) shows the percentage of the total
sample that was ovigerous (classes III and IV), The two curves or points coincide when all
reproductive females were ovigerous,

Usually, at least a few males had dissectable fat bodies in all months, but there
was a pronounced inerease in fattening during late winter 1968 and 1969, with
fat bodies remaining large in all individuals for several months thereafter. In
general, the greatest inerease in fat body size oceurred a few months after the
deeline in testis weight, and fat bodies decreased again a few months after testis
weight had again increased. In general, the males were fattest during the driest
months of the year.
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Anolis richardi griseus
(Fig. 4)

Virtually all female A. richardi collected between August 29, 1968, and De-
% | cember 20, 1969, were judged to be reproductive (elasses IT to IV) ; however, con-
siderable monthly variation oceurred in the proportion of ovigerous females (fig.
4). Only 7 of the 112 females had two ovidueal eggs (class IV). There was a decline
in the frequency of ovigerous females between March and April 1969, with a
gradual inerease in this proportion during the next four months. However, it is
difficult to evaluate these changes because monthly samples tended to be relatively
small (between 5 and 10) and in the samples when ovigerous females were
scarce (e.g., May 2, 1969), all of the females had very large yolky follicles (about
10mm) that appeared ready to ovulate. Furthermore, sinee our collection spanned
oly one year, it is difficult to ascertain whether these changes represent a regular
evele,

Females showed two separate peaks of fattening in the winter of 1968 and at
ghout the same time again in 1969. Most females were reproductive during these
periods of inereased fat body size.
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Fig. 4. Reproductive and fat hody data for dAnolis richardi griseus on 8t. Vineent.
Data presented as in figure 3.
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Testis weights and histology in A. richardi were constant throughout the period
of study (fig. 4). Variance tended to be relatively high in all samples and this was
probably because of the wide range in body size of adult males (table 2). In 1968,
fat body weight rose markedly in September and reached a peak in November
with a relatively abrupt decline thereafter. A distinet fattening occurred again
in 1969, except that the fat bodies increased in August, about a month earlier,
There is no evidence of altered testicular activity or size during these periods of
annual fattening. i

RESULTS OF STUDIES ON JAMAICA
GE0GRAPHY, CLIMATE, AND SPECIES

An island of about 4400 square miles, Jamaica lies approximately 18° north of
the equator between 76° to 78° west longitude. The annual fluctuation in day
length is about 2 hours, ranging from a maximum of 13 hours, 14 minutes to a
minimum of 11 hours, 2 minutes. The average monthly minima (i.e., noeturnal)
temperatures vary less than 5° C (from 20° to 24.5° C) with March through Au-
gust being the warmest period. Monthly maxima are similarly uniform and the
diurnal fluctuation is only about 8° C. The distribution of rainfall shows a pro-
nounced seasonality, with a distinet single wet and dry season each year. Rainfall
is typieally low from December through April, and September and October are
the wettest months, Vegetation on the island becomes conspienously brown during
the dry season. Our study spanned parts of three consecutive dry seasons, There
are regional differences in rainfall within Jamaica that are important to our study,
and distinet variations in rainfall also occurred between the two years of study,
as shown in figure 5.

Jamaica - i8°20'N
14} Photoperiod

:55|- Mean Temperature |

J FMAZA J
1968 1969

Fig. 5. Climatological data for Jamaica, Rainfall data are shown for the two major collecting
sites. Photoperiod values are the same for both sites, Temperature values are for Kingston but
little difference was evident in George’s Plain,
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The three species of Anolis studied from Jamaica (A. grahami, A. lineatopus,
and A, sagrei) were collected in two localities. Kingston, the major site, is the
capital eity and is on the south coast on the eastern third of the island. The city
lies in the rain shadow of the Blue Mountains, and is normally semiarid. When this
study began in January 1968, the Kingston area was in the third year of a rela-
tively severe drought, and rainfall had been low for several months. The dry
season of 1967-1968 was unusnally severe and extended, Rainfall was below normal
levels each month from the end of November 1967 through June 1968, Although
the rainy season generally eommences around mid-April, there was essentially no
precipitation until the first week of June 1968 (about six weeks late), and then
rain did not oceur again until the last few days of June. Thus the dry season
lasted about six months. Rainfall dropped abruptly by the last week of November
1968, marking the beginning of the next dry season. The second dry season, in
1968-1969, lasted only four months, being terminated by relatively heavy rainfall
(ca. 40 mm) during the first week of April, two months earlier than in 1968. The
third dry season (1969-1970) started about a month early; there was very little
rain in November 1969. Temperatures also dropped to unusually low levels in late
1969, the mean minima being several degrees below those recorded in earlier years.

The second locality sampled was George’s Plain in the flat sugar growing belt
near the west-central end of the island. The area is generally wetter than Kingston,
and was not so severely affected by the drought, Unfortunately, our study began
in July 1968, henee we missed any effects the drought might have had.

Both A, grahami and A. lineatopus oceur throughout the island but our collee-
tions were made primarily around Kingston, at the Hope Botanieal Gardens and
on the campus of the University of the West Indies, Both species are arboreal and
may be found perched on trees as well as buildings. A, lineatopus tend to occur
nearer to the ground and are often active at slightly lower body temperatures, but
there is certainly a large overlap in distribution of the two (Rand, 1967a,b). A
few of each of these species were also collected at George’s Plain along with the
A. sagrei. However, these collections were relatively small and less regular, and
the major emphasis here will be on the Kingston samples.

Anolis sagrei is restrieted to the western half of Jamaiea and was colleeted only
in George's Plain, This speeics is the only nonendemie Jamaiean anole, It is found
in Cuba, many of the Bahamas, the Cayman Islands, Florida, and several Central
American eoastal localities, where it may have been introduced. From its pattern
of distribution on Jamaiea, Underwood and Williams (1959) postulated that it
was a relatively recent colonist, possibly originating from Cuba. The Jamaican
populations of sagrei appears distinetly smaller than those from other localities
and it is the smallest species ineluded in our study (table2),

RerropveTive AND FaT CyCLES OF ANOLIS GRAHAMI,
A. LINEATOPUS, AND A. SAGREI
Anolis grahami
(Fig. 6)
Colleeting dates and detailed information on the reproduetive eondition of
female Amnolis grahami are shown in table 3 and figure 6, Some females were

| reproductive in every month, hut pronounced seasonal fluetnations oceurred in
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the level of reproductive activity, with the peak of egg production occurring
during the rainy season. Virtually every female grahami from Kingston was
reproductive during the annual rainy season (between June and October 1968 and
May and November 1969). During these periods, almost every female was ovig-
erous, and about half of them contained two oviducal eggs. Many of these fe-
males also contained additional yolky follicles in the ovary suggesting a high
rate of egg production. In contrast, during the three dry seasons included in our
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Fig. 6. Reproductive and fat body data for Anolis grahami in Kingston, Jamaica,
Data presented as in figure 3. Additional details for femules are given in table 3.

study, there was a decline in the proportion of reproductive females; few were
ovigerous and only rarely did a female have two eggs in the oviduets.

The close association between low rainfall (the dry season) and reduced repro-
duetive activity among the females is evident from the eorrelation between the
lengths of the period of reduced reproduetive activity and the dry seasons. In
1968, when the dry season was unusually long, reproductive activity remained low
until the beginning of June, whereas in 1969, all females were ovigerous again
by May (table 3). A Chi-square analysis of the distribution of the four reproduc-
tive classes in relation to rainfall (tables 4 and 5) indicates that the frequeney of
nonreproductive females was significantly greater in the dry season of each year,
and that reproductive activity was significantly lower in the severe and extended
dry season of 1968 than in 1969 (table 5). In general, the reduction in reprodue-
tive activity oceurred very early in each dry scason and high reproductive ae-
tivity appears to be established almost immediately after the first heavy rains
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TABLE 3

Rerrobverive Activity oF Apuur FEmane Axouts GRAHAMI AND A, LINEATOPUS
IN MonTHLY SampLES FROM KiNasTON, JAMAICA®

A. grakami A. lineatopua
Collecting date . me“:lﬂ ':L n(zg:;-dmtivn P quum %udmﬁn
size size
1 I m v 1 n I w
1968
Jan. 21............... 12 17 50 33 12 16 32 50 e
Mar 2 ciiiiiisomen 10 20 | 80 " 12 32 | 16 5 | s
AP R oo vavama s 12 25 33 33 8 12 58 17 17 8
May4............... 13 8 40 5 e 11 70 30 - -
My 27 .covuviiiaiazs 9 11 77 11 16 70 ie 8 12
June 22. ... .., T 11 55 45 10 - o 60 | 40
P 16 63 37 15 20 80
.15 A . a9 45 55 12 50 50
Sept.29.............. 14 ST 93 T 12 58 42
0ok 0. i wnivnmnins 10 = 80 20 11 als A 73 27
Nov.29. .......0...0. 10 40 20 40 14 14 8 23 50
D00 22 oo v 10 40 10 50 9 33 55 11
1969
PTG R 7 i 14 72 14 9 33 7 41 22
MEr: L citanivinnnes 8 40 - 60 9 33 11 55 e
Mare 280 aians 9 11 11 55 23 12 50 8 33 8
May 8. .............. 10 70 30 13 24 38 38 ..
0OE T sy g 11 i 9 82 a 11 ' i 80 20
P (1 2 9 11 11 78 3 13 7 7 70 15
P (10 AR e 10 60 40 12 8 42 50
Angs 28 ouoiiniinins 25 4 il 56 36 26 i 50 50
Oct. 4. ... .cvivvnn.. 10 - 20 60 20 14 5 o 50 45
Now Lasamannoeis 15 13 20 60 7 13 &k 15 62 b4
Nov.30........00.... ] 4 63 25 12 9 22 33 33 11
1970
T Bos wivimniiaine v 9 38 31 22 11 11 50 22 18 S

* Reproduective activity is deseribed by the distribution of animals into the four reproductive classes (I-IV).

that mark the wet season (figs. 6 and 9). There was a relatively early drop in the
frequency of reproduective females in late 1969 (in early November), which eor-
relates with the early onset of the dry season in this year.

During the rainy season when the frequency of reproductive and ovigerous
females was high, fat bodies were lacking in the females. In contrast, there was a
marked inerease in the frequency and size of fat bodies during the dry season
when reproductive activity appeared to be reduced (fiz. 6). Even the females
that were considered reproductive (elasses IT and I1I) had fat bodies at this time
and there was no correlation between the size of fat bodies and the presence of
eggs. In both years the deerease in fat body size coincided with the inerease in
reproductive activity.



TABLE 4

RevaTion BerweenN RaiNrFaLL AND THE REPRODUCTIVE STATUS OF FEMALE ANOLIS GRAHAMI
AND A. uinEaTorus 1IN KiNasToN, JaMalca

A, grahami A, lineatopus
Season! Frequency of reproductive classes () Frequency of reproductive elusses (%)
8 1 Faot bd. wt. | Sampl Fut bd. wt,
size (mg) sizo {mg)
I I I v 1 I I v
Dry 1068
Jun 21-May 25. ... 56 10 32 5 4 20.2 03 52 20 27 3 354
Wet 1068
June 22-Oct. 28 oo 67 3 4.0 60 i " 40 51 "1
Dry 1068-60
Nov, 20-Mar. 22....... “ n 1 55 7 40.8 5 b1 12 43 19 3.1
Wet 1060
May 8-Nov. 2......... 00 L] 9 [&] 2 4.1 100 ] 9 5 3 13.3
1t Daten shuw the collection time of the first and last le included in the (msee table 3 for detailed dates). Seasons were defined by the abrupt changes in rainfall, the dry
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) (lilale A. grahflmi also showed a distinet annual eyele in reproduetive activity as
Ju ged by the size and appearance of the testis but this eyele was not synchronous
with that of the female (fig. 6). In both years of the study, testis weight decreased
to about 30 pereent of maximal values during the wet winter months when day
lengths were decreasing, starting in September or October, They remained small
for about 4 to 5 months, inereasing relatively rapidly in February, the middle of
the dry season. The tim ing of the regression and reerudescence was similar in both
years of study.

Histologieal examination of the testis revealed that despite the pronounced de-
cine in testis weight, spermatogenesis and androgen seeretion continued through-
out the year in the majority of the population. In all except the November
ssmples, all testes were at spermatogenie stage 6 and the renal sex segment was

TABLE 5

CH1-SquARE (x?) VALUES FOR THE ANALYSES OF REPRODUCTIVE ACTIVITY OF ADULT
FeMALE ANOLIS GRAHAMI AND A, LINEATOPUS IN RELATION TO RaNraLL®

[ A. grakami A. lineatopus
Seasonsl comparison e
' Xt li Probubility X Probability
Dry 1968 vs. Wet 1968. . ... ... | 29,80 <.001 907.07 <.001
Dry 1969 vs. Wet 1068-1060,.......|  15.344 <.001 14,13 <.001
Dry 1968 vs. Dry 1060, ... . ....... ‘ 8.88 | 05>p>.02| 1741 <.001

. Futx}m di.‘nribu}iun of the four reproductive classes within each sesson (see table 4). The null hypothesis is that
tion is ind

t of ruinfall.

hypertrophied, However, when the testes were relatively small, they clearly con-
tasined fewer of all eell types, and the sperm were less abundant in the epididymis.
In November 1968 when testis weight was minimal, eight of the eleven animals
examined still had all stages of spermatogenesis (stage 6) but the remaining three
were fully regressed (stage 1); likewise, in November 1969, seven of the ten
animals were at stage 6, and three at stage 1, The testes eyele does not show the
same relation to wet-dry seasons as was observed in females (fig. 9).

Males underwent very large seasonal changes in fat deposition, and these fat
eyeles were inversely correlated with testis weight eyeles (fig. 6). When testes were
enlarged, fat bodies were absent in virtually all animals, Fat body size rose sharply
at the time when testes weight began to deeline, and reached a peak when testes
were minimal in weight. Fat body weight then declined rapidly as soon as testis
reerudescence was complete.

The reproductive cyele of the two scxes are out of phase in several respeets: the
females tend to remain maximally reproductive several months after the testes
have regressed in weight, and the testes inerease in size before the females show a
return to maximal reproductive activity.

The male A. grahami collected at George’s Plain showed approximately the same
decline in testis weight and inerease in fat during the last few months of the year
as was observed at Kingston. For example, the mean testis weight of ten animals
collected January 6, 1969, was 19.2 mg and fat bodies averaged 123 mg. There was
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a significant inerease in testis weight to 42.4 mg and a decrease in fat to 23 mg by
May. These gonad and fat weights are the same as those in the Kingston animals
at the same times (see fig. 6).

At least a few females colleeted at George’s Plain each month had eggs, but
samples were too small to assess seasonality in reproduction. However, it is note-
worthy that all females collected in January and February had dissectable fat
bodies, whereas almost none had fat in other months,
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Fig. 7. Reproduetive and fat body data for Anelis lineatopus from Kingston, Jamaica.
Datn presented as in figure 3. Additional details for females are given in table 3.

Anolis lineatopus
(Fig.7)

Reproductive and fat cyeles of female A. lineatopus around Kingston were
generally similar to those deseribed for A. grahami, except that the former showed
a greater depression of reproductive activity in the extended dry season of 1968
(figs. 7 and 9 and table 3). The frequeney of reproductive and ovigerous females
fell progressively during the first few months of 1968, reaching a very low level
during the last month of the dry season in May. In the two samples collected in
May only eight (30 pereent) of the twenty-seven females were reproductive, An
abrupt inerease in reproduetive activity to maximal levels oceurred during June
1968 at the same time that the A. grahami beeame ovigerous again. In 1969, there
was a similar period of reduced reproductive activity (which started with the end
of the rainy season in November 1968), but the frequency of reproductive females
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remained above 50 percent, and maximal reproductive activity was observed by
June 7: at least a month earlier than in 1968.

Statu'stical analysis (Chi-square) of the frequeney of the four reproductive
‘31}193(‘8 In relation to the dry and wet season (tables 4 and 5) shows a highly sig-
nificant reduetion in the frequency of reproductive females during the dry season
of each year. There was also a highly significant difference between the 1968 and
1?_69 dry seasons (table 5). Comparison of the females of the two species in
Kingston shows that the proportions of the four reproductive classes were the
same during the relatively moderate dry season in 1969 (' = 4.03; p > 0.20), but
reproductive activity of A, lineatopus was significantly lower than in A. grahami
during the severe dry season of 1968 (y* = 22.25; p < .001). The greatly reduced
reproduetive activity in the severe dry season in 1968 was correlated with the
length of the season; for example, reproductive activity of the A. lincatopus was
very similar during the first few months of the two dry seasons, and the major
decline in reproductive activity occurred during the last month of the dry season
in 1968 (fig. 7).

Fat bodies inereased in weight during the period of reduced reproduective ac-
tivity, but this inerease did not oceur until the end of January, about two months
after the reduetion in reproductive activity was first noted; in A. grahami the fat
bodies were enlarged in late November as soon as reproductive activity began to
decline. In both species the fat bodies disappeared at the same time that all of the
females beeame ovigerous again.

Seasonal fluetuations in the testes and fat bodies in male A. lineatopus (fig. 7)
generally paralleled those observed in A, grahami. Maximal testis weights are very
similar in the two species, and in A, lneatopus the testes also decline to about 30
percent of the maximum from October through January (fig. 9). However, the
spermatogenie aetivity of A, lineatopus seemed even less affected than in A, gra-
hami in 1968 and 1969, sinee in the former, all individuals were judged to be at
stage 6 in all samples (i.e.,, even when testis weight was minimal). However, of
the fourteen A. lineatopus collected January 7, 1970, six were only between stages
1 and 4, whereas all of the A. grahami taken at the same time were at stage 6.
Several other interspecifie differences are evident between the timing of the testes
eyeles.

In 1968 the testes of A. lincatopus did not attain maximal levels as early as in
A. grahami. The testes grew during February but tended to remain at an inter-
mediate level during the dry season. In 1969 a similar intermediate plateau in
weight was evident in the early part of the dry season, but the maximum was at-
tained somewhat earlier (by the end of May). Also in both years, the deeline in
testis weight in A. lincatopus oceurred about a month after it was observed in
A. grahami (fig. 9).

Fat body weight of male A. lineatopus also showed a marked annual eyele which
was inversely related to testis weight as described for A. grahami. However, A.
lineatopus more frequently had relatively large fat bodies during the period when
the testes were enlarged, the inerease in fat body size oceurred slightly later, and
fat bodies tended to decline in weight sooner after the testes began to enlarge. The
delayed fat body evele corresponds partly to the slightly later deeline in testis

| weight in A. lineatopus.
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Fluetuations in testis and fat body weight were also evident in the few collee.
tions made at George’s Plain but the testis weight cycle was less distinet and
regular than at Kingston. At George’s Plain, testis weight decreased significantly,
from 40 mg in August and September 1968 to 27 mg in January 1969; fat in.
ereased markedly during the same period. However, testis weight did not return
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Fig. 8. Reproductive and fat body data for Anolis sagrei from George's Pluin, Westmoreland,
Jamaica. Data presented as in figure 3. Additional details for females are given in table 6.

to the initial high level later in 1969. It remained at about 29 mg during the
summer of 1969 and then declined further to 18.7 mg by the end of October.

Anolis sagrei
(Fig. 8)

Data for the A. sagrei, especially for females, are less complete than for the
other two Jamaican species, but similar seasonal trends are evident in both repro-
duetion and fattening (figs. 8 and 9 and table 6). The frequency of reproductive
females is lower during the dry season than during the wet season (table 7). How-
ever, the reduetion in reproductive activity was not noted until January 1969,
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31{“"3"' two months after reproductive activity was observed to decline in the
Kingston populations. Fat bodies tended to be large during the dry season when

e€€ Production appeared to be lowest, and fat bodies were absent during the rainy
season.

TABLE 6

RepropucTive Status oF Apvur FEMALE ANolis sAGRE! COLLECTED AT
Georce's Praiy, WESTMORELAND, IN JAMAICA

: Freq y of reproductive cl (%)
Collecting date H:r'll:‘.lia
1 1 T w
1068 |
Aug. 29, . ... l 11 - 10 45 45
Sopt. B s miiesans 10 ; 90 10
Oct. 15 . .. .. ....... ... 1 100 v
Now: 22, . conuseisiveiies : 3 100 -
1960

Jan. XL, L oias 6 17 - 83 .
Feb. 10, . ... .. 3 40 20 20 20
R 7 30 58 14
Apr. &, . oL 11 55 18 27 ),
MY 28 oy e s 10 10 80 10
b T i - S S —— 2 50 50 e
uly 2. . . 4 75 25
Aug. 2... 5 60 40
Aug. 25. . ..o 30 P ay 50 50
Oct. 15. . 10 20 30 50 -
Dec. 15. . ..o, 4 3 50 50 5
Dée:s B0 wiidiesssiams e 6 50 33 17

TABLE 7
REeLATION BETWEEN Rainearl axp RerropucTive Activity IN Apurr FEmMALE
Anouis sacrEl FROM GEORGE'S PLAIN, JaMArca?!

Il ) . Frequeney of reproductive clusses (%) For hl el
& n .‘le‘-iI (] Al .
1 1 1 v e
Wet 1968
Aug. 29-Nov. 22......... 25 i 4 72 24 1.8
Dry 1969
Jan. 11-Apr. &........... 2 32 18 A7 3 8.0
Wet 1969
May 24-Sept. 15. cveeens] 6l 3 5 57 34 0.6

1 See note 2 to table 4 for explunation of sessons,

Although the male A. sagrei are much smaller than those of the other two
Jamaican species, their testes reach the same absolute size. The testes of A. sagrei
declined significantly in weight in late autumn at the same time that regression
was observed in A. lineatopus in Kingston. However, the extent of testis weight
regression was somewhat variable in A. sagrei (fig. 8). In 1968 testis weight de-
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clined by only about 30 percent, which was about half the decline observed in the
other two species (fig. 9), whereas in mid-winter, 1969, testes of A. sagrei declined
to the same extent (about 70 percent) as in the other species (fig. 9). Spermato-
genie aetivity did not ecase in either year; all males were at spermatogenie stage 6,
Fat bodies inereased abruptly in weight as the testes regressed in October, and the
fat was lost again as the testes grew in February. Fat bodies grew to about the
same size in both years.

Comparison of the testis weight evele in the three species of Jamaican Anolis
(fig. 9) shows that despite a slight difference in initiation of regression, all three
tend to reach minimal values at about the same time—at the end of the wet sea-
son—and in all three, reerudescence begins early in the dry season. Differences be-
tween the two sexes of each speeies and the close assoeiation between rainfall and
reproduetivity in the females of all three species are also shown in figure 9.

RESULTS OF STUDIES ON HISPANIOLA
GroGraPHY, CLIMATE, AND SPECIES

Hispaniola is a large island (ea. 30,000 square miles) situated at about 18° 3(¥
north latitude, a few hundred miles east of Jamaica. Politically, it is divided into
Haiti (western third) and the Dominican Republic. We obtained samples of
A. cybotes (the lizard studied) from several loealities throughout the island; how-
ever, the major focus of our study was on the population in Port-au-Prinee, the
capital eity of Haiti. This city lies in a flat plain surrounded by steep mountains
to the north and south. A seeond relatively large series of A. cybotes was available
from Ile de la Gonave, a small island 40 to 50 miles west of Port-au-Prinee. Con-
sideration of the relation between reproductive eycles and elimate will be focused
on the Port-au-Prinee collections since climatological data were most eomplete
‘ for this area.
| Photoperiod ehanges in Haiti are the same as those deseribed for Jamaica.
‘ The level and extent of fluetuation in mean monthly minimal and maximal tem-

peratures in Port-au-Prince (fig. 10) ave also similar to those in Kingston, Ja-

‘ maica. The seasonal distribution of rainfall around Port-au-Prinee is somewhat
more variable than in Jamaica and Haiti does not have as long and regular a dry

‘ season. Usually rainfall is relatively low during the mid-winter (November and
Mareh), but January and February 1969 were exeeptionally wet (fig. 10).

‘ A. cybotes is one of about twenty-two species of Anolis on the island of His-
paniola and is widespread throughout the island, as indicated by the samples
discussed below, It has a superficial resemblance in form and size to the Jamaican

‘ A. lineatopus (table 2). Some observations on the natural history of A. cybotes
are given in Rand (1962).

|' Several live collections were shipped to the United States during 1966. Because

J of the delay in killing these, the fat body size was not considered reliable. Collee-
tions made during 1968-1969 were preserved in the field. The history of the speei-

‘ mens deposited in the Harvard Museum of Comparative Zoology was not always

known, but most were probably fixed with formalin in the field and all were then

stored in 70 percent ethanol.

L_
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RePrRODUCTIVE AND FaT CYCLES OF ANOLIS CYBOTES
(Fig. 11)
Data from an localities establish the existence of a distinet annual eyele in re-
preduetive activity in both sexes of A. cybotes in Hispaniola.
rIn the Port-au-Prince colleetions (fig. 11) testis weights declined to about
2 Per cent of maximal values during November and December in all three

% with eggs
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Fig. 9. Relative monthly changes in testis weights (lower) and in the frequency of ovigerous
(elasses ITIT and IV) females and their relation to seasonal climatic changes in the three Ja-
maican .4 nolis. Testis weights are hased on data in figures 6, 7, and 8, The stippled areas show
the single annual dry seasons, encompassing months having rainfall of 50 mm or less (see fig 5).

vears; a high variability in testis weights during September indicates that regres-
son begins at this time. However, despite this marked decline in testis weight,
spermatogenic and interstitial eell activities are not uniformly suppressed. All but
two of the ten animals collected in November 1968 contained sperm in the testes
ind epididymis (stage 6) and had enlarged renal sex segments. In December 1966,
five of the nine animals were still at stage 6, the other showing regression (stage
T) or some intermediate stages of reerudescence (stages 3 and 4), Similar trends
were evident in November and December of 1969.

Reerudescence in testis size was evident by early January and complete by
the end of February; all animals were at stage 6 in January and throughout the
sammer. Dissectable fat bodies were found in most individuals in all months,
hut a marked fattening occurred in November when the testes were regressing
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in weight. Fat bodies reached a maximum during January when gonadal re-
erudescence was beginning.

Collections of females were unfortunately incomplete, but available data sug-
gests a distinet seasonality in egg produetion (fig. 11 and table 8). In general, the
females show a deeline in reproductive activity in late winter (November—Janu-
ary) when rainfall tends to be relatively low. Fat bodies were not measured in all

Haiti (Port-au-Prince)-18°30'N

145 3
pee Photoperiod

o™ e

35 Mean Temperature
S max.
30

o———r"""‘.-__- ~ min

250 Rainfall

-1966
2001 £ B -1988-69

1966,1968 1969

Fig. 10. Climatological data for Port-au-Prinee, Haiti, on the island of Hispaniola.
Data presented as in figure 2

samples but it was clear that they were small in size during the summer months
and greatly enlarged (weighing about 135 mg) in late winter when reproductive
activity is minimal. At this time, fat was present in all females and the size of
fat bodies was not eorrelated with the presence of enlarged follicles or eggs. Fat
remained high through Mareh,

Data for the samples of A. cybotes collected at various loealities outside of
Port-au-Prinee in Haiti and in the Dominican Republie are summarized in tables
8 and 9. In general, these data indicate that the testis and ovarian eyeles and
associated fat body cyeles deseribed for the Port-au-Prinee populations in 1966-
1969 represent relatively regular cyeles for the species as a whole throughout the
island. However, the amplitude of these eycles may vary from year to year or
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geogTaphieally, Data for ile de la Gonave are particularly valuable for defining
the extent of testicular regression that may occur, indicating that at least half of
the PoPulation may undergo a brief period of nonreproductivity in December. A
large Series of adult males collected in 1965 showed a significantly greater redue.
tion 1IN testis weight and spermatogenic aetivity than was observed in Port-au.
prnce (the gonads in most of the 1l de la Gonave animals were partially or fully
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Fig. 11. Reproduetive and fat body data for Anolis cybotes from Port-au-Prince, Haiti. Data

presented as in figure 3. Further details regarding females appears in table 8. The females col-
leted in 1966 can be identified by the dates in which the males were collected; fat body data
were not taken from the 1966 samples.

regressed). We do not know the differences in the climate between the Port-au-
Prince and ile de la Gonave collecting localities because meteorological data for
these areas are incomplete. The females on Ile de la Gonave showed slightly more
rproduetive activity than those in Port-au-Prince (table 8).

RESULTS OF STUDIES ON GRAND CAYMAN
‘ GroarAPHY, CLIMATE, AND SPECIES

Grand Cayman is a small low island of about 80 square miles at 19° 20’ north
titude, 82° west longitude. It lies approximately 500 km northwest of Kingston,
Jamaica (fig. 1). Climatically, this island differs little from Jamaica. Photoperiod
swithin a few minutes of that on Jamaica and mean monthly temperatures differ
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TABLE 8
RePrODUCTIVE STATUS OF ADULT FEMALE ANoLIS cYBOTES CoLLECTED IN HIsPANIOLA!
. Frequency of reproductive classes (55)
Locality ('"i_f)l‘:::nt ﬂe:;:’h
¢ it I v
Port-au-Prince, Haiti. .| April, 1966 8 " 100 a
May 30, 1966 5 e 86 7
Dee. 5, 1966 8 100 ava e T
Aug. 23, 1068 12 " 22 75 3
Jan. 4, 1069 10 40 10 10 40
Mar. 1, 1969 20 10 15 40 35
May 19, 1969 21 4 23 46 2
Oct. 15, 1069 12 8 8 75 8
Jan. 5, 1070 16 38 &k 56 6
La Vega, centr. D.R...| Mar. 30, 1934 13 . 23 55 23
Cape Haitien, N Haiti.| Mar. 2, 1958 8 5 50
Tle Gonave, Haiti......| Apr. 4, 1934 6 i e 50 50
Samana Bay, NE D.R. | Apr. 6, 1034 15 20 13 60 T
Erov. El S8eibo, D.R...| Sept. 5, 1958 7 60 40
Samana, NE D.R......| Sept. 2'.., 1969 3 5 o 66 3
fle Gonave, Haiti. .. .. | Deec. 22, 1965 19 42 21 31 5

1 Digtn for Port-nu-Prinee, 1066-1970, are based on eollections made in rmlunctmn with the present study, All others
are for specimens in the collection of the Harvard Museum of Comparative

TABLE 9
Rerropverive Conpimiox oF LArRGE Apvrnr! MALE ANOLIS CYBOTES FROM VARIOUS
Locavurmies 1N HispANIoLA
(Based on Harvard Museum of Comparative Zoology collections)

G Sampl o Fat bd.
Collecting date* Site alie Wt (mg) Blaget st
Mar. 2, 1958...., La Vega, centr. D.IR. 5 41.5+3.9 6 0
Mar. 15, 1061. .. | Leogone, Haiti 0 454+ 2.8 6 0
Mar. 25, 1959. . . .| Ile Gonave, Haiti 2 42.0 6 0
Mar. 30, 1934. .. | Cape Haitien, N Haiti 10 4324 6 0
Mar. 30, 1063. .. | Prov. El Seibo, E D.R. 6 42,5+ 2.5 6 0
Apr. 0, 1034...... Samana Bay, NE D.R. 22 35.7+1.5 6 0
Apr. 12, 1934..... Tle Vache, SW Haiti 10 50.4 &+ 4.1 6 0
Apr., 1034, ......| 1le Gonave, Haiti 15 35.3+3.1 6 0
Apr., 1962. .. ....| Saltrou, S Haiti 6 63.44+4.9 6 0
Sept. 1, 1969.....| Cape Haitien, N Haiti 2 52.0 6 +
Sept. 5, 1058..... Prov. El Seibo, E D.R. 13 31.1+2.1 6 0
Sept. 22, 1060....| Samana, NE D.R. 5 27.0 2.1 6 0=+
Dec. 22, 1965. .... fle Gonave, Haiti 53 7.5+0.8 | 1-2 (40%)
34 (15%) || all ++
5-6 (33%)
7 (12%)

t Includes only snimals over 54 mm in snout-vent length (n-e table 2).
* Samples are armnged chronologically by month and

* Mean -+ stundard error.

« Bee table 1 for details,

* Fut body size was judged qualitatively: 0, oo fat bodies; 4, amall fat bodies; 44, conapicuously enlarged fat bodies.
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only sli " hei : : -
% lg)‘htly, being a little cooler. Mean maxima declined gradually from 32° to

255 © '€tween July and December and mean minima deelined from 24.5° to
. In the same period. The distribution of rainfall on Grand Cayman paral-
19!5 tha‘t, in Kingston; November through April is considered the dry season,
with rainfa) usually well under 50 mm, Rainfall varies from 150 to 300 mm in
other Mmonths, September and October being the wettest. This pattern was ob-
served in 1969; over 240 mm fell in each month between June and October with
an abl‘upt decline to 46 mm in November and 28 mm in December.
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Fig. 12. Reproductive and fat body data for Anolis conspersus from Grand Canyon. Data pre-
sented as in figure 3. The males collected December 10 were relatively small and fat body data
were not ineluded.

There is a single anoline species, A. conspersus, on Grand Cayman, This lizard
issexually dimorphic and similar in size to many of the others examined (table 2).
It is very closely related to and sometimes placed as a subspecies of A. grahami;
lowever, the two differ in karyotype (Gorman, unpublished). Notes on the ecology
of A. conspersus have been published by Schoener (1967).

ReprODUCTIVE AND FAT CYCLES OF ANOLIS CONSPERSUS
(Fig.12)

Although our collections of A. conspersus span only the fall and part of the
winter of one year (1969), these data are sufficient to demonstrate that this spe-
ties nndergoes a testis and fat body eycle at about the same time as those observed
m nearby Hispaniola and Jamaica (fig. 12). A significant decline in testis weight
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(of about 25 percent) was observed between late August and early November;

this decline actually oceurred during October. At the same time, fat body siz
doubled (data for December 10 are not comparable since this ineluded only four
small individuals). Sinee we do not have data on maximal testis WEile for this
species, we cannot assess the extent to which the testis regress. Histologically, the
testes of all individuals were at stage 6 between August and December. The
twenty-five pereent decline in weight observed was less than in A. lineatopu
and grahami (fig. 9) and cybotes (fig. 11), However, since the A. conspersus all
had relatively well developed fat bodies when the first sample was taken (August
98), it is likely that some deeline in testis weight had already occurred by this
time,

Most of the female A. conspersus were reproductive in September and Octo-
ber, although not all were ovigerous, and half of the animals were nonreprodue-
tive in early December and January. Fat bodies were essentially absent in all of
samples exeept January. Thus, these limited data indicate that egg produetion
declines in late winter after the onset of the dry season.

RESULTS OF STUDIES IN FLORIDA
GrocrarHY, CLIMATE, AND SPECIES

Southern Florida at 25° 477 north latitude, 80° west longitude, has an essen-
tially subtropical marine climate. Photoperiod changes by about 3 hours, from
10 hours, 35 minutes to 13 hours, 45 minutes. There is typically a long warm sum-
mer with abundant rainfall followed by a cool, dry winter, Rainfall in 1968 in
Miami (when our colleetions were made) was relatively high (up to 220 mm)
through October and fell abruptly to 30 mm in early November. December was
completely dry. The dry season usually eontinues through the spring. Mean mini-
mum temperatures were also relatively high up through October (ea. 22°-24°C)
and then fell to 17° € in November and to 14° C in January. Thus, seasonal tem-
perature changes were comparable to those observed in the northernmost habitat
studied, Bermuda (see below).

The anole we studied, A. sagrei, from southern Florida was probably introduced
from Cuba (Ruibal, 1964). It is larger than the Jamaican A. sagrei.

RerropuetTIvE AND FaT CYCLES OF ANOLIS SAGRET

Our own collections of A. sagrei from Florida were insufficient to deseribe
annual reproductive eyeles. However, a compilation of our data from the fall and
winter of 1968 with those obtained from museum collections spanning a period
of several decades (table 10) clearly demonstrates that this species regularly
undergoes a pronounced reduetion in reproduetive activity with a concomittant
increase in fat storage during the winter. Although testis weights may not be
comparable for different colleetions due to variations in fixation, it is clear that
testis weight has declined markedly by late October. The testes remain rels-
tively small throngh November and December and are only partially enlarged by
late January. Although late autumn samples of males were sparse, they suggest
that testis regression probably begins in September; in our sample of five adults
colleeted September 10, three had almost fully enlarged testes (21—26 mg) while
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the testes were fully regressed (2.5 and 3.5 mg) in two individuals, Histological
examination of testes indicates that spermatogenesis ceases eompletely in late
October (all were stage 1) and only partial spermatogenie recrudescence (to stage
J) was evident in December. Some individuals reach stage 6 by the end of January.
.In our 1968 samples, fat bodies were partially enlarged in September (averaging
# mg) and were twice this size when testes were fully regressed October 29.

Q{lalitfltive assessment of fat body size in museum specimens indieated similar
mid-winter fattening in other years.

TABLE 10
RerRODUCTIVE S1aTUS 0F ADULT MALE AND FEMALE ANOLIS SAGRE! IN S0UTHERN FLORIDA
Males Females
Date collected! i Number in esch reproductive class
M;;':EI? Testis wt. (mg) Spermatogenic stage
1 I It w
Jan. 31, 19502 ... ... .. 7 9.9+1.7 | 2;3;4;6(n=4) 3 v :
Feb. 19, 1955......... 4 2204 6 o . =
Mar. 5, 1957, ........ 2 20, 32 6 2 4 i
Mar. 28, 19500, ....... 6 31,026 6 e 2 3
Apr. 30, 1949 ,....... 15 36.5 + 2.2 6 1 3
June 3, 1950%.......... 11 34.9+25 6 e 1
duly 2, 19642.......... 4 259443 6 2 1
July 4, 1965%. . ........ 4 31.2 4+ 4.1 6 3 e
Aug. — —, 1982¢........ 3 345440 6 afh 3
Sept. 7, 1047°, ... .. ... . " = 2
Sept. 10, 1068*........ 3 21, 23, 26 6 2 2
. 2 2.5, 3.5 7 7
Oct. 20, 1968¢......... 11 4.4 4+0.32 ¥ 1 3
Dec. 12, 1968¢......... 12 3.8 +0.30 2-3 3 A .

1 Arranged chronologieally in order of month.
! From Los Angeles County Museum.

! From Florida Stute Museum.

‘ From this study.

Data for the few females collected (table 10) indicate that egg produetion
eeases completely in mid-winter (by late October) and may not resume again until
March. Females tend to be relatively fat during mid-winter and lean during the
remainder of the year.

Thus, both sexes of A. sagrei in Florida are nonreproductive during the rela-
tively cool dry winter when day lengths are shortest. Complete testis regression
probably also occurs at the same time on the nearby Bahamas; two 51 mm males
(from the Los Angeles County Museum) collected at Alicetown, Bahamas, on
October 26, 1969, had fully regressed gonads weighing under 1 mg. Nine speci-
mens eollected in North Bimini in April and June had enlarged testes, averaging
85 me.

In addition to our fresh collections of A. sagret from Miami, we received a few
gpecimens of A. carolinensis from that area. One adult male (58 mm) collected
September 5, 1968, had a fully regressed testis (5 mg, stage 1) with 20 mg fat
bodies. Flive relatively small adult males (52-56 mm) collected December 12,
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had very small testes (2—4 mg) in early stages of reerudescence (stages 2 and 3),
and fat hodies were greatly enlarged, averaging 90 mg. Thus, there 18 Pmbabl?'
a distinet testis eyele in this species in Miami that is not unlike that of A. sagrei.
Two females eollected October 29 were nonreproductive, but lacked fat.

RESULTS OF STUDIES ON BERMUDA
GrocraPHY, CLIMATE, AND SPECIES

Bermuda, a small island of about 21 square miles lies at 32° 20’ north latitude,
607 407 west longitude, Tt is about 600 miles due east of Cape Hatteras, North Car-
olina. Beeause of warm occan currents, it supports essentially a warm temperate

Bermuda - 32°20'N
14+ Photoperiod

301 Mean Temperature

200+ Rainfall
mm
150F
100

50r

0
JFMAMJJASONDIJFMAM
1968 1969
FFig. 13, Climatological data for Bermuda, Data presented as in figure 2,

and subtropical vegetation despite its northern latitude: climatie data for our
study period are shown in figure 13. Day length changes by 4 hours, ranging from
10 hours, 22 minutes to 14 hours, 22 minutes, Temperature shows marked seasonal
fluctuations with a range of about 9°-10° C in average monthly minima and
maxima. Rainfall does not show a distinet annual eyele with diserete wet and dry
seasons, although the late winter months (December-February) tend to have
heavy winds and rainfall. During the study period, rain exceeded 50 mm in all
months and was usually above 75 mm per month, with the number of days of rain
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Per Month varying from a low of five in June to 17 to 18 in December, January,
ﬂn(l I‘ﬁebruar-}r‘

Ill_ general, temperature and photoperiod changes represent the major aspeets
of elimatic seasonality. A warm summer with relatively high noeturnal tempera-
tures and a cool winter with both eold nights and short days can be recognized:
days are often cool enough to curtail lizard activity in the winter.

There are no native anoles on Bermuda, but three species have been suceessfully
(and intentionally) introdueed, Wingate (1965) wrote a comprehensive review
of the herpetology of Bermuda. A. grahami, the species we studied, was the first
Anolis to be established on the island: 26 males and 45 females were brought in
from Kingston, Jamaica, and released in a public garden in September 1906.
Within six wecks some were seen one mile distant from the release point. Today
they are island wide and abundant. The specimens obtained from Bermuda were
identical in size to those collected around Kingston, Jamaiea.

According to Wingate (1965), A. grahami are primarily arboreal but may be
seenn on a wide variety of perching sites, ineluding tree trunks, branches, houses,
stone walls, fenees, tall weeds, and even open ground as much as 25 feet from
eover. They remain active all year, although on windy, wet or overcast days they
take shelter. During the course of our study, Mr, Wingate (our collector) re-
ported great diffieulty in finding animals during late December and January;
this was a period of unusually wet weather.

RepropuCTIVE AND F'AT CYCLES OF ANOLIS GRAHAMI
(Fig. 14)

Reproductive activity in both sexes of A. grahami on Bermuda was highly
seasonal and a distinet nonbreeding season lasting 4 to 5 months ean be recog-
nized. Both sexes also underwent marked seasonal changes in fattening with fat
body weights being inversely related to reproductive aetivity (fiz. 14 and tables
11 and 12).

Egg production ccased completely in the cool wet winter months and was not
resumed until temperatures and day length increased in the spring. This drop
in reproductive activity occurred very abruptly, essentially within the last two
weeks of October (table 11), at the same time that a sharp inerease in fat body
size oceurred. Reerndescence of the ovary with the appearance of eggs in the
oviduet also oceurred rapidly in Mareh. Fat bodies began to shrink slightly in
February, about a month before the initiation of egg produetion (fig. 14).

The gonadal eyele in the males was relatively well synchronized with that of
the female. An abrupt regression in testis weight occurred in September. Minimal
testis weights, averaging only about 10 pereent of maximum, were attained by
November, at the same time that egg production ceased. At this time there was
almost a complete cessation of spermatogenie activity in the population (table 11).
The period of spermatogenic arrest was relatively short and some reerudescence
was evident by mid-December when day length and temperatures were minimal.
In faet, half of the fourteen males colleeted December 12 already had sperm in
the testis and epididymis (stage 6), although the sexual segment of the kidney was
still atrophic. Testes grew slowly through March, with a final growth “spurt” in
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April that coineided with the increase in temperature; this was the same time
when the females become reproductive again. Histologically, spermatogenic re.
crudescence and androgen seerction appeared eomplete by early March, in the
month before the maximum testis size was attained.

TABLE 11
Rerropuenive Status oF Apvnur FEMaLeE Axouis Grasami CoLLECTED IN BERMUDA

F q A of Tepr i ive classes (c:_]
Colleoting date Rasiple
I 1 111 v
1968
ABE, PL som e amtn s RN RN 6 .. . 100 .
My 20 il FaR e s IV 10 30 50 20
B T T T ) 11 9 a1 e
VT S S G o 4 15 P 13 67 20
AR Wsicviveins es s ws sr s sk dm spas e ks 4 aa ot 50 50
270 2. | LS P | 14 o 21 14 8
MOV L snviinainsars v s i s e e 11 45 36 18
Dec. 14........000vunn. R § 14 100
1969
) | D R W R A 6 100 2 e s
Mar 1. . ooanssavonssmonsiine sessswes 22 100 - - -
A G r R e e N e 11 9 18 64 0
TABLE 12
SeasoNaL CHANGES IN SPERMATOGENIC AcTIVITY OF Apunr MaLe
ANnoLIs GRAHAMI IN BErMUDA During 1068 axp 1069
Number in each spermatogenic stage
Colleetion date faumple

1 2 3 4 5 6 7
Apr. 200 ... 18 - B . L 2 16
May 19-Aug. 20*...... 4 . &t i s Ve 74 s
Ok 12, .. vvnnerennsas 15 . - 2 o' e 11 2
MNov: Yisvianansis 11 8 2 i ve x 1
Dec. 14.......... 14 o 1 3 2 1 7
i ot | e 5 1 1 1 2
)., {1 8 s 8
Apr. ... ol 10 10
May Y. cvoasanusans 8 8

* Includes four separate collections during this period.

The seasonal change in fat body weight of males was inversely related to the
regression of the testes. Fat weights rose preeipitously during September when
the major decline in testis weight oecurred. Fat bodies remained almost fully
enlarged until February and did not disappear until the testis had attained max-
imal size.

Reproductive cyeles in the Bermuda and Jamaiea populations of A. grahami
are compared in figure 15, The timing of testis regression and reerudescence was
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similar in both, but the Bermuda population underwent a significantly greater
regression in weight and spermatogenesis. Also, the testis attained slightly greater
weights immediately before regression in Bermuda, Reproductive eycles of the
females in the two populations differ in several respeets: (1) the Bermuda popu-
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Fig. 14. Reproductive aund fat body data for Anolis grahami from Bermuda. Data presented
as in figure 3. Additional data for females are given in table 10 and for males in table 11.

lation shows a more rapid and complete cessation of egg production and (2)
ovarian regression in the Bermuda population oeeurred at least a month earlier
than any decline in reproductive activity was evident in Jamaiea.

DISCUSSION
Existence or RepropucTivE CYCLES IN ANOLIS
Our phenological data indicate that some fluetuation in reproduetive activity
occurs in all of the populations of Anolis examined, except perhaps the giant
| speeies, A. richardi, on St. Vincent. The extent of these fluctuations varies be-
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tween sexes, between species (even when syntopie), and between different geo-
graphical populations of the same species. Before considering the details and
possible causes of these differences it is useful to review the general patterns of
reproductive activities that we observed in the anoles.

The most pronounced seasonality in reproduction involving both sexes oc-
curred in the two most northern latitude populations, 4. grahami on Bermuda and
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Fig. 15. Comparison of testis weight and female egg-laying eycles for Anolis grahami in Ber-
muda and Kingston, Jamaica. Data for females show the frequency of ovigerons (classes ITT
and IV) females in each sample.

A, sagrei in Florida. Distinet breeding seasons have also been deseribed for popu-
lations of a mative temperate anole, Anolis carolinensis, in Louisiana (Dessauer,
1955a; Fox, 1958; Hamlett, 1952; Licht, 1967a), north Florida (Carr, 1940), and
south Florida around Miami (King, 1966, and this study). Another introduced
anole around Miami, A. distichus, also exhibits a distinet breeding season (King,
1966).

Distinet breeding seasons are the rule for temperate zone lizards, although the
exact pattern of breeding activity varies. Several distinet testis eyeles can be
recognized on the basis of the timing of gonadal regression and reerudescence
(St. Girons, 1963; Mayhew, 1968; Licht et al., 1969). Figure 16 summarizes these
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Patterns of testis activity in temperate lizards and compares them with the testis
cyeles observed in the tropieal speeies of Anolis,
In general, all four northern populations of Anelis examined (A. carolinensis,

Photoperiod

Relative testicular activity

.

eSS TEBYFB B TTE550°

VINBER
emerge

1
J F M A M J
Month

Fig. 16. Schematic representation of the diverse patterns of annual testicular activities in
lizards. Patterns I to IV represent temperate-zone species (see further deseription in Licht
et al., 1969). The testis eycle of the most temperate species of Anolis (A. carolinensis) is shown
he iwpe IV. Type V summarizes the “typical” testis cycle of the Caribbean Anolis examined in
the present study.

The temperate species differ in the time when testis regress, when recrudescence commences,
and in the rate of reerudescence. I'or example, recrudescence may occur before or after hiberna-
tion (times indicated by “retreat” and “emerge”). Fine vertical lines demarcate the times when
most temperate species show a cessation of all spermatogenic activity. Data for temperate spe-
cies modified from Licht ot al. (1069, fig, 1),

A. grahami, A. sagrei, and A. distichus) tend to have longer breeding seasons
than most temperate species of lizards (fig. 16), but interspecific differences are
also evident among these four Anolis. For example, testes remain enlarged in
A. grahami in Bermuda (327 N) several months after regression is complete in
A. carolinensis at about the same latitude in the United States (see fig. 14 and
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Fox, 1958; Licht, 1967a). Also, A. carolinensis in south Florida undergoes testis
regression at least a month earlier than do the A. sagrei (table 10) and A.
distichus (King, 1966) in the same area. The testis cyeles of the three introduced
species seem to resemble the more southern species or populations more than that
of the native A. carolinensis.

Similar interspecific comparisons are evident for female Anolis. The egg laying
eyele of A. carolinensis in Louisiana (30° N) and south Florida (25° N) are
similar (Dessauer, 1955a2; King, 1966) and their breeding season is several months
shorter than that of the two introduced species in south Florida (A. sagrei and
A. distichus).

In four tropieal islands studied (Grand Cayman, Hispaniola, Jamaica, and
St. Vincent) there tends to be some seasonal fluctuation in the level of reproductive
activity in one or both sexes of each species, but in each, at least one sex usually
exhibits some reproductive activity throughout the year. Perhaps the most un-
usual finding in this regard is the pronounced cyele in testis weight that occurred
in six of the seven species examined from these tropieal islands, despite the faect
that spermatogenesis and androgen production were evident in the vast majority
of animals in all months. Furthermore, all of the species that showed such testis
weight eycles tended to undergo testis regression at about the same time of year.
This occurred in the autumn months at approximately the same time that the
more pronounced testis regression was observed in the northern populations. In
the females, egg production also fluetnated seasonally but there was more intra-
and interspecifie variability in the timing of these fluctuations.

The effects of these apparent changes in the amplitude of gonadal activity on
the reproductivity of the population are considerably more difficult to evaluate
than in the case where there is an obvious cessation of reproduetion in both sexes,
Such evaluations require consideration of the indices of reproductivity used here.

PROBLEMS IN THE INTERPRETATION OF THE REPRODUCTIVE DATA

Females—The reproduetive indices used in this study are based on the “stand-
ing erop” of gametes and such statie samples must be used eautiously in estimating
reproductive rates or “produetivity.” Hamlett (1952) estimated that female A.
carolinensis in New Orleans could lay an egg approximately every ten days
throughout the breeding season, but nothing is known about the dynamies of egg
production in the tropical anoles studied. Egg production in Anolis carolinensis is
temperature dependent (Licht, unpublished), and we have observed that eaptive
anoles (especially A. sagrei and lineatopus) may retain the eggs in the oviduet for
long periods (e.g., months). Thus, a high frequeney of ovigerous females could
result from a rapid rate of ovulation or from a temporary eessation of oviposition.

Our data suggest that if conditions were harsh enough to suppress almost fully
reproductive activity in part of the population, even the few that remained
reproductive might have a low rate of egg production. This postulate is supported
by the comparatively small size of ovarian follicles in ovigerous individuals during
periods of low reproductive activity. For example, in Jamaican A. lineatopus, in
twelve of the months when the frequency of ovigerous females was above 70 per-
cent, ovarian follicles averaged 4.7 mm in these ovigerous females. A significantly
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Smaller average of 3.7 mm (p < .002) was found in the ovigerous females of the
seven samples during the dry season when the frequeney of ovigerous females was
below 50 percent. In general, it seems a reasonable working hypothesis that gross
changes in the frequency of females with enlarging follicles and /or ovidueal eggs
do reflect true changes in reproduetivity of the population as a whole.

Although the lack of quantitative data on the dynamies of egg produetion pre-
eludes detailed interspeeifie comparisons of reproduective rates, our data suggest
some interesting differences in reproduetive “strategies” that may correlate with
the stability of the climate. In the St. Vincent species, A. trinitatis, in which all
females remain reproductive throughout the year, we never observed all females
to be ovigerous in any month and two ovidueal eggs were rare. Similarly, 4.
richardi rarely had two ovidueal eggs. In contrast, in Jamaica where egg produe-
tion is more eyelie, during the height of the reproduetive season all females were
ovigerous and half or more had two oviducal eggs at a time, The relative propor-
tions of elass IIT and IV individuals were similarly high during the breeding
seasons in other populations showing pronounced seasonal egg-laying cyeles; e.g.,
A. cybotes on Hispaniola (table 8), A. grahami on Bermuda (table 11), A.
distichus and A, carolinensis in sonthern Florida (King, 1966), and A. carolinen-
sis in Louisiana (Hamlett, 1952; Licht, unpublished). These data suggest the
possibility that interspeeific differences exist in the maximum rate of egg produe-
tion and these may be related to the nature of annual reproductive eyeles.

Males.—Accurate assessment of “reproduective activity” among males is not
possible at present. In addition to considering gamete produection, daily activities
such as eourtship, copulatory behavior, and territorial defense are probably eon-
trolled largely by steroid sceretion of the testes and are associated with an “ae-
tivated” reproductive system. It is clear that the marked decline in testis weight
refleets a deeline in the rate of spermatogenesis; i.e., fewer sperm are present in
the testis tubules, the cpididymis, and the vas deferens. The size of the aceessory
sexual structures (renal sex segment and epididymis) remains at least partially
enlarged throughout the testis eyele in the majority of the population, indicating
that testicular androgens are seereted even when testis size is diminished. Although
we know that there is copulation and territorial defense throughout the year in
the Lesser Antilles (Gorman, 1967) and Jamaiea (Rand, 1967b) we have no
quantitative information on the frequeney or intensity of such activity.

Does a relatively low rate of sperm produetion reduce male fertility seasonally?
We do not know. Redueed fertility combined with reduced frequeney of mating
ecould have important econscquences on population dynamies. Fox (1963) found
special receptacles for sperm storage in Anolis carolinensis and suggested that
sperm might remain viable for as long as five months. Such an adaptation would
afford adult females considerable independence of fluctuations in male reprodue-
ByiGy seavily. Far OycLEs IN ANOLIS

Temperate zone lizards typically show annual eyeles of fattening, with inereased
fat storage tending to oceur in autumn before hibernation. Fattening usually
oecurs when the gonads are regressing and after sexual activity has been curtailed.
The adaptive significance of these fat eyeles may vary. In males of many species the
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fat stores are presumed to be a souree of energy during “hibernation” but there is
little direet information on this. Hahn and Tinkle (1965) have demonstrated that
in females of Uta the fat is utilized as an energy source for the production of eggs
following hibernation, and Marion (1969) suggested a similar situation for female
Sceloporus undulatus.

None of the populations that we studied hibernate. All of these anoles are prob-
ably able to feed in all months of the year although there may be prolonged
periods of inaetivity with inclement weather during the winter in Bermuda and
Florida. The adaptive significance of fat storage in these tropical lizards is not
clear but the possibility must be considered that different factors may operate for
different sexes or populations.

Pronounced annual fat cyeles were found in all of the populations of Anolis
examined. With the exception of the giant A. richardi, fat bodies tend to be com-
pletely reduced in most of the population during part of the year, with a marked
inerease occurring in a relatively short period. As a rule, this inerease in the
frequeney and average size of fat bodies correlates with the deeline in reprodue-
tive aectivity already discussed. For example, where the two sexes of a single
species are out of phase reproduetively (e.g., Jamaiea), they are also out of phase
in fattening.

The mechanisms underlying seasonal changes in fat storage have mot been
elucidated. At least three alternatives exist (not mutually exelusive) to explain
inereases of fattening: (1) inereased food availability; (2) inereased appetite
(hyperphagia); (3) a change in energy partitioning, i.e., a deerease in energy
utilization for various activities could lead to a greater storage of assimilated
energy even if calorie intake remained constant or even deereased. Of eourse, dif-
ferent factors may predominate in different populations.

The question of seasonal changes in food availability is eomplex for insectivores
such as Anolis, but seasonal fluetuations in food would be expeected in most of the
habitats involved. Janzen and Schoener (1968) compared inseet faunas from three
adjacent arcas of inereasing moisture during the dry season in Costa Rica. Nu-
merous differences in the size, composition, and abundanece of insects were observed
in the regions with different amounts of moisture and it was inferred that seasonal
changes in rainfall in one area might produce similar effeets. Marshall and Hook
(1960) working on lizards in Afriea, Skuteh (1950) working with birds in Costa
Riea and Guatemala, and Snow and Snow (1964) working with birds in Trinidad
also snggested that inseet availability inereased sharply after the beginning of the
rainy season, However, it is not clear that such seasonal changes in the insecets
would be required or would account for observed fat eycles in the tropical Anolis.
In the temperate populations of Anolis (A. carolinensis and A. grahami) and other
temperate lizards, fattening oceurs in late summer or fall but no attempts have
been made to relate this to an increased abundance of inseets. It is also noteworthy
that the two sexes of a species in the tropies may fatten in different seasons, and
males of different species fattened at approximately the same time in habitats
with distinet patterns of rainfall (ef. Jamaica and Haiti).

Evidence for a seasonal change in appetite is sparse. Dessauer (1955b) and
Fox and Dessauer (1957) showed that the appetite of Anolis carolinensis varies
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seasonally, and ean be controlled by photoperiod. However, these studies indicated
-;ha.t food consumption would be highest during the warm, long days of the year.
T!“B €orresponds to a time when the anoles are actually lean (Dessauer, 1955a).
Since they normally fatten in the fall when temperatures and day length decrease,
it 8 unlikely that fattening is due to hyperphagia. With regard to both appetite
and food availability, it is noteworthy that Sexton, Bauman, and Ortleb (manu-
seriPpt) failed to find any differences between dry and wet seasons in the quantity
or type of food found in the stomachs of Anolis limifrons in Panama; this species
undergoes seasonal fat eyeles similar to those observed in the tropieal Anolis
species that we studied (Sexton et al., 1970).

Because of its large size, A, richardi probably devotes relatively less energy to
reproduction than do other smaller species (e.g., Williams, 1966). Schoener and
Gorman (1968) showed that male and female A, richardi in Grenada take dif-
ferent sized prey. Thus, the existenee of fat eyeles and sexunal differences in fatten-
ing in this species may simply reflect seasonal changes in food availability. How-
ever, in all of the other species examined, fat stores showed a strong inverse cor-
relation with apparent reproduetive aetivity, and the most likely explanation for
scasonal fattening for these species is a change of energy partitioning involving
reproduetivity. In the A. {rinitatis on St. Vineent, there was a relatively long lag
between the deeline in testis weight and fattening, but a eorrelation between fat
storage and reproductive activity is still evident; in this species, only the males
showed a distinet gonad eyele and they were also the only ones to fatten.

The best evidenee for the above hypothesis, albeit indireet, is in the study
(Gorman et al., 1970) of hybrids between A. {rinitatis and A. aeneus on Trinidad.
Colleetions made in July of 1966 and 1968 showed that the parental speecies had
relatively high testes weights, and virtually all females were reproduetive (these
were comparable to A. trinitatis on St. Vineent). Both sexes lacked dissectable
fat bodies. Spermatogenesis oceurs in hybrid males, although they are largely
serile beeause of impaired meiosis (Gorman and Atkins, 1968) and degeneration
of spermatids (Gorman et al, 1970). Androgen produetion appeared normal
(sexual accessory structures are developed, and they mate and defend territories).
The hybrid males also lacked fat bodies. The hybrid females are also largely
sterile—rfew have eggs—and in contrast to normal animals, almost all hybrid fe-
males had relatively large fat bodies. Since the parental species and hybrids all
live in the same small area, food should be equally available to all. However, only
those individuals (hybrid females) not actively engaged in reproductive aetivities
were fat.

The interpretation of the relationship between fattening and reproduetive
mergy requirements is based upon the premise that the lizard is generally unable
to obtain sufficient excess energy to fatten at times when reproduetive activity is
high. Only in the large species, A. richardi, do we find some fat present at all
times of the year, with periods of marked increases and deereases in fattening that
do not correspond to obvious changes in reproductivity. While there is some danger
of eireular reasoning, the inverse correlation between fattening and deereased
testis weight or female reproduetivity lends support to our eonelusion that our
“statie’” measurements reflect real changes in reproductivity in the two sexes,
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ExviRONMENTAL CoRRELATIONS WITH REPRODUCTIVE AND FAT CYCLES

Final analysis of the nature of the relationship between climate and annual
physiological eycles such as those observed in reproduction and fat storage must
await careful laboratory experimentation. However, valuable insights into these
problems can often be gained from examining eorrelations between natural eycles
and the loeal climate. Our objective here is to call attention to the various correla-
tions that we observed between reproduction and fattening and to review the
literature dealing with such environmental correlates for tropieal lizards,

Photoperiod, temperature, and rainfall have frequently been shown to influenee
vertebrate breeding eyeles. Many references to these factors have already been
made in the individual species accounts of reproductive and fat eyeles, and in
some cases very obvious correlations were evident. However, before examining
these correlations, it is important to recognize the interdependeney of these three
factors.

The definition of “wet” and “dry"” seasons is dependent on many aspeets of the
climate besides monthly rainfall values; e.g., the temporal distribution of rain,
wind, vapor pressure, and temperature may all contribute to the extent of en-
vironmental dessication. Unfortunately, we did not have sufficient direet experi-
ence to ascertain the full impact of rainfall eyeles on the environment in most
cases, and the errors involved in our use of monthly rainfall of 50 mm or less to
define the “dry” season is recognized.

Although the standard meteorological data indicate that the tropieal habitats
have very uniform temperatures, several additional factors must be considered in
evaluating the thermal relations of lizards. The ability of lizards to exereise con-
trol over body temperature by behavioral means is well established, and indeed,
such behavioral thermoregulation has been demonstrated in many anoles ineluding
several of the species studied here (Rand, 1967a,b; Ruibal, 1961; Schoener and
Gorman, 1968; Heatwole et al., 1969; Licht, 1968, 1969a). While active during the
day, these lizards will probably maintain body temperatures near 28° to 34° C,
and body temperatures will cool to near ambient levels at night, Since lizards
depend largely on insolation to warm to preferred levels, the duration of daily
heating will depend on the photoperiod. Likewise, thermoregulation may be cur-
tailed during periods of heavy rainfall, or when cloud cover is dense. Thus, in the
Caribbean, some reduection in average daily body temperature would be expected
in the “winter” months since these tend to be wettest. With regard to mean
monthly minimal temperatures (which best reflect the level of nocturnal cooling),
the possibility must be considered that the rate of cooling after sunset may vary
even though average minima are constant. In any ease, nocturnal cooling will be
most extensive during the winter when nights are longest. Thus, it is difficult to
separate fully the effeets of photoperiod and rainfall from temperature.

Rainfall—Strong correlations were evident between the dry season and reduced
reproductive activity of females of the three species of Anolis on Jamaiea, and
similar trends were evident in A. trinitatis on St. Vineent, A. cybotes on Haiti, and
A. conspersus on Grand Cayman. Rand’s (1967b) observations of seasonal varia-
tion in the appearance of young A. lineatopus around Kingston, Jamaiea, support
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the conelusion of seasonality in egg production in this population. Differenceg
among these species may be due partly to differences in the severity of local eondj.
tfﬂﬂs and in inherent interspecific differences in responses to a given set of condj.
tI?IlS. For example, the relatively minor deeline in reproductive activity on 8¢
Vineent is consistent with the relatively brief dry season in that habitat. However,
eomparison of the differential response of the two syntopie species in Jamaieg
(A. Lineatopus and A. grahami) suggest that A. lineatopus is more susceptible o
the. effects of the dry season. The fact that the timing of reduced reproduetive
activity in these species varies from year to year depending on yearly variationg
in rainfall patterns suggests that these tropical species are potentially eapable of
continuous or eonstant reproductivity, and that they are responding somewhat
“opportunistically” to local elimatic conditions.

Recent studies on several other tropieal anoline lizards suggest that the de.
pendence of ege production on rainfall is a widespread phenomenon in this group,
Demographic studies on A. limifrons in Panama showed a seasonal variation in
recruitment of young that appeared correlated with rainfall (Sexton et al., 1963,
Heatwole and Sexton, 1966), and more detailed phenological data on reproduetive
activity have lent further support to this hypothesis (Sexton et al., in prepara-
tion) . Similar reductions in egg laying during dry seasons also oceurred in two
other species (A. auratus and A. tropidogaster) in the area. In contrast, Campbell
(personal eommunication) found no obvious seasonal variation in the reeruitment
of young in two species of anole (A, lionotus and A. poecilopus) in central
Panama; but these two occupy stream-side habitats where the effects of seasonal
dry periods would probably be ameliorated.

Data for A. pulchellus in Puerto Rico (Heatwole, personal eommunieation)
show that the frequency of ovigerous females and the mean size of ovarian
follicles are lowest during the dry season, in January. On St. Croix, a relatively dry
area in the Virgin TIslands, the frequeney of ovigerous females reaches a peak in
the wettest months (Ruibal, personal communication). In all of these cases, where
data are sufficient, vear to year variations in the timing of reproduetive changes
are evident, and these are correlated with variations in the onset of the dry and
wet seasons as wo observed in Jamaiea. A. nebulosus on the west coast of Mexico
(about 21°N) shows a cessation of male territorial behavior and aggressiveness
between October and December, with a return in sueh behavior starting in Jan-
wary, and females also appear nonreproductive between September and May
(Jenssen, 1970). Jenssen stressed that the breeding season coincides with the
rainy season, but it should also be pointed out that the cessation of breeding also
coineides with the deeline in photoperiod and the winter months are relatively
cold.

Fiteh (1970) has compiled scattered data for several other anoles not men-
tioned above. In most cases, data are insufficient to construet breeding seasons
but in at least two, A. humilis and A. tropidolepis in Costa Riea, egg laying
seems to oceur in all months (testis activity was not examined). Climatic eondi-
tions were not given for these species,

Seasonal changes in rainfall have also been implieated in the seasonality of
reproductive activities in several other groups of lizards in both the Old and New
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World Tropies. Perhaps the best documented case is that of Agama agama on the
equator in ecast Africa (Marshall and Hook, 1960). The males did not show a
distinet seasonality in reproduction (although testis weights and fat bodies were
not measured quantitatively), but the females were reproductive only after heavy
rains. Analysis of stomach eontents suggested that insect food inereased markedly
at this time, and it was suggested that egg production depended on this protein-
rich diet, A similar phenomenon was observed in populations of this species in
Ghana at ca. 5° N, except that there was also some suggestion of a testis eyele here
(Chapman and Chapman, 1964). In Liberia (7° 05’ N), this Agama breeds in all
months but egg produetion and testis weights peak in the late dry and early
wet season (Daniel, 1960). A similar correlation of peak breeding activity with
the wet season was observed in Agama cyanogaster and also a skink, Mabuya
striata, in Tanganyika at 8° 8 (Robertson, Chapman, and Chapman, 1965). Pre.
liminary evidence for a variety of other species in Tanganyika suggested a similar
relation between egg produetion and rainfall (Robertson, Chapman, and Chap-
man, 1962). Wilhoft (1963, 1965) suggested that varying rainfall might account
for seasonal variations in egg produetion in the skinks Leiolopisma rhomboeidalis
and L. fuscum in Australia at 17° 30’ S, although photoperiod eould not be ruled
out. In the Neotropies, Iguana iguana appear seasonal but lay their eggs primarily
during the dry season (Rand, 1968). Mayhew (1966) found a correlation between
rainfall and reproduetive activity in both sexes of the lizard Uma notata in the
deserts of southern California.

In contrast to the above studies, egg laying tends to be relatively constant in
tropical and equatorial populations where rainfall is constant. Inger and Green-
berg (1966) concluded that at least four species (ineluding two geckos and two
agamids) had relatively constant egg produetion in Borneo (1° 37’ N) and sug-
gested that the same lack of a breeding season probably characterized six other
speeies in the area. In Java, where there is some seasonality in rainfall but where
a distinet dry season was lacking, Chureh (1962) found little seasonality in repro-
duetive activities of three species of gekkonids (representing three genera).

The physiologieal bases for the observed relationships between reproduetion and
rainfall are obseure. It is not known whether the reduetion or cessation of egg
production in the dry season results from a direet physiologieal stress on the fe-
male or whether saurian reproduetion is adaptively timed to avoid produecing eges
in a season that might be suboptimal for the survival of eggs or young. In Agama
agama (Marshall and Hook, 1960) and Uma notata (Mayhew, 1966), the effects of
rainfall on reproduection appeared related to changes in food supply, especially
insect abundanee, While such an effeet cannot be ruled out for the Anolis, it seems
unlikely, The invariable fattening that occurred in Anolis during the dry season
(when egg produetion was minimal) suggests that the food supply was not
severely depressed at this time, and there is no evidence for a shift toward
herbivory as in Agama agama that would account for this fattening.

Sexton et al. (1970) also found that the fat reserves of female A. limifrons in
Panama were highest during the dry season when egg produetion was relatively
low. As mentioned earlier, Sexton, Bauman, and Ortleb (manuseript) found no
seasonality in stomach contents indieating that the same general type and quantity
of prey were taken in wet and dry seasons.

——— s
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The relatively rapid decline in the proportion of reproductive femaleg

cul'red'among the Jamaican anoles at the beginning of the dry seasop t{hl:fm'
apl?l:eclable environmental drying was likely to have occurred) raiseg the .
sibility that the females might be able to “anticipate” or at least “ ., Do
advent of the dry season, On the other hand, the magnitude of the declipg ; the
pl‘qduction (including enlargement of follicles and ovulation) appears t, ;::u
sociated with the severity and duration of the dry season; in Jamaica, egg Prod“
tion ceased only at the end of an usually prolonged dry season. These Obsel'vaﬁ::;
suggest that the dry conditions may be acting as a direet physiologieg]
on the female independent of whether conditions are suitable for the

hatehlings. e2gs or

Reproduetive activity in the males of the tropical species clearly does not show
the same dependence on rainfall that is evident in their females, and rainfal] is
not elearly implicated in the reproduetive eyeles of either sex in the northern Jatj.
tudes. Even though there is some overlap between reduced testis activity and the
d}‘Y season in the Caribbean (e.g., fig. 9), it seems unlikely that seasonal vapis.
tions in rainfall can account for testis eyeles. The timing of testis regression ang
recrudescence are relatively regular and do not correlate with year to year varia.
tions in the onset of the dry season. The regression in testis weight in the three
Jamaican species (fiz. 9), A. trinitatis on St. Vincent, A. conspersus on Grand
Cayman, and A. cybotes in Hispaniola, coincides with the middle of the wet geq.
son. The same timing for testis regression is observed in A. grahami on Bermuda
and A. carolinensis in New Orleans (Licht, 1967a) and Miami (King, 1966) even
though rainfall patterns are very different from the Caribbean Islands. Studies of
several anoline lizards from Panama at about 9° N latitude showed a similar
decline in testis weight and activity in mid-winter but the exact timing of regres.
sion was not determined (Sexton et al., in preparation).

In Bermuda, egg produetion in A. grahami tended to cease during the wettest
time of year. The same phenomenon is observed for A. carolinensis in Louisiana
(Dessauer, 1955a). Thus, the adverse dry season effect evident in the Caribbean
is absent in these. Although the relationship between rainfall and egg production
is especially difficult to evaluate for species in intermediate latitudes, such as
southern Florida, there is no clear dry season effeet. Both A. earolinensis and A.
distichus in the Miami avea are completely nonreproductive during the early part
of the dry season (starting in November); however, both species tend to become
reproductive again by February or Mareh, in the middle of the dry season (King,
1966). Thus, the nonreproductive season also coincides with the period when day
lengths are shortest and average temperatures are relatively low. Our limited data
for A. sagrei around Miami (table 10) suggest a similar phenomenon, Further-
more, the A. carolinensis in Miami (King, 1966) probably cease egg production
in September, several months before the onset of the dry cool season.

Photoperiod—The general timing of the testis cycle, the repeatability from
year to year, and the relatively uniform timing of testis regression among
various speeies suggest that photoperiod (or some closely associated factor)‘ may
be important for regulating male reproductive activity, Specifically, the timing
of testicular regression suggests that short or decreasing day lengths may be im-

- —
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portant. However, there is little evidence to indicate that increasing day lengths
are important for subsequent testicular recrudescence, It is also possible that
photoperiod may be an important proximate factor for the regulation of female
reproductivity in the northern populations; notably, A. grehami in Bermuda
and A. carolinensis in the southern United States.

There is considerable experimental evidence for photoperiodism in at least the
males of one anole, A. carolinensis (Fox and Dessauer, 1958; Licht, 1966, 1967a,b,
1969a,b). These experiments have demonstrated that short day lengths (below
13 hours) can induce testicular regression in at least some seasons, and it seems
likely that such photoperiodism is responsible for the natural regression of the
testis in this speeies (Lieht, 1970 and unpublished data). Further, it is also well
established that testicular recrudescence in late winter and spring are essentially
independent of day length; and, in fact, A. carolinensis is not photosensitive at
this time (Licht, 1967a,b, 1970). Preliminary experiments (unpublished) with
several of the Caribbean Anolis (A. grahami, A. lineatopus, A. sagrei, A. cybotes,
and A. trinitatis) have revealed conspicuous interspecific variations in photo-
periodie responsiveness,

Details of the field data suggest that there are interspecific differences among
the factors that eause testieular regression, even though testis eyeles among vari-
ous species may appear relatively synchronized. For example, in both years of
study, the A. grahami in Jamaica underwent testis regression about a month
earlier than the sympatrie 4, lineatopus and A. sagrei. Experimental studies with
A. carolinensis from Louisiana demonstrated that complete testis regression (with
eessation of spermatogenesis) ean be indueed within 4 to 6 weeks after June by
day lengths of about 13 hours or less over a wide range of temperatures (Licht,
1967a,b, 1969b and unpublished data). Thus, this species would be expeeted to
show complete testicular regression by mid-September at any latitude between
St. Vineent and Bermuda; this is about two months earlier than maximal testis
regression oceurs in the species living in these areas. Thus, if the five species of
Anolis studied here are photosensitive, they must differ in the threshold for re-
gression (eritieal day length) and also in the amplitude of the response, since
testes do not regress eompletely in most of the southern species.

The difference in extent of spermatogenic regression between A. eybotes on
Hispaniola and the four species studied at about the same latitude on Jamaiea
and Grand Cayman may also refleet interspecific differences in photosensitivity.
It is difficult to account for the more complete regression on Hispaniola by either
temperature or photoperiod since the islands are very similar in these respeets
during December (e.f. figs. 5 and 10),

The relative importance of photoperiodie influences on the reproduetivity of
the female anoles is more difficult to evaluate because of a sparsity of experimental
data. Preliminary experiments (Licht, unpublished) suggest that long day lengths
may accelerate but are not required for recrudescence of the gonads in female
A. carolinensis in the spring; information on autumnal regression is lacking. The
reduction in egg laying in the Caribbean species occurs during the season of de-
clining or minimal photoperiod. While a photoperiodic effect cannot be ruled out,
the strong correlation with rainfall already discussed suggests that photoperiod
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is not an important proximate factor in these females. Since the cessation of egg
Iayl.ng in the Bermuda A. grahami coincides with decreasing day lengths with no
obvious correlation to rainfall, there is a greater possibility of thpeﬁodie
effects in this population. However, there is no evidence for photoperiodism in the
“parental” population of female 4. grahami on Jamaica where the day length i
reduced to 11 hours, 3 minutes during December, In Bermuda, egg Productioy
ceases completely in mid-October when day lengths are about 11 hours, 18 minygeg
and does not commence again until April when day lengths are above 125 hours,
Hence, on the basis of this rather simplistic consideration of photoperiod, it seemg
unlikely that egg laying in Bermuda is eontrolled by photoperiod alone (thig qis
cussion does not take into account the possibility that the “effective” day lengt},
to which the lizards are exposed differs from this standard value, or that the
Bermuda population may have evolved increased photosensitivity in the approxi.
mately sixty years it has been on the island).

Baker (1947) concluded that photoperiod, and particularly deereasing day
lengths, had important effects on reproduction of both sexes in the lizardg he
studied in the New Ilebrides at 15° S, and Charnier (1965) made a similar sug.
gestion for the male Agama agema in Dakar at 15° north latitude. In the lattey
study, pronouneed temperature fluctuations with a prolonged, eold dry winter
prohibit the elimination of temperature and rainfall as possible factors underlying
testis regression. In Liberia (7° 05' N) testes in Agama agama were minimal in
size in the winter months, Although Daniel (1960) suggested that this was related
to rainfall, the possibility of a photoperiodic effeet could not be ruled out, It is
also noteworthy in this regard that there is considerable controversy concerning
the importance of duy length as a proximate cue for the regulation of avian breed.
ing eyeles in the tropies (Snow and Snow, 1964; Lofts and Murton, 1968).

Temperature—There is a wealth of data regarding the effects of temperature
on the reproduetive physiology of reptiles. In evaluating the correlation between
reproduective eyeles and temperature, the possibility must be considered that tem-
perature changes are being used as proximate cues for timing reproduection or that
these thermal changes are acting as a direet stress on the individual, perhaps
direetly on the reproductive tissues (Cowles and Burleson, 1945; Licht, 1965;
Licht and Basu, 1967).

Marked effects on reproductive activities in male Anolis (espeecially with regard
to photoperiod responses) have been demonstrated to oceur with a change of only
a few hours in the daily heating pattern (Licht, 1969b). Consequently, even rela-
tively small scasonal changes in temperature must be taken into account in at-
tempts to explain scasonal changes in reproduetivity. In particular, it is pos-
sible that thermal effects may act directly on the reproduetive processes of the
individual or, as suggested by experiments with A. carolinensis, thermal conditions
may be extremely important for the lizard’s response to other fﬁctOI‘S, ESPEEiﬂﬂy
photoperiod. .

It seems likely that temperature effects may underly the difference in testis
regression observed between the Jamaican and Bermuda populations of 4. gre-
hami (fig. 15) and possibly the Jamaican and Florida populations of 4. sagret
The econsiderably lower temperatures that oceur during the winter in the north
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might be responsible for the more complete suppression of spermatogenesis and
androgen production that oceurs there.

In the case of the female there is good evidence that egg production in some
northern habitats is direetly suppressed by low temperatures sinee there is no
evidence of photoperiodism in the females of this species in Jamaica. Such tem-
perature effects for A. grahami are indieated by the correlation between the egg-
laying season and falling and rising temperatures. A similar phenomenon is sug-
gested for the A. carolinensis and A. distichus in southern Florida (King, 1966)
and for A. carolinensis in Louisiana (Dessauer, 1955a).

ConcLusions REGARDING THE ENVIRONMENTAL INFLUENCES ON REPRODUCTION

The data obtained for the various populations of Anolis studied here suggest
that several different factors must be considered in determining the mechanisms
regulating reproductive eyeles: (1) The reproductive biology of the two sexes
of a single species may be responsive to different climatic factors. This seems most
striking in the southern latitudes where reproductivity of females correlates pri-
marily with rainfall whereas in males the correlation is with either photoperiod
or temperature. (2) Different elimatic factors may be the major proximate mecha-
nisms for regulating reproduction in different habitats. These loeal differences
apply to interspeeifie and intraspecific populations. For example, rainfall is prob-
ably very important in the tropieal areas and temperature is important in the
more northern areas. (3) In addition to local elimatie differences, interspecific
variations in reproductive patterns may be due partly to inherent speecies dif-
ferenees in the responsiveness or sensitivity to rainfall, temperature, and photo-
periodie changes, but such variations do not ecorrelate with taxonomie groupings.



SUMMARY

A comparative study of annual reproductive and fat cycles was undertaken in
seven species of lizards of the large tropical genus Anolis. Samples of each species
(from nine localitics) were made monthly over a period of one to two years,
Studies were centered in the Caribbean on islands where most of the species ex.
amined were endemic. These included: A. richardi griseus and A. trinitatis on
St. Vincent; A, sagrei, A. lineatopus, and A. grahami on Jamaica; A. cybotes on
Hispaniola; and A. conspersus on Grand Cayman, Introduced populations of 4,
sagrei in southern Florida and A. grahami on Bermuda were also examined. These
loealities range from about 13° to 32° north latitudes, and encompass a diversity
of elimates. Attempts were made to correlate seasonal variations in reproductivity
and fattening with elimatic changes, with special reference to photoperiod, tem.
perature, and rainfall.

In general, reproductive activity was most constant in the two species in the
southernmost habitat, St. Vincent, where the climate was most moderate and
stable. In all of the other Caribbean populations, both sexes showed some seasonal
fluctuations in reproductivity, but some reproductive aectivity was evident in
almost all months. The males (ineluding A. trinitatis on St. Vineent) underwent
a distinet annual eyele in testis weight suggesting a reduetion in the rate of sperm
formation, although spermatogenesis and androgen produetion rarely eeased com-
pletely. The females showed a marked seasonal reduction in the rate of egg pro-
duction in all habitats, except St. Vineent. The two introduced species in the north
(in Florida and Bermuda) showed the most pronounced reproductive eyeles with
a complete cessation of spermatogenesis and egg production for several months in
mid-winter, However, the reproductive seasons of these two species were longer
than most temperate-zone lizards and longer than the native temperate anole, A,
carolinensis. Reproductive eyeles of the two sexes of each species are not
synchronized.

There was a pranounced inverse correlation between fat storage and apparent
reproductive activity. Both sexes showed a conspicuous inerease in the size of
abdominal fat bodies when gonadal aetivity was reduced. Some seasonal fattening
was evident in both sexes of all species examined. It is suggested that inereased
fattening reflects the decreased expenditure of energy for reproduction (eg.,
gamete formation, development of associated reproduective structures and socio-
sexual behavior) rather than being due to seasonal ehanges in appetite or food
availability, The “ciant” A, richardi may represent an exceptional case,

The timing of testis eyeles was generally similar in all speeies, from south to
north, with minimal weights oceurring in “winter” months (usually between Oc-
tober and January). Within each species the timing of eyeles was regular from
vear to year, but significant interspecifie differences (of a month or more) were
evident in the preeise timing of testis regression, suggesting inherent differences
in the physiological responsiveness to environmental factors among the species.
The testis eycle does not appear to be eontrolled by rainfall (i.e., wet and dry
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seasons). Testis activity may be controlled by photoperiod, temperature or some
interaction between the two; the more pronounced regression observed in the north
may be related to the much colder winters.

There is a strong correlation between female reproductivity (e.g., egg produe-
tion) and rainfall in the Caribbean, Egg production tends to deecline with the
advent of the dry season and increases abruptly with the beginning of the rainy
season, The extent of the decline in egg produection correlates with the severity
(e.g., duration) of the dry season. These correlations were particularly striking
in Jamaiean speecies. Egg produetion in the northernmost population (A. grahami
on Bermuda) appears independent of rainfall and may be dependent on tempera-
ture, Most of the females are probably potentially eontinuous breeders with sea-
sonal eyeles resulting from local elimatic stresses.

A review of the literature on reproductive activity among tropical lizards sug-
gests that the dependence of females on rainfall may be widespread. Information
on the eyelical activity of males detailed in this investigation has not been pre-
sented previously,
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