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GENERAL INTRODUCTION



GENERAL INTRODUCTICN

Reproductive cycles have been studied, in the wild for many
lizards, covering the temperate, sub-tropical and tropical zones. However,
there are few reports of long term laboratory studies under standardized
conditions of light and temperature. In addition, reports concerning the
effects of environmental factors and their relative importance in repro-
duction are contradictory.

In Chalcides ocellatus males, the reproductive cycle has been

studied by Badir and colleagues (Badir, 1955 & 1958; Badir & Hussein,
196l4) who claimed that optimal conditions of light and temperature could
cause a complete shift from a cyclic to a "continuous" pattern of repro-
ductive a.ctiv::i.ty, though their claims do not appear to be justified.

This thesls presents findings on the reproductive features of
male Chalcides under standardized conditions of light and temperature, scme

effects of daylength and temperature on reproduction, variations in plasma
and testicular androgen levels under a variety of photothermal conditions
and a histochemical study of a steroidogenic enzyme in the testis of this

lizaxd, all in an attempt to elucidate the pattern and controls of repro=-
ductive activity.
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LITERATURE REVIEW

General

The living reptiles of the world numbexr over 6000 species
scattered over the earth. Miller (1959) remarked that repro'duction
had been studied in less than 1% of the living reptiles. This pexr-
centage increased little to Marion's thesis (1970b). However, in the
past decade many studies have been conducted on reptilian reproduction
and good, detailed information is now available for many species, and

some generalizations can be made,

The four Orders in class Reptilia are: Chelonia (Testudinata),
comprising about 230 species of turtles and tortoises; Crocodilia,
comprising about 23 species of crocodiles and alligators; BRhyncho-

cephalia, represented by a single living member, the tuatara Sphenodon
from New Zealand; and Squamata, including the vast majority of living
reptilian species (about 5840 species).

The three Suborders of the Order Squamata are: Sauria
(Lacertilia), including nearly 3000 species of lizards; Amphisbaenia,
with 140 species of worm lizard; and Serpentes (Ophidia.), with about
2700 species of snakes (Carr, 1963; Bellairs, 1970; Goin, Goin and
Zug, 1978; Webdb, Wallwork and Elgood, 1978).

As the squamates are the most numerous living reptiles, it is
not surprising that most studies on reproduction are on this Order, but
perhaps a little surprising that so much more has been done on lizards
than snakes. In fact, physiological studies on reptilian reproductive

cycles have been confined almost exclusively to lizards (Licht, 1972).



Lizard classification

Lizard classification has been fairly stable since 1923. Im
that year Charles L. Camp published his thesis, "Clagsification of the
Lizards". There have been, of course, subsequent modifications of
Camp's classification, but its basic framework stands (Goin et al.,
1978).

Camp (1923) recognized two major groups of lizards; Ascalabota
(including geckos, iguanids, agamids, xantusiids, and chameleons), and
Autarchoglossa (including the rest of lizard families)., His classifi-
cation was based on the structure of the tongue and :E:eeding habits, but
in?luded 35 other characters. Detailed studies on lizard (and reptile)
classification are contained in some excellent recent reviews by Goin

et al. (1978); Webb et al. (1978) and Wever (1978).



I. The Reproductive System

1. The male gOUE-dS=-

The right testis, in lizards, is generally situated anferior
to the left (Fox, 1977). However, testes are almost symmetrically
disposed in Agema tuberculata (Duda, 1972), while the left is anterior
in Bumeces obsoletus and Crotaphytus collaris (Brooks, 1906 - quoted
by Fox, 1977).

Generally, the testes of reptiles are similar to those of
birds and mammals (Miller, 1959). Among lizards, Hemidactylus
flaviviridis is typical in having abdominal testes surrounded by a
tunica albuginea of connective tissue, and attached dorsally to the
body wall by a fold of peritoneum, the mesorchium. The convoluted
seminiferous tubules are interspersed with interstitial (leydig) cells,
blood vessels and lymphatics (Dutta, 194l - quoted by Fox, 1977).

Testes are particularly elongate in snakes and snake-like

lizards (Fox, 1977), however, several lizards including Phrynosoma

solare (Blount, 1929), lacerta agilis (Reganmey, 1935), Eumeces fasciatus

(Reynold, 1943) and Xantusia vigilis (Miller, 1948) have ovoid testes.

2e Interstitial (leydig) cells:-

The interstitial cells were first described by lLeydig (1857).

These cells are known to be present between the seminiferous tubules of
most mature reptiles. However, interstitial cells were not recognized

in the lizard Mabuya multifasciatus (Herberrer, 1930 - quoted by Fox,

1977), nor at any stage of the spermatogenic cycle of Uma notata,




U. inornata, and U. scoparia (Mayhew & Wright, 1970). They are rare
and few in Xantusia vigilis (Miller, 1948), Anolis carolinensis (Fox,
1958), Sceloporus occidentalis (Wilhoft & Quay, 1961) and in Acantho-
dactylus erythrurus (Bons, 1969).

In general, the size, number and appearance of interstitial

cells varies during the reptilian reproductive cycle, and this may
partly explain why they are sometimes not identified. Their shape is
polyhedral, elongated or oval; with rounded nuclei and vacuolated or

alveolar cytoplasm which may include granules, crystalloids and fat
globules (Fox, 1977). |

In several species of lizards, relationships exist between
activity in the seminiferous tubule and the number, size, secretory
activity and/or the mean nuclear diameter of the interstitial cells.

For example, in osoma golare Intexrstitial cell volume is greatest

at the height of the breeding season, but minimum at the conclusion of
the breeding season (Blount, 1929). The cells are numerous, in Hemi-
dactylus flaviviridis, when testes are at rest and the tubules are
quies.cent, and apparently fewest when testicular tubules are most
active (Dutta, 19L4). Likewise, interstitial cells are present in
compact masses in spermatogenically inactive testes, but apparently axe

fewer at the height of breeding activity in both Varanus bengalensis

and Mabuya macularia (Upadhay & Guraya, 1972). However, it must be

said that none of the above studies made a proper quantitative study

in which the actual number of interstitial cells was counted (or assessed/
calculated). In fact, the above studies were describing interstitial
cell numbers in a given cross section. TUnless quantitative studies are

made, the variability in interstitial cells during the breeding season



remains of obscure significance.

The interstitial cells are active and secretory in spermate-
genically active testes, but inactive and non-secretory during testicular
quiescence in several lizards, including Sceloporus occidentalis (Wilhoft

& Quay, 1961), leiolopisma fuscum (Wilhoft & Reiter, 1965) and Hemi-

dactylus flaviviridis (Sanyal & Prasad, 1967). In Uta stansburiana,

parallelism exists between the cyclic activity of lLeydig cells and the

seasonal cycle of both seminiferous and epididymal epithelia (Hahn, 196L).

In contrast, the size, nuclear diameter and the secretory
activity of interstitial cells of leiolopisma rhomboidalis (Wilhoft,

1963b) and Hemidacglué flaviviridis (Kitada & Asana, 1951) do not vary
through the year. This is expected, since both lizards exhibit con-
tinuous activity throughout the year, without apparent variations in
spermatogenic activity. Similarly, nuclear diameter and/or secretory
activity of interstitial cells in Xantusia vigilis (Miller, 1948) and of
Dipsosaurus dorsalis (Mayhew, 1971) are not variable during cycles of
reproduction. However, the lack of interstitial cell activity in both
lizards seems rather odd, since both lizards have typical seasonal

spermatogenic cycles.

Fox (1958) reported that Anolis carolinensis exhibits a cleax
cycle in interstitial cell activity which is independent of the spermato-
genic cycle, but shows a chronological relationship with secondary sex
characters. This can hardly be accepted without qualification since
spermatogenic and interstitial cell activities are obviously interxrelated.

A unique layer of sub-tunica albugineal cells (homologous to

the mammalian tunica vasculosa) has been described in 17 species of

Cnemidophorus and in Ameiva undulata (lowe & Goldberg, 1966). This layer



of cells is in continuity with typical intertubular leydig cells and it
was postulated that its cells are identical to those of the intertubulaxr

tissue (Iowe & Goldberg, 1966). The sub-tunica layer of Leydig cells
does not undergo variations in number (whereas the intertubular cells
do), but it does show a seasonal cycle in secretory activity as judged
by the deposition and depletion of secretory granules during the breeding
cycles (Lower & Goldberg, 1966).

In 1903, Bouin & Ancel (quoted by Fox, 1977) suggested that
Leydig cells served as the source of male sex hormones.' Their claim
has been substantiated by many investigators in reptiles (e.g. Fox, 1952;
Miller, 1959; Ramaswami & Jacob, 1963, 1965; Chester-Jones, Bellamy,
Chan, Follett, Henderson, Phillips & Snart, 1972; lofts, 1972; lLofts &
Berm, 1972; Ozon, 1972; Chan & Ca.llar@., 1974; Licht & Tsui, 1975;

Tsui, 1976; Licht & Midgley, 1977; Arslan, Iobo, Zaidi, Jalali & Qazi,
1978). In 21l of these studies it was concluded that interstitial cells
are the source of the male steroid hormones in squamate reptiles.

An inverse relationship has been reported between the cholesterol
content of leydig cells and the active breeding periods of squamates. For
instance, the testes of Uromastyx hardwicki show maximm levels of
cholesterol when they are regressed and minimal levels when in full
spermatogenic activity (Arslan & Jalali, 1973). In the snake Naja naja,
accumulation of cholesterol-positive lipids in the interstitial cells
during the spring is succeeded by a depletion simultaneous with the maximum

production of androgens and the development of secondaxry sex characters

(Lofts, Phillips & Tam, 1966:; see also Lofts, 1968; Ilofts & Bexn, 1972).
Accordingly it can be said that the depletion of cholesterol-positive

lipids during the breeding season is due presumably to the production of



androgens. It is generally agreed that cholesterol is the principal

precursor of steroid hormones (Ozon, 1972).

Electron microscopic studies added strong support to earlier
studies which suggested that interstitial cells are the source of steroid
hormones. The structure of leydig cells of lacerta vivipara and Anguis
fragilis reveals characteristics of cells which elaborate steroids
(Dufaure, 1968, 1970 - quoted by Fox, 1977). The cytoplasm includes
extensive smooth endoplasmic reticulum; numerous free ribosomes and
polyribosomes abound, and mitochondria are plentiful in a density rela.'ted
to the sex c}cle. During the spring, the interstitial cells of lacerta
vivipara show a well developed system of vesicles and vacuoles of a smooth
endoplasmic reticulum and of the Golgi complex, which are possibly re-
lated to androgenic production. Vacuoles are less prominent in summer,
after breeding, when the smooth endoplasmic reticulum comprises a network
of tubules often associated with lipids (Dufaure, 1968, 1970 - quoted by
Fox, 1977).

Recent in vitro studies have left no doubt that interstitial

cells secrete steroid hormones. In these studies interstitizl cells

were separated from other tubular components and their capacity for
androgen production estimated (Licht & Tsui, 1975; Tsui, 1976). It was
found that leydig cells are the major sites for androgen production and
that the seminiferous tubules account for only a small percentage (Tsui,
1976; Licht, 1979).

Steroid hormones, particularly testosterone, are known to affect
spermatogenesis and to control the activities of accessory sex organs
(epididymis and the sexual segment of the kidney). The effects of testo-

sterone on these organs are discussed elsewhers (see page 31




3. Accessory sex organs:-

The epididymis and the sexual segment of the kidney, form the
main accessory sex organs. Seasonal changes in the diameter, the epitheliza
height, and the secretory activity of the epididymis have been described
in several species of lizards. In BEumeces fasciatus, the epididymis
exhibited a seasonal cycle in which it was active and secretory from
February (time of first sperm produced), reaching a peak of activity in
April and then declining to base levels in August. The epididymis remains
inactive and regressed till the new breeding cycle (Reynolds, 19L43).
Similar waxing and waning in the activity of the epididymis has been re-
ported for lLacerta muralis (He;:'lan'l:, 1933); L. agilis (Regamey, 1939);

Anolis carolinensis (Fox, 1958); Urosaurus ornatus and Uta stansburiana

from southern Arizona (Asplund & lowe, 196l); Uta stansburiana from

Texas (Hahn, 196L4); Hemidactylus flaviviridis (Sanyal & Prasad, 1965,

1967); Sceloporus undulatus (Marion, 1970b); Dipsosaurus dorsalis
(Mayhew, 1971), and Urosaurus graciosus (Vitt & Ohmart, 1975). In many
of these reports, seasonal variations in the epididymis were parallel to
those occurring in the seminiferous tubules.

In contrast, the epididymis of the tropical lizard leiolopisma
rhomboidalis showed no seasonal cycle in either the zmount of epithelial

develorment or the secretory activity (Wilhoft, 1963b). In a closely

related species, leiolopisma fuscum, the epididymis seems to change l1little

seasonally (Wilhoft & Reiter, 1965).
The sex segment of the kidney was first described by Gampert
(1866 - quoted by Fox, 1977) in Natrix. Regaud & Policard (1903a) first

termed this region the "sex segment". The sex segment was found to occuxr
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only in the kidneys of male snakes and lizards, while it is absent in all
other reptilian groups (see review by Fox, 1977). During sexuwal quies-
cence of the gonads, the sex segment is involuted and camnot be distinguished
from the adjacent tubular regions (Cordier, 1928; Herlant, 1933; Badir,
19568; Saint-Girons, 1963, 1967 - quoted by Fox, 1977). However, at the
height of the breeding season the sex segment hypertrophies and its
columar cells contain obvious secretory granules. The colour, size,
shape and chemical composition of the granules have been described by many
authors (see Regaud & Policard, 1903a,b; Courrier, 1929; Volsde, 19LL; |
Fox, 1952; Forbes, 1961; Deb & Sarker, 1963; Burtner, Floyd & langley,
1965; Sanyal & Prasad, 1966; Sanyal, Prasad & Misra, 1966; EHelmy &
Hack, 1967; Arvy, 1969; Del Conte & Tamayo, 1972, 1973; Reddy, Prasad
& Misra, 1972; Kithmel & Krisch, 197L).

Cyclic activities have been described for the sexual segments
of several lizards including lacerta azilis (Reiss, 1923); T orms
tachydromoides (Takewaki & Fukuda, 1935; Scelovorus undulata (Altland,
1941); Scincus scincus and Chalcides ocellatus (Badir, 1958); Anolis
carolinensis (Fox, 1958); Hemidactylus flaviviridis (Sanyal & Prasad,

1965, 1967); leiolopisma fuscun (Wilhoft & Reiter, 1965) and others.

On the other hand, Wilhoft (1963a,b) reported, in leiolopisma
rhomboidalis, that the sexual segment exhibited no seascnal variations
in the diameter of the tubules. This appears to be reascnable since
this species breeds throughout the year.

The functions of the epididymis and the sexual segment of the

kidney, and the control of their activities are described elsewhere (see

page 31).
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i, Fat bodies and Liver:-

Abdominal fat bodies occur in all (examined) reptiles from

the temperate zone (Halm & Tinkle, 1965), as well as in some semi-
temperate anoline lizards (Cuellar, 1973 - quoted by Fox, 1977).

In many species of lizards, abdominal fat bodies in the male
exhibit a cycle which is inversely rela.ted: to the reproductive cycle.
For example, fat body weights are at minimum levels in late summer, and
rise rapidly in September and early October prior to hibernmation in the
male lizard Takydromus tachydromoides. Fat body weilght decreases
during hibermation and continues to decline throughout the spring and
early summer, the time of the breeding season (Telford, 1970). Similarly,
Stamps & Crews (1976) reported, for Anolis aeneus, that fat bodies undergo.
a seasonal cycle with weights Inversely related to testis activity, as has
been reported for Agama agama from Ghanz (Chapman & Chapman, 196L); seven
species of Caribbean Anolis (Licht & Gorman, 19;70); Anolis limifrons,
A. tropidogaster, and A. auratus (Sexton, Ortleb, Hathaway, Ballinger &

Licht, 1971); Covhasaurus texznus and Cnemidovhorus gularis (Schrank &

Ballinger, 1973); Sceloporus magister (Vitt & Ohmart, 197L); é_n_Q_]_;i-E;
cupreus (Fleming & Hooker, 1975); A. aeneus (Gorman & Licht, 1975);
Cnemidophorus tigris (Goldberg, 1976), and Urosaurus ornatus (Michel,
1976).

Although fat bodies generally show a cycle inversely related to
the reproductive cycle, sometimes this inverse relationship is either
loose as in Sceloporus undulatus (Marion, 1970b), or not significant, as
in Urosaurus graciosus (Vitt & Ohmart, 1975). There is no relationship

between fat body cycle and the testicular cycle in the lizaxds Egernia
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cunninghami (Barwick & Bryant, 1966), Anolis acutus (Ruibal, Fhilibosian
& Adkins, 1972) and A. trinitatis (Gorman & Licht, 1975); whereas a
direct relationship exists between the two parameters in Agama agama from
Kenya (Marshall & Hook, 1960) and in Sceloporus scalaris (Newlin, 1976).

- Fat body reserves are absent in the Javanese geckos, Hemi-
dactylus frenatus, Cosymbotus platyrus and Peropus mutilatus (Church,
1962); and the Australian skink Hemiergis peronii (Smyth, 1974 - quoted
by Fox, 1977).

Volsde (194];) proposed that fat bodies probably serve as a
resexrve storage for food, and it might serve as.a safety reserve in times
of dietary hardship as well (Bellairs, 1970).

Licht and Gorman (1970) suggested three alternatives to explain
fat body weight gain: (1) increased food availability; (2) increased

appetite; (3) a change in energy partitioning. The latter was considered
as the most likely altermative in the Caribbean Anolis lizards.

Reports on liver weight cycle are scanty in male lizards.

Telford (1970) reported for Takydromus tachydromoides cyclic changes in
liver weights which were inversely correlated with repreduction. In

addition, Licht, Hoyer & Van O8xdt (1969) reported a relationship between

liver weight and temperature and they provided evidence for an inverse

relation. The livers were heavier at 20°C than at 30°C. However,

Marion (1970b) found no significant association between liver weight de-

crease and pea.t increase in the lizard Sceloporus undulatus.

5. Reproductive patterns:-

Within the life span of a lizard, thers are usually greaterx
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and lesser periods of reproductive activity. Such sexual aciivity is
commonly 2 seasonal phenomenon, with the actual time of breeding varying
from species to species (Marion, 1970b). The breeding season of each
species is apparently so tuned as to give the maximm advantage to the
young during their early growth peried (Farner & Follett, 1966).

In the temperate-zone lizards (the most studied group) a
wealth of phenological data has established that most species have a
single, relatively short, annual breeding season, followed by a period
of complete sexual inactivity with regressed and quiescent gonads (re-
viewed by Saint-Girons, 1963; Mayhew, 1968; Fitch, 1970; Licht &
Gorman, 1970; Licht, 1972). With the exception of some viviparous
species that breed in the autum, most temperate lizards breed during a
restricted period in the spring and early summer (Licht, 1972). T*incalli!"
breeding is Initiated after emergence from "hibernation" in spring;

however, considerable interspecific variation is evident in the exact
tining of gonadal recrudescence and regression with a'consequent difference
in the length of the breeding seasons (Licht, 1972). Licht et al. (1969)
described four reproductive patterns for temperate lizards (see also

Licht & Gorman, 1970; Licht, 1972) which can be categorized into two main
groups in relation to testicular recrudescence (Fig. A). These groups
ares=-

1« Group A (patterns I and II):- Lizards falling under these patterns

emerge from hibernation (sometime around March) with relatively small
quiescent testes. The latter develop very quickly to attain maximum
breeding condition during the spring (about one month after emergence from

hibernation). However, the breeding season lasts for a relatively short

tine, teminating during the first third (pattern I) or the second third




Fig, A

Schematic representation of the diverse patterns of
annual testicular activities in lizards., Patterns I-1IV
represent temperate-zone species and V, some

tropical Anolis lizards. After Licht 1972.
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(pattern II) of summer, to be followed by a period of testicular inactivity
until the next breeding season (Fig. A). Accordingly, there is a period
of 3-l; months of gonadal activity altermating with a2 period of 8-9 months
of quiescence each year. This type of gonadal activity is exhibited by

many specles of male lizards ag in: Fhrymosoma solare (Blount, 1929);

Angnis and lacerta (Herlant, 1933); FEumeces laticeps (Turner, 1935);

Anolis carolinensis (Fox, 1958); Uta stansburiana of western Texas

(Tinkle, 1961, 1967); Scelovorus orcutti (Mayhew, 1963); Urosaurus

ornatus (Asplund & Iowe, 1964); DUma notata, U. inornata and U, scoparia

(Mayhew, 1965b, 1966a,b, 1967; Mayhew & Wright, 1970); Cnemidophorus
hyperythurus (Bostic, 1966); Agama impalearis (Saint-Girons, 1967);

Acanthodactylus erythrurus (Bons, 1969); Calotes versicolor (Choubey,
1970 - quoted by Fox, 1977); Scelopvorus malachiticus from Costa Rica

(Marion & Sexton, 1971); Dipsosaurus dorsalis (Mayhew, 1971); Uromastyx
hardwicki (Arsla.n, Jalali & Qazi, 1972); Sitana ponticeriana and Calotes

nemoricola (Subba Roa & Rajabai, 1972 - quoted by Fox, 1977); Sceloporus
magister (Vitt & Ohmart, 197L) and Urosaurus graciosus (Vitt & Ohmart,
1975).

2. Group B (patterns III and IV):- In both patterns spermatogenesis

begins in the autum, after a short quiescent period, and continues

gradually through the winter, to reach full activity in the spring and
early summer. The short period of regression and quiescence of testes
starts around mid-summer in pattern III, but about one month later in

pattern IV (Fig. ), Consequently, when lizards of these two reproductive
patterns enter hibernation recrudescence is already well advanced. Examples

of this group (pattern III and IV) include; lacerta muralis and L. agilis

(Reiss, 1923); Sceloporus undulatus of North Carolina (Altland, 1941);



Fumeces fasciatus (Reynolds, 1943); Sceloporus graciosus (Woodbury &
Woodbury, 1945); S. occidentalis (Rodgers, 1953; Wilhoft & Quay, 1961);
Uta stansburiana of southeastern Arizona (Asplund & Lowe,‘ 196); and
of Texas (Hahn, 196l;); Cnemidophorus tigris from southern Arizona
(Goldberg & Lowe, 1966); Hemidactylus tureclcus (Rose & Barbour, 1968);
Scelovorus undulatus of eastern Missouri (Marion, 1969, 1970b);
Phrynosoma douglassi (Goldberg, 1971b); Gerrhonotus multicarinatus
(Goldberg, 1972); G. coerulus (Vitt, 1973); Cnemidophorus tigris
miltiscutatus (Goldberg, 1976) and Sceloporus scolaris (Newlin, 1976).

It is worth mentioning that in both groups (i.e. patterns
I-IV) the completion of gonadal development (spermiogenesis and spermia.tion),
and especially the development of other aspects of the reproductive system

such as secondary sex characters (presumably reflecting gonadal androgen

activity), does not occur until shortly before the breeding season in
spring (Iicht, 1972).
However, exceptions to the general patterns outlined above are

present. IFor instance, Sceloporus jarrovi breeds in late summer and the
testis undergoes a2 cycle in which maximum size is reached during the
autumm (October-November) and the very rapid regression is complete by
early winter (December). The testis then remains small until July when
recrudescence commences (Goldberg, 1971a). ILikewise, Crisp (196lL) re-
ported maximal testiculaxr activity in autum for the lizard Sceloporus

cyano S« On the other hand, two periods of spermatogenic activity,

one in spring and the other in autum, have been reported for Uromastix
(Courrier, 1929).

In tropical and subtropical species of lizard, as may perhaps

be expected, there often is a second breeding season in autumn and some
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even breed throughout the year more or less continuwously (Saint-Girons

& Pfeffer, 1971, 1972 - quoted by Fox, 1977). TFor example, there are

no seasonal variations in the spermatogenic cycle of the Javanese geckos,

Cosymbotus platyurus, Hemidactylus frenatus and Peropus mutilatus

(Church, 1962) or of the Indian lizaxd, Hemidactylus flaviviridis
(Kitada & Asana, 1951). Other tropical species which produce sperms

throughout the year with little variation, if any, in testis size include
the Australian leiolopisma rhomboidalis (Wilhoft, 1963a,b); Cyrtodactylus

malayanus, C. pubisulus, Draco melanopogon and D. gquinguefraciatus from
Borneo (Inger & Greenberg, 1966); Agema agama from West Africa (Deniel,
1960) and from Ghana (Chapman & Chapman, 196L).

In many other tropical lizards, although sperm production may

be apparently continuous, minor cyclic variations in testis size, weight

and/or the quantity of sperms produced during the year are evident. For
instance, Anolis trinitatis showed a weak cycle in testis weight (Gormen

& Licht, 1975), whereas distinct cycles in testis size and/or levelof

sperm production have been described for the Indian lizards, Calotes
versicolor (Asana, 1931), Calotes rouxi, Mabuya macula;ria and C. carinata
(McCann, 1940); Emoia cyanura and E. werneri from the New Hebrides (Baker,
19’-!-7); Agama agama from Kenya (Marshall & Hook, 1960); Mabuya striata
from Tanganyika (Robertson, Chapmen & Chapman, 1965); seven species of
Anolis lizards (Licht & Gormzn, 1970); Anolis limifrons from the Isthmus

of Panama (Sexton et al., 1971); Anolis acutus (Ruibal et al., 1972);
Anolis aeneus from Trinidad (Gorman & Licht, 1975) and the East Indies area

(Stamps & Crews, 1976); Anolis oculatus and Ameiva fuscata from Dominica

(Somma & Brooks, 1976) and Anolis sazrei from Belize (Sexton & Browm, 1977).
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In many of the above mentioned studies there was a correlation
between the rainy season and the peak of spermatogenic activity (e.g.
Asana, 1931; McCamm, 1940; Baker, 1947; Chapman & Chapman, 196L;
Ruibal et al., 1972; Stamps & Crews, 1977). However, whether rainfall
affects reproduction directly or indirectly (via food availability) is
unknown (Chapman & Chapman, 196L).

On the other hand, several tropical species have been reported
to exhibit complete cyclic activities with full regression and quiescent

phases. For example, Anolis cupreus from Costa Rica is strongly a

seasonal lizard in which the testis is active for about six months only
(Fleming & Hooker, 1975). Likewise, Agama cyanogaster (from Tanganyika)
has regressed testes from February until at least July (Robertson et al.,

1965). Similarly, verying periods of regression in the testes have been
described in leiolopisma fuscum (Wilhoft & Reiter, 1965);  Amphibolurus

isolepis (Pianka, 1971); Anolis tropidogaster and A, auratus from the
Isthmus of Panama (Sexton et 2l., 1971).
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II. Factors Affecting the Timing of

M

Revroductive gcles

Lizards, especially of the temperate zone, typically exhibit

pronounced seasonality in their reproductive activity. The factors
timing the changes in gonadal activities are various and they vary from
species to species. Both "endogenous" and "exogenous" (environmental)
controls of anmmual cycles have been suggested for lizaxds. In some
species, one part of the gonadal cycle, especially regression, may be
deé:endent on endogenous rhythmicity while the other parts are not.
However, in certain lizards, seasonal cyclicity in reproductive activity

is, essentially, completely dependent on exogenous cycles (reviewed by

Licht, 19712, 1972).

A. IEndogenous rhythmicity:-

Endogenous timing is indicated by a change in physiological
state which occurs autonomously, and independently of irmediate externzl

conditions, even though the exact timing may be modified by external

changes. In fact, external cues (Zeitzebers) may be very important for

phasing of an internal rhythm (Licht, 1971a).

Several studies on lizards have suggested that endogenous

rhythm may underlie testicular and ovarian cycles. However, endogenous

rhythmicity seems to be responsible only for a particular part of the
gonadal activity, namely regression, and in some species even that can be
modified by extermal cues, Licht (1973) studied the effect of light and

temperature on summer regression in two male lizards, Dipsosaurus dorsalis
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and Xantusia vigilis. Iicht found that testis regression under various
photothermal regimes occurred in both lizards at the same time as in
nature, and that neither temperature nor photoperiod were effective in
rodifying the process. Consequently, these two examples illustrate
complete endogenous control over this phase of gonadal activity.
Incomplete, or partial, control over endogenous rhythmicity

of testis regression has been suggested for lacerta sicula (Fischer, 1968a,

1970; Licht et al., 1969). In this lizaxd, regression cannot be pre-
vented by variation of light and temperature, but its timing can dbe geatiy
modified by exogenous cues. The onset of regression in lacerta cazn be
delayed by short day lengths, although its ulti{na.te occurrence seemed to

be obligatory.

Endogenous control of gonadal regression and its correlation

with exogenous cues have been suggested for male Divsosaurus dorsalis

(Licht, 1971a) and lacerta muralis (Joly & Saint-Girons, 1975), and for

female Sceloporus vigatus (Stebbin, 1963 - quoted by Licht, 1972), Uta
stansburiana (Tinkle & Irwin, 1965), Scelovorus undulatus (Ma.rion, 19702.)

and the parthenogenic Cnemidophorus univarens (Cuellar, 1971 - quoted by
Licht, 1972).

On the other hand, Fischer (1970) suggested that the initiation

of testicular (spematcr@nic) activity in lacerta sicula is probably con-
trolled by endogenous factors.

Although the above observations indicate clearly the existence
of endogenous rhythmicity, yet recently Lofts (1978) said that: "it is
perhaps premature to conclude from such data (of Fischer, 1968 and Licht,
19712) that an endogenous circannual reproductive rhythm exists in reptiles:

since in many cases in which such claims have been made, information of



other environmental parameters, such as rainfall or seasonal variability
of food, is lacking”., He suggested that more research needs to be done

to demonstrate unequivocally the presence of such endogenous rirythms

(lofts, 1978).

B. BExogenous factors:-

The three major exogenous factors that have been considered by
many investigators as timing cues for reproductive cyclicity in reptiles
are rainfall, photoperiod and temperature, but there is mich controversy

about the relative importance of each factor.

1. Rainfall:- Rainfall has been considered, by several workers, to act

as the major exogenous cue for timing reproductive activity in certain mlé
lizards. For example, Wilhoft (1963b) and Wilhoft & Reiter (1965), working
on two tropical Australian skinks from separate habitats, found no signifi-
cant differences between temperature and photoperiod in the two habitats.
However, there was a great difference in gonadal activity between the two
species, since one (leiolopisma rhomboidalis) was a continuous breeder while
the other (I. fuscum) was not. Comparing the amount of rainfall in each
habitat, Wilhoft & Reiter (1965) concluded that this was the exogenous

factor responsible for cyclicity in testicwlar activity of L. fuscum. ILike-

wise, Sexton et 2l. (1971), working on three Anolis species from the Isthmus
of Panama, reported that variations in photoperiod and temperature during
the year were insufficient to provide cyclic cues and that variations in
precipitation were the only feature likely to regulate reproductive cycles.

A similar correlation between the amount of rainfall and reproductive

activity has been suggested for male lizards Agama agama (Daniel, 1960;
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Marshall & Hook, 19603 Chapman & Chapman, 196l), Anolis cupreus
(Fleming & Hooker, 1975), and A. aeneus (Stamps & Crews, 1976).

It is generally believed that the effect of rainfall on repro-
ductive activity is an indirect one throughthe availability of food.
Rainfall provides a suitable environment for insects to grow and pro-

pagate. Without sufficient amounts of rainfall, the plants upon which
insects feed will not grow well., These insects, in turn, provide a
very rich food source for lizaxds, without which reproduction is greatly
reduced, if not completely stopped (Mayhew, 1965a; Sexton et al., 1971).*

In Uma notata and U. -inormata (Mayhew, 1965b, 1967), testes did not be-

come active if the amount of food was restricted. This indirect effect
of rainfall over reproductive activity has been reported for male Agana
agama (Marshall & Hook, 1960), Scelovorus orcutti (Mayhew, 1963) and Uma
scoparia (Mayhew, 1966a).

In contrast, other investigators (Licht & Gorman, 1970;1 Licht,
1971a, 1974b; Gorman & Licht, 1975; Lofts, 1978) believed that rainfall
was not a determining cue for testicular activity in temperate-zone and
tropical lizards, since testicular cycles appeared to be independent of
seasonal rainfall. However, it appears difficult to approve fully their
view concerning the importance of rainfall in reproductive activity of
lizards, since clear relationships between rainfall and reproduction were
evident in several studies.

It is worth mentioning that all the data on the importance of
rainfall for reproduction are merely field observations and there are no
experimental studies on this factor. The importance of rainfall as a

determining cue for male reproductive cycles remains a debatable point.
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2. Photoperiod:- The apnual veriations in daylength affect many
physiological features such as appetite, growth and winter dormancy
(Dessauer, 1955a,b; Fox & Dessauer, 1957; Mayhew, 1965a,b; Licht,
1971a,b). However, most of the studies have centred on the connection

between photoperiods and reproduction.
Several studies of reproductive cycles in male lizards under

natural (field) conditions have highlighted {the importance of photoperiod
and the possibility that it might act as the major cue timing testicuwlar

recrﬁdescence. The studies included Emoia cyanura and E. werneri

(Baker, 1947); Anolis carolinensis (Fox, 1958); Agema cyanogaster
(Robertson et al., 1965) and Hemidactylus turcicus (Rose & Barbour, 1968).

In these studies it was generally found that maximal reproductive activity

coincided with the season of 1ongesf daylengths, while minimal gonadal

activity coincided with shortest daylengths. However, it seems unwise

to draw clear-cut conclusions from such field studies since other important

factors (e.g. temperature), which are not accounted for, may interfere.
Several experimental studies have suggested that long daylengths

may be responsible for timing the onset of testicular recrudescence and

growth., For example, Clausen & Poris (1937) reported, in Anolis caroli-

nensis, that artificially increased daylengths stimulated testicular
growth in the spring. Likewise, Bartholomew (1950, 1953), working on
Xantusia vigilis, concluded that testicular recrudescence is stimul'ated
by increased photoperiod and that the latter is even more important than
temperature in stimulating gonadal activity. In lLacerta sicula, Golgano
(1951) examined the effect of photoperiocd on reproduction and came to a

similar conclusion. In addition, Fischer (1968a,b,c,d, 1970), working

on the same species, concluded that long day photoperiods are responsible
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for the stimulation of testis growth. Mayhew (196l) believed that
there was a similar effect of photoperiod in three species of Uma, and
he (Mayhew, 1968) drew similar conclusions from the studies of Mellish
(1936),‘Ba,dir (1958) and Badir & Hussein (196l;) in which an iguanid
(Phrynosoma cornutum) and two scincid lizards (Scincus sgincus and
Chalcides ocellatus) were stimulated to "out-of-season'" reproductive
activity by continuous light and high temperature.

All of the above studies, in which stimulation of testicular
growth was attributed to increasing photoperiod, have been quite strongly'
criticised by Licht (e.g. 19712). In some of them, temperature was not
adequately controlled so the possibility that it might be the reason for
testicular growth camnot be ruled out. In other studies, both long day
photoperiods and elevated high temperatures were used (as in the studies
of Mellish, 1936; Badir & Hussein, 196l; Mayhew, 1964; Fischer, 19682,
b, c, '1970), yet stimulation of testes activity was attributed to effects
of increased illumination alone. In yet others (Mellish, 1936;
Bartholomew, 1950, 1953; 3Badir & Hussein, 1964; Mayhew, 196L), adequate
experimental controls were lacking. Neither a "short-day" control at
elevated temperatures, nor a "long-day" at lower temperatures was employed
(Licht, 1971a).

On the other hand repeated studies on Anolis carolinensis
(Licht, 1966, 1967a,b, 1969b, 1971b), lacerta sicula (Licht et al., 1969),
Xantusia vigilis (Licht, 1973), and the present study on Chalcides

ocellatus have provided substantial evidence that temperature (and not
photoperiod) is responsible for the stimulation of gonadal growth at the

onset of the reproductive cycle.

Having excluded the possibility that stimulation of testicwlar



growth is controlled solely by photoperiod, what role does the latter
play in the gonadal cycle? Several laboratory experiments have demon-
strated that both regression and recrudescence are affected, to vaxrying
extents, by photoperiods but only at certain temperatures. Tor example,
artificially lengthened daylengths (1L4L) can initiate and accelerate

testicular recrudescence in Anolis carolinensis, but only if body tem- .
peratures are high, i.e. at preferred levels (Licht, 1966, 1967a,b,
1971b). Similarly, long days accelerated testicular development in
mid-winter in Xantusia vigilis, but only at high preferred temperature
(Licht, 1973). On the other hand, the timing of testicular regression

in Anolis carolinensis suggests that short or decreasing daylengths

(below 13 h) can induce testicular regression, during the summer, even

if the temperature is high (Licht, 1966, 1167a,b, 1969a,b). Likewise,
in two tropical lizards from Jamaica (Anolis lineatoous) and Florida

(A. sagrei) testes became fully regressed when winter temperatures and
short days were applied, whereas very little (if any) regression occurred

at winter temperatures and long days (Licht, 197Lb). Hence, the duration

of photoperiod plays a very important role in inducing testicular regression
during the summer.

3. ITemperature:- BHaving eliminated the possibility that an endogenous
rhythm, or rainfall or daylength acted as the controlling factor in timing
the onset of testicular development, we are left with the option that
temperature might be the prime !Zeitgeber!. In fact experimental studies
on several species of lizards, including: Jacerta muralis and L. sicula

(Licht et al., 1969), Scelovorus undulatus (Marion, 1970b), Anolis

carolinensis (Licht, 1971b), and Xantusia vigilis and Dipsosaurus dorsalis




(Licht, 1973), have demonstrated unequivocally that elevated temperatures
alone are responsible for the stimulation of testicular growth and
development at the onset of reproductive cycles. Any effects that other
Zeitgebers may have appear to be entirely dependent on a "permissive"
temperature level. For example, long daylengths can accelerate testi-
cular development, but only at high temperature levels (Licht, 1966,

1967Tb, 1971b; Licht & Pearson, 1970). Moreover, testis regression in

Anolis lineatopus (a2 tropical lizard from Jamaica) occurred on short day-

lengths only when moderately cool temperatures (ca 20°C) were applied;
whereas at constant warm temperatures (ca 32°C) testes remained large

and active indefinitely, at all photoperiocds (ILicht, 1974b).

In addition to its general effect on reproduction, temperature
plays a critical role in the process of spermatogenesis and androgenesis
in lacertilian reptiles (Licht, 1972; <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>