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Role of Cryophase Temperature and Thermophase 
Duration in Thermoperiodic Regulation of the 
Testicular Cycle in the Lizard Lacerta vivipara 
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ABSTRACT Testicular activity in reptiles is controlled primarily by thermal and thermoperi- 
odic factors; however, little is known about the relative contribution of daily heating and nightly 
cooling in these processes. This question was addressed in the lizard Lacerta vivipara whose cycle 
is characterized by a 6 month hibernation followed by a single spring spermiogenesis and a summer 
spermatogenesis. From the autumnal equinox on, lizards were maintained under a constant 12L/ 
12D photoperiod and acclimated to different 24 hour thermoperiodic regimes. Treatments combined 
a short or a long thermophase (2 or 6 hr basking) in alternation with either a warmer (19-21OC) 
or a colder cryophase (3-7°C). Testicular activity was monitored by histological examination of 
the testis and epididymis in late December and in early March. Heat provided daily during either 
2 or 6 hour phases advanced spermiogenesis and spermiation by 3-4 months. Cryophase tempera- 
tures had no significant effects on the date of onset of spermiogenesis whereas they greatly affected 
its speed of completion. Thus, the full testicular cycle, from one spermatogenetic wave to the next, 
was completed within 6 months under warmer cryophases alternating with either long or short 
thermophases. In contrast, only part of the cycle was completed in lizards experiencing colder 
cryophases since active spermiogenesis and spermiation were maintained for at  least 2 months as 
under natural conditions. The functional significance of heat and cold per 24 hour cycles in the 
regulation of the testicular cycle is discussed. 

Temperature and thermoperiod are dominant 
factors controlling the completion of testicular cy- 
cles in reptiles (reviewed by Licht, '72a,b, '84). 
This has been established by comparing effects of 
different constant temperatures, sometimes with 
that of 24 hour thermocycles mimicking the 
warmest conditions during annual activity. Accli- 
mation to such thermoperiodic regimes is at least 
as efficient in accelerating the spermatogenetic 
cycle as the preferred high constant tempera- 
tures, whereas constant temperatures inferior to 
the selected range slow down the cycle (Licht, '67, 
'71, '73; Licht et  al., '69; Hawley and Aleksiuk, 
'76; Weil and Aldridge, '79; Angelini et  al., '80; 
Marion, '82; Ganzhorn and Licht, '83; Mendonqa 
and Licht, '86). Yet knowledge of the nature and 
flexibility of the behavioral thermoregulation in 
reptiles prompts us to explore more precisely the 
relative significance of the daily basking and 
level of resting temperatures in regulating testic- 
ular activity. 

Reptiles are capable of behavioral thermoregu- 
lation and therefore can exert some control over 
both their highest and lowest body temperatures 
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(Stebbins, '63; Cowgell and Underwood, '79; Re- 
gal, '67; Rismiller and Heldmaier, '88). This 
depends upon circadian and annual rhythms 
controlled by photic and thermal factors. 
Consequently, the well-shaped nycthemeral cy- 
cles in body temperatures (T,) are strongly rein- 
forced by succession of seasons. For instance, dur- 
ing the annual period of activity, the tempera- 
ture-zone lizard Lacerta uzridis always maintains 
its T, in a high species-specific preferred range for 
several hours but changes its night T, (Rismiller 
and Heldmaier, '88). As a result, the diel ampli- 
tude in Tb decreases towards summer and, con- 
versely, increases as winter nears. Thereafter, the 
lizard stops warming up and voluntary hypother- 
mia (Regal, '67) extends to voluntary hiberation. 
Reptiles do experience regular seasonality 
through their cycles in body temperatures (Licht, 
'72a). In turn, these diel and annual changes in 
T, control reproductive activity; however, the rel- 
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ative contribution of heat and cold in its thermo- 
periodic regulation has been poorly explored. Sev- 
eral hours at the selected thermal range are 
prerequisite for any stimulation (Licht, '67, '71, 
'73; Licht et al., '69; Weil and Aldridge, '79) but 
regulation as a result of variable basking oppor- 
tunities is not documented. Late summer changes 
in night Tb end thermorefractoriness and induce 
some testicular development in several species of 
lizards (Licht et al., '69; Licht, '71, '73; Marion, 
'82) but the overall significance of annual modifi- 
cations of night T, have been little studied. 

Despite their ability to thermoregulate, rep- 
tiles inhabitating temperate zones still face sud- 
den changes in weather conditions and field cycles 
in Tb may be cooler than if the full choice was 
always available. This is the case in the lizard 
Lacerta vivipara after arousal from hibernation. 
Body temperatures during the daily activity are 
about 10°C lower in the field than when the ani- 
mal is freely moving in a thermal gradient under 
laboratory conditions (Van Damme et al., '87). A t  
this time of year males enter an intensive phase 
of reproductive activity in order to mate as soon 
as females emerge (Herlant, '33; Gigon-Depeiges 
and Dufaure, '77; Courty and Dufaure, '79, '80; 
Van Nuland and Strijbosch, '81; Bauwens and 
Verheyen, '85). Thus, one may wonder whether 
the regulation of the testicular cycle is based 
solely on rather precise thermal ranges and if the 
unpredictability of weather conditions may im- 
pair or accelerate the completion of the cycle. 

These questions were addressed in L .  vivipara, 
a northern lizard that hibernates continuously 
between autumn and spring equinoxes (Van Nu- 
land and Strijbosch, '81). Its annual testicular 
cycle is typical for a temperature-zone lizard 
(Herlant, '33; Gigon-Depeiges and Dufaure, '77; 
Courty and Dufaure, '79, '80). Vernal testicular 
activity resumes with the formation of new sper- 
matids and their transformation into spermato- 
zoa. Plasma testosterone levels increase dramati- 
cally and, in response, the epididymis enters 
its active secretory phase. Spermiogenesis and 
spermiation develop for about 2 months whereas 
plasma testosterone levels remain high and the 
epididymis hypersecretory. Involution occurs in 
June with the elimination of remaining germ 
cells, a drop in plasma testosterone levels, and the 
lysis of epithelial cells in the epididymis. Thereaf- 
ter a new spermatogenetic wave starts and devel- 
ops during summer. When hibernation begins, 
the testes contain few early spermatids. Multipli- 
cation and differentiation of epithelial cells in the 
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Fig. 1. Schematic representation of the different 24 hour 
thermoperiodic regimes experienced by the lizard Lucertu ui- 
viparu from the autumnal equinox until early March. The 4 
treatments combine a 6 hour (long, LT) or a 2 hour (short, ST) 
thermophase in alternation with either a 19-21°C (Warm) or 
3-7°C (Cold) cryophase. Arrows indicate the onset and offset 
of basking activity. Each thermophase is centered within the 
photophase of the 12L/12D photocycle. The sample size (n) 
and the mean k 1 S.E. snout-vent length (s-v length in mm) 
are given for each group. 

epididymis are over and cells are ready to be se- 
cretory. The present study examines the effects 
of the duration of daily basking and the level of 
night temperatures (thermophase duration and 
cryophase temperature per 24 hour cycle) in the 
thermoperiodic regulation of the testicular cycle 
from the autumn equinox on. The results indicate 
that reduced basking opportunities and cold 
nights are responsible for the vernal testicular 
activity in the lizard L. vivzpara. 

MATERIAL AND METHODS 
Animals and experimental conditions (Fig. 1 )  

Adult males (snout-vent length 46-57 mm, 2-4 
g in body weight) were captured in early August, 
in Massif Central (France) at 1,200 m above sea 
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level. Lacerta vivipara is a heliothermic lizard 
that basks to  reach its specific selected range in 
body temperatures, 30-33°C (Van Damme et al., 
'87) during 2 to 5 hours depending on availability 
of direct sunshine (Bauwens and Verheyen, '85). 
This behavior has been preserved under labora- 
tory conditions by using an incandescent lamp 
(60W Mazda) to generate the daily thermophase. 

Between capture and the beginning of the ex- 
periment, 10 to 15 lizards were housed in large 
terraria (60 x 40 x 45 cm) provided with soil, a 
shelter, and a basking lamp hanging at one end. 
Basking lamps were automatically turned on for 
6 hours, between 1000 and 1600 hrs (LT for long 
thermophase) to  allow lizards to bask and reach 
30-33°C. At the end of each thermophase, air 
and shelter temperatures decreased to  19-2 1°C 
(WARM cryophase). Crickets, mealworms, and 
water were given ad libitum. In addition, each 
terrarium was sprayed with water every week- 
day. Lizards experienced a natural photocycle. 
Prior to experimentation, males were individu- 
ally toe-clipped for identification, divided into 3 
groups according to  their size. Then individuals 
were randomly assigned to experimental groups 
so that the size range and mean was as homoge- 
nous as possible (Fig. 1). 

During the experiment, lizards were fed as de- 
scribed above and maintained under a 12L/12D 
photocycle using a 20W fluorescent bulb (Phillips 
Industrial White) as an additional light source 
(0700-1900 hrs). Four to five lizards were housed 
in small cages (17 x 30 x 20 cm) with a shelter 
and the basking lamp positioned centrally 40 cm 
above each mesh-covered cage. They were accli- 
mated to one of the following thermoperiodic re- 
gimes (Fig. 1). Basking lamps were automatically 
turned on for either 6 hours (1000-1600 hrs; LT 
for long thermophase) or only 2 hours (1200-1400 
hrs; ST for short thermophase). Thereafter, air 
and shelter temperatures equilibrated within a 
restricted range prevailing during the cryophase, 
either WARM (19-21°C) or COLD (3-7°C). In the 
warmer cryophase groups, the 19-21°C range was 
maintainted for 14 hours in the LT/WARM group 
(2000-1000 hrs) and 16 hours in the ST/WARM 
Group (2000-1200 hrs). All lizards were active 
for the whole duration of the thermophase. Colder 
cryophases were obtained by keeping cages inside 
a 62 x 127 x 25 cm refrigerated tank (Facis) and 
by turning on the refrigeration between 1600 and 
1000 hrs. The 3-7°C gradient was reached at 
2000 hrs and maintained during 14 hours, until 
1000 hrs. In the LT/COLD group 3 hours were 

necessary to  warm up the cold air temperatures 
to  30°C; therefore, the shelter gradient ranged be- 
tween 25 and 30°C. During the thermophase liz- 
ards were active from 1200 to 1600 hrs. In the ST/ 
COLD group, the increase of shelter temperatures 
was slower than under LT/COLD conditions; liz- 
ards were active during the full 2 hour ther- 
mophase. 

Assessment of the testicular cgcle 
The experiment began by the autumnal equi- 

nox (September 26) and ended in early March. 
Lizards were maintained under the photoperiod 
of the equinox and acclimated to one of the ther- 
moperiodic regimes described above: LTIWARM, 
ST/WARM, LTICOLD, or ST/COLD (Fig. 1). Ex- 
ceptional high mortality occurred in the ST/ 
WARM group, thus reducing the sample size to 4 
healthy lizards. In order to study the effects of 
these thermal acclimations on the testicular cy- 
cle, males were sacrificed by decapitation on Sep- 
tember 26 (Control), after 13 and 24 weeks ac- 
climation, on December 20, and on March 8, 
respectively. The right testis and epididymis were 
separately weighed to  the nearest 0.1 mg. The left 
testis and epididymis were fixed in Bouin's fluid, 
then embedded in Paraplast. Serial sections of 5 
pm were stained by the Azan's trichrome. The 
completion of the testicular cycle was assessed by 
histological examination of the testis and the epi- 
didymis. The testicular cycle was delineated into 
6 stages according to  the weight and histological 
development of both organs (Table 1). This classi- 
fication is based on studies by Herlant ('33), 
Gigon-Depeiges and Dufaure ('771, Courty and 
Dufaure ('79, '80). 

Statistics 
Testicular stages and organ weights were com- 

pared using a nonparametric one-way analysis of 
variance by ranks, the Kruskal-Wallis test. This 
test was followed by a nonparametric multiple- 
comparison procedure at P = 0.15 level of sig- 
nificance (Daniel, '78). Due to its small sample 
size, the STIWARM group was not included in 
this statistical analysis. 

RESULTS 
Testicular stages and testis and epididymis 

weights (mean 2 1 S.E.) are given in Figure 2. 
When the experiment began, the 3 males sac- 
rificed had only reached mid-spermatogenesis 
(stage 2). Spermatocytes I and I1 were present in 
seminiferous tubules, and epithelial cells in the 
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TABLE 1. Classification of testicular stages' in the lizard Lacerta vivipara 

Histological conditions 
Stages Testis Epididymis 

1 Compact tubules with spermatogonia Hyperplasia 

2 Lumen appearing, primary and sec- Hyperplasia and hypertrophy 

3 Increasing lumen, early spermatids Hypertrophy 
4 Abundant spermatids, beginning of Hypertrophied and beginning of se- 

5 Wide lumen, spermatozoa abundant Hypertrophied, intense secretory ac- 
tivity and transiting spermatozoa 

6 Wide lumen, elimination of germ Lysis 

and primary spermatocytes 

ondary spermacotyes 

transformation into spermatozoa cretory activity 

and release into epididymis 

cells 

'Based on studies by Herlant ('331, Gigon-Depeiges and Dufaure ('77), Courty and Dufaure ('79, 'SO). 

Testicular stages 

13  24  Weeks 
Sample size : (3) (4x2) (4x4) (3x2) (5x5) 

Testis weight (mg) 

-" I 

10 

13 24 Weeks 0 

Epididymis weight (mg) 

0 13 24 Wreks 
Autumn equinox Late December Early March 

T h m p e n d c  condihm 0 LT / WARM 0 ST I WARM a LT I COLD ST /COLD 

epididymis were hypertrophied. Testis and epi- 
didymis mean weights were 30.1 2 2.9 mg and 
3.0 & 0.3 mg, respectively. 

Effects of thermal acclimations on the 
completion of the testicular cycle 

(Fig. 2, upper panel) 
In late December, regardless of thermoperiodic 

conditions, males had started spermiogenesis and 
spermiation. Spermatozoa were either present in 
the testis but not yet released into the secretory 
epididymis (5 males out of 14; stage 4) or evacu- 
ated into the epididymal tractus (7 males out of 
14; stage 5). Among the latter, 2 males in the ST/ 
WARM group were already starting involution. 
Two additional males were very delayed since 
they were only finishing spermatogenesis (LT/ 
WARM and ST/COLD groups; stage 3). Thus, 
13 weeks acclimation to  a daily 6 or 2 hour 
heat input in alternation with either warmer or 
colder cryophases phase advanced spermio- 
genesis/spermiation to late December instead of 
April in natura. Differences among groups were 
not significant. One may, however, notice that the 
less advanced males experienced the warmest 
conditions (LT/WARM; median stage 4). 

Fig. 2. Completion of the testicular cycle in the lizard 
Lacerta viviparu after 13 and 24 weeks acclimation to  4 differ- 
ent thermoperiodic regimes, long (LT) or short (ST) ther- 
mophases alternating with either a warmer or colder cryo- 
phases. The upper panel gives the testicular stages (median 
and range) as defined in Table 1. The middle and lower panels 
illustrate changes in the testis and epididymis weight respec- 
tively (mean k 1 S.E. in mg). Levels of significance: *P = 

0.05; **P < 0.01. Sample sizes are indicated under the upper 
panel. 
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Two months later, in early March, there was a 
marked and significant discrepancy between liz- 
ards exposed to either warmer or colder cryo- 
phases (0.05 < P < 0.01). Males in the LT/WARM 
group were significantly more advanced than 
males acclimated to colder cryophases. In both 
warmer cryophase groups, spermiogenesis and 
spermiation were completed and the new sper- 
matogenetic cycle had started. Spermatogonia 
and spermatocytes I filled compact seminiferous 
tubules in all males in LT/WARM group (stage 
1). Moreover, hyperplasia was occurring in the 
epididymis. Two males in the ST/WARM group 
were slightly more advanced since spermatocytes 
I1 were already present and since epithelial cells 
in the epididymis were hypertrophied (stage 2). 
Conversely, 8 males out of 10 in cold cryophase 
groups were only finishing spermiation and germ 
cells were in the process of being eliminated 
(stage 5 to 6). The secretory activity in the epidid- 
ymis was decreasing while the transiting sperma- 
tozoa were close to their complete evacuation. In 
the STKOLD group, 2 males had reached mid- 
and late-spermatogenetic stages. Regular assess- 
ment of plasma levels in testosterone (data not 
shown) indicated that the cycle was probably very 
delayed for one individual and advanced for the 
other. In conclusion, males in both colder cryo- 
phase groups completed spermiogenesis and 
spermiation within 2 months at least, whereas 
less than a month was necessary for males in 
warmer cryophase groups. 

Whatever the thermophase duration, only part 
of the testicular cycle was completed within the 
6 months acclimation to colder cryophases. Con- 
versely, warmer cryophases allowed the occur- 
rence of the full cycle, from one spermatogenetic 
wave to the next. Males in  the STJWARM group 
were more advanced than in the LT/WARM 
group. In late December, spermiogenesis and 
spermiation were finishing in the former and 
starting in the latter. Later in early March, mid- 
and early spermatogenesis were reached in ST/ 
WARM and in LT/WARM, respectively. 

Eflect of thermal acclimations on testis 
and epididyrnis weights (Fig. 2) 

The testis weight (Fig. 2, middle panel) cycled 
according to the spermatogenetic development in 
all groups. Moreover all values were within the 
weight ranges observed during the normal field 
cycle (Gigon-Depeiges and Dufaure, '77; Courty 
and Dufaure, '79, 'SO). A peak in testis weight 
occurred in all groups in late December as active 

spermiogenesis and spermiation were taking 
place. In early March, the testis weight had de- 
creased in all groups; however, this was corre- 
lated with spermatogenetic recrudescence in 
warm cryophase groups and involution in cold 
cryophase groups. Variations in weight during 
the course of the 24 weeks acclimation were sig- 
nificant in the LT/WARM and ST/COLD groups 
at P = 0.05 and P < 0.01, respectively. In both 
groups, the testis weight was significantly higher 
in  late December than in early March: 35.9 i 1.8 
mg versus 19.2 * 6.0 mg in LT/WARM and 43.1 
-+ 2.8 mg versus 20.5 +- 4.2 mg in ST/COLD. Dif- 
ferences among groups were significant only in 
late December (P < 0.01). The ST/COLD group 
was characterized by the highest gonad weight 
(43.1 i 2.8 mg) compared to LT/COLD (24.9 2 
5.1 mg) and LT/WARM (35.9 2 1.8 mg). 

Modifications of the epididymis weight over the 
course of 24 weeks acclimation were not signifi- 
cant in any group (Fig. 2, lower panel). Neverthe- 
less, the epididymis weight decreased in the LT/ 
WARM group from 6.4 i 1.9 mg in late December 
during secretory activity to 3.0 5 0.4 mg in early 
March following lysis and during restructuration. 
Conversely, it  did not change in both cold cryo- 
phase groups (3.0 * 1.6 mg versus 5.0 i 0.9 mg 
in LT/COLD and 5.8 -+ 1.5 mg versus 5.4 * 1.2 
mg in ST/COLD). Indeed, the gland remained ac- 
tively secreting from at least late December until 
March. At this time, the epididymis weight was 
significantly different among groups (P = 0.05); 
it was higher in the 2 cold cryophase groups than 
in  LT/WARM. 

DISCUSSION 
Thermoperiodic conditions imposed on L. uiuip- 

ara from the autumnal equinox on first imply sup- 
pression of hibernation. This phase advanced the 
testicular cycle by 3-4 months regardless of cryo- 
phase temperatures; daily heat input during 
basking was the important factor. Conversely, 
further acceleration of testicular activity de- 
pended primarily upon cryophase temperatures. 
The warmest conditions speeded up testicular de- 
velopment so that the full annual cycle was com- 
pleted within 6 months. Colder cryophases slowed 
down the cycle since spermiogenesis and spermia- 
tion lasted about 2 months as in natura. Alto- 
gether these data illustrate that  both the highest 
and lowest body temperatures (TJ reached and 
controlled by behavioral means display functional 
significances in  the thermoperiodic regulation of 
a testicular cycle. 
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Relative significance of heat and cold 
in thermoperiodic regulation of 

the testicular cycle 
As long as daily basking is possible, cryophase 

temperatures play a significant role. Warmer 
cryophases accelerated the formation and release 
of spermatozoa since this stage lasted about one 
month. As a result, completion of the full testicu- 
lar cycle took place within 6 months, from mid- 
spermatogenesis by the autumn equinox to  the 
next spermatogenetic wave in early March (Fig. 
2). As established in other studies, heat likely en- 
hanced the turnover of germ cells at different 
stages of their differentiation (Joly and Saint 
Girons, '75, '81; Pearson et al., '76) and the rate 
of testicular regression (Licht, '73; Marion, '82; 
Mendonqa and Licht, '86). More precisely, the 
time span between the early spermatid stage and 
the evacuation of the mature spermatozoa is re- 
duced by half in a related species, L. muralis, ac- 
climated to  275°C constant compared to  225°C 
constant or to  the natural thermoperiodic condi- 
tions (Joly and Saint Girons, '75). This explains 
also that acclimation of L. uivipara to  cold cryo- 
phases increased the duration of spermiogenesis 
and spermiation to such an exent that it lasted 
as long as in natura (late March-early June) 
(Herlant, '33; Gigon-Depeiges and Dufaure, '77; 
Courty and Dufaure, '79, '80). It is noteworthy 
that the speed of completion of spermiogenesis 
and spermiation depends primarily upon cryo- 
phase temperatures provided that daily basking 
is possible. 

Modulation of some of the cryophase effects 
comes from the duration of basking. Under colder 
cryophases, the duration of basking modifies tes- 
ticular growth. In late December, short ther- 
mophases had significantly enhanced the testicu- 
lar growth compared to  long thermophases (ST/ 
COLD versus LT/COLD; Fig. 2, middle panel). 
Similar observations have been made in other 
species of lizards kept under constant tempera- 
tures or thermoperiodic conditions lower than the 
specific preferred range (Licht et al., '69; Pearson 
et al., '76; Marion, '82). This is mainly due to  an 
increase in the testis dry weight and lipid content 
(Pearson et al., '761, but whether the number of 
spermatozoa is increased has not been estab- 
lished. Further experiments would be needed to  
confirm that reduced basking possibilities may 
have a stimulatory role-for instance, to  enhance 
testes growth in spring. 

Taken together these data emphasize that opti- 
mal or reduced basking possibilities alternating 

with cold cryophases are responsible for the main 
aspect of vernal testicular activity in L. vivipara: 
a 2 month duration of spermiogenesis and sper- 
miation. This may be adaptative and linked to the 
year-to-year unpredictability of the female 
arousal during April or May. On the other hand, 
one may not preclude that a long-term spermio- 
genesis/spermiation means that the number of 
gametes is increased. The enhanced testicular 
development under ST/COLD would be another 
argument in favor of this hypothesis. A quantita- 
tive analysis of spermatogenesis is necessary to 
answer these questions. This could also be inter- 
esting in reference to scrota1 mammals since 
temperatures 2-7°C cooler than the body tem- 
peratures are required for normal formation of 
spermatozoa (references in Fowler and Racey, 
'87). 

Dtfferent use of thermal ranges by the 
male and female for  the regulation 

of gonadal cycles 
Whatever the climatic conditions, the timing of 

hibernation in L. uiuipara is quite similar every 
year (Bauwens and Verheyen, '85; Van Nuland 
and Strijbosch, '81). An internal rhythm (re- 
viewed by Gregory, '82) is likely to contribute to  
the fall entrance and vernal arousal and conse- 
quently to  schedule the reproductive cycle (Ga- 
vaud, '91). Males emerge first and undergo sper- 
miogenesis and spermiation in order to mate as 
soon as females arouse and start vitellogenesis 
(Herlant, '33; Panigel, '56; Bauwens and Ver- 
heyen, '85). Hibernation precisely times both cy- 
cles; however, continuous cold body temperatures 
exercise quite different influences on males and 
females. Hibernation interrupts spermiogenesis 
and is not necessary to  the completion of the full 
cycle (Fig. 2). On the contrary, cold during hiber- 
nation is a prerequisite for the induction of vitel- 
logenesis; it entrains an internal rhythm underly- 
ing the ovarian cycle (Gavaud, '83, '91). The 
warmest thermoperiod reduces the duration of 
the annual testicular cycle to 6 months (Fig. 2) 
whereas it blocks the ovarian cycle at the quies- 
cent stage (Gavaud, '83, '91). These cold and heat 
effects are similar in a related species, L. sicula 
(Botte at al., '78; Angelini et al., '801, and in the 
cold-adapted snake, T.s.  parietalis (Hawley and 
Aleksiuk, '76; Whittier et al., '87). This implies 
that the male and female rely on the same ther- 
mal cues, but that cold acts through opposite pat- 
terns: "negative" in males since it inhibits the 
spermiogenetic development and "positive" in fe- 
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males since it stimulates the ovarian growth. In 
this respect, the brain-pituitary axis is more 
likely to be involved than the gonad itself (Ga- 
vaud and Yvorra, '86). Although timings, natural 
history, and thermal ranges are different, it is 
quite remarkable that similar observations have 
been made in two different species of turtles (Ganz- 
horn and Licht, '83; Mendonqa, '87; Mendonqa 
and Licht, '86). Females for follicular growth re- 
quire temperatures about 10°C lower than males 
for spermiogenesis. In these different species of 
reptiles, the physiological control of the formation 
of the female and male gamete requires different 
thermal ranges and this may mean that the 
brain-pituitary axis displays opposite ways to pro- 
cess information carried by heat/cold cycles. 

Conclusions 
After spring arousal in natura, weather condi- 

tions still impose cold nights, unpredictable and 
possibly poor opportunities to bask. The male L. 
uiuipara does not switch to  thermoconformity but 
is physically unable to attain its preferred T, al- 
though it devotes considerable amount of time to 
warming (Van Damme et al., '87). The present 
study demonstrates that such thermal conditions 
easily match the heat and cold requirements for 
the normal completion of the vernal reproductive 
activity leading to  the gamete formation and mat- 
ing. All together, these data support the idea that 
ectotherms have come to actively make use of the 
full variability of their thermal environment and 
body temperatures rather than merely adapting 
to heat and surviving cold. This implies that ad- 
aptation encompasses the entire range of vari- 
ability of the thermal conditions, including some 
of its unpredictability. 

ACKNOWLEDGMENTS 
Lizards were collected and used for research 

under authority permits from the Ministere de 
1'Environnement and the Ministere de 1'Ensei- 
gnement Superieur. This work was supported by 
grants from Ecole Normale Superieure, CNRS 
and University P. and M. Curie to URA 686. I 
am grateful to Z. Melion for excellent care of the 
lizards, to  M.-T. Guilbot and M. Modol for the his- 
tological work, and to C. Colardeau for help. The 
author thanks F. Fleury for help in collecting the 
animals and discussions and Professor R. Lafont 
(ENS) and E. Pajot (IBPC) for critical reading of 
the manuscript. 

LITERATURE CITED 
Angelini, F., V. Botte, and R. Boschi (1980) The regulation 

of the reproductive cycle in Podarcis s. siculu Raf. (Reptilia 
lacertidae): Influence of the refractory period on the spring- 
time testicular activity. Monitore Zool. Ital. (N.S.), 

Bauwens, D. and R.F. Verheyen (1985) The timing of repro- 
duction in the lizard Lacerta uiuipara: Differences between 
individual females. J .  Herpetol., 39:173-182. 

Botte, V., F. Angelini, and 0. Picariello (1987) Autumn pho- 
tothermal regimes and spring reproduction in the female 
lizard Lacerta sicula. Herpetol., 34:298-302. 

Courty, Y., and J.P. Dufaure (1979) Levels of testosterone 
in the plasma and testis of the viviparous lizard (Lucerta 
uivipara Jacquin) during the annual cycle. Gen. Comp. En- 
docrinol., 39:336-342. 

Courty, Y., and J.P. Dufaure (1980) Levels of testosterone, 
dihydrotestosterone, and androstenedione in the plasma 
and testis of a lizard (Lacerta vivipara Jacquin) during the 
annual cycle. Gen. Comp. Endocrinol., 43:325-333. 

Cowgell, J., and H. Underwood (1979) Behavioral thermoreg- 
ulation in lizards: A circadian rhythm. J. Exp. Zool., 
210:189-194. 

Daniel, W.W. (1978) Applied nonparametric statistics. 
Houghton Mifflin Company, Boston, pp. 503. 

Fowler, P.A., and P.A. Racey (1987) Relationship between 
body and testis temperatures in the European hedgehog, 
Erinaceus europaeus, during hibernation and sexual reacti- 
vation. J .  Reprod. Fertil., 81:567-573. 

Ganzhorn, D., and P. Licht (1983) Regulation of seasonal go- 
nadal cycles by temperature in the painted turtle, Chry- 
semys pictu. Copeia, 1983.347-358. 

Gavaud, J .  (1983) Obligatory hibernation for completion of 
vitellogenesis in the lizard Lacerta uiuipara. J .  Exp. Zool., 
225:397-405. 

Gavaud, J. (1991) Cold entrainment of the annual cycle of 
ovarian activity in the lizard Lacerta uiuipara: Thermoperi- 
odic rhythm versus hibernation. J. Biol. Rhythms, 6(3). 

Gavaud, J., and A. Yvorra (1986) Effects of winter cold on 
the ovarian activity in the lizard Lucerta vivipara Jacquin. 
In: Endocrine Regulation as Adaptative Mechanisms to the 
Environment. Y. Assenmacher and J .  Boissin, eds. Publica- 
tions du CNRS, Paris, pp. 233-241. 

Gigon-Depeiges, A., and J.P. Dufaure (1977) Secretory activ- 
ity of the lizard epididymis and its control by testosterone. 
Gen. Comp. Endocrinol., 33:473-479. 

Gregory, P.T. (1982) Reptilian hibernation. In: Biology of the 
Reptilia. C. Gans and H. Pough, eds. Academic Press, New 
York, vol. 12, pp. 53-154. 

Hawley, A.W.L., and M. Aleksiuk (1976) The influence of 
photoperiod and temperature on seasonal testicular recru- 
descence in the red-sided garter snake (Thamnophis sirtalis 
parietalis). Comp. Biochem. Physiol., 534:215-221. 

Herlant, M. (1933) Recherches histologiques et experimen- 
tales sur les variations cycliques du testicule et des carac- 
teres sexuels secondaires chez les reptiles. Arch. Biol., 

Joly, J., and H. Saint Girons (1975) Influence de la tempera- 
ture sur la vitesse de la spermatogenese, la duree de I'activ- 
it6 spermatogenetique et l'evolution des caracteres sexuels 
secondaires du lCzard des murailles, Lacerta muralis L. 
(Reptilia, Lacertidae). Arch. Anat. Micr. Morph. Exp., 
64:317-336. 

Joly, J.,  and H. Saint Girons (1981) Influence de la tempera- 

14:27-39. 

44:347-348. 



246 J. GAVAUD 

ture sur la vitesse de la spermatogenese de Lacerta uiuipara 
et comparaison avec Lacerta muralis (Reptilia: Lacertidae). 
Bull. SOC. Zool. Fr., 106:337-340. 

Licht, P. (1967) Environmental control of annual testicular 
cycle in the lizard Anolis carolinensis: I-interaction of light 
and temperature in the initiation of testicular recrudes- 
cence. J .  Exp. Zool., 165.505-516. 

Licht, P. (1971) Regulation of the annual testis cycle by pho- 
toperiod and temperature in the lizard Anolis carolinensis. 
Ecol., 52:240-252. 

Licht, P. (1972a) Environmental physiology of reptilian 
breeding cycles: Role of temperature. Gen. Comp. Endocri- 
nol. (Suppl.), 3:477-488. 

Licht, P. (1972b) Problems in experimentation on timing 
mechanisms for annual physiological cycles in reptiles. In: 
Hibernation and Hypothermia. Perspectives and Chal- 
lenges. F. South, ed. Elsevier, Amsterdam, pp. 681-711. 

Licht, P. (1973) Environmental influences in the testis cycle 
of the lizards Dipsosaurus dorsalis and Xantusia uigilis. 
Comp. Biochem. Physiol., 45A:7-20. 

Licht, P. (1984) Reptiles. In: Marshall’s Physiology of Repro- 
duction. E. Lamming, ed. Churchill Livingstone, Edin- 
burgh, pp. 206-282. 

Licht, P., H.E. Hoyer, and P.G.W.J. Van Oordt (1969) Influ- 
ence of photoperiod and temperature on testicular recrudes- 
cence and body growth in the lizards Lacerta Sicula and 
Lacerta muralis. J .  Zool. London, 157:469-501. 

Marion, K.R. (1982) Reproductive cues for gonadal develop- 
ment in temperate reptiles: Temperature and photoperiod 
effects on the testicular cycle of the lizard Sceloporus undu- 
latus. Herpetol., 38:26-39. 

MendonGa, M.T. (1987) Photothermal effect on the ovarian 
cycle of the musk turtle, Sternotherus odoratus. Herpetolog- 
ica. 43:82-90. 

Mendonqa, M.T., and P. Licht (1986) Photothermal effect on 
the testicular cycle in the musk turtle, Sternotherus odora- 
tus. J .  Exp. Zool., 239:117-130. 

Panigel, M. (1956) Contribution a l’etude de l’ovoviviparite 
chez les reptiles: Gestation et parturition chez le IezardZoo- 
toca uivipara. Masson et Cie, Paris, pp. 567-668. 

Pearson, A.K., H.W. Tsui, and P. Licht (1976) Effect of tem- 
perature on spermatogenesis, on the production and action 
of androgens and on the ultrastructure of gonadotropic cells 
in the 1izardAnoli.s carolinensis. J .  Exp. Zool., 195:291-304. 

Regal, P.J. (1967) Voluntary hypothermia in reptiles. Sci- 
ence, 155:1551- 1553. 

Rismiller, P.D., and G. Heldmaier (1988) How photoperiod 
influences body temperature selection in Lacerta uiridis. 
Oecologia, 75: 125-131. 

Stebbins, R.C. (1963) Activity changes in the stripped plateau 
lizard with evidence on influence of the parietal eye. Copeia, 

Van Damme, R., D. Bauwens, and R.F. Verheyen (1987) 
Thermoregulatory responses to environmental seasonality 
by the lizard Lacerta uiuipara. Herpetol., 43:405-415. 

Van Nuland, G.J., and H. Strijbosch (1981) Annual rhythmics 
of Lacerta uiuipara Jacquin and Lacerta agilis agilis L. 
(Sauria, Lacertidae) in the Netherlands. Amphibia Rep- 
tilia, 283-95.  

Weil, M.R., and R.D. Aldridge (1979) The effect of tempera- 
ture on the male reproductive system of the common water 
snake (Nerodia sipedon). J. Exp. Zool., 210:327-332. 

Whittier, J.M., J.T Mason, D. Crews, and P. Licht (1987) Role 
of light and temperature in the regulation of reproduction 
in the red-sided garter snake, Thamnophis sirtalis pari- 
etalis. Can. J .  Zool., 65t2090-2097. 

1963:681-691. 




