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Squamate viviparity has evolved on several occasions, and probably independently within 

the genus Liolaemus itse lf. Hypotheses about the origin of repti l ian viviparity emphasize the 

advantage of providing an adequate thermal environment for the embryo.  At the same time, high 

latitudes and altitudes l imit the availab i l ity of heat to perform vitel logenesis and gestation. The 

genus Liolaemus includes both oviparous and viviparous modes of reproduction, as well as 

reproductive cycles with great variations in the timing of the events. In  the present work 

maximumjuvenile size, sexual dimorphism, gonadal cycle and l itter size of viviparous Liolaemus 

elongatus were studied. Female l izards may have annual or biennial cycles, but males reproduce 

annually in synchronization with the female cycle. Phenotypic plasticity may be one way that 

allows the species to cope with environmental constraints, and may be a reproductive adaptation 

that Liolaemus has evolved in response to the the cold cl imate in the h ighlands of southern South 

America. 

INTRODUCTION 

Viviparity has arisen in the squamate reptiles on 
multiple occasions (Packard, Tracy & Roth, 1 977; 
Blackburn, 1 982; Guillette, 1 993), and probably inde
pendently within the genus Liolaemus itself 
(Blackburn, 1 985 ;  Espinoza, 1 996). The relationship 
between repti lian reproduction and the environment 
may be the consequence of ecological factors (Vitt, 
1 992) as well as inherited traits that evolved in the past 
(Guillette & Mendez la Cruz, 1 993 ;  Heulin, Osenegg & 
Lebouvier, 1 99 1  ). The family Liolaeminae has been 
subject to the consequences of tertiary orogeny and gla
cial fluctuations (Cei, 1 993) and probably many of its 
phenotypic characteristics are related to these events. 

The cold climate hypothesis (Packard et al. , 1 977; 
Shine 1 983 ;  Shine, 1 985) considers viviparity to have 
evolved as an adaptation to low temperature conditions, 
among other factors. The strong relationship between 
embryonic developmental rate and temperature (Shine 
1983 ; Heulin et al., 1 99 1 ;  Van Damme, Bauwens, 
Brafia & Verheyen, 1 992; Shine & Harlow, 1 993) es
tablishes the main constraint to reproduction in relation 
to the shortening of activity season in h igh latitudes. 
Espinoza ( 1 996) proposes this hypothesis to explain the 
origin of viviparity in the genus Liolaemus. 

Van Damme et al. ( 1 992), Shine & Harlow ( 1 993), 
and Shine ( 1 995) tested the idea that a given range of 
temperatures during embryogenesis directly enhances 
hatchling viabil ity. The phenotypic plasticity hypoth
esis (Shine, 1 995) predicts that prolonged uterine 
retention might enhance offspring fitness in any envi
ronment in which maternal temperatures differ from 
nest temperatures. Evidence in support of this hypoth
esis is far from comprehensive (Heu I in et al. , 1 99 1 ;  
Sinervo & Adolph, 1 994; Martin Vallejo, Garcia 

Fernandez, Perez Mellado & Vicente Villard6n, 1 995;  
Shine, 1 995) .  A complementary approach is that of 
Charland ( 1 995); (see also Charland & Gregory, 1 990; 
Packard et al. , 1 977), i .e. the advantage of viviparity 
lies in the acquisition of a narrow range of developmen
tal temperatures. 

We can expect that pregnant females thermoregulate 
to offer a stable thermal environment to developing 
embryos while vitellogenic females require an opti
mum body temperature to minimize v itellogenesis 
lapse. Both processes require adequate access to heat. 
Although thermoregulation in lizards is extensively de
scribed, how females respond during gametogenesis 
and pregnancy is little-known (Charland & Gregory, 
1 990; Charland, 1 995;  Ibargilengoytia & Cussac, 
1 996). 

There are four responses that may result in 
multiannual cycles: ( I )  prolonged vitel logenesis (van 
Wyk, 1 99 1 ;  Cree & Guillette, 1 995;  Cree et al., 1 992); 
(2) prolonged pregnancy (Vial & Stewart, 1 985 ;  Cree 
& Guillette, 1 995); (3) allocation of vitellogenesis and 
pregnancy in separate breeding seasons 
(lbargilengoytia & Cussac, 1 996); and (4) skipping of a 
year (van Wyk, 1 99 I ) . Annual cycles can be tested by 
three criteria: ( I )  a high ratio of non reproductive fe
males during the breeding season (Aldridge, 1 979; van 
Wyk, 1 99 1  ); (2) the simultaneous presence of individu
als with reproductive conditions non adjacent in the 
cycle sequence (Cree & Guillette, 1 995), and its corol
lary, (3) the simultaneous presence of vitellogenic and 
pregnant females in the population ( lbargilengoytfa & 
Cussac, 1 996). 

The genus Liolaemus is distributed from the h igh
lands of Peru and Bolivia to Tierra de! Fuego and from 
Pacific islands to Brazil (Cei, 1 986). Liolaemus include 
oviparous and viviparous modes. Viviparous species 
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show great variations in the timing of reproductive 
events. Liolaemus multiformis multiformis (4600 m), L. 
alticolor, L. jamesi, L. aymararum and L. 
huacahuasicus (3700 m) exhibit autumn vitellogenesis 
and ovulation, followed by pregnancy over winter and 
parturition during spring (Pearson, 1 954; Leyton et al., 
1 982 ; Ramirez Pinilla, 1 99 1 ). Three mountain species 
(2500 m), L. altissimus, L. leopardinus, and L. 
nigroviridis (Leyton & Valencia, 1 992), exhibit vitello
genesis from late summer to early spring, followed by 
pregnancy during spring and summer, and the same 
situation occurs in L. gravenhorsti, a mid-elevation 
(700 m) l izard (Leyton & Valencia, 1 992). Liolaemus 
pictus responds to short and cold activity seasons by 
means of biennial or triennial cycles, allocating vitello
genesis and pregnancy in different years, and 
sometimes combining the lengthening of the ovarian 
cycle with the skipping of a year (lbargtiengoytia & 
Cussac, 1 996). 

Liolaemus elongatus has been always described as a 
saxicolous species dwelling in the steppe (Cei, 1 986), 
but recently it has been recorded from the transition 
rainforest-steppe ( 4 1 .2° S, 7 1 .2° W, lbargtiengoytia et 
al. , 1 997), overlapping with L. pictus, a typical rainfor
est lizard. The cycle of female L. elongatus from a 
Mendoza population (ea. 32 .5°  S, 69.3° W and 2700 m 
high) has been described (Ramirez Pinil la, 1 992b) as 
annual and showing vitellogenesis from beginning of 
summer until  end of spring. Females were noted to be 
gravid from late spring to late summer followed by a 
new cycle, without a period ofrest. An annual male cy
cle has been described, for the same locality of 
Mendoza (Macola et al., 1 984; Ramirez Pinil la, 
1 992b ). These results have the following problems: ( I )  
authors d o  not differentiate adults from juveni les; (2) 
Macola et al. ( 1 984) describe a rest period in summer 
and a "receso" (rest?) period in winter, while the same 
winter individuals are considered active (high testicular 
volumes) by Ramirez Pinil la ( 1 992b );  and (3) the latter 
author does not discuss the pregnant females caught in 
mid- and late summer (see Fig. 2, pp. 70). 

The aim of this work is to describe the reproductive 
biology of L. elongatus, in order to increase the under
standing of the effect of environment factors on the 
reproduction of Liolaemus l izards. 

MATERIAL AN D METHODS 

COLLECTION OF SPECIMENS 

Three set of specimens were used: Group A: n = 39, 
collected from October to March ( 1 9 8 1  to 1 984), in 
Nahuel Huapi and Lanin National Parks; Group B n = 

35 collected from November to March ( 1 993 to 1 995), 
in San Carlos de Bariloche. Localities of groups A and 
B are situated between 39° to 4 1 .5°  S and 7 1 .6° to 70.5° 
W, from 500 to 1 800 m high . Specimens are deposited 
in the Centro Regional Universitario Bariloche of the 
Universidad Nacional del Comahue. Group C: n = 1 3 0, 
collected from December to January in Neuquen ( 1 963 

to 1 973) and Mendoza Province ( 1 96 1  to 1 994). Lo
calities are situated between 32° to 4 1 .07° S and 66.52° 
to 7 1 .97° W) and specimens are deposited in the 
Instituto de Biologia Animal of the Universidad 
Nacional de Cuyo. 

AUTOPSY PROCEDURES 

Lizards were killed by intraperitoneal admin istration 
of sodic thiopental, fixed in 4% formaldehyde for 1 0  
days (Groups A and C) or Bouin's solution (Group B) 
for 24 hr, and preserved in 70 % ethanol. Smal l l izards 
(SVL 23 . 1 to 29.66 mm), were not dissected. 

The uteri were characterized by morphological ob
servations into three categories: ( I )  Uterus type 1 :  
folds, if present, are small, and never spread over all the 
uterus, similar to the thread-like oviduct typical of juve
niles reported by van Wyk ( 1 99 1 ); (2) Uterus type 2: 
medium size folds spread all over the uterus, indicative 
of the distended oviducts of adulthood sensu Vitt & 
Caldwell ( 1 993), and generalized hypertrophy of the 
oviducts associated with vitellogenic recrudescence 
(Ramirez Pinil la, I 992a); and (3) Uterus type 3 :  similar 
to type 2 but conspicuously more stretched with bigger 
folds. This type seems to be analogous to the stretched 
oviducts (Flemming & van Wyk, 1 992) and to the post
reproductive uterus (Ramirez Pinilla, l 992a), in both 
cases an indication of recent parturition. 

Ovarian s ize was estimated as the diameter of the 
largest follicle, recorded with a vernier calliper on cam
era lucida schemes. For testicular s ize the 
antero-posterior diameter was used. 

The maximum juvenile size was determined taking 
into account the size of the smallest female with ovu
lated oocytes or Uterus type 2 (Van Wyk, 1 99 1 ;  
Mouton & Van Wyk, 1 993),  and the smallest male 
showing testicular growth during the breeding season 
(Vitt & Caldwell, 1 993 ; Censky, 1 995). L itter size was 
estimated by counting the number of ovulated oocytes 
or embryos in uterus. 

DAT A RECORDED 

Capture dates were considered as days counted from 
2 1  September, in order to consider a standard year start
ing the first day of spring (Southern Hemisphere), 
approximately when l izards become active. 

The fo llowing data were recorded for each l izard: 
sex, gonadal size, snout-vent length (SVL), head length 
(HL), head width (HW) and width at vent (WA V). 
When needed, all original measures were transformed 
using natural logarithms to approximate multivariate 
normality and linear relationships, and corrected for 
SVL according to the following equation (Reichow et 
al. , 1 99 1 ): 

AM = OML - (RC x (In SVL - Mean (In SVL))) 

where AM = adjusted measurement; OML = original 
measurement logarithm; RC = regression coefficient 
between the logarithm of the character and the loga-
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FIG. I .  Maximum juvenile size (SVL, vertical dashed line) in 
relation to the smallest gravid female (triangle), male 
testicular diameter (circles) and uterus type (squares). 

rithm of SVL, Mean (In SVL) = overall mean of SVL 
logarithm. 

STATISTICAL ANALYSIS 

Data were studied using analysis of variance 
(ANOV A), regression analysis, and the paired t-test. 
Normality and variance homogeneity assumptions 
were tested comparing predicted and observed frequen
cies by means of the Kolmogorov-Smimov test, and by 
analysis of residuals or the Levene test, respectively. 
When normality or variance homogeneity assumptions 
did not hold, Mann-Whitney and Runs tests were used 
instead (Sokal & Rohlf, 1 969; Norusis, 1 986). 

RESULTS 

JUVENILE PERIOD, S EXUAL DIMORPHISM AND S EX 

RATIO 

The smallest female found with ovulated oocytes in 
the uterus was 65.44 mm SVL whereas Uterus type 2 
appears at 53 . 74 mm SVL. The smallest male showing 
testicular growth was 57.26 mm SVL. Thus the maxi
mum juvenile size (SVL) was considered less than 
53 .74 mm (Figs. 1 and 2). 

Juveniles were caught from mid spring to late au
tumn. Although juvenile SVL frequency was normal 
(Kolmogorov Smirnov test: Z = 1 .28,  n = 30, P > 0 .07), 
grouping SVL less than and more than 37 .5 mm shows 
the existence of two groups (Fig. 3; Runs test: Z= -4.7 1 ,  
n = 30, P< 0 .000 1 ). 

Juvenile and adult lizards show different allometric 
relationships between the three recorded body meas
urements (head length, head width and width at vent) 
and SVL. Comparison of95 % confidence intervals for 
slopes of adults and juveniles showed that head length 
grew slower than SVL in juveniles (n = 30), adult males 
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FIG. 2. Testicular diameter of adult males versus capture 
date. 

(n = 84), and females (n = 87). Particularly, the 95 % 
confidence interval for the slope was lower for juve
n i les than for adult males and females. At the same 
time, head width grew slower than SVL in juveni les (n= 
30) and adult females (n = 87).  In adult males, head 
width (n = 84) growth was isometric. Width at vent 
grew faster than SVL in juveniles (n = 3 0) and adult 
males (n = 84), while in adult females (n = 87) growth 
was isometric (Fig. 4).  

SVL did not differ between adult males and females 
(Mann Whitney test: n = 1 7 1 ,  Z =  1 .4708, P >  0 . 1 4), but 
head length (Mann Whitney test: n = 1 7 1 ,  Z = 5 .093 5, 
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head length, head width and width at vent with SVL. 
Regression lines are indicated. 

P< 0.000 1 ), head width (Mann Whitney test: n= 1 7 1 ,  
Z=6.4484, P< 0.000 1 )  and width at vent did (Mann 
Whitney test: n=1 7 1 ,  Z=6 .2290, P< 0 .000 1 ;  adjusted 
measurements used in all tests). The three variables had 
greater values for males (Fig. 4). 

Amongst all the specimens collected, the ratio of 
adult males to adult females was 0.97 : 1 .  

GONADS AND REPRODUCTIVE CYCLE 

Adult Males. A slight difference was found between 
right and left testicular diameter (t = 4.45, df = 83, P< 
0.000 1 ), so values for the largest testicle (right) were 
used. 
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FIG. 5. Follicular diameter of adult females (circles: Uterus 
type 1 ,  triangles: Uterus type 2 and squares: Uterus type 3) 
versus capture date. Frequency of gravid females, with early 
(dashed bars) and late developed embryos (black bars) are 
also indicated. 

The relationship between testicular size and date of 
capture showed the biggest testicular s ize in mid
spring, a minimum in summer, and a c lear gonadal 
recrudescence, reaching its peak value in autumn (Fig . 
2). The relationship of Log (testicular size) with Log 
(SVL) was significant (F = 30.46, df = 79, P< 0.000 1 ,  
Fig. 1 )  and showed positive allometry (95 % confi
dence interval for slope > 1 ) .  

Adult Females. Differences between right and left 
fol l icle diameter (t = 0.75, df = 68, P > 0.456) were not 
found. Average foll icle diameter showed an isometric 
relationship with SVL (F = 1 1 . 1 5, df = 66, P< 0 .002) 
and a l inear relationship w ith date of capture (F = 
26.94, df = 64, P< 0.000 1) .  Gravid females and the two 
advanced vitellogenic females caught in spring were 
excluded from the analysis (Fig. 5). 

The span from the time the first adult female was 
caught in summer, until the record of the highest 
follicular diameter in autumn, was 1 24 days, with the 
gonadal diameter ranging from 1 .25 mm to 3 .55 mm. 
The size of the smallest oocyte found in the uterus was 
9. 1 7  mm (uterine wall included). 

Gravid females (n= l 7) were captured from late 
spring (3 December) to mid summer (9 February). I t  
must be noted that early and advanced pregnancy both 
occur in mid-summer (Fig. 5). The first female found 
with Uterus type 3 was captured on 27 January. 

L itter size ranged between three and seven foetuses, 
from females that varied between 65 .44 and 82 .38  mm 
SVL (n=5, other gravid females underwent extraction 
of some embryos previously to this study). 

In summary, female cycles showed vitellogenesis in 
summer through winter with ovulation in the following 
spring. Females were gravid throughout late spring and 
summer, b irth possibly taking place from m id-summer 
to autumn. 

DISCUSSION 

A clear assessment of adulthood is necessary to ana
lyse reproductive cycles, differentiating non-reproduc
tive adults from juveniles (van Wyk, 1 99 1 ;  Flemming 
& Van Wyk, 1 992; Vitt & Carvalho, 1 992; Mouton & 
van Wyk, 1 993 ;  Vitt & Caldwel l ,  1 993 ; F lemming, 
1 994; Censky 1 995, Ibargilengoytia & Cussac, 1 996). 
In L. elongatus, yolk deposition is not conspicuous in 
preserved ovaries. Nevertheless, the appearance of 
pregnancy, Uterus type 2, and the increase of testicular 
growth allows the assessment of a common size for at
taining adulthood in both sexes. The juvenile popula
tion shows two cohorts. Capture dates of the lower SVL 
group suggest that birth takes place in summer. Modal 
grouping of juveniles by SVL shows that, as in L. pictus 
(Ibargilengoytia & Cussac, 1 996) and Sceloporus occi
dental is (Sinervo & Adolph, 1 994) adulthood would 
not be reached before one and a half years after birth. 

We failed to record differences between adult male 
and female SVL and also between maximum juvenile 
size. As in L. pictus (Ibargilengoytia & Cussac, 1 996), 
male L. elongatus have l arger heads and wider tail 
bases than females. Adult male and female head shape 
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differs from that of juveniles. Sexual selection may ac
count for such dimorphism (Mouton & van Wyk, 1 993; 
Censky, I 995.  

Data on male cycles suggests there is gonadal recru
descence from summer to autumn. Spring adults 
indicate a prolonged spermatogenetic period of one 
year. These events show high synchrony with the fe
male cycle. On the basis of the analysis of follicular 
diameters, we postulate that in L. elongatus 
vitellogenesis begins in summer and continues until the 
fol lowing spring when, as the difference between 
fol l icular and oviductal oocyte size suggests, it is sud
denly completed. 

Callard et al. (I 992), point out that vite llogenesis 
and pregnancy are two phenomena that are mutually 
exclusive for a viviparous squamate female. If this is 
the case, capture dates of vitellogenic and pregnant fe
males should show a sequential pattern within the 
population. In L. elongatus, the simultaneous presence 
of females showing early pregnancy and females initi
ating vitellogenesis strongly suggests an overlapping 
situation (see Ibargiiengoytfa & Cussac, I 996). In the 
same way, the co-occurrence of adult females with low 
and high gonadal size suggests a biennial cycle (van 
Wyk, 1 99 1 ;  lbargiiengoytfa & Cussac, 1 996). These 
hypotheses imply the presence of both vitellogenic and 
non vitellogenic adult females during autumn and win
ter but, due to the cool and snowy winter, capture is 
normally not possible. On the other hand, both females 
with Uterus type 3 and the advanced pregnant females 
caught in summer, seem to be able to begin a new 
vitellogenic cycle in the same season. We propose that 
L. elongatus populations consist of annual cycles in 
males, and annual and biennial cycles in females. This 
plasticity in reproductive strategy could be one of the 
conditions that al low its range to encompass a wide 
range of steppe and cold montane environments. 
Causal relationships between reproductive timing and 
access to heat may be complex since environmental 
temperature also influences food availability, and this 
constrains reproduction (Hahn & Tinkle, 1 965 ;  
Greenberg & Gist, I 985 ,  Bonnet, Naul leau & Mauget, 
1992). Fat bodies and gut content studies will be neces
sary to estimate the relative importance of each factor. 

The reproductive cycle of L. elongatus closely re
sembles that of L. gravenhorsti (Leyton, Miranda & 
Bustos Obregon, 1 980; Leyton, Morales & Bustos 
Obregon, 1 977), but an important difference must be 
noted. Overlap between early pregnant and early 
vitellogenic L. elongatus females implies that individu
als may be at different stages of the reproductive cycle 
within the same population (Cree & Guil lette, 1 995; 
lbargiiengoytia & Cussac, 1 996). However, overlap be
tween preovulatory and early pregnant L. gravenhorsti 
females does not obviate an annual cycle. Increasing 
plasticity of reproductive responses can be envisioned 
by comparing L. gravenhorsti, L. elongatus and L. 
pictus (Leyton, Miranda & Bustos Obregon, 1 980; 
lbargiiengoytia & Cussac, 1 996). Reproductive pat-

terns in these species appear to be correlated with their 
latitudinal and altitudinal distribution. 
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