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A8srrucr.-The reproductive cycle of a population of Sceloporus grarnmicus in the Michilia 
Biosphere Reserve, Durango, Mexico, was determined through the autopsy of 117 88 and 125 99. 
Vitellogenesis starts in mid August and ends in early November. Ovulation occurs in December 
and parturition during mid May. Males are reproductively active from early November to early 
December, exhibiting a marked decline in gonadal activity from January to May. Maximum testic- 
ular and ovarian activities occur at the same time. 

Reproductive characteristics of this population are compared with another poulation of the same 
species from a similar elevation but from a southern locality previously studied by other authors. 
We have found profound differences for both sexes between the two populations. Studies of repro- 
ductive pattems for intermediate populations are needed. 

Sceloporus grarnmicus Wiegmann is a 
small viviparous lizard (53-72 mm SVL) 
distributed throughout most of Mexico 
from north of the Tehuantepec Isthmus 
to Southern Texas. Along this range it 
is found in severa1 habitats, from sea 
leve1 to high mountain conditions 
(>4000 m). This species exhibits an 
amazing array of differences in color 
pattern as well as extensive variation in 
morphometric and meristic character- 
istics. Its genic polymorphism and het- 
erozygosity values are among the high- 
est known for lizards (Hall and 
Selander, 1973; Cites, 1980). 

Although Sceloporus grarnrnicus is ex- 
tremely common in many sites, some- 
times being a dominant vertebrate in 
numbers, fhere is very little informa- 
tion regarding its natural history (Ax- 
te11 and Axtell, 1970; Guillette and Cas- 
as-Andreu, 1980; 1981). 

The purpose of this study is two fold. 
First, to describe the reproductive cycles 
of male and female S. grarnrnicus in a 
population inhabiting the Michilia Bio- 
sphere Reserve in the State of Durango, 
Mexico. Second, compare these data 
with Guillette and Casas-Andreu's pre- 
vious results (1980) on another popu- 
lation in the State of Mexico in order to 

establish differences and latitudinal 
trends. 

MATERIALS AND METHODS 
Monthly collections of 18 to 20 adult 

S .  grarnmicus, within a 5 km radius 
around the Instituto de Ecologia's field 
station in the Michilia Biosphere Re- 
serve, were carried on from December 
25, 1980 to December 20, 1981 at an el- 
evation of 2480 m above sea level. The 
predominant physiognomical-floristic 
unit of the area is an oak-pine forest 
with mean annual temperature be- 
tween 17.4 and 20.7"C receiving an av- 
erage of 567 mm of annual precipita- 
tion. 

Specimens were collected over a pe- 
riod of 3 to 4 days with each sample 
consisting of 9 to 10 adults per sex. The 
lizards were captured by hand and tak- 
en to the station's laboratory where they 
were processed within the next 12 
hours. Snout-vent length (SVL) and tail 
length were measured with a metallic 
vernier (0.1 mm). Each lizard was 
weighed with an electrical balance to 
the nearest 0.01 g. The individuals were 
killed with nembutal and before fixa- 
tion, the following data were recorded 
for each male: length, width and weight 
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TABLE 1. Monthly changes in the gonadal relative weight expressed as percentage of total body 
weight for both sexes of Sceloporus grammicus. 

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. 

Relativetestisweight 1.23 0.70 0.39 0.38 0.32 0.60 0.76 2.39 4.04 4.17 4.79 2.79 
Relativeovarvweieht 6.57 0.33 0.28 0.25 0.20 0.11 0.11 0.17 0.24 0.35 0.96 17.33 

of the testes. The number and size of 
yolked ovarian follicles and macro- 
scopic non-yolked follicles were re- 
corded for the females, as well as the 
number, size, weight and develop- 
mental stage (Dufaure and Hubert, 1961) 
of the embryos. Al1 the length measure- 
ments were done with a stereoscopic 
microscope with an ocular micrometer 
(0.001 mm). The weights were obtained 
with an electrical balance (0.001 g). Go- 
nada1 weights are expressed as a per- 
centage of the total body weight. 

A one-way analysis of variance (AN- 
OVA) followed by a Student-Newman- 
Keuls procedure (SNK) (Sokal and 
Rohlf, 1969) then were performed to 
determine significant changes in the 
monthly means of the different mea- 
surements. 

Gonads were fixed in Bouin's solu- 
tion and the specimens in 70% alcohol. 
These are deposited with the vertebrate 
collection at the Instituto de Ecologia in 
Mexico City. 

Male reproductive cyc1e.-Seasonal 
variation in testicular weight, ex- 
pressed as a percentage of body weight 
is shown in Table 1. From a minimal in 
May this value starts to increase signif- 
icantly in August and reach a maximum 
in NoJember. Maximal testicular weight 
was 0.234 g and also occurred in No- 
vember. The average testicular "length" 
(length + width divided by 2) follows 
the same general pattern (Fig. 1). These 
data indicate a decline in testicular ac- 
tivity from December to May, followed 
by a rapid increase from August to De- 
cember. 

Female reproductive cyc1e.-The repro- 
ductive activity of female S. grammicus 

throughout the year 1981 is displayed 
in Fig. 2. Yolked follicles were first ob- 
served in early Setpember, suggesting 
vitellogenesis begins in mid or late Au- 
gust. The frequency of females exhib- 
iting yolked follicles increased in Oc- 
tober, reaching 100% in November and 
December. Ovulation begins to occur in 
January. From early February to the first 
half of May, al1 the females exhibited 
oviducal eggs, even the smallest (44 mm 
SVL). Parturition occurs during the last 
half of May; juveniles were first ob- 
served on May 20 in 1979, on May 17 
in 1980 and on May 13 in 1981. By the 
beginning of June, al1 females had en- 
larged and wrinkled oviducts, and a 
large percentage (60%) still had corpora 
albicans, indicating the previous pres- 
ente of embryos in the oviduct. 

The diameter of ovarian follicles from 
females collected in June and July are 
not larger than 1 mm, and are translu- 
cent or milky white. A marked increase 
in follicular size occurs in August with 
the onset of yolk deposition in the fol- 
licles, giving them a yellowish color by 
September. The smallest female exhib- 
iting conspicuous yolk deposition was 
41 mm SVL. Ovulation occurs when fol- 
licle diameter between 6.5 and 8.5 mm. 

Corpora lutea appear in the middle of 
December, and immediately reach their 
maximum diameter (averaging 1.51 
mm). They then decrease gradually 
throughout pregnancy until early June 
(0.51 mm). Corpora lutea disappear by 
July. 

This clear seasonal cycle in reproduc- 
tive activity also can be observed at the 
leve1 of gonadal weight changes, as well 
as in gonadal/somatic index changes 
(see Table 1). Ovarian weight increases 
from June (0.004 g) until the maximum 
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Fic. 1. Testicular activity cycle in Sceloporus grammicus. Mean testicular length (mm) are given +SE. 
Numbers above the bars are sample sizes. 

size is reached in November (0.907 g). 

10 
After ovulation (January), gonadal 
regression takes place gradually. 

ln 9 Embryonic development in pregnant 

? E  female of S. grammicus can be observed 

5 from early January to mid May. Even 
w though parturition is almost synchro- 
LL 6 nous in this population (it takes place 
L L  5 
O 

in al1 females in little more than a 
4 week), the stages of embryonic devel- 

opment vary considerably from female 
2, S to female dur ing  the  first months 
E 2 
3 (sometimes up to 27 different stages 
z 1 were found in each collection). We will 

refer only to the monthly stage wbich 
is most common for the females col- 
lected. At the beginning of January, 

f=I non reproductives most of the eggs in  the oviduct have a 
with yolked fOl'icles well developed embryonic disc covered 
with Oviducal eggs by blastomeres (stage 4). In Feb- 
postreproduct ives 

ruary the majority have a distinguish- 
Fic. 2. Reproductive condition of the sample able embryonic bud and a decrease of 

females throughout the year. the blastoporal plate (stage 6). By early 
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Frc. 3. Correlation of clutch size with female snout-vent length in Scelopoms grammicus. r is sig- 
nificant at P < 0.01. 

March, embrvos are differentiated into 
cephal-ic, trunk and caudal regions. The 
head is individualized and the optic 
capsule shaped as a horseshoe with an 
open choroid fissure. At the beginning 
of April, the embryos have distinct front 
and hind legs and the fingers are dif- 
ferentiated. Additionally, the nares and 
jaw also are formed, and sexual dimor- 
phism becomes apparent (stage 36). At 
the beginning of May most of the em- 
bryos show very annulated fingers, a 
crystalline inner rim of the eyelid, dif- 
ferentiated nails and body scales be- 
come apparent (stage 38). Parturition 
occurs by mid May for most of the fe- 
males. 

S Litter site and reproductive efort.-The 
average size of the litter is 6.17 young 
per female ( N  = 46; SE = 1.65), and 
ranges from 3 to 9. The size of the litter 
is a direct function of the female's size 
(Fig. 3) as indicated by a significant, 
positive Pearson's correlation coeffi- 

cient (P < 0.01). That is, the larger the 
female, the larger the litter produced. 
The data concerning litter size and fe- 
male size obtained in 1979 and 1980 fit 
very well to this equation. 

The species exhibits a high reproduc- 
tive effort since in early May, just be- 
fore parturition takes place, 45.3% of the 
female weight is represented by repro- 
ductive mass. 

There is no doubt that Sceloporus 
grammicus belongs to the autumn breed- 
ing viviparous lizard group (Guillette 
and Casas-Andreu, 1980), but there are 
very few studies dealing with their re- 
productive cycles. Moreover, there are 
marked differences among the data re- 
ported by the authors (Mulaik, 1936; 
Evans, 1946; Anderson and Wilhoft, 
1959; Axtell and Axtell, 1970; Guillette 
and Casas-Andreu, 1980). 

One of the biggest challenges when 
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FIG. 4. Seasonal cycle of ovarian weight (expressed as percentage of total body weight) in the 
Michilia population compared to that obsewed in Zoquiapan (after Guillette and Casas-Andreu, 1980). 

dealing with the genus Sceloporus is 
trying to define systematic and phylo- 
genetic relationships within the gram- 
micus complex (Martin, 1958; Smith, 
1939; Smith and Laufe, 1945). Extensive 
chromosomic variation has been ob- 
served in this species: Hall (1973) de- 
scribed at least six different chromo- 
somic races distributed parapatrically 
along this species' range. Furthermore 
Hall and Selander (1973) suggested that 
the taxon morphologically defined as S. 
grammicus represents various semispe- 
cies or cryptic species in early stages of 
differentiation. However, Cites and 
Dixon (1981) conclude that due to the 
large "intergradation area" and the 
marked north-south clinal variation of 
meristic and morphometric characters, 
S. grammicus disparilis cannot be mor- 
phologically distinguished from S. 
grammicus microlepidotus and are taken 
into synonymy. 

Following this criteria and compar- 
ing the results obtained in this work 
with those of Guillette and Casas-An- 
dreu (1980) for S. grammicus microlepi- 
dotus in Zoquiapan, Mexico, we ob- 
served interesting and marked 
differences in their reproductive cycles 
(see Figs. 4 and 5). Within Zoquiapan 
females, the maximum gonadal weight 
(taken as percentage of total body 
weight) was observed in August, in 
contrast to December for the Michilia 
females (Fig. 4). Likewise, the males 
from the Zoquiapan population exhib- 
ited the maximum relative testicular 
weight during March, and keeping it at 
this high leve1 until July when regres- 
sion occurred. At that time, in the 
Michilia population, the same index be- 
gan to increase, exhibiting very high 
values from September to November 
(Fig. 5). 

There are strong differences between 
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Fic. 5. Seasonal cycle of testicular weight (expressed as percentage of total body weight) in the 
Michilia population compared to that observed in Zoquiapan (after Guillette and Casas-Andreu, 1980). 

these populations in the values of min- 
imum and maximum gonadal /somatic 
index in the two sexes. 

In this study, samples were processed 
within 12 hours following their capture 
and al1 weights measured previous to 
fixation. It is known that the clutch 
weightltotal body weight ratio varies 
as a function of time and of the fixer 
used (Martin, 1978). Although Guillette 
and Casas-Andreu do not specify if the 
weights were taken before fixation, the 
differences between the two popula- 
tions are so large that they cannot be 
explained as consequences of such an 
effect. Moreover, major differences are 
also found in the chronologies of the 
cycles. 

Courtship and mating in the Zoquia- 
pan population take place during Sep- 
tember. In the Michilia it was not pos- 
sible to observe copulation although an 
increase in the male's territorial activity 

is quite well-known; this makes them 
very conspicuous in early November. 
On November 26 courtship and a cop- 
ulation attempt without success was ob- 
served. Near the end of November and 
in early December ovulation takes place. 
Al1 these facts suggest that fertilization 
should occur during this period. 

In contrast to the observations of 
Guillette and Casas-Andreu, maximum 
reproductive activity in male and fe- 
male S. grammicus occurs during the 
same period (end of autumn). Histo- 
logical findings (Ortega and Garcia, in 
prep.) reinforce these results: in the 
Michilia population, female and male 
reproductive systems develop synchro- 
nously, suggesting that both sexes have 
similar responses to environmental 
stimuli. For this reason sperm storage 
in the males epididymis or in special 
female structure is not necessary. 

Embryonic development is also very 
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FIG. 6. Monthly variations of mean temperature (circles) and minimum temperature (squares) dur- 
ing the sampling periods in Michilia and Zoquiapan. 

different, the gestation period taking 
approximately 6 months in the Michilia 
but 8 months in Zoquiapan. Moreover 
there is no evidence of a period of em- 
bryonic diapause in the Michilia pop- 
ulations, whereas this phenomenon is 
observed in females from Zoquiapan. 

These are very interesting differ- 
ences, if we consider that even though 
the collections are from different lati- 
tudes, they are from similar altitudes 
(Zoquiapan, 2000 to 3000 m above the 
sea level, and Michilia, 2400-2500). 
Though mean and minimum monthly 
temperaturés are higher during spring 
and summer at the Michilia site, the 
colder months are quite similar at both 
sites (Fig. 6). 

Severa1 studies have shown that dif- 
ferences exist in the reproductive as- 
pects between populations of the same 
species with a wide distribution (Tinkle 
and Ballinger, 1972; Vinegar, 1975). 
However the differences observed be- 
tween the populations of Sceloporus 

grarnmicus found at Zoquiapan and 
Michilia are important. In fact, it indi- 
cates strongly that a study of the repro- 
ductive characteristics of other popula- 
tions found between these two sites is 
needed so as to determine if this is only 
due to a clinal variation or may indicate 
reproductively isolated populations and 
speciation. 
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