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Abstract: We conducted a field study to examine the significance of the seasonal changes in activity levels, spatial
relationships, and social interactions of the Iberian rock lizard,Lacerta monticola, during the same favorable climatic
period. Activity level, movement rate, home-range size, number of same-sex neighbors, and number of agonistic
interactions decreased as the mating season finished for males but not for females. The number of females’ home
ranges overlapped by the home range of each male was also higher in the mating season than in the nonmating season.
Measurements of available ambient temperatures showed that the thermal environment was suitable for the activity of
lizards in both seasons, therefore the seasonal changes cannot be explained by thermal constraints. Males gain access
to several females by increasing their home-range size, thus overlapping a larger number of females’ home ranges, but
as a consequence, also those of a larger number of male competitors. Thus, the cost of incurring agonistic interactions
also increases. These results suggest that because activity and aggressiveness in males are related to their mating suc-
cess, the balance between the costs and benefits of their activity and spatial strategies differs seasonally, and this may
be the cause of the observed seasonal changes.

Résumé: Nous avons procédé à une étude sur le terrain pour examiner l’importance des changements saisonniers des
niveaux d’activité, des relations spatiales et des interactions sociales chez le lézardLacerta monticolaau cours d’une
même période climatique favorable. Le niveau d’activité, les taux de déplacement, la taille du domaine, le nombre de
voisins de même sexe et les interactions agonistiques diminuent vers la fin de la saison chez les mâles, mais pas chez
les femelles. Le nombre de domaines de femelles chevauchés par les domaines de chacun des mâles est plus élevé du-
rant la saison des accouplements qu’en dehors de la saison. Les mesures disponibles de température ambiante démon-
trent que le milieu thermique est propice à l’activité des lézards au cours des deux saisons et, conséquemment, les
changements saisonniers ne peuvent pas s’expliquer par des contraintes thermiques. Les mâles gagnent l’accès à plu-
sieurs femelles en augmentant les dimensions de leur domaine, chevauchant ainsi un plus grand nombre de domaines
de femelles, mais aussi, nécessairement, les domaines d’un plus grand nombre de mâles compétiteurs. Le coût des inte-
ractions agonistiques augmente donc aussi. Ces résultats indiquent que, parce que l’activité et l’agressivité des mâles
sont reliées au succès de leurs accouplements, l’équilibre entre les coûts et les bénéfices de leur activité et leurs straté-
gies spatiales varient selon la saison, ce qui pourrait expliquer les changements saisonniers observés.

[Traduit par la Rédaction] 1971
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It is widely known that the activity of lizards is related to
the characteristics of the thermal environment (Schoener 1970;
Porter and Tracy 1983; Labra and Rosenmann 1992). How-
ever, there is evidence that a lizard’s activity does not only
depend on favorable thermal conditions (Porter et al. 1973;
Simon and Middendorf 1976; Rose 1981). For a lizard, to be
active provides benefits such as thermoregulation, food, and
mating (Huey 1982), but an active lizard may also incur
costs due to an increase in predation (Magnhagen 1991) or

agonistic encounters (Marler and Moore 1988; Martín and
López 2000). Thus, inactivity may be adaptive, since if a liz-
ard reduces its activity, these costs may also be reduced
(Rose 1981; Martín and López 2000).

Most studies of the responses of lizards to seasonality ex-
amine the differences between the effects of favorable and
unfavorable climatic periods after strong seasonal changes,
i.e., in a severe climate (e.g., Fleming and Hooker 1975; Lis-
ter and Aguayo 1992; Sound and Veith 2000). On the other
hand, seasonal changes in the behavior of lizards depend, at
least in part, on the endogenous circadian system (Foà et al.
1994; Innocenti et al. 1994). However, seasonal changes in
the behavior of lizards have often been examined as a part of
studies in which this was not the general objective. There-
fore, studies that have this topic as their main focus are
needed. A study of species in which seasonal changes in
activity and aggressiveness occur together with changes in
mating behavior, and independently of climatic conditions,
may contribute to understanding the adaptive significance of
activity level, aggression, and territoriality.

Lacerta monticolais a small diurnal lacertid lizard found
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mainly in rocky habitats in some of the high mountains of
the Iberian Peninsula. Lizards are active from May to Octo-
ber, mating occurs in May–June, and a single clutch is pro-
duced in July (Elvira and Vigal 1985). In this species, males
are polygynous and gain access to several females by in-
creasing their home-range size, thus overlapping a higher
number of females’ home ranges, but as a consequence, the
number of home ranges of male competitors that are over-
lapped also increases. It is supposed that this situation con-
fers a benefit in terms of mating success (Stamps 1983), but
also increases the risk of incurring agonistic interactions
with other males. Male lizards that are frequently engaged in
agonistic interactions may incur greater energetic and sur-
vival costs derived from higher activity levels (Marler and
Moore 1988). In this context, the balance between the costs
and benefits of a particular home-range size should differ
between the mating and nonmating seasons. Therefore, since
the costs (i.e., the risk of incurring agonistic interactions)
would exceed the benefits (i.e., opportunities of mating with
a female) in the nonmating season, mechanisms for reducing
these costs would be advantageous. The potential saving in
energy is specially important inL. monticolabecause they
have only a short period of activity during which to store re-
serves to survive a long winter.

In this study we examined seasonal changes in activity
level, home-range size, spatial relationships, and social inter-
actions of lizards of both sexes in the field during the same
favorable climatic period. We predicted that if increased levels
of aggression and activity in males are intended to increase
their mating success, then as the mating season finishes,
males should decrease their activity levels and should also
tend to reduce their home-range size. In contrast, females
should not change their activity level or home-range size be-
cause they need resources for the developing clutch during
the nonmating season.

Methods

Spatial relationships and activity
Fieldwork was done during June–July 1998 at Alto del Telégrafo

in the Guadarrama Mountains of central Spain at an elevation of
1900 m. The study site is composed of patches of large granite
rocks and scree interspersed by shrubs (Cytisus oromediterraneus
and Juniperus communis), together with meadows ofFestucasp.
and other grasses (Martín and Salvador 1992). A 0.2-ha plot (50 ×
40 m) was gridded into 20 quadrants of 100 m2 each. This plot size
allowed us to differentiate between residents and transients by
closely monitoring the activity of lizards (Rose 1982); a larger plot
would decrease the probability of sighting a particular lizard, there-
fore it would be more difficult to separate transients from resi-
dents.

During the study, 32 males (snout-to-vent length (SVL) = 69.8 ±
0.8 mm (mean ± SE)) and 26 females (SVL = 73.8 ± 1.3 mm) were
captured by noosing and individually marked with paint on the
back and remarked when necessary. Sexual maturity of lizards was
estimated from their SVL and only mature individuals (SVL >
61 mm for males and SVL > 67 mm for females; Elvira and Vigal
1985) were marked. We performed censuses each day during June
and July 1998 from 08:00 to 18:00 GMT, but only when climatic
conditions were favorable for lizard activity. When lizards were
captured or sighted we noted the date, time of the day, and their lo-
cation on ax–y coordinate map. Censuses were also performed in a
border zone of 100 m2 to obtain information on those individuals

that might have part of their home range outside of the plot. To en-
sure independence of data, the time interval between locations was
at least 1 h. We used the computer program RANGES V (written
by R. Kenward, Institute of Terrestrial Ecology, Wareham, Dorset,
U.K.) (Larkin and Halkin 1994) to determine home-range size us-
ing the convex polygon method, which is suitable for measuring
home-range size (Rose 1982). Lizards with less than three sight-
ings on different days were considered transients.

Data were divided into five consecutive periods of 7 consecutive
days during which lizards were active. Thus, for each lizard there
were five estimates of its home range, which was the area encom-
passing all sightings of that individual during each period. Search
effort was the same on all days. A previous study of the same pop-
ulation showed that approximately 10 sightings for males and 6 for
females described 80% of the home range estimated using all
sightings, and we considered this to be the minimum number of
sightings that adequately represented home-range size in this popu-
lation (Martín and Salvador 1997). Thus, in this paper we use only
home-range data that fulfill these requirements. Neighbors were
defined as those lizards whose home ranges overlapped. When data
were not normally distributed and (or) variances were not homoge-
neous after appropriate transformations, we used non-parametric
analyses. To examine changes in home-range size and number of
male or female neighbors of the same individuals through the two
periods we used non-parametric Friedman’s ANOVA by rank. This
test assumes that the variables (levels) under consideration were
measured on at least an ordinal (rank order) scale. The null hypoth-
esis for the procedure is that the different columns of data contain
samples drawn from the same population, or more specifically,
populations with identical medians. Thus, the interpretation of re-
sults from this procedure is similar to that of a repeated-measures
ANOVA. Pairwise comparisons a posteriori were planned using
non-parametric multiple-comparison procedures (Sokal and Rohlf
1995). Reported probabilities for each set of tests were not ad-
justed for multiple comparisons, but the reported significance was
verified where appropriate using Rice’s (1989) sequential Bonferroni
adjustment for multiple comparisons (Chandler 1995). In addition,
we compared the home-range sizes of males and females in each
period using Mann–WhitneyU tests (Siegel and Castellan 1988).
Pearson’s correlations were conducted between the number of
sightings or the number of individual lizards that were active each
day and the sequence of the days on which fieldwork was carried
out (Sokal and Rohlf 1995).

Thermal effects on activity
To examine the characteristics and seasonal changes of the ther-

mal environment during the field study, we randomly measured the
temperature (to the nearest 0.1°C) of the air, ground, and rocky soil
each hour (from 08:00 to 18:00 GMT) during the first 10 days of
June (mating period) and the last 10 days of July (nonmating pe-
riod) using an electronic digital thermometer. Air temperature was
measured 10 cm above the substrate. To avoid the influence of di-
rect incident sunlight, an opaque lampshade was used during each
measurement. We computed the mean temperature for each day
and used Mann–WhitneyU tests to compare temperatures during
the mating and nonmating periods. To assess whether the thermal
environment was optimal for lizard activity, we compared these
temperatures with data from previous studies on the thermal biol-
ogy (e.g., body temperatures of lizards measured in the field and in
thermal gradients) of the same population ofL. monticola(Carrascal
et al. 1992; Martín and Salvador 1993).

Distance travelled and time spent walking
During the first week of June (mating period) and the last week

of July 2000 (nonmating period) we carried out focal observations
of males and females in the same study area from 09:00 to 12:00

© 2001 NRC Canada

1966 Can. J. Zool. Vol. 79, 2001

J:\cjz\cjz79\cjz-11\Z01-159.vp
Wednesday, October 31, 2001 2:19:42 PM

Color profile: Disabled
Composite  Default screen



GMT. Each lizard was followed for 5 min from a distance to avoid
disturbing it; binoculars were used when necessary. Time spent
walking and total distance travelled were noted for each lizard. Fo-
cal observations were terminated when lizards had been out of
sight for more than 30 s or their behaviour was affected by the ob-
server’s presence. Mature males and females were easily identifi-
able at long range; however, lizards were captured when possible
to determine sex and measure their SVL. The sex of all captured
lizards coincided with that previously assigned. Given the large
size of the area surveyed (more than 5 km2) and the high lizard
density, and because we avoided walking routes taken previously,
the probability of repeated sampling of the same individual was
very low. We therefore treated all measurements as independent.
We used two-way ANOVAs to compare the time individuals spent
walking and the distance travelled between males and females and
between periods (Sokal and Rohlf 1995). Pairwise comparisons
were made using Tukey’s HSD tests.

Social interactions
During censuses, agonistic interactions and matings were also

noted. Agonistic interactions consisted mainly of chases between
males, while mating interactions were those in which courtship and
(or) copulation was observed. Courtship was noted when a male
approached a female slowly, then gently bit her tail near the cloaca
and finally copulated if she was receptive. We also noted when a
male was found close to a female (less than 0.1 m away for more
than 5 min) and following her movements closely, which was oper-
ationally defined as mate-guarding behavior (Olsson and Shine
1998). We used Pearson’s correlations to examine the relationship
between the number of agonistic interactions between males, the
frequency of courtship of females, and the frequency of mate
guarding observed each day and the sequence of the days on which
fieldwork was carried out (Sokal and Rohlf 1995). We also com-
pared the numbers of agonistic interactions between males, fre-
quency of courtship of females, and frequency mate guarding
observed in the year 2000 with an expected binomial distribution,
assuming frequencies to be equally probable in each period (mat-
ing and nonmating).

Results

Activity and thermal environment
There was a significant negative correlation between the

number of individual males that were seen active each day
and the sequence of days (Pearson’s correlation,r = –0.54,
F[1,33] = 13.82,P < 0.001; Fig. 1A). In contrast, there was no
significant correlation in the number of active females seen
active each day and the sequence of days (r = –0.19,F[1,33] =
1.24,P = 0.27). Similarly, there was also a significant corre-
lation between the number of total sightings of all individu-
als and the sequence of days for males (r = –0.58,F[1,33] =
17.01,P = 0.0002; Fig. 1B) but not for females (r = –0.15,
F[1,33] = 0.75, P = 0.39). This decrease in the activity of
males cannot be explained by thermal constraints because
the temperatures of the ground (mating period: 25.6 ± 1.2°C
(mean ± SE), range = 19.9–32.6°C; nonmating period: 27.7 ±
1.6°C, range = 19.2–33.9°C), rocky soil (mating period:
23.6 ± 0.7°C, range = 21.2–26.7°C; nonmating period: 25.5 ±
1.2°C, range = 17.7–29.5°C), and air (mating period: 19.2 ±
0.7°C, range = 15.0–22.4°C; nonmating period: 22.7 ± 1.2°C,
range = 16.0–27.1°C) were suitable for the activity of the
lizards in both periods. Thus, there were no significant dif-
ferences between the mating and nonmating periods in the
temperature of the ground (Mann–WhitneyU test,z = –1.28,

P = 0.19) or rocky soil (z = –1.51, P = 0.13). Air
temperatures, however, were significantly higher, though
more favorable for lizards’ activity, in the nonmating period
than in the mating period (z = –2.19,P = 0.03).

Spatial relationships
Home-range sizes varied significantly in both sexes among

the five seasonal periods (Friedman’s two-way ANOVA, males:
χ[ 4]

2 = 27.43, P < 0.0001; females:χ[ 4]
2 = 11.7, P = 0.02;

Fig. 2). Males’ home-ranges were significantly larger in the
first period than in the fourth and fifth periods (non-parametric
multiple comparisons,P < 0.001), and also in the second pe-
riod than in the fifth period (P < 0.005). There were no sig-
nificant differences in the rest of comparisons (P > 0.05 in
all cases). For females, the home range significantly smaller
in the fifth period than in the third and fourth periods (P <
0.005). Similarly, there was a gradual seasonal decrease in
males’ home-range sizes (Pearson’s correlation,r = –0.91,
F[1,33] = 15.31, P = 0.02) but not in females’ (r = –0.38,
F[1,33] = 0.49,P = 0.53; Fig. 2). On the other hand, the home
ranges of males were significantly larger than those of females
in the first period (Mann–WhitneyU test, z = 4.25, P <
0.0001) but not in the remaining periods (P > 0.05 in all
cases).

© 2001 NRC Canada
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Fig. 1. Relationships between the number of active lizards
(A) and the number of sightings (B) and the sequence of days
for male and femaleL. monticola.
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The number of same-sex neighbors varied significantly
among the five periods for both sexes (Friedman’s two-way
ANOVA, males: χ[ 4]

2 = 45.41, P < 0.0001; females:χ[ 4]
2 =

9.71, P < 0.05; Fig. 3A). In the first period, the number of
males’ home ranges that overlapped those of other males
was significantly higher than in the remaining periods (non-
parametric multiple comparisons,P < 0.001 in all cases),
and was significantly higher in the second period than in the
fifth period (P < 0.01), but there were no significant differ-
ences between the remaining periods (P > 0.05). However,
the number of females neighboring other females did not
change significantly between periods (P > 0.05 in all cases).
On the other hand, the number of males’ home ranges over-
lapped by those of males varied significantly among periods
(Friedman’s two-way ANOVA,χ[ 4]

2 = 36.71, P < 0.0001;
Fig. 3B), being significantly higher in the first period than in
the remaining periods (P < 0.001 in all cases).

The numbers of males’ and females’ home ranges that
overlapped the home range of each male were significantly
correlated in all periods except the fifth, when there were no
overlapping females’ home ranges (Pearson’s correlations,
0.56 < r < 0.87,P < 0.0001 in all cases,N = 32). Thus, the
higher the number of female neighbors, the higher the num-
ber of male neighbors.

Distance travelled and time spent walking
Distance travelled varied significantly between periods (two-

way ANOVA, F[1,84] = 23.10,P < 0.0001) between the sexes
(F[1,84] = 21.17,P < 0.0001) and the interaction was also sig-
nificant (F[1,84] = 27.19,P < 0.0001; Fig. 4A). Distance trav-
elled by males was significantly greater in the mating than in
the nonmating period (Tukey’s HSD test,P < 0.001), but
there were no significant differences for females (P = 0.99).
Distance travelled was significantly greater for males than
for females in the mating period (P < 0.001), but there were
no significant differences in the nonmating period (P = 0.98).
Similarly, time spent walking varied significantly between
periods (two-way ANOVA,F[1,84] = 23.95,P < 0.0001) be-
tween the sexes (F[1,84] = 31.06,P < 0.0001) and the inter-
action was also significant (F[1,84] = 27.35, P < 0.0001;

Fig. 4B). Time spent walking was significantly greater in the
mating than in the nonmating period for males (Tukey’s
HSD test,P < 0.001), but there were no significant differ-
ences for females (P = 0.99). Time spent walking was signif-
icantly greater for males than for females in the mating
period (P < 0.001), but there were no significant differences
in the nonmating period (P = 0.99).

Social relationships
The number of agonistic interactions between males (r =

–0.46,F[1,33] = 8.64, P = 0.005; Fig. 5A), the frequency of
courtship of females (r = –0.49,F[1,33] = 10.32,P = 0.002;
Fig. 5B) and the frequency of mate guarding (r = –0.38,
F[1,33] = 5.46,P = 0.02; Fig. 5C) decreased significantly with
the sequence of days. Similarly, in the year 2000 the number
of agonistic interactions (two-tailed binomial test,P =
0.038), frequency of courtship (P = 0.031), and frequency of
mate guarding (P = 0.031) were significantly higher in the

© 2001 NRC Canada
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Fig. 2. Seasonal changes (mean ± 1 SE) in home-range sizes of
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mating period (first week of June) than in the nonmating pe-
riod (last week of July).

Discussion

Our results showed that the number of individual males
that were seen active and the number of sightings per day
decreased as the season progressed. However, we did not
find such a relationship for females. This pronounced
change in activity in males but not in females has also been
reported in other lizards such asAnolis nebulosus(Lister and
Aguayo 1992),Sceloporus virgatus(Rose 1981),Sceloporus
jarrovi (Ruby 1978),Sceloporus graciosus, and Sceloporus
undulatus(Ferguson 1971). In our study, however, these sea-
sonal changes cannot be explained by changes in the thermal
environment. The body temperatures of activeL. monticola
in this population range from 29.0 to 37.5°C (Perez-Mellado
1982; Martín and Salvador 1993), and the available ambient
temperatures that we measured in our study area were equally

suitable for the activity of lizards during the mating and the
nonmating period. In fact, the air temperature was even more
suitable for the activity of lizards in the nonmating period.
In addition, if these variations in activity level depended
only on temperature, seasonal changes should occur in both
sexes, but females showed no significant change.

© 2001 NRC Canada
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Fig. 5. Relationship between the sequence of days and the num-
ber of agonistic interactions between males (A), the frequency of
courtship of females (B), and the frequency of mate guarding
observed.
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In male L. monticola there may be a trade-off between
gaining access to potential mates and avoiding encounters
with other males. When a male increases his home-range
size in order to increase the number of neighboring females,
the number of neighboring males also increases. Thus, a
large home range could cause a higher probability of costly
agonistic encounters. Also, the home ranges of males of the
teiid lizard Ameiva pleioverlap those of other males as fre-
quently they overlap those of females (Censky 1995). How-
ever, when mating activity decreases, the costs of agonistic
encounters should be higher because the probability of mat-
ing is lower. In fact, the numbers of both agonistic encoun-
ters and mating interactions in maleL. monticoladecrease
with the sequence of days. Similarly, the frequency and in-
tensity of intrasexual aggression are higher in the mating
season than in the nonmating season forAnolis aeneus(Stamps
and Crews 1976),A. nebulosus(Lister and Aguayo 1992),
andS. jarrovi (Ruby 1978). Interestingly, a study performed
with a population ofS. undulatus, whose breeding season
ends in June, as inL. monticola, showed that males per-
formed fewer push-up and head-shake displays in early July,
and performed less consistently than in late June (Klukowski
and Nelson 1998). Even if these changes are due to a de-
crease in aggressiveness per se, it is unlikely that this would
occur in all individuals simultaneously. Thus, if a male with
a low level of aggressiveness encountered another male with
a higher level of aggressiveness, this would pose a risk of
injury to the former. Therefore, our results suggest the exis-
tence of other mechanisms for reducing aggressive encoun-
ters. Males, but not females, decreased their home-range size
throughout the periods, and the home ranges of males were
larger than those of females only at the beginning of the
mating season, when most social interactions between the
sexes occurred. Also the home ranges of maleS. jarrovi
(Ruby 1978),S. undulatus(Ferner 1974),A. nebulosus(Lis-
ter and Aguayo 1992),A. aeneus(Stamps and Crews 1976),
and Anolis cupreus(Fleming and Hooker 1975) were larger
in the mating period than in the nonmating period. During
the mating period, the greater distance travelled and longer
time spent walking by males, but not by females, suggest
that maleL. monticolatravel farther from their home-range
centers in order to increase their access to potential mates. In
fact, the number of females’ home ranges that were over-
lapped by a male’s home range at the beginning of the mat-
ing season is higher than in other periods. Similarly, male
S. undulatusmoved less often and moved a shorter total dis-
tance in early July than in late June (Klukowski and Nelson
1998).

The number of home ranges of maleL. monticola that
overlapped the home range of each male is higher during the
part of the activity season when most mating interactions oc-
cur. In contrast, other studies reported that this pattern of
overlapping ranges shifted to non-overlapping in the mating
season inA. cupreus(Fleming and Hooker 1975) andS. jarrovi
(Ruby 1978) because home ranges were defended against in-
trusions by other males. However, the greater overlap be-
tween males’ home ranges in the mating season might be a
system that favors dominant or high-status maleL. monticola,
which would be able to increase their mating success by en-
larging their home ranges in order to overlap the home
ranges of low-status or subordinate individuals. On the other

hand, since males increase their home range in order to
overlap the home ranges of more females, and because they
probably cannot prevent other males from mating with fe-
males when they are not present, an adaptive strategy might
be to guard the females while they are receptive. Similar
mate-guarding strategies are useful for avoiding extra-pair
matings and insuring paternity (Sherman 1989; Birkhead
and Møller 1992), and have been reported in other teids
(Censky 1995) and lacertids (Olsson 1993). In fact, we ob-
served that when mating activity decreased, the number of
observations in which a male was close to a female also de-
creased.

We conclude from the results of this study, taken together,
that the balance between the benefits and costs of activity
may differ seasonally in males but are apparently similar in
females. Thus, the fact that the number of aggressive inter-
actions between males declined in the nonmating season
suggests that the adaptive significance of these interactions
is to increase males’ mating success. However, when the
mating season ends, males would be expected to derive no
benefits from additional matings, and may be able to reduce
the costs of aggressive encounters by reducing their activity
and spatial overlap with other males at this time. An alterna-
tive, but not mutually exclusive, explanation is that males
may minimize the risk of predation by reducing activity levels,
as has been suggested forA. nebulosus(Lister and Aguayo
1992),Corytophanes cristatus(Andrews 1979), andS. virgatus
(Rose 1981).
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