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The study assessed the behavior of Gallotia bravoana (La Gomera, Canary Islands,
one of the world’s most threatened reptiles) to lacilitate management decisions and
improve wellare during initial stages of a species’ recovery plan. The study ana-
lyzed—and remote-controlled video cameras filmed—the behavior of lizards housed
in 3 outdoor enclosures, from May to September 2000, Daily activity showed a bi-
modal or unimodal pattern, all specimens basking more during June, with the largest
male was the most active. Adults ate a higher percentage of vegetable items;
subadults, a comparatively larger proportion of larvae and adult insects. The study an-
alyzed individual compatibility; all interacted during 2 short periods. Aggression oc-
curred mainly between males; because most directed high-intensity aggression to-
ward a specific lizard, the study recommended isolating this lizard in a separate
enclosure. The study recommended keeping 2 male-female pairs, who demonstrated
social tolerance, as breeding pairs in separated terraria. Typical courtship behavior
(head-bob sequences) occurred mainly during July, with highest frequency by the
oldest male. Behavioral assessment provided data for improving the individuals™ wel-
fare in the enclosures and to select specific pairs for breeding.
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Behavioral evaluation is widely recognized as a useful tool in conservation pro-
grams for threatened populations and/or species (Caro, 1998; Caro & Durant,
1995; Curio, 1996; Festa-Bianchet & Apollonio, 2003: Gosling & Sutherland,
2000; Sutherland, 1998). Ethological concepts, methods, and techniques have
been used for different species and in different aspects of population recovery.
For example, allowing females to choose between several potential mates has
proved to be a successful way to increase the chances of producing offspring in
some species (Burley, 1981: Partridge, 1980; Welch, Semlitsch, & Gerhardt,
1998). In addition, the use of model fathers increases the probability of chicks
being imprinted on specific signals when raised in captivity (Immelmann, 1975:
Lorenz, 1952: Toone & Wallace, 1994). Behavioral training of individuals
against predators, when endangered species have to be bred and raised in captiv-
ity, is still another way to contribute to species recovery. Several studies have
shown that this sort of training increases survival probability of the nonhuman
animals once reintroduced into the wild (Griffin, Blumstein, & Evans, 2000;
Griffin, Evans, & Blumstein, 2001; Mirza & Chivers, 2000; Wallace, 2000).

Unfortunately, most of the progress in the application of ethological principles
and techniques in conservation has been done using mammals, birds, and some fish
species; however, much less has been carried out with reptiles (Burghardt &
Milostan, 1995). A population of Lacerta agilis was translocated as a way to contrib-
ute to its recovery following a fire in its natural area (Spellerberg & House, 1982).
Eliminating potential egg predators as the kiore (Rattus exulans) from some New
Zealand islets increased the recovery of some populations of the tuatara (Sphenodon
punctatus; Cree, Daugherty, & Hay, 1991). Finally. the effect of anthropogenic hab-
itat use on some lizard populations has also been analyzed (Diaz, Carbonell, Virgés,
Santos, & Telleria, 2000; Lacy & Martins, 2003).

Underlying the application of all these conservation tools is a detailed knowl-
edge of the behavior of the species under study—and of their predators or prey. In
the present work, we report the results of a behavioral study conducted with six
adult specimens of the greatly endangered lizard from the island of La Gomera in
the Canary Islands (Gallotia bravoana) during their first year in outdoor terraria.
The study was aimed at documenting behavioral features that could help improve
the welfare during the maintenance and reproduction in captivity of the individu-
als, as part of a recovery program for the species (“head start program™).

METHOD
Animals and Facilities

Subjects for this study were 4 male and 2 female adults of unknown age of the
lizard G. bravoana from La Gomera in the Canary Islands (Bischoff, 1998;
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TABLE 1
Biometric Data of the Specimens
of Gallotia bravoana Studied

Barbolo Colicorta Clotildo Ramona Thallo Che

(Male) {Female) (Male) {Female) {Male) {Male)
SVL 190 155 135 112 150 186
BW 460 190 337 310 450 184

Note. SVL = snout to vent length (in mm); BW = body weight (in g).

Hutterer, 1985; Nogales, Rando, Valido, & Martin, 2001). Table 1 gives biomet-
ric data. Measurements were taken the month before our study began.

The lizards were discovered in 1999 in Risco de La Merica, a high inland cliff lo-
cated in the southwest of La Gomera island and were initially kept in three outdoor
terraria at Antoncojo (Alajerd, south of the island). Because of the restricted natural
population, it was considered by local authorities that not more than the six individuals
should be captured; therefore, we were not able to analyze a larger number of lizards.

Local natural plants and some stones were included inside the terraria (4 x 3 m
each) to simulate a natural habitat; cork crusts were also provided as temporary
shelters. The animals were fed 3 days a week with a diverse diet including larvae
(Zoophoba), adult insects (grasshoppers and crickets), pieces of fruits (banana and
mango), and leaves and flowers of the local plants tedera (Psoralea bituminosa)
and balo (Plocama pendula). Water was always available in small bowls.

The three terraria were interconnected with plastic tubes (wider than lizard
body width) running across the common walls; these pathways could be left
opened or closed. Initially, lizards were separated into male-female pairs, but the
connections were opened to allow social interactions and to evaluate the compati-
bility between individuals during two periods (June 21-June 27, 2000, and July
14-August 13, 2000). The rest of the time the pathways between the terraria were
closed. The behavior of all specimens was videotaped by remote-controlled cam-
eras, one per terrarium. After a few days, lizards became habituated to the slow
movement of the cameras, and behavior was expressed normally. Up to 6 hr per
day of animal activity were videotaped between the end of May and September
2000 (14 weeks, amounting to approximately 510 hr of recording).

From the data recorded, we initially compiled an ethogram: afterward, behavior
was quantified in two different ways:

1. Asrelative frequency (by minute) and percentage of time of each behavior
pattern for each individual; and

As frequencies of aggressive interactions (pooling throat inflation, biting
attempts, and chasing pattern frequencies) between every pair of individu-
als (sociometric matrix).

]
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Based on the matrix, we calculated an index of aggressive intensity among indi-
viduals as the difference between observed and expected frequencies of aggres-
sive patterns between them. The expected frequencies were calculated from the
matrix of observed ones, as: expected, frequency = (row total x column to-
tal)/grand total (de Vries, Nett, & Hanegraaf, 1993: Lehner, 1996), and the
higher values of aggressive intensity (those with higher observed — expected fre-
quencies) were represented in a flux diagram (Sustare, 1978).

In addition, food consumed was quantified as the percentage of different food
items consumed—feeding episodes—by each animal during the recordings, and
male courtship behavior was quantified as the number of head-bobbing sequences
per day performed by each male during the breeding period. We also counted the
duration of available, complete courtship sequences and the number of head bobs
per second. Molina-Borja (1981, 1987, 1994) has described head-bobbing patterns
in other Gallotia species. :

Based on the data collected during the daily behavioral observations, specific
recommendations were given to the staff in charge of the terraria to help in manag-
ing decisions of animal welfare. After our study concluded, the animals continued
to be used as progenitors for the recovery program of the species in new outdoor
terraria.

Statistics

Observed distributions of food types consumed and aggression frequencies be-
tween individuals were compared (program Mat Man; de Vries et al., 1993;
Noldus, 2003), with the corresponding, expected distributions by means of the
chi-square test (program Mat-Man 1.1: de Vries et al., 1993; Noldus, 2003) and
the significance level set at p < .05. For the application of the chi-square test to a
transition matrix, see Lemon and Chatfield (1971). We used the SPSS 12.0 for
other statistical calculations.

RESULTS

Lizard activity followed a seasonal pattern, decreasing during the hottest months
of the summer. For example, basking took a higher percentage of time during
the end of May and June and decreased afterward in all animals (Figures la and
Ib). Daily activity commonly began in the midmorning hours and ended after
17:30, following a bimodal pattern (Figures 2a and 2b).

Basking mainly occurred midmorning and late afternoon (Figure 1a). Lizards
basked preferentially (data not shown) on two stones placed at different sides of
the terraria.
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FIGURE 1 Mean (+ SE) percentage of time (per week) dedicated to locomotion and basking
() and other different behavior activities (b) by the lizards throughout the whole recording pe-
riod, beginning the last week in May.

We constructed an ethogram that included those behavior patterns detected dur-
ing our observations (Table 2). Most of the patterns are shared by other Gallotia
species, but male head bobbing followed a species-specific pattern.

All specimens consumed a variety of the food types provided. but the percent-
age of items consumed by each lizard differed. Older (larger) animals consumed a
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FIGURE 2 Mean (+ SE) percentage of time that the animals dedicated to performing locomo-
tion and basking (a) and other different behavior patterns (b) from midmorning to midafternoon
hours.
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TABLE 2
Name, Type and Brief Description of Behavior Patterns Recorded
for the Specimens of Galfotia bravoana

Behavior Patterns Description

Basking (S) Whole animal (body, head, and limbs) in contact with substratum

Rest (S) Body and limbs in contact with ground, but head is elevated

Locomotion (S) Walking over any kind of substratum

Climbing (S) Walking on plant trunk or branches, or on terrarium walls

Scratching (E) One hind limb is quickly projected onto the head

Tongue flicking (E) Tongue extrusion to the air or toward a conspecific

Throat inflation (S} Inflating gular region together with body compression

Head bobbing (S) Sequential up and down head movements while inflating gorge,
usually performed while male walks around female

Chewing (S) Processing food in the mouth

Digging (S) Displace ground with forelimb claws

Note. Based on the previously detailed ethogram for Gallotia gallori (Molina-Borja, 1981) and fol-
lowing the criteria of Greenberg (1977). S = state; E = event.

TABLE 3
Frequency of Different Food ltems Consumed by Each
of the Lizards Studied

Food Tyvpe Barbolo Colicorta Clotildo Ramona Iballo Che
Fruits 20 10 10 | 10 2
Local plants 6 24 10 3 1 0
Insects 9 14 14 6 4 0
Feces 1 0 2 0 0
Undetermined 2 8 7 3 2 1

Note. Undetermined = nonrecognizable food items.

higher percentage of vegetables (fruits and leaves); younger (smaller) ones ate a
higher percentage of insects (crickets, grasshoppers, and Tenebrio larvae). The
difference between observed and expected values (Table 3) was significant, ¥2(20,
N=6)=396,p<.0l.

When all lizards were allowed to interact by opening the connections between
the terraria, the relative frequency of tongue flicking (considered to be a way to
sample external chemical stimuli) increased for 2 males. On the other hand, ag-
gression levels were higher between male individuals, although some females also
interacted aggressively with other lizards. The higher aggression levels occurred
from the oldest adult male toward the other males in the two interaction periods,
X3(16, N = 5) =225, p <.001, and %2(16, N = 5) = 89.3, p < .001, respectively, for
each of the observed versus expected interaction-matrix comparisons (Figure 3).
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Data from the male, Che, are not included because he was kept in an isolated terrar--

ium. Iballo, the second-largest male in the group, received an unexpectedly high
level of aggressive behavior patterns from other individuals. This information,
gathered during social interactions, was used to recommend that the staff isolate
this lizard in order to avoid undesirable aggression toward him.

Moreover, from the data obtained during the recording period, the behavioral
compatibility between specific male—female pairs could be ascertained. For exam-
ple, the largest adult male (Barbolo) and one of the adult females (Colicorta) while
living together in a single terrarium did not show any potentially dangerous ag-
gressive behavior and tolerated each other. Another pair of younger individuals
also showed mutual tolerance. Based on these observations, it was recommended
that these pairs be kept in an isolated terrarium for breeding purposes. This was
achieved during the rest of the season and led to the establishment of the pairs who
later showed courting and—in one of them—mating behaviors.

Typical courtship behavior consisted of a series of head-bobbing sequences.
While moving around the female, the male inflated the gorge and performed verti-
cal up and down head movements. This courtship was exhibited by the 2 males and
occurred between the end of June and mid-September (Figure 4). The most intense
courtship behavior was exhibited by the largest male, who performed up to 15 to
20 head-bobbing sequences in a single day during the month of July. The day with
the highest courtship frequency by that male coincided with the single mating re-
corded (Figure 4). Mean time of courtship sequences was 24.5 + 2.94 sec (com-
plete sequences, n = 56) and 15.7 = 1.7 sec (complete sequences, n = 23) for the
larger and smaller male, respectively. Mean number of head bobs per second was
0.94 + 0.28 and 1.00 £ 0.07 for the larger and smaller male, respectively.

DISCUSSION

Use of observations of individual lizard behavior (as a diagnostic tool) in con-
servation programs has not been very common in previous studies. However,
there is evidence that behavioral traits can be critical in developing husbandry
procedures for captive reptiles and determining how animals should be managed
in the wild (Martins, 2004). For example, environmental enrichment has been
used as a method to improve welfare in captive conditions in some reptiles such
as turtles (Burghardt, Ward, & Rosscoe, 1996). Studies with other taxa have
stressed the importance of adequate captivity conditions for the welfare of the
studied individuals (Dawkins, 2003; Rabin, 2003). Our continuous behavioral
assessment of individual lizards proved to be a very useful tool to help in their
welfare during maintenance inside and in outdoor enclosures during the first
breeding season in captivity. Taking into account that only 6 individuals of G.
bravoana were available for the initial breeding program, we considered it very
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important to follow each individual’s behavior to document all incidences and
recommend specific actions for their welfare inside the terraria.

Specifically, the continuous recording and analyses of individual behavior al-
lowed us to obtain accurate information on their activities throughout the study pe-
riod. For example, we were able to detect that lizards did not have enough adequate
basking sites in the outdoor enclosures. Only two stones were available in some
terraria, and animals concentrated on one of them for basking. As this is a funda-
mental lizard activity (Huey, 1982), we recommended that additional rocks for
basking be installed in the enclosures because this could contribute to increasing
and/or improving thermoregulation.

Moreover, the recordings also allowed us to detect other important behavior pat-
terns such as feeding and digging. Based on our observations of food choice, we re-
ported that adult (larger) animals ate a larger percentage of vegetal items than subadult
(smaller ones), the latter eating a larger proportion of insects. This could help in select-
ing proportions of different feeding items for specific age-class individuals.

In relation to social behavior, after our recommendation, one of the individuals
was isolated in a separate terrarium to avoid stressful aggression received from
some other specimens when they were all allowed to interact. Dominance hierar-
chies usually develop even inside enclosures (Alberts, 1994) and may cause stress
and affect development of smaller individuals (Berry, 1974; Phillips, Alberts, &
Pratt, 1993).
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Females of many species are known to select specific males for mating
(Andersson, 1994). As we detected female—male pair tolerance for two pairs of the
studied animals, they were kept isolated to allow courtship and mating. Our expe-
rience with couples of other Gallotia species indicates that males sometimes are
very aggressive toward some females, so absence of aggressiveness toward a spe-
cific female can be considered an index of male—female compatibility.

On the other hand, female lizards are known to become highly aggressive
around laying dates (Sloan & Baird, 1999). (The second author, Molina-Borja,
provided information on G. galloti).

Therefore, after mating occurred between Barbolo, the oldest male, and the fe-
male Colicorta, they were separated to avoid possible female stress during laying
behavior due to interference by the male.

Apart from contributing to the welfare of the individuals inside the terraria, our
observations allowed us to obtain information on specific behavioral patterns of
this new species. The ethogram of G. braveana was very similar to that previously
published for G. galloti from Tenerife (Molina-Borja, 1981, 1987) that was based
on the criteria used by Greenberg (1977). However, the male head-bobbing court-
ship sequence followed a species-specific pattern with approximately one head
bob per second, while the courtship sequence of G. galloti may reach a frequency
of up to two or more head bobs per second (Molina-Borja, 1994). Head bobs were
only performed by G. bravoana males in courtship interactions; in aggressive
ones, only throat inflation occurred, similar to what happens in other Gallotia spe-
cies. The largest male of G. bravoana showed a stronger courtship activity than did
the smaller male, courting not only the larger but also the smaller female (when all
animals were allowed to interact). In many of these courtship sequences, females
showed rejection behavior patterns such as trying to bite the male, a behavior pat-
tern also described for G. simonyi machadoi (Rodriguez-Dominguez, &
Molina-Borja, 1998). The analysis of the characteristics of male courtship behav-
ior that are important for female acceptance deserves future attention, not only
from a theoretical point of view but also from an applied one (e.g.. to determine
which males will be more useful as partners for captive breeding purposes or as in-
dividuals to be released into wild populations). .

CONCLUSIONS

Our observations during this study enabled us to reach a number of conclusions
as to the lizards’ activity level, preferred diet, and behavior (from aggressive to
courtship). We ascertained normal lizard daily activity that showed a bimodal or
unimodal pattern, the largest male having a higher activity level than the other
individuals. Specimens showed a normal basking pattern, dedicating more time
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during June than in the following months. Following our behavioral observa-
tions, we recommended increasing basking sites (stones) in the terraria.

In addition, we ascertained differences in adult and subadult diets (higher per-
centage of vegetable items than other types of food and a comparatively larger pro-
portion of larvae and adult insects, respectively) that could serve to establish more
specific diets depending on age.

Our analysis of aggressive behaviors between individuals helped to detect com-
patibility between them and avoid possible stressful situations. Thus, after our rec-
ommendation, one individual was isolated in a separate enclosure because most
other individuals had directed aggressive behavior toward him. However. mem-
bers of two specific male—female pairs tolerated each other; after our recommen-
dation, they were kept separated as breeding pairs, and one pair showed mating
behavior. We observed that courtship behavior (sequences of head bobs) was per-
formed normally by the oldest male and a younger male, mainly during July, with
the former displaying the highest frequency of courtship behavior. Our behavioral
assessment formed the basis of making alternations to improve the welfare of the
animals in the enclosures and also to select specific pairs for breeding.
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