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Cannibalistic Propensities in the Lizard
Podarcis hispanica atrata

Avrora M. CasTtiira AND Raourl VAn DamMuME

To understand the population dynamics and
life-history evolution of animals, it is crudial to
study factors that influence survival of eggs and
juveniles (Dunham et al, 1988). In short-lived
animals such as small hzards, population dynam-
ics appear to be particularly sensitive to fluc-
tuations in annual recruitment and survival of
eggs and juveniles (references in Overall, 1994)
in some species, cannibalism on immature con-
specifics {i.e., infanticide) seems to be a signifi-
cant source of juvenile mortality and can influ-
ence many aspects of the life history and struc-
ture of populations (Polis, 1981; Elgar and Cres-
pi, 1992). ‘

Podarcis hispanica atrata is an endangered sub-
species endemic to 20 ha of the Mediterranean
islands of Columbretes. It is an heliothermic
lizard that maintains high, constant body tem-
peratures during the day, while moving fre-
quently between rocks, ground, and vegetation
to thermoregulate, feed, and socially interact
(Bauwens et al.,, 1996). Lizards are active most
of the year, depending upon weather condi-
tions. Lizards show clear sexual dimorphism in
body and head size and body mass, males being
bigger than females (Castilla and Bauwens,
1991b) Adults of both sexes share the same
microhabitat and defend small areas within their
territory as basking or resting sites. During the
summer, mean home-1ange size of adult males
is aproximately twice (132 3 m?) that of adult
females (86.5 m?) (Swallow and Castilla, 1996)
Bushes, burrows, rocks, bricks, and rock crev-
tces serve the lizards as nocturnal retreats and
diurnal refugia from avian predators. Females
attain sexual maturity at 51-53 mm SVL Cop-
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Tamte 1. Size CHARACTERISTICS (SVL AND Mass) OF CANNIBAL AND NONCANNIBAL INDIVIDUALS OF BOTH
SEXES AND OF JUVENILES OFFERED TO THE ADULT Lizarbs Indicated are the mean (% 1 SE) SVL and mass,
with sample size in parentheses.

Males Females
Cannibal Noncannibal GCannibal Moncannibal -

(13} ® @) {19
SVL (mm) 668 £ 1.0 66202 648+ 13 624+ 08
Mass (g) 7404 8.‘2i(‘)5 53+x01 46+ 04
Juvenile SVE (mm) 32507 330%16 33.1 £ 32 31.2 %05
Juvenile Mass (g) 070x01 0.73 = 0.1 075 02 050004

(B 3 2) (#)

ulations occur from March to July. Some fe-
males lay at least three clutches per year {mean
clutch size is 2.9 eggs) from May to July, and
some use communal nests (Castilla and Swallow,
1995; Castilla and Bauwens, 1996) Hatchlings
emerge between the end of June and Sept. with
a mean SVL of 28 1 mm and mean body mass
of 0.51 g {Castilla and Swallow, 1996).

In the Columbretes Islands (Mediterranean
Sea, 39°54'N, 0°41'E, Castelldn, Spain), many
adult P A atrata were observed consuming con-
specific eggs and hatchlings over several years
under natural conditions (Castilla, 1995a). In
addition, 37 of 108 hatchlings (34%) captured
from July to Oct. exhibited broken or regen-
erate tails (Castiila and Bauwens, 1996). This
suggests prior agonistic interactions with con-
specifics or contact with predators {(Rand, 1954;
Pianka, 1970, but see Jacksic and Greene, 1984).
During the summer, P. k. atralz and seabirds
are the only vertebrates inhabiting the island
(Castilla and Bauwens 1991b). Together these
observations suggest that conspecific adults may
be the most important predators for juveniles,
although scorpionsalso eat hatchling P. & alrate
(Castilla, 1995b). Thus, the prevalence of in-
fanticide could be very high in this population.
However, the diet of P. b atrate consists largely
of arthropods (i.e., coleoptera, diptera, mirja-

poda, arachnida, and gasteropoda) and also of

some plant material, fruits, and human discards
{Castilla et al. 1987), and no vertebrate remains
have been found in stomach contents and fecal
pellets prior to our study. Similarly, analyses of
the stomach contents in a large number of the
mainland P. k. hispanica have revealed no con-
specific or vertebrate remains (Pérez-Mellado,
1983} Our aims in this study are to quantify
the propensity of adult male and female lizards
(P k. atratz) o infanticidal behavior and to com-
pare morphological characteristics of cannibal
lizards with those of noncannibals.

Material and methods.—T he study was conduct-
ed from 1-17 Oct. 1994 on the island Colum-
brete Grande {13 ha) under ambient conditions.
Temperature ranged from 17.0-24.0 Cand hu-
midity from 71-94%. Experiments were per-
formed between 1200 and 1800 h (Mean Eu-
ropean lime) in an area of 500 m?® with high
density of lizards (> 800/ha) where lizards are
habituated to human activity (Castilla and Bau-
wens, 1991b).

Nine field-captured juveniles (Table 1) were
used (some of them twice) to test the infanticidal
propensity of 34 adults. Each adult was pre-
sented with one juvenile lizard tethered to a |
m long nylon thread tied to the end of 2 ¢ m
long pole. We first held the juvenile (stimulus)
15 cm from the adult and moved it slightly while
standing approximately 1.5 m from the lizards.
We recorded the reaction of the adult imme-
diately afier stimulus presentation After a pos-
itive response of the adult (i.e., the adult moved
toward the juvenile), the stimulus was moved
approximately 1 m (distance determined from
knowledge of the foraging behavior of this spe-
cies). The juvenile was moved at sufficient speed
to keep it near the adult, while preventing cap-
ture. If adulr lizards did not react to the initial
stimulus presentation, to establish whether the
adult was motivated to eat at the time of the
experiment, we held the juvenile near the adult
for three minutes, and then we exchanged the
juvenile lizard for 2 mealworm (25 mm in
length) and presented it to the adult using the
same technique described for the juvenile stim-
ulus presentation.

We restricted the definition of canaibalism to
those cases in which the lizard attempted to
capture one live juvenile for the total distance
of 110 cm. A lizard was considered noncanni-
balistic when the juvenile was ignored but the
meal-worm was consumed and when initial re-
sponse to the juvenile was positive but the pur-
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suit distance was less than 100 cm and the meal-
worm was consumed. All tested adult hizards
were captured immediately after the experi-
ment with a baited noose (Castilla et al,, 1994)
and marked with color codes to ensure that they
were tested for cannibalism only once. Juveniles
were kept in a terrarium with food and cover
for at least 5 h between presentations. To ex-
amine for morphological differences between
cannibalistic and noncannibalistic lizards, we
measured (SVL) and weighed them, and the
dorsal and ventral color pattern was recorded
(Table 1).

Resulis —In our experiment, 13 of 22 (59%)
males tested and two of the 12 (17%) females
tested exhibited cannibalistic propensity. In
males, the proportion of cannibalistic individ-
uals was significantly higher than in females (G-
test: G = 6.08,df = 1, P = (¢.01). Within each
sex, mean body size (SVL and mass) of cannibals
did not differ from noncannibals (ANOVA, P
> (.30 in both cases). However, only a small
range of body sizes was available for testing. All
cannibal and noncannibal males had black-
brownish reticulate dorsal pattern and white-
yellowish to bright orange ventral color. How-
ever, no significant differences were found in
the dorsal or ventral color patterns of cannibal
and noncannibal males (G-test, P > 0.90). Small
sample size prevented a similar comparison for
the females.

Discussion —Qur study combined with direct
observations of adults preying on juveniles un-
der natural conditions (Castilta, 1995a}, strong-
ly suggests that cannibalism is a common be-
havior in the Columbretes population. Al-
though sample size was small, adult males ap-
peared to be more cannibalistic than females.
Cannibalism in many reptiles was considered
to be purely opportunistic predation, with star-
vation as the most important factor promoting
such behavior (Polis and Myers, 1985), For the
lizard Leiocephalus schreibersi, where 27% males
and 43% females show cannibalistic propensi-
ties, Jenssen et ai. (1989) concluded that infan-
ticide in that species serves as an exploitative
food, a means to eliminate juveniles as compet-

itors or as a density dependent mechanism of

population regulation (for these and other pos-
sible causes of cannibalism, see Polis, 1881).
Adult P hispanica atrate large enough to be
cannibalistic are present in the study area
throughout the year, and juveniles small enough
to be vulnerable 1o cannibalisra (at least smaller
than 40 mm SVL) are present from June to Dec.
Thus, the pressure of cannibalism on juveniles
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in this population must be not only high, but
also prolonged within a year Under these cir-
cumstances, one can expect high mortality in

juveniles and therefore intense selection for

targe hatchling size and fast juvenile growth
rate {see Polis, 1981). In fact, when comparing
P k. atrate with other P. hispanice populations
in the maintand, data indicate that P. & airata
reach sexual maturity with larger body size, show
2 higher growth rate during their first year of
life, and lay fewer and larger eggs (Castilla and
Bauwens, 1996). However, these data could also
reflect the tendency for insular populations to
produce individuals larger than their corre-
sponding mainland populations with no selec-
tion pressures due to infanticide.

High intraspecific predation pressure in P, A.
airate may explain why juveniles seem to avoid
contact with adules. Juveniles and adults exhibit
statistical differences in microhabitat choice; ju-
veniles spend less time than adults at exposed
basking sites; and juveniles are generally less
conspicuous in the field than adults (Castilla and
Bauwens, 1991a). In addition, body tempera-
tures in the field and preferred temperatures
in a thermogradient are on average 1 C lower
in juveniles than in adults {Castilla and Bau-
wens, 1991a) This difference in bedy temper-
ature could be related to a difference in sur-
face /volume ratio (Porter and Tracy, 1983).
However, the high level of cannibalism in this
population suggests an alternative, evolutionary
interpretation for age differences in preferred
body temperature To avoid predation by adults,
juveniles may have been forced to occupy ther-
mally less favorable habitats and also to main-
tain lower body temperatures than adults. This
difference may have constituted a selection
pressure favoring the evolution of lower pre-
ferred temperatures in juveniles to match body
temperatures in the field (for a similar example
with scorpions, see Polis, 1980) Thus, ther-
moregulatory behavior, and the spatial and
temporal patterns of surface activity of juve-
niles, could have evolved in concordance to avoid
predation by adults (see Polis, 1980, 1981). Even
when cannibalism accounts for a small propor-
tion of a species’ diet, it may still account for
most juvenile mortality (Fox, 1975) and may
significantly reduce population size. This must
have a great impact on species with small pop-
ulations such as Podareis on Columbrete Grande
{surface area of 13 ha) and an even greater im-
pact on populations with less than 100 individ-
uals living on smaller (< 2 ha), neighboring
islets. It is therefore important to discover
whether there are differences in the frequency
of cannibalism among different populations
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within the archipelago and between other pop-
ulations.

Acknowledgmenis —Permission to work in the is-
tand and with the species was given by the Con-
selleria D’Medi Ambient, Genaralitat Valen-
ciana, the director of the Natural Reserve Illes
Columbretes, and the Direccién General de
Puertos of Castelldn. Transport to the islands
was possible thanks to these institutions and the
Jefatura Provincial de Aduanas of Castellén We
acknowledge the cooperation of . fiménez and
the company in the island of the guardians and
workers, especially V. Tena, T Sanchez, §. Sa-
les,and ] Martinez Weare grateful to G. Polis,
K. Dunlap, E. Martins, and D. Bauwens for their
comments on previous versions of this paper
This work was funded by a grant of the Spanish
M _E .C. and National Science Foundation (CSIC),
and funds from the Generalitat Valenciana and
Exmo Ayuntamiento de Castellon to AMC.
RVDis a postdoctoral researcher at the Belgian
National Science Foundation (NFWQ).

LiteraTURE CITED

Bauwens, D, P E. HErTZ, AND A M. CasTiLIA
1896. Thermoregulation in a lacertid lizard: the
relative contributions of distinct behavioral mech-
anisms. Ecology 77:in press

Castura, A M. 1595a Conspecific eggs and hatch-
lings in: the diet of the insular lizard, Podarcis his-
panica atrata. Bol Soc. Hist. Nat Bal 38:121-129

1995b Interactions between lizards (Podarcis

hispanica atrale) and scorpions (Buthus occitanus) in

the Columbretes islands 7hid. 38:47-50

, AND D Bauwens. 19%91a Thermal biology,

microhabitat selection, and conservation of the in-

sular lizard Podarcis hispanica atrata Oecologia 85;

366-5374.

, AND 1991b Observations on the nat-

ural history, present status, and conservation of the

insular lizard Pedarcis hispanica alrate on the Col-

umbretes archipelago, Spain. Biol. Conserv 58:69-

84.

, AND
de la lagartija Podarcis hispanice atrata en las islas
Columbretes Conselleria de Medio Ambiente, Ge-
neralitat Valenciana. Valenciz, Spain.

, aND ] SwarLow. 1995. Artificial egg-laying
sites for lizards: a conservation strategy Biol. Con-
serv. 72:387-391.

, AND
incubation duration under a cycling temperature
regime in the lizard Podarcis hispanica atrata | Her-
petol. 30:247-253.

» J. JiMenzz, aNp [ Lacomsa. 1987 Losrep-
tiles de Columbretes, p. 181-194 In: Islas Col-
umbretes Contribucidn al estudio de su medio nat-
ural. L. A, Alonso Matilla, J. L Carretero, and A
M. Garcia-Carrascosa (eds). Conselleria de Medio
Ambiente Generalitat Valenciana, Valeneia, Spain.

1996. Biologia y conservacién

. 1996. Thermal dependence of

COPEIA, 1996, NO 4

Castizza, A M., M. Garrin, V L TEena, AND R.
VerneveN. 1994, Nueva técnica de captura de lac-
értidos para trabajos cientificos. Bol Asoc Herp
Esp 5:32-33

DunnaaM, A. E, D. B Miss, anp D N. RezNick.

"1988. Life history patterns in squamate reptiles, p.
443-511. In: Biology of the Reptilia. Vol 15, C
Gans and R. B Huey (eds)). Wiley, New York.

ELGAR, M. A, anND B. ] Crespr. 1992. Canntbalism.
Ecology and evolution among diverse taxa. Oxford
Univ Press, New York

Fox,L R. 1975 Cannibalism in natural populations
Annu. Rev. Ecol. Syst. 6:87-106.

Jaxsic, P M, anp H W. GreeNe 1984, Empirical
evidence of non-correlation between tail loss fre-
quency and predation intensity on lizards Qikos
42:407-411.

JenssEn, T. A, D. L. Marceiring K. A BUHLMANN,
anD P H. Goror1a. 1989 Differentialinfanticide
by adult curly-tailed lizaxds, Leiocephalus schreibersi.
Anim. Behav. 38:1054-1061.

Overall, K. 1994. Lizard egg environment, p. 51—
72. In: Lizard ecology. L J. Vitt and E. R. Pianka

. (eds) Princeton Univ. Press, Princeton, NJ

Pirgz-MELLADO, V 1983, Alimentaciéon de dos es-
pecies simpdtridas de saurios en el Sistema Central:
Podarcis hispanica (Steindachner, 1870) y Podarcis
bocagei (Seoane, 1884) (Sauria, Lacertidae). Studia
Oecologica 4:89-114.

Pranka E. R 1970 Comparative autecology of the
lizard Cremidophorus tigris in different parts of its
geographic range Ecology 51:703-720

Poris, G. 1980 Seasonal patterns and age-specific
variation in the surface activity of a population of
desert scorpions in relation to environmental fac-
tors. J. Anim. Ecol. 48:1-18. '

1681. The evolution and dynamics of intra-
specific predation. Annu Rev Ecol Syst 12: 225~
261

, aND C. A Mvers. 1985. A survey of intra-
specific predation among reptiles and amphibians
J Herpetol. 19:99-107

Porier, W P, anp C.R. Tracy 1983 Biophysical
analyses of energetics, time-space utilization, and
distributional limits, p 55-83. In: Lizard ecology
Studies on a model organism. R. B. Huey, E. R
Pianka, and T W Schoener (eds). Harvard Univ.
Press, Cambridge, MA. .

RaND, A. 5. 1954, Variation and predator pressure
in an island and a mainland population of lizards
Copeia 1954:260-262.

Swarrow,J..anD A M Castiia 1996. Home range
area of the lizard Podarcis hispanice atrate. Herp. J.
6:100-102.

Department of Biology, Universily of Antwerp (UIA),
B-2610 Wilrijk, Belgium. Present address: (AMC)
Instituto Mediierraneo de Estudios Avanzados de
Baleares (IMEDEA, CSIC), Km 7.5, Cira. Vall-
demossa, E-07071 Palma de Mallorca, Spain.
Submitted: 27 June 1995. Accepted: 16 April
1996. Sectioneditors: D Cundall and ¥. Irish.




