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Habitat deterioration affects antipredatory
behavior, body condition, and parasite load of
female Psammodromus algirus lizards

Luisa Amo, Pilar Lopez, and José Martin

Abstract: Deforestation may increase predation risk for prey because it may make prey more conspicuous and limit the
number of refuges suitable to avoid predators. Therefore, prey may need to increase the magnitude of escape responses.
However, excessive antipredatory effort might lead to a loss of body mass and a decrease in defense against parasites,
with important consequences for short- and long-term fitness. We analyzed wRe#inanodromus algirus (L., 1758) liz-

ards that inhabit patches with different levels of deterioration of the vegetation within the same oak forest differed in rela-
tive abundance numbers, microhabitat use, antipredatory strategies, and health state. Results showed lizards selected
similar microhabitats regardless of the level of deterioration of the vegetation and relative abundance of lizards was similar
in both areas. However, habitat deterioration seemed to increase predation risk, at least for females, because they were de-
tected at longer distances in deteriorated areas. Females seemed to adjust their antipredatory behavior accordingly to high
risk of predation by increasing approach distances allowed to predators. The costs associated with frequent antipredatory
displays might explain why females in deteriorated habitats had lower body condition and greater blood parasite loads
than females in natural areas. This loss of body condition and increased parasitemia might have deleterious consequences
for female fitness and therefore affect the maintenance of lizard populations in the long-term.

Résume: La déforestation peut accie le risque de pration chez les proies parce gu’elle peut mettre les proies plus en
évidence et rduire le nombre de refuges afets pour eiter les prelateurs. En conisgence, les proies peuvent devoir
augmenter I'importance de leursaaions de fuite. Cependant, un effoftnaesufepour eviter la predation pourrait en-
trainer une perte de masse corporelle et Umkicton de la diense antiparasitaire, avec des capsnces importantes sur
la fitness acourt et along termes. Nous avons examisiedes [egardsPsammodromus algirus (L., 1758) qui vivent dans

un mame habitat de cheie, mais dans des taches avec déffies degre de déerioration de la vgéation, se distinguent
par leur densiteelative, leur utilisation des microhabitats, leurs sgae antipreatrices et leuftat de santelLes resultats
montrent que les l@ards choisissent des microhabitats semblablepamtamment du degae degradation de la \g&ta-
tion et que I'abondance relative dégdeds est la imae dans les deux gions. Cependant, la’ tieioration de I'habitat
semble augmenter le risque d€ gimtion, au moins chez les femelles, parce qu'elles pelitemtrepeces ade plus
grandes distances dans les zonegrades. Les femelles semblent ajuster leur comportement adéprar en corisgience
de ce risqu€ leve de prelation en augmentant les distances d’approche qu’ellesetilehez les pateurs. Les cda ass-
ocies aces manifestations antiftatrices figuentes peut peltre expliquer pourquoi les femelles dans les habitats de
grades ont une condition corporelle infeure et des charges parasitaires sanguines plus importantes que les femelles
vivant dans les zones naturelles. Cette perte de condition corporelle et cette’ paeaaiterue peuvent avoir des conse
guences fgatives sur la fitness des femelles et ainsi affecter le maintiengterme des populations dezéds.

[Traduit par la Reaction]

Introduction datory strategies of animals is the selection of safe habitats

where they can attend their requirements such as thermo-

Predation risk is a major force in the evolution of Severa|regulation (Martn and Lgez 2002; Scheers and Van
morphological and behavioral characteristics of animalsHygmme 2002; Sabo 2003) or foragiﬁg’amand Carrascal
(Lima and Dill 1990; Lima 1998). One of the first antipre- 1991; vastieet al. 2003) while minimizing predation risk

(Pitt 1999). Prey should select microhabitats where they

Received 7 September 2006. Accepted 15 May 2007. Publisheccan reduce their conspicuousness (Merilaita and Tullberg
on the NRC Research Press Web site at cjz.nrc.ca on 11 July 2005) and find refuge in case of attack (Milne and Bull

2007.

2000; Webb and Shine 2000; Souter et al. 2003; Arthur et

L. Amo,2 P. Lopez, and J. Martin. Departamento de Ecolag @l 2004). Thus, microhabitat characteristics may influence
Evolutiva, Museo Nacional de Ciencias Naturales (MNCN),  Tisk perceived by prey, as well as their antipredatory be-
Consejo Superior de Investigaciones Cificass (CSIC), Jose havior, once a predator has launched an attack.

Gutierrez Abascal 2, 28006 Madrid, Spain. Theoretical models and empirical evidence suggest prey

1Corresponding author (e-mail: L.amodepaz@nioo.knaw.nl). should wait to pe_rform an escape response until costs of not
2present address: Department of Animal Population Biology, ~responding are higher than costs of such a response (Yden-
Netherlands Institute of Ecology (NIOO-KNAW), P.O. Box 40, berg and Dill 1986; Dill and Houtman 1989; Bonenfant and

6666ZG Heteren, the Netherlands. Kramer 1996). Therefore, when prey perceive an increase in
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predation risk that is mediated by habitat characteristicand associated changes in vegetation structure affect antipre-
(e.g., low availability of refuges), they may begin their es-datory behavior, body condition, and health state of lizards.
cape earlier than if they perceive a lower risk of capture. |n areas with different levels of vegetation deterioration
Factors such as the extent of reliance on refuges to avoithatural vs. deteriorated), we first examingjl the relative
predators and other components of risk such as the probabidhundances of lizardsii) the characteristics of microhabi-
ity of detection by predators may strongly affect escape detats available and selected by lizards, aiii) the conspicu-
cisions (Lima and Dill 1990). Previous studies have showrpusness of lizards in the microhabitats where they were
that escape responses vary in relation to habitat characterigitially located, which may reflect the probability of being
tics (Bulova 1994; Marh and Lgez 1995). Therefore, as detected by predators. Then we simulated predator attacks
microhabitat characteristics can affect predation risk and ilnd analyzed iy) the escape strategies and approach and
turn influence the type of escape strategy, human-induceflight distances of lizards. Finally, we captured lizards in
changes in habitat characteristics may affect predation risiifferent areas to measure thein pody condition and\()
and force changes in escape behavior of prey. For examp!ﬁ_‘arasite load (ectoparasites and blood parasites). Because
deterioration of natural vegetation could decrease the avaimicrohabitats and refuges optimal for lizards may be limited
ability of cover that prey use as refuges. This would increaseind fragmented in deteriorated areas, we hypothesize lizards
risk and could change prey behavior by increasing the magmay be more conspicuous and vulnerable to predators and
nitude of their escape response (e.g., greater approach digould need to run earlier, farther, and more frequently to
tances) in deteriorated areas. avoid predators. Because of the energetic costs of antipreda-

Antipredatory behaviors such as escape sequences or rebry behaviors (Amo et al. 20@J, we hypothesize lizards
uge use are costly, not only in terms of losing time to per-inhabiting deteriorated areas will show worse body condi-
form other activities such as foraging (Koivula et al. 1995;tion than lizards inhabiting natural areas. Furthermore, liz-
Dill and Fraser 1997; Mami et al. 2008; Cooper and ards with decreased body condition might not be able to
Peaez-Mellado 2004) or reproduction (Sih et al. 1990; Crow-allocate enough resources to parasite defense. Therefore, the
ley et al. 1991; Mafh et al. 2008), but also in terms of deleterious effects of parasitemia should be more evident in
body condition (Marim and Lpez 1999; Paez-Tris et al.  deteriorated areas. We also expected to find differences in
2004; Amo et al. 2006). For example, lizards experimentallyrelative abundance of lizards between both areas, lizards
submitted to a high predation pressure have been shown teeing more abundant in natural areas than in deteriorated
suffer a loss of body mass (Mamtend Lgpez 1999; Paez-  areas. Alternatively, lizards might adjust their antipredatory
Tris et al. 2004; Amo et al. 2006, 208) Moreover, the behavior according to local microhabitat characteristics. In
loss of body condition could decrease the ability to investthat way, they could minimize the negative effects of anti-
in defense against parasites because nutritional status can jredatory behavior but still maintain good body condition
fluence the capacity for an immune response to infectiorand low parasite load regardless of levels of habitat deterio-
(Cooper et al. 1985; Smallridge and Bull 2000; Amo et al.ration.
2006). This may increase the negative effects of parasites
on their host, with important negative consequences fo'i\/laterial
short- and long-term fitness of individuals, and probably for
maintenance of lizard populations. However, the effect ofStudy area and species
habitat deterioration on predation risk, escape behavior, The study was performed during 3 consecutive years
body condition, and parasite load of lizards has scarcely2002-2004) in the Guadarrama Mountains (Madrid Prov-
been analyzed in natural conditions (but for experiments innce, central Spain) within two large oak forests that in-
seminatural enclosures see Oppliger et al. 1998). cluded several areasn(= 8) with two levels of

The lizard Psammodromus algirus (L., 1758), a medium- deterioration of the vegetation (natural vs. deteriorated).
sized lacertid lizard inhabiting Mediterranean forests of theMinimum size of areas was 10 ha. One of the forest areas
Iberian Peninsula, usually escapes by fleeing into patches ofas located near the village of Miraflores de la Sierra
tree leaf litter under cover of shrubs (Martand Lgpez (hereinafter Miraflores) and the other one was near the vil-
1995, 2000). Today, this species is suffering a loss of habitdge of Cercedilla (hereinafter Golondrina). In both forests,
owing to human activities (Carretero et al. 2002). Montanevegetation in natural areas consisted primarily of trees and
forests of deciduous Pyrenean oalk®Quércus pyrenaica  small saplings ofQ. pyrenaica, with scattered dispersed
Willd.) of the Iberian Peninsula have been traditionally usedsubarboreal perennial shrubs. Of the&#stus laurifolius
for timber production and for extensive livestock grazing,L. was dominant, whereaRosa pouzini Tratt., Rubus ulmi-
and are being progressively deforested in some areas. Defdolius Schott, Genista florida L., Crataegus monogyna von
estation of oak forests not only occurs at the tree level bufacquin, andCytisus scoparius (L.) were less frequent.
also at the shrub level, as shrubs are often eliminated to in@ak-leaf litter is abundant on the ground year-round. In
crease open areas for grazing. The loss of trees also entailglaforested areas, the absence of oak trees was the most ob-
loss of oak-leaf litter on the ground that offers refuge to liz-vious characteristic; the remaining vegetation consisted of
ards. Therefore, deforestation may increase predation risgatches of C. laurifolius shrubs interspersed with open
because it may make lizards more conspicuous and magrassy areas. Thus, we easily classified areas as natural or
also limit the number of refuges suitable to avoid predatorgleteriorated according to this criterion. In both forest areas,
(Martin and Lgez 1998), thereby forcing lizards to increasewe observed similar numbers and types of lizard predators
the frequency of their escape responses. Thus, this speciesach as feral cats, corvid$i¢a pica (L., 1758), Corvus
offers a good model to analyze how habitat deterioratiorcorone L., 1758, Garrulus glandarius (L., 1758)), shrikes

and methods
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(Lanius excubitor L., 1758), raptorsButeo buteo (L., 1758), We used GLM to analyze differences in the PC scores that
Milvus milvus (L., 1758), Circaetus gallicus (J.F. Gmelin, reflect characteristics of microhabitat selected in relation to
1788)), and owls Athene noctua (Scopoli, 1769),0Otus the level of deterioration of the vegetation (natural vs. deter-

scops (L., 1758)). iorated) and to determine whether male and female lizards

used available microhabitats in a nonrandom fashion (avail-
Relative lizard abundance and microhabitat use by able vs. males vs. females). We included in the model the
lizards interaction between level of deterioration and type of micro-

To evaluate relative lizard abundance and microhabitababitat to examine whether microhabitat use by lizards
characteristics of areas with different levels of deteriorationchanged with deterioration.
as well as microhabitat use by lizards in these areas, we
marked 52 line transects that were each 200 m long. Trand=scape behavior
ects were performed in natural and deteriorated areas. All During April 2003 and 2004, we simulated predatory at-
transects were located at least 1-2 km from each other. Dutacks to adult lizards in areas with different levels of defor-
ing April and May 2002, coinciding with the mating seasonestation within the Golondrina forest area. We recorded
in this species, we walked each transect once in days withzards’ escape behavior and the microhabitat used before
favorable climate conditions (warm sunny days) and bethe attack. We walked randomly in days with favorable cli-
tween 0900 and 1300 GMT (when lizards are most active)mate conditions and between 0900 and 1300 GTM until a
We noted the number of lizards observed in each transedizard was detected. We noted the distance at which the liz-
and in a 10 m wide belt, 5 m on each side of the surveyard was detected by the observer (detection distance) and
line. When we detected an adult lizard, we marked the poinhow the lizard was first detected (i.e., whether we saw it or
where the lizard was first sighted to later record microhabi-we heard it). Noisy escape responses are especially notori-
tat characteristics. After finishing the transect, we returnedus in this lizard species (Mantiand Lgpez 2001). We then
to the marked points where we detected a lizard. For eachttempted to approach the lizard directly. The same person
one of these points, we used 10 cm graduated staffs to magerformed all approaches, walking at the same moderate
four 1 m lines, radiating towards the four cardinal directions.speed (about 0.67 m/s) and wearing the same clothing to
At 50 cm intervals, we recorded the type of substrate (grassninimize effects on the lizards’ risk perception (see Burger
leaf litter, bare soil, or rocks) at a total of nine points, two in and Gochfeld 1993; Cooper 1997). We only performed one
each direction and including the point of detection. Weapproach to the lizard. When the lizard began to escape we
noted the presence of canopy tree cover above each sam@mpped. We noted the approach distance as the distance be-
point, as well as the cover and the height from the ground tdween the lizard and the observer when the lizard started its
the first contact between the staff and the leaves of subaescape (a straight line measured to the nearest 0.1 m) and
boreal vegetation at each point. This latter variable providedhe flight distance as the distance the lizard ran during an
an indication of the suitability of vegetation as a refuge forepisode of escape. We noted the escape strategy used, distin-
these lizards (Mami and Lgez 1998). A low vegetation guishing betweeni) lizards that fled to hide in the nearest
height provided a narrow refuge in which to hide. The totalavailable refuge,i() lizards that fled to hide in another ref-
height of subarboreal vegetation was not considered signifiuge, andifi) lizards that fled but stopped outside of refuges.
cant because lizards move on the ground, below the veget&¥e noted the distance from the initial location of the lizard
tion. We also noted the distance to the nearest availablto the nearest available refuge that to us was apparently suit-
refuge and to the nearest sunny spot where lizards could baskble, as well as the distance to the refuge that was actually

We calculated percent cover values for each habitat variadsed. Once the escape episode had finished (when the lizard
ble in the area surrounding each lizard (i.e., percent contacg&opped), we used the same methodology as before to record
with each substratum and vegetation type), mean distancéBe microhabitat characteristics at the point where the lizard
to refuges and sunny spots, and mean height of potential reas first sighted.
uges (for a similar sampling methodology see Marand We used backward stepwise general regression models
Lopez 1998, 2002). Because we avoided sampling the sam(&RM) to analyze the differences in detection, approach, or
area twice, the probability of repeated sampling of the samdight distances (dependent variables) in relation to the level
individual was very low. We therefore treated all measure-of deterioration of the vegetation (explanatory variables), the
ments as independent. To estimate the availability of microPC scores describing microhabitat characteristics at the ini-
habitats along each transect, we also recorded the sami@l location of lizards, the distance to the nearest refuge,
measures as above at three points per transect (at 70, 14hd the sex of lizards. We included in the initial model the
and 200 m along the progression line). interaction between level of deterioration and sex.

We used general linear models (GLM) to analyze differ- We used generalized nonlinear models (GLZ) to examine
ences in relative abundances of lizards to the level of habitahe effects of the level of deterioration, the PC scores defin-
deterioration (natural vs. deteriorated). We used principalng microhabitat characteristics, and sex on the type of de-
component analysis (PCA) to reduce all the habitat variablegection (dependent variable), with this latter variable
to a smaller number of independent components. We peffollowing a binomial distribution (lizards seen or heard).
formed one PCA on the points describing available microhaWe included the interaction between sex and level of deteri-
bitats and the lizard-observed microhabitat points. Originabration in the model. We also used GLZ to assess the effect
data (number of contacts) were normalized by means of af deterioration level, microhabitat characteristics, distance
square-root transformation. The initial factorial solutionsto the nearest refuge, and sex on the type of escape strategy
were rotated by the varimax procedure (Nie et al. 1975)used by lizards (dependent variable). This variable was con-
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sidered a multinomial ordinal variable (classifying lizards Table 1. Principal component (PC) analysis of data pertain-

that hid in the nearest refuge, lizards that fled to another ref- ing to available and used microhabitats Bsammodromus
uge, and lizards that fled but did not hide). algirus in 52 transects made in natural and deteriorated areas

within oak forests.

Measurement of body condition and parasite load of

. PC-1 PC-2 PC-3
lizards
During April 2003 and 2004, we captured 48 adult lizards ~ Substrate
by noosing in areas with different levels of deterioration of Rocks 0.01 -0.05 0.95
the vegetation within the Golondrina forest. Immediately Bare soil 0.02 —0.45 0.07
after capture, we weighed lizards, measured snout-vent Grass 0.71 —0.05 -0.37
lengths (SVL), and noted the number of ticks observed that Litter —0.26 0.73 -0.28
were fixed on their body, usually in skin pockets (Salvador vegetation
etal. 1996, 1999). Shrub cover -0.90 0.03 -0.13
To assess blood parasite load, we made a smear on a mi- Shrub minimal height 0.34 0.44 0.04
croscope slide of blood taken from the postorbital sinus by Tree cover 0.32 0.75 0.11
using one 9uL heparinized hematocrit tube. Blood smears Distance to refuge 0.75 0.20 -0.09
were air-dried, fixed in absolute methanol for 10 min, and Distance to sunny areas —0.67 0.19 -0.17
then stained in Giemsa diluted 1:9 with phosphate buffer
(pH 7.2) for 40 min before the smears were examined for Eigenvalue 2.62 1.58 1.19
parasites. We scanned entirely at 20@hagnification one Percent variance 29.10 17.54 13.26

IongiIUdinal half. of the smear, ra.‘ndomly ChO.SGH, to look for Note: Values in boldface type indicated correlations of variables
extra-erythrocytic protozoa (Merino and Potti 1995; AmO et it principal components >0.60.
al. 2004). The number of intra-erythrocytic parasites (i.e.,
haemogregarines, the only parasite found) was estimated, s¢cond PC (PC-2) was positively correlated with substrates
400x magnification, by counting the number of parasitesof leaf litter and with the cover of trees. The third PC (PC-3)
per 2000 erythrocytes. Lizards were released at the exact lavas positively correlated with the cover of rocky outcrops.
cation of capture. The experiments were performed under li- The model obtained by GLM analysis when analyzing PC
cense from the Consejaridel Medio Ambiente de la scores in relation to type of point (available vs. selected by
Comunidad de Madrid (Spain). lizards) and level of deterioration (natural vs. deteriorated)
We used backward stepwise GLM to analyze differenceshowed significant differences with respect to PCRE €
in the intensity of tick infection in relation to sex and body 0.43, Fi5 25y = 42.46, p < 0.0001) and PC-2R¢ = 0.28,
size (SVL) of lizards and to the level of deterioration of the Fis 2851 = 21.96, p < 0.0001), but not in relation to PC-3
vegetation. The interactions between sex and level of deteriR? = 0.04,F5 g51= 2.09,p = 0.07). Vegetation characteristics
oration, and between these two variables and SVL, were indefined by the PC scores differed significantly between
cluded in the initial model. We also used backward stepwisdevels of deterioration of the vegetation (GLM: Wilkg? =
GLM to analyze differences in the intensity of haemogregar0.86, Fi3 2831 = 15.31,p < 0.0001; Fig. 1) and between avail-
ine infection in relation to the sex, SVL, tick load, and level able microhabitats and those selected by lizards (Wiks
of deterioration. We included in the initial model the inter- 0.50, Fg s6) = 38.91,p < 0.0001). The interaction between
actions between sex and level of deterioration, as well as béhese factors was not significant (Wilkg2 = 0.97, Fs s¢¢) =
tween each of these variables with SVL and tick load.1.68,p = 0.12); thus, lizards always selected similar micro-
Backward stepwise GLM were also used to analyze the efbabitats regardless of the level of deterioration of an area.
fect of sex, size, intensity of infection by ticks and haemog- Microhabitats available in deteriorated areas had less tree
regarines, and level of deterioration on body mass, includingover and leaf litter than those available in natural areas (PC-
in the initial model the interactions between the categorical: Tukey’s test,p < 0.0001) but did not differ with respect

and the continuous variables. to other characteristicsp(> 0.09 in all cases). There were
no significant differences in the microhabitats selected by
Results males and females (Tukey's tegi, > 0.59 in all cases).
There were significant differences in PC-1 and PC-2 between
Relative lizard abundance and microhabitat use by available microhabitats and those selected by male and fe-
lizards male lizards |§ < 0.001 in all cases). However, differences

There were no significant differences in relative lizardin PC-3 between available microhabitats and those selected
abundance between natural and deteriorated areas (numidwt lizards were significant in femaleg (= 0.04) but not
of lizards per transect — natural: 0.7 = 0.3 (mean = SE);in males p = 0.11). Thus, male and female lizards pre-
deteriorated: 1.4 + 0.3; GLMR? = 0.04,F; 5, = 2.22,p =  ferred substrates with low grass cover and leaf litter and
0.14). The PCA for microhabitats available and those usetree canopy, high cover of shrubs, far from open areas, and
by lizards produced three components that together acslose to refuges (PC-1 and PC-2); females also preferred rock
counted for 59.9% of the variance (Table 1). The first PCsubstrates (PC-3).
(PC-1) was negatively correlated with the cover of shrubs
and with the distance to a sunny area where lizards couléscape behavior
bask, and it was positively correlated with distance to the There were significant overall differences (GRN&2 =
nearest refuge and with the cover of grass substrates. TH®15,F}; g;)= 7.27,p = 0.001) in the distance at which lizards
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Fig. 1. PC scores (mean £ 1 SE) of microhabitats available (solid boxes) and used by male (open boxes) and female (hatched boxes) adult
Psammodromus algirus in natural and deteriorated areas within oak forests.
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were detected by the observer between levels of deteriorancreased, lizards were more often detected by sight than
tion of the vegetation Ky g1 = 8.93, p = 0.004), but the sound (PC-3 — GLZ: Wald’sx[zl] = 9.14, p = 0.002),
interaction between level of deterioration and sex was als@vhereas there were no significant differences when other
significant 1 g1) = 4.26,p = 0.04; Fig. 2). Thus, females microhabitats changed (PC-1 and PCf®2> 0.23 in both
were detected at longer distances in deteriorated areas thaases). There were no significant differences in these obser-
in natural areas (Tukey’s tesp, = 0.005), but males were vations between levels of deterioratiop # 0.23) or be-
detected at similar distances in both areps=(0.74). Mi-  tween sexesp( > 0.99); the interaction between sex and
crohabitat characteristics at the initial location did not sig-level of deterioration was not significanp & 0.99).

nificantly influence detection distances and were removed apnroach distances (i.e., the distance between the lizard

from the final model. and the observer when the lizard began to escape) (GRM:
The type of detection differed in relation to microhabitat R2 = 0.29,F, 75 = 7.89,p < 0.0001) differed between levels

characteristics. Thus, when the percentage of rocky outcropf deterioration Ey 7g) = 12.47,p = 0.0007), showing differ-
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Fig. 2. (a) Detection andlf) approach distances (cm; mean + 1 SE) Fig. 3. (a) Infection intensity (mean * 1 SE) of haemogregarines

of male (black boxes) and female (open boxes) aBuklgirusin and p) body mass (mean + 1 SE) of male (black boxes) and female
natural and deteriorated areas within oak forests. (open boxes) adul. algirus in natural and deteriorated areas
(a) within oak forests.
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ent antipredatory responses. The interaction between sex and .

level of deterioration was also significarfe{ ;s) = 4.64,p =

0.03; Fig. 2). Thus, approach distances of females were lon-

ger in deteriorated areas (Tukey’s tgstz 0.005), whereas

there were no significant differences in malgs X 0.91).  Fp1 g5 = 35.15,p < 0.0001), but they were not dependent

Microhabitat characteristics also affected approach distances microhabitat characteristics, level of deterioration, or sex.

of lizards, which were longer when the cover of trees was

greater and when substrates had more leaf litter (PC-ZParasite load and body condition of lizards

Fr,7¢) = 9.35,p = 0.003), and when there was a low cover Males showed significantly higher intensities of infection

of rocky outcrops (PC-3F;7g) = 7.95, p = 0.006). Other by ticks than did females (GLMR? = 0.46; model:F 44 =

variables did not significantly affect approach distances and9.05,p < 0.0001; sexf; 44) = 19.30,p < 0.0001), and liz-

were removed from the final model. ards of similar body size showed significantly higher tick
The escape strategy of lizards was related to the distandeads in natural than in deteriorated habitats (sizdeterio-

to the nearest refuge (Wald’;g[z1 = 5.60,p = 0.02). When ration: Fj; 44) = 10.55,p = 0.002). Other variables and in-

lizards were far from refuges tkey escaped by fleeing withteractions were not significant and were removed from the

out using refuges, whereas when the nearest refuge wdisal model. In contrast, the intensity of infection by hae-

closer lizards escaped by hiding in this or another refugemogregarines in blood was significantly higher in deterio-

There were no significant differences in relation to the levelrated areas (GLMR? = 0.27, Fj; 45y = 16.28,p = 0.0002;

of deterioration, sex, or microhabitat characteristics definedrig. 3a). Other variables and interactions were not signifi-

by the PC scoresp(> 0.11 in all cases), and the interaction cant and were removed from the final model.

between sex and level of deterioration was not significant Body mass of lizards (GLMR? = 0.93; model:Fg 35 =

(p = 0.29). Flight distances (i.e., distance that a lizard61.11,p < 0.0001) covaried with SVLHK; 3g) = 287.53,p <

moved during an escape episode) were positively correlated.0001). Males were heavier than femalBg ¢g = 4.66,p =

to the distance to the nearest refuge (GRRE = 0.30, 0.04), and males were heavier than females of equivalent

Natural Deteriorated
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SVL (sex x SVL: Fyj 35 = 7.60,p = 0.009). Females were owing to the deterioration of the vegetation affected escape
heavier in relation to SVL in natural habitats, whereas maleslecisions more strongly than distances to refuges. Distance
were not significantly different in natural and deterioratedto the nearest refuge still affected the type of escape strategy
areas (sex< deterioration:F; 35 = 6.32,p = 0.02; Fig. ). and flight distances. When lizards were far from refuges,

Also, in deteriorated areas, there was a negative relationshipey escaped by fleeing without using refuges and had lon-
between body mass and infection intensity of haemogregager flight distances; however, when refuges were closer, liz-

ines, whereas in natural areas there was no such relationshépds escaped by hiding in refuges.

(blood parasites< deterioration:Fy; 35 = 8.27, p = 0.007). The energetic costs of antipredatory behaviors may ex-

However, this effect of blood parasites on body mass waplain why females inhabiting deteriorated areas, where they
noted only in females (sex blood parasitesF(; 35 = 8.91,  exhibited greater antipredatory behaviors (i.e., greater ap-
p = 0.005). The other variables and interactions were noproach distances), had lower body mass than females inhab-

significant and were removed from the final model. iting natural areas. Loss of body condition under high risk of
predation has been observed previously in this species under
Discussion laboratory conditions (Rez-Tris et al. 2004). Furthermore,

in other lizard species, antipredatory behavior has been

This study shows a relationship between levels of humanshown to entail a loss of body condition (Martand Lgpez
induced habitat deterioration and antipredatory behavior;99g; Amo et al. 2006, 2004, 2007). Previous evidence
parasite load, and body condition of lizards under naturahlso showed that habitat deterioration influences lizard anti-
conditions. In relation to habitat selection, our results showpredatory behavior and this change in antipredatory behavior
that lizards do not use habitat at random, as has previousipfluences body condition (Amo et al. 208)7
been shown in this and ,other Iac,ertid species (e.g., Castilla The |oss of body condition may cause a decrease in the
and Bauwens 1992; Martiand Lgpez 2002; Daz et al.  gjiocation of resources to the immune function, and there-
2005). Although there were differences in microhabitat chartgre a decrease in parasite defense (Cooper et al. 1985;
acteristics between natural and deteriorated areas, lizards S&mallridge and Bull 2000). Our results show that intensity
lected similar.places in both types of areas. Microhabitat%f infection by blood parasites (i.e., haemogregarines) was
prefe(red by Ilzard§ were present in both.areaS,_WhIQh MaWigher in deteriorated than in natural areas, despite lizards
explain why we did not find dlfferenqes in relative lizard inhabiting natural areas supporting higher levels of ticks,
abundance between natural and deteriorated areas. the haemogregarine vector. Our results also show a negative

Males and females selected similar microhabitats, butelationship between the intensity of haemogregarine infec-
there were sexual differences in exposure of lizards to pretion and the body condition in females in deteriorated habi-
dation between natural and deteriorated areas. The distanggts. This pattern supports previous results from seminatural
at which females were detected was higher in deterioratedxperimental enclosures where common lizandscérta vi-
areas, as has been previously observed in the common chdpara Jacquin, 1787) showed higher levels of parasitemia in
meleon (Cuadrado et al. 2001). This may increase predatiopoor-quality habitats (Oppliger et al. 1998). Our results also
risk for females. However, females in deteriorated habitatshow tick load was higher in natural than in deteriorated
seemed to compensate for the higher detectability by showareas. Low availability of litter substrates in deteriorated
ing greater approach distances when attacked. Thus, femalageas may explain the lower tick infection levels (Chilton
seemed able to assess their higher conspicuousness in detaitd Bull 1993). Hence, habitat degradation may influence
iorated areas and fled earlier, in accordance with theoreticghe prevalence and intensity of parasitic arthropods through
models of escape behavior (Ydenberg and Dill 1986) and¢hanges in microhabitat and microclimatic conditions, as
previous results with this (Mdrtiand Lgez 1995, 1998, has been previously observed in birds (Merino and Potti
2000) and other lizard species (Cooper 1998, 2003). Furthet996). However, despite this high intensity of ectoparasite
more, males with similar conspicuousness in natural and denfection, we did not find a negative effect of tick load on
teriorated areas exhibited similar approach distances in bothody condition of lizards as previously found in other lizard
areas. The similar detection distances of males between nagpecies (Olsson et al. 2000). Our results showed males sup-
ural and deteriorated habitats might be explained becaugsorted a higher intensity of tick infection than females, pos-
males have higher movement rates during the mating periogibly because their higher movement rate makes them more
searching for females or patrolling their territory to defendsusceptible to encounter ticks and (or) because of the immu-
them from rival males (Salvador et al. 1995, 1996), whichnosuppresor effects of testosterone (Salvador et al. 1996;
makes them conspicuous. Furthermore, the bright nuptiablsson et al. 2000; Klukowski and Nelson 2001).
coloration of males (see ‘Bz 1993; Salvador et al. 1995;  |n summary, this study shows an effect of habitat deterio-
Martin and Lez 1999) could make them equally conspic- ration on antipredatory behavior, body condition, and para-
uous in both areas. site load of lizards. Oak forest deterioration leads to an

Distance to available refuges might be expected to influincrease in risk of predation, at least for females. Females
ence approach distances (Dill 1990; Bonenfant and Krameseemed to adjust their antipredatory behavior according to
1996), because prey that are farther from a refuge may pemcreased predation risk in areas with deteriorated vegeta-
ceive a higher risk. However, our results did not show anytion. Females inhabiting deteriorated areas also exhibit a
relationship between approach distance and distance to thewer body condition and greater blood parasite load. Costs
nearest refuge in contrast to previous results with this spesf antipredatory behavior may explain this loss of body con-
cies in natural areas (Mamtiand Lgez 2000). Thus, it dition and health state. The poor body condition of female
seems that increased probability of detection by predatorkzards in deteriorated habitats may have effects on their fit-
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ness, which in the long term may endanderalgirus popu- ticks. Int. J. Parasitol23: 693—-696. doi:10.1016/0020-7519(93)
lations inhabiting these areas. Therefore, although there 90181-W.

were no differences in relative lizard abundance, variable§ooper, E.L., Kempau, A.E., and Zapate, A.G. 1985. Reptilian im-
other than abundance should be considered when analyzing munity. In Biology of the Reptilia. Vol. 14Edited by C. Gans,

the effects of habitat modification on lizard populations. F- Billet, and P.F.A. Maderson. Wiley, New York. pp. 599-678.
Therefore, much more research effort is needed to examingooper, W.E., Jr. 1997. Threat factors affecting antipredator beha-

the effects of habitat deterioration on behavior, body condi- Vviour in the broad-headed skinkimeces laticeps): repeated ap-
tion, and survival of lizards. proach, change in predator path, and predator’s field of view.

Copeia, 1997: 613-619. d0i:10.2307/1447569.
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