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ABSTRACT: Many species of lizards have skin invaginations that contain ectoparasites. These

structures could concentrate ectoparasites and reduce their harmiul effects, but expe
dence supporting this hypothesis is largely lacking. We repo
this hypothesis which we conducted with the lacertid lizard Psammodromaus algirus, &
has a nuchal poc

rAiments] evi.

rt here the frst eq)erimenm! test of
species that

ke: on each side of the neck and is a regular intermediate host of the tick Ixodes

Acinus We monipulated circulating testosterone levels of males to Increase tick infestation and

blocked pockets to prevent tick attachment. When ticks had free access to pock

ets. ticks were

attached rrainly in pockets when tick load was low, but they were present in similar propartions in
ears, pockets, and axillae in lieavily parasited males. When tick pockets were blocked, infestation
rates ware comparable to those of unblocked lizards, but ticks wera concentrated on the ears and

kets. was seen over a shorter

in the avlise. The experimental group, with blocked

period and

in u smaller pacch of habitat. This suggests that survival and home range were reduced. These data
indicate thut concenrration of ticks in pockets may be benefcial for P algirus and support the

functinnal valu= of thesa struciures
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NUMEKOUS species of lizards have skin  Thus, the function(s) o!'(fockets. if any, re-

pockers that frequently contsin mites or
ticks. Arvold (1986) observed thickening
of epidernis and dense concentrations of
lymphoid cells within the skin of these liz-
ard pockets, suggesting that pockets have
evolved it these species to concentrate ec-
toparasites and minimize their harmful ef-
fects. Bauer et al. (1990) examined the
morphology and contents of pockets in
gekkonid lizards (Rhacodactylus) and
found no supportng evidence of the dam-
age limitation lypothesis, These authors
indicated that the net daruge caused by
ectoparasites should not be any less in
pockets than elsewhere on the body, and
they suggested that phylogenetic or struc-
tural constraints may be responsible for
the presence of integumentary pockets.

mains controversial and unresolved (Ar-
nold, 1993; Bauer et al., 1993).

We propose that the presence of ecto-
parasites in some regions of the skin may
cause interference with some functions re-
lated to Rtness., and that the presence of
pockets in other areas of the gody would
concentrate ectoparasites in places where
this interference is reduced. The number
and position of pockets vary among lizard
species; for instance, pockets may occur on
sides of the neck, axillae, and sides of the
tail base in phrynosomatid, lacertid, igua-
nid, chamaeleontid, gekkaonid, and seineid
families. This indicates that the structures
have evolved independently several times
(Armold, 1986). The lacertid lizard Psam-
modromus algirus has one nuchal pocket
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on each side of the neck. We observed that
during the mnt:ing season, adult males of
P algirus were requently infested with
ticks (larvae and nymphs of Ixodes ricinus)
whereas juveniles and females had fewer
ectoparasites, Most of the ticks were lo-
cated in the nuchal pockets, with a minor-
ity occurring close to the tympanum and
:n the axillae, where they may find protec-
tion against potential damage when the liz-
ard brushes against vegetation and better
attachment conditions. We suggest that
vicks attached to the ear region may dam-
age the skn sround the tympanum and
disrupt hearing and that ticﬁs attached
around the axillae may impede locomo-
don. If nuchal pockets attract ticks that
would otherwise attach to the ears or ax-
illae, one would predict that lizards with
pockets would have higher hearing perfor-
mance for predator detection, greater es-
cape ability amon other benefits, and thus
improved survival,

It is possible that any effects of pockets
on lizard fitness would be difficult to de-
tect under conditions of low ectoparasite
load. It has been previousl/ shown that
males of Psemmodromus algirus supple-
mented with testosterone during the mat-
ing season were more susceptible to ec-
toparasitic infestation (Salvador et al.,
1906). Consequently, in this study, we im-
planted males of this species with testos-
tarone to obtain elevated testosterone lev-
els (Marler and Moore, 1991). Also, we
blocked nuchal pockets with glue to pre-
vent tick access to them. According to our
hypothesis, we predicted that (1) tick
numbers will increase in ears and axillae
of males with blocked-pockets and (2)
males with blocked-pockets will show a re-
stricted movement pattern and a higher
mortality.

METHODS

We conducted our study with the lizard
Psammodromus algirus at a site in a de-
ciduous oak-forest (Quercus pyrenaica)
near Navacerrada (40°44’ N, 47007 W),
Madrd province, Spain during the breed-
ing seasan of 1096, From 1-15 March, we
established a 3-ha grid with markers every
10 m. within which we captured adult in-

dividuals (both males and females) by
noosing between 18 March and 3 April,
shortly after lizards emerged from hiber-
nation. All individuals were weighed, their
snout-vent length (SVL) measured, and
marked by toe-clipping and with two or
three color spots for individual recogni-
tion. There were no ticks (Ixodes ricinus)
on males at first capture. Females and
small males (SVL < 75 mm), not involved
in our expedmental manipulation, were
immediately released at the capture site.
Only males with SVL > 75 mm were se-
lortad for the experiment, because testos-
terone supplementation in subordinate,
small male lizards does not increase ecto-
parasite load (Salvador et al., 1997).

Our experimental design was based on
the combination of testosterone supple-
mentation and blocking of nuchal pockets.
We assigned males with SVL > 75 mm to
one of four groups according to their order
of capture, The first male captured (EE-
male) received a subeutaneous implant of
a 9-mm long silastic tube (Dow Corning;
1.5 mm outer diameter, 1.47 mm inner
diameter). Each end was plugged with sil-
icone adhesive. The male was cold-anaes-
thetized and implanted through a small
dorsal incision which was close§ with a su-
ture. The implant contained 5 mm of
packed crystalline testosterone-propionate
(Sigma Chemicals). Also, nuchal pockets
were closed with glue (Superglue). The
second male captured (EC-male) received
the same testosterone implants as EE-
male. Nuchal pockets remained open and
they received the same amount © glue as
EE-male on scales located between the
pocket and the ear opening to control for
the glue effect. The third male captured
(CE-male) received empty implants fol-
lowing the same procedure as in EE and
EC-males, and their nuchal pockets were
closed with Superglue. The fourth male
captured (CC-male) received empty im-
plants following the same procedure as in
EE, EC. and CE-males and their nuchal
pockets remained open. Also, to control
for the glue effect as in EC-males, these
males received the same amount of glue
on scales located between the pocket and
the ear opening. Each subsequently cap-



March 1999]

HERPETOLOGICA

TABLE 1. —Number of ticks (f =

SE) in testosterone-supp
tosterone-supplemented, control-pockets males (EC-males), empty implants, blocked
males), and empty implants, control-pockets males (CC-males), ng

kets males (EE-males), tes-
kets males (CE-

en recaptured during late breeding season

lemented, blocked-poc

(May).
EE.maley EC-maley CE.males CC-males
Ears 7110 64 =16 s0=1.1 32 =035
Pocksts 0 S3+=11 0 49 =04
Axillae 54 =05 32=08 38 =09 3.1 =05
Total 12.7 = 1.1 142 = 3.0 96 =09 113 =10
B G 8 15

tured male was assigned sequentially to
the four gloups. Tlieie was no significant
difference between treatments in SVL
(blocking-pockets treatment, F o = 047,

= (.49; testosterone treatment, F 4 =
0.03. P = 0.87) or in mass (blocking-pock-
ets treatment, F 5 = 0.007, P = 0.93; tes-
tosterone treatment, F,, = 005, P =
0.82). Experimental males were released
during the same capture day at the capture
site. To assess if glue was effective in
blocking the access of ticks to pockets, we
randomly captured 10 EE and CE-males
during middﬁa April and found no ticks in
the pockets. Also, EE and CE-males re-
captured in May had their pockets blocked
by the glue, and no tlicks were found in-
side. To test whether the glue treatment
had some effect on the number of ticks in
CC-males. we captured in the plot eight
additional males during May. The number
of ticks in their ears, pockets, and axillae
did not differ significantly from CC-males
(P > 0.43 in all cases). The SVL and mass
did not differ between these groups. In
consequence, we pooled both groups for
analyses of tick location.

We monitored male behavior during
April at a distance of 7-12 m using bin-
soulars. All males were observed dunng
the morning (0800-1200 h) over the same
days. The exg;rimental treatment of each
miale was unknown to the observers. We
noted during pedods of continuous re-
cording (X = SE = 115 = 8 min/male), the
number of male movements and distances
moved. We determined the minimum
number of sightings that estimate home
range size (Rose, 1882). Approximately 12
sightings describe 100% of the home
range of males in this population (A. Sal-

vador and |. P. Veiga, unpublished data),
We nated the lacation in the plot of every
experimental male during 15 censuses
made in April on different days (15 points
per male). Home ranfe area was measured
using the convex polygon method (Rose,
1982), During 1-15 May, we surveyed dai-
ly the study plot in order to recapture the
experimental males. We made an addition-
al effort in these days to locate males not
detected in late April. We assumed that
their disappearance was due to mortality,
not to lack of visible activity or dispersal.
Recaptured males were weighed and the
number and position of ticks (ears, pock-
ets. or axillae) on each individual was not-
ed.

Numbers of ticks were normally distrib-
uted but variances were heterogeneous.
Differences in number of ticks among
ears, pockets, and axillae were evaluated
by Kruskal-Wallis tests. Home range and
movement variables were normally distrib-
uted and variances were homogeneous,
We used two-way ANOVAs to test the ef-
fects of blocking-pockets and testosterone
treatments on these variables; SVL was in-
cluded as a covariate, because both the
tick load and the mobility varied with body
size (Salvador et al., 1896, 1897),

RESULTS
The total number of ticks carried by fa-

cal males when they were recaptured did
not vary significantly with the glue treat-
ment (H = 0.09, P = 0.76), but there was
a slight tendency for increase in number
attac%\cd as a result of the testosterone
treatment (H = 1.93, P = 0.16) (Table 1).
The total number of ticks attached in both
axillae and ears was significantly higher in
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Fic. 1 —Nurmber of ticks (£ and SE) in relation to
position. Black boxes = males with low numbers of
ticks (4-12); grey boxes = males with high numbers
of ticks (13-23).

males with blocked pockets (H = 6.82, P
= 0.009) and males implanted with testos-
terone (H = 682, F = 0.009),

To examine if ticks prefer to attach in
pockets, ears, or aillae, we grouped con-
trol males for the glue treatment into
poorly parasitised (number of ticks below
the median 4-12) and heavily parasitised
males (number above the median 13-23).
The number of ticks in pockets differed
between both groups (H = 3589, F =
0.01)(Fig. 1). The differences in the num-
ber of ticks in ears and axillae were clearly
higher (ears: H = 880, F = 0.003; axillae:
H = 822 P = 0,004). Also in males with
low parasite loads, the numbers of ticks
varied significantly among pockets, ears
and axilae (H = 12.95, P = 0.001). How-
ever, in heavily parasited males, we did not

Tablz 2 —Movement vaniables (¥ = SE) of testosterone-supplemented, blocked-poc

detect significant differences among loca-
tions (H = 2,37, P = 0.30)(Fig. 1). These
results showed that when the number of
ticks in the host was small, they tended to
be attached in pockets. However, as pock-
ets have a limited capacity to shelter ticks,
ticks also attached in other locations when
their number per host was high.

Males with blocked pockets tended to
have smaller home ranges than control
males (F,, = 2.8, P = 0.10). However tes-
tosterone implanted males had a similar
home range to controls (F,, = 0.49, P =
0.49)('lable 2). Sumilarly, males with
blocked pockets made fewer movements

r time and moved shorter distances than
males with free pockets (F,, = 7.02, P =
0.0l and F,,. = 6.15, P = 0.02, respec-
tively). Testosterone supplementation,
however, did not affect movement rates
(F s~ = 1.57, P = 0.22), but there was a
tendency to reduce the distances moved
(F sy = 3.66, P = 0.068),

A log-linear analysis of the trifactorial
table for the blocking-pockets treatment,
the testosterone treatment, and survival
showed that during the interval of the
study more males with blocked pockets
disappeared than males with free pockets
(log-linear analysis: blocking-pockets X
survival, G = 489, df = 1, P = 0.027)(Ta-
ble 3). We did not, however, observe more
disappearances among testosterone sup-
plemented males than among testosterone
controls (log-linear analysis: testosterone
supplementation X survival, C = 036, df
= 1, P = 0.55). The interaction between
the three factors was not significant (log-
linear analysis: testosterone supplementa-
tion X blocking-pockets X survival, € =
1.19, df = 1, P = 0.27).

kets males (EE-males),

testosterone-supplemented, control-pockets males (EC-males), empty implants, blocked pockets males (CE-
males), and empty implants, control-pockets males (CC-males).

Home range Movement Distance

Treatment " im') ino. moves'min) (m/min)
EE-mules 6 167.8 = 70.1 024 =006 030 = 0.08
EC-males 9 318.1 = 669 050 = 007 0.58 = 0.07
CE-males 7 264.1 = 654 0.45 = 0,11 046 = 0.08
CC-males &) 3282 = 61.7 069 = 0.15 0653 = .12
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TABLE 3.—Number of siirvivors and non-survivors in

testosterone-supplemented, blocked-pockets males

(EE-males), testosterone-supplemented, control-

pockets males (EC-males), empty implants, blocked-

pockets males (CE-males), and empty implants, con-

trol-pockets males (CC-(males) at [ste breeding season
May).

EE - malzs EC-males CEvmales TC males

Survivurs & 9 3 T

Non-survivors 3 0 3 |

n o g 8 8
IDISCUSSION

The manipulation of the capacity of the
skin pockets to shelter ticks showad that
males with blocked pockets did not differ
in their ectoparasite load from control
males with free pockets. Thus, a first con-
clusion is that the possession of pockets
does not increase the susceptibility of the
host to infestation by ticks, On the con-
trary, males with open pockets had fewer
ticks on ears and axillae, where they might
have caused damage (Goldberg and Bur-
sey, 1991). In fact, males with blocked
pockets significantly altered their mobility
pattern, with less [requent and shorter
movements than males with open pockets.
This shift of behavior may be compared to
that shown by individuals with experimen-
tally amputated tails which move less than
intact animals in the same population (Sal-
vador et al.. 1995) I[n bath cases, reduced
movement could be interpreted as a con-
servative strategy adopted by individuals
that are more vulneraﬁle to predators. It
may be argued that individuals with the
external auditory meatus partially or totally

lugged with ticks is likely to have reduced
Eear‘mg acuity and, as a result, impaired
ability to detect approaching predators.
Alsa, the presence of ticks in tie axillae
may make movement of the forelegs dif-
ficult, especially during rapid running.

The number of recaptured individuals
with blocked pockets was significantly low-
er than for those with open pockets, a re-
sult that can be interpreted as evidence of
higher mortality among the former. It is
very improbable that this result was due to
individuals with blocked é)ockets tending

to disperse out of the stucy area, because

they moved less than individuals with open
pockets. Nor was the difference due to our
inability to detect or capture them, be-
cause the home ranges of missing individ-
uals were intensively searched and, if seen,
they would have been recognized by the
individual color marks. We argue that pre-
dation is the most probable explanation for
the absences recorded, although other
causes such as hiding or inactivity of males
with blocked pockets cannot be entirely
discounted. An alternative explanation is
that the harmful effect of the ticks was
more intense when they were attached
outside the pockets. Amold (1986) sug-
gested, baseg on a histological study of
pockets’ integument, that skin pockets may
facilitate the deployment of lymphocytes,
but there is no robust evidence to support
this hypothesis.

It seems that the skin pockets have a
function in the population studied, though
the benefits of bearing them for a host
may depend on its total ectoparasite load.
The distribution of ticks inside and outside
pockets in control individuals showed, in
agreement with the results of the expen-
ment, that ticks tended to locate prefer-
entially within pockets in indi\/iduaﬁ with
a small number of ticks, but they shifted
ta other places as their number on the host
lncreaseg. This suggests that the capacity
of pockets to accumulate ticks is limited,
so that when the ectoparasitic load is high,
the benefits derived from the presence of
skin pockets may be smaller.

Testosterone treatment increased the
total number of ticks in studied males.
This result was expected and replicated a
previous experiment conducted with the
same population (Salvador et al,, 1996),
However, in the present case, increase in
ectoparasitic load did not increase mortal-
ity in contrast with the results obtained
previously. This difference may be due to
the higher ectoparasitic load shown by
males in the earlier study (¥ = SE, 20.6 *
1.5, n = 21 versus 12.1 = 09, n = 41)
and, or, to the apparent difference in food
availability in both years. Supplementary
feeding increased survival of testosterone-
implanted individuals of Sceloporus jarroui
(Marler and Moore, 1991), In contrast
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with the tendency to lose mass observed
during the earlier study (£ = SE, initial
mass = 13.57 = 0.31 g, final mass = 13.30
+ 027 g repeated-measures ANCOVA,
E, .= 3.78, P = 0.068), during the present
study males increased their mass signifi-
cantly (¢ = SE, initial mass = 11.16 = 0.26
£ final mass = 11.54 = 0.26 g; repeated-
measures ANCOVA, F\,, = 842, P =
0.008). which may have reduced the ef-
fects of a higher ectoEarasitic load.
Integumentary pockets of lizards some-
times seem to have arisen de novo, but in
other cuses theis Pu.xiliuu SLgRCsts that
they may be remnants of structures that
originally had a different function. In lac-
ertic jizards, there is primitively a back-
wardly directed fold under the neck which
allows the extension of the gular skin dur-
ing head raising (Arneld, 1973). In P al-
girus, extension is distributed among sev-
eral scale rows and the collar is largely lost.
However. the sides of the collar have per-
sisted apparently acquiring a new function
as a specialized structure that reduces the
harmﬁxel effects of ectoparasites. Our re-
sults indicate that the presence of nuchal
pockets is advantageous in the study pop-
ulation, where infestation level is usun.ﬁy
high However, we have not determined if
b‘c%( presence is as frequent in other pop-
ulations, or if the possession of pockets is
advantageous when ectoparasitic load is
lower than in this study. Ticks are often
found on P algirus in areas several hun-
dred kilometers distant from our study
site, with different climates and vegetation
(]. A. Diaz and C. M. Herrera, personal
communication; see photographs in Bar-
badillo, 1987, and Schleich et al., 1996, de-
picting males with ticks from Jaén prov-
ince and Marocco, restﬁectively). The pres-
ence of ectoparasites throughout the range
of the species suggests that the persistence
of the collar remnants, whieh is found in
all individuals of P. algirus, results from se-
lection for their benefits in control of ec-
taparasites.
Our results support the hyEsothesis that
kets may redistribute ticks and yield
E::xeﬁts by preventing attachment in ﬁnco
tionally important areas. The conclusions
of our study cannot be generalized directly

to other species, even to those with pock-
ets in the same position as P. algirus. How-
ever, pockets are mainly located near legs
and ears in most species, suggesting that a
possible function of these invaginations is
to prevent attachment of ectoparasites at
sites where they may impede locomotion
and hearing, respectively. A test comparin
ectoparasite load between closely telatei
species with and without pockets would
provide a powerful insight to discriminate
between functional and non-functional ex-
planations for the evolution of skin pock-
Our funetinnal hypnthesis predicts
that in pairs (or groups) of related species,
sharing a common ancestor, those iaving
pockets would be the most susceptible to
carry ectoparasites.

ets
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