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was present on the head, and some reddish tones were
evident on the thighs. These frogs differ from E. men-
dax by having vomerine teeth, numerous supernu-
merary tubercles, and smooth dorsum. Eleutherodac-
tylus bromeliaceus differs from E. zimmermanae by hav-
ing vomerine teeth (absent in E. zimmermanae) and
coarsely granular venter (almost smooth in E. zimmer-
manae). The reddish coloration pattern on the head,
some spots on sacral region and reddish, orange or
yellowish dorsolateral stripe are present in some spec-
imens of E. bromeliaceus, E. mendax, and E. zimmerman-
ae.
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In California, the western fence lizard, Sceloporus oc-
cidentalis, is often infested with larvae and nymphs of
the black-legged tick, Ixodes pacificus (Lane and Loye,
1989). Dunlap and Mathies (1993) found that infesta-
tion is associated with a reduction in the host's he-
matocrit, but body condition (mass vs. length) is
harmed only when the lizard is also infected with a
malaria parasite, Plasmodium mexicanum. This tick-liz-
ard system is of considerable medical interest because
the tick is the vector of the Lyme disease spirochete
(Borrelia burgdorferi). The lizard’s blood contains a fac-
tor that kills the spirochete, so only ticks that feed on
alternative rodent hosts are likely to pass B. burgdorfer:
to humans (Lane and Quistad, 1998). Thus, the use
by subadult ticks of S. occidentalis as their primary host
may reduce Lyme disease prevalence in humans in
the American west.

Because of its importance for the epidemiology of
Lyme disease we studied the prevalence of I. pacificus
ticks on fence lizards at one site in northern California
and two sites in southern California. We examined
variation in number of ticks among the three sites, on
females vs. males, on lizards of different body size,
and on lizards early vs. late in the warm season. Sev-
eral mites also infest the lizards, the most common
being species of Geckobiella, the mechanical vector of
Schellackia occidentalis, a common protozoan parasite
of the lizards’ intestine and blood (Bonorris and Ball,
1955). Any ecological interaction between the ticks
and mites could be expressed as a significant associ-
ation, either positive or negative, in number of the ec-
toparasites on each lizard. Last, we sought to confirm
the result of Dunlap and Mathies (1993) that the ticks
do not reduce body condition in otherwise healthy
lizards.

Lizards were monitored for ectoparasites in both
southern and northern California, but body condition
and ectoparasite attachment sites were measured and
mark-recapture studies were conducted only in north-
ern California. In southern California, lizards were
collected between 1-6 April, 1997 at the Rancho Santa
Ana Botanic Garden (RSABG) (34°7'N, 117°43'W) and
between 8-9 April at Evey Canyon (34°10'N,
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117°41'W), both of which are located in eastern Los
Angeles County. RSABG is a public garden comprised
of paved walkways and botanical exhibits; Evey Can-
yon is a nature preserve consisting primarily of ripar-
ian oak-woodland habitat. Lizards were captured by
noosing and all ectoparasites counted immediately
with a hand lens. The gender and snout-to-vent length
(SVL) were recorded and lizards lacking ectoparasites
were returned to the point of capture. Those infested
with ectoparasites were brought into the laboratory,
where all ectoparasites were removed and identified
with the help of James Webb at the Orange County
Vector Control District. Two species of ectoparasite
were identified: the tick Ixodes pacificus and the mite
Geckobiella texana. The captive lizards were later re-
leased at the site of capture.

In northern California, lizards were collected be-
tween May 12-18, 1997 at the Hopland Field Station
of the University of California in southern Mendocino
county, California (39°00'N, 123°04'W). The collection
site was an oak woodland near a stream. The biology
of fence lizards and their malaria parasite has been
under study at Hopland for many years (review in
Schall, 1996). Furthermore, a previous survey of the
distribution of ticks on fence lizards was conducted
by Lane et al. (1995) at this site in 1993. Lizards were
captured by noosing, then brought into the laboratory
where all ticks were counted and their location on the
body recorded (in nuchal or neck pockets vs. else-
where on the body). All ticks were removed from each
lizard. The number of mites (combining species be-
cause a taxonomic survey of the mites at Hopland has
not been conducted) and their location on the lizard
was also recorded and those in the nuchal pockets
removed. Mites elsewhere on the lizard were difficult
to remove, so time constraints prevented complete
elimination of mites from the animals, although we
estimate that 90+% were removed. SVL, gender, tail
condition (broken, regenerated, or intact), and body
mass were also recorded. Body condition was deter-
mined only for lizards with an intact tail and was
calculated as the residual for the regression between
SVL and body mass. Each lizard was individually
marked with a unique series of toe clips, only one toe
per foot being removed, and then returned to its point
of capture.

During two periods, 23-27 June and 17-25 July, the
marked animals were recaptured. All data listed
above were recorded again, but the ectoparasites were
not disturbed. Sample sizes differ between first and
subsequent captures for two reasons. First, half the
lizards in the first sample were assigned to a manip-
ulative experiment that hindered reattachment of ec-
toparasites at some body locations. Therefore, these
lizards are not included in the analyses involving sec-
ond and third captures. Second, some lizards were not
observed again at the study site once they were first
released.

At RSABG, none of the 49 lizards captured were
infested with ticks and only three (6%) were infested
with mites (range = 0—4 mites). Consequently no sta-
tistical analyses were conducted on these distribu-
tions.

At Evey Canyon, three of the 25 lizards captured
(12%) were infested with ticks (range = 0-3); 48% of
the lizards were infested with mites (range = 0-16).
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FiG. 1. Number of ticks, Ixodes pacificus, infesting
western fence lizards, Sceloporus occidentalis, at the
Hopland Field Station in northern California. Female
lizards are compared with male lizards.

Males hosted significantly more mites (median = 3.0,
range = 0-16, N = 11) than females (median = 0,
range = 0-8, N = 14) (Mann-Whitney U test, P =
0.03). In addition, all three of the lizards infested with
ticks were male. SVL and number of mites were not
correlated for either gender (Spearman correlations, P
> 0.1).

At Hopland at first capture, 130 lizards were infest-
ed with 0-78 ticks; only 9% lacked any ticks (Fig. 1).
Males hosted more ticks (median = 20, N = 69) than
females (median = 7, N = 61) (U test, P < 0.0001).
SVL was not correlated with number of ticks present
for females (Spearman correlation, P > 0.05; N = 61),
but larger males carried more ticks (r, = 0.342, P =
0.006, N = 69). The larger number of ticks infesting
male fence lizards is not a result of differing body size
by gender because the females are slightly larger (68
vs. 66 mm mean SVL). Selecting only lizards from 60-
70 mm shows males still had significantly more ticks
attached (U-test, P < 0.0001). For males, the number
of ticks at first and second captures were positively
correlated; males with more ticks at first capture were
colonized by more ticks approximately one month lat-
er (r, = 0.775, P = 0.0007, N = 20). No such relation-
ship was seen for females (r, = 0.248, P = 0.4103, N
= 12). Most ticks (mean for all lizards = 90%) were
attached in the nuchal pockets.

Mites were also common on the lizards at first cap-
ture (0-64), but the mites were not congregated in the
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FIG. 2. Number of two kinds of ecotoparasites,
ticks (Ixodes pacificus) and mites (primarily Geckobiella
sp.) on western fence lizards (Sceloporus occidentalis)
during three time periods at the Hopland Field Sta-
tion. Lizards at second and third capture were subsets
of the animals marked during the first capture period.
Sample size of lizards and result of Mann-Whitney U
test for each sample period (comparing abundance of
ticks and mites) is given

nuchal pockets (x only 20%); 75% of lizards carried 1-
20 mites and only 12% were free of mites. Mite num-
ber did not differ significantly between males and fe-
males (males: median = 6, range = 0-46, N = 69;
females: median = 7, range 064, N = 61; U test, P
> 0.05). No correlation existed between SVL and num-
ber of mites for either gender (Spearman correlations,
P > 0.05). Comparison of the number of mites be-
tween first and second captures could not be exam-
ined because mites were not completely removed
from the lizard upon first capture.

No relationship was observed for body condition vs.
number of ticks at first capture for females or males
(Spearman correlations, P > 0.05). Body condition at
second capture of males and females was also not cor-
related with number of ticks at the first capture, thus
showing no delayed effect of infestation (Spearman
correlations, P > 0.05). However, lizards captured dur-
ing the second sampling tended to be those with few-
er ticks at first capture (median number of ticks on
lizards captured only once = 13.0, and captured twice
= 7.0; U-test, P = 0.029).

A weak negative correlation between mite number
and tick number was seen for females (r, = —0.26, P
= 0.035) and possibly for males (r, = —0.22, P = 0.09).
Mites and ticks appear to have complementary sea-
sonalities, with ticks common on the lizards in May,
and mites more common in June and July (Kruskal-
Wallis tests for each class of ectoparasite, P < 0.0001),
followed by U-tests comparing classes for each cap-
ture; Fig. 2). As shown above, ticks congregated in the
nuchal pockets, but mites did not. Perhaps ticks, when
they are common on the lizards in May, exclude the
mites from a preferred attachment point, the nuchal
pockets. This does not appear correct because the per-
cent of mites on each lizard that were in the nuchal
pockets was similar for the first capture (mean of 18%
of mites in pockets) when ticks were plentiful in the
pockets, and the second capture when ticks were rare
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(mean of 22% of mites were in the pockets). Also, the
percent of mites in pockets of lizards that had no ticks
(combining first and second capture) was also similar
to the above values (x = 21%).

Both tick and mite prevalence (percent of lizards
infested with at least one tick/mite) differed signifi-
cantly among the three sites surveyed (x* contingency
table analyses, N = 204 lizards, x> = 144.8 for ticks
and 104.4 for mites, P < 0.001).

The results show Ixodes pacificus ticks and at least
one species of mite infest fence lizards through Cali-
fornia. Ectoparasite prevalence differed sharply
among the three sites surveyed: infestations by ticks
were undetectable and by mites were rare at RSABG;
ticks were rare but mites were common at Evey Can-
yon, and both mites and ticks were extremely com-
mon at Hopland Field Station, where almost all of the
lizards carried both kinds of ectoparasite. Survival of
L pacificus ticks decreases at high temperature and low
humidity (Lane et al, 1995), and differences in tick
prevalence among the sites may reflect differences in
these factors.

Males were more often infested with ticks at both
Hopland and Evey Canyon, and larger males carried
larger numbers of ticks. At Evey Canyon males were
also more heavily infested with mites, although this
was not true at Hopland. High testosterone levels ap-
pear to reduce the immune system’s competency
against some classes of parasites in vertebrates
(Moller et al., 1998), including lizards, and may ac-
count for the higher prevalence of ectoparasites on
males (Salvador et al,, 1996, 1997). However, in the
case of the I. pacificus-S. occidentalis system, two kinds
of evidence suggest other factors are more likely. First,
mite prevalence differed by gender at only one site
and did not differ by size at any site. Second, at Hop-
land, where ticks were counted and then removed at
first capture, those lizards that had a large number of
ticks at first capture acquired a larger number by the
time of their second capture. The fact that this corre-
lation was noted for both male and female lizards ar-
gues that testosterone levels were not responsible for
some lizards being more prone to becoming heavily
infested. We returned lizards to their original home
range after each recapture. Perhaps some individuals
simply spend more time in areas where ticks are
questing for attachment, and males are more prone to
infestation because they are more active in defending
a territory and come in contact with more questing
ticks. In a mark-release-recapture experiment con-
ducted at Hopland Research Station, Lane et al. (1995)
demonstrated that fence lizards usually become in-
fested by 1. pacificus ticks while the lizards are inactive
in their burrows at night rather than while they are
active during the day. If males tend to utilize a larger
number of sleeping burrows, or to sleep in habitats
with relatively high densities of ticks, they might
thereby accumulate larger tick infections.

The presence of large numbers of ticks (up to 78 on
a lizard) can have some negative consequence for the
host (the reduction in density of blood cells noted by
Dunlap and Mathies, 1993), but it is possible that the
fairly short season for tick infestation minimizes the
overall cost to body condition as observed here and
by Dunlap and Mathies (1993). However, the higher
number of ticks infesting lizards that were captured
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only once suggests that ticks may induce some mor-
tality in the lizards. Dunlap and Mathies (1993) found
that lizards infected with a malaria parasite, Plasmo-
dium mexicanum, as well as infested with ticks, suf-
fered reduction in body condition. We collected the
Hopland lizards at a location where the malaria par-
asite is uncommon in the lizards, so unfortunately our
sample size of malarious lizards was too small to de-
termine any interaction in effect for the two kinds of
parasite.

For both male and female fence lizards, ticks, but
not mites, congregated in the nuchal pockets. Arnold
(1986) noted that such invaginations occur in many
species of lizards, on the neck (nuchal), axillae, and at
the sides of the tail base, and proposed that they serve
to concentrate ectoparasites to minimize the harmful
effects of infestation. Salvador et al. (1999) experimen-
tally showed with the lacertid lizard Psammodromus

algirus, that if ticks are not permitted to enter the nu =+

chal pocket, they will be displaced to areas that cause
greater harm to the lizard.

The patterns of prevalence of ticks and mites dif-
fered substantially suggesting strongly that the two
kinds of ectoparasites have different ecologies. None-
theless, there may be some ecological interaction be-
tween ticks and mites. First, there is a negative rela-
tionship between the number of ticks and mites on
individual lizards, and second there appears to be a
seasonal shift, such that ticks exploit the lizard more
in the early summer and mites more later in the sea-
son. Seasonal and geographical variation in attach-
ment by L. pacificus ticks on fence lizards is of medical
interest because of the potential role of the lizards in
limiting the prevalence of Lyme disease.
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WALTER E. MESHAKA, JR., Everglades Regional Collec-
tions Center, Everglades National Park, 40001 SR-9336,
Homestead, Florida 33034-6733, USA. E-mail:
walter-meshaka@nps.gov

The exotic herpetofaunal community of Florida in-
cludes 37 species, most of which are found in dis-
turbed habitats of southern Florida and have arrived
in the past 25 yr (Butterfield et al., 1997; Meshaka et
al., 2000). Because of continuing urbanization and in-
flux of exotic species of amphibians and reptiles, ex-
treme southern Florida is undergoing a profound hu-
man-mediated alteration of a major segment of its bi-
ological community that has yet to stabilize. The re-
structuring process of this community has resulted
not only in the rapid accumulation of new exotic spe-
cies but also in species succession. Among the hemi-
dactyline geckos, H. garnotii, a parthenogenetic species
(Kluge and Eckhardt, 1969), appears to have largely
replaced H. turcicus in southern Florida (Meshaka,
1995), and both are outnumbered in varying degrees
by H. mabouia, a bisexual species (Meshaka et al,
1994a, b; Meshaka and Moody, 1996). Because these
species do not naturally co-occur with one another
and appear to be ecologically analogous, stable co-
existence has been postulated to be impossible (Me-
shaka et al., 1994c). To test this hypothesis, I examined
populations of H. garnotii and H. mabouia in the Ev-



