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ABSTRACT

An investigation was conducted on factors which potentially influence
reproductive output of Hemidactvlus turcicus. This study concentrated on
three topics: 1) lipid cycles, 2) maternal investment, and 3) parasitic infection.
The reproductive season of 1983 extended from March through
September. Most females were reproductively active for 120-150 days and
probably produced 2-3 clutches during this time. Fatbodies were rapidly
depleted at the onset of vitellogenesis and remained at low levels throughout
the reproductive season. Carcass lipid levels were reduced at the start of
reproduction and during production of later clutches. Apparently, energy from
ingestion was insufficient to assure formation of later clutches and fatbody and
carcass lipid reserves were drawn upon for supplemental energy. The
evidence indicated these lipids were mobilized to the liver, probably for use In
vitellogenin production.
The fatbody cycle of males was inversely related to the testicular cycle.
Carcass lipid and liver lipid levels of males increased during testicular
regression and decreased during testicular enlargement. This pattern of
storage and utilization of lipids indicates that there was a surplus of energy
during testicular regression and a deficit during testicular recrudescence.
Fatbodies and carcass lipid of males were also utilized at the start of the
iv

female reproductive season, probably to provide males with supplemental
energy during breeding.
Egg size was not related to female body size or timing of reproduction.
However, egg size was positively correlated with hatchling size. Under
laboratory conditions, there was no variation in egg size between groups of
females maintained at different food regimens. Also, there was no difference
in egg size between first and second clutches of experimental females. The
data on K turcicus did not support the hypothesis that factors normally
influencing clutch size in variable clutch species might similarly influence egg
size in fixed clutch species.
Forty-three percent of adult Hemidactvlus turcicus from southern Texas
were infected with a pulmonary pentastome. Raillitiella frenatus. Liver mass
during the nonreproductive period and fatbody mass during the reproductive
season were significantly lower in individuals of both sexes with the highest
biomass of pentastomes. Uninfected females had a significantly higher
frequency of oviductal eggs than infected geckos. Oviductal egg production in
this gecko population was reduced by 21 % because of the pentastome
infection. These data indicate that this macroparasitic infection should be
considered a factor in the population regulation of H- turcicus in southern
Texas.
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CHAPTER I
GENERAL INTRODUCTION

Theoretical Background
Organisms acheive continuity through reproduction; consequently,
reproductive mechanisms are under extremely strong selective pressures.
The suite of reproductive characteristics exhibited by a population is
presumably adapted to result in the optimum number of offspring which can be
produced under the prevailing conditions of an area. However, natural
selection operates over an extended time period, and populations are adapted
to some long-term measure of the conditions of an area (e.g., the average,
minimum or maximum value of a particular parameter). Consequently,
reproductive success under the conditions of any given year may be far from
optimum. Organisms compensate for the imperfections of long-term
optimization by adopting functional responses which 'fine-tune' their
reproductive characteristics to better suit contemporary conditions. Therefore,
the reproductive output of a population during a particular season reflects both
adaptive modifications to long-term conditions and functional responses to
proximal circumstances.
There are many factors which can influence reproductive output. These
factors can be abiotic (e.g., photoperiod, temperature, precipitation), biotic

(e.g., competition, predation, disease), or even endogenous to females (e.g.,
body size, age, level of energy stores). Factors affecting reproductive output
may be predictable from year to year or they may be quite variable; also, they
may exert their influence over evolutionary time or they may have more
immediate effects on reproductive success.
Adaptations to the various factors influencing reproductive output have
resulted in the great diversity of reproductive tactics observed in organisms.
Thus, knowledge of the effects of different factors on the reproductive
strategies employed by organisms can provide insight into the mechanisms of
evolution. Although there is a considerable body of literature on reproduction
of organisms, there is not yet a model of life history evolution which can
adequately predict the reproductive strategy of a particular organism under a
prescribed set of conditions (Stearns, 1976, 1977; Dunham, 1982). Therefore,
more information is needed on the factors which affect reproductive output of
organisms. This will come from studies which are specifically designed to
isolate the effects of particular factors on reproductive success.
I sought information on the factors which influence reproductive output of
Mediterranean geckos, Hemidactvlus turcicus. Because of the vast number of
potential factors, I limited this investigation to three areas: 1) the relationship
between lipid cycles and reproduction, 2) the amount of maternal investment
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to reproduction, and 3) the effects of a parasitic infection on reproductive
output.

Background on H. turcicus
The Mediterranean gecko was chosen for study because of extensive
previous experience with this lizard (Selcer, 1982, 1986a, b), and because of
its abundance in Texas, which facilitated collection of large samples.
Hemidactylus turcicus is an old world gekkonid lizard which was
introduced to the new world in the early 1900's (Stejneger, 1922). In the short
time since its introduction, this species has colonized the entire gulf coastal
region of the United States (Conant, 1975). Selcer (1982, 1986a) studied the
demography of a southern Texas population of JH- turcicus. He attributed the
success of this lizard to a near absence of predation and competition in its
area of introduction. The low levels of predation and competition were due
largely to the gecko being noctural and occupying man-made structures.
These characteristics limited contact with potential predators and competitors.
The southern Texas population of H. turcicus has one of the highest densities
(estimated at 544 to 2210 lizards per hectare) reported for a lizard, and there is
evidence that other colonies of this gecko also occur in high densities. This
indicates that the reproductive strategy employed by H. turcicu? is well suited
to its colonial existence.

4

Study Area
All H- turcicus used in this study were collected from the campus of Pan
American University at Edinburg, Hidalgo County, Texas, which is located in
an area known as the Lower Rio Grande Valley. The LRGV has a subtropical
climate with long, hot summers and short, mild winters. Temperatures rarely
reach below 0 C in winter and are frequently above 38 C in summer.
Precipitation in the LRGV is seasonal, with the majority of rainfall occurring in
the winter of each year. The major climatological disturbances which occur in
this area are hurricanes.

CHAPTER II
REPRODUCTIVE AND LIPID CYCLES

Introduction
Lizards which inhabit temperate climates usually exhibit seasonal
reproductive patterns. This concentration of reproductive effort over a short
time period results in a rapid demand for large amounts of energy;
consequently, some form of energy storage is adaptive. Lipid is an efficient
means of storing energy; thus, many lizards show seasonal fluctuations in
lipid stores which are related to the energetic needs of reproduction
(Derickson, 1976; Pond, 1978). The presence or absence of lipid cycles, and
the timing of lipid deposition and utilization, serve as indicators of the
energetic demands on a species during key events in its annual cycle.
Studies of lipid cycling can reveal the energetically critical periods during the
year for a given species and demonstrate how lipid storage aids an organism
during these periods. Herein, I present data on the lipid cycles of male and
female Hemidactvlus turcicus.
Patterns of lipid cycling in Gekkonid lizards are poorly understood, and
reports of lipid storage in geckos are largely anecdotal. For temperate geckos
there are several reports on the importance of caudal lipid (Congdon et al.,
1974; Daniels, 1984). Additionally, studies have been conducted on the
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fatbody and liver cycles of temperate-zone populations of Hemidactvlus
frenatus (Cheng and Lin, 1977) and H. turcicus (Selcer, 1986b). Each
species exhibits changes in fatbody and liver masses which are related to
reproductive cycles.

Tropical geckos are often suspected of not exhibiting

lipid cycles (Derickson, 1976). This is based on two reports that show an
absence of fatbodies in four species of these lizards (Church, 1962;
Hoddenbach and Lannon, 1967). However, no studies of lipid cycling in
tropical geckos confirm the assertion that they do not have lipid cycles.
Additionally, no studies of lipid cycles of geckos have employed extraction of
lipids from carcasses, livers, gonads and fatbodies.
Lipid extraction has several advantages over wet mass for studies of lipid
cycling: 1) extraction provides actual lipid values whereas wet mass reflects a
combination of water, fat-free material, and lipid content, and 2) lipid
extraction can provide accurate estimates of caloric content, that are valuable
in determining energetic expenditures during reproduction and dormancy. For
these reasons, I employed lipid extraction for this investigation.

Materials and Methods
A population of Hemidactvlus turcicus was studied from 15 March 1983
through 24 March 1984. Lizards were collected twice monthly during the
reproductive season (March through September) and monthly during the
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nonreproductive period, except when individuals were inactive and
unavailable (December and January). Lizards were captured by hand, killed
by a blow to the head, and frozen. A total of 195 males and 180 females were
examined.
Upon processing, thawed lizards were blotted dry, tails, if present, were
removed, body weight was measured to 0.1 mg on a Mettler balance, and
snout-vent length was measured to the nearest mm using a ruler. Lizards
were necropsied and their reproductive status was recorded. Yolked follicles,
oviductal eggs, fatbodies, and livers were removed from females and weighed
to 0.1 mg. Testes, fatbodies, and livers were removed from males and
weighed to 0.1 mg. Gastrointestinal tracts were also removed from all
individuals and the remaining carcasses were weighed to 0.1 mg.
Mediterranean geckos easily autotomize their tails. Tails of geckos were
frequently lost during capture and processing. Because of this, tails were not
included in this study of lipid cycling.
All organs and carcasses were dried in an oven at 60 C to constant mass.
Dry organs and carcasses were separately subjected to lipid extraction for 8 h
at 60 C in a Sohxolet apparatus containing a 2:1 chloroform to methanol
solution (Folch et al., 1957). After lipid extraction, organs or carcasses were
dried to constant mass and the resulting fat-free mass was recorded. Lipid
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mass was calculated as the difference between the dry mass and the fat-free
dry mass of an organ or carcass.
The testicular cycle was divided into three periods, based on apparent
trends in testes masses, for the purpose of examining changes in various
organ and carcass components during different phases of testicular
development. The divisions were 1) the period of testicular stability
(March-July), 2) the period of testicular regression (August-September), and 3)
the period of testicular enlargement (October-February).
Females were considered reproductively active if they contained either
eggs or follicles which showed signs of vitellogenesis (yellow coloration).
Reproductively active females were placed into one of four groups to examine
changes in organ and carcass components during progressive stages of
ovarian development. The groups were: 1) females with small yolked follicles
(SYF; 12-125 mg), 2) females with medium yolked follicles (MYF; 126-250
mg), 3) females with large yolked follicles (LYF; > 250 mg) and 4) females with
oviductal eggs (OE). Individuals from these groups were further categorized
into early clutches (March-14 June), and late clutches (15 June-15
September), resulting in eight groups of reproductive females.
One-way analysis of variance (ANOVA) was used to investigate variation
in organ and carcass components between reproductive and nonreproductive
females and among groups of reproductive females. In the ANOVAs involving

groups of reproductive females, seven orthogonal contrasts were employed to
separate group means (Fig. 1). Contrasts were: 1) early clutches versus late
clutches, 2) small and medium yolked follicles combined versus large yolked
follicles and oviductal eggs combined during the early clutches, 3) small
yolked follicles versus medium yolked follicles during the early clutches, 4)
large yolked follicles versus oviductal eggs during the early clutches, 5) small
and medium yolked follicles combined versus large yolked follicles and
oviductal eggs combined during the later clutches, 6) small yolked follicles
versus medium yolked follicles during the later clutches, and 7) large yolked
follicles versus oviductal eggs during the later clutches.
Also of interest were the changes in lipid and nonlipid components of H.
turcicus during the part of the nonreproductive period when lizards were
dormant. An estimate of this was made by comparing lizards collected
immediately before and after the time that weather conditions prohibited
activity of geckos (determined as December and January by observation). The
groups were pre-dormancy (the November sample), and post-dormancy (the
February sample). ANOVAs were employed to detect differences in organ and
carcass components between these two groups.
If ANOVA revealed differences in SVL among groups under
consideration, then analysis of covariance (ANCOVA), with SVL as the
covariate, was used in place of ANOVA for all comparisons. Slopes were
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tested for parallelism in ANCOVAs. An F-max test for homogeneity of
treatment variances (Sokal and Rohlf, 1981) was performed on all groups
involved in ANOVAs and ANCOVAs. If variances were found to be
heteroscedastic, then one or more transformations (e.g., log, arcsine, square
root) were applied to the data until homoscedasticity was acheived. All
statistics were performed using the computer package SAS (SAS Institute Inc.,
1982). Probabilities less than or equal to 0.05 were considered significant.

Results
Female Reproductive Cycle
The reproductive season extended from March through September
(Table 1). Sixty-one percent (109/180) of the females collected were
reproductively active. Most females collected in March and April were either
nonreproductive or contained early vitellogenic follicles. Females taken in
September contained either nonvitellogenic follicles and enlarged oviducts
(i.e., were postreproductive) or oviductal eggs. Thus, the majority of females
initiated reproduction during April or May and completed production of their
final clutch by early September. This suggests a reproductive season of
120-150 days, depending on the timing of reproduction for a particular female.
Oviductal eggs were first present in females taken on 15 May. Given that
females began vitellogenesis in mid-March and early April, and that eggs were
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first observed on 15 May, it appears that production of the first clutch of eggs
required 45-60 days. Assuming that all clutches required similar time to
develop, a reproductive season of 120-150 days would have allowed time for
production of 1-3 clutches per female.
Two lines of evidence indicate that multiple clutches were produced: 1)
three individuals contained oviductal eggs and small vitellogenic follicles
simultaneously, and 2) five individuals contained corpora lutea (indicating
recent oviposition) and small vitellogenic follicles simultaneously. However,
only 11% (3 of 28) of females with oviductal eggs also contained vitellogenic
follicles; thus, there was a delay between clutches in the majority of females.

Lipid Cycle in Females
Fat-free carcass mass did not vary between reproductive and
nonreproductive females, but carcass lipid mass did differ between these two
groups (Table 2). Mean carcass lipid mass of nonreproductive females was
38% greater than that of reproductive females, indicating that lipid stored in the
carcass was reduced during reproduction (Table 3).
Fat-free carcass mass varied among groups of reproductive females
(Table 3). Fat-free carcass mass was significantly greater for early clutches
(Fig. 2). Thus, carcasses of females during early clutches were composed of
more nonlipid material than those of later clutches. Fat-free carcass mass also
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varied between the LYF and OE groups during later clutches. This was largely
a result of a very low mean fat-free carcass mass for females with OE.
Carcass lipid mass varied significantly among groups of reproductive
females (Table 2). Mean carcass lipid mass of females during early clutches
was 62 % greater than during later clutches (Table 3). Carcass lipid mass
differed between the combined SYF-MYF group and the combined LYF-OE
group during the early clutches (Fig. 3), with the former having a 38 % larger
mean carcass lipid mass than the latter. Apparently, carcass lipid was utilized
during the beginning vitellogenic stages of early clutches and also during
production of later clutches.
Fat-free liver mass and liver lipid mass both varied between reproductive
and nonreproductive groups (Table 2), with each having a higher mean value
during the reproductive season (Table 4). Neither of these variables showed
inter-clutch group differences (Figs. 4 and 5), but both exhibited a distinctive
pattern of variation within each clutch group. In general, mean fat-free liver
and liver lipid masses increased from the SYF stage to the MYF stage, and
decreased from the LYF to the OE stage. The differences in means between
the SYF and MYF stages, and between the LYF and OE stages were
significant for liver lipid mass in both clutch groups and for fat-free liver mass
during the late clutch group (Figs. 4 and 5). This pattern implies that lipid and
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nonlipid material accumulated in the liver after the onset of vitellogenesis and
were removed from the liver by the time that egg production was completed.
Fatbody mass was significantly greater in nonreproductive females (Table
5). Fatbody mass also varied among groups of reproductive females (Fig. 6).
Significant contrasts of fatbody mass between groups of reproductive females
were: early versus late clutches, and SYF-MYF combined versus LYF-OE
combined during the early clutches. Fatbodies of females during early
clutches were 91 % larger than those of females during late clutches.
Fatbodies of females during the beginning stages (SYF-MYF) of vitellogenesis
during the early clutches were 68 % larger than those during the final stages
(LYF-OE) of egg production during early clutches. These data reveal that
fatbodies were primarily depleted at the onset of production of the early
clutches and were not replenished at any time during the reproductive
season.
There were no significant differences in fat-free carcass mass, fat-free
liver mass, liver lipid mass or fatbody mass between pre-dormant and
post-dormant samples (Tables 2, 3, 4, 5). However, carcass lipid mass did
vary significantly between these groups, with the pre-dormant mean 49 %
larger than the post-dormant mean, suggesting that carcass lipid was used for
maintenance during dormancy. Also, for each of the other variables, the
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pre-dormant sample mean was larger than the post-dormant sample mean,
suggesting that there was use of lipid and nonlipid material during dormancy.

Male Reproductive Cvcle
Testis mass varied significantly among collection samples (F = 14.14; 16,
178 df; P < 0.001). Three distinct phases of the testicular cycle (Fig. 7) were
apparent, based on changes in testis mass: 1) the period of testicular stability
(March through July), during which time testis masses were high and relatively
constant, 2) the period of testicular regression (August through September),
when mean testis mass steadily declined, and 3) the period of testicular
enlargement (October through February), during which time mean testis size
gradually increased to a level equal to that of the previous March.

Lipid Cycle in Males
The period of testicular stability was characterized by a constancy of most
organ and carcass components (Tables 6 and 7). No temporal trends were
evident for fat-free carcass mass, fat-free liver mass, or liver lipid mass during
this time. However, mean fatbody mass decreased by 83 % from March to
May and remained low through July. Also, mean carcass lipid mass showed a
steady decline from March to May and was variable from May to July,
suggesting that lipid from the fabodies and carcass was depleted from March
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to May. This coincides with the onset of the female reproductive season, and
is therefore the start of the breeding season for males. During the period of
testicular stability, testis mass was correlated with SVL, fatbody mass, fat-free
liver mass, fat-free carcass mass and carcass lipid mass (Table 8).
The period of testicular regression was marked by gradual increases in
most organ and carcass components (Tables 6 and 7). Mean fatbody mass
increased by 75 % over this period, while mean carcass lipid mass increased
by 67 %. Mean fat-free carcass mass and mean liver lipid mass showed
increases of 8 % and 67 %, respectively. Mean fat-free liver mass remained
constant through this period. During testicular regression, testis mass was
positively correlated with SVL, fat-free liver mass, and fat-free carcass mass,
but was negatively correlated with fatbody mass (Table 8).
The most prominent temporal trend during testicular enlargement was a
gradual decrease in the size of lipid stores (Tables 6 and 7). Mean fatbody
mass decreased by 60 %, mean carcass lipid mass declined by 40 %, and
mean liver lipid mass dropped by 38 %. Fat-free carcass and fat-free liver
mass showed no clear pattern during testicular enlargement. Testis mass
during this period was negatively correlated with fatbody mass and liver lipid
mass (Table 8).
There were no differences in mean fatbody mass, mean fat-free carcass
mass or mean fat-free liver mass between pre-dormant and post-dormant
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samples. Liver lipid and carcass lipid varied significantly between these
groups, with decreases of 50 % and 40 %, respectively. Testis mass also
differed significantly between pre-dormancy and post-dormancy samples, with
the latter mean more than double the former mean (0.015 and 0.033 g,
respectively).

Testis Lipid
Thirty groups of testes were subjected to lipid extraction. The number of
testes per group ranged from 3 to 6 with a mean of 4.6 ± 0.16. Testes wet
masses consisted of an average of 85.3 % water, 3.2 % lipid, and 11.4 %
fat-free material. Thus, lipid storage in the testis was almost negligible.

Fatbodv Lipid
Nineteen groups of fatbodies were involved in quantification of lipid
content. The number of fatbodies per group ranged from 3 to 6 with a mean of
4.4 + 0.28. Fatbody wet masses were composed on the average of 30 %
water, 67 % lipid, and 3 % fat-free material. Fatbody wet mass was positively
correlated with lipid mass (r = 0.91,18 df. P < 0.001) and fat-free dry mass (r =
0.48, 18 df, P < 0.05). Fatbody dry mass was also positively correlated with
lipid mass (r = 0.99,18 df. P < 0.001), but not fat-free mass (r = 0.41, 18 df, 0.1
> P > 0.05).
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Discussion
Reproductive Cycle
The reproductive season of 1983 extended from March through
September. Data on frequencies of different follicular sizes indicated that most
females were reproductively active for 120-150 days and probably produced
2-3 clutches during this time. These results are similar to those reported by
Selcer (1986a) for the 1982 reproductive season of this population of K
turcicus. Rose and Barbour (1968) reported that Mediterranean geckos from
New Orteans were reproductively active from April to August. This is a
somewhat shorter reproductive season than that in Edinburg. Possibly, cooler
temperatures in the more northern locality result in a decrease in the amount
of time that females can produce eggs. However, more data from these and
other populations of JH- turcicus are needed to confirm whether the observed
differences in the length of reproductive season are actual or are simply due to
random variation.

Lipid Cycle in Females
The fatbody cycle of females was clearly related to reproduction.
Fatbodies were rapidly depleted at the start of vitellogenesis of the early
clutches and remained so throughout the reproductive season. Fatbody lipids
were probably not shunted to the ovary directly because follicles were still in
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the early stages of development during fatbody depletion. Rather, fatbody
lipids were likely moved to another part of the body.
Utilization of fatbodies by females during reproduction has been reported
in numerous studies of lizards (see Derickson [1976] for review), but the
fatbodies of K turcicus are different from those of most lizards. Iguanid lizards,
which have been the subjects of most lizard lipid studies, have a pair of
fatbodies located in the posterior region of the coelomic cavity. Hemidactvlus
turcicus has a single fatbody extending anterio-ventrally from the anterior
margin of the pelvic girdle. The fatbody of H. turcicus. when enlarged, is
considerably smaller than even one of the fatbodies of a comparably sized
iguanid lizard at a similar stage in the fatbody cycle. Furthermore, the
fatbodies of K turcicus are colorless and translucent, in contrast to the
characteristic yellow coloration of fatbodies of most lizards.
Much of the carcass lipid of Mediterranean geckos is stored in discrete
subcutaneous fatpads (Greene, 1969). which occur ventro-laterally on each
side of the body. These fatpads extend from the axilla to the hindlimbs but are
most prominent posteriorly. They can be easily viewed when they are
enlarged (e.g.. during the nonreproductive period) and are in appearance
much like the fatbodies (colorless and translucent). The lateral fatpads adhere
tightly to the skin and are difficult to remove completely. However, it is certain
that a considerable amount of lipid can be stored in this region. For example,
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lateral fatpads from a female collected in October weighed 0.051 g, compared
with 0.015 g for the fatbody of the same individual. These fatpads constitute
much of what is termed carcass lipid in this study.
Carcass lipid was utilized during clutch production. The primary depletion
of carcass lipid was at the onset of formation of the early clutches. Lipid was
apparently not directly incorporated into eggs at this time, because follicular
development had only recently begun. Carcass lipid was probably mobilized
to another location at the initiation of clutch production, as was suggested for
fatbody lipid.
Depletion of carcass lipid was greatest during earty clutches, but was also
evident during later clutches. The depletion of carcass lipid during
reproduction, without replacement, reveals that there was an energetic
demand during this time requiring mobilization of lipid stores. This suggests
that energy derived from ingestion was insufficient to insure reproductive
success, and carcass lipid was used to make up for the deficit. Consequently,
reproductive output in jH. turcicus may be influenced by levels of stored
carcass lipid, which are largely determined by food availability during the fall
and spring prior to the onset of reproduction.
The relative amount of fat-free carcass material was greater during early
clutches than during later clutches. This indicates that some nonlipid carcass
substance (protein or carbohydrate) was depleted during production
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of later clutches. Again, the implication is that energy from ingestion was not
enough to insure development of eggs and that carcass reserves were used
as an energy supplement.
It is noteworthy that fat-free carcass reserves were drawn upon only
during later clutches. Possibly, this reflects a greater energy deficit during later
clutches as opposed to earlier clutches. It appears that all available energy
reserves were mobilized during later clutches. Thus, production of second
and third clutches may be heavily dependent on energy reserves remaining
after the first clutch is formed. Additionally, second and third clutches may be
more sensitive to low food availability than first clutches because they have
less residual energy to draw upon.
The liver showed changes in both lipid and nonlipid substances during
reproduction, but the fluctuations in liver components were different from those
of carcass components. Liver lipid and nonlipid substances increased early in
production of each clutch and decreased by the time that eggs were ovulated.
The increase in liver reserves was coincident with the decrease in fatbody and
carcass lipid during early clutches and also with the decline in carcass lipid
during later clutches. Apparently, lipids were mobilized to the liver at the
beginning of production of each clutch.
A decrease in carcass lipid concomitant with liver enlargement has not
been reported previously in lizards, but several studies have demonstrated
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liver hypertrophy to be coincident with fatbody depletion (Goldberg, 1972; Lin,
1979; Telford, 1970; Selcer. 1986 b). These authors also suggested that
fatbody lipids were mobilized to the liver. The concept of movement of lipid to
the liver during reproduction is consistent with the liver's role as the major site
of lipid processing and as the producer of vitellogenin (Ho, et al., 1982). Once
in the liver, lipid can be metabolized for energy or possibly can be directly
incorporated into the vitellogenin molecule.

Lipid Cycle in Males
The fatbody cycle was inversely related to the testicular cycle. Fatbodies
increased in size during testicular regression and decreased during testicular
enlargement. Also, fatbody mass was inversely correlated with testis mass
during each of these periods. Selcer (1986b) reported the same pattern of
changes in fatbody mass for male JH- turcicus collected in 1981 and 1982.
Thus, the fatbody-testicular relationship appears to be a consistent feature of
the reproductive cycle of male JH. turcicus. However, such a relationship is not
consistent in other species of lizards. Some studies have reported an inverse
correlation between fatbody size and testis size (Licht and Gorman. 1970; Vitt
and Goldberg. 1983) whereas others have found no relationship between the
two (Dessauer, 1955; Guillette and Casas-Andreu, 1981; Lin, 1979).
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Carcass and liver lipid stores of males followed the same trend as the
fatbodies; they increased while testes regressed, and decreased while testes
enlarged. However, unlike the fatbodies, neither carcass lipid mass nor liver
lipid mass were negatively correlated with testis mass during testicular
regression, and only liver lipid mass was inversely correlated with testis mass
during testicular enlargement. The lack of correlations suggests that the
observed changes in carcass lipid and liver lipid levels may not have been
directly associated with testicular activity. Nevertheless, these changes during
different phases of the testicular cycle were substantial and reveal that there
was a surplus of energy during testicular regression and a deficit during
testicular enlargement. The relative amount of fat-free material in the carcass
also increased steadily during the testicular regression, indicating that nonlipid
material was stored at this time, and further emphasizing that there was an
energy surplus during testicular regression.
Fatbodies of males decreased in size and carcass lipid levels declined at
the onset of the female reproductive season. This probably reflects use of lipid
for energy during the breeding season. Apparently, male H. turcicus operate
under an energetic deficit during this time. Two factors may be responsible for
an energy shortage during breeding: 1) increased use of energy associated
with courtship and agonistic behaviors, and 2) decreased food intake resulting
from reduced foraging opportunities (Bracklin, 1979; Licht, 1967). Selcer
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(1986b) also reported a reduction in fatbodies during the breeding season of
male K turcicus. and several studies have found similar relationships in other
lizards (Bracklin, 1979; Dessauer, 1955; Guillette and Casas-Andreu, 1981;
Hoddenbach, 1966; Licht, 1967; Telford, 1970). However, the reduction in
carcass mass observed in this study has not been previously reported and
reveals that the energetic deficit of males during breeding considerably
exceeds the contribution of the fatbodies.
Male and female H. turcicus both appeared to use lipid and nonlipid
materials during dormancy, although the small samples made it difficult to
determine if the observed differences were significant. In both sexes, there
was an energetic deficit in the spring, due to the onset of reproduction. Any
energy reserves remaining after winter were depleted in the spring. This
suggests that the severity of a given winter could influence reproductive output
the following spring by determining the quantity of energy reserves which are
available for reproduction.
Periods of lipid deposition and utilization can serve as indicators of
periods of energetic surplus and deficit, respectively. The data from this study
indicate that during reproduction female JH. turgicu? require more energy than
can be provided by ingestion. Supplemental energy during clutch production
comes primarily from lipid deposited the fall and spring prior to reproduction.
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Without these lipid stores, females may not be able to complete production of
their first clutch of eggs and certainly could not produce second clutches.
Male JH. turcicus have one extended period of energetic deficit, during
testicular enlargement and breeding. The adaptive significance of lipid
mobilized during testicular enlargement is unknown. Possibly, it has a
physiological role in sperm production, or it may be related to the hormonal
shifts which occur during recrudescence. The value of mobilized lipid during
breeding is more easily explained. It assures that males have sufficient
energy to engage in aggresive encounters and mating without spending
excessive amounts of time foraging.
It is apparent from this study that reproductive output of JH. turcicus in
southern Texas is greatly enhanced by the presence of stored lipid. The lipid
cycles of this populations appear to be well adapted for the conditions of the
LRGV. Unfortunately, there is no data available on lipid cycles of this species
from its native range in the Old World. This information would be valuable in
determining if the observed lipid cycles of JH. turcicus in southern Texas are
remants of a similar cycle in the native environment, or if they represent
adaptation to the conditions of the area of introduction. Such data on lipid
storage of different populations is important in assessing the relative plasticity
of lipid cycles.
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Table 1. Percentages of reproductively active females and percentages of
follicular size classes of JH. turcicus for collection samples. Abbreviations: n =
sample size, NR = nonreproductive. R = reproductive, SYF = small yolked
follicles, MYF = medium yolked follicles, LYF = large yolked follicles, OE =
oviductal eggs.

SAMPLE
1983
15 Mar

n

NR

R

20
76
86
62

1 Apr
15 Apr

5
17
7

80
24
14

1 May
15 May

8
11

1 Jun
15 Jun

13
12
10
13
13
12

38
9
15
0
0
23
0
0
69
25
100
100

91
85
100
100
77
100
100
31
75
0
0

100
18

0
82

1 Jul
15 Jul
1 Aug
15 Aug
1 Sep
15 Sep
1 Oct
15 Nov
1984
15 Feb
15 Mar

13
8
15
8
4
11

SYF

MYF

LYF

OE

20
76
72
50
64
46
33
30
38
38
17

0
0
14
12
9
0
33
20
8
23
25
8
0
0
0

0
0
0
0
0
0
17
10
8
8
17
8
0
0
0

0
0
0
0
18
38
17
40
23
31
42
8
75
0
0

0
0

0
0

0
0

8
0
0
0
0
82
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Table 2. Results of ANOVAs on various groups of female H. turcicus for lipid
mass or fat-free mass of carcasses and livers. F = variance ratio, df = degrees of
freedom, and P = level of significance. Reproductive condition refers to
reproductive and nonreproductive females. Reproductive group indicates the
eight groups of reproductively active females. * = P less than 0.05.

Fat-free Carcass Mass
Source
Reproductive
Condition

Carcass Lipid Mass

df

F

P

F

P

1,178

0.33

>0.500

25.31

<o.oor

Reproductive
Group

7, 92

2.51

<0.050*

10.08

<o.oor

Pre- dormant vs
Post-dormant

1, 10

0.11

>0.100

5.74

<0.050*

Fat-free Liver Mass
Source

df

F

P

Liver Lipid Mass
F

p

Reproductive
Condition

1, 178

43.46

<o.oor

15.55

<o.oor

Reproductive
Group

7,92

8.70

<o.oor

9.90

<o.oor

Pre- dormant vs
Post-dormant

1,10

1.95

>0.050

1.17

>0.050
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Table 3. Fat-free carcass mass and carcass lipid mass for different groups of
female JH. turcicus. Values in grams, SE = standard error, other abbreviations as
in Table 1.

Fat-free Carcass Mass
Source

Carcass Lipid Mass

n

Mean

SE

Mean

SE

71

0.549

0.0142

0.112

0.0071

109

0.559

0.0103

0.069

0.0050

SYF

30

0.567

0.0194

0.099

0.0084

MYF

6

0.636

0.0408

0.119

0.0244

LYF

4

0.572

0.0321

0.068

0.0220

OE

9

0.591

0.0316

0.061

0.0139

49

0.581

0.0144

0.092

0.0070

SYF

16

0.516

0.0204

0.045

0.0094

MYF

8

0.554
0.554

0.0266

0.037

0.0031

LYF

8

0.602
0.602

0.0417

0.039

0.0103

OE

19

0.494

0.0239

0.023

0.0050

Total

51

0.527

0.0141

0.034

0.0040

Pre-dormant

8

0.624
0.624

0.0436

0.191

0.0205

Post-dormant

4

0.518

0.0437

0.104

0.0245

Nonreproductive
Reproductive
Early Clutches

Total
Late Clutches
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Table 4. Fat-free liver mass and liver lipid mass for different groups of female JH.
turcicus. Values in grams, SE = standard error, other abbreviations as in
Table 1.

Fat-free Liver Mass

Liver Lipid Mass

Mean

SE

Mean

SE

Source

n

Nonreproductive

71

0.013

0.0005

0.008

0.0005

109

0.019

0.0006

0.012

0.0008

SYF

30

0.019

0.0012

0.014

0.0014

MYF

6

0.023

0.0016

0.022

0.0032

LYF

4

0.024

0.0029

0.016

0.0053

OE

9

0.021

0.0018

0.007

0.0012

49

0.020

0.0008

0.014

0.0012

SYF

16

0.016

0.0011

0.009

0.0013

MYF

8

0.024

0.0014

0.018

0.0017

LYF

8

0.027

0.0025

0.019

0.0033

OE

19

0.013

0.0011

0.004

0.0006

Total

51

0.018

0.0418

0.010

0.0322

Pre-dormant

8

0.016

0.0016

0.012

0.0020

Post-dormant

4

0.011

0.0008

0.006

0.0009

Reproductive
Earlv Clutches

Total
Late Clutches
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Table 5. Fatbody mass for different groups of female JH. turcicus. Values in
grams, SE = standard error, other abbreviations as in Table 1.

Fatbodv Mass
Source

n

Mean

SE

71

0.011

0.0009

109

0.006

0.0008

SYF

30

0.012

0.0014

MYF

6

0.010

0.0025

LYF

4

0.003

0.0107

OE

9

0.004

0.0016

49

0.010

0.0011

SYF

16

0.002

0.0010

MYF

8

0.000

0.0001

LYF

8

0.001

0.0004

OE

19

0.000

0.0003

Total

51

0.001

0.0003

Pre-dormant

8

0.019

0.0028

Post-dormant

4

0.011

0.0044

Nonreproductive
Reproductive
Early Clutches

Total
1 ate Clutches
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Table 6. Mean carcass lipid and fat-free masses for collection samples of male
JH. turcicus. SE = standard error, n = sample size. Samples are divided into the
three periods of the testicular cycle.

Sample

n

Carcass Lipid Mass
Mean
SE

Carcass Fat-free Mass
Mean
SE

Stability
1983
15 Mar
1 Apr
15 Apr

9
6
11

1 May
15 May
1 Jun

8
11

15 Jun
1 Jul
15 Jul

1 Aug
15 Aug
1 Sep
15 Sep

9
17
18
18

14
13
12
11

0.052

0.0066
0.0094
0.0082
0.0029
0.0083
0.0072
0.0086
0.0039
0.0055

0.624
0.578
0.590
0.472
0.539
0.553
0.573
0.616
0.623

0.0461
0.0594
0.0336
0.0364
0.0495
0.0585
0.0388
0.0272

Regression
0.035
0.0052
0.045
0.0083
0.060
0.0089
0.107
0.0175

0.629
0.650
0.670
0.684

0.0394
0.0480
0.0258
0.0440

0.046
0.027
0.014
0.025
0.027
0.042
0.028
0.040

0.0319

Elniargement

1 Oct
15 Nov
1984

9
8

0.111
0.108

0.0136
0.0171

0.606
0.684

0.0281
0.0422

15 Feb
15 Mar

8

0.064

0.607

13

0.065

0.0090
0.0060

0.0283
0.0354

0.650
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Table 7. Mean liver lipid, liver fat-free, and fatbody masses for collection
samples of male JH. turcicus. SE = standard error, n = sample size. Samples
are divided into the three periods of the testicular cycle.

Sample

Liver Lipid
n
Mean

Liver Fat-free
SE
Mean

SE

Fatbodv
Mean

SE

Stability
1983
15 Mar
1 Apr
15 Apr
1 May
15 May
1 Jun

9
6
11
8
11

15 Jun

9
17

1 Jul
15 Jul

18
18

0.005
0.004
0.003
0.003
0.004
0.004
0.004
0.004
0.004

0.0008
0.0005
0.0002
0.0004
0.0004
0.0003
0.0003
0.0004
0.0003

0.011
0.010
0.017
0.010
0.014
0.015
0.015
0.016
0.016

0.0011
0.0012
0.0012
0.0008
0.0014
0.0017

0.0012
0.0012
0.0012
0.0003
0.0007

0.0010
0.0015
0.0010

0.006
0.004
0.003
0.001
0.002
0.002
0.003
0.001
0.002

0.0005
0.0008
0.0009
0.0016

0.0010
0.0007
0.0005
0.0005

Regression
1 Aug
15 Aug
1 Sep
15 Sep

14
13
12
11

0.005
0.006
0.007
0.008

0.0005
0.0008
0.0005
0.0009

0.014
0.013
0.016
0.015

0.0009
0.0015
0.0005
0.0010

0.002
0.002
0.005
0.008

0.0011
0.0022

0.010 0.0011
0.0096 0.0030
0.007
0.004

1 Oct
15 Nov
1984

9
8

0.008
0.008

Enlargement
0.0010
0.014
0.017
0.0009

15 Feb

8

0.004

0.004

0.014

0.0012

15 Mar

13

0.005

0.0005

0.015

0.0011

0.0014
0.0004
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Table 8. Correlation coefficients (r) of testis mass versus male body parameters
during the three testicular periods of JH. turcicus. Significance of r determined by
t-tests. P = level of significance. * = P less than or equal to 0.05.
Stability
Source

Rearession

Recrudescence

r

P

r

P

SVL

0.58

0.001*

0.28

0.050*

0.32

0.051

Fatbody mass

0.30

0.002*

-0.41

0.003*

-0.40

0.012*

Fat-free carcass mass 0.61

0.001*

0.37

0.008*

0.32

0.051

Carcass lipid mass

0.35

0.001*

-0.24

0.091

-0.31

0.056

Fat-free liver mass

0.47

0.001*

0.29

0.050*

0.14

0.390

Liver lipid mass

0.10

0.200

-0.23

0.100

-0.38

0.012*

r

P
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3
EARLY
CLUTCHES

MYF
2
LYF
4
OE •
1
SYF 6

LATE
CLUTCHES

MYF 5

1

LYF 7

Figure 1. Schematic representation of the g
priori orthogonal contrasts used In the ANOVAs
among groups of reproductively active female
JH. turcicus. SYF = small yolked follicles, MYF =
medium yolked follicles, LYF = large yolked
follicles, OE = oviductal eggs.
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FAT-FREE CARCASS MASS
SYF

0-567
0.578

f^YF

EARLY
CLUTCHES

0-636
0.581

|_YF

0-572
0.585

OE

0.591
*

SYF

0.516
0.529

MYF

LATE
CLUTCHES

0.554
0.527

|_YP

0.602
0.526

OE

0.494

Figure 2. Schematic representation of the orthogonal contrasts of fat-free
carcass mass for groups of reproductively active females. Abbreviations as
in Table 1. * = P < 0.05.
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CARCASS LIPID MASS
SYF

0.099

0.102

EARLY
CLUTCHES

MYF 0.119
*

LYF

0.092

0.068
0.063

OE

0.061

SYF

0.045
0.042

LATE
CLUTCHES

MYF

0.037
0.034

LYF

0.039
0.028

OE

0.023

Figure 3. Schematic representation of the orthogonal contrasts of carcass
lipid mass for groups of reproductively active females. Abbreviations as in
Table 1. * = P < 0.05.
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FAT-FREE LIVER MASS
SYF

0^019
0.020

EARLY
CLUTCHES

MYF 0.023
0.020

LYF 0.024
0.022

OE

0.021

SYF 0.016
0.019

LATE
CLUTCHES

MYF 0.024
0.018

LYF

0.027
0.017

OE

0.013

Rgure 4. Schematic representation of the orthogonal contrasts of liver
fat-free mass for groups of reproductively active females. Abbreviations as in
Table 1. * = P < 0.05.
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LIVER LIPID MASS
SYF

0.014
0.015

EARLY
CLUTCHES

MYF

0.022 *
0.014

LYF

0.016
0.010

OE

0.007

SYF

0.009
0.012

LATE
CLUTCHES

MYF

0.018
0.010

LYF

0.019
0.008

OE

0.004

Figure 5. Schematic representation of the orthogonal contrasts of liver lipid
mass for groups of reproductively active females. Abbreviations as in Table
1. * = P<0.05.
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FATBODY MASS
SYF

0.012
0.012

MYF

EARLY
CLUTCHES

0.010
•

LYF

0.010

0.003
0.004

OE

0.004

SYF

0.002
0.001

LATE
CLUTCHES

MYF

0.000
0.001

LYF

0.001
0.000

OE

0.000

Figure 6. Schematic representation of the orthogonal contrasts of fatbody
mass for groups of reproductively active females. Abbreviations as in Table
1. * = P<0.05.
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Figure 7. Mean testis mass among samples. Values in grams x 10 -2.
horizontal lines represent means, vertical lines represent ± two standard
errors. Sample dates and sample sizes as in Table 6. Absence of samples
in December and January was a result of inactivity of lizards.

CHAPTER III
MATERNAL INVESTMENT

Introduction
The number of eggs produced by individuals during a particular
reproductive season is determined by the frequency that clutches are
produced and by the number of eggs in a clutch. Differences in reproductive
output between individuals of a species are due to variations in one of these
parameters. There is a paucity of information on variability in clutch frequency
of lizards, but there is considerable published data on variations in clutch size,
intraspecific clutch size differences may occur among populations, between
years within a population, among individuals within a year, or even between
clutches within an individual. Clutch size variation within populations has
been attributed to fluctuations in food availability (Ballinger, 1977), correlations
between clutch size and maternal size (Fitch, 1970), and endogenous control
by females (Ferguson and Snell, 1986).
Some species of lizards do not vary the number of eggs in a clutch (e.g.,
gekkonids, one or two eggs per clutch, depending on the subfamily [Bustard,
1969]; and ancles, always one egg per clutch [Smith et al., 1972]), a condition
referred to as 'fixed clutch size'. Fixed clutch size has been implicated as an
adaptation to reduce the burden of carrying eggs in arboreal species
40
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(Andrews and Rand, 1974; Fitch, 1970), and also as a means of increasing
clutch frequency (Andrews and Rand, 1974; Andrews, 1985). Fixed-clutch
lizards usually produce only one or two eggs per clutch with little or no
variation. Thus, agents which normally influence clutch size are ineffective in
these species. However, the effects of factors which cause differences in
clutch size in variable-clutch species might be translated into variations in egg
size in fixed-clutch lizards. I investigated this hypothesis using a Gekkonid
lizard having a fixed clutch size of two eggs. Hemidactvlus turcicus. as a model
organism.
Four specific hypotheses were tested relating to the above general one.
Hypothesis 1) Variable-clutch species usually increase clutch size with
increasing body size (Fitch, 1970); thus, fixed-clutch species should also
increase egg size with increasing body size. Hypothesis 2) Clutch size of
several species of lizards changes (either increases or decreases) as the
reproductive season progresses (Ferguson and Bohlen, 1978; Ferguson and
Snell, 1986). Egg size of fixed-clutch species should also show some
relationship to timing of reproduction. Hypothesis 3) Low food availability can
cause a reduction in clutch size and clutch frequency in some variable-clutch
lizards (Ballinger, 1977). Thus, low food availability should result in smaller
eggs and less frequent clutches in fixed-clutch species. Hypothesis 4) Egg
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size is normally positively correlated with hatchling size (Ferguson and Snell,
1986), and this trend should persist in fixed-clutch species.

Materials and Methods
Maternal Investment
Data on maternal investment came from two sources: 1) lizards collected
for the lipid cycle studies, and 2) lizards collected for a previous study on the
demography of JH. turcicus. Methods for the former source are listed above
(see REPRODUCTIVE AND LIPID CYCLES); methods for the latter are given
in Selcer (1986a, b) and will be addressed only briefly here.
Approximately 15 adult (> 44 mm) geckos of each sex were collected
twice monthly during the reproductive season and monthly during the
nonreproductive period from June 1981 through September 1982. Geckos
were collected by hand from buildings on the campus of Pan American
University at Edinburg, Hidalgo County, Texas, and frozen until processed.
Thawed lizards were weighed in mg on a Mettler P 163 balance and
snout-vent length (SVL) was measured to the nearest mm. Females were
necropsied for data on reproductive condition and occurrence of yolked
follicles, oviductal eggs and corpora lutea was recorded. Yolked follicles and
oviductal eggs were removed and weighed in mg. Information from these
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lizards on reproductive and fatbody cycles is reported elsewhere (Selcer,
1986a, b).
In addition to information on eggs derived from autopsied females, eggs
were collected from nests located in garages in the Edinburg area. Collected
eggs were weighed in mg on a Mettler P 163 balance, and their length and
width were measured using Helios dial calipers. Eggs were incubated in
separate containers at ambient temperature on a screened-in porch of a
house in Edinburg. Hatchlings from eggs were also weighed in mg and their
SVL was measured in mm using a ruler. Twenty hatchlings were subjected to
lipid extraction (see REPRODUCTIVE AND LIPID CYCLES for method).
One measure of maternal investment is the total quantity of body calories
which are used in production of eggs. This is difficult to determine exactly;
however, a good approximation can be made from a comparison of body
components of prereproductive females with those of females which contain
their first clutch of oviductal eggs. This comparison was made using the
females collected in 1983-84 because of the information on lipid content
available for these individuals. ANOVAs were used to compare pertinent body
components between the prereproductive and gravid females. Parameters
investigated were: carcass dry mass, carcass fat-free dry mass, carcass lipid
mass, liver dry mass, liver fat-free dry mass, liver lipid mass, fatbody mass, and
ovary mass.
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Caloric values for lipid free dry mass and lipid mass were calculated as
4150 cal/g and 9300 cal/g, respectively. Caloric values for clutches were
estimated using formulae from Vitt (1978). Statistics were performed using the
computer package SAS (SAS Institute Inc., 1982). Probabilities less than 0.05
were considered significant. Statistical considerations outlined in
REPRODUCTIVE AND LIPID CYCLES also apply to this portion of the study.

Influence of Food Availability
Approximately 40 adult Mediterranean geckos of each sex were collected
alive from the Edinburg area on 15 and 16 March, 1986. Lizards were
transported to Lubbock and placed on ad libitum food (crickets) for one week.
Males were maintained in a common enclosure on ad libitum food. Thirty-six
of the females were randomly placed on one of six feeding treatments: 1) low
(two crickets/10 days), 2) moderate (four crickets/10 days), 3) high (six
crickets/10 days), 4) ad libitum (8 crickets/10 days), 5) low food and tail
removal, and 6) ad libitum food and tail removal. Tails were removed by
holding the base of the tail and allowing the lizard to break free. Before
treatments were started, all lizards were weighed to the nearest mg on a
Mettler P 163 balance and their SVL and tail-length (TL) were measured in
mm using a ruler. The 10 day schedule was as follows: day 1, feed each
treatment half of their 10 day allotment; day 4, feed each treatment half of
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their 10 day allotment; day 7, check reproductive condition of all females and
place one male in with all females; day 10, remove males and check
reproductive condition of females.
Females were housed in an environmental chamber on a 14:10 light:dark
schedule with the temperature fluctuating from 29.5 C during the dark phase to
32.5 C during the light phase. The temperature difference was caused by the
heat produced by the incandescent lighting. Females were kept in individual
plastic cages measuring 25.4 cm x 17.8 cm x 15.2 cm with cellophane lids
held on by rubber bands. Each cage had a small water container, a shelter,
and a sand substrate.
Upon discovery of eggs, eggs and females were removed, weighed, and
measured. Females were returned to their cages and continued on their
feeding regimen. One of the two eggs from each clutch was placed into an
incubation container (plastic vial) which was kept in the environmental
chamber. Upon hatching, the lizard was weighed and measured. The other
egg was subjected to lipid extraction (see REPRODUCTIVE AND LIPID
CYCLES for method).
ANOVAs were used to investigate variation in clutch mass, egg mass, egg
lipid mass, egg nonlipid mass, hatchling SVL, and hatchling mass among
treatments. The Student-Newmann-Keuls procedure was used for pairwise
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comparisons of means. The number of days required to produce clutches was
also monitored and compared among groups using ANOVA.
The experiment was terminated after 105 days. At this time all females
were sacrificed (using Metaphane) and necropsied for reproductive
information. Data taken included: SVL, tail length, tail mass, carcass mass,
reproductive condition, and ovary mass.

Results
Correlations of Clutch Mass
Eggs removed from females were quite variable in size (Table 9).
Differences in egg size were largely due to variation among females, because
there was little difference in size of eggs within a clutch. Twenty-four eggs
from twelve females were each weighed separately. The greatest difference in
mass of eggs among clutches was 0.242 g, which exceeds the mass of the
smallest egg (0.232 g); however, the maximum difference within a clutch was
0.039 g, a value only 16.1 % of the maximum difference among clutches. Also,
egg mass was highly correlated with clutch mass (r = 0.99, 22 df, P < 0.001),
indicating that clutch mass provides an accurate estimate of egg mass. For
this reason, and because of statistical complications in treating eggs
separately, clutch mass, rather than egg mass, was used for statistical analysis
of the factors influencing egg size variation.
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Clutch mass varied considerably within each year (Table 9). but mean
clutch mass did not vary between years (F = 0.01; 2. 74 df; P < 0.05) and the
range of variation was similar in all three years. Clutch mass was not
correlated with female SVL or carcass mass for any year (Table 10). This
indicates that egg size was not related to female body size. Clutch mass was
positively correlated with day of reproduction in 1983, but not in 1982.
Lizards from 1983 were dried and subjected to lipid extraction (Table 11).
Clutch dry mass was not correlated with day of reproduction. Neither clutch
wet mass nor clutch dry mass were correlated with any female parameter
(fat-free carcass mass, carcass lipid mass, fat-free liver mass, liver lipid mass,
or fatbody mass). However, clutch lipid mass was positively correlated with
female SVL, indicating that larger females put more lipid into their eggs, even
though the eggs were not larger.

Hatchling Size
All egg size parameters (length, width, and mass) were positively
correlated with each hatchling size parameter (SVL and mass) in samples of
eggs collected in 1982 and 1985 (Table 12), indicating that larger eggs
resulted in larger hatchlings. This relationship was strongest for egg mass and
hatchling mass in both years.
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In 1985, additional measurements were made on hatchling lipid mass,
hatchling non-lipid mass, and egg-shell mass (Table 13). All three egg size
variables were positively correlated with hatchling fat-free mass, but not with
hatchling lipid mass. Hatchling lipid and hatchling fat-free masses were each
positively correlated with hatchling mass, but only the latter was positively
correlated with hatchling SVL. Egg shell mass averaged 7.8 % of egg mass
and was correlated with egg mass and hatchling mass, but was not correlated
with egg length, egg width, or hatchling SVL.

Chances Associated with Clutch Development
Carcass lipid mass, liver fat-free mass and fatbody mass each decreased
significantly during egg production (Table 14). Carcass lipid mass decreased
by 57.6 %, fat-free liver mass dropped by 36.8 %, and fatbody mass declined
by 78.6 %. Thus, both lipid and nonlipid materials were used during
production of clutches. Clutch mass of gravid females was 62 times greater
than that of prereproductive females.
Caloric conversions for carcasses and clutches are shown in Table 15.
The difference in total body calories between prereproductive and gravid
females equalled just over half (59 %) of the difference in clutch calories
between these two groups. This indicates that nearly twice as much energy is
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incorporated into clutches than is accounted for by decreases in female caloric
content.

Effects of experimental manipulation
of food availability
Twenty-six females completed the food availability experiment. Of these,
eleven did not reproduce, ten produced a single clutch and five produced two
clutches. No females from the low feeding groups (A and E) laid eggs;
however, 60 % of the females in the moderate feeding group (B), 83 % of the
females in the high feeding group (C), and 100 % of the individuals from the
ad libitum croups (D and F) produced clutches.
Second clutches were produced by five individuals; two females each
from groups C and D, and one female from group F. One female from group B
contained eggs In the oviduct at the end of the experiment, but no group B
females actually oviposited. The absence of second clutches in group B
females suggests that clutch frequency was lower for females provided with
moderate food levels than for females provided with greater amounts of food.
There were apparent differences among feeding groups in growth of
females during clutch production; however, the large amount of variability in
growth rates within feeding groups rendered the apparent differences
Insignificant. There was a trend towards increased growth in groups which
were provided with greater amounts of food. For example, no group B females
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increased in length during egg formation, and the group as a whole showed a
decrease in mean body mass. All other groups that contained individuals
which produced clutches (C, D, and F) showed a mean increase in both SVL
and body mass. As strong as the trend appeared, there was considerable
variation within some groups. Using group D for illustration, three females
from this group did not increase in length during egg formation, but one female
increased 4 mm during clutch production.
There were also apparent differences among feeding groups in
frequencies of follicular size classes at the completion of the experiment
(Table 16). Individuals from groups A and E (low food) only contained ovaries
with small vitellogenic follicles or nonvitellogenic follicles. Females from the
other feeding groups exhibited the full range of ovarian development, from
nonvitellogenic follicles to oviductal eggs.
There was a high frequency (38.5 %) of females with atretic follicles.
Atretic follicles were lighter in color than developing follicles and there was a
noticable difference in membrane texture between the two. No individuals
from the ad libitum feeding groups (D and F) contained atretic follicles, but at
least one female from all other groups did show signs of follicular atresia.
Groups A and E (low food) had the highest frequencies of females with atretic
follicles (100 % and 60 %, respectively), indicating that the low food supply
did not prevent the initiation of clutch development. Rather, vitellogenesis of
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females on low food regimens was terminated well after it had begun. Atretic
follicles were usually small (2-5 mm) and were always accompanied by
developing follicles. This indicates that new clutches were initiated after old
clutches began to atrophy. One female from group C contained two sets of
atretic follicles along with one set of developing follicles. This female did not
produce eggs during the course of the experiment. However, another group C
female, which had produced two clutches of eggs, also contained a set of
atretic follicles upon termination of the experiment.
The number of days from initiation of the experiment to oviposition of the
first clutch ranged from 31 to 93, with a mean of 65.7 ± 5.1 (SE) days. Time to
oviposition did not differ between the four feeding groups in which females
produced eggs (Table 17). The interval between first and second clutches
ranged from 18 to 45 days and averaged 32.2 ± 5.6 (SE) days. There was
insufficient data on second clutches to compare this interval among feeding
groups.
Egg mass ranged from 0.375 to 0.627 g with a mean of 0.506 ±0.010
(SE) g . Egg mass differed more between clutches than within clutches. The
greatest difference in egg mass between females was 0.252 g, but the
maximum difference in egg mass within a clutch was 0.093 g. There was no
significant variation in egg mass or clutch mass among feeding groups (Table
17). Additionally, there was no difference in egg mass (F = 0.01; 1, 6 df; P >

52
0.5) or clutch mass (F = 0.54; 1,6 df; P > 0.1) between first and second
clutches.
Eggs were composed of 68.1 % water, 20.8% fat-free material (including
the egg-shell), and 11.1 % lipid. Egg wet mass was positively correlated with
water mass and fat-free mass, but not lipid mass (Table 18). Also, fat-free
mass of eggs was positively correlated with water mass, but not correlated with
lipid mass. Thus, larger eggs contained more water and fat-free material, but
not more lipid.

Discussion
Hypothesis 1
Larger females did not produce larger eggs. There was no evidence of
any relationship between egg size and maternal body size. However, larger
females did incorporate more lipid into their eggs. It is possible that eggs with
greater lipid levels result in larger hatchlings or hatchlings with more stored
lipid than eggs with lesser lipid levels. If so, then hatchling fitness may be
affected by the amount of lipid contained in the egg. However, egg wet mass
was strongly correlated with hatchling size, but not correlated with egg lipid
mass. This implies that egg lipid mass is not correlated with hatchling size.
Unfortunately, there was no way of determining directly the relationship
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between egg lipid and hatchling fitness; therefore, the benefit of increased
lipid levels in eggs of larger females remains uncertain.

Hvpothesis 2
Egg size did not increase or decrease as the reproductive season
progressed. The correlation observed between egg size and day of collection
in 1983 was positive, but was significant for egg wet mass only and not egg
dry mass. Thus, the correlation may have been due only to water content of
the eggs. Furthermore, in the food availability study, there was no difference in
egg size between clutches.
Seasonal changes in egg size should reflect adaptation for producing
eggs that will result in the size of hatchlings that is most fit at a particular time
(Ferguson and Snell, 1986; Nussbaum, 1981). Selcer (1986) reported that the
greatest frequencies of hatchling H. turcicus were present from July through
September. Because of the high frequencies, competition among hatchling Hturcicus should be most intense at this time. Ferguson et al. (1982)
demonstrated that large hatnhling Sceloporus undulatus and Uta
stansburiana have a survival advantage over smaller hatchlings under
conditions of severe competition. If this is true for hatchling JH. turcicus. then
there should be a premium on larger hatchlings during the time of peak
hatchling frequencies. This period is relatively early in the hatching season if
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the 45 day incubation period is taken into account. However, large hatchling
JH. turcicus may also be favored towards the end of the hatching period.
Selcer (1986) reported that large hatchling JH. turcicus survived over winter at
a higher frequency than small hatchlings. Hatchling geckos use a substantial
amount of energy overwinter, and large hatchlings have more stored lipid
than small ones (unpublished data). Thus, late large hatchlings may survive
better than late small hatchlings over winter because of their greater lipid
stores. These data indicate that large hatchlings may be favored at all times of
the reproductive season of JH. turcicus. If so, then there should be no
relationship between egg size and timing of reproduction in this lizard
because large eggs should always be favored over small eggs.
I was unable to account for the wide range of variation in egg size of JH.
turcicus. However, a large amount of variation in eggs of Sceloporus
undulatus (Ferguson and Snell, 1986) and Uta stansburiana (Nussbaum.
1981) also was not accounted for by any factors investigated. It is possible
that some as yet undetermined factor is influencing egg size in these lizards.

Hypothesis 3
There was no difference in egg size among feeding groups. Thus, low
food availability did not reduce egg size of those lizards which produced eggs.
However, females from the two groups maintained on the lowest level of food
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did not produce clutches during the 105 days the study was continued, and
also contained high frequencies of atretic follicles. This indicates that there
was a lower threshold of food availability necessary for clutch production.
Food availability did appear to cause variations in clutch frequency. Time
to production of first clutches was not different between feeding groups
(excluding the lowest feeding groups), but time to production of second
clutches was apparently less in the higher feeding groups. The average time
to production of second clutches was 32 days, which is considerably less than
the 45 day estimates made from field studies (Selcer, 1986a; this study, see
REPRODUCTIVE AND LIPID CYCLES). Furthermore, two experimental
females produced second clutches very rapidly, one in 18 days and another in
22 days. The field estimates of the time required to produce a clutch are
subject to error. They are calculated as the difference between the time that
developing follicles first appear in the population and the time that oviductal
eggs are first found. Possibly the estimates are wrong. Alternatively, the
experimental data on time between clutches may be an artifact of the
laboratory conditions. In either case, this experiment reveals that the potential
reproductive output of female H. turcicus is much higher than previously
suspected. Given the length of the reproductive season calculated from the
field data (120-150 days) and the mean value for the interval between clutches
from the experiment, a female could produce as many as four clutches, which
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is only one more than the maximum estimate from the field. However, given a
female which produced eggs every 18 days, eight clutches could be produced.
This would result in 10 more eggs than the maximum field estimates.
Knowledge of the actual clutch frequency of populations of JH. turcicus will
come only from intensive mark-recapture studies in the field.

Hvpothesis 4
Egg size strongly influenced hatchling size. The relationship was
positive, as predicted, with larger eggs resulting in larger hatchings.

General Conclusions
The overall hypothesis in this study was that factors affecting clutch size in
variable-clutch species might similarly influence egg size in fixed clutch
species. Clearly, this hypothesis was not supported for the fixed-clutch lizard
Hemidactvlus turcicus. Egg size of JH. turcicus varied considerably, but
showed no relationship to any tested factor.
The demographic data on JH. turcicus indicate that selection should favor
large hatchlings (= large eggs) throughout the year; consequently, egg size
should be maximal in this species. One measure of reproductive output in
lizards is relative clutch mass (RCM), which is calculated as clutch mass
divided by body mass (Vitt and Congdon. 1978; Vitt and Price. 1982). RCM
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should be high for hi. turcicus as compared to other lizards with a fixed clutch
of two eggs. Selcer (1986a) reported an RCM of 0.156 for the Mediterranean
gecko. This value ranks 5th among 19 gekkonids for which RCM data are
available (Vitt and Price, 1982). thus, it appears that female H. turcicus do
have relatively large eggs for their body size. However, RCM of H. turcicus is
low when compared among all lizards, because of the low clutch size.
Fixed clutch size results in a limited set of evolutionary options regarding
reproductive output. The constraints on reproduction are even more
pronounced considering the evidence from this study that egg size is not
influenced by factors which are normally important in functional responses to
proximal conditions. It appears that gekkonids made a considerable sacrifice
in reproductive flexibility in exchange for whatever advantages are offered by
having fixed clutch size. Andrews and Rand (1974) suggested that fixed clutch
size evolved as a mechanism to reduce the burden of carrying eggs in
arboreal species. Two lines of evidence support this assertion: 1) the two
major groups of lizards which exhibit fixed clutch size (e.g., gekkonids and
anolines) are largely arboreal, and 2) the most terrestrial members of the
Gekkonidae (the Eublepharids) have a more variable clutch size than other
members of this family (Werner, 1972).
Andrews and Rand (1974) and Andrews (1985) revealed that the fixed
clutch of one egg in anolines allowed these lizards to produce clutches very
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rapidly. They hypothesized that fixed clutch size arose as a means of
increasing clutch frequency. The evidence for this in ancles is considerable
(Andrews, 1985), but the data from geckos is less convincing. Field studies of
populations of Oedura ocellata (Bustard, 1971) and Hemidactvlus turcicus
(Selcer, 1986a; this study) indicated low clutch frequencies for these geckos.
However, data from Eublepharid geckos maintained in captivity (Werner,
1972), and data from the food availability experiment of this study, indicate that
high clutch frequencies are possible for gekkonid lizards. Resolution of the
descrepancy between field and laboratory data awaits intensive
mark-recapture studies of gecko populations. Additionally, laboratory
experiments are necessary in order to explain the considerable variation in
egg size which has been observed in geckos.
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Table 9. Size variation of eggs removed from necropsied female H turcicus.
SD = standard deviation.

Source

Mean

SD

1981

0.592

0.343

19

0.400-1.000

1982

0.586

0.273

30

0.402-0.960

1983

0.586

0.273

28

0.349-0.980

n

Range
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Table 10. Correlation coefficients of clutch mass versus day of collection, SVL
and carcass mass for female H. turcicus collected from the 1981, 1982, and
1983 reproductive seasons. The collection from 1981 did not represent the
entire reproductive season. * = P < 0.05 forl-test of significance of correlation
coefficient.

Year

n

1981

19

1982

30

1983

28

Day of Collection

SVL

Carcass Mass

0.02

-0.06

0.14

0.22

0.11

0.40*

-0.11

-0.08
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Table 11. Correlation coefficients of four clutch parameters versus day of
reproduction, SVL and carcass mass. Data is from female H[. turcicus collected
in 1983. * = P < 0.05, ** = P < 0.001 fort-test of significance of correlation
coefficient. Sample size = 28.
Source

Day of
Reproduction

Clutch Wet
Mass

Clutch Dry
Mass

Clutch Fat-free
Mass

0.40*

0.25

-0.52*

Clutch Upid
Mass

-0.01

SVL

-0.11

0.27

0.20

0.45*

Carcass Mass

-0.08

0.35

0.24

0.63'
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Table 12. Correlation coefficients for egg size versus hatchling size. Data is
from eggs collected in the field in 1982 and 1985. * = P < 0.05, ** = P <
0.001 forl-test of significance of correlation coefficent.

Hatchling Mass

Hatchling SVL

Egg Length

0.51*

0.42*

Egg Width

0.67*

0.62*

Egg Mass

0.87**

0.69*

Egg Length

0.65*

0.56*

Egg Width

0.60*

0.53*

Egg Mass

0.75**

0.62*

Source
1992 (n=23)

1995 (n = 20)
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Table 13. Correlation coefficients for egg size and hatchling size parameters
versus egg shell, hatchling lipid and hatchling fat-free masses. * = P < 0.05. ** =
P < 0.001 for t-test of significance of correlation coefficient. Sample size = 20.

Egg
Mass

Length

Shell Mass

0.46*

Hatchling Upid
Mass
HatchlingFatfree Mass

Hatchling
Width

Mass

SVL

0.28

0.20

0.58*

0.15

0.33

0.25

0.31

0.47*

-0.14

0.75**

0.55*

0.64*

0.65*

0.47'
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Table 14. Comparison of carcass components of female JH. turcicus between
prereproductive females and females containing their first clutch of eqqs. * = P
0.05. ** = P<0.001. Values are in grams.
Prereproductive
Source

Gravid

Mean

SE

Mean

SE

Carcass Fat-free Mass

0.602

0.0203

0.577

0.0273

0.48

Carcass Lipid Mass

0.125

0.0082

0.053

0.0110

27.16 * *

Liver Fat-free Mass

0.012

0.0007

0.019

0.0014

25.40'

Liver Lipid Mass

0.008

0.0007

0.006

0.0010

3.25

Fatbody Mass

0.014

0.0010

0.003

0.0011

51.02'

Ovary Mass

0.010

0.0006

0.545

0.0450

263.32'
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Table 15. Caloric content of female body components compared between
prereproductive females and females containing their first clutch of oviductal
eggs. Differences which are negative indicate that gravid females had lower
caloric values.

Source

Prereproductive

Gravid

Difference

Fat-free Carcass

2498

2394

-104

Carcass Lipid

1162

493

-669

Fat-free Liver

50

79

+29

Liver Lipid

74

56

-18

Fatbody

87

19

-68

3871

3041

-830

14

1431

+1417

Total
Ovary
Total difference

+587
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Table 16. Numbers of females from feeding groups which produced first and
second clutches, and numbers of females containing different follicular size
classes at the end of the experiment. Abbreviations as in Table I, except ATR =
atretic follicles, C11 = clutch 1, CI 2 = clutch 2.
Reproductive condition at termination
Source

n

CM

CI 2

NR

SYF MYF LYF OE ATR

Group A

4

0

0

0

4

0

0

0

4

Group B

5

3

0

1

2

0

1

1

1

Group C

5

4

2

1

1

1

1

1

2

Group D

3

3

1

1

0

1

0

1

0

Group E

5

0

0

1

4

0

0

0

3

Group F

3

3

1

1

0

1

1

0

0
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Table 17. ANOVAs among feeding groups for days to oviposition, mean egg
mass, and clutch mass of the first clutch. * = P less than 0.05.

Source

df

Days to oviposition

3,10

0.64

> 0.50

Mean egg mass

3,10

0.13

> 0.50

Clutch mass

3,10

0.27

> 0.50

Clutch fat-free mass

3, 6

0.54

> 0.50

Clutch lipid mass

3, 6

3.44

> 0.05
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Table 18. Means and correlation coefficients for components of eggs from the
food availability experiment. Sample size = 10, * = P < 0.05, SE = standard
error. Significance of correlation coefficients was determined by 1-tests.

Variable

Mean

Wet mass

0.524

0.0148

0.464-0.627

Dry mass

0.167

0.0089

0.136-0.232

Fat-free mass

0.109

0.0046

0.094-0.142

Water mass

0.357

0.0117

0.314-0.433

Lipid mass

0.058

0.0086

0.031-0.128

SE

Range

Correlations
Dry mass
Wet mass
Dry mass
Fat-free mass
Water mass

0.62

Fat-free mass

Water mass

Lipid mass

0.80*

0.80*

0.21

0.32

0.02

0.86*

0.77*

-0.20
-0.39

CHAPTER IV
EFFECT OF PENTASTOME INFECTION

Introduction
Although the Mediterranean Gecko. Hemidactvlus turcicus. was only
recently introduced into the United States (Stejneger, 1922), it has established
colonies throughout the states bordering the Gulf of Mexico (Conant, 1975).
Almost as remarkable as its colonizing ability is this gecko's tendency to occur
in high population densities. Selcer (1986a) reported densities for IH. turcicus
of 544 to 2,210 geckos per hectare in southern Texas, and noted that other
populations of this species in Texas, Louisiana and Florida appeared to have
similar high densities. The success of this lizard in southern Texas was
attributed to a lack of overt predators and interspecific competitors (Selcer,
1986a). The relative absence of these constraining factors was a result of: 1)
few or no natural predators and competitors in areas where JH. turcicus was
introduced, and 2) reduced contact with those that did occur, because this
gecko is nocturnal and primarily inhabits man-made structures.
The introduced populations of JH. turcicus do not appear to operate under
the usual constraints of severe predation and interspecific competition
common to many populations of other lizard species. This indicates that other
factors must be Important in the regulation of growth rates of Mediterranean
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gecko populations. Factors such as intraspecific competiton, micro- or
macroparasitic disease, the abiotic environment, and behavioral/social
constraints could function individually oradditively in population regulation of
this species. An understanding of population regulation of this gecko requires
information on factors that affect either reproduction or survivorship of lizards
in their area of introduction. Herein, I present data on the effects of a
pentastome macroparasite infection in a southern Texas population of JH.
turcicus in order to determine if the parasite reduced the reproductive output of
this gecko.

Materials and Methods
Information on parasite infection was derived from the lizards which were
collected in 1981 and 1982 (see MATERNAL INVESTMENT). Lungs and
trachea were removed from individuals of each sex, the occurrence, number,
and mass (mg) of pentastomes were recorded.
I examined the effects of infection on this gecko population by analyzing
presence-absence and biomass data on pentastomes for each sex during
reproductive and nonreproductive periods. Pentastome wet masses from 204
infected geckos were ranked and divided by a factor of three to correspond to
the following groups: light infection (< 0.011 g), moderate infection (0.11-0.050
g). and heavy infection (> 0.050 g). These groups were used to assess
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whether or not the effect of parasite infection was dependent on the biomass of
parasites in the lungs of individual geckos.
G-tests (Sokal and Rohlf, 1981) were used to compare frequencies of
infected lizards between sexes and between reproductive and
nonreproductive periods. In all subsequent statistical analyses, sexes and
reproductive and nonreproductive periods were treated separately. ANCOVA,
with SVL as the covariate, was used to determine differences in carcass mass
(body mass-[liver mass + fatbody mass + gonad mass + pentastome mass]),
liver mass, fatbody mass, testis mass, and egg mass between infected and
uninfected individuals. Differences in treatment means were tested using a
Student-Newman-Keuls procedure.
Females were divided into four classes according to stage of follicular
development: 1) females with small (0.12-0.150 g) yolked follicles, 2) females
with medium (0.151-0.300 g) yolked follicles, 3) females with large (> 0.300 g)
yolked follicles and 4) females with oviductal eggs. Differences in frequencies
of production of follicular classes between infected and uninfected females
were analysed using G-tests.

Results
The lungs of 43 % (204/470) of adult geckos were infected with Raillitiella
frenatus . The distribution of pentastome individuals was highly overdispersed
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(Bliss and Fisher, 1953) in the gecko host population (P < 0.05 for X 2
analysis of mean to variance ratio, k = 0.28). Pentastome abundance values
ranged from 0-72 (mean = 6.2 ± 0.6 [SE]). Intensities were 1-72 (mean =14.4
+1.1 [SE]) for infected individuals. All life history stages, including eggs,
larvae, nymphs, juveniles, and adult male and female pentastomes were
recovered from individual geckos. The only apparent pathology associated
with this infection was a slight to marked reduction in pulmonary capacity
caused by engorgement of the lungs. This was a function of pentastome
number and size, as related to life history stages. Thus, pathogenecity was
density-dependent, a function of pentastome biomass. Raillitiella frenatus was
the only abundant macroparasite
recovered from this Mediterranean gecko population. I detected very low
abundances of only a few other parasite species, and no other significant
diseases in this population.
Frequency of pentastome infection did not differ significantly between host
sexes (G = 0.03, df = 1; P > 0.05). Frequency of pentastome infection also did
not differ between reproductive and nonreproductive periods for females (G =
1.18, df = 1; P > 0.05), or males (G = 0.12, df = 1; P > 0.05 ).
Mean carcass , liver, fatbody and oviductal egg masses of infected and
uninfected females during the reproductive and nonreproductive periods are
listed in Table 19. There were no significant differences between infected and
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uninfected females for any of these dependent variables. Also, there were no
significant differences between infected and uninfected males for carcass
mass, liver mass, fatbody mass, or testis mass during reproductive or
nonreproductive periods (Table 20).
No differences were found between the three groups based on
pentastome infection intensity for carcass mass of females during reproductive
or nonreproductive periods (Table 21) or for carcass or testis mass of males
during reproductive or nonreproductive periods (Table 22). However, there
were significant differences between these three groups for liver mass of
females during the nonreproductive period. Conversely, there were significant
differences in fatbody mass for groups of geckos delineated by pentastome
biomass in males and females during the reproductive period.
The Student-Newman-Keuls procedure indicated that the groups of
geckos of each sex with the highest pentastome biomass had significantly
smaller livers than those classified in the light (males, Q = 2.90, P < 0.05;
females, O = 5.22, P < 0.05) and medium (males, 0 = 3.10, P < 0.05; females.
0 = 3.31, P < 0.05) groups during the nonreproductive period. Male and
female geckos in the heavily infected groups had significantly smaller fatbody
masses than those classified in the light (males. Q = 3.26. P < 0.05; females, Q
= 2.87, P < 0.05) and medium (males, Q = 2.88, P < 0.05; females, Q = 4.18, P
< 0.05) groups during the reproductive season. This indicated that high
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biomasses of pentastomes in the lungs of infected geckos was related to
reductions in liver mass during the nonreproductive period and fatbody mass
during the reproductive season.
Frequencies of different follicular classes for infected and uninfected
females are listed in Table 23. There were no significant differences between
frequencies of infected and uninfected females with small and large yolked
follicles. Infected females had a significantly greater frequency of medium
yolked follicles than uninfected females (G = 6.236, P < 0.025), but uninfected
females contained a greater frequency of oviductal eggs than infected females
(G = 5.97, P < 0.025). Unfortunately, because of the small sample size of
infected female geckos with oviductal eggs, I could not compare oviductal egg
mass across the three host groups delineated by pentastome biomass.

Discussion
Pentastome infection appeared to have a significant effect on fatbodies
and livers of both male and female Mediterranean geckos. This is evidenced
by a reduction in both fatbody and liver masses in heavily infected individuals.
This may be important to reproduction, because the liver is the site of
vitellogenesis in lizards (Ho et al., 1982) and liver lipids as well as fatbodies
are used during reproduction in JH. turcicus (Selcer, 1986b; this study, see
REPRODUCTIVE AND LIPID CYCLES).
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The presence of pentastomes had a definite effect on reproductive output
in the Mediterranean gecko. The number of oviductal eggs produced was
only 79 % of the number which would have been produced had the entire
population been uninfected. Female geckos infected with pentastomes
contained a higher frequency of medium yolked follicles, but a lower frequency
of oviductal eggs than uninfected females. This appeared paradoxical, but
could be explained by a cessation or slowing of vitellogenesis during the
medium yolked follicle stage in infected females. Possibly, the effects on
fatbody and liver masses noted above may be manifested in the vitellogenic
process, causing retardation of follicular development at the medium yolked
follicle stage in some heavily infected females.
In animal populations approaching carrying capacity, or at equilibrium,
regulation of the population growth rate can be achieved by: 1) reduction of
the total number of individuals in the population, thus maintaining population
density at a level near carrying capacity; 2) decreased juvenile survival such
that juvenile recruitment only compensates for adult mortality; or 3) lowered
reproductive output to acheive a net population growth rate of zero. The
European fox-rabies model developed by Anderson et al. (1981) is the best
example of a parasite maintaining its host population's density at a level below
carrying capacity, thus achieving a regulatory effect. Also, there are examples
of selective parasite-induced juvenile mortality or lowered reproductive output
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in fish (Lemly and Esch, 1984), frogs (Steinwascher, 1979), lizards (Schall,
1983), birds (Hudson et al., 1985; Uhazy and Arendt, 1986), rodents (Boonstra
et al., 1980), rabbits (Dunsmore, 1981). and deer (Davidson et al., 1980).
These examples and other evidence have caused some ecologists to argue
that parasites are as important as predators in the regulation of animal
populations (May and Anderson, 1982). Others contend that most
parasite-induced host mortality is not additive, but compensatory with overall
mortality from all causes (Holmes, 1983).
The reduction of reproductive output due to pentastome infection
suggests that this macroparasitic infection should be considered a potential
factor in the regulation of the growth rate of this population of the
Mediterranean gecko. However, for this gecko population to be regulated by
the pentastome infection, there is an implied relationship between pentastome
and definitive host (gecko) densities. As gecko density increases, so also
should pentastome density increase. Unfortunately, as with those of the
previously mentioned studies, data collected in this study were not appropriate
for determination of this type of density-dependence. Thus, it is premature to
conclude that the pentastome is a factor in regulation of this gecko population.
Raillitiella frenatus is not present in all introduced populations of the
Mediterranean gecko in the southern United States. I conducted surveys (> 20
lizards collected per site) of populations of H- turcicus from coastal regions of

11
the Gulf of Mexico. These surveys revealed that pentastomes were present in
the Lower Rio Grande Valley of Texas, and in Tampa, Miami and Key West,
Florida. Pentastomes were not found in gecko populations surveyed from
Galveston, Texas; New Orteans, Louisiana; and Gainesville, Florida. Thus
pentastomes were present in southern populations of JH. turcicus. but
apparently not in northern populations.
It is tempting to speculate that if the pentastome infection is a major
regulatory factor in the southern gecko populations, some other factor or suite
of factors must be operating to regulate northern gecko populations. Possibly,
the colder temperatures above the freeze line are too severe for the
pentastome to survive (J. T. Self, pers. comm). Also, the cold temperatures
may have significant effects on the gecko populations by increasing oven/vinter
mortality or by decreasing the length of the reproductive season, thus reducing
reproductive output. More definitive information on the factors regulating
Mediterranean gecko populations in the New World will come only from
comparative demographic studies of these northern and southern populations
(see Selcer, 1986a) and from experimental studies on the relationship of
gecko versus pentastome densities.
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Table 19. Mean carcass, liver, and fatbody masses of pentastome infected and
uninfected female Mediterranean geckos during the reproductive and
nonreproductive periods in southern Texas. Values are wet masses in g. F =
variance ratio of ANCOVA, with SVL as the covariate. * = P less than 0.05.
Infected

Uninfected

Mean

SE

Mean

SE

F

Carcass mass

3.230

0.040

3.156

0.032

1.98

Liver mass

0.110

0.004

0.110

0.004

0.02

Fatbody mass

0.004

0.001

0.004

0.001

0.15

Oviductal eggs

0.564

0.058

0.576

0.029

0.04

Carcass mass

3.703

0.071

3.730

0.064

0.06

Liver mass

0.119

0.005

0.120

0.005

0.06

Fatbody mass

0.010

0.001

0.013

0.001

2.40

Reproductive period

Nonreproductive period

79
Table 20. Mean carcass, liver, fatbody, and testis masses of pentastome
infected and uninfected male Mediterranean geckos during the reproductive and
nonreproductive penods in southern Texas. Values are wet masses in q F =
variance ratio of ANCOVA, with SVL as the covariate. * = P less than 0 05
Infected

Uninfected

Mean

SE

Mean

SE

F

Carcass mass

3.433

0.033

3.353

0.041

2.25

Liver mass

0.084

0.002

0.079

0.002

3.68

Fatbody mass

0.002

0.001

0.002

0.001

1.55

Testis mass

0.010

0.001

0.011

0.001

1.47

Carcass mass

3.618

0.056

3.559

0.066

0.46

Liver mass

0.096

0.003

0.093

0.003

0.36

Fatbody mass

0.008

0.001

0.007

0.001

0.33

Testis mass

0.004

0.001

0.004

0.001

0.03

Reproductive period

Nonreproductive period
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Table 21. Comparison of physical parameters across three pentastome
biomass groups of infected female Mediterranean geckos during reproductive
and nonreproductive periods. Values are wet masses in g. F = variance ratio of
ANCOVA, with SVL as the covariate. * = P less than 0.05.
Light
Mean
SE

Medium
Mean
SE

Heaw
Mean
SE

F

Reproductive period
Carcass mass

3.235

0.073

3.398

0.076

3.254

0.078

1.39

Liver mass

0.117

0.007

0.123

0.008

0.098

0.008

2.78

Fatbody mass

0.004

0.001

0.007

0.001

0.001

0.001

3.94'

Nonreproductive period
Carcass mass

4.094

0.137

3.796

0.117

3.682

0.149

2.30

Liver mass

0.142

0.008

0.126

0.007

0.102

0.008

5.61'

Fatbody mass

0.012

0.002

0.010

0.002

0.010

0.002

0.35
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Table 22. Comparison of physical parameters across three pentastome
biomass groups of infected male Mediterranean geckos during reproductive and
nonreproductive periods. Values are wet masses in g. F = variance ratio of
ANCOVA, with SVL as the covariate. * = P less than 0.05.
Light
Mean
SE

Medium
Mean
SE

Heaw
Mean
SE

F

Reproductive period
Carcass mass 3.603

0.030

3.364

0.068

3.431

0.070

1.88

Liver mass

0.084

0.003

0.082

0.003

0.083

0.003

0.18

Fatbody mass 0.002

0.001

0.002

0.001

0.001

0.001

3.25'

Carcass mass 3.735

0.112

3.740

0.106

3.349

0.139

2.92

Liver mass

0.099

0.006

0.101

0.006

0.081

0.008

2.28

Fatbody mass 0.008

0.001

0.009

0.001

0.005

0.002

1.29

Nonreproductive period
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Table 23. Frequencies of follicular size classes in pentastome infected and
uninfected female Mediterranean geckos during the reproductive period in
southern Texas. Differences in frequencies were determined by G-tests.
* = P less than 0.05.

Follicular Size Class

Infected
N
%

Uninfected
N
%

P

SYF

10

25

23

34

>0.050

MYF

16

40

12

18

<0.025*

LYF

7

18

6

9

>0.050

OE

7

18

27

40

<0.025*

CHAPTER V
SUMMARY

Reproductive output of the introduced Mediterranean gecko,
Hemidactvlus turcicus from southern Texas was examined in relation to lipid
cycles, maternal investment, and parasitic infection.
Lipid cycles were related to reproductive cycles of both sexes. Lipid was
accumulated by geckos during nonreproductive periods and was used during
periods of reproductive activity. Small amounts of lipid were used for
maintenance during dormancy. The evidence indicated that an absence of
stored lipid prior to reproduction would appreciably reduce reproductive output
of JH. turcicus.
Mediterranean geckos have a fixed clutch size of two eggs. It was
hypothesized that factors which normally influence clutch size (e.g., maternal
size, timing of reproduction, or food availability) in variable clutch species
might similarly influence egg size of fixed clutch species. This hypothesis was
not supported in this study, either in the laboratory or in the field.
Forty-three percent of Mediterranean geckos from the southern Texas
study area were infected with a pulmonary pentastome, EaiUilMafr£I12lUS.
Heavy infections of pentastomes resulted in a decrease in fatbody mass
during the reproductive season and liver mass during the nonreproductive
83
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period. Reproductive cutout of H. turcicus was reduced hy 21 % because of
the pentastome infection.
A need for further study of reproduction of Mediterranean geckos was
evident. Comparative data on reproductive and lipid cycles of other
populations of JH. turcicus from their area of introduction and from their native
range would be especially useful. Comparative studies of pentastome
infected and uninfected populations would also be of considerable value. This
gecko is particularly well suited to laboratory and field experiments and could
be an excellent model organism for further investigations of reproductive
output in fixed clutch lizards, and for more general studies on life history
evolution.
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