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mites as prey, however; one specimen contained 17
termite head capsules and no organic detritus. How
such small insects would be detected and ingested
singly remains unknown. Barbour and Loveridge
(1928) reported that Boulengerula boulengeri from the
Usambara Mountains, Tanzania, also fed on termites,
and Wake (1980) reported them as prey of Dermophis
mexicanus. Of the 50 stomachs of the semi-aquatic Ty-
phlonectes compressicaudus examined by Moodie (1978),
most were empty. The rest contained unidentified
digested matter, one had been feeding on arthropods,
and one contained four shrimp. Gut nematodes from
A. taitana were identified by Loveridge (1936) as Ox-
yuris sp., and Ubelaker (1966) lists the nematodes
Pharyngodon boulengerula and Raillietnema loveridgei from
the closely related Afrocaecilia uluguruensis.
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Relationship between Ovarian and
Fat Body Weights during
Vitellogenesis for Three Species of
Lacertid Lizards

FLORENTINO BRANA, FELIX GONZALEZ, AND AGUSTIN
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Sistemas (Unidad de Zoologia), Facultad de Biologia, Univ-
ersidad de Quiedo, 33071 Oviedo, Spain,

Except for a few species with continuous or no sea-
sonal reproductive activity, lizards exhibit lipid cy-
cling associated with reproduction, winter dormancy
or both (see Derickson, 1976a, for a review). Several
European lacertid lizards show distinct fat body cy-
cles peaking in late summer or early fall but as in
many temperate zone lizards, fat stores are not de-
pleted over winter but decline throughout the spring
reproductive season (Brana, 1983; Argiello, 1990;
Brana et al., 1990; Castilla and Bauwens, 1990). This
pattern is similar in both sexes, although fat bodies
of males are usually smaller than those of females
(about one half in Lacerta monticola when maximally
enlarged; Argiiello, 1990; Brana et al., 1990) and their
stores seem to be used to support behavioral activities
associated with reproduction more than for gonadal
recrudescence (Brana et al,, 1990; Castilla and Bau-
wens, 1990). In females, on the contrary, the direct
role of fat stores in egg development, particularly for
the first vitellogenesis, has been clearly shown in the
iguanid Uta stansburiana (Hahn and Tinkle, 1965), and
this pattern seems to be widespread among temperate
and tropical lizards (Jameson and Allison, 1976; Guil-
lette and Casas-Andreu, 1981; Vitt and Goldberg, 1983;
Vitt and Cooper, 1985; Etheridge et al., 1986; Guillette
and Bearce, 1986). Thus, lipid stores appear to be a
critical factor for reproductive success in reptiles liv-
ing in areas with seasonal fluctuations in food avail-
ability, and data on the relationships between fat stores
and gonadal development are necessary to under-
stand reproductive strategies, In this paper we ex-
amine relationships between fat body and ovarian
weight in three species of lacertid lizards during the
reproductive season, mainly focusing on the first vi-
tellogenesis.

A total of 40 adult females of Podarcis bocaget (snout-
vent length, SVL, mm; mean * 1 SE; 54.8 * 0.6; range
49.1 to 60.6), 45 P. muralis (58.3 *= 0.5; 51.7-62.9), and
52 Lacerta monticola (62.4 = 0.8; 54.3-72.6) were col-
lected in central Asturias (northern Spain) for this
study. Podarcis bocagei and L. monticola are endemic
species with restricted distributions in the northwest
of the Iberian Peninsula, whereas P. muralis occurs
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FIG. 1. Fat body weights (mean + I SE, and range;

sample sizes are given in figures) of mature females
of Podarcis bocagei, P. muralis, and Lacerta monticola,
corresponding to the following situations: (A) Pre-
ovulatory females; from emergence to the first ovu-
lation; (B) Females with oviductal eggs for the first
clutch; (C) Females with vitellogenic follicles or ovi-
ductal eggs for later clutches.

widely in southern Europe, including northern Spain
(see Salvador, 1985). These species are small, diurnal
lacertids whose reproductive season begins shortly
after emergence (early March to middle April) and
lasts until the middle of July. During the reproductive
activity period females can lay up to three clutches
under favorable conditions (Saint Girons and Duguy,
1970; Brana, 1983). Lizards were collected by hand
and noose prior to first oviposition (late March to mid
May) in 1983 for P. bocagei, and in 1984 for P. muralis
and L. monticola. Additional specimens were caught
to check for stomach contents and state of fat stores
after the first oviposition (from mid May to mid July,
1983 and 1984). In addition to the information pro-
vided by tracking the cycle of the females in the field,
the existence of previous clutches was confirmed by
the presence of corpora lutea and enlarged oviducts.
Specimens were cooled in the field and later etherized
and examined within 24 h of capture, For each female,
the following measurements were taken: SVL (to the
nearest 0.1 mm); total body mass (0.01 g); ovary mass
(and oviductal egg mass, if applicable, to the nearest
0.001 g); and fat body mass (0.001 g). Lipid stores were
estimated by means of the mass of inguinal fat bodies,
which represents an important fraction of total body
lipids and has been frequently shown to fluctuate in
a similar way (Cale and Gibbons, 1972; Jameson and
Allison, 1976; Vitt and Cooper, 1985; Etheridge et al.,
1986).

Fat bodies were not exhausted during winter, so
their masses in preovulatory females at the onset of
the activity period averaged 0.092 + 0.014 (g; mean
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FIG.2. Relationships between residuals of fat body
weights and residuals of ovarian weights in females
of Podarcis bocagei, P. muralis, and Lacerta monficola dur-
ing the first vitellogenesis (from emergence to first
ovulation). Residuals are from the regressions on fe-
male size or condition.

+ 1 SE) in P. bocagei, 0.052 + 0.007 in P. muralis, and
0.106 + 0.017 in L. monticola. These represented 2.85%
+ 042, 1.26% + 0.16, and 2.08% + 0.31, respectively,
of total female body mass. In all three species, fat
bodies of females which had finished the first vitel-
logenesis were significantly smaller than those of fe-
males with enlarged vitellogenic follicles prior to the
first ovulation (Fig. 1; one-way ANOVAs: I, ,, = 15.40,
P < 0.0001 for P. bocagei; F, ., = 5.87, P < 0.01 for P.
muralis; F, .. = 14.98, P < 0.0001 for L. monticola). How-
ever, nosignificant differences were found in fat body
masses between females with first clutch oviductal
eggs and those containing vitellogenic follicles or
oviductal eggs for later clutches (Student-Newman-
Keuls test, P < 0.05; see Fig. 1).

Relationships between fat body and ovarian masses
for mature females of the three lizard species during
the first vitellogenesis are shown in Fig. 2. In order
to avoid confounding effects due to correlations of
both fat body and ovarian masses with female size or
condition, we computed residuals of the regressions
on female SVL, mass (without ovaries and fat bodies),
or condition (estimated by means of the residuals of
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Number of prey items per stomach for female lacertids caught during the first vitellogenesis

(March and April), and later in the reproductive season (May to July).

Prey per stomach

March-April May-july
Mean SD N Mean SD N
Podarcis bocagei 1.86 0.35 23 3.89 1.12 17 *
Poedarcis muralis 2.00 0.44 22 7.54 1.62 23 *
Lacerta monticola 4.39 0.71 18 9.90 241 34 *

* Differences between periods significant at P < 0.001.

the regression of logarithm of fat body masses on
SVL). To obtain such residuals, we used as the pre-
dictor variable in each case that explaining the largest
amount of variance of the dependent variable (ovar-
ian or fat body mass). For P. bocagei, female SVL was
the main predictor variable for ovarian mass (r* =
0.630; P < 0.0001) and female mass for fat body mass
(r* = 0.222; P = 0.036); for females P. muralis ovarian
mass increased with somatic mass (r? = 0.185; P =
0.022), whereas SVL explained the largest amount of
variance in fat body mass (r* = 0.316; P < 0.01); for
L. monticola the selected predictor variables were SVL
for ovarian mass (r* = 0.092; P = 0.159) and condition
for fat body mass (r* = 0.270; P = 0.011).

When effects of female size (SVL or mass) or con-
dition were removed by using residuals of regres-
sions, there were significant inverse relationships be-
tween ovarian and fat body masses in all three lizard
species (Fig. 2; P. bocagei: Fat Body Mass = 6.2 x 10 *
— 0.198 [Ovarian Mass]; r* = 0.296; P < 0.05; P. muralis:
FBM = 7.9 x 10-¢ — 0.0088 OM; r* = 0.554; P < 0.001;
L. monticola: FBM = 7.5 x 10 7 — 0.124 OM; r? =~ 0.348;
P < 0.01). Not surprisingly, slopes of the above re-
gressions are higher in the species with higher fat
body masses relative to female mass at the onset of
vitellogenesis.

The reported relationship between fat body and
ovarian masses in female lacertid lizards suggests that
an important fraction of the energy allocated to fol-
licle enlargement in early spring came from lipid
stored in fat bodies, which agrees with previous find-
ings in numerous reptilian species (Hahn and Tinkle,
1965; Derickson, 1976b; Congdon and Tinkle, 1982;
Diller and Wallace, 1984; Guillette and Sullivan, 1985;
Vitt and Cooper, 1985). However, fat bodies were
almost exhausted in females that had finished the first
vitellogenesis and remained vestigial throughout the
reproductive season, so energy allocated to vitello-
genesis in later clutches seems to be obtained directly
from food consumed during that period.

In lizards, lipid storage is an important mechanism
to compensate for seasonal fluctuations in food sup-
ply, allowing the use of reserves accumulated during
periods of high prey availability when required for
breeding or overwintering (Derickson, 1976a; Duvall
et al., 1982; Nagy, 1983). Primary utilization of lipid
stores for reproduction is assumed when mature fe-
males have distinctly larger fat bodies than males and
there is a decrease of stores throughout the repro-
ductive season (Hahn and Tinkle, 1965; Ballinger, 1973;
Diller and Wallace, 1984). This seems to apply to lacer-
tids from southwestern Europe, as these species show

moderate reductions in fat body size during the win-
ter but an abrupt decrease at the beginning of the
reproductive season (Brana, 1983; Arguello, 1990;
Brana et al., 1990; Castilla and Bauwens, 1990).

In the species studied here, vitellogenesis begins
shortly after emergence from winter inactivity, at a
time of low food availability and with daily activity
greatly restricted by the unfavorable thermal envi-
ronment, Stomach repletion level showed important
differences throughout the reproductive period, sug-
gesting low feeding activity at the beginning of the
spring emergence. For specimens caught from March
to April, the period during which first vitellogenesis
occurs, the numbers of prey items per stomach were
significantly lower than the corresponding values for
the period from May to July, when successive clutches
develop (Table 1; t = 6.97, df = 38 for P. bocagei; t =
13.69, df = 43 for P. muralis; and t = 12.05, df = 50
for L. monticola; P < 0.001 in all cases). The difference
in stomach content indicates reduced trophic activity
in the first period, especially considering that low
environmental temperatures during this period could
increase the transit time of food. Therefore, utiliza-
tion of stored lipids for follicular enlargement in the
first vitellogenesis signifies anticipation of the first
ovulation, allowing females to lay more clutches per
season (Ballinger, 1977; Derickson, 1976b), or even to
reproduce in time for single-brooded populations.
Furthermore, early (in the season) reproduction, as-
sociated with earlier hatching, results in increased
growth of juveniles prior to hibernation. Growth pri-
or to the first winter may enhance survivorship and
future reproductive success (Bauwens and Verheyen,
1985), and reduce age at first reproduction (Heulin,
1985), also with potential advantages in lifetime re-
productive success (Vinegar, 1975).
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Food Habits of Three Syntopic
Reptiles from the Barahona
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Sauresia agasepsoides (Sauria: Anguidae), Amphisbae-
na gonavensis (Amphisbaena: Amphisbaenidae), and
Typhlops syntherus (Serpentes: Typhlopidae)are found
syntopically in the xeric lowlands of the Barahona
Peninsula, Dominican Republic. Little is known of
their natural histories. Schwartz and Henderson (1991)
and Thomas (1965a, b, ¢) described habitat. Thomas
(1965¢) documented the syntopic association between
A. gonavensis and T, syntherus. Food habits of A. gona-
vensis were described by Cusumano and Powell (1991).
Thomas (1965b) described captive A. gonavensis as “vo-
racious” feeders. Locomotor activity was documented
in Amphisbaena (including A. gonavensis) and Typhlops
by Thomas and Thomas (1978).

Vegetation on the Peninsula (sensu Henderson and
Schwartz, 1984) consists mainly of species associated
with subtropical dry and thorn forest (Hoppe, 1989).
These generally xeric woods are characterized by de-
ciduous trees of moderate to large size, thorny shrubs,
largely represented by the genus Acacia, and an un-
dergrowth of cacti and succulents, such as Opuntia,
Melocactus, and Agave. Typhlops syntherus may extend
into a more mesic habitat, characterized by Acacia and

* Corresponding author.



