HERPETOZOA 30 (3/4): 115 - 129 115
Wien, 28. Februar 2018

Traits of reproduction and feeding of the European
Green Lizard, Lacerta viridis (LAURENTI, 1768),
at the southern edge of its distribution

(Squamata: Sauria: Lacertidae)

Fortpflanzungsbiologische und nahrungsdkologische Merkmale der Ostlichen Smaragd-
eidechse Lacerta viridis (LAURENTI, 1768) am Siidrand ihres Verbreitungsgebietes
(Squamata: Sauria: Lacertidae)

KosTAas SAGONAS & EFSTRATIOS D. VALAKOS
& PETROS LYMBERAKIS & PANAYIOTIS PAFILIS

KURZFASSUNG

Die Autoren machen Angaben zur Nahrungsokologie und Reproduktion der Ostlichen Smaragdeidechse,
Lacerta viridis (LAURENTIL, 1768) des griechischen Festlandes, dem Siidrand ihres Verbreitungsareals. Insgesamt
wurden 86 Exemplare aus der herpetologischen Sammlung des Naturkundemuseums von Kreta untersucht. Die auf-
genommene Nahrung wurde zu der Jahreszeit ihrer Aufnahme sowie dem Geschlecht und Alter der Smaragd-
eidechsen in Bezug gesetzt. Die Ostliche Smaragdeidechse erwies sich als ein Nahrungsgeneralist, bei dem Cole-
optera (Kéfer) und Orthoptera (Springschrecken) mehr als 50 % des Mageninhalts ausmachten. Wihrend sich die
Jahreszeit nicht auf die Art der aufgenommenen Nahrung auswirkte, bestanden diesbeziiglich Unterschiede zwischen
den Geschlechtern und Altersklassen. Im Laufe der Ontogenese veranderte sich die Nahrungspriferenz in Richtung
zu groflerer und hédrterer Beute hin. Zudem waren Ménnchen vielseitiger in der Wahl der Beute und bevorzugten
deutlich hértere Beute als Weibchen. Geschlechtsreife erlangten beide Geschlechter nicht unter einer Kopf-Rumpf-
Lénge von 70 mm. Die Fortpflanzungsaktivitit beider Geschlechter ersteckte sich vom Friihling bis zur Mitte des
Sommers. Die Gelegegrofie variierte stark und korrelierte negativ mit dem mittleren Eivolumen des Geleges.

ABSTRACT

Information is provided on the feeding ecology and reproduction of the European Green Lizard, Lacerta
viridis (LAURENTI, 1768), from the very south of its distribution range. The authors analyzed the stomach contents
of 86 preserved specimens originating from the Greek mainland stored at the Herpetological Collection of the
Natural History Museum of Crete. The prey items were identified and put in relation to the season when they were
eaten, and the sex and age of the lizards. In the diet of this generalist consumer, Coleoptera and Orthopera consti-
tuted more than 50 % of the total prey items in the stomach. While season had no effect on the prey taxonomic
composition of the species, sex and age clearly did. Lacerta viridis changed its feeding preferences with matura-
tion: adult individuals selected larger and harder prey than young, males showed a higher food niche breadth and
fed on harder prey items than females. As regards to reproduction, both sexes attained sexual maturity at a snout-
vent-length of more than than 70 mm. The reproductive activity of females and males lasted from early spring to
mid-summer. Clutch size varied greatly and was negatively correlated with the clutch’s average egg volume.
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INTRODUCTION

Reproductive biology and feeding
ecology are important aspects of reptilian
biology and their interactions largely influ-
ence population dynamics and eventually
the survival of a given species in a given
place (SiLicEO & Diaz 2010; PAFILIS et al.
2013). The European Green Lizard, La-

certa viridis (LAURENTI, 1768), is common
in central eastern Europe (BLONDEL &
ARONSON 1999; ARNOLD & OVENDEN 2002).
The species is widespread all over the Bal-
kans from Adriatic to the Black Sea (NAUL-
LEAU 1997). Its southernmost populations
are found in the mainland of Greece and
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some few Greek islands (Euboea, Thasos,
Samothrace and Corfu) (VALAKOS et al.
2008; PAFILIS & MARAGOU 2013).

While the phylogeny of the species was
studied comprehensively (GODINHO et al.
2005; BOHME et al. 2007; SAGONAS et al.
2014b; MARZAHN et al. 2016), its life history
received comparatively limited attention
(e.g., KOrsOs 1984; MoLLov et al. 2012). In
particular, no detailed studies regarding the
reproduction of southern L. viridis are avail-
able and information on the diet are based on
observations made in two small Bulgarian
populations (ANGELOV et al. 1972; DONEV
1984; MoLLov et al. 2012) and one Hun-
garian (KORrsOs 1984). Furthermore, these
studies, because of their small sample size,
provide no evidence for potential ontogenet-
ic shifts or sexual variation in the trophic
niche breadth that would provide informa-
tion on intraspecific competition (ARNOLD
1987; PREEST 1994; SAGONAS et al. 2014a,
2015a).

In the present study, information on
feeding and reproductive ecology of L.
viridis from Geece was obtained at the
species’ southern range limit. With regard
to dietary preferences, the authors hypoth-
esize that: (i) male and female diets differ
due to the larger body and head size of
males that offer them access to harder and
larger prey (HERREL et al. 1996; GROZDA-
Nov & Tzankov 2014), (ii) juveniles feed
on softer prey, as a consequence of their
immature head morphology and small
body size (UROSEVIC et al. 2013; SAGONAS
et al. 2015a), and (iii) that seasonal vari-
ation in prey abundance affects the diet
composition of L. viridis (SAGONAS et al.
2015a). As to reproduction, the study
sought to provide quantitative information
on male and female body size at sexual
maturity, egg, clutch, and testicle volumes
and sizes, and the length of the epididy-
mis.

MATERIALS AND METHODS

Diet composition.- To identify
the diet of L. viridis the authors dissected the
digestive tracts of 86 preserved specimens
(34 males, 32 females and 20 juveniles) that
were stored at the Herpetological Collection
of the Natural History Museum of Crete
(Appendix I). From each specimen, snout-
vent-length (SVL) was measured to the near-
est 0.1 mm and sex and month of capture
were recorded. All specimens originated
from mainland Greece, viz., 11 from Sterea
Ellada, 13 from Epirus, 27 from Thessaly, 28
from Macedonia and 7 from Thrace.

Stomach contents were analyzed under
a binocular dissecting microscope and prey
items were identified to order level. The
number of prey items of each category and
the presence or absence of plant material
was noted down. In addition, prey items
were classified on the basis of their hardness
(HERREL et al. 2001; VERWALEN et al. 2002;
SAGONAS et al. 2014a) using the categoriza-
tion proposed by VANHOOYDONCK et al.
(2007).  Coleoptera, Gastropoda (shelled
gastropods only), Isopoda, Diplopoda, and
Hymenoptera were considered as hard prey;

Orthoptera, Haplotaxida (oligochaetan An-
nelida), Homoptera, Hemiptera and Chilo-
poda were classified as being of intermedi-
ate-hardness; Aranae, Opiliones, Diptera,
Lepidoptera, Trichoptera and all larval forms
were characterized as soft prey.

Head size variation.-  Since
head size and shape directly affect bite force
and through this the prey consumed (HER-
REL et al. 2001, VERWAIEN et al. 2002, SA-
GONAS et al. 2014a), five linear head charac-
ters were measured with a digital caliper
(Silverline® 380244, accuracy 0.01 mm):
head length (HL; measured from the tip of
the snout to the posterior border of the col-
lar), head width (HW; measured at the
widest part of the head), head height (HH,
measured at the highest part of the head),
pileus length (PL, measured from the tip of
the snout to the posterior edge of the occip-
ital scale) and jaw length (JL, measured
from the tip of the snout to the corner of the
mouth). All measurements were taken
twice and the average value was used (SA-
GONAS et al. 2014a). The geometric head
size (HS) was calculated as the product of
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(HL x HW x HH) (MosIMANN 1970; SAGO-
NAS et al. 2014a).

Reproduction and sexual ma-
turity.- In males, the authors measured
the longest and shortest diameter of the right
testicle to calculate the testicular volume and
measured the length of the epididymis, in
females the numbers of vitellogenic follicles
and oviductal eggs were counted and their
longest and shortest axis measured to esti-
mate their volume. The size and shape of
testicles and the length of the epididymis
have traditionally been used to determine
sexual maturity in males, while the presence
of large oviductal eggs or vitellogenic folli-
cles (more than 4 mm in diameter) are con-
sidered indices of female maturity (TINKLE
1967; SEXTON & TURNER 1971; ADAMO-
POULOU & VALAKOS 2000; SAVELIEV et al.
2006; OrTIZ et al. 2016). Clutch size was
defined as the total number of oviductal
eggs or the total number of vitellogenic fol-
licles in each individual. Female specimens
were also screened for signs of copulation
activity (bites and scars, e.g., in the ventral
side). The reproductive season in females
was determined based on the presence of
oviductal eggs and vitellogenic follicles.
Female reproductive condition was classi-
fied as vitellogenic (yellowish yolky folli-
cles) or ovigenous (presence of oviductal
eggs). Small-sized lizards without vitel-
logenic follicles, oviductal eggs or enlarged
testicles were considered as non-reproduc-
tive, immature individuals. All linear mea-
surements were taken using a digital caliper
(Silverline® 380244, accuracy 0.01 mm). Egg
and testicle volumes were calculated by ap-
proximating the volume of an ellipsoid (V =
(4/3)mab2?, where a is half the long axis and
b half the short axis (MAYHEW 1963).

Statistical analyses.- Prior to
the analyses the raw and log-transformed
data was examined for heteroscedasticity
and normality. Whenever assumptions for
parametric tests were not met, permutation
tests were conducted, in the opposite case,
parametric tests were used. To test for signs
of sexual dimorphism in head morphology a
multivariate analysis of variance (MANO-
VA) was employed, using the five biometric
variables measured. A t-test was used to
compare body size and head size between
males and females.

To determine male body size at sexual
maturity i.e., an SVL threshold above which
the testicle volume increased, a Pearson cor-
relation analysis between both testicle vol-
ume and length on one side, and SVL on the
other, was used. This analysis included only
specimens captured during the reproductive
season when spermatogenesis increases the
testicular volume (ADAMOPOULOU & VALA-
KOS 2000; VIEIRA et al. 2001; SAVELIEV et al.
2006). As body size affects linear morpho-
metric traits, a Pearson correlation analysis
was conducted to examine the existence of
any relation between SVL and testicular
volume in reproductive males. To test for
the effect of season on the males’ testicular
volume, a permutation analysis of variance
(perANOVA) with 999 permutations (im-
plemented in the software PAST - HAMMER
et al. 2001) was used to evaluate the differ-
ences in testicular volume between months.
To examine the relation between clutch size
and maternal body size, and between clutch
size and mean egg volume, a Pearson corre-
lation analysis was applied. For all statisti-
cal analyses the software package R v.3.2.3
(R DEVELOPMENT CORE TEAM 2015) was
employed.

Regarding the diet, the estimates
comprised the numeric percentage of each
prey category found in the stomachs (% N)
and the relative frequency of lizards having
eaten a given taxon (F). The numbers of
prey items found in the stomachs of juve-
niles and adults were compared using a t-
test. The Shannon-Wiener diversity index
(KREBS 1998) was used to calculate prey
diversity (food niche breadth) (H*). A t-test
was performed to test for differences in
food niche breadth between age classes
(adults and juveniles) and sexes (adult
males and females) (ZArR 2010), while
perANOVA with 999 permutations was
used to test for seasonal variation. As a
complementary approach, the Jaccard simi-
larity index (JACCARD 1908) was calculat-
ed, which is not affected by the most abun-
dant species (contrary to Shannon-Wiener
index), and used to search for differences in
food composition among groups of differ-
ent age, sex and season. Furthermore,
Pianka’s overlap index (Q;,) (P1anka 1975)
was calculated using the software EcoSim
7.0 (GOTELLI & ENTSMINGER 2001) to quan-
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tify the food niche similarity between
group. Chi-square tests were run to deter-
mine if there were differences in the pro-
portion of the ingested prey taxa between

sexes (males, females), age classes (adults,
juveniles) and among seasons, i.e., spring
(April-May), summer (June-August) and
autumn (September).

RESULTS

Diet composition, its sexual, on-
togenetic and seasonal variation.-
The diet of L. viridis is composed mainly of
arthropods, with Coleoptera, Orthoptera and
various insect larvae being the most com-
mon prey taxa throughout the year (Table
1). Interestingly, 26 % of the specimens ex-
amined had consumed a significant amount
of plant matter (e.g., seeds, leaves). The
comparison of diet composition between
male and female lizards revealed slight dif-
ferences regarding the prey categories
(Jaccard index: 0.68). These differences
were mostly due to the fewer hard prey items
consumed by females (y2 = 5.80, P < 0.01).
Diplopoda, Gastropoda and Chilopoda
specifically were completely absent from fe-
male stomachs (Table 1). By contrast, fe-
male lizards selected softer prey compared to
males (y2 = 5.80, P <0.01). In line with this
were significant differences between sexes in
the proportion of preys items selected (y? =
36.05, P < 0.001) and in niche breadth
(males: H*=2.20 and females: H’=1.82; t =
-2.81, df =266.99, P < 0.01). On the other
hand, there was a high food niche overlap
between males and females (Qy = 0.95) and
plant consumption was equal in both sexes
(25 % vs. 26 %; % = 0.03, P = 0.50).

The juveniles’ diet differed from the
diet of adult lizards (Jaccard index; females
vs. juveniles: 0.57 and males vs. juveniles:
0.59) by the preference towards softer and
smaller preys such as Araneae, insect larvae
and Formicidae (Table 1). On the contrary,
hard or intermediate hard preys such as
Coleoptera, Orthoptera and Isopoda were
significantly (2 test; both pairwise compar-
isons P < 0.05) underrepresented (Table 1).
Furthermore, plant consumption was quite
limited in juveniles compared to adults
(26 % vs. 5 %; x> = 16.84, P < 0.001). Con-
sequently, food niche overlap between juve-
niles and adults was low (Qy; females vs.
juveniles: 0.57 and males "vs. juveniles:
0.48). The proportion of the different prey

items consumed also differed between juve-
niles and adults (2 test, both pairwise com-
parisons P < 0.001), whereas no difference
was found in the average number of prey
items per stomach (¢ = 1.21, df = 84, P =
0.23), though the adults selected for larger
preys such as Orthoptera and Coleoptera.
Lastly, the niche breadth of juveniles (H” =
2.22) was similar as in males (¢ =-0.03, df =
200.88, P = 0.98), but higher than in fe-
males (¢ = -3.11, df = 184.60, P < 0.01).

No seasonal divergences were detect-
ed in the proportion of prey items of adults
(pairwise y? tests; males and females all
pairwise comparisons P > 0.05) or juveniles
(2 test; all pairwise comparisons P > 0.05)
(Table 1). However, significant seasonal
differences arose from plant consumption of
males, females and juveniles who all con-
sumed more plant matter during spring and
less in autumn (2 tests; all pairwise com-
parisons P < 0.05; Table 1). The food niche
breadth was high at all seasons with no sig-
nificant differences (all pairwise compar-
isons P > 0.05; Table 1), despite the low
Jaccard similarity index between seasons
(males: ~ 0.53, females ~ 0.59 and juve-
niles: ~ 0.67). The only exception was the
higher niche breadth in juveniles during
summer compared to spring (H’ = 2.26 vs.
1.78). Similarly, the number of preys in the
stomach of lizards showed non-significant
variation during the year for the subsamples
studied (ANOVA; males: F, 3, = 0.60, P =
0.55, females: F,,9 = 0.88, P = 0.43 and
juveniles: F, ;; = 0.46, P = 0.64; Table 1).

Head and body size varia-
tion.- The comparison of SVL did not re-
veal any statistically significant differences
between the sexes (¢ = 0.34, df = 64, P =0.73).
However, head measurements were signifi-
cantly larger in males than females (MANO-
VA; Wilks lambda = 0.80, F5¢, = 2.91, P =
0.020; Table 2) for all morphometric vari-
ables tested such as, e.g., head size (1 = -2.64,
df = 64, P = 0.01; Table 2). As expected,
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Fig. 1: Testicle volume (mm3) of Greek Lacerta viridis (LAURENTI, 1768) in the period from April to September.
SE — Standard error, SD — Standard deviation. Sample size and range in parentheses are indicated.

Abb. 1: Das Hodenvolumen (mm3) griechischer Lacerta viridis (LAURENTI, 1768) in den Monaten April
bis September. Mean — Mittelwert, SE — Standardfehler des Mittelwertes, SD — Standardabweichung.
Stichprobengrofie und Spannweite (in Klammern) sind angegeben.
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Fig. 2: Scatter plot of the relations between snout-vent-length (cm) and both testicle volume (mm?3) and
testicle length (mm) for 34 adult and 10 juvenile Greek specimens of Lacerta viridis (LAURENTI, 1768), exam-
ined during the reproductive season. Observe the formation of two distinct size/age clusters below and above the
7-8 cm snout-vent-length threshold. ©— testicle volume; + — testicle length.

Abb. 2: Streudiagramm der Beziehungen zwischen Kopf-Rumpf-Linge (¢cm) und Hodenvolumen (mm?3)
sowie Kopf-Rumpf-Lange und Hodenldnge (mm) bei 34 Erwachsenen und 10 Jungtieren griechischer Lacerta
viridis (LAURENTI, 1768) wihrend des Fortpflanzungszeitraums. Man beachte die Ausbildung
zweier Alters-/Grofencluster unterhalb und oberhalb des 7-8 cm Schwellenwertes der Kopf-Rumpf-Lénge,
der Juvenile von geschlechtsreifen Individuen trennt. O — Hodenvolumen, + — Hodenldnge.
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Table 2 : Descriptive statistics including mean + standard deviation, range (minimum-maximum in paren-
theses) and sample size (N) of five head linear measurements (cm) of Greek Lacerta viridis (LAURENTI, 1768).
SVL — Snout-vent-length, HL — Head length, HH — Head height, HW — Head width, PL — Pileus length, JL — Jaw
length, HS — Geometric head size (cm3).

Tab. 2: Deskriptive Statistiken von Mittelwert + Standardabweichung, Spannweite (Minimum-Maximum
in Klammern) und Stichprobenumfang (N) von fiinf LangenmafBien des Kopfes (cm) bei griechischen Lacerta
viridis (LAURENTI, 1768). SVL — Kopf-Rumpf-Lénge, HL — Kopflinge, HH — Kopfhéhe, HW — Kopfbreite,
PL — Pileuslédnge, JL — Kieferldnge, HS — Geometrisches Kopfvolumen (cm3).

Sex/Age SVL HL HH HW PL JL HS
Geschlecht/Alter
Females (F) 10.10+1.59 2.87+0.60 1.24+0.28 1.44+032 2.12+0.42 1.62+041 1.72+0.36
Weibchen (F) (7.6-13.2) (1.7-4.1) (0.8-1.9) (1.0-2.2) (1.3-2.9) 0.9-2.5) (1.1-2.5)
N=32 N=32 N=32 N=32 N=32 N=32 N=32
Males (M) 10.24+1.72 3.36+0.57 1.40+0.37 1.67+044 247+0.46 191+042 1.99+0.45
Minnchen (M)  (1.1-2.5) (2.5-4.9) (1.0-24) (1.1-3.1) (1.8-3.8) (1.2-34) (14-33)
N=34 N=34 N=34 N=34 N=34 N=34 N=34
Juveniles (J) 530+1.05 1.49+0.32 0.72+0.13 0.84+0.13 1.06+0.27 091+0.14 0.96+0.16
Jungtiere (J) (3.0-6.6) (1.0-2.0) (0.5-0.9) (0.6-1.0) (0.7-1.6) (0.7-1.1) (0.7-1.2)
N=20 N=20 N=20 N=20 N=20 N=20 N=20
Statistics Fyg3=77.03 Fpg3=77.35 Fpg3=34.98 Fyg3=36.57 F,43=77.94 F,43=46.91 F,¢3=50.01
Statistik P<0.001 P<000l P<0.00l P<0.001 P<000l P<0.00l P<0.001

Groups / Gruppen (M, F)(J) M)F){J)

MFE)I)

MED)  MEJ)  MEJ)  ME)]J)

juveniles had significantly smaller head
measurements (MANOVA; Wilks lambda =
0.27, Fyg 153 = 14.32, P < 0.001), head size
(ANOVA,; F, g3 =50.01, P <0.001) and SVL
(ANOVA; F, ¢, = 77.03, P < 0.001) com-
pared to adults (Table 2). To control for
the effects of SVL on head size (r = 0.92,
P <0.001), the aforementioned analyses for
head measurements between sexes and age
groups were repeated using SVL as a co-
variate. Although, the differences remained
7.52, P < 0.001), a different pattern was
revealed, with males and juveniles having
significantly larger heads than females.
Reproduction and sexual ma-
turity.- Spermatogenesis (assessed
through the increase in testicular volume)
started in April and ended in June (Fig. 1).
Testicular volume reached its maximum in
May (perANOVA; P =0.001). Towards the
end of the reproductive period (end of
June), rapid reduction of the testicular vol-
ume was observed (Fig. 1). In the combined
sample of adult and juvenile males the cor-
relations between testicle volume and SVL
and between testicle length and SVL were
positive (= 0.69, P <0.001 and »=0.78, P
< 0.001; N = 44, respectively). Further-
more, this analysis revealed the existence of
two distinct groups of males during the

reproductive season (from April to June):
one comprising individuals with SVL above
80 mm whose testicles were well developed
and another one below 70 mm whose testi-
cles were not (Fig. 2 and Table 3). Also,
considering adult males only, testicle vol-
ume (= 0.56, P <0.001; N =33) and testi-
cle length (»=0.58, P <0.001; N=33) were
positively correlated with SVL. The small-
est reproductive male identified by its well
developed testicles and distended epi-
didymes (~8-10 mm length) had an SVL of
82.8 mm. Males with SVL less than 70 mm
had poorly developed testicles and epi-
didymes and therefore were sexually imma-
ture.

The percentage of sexually mature
reproductive or non-reproductive females
from April to September is plotted in Fig. 3.
Out of the 32 adult females examined, 47 %
had no eggs or follicles, 40 % were ovige-
nous and 13 % vitellogenic, while no female
carried both vitellogenic follicles and
oviductal eggs. During the reproductive
period, females larger than 76 mm (the
smallest mature female was 76.1 mm) bore
oviductal eggs or vitellogenic follicles and
had copulation signs (scars). The largest
immature female examined and included in
the analyses was 61.3 mm. Based on the
sample available, the female reproductive
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Table 3: Mean values + standard deviation (SD) or minima for nine male and female reproductive traits of

Greek Lacerta viridis (LAURENTI, 1768).

Tab. 3: Mittelwerte + Standardsabweichung (SD) bzw. Minima von neun fortpflanzungsbiologischen
Merkmalen méannlicher und weiblicher Lacerta viridis (LAURENTI, 1768) aus Griechenland.

Mean value + SD /

. Unit / - Number of individuals
Variable Einheit Mittelwert £ SD Anzahl Individuen
(Minimum)

Mean Clutch size (number of vitellogenic follicles) - 12.25 £2.75 4
Mittlere GelegegroBe (Anzahl dotterreiche Follikel) -

Mean Clutch size (number of oviductal eggs) - 12.92 £4.82 13
Mittlere Gelegegrofie (Anzahl Eier im Ovidukt) -

Mean Clutch volume (oviductal eggs) mm3 6,944.40 + 4,137.94 13
Mittleres Gelegevolumen (Eier im Ovidukt)

Mean oviductal egg volume mm3 530.83 £259.75 13
Mittleres Volumen der Eier im Ovidukt

Minimum SVL reproductive female (mm) mm (76.1) 32
Minimale KRL reproduktiver Weibchen

Minimum SVL reproductive male (mm) mm (82.8) 34
Minimale KRL reproduktiver Méannchen

Mean epididymis length mm 14.54 £ 4.52 34
Mittlere Lange des Nebenhodens

Mean testicular volume mm?3 95.89 £ 67.80 34
Mittleres Hodenvolumen

Mean testicular length mm 7.46 +£2.43 34
Mittlere Hodenlénge

period seemed to begin during April, when
the first vitellogenic follicles appeared Fig.
3. The clutch size ranged from 7 to 24 eggs.
No significant correlation was found to exist
between maternal SVL and (i) the number
of oviductal eggs (r = 0.19, P =0.53; N =
13), (ii) the number of vitellogenic follicles
(r =0.13, P = 0.87; N = 4), (iii) the mean
oviductal egg volume (r = 0.33, P = 0.23;
N = 13), (iv) the mean oviductal egg length

(r = 0.22, P = 0.44; N = 13), (v) the total
clutch volume (r = 0.46, P =0.11; N = 13).
A significant correlation between total
clutch volume (» = -0.32, P=0.25; N=13)
and clutch size (number of eggs) was not
detected whereas, mean oviductal egg vol-
ume (r = -0.56, P <0.05; N=13) and mean
egg length (r = -0.72, P < 0.01; N = 13)
were both significantly negatively correlat-
ed with clutch size.

DISCUSSION

Feeding ecology.- Lacerta viridis is
an actively foraging predator with wide
food niche breadth (NETTMANN & RYKENA
1984; ArRNOLD 1987). The presence of 17
prey categories in the diet (Table 1) reveals
the lizard’s opportunistic alimentary behav-
ior, which is typical to Mediterranean lacer-
tids (AVERY 1978; MARAGOU et al. 1997,
VaLAKOS et al. 1997; SAGONAS et al.
2015a). Independent of age class and sex,
the predominant food categories were fully
developed Coleoptera (34 %), Orthoptera
(14 %), insect larvae (10 %) and Araneae (8
%). However, the order of preference of
the four prey taxa differed between adults

and juveniles. These results are in agree-
ment with previous studies (ANGELOV et al.
1966; DONEV 1984; KORSOS 1984; MoLLOV
et al. 2012), which identified Coleoptera,
Orthoptera, larvae of Lepidoptera and
Araneae as the main prey taxa of the
European Green Lizard. Hymenoptera
were also mentioned as an important prey
of L. viridis (ANGELOV et al. 1966; MoLLOV
et al. 2012), which is in line with the pres-
ent study in which Formicidae (5 %) were
singled out of the rest of Hymenoptera (4
%).

Sex had a significant effect on L.
viridis head size (Table 2), corroborating the
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Fig. 3: The percentage of Greek Lacerta viridis (LAURENTI, 1768), holding vitellogenic follicles or oviductal
eggs (= reproductive females) in the period from April to September. Dark gray — females holding neither
oviductal eggs nor vitellogenic follicles, medium gray — females with oviductal eggs, light gray — females with
vitellogenic follicles. The synchronous presence of oviductal eggs and vitellogenic follicles was not observed.

ADDb. 3 : Der Anteil griechischer Lacerta viridis (LAURENTI, 1768), die vitellogene Follikel oder Eier enthielten
(= reproduktive Weibchen) in den Monaten April bis September. Dunkelgrau — Weibchen ohne vitellogene
Follikel oder Eier, mittelgrau — Weibchen mit reifen Eiern im Eileiter, hellgrau — Weibchen mit vitellogenen

Follikeln. Gleichzeitige Anwesenheit von Eiern im Eileiter und vitellogenen Follikeln wurde nicht beobachtet.

typical pattern of sexual size dimorphism
observed in other congeners such as L.
agilis LINNAEUS, 1758, L. trilineata BEDRI-
AGA, 1886, and L. bilineata DAUDIN, 1802,
with males having larger heads and jaw
lengths than females of similar size (Bru-
NER et al. 2005; UROSEVIC et al. 2013;
GROZDANOV & TzANKOV 2014; SAGONAS et
al. 2014a). In lizards, head size is suscepti-
ble to various sexual selective pressures as it
is associated with intraspecific competition,
territorial behavior and mate success
(ABOUHEIF & FAIRBAIRN 1997; KWIAT-
KOWSKI & SULLIVAN 2002; LAPPIN & HUSAK
2005; HErRREL et al. 2010). Moreover, head
dimensions and especially head height and
width are strongly associated with bite
force, which in turn is linked to food choice
(HERREL et al. 1999; KALIONTZOPOULOU et
al. 2012; SAGONAS et al. 2014a). By in-
creasing head height and width males devel-
op stronger jaw adductor muscles and thus
can bite stronger compared to females
(HERREL et al. 2001; LappPIN & HusAk 2005)
which is why they can include greater pro-
portions of hard prey in their diet increasing

their niche breadth (HERREL et al. 2001; VER-
WALEN et al. 2002; SAGONAS et al. 2014a).
The present study found a relatively low
value of Jaccard’s similarity index (0.68)
between the preys of the sexes throughout
the year. Males included in their diet hard-
er prey (e.g., Chilopoda, Diplopoda, Gastro-
poda) and had a higher food niche breadth
than females, indicating a less selective
feeding of the former (Table 1).

Despite the sexual differences in the
proportion of the consumed prey items,
food niche overlap (O = 0.95) was high.
Pianka’s overlap index is strongly affected
by the most abundant prey category and
small sample size (KReBs 1998). Thus, the
authors presume that the small sample size
and the high proportion (70 %) of Cole-
optera, Orthoptera and larvae in the diet are
the reasons for this discrepancy.

Juveniles showed a clearly different
dietary pattern from adults. Food niche
overlap (Q;, ~ 0.52) and Jaccard’s index (~
0.58) of d]ietary similarity between adults
and juveniles were very low, demonstrating
the ontogenetic shift in this species’ feeding
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preference. Juveniles exhibited a wider tro-
phic spectrum than adult females but not
wider than males. Females showed a clear
preference for Coleoptera, Orthoptera and in-
sect larvae which together represented 70 %
of their diet, but avoided small and hard
preys. In contrast to adults, juveniles in-
cluded in their diet softer (i.e., Araneae,
Trichoptera, insect larvae) and smaller (e.g.,
Araneae, Formicidae) preys and less plant
matter (5 %). Such an ontogenetic shift in
dietary preferences is common among
lizards and results from the small head size
and thus weaker bite force of juveniles
(HERREL et al. 2006; HERREL & O’REILLY
2006). By contrast, adult males and females
showed an avoidance of small prey such as
Formicidae and Arancaec (Table 1) and
ingested plant material in considerable quan-
tities (26 %). Herbivory and the accessory
consumption of plant material in lizards are
well-documented and represent an adapta-
tion to food-scarce environments such as
islands (VAN DAaMME, 1999; VERVUST et al.
2010; DUTRA et al. 2011; BROCK et al. 2014;
SAGONAS et al. 2015a). However, also the
mainland populations of L. viridis studied
here consumed significant amounts of plant
material, especially seeds. To the authors’
knowledge this is the first record of plant
consumption for L. viridis, which is never
reported in previous food studies (ANGELOV
et al. 1966; DoNev 1984; KOrsos 1984;
MoLLov et al. 2012). Though plant material
can accidentally be ingested while feeding
on animal prey, the high proportion of adult
lizards that had consumed plant material
throughout the year, along with the absence
of plant material in most juveniles, suggests
intentional ingestion of plants.

Juveniles of the genus Lacerta differ
from adults in their physiology, morphology
and behavior, including diet (L. bilineata:
ANGELICI et al. 1997; L. agilis: CROVETTO &
Sarvipio 2013; L. trilineata: SAGONAS et al.
2015a) and habitat use. They typically
occur in open areas with low vegetation,
whereas adults prefer wetter sites with
dense vegetation cover (ARNOLD 1987;
ANGELICI et al. 1997; VALAKOS et al. 2008).
Habitat partitioning between adults and
juveniles serves to reduce intraspecific com-
petition, including aggressive behavior or
cannibalism (PAFILIS et al. 2009; COOPER et

al. 2014), and most important, results in the
separation of the trophic niches (ANGELICI et
al. 1997; VITT et al. 1997; SAGONAS et al.
2015a). Another explanation for the ob-
served age-related differences in diet com-
position takes into account the significant
ontogenetic alterations in performance and
morphology of the feeding apparatus (e.g.,
length and digestive capability of the diges-
tive tract, head size and bite force) that
lizards undergo during growth (DURTSCHE
2000; UROSEVIC et al. 2013). Since the con-
sumption and digestion of plant material
requires considerable bite force and a long
digestive tract (HERREL et al. 2001; SAGO-
NAS et al. 2014a; SAGONAS et al. 2015b), the
low proportion of hard preys and plant mat-
ter in juvenile stomachs can be attributed to
the juveniles’ weaker bite force and shorter
digestive tract.

The seasonal differences in the diet of
L. viridis were not significant, regardless of
age class and sex, so that the subsamples’
dietary preferences remained rather stable
throughout the year. In Mediterranean low
altitude ecosystems, the summer is charac-
terized by dry conditions that decrease
arthropod availability (CARRETERO 2004)
leaving fewer prey choices to lizards. As
such, one would expect a decrease in food
niche breadth during summer. Surprisingly,
the niche breadth increased, which was sta-
tistically significant in juveniles (Table 1).
In contrast to other Green Lizards which
occupy dry habitats, Greek L. viridis live in
humid places at comparatively high alti-
tudes (VaLakos et al. 2008) with more
benign summers that sustains high arthro-
pod abundance. Alternatively, one can
hypothesize that the unexpectedly high food
niche breadth is due to small sample size
and, thus, potential underrepresentation of
less common prey taxa (leaving aside the
highly represented Coleoptera, Orthoptera
and insect larvae that consist 70 % of the
adults’ diet). In agreement with the foraging
theory by STEPHENS & KREBS (1986), the
constantly high niche breadth suggests that
L. viridis is an opportunistic predator with
low food specialization. However, the pat-
terns of plant and insect consumption were
significantly different within the year: the
frequency of plant material in stomachs de-
creased gradually from spring and summer



Ecology and reproduction of Greek Lacerta viridis 125

when seeds are abundant to autumn (Table
1). The above results corroborate those of
previous researchers (e.g., ANGELOV et al.
1972; NETTMANN & RYKENA 1984; MoLLOV
et al. 2012) and provide further information
on the impact of season, sex and age on the
diet of the species.

Reproductive traits.- Body
size (SVL) is frequently used as a reliable
indicator of sexual maturity in lizards (Ru-
BY & DUNHAM 1985; GALAN, 1996; IN DEN
Bosca & Bout 1998; Vit & CALDWELL
2014), Green Lizards included (ARNOLD
1987; ANGELICI et al. 1997; AMAT et al. 2000;
PAFILIS & VALAKOS 2008). In the present
study Greek L. viridis with SVL below 70
mm were clearly sexually immature and the
minimum size for the initiation of reproduc-
tive activity was 76.1 mm SVL for females
and 82.8 mm for males (Table 2). These
results are in agreement with the 70-80 mm
threshold that has been set to distinguish
adults from juveniles in L. bilineata, sister
species of L. viridis (SAINT GIRONS et al.
1989; BOHME et al. 2007; SAGONAS et al.
2014b), L. trilineata (ARNOLD 1987; PAFILIS
& VALAKOS 2008), L. agilis (AMAT et al.
2000; ROITBERG & SMIRINA 2006; but see
Dupek et al. 2014) and L. strigata EICH-
WALD, 1831 (ROITBERG & SMIRINA 2006).

Lacerta viridis emerges from hiberna-
tion in March/April and ends the active
phase in October/November (VACLAV et al.
2007; REHAK 2015), its reproductive period
beginning in April with spermatogenesis in
males and the formation of vitellogenic fol-
licles in females and ending in early August
with oviposition. During this time, food
availability can be an important factor influ-
encing the reproductive success of lizards

(BrRADSHAW et al. 1991; PAFILIS et al. 2011;
RAMOS-PALLARES et al. 2015) since sper-
matogenesis and courtship in males and
oogenesis in females are energy-consuming
processes that require significant amounts
of nutrients (BRADSHAW et al. 1991; VITT &
CALDWELL 2014). The observed increase in
food niche breadth during June and July
may be associated with the increased energy
required.

The variation in the reproductive out-
put of female L. viridis was considerable.
The number of eggs per clutch ranged from
7 to 24 (Table 3). Although no female was
found which carried both oviductal eggs and
vitellogenic follicles at the same time, pre-
vious studies have reported that the species
can produce as much as two clutches per
year: the first in June and the second in July
(REHAK 2015). The small sample size of
reproductive females examined may ac-
count for the absence of evidence. Inter-
estingly, a significant correlation between
egg number (clutch size) or clutch volume
and maternal body size was not established,
which might be due to small sample effects
as the correlation coefficient in both cases
was relative high. However, egg volume,
but not total clutch volume, was negatively
correlated with clutch size. The latter find-
ing suggests that L. viridis has reached a
physiologically maximum clutch volume,
but not in egg number (clutch size), proba-
bly as a result of the limitations of the space
available in the females’ abdominal cavity
(ADAMOPOULOU & VALAKOS 2000; PAFILIS
et al. 2011). The negative correlation
observed between clutch size and clutch
volume is likely another evidence of this
space limitation.
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Appendix I

Museum specimens of Lacerta viridis (LAURENTI, 1768) from Greece used in this study. Origin, age class,
sex and date of collection are indicated. NHMC - Natural History Museum of Crete, a - adult, j - juvenile, M -

male, F - female.

/In der vorliegenden Untersuchung verwendete Museumsexemplare von Lacerta viridis

(LAURENTI, 1768) aus Griechenland. Herkunft, Altersklasse, Geschlecht und Sammeldatum sind angegeben.
NHMC - Natural History Museum of Crete, a - adult, j - juvenil, M - Médnnchen, F - Weibchen.

Museum Number / . Age,sex  Date Museum Number / . Age,sex  Date
Inventarnummer Region Alter, Sex Datum Inventarnummer Region Alter, Sex Datum
NHMCS80.3.61.1 Macedonia  a, F 95-07-08 NHMCS80.3.61.2  Sterea Ellada a, F 95-07-04
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Museum Number / Age, sex/ Date Museum Number / Age, sex/ Date

Inventarnummer Region Alter, Sex Datum Inventarnummer Region Alter, Sex Datum
NHMCS80.3.61.3 Thessaly a, M  02-07-06 NHMC80.3.61.61 Thrace M  08-06-01
NHMCS80.3.61.4 Macedonia  j, F  99-09-30 NHMC80.3.61.62 Thrace 3, F 09-04-14
NHMC80.3.61.5 Macedonia  j,F  96-07-07 NHMC80.3.61.63 Thrace a,F  09-04-14
NHMC80.3.61.6 Macedonia j,M  99-09-30 NHMCS80.3.61.64 Thessaly a,F  10-09-18
NHMC80.3.61.13 Thessaly a, F  01-07-29 NHMC80.3.61.65 Macedonia a,M  09-04-13
NHMCS80.3.61.14 Thessaly a, M  01-07-28 NHMC80.3.61.67 Thrace a, M 09-05-22
NHMC80.3.61.15 Thessaly a,M 01-07-30 NHMCS80.3.61.71 Sterea Ellada a,M  08-07-03
NHMCS80.3.61.16 Macedonia a, F  96-07-07 NHMCS80.3.61.72 Sterea Ellada a, F  08-07-03
NHMC80.3.61.20 Thessaly a,F  01-07-30 NHMC80.3.61.75 Thessaly a, M 10-04-05
NHMCR80.3.61.21 Thessaly a,M 01-07-30 NHMCS80.3.61.78 Macedonia a,M  10-05-23
NHMCS80.3.61.22 Sterea Ellada a, M 98-07-04 NHMC80.3.61.79 Epirus M 10-09-11
NHMC80.3.61.23  Macedonia  j,F  99-06-21 NHMC80.3.61.80 Epirus 3, F 10-09-14
NHMCR80.3.61.24  Macedonia a,F  01-04-15 NHMC80.3.61.81 Epirus a,M 10-05-29
NHMCS80.3.61.25 Macedonia a, F  93-05-07 NHMC80.3.61.82 Epirus a,M  10-06-26
NHMC80.3.61.26 Epirus a,F  01-06-13 NHMC80.3.61.83 Epirus a, M 10-09-14
NHMC80.3.61.27 Thrace a,F  99-09-13 NHMC80.3.61.84 Thessaly a,F  10-09-15
NHMC80.3.61.28 Thrace a, F  99-09-13 NHMC80.3.61.85 Thessaly a, F 10-07-19
NHMCS80.3.61.29 Macedonia a, F  99-06-18 NHMC80.3.61.86  Macedonia j,M  10-06-20
NHMC80.3.61.30 Macedonia a,M  99-06-18 NHMC80.3.61.87 Sterea Ellada a, M 10-09-11
NHMCS80.3.61.31 Macedonia a,M  99-05-23 NHMC80.3.61.90 Thessaly a,M 11-05-16
NHMCS80.3.61.32 Macedonia a, F  99-09-12 NHMCS80.3.61.91 Macedonia a,M  11-06-22
NHMCS80.3.61.33 Macedonia a, F  99-05-23 NHMC80.3.61.92 Sterea Ellada a,M  11-06-15
NHMCS80.3.61.35 Macedonia j,M  99-09-12 NHMC80.3.61.94 Epirus a,M  11-06-08
NHMCS80.3.61.36  Macedonia a,M  99-09-12 NHMC80.3.61.95 Epirus a, F 11-07-08
NHMCS80.3.61.37 Macedonia  j,F  82-05-28 NHMC80.3.61.96  Macedonia a,M  11-09-19
NHMC80.3.61.38 Thessaly M 04-06-27 NHMCS80.3.61.97 Macedonia j,M  11-06-01
NHMC80.3.61.40 Thessaly a, M 04-06-28 NHMC80.3.61.98  Macedonia a, F 11-05-31
NHMCR80.3.61.43 Sterea Ellada a,M  04-05-20 NHMC80.3.61.99 Thessaly a, F 11-06-10
NHMCS80.3.61.44 Epirus a, F  05-07-05 NHMC80.3.61.100 Macedonia  a, F 11-06-24
NHMC80.3.61.45 Epirus a, F  05-07-05 NHMC80.3.61.101 Macedonia  a, F 11-06-24
NHMC80.3.61.46 Epirus a,M 05-07-05 NHMC80.3.61.105 Macedonia j,M  11-06-23
NHMC80.3.61.48 Epirus a, F  05-07-06 NHMCS80.3.61.106  Thessaly a,M  11-06-06
NHMC80.3.61.49 Epirus a, M 05-07-04 NHMC80.3.61.107  Thessaly a, F 11-05-06
NHMCS80.3.61.50 Sterea Ellada a,M  05-05-20 NHMC80.3.61.111  Thessaly 5, F 11-07-14
NHMC80.3.61.51 Thrace 3, F 05-09-20 NHMCS80.3.61.112  Thessaly 5, F 11-06-13
NHMC80.3.61.52 Sterea Ellada a,M  06-04-14 NHMC80.3.61.113  Thessaly a, M 11-06-13
NHMCS80.3.61.53 Thessaly 3, F 06-04-14 NHMC80.3.61.114  Thessaly a,M 11-07-14
NHMCS80.3.61.54 Sterea Ellada a, M 05-06-20 NHMCS80.3.61.118  Thessaly »M  11-07-10
NHMC80.3.61.55 Thessaly a, M 06-09-03 NHMC80.3.61.119 Macedonia  a, F 11-09-05
NHMC80.3.61.57 Thessaly ,F 06-09-17 NHMC80.3.61.120 Macedonia  a, F 11-07-09
NHMC80.3.61.58 Thessaly M 06-05-30 NHMC80.3.61.136 Sterea Ellada a, F 11-05-08
NHMC80.3.61.60 Thessaly a, F  07-06-03 NHMC80.3.61.137  Thessaly a, M 11-05-06
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