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Annual mating in female colubrid snakes

with irregular reproductive frequency
(Squamata: Serpentes: Colubridae)

Jéhrliche Paarung bei weiblichen Colubriden mit unregelmaBigem

Fortpflanzungsrhythmus
(Squamata: Serpentes: Colubridae)

MASSIMO CAPULA & ERNESTO FILIPPI & LUCA LUISELLI

KURZFASSUNG

Weibliche Schlangen gemiifligter Klimate bendtigen hiufig mehr als cine Saison der Nahrungsaufnahme
und Vitellogenese, um ein Gelege zu produzicren. In jedem Jahr der Fortpflanzung kdnnen sich Weibchen da-
bei mehrmals und mit mehreren Miénnchen paaren. Es ist jedoch weitgehend unbekannt, ob adulte, in der o. a.
Weise nicht fortpflanzungsbereite Weihchen dennoch fiir Ménnchen attraktiv sind und an den sexuellen Akti-
vititen der Population teilnchmen. ,

Zwei Colubriden des mediterranen Mittelitalien, Coluber viridiflavus LACEPEDE, 1789 und Elaphe
longissima (LAURENTI, 1768), wurden in dieser Hinsicht untersucht. Beide Arten haben eine ausgepragte
Frithjahrs-Paarungszeit (von Mitte Mirz bis Ende Mai). Spermien fanden sich im Kloakelschleim von 95 %
aller fortpflanzungsbereiten und nicht fortpflanzungsberciten (d. h. mit Korpulenzfaktor < < 0,55) Weibchen,
die wihrend oder unmittelbar nach der Paarungszeit gefangen wurden. Wir schliefen daraus, daB der physio-
logische Zustand nicht fortpflanzungsbereiter Weibchen keinen signifikanten EinfluB auf ihr Auffinden (ﬁlxrch
paarungswillige Ménnchen ausiibt.

ABSTRACT

Female snakes from temperate regions frequently require more than one scason of feeding and vitello-
genesis to produce clutches. In each reproductive year female snakes can mate several times and with several
males. However, it is largely unknown whether adult females which are unable to produce clutches are attrac-
tive to males and participate in the sexual activity of the population. ;

Two colubrids from Mediterranean Central ltaly, Coluber viridiflavus LACEPEDE, 1789 and Elaphe
longissima (LAURENTI. 1768), were studied in this respect. In both species there is a pronounced vernal
mating scason (from middle of March to the end of May). Spermatozoa were present in the cloacal mucus of
about 95 % of all reproductive and non-reproductive (i. ¢. with Body Condition Index [BCI] < < 0.55) female
snakes captured during or immediately after mating season. Based on this evidence, we conclude that the phys-
iological status of adult non-reproductive females does not significantly affect their localization by males ready
to mate.
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INTRODUCTION

In several live-bearing and oviparous
snake species from temperate regions the
females' 'per-oftspring-costs' of vitello-
genesis and folliculogenesis are much high-
er than those spent in spermatogenesis by
the males (DUVALL & al. 1992). As a
primary consequence, males typically ex-
hibit annual spermatogenic cycles also in
cold climates (ALDRIDGE 1979; SAINT
GIRONS 1982, 1993; DUVALL & al.
1992), while females often require more
than one season of feeding and vitellogen-
esis to produce clutches (e. g. bienmal, tri-

ennial cycles - KLAUBER 1936; SAINT
GIRONS 1957; TINKLE 1962; SAINT
GIRONS & KRAMER 1963; LUISELLI
& al. 1. press).

Moreover, the female frequency of
reproduction is often irregular since time
for reconstruction of the fat reserves neces-
sary for clutch production can vary signific-
antly among individuals being influenced
by factors such as climate, prey availabil-
ity, body size, and dorsal coloration
(FITCH 1970; ALDRIDGE & SEM-
LITSCH 1992; CAPULA & LUISELLI



12 M. CAPULA & E. FILIPPI & L. LUISELLI

1994a). Thus, at the beginning of the
mating season, snake populations can in-
clude both adult females ready for giving
birth and adult females with insufficient
body reserves and unready for doing so
(BONNET & NAULLEAU 1994).

Females ready for clutch production
actively participate in the population's sex-
ual activity and can mate frequently and
with several males within season (STILLE
& al. 1987; MADSEN & al. 1992; CA-
PULA & LUISELLI 1994b). However,
because -of insufficient field data, it is
largely unknown whether adult females
which are unable to produce clutches are
attractive to males and participate in the
population’s sexual activity.

NAULLEAU (1992) observed that all
the female Elaphe longissima (LAUREN-
TI, 1768) studied in Central France copu-
lated in the mating season, though some of
them (with Body Condition Index [BCI] <
0.55) did not produce litter after insemina-
tion. Similar observations were made in
female Asp Vipers, Vipera aspis (SAINT
GIRONS 1957), and Adders, V. berus
(LINNAEUS, 1758) from the eastern Alps.

These snakes copulate annually but usually
reproduce in alternate years (LUISELLI
1993; CAPULA & LUISELLI 1994a).
Moreover, in southern Sweden, sperm was
always found in female Adders from the
beginning of the mating season until mid-
dle of June, once again demonstrating the
occurrence of annual mating in females of
this viper (NILSON 1981a, 1981b; AN-
DREN & NILSON 1987). Thus, annual
mating appears to be normal in female
snakes whereas reproduction may not be
annual.

In our paper we present new data on
this subject. We examined female snakes
that were captured during or immediately
after mating season (1) regarding presence
or absence of spermatozoa in their cloacal
mucus, and checked (2) whether the in-
seminated females produced clutches or
not.

For this purpose we selected the
Western Whip Snake (Coluber viridiflavus
LACEPEDE, 1789) and the Aesculapian
Snake (E. longissima), both widespread in
Mediterranean Central Italy, as model
species.

MATERIALS AND METHODS

The study was conducted in Mediter-
ranean Central Italy (Tolfa Mountains,
300-450 m a.s.l., about 60 km North of
Rome, Latium), where several long-term
studies on snake ecology have been carried
out so tar (LUISELLI & AGRIMI 1991).
The habitats of the snakes are 'bushy
pastures’ with discontinuous populations
of Spartium, Paliurus, Cytisus, Rubus, and
localized stands of Pirus pyraster at the
edge of Fagus and Quercus woodlands.
The study began in spring 1993; most data
were collected in spring 1994.

Adult female E. longissima and C.
viridiflavus (adults were easily recognized
because of the great ontogenetical change
of dorsal coloration - BRUNO 1984) were
captured by hand, measured (to +0.5 cm),
weighed (to +0.1 g), and scale-clipped.
Cloacal smears were taken by slight mas-
sage of the posterior part of the snakes’
bodies. The mucus was examined in the

laboratory for the presence of spermatozoa
(FUKADA 1959; NAULLEAU 1986,
1992). The reproductive status and the ap-
proximate timing of ovulation of the in-
seminated female snakes were determined
by palpation of the abdomen. In Whip
Snakes this was chiefly done when they
were later recaptured in the field (normally
at about middle of June), whereas most E.
longissima were housed in captivity until
ova were palpable. This procedure was
necessary as Aesculapian Snakes may be
very elusive and, thus, difficult to recap-
ture in late spring and early summer.

A total of 102 female C. viridiflavus
and 38 female E. longissima was examined
for the presence of spermatozoa in the
cloacal mucus. The reproductive status of
48 out of 97 inseminated female C. viri-
diflavus and 31 out of 36 inseminated fe-
male E. longissima was determined from
the pooled specimens both housed in ter-



Annual mating in female Coluber viridiflavus and Elaphe longissima 13

100 -

90 4

80

70

60

50

40

SAMPLE SIZE

20

10

Fig. 1: Number of female Coluber viridiflavus
and Elaphe longissima with (black columns) and
without (white columns) spermatozoa in the cloacal
mucus. The specimens were captured during and
immediately aﬂer mating season in Central Italy
(Tolfa Mountains, province of Rome, Latium).

Abb. 1: Anzahl weiblicher Coluber viridifla-
vus und Elaphe longissima mit (schwarze Siulen)
und ohne (weifle Siulen) Spermien im Kloakal-
schleim. Die Individuen wurden wihrend oder kurz
nach der Paarungszeit in Mittelitalien (Tolfa Berge,
Provinz Rom, Latium) gefangen.

raria and recaptured in the field.

We also describe the reproductive
phenology of the taxa based on observation
of mating individuals in captivity as well
as on inferences from the amount of sper-
matozoa found in the female cloacal mucus
(FUKADA 1959; NAULLEAU 1992).

When necessary, we determined a
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Fig. 2: Number of inseminated female Colu-
ber viridiflavus and Elaphe longissima that produced
(black columns) and did not q_roduce (white columns)
clutches in the current year. The sample is composed
of recaptured or caged specimens out of those anal-
yzed in table 1

Abb. 2: Anzahl besamter weiblicher Coluber
viridiflavus and Elaphe longissima, die im Untersu-
chungsjahr Gelege (schwarze Siulen) und die, keine
Gelege (weiBe Saulen) produzierten. Die Stichprobe
setzt sich aus in Abbildung 1 untersuchten wiederge-
fangenen oder gehilterten Individuen zusammen.

snake's body condition by calculating its
Body Condition Index (BCI, see LELOUP
1976): BCI = BMR / BMT. In this for-
mula, BMR is the real body mass of the
snake, while BMT is the theoretic body
mass [BMT = (length of the snake / aver-
age offspring length)? x (average offspring
mass)].

RESULTS AND DISCUSSION

In E. longissima mating was obser-
ved from middle of April to the end of
May, ovulation generally occurred in the

middle of June, and eggs were laid at the
end of July. In C. viridiflavus mating oc-
curred from middle of March to the end of
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April (rarely to the middle of May), ovu-
lation took place at the beginning of June,
and eggs were laid from the end of June to
the middle of July. The above reproductive
phenologies are similar to those corre-
spondingly reported for Whip Snakes and
Aesculapian Snakes in Central France
(NAULLEAU 1987, 1992).

Spermatozoa were detected in the

female cloacal mucus of about 95 per cent
of Whip Snakes and Aesculapian Snakes
(fig. 1).
77 per cent of the inseminated female C.
viridiflavus (37 out of 48) and 77.4 per
cent of the inseminated female E. longis-
sima (24 out of 31) produced eggs. Inter-
specific difference in these frequencies was
not significant (Chi? test; df = 1; fig. 2).
Considering that in snakes a single mating
seems to be sufficient to fertilize ova
(STILLE & al. 1986; MADSEN & al.
1992), we suggest that these females were
unable to reproduce simply because of
their insufficient fat body reserves at the
time of copulation. '

This suggestion is largely supported
by the fact that the Body Condition Index-
es [BCI] immediately after the end of the
mating season) of all inseminated but non-
reproductive Aesculapian and Whip Snake
females was < < 0.55, a threshold value
that female E. longissima should exceed
for reproduction to take place (NAUL-
LEAU 1992; BONNET & NAULLEAU
1994). Further evidence in favour of the
above suggestion comes from the field rec-
ord of a copulating pair of C. viridiflavus

(male: 122 cm, 208 g; female: very
emaciated, 114 cm, 109 g) at Oriolo Ro-
mano (Tolfa Mountains, 450 m a.s.l.) ob-
served on April 14th, 1994. This female
displayed poor body condition and in fact
did not produce a clutch within season.

Nearly all adult female C. viridifla-
vus and E. longissima of the studied pop-
ulations - whether ready or unready to give
birth - copulated during their reproductive
period. Based on this evidence and though
our data are preliminary, we conclude that
there is no reason to assume that non-breed-
ing females were sexually non-receptive or
at least unattractive to males in mating dis-
position.

Male snakes usually localize females
by following their pheromone trails using
the lipoprotein vitelligenin and other rel-
ated volatile semio-chemicals for con-
specific recognition (KUBIE & HALPERN
1975; GARSTKA & CREWS 1981; MA-
SON & CREWS 1985; FORD 1986; GIL-
LINGHAM- 1987), or by visual cues
(GILLINGHAM 1979). Considering this,
it appears reasonable to hypothesize that
neither olfactory nor non-olfactory local-
1zation of females by males is significantly
affected by the non-receptivity adult fe-
males.

The biological meaning of the lack of
unattractivity of non-reproductive females
to males is not clear, and further studies
should be carried out, also for determining
whether this phenomenon is widespread
among snakes.
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