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A body condition index (BCI) in snakes to study reproduction

RESUME

Un indice de condition corporelle (BCI, défini comme étant
le rapport de la masse corporelle divisée par la masse oprimale
théorique de I'animal étudi€) a été testé sur trois espéces de
serpents. Les dissections de 88 femelles Vipera aspis et 18
femelles Coluber viridiflavus mettent en évidence une trés
forte corrélation entre I'indice de condition corporelle (BCI)
et la masse des réserves corporelles (corps gras et foie).
Des régressions multiples montrent que les mesures du BCI
expliquent trés largement la variance dans la masse absolue
des corps gras et du foie ; BCI er longueur totale pris
ensemble, augmentent le pourcentage de variation expliqué.
Ainsi il est possible d'estimer avec une bonne ‘précision
I'érar des réserves corporelles en fonction de la taille chez
les serpents vivants. Afin d'¢cablir des comparaisons entre
un vipéridé et un colubridé, nous avons érudié durant trois
années consécutives les capacités reproductrices de V. aspis
et £ longissima en fonction de la longueur er du BCI
des animaux. Le nombre de jeunes produits par la meére
est positivement corrélé i la longueur de la femelle aussi
bien chez V. aspis que chez E. longissima. La tille de la
ponte, ou de la portée, est corrélée 3 la valeur du BCI
au début de la virellogenése chez V. aspis mais pas chez
E. longissima. Chez les deux espéces, il existe un seuil
du BCI que les femelles doivent atteindre pour s'engager
dans une reproduction. Cependant la valeur de ce seuil
est beaucoup plus élevée chez V. aspis (0,70), qui doit
donc proportionnellement accumuler plus de réserves, que
E. longisima (0,55) pour se reproduire. La longueur de
la femelle a une grande influence sur la reproduction de
E. longissima tandis que le role des réserves est plus limité. En
revanche, chez V. aspis la condition corporelle joue un réle
déterminant sur le succés reproducteur. Chez les femelles
de V. aspis il existe un fort compromis entre longueur
maternelle et condition corporelle puisque, d’une part, ces
deux paramérres influencent positivement la reproduction
et que, dautre part, I'énergie investie dans la croissance
n'est plus disponible pour les réserves. Les études futures sur
I'écologie des serpents, devraient tenir compte des relations
possibles entre condition corporelle et reproduction. En
effer, elles donnent |'opportunité d’étudier I'inluence du
COMPpromis entre croissance et réserves corporelles, sur la
fécondité et donc sur les tendances évolutives des serpents. A

Note présentée par Ivan Assenmacher.
Note remise le 14 juin 1993, acceptée aprés révision le 15 novembre 1993,

S 7

ABSTRACT

A body condition index (BCI=actual body massloptimal
theoritical body mass of the studied animal) was estimated
in females of 3 species of snake. From dissections of 88 Vipera
aspis and 18 Coluber viridiflavus, strong relationships between
body reserves (such as mass of fat bodies and liver) and BCI were
Jound. Furthermore, BCI explained most of the variance in the
mass of the fat bodies and in the mass of the liver ; however BCI
and body length together increased the percentage of variation
explained. Thus, a satisfactory estimation of body reserves in
relation to body length is possible in living snakes. We have
studied reproductive parameters (clutch size and litter size) in
Vipera aspis (Viperidae) and Elaphe longissima (Colubridae)
during a 3 year period. In the two species positive relationships
berween maternal body length and number of offipring were
found. At the beginning of vitellogenesis, litter size is related to
the BCI level in V. aspis but nor in E. longissima. In both
species, BCI must exceed a threshold value for reproduction
10 take place. However this threshold value is much lower in
E. longissima (0.55) than in V. aspis (0.70). This indicates
that in the latter species, large body reserves are necessary for
the induction of vitellogenesis. In E. longissima, maternal body
length is an important determinant of reproductive success, body
reserves playing a minor role. In contrast, in female V. aspis the
reproductive success is related to BCI and to a lesser extent to
body length. Thus, there is a trade-off berween maternal body
length and body condition since both influence reproductive
success positively and resources used for growth are not available
Jfor reserves. Further studies in snake ecology should consider the
possible relationships between body condition and reproduction,
as it gives oportunities to investigate the influence of the trade-
off berween growth and body reserves on fecundity and thus on
evolutionary trends in snakes. A

Mots clés : condition corporelle, reproduction, réserves
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ABRIDGED VERSION

D espite numerous studies, it is still difficult o obrain general

patterns of evolutionary trends among the extreme diversity
of reproductive modes and strategies in repriles [1. 2. 3, 4. 5. 6],
In most squamara species there is a positive relacionship beoween
maternal body length and clutch size (21, 22). but almoest all
studies have only considered the body length and the body mass
of individuals (21, 22]. Snakes are fundamentally lecitotrophic
species [4. 5], parental care being exceptional [7]. In female,
vitellogenesis is always a very costly process (8, 9, 10,711, 32].
Thus, in female snakes, reproductive effort is mainly represented
by the investment of energy into the growing follicles during
vitellogenesis. Body reserves (fat bodies) are known to be important
determinants for rcproduction in many species [8, 14, 15, 16, 17,
21}, while their influence is negligible in others [18. 19, 20]. In
fact, there has been no study carried out which seeks to determine
the respective influences of maternal body lengch. mass and reserves
on reproductive success in snakes.

A total of 88 female Vipera aspis and 18 female Coluber viridiflavus
(having died accidentally) were dissected, body length, mass and
the mass of the far bodies and of the liver were recorded (we found
no statistical differences using toral body length or snour vent
length). Such dissections enabled us to investigare the relationship
berween body reserves and body condition index (BCI), BCl was
calculated using che formula proposed by Leloup (actual body mass
of the studied animal divided by the oprimal body mass of che
same animal) for estimating body reserves in living snakes [9, 10,
24, 25). Marternal body length and BCI were not correlared in
the two species studied. BCI strongly correlated with the mass of
far bodies and with the mass of the liver in both species (Fig. /).
In V. aspis, body length correlates stfonply—with body reserves
(p<0.001). We found no relacionship berween body length and
body reserves in C. wviridiflavus.

Four stepwise multiple regression analyses with the mass of the
fat bodies and the mass of the liver as the dependent variables,
included BCI and body length as predictor variables (Table 2).
In female V. aspis. BCI alone contributed to 48 % (p<0.0001)
of the variation in the mass of the fat bodies and 10 53 % in
the mass of the liver (p <0.0001). BCI and body length together
explained 73 % of the variation in the mass of the fat bodies
and 71 % of the mass of the liver. Considering the relationship
berween BCI and body reserves, we found similar resules in female
C. viridiflavus (Table 2). Two stepwise mulciple regression analyses
with BCI as the dependent variable included the mass of che
liver, the mass of the far bodies and body length as predictor
variables (Table 3). In females of both species, we found thar che
mass of the far bodies and/or the mass of the liver explained
the greatest part of the variation in BCI. The measurement of
BCI and body length together enabled the estimation of body
reserves, the mass of the fac bodies and of the liver in female
V. aspis and C. viriflavus, with a good precision in living snakes.

omme chez les autres espéces animales, les
' caractéristiques et les capacités reproductrices des

reptiles constituent ‘un des principaux aspects de
leur écologie et de leur physiologie. Malgré les nombreuses
études portant sur ce sujet, il est difficile de dégager les
grandes tendances évolutives a travers la diversité extréme
des stratégies reproductrices de ce groupe [1, 2, 3].
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Preliminary results from dissections of Elaphe longissima show the
same relationships berween BCI level and body reserves.

Vitellogenesis, a highly costly process in snakes (8, 21], occurs
only in reproductive females, and the vitellogenin, the precursor
of virellus, is synthesized by the liver [31, 32]. The liver iwelf
probably represents a source of materials used during vitellogenesis
in female V. aspis [9, 10]. This should be related o the positive
correlation berween BCI and the mass of the liver in females.
Furthermore we found no (or litdle) correlation berween BCI and
the mass of the liver in male V. aspis and V. viridiflavus (unpub.).

Studies  considering the influence of body conditien on
reproduction in snakes are very scarce, and no dissection dara
has been used (18, 29]. To examine the relationship berween
maternal characteristics and reproductive traits (clutch or litter
size) we have studied both V. aspis and E. longissima in the
wild (capture/recaprure) and in ourdoor enclosures (8 m?, nacural
climartic conditions, food ad libitum). We have recently shown
that body condition index must exceed a certain threshold for
reproduction to take place in females of both species [9, 10, 25].
The threshold value is 0.70 in V. aspis and 0.55 in E. longissima.
Female V. aspis need relatively more body reserves (such as the
mass of the liver and of the fat bodies) for the induction of
vitellogenesis and to reproduce in comparison to £ longissima
(Table 15). Relationships berween maternal characteristics and
clucch size are presented in Table 4. In V. aspis, BCI level at
the beginning of vitellogenesis correlated with licter size, maternal
body length playing a secondary, buc significant, role [33]. In
contrast, maternal body length of E lomgissima is an importanc
factor affecting clutch size, BCI level being negligible. In V. aspis
there is a trade-off berween BCI level and body length since
these variables influence licter size positively and resources used
for growth are not available for reserves. Vitellogenesis requires
large quancities of energy and materials (10, 11, 12, 32]. In
V. aspis, complere vitellogenesis is possible only in females wich
high body reserves, and such females can reproduce without
feeding [8, 30] ; however food intake during vitellogenesis [8] and
gestation [29] may increase reproductive success. In conerast female
E. longissima can reproduce with a relatively low BCI level [25].
In chis second species, virellogenesis probably depends on faraging

SUCCESS.

Our results show that BCI gives the opportunity to study
reproduction in snakes in an integrative approach, since both
maternal characteristics (including body length, body condition
and thus body reserves) and main reproductive traits are measurable
in living animals. The trade-off BCI and bedy length in female
V. aspis and its relative absence in £ longissima could be related
to the contrasting ecology (ambush versus active predation) and
reproductive mode (viviparity versws oviparity) of V. aspis and
E. longissima [22]. Preliminary results in male V. aspis show thac
BCI level could be an important determinant in their reproductive
success through irs influence on behaviour and reproducrive
performances during the mating season. A

En effet, tous les intermédiaires existent depuis les
espéces qui pondent trés tot aprés l'ovulation (ovipares,
lécithotrophes) [1, 4, 5], jusqu’aux espéces euvivipares
qui présentent une placentotrophie aussi poussée que
les mammiferes placentaires [6]. Ainsi les lézards et les
serpents représentent un matériel de choix pour tester
les modeles évolutifs théoriques chez les vertébrés, par
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