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Copulation does not necessarily result in the pro-
duction of offspring. Copulatory behavior unrelated to
reproductive output has been recorded in a wide va-
riety of species (e.g., Hrdy, 1986; De Ruiter et al, 1994;
Poldmaa et al., 1995). These non-reproductive matings
have been interpreted as nonadaptive by some work-
ers (e.g, as consequences of high sex-steroid levels:
e.g., Symons, 1979) but as adaptations by others. For
example, females that mate more often than is neces-
sary for reproduction may enhance their nutritional
status through nuptial gifts or sperm acquisition
(Ward and Landolt, 1995), or may be able to manip-
ulate the subsequent behavior of their male partners
(Hrdy, 1986; De Ruiter et al., 1994). Because studies
on reptiles have generally interpreted copulations
with females strictly in terms of sperm transfer, most
herpetologists have tacitly assumed that mating only
oceurs in circumstances where the sperm that are
transferred are likely to contribute to paternity of a
female's offspring. The inference is logical and plau-
sible, but definitive evidence is weak.

Snakes with less-than-annual frequencies of female
reproduction offer an exceptional opportunity to ex-
amine this question. In many species of snakes, es-
pecially viperids from temperate zone habitats, adult
females do not produce offspring every year. Instead,
females delay the production of their next litter until
they have accumulated sufficient body reserves, a pro-
cess that may take from one to several years (e.g.,
Saint Girons, 1957; Fitch, 1960a; Brown, 1991). In con-
sequence, the population each year contains both re-
productive and non-reproductive females. We define
as “‘reproductive” those females which contained
large (>10 mm diameter) vitellogenic follicles or em-
bryos (detected by palpation or observed at parturi-
tion). Females were classified as “Non-reproductive’
if they were caught without enlarged ova or embryos
during the period of vitellogenesis and/or gestation
(Bonnet and Naulleau, 1996a). This definition is strict-
ly based on physiological events (Bonnet et al., 1994),
and thus is somewhat different from a purely behav-
ioral one (e.g., ““sexually active” versus “non sexually
active’’ females). This clarification is important be-
cause the concepts of ““reproductive’” versus ““sexually
active” althouglli biologically overlapping and often
used as synonyms, are not strictly identical.

One obvious question is thus: do females mate as
usual during their “non-reproductive’ years (ie,

while they are accumulating energy stores), or do they
mate only in years when they will undergo vitello-
genesis and produce a litter? Surprisingly, there ap-
pears to be little reliable information with which to
answer this simple question (Schuett et al, 1993).
Some authors have inferred that females do not mate
except in reproductive years (e.g., Macartney and
Gregory, 1988), whereas others have concluded that
females mate every year despite a less-than-annual
schedule of offspring production (Saint Girons, 1949,
1952, 1957, 1996; Saint Girons and Duguy, 1982; Lu-
iselli, 1993; Capula et al,, 1995). In most cases, these
inferences have been based on relatively limited data,

The reason for the lack of information on mating
frequency is straightforward; it is easier to determine
a female’s reproductive status (by body shape, etc.:
Fitch, 1960a, 1987) than it is to detect whether or not
she has mated. Snakes are often secretive at this time,
and matings may be difficult to observe under field
conditions, Nonetheless, there is a simple and long-
established technique by which prior mating can be
determined, by sampling fluids from the female’s re-
productive tract and examining them for the presence

‘of spermatozoa (Fukada, 1959; Fitch, 1960b, 1987;

Naulleau 1992; Bonnet and Naulleau 1996b). We have
gathered an extensive data set on female aspic vipers
(Vipera aspis) using this method, to test Saint Girons’
(1949, 1952, 1957, 1996) hypothesis that females of this
species continue to mate even during years in which
they do not produce offspring. If such non-reproduc-
tive matings occur in this species, it would offer an
exciting opportunity to test ideas on the factors re-
sponsible for such behavior.

Snakes were captured in the field in western central
France (Loire Atlantique, Vendée, Charente Maritime,
and Deux Sévres) as part of extensive mark-recapture
studies on reproductive biology of this species (Naul-
leau and Bonnet, 1996; Bonnet and Naulleau, 1996a;
Bonnet, 1997). Since 1990, more than 340 adult fe-
males (>41 cm snout-vent length, 47 cm total length:
Naulleau and Bonnet, 1996) have been tested for the
presence of oviductal sperm following the methods of
Fukada (1959) and Fitch (1960b). The posterior part of
the abdomen was softly massaged to expel fluids from
both oviducts and cloaca. The fluids were then spread
across a glass microscope slide and allowed to dry.
They were later examined microscopically (60> mag-
nification). Dried spermatozoa are easily identified
and no specific preservation method is needed. With
this method, the presence of spermatozoa can only be
detected for few days after mating. We base this con-
clusion on hundreds of examinations of cloacal swabs
from female snakes of several species (e.g,, Vipera aspis,
Coluber viridiflaus, Elaphe longissima, Natrix natrix):
sperm were never seen in swabs from this posterior
region >10 d after the date of mating (pers. obs. by
GN, XB, MV, OL). Hence, the technique can be used
to estimate the period of mating.

These measurements revealed a strong link between
reproductive status and mating (Fig. 1). Restricting
analysis to the two populations intensively studied
(Loire Atlantique and Vendée) and to years when sys-
tematic ““sperm’” examinations were carried out, 81 of
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Fic. 1. A comparison of body length and body condition (mass relative to length) for three groups of female L
aspic vipers collected during the mating season. Body condition (as assessed by the residual score from the i
general linear regression between In-transformed values of mass versus snout-vent length) was much higher i
for females captured in years when they were reproducing (i.e., producing offspring) than in females captured
in their non-reproductive years (i.e,, not producing offspring). Cloacal samples showed that sperm were present
in many of the reproductive females and in other females that were in similarly high body condition, but for
which we could not reliably determine reproductive status because they were not recaptured later in the season. e
However, females in poor body condition, that would not produce offspring in that year, never contained sperm. e

144 reproductive females were found to contain sperm
(56%), compared to 0 of 86 non-reproductive individ-
uals (x2 = 41.7, 1 df, P < 0.0001).

We also examined cloacal swabs from many other
females for which we had no direct information on
reproductive condition. Fortunately reproductive sta-
tus in females of this species can be confidently as-
sessed from the animal’s body condition. Female aspic
vipers do not initiate vitellogenesis unless they exceed
a very consistent, precise threshold in body condition
(reflecting the magnitude of their energy reserves:
Naulleau and Bonnet 1996). Thus, if females mate only
during years when they undergo vitellogenesis, we
predict that the only animals to contain sperm will be
those with a relatively high body condition. Exami-
nation of the data provides strong support for this hy-
pothesis (Fig. 1).

The clear result from these data is that female aspic
vipers mate only in years in which they also undergo
vitellogenesis and produce offspring (Naulleau and
Bonnet, 1996). There are two plausible mechanisms by
which a non-reproductive female could forego mating:
either she is not attractive to males (and thus, is not
courted), or she is attractive but unreceptive. Our ob-
servations both in the field and in captivity support
the former hypothesis: non-reproductive females at-
tract little interest from males.

Why do female vipers copulate only in years when

they undergo vitellogenesis and produce offspring?
Several answers are plausible, from the viewpoint of
both sexes. A male that courts and mates non-repro-
ductive females may thereby waste considerable time
and energy, as well as potentially costly semen (Ols-
son et al,, 1997). Courtship and mating may also ex-
pose the male to a higher vulnerability to predation
(Magnhagen, 1991; Madsen and Shine, 1993), and pos-
sibly sexually-transmitted disease (Williams, 1975).
The same factors may apply to females, with the add-
ed constraint that active courtship by a male is likely
to compromise the female’s ability to thermoregulate,
feed, and escape detection by predators (e.g., Slip and
Shine, 1988). The only advantage to either partner
from mating in a female’s non-reproductive year
would be in situations where long-term sperm storage
is feasible and opportunities for mating during the
female’s reproductive year are limited (Schuett, 1992).
Neither condition seems likely to apply to the aspic
viper population that we studied. First, long-term
sperm storage may well occur in this species, but is
unlikely to be important: we have recorded autumn
mating only very infrequently, and data on the closely
related Vipera berus suggest that long-term sperm stor-
age does not play a major role in the mating system
(Stille et al., 1986; Luiselli 1993; Hoggren and Tegel-
strom, 1996). Second, population densities of the
snakes in our study area are high enough for frequent
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male-female encounters during the mating season
(pers. obs. by GN, XB, MV, OL based on observations
of radio-tracked snakes).

An alternative approach would be to focus on prox-
imate rather than ultimate mechanisms. For example,
the act of copulation may directly stimulate vitello-
genesis, as it is believed to do in female garter snakes
(Gartska et al. 1985). Our data on aspic vipers do not
accord with this scenario. The female viper's “deci-
sion”, as to whether or not to reproduce is determined
almost entirely by the relative magnitude of her en-
ergy reserves (Bonnet et al,, 1994; Naulleau and Bon-
net, 1996). Reproductive females display characteristic
steroid profiles (high levels of circulating oestrogen)
soon after emerging from hibernation, before mating
(Bonnet et al, 1994). Thus, reproductive status is de.
termined prior to, and thus independently of, copu-
latory behaviour.

In summary, our extensive data set strongly chal-
lenges previous reports (Saint Girons, 1996 and earlier
papers) that female aspic vipers mate even during
non-reproductive years. Additional data on other spe-
cies are needed before we can assess the generality of
this result, and we encourage other workers to apply
the simple technique of oviduct-flushing to obtain re-
liable information for this «missing link» in snake re-
productive biology.
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Freshwater turtles are renowned for their capacity
to tolerate prolonged periods of apnea while sub-
‘merged. This ability stems from three physiological
traits; metabolic depression coupled with (1) high tol-
erance for anaerobic respiration and/or (2) non-pul-
monary O, uptake (Ultsch, 1989). Both terrestrial and
aquatic turtles have some capacity for extra-pulmo-
nary O, uptake (King, 1995). The relative importance
of extra-pulmonary uptake, however, differs interspe-
cifically. It is considered more important for turtles
during winter than summer, and some species have
been reported to maintain aerobic metabolism during
simulated underwater hibernation (Ultsch, 1989;
Ultsch and Jackson, 1995),

Some turtle species have remarkable morphological
adaptations that enhance their extra-pulmonary up-
take in water. These include the use of the buccopha-

ryngeal cavity, cloacal bursae, and skin (King and"

Heatwole, 1994). Absorption of oxygen from water
poses problems not encountered in air where oxygen
is 2040 times more plentiful, depending on temper-
ature and salinity (J. Graham, 1990). This shift in ox-
ygen availability in different media raises the question
of whether there are corresponding alterations in the
hemoglobins that transfer oxygen to body tissues.
Most ectothermic vertebrates, including turtles, pos-
sess multiple hemoglobins (Ingermann, 1992). Adap-
tations of hemoglobin in response to changing envi-
ronmental conditions have been identified in fishes
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(Hattingh, 1976; Tun and Houston, 1986) but less is
known about such changes in turtles,

The present study examines seasonal variation in
the hemoglobins of three species of turtles with life-
styles ranging from terrestrial to highly aquatic. The
musk turtle, Sternotherus odoratus (Kinosternidae), is a
highly aquatic species (Ernst, 1986) that rarely comes
out of the water and relies on extra-pulmonary O, up-
take to maintain aerobic respiration during hiberna-
tion (Ultsch, 1988). The eastern box turtle, Terrapene
carolina caroling, is a terrestrial species in the family
Emydidae, the other genera of which are aquatic (Carr,
1952). The spotted turtle, Clemmys guttata (Emydidae),
is intermediate between S, odoratus and T. ¢. caroling in
its degree of aquatic habitat use. It has annual periods
of terrestrial migration and terrestrial estivation and
hibernates underwater (T. Graham, 1995). The degree
of aquatic habitat use of these turtles correlates with
the relative importance of extra-pulmonary O, uptake
(King, 1995).

Three adults of each species were collected in
spring and summer, 1994; S. odoratus and T. ¢. carolina
from Wake County, North Carolina, and C. guttata
from Pamlico County, North Carolina. They were
housed in outdoor compounds with free access to
both water and dry land throughout the summer. The
turtles were allowed to hibernate in winter. Hibernat-
ing turtles were removed from outdoor hibernacula in
late January 1995 and taken to the laboratory to obtain
winter samples of blood. In the spring and summer
of 1995, five adults of each species were collected from
the same areas and kept for a short period as de-
scribed above for summer blood-sampling,

Blood samples (approx. 2 ml) were taken by hepa-
rinized syringe from a blood sinus dorsal to the 7th
cervical vertebra. Samples were immediately trans-
ferred to sterilized Vacutainer® tubes containing 0.048
ml 7.5% EDTA and chilled with ice before separation
of erythrocytes from the plasma. ;

At the time of blood collection, part of each sample
was transferred to a capillary tube and hematocrits
were determined. Differences between seasons for
each species were tested using Student’s t-test and dif-
ferences among species were tested using ANOVA
and Fisher’s protected least square difference (PLSD).

- Erythrocytes were separated, washed, and lysed.
Hemolysate was treated with aprotinin (24 pl/ml) to
prevent protein breakdown, 2-mercaptoethanol (1.8%
v/v) to prevent polymerization, and 0.1M KCN (5%
v/v) and 0.1M K,Fe(CN), (5% v/v) to convert hemo-
globins to cyanmethemoglobin (Braman et al, 1977;
Maginniss et al., 1980; Sullivan and Riggs, 1967). He-
molysate was either stored at 4°C for up to 24 h until
isoelectric focusing was carried out, or stored at
~70°C.

Hemolysate was subjected to isoelectric focusing
(IEF) using Phastsystem® electrophoresis equipment
and Phastgel™ IEF 5-8 media. Proteins were stained .
with coomassie blue and with benzidine/ peroxidase
(200 mg tetramethylbenzidine, 15 ml glacial acetic
acid, in 100 ml deionized water; 0.2% v/v peroxidase
was added immediately before staining) (adapted
from Gordon, 1969).

Proteins stained with coomassie blue were scanned
using an Apparatus Corp. EC-910 densitometer. The
relative abundance of each hemoglobin was calculated




