REPRODUCTION IN NEOTROPICAL PITVIPERS, WITH
EMPHASIS ON SPECIES OF THE GENUS BoTHROPS
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ABSTRACT: Data on reproductive cycles, sperm storage by females, and parthenogenesis are presented for multiple species of
Neotropical pitvipers of the genus Bothrops. Reproductive tracts of 13 species (B. alternatus, B. ammodytoides, B. bilineatus,
B. erythromelas, B. insularis, B. itapetiningae, B. jararaca, B. Jararacussu, B. leucurus, B. moojeni, B. neuwiedi, B. pradoi, and
B. taeniatus) were examined for stage of follicular maturation (non-vitellogenic vs vitellogenic), presence of spermatozoa in the
oviduct, and presence of muscular twisting and convolution of the uterus, referred to hereafter as uterine muscular twisting
(UMT), which is hypothesized to have a similar function as copulatory plugs described in other species of snakes. These data,
combined with published information, indicate that sexual activities (L.e., courtship, mating, and male-male fighting) occur
primarily in austral autumn (April to June). In females, follicular growth (e.g., vitellogenesis) and long-term sperm storage
(LTSS) occur in autumn and winter (July to September). Fertilization occurs in spring (October to December), and parturition in
summer (January to March), which is the rainy season. This reproductive cycle, which has obligatory LTSS and suggests a
biennial pattern in females, appears to be common in other species of viperid snakes. Our results show that similar reproductive
patterns were found in six of the main lineages of the genus Bothrops in South America, as well as in pitvipers of other genera
from temperate regions. Our preliminary conclusion indicates retention of an ancestral reproductive pattern, despite climatic

changes in original and current habitats.

INTRODUCTION

The reproductive biology of viperid snakes from
temperate regions has been studied extensively (e.g.,
Saint Girons, 1957, 1975, 1982, 1985; Fitch, 1970;
Blem, 1981; Duvall et al., 1982, 1992, 1993, Seigel
and Ford, 1987; Schuett, 1992; Schuett et al., this
volume), but few studies concern tropical taxa (e.g.,
Fitch, 1982). Of the Neotropical pitvipers, an
overview of the natural history of Bothrops asper
(Sélorzano and Cerdas, 1989), B. jararaca (Sazima,
1992), B. moojeni (Leloup, 1975, 1984), anecdotal
data on the biology of B. insularis (Amaral, 1921;
Hoge et al, 1959; Federsoni et al, 1987; Duarte et al,
1995), and recent information on Crofalus durissus
terrificus (Salomdo et al., 1995; Almeida-Santos and
Salomado, 1997; Almeida-Santos et al., 1998; Salomio
and Almeida-Santos, this volume) are among the few
studies available. Consequently, lack of information
on species of Neotropical pitvipers hinders robust
comparative analyses of snake mating systems (Seigel
and Ford, 1987; Duvall et al., 1992, 1993) and related
topics such as population dynamics (Vitt, 1987).

Several reproductive events are used to classify
(categorize) reproductive cycles. In females, the type
(or pattern) and timing of follicular maturation (i.e.,
primary and secondary vitellogenesis) and ovulation
are among the most important events (Aldridge 1979,
1982). Secondary vitellogenesis, the primary yolking
phase, requires more time for completion than primary
vitellogenesis (e.g., Dessauer and Fox, 1959). Further,
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the occurrence and duration of secondary vitellogenesis
are variable depending on species, time of year, dura-
tion of the active season, prey availability, and quantity
of fat reserves (Blem, 1981, 1982; Diller and Wallace,
1984; Macartney and Gregory, 1988; Macartney et al.,
1990; Duvall et al., 1992; Schuett, 1992; Naulleau and
Bonnet, 1996; Beaupre, this volume; Bonnet et al.,
this volume).

Another important event used to classify repro-
ductive cycles is seasonal timing of mating (Fitch,
1970; Shine, 1977a, b; Saint Girons, 1982; Schuett
and Gillingham, 1986; Seigel and Ford 1987; Schuett,
1992; Schuett et al., 1997b, this volume). Information
on mating periods has been used to infer onset and
development of vitellogenesis, spermatogenesis, and
hormonal production and secretion {(Crews, 1984,
1991; Crews et al 1984; Crews and Gans, 1992),
although these activities do not always coincide
(Schuett, 1992). In many species of viperids, for
example, females show the capacity of oviductal
sperm storage for prolonged periods (long-term sperm
storage, LTSS) prior to ovulation; hence, timing of
certain reproductive events (¢.g., mating and fertiliza-
tion) can be highly asynchronous (Schuett, 1992).
Finally, gestation and timing of parturition have been
used to infer reproductive cycles in snakes, but their
utility is limited due to the presence of LTSS by
females (Saint Girons, 1975, 1982: Schuett and
Gillingham, 1986; Gist and Jones, 1987, 1989;
Schuett, 1992). As a result of climatic conditions and
availability and abundance of resources (e.g., prey,
shelter), some authors have reported that reproductive
cycles of tropical snakes are (or may be) aseasonal
(Fitch, 1982; Vitt, 1983; Seigel and Ford, 1987).
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Table 1. Seasonal reproductive condition and occurrence of uterine muscular twisting (UMT) in 13 species of Bothrops, Crotalus durissus
terrificus, and three species of temperate pitvipers. Vitellogenic stage (S = secondary, P = primary). * = temperate zone species. ** = see

Figure 3 for austral seasons.

Species Vitellogenic stage UMT Date**
Bothrops ammodytoides S Yes No information
P Yes October
B. alternatus S Yes May to July
P Yes March and November
B. itapetiningae S Yes June
B. neuwiedi S Yes October
P Yes January
B. erythromelas P Yes January
B. jararaca S Yes April to September
P Yes September
B. insularis S Yes April to September
B. jararacussu S Yes May to September
P Yes July
B. bilineatus S Yes September
B. taeniatus S Yes o July
B. moojeni S Yes June
P Yes February and March
B. pradoi P Yes July and September
B. leucurus S Yes April
P Yes June
Crotalus durissus terrificus S Yes April to September
C. viridis* S Yes May
Agkistrodon contortrix* P Yes March and May
A. piscivorous™ S Yes May

Furthermore, obligatory LTSS is presumed to be
absent in tropical taxa (Saint Girons, 1982; but see
Schuett, 1992). Aseasonal reproduction in pitvipers,
however, is not supported by our data, and obligatory
LTSS, for example, has recently been described in the
Neotropical rattlesnake, Crotalus durissus terrificus
(Almeida-Santos and Salom&o, 1997).

Herein we review and describe reproductive pat-
terns of Neotropical pitvipers, with emphasis on species
of the genus Bothrops. We discuss timing of mating
and obligate LTSS during austral winter by females. In
addition, the evolutionary significance of LTSS is
discussed in the context of other viperid snakes.

METHODS

Female reproductive tracts of preserved museum
specimens (N = 196) of species of the genus Bothrops,
collected in different months, were inspected. We
recorded the presence or absence of vitellogenic folli-
cles in the ovary or mature oviductal ova, as well as
the overall condition of the uterus (e.g., indication of
past or recent activity). Live snakes (N = 162) brought
to our institution were sacrificed and examined for

reproductive condition. Cloacal smears were performed
to detect the presence of sperm (live or dead), and
hence, recent mating. Additional snakes (N = 200)
were maintained in captivity, either isolated or in
groups, and reproductive tracts of females were exam-
ined following parturition. From 1986 to 1998, we
recorded the number of juvenile and adult Bothrops
(both sexes) brought to our institution to infer seasonal
activity patterns. The seasonal frequency of animals
was evaluated by a randomized block analysis of
variance by rank (Friedman’s Test), followed by
Dunn’s multiple comparison test (Zar, 1984). Most of
the main lineages of Bothrops are included in this
analysis (see Salomdo et al., 1997, 1999). Information
for 13 species of Bothrops was analyzed and compared
to published data. Localities of specimens analyzed in
this study are presented in Table 4.

TIMING OF MATING AND MALE-MALE
FIGHTING

In many species of viperids, timing of mating is
dissociated from timing of fertilization (Table 2). This
can occur, for example, when mating occurs in late
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Table 2. Timing of mating, gestation (time from mating to parturition), and parturition dates for 12 species of the genus Bothrops. See

Figure 3 for austral seasons.

Species Mating Gestation (days) Parturition dates Reference
Bothrops alternatus May/June 173 March/April Araujo and Ely,1980
February July Pezzano, 1986
B. itapetiningae No information 300 March Nascimento and Brandao, 1998
B. neuwiedi May/June 283-356 March/April Chaves et al. 1993,
Alves et al., 1998; Almeida, 1999
B. erythromelas April/May 400 January/February Machado and Cotta, 1998
B. bilineatus July/August 191208 February Argolo, 1996
B. jararaca April/May 240-300 February/March/ Sazima, 1992;
April S. Almeida-Santos, unpublished
B. insularis July/August/September 120-150 March/April/June Amaral, 1921; M. Furtado and
O. Marques, pers. comm.
B. jararacussu May/June 200-300 March Lula et al., 1993; Marques, 1998b
B. moojeni March/April/May 200-300 December/January Leloup, 1975 )
February S. Almeida-Santos, unpublished
B. atrox March/April 161-343 April/May Fernandes et al., 1993
B. leucurus No information 80 January Lira-da-Silva et al., 1994, 2000;
147 January/April S. Almeida-Santos, unpublished
B. pradoi May — — G. Puorto, pers. comm.

summer and/or autumn, and fertilization occurs in
spring and/or summer (Schuett, 1992). In viperids,
© copulation can be preceded by certain social interac-
tions, such as male-male fighting (MMF) and pre-
copulatory guarding (Shine, 1978, 1994; Shine et al.,
1981; Andrén and Nilson 1981; Carpenter, 1986,
Andrén, 1986; Schuett and Gillingham, 1989; Duvall
et al., 1992, 1993; Aldridge, 1993; Madsen et al.,
-1993; Schuett, 1997; Almeida-Santos et al., 1998).
Generally, MMF occurs only during the mating
season(s), and its function, as we currently understand
it, is to establish dominant-subordinate relations for
priority-of-access to mates (Andrén, 1986; Madsen et
al., 1993; Schuett, 1996, 1997). Evidence thus far
indicates that MMF in viperids is activated and main-
tained by elevated levels of circulating sex steroids,
such as androgens and estrogens (Schuett et al.,
1997b, this volume), which are under the control of
the hypothalamo-pituitary-gonadal (HPG) axis (sce
Salomao and Almeida-Santos, this volume). In South
American taxa, autumnal and early winter MMF has
been described in C. d. terrificus (Santos et al., 1990;
Salomao et al., 1995; Almeida-Santos and Salomdo,
1997; Almeida-Santos et al., 1998) and in several
species of Bothrops. The species of Bothrops include
B. atrox (late March and April; Cardoso et al., 1993)
from the Amazon Basin, and B. moojeni (April and
May; Leloup, 1975; S. Almeida-Santos and M.
Furtado, unpublished) from central Brazil, and B.
leucurus from the Atlantic forest (early May; S.

Cardoso, pers. comm). These three populations belong
to the monophyletic B. atrox complex (Wiister et al.,
1997, 1999, this volume).

Male-male fighting tends to be expressed in taxa
where male-biased sexual size dimorphism occurs
(e.g., Agkistrodon, Bitis, Crotalus, Calloselasma,
Sistrurus, Trimeresurus, and Vipera) (Shine, 1978,
1994; Duvall et al., 1992; Greene, 1992; Almeida-
Santos et al., 1998). In many species of Bothrops,
however, there is a clear female-biased sexual size
dimorphism, as is the case in B. alternatus (Haller and
Martins, 1999), B. asper (Solérzano and Cerdas, 1989),
B. atrox (W. Wister, pers. comm.), B. itapetiningae
(Valdujo et al., 1999), B. jararaca (Janeiro-Cinquini et
al., 1992), B. jararacussu (Marques, 1998a), B. moojeni
(Leloup, 1975; Nogueira and Valdujo, 1999), and B.
neuwiedi pauloensis (Valdujo and Nogueira, 1999).
Interestingly, MMF has been documented in B. atrox
and B. moojent, two species where adult females attain
greater snout-vent length and mass than adult males.
This size and mass correlation is similar to that found
in European adders (e.g., Vipera berus; Andrén, 1986).

In many cases, the winner of a fight locates a
nearby female and copulates with her (Madsen et al.,
1993, Schuett, 1997). Mating has been recorded in late
austral summer and/or autumn in B. atrox (March and
April) (Fernandes et al., 1993), B. erythromelas (April
and May) (Machado and Cotta, 1998), B. jararaca
(April and May) (S. Almeida-Santos, unpublished)
and B. jararacussu (May and June) (Lula et al., 1993),
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Table 3. Mean litter size for 12 taxa of the genus Bothrops and Bothriechis schlegelii.

Species Mean number of offspring Reference
B. alternatus 6.6 Murphy and Mitchell, 1984
8 Leitdo-de-Araujo and Pezzarolo, 1974

12 Pezzano, 1986

B. neuwiedi 35 Murphy and Mitchell, 1984
13 Alves et al., 1998

B. n. pubescens “11.8 Almeida, 1999

B n. pauloensis 9.3 Valdujo et al., 2002

B. erythromelas 11 Lira-da-Silva et al., 1994

B. jararaca 10.7 Sazima, 1992
13.3 Breno et al., 1990

B. insularis 6.5 Hoge et al., 1959

B. jararacussu 13 to 37 Marques, 1998b

B. atrox 31 Alves et al., 1998

B. moojeni 144 Leloup, 1975

B. leucurus 15 Lira-da-Silva et al., 1994
8.5 Sant’ Anna et al., 2001

B. asper 8 Cruz et al., 1989
15 Sol6rzano and Cerdas, 1989

Bothriechis schlegelii 20 Antonio, 1980

B. moojeni (April and May) (Leloup, 1975), and B.
neuwiedi (March) (Almeida, 1999). In late autumn
(May to early June) and the onset of winter, mating
has been observed in B. neuwiedi (Chaves et al., 1993;
Alves et al., 1998) and B. pradoi (G. Puorto, pers.
comm.). In B. bilineatus, coitus has been observed in
July and August (winter) (Argolo, 1996), and in B.
insularis (Amaral, 1921), mating occurrs from July to
September (winter). In the former, however, observa-
tions were made in captivity, where temperature and
humidity are often held constant, and in the latter it is
not clear whether the observation occurred in nature
or captivity (Amaral, 1921). A field observation of
courtship between a male and an intersex (= female
with hemiclitoris) individual of B. insularis was
recorded in March, 2002 (M. Martins, pers. comm.;
see Fig 1); another observation of courtship between a
male and an intersex female, in a tree, was recorded on
25 July 1995 (mid-winter) (O. Marques, pers. comm.),
which emphasizes the arboreal habits of this species
(Amaral, 1921). Winter mating in B insularis may be
attributed to climatic conditions on Queimada Grande
Island, where this species occurs; climatic conditions
on the island are unusually constant, even in winter
(July to September) (Duarte et al., 1995). Captive
B. alternatus maintained outside Brazil (Northern
Hemisphere) mated in mid winter (F ebruary)
(Pezzano, 1986) (Table 2).

LONG-TERM SPERM STORAGE, UTERINE
MUSCULAR TWISTING, AND DELAYED
FERTILIZATION

Early reports inferred the existence of sperm storage
in female snakes, based on birthing events by captive
females after long periods of isolation from males
(Fox, 1977). Sperm storage is a common phenomenon
that occurs in lizards, snakes, turtles, and in other
ectothermic vertebrates such as fishes (Woodward,
1933; Atsatt, 1953; Fox, 1956, 1963; Stewart, 1972;
Gist and Jones, 1987; Kumari et al., 1990). In many
species of snakes from temperate regions, sperm stor-
age Is an important (even obligate), mechanism that
allows fertilization to be delayed (Fukada, 1986,
Schuett, 1992). Nevertheless, parturition occurs during
the most favorable time of the year for offspring survival
(Shine, 1977b; Vitt, 1983).

In some species of reptiles, reproductive cycles are
synchronized (e.g., maturation of male and female
gametes) and ovulation occurs shortly following
copulation (e.g., Duvall et al., 1982; Fitch, 1982).
This pattern is commonly observed in birds and mam-
mals, and characterizes a reproductive pattern where
events between the sexes tend to be coupled. Long-
term sperm storage (LTSS) and delayed fertilization,
on the other hand, represent uncoupling of reproduc-
tive events between the sexes, and permit mating in
one season and follicular development, fertilization,
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Fig. 1. Courtship interaction between a male and an intersex (= female with hemiclitoris) Bothrops insularis, recorded in situ, in

March 2002. Photo by Marcio Martins.

and parturition in another (Birkhead and Moller,
1993). Further, it may permit a female to lay several
fertile clutches of eggs from a single mating (e.g.,
Tryon, 1984; Marques, 1996).

In species of snakes from temperate regions, par-
ticularly pitvipers, mating can be restricted to summer
and/or autumn and sperm must be stored in the female
reproductive tract through winter, six (or more)
months prior to ovulation. When mating occurs only
in spring, sperm is stored in the oviduct for two to five
weeks prior to ovulation; this is categorized as short-
term sperm storage (STSS) (Hoffman and Wimsatt,
1972; Halpert et al., 1982; Schuett, 1992).

The duration of successful sperm storage by female
reptiles is, indeed, impressive. Nonetheless, few studies
show the exact location of stored sperm, and descrip-
tions of specialized structures in the oviduct of snakes
are limited (Hoffman and Wimsatt, 1972; Gist and
Jones, 1987, 1989; Saint Girons, 1982; Halpert et al.,
1982; Kumari et al., 1990; Schuett, 1992; Perkins and
Palmer, 1996; Almeida-Santos and Salomio, 1997).
The specific location of sperm storage in the female
differs among species and may include specialized

seminal receptacles located in the anterior uterus
(infundibulum) (Fox, 1956, 1977, Saint Girons, 1962;
Aldridge, 1992), or in the posterior regions of the
uterus, which can be convoluted and contracted
(referred to herein as uterine muscular twisting,
UMT). It appears that the function of UMT is similar
to that of a copulatory plug, which was first described
in temperate colubrid snakes, Nerodia and Thamnophis
(Devine, 1975, 1977).

In C. d. terrificus, ovulation in spring apparently
stimulates UMT to relax and influences spermatozoa
located in the posterior uterus to migrate anteriorly.
Histological analyses show that UMT is present for ca.
four months (winter; Almeida-Santos and Salomdo,
1997). Uterine muscular twisting apparently permits
C. d. terrificus to store sperm for only one season after
mating, and thus might explain the observation that
captive C. d. terrificus were unable to produce more
than one litter after isolation from males (Almeida-
Santos and Salomao, 1997).

The reproductive cycle of Bothrops is similar to
that described for certain species of Crotalus with
regard to the presence of obligatory LTSS in austral
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Table 4. Localities of specimens examined in this study.

Species Locality

Agkistrodon contortrix North Carolina and Texas, USA

A. piscivorous
Bothrops ammodytoides
B. alternatus

B. itapetiningae

B. neuwiedi

B. erythromelas

B. jararaca

B. insularis

B. jararacussu

B. bilineatus

B. taeniatus

B. moojeni

B. leucurus Bahia, Brazil
B. pradoi

Crotalus durissus terrificus

Goias, So Paulo, Brazil

Espirito Santo, Brazil

North Carolina and South Carolina, USA
Buenos Aires, Argentina

Minas Gerais, Rio Grande do Sul, Sdo Paule, Brazil
Distrito Federal, So Paulo, Brazil

Goias, Rio Grande do Sul, Sao Paulo, Brazil
Bahia, Pernambuco, Brazil

Parana, Sdo Paulo, Brazil

Queimada Grande Island: Sao Paulo, Brazil
Parand, Santa Catarina, S&0 Paulo, Brazil
Amazonas, Espirito Santo, Ronddnia, Brazil
Amazonas, Mato Grosso, Para, Brazil

Minas Gerais, Sdo Paulo, Brazil

New Mexico and Texas, USA

C. viridis

winter (July to September), UMT (Fig. 2), and
delayed fertilization until spring (October to
December). We observed the presence of UMT in
mated females of 12 species of Bothrops (B. alternatus
(N=17),B. ammodytoides (N = 6), B. bilineatus (N =
15), B. insularis (N = 7), B. itapetiningae (N=17),B.
jararaca (N =16), B. jardracussu (N =8), B. leucurus
(N = 5), B. moojeni (N=126),B. neuwiedi (N = 6), B.
pradoi (N = 21), and B. taeniatus (N = 13). All
females were examined in late autumn (June) and
winter (Table 1). Microscopic examination of the right
uterus showed the presence of live spermatozoa in all
animals. In most cases, females had mature (yolked)
follicles, evidence that secondary vitellogenesis was
complete (or nearly complete). Early yolk deposition
in Bothrops (e.g., B. jararacussu) can be observed in
follicles as small as 10 mm diameter from late March
to early September (J aneiro-Cinquini et al., 1993b). In
all species of Bothrops our study, embryonic develop-
ment was clearly visible from October to March
(spring and summer).

PARTHENOGENESIS

Parthenogenesis is a reproductive strategy docu-
mented in squamate reptiles, primarily in multiple
lineages of all-female populations (or nearly so) of
lizards and one species of typhlopid snake,
Ramphotyphlops braminus (Darevsky et al., 1985).
Schuett et al. (1997a) provided evidence that produc-
tion of embryos or offspring may occur in captivity by
facultative automictic parthenogenesis (FAP) in four

species of snakes in three different lineages. These
included two species of viperids (Crotalus horridus
and C. unicolor) and two species of natricine colubrids
(Thamnophis elegans and T. marcianus). Also,
Dubach et al. (1997) described a case of FAP in a
species of acrochrordid (dcrochordus arafurae).
Extreme cases of supposed LTSS in snakes, ranging
from four to seven years, may be examples of this
unusual type of parthenogenesis (Dubach et al., 1997;
Schuett et al., 1997a). Obviously, the results of these
two studies strongly indicate that re-examination of
published accounts of cases of LTSS in female reptiles
is required (M. Saloméo et al., unpublished).

Two species of Bothrops held in captivity pro-
duced embryos and offspring, highly suspected to be
through FAP. In January 1998, a 6-year-old female B.
moojeni, born in captivity and reared in the absence
of males, gave birth to two males, one alive and one
dead, three embryos in different stages of develop-
ment, and 46 unfertilized eggs. Cytological studies
carried out on both neonates showed that they were
diploid (Batistic et al., 1999). Production of diploid
males suggests that the mechanism is FAP (Schuett et
al., 1997a).

In 1995, an individual B. insularis maintained in
captivity at the Instituto Butantan for eight years and
isolated from males produced unfertilized eggs. Two
years later (April 1997) she produced a fully developed
offspring of normal appearance and 13 unfertilized
eggs. Unfortunately, data on karyotypes (to determine
ploidy) and sex were not recorded. It is well known,
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Fig. 2. Uterine muscular twisting (UMT) in Bothrops. (A) B. jararacussu: general view showing the uterus (U) and vagina (V) (x 2.0). (B)
B. jararacussu: detail of the junction (arrow) between the uterus (U) and the vagina (V) (x 3.5). (C) B. jararaca: segment of UMT (arrows)
(x 2.2). (D) B. jararaca: detail of the UMT that retains sperm during the winter (arrow) (x 7.5).
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Fig. 3. Percentage of juvenile snakes of the genus Bothrops that arrived at the Instituto Butantan between 1986 and 1998. B. alternatus
(N =193); B. cotiara (N = 2); B. fonsecai (N = 5); B. neuwiedi (N = 298); B. Jararaca (N = 4,675); B. jararacussu (N = 426); B. moojeni

(N = 503) and B. leucurus (N = 20).

however, that B. insularis, endemic to Queimada
Grande Island in the coastal area of the state of Sio
Paulo, Brazil, is unique among reptiles in that intersex
animals predominate (50%), males are less common
(40%), and true females (10%) are infertile (Hoge et
al., 1959; Mallmann-Franco and Franco, 1998). In this
case, as in unisexual populations of lizards (Cole,
1984; Dawley and Bogart, 1989; Nussbaum, 1980;
Volobouev et al., 1993), parthenogenesis would appear
to confer evolutionary advantages, and the capacity to
show FAP is highly plausible. Also, intersex females
have been recorded in B. jararaca, B. jararacussu,
and-B. moojeni (Mallmann-Franco and Franco, 1998,
1999), which suggest that this condition is more
widely present in Bothrops than previously thought.
Of'the species mentioned above, however, B. insularis
is the only one to show a low degree of fecundity,
since its litters are smaller than those of close relatives
(Hoge et al., 1959; see Table 3).

Several questions remain unanswered regarding
FAP. For example, if ovulation is stimulated by cop-
ulation, as is demonstrated in Old World vipers,
(Volsee, 1944; Nilson and Andrén, 1982; Andrén and
Nilson, 1987; Bona-Gallo and Licht, 1983; Luiselli,

1993), what would trigger ovulation in a system
where FAP occurs? Recently, we (Almeida-Santos
and Salomdo, 1999) showed that captive conditions
do not interfere with follicular development (e.g.,
vitellogenesis) in C. d. cascavella. In animals main-
tained for 29 years in the absence of males, copula-
tion was not an obligatory component for ovulation
in this and other rattlesnakes (C. d. collilineatus and
C. d. terrificus), and in B. leucurus (S. Almeida-
Santos, unpublished).

TIMING OF PARTURITION

Activity patterns and parturition have been inferred
based on the arrival of snakes (adults and neonates) at
the Instituto Butantan (for details, see Fowler and
Salomao, 1994; Reis-Duarte, 1995, 1997; Saloméo et
al., 1995; Marques et al., 2001). Data obtained over a
12-year period show a unimodal peak of activity of
Juveniles between late February (summer) and early
May (autumn), indicating that those periods are primary
birthing times in B. alternatus, B. cotiara, B. fonsecai,
B. itapetiningae, B. jararaca, B. jararacussu, B.
leucurus, B. moojeni, and B. neuwiedi (Fig. 3). In all
species investigated, there was a significant rate of
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recruitment in autumn (3> = 14.47, P <0.0023). These
data also coincide with the incidence of snakebite,
primarily B. jararaca, which peaks in late summer
(March) (Ribeiro and Jorge, 1990; Cardoso et al., 1993).

In captivity, births were more frequent in summer
and early autumn (Table 2). Parturition dates of B.
bilineatus in February (Argolo, 1996), B. erythromelas
in January and February (Machado and Cotta, 1998),
B. insularis in March (Amaral, 1921), February and
April (S. Almeida-Santos, unpublished) and early July
(M. Furtado, pers. comm.), B. itapetiningae in March
(Nascimento and Branddo, 1998), B. jararaca in
January and April (Sazima, 1992) and February,
March and April (S. Almeida-Santos, unpublished), B.
jararacussu in March (Lula et al., 1993; Marques,
1998b), and B. leucurus in January, February, March
and April (Lira-da-Silva et al., 1994, 2000; S. Almeida-
Santos, unpublished), and B. neuwiedi include
February, March, and April (Chaves et al., 1993; Alves
et al., 1998; Leitdo-de-Araujo et al., 1998).

In Brazil, austral summer coincides with the rainy
season, whereas autumn is coincident with the dry
season. During summer, climatic conditions (e.g.,
temperature, rain, humidity) and abundance of food
are highly favorable for the survival of juvenile snakes
(Fitch, 1987), which explains, in part, their increase in
activity during these months. Adult B. jararaca were
shown to be more active in summer (Sazima, 1988;
1992) as opposed to adult C. durissus from southeastern
Brazil, which are more active in autumn (Saloméo et
al., 1995). Accordingly, differences in activity pattern
may be related to feeding habits, since juveniles in
most species of Bothrops feed on amphibians, but later
show an ontogenetic dietary shift to rodents. An
ontogenetic change in diet, however, was not
observed in C. d. terrificus (Salomdo et al., 1995;
Sant’Anna, 1999) nor in B. alternatus, B. cotiara and
B. fonsecai, species that may feed exclusively on
mammals (Haller and Martins, 2000; Martins et al.,
this volume). Thus, mid summer and early autumn
birthing appears to be temperature-dependent for
normal development of embryos rather than as a
consequence of food availability.

Litter size in Bothrops is variable, but it is posi-
tively correlated with the size of the mother as shown
for B. itapetiningae (Valdujo et al., 1999), B. moojeni
(Nogueira and Valdujo, 1999), and B. neuwiedi
(Valdujo and Nogueira, 1999). Females likely grow
larger than males due to fecundity advantages (Shine,
1994). Litter size in B. jararacussu, one of the largest
members of the genus Bothrops, ranges from one to 73

(W. Fernandes, pers. comm.); average litter size in
Bothrops and Bothriechis is shown in Table 3.

REPRODUCTIVE CYCLES

The female reproductive cycle of Bothrops is
similar to that of several species of temperate vipers
(e.g., Luiselli, 1993; Andrén et al., 1997) and pitvipers
(e.g., Schuett, 1992). Briefly, the cycle in Brazil
begins with courtship and mating in autumn, sec-
ondary vitellogenesis occurs from early autumn
(April, dry season) to early spring (October), long-
term sperm storage (LTSS) in winter (July to
September), ovulation, fertilization, and embryogenesis
in spring (October to December) but in some cases
extends to early summer (January), and parturition in
late summer (March), the rainy season (Fig. 4). These

- events agree with those recorded for snakes from
‘temperate areas (Seigel and Ford, 1987, Shine,

1977b; Macartney and Gregory, 1988).

Biennial (or greater) reproduction in female snakes
is a consequence of energy reserves (i.e., body fat)
(Derickson, 1976; Plummer, 1983; Shine, 1986;
Naulleau and Bonnet, 1996; Beaupre, this volume;
Bonnet et al., this volume). Consequently, frequency
of reproduction (Bull and Shine, 1979) is dependent,
in part, on nutritional status (Blem, 1982; Macartney
and Gregory, 1988; Stearns, 1992).

Despite favorable climatic conditions and abun-
dance of food in many tropical regions (Fitch, 1982;
Vitt, 1983), the period between parturition (late
summer) and the potential onset of vitellogenesis (late
autumn to early winter) is relatively short. As a result,
this brief period prevents females from restoring body
fats necessary to initiate follicular yolking the same
year (Shiroma, 1993, Janeiro-Cinquini et al, 1995). In
captives, low energy reserves do not prevent female
Bothrops from mating soon after producing offspring
and storing sperm for the following season. A female
B. neuwiedi from Rio Grande do Sul copulated on 7
June 19935, and produced a litter on 21 February 1997
(Alves et al., 1998), which suggests LTSS. The
capacity to store sperm for more than one season
explains why some females examined soon after cap-
ture had UMT and live spermatozoa, but no yolked
follicles. In many cases, the presence of corpora lutea
(and the absence of secondary vitellogenesis) was an
indication of parturition the previous summer. The
ability to store sperm for more than one season might
be related to the presence of seminal receptacles in the
uterus (Graber, 1940; Fox, 1956; Darevsky, 1971;
Hoffman and Wimsatt, 1972; Halpert et al., 1982).
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Fig. 4. Representation of reproductive events in the genus Bothrops. *=data available only for B. jararaca (S. Almeida-Santos, unpublished).



Biology of the Vipers 455

(%)
100 ,

0

B. alternatys

| S

B Spring
B Summer
| Autumn

B. cotiara B. fonsecai B, itapetining

jedi B. jararaca B. leucurus

B, jararacussu

B moajeni

Fig. 5. Percentage of adult snakes genus Bothrops that arrived at Instituto Butantan between 1986 and 1998. B. alternatus (N =1156);
B. cotiara (N = 41); B. fonsecai (N =26); B. itapetiningae (N = 11); B. jararaca (N = 14,354); B. neuwiedi (N =1,398); B. jararacussu

(N =1,008); B. moojeni (N = 2,840) and B. leucurus (N = 24).

Additional information on the morphology of the
uterus of Bothrops is required to support this
hypothesis. The possibility of yearly mating in
Bothrops raises another question: what is the release
for mating when females are not reproductively active
(i.e., they are not undergoing secondary vitellogenesis)?

The above discussion reveals that LTSS is an
obligatory component of reproduction in Bothrops,
and that courtship, mating, and ovulation are dissoci-
ated (i.e., copulation occurs in autumn, and ovulation
occurs 1in spring). The existence of LTSS in winter
conveys an-extended reproductive cycle, which is
sometimes misinterpreted as a long gestation period
[e.g., B. jararaca (Janeiro-Cinquini et al., 1993a;
Marques, 1998b), B. Jararacussu (Marques, 1998h),
B. moojeni (Leloup, 1975), and B. neuwiedi (Almeida,
1999); see Table 2].

Due to the lack of detailed information on male
reproductive cycles in tropical snakes some authors
have tentatively proposed that they are aseasonal
(Fitch, 1982; Seigel and Ford, 1987). The male cycle
(or parts thereof) has been described in several tem-
perate viperids (e.g., Crotalus atrox, C. d. terrificus,
C. scutulatus, C. viridis, and Agkistrodon piscivorous;
see Aldridge, 1975; 1979; Jacob et al., 1987; Johnson
et al., 1982 Saint Girons, 1982; Goldberg and Rosen,

¢

2000; Holycross and Goldberg, 2001; Schuett et al.,
this volume).

The onset of the spermatogenetic cycle in C d.
terrificus occurs in early spring, spermatogenesis is
completed in summer and early autumn, and sperma-
tozoa are stored in the ductus deferens throughout the
entire year (Almeida-Santos and Salomdo, this volume),
which suggests that males are capable of copulating at
any time (Almeida-Santos et al., 1998). In Bothrops
Jararaca, testis mass is greatest in summer, and
mobile spermatozoa in the ductus deferens is present
year-round (Janeiro-Cinquini et al, 1993b). Tentatively,
we suggest that this indicates a pattern of spermatoge-
nesis similar to that of the Neotropical Rattlesnake,
Crotalus durissus. Presence of mobile (live) sperma-
tozoa in the ductus deferens year-round was also
found in B. neuwiedi (Almeida, 1999).

Reproductive events such as male-male fighting
and mating in Bothrops are seasonal. During periods
of sexual activity, the number of snakes captured in
nature and received at the Instituto Butantan increases
(for details, see Salomdo et al., 1995; Marques, 1996).
In a 12-year period, our analyses show that (Fig. 5)
autumn and summer are the predominant seasons
when adult Bothrops are collected (O =11.02; P <
0.01), which is most likely due to increased activity
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from reproduction and foraging. Moreover, as indicated
above, the incidence of snakebite to humans is higher
during this period (Ribeiro and Jorge, 1990; Lira-da-
Silva and Carvalho, 1999). Autumnal and early winter
activity peaks have been observed in B. alternatus
{Mesquita and Brites, 1999) and B. insularis (Duarte,
1999), whereas in B. atrox the active season is in mid
summer and autumn (Oliveira and Martins, 1999), and
in C. durissus it is in autumn. For the above-mentioned
species, these activity peaks coincide with mating and
male-male fighting in captivity (Salom#o et al., 1995;
Almeida-Santos et al., 1998). Copulation in captivity,
however, has been observed in winter (Table 2), but
this is likely a consequence of captive conditions, such
as constant temperature and abundance of food. Under
stable (predictable) environmental conditions, captive
snakes should be able to reproduce at times outside of
their typical reproductive cycle (Vitt, 1983).
Nonetheless, as in nature, mating occurs months prior
to ovulation and obligate LTSS is present.

In conclusion, 13 of 30+ species of the genus
Bothrops show seasonal reproduction, the presence of
UMT and LTSS in winter. Species of Bothrops, such as
B. asper in Costa Rica (Solorzano and Cerdas, 1989),
and related genera, such as Cerrophidion godmani in
Central America (Campbell and Solérzano, 1992),
Porthidium yucatanicum in Mexico (McCoy and
Censky, 1992), and captive Bothriechis schlegelii
(Antonio, 1980) show similar patterns in reproduction.
Widespread occurrence of similar reproductive charac-
ters indicates a pattern for the entire complex, which
has been observed in true vipers that mate in autumn
(e.g., V. aspis, V. latastei, V. seoanei; see Luiselli,
1993), and temperate pitvipers (e.g., Agkistrodon,
Crotalus, and Sistrurus; see Schuett, 1992). Our dis-
covery of UMT during winter in Agkistrodon contortrix
(N =3), A. piscivorous (N = 11), and C. viridis (N = 5)
suggests that the timing of mating (summer and
autumn, with subsequent obligatory LTSS) is a con-
served ancestral trait in this group of snakes (Schuett,
1992). Accordingly, when sufficient data become
available, comparative phylogenetic analyses will be
performed to analyze this and similar problems.
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