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Mating Behavior of Xenopus wittei (Anura: Pipidae)

G. JOUN MFASEY AND RICHARD C. TINSLEY

Spawning behavior in the Pipidae has been
reported by many authors during the past 100
years. The first accounts comprised anecdotal
commentaries (Leslie, 1890; Bles, 1901, 1905)
of African Xenopus laevis. Half a century later,
observations were made of South American
Pipa pipa, now well known for its development
of young in pockets on the mother's back (Rabb
and Snedigar, 1960). Rabb and Rabb (1960) re-
ported the first descriptions of spawning in P,
pipa, including egg laying during midwater som-
ersaults. The “turnover” was initiated by the fe-
male and described as a “sideways upward
movement, a momentary pause in a horizontal-
ly upside-down position, and a head-first return
to the tilted resting position.” During this ma-
neuver, the male and female cloacae are
brought close together, and three to five eggs
are laid while the pair is horizontal. On descent
the male, with arched back, makes inward
thrusting movements, transferring the eggs an-
teriorly where they become implanted into the
female’s swollen dorsal epidermis. Although the
implanted eggs on the back of female P pipa
undergo direct development, those of P carval-
hoi hatch as tadpoles which then complete their
development in(l('pcn(lcnlly. Weygoldt (1976)
described the mating of P carvalhoi, recording
similar behavior to Rabb and Rabb (1960) but
with greater detail of the male's maneuvering
eggs onto the back of the female and reducing
them to a single layer with a sweeping kick.

Olsson and Osterdahl (1960) reported similar
turnovers in Hymenochirus boettgeri, a pipid from
West Africa which is believed to be more closely
related to Pipa than to sympatric Xenopus (Can-
natella and Trueb, 1988). More detailed de-
scriptions followed (Osterdahl and Olsson,
1963; Rabb and Rabb, 1963), describing terri-
toriality, calling, and mating behavior. In H.
boettgeri, the turnover sequence begins with the
amplexed female swimming to the surface. The
pair then twists into an upside-down position,
and both cloacae are brought above the water
while eggs are laid into the surface film (less
than 10 eggs per turnover according to Oster-
dahl and Olsson, 1963; one to 12 eggs accord-
ing to Rabb and Rabb, 1963). The pair then
comes out of the upside-down position by a turn
through the female’s longitudinal axis and re-
turns to the substrate. Sokol (1962) observed
similar spawning movements in H. curtipes.
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Studies of the other two African pipid genera
have included observations of turnovers in Pseu-
dhymenochirus (Rabb and Rabb, 1963). Swisher
(1969) briefly described turnovers for X tropi-
calis, another West African pipid, to be similar
to those of P pipa and H. boettgeri. Movements
were reported as a halforoll, oviposition, and a
half-roll in the opposite direction, the eggs re-
maining at the water surface. This behavioral
characteristic was included by Cannatella and
Trueb (1988) in their evidence for the separa-
tion of X tropicalis and X, epitropicalis in a dis-
tinct genus Silurana, closer to Hymenochirus and
Pipa than to Xenopus. Turnovers have not been
reported in the other lineage of species, re-
ferred by Cannatella and Trueb (1988) 1o a sep-
arate genus, Xenopus (sensu stricto). Swisher
(1969) noted that X. laevis and X, muelleri, kept
in the same conditions as X, tropicalis, deposited
eggs only on rocks and plants. This paper fol-
lows the nomenclature of Kobel et al. (1996)
who proposed Silurana as a subgenus of Xeno-
pus.

Most accounts of breeding behavior in Xeno-
pus concentrated on X. laevis (Leslie, 1890; Bles,
1905; Picker, 1983). Other works concerned the
mechanisms of the behavior (Russell, 1954,
1960) and the stimulus for spawning (Berk,
1938; Balinsky, 1969; Savage, 1971). Most labo-
ratory studies used hormone injections to stim-
ulate spawning. The only description of breed-
ing behavior in wild X. laevis came from a feral
population in California (McCoid, 1985).
McCoid noted that lack of observations of wild
populations in Africa may be because X. laevis
typically inhabits turbid conditions (also see
Picker, 1980). Such turbid conditions are typical
for many of the Pipidae (Tinsley et al., 1979;
Tinsley et al., 1996).

This study is based on X. wittei, an octoploid
(2n = 72) species (Tinsley et al,, 1979; Kobel et
al, 1996) from highland areas of Uganda,
Rwanda, and Zaire: wittei is related to the laevis
and fraseri groups (Kobel et al., 1996) in the
subgenus Xenopus. We describe, for the first
time, the mating behavior of X. wittei from ob-
servations of wild-caught pairs in uninduced
spawnings.

Materials and methods—Five female and two
male X. wittei collected in Cyamudongo, Rwan-
da, in 1992, were kept in naturalized conditions
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in a glass aquarium 1.2 m long, 0.35 m wide and
0.5 m high. Voucher specimens were deposited
in the British Museum (Natural History) collec-
tion (BMNH 1996. 226-231). The water was
maintained at a temperature of 15 C (* 1) and
a depth of 0.13 m (55 liters) over a gravel sub-
strate, with large stones and spiked water mill-
foil (Myriophyllum spicatum). For over a year, spo-
radic matings occurred after the tank was
topped up with water or during sunny condi-
tions. A regular diet of chopped beef steak was
supplemented by crickets (Achaeta domesticus).
There was a noticeable increase in the appetite
of females prior to mating. Eggs were deposited
on stones, on the vegetation, and on the glass
walls of the tank. Many eggs were removed from
the tank and reared separately. Duckweed (Lem-
na minor) was then introduced to the tank and
grew to cover most of the water surface during
the winter months when no matings were ob-
served.

For studies of mating behavior, the movement
of X. wittei was recorded with an NAC 400 high
speed video camera through a 55 mm Micro
Nikkor lens at 200 frames per second with syn-
chronized stroboscopic lighting. The images
were analyzed with (and drawings made from)
Hi-8 tape archived from the camera and using
acetates drawn from single frames. Stlls were
taken with Ilford FP4 at 1/250 sec with synchro-
nized flash, using a 55 mm Micro Nikkor lens.

Sound recordings were made with a Sony Pro-
fessional Walkman (WM D6C) and a Sony ste-
reo microphone (ECM 909A) enclosed in a
rubber sheath (Durex Gossamer) lowered into
the water. Sonograms were analyzed on a Digital
Sound Processing Sonagraph (Kay Elemetrics,
5500, 512pt. fast fourier transformer, 400 Hz fre-
quency resolution).

Observations were made of over 20 matings
from February to May 1995. Sunrise and sunset
in Bristol were at 0750 h and 1700 h, respec-
tively, at the start of this period, and at 0500 h
and 2115 h at the end (all imes GMT). Natural
light levels and times were occasionally supple-
mented by laboratory lighting. High speed vid-
eo recordings were made of two matings, and
still photos taken of another. Sounds were re-
corded from three matings.

Results—Pre-amplexus: The two males took up
a waiting stance in the evening (1600-1700 h),
their feet resting on and their arms and digits
splayed 10 mm above the gravel, their gloves
clearly visible. In this position, the males called
in bouts of about 10 sec with repeated short
trills. The females remained motionless at the
water surface, among weed or under rocks.
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Males swam slowly about the tank calling, often
coming to rest near another individual. If a fe-
male made any sudden move in the vicinity of
a male during this period, a chase would occur.
The chased female would flee under rocks or
into weed. The males also clasped each other,
but in this case release occurred immediately.

Amplexus: A grasped female elicited two al-
ternative responses. If the female was not recep-
tive and the male managed to contact her, she
immediately took up a rigor stance, often allow-
ing her body to fall to the bottom of the tank
and even turn upside down. The female gave a
shrill sound, termed the “‘release call” (Picker,
1980) and did not resume normal behavior un-
til the male retreated. The male continued to
call and again took up the waiting stance. Fe-
males giving a rigor stance when males first
clasped them might accept a mating attempt lat-
er in the same evening. When the feinale was
receptive, the male grasped her in an inguinal
amplexus. The female initially tried to escape
and went into a partial rigor stance. However,
she did not stop swimming, as before, but
moved her body from the amplexed point in a
lateral motion, jerking 40° to each side. In one
instance, this jerking behavior lasted 4 min.
During this time, the male would occasionally
give a tremor, bobbing with his head and tight-
ening his grip four to five times in quick suc-
cession; this movement was accompanied by a
call.

Ultimately the female became calm and pe-
riodically went to the surface to breathe. She
would often rest suspended in this position (Fig.
1a) or on the bottom (Fig. 2s). To breathe while
the female was at the surface, the male had to
loosen his grip. When the female rested, the
male began jerking pumping movements, tight-
ening his grip at the same time as depressing
his head. At this time, the male frequently swept
his hind foot over the female’s head, which of-
ten had the effect of changing her orientation.
In Figure 1, the outside portion of the male’s
foot can be seen to scrape between the eye and
mouth of the female, but no consistent pattern
of foot sweeping was observed. The amplexed
pair remained in a calined state for some hours
(generally starting at 1800 h for up to 10 h),
resting on the bottom or at the surface. When
live crickets were offered to all animals in the
tank, amplexed females were noted to take
them readily, but males in amplexus were never
observed to eat.

Oviposition: Figure 2 shows the general char-
acteristics of the three turnover sequences
filmed. Eggs were deposited at various points on
the turnover in horizontal, vertical, and invert-
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Fig. 1. Male Xenopus wittei (shaded) makes a sweeping kick over the head of the female while continuing
to grasp in an inguinal amplexus. At (a), the female is resting at the surface, but her orientation is changed
by the end of the maneuver, and in the following frames she continues to swim to the bottom of the tank.
Drawn from frames of high speed video recordings at 0.1-sec intervals.

Fig. 2. Three sequences of turnover ovipositions by Xenopus wittei (male shaded). (a-j) shows a turnover
followed by oviposition in a horizontal position onto gravel at the bottom of the tank. (a, c-h, k) shows a
vertical oviposition onto glass walls of the tank, followed by a turnover. (a-b, l-s) shows an inverted oviposition,
under L. minor thalli, followed by a turnover, and the pair resting on the bottom (s). Drawn from frames of
high speed video recordings.
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ed positions. Usually one egg (maximum ob-
served = 3) was laid per turnover. Figure 2a—j
shows a substrate (horizontal) laying turnover,
whereas Figure 2a, k,c—h shows the female ovi-
positing onto the glass walls of the tank or onto
strands of M. spicatum (vertical). Figure 2a-b,
l-r shows a turnover in which eggs are deposit-
ed on the ventral surfaces of L. minor thalli (in-
verted). In this turnover sequence, the pair
swam first from the bottom to the surface (Fig.
2b). At the surface, the female pushed aside the
L. minor thalli with her forelimbs to breathe
(Fig. 21). She then instigated a move down from
the surface, and the pair turned laterally about
their longitudinal axis into the inverted position
(Fig. 2m). Laying then occurred (Figs. 2n) as in
horizontal or vertical positions but with the fe-
male seeming to put more effort into her per-
pendicular strokes. When more than one egg
was to be laid, the pair remained in the inverted
position. The male relaxed his cloacal position
slightly while the female used her forelimbs to
“walk” under the weed. When the last egg was
laid, the female's cloaca was moved down from
the L. minor thalli, and, as she stopped the fan-
ning of one of her feet, the pair rolled back to
the horizontal position (Fig. 20). At no point
during oviposition or turnovers were any sounds
recorded from the amplexed pair.

Before and after turnover sequences, the pair
either returned to the bottom of the tank where
they rested on the substrate (Fig. 2s) or else
hung at the surface (Fig. 21). During turnover
sequences, the female made all the postural ad-
justments for the direction moved by the pair
and for the laying site. It can be seen in Figure
2c¢ that the female's lett leg is pushed out o
turn the pair out of the ascent and again in Fig-
ure 2g that the female’s right foot turns the pair
out of the descent. The feet of the male during
all turnovers were kept splayed and did not con-
tribute to the swimming effort. Female X. wittei
in the aquarium were often observed to ingest
eggs, including the ovipositing female who ate
any eggs (including her own) whenever they
were encountered.

. The laying procedure began with the female
selecting an oviposition site, during which the

couple both swam with short strokes. At the se- -

lected site, the female depressed her cloaca,
forcing her head up and giving a more hunched
appcarance; she also moved her feet so that she
was pushing water perpendicular to the ovipo-
sition surface. This was a cue for the male o
bring his cloaca closer to hers and to orient his
feet so that a backward current was produced.
The fanning of the feet was synchronized and
the egg always released on a down stroke. The
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egg passed along the males’ genital fold and ad-
hered to the substrate. This sequence was re-
peated in all orientations, including the invert-
ed position. Eggs collected and subsequently
reared separately were all viable.

In a separate spontaneous mating (16 May
1995), the water level was very low (depth 110
mm). The couple was observed laying eggs in
horizontal and vertical positions for over an
hour. No attempt was made by the pair to lay in
an inverted position or to perform turnovers.
The combined body length of the pair resting
at the surface (from female snout to male feet)
was around 95 mm. At this point, dechlorinated
water (at 15 C) was added to the aquarium, in-
creasing the depth by 50 mm. The amplexing
couple was disturbed and rested on the sub-
strate for around 10 min. They then began to
resume laying in horizontal positions and after
5 min were laying in an inverted position onto
the ventral surface of the L. minor thalli. Re-
peated turnovers were observed 20 min after
the addition of the water.

{

Discussion.—Although X, laevis is one of the
most intensively studied anurans, its reproduc-
tive behavior has been largely neglected. The
few existing studies have been derived from
spawnings induced under laboratory condi-
tions. Descriptions of mating behavior are lack-
ing among the subgenus Xenopus and have in-
stead concentrated upon the genus Pipa, which
is characterized by elaborate mating procedures
and parental investiment. There are very few re-
cords of spontaneous mating in laboratory-
maintained Xenopus species (for instance Tin-
sley, 1995), and this explains why many existing
accounts (Picker, 1980, 1983; Vigny, 1979) have
used animals injected with gonadotrophins to
stimulate reproductive behavior. Hormonally in-
duced X laevis deposit large numbers of eggs
rapidly, greatly in excess of those that would oc-
cur naturally, and these have considerably lower
viability (McCoid and Fritts, 1995). In this study,
mating occurred spontaneously, eggs were laid
individually during an extended period, and all
eggs collected were viable. It is possible that oth-
er aspects of mating behavior, including call
characteristics, are similarly affected by gonad-
otrophin injections.

This account details the reproductive behav-
ior of X. witter. During courtship, males called
and chased females which subsequently fled
and hid. Once a female was grasped, she either
rejected the male by adopting a rigor stance or
eventually accepted him. In amplexus, the male
swept his foot over the head of the female (Fig.
1) during a period of calm prior to laying. Ovi-
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position occurred in three orientations (veru-
cal, horizontal, and inverted) during a turnover
(Fig. 2). High speed video allowed observations
which demonstrated that the female leads in all
laying maneuvers. Each of these behaviors is to
some extent shared with other species in the
Pipidae. Comparisons incorporating a review of
the literature are shown in the Appendix.

A detailed description of unsuccessful clasps
has been well reported elsewhere (Russell,
1960) using X. laevis in aquaria. Rabb and Rabb
(1963) quoted Noble .and Putman’s (1931)
study of Ascaphus truei to suggest that the tonic
immobility of the female allows the male to se-
cure a better grip. However, Noble and Aron-
son’s (1942) study of Rana pipiens suggested that
the tonic posture is to simulate a nongravid fe-
male. The tonic posture appears to be a female
rejection stance in the Pipidae, a female makes
the region clasped by the male very thin by ex-
tension of the pelvis and the hind limbs. The
delay after a successful grasp has occurred and,
before the onset of oviposition (about 10 h),
may correspond to a period during which the
female ovulates (but also see Aronson, 1944).
Shapiro (1935) showed that ovulation had not
occurred in hormonally induced X. laevis before
or just after grasping. Leslie (1890) found that
a female that had been separated during initial
amplexus oviposited alone, but Russell (1960)
claimed that no spontaneons ovulation oc-
curred in X. laevis. On the other hand, Rabb
and Rabb (1965) noted oviposition in X. laevis
females kept in isolation and exposed to male
calls. Rabb and Rabb (1960) considered that the
prolonged period of amplexus before oviposi-
tion in P pipa (at least 24 h) corresponded to a
tumescent build up of the dorsal epidermis of
the female, but this period may also incorporate
ovulation,

Postural adjustments have been noted by
many workers describing pipid mating behavior.
Rabb and Rabb (1963) noted that a breath is
sometimes taken prior to inverted laying by H.
boettgeri. This breath in X. wittei may have a func-
tion 6 buoy up the body of the female during
oviposition. Rabb and Rabb (1960, 1963) and
McCoid (1985) described small swimming
movements with the legs brought close to the
body in both sexes. This was observed in all of
the X. witte layings: the feet were oriented up-
ward (Fig. 2jk,n), and when this occurred,
there was no forward propulsion of the couple.
Rabb and Rabb (1963) described this move-
mentin H. boetigeri as having a “balancing func-
tion.” In X. witter, the same movement was ob-
served at the substrate where balancing would
not be necessary. In all positions (horizontal,
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vertical, and inverted), the female moved her
feet out of the way of the male and oriented her
strokes perpendicular to the pair, thus keeping
her cloaca close to the substrate. The fanning
by the male facilitated the movement of the egg
along the male’s genital fold and kept the emis-
sion of sperm in the same area as the egg, max-
imizing the possibility of fertilization. Although
no emission of sperm could be detected in the
film, in vivo observations showed a thin white
streak of fluid emanating from the male and
traveling in a line directly toward the egg.

There are differing explanations in the liter-
ature that correspond to the forward kick of the
male (Fig. 1). A similar movement has been re-
corded for P pipa, P carvalhoi, H. boettgeri, Ps.
merlini, X. laevis, and now for X. wittei (Appen-
dix). Rabb and Rabb (1960) suggested that this
action compressed the female P pipa and stim-
ulated her to complete the laying. Weygoldt
(1976) observed that the forward kick kept the
eggs in one layer on the back of female P car-
valhot. In H. boettgeri, the forward kick was noted
to occur soon after initial amplexus (described
as “stroking” by Rabb and Rabb, 1963, and as
“movement 5" by Osterdahl and Olsson, 1963).
Osterdahl and Olsson offered no explanation
for this behavior, but Rabb and Rabb regarded
“stroking as ‘primarily stimulatory.” The effect
of the forward kick in X. wittei seems to be stim-
ulatory, changing the orientation of the female
while she is quiescent. Rabb (1973) listed five
basic components to anuran courtship. Despite
the variations associated with inguinal amplexus
and turnovers, all the components recorded in
the rest of the Pipidae are represented in X
wittei (Appendix).

The pattern of calls made by X. wittei are in
general agreement with the description of the
phonoresponse of breeding X. laevis by Picker
(1980). However, a specific amplectant call
(Picker, 1980) was not recorded; instead males
continued their mating calls while in amplexus.
The mating calls of male Xenopus are consid-
ered to be species specific (Vigny, 1979), and
our recordings agree with those given for X. wit-
tei by Kobel et al. (1996).

It is considered that the genus Xenopus in-
cludes two distinct lineages. Cannatella and
Trueb (1988) proposed that these represent
separate genera, Xenopus and Silurana, mainly
based on morphology and osteology, with some
behavioral and reproductive characteristics.
They argued that Silurana is closer to Pipa, Hy-
menochirus, and Pseudhymenochirus than to other
Xenopus. The occurrence of turnovers was re-
garded as a synapomorphy among these genera,
not found in the genus Xenopus (sensu stricto).
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The importance of behavioral observations to
taxonomic relationships has been discussed by
de Queiroz and Wimberger (1993; see also
Duellman, 1985 and references therein). With-
in the Pipidae behavioral characteristics have
been included in the separation of genera (Can-
natella and Trueb, 1988). de Sa and -Hillis
(1990) showed that, on the basis of nuclear ri-
bosomal DNA sequencing, Silurana is more
closely related to Xenopus than to Hymenochirus
and Pipa. Cannatella and de Sa (1993) suggest-
ed that the observations made by Swisher
(1969) are “possibly in error,” thus increasing
the support for Silurana being closer to Xenopus.
However, our demonstration that turnovers oc-
cur in X. wittei, an allopolyploid with a hybrid
origin presumed to have included X. fraseri and
X. laevis (Tinsley et al., 1979; Tymowska, 1991),
suggests that inverted oviposition may have
been present in one or both of the two pre-
sumed ancestral species lineages.

There is some anecdotal documentation that
aquarium-maintained X. laevis also oviposit in
an inverted position (Sughrue, 1969). This evi-
dence suggests that the observations of Swisher
(1969) should be accepted. Indeed, it is now
clear that these behavioral traits are shared
characters of all the pipid lines. Swisher (1969)
noted that turnovers did not occur when X. lae
vis or X. mulleri were kept in aquarium condi-
tions, similar to those used for X. (S.) tropicalis.
In most laboratory studies, aquaria are not pro-
vided with floating vegetation, and thus main-
tenance conditions may inhibit natural behav-
ior, including turnovers.

There may be advantages to laying eggs in an
inverted position near the water surface. This
position may have temperature, pH, and dis-
solved oxygen concentrations favorable to de-
velopment of the eggs and may make eggs in-
accessible to benthic predators. Plants that are
free floating, or break away from their stems,
may also help distribute eggs to other areas in
large water bodies aiding dispersal and reduc-
ing cannibalism. Small floating plants, such as
L. minor, are also reputed to be carried by wa-
terfowl to other wetland areas. In this account,
it is shown that, given sufficient water depth and
the presence of floating weed in an aquarium,
amplexed X. wiltei exhibits turnovers during
which females may lay eggs in an inverted po-
sition. The significance of these novel observa-
tions warrants further work, both in the labo-
ratory and in the field, into mating behavior of
other members of the Pipidae.

Acknowledgments.—This work was supported by a
Natural Environment Research Council stu-

COPEIA, 1997, NO. 3

dentship and NERC grant GR9/632. The au-
thors wish to thank H. H. Hinkel for collection
of X. wittei specimens used in this study. Special
thanks to T. Colborn for technical assistance
with figures.

LITERATURE CITED

ARONSON, L. R. 1944. Breeding Xenopus laevis. Am.
Nat. 78:131-141.

BALINSKY, B. I. 1969. The reproductive ecology of am-
phibians of the Transvaal Highveld. Zool. Afr. 4:
37-93. .

BERK, L. 1938. Studies in the reproduction of Xenopus
laevis. 1. The relation of the external environmental
factors to the sexual cycle. S. Afr. J. Med. Sci. 3:
72-717.

Bres, E. J. 1901. On the breeding habits of Xenopus
laevis, Daudin, Proc. Camb. Phil. Soc. 11:220-222

. 1905. The life history of Xenopus laevis, Dau-
din. Trans. R. Soc. Edin. 41:789-821.

CANNATELLA, D. C., AND R. O. pE SA. 1993, Xenopus
laevis as a model organism. Syst. Biol. 42 :476-507.

\( AND L. TrueB. 1988. Evolution of pipoid
frogs: intergeneric relationships of the aquatic frog
family Pipidae (Anura). Zool. J. Linn. Soc. 94:1-38.

DE QUEIROZ, A., AND P. H. WiMBERGER. 1993. The use-
fulness of behavior for phylogeny estimation: levels
of homoplasy in behaviorai and morphological
characters. Evolution 47:46-60.

DE SA, R. O., AND D. M. Hitus. 1990. Phylogenetic
relationships of the pipid frogs Xenopus and Silur-
ana: an integration of ribosomal DNA and mor-
phology. Mol. Biol. Evol. 7:365-376.

DUELLMAN, W. E. 1985. Reproductive modes in an-
uran amphibians—phylogenetic significance of ad-
aptation strategies. S. Afr. J. Sci. 81:174-178.

KoseL, H. R., C. LoUMONT, anD R. C. TinsLEY. 1996.
The extant species, p. 9-33. In: The biology of Xen-
opus. R. C. Tinsley and H. R. Kobel (eds.). Oxford
Univ. Press, Oxford.

LEsLIE, J. M. 1890. Notes on the habits and oviposi-
tion of Xenopus laevis. Proc. Zool. Soc. Lond. 1890:
69-71.

McCoip, M. J. 1985. An observation of reproductive
behavior in a wild population of African clawed
frogs, Xenopus laevis, in California. Calif. Fish Game
71:245-246.

, AND T. H. Fritrs. 1995. Female reproductive
potential and winter growth of African Clawed frogs
(Pipidae: Xenopus laevis) in California. Ibid. 81:39-
42.

NosLE, G. K., anp L. R. ARONSON. 1942, The sexual
behavior of the Anura. 1. The normal mating pat-
tern of Rana pipiens. Bull. Am. Mus. Nat. Hist. 80:
127-142.

, AND P. G. PuTMAN. 1931. Observations of the
life history of Ascaphus truei Stejneger. Copeia 1931:
97-101.

OussoN, R., AND L. OsTERDAHL. 1960. Aquarium be-
havior and breeding of Hymenochirus. Nature 188:
869.




MEASEY AND TINSLEY—XENOPUS WITTEI MATING BEHAVIOR

OSTERDAHL, L., AND R. OLSSON. 1963. The sexual be-
havior of Hymenochirus boetigen. Oikos 14:35—43.
PICKER, M. D. 1980. Xenopus laevis (Anura: Pipidae)
mating systems—a preliminary synthesis with some
data on the female phonoresponse. S. Aft. ]. Zool.

15:150-158.

. 1983. Hormonal induction of aquatic phon-
otactic response of Xenopus. Behavior 84:74-90.
Ras, G. B. 1973. Evolutionary aspects of the repro-
ductive behavior of frogs, p- 231-227. In: Evolution-
ary biology of the anurans. J. L. Vial (ed.). Univ. of

Missouri Press, Columbia.

, AND M. S. RaBs. 1960. On the mating and

egg-laying behavior of thé Surinam Toad, Pipa pipa.

Copeia 1960:271-276.

, AND 1963. On the behavior and

breeding biology of the African pipid frog Hymen-

ochirus boettgeni. 7. Tierpsychol. 20:215-241.

, AND . 1965, Effects of isolation on re-

productive behavior in the pipid frog Xenopus laevis.

Am. Zool. 5:685.

, AND R. SNEDIGAR. 1960. Observations on
breeding and development of the Surinam Toad,
Pipa pipa. Copeia 1960:40-44.

RusseLr, W. M. S. 1954, Experimental studies of the
reproductive behavior of Xenopus laevis. I. The con-
trol mechanisms for clasping and unclasping, and

the specificity of hormone action. Behavior 7:113-

188.

. 1960. Experimental studies on the reproduc-
tive behavior of Xenopus laevis. 11. The clasp posi-
tions and the mechanisms of orientation. Ibid. 15:
253-283.

SAVAGE, R. M. 1971. The natural stimulus for spawn-
ing in Xenopus laevis (Amphibia). J. Zool. Lond.
165:245-260.

SHAPIRO, H. A. 1935. The biological basis of sexual
behavior in amphibia. 1. The independence of

607

ovulation and coupling (the mating reflex) in Xen-
opus laevis (the South African clawed toad). J. Exp.
Biol. 13:57-59.

SokoL, O. M. 1962. The tadpole of Hymenochirus boett-
geni. Copeia 1962:272-284.

SUGHRUE, M. 1969. Underwater acrobats. Brookfield
Banderlog 37:6-10.

SWISHER, J. E. 1969. Spawning turnovers in Xenopus
tropicalis. Am. Zool. 9:573.

TiNsLEY, R. C. 1995. A new species of Xenopus (Anura:
Pipidae) from the highlands of Ethiopia; Am-
phib.-Reptilia 16:375-388.

, H. R. KOBEL, AND M. FISCHBERG. 1979. The

biology of a new species of Xenopus (Anura: Pipi-

dae) from the highlands of Central Africa. J. Zool.

Lond. 188: 69-102.

, C. LoUMONT, aND H. R. KOBEL. 1996. Geo-
graphical distribution and ecology, p. 35-39. In:
The biology of Xenopus. R. C. Tinsley and H. R.
Kobel (eds.). Oxford Univ. Press, Oxford.

Tymowska, J. 1991. Polyploidy and cytogenetic vari-
ation in frogs of the genus Xenopus, p. 259-297. In:
Amphibian cytogenetics and evolution. D. M.
Green and S. K. Sessions (eds.). Academic Press,
New York.

Vieny, C. 1979. The mating calls of 12 species and
sub-species of the genus Xenopus (Amphibia: Anu-
ra). J. Zool. Lond. 188:103-122.

WEYGoLpT, P. 1976. Beobachtungen zur Biologie und
Ethologie von Pipa (Hemipipa) carvalhoi Mir. RiB.
1937. (Anura, Pipidae). Z. Tierpsychol. 40:80-99.

SCHOOL OF BIOLOGICAL SCIENCES, UNIVERSITY OF
BristoL, BrisTOL BS8 1UG, ENGLAND. E-mail:
(GJM) g.j.measey@bris.ac.uk. Send reprint re-
quests to GJM. Submitted: 30 May 1996. Ac-
cepted: 4 Dec. 1996. Section editors: D. Cun-
dall and F. Irish.



