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Asymmetrical turning during spermatophore transfer in the male smooth newt
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Abstract. During mating, male smooth newts, Triturus vulgaris, showed a population bias for turning
left during spermatophore transfer. This is the first demonstration of asymmetrical sexual behaviour
in an amphibian population. An experiment with a perfect female model showed that it was due to
male rather than female lateralization. Left turning bias decreased progressively as more spermato-
phores were deposited, and no significant bias was detectable by the third deposition. The hypothesis
that this was due to neuromuscular fatigue was tested but not supported. Turning orientation had no
influence on the probability of the female picking up the spermatophore in her cloaca. The left turning

bias has not been found in the great crested newt, T. cristatus.

Brain lateralization can lead to lateral asym-
metries in the way that animals use their bodies
during behaviour, both at the level of the individ-
ual and of the population (Bradshaw & Rogers
1993). This phenomenon was once thought to
be restricted to humans, but is now known to
be widespread amongst mammals and birds
(Bradshaw & Rogers 1993; Rogers & Workman
1993; Ward & Hopkins 1993; Waters &
Denenberg 1994).

There is now growing evidence for the early
evolution of brain lateralization and for wide-
spread behavioural asymmetries in lower verte-
brates (Bisazza et al. 1996a). European toads,
Bufo bufo, show preferential use of their right
forelimbs at the population level for removing
objects placed on their heads, whilst South
American cane toads, Bufo marinus, pivot in an
asymmetrical way when turned upside down
under water (Bisazza et al. 1996a). Lateral asym-
metries have now been recorded in teleost fish at
both the population and individual levels in the
direction of turning during escape behaviour and
during swimming in circular tanks (Cantalupo
et al. 1995; Bisazza & Vallortigara 1996; Bisazza
et al. 1996b). Individual asymmetries have also
been observed during lateral aggressive and court-
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ship displays in Siamese fighting-fish, Betta
splendens (Cantalupo et al. 1996).

I am unaware of any previous studies of later-
ality in urodelan amphibians. Here | consider
whether the smooth newt, Triturus vulgaris, a
urodelan, shows lateral asymmetry during mating.
Insemination is achieved in the Triturus newts
when, following courtship, the female crawls par-
allel to and behind the male and touches his tail
with her snout. The male then deposits a sper-
matophore and turns through 90 degrees so form-
ing a barrier ahead of, and perpendicular to, the
female, with his tail folded along the flank facing
her. This male turning behaviour is known as
‘creep-on’ whilst the perpendicular position is
known as ‘brake’ (Halliday 1974, 1975). The
female crawls further until the male blocks her
path, and at this point the female may pick up the
spermatophore in her cloaca. This whole process
may be repeated several times, with bouts of court-
ship display in between (Halliday 1974, 1975).

Here | investigate the turning orientation dur-
ing creep-on of individual male smooth newts to
assess the evidence for asymmetry at the popu-
lation and individual levels. | present experiments
that test the influence of female behaviour on male
laterality, and the importance of short-term
exhaustion in explaining an observed reduction in
lateral bias over repeated spermatophore depo-
sitions. It has been suggested that population
biases in lateralization may have an important
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Table 1. Preferences for turning left or right at the population level in the triad and
straitjacket experiments, analysed with sign tests

No. of males
showing preference

N Left Right z P
Triad 37 26 7 3.13 <0.002
Straitjacket 74 49 17 3.82 <0.001

N is the number of males that deposited spermatophores. z is calculated via the normal
approximation to the binomial distribution (Siegel & Castellan 1988).

influence on social interactions (Rogers 1989;
Bisazza et al. 1996b). In this light, I also study the
influence of turning orientation on the male’s
mating success (i.e. on the chances that his
spermatophore is picked up by the female).

METHODS

I conducted observations from 28 March to 3
June 1987. Smooth newts were collected from
seven Oxfordshire ponds. Males and females were
housed in separate aquaria on a natural light
schedule, as described by Green (1991a). | used
newts in two experiments and then returned them
to the wild within a few days of collection. In the
first experiment, which I call the ‘triad exper-
iment’, | recorded courtship behaviour observed
between groups of two males and a female for
30 min per group as described by Green (1991a).
Up to three triads were observed each day. A total
of 61 triads were observed, and each individual
was used only once.

The second experiment, called the ‘straitjacket
experiment’, was devised to test the influence of
female behaviour and male fatigue on male be-
haviour using a perfect female model which 1|
could manipulate. | anaesthetized females in a
solution of m-aminobenzoate under a Home
Office licence, rinsed them in stock tank water and
placed them in a ‘straitjacket’ (Halliday 1975).
This consisted of split polythene tubing placed
around the newt between the limbs and attached
to a rigid Perspex rod. Females were kept anaes-
thetized in the jacket for up to 90 min. | used the
female to approach each male individually in
order to elicit courtship. The male was then sub-
jected to a courtship test similar to that used by
Halliday (1976). | randomly assigned males to one
of two treatment groups. In group 1, the female

was made to elicit courtship by standing in front
of the male for 1 min and was then made to
approach the male continuously, thus eliciting
spermatophore deposition, until he was unwilling
to deposit any more spermatophores. In group 2,
courtship was elicited in the same way, but I
removed the female immediately after the male
began to deposit his first spermatophore. After a
5-min interval, courtship was then continued as in
group 1 until the male deposited all his spermato-
phores. Males act on a limited supply of oxygen
during courtship because they are unable to
breathe at the water surface (Halliday &
Sweatman 1976; Halliday 1977). Hence a 5-min
break is likely to relieve short-term neuromuscular
fatigue.

The straitjacket experiment was conducted
daily after the triad expriment. Some individuals
were used in both experiments, although with a
break of at least 30 min in between. One anaesthe-
tized female was used each day. All females
recovered completely within a few hours of the
experiment. In both experiments, | noted the
direction of turning in creep-on each time a male
deposited a spermatophore.

RESULTS

Male newts showed a marked bias towards turn-
ing left after spermatophore deposition at the
population level, during both the triad and strait-
jacket experiments (Table I). In the triad exper-
iment, 70% of males turned more times to the left,
19% to the right and 11% had no bias. In the
straitjacket experiment, 66% of males turned more
times to the left, 23% to the right and 11% had no
bias (Table ).

To consider the differences between individuals,
and to assess the evidence for the existence of both
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Figure 1. The number of turns to the left observed in the
first three turns recorded for 74 males, compared with
the numbers expected from the binomial distribution.

‘left-turning’ and ‘right-turning’ individuals in the
population, | considered the first three depositions
for the 73 males that deposited at least three
spermatophores (pooling observations for the
triad and straitjacket experiments). In total |
recorded 152 left turns and 70 right turns. |
compared the observed distribution between
individuals with that expected if all individuals
were equally biased towards the left (i.e. if all
followed the same rule of turning left with
P=0.685 and right with P=0.315). The difference
between the observed distribution and that
expected from the binomial distribution was not
statistically significant (Fig. 1; x3=6.12, Ns). Simi-
lar results were found when | analysed the first
two depositions per male (N=84, 32=0.87, Ns)
and the first four depositions per male (N=40,
x3=8.88, NS).

Whilst the results of the triad and straitjacket
experiments were very similar (Table 1), for those
25 males who deposited spermatophores in both
experiments, the bias towards turning left was
stronger in the former than in the latter. For each
of these males, | compared the orientation of the
first N turns for each experiment, where N was the
lowest number of depositions in either experiment
(e.g. for a male turning left twice (LL) in the triad
experiment and LRL in the straitjacket exper-
iment, 1 compared LL with LR). The number of
left turns was higher in the triad experiment for 13
males, and lower for three males (sign test:
P<0.03).
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Figure 2. The percentage of turns to the left for the first
four turns in the triad experiment and straitjacket exper-
iment (excluding males that had already turned in the
triad experiment). Numbers above the bars give the
sample sizes. The combined bias towards the left is
significant for the first two turns (sign tests: P<0.01), but
not for the third and fourth.

Since all 25 individuals were subjected to the
straitjacket experiment after the triad experiment,
this result is explained by a weaker bias towards
turning left as a male deposited more spermato-
phores (Fig. 2). For each male that turned both to
the left and right (pooling males from the triad
experiment with those in the straitjacket exper-
iment not used in the triad experiment), | sub-
tracted the median position of left turns from the
median position of right turns (e.g. LLR=1.5,
LRL=0, RLL= —1.5). There was a statistically
significant tendency for these values to be above
zero (Wilcoxon signed-ranks test: W=148, N=43,
N for test=34, P<0.05), that is the probability
of turning to the right was higher in later
depositions.

If the methodology of the straitjacket exper-
iment genuinely reduced left turning bias, males
depositing spermatophores in the triad experiment
would show a stronger left bias than those de-
positing only in the straitjacket experiment. How-
ever, the opposite trend was recorded (Fig. 2).
Whereas in the triad experiment only 76% of first
brakes were to the left, in the straitjacket exper-
iment 82% of first brakes were to the left
(x7=0.45, ns).

The presence or absence of a 5-min break
between the first and second depositions in the
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straitjacket experiment had no detectable influ-
ence on the change in left turning bias over
successive depositions. Whereas in group 1
(N=33), 64% of males turned left after the second
deposition, in group 2 (N=38), 63% of second
turns were to the left (x7=0.002, ~s). Similarly,
there was no difference between groups in the

proportion of males switching orientation
between the first and second depositions
(x3=0.56, Ns).

In the triad experiment, | considered whether
the direction of turning had any influence on the
probability that the female would pick up the
male’s spermatophore (‘pick-up success’). Thir-
teen males turned both to the left and right whilst
courting the same female. Pick-up success was
higher for left turns in four males, and lower in six
males (sign test: Ns).

DISCUSSION

Male smooth newts show a marked bias at the
population level for left turning during spermato-
phore transfer behaviour. Very similar results were
obtained both when mating was observed in semi-
natural conditions in the triad experiment and
when anaesthetized females were manipulated to
imitate responsive females in the straitjacket exper-
iment. This suggests that the turning asymmetry is
a consequence of male lateralization rather than a
response to asymmetrical sensory input from fe-
males. The evidence from this study suggests that
all male newts in the population may have the same
left turning bias (Fig. 1). However, the presence of
a right turning minority cannot be ruled out.

This is the first report of lateral asymmetry
during sexual behaviour in amphibians. Asym-
metrical sexual behaviour has only previously
been described at the population level in birds.
Male zebra finches, Taeniopygia guttata, tend to
make courtship approaches with their right flank
towards the female (Workman & Andrew 1991).
Chickens, Gallus gallus domesticus, treated with
testosterone show elevated sexual behaviour
when tested monocularly with the right eye
occluded, but not with the left eye occluded
(Rogers et al. 1985). Individual male Siamese
fighting-fish consistently present the same side of
the body to females during courtship displays,
although there is no laterality at the population
level (Cantalupo et al. 1996). Individual male
platyfish Xiphophorus (Platypoecilus) maculatus
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have also been reported to show lateral bias
when thrusting their gonopodium towards
females and during copulations (Aronson &
Clark 1952; Bisazza et al. 1996b). Morphological
asymmetries at the population level lead to
asymmetries in sexual behaviour in numerous
invertebrate species, as in courtship in the fiddler
crab Uca vocans (Davis 1978).

Whilst there is no known asymmetry in the
external morphology of Triturus newts, an ana-
tomical difference between the right and left
habenular nuclei of the brain has been shown
in T.cristatus (Braitenberg & Kemali 1970).
These nuclei may play a role in reproduction
(Braitenberg & Kemali 1970), and they are also
asymmetrical in Rana frogs, which have larger
nuclei during the breeding season (Kemali et al.
1990). Thus this brain asymmetry in Triturus
could be connected with the observed laterality in
T. vulgaris sexual behaviour. It is also conceivable
that lateralization in spermatophore transfer is
related to asymmetry in abdominal organs, since
this may make the abdominal twist required in
brake easier to accommodate along one side (see
Davis 1978; Naitoh & Wassersug 1996). However,
this is difficult to reconcile with the reduced
lateralization in later spermatophore depositions
observed in the present study.

It has been suggested that brain lateralization
may have evolved in aquatic ancestors of tetra-
pods to prevent conflicting responses elicited by
stimuli perceived simultaneously from two later-
ally placed (largely monocular) eyes (Andrew et
al. 1982; Bradshaw & Rogers 1993; Bisazza et al.
1996b; Cantalupo et al. 1996), such as those
possessed by Triturus newts. Further research is
required to establish whether the asymmetrical
turning recorded here in smooth newts is caused
by visual lateralization. However, this behaviour
may be guided by internal programming and
perhaps tactile stimuli (from the substrate) more
than by visual control. Males make no response
to female movements during creep-on (Halliday
1975). When males were given a break after the
first deposition during my straitjacket exper-
iment, females were removed before the male
started to turn, and this had no apparent influ-
ence on entry into creep-on and brake behav-
iour, or on their orientation. Furthermore, male
newts frequently turn into objects (e.g. aquarium
walls) that block their path during creep-on
(personal observation).
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This turning asymmetry in smooth newts may
be connected with the laterality of limb use
observed in other vertebrates, since opposing
limbs are inevitably used differently when turning.
However, it has often been proposed that limb
laterality occurs only when limbs are used for
manipulative activities such as feeding or handling
objects (Walker 1980; Gunturkun et al. 1988).
Male newts do not use their limbs for manipulat-
ing objects. Others have suggested that limb later-
alization is a manifestation of lateralized cognitive
visual processes (Davies & Green 1991; Rogers &
Workman 1993).

Turning asymmetry in smooth newts may
reflect lateralized tail use rather than limb use.
Male Triturus hold their tails to the side of the
body throughout courtship and, after depositing a
spermatophore, they simultaneously turn their
body and fold their tails along the inner flank
(Halliday 1974, 1975). In the related red-spotted
newt, Notophthalmus viridescens, the male moves
his tail to one side into a position perpendicular to
his body, predetermining the orientation of brake,
before he deposits a spermatophore and begins to
turn his body in creep-on (Verrell 1982).

These findings, and the recent demonstration of
turning asymmetries in fish (Cantalupo et al. 1995;
Bisazza & Vallortigara 1996; Bisazza et al. 1996b;
Cantalupo et al. 1996), suggest that lateralized tail
use predates the evolution of limbs and it may be
widespread in vertebrates.

Courtship in urodelan amphibians is varied, with
plenty of potential for asymmetric use of tails and
asymmetric turns in species both with and without
amplexus (Arnold 1977). The left turning bias
recorded here in smooth newts does not seem to be
shared by all members of the Triturus genus. |
studied courtship in great crested newts T. cristatus
(Green 1989, 1991b) and recorded the orientation
of each of six males in spermatophore transfer
behaviour. Five males turned more to the right and
one more to the left. Although this sample size is
too small to confirm a right turning bias at the
population level in this species (sign test: ns), these
data reveal a significant difference in orientation
between great crested newts and the left turning
smooth newts (comparing the orientation of the
first turn observed for each male, using data from
the triad experiment for smooth newts, Fisher’s
exact test: P<0.01). Great crested and smooth
newts are not closely related and appear to have
diverged in the Miocene (Halliday & Arano 1991).
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One plausible mechanism for the reduction in
left turning bias in later depositions observed
in smooth newts is neuromuscular fatigue. Males
are limited by oxygen supply during courtship
(Halliday & Sweatman 1976; Halliday 1977) and,
in brake, males push against females with their
folded tail (Halliday 1974, 1975), requiring asym-
metric muscular exertion. Furthermore, males
conduct bouts of intense tail displays between
each spermatophore deposition (Halliday 1974,
1975). Increasing fatigue may thus motivate a
change in the orientation of brake after later
depositions in the same way that a right-handed
human carrying a heavy bag will at first use the
right hand and then later begin to alternate.
However, insertion of a 5-min break between
depositions had no influence on subsequent turn-
ing orientation, and thus the reduction in bias
over depositions appears not to be connected with
short-term fatigue. However, it is conceivable that
the accumulation of lactate during courtship
requires longer than 5min for recovery (see
Bennett & Licht 1974; Green 1991b). Alterna-
tively, the reduction in lateralized turning over
depositions may be linked to the general reduction
in motivation for courtship observed as males
deposit more spermatophores (Halliday 1976).

Although it has been suggested that the direc-
tion of lateralization may be important in social
interactions (Rogers 1989; Bisazza et al. 1996b),
there is no evidence for this in the present study.
Male orientation during brake did not influence
the probability of the female picking up the
spermatophore in her cloaca, although the
sample size was small. A high proportion of
the variation in pick-up success between males
has already been explained by variation in male
crest height, female body size and recent female
experience (Green 1991a). If brake orientation
influenced pick-up success there would be very
strong selection for males to turn to the more
successful side and thus the turning asymmetry
would probably be much stronger than that
observed.
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