
ter in low and high light conditions, respectively. 
This suggests that more empirical work is needed to 
understand how environmental heterogeneity could 
act as a key factor in shaping behavioural diversity 
(West-Eberhard 2003). However, very few studies 
have examined the payoffs of such alternatives in 
contrasting abiotic environmental situations. 

Some sexual displays are visual, olfactory or me-
chanoreceptive, whereas others use a combination 
of these sensory modalities (Himstedt 1979; Denoël 
1999). In newts, the fanning movement, a tail undu-
lation which is exhibited in all encounters, carries 
a water current towards the female (Denoël 1996). 
It provides visual and mechanical stimuli (Grüs-
ser-Cornehls and Himstedt 1976; Martin 1982), but 
another important function is olfactory because the 
cloaca contains dorsal glands that secrete phero-
mones which are conducted to the female’s nostril 
by this water current (Sever 2003). This can explain 
their ability to court across a large range of envi-
ronmental conditions. Although there is variation 
among populations and species in the timing of 
courtship in relation to light intensity, courtship is 
commonly observed in both light and dark condi-
tions. However, it remains unknown whether repro-
ductive payoffs and courtship tactics are similar 
under different light conditions. 

Many newts, such as the Alpine newt Mesotriton 
alpestris ,  show a conspicuous sexual dimorphism 
which involves both morphology (dorsal crests, 
swollen cloaca in males) and coloration (e.g.,  blue 
back in males; Thorn and Raffaëlli 2001). Their 
courtship behaviour is complex (Arntzen and Spar-
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particular mix of tactics used under each light condition is likely to be adaptive because in the dark (1) visual 
communication is hampered, making olfactory displays possibly more effective and (2) males depositing 
spermatophores are more likely to lose fertilizations to competitors. Mating in light and dark conditions has 
similar reproductive payoffs, which shows that displaying in the dark is not detrimental and may even be ad-
vantageous if predation risk is reduced at night. These results confirm the importance of taking into account 
physical variables to understand the evolution of sexual communication in animals.
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Introduction

The environment plays a major role in the expres-
sion of alternative mating tactics. Most research has 
focused on intrinsic mate qualities, such as rela-
tive body condition or size, i.e.,  individual status 
(Gross 1996). However, extrinsic environmental 
features, such as ambient abiotic conditions, rela-
tive frequency of expressed alternative phenotypes, 
mate responsiveness and density all affect the tac-
tics adopted by an individual animal (Emlen 2008). 
Temporal heterogeneity is a key feature of environ-
ments that provides opportunities for the diversifi-
cation of behavioural patterns. Many environmental 
features vary temporally, including light, tempera-
ture, oxygen, humidity and habitat structure. 

In organisms that court in both dark and light 
conditions, it is unlikely to be adaptive to use the 
same behaviours in both (Endler 1987; Reynolds et 
al.  1993; Houde 1997). First, conspicuous displays 
might attract mates, but also male competitors, 
predators or parasites. Second, it would be useless 
to exhibit signals that could not be perceived or 
would be perceived poorly by partners or conspe-
cifics (Butlin and Ritchie 1994; Plath et al.  2004; 
Kemp and Williams 2009). It is thus important to 
understand the success of alternative behavioural 
strategies as a function of environmental conditions 
(Łukasic et al.  2006). For instance, Larison (2009) 
found that the payoffs of the perching (i.e.,  sitting 
in the vegetation) and hovering (i.e.,  moving over 
the water surface) tactics in damself lies were grea-
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reboom 1989; Denoël 1996; Houck and Arnold 
2003). A sexual encounter starts with orientation 
behaviours during which the male tries to place 
himself in front of the female. Once the female 
stops moving away from him, the male exhibits 
varied courtship displays and deposits a spermato-
phore on the substrate where it may be picked up by 
a female. This does not end the encounter as males 
can exhibit additional tail displays and may depo-
sit additional spermatophores. In addition to the 
species-specific pattern of courtship displays, alter-
native mating tactics are common in newts. Tactics 
used include sneaking (sexual interference: Verrell 
1988), amplexus (Verrell 1983), and a changed rate 
of courtship displays (Denoël et al.  2001, 2005). In 
the Alpine newt, males can use two alternative be-
havioural sequences. In one, males wait for a posi-
tive response of the female to start spermatophore 
deposition; this is facilitated by the exhibition of 
a movement, which increases female responsiveness 
before sperm transfer (Denoël 1996; Denoël et al. 
2001, 2005). In the other, males deposit a sperma-
tophore without positive feedback from the females. 
They can achieve mating success by using post-de-
position luring movements of the tail.  Although the 
payoff of the luring tactic is low, luring is frequently 
used by males and is considered to be a sidepayment 
strategy (sensu Dunbar 1982). 

We experimentally manipulated light intensity to 
assess the effect of light on the use of alternative 
mating tactics in the Alpine newt. Our hypothesis 
was that males should exhibit displays that rely on 
different combinations of sensory modes depending 
upon the light conditions in order to optimise si-
gnal reception by females. 

Materials and methods
Field sampling

One hundred adult Alpine newts (M. alpestris ,  for-
merly Triturus alpestris) of each sex were caught on 
a road during pre-reproductive migration between 
their overwintering woodland and breeding pond 
(Boirs, Province of Liège, Belgium; 50°45'N–5°36'E, 
70 m elevation a.s.l.).  There were no other ponds 
between these sites. Thus, they had not yet repro-
duced. Newts were carried in boxes with humid 
substrates (hydrophilous cotton) directly to the 
laboratory by car (about a 20-min drive) upon cap-
ture. 
 
Maintenance

In the laboratory, we separated males and females 
and placed them in four independent aquaria at a 
density of 25 individuals per aquarium (200 l each; 
250×30×40 cm lwh). We kept the environmental 
conditions within the range of values encounte-
red by the newts during the reproductive period 
in nature (Denoël 2003). Ambient air temperature 
was regulated to maintain each aquarium at the 
same temperature (mean ± SE=12.8±0.3°C). Aqua-
riums were oxygenated with airstones (O2:10mg/l).
Weset the photoperiod at 13.5/10.5 LD (four day-
light f luorescent tubes Luminux de Luxe 2,350 lm, L 
36W/12–950 to simulate the natural light spectrum 
during the breeding season; four normal f luorescent 
tubes Sylvana Professional, 36W decor 183 to give a 
higher light intensity in the room). Each afternoon, 
we fed newts a fixed quantity of chironomid larvae 
(Chironomus ,  60 mg/newt). We provided shelters 
(rocks) in each aquarium. After the observation of 
behavioural patterns, we transferred the newts to 

other aquaria (one of 200×100×40 cm lwh, two of 
100×100× 40 cm lwh) before releasing them back 
into their native habitat. We conducted the expe-
riment within 8 to 40 days of capture, i.e.,  during 
the usual main breeding period of the species (von 
Lindeiner 1992; Denoël 1996).

Experimental design

The experiment consisted of staged sexual encoun-
ters between pairs of newts in light and dark condi-
tions. We selected the first male and female showing 
movement from the maintenance aquariums and 
placed them together in an observation aquarium 
(50×25×25cm; 20 cm water depth). Alpine newts 
breed naturally in small aquatic habitats devoid 
of vegetation, such as pools (Denoël 2007). Their 
behaviour can thus be recorded adequately in such 
aquaria. We carried out fifty trials in aquaria illu-
minated with two f luorescent tubes (hereafter, high 
light treatment: 303 lx; Luminux de Luxe 2,350 lm, 
L 36W/12–950) and 50 others in a darkened room 
(hereafter low light treatment, 0.04 lx). Newts were 
found to court in natural ponds within this range of 
luminosity values (M. Denoël, pers. obs.). The expe-
riment took place in the same room in which the 
newts were maintained. The dark treatment began 
3 h before the lights were turned on and the light 
treatment began just after the lights were turned on. 
Males and females used in the two light treatments 
did not differ in body size (mean ±SE=51.6±0.4 mm 
in the light and 51.3±0.4 mm in the dark, t98=0.492, 
P=0.62) or mass (3.6±0.1 g in the light and 3.5±0.1 
g in the dark, t98=0.131, P=0.90). We used each indi-
vidual only once. We took the water of the observa-
tion aquarium from another tank in the laboratory 
that had not contained newts in order to obtain the 
same water temperature as the aquaria where the 
newts had been held. We changed the water between 
each trial. 

We recorded courtship with a Sony Hi8 video ca-
mera. For the recording in low light treatment, we 
used infrared light with the Sony night-shot system 
(HVL-IRM). We considered that a sexual encounter 
failed when no courtship interactions were seen wi-
thin 40 min. Otherwise, we conducted observations 
until no further courtship displays or interactions 
were exhibited for more than 1 min. 

We then compressed videotapes using an mpeg-1 
encoder and subsequently viewed and analysed them 
by using Noldus Obsever Video Pro 4.1. software 
(Noldus 2002). We recorded sequencing and timing 
by typing keys on the keyboard of a computer ; each 
key corresponding to a behaviour of males (see 
Table 1 for the list of courtship displays) or females 
(see next paragraph for more details). Because this 
software allows cross-referencing between digital 
images and encoded behavioural patterns (i.e.,  each 
encoded behaviour is connected with its exhibition 
on the video), it was possible to encode the beha-
vioural patterns of males and females separately. 

Behavioural and statistical analysis

The descriptions and associated inter-sexual signal-
ling functions are presented in Table 1. To obtain 
relative frequencies of courtship displays, we divi-
ded the absolute frequencies of each of the seven 
courtship behaviours by the sum of the numbers of 
all displays exhibited during each encounter. As be-
haviours, we considered bouts as unit. For instance, 
the fanning display consists of several bouts that 
can be separated from each other by pauses or other 
courtship displays such as the wiggle-tail-bent or the 



catbuckle with lean-in (Denoël 1996). In addition, 
we took into account the success of sperm trans-
fer, the duration of encounters (from the first to last 
courtship events), the time from which the pair was 
introduced in the aquarium and the first courtship 
display and the proportion of exhibition of two be-
haviours (creep-on and sperm deposition) exhibited 
in front of unresponsive females. We considered a 
female responsive when she moved towards the male 
or turned her head in his direction. During sper-
matophore deposition (starting from the behaviour 
‘creep-on’: Table 1), the male cannot see the female. 
The responsiveness of the female is then expressed 
by a tactile stimulus: the female touches the male’s 
tail with her snout. 

We tested the effect of light treatment (high vs 
low) on the frequencies of courtship displays using 
a multivariate analysis of variance. To achieve nor-
mality and homogeneity of variance, we norma-
lised proportions by arcsin transformations, other 
continuous data by log transformations and counts 
by square-root transformation before calculating 
the parametric significance tests (Sokal and Rohlf 
1995). We computed chi-square tests (2×2 contin-
gency tables) to compare the success of sperm trans-
fer (binary variable) in light and dark conditions 
(Siegel and Castellan 1988). All statistical tests were 
two-tailed and run in Statistica 8.0 (Statsoft-France 
2007). 

Results
Encounter success and female responsiveness 

Males exhibited courtship display in 87% of the 
trials (n= 100). The proportion of males that dis-
played did not differ significantly between the 
high and low light treatments (90% vs 84%, χ²=0.8, 
P=0.37). Among these 87 encounters including dis-
plays, 28% were successful in terms of sperm trans-
fer (i.e.,  at least one spermatophore picked up by 
the female). The light treatment did not signifi-
cantly affect this success (high light: 33%, low light: 
24%; χ²= 0.6, P=0.45). Similarly, there were no dif-
ferences in average numbers of spermatophores 
picked up by the females during each trial in the 
two treatments (high light: 0.34±4.3 vs low light: 
0.26±0.08; F1,79=0.64, P=0.64). However, female res-
ponsiveness, i.e.,  the proportion of time a female 

was responsive to a male, was significantly affected 
by light treatment. Females reacted more positively 
to the males in the low light treatment (53.4±4.3% 
vs 35.8±3.9%; F1,79=11.71, P<0.001). This variable 
was not affected by the size of males (F1,83=6.542, 
P=0.08). 

Male courtship display 

Because female responsiveness differed in the two 
treatments, we controlled for the effect of light on 
female responsiveness by adding it as a covariate in a 
MANCOVA model. Males used all courtship displays 
in both light treatments, but relative frequencies 
with which different tactics were used was different. 
Effects of both light and female responsiveness on 
the courtship displayed by males were significant 
(light, λ=0.655, F7,77=5.784, P<0.001; female res-
ponsiveness: λ=0.605, F7,77=7.196, P<0.001). In the 
high light treatment, males exhibited the cat-buckle 
with lean-in (F1,83=11.187, P=0.001), creep-on 
(F1,83= 18.138, P<0.001), deposition (F1,83=14.243, 
P<0.001) and push-back (F1,83=8.046, P=0.006) more 
than at the low light treatment (Fig. 1). In contrast, 
they used the fanning display less in the light than 
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Fig. 1.  Mean relative frequencies (±SE) of courtship dis-
plays in male Alpine newt in light (open symbols) and 
dark (full symbols) treatments. See table 1 for a descrip-
tion of the behavioural patterns. 

For a more detailed description of the behaviours, see Denoël 1996.

Behaviour Description Sensory modality targeted

Fan The most frequent courtship act: beating tail movement in direction 
of female’s snout

Olfactive, mechanoreceptive, visual

Wiggle-tail-bent Slow oscillation of the tip of the tail Visual

Cat-buckle with lean-in The male raises his body by extending his legs and arching his 
back, and moves his tail toward the female

Visual

Creep-on Initiation of the sperm transfer during which the male loses the 
sight of the female

Visual

Sperm deposition Deposition of a spermatophore on the substratum, possibly follow-
ing a touch from the female

Visual

Distal lure Slow and large movement of the distal part of the tail after sperm 
deposition, particularly used to attract unresponsive females

Visual

Push-back Tail contact with the female which pushes her back to the sper-
matophore after deposition. This behaviour favours spermatophore 
pick-up when females missed it.

Tactile

Table 1 .Male courtship patterns: description and respective main inter-sexual signal. 



in the dark (F1,83= 17.452, P<0.001; Fig. 1). No si-
gnificant effects were found for the wiggle-tail-bent 
(F1,83=2.038, P=0.16) or the distal lure (F1,83=1.279, 
P=0.26; Fig. 1). During an encounter, males and 
females were more engaged in orientation beha-
viours (i.e.,  in activity patterns without courtship 
displays) in the low (34.27±0.03%) than in the high 
(30.01±0.02%) light treatment (F1,83=6.392, P=0.01). 

The duration of encounter was significantly si-
milar in the light and dark treatments (mean ± 
SE=766±109 s and 811±100 s respectively, t85=0.471, 
P=0.64). The time needed by males to start courtship 
from the time the pair was introduced in the ob-
servation aquarium was not significantly different 
in the two treatments (light, 492±61 s and dark, 
519±55 s; t85=0.326, P=0.75). 

Male Alpine newts can start a sperm-transfer 
phase by deposition, which occurs when the male 
cannot see the female). Males started a sperm-trans-
fer phase and a sperm deposition without a positive 
behavioural action from the female more often in 
the high light treatment than in the low light treat-
ment (creep-on: F1,73 =8.119; P=0.006; sperm depo-
sition: F1,72=5.131; P=0.03; Fig. 2). 

Discussion

We showed that male Alpine newts exhibited 
courtship behaviour in both dark and light condi-
tions, but depending on light intensity, they used 
different behavioural patterns. Sensu Gross (1996), 
this is an example of a conditional strategy with 
alternative phenotypes dependent on environmen-
tal cues. Whereas males more often used visual 
tactics in the light, they exhibited more olfactory 
behaviours and needed more positive feedback from 
the females in the dark. The two tactics had simi-
lar payoffs because the same number of spermato-
phores was picked up by females in thewo condi-
tions. The time investment by males in courtship 
and searching for females was also similar in light 
and dark environments. This confirms the impor-
tance of physical factors in the exhibition of sexual 
displays and shows how reproductive success can 
be maintained under variable environmental condi-
tions.

In the dark, males exhibited fewer cat-buckle 
with lean-in displays. Although this behavioural 
pattern is never exhibited at a high frequency du-

ring an encounter, it is the most conspicuous and 
effective form of courtship and often makes females 
responsive (Denoël 1996). It allows a male to show 
its whole body, including the red belly, while it 
arches its back and extends its tail toward the fe-
male. Alpine newts can perceive different colours 
and are sexually attracted by the red colour (Hims-
tedt 1979). However, although Alpine newts are 
known to have good diurnal visual acuities, it is not 
known whether they can perceive and discriminate 
between colours at night. From our behavioural re-
sults, it seems that belly colours are less exhibited at 
night than during daylight. In contrast, male Alpine 
newts needed more tactile feedback from the female 
in the dark than in the light, in which some males 
started the sperm-transfer phase and even sperm 
deposition with both responsive and unresponsive 
females, i.e.,  females that did not give any tail-touch 
response to the male (Denoël et al.  2001). This alter-
native mating tactic f its well with the environmental 
conditions. In the dark, male Alpine newts are ex-
pected to be less able to efficiently perceive females 
by visual cues, as only 21% of retinal sensory cells 
are rods, i.e.,  half the amount of more nocturnal spe-
cies such as the crested newt or the fire salamander 
(Grüsser-Cornehls and Himstedt 1976). Males also 
spent more time moving near females without cour-
ting (i.e.,  orientation behaviours) in the dark, which 
suggests that males may need more positive feed-
back from the female in such conditions and that 
it takes more time to identify them in dark than in 
light conditions. Indeed, during orientation beha-
viours, males spent a large part of the time exhibi-
ting sniffing behaviours (Denoël 1996). Depositing 
sperm in front of unresponsive females in the dark 
may be more risky that in daylight because attempts 
to attract the female through the luring visual tactic 
may be ineffective. On the other hand, males are 
also at risk of intrasexual competition during this 
courting phase. Opportunistic males can interfere 
with the courting pair and transfer their own sperm 
to the females (Verrell 1988; Denoël 2003). Waiting 
for a tactile response of the female before starting 
the key phase of the encounter, i.e.,  the sperm trans-
fer, may thus avoid the risk of losing contact with 
the courted female. This does not mean that females 
were less responsive in the dark, as the opposite 
was observed. But when females did not show res-
ponsiveness, males were more cautious. As previous 
work showed that females were more choosy late in 
the season (Gabor and Halliday 1997), the impact 
of darkness might change in the favour of less vi-
sually attractive males, but testing this hypothesis 
would require further experiments using fertilised 
females. During our experiment with unfertilized 
females, choosiness was not affected as the same 
number of successful encounters occurred in light 
and dark treatments and no change in encounter 
duration was found. Similarly the size of males did 
not explain their success in terms of female res-
ponsiveness. 

In the light, males used the fanning display pro-
portionally more than in the dark, but this beha-
viour constituted more than 80% of the courtship 
displays in both light conditions. Fanning behaviour 
is primarily a form of olfactory communication 
(Denoël 1996), which appears to remain important 
both in light and in the dark. It functions at close 
proximity during sexual communication, but also 
at longer distances in mate location (Cogalniceanu 
1994). The peptide pheromones were identified in 
two related species which also use the fanning mo-
vement during courtship (Cynops pyrrhogaster and 
Cynops ensicauda) and were shown to be effective 
in attracting conspecific females (Kikuyama et al. 

Fig. 2.  Proportion (mean±SE) of sperm transfer phase 
initiations (creep-on) and spermatophore deposition with 
unresponsive females in male Alpine newts in light (open 
symbols) and dark (full symbols) treatments.  
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1995; Toyoda et al.  2004). Although our study fo-
cused on dark versus light conditions in clear wa-
ters, clear water is not always available in the field 
because newts also breed in muddy waters in which 
visual communication is probably reduced (Cogal-
niceanu 1994; Secondi 2007). Thus, there may be 
strong selection for the use of olfactory signals in 
courtship, even in daylight. Similarly, cave sala-
manders, such as Proteus anguinus ,  are attracted by 
conspecific odours in a habitat fully devoid of visual 
cues (Richard et al.  1982). Species, which can inha-
bit both hypogean and epigean habitats, such as the 
cavedwelling fish primarily exhibit olfactory com-
munication, whereas those in light environments 
exhibit primarily visual communication. However, 
this ref lects a f ixed, rather than variable, difference 
in light environment (Plath et al.  2004). 

Exhibiting courtship in both high and low light 
conditions may be adaptive for Alpine newts, al-
lowing males and females to have a higher fitness 
through an increasing number of mating events. Si-
milarly, breeding in a wide range of conditions such 
as low oxygen (Halliday 1976) and low temperature 
waters (Denoël et al.  2005) or under a high risk of 
competition (Verrell 1983) is clearly adaptive. This 
is especially important in newts, for which multiple 
mating is the rule (Rafinski and Osikowski 2002) 
and is associated with a higher number of eggs laid 
by females (Osikowski and Rafinski 2001). 

Being able to court in the dark could be an adap-
tation to avoid predation risk. In guppies, light level 
is correlated with predation by large fish species, 
which creates a f itness advantage for crepuscular 
and night courters (Endler 1987; Reynolds et al. 
1993). Similarly, in newts, displaying in the dark 
could alleviate the risks posed by diurnal preda-
tors such as water birds (Schmitz 1985) and snakes 
(Luiselli et al.  2007). Experimental studies on the 
effects of predators, such as those done with gup-
pies, would help us to understand the evolution of 
courtship activity in newts. 

In conclusion, although caudate amphibians, 
such the Alpine newts, exhibit a common sequence 
of behavioural patterns (Denoël 2002), the details 
vary under different environmental conditions. 
Moreover, as emphasised by Candolin (2003), use of 
multiple cues could reduce the costs of identifica-
tion mistakes by sexual partners in mate choice. We 
do not know the relative importance of each sen-
sory mechanism in Alpine newts, but the observed 
variation of patterns suggest that newts can take 
advantage of multiple cues should some be tempo-
rally unavailable (e.g.,  colour vision at night). These 
results also indicate that physical variables are of 
great importance in shaping behavioural patterns 
and that failure to take them into account may affect 
our understanding of the evolution of behavioural 
tactics. 
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