peesely

doi: 10.1111/jeb.13091

JournaL oF Evolutionary Biology

Secondary compounds from exotic tree plantations change
female mating preferences in the palmate newt (Lissotriton
helveticus)

M. IGLESIAS-CARRASCO*f (2, M. L. HEADf, M. D. JENNIONS§ & C. CABIDO+

*Department of Evolutionary Ecology, National Museum of Natural Sciences, Spanish National Research Council (CSIC), Madrid, Spain
FDepartment of Herpetology, Aranzadi Science Society, Donostia-San Sebastian, Spain

iDivision of Evolution, Ecology and Genetics, Research School of Biology, Australian National University, Canberra, ACT, Australia

§ Wissenschaftskolleg zu Berlin, Berlin, Germany

Keywords: Abstract

Selection can favour phenotypic plasticity in mate choice in response to
environmental factors that alter the costs and benefits of being choosy, or of
choosing specific mates. Human-induced environmental change could alter
sexual selection by affecting the costs of mate choice, or by impairing the
ability of individuals to identify preferred mates. For example, variation in
mate choice could be driven by environmentally induced ditferences in body
condition (e.g. health) that change the cost of choosiness, or by environ-
mental effects on the ability to detect or discriminate sexual signals. We
teased apart these possibilities experimentally, by comparing female mate
choice in the palmate newt Lissotriton helveticus between environments that
mimic water from either native oak forests or exotic eucalypt plantations. In
laboratory two-choice mate trials in clean water, females with prolonged
exposure (21 days) to waterborne chemicals leached from eucalypt leaves
did not preferentially associate with the male with a stronger immune
response, but females exposed to water with chemicals from oak leaves did.
In contrast, female choice was unaffected by the immediate presence or
absence of eucalypt leachates during mate choice (using only females previ-
ously held in oak-treated water). The habitat-related change in female
choice we observed is likely to be driven by effects of eucalypt leachates on
female physiology, rather than immediate inhibition of pheromone trans-
mission or blocking of pheromone reception.
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et al., 2010; Tomkins et al., 2016) and males (Wong &

Introduction Jennions, 2003). Ultimately, mate choice is only main-

If mating nonrandomly confers benefits, then mate
choice can lead to sexual selection for costly but attrac-
tive traits. Mate choice is, however, itself costly due to
the additional time, energy and predation risks that
arise when assessing and then rejecting potential mates
(Kokko et al., 2015). In some species, an increase in the
costs of mate choice is associated with a reduction in
choosiness by both females (Hunt ef al., 2005; Head
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tained by selection if the benefits of expressing mating
preferences exceed the costs of choosiness. As with
most life-history traits (review: DeWitt et al., 1998),
there are therefore circumstances where selection will
favour phenotypic plasticity in mating preferences in
response to environmental factors that alter the costs
and benefits of mate choice.

Increasingly, species are being confronted with novel
environments due to human habitat disturbance. These
new environments could change the intensity and
direction of sexual selection (Candolin et al., 2007).
One factor that could drive these changes is the costs of
mate choice, such that previously adaptive preferences
or choosiness (for the distinction, see Jennions & Petrie,
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1997) become maladaptive (i.e. greater costs favour
reduced choosiness; Head et al., 2010). This could have
long-term consequences because sexual selection can
affect the viability and rate of adaptation of populations
to new conditions (review: Candolin & Heuschele,
2008; Power & Holman, 2015).

Many studies report differences among populations
in female mating preferences (e.g. Boughman, 2001;
Kwiatkowski & Sullivan, 2002), but relatively few stud-
ies relate these differences to habitat-dependent effects
(Maan et al., 2006; Rafferty & Boughman, 2006;
Heuschele et al, 2009). Even fewer studies take the
final step of conducting experiments to directly test
which aspects of the habitat drive differences in mate
choice. There are therefore few studies that document
habitat variation in female mate choice and then pro-
vide a functional account for its occurrence. Here, we
pursue this goal by comparing female mate choice in
European palmate newts (Lissotriton helveticus Razou-
mowsky, 1789), a common urodele in Western Europe,
in two well-defined environments: native oak forest
and a recently established exotic eucalypt plantation
used by our study species. Eucalypt plantations are
anthropogenic habitats, created in the 1950s in the
study area. Eucalypt plantations are characterized by
the release of secondary compounds into waterways,
such as polyphenols and tannins. These compounds can
be toxic to fish (Steinberg et al.,, 2006), aquatic inverte-
brates (Larranaga et al., 2009b) and amphibians (Igle-
sias-Carrasco ef al., 2016) and can affect growth
(Canhoto & Laranjeira, 2007), development (Martin &
Blossey, 2013), reproduction (Morrongiello et al., 2011)
and immune response (Iglesias-Carrasco et al.,, 2016) of
aquatic taxa. Experiments further show that these
chemicals also affect the behaviour of Australian species
that have a long history of co-existence with Eucalyp-
tus (Morrongiello ef al., 2011). However, how planta-
tions affect the sexual behaviour of species, such as
many in Europe, that have only recently come into
contact with the chemicals released by eucalypts has
not been explored.

Variation in female choice could result from physio-
logical differences that arise due to environmental
effects (e.g. high parasite loads reducing body condi-
tion); or it could arise because environmental factors
have an immediate, direct effect on the ability of
females to discriminate between potential mates. To
tease apart these two hypotheses, we performed two
experiments using two-choice mate trials in which each
female was allowed to choose between two males that
differed in their immune response. We based our
experiments on this male physiological trait because it
is condition dependent and positively correlated with
the expression of a number of other sexually selected
characters (Iglesias-Carrasco et al, 2016). In the first
experiment, we compared female mate choice in clean
water after females had prolonged (21-day) exposure to

Exotic plantations change female mate choice 1789

waterborne chemicals from either native oak or exotic
cucalypt leaves. Female newts exposed to chemicals
released by eucalypt plantations might allocate stored
resources to combat toxicity, so that other life-history
traits are adversely affected. We therefore predicted that
females exposed to eucalypt chemicals would be less
discriminating, as is generally the case for females
under stress (Hunt ef al, 2005). Second, we took
females that had only been exposed to waterborne
chemicals from native oak (21 days) and compared
their mate choice in water that contained waterborne
chemicals from either oak or eucalypt leaves. Female
newts use both visual signals and pheromones to
choose mates (Houck, 2009), so a decline in water
quality due to toxic substances released by eucalypt
leaves might impair chemical communication between
the sexes (Park et al, 2001). We therefore predicted
that females tested in water containing eucalypt chemi-
cals, when deprived of visual cues, would be less cap-
able of discriminating between males. This could occur
because waterborne eucalypt chemicals reduce the effi-
ciency with which pheromones are transmitted, or
because they lower the ability of females to detect
pheromones (i.e. alter their sensory capabilities). From
these experiments, we use trials where female mate
choice occurred under natural conditions (i.e. native
oak water) to establish a baseline of female choice for
male ability to respond to an immune challenge. Under
natural conditions, females are expected to choose
males with a stronger immune response.

Materials and methods

We conducted two experiments. First, we exposed
females to eucalypt-infused water for a period of
21 days in mesocosms (hereafter called ‘prolonged
exposure’ to differentiate from the ‘immediate’ or
‘short-term exposure’ in Experiment 2) (see Experiment
1) and then tested their mate choice. Second, we tested
whether mate choice differed when females maintained
in native oak-infused water were tested in water from
their natural habitat or in water that was eucalypt-
infused (see Experiment 2). We conducted dichotomous
choice tests where females were able to choose
between two males. We measured male immune
responses (following a phytohaemagglutinin (PHA)
injection assay, see below) as an index of mate health.
We ensured that male pairs covered a range of differ-
ences in PHA immune responses (from 0.60 to 0.02), so
females had to choose between pairs of males that var-
ied in how much they differed in immune response
(mean difference and SE for each treatment: Experi-
ment 1: eucalypt 0.215 £+ 0.149; oak 0.203 £+ 0.139.
Experiment 2: eucalypt = 0.148 £ 0.07; oak = 0.164 £+
0.09). We expected that the more the males differed,
the stronger the choice would be for the male with a
greater immune response. All the males were adults
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and there was no difference in body size between treat-
ments (mean size (mm) and SE: Experiment 1: euca-
lypt = 35.78 + 2.01; oak = 35.65 + 1.78. Experiment
2: eucalypt = 35.44 £+ 1.73; oak = 35.62 + 1.61).

Female’s maintenance

Palmate newts in Spain breed in spring and summer
(February to June) in a range of waterbodies, from
ponds to lakes, and occur in a variety of habitats, from
intensively managed agricultural lands to natural for-
ests. In forested areas, newts are far more common in
native forests than in eucalypt plantations, but they are
found in both habitats. On 7th and 8th March 2014, in
the middle of the mating season, we captured by dip-
netting 182 adult female newts (7th March Experiment
1: n=120; 8h March Experiment 2: n = 62) from
ponds in native deciduous forests (mainly oak Quercus
robur). We sampled three ponds within a habitat patch
of 1.2 km?. Given that newts move between ponds (up
to several km apart, Montori & Herrero, 2004), the col-
lected individuals can be considered to come from a
single population. For Experiment 2, it would also have
been interesting to test whether there is adaptation or
acclimation to eucalypt leachates by testing females
from eucalypt plantations. However, females were rare
in ponds under eucalypt, and the sample size we
obtained was insufficient (2 =18) to conduct the
experiment. After collection, female newts were
brought back to the laboratory at Aranzadi Science
Society and housed in mesocosms. To simulate natural
pond conditions, we used 470-L outdoor mesocosms
containing 200 L of mineral water and 5 L of natural
pond water containing zooplankton and algae. We set
up three mesocosms per habitat type (three oak repli-
cates and three eucalypt replicates for Experiment 1;
three oak replicates for Experiment 2). In each meso-
cosm, we added 100 g of dried leaves (see Maerz et al.,
2005 for dose rates), either eucalypt (treatment) or oak
(control). To prevent the entry of predators, we covered
each mesocosm with mesh. After 48 h, we placed 20
females into each mesocosm. We added 5 g of blood
worms daily. Females were kept in the mesocosms for
21 days, which is a standard period for behavioural
ecotoxicology studies (Sparling et al, 2010). This 21-
day period has been shown to be ecologically meaning-
ful for amphibians, as the exposure to plant leachates
for 3 weeks increases mortality and reduces growth of
amphibian larvae (Maerz et al, 2005; Watling et al.,
2011), and it reduces the immune response of adult
newts (Iglesias-Carrasco et al., 2016).

Male immune response

We used male immune function as a likely predictor
of female mate choice for two reasons. First, it is better
than measuring any given sexually selected trait
because these traits often show phenotypic trade-offs.

In contrast, immune function gives an overall estimate
of health that is correlated with key traits assessed by
females when choosing mates in both habitats (for
field data, see Iglesias-Carrasco et al., 2016). Second,
measuring immune responses on the large number of
males we tested is quicker than measuring numerous
sexually selected traits. This allowed us to use males
shortly after capture from the wild, rather than having
to keep them in captivity for a long period prior to
testing.

We captured 240 adult male newts in native oak for-
est patches 3 days prior to behavioural trials. We mea-
sured their immune function as inflammation following
a PHA injection assay (‘PHA immune response’). PHA
immune response is a reliable measure of T-cell-depen-
dent immunocompetence in vivo (Lochmiller et al,
1993), which has been used and validated in several
studies, including ones on amphibians (Clulow et al.,
2015; Murillo-Rincon et al., 2017). We measured the
thickness at the base of the tail 5 mm from the vent
with a pressure-sensitive spessimeter (+0.01 mm).
Immediately afterwards, we injected 0.01 mg of PHA
dissolved in 0.01 mL of phosphate-buffered saline
(PBS). After 24 h, we again measured tail thickness
and calculated the difference between the pre- and
post-injection measurements (i.e. inflammation).

Experiment 1: Prolonged exposure to eucalypt leaf
litter and female mate choice

Behavioural trials

We removed females from mesocosms with an aquar-
ium net 21 days after first housing them in the meso-
cosms. We placed them individually in 36 x 42 cm
aquaria with 10 L of mineral water, with a natural
photoperiod and constant temperature of 12 °C.
Females were allowed 1 h to acclimate to these condi-
tions, before two males were added. To ensure that
female choice depended on chemical cues, males were
placed in an opaque 1-L cup (7 x 7 x 20 cm) pierced
with numerous small holes to prevent tactile and visual
stimuli, but allow water exchange. A cup was placed at
each end of the aquarium and females could freely
move between them. We allowed 20 min for the newts
to acclimate before observations began. Then, every
10 min for 150 min, we noted whether the female was
<5 cm from a cup. Previous studies have shown that
the relative time spent with males is a good predictor of
female mate choice (Amundsen & Forsgren, 2001;
Milinski et al., 2005; Heuschele et al., 2009). Moreover,
using a subset of females, we confirmed that females
mate with the male with whom they preferentially
associated (n = 18/20; binomial test, P < 0.001). Place-
ment of aquaria was randomized to avoid potential
environmental gradients within the laboratory con-
founding our treatments. All the trials were conducted
on the same day and began at 9 pm (i.e. after dark) to
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ensure that females were active and searching for mates
(based on activity patterns in a similar species, Griffiths
(1985) and confirmed in our study species by MIC).
The behavioural trials were made in darkness at a con-
stant temperature of 12 °C, mirroring the air tempera-
ture in the field on the night of the experiment. MIC
collected all data blind to both the females” treatment
and the males’” PHA immune response. All animals
remained healthy during the trials and were eventually
re-released at the capture sites.

Experiment 2: The immediate effect of eucalypt leaf
litter on female mate choice

To test the immediate effects on female mate choice of
the presence of secondary compounds from eucalypt
leat litter, we conducted a second experiment where all
females (n = 62) were housed in mesocosms containing
oak-treated water for 21 days. We then quantified
female choice for males that differed in their immune
response as in Experiment 1 (see above), except that
the test aquarium now contained either 10 L of oak-
infused water (control) or eucalypt-infused water
(n=31, 31). We opted for the preparation of new
extracts and did not directly use the water from the
mesocosms from Experiment 1 to eliminate other fac-
tors (e.g. female and food odour) that might affect the
behaviour of our study animals. Infusions were pre-
pared 48 h prior to the trials by adding 5 g of dried
leaves to the water (dose rates, Maerz et al., 2005). Pre-
vious studies looking at leachate composition of water
show that 48 h is enough time for plant secondary
compounds to be leached into the water (Maerz et al.,
2005; Watling et al,, 2011). Leaves were strained with
cheesecloth from the leachate solution to remove solid
material immediately before the choice trial. After 1 h
of acclimation, a pair of males was added to the aquar-
ium and female choice was recorded.

Statistical analyses

In our data set, tail inflammation was correlated with
body size (R*=0.16, P < 0.001). However, given that
the paired males were similar in size in both treat-
ments and in both experiments (mean difference in
size (mm) + SE between the male with the stronger
and the weaker immune response: Experiment 1 euca-
lypt: —0.15 £ 2.67; oak: 0.16 £ 2.35. Experiment 2
eucalypt: 1.41 + 3.01; oak: 0.13 £ 2.66) and that pre-
liminary analyses showed no effect of male size differ-
ence on female preferences (P-values of the model for
both experiments > 0.27), we chose not to control for
body size in our analyses (Freckleton, 2001). Note
however, that controlling for body size did not alter
our results.

First, we tested with y? tests whether there was a dif-
ference in female interest in males between the two
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habitats. We compared the proportion of females from
each treatment that showed no interest in males (i.e.
hung at the surface and did not explore the aquaria)
(Experiment 1: n = 16/120; Experiment 2: n = 5/62).

For the rest of the analyses, we discarded trials
where the females showed no interest in males. The
final sample sizes were 53 eucalypt- and 51 oak-treat-
ment females in Experiment 1 and 28 eucalypt- and 29
oak-treatment females in Experiment 2. We initially
analysed our data with a generalized linear mixed
model (GLMM) with a binomial error distribution, but
the data were highly overdispersed (the scaling param-
eter was 4.26 in Experiment 1 and 1.57 in Experiment
2 for models that included the interaction term). A
quasibinomial error distribution cannot be used when
models include random effects, so we opted to analyse
the proportion of observations a female spent with the
higher-quality male (i.e. male with the stronger
immune response) using linear mixed models (LMM)
for both experiments. We checked and confirmed that
the residuals of all models met the assumptions of nor-
mality, linearity and homoscedasticity (Fig. S1 and S2).
First, to test whether the time females spent associating
with males differed among treatments, we ran a model
for each experiment that included the treatment as a
fixed term and the mesocosms replicate as a random
factor. Then, for each experiment, we ran separate
models that included the water treatment, the differ-
ence in PHA immune response between the pair of
males and the interaction between these variables as
fixed terms. We included mesocosm replicate identity
as a random factor. All the analyses were run in R
3.2.2. The two key statistical tests ask: (i) Is there a
positive effect of the magnitude of the difference in
male PHA immune response on the proportion of time
females spent with the male with the stronger immune
response? If so, this indicates that females spent rela-
tively more time with the male with a greater immune
response when the two males are more readily distin-
guished, and (ii) Is there an interaction between water
treatment and the difference in PHA immune response
that affects the proportion of time spent with the male
with the stronger immune response? If so, this indi-
cates that ability of females to discriminate between
males that differ in their PHA immune response
depends on the water treatment.

Results

Experiment 1: Prolonged exposure to eucalypt leaf
litter and female mate choice

There was no effect of the water treatment on the level
of female interest in males (3? = 0.062, P = 0.802). Nei-
ther was there an effect of the treatment on the aver-
age time that females spent associating with males
(F1101 = 1.20, P = 0.275).
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Fig. 1 The relative time spent near the male with the stronger
PHA immune response (% of point samples) by females housed in
either eucalypt-treated mesocosms (solid line, black circles) or oak-
treated mesocosms (dashed line, white squares). Graph shows the
raw data.

However, the water treatment did affect how females
responded to the difference in males” PHA immune
response (interaction estimate £ SE = 96.10 £+ 36.55,
t=2.62, P=0.009). To look at female preference for
male PHA immune response within each treatment, we
ran separate analyses for each water treatment. Females
from oak-treated mesocosms spent significantly more
time near the male with the stronger PHA immune
response as the difference between the two males
increased (estimate + SE = 65.82 £ 26.85, (= 2.45,
P = 0.016). In contrast, eucalypt-treated females showed
a nonsignificant preference in the opposite direction (es-
timate £ SE = —30.18 + 24.80, = —1.22, P =0.225)

(Fig. 1).

Experiment 2: The immediate effect of eucalypt leaf
litter on female mate choice

Again, we did not find any effect of the water treat-
ment on the level of interest females had in males
(¥) = 0.065, P=0.797), or in the time females spent
associating with males (F; 4579 = 0.25, P = 0.617).

Contrary to expectation, females tested in
oak-infused and eucalypt-infused water behaved simi-
larly when  choosing males (estimate £+ SE =
—37.30 £ 61.09, t= —0.20, P = 0.841). Females spent
significantly more time near the male with the stronger
PHA immune response as the difference between the
two males increased, regardless of the water type they
were tested in (oak: estimate + SE = 111.00 + 34.55,
t=3.21, P=0.002; eucalypt: estimate + SE = 148.30 +
50.12, t = 2.95, P = 0.004) (Fig. 2).
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Fig. 2 The relative time spent near the male with the stronger
immune response (% of point samples) by females housed in oak-
treated water, but tested in either eucalypt-treated water (solid
line, black circles) or oak-treated water (dashed line, white
squares). Graph shows the raw data.

Discussion

Both natural and sexual selection can differ between
native and human-modified environments (Candolin &
Wong, 2012). In two-choice laboratory mating trials, we
found that female palmate newts kept and tested in
water that mimics their natural habitat prefer males with
a stronger immune response to a PHA injection assay.
Females exposed to eucalypt-infused water for a pro-
longed period (21 days) showed reduced levels of mate
choice for these males compared to females exposed for
the same period to water mimicking their natural habi-
tat. In contrast, when females were initially kept in
water mimicking their natural habitat, the immediate
presence of eucalypt-infused water during mate choice
did not reduce their choice for males with a stronger
immune response. We also found that the interest
females had in males and the amount of time spent with
males by females were similar for the treatments in both
experiments. Our results suggest that females generally
prefer males with a stronger immune response; female
olfactory capacity and the diffusion of pheromones are
unaffected by the immediate presence of eucalypt lea-
chates; but that prolonged term exposure to eucalypt lea-
chates may reduce a female’s ability to, or interest in,
mating with males with a stronger immune response. If
these results apply in the wild, the strength of sexual
selection on male pheromones will differ between native
forests and exotic eucalypt plantations.

Effect of prolonged exposure to eucalypt water on
female mate choice

Females showed weaker mate choice for males with a
strong immune response after prolonged exposure to
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eucalypt-infused water compared to water that mim-
icked natural oak forests. Eucalypt trees leach chemical
compounds into the water (e.g. polyphenols and tan-
nins), which can adversely affect the diversity of aquatic
animals and their investment in life-history traits (Maerz
et al., 2005; Larranaga et al., 2009a; Morrongiello et al.,
2013). Here, we show that prolonged exposure to these
compounds can also alter behaviours that directly affect
sexual selection. Across both experiments, in three of
the four treatment groups, females significantly pre-
ferred to associate with (and would mate with, see Meth-
ods) males that had a higher PHA immune response: the
relative amount of time spent with the male that had a
greater immune response increased when the difference
in immune response between the two males was greater.
In contrast, female newts that were exposed to eucalypt
leachates for 21 days showed no tendency to associate
with males with a stronger immune response (Fig. 1).
Males with a higher PHA immune response are generally
considered to be in better condition, and tend to have
larger secondary sexual traits (e.g. Moller et al., 1999;
Navarro et al, 2003; Schmid-Hempel, 2003), so this
change in mate choice by females that have had pro-
longed exposure to leachates could be considered a
reduction in preference for high-quality males. If this is
the case, the lack of mate choice after prolonged expo-
sure to eucalypt leachates might have consequences for
long-term population viability of palmate newts inhabit-
ing eucalypt plantations.

It has been suggested that exposure to plant leachates
can cause physiological stress. For example, carp extracts
can damage fish gills and possibly interfere with respira-
tion (Temmink et al., 1989). Likewise, exposure to euca-
lypt leachates is known to affect survival and
reproduction of some Australian fish species. For
instance, chronic exposure to eucalypt leachates nega-
tively affected growth and survival in relation to body
size and source population of juvenile pygmy perch
(Nannoperca australis) (Morrongiello et al., 2013); how-
ever, leachate-exposed females of the same species were
less likely to reach maturity and reproduce (Mor-
rongiello ef al., 2011). Amphibians are also highly sus-
ceptible to habitat alteration and the presence of toxic
substances in the water (e.g. Watling et al,, 2011). For
example, the body condition and immune response of
both adult and larval amphibians may be reduced by the
presence of crops and exotic eucalypt plantations (Bro-
deur et al., 2011; Iglesias-Carrasco et al., 2016; Iglesias-
Carrasco in prep.). We hypothesize that the absence of
female mate choice for higher-‘quality’ males after pro-
longed exposure to eucalypt leachates may be due to
changes in female physiology. Previous studies have sug-
gested that female fish exposed to eucalypt leachates
have fewer resources available to allocate to reproduc-
tion because they expend energy to resist the effects of
leachates (Morrongiello et al., 2011). For instance, com-
bating toxins derived from eucalypt leachates might
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make females less choosy because they have fewer
resources to allocate to mate sampling (Hunt et al.,
2005). However, the fact that female association time
with males did not differ between the water treatments
suggests that female responsiveness or choosiness (when
defined as the time invested by a female in making a
choice, see Brooks & Endler, 2001) was unaffected.
Alternatively, prolonged exposure to toxins might
reduce a female’s investment into traits that are required
to assess mates (e.g. neurological pathways), or it might
simply damage a female’s sensory apparatus, and
thereby lower her ability to discern differences among
males. Teasing apart these competing proximate expla-
nations is an interesting avenue for future research.

In a previous study, we showed that male palmate
newts in eucalypt plantations have a reduced immune
response and smaller sexual characters than those in
native oak forests (Iglesias-Carrasco et al., 2016). We sug-
gested that this was due to lower male body condition
given the stress of living in eucalypt plantations (Iglesias-
Carrasco et al., 2016). However, our current results sug-
gest that reduced expression of male sexual characters
could partly reflect weaker sexual selection due to a lack
of mate choice (Candolin et al., 2007): females exposed
to eucalypt-infused water no longer discriminate
between males. An alternative is that the difference in
mate choice by females housed in the two water types
might represent adaptive plasticity in mating preferences
if the traits that signal male fitness differ between habi-
tats. It is generally assumed that mating preferences are
adaptive and, in the absence of direct benefits, signal
male genetic quality (i.e. net offspring fitness; Kokko
et al., 2006). However, genetic benefits are context
dependent if the performance of different genotypes var-
ies across environments (Roff, 1997). A genotype that is
advantageous in one environment may be disadvanta-
geous in another (e.g. Welch, 2003; Hunt & Hosken,
2014). If there are fewer immune threats in eucalypt
plantations than in native forests, then natural selection
might favour males that invest less in costly immune
defences. This could favour females that show no prefer-
ence for males with a strong immune response. We sug-
gest this argument is biologically implausible, however,
as male immune response and sexual trait expression are
positively correlated in both habitats (Iglesias-Carrasco
et al., 2016) and the relatively recent establishment of
eucalypt plantations in the area (< 70 years) seems unli-
kely to have allowed sufficient time for such a fine-scale
adaptive response. Likewise, the distances between natu-
ral forests patches and exotic plantations are short
enough to be crossed by newts.

The immediate effect of eucalypt leaf litter on
female mate choice

Several studies have shown that toxic substances can
impair female mate choice, especially in aquatic
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vertebrates (e.g. Park & Propper, 2002; Tomkins et al.,
2016). The transmission and reception of sexual signals
partly depend on the channel of transmission (Endler,
1992), and male-female communication via phero-
mones is known to be hindered by the presence of
some contaminants. For example, naturally occurring
chemicals can bind pheromones together (Mesquita
et al., 2003) and block chemoreceptors (Hubbard et al.,
2002), thereby affecting the ability to select preferred
mates. We showed, however, that mating preferences
and the resultant mate choice did not change when
female palmate newts were tested in eucalypt-infused
water. Even when eucalypt leachates were present,
females presented with a pair of males still chose the
one with the stronger PHA immune response. This
result suggests that neither immediate transmission nor
reception of palmate newt pheromone signals is inhib-
ited by the presence of eucalypt leachates.

Conclusions

Sexual selection is affected by environmental factors
that influence the condition of choosy individuals. It
has been argued that this is especially important in
human-modified environments because they often dif-
fer dramatically from native habitats in food availabil-
ity, parasite loads and pollution levels (review:
Ditchkoff et al, 2006). We found that leachates reduce
the ability of female palmate newts to identify mates
with a stronger immune response. Importantly, how-
ever, this effect was only detected after females had
spent a 21-day period in eucalypt-infused water. This
suggests that the effect is driven by changes in female
physiology, rather than by the immediate inhibition of
transmission or reception of pheromonal signals. Future
studies are needed to tease apart the exact effects of
eucalypt leachates on female newt physiology if we are
to better understand the proximate causes. More gener-
ally, human modification of habitat through the plant-
ing of eucalypts provides a large-scale ‘natural
experiment’ to test how mating preferences evolve
when the costs and benefits of mate choice change,
and to test the broader effects of long-term conse-
quences of changes in sexual selection at the popula-
tion level (Power & Holman, 2015).
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