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Abstract
Seasonality of reproduction is observed in many species of organisms, across taxa, and is

influenced by both biotic and abiotic factors. While such seasonality is easy to understand

in temperate species exposed to extreme climates, it is more difficult to explain in the trop-

ics. In many tropical species offspring are born during the season of high precipitation,

which also coincides with high resource availability. Interestingly, in India, free-ranging

dogs seem to mate, and not whelp, when it rains—an observation that cannot be explained

by the resource abundance hypothesis. We carried out an extensive study to identify the

mating seasons of free-ranging dogs, and observed a strong correlation between both the

incidence and frequency of mating related behaviours of dogs, and precipitation levels.

There are two clear mating seasons, of which the primary mating season coincides with the

monsoon (rainy season) and the secondary mating season coincides with the nor’westerlies

in this part of India. We speculate that this strong correlation is an effect of chemistry, rather

than biology. While male dogs can mate round the year, females come into estrous season-

ally. In the urban environment, dogs are exposed to a lot of olfactory noise, which can dilute

the signal present in sex pheromones of the females in heat. A shower leads to increased

humidity and reduced temperature of the air, leading to intensification of pheromone signals

that trigger a sexual response in the dogs.

Introduction
Most species of mammals exhibit some degree of reproductive synchrony, so that breeding
occurs during optimal conditions [1, 2]. Seasonal breeders successfully mate only during a par-
ticular time of the year, typically giving birth to offspring at a time which is ideal for the sur-
vival of the young [3]. Seasonality of reproduction is observed in mammals across all latitudes
and has even been suggested in the archetypal example of continuously breeding species,
Homo sapiens [4]. This can be observed in animals, both in terms of the onset of reproductive
maturity for young individuals, as well as reproductively active phases for the population in an
annual scale [5]. Animals living in seasonally harsh climates tend to display sharply delineated,
short breeding seasons, while those that live in relatively non-varying environments display
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little or no seasonality of reproduction [1]. Seasonality of reproduction can be strongly influ-
enced by abiotic factors like variations of day length, temperature and humidity, which in turn
can affect resource availability [6–13]. In fact, it has been shown, at least in the case of primates,
that the effects of climate and latitude on birth seasonality are mediated via the availability of
resources. Temperate species are more sensitive to changes in day length and temperature,
while tropical species are more affected by rainfall patterns. The width of the peak of birth sea-
sonality can be extremely variable, and is often dependent on multiple environmental as well as
biological factors [14].

Why do animals in the tropics display seasonality of reproduction? It has been suggested
that seasonal breeders are able to maximize fitness in individuals by synchronizing energeti-
cally demanding periods of the breeding cycle with periods of maximum food availability or
quality, by giving birth just before or during the peak in resource availability [5, 15–21]. Lacta-
tion is the most energetically costly phase in the reproductive cycle of female mammals; it is
thus beneficial to the female to match this phase with a period of resource abundance, so that
she has access to food supply to replenish her lost reserves of energy [1]. This idea is substanti-
ated by observations on many species like giraffes (Giraffa camelopardalis), African elephants
(Loxodonta africana), gazelles, rhesus macaques (Macaca mulatta) and wolves (Canis lupus)
[22–27]. The fact that seasonal breeders can become continuous breeders in resource abundant
conditions like domestication and in zoos also lends support to this hypothesis [1, 28, 29].
Though seasonality of reproduction is well understood in temperate species, especially with
respect to shift in day length, the mechanism of seasonality in tropical animals is open to explo-
ration. The most accepted hypothesis to explain seasonality of reproduction in the tropics per-
tains to the maximum availability of resources during the wet season [30–34]. Is the availability
of resources the only cause of increased reproductive activities during the wet season in the
tropical regions? More importantly, how does rainfall trigger reproductive activity in the
tropics?

Dogs (Canis lupus familiaris) are the first species to have been domesticated [29], and
though most canids are known to be seasonal breeders [27, 29, 35–37] domestic dogs are
known to breed continuously, with no clear mating season [38–40]. However, indirect evidence
for seasonality of breeding have been suggested [41], especially in free-ranging dogs [42]. In
India, free-ranging domestic dogs are a ubiquitous presence in all kinds of human habitats,
leading a life of scavengers [43, 44]. It has been observed that the free-ranging dogs in West
Bengal, India have a clear mating season, which coincides with the monsoon or the wet season
[45, 46]. Monsoon is also the mating season for various other mammals in the Indian subconti-
nent [30, 47, 48]. This presents a very intriguing paradox—mating, and not whelping, occurs
during the monsoon, with the offspring mostly being born during the winter, and so cannot be
explained by the hypothesis of resource abundance. The case of the dogs is all the more inter-
esting because being scavengers mostly dependent on wastes and offerings from humans for
their sustenance [44, 49], their resources are expected to be constant throughout the year.
However, while pet dogs can reproduce aseasonally [50], free-ranging dogs seem to show defi-
nite seasonality of reproduction, mating during the monsoon and whelping in the winter. Thus
the rains somehow trigger reproductive activities, and this does not apparently provide any
adaptive advantage to the breeders.

In this paper we show that not only is there a strong concurrence between precipitation and
the mating behaviour of free-ranging dogs, but mating is highly correlated with precipitation
levels. We would like to suggest that the proximate cause for this strong correlation lies in abi-
otic, rather than biotic mechanisms, leading to the seasonal mating habit observed in free-rang-
ing dogs.
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Methods
The Animal Ethics Committee, Indian Institute of Science Education and Research Kolkata
provided permission for this work.

The work reported here included two different sampling exercises, one involved a year-long
population level census, while the other involved observations of free-ranging dog groups dur-
ing the monsoon for four years.

Long term data
We carried out behavioural observations on free-ranging dogs in Kolkata (22.5667° N,
88.3667° E), West Bengal, India from the year 2010 to 2013. The study was conducted from
15th July to 15th October for the first three years, and from 15th June to 15th October for 2013.
The period of the study was based on earlier observations of mating during the monsoon and
pup occurrence in the winter [46, 51–53]. In West Bengal, monsoon arrives around mid-June,
with the thrust beginning in July; monsoon recedes in September—October [54]. A neighbour-
hood in Saltlake, Kolkata was chosen for the observations, based on convenience and safety of
sampling during late hours. Dogs were observed three days a week from 17:00h to 00:00h using
instantaneous scans and all occurrences sampling. Each dog group was observed for two hours
every day from this above mentioned time period randomly, so that we got 6 hours of data for
each dog group per week. We collected data for a total of 954 hours on 67 free-ranging dogs
belonging to 12 groups, over 159 days. The area of this study was constant over the four years,
but the dogs varied between the years due to natural fluctuations in the population. The precip-
itation and temperature for each day of observation was recorded from the website of the India
Meteorological Department (http://www.imd.gov.in/). At the time of observations, we also
made a qualitative note of the weather conditions, like dry, mild drizzle, medium rainfall or
heavy rainfall. This qualitative record was later used to quantify precipitation levels into three
categories—low (dry—light drizzle), medium (short intense shower and light but steady rain
over 2–3 hours), high (heavy and prolonged rain). Table 1 provides an ethogram of behaviours
used in this study (also see S1 Fig).

Year-long census
We selected 40 locations randomly from Kolkata (22.5667° N, 88.3667° E), Kalyani (22.9750°
N, 88.4344° E), Kanchrapara (22.9700° N, 88.4300° E), Barrackpore (22.7600° N, 88.3700°E)
and Barasat (22.7200° N, 88.4800° E), West Bengal, India covering rural, urban and semi urban
areas (S2 Fig). A census of free-ranging dogs was carried out in these locations, covering each
of the 40 locations once over a three month period for a year (15th April 2014—14th April
2015). Thus we collected data from 5–10 locations every fortnight, covering each of the 40 loca-
tions four times during the year. Each three-month period overlapped, but did not completely
coincide with, a season in West Bengal [55]–summer (mid-April—mid-July), monsoon (mid-

Table 1. Ethogram of mating related behaviours (MRB) used in the study.

Behaviour Description

Genital sniffing (GS) A male sniffs at the genitalia of the female

Try to clasp (TC) A male tries to clasp a female from the back

Marking with urine (MK) Scent marking by leg lifting

Running together (RT) Running together male and female

Mount (MT) A male climbs over a female in an attempt to mate; usually leads to copulation

doi:10.1371/journal.pone.0143501.t001
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July—mid-October), winter (mid-October—mid-January), spring (mid-January—mid-April).
The time of census was fixed between 0600-0900h and 1600-1900h when dogs are typically
seen to be active on streets. We thus had 160 censuses in the whole year from the 40 locations,
and an additional set from 5 of the locations within a fortnight (15–30 April 2015) so that the
sampling period could be circular for part of the analysis. For the censuses we followed the spot
sampling method described in [51]. The observer walked along all roads and by lanes of each
location and whenever a dog was sighted, the age category (Adult/Juvenile/Pups) of the dog,
it’s group size, sex and the behaviour at the time of sighting were recorded. The weather condi-
tion at the time of the census was recorded as described above, and the temperature and precip-
itation levels for the day were also recorded from the IMD website. We divided the behaviours
into two categories, mating-related and non-mating behaviours. Table 1 provides an ethogram
of all the mating-related behaviours observed.

Statistical Analysis
Using the actual levels of precipitation recorded on the day of observations (from IMD), a
regression analysis was carried out using data pooled across years to test if the frequency of
MRB depended on the precipitation levels. Repeated measures ANOVA were used to test for
variation in MRB between years, and between weeks of observation (within a year). We divided
the precipitation levels on the days of observation into three categories: high (>20mm per
day), medium (10–20 mm per day) and low (0–10 mm per day). Frequency of MRB at different
precipitation levels were compared using a Kruskal-Wallis test. A full factorial ANOVA with
post hoc Tukey’s test was conducted for the entire dataset, considering the frequency of MRB
as the dependent variable, and years, weeks, precipitation levels and behaviours as independent
variables. ANOVA with post hoc tests for different levels of precipitation over 12 weeks of 4
years was used to understand the variations at the level of each mating related behaviour. In
the year-long census, a repeated measures ANOVA was used to check for variations in dog
numbers between seasons in the 40 locations. Kruskal-Wallis tests were carried out to test for
the effect of season on the occurrence of MRB. All statistical analysis was carried out in Statis-
tiXL 2007. A distribution fitting exercise was carried out in the software Igor Pro using the fre-
quency of MRB and precipitation data for every fortnight.

Results

Long term data
Mating related behaviours (MRB) were observed in all four years during the monsoon [56]. In
2013, MRB were first observed in the month of June, while in all the other years the onset of
mating was in the month of July. The occurrence of MRB reduced after the month of Septem-
ber. Hence observations spanned from June to September for 2013, and from July—September
for the other three years. The frequency of MRB was strongly dependent on the precipitation
levels on a given day (Linear Regression: R2 = 0.612, F = 223.694, p< 0.001; Fig 1). There was
significant variation in the frequency of MRB across the years when the data for the period July
—September was considered (Repeated measures ANOVA, F3,44 = 7.696, p< 0.0001). Post
hoc analysis revealed that there was significant difference in the frequency of MRB between
2013 and the other three years, while there was no difference in the levels of MRB between
2010, 2011 and 2012 (Table 2). Interestingly, when the frequency of MRB for first three months
after the onset of mating were considered, i.e., June to August for 2013 and July—September
for the other years, there was no significant difference between the years within the same pre-
cipitation category (Repeated measures ANOVA, F3,44 = 1.670, p = 0.187). This suggests that
the mating behaviour in dogs has some pattern that might be correlated with the precipitation
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pattern. In both the above cases, there was no significant variation in MRB within a precipita-
tion category when the data was considered at a weekly level (Repeated measures ANOVA,
F11,36 = 1.151, p = 0.353; F11,36 = 1.472, p = 0.185). For all subsequent analysis, the data for the
June—August period of 2013. i.e. for the first three months after the onset of mating was
considered.

The frequency of MRB was highest for the “high precipitation” category– 2703 acts of MRB
were observed over the four years on days that received high precipitation, while this number
was 778 and 252 in the medium and low precipitation categories. The variation in the fre-
quency of MRB for different precipitation categories was significant (Kruskal-Wallis test: χ2 =
8.540, df = 2, p = 0.014). The full factorial ANOVA was highly significant (F59,660 = 43.082,
p< 0.0001), with only the interaction between year and precipitation level being non-signifi-
cant (Table 3). Post hoc tests revealed significant differences between all behaviours, and
between all the three precipitation levels. But variation within the years was not significant (Fig
2, Table 3).

Since there was significant variation between the behaviours, an ANOVA with post hoc
tests at the level of each behaviour was used to test for variations for occurrence of the behav-
iour at different levels of precipitation. For all behaviours other than MT, the frequency of
occurrence of the behaviour was significantly different between all three precipitation levels,
while the rate of MT was different only for the high precipitation category (S1 Table; Fig 3).

Fig 1. The occurrence of mating related behaviours (MRB) was highly correlated with precipitation levels (mm). The precipitation levels reported here
are actual readings of precipitation on the day of observations, as given by IMD. The linear fit is given by the black line, represented by the equation
y = 0.4888x + 18.893, R2 = 0.6117.

doi:10.1371/journal.pone.0143501.g001
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Year-long census
We sampled an average of 15 dogs per location, considering all 40 locations for four seasons,
where the dog numbers varied from 559 (monsoon) to 645 (spring) for the 40 locations taken
together (S1 and S2 Figs). There was significant variation in dog numbers between seasons
(Repeated measures ANOVA: F10,309 = 2.793, p = 0.003). However, the sex ratio did not deviate
from 1:1 across the seasons (T test for each season, p< 0.05 for each season). We carried out a
Kruskal-Wallis test for the frequency of MRB observed in the four seasons over the six fort-
nights in each season. There was significant variation between seasons, when all four seasons

Table 2. Results of the post hoc Tukey’s test for Repeated Measures ANOVA carried out to check whether there was significant variation between
the years (2010–2013) for the occurrence of mating related behaviours at different levels of precipitation (in mm) for three months from the onset
of mating activities (July to September for the first three years, June to August for 2013).

Test Y Variable Group 1 Group 2 Mean Diff. SE q Probability

Tukey >20 mm 2010 2011 6.500 4.446 1.462 0.731

2012 -2.417 4.446 0.544 0.980

2013 -4.000 4.446 0.900 0.920

2011 2012 -8.917 4.446 2.005 0.495

2013 -10.500 4.446 2.361 0.352

2012 2013 -1.583 4.446 0.356 0.994

10–20 mm 2010 2011 4.500 2.132 2.110 0.451

2012 1.833 2.132 0.860 0.929

2013 4.667 2.132 2.188 0.419

2011 2012 -2.667 2.132 1.251 0.813

2013 0.167 2.132 0.078 1.000

2012 2013 2.833 2.132 1.329 0.784

nill 2010 2011 0.333 1.466 0.227 0.998

2012 -2.833 1.466 1.933 0.527

2013 -0.583 1.466 0.398 0.992

2011 2012 -3.167 1.466 2.160 0.430

2013 0.250 1.466 0.171 0.999

2012 2013 3.417 1.466 2.331 0.363

doi:10.1371/journal.pone.0143501.t002

Table 3. Results of a Full Factorial ANOVA to test for interaction between precipitation levels, occurrence of MRB and years of observation.

Overall test of model for Y = Frequency

Source Type III SS Df Mean Sq. F Probability

Model 27666.682 59 468.927 43.082 0.000

Error 7183.750 660 10.884

Total 34850.432 719

Tests of effects for Y = Frequency

Source Type III SS Df Mean Sq. F Probability

Behaviour 8288.758 4 2072.190 190.380 0.000

Precipitation 13874.586 2 6937.293 637.357 0.000

Year 92.960 3 30.987 2.847 0.037

Behaviour*Precipitation 4117.275 8 514.659 47.284 0.000

Behaviour*Year 626.019 12 52.168 4.793 0.000

Precipitation*Year 102.769 6 17.128 1.574 0.152

Behaviour*Precipitation*Year 564.314 24 23.513 2.160 0.001

doi:10.1371/journal.pone.0143501.t003
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were considered (χ2 = 14.172, df = 3, p = 0.003). The significant variation was explained by the
increased rate of mating related activities in the monsoon, as the significance disappeared
when the three other seasons were compared (χ2 = 2.984, df = 2, p = 0.225), but was evident for
all comparisons involving the monsoon (Fig 4).

The frequency of MRB observed per location within a fortnight strongly depended on the
average precipitation level in that fortnight (Linear regression: R2 = 0.470, F = 20.428,
p< 0.0001; Fig 5). The fortnightly data for precipitation levels and frequency of observed MRB
fitted double normal distributions, and there was an offset in both the sets of peaks for the two
distributions (Fig 6). This confirmed unambiguously the close correlation between precipita-
tion levels and mating activities of dogs.

Fig 2. The frequency of MRB varied with precipitation levels. The bar chart shows the mean and standard deviation of the frequency of all MRB occurring
at different levels of precipitation (as noted during the time of observations), over four years, 2010 to 2013, during the primary mating season. Variation in the
frequency of MRB was not significant across the four years within a precipitation category (alphabets), but varied significantly different levels of precipitation
within a year (*).

doi:10.1371/journal.pone.0143501.g002
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Discussion
Reproductive activity in free-ranging dogs of West Bengal is not only seasonal, but shows spec-
tacular concordance with precipitation levels. Our results show a strong correlation between
precipitation levels and the occurrence of mating related behaviours in dogs, leading to a pri-
mary mating season during the monsoon and a secondary mating season that coincides with
the Norwesters or “Kal Baisakhis” in West Bengal [55], as revealed by our year-long census.
While the census based study revealed the strong connection between mating activities of dogs
and rainfall, the long term study of mating during the monsoon showed that there is a high
degree of consistency in the mating activities over the four years of the study, at least during
the primary mating season. It was interesting to note that the only deviation occurred when we
compared our observation for 2013 with the remaining data, keeping the calendar month con-
stant and ignoring the actual onset of rains. This difference vanished when we considered the
data from the actual onset of rains, and was consistent with the fact that there was significant
variation in MRB between the different weeks of observations within the three-month period
of the monsoons.

In this study, we were interested in understanding the extent to which free-ranging dogs
show seasonality of mating, and attempting to explore the plausible explanations for this
behaviour. Our observations on free-ranging dogs suggest that their attempts at mating are

Fig 3. All MRB showed variation across precipitation categories.Mean and standard deviation of the frequency of different mating related behaviours
observed at the three precipitation levels noted during the time of observations—the different alphabets represent significant differences within a behaviour
category, between precipitation levels.

doi:10.1371/journal.pone.0143501.g003
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often disrupted by people, mostly due to socio-cultural reasons, and this reduces the probabil-
ity of seeing successful ties on the streets. Hence we used all activities that pertain to mating in
the dogs, and not just ties, but did not use mating related aggression for this analysis. We used
multivariate statistics to gain a more detailed understanding of the relationship between the
mating behavioural repertoire of the dogs and rainfall. Our observations revealed that all mat-
ing related behaviours are affected by rainfall, but the fact that mounting (MT) occurs at signif-
icantly higher rates at high precipitation levels only, suggests that precipitation levels might
eventually drive mating success. But why is mating in dogs influenced so intensely by precipita-
tion levels?

The answer to this question might lie in chemistry, rather than biology. Odor is a generic
term used for any compound or mixture of compounds that can be detected by animals
through olfaction. Though the word odor is usually associated with unpleasant smells, techni-
cally, even pleasant smells are odors. The ability to detect odors varies greatly among species,
and dogs are known for their highly developed olfactory acuity. They can detect odorant con-
centration levels at 1–2 parts per trillion, which makes them 104–105 times more efficient in
sensing odors than humans [57, 58]. This fantastic sense of smell was probably one of the
major factors that made dogs useful to early humans as excellent hunting companions, and
also makes them indispensable in today’s world. Sniffer dogs are used for tasks as diverse as
tracking criminals, locating survivors at sites of disasters, unearthing explosives and narcotics
and even estimating animal populations from scat samples [59].

The efficiency of dogs at tracking and locating is known to be influenced by environmental
factors like temperature and humidity. Tracking dogs are able to pick up trails better that are
laid on moist, rather than dry soil, and dogs trained for hunting birds are most efficient when

Fig 4. The year-long census showed that highest MRB occur in the monsoon. A bar chart showing the mean and standard deviation of the frequency of
MRB per location in the four seasons. Different alphabets represent significant differences in the frequency of MRB between seasons. 40 locations were
used in the study.

doi:10.1371/journal.pone.0143501.g004
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the ground is damp. Search-and-rescue dogs also perform better when the relative humidity is
high [60]. Humans as well as birds continuously slough off dead skin containing live bacteria.
The bacteria metabolize the dead cells and associated body secretions, leading to the formation
of odor, which is used by dogs for tracking. High temperature and dry conditions can kill bac-
teria and prevent odor formation, while very cold conditions retard bacterial action, and thus
decay rate. A light rain after a dry period can induce bacterial growth and hence the production
of odor. Thus humidity but not very high rains increase the efficiency of dogs in tracking and
searching tasks by increasing odor intensity [61]. Dogs also perform better at picking up trails
when the ground is warmer than the air, because the odor rises upwards in the cooler air [60].
Olfactory function in humans have also been shown to be affected by environmental condi-
tions—olfactory sensitivity thresholds are low in high humidity and low atmospheric pressure
[62].

Ion mobility spectrometry (IMS) is a widely used technique used for detecting trace quanti-
ties of gaseous organic compounds at atmospheric pressure, and is widely used for detecting
noxious elements [63–66]. One major problem associated with this technique is the presence
of moisture, and currently a great deal of research focuses on dealing with this issue [67, 68].
Humidity affects the detection process in IMS by reducing both selectivity and sensitivity [69],
as water interacts with ions to cause shift in peaks or the formation of additional peaks [70].
Odoriferous molecules also tend to interact with water vapour in the atmosphere, and this
slows down their diffusion in the air, and humidity reduces the threshold level of olfactory sen-
sitivity [62].

Fig 5. The frequency of MRB per location increased with increased precipitation. A scatterplot showing the significant interaction between the numbers
of MRB observed per location at different levels of precipitation (as recorded from IMD). The dotted line shows the linear fit, and is represented by the
equation y = 0.1243x + 0.581, R2 = 0.4704.

doi:10.1371/journal.pone.0143501.g005
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We speculate that the increased mating related activities of dogs during the monsoon is
brought about by a three-pronged effect. Firstly, heavy showers serve to wash away odors pres-
ent in the air so that there is less olfactory “noise” immediately after a shower. Due to the
increased humidity, the sex pheromones released by the individuals diffuse slowly, and thus
can be perceived in high concentration around the individuals. In contrast to the IMS instru-
ments, the dogs perform better under reduced temperature and increased humidity conditions,
which ensures that the higher concentration of sex pheromones in the air triggers higher mat-
ing related behaviours. The offset between peaks for highest precipitation MRB level probably
arises because extremely heavy rains can also wash away the sex pheromones, thereby reducing
their efficacy.

The absence of seasonality of reproduction in pet dogs [50] is likely to have arisen from the
availability of abundant resources [1]. Most canids show strong seasonality of reproduction in
the wild, the breeding season being typically determined by resource availability [27, 35, 37].
Since the free-ranging dogs are scavengers, the weather-induced seasonality of mating is likely
to increase competition for resources during the breeding season, rather than ensuring resource
abundance. It has been shown that male dogs get sexually excited on perceiving the urine and
vaginal discharge of females in heat [71], and they also sniff and lick the anogenital regions of

Fig 6. MRB and precipitation patterns show convergent double binomial trends. The plot shows the relationship between the occurrence of mating
related behaviours (MRB) and precipitation levels over a year, on a fortnightly basis. The red dots represent the number of MRB averaged over the number of
locations sampled in a fortnight and blue dots represent the average precipitation level (from IMD) considering only the days of the census. Both the datasets
fit double normal distributions, as represented by the lines of the respective colours. A1 and A2 represent the two amplitudes of the respective curves at x0
time as read from the x-axis.

doi:10.1371/journal.pone.0143501.g006
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females in the proestrous stage [72]. Though male dogs find “estrous urine” to be an attractant,
such urine loses its attractiveness when stored for an hour at room temperature. This suggests
that the sex pheromone, if present, is not very stable, and is perhaps quite volatile [72]. It
should be noted that sexual activity in females also increases when they are in heat, leading to
increased investigation of male dogs and their urine [71]. Hence it seems likely that the
increased sexual activity of dogs immediately after a shower is triggered by the increased con-
centration of odorants in the humid air due to a slower rate of diffusion. This would be further
enhanced by the increased sensitivity to odor in humid conditions, for a short period of time
while the cues from the proestrous females persist. Though such weather-induced mating
behaviour can effectively increase the probability of mating success simply by increased mating
attempts, it could also be effectual as a natural population control mechanism of the free-rang-
ing dogs, due to the increase in competition for resources.

Supporting Information
S1 Fig. A map showing the position of the area where the long term behavioural observa-
tions on mating were carried out. The position of each group is marked with a yellow tag.
(JPG)

S2 Fig. A map showing the 40 locations in which the year-long census was conducted
pointed out using yellow tags.
(JPG)

S1 Table. A table giving the results of the ANOVAs conducted at the level of each mating
related behaviour for variation across years at different levels of precipitation.
(DOC)
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