View metadata, citation and similar papers at core.ac.uk brought to you bnyORE

provided by CONICET Digital

Mastozoologia Neotropical, 23(1):17-24, Mendoza, 2016 Copyright ©SAREM, 2016
http://www.sarem.org.ar

Version i ISSN 0327-9383
ersion impresa http://www.sbmz.com.br

Version on-line ISSN 1666-0536

[~ @,;

SBM %}Sociedade @
4 ? Mastosoologia
NGt

PRECIPITATION DRIVES REPRODUCTIVE ACTIVITY
IN MALE Microcavia australis IN THE MONTE DESERT

Natalia Andino', Marisa Nordenstahl"?, Miguel Fornés**,
José Priotto®’, and Stella Giannoni'?

! Interacciones Bioldgicas del Desierto (INTERBIODES). Facultad de Ciencias Exactas, Fisicas y Naturales. Universidad
Nacional de San Juan (UNS]J), Av. Ignacio de la Roza 590 (Oeste), J5402DCS Rivadavia, San Juan, Argentina
[Correspondence: Natalia Andino <nandino@unsj-cuim.edu.ar>].

2 CIGEOBIO (Centro de Investigaciones de la Gedsfera y la Biosfera), UNSJ-CONICET. Av. Ignacio de la Roza 590
(Oeste), J5402DCS Rivadavia, San Juan, Argentina.

* Consejo Nacional de Investigaciones Cientificas y Técnicas, Av. Rivadavia 1917, C1033AAJ, Buenos Aires, Argentina.

* Laboratorio de Investigaciones Androldgicas de Mendoza, Instituto de Histologia y Embriologia de Mendoza,
Facultad de Ciencias Médicas, Universidad Nacional de Cuyo, Av. Libertador 80, Centro Universitario, 5500 Mendoza,
Argentina.

® Departamento de Ciencias Naturales, Facultad de Ciencias Exactas, Fisicoquimicas y Naturales, Universidad Nacional
de Rio Cuarto, Ruta Nacional 36, Km 601, Cérdoba, Argentina.

ABSTRACT. Desert areas represent heterogeneous environments where animals must reproduce under extreme
conditions, and where a combination of environmental factors may contribute to trigger or inhibit reproduc-
tion. Microcavia australis is a caviomorph rodent that occurs in arid and semiarid habitats of Argentina. We
examined how reproductive activity in male M. australis from a Monte Desert population is responsive to en-
vironmental conditions, including precipitation. Our results showed that reproductive activity of these animals
is predicted exclusively by precipitation. This research adds new evidence to the ecology of this species, which
could explain its wide distribution.

RESUMEN. Las precipitaciones conducen la actividad reproductiva en machos de Microcavia australis en
el desierto del Monte. Las areas desérticas representan ambientes heterogéneos donde los animales deben re-
producirse bajo condiciones extremas y donde una combinacién de factores ambientales puede contribuir para
iniciar o inhibir la reproduccion. Microcavia australis es un roedor caviomorfo que vive en habitats aridos y
semiaridos de Argentina. Examinamos como la actividad reproductiva en machos de M. australis en una poblacion
del Desierto del Monte responde a condiciones ambientales, incluyendo la precipitacion. Nuestros resultados
mostraron que la actividad reproductiva de estos animales es predicha exclusivamente por la precipitacion. Este
estudio incorpora nuevas evidencias a la ecologia de esta especie que podrian explicar su amplia distribucion.
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INTRODUCTION

In desert rodents, a combination of environ-
mental factors, as opposed to single factors,
act as signals to trigger or inhibit reproductive
(Bronson and Heideman, 1994) events that
sometimes match the times with greater water
and food availability and favorable climate
conditions (Bronson, 1989; Degen, 1997). Ac-
cordingly, some desert rodent species may use
ambient temperature as a signal for reproduc-
tion and may postpone it under fluctuating tem-
perature conditions (Prendergast et al., 2001).
In other cases, such as Microtus californicus
and Peromyscus californicus, day length has
also been shown to be a cue for the onset of
reproduction (Nelson et al., 1983; Nelson et al.,
1995). Alternatively, high precipitation may also
be a condition for successful reproduction in
these extreme environments, mainly through its
influence on plant productivity and, hence, on
food availability (Wingfield and Kenagy, 1991;
Mateos-Quesada and Carranza, 2000).

The southern mountain cavy (M. australis)
is one of the smallest caviomorph rodents
(250 g; Tognelli et al., 2001). This herbivo-
rous, diurnal species is widely distributed in
Argentina, from Jujuy south to Santa Cruz,
across a variety of semiarid and arid lands
(Redford and Eisenberg, 1992). Southern
mountain cavies live in groups (Rood, 1967;
1972; Taraborelli and Moreno, 2009; Andino
et al,, 2011) of different size and composition,
with a maximum of eight males and five fe-
males plus the offspring (Andino et al., 2011).
Previous studies of behavior, physiology, and
renal and digestive morphology have revealed
the plasticity of M. australis to cope with the
challenges of the arid lands it inhabits (Sassi
et al., 2007; Taraborelli and Moreno, 2009;
Andino et al., 2011; Tejo et al., 2014). A single
study of reproduction, performed by Vélez et
al. (2010) in a semiarid region of Argentina
at the Monte-Cardonal ecotone, showed that
precipitation, minimum temperature and day
length are positively correlated with testicular
weight of the male southern mountain cavy
and seem to be important to its reproductive
activity. However, it is still necessary to further
investigate reproduction in environments with

other features such as our study area (a hyper
arid ecosystem with harsh climatic conditions).
This information will help understand to what
extent the plasticity reported in other aspects of
the species morphology and physiology (Sassi et
al., 2007; Taraborelli and Moreno 2009; Andino
et al., 2011; Tejo et al., 2014) is also present
in reproduction.

Even though all desert areas are characterized
by low humidity, wide temperature ranges, and
unpredictable food availability, they represent
heterogeneous environments. Animals occur-
ring in these settings often face strong changes
in environmental conditions, in time and space,
and must sometimes reproduce under extreme
conditions (e.g., temperatures extremely high
in summer and below freezing in winter, low
humidity during day followed by cold nights,
strong winds and unstable sandy soils that
hinder the growth of vegetation, Randall, 2007).
We hypothesized that, to face this heterogeneity
of biotic and abiotic conditions, male southern
mountain cavies adjust reproductive activity by
responding to short-term environmental cues
rather than seasonality. To test this hypothesis,
we examined the variation in testicular and
epididymal weight track variation in environ-
mental conditions. Particularly, we predict that
males will increase testicular and epidiymal
weight with increases of temperature, precipita-
tion, and plant cover, but not with day length.

METHODS
Study area

The study was conducted in El Leoncito National
Park (31°47’ S, 69’17 W, 2484 m a.s.l, San Juan
province, Argentina), a protected area belonging to
the Argentine National System of Protected Zones.
The climate is arid (cold and dry), and mean an-
nual temperature is 15.6 °C, with marked diurnal
and seasonal variation (winter range: -4 to 20 °C,
summer range: 8 to 32 °C; Marquez and Dalmasso,
2003; Fig. 1). Mean annual precipitation is below
100 mm, mostly in the form of snow and hail
and concentrated during the colder months (April
through August). Precipitation during the warmer
months (November-December) is below 10 mm (Le
Houérou, 1999). The study site within the park was
Ciénaga del Medio, an area of the Monte Desert and
influenced by the Puna desert. The site has low total
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National University of San

plant cover, reaching a maximum of 21.9% (Andino
et al., 2011). The shrub stratum is dominated by
the creosote bush Larrea nitida, which is abundant
(reaching 90% cover) throughout the year, and a
sparse and low-lying herbaceous layer that represents
10% of plant cover (Andino et al,, 2011).

Data

During 1191 trap-days we captured 19 adult male
southern mountain cavies from a 1.8-ha area, using
Havahart-type traps. Nine capture periods were car-
ried out from 2007 to 2009, including all four seasons
(autumn: March 2007, 2008, May 2009; winter:
June 2007, July 2009; spring: September 2007, 2008;
summer: December 2007, 2008). In each sampling
month, we placed traps in active runways, usually
under the canopy of creosote bush and near burrow
entrances, for 10 consecutive days approximately. We
registered the body weight of each captured male. In
each sampling period, we gathered climate data and
measured plant cover. Mean daily minimum (Tmin)
and maximum air temperature (Tmax), total monthly
precipitation (P) and humidity (H) were obtained
from records of the weather station located in the
study area. Day length (DL: i.e, photoperiod) data
were obtained from the Astronomical Applications
Department of the U.S. Naval Observatory website.
We also calculate thermal amplitude (TA) as differ-
ence between Tmax and Tmin. The record of plant
cover (PC) data was performed throughout the study
site along five 20-m-long transects (sample), each
with three quadrats (6 x 6 m each subsample) at
1-m intervals along each transect.

Juan, Argentina. Testes and
epididymes were removed,
weighed with a precision
scale (AND model HR-200,
d=0.001 mg) and their mean weight was calculated
following Vélez et al. (2010).

Statistical analysis

To assess inter-annual and seasonal variations in
body weight, testicular weight and epididymal
weight, we generated independent sets of General
Linear Models (GLM; Logan, 2010). We used as
explanatory variables the year and season of year
when each male was captured. To test for the effect
of environmental factors on reproductive activity of
male southern mountain cavies we used Generalized
Linear Mixed Models (GLMM; Zuur et al., 2009)
with Gaussian distribution of errors to model each
response variable (testicular weight change and
epididymal weight change) independently. The fol-
lowing: Tmax, Tmin, DL, P, H, and PC were included
as potential explanatory environmental variables.
However, H and Tmax, which were correlated with
P and Tmin, respectively (r>0.7) and were therefore
removed following (Neter et al., 1990). The year of
study and season were included as in the models
as random variables. Akaike’s information criterion
corrected for small sample size (AICc), was calcu-
lated to evaluate the models that best fitted the data
(Burnham and Anderson, 2002 ). The AICc weight
of a model (w,) was calculated based on all candidate
models according to Burnham and Anderson (2002),
representing the likelihood that a particular model
is the best model, given the data and the candidate
models considered. Support for each of the predictor
variables was estimated by summing w, across all
models that contained them. Predictor variables with
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good support presented high parameter-likelihood
values (w, near 1). The relative importance (RI) of
each predictor variable was also evaluated for each
candidate model (Burnham and Anderson, 2002).
All statistical analyses were carried out with R 3.2.3
(R Development Core Team, 2015) software.

RESULTS

Body weight varied among seasons (Fig. 2)
but not among years (F, ,=0.24; p=0.62).
After including body weight as a covariate,
there was significant seasonal variation in
testicular weight that was higher in summer
and lowest in autumn and winter (Fig. 2). The
lowest testicular weight was found in autumn
(1.36£0.24 g); it increased to 1.59+0.33 g in
winter, and 2.55+0.21 g in spring, with a peak
in summer (3.02+0.26 g). The lowest epididy-
mal weight was recorded in autumn (0.55+0.09
g) and increased in winter (0.80+0.12 g;
Fig. 2). In spring, epididymal weight was of
0.65+0.08 and in summer it reached a value
of 0.67+0.10 g (Fig. 2).

Analysis of the environmental explanatory
variables revealed that precipitation was the
single most important variable impacting
measures of reproductive activity (Table 1).
For both response variables (testicular weight
and epididymal weight) the best model, based
on AICc criteria, had precipitation as the only
explanatory variable (Table 1), which accounted
for 89% of variation in testicular weight and
61% of variation in epididymal weight, with
a relative importance (RI) of 0.99 and 0.69,
respectively (Table 1).

DISCUSSION

We found evidence of seasonal variation in
the reproductive activity of adult male south-
ern mountain cavies, a finding that should be
regarded as preliminary, given the reduced
number of animals examined. Our results
suggest that precipitation would be the main
(if not the sole) ecological factor driving varia-
tion in the size of reproductive organs of male
southern mountain cavies. Our findings are at
odds with previous studies of the same species
at a site with mean annual precipitation of
324.5 mm, mean annual temperature of 10.5 °C

and mean annual plant cover of 50% (Vélez et
al., 2010); that is to say, a slightly arid site with
different environmental conditions compared
to our hyper arid study area. These authors
postulated that precipitation, temperature,
and day length seem to be important for the
testis cycle of southern mountain cavy males,
although their results were only marginally
significant, probably due to the low number of
replicas (14 individuals). Even so, our results
and those by Vélez et al. (2010) show that
populations occurring in different habitats
exhibit differences in their reproductive activity,
though new investigations with larger sample
sizes are necessary to detect effects not found
in either study.

Positive correlations between precipitation
and breeding have been reported in African
(Perrin and Swanepoel, 1987), Australian
(Breed, 1990), Asian (Rogovin, 1985) and
North American desert rodents (Randall,
1993). Precipitation might have direct (i.e.
water availability) and indirect effects (via plant
productivity and food availability) on reproduc-
tive activity by allowing the species to increase
its body weight sufficiently to reproduce. In
our study site, precipitation occurs in two
episodes (winter and summer) and, similar to
other desert dwelling species (Bronson, 1989),
reproduction occurred during the rainy months
and was suppressed in autumn months when
rains were absent, as found by Bukovetzky et
al. (2012) in Acomys cahirinus.

Water plays a major role in reproduction of
rodents (Schwimmer and Haim, 2009; Prakash
and Ghosh, 1975) and might affect hormone
regulation, increasing gonadotropin (GnRH)
secretion, regulating testosterone secretion by
Leydig cells, and promoting sperm production
(Bronson, 2009). Desert rodents generally do
not drink free water but satisfy their water
needs from food in the form of preformed and
metabolic water. In the study area, plant cover
is approximately stable year-round, likely due
to the presence of shrubs of Larrea nitida, a
perennial species that reaches 90% of vegeta-
tion cover and is a dominant component in
this species’ diet (nearly 85%), whereas herbs
are scarcely represented (10%), restricted to
summer, and barely present (5%) in the diet
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Fig. 2. Seasonal variation of body weight (A), testicular
weight (B) and epididymal weight (C) of male southern
mountain cavies between 2007 and 2009. Body weight
was used as a covariate in the analysis of testicular weight
bc and epididymal weight. Letters (a, b, ¢) indicate significant
differences (Tukey test; P<0.05). Means (+SE) are shown.
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(Sassi et al., 2010). Although plant cover is
260 a maintained approximately stable throughout
the year, the nutritional quality of the diet
varies between stations with increased fiber
= content in the dry season (Sassi et al., 2007).

E‘;‘é?,'\i,?é?g?,‘ﬁ%'b%_oszs Although our results show that the reproduc-
3 tive activity of this cavy was not influenced by
plant cover, Larrea plants comprise hygroscopic
shrubs (Taylor, 1968) that are consumed by
some mammal species to obtain performed
water (Baxter and Hansson, 2001). The inverted
conical shape of Larrea plants, which have
15 all primary external stems with angles >45°,
allows the plant to maximize water collection
during precipitation, increasing water avail-
05 ability for animals. Some desert rodent species
Covariate: (Otomys, Rhabdomys, Mastomys, Microtus)
11| Body weight: 306.0523 consume bark of trees and shrubs and obtain
performed water through debarking (Baxter
and Hansson, 2001). Campos et al. (2006)
ab found that southern mountain cavy debarked
on L. divaricata in winter to obtain water. We
b found cavies associated with L. nitida shrubs
with debarked branches in winter (N Andino
and S Giannoni unpublished data). In the cold
period, cavies probably obtain performed water
c and energy through debarking activity, begin-
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Table 1

Relationships between testicular and epididymal weight and environmental factors (precipitation: P; mean
minimum temperature: Tmin; plant cover: PC; day length: DL, and thermal amplitude: TA) were examined
using Generalized Linear Mixed Models (GLMM). We used as random variable the year of study and season.
For each reproductive variable the table shows: best model, minimum AIC, (Akaike’s Information Criterion
corrected for small sample size), maximum Akaike weight (w,), % of the total deviance explained by the fixed
factor (marginal R?) and by the fixed factor and random factor (conditional R?). The relative importance of
the climatic variables is also indicated.

i i iti Relative importance
Repr(fductlve Best model AICc A _ marginal  conditional p
variables i i R? R? P Tmin PC DL TA
Testicular weight ~ Precipitation 34.46 0.00 0.59  89.69 98.41 099  0.02 0.02 004 036

Epidydimal weight Precipitation ~ 7.48 0.00 0.65 61.00 87.78 0.69 004 004 005 0.04
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ning reproductive activity in this period. On
the other hand, in warm months, food supply
increases when shrubs grow. Larrea shrubs
provide high quality food due to the greater
protein content of the shoots and performed
water (Sinclair et al., 2006). Shoots are known
to be important in increasing reproductive
activity in spring-summer; however, we were
unable to detect changes in shoots biomass
among seasons. The method used to estimate
plant cover may have not been sensitive enough
to detect subtle changes, such as an increase
in the shoots of shrubs, but food supply for
herbivores is known to be higher in summer
at high latitudes, as in the Monte Desert region
of South America (Sinclair et al., 2006). During
spring and summer the individuals increase
the corporal mass and adipose tissue, this last
stores water, which can then be obtained from
the oxidation of fat increasing the reproduction
in the warm months (Ghosh, 1975).
Trillmich (2000) suggests that a combination
of low temperature and short photoperiod
might influence reproduction in cavies in
laboratory conditions. The relationship between
reproduction in small rodents and day length
is frequently related to latitude (Bronson and
Perrigo, 1987). Several investigations predict a
decreased responsiveness to photoperiod from
high to low latitude regions, so that in areas
below 30° latitude some rodents may stop using
day length as a cue of beginning of reproduc-
tion (Bronson, 1985; Bronson and Perrigo,
1987; El-Barky et al,, 1999). However, other
authors suggest that response to photoperiod
is relatively plastic because many rodent spe-
cies from low latitude are non-photoperiodic,
whereas populations of the same species living
at other latitudes are responsive to changes in
the photoperiod (Lynch, 1981; Dark et al., 1983;
Nelson et al., 1983; Nelson et al., 1995). The lat-
ter could explain our results, because our study
population occurs at a relative low latitude and
unresponsive to photoperiod compared with
photoperiodic dependence findings by Vélez et
al. (2010) at higher latitudes. Furthermore, we
did not find an effect of minimum temperature
in our study, which is also in disagreement
with the results of Vélez et al. (2010). In our
site, orientation and architecture of galleries

generate a stable and temperate microclimate
(Taraborelli et al., 2009), and communal nest-
ing in these animals (Ebensperger et al., 2006)
may contribute to decrease the energy costs of
thermoregulation. Again, limited sample sizes
compromise the ability to detect subtle effects.

Alternatively, it is known that social factors
influence the reproductive function of males
(Demas and Nelson, 1998; Gouat et al., 2003).
In males with relatively long reproductive activ-
ity, the fine tuning of reproduction responds to
the estrus cycle of females, which shed ova and
mate once they have sufficient food resources
and other conditions for ensuring successful
reproduction (Kenagy and Bartholomew, 1985).
In our study site, Taraborelli and Moreno (2009)
performed behavioral observations of southern
mountain cavy and registered sexual behaviors
from August to March, with the first litters
observed in September and the last ones in
March. The gestation period of southern cavy
females is approximately 56 days (Tognelli et
al., 2001), and mating begins in August, as
observed by Taraborelli and Moreno (2009).
However, histological studies showed sperm
in the tail of the epididymis in males captured
in July (Vélez et al., 2010; Andino unpublished
data), confirming that males start reproductive
activity earlier than females.
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