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ABSTRACT. Infanticide by males is an adaptive behavioral strategy to improve the reproductive success of

the perpetrator reproductive success of perpetrator by increasing their chances to reproduce with the victim

female by shortening the inter-birth interval. Thus, females are expected to evolve di�erent counterstrategies

towards infanticide by males. We study nest site defense, or future o�spring protection, through the direct

attack of pregnant females close to give birth against potentially infanticidal males in the Pampean grassland

mouse (Akodon azarae). We experimentally test the prediction that pregnant females are more aggressive

against unfamiliar intruder males than non-pregnant females, and that the intensity of this aggressive response

is independent of females residence durations in their home territory. We conducted 46 behavioral trials

between resident females (pregnant or non-pregnant) and unfamiliar intruder males, considering di�erent

residence durations of females in their own individual enclosure (48 and 72 hours). We found that pregnant

females were always more aggressive than non-pregnant females, independently of residence duration. Our

research provides evidence that aggressive behavior of future mothers of A. azarae to defend the nest site

would reduce infanticide risk of their youngs next to be born; keeping away potential infanticidal males could

reduce the greater cost of avoiding infanticide of their vulnerable o�spring (i.e., when they become lactating

females). In this way, even though aggression is risky, it would be advantageous for pregnant females to use

aggression even when there are not yet any pups to protect.

RESUMEN. Comportamiento agresivo de las hembras preñadas de Akodon azarae: ¿una estrategia
para reducir el riesgo de infanticidio de sus crías próximas a nacer? El infanticidio por parte de machos

es una estrategia adaptativa que incrementa el éxito reproductivo del agresor al aumentar sus posibilidades de

reproducirse prontamente con la víctima. Así, se espera que en las hembras evolucionen contraestrategias

hacia el infanticidio por parte de machos. Nosotros estudiamos la defensa de nidos, o protección de futuras

crías, a través de la agresión de hembras preñadas, próximas a parir, hacia machos potencialmente infanticidas

en el ratón de pastizal Pampeano (Akodon azarae). Probamos experimentalmente la predicción que las hembras

preñadas son más agresivas hacia los machos intrusos que las no preñadas, y que la intensidad de esta respuesta

agresiva es independiente del tiempo de residencia de las hembras en sus clausuras individuales. Realizamos

46 enfrentamientos comportamentales entre hembras residentes (preñadas y no preñadas) y machos intrusos

desconocidos, considerando el tiempo de residencia de las hembras (48 y 72 horas). Independientemente de la

duración de la residencia de las hembras, las preñadas siempre fueron más agresivas que las no preñadas.

Nuestra investigación proporciona evidencia de que el comportamiento agresivo de las futuras madres de A.
azarae para defender el sitio del nido reduciría el riesgo de infanticidio de sus crías próximas a nacer; mantener

alejados a potenciales machos infanticidas podría reducir el mayor costo de evitar el infanticidio de sus crías
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vulnerables (es decir, cuando son lactantes). De esta manera, aunque la agresión es riesgosa, sería ventajoso

para las futuras madres usar la agresión incluso cuando todavía no hay crías para proteger.

Key words: aggressive behavior, pampean grassland mouse, reproductive strategies, resident-intruder test,

sexual con�ict.

Palabras clave: comportamiento agresivo, con�icto sexual, estrategias reproductivas, prueba de intruso-

residentes, ratón de pastizal pampeano.

INTRODUCTION
Infanticide or the killing of infants by conspeci�c

is an adaptive behavior that increases individual �t-

ness of the perpetrator and constitutes a prominent

example of the evolutionary con�ict between the

reproductive interests of males and females (Hrdy

1979; Parker 1979; Ebensperger 1998). Although

infanticide is widely accepted as an adaptive strategy

in both sexes (Ebensperger & Blumstein 2007), one

of the earliest recognized forms of sexual con�ict

was infanticide by males, which imposes serious

costs on female reproductive success, while increases

the �tness of infanticidal males (Palombit 2015).

Infanticide committed by males occurs in a wide

variety of mammal taxa (Ebensperger et al. 2000;

Ebensperger & Blumstein 2007; Opperbeck et al.

2012; Lukas & Huchard 2014). In vole and mice,

in which polygyny and promiscuity are the pre-

dominating mating systems, fathers typically do

not provide parental care, and adult conspeci�cs

males can display a wide range of responses towards

neonates such as indi�erence, avoidance or infanti-

cide (Clutton-Brock 1989; Waterman 2007).

Considering that infanticide is costly to females

whose o�spring is lost, it should be a su�cient evo-

lutionary force to cause behavioral or physiological

adaptations against it (Agrell et al. 1998; Lukas &

Huchard 2014; Palombit 2015). A great variety of

mechanisms have been proposed as females counter-

strategies to infanticide by males, including choosing

a dominant male, multi-male mating, female aggres-

sion against potential perpetrators, and pregnancy

interruption, among others (Bruce 1960; Parmigiani

et al. 1988a; Agrell et al. 1998; Wol� & Peterson

1998; Wol� & Dunlap 2002; Solomon & Keane 2007;

Lopuch & Matula 2008). Agrell et al. (1998) and Wol�

& Peterson (1998) describe maternal aggression as

the speci�c type of aggressive behavior exhibited

by pregnant or nursing females in proximity of

their pups or the nest, against unfamiliar intruder

males. The frequency and intensity of female ag-

gressive behavior typically increases during late

gestation, peaks sharply after the pups are born

(during lactation), and gradually decreases towards

weaning (Ostermeyer 1983; Parmigiani et al. 1988a;b;

Maestripieri 1992; Koskela et al. 1997). In several

small rodent species, keeping males far away from

the nest site or young through aggressive behavior

would be a common strategy against male infanticide

exhibited by females (Wol� 1985; Maestripieri 1992).

While most experimental studies about female ag-

gression against potentially infanticidal males have

been performed in laboratory conditions (Huck et

al. 1982; Mclean 1983; Parmigiani et al. 1989; Wilson

et al. 1993; Coulon et al. 1995; Ylönen et al. 1997;

Suárez & Kravetz 2001; Coda et al. 2011), our study

in Akodon azarae (Cricetidae: Sigmodontinae) was

developed in semi-natural conditions. This species,

commonly known as the Pampean grassland mouse,

is the numerically dominant rodent species in the

Pampean agrarian ecosystems of central Argentina

(Gomez et al. 2015). Akodon azarae is a habitat

specialist species (Cavia et al. 2005; Fraschina et

al. 2012) that prefers to inhabit stable or relatively

undisturbed habitats (Martínez et al. 2014; Coda et al.

2015), and is as good indicator of habitat quality in

agricultural systems (Coda et al. 2015). This species

has a polygynous mating system that operates

through female defense, in which a minority of males

in the population (40% ) monopolizes several fertile

females leaving other males without access to them

(Bonatto et al. 2012; 2013a). However, depending

on reproductive females availability some excluded

males can trespass reproductive area bounds and

have access to the females (Bonatto 2013; Bonatto

et al. 2013b). Based on the hypothesis that aggres-

sive behavior of A. azarae pregnant females against

unfamiliar males reduce infanticide risk of their

young next to be born, the aim of this study was

to test the prediction that pregnant females are more

aggressive against males than non-pregnant females.

On the other hand, because aggressive behavior of

A. azarae females towards unfamiliar males would

have evolved as an adaptive response against in-

fanticide, the fundament of the value-asymmetry

hypothesis proposed by Maynard Smith & Parker
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(1976) would not apply in this case. Thus, we also

hypothesized that the aggression of future mothers

will be independent of the period of residence in their

territory. Hence, we predict that pregnant females

housed into individual enclosures during a shorter

residence period invest the same time in aggressive

interactions towards unfamiliar males than those

housed a longer residence period. In addition, we

described the behavioral responses of males against

pregnant and non-pregnant females.

MATERIALS AND METHODS

The study species
Akodon azarae is a small (adult average weight 25 g) and

opportunistic omnivore rodent (Suárez & Bonaventura

2001). This species shows continuous activity, being mainly

active during daytime and crepuscular hours (Priotto &

Polop 1997). This species is found in a great variety of stable

habitats in the agroecosystems, characterized by keeping

remnant native �ora and fauna, with high gramineous

cover, including natural pastures, road borders, borders

between cultivated �elds or pastures, and railway banks

(Busch et al. 1997). Akodon azarae populations turnover

annually and the individual lifespan is about 12 months

(Hodara et al. 2000). During the breeding season A. azarae
reproductive males have larger home ranges than females

that overlap with two or more home ranges of breeding

females (Bonatto et al. 2012; Bonatto 2013). Both female and

male of A. azarae reach sexual maturity between 52 and 60

days of age, with a mean weight close to 15.5 g in females

and 16.5 g in males (Bonatto 2013). The reproductive

period of this species begins in spring (mid-September) and

�nishes in autumn (May). Akodon azarae has a gestation

length of 23 days, each female can produce a maximum of

4 litters, with a mean of 4.6 pups per litter, only females

provides parental care and young are weaned at 15 days

old (Bonatto 2013).

Sampling and housing
Between middle of December 2014 and beginning of

January 2015 we collected sexually mature A. azarae along

road borders of agricultural ecosystems in Chucul (64°

20’W, 32°21’S), Río Cuarto Department, Córdoba Province

(Argentina), with Sherman-type live traps (23 x 8 x 9.5 cm).

Animals were weighed and sexed in the �eld and taken

to the GIEPCO laboratory located 30 km away from the

capture site. Fifty females and 50 males were �rstly housed

individually in clear polycarbonate cages (29 x18 x 18 cm).

Because females could have mated in the wild population,

during 23 days we daily checked the shape of their bellies

for the purpose of recording evidence of pregnancy. In this

study none of the females became pregnant in the wild.

While 25 females were mated with 25 males in opaque

polycarbonate reproductive cages, 25 females and 25 males

remained individually housed in opaque polycarbonate

cages. Each group (couples and single males and females)

were located in di�erent rooms. Opaque cages ensured

that animals were visually isolated from their immediate

neighbors. Individuals were maintained at 21°C on a 16:8

light/dark photoperiod. Rodent Purina laboratory chow

and water were provided ad libitum, and sun�ower and

maize seeds were provided as weekly supplements. Dry

wood shavings of Pinus elliottii and strands of cotton were

provided as bedding material. For the purpose of recording

the occurrence of pregnancy in mated females we daily

checked the shape of their belly. As soon as pregnancy

was evident (14 days, approximately), siring males were

removed from the reproductive cages and individually

housed in males room under the same condition described

above. Besides, each siring male were ear-tagged for

posterior identi�cation in order to ensure that pregnant

females did not meet their reproductive partners in the

behavioral trials.

Of the 25 females mated in the laboratory 21 became

pregnant. Thus, 21 females with 16-17 days of pregnancy,

approximately, and 25 non-pregnant females, were released

into an individual outdoor enclosure. The forty-six males

of A. azarae remained in the laboratory until the moment

they were used in the behavioral trials. All the females and

males were used only once.

Study design
We studied aggressive behavior of A. azarae females in

forty-six round individual enclosures of 0.79 m
2

each one,

placed in the Espinal Reservation in the National University

of Río Cuarto Campus (64°14’W , 33°07’S), in Córdoba

province, Argentina. The individual enclosures are ar-

ranged in two parallel and interspersed rows, separated

from each other by 4 m, in a fenced area of 500 m
2
. Each

enclosure was limited by a concrete circle of 1 m diameter

and 0.5 m high, with an open bottom which allows individ-

uals to scent ground odours. Due to the fact that the height

of 0.5 m allowed individuals to escape from the enclosure,

we covered each of them with an iron mesh. In this study

we considered the enclosures as territories (Bonatto et al.

2013a;b; 2017). Each enclosure was provided with water,

rodent Purina laboratory chow, and sun�ower and maize

seeds ad libitum. In addition, to provide refuge, one open

and locked trap, similar to a Sherman live trap, was located

within each enclosure. In all cases females were placed

into their territories with the wood shavings and strands

of cotton from their respective housing cages. According

to Thomas (2002), Hurst & Beynon (2004) and Hurst (2009),

scent marks allow obtaining speci�c information about

characteristics of conspeci�c individuals. We assumed that

the scent from urine and feces left by females during the

residence period, plus the bedding material, would provide

enough evidence to intruder males of female reproductive

condition.

To test our predictions we recorded pregnant and non-

pregnant female aggressive response toward unfamiliar

intruder males in relation to their reproductive condition

(RC) and residence duration in their respective territories

(RD). In the Resident-Intruder paradigm an animal is al-

lowed to establish a territory (the resident), subsequently

another animal is placed into the resident territory and then

the two animals are allowed to interact with each other for a

�xed period of time (Kraak 2012). Considering the resident-

intruder paradigm we established di�erent residence times

in both pregnant and non-pregnant females. In this study

females always registered the resident condition. The

distribution of pregnant females between the di�erent

residence times into the territories was performed taking

into account the probable date of delivery. Thus, 12 and
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13 pregnant and non-pregnant females, respectively, were

placed individually into 25 di�erent enclosures 48 h prior

to the behavioral trials (RD1); and 9 and 12 pregnant and

non-pregnant females, respectively, were housed into 21

di�erent enclosures 72 h prior to the trials (RD2).

Behavioral testing

During early and middle February 2015, we performed

46 behavioral trials: 21 with pregnant females (12 RD1

and 9 RD2) and 25 with non-pregnant females (13 RD1

and 12 RD2). To perform behavioral trials, we placed into

the territories a movable polycarbonate circular opaque

arena (COA), 70 cm high (20 cm higher than the enclosure

border), 219.8 cm perimeter and 70 cm diameter, with an

open ground area (Bonatto et al. 2013a;b; 2017) (Fig. 1). This

open area allowed animals to scent conspeci�cs odours. A

removable opaque partition was placed across the centre

of the COA at the beginning of each trial, and animals (resi-

dent female and intruder male) were placed simultaneously

on either side of the partition for a 1-minute acclimatization

period. After this period, the separator was carefully

removed so that interactions between opponents could

occur, and then the behavioral trials started. Before the

trial, to identify the opponents, one of them was marked on

its forehead with an odorless yellow water color highlighter.

This kind of marker does not a�ect individual behavior in

small rodent species (Bonatto et al. 2013a;b; 2017). Trials

were performed during one of the activity pick of the

Pampean grassland mouse, between 09:00 and 11:00 hours

(Priotto & Polop 1997). Observations lasted 5 minutes and

were recorded using a full high de�nition (1080i) video

camera. A tripod to stabilize the video camera to prevent

blurred images was added. We measured each behavior

per trial and for each opponent as duration (in seconds) of

a determined behavior along the 5 minutes (300 seconds

was the maximum duration value for a given behavior).

Aggressive behaviors observed during trials were described

according to criteria proposed by Bonatto et al. (2013a;b;

2017) (Table 1). Besides, we also recorded submissive,

cautious, amicable and non-interactive behaviors (Table 1).

At the end of this behavioral study all animals were taken

to the laboratory. Juveniles born in captivity and adults

male and female were kept in the laboratory in order

to be used in other study. Our research protocol was

approved by the Ethics Committee of Animal Research of

Universidad Nacional de Río Cuarto, Argentina. During the

study, animals were treated in humane manner according

to current Argentinean Laws (National Law 14346).

Statistical Analyses

We used a generalized linear model (GLM) approach to

examine the e�ects of reproductive condition of female

(�xed factor with two levels: pregnant or non-pregnant

female) and residence duration (�xed factor with two levels:

RD1 or RD2) on time invested in aggressive interactions by

the females (response variable). During this procedure, we

�t time invested by females in aggressive interactions to a

negative binomial distribution (with variance greater than

the mean). Statistical analyses were carried out using the R

software, version 3.2.2, MASS library (R Core Team 2015).

Table 1
Behaviors observed in Akodon azarae during inter-

sexual trials.

Behavioral
category

Description of behavior

Aggressive Aggressive Approach (AA): Directional and

fast locomotion towards the opponent, often

combined with pilo-erection. This behavior

may end in �ght.

Aggressive Posture (AP): The animal stands

on four feet and tenses its body towards the

opponent, pointing the nose at it. Generally

this posture ends in attack.

Pursuit (P): Running after the opponent.

Fight (F): Both opponents stay supported on

their hind legs face to face, pushing the op-

ponent with their forelegs, frequently with

their mouth open.

Submissive Submissive posture (Sb): The animal bends

its neck laterally, o�ering the concave side

to the opponent, generally with �exion of

the contra lateral forelimbs, ears down, eyes

closed or nearly closed. This behavior is

assumed in response to an aggressive ap-

proach or an aggressive posture of the op-

ponent.

Escape (Es): Rapid locomotion directed away

from the opponent, generally accompanied

by squeaks. This behavior is exhibited in

response to a pursuit. Also, it is how an

opponent abandons the �ght.

Cautious Alert (A): Individual remains quiet in one place

in attitude of vigilance, ears down, main-

taining permanent visual contact with its

opponent. Generally accompanied by body

shakings and sni�ng.

Amicable Sni�ngpartner (Sp): Individual either stands

close to or follows the partner while sni�ng

the oral or genital region of the opponent.

Non
Interactive

Exploratory behavior (Ex): Vertical and hor-

izontal environment exploration, individ-

ual exploratory movements in all directions

along the ground or climbing the lateral

fence of the COA. This includes any behav-

ior in which the animal explores anything of

the environment ignoring the other animal.

Self -Grooming (G): Grooming or manipula-

tion of any part of the own body with mouth

or forelimbs.

RESULTS
As pursuits never ended in injuries, we never had

to interrupt the behavioral trials before the time

limit. Thus, we analyzed 460 minutes of �lming

of behaviors exhibited by individuals. On aver-

age, pregnant females exhibited aggressive behav-

ior towards males for more than the third part of

each trial (127.67±37.79 s). Contrarily, this behav-

ior was practically not exhibited by non-pregnant

females during behavioral trials (0.60±2.20 s). The

result of GLM for aggressive behavior showed that

http://www.sarem.org.ar
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Fig. 1. Movable polycarbonate Circular Opaque Arena

(COA).

only female reproductive condition was statistically

signi�cant. Thus, female residence duration into

their respective territories was not statistically sig-

ni�cant. Pregnant females were always more ag-

gressive towards males than non-pregnant females

(β(SE) = 4.48 (0.43); z=10.37; p < 0.05) (Fig. 2), dis-

playing aggressive approach, aggressive posture and

pursuit; these behaviors were observed in 100%,

90.48% and 71.43% of behavioral trials, respectively.

Fighting, the only aggressive behavior registered

in this study that includes the two opponents, was

never observed during encounters.

Submissive behavior was not exhibited by females

against males, independently of their reproductive

condition and residence duration (RD1and RD2)

(Fig. 2). In relation to caution behavior, only preg-

nant females remained vigilant in presence of non-

siring males (Fig. 2). Amicable behavior towards

males was exhibited only by non-pregnant females

(60.20±18.63 s) (Fig. 2). Respect to non interactive

behaviors both pregnant and non-pregnant females

exhibited them during the behavioral encounters.

However, non-pregnant females exhibited both ex-

ploratory and self-grooming behaviors much more

frequently than pregnant females (237.00±18.40 s

and 111.62±45.75 s, respectively) (Fig. 2).

In relation to the behavioral response of A. azarae
males against females, aggressive behavior was not

exhibited neither in presence of pregnant nor of non-

pregnant females. On the other hand, submissive

and alert behaviors only were displayed in presence

of pregnant females (106.38±57.11 s and 72.95±40.12

s, respectively). Within submissive behaviors, escape

was the most commonly exhibited by males, and this

behavioral response was in relation with aggressive

approaches by females.

DISCUSSION
In this study we predicted that pregnant females

of A. azarae perform direct aggressive behaviors

towards non-siring males associated with nest site

defense. Our results showed that pregnant females

were always more aggressive against non-siring

males than non-pregnant females. Besides, this

behavioral dominance of expectant mothers was sup-

ported by the greater values of submissive behavior

that exhibited the intruder males in their presence.

Therefore, high levels of intersexual aggression by

pregnant A. azarae females may be the primary

defensive mechanism for keeping away potential

infanticidal males from the nest site. In a laboratory

study, Suárez (1996) and Suárez & Kravetz (2001),

also observed aggressive behaviors exhibited by A.
azarae pregnant females against males, and proposed

that this behavior would favor the exclusive use

of its nest areas, avoiding disturbances in nearby

areas. The goal of Suárez & Kravetz (2001) study

was to compare the social behavior of A. azarae
during the breeding and non-breeding seasons and,

unlike our study in which continuous behavioral

records were obtained, these authors measured male-

female interactions through instantaneous sampling.

Besides, while Suárez & Kravetz (2001) registered

intersexual interactions without distinguishing be-

tween familiar and unfamiliar males, in our study

-siring (familiar) and non-siring (unfamiliar) males

were clearly identi�ed.

Infanticide committed by males has been reported

for numerous species of vole and mice, such as

Clethrionomys glareolus (Ylönen et al. 1997; Klemme

et al. 2007), Dicrostonys groenlandicus (Mallory &

Brooks 1978), Microtus ochrogaster (Mahady & Wol�

2002), Myodes glareolus (Opperbeck et al. 2012),

Peromyscus leucopus (Wol� & Cicirello 1991), and

Calomys musculinus (Coda et al. 2011). The context

in which infanticide committed by males occurs

most frequently in these species supports the sexual

selection hypothesis that proposed that males kill

unrelated infants to gain early reproductive access

to the mothers (Agrell et al. 1998; Ebensperger &

Blumstein 2007; Opperbeck et al. 2012; Palombit

2015).

Female counterstrategies may include multi-

ples behavioral responses like multi-male mating

(Cicirello & Wol� 1991; Wol� & Cicirello 1991; Wol�
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Fig. 2. Mean (± SE) duration (in seconds) of behavioral response of resident females against intruder males for each behavior

per female reproductive condition (pregnant or non-pregnant female) in intersexual trials of Akodon azarae.

& MacDonald 2004; Sommaro et al. 2015), avoiding

infanticidal males by moving to another area without

these type of individuals (Mclean 1983; Coulon et

al. 1995), and choosing a dominant male (Horne &

Ylönen 1996; Lopuch & Matula 2008). Even when

Huck et al. (1982) proposed that choosing a dominant

male is a common counterstrategy in small rodents,

this would not have evolved in females of A. azarae,
since in an experimental study Contreras et al. (2016)

found that they were unable to discriminate between

dominant and subordinates males. Regarding to

mating with multiple males (uncertain paternity

hypothesis), since A. azarae has been described as

a polygynous species (Bonatto et al. 2012; 2013a),

that counterstrategy neither would have evolved in

this species. On the other hand, to our knowledge,

the behavioral response of moving to another area

in order to avoid infanticidal males has not been

studied yet in A. azarae. Another strategy against

infanticide in pregnant or nursing females consists

in direct attacks against potential male perpetrators

(Parmigiani et al. 1988a;b; Maestripieri 1992; Coda

et al. 2011). Wol� (1998) and Ylönen & Horne (2002),

claim that this represent an e�ective tactic to defend

the young or the area around the nest even when

pups are not born yet.

The value asymmetry hypothesis proposes that,

often with less �ghting abilities, residents almost

invariably defeat challengers as a result of their

greater investment and local experience in com-

parison with the challengers (Maynard Smith &

Parker 1976; Maynard Smith 1979). However, in our

study we assumed that A. azarae mothers aggressive

behavior evolve as an antagonistic adaptation to

avoid infanticidal males and is not time-dependent.

According to this, residence duration would not have

to a�ect the intensity of pregnant females behavioral

response, but only the presence of a strange male

in the vicinity of the nest site. Indeed, our results

showed that residence duration of females into their

respective territories did not a�ect pregnant females

aggressive response towards unfamiliar intruder

males. However, the absence of di�erences in female

behavioral response in relation to both residence

times could be due to methodological issues. Because

our estimate of the time of pregnancy could have

a bias of one or two days, we were concerned to

double the period of short residence (2 days) to a long

residence (4 days); if mothers ofA. azarae had started

to give birth just before or during intersexual trials,

this would have strongly a�ected our behavioral

tests.

In summary, our results support the predictions

that, regardless of the residence times considered

in this study, A. azarae pregnant females are more

aggressive against intruder males than non-pregnant

females. Aggressive behavior of A. azarae future

mothers could reduce the greater cost of avoiding

infanticide of their vulnerable o�spring (i.e., when

they become lactating females). In this way, even

though aggression is risky, it would be advantageous

for pregnant females to use aggression even when

there are not yet any pups to protect. Due to the

great relevance of A. azarae as good indicator of

http://www.sarem.org.ar
http://www.sbmz.org


FEMALE AGGRESSION AS FUTURE PUPS PROTECTION 261

habitat quality in agricultural systems, deepening

the knowledge on reproductive strategies of this

species assumes particular signi�cance.
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