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Social dominance and behavioral consequences of intrauterine position
in female groups of the social rodent Octodon degus
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H I G H L I G H T S

• We evaluated the consequences of intrauterine position phenomenon in a social rodent.
• We suggest that female phenotypic masculinization is a consequence of testosterone organizational effects.
• The submissive interactions are key factors in the dominance hierarchy formation.
• Female social rank is correlated to female AGDs.
• Female group composition is fundamental to allow the hierarchy formation.
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Female phenotypic masculinization is a phenomenon widely described among mammals. In species that pro-
duce litters, female masculinization occurs in utero during late trimester of pregnancy as consequence of the
intrauterine position phenomenon (IUP), affecting morphological, physiological and behavioral traits during
adulthood. One morphological trait that is affected by IUP is anogenital distance (AGD) that is utilized as
proxy of the female phenotypic masculinization. In rodents, IUP have ecological and behavioral effects includ-
ing aggressiveness, territory marking, activity level, parental care and sociality. In this work, we evaluated
how female masculinization (or feminization) affects aggressive behavior and determines social dominance,
which in turn could lead to the structuring of social groups through dominance hierarchy formation in degus.
We carried out a laboratory study where we established artificial social groups composed of females with the
similar and different AGDs, and recorded all social interactions identifying initiator/recipient in dyad relation-
ships and the nature of each interaction. Female aggression varied depending on the degree of females' mas-
culinization, but only in mixed groups (those composed of females with different AGDs) was a hierarchical
relationship observed. Furthermore, dominance hierarchies were constructed mostly on the basis of submis-
sive, rather than aggressive interactions. Finally, female behavioral and morphological masculinization was
not due to higher plasma testosterone levels, which would indicate that the masculinization of the female
phenotype is the consequence of the organizational effects of steroid hormones during ontogeny.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Sociality or the tendency of animals to live in groups results in con-
specific interactions that vary in intensity, duration and function [1].
While social life offers a number of benefits, it also incurs in costs
[2–4]. Some of the sociability costs are associated to the social interac-
tions themselves, including energy and time expenditure, risk of inju-
ries from aggressive interactions and social stress [5,6]. As a result,

individuals may develop specific behaviors to avoid or minimize these
costs. Thus, the establishment of dominance hierarchies has been
cited as the main mechanism for the development of predictable and
stable social environments, minimizing the costs associated with social
interactions within the group [7,8]. A social hierarchy represents social
ordering of individuals, in which there are dominant and subordinate
individuals. Dominant individuals obtain benefits such as priority in
use of or control of access to resources such as food, shelter and mates
[9–11] and in extreme cases, dominant individuals monopolize repro-
duction [12–14].

Dominance hierarchies are established through agonistic interac-
tions between group members [7,15]. However, social status is also
influenced by factors such as age, sex, body size, presence of ornaments,
and reproductive status [16]. Body size and ornaments play key roles in
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the formation of male hierarchies [9,17] and inmost animals, accentua-
tion of these traits is correlated with high levels of androgen hormones.
These hormones are recognized as the proximate mediators of social
status formation in males [18,19]. Unlike males, age plays a key role in
the formation of female hierarchies [10,20], implying that the acquisi-
tion of higher social status is a passive process [21]. Similar to males
however, female hierarchies can be also determined by factors such as
body size, reproductive status [22–24], and social factors such as nepo-
tism, inheritance of social status, and coalition formation [25–27].

The lesser role played by agonistic behavior during the formation
of female hierarchies may be in part the consequence of less attention
placed on female aggression. Aggressiveness remains as a trait histor-
ically associated with male behavior [5,18]. Aggression in females has
been extensively studied in hyenas and primates, where females nat-
urally have masculine phenotypes and are dominant over males
[28,29,17]. While these studies have reported a link between aggres-
sion and social status, they have failed to detect a connection between
aggressiveness and plasma androgen concentrations in adult females,
so the activational effects of androgens on aggressive behavior has
been discarded [17,30]. Thus, the nexus between androgen levels, ag-
gressiveness, social status and masculine phenotypes in females, re-
mains ambiguous [31–33].

In mammals, the perinatal stage (last trimester of pregnancy and
first days of newborn life) is a critical phase in the development of off-
spring [34,35]. At this stage, fetuses and newborn pups are highly
sensitive to organizational effects of steroid hormones, such as andro-
gens [19,35]. During prenatal development, offspring of litter-bearing
species are exposed to exogenous hormones from both their mother
and littermates [36,37]. The intrauterine phenomenon corresponds
to an effect of androgen hormones produced by adjacent males in
uterus than masculinize adjacent female phenotypes. As a conse-
quence, female phenotype could be described in function of number
of adjacent males, i.e., 0 M, 1 M or 2 M [38–42].

The IUP affects a variety of morphological traits, including the
anogenital distance (AGD) [38,43–45]. In addition, the IUP may have
ecological [46,37] and reproductive consequences [38,47,48] that in-
clude effects on life history traits such as litter size and litter sex ratio
[45,49–51]. At an intermediate level, the IUP has known effects on be-
havioral traits such as aggressiveness, territory marking, activity level,
parental care and sociality [39,52]. However, very little is known on
the effects of IUP on influencing the formation of hierarchies within
social groups. It is possible that female masculinization (determined
by the IUP) affects social structure. In particular, dominance hierarchies
may be more likely to form in social groups of females with highly
varying levels of masculinization, and where masculinized females are
dominant to feminized females. Thus, the objectives of this study
were: (1) to evaluate the effects of IUP on the frequency and nature of
social interactions and in the formation of dominance hierarchies, and
(2) assess if phenotypic masculinization is related to plasma testoster-
one concentration, a key aspect to support or rule out activational/
organizational testosterone effects.

To carry out these research objectiveswe studied the social behavior
of degu (Octodon degus, Molina 1782) females under laboratory condi-
tions. Degus are small-medium sized (170–300 g) caviomorph rodent.
Degus are diurnal and inhabit shrubland areas of arid central Chile
[53,54]. These rodents have a polygamous breeding system and are
plural breeders that live in social groups consisting of male and repro-
ductive females and their pups [53,55]. Members of each social group
share a common underground burrow system and females rear their
offspring communally [53]. Degus puberty occurs 1–3 months after
birth [56] and typically breeds once per year during late autumn
(June), but it is possible a second breed season during austral spring
(December–January) [57]. After 87 ± 3 days of pregnancy [58], fe-
males give birth an average of 6 ± 1 precocial pups (14 g, [59]),
which have a relatively short lactation period (30 days) [54,60]. The
litter sex ratio under laboratory conditions corresponded to 1.1 to 1.0

males/females [61]. While, there are good information about size [62],
composition and stability of the degu social group [57,63,64] and their
female fitness consequence [4,55], the nature of social interactions
within degu groups has remained largely unknown, along with its con-
sequences on the social hierarchies of these rodents.

2. Materials and methods

2.1. Study subjects and animal housing

Degus used in this study were individuals born in captivity between
January and March 2010, at the animal colony of the Universidad
Austral de Chile (UACh). Parents of these subjects came from the animal
colony of the Pontificia Universidad Católica de Chile (PUC) and corre-
spond to the second generation of animals born in captivity from spec-
imens captured in Rinconada de Maipú, Chile in 2006. All animals were
maintained under standard conditions in polycarbonate transparent rat
boxes (45 × 23 × 21 cm), with a bedding of hardwood chips, and
water and food (Cisternas® rabbit commercial pellets) provided ad
libitum. Animals were kept in a ventilated room under artificial light
with photoperiod of 12:12 h light–dark cycles. The ambient tempera-
ture was maintained at 18 ± 2 °C. Before the start of the experiment,
the experimental individuals were kept with siblings of the same sex
in group boxes.

2.2. Experimental set up

A total of 49 animals were studied, consisting of 42 adult non-
breeding females and 7 adult males. These individuals were assigned
to 7 social groups, each consisting of one male and six virgin females.
Since the pedigrees of these individuals were known, we set up groups
with no close genetic relatedness or familiarity. The six females of each
social group were homogeneous in age (210 ± 26 days) and body
mass (166.75 ± 20.35 g). This design allowed us to control for the po-
tential effects of age and bodyweight, allowing us to determine the pos-
sible role of masculinization and plasma testosterone levels in the
formation of social hierarchies. The female masculinization level was
determined from AGD analysis, but also we used the litter sex ratio as
a guide to choose females with different levels of masculinization.
AGD is a morphometric trait that allows external assessment of the
level of female masculinization, since prenatal exposure to androgens
affects the development of the perineal tissue [65]. The distance be-
tween the genitalia and the anus is longer in males than in females,
and longer in females that had beenmore exposed to androgen in uter-
us than in less exposed females [40,52,66,67,77]. AGD was determined
as the distance fromventral anus commeasure to base of genital papilla,
as proposed by Vandenbergh and Hugget, [49], andmeasured with dig-
ital caliper four times (1, 49 and 63 days of life and before to the start
the experiment). “The masculinization level” was classified in three
categories estimates from the tertiles of normal distribution of AGD
measure in laboratory and field populations (Correa, L.A. unpub. data).
First tercile of AGD females were assigned as Feminized (1.38 mm to
1.96 mm); a second tercile of AGDs were named as Intermediate fe-
males (from 1.97 mm to 2.54 mm) and last tercile of AGD were
assigned as Masculinized females (from 2.55 mm to 3.85 mm). Rela-
tionship between AGD and IUP in degus, was previously determinate
(Correa, L.A. unpub. data), and feminized, intermediated and masculin-
ized females are simile to 0 M, 1 M and 2 M of IUP classification.

Three types of social groups were determined to evaluate the fe-
male masculinization level effect on the type of interactions within
social groups. (1) Groups consisting entirely of feminized females;
(2) mixed groups consisting of two females of each masculinization
levels (feminized, intermediate and masculinized); and (3) Groups
consisting entirely of masculinized females. For each type of group,
three replicates were formed except for the masculinized females
group that not had replicates due to low availability of this female
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phenotype. Each animal was marked using ear-tags with unique
number and a colored plastic necklace, for identification in video re-
cordings. The males were only marked with ear-tags. Each social
group remained in a glass terrarium (60 × 60 × 40 cm) for the dura-
tion of the experiment with the top covered by a 1 × 1 cm galvanized
wire mesh. Each terrarium was bedded with hardwood chips
(15 cm), food and water were provided ad libitum, and artificial bur-
rows made with stones, sticks, PVC tubes and jars of different sizes, to
provide natural shelter. The animals were provided with wood and
cardboard to gnaw. All individuals entered to the experiment at the
same time and had a time of habituation of 1 week prior to the start
of the experiment.

2.3. Data collection

We recorded the behavior of group members in each social group
twice within a 3–4 days period. The first test was made the day after
the seventh day of habituation (eighth day) and the each social group
started the experiment in different and successive days. Each obser-
vation period lasted for 3 h. Behavior of degu subjects was recorded
with a closed circuit camera, located in front of each terrarium. This
camera was connected to a computer through a video card and
recorded directly onto the computer's hard disk. Subsequently, each
video was analyzed, for the same person, scoring all social interac-
tions. Those interactions involving aggressive behavior were consid-
ered as dominance interactions and included threats (aggressive
lateral position, accompanied by vocalizations and vertical movement
of the tail), pushing (shoving with forepaws), headers (pushing the
opponent with head), boxing (two animals together pushing each
other's forepaws), agonistic hugs (one animal hugging the other from
behind), dragging (one animal dragging another by the tail), riding
(one animal walks or mounts an animal in the upright position and
moves its hind legs pedaling), take-downs (one animal rolls it opponent
on its back) andbiting. Additionally, we scored affiliative interactions in-
cluding naso-nasal sniffing, anogenital sniffing, and mutual grooming
[68,69]. Finally, we quantified submissive interactions such as retreat,
running away, freezing and grooming another individual without reci-
procity [70]. In each case, we identified the initiator and recipient of
each interaction.We also tallied thedisplacement of an individual by an-
other from access to limited resources, including drinking bottle tips;
the animal that yielded access to the limited resource was considered
the subordinate [71].

2.4. Dominance hierarchy estimation

A social hierarchy was determined by evaluating the asymmetry of
dominance/submission interactions between subjects in a matrix of
dyads. This procedure required ordering individuals using a dominance
matrix constructed from the number of wins and losses in dominance/
submission interactions based on all interactions between pairs of indi-
viduals [72]. This information was used to determine the hierarchical
social structure by calculating the de Vries index (h′), with 10,000
permutations to determine significance of linearity. The de Vries index
ranges from 0 to 1, where 1 represents perfect linearity, while 0 indi-
cates a lack of linearity [15]. A de Vries index value above 0.8 generally
indicates a highly linear hierarchy [73]. The de Vries indexwas calculat-
ed to each social group in two times. To quantify the hierarchical posi-
tion (social rank) of each degu group member we considered one
measure of dominance: the proportion of contest wins (PCW) [73]. All
of these analyses were performed using the SOCPROG 2.4 program in
Matlab [74].

2.5. Hormonal analysis

At the beginning of the experiment, before of the video recording,
we collected a blood sample to analyze basal plasma testosterone. The

blood sample was taken by venipuncture of the saphenous vein. Once
the vein is punctured we proceeded to extend and contract the leg of
the animal to allow bleeding. Blood was collected in 1.7 ml Eppendorf
tubes. The total blood volume collected was approximately 700 μl.
Blood samples were centrifuged at 6000 rpm for 10 min. Plasma
was separated from blood cells and stored at −20 °C for subsequent
analysis. Testosterone levels were measured by radioimmunoassay
(RIA) at the Endocrinology Laboratory at PUC. In order to determine
hormone levels, testosterone was extracted using diethyl ether, evap-
orating 50 μl of plasma, and then the sample was resuspended in RIA
assay buffer. This method had a resolution limit of 30 nmol/l. All the
samples were analyzed in duplicate, and the precision of the assay
was evaluated by determining the coefficient of intra- and inter-
assay variation. The coefficients of intra- and inter-assay variation
were 7.7% and 9.9%, respectively.

2.6. Statistical analysis

To analyze the frequency of social interactions, we used permutation
analysis of variance (PERMANOVA), given the lack of replicates in the
masculinized group. During this analysis, the independent variables or
factors were: time (2 levels), group type (feminized vs. mixed vs.
masculinized) and female phenotype (feminine vs. intermediate vs.
masculine) using AGD proxy for female masculinization level (as was
described before), while the occurrence of interactions (frequency)
corresponded to the dependent variable. Dominance, submissive and
affiliative interactions were evaluated during separate analyses. Female
phenotypewas nestedwithin group, a random factor. This allowedus to
assess differences in the frequency of interactions between groups.
Analyses were performed using PERMANOVA + for PRIMER program,
version 6.1.14 [75]. The potential relationship between plasma testos-
terone levels and female masculinization level was analyzed using one
way ANOVA, with concentration of testosterone as the dependent vari-
able and the AGD (small vs. intermediate vs. large) as the independent
variable. Finally, the relationship between social rank and plasma tes-
tosterone concentrations was analyzed by a simple, linear regression.
All frequency data were transformed by arcsine√(x) to meet normality
assumptions. All statistical analyses were performed in the STATISTICA
7.0 program. All protocols and animal handling techniques used in this
study were approved by the Ethics Committee of the Universidad
Austral de Chile, and followed the Chilean Ethical Legislation supervised
by CONICYT.

3. Results

3.1. Testosterone levels

No relationship was detected between the level of female mascu-
linization and baseline plasma testosterone at the beginning of the ex-
periment (ANOVA: F2,39 = 2.79, P = 0.073), suggesting that female
masculinized level does not influence baseline levels of testosterone.
Similarly, basal levels of plasma testosterone did not predict female
social status (Time 1: R = 0.220, R2 = 0.048, β = 0.220, B = 3227,
F1,16 = 0.8190, P = 0.378, Time 2: R = 0.017, R2 = 0.002, β =
−0017, B = −0.230, F1,16 = 0.004, P = 0.946).

3.2. Frequency of social interactions

The frequency of dominance (aggressive behaviors), submissive,
affiliative and total interactions varied significantly between different
types of social groups. In all cases, there was a significant main effect
of group type and a group type by time interaction. Dominance
(aggressive behaviors) interactions were observed mostly in mixed
and masculinized groups. In contrast, affiliative interactions were ob-
served mostly in feminized groups, while submissive interactions
were observed in mixed groups (Fig. 1). There was not a main effect
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of female phenotype on the frequency of interactions, nor was there a
female phenotype × time interaction (Table 1).

3.3. Hierarchy formation

The results of the de Vries index (h′) indicate that there was no
hierarchy formation as the result of dominance interactions in the
groups, with two exceptions, including one mixed group, in which a

highly linear dominance hierarchy was established permanently, and
a second mixed in group in a hierarchy formation was detected but
only once (Table 2). Submissive interactions were clearly hierarchical
in all mixed groups, whereasmasculinized and feminized groups lacked
hierarchy formation (Table 3). The hierarchies found in mixed groups
were markedly linear in both times, except for third mixed group in
which the hierarchy was only weakly linear. In two feminized groups
subordinate interactions were scarce preventing the calculation of h′.
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Fig. 1. Per capita social interactions in artificial groups at different times. Fem, represent feminized female groups;Mix, correspond tomixed groups (seeMethods); andMasc, represent a
masculinized female group. Dominance interactions (a) and (b), affiliative interactions (c) and (d), and submissive interactions (e) and (f). Interactions are presented as mean ± 1 EE.

Table 1
PERMANOVA results, for dominance, affiliative, submissive and total interactions.

Interaction type All Dominance Affiliative Submissive

Factors df Pseudo-F P (perm) Pseudo-F P (perm) Pseudo-F P (perm) Pseudo-F P (perm)

Female phenotype 2 0,7517 0.5249 1,0814 0.3664 0,38979 0.6838 3,2584 0.1482
Time 1 1,1438 0.3618 1,8819 0.2374 0,2473 0.6442 0,48663 0.5366
Group type 4 11,367 0.0001⁎ 7,0444 0.0001⁎ 34,528 0.0001⁎ 2,6942 0.0376⁎

Female phenotype × Time 2 0,58644 0.6701 0,44988 0.6654 0,75928 0.5323 2,80E-02 0.9728
Group type × Time 4 3,9854 0.0007⁎ 2,6037 0.0331⁎ 11,302 0.0001⁎ 4,9459 0.0011⁎

Residual 70

⁎ p b 0.05.
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Social hierarchies were quantified for mixed groups only (Table 3). As
these hierarchies were highly linear, the social status of each female
could be identified from PCW for each female. AGD (as estimator of
IUP), predicted social status in the hierarchy. Females with longer
AGDs (masculinized) occupied higher social positions and therefore
were dominant females. Females with shorter AGDs (feminized) occu-
pied subordinate positions, and females with intermediate AGDs occu-
pied middle social positions in the hierarchy (Fig. 2).

4. Discussion

Our study revealed that masculinization in female degus influ-
ences her social behavior, including the rate of affiliative, submissive
and aggressive behaviors. The frequency and symmetry of these in-
teractions in turn influenced the formation of dominance hierarchies,
but only in mixed social groups. These findings are in accord with pre-
vious studies that supported social dominance is a relative trait that
depends on with whom the individual interacts, a socially emergent
rather than individual attribute [7,16]. In mixed social groups, there
was a positive linear relationship between social status and female
masculinity. Our results agree with those previously reported in hy-
enas [27,28], bonobos [29], Alpine marmots [76], rats [40], domestic
mice [41,77] and pigs [78]. In this study, masculinized females were
more aggressive than feminized females, and this difference could
affect social status [46,66]. Proximally, in some mammal species has
been demonstrated that female aggression is positively related with
plasmatic androgen concentration [31,79], this relationship has not
detected in any species in which the IUP phenomenon has been stud-
ied [39,77], including degus, for these reason the relationship female
androgen levels and social status in mammals, still remains unclear.

Evidence presented herein does not support the hypothesis of
activational effects of androgens on female behavior, which propose
that behavioral effects are consequence of circulating hormone levels,
and these effects not persist when hormone is absent [35]. In this
sense, female behavioral differences observed in this experiment, was
not consequence of differences in plasmatic testosterone levels. Instead,
our study supports the organizational effects hypothesis, according to
which female masculinization and aggressiveness are influenced by ex-
position to androgens during ontogeny [19,31,35]. Prenatal exposure to
androgens stimulates the synthesis and determines the distribution of
androgen receptors in different parts of the neuroendocrine system,

influencing sexual dimorphism [19,34,35,77]. This hypothesis has
been tested indirectly in domestic mice [77,80] and rats [40]. In these
studies, female sexual behavior was observed after exogenous adminis-
tration of testosterone and flutamide (an antiandrogen) to females of
different IUP; the females differed in sexual behavior after injections
according to their IUP [40,77]. Instead other researches proposed that
testosterone injections to adult rat females do not modify female ag-
gressiveness, when these females are not exposed to testosterone in
perinatal stage [35,81,82]. This suggests that female behavioral and
phenotypic masculinization is in part a consequence of higher sensitiv-
ity to androgens more than higher androgen levels, and that androgen
sensitivity varies depending on IUP [39,77]. Thus, other hormonal regu-
latory factors that may affect the sensitivity of individuals to hormones,
including free hormone concentration, plasma protein–ligand concen-
tration, or hormone interactions should be further examined in the or-
igin of the female masculinized phenotype [33,83–85]. However, these
factors are also modulated by the organizational effects of steroids dur-
ing ontogeny, and could be affected by the IUP [66].

While masculinized females had a high frequency of aggressive
behavior, and this behavior was responsible for the formation of social
hierarchy in some mixed groups, submissive behaviors were more im-
portant in hierarchy formation. Instead, submissive behaviors from sub-
ordinate females towards dominants allowed the structuring of social
groups. This result is consistent with other studies proposing that sub-
missive interactions are crucial to the formation of social hierarchies,
as these behaviors involve “mutual recognition” of the social status of
both participants [10,11]. The formation of social hierarchies based
mostly on submissive interactions is typical for female mammals. On

Table 2
Results of de Vries index (h′) and p value obtained from dominance interactions, per
group and time.

Group Time 1 Time 2

Feminized (1R) h′ = 0.429 p = 0.449 h′ = 0.6 p = 0.114
Feminized (2R) h′ = 0.446 p = 0.312 h′ = 0.393 p = 0.368
Feminized (3R) h′ = 0.518 p = 0.143 h′ = 0.554 p = 0.190
Masculinized h′ = 0.464 p = 0.190 h′ = 0.536 p = 0.071
Mixed (1R) h′ = 0.857 p b 0.001⁎ h′ = 0.964 p b 0.001⁎

Mixed (2R) h′ = 0.446 p = 0.199 h′ = 0.357 p = 0.588
Mixed (3R) h′ = 0.732 p = 0.030⁎ h′ = 0.411 p = 0.413

⁎ p b 0.05.

Table 3
Results of de Vries index (h′) and p value obtained from submissive interactions, per
group and time.

Group Time 1 Time 2

Feminized (1R) h′ = 0.643 p = 0.156 0
Feminized (2R) h′ = 0.625 p = 0.171 h′ = 0.589 p = 0.103
Feminized (3R) 0 0
Masculinized h′ = 0.268 p = 0.749 h′ = 0.375 p = 0.518
Mixed (1R) h′ = 0.804 p = 0.031⁎ h′ = 0.839 p = 0.012⁎

Mixed (2R) h′ = 0.839 p = 0.034⁎ h′ = 0.839 p = 0.042⁎

Mixed (3R) h′ = 0.821 p = 0.021⁎ h′ = 0.786 p = 0.035⁎

⁎ p b 0.05.
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Fig. 2.Masculinization levels evaluated as anogenital distance (AGD) and social ranking in
Octodon degus females in mixed groups. We presented a female phenotype classified as
feminized (Fem), intermediate (Inter) and (Masc) masculinized females. Social ranking
is expressed as mean ± 1 EE by female class.
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the contrary, hierarchy formation inmalemammals is mostly the result
of dominance interactions, involving physical contact, and mediated
by androgens [10,11]. Our results are in agreement with theoretical
expectation because female degu hierarchies were not mediated by an-
drogens and dominance interactions. Intriguingly then, female degu hi-
erarchies depart from those of human females [31], bonobos [29], and
naked mole rats [12,24]. Hierarchies among females of these mammal
species build in a way similar to male mammals.

Rodent dominance studies have focused on eusocial species (naked
mole rats) and gregarious species, such as domestic rodents [23,86–88].
In eusocial species, dominant individuals monopolize reproduction and
do not participate in burrow maintenance, while subordinates are reg-
ularly exposed to aggression from dominants [12,24,89]. In contrast,
gregarious species reproduction is plural, and dominants have higher
reproductive success and/or control of resources [23,87,88] and subor-
dinates have lower reproductive success and higher levels of chronic
stress [23,86,88]. In intermediate social species (such as degus, [64]),
have been given less attention. These studies proposed that indepen-
dently of the sociability level of rodent species, dominance hierarchies
formmainly during breeding season, but the consequences of hierarchy
formation varies between gregarious and eusocial species [23,86–88].
These results are in accordance with the idea that more complex and
structured societies incur greater costs and benefits associated with so-
cial rank acquisition [90]. In this context, we predict costs and benefits
of social status in degus should be intermediate between gregarious eu-
social species. However, we can discard strong reproductive skew
among degu females. Virtually 100% of females examined under natural
conditions show signs of pregnancy and lactation [91]. However, we
predict reproductive success of females varies with social status, be-
cause in domestic rodent species studies have shown that factors such
as litter size and number of reproductive events vary according to social
rank, where subordinate females exhibit fewer reproductive events and
produce smaller litters [77]. It is possible that social stress affects more
heavily to subordinate than to dominant females [82,92–94]. Thus, glu-
cocorticoids secreted during stress response could be responsible for an
energetic imbalance that produces embryo resorption in utero during
pregnancy, and offspring mortality during parental care stage [95–98].
However, the communal rearing exhibited by degus females can buffer
variation in reproductive success among subordinate and dominant fe-
maleswithin social groups. Our ongoing research is aimed at comparing
reproductive success of females within natural social groups.
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