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Absence of kin structure in a population of the
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Variation in sociality may have an important impact on population genetic structure. In highly social species, the formation of kin
clusters leads to decreasing variation within but increasing genetic variation among social groups. Studies on less social species in
which social groups may be more short lived have revealed a greater diversity of consequences on the genetic structure of
populations. Thus, studies on populations of less social species can more precisely highlight how social structure and genetic
structure covary in wild populations. We explored the relationship between natal dispersal and social structuring (i.e., whether
social group are composed of kin) at the local population in a social rodent, Octodon degus, using a combination of direct
(capture–mark–recapture) and indirect (codominat genetic markers) methods. Previous studies of degus indicated that social
groups were characterized by high turnover rate of group members and no sex bias dispersal. As we expected, there was an
absence of correlation between social and genetic structure; moreover, social groups were not characterized by high levels of
genetic relatedness (R: no different form background population). Direct and indirect (corrected assignment index) methods
revealed an absence of sex-biased dispersal. Moreover, this method reveled that our study population was composed of resident
and immigrant individuals. Moreover, dispersal distances have no effect on kin structure as reveled by the spatial genetic
autocorrelation analysis. Beside some degree of offspring association (R: among juveniles of a same group higher than back-
ground population), high turnover rate, dispersal, and perhaps a promiscuous or polyandry mating system seem to avoid a kin
genetic structure, thereby limiting the opportunity for the evolution of kin-selected social behavior. Key words: offspring associ-
ations, relatedness, social groups, spatial genetic autocorrelation analysis. [Behav Ecol 22:248–254 (2011)]

Sociality, or the tendency of animal species to live in groups,
may have consequences on the genetic structure of their

populations (Sugg et al. 1996; Dobson 1998). In particular,
the stability or temporal persistence of groups may impact
population structure. For example, significant genetic subdi-
vision among small families or social groups within colonies
and subpopulations occurs in highly social species in which
groups are stable and persist for long periods of time. For
these species, the temporal persistence of kin associations at
the population level is expected to correlate with decreasing
variation within but increasing genetic variation among social
groups (Sugg et al. 1996). In contrast, studies on less social
species in which social groups may be more short lived have
revealed a greater diversity of consequences on the genetic
structure of populations. In particular, social groups may
(Blundell et al. 2004; Matocq and Lacey 2004; Hare and Murie
2007; Lebigre et al. 2008) or may not (Túnez et al. 2009;
Gauffre et al. 2009; Viblanc et al. 2010) represent kin clusters
characterized by high levels of genetic relatedness. Thus, stud-
ies on populations of less social species can more precisely
highlight how social structure and genetic structure covary
in wild populations (Dobson 1998).
Quantifying the genetic structure of populations without

accounting for social subdivision may lead to higher than

expected levels of homozygosity, or Wahlund effect (Dobson
1998). In theory, genetic subdivision in social populations
decreases with natal dispersal but increases with natal philo-
patry. Relatedness within groups is expected to decrease rela-
tive to population levels whenever natal dispersal is frequent
but expected to increase whenever dispersal is low. Given that
dispersal may be sex biased, stronger correlations are ex-
pected between genetic and social subdivision in the more
philopatric compared with the more dispersing sex (Dobson
1998). In mammals, females most often represent the phil-
opatric sex, whereas males represent the dispersing sex
(Greenwood 1980; Dobson 1982; Pusey 1987; Wolff 1994:
Clarke et al. 1997; Dale 2001; Petit et al. 2001). Thus, evidence
of kin structure may predict the extent of philopatry and
dispersal in highly social species (Sugg et al. 1996).
We explored the relationship between natal dispersal and

social structuring (i.e., whether social group are composed
of kin) in a social rodent, Octodon degus. Degus are small to
medium sized (170–300 g) diurnally active rodents (Woods
and Boraker 1975) that typically breed once per year during
late autumn (May–June, Rojas et al. 1977). After a 3-month
pregnancy, females give birth to an average of 6 6 1 pups in
September. Both natal philopatry and dispersal influence the
composition of social groups (Ebensperger et al. 2009). Al-
though degus are known to live in social groups (composed of
0–5 males and 1–8 females Ebensperger et al. 2004; Hayes
et al. 2009), sociality in these animals seems intermediate
between highly social (Pope 1992, 1998; Reeve et al. 1990;
Faulkes et al. 1997; Spong and Creel 2004) and solitarily living
mammals (Cutrera et al. 2005). First, although solitary living
does not occur in degus (Hayes et al. 2009), social groups are
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highly unstable in that they are short lived and ruled by an
extensive turnover of group members (Ebensperger et al.
2009). Although allonursing seems to occur in captivity
(Jesseau et al. 2009), social behavior of these rodents
(Ebensperger and Bozinovic 2000; Quirici et al. 2008) does
not include forms of cooperative behavior found in other
mammals such as coordinated antipredator vigilance
(Clutton-Brock et al. 1999) or division of labor (Jarvis 1981;
Jarvis and Bennett 1993). Based on these characteristics of
degu sociality, we predicted a weak (if any) correlation be-
tween social and genetic structuring. Given that neither im-
migration by adults (Ebensperger et al. 2009) nor offspring
dispersal (Quirici et al., forthcoming) are sex biased in degus,
we further predicted the correlation between social and ge-
netic structure not to be influenced by sex.
The formation of temporally stable kin groups is thought to

be a prerequisite for kin selection (Hamilton 1964; Maynard
Smith 1964) to operate (Chesser 1991). In degus, some labo-
ratory studies (Jesseau et al. 2009; Villavicencio et al. 2009, but
not others: Ebensperger et al. 2007; Quirici et al. 2008) sup-
port that kinship influences social behavior. Although those
studies supporting a role for kinship are inconsistent with the
instability that characterizes social groups of these animals,
kinship may still play some role under natural conditions
through the formation of sibling associations during dispersal
(i.e., sibling dispersal).
We tested these hypotheses with a combination of direct

(capture–mark–recapture) and indirect (codominat genetic
markers) methods, a powerful approach to examine the
relationship between dispersal, social behavior, and popula-
tion structure (Clobert et al. 2001; Cano et al. 2008; Sharp
et al. 2008).

MATERIALS AND METHODS

Study site and trapping design

The study was conducted between the austral spring (Octo-
ber–November) of 2007 and late autumn (May–June) of
2008 at the Estación Experimental Rinconada de Maipú
(lat 33�23#S, long 70�31#W, altitude 495 m), a field station
of Universidad de Chile. The study site is characterized by
a Mediterranean climate with warm dry summers (Decem-
ber–March) and cold wet winters (June–September) (Yáñez
1976; Meserve et al. 1984). The site consisted of open areas
with scattered shrubs (Proustia pungens, Acacia caven, and
Baccharis spp.) and annual grasses and forbs (Ebensperger
and Hurtado 2005). Therein, we considered a 4–5 ha study
area in an area known as the El Litral and in which degus
were visually abundant and have been studied (Hayes et al.
2007). In spring 2007, we established a rectangular shaped
trapping grid of 100 3 60 m.
We trapped O. degus using a combination of Tomahawk

(model 201, 14 3 14 3 40 cm, Tomahawk, WI, 300 traps)
and locally produced metal live traps (30 3 10 3 9.5 cm,
similar to Sherman traps, 100 traps) all baited with rolled oats.
We set traps in burrow system entrances for 2 months in spring
(32 trapping days) and 2 weeks in autumn (13 trapping days),
prior to the emergence of adults. Thus, traps were set before
animals emerge to daily activity (spring: 08:00 AM; autumn:
07:00 AM). After 1.5 h, all traps were closed and individual
identity, sex, body weight, apparent age (adult vs. juvenile,
determined from body weight), and reproductive condition
(females only) were recorded for every caught animal. During
trapping, we marked degus at the time of first capture by clip-
ping no more than one toe per foot (for further details, see
Quirici et al. 2010). Tissue samples were stored in 95% ethanol
for genetic analyses of relatedness. All burrow systems were

permanently marked with numbered wooden stakes and coor-
dinates recorded with a GPS. Coordinates were then converted
to X–Y (north-east) coordinates with the Locate II software
(Pacer Software, Truro, NS, Canada).

Social group determination

Degus remain in undergroundburrows with conspecifics during
the night time (Ebensperger et al. 2004). Therefore, we as-
signed animals to social groups based on the sharing of burrow
systems during night time (Ebensperger et al. 2004). The shar-
ing of burrow systems was established by means of burrow
trapping in autumn. We then determined group composition
using the SOCPROG 2.3 software (Whitehead 2009) based on
a matrix of associations. This symmetric matrix is an estimate of
the proportion of times that any 2 individuals were captured in
the same burrow system simultaneously. In our case, we deter-
mined the association between any 2 individuals by dividing the
number of occasions that these 2 animals were captured in
the same burrow system simultaneously by the number of
trapping days that both individuals were caught (Ebensperger
et al. 2004). We performed hierarchical cluster analysis of the
association matrix. We confirmed the correlation between the
association indices and the level of clustering in the diagram
with the cophenetic correlation coefficient (Whitehead 2009):
values . 0.8 indicated an effective data representation. We
used the maximum modularity criteria (Newman 2004), as im-
plemented in SOCPROG 2.3, to cut off the dendrogram and
define social groups. On defining social groups, we determined
burrow systems used by each group. For each social group,
degus were assigned to 2 alternative categories: residents (i.e.,
philopatric)—those that were present in the 2007 spring, and
immigrants (i.e., dispersers)—those not present during the
2007 spring. Because trapping effort during spring 2007 was
more extensive than in previous years (Hayes et al. 2009), we
are confident that degus assigned to immigrants were unlikely
the result of animals previously present but not trapped.

Genetic analyses

DNA was extracted from tissue samples using the DNeasy Tissue
Extraction Kit (QIAGEN Inc., Valencia, CA). Individuals were
genotyped for 4 Spalacous cyanus microsatellite loci (Scy1, Scy3,
Scy5, and Scy6; Schroeder et al. 2000) and 2 degu microsatellite
loci (OCDE1 and OCDE3, Quan et al. 2009), using the con-
ditions recommended by the respective authors. These loci
were chosen because they were polymorphic and showed no
linkage disequilibrium in our study population. We verified
polymerase chain reaction amplification by examining samples
on agarose gels. Samples were analyzed on an ABI 310 capillary
sequencer (Applied Biosystems, Foster City, CA) in the Labo-
ratory of Molecular Diversity at the Pontificia Universidad Ca-
tólica de Chile. Fragment sizes were determined and genotypes
were assigned using PeakScanner 1.0 (Applied Biosystems).
Quantification of allele frequencies and analyses of

linkage disequilibrium were conducted using GENEPOP 3.4
(Raymond and Rousset 1995). Deviations from Hardy–
Weinberg equilibrium were evaluated using the Monte–Carlo
randomization test of Guo and Thompson (1992) and the
U statistic of Rousset and Raymond (1995), as implemented
in ML-Relate software (Kalinowski et al. 2006). Pairwise co-
efficient of relatedness (R) among individuals was calculated
using the ML-Relate software (Kalinowski et al. 2006). The
ML-Relate program was chosen because it provides maximum
likelihood estimates of relatedness, an accurate approach
compared with other estimators available (Milligan 2003).
We used R to refer to any estimate of genetic relatedness
rather than r, which denotes the true relatedness based on
knowledge of a pedigree (Winters and Waser 2003).
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Analyses of kin structure

We first tested the null hypothesis of no association between
capture association and genetic relatedness. We evaluated cor-
relations between capture association and R matrices using
Dietz (1983) R-test. This test is implemented in SOCPROG
2.3 and differs from the Mantel test in that matrices of ranked
values are used instead of raw values. The Dietz R-test is less
strongly affected by large (or small) outlying values than the
Mantel test. We assessed associations for males and females
separately based on 1000 permutations.
We evaluated whether mean R values within groups (calcu-

lated for females, males, and all group members) were signifi-
cantly larger than background levels across social groups in the
study population. To calculate background R values, we used
bootstrapping using the R 2.4.1 software (R Development Core
Team 2006). In particular, we calculated 10 000 values (with
replacement) of mean R from N randomly selected R values
obtained from nongroup members. The value of N varied ac-
cording the total number of adults, males, or females per social
group examined. Observed means that fell outside 95% inter-
val confidence intervals for randomly selected individuals were
considered different from background.
In addition, we calculated the percentage of pups born to

the same burrow systems during spring that stayed in the same
natal burrow (i.e., were philopatic: distancemoved from spring
to autumn was equal to zero) or moved and settle into same or
different burrow systems (i.e., dispersed: distance moved from
spring to autumn was different from zero). In case of dispers-
ers, we further determined whether offspring from same natal
burrows also moved to same burrow systems. Dispersal dis-
tance was calculated as the straight-line distance from the
burrow system where pup was first captured (i.e., natal bur-
row) to the burrow system where the same individual was first
recaptured in autumn (Quirici et al., forthcoming). We then
evaluated whether mean R values between offspring that
stayed or moved to same burrow systems were significantly
higher than background levels of genetic similarity in the
study population.

Analysis of dispersal

An absence of sex-biased dispersal in degus was previously re-
ported based exclusively on capture–mark–recapture (Quirici
et al., forthcoming). Given that this approach may lead to
problems (Koenig et al. 1996; Dieckmann et al. 1999), we
used genetic markers to confirm this pattern. To quantify the
extent to which dispersal is sex biased in our local popula-
tion, we used ‘‘assignment index (AI) values’’ for males and
females based on 1000 permutations using FSTAT 2.9.3
(Goudet 1995). The AI measures the probability that an in-
dividual genotype would appear in the population from
which it was sampled, correcting for differences in popula-
tion genetic diversity (Farve et al. 1997). AI values are ran-
domly distributed around zero, with negative values
indicating that an individual is more likely than average to
be a recent immigrant. The variance in AI is expected to be
higher in the dispersing sex because of the increased prob-
ability that population samples will contain both philopatric
and immigrant individuals (Goudet et al. 2002). During
these analyses, each of our 7 social groups was treated as
a ‘‘distinct’’ population.
To complete our understanding of the impact of dispersal

on degu sociality, we performed an autocorrelation spatial
analysis. This method employs a multivariate approach to
simultaneously assess the spatial signal generated by multiple
genetic loci (Peakall et al. 2003), as implemented in Gen-
A1Ex 6.3. The autocorrelation coefficient generated (r) is

a correlation coefficient, bounded by [21, 11] and provides
a measure of the genetic similarity between pairs of individ-
uals whose geographic separation falls within the specific
distance class. Positive autocorrelation implies that dispersal
is limited. Separate analyses were run for males and females.
Distance class intervals were set to 10 m, and the total num-
ber of distance class used were chosen based on the maxi-
mum distance to same sex individuals. Confidence intervals
for r values were derived from 1000 bootstrap estimates.
Whenever the confidence interval generated does not in-
clude the zero, significant spatial genetic structure needs
to be inferred.

RESULTS

Microsatellite variation

No evidence of linkage disequilibrium was detected among
the loci screened (all P . 0.05). Number of alleles per locus
range from2 to 10 (6.676 2.66); observed heterozygosity range
from0.26 to 0.77 (0.5460.17) (Table 1). Significant departures
from Hardy–Weinberg expectations, however, were detected
for 4 loci (P, 0.001, Table 1). Calculations ofRwereperformed
adjusting relatedness to accommodate the possible presence of
null alleles with theML-Relate software. In addition, AI analyses
are robust enough to departures from Hardy–Weinberg equi-
librium(Paetkau et al. 1995). Thus, data fromall 6 loci screened
were included in our analyses of kinship.

Social groups and kin structure

Based on the maximum modularity criteria (Newman 2004),
7 social groups were identified and monitored in autumn
2008. There were 3.8 6 2.3 (range: 1–6) residents females
and 1 6 0 residents males per group. There were 3 6 2.9
(range: 1–8) immigrant females and 1.6 6 0.9 (range: 1–3)
immigrant males per group (Table 2). In total, 55.9% of 34
females present in autumn were residents and the remaining
44.1% were immigrants. In contrast, 14.3% of 14 males pres-
ent in autumn were residents and the remaining 85.7% were
immigrants. Thus, males were less likely than females to be-
come residents (Yates corrected v2 ¼ 5.38, P ¼ 0.02). There
was a nonstatistically significant trend for males (mAI ¼
0.529) to exhibit higher mean AI compared with females
(mAI ¼ 20.249) (mAI: P ¼ 0.93). The variance linked to AI
did not statistically differ between females (vAI ¼ 3.827) and
males (vAI ¼ 2.187) (vAI: P ¼ 0.711). Altogether, this method
reveled that our study population was composed of resident
and immigrant individuals.
The spatial genetic autocorrelation analysis did not detect

fine-scale genetic structure for females (Figure 1a) or males
(Figure 1b). Thus, genetic structure is not influenced by

Table 1

Diversity of the microsatellite loci used to estimate relatedness in
Octodon degus

Locus No. of alleles Ho He P value

Scy1 6 0.26 0.65 ,0.001
Scy3 7 0.60 0.82 ,0.001
Scy5 2 0.50 0.48 0.54
Scy6 8 0.54 0.85 ,0.001
OCDE1 7 0.77 0.84 0.38
OCDE3 10 0.56 0.83 ,0.001

P value indicates significance of differences between observed (Ho)
and expected (He) heterozygosity.
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distance among individuals. Only in 3 of 35 distance classes,
the calculated confidence interval around r did not include
the zero. Relatedness tended to be directly correlated with
spatial distance in females that were within 10 m or less. In
contrast, relatedness and spatial distance were inversely re-
lated in females and males that were within 110 and 120 m,
respectively.

Mean R of entire social groups ranged from 0.03 to 0.19
(0.15 6 0.05). These values range from 0.08 to 0.19 (0.14 6
0.05) for females and 0 to 0.27 (0.21 6 0.12) for males. When
each social group was examined separately, R values within
groups were not different from the total (0.13 6 0.2), females
(0.13 6 0.19), and males (0.12 6 0.18) background levels of
genetic similarity in the study population (Table 2).

Table 2

Number of resident and immigrant female and male degus per social group

Social
group ID

Female
(res)

Female
(imm)

Mean
R (6SD) 95% CI

Male
(res)

Male
(imm)

Mean
R (6SD) 95% CI Total

Mean
R (6SD) 95% CI

Offs
(dist)

Mean
R (6SD) 95% CI

G1 — 2 0.08 0–0.5 — 1 3 0.03 (0.04) 0–0.35 — —
G2 2 8 0.11 (0.23) 0.02–0.26 — 3 0.25 (0.23) 0–0.35 13 0.15 (0.26) 0.03–0.23 — —
G3 1 1 0 0–0.5 — 1 3 0.16 (0.24) 0–0.35 — —
G4 4 3 0.16 (0.23) 0–0.29 1 1 0 0–0.43 9 0.16 (0.22) 0.02–0.25 3 (25 m) 0.16 (0.29) 0–0.35
G5 6 — 0.15 (0.16) 0–0.31 1 1 0.2 0–0.43 8 0.17 (0.16) 0.01–0.26 3 (20 m) 0.32 (0.25) 0–0.35

3 (0 m) 0.27 (0.26) 0–0.35
G6 — 1 — 3 0.27 (0.29) 0–0.35 4 0.17 (0.23) 0–0.32 — —
G7 6 — 0.22 (0.29) 0–0.31 — 2 0.3 0–0.43 8 0.19 (0.29) 0.01–0.26 3 (30 m) 0.56 (0.11) *0–0.35

Mean (6standard deviation, SD) pairwise R values and its confidence interval (CI) for total group, female group, male group, and siblings.
Abbreviations: res, residents, imm, immigrant, offs, offspring, dist, distance. See text for details.

*R values that fell outside the 95% confidence interval.

Figure 1
Spatial genetic autocorrelation
estimated over cumulative dis-
tance class for females a) and
males b).
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Based on 1000 permutations, we detected no correlation
between genetic and social associations based on burrow trap-
ping neither for males (N ¼ 14, Dietz R-test: RD ¼ 0.014, P ¼
0.41) nor females (N ¼ 34, Dietz R-test: RD ¼ 0.031, P ¼ 0.21).
Thus, social groups determined from trapping were indepen-
dent of genetic similarity of individuals.

Relatedness of offspring

Of the 175 pups marked in spring 2007 (103 females and 72
males), 16 (9.14%) were recaptured subsequently in autumn
2008 (15 females and 1 male). The mean body mass of these
pups at first capture in spring 2007 (59.036 13.21 g) was lower
than expected for juveniles exhibiting exploratory behavior
(Fulk 1976), implying that natal burrows for these animals were
estimated accurately. Twelve of these 16 pups (75%) were re-
captured in 4 associations of 3 animals each and 4 (25%) were
recaptured alone. Of these 4 associations, 3 represented cases
of individuals thatmoved at least 20m fromnatal burrow system
(Table 2). The R value in one of these associations departed
from background expectations was marginally significant in
another and not significantly different in the remaining associ-
ation (Table 2). Only one association represented a case of
animals staying at their natal burrow system and calculated R
did not depart from background expectations (Table 2).

DISCUSSION

Kin structure: turnover rates and mating system

We found no correlation between pairwise relatedness (R) and
the composition of social groups inferred from trapping (or
spatial association) (Dietz correlation by ranks not different
from random expectations), suggesting that composition of
social groups in degus is not influenced by genetic related-
ness. Although mean genetic relatedness within groups was
not very different from that reported during one previous
analysis (Ebensperger et al. 2004), social groups were not
characterized by genetic relatedness higher than background
levels in our study population. On the contrary, it seems that
groups of individuals sharing burrows rather constitute a sin-
gle global population at the spatial scale of this study (100 3
60 m). Two factors, namely short life span coupled to high
rates of turnover within groups and a potentially promiscuous
or polyandry mating system may explain these patterns.
Life span is known to affect turnover rate of groupmembers in

social species (McShea 1990; Kokko and Lundberg 2001), which
in turn impact dispersal, philopatry, and kin structure (Branch
1993; Solomon 2003; Randall et al. 2005; Nunes 2007). For ex-
ample, strong evidence of kin structure characterizes relatively
long-lived social species such asColumbian ground squirrels (Ur-
octellus columbianus) (Viblanc et al. 2010) and coypus (Myocastor
coypus) (Túnez et al. 2009). As expected, no evidence of kin
structure characterizes some short-lived species with relatively
high turnover rates of group members, including black grouses
(Lebigre et al. 2008), woodrats (Neotoma macrotis) (Matocq and
Lacey 2004) and degus (this study). Besides life span, dispersal
distance seems to have a major impact on the observed patterns
of kin structure in solitary living species, including the banner-
tailed kangaroo rats (Dipodomys spectabilis) (Winters and Waser
2003; Busch et al. 2009) and tuco-tucos (Ctenomys talarum)
(Cutrera et al. 2005). Based on theminimum genetic autocorre-
lation observed, our study did not support an influence of dis-
persal distance in social degus. However, studies on other social
species are needed to confirm these findings.
Mating system strongly influences genetic relatedness within

groups of social species (Ross 2001). High relatedness is ex-
pected in groups in which 2 or a few group members breed,

that is, in species with high breeding skew. In contrast, relatively
lowgenetic relatedness is expected ingroups of species inwhich
plural breeding is the norm, that is, breeding is shared more
equally among group members (Ross 2001). In addition, ge-
netic relatedness may increase in polygynous species character-
ized by female choice over few males (Chesser 1991). Social
rodents seem to fit to these expectations. Whereas high relat-
edness characterizes colonies of highly skewed nakedmole-rats
(Heterocephalus glaber) (Reeve et al. 1990), more intermediate
relatedness characterizes the social group of polygynous coypus
(M. coypus) (Túnez et al. 2009). Thus, ifmating system is amajor
determinant of relatedness within groups in rodents, we predict
degus to exhibit a rather polygynous to promiscuous mating
system. Although Soto-Gamboa (2004) reported degus to ex-
hibit a socially polygynous mating system, subsequent paternity
analyses may reveal a more promiscuous system. However,
based on absence of sex bias dispersal (Quirici et al., forthco-
ming)—implying that the cost of dispersal and benefits of phil-
opatry did no vary in relation to sex (Greenwood 1980; Gardner
2010)—we predict promiscuous mating system.

Offspring associations

Dispersal may dilute kinship within groups and reduces the po-
tential influenceofkin selectiononsocial behavior (Emlen1997;
Perrin and Goudet 2001; Ross 2001; Gardner and West 2006).
Sibling dispersal could be a mechanism to reduce such dilution
(Johnson and Gaines 1990; Ross 2001; Gardner andWest 2006).
Sibling dispersal has been documented in several social birds
(Heinsohnet al. 2000; Koeniget al. 2000;Williams andRabenold
2005; Sharp et al. 2008) but in only a few social mammals
(Lambinet al. 2001;Bradley et al. 2007). Indegus,mostoffspring
(75%) exhibited joint dispersal, that is, animals were recaptured
after dispersal jointlywith previous natal burrowmates.However,
data on 4 such associations revealed that relatedness may ormay
not be high. Preliminarily therefore, ‘‘sibling’’ associations may
not be strongmechanism to reduce the effect of kinshipdilution
bydispersal in the localpopulationunder study.The lowrecovery
of juveniles from spring to autumn are consistent with the hy-
pothesis thatmost disappearances were due to high predation in
the population under study (Ebensperger and Wallem 2002,
Lagos et al. 2009) rather than long-distance dispersal from the
grid (Quirici et al., forthcoming). If so, high juvenile mortality
might prevent sibling association from reducing the any possible
effect of kinship dilution by dispersal. A comparative study
among degu populations facing different regimes of predation
risk will bring light into this topic. If predation risk dilutes sibling
association, we expect to find higher level of sibling associations,
whichcould result in strongerkin structure, in thosepopulations
facing lower risk of predation.
High tomoderate levels of kinship are thought to be required

for kin-selected behavior (Chesser 1991). Whereas some labo-
ratory studies suggest a relationship between kinship and social
behavior indegus, others donot (Ebensperger et al. 2006, 2007;
Quirici et al. 2008). Instead, social familiarity, that is, animals
born and raised together,may bemore important. Villavicencio
et al. (2009) demonstrated that social familiarity instead of phe-
notypic similarity determines kin discrimination in degus. Our
field data revealing that offspring disperse together are consis-
tent with a greater role of social familiarity reported by Villavi-
cencio et al. (2009). As it has been suggested in social birds
(Sharp et al. 2008; Sonsthagen et al. 2010) and rodents (Mateo
2007), offspring associations may be the result of rearing to-
gether. This mechanism conducting to sibling associations is
likely to operate in degus in which offspring are reared commu-
nally in underground burrow systems for at least 3 weeks
(Ebensperger et al. 2004;Hayes et al. 2009).However, this result
should be taken with caution, due to low recapture of juveniles.
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To summarize, our study revealed no evidence of kin struc-
ture in the population of social degus studied. High turnover
rates of group members and dispersal are likely contributors to
the lack of kin structure in degu groups. Therefore, opportu-
nities for the evolution of kin-selected social behavior (e.g.,
cooperative care of young) appear to be limited in this local
population. Subsequent studies are needed to better quantify
the extent to which sibling associations may promote kin
selected or other forms of cooperation, in which individuals
with kin or familiar mates should have enhanced fitness com-
pared with individuals without kin or familiar companions
(e.g., Viblanc et al. 2010).
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Túnez JI, Guichón ML, Centrón D, Henderson AP, Callahan C, Cassini
MH. 2009. Relatedness and social organization of coypus in the
Argentinean pampas. Mol Ecol. 18:147–155.

Viblanc VA, Arnaud CM, Dobson FS, Murie JO. 2010. Kin selection in
Columbian ground squirrels (Urocitellus columbianus): littermate kin
provide individual fitness benefits. Proc R Soc B Biol Sci. 277:
989–994.

Villavicencio CP, Márquz IN, Quispe R, Vásquez RA. 2009. Familiarity
and phenotipic similarity influence kin discrimination in the social
rodent Octodon degus. Anim Behav. 78:377–384.

Whitehead H. 2009. SOCPROG programs: analyzing animal social
structures. Behav Ecol Sociobiol. 63:765–778.

Williams DA, Rabenold KN. 2005. Male-biased dispersal, female phil-
opatry, and routes to fitness in a social corvid. J Anim Ecol. 74:
150–159.

Winters JB, Waser PM. 2003. Gene dispersal and outbreeding in a phil-
opatric mammal. Mol Ecol. 12:2251–2259.

Wolff JO. 1994. More on juvenile dispersal in mammals. Oikos. 71:
349–352.

Woods CA, Boraker DK. 1975. Mammalian species: Octodon degus. Am
Soc Mammal. 67:1–5.
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