
Vol.:(0123456789)1 3

Biological Theory 
https://doi.org/10.1007/s13752-018-0304-z

ORIGINAL ARTICLE

Agonism Management Through Agonistic Vocal Signaling 
in Subterranean Rodents: A Neglected Factor Facilitating Sociality?

Gabriel Francescoli1   · Cristian Schleich2

Received: 21 November 2017 / Accepted: 9 July 2018 
© Konrad Lorenz Institute for Evolution and Cognition Research 2018

Abstract
Communication is inherent to social relationships. Previous papers addressed the correlation between social and commu‑
nicative complexity, and the origin of sociality in rodents. In subterranean social species, as the number of animals in the 
same burrow increases, so do interindividual contact rates. This is because of limitations in actually used tunnel length and 
diameter, leading to an increasing number of agonistic situations probably resulting in time loss, threatening, and fighting 
with danger of injuries. To avoid this, social species are expected to have an increase in the number of particular vocalizations. 
Comparison of the adult vocal repertoire of 12 species (seven genera) through regression and phylogenetically independent 
contrasts (PIC) suggests three main conclusions: (1) social species increase their repertoire both in number and categories of 
vocal signals in relation to solitary species, although the coefficient was smaller in the PIC model; (2) the number of agonistic 
vocalizations was also different between solitary and social species, with the latter displaying higher numbers of these calls; 
(3) the percentage of agonistic vocalizations in relation to total repertoire was similar between social and solitary species, 
with no significant relationship between this parameter and the social structure. These results imply that agonistic vocaliza‑
tions have also increased in number in social species, indicating the importance of these calls in the establishment of new 
relationships. As repertoire changes are essential to cope with new and frequent kinds of interactions sociality originates, 
these results suggest that at least for these organisms, communicative changes, especially at the level of agonistic signals, 
could be a necessary condition to fulfill in the path to the possibility of group living.
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Introduction

Animal communication studies have raised many important 
issues about general evolutionary characteristics of com‑
munication systems. One of those issues is the relationship 
between social and communicative complexity. Communi‑
cation is inherent to social relationships, because no coor‑
dinated activities nor cooperative group actions could be 
performed without the existence of a minimal communica‑
tion system providing ways to achieve such a coordination.

Much effort has been devoted to relating social charac‑
teristics with communicative complexity, and most of it has 
been centered on the influence species’ ecology has over the 
constraints and advantages of group living. Nevertheless, 
behavioral constraints on group living have been somehow 
neglected, especially when considering the role communica‑
tion could play in allowing or impairing full social group‑
ing. Summarizing their survey on social complexity as a 
proximate and ultimate factor in communicative complexity, 
Freeberg et al. (2012, p. 1797) state “(i) that social complex‑
ity may play an important role in driving communicative 
complexity in animal species and (ii) that further tests of 
this possible role will be of great interest—and are much 
needed—to advance our understanding of communicative 
evolution.”

Many levels of explanation have been considered to 
understand the causes and evolution of sociality, and vari‑
ous studies indicate that a broader perspective is needed, as 
many constraints not yet accounted for could be influencing 
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mammalian social behavior (Kappeler et al. 2013). One ele‑
ment that has not yet been taken into account is the pos‑
sibility that communication constitutes a key factor for the 
development of social behavior (Avilés 1999; Ebensperger 
2001; van Veelen et al. 2010). Indeed, some studies seem to 
indicate that sociality may not be a previous condition for 
communicative complexity evolution (see Ord and García-
Porta 2012, and references therein).

We can think of evolution towards sociality going through 
a “bottleneck” in which communicative complexity must 
be increased in order to allow higher social complexity to 
develop. As far as we know, no previous paper has con‑
sidered the development of a system of signals, at least a 
little more complex than the one solitary species have, as a 
required path to increased social complexity. If we consider 
this from a biosemiotics perspective, the idea seems a sound 
one, because biosemiotic theory proposes communication 
as a central issue in shaping many evolutionary events and 
pathways, and argues that the appearance of new codes (bio‑
logical information and meaning) have mediated important 
events in evolution (Barbieri 2008).

Rodents can be identified as a group of choice to 
address sociality studies, not only because they are the 
largest mammal order, but also very variable in social, 
anatomical, physiological, behavioral, and ecological char‑
acteristics (Wolff and Sherman 2007). Previous papers 
have addressed the putative correlation between social 
and communicative complexity, especially using vocal 
communication, in some rodent groups (Blumstein and 
Armitage 1997; Daniel and Blumstein 1998; Blumstein 
2003; Pollard and Blumstein 2012). Some of the papers 
dealt with social complexity opposed to environmental 
influence as the origin of communicative complexity (the 
acoustic adaptation hypothesis), while other papers tried 
to find a better way to measure social complexity using 
other characteristics than mere colony size (Blumstein and 
Armitage 1997; but see also Freeberg 2006 for an oppo‑
site view). Even if the papers mentioned before have used 
mostly fossorial rodents and alarm calls to investigate this 
issue, they allowed for reaching the conclusion that prob‑
ably acoustic adaptation, thus the influence of the environ‑
ment, could not explain communicative complexity in full 
(Blumstein 2003). In another batch of studies Ebensperger 
and colleagues (Ebensperger 1998, 2001, 2003; Ebensper‑
ger and Cofré 2001; Ebensperger and Blumstein 2006; 
Ebensperger and Hayes 2008) have also examined, for 
different rodent groups, the possible origin of sociality. 
These papers dealt with the advantages of group living and 
the origin of sociality implying, at least in many cases, that 
sociality arose from solitary animals grouping together 
and not the other way around. However, previous literature 
has not considered the role that communicative complex‑
ity could have played in the facilitation of group living 

in rodents through the generation of extended repertoires 
(Lacey and Sherman 2007). This is true even for the case 
of hypotheses assessing burrow sharing (Ebensperger 
2001; Ebensperger and Cofré 2001) or cooperation (Gro‑
mov 2017) as possible causes of grouping.

In subterranean rodents, sociality has been proposed to 
vary in a continuum from solitary to eusocial forms (Lacey 
2000). Usually, it is assumed that sociality evolved from 
solitary individuals grouping together, but in the case of sub‑
terranean rodents some authors have proposed that sociality 
could have been the initial condition (Burda et al. 2000). 
This hypothesis was challenged because in the Bathyergidae, 
a group of choice for subterranean rodents’ sociality stud‑
ies, sociality appeared as not being an ancestral character 
(Walton et al. 2000; Faulkes and Bennett 2013). Recently, 
some papers have returned to this hypothesis to suggest that 
female sociality, ecological conditions, and/or neurophysi‑
ological characteristics (neuropeptides that modulate com‑
plex social behavior and social cognition) are responsible 
for social condition in some rodent groups (Donaldson and 
Young 2008; Smorkatcheva and Lukhtanov 2013; Sobrero 
et al. 2014), even if other researchers still support an inde‑
pendent origin of sociality for some of these groups (Lacey 
et al. 2015).

Assuming that in some species social living builds up 
from solitary living conditions, several hypotheses have 
been proposed to explain the evolution of sociality in sub‑
terranean rodents, mainly in the Bathyergidae, but some‑
times applied to other families as an extension: (a) the food/
aridity hypothesis (Jarvis et al. 1994); (b) the reproductive 
skew hypothesis (Burda 1989); (c) the historical constraints 
hypothesis (Burda and Kawalika 1993); and (d) the pacifistic 
hypothesis (Ganem and Nevo 1996; Nevo 2007). Surpris‑
ingly, when the possible origin for social living in subter‑
ranean rodents is surveyed, no communication issues are 
discussed (Lacey 2000) even when the pacifistic hypothesis 
(Nevo 2007), implying a decrease in aggressive behavior 
probably mediated by signaling, is considered.

In social subterranean rodents, the number of animals 
sharing the same burrow system increases in relation to 
solitary species, increasing in consequence interindividual 
contact rates. This situation may lead to an increase in the 
number of agonistic encounters that could derive in time 
loss by threatening and/or direct physical fighting, with the 
consequent danger of injuries. To avoid those consequences, 
and following Pollard and Blumstein (2012) in their claim 
that different attributes of social complexity probably drive 
different attributes of communicative complexity, social spe‑
cies are expected not only to present friendly/appeasement 
calls, but also an increase in the number of signals devoted 
to the management of agonistic behavior in the early stages 
of social organization (see Fig. 4 in Pollard and Blumstein 
2012).
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Here we propose to consider communicative complexity 
not only as an increase in vocal signal repertoire related to 
social complexity, but mainly as an increase in a particu‑
lar category of vocalizations: those vocalizations dealing 
with the management of agonistic situations, because those 
vocalizations will also facilitate burrow sharing by neighbor‑
ing individuals and multiple occupancy of burrows in social 
animals. Even if the preceding hypothesis could be consid‑
ered in a general way, here it is applied to subterranean 
rodents for some important reasons: (1) the fact that both 
solitary animals and groups live in tunnel systems imposes 
on the animals in any social system roughly the same kind 
of constraints in relation to space use and crowding (fre‑
quency of interindividual contacts); (2) with regard to the 
opposition between environmental influence and social com‑
plexity on the determination of communicative complexity 
(see Blumstein 2003), environmental complexity is roughly 
the same for all species because of the subterranean niche 
being very stable (Nevo 1979), despite some changes in soil 
characteristics and food quality and abundance; (3) there 
are in the literature well described vocal repertoires or at 
least fair accounts of repertoire size for several species, both 
solitary and social, while other communication channels are 
not suitable for agonistic expression (chemical signals are 
not capable of rapid modulation that would allow for their 
use in agonistic encounters, visual signals cannot be used 
because tunnels are completely dark, and seismic signal‑
ing is only unambiguously present in two of the species 
studied here); and (4) previous studies on communicative 
complexity have mostly been performed on fossorial and/
or cursorial rodents, but not on truly subterranean species 
(Blumstein and Armitage 1997, 1998; Daniel and Blumstein 
1998; Blumstein 2003).

Therefore, the aim of this article is to propose that an 
increase in agonistic signal (vocal) repertoire may play a role 
in the development of full sociality in subterranean rodents, 
and eventually in other rodents and/or mammal taxa, because 
of the need for an effective agonism management allowing 
an increase in the number of individuals living together.

Methods

For the sake of this study, we considered solitary species to 
be those in which only one adult individual inhabits a burrow 
system during its adult life, with an exception made of cou‑
ples staying together for mating during short periods (only a 
few days). We considered social species those in which more 
than one adult of the same or different sex live together in 
the same burrow system for long periods, and usually their 
entire life. We also considered social complexity increasing 
when the number of individuals living together increases, 

and communicative complexity increasing when the number 
of different vocal signals in adults increases.

Since definitions of agonism are often difficult to pro‑
vide due to the dynamic nature of the behavior itself, in 
the present work we considered agonistic behavior as all 
patterns involved in aggression (fighting and various types 
of threatening) and submission (Bekoff 1981; Bekoff and 
Byers 1986).

We examined the adult acoustic signal repertoire of 12 
species that have been studied in some detail, six social 
(Bathyergidae: Fukomys anselli, Fukomys micklemi, Fuko-
mys darlingi, Fukomys mechowii, Heterocephalus glaber; 
and Octodontidae: Spalacopus cyanus) and six solitary 
(Spalacidae: Spalax ehrenbergi; Ctenomyidae: Ctenomys 
talarum, Ctenomys mendocinus, Ctenomys pearsoni; Bathy‑
ergidae: Heliophobius argenteocinereus; and Geomyidae: 
Geomys breviceps).

Vocalizations were classified in six different categories 
(mating, agonistic, distress, contact, alarm, routine) fol‑
lowing the classification proposed by Schleich et al. (2007) 
and based on the original descriptions when available. This 
classification seemed reasonable for characterizing different 
functions of the vocalizations, and was also utilized in some 
of the papers used as sources for this work. For some spe‑
cies like F. micklemi, H. argenteocinereus, and G. breviceps 
original papers include some vocalizations in more than one 
category (DeVries and Sykes 2008; Knotková et al. 2009; 
Vanden Hole et al. 2014). In these cases, the criterion fol‑
lowed was to list the vocalizations under each of the cat‑
egories for which they were cited, even if the total number 
seems not to coincide (see Table 1 and the note therein). The 
classification criterion applied has taken into account the 
original assignment done by the authors in their published 
papers and, in many cases, information extracted directly 
from tables built in a similar way.

Relationships between sociality and vocal repertoire size or 
agonistic signals were analyzed using linear regression (using 
sociality as a binary variable) and phylogenetically independ‑
ent contrasts (PIC), since this study involves the comparison of 
species closely and not closely related from the phylogenetic 
point of view. However, no complete valid and robust phy‑
logenetic tree exists for all the analyzed species. Therefore, 
we combined partial phylogenies taken from White (2003), 
Voloch et al. (2013), and Luna et al. (2017) to obtain a phy‑
logenetic tree (Fig. 1) and analyze data with PIC. Data on 
sociality and vocalizations were converted to phylogenetically 
independent standardized contrasts using the phylogenetic 
diversity analysis program PDAP Package (version 1.16, by 
Peter E. Midford, Ted Garland Jr., and Wayne P. Maddison) 
under the Mesquite package (version 3.31). Grafen’s branch 
length transformation (Grafen 1992) was utilized to assign 
arbitrary branch lengths to the phylogenetic tree. Data about 
group size are reproduced from the published source papers, 
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and in the case of multiple sources data were obtained from 
the most recent papers.

The percentages of agonistic vocalizations/total vocaliza‑
tions for each species were calculated using the number of 
agonistic vocalizations shown in Tables 1 and 2, and the total 
number of vocalizations shown in Tables 1 and 3.

Results

Results of the analysis are presented in Tables 1, 2, and 3, 
together with the source articles for the data. In Table 1 
the number of vocalizations in each of the six categories 

Table 1   Social status and number of signals in each category for the surveyed species

Short line = no data; ? = doubt about data; underlined signal numbers add to more than total because some vocalizations were put by authors in 
more than one category or display behavioral characteristics by which they can be classified under two different categories
a In Spalax ehrenbergi the number of vocalizations was established from the qualitative description by Heth et al. (1988), from which the emis‑
sion context could be inferred for only three signals

Species Sociality Mating Agonistic Distress Contact Alarm Routine Total Sources

Fukomys anselli Social 3 7 1 2 – – 12 Credner et al. (1997)
Fukomys micklemi Social 2 5 6 4 – – 14 Vanden Hole et al. (2014)
Fukomys darlingi Social 2 5 0 3 – – 10 Dvořáková et al. (2016)
Fukomys mechowii Social 3 5 1 6 1 – 14 Bednářová et al. (2013)
Spalacopus cyanus Social 2 3 1 4 1 – 10 Veitl et al. (2000)
Heterocephalus glaber Eusocial 1 5 – 1 4 2 12 Pepper et al. (1991), Judd and 

Sherman (1996), and Yosida and 
Okanoya (2009)

Heliophobius argenteocinereus Solitary 3 4 4 – – – 9 Knotková et al. (2009)
Spalax ehrenbergi Solitary 1 2 1 ? ? ? 6 Heth et al. (1988)a

Ctenomys mendocinus Solitary ? 2 – ? ? ? 4? Francescoli, Camin, unpublished 
observations

Ctenomys talarum Solitary 2 2 – – – – 4 Schleich and Busch (2002)
Ctenomys pearsoni Solitary 2 2 – – – – 4 Francescoli 1999; unpublished data
Geomys breviceps Solitary 2 2 – 1? – – 3 DeVries and Sykes (2008)

Fig. 1   Phylogenetic tree used to 
calculate PIC values
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for each of the 12 species surveyed is shown. In Table 2, a 
detail of the agonistic vocalizations included in the study 
is displayed, using the names attributed to them in the 
original descriptions. In Table 3 the colony size of each 
species is shown, using the most recent data available.

Observation of the tables suggests some main results: 
(1) social species tend to have a vocal repertoire with 
increased complexity, both in vocalization numbers and 
categories, if compared with solitary species; (2) the per‑
centage of agonistic vocalizations in social species in rela‑
tion to the total number of vocalizations is still similar to 
those of the solitary species; (3) having a similar percent‑
age of agonistic vocalizations when the total number of 
vocalizations in the repertoire increases and new signal 
categories exist, means that agonistic vocalizations have 

been increased in number, thus maintaining the same gen‑
eral proportion.

Comparing samples of social species (N = 6) against 
solitary species (N = 6) with regression and PIC lead to 
the following results: (1) the total number of vocalizations 
in repertoire increased in social species with respect to 
solitary ones in both analyses, although the coefficient 
was smaller in the PIC model due to the presence of vari‑
ous species belonging to two families (n = 12, r2 = 0.77, 
p < 0.001; n = 11, r2 = 0.43, p = 0.03 for regression and 
PIC respectively, Fig. 2 top); (2) the number of agonis‑
tic vocalizations was also different between solitary and 
social species, with the latter displaying higher numbers 
of these calls (n = 12, r2 = 0.65, p = 0.01; n = 11, r2 = 0.35, 
p = 0.05 for regression and PIC respectively, Fig.  2 

Table 2   Social status and list of agonistic signals for the surveyed species

Species Sociality Agonistic Sources

Fukomys anselli Social Whistle, trill, trill II, hiss, grunt I, grunt II, loud 
call

Credner et al. (1997)

Fukomys micklemi Social Grunt, soft call, ♂ cluck, ♂ shriek, whistle Vanden Hole et al. (2014)
Fukomys darlingi Social Whistle, squeak, squeal, harsh, cry Dvořáková et al. (2016)
Fukomys mechowii Social Scream, high trill, swing trill, long twitter, cry Bednářová et al. (2013)
Spalacopus cyanus Social Cluck I, cluck II, cluck III Veitl et al. (2000)
Heterocephalus glaber Eusocial Hiss, grunt, upsweep trill, loud chirp, scream Pepper et al. (1991), and Yosida and Okanoya 

(2009)
Heliophobius argenteocinereus Solitary Squeak, scream, low cluck, hiss Knotková et al. (2009)
Spalax ehrenbergi Solitary Attack, threat Heth et al. (1988)
Ctenomys mendocinus Solitary S type, G type Francescoli, Camin, unpublished observations
Ctenomys talarum Solitary Tuc–tuc, grunt Schleich and Busch (2002)
Ctenomys pearsoni Solitary S type, G type Francescoli (1999), unpublished data
Geomys breviceps Solitary Squeak; purr DeVries and Sykes (2008)

Table 3   Social status, total repertoire, and colony size for the surveyed species

? = doubt about data

Species Sociality Total reper‑
toire

Colony size Sources

Fukomys anselli Social 12 9–20 Šklíba et al. (2012), and García Montero et al. (2016)
Fukomys micklemi Social 14 Not reported Vanden Hole et al. (2014)
Fukomys darlingi Social 10 5–9 Dvořáková et al. (2016)
Fukomys mechowii Social 14 10–20 Sichilima et al. (2008), and Bednářová et al. (2013)
Spalacopus cyanus Social 10 15–26 Veitl et al. (2000)
Heterocephalus glaber Eusocial 12 60–80 Pepper et al. (1991)
Heliophobius argenteocinereus Solitary 9 1 Knotková et al. (2009)
Spalax ehrenbergi Solitary 6 1 Heth et al. (1988)
Ctenomys mendocinus Solitary 4? 1 Francescoli, Camin, unpublished observations
Ctenomys talarum Solitary 4 1 Schleich and Busch (2002)
Ctenomys pearsoni Solitary 4 1 Francescoli (1999), unpublished data
Geomys breviceps Solitary 3 1 DeVries and Sykes (2008)
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middle); (3) the percentage of agonistic vocalizations in 
relation to total repertoire was similar between social and 
solitary species, with no significant relationship between 
this parameter and the social structure (n = 12, r2 = 0.07, 
p = 0.38; n = 11, r2 = 0.07, p = 0.40 for regression and PIC 
respectively, Fig. 2 bottom).

Discussion

The development of communication systems was shown to 
accelerate with population size variations (Feigel 2008), 
and as a consequence, social species are expected to have 
more vocal signals, thus increased repertoires. Our data 
suggest that repertoires in subterranean rodents increase 
by the addition of new signals to be used in old or new 
contexts (new signal categories). In social populations or 
species the number of animals sharing the same burrow 
system is higher, and also interindividual contact rates 
are inevitably higher, because of the limitations imposed 
mainly by tunnel system size. Thus, as results suggest, to 
cope with this enhanced source of agonistic-related situ‑
ations, social subterranean rodents preferentially increase 
the number of vocalizations devoted to agonistic behavior 
management, although other factors besides social struc‑
ture may also account for this increment in agonistic calls.

Taking a brief look at the proportion of agonistic sig‑
nals to total signals in the vocal repertoire, the numbers 
are quite similar in both solitary and social species, but 
those results could be misleading. In fact, if vocal reper‑
toire in social animals increases, this increment occurs by 
the addition of new signals in new categories (categories 
almost nonexistent, by definition, for solitary animals, like 
alarm or contact; Blumstein 2007) and by the addition of 
new signals to old categories, those shared with solitary 
species (agonistic calls in our case).

Taking into account the opposition between environ‑
mental influence and social complexity in relation to the 
determination of communicative complexity (Blumstein 
2003), if we refer to the subterranean rodents example, 
we have to conclude that an increase in communicative 
complexity is expected when new and/or more common 
interactions of a certain type of behavior appear in relation 
to those present in solitary species (Feigel 2008). Also, a 
decrease in number of agonistic vocalizations is expected 
if species that originated as social evolve to a solitary type 
of life (as suggested by Burda et al. 2000; Smorkatcheva 
and Lukhtanov 2013; Sobrero et al. 2014), indicating again 
that the center of the communicational change still is the 
agonistic vocalizations’ repertoire.

Following Pollard and Blumstein (2012) in their claim 
that the main insight from their study is that different 
attributes of social complexity probably drive different 
attributes of communicative complexity, we expect that 
an increase in the number of individuals will produce an 
increase in repertoire diversity, but mostly an increase in 
vocalizations devoted to the management of agonistic situ‑
ations. In this sense, Kessler et al. (2014) showed that in 
the gray mouse lemur (Microcebus murinus), a model spe‑
cies for solitary foragers with a social life, agonistic calls 

Fig. 2   Relationships of the standardized contrasts of sociality to (top 
to bottom): repertoire size, number of agonistic calls, percentage of 
agonistic calls on total repertoire
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are distinctive by matriline, and sleeping groups consist of 
close maternal kin, thus both genetics and social learning 
may have generated their acoustic signatures that appar‑
ently help reduce agonism between unfamiliar matrilineal 
kin. M. murinus vocal signatures could have facilitated 
a kin selection process that probably has driven the evo‑
lution of increased social complexity in these mammals 
(Kessler et al. 2014).

In the same line Malavasi et al. (2014) affirm that the 
establishment of a consortium (a group of organisms con‑
nected via sign relations) by acoustic codes allows conflict 
avoidance between individuals and species. So consortia, as 
semiotic systems, become responsible for the composition 
of ecosystems.

In subterranean rodents, Nevo (2007) has suggested for 
the S. ehrenbergi superspecies that aggression is polymor‑
phic because in some species there exist individuals with dif‑
ferent degrees of aggressiveness, called militants, intermedi‑
ates, and pacifists. Depending on the number of individuals 
of each group in the population, animals will be more toler‑
ant, and when the number of pacifistic individuals becomes 
high enough, populations will evolve into sociality. Even if 
this hypothesis is referred to a certain group of species in a 
genus (but see Ganem and Bennett 2004), we can speculate 
about whether this mechanism could be generalized as a sort 
of “barrier” to overcome in reaching sociality.

Indeed, changes in repertoires are thought to be essen‑
tial in coping with new kinds of interactions originating in 
group living. This means that those communicative changes 
could be instrumental to, and probably a necessary condi‑
tion for, the possibility of group living. Usually behavioral 
changes precede structural changes (Wilson 1980; Kappeler 
et al. 2013), and changes needed to achieve, for example, 
communal burrow construction and sharing, or communal 
breeding—to name only two of the putative origins of group 
living in rodents (Ebensperger 1998; Ebensperger and Cofré 
2001; Ebensperger and Blumstein 2006; Ebensperger and 
Hayes 2008; Gromov 2017)—may occur in the communi‑
cative domain. Indeed, in cases in which natal phylopatry 
and kin relationships are identified as the main mechanisms 
responsible for burrow sharing and the origin of social life, 
the need for agonism management mechanisms could not be 
left outside of the equation because of the important influ‑
ence of parent–offspring conflict, especially in a situation 
of limited space as the one subterranean rodents live on. 
Even if Ebensperger and Hayes (2008) suggested that natal 
phylopatry has not been the exclusive reason driving social 
dynamics, the previous arguments suggest that communica‑
tion changes like those proposed here could at least be sort 
of a necessary condition organisms have to fulfill to attain 
full social status.

Cooperative communication systems could have evolved 
from simpler systems like parent–pup communication 

signals, because in many rodent species parents and pups 
need to live together (and/or have at least a common ref‑
uge) during pup development time. We can speculate about 
communication among parents and pups being an impor‑
tant factor in protosocial behavior development. This line of 
reasoning is related to results obtained by Blumstein et al. 
(2009) which showed that in Marmota flaviventris year‑
ling females that had more interactions with adults (mostly 
relatives) were more likely to remain in the group. These 
results were also supportive of the social cohesion hypoth‑
esis (Bekoff 1977) predicting that individuals who socialized 
with others were less likely to disperse. Moreover, in solitary 
subterranean rodents mothers are charged with pup care for a 
variable period until weaning (i.e., up to two or three months 
in Ctenomys and Heliophobius; Altuna et al. 1999; Cutrera 
et al. 2003; Sumbera et al. 2007), while in social species 
pups are tended for mostly by females but also have contact 
with males (Ctenomys sociabilis, Izquierdo and Lacey 2008; 
other subterranean rodents, Busch et al. 2000; Bennett et al. 
2000). These data show that in the majority of subterranean 
rodent species studied, even with different social systems, 
females have an important role in raising young and com‑
municating with them, and also in regulating pup stress 
reactions that are very important in controlling social rela‑
tionships, as occurs in other mammals (Sachser et al. 1998; 
Love et al. 2013). Tolerance differences between males and 
females have previously been found in S. ehrenbergi (Zuri 
et al. 1998), a solitary subterranean rodent, suggesting that 
females are more prepared for tolerance to other individu‑
als than males. Tolerance differences have also been found 
by Ganem and Bennett (2004) in females of four species 
of African mole rats with different degrees of sociality, in 
which individuals of the social species develop tolerance to 
unfamiliar individuals while managing stress, as suggested 
by the performed experiments. These tolerance differences 
can be related to the ideas expressed in the pacifistic hypoth‑
esis by Ganem and Nevo (1996) and Nevo (2007). In other 
mammals with social and communicative variability females 
are also considered the sex in which the impact of changes at 
those levels will be more clear (Bouchet et al. 2013).

All these facts suggest that females could be acting as an 
anchor to socialization and social evolution processes, as 
well as in communication evolution in subterranean rodents, 
by inducing social tolerance and stress reduction in pups 
through agonism management vocalizations, and eventually 
avoiding dispersal by the young. These processes putatively 
fall into the domain of niche construction theory and also 
possibly into the EvoDevo perspective (Laland et al. 2008; 
Scott-Phillips et al. 2013; Laland 2014; Peterson and Müller 
2016, and references therein) in the sense that changes in the 
mother–pup relationship coupled with changes in the com‑
munication repertoire in a physically restricted and subject-
constructed environment could have channeled the evolution 
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of social living in subterranean rodents, and maybe also in 
other rodent or mammal groups.

As repertoire changes are essential to cope with new and 
frequent kinds of interactions “proto-sociality” originates; 
results suggest that communicative changes could be a nec‑
essary condition to the possibility of group living. Com‑
municative changes are mostly effective on the agonistic 
vocalizations part of the repertoire, because these vocali‑
zations are the ones that will allow individuals to manage 
aggressive and submissive behaviors crucial to attaining 
group living and, eventually, cooperation in a more inte‑
grated social group. These results also suggest that agonistic 
signals abundance could be a good predictive measure of the 
frequency of interactions among individuals, thus a proxy 
to social complexity, understood as an increased number of 
individuals living together.
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