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From grouping and cooperation to menstruation: Spiny mice (Acomys 
cahirinus) are an emerging mammalian model for sociality and beyond☆ 
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A B S T R A C T   

While spiny mice are primarily used as a model for Type II diabetes and for studying complex tissue regeneration, 
they are also an emerging model for a variety of studies examining hormones, behavior, and the brain. We began 
studying the spiny mouse to take advantage of their highly gregarious phenotype to examine how the brain 
facilitates large group-living. However, this unique rodent can be readily bred and maintained in the lab and can 
be used to ask a wide variety of scientific questions. In this brief communication we provide an overview of 
studies that have used spiny mice for exploring physiology and behavior. Additionally, we describe how the spiny 
mouse can serve as a useful model for researchers interested in studying precocial development, menstruation, 
cooperation, and various grouping behaviors. With increasingly available technological advancements for non- 
traditional organisms, spiny mice are well-positioned to become a valuable organism in the behavioral neuro-
science community.   

1. Introduction 

Choosing an appropriate organism to answer specific scientific 
questions has been a valued approach in the hormones and behavior 
community for many decades. Indeed, scientists have not limited 
themselves to using only domesticated, laboratory rats and mice for 
experiments. To understand mechanisms underlying pairbonding, re-
searchers began studying prairie voles (Young et al., 2011) and zebra 
finches (Adkins-Regan et al., 1997). To determine whether paternal care 
is modulated in similar or different ways than maternal care, researchers 
moved beyond studies of laboratory rats, and examined paternal 
behavior in species that evolved biparental care systems, such as prairie 
voles (Wang et al., 1994; Duclot et al., 2022), African striped mice 
(Rogers et al., 2023), and deer mice (Khadraoui et al., 2022). Striving to 
maintain ethological-relevance in experimental design can help us un-
derstand how species respond to varying environmental pressures, ul-
timately providing insight into how variation in social behavior arises. 

While we know a fair amount about hormonal and neural mecha-
nisms underlying flocking in birds (Goodson et al., 2012; Stevenson 
et al., 2020), and a few recent studies have begun to examine the neural 
mechanisms underlying grouping behavior in fish and insects (Tang 
et al., 2020; Messina et al., 2022; Homberg and Pfeiffer, 2023), we know 

surprisingly little about how the brain modulates mammalian grouping 
behavior. This deficit is likely due to issues concerning the feasibility of 
housing large groups of mammals in a lab. Unfortunately, we cannot 
bring elephants and wildebeests into the lab for invasive studies. How-
ever, there are small mammals that evolved to live in groups and are 
amenable to lab settings. Researchers have been studying peer re-
lationships in meadow voles, which aggregate in groups in the winter, 
with females forming multiple attachments to same-sex conspecifics that 
are both kin and non-kin (Beery et al., 2009). Naked mole-rats are used 
for examining neuroendocrine regulation of pubertal suppression in 
colonies (Peragine et al., 2017; Faykoo-Martinez et al., 2021), as well as 
cultural transmission of vocal dialect in groups (Barker et al., 2021). 
Further, studies in vampire bats are exploring how the brain represents 
individuals within groups (Rose et al., 2021). To expand upon the 
mammalian organisms available for studies examining mechanisms of 
grouping behavior, we began studying the spiny mouse (Acomys cahir-
inus) – a highly gregarious rodent that can be readily bred and main-
tained in the lab. In this brief communication we describe how the spiny 
mouse can serve as a useful model for a variety of studies examining 
hormones, behavior, and the brain. 
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2. The spiny mouse 

Spiny mice are a communally breeding rodent native to Africa, the 
Middle East, and southern Asia (Nowak, 1999; Deacon, 2009; Frynta 
et al., 2011). Historically, spiny mice have been used for studying 
obesity due to their propensity to overeat in a lab setting and develop 
Type II diabetes (Gonet et al., 1966; Shafrir, 2000). However, in the last 
decade they have emerged as a model for studying complex tissue 
regeneration, and are the only mammal known to date that can regen-
erate entire suites of tissue (Seifert et al., 2012; Gawriluk et al., 2016). 
Spiny mice are precocial, and pups are born with fur and eyes and ears 
opened; additionally, pups are ambulatory on the day of birth and can 
eat dry food on postnatal day 2 (D’Udine et al., 1980; Haughton et al., 
2016). Due to their long gestation (average 38–45 days), spiny mice 
have been used as a neurodevelopmental model, with studies revealing 
that rates of neural maturation can be quite different between precocial 
and altricial rodents (Brunjes, 1985; Tessitore and Brunjes, 1988; 
Brunjes et al., 1989). More recently, spiny mice have been used as a 
model for human-like reproductive biology given that they exhibit a 
menstrual cycle, and thus far, are the only rodent known to do so 
(Bellofiore et al., 2017; Bellofiore et al., 2018). 

Unfortunately, there is currently a lack of field studies examining the 
behavioral ecology of spiny mice. However, telemetric field studies 
investigating temperature rhythms in spiny mice, along with observa-
tions from research groups that live-trapped spiny mice to bring into the 
lab, have found that spiny mice concentrate in rocky outcroppings 
(Elvert et al., 1999; Degen et al., 2002; Haughton et al., 2016). Spiny 
mice do not burrow in the wild or in the lab (Deacon, 2009), potentially 
resulting in greater exposure to predators, such as snakes and birds. 

Increased risk of predation could be a driver for grouping behavior in 
spiny mice, as has been shown for other rodents (Zhou et al., 2023). 
Additionally, due to the harsh, natural environment (i.e., desert) of 
spiny mice and their lack of burrowing, they have evolved mechanisms 
of defense including skin-shedding and tail sheathing (Seifert et al., 
2012), as well as osteoderms (i.e., bony plates) in their tails (a unique 
phenomenon in rodents) to facilitate escaping (Maden et al., 2023). Not 
only does the weak skin of spiny mice require modified handling 
methods in lab settings, but spiny mice should be group-housed in 
conditions with warmer temperatures that include igloos for sheltering 
rather than nesting material for burrowing (Shkolnik and Borut, 1969; 
Haughton et al., 2016). 

Adult spiny mice (Fig. 1) are, on average, 30–50 g and can be housed 
in adult groups of ~30 adults (Haughton et al., 2016), allowing for the 
study of various grouping behaviors. Spiny mouse social behavior was 
first explored in the 1980s; these early studies found that lactating fe-
males will indiscriminately nurse neonates, regardless of genetic rela-
tion (Porter et al., 1980), and that spiny mice rely on odor cues 
associated with nursing to identify kin (Porter et al., 1983; Porter, 
1988). Spiny mice also exhibit food sharing with related and unrelated 
conspecifics, but exhibit more food sharing with kin (Porter et al., 1981). 
Initial studies from our lab show that spiny mice exhibit a preference to 
affiliate with large over small groups of conspecifics, are highly affili-
ative, and exhibit little aggression in multiple social contexts (Fricker 
et al., 2021; Gonzalez Abreu et al., 2022). This high degree of sociality 
was also demonstrated in a study that found established spiny mouse 
breeding groups will not only display low levels of aggression toward 
unrelated newcomers, but will also accept newcomers into the group 
(Cizkova et al., 2011). Together, these studies demonstrate that spiny 

Fig. 1. A group of male and female adult spiny mice huddling. 
Photo credit: Aubrey M. Kelly. 
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mice are a useful organism for answering an array of scientific questions. 
Below we describe how they may be of particular interest for researchers 
in the hormones and behavior community. 

3. Spiny mouse performance in behavioral tests that generalize 
across rodents 

Although spiny mice are an unusual rodent (e.g., they are precocial, 
regenerate their tissue, and exhibit a menstrual cycle), studies have 
demonstrated that spiny mice can readily be tested in standardized 
behavior tests that generalize across rodents. In an open field test, ju-
venile and adult male and female spiny mice spend roughly 10–15 % of 
the time in the central zone (Ratnayake et al., 2014). For comparison 
with other commonly used rodents in research, adult male Sprague 
Dawley rats spend 4–6 % (Schmitt and Hiemke, 1998), adult male and 
female C57BL/6 mice spend roughly 0.5–2 % and DBA/2 mice spend 
3–6 % (Podhorna and Brown, 2002), and adult male and female prairie 
voles spend about 8–10 % of the test time in the central zone of an open 
field assay (Kelly et al., 2020). Together, these studies suggest that spiny 
mice may be a fairly bold rodent in novel, open environments, which 
could be a result of their behavioral ecology – spiny mice do not burrow 
and live in rocky outcroppings (Shkolnik and Borut, 1969) so may have 
an evolutionary history that entails being more accustomed to roaming 
in open and exposed spaces. 

Juvenile and adult spiny mice demonstrate high levels of balance and 
dexterity in a rotarod test. While adult (PND 70–84) C57BL/6 mice 
remain on the rotarod for an average of 120 s, spiny mice of a similar age 
(PND 80–85) remain aboard for the full 300 second test (McIlwain et al., 
2001; Ratnayake et al., 2014). In an elevated plus maze, similar to other 
rodent species, spiny mice spend more time in the closed arms compared 
to the open arms (Ratnayake et al., 2014). Further, while prepulse in-
hibition testing for measuring sensorimotor gating and novel object 
recognition tasks can be used for spiny mice, this species cannot be 
tested in a Morris Water Maze test due to the expression of excessive fear 
once in contact with water and subsequent inactivity and stress behav-
iors in the homecage (Ratnayake et al., 2014). 

A variety of different social behavior tasks can be implemented for 
spiny mice, although we have found that they will quickly lose interest 
in restrained social stimuli (i.e., under a wire mesh container) if the 
openings on the stimulus container to gain nose/paw access are small. 
Spiny mice rapidly approach any type of conspecific (i.e., same-sex, 
opposite-sex, novel, familiar) in a standard social approach test. Using 
the same testing chamber, and thus providing animals with the same 
distance to travel to the stimulus container, we have found that spiny 
mice approach novel, same-sex conspecifics in an average of 7 s, 
whereas Mongolian gerbils take an average of 29 s and prairie voles an 
average of 82 s (Kelly et al., 2020; Fricker et al., 2021). In dyadic social 
interaction tests where animals are allowed to freely interact, spiny mice 
exhibit little to no aggression and high levels of prosociality regardless of 
conspecific type (Fricker et al., 2021; Gonzalez Abreu et al., 2022). 
Further, similar to other rodents, they exhibit social recognition of novel 
individuals as evidenced in a habituation-dishabituation paradigm, 
however spiny mice do not exhibit a preference for affiliating with or 
investigating novel or familiar conspecifics in a choice test (Fricker 
et al., 2021). Together, these tests demonstrate that spiny mice are so-
cially curious and highly prosocial in reproductive and nonreproductive 
contexts. Although in many ways spiny mice are an outlier in the rodent 
world, they readily perform in several standardized rodent behavioral 
tests, and thus results from some behavioral studies may be generaliz-
able to other species. 

4. The rodent that menstruates 

Until about 2016, menstruation was believed to be restricted to 
higher-order primates, a few species of bat, and elephant shrews. Then a 
research group in Australia observed that virgin female spiny mice 

undergo cyclic endometrial shedding and blood in the vaginal canal 
concluding with each infertile cycle, demonstrating menstruation in a 
rodent for the first time (Bellofiore et al., 2017). Researchers are 
currently using spiny mice as a model for reproductive health in women 
and are examining physiology underlying abnormal uterine bleeding, 
amenorrhea, heavy menstrual bleeding, ovulatory disorders, pre-
eclampsia, and menopause (Bellofiore et al., 2017; Bellofiore et al., 
2018; Bellofiore et al., 2021a; Bellofiore et al., 2021b). 

The menstrual cycle in spiny mice lasts an average of 9 days but 
ranges from 6 to 12 days in healthy, sexually mature females (Bellofiore 
et al., 2017; Bellofiore et al., 2021b). To our knowledge, only 1 study has 
examined behavioral changes associated with different stages in the 
spiny mouse menstrual cycle. In an open field test, females in the early 
menstrual phase travel less distance and at a lower velocity than females 
in the luteal phase; similarly, in an elevated plus maze, females in the 
early menstrual phase enter the open arms less than females in the luteal 
phase (Bellofiore et al., 2019). Further, females significantly increase 
food consumption during the early follicular and late luteal phases 
compared to the late follicular phase (Bellofiore et al., 2019). How social 
behaviors may change throughout the menstrual cycle remains an open 
question; future studies could explore how natural fluctuations in es-
trogen, progesterone, and DHEA influence female behavior, as well as 
male responses to females at different stages of the menstrual cycle. 
Further, spiny mice can serve as an excellent model for examining how 
the social environment (i.e., social isolation or being subjected to 
bullying) influences menarche and how social, sexual, and parental 
experience may influence menopausal transition. Together, there are 
many exciting future directions for research using spiny mice to better 
understand menstruation. 

5. A gregarious phenotype 

Most neuroscience studies examining affiliative social behaviors 
focus on bonding between two individuals in reproductive contexts, 
such as parent-offspring or mating bonds (Woolley et al., 2004; Young 
and Wang, 2004; Feldman, 2016). Yet, prior studies indicate that 
reproductive and nonreproductive contexts are differentially processed 
in the brain (Lee et al., 2019), and thus we cannot assume that neural 
circuits underlying reproductive bonding will similarly regulate nonre-
productive affiliation. Further, because group living is not part of the life 
history of the most commonly used laboratory models, it is questionable 
whether the circuits that influence social interactions between two in-
dividuals in aggressive or reproductive contexts may generalize into an 
understanding of the complex mechanisms that modulate prosocial in-
teractions with unrelated individuals in large groups. The ability to 
engage prosocially in both reproductive and nonreproductive in-
teractions, particularly in group contexts, situates the spiny mouse as an 
ideal organism for examining how mechanisms underlying prosociality 
may differ depending on a wide variety of social contexts. Indeed, in an 
immediate early gene (IEG) study, we found that the lateral septum (LS), 
a brain region that is emerging as a hub for social information processing 
(Menon et al., 2022), is more responsive in male and female spiny mice 
to an opposite-sex conspecific than a same-sex conspecific, with greater 
effects in females (Fig. 2; see Supplemental materials). This sex differ-
ence in septal responsiveness specifically to an opposite-sex conspecific 
may reflect the preference of female spiny mice to affiliate with 
opposite-sex conspecifics, whereas males prefer affiliating with same- 
sex conspecifics (Fricker et al., 2021). Alternatively, it may be more 
important for females to respond more strongly to interactions in a 
reproductive context because the costs of breeding are greater for fe-
males than males (Simmons and Kvarnemo, 2006). Regardless, this 
finding highlights the importance of considering and examining repro-
ductive and nonreproductive contexts in experiments that seek to un-
derstand how the brain processes the social environment and 
subsequently modulates behavior. Consistent with the finding that the 
LS is sensitive to distinct types of conspecifics, we recently showed that 
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the LS is also differentially responsive to kinship status in male spiny 
mice, such that the LS exhibits a greater Fos response to dyadic in-
teractions with novel kin compared to novel non-kin (Fricker et al., 
2023). Together, these results suggest that the LS may play a particularly 
important role in social recognition in spiny mice. Similarly, the LS 
distinguishes kin from non-kin in rats (Clemens et al., 2020), suggesting 
that findings from spiny mice may be generalizable to other rodent 
species. 

In behavioral ecology, gregariousness is a term used to describe 
species that affiliate with or live in groups (Miller, 1922; Treisman, 
1975; Goodson and Kingsbury, 2011; Peterson and Weckerly, 2018). As 
group-living communal breeders, spiny mice exhibit a gregarious 
phenotype. Both males and females exhibit little aggression in numerous 
social contexts and if given a choice of affiliating with a small or a large 
group, spiny mice prefer to affiliate with the large group (Fricker et al., 

2021; Gonzalez Abreu et al., 2022). Early studies in our lab have sought 
to determine neural underpinnings of this preference to affiliate with 
large groups, specifically in nonreproductive contexts. For example, 
spiny mice exposed to a large group of novel, same-sex conspecifics 
exhibit greater Fos expression in vasopressin-producing neurons in the 
bed nucleus of the stria terminalis (BNST) compared to spiny mice 
exposed to a small group of novel, same-sex conspecifics (Fig. 3A; see 
Supplemental materials). Further, during dyadic social interactions with 
novel, same-sex conspecifics, BNST vasopressin neural responses posi-
tively relate to prosocial contact (Fig. 3B; see Supplemental materials), 
suggesting that this cell group may generally be involved in promoting 
prosocial behavior. Consistent with this possibility, previous research in 
the highly gregarious zebra finch demonstrated that the vasopressin cell 
group of the BNST directly facilitates the preference to affiliate with 
large groups (Kelly and Goodson, 2013). Together these findings suggest 
that the BNST vasopressin cell group may exhibit evolutionarily 
conserved functions across taxa and may contribute toward promoting 
the drive to affiliate in groups in a number of gregarious species. As 
mentioned earlier, a limited number of grouping mammals are available 
for laboratory studies. Yet, because of the relatively small size of spiny 
mice, it is feasible to maintain large groups in the lab, enabling re-
searchers to ask a variety of questions related to grouping and sociality 
in mammals. Indeed, unlike most commonly used mammalian species in 
labs, spiny mice can allow us to examine mechanisms that facilitate 
complex societal living in groups comprised of individuals that are of 
mixed-sex and of mixed-genetic relation. 

6. Communal breeding: a system rife for exploring flexible 
group dynamics 

Unlike many other species that are tractable for lab studies, spiny 
mice readily accept unrelated newcomers into same- and mixed- sex 
established groups (Cizkova et al., 2011; Haughton et al., 2016). This is 
likely a reflection of their communal breeding system. While field 
studies that systematically characterize the behavioral ecology of spiny 
mice are still needed, most communally breeding systems have high 
rates of male dispersal with females typically representing the phil-
opatric sex. Notably, there is variation in dispersal and philopatry across 
species (Clutton-Brock and Lukas, 2011), and thus group composition of 
sex and kin may vary in spiny mice in the wild, however, field studies are 
needed to determine natural variation in group composition. Given that 
established same- and mixed- sex groups of spiny mice will accept un-
related newcomers in the lab (Cizkova et al., 2011), it is possible that 
both males and females of this species may disperse from the natal 
home, albeit likely at varying rates, and are likely to be subsequently 
welcomed into a new group in the wild. Although field studies are 

Fig. 2. Male and female spiny mice that interacted with a novel opposite-sex 
conspecific exhibited greater neural responses in the lateral septum (LS) 
compared to those that interacted with a novel, same-sex conspecific (P <
0.01), with stronger effects in females (P = 0.02). 

Fig. 3. (A) Male and female spiny mice exposed to a large group of 8 novel, same-sex conspecifics exhibited a greater percentage of BNST VP-Fos colocalized neurons 
compared to spiny mice exposed to a small group of 2 novel, same-sex conspecifics. (B) The percentage of BNST VP-Fos colocalized cells positively correlated with 
time spent engaged in prosocial contact with a novel, same-sex conspecific during a social interaction in male and female spiny mice. 
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needed to confirm dispersal and philopatry patterns in spiny mice, the 
highly social nature of spiny mouse groups in the lab lends this system to 
the study of variation in group dynamics and social networks. 

Spiny mice are an excellent organism for examining how behavior 
may vary when interacting with kin and non-kin. In novel group in-
teractions, male spiny mice can discriminate between novel kin, novel 
non-kin, and familiar kin, as indicated by differential investigation 
(Fricker et al., 2023). Interestingly, males exhibit a preference to affil-
iate more with novel kin in novel groups comprised of all 3 conspecific 
types, suggesting that affiliation preferences upon forming a new group 
may be biased toward interacting with novel kin (Fricker et al., 2023). 
Further, in dyadic interactions with either novel kin or novel non-kin, 
male spiny mice behave more prosocially with and exhibit greater 
dorsal LS neural responses to novel kin (Fricker et al., 2023). These 
findings suggest that communally breeding species may have evolved 
specialized neural circuitry to facilitate a bias to be more affiliative with 
kin, regardless of whether they are novel or familiar, to enhance fitness 
and promote behaviors such as incest avoidance and nepotism. Although 
spiny mice behave prosocially toward kin and non-kin in resource 
abundant environments, future studies could investigate factors (i.e., 
resource scarcity) that may create tipping points that lead to overt kin- 
biased behavior and even group dissolution. Additional studies could 
explore the involvement of motivational systems in social recognition 
and preferences in complex groups. 

While studies in CD1 mice allow for examination of social hierarchy 
changes upon the removal of a group member (Williamson et al., 2017), 
new adults cannot be added to established groups because the newcomer 
is likely to be the recipient of intense aggression. However, one could 
conduct studies in spiny mice in which a mouse is removed and/or added 
to determine how fluctuation in group members influences stability of 
dominance hierarchies as well as general cohesion of the group. An 
important aspect of group living is for group members to have the ability 
to rapidly learn when specific behaviors are appropriate or inappro-
priate. Exhibiting context-appropriate behavior (i.e., social competence) 
is crucial for an individual to gain acceptance into and thrive within a 
new group. Spiny mice are highly amenable for studies examining social 
competence and hormonal and neural mechanisms that enable animals 
to rapidly adapt to novel social environments, as well as studies that seek 
to map collective behavioral trajectories of groups upon social 
perturbation. 

Communal breeding systems are characterized by shared care of 
offspring produced by more than one female (Riehl, 2021). Indeed, 
spiny mouse females exhibit indiscriminate parental care toward pups 
regardless of genetic relation (Porter et al., 1980), and we have observed 
the same for juvenile and adult males in our lab (Kelly et al., unpub obs). 
Thus, spiny mice can also be used for studies that seek to understand 
mechanisms of alloparental care, whether pups exhibit preferences for 
parental care specifically from kin, or how variation in the number of 
parents/adults present during early life influences development. 
Further, we recently found that female spiny mice in higher density 
cages give birth to fewer pups (Wallace et al., unpub obs), suggesting 
that spiny mice could potentially serve as a model for examining con-
sequences of increasing, decreasing, or fluctuating population densities. 

7. A rodent model for studying cooperative behaviors 

The fields of biology and neuroscience have shown great interest in 
exploring cooperative behaviors, however few studies have been able to 
explore the neural underpinnings of cooperation. The most commonly 
studied cooperative behaviors include reciprocity, helping behavior, 
and coordinated cooperation. 

Reciprocity is a behavior that occurs when individuals help or 
cooperate with non-kin, even at a cost to themselves, due to an expec-
tation of receiving help in return at a later exchange (Trivers, 1971). 
Outside of studies examining human behavior, reciprocity has primarily 
been studied in non-human primates, such as wild vervet monkeys 

(Seyfarth and Cheney, 1984; Borgeaud and Bshary, 2015). Unfortu-
nately, there are a number of experimental limitations when working 
with non-human primates. Instead, some researchers have examined 
reciprocity in vampire bats, which are more amenable for invasive and/ 
or laboratory-based analyses. Vampire bats regularly share blood meals 
in the absence of coercion, and primarily with unrelated conspecifics 
(Carter and Wilkinson, 2013; Carter et al., 2020). Vampire bats can be 
kept long-term in a lab setting, allowing for tracking instances of reci-
procity over time. However, compared to other rodents, the neural 
toolkits for vampire bats are only beginning to materialize, with some of 
the first examples of electrophysiological recordings in behaving groups 
of bats occurring recently (Zhang and Yartsev, 2019). Whether spiny 
mice exhibit reciprocity is unknown but given that they peacefully live 
in groups with kin and non-kin and are highly prosocial in nonrepro-
ductive contexts, studies could seek to determine whether this species 
engages in reciprocity behaviors. 

Unlike reciprocity, there are several examples of individuals 
providing aid to (i.e., helping) another conspecific in more traditional 
rodent models. For example, prairie voles will engage in consolatory 
allogrooming after observing foot shocks applied to both familiar, same- 
sex siblings and familiar, opposite-sex pairbond partners (Burkett et al., 
2016). Prairie voles do not, however, console novel, same-sex conspe-
cifics, suggesting a bias toward in-group members. Rats also appear to 
engage in in-group directed helping behavior. Both Sprague-Dawley and 
Long-Evans rats will free both trapped familiar and novel conspecifics of 
the same strain, but not novel individuals from a strain different to their 
own unless they are cross-fostered with the other strain from birth (Ben- 
Ami Bartal et al., 2014; Ben-Ami Bartal et al., 2021). While there is a 
wide array of tools for probing neural mechanisms of helping in rats and 
prairie voles, studies in these species may be limited to helping in con-
texts with in-group members and/or familiar individuals. Yet, helping 
behavior frequently occurs in human and non-human primates with 
novel, out-group members (Tan and Hare, 2013; Tan et al., 2017). The 
neural underpinnings of such xenophilic helping behaviors cannot easily 
be explored in rodent models that selectively help in-group members, 
leaving the mechanisms of an important type of helping behavior un-
clear. Given that spiny mice welcome new members to groups and 
behave in a highly prosocial manner toward novel conspecifics, this 
species may be particularly useful for studies examining similarities and 
differences in mechanisms underlying helping behavior in varying social 
contexts. 

Coordinated cooperation can be defined as any behavior requiring 
coordinated or correlated responses between two or more individuals 
sharing the same goal or aligned interests. A classic example of such 
behavior comes from capuchin monkeys, which coordinate rope pulling 
to bring food closer (Mendres and De Walla, 2000). Notably, other non- 
primate species, like elephants, can also coordinate in a similar manner 
(Plotnik et al., 2011). Capuchins will even cooperate with a conspecific 
in more abstract tasks, such as an assurance game where they can choose 
to cooperate, despite not knowing if their partner will as well, or choose 
a guaranteed, but lower, payout (Robinson et al., 2021). To examine 
hormonal and neural mechanisms that facilitate coordinated coopera-
tion, researchers could design game studies for rodents that are similar 
to the assurance game or prisoner’s dilemma game (Wang and Kwan, 
2023) or design operant cooperative tasks where multiple individuals 
must coordinate their movements to achieve a common goal (Avital 
et al., 2016). In large novel arenas, we have observed that spiny mice 
will sometimes explore in a collective group, suggesting that this species 
may exhibit coordinated cooperative movements. Ongoing studies in 
our lab are determining whether spiny mice will coordinate their 
movements to trigger the opening of a door that leads to an isolated pup 
– a stimulus that motivates a spiny mouse to action much more so than a 
food reward. 

Some of the most complex forms of cooperative behaviors occur in 
species that live in large groups varying in relatedness and familiarity, 
like those driving successful human communities. The ease in which 

B.A. Fricker and A.M. Kelly                                                                                                                                                                                                                  



Hormones and Behavior 158 (2024) 105462

6

spiny mice are bred and studied in a lab setting can allow researchers to 
take advantage of the preference of spiny mice to affiliate with large 
groups and behave prosocially with conspecifics that vary in sex, kinship 
status, and familiarity for the study of cooperative behaviors. Further, 
the neural toolkit for spiny mice is developing rapidly, and thus probing 
the neural mechanisms underlying these behaviors is increasingly 
feasible. Together, spiny mice could play a vital and informative role in 
understanding hormonal and neural mechanisms underlying coopera-
tive behaviors. 

8. Conclusions 

Spiny mice are a useful organism for answering an array of scientific 
questions. In addition to being used as a model for Type II diabetes and 
for studying complex tissue regeneration, spiny mice are an excellent 
organism for examining mechanisms of behavior. Their precocial 
phenotype allows for the study of behavioral and physiological matu-
ration on a unique developmental timescale. Researchers interested in 
the adaptive value and evolutionary history of unlearned knowledge 
may find the precocial spiny mouse as a use model organism. Addi-
tionally, spiny mouse reproductive physiology enables using female 
spiny mice as a model for human-like menstruation and menopause. 
While spiny mice can be used in standard rodent behavioral tests, 
because they are highly gregarious and readily affiliate with conspecifics 
in reproductive and nonreproductive contexts they are also ideal for 
studying hormonal and neural mechanisms underlying various grouping 
and cooperative behaviors. Spiny mice are a lab-tractable organism that 
researchers may find especially useful for answering numerous scientific 
questions within a single species. 
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