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H I G H L I G H T S

• Young ground squirrels discriminate familiar and unfamiliar odors at all ages.
• Phenotype-matching abilities not evident until 30-days of age.
• Delay coincides with when recognition odors are stable.
• Timing is adaptive for when young start encountering unfamiliar kin.
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Despite extensive research on the functions and mechanisms of kin recognition, little is known about develop-
mental changes in the abilities mediating such recognition. Belding's ground squirrels, Urocitellus beldingi, use
at least two mechanisms of kin recognition in nepotistic contexts: familiarity and phenotype matching. Because
recognition templates develop from early associations with familiar kin (and/or with self), familiarity-based
recognition should precede phenotype-matching recognition even though one template is thought to be used
for bothmechanisms. I used a cross-fostering design to produce individuals that differed in relatedness and famil-
iarity. Two pups (one female and one male) were exchanged reciprocally between two litters within 48-h of
birth. Every five days, from 15 to 30-d of age, young were exposed to bedding and oral-gland odors from their
familiar foster mother and an unfamiliar unrelated female (familiarity test) and from their unfamiliar genetic
mother and another unfamiliar unrelated female (phenotype-matching test). As expected, discrimination of
odors based on familiarity was evident at all ages tested, whereas discrimination based on relatedness was not
evident until 30-d. My results provide a first estimate for when phenotype-matching mechanisms are used by
young Belding's ground squirrels, and thuswhen they can recognize unfamiliar kin such as older sisters or grand-
mothers. Belding's ground squirrels are the first species for which the development of the production, perception
and action components is well understood.
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1. Introduction

Recognition of conspecifics is mediated through olfactory cues in a
variety of taxa (insects: [1,2]; amphibians: [3]; fish: [4,5]; birds: [6,7];
mammals: [8–10]), including ground-dwelling squirrels [11–13]. In
mammals, olfaction is often the primary sensory modality for species,
sex, kin and individual recognition [8–10,14–16]. Odor cuesmediate so-
cial recognition in Belding's ground squirrels, Urocitellus beldingi, and
can be used to discriminate both individuals and kin classes [17,18].
Kin recognition is an unobservable internal process of assessing genetic

relatedness that is inferred on the basis of kin discrimination, the
observable differential treatment of conspecifics based on cues that
correlate with relatedness. Kin-discrimination processes are conceptu-
alized as three components: the production of cues that can be used
for recognition (such as unique odors, plumage patterns, or vocaliza-
tions); the perception of these cues by others, in particular how these
cues correspond with a stored memory of familiar individuals' cues (a
recognition template); and the action taken by an animal if an
individual's cues do or do not match its template (see [19]).

Several kin recognition mechanisms have been proposed [20–24],
but here I focus on two. First, recognition may be based on prior associ-
ation, referred to simply as familiarity. Animals learn the phenotypes of
related individuals they are exposed to early in development (e.g.
parents, siblings), and later discriminate these familiar individuals
from unfamiliar animals. Second, an individual may learn its own
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phenotype and/or the phenotype(s) of kin they are exposed to in early
development, and later compare or match the phenotypes of unidenti-
fied animals to this learned template; this mechanism is known as phe-
notype matching. Note that phenotype matching requires a correlation
between phenotypic and genotypic similarity, regardless of the pheno-
types' origins, so that individuals with traits that most closely match an
animal's template are its closest kin. Both mechanisms involve a com-
parison between encountered phenotypes and learned templates, but
familiarity allows recognition of previously encountered familiar indi-
viduals, whereas unfamiliar kin can be identified via the phenotype-
matching mechanism [19,21,23].

Despite extensive research on the functions and mechanisms of kin
recognition (e.g. [25–31]), little is known about ontogenetic changes
in themechanismsmediating such recognition. Several studies have ex-
amined changes in preferences for familiar and unfamiliar social cues
during early development [32–39], and some have studied develop-
mental changes in the role of kinship in social preferences [34,35,40,
41]. Even fewer studies have examined the development of recognition
cues (but see [3,42–49]). Here I tested the development of the perceptu-
al component of kin recognition in a study system for which the action
component is well understood [29,50].

Belding's ground squirrels are group-living, burrowing rodents
found in alpine and subalpine regions of the western United States
[51]. They are active above ground between April and August and hiber-
nate the remainder of the year. Eachmother produces one litter annual-
ly of 5–8 pups, which is reared for 25–28 days in an underground
burrow (the natal burrow). Young first come above ground (they
‘emerge’) as nearly weaned, 4-week old juveniles [52]. Because females
nest in equal proximity to close and distant kin, juveniles emerge into a
social environment that includes unfamiliar juveniles and adults that
vary in genetic relatedness [50]. Two to three weeks after natal emer-
gence, juvenile females establish their own burrow system within
25 m of their natal burrow, whereas juvenile males begin to disperse
permanently from their birthplace [53]. Nasal investigations typically
precede social interactions and involve investigation of secretions
from apocrine glands located in the mouth corner (oral odors).
Dorsal-gland odors (from a field of small apocrine glands along the
back) and oral odors are both individually distinct and kin distinct,
and they are the primary cues used for social recognition and scent
marking [17,18]. Odors from pedal and anal glands, as well as from
the supraorbital region, are also individually distinct [18].

Because females are philopatric and live an average of 3.4 years (up
to 12 years; [52]; J. M. Mateo, unpublished data) they live near and fre-
quently encounter other female kin, favoring the evolution of nepotism
among females [54]. This includes alarm-call production and coopera-
tive territory defense, with such behaviors directed to close female kin
only, such as mothers, sisters, and daughters [29]. In both nepotistic
and mate-choice contexts, adult ground squirrels use familiarity and
phenotype-matching mechanisms to differentiate relatedness among
conspecifics ([23,55]; J. M. Mateo, unpublished. data). Both oral- and
dorsal-gland odors co-vary directly with genetic relatedness, allowing
all individuals to discriminate among a variety of male and female kin
classes, such as aunts, cousins, and non-kin [17].

Juveniles also use familiarity and phenotype-matchingmechanisms.
For example, in the earlyweeks after natal emergence they preferential-
ly play with littermates over non-littermates, discriminate between full
and half-siblings, and recognize unfamiliar kin [55]. However, it is un-
clear at what age(s) these abilities develop. Young start producing rec-
ognition odors that mediate these behaviors just before first
emergence from thenatal burrow. These odors become individually dis-
tinct and stable shortly after emergence, perhaps because of the switch
to a solid diet [42].

Young Belding's ground squirrels first become familiar with their lit-
termates and their mother in the natal burrow, and although another
adult may enter the cryptic natal burrow, young do not regularly en-
counter unfamiliar kin and non-kin until after natal emergence [23,

55]. Using a cross-fostering design [56], I tested when kin-recognition
mechanisms develop in young. Because the template used for recogni-
tion of unfamiliar kin develops from early associations with familiar
kin (and/or with the self), I expected familiarity-based recognition to
precede the development of phenotype-matching recognition (even
though one template is thought to be used for both mechanisms; [19,
56,57]). That is, to have the most accurate recognition template, multi-
ple individuals (‘referents’) will be represented in the template [57–59],
thus the ability to generalize from the template during the phenotype-
matching process might be delayed until all referents' kin labels are
fully developed. Therefore young should demonstrate discrimination
of their familiar fostermother from an unfamiliarmother (both unrelat-
ed to the young; ‘familiarity test’) before they can discriminate between
their unfamiliar genetic mother and an unfamiliar unrelated mother
(‘phenotype-matching test’).

2. Material and methods

2.1. Animals

I studied ground squirrels in the summer of 2000 at the Sierra Neva-
da Aquatic Research Laboratory (SNARL; near Mammoth Lakes, CA,
USA). I live-trapped pregnant females from a site in Rock Creek Canyon
(2834 m), and near Trumbull Lake (2895m) and Junction Creek Camp-
ground (2990 m), CA and housed them in a laboratory building at
SNARL where they gave birth and reared their young. Due to trapping
distances between females (N200 m, up to 70 km), mothers were un-
likely to have been closely related ([50]; J.M.Mateo, unpublished obser-
vations of female natal dispersal and male spatial patterns during
mating). Mothers were housed singly in stainless steel cages
(61 × 45 × 35 cm) that included a nest box (28 × 20 × 20 cm) fitted
with a 6-cm diameter entry hole and a removable top. Females gave
birth and reared their young in this nest box, which contained wood
shavings for bedding. I also provided mothers with paper towels that
they took into their nest box and shredded, creating a fluffy, full nest. I
gave animals Purinamouse chow (#5015) andwater ad libitum and oc-
casionally supplemented the foodwith dandelions, vegetables and sun-
flower seeds. All animals were maintained on similar diets to minimize
environmental influences on odors (e.g. [60]). I maintained the building
on a 14:10 h light:dark schedule, which approximated natural condi-
tions,with temperature regulated by a combination of a heater, portable
air conditioner and automatic fans (28–41 °C). I refer to ‘pups’ as b25-d
old young that would be still confined to their natal burrow if in the
wild, ‘juveniles’ as ≥25-d old young that would have emerged from
their natal burrow, and ‘adults’ as animals ≥ 1-yr old.

Using a cross-fostering design I produced individuals that differed in
relatedness and familiarity [56]. Two pups (one female and one male)
were exchanged reciprocally between two litters born within 48-h of
birth. For example, two pups from Mother A would be transferred to
Mother B, and two pups fromMother B would be transferred toMother
A. A total of 15 litters were fostered (six pairs and one trio of reciprocal
crosses), with 27 pups tested for odor-discrimination abilities. Three
cross-fostered pups died before testing began.

Note that it is theoretically possible that young learned their genetic
mother's odor prenatally or prior to transfer (e.g. [61]), yet it is unlikely
that a complex odor such as this is learned this early due to the perinatal
status of the olfactory system of rodents [62–64]. Also note that all ani-
mals were housed in one laboratory building, which is also where test-
ing took place. For most mothers, an empty cage was adjacent to them,
minimizing the likelihood of young learning the odors of nearby adults.
When Belding's ground squirrels smell each other, there is typically di-
rect contact with oral glands ([65]; pers. obs.), and during odor discrim-
ination tasks, animals are typically within 2 cm of a stimulus (e.g. [18]),
suggesting that being in the same room likely did not make young fa-
miliar with adults other than their foster mother.

280 J.M. Mateo Physiology & Behavior 173 (2017) 279–284



https://isiarticles.com/article/146414

