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Kin recognition by phenotype matching in female Belding’s ground squirrels

WARREN G. HOLMES
Psychology Department, University of Michigan, Ann Arbor, Michigan, 48109, U.S.A.

Abstract. Female Belding’s ground squirrels (Spermophilus beldingi), that had been reared apart from each
other, were observed in paired-encounter tests to determine whether exposure to nestmates’ phenotypes
during development had influenced their subsequent social discriminations. As a result of cross-fostering,
test partners were (1) either unfamiliar sisters (reared apart) or unfamiliar, unrelated females, and were (2)
either reared with each other’s siblings (indirectly exposed to each other) or were not reared with each
other’s siblings (not indirectly exposed to each other). Regardless of relatedness, females that were
indirectly exposed to each other were significantly less agonistic during tests than females not indirectly
exposed to each other. This suggests that females learned something from their nestmates’ phenotypes and
later recalled what they had learned in order to distinguish between their nestmates’ unfamiliar kin and
non-kin. Furthermore, sisters that were indirectly exposed to each other were less agonistic than non-
sisters that were indirectly exposed to each other. This was true even when the only kin phenotypes females
had experienced during rearing were their own, which suggests that females may have compared
unfamiliar phenotypes with their own, as well as those of their nestmates. Thus, the phenotypes that
females encountered during rearing, both their nestmates’ and their own, influenced their later social
discriminations, probably by phenotype matching. Under this recognition mechanism, an individual
forms a hypothetical ‘kin template’ based on its own or its familiar relatives’ phenotypes, and later
compares the phenotypes of other conspecifics with the learned template.

INTRODUCTION cients of relationship involved in each situation
become more nearly determinate.” (page 24). More
The social stimuli experienced by developing young  recently, the discrimination of kin has been dis-
are often important in establishing their later cussed with regard to mate choice and a balance
behaviour toward those stimuli. For example, between inbreeding and outbreeding (Shields 1982;
odours experienced by unweaned mammals can  Bateson 1983).
dictate subsequent olfactory preferences (Alberts Early association with conspecifics (e.g. nest-
1976). In many cases, adult mate choices depend on  mates or care-givers) provides one proximate link
the conspecifics they were exposed to during rear-  for the identification and preferential treatment of
ing (Dewsbury 1982; Bateson 1983). Imprinting relatives, as predicted by kin selection theory
(Lorenz 1935) and results from inter-specific cross-  (Bekoff 1981; Holmes & Sherman 1983). In experi-
fostering experiments (Porter et al. 1977; Huck & mental tests, for instance, individuals reared
Banks 1980) also affirm the role of early exposure  together, regardless of true relatedness, are often
on later social preferences. tolerant of each other and intolerant of their
Kin selection theory (Hamilton 1964; West related ‘non-rearingmates’ (Porter et al. 1981;
Eberhard 1975) predicts that genetic relatedness is  Carlin & Hélldobler 1983; Holmes 1984a). In these
one factor that will influence social interactions cases, relatives are not identified as kin per se, but
(reviews in Kurland 1980; Alexander & Tinkle rather as individuals experienced under some par-
1981). Although kin selection does not require the  ticular circumstances during development (Poin-
evolution of specialized recognition abilities, or dron & Le Neindre 1980; Beecher et al. 1981;
that animals be able to assess genetic relatedness Holmes 1984b).
directly, Hamilton (1964) outlined several proxi- There is a second general process called ‘compar-
mal mechanisms to facilitate kin-differential beha- ing phenotypes’ (Alexander 1979) or ‘phenotype
viour and proposed that ‘the situations which a  matching’ (Holmes & Sherman 1982} by which
species discriminates in its social behaviour tend to  early exposure can mediate kin-directed behaviour.
evolve and multiply in such a way that the coeffi- In phenotype matching, an individual learns the
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attributes of its own phenotype, or those of its
relatives (e.g. nestmates or care-givers), in a certain
context. This learning results in the formation of a
hypothetical kin template or model, based on some
phenotypic trait or suite of traits. When the
individual later encounters a conspecific of
unknown relatedness, it matches the unknown
phenotype against the learned template. The
assessment of relatedness is thus based on the
degree of fit (quantitative or qualitative) between
the unknown phenotype and the learned template,
in a manner that may parallel stimulus generaliza-
tion (Schwartz 1984).

Like any recognition mechanism, phenotype
matching does not yield precise, error-free infor-
mation about coefficients of relationship. In fact,
the validity and reliability of phenotype matching
may vary widely, depending on a host of factors
(Lacy & Sherman 1983). Thus phenotype matching
may indicate the probability that individuals are
related, and it may more reliably distinguish cate-
gories of conspecifics (e.g. close kin versus non-kin,
half-siblings versus cousins) than individuals
(Alexander 1979). In theory, however, there are
circumstances under which more precise informa-
tion about coefficients of relationship (e.g. Barash
ct al. 1978), or particular loci in the genome (e.g.
Lenington 1983; Yamazaki et al. 1983), might be
advantageous, and phenotype matching is one
process that could facilitate such discriminations.

A correlation between phenotypic features and
the genotype is critical to phenotype matching so
that detectable traits are more similar among
relatives than non-relatives (Holmes & Sherman
1982). This correlation could result from the
expression of shared genes (Greenberg 1979; Holl-
dobler & Michener 1980), from the acquisition of a
unique label from an environmental source to
which only kin-group members are exposed (Pfen-
niget al. 1983), or from a combination of both. The
source of the correlation, however, is not critical to
the matching process as long as phenotypic and
genotypic similarity co-vary more among kin than
non-kin. For kin-correlated resemblance based on
genetic factors, models have been used to examine
how the accuracy of assessing relatedness depends
on the number of independently assorting traits
perceivable, their heritability and variation in the
population, and the algorithm used to assess
kinship based on phenotypic traits (Getz 1981,
1982; Beecher 1982; Lacy & Sherman 1983).

Kin templates might be acquired when an indi-

vidual learns the phenotypes of its nestmates, care-
givers, or other relatives by associating with them.
In a study on sibling recognition in spiny mice
(Acomys cahirinus), for example, Porter et al
(1983) suggest that the phenotypes of litter-mates
‘... can influence interactions among A. cahirinus
weanlings by serving as a learned standard against
which odours of conspecifics are compared.” (pp.
982-983). When kin labels are environmentally
acquired, a template could be formed based on an
encounter with the environmental source that
imparts the label, rather than on direct encounters
with relatives (Pfennig et al. 1983).

An individual’s own phenotype could also serve
as a recognition template, either directly by self-
inspection or indirectly by inspection of a part of
the environment that was labelied by the indi-
vidual. In either case, when traits used in template
formation are genetically, rather than environmen-
tally, derived, self-matching may be advantageous
because an individual’'s own phenotype would
typically provide a more accurate kin referent than
one based on the phenotypes of associates which
could be compromised by multiple mating (Han-
ken & Sherman 1981; Getz & Smith 1983), cuck-
oldry (Daly & Wilson 1982), communal rearing
(Emlen 1984), or the early association and mixing
of non-kin (O’Hara & Blaustein 1982: Waldman
1984). Although self-matching has not been
reported, individuals that identify their relatives
despite being reared only among non-kin (Wu et al.
1980; but see Fredrickson & Sackett 1984). among
unequally related kin (Getz & Smith 1983), or in
social isolation (Blaustein & O'Hara 1981, 1982;
Waldman 1981) may be employing self-matching
(Sherman & Holmes 19835; but see Blaustein 1983).

[ attempted to determine if phenotype matching
could explain the ability of female Belding’s ground
squirrels (Spermophilus beldingi) to identify their
sisters when reared apart from them. Holmes &
Sherman (1982) cross-fostered (<3 h post-par-
tum) S. beldingi litter-mates to examine how
genetic relatedness (siblings or non-siblings) and
rearing association (reared together or reared
apart) affected sibling recognition in the labora-
tory. As yearlings, siblings reared apart werc
significantly less agonistic during paired-encounter
tests than non-siblings reared apart. More pre-
cisely. unfamiliar sister—sister pairs were less ago-
nistic than were unrelated female-female pairs,
whereas relatedness did not influence the interac-
tions of unfamiliar male~male or unfamiliar male
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female pairs. Holmes & Sherman (1982) proposed
(page 505) that unfamiliar sisters might have *. ..
learned something about the phenotypes of their
sibling or nonsibling nestmates during rearing . . . ,
and then used this information to identify sisters
with whom they were not reared . . .. To examine
this further, I cross-fostered female S. beldingi and
reared them with different numbers of related and
unrelated young to determine if nestmates pheno-
types influenced later social interactions between
unfamiliar females. Given the importance of kin-
ship to the social behaviour of female Belding’s
ground squirrels (Sherman 1977, 1980, 1981), their
social discrimination abilities warrant study.

METHODS

Rearing, Cross-fostering, and Test Groups

Ground squirrels were born in captivity to
pregnant females (N=71) that were live-trapped
near Tioga Pass, Mono County (1979, 1980, 1981)
or Kirkwood, Placer County (1982), in the eastern
Sierra Nevada of California. Each dam was housed
individually in a stainless steel cage (61 x 45 x 35
cm) that held a plywood nestbox (25 x 15 x 12 ¢cm)
filled with woodshavings. Water and food (Purina
mouse breeder chow) were typically available ad
libitum and lettuce and sunflower seeds were
supplied occasionally each week. Cages remained
in anindoor room (circa 6 m?,20+2°C, 14:10L:D
cycle; 1979, 1980, 1982) or an outdoor enclosure
(circa 9 m? ambient temperature and natural
photoperiod in Berkeley, California; 1981)
throughout the development of juveniles. Nest-
boxes were inspected for newborns three to six
times per day. Within a few (< 12) hours of birth
(late June or early July), pups were weighed, sexed,
and toe-clipped (permanent identification) and
then returned to their dam to await cross-fostering
(below).

Test pairs were created by cross-fostering pups
within sets of four dams that bore litters within 72 h
of each other. Each test pair was composed of two
females (sisters or unrelated females) that were
reared apart from each other (unfamiliar females).
More specifically, infants produced by two dams, A
and B, were switched between these dams, and
infants produced by the other two dams, C and D,
were switched between these dams, if all four
delivered within a 72-h period (Fig. 1). Both sexes
were cross-fostered and the number of pups

DESIGN OF EXPERIMENT

Litters During Rearing Rearing Dams

ay a; by by A
a3 95 by b, B
¢ cp 6y d; C
€3 ¢4 d3d, D

Examples of Test Partners
a,-03 8 c¢y-c; Sisters-Indirectly Exposed (S.IE)
a, -by B ¢, -dy Non-sisters- Indirectly Exposed (NS.IE)
a;-c; 8 ¢p-b, Non-sisters-Not Indirectly Exposed (NS.NIE)

Figure 1. An example of litter composition during rearing
created by cross-fostering newborn (<72-h-old) Beld-
ing’s ground squirrels. Young represented by a common
letter are siblings. Also shown are examples of female-
female test partners from three experimental groups
whose agonistic interactions were recorded during paired
encounters. ‘Indirectly exposed’ indicates that females
reared apart from each other were each reared with their
test partner’s siblings. The diagram shows only one of
several examples of litter size and composition (number
of related and unrelated nestmates) used in the investiga-
tion.

exchanged between dams varied as a function of
litter size, sex ratio, and experimental groups
(below).

During rearing a female was exposed to two
categories of juvenile phenotypes based on kinship:
relatives (her own and her siblings) and non-
relatives (her unrelated nestmates). Because pups
were not exchanged between dams that were
trapped less than 400 m from each other, it was
unlikely that these foster mothers were inseminated
by the same male or that they were close relatives
(see Sherman 1981). Because multiple mating regu-
larly results in multiple paternity in Belding’s
ground squirrel litters, ‘sibling’ actually refers to
litter-mate siblings, which could be full- or mater-
nal half-siblings (Hanken & Sherman 1981).

Following cross-fostering, test pairs were cate-
gorized according to genetic relatedness and rear-
ing exposure. ‘Relatedness’ indicated whether a
pair was composed of sisters (S) or non-sisters
(NS). ‘Rearing exposure’ indicated whether test
partners were reared with each other’s siblings, but
not whether they were reared together {only unfa-
miliar females were tested). If partners were reared
with each others’ siblings, they were indirectly
exposed (IE) to each other; if partners were not
reared with each other’s siblings, they were not
indirectly exposed (NIE) to each other. Pairs were
tested from three groups (Fig. 1): sisters indirectly



Holmes: Kin recognition in female ground squirrels 41

exposed to each other (S.1E); non-sisters indirectly
exposed to each other (NS.IE), and: non-sisters not
indirectly exposed to each other (NS.NIE). Sisters
not indirectly exposed to each other could not be
tested because a female was always exposed to her
own phenotype, one to which her sister was related.

Pairs were further categorized according to the
‘kin:non-kin number’, which is the number of
related phenotypes (including her own) and non-
related phenotypes, respectively, that a female was
exposed to during rearing. Females in a given test
pair (test partners) experienced the same kin:non-
kin number during rearing. For example, if dam A
produced four young (ai, a, a3, and a,) and dam B
produced five young (by, by, bs, by, and bs), within
the 72-h time limit, one of dam B’s young (e.g. bs)
was removed completely and two were reciprocally
exchanged between A and B. Thus, dam A reared
4y, a1, by, and ba, while dam B reared b;, by, a3, and
a4 so that, for both litters, sizes and kin:non-kin
numbers were identical (Fig. 1). Females were
exposed to one of six kin:non-kin numbers: 1:1, |:
3,3:1, 2:3, 3:3, or 3:2. Due to other constraints
(i.e. the number of females producing litters, the
timing of parturition, sex ratios at birth), it was not
possible to control the sex ratios in litters during
rearing. Note that a female experiencinga 1:1or 1:
3 number was exposed to only her own phenotype
in the kin category and that the kin:non-kin
number does not include the rearing dam’s pheno-
type (see Discussion).

Within each of the three groups, at least nine
pairs were reared under each of the six kin:non-kin
numbers. Within a group, all pairs were ‘unique’,
meaning that an individual female was a member of
only one pair. However, each female was tested asa
member of one pairin all three groups (e.g. a, and ¢
in Fig. 1).

Rearing-mates lived together until late August
when each was housed individually (25x 18 x 16
cm cage). In mid to late September, juveniles were
moved to a coldroom to hibernate alone. About 7
months later, they were removed from the cold-
room as yearlings and left in their individual cages
with ad libitum access to food and water. Recogni-
tion tests began about 1 week later (circa 275 days
of age).

Recognition Tests

I recorded the frequency of agonistic interactions
during paired-encounter tests in a laboratory arena

to assess sibling recognition following Holmes &
Sherman (1982). Tests were conducted in a 1-m*
plywood arena (painted dull yellow) with a trans-
parent Plexiglas front and an opaque dividing
partition. An assistant first placed one dye-marked
(for observer discrimination) female on each side of
the arena’s dividing partition. Then, if both females
touched all four sides of their half of the arena
within 5 min, I lifted the divider with a rope and
pulley from behind a screen where I was concealed
during tests. A pair’s social interactions were then
described into a tape recorder during a 5-min test.
Later, interactions were categorized as agonistic,
exploratory, or neutral, based on previous descrip-
tions (Steiner 1970; Sheppard & Yoshida 1971;
Michener & Sheppard 1972). To be included in
analyses, a pair had to interact at least five times
during the 5-min test period. Females were
returned to their individual cages after a test, and
the arena was vacuumed and wiped with a dilute
vinegar solution.

Females exhibited 11 types of agonistic
encounters (definitions in Holmes & Sherman
1982, Appendix I). Because it was not possible to
weigh the intensity of one type (e.g. paw swipe)
against another (e.g. fight) on the basis of biologi-
cal criteria, the total number of agonistic
encounters per pair was used to assess recognition.
The mean number of agonistic encounters was
calculated for each of the three groups and for
each kin:non-kin number within a group. Of the 11
types of agonism, five (lateral arching, paw swipe,
withdraw, ‘threat’ vocalizaton, and lunge strike)
accounted for76-1%, of all encounters, based on the
combined data from all groups. Each of these five
types occurred regularly in all groups so that if, for
each of the three groups, one separately examined
the five most common agonistic encounters, the
same ranking emerged among the groups (least to
most agonistic) as when the five types were com-
bined into a single score. Therefore, a combined
score based on all 11 encounter types was used to
represent a pair’s behaviour. Only agonistic beha-
viours were analysed because they are more reliably
categorized than exploratory or neutral behaviours
(Holmes, unpublished data), and they occur fre-
quently and can be correlated with categories of
close and distant kin in the field (Sherman 1981).
Females were tested as yearlings because juveniles
are rarely agonistic during laboratory tests
(Holmes & Sherman 1982) and because the beha-
viour of free-living females that are one year of age
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or older is influenced by kinship (Sherman 1981).

Before the first tests began (March 1980), video-
tapes were made of the arena behaviour of 11 pairs
and were scored for agonistic encounters. Inter-
observer (N =2) agreement on the total number of
agonistic encounters per pair was high (r=0-88,
P <0:05). To increase consistency in scoring
between years, I re-scored the original videotapes
each year before testing new pairs. During the 14—
20-day period when ground squirrels were tested
each spring, I observed a total of 145-170 pairs
divided among three studies. Animals were marked
with dots to distinguish test partners, but several
(circa 10) shared similar marks. Assistants deter-
mined pair test orders randomly, and I was not
aware of a pair’s identity (the study or group within
a study) during observations. During the first
spring that data were collected (March 1980), pairs
were observed three times at 5-day intervals for 15-
min periods each day. Pair behaviour was stable
over the three tests and the proportion of
encounters that were agonistic did not differ
between 5-min and 15-min tests (Holmes & Sher-
man 1982). Accordingly, one 5-min test was used to
quantify arena behaviour in 1980 and all sub-
sequent years (1981-1983).

About 50 pairs were tested in each of the 4 years
of the study, with 12-20 pairs per group. Based ona
random sample of 10 pairs per group, per year,
there were no significant (P > 0-1) differences across
the 4 years of data collection in the groups’ mean
frequencies of agonistic encounters. Therefore data
from all years were combined for analyses. The
behaviour of females tested in 1980 have been
reported previously (Holmes & Sherman 1982).

The mean (+SE) number of agonistic
encounters per pair is reported. Since data met the
requirements for parametric statistics, means were
compared with 7-tests or one-way analyses of
variance (ANOVA). Scheffé’s test was used for the
between-group comparisons of means following
ANOVAs.

RESULTS

Data from 195 of 213 tested pairs (91-5%) were
analysed because females did not always move
about the arena before the partition was lifted
(N=7 pairs) and some pairs (V=11) did not
interact five times as required. About equal
numbers of these 18 pairs came from each of the

three groups. Females averaged 277-3 + 5-6 days of
age and 189-8+ 11-3 g body weight at testing, and
neither of these variables differed significantly
(P>01) across the three groups.

Relatedness and Rearing Exposure

Females indirectly exposed to each other (sister
and non-sister pairs combined) were significantly
(P<0-001) less agonistic during arena tests
(X=5240-5, N=130 pairs) than females that
were not indirectly exposed to each other
(X=9-04+0-7, N=65 pairs). When relatedness and
rearing exposure were both considered (Fig. 2).
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Figure. 2. The mean (xSE) number of agonistic
encounters recorded during 5-min paired-encounter tests
of female ground squirrels. Numbers of pairs tested are
shown inside bars. The three groups are defined in the text
and shown in Fig. 1.

sisters that were indirectly exposed to each other
(S.IE) were significantly (P <0-001) less agonistic
than non-sisters that were indirectly exposed to
each other (NS.IE). These, in turn, were signifi-
cantly (P<0-001) less agonistic than non-sisters
that were not indirectly exposed to each other
(NS.NIE). Thus, both relatedness and rearing
exposure influenced female agonistic interactions.

There were also significant (P <0-01) differences
among the three groups in the total number of all
encounter types combined (agonistic+ explora-
tory +neutral), but the differences in agonism
among groups (Fig. 2) were not due simply to
differences in total social activity. The proportion
of all encounters that were agonistic gave the same
significant (P <0-001) between-group differences
(S.IE < NS.IE < NS.NIE).
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Kin:Non-kin Rearing Number

Agonism for each group (Fig. 2) was analysed on
the basis of combined scores for all six kin:non-kin
numbers, but data from each kin:non-kin number
were also examined separately (Fig. 3). For each
number, S.IE females were significantly (P < 0-05)
less aggressive than NS.IE females. Similarly,
NS.IE females were always less agonistic than
NS.NIE females, regardless of the pairs’ kin:non-
kin numbers. These differences were significant
(P<005) for numbers 1:3, 3:3, and 3:2 and
approached significance (P <0-1) for numbers 1:1,
3:1, and 2:3. To summarize, for each of the six
kin:non-kin numbers, the mean frequencies of
agonistic encounters were ordered SIE <NS.IE
<NS.NIE, and most of these between-group dif-
ferences were significant for each kin:non-kin
number (Fig. 3).

Within test groups, kin:non-kin numbers did
not affect pairs’ agonism (Fig. 3). One-way ANO-
VAs comparing means across the six kin:non-kin
numbers were not significantly different (P>0-1)
for the S.IE, the NS.IE, or the NS.NIE groups.
Finally, for sister-sister pairs, I calculated the mean
frequency of agonism for females exposed during
rearing to only their own phenotype in the related
category (numbers 1:1 and 1:3) and a mean for
females exposed to at least one other relative’s
phenotype, besides their own (numbers 3:1, 2:3,

[ Clsze  EJnsze [Ins.NIE

X Number of Agonistic Encounters

Kin :Non-kin Number During Rearing

Figure 3. The mean (+SE) number of agonistic
encounters recorded during dyadic tests of female ground
squirrels reared with different numbers of sibling and
non-sibling nestmates (the kin:non-kin number).
Female-female pairs were tested from three groups (see
text and Fig. 1) as indicated. Numbers of pairs tested are
shown inside bars.

3:3, and 3:2). These means did not differ signifi-
cantly (own phenotype: X =3-8+ 0-8, N=20; other
relative’s phenotype: ¥ =4-0+0-7, N=48, P>0-1).

DISCUSSION

Female Belding's ground squirrels distinguished
their unfamiliar sisters from unfamiliar unrelated
females during paired-encounter tests and pheno-
type matching seems to explain this discrimination.
When unfamiliar females were reared with their
future test partner’s kin (i.e. pair members were
indirectly exposed to each other), they were less
agonistic than unfamiliar females that were not
indirectly exposed to each other, regardless of
genetic relatedness (Fig. 2). However, sisters indir-
ectly exposed to each other were even less agonistic
than unrelated females indirectly exposed to each
other. Furthermore, neither the total number of
related or unrelated nestmates, nor the proportion
of related to unrelated nestmates, influenced
female~female agonism if test partners were indir-
ectly exposed to each other (Fig. 3). Unfortunately,
I could not determine whether the sex ratios in
litters during rearing influenced agonistic
encounters since I could not control sex ratios when
young were cross-fostered (see Methods).

Differential treatment of nestmates’ kin and non-
kin demonstrates discrimination of these two cate-
gories, although it does not reveal whether indi-
viduals within each category are discriminable. S.
beldingi females learn the phenotypes of both
sibling and non-sibling young that they are reared
with (Holmes & Sherman 1982, Fig. 4), and the
present study suggests that they may use what they
learn to identify their own sisters and those of their
unrelated nestmates.

Discrimination by females may also have been
affected by the phenotypes of their rearing dams
(e.g. Porteret al. 1981), but I could not examine this
possibility. In paired-encounter tests with S. held-
ingi, agonism by one animal often elicits agonism
from the other (Holmes, unpublished data).
Because test partners were exchanged between two
dams whose phenotypes were presumably dissimi-
lar because they were unrelated, partners may have
acquired quite different information from their
dams’ phenotypes. Since both partners could
initiate and respond to each other during tests, |
could not separate one female's discriminatory
abilities from the other’s and thus could not



44 Animal Behaviour, 34, 1

consider the influence of dams’ phenotypes on
arena interactions.

In an earlier study, Holmes & Sherman (1982)
suggested that unfamiliar sisters might have identi-
fied each other by phenotype matching (see Intro-
duction), but it was not possible to determine
whether (1) in-utero association, (2) early (< 3-h)
post-natal association prior to cross-fostering, or
(3) ‘recognition alleles’ (Hamilton 1964; Dawkins
1976) might explain the arena behaviour of unfami-
liar females. None of these three possibilities
explains the reduced agonism between NS.IE
females compared with NS.NIE females (Fig. 2)
because test partners did not associate pre- or post-
natally, nor did they share alleles that were identi-
cal by descent. What did distinguish NS.IE from
NS.NIE females was that they were reared with
their test partner’s kin and exposed to phenotypes
that seemed to allow the identification of unfami-
liar females by a matching process.

Phenotype matching has been verified in two
species of insects. Buckle & Greenberg (1981)
created laboratory colonies of female sweat bees
(Lasioglossum zephyrum) containing sisters and
non-sisters and later placed unfamiliar intruders at
the entrances of residents’ colonies. Residents
admitted unfamiliar intruders only if residents were
reared with the intruders’ siblings, regardless of
resident-intruder relatedness. Thus, when con-
fronted with unfamiliar conspecifics, both L.
zephyrum and S. beldingi females respond, in part,
according to whether they were reared with the
stranger’s close kin. On the other hand, L.
zephyrum females do not appear to use their own
phenotype in the matching process (Buckle &
Greenberg 1981), whereas S. beldingi females do
seem to use their own phenotype (Holmes &
Sherman 1982 and below). In sweat bees, kin are
identified largely by odours (Bell 1974; Barrows et
al. 1975) that may arise primarily from a genetic
source (Bell 1974) and are more similar among
related than unrelated females (Kukuk et al. 1977,
Greenberg 1979). Odours are also important to
social discrimination in S. beldingi (Holmes 1984b),
but the origin of the odours, their role (if any) in
sibling—sibling recognition, and their similarity
among relatives, are unknown.

In captive female paper wasps (Polistes fuscatus),
environmentally-acquired traits (probably odours)
seem partially responsible for phenotype matching.
Pfennig et al. (1983) removed gynes (potential
queens) as they emerged from their natal nest and

transferred them to various experimental nests.
Gynes individually exposed to separate fragments
of the same experimental nests were more socially
tolerant of each other than gynes individually
exposed to separate fragments of different experi-
mental nests, regardless of female-female related-
ness or the identity of the original queens that
constructed the experimental nests. Pfennig et al.
(1983) suggest that P. fuscatus gynes acquire and
learn odour cues from their natal nest and/or its
contents and that ‘by comparing the memory of
cues learned from the nest and/or brood with cues
of nestmates, a female can discriminate nestmates
from non-nestmates’ (page 304).

Neither Buckle & Greenberg (1981) nor Pfennig
etal. (1983) suggest that sweat bees or paper wasps,
respectively, use phenotype matching to identify
nestmates in nature. Indeed, the significance of
phenotype matching to sister recognition in these
species is unknown, although there may be field
situations in which phenotype matching could be
adaptive as, for example, during nest usurpations
when females first encounter nests (brood-filled
combs) built by non-kin (Klahn & Gamboa 1983).
In kin-recognition experiments (e.g. Davis 1982;
Kareem 1983; Quinn & Busack 19835), the purpose
of manipulating such variables as the amount,
location, or timing of exposure between kin is not
necessarily to recreate the species-typical environ-
ment in which sibling recognition develops.
Rather, the purpose is to identify proximal rules
and sensory systems that might produce adaptive
behaviour under species-typical conditions and to
specify the factors that are critical to the develop-
ment of these proximal rules.

Two things are suggested by the reduced ago-
nism of S.IE pairs compared with NS.IE pairs,
regardless of the number of kin or non-kin nest-
mates female S. beldingi were reared with (Fig. 3).
First, indirect exposure alone does not explain this
between-group difference because all females were
indirectly exposed to their test partners, yet sisters
were less aggressive than non-sisters for all kin:
non-kin numbers. In contrast to sweat bees (Buckle
& Greenberg 1981) and paper wasps (Pfenning et
al. 1983), which seem to respond only to indirect
exposure, in S. beldingi, factors correlated with
kinship also influence interactions between unfami-
liar females reared with each others’ relatives.
Among these potential factors are pre- and post-
natal (<72-h) association and genes which are
identical by descent.
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Second, the lack of differences in agonism as a
function of kin:non-kin numbers implies some-
thing about the hypothetical template used in the
matching process. When the only juvenile pheno-
types available to females as kin referents were their
own, (1) females were less aggressive with their
unfamiliar sisters than with their nestmates’ unfa-
miliar sisters and (2) they were no more aggressive
than their unfamiliar sisters that were reared with
their siblings (Fig. 3). These results are expected if
females rely primarily on their own phenotype as a
standard against which unfamiliar phenotypes are
compared. In this regard, S. beldingi may differ
from L. zephyrum because female sweat bees
appear not to use their own phenotype to identify
nestmates (Buckle & Greenberg 1981; also see
Holmes & Sherman 1982 on Arctic ground squir-
rels, S. parryii). Furthermore, self-matching sug-
gests a behavioural rule that would explain the
contrast between agonism in S.IE and NS.NIE
females: if an unfamiliar phenotype matched a
female’s own phenotype, she reduced her aggres-
sive behaviour markedly (S.IE pairs), whereas if an
unfamiliar phenotype matched only a nestmate’s
phenotype, the female was slightly less aggressive.

Although the data (Fig. 3) are consistent with the
self-matching hypothesis, other explanations are
possible. For example, Blaustein (1983) emphasizes
that discrimination of unfamiliar kin could be
mediated by self-matching or by ‘recognition
alleles” and that it would be difficult to distinguish
these two mechanisms experimentally. (Actually
this is true only if the genotype—phenotype correla-
tion underlying phenotype matching is based on
the phenotypic expression of genes shared in
common, which does not have to be the case; see
Introduction.) Whether the existence of ‘recogni-
tion alleles’ is questionable on the basis of parsi-
mony or theoretical arguments (discussion in Daw-
kins 1982), it is difficult to examine rigorously the
likelihood of their existence in the apparent
absence of a formal and generally-accepted model
of how they would act. For instance, Blaustein
(1983) suggests that there may be no essential
difference between self-matching and ‘recognition
alleles’, whereas Dawkins (1982) views them as
being very different.

Initially the ability of captive S. beldingi females
to identify their unfamiliar sisters may seem para-
doxical because, in nature, litter-mate sisters
occupy a common natal burrow and this direct
association represents the proximate basis for later

recognition and cooperation (Sherman 1980:
Holmes & Sherman 1982; see also Holmes 1984a on
S. tridecemlineatus). On the other hand, the rearing
conditions I created may have revealed a general
phenomenon (learning phenotypes encountered
during rearing) that is characteristic of all female S.
beldingi, but one that is detected only when direct
association fails to distinguish conspecifics. For
instance, relatives might not be recognizable based
on direct association because (1) they do not share
a common rearing environment (paternal half-
siblings) or (2) they share one with at least two
categories of unequally related kin (maternal full-
and half-siblings). Both of these situations may
apply to Belding’s ground squirrels. First, due to
male polygyny (Hanken & Sherman 1981) and
female dispersal and survival (Sherman & Morton
1984), paternal half-sisters may coexist. Phenotype
matching against nestmates’ or a female’s own
phenotype is one means by which paternal half-
siblings could be distinguished from non-kin.
Second, full- and maternal half-sisters that result
from multiple mating by females (Hanken &
Sherman 1981) share a common uterine and natal-
burrow environment. Nevertheless, the prelimin-
ary data gathered on such females reveal that they
treat their full-sisters preferentially over their half-
sisters (Holmes & Sherman 1982, Figs 9 and 10).
The laboratory results (Fig. 3) for females exposed
to only their own phenotype in the kin category
suggest that full- and half-sister discrimination
could occur by self-matching. Holmes & Sherman
(1982) reasoned that self-matching was also impli-
cated by a field experiment in which unweaned
young were inserted into occupied natal burrows
(aliens and burrow residents were unrelated). As
yearlings, aliens were treated more like maternal
half-sisters than full-sisters (Holmes & Sherman
1982). According to the investigators, this outcome
was expected if S. beldingi females used selt-
matching to distinguish two categories of conspeci-
fics with dichotomous classes in each: first, females
either shared ego’s natal burrow with her (ego’s
litter-mates) or they did not (ego’s non-litter-
mates); second, females were either phenotypically
similar to ego (her full-sisters) or they were not (her
maternal half-sisters and her foster litter-mates).
In conclusion, phenotype matching seems to
explain the ability of female Belding’s ground
squirrels to identify unfamiliar females in labora-
tory tests. Females appeared to learn phenotypes
they encountered during rearing and later used
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what they had learned to identify unfamiliar
females. When an unfamiliar female’s phenotype
matched the phenotype of ego’s nestmates, aggres-
sion was reduced compared with what happened
when no match occurred (S.IE pairs or NS.IE pairs
versus NS.NIE pairs in Fig. 2). Moreover, when an
unfamiliar female’s phenotype matched ego’s own
phenotype (i.e. self-matching), aggression was
reduced even further (S.IE pairs versus NS.IE pairs
for kin:non-kin numbers 1:1 and 1:3 in Fig. 3).
Phenotype matching is based on learning and
represents a proximal mechanism used to dis-
tinguish relatives when direct association does not
provide a reliable cue for kin-differentiated beha-
viour.
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