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KIN IDENTIFICATION,
MATRIARCHIES, AND THE
EVOLUTION OF SOCI ALY 10
GROUND-DWELLING SCIURIDS

GAIL R. MICHENER

Abstract

THE social organization of North American ground-dwelling sci-
urids is reviewed. The five grades of social structure identi-
fied—asocial, single-family female kin clusters, female kin clusters
with male territoriality, polygynous harems with male dominance,
and egalitarian polygynous harems—{form a continuum of sociality,
based on the mother-headed family as the fundamental social sub-
unit. Three simultaneous trends characterize the sequence of soci-
ality: retention of daughters near or in the mother’s range (single-
tamily clusters), relaxation of distinctions between adjacent litters
(cohesive multiple-family clusters), and superimposition of male
territories, maintained beyond the breeding season, over female
ranges (polygynous harems).

Social structure 1s based upon genetic relatedness between females.
Familiarity with close kin, established via socialization in amicable
social contexts during the first 4 to 6 weeks of life, is proposed as
the proximate mechanism determining differential behavioral
responses to conspecifics that vary in their degree of genetic relat-
edness.

Social structure correlates with the proportion of their preadult
life that immatures are simultaneously in the active, above-ground
population with adults. Prolonged active seasons for adults and/or
increased number of seasons required for juveniles to attain matu-
rity permit greater coincidence in the seasonal activity of adults and
immatures. T'he selective factors that have determined the timing
of the circannual cycle are proposed to have indirectly promoted the
evolution of sociality.
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Introduction

Biologists are increasingly aware that by combining comparative
studies of the social behavior of closely related species with the
fundamental concept of natural selection acting at levels no higher
than the individual, the evolution of social behavior is amenable to
interpretation and to the formulation of predictive hypotheses. Dis-
cussions of the evolution of social behavior and of mating systems
(for example, see Alexander, 1974; Orians, 1969; West Eberhardt,
1975; Wittenberger, 1980) have led to classificatory systems or
models useful for providing functional descriptions of social systems
in terms of adaptive behavioral strategies to environmental con-
straints (Crook et al., 1976; Emlen and Oring, 1977). When a range
of social systems occurs within a taxonomic group, adaptive radia-
tion in relation to ecology is probable (Barash, 1974; Clutton-Brock,
1974; Crook et al., 1976; Eisenberg et al., 1972). The social systems
of related species can be analyzed for common, underlying social
subunits and for overlying, more recently evolved social trends.

Among mammals, the ground-dwelling sciurids (Sciuridae) have
attracted scientific interest because they include several highly social
species that are readily observable in field situations and because
most North American species are obligate seasonal hibernators. An
ever-increasing body of information 1s available on the social orga-
nization and on the hibernation physiology of several North Amer-
ican specles. T'he aims of this article are: 1) to review the current
literature on social organization of North American sciurid species;
2) to classify sciurid social systems; 3) to identify common themes
and evolutionary trends in social organization; 4) to discuss the role
of kin i1dentification in maintenance of the social system; and 5) to
relate sociality to environmental constraints and circannual rhyth-
micity.

Classification

The North American Sciuridae are classified as arboreal (tree
squirrels and flying squirrels) or terrestrial (chipmunks and ground
squirrels). 'The semi-fossorial ground squirrels are further subdi-
vided into the giant ground squirrels (subtribe Marmotina) and the
ground squirrels, prairie dogs, and antelope squirrels (subtribe
Spermophilina) (Moore, 1961). The antelope squirrels, which have
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an earlier origin than the other living species of Nearctic ground
squirrels (Hight et al., 1974) and which are not obligate hiberna-
tors, are not treated in this review because of the paucity of data
on their social behavior and organization. The remaining members
of the Spermophilina belong to two genera, Spermophilus (ground
squirrels) and Cynomys (prairie dogs); the latter are a specialized,
recently evolved group whose closest affinities are to ground squir-
rels of the subgenus Spermophilus (Hight et al., 1974; Nadler et
al. 1971 1Seaman, 19976).

Circannual Cycles

Obligate seasonal hibernation is characteristic of the majority of
species of North American ground-dwelling sciurids that occur north
of 30°N. In such species each year is divided into an active season,
during which some or all of the individuals enter the above-ground
population daily, and an inactive (hibernation) season, in which all
members of the population remain below ground continuously for
several months. Mating occurs shortly after adult females emerge
rom hibernation, and juveniles typically enter the above-ground
population 56 to 60 days after adult females first appear from
hibernation (Knopf and Balph, 1977; Michener, 1977a, 19770,
1980a; Morton, 1975; Murie and Harris, 1982). The emergence of
juveniles from the natal burrows results in a dramatic increase in
the density of the surface active population. However, the density
typically begins to decline shortly thereafter with the immergence
of adults. The sequence of late summer and autumn immergence
into hibernation for most species 1s adult males, adult females that
tailed to wean oftfspring, adult females that successfully reproduced,
juvenile females and, finally, juvenile males (Clark, 1977; Grizzell,
1955; Iverson and Turner, 1972; Loehr and Risser, 1977; McCarley,
1966; D. Michener, 1974; Michener, 1977a, 1978, 1979a; Morton
and Parmer, 1975; Murie, 1973; Skryja and Clark, 1970). If there
i1s a non-breeding yearling age class, these animals usually disap-
pear after the adults but before the juveniles. Exceptions to the
above sequence are Uinta ground squirrels (Spermophilus armatus),
in which adult males immerge shortly after adult females but before
yearlings and juveniles (Knopf and Balph, 1977), and Arctic ground
squirrels (Spermophilus parryii), in which adult males remain active
later than adult females, sometimes not disappearing until late
autumn at the same time as juvenile males (Green, 1977; McLean
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and Towns, 1981). Of the ground-dwelling sciurids whose ranges
extend north of 40°N, only the black-tailed prairie dog (Cynomys
ludovicianus) is not an obligate hibernator. King (1955) and Koford
(1958) noted that prairie dogs were active on all but the most
inclement days during winter, with any individual rarely continu-
ously underground for more than a couple of days.

Among the species ol ground-dwelling sciurids, there are varia-
tions in the amount of time that different cohorts are simultaneously
active ('T'able 1) and, therefore, able to interact socially. Once juve-
nile black-tailed prairie dogs have emerged from the natal burrow,
their above-ground activity coincides with that of all other cohorts
for the remainder of their lives. In contrast, for some of the hiber-
nating species there is a period of only a few weeks when all age
and sex classes are simultaneously active. Because of the early
immergence of adult males in most species, the cohorts with the
least amount of coincidence in their activity patterns are adult males
and juveniles. Richardson’s ground squirrels (Spermophilus
richardsonit) have a short period of overlap in the activity of adult
males and juveniles, with juveniles typically spending the last 10
weeks of their first summer of life out of contact with males. The
atypical immergence pattern of adult male Arctic ground squirrels
results in their presence throughout the entire period that juveniles
are active. For those species in which reproductive maturity 1s
delayed until years 2 or 3, coincidence in the seasonal activity of
adults and immatures is high (Table 1).

Grades of Social Structure

Isolated individual ground squirrels are rare; typically aggregates
of conspecifics are found wherever suitable resources (primarily
tood and burrows) occur. Although rarely geographically solitary,
some species are characterized by social solitariness. Sociality will
have evolved from ancestral, asocial aggregations if social integra-
tion and cohesiveness increased the survival and reproductive suc-
cess of individuals in the group.

The social organization of North American ground-dwelling sci-
urids forms a continuum ranging from asocial species, such as the
woodchuck (Marmota monax) and Franklin’s ground squirrel
(Spermophilus franklinir), to highly social species, such as the
Olympic marmot (Marmota olympus) and black-tailed prairie dog.
Between these extremes are species with intermediate degrees of



Spec. Publ. Amer. Soc. Mamm. 7

532

(2961) Yotwog, “(¥¥61)
T8 19 J240IS (LL61) C[E 19 sBuimQ)

H8r6l) uantg (6L61) plojyarg 001-0S 00€

(9961) J2UID]
-Yoa] pue UOISAMLL ((LL61) D  §S-SE€  OvI-0TI

(5961) [®2N ((gLL61) PIojuncl 0QOL-08 0¢ 1
(LL61) ydieg pue jdouy]  (L-GH 9

(vL61)
‘e 12 UOMOJN (G/G[) l2ulle] pue
UOMON “(LL61) I9ssTy PpUe Iysop Q9 0L-59

(26,61 P6LGI
'BLGT PLLGT) I2UAYITN (H/L61)

J2UAYDIN ‘(A (FL6l) 22uBlIO  (09-0f 0E1-001
(0L61) qIB[D Gt 08

(S961) peisduoy {(9961) AS[MBDOIN  S9-0F 00I-S8
(ssaad ur) 1eyITY H(Op6]) UI0I[Y co S.-09

(1961) ‘[ 13 JapAUg {(CGG1) [[9ZZHE) L,06-08 091-0%1

(L961) ZMIAN H(GSHT) SIAQT, H(0LGL)

jae) pue BlADS H(9L61) T2 12 112ATY

{(LL61) uodiag (6961) Uoldwe (9-0S O0gl-0LI

(B+61) SIMoS “(£L61)
JLNJA (ZLG1) IPUIN, PUB UOSIAL  (09-0t 06759

A0)d 1

®
=]

O N

N

S
O S

++(d) O TA

@) (el

O S

O N

A g A0
A <
A <
A C
A C
A C
A [
A Gt
A ¢ 10|
() A I
A I
._.# —-

ufaysaaq snjpydowiady

SnANINaj wamna?ﬁuT
snpnpojaia] snjydoutags—

SRIDWAD Snydowiady

1uIplaq sniydowiadg—

NUOSPADYIL STIYFOULIGS—
supgaja snpydouiady

SMIDAUNUAIFPLL] STy dotiad§—
npuasumo} snjydowiads

XDUOUL DJOLULDIAT —

sypAaip] snpydowdady

nuNUDL sNNYGoLI GG —

S20UAIIJY uaotad se  (sAep)
ERIIETY UOSLeas
~12U 10D JATIDE

[EUOSEIS [NpeBNny
Inpeqns
=PV

Awiayl  IZIG
-01213Y
[BUOSEAG

MAVA IpeIs
ﬂ._....mu__um.u.

samadg

AAVED) TVIDOS DONISYVIHON] A dIMNVY SAMNOIDS ONITTIMA-ANNOAT) 40 SHI0AdS g1 40 SLIVY [, AMOLSIH 34T d4.L0d7TaS

I 4 TdV.L



533

Case Studies

ANATIDE 1[NPE YI1IM JUIPIOUTOD ST POOYINPRYNS JO 9,66 INOqe ‘Splo-1eak-z se 3onpoadad 1511) Yorym SI0WIRUl ISOY) J0) UAT]
SIIWWNS ¢ J2A0 PUIXa A[[eard A1 01 Palapisuod U2aq 210Ja1aY) SeY pooyinpeqns ‘spjo-1ead-¢ se 3unod Funnpoad 1say 1sow yum ‘os op
Jiey ueyl samaj ey parodal (p/61) Jamoyumog] pue a8eiuay ‘onpoidar op sjowrew patjag-mojaA PlO-1BaA-7 2Wos Yanoy|y ..
(FL6l
UISPUIAS ‘$/ 61 “JamOoyumo(] pue ISelway) SWIIeY JO SIaUIdW JoU IB pueR $aiIs aij@ies Adnodo sjowew J[npe jo %05-6¢ +
(2961 "YIWoOL, ‘gr6l YNLg)
SYIUOW I21UTM 31 INoySnody aanoe urewad sajiuaanl 1souwr seataym spottad awn Sutdiea 10§ 1eUIIQIY SINPE 1SOW SUOTIEAI[D J9MO[ 1Y
YOJBA 01 J2qUA0a(] WOLj PUNoiSIapun e uoneAdla w (pO¢ 1 s[aaainbs punosd erusojifer) (e 1yl pawodar (pya1) B 19 121015 ,
o ()] ST A0UIPIIUTOD
|[NPEQNS-1[NPE 2SE) YOTYM Ul ‘I31UIm INOYSnodyl SIoUl]|] ulayinos ut syonyopoom Aq Ayanoe awos pavodar (zogl) Auoyiuy ..
'SAINEA IWINXI UEY) JIYIes sanjea [epow juasardar saundig ‘uonendod sanoe
-30BJans a1 ul juasaid os[e aie synpe 1Byl punold asoqe puads saanjeurun sAep jo saquinu o jo uonzodoad oyl sajEdIpUL IDUIPIOUT)
[EUOSE3S 1 NPEQNS-1[NPY 988 Jo SIEaA ¢ 10 7 [NUn pasatyoe jou st Ajunjew aanonpotdas yorym ul sanads J0j SUOSEIS [BIIAIS IIAO
JANEINWIND ST 20U3Y PUE ‘UOSEIS 1[NPEGNS [BUL) UT 0UIFTIIWWIT 01 MOLING [BIBU WOJJ 3DUIBIIWD ISIL WOIJ IATIIE 2IE SIINIRUILI SAED JO
1aquunu (2101 [Ea1dA1 a1 ST UOSEAs AR J[npeqng "10d10) [BUOISEID0 ‘], (101EUIIqLY aatsstungad ‘g faoreudaquy 2esiqo () Auwaayolay
[PUOSEAS "WW (G < “TA ‘WW OSE-0ST< T ‘Ww SZ-00Z ‘N ‘ww 00z > ‘S Yifua| Apoq snid peay Aq sawads sayisse[d azig "plo-Ieai
-¢ ‘g ‘plo-deak-g ‘'z ‘Surpread ‘x :(sonpoadai 1siy sa[ewa) awos yorym e IFe saealpul sasayiuated ur joquids) uononpoadar 1say e a38e
arewa) (eatdA1 ay1 st IV IX91 Ayl Ul [IRI9p Ul passnosip saads sajestpul « ‘SIpeIS [B1D0S AL 211 JO suondiiosap 10j 1x21 299

(8S61) paojoy ‘(SSpl) Buryy 001 059 X i z (R) = snuviaaopn] skuwoudy—
(P€L61) ysearg  001-06 0% O TA € S sndudjo pjowUD AT—
(8L61) 28e1IULIY
pue 2105[1Y (9261) [ 12 ABewuay  001-66  «0S€ O TA =€ (2) p (1) s14)uaninny DIOWLD AT —
(0861) 10Aeyg . .
$/61) I2UNIYIAT| pue plEIBZIL]  C6-0R 0SI-0+I ®) 1 Z(R) t woctuuns swoud)
(Z861) su
-IB[] PUR JUNJA H(PL/G1) UL G6-0L  0S1-0%1 @) | Z £ SNUDIGUN]o? SRYGouLaqds—
(1861) sumo], pue uea N (1861)
UBTTOIN -(LL61) U3a1D) H(1L61) HBD  S6-0L 00I-SL O El A € nhwwd snpydoutiads—
SERUENETEY | uaodad se  (sdep)  Awrayy 9z WAVA ape.d saadg
aouap LHOSEas -01319Y [R100g
=12U100 JATOE [EUOseaq
|[EUDSE3S npeEqng
1 npeqns
-1[NpPY
AANNILNOD)

I HIHV.L



534 Spec. Publ. Amer. Soc. Mamm. 7

sociability and group cohesiveness. '1'’he aims of this section are to
describe the characteristic social and spatial organization of several
well-studied species of ground-dwelling sciurids and to classify them
into one of five grades of sociality. Classification necessarily breaks
a continuum into discrete units, but this does not imply that the
social grades are absolutely distinct from each other.

The proposed grades of sociality are:

1. Asocial.—Males and females do not share territories. Juveniles
disperse shortly after weaning with each establishing a home
range distinct from those of the mother and littermates. Social
interactions, even between kin, are mainly agonistic.

2. Single-fanmuly female kin clusters.—After the breeding season
males and females occupy individually distinct ranges. Sons dis-
perse from the natal area, whereas daughters often remain in or
near the mother’s range throughout life with subsequent sharing
of the ancestral range between mother and adult daughters and
among littermate sisters. Juveniles from different litters do not
intermingle; a mother and her offspring form a sociable, mod-
erately cohesive group that i1s unsociable with and aggressive
toward adjacent groups.

3. Female kin clusters with male territoriality.—Adult males main-
tain their territories beyond the breeding season, defending an
area that overlaps the smaller ranges of several adult females
(composing one or more kin clusters) and their oftspring. Juve-
niles from adjacent litters may associate together after weaning,
and mothers show no strong discrimination between their own
offspring and those of adjacent females. Dispersal 1s sex-biased
with more sons than daughters leaving the natal area and with
males moving further than females.

4. Polygynous harems with male dominance.—'The harem male
maintains a territory throughout the active season within which
several females and their offspring live. The male dominates all
other harem members. Juveniles from different litters within a
harem frequently intermingle after weaning. Sons leave the harem
but daughters may be recruited.

5. Egalitarian polygynous harems.—A male and several females
form a cohesive group that maintains and defends a common
range. Males do not dominate females and they engage in ami-
cable contacts with juveniles. Litter distinctions are not main-
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tained following emergence from the natal burrow, and adults
do not discriminate between young from different litters. Sons
leave the harem whereas daughters are recruited.

The accuracy of assigning particular species to a given grade is
limited by the information available in the literature. The following
descriptions include only those species for which assignment can be
made with reasonable confidence. Table 1 provides a more extensive
list of species with their probable social grade. Although grade
assignment 1s based on the typical or most commonly described
social pattern exhibited by the species, such assignment does not
imply inflexibility 1in the social system of that species.

Asocial

Because of the unrewarding nature of studying their social behav-
ior and organization, little quantitative information is available on
those ground-dwelling sciurids that show minimal social integra-
tion. Information is most extensive for the woodchuck, Marmota
monax (Anthony, 1962; Bailey, 1965; Bronson, 1963, 1964; Griz-
zells 955 Haves, 1977; Merriam:, 1971; Snyder, 1976). Alter the
breeding season, each adult woodchuck detends a den and foraging
area. Juveniles disperse from the natal den shortly after first emer-
gence above ground. Although littermates may share a burrow
initially, aggression between siblings ultimately results in each ani-
mal establishing its own range. Snyder (1976) suggested that dis-
persal, particularly of juveniles, is sex-biased, with males moving
further than females.

Limited field data indicate that Franklin’s ground squirrels (.
franklinii) are the least social of the six species of Spermophilus
found in Canada (Kivett et al., 1976; Sowls, 1948). Captive Frank-
lin’s ground squirrels rarely scent-mark, and they interact infre-
quently, maintaining interindividual spacing primarily by mutual
avoldance.

Wistrand (1974) described thirteen-lined ground squirrels (8.
iridecemlineatus) as being social only at courtship and during rear-
ing of litters; at other times individuals tend to avoid each other.
Evans (1951) noted apparent family groupings consisting of a mother
and several juveniles, but McCarley (1966) reported that family
units began to break up within 2 weeks of juvenile emergence. Four
weeks after emergence, juveniles were living in separate burrow
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systems. Juvenile females usually remain closer to the natal area
than juvenile males, and adult females tend to be sedentary
(McCarley, 1966; Rongstad, 1965), so groupings of closely related
females may occur, though this has not been documented. Because
Rongstad, McCarley, and Wistrand studied thirteen-lined ground
squirrels on golf courses, cemeteries, and mown park lawns, their
observations on social behavior may not be typical for the species.
Based on the brief study by Evans (1951) on an abandoned field,
S. tridecemlineatus might more appropriately be placed in the next
grade of social organization.

Single-Family Female Kin Clusters

Belding’s ground squirrels (5. belding:; Sherman, 1977, 1980,
1981a; Sherman and Morton, 1979), round-tailed ground squirrels
(8. tereticaudus; Dunford, 1977a, 1977b), Richardson’s ground
squirrels (5. richardsonu; D. Michener, 1972; Michener, 1973a,
19730, 197956, 19800), and white-tailed prairie dogs (Cynomys leu-
curus; Clark, 1977; Hoogland, 1979a, 197956, 1981a; Tileston and
Lechleitner, 1966) have similar social systems based on matrilineal
kin groups. Females tend to be sedentary, remaining in or near the
natal area throughout life, and ancestral homesites are ultimately
occupied by daughters and granddaughters. Males typically dis-
perse individually as juveniles or as yearlings. Consequently, males
do not tend to be resident near to kin of either sex, whereas females
tend to live in proximity to near and distant female relatives. Adult
males typically move extensively during or after the breeding season
(Michener, 1979¢; Sherman, 1977), so fathers are rarely in prox-
imity to offspring. Males do not detend a postbreeding territory nor
do they defend resources that could be used by mate(s) and progeny.
Each female rears young in isolation and defends the nest burrow
from all conspecifics, including her mate and female relatives.

Round-tailed ground squirrels (Duntord, 1977a), Richardson’s
ground squirrels (Michener, 197956), and white-tailed prairie dogs
(Clark, 1977) show corresponding patterns of spatial and social
relationships throughout the active season. All exhibit site-depen-
dent dominance and site-attachment. The home range is not overtly
defended but individuals tend to concentrate activity in one area
(core area) which 1s unlikely to be simultaneously occupied by
another animal. Clark (1977) described this as ‘“‘core monopoliza-
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tion,” and Michener (1979b) suggested that Brown’s term “domin-
ion” (Brown, 1975:62) would apply to such a spatial-behavioral
system. Following the emergence of adult females in spring, four
major phases can be identified in the spatial and social patterns
among conspecifics throughout the active season. First, during the
copulatory phase, interaction rates (especially between individuals
of opposite sex) are high. Adult males are conspicuous and active,
often sustaining numerous wounds. Males tend to dominate females,
and they frequently intrude into female core areas. The second
phase, pregnancy-lactation, is characterized by even dispersion of
home ranges and core areas with a minimal amount of overlap.
Males are relatively inconspicuous and asocial, and are dominated
by females, except when within their own core area. Pregnant and
lactating females are aggressive toward conspecifics, confine their
activity to a relatively small area around the natal burrow, and
intrude into the areas of only immediately adjacent neighbors. Dur-
ing the third phase, juvenile emergence, females spend more time
above-ground and they range over a larger area. Overlap of home
ranges 1s maximal but core areas continue to remain essentially
distinct. Following emergence, juveniles gradually increase their
ranges of activity around the natal burrow and, after about 2 weeks,
start interacting with juveniles from neighboring litters. Social
interactions among littermates and between mother and offspring
are predominantly amicable, whereas those between non-kin are
predominantly agonistic. Mothers and offspring form tamily units
that are distinct from and aggressive toward other family units. The
final phase, prehibernation, is characterized by a decrease both in
the amount of time spent above ground and in the range of activity
of adults. Juveniles cease sharing burrows with siblings or mother;
each juvenile establishes its own core area that is essentially distinct
from, although in proximity to, those of its family members. In
effect, each mother and any of her offspring (primarily daughters)
that do not disperse, subdivide and share the range she had previ-
ously occupied. Interaction rates are low, but kin continue to inter-
act amicably and non-kin agonistically. Juveniles are behaviorally
indistinguishable from adults both in terms of the use of space and
the nature of interactions with conspecifics. By late summer, juve-
niles have attained 90% of adult size and are virtually indistinguish-
able morphologically from adults. There 1s no conclusive evidence
that animals hibernate communally; judging from the establishment
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of separate core areas and the cessation of burrow sharing by family
members, hibernation in isolation seems probable.

Female Kin Clusters with Male Territoriality

Arctic ground squirrels (5. parryn; Carl;, 1971; Green, 1977;
McLean, 1981, 1982, in press; Watton and Keenleyside, 1974) and
Columbian ground squirrels (5. columbianus; Betts, 1976; Festa-
Bianchet and Boag, 1982; Michener, pers. observ.; Murie and
Harris, 1978; Steiner, 1970) have a social system that is based on
matrilineal kin groups. However, compared with the previous cat-
egory, adult males play a more prominent role in the social orga-
nization, and thier territorialism i1s more pronounced, with terri-
torial defense continuing at least until juveniles emerge. The male’s
territory overlaps the ranges of several females and offspring.

Although Arctic and Columbian ground squirrels show similar-
ities in social systems, there are major differences between the species
in life history traits. Litter size is smaller in §. columbianus, with
females typically weaning 2.5 young (Murie et al., in press), whereas
S. parryu typically wean 6.1 young (McLean, 1980). Columbian
ground squirrels are 10 to 12 weeks old when they first enter hiber-
nation and they rarely breed as yearlings (Festa-Bianchet, 1981;
Michener, 1977a; Murie et al.; 1980), whereas Arctic ground squir-
rels are 18 to 22 weeks old at first immergence and are reproduc-
tively competent the following spring, with all yearling females and
most yearling males breeding (McLean and Towns, 1981). A sec-
ond summer of growth is required to attain adult size in §. colum-
bianus (Boag and Murie, 1981a). Coincidence of the active seasons
of adults and subadults is high in both species (Table 1) despite
the difference in age at maturity. Although Columbian ground
squirrels can reproduce as 2-year-olds, males probably do not first
reproduce until 3 to 4 years old when they are capable of main-
taining territories (Murie and Harris, 1978).

Male S. parryu and S. columbianus establish territories following
emergence in spring. Males are aggressive and wounding results
from boundary disputes. Males unsuccessful in establishing terri-
tories become “‘floaters’ in the population and are subordinate to
territorial males although tolerated by them. Others disperse and
become ‘‘refugees’ in suboptimal and peripheral habitat. Females
establish ranges, which are smaller than and typically overlap with
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the territory of at least one male (Murie, 1980). A minimum ol
fichting and wounding is involved in interfemale disputes, proba-
bly because females are familiar kin or neighbors from the previous
year. T'he ranges of males and females are established indepen-
dently; females occupy a burrow system in spring and, inciden-
tally, select the male within whose territory the system is located.
Males do not “herd” females (Wittenberger, 1980) or attempt to
prevent them from leaving the defended area. Murie and Harris
(1978) hypothesized that the main function of male territoriality in
S. columbianus is to provide access to estrous females. McLean (in
press) suggested that, because the territories of male S. parryu are
more exclusive after than during the breeding season, the main
function of territorial defense by males of that species is to protect
offspring born within each territory.

As with the previous grade of social structure, sciurids in this
category rear litters in isolation; females defend the area around the
natal burrow from the territorial male as well as other females and
intruders. However, intermingling of juveniles from different litters
may occur shortly after emergence from the natal burrow. In Arctic
eround squirrels, up to three females who are close kin (mother-
daughter, littermate sisters) may bring litters to a common burrow
system following juvenile emergence (McLean, 1982). Juveniles,
therefore, frequently interact with conspecifics other than their fam-
1ly members within a few days of initial emergence.

In Arctic ground squirrels, there is sex-biased dispersal of juve-
niles, commencing about 4 weeks after weaning (when young are
about 8 weeks old), with more males disappearing than females. In
Columbian ground squirrels, juveniles tend to remain in or near
the natal area through the first summer, but then leave the mother’s
area as yearlings (Boag and Murie, 198156). Yearlings from differ-
ent litters aggregate and frequently play in early spring. Such play
becomes more aggressive as the season progresses, and the yearling
groups break up in mid-summer when most yearling males dis-
perse. Yearling groups may be composed of squirrels of both sexes
(Michener, pers. observ.) or primarily of males (Murie and
Harris, pers. comm.). Sex-biased dispersal of juveniles ($. parryn)
and yearlings (5. columbianus) and the sedentariness of females
permit formation of female kin clusters. Related adult females
(mother-daughters, siblings) engage in amicable social interactions
more frequently than do more distantly related squirrels, and they
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are more likely to share space, food, and burrow systems (with the
exception of the natal burrow during lactation). Combining of lit-
ters after weaning of adjacent close kin and prolonged territorial
defense by adult males may represent behavioral adaptations to
protect pups from predators and aggressive males (McLean, 1982,
in press; Steiner, 1972). Kivett et al. (1976) suggested that the
territorial adult male is a unifying force in the social system of
Columbian and Arctic ground squirrels. T'erritorial males initiate
the majority of social interactions within the social groups, they are
aggressive towards neighboring conspecifics, and they scent-mark the
territory more frequently and more consistently than do females.

Polygynous Harems with Male Dominance

T'he basic social group in yellow-bellied marmots (Marmota fla-
viventris) 18 a harem composed of one adult male, one to several
adult females, and variable numbers of yearlings and juveniles
(Armitage, 1973, 1974, 1975, 1977; Armitage and Downhower,
1974; Barash, 1973b; Downhower and Armitage, 1971; Johns and
Armitage, 1979; Nowicki and Armitage, 1980; Schwartz and Armi-
tage, 1980; Svendsen, 1974). These marmots have been studied at
medium to high elevations, where they inhabit subalpine and alpine
meadows 1n discontinuous habitat. T'ypically any one suitable loca-
tion sustains only one harem.

In M. flaviventris the harem male 1s territorial throughout the
active season, 1s behaviorally conspicuous, 1s socially dominant to
other harem members, and is aggressive toward all other males,
who tend to avoid him. The foraging ranges of harem members
overlap extensively, with the adult male moving over a larger area
than any individual female. The adult male and females within a
harem interact infrequently except when an unfamiliar male takes
over a harem. According to Armitage (1974) the advantages of
territoriality to males are: creation of a socially stable environment
optimal for reproductive success; enhancement of outbreeding
through the presence of only one male and through the dispersal of
sons born within the harem; and maximization of male fitness
through access to several estrous females.

Yearlings do not reproduce and, although 2-year-olds may repro-
duce, most females produce their first litter as 3-year-olds. Females
typically rear their young in isolation from other litters and from
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offspring of the previous year. Young remain in close contact with
parents beyond the age of weaning, sharing summer burrows, for-
aging areas, and hibernacula with them. Harem females are domi-
nant to yearlings but interactions between parents and yearlings
are typically more amicable than those between adults and unre-
lated yearlings. Yearling males disperse, usually after the snow has
melted and before juveniles emerge. As adults, males are rarely
resident in the harem of birth. In contrast, half or more of the adult
females within a harem were born there. T'ypically those females
that, as yearlings, establish home ranges that extensively overlap
the home range of the mother are recruited into the natal harem.
Male tenure in harems is dynamic with male turnover every 2 or
3 years, whereas female tenure is more static with some females
residing in the same locality for 11 years. The differential length
of tenure of male and female marmots and the likelihood of daugh-
ters being recruited into the natal harem, means that harems are
typically matriarchies.

Although the basic social unit 1s the polygynous harem, yellow-
bellied marmots living alone or in pairs in suboptimal habitat are
common; Svendsen (1974) classed 24% of 67 adults in his popula-
tion as satellite occupants, and Armitage and Downhower (1974)
first captured 52 of 98 adults and 11 of 21 yearlings at satellite
sites. Such animals are resident for shorter periods than harem
animals, they suffer higher mortality, and their lifetime reproduc-
tive success 1s lower. Individuals may vary between satellite and
harem sites between years.

Egalitarian Polygynous Harems

Olympic marmots (Marmota olympus; Barash, 1973a) and black-
tailed prairie dogs (Cynomys ludovicianus; Hoogland, 1979a, 19796,
1981a, 19815H; King, 1955; Smith et al., 1973; Tileston and Lech-
leitner, 1966) live in closed social groups that are characterized by
weak or non-existent dominance relationships, by amicable social
interactions, by frequent “‘greetings’ (oral and nasal contacts), by
unrestricted use of space and burrows (except a female’s natal bur-
row), and by communal use of sleeping burrows and winter bur-
rOWS.

Although the two species have similar social systems, differences
in life-history patterns and social demography coincide with differ-
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ences 1n the habitat each occupies. Olympic marmots, which inhabit
alpine meadows with short vegetational growing seasons, are obli-
gate hibernators and biennial breeders. Young attain adult size and
sexual maturity at 3 years of age, so the subadult cohort is composed
of both yearlings and 2-year-olds. Yearlings reside with the mother;
those marmots which disperse do not leave until they are 2 years
old. Because of the discontinuous nature of the habitat, many har-
ems are isolated and solitary. In contrast, black-tailed prairie dogs
inhabit open, short-grass prairie where harems are tightly packed
into the continuous habitat. The growing season is longer and prai-
rie dogs are not obligate hibernators. Prairie dogs typically disperse
as yearlings, first reproduce as 2-year-olds, and breed annually.

Olympic marmot harems (called colonies by Barash, 1973a) are
typically composed of one adult male, two adult females (one of
which bred the previous year, the other in the current year), the
yearling oftspring of one female, the juvenile offspring of the other,
and several 2-year-olds. Black-tailed prairie dog harems (called
coteries by King, 1955) are typically composed of one adult male,
one to four adult females, and variable numbers of yearlings and
juveniles. Isolated sites occupied by solitary animals have not been
reported for either species. A second, subordinate adult male may
be associated with a harem. Among Olympic marmots, such an
additional male occupies peripheral burrows in early summer bit,
with a decline in aggressive chasing by the harem male, he 1is
increasingly incorporated into group activities and he hibernates
with other harem members. The subordinate male in a black-tailed
prairie dog coterie is able to remain within the harem unmolested
by the harem male unless he attempts to mate with females, which
then results either in his eviction or in the splitting of the coterie
Into two groups.

Because a black-tailed prairie dog coterie is surrounded by other
coteries with which 1t has contiguous boundaries, intracoterie versus
intercoterie social relationships can be compared. Whereas inter-
coterie interactions are hostile, intracoterie interactions are amica-
ble, except when they involve pregnant and lactating females
(Michener and Murie, in press). Coterie members communally and
cooperatively engage in burrow and mound construction, in modi-
fication of vegetative cover, in nest building, in territorial defense,
and 1n predator defense. Coterie members also sleep communally,
with the exception of pregnant and lactating females who maintain
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individual nest burrows that are defended against all coterie mem-
bers. Following weaning ol pups, lemales cease maintaining nesting
territories and again all members have equal access to all burrows
within the coterie. Although juveniles interact only with the mother
and littermates during the first 6 weeks of life, mingling of litters
within a coterie commences immediately alter juveniles first leave
the natal burrow. As a result, a juvenile may sleep with group
members other than its immediate family within days of first com-
ing above ground. Mothers show no discrimination between pups
from various litters within the coterie, and all coterie members,
including males, are amicable toward newly emerged pups. Con-
sequently juveniles enter a social environment that is characterized
by frequent amicable interactions with all coterie members. Juve-
niles are not, however, tolerated by the adults in adjacent coteries.
As with older animals, intercoterie interactions involving juveniles
are characterized by aggression and by defense of the mutual coterie
boundary.

The prairie dog coterie 1s an egalitarian society. There are no
dominance relationships among adult females, among juveniles, or
between the harem male and females. If two adult males are resi-
dent within the same coterie one will be dominant, but such males
share burrows and allogroom. All coterie members, regardless of
age and sex, actively defend the coterie boundary, range over the
entire coterie area, and have equal access to all but natal burrows.

Black-tailed prairie dog coteries, although described in terms of
a male and associated females, are matriarchies. Because daughters
usually stay within the coterie of birth, whereas sons disperse (usu-
ally as yearlings), the adult females are typically native to a coterie,
whereas the adult male is an immigrant. When a coterie splits into
two, the females that are nominally associated with each male con-
tinue to interact with each other amicably—as they had prior to
fission. Occasionally a male incorporates an adjacent coterie with
his original one, in which case the two sets of females will continue
to interact agonistically—as they had prior to fusion. The constant
factor in the social composition of a coterie is membership via the
female line. King (1955) classed the coterie territory as a heritable
resource passed “on from generation to generation and from indi-
vidual to individual.” Inheritance is matrilineal. Sons do not inherit
the father’s coterie; daughters do inherit the mother’s coterie.

Although 1 have 1dentified five grades of social structure among
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the ground-dwelling sciurids and have allocated certain species to
particular grades, I must emphasize that these grades form a con-
tinuum with intergradations between each, that species placed in
the same category have similar but not identical social systems, and
that, because social organization can vary with habitat, different
populations of the same species could be allotted to different grades.
For yellow-bellied marmots, individuals within the same population
can be either asocial (in satellite sites) or integrated into a harem.
Furthermore, distinctions between the social systems of some species
(for example, Columbian ground squirrels and yellow-bellied mar-
mots) may be due more to habitat differences than to social differ-
ences. Because of their larger size and more discontinuous habitat,
yellow-bellied marmots occur in smaller groups than do Columbian
ground squirrels. Typically there i1s only one marmot harem per
site, whereas aggregations of Columbian ground squirrels may
include several hundred animals. In a more continuous habitat, the
marmots may have less well-defined harems, and males may not
have exclusive access to estrous females.

Trends in Sociality

Three simultaneous trends characterize the range of ground-
dwelling sciurid social organization from asocial individuals to
cooperative polygynous harems: 1) retention of daughters within
the mother’s range and subsequent sharing of this range when the
daughters are themselves reproductively mature (single-family kin
clusters); 2) a relaxation of distinctions between litters of adjacent
females such that inter-litter interactions are amicable (cohesive
multiple-family kin clusters); 3) male territoriality extending beyond
the breeding season, with territories encompassing the areas used
by several females (polygynous harems). Hypothetical evolutionary
pathways for the utilization of space based on daughter retention
and female cohesiveness, and on male territoriality are depicted in
Figs. 1 and 2, respectively.

The mother-infant bond, specifically the mother-daughter bond,
1s the most fundamental unit of ground-dwelling sciurid social orga-
nization, and it forms the basis from which other social units have
derived. Single-family female kin clusters develop from the mother-
daughter bond via extended social tolerance such that a female
remains in spatial proximity to both her adult female offspring and
her adult littermate sisters. Ultimately such tolerance permits
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d. MULTIPLE - FAMILY FEMALE KIN
TERRITORY
a. NO ASSOCIATION BETWEEN
FEMALE KIN

$o

c. MULTIPLE - FAMILY FEMALE KIN
CLUSTERS

P

b. SINGLE-FAMILY FEMALE KIN
CLUSTERS

Fic. 1. Hypothetical evolutionary pathway showing increased social complexity
based on retention of daughters near or in the mother’s range and on relaxation of
litter distinctions. Dashed lines indicate ranges of adult females. Solid circles indicate
location of the natal burrow. Radiating lines indicate movement of offspring from
the natal burrow. a, probable ancestral condition in which both sexes disperse from
the natal area and no associations form between kin; b, sons disperse from the natal
area but daughters establish ranges close to the mother’s area, leading to clusters of
females from the same family; ¢, sons disperse from the natal area, daughters estab-
lish ranges close to the mother’s area, and daughters from litters of adjacent (closely
related) females associate together; d, sons disperse from the natal area but daughters
remain entirely within and codefend the mother’s area along with daughters from
other litters and their mothers.

daughters to remain entirely within the mother’s range, and to
cooperatively defend it with her. Multiple-family kin clusters result
when litter distinctions relax, permitting daughters of adjacent
females (who are themselves likely to be close kin) to associate as
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FiG. 2. Hypothetical evolutionary pathway showing increased social complexity
based on superimposition of the post-breeding territories of adult males over female
ranges. Solid lines indicate ranges of males. Dashed lines indicate ranges of females.
a, probable ancestral condition in which both sexes maintain individually distinct
ranges; b, related females occupy overlapping ranges that are distinct from the ranges
of males; c, related females occupy overlapping ranges that may be overlapped by
the territory(ies) of post-breeding male(s); d, related females occupy overlapping
ranges that lie within the territory of the harem male; e, related females occupy and
codefend a common range with the male.
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adults, and, ultimately, permitting females from different litters to
cooperatively defend the common area used by their mothers.

The male-female pair bond is not a fundamental unit in sciurid
social organization. 'T'he association of a male with females initially
derived from simultaneous choice of preferred habitat by both sexes.
Males play no direct role in caring for or provisioning young, and
male-offspring bonds comparable to those between females and
daughters do not form.

Crook et al. (1976) suggested classifying mammalian social sys-
tems in terms of three strategies—dispersion, mating, and rearing.
All three strategies vary with the trends in sociality described above.
With regard to dispersion, all ground-dwelling sciurids are depen-
dent on burrows for refuges (from predators and inclement weather),
for reproduction (copulation, parturition, and rearing of altricial
pups), for sleeping, and (in hibernating species) for hibernacula.
Thus, in all species, the potential for mobility and for the use of
space are constrained by the need to be close to burrows, which
then serve as foci for above ground activity. The only variation
between species 1s in the degree of exclusivity of the ranges sur-
rounding burrows. This varies from little or no overlap between
adjacent ranges to complete coincidence (T'able 2). With increasing
range overlap there is an increased probability of communal burrow
use.

Typically ground-dwelling sciurids are polygynous, and no pair
bond forms beyond that necessary for copulation. In some species,
such as Richardson’s ground squirrel, where the adult sex ratio 1s
biased 1n favor of females (Michener, 19794, 1980b; Michener and
Michener, 1971), polygyny is an inevitable outcome of population
demography. In others, in which the adult sex ratio approximates
1:1, polygyny results from differential male access to estrous females.
Differential access could also occur in species with a biased adult
sex ratio, but has not been documented. Reproductive success among
male Belding’s ground squirrels is asymmetric with about a quarter
of the males accounting for two-thirds of copulations (Sherman,
1980; Sherman and Morton, 1979). Age is an important factor;
most of the successful copulations involve males that are 3 to 4 years
old. Similar asymmetric reproductive success, at least partly related
to age, probably occurs in §. columbianus (Murie and Harris, 1978),

S. parryu (Carl, 1971), and M. flaviventris (Armitage, 1974), all
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species in which the adult sex ratio approximates 1:1. Asymmetry
1s primarily related to the inability of some males, particularly
younger animals, to establish territories in spring. In these three
species, the mating strategy approaches Emlen and Oring’s (1977)
classification ‘“‘resource defense polygyny,” where the successful
males monopolize a resource (burrow system) used by females.
Because black-tailed prairie dogs live in continuous habitat that is
partitioned among groups of female kin, the male mating strategy
approximates that of “harem defense polygyny.” In both types of
polygynous systems the males neither control nor herd the females,
but males “acquire” females by simultaneously using the areas
occupied by females.

The three variables that Crook et al. (1976) considered in their
classification of rearing strategies were: 1) whether or not the male
was present in the rearing group; 2) the duration of the male’s
presence; 3) the duration of the mother-infant bond. These factors
vary across the continuum of social organization exhibited by ground-
dwelling sciurids (T'able 2). The male is associated with female(s)
and young only in those species in which the males maintain ter-
ritories beyond the breeding season. In these systems, the duration
of the male’s association with subadults is influenced by the circan-
nual cycle (T'able 1). The duration of the mother-infant bond varies
with sex of oftfspring and, for daughters, covaries with the extent
of range exclusivity. In all species sons disperse, thereby terminating
the social bond with the mother. This termination may occur as
early as 3 to 6 weeks after weaning (for example, Richardson’s,
Belding’s, and round-tailed ground squirrels), or not until the sec-
ond (for example, M. flaviventris, S. columbianus, and C. ludovi-
cianus), or third summer (for example, M. olympus) of life. With
the possible exception of the asocial species, the mother-daughter
bond 1s not usually abruptly terminated. Daughters typically estab-
lish home ranges that overlap with the mother’s range and so the
opportunities for social interactions persist into adulthood. Among
S. nichardsonu, mothers and daughters continue to interact amicably
more often than agonistically but, because they spend the majority
of the time in non-overlapping core areas, such interactions are not
frequent. Female black-tailed prairie dogs occupy ranges that coin-
cide with their mother’s range throughout their life-time, permitting
continued cohesive behavior.

The trends in the evolution of sociality among ground-dwelling
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sciurids pose three fundamental questions: 1) what are the selective
advantages of female sedentariness and male dispersal; 2) what are
the selective advantages of female clumping and range sharing; and
3) what are the selective advantages to both males and females of
male territoriality.

Costs of dispersal are probably high. A male that leaves the natal
area must forage, avoid predators, locate sleeping burrows and
hibernacula, etc., in unfamiliar terrain, with no guarantee that he
will ultimately locate a suitable environment, ecologically and
socially, in which to settle. Both the proximate and ultimate causes
of dispersal remain elusive for ground-dwelling sciurids (Dobson,
1979; Downhower and Armitage, 1980; Dunford, 197756; Green,
1977; Michener, 1979¢; Michener and Michener, 1973, 1977; Pfei-
fer, 1980; Schmutz et al., 1979; Yeaton, 1972) and for other mam-
mals (see Bekoft, 1977, for review). One obvious result of sex-biased
differential dispersal 1s the avoidance of inbreeding (Hoogland,
1982), which could be achieved either by male or by female dis-
persal. Male sedentariness, however, 1s the exception among mam-
mals (see Greenwood, 1980, and Packer, 1979, for reviews), imply-
ing that advantages typically accrue to females that remain in the
natal group or area to reproduce. For ground-dwelling sciurids,
burrows are an essential resource for both survival and reproduc-
tion. By remaining in or near the natal area, females have an oppor-
tunity either to use burrows already proven adequate by the survival
and reproductive success of the mother, or to locate nearby burrows
readily before hibernation commences. Dispersing males, in unfa-
miliar terrain, must locate unused burrows or excavate new bur-
rows that are of suitable quality (depth and drainage) to survive
overwinter. Males could avoid the costs of dispersal and of inbreed-
ing by being able to identify close female kin and not copulating
with them. Selection has not favored this alternative in ground-
dwelling sciurids, in part because the rearing of litters in 1solation
permits positive identification of only the mother and littermate
sisters, and in part because the majority of females in and around
the natal area are relatives of varying degrees of kinship, providing
a sedentary male with few opportunities to locate unrelated females
even 1f he were able to 1dentify them.

Aside from avoidance of inbreeding, other potential benefits
accruing to males that disperse include increased access to females
and avoidance of aggression from members of the natal group. The
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eviction of subadult males (including sons) by a territorial male
reduces intrasexual competition for females within the territory
(Armitage, 1974; McLean, in press; Slobodchikoff, pers. comm.).
Emigration by subadult males in response to conspecific aggression
will have evolved only if the costs of resisting eviction outweigh the
costs of leaving the natal area. To date, the factors promoting the
evolution of sex-biased differential dispersal have not been ade-
quately explained for any species of ground-dwelling sciurid.
Potential advantages of differential dispersal by males include pro-
motion of outbreeding (advantageous to both sexes), reproduction
by females in a familiar area (primarily advantageous to females),
location by males of more mates (primarily advantageous to dis-
persing males), reduction of intrasexual competition for mates (pri-
marily advantageous to territorial males), and avoidance of intra-
specific aggression (primarily advantageous to dispersing males).

Various automatic costs result from coloniality (Alexander, 1974)
and group living will be maintained via selection only 1t individuals
benefit more from membership than they suftfer. The probable major
advantage of female clumping and range overlap is improved pred-
ator detection; deterrence of predators (Stromberg, 1974) and sta-
tistical avoidance of becoming the predator’s victim (see Bertram,
1978, for review) are additional advantages. Females spend less
time alert when they are in larger groups and when they are cen-
trally located (Hoogland, 1979a, 1981a; Svendsen, 1974). The prev-
alence of alarm calling and the tendency for callers to be females,
especially reproductives with living family (Dunford, 1977¢; Leger
and Owings, 1978; Sherman, 1977; Schwagmeyer, 1980) further
suggest that the prime advantages of daughter retention and female
clumping are improved survival and reproductive success via early
warning of impending danger. Armitage (1981) emphasized that
retention of daughters can be viewed as a mechanism permitting
continued reproductive investment by parents (particularly moth-
ers), thereby increasing their reproductive success and that of the
daughters.

Hoogland (1979a, 1981a) and King (1955) concluded that, for
black-tailed prairie dogs, the most important benefit of coloniality
is predator defense. The unrestricted access that coterie members
have to all burrows (except natal burrows in spring) ensures prox-
1mity to a refuge; the clipping of vegetation and the general modi-
fication of ground cover through burrowing and feeding ensures
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greater visibility and rapid detection of approaching predators; alarm
calling by conspecifics warns colony members of impending danger.
However, females do not communally nurse pups, instead they
actively defend a natal territory against coterie members, even though
the offspring will mingle with juveniles of other litters in the coterie
immediately following weaning. The costs of extending communal
and cooperative behavior to rearing of pups have not been identified
(Michener and Murie, in press). In general, communal nursing is
rare among group-living mammals (Bertram, 1978) (but see Rood,
this volume, for joint nursing in the dwarf mongoose, Helogale
parvula).

Armitage (1981) noted that social grade correlates positively with
delayed maturity, and that prolonged amicable associations between
parents and offspring permit offspring to remain in the natal area
until the age of dispersal (sons) or recruitment (daughters). Although
it 1s appropriate that the male associated with a female group behaves
so as to permit (his) offspring to remain with mothers, Armitage
(1981) did not address the question of why harem systems evolved
from female clusters originally. The selective advantages of the
superimposition of male territories over female ranges are probably
associlated with greater assurance of access to estrous females and
greater protection of offspring born within the territory (see Barash,
1975, for discussion of paternal behavior in the hoary marmot). For
species in which males defend territories after the breeding season,
the territorial male is probably the sire because of his preferential,
if not exclusive, access to the females within his territory (Murie
and Harris, 1978; Mcl.ean, in press). From the female’s point of
view 1t 1s unimportant which male controls the territory provided
that the male tolerates her offspring and is successful at repelling
conspecifics and reducing risks of predation. Consequently, there is
a potential asymmetry in the value of male territorial behavior to
males and females. Males are not assured of paternity because they
do not control the movements of females in and out of the territory
(Carl, 1971; Murie and Harris, 1978); the system will have evolved
only if, on average, the male is actually protecting his own genetic
investment rather than that of some other male, and if males defend-
Ing territories have greater reproductive success than those without
territories. Little information 1s available on alarm calling 1n the
more social species; territorial males, because of association with
(their) offspring, are expected to be more frequent callers than are
males 1n the non-territorial systems. McLean (in press) noted that
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during the period when pups were in the burrow, male Arctic
eround squirrels vocalized more than females, but once pups emerged
both sexes called equally frequently. Hoogland (1981b6) reported
that adult and yearling male black-tailed prairie dogs with relatives
in the home coterie alarm-called more often in the presence of a
stuffed badger than did males without relatives.

One cost of group living may be increased exposure to intraspe-
cific predation. Killing of conspecifics in free-living populations has
been observed or imputed for various ground-dwelling sciurids
(Townsend’s ground squirrel [Alcorn, 1940]; Belding’s ground
squirrel [Sherman, 19816]; Columbian ground squirrel [Holmes,
0. Mcl.ean, 1978; Steiner, 1972]; Arctic ground sdquirrel
[McLean, 1981, in press; Steiner, 1972]; yellow-bellied marmot [Ar-
mitage et al., 1979]). Where subsequent consumption of the victim
occurs, one suggested benefit of killing and cannibalism 1s acquisi-
tion of food, particularly protein (Armitage et al., 1979; Holmes,
1977; Sherman, 19815). Another benefit, reducing competition for
space, has been proposed for the two species, Arctic and Belding’s
ground squirrels, in which infanticide (killing of unweaned young
that have not yet left the natal burrow) has been documented
(McLean, 1981, in press; Michener, in press; Sherman, 19816b).
Because of the vulnerability of young animals to intraspecific pre-
dation, selection should favor behaviors promoting defense of prog-
eny by the parent(s). One consequence of exclusion of (unrelated)
conspecifics from the area surrounding a natal burrow 1s protection
of infants. Active defense, via physical attack directed at the intrud-
ing male, of recently weaned juveniles by the mother or her female
relatives occurs in Arctic ground squirrels. I have previously noted
(Michener, 19734) that immature animals are more vulnerable to
attacks by adult males, sometimes leading to death, in species 1n
which adult males are territorial than in species in which males
have no prominent social position after the breeding season. This
correlation between male aggression toward juveniles (and yearlings
in species with delayed maturity) and sociality may extend to male-
infant interactions; in . parryn infanticide is typically perpetrated
by adult males establishing new territories and includes attacks on
recently weaned young (McLean, in press), whereas in S. belding:
infanticide is most frequently committed by adult females (that have
lost their own young to interspecific predators) and ceases once
infants reach weaning age (Sherman, 198156). Although female Arc-
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tic ground squirrels defend their progeny, they are not as successful
as the territorial male at evicting intruding males or preventing
attacks from culminating in infant or juvenile mortality. As McLean
(in press) suggested, male territorial behavior persisting through
the period when infants are underground may represent paternal
protection, necessary in a species in which adult male intruders can
overcome the mother’s defense and kill some or all of her oftfspring.
Unresolved, in the evolutionary perspective, is whether male terri-
toriality evolved in order to thwart infanticide or whether male-
committed infanticide evolved in order to reduce competition for
space (1.e., whether infanticide 1s a cause or a consequence of the
social system).

Kin Identification

The social systems of ground-dwelling sciurids are derived from
mother-daughter and littermate associations, and consequently tend
to be matrilocal, matrifocal, and matrilineal. Kinship forms the
basis of the social system, raising the question of how (and if) kin
are 1dentified.

Because litters are reared individually and in isolation from other
litters 1n all species of ground-dwelling sciurids, the primary social-
1zation of juveniles is always with the mother and littermates.
Juveniles do not normally first encounter other conspecifics until
some time after emerging from the natal burrow. Among species
such as Richardson’s ground squirrels, these encounters are both
rare and agonistic during the first 2 to 3 weeks of above-ground
activity, and do not result in amicable bonds forming with members
of other families. Occasional exceptions occur in S. richardsonu
when the mothers are littermate sisters living 1n close proximity;
litters may amalgamate around the time of weaning to form a single
supra-litter (G. Michener, 1972). Among black-tailed prairie dogs,
encounters with conspecifics occur as early as the first day of above-
eround activity, are amicable, and often result in juveniles sleeping
with coterie members other than the mother and littermates.
Because female black-tailed prairie dogs do not discriminate between
juveniles from different litters within the coterie, Hoogland (197956)
concluded that they cannot distinguish their own young from those
of other females 1n the coterie. However, there 1s a distinction
between whether a mother can 1dentify her offspring and whether
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she does identify them. Prairie-dog mothers may recognize their
own juveniles but not behave preferentially toward them.

The quality of interactions occurring between conspecifics in
black-tailed prairie dogs requires identification of conspecifics into
one of two classes—coterie members versus non-coterie members.
Typically this distinction coincides with (apparent) discrimination
between close genetic relatives and distant genetic relatives. Although
there are varying degrees of genetic relatedness between members
of the same coterie (full-sibling, half-sibling, grandmother, grand-
daughter, first cousin), differential behavior based on differences in
genetic relatedness has not been documented. Among Belding’s and
Richardson’s ground squirrels, animals discriminate two classes of
conspecifics that coincide with genetic relatedness; mother-offspring
and littermate combinations (family) are differentiated from all
other possible degrees of relatedness (non-family). For all species,
family (or harem) membership, genetic relatedness, and familiarity
via early socialization covary; observed patterns of social discrimi-
nation could be based on any of these factors.

In no sciurid has individual recognition been established. In all
cases where discrimination between two classes of conspecifics has
been demonstrated experimentally (Harris and Murie, 1982; Mich-
ener, 1973a, 1974; Michener and Sheppard, 1972; Sheppard and
Yoshida, 1971), the most parsimonious explanation is discrimina-
tion of familiar versus unfamiliar animals. In natural contexts the
class of familiar conspecifics 1s typically established through pri-
mary socialization in the natal burrow and socialization occurring
during the first few days of above-ground activity. Should associa-
tions between non-family members occur during this period, rec-
ognition “errors’’ result; that is, an individual behaves toward a
non-relative in the same manner it normally does toward 1ts closest
genetic relatives. Such “errors’” have been documented in Richard-
son’s and Belding’s ground squirrels (G. Michener, 1972; Sherman,
1980). Newly emerged §. belding: pups occasionally inadvertently
attach themselves to a neighboring litter and subsequently treat
former littermates (siblings) and mother as unfamiliar (unrelated)
animals. It a §. richardsonui pup, up to at least 16 days old, 1is
fostered to a lactating female in the field or laboratory, subsequent
social interactions between the weaned juvenile and its foster mother
are amicable, whereas those with the biological mother are agonis-
tic. Lactating Richardson’s ground squirrels do not discriminate
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between pups, retrieving both their own and others, but discrimi-
nation does occur by the time young are 5 weeks old (G. Michener,
1972, 1974). Pups as young as 20 to 24 days old and with unopened
eyes respond differentially to the mother and to an unfamiliar lac-
tating female (G. Michener, 1974) but, in the field, newly emerged
pups sometimes fail to identify an intruding adult when that
adult 1s 1n an area normally used by the mother. Within 2 to 3
weeks of emergence, juveniles correctly distinguish between the
mother and all other adults regardless of the location of the inter-
action (Michener, 19734, 1981). T'hese various observations suggest
that, in natural contexts, squirrels identify close relatives on the
basis of familiarity established via amicable interactions with these
relatives during the first 4 to 6 weeks of life.

Incorporation of those conspecifics that are frequently encoun-
tered in amicable contexts during the first few days of above-ground
activity into the same class as mother and littermates, would account
for the inclusion of coterie members in black-tailed prairie dogs and
of older non-littermate sisters in Belding’s ground squirrels into
the class of preferred conspecifics. The social context within which
such extrafamilial conspecifics are encountered influences the ulti-
mate significance of the encounter. For instance, juvenile S. belding:
only behave toward older sisters as they do toward littermates if
they encounter them in the presence of the common mother (Sher-
man, 1980). T'he extent to which adult prairie dogs are necessary
to facilitate litter mixing and amicableness within a coterie is not
known.

The coincidence between genetic relatedness and familiarity is
reduced if there i1s multiple siring of litters in polygynous species
because half-siblings could either be littermates (same mother, dif-
ferent fathers) or non-littermates (same father, different mothers).
Female Belding’s ground squirrels copulate with more than one
male, and resulting litters are typically multiply-sired (Sherman,
1977; Sherman and Morton, 1979; Hanken and Sherman, 1981).
Although less common, female black-tailed prairie dogs sometimes
copulate with more than one male (Hoogland, 19816), where the
second male 1s from an adjacent coterie. Assuming that differential
favoritism 1s based solely on familiarity, littermate half-siblings are
expected to interact as do littermate full siblings whereas non-lit-
termate half siblings are expected to interact as do totally unfa-
miliar conspecifics. If this prediction is not fulfilled, a mechanism
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other than, or in addition to, familiarity through primary social-
ization must be operating to enable unfamiliar relatives to identify
each other.

Ecological Correlates

Figure 3 outlines the ranges ol the species of ground-dwelling sci-
urids that have been discussed in detail, according to the grade of
social structure. Only the more solitary species occur predominantly
in woodland-field ecotones; the other species inhabit more open
areas varying from short-grass prairie to alpine meadow. T'his dif-
ference suggests that increased visibility, both to conspecifics and to
predators, may be associated with the formation of social groups.
Barash (1974) and Kivett et al. (1976) suggest that group cohesion
1s assoclated with increased harshness of the environment. This
trend 1s exhibited among species of Marmota, where the increasing
sociality from woodchucks (low elevation) to yellow-bellied mar-
mots (medium elevation) to Olympic marmots (high elevation) cor-
relates with the decreasing length of the vegetative growing season
and, consequently, with delayed age of dispersal and of maturation
(Barash, 1973a, 1974). However, similar direct relationships with
either altitude or latitude are not obvious among ground squirrels
or prairie dogs. Slobodchikofl (pers. comm.) notes that among three
species of prairie dogs (white-tailed, Cynomys leucurus; Gunni-
son’s, C. gunnmsont; and black-tailed, C. ludovicianus) increasing
sociality correlates with decreasing altitude, the opposite trend to
that reported for marmots.

Armitage (1981) stated that the more social species of ground-
dwelling sciurids are those in which the combination of large body
size and a relatively short growing season results in delayed ages of
dispersal and attainment of sexual maturity. As Table 1 indicates,
the least social species (grades 1 and 2) are, with the exception of
the woodchuck, small- to medium-sized animals that breed as year-
lings and that have active seasons ranging from short to long. In
the higher social grades, in which adult males play a prominent
role (grades 3, 4, and 5), are species that first reproduce as year-
lings, 2-year-olds, and 3-year-olds. Although these social species
are all large sciurids, their active seasons range from short, to long,
to continuous. What characterizes the social species 1s the prolonged
association between adults and subadults. High adult : subadult sea-
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Asocial

Female kin clusters with Polygynous harem with  Egalitarian polygynous
male territoriality male dominance harem

FiG. 3. Range maps of selected species of ground-dwelling sciurids grouped
according to the grade of social structure exhibited by the species (maps modified
from Hall and Kelson, 1959). Asocial: M.m., Marmota monax, S.f., Spermophilus
franklinu; S.tr., S. trnidecemlineatus. Single-family female kin clusters: S.r., S. richard-
sonuty S.b., 8. beldingi; S.t., §. tereticaudus; C.l., Cynomys leucurus. Female kin clusters
with male territoriality: S.p., S. parryu; S.c., 8. columbianus. Polygynous harem with
male dominance: M.f., M. flaviventris. Egalitarian polygynous harem: M.o., M. olym-
pus; C.lu., C. ludovicianus.
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sonal coincidence is achieved either by delayed adult immergence
which prolongs the active season (for example, Arctic ground squir-
rel), by delayed age of sexual maturity which prolongs subadult-
hood over several years (for example, Olympic marmot), or by year-
round activity (for example, black-tailed prairie dog). Among the
18 species listed in T'able 1, the typical age at which females first
reproduce (FAFR) 1s a good predictor of social grade, accounting
for 70% of the variation in social grade (n = 18, r = 0.838). How-
ever, among the seven species listed with social grades higher than
2, adult : subadult seasonal coincidence (taken as the mid-point value
of the range given) is a better predictor of social grade (r = .915,
P < .01, variance explained = 84%) than is FAFR (r =.719, P >
.05, variance explained = 52%).

Because social species are characterized by large size and by
synchrony in the active seasons of various cohorts, whereas rela-
tively asocial species are characterized by early immergence of adults,
especially males, it is relevant to know why the circannual cycle is
asynchronous among cohorts in the smaller species. In those species
with strongly staggered patterns of immergence of the different
cohorts, juveniles continue above-ground activity and gain weight
for many weeks after the disappearance of adults, implying that
adult immergence is not precipitated by inadequate food supplies
or inclement weather. Clark (1977) and Yeaton (1972) suggested
that early immergence of adults 1s an adaption to reduce intraspe-
citfic competition, particularly competition for food between males
and juveniles, but I reject this hypothesis for two reasons. First,
early immergence by a male should be favored only if the juveniles
that profit from the male’s absence are his own progeny; that is, it
a male resides close to his progeny. As discussed above, males often
do not remain close to their mate(s) and offspring. Second, the
disappearance of males 1s unlikely to significantly increase the food
available to juveniles. Among Richardson’s ground squirrels, for
instance, which have an adult sex ratio of about three females per
male and litter size at weaning of four or five pups (Michener,
1979a, 1979¢; Michener and Michener, 1971; I recorded an average
litter size at weaning of 9.1, range 7-14, for 13 litters on a pasture
in southern Alberta in 1981), there are at least 12 to 15 juveniles
in the population for every adult male. The disappearance of the
male can have only a negligible effect in providing additional food
to these juveniles. Furthermore, adult male S. richardsonu are socially
subordinate to juveniles when they intrude into the juvenile’s core
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area (Michener, pers. observ.), so juveniles are unlikely to be lim-
ited, either directly or indirectly, from access to food by males. Early
male immergence does not benefit juveniles; the short active season
of adult males 1s more likely attributable to survival of the male.
Male §. richardsonu become obese during June, when daily tem-
peratures approach the maximum for the year, and this increasing
size renders them less agile and less able to squeeze down small
bolt holes (pers. observ.). Fat males are presumably vulnerable to
predation, hyperthermia, and water stress; early immergence rep-
resents a compromise between further activity permitting additional
welght gain but increasing mortality from predation and environ-
mental stress. Provided that the decreased mortality associated with
early immergence more than compensates for the increased mor-
tality associated with the longer period of overwinter dependence
on fat stores, the short active season will be favored by natural
selection. Morton (1975) suggested that, for Belding’s ground squir-
rels, early entry into hibernation is related to predator avoidance.

Adult male Arctic ground squirrels are atypical in that they do
not immerge early. In contrast to female S. parryn and to members
of the other hibernating species, male Arctic ground squirrels hoard
food and they lose relatively little body weight over winter (Green,
1977; MclLean and Towns, 1981). By providing energy for ther-
mogenesis 1n the form of food stores in the hibernaculum, males
may be avoiding some of the costs of large and ungainly fat depots,
thereby allowing them to prolong the active season.

Some of the apparent inconsistencies in correlating sociality and
environment arise from the difhculty of defining “environmental
harshness™ (see Webb, 1980, 1981). Alpine and subalpine habitats
are typically considered severe because of the shortness of the grow-
ing season and the possibility of snow through much of the year.
However, such habitats are usually moist and experience a rela-
tively narrow range of temperature extremes. Water stress, an envi-
ronmental hazard unlikely to face high elevation species, 1s a poten-
tial threat to species inhabiting short-grass prairie. Blake (1977)
and Davis (1976) suggested that seasonal hypothermia may be an
adaptation to stressful conditions imposed by lack of water. Differ-
ing abilities to withstand water stress are related to the differences
in hibernation patterns between white-tailed and black-tailed prai-
rie dogs (Bakko, 1977; Pfeiffer et al., 1979). White-tailed prairie
dogs, unable to tolerate water loss, are obligate hibernators whereas
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black-tailed prairie dogs, adapted to withstand dehydration, remain
active year-round, permitting continuous social contact.

In summary, increased social tolerance correlates with increasec
coincidence of the active periods of various cohorts via prolongec
active seasons or shortened active seasons associated with delayed
dispersal. Consequently, the timing of the circannual cycle and,
ultimately, the environmental parameters that have determined that
timing, are factors that have promoted the evolution of sociality in
ground-dwelling sciurids.

Areas for Future Investigation

Our understanding of ground-dwelling sciurid systems 1s cur-
rently limited by the lack of information on paternity. Not only is
paternity difficult to establish but, for most species, it is not known
whether females copulate with several males and, if they do, whether
they produce multiply-sired litters. For the species whose social
organization is based upon single-family matrilineal kin groups, the
male residing nearest to a litter cannot be assumed to be the father
because males move extensively during and after the breeding sea-
son. For those species in which adult males are territorial in spring
beyond the breeding season, males may be associated with their
mate(s) and progeny (Foltz and Hoogland, 1981). Until paternity
testing 1s performed, the supposition that a territorial male 1s the
father of the juveniles that emerge within his territory is only spec-
ulative.

A potential cost of the greater sedentariness of males in species
with territoriality is inbreeding. In the yellow-bellied marmot, how-
ever, adult males rarely reside for more than 2 to 3 years in a given
harem and because females do not commence reproduction until at
least 2 years old, often not until 3 years of age, a male 1s unlikely
to mate with a daughter. Black-tailed prairie dogs typically first
breed as 2-year-olds, although yearlings have been reported to suc-
cessfully reproduce in newly established colonies (Franklin, pers.
comm.; Halpin, pers. comm.). Because females are sedentary and
usually reproduce in the coterie of birth, inbreeding could be avoided
by male emigration. Yearling males do disperse and so are unlikely
to reproduce with sisters. Hoogland (198156, 1982) suggested that
adult males usually reside for a maximum of 2 years in a given
coterie and hence are no longer present when daughters achieve
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reproductive maturity. Long term studies are necessary with more
species to establish whether inbreeding 1s avoided through dispersal
of adult males in the long-lived species with territorial males.

Familiarity and maternal kinship co-vary. Familiarity through
primary socialization is likely to be the proximate mechanism by
which kin selection can operate. Cross-fostering experiments are
the most valuable technique tor partitioning out the relative contri-
butions of postnatal familiarity and kinship to observed social pat-
terns. Such experiments are currently being conducted with Arctic
and Belding’s ground squirrels (Holmes and Sherman, in press,
pers. comm.), and Richardson’s ground squirrels (Davis, in press,
pers. comm.). Preliminary indications are that, for juvenile S. par-
ryie and yearling §. belding:, animals reared together rarely interact
agonistically, regardless of their genetic relatedness and sex, sug-
gesting that familiarity typically plays a major role in sibling rec-
ognition in natural contexts. However, among animals reared apart
siblings are less aggressive when subsequently paired than are non-
siblings. This effect is greater for female-female pairs than for mixed
sex or male-male pairs, and suggests that sisters do not necessarily
require lengthy post-natal association to be able to identity each
other. Cross-fostered juvenile S. richardsonu also exhibit differential
responses to unfamiliar siblings versus unfamiliar non-siblings; sib-
lings that were separated on the day of birth approach and touch
each other more frequently and remain in greater proximity than
do unfamiliar non-siblings. Because littermates share a common
uterine and post-natal environment, prior association could account
for the apparent ability of siblings to 1dentify each other even when
reared apart from within a few hours of birth. Female §. belding:
frequently copulate with more than one male, producing multiply-
sired litters (Hanken and Sherman, 1981); interactions among year-
ling female littermate half-siblings are more aggressive than those
between littermate full-siblings, suggesting an ability to distinguish
between differing degrees of genetic relatedness even when reared
together from conception (Holmes and Sherman, in press). Further
cross-fostering experiments with more species will assist in assess-
ing the relative significance of early social experience as an under-
lying mechanism of kin identification, kin preference, and, ulti-
mately, of social structure.

Quantification of rates of social interactions in natural contexts
between conspecifics of varying degrees of kinship need to be aug-
mented and improved (see Michener, 1980c¢). Because kin are likely
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to be in greater physical proximity than non-kin, measurements of
interaction rates need to be corrected for the likelihood that different
classes of animals will be physically able to interact. 'T'o date, com-
parisons of interaction rates in the field among conspecifics of vary-
ing genetic relatedness are limited (Dunford, 197756; Michener,
1973a, 1981; Sherman, 1980; Yeaton, 1972).

Attempts to relate social structure to species ecology require addi-
tional information on the timing of the circannual cycle under nat-
ural conditions, on the advantages of short active seasons, and on
the reasons for age and sex differences in timing of immergence.
Intraspecific comparisons of populations located in different habi-
tats, and interspecific comparisons involving data from more of the
species of ground-dwelling sciurids would contribute to interpre-
tation of correlations between environment and socioecology. Valu-
able comparisons could be made of the socioecology and physiolog-
ical ecology of Richardson’s ground squirrels, white-tailed prairie
dogs, and black-tailed prairie dogs. Although the latter two species
are closely related phylogenetically (Nadler et al., 1971), their social
systems diverge. The white-tailed prairie dog social system and
circannual cycle correspond with those of the Richardson’s grounc
squirrel despite differences in habitat and despite greater phyloge-
netic divergence. Richardson’s ground squirrels and black-tailed
prairie dogs are sympatric over portions of their ranges but they
show different adaptations to xeric conditions (obligate hibernation
and tolerance of water stress, respectively) and have different social
systems.

Summary

The five proposed grades of social structure—asocial, single-fam-
illy female kin cluster, female kin cluster with male territoriality,
polygynous harem with male dominance, egalitarian polygynous
harem—form a continuum of sociality based on the mother-headed
family as the most fundamental social subunit. Sex-biased differ-
ential dispersal results in clustering of female kin in all species.
Prolonged social association between mother and daughters and
between littermate sisters, increasing overlap of the ranges used by
such female kin, and relaxation of social distinctions between the
litters of adjacent female kin have led to multiple-family female kin
clusters that communally share a common range. The male-female
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pair bond is not a fundamental social unit in ground-dwelling sci-
urid social organization, and the association of males with clusters
of female kin probably commenced as an incidental result of males
and females independently choosing to live in the same preferred
habitat. Increased probability of guaranteed access to estrous females
and the improved survival of offspring living under the indirect
protection of their father would promote male territoriality and the
establishment of uni-male harems. The simultaneous development
of female cohesiveness and male territoriality account for the inte-
grated social structure of Olympic marmots and black-tailed prairie
dogs.

The prime forces determining the trends in social organization
are hypothesized to be increased protection from both intra- and
interspecific predation and the avoidance of inbreeding. Sex-biased
differential dispersal 1s the proximate mechanism that leads to for-
mation of female kin clusters. It also promotes outbreeding while
permitting females to hibernate and reproduce within a familiar
locale already proven successful by the survival and reproductive
success of the mother. The clumping of female kin permits improved
survival and reproductive success via increased group vigilance, use
of alarm calls to warn of danger, sharing of resources, and reduced
time spent 1n establishing and maintaining natal territories. The
association of a male (presumably the father) with temale kin groups
further enhances survival and reproductive success by protection of
resources within the territory, by protection from intraspecific
aggression, and by increased group vigilance.

Although the social structure of the ground-dwelling sciurids is
based upon genetic relatedness between females, the observed pat-
terns of differential behavior to kin and non-kin do not require that
animals be able to identify kin as such. Because litters are reared
in 1solation from all conspecifics, the primary socialization 1s always
with the mother and littermates. For some species these relations
compose the group of conspecifics that is distinguished from all
other animals. In the more social species, where juveniles engage
in amicable contacts with conspecifics other than the immediate
family in the days following entry into the above-ground popula-
tion, the preferred group of conspecifics expands to include these
individuals. Typically the additional individuals will be close kin
(aunts, non-littermate sisters, cousins). In either situation it 1s the
animals that have been met in amicable social situations during the
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first 4 to 6 weeks of life, and hence are familiar, that constitute the
favored group. T'hus kinship and familiarity covary, and familiarity
through early socialization i1s an adequate proximate mechanism
for distinguishing between kin and non-kin classes. 'I'he assumption
that differential behavior to kin and non-kin is based on familiarity
1s amenable to testing through cross-fostering experiments and
through comparison of the interactions between littermate half-sib-
lings and non-littermate half-siblings.

Degree of sociality does not correlate meaningfully with either
latitude or altitude. The two most social sciurid species, Olympic
marmots and black-tailed prairie dogs, occur in divergent habitats
(alpine meadow and short-grass prairie). Within a given habitat,
such as subalpine meadow, social systems range from single-family
kin clusters (Belding’s ground squirrels), kin clusters with male
territoriality (Columbian ground squirrels), to polygynous harems
with male dominance (yellow-bellied marmots). Despite these
apparent inconsistencies, social structure does appear to have eco-
logical correlates if the timing and patterns of circannual rhyth-
micity are assumed to be evolutionary adaptations to environmental
exigencies. L'he least socially tolerant species mature as yearlings
and have the least amount of coincidence of above-ground activity
between adult cohorts and immature cohorts, whereas the most
tolerant species have extensive overlap in the active seasons of adults
and immatures. Sociality 1s related to prolonged active seasons for
adults and /or to increased number of seasons required for juveniles
to attain maturity. Ultimate understanding of the socioecology of
ground-dwelling sciurids requires knowledge of the selective factors
that have determined the nature of the circannual cycle, and that
have thereby determined the degree of coincidence in the seasonal
activity of various cohorts.
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