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: ABSTRACT

Aithough many studies treat the causes and consequences of dispersal tn mammalian popula-
tions, less attention has been gizen io ihe individuals that do not leave their birthploces. Xet natal
philopairy, whick we defing as continued residence on the natal home range past the age of ind
pendence from_iny parents, occurs.in zirtually-all gregarious mammals. We here document ils
widespread oceurrence among spliary spezzs as well: By studying the distribution of natal philo-
patry across zarious ecological and life-hisiory regimes we attempt to identify iis ultimate causes.
The varicbies ihat emerge as pessisly imporiant include adult turnover vates, habitat saturation,
spatial patchiness of resources, adveniages of familierity with the natal home range, and reliance
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on extensive home range “improvements” such as burrow systems or food caches.

The most inferesiing sonseguence of natal philopatry is the continued spatial association of kin
into adulthood, a prevecuisite 7or many phenomena common to gregarious species. Natal philo-
pairy, however, ts cons bly more widespread than are social groups, and all memmalian taxa
containing gregarious species aiso include solitary species that exhibit philopatry. These observa-
tions suggest that an imsoriant bari of understanding how complex social groups have arisen is
understanding the conditions thai have led to natal philopatry.

INTRODUCTION

AMONG MOST mamumals, juveniles persal are as significant as those of dispersal,
leave their nzr2l home ranges before and that their ultimate causes are of equal

<l maturity and ravel distances of a few
=25 of meters to hundreds of kilometers
winte becoming |

“ioject of primary concemn to field natural-

5 as a result, ¢

“um extent of dispersal are encyclopedic

saker, 1978). In cor

rsing conspecifics, those juveniles who

“main at homs have virtually escaped no-

““t. It is the contention of this review that
ences of nondis-

interest.

Selection might favor dispersing juveniles
(or adults who encourage their dispersal) for
many reasons. Among iteroparous species,
nondispersing young may compete directly
with parents for food, dens, or reproductive
opportunities. Murray (1967) was among
the first to argue that under these condi-
tions, individuals may maximize their own
repreductive success by dispersing. The
early literature (e.g., Howard, 1960; Lidick-
er, 1962) further suggested that dispersers
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might benefit through an increased frequen-
¢y of encounters with members of the oppo-
site sex, genetically more variable or hetero-
zygous offspring, reduced levels of interfer-
ence competition, or access to empty but
suitable habitats.

More recently, Bengtsson (1978; see also.
Shields, 1982) has explored the extent to
which problems of inbreeding depression
should favor dispersal, and Packer (1979)
and Greenwood, Harvey, and Perrins (1979)
have documented inbreeding depression
among nondispersing individuals. Hamilton
and May (1977) have demonstrated theoreti-
cally that individual selection should favor
the dispersal of propagules even in the ab-
sence of inbreeding depression (which does
not occur in their model) and even in stable,
saturated environments. For these and other
reasons, Horn (1978) has argued that dis-
persal, “especially in the form of itinerant
adolescence,” should be favored even in “a
crowded population of sedentary, long-lived
adulss” (p. 428). Despite these arguments, it
15 clear that many juvenile mammals remain
within their natal home range past the age of
independence, and sometimes continue to
occupy it throughout their entire lives.

Nondispersal is a central characteristic of
complex social groups in organisms as di-
verse as termites, communally breeding
birds, and primates (Vehrencamp, 1979).
Yet the data we will discuss indicate that
nondispersal is not confined to “social” spe-
cies, but is widespread among solitary mam-
mals as well. Under what conditions, then,
will selection favor nondispersal? What con-

equences does nondispersal have for the
evolution of mammalian social systems?
These two questions motivate our search for
cross-species correlates —ecological, demo-
graphic, and behavioral—of “natal philo-
pziry” in solitary mammals.

DEFINITIONS: PHILOPATRY AND RELATED

PHENOMENA

reenwood (1980) has termed species that
are faithful to their natal and breeding site or
group “philopatric.” We define natal philo-
pairy as zn individual’s continued use of its
natal home range past the age of indepen-
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dence from its parent(s). We emphasize thag
natal philopatry is not a single, unified phe- -

nomenon. Our definition furthermore ex-
cludes a variety of similar or related pheno-

mena; for instance, it is more TeStrictve

than those of Greenwood (1980) or Shieldy
(1982). Qur criteria for‘identifying cases of

natal philopatry in the literature thus re-.

quire some elaboration.

First, philopatry by our definition is at.

tachment to a site, rather than to a conspe-:

cific individual or group of conspecifics,
Many mammalian groups (though not all).

are extended families, “social” species differ-

ing from solitary congeners in the length of

time over which individuals remain assoc-
ated with their parents (in most cases, their
mother) (Eisenberg, 1977). In such situa-
tions juveniles are philopatric as well, but
philopatry need not dictate life in groups.
Where individuals habitually live in close
spatial association, the question, What con-
ditions favor philopatry? can become con-
founded with another, What factors favor
living in groups? Since the latter question
has been discussed extensively elsewhere
(e.g., Bertram, 1978), we will exclude gre-
garious species from this review and will

concentrate on solitary marmmals among -

which the young do not routinely forage
with a parent after independence but never-
theless remain on the parent’s home range.

“Solitary,” as we use the term, thus refers

to the spatial distribution of animals relative
to each other, and not to their patterns of
social interaction: solitary species are those
whose members are usually found alone. An
individual that forages alone may decrease
its rate of interaction with conspecifics, but

it need not decrease the number of individ-

uals recognized and may still live within a
complex social network. “Solitary” is the
opposite not of “social” but of “gregarious”
(Charles-Dominique, 1977a)."

We hope that our data will make clear that
any line drawn between “solitary” and “gre-
garious” is inherently arbitrary. For instance,
we categorize the red fox as solitary, since
foxes usually forage alone, although in some
areas territories are shared by up to siX

adults that may use the same dens and fre=

quently engage in amicable interactions
(MacDonald, 1981). [See Table 1 for scien-
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ific names of all species discussed in text.]
On the other hand, we omit coyotes and
chkals from our tables, since in some areas
ey form foraging groups (e.g., Bowen,
1931; MacDonald, 1979a). We attempt to
sandardize our categorizations by empha-
sizing spatial distribution during the ani-
mals period of peak act1v1ty For instance,
she white-lined bat roosts in small colonies
\Bradbury and Vehrencamp, 1976), but we
mclude it as solitary because individuals for-
age mdependenﬂy at night.

Since interactions between phllopatnc off-
spring and their parents can continue in
some degree thr0ughout life, mdependence
irom parents is ambiguous. We define in-
ence as beginning when offspring
cease t0 forage in spatial association with the
moiher. Thus we consider natal philopatry
bushbazabies if they do not
leave their mother’s home range when they
hegin foraging alone, even @uugh nondis-
j 1 least
nests with their mothers

i3//’4) In par-
10 im r;l\, that all
active suc-
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pendence.”

To establish th
lv requires th-’“
dividually iden 1]
wom birth through aduithaod. Few studies
+f solitary mammals have been d651gncd to
wquire such information, so that in most
rases the information available is anecdotal.
In some cases, philopatry has been inferred
o the field, for instance, by noting “old” and

oung’ 1nd‘"1duals that share home ranges,

or '*1d1v1f’;-:_s with similar coat color vari-
anis that use hboring areas. We believe
difficulties of observing soli-
tarv mammals, many fleld observers have
indeed coliected the data necessary to assess
phmoa:nc en ercxes but have not published
i d have documented only
e uequenc. of lona—dxstance dispersal or
the duration of the spadal association be-
and parent. We hope that
timulate the publication of
‘hile, we have been forced

f criteria that distinguish

between inferential and anecdotal evidence
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for philopatry (where the number of longi-
tudinally followed juveniles is very small
[<5] or is unstated) on one hand, and evi-
dence that-allows at least a crude estimate of
the frequency of philopairy (studies with
data from >5 juveniles), on the other.

The nature of the available information-
may introduce a bias into our summary ta-
bles, since when phllopatrv is not mentoned
we cannot conclude that it did not occur. In
addition, since we define philopatry as a fail-
ure to disperse from the natal home range,
we cannot conclude that lack of dispersal
from a local population (e.g., Lidicker,
1975; Tamarin, 1980; Gaines and McClen-
aghan, 1980) is equivalent to philopatry.

In response to these problems we have
chosen to list all species in which we have
found any evidence for philopatry, with the
admission that where data are anecdotal or
inferential, philopatry may not be the norm.
The skeptic may prefer 10 view our sum-
mary tables as lists of species in which the
potential for natal philopatry has been dem-
onstrated, though its significance for the spe-
cies concerned may still be uncertain.

A phenomenon similar to philopatry in
some of its consequences can occur when
vacancies in home ranges neighboring the
parents’ are common. Offspring may then
vacate the natal area but settle immediately
adjacent to it, and thus near to parents or
sibs. We consider such ofispring to have dis-
persed. This phenomenon can be difficult to
distinguish from philopatry, however, when
information on home-range boundaries and
turnover is not precise. When in doubt, we
have designated philopatry as “probable.”

Sharing or donating space to the offspring
always has the potential of reducing future
parental reproductive success. How much
these behaviors actually do so will depend,
among other things, on the timing of even-
tual Juvemle dispersal (if the voung are not
philopatric throughout life) and on the likeli-
hood of parental survival. If the parent dies,
philopatry results in inheritance of the pa-
rental home range. Although our definition
of philopatry requires neither lifetime site-
faithfulness nor guaranteed parental survi-
val, the evolution of the phenomenon is
more interesting when both occur. We at-
tempt to document the persistence of natal
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TABLE 1

Taxonomic distribution of natal philopatryl»*

THE QUARTERLY REVIEW OF BIOLOGY
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Marsupialia
Didelphidae
Didelphis virginiana AlA Al- A= Gillette, 1980;
Virginia opossum Llewellyn and Dale,
1964; Sanderson, 196} » ¥
Phalangeridae
Trichosurys vulpecula c/c c/o c/o Y/I ‘Dunnett, 1964; R, How,
brush-tailed possum 1978, pers. coamun.
T. caninus c/c c/c A/A Y/~ R. How, 1981, pers.
mountain possum comaun,
Petaurus brewiceps ‘c/C N/N N/N Smith, 1980
Sugaer gliderx
Grzactel us lzadbeaterdi c/c c/c o0/0 Y/Y Smith, 1530
leadbeaters possum
Phascolarctidae
Phascolarctos cinareus o/o 0/0 0/0 G. Gordon, pers.
ia i comaun.
A A A Dunnett, 1962;
Holsworth, 1967
C Rathbun, 1979
ephant
ntulus rufescens [ A A Rathbun, 1979
ous elephant shrew
dae
Ie¥ aranaus P Crowcrofz, 1%857;
common shrew Shillite, 19563
Taipidae
Talpa egurcpa A/A Godfrey, 1957
furecpean mole
Chiroptera
Emballonuridae
Szccopteryx bilineata AlA o/p o/p Bradbury and
white-lined bat : Vehrencarcp, 1976
lostomatidae
Phyliostomus hastatus c/c N/N N/WN McCracken and
spezrnosed bat Bradbury, 1981
12/~ Xawamichi and
Kawamichi, 1979
bus coguereli -/a Pages, 1980
rel's mouse lemur
us I1/- 11/- 11/~ Martin, 2972; Charles~
mouse lemur Dominique 1977a
auT mustelinus I1/- Il/- I1/- I1/- Charles-Dominque and
ve lemur Hladik, 1971
ssicaudatus Alc AlC AfcC Y/~ Bearder and Dovle,
iTed bushbaby 1974; A. clark, 1378
pers. ccanun.
G. vii c/c c/n c/N /- Charles~Domirigue,
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PABLE 1 (Continued)

Philopatry persists:

Taxonomic distribution of natal philopatryl'"

Offspring breed on
natal area:
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(. senegalensis c/o c¢/o cl/o Y/~ Bearder and Martiwm,
~"Jesser bushbaby 1680; Charles-
Dominique and Bearder,
te, 1980; 1979 ;
lya and Dale, c. zlleni Al~ Al- Al- Charles~-Doainique,
Sanderson, 194} ~ 4llen's bushbaby 1977a, b
odictus potto AlA AlA Al -/ Charles-Doainique,
T, 1964; R. How, 1974
pexrs. commun.
» 1981, pers. Ala  AJA A/A 1/- Mackinnon znd
MacKinnen, 1981
1980 I3/- Fogden, 1974
1980
. Af= Montgomersy and
rdon, pers. Sunquist, 1978
1.
e, 19562; f
>rch, 1967 c/c  p/p  p/P 11 Ssmith, 1978, 1981,
Smith and Ivins, in
press
c/- c/o c/o Y/~ Mykytowycz, 1959,
an, 1979 1960; Young, Strecker
and Emlen, 1950
teatia
ua, 1979 s:iuridae .
Spermophilus clc c/o c/o Y/~ Michener, 1979, 13803
Richardson's Michener and Michener,
roft, 1937; squirrel 1977
ite, 196 §. terevica c/- c/- c/- Dunford, 1977a
round-tai
i 1
cey, 1957 squirrel
5. beldingi [ P/N P/N Sherman, 1980; Turner,
Belding's ground 1972
squirrel
5. beechevi p/o  P/N P/N Evans and Holdenreid,
bury and Beechey ground squirrel 1943; Dchson, 1979
eacamp, 1976 S. tridecemlineatus c/o c/o c/o Evans, 1951; McCarley,
thirteen—lined ground 1966; Schwagmeyer,
N 1980 -
acken and squirrel ?
bury, 1981 c/c 11/- 1i/- Johnson, 1981
Al- Al- Al- Slade and Balph, 1§74
michi and vio vio v/o Y/- Elliott, 1978; Yahner,
.michi, 1979 1s78
c/c c¢/c ¢/ Y/Y Thompsoz, 1978a, b

»s, 1980

tian, 19723 Charles~
inique 1977a

rles-bDominque and
dik, 1971

vrder and Doy12,_
45 a. Ciark, 1978
. commun.

rles-Dominique,
2, 1977a

P

AJA

AJA AlA

Layne, 1954; Saith,
1968

Smith, 1968

Viljoexn, 1977

Smolen, Gemnoways and
Baker, 1980

SR LRI,
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TABLE 1

Taxonomic distribution of natal philopacryl"*
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Marsupialia
Didelphidae
Didelphis virginiana Ala A= Al- Gillette, 1930;
Virginia opossum Llewellyn and Dale
1964; Sanderson, 198
Phalangeridae
Trichosurus vulpecula c/c c/o c/o Y/1 Dunnett, 1965; g, 3¢;
brush-tailed possum N 1978, pers. commun -
T. caninus c/c  c/c a/a Y/- R. How, 1981, perg. .
mountain possum commun,
Petaurus breviceps c/c N/N N/N Smith, 1980
sugar glider
Cymnobelideus leadbeate c/c c/c o/0 Y/Y Smith, 1980
leadbeacters possum
Phascolarctidas
Phascolarctos zinsreus 0/0 0/o o/0 G. Gordon, pers.
koala comnmun,
Macropedidas B
Setonix brac A A A Dunnetet, 1962; :
Guokka Helsworth, 1967 -
Insectivora
Macroscelididase :
Rhynchocvon chrysopygus C Rathbua, 1979 §
gclden-rumped elephant é
shraw , 3
i
Eleshantulus rufescens C A A Rathbun, 1572 i
rufous =lephant shrew §
Soricidae '
Sorex araneus P Crowcroft, 1357;
common shrew Shillito, 1953
Talpidae
Talpa eunropa AJA Sodfrey, 1957
European mole
Chircptara
Emballonuridae
Saccopteryx bilineata AlA o/p o/p 3radbury and
white-lined bat Yehrencamp, 1376
cstomatidae
Phyllostomus hastatus c/c N/N N/N MeCracken and
spearnosad bat 3radbury, 198L
Primates
Tupafidae
Tupaia 12/~ Xawamichi and
trse Xawamichi, 1979
Lemuridae e
Microcebus coquereli /4 o Pages, 1980 *
Coquerel's mouse lemur
11/~ 11/- 11/- Martin, 1972; Charles™
Cominique 19772
11/- 11/~ 11/- 131/ Charles-Dominguz a4
Hladik, 1971 :
A/C  A/Jc  A/c Y/- 3earder and Doyls, Py
19745 A, Clarz, 1787
P2rs. commun. T F
¢/c c/v c/N /-

Charles-Dominique, "~

1972, 1977a
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TABLE 1 (Continued) .
Taxonomic distribution of natal philopatryl"‘
Offspring breed on
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tesser bushbaby 1980; Charles- H
Dominique and Bazavder, H
1979 A
alleni al-  AI- Al- Charles-Dominigue, H
s{ien's bushkbaby 1977a, b :
;jiﬁﬂiiiﬁi potto A/ A/A Al- ETA Charles-Dominigue,
Zotio . 1974
sall
Ala  AIA AlA /- MacKinnon and
MacKinnon, 1981
13/- Fogden, 1974
Al- . Montgomery and
, peTN. Sunquist, 1978
1962: .
v, 1047 c/c P/P P/P -/1 smith, 1978, 1981,
Smith and Ivias, in
press
cf- cl/o c/o ¥/- Mykytowycz, 1959,
1579 1960; Young, streckex
and Emlen, 1350
tia -
1379 .
c/c cfo cfo ¥/~ Michener, 1979, 19803
ichardson's j Michener anc Michener,
Fr, 1957 squirrel 1977
>, 1963 i, gereticaudus ci- c/- c/- punford, 1977a
round-tailed ground
1957 squirrel
’ c P/N  P/N Sherman, 19803 Turaeft,
3 ing's grouad 1972
snuitrel
beecheyi p/0 PN P/N Evans and Holdenreid,
-y and ipechey ground squirrel 1943; Dobson, 1979
samp, 1978 v. tridecemline2rcus c/o c/o cl/o Evans, 1951; McCarley,
:Girteen-lined ground 1966; Schwzgmeyer,
ceo and sguirrel 1980
cy, 1981 . 5. riegatus c/c 11/~ IY/- Johason, 1981
ren uirrel
Af-  Al- A= slade and 3alph, 1974
chi and v/ 1i 578 Y
chi, 1979 v/o v/0 v/o - Elljott, 13783 ahner,
. ! 1978
¢c/c c/c cl/c Y/Y Thompson, 1978a, b
1980 .
AlA Layne, 19343 Smith,
n, 1972; Charles - : 1968
ique 19778 c Smith, 1988
eg-Dominque anid
v, 1971 AJA AJA Viljoen, 1977
ier and Doyles 3
., 1978,
a. Clarks P Smolen, Gznoways and

commun - Baker, 1980

les-Dominique.
, 19778
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TABLE 1 (Continued)

Taxonomic distribution of natal philopétr;l’“

2 Offspring breed on
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Dipodomys merriami

Merriam's kangaroo rat

D. spectabilis
bannertailed kangaroo
rat

P/P PP P/P

c¢/c olo c/e Y/y

Castoridae
Castor canadensis c/c

beaver

Cricetidae

Peromyscus maniculatus " ocl/c c/c
28Iomyscus maniculatus

Y/~
prairie deer mouse

Micretus zgrestis [
- —=———1% Z8restis
i field vole
M. arvalis c/¢
common vole

Y/~

M. moatanus c c
2+ Hontanus
montaas vole

M. pean

vlvaricus

meadow vole

11/- 11/~ 11/-

E. ochrogaster c/c
prairie vole

c/c ¢/ Y/- /-

Arvicola terrestris
watar vole

c/A Y/N Y/~

Neotoma
dusky-—

~-f0 c/o -/Y

- .

fiosridana
==cridana
eastern wsodrat

Psammomys obesus c/c

o/o
sand rat

Odontra zibethica P P
=£Lntrd zibethica
R muskrat

Rhizomyidae

Tachyoryctes splendens I1

- root-rat

Ba:hyergidae

Heldiophobius argentocinereus 11 I1 Il
silky blesmol

Muridae-

Mus musculus C
house mouse

M. ovbanguii I3 13 I3

Rattus norvegicus

A/A
Norway rat

Hyscricidae

2s africanus 12 12 12
t~tailed porcupine

izoentidae

izon dorsatus

Al-
rican porcupine

[
H
I}

vorocta punccata A/- A/~ A/- Y/~
==-.2T0Cta punctata
agouci
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Referemces
Heteromyidae

Jones, 19§2

Jones, 1982

Bradc, 1938; Townsand,,
1953; Beex, 1955

Howard, 1949

Hyllymaki, 1977a, »
Frank, 1957
Jannett, 1978, 1930

Madison, 1380

L. Getz,
commun.

paETS .

Airoldi, 1978; Lau:ze,
1976, 1980

Linsdale agad Tevis,
1951

Fitch and Bziney,
1956; Pearson, 1952

Daly and Daly, 1975

Errington, 1939

Jarvis, 1973

Jarvis and Sale, 1371

Anderson, 1967, 1870:
Crowcroft aad Rows,
1963; Eibl-Eibesfeldz,
1950;Fitzgerald, Kari
and Moller, 1981;
Lidicker, 1978; Rowe
and Rediern, 1369;
Selander, 1979

Genest-Villard, 197)
Hardy and Taylor,
1980

L. Emmons, pers.
commun.

Marshall, Gullion
and Schevals, 1962

Galef and Clark, 1976: : |

Smythe, 1978

.
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Caviidae

Microcas
desert

Carnivora
Canidae

Yulpes
red fc

Yulpes &
xit fo

Crecyon
gray f

Alopex 1
arctic

Grocyon

bat-ea

Feunnecus
fennec

Cerdocyc

crab-g

Ursidae

Ursus as

5lack

frocreonida

Procyon

raccoc

Mustelidae
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Species

caviidae

{

¥i rocavia

australis

austre -~

desert cavy

fox

Cerdocyon

crab-e

trsidze

Ursus 2@
black

U, arctoes

grizzly

?rocyonidae

vulpes

macrotis

bear

Procyom loter
raccoon

mephitis

skunk

NATAL PHILOPATRY

. TABLE 1 (Continued)
Taxononic distribution of natal philopatty!'“

Offspring bregd om

Philopatry persists: natal area:

d
- o
@ € % > e
& 2 L o T 3
o (== E a o~ U aQ o
Q o > [ e R =3
c ®O e - @ @ o ~
o o o Ealed E ® oo o
- w9 Eu Qo @ 1 3]
< n o El @ ]
wae woT VI o) aEU Y
ce & ©0 =0 og wass 2E
o w Q& 2 o» - e o W0 W oo
2 X e T S L o
v Swo Good T wmwg 8d
@ @ oY @ T a <woa 0 o

4 of~ [ Y/~
via v/a VA Y/~
v/~ 11/~ 11/- /-
0/1 /-
Af- Al- A/~ . ¥/-
11/~ 1L/- IM/- 1/-
11/- 11l/-
13/-
c/c c/x C/N Y/-
c/a AlA Af-
C’Commonitq:GﬂecdohJ
c/c  Ala AIN Y/-
AlA AlA A/A
o/o0 0/0 W/W
11/~
c/c c/- c/- /-
Al-
c/x c/n N/N
AfA I1,2/- 11,2/- i/-

References

Rood, 1970

Ables, 1969; Follman,
1973; MacDonald,
1580a, 1981; Phillips
er al., 19723
Sergeant, 1972;
Sheldon, 1950; Storm.
1972; Storm et al,,
1976; von Schantz,
1981a, b

Egoscue, 1956, 1975;
Golightly, 1581;
Morrell, 1972
Follman, 1973; Trap®,
1978

Hersteinsson and
MacDonald, 19813

1. Eberhardt, pers-
commun .

Lamprecht, 1979; J.
Malcolm, pers. comszun.
Gauthier-Pileers, 1367

Brady, 1979

Jonkel and Cowan.

1971; Lindzey and
Meslow, 1977; Rogers,
1977

Craighead and
Craighead, 19723
pearson, 1975

Frirzell, 19783
HPangen, 1954; Mech and
Turkowski, 19663
Schpaider, Mech zad
Tester, 19713 Stauwal,
1943

1980; Kruuk,
cozmun-;

Ahniund,
1978a, pers.
Neal, 1977
Messick and Horzoacker,
1981

Allen, 1939;
Houseknechtand Tester,
1979; Verts, 1927 A.
Sergeant, et al.,

in press

Erlinge, 1977; =.
Sinms, 1979
Gerall, 1970

Charles-Dominizue,
1978

waser, unpub.
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TABLE 1

(Continued)
Taxonomic distribution of natal philopatryl %
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Offspring breed on

[VoLume 54 |

< 20%Z. N
eported,
ance.

none™
none,

sional” or

12:

in another.
data on > 5 individuals,
but sample size is < 5 in
1l:
s or home ranges;
ia clustered home rarges.

alternatively,

occasional,

data on > 5

all disperse.

viduals or unstated.
author reporcs large/small or old/young indivig
author reports several s
author reports "exploded groups,

“tribes,"

Philopatry persists:2 natal area:
o
- oo
@ [ x> [
e =3 U o oo x -
o ez E o ©w - g a o
9 L o> +oa [=a =
£ kL £ o @ <o ~
O 4w - =) iy s
el (= E U @ @ o =
= - = w Q o
Y wWoT T o P 0w o
oo = o 2 o [0 =4 oo o ==
. 23 oxs 2k, H LY
Species ;2 T ER @ U e R Bt e References
MHd @c o @mNd A <voa oo
. ) By
Herpestes sanguineus Afa AN A/N Y/~ Rood and Waser, 1973
slender mongoose
H. auropunctatus I1/- 11/- Gorman, 1979;
small Indian mongoose Jones, 1953;
Nellis, pers.
H. ichneumon 13/~ Fuente, 1972
Egyptian mongoose
Hyaenidae
Hysena brunnea c/c c/c c/c Y/~ Mills, 1973, 1982;
brown hyaena Owens and Oweus,
1978, 1973
H. hyaeaa Il/- 13/~ Kruuk, 1975;
striped hyaeaa MacDonald, 1978;
Felidae Rieger, 1981
c¢/c  c/c c/o Y/~ Dards, 1978; Lauadrca
1977; Liberg, 1980;
; MacDonald and Apps,
1978; Pascal, 1980 .
0/0  N/N  N/N Seidensticker, et al.,
19723 .
N/A A. Geertsema, pers.
commun,
Acinenvxs jubacus c/c c/o c/o Y/N O Y/- Y/% Frame and frame,
cheezzh 1977, 1981
Panznera parduys Af- 11/~ Bertram, 1974;
lecpard Muckenhirrn and
Eisenberg, 1973
P, i A/A Al- A/~ Y/- Schaller, 1967:
tige Sunquist, 1981
P. onc A/- Schaller, 1980
jagu
Lynx A N/N N/N Bailey, 1 1981
lynx
Artiodactyla
Cervidas
Alces alces N/¥ N/N N/N Geist, 19
meose
Tragulidae
Byemoschus aquaticus c/c AlA Ala I/- Dubost, 1973
chevrotain
Bevidae
Cephalophus monticola c/c c/c c/c Y/Y Dubost, 1330
biue duiker
A~ Af- A~ Dubost, 1570
N/N R/N N/N Hendrichs, 1975
Trazelaphus scriptus I/~ 11/- 1i/- /- Waser, 1972
bushbuck
AfA A/A Jungius, 1970
Noges: female offspring precede slash; data for male offspring follow it. A singlz entry
that sexes were not distinguished. sence of an entry indicaztes the phernszenon
raported, though this may simply reflect lack of data.
natal philopatry: C = common, data on > 5 individuals, nc spersal in > 22:
data on 2> 5 individuals from two or more populations, nondispersal "ecszamea” 10

individuals, non-
anecdotal,
inferred iraem

asals together oT
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? TABLE 1 (Continued)
; individuals sharing a common home range. 13: author infers philopacry on other 2T vynstated
§ grounds. p = probable, young Vremain in natal area” but author does not jpdicats whether ) ;
H they are actually using the natal home range. - data do not exisT or are insuificient tO 3 .
§ allow placement in the above categories. g : B
: spffspring breed on natal area: Yy = yes. LI = snferred by author. ¥ = no. - = R®D data. b
. trhe following taxa do not appear since well-studied species are all gregarious: Perissodactylas 33 5
proboscidea; Suidae, Tayassuidae, Camelidae, Antilocapridae (Artiaéaczyla). The following taxa T
do not appear S data are lacking: Monotremata; pholidota; Cetace2; pinpipedia: Tubulidentata; 5
3 Sireniaj Pedetidae, Gliridae, Zapodidae, Dipodidae (Rodentia); Hippopotamidae, Giraftfidae 24 g
% (Ar:ioda:tyla). ] .
'% %
Referances B ) N . . . . %
shilopatry, relative to important reproduc- femnale’s daughters who used their natal dens X
~ k4 . . . ]
2o0d and Waser. 1978 \ive events, as an indicator of the extent to  as adults. !
cormsa, 19795 Lieze +hich parents of philopatric offspring might Follman (1973) described 2 red fox “terrt- :
k » 795 Lluzg- . . . .
Jones, 1953; ». | 1e forgoing their own future reproduction. tory” used by an old, a middle-aged, and a
ellis, pers. commza, .
. young female, along with a male; both older
Fuente, 1972 % > 5 ; ’
3 fernales reproduced during the study, and
: THE TAXONOMIG DISTRIBUTION OF they denned communally. Although these
Yills, 1978, 1932: : . . . .
Owens and Ovens. NATAL PHILOPATRY , four animals did not use space identically,
1978, 1979 . “ .
i  lets they evidently tolerated each other within a
Kruuk, : } . . . .
WacDonald, 1978: Natal philopatry 1s sidespread, occurring ~ common boundary, across which other foxes
RiegerT, 1981 . .
oEE . . raxa as divergent as edentates and ante-  rarely penetrated.
pards, 1978; Laumers, : . — . .. .
D877 Liberg, 1930: poLpes (see Tables 1,2). The ubiquity with MacDonald (19804, 1981) found that 16
Moo aly 100 " ich it has been observed is all the more radiotagged adults each occupied one of five
Seidensticker, et 2 .. ing, given the rarity of studies that fol- nonoverlapping ranges, which they shared
1073 3 re than a handful of individuals of with up to five other adults. MacDonald
A. Geertsema, peis. : . R . )
Soamon e *  inown parentage o zdulthood. In only a few suggested that the females that share a range

tions with reasonable sets of data are. are related, on the basis of observations of
ing reported to disperse. philopatry as well as of coat color and other
“family resemblances.” MacDornald’s (1981,
p- 925) “impression of fox groups . . - is of
Carnivores well integrated, social comnmunities, even if
’ their members spend much of their time out

ature of the data as a whole is of immediate physical contact.”
distribution of natal philo- It seems likely that variations on this
axz that also contain gregari- theme will be common among canids. For
The canids provide an excellent instance, den-sharing by female pairs, in-
Jhereas red foxes are solitary ferred on various grounds 0 be mother and
. foragers and usually live as pairs within non- daughter, has been repotted in the kit fox
overlapping territories, even the earliest field  (Egoscue, 1956, 19753), the arctic fox (Her-
. swdies suggested tantalizing exceptions. For steinsson and MacDonald, 1981), and the
pubose, 198 instance, Sheidon (1950) reported cases of bat-eared fox (Reynolds, 1976; J. Malcolm,
pubost, 1970 ‘ -0 Hiters raised together in a single den, as pers. commun.). Thus there are no firm
«ell as cases of dens shared by nursing and dividing lines among the pair-territories
“arrep” females. Sheldon also reported a with occasional philopatry exhibited in some
female philopatry —a pup tagged in  fox populations, the group ranges shared by
1547 was recaptured within 1/5 mile a year philopatric but independent kin in others,

rrame and Frame,
1977, 1981

Bertram, 1974;
Muckenhirn and
Eiseaberg, 1973

. with Gregarious Members

Schaller, 19673
Sunquist, 1981

Schaller, 1980

:
1
|
3
I

pailey, 1674, 1931

Ceist, 1971

o s

pubost, 1978

il

Hendrichs, 1975

Waser, 1974

et

Jengius, 1970

= and a half later. the small matrilineal groups of some coyotes
Tron 1o, A simgle enttY T Sheldon (1950) did not imply that female and jackals (Bekoff and Wells, 1980; Bowen,
ndicates the pheaoment? ¢ den-sharing and nondispersal were related, 1981; Moehlman, 1979). and the permanent

ore recent studies suggest that to be family groups of wolves (Mech, 1970)—

N nondispersal in > 20%-

a

condispersal "eomnon case. Ables (1969) followed a red fox indeed, variation along this continuum can
> 5 individuals, no® N b iy . .
‘e, A = anecdotal. { - that included a male and female who occur among populations within species
i. I = inferred from o

idividuals togetherl or ia
21 same-aged younsd adults
"eribes,'" OT Welans" of

ed to use their natal dens until at  (e.g., Kleiman and Brady, 1978; MacDon-
three years of age, as well as two of the  ald, 1978, 1979a).
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Parallel examples occur in all carnivore
families with gregarious members: procy-
onids, viverrids, hyaenids, and felids (Table
1). All contain species that live in groups,
generally based on matrilines. Among the
viverrids, female palm civets forage in their
mothers’ ranges until they mature at two
years of age, and so three successive cohorts
may cohabit (Charles-Domninique, 1978).
Young white-tailed mongooses forage inde-
pendently within their natal range through
at least their first year. The adult females
den solitarily but live in “clans,” sharing a
home range with presumed relatives, and
excluding non-clan individuals (Waser,
unpub.). Among the hyaenids, brown hy-
aenas forage solitarily, but in some areas
most juveniles of both sexes live at least their
first three years on their natal range; males
then frequenty but not always disperse
(Miils, 1982; buz see Owens and Owens,
1979).

Paruculariv ”‘“ng are data from solitary
felids. Cheetah cubs remain with their moth-
ers from 14 to 18 "nanths, then forage in sib-
“ling groups (Frame and Frame, 1981). By
two vyears of age, all young females leave
their sibling groups but remain within the
mothers’ home ranges. Most daughters con-
tinue to share their mother’s range through-
out life, and often reproduce there, though
mother and udhg"lt avoid each other.

Corapared with most felids, feral house-:
cats are ideal subjects for long-term studies
of individual life histories, and their poten-
tial contribution to the understanding of
philopatry is beginning to be exploited.
Among farm cats, female philopatry is asso-
ciated with social tolerance, simultaneous
reproductio and even shared suckling
Wit whereas hunting remains

ir {Laundré, 1977, MacDonald
9/8) in a high- dens1ty cat pop-
ulad:m in the Plymouth (England) dock-
yards, Dards (1978) found fernales sharing
family ranges with little overlap among
groups: moreover, 9 out of 20 of the young .
males she studied did not disperse even as
yearlings. Sd ed home ranges within matri-
lines have been reported among cats in areas
far frem human mutualists (Liberg, 1980;
Pascal, 1530}, Unfortunately, field studies of
the likely ancestors of domestic cats are vir-
tually nonexistent, though Felis libyca can be

”Cﬁ
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readily followed in some study sites (Waser,
pers. obs.).

Primates

The great majority of primate genera are
gregarious, and groups in nﬂally all species
are matrilineal. Work on prosimians demon-
strates that an even more general primate
characteristic is female philopatry per se,
resulting in clusters of related females in

overlapping home ranges. In every species .
of bushbaby that has been investigated, .

mothers shared home ranges (and some-
times nests) with their grown daughters.
The extent of inferaction and the proportion
of nondispersing juveniles varied among
populations (Bearder and Doyle, 1974,
Charles-Dominique, 1977b; Clark, 1978).
Similar phenomena have been described in
other prosimians (Table 1}. Charles-Domi-
nique (1977b) has already noted the similari-

ty in patterns of interaction and spacing .. |

among primates (e.g., bushbabies) and soli-
tary carnivores {e.g., palm civets).

A related phenomenon has been reporied
in several primates living in small monoga-
mous families. Among gibbons and siamangs,
the offspring are eventually isolated in a pe-
ripheral subset of the parental group’s home
range, and the parents then avoid the allo-
cated territory {Aldrich-Blake and Chivers,
1973; Tenaza, 1973; Chivers and Raemak-
ers, 1980) Tilson (1981), reviewing the fates
of maturing Kloss’s gibbons, Hylobates kloss,
found that 7 out of 8 juvesiles of both sexes
eventually established themselves on or
immediately adjacent to their natal range by

[VoLuME 58

one of three routes: by establishing a new
territory, with parental assistance, on the .
periphery of their parents’. by emigrating to =

an immediately adjacent group upon the..
death of one of its adults; or by replacing one;

of its own parents. Tilson suggested that th

odds are against a juvenile’s successful estab-:

lishment in a breeding group not immediate-

ly adjacent to its parents. Although maturing -

animals might simply have better informa-

tion about nearby openings, Tilson’s obser-~

vations suggest that direct parental aid, -

usually in the form of anne mng space, 18 e

cessary. It would not be surpnsmcr if similars

phenomena were discovered
mous neotropical monkeys.

in Imonoga -
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Ungulates
gocial groups in many ungulate species
¢ of unrelated animals, but at least
taxa provide exceptions. Groups are
neal in gregarious cervids ([e.g., mule
deer Odocoileus  hemionus) (Linsdale and
romich, 1958) and red deer (Cervus clephas)
Darling, 1937, Guiness, Hall, and Cocke-
a1, 1979)] White-tailed deer (O. virginian-
.5), which are at least seasonally solitary, tol-
-ate daughters on the natal range more
.pan a year past their reproductive maturity
palmer, 1951; Hawkins and Xlimstra,
1u70); larger groups, in some habitats, may
reflect  greater natal philopatry (Hirth,
;977). Roe deer females (Capreolus capreolus)
Lre also relatively solitary, but may breed
. remain their entire lives in the same
Lmily area (Kurt, 1968).

A more extensive continuum of social
<ructures involving philopatry appears to
~vist among the tragelaphine antelopes. Al-
ough soms species form permanent matri-
ineal groups, the lesser kudu (Tragelaphus
wberbis) and the nyala (7. angast) form only
uall and temporary associations. Neverthe-
s fernales often share home ranges with
eir close female relagives (Leuthold, 1974;
Anderson, 1921). Some bushbuck popula-
-..ns show extensive overlap of their home
ranges  and repeated  brief associations
uong particular fernales, characteristics
~iggesting a simuar, though still less grega-
s, pattern (Waser, 1974). ‘

Elephants and most hyrax species live in
.arilinezl groups {Leuthold, 1977; Hoeck,
1432). Interestingly, the more solitary tree
wwrax {Dendrofyrax arboreus) may have a pro-
winian-like social organization (Kingdon,
Hoeck, pers. commun.)

ANSIS
“hree
matrill

t

o

o
oo

ey

971, H

y e

Marsupials

their natal territories,
“ough he did not indicate the sexes of those
‘nat stayed nort the cetails of any individual’s
T - is less ubiquitous In
“rush-railed possums, but the data are more

D 1064) found that 4 out
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of 6 females followed through their first year

“ bred on their mothers’ ranges (their mothers

were still alive and reproducing}; one male
also matured on his father’s home range and
may have bred there. R..How (1978, pers.
commun.) also found both males and fe-
males maturing (and females breeding) on
their natal home ranges, although the pro-
portion of philopatric young in his study was
smaller.

Rodents

Lifelong natal philopatry by at least some
fernales is 2 ubiquitous phenomenon in Sperm-
ophilus ground squirrels as well as thelir more
gregarious relatives, the prairie dogs and
marmots (Table 1). Data on philopatry in
woodchucks would be highly desirable; al-

. though most authors (Grizzell, 1955; Snyder
and Christian, 1960; Barash, £971) have
stated that juveniles disperse in their first
year of life, Merriam (1971) observed that
woodchuck burrows were grouped into
“wards” similar to those of prairie dog
colonies.

A Jess well-known continuwm OCCUIS
among the African mole-rats. This situation
is particularly interesting given the existence
of the “eusocial” naked mole rat, Heteroceph-
alus glaber (Jarvis, 1981). Jarvis (1969, p.
238) has reported that in the blesmol (Bathy-
ergus sutllus) “small groups probably occupy
the same burrow system and form a loose-
knit colony.” Whether the members of these
colonies are related is unknown. But in the
root rat, offspring may extend one of the
maternal burrows and then close nff the pas-
sage to the original burrow (Jarvis, 1973).
And Jarvis and Sale (1971) have reported
that in the silky blesmol three adjacent bur-
row systems were all occupied by adults of
the same size. They suggested thar the three
burrow systems were originally part of one
system and that their occupants were prob-
ably sibs.

Philopatry in Taxa without Gregarivus Members

While taxa containing gregarious species
include a disproportionate share of solitary
species that xhibit prominent philopatry,
philopatry also occurs in taxa without grega-
rious members. Cricetid rodents and muste-
lid carnivores, for instance, both include
species in which lifelong philopatry occurs

L
#
&
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(Table 1). Among heteromyid rodents, ex-
tensive philopatry has been documented in
" two species, the Merriam’s and the banner-
tailed kangaroo rats. Among Merriam’s kan-
garoo rats, mothers abandon the natal bur-
row to their offspring soon after weaning,
although they continue to share the natal

range for some time. Subsequently, about .

90 per cent of the offspring surviving to
maturity settle within a home range diam-
eter of their natal area (Jones, 1982). Adult
female bannertailed kangaroo rats and their
litters may share a burrow for six or seven
months before the young eventually move to
one of their mother’s auxiliary burrows or to
an adjacent burrow outside the natal range.
Seventy-five per cent of bannertails reaching
reproductive maturity breed within a home
range diamerter of their birthplace (Jones,
1982).

Probably the most detailed data on philo-
patry in a solitary genus concern bears.
Rogers (1977, pers. commun.), in a contin-
uing study now spanning a decade, found
that attachment to the natal area by black

bears persiszed far beyond “family breakup”

A

tive y . At that time, both mother and
spring modified their ranging patterns—
Ing restricting their movements to
: the area used as cubs, the moth-
» {using] the ranges of . . . year-
g nearly exclusive use of those
he young bears” (Rogers, 1877, p.
years of age, 24 out of 24 radio-
S

mothers’ home ranges.

Following their second winter, Rogers’
Juvenile males left the natal area; all (10 out
of 10) of the young males establishing them-
selves within his study area came from out-
side. In contrast, most females gradually
expanded their home ranges from nuclei
ithin what had been their mothers ranges,

n

while the mothers avoided use of those areas. -

Daughters were opportunistic when chances

0se to expand into empty space. Of 14
radiocollared three-year-olds, 5 remained
within their mothers’ original home ranges,
4 inherited the maternal range (sometimes
along with sibs) upon their mothers’ deaths,
d 4 ook advantage of neighbors’ deaths
and moved to immediately adjacent home
ranges. Most daughters were still in these

same areas {as were their mothers) when

>

fi
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- they had their first licers at four years of ag
or later.

Data from other areas indicate that the
details of philopatry can vary considerably
within the genus. For instance, Jonkel and
.Cowan (1971) did not document the with-
drawal of mothers from areas used by their:
daughters. Instead, home ranges were
shared: “bears stay in . . . small home ranges
that overlap with the ranges of a limited
number of neighboring bears. . . . [This pat--
tern] could be a natural extension of famj]

38).

SEX BIASES IN PHILOPATRIC TENDENCIES

In a large majority of species surveyed,
females are the sex least likely to leave the -

parental area (see Table 1). The only soli-»

tary mammal with a strong bias towards"

male philopatry and female dispersal is the
white-lined bar, within which 76 percent of

young males establish territories adjacent to.
their natal roost, whereas very few females:

do soi(Bradbury and Vehrencamp, 1977).

There are a number of other species in -

which philopatry is temporally male-biased;-
that is, in which the males. remain in the
natal home range on average longer than do
the females, though the. probabilities of
inheriting that area are similar in both sexes.
In leadbeaters possums, the males disperse
later and perhaps less far, although both .
sexes eventually leave the natal range
(Smith, 1980). Female mountain possums -
disperse before the males do (How, 1981), as
do female blue duikers (Dubost, 1980) and
female pocket gophers, Thomomys  boltse -
(Daly and Patron, 1982). In some popula-
tions, but not all, pika males persist in areas
at the periphery of their natal home range
until a nearby territory opens up, usually in
their second year of life, whereas the females
leave in their first year (Smith, 1981; Smith -
and Ivins, in press). ‘
Philopatric tendencies are not always
biased by sex. Limited data suggest simih:u‘
degrees of male and fernale philopatry u
brown hyaenas (Mills, 1982; Owens and -
Owens, 1978), European badgers (Ahnlunc, -
1980; Kruuk, pers. commun. ), BeeCth‘:
ground squirrels (Evans and Holdenreid,
1943), water chevrotains (Dubost, 1978h
gray squirrels (Thompson, 1978b), and -

relationships” (Jonkel and Cowan, 1971, p.:.
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koalas (G. Gordon, pers. commun.). The
frequency of dispersal from the natal area
does not differ significantly between the
sexes in Merriam’s kangaroo rats {based on
124 offspring) and in some populations of
bannertailed kangaroo rats (129 offspring)
(Jones, 1982). In prairie deermice, more
males (24 out of 77) than females (12 out of
78) disperse more than 500 feet (Howard,
1949), but this apparent bias may actually
reflect larger male home ranges rather than
a greater tendency for males to leave the
natal range. Furthermore, and it is impor-
tant, there are some species in which median
male dispersal distances are longer than
those of females, but in which the prob-
abilities of natal philopatry are similar; that
1s, whether individuals leave the natal area
at all and how far they move before settling
may be determined independently.
Greenwood (1980) has recently discussed
the selective factors that might determine
ow far members of each sex move before
etiling. Arguments raised to explain sex
1ases in median dispersal distances, how*
ever, do not necessarily elucidate whether
the sexes should be equally likely to take the
fi ut of the natal range. In particu-
ikely an individual is to remain
philopatric should be strongly influenced by
the consequences of reproductive interac-
tions with parents, a deduction supported by

o

73

o
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two trends in the distribution of philopatric

tendencies. First, where juveniles remain in
the natal area past weaning but not past re-
productive maturity (as in beavers or the

American badger), both sexes tend to be

species (63%). Second, sex
opatric tendencies tend to be

: and effecrively more iteroparous. For
among rodents, Belding’s ground

; the males, however, disperse and
i v female-biased (Sher-
7, 1831). In contrast, sex bias is
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less pronounced or absent in shorter-lived
species such as kangaroo rats and deermice,
within which the probability of an adult
breeding simultaneously with its offspring is
low. In such species, the probability of philo-
patry is high in both sexes (Jones, 1982).
Both trends are consistent with the view that
sex biases in probability of philopatry reflect
selection against inbreeding. Both trends are
also consistent with an alternative explana-
tion, that reproductive competition with
parents discourages philopatry in one or
both sexes. ‘

Greenwood (1980) has also ingeniously
related the sex that disperses to aspects of the
mating system. Greenwood hypothesized
that male philopatry is favored where males
defend territories (not mates) and where
familiarity with the natal area or prior resi-
dence gives a male the edge in its defense.
But among solitary mammals there are un-
ambiguous cases of male territoriality not
correlated with male philopatry. In the
majority of species, males inhabit mutually
exclusive areas that include or overlap the
ranges of several females, even outside the
breeding season, and encounter those fe-
males only occasionally. For instance, male
raccoons use large home ranges (overlapping
those of several females), from which they
exclude each other. Males do not associate
with or “defend” the females, yet they are not
philopatric (Fritzell, 1978).

Complicating this line of analysis is the
difficulty in operationally distinguishing
“territory” and “mate” defense. Red fox
males are rarely seen to interact aggressive-

ly, but they utilize mutually exclusive areas

with stable boundaries throughout the year,
areas from which they are virtually never
evicted. Thus, male red foxes are tradition-
ally viewed as territorial. Then why is philo-
patry female-biased? In the absence of un-
ambiguous criteria for recognizing “mate
defense,” it is impossible to exclude the pos-

sibility that foxes are practicing it, yet it -

would seem that in such cases males would
gain the same advantages from prior resi-
dence that Greenwood hypothesizes have led
to a predominance of male philopatry in
birds. -
Forms of male-male competition in
species with a strong bias toward female
philopatry show no obvious common char-
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acteristics distinguishing them from species
without such a bias. In pikas, in which philo-
patry is temporally male-biased, males and
females are both strongly and mutually
territorial except when a female is in estrus;
the same is true in some red squirrel popu-
lations, in which philopatry is female-bi-
ased. White-lined bats (male-biased philo-
patry) practice resource-defense polygyny,
as do yellow-bellied marmots (female-biased
philopatry).

Nevertheless, the existing evidence does
not contradict Greenwood’s more general
suggestion that sex biases in philopatry are
somehow correlated with aspects of the
mating system. For instance, Rogers (1977)
has suggested that parents tolerate non-
dispersal in the sex whose reproductive suc-
cess they can thereby increase the most.
According to Rogers, black bear mothers
cannot “aid” their sons, since males require
a huge area to find and inseminate multiple
femnales. In contrast, their tolerance of philo-
patric daughters results in the more rapid
growth and earlier sexual maturity of those
daughters. Another possibility is that the
direction of sex biases in philopatry is cor-
related with the extent to which an offspring
of each sex is to the reproductive
success of its same-sexed parent, a situation
which in turn would reflect patterns of
maternal versus paternal care.

THE TYPES OF NATAL PHILOPATRY
Natal philopatry cccur
variants (Table 2):

(1) Parents may tolerate offspring within
their home ranges into adulthood, foraging
independently and interacting only occa-
sionally. In such cases, the home ranges of
parents and offspring extensively overlap,
though either offspring or parent may even-
tually expand its range beyond the original
common arsa. In extreme cases, the home
ranges of parents and independent offspring
may be virtually congruent; individuals
inhabiting “stacked” home ranges have been
referred to 2s members of a “clan” (e.g.,
Kruuk, 15782

(2) Parents may relinquish a part of their
home ranges o the offspring, which then
tend to be diswributed in territories on the
periphery of their parents’. The boundaries

in three major

[wdlvio]
[ve ™

B

oW

between areas used by parents and by off-
spring may then be maintained by mutua]
avoidance. Again, the offspring often event-
ually expand their home ranges beyond this
nucleus into areas not originally used by the
parent.

(8) Parents may disperse, and thereby
relinquish the use of their oringinal home
ranges to their offspring.

Home-range sharing (alternative 1), the
only form of philopatry compatible with
gegariousness, is also by far the most com-
mon form among solitary species (see Table
2).

Natural selection might favor either al-
ternative (1) or (2) depending on the spatial
distribution of resources, along the lines pre-
dicted by many models of animal spacing.
Some red squirrels, black bears, and rufous
elephant shrews might indeed inhabit spa-
tially homogeneous habitats, subdivisible so
that any subset of the mother’s total home
range would contain a complete range of
critical resources. Under these circum-
stances, offspring could survive in a periph-
eral subset of the maternal range and (as was
first argued by Smith, 1968) nonoverlapping
areas of activity might minimize the energet-
ic costs of foraging. But spatial heterogeneity
in resource distribution seerns likely to be a
quite general phenomenon. Wherever re-
sources are not evenly distributed, and
particularly where resource lacations “move”
In space, overlapping home ranges should be
favored (e.g., Waser and Wiley, 1979).
Several species (red squirrels, black bears)
that show interpopulational wariation in the
likelihood of alternatives (1) and (2) provide
a potential test for this hypothesis.

There may be ways in which the cost to a
parent of sharing a home range could be
reduced. In addition to cooperating with or

[Vorume 58

reproductively suppressing their offspring .-

(see p. 380), females might expand their
home ranges beyond their own survival

needs and allow their offspring to occupy -

this excess area. This pattern occurs in 2
number of species, including round-tailed
ground squirrels (Dunford, 1977b), Rich-
ardson’s ground squirrels (Michener, 1979),
BEuropean rabbits (Mykytowycz, 1960), and
red squirrels (Smith, 1968). Among banner-
tailed kangaroo rats, females usually acquire
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TABLE 2

Forms of philopatry1

Species Form of philopalry

wyrsupialid

NATAL PHILOPATRY

might reflect lower risks of adult emigration
in comparison with those faced by juveniles.
Abandonment of the home range might

occur only where parents could easily ac-

srichosuzus yulpeculs o quire resources for future reproduction be-
selideus leadbeafers ° cause they have advantages of time, experi-
: #=2 ence, oOr size. Female woodrats, which
i §acs ryx bilineatsa [} . B .
1 sometimes abandon their houses to their off-
¥ . . .
i 0 spring, often shift their home ranges as
0 , .
0 adults even when they are nonreproducuve
0,E . - . . -
Koy (Fitch and Rainey, 1956). Simnilar behavior
& . o, oceurs in the Algerian sandrat (Daly and
gm_ otoAaad princeps ’ A
"ble , icalagys cunicules ° Daly, 1975) and in the field vole Myl
3 ot ichapdsenil o lymaki, 19772). Adult female housecats
3 H Jonilus T i . N
£ § Terecicaudus 0 travel widely and may “seed” unoccupied
FoAks i g . . . -
. : 0 areas with new litters Liberg, 1980). The
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Ktlal .ot Gecemlineacus Q . . . N
S irianus 0 relative riskiness of dispersal to adults and to
iinensis Q . . - .
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ding. hugsenind o )
Lfous 0,7 measurement in the montane vole, a good
; : - canadensts o K candidate for investigating the hypothetical
L Spa~ H s-us maniculatus ° d f 1 8 N N N
fle so : . advantages of parental emigration, since in
home : ° . this species. the frequency of emigration
ge of E:0 varies with population density (Jannett,
eurn- 0 1980). '
ettt 0
riph- .
enp ] HE GAUSES OF NATAL PHILOPATRY
as was i ’ . . . .
\pping : 0 It 1s possible to 1magine advantages 10
rerget- : S enes 0 both dispersal and philopatry. The relative
reneity i iz fomesticus 9.E- strengths of those advantages evidently vary
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Life history correlates of natal philopatryl

TABLE 3

No. of Annual survivorshipb
litters litter
Species per year? sizel . juvenile adult Referencss
Marsupialia
Trichosurus vulpecula 1-2 1 .90 .20-.30 How, 1978; Smith, Brown, and
: Frith, 1369
T. caninus 1 1 44 .85 How, 1975, 1978&, 1981
Gymnobelideus leadbeateri 1i-3 (1-2) Smick, 1980
Chiroptera
Saccopteryx bilinearta 1 1 .78 Bradbury and Vehreacamp, 1976,
1977
Primates
Galago crassicaudatus 1 (1-3) .84 >.85 Charlizs-Dominigue and Bearder
1979; Clax 1978
6. demidovii 1 (1-2) .70 Charlss-Dominique, 1972, 1977a
G. senezalensis 1-2 (1-2) Beardar and Doyle, 1974;
Charlss-Dominique and Bearder,
1979
Perjcdictus potto 1 1 high Charles-Dominique, 1974
Lagomcrpha
rona princeps 3 -55-.67 Smith and Ivins, ia press
3.9 W10 - Mykyrowrez, 195%, 1960;
Southzre, 1540
1 4.9-8 .27 .55 Michener, 1579, 1930; Michener
and Michener, 1%77; Nellis,
1969
1 6. Dunfeoxrd, 1977a; Neal, 1964
1 5.6 07-,46 .32-.77 Morton &nd Gallsy, 1975; Shernan,
1981; Turner, 1%72
i 6.3 .31 .31 Evans and Eoldemreid, 1943
1-2 6.7 W15-.24 .35-.59 Evans, 1951; McCavley, 1966;
Rongs:ad, 1%65
Tamias striarus 1-2 4 .35 .56 Ellieczt, 1978; Yerger, 1955
Sciurus caroli 2 3.1 .40 46 Thompsor, 1978a, b
Tamiasciurus huds:z < i-2 4.0-4.5 Layne, 1%54; Rusch and Reeder,
1978
Dipodomys me 2.4 2 .28 .17 Jones, 1382
D. spectabilis 1-2 2 .52 b4 Jones, 1282
Castor canadensis 1 4 high Bradz, 1%38:; Novakcwski, 1967
Peromyscus maniculartus 2-3 3.6 .01 .01 Howard, 19472
Microtus arvalis multiple 7 low low Frarck, 1954, 1937
M. montanus nulciple 2.5 low low Jan » 1978, I%B3J
M. ochrogaster multiple 1-0 low low Getz and Carter, 1980; L. Getz,
pers. ccamun.
low low Leuze, 1876
1-5 2.2 .33 .32 Linsdéale and Tewvis, 1951
multiple 3.7-7.4 low o Berry, 1368; Bromson, 1979;
Newseze, 1959; Swmich, 1954
1 1-2 .30 low Smythe, 1978
2-4 2.8 low low . .Rood,. 1970
1 4-7.1 .35 .70 Ables, 1275; Llewyd, 1980; Stora,
1972
< 1 1.6-2.3 L74 .85~.88 Herr=ro, 19378; Joakel and Cowana,
1971; 1972
1 (1-4) low J. Eri Ders. commun.;
Simms,
1 {(1-2) Charles-3ominique, 1978
1 (1-4) high Asdell, 196%; Ewer, 1973
1-2 3.9 .65 Asdell, 196%4; Lzunire, 1977
< 1-2 3 high Frame and Frame, 1377, 1981
< 1 2 .5-.7 high Schaller, 1957; Suonquisc, 1981
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TABLE 3 {Continued)

Life history correlates of natal phi.lopar_ry1

No. of Annual survivorship”
T litters Litter
specics per yaar2 size? juvenile adult Raferences E
- — :
aztyla i
1 1 .70 .90 pubost, 1980

,’:w‘i monticola

-.is and subsequent tables include all species in which philopatry beyond the next pareazal brzzding
S lsade is common jn at least one Sex, or in which offspring are koown to breed in the natal azTea
i:e the parent remains alive. .

Tanies
veins OT ranges of means where rasults of several studies differ; if means are unavailatle, raz3es
sivena in parentheses

.5 are given where interpopulation yariability is reported. "High" means that adulz lenpevity 1s
. nhe order of a decade or longer; "low," that adult longevity is rarely greater than Jne ye3T. 1z
,ilues are not reported by authors, they are estimated from reported mark-recapture data-

. "owing the rule, “On reaching adult size 10 range-sharing between parent #nd off-
Lsperse to the nearest empty home range,” spring and, indeed, no parental Investment
.uld have a significant probability of con- of any kind. It seems questionable whether
-auing to use all or part of is natal range there are many species in which philopatry
.~ thus, by our definition, would be philo- 1s both common and solely oppoOrtunistic.

S iTiC, ] Even species with high adult mortality rates,
Lihaaer In the second category are species, such as  such as voles, generally produce young that
Brse - black bear, that hbave 2 high adult sur- reach maturity so rapidly that parents ar
954 vorship, in which case philopatric off- still likely to be alive and breeding. No
vy Shersan. «ring become th ir parents’ contemporaries  studies have yet collected the detailed demo-
Loas . the same or adjacent home ranges. We graphic data necessary to recognize philo-
Labe: 1 discuss these two categories separately.  patry occurring more frequently than ex-

g pected given the probability of chance

1955 ; nistic Philopatry openings.

| weedos. In a prescient paper, Murray (1967, p. Nevertheless, opportunistic philopatry
77y argued that “individuals that . . . stay ~may have important CONSEqUENCES for the

-ar their birth place until they approach evolution of philopatry in general. Oppor-
aurity, [that] aggressively compete for tunities for inheriting the parental home
~:eding sites, and [that] respond to domin-  range may not be the norm for many spe-
= opponents by moving away [would  cies, but they are at least occasional for all.
aximize their]l chance of reproducing.” The advantages to a maturing juvenile of
\wsuming further that residents (including preferring philopatry are quite general: non-

wi, 1997

3; L. Cetss

arents) are always dominant over tran- dispersing animals have a built-in familiar-
1951 -nts and that transients would move only ity with the dangers and resources of their
R -~ . far as 2 i 1

7 Y95 < far as the nearest empty site, Murray home ranges, they run none of the risks of

hat the expected distribution dispersing, and the vicinity of the natal
dispersal distances roughly — range is arguably the area where suitable

4

that which had been observed in  habitat and mates are most likely to be found
.

19805 StoTH. mall vertebrares. Murray’s arguments have  (cf., Howard, 1960; Lidicker, 1975; Ander-
e 2o i to be tested guantitatively while using  son, 1980; Gaines and McClenaghan, 1980;
el and Cowad. . . . = > 3

‘v history data and dispersal distances from Shields, 1982). Selection would then be ex-
' tions, but juveniles in many pected to favor the spread of a tendency
:zinly sertle on the natal range  toward opportunistic philopatry if it arose in

sgmmun.

wedieswill ¢

1978 .

1073 " the opportunity arises—that is, if they do any mammalian population, even if it were
aca, 1977 -6t need o contest its use with a same-sexed  not the ancestral state. Once established, it
a77, 1981 Arent. is easy to imagine the modification of thresh-
nguist, 1985 : Opportunistic philopatry would involve olds for philopatry, so as to result in increas-

R b ks RE
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-ingly delayed dispersal or in higher probabil-

ities of nondispersal even when parents
remain alive. For instance, the fall gener-
ation of juveniles in prairie deermice (King,
1963), house mice (Anderson, 1970), and
several vole species practice opportunistic
philopatry. Adults rarely survive the winter,
and philopatric fall juveniles inherit the par-
ental nest and home range. In some species,
philopatric tendencies characterize some
members of spring generations as well —
either by early litters remaining with the
mother (prairie voles: Getz and Carter,
1980) or by parental emigration when the
offspring reach adulthood (some montane
voles: Jannett, 1978).

Philopatry by Parental Consent

Many of the species in which philopatry
has been noted as being common share rela-
tively high adult survivorship rates and low
rates of reproduction (see Table 3). It is in
thess species that the inrerests of parents and

fspring may differ, for competition with
1:‘1 opartric oﬁspr.no may decrease the par-

nts’ future reprocductive rate. Yet there is no
obﬁouQ lack of philopatric tendencies in
species with high adult survivorship. Phil-
opatry is as common in species with high
annual survivorship rates as it is in shorter-
lived species (12 out of 33 species in Table 3
have annual survivorship rates above 0.67,
compared t¢ 13 out of 33 below 0.33 and

&5

only 8 out of 33 with intermediate annual
survivorship.)

In some taxa (\'nota'biy canids, galagos
and heteromyid rodents), there is a trend in

the dlrectzon opposite from that expected if

philopatry were opportunistic: species with
lower adult mortality rates show more fre-
quent or extensive natal philopatry. A re-
lated trend occurs in terrestrial sciurids.
Armita

e (1981\ found that age of dispersal

uq

tend to be longer-lived? If so,
s”zow the same perverse trend,
namely, parents are more likely to tolerate
nondispersing offspring when, as a result of
high paren tal survivorship, they would seem
more likely to have to pay a cost in reduced

future repro du ction.

sciu :i

u«, r,
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Correlation of prolonged natal philopatry .= |

with high adult survivorship would make

sense if parents tolerate their nondispersing -
offspring wherever opportunities for success. o
ful dispersal are rare—the “habitat satura- ..

tion” hypothesis. We can examine this and
other hypotheses advanced in the literaturs

by comparing the ecological characteristics .-

of philopatric species (Table 4).

Habitat Saturaton

Smith (1978) studied pika populations in
Alberta, Colorado, and California. The

populations differed in degree and const tancy
of habitat saturation, deﬁned as the propor- -z
‘tion of usable talus patches occupied by -
pikas. Smith was able to correlate demo- -

graphic characteristics with these variables.
Yet, despite the advocacy of habitat satura-
tion as a determinant of natal philopatry in
communally breeding birds (Brown, 1974,
1978; Gaston, 1978; Stacey, 1979; Trail.
1980; Koenig and Pitelka, 1981; Erlen,
1982), no studies of mammals have directly
mvestlgated the effects of saturation on the
proportion of philopatric offspring.

If habitat saturation were the primary
ecological condition that favors natal philo-
patry, only opportunistic philopatry would
be expected in populations subject to den-
sity-independent regulation. Populations
that are usually below carrving capacity for
other reasons would also be of interest— for
instance, those populations limited by pre-
dation or disease, or subject to drastic
changes in carrying capacity between breed-
ing seasons. Into such categories might fall
the gray fox and striped skunk, which in
some areas are regulated by disease (Trapp
and Hallberg, 1975; Verts, 1967), and the
Virginia opossum, which in much of is

range is limited by predators or winter cli-

mate (Fitch and Sandidge, 1933; Llewellyn

&

and Dale, 1964). Philopatry is not extensive .

in thesespecies (see Table 1). More general- .

ly, the resources inferred to limit population
sizes in species commonly regarded as philo-
patric are (1) food and (2} den sites, borh of

which are presumably density-dependent -

(see Table 4).
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Species
P
Marsupialia
Trichosurus wvu

T. caninus

Gymnobelidaus 1

Chiroptera

Saccopteryx b

—

Primates
Galago crassics
G. demidovii

. senegalensis

(3]

Periodictus pot

Lagomorpha
Qchotona prince

Oryczolagus cun

#odentia

Spermophflus ri

L

. tereticaudus
S. beldingi

S. beecheysi

S. tridecenline

Sciurus cavolin
tamiasciurus hu

Jipodomys zerri

‘. spectabilis
-astor canadens
feronyscus mani
Microtus arwvali

4. montanus

. ochrogaster

irvicola terres

Neotona fuscipe
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4SS musculus
Jasyprocta unc!

Hicrocavia aust
e faVia Fust

“arnivora

islpes vulpes

£rsus americanus
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TABLE & :

Ecological correlates of ratal philopatrf

potential o R
Limiting Factors? :
Den/Nest i .
specles B Food Typel Sites Food Comments3 References :
- R .
satura- sirsupialid -
this and : r;wi‘ﬁ‘i vulpecula v yes yes PH ' Dunnett, 19645 How, 1978 .
iterature ‘ <. caninus . v yes How, 1978 :
- L . Bl
aC(Cl’iStim wmgl_gﬁ jeadbeaterd 1,G no yes " : Smith, 1980 A fe
siropter?d P
S’M bilineata 1 no yes PF Bradbury and VYehrencanp, |
1976 i
“lations i 7ripares “
|13 . P n Elli?ﬁ crassicaudatus G,I,F no yes PH,PF - Ciark, 1978
Bmla' me S. demidovii I,F no Charles—’Doninique, 1977a
; c. gemitio——
9 Commnc’i 5. senagalensis 1,6 no PH Charles—Do«minique' and
;the prOPOf‘ - 3earder, 1979
I:CCUP'K‘,d Ly pertodictus potto G,F,1 no yes Chgrles-Doainique, 1974
clate demo- . \semorpha
se variables. Schctona princeps v PH,C Smith,. 1978
bi(at satura- oryctolagzus cuniculus v yes yes [« Mykytowycz, 1959, 19603 :
Wl - Southern, 1940
shilopatry e
rown, 1974, . .ientia
1979; Trail, Soe v ves Yeaton, 1272; Michener,
) : 1973, 197
081; Emlen, .
have directly - } .
ration On the 5. v,S,F,T yes Morton, 1373; Turner,
he 1972 v
Iring.
1nng . . S, v,F,L yes D,L Evans and Holdenreid,
the pnmary i 1943; Limsdale, 1946 :
o5 nata\ pth, . s. E_rideca::linaacus v, I yes Evans, 19513 Rongstad, i
£ 1964 i
q S OU g - - i
1()9€JU"Y wGC 1d samias striatus F,1 yes c glliort, 1878; Yerger, i
ubject to den- 1955 :
~ Populations sciurys czrolinensis F yes PF,C,L Flyger, 19%50; Thompsom, !
RSP 1978b
1g capacity 0f . iamiasciurus hudsonius F,V,1 no yes c Layne, 19343 Rusch aod . i
5f interest— for Sonder, 1978; Suwith, 1988 ;
imited by pre- ’ sipodomys perriami S no yes C Reynolds, 1560
iect to drastic .S ectabilis S yes yes »C,D Vorhies amd TayloT, 1922
be‘wa“n bl‘ﬁ(ﬁd- “astor canadensis v yes yes PH,C,D Bradt, 1938
[0 (s
. . o1 maniculatus F,I no C Howard, 1949
‘or ight fali BRI
0 1es M g N v no yes c Frank, 1937
kunk, which m ..
. disease (Trapp v PR Geiz and Carrer, 1980 B
1967), ar\d th‘: { Atrvicola rerrestris yes c,L aAiroldi, 1978; Leuze, .‘
in much of is ) 1976 | | ;
H v,F yes c,b cranford, 1977; Linsdzle \

yrs or winter chi- and Tewis, 1951
L Whitakerx, 1966; Young

1953; Llewellyn
. . B 1., 1950
y 1s not extensive . R et @ 2
cas’ F no yes L Galef and Clark, 1978;

1). More generfd' smythe, 1978
Rood, 1370

it

> lirnit population 7 .
-egarded as philo-
den sites, both 0! :
ﬂensitY'dependem . c,1,F yes yes PF Ables, 12753 Follmao.
’ 1573; MacDonald, 1981
c,1,F yes yes PF Jonkel =and Cowan, 159713

Rogexrs, 1977

i B R B3 SR b
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TABLE 4 (Continued)

Ecqlogical correlates of natal philopatry

Potential

Limniting Factors?

Den/Nest
Species . Food Typex Sites Food Commeants? References
Mustela erminea C yes PYH Exlinge, 1977 .
Nandinia binotata F,I no PF Charles-Dominique, 197§
Hyaena brunnea c yes * " yes - PE Mills', 1982; Owens ang 3
Owens, 1978
Felis domesticus G,1 ves yes PF Liberg, 1380
Acinonyx jubatus c no yes L Frame and Frame, 1981
Panthera tigris 4 yes L Schaller, 1967; Sunquist
1981
Artiodactyla
Cephalophus monticola F no yes . PF¥ Dubost, 1980
Notes:
1¢ = vertebrate prey, including carrion; I = invertebrates; F = fruft, nu.ts. fungi; S = seeds;
V = vegetation, including grass, leaves, bark; G = plant gums. Irems are listed in order of

decreasing importance, with rare items excluded

2Factors sugges
e

d¢ as limiting by the authors cited. No limiting factcrs other than these two
are suggsst r

te
for these species.

2
a
3Conments: other factors that may favor philopatry; PF = food distribution is patchy; PH =
habitat discribution Is patchy; € = adults construct large food cazch important to survival;
D = adults coastruct large houses, dens, or other "improvements" important to survival; L =
learning home range attributes (where to hunt, what to eat, where saf: sites are) may de
important %o survival,

H

opulation density per se reflects habi- empty or marginal habitats (“dispersal
then the results of several sinks”) should decrease the chances of suc-
rotine rodents are consistent  cessful dispersal (Lidicker, 1973; cf., Koenig
hypothesis. Many such studies and Pitelka, 1981). Tamarin (1977) com-
have found the highest dispersal rates occur-  pared 1sland and nainland populations of
ring whils cycling populations are increasing meadow voles and concluded that there was

ize (“pr esatu*‘atlon dispersal), whereas reduced dispersal on islands. Similarly, i
densitiss there seem to be fewer dis-  studies of prairie deermice have suggested
eg., K rebs etal., 1976; Stenseth, in  that island residents are poorer dispersers
Another common trend is for the than their mainland counterparts, and that
persal tendency to be found in  this is a result of selection against dispersers
utumn litters, when population under the highly competitive conditions on
1s highest, and for dispersal tenden- islands (Redfield, 1976; Sullivan, 1977).
cies to increase after a winter die-off (e.g., In cycling populations of Swedish red
Frank, 1957; Myllymaki, 1977a, b). While foxes, Lindstrom and others (Lindstrom, -
these studies do not directly document natal 1982; von Schantz, 1981a,b) have found
philopatry, conditions under which dispersal  that territory size is adjusted to-support a
from local populations is less successful are pair during years of lowest vole abundance,
presumably also those under which dispersal and that this size remains similar during
from the natal area should become less fa-  peak density years. In years of increasing
vored. In -a related observation, Jannett density, daughters remain within their
(1978) discovered that montane vole females parents’ territories, which now contain
abandoned their nests and home ranges to enough food to sustain both daughter and
their young at low population densities, continued parental reproduction. Daughters
whereas at higher densities the females re- disperse during years of declining vole abun-
mained with their litters to form extended dance. These results suggest an important.

I

e

mezternal families. complication affecting inferences about’
Like “habit saturation,” the absence of philopatry and habitat saturation: by main-
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.aining @ constant territory size, foxes be-
naviorally maintain a constant habitat satur-
,ion in the face -of large changes in prey
jensity- The probability of philopatry still
.cacks prey levels, but the mechanism is that
.pbﬂopatric tendencies increase as food with-
., a territory increases and thus becomes
more «sharable.”

Risky Dispersal and Sharable Resources

\fany authors have speculated that spatial
aatchiness in resources 18 related to philo-
ary. For instance, philopatry might be
s wored 1if areas of suitable habitat are them-
«lves widely separated by areas that are
_suitable for settlement, yet hazardous to
cuss. Patchy distributions of critical habitat
-ve indeed been noted for a number of
gecies showing philopatry (see Table 4).

On .another scale, resource clumping
sight also favor natal philopatry; this may
_ccur where resources secur in patches that
. few individuals can monopolize. Monop-
lization of resource patches should have

: ed 1o philopatry. By decreas-
ing dispersers access to important resources,
+would decrease the likelihood of successful
fispersal. Secondly, if monopolized patches
sntain more focd than one individual can
~sploit, then females holding them can share
esources with offspring at no great cost to
wemselves. Clark (1978) has suggested the
~dstence of such a link between natal philo-
LTy in some populations of thick-tailed
. shbabies and their dependence for repro-
“ction on isolated clumps of suitable food-

- irees. Among kit foxes (Go-
81) and white-tailed mongooses
npub.), increased philopatry can
in areas richer in suitable sites

ence of the reduced cost of home
sharing, philopatry — especially philo-
by parental consent—might arise

Vo ations that are using
. Armong long-lived spe-
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cies, most examples of natal philopatry
occur in frugivores or carnivores, whose
food types are often regarded as patchy in
distribution. Relatively few cases of philo-
patry occur in grazers or folivores (for ex-
ample, only 2 out of 15 species with adult
survivorship >0.67; see Tables 3, 4)-

Rapid food renewal rates may also make
resources sharable (Waser, 1981), and thus
increase the likelihood of philopatry in insec-
tivorous and gum-feeding species (see Table
4).

Other Ecological Factors

Some authors have suggested that natal
philopatry would be favored where familiari-
ty with foraging areas is crucial. Young
black bears, for exarmple must be able to find
widely scattered, evanescent fruit crops
(Rogers, 1977), and young two-toed sloths
must learn the locations of individual trees
the leaves of which they are equipped to de-
toxify and digest (Montgomery and Sun-
quist, 1978). Similar arguments have been
advanced where offspring significantly in-
crease their survivorship by learning other
attributes of their natal range, such as the
locations of travel routes or runways (ele-
phant shrews, bannertailed kangaroo rats,
Beechey ground squirrels, grey squirrels,
house mice) or of sites safe from predators
(muntjacs, agoutis) (see Table 4). Finally,
philopatry might be more likely in species In
which fermales must make large investments
in their home ranges before reproduction 13
possible. Examples often cited are the houses
of woodrats and the dens and food caches of
beavers. When burrows require consider-
able time and effort to construct, the acquisi-
tion of an existing burrow may be an essen-
tial prerequisite for survival and reproduc-
tion. If survival to reproductive age requires
access to such a burrow —or similarly, to 2
substantial food cache or any other home
range improvcment~oppvoﬂunities for dis-
persal will be effectively restricted (see Table
4). This is the case for banpertailed kanga-
oo rats, which live in large mounds that
require months to construct and may con-
tain up to six kilograms of stored seed. New
mounds are rarely built; instead, existing
mounds are passed on from individual to
individual within a population. Gften juve-

i
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nile bannertails inherit a mound from their
mothers (Jones, 1982).

CONSEQUENCES OF NATAL PHILOPATRY
Neighboring Adults Include Close Kin

The most obvious and widespread con-
sequence of natal philopatry is an increased
likelihood that close kin are clustered as
adults (Table 5). But the taxonomic distri-
bution of natal philopatry is not congruent
with the distribution of kin clusterin g for two
reasons. As noted earlier, survivorship or
fecundity schedules may ensure that even
where natal philopatry occurs, few philopa-
tric individuals have surviving kin nearby by
the time they mature. On the other hand,
kin may be neighbors in the absence of natal
philopatry if openings in adjacent home
ranges are frequent enough that dispersers
need move only to the immediately adjacent
area. For instance, kin adjacency without
philopatry has besn reported in gray foxes
(Foliman, 1973), elephant shrews (Rathbun,
1875), and in some mustelids (Gerell, 1970;

1

Erlinge, 1977; Simms, 1879),

In species within which natal philopatry
has been co: nly observed, the most

of relatedness among adult
f mother and daughter (31
; see Table 5). Female sibs

’ ighbors as adults in
{20 out of 39). Other
combinztions of parent with grown offspring
or of grown sibs are neighbors less fre-
quently.

Two processes probably contribute to the
rarity of reporied aduilt kin associations
other than mother-daughter and sister-
sister. The frequency of kin associations in-
volving males is undoubtedly reduced by
their generally lower probabilities of philo-
patry. As would be expected, most of the 15
cases of kin adjacency involving sons (see
Table 3) are found either in species with
meale-biased philopatry or in small mammals
with significant philopatry in both sexes. In
kangaroo rats, we have ob-

son both survived to breed in
Howard (1949) found
several examples of mother-son and daugh-
ter-son acjacency in prairie deermice (see
below).
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In addition, kin associations
males may be underreporied as a
difficulties in assessing paternity.
stance, where males are sedentary as adultg -
and long-lived, norndispersing daughters.
would often mature withia or adjacent o
their fathers’ home ranges. Species with
long-term pair’ bonds demonstrate thaga
fathers and adult daughters are not infre..
quently neighbors. Female rufous elephant
shrews that disperse to neighboring home
ranges remain adjacent to their fathers a4
adults (Rathbun, 1979). Canids, among-
which both long-term monogamy and fe...
male philopatry are widespread, have the s
potential to provide further examples.  Ag -,
noted earlier, where several fox females -
share breeding dens, “young” and “old®
adults are often reported to be involved. The
tenure of an average male in a pair is suffi-
ciently long that a significant proportion
of these cases could involve father, mother,
and daughter.

These examples raise the question, Do the -
adverse effects of inbreeding universally pro- -
duce individuals that avoid philopatry in the
presence of opposite-sexed kin? In some in-
stances, adult movements do seem specifi-
cally linked to Inbreeding avoidance: adult
male Belding’s ground squirrels are reported
to move coincidentally with the maturation
of their probable daughters, with the most
highly polygynous males meoving the farthest
(Sherman, 1981). But some close inbreeding
certainly occurs in natural populations. A
well-documented case is thar of prairie deer-
mice, in which Howard (1949) found 10 pre-
sumed cases and 7 other possible cases of -
close inbreeding in a two-vear study. Of
these 17 instances, 10 involved father-+
daughter matings, 2 involved mothers and -
sons, and 5 were between siblings. These -
matings produced at least 4 per cent of the ~
litters he observed during the study, yet 6%
per cént (n = 77) of the males and 85 pec.
cent (n = 78) of the females remained with- -
in 500 feet of their birthplaces throughout.
their lives. In other species, anecdotal re--
ports of close inbreeding are not uncommon.
For instance, A. Smith (pers. commun.) has:-
reported a case of a male pika dispersing 10
a territory adjacent to his mother’s, and then
breeding with her. Hendrichs (1975) sus~
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RRUEEEHE

i

SePTEMBER 1983

Species
»arsupialia

Trichcsurus Tulpe

. caxinus

ivmnobelideus lea

lhiroprera
faccopteryx tilin.

#:inates
.3lago crassicaud.
~202RD Lragsicand;
cood

. Senszzalensis

feriodicztus

idovii

ZItto

Lomorpta

_hotona princaps
aicu

‘ryctelazus ¢
LEE0-A3US

4. zentla
irrrmozhilus zicha

‘. terezicaudcs

. beldingi

- beecheyi

. tricscemlineatas
sriczzemlineaty:

- 3nntanus
- ochrczaster

icole terrescyris
=== LEIresctyris

o tema :‘usciges

-3 musculys

-

“ifprogta punctata

“..rocavia australis
~——=-=2 2ustrali:

svora

‘uiues vulpes

ansricancs
&3éricancs

222¢la ermines

inia Sinoraza
=204 dinorzta

21202 brungpea
-S04 Srunnea

A28¥% fvbatus
~=2atus

tigris

T M: mother, p-
2x. & -

 home zange

thaa that amor

heze ran FEY

Svsriap wey

38: close zdul

dgzressicz bet

ti¥z of thaz 1o

share corzap h




g
o RIS %
P
# S 2
o
e 2 25
o o RV
Py ,7,;:‘:1 b
Aty =

Tk RO % %
% LY I g

2y TS T

|

% “oid”
d. The
ﬁ; . "
Es suffi- F
portion :
pother,

Do the
illy pro-
.‘fy inthe P
0me in-
-specifi-
ser adult
reported

puration 1
e most
e farthest
breeding
ations. A
irie deer-
1d 10 pre-
. cases of
study. Of
d father
sthers and
25- These
-ent of the
dy, yet 69
and 85 per’
sined with-
throughout
ecdotal &
\ncommaoen.
arnun.) has
ispersing 0
’g. and then
(1975) ity

bl

[

;gPTEMBER 1983]

Some consequ

NATAL PHILOPATRY

TABLE 5

Adjacent adults

ences of natal philopatry

Increased home
range overlap
vs.

Increased

includel . tolerancs
dispersing same Sex anong
species M:D B:D other sex? nonkin? adult k:
.,,,»u_nialia
crichosurus vulpecula X F-S X
rrichosul®® vulpecuz?e
. caninus .
Fn/a‘bﬂ_/i_dfis_ leadbeateri M-S, F-S X ) D
iropterd
za:copteryx bilineata F-S, M-S
1iizates .
-3iago crassicaudatus X X M—S,SwS,F—S,F—D X T,b
demidovii X T,D
i senegalensis X X M-S, S-3 T,B
3_;&41’C‘—“—5— potto X ‘M-S
,;omarpha
‘-yorona princeps X M-§, F-§ X
-hotond REIARCEC
yerolagus cuniculus X X T
itentia
i-grmophilus richardsoni X X X T
. terericaudus X X X I
peldingd i X T
. beecheyi X X X
oL _(jidecemlinestus X
tizias striatus X X . X
Lrus cayolineastis X X
~iascturus hudscafus
. .p2dOmYS merriami X X F-D,M-S,D-5
1. spectabilis X % F-D,M-8,D-5 S
1310T canadensis X
veroayscus maniculatus X X ¥-D,M-S,D-S
¢ronyscus maniruotnos
rotus aryalis X X X
v, pontanus
v. cchrogaster X M-S 2
cola terrestris X X X 1,R
oza fuscipes
Y5 musculus X X X T.3,%
srocta punctata X X T
“.:rocavia australis
sinivora
0es vulpes X X D-S, M-S X C I,D
rsus americanus X X B
-.stela etrminea X
X X M-S C I,D,R%
X X M-S, D-S T
X
X X
F-8 C T
B father, S: son; references as in Table 1.
adult members of philopatric sex (or among adult kiz) is
he dispersing sex (or among adult nonkin), C: <¢lan or com
forage independently within a common home .range, lictle oI 5o
clan home ranges
+ mutual home range boundaries without aggression, T: levels
dult kin in encountews are Jower than among adult nonkin IrTessg
e encounter, D: close adult kin share a den or nest, R: ace
s 0r ruaways
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pected two of the dikdik pairs he observed to
consist of mothers and sons. Harris (1980)
has reported a mated brother-sister red fox
pair. MacKinnon and MacKinnon (1981)
inferred father-daughter breeding in spectral
tarsiers. To what extent does breeding with
close relatives actually depress reproductive
success? And if it does depress success, do
heterosexual kin associations occur less fre-
quently than expected by chance, given the
two sexes’ independent probabilities of
philopatry and survival?

Increased Tolerance among Related Neighbors

A common, but not universal, correlate of
philopatry is an increased home-range over-
lap (HRO) in the nondispersing sex relative
to the dispersing one (see Table 5). An in-
creased HRO seems an intuitively reason-
able consequence of natal philopatry if philo-
pairic adults have kin as neighbors and if
kinship decreases the cost of mutual toler-
ance (note, however, that HRQO is not a
necessary correlate of philopatry, as demon-
strated, for ance, by black bears).

In some species, data are adequate to
demonstrate greater home-range overlap
among female kin than among female non-

1 muntjac females living in
large enclesures have home ranges overlap-

1 with those of sexually ma-
: s, but only 10 per cent with
female nonkin {Dubost, 1970). A similar
situation occurs in Richardson’s ground
squirrel (Michener and Michener, 1977;
Michener, 1879). In extreme cases, female
relatives may occupy virtually congruent
home ranges that do not overlap with those
of neighboring but unrelated females. With-
in matrilines, feral housecats in Sweden had
home ranges that “overlapped almost exclu-
sively, especially over a long period . . .
[though] within the communal home range,
the individuals might have different favorite
" {Liberg, 1980, p. 341). Between
] Liberg observed little or no
overlap.

ndency for daughters to center their
nearer mothers than other ferales,
increased tolerance (i.e., decreased
probabilities of aggression upon encounter).

THE QUARTERLY REVIEW OF BIOLOGY

[Vorome 5

Decreased aggression within as compared tg
between matrilines is implied in many b
havioral phenomena, including nestsharing!
and use of joint runways (see Table 3).D
creased aggression between mothers and
daughters or between sisters compared to,
less closely related fernales has been particy.
larly well documented among round-taileg
grdund squirrels (Dunford, 197783, Ri
hardson’s ground squirrels (Michener
1973), and Belding’s ground squirrels (Shep.
man, 1980). :
Although cases -of extensive home-ran
overlap usually involve close kin, there are
exceptions. Fritzell (1978) reported a case of
near-total HRO between two same-aged
female raccoons known not to be sisters,

Owens and Owens (1979) reported tha |

brown hyaenas within 2 clan are not neces
sarily close kin. Apparently unrelated male
palm civets may share nearly identical rerri-
tory boundaries (Charles-Dominique, 1978}
Female spearnose bats that share a roost and
overlapping home ranges are a genetic:
random sample of the local populatics
(McCracken and Bradbury, 1981).

It would appear that female nondisperss
could be rejected as a concomitant of female
home-range overlap in such cases, bur wo
qualifications are necessary. First, “mis-
takes” such as tolerating an occasional uare-.
lated female when most neighbors are close
kin can be eliminated by natural selectios
only if means of recognizing those mistakes
as such are available. Such mistakes ought @
be less common, therefore, wherever indice
tions of kinship are prominent and where
those cues occur frequently (i.e., where ]ift*."
history and dispersal characteristics are suck |
that the kin categories to be distinguished
are often neighbors). Second, even in te
absence of any ability to recognize one’s kiz,
natural selection can favor increascd ol
ance of a class of individuals if the probéh{lﬁ*
ty of its members being close kin is higd

enough. This point has been neatly demse
strated by Seger (1976), who worked on £
parallel problem in plants. Using simul&m?
techniques, Seger established that gest
leading organisms to devote less enef%?:&
interference competition (overshadow
competitors) and more to reproduct®
(seeds) could spread when interactions w&*

-

SepTEMBER 1983

kin-brased. The .
critically depend
distance (of a st
mined the propc
tion that would |
In any case, d
and behavioral t
iary, as well as g
behave equally tc
often make distu
latedness. This pi
tions for the thec
malian spacing sy
exception existin
assume that the ¢
ing one neighbor
phing to any oth
sexed adult). T
1179), and Hir
11979) have beg
among kin by us
hut only to the po:
tive conclusion th
thicts among kin
ii.e., involve pla
Irequency) than fo

Other Cons
In addition to ef
iap. natal philopat
ber of further eor
wilitary mammals
1) Where a1l ir
¢ mutually exc
HICAns by Which
ey depend on th
tiants. For exan
toported that bla
+void using sectio
eupied by daugl
“ve become inde)
“rems altruistic in
"r's area may be ¢
wnaally preferred
faichters in unst
“sster than those
u:i:cr~daughter ]
“itainly daughiters
"=l their mothers
ey gy much as th
7V boundaries wit
' tugressive inter
Parly observers




Y oL B8

;{:Omsﬁ.m“ni i
Q‘in many twe
b nestsharimg
Table 3% Dew

E}nothcm At

compared
i been particg
E?v round- tathng
3
5

£1977b). Raes
(Michener,

;huirrtls (Steegs

%

ve homerrangs

: kin, there are
ported a case of
two same-aged

t to be sisters

) reported  tha

n are not neces

- unrelated male

oy identical tern
sminique, 1378
share a roost and
,oare a g(:ﬂczx
local population

y, 1981).

nale nondisperssd
omitant of femai
ch cases, but two
ary. First, “Imise
n occasional unre
eighbors are clow
; natural selectis
ing those mistakes
1 mistakes ought
e, wherever indies
minent and where
tly (i.e., where Liie-
racteristics are sueh
to be distinguishc,ﬁ
econd, even in the
recognize one’s kir,
vor increased toler
uals if the probabili-
\g close kin is hig
been neatly demes
), who worked 053
its. Using simulatic®
ablished that ger<
levote less enex‘g‘_:"'f—‘
ien (overshado‘r‘s'x'ffxz
sre to reproducttt
hen interactions wert

.

< pTEMBER 1983]
_-biased- The fitness of such an allele was
‘_:,;Cauy dependent on the mean dispersal
nce (of 2 seed), which in turn deter-
T ed the propoxtion of the seed’s interac-
" that would involve kin.
" [n any €ase, data on home-range overlap
d pehavioral tolerance indicate that soli-
,m as well as gregarious mammals, do not’
L ohave equally towards all conspecifics, but
-en make distinctions on the basis of re-
,edness. This point has important implica-
. s for the theoretical treatment of mam-
- Jlian spacing SySterns, since almost without
sception existing discussions of spacing
wsume that the costs and benefits of exclud-
.« one neighbor are the same as those ap-
ing to any other (or at least to any same-
wxed adult). Treisman (1977), Grafen
a79y, and Hines and Maynard Smith
©479) have begun to analyze conflicts
mong kin by using game theory models,
. only to the point of confirming the intui-
..¢ conclusion that stable strategies for con-
¢ .15 among kin should be less destructive
. involve playing “hawk” with a lower
n for conflicts among non-kin.

Other Consequences for Spacing

ion o effects on home-range over-

ilopatry appears to have a num-
consequences for spacing in

wer of further

4]

litary mammals:

(1) Where ail individuals, even close kin,
~« mutually exclusive home ranges, the
eans by which exclusion is maintained
mav depend on the relatedness of the inter-
.tnts. For example, Rogers (1977) has
wporied that black bear mothers simply
~oid using sections of their home ranges
scupied by daughters once these progeny
have hacome independent. The withdrawal
cruistic in the sense that the daugh-
~r's area may be superior bear habitat and
preferred by the mother, and that
in unshared areas gain weight
ose who do share. Observed
hrer contacts remain amicable;
,ters are not in any position to
s, whe weigh three to five
they do. In contrast, terri-
i
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ality (e.g., Hediger, 1949; Leyhausen, 1965;
Lockie, 1966) pointed out that solitary mam-
mals, unlike birds, were unlikely to be able
to detect and actively exclude all intruders.
Nevertheless, many solitary marmmals main-
tain virtually exclusive home ranges. Most
field observers have been left with the im-
pression that boundaries are maintained by
mutual avoidance, or by avoidance of scent
marks, rather than by direct confrontation.
If trespassers are unlikely to be detected,
why should they avoid trespassing? That
avoidance-based spacing mechanisms should
evolve when neighbors are kin 1s an intrigu-
ing possibility. ;

(2) When close kin forage alone but in 2
common area, it may be of mutual advan-
tage to so pattern foraging as to avoid areas
recently depleted by other individuals.
“Time-plan” spacing, In which individuals
Use the same space but not at the same time,
was first described in housecats by Ley-
hausen (1965). Faton (1970} subsequently
interpreted observations on the use of space
by cheetahs in the same terms. It is sugges-
tive that these two species both illustrate
common nondispersal of daughters. It 1s
considerably easier to imagine that such a
system would resist invasion by a “cheater” if
neighbors are kin. Unfortunately, no studies
of solitary mammals have explicitly investi-
gated the relative movements of same-sex
individuals whose ranges overlap, though
the techniques for simultaneous radiotrack-
ing and for a suitable analysis of the data

exist (MacDonald, Ball, and Hough, 1980).

(3) When the home ranges of kin overlap,
individuals could benefit mutnally by inde-
pendent patrolling or defense of the common
area. Sherman (1980) has reported “co-
defense” of females’ burrow +icinities to be
more common by sisters than by cousins or
unrelated female Belding’s ground squirrels,
and more common between mother and
daughter than between sisters. Luropean
rabbits, red foxes, and sorme microtines are
thought independently to defend a common
boundary (Frank, 1957; Mykytowycz, 1959;
MacDonald, 1980a). Though kin relation-
ships were not ascertained by him, Kruuk
(1978a) has reported that ail members of a
badger clan independently visited and
rnarked latrine sites. The same is true for

< ez AT
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anal scent marking by brown hyaenas
(Owens and Owens, 1978) and white-tailed
mongooses (Waser, unpub.). Wherever in-
dependently foraging individuals share a
communal or clan home range which is dis-
tinct from that used by neighbors, the op-
portunity for joint (though independent)
defense exists. Such a pattern is widespread
in philopatric species (sce Table 5; also
quokkas, spectral tarsiers, kit foxes, bush
squirrels, and brush-tailed porcupines).

(4) Where natal philopatry is common,
dens or home ranges may become clumped
around those of founding individuals.
Clumped dens occur in the absence of obvi-
ous habitat constraints in many species, par-
ticularly among terrestrial sciurids (Rich-
ardson’s, Beechey, and thirteen-lined ground
squirrels) and among some microtines (e.g.,

common voles) and canids (arctic and bat-

eared foxes). The resultant clustering of
same-sexed individuals, usually females,
may then have consequences for the evolu-

tion of maring systems by increasing the -

number of cases in which males can defend
“clumps” of females bevond those dictated

directly by ecological constraints.

e

itary mam-
mals, we have explicitiy excluded the possi-
bility of forms of cosperation requiring con-
tinuous close co Nevertheless, it is
notable that trai Y characterizing
only highly gregaricus species occur occa-
sionally in specics that are sclitary. Provi-
sioning of young by older sibs has been
reported in the red fox, arctic fox (Hersteins-
son and MacDonald, 1981), captive bat-
eared fox (B. Beck, pers. commun.), brown
byaena (Mills, 1982), and small Indian
mongoose {Lioyd-Jones, 1953). Prairie vole
offspring sometimes remain in the nest and
incubate and retrieve younger sibs, at least
In capiivity tz and Carter, 1980). Thick-
tailed bust zs may leave their offspring
with close wiile they themselves forage
(Clark, 1973,
Other forms of kin cooperation, such as
the joint marking of a cornmon territory or
calling in respornse to predators, do not re-

By confining our review it so
!
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quire group living. Dunford (1977a), Sher.
man (1977), and Schwagmeyer (1980) have

used the production of alarm calls by female Y

ground squirrels as evidence that such call
are more strongly favored in the philopatric

sex. Smith (1978) found no evidence, hoy.

ever, of an effect of female philopairy on the
likelithood of alarm-calling by red squirrels.
Thus, a correlation between philopatry and
alarm-calling remains to be extended to taxa
other than ground squirrels.

Parental ‘manipulation of offspring—in

particular, reproductive suppression —would . .

seem less likely in solitary than in gregarious
species. If it does occur, reproductive sup-
pression might be expected wherever dens or
breeding sites are in short supply, so that
parents can monopolize them. Indeed, no
more than one European badger pair usually
breeds per sett (Kruuk, 1978a), nor does
more than one vole female breed per nest
(Getz and Carter, 1980; Janmer, 1980:
Madison, 1980). Reproductive maturity is
delayed in philopatric males, relative to dis-
persing males, in high-density housecat pop-

ulations (Dards, 1978) and in white-lined ..
bats that remain in natal roosts {Bradbury -
and Vehrencamp, 1976). Yearling females -

may show delayed reproduction, and only
one female breeds in many red fox families
(Macdonald, 1979b; Harris, 1980) —buw
there are exceptions (e.g., Storm et al,
1976). .

In contrast, several philopatric black bear
females bred earlier than those that dis-
persed (L. Rogers, pers. commun.), and
philopatric female cheetahs are sexually ac-
tive from the time of independence (G.
Frame, pers. commun.). Data on reproduc-
tive timing of philopatric and dispersing
females in other species known to breed
while their mothers are alive (see Table 1)
might illuminate the conditions under which
reproductive suppression evolves. Com-
munal suckling—which would seem to be
the antithesis of reproductive suppression—
has been reported in housecats {Laundré,
1977; MacDonald and Apps, 1978; Liberg,
1980), red foxes (MacDonald, 1979b), bar-
eared foxes (Reynolds, 1976), brown by

‘aenas (Owens and Owens, 1979; Mills.

1982), field mice (King, 1963), house mic¢
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Sayler and Salmon, 1971), and cavies

.Ro’od, 1970).

CONCLUSIONS!
THE ROLE OF PHILOPATRY IN THE
£\OLUTION OF MAMMALIAN SOCIAL SYSTEMS

Natal philopatry occurs in many, but not
All, mammals. Species in which it occurs
mav or may not be gregarious. Each of these
.w'{)ﬁ;‘:l"\"&[iOﬂS delineates an avenue for future
research.

What is the expected average reproduc-
e success for dispersing, as compared to
shilopatric, juveniles and for parents toler-

ing or driving out a maturing offspring
1 h re these values influenced by eco-

sical factors? Remarkably few data are yet
Lailable on these issues, which are central
i ondirions under
ould favor philo-
saury: philopatric red foxes and water voles
to have much lower mortality
‘ ., 1972; Leuze,
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Recent research on mammalian social sys-
tems has increasingly emphasized phenom-
ena in gregarious species for which natal
philopatry is a prerequisite: the cooperative
raising of young by close kin, the reproduc-
tive suppression of maturing offspring by
their parents, the competition among sibs
for opportunities to inherit parental preroga-
tives, and the cooperative defense of prey or
territory. It has not been widely appreciated
that natal philopatry itself is a considerably
more widespread phenomenon than is gre-
gariousness. Therefore, social factors hy-
pothesized to promote a prolonged associa-
tion of offspring with parents, like opportun-
ities to feed or guard siblings, cannot alone
account for the presence of mammalian
philopatry. The widespread occurrence of
natal philopatry in solitary members of taxa
that also contain gregarious representatives
implies that such phenomena as “helping” at
the den or cooperative territory defense can
be heuristically viewed as arising secondarily,
with philopatry a necessary but not sufficient
condition. The widespread distribution of
natal philopatry in solitary inammals and its
potentially central role in the evolution of
complex social groups suggests a revised
phrasing of the question, How have such
complex groups arisen? In our view, this
question can usefully be asked in two steps:
First, what conditions lead to natal philopa-
try? And second, where natal philopatry
does occur, what conditions favor further
cooperation and gregariousness?
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