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Summary. Prolonged toleration of offspring in marmots 
was hypothesized to be (1) a means of preventing dis- 
persal of undersized young (Barash 1974 a) or more gen- 
erally (2) continued parental investment, increasing the 
probability of descendant survival and reproduction (Ar- 
mitage 1981, 1987). These hypotheses are tested in this 
paper for one of the most social of marmot species, 
the alpine marmot. The animals studied lived in groups 
within territories defended by a dominant male and fe- 
male, or as floaters lacking a well-defined home range. 
Offspring did not disperse before sexual maturity at age 
2 (Fig. 1). Only territorial females bred, whereas territo- 
rial males were not able to monopolize reproduction 
likewise (Table 2). Dispersers had similar spring mass 
to nondispersers (Table 4). Hence, hypothesis 1 is not 
supported, at least not for adult-sized, >2  years old 
animals. During their residency, 19% of subordinates 
obtained their natal territory or a neighboring one 
(Fig. 2). Long distance dispersal bore a high mortality 
risk. Thus, toleration of mature offspring could well rep- 
resent parental investment. Other results, however, sug- 
gest additional influences on the timing of dispersal. (i) 
Males dispersed later than females (Fig. 3), possibly be- 
cause of mate sharing by territorial males (see Emlen 
1982). (ii) The higher mass loss of dispersers during the 
previous winter indicates that weak animals were forced 
to leave (Table 5) despite presumably lower chances of 
becoming territorial (Table 3). (iii) Subordinate animals 
which could not be the offspring of both territorials pres- 
ent were not more likely to disperse (Fig. 3). (iv) Lower 
dispersal rates when immatures lived in the group 
(Fig. 3) may indicate benefits from the subordinates' 
presence for rearing young. 

Introduction 

The species of the genus Marmota are distributed from 
lowlands to high alpine regions and from semideserts 
to arctic tundras. Although of comparable morphology, 

they exhibit very different social organizations, mainly 
due to differences in the dispersal age of their offspring. 
Woodchucks (M. monax), for instance, living at low ele- 
vations, are solitary and highly aggressive. Offspring dis- 
perse during the year they are born and commonly re- 
produce as early as the next spring (Grizzell 1955; Bron- 
son 1963, 1964; Davis 1981; Ouellet and Ferron 1986; 
Ferron and Ouellet 1989). Yellow-bellied marmots (M. 
flaviventris), inhabiting medium elevations to high alti- 
tudes (Frase and Hoffmann 1980), are more gregarious. 
The basic social units are polygynous groups frequently 
developing through recruitment of daughters. Most dis- 
persal occurs after the first hibernation (for review see 
Armitage 1986). Olympic marmots (M. olympus) reside 
in high alpine regions in distinct social groups whose 
members share a common home range. Offspring dis- 
perse and reproduce at the earliest during their third 
season (Barash 1973). Similar social organization with 
natal dispersal after the second hibernation or later is 
also known for M. bobac centralis (Ismagilov 1956), M. 
baibacina (Berendyaev and Kulkova 1965), M. marmota 
(Zelenka 1965; Barash 1976; Lenti Boero and Boero 
1989), M. ealigata (Barash 1974b; Holmes 1984), M. 
sibirica (Suntzov 1981), M. menzbieri (Maschkin 1982), 
and M. caudata (Ebenh6h and Arnold, unpublished 
data). 

Delayed dispersal correlates with environmental 
harshness, increasing with altitude and latitude. Barash 
(1974a) suggested the associated shortened vegetative 
growing season as the ultimate reason for this correla- 
tion. Animals living in severe environments require more 
time '° to accumulate sufficient body weight for the bio- 
logically demanding acts of dispersal and reproduction" 
Social tolerance could have evolved to prevent dispersal 
of undersized young (hypothesis 1). Armitage (1981, 
1987) did not regard body mass alone as the crucial 
variable but viewed delayed dispersal and hence sociality 
as a life history tactic in ground-dwelling sciurids. In 
species whose progeny cannot mature in one season, 
the parents continue to invest in their offspring beyond 
weaning by providing a source of food, better protection 
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f rom preda t ion ,  and  a h ibe rnacu lum,  thus increas ing the 
probabi l i ty  of  p roduc ing  reproduct ive  descendants  (hy- 
pothesis 2). 

Both hypotheses  were developed in a compara t ive  
approach  which inc luded only  one of  the highly social 
species, M .  olympus. Whether  they apply  to ano the r  one,  
the alpine marmo t ,  was invest igated in this study. 

General biology of alpine marmots 

Alpine  m a r m o t s  are large, d iurnal ,  bur row-dwel l ing  ro- 
dents  tha t  reside at elevat ions of  be tween 600 a nd  
3200 m (reviewed in For ter  1975). They  reproduce at  
mos t  once a year. M a t i n g  occurs dur ing  the first 2 weeks 
after emerging f rom h ibe rna t ion ,  bu t  females are recep- 
tive for a m a x i m u m  of  1 day (Mfi l ler-Using 1957; Psen- 
ner  1957; Hembeck  1958; Koenig  1973). Young  are b o r n  
after 34 days of  p regnancy  (Psenner  1957). At  the begin-  
n ing  of July, they first appear  above g r o u n d  and  then 
live pr imar i ly  herb ivorous ly  like adul ts  (Psenner  1957). 
Alp ine  m a r m o t s  can be sexually ma tu re  after their sec- 
ond  h ibe rna t i on  bu t  usual ly  do no t  reproduce  before 
their third summer  (Psenner  1960; Kra tochvi l  1964; Ze- 
lenka  1965; Rat t i  1970; Lent i  Boero and  Boero 1989). 

Materials and methods 

Study site and animals. The study was conducted from 1982 to 
1988 in the Berchtesgaden Alps, FRG, between elevations of 1100 
and 1500 m. In total, 386 animals were permanently marked upon 
first capture by tattooing numbers into the skin of the inguinal 
region. Additionally, numbers were dyed into the dorsal fur with 
Nyanzol-D fur dye. These fur markings allowed identification of 
individuals over larger distances until the annual molt. They were 
renewed thereafter. 

The study population was surveyed twice a year by trapping. 
This was done in early April, immediately after the marmots had 
emerged from hibernation, and in July when the infants first 
emerged above ground. The weaners were captured within a few 
days before they could intermingle with infants emerging from 
other burrows (Arnold 1990), Resident animals not trapped in a 
year (roughly 10%) were all captured in the following year. Ani- 
mals were weighed to the nearest 50 g at each capture with a hand- 
held spring balance. Age determination was possible by body mass 
until the beginning of the third active season during which the 
animals reached adult size. Animals in their year of birth are desig- 
nated as infants, after their first hibernation as yearlings, after 
their second hibernation as 2-year-olds and so on. In data analyses 
concerning age, only individuals already marked as infants or year- 
lings were used. Dams were easily recognized by enlarged nipples 

with bare skin around. The composition of the resident population 
was again recorded by observation during the last days prior to 
the onset of hibernation. 

Alpine marmots do not gain mass after hibernation as long 
as the thaw is not complete in their home range (Arnold 1986). 
Reweighings of animals within 10 days gave virtually identical re- 
sults (mean difference = 3 g, (SD)= 150.9, n=  117). Hence, weigh- 
ings within this period after first emergence or after the date when 
a home range became free of snow (determination described in 
Arnold 1990) tally with the body mass at emergence from hiberna- 
tion. 

Hibernation mass loss. Hibernation mass loss was calculated as 
the difference between an individual's body mass at the end of 
September when entering hibernation and the emergence mass in 
the following spring. The mass gain of alpine marmots during 
their active season is best described by a Gompertz growth curve 
(Arnold 1986). Fall mass was estimated by extrapolating such a 
growth curve fitted to an individual's mass data. Estimates were 
sufficiently accurate if the following information was available for 
a given animal: (i) at least two weighings in a minimal time span 
of 40 days, (ii) the date of emergence from hibernation, (iii) the 
date when the home range became free of snow (determining the 
inflexion point of the growth curve), and (iv) the date of onset 
of the following hibernation. For a detailed description of the meth- 
od and tests of its reliability see Arnold (1986). 

Electrophoretic analysis. Until 1987, 2-3 ml of blood were drawn 
from the femoral vein from each animal marked. After about 1 h, 
the serum and solid fractions were separated by centrifugation, 
transferred into plastic vials, and stored at or below - 70  ° C. Pro- 
teins were studied in the laboratory by horizontal starch gel electro- 
phoresis. It is generally assumed that the allozyme phenotype of 
an individual reflects its genotype. Electrophoretic and staining 
techniques were adopted from those described in May et al. (1979). 
Most stain recipes were based on Harris and Hopkinson (1976). 
Buffers were modified from Markert and Faulhaber (1965), Rid- 
geway et al. (1970), Selander et al. (1971), and Clayton and Tretiak 
(1972). For the electrophoresis study, the solid blood fractions were 
homogenized after adding about 1 ml of extraction buffer [Tr- 
is(hydroxymethyl)aminoethane hydrochlorlde, adjusted to pH 7.1 
with Tris base; approx. 0.05 molar]. Electrophoresis lasted 5 h at 
a current of 70 mA. 

Surveying for alMic variants of proteins, blood samples from 
an average of 67 individuals (SD -= 35) from different localities were 
used. Some 53 loci were investigated, and two di-allelic systems 
were found, a peptidase (PEP) and superoxide dismutase (SOD). 
All other proteins studied were monomorphic. For both poly- 
morphic enzymes, the best pattern resolution was achieved using 
0.04 molar citric acid, adjusted to pH 5.8 with N-(3-aminopropyl)- 
morpholine as electrode buffer and a 1 : 10 dilution of this buffer 
for gel preparation. The more anodaUy migrating variant was la- 
beled b, the other a (Table 1). The peptidase analysed functioned 
with glycyl-leucine. 

Statistical analysis. All statistical tests were calculated by means 
of SPSS x Information Analysis System, Release 3.0 (SPSS Inc., 

Table l. Polymorphic blood protein loci used for paternity exclusion and test for goodness-of-fit of Hardy-Weinberg expectation 

Locus Allozyme Variant Genotype Observed Expected Significance 
variant frequency frequency frequency 

Peptidase a 0.848 aa 228 232 X~2) = 1.9 
b 0.152 ab 90 83 ns 

bb 4 7 

a 0.474 aa 68 72 g~z) = 0.8 
b 0.526 ab 168 160 ns 

bb 85 89 

Superoxide 
dismutase 



444 N. Michigan Avenue, Chicago, IL 60611). )~2 values given are 
the increase in likelihood-ratio ;(2 ('G', Sokal and Rohlf 1981) 
due to the decrease in the fit of a hierarchical log-linear model 
if the interaction in question between variables is assumed to be 
nonexistent. 

R e s u l t s  

Social organization of the resident population 
and mating system 

The major part of  the study population lived socially 
and resident on alpine meadows (about 130 individuals 
yearly in 19-24 groups). Typical groups comprised a 
dominant  pair and their offspring from one or several 
years (see Arnold 1990 for quantitative details). A 
group's home range was defended against adult strang- 
ers, mainly by the dominant  animal of  the same sex. 
In the following, the dominant  pair is therefore referred 
to as the territorial animals. Except for some adult sub- 
ordinate males living peripherally until late summer, use 
of  space and burrows was unrestricted for all group 
members (see also Barash 1976). 

Among females, reproduction was evidently re- 
stricted to the territorial animals, even when those failed 
to litter [on average, 48% (SD=8.1 ,  n = 7 )  did so each 
year]. Only territorial females lactated, although mature 
subordinate females often showed signs of  estrous (tu- 
mefaction and reddening of  the vaginal mucous mem- 
branes) and were occasionally captured when already 
in advanced pregnancy. It is extremely unlikely that the 
infants born in a group (median = 3.5, range 1-6, n = 78) 
belonged to different litters. (i) They always emerged 
from the same burrow within 1 or 2 days, indicating 
equal age. (ii) Their number did not correlate with the 
number of  mature females in a group [Spearman rank 
correlation coefficient (r~)= 0.027, n = 76, ns]. (iii) Their 
weaning masses (mean = 487 g, range 280-780 g, n = 12l) 
varied less than between infants from different groups 
(ANOVA, F(33,87), P<0.001) .  (iv) Their genotypes at 
both polymorphic loci were always compatible with the 
territorial female. 
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Analysis of  allozymes showed that 4 of  76 litters were 
not sired or not solely by a group's territorial male. 
Five of 245 offspring carried alleles not found  in the 
natal group's territorial male (Table 2). Subordinate 
males with genotypes compatible with possible paternity 
lived in two of  the four groups (Table 2) but were present 
in neighboring groups as well. Territorial males might 
well be excluded from paternity more frequently because 
the chance of  detecting cuckoldry was low with only 
two informative loci available. Polyandrous matings im- 
mediately after one another promote multiple paternity 
of  litters (Huck et al. 1985). Estrous alpine marmot  fe- 
males are known to copulate with all males present in 
rapid succession, and the males show no obvious rivalry 
for the mate (Mfiller-Using 1957; Hembeck 1958; Koe- 
nig 1973). The same was observed during this study, 
although copulations rarely occurred above ground. In 
one group, a subordinate daughter copulated several 
times with three sibs (or halfsibs?) as well as with the 
territorial male. In another group, the territorial male's 
littermate copulated with the territorial female, while 
in a third group only the territorial male copulated, de- 
spite the presence of  2-year-old males. 

Floaters and their fate 

The floating part  of  the study population consisted of  
animals that had dispersed from their natal site and of  
evicted, formerly territorial individuals. A major prob- 
lem was to assess whether animals that disappeared from 
the resident population had died or become floaters. In- 
fants or yearlings were never captured as floaters. These 
were almost exclusively > 2-year-old, dispersed animals 
(Z~5)=94.0, P<0 .001 ;  Fig. 1, lower graph). Yearling 
marmots rarely disappeared from the resident popula- 
tion during the active season but > 3-year-old animals 
overproportionally so (X{s)=86.5, P<0 .001 ;  Fig. 1, up- 
per graph). They and the disappearing 2-year-olds main- 
ly vanished during late April and May. In contrast, dis- 
appearance of  yearlings and territorials did not peak 
comparably. Infants disappeared most frequently during 

Table 2. Genotypes of adults and infants in groups with paternity exclusion of the territorial male. 
Genotypes of offspring incompatible with the territorial male are shown in bold type 

Group Year Allozyme Genotype of 
number 

Territorial Territorial Subordinate Infants born 
male female male* in the group 

11 1984 PEP aa aa aa aa aa aa aa 
SOD bb ab bb ab aa  bb bb 

18 1982 PEP aa aa aa aa aa ab 
SOD bb aa ab ab ab ab 

19 1987 PEP ab aa ab ab aa ab 
SOD bb ab ab bb ab an 

22 1987 PEP aa aa ab ab aa ab 
SOD ab bb ab bb ab bb 

* Subordinate adult females lived in none of these groups, a subordinate adult male in two. PEP, pepti- 
dase; SOD, superoxide dismutase 
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Fig. l. Disappearance from the resident population and frequency 
of captured floaters of various individual classes. Expected values 
in the upper graph are calculated from the number of animals 
per individual class present in the resident population after hiberna- 
tion. Expected values in the lower graph are calculated according 
to the number of animals per individual class that disappeared 
from the resident population during the active season (p = signifi- 
cance level of )~2) 

their first days above ground in July. Infants were very 
incautious during this time, and it was even possible 
to catch them by hand. Red foxes were seen regularly 
to prey upon infants, particularly during this period. 
Thus, the loss of  infants and yearlings is most  likely 
entirely due to mortality. Except for cases of known 
mortality, older animals that disappeared from the resi- 
dent population during summer were regarded as dis- 
persed or as evicted if they had possessed a territorial 
position. 

Unlike residents, floaters had no well-defined home 
ranges. They lived in a hostile habitat, which either 
lacked shelter (burrows and escape holes, dug by mar- 
mots) or was difficult to survey in order to detect preda- 
tors (e.g., woodland). During the study period, 109 of  
the marmots  that entered the floating part  of  the popula- 
tion failed to become resident again in the same year. 
Onle 4 of  them were retrapped in later years, suggesting 
extraordinarily high mortality among wandering ani- 
mals. The only way for floaters to become resident again 
was to obtain a territory elsewhere. Eight of  76 long 
distance natal dispersers and none of  the 33 once territo- 
rial and later evicted animals did so within the study 
area. However, this proport ion understates a wandering 

animal's chances. Successful immigration into the resi- 
dent study population indicates that at least some ani- 
mals born in the study area obtained territories outside. 
The immigration rate was estimated when all unmarked 
floaters could reliably be assumed to be born outside 
the study area. This was the case for the third and subse- 
quent years after the beginning of  the study, as floaters 
were unlikely to survive more than two winters. Since 
1984, 8 of  43 (19%) newly established territorials in the 
study area were immigrants. 

The ways and chances of obtaining a territory 

Most animals obtained their territory for reproduction 
by evicting the previous tenant of  the same sex (n--29). 
The winners in fights for a territory were all of  adult 
size (cp. Tables 3, 4) and of similar body mass after hi- 
bernation to the losers but had lost less mass during 
the preceding winter (Table 3). Apparently, an adult ani- 
mal's competitive abilities did not  depend on its body 
mass but  on its mass loss during the last hibernation. 
Alternatively, marmots obtained territories by entering 
a group when a territorial position was vacant or by 
occupying abandoned sites (n--21). Colonization of  
those parts of  the study area formerly not inhabited by 
marmots occurred only once by one male and one fe- 
male, although floaters were regularly seen there. During 
one season, it appeared almost impossible to dig a bur- 
row of  sufficient depth to ensure a successful hiberna- 
tion. Although sites with burrows (26 in the study area) 
seemed to be a limited resource, on average 9% were 
not  occupied. 

Yearlings never became territorial under natural cir- 
cumstances. However, two yearling females introduced 
into the study population experimentally in May 1984 
did so. After being released, they moved distances of  
at least 2-3 kin. In July each became resident at two 
different abandoned marmot  sites and founded a new 
group, together with a male. From the 52 animals that 
became territorial during the study period, 5 dislodged 
a parent, and I inherited its position. Some 21 marmots 
became territorial in surrounding groups within approxi- 
mately 500 m of  the natal home range, 14 of them by 
expelling the former territorial animal. During short ex- 
cursions from their home range in spring, the marmots 
frequently visited neighboring territories within this dis- 

Table 3. Mass loss (g) during last hibernation and emergence mass 
of animals that became territorial by expelling the former territory 
owner and of evicted, previously territorial animals (mean_+ SD, 
n in parentheses) 

Mass loss Emergence mass 

Newly established 1252 ___ 295.7 3027 _+ 292.7 
Territorials (15) (15) 
Evicted, previously 1557 __ 246.4 3013 -t- 363.3 
Territorial animals (8) (8) 

ANOVA, effect of hibernation mass loss on subsequent fate 
F(1,21) = 6.2, P = 0.02; effect of emergence mass F(1,21~ = 0.1, ns 
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Fig. 2. Proportions of cohorts (x ± SE) that obtained during their 
residency as subordinate animals the natal or a neighbouring terri- 
tory within approximately 500 m. Means are plotted cumulative 
over age (total n = 191, mean cohort size = 38, SD = 11.7) 

tance (see also L a t t m a n n  1973). On  average,  19% o f  
a c o h o r t  o b t a i n e d  a t e r r i t o ry  w i thou t  t ak ing  the r isk 
o f  long  d is tance  d ispersa l  (sex difference" X~I)= 0.5, ns;  
Fig.  2), mos t l y  when 3 o r  4 years  o ld  (age dif ference:  
Z~3)= 12.4, P = 0 . 0 0 6 ;  Fig.  2). In  these two age classes, 
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m o r e  females t han  males  succeeded (X~a~ = 3.7, P =  0.05; 
Fig.  2). 

The  re la tedness  o f  b o t h  pa r tne r s  cou ld  be assessed 
for  36 newly  f o r m e d  pairs .  In  3 cases, they  were ha l f  
or  full sibs. In  4 cases the ma te  o f  a new te r r i to r ia l  
an ima l  was its po ten t i a l  fa ther ,  i.e., the  t e r r i to r ia l  male  
p resen t  in its b i r th  year ,  and  once i t  was its mother .  
Thus,  close inb reed ing  cou ld  occur  in 22% o f  the newly  
es tabl i shed  pairs .  

Factors influencing dispersal 

After  emerg ing  f rom h ibe rna t ion ,  year l ings  ave raged  
a b o u t  40% and  2-year -o lds  a b o u t  80% o f  adu l t  mass.  
Older  of fspr ing  were no t  d i s t inguishab le  in mass  f rom 
te r r i to r ia l  an imals  (Table 4). Dispersers  o f  b o t h  sexes 
were no t  heavie r  a t  emergence  f rom h i b e r n a t i o n  t han  
nondispersers ,  ne i ther  a m o n g  2 -yea r -o ld  n o r  a m o n g  old-  
er an imals  (Table 4). However ,  mass  losses du r ing  the 
p rev ious  win te r  were h igher  a m o n g  an imals  tha t  left 
their  na ta l  g r o u p  in spr ing  (Table 5). F u r t h e r m o r e ;  the 
p r o p o r t i o n  o f  subo rd ina t e s  d i spers ing  f rom a g roup  
seemed to be h igher  the la rger  a g r o u p  was in spr ing  
(rs = 0.198, n = 93, P = 0.06). The  pa r t i a l  inf luence o f  four  
d i c h o t o m o u s  var iables  on d ispersa l  was tes ted j o in t l y  
(Fig.  3). A n  ind iv idua l ' s  age (2-year -o ld  vs. older)  signifi-  
can t ly  inf luenced whe the r  it  d i spersed  or  no t  (Z~I)= 69.8, 
P < 0 . 0 0 1 ) .  M o s t  2 -yea r -o ld  an imals  and  a b o u t  a th i rd  
o f  the 3- and  4 -year -o lds  spent  a n o t h e r  year  a t  home.  

T a b l e  4. Body mass (g) after hibernation 

Individual class Males Females 

Dispersers Nondispersers Dispersers Nondispersers 

mean SD n mean SD n mean SD n mean SD n 

Yearlings - - - 1143 268.6 70 - - - 1130 220.0 44 
2-year-olds 2550 492.4 3 2440 300.9 53 2167 238.5 9 2257 240.1 29 
3-year-olds 3080 195.9 21 2913 225.9 19 2847 205.0 17 2780 148.3 5 
~4-year-olds 3015 247.0 13 2911 362.1 9 2900 - 1 2725 35.4 2 
Territorials - - - 3005 306.3 94 - - - 2858 285.1 99 

Three-way ANOVA of body mass of potential dispersers (_> 2-year-old nonterritorial animals): effect on dispersal, F =  1.6, ns; effect 
of sex, F=8.8, P=0.003; effect of age, F=44.6, P>0.001; all possible interactions, ns. Unplanned comparisons of individual classes 
in one-way ANOVA (separately conducted for males and females, identical results): differences between yearlings and 2-year-olds to 
all other classes, P<0.001 ; differences between 3-year-olds, >4-year-olds, territorials, ns 

T a b l e  5. Mass loss (g) of potential dispersers during previous winter 

Individual class Males Females 

Dispersed Not dispersed Dispersed Not dispersed 

mean SD n mean SD n mean SD n mean SD n 

2-year-olds 1043 151.5 2 911 232.0 32 1229 217.8 5 995 293.1 19 
~3-year-olds 1315 283.0 23 1301 279.5 22 1298 270.0 13 1101 384.5 6 

Three-way ANOVA of mass loss: effect on dispersal, F=4.0, P=0.05; effect of sex, F=0.03, ns; effect of age, F=8.5, P=0.004; 
all possible interactions, ns 
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Fig. 3. Proportions of animals staying with the natal family in 
subordinate rank for another year according to age, sex, presence 
or absence of immatures (infants or yearlings) in their group, and 
whether the group's territorial animals could have been their par- 
ents or not (P=  significance level of partial X2; _> 3-year-old ani- 
mals were lumped into a single age category in the statistical analy- 
sis) 

The 5-year-old animals, still present in the natal family 
in spring, either dispersed or took over the territorial 
position. A higher proportion of males than of females 
remained for another year 0~1)-8.0, P=0.005). Dis- 
persal was further delayed if yearlings or infants were 
present in the group ()~1)=11.2, P<0.001). Parentage 
exclusion of a territorial animal, either by the allozyme 
analysis or because it obtained this position after the 
subordinates' birth, cancelled out from the model as a 
significant predictor of dispersal when correcting for its 
close association with the absence of immatures ()~1)-- 
36.5, P<0.001). 

Discussion 

This study confirms on a broad data basis that M .  m a r -  

m o t a  belongs to the highly social ground-dwelling squir- 
rels (cp. Armitage 1981; Michener 1983). Large groups 
developed by postponed dispersal of offspring beyond 
sexual maturity. As already described by other authors, 
only a group's dominant female produced surviving 
young (Zelenka 1965; Naef-Daenzer 1984; Lenti Boero 
1988; but see Barash 1976). Subordinate females at- 
tempting to reproduce evidently either failed to conceive 
or resorbed their litter, which is common in marmots 
(Bibikow 1968). Alternatively, the territorial females 
could have killed the infants of subordinates females 
of their group (see also Hoogland 1985). In contrast, 

subordinate males may well have been the fathers of 
offspring not sired by the territorial male (Table 2). As 
is typical for social sciurids, nongroup members seemed 
less likely to be fathers of infants (Schwarz and Armitage 
1980; Hoogland and Foltz 1982). (i) Territorial males 
actively defended their group's home range against adult 
male intruders. (ii) Both cases of cuckoldry of territorial 
males in the absence of subordinate group males (Ta- 
ble 2) occurred at sites that were already free of snow 
during the mating season. Usually, territories were rarely 
visited by floaters or by animals from neighboring 
groups during this time of the year because a heavy 
snow pack restrained movements. (iii) Polyandrous mat- 
ings were observed only among group males (Mtiller- 
Using 1957; Hembeck 1958; Koenig 1973; this study). 

Nevertheless, three lines of evidence suggest that be- 
coming territorial is the best option for males to maxi- 
mize reproductive success. (i) In most groups, the territo- 
rial male was the only mature male present (Arnold 
1990), and its paternity should then be more secure. (ii) 
Territorial males reside longer and hence are able to 
reproduce longer than subordinates. Some males were 
already territorial when marked in 1982 and still possess 
this status, whereas subordinate males dispersed at the 
latest during the fourth year after reaching sexual matu- 
rity (Fig. 3). (iii) The dominant males may allow sub- 
ordinates to copulate only with subordinate females, 
which never reproduced. The copulation of a territorial 
female with an individual other than the territorial male 
was observed only once while the territorial male was 
in a burrow. 

If reproducing, the subordinate males had inbred 
with their mother in most of the groups (Arnold 1990). 
Inbreeding could additionally occur when animals be- 
came territorial at or close to their natal site. The practi- 
cal lack of variability found in the enzymes studied may 
indicate a high degree of inbreeding (see also Faulkes 
and Abbott 1990), Preliminary results from DNA-finger- 
printing of alpine marmots showed similar limited vari- 
ability (Ral3mann, pers. comm.). On the other hand, the 
frequencies of heterozygotes at the two polymorphic loci 
agree with the Hardy-Weinberg expectation (Table 1), 
contradicting close inbreeding. Avoidance of inbreeding 
is known for species that live in groups of close kin 
(Schwartz and Armitage 1980; Hoogland 1982; Brooker 
et al. 1990). Therefore, low genetic variability in the al- 
pine marmot could also be the result of a recent evolu- 
tionary bottleneck. However, both the exact degree of 
inbreeding and the reproductive success of subordinate 
males remains to be quantified by analysis of paternity 
with more sensitive methods. 

If remaining at home beyond sexual maturity pre- 
vents or impairs reproduction, other benefits must exist 
if delayed dispersal is adaptive. Possibly, an alpine mar- 
mot has a higher chance of obtaining a territory for 
reproduction if it is large and strong and hence should 
not disperse before reaching sufficient size. The failure 
of yearlings to disperse and the low dispersal tendency 
in 2-year-old animals supports this point of view. How- 
ever, many alpine marmots of adult size remained lon- 
ger, and dispersers were not heavier than nondispersers 
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in any age class (Table 4). Dispersal peaked during the 
first month after emerging from hibernation. It seems 
unlikely that significant mass differences arose in the 
meantime, considering that no food was available for 
up to 53 days, as long as the home ranges remained 
snow covered (Arnold 1990). The lack of influence of 
emergence mass on the chance of obtaining a territory 
(Table 3) and the higher mass loss of dispersers during 
the previous hibernation (Table 5) also contradict hy- 
pothesis 1. 

Nevertheless, remaining at home could still be benefi- 
cial, though in a different manner. The survival chances 
of floaters seemed to be low, as indicated by the extreme- 
ly few recaptures in subsequent years. High mortality 
due to predation and, presumably more important, the 
inability to find a suitable hibernaculum were most likely 
the reasons. Although any winter burrow on a mewdow 
was easily detected in spring, the hibernaculum of a 
wandering animal was never found. Thus, floaters either 
hibernated in forested areas or on meadows like resi- 
dents but did not emerge again the following year. On 
the other hand, there was a fair chance of becoming 
territorial at the natal site or close to it (Fig. 2). The 
marmot territories encompassed by the subordinate ani- 
mals' frequent and short excursions in spring could be 
checked for the possibility of a take-over year after year 
without resigning the safety of the natal territory and 
hibernaculum. Thus, offspring may postpone dispersal 
because the higher survival probability at home increases 
their chances of obtaining a territory. If so, it remains 
to be answered why many animals left their natal site 
although they did not become territorial in the neighbor- 
hood. 

Not all of the marmot territories in the study area 
were occupied each year, and a number of territorial 
positions were vacant in the spring. About half of all 
animals that became territorial established themselves 
at such sites. Even yearlings could find abandoned bur- 
rows and start new groups. Thus, being successful in 
the search for a territory seems to a considerable degree 
to be a matter of scanning a large area. Dispersed ani- 
mals travel over large distances (Arnold 1986; Hottinger 
1989). Compared with nondispersers, they should there- 
fore have a higher probability of finding a site whose 
former inhabitants had died or with a weak territorial 
animal which can be expelled. Considering that most 
floaters do not survive more than 1 year, the relatively 
high proportion of long distance dispersers among the 
newly established territorial animals (25 of 52) supports 
this idea. Hence per time unit, long distance dispersers 
are expected to have a higher chance of becoming terri- 
torial than those animals remaining at home. Avoidance 
of the high risk of long distance dispersal is likely to 
be beneficial as long as time is not a crucial variable, 
but the cost of forfeited or reduced reproduction due 
to remaining increases with age, since an individual's 
future reproductive span is proportionately reduced. 
Beyond a certain age, it should be advantageous for 
a subordinate to disperse, despite the involved risk, in 
order to increase the probability of becoming territorial 
soon. Altogether, an animal is expected to leave its natal 

unit at the age when its future reproductive success 
would be lower by further delaying dispersal. 

Dispersal of subordinate alpine marmots can also 
be elicited by aggression of the territorial animals (Naef- 
Daenzer 1984; Hottinger 1989). By definition, parental 
investment in one offspring is accomplished at the ex- 
pense of the parent's ability to invest in other offspring 
(Trivers 1972). If tolerance of older offspring is parental 
investment, then parents should try to expel them from 
the territory at that time when it becomes more benefi- 
cial to devote the available resources to younger proge- 
ny. Relatively more dispersal with increasing group size 
seems likely and might indicate the parents' interest in 
expelling subordinates from too large groups. 

With the above interpretation, the data so far seem 
to be in accordance with hypothesis 2. However, it can- 
not explain several other results of this study. (i) Males 
dispersed later than females although they reached adult 
size at the same age (Table 4). Furthermore, an equal 
proportion of both sexes obtained territories without 
long distance dispersal, but males mostly at an older 
age than females (Fig. 2). This again reflects most likely 
the subordinate males' higher tendency to remain, since 
there is no reason to assume a sex difference in the 
chance of becoming territorial nearby. There was no 
evidence for higher mortality or a higher eviction rate 
of territorial females than of males (Arnold 1990). On 
the other hand, existing reproductive chances of subordi- 
nate males might be the reason why they dispersed later 
than females (see Emlen 1982), but mate sharing is defin- 
itely not continued paternal care. (ii) It was more usual 
for offspring with high mass loss during hibernation to 
disperse (Table 5). They may have been unable to with- 
stand the territorial's aggression in spring (see Barash 
1976; Naef-Daenzer 1984) and hence be forced to leave 
the group. Under hypothesis 2 one would expect the 
opposite - predominant dispersal of offspring with low 
mass loss during the previous hibernation, since they 
probably have better chances of becoming territorial 
(Table 3). (iii) If tolerance of older animals in the group 
is purely parental investment, more pressure to disperse 
on those subordinates that could not be descendants 
of both territorial animals present is to be expected. This 
was apparently not the case. More dispersal of these 
individuals turned out to be an epiphenomenon of the 
less frequent presence of immatures in such groups 
(Fig. 3), which in turn was due to virtually no reproduc- 
tion in years when a territorial animal changed (Arnold 
1986). (iv) Dispersal was less likely in years when imma- 
tures lived in the group (Fig. 3, see also Barash 1973). 
Why should parents invest for longer in their already 
adult offspring in such a situation ? This result suggests 
that adult subordinates could be tolerated at least in 
part because of benefits arising from their presence or 
help in rearing young (Arnold 1990). 

Whether dispersal in the alpine marmots occurs at 
the age when the reward in future fitness from remaining 
at home becomes less than that of dispersal cannot be 
proven at this stage. The chances for long distance dis- 
persers of becoming territorial are quantitatively un- 
known because the amount of successful emigration 
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f rom the s tudy area c a n n o t  be inferred reliably f rom 
the immig ra t i on  rate. However,  the results o f  this s tudy 
s t rongly suggest tha t  pos tponed  dispersal in  this species 
c a n n o t  be viewed solely as p ro longed  pa ren ta l  invest-  
ment .  
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