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Social behavior and population dynamics of marmots 

K. B. ARMITAGE 

Rocky Mountain Biological Laboratory, and Division of Biological Sciences, 
University of Kansas 

Armitage, K. B. 1975. Social behavior and population dynamics of marmots. - 
Oikos 26: 341-354. 

Population dynamics and social behavior of 5 populations were studied for 10 yr. 
Agonistic behavior characterized social interactions among adult females and 
yearlings who were subordinate. Rates of amicable and of agonistic behavior 
varied widely within a harem from year to year and among harems in any given 
year. Mean interaction rate and mean number of residents were unrelated. Rates 
of amicable behavior were not related to population density in any colony; the 
rate of agonistic behavior was associated with population density only in one 
colony. Rates of amicable and of agonistic behavior between adult males and 
yearling females, between yearling females and adult females, and among adult 
females were independent of measures of population density whether data from 
all colonies were lumped or whether colonies were treated separately. There was 
no significant relationship between the mean size of home ranges and the mean 
number of resident adult females. The mean number of resident females was 
significantly and positively correlated with the percent overlap of home ranges. 
Patterns of social behavior and home range were slightly related. Female year- 
lings were more likely to become residents if their home ranges overlapped those 
of adult females by more than 50 %. Recruitment of females was associated with 
a high percentage overlap of home ranges and with social tolerance; decline in 
the number of residents, a small number of residents, or a lack of recruitment 
of new residents was associated with social intolerance. A model relating social 
behavior to population changes emphasizes behavioral density, a function of the 
number of animals of each behavioral type present in the population, as the factor 
controlling recruitment. 

K. B. Armitage, Division of Biological Sciences, University of Kansas, Lawrence, 
Kansas 66045, USA. 
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B TeIeHHe 10 JneT Hccjie/OBaJIH AHHaMHKy H coJiHanbHoe noBeaeHH4e 5 nonynisHai. 
ArOHHCTHqeCKOe noBeAeHHe xapaKTepHo aJI B3aHMOOTHOmeHHi MeeKAy B3pOC- 
JIbIMH CaMKaMH HI rOAOBaJIbIMH oCo6iMH, 3aHHMaiOIuIHMH IIO!lqHHeHHOe IIOJO- 
KeHHe. YCTaHOBJieHHe A)py)Keji}O6HbIX H arOHHCTHqeCKHX OTHOmeHHi KOJIe6aJIocb 
BHYTPH OAHOro rapeMa B pa3HbIe roFAbI H B pa3HbIX rapeMax B OJHH H TOT )Ke roA. 
CpeFlHaI CKOpOCTb B3aHMOJaeiCTBHR H I4CJIO pe3HZIeHTOB He 3aBHCIT Apyr OT 
apyra. YCTaHOBJIeHiHe Apy>KeJIo6HbIX OTHomeHHE1 He 3aBHCHT OT IIJIOTHOCTH 
)KHBOTHbIX. YCTaHOBJIeHHe arOHHCTH4qeCKHX OTHOUIeHHI 6bIJIO CBI3aHO C nJIOT- 
HOCTbIO InonynILuH JIHnb B 4-o0 KOJIOHHH. YCTaHOBJIeHHe apysejino6HbIX H 
arOHHCTHqeCKHX OTHomeHHi Me)KAy B3pOCJIbIMH CaMuaMH, ro!AOBaJibIMH CaM- 
KaMH, MewKay rOaOBaJIbIMH H B3pOCJIbIMH CaMKaMH H Me)Kay B3pOCJIbIMH CaMKaMH 
6blJIO He3aBHCHMO OT rnjOTHOCTH InonyJiRiaHH npH aHajiH3e jaHHbIX H3 BceX KOJIOHHH 
H rpH pa3AejibHOM aHaJH3e OTaeJIbHbIX KOJIOHH1E. He ycTaHOBJneHO onpeAjieeHHOR 
CBAI3 MewKay pa3MepOM AOMOBbIX yqaCTKOB H CpeaHei EHCJIeHHOCTbIO OCTaBJmIe- 
MbIX B3pOCJIbIX CaMOK. CpeaHee KOJIIeCTBO OCTaBJieHHbIX CaMOK qeTKO HOJIO)KH- 
TeJIbHO KoppeJHppoBaio c AoJIei niepeKpbIBaHHHH AOMOBbIX yIaCTKOB. XapaKTep 
COU(HaJIbHorO roBegAeHiH H A4oMOBbie yqaCTKH 3aBHceJiH apyr OT apyra. roaoBaJibie 
caMKH oxoTHee OCTaBaJIHCb Ha yqacTKax, ecjin OHH nepeKpbIBaaJH yqaCTKH 
B3pOCJIbIX CaMOK 6oJIee qeM Ha 50 %. nIonoJIHeHHe CaMOK CB33aHO C BbICOKOH 
'IaCTOTOi nepeKpbITHH JFOMOBbIX yqaCTKOB H COUHaJIbHOH yCTOiHIBOCTbIO. YMeHb- 
ImeHHe KOJIHYecTBa pe3HIAeHTOB, Majioe HX IHCJIO HJI OTCyTCTBHe InonoJHeHRH 
HOBbIMH pe3H4AeHTaMH CBI13aHO C COUHaJIbHOH HeycTOiMII4BOCTbIo. MoAejib, no- 
Ka3bIBaioUaa CBqI3b COuHanbHorO HnBeAeH HH H H3MeHeHHI II nonyJIIaHH noaPUep- 
KHBaeT noBea!eHqecKyo IIJIOTHOCTb, T.e. (yHKHUio KOJIH'eCTBa 14HBOTHbIX KaSK- 
!oro noBeeeHqecKoro TEHna, HMeIomeroca B inonIyJauHH, KaK 4(aKTOp, onpe- 

gaeiIomrHiif HX nornojHeHHe. 
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1. Introduction 

The basic social group of the yellow-bellied marmot 
Marmota flaviventris Audubon and Bachman is a single 
male with a harem (Armitage 1962, 1965, 1974). A female 
is most fit when she is monogamous, but a male is most 
fit when he has a harem of two or three females. There- 
fore, a male should recruit females and females should 
exclude other females (Downhower and Armitage 1971). 
Thus, harems should be small if agonistic behavior 
among females reduces harem size. Also, agonistic be- 
havior among adult females and yearling females should 
occur if adult females attempt to prevent recruitment of 
females into the population. Such agonistic behavior 
does occur (Armitage 1962); however, about 60 % of the 
harem females were born in the colony of their residence 
(Armitage and Downhower 1974). 

Demographic changes in colonial marmot popula- 
tions occur primarily as a result of overwinter mortality 
of all age groups, dispersal of yearlings, and recruit- 
ment of yearling or adult females (Armtage and Down- 
hower 1974). The turnover of colonial males has little 
demographic effect on the number of resident animals. 

Adult male marmots are territorial (Armitage 1974). 
Most male yearlings emigrate early in their second 
summer of life; about half of the female yearlings emi- 
grate (Armitage and Downhower 1974). The emigration 
of male yearlings can be explained as a pattern of avoid- 
ance of a territorial male which may be reinforced by 
agonistic behavior between the adult male and yearling 
males, but dispersal of female yearlings cannot be 
attributed to avoidance of the adult male (Armitage 
1974). 

The demographic data and the analysis of harem struct- 
ure suggest a possible complex interaction between the 
number of females in a harem and social behavior. 
Furthermore, social behavior among females should 
dominate the social system. This paper presents an 
analysis of female social behavior as related to popula- 
tion structure and change in five yellow-bellied marmot 
populations. 

2. Methods 

Techniques of trapping, marking and observation, and 
location of the study localities are fully described else- 
where (Armitage 1962, 1974, Downhower and Armitage 
1971, Shirer and Downhower 1968). Each study locality 
is occupied by one colony of marmots. The colony 
number is identical to the locality number. Each colony 
consists of one harem except colony 5 which normally 
has two harems (Armitage and Downhower 1974). Ob- 
servation was concentrated between 0700 and 1100 and 
between 1600 and 1900 when marmots are most active 
(Armitage 1962). Because animals were individually 
marked, social interactions of known individuals were 
observed and recorded. At periodic intervals the location 

of each animal was marked on a map of the locality. The 
intervals varied among localities (5-30 min) because of 
the time needed to locate all the animals at a locality, but 
were consistent at any one locality. One map was used 
at each observation period. 

From the field maps, the home range of each animal 
was plotted and the dispersion of the population through- 
out the locality determined. The area of the home range 
was calculated by cutting out the home range and weigh- 
ing the paper on a semimicro balance. A known area was 
cut from the same sheet of paper to serve as a reference. 
The weight of the reference was divided into the weight 
of the home range and the dividend multiplied by the 
known area of the reference to give the area of the home 
range. The amount of overlap of home ranges was 
calculated in the same fashion. 

The study was conducted during the summers of 1962 
to 1971, inclusive. The period of observation varied 
somewhat from year to year, but generally was from 
about 10 June to 15 August. In several years we conduc- 
ted observations from early May when marmots were 
emerging from hibernation until hibernation occurred 
in September. Early and late events had little effect on 
the population-social system (Armitage and Downhower 
1974). Social interactions among adults are rare after 
mid August. No attempt was made to observe an equal 
number of hours at each locality. More time was allotted 
to those localities where social interactions were occur- 
ring. Observations at each locality were spaced through- 
out the summer. 

Social interactions were classified broadly as amicable 
(Ewer 1968) or agonistic (Scott 1956). Amicable beha- 
viors were either greeting (Armitage 1962) or mutual 
grooming (Armitage 1973). Agonistic behavior included 
alert, flight, and chase (Armitage 1962 1973). 

All social interactions were calculated as number per 
animal per hour and hereafter will be referred to as rate. 
The resident marmots were divided into four age-sex 
groups: adult males, adult females, yearling males, and 
yearling females. Young of the year or juveniles are not 
included. The mean number of residents of each of the 
four age-sex groups was calculated as follows. The 
number of residents of each group was multiplied by the 
number of hours of observation for each observation 
period and the products summed. The sum was divided 
by the total number of hours of observation for the entire 
summer and the dividend was the number of residents of 
that group expressed as a mean for the entire summer. 
For example, if four adult females were present through- 
out the summer, the mean number of residents would 
be four. But if one female left after 60 h of observation 
and three remained for an additional 40 h of observation, 
the mean would be 3.6. 

The mean rate of social interactions between any two 
age-sex groups was determined by adding together the 
mean number of residents for each age-sex group and 
multiplying that sum times the total hours of observa- 
tion. The resultant product (animal-hours) was divided 
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into the total number of social interactions observed 
between members of the two age-sex groups. The dividend 
was the rate (number per animal per hour) of social 
interactions, which is expressed as a mean for the entire 
summer. 

This mean value is no different than a mean calculated 
by adding the rate for each observation period and 
dividing by the number of observation periods. For 
example, if two marmots are observed for 3 h a day for 
5 d, a total of 30 animal-hours of observation occurs. 
If 6 social interactions occur on one day, the mean rate 
is 0.2. Adding daily rates consisting of 4 days of 0 and 
one day of 1 (6 interactions divided by the product of 
3 h times 2 animals) produces a rate of 0.2. The rate cal- 
culated by either method is essentialy unchanged if the 
social interactions are evenly distributed rather than 
clumped, as in the example. What is important to this 
study is that the rates calculated be comparable. Because 
observations were conducted at the same time of day 
and were spaced throughout the season at all localities 
so that any seasonal concentration (or lack of seasonal 
concentration, Armitage 1973), would not bias the cal- 
culated means, the results are comparable from one 
colony to another and from one year to another. Three 
sets of rates were calculated: amicable, agonistic, and 
total interactions (the sum of amicable plus agonistic). 
For each set, 10 rates were possible among the four age- 
sex groups, but in practice, social interactions among 
all groups were not observed in each colony each year. 
The mean rates thus calculated may be added to provide 
rates in any combination desired. For example, the 
addition of all the rates is the total interaction rate for 
the entire population for that year. On the other hand, 
the sum of only those rates in which an adult male was 
involved is the social interaction rate of adult males. 

3. Results 

3.1. Social behavior of females 

There is no a priori basis for assuming that a social 
interaction between two animals will be amicable or 

agonistic. Therefore, the simplest hypothesis is that 
there is equal probability that a social encounter will be 
amicable or agonistic. The social behavior of female 
yearlings was almost equally divided between amicable 
and agonistic (X2 = 0.48, p = 0.5). However, the dis- 
tribution of these behaviors differed among the four age- 
sex groups (Tab. 1). The behavior among female year- 
lings was predominantly amicable; agonistic behavior 
was rare. Amicable behavior between female yearlings 
and male yearlings occurred twice as often as agonistic 
behavior (Tab. 1). In two-thirds of the agonistic inter- 
actions, the female yearling was alert to, fled from, or 
was chased by the male yearling. Their roles were rever- 
sed in the other third of the agonistic behaviors. Agoni- 
stic behavior between female yearlings and female 
adults exceeded amicable, but the difference was not 
statistically significant. In all instances, yearlings were 
subordinate; that is, they were alert to, fled from, or 
were chased by adults. 78% of the yearling females: 
adult male social interactions were agonistic. Again, the 
female yearling was subordinate in all the agonistic 
encounters. 

In general, female yearling social behavior may be 
characterized as amicable with other yearlings and 
agonistic with adults, but with frequent amicable be- 
havior with adults, expecially with females. 

The patterns of social behavior involving female 
yearlings varied considerably among the five localities. 
Agonistic behavior between yearling females and adult 
females exceeded amicable behavior in colonies 4, 7 and 
5 (upper); amicable behavior exceeded agonistic beha- 
vior slightly in colonies 1 and 2 and markedly in colony 
5 (lower) (Fig. 1). Amicable and agonistic behaviors 
between yearling females and adult males occurred about 
the same number of times in colonies 2 and 4 (Armitage 
1974). Only agonistic behavior was observed in colony 1 
and agonistic behavior greatly exceeded amicable in 
colony 5. The one instance of adult male: yearling female 
social behavior in colony 7 was amicable. 

Adult females were observed more often in agonistic 
than in amicable behavior (%2 = 13.5, p < 0.001). 

Tab. 1. Number of times female yearlings and female adults were observed in social behaviors with other marmots. The 
numbers are summed for all localities for all years of observation. X2-test compares total amicable with total agonistic for 
each age-sex groups. Null hypothesis: there is no difference between the number of amicable and agonistic behaviors. 

Social behaviors X2 
Age-sex groups Greeting Mutual Total Alert Flight Chase Total 

grooming amicable agonistic 

Ylg: $ Ylg..... 17 8 25 0 5 0 5 13.3 p < 0.001 
Ylg: $ Ad..... 37 25 62 10 35 40 85 3.6 0.1 > p > 0.05 
Ylg: X Ylg... 43 20 63 8 8 9 25 16.4 p < 0.001 

S Ylg: c Ad . 19 0 19 17 32 18 67 26.7 p < 0.001 
$ Ad: $ Ad..... 30 20 50 27 20 35 82 7.8 0.01 > p > 

> 0.001 
$ Ad:.. Ylg..... 31 13 44 13 29 44 86 13.6 p <0.001 
$ Ad:.. Ad... 93 12 105 34 39 26 99 0.2 0.7 > p > 0.5 

Ylg = yearling 
Ad - adult 
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Agonistic behavior especially characterized social inter- 
actions among adult females and between adult females 
and yearlings (Tab. 1). There was no significant differ- 

-64 ence in the number of agonistic and amicable encounters 
between adult males and adult females. Yearlings were 
subordinate in all agonistic encounters with adult 
females. The adult females were subordinate in all agon- 
istic encounters with adult males. 43 % of the agonistic 

5 5 behavior among adult females was in the category of 
chase; by contrast, only 26% of the adult male: adult 
female agonistic behavior was chase. Because alert and 
flight are milder, essentially avoidance patterns, agonistic 
behavior among adult females was more intensive than 
that between adult males and adult females. 

In colonies 2 and 5 (lower) amicable behavior among 
3 3 females exceeded agonistic. Only agonistic behavior 

was observed among females in colony 7 and agonistic 
behavior exceeded amicable in the other colonies (Fig. 
1). The difference between amicable and agonistic 
behavior among adult females was especially marked 
in colony 4 and only slight in colony 1. 

28L 
3.2. Rates of social behavior 

The rate of amicable behavior or of agonistic behavior 
167 in any harem varied from year to year (Fig. 2). The upper 

harem at locality 5 and the harem at locality 7 (Fig. 2B) 
had persistent low rates of amicable behavior; the rates 
in the other harems fluctuated widely and were highest 

L. at locality 7 and varied widely from year to year at all 
2 2 the other localities (Fig. 2A). 

Rates of social interactions varied widely among the 
harems in any given year. None of the fluctuations of 
either amicable or agonistic behavior of one harem was 
correlated with the fluctuations of these behaviors in any 

* other harem. This lack of correlation of behavior pat- 
terns among harems is consistent with the lack of corre- 

l I lation of population trends among these harems (Fig. 3) 
(Armitage and Downhower 1974). The fluctuations of 
amicable and agonistic behavior within any one harem 
over time were uncorrelated (Fig. 2). Spearman rank cor- 
relations (Siegel 1956) for the three harems with the 

7.2 most data varied from -0.261 to 0.394, p > 0.05 in all 
cases. 

Rates of behavior could vary with changes in harem 
size. The probability of social contact could increase as 
population density increases, but the behavior could be 

3 3 either agonistic or amicable depending on factors such as 
age and sex. Social interactions could decrease with an 
increase in density if some mechanism, such as avoid- 
ance by shift of home range, use of burrows, etc., occur- 
red. In either case, the mean total interaction rate should 
be associated with the mean number of residents. How- 

3 3 
YLG : YLG 

Fig. 1. Mean rates of amicable (open bars) and of agonistic 
(solid bars) behavior among females. Number above each 
bar is the standard error of the mean. Number below each 
bar is the number of years the behavior was observed (= N). 
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ever, when mean interaction rate (MIR) is plotted against 
the mean number of residents (MNR), no relationship 
is evident (Fig. 4). The possibility of a relationship be- 
tween MIR and MNR was tested by Olmstead and 
Tukey's corner test for association (Sokal and Rohlf 
1969). Only for colony 4 was p < 0.1 (Fig. 4). Interest- 
ingly, locality 4 is smaller in area and less diverse than 
the other localities. 

Possibly either amicable or agonistic behavior, but 
not both, varies with population density. The rates of 
amicable and of agonistic behavior were plotted against 
the mean number of residents (Fig. 5) and the resulting 
relationship tested by Olmstead and Tukey's corner test 
for association. Clearly amicable behavior is not related 
to population density in any colony (p > 0.1). Only in 
colony 4 is the rate of agonistic behavior associated 
with mean population density. 

The relationship between rates of amicable and of 
agonistic behavior and mean population density was 
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Fig. 3. Variation among years in the mean number of resi- 
dents for all colonies. 

Fig. 4. The mean interaction rate (MIR) as a function of the 
mean number of residents (MNR) for all colonies. The p 
values are for Olmstead and Tukey's corner test for asso- 
ciation. 
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tested further for all harems for which at least eight 
years data were available. Rates of behavior and of pop- 
ulation density were ranked from high values to low and 
the rankings tested by the Spearman rank correlation. 
Rates of agonistic behavior and mean population dens- 
ity were positively but insignificantly (p > 0.05) corre- 
lated (Fig. 5). Rates of amicable behavior and mean 
population density were positively correlated for colo- 
nies 5 and 7 and negatively for colonies 1 and 4. All rs 

were insignificant. These results indicate there is no sim- 
ple relationship between mean population density and 
rates of social interactions. 

3.3. Rates of social behavior among age-sex groups 

The foregoing discussion was based on the underlying 
assumption that all animals in a harem are behaviorally 
identical and that rates of social interaction are a function 
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of the number of behavioral units (= animals) present. 
Furthermore, the rates of social interaction were con- 
sidered to be density-dependent. 

Neither of the two assumptions may be correct. Agon- 
istic behavior occurs more frequently between adults 
and yearlings than would be expected if all animals are 
behaviorally identical (Armitage 1962,1965,1973). Rates 
of agonistic behavior in a colony of marmots in Yellow- 
stone were highest when the population was highest and 
second highest when the population was lowest (Armi- 
tage 1962). Similarly, there was no density-dependent 
relationship between the number of residents and the 
rate of social interactions in a marmot population fol- 
lowed from its inception until the colony was trapped out 
five years later (Armitage 1973). 

These two assumptions may be modified by assuming 
that each age-sex group has behavioral patterns peculiar 
to its group and that density-dependent relationships 
occur among two or more of these age-sex groups or 
within one or more age-sex groups. The first assump- 
tion is supported by the analysis of female social beha- 
vior discussed in an earlier section and by an analysis of 
male behavior (Armitage 1974). The second assumption 
(density-dependent behavioral patterns related to age- 
sex groups) may be tested by examining the behavioral 
patterns of each age-sex group. Because in some years 
either no social interactions were observed among some 
age-sex groups or some age-sex groups were not re- 
sident in some colonies, the rates are plotted for those 
years from all colonies in which social interactions were 
observed. All plots were tested by Olmstead and Tukey's 
corner test for association for amicable and agonistic 
behavior separately (e.g. Figs. 6, 7). Those years in which 
an age-sex group was present but no social interactions 
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stead and Tukey's corner test for association. 

were observed, thus resulting in zero behavior in rela- 
tionship to some number of residents, are not included 
in Figs 6, 7. However, separate plots were made which 
included all zero values and these do not change the 
outcome of the analysis. 

Male behavior is detailed elsewhere (Armitage 1974). 
The emigration of yearling males is independent of their 
density because adult males maintain exclusive use of 
their territories and all males born in a colony emigrate. 
No relationship was found between the rate of agonistic 
or of amicable behavior of yearling males and various 
measures of population density (Armitage 1974). 

Agonistic behavior among female yearlings is too rare 
to analyze for density effects (Fig. 1, Tab. 1). The rates 
of amicable and of agonistic behavior between adult 
males and yearling females are independent of the 
density of female yearlings. The rates of amicable and 
of agonistic behavior between adult females and year- 
ling females are independent of the mean number of 
resident female adults and yearlings (Fig. 6). 

Agonistic behavior among adult females is unrelated 
to the mean number of adult females (Fig. 7). Interest- 
ingly, the three highest rates of agonistic behavior occur- 
red at low densities and the fourth highest rate occurred 
at the highest density of females. Amicable behavior is 
significantly associated with the number of females; 
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Tab. 2. Coefficients of Spearman's rank correlation for social interactions between age-sex groupings and measures of 
population density. The upper value of each pair is for amicable behavior; the lower value, for agonistic. The coefficients 
marked with an asterisk are significant (p = 0.05). The number of observations (n) is given in parentheses following the 
number of the colony. Ad = adults, Ylg = yearlings. Total residents includes both adults and yearlings; all females in- 
clude adult females and yearling females. 

Age-sex groups No. of Total No. of No. of ylg No. of No. of All 
Ad residents Ylg plus No. of $ Ad i ylg females 

females 

All ylg.: All ad. 
Colony 1(8) ......... -0.339 -0.143 0.500 

-0.780* -0.643* 0.000 
Colony 5(7) ......... 0.464 0.402 0.009 

0.616 0.634 0.491 
All ylg.: $ ad. 

Colony 1(8) ......... 0.441 0.000 -0.339 
0.447 0.411 -0.024 

Colony 5(7) ......... 0.045 0.134 0.464 
0.491 0.518 0.616 

y ylg.: $ ad. 
Colony 1(7) ......... 0.063 0.795* 0.223 

0.107 0.027 0.188 
Colony 5(6) ......... 0.372 -0.029 0.200 

0.657 0.200 0.314 
$ ad.: $ ad. 

Colony 1(9) ......... 0.258 
0.313 

Colony 5(10) ........ 0.606* 
-0.200 

amicable behavior decreases as the number of females 
increases (Fig. 7). However, if those years in which no 
amicable behavior was observed are included, there is 
no relationship between amicable behavior and the 
number of females in a harem. 

The foregoing analyses could be invalid because rates 
of social interactions were lumped from different colonies 
occupying different localities. Because the habitats of no 
two localities are identical, habitat effects among colonies 
could obscure density effects of social behavior within 
colonies. This possibility was tested by examining the 
three colonies for which data are sufficient. A detailed 
analysis of colony 2 was published elsewhere (Armitage 
1973). No relationship occurred between rates of social 
interactions and the mean number of residents of the 
age-sex groups. 

Four age-sex groupings from colonies 1 and 5 (all 
harems lumped) were chosen for analysis (Tab. 2). These 
groupings are those for which data are most numerous 
and which are most significant for testing the effects of 
density and the predictions of behavior based on the 
analysis of harem structure. Several populaiton units 
were tried on the assumption that the rate of social 
interactions between two age-sex groups could be a 
function of the density of one or the other of the two 
age-sex groups or of the combined density of the two 
age-sex groups. The relationships between rates of 
agonistic and of amicable behavior between age-sex 
groupings and population units were tested by Spear- 
man's rank correlation (Tab. 2) and were plotted and 
tested by Olmstead and Tukey's corner test for associa- 

tion. Several examples are presented in Fig. 8. For 
colony 5, the harems were also analyzed separately. 

Although numerous trends relating social interactions 
to measures of population density are evident, few are 
statistically significant (Tab. 2). Trends often are dissimi- 
lar between the two colonies. For example, amicable 
behavior between yearlings and adults tends to decrease 
as the number of adults increases in colony 1, but tends 
to increase as the number of adults increases in colony 
5. Amicable behavior between yearlings and adults 
tends to increase as the number of yearlings increase in 
colony 1, but shows no trend in colony 5. 

Amicable behavior between yearlings and adult 
females tends to increase with an increase in the number 
of yearlings, but tends to decrease with an increase in the 
number of adult females in colony 1; whereas this social 
interaction increases with an increase in the number of 
female adults in colony 5 (Tab. 2). Amicable behavior 
between adult females and yearling females is significantly 
higher in those years in which the number of female 
yearlings is higher in colony 1. In colony 5, the highest 
rs for amicable behavior between female yearlings and 
female adults was obtained when the rate of interaction 
was related to the number of adult females. The trend 
was positive (Tab. 2). Amicable behavior among females 
was significantly higher when the number of females 
was higher in colony 5 (Tab. 2), but the relationship was 
not significant when the harems were treated separately. 
The relationship between the rate of amicable behavior 
among adult females and the number of adult females 
was positive, but not statistically significant in colony 1 
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Fig. 8. The rate of agonistic behavior as a function of the 
mean density of animals for selected age-sex groups for 
colony 1. The p values are for Olmstead and Tukey's corner 
test for association. 

(Tab. 2). In general, although there are trends relating 
amicable behavior of an age-sex group to a measure of 
population density, the trends generally are not statis- 
tically significant and the rates of amicable behavior 
cannot be accounted for on the basis of population 
density alone. 

Agonistic behavior between various age-sex groups 
shows the same general lack of a statistically significant 
relationship with measures of population density (Fig. 8, 
Tab. 2). In colony 1, agonistic behavior between adults 
and yearlings decreased as the number of adults in- 
creased (Fig. 8) or as the number of adults and yearlings 
increased, but there was no relationship with the number 
of yearlings (Tab. 2). In colony 5, there was a trend for 
an increase in agonistic behavior among adults and year- 
lings with an increase in the number of adults or in the 
number of adults and yearlings. This relationship was 
significantly (0.05 > p > 0.02) related to the total 
number of residents in the lower harem, but not the 
upper harem. 

The relationship between the rate of agonistic beha- 
vior between female yearlings and female adults and the 
various population units was positive (Tab. 2), but 
strongly so only in relation to the number of females at 
colony 5. The highest rs in colony 1 was obtained for the 
total number of females (Fig. 8, Tab. 2). 

Agonistic behavior among female adults tended to 
be higher in those years with higher numbers of resi- 
dent females in colony 1 (Tab. 2, Fig. 8), but the rela- 
tionship was negative in colony 5. 

In conclusion, the analysis of two colonies is in 
essential agreement with the pooling of data from all 
colonies. There rarely is a significant relationship be- 
tween measures of social behavior among various age- 
sex groupings and various population units used as 

measures of population density. The lack of a density- 
dependent relationship between rates of social behavior 
and population density may be explained in part by the 
territorial system in which nearly all male yearlings 
emigrate regardless of their numbers (Armitage 1974). 
However, male behavior cannot account for an absence 
of density-dependent behavior among females. Two 
behaviourally-related mechanisms seem most likely to 
eliminate or reduce density-dependent behavior. Fema- 
les may modify their home range to reduce social con- 
tact (Armitage 1965) or different behavioral types of 
females (Svendsen and Armitage 1973) may behave 
differently with respect to their conspecifics. 

3.4. Home range, social behavior, and population density 

For all localities, the mean size of the home ranges of 
adult females varied from 0.13 to 1.02 ha. Within any 
one locality, the year-to-year variation in the mean size 
of the home range varied at least 300 % from the low to 
the high mean. For all localities, the per cent overlap of 
home ranges varied from 0-97 %o. Within those localities 
that typically had two or more resident adult females, 
there was a difference of at least 75 % between the low 
and high values. 

Although there was a trend for the mean size of the 
home range of adult females to be inversely related to 
the mean number of resident adult females at locality 7, 
there was no significant relationship between the mean 
number of resident adult females and the mean size of 
their home ranges (Tab. 3). However, the per cent of 
overlap of the home ranges of adult females was signi- 
ficantly correlated with the number of female adults 
at all localities (Tab. 3). As the mean number of resident 
female adults increased, the per cent overlap of their 
home ranges increased. 

Patterns of social behavior were only slightly related 
to home range. At locality 1, rates of amicable behavior 
among females were positively correlated with the mean 
size of home range (rs = 0.75, p = 0.05) and with per 
cent overlap of home ranges (rs = 0.83, p = 0.01). 
At locality 5, lower area, rates of amicable behavior 
were positively, but not significantly (p > 0.05) correl- 
ated with mean size of home range (rs = 0.3) and per 

Tab. 3. Spearman rank correlations (rs) between the mean 
number of female adults and home range. The number of 
years (n) in the correlations is given in parentheses fol- 
lowing the locality. 

Locality Mean size of % overlap of 
home range home ranges 

5 upper (10) ................ 0.046 0.8942 
lower (10) ................ -0.163 0.8302 

1 ( 9) ................ 0.233 0.8212 
7 ( 8) ................ -0.470 0.6671 

1 p 0.05;2p = 0.0 1. 
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cent overlap of home ranges (rs = 0.56). No significant 
correlations occurred between rates of agonistic behavior 
and home range, but rates of agonistic behavior tended 
to be higher when mean size of home range was smaller 
(r8 = -0.35 to -0.38). No significant correlations 
occurred between rates of agonistic behavior and per 
cent overlap of home range and there was no general 
trend (rs = -0.04 to 0.31). There was insufficient 
variation in the behavioral patterns at the other localities 
to permit testing. 

The mean size of the home range of female yearlings 
varied from 0.24 to 0.86 ha. Within any one locality, 
there was a two- to four-fold variation from year to 
year in the mean size of the home range. The per cent 
overlap of home range of yearling females generally 
exceeded 50%. 

The overlap in the home ranges of female yearlings and 
of female adults varied between 2.7% and 93.2%. At 
locality 1, in the four years in which female yearlings 
remained throughout the summer, the per cent overlap 
between yearling female and adult female home ranges 
varied from 54 % to 88 %. In the two years in which the 
female yearlings eventually dispersed, the per cent over- 
lap was 2.7% and 14.9%. At locality 5, in the 5 yr in 
which female yearlings remained throughout the summer, 
the per cent overlap between the home ranges of female 
yearlings and of female adults varied from 35 % to 93 %, 
and was less than 54 % in only one of the five years. 

At these two localities, of the 26 female yearlings that 
had home ranges that overlapped the home ranges of 
the adult females, 16 were trapped as two-year old fema- 
les in their locality of birth. By contrast, of the 15 
female yearlings that moved beyond the limits of the 
locality and for whom home range data were scarce or 
non-existent, none were retrapped in the following years. 
Thus, apparently a prerequisite for obtaining residence 
in the colony of birth is the ability of a yearling to 
extablish and maintain a home range within the locality 
occupied by the adults. Although yearlings could dis- 
perse beyond the area occupied by adults and then return 
to the locality, this behavioral pattern is rare. Among 
all localities, of the 25 female yearlings that were recap- 
tured as two-year old resident females, only two had 
moved out of the locality in their yearling year and re- 
turned the following year. 

There was no consistent relationship between the 
presence of female yearlings and home range of females. 
At locality 5, the largest per cent overlap between adult 
and yearling home range was associated with the smal- 
lest mean size of home range and largest per cent over- 
lap of adult females (considering only those years in 
which yearlings were resident). The second largest per 
cent overlap between adult and yearling home range was 
associated with the largest mean size and second smal- 
lest per cent overlap of adult female home range. The 
smallest per cent overlap between yearling and adult 
home range occurred when the per cent overlap of adult 
female home range was second largest. 

3.5. Behavior-population interactions 

The lack of any consistent relationship between density 
and social behavior and the higher percentage overlap 
of home ranges of adult females at higher densities 
imply a complex relationship between population changes 
and patterns of social behavior. This complexity may be 
appreciated only by a detailed examination of the be- 
havioral and population changes (Armitage 1973). The 
harems at localities 1 and 5 were chosen for analysis 
because 10 consecutive years of data were available for 
each and these harems had the widest fluctuations in the 
mean number of residents (Fig. 3). The detailed analysis 
is not presented here, but is available on request from 
the author. 

Certain general trends were evident in both colonies. 
Recruitment of either female adults or female yearlings 
is associated with a high percentage overlap of home 
ranges and with social tolerance. Social tolerance is 
expressed either by overt amicable behavior or by a lack 
of agonistic behavior. Decline in the number of resi- 
dents, a small number of residents, or a lack of recruit- 
ment of new residents is associated with social intole- 
rance. Social intolerance is expressed by high rates of 
agonistic behavior or by low rates or an absence of 
amicable behavior. Home ranges overlap slightly or 
not at all. High density of residents may be associated 
with high rates of agonistic behavior; low density may 
be associated with an absence of social interactions among 
the resident female adults. 

3.6. A population-behavior model 

3.6.1. The verbal model 

From the analysis of year-to-year changes in population 
density and rates of social behavior, a model relating 
social behavior to population changes was constructed. 
This model is presented in a simple, verbal form. Some 
of the factors which modify the general expression of the 
model will be discussed following the description of the 
model. 

For convenience, I will begin with a small population 
of sociable animals. Because social relationships are 
amicable, recruitment of yearling and/or adult females 
into the population occurs. As the population increases, 
social interactions increase. Agonistic behavior is relat- 
ively high. Because the older animals are sociable, they 
remain in the colony. Recruitment decreases. Because 
of the large number of adults, only a potentially do- 
minant animal is recruited. This animal most likely is a 
yearling who is unable to dominate the adults, but who 
does not disperse despite social stress. The combina- 
tion of numbers plus Ithe recruitment of a highly agres- 
sive animal eliminates any further recruitment. The 
population declines as older females die and the agres- 
sive animal prevents recruitment. The population may 
decline to a single adult female. Eventually the agres- 
sive female dies or becomes aged and incapable of 
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excluding recruits. The number of resident female 
adults increases as sociable animals are recruited. The 
cycle is repeated. 

The model presupposes that marmots of the correct 
behavioral type are available at the right time in the 
population cycle. A continuum of behavioral profiles 
ranging from sociable to aggressive to submissive- 
avoiders occurs in the marmot population (Svendsen 
and Armitage 1973). The full range occurs in juvenile 
marmots and may occur within a single litter (Svendsen 
1974). Sociable and/or subordinate yearlings tend to 
remain near a colony of adults whereas aggressive 
female yearlings disperse from the area if they are 
unable to achieve residency (Downhower 1968). Thus 
there may be continual interplay between changes in 
population density and behavioral types of marmots. 

3.6.2. Possible variants of the model 

Although there is a continuum of behavioral profiles, 
the possibility remains that the cycle may be modified 
by the availability of behavioral types. Avoider-sub- 
missive animals may emigrate when the population 
increases and/or social interactions increase. An incident 
of this type occurred when p685 emigrated from colony 
1 in 1971. 

An aggressive-dominant female might be replaced 
by another female of the same type rather than by several 
sociable animals. This situation occurred at colony 1 
in 1968 when 9649 drove out the young animals and the 
population decreased instead of increasing. 

The population cycle may be modified if sociable 
animals are replaced by sociable animals. This condition 
has prevailed at locality 5 since 1968. The population 
of females has been fairly constant and none of them 
acted highly aggressive in the field nor. did any test as 
aggressive in 1971. During this period amicable behavior 
among females greatly exceeded agonistic. 

Diversity of the habitat may also modify the cycle. 
For example, locality 5 has a more varied topography, 
more diverse vegetation, including trees and shrubs, 
more burrows, and a larger area than the other localities 
(Armitage 1974). The small number of female adults in 
1967 was unable to exclude yearling females or other 
adult females even though all social behavior among 
females was agonistic. Both adult and yearling females 
could avoid other animals by being active in little used 
areas of the locality or by utilizing areas of overlap when 
the dominant animal was elsewhere. 

3.6.3. Field observations of variants of the model 

The population-behavioral systems at localities 4 and 7 
illustrate long time variations of the population-behavior 
model. The colony at locality 4 usually consisted of one 
adult male and one adult female. From 1962 through 
1964, only agonistic behavior was observed between 
the adult female and yearling females. The old resident 

female did not return in 1965; she was replaced by 
$646, a 2-yr old who dispersed from the locality in July 
1964 as a yearling. In 1966, another adult, $424, resided 
at a burrow about 105 m distant. This burrow was fre- 
quently used by yearlings, but this was the only time an 
adult resided there. Several times $646 travelled across 
the meadow and chased Y424 and her young (Armitage 
and Downhower 1970). In 1967, $646 was shot and 
$424 moved to the main burrow area. In 1968, two 
yearlings were resident. Agonistic behavior between the 
female adult and the female yearling ($1145) was six 
times greater than amicable behavior. The home ranges 
of the two females overlapped by 51 %. In 1969, $424, 
now 6 yr old, shared the main burrow system with $1145. 
Agonistic behavior between the two adult females was 
three times that of amicable behavior. Although $424 
was dominant, she was unable to exclude $1145. The 
ability of $1145 to maintain a position in the colony 
depended in part on her pattern of avoidance of $424. 
She usually fed in an area not frequented by $424 and 
returned to the main burrow area when $424 was not 
active there. In addition, $1145 refused to emigrate 
despite being frequently chased by $424. Both females 
were agonistic toward the female yearlings, $424 much 
more so. All three female yearlings emigrated by mid 
July. In 1970, only $1145 was present. 

When study began at locality 7 in 1964, three females 
were resident. Two of the females apparently were old 
animals and $622 probably was 2-yr old. By 1967 both 
older females presumably had died and $622 was the 
sole female adult at the locality. She was one of the most 
highly aggressive animals I've observed. Yearlings soon 
emigrated, usually by mid June. If a strange animal 
appeared, $622 went to the area where the stranger was 
seen as if to chase it away. She was the only adult female 
I've seen who acted much like a territorial male. In 
1969, when $622 was 7-yr old, $755, a 3-yr old, was 
also resident. Although their home ranges overlapped by 
64 %, after mid July there was essentially no overlap. 
Both animals appeared aggressive but neither attempted 
to exclude the other. 

The presumed aggressiveness of the two females was 
tested by introducing three adult females to the colony 
in mid June. The resident females immediately evidenced 
agonistic behavior toward the introduced females. All 
the introduced females emigrated within a week after 
being released. 

In 1970, $755 occupied the main burrow area of the 
locality. A new female, 1047, occupied a burrow 75 m 
distant, upslope and beyond a fringe of trees from the 
main burrow. There was no overlap of home ranges. 
Both females were categorized as aggressive when tested 
by mirror-image stimulation (Svendsen and Armitage 
1973). A third female, who was subordinate to $755, 
occupied a burrow about half-way between the two 
aggressive females in 1971, but dispersed in early July. 
Four yearlings were resident throughout 1971. Social 
contact between female yearlings and female adults was 
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agonistic. However, the yearlings established home ranges 
which lay between those of the adult females so that 
there was little overlap of home ranges during most of 
the summer. One of the female yearlings was categor- 
ized as aggressive, the other, as sociable. 

3.6.4. The model: conclusions 

In conclusion, the model is consistent with field observa- 
tions of social behavior and with the few measures of 
behavioral profiles. The model accounts for the lack of 
correlation between density of marmots and home 
range and for the positive correlation between percen- 
tage overlap of home ranges of females and density of 
females. The model accounts for the lack of a density- 
dependent population-behavioral system. High rates of 
social behavior may occur as a result of high density of 
animals but also as a result of the activity of one highly 
aggressive animal. The model also accounts for the lack 
of population growth in a colony when the number of 
females is one. This one female may be so aggressive 
that recruitment is prevented. Social interactions may be 
absent because the aggressive female by her general 
conduct and display advertises her aggressiveness and 
is avoided. 

4. Discussion 

Rodent populations may be regulated by extrinsic agents 
such as weather, predation, or food supply or by intrinsic 
agents such as social behavior. On theoretical grounds, 
it is increasingly difficult to model a system of extrinsic 
control from the point of view of the population being 
regulated. Extrinsic control must be tightly coupled to 
the perturbations of the population if the population is 
not to be driven to extinction by the over-application of 
controls on the one hand or to indefinite increase be- 
cause of relaxed controls, on the other hand. Therefore, 
extrinsic controls require a homeostatic system which 
is density-dependent; that is, the controls become more 
stringent when population density increases and are 
relaxed when population density decreases. This system 
is essentially that of the classical density-dependent 
concept of population regulation (Nicholson 1933, 
Odum 1971). 

In a density-dependent extrinsic system, the control 
mechanism is similar to an open-sequence homeostatic 
system. In an open-sequence system, information about 
the environment is received and integrated by the organ- 
ism which then effects a response to counter-act the 
environmental perturbation. But there is no flow of 
information from the response back to the organism. 
The organism can only continue to respond in as skillful 
a manner as it can to the sensory input. At the popula- 
tion level the rodent population must be able to sense 
all of the possible environmental factors that may affect 

its numbers, but the population has no information input 
on the results of its response to the extrinsic factors. 
Presumably, if the population can sense all extrinsic 
factors, e.g., disease organisms, food levels, physical 
and chemical parameters, etc., the population can take 
skillful counteractions. If some environmental factors 
are not monitored, some element of chance enters into 
the system. Thus, population regulation in an open- 
sequence homeostatic system will appear to occur by 
chance (Schwerdtfeger 1958). The open-sequence home- 
ostatic system is consistent with the model of Horn 
(1968) in which density-dependence and density-inde- 
pendence are not mutually exclusive alternatives. Which 
of these two mechanisms predominates in the regulation 
of an animal population may be related to the sensitivity 
of the population to the environment. Horn uses sen- 
sitivity in the sense of response to an environmental 
perturbation rather than as perception of the environ- 
ment. The lower the perception, i.e., the fewer environ- 
mental cues being monitored, the greater the "sensitiv- 
ity" to change and the more likely control would be 
density-independent. If perception is raised by increas- 
ing the number of environmental cues that are moni- 
tored, the more likely the population will be less 
"sensitive" to the environment and that population con- 
trol would be density-dependent. 

The regulating system may be more finely tuned and 
population oscillations decreased if a negative feedback 
homeostatic system develops (Schwerdtfeger 1968). This 
system operates by sensing the function to be controlled 
rather than some environmental factor. Thus, it is 
change in the density of the population which is moni- 
tored by the population. The control agents are intrinsic 
and generally assumed to be density-dependent (Tanner 
1966). The development of a negative feedback home- 
ostatic system need not imply constancy of population 
density. Feedback control systems oscillate; the amount 
of error in the system depends on the degree of error 
rate control (Bayliss 1966). Even a finely-tuned negative 
feedback homeostatic system will have some oscillation 
because of inherent delay in the flow of information 
from one part of the system to another. 

The homeostatic system evolves along with other 
attributes of a species-population. Both the type of 
homeostatic system (open sequence or negative feed- 
back) and the degree to which the system is tuned are 
determined by evolutionary processes, presumably by 
natural selection. The essential difference between an 
extrinsic, open-sequence homeostatic population-regu- 
lating mechanism and an intrinsic, negative-feedback 
system is that the latter is more independent of environ- 
mental factors external to the population. If such 
environmental independence is an adaptive strategy of 
high selective value, one would expect to find examples 
of negative-feedback homeostatic population regulating 
systems. 

Such intrinsic systems apparently evolved in rodents. 
Although extrinsic factors cause mortality among vole 
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populations, population increase apparently is not limited 
by extrinsic agents (Chitty 1960). Intrinsic agents control 
population density by their effects on dispersal, but 
dispersal of voles is not directly related to population 
density (Krebs et al. 1973). Likewise population den- 
sity of marmots is regulated by increasing or decreasing 
recruitment and dispersal which are not directly related 
to population density (Armitage and Downhower 
1974). 

The intrinsic factor most likely to affect dispersal and 
recruitment is social behavior (Wynne-Edwards 1962, 
Chitty 1967). Several authors (e.g., Barnett 1964, Chri- 
stian and Davis 1964) postulated that the behavioral 
mechanism is social stress acting through the pituitary- 
adrenocortical axis. These authors emphasize physiolog- 
ical impairment leading to death directly or indirectly 
through disease and/or predation. In an extensive 
review of the effects of population density on rodent 
behavior, Archer (1970) concluded that the usual re- 
sponse to increased density in natural populations is 
emigration. Furthermore, his review suggests that 
physiological effects of stress are a consequence of a lack 
of an opportunity to disperse. Watson and Moss (1970) 
conclude that behavior frequently limits populations of 
vertebrates, but emphasize that rarely have all or most 
of the possible limiting factors been studied at the same 
time. 

Any general theory relating social behavior to popula- 
tion regulation requires some relationship between 
population changes and rates of social behavior. Survi- 
vial of juvenile deer mice was related to seasonal changes 
in the aggressiveness of adults (Sadlier 1965, Healey 
1967). Aggressive behavior of males of Microtus penn- 
sylvanicus and M. ochrogaster changed significantly 
during the population cycle; individuals in peak popula- 
tions were most aggressive (Krebs 1970). Dispersing 
male M. pennsylvanicus were more aggressive than the 
residents during a period of peak population density 
(Myers and Krebs 1971). 

Although rates of agonistic and amicable behavior 
among marmots change through time (Fig. 2), these 
rates are not related in a direct way to population density 
(Figs 4-8). This lack of a simple relationship between 
population density and aggression characterizes studies 
of wild rodent populations (Archer 1970). The failure 
to find a simple relationship between population density 
and social behavior possibly stems from a misconception 
of density. The density that is likely to be critical to an 
organism is behavioral density. High behavioral density; 
i.e., high rates of agonistic behavior, may be associated 
with either high or low numerical density (Figs 4-8). 
The critical factor determining behavioral density seems 
to be the mix of behavioral types in the population 
(Svendsen and Armitage 1973). The self-regulating 
system proposed by Wynne-Edwards (1965) emphasizes 
numerical density in the feedback system: "Social 
rivalry is inherently density-dependent: the more com- 

petitors there are, seeking a limited number of rewards, 
the keener will be the contest." This formulation appa- 
rently is too simple as it ignores the more critical factor 
of behavioral density. 

To what degree the population-behavior model de- 
scribed previously is applicable to other rodent species is 
difficult to assess. The model is consistent with field 
data from other studies of rodent populations, but these 
studies lack direct behavioral data of the kind obtained 
in the marmot study. The characteristics of population 
changes are similar in kind though not in degree to those 
characteristics associated with fluctuations of vole popul- 
ations (Chitty 1967). For example, animals are healthy 
at peak population densities (Armitage et al. 1975) and 
numbers may remain low when environmental con- 
straints are lacking (Fig. 3, Armitage and Downhower 
1974). 

Another critical question is what brings about the 
changes in the behavioral types in a population. Chitty 
(1967) postulated that the genetic composition of the 
population changes markedly during the population 
cycle and that the genetic changes are brought about by 
natural-selection acting on a behavioral polymorphism. 
Changes in the gene frequency of polymorphic serum 
proteins are associated with population changes in voles 
(Tamarin and Krebs 1969, Gaines and Krebs 1971). But 
an association between these genetic changes and a 
behavioral polymorphism has not been demonstrated 
nor have the genetic changes been shown to cause the 
population changes. The selectionist hypothesis is not 
necessary to interpret the behavior-population fluctua- 
tions of marmots. Within a litter of young the entire 
range of behavioral profiles may occur (Svendsen 1974). 
This range of behavioral profiles could result from early 
learning experiences (Scott 1962, Denenberg 1969). 
Thus, the population would consist of a continual, 
broad, behavioral spectrum. The entire spectrum would 
be present in each generation and from this spectrum 
particular behavioral types might emigrate or become 
resident in the population of their birth. Residency or 
emigration results from the interaction of the behavioral 
types of the potential recruits with the behavioral spec- 
trum of the adult residents. The pattern of interactions 
through time is described by the population-behavioral 
model presented previously in this paper. 

Because numerous factors: e.g., habitat diversity, 
sexual differences in behavioral patterns and avoidance 
behavior, affect rates of social interactions, a better 
measure of the relationship between population density 
and social behavior might be the relative abundance of 
each behavioral type in the population as the popula- 
tion increases and decreases. Marmots provide an unusual 
opportunity to test this hypothesis (and the behavior- 
population model) because the behavioral profile of 
each individual may be measured in the field and social 
behavior may be observed directly in the animal's natural 
habitat. 
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