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ABSTRACT

The two principal hypotheses of behavioral population regulation 

— territorial limitation and social stress— were tested in a four-year 

study of a high density, free-living population of round-tailed ground 

squirrels, Spermophilus tereticaudus, in Arizona. Data on annual cycles 

of reproductive condition, weight, and molt were obtained by regular 

live-trapping. Density data were taken from frequent complete censuses. 

Social system data were collected by intensive, systematic, relatively 

non-biased sampling of social interactions and use of space, litter 

sizes and kinship relations were known from complete live-trapping of 

litters shortly after their first emergence from the mothers * burrows.

When events, rates, and states of reproduction, density, and 

social behavior are considered together, the data indicate five phases 

in the squirrel annual cycle. The squirrels disappeared for the inactive 

phase in September and re-emerged in January. The pre-copulatory phase 

(January through early March) was characterized by high interaction 

rates, clumped home ranges, burrow sharing, and no territorial behavior. 

After copulation in early March, 22 to 31 percent of the squirrels, pre

dominantly males, seemed to disperse. The pregnancy phase (late March 

until early May) was characterized by low interaction rates, evenly dis

tributed home ranges, and no burrow sharing. The remaining males and 

females established individual territories, which they maintained for 

the rest of the active year.

x
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During the litter phase (May and June), each litter shared the 

mother's burrow and operated principally within her home range. Social 

interactions between mother and offspring and between siblings were fre

quent and non-aggressive in contrast to the infrequent aggressive inter

actions with non-kin. In effect, mothers and their offspring formed 

sociable, moderately cohesive groups which were unsociable and terri

torial toward other such groups. This phase ended with the apparent 

dispersal of 17 to 35 percent of the juveniles, predominantly males, in 

late June. The post-dispersal phase (July and August) was characterized 

by low interaction rates, no burrow sharing, and territorial behavior. 

Each mother and her remaining offspring seemed to partition by terri

torial behavior the area she had established and controlled in the preg

nancy phase.

During the two years of intensive study, the major cause of 

density reduction was dispersal, especially by males, in March and June. 

These episodes correlated with the onset of territorial behavior, 

supporting the hypothesis that territorial behavior limits population 

density. However, intensive observation and two field experiments 

involving removal and introduction of juveniles and provision of supple

mental food show that dispersal was not related to local density, food 

availability, or aggression. Territorial aggression did not cause 

emigration of native-borns, though it probably prevented immigration of 

foreign-boms. It was not sufficient to limit population density.

In one year, spring density was unusually high, and many squir

rels were wounded in February and March. The population subsequently



xii

showed classical symptoms of physiological stress, including reduced 

reproduction and poor survival. This episode supports the hypothesis 

that high density leads to socially induced physiological stress, which 

eventually reduces density. However, the stress did not prevent the 

squirrel density from reaching a much higher level in the following 

spring, when there was relatively little wounding and no signs of stress. 

Physiological stress was not predictably related to density and was not 

sufficient to limit density.

In summary, despite the existence of both territoriality and 

stress, the density of this squirrel population became unusually high 

during two years of abundant food and then appeared to crash during a 

subsequent drought year without preliminary signs of stress.



CHAPTER 1

INTRODUCTION

This study describes the annual cycle of a high density popula

tion of free-living round-tailed ground squirrels, Spermophilus 

tereticaudus. Squirrel density declined mostly during two short periods 

of the year, correlating with the onset of territorial behavior. Cur

rent theories produce at least three possible explanations of this cor

relation. One is that territorial aggression limits local density as it 

evicts individuals unable to secure territories in a saturated area 

(Howard 1920, see the review by Klomp 1972). Another is that aggression, 

territorial or not, leads to deaths from wounds and physiological stress. 

This is a variation on Christian's (1950) social stress hypothesis. A 

third explanation is that the correlation of territory establishment and 

density reduction is spurious (Lack 1954, 1966). These explanations have 

been applied to similar phenomena in other species, generating consider

able controversy which should be briefly reviewed.

The territorial limitation hypothesis assumes an area becomes sat

urated because territories (defended areas) are non-overlapping and will 

not contract below a minimum size (Huxley 1934). The non-overlap assump

tion holds well for most territorial species, but the minimum size assump

tion has been verified in only a few cases, .such as in the studies by van 

den Assam (1967) on fish and Zimmerman (1971) on birds. There are two 

other lines of evidence supporting the territorial limitation hypothesis.
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First, individuals in some habitats tend to live at higher, more stable 

densities, tend to have greater reproductive success, and tend to be 

older than individuals living in other habitats. This indicates that 

some habitats are more productive, are preferred and settled first, and 

become saturated by dominant (older) individuals which by territorial 

exclusion force subordinant individuals into less productive habitats 

(Kluyver and Tinbergen 1953, Tompa 1964, Fretwell and Lucas 1969, Kemp 

and Keith 1970, Carl 1971, Zimmerman 1971). Second, when territory 

holders are removed naturally or experimentally, they are often quickly 

replaced. In some cases it is known that the replacements were origi

nally non-reproductive, non-territorial, surplus individuals or were 

territory holders in apparently less suitable habitat (Orians 1961, 

Garrick 1963, Watson and Jenkins 1968, Brown 1969, Clarke 1970, Krebs 

1971). This evidence suggests that the original territory holders were 

responsible for preventing the potential immigrants from settling and 

breeding in the preferred habitat.

Lack (1966) objected to the territorial limitation hypothesis, 

because density, and so territory size, can be variable from year to 

year. The underlying argument is that even when a habitat appears to be 

saturated by territories, many more territories can occasionally be 

added. This is essentially a challenge to the minimum size assumption, 

and it raises the question of how territory size is regulated, in turn 

raising the question of what territorial animals are gaining from their 

aggression.

Among bird species which feed mainly on their own breeding terri

tories, territory size is directly proportional to body weight (Armstrong
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1965, Schoener 1968), suggesting that improvement of food finding near 

a fixed point, such as a nest, is a major advantage for individual ter

ritory holders. Horn (1968) and Smith (1968) have shown deductively 

that territoriality is the most efficient spacing when food is evenly 

distributed and foragers must return the food to a nest or a cache.

Stenger (1958), Smith (1968), Cody and Cody (1972), and others have 

shown that territory size is inversely related to food density. Other 

likely advantages of spacing out during breeding are to reduce exposure 

to predation and disease (Tinbergen, Impekoven, and Franck 1967, Krebs 

1971) and reduce interference with breeding activities (van den Assem 

1967), all of which would be enjoyed simultaneously with the foraging 

advantage. However, only the foraging hypothesis convincingly explains 

the empirical relation between body weight and territory size among 

birds.

Evidence against the foraging advantage hypothesis is that many 

birds with "feeding" territories also feed frequently outside their ter

ritories (Lack 1966) or do not utilize the whole defended area 

(Armstrong 1965, Stefanski 1967). But can animals be expected to adjust 

territory size to food density so that the territory contains just as 

much food as needed, no more or less, especially considering seasonal 

variation in food density? Even when territory size is well correlated 

with food density, the territories may be established before food 

reaches maximum density, suggesting that food-correlated habitat features, 

rather than food itself, are the cues for territory establishment (Stenger 

1958). Also, as long as the territory holder greatly reduces conspecific
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foraging near its nest, its aggression will pay off. Strictly exclusive 

use of an area may not be necessary or feasible.

Lack (1966) also pointed out that great variation in territory 

size may not be related to variation in food supply. Other factors 

besides food must be affecting territory size, such as pattern of 

settling (van den Assem 1967), age structure of the population (Tompa 

1964), and number of potential territory holders (Krebs 1971).

Perhaps a territorial animal defends as large a territory as 

possible, or more exactly, as many food-related habitat features as pos

sible, an upper size limit being set by time and energy constraints. If 

so, territory size would be the result of a balance between aggressive

ness of the territory holder (a function of age, familiarity with the 

area, past success in aggressive encounters) and pressure from intruders 

(a function of their numbers and aggressiveness). If an unusually high 

proportion of a local population were to survive a winter, spring terri

tories might be unusually small and numerous, because there would be more 

potential settlers; a greater proportion of them would have been born in 

the area, perhaps having held autumn territories there, and so would be 

site tenacious; a greater proportion would be young and not so aggres

sive; and if they are permanent residents, a greater number would be 

establishing territories simultaneously, rather than arriving one by one 

from elsewhere. Variations of this scenario are likely to account for 

the unusual densities seen by Tompa (1964, 1971) and Lack (1966), and - 

perhaps the fluctuations described by Watson and Miller (1971). While a 

relatively constant year to year minimum territory size may exist for a 

given mix of conditions, a change in this mix would likely change the
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minimum size (see the excellent discussions by van den Assem (1967) and 

Krebs (1971).

Christian's (1950) social stress hypothesis is that aggressive 

interaction produces physiological stress, which in excess can lead to 

inhibition of reproduction and growth, increased susceptibility to dis

ease and even death, especially when wounding is severe; Brain (1971) 

gives a good review of the physiological processes involved. Support

ing evidence is overwhelming for confined populations of rodents and 

rabbits, and there are several good examples of field populations of 

rodents showing such symptoms, especially inhibition of growth and 

reproduction (Davis 1953, 1971, Snyder 1962, 1968, Calhoun 1963,

Christian and Davis 1964, Myers 1966, Watson and Moss 1970, Brain 1971, 

Christian 1971, Myers et al. 1971, Andrews et al. 1972, C. J. Krebs et 

al. 1973).

While the reality of the stress syndrome and its potential for 

density regulation cannot be denied, the actual importance of social 

stress in population dynamics has been questioned for several reasons. 

First, the social stress hypothesis was originally developed as an 

explanation for microtine population cycles, yet subsequent microtine 

research has shown that social stress symptoms are not necessarily asso

ciated with the decline phase of these cycles (e.g., Chitty 1960). How

ever, studies producing negative evidence are seldom, if ever, done with 

the technical thoroughness of such studies as Andrews et al. (1972, and 

see Christian and Davis 1964). Second, an intuitive objection is that 

animals should disperse from areas of high density before stress becomes 

severe, and even if they do not or cannot disperse, their food supply may
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run out before stress can become important (C. J. Krebs et al. 1973).

This is a very frequent objection, because the bulk of good supporting 

evidence comes from confined populations with superabundant food supplies. 

Even excellent studies on wild rat populations (e.g., Davis 1953, Andrews 

et al. 1972) may be considered atypical, because the animals are living 

among superabundant food which is highly concentrated in garbage dumps. 

There may be insufficient motivation to risk the uncertain hazards of 

dispersal when food supplies are still abundant, regardless of the 

hazards of social interaction.

The third objection is completely theoretical but crucial. If 

severe social stress frequently reduces density, there should be strong 

selection for stress resistance, tending to increase the density at 

which social stress becomes important. Eventually the population should 

become sufficiently stress resistant that food supplies give out before 

the critical density is reached. This objection was raised at least 

twenty years ago (Lack 1954), but to my knowledge, no proponent of the 

social stress hypothesis has attempted an answer without recourse to 

group selection.

The natural selection answer may be that the physiological 

effects of acute stress, the fight-flight reaction, are highly adaptive 

for the individual animal in the short run. But this physiological 

reaction is a catabolic process, inevitably leading to inhibited growth 

and reproduction and decreased resistance to wounding and disease, if 

the reaction is prolonged by chronic stress. Infrequent but acute stress 

situations, such as predator attacks, should select for lower physio

logical response thresholds, while chronic stress situations, such as
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frequent aggressive interaction at high density, should select for 

higher thresholds. Species frequently taken as prey, like rodents and 

rabbits, should have lower thresholds than large predators, and so the 

prey species should be more susceptible to the social stress syndrome. 

Relatively low stress thresholds should be maintained in cycling popula

tions by selection for low thresholds during periods of low population 

density. This is a variation on Chitty's hypothesis of density- 

dependent selection (1960, 1967).

The third explanation for the ground squirrel phenomenon is that 

the correlation of territory establishment and density reduction is 

spurious. That is, a third variable like food shortage may lead to 

dispersal of some animals from the study area while those that remain, 

respond to low food density by achieving an even dispersion through 

territorial aggression, aggression having no causal relation to disper

sal. This hypothesis is derived from Lack's arguments (1954, 1966). I 

know of no good evidence for or against.

To assess the suitability of these alternative hypotheses to the 

ground squirrel case, we need information on food availability, the phy

siological condition of the squirrels, their survival and reproductive 

success, their social interaction, and their use of space. To demonstrate 

causal relationships, rigorous observation and experimentation are re

quired.



CHAPTER 2

STUDY AREA

Round-tailed ground squirrels were observed on a 0.4 ha study 

area at 3101 Sabino Canyon Road on the NE outskirts of Tucson, Pima 

County, Arizona. The site lies at an elevation of 740 m on the flood 

plain of Tanque Verde Wash. The soil is sandy loam to a depth of about 

30 cm and coarse sand and gravel below. In the past, the study area was 

an irrigated field. Now it is covered by widely scattered, small to 

medium size (up to 6 m height) mesquite trees, Prosopis juliflora, and a 

low ground cover of annual grasses and forbs: following winter rains, 

mainly Schismus barbatus, Erodium cicutarium, and Nama hispidum, but 

also Cryptantha crassisepala, Descurainia pinnata, Lappula redowskii, 

Lepidium densiflorum, JL. oblongum, I,, thurberi, Linaria texana,

Pectocarya platycarpa, Rumex hymenosepalus and Sisymbrium irio; follow

ing the summer rains, almost solely Bouteloua aristidoides, but also some 

Boerhaavia coulter! (nomenclature from Kearney and Peebles 1960).

The study area is bordered on the south by a paved driveway.

Across the driveway is a hedgerow of Mexican elder, Sambucus mexicana, and 

beyond the hedgerow is a suburban, residential subdivision. The western 

border is a dirt surface driveway, beyond which are the headquarters of 

the Sahuaro Girl Scout Council, screened from the study area by orna

mental conifers. The eastern border is also a dirt surface driveway, 

beyond which is a mesquite hedgerow and then Sabino Canyon Road. The

8
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north border is a dense mesquite hedgerow with a few Mexican elders and 

large willow trees, Salix taxifolia. In spring, before the mesquite 

leaf out, the ground under the hedgerow is covered by Sisymbrium irio. 

Beyond this north hedgerow are two open fields similar in size and vege

tation to the study area. Beyond these fields are broken thickets of 

mesquite and elder extending to the bank of Tanque Verde Wash, which is 

less than 100 m north of the study area.

The ground squirrels live at high densities where the vegeta

tion is relatively sparse. They do not live under the hedgerows, though 

they occasionally feed there, and they are rare in the thickets border

ing the wash. On the study area and the open fields to the north, the 

soil is riddled with burrows which the squirrels dig themselves. Else

where burrows are rare to uncommon. Since squirrels are seldom seen 

more than a few meters from a burrow entrance (their primary shelter 

from predators and weather), it seems that the local population is 

highly concentrated on large areas of open ground, like the study area.

To improve visibility, I pruned the lower branches of the study 

area mesquite trees and kept the ground cover mowed to a height less 

than 8 cm. Neither manipulation altered the phenology of the affected 

annuals or trees relative to unaffected ones adjacent to the study area. 

Mowing probably reduced seed production by the annuals. Using labelled 

survey stakes, I gridded the study area into squares, each 25 m \  to 

enable map location of squirrels and habitat features.

Car traffic is heavy on Sabino Canyon Road and light to moderate 

on the driveways, but this apparently has little effect on squirrel 

behavior, unless a car stops nearby. The squirrels become quickly
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accustomed to persons sitting just across the driveway but still immedia

tely retreat to their burrows if a person is seen walking.

I chose this area because the squirrel population is dense and 

easily observed. It is not typical round-tailed ground squirrel habi

tat (Neal 1964). Drabek (1970) has studied this species in the typical 

habitat, dominated by creosote bush, Larrea tridentata, and he measured 

densities one order of magnitude less than those measured on my study 

area. The purpose of this study is not to describe the typical (i.e., 

most frequent) population ecology of the species, but to describe the 

behavior of free-living ground squirrels under conditions of high 

density, the situation in which behavioral population regulation is 

likely to take effect.



CHAPTER 3

METHODS

Round-tailed ground squirrels are active above ground from Janu

ary to August (adults) or September (juveniles). I trapped and observed 

the squirrels on the study area during February - April 1970 (pilot 

study), August 1971 (trapping only), January - August 1972, January - 

July 1973, and January - May 1974 (follow up). Each squirrel was trapped 

as soon as possible after its emergence from hibernation, and once every 

two to four weeks thereafter. The traps were single door Tomahawk Live 

Traps (12.7 x 12.7 x 40.6 cm) baited with sunflower seeds. They were 

placed to catch specified individuals, sometimes with a trail of seeds 

laid from an animal's burrow to the trap. Once trapped, the squirrels 

were held without food or water in the shade up to six hours. During 

this time, some excited squirrels injured the skin of their noses and 

toes in attempting to escape, but such injuries rapidly healed (squir

rels were calmer when the traps were covered by a cloth). During the sum

mers, the traps were watched constantly from a distance, so that trapped 

squirrels could be moved out of the sun within 15 min of capture (care

lessness led to five deaths due to heat exposure). Given one or two 

trap experiences, virtually every squirrel was attracted by the sight of 

a nearby trap, despite the subsequent discomfort of capture.

To capture very young (pre-dispersal) juveniles, I used Yeaton's 

(1972) technique. Typically a whole litter of juveniles would retreat to

11
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their natal burrow as I approached. X then plugged all suspected 

entrances to this burrow, except one, which was fitted with a modified 

Tomahawk trap. The trap entrance was extended by a cage of half-inch 

(1.3 cm) mesh screening so that it fit over the open burrow entrance. 

Squirrels could not move more than a few centimeters from the burrow 

without entering the trap. Since young juveniles were not usually 

attracted by bait, it was often a long wait before they were caught, 

usually one by one.

Each trapped squirrel was dumped into a pillow case and 

weighed with a Pesola spring scale (to the nearest 1 g if bag and 

squirrel were less than 300 g, but to the nearest 5 g if greater than 

300 g). Then the squirrel was forced into a corner of the bag and 

grabbed around the neck, the bag was peeled back, and the squirrel was 

examined for testicular development or for nipple size, abdominal 

swelling, and condition of the vulva. The squirrel was marked by toe 

clipping for permanent identification and given a visually distinctive 

fur dye pattern, using Nyanzol A or D (see Melchior and Iwen 1965). The 

dye mark had to be renewed about once every four weeks and of course 

after every molt.

I observed the squirrels while seated unconcealed across the 

paved driveway from the southern border of the study area. There were 

two observation positions from which I could see the whole area (Figure 

1), one toward the west side (Position 1), the other toward the east 

side (Position 2). The squirrels’ behavior and use of space were 

sampled by a scan technique —  I scanned with binoculars from one end of
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the study area to the other without reversing direction. When an ani

mal was spotted during the scan, its location and behavior at the first 

moment of sighting were recorded on a study area map along with the ani

mal’s identification number. Distant animals were identified with a 15 

x telescope, occasionally a time consuming task. A single map was made 

for each scan. Such a map approximated a snapshot of the simultaneous 

locations and behaviors of the squirrels active above ground. But the 

approximation was rough, because the scans average 6 min and sometimes 

lasted more than 9 min due to interruptions to use the telescope. Be

fore 20 March 1972, some maps were the result of two complete scans, 

animals missed during the first being added during the second, but this 

is poor technique for approximating a snapshot and was discontinued.

The sightings (including location) on each map were transferred to punch
)

cards for analysis on a GDC 6400 computer.

The categories of behavior recorded during scans are described 

in Table 1. These categories are mutually exclusive and exhaustive, so 

approximate time budgets can be constructed by counting the number of 

sightings recorded in each category. To assess the effect of the 

observer on the squirrels’ behavior, I compared the time budget of 

squirrels in Zone 1 (see Figure 1) as observed from Position 1 to the 

time budget in the same Zone as observed from Position 2, and the same 

for Zone 3. This compares their behavior when the observer is nearby to 

when he is farther away. The behavior categories were lumped to only 

three —  E, A+R, Other. The proportion of sightings in each as seen 

from the two observation Positions were compared by contingency chi- 

squares for Zones 1 and 3 for the months February, April, and July of
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TABLE 1. Ground squirrel behaviors recorded during scans. .

Categories are mutually exclusive and exhaustive.

A = up alert as described by Balph and Stokes (1963), standing upright 
on hind feet, not engaged in any other activity, body may be partly 
in burrow,

B = dust bathing, rolling or sliding on belly in dirt (may be preceded 
by brief digging); rubbing head and/or body against objects.

D = digging with front feet, not followed by slide in dirt.

E = eating in up or down alert posture (jaws moving); foraging, walking 
or trotting with nose to ground; exploratory posture while investi
gating burrow or object.

G = grooming: biting own fur; rubbing on fur with front feet; scratch
ing; stretching (not preceded by slide on belly in dirt); yawn,

L = locomotion: running or trotting only, head up, nothing in mouth.

M = climbing into or descending from mesquite of any size; eating in 
mesquite.

N = nest material (load of grass) in mouth, either collecting or running 
with it to burrow.

R = resting, down alert posture (Balph and Stokes 1963) or lying down, 
not engaged in any other activity, body may be partly in burrow.

S = social interaction involving another animal directly.

T = drumming hind feet and/or waving tail side to side.

V = vocalizing.
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1972 and 1973. The effect of observer position was statistically signi

ficant in July 1972, and in April and July 1973, but not in the earlier 

months (all through this paper, statistical significance is set at the 

0.05 level). The significant differences occurred when population den

sity was highest, indicating that the effect of distance on observer 

reliability increased as the number of animals to be observed increased. 

Also, in nine of the 12 tests, alert behavior (A+R) was more frequent 

in the nearer Zone than predicted by the marginal totals of the contin

gency tables, which means the observer was sometimes disturbing the 

squirrels. Observer effects were reduced in this study by spending 

equal time at the too Positions and by giving equal weight to data from 

the too Positions in all analyses.

To sample social interactions, I arbitrarily divided the study 

area into three equal area Zones (Figure 1) and recorded all interactions 

seen in a given Zone during 9 min. The types (Table 2) and sequence of 

social behavior were recorded for each interaction. Although staring 

(0) is an interaction behavior, a bout of staring by itself was not 

recorded as an interaction, because it was too difficult to regularly 

detect. It was recorded only as a component of more complex interaction. 

An interaction was considered to terminate only when both animals had 

turned to non-interaction behaviors, such as eating (E) or resting (R), 

without staring at each other. On the rare occasions when three or 

more squirrels interacted simultaneously, the interaction was recorded 

as separate diadic interactions. Because I had to look down for a few 

seconds to record an interaction sequence, the proportion of unobserved 

interactions increased as the number of observed interactions increased.
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TABLE 2, Ground squirrel behaviors recorded during social interactions, 

Categories are mutually exclusive and exhaustive.

0 = stare

1 = running approach to other

2 = walking approach to other

3 = jump away, vertical or to the side

4 = short withdrawal (< 2m), running

5 = long withdrawal (> 2m), running

6 = chase, following other at run

7 = lunge, jump at or on other, head first

8 = kick, jump at or on other, feet first

9 - back arched, sometimes approaching sideways

10 = nose to other’s nose; mouth to other’s mouth, licking

11 -  nose to other’s body, including under base of tail

12 = mounting, front feet on other’s body

13 = stand up fight, upright on hind feet, pushing at other with front
feet

14 = rolling fight, clasping other and rolling on ground

15 = drumming hind feet

16 = tail waving side to side

17 = single peep (vocalization), or series of single peeps

18 = clustered rapid peeps, clusters separated by long intervals
19 = start eating

20 = allogrooming, biting fur of other



This means that interaction rates were increasingly underestimated as 

the true rates increased. However, I am confident that even at high 

interaction rates, 90-100 percent of all interactions were recorded.

The changed location and behavior of the squirrels indicated the occur

rence of an interaction well after it broke off, so I was probably 

aware of virtually all interactions, even those that went unrecorded.

Each interaction record (including its map location) was transferred to 

a punch card for computer work.

Eight scans and eight interaction samples were taken during an 

observation session; first a scan of the whole area, then 9 min from the 

chosen Zone, then another scan, and so on for 2 to 2.5 hours. At the 

beginning of each session, the observation Position was chosen by regu

lar rotation. Zones 1 and 2 could be sampled for interactions from 

Position 1, while Zones 2 and 3 could be sampled from Position 2.

Choice of Zone was also made by rotation, so that after six sessions, 

each Position had been used for three sessions and each Zone had been 

sampled eight times during each of two sessions. The six sessions, one 

per day, were scattered over a two-week period, the basic time unit for 

analysis. Rainy or very windy days were avoided, because the squirrels 

were inactive. Trapping days were avoided, because the traps affected 

use of space and interaction rates.

All observation sessions within a two week period started at the 

same time of day (except in March). This time was chosen to be about one 

hour after the squirrels first emerged in the morning from their burrows, 

as determined at the beginning of the two-week period. Starting time in 

January was 1130 h, but in the summer it varied between 0715 h and 0900

18
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h. Squirrel activity had usually peaked by. starting time and remained 

fairly homogeneous throughout the session with a gradual decline in the 

number of squirrels above ground toward the end. Observer and equip

ment were in position at least 15 min before starting time, allowing the 

squirrels to re-emerge and adjust to the observer before sampling began.

All the interaction and spatial use samples were taken in the 

early part of the ground squirrel day. While this schedule has the 

merit of consistency through the year, the period chosen may not be rep

resentative of the whole ground squirrel day. To check this, I scanned 

the study area, as described above, throughout the day on nine days 

scattered from late March to late August in 1972. There were no quali

tative behavior differences from one time of day to another. Time bud

gets constructed from all day data were very close to those from morning 

data. Enough data were collected on 5 May and 23 May to break each day 

down into three or four periods, with a time budget for each period. 

Behavior categories were lumped into E, A+R, L, and Other for chi-square 

contingency tests of time budget versus time of day. Female adults on 

both days and juveniles on 23 May were the only homogeneous groups 

large enough for this analysis. For juveniles, there were no statisti

cally significant differences in the time budgets at different times of 

day. But the adult females showed significant differences on both days. 

The deviant times were the one to two hours after first morning emergence 

(always well after sunrise), when they spent more time resting (R) than 

expected, and the one to two hours before retiring to their burrows for 

the night (well before sunset), when they spent much more time eating (E) 

than expected. They also tended to engage in Other activities most
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frequently during the first two hours of their day. The number of 

squirrels active at any one moment peaked about one hour after emer

gence, dipped in mid-afternoon, then peaked again slightly in late 

afternoon. So the morning observation sessions caught the squirrels at 

the end of their early morning rest-at-the-burrow period, when the 

greatest number were visible. It was also the time when miscellaneous 

activities, like grooming, digging, gathering nest material, climbing 

in mesquite, and social interaction, were most likely to occur. But the 

squirrels quickly settled into their usual routine of alternate eating 

and alert behavior.

A source of bias in the scan data was my almost unconscious 

tendency to identify animals by their location as well as their fur dye 

mark, especially when part of the mark was obscured by vegetation. 

Fortunately, there was ample opportunity to check for scan errors during 

the subsequent interaction sampling, revealing few mistakes, which were 

later corrected. The interaction samples may have been biased toward 

long-lasting, aggressive encounters occurring nearby. I attempted to 

compensate somewhat by focusing my attention on the far half of the 

chosen Zone. Also, the squirrels were usually well separated and had to 

move quite a bit before interacting, so my attention was usually drawn 

as the interaction started. But when two or more non-interacting 

squirrels were close to each other, I gave them somewhat disproportion

ate attention so as not to miss the less conspicuous types of interactions.

An alternative method used for sampling social interaction was 

the focal animal technique. A single squirrel was chosen by random 

numbers, and all interactions involving that squirrel during 9 min were
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recorded. A different individual was chosen for each of the eight samp

lings during an observation session. The advantage was that there 

existed little opportunity to bias the sample and all appropriate 

interactions were recorded. The disadvantage was that much less data 

was collected as compared to the Zone sampling technique. Focal animal 

observations were used only to study juvenile interaction in 1973 and 

adult interaction in 1974.

Other methods not mentioned here are briefly described as the 

results are presented. Statistical tests are described in Sokal and 

Rohlf (1969), unless noted otherwise. Again, statistical significance 

is always set at the 0.05 level. The interaction records and scan 

data, along with the program for their collation and partial analysis, 

are available on computer tape.



CHAPTER 4

CLIMATE AND FOOD AVAILABILITY

Rain falls on Tucson in a bimodal pattern —  a primary peak in 

late summer and a secondary in winter (Figure 2). As in most arid re

gions, year-to-year variation has been remarkable, especially during the 

years of this study. The winter of 1972-1973 was among the wettest in 

Arizona's weather history, while the winter of 1973-1974 was nearly the 

driest on record. The amounts of rain falling in the months October to 

February, for the six winters starting with 1968-1969 and ending with 

1973-1974, were respectively 11.2, 6.1, 6.5, 12.2, 24.6, and 5.2 cm.

Rain falling during these months determines how much vegetation is 

available to the squirrels at the onset of reproduction (Reynolds and 

Turkowski 1972). These years are the ones important to this study.

The availability of living annual plants on the study area was
2crudely measured as the estimated percentage of each 25 m grid square 

covered by green vegetation. Because the height of the ground cover 

was controlled by mowing, the extent of surface coverage alone is 

probably an adequate indicator of availability. These estimates were 

made about once every two weeks in 1972 and 1973 and once a month in 

1974. The mean percent coverage in 1972 and 1973 is shown for two- 

week periods in Figure 3. The coverage in 1974 was 7 percent in mid- 

January, 16 percent in mid-February, 26 percent in mid-March, 47 percent 

in the first week of April, less than 10 percent by the end of April, and

22



FIGURE 2. Temperature and rainfall at Tucson, Arizona

The University of Arizona (UA) station is at 730 m elevation about 
11 km SW of the study area, and the Tucson Magnetic and Seismological 
Observatory (TMSO) station is at 758 m about 2 km S of the study area. 
The UA station is used for the long-term averages because of its long, 
reliable record (temperature means from Sellers 1960; rainfall medians 
from Kangieser and Green 1965). The median is more meaningful than 
the mean rainfall because of the skewed distribution of the rainfall 
data points (Kangieser and Green 1965). The probability of receiving 
either more or less than the median is 0.5. The long-term averages are 
given as a baseline for evaluating the individual year data. These 
were taken from the TMSO station (as reported by U. S. Department of 
Commerce 1972-1973, because it is closer to the study area and about 
the same distance from the Santa Catalina Mountains as the study area 
(mountain-induced rainfall is important in summer). Monthly tempera
tures varied little from the long-term means, except in March 1972 
(4.5°C higher than long-term mean) and March 1973 (3°C lower than 
long-term). The rainfall totals for the first six months of 1974 
were respectively 3.3, trace, 2.2, trace, 0.0, 0.3 cm at TMSO.
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FIGURE 3. The mean percent coverage of the study area by living 
green plants.

The percent coverage was estimated^to the nearest 10 percent for each 
of the 144 grid squares (each 25 in in area). Each month is divided 
into early (days 1-15) and late (days 16-31) periods. Blanks indicate 
no data for the time period.



P
E

R
C

E
N

T 
G

R
E

E
N

 P
LA

N
T 

C
O

VE
R

80-r

60

40

0 □ □ □ □

20 - -

O-L J F M

1973

□  CZ3 a  □  c=s i 
M J J

MONTHS
A S 0 N D

FIGURE 3. The mean percent coverage of the study area by living annual plants to



25

nil until late July. This indicator tends to follow rainfall. Much 

more green plant food was available in the spring of 1973 than in 1972 

or 1974, but much less was available in the summer of 1973 than in 

1972. In fact, the summer rains of 1973 almost completely failed to 

trigger germination of the summer annuals.

The inter-year difference in spring biomass was directly meas

ured by weighing the standing ground cover vegetation in late May of 

1972 and 1973. At this time all annuals which had germinated in winter

and spring, with the exception of a few Mama, were dead and dry. All
2rooted annual vegetation was plucked from a 0.25 m plot, dried for 24 

hours at 40-65°C, and weighed to the nearest 0.1 g. Twenty such plots 

were chosen randomly from the study area each year. The mean weight 

was 5.4 g in 1972 and 14.3 g in 1973 (statistically significant differ

ence, two-tailed Student's t test).

The inter-year difference in spring productivity is reflected 

by the number of times the ground vegetation had to be mowed to keep it 

below the 8-cm height limit —  four times between January and May 1972, 

six times in 1973, and not at all in 1970 and 1974.

The phenology of the mesquite trees seemed to be more closely 

controlled by temperature than by rainfall. In the warm spring of 1972, 

they started leafing out in mid-March, but in the cold spring of 1973, 

leaf initiation was delayed until mid-April. In 1973, the phenology was 

closely monitored, using the qualitative observation method used by the 

International Biological Program for the Desert Biome (T. W. Yang, Uni

versity of Arizona, personal communication 1972). The results are shown 

in Figure 4. The mesquite did show some response to the summer rains in
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FIGURE 4. Mesquite phenology in 1973.

Twelve trees were chosen randomly from the study area and checked 
every two weeks. Each tree was scored for the presence and 
intensity of each activity or attribute, and the mean of the 
twelve scores is computed. The highest mean of the year is plot
ted as the maximum and the others as percentages of the maximum.
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1973, but the great majority of their activity occurred in late spring. 

This was apparently the case in 1972 as well, despite the dryness of 

that spring and the heavy summer tains. The picture in 1972 was compli

cated by a late frost on 29 March, which killed the new leaves and 

flowers that had developed during the previous two weeks. While the 

mesquite put out new leaves by the end of April, they did not flower 

again until after the summer rains, and even then only one tree on the 

study area produced more than just a few flowers. The bean pods from 

this tree did not fall until late September, after most of the squirrels 

had disappeared. So the production of mesquite beans virtually failed 

in 1972. In 1973, at least ten trees produced well and dropped their 

pods in late July.

The squirrels ate almost every species of annual plant at 

least once, but they spent the vast majority of their eating time 

on the most available annuals, grass (Schismus in spring, Bouteloua in 

the summer of 1972) and secondarily Erodium during the spring. Even in 

the late spring and early summer, the dry Schismus grass was the pre

dominant food. They ate all parts of the grass plants. The squirrels 

occasionally climbed into the mesquite to eat new leaf shoots and flower 

buds, but they were not seen eating the mature leaves. They ate some 

young mesquite bark and of course the large ripe beans. Once a squirrel 

was seen eating a freshly killed adult whiptail lizard (Cnemidophorus), 

and once another squirrel was seen systematically eating harvester ants 

(Pogonomyrmex), which were abundant on the study area during the hot 

months.

To assess the effect of food availability on the squirrels, the 

time budgets throughout the active months of 1972 are shown for adult
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males, adult females, and juveniles (sexes lumped) in Figure 5. These 

time budgets are derived from the scans (all three Zones), as described 

in Chapter 3. The important feature is the annual fluctuation in the 

proportion of time devoted to feeding behaviors (E). Only the females 

showed much fluctuation, dips in late March and May - June, but no 

peaks that might indicate times of food scarcity. The budgets for 

1973 show less fluctuation, and do not dip in late March, but the scans 

did not record behavior in May or June. The annual mean proportion of 

time devoted to feeding by all squirrels was 0.54 in 1972 and 0.48 in 

1973 (weighted by duration of samples).

The proportion of time spent feeding in mesquite trees is not 

included in the feeding category (E). It peaked in late March and April 

in both sexes, when the leaves and flowers were coining out, and it never 

exceeded 0.05. This figure is probably too low, because the squirrels 

were often hard to see when they got high into the trees. My guess is 

that, at the peak of feeding in mesquite, the proportion of time devoted 

was at most 0.10 and considerably less than 0.05 throughout the rest of 

the year when the trees were in leaf.

Several squirrels frequently left the study area to feed in the 

hedgerows, which usually had more greenery than the open ground, but 

they always returned to their burrows on the study area before night and 

usually whenever alarmed. This leaving behavior became prominent in April 

and May and continued to some extent into the summer of 1972. Though less 

frequent in 1973, it again peaked in April and later into the summer.
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MALES

/ / / / / / ill

FEMALES

/ / / / / /

- .25

JUVENILES

MONTHS

FIGURE 5. Time budgets of adult male, adult female, and juvenile 
ground squirrels in 1972.

Four behavior categories are considered: E (eating and foraging), 
A and R lumped (alertness), L (locomotion), and the rest lumped 
as Other (refer to Table 1). E is on the bottom (cross-hatched), 
A+R is next (clear), L is third from the bottom (cross-hatched), 
and Other is on top (clear). The time devoted to each is given 
as a proportion (vertical axis) of the total sample (1.00). The 
width of the bars indicates the duration of the sample (either 
two weeks or four weeks). Cross-hatching from top to bottom 
indicates no data for the period.
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Discussion

While there was marked seasonal and year-to-year fluctuation 

in food availability, this was not reflected in the time budgets of 

the squirrels, except for the minor mesquite-related component. Squir

rels did feed in the hedgerows most often during the late spring and sum

mer when the ground cover of the study area was dry and sparse. If the 

time budgets had included time spent off the study area, there might 

have been increases in the proportion of time spent feeding as the 

grass dried out.

It is remarkable that the squirrels continued to feed almost 

solely on the vegetative parts of Schismus even as it became dry and 

brittle. They seemed to pull up small clumps of the grass and eat the 

bases of the stems, which retained some green color well after the rest 

had turned yellow. The mesquite and miscellaneous items like ants were 

probably sought mainly for their water and nutrient content. The 

available seeds, other than the mesquite beans in late summer, were 

generally too small for ground squirrels to bother with, but they prob

ably did eat some on the plants as they ate other parts. It is possible 

that the squirrels were eating mesquite roots, especially during the dry 

periods, but they did not dig to them from the surface, there were no 

roots in the soil brought up from burrows, and they did not seem to 

spend any more time than usual underground during the dry periods. 

Throughout the year, the principal source of energy for these squirrels 
appeared to be grass.



CHAPTER 5

REPRODUCTION, HOLT, AND WEIGHT

In 1972, the male squirrels emerged from hibernation in mid to 

late January, and the females emerged in late January and throughout 

February (age was not related to order of emergence). Almost all the 

males had fully developed, scrotal testes from the time of emergence 

(Table 3), but the females did not show signs of estrus until early 

March (Table 4). All but two of them came into estrus about 11 March, 

swelling lasting a few days at most. Both sexes gained weight during 

February, but during early March all the regularly trapped males ex

perienced a weight drop (mean = 28 g, N = 7), coinciding with the short 

copulation season, followed by an upward trend that generally continued 

until they disappeared in August (Figure 6). The females gained weight 

rapidly during their pregnancies in March, then lost, first suddenly at 

parturition in the first two weeks of April, then gradually during lac

tation until weaning in mid-June (Figure 7, Table 4). From then until 

their disappearance in August, the females gained rapidly again.

The juvenile squirrels emerged for the first time in the first 

two weeks of May and were weaned a month later. They gained weight 

rapidly throughout the summer, even after weaning (Figure 8). Neither 

sex showed the slightest sign of reproductive activity during their first 
summer.
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TABLE 3, Testicular development of adult male ground squirrels.

The proportions are relative frequencies.
Symbols: E = days 1-15, L = days 16-31, N = sample size, td = testes
fully developed. tp =' testes partially developed, tw = testes withdrawn
and small •

1972 1973
Month N tw tp td N tw tp td

E 0 8 .12 .50 .38
JAN

L 11 .18 .82 8 .25 .75

E 12 1,00 10 .20 .80
FEB

L 9 1.00 8 ,25 ,75

E 6 1.00 3 .67 .33
MAR

L 5 1.00 4 1.00

E 6 .50 .50 0
APR

L 4 .75 .25 4 ,25 ,75
E 5 .80 .20 3 1.00

MAY
L 3 1.00 0
E 5 1.00 4 1,00

JUN
L 4 1.00 - 2 1,00
E 3 1.00 3 1.00

JUL
L 1 1.00 0
E 3 1.00 0

AUG
L 1 1,00 0
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TABLE 4, Reproductive condition of adult female ground squirrels, 1972,

The length and width measures are arbitrary, increasing in length and 
width as the numbers increase. The proportions are relative frequencies. 
Symbols: E = days 1-15, L = days 16-31, N = sample size.

Nipple Length Vulva Width
Month

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

N 0 1 2 3 4 0 1 2

E 0

L 2 1.00 1.00
E 8 1,00 1,00

L 9 1.00 1,00
E 12 .33 .66 ,17 .17
L 12 .75 .25 .67 .25 .08
E 14 .36 .64 .93 .07
L 12 .33 .67 1.00
E 13 .38 .62 1.00
L 10 1.00 1.00
E 12 .17 .42 .42 1.00
L 11 .64 .36 1.00
E 3 1,00 1.00
L 6 1.00 1.00
E 15 1.00 1.00
L 5 1.00 1.00



FIGURE 6. Weights of adult male ground squirrels, 1972.

The mean is indicated by a horizontal line, the range by a vertical 
line, two standard errors above and below the mean are represented 
by a rectangle (rough approximation of the 95 percent confidence 
interval), and the number at the top is the sample size.
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All the adult squirrels of both sexes molted from their fairly 

thick winter coats to their very thin summer coats during the first two 

weeks of April, Some of them started molting back to the winter coat 

in early August (fur dye marks confirmed that this pelage taken on in 

late summer was retained until the next spring). The juveniles molted 

from their soft juvenile pelage to the thin, coarse, adult-like, summer 

coat during the last two weeks of June (except for a runt which did not 

molt until late July). They started molting to the adult winter coat 

in late August.

In 1973, most of the events in the annual cycle occurred one to 

two weeks earlier than in 1972. The males emerged in early to mid- 

January, the females in late January and early February. The females 

came into estrus mainly between 25 February and 3 March. The litters of 

juveniles first emerged between 27 April and 10 May. Adult females 

started the spring molt in late March and the summer molt in early July. 

The juveniles molted to summer pelage in early June.

In addition, the 1973 picture was complicated by wounding and 

what appeared to be its consequences. In 1972, none of the squirrels 

seemed ill or had more than very minor wounds (dermal lesions) on the 

body. But starting in the second week of February 1973, two males be

came extremely lethargic and appeared to be ill. I caught one of them 

by hand and discovered that it had a massive open wound in the axilla 

(under front leg). It died within a few hours and was soon autopsied 

by Dr. Ted Noon of the University of Arizona Department of Veterinary 

Science. There was no evidence of infectious disease; there was

37



38

testicular degeneration "typical of that noted in other rodents when 

subjected to stress"; and death was attributed to trauma. The other 

male was never seen again. On 19 February, a female showed the same 

symptoms and within three days had disappeared during a long rainstorm. 

During the second week of March, three squirrels, one male and two 

females, were found dead or dying at burrow entrances. The male and 

one of the females were soaked by rain and had massive wounds on their 

upper backs. The male, which died after discovery, was autopsied by 

Dr. Noon, yielding the same conclusion as the previous autopsy. By 

the middle of March, all but one of the surviving males and 11 of the 

29 females had shown some evidence of wounding, on the feet, head, and/ 

or back. The wounds were often swollen and suppurating. They were 

almost certainly due to bites from other rodents (Noon, personal com

munication). Pocket gophers, Thomomys bottae, were unusually numerous 

on the study area in 1973 as compared to 1972 and could have been res

ponsible, but while wounding was common among squirrels living near 

pocket gopher earthworks, it was also common among squirrels living far 

from the gophers. Most likely other ground squirrels were responsible.

Other effects probably associated with wounding were evident 

among the males. They lost weight drastically from late February to 

late March (Figure 9) and showed signs of testicular degeneration or pre

mature regression (Table 3). Three of the females lost weight drasti

cally during March, three showed signs of estrus over prolonged periods 

(one as long as nine weeks) without subsequent pregnancy, two disappeared 

after parturition, and at least three others lost their litters shortly 

after parturition (Table 5). The result was that nine (43 percent) of
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TABLE 5, Reproductive condition of adult female ground squirrels, 1973.

The length and width categories are arbitrary, increasing in length and 
width as the numbers increase. The proportions are relative frequencies, 
Symbols: E = days 1-15, L = days 16-31, N = sample size.

Nipple Length Vulva Width

Month

JAN

FEB

MAR

APR

MAY

JUN

JUL

N 0 1 2 3 4 0 1 2 3

E 1 1,00 1,00

L 10 1,00 1.00

E 19 1.00 1,00

L 18 .83 .17 .50 .28 .17 .06

E 20 .10 .70 .20 .10 .20 .35 .35
L 14 .29 .43 .29 .50 .36 .07 .07
E 0

L 23 .09 .17 .22 .52 .91 .09
E 21 .05 .10 .24 .05 .57 .95 .05
L 0

E 9 .33 .22 .45 1.00
L 12 .42 .50 00o 1.00
E 10 .40 .40 .20 1.00
L 1 1.00 1.00
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the 21 females surviving until May did not succeed in bringing litters 

above ground. Of these unsuccessful squirrels, four were older adults 

(in their second or later breeding season) and five were yearling 

adults (first season), while the successful ones included three older 

adults and nine yearling adults. Although all of the three females 

which had serious wounds and unusual weight loss were unsuccessful, 

others which showed no signs of wounding were also unsuccessful, so 

the correlation of wounding and reproductive failure is not established. 

Still, in 1972 there was no wounding and every one of the resident 

females brought a litter above ground.

Those females raising litters to weaning in 1973 showed a 

weight pattern similar to the females in 1972, including rapid gains 

during pregnancy and gradual losses during lactation (mean loss = 19 g,

N = 8). However, when the weights of successful and unsuccessful females 

are lumped (Figure 10), the undulation seen in 1972 (Figure 7) almost 

disappears, because the non-pregnant females gained slowly in March, 

keeping the mean weight low even though the pregnant ones gained rapidly, 

and they continued to gain in April and May, keeping the mean high even 

as the lactating females lost weight.

The squirrels molted rapidly and in virtual synchrony in early 

April 1972, but in 1973 the pattern was different. While some of them 

started the molt in late March, others (especially the males) did not , 

start until late April and did not finish until early May.

The events of the summer were similar in both years. However, 

some of the squirrels received supplemental food in late June 1973, as 

part of a field experiment described in Chapter 8, This extra food
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clearly affected the weights of the receiving animals, artificially in

creasing the mean weights during late June and July (Figures 9 - 11).

The 1970 data cover only the period preceding emergence of the 

litters. Most of the adult squirrels had already emerged in early 

February when trapping began. It was late February before the majority 

of males had fully developed testes. Estrus and copulation occurred 

predominantly in 13 - 18 March, and the males lost an average of 17 g 

(N = 9) during this time. They returned to their February mean weight 

of 170 g (N = 19) in early April, The females started at 120 g (N = 10) 

in February and gained steadily to 160 g (N = 10) in early April just 

before parturition. All the females checked in April appeared to be 

pregnant. There was no wounding beyond minor toe injuries. The females 

molted synchronously, in the first week of April and the males followed 

in the second week.

The 1974 data cover the same spring period. The events of the 

annual cycle were exceptionally late. The adult males emerged in late 

January, but the first of the females was trapped on 10 February and 

they continued to emerge into early March. None of the males showed 

full testicular development in January, about half did in early February, 

and all did in late February. Regression occurred -during April and was 

complete by early May. One female was in estrus on 12 March, but the 

others showed no signs until the last week of March. Parturition 

seemed to have occurred in the last week of April and into May. No 

juveniles had been seen when the study was terminated on 17 May. Of the 

32 females surviving until May, 12 (38 percent, one older adult, 11 

yearlings) never became pregnant or had lost their litters when last
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FIGURE 11. Weights of male and female juvenile ground squirrels, 1973.

The male and female data points are paired, male on right (closed rectangle), female on 
left (open rectangle). See the caption for Figure 6. JS
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trapped.. The 20 breeders included 13 older adults and seven yearling 

adults.

The mean male weight started at 124 g (N = 19) in late January 

and rose to 151 g (N = 5) in early May. Six males lost 15 - 46 g in 

late February, and another three lost 15 - 25 g in late March and early 

April, during the copulation period. The mean female weight started at 

107 g (N = 13) in late February, rose steadily to 150 g (N = 30) in 

late April, then declined to 146 g (N = 23) in early May, the start of 

lactation. Both sexes started molting in April. Most females finished 

in late April, but the males finished in early May.

There was little wounding as compared to 1973 and no ill or dead 

squirrels were found. Two females and three males had minor wounds on 

their feet. One female and four males had severe wounds which abscessed 

or suppurated. Again, the wounding was probably inflicted by other 

squirrels, since there were no pocket gopher earthworks on the study 

area in 1974.
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Litters

In both 1972 and 1973, the litters of older adult females 

emerged (were discovered) before litters of yearling adults (statisti

cally significant by one-tailed, Mann-Whitney U test). Litters of older 

adults also tended to be larger than those of yearlings (Table 6), but 

the difference is not statistically significant (Fisher exact test, one- 

tailed), The litters of both older and yearling females were larger in 

1973 than in 1972 (Table 6), but again the difference is not significant 

(Student’s t test, two-tailed). Conversely, the juveniles weighed



TABLE 6, Size of ground squirrel litters at first emergence

Mothers Litter Sizes Mean Sizes

7 adults
1972

6 yearlings

3 adults
1973

9 yearlings

2 3 4 5 6

1 3 3

1 3 2

2
2 1 1  2

7 8 9

5,1

4.0

1 6,0
2 1 5.1

4,6

5.3
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significantly more at emergence in 1972 than in 1973 (Figures 8 and 11, 

Student's t test, two-tailed; Table 7). In both years, small litters 

(2 - 4 sjuveniles) tended to weigh more than large ones (5+), but the 

difference is not significant (Mann-Whitney U test, one-tailed). The 

daily weight gain of the litters was virtually the same in both years 

(Table 7). Litters with older mothers tended to gain faster than those 

with yearling mothers, but this difference does not come close to 

statistical significance (Fisher exact test). There was no relation 

between litter size and daily weight gain (Table 7) or between initial 

litter weight and weight gain (Mann-Whitney U test, two-tailed).

The sex ratios of the litters at emergence from the burrows 

are shown in Table 8. There are no statistically significant deviations 

from 50:50 (chi-square test).

Discussion

One pattern appearing from the data is that the amount of 

winter rainfall, and subsequent food availability, were correlated 

with the timing of events in the annual cycle. These events occurred 

at about the same time relative to emergence each year, but emergence 

occurred at different times. Timing of estrus is a better reference 

event, however, because four years of data are available and estrus was 

more synchronous. Estrus occurred between 25 February and 3 March in 

1973 following 24.6 cm of October - February rainfall, around 11 March 

1972 after 12.2 cm of rain, between 13 - 18 March 1970 after 6.1 cm, 

and during the last week of March 1974 after 5.2 cm. Reynolds and 

Turkowski (1972) also found a high correlation of reproductive condition
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TABLE 7, Initial weight and subsequent weight gain of ground squirrel 
litters,

A mean was taken for each litter; the means of the means are shown here, 
N being the number of litters. The weight gain data are from litters 
caught 2-4 weeks after initial capture; the gain of each individual was 
divided by the number of days intervening. Where members of the same 
litter were captured two or more days apart, the weight gain data for the 
later-caught individuals were used to adjust their weights back to the 
capture date of the early-caught individuals.

1972 1973

INITIAL WEIGHT

N grams N grams

All Litters 11 41.3 12 34.3
Older Mothers 6 39.3 3 37.3
Yearling Mothers 5 43.6 9 33.3
Large Litters (5+) 7 38,3 8 33.1
Small Litters (2r-4) 4 46.5 4 36.8

WEIGHT GAIN

All Litters

N

6

g/day

1.55

N

12

g/day

1.52
Older Mothers 3 1.77 3 1.63
Yearling Mothers 3 1.33 9 1.48
Large Litters (5+) 3 1.43 6 1.53
Small Litters (2-4) 3 1.67 6 1.50



TABLE 8, Sex of juvenile ground squirrels at emergence,

1972 1973
Mothers Males Females Males Females

Older 17 17 6 12
Yearling 9 15 25 21
Total 26 32 31 33



and rainfall, their reference event being -first appearance of scrotal 

males.

In addition, Reynolds and Turkowski (1972). found a high corre

lation between mean litter size and winter rainfall, the number of 

young in a litter being quite close to the number of inches of rain 

falling from October to February. In this study, the 1972 mean litter 

size was 4.6 and the October - February rainfall was 4.8 in. But in 

1973, the litter size was 5.3 and the rainfall was 9.7 inches (mean 

litter size has been recorded as high as 9.0 (Reynolds and Turkowski 

1972), so 9.7 is not an unreasonable prediction for litter size). In 

1972, it seems the squirrels were performing as predicted, but some

thing other than rainfall was affecting litter size in 1973. The addi

tional factor was probably the same one that caused reproductive fail

ure in 43 percent of the females in 1973 —  most likely social inter

actions that occasionally led to visible wounding.

In 1974 also, at least 38 percent of the females failed to 

reproduce, but the details were different. There was relatively little 

wounding in 1974, and 92 percent of the non-breeders were yearlings 

(more than expected from their proportion in the female population; 

statistically significant by chi-square test), compared to 56 percent 

yearlings in 1973 (less than expected; not statistically significant). 

Host likely, the drought of 1974 was responsible for reproductive 

failure. Yearlings were lighter in weight than older adults when they 

emerged and so were more likely to be caught physiologically short of 

the requisite for breeding when food was scarce or poor in quality.

50
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An interesting anomaly in the; squirrel annual cycle was that 

the females were pregnant and lactating during the driest period of the 

year. In addition, they molted while pregnant, and there was no obvious 

difference in the timing of molt between breeding and non-breeding 

females. The females did lose weight during lactation, but they started 

to gain again in June when food availability continued to be very low. 

The juveniles and adult males, too, gained weight rapidly at this time. 

These facts give support to the conclusion in the previous chapter that 

the apparent scarcity of food on the study area from April through June 

does not much affect the squirrels. The abundant dead grass is appar

ently sufficient to meet their energy needs.

The annual cycle and reproductive success of the squirrels is 

obviously geared to the winter rather than summer rains. This is 

typical of homeotherms in Arizona (Dunford 1974). Even though mean 

summer rainfall on the desert is more abundant than winter rainfall, it 

is less dependable, tending to be either abundant or sparse but not 

much in the intermediate range (the skewed distribution of Kangieser 

and Green 1965). Also, summer rain would have to be considerably 

heavier than winter rain to yield equivalent plant production, due to 

greater evapo-transpiration.



CHAPTER 6

POPULATION DENSITY AND SURVIVAL

Annual fluctuations in population density corresponded with the 

reproductive cycle. As Figure 12 shows, the density of adults quickly 

built up to a peak at the time of copulation, then suffered a small 

but abrupt decline shortly after. Their density then remained relative

ly stable, with only gradual attrition, until they started to disappear 

for the autumn in late August (1972) or late July (1973). The post- 

copulatory decline was 50 percent of 10 in March 1972 and 44 percent of 

9 in March 1973 for males and 19 percent of 16 and 17 percent of 29, re

spectively, for females. In 1974, the male density declined by 30 per

cent of 23 before copulation rather than after, but at about the same 

calendar time as in the previous two years. The females declined by 

only 6 percent of 35 in 1974, after copulation.

Density soared in early May as the juveniles appeared above 

ground. There was gradual attrition of their numbers (6 percent of 60 

in 1972, 17 percent of 64 in 1973) until a week or two after weaning. 

Then in the last week to ten days of June, their density abruptly 

dropped, especially among the male juveniles. The decline in this 

period of 1972 was 45 percent of 56 for all juveniles, 71 percent of 24 

males and 22 percent of 32 females. Afterward, their densities remained 

stable until late August.

52



FIGURE 12. Density of adult female, adult male, and juvenile ground 
squirrels, 1972-1974.

Each bar represents the number of marked squirrels seen on the study 
area during a two-week period. Unmarked squirrels were occasionally 
seen, almost solely in January - March, but they are considered tran
sient if they disappeared before being trapped. They are not counted 
in the totals. Some squirrels disappeared right after capture, and 
so were probably transients, but they were marked and therefore are 
counted in the appropriate age-sex category and in the total. The . 
adult females are shown at the bottom of the bar (cross-hatched), the 
adult males in the middle (clear), and the juveniles on top (cross- 
hatched). The exact totals are shown at the tops of the bars. Be
cause the study area is one acre, the numbers are the densities per 
acre. To compute densities per hectare, multiply by 2.5,
Symbols: E = days 1-15, L = days 16-31 of each month.
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In 5 - 9 June 1973, I removed 15 juveniles, as part of an experi

ment described in Chapter 8, reducing their numbers from 53 to 38. In 

the last week of the month, there was a natural decline to 27 (29 per

cent; 44 percent of 18 males, 15 percent of 20 females). On 11 July,

I returned 13 juveniles to the study area (two died in captivity). All 

but one remained on the study area, raising the number of juveniles to 

39. Because each number (bar) in Figure 12 represents the animals sur

viving into a particular time period but not necessarily to the end of 

the period, the artificial reduction in early June is reflected in the 

total for late June, and the natural decline in late June is reflected 

by the total for early July.

For more detailed analysis of density fluctuations, survival of 

the age-sex cohorts is shown in Figures 13 and 14. There were two ways 

that males frequently entered the study population —  by birth in April 

and immigration at the beginning of the year, mostly in January and 

February. I could not distinguish older from yearling males of unknown 

origin, so all males appearing for the first time at the beginning of 

the year were lumped into one cohort. Those "entering" the population 

in early 1972, of course, included native-boms as well as immigrants. 

In all, there were five male cohorts, but those immigrating in early 

1974 are not shown in Figure 13. There were originally eight in this 

cohort, and their survival was like the 1973 immigrants, but only one 

survived until May 1974. Females entered by birth almost exclusively, 

so their four cohorts are true birth cohorts. Thirteen of the original 

females were captured and marked in August 1971, when juveniles were
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still easy to identify. All 13 survived the winter and were available 

for comparison with females caught for the first time in 1972. Year

lings (born the previous year) could be distinguished from older 

adults by their lighter weight and almost total lack of nipple develop

ment, but still one or two of the cohort assignments for newly trapped 

females may have been wrong.

Males were most likely to be lost from the population as juve

niles in June and secondarily as adults in February or March. The same 

was true for females, except their losses were proportionately less. 

Over-winter losses of females were sometimes minimal, as in 1971 - 1972 

(none of 13 lost) and 1972 - 1973 (6 percent of 36), and sometimes con

siderable, as in 1973 - 1974 (21 percent of 42). Over-winter losses of 

males were 23 percent of 13 in 1972 - 1973 and 16 percent of 19 in 

.1973-1974. It is interesting that the 1972 female cohort suffered a 39 

percent (of 23) loss from March to May 1973, when they were yearlings. 

The older female cohorts collectively lost only one of eight (12 per

cent) in the same period. Similar but less dramatic, the yearlings in 

1972 lost two of eight (25 percent) from March to May, while the older 

cohorts lost none. The yearlings of 1974 lost two (12 percent), while 

the older cohorts lost one (7 percent).

After copulation time, immigration became a sparse, irregular 

source of recruits. Most of it occurred in summer. Seven males immi

grated, two in June 1972 (one adult, one juvenile; the adult survived 

until February 1973) and five in July 1973 (one adult, four juveniles; 

the juveniles survived to 1974, one to February, one to April, two to
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May). Five females immigrated, three in July 1973 (one adult, two juve

niles; all disappeared, but one of the juveniles reappeared in May 1974) 

and two in March 1974 (two adults; one survived to May).

A good time to count the squirrels for inter-year comparison is 

late April. The number of resident squirrels has stabilized by then, 

and parturition has or will soon occur. In 1970, the population was 17 

males and 12 females in late February, but by late April, it was down 

to nine males and 11 females (20 residents; sex ratio, 1 male:1.2 

females). One count was made in 1971; 20 squirrels in late April, no 

sex distinction. In 1972, 18 residents in late April (1 male:2.6 

females). In 1973, 28 residents (1:4.6). In 1974, 48 residents 

(1:2.2). So the density remained steady from 1970 to 1972 (but the sex 

ratio did not), then it climbed sharply in 1973 and 1974. A careful 

count during the morning of 26 July 1974 (Figure 12) indicates the popu

lation was heading for a fall in 1974, even though there was no sign of 

it when trapping and observation ended on 17 May. The total number of 

squirrels (adults and juveniles together) in late July 1974 was 33 per

cent lower than the late April total, and juveniles were 34 percent of 

the population (most adults still had their fur dye marks and all were 

much fatter than the juveniles, allowing accurate age assignment). Com

pare these figures with 161 percent higher than April and 66 percent 

juveniles in late July 1972; 121 percent higher and 63 percent juveniles 

in late July 1973.
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Discussion ^

Ground squirrels were recruited to the study area primarily by 

being b o m  there; secondarily among the males, by immigrating early in 

the year. Post-copulatory immigration was nil, so squirrels lost from 

the population at that time were not replaced. Squirrels were lost 

mainly from the juvenile ranks in late June, but also from the adults 

during the shuffle before and after copulation and by gradual attrition 

the rest of the year, including the hibernation period, August to 

January.

As usual in this kind of study, losses could be by dispersal or 

death, the observer being unable to distinguish them. The only differ

ence, of course, may be between death outside the study area and death 

within the area. However, the sharp drops in density in March and 

June are most likely dispersal episodes, especially since males were 

affected more than females. During the copulation-time shuffle, adult 

males often left the study area for days, returned, then left again.

Some were seen in the open areas to the north. Only one departed juve

nile, a male, was known to establish himself off the study area. Once 

juveniles disappeared, they were gone for good, but this does not 

damage the case for juvenile dispersal. Even if departing for certain 

death, the juvenile removes itself from the study population before dying. 

It disperses. Sex difference in juvenile dispersal is shown by data from 

a similar species, _S. richardsonii. Quanstrom (1971) reported that 33 

of 35 road-killed juveniles were males.

The gradual attrition among resident squirrels was probably due 

to predation. They disappeared one by one; some were breeding females,
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not likely to disperse; some had long histories of loyalty to the study 

area; plenty of predators were around; two kills were seen; and I 

killed a couple myself while trapping (the other three trap deaths did 

not contribute to this attrition; they were killed in 1971). Also, the 

squirrels appeared generally too healthy to die of starvation or disease.

Some predators were seen specifically hunting the study area or 

even making kills: a gopher snake, Pituophis melanoleucus, a prairie 

falcon, Falco mexicanus, and several house cats, Fells domesticus. The 

cats were subsidized, of course, and they tried hard, but they were 

largely unsuccessful. Ironically, it may have been the high density of 

the study population that reduced predator success. The squirrels' 

mutual warning system (see Drabek 1970) works best at high density. My 

own cats caught every squirrel that settled in a neighborhood vacant lot 

—  in my opinion, because squirrel density was always so low that no 

neighbors were nearby to sound the alarm when a cat made its approach.

Over-winter losses could have been due to predation on torpid 

squirrels, but no badgers, Taxidea taxus, were in the area. Some squir

rels might have departed the study area shortly before or after hiberna

tion or might have died in torpor.

Wounding delivered by other squirrels seemed to be a major cause 

of death in February and March 1973, as discussed in the previous chapter. 

This episode may possibly have had downstream effects on survival as well 

as reproduction. Yearling females survived poorly in April-May 1973; 

juvenile survival between emergence and weaning was poorer than the year 

before; and subsequent over-winter survival was unusually poor for fe

males .
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The density of resident squirrels in late April tended to corre

late with the October-February rainfall ending 15 months earlier. 

October - February rainfall in 1968-1969 was 11.2 cm and squirrel den

sity in late April 1970 was 20; 6.1 cm in 1969-1970, 20 squirrels in 

1971; 6.5 cm in 1970-1971, 18 squirrels in 1972; 12.2 cm in 1971-1972, 

28 squirrels in 1973; 24.6 cm in 1972-1973, 48 squirrels in 1974. The 

1970 density is the only exception. The 1973-1974 rainfall was 5.2 cm, 

which predicts a drastic drop in density from 1974 to 1975. There must 

have been heavy losses between 17 May and 26 July 1974, unless the 

squirrels disappeared for the autumn unusually early, which is unlikely 

when all the other events of the 1974 annual cycle were exceptionally 

late and when adults, usually the first to disappear, outnumbered juve

niles. These losses and the adult:juvenile ratio point to much lower 

•density of residents in 1975, in line with the correlation of density

and rainfall.



CHAPTER 7

SOCIAL SYSTEM

Animal social systems can generally be described by two types of 

data, one being social interaction between animals, including differen

tial responses based on age, sex, kinship, season, and location in space, 

the other being use of space in relation to neighbors, including asso

ciations, avoidance, and home range overlap. The behavioral and spatial 

phenomena are often causally related. This chapter first describes the 

ground squirrel data relating to these separate phenomena, then it brings 

the fragmented evidence together in a description of the ground squirrel 

social system.

Interaction Rates

Interaction rates are estimated in four ways. The first method 

does not yield actual rates, but instead the proportion of the squirrels’ 

time which was devoted to social interaction. These proportions come 

from the time budgets constructed from scan data. The proportions 

through the active months of 1972 are shown for adult males, adult 

females, and juveniles of both sexes in Figure 15. The 1973 data are 

less complete, omitting May, June, and August, but the same pattern is 

present. In both years, male proportions peaked during the period of 

estrus. In 1972 they peaked at 0.15, but in 1973 they peaked at 0.06. 

Conversely, the July 1972 value was 0.02 while the July 1973 value was 

0.06. Among females, the highest early-year (February-March) value
62
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FIGURE 15. Interaction rates in 1972, measured as proportion of 
time devoted to social interaction.

Proportion of sightings in behavior categories S or T (see Table 1).



was 0.04 in 1972 and 0.03 in 1973, but the July values were 0.03 in 

1972 and 0.04 in 1973. April values were about the same in both years.

The second method uses data from the Zone observations. The 

number of interactions occurring in the Zone during the 9 minutes of 

observation is divided by the number of squirrels seen in the Zone during 

the previous scan. This gives a rate, the" number of interactions per 

squirrel per 9 minutes. There are eight rates from each two-hour 

observation session; the mean rate for the session is computed. There 

are six sessions per two-week period; the mean of the session means is 

computed. These last mean interaction rates are shown in Figure 16.

Sexes are lumped. Juveniles are included in the July and August rates, 

but they are considered separately in May and June (see next paragraph), 

during which four 9-minute Zone observations were devoted to interactions 

involving adults and four to interactions involving juveniles during 

each two-hour session. The mean interaction rates show essentially 

the same pattern as the time budget proportions, with peaks during 

estrus and in May and June when the litters were above ground. The only 

statistically significant difference between 1972 and 1973 mean rates 

was in late July (Student’s t test, two-tailed), but again rates in 

early 1973 were consistently lower than those in early 1972.

The third method relates only to juveniles in May and June 1972. 

The observer focused for 9 minutes on a single litter of juveniles 

(siblings) and recorded all interactions involving the members of that 

litter. The number of interactions is divided by the number in the litter 

to obtain the number of interactions per juvenile per 9 minutes, which is 

the mean rate for the litter. The mean of the mean rates for each litter

64
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FIGURE 16. Interaction rates in 1972 and 1973, measured as the 
number of interactions per squirrel per 9 minute observation 
period.

The mean is shown as a horizontal line, the range as a vertical 
line. The number of observation sessions (eight 9-min observations 
per session) is given above as a number. The rectangular box indi
cates two standard errors above and below the mean, the approximate 
95 percent confidence interval. A clear box represents 1972 data, 
a cross-hatched box 1973 data.
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is computed over the two-week period, and these two-week litter means, 

weighted by the number of juveniles in each litter are averaged to a 

single mean per juvenile interaction rate. Only six litters were 

observed, those closest to the observation Positions. The mean in May 

1972 was 0.79 interactions per juvenile per 9 minutes, and in June, it 

was 0.67 (no statistically significant difference by two-tailed Student's 

t test). This decline from May to June is contrary to time budget pro

portion data for juveniles (Figure 15).

The fourth method relates only to juveniles in May and June 1973 

and to adult males in early 1974. This is the focal animal technique.

A random permutation, or ordering, of the available squirrels was made 

each day before observation began. As each squirrel came up on the list, 

it was located and then watched for 9 minutes of clear visibility, and 

every interaction involving that squirrel was recorded. If the squirrel 

disappeared into a burrow, the clock was stopped until the squirrel re

appeared. If the squirrel could not be located initially, the next 

squirrel on the list was sought out.

Only juveniles in the litters living closest to the observation 

Positions were used as focal animals. Usually only two litters were 

watched during a two-hour session, first a member of one litter, then a 

member of the other, with regular alternation. The member chosen was 

determined by a random permutation of the litter-mates. This is a 

stratified sampling procedure meant to give equal weight to the six 

regularly watched litters. But the list of available juveniles was 

short for small litters and often completed in two or three 9-minute
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observations (four allotted to each litter). The extra observations were 

either repeats on juveniles observed earlier in the session or were devot

ed to members of infrequently watched litters, especially when no members 

of the preferred litter could be found. The number of interactions 

observed during two weeks is summed and divided by the number of 9-minute 

observations, giving the mean number of interactions per juvenile per 9 

minutes. This mean was 1.81 in late May and 2.78 in early June of 1973 

(no statistically significant difference by two-tailed Student's t test).

Adult males in 1974 were observed on six days evenly distributed 

through the period 29 January to 15 March. During the observation day, 

six to eight males were watched for 9 minutes each. On each day, all 

the males in the population were considered available as focal animals. 

The mean of 45 9-minute observations was 1.09 interactions per male per 

9 minutes. There was a gradual downward trend in interaction rate from 

January to March, despite the increase in squirrel density (Figure 12).

Notice the interaction rates estimated by the focal animal tech

nique are considerably higher than those estimated by the Zone and litter 

observation techniques. The reason is the focal animal is above ground 

and available for interaction throughout the 9-minute observation. When 

a Zone or litter is watched, the rate estimate is the number of inter

actions in 9 minutes divided by the number of squirrels in the Zone or 

litter, but not all of these squirrels are above ground or in the appro

priate Zone for the full 9 minutes. So the per squirrel rate estimate is 

too low. Nevertheless, the Zone method, at least, is useful for seasonal 

comparisons and records a greater number of interactions per minute of 

observer time than the focal animal technique, especially when it takes
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more than 9 minutes of observer time to get 9 minutes from the focal 

animal, due to waits while the animal is underground. The choice of 

method depends on research goals, but only the focal animal technique 

yields a true per animal interaction rate.

Interactions between Age-Sex Classes

Frequencies of interaction between age and sex classes are ana

lyzed by Altmann's method (1968). His first null hypothesis was that 

interaction frequencies could be predicted from the age-sex structure of 

the study population. For example, the probability of seeing a male 

initiate an interaction with a female would be the probability of random

ly drawing a male from the population times the probability of randomly 

drawing a female. His assumptions were no differences in the soci

ability of age-sex classes, no attractions or repulsions between or 

within the classes, and all individuals equally likely to be the sender 

(initiator) or receiver (respondent) of social interactions. In other 

words, the frequency of interaction between two animals is simply the 

probability they will randomly bump into each other. The null hypothesis 

might be restated as "animals are black balls."

In a study spanning months or years, the frequency of interactions 

between age-sex classes is, according to this hypothesis, determined by 

the time spent by each individual in each age—sex class summed over all 

the individuals. Altmann computed this as the monkey-years of avail

ability, analogous to man-years of availability. For the squirrels, I 

have computed a similar value which I call squirrel-minutes of avail

ability. If a squirrel is sighted, during a scan, within the Zone being
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observed for interactions that day, it is considered available for inter

action in that Zone during the following 9 minutes of observation (the 

same assumption is made in the Zone method of computing interaction 

rates). The squirrel-minutes (actually the squirrel-9 minutes) of 

availability is the number of squirrel sightings in the observation Zone 

during a two-hour session summed over all the sessions in the time 

period(s) being considered.

The squirrel-minutes of availability are shown in Table 9, 

accumulated for three seasons of the year. May and June are not 

included, because observation methods were altered to accommodate the 

litters of juveniles. The proportion of sightings in each age-sex 

class is shown below the number of sightings. These proportions are 

used to predict the probabilities of interaction between or within age- 

sex classes. In July, the sexes are lumped, leaving just the distinc

tion between adults and juveniles. The actual number of interactions 

between the classes are shown in Table 10. The six analyses are in the 

form of 2 x 2 contingency tables, similar to those in Altmann's paper 

(1968). For each season and year, there are really two tables, one with 

the actual numbers of interactions observed, the other with the numbers

predicted by the squirrel-minutes of availability. The two are com-
2pared by chi-square (X^ in Table 10) showing statistically significant 

deviation from the expected in every case. It is reassuring to dis

cover that squirrels are not black balls.
2 2The chi-square can be partitioned into row (X ), column (X -),row col

and interaction components, which usually sum to equal the total chi-square



TABLE 9. Squirrel availability - number of sightings.

The proportion of sightings in each age-sex class is shown below the 
number of sightings.
Symbols: e = early (days 1-15), 1 = late (days 16-31).

1972

Jan - e. Mar

1. Mar - Apr

July - August

1973

Jan - e. Mar

1. Mar - Apr

Adults Juveniles

Males Females Males Females

366
(.568)

278
(.432)

0 0

122
(.268)

333
(.732)

0 0

60 239 128 503
(.064) (.257) (.138) (.541)

243
(.303)

559
(.697)

0 0

77
(.142)

467
(.859)

0 0

35 67 104 196
(.087) (.167) (.259) (.488)

July
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TABLE 10. Interactions by age or sex of sender and receiver.

Sender is shown first (sender x receiver).
Symbols: A = adult, F = female, J = juvenile, M = male, e = early (days
1-15), 1 = late (days 16-31),

2 2 2X. = total chi-square, X = row chi-square, X .. = column chi-square, 
•L 2  r o v /  c o j l

Xg = interaction chi-square.

Jan - 
e. Mar

1. Mar 
r Apr

July 
- Aug

Number of Interactions O 9 o 9MxM MxF FxM FxF X1
• v̂ *
:,row Xcol X2

1972 74 85 16 24 54.80* 10.83* 43.33* 0.59

1973 34 74 14 48 80.56* 0.34 88.93* 1.57

1972 1 22 29 45 11.81* 0.85 0.48 9.45*

1973 3 2 18 64 13.14* 6.97* 5.13* 3.68

AxA AxJ JxA JxJ

1972 4 25 10 46 10.19* 9.17* 0.22 0,22

1973 2 34 7 51 23.63* 12.59* 8.06* 1.16

* significant at 0.05 level, df = 1.
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(see Rao 1965, section 6d.2, and Altmann 1968). The row and column 

chi-squares test the randomness in distribution of receivers and send

ers, respectively, among the age or sex categories. In all periods 

but late March - April 1972, these chi-squares, separately or together, 

account for almost the total deviation from expected frequencies. 

Specifically, in January - early March 1972, males sent, or initiated, 

interactions more than expected, and conversely, females received, or 

had to respond to, interactions more than expected. In the same period 

of 1973, males again initiated interactions more than expected. In 

late March - April 1972, the interaction chi-square accounts for the 

deviation: male-male interactions were unexpectedly rare, because no 

male’s home range overlapped that of another male. This was not 

repeated in 1973, when females were sending more and males receiving 

more than expected, the reverse of the situation earlier in the year.

In July - August 1972, juveniles were on the receiving end of inter

actions more than expected, and in July 1973, they were again on the 

receiving end, while adults were sending interactions more than expected.

In short, differences existed between sexes and ages in soci

ability, in the sense that males were causing more than their share of 

interactions between emergence in January and estrus in early March.

The females reversed the situation during pregnancy and lactation. Juve

niles in summer tended to get themselves involved on the receiving end' 

of more than their share of interactions. The small interaction chi- 

squares indicate that while the sexes and ages differed in sociability, 

there were no attractions or repulsions between particular sexes or ages.
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The exception was late March - April 1972, but there were so few males 

that the lack of male neighbors may have been due to chance rather than 

repulsion. An interaction chi-square, testing for attractions or re

pulsions between sexes or ages, can be computed directly, as Altmann 

(1968) did, by using the marginal totals of the real data contingency

tables to generate the expected cell frequencies and then testing by 
2chi-square (X^ in Table 10). The results are similar.

Types of Interaction

So far only the frequency of interaction has been considered, 

ignoring distinctions between aggressive and cohesive interaction or, 

more specifically, frequencies of particular interaction behaviors 

(Table 2). These particular frequencies are shown in Table 11 for three 

seasons of the year. The data are further divided into male-male, male- 

female, and female-female interactions. Data from 1972 and 1973 are 

lumped, even though they are not always homogeneous between years. They 

are homogeneous for male-male interactions in all seasons but not for 

male-female interactions in January - early March and not for female- 

female interactions in any season.

Referring to Tables 2 and 11, behaviors 7 and 8 are clearly 

aggressive, and behavior 9 appears to be a threat posture. Behavior 10 

(kissing) is non-aggressive, as are behaviors 11 and 12, which are 

lumped in Table 11. Behaviors 13 and 14 (fights) are lumped also, both 

very aggressive. Behaviors 15 and 16 are lumped, because they occur 

together so often, usually alternating with each other. Behaviors 17 

and 18 are lumped, because they are variations of the same behavior.



TABLE 11, Frequency of interaction behaviors, 1972 — 1973, 

See text for description.

January - early March late March - April July - August

MxM MxF FxF All MxF FxF All MxM MxF FxF All

N 130 211 98 439 87 110 197 22 92 98 212

Behavior 7 10 26 19 55 23 43 66 4 24 28 56
(.08) (.12) (.19) (.125) (.26) (.39) (.335) (.18) (.26) (.29) (.264)

8 2 14 7 23 9 7 16 0 3 2 5
(.02) (.07) (.07) (.052) (.10) (.06) (.081) • (.03) (.02) (.024)

9 60 82 36 178 7 2 9 3 7 12 22
(.46) (.39) (.37) (.405) (.08) (.02) (.046) (.14) (.08) (.12) (.104)

10 22 80 24 126 0 2 2 3 2 1 6
(.17) (.38) (.24) (.287) (.02) (.010) (.14) (.02) (.01) (.028)

11-12 0 13 8 21 2 0 2 0 1 0 1
(.06) (.08) (.048) (.02) (.010) (.01) (.005)

13-14 9 12 12 33 17 13 30 1 8 2 11
(.07) (.06) (.12) (.075) (.20) (.12) (.152) (.05) (.09) (.02) (.052)

15-16 0 2 8 10 9 18 27 3 13 8 24
(.01) (.08) (.023) (.10) (.16) (.137) (.14) (.14) (.08) (.113)

1 1 0 2 2 2 4 1 5 7 13
(.01) (.00) (.005) (.02) (.02) (.020) (.05) (.05) (.07) (.061)
43 47 29 119 38 51 89 12 39 38 89

(.33) (.22) (.30) (.271) (.44) (.46) (.452) (.55) (.42) (.39) (.420)
Chase
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These last four behaviors are directed at the receiving animal over con

siderable distances and never involve body contact. They appear to be 

threat behaviors. "Chase" includes any interaction involving only be

haviors 1, 2, 4, 5, and 6. One animal approaches (1 or 2) another, who 

retreats (4 or 5). The first animal may or may not pursue (6).

In Table 11, N is the number of interactions occurring between 

the appropriate sexes during the appropriate season. For each behavior, 

the number of interactions in which the behavior occurred is given above 

the proportion of the N interactions which include that behavior. These 

proportions do not add to 1.00, because an interaction can and often does 

include behaviors from more than one of these categories. The propor

tions do estimate the probability that a given behavior will occur in an 

interaction.

These probabilities can be used to assess the effect of one 

behavior on the occurrence of another. For instance, the over-all 

probability of behavior 10 occurring in an interaction was 134/848 =

0.158 and the overall probability of behavior 7 was 177/848 = 0.209. If 

the occurrence of one did not affect the occurrence of the other, the 

probability of the two occurring together in the same interaction should 

be the product of their over-all probabilities' times two (because the 

probability of co-occurrence is prob (10 occurs before 7) = 0.158 x 0.209 

plus prob (7 occurs before 10) = 0.209 x 0,158), which equals 0.066. The 

predicted number of co-occurrences then is 56 (0.066 x 848), but the 

actual number was 17. A similar analysis predicts 25 interactions in 

which behavior 10 and behaviors 13 and/or 14 occur together, but the 

actual number was 6. It appears that the most cohesive behavior (10)
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tended to be mutually exclusive of the most aggressive behaviors 

(7, 13, and 14). Using the same approach, it appears that behaviors 

15-16 and 17-18 occurred together more frequently than expected 

(expected number of co-occurrences is 3; actual number was 15). More 

elaborate studies of sequential contingencies are possible (Altmann 

1965), and the complete squirrel interaction behavior sequences are 

available on computer tape.

The only clear differences between male-male, male-female, and 

female-female interactions (Table 11) occurred in January - early March. 

The frequency of behavior 10 was less than expected in male-male inter

actions and greater than expected in male-female interactions (chi- 

square test). The frequency of behaviors 11-12 was also less than ex

pected in male-male interactions. Adult males in January - early March 

seemed to be avoiding cohesive behaviors when interacting with each 

other. Otherwise, frequency differences for the three sex pairings are 

statistically insignificant, or the expected frequencies are too low for 

chi-square testing. The data seem sufficiently homogeneous to allow 

lumping of the sex pairing data for simpler testing of seasonal differ

ences. Seasonal differences occurred in all behavior categories, and 

all were highly significant statistically (chi-square test of each be

havior category across three seasons). Behaviors 7, 8, and 13-14 (the 

most aggressive) peaked in early March - April. Behavior 9 (close 

threat) and behaviors 10 and 11-12 (cohesive) were much more frequent in 

January - early March than later in the year. Behaviors 15-16, 17-18, 

and Chases (none involving body contact) were much less frequent in 

January - early March than later in the year.
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Interaction and Kinship

From late 1972 on, kinship relations between many of the squir

rels, especially females, are known from trapping the litters shortly 

after their appearance above ground in May. Squirrels are considered 

kin if they were mother-offspring or siblings; more distant kinship is 

not considered here, even though it is often known for late 1973 and 

1974. Table 12 is set up like Table 11, showing the frequencies of 

particular interaction behaviors for females in three seasons, divided 

into interactions between kin and between non-kin. Data for January - 

early March and late March - April come only from 1973, but the July - 

August data include both 1972 and 1973 (adults and juveniles), even 

though the data for behaviors 15-16, 17-18, and Chases are not homoge

neous between years for non-kin interactions. Two of the four statisti

cally significant differences between kin and non-kin were in January - 

early March when kin engaged in kissing (behavior 10) more than expected 

and in fighting (13-14) less than expected, indicating reduced aggres

siveness between female kin. The other differences occurred in July - 

August when kin engaged in lunges (7) more than expected and drumming 

and tail waving (15-16) less than expected.

A problem arises in testing the statistical significance of 

differences between frequencies in two categories, such as kin and 

non-kin interactions. To test the chi-square value, one degree of free

dom must be subtracted, because determination of the frequency of one 

category determines the frequency of the other. But another degree of 

freedom must be subtracted, because the expected frequencies are esti

mated from data, as the over-all frequency of the behavior during the



TABLE 12. Frequency of interaction behaviors between female kin and 
non-kin.

See text for description.

1973
Jan - e. Mar
Kin Non

N 40 32

Behavior 7 10
(.25)

8
(.25)

8 3
(.08)

3
(.09)

9 15
(.38)

11
(.34)

10 18
(.45)

6
(.19)

11-12 3
(.08)

0

13-14 2
(.05)

8
(.25)

15-16 0 1
(.03)

17-18 0 0

Chase 6
(.15)

10
(.31)

1973 1972.-73
1. Mar - Apr July « Aug:
Kin Non Kin Non

42 32 47 51

21 16 18 10
(.50) (.50) (.38) (.20)

4 3 0 2
(.10) (.09) * * (.04)

2 0 5 7
(.05) (.11) (.14)

1 1 2 0
(.02) (.03) (.04)

0 0 0 0

5 3 4 0
(.12) (.09) (.09)

2 3 5 15
(.05) (.09) (.11) (.29)

0 0 0 7
(.14)

17 12 19 19
(.40) (.38) (.40) (.37)
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appropriate season. This leaves zero degrees of freedom. The problem 

also arose in all the tests for between-year homogeneity mentioned 

earlier and in tests for differences between male-female and female- 

female interactions in late March - April (Table 11). To avoid the 

problem, I resorted to a Z test for difference between two proportions, 

but only when the expected proportion is greater than 0.1 (described by 

Hoel 1971, sec. 5.9.3). Otherwise, no test is attempted.

The outcomes of interactions between kin and non-kin are also 

examined. Interaction could end with no abrupt separation between the 

squirrels or with one squirrel immediately withdrawing a short distance 

(< 2 m) or a long distance (> 2 m). No separation or a short withdrawal 

(together indicated as < 2 m in Table 13) is considered an indication 

of only mild avoidance of the other animal, while a long withdrawal 

indicates a more severe reaction. Interactions of kin and non-kin are 

classified by the nature of their endings (Table 13), showing a highly 

significant statistical difference in January - early March, a lesser 

but still significant difference in late March - April, but no difference 

later in July - August (Z test). These data along with the frequencies 

of particular behaviors (Table 12) show greatest differential reaction 

to kin and non-kin by females in January - early March.

Consideration of juvenile interaction in May and June was earlier 

deferred for detailed analysis here of differential reaction to kin and 

non-kin. Table 14 is similar to Table 12. It considers data only from 

May - June 1972. The data are divided among adult male - juvenile inter

actions (non—kin), adult female — own juvenile interactions (kin),
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TABLE 13, Distance of withdrawal -—  endings of interactions between 
females.

Symbols: e = early (days 1-15), 1 = late (days 16-31), m = meters.

Kin Non-kin

< 2 m > 2 m < 2 m > 2 m

Jan - e. Mar 1973 30 12 8 31
1. Mar - Apr 1973 19 27 6 26

July - Aug 1972-73 21 31 22 33



TABLE 14. Frequency of interaction behaviors between kin and non-kin, May - June 1972. 

See text for description.
Symbols: F = adult female, J = juvenile of either sex, M = adult male, N = sample size.

M x J F x own J F x other J J X sib J J x other J
May June May June

N 26 34 37 18 39 35 11

Behavior 7 6 1 9 1 5 16 3
(.23) (.03) (.24) (.06) (.13) (.46) (.27)

8 0 0 0 2 0 0 0
(.11)

9 1 7 18 5 4 17 3
(.04) (.21) (.49) (.28) (.10) (.49) (.27)

10 2 21 20 3 21 21 4
(.08) (.62) (.54) (.17) (.54) (.60) (.36)

11-12 0 9 12 0 10 10 1
(.26) (.32) ' (.26) (.29) (.09)

13-14 2 1 1 1 10 15 1
(.08) • (.03) (.03) (.06) (.26) (.43) (.09)

20 0 2 0 0 0 0 0
. (.06)

Chase 17 3 5 10 4 3 4
(.65) (.09) (.14) (.56) (.10) (.09) (.36)



82

further subdivided to May and June interactions, adult female - other 

juvenile interactions (non-kin), juvenile - sibling juvenile interactions 

(kin), further subdivided to May and June, and finally juvenile - other 

juvenile interactions (non-kin). A new behavior is listed (20 = allo- 

grooming, Table 2). Behaviors 15 - 18 are not listed, because they 

were not seen. Clearly, interaction was most frequent among kin. The 

Z test shows statistically significant increases from May to June in 

the frequencies of behaviors 7 and 9 in both female - own juvenile and 

juvenile - sibling juvenile interactions. The other behaviors did not 

change significantly. Comparison by Z test of female - other juvenile 

and female - own juvenile interactions (May and June data lumped) shows 

that behaviors 10 and 11-12 (cohesive) occurred more frequently and 

Chases less frequently than expected between mothers and their offspring. 

The only statistically significant difference between male - juvenile and 

female - other juvenile interactions is in the frequency of behavior 9. 

The only significant difference between juvenile - sibling juvenile and 

juvenile - other juvenile interactions is that Chases occurred less 

frequently than expected among juvenile kin.

The outcomes of juvenile interactions are examined in Table 15. 

The analysis is similar to Table 13, using the interaction categories of 

Table 14. Results in May and June were not significantly different, so 

they are lumped. The same inter-category comparisons are made, using 

the Z test. There is no statistically significant difference between 

the outcomes of male — juvenile and female — other juvenile interactions. 

But the outcomes of interactions between kin and between non-kin are 
clearly different.
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TABLE 15. Distance of withdrawal endings of interactions.
May - June 1972.

Symbols: F = adult female, J = juvenile of either sex, M = adult male,
m = meters, N = sample size.

< 2 m > 2 m

M x J 31 

F x own J 71 

F x other J 21 

J x sib J 74

4

63

4

66

4

27

8
17

8
7J x other J 11
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Dominance

The squirrel which withdrew (behaviors 4 or 5) from an inter

action is considered the loser. When both animals withdrew alternately, 

as in a seesaw chase, the interaction outcome is considered neutral, no 

winner or loser. In a seesaw fight, the last squirrel to withdraw is 

the loser. If neither squirrel withdrew, the one receiving the greater 

number of aggressive behaviors (7 or 8) and/or the one responding with 

the greatest alarm (behavior 3) is the loser. These are the criteria for 

determining dominance in interactions.

Dominance by sex is analyzed in Table 16. The number of inter

actions ending in male victories, ties, or female victories are shown 

for January through July, data from 1972 and 1973 lumped (homogeneous 

between years except in July). July data include adults and juveniles. 

May and June data are not shown, because there were few adult - adult 

interactions and interactions involving pre-dispersal juveniles are con

sidered in the next chapter. The expected distribution of wins between 

the sexes is 50:50 (tested against actual distribution by chi-square). 

Males were clearly dominant in January - early March; that is, up to and 

including estrus. But females were dominant in late March - April. At 

the same time, neutral interactions became common, especially seesaw 

chases. Neither sex was dominant in July 1972, but males were dominant 

in July 1973.

Adults completely dominated juveniles in May and June. In July, 

juveniles won several interactions, but adults remained dominant regard

less of the sexes involved (Table 17; lumped data homogeneous between 
years).
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TABLE 16. Males versus females -t* dominance 1972-1973

Winner
N Male Neutral Female

January 23 23 0 0
February 109 106 0 3
early March 90 70 6 14
late March 38 7 4 27
April 54 10 19 25
July 91 46 15 30



TABLE 17, Adults versus juveniles -- dominance in July 1972-1973

Winner
N Adult Juvenile

Male x Male 10 9 1 .

Male x Female 34 28 6
Female x Female 44 39 5
Total 88 76 12



There are sufficient data from January - early March of both 

years to rank each adult by its "batting average," or proportion of
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wins, in interactions with others of the same sex. Each is also 

ranked by its maximum weight during those months, and the correlation 

of batting average and weight is measured as the Spearman rank correla

tion coefficient. The value for males in 1972 was 0.84 (N = 11), 

indicating weight as a strong statistically significant correlate of 

dominance. The male coefficient was 0.58 (N = 13) in 1973, still show

ing weight as a correlate, but other factors, like age, were probably 

at least as important. For instance, the five known yearling males in 

1973 ranked 3, 7, 10, 12, 13 in weight (differences in yearling and 

older adult weight rankings are not statistically significant by one- 

tailed Mann-Whitney U test) and 8, 10, 11, 12, 13 in batting average 

(significant rank differences, same test). This means that yearlings 

tended to be lighter than older adults, and they did poorly in inter

action, but they did even worse than predicted solely by weight. The 

female correlation coefficients were 0.27 in 1972 (N = 10) and 0.19 in 

1973 (N = 25). Weight is not well correlated with dominance among 

females. However, older adult females ranked significantly higher in 

batting average than yearlings in both years (Mann-Whitney U test, one- 

tailed). And the distribution of wins in 55 clear-cut cases of dominance 

between yearling and older adult females (1972 and 1973 data homogeneous, 

therefore lumped) is 37 wins for older adults and 18 for yearlings 

(statistically significant difference by chi-square). Older adult 

females did rank higher in maximum weight than yearlings, but the 

difference is not significant in either year (Mann-Whitney U test.
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one-tailed). So the yearling females> like'the yearling males, fared 

worse in dominance situations than predicted by weight. Age clearly 

predicts female dominance better than weight and the same may be true 

for males. However, within one age class, weight may be an excellent 

predictor (the ages of 1972 males were unknown).

Home Ranges and Core Areas

Analysis of home ranges is based on the sightings of squirrels

made during scans of the study area. The location of each sighting was

recorded on a map in relation to the survey stakes and later transformed

for computer analysis to coordinate notation (e.g.s 12.6, 5.2 means

six-tenths of the distance between stakes 12 and 13 on the east-west

axis and two-tenths of the distance between stakes 5 and 6 on the north-
2south axis). The stakes, 5 m apart, demarcated squares of area 25 m ,

2but for analysis, each of these squares is subdivided into four 6.25 m 

squares. I feel the sightings were map-located in the field with suffi

cient precision to allow accurate computer assignment of each sighting to
2 9the proper 6.25 m square. I define a home range as those 6.25 m squares

occupied (one or more sightings) by the individual in question. No

assumption about shape is made; vacant squares lying between occupied

squares are not considered part of the home range. The resulting home

range is generally a patchwork of occupied squares scattered among

vacant squares.

Home range size is measured as the number of occupied squares. 

Given equal numbers of sightings, widely scattered sightings occupy more 

squares than clustered sightings. Comparison becomes tricky, however,
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when the home ranges are based on unequal numbers of sightings. The 

number of occupied squares usually increases as the number of sightings 

increases. I do not recommend this measure for general use, but it 

serves its purpose in this study. It could be refined by dividing the 

number of occupied squares by the logarithm of the number of sightings 

(not done here). As a final warning, the home ranges measured here 

are not assumed to be complete. Many squirrels spent at least some 

time outside the study area.

Core area was originally conceived as the area within the home

range that includes a disproportionately high percentage of the animal’s

location records (Kaufmann 1962). In this study, a core area is defined 
2as those 6.25 m squares that contain two or more sightings in a certain 

time period, given that the squirrel was sighted at least 15 times dur

ing the period and that the squares with multiple sightings included at 

least 50 percent of the total sightings. As defined, the core area 

can include 50 to 100 percent of the sightings. It is approximately the 

area regularly used by the squirrel.

The dispersion of home ranges and core areas can be analyzed by 

the method of Metzgar and Hill (1971). They measured the number of home 

ranges overlapping each recording station (in effect, the number of 

animals recorded) and totaled the numbers of stations with none, one, 

two, ... home ranges. They then compared this actual distribution with 

the distribution expected when the home ranges are randomly arrayed on 

the recording grid. One way to generate this expected distribution is 

by the Poisson function, which computes the" probability of rare events in
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time and/or space. But Metzgar and Hill (1971) point out that sight

ings of each individual must be independent to meet the assumptions of 

the Poisson process. Clearly they are not. They avoided the problem 

by generating expected distributions with a computer randomization tech

nique. However, when the sample size (number of recording stations) is 

large, the computer-generated random distribution may closely approxi

mate the Poisson distribution. I use the data from Metzgar (1971) and 

Metzgar and Hill (1971) on deermice, Peromyscus leucopus, in Michigan 

(182 stations) and from Fleming (1974) on the heteromyid mice, Liomys 

salvini and Heteromys desmarestianus, in Costa Rica (141 and 154 sta

tions, respectively) to generate expected distributions from the Poisson 

function (the Poisson parameter a^was estimated as the mean number of ani

mals recorded per station). In 24 comparisons of the Poisson distribu

tions with the computer-generated expected distributions given by these 

authors, the highest chi-square value is 0.98 (df =2). The probability 

that the two methods yield the same expected distributions is at least 

0.6 and usually greater than 0.8. In the ground squirrel study, there 

are 540 stations (6.25 m2 squares), so to save computer costs, I use the 

Poisson function and a desk calculator.
oTable 18 shows the observed and expected number of 6.25 m 

squares in which none, one, two, ... , seven or more squirrels were 

seen. For chi-square testing, the categories are lumped from right to - 

left until six or more squares are accumulated. One degree of freedom 

is subtracted for the usual reason, and another is subtracted because 

the Poisson parameter_a is estimated from the data. In the months May — 

August home ranges of adults and juveniles are analyzed together. In
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May - June 1972, juveniles were not individually distinguished; they 

bore only their mother's number. So home ranges of litters are computed, 

rather than individual juvenile ranges. In June 1973, all the juveniles 

were distinguished as individuals.

In both years, the home ranges were highly clumped in January - 

early March, randomly distributed in late March, and evenly distributed 

in April (clumping is indicated when squares with none, two, or more 

squirrels are more frequent and those with one squirrel less frequent 

than expected; vice versa for even distribution). May - June 1972 

showed random distribution, but June 1973 showed clumped distribution.

July - August 1972 showed even distribution, but July 1973 showed 

clumped distribution.

Table 19 subdivides the data from three of the time periods in 

Table 18. Male home ranges were highly clumped with each other, as 

were female home ranges, in February 1972. This evidence plus the very 

high chi-square when the sexes are taken together indicate clumping both 

between and within sexes in February 1972 and probably throughout 

January - early March of both years. In May - June 1972, litter home 

ranges were evenly distributed in relation to each other, as were adult 

ranges, but taken together, adult and litter ranges were randomly distrib

uted. In June 1973, individual juvenile ranges were clumped. Combined 

with the 1972 evidence, it is likely that home ranges of litter-mates 

were clumped in May and June, while those of non-litter-mates were evenly 

distributed. This was obvious to the long-term observer.

Adult home ranges in June 1973 were randomly distributed, due 

probably to reduced sampling time. In May - June 1973, scans covered



TABLE 18. Dispersion of home ranges, 1972-1973,

Symbols: a = Poisson parameter, 0 = observed , E = expected, e = early, 1 = late, = chi--square,
df = degrees of freedom.

Date Numbers of 26.25 m squares with 0 - 7 +  squirrels
(sessions) o0 1 2 3 4 5 6 7+ a x2 df
1972

1. Jan 0 417 77 24 13 6 3 0 0 0.38 38.25* 1
(6) E 369.4 140.4 26.5 3.2 0.5 0 0 0

Febr 0 256 119 72 36 27 15 6 9 1.22 186.22* 3
(12) E 159.3 .94.4 118.8 48.1 14.6 3.8 0.5 0

e. Mar 0 360 114 39 17 7 2 0 1 0.53 58.34* 2
(6) E 318.1 168.5 44.8 8.1 1.1 0 0 0

1. Mar 0 361 156 19 4 0 0 0 0 0.38 3.68 1
(6) E 369.4 140.4 26.5 3.2 0.5 0 0 0

April 0 230 244 60 6 0 0 0 0 0.71 30.67* 2
(12) E 265.7 188.5 67.0 15.8 2.8 0.4 0 0

May-June 0 198 173 119 40 9 1 0 0 1.06 6.39 3
(12) E 186.8 198.2 104.8 37.3 9.7 2.1 0.4 0

July 0 159 242 106 31 2 0 0 0 1,03 23.65* 3
(12) E 192.8 198.7 102.1 35.1 9.2 2.1 0 0

August 0 296 204 36 4 0 0 0 0 0.53 13.68* 2
(6) E 318.1 168.5 44.8 8.1 1.1 0 0 0

1973

1. Jan 0 421 79 20 12 4 4 0 0 0.35 33.80* 1
(6) E 381.0 133.0 23.2 2.7 0 0 0 0

e.'”Febr 0 314-- 99 53 - 28 19--- 19 4— --4— 0.95 — -283.37*-—- 3—
(6) E 209.0 198.2 94.5 29.7 7.0 1.6 0 0

1. Febr - 0 209 135 100 47 27 12 5 5 1.31 97.19* 4
e. Mar (6) E 145.8 190.6 125.3 54.5 17.8 4.9 1.1 0

1. Mar 0 188 201 108 33 9 1 0 0 1.03 0.77 3
(6) E 192.8 198.7 102.1 35.1 9.2 2.1 0 0

1. Apr 0 246 224 60 9 1 0 0 0 0.69 13.51* 2
(6) E 271.1 186.8 64.8 14.6 2.7 0.5 0 0

June 0 303 157 50 20 6 2 0 2 0,68 19,80* 2
(6) E 273.8 186.3 63.2 14.6 2,7 0.5 0 0

July 0 232 172 80 35 16 4 1 0 0.98 24.03* 3
(6) E 202.5 198.7 97.2 31.9 7.6 1.6 0.6 0

* significant at 0.05 level VOto



TABLE 19. Dispersion of home ranges —  special comparisons. 

See caption to Table 18.

2Numbers of 6.25 m squares with 0 - 6  squirrels

0 1 2 3

Males 0 321 126 50 28
E 271.1 186.8 64.8 14,6

Febr 1972
0 356 115 , 49 14

Females E 321.3 166.9 43.2 7.6

Adults 0 304 186 47 3
E 314.8 170.1 45.9 8.1

May-June 1972
0 288 225 26 1

Litters E 321.3 166.9 43.2 7.6

Adults 0 396 127 14 3
E 400.1 120.0 17.8 2.2

June 1973
0 396 108 24 7

Juveniles E 373.1 138.2 25.4 3.2

4 5 6 a x2 df

11 4 0 0.69 68.03* 2
2.7 0.5 0

3 2 1 0.52 35.35* 2
1.1 0 0

0 0 0 0,54 6.07* 2
1.1 0 0

0 0 0 0.52 37.25* 2
1.1 0 0

0 0 0 0.30 0.90 1
0 0 0

3 1 1 0.37 9.65* 1
0,5 0 0

* significant at 0.05 level VOUl
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only one Zone per session, as compared to three Zones in all other 

months.

Table 20 shows the observed and expected numbers of squares 

containing the core areas of none, one, , four squirrels. Only 

those months and sexes with sufficient data are shown, except for late 

March 1972. In order to perform for this period a chi-square with one 

degree of freedom, lumping of categories from right to left was 

stopped at the 2 category, leaving an accumulated expected frequency 

of only 1.6. The results show that core areas, like home ranges, were 

clumped in February - early March. In late March, core areas were 

evenly distributed in 1972 but random in 1973. Most likely, late March 

was a period of transition between the clumping of January - early March 

and the even distribution of April. In both April and July, core areas 

were evenly distributed in 1972 but random in 1973, possibly due to 

shorter sampling time in 1973. However, considering the change between 

1972 and 1973 in July home range distribution (Table 18) and the tendency 

toward core area clumping in 1973 (Table 20), the difference in July core 

area distributions between the two years was probably real.

The mean female home range and core area sizes are shown in 

Table 21. Also shown is the mean percentage of overlap with neighbors; 

for example, the mean female squirrel shared 87 percent of her home 

range and 51 percent of her core area with her neighbors in February 1972. 

Core areas were smaller than home ranges, of course, and overlapped con

siderably less. Both home ranges and core areas decreased in size and



TABLE 20, Dispersion of core areas, 1972-1973,

See caption to Table 18,

Febr 1972 0
(both sexes) E

1. Febr - e. Mar 0
1973 (females) E

0
1. Mar 1972 E

0
1. Mar 1973 E

0
April 1972 E

0
April 1973 E

0
July 1972 E

0
July 1973 E

* significant at 0.05 level.

Numbers of 6.25 m squares
with 0 - 4 core areas

0 1 2 3 4

477 44 13 3 3
455,8 77.2 6.5 0,5 0

384 106 41 4 5
358,6 146.9 30,2 4.3 0.5

481 58 1 0 0
503,3 35,1 1,1 0,5 0

386 136 16 2 0
392,0 125.3 20,0 2.2 0.5
388 141 11 0 0
400,1 120.0 17.8 2.2 0

437 95 8 0 0
437,9 91.8 9.7 0.5 0

279 215 44 2 0
305.6 174.4 49.7 9.2 1.1

389 124 25 2 0
388.3 128.0 21.1 2.2 0.5

a X2 df

0,17 35.84* 1

0.41 20.78* 2

0.11 16.16* 1

0.32 1.97 1

0,30 8,10* 1

0.21 0.58 1

0.57 19.11* 2

0.33 0.55 1

VO
V i
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TABLE 21, Mean size and overlap of home ranges and core areas f- adult 
females,

Symbols; N = number of females, SF. " standard error, x = mean.

Date (sessions) Home Range 
Size Overlap

(squares) (%)
x + SE (N)

Core Area 
Size * Overlap 

(squares) (%)
x + SE (N)

1972

February (12) 

March (12) 

April (12) 

May-June (12) 

July (12)

33 + 4 ( 8) 87 + 2 ( 8) 12 + 2 ( 5) 51 + 8 ( 5)

2 7 + 2  (11) 5 7 + 2  (11) 1 0 + 1  (11) 1 9 + 5  (11)

23 + 2 (11) 31 + 4 (11) 10 + 1 (11) 12 + 3 (11)

19 + 1 (11) 81 + 4 (11) 7 + 1 (11) 48 + 7 (11)

16 + 2 (10) 66 + 7 (10) 8 + 1 (10) 41 + 8 (10)

1973

February (6) 20 + 1 (21) 81 + 2 (21) 8 + 1 (20) 56 + 7 (20)
March (6) 20 + 1 (21) 65 + 4 (21) 8 + 1  (16) 20 + 4 (16)
April (6) 15 + 1 (20) 40 + 3 (20) 7 + 1 (14) 9 + 4 (14)
July (6) 8 + 1 (12) 64 + 5 (12) 4 + 1 (7) 42 +14 ( 7)
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overlap from February to April. Sizes continued to decrease into July, 

but overlap sharply increased in May - June (when the litters were above 

ground), then declined somewhat in July. The two years were similar.

To test the statistical significance of the seasonal differ

ences, I take females with data in every month of either 1972 or 1973 

and analyze the months as "treatments" in a single classification 

analysis of variance, each female being one replication of the "experi

ment. " Six analyses are performed: home range size and overlap in both 

years and core area size and overlap in 1972. Overlap data (percentages) 

are transformed to arcsines before analysis (Sokal and Rohlf 1969, sec. 

13.9). All the resulting F tests are significant.

Student-Newman-Keuls (SNK) multiple range tests show statisti

cally significant differences between home range sizes in February - 

March and May - July 1972. In 1973, the home range sizes in February - 

March, April, and July were significantly different from each other. As 

for home range overlap, the drops in 1972 from February to March and 

March to April were significant, as was the increase to May - June, but 

the drop from May - June to July was not significant. The same pattern 

occurred in 1973, except May - June were not included in the analysis.

The SNK test showed no significant change in core area size and a sig

nificant difference in overlap only between February and April.

The mean size of male home ranges in 1972 was 34 squares (SE = 4, 

N = 11) in February and 22 (SE =2, N = 5) in April, and the mean core 

area size was 11 (SE = 1, N = 5) in April, all nearly the same as the 

female means. In 1973, the mean home range size was 20 (SE = 1, N = 14) 

in February, the same as for females. In April, the mean was 10 (SE = 2,
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N = 5), significantly smaller than the female mean (two-tailed 

Student's t test). The mean core area size in April was 8 (N = 3; the 

other two males had the smallest home ranges and no measured core areas 

due to being sighted less than 15 times).

Figures 17 and 18 show striking examples of early season change 

in home range size and internal structure. These dot maps are made from 

sightings in 1970. Not all males expanded their home ranges in early 

March as much as in Figure 18, but many did so. Early to mid-March was 

the period of estrus in 1970.

Kinship is known for most females and some males in July 1972

and throughout 1973. The percentage of each female's neighbors who were

her kin (including distant kin) is computed. A neighbor is defined as
2any squirrel whose home range overlapped (one or more 6.25 m squares in 

common) that of the female in question. The mean percentage of kin 

neighbors was 55 (N = 10 females, range: 25-100 percent) in July 1972.

In 1973, the means were 19 percent (N = 21, range: 0-33) in February,

32 (N = 21, range: 0-67) in March, 37 (N = 20, range: 0-100) in April, 

and 40 (N = 12, range: 0-100) in July. In contrast, the mean percentage 

of the total population which were kin to the same females was 8 percent 

(N = 10, range: 2-11) in July 1972 and 7 percent (N = 20, range: 0-15) 

in April 1973.

Having shown earlier by home range distribution analysis that 

litters in 1972 were occupying areas somewhat exclusive of other litters 

but not of adults, it would be interesting to assess the degree to which 

the litter used its mother's home range. Simple overlap analysis as done

98
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so far yields inconclusive results. Because of the disjointed character 

of the home ranges, a litter's range could be completely intermingled 

with the mother's range with little direct overlap. To solve this 

problem, I take the computer-generated map of each mother's home range 

for the months May - June 1972 and draw the minimum perimeter polygon 

that encloses all the mother's sightings (a completely objective approach 

to home range shape, but the animal certainly did not use the whole en

closed area). I then compute the percentage of litter sightings that 

fall within the mother's polygon. The mean for 11 litters is 82 percent 

(range: 69-98). I compute the same measure for the same May - June 

polygons and the same litters, but the sightings are from those off

spring in July who remained on the study area after the apparent large- 

scale dispersal of juveniles in late June. The mean percentage of 

offspring sightings in July that fall within the mother's May - June 

polygon is 80 (N = 11, range: 60-100). The mean percentage of the mother's 

July sightings that fall within the May - June polygon is 90 (N = 10, 

range: 59-100). It seems the litters were concentrating their activities 

in their mothers' home ranges. While the mother's home range shrank in 

July (Table 21) and her remaining offspring tended to establish mutually 

exclusive home ranges (Table 18), they all continued to use the mother's 

May - June minimum perimeter polygon with nearly the same degree of home 

range overlap as in May and June (Table 21).

The same kind of analysis is used to determine if females occupy 

the same home range from one year to the next. For those females surviv

ing from July 1972 to April 1973, I draw the minimum perimeter polygons
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around their July sightings and compute the percentage of April sight

ings which fall within the polygons. The mean is 50 percent for older 

adults (the mothers of 1972) and 47 percent for yearling adults (the 

female juveniles of 1972). There is no real difference between the 

ages. The overall mean is 48 (N = 21, range: 8-85). Every surviving 

female established her 1973 home range in the immediate vicinity of 

the 1972 range. Only two of the 1972 males remained on the study area 

until April 1973, and only one of them established his new home range 

near the old one.

Each pair of overlapping core areas can be classified by the 

sexes and ages of the two squirrels involved. The actual frequencies 

of male-male, male-female, and female-female overlap are compared in 

Table 22 to the frequencies expected from the numbers of male and 

female core areas during the month in question. The expected frequencies 

drop too low for chi-square testing, but obviously the actual and expected 

frequencies are quite close. There were no apparent attractions or re

pulsions within or between sexes in choice of neighbors. A similar 

analysis of core area overlaps between adults and juveniles in July 

yields the similar conclusion that no age preferences existed in choice 

of neighbors.

4 Burrow Associates

I was able to record where each squirrel spent the night by 

observing the burrow entrance, or hole, from which it first appeared in 

the morning. I did not know which holes were connected to the same 

burrow. So only squirrels emerging from the same hole are considered



TABLE 22, Core area overlap by sex and age pairs,

Symbols: A = adult, F = female, J = juvenile, M = male.

Number of 
Core Areas Overlapping Pairs

Males Females MxM MxF FxF

1972

February 3 5 2 (2)* 7 (8) 8 (7)

April 5 12 0 (1) 8 (4) 1 (4)
July 10 28 4 (2) 10 (12) 18 (18)

1973
February 4 17 2 (1) 6 (11) 27 (23)

April 3 13 1 (0) 2 (2) 3 (4)
July 12 25 2 (2) 12 (10) 9 (11)

Adults Juveniles AxA AxJ JxJ

July

1972 15 23 4 (5) 17 (15) 11 (12)
1973 10 27 0 (2) 10 (9) 13 (12)
* observed (expected)
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to have spent the night in the same burrow. Often burrow associates 

emerged and sat for up to several minutes side by side. Once they 

started feeding, however, they went separate ways. They also sometimes 

emerged one by one with no direct association at the hole. Adults 

shared burrows in January through March and to a lesser degree in April, 

but not at all later in the year. Careful early morning censusing in 

1974 showed that 48 percent of the squirrels shared burrows in one late 

January census, a mean of 62 percent shared burrows in three February 

censuses, 60 percent in four March censuses, 24 percent in three early 

April censuses. By late April, no squirrels shared burrows. Table 23 

shows the kinship and sex of the pairs of squirrels known to share 

burrows at night during January - April 1973 and 1974. Very often more 

than two squirrels shared a burrow, but the multiple associations are 

analyzed into pairs.

The difference in frequency of kin and non-kin pairs involving 

females in 1973 can be tested for statistical significance. The 

expected frequency of kin pairs is the number of male-female and female- 

female pairs times the probability that a female choosing randomly from 

among her neighbors will associate with kin, which is simply the pro

portion of her neighbors who are also her kin. This proportion was cal

culated for the previous section on home ranges and core areas. The mean 

for all females in February and March (the only months with burrow associa

tion records in 1973) is 0.256. The expected frequencies are 12.5 kin 

pairs and 36.5 non-kin pairs, whereas the actual frequencies were 34 and 

15, respectively. The difference is highly significant (chi-square test).
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TABLE 23, Burrow associates by kinship and sex. 

Symbols: F = female, M = male.

1973

Febr - Mar

1974

Jan - Apr

Kin Non-kin
All MxM MxF FxF All MxM MxF FxF

34 0 3 31 17 2 8 7

35 1 8 26 98 36 46 16
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Adult females preferred to spend the night with kin, who were mainly 

other females.

Juveniles shared burrows only with their litter-mates and 

mothers. All juveniles shared burrows in Hay and early June, but 

toward the end of June, many were spending the nights alone. From the 

middle of July on, none shared burrows.

Behavioral Evidence of Territoriality

In the introduction to this paper, a territory is defined as a 

defended area (Noble 1939) rather than as an exclusive area (Pitelka 

1959). The reason is that non-overlap of territories, or mutual ex

clusiveness, is already an assumption of the territorial limitation 

hypothesis and cannot also be a definition. The defended area defini

tion emphasizes the behavioral characteristic of territoriality rather 

than the spatial result. Willis (1967) proposed a more specific behav

ioral definition, which I use here. Territorial behavior, according to 

Willis, is dominance reversal with difference in space. Neighbors 

exhibiting dominance reversal have territories with respect to each other.

If the squirrels were territorial, it seems reasonable that their 

areas of regular use, the core areas, would coincide with their dominance 

areas, the territories. My test for the existence of territorial behavior 

is a test of whether the squirrels were more likely to be dominant within 

their own core areas than outside them. To do this, I select those 

squirrels with core areas and identify the interactions which occurred 

either inside the squirrel's own core area but not in the other squirrel's 

core area or outside its own core area but within the other's core area.
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Interactions occurring in neigher core area or in both core areas are 

ignored. Each squirrel is designated a winner or a loser in each cate

gory of interaction, depending on its relative frequency of wins. Wins 

are determined as in the previous section on dominance. Squirrels 

winning exactly 50 percent of their interactions in one of the cate

gories are not considered in the over-all analysis of the interaction 

category. If location in or out of its core area does not affect a 

squirrel's probability of winning, then the probability that a random 

squirrel will be a winner or a loser will be 0.5 in both locations. If 

the squirrels are territorial, the probability of a random squirrel 

being a winner in its own core area should be considerably higher than 

0,5. How much higher depends on the correspondence of territories and 

core areas and on the sample size for each squirrel (rather low in this 

study).

Table 24 shows the observed and expected numbers of winners and 

losers inside and outside their own core areas. The data from 1972 and 

1973 are similar, so they are lumped. The core areas were not terri

tories in January - early March, but they were territories in late 

March - April and in July - August. But notice the lack of statistically 

significant difference when the squirrels were outside their core areas 

in July - August. Traditionally, animals have been considered nearly 

invincible on their own territories, yet many squirrels were losers 

within their own core areas. Probably the territories were only subsets 

of the core areas.
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TABLE 24. Dominance inside and outside core areas, 1972^-1973.
2Symbols: E = expected, 0 = observed, X = chi-square, e = early (days

1-15). 1 = late (days 16-31),

Inside Own 
Core Area 

Not in Other’s

Inside Other’s 
Core Area 

Not in Own
• Winners Losers Winners Losers

0 15 27 15 14
Jan - e. Mar E 21.0 21.0 14.5 14.5

X2 3,43 0,03

0 20 7 6 16
1. Mar - Apr E 13.5 13.5 11.0 11.0

x2 6.26* 4.55*

0 38 10 11 20
July - Aug E 24.0 24.0 15.5 15.5

x2 16.33* 2,61
* significant at 0.05 level.
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Discussion

Major changes in the social system appeared to coincide with 

the relatively abrupt density changes described in the previous chapter. 

Both density and social changes coincided with two events of the repro

ductive cycle, the onset of pregnancy and the emergence of litters.

When events, rates, and states of reproduction, density, and social 

behavior are considered together, the squirrels seemed to go through 

five phases or periods in their annual cycle —  emergence from hiberna

tion up to and including copulation (the pre-copulatory phase: January 

through early March); from copulation through pregnancy and early 

lactation until emergence of the litters (the pregnancy phase: late 

March until early May); from litter emergence until dispersal of some 

juveniles (the litter phase: May and June); after dispersal until dis

appearance in late summer (the post-dispersal phase: July and August); 

and the period of inactivity or hibernation (the inactive phase: 

September to January). It is convenient to summarize the squirrel 

social system within the framework of these time periods.

During the pre-copulatory phase, interaction rates were rela

tively high. Both home ranges and core areas overlapped extensively 

and were highly clumped. The squirrels frequently shared burrows at 

night. Males were sociable, initiating interactions with both sexes. 

Interaction between males and females was less aggressive than between 

males. Males dominated females. Dominance within each sex seemed to be 

determined by the ages and, among males at least, the relative weights 

of the squirrels involved, but the location of interaction in relation
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to core areas was unimportant. Kinship ties among females seemed to 

influence both their choice of burrow associates and the types of inter

action between females. This was a sociable, non-territorial phase of 

the annual cycle.

In the pregnancy phase, interaction rates were low. Home 

ranges and core areas were evenly distributed, and overlap was much 

reduced from the earlier level. Burrow sharing gradually disappeared. 

Males were relatively unsociable, as females initiated most interactions 

and became somewhat dominant. Interactions were mostly aggressive, re

gardless of kinship ties or the sexes involved. Location of interactions 

relative to core areas was an important determinant of dominance. This 

was an unsociable, territorial phase.

In the litter phase, the adult squirrels occupied the same home 

ranges and displayed the same social behavior toward each other as in 

the pregnancy phase. The previous analyses either did not include this 

phase or did not distinguish inter-adult relations from relations in

volving juveniles. However, the relations developed between adults in 

the pregnancy phase remained remarkably constant through the rest of the 

annual cycle. The litter phase was marked by the appearance of litters, 

each sharing the mother’s burrow and operating mainly within her home 

range. The social behavior between mother and offspring and among 

siblings was generally cohesive in contrast to the aggressive reactions 

to non-kin. The difference was more obvious to the direct observer than 

the data suggest. Interaction rates were high again, mainly due to fre

quent contacts between mother and offspring and between siblings. In
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effect, mothers and their offspring formed sociable, moderately cohesive 

groups which were unsociable and territorial toward each other. Not that 

juveniles were territorial, but they took refuge within their mothers* 

territories.

The post-dispersal phase of 1972 was characterized by terri

torial behavior and evenly distributed home ranges and core areas among 

both juveniles and adults. Interaction rates were low. There was no 

sharing of burrows. Interactions were aggressive and not influenced by 

sex or kinship. However, juveniles were on the receiving end of inter

actions more than expected; in other words, they frequently got into 

trouble with their neighbors. Perhaps, they were more active and at 

the same time less aware than adults of where territorial boundaries 

were. If so, they would have been more likely to trespass on the terri

tories of neighbors. Also, adults were clearly dominant over juveniles, 

which would be expected if most adult-juvenile interactions started when 

a juvenile trespassed on an adult’s territory. It is particularly inter

esting that those juveniles remaining on the study area in July seemed 

to establish their territories within their mothers' home ranges. In 

effect, each mother and her remaining offspring subdivided the area she 

had established and controlled in the pregnancy phase.

To the direct observer, the post-dispersal phase of 1973 was the 

same as in 1972. Most analyses do not refute the observer's intuition.- 

But home ranges were clumped instead of evenly distributed, core areas were 

randomly distributed, and interaction rates were higher than in 1972. One 

cause may have been greater crowding in 1973. The proportion of the home
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range and core area shared with neighbors did not increase in 1973 

(Table 21), but greater clumping indicates that the number of neighbors 

sharing the home range did increase. There is no indication that the 

territorial system actually broke down.

The crowding effect was certainly heightened by the release in 

mid-July 1973 of 13 juveniles which had been removed in early June.

Most of them squeezed home ranges in among the established residents, 

causing some disruption. The July 1973 data were collected shortly 

after the release of these squirrels.

"Another difference between the two summers was that males 

tended to dominate females in July 1973 but not in July 1972. I have 

no explanation for this difference.

There is little to say about the inactive phase, since under

ground squirrel behavior was never studied. However, during the months 

before their disappearance in late summer, the squirrels never shared 

burrows, yet when they emerged in January, they did so frequently. They 

may have shared burrows throughout the inactive months.

The discovery in this study of kinship recognition, or familiar

ity, between round-tail mothers and their offspring and between sibling 

juveniles supports the findings of G. R. Michener (1973) and others for 

S. richardsonii. In both species, female kin continued to recognize 

each other into adulthood, and they tended to establish adjacent terri

tories generally in the area originally claimed by the mother (Michener 

and Michener 1973). These kin clusters appear to be incipient social
groups.



CHAPTER 8

ANALYSIS OF JUVENILE DISPERSAL AND IMMIGRATION

The major contributor to density reduction during the annual 

cycle was loss of juveniles in late June, probably due to active dis

persal, as discussed in Chapter 6. The losses were not replaced by 

juvenile immigration. This chapter examines the possible causes of 

juvenile dispersal and the lack of immigration.

Dispersal in 1972

The data from 13 litters in 1972 show that male juveniles dis

persed more than females (Chapter 6). This sex difference is statisti

cally significant (Z test). Another factor influencing dispersal 

could be the size of the mother's home range, as measured by the mini

mum perimeter polygon of May - June, discussed in Chapter 7. If those 

juveniles remaining after dispersal share this area with their mother, 

as they seemed to, then a larger area could accommodate more juveniles, 

causing less dispersal. However, there is no correlation between poly

gon size and the proportion of the litter remaining after dispersal 

(Spearman's r = 0.06). Litter size is also a likely influencing factor. 

Large litters (5-6 juveniles) tended to disperse more than small ones 

(2-4), but the difference is not statistically significant (Mann- 

Whitney U test, one-tailed). Age of mother is also statistically 

unrelated to degree of dispersal (Mann-Whitney U test, two-tailed). Food 

supply is a possible influence, but the ground vegetation was similar in
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quality and density in all the mothers’ home ranges, and each home range 

included at least one large mesquite tree.

Aggression between litter-mates and between mother and offspring 

is a particularly interesting possible influence on dispersal. The two 

indices of interaction rate, described in the previous chapter, do not 

agree to an increase or a decrease from May to June in frequency of inter

action involving juveniles. However, aggressive behaviors were more comr 

mon in June than in May, both between mothers and offspring and between 

litter-mates (Table 14). If aggression was forcing submissive juveniles 

to disperse and if submissive squirrels were lighter in weight than domi

nant ones of the same age, then the dispersing juveniles should have been 

lighter than the ones remaining. Considering weight at first capture in 

early May, dispersing juveniles average heavier than their stay-at-home 

litter-mates in six of the nine litters experiencing partial dispersal.

The mean of the nine litter means is 39.7 g for dispersers and 39.0 g 

for stay-at-home litter-mates. Five of these litters were reweighed in 

late May, still well before dispersal, with dispersers outweighing 

stay-at-homes in three of the five cases. The mean of the litter means 

is 66.5 g for dispersers and 64.7 g for stay-at-homes. Dominance was 

either not correlated with weight, or not related to dispersal, or both.

. The data on sex difference in proportion dispersing are based on 

all male juveniles lumped together compared to all female juveniles 

lumped together. The test for statistical significance assumes that the 

individuals were independent. In fact, the individuals were not indepen

dent; they were members of litters. However, the litters can be treated 

as independent units and should always be the units of analysis, despite



115

the decrease in sample size. ' Each litter can be classified as male or 

female depending on the numerically dominant sex (there were no litters 

with equal numbers of males and females). The proportion remaining 

after dispersal is the proportion of the appropriate sex which remained. 

The litters can then be cross-classified by their total size (both 

sexes counted, if both were present). The result is a 2 x 2 table, as 

in Table 25. The proportion of the appropriate sex remaining after 

dispersal is shown for each litter as a fraction, the cell and marginal 

means as decimals. - f •

It appears that sex and litter size may have interacted, males 

from large litters dispersing the most frequently. This would not be 

because interaction rates were higher in the large litters. In fact, 

they tended to be lower. Interaction rates for large litters were 0.69 

interactions per juvenile per 9 minutes in May and 0.62 in June. For 

small litters, the values were 1.05 in May and 0.75 in June (see 

Chapter 7 for rate computation method in May - June 1972).

The effects of sex, litter size, and their interaction effect 

on dispersal are assessed by a two-way analysis of variance with unequal 

but proportional subclass sizes (Sokal and Rohlf 1969, sec. 11.6). To 

make the subclass sizes proportional, one litter must be omitted from 

either the small male or large female cells. After making this choice 

randomly, I omit a litter so as to have minimum effect on the cell mean. 

The fractions are converted to proportions, which are transformed to 

arcsines (Sokal and Rohlf 1969, sec. 13.9). Regardless of which litter 

is omitted by these rules, neither the main nor interaction effects 

produce significant F tests, which is not surprising given the small
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TABLE 25. Proportion remaining after dispersal by sex and litter size, 
1972.

See text for description.

Sex :

Males Females
Litter Size

0/4 3/3
Large (5-6) .11 0/3 .89 5/5 .50

1/3 2/3

1/2 2/2
Small (2-4) .67 1/2 .67 1/3 .67

3/3

.39 .80 .58

r



sample sizes. Being a robust test, the analysis of variance gives the 

same result even when none of the litters is omitted.

Dispersal Experiment

In 1973, I attempted a field experiment on juvenile dispersal. 

Litter size was to be controlled by culling all litters to a common 

size, half being all-male litters, the other half being all-female 

litters. The sex of a litter was to be determined by whichever sex 

was numerically predominant at the start. Half of the litters of each 

sex would then receive supplemental food (sunflower seeds) scattered 

within their own core areas. To the extent that core areas were also 

territories, the mothers of supplemented litters were expected to 

prevent neighboring litters from getting more than a small fraction of 

the seeds and then only at the expense of a few thrashings from her and 

perhaps her offspring. The result was to be a 2 x 2 factorial design 

for analysis of variance, testing the main effects and interaction of sex 

and food supply. I wanted uni-sex litters in order to eliminate the pos

sibility that female juveniles were driving away their male siblings 

during the dispersal episode. The rationale of the food treatment was 

that unseasonable rain had fallen in early June 1972 and subsequently a 

high proportion of female juveniles failed to disperse, leading ulti

mately to the seemingly unprecedented high resident density in April 1973. 

I hypothesized that the unseasonable growth of grass in late June had 

induced many females to remain within their natal home ranges rather than 

disperse. The food treatment was meant to test this hypothesis.

The design was modified by the unexpectantly small size of many 

of the 1973 litters. This prevented culling to uni-sex litters. Those
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that were too small to cull (size of 2) were left as they were, even if 

composed of one male and one female. There were three such litters out 

of twelve. They were assigned to the cells of the design so that each 

cell had three litters. The other litters were culled only so far as to 

eliminate one sex. Each cell had two small litters (2-3 juveniles each) 

and one large litter (4-5 each). Three of the large ones were uni-sex 

litters of 5 each. But the fourth (in the extra food, male cell) had 

three males and one female which was not recaptured for culling.

When it seemed that lactation was terminating, the juveniles, 

besides the one female, were captured and weighed during the period 

5-9 June. Fifteen of them were culled, removed from the study area, and 

held in separate large cages in an indoor animal room. They were fed 

rat chow, apples, and oranges, but otherwise left undisturbed.

Half of the litters of each sex and size (large or small) were

chosen randomly to receive the sunflower seeds. Each litter received

about 40 g of seeds per squirrel, including the mother, spread evenly
2over an area, 25 m or slightly less, which had been used exclusively 

by the target animals previous to the experiment. The seeds were dis

pensed daily, before or shortly after morning emergence, for two weeks; 

that is, until juveniles started to disappear or occupy separate 

burrows. Six observation sessions were conducted during this period.

The food treatment seemed to be successful, in the sense that the 

target juveniles were getting the seeds when they wanted them, while 

the non-target juveniles were not. Fortunately, the most frequent 

invaders of the supplemented areas were non-breeding adults. They were
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soon supplemented in similar fashion to keep them away from the target 

animals. A few non-target juveniles did get to the seeds, but they 

were forced well out of their previous home ranges to do so, and they 

were frequently attacked by target animals (a likely reason for the big 

increase in juvenile interaction rate from May to June; see Chapter 7). 

During scans of the study area, only seven juveniles from two of the 

six non-target litters were sighted in the supplemented areas, for a 

total of nine sightings. Four of these juveniles disappeared shortly 

after, so they were not encouraged by the extra food to stay in the study 
area.

The proportion of the appropriate sex remaining in each litter on 

1 July is shown in Table 26. By this time, dispersal had finished and the 

remaining juveniles were spending their nights in separate burrows. A two- 

way analysis of variance produces no significant F tests. An interaction 

of sex and food supply is suggested by the greater dispersal of males in 

the natural, or unsupplemented, food condition. But food treatment clear

ly had no effect on the females, which refutes the original hypothesis 

that extra food in 1972 reduced female dispersal.

The data are arranged by food supply and litter size in Table 27. 

Here the proportion remaining is the proportion of the whole litter, 

males and females, if both were present. The differences are not statis

tically significant when tested by two-way analysis of variance.

In Table 28, the litters are arranged by sex and litter size. The 

proportion remaining is the proportion of one sex only. This table is the 

1973 counterpart to Table 25, and the results are quite similar. Males



120

TABLE 26. Proportion remaining after dispersal by sex and food supply,
.1973.

See text for description.

Sex

Males Females
Food Supply

Extra .67
2/3
1/1
1/3

2/3 
.82 4/5 

1/1
.74

Natural .47
2/2
0/2
2/5

3/3 
.93 1/1

4/5
.70

.7257 88
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See text for description.

TABLE 27. Proportion remaining after dispersal by food supply and
litter size, 1973.

Food

Extra
Litter Size

2/4
Large (4-5) .65 4/5

Natural

2/5
.60 4/5 .62

2/3 0/2
2/2 2/2

Small (2-3) .84 2/3 .75 3/3
2/2 2/2

.79

77 70 74
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See text for description.

TABLE 28, Proportion remaining after dispersal by sex and litter size,
1973.

Sex

Males Females
Litter Size

Large (4-5)
1/3 

.37 2/5
4/5 

.80 4/5 .58

Small (2-3)

2/3 
1/1 

.67 0/2

2/3 
1/1 

.92 3/3 .79
2/2 1/1

57 92 72
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again dispersed more than females, especially those in large litters.

But the differences are not statistically significant in the two-way 

analysis of variance.

. To eliminate age of mother as a factor, only litters of year

ling mothers are shown in Table 29. The results are almost identical 

to those in Table 28, which includes litters of older mothers as well.

In Table 30, the data from Tables 25 and 28 are lumped for 

two-way analysis of variance with unequal but proportional sub-classes 

sizes. To make the sub-classes proportional, one of the litters in the 

small, male cell must be omitted. The results are the same regardless of 

which is omitted, unless it is the one with none remaining (0/2). In 

this special case, all the main and interaction effects are statistically 

significant, unlike the other cases, in which only the sex effect is 

significant. To avoid a decision, the analysis of variance is calculated 

with no omissions, trusting in the robustness of the test. The results 

of this last test are shown in the bottom of Table 30. Only sex of the 

juvenile is significantly related to dispersal tendency.

The hypothesis that female juveniles were driving away their 

brothers is tested. Four litters had only males and four had both 

sexes. The mean proportion of males remaining in mixed litters was 0.83, 

whereas the proportion remaining in all-male litters was 0.52. So the 

female-juveniles were not causing their brothers to disperse. Nor was' 

the converse true. The mean proportion of females remaining in the 

mixed litters was 1.00, but the mean proportion remaining in the four 

all-female litters was 0.82.
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See text for description.

TABLE 29. Proportion remaining after dispersal by sex and litter size,
litters of yearling mothers only, 1973.

Sex

Males Females

Litter Size 1/3
Large (4-5) .34 2/5 .80 4/5 .51

1/1 2/3
Small (2-3) .67 0/2 .89 1/1 .78

2/2 1/1

.55 .87 .69
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See text for description.

TABLE 30. Proportion of each litter remaining after dispersal by sex
and litter size, 1972 - 1973,

Sex

Males Females
Litter Size

Large .21 •85 .53

Small .67 •83 .74

00 •84 .65

Source of Variation df SS MS F

Litter Size 1 2157.7 2157.7 3.32

Sex of Juveniles 1 5186.1 5186.1 7.97*
Interaction 1 1962.1 1962.1 3.01
Error 19 12365.1 650.8
Total 22

* significant at 0.05 level
21671.0
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As an aside, one of the females leaving from an all-female 

litter simply moved to another part of the study area, rather than com

pletely disappear —  the only case in two summers. She was classed as 

a disperser, because she ceased to occupy a home range adjacent to her 

mother or siblings. In other words, she left her natal area.

As in 1972, dispersing juveniles tended to be relative heavy

weights. In four of six litters with partial dispersal, the dispersing 

animals average heavier than the remaining ones. The mean of the 

litter means is 77.2 g for dispersers and 74.6 g for stay-at-homes.

There is no difference in the results from the three male and three 

female litters. If weight was related to dominance, there was either no 

effect of dominance on dispersal or the dominant juveniles were actually 

dispersing more than their submissive siblings.

Direct behavioral evidence was gathered by the focal animal tech

nique, described in Chapter 7. Table 31 shows the rates of interaction 

between juveniles and all other squirrels, between juveniles and their 

mothers, and between juveniles and their litter-mates. In general, male 

juveniles did not interact with other squirrels more often than female 

juveniles. Table 32 shows that the proportion of fights (interactions 

involving behaviors 7, 8, 13, 14 (see Table 2); "play" fights included) 

among all interactions was greater for males, but the differences are 

not statistically significant (Z test). There were no fights between - 

mothers and their offspring. However, mothers chased their offspring 

(the juvenile withdrew a long distance— behavior 5— and the mother pur

sued— behavior 6) in 14 percent of the mother-daughter interactions



127

TABLE 31. Juvenile interaction rates, May - June 1973.

Symbols: 1 =
actions with

= all interactions, 2 = 
litter-mates.

interactions with mother

Focal Interactions/juvenile/9 min
Observations 1 2 3

Males 22 1.73 0.27 1.36
May

Females 26 1.88 0.42 1,08

Males 24 2.62 0,33 0,73
June

Females 22 2,95 0,27 1.32

= inter-
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TABLE 32. Proportion of interactions involving ifightg,

A fight is an interaction which includes behaviors 7, 8, 13, and/or 14 
(see Table 2), The number of interactions observed is enclosed in paren
theses.

May

June

All Interactions
Interactions with Litter-mates

Males 0.37 (30) 0,36 (25)

Females 0.27 (30) 0.36 (22)

Males 0.19 (63) 0.31 (18)

Females 0.11 (65) 0.10 (29)
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compared to 12 percent of the mother-aon interactions. Finally, male 

juveniles won 13 and lost 11 clear dominance decisions with siblings 

in May, won seven and lost seven in June. Females won seven and lost 

nine in May, won eight and lost 13 in June. Note that all the June 

data are from the period 15-21 June, just preceding and including the 

break-up of litters arid the accompanying dispersal. Taken together 

these data refute the hypothesis that male juveniles disperse more than 

females because they receive more aggression from their mothers and 

siblings.

Immigration Experiment

Resident aggression may have prevented potential immigrants from 

settling in the study area. Alternatively, the residents may have suffi

ciently depressed the food supply to make settlement unattractive to out

siders. Paul V. Crosbie, an experimental small groups sociologist at 

the University of Arizona, suggested an experimental design for testing 

these alternative hypotheses (personal communication 1972).

Imagine two similar study populations A and B with 20 terri

torial animals in each. At time t^, ten A animals are removed from their 

territories. At time tg, ten B animals are removed from their terri

tories. The difference t^ - tg is several days to a week. Assume no 

immigration during this time interval. Also at t^, just after removing 

the B animals, 20 immigrants are introduced, one into each of the vacated 

A and B territories. Assume the introduced animals will attempt to set

tle. In A, the remaining animals will have had time to recognize the 

territorial vacancies and expand their own territories into these areas.
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Also the density will have been reduced by half, allowing food supply 

to recover or at least be less depleted than otherwise. In B, there 

will not have been time for vacancies to affect either the remaining 

animals or the food supply. Introduced animals in A will face greater 

aggression but find more food than in B, even though densities of 

residents are the same in both conditions. If aggression prevents 

settlement, introduced animals should more likely remain in B than A.

If food is important, they will more likely remain in A than B.

This ideal design had to be adapted to the constraints of the 

squirrel situation. Anticipating that foreign-born introduced juveniles 

would immediately leave the study area in search of home, I decided to 

introduce only the native-born juveniles which were removed in early 

June and held in captivity. Twelve of the thirteen captives were used. 

Half of these were introduced into territorial vacancies created in 

their natal home ranges, the other half into unfamiliar areas. All but 

one of the vacancies were created by removing an adult, either the 

introduced juvenile's mother or a male or non-breeding female. The 

removals were selected so that each vacancy was surrounded by neighbors, 

who could expand their territories into the area. The twelve juveniles, 

six males and six females, were randomly assigned to A, the aggression 

condition, and B, the no aggression condition, so that there were three 

of each sex in each condition. These two mixed-sex groups of six were 

then halved again into those introduced into familiar areas and those 

going into unfamiliar areas.
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The first six removals were made during 4-5 July. The second 

six removals and, immediately afterward, all 12 introductions were made 

on 11 July. The introduced juveniles were released directly into the 

main burrow entrances of the removed animals. They were kept underground 

until all had been released into burrows. Then I watched their behavior 

above ground during the following five hours (0830-1330). I also 

observed them on 12 and 13 July. Those still living in burrows within 

the appropriate introduction areas on 13 July were counted as having 

stayed or settled. The others, though they simply moved to other parts 

of the study area, were counted as unsuccessful introductions.

The results are shown in a 2 x 2 (aggression x familiarity) 

array in Table 33. The data for males and females are identical, so 

they are lumped. Fisher's exact test (one-tailed) shows that introduc

tions were significantly more successful in familiar areas than in unfami

liar areas. Familiarity appeared to interact with the effect of aggres

sion. Fisher's exact test (one-tailed) shows no significant difference 

between the aggression and no aggression conditions, but there did appear 

to be an aggression effect on intr ductions in unfamiliar areas.

Three of the introduced juveniles were attacked and chased from 

the release burrow during the five hours following their release. One 

was in the aggression, familiar area condition. The other two were in 

the aggression, unfamiliar area condition. The third juvenile in the 

latter condition did not emerge from its release burrow during the five 

hours. A neighboring juvenile entered the burrow for several minutes, 

then reappeared and sat at the entrance for several more minutes. The 

one unsuccessful introduction in the no aggression, unfamiliar area
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TABLE 33. Proportion of successful introductions.

Familiar area 

Unfamiliar area

Condition A 
Aggression

3/3

0/3

3/6

Condition B 
No Aggression

3/3

2/3

5/6

6/6

2/6

8/12
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condition spent the first five hours drumming and tail-waving (behaviors 

15 and 16) at the release burrow, when it was not exploring the vicinity. 

These behaviors seem typical of squirrels on their own territories. The 

neighbors stayed away from this introduced juvenile. It seemed to have 

made a successful claim on the vacated area. However, the next day it 

had returned to its natal home range. These behavioral observations 

indicate that juveniles in the aggression condition were in fact 

receiving more aggression than their no aggression counterparts. Also, 

the only unsuccessful introduction in the no aggression, unfamiliar 

area condition was apparently not forced to leave by aggression from 

neighbors.

The squirrels removed for this experiment were released on 15 

July. They all immediately regained residence in their previous home 

ranges. The introduced juveniles generally had to move, but they 

remained in the study area. The last of the juveniles removed in early 

June (not used in this experiment) was also released at this time, but 

it soon disappeared.

Discussion

The observations and experiment on dispersal lead to the con

clusion that male juveniles had a greater tendency to disperse than 

females. The sex difference was not due to differential aggression * 

toward males. Relatively poor food supply and large litter size each 

tended to increase male dispersal, but the effects are not statistically 

significant, nor did they influence female dispersal. There appeared to 

be an intrinsic sex difference in dispersal tendency, perhaps including



a differential dispersal response to food and litter size. Intrinsic 

probably means genetic, though there is no direct evidence.

Conclusions drawn from the immigration experiment are severely 

weakened by the small samples. Nevertheless, it seems that it is 

aggression from resident squirrels rather than depressed food supply 

that prevents potential immigrants from settling in the study area. 

Actually there was very little evidence of foreign-bom juveniles even 

trying to settle, much less failing. This is the reason why no observa

tional evidence is available to verify or refute the results of the 

experiment. It may be that foreign juveniles were so quickly chased off 

the study area (perhaps in relays by residents, as described by Drabek 

1970) that they were seldom seen.

It is particularly interesting that aggression only seemed to 

affect those juveniles introduced into unfamiliar areas. The signifi

cance of this finding, if true, is that aggression cannot dislodge a 

juvenile from the area it was b o m  in. This would further support the 

hypothesis that males were not forced to disperse by aggression. In 

fact, a summary statement might be that aggression can prevent immigra

tion of foreign-boms, but it cannot cause emigration of native-boms.
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CHAPTER 9

DISCUSSION

The original question about temporal correlation of density 

declines and onsets of territorial behavior is derived from observations 

in 1970 and especially 1972. Observations and experiments in 1973 and 

1974 serve to test the three hypothesized relations between density 

and behavior, for which theoretical and empirical background was given 

in Chapter 1. This discussion examines the suitability of the alterna

tive hypotheses for the ground squirrel case, as well as specific 

implications of the results.

Density Limitation

The non-overlap and minimum size assumptions of the territorial 

limitation hypothesis have not been verified in this study. In fact, 

territory boundaries are not drawn and sizes not measured. A territory 

is the area in which an animal is dominant over its neighbors, according 

to Willis (1967), but to map such dominance areas requires more inter

action data than are available in this study. Interaction rates were 

low when the squirrels seemed to be territorial. Nevertheless, dominance 

reversal evidence shows that when core areas approximated territories, 

their overlap was reduced.

The territorial hypothesis would explain the disappearance of 

adults in late March 1972 as the saturation of the study area by 18 

mutually exclusive squirrel territories, all excess squirrels, mainly
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males, being forced to leave. Females were somewhat dominant over males 

late March and April, which suggests that females chose their terri

tories first, taking 13 and leaving five for males. This hypothetical 

explanation leads to specific predictions of resident density in 1973 

and 1974. There were nine males and 29 females available for terri

tories in late February 1973, so all the males and 11 of the females 

should have left the area in March. The actual numbers were four males 

and five females, leaving 29 territorial residents. If minimum terri

tory size is an inverse function of food density, which was much higher 

in 1973 than in 1972, then the increase would be expected. But in 1974, 

food density was considerably lower than in the previous two years, so 

the number of territories should have been less than 18. In fact, there 

were 48 territorial residents in late April 1974. Also, many males left 

the study area in February 1974, before most females emerged from hiberna

tion and well before any squirrels became territorial. Obviously, the 

territorial hypothesis does not explain the loss of adult squirrels in 

the early part of the annual cycle.

The detailed analysis of juvenile dispersal shows that more male 

than female juveniles disappeared in June, just as more male than female 

adults disappeared earlier in the year. Aggression was apparently not 

the cause of the sex difference among juveniles. And the size of the 

mother’s home range (minimum perimeter polygon), which seemed to be 

divided into territories of mother and offspring, was not related to the 

number of her offspring remaining after dispersal. Finally, several 

juvenile squirrels, which all subsequently dispersed, were seen roaming 

far from their mothers’ home ranges before their litter-mates had shown
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signs of territorial behavior. These observations are the opposite of 

predictions derived from the territorial hypothesis.

Some readers may feel that the territorial hypothesis did not 

apply because the squirrels were not territorial in the classical sense. 

After all, Drabek (1970) decided that round-tails in summer were not 

territorial, given the considerable overlap of home ranges. Even in 

this study, summer (post-dispersal) home ranges overlapped greatly and 

were actually clumped in 1973. But behavioral evidence, both from 

this study and in Drabek*s (1970) anecdotes, indicates territoriality.

As a direct observer with intimate knowledge of the individual squirrels,

I was able to accurately predict where individuals could be found, where 

they would win dominance decisions, and just how far neighbors could 

intrude before being chased by the territory owner. With this subjective 

information, I could have drawn a mosaic of discrete, non-overlapping 

territories, in which owners were clearly dominant. An observer forms 

a mental model of how the social system works. The model's predictions 

are constantly tested and refined as observation proceeds, until they 

seem quite accurate. However, I have tried to avoid reliance on this 

subjective knowledge, except to generate hypotheses for empirical test

ing with data collected in an objective fashion.

Territorial behavior did not force squirrels already established 

in the study area to emigrate. This conclusion is supported by the 

evidence just presented as well as by the results of the July 1973 experi

ment on immigration. Even those juveniles held in captivity for a month 

could not be dislodged when returned to their natal area. However, the



same experiment suggests that territorial aggression could drive away 

those unfamiliar with the area— immigrants.

If territorial behavior really does affect residents and new

comers differently among these squirrels, the same may be true in other 

species, which would explain some paradoxes in the literature. For 

instance, J. R. Krebs (1971) showed by removal experiments that terri

torial behavior limited the density of great tits, Parus major, but he 

also showed (1970) by analysis of key factors that territoriality con

tributes little to their density regulation. The paradox arises because 

removal experiments show the effect of territoriality on immigration 

but not emigration. Territorial behavior may not halt density increases 

due to unusually good natality and survival of young in the study area, 

because they are native-born. If so, Lack (1954, 1966) was partially 

correct in claiming that territoriality merely spaced out resident birds 

whose density was determined by other factors (the spurious correlation 

hypothesis). This is only partially correct because densities might 

have been higher if territorial behavior had not limited immigration.

Coinciding with the unusually high squirrel density of early 1973 

was the new phenomenon of wounding, leading to at least three deaths and 

probably several others. Springtime wounding, especially among males, 

has also been recorded in S_. beecheyi (Fitch 1948), j3. beldingi (McKeever 

1965), and _S. columbianus (Steiner 1972). Among the round-tails, the 

survivors showed many of the classic symptoms of physiological stress, 

which were all probably secondary effects of the wounding in late 

February and early March. Among adult males, there was testicular
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degeneration during the height of the breeding season and weight loss, 

sometimes extreme, in spite of the abundant food supply. Among adult 

females, a high proportion did not succeed in bringing litters above 

ground, and those that did succeed had an average litter size much 

smaller than predicted from the plentiful winter rainfall and subsequent 

spring food availability. Survival was poorer among yearling adult 

females in March-April, for juveniles in May-June, and for juveniles 

in the following winter of 1973-74 than for their counterparts in the 

previous year. Taken together these events suggest a pervasive influ

ence of wounding and the consequent physiological stress on natality 

and mortality in the 1973 population. Unlike £. undulatus and S_. 

columbianus (Steiner 1972), there was no sign of wounding among juvenile 

round-tails either before, during, or after dispersal.

While wounding and stress had important effects on density, the 

hypothesis that high density leads to increased aggressive interaction, 

and so more frequent wounding, was not true. Interaction rates in 

early 1973 were not higher than in 1972; in fact, they tended to be lower. 

Also, the density was much higher in early 1974 than in 1973, yet there 

was comparatively little wounding or weight loss. High density may be 

a necessary condition, but it is not by itself sufficient to cause 

stress. It seems the stress syndrome was not a predictable, density- 

dependent influence on this population of ground squirrels.

It is interesting that Tomich (1962) found £. beecheyi did well 

after a dry winter but poorly after a winter with abnormally heavy rainfall. 

The adrenal sizes of adult males were especially large four months after
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peak rain. Though the young were b o m  well after the winter rains, they 

developed more slowly and had larger adrenals and less stored fat fol

lowing the wet winter.

In this study, the wounding of 1973 may have resulted from an 

unusual combination of factors, only one of which was high density. 

Virtually all the wounding occurred during rainstorms that lasted one 

to three days. My hypothesis is that squirrels sharing burrows were 

trapped together during these storms, since they were very reluctant to 

venture out in cold, wet weather. The storms came when many of the 

squirrels were becoming territorial, which means a good deal of fight

ing may have occurred, forcing submissive squirrels into a bind, between 

exposure to cold rain and bites from aggressive burrow mates. Another 

factor was that pocket gophers, Thomomys bottae, were unusually numerous. 

In 1972, I witnessed a fight between a gopher and a squirrel, which the 

gopher won. During the storms of 1973, some squirrels may have been 

trapped in burrows with aggressive gophers. A second indication that 

more than one species was involved is that I found a woodrat, Neotoma 

albigula, dead and rain-soaked just off the study area with a gaping 

wound on its upper back, like the wounds seen on dead and dying squirrels 

at the same time. I am suggesting that the wounding episode of 1973 was 

the result of intra- and perhaps inter-specific aggressive competition 

for burrows at a time when cold rain made escape difficult or impossible 

for the losers. In contrast, there were no gophers, no rainstorms, and 

little wounding in early 1974.
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It seems both territorial behavior and physiological stress 

depressed squirrel density, but they did not prevent it from increasing 

to an unprecedented peak, followed by what appeared to be a crash in 

1974. The important limiting factors are yet to be identified.

Reynolds and Turkowski (1972) have shown how strongly round- 

tail litter size is influenced by food supply, which is determined by 

winter rainfall. Consider a simple simulation of female population 

dynamics which assumes that mean litter size is the same as the number 

of inches of rain in the previous October - February (see Chapter 5), 

that all females are successful breeders, that half of the offspring are 

females, that the proportion of adult females surviving from April to 

April is 0.85, and that the proportion of juvenile females surviving 

from May to April is 0.56 (both proportions computed from 1972 data and 

the mean over-winter survival in 1971-72 and 1972-73). Starting with 11 

adult females in April 1970 (the observed number) and using the actual 

October - February rainfall figures given in Chapter 4, the simulated 

population rises to 16 females in April 1971 and 25 in April 1972, 

which is twice as high as the actual April 1972 female population. The 

influence of rainfall on litter size does not by itself account for 

observed density changes.

Because the wounding and related events of 1973 seemed unpredic

table, I exclude them from the simulation. But the high proportion of 

non-breeders in 1974 could have been predicted from the very low rainfall 

of the previous October — February. The simulation is adjusted to assume 

that only 50 percent of females are successful breeders in dry years 

(less than three inches of October - February rain), the mean litter size
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for successful breeders being still equal to the inches of October - 

February rainfall. Starting the population with 10 females and 

using the actual October - February rainfall data from 1954-1955 

onward, the simulated population rises exponentially. A third version 

of the simulation assumes that when April density is higher than 20 

females in a dry year, the density drops 50 percent by the next April 

(as suggested by the events in late 1974). The simulated population 

still rises indefinitely. There are not enough consecutive dry years 

to restrain the population.

Control of natality by rainfall (i.e., food supply) and occasion

al rainfall-related, density-dependent losses are not sufficient to 

limit density. The annual survival rates computed from 1972 data are 

probably unusually high, either due to good food supply or lack of 

effective predation in that year. The low predation rate would not be 

due to lack of predators, but more likely to excellent visibility and 

high squirrel density, as discussed in Chapter 6. Squirrels living in 

more complex surroundings, where the view is blocked by bushes and 

clumps of grass, would probably never attain such high densities, 

because predators would be able to approach unseen.

Intensive field studies of S_. armatus (Balph and Stokes 1963, 

Burns 1968, Walker 1969, Slade 1973), £. richardsonii (Clark 1970, 

Quanstrom 1971, Hichener and Michener 1971, 1973, Sheppard 1972, D. R. 

Michener 1972a, 1972b, Yeaton 1972, G. R. Michener 1973), and S.. 

tridecemlineatus (Evans 1951, Rongstad 1965, McCarley 1966, 1970) showed 

these species are similar in population biology to round-tails, but their
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measured survival rates are considerably lower than those measured in 

this study. Michener (1972a) and Slade (1973) showed the difference is 

greatest in over-winter losses, which appears to be the most important 

regulator of density, at least for females, in their study populations. 

In his study of a relatively sparse population of round-tails, Drabek 

(1970) also measured inter-year survival rates which are lower than in 

this study.

Dispersal

All the species of ground squirrel cited above are reported to 

have more females than males in their adult populations, due to differ

ential survival of the sexes. The sex difference in survival is espec

ially marked among juveniles. Slade (1973) discovered that male juveniles 

were actually dispersing more than females and that they dispersed less 

frequently and over shorter distances when density was relatively low. 

Female dispersal was not affected by density. As in this study, he 

found that aggression was not the cause of dispersal, which raises the 

possibility of genetic difference between sexes in tendency to disperse. 

There is some theory relating to the adaptiveness of dispersal and its 

population consequences (e.g., Howard 1960, Lidicker 1962, Murray 1967, 

Gadgil 1971), but this does not indicate why there should be selection 

for a sex difference in dispersal tendency.

The problem is that so few dispersers, male or female, seem to 

survive the experience, much less increase their fitness. It is quite 

difficult to study survival of dispersers, but anecdotal evidence indi

cates heavy mortality and only occasional success. Alcorn (1940) found
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that Ŝ. townsendii immigrated from a quarter-mile to settle an area 

cleared of squirrels. But what is the probability of finding such a 

spot? It must be very low. I trapped the areas adjacent to my study 

area in search of dispersed juvenile squirrels and found only one. 

Perhaps they dispersed a quarter-mile or more, as in Alcorn’s study, 

but the exposure to predation during such a journey is surely great. If 

individual selection favors dispersers, the expected fitness of a 

disperser must be higher than the expected fitness of a stay-at-home. 

This means the fitness of a successful disperser would have to be very 

high relative to stay-at-homes to compensate for the low probability of 

success.

There are theoretical alternatives to individual selection for 

dispersal tendency. One is kin selection for litters in which males 

leave their natal home range to their mother and sisters. This explana

tion is sensible if female round-tails are most likely to survive and 

breed successfully when they remain in their natal area and if males are 

more likely than females to breed successfully once having left home. 

Another alternative is interdeme selection for behaviors that increase 

genic heterozygosity, such as regular dispersal from one part of a 

deme to another. Males would be the likely dispersers, because their 

ability to inseminate many females in one season makes them the more 

expendable sex from the standpoint of deme survival.

The sex difference in dispersal is reversed in at least one 

squirrel species. Jordan (1971) found that females, especially female 

juveniles, dispersed more than males among fox squirrels, Sciurus niger.
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This reversal presents a challenge to any explanation of sex difference 

in squirrel dispersal.
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