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. territorial boundaries were least distinct. Both the severity and fre- -

/in @ series of concéntric rings. There is some évidence for_ a hiefarchy |

‘quency of interactions decreased prior. to the onset of torpor.

ABSTRACT

‘The objéét of this behavior study wé&;twofoid: to deterﬁiﬁe the

Pt

soc1al organlzatlon w1th1n a colony of Rlchardson S ground squlrrels aqd

\
1

to de Trmlme dny relatlonbhlps between dlffercnt aspects of activity -and,

social status.of the individuals‘ GrQund Squirrels were live-trapped and

. - ‘ N
dye-marked tor field 1dent1f1Latlon. AlTl lnd1v1duals were obsgrved flVL
) _
ﬁays a week from 8:00 to noen and from 2:00 o '6:00 p. m., M.D. 1 the .
perlods of greatest above’ gtound act1v1ty Act1v1ty was‘recorded at five

- -

minuse 1nt rvals and all compdhents of 1nLerac:10§s betwecn two ground

~ < - N

squirrels were noted. ’ . o -

Female‘ground squirrels in this‘pérkléﬁd ecotone occupied nearly:

exclusive spatial territories although trespassing by individuals occ¢urred.
’ T T _ -

Territorial ‘boundaries. were most distinct when young animals‘'were born-and .
X . . ' . : R . ) . * .u'..‘
living underground. Territories in this .colony were arranged spatially

superimposed on a territoridl system of .social organizationL;L that fe=- "

A c ’ M

Al

- ; . . ! L3 oL
males in the center.are dgminant over their more peripheral neighbors in
some circumstances. . There is also a tendency among female ground squirrels .

to actively seek 4 central position within the_colony;J

" There were more interactions between neighboring animals than non-

>

. neighbors. Chasing;Was the most frequent type of interaction between -
- . : , . ) S

'ﬁbn—neigthrs but both'attacEing and threatening only were more. frequent

between neighbbrs/ The most severe‘components of ‘interactions, attacking

and fighting, were most common during ‘those .parts qf'thelséasbn when

~

v ' , P



® . .
. | ) -
Data for eleven types of activity were conpared for central and
) . . ] X h :
peripheral females.. There were. no significant!d'fferehceskbetween the

. ¢
two groups for any non—social'activity'(feeding;!food gathering, digging,-
_ , : ' - ‘ 5 ‘ _

bedding material collection, grooming and sunning). The social activities

. - 3 ) . Ly o ( ‘s : = B
considered were alert -behavior, investigating, visiting burrows, marking,

and interacting. Differgnces, between groups for two types of social

activity were significant. The occurrence of both marking and interacting

was higher for central than for peripheral females.
N : o .
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./ . INTRODUCTION ] S

R « . , . P “,-". N »
The‘purpose<?f this behavior study was to determine possible r‘el._a—'T
tionships between different aspects of activity and sotial status within
_' . : . H “ g' .

- a group of gtound—dwelling sciurid rodents,vSpefmophiZushrﬂchardsonii
richardéoniio(Sabine). This species of ground squirrel is Qarticularly‘

“suited to a field study of this type, since it is completely diurnal and
€ ; ; N .

all above ground aetiVity occurs between April and fugust; this period is
* delineated by the emergence from and subsequent re-entrance into a‘period_dff

"of torpor.: : a v . : -

There is little precedent for a. study of this type. - Studies of'j

 $ situation; In many laboratoryi:tudles, anlmal "act1v1ty" has .béen g#ﬁ&éiy
subdivided into two categories: "motdr" activity,’neasured by fevolUtions-t/

‘1n a runnlng wheel, ana ”exploratory" oehavior, measured by the'numberdofk

;?;. squares crossg% on an open fleld board (McClearn, 1959 and 1960 Thompson,

4
’ 1956; Wimer and Stearns, 1964) ' Southw1ck and Clark (1968) found dlfferent

corfelations between "aggreesiveq}scores and open fleld behav1or for two-.ﬂ ’
:/strains of mice;dand:Lagerspétz‘(1961)'foundba slight correlation between
?8éresaivenessaand@%oth categories‘of aotiﬁity among-individuals of one'
£ iétrain of mduse. | - | . | , R _ » ~
[ _A. When aCtiVity ie“further,eubdivided into componenté such as fe_eding.,‘j
;’ © - grooming, etc; the tendency anongfinvestigators has beed to tabulate the 7 .
'actlvitles of a 51ng1e animal throughout a’ given ‘time interval (Wlens,
v1969), or\to simply describe ap activity based on a composite of group
'observations (Balph and ‘Stokes, . 1963 Clalk and Denniston, 1970) '"Activ—

ity" in field studies on groundvsqu1rrels has been uded to refer to the

w -



mdifferencegyin the frequency o§ duration of these act1v1t1es. b

N . . PR . :
presénce or absence of animalslabovéﬂground it different times of the day .

'f,l -

- or during different tlmes of the year (Bradley,'l967 Clark, l9lO'HShaw;‘

ia -

. 1945). Seasonal- variations in various components of actiVity have been

- . Ry P . . a"', -
documented by Yeaton (1969).for different sex?and age’clasées in Swgrtch-

' . k . a
. SN
ardsontz. My study c0n51‘“rs a variety'of acm1v1t1es commonéto all mems,
. : A

v?

~bers of axcoloqg\of ground squirrels w1th the aim .of comparlng 1ndbﬁ1dual

,,."

~ fa
\
A

¥

Relﬁting‘aspects of activity to social.scatus for 5. rlchardsonii.

- .

) k %

1s-complicated by\the absence of adequate 1nformation on- the soc1al organ—

*Y'-" I
-~ ’}l .
.ization of the species; Studies on other spec1e; of ground squ1rrels
Y ¥ .
have 1ndicated 3 variety of soc1al organizatiohs w1th1n the genﬁs Spermo— )
W v

philus. A linear hierarchy has been described for the golden mantled v

~ ground squirrel (S. Zateralts) in laboratory experiments (Grubﬂf‘ﬂ‘l968)

.

while Wirtz (1967) suggested a grouped social order (oneﬁdomi ant and

'equal rank subordinates) for the same spec1es under an art1f1c1al situation

'.spec1es may Be modified or absent during the rest. of the year. . Rh

in the field. 'Balph 'and Stoke§ (1963) reported a"linear rank,order among
neighboring males of a S. armatus colony and Turner et. al. (1970) have .

'recorded the‘samé type of social organization for S. tridecemlineatus.

B
P

'bQuanstrom (1968) described a group soc1al hierarchy for female S Prchard~

®

.
sontr composed of one dominant female ‘with subordinate and’ outcast" ge

’

‘males in'the'cblony. He mentions llttle about organization among - males,

or the social relationships between males and females. In addition, the - -

' type‘of social organization described as."typical" for a‘species may'vary

Y v}'«é 1/

L -

seasonally, a system that is manifest during the' breedlng season of a

s

™~

. Due to»the aforementidned complications,*theipurpose ochhisgstudy

- e A . ‘ . . . s

is..twofold; and the achieyemehtzbf the sécond'objedtive is degendent’upog

. R . . . .o - . . N N . o N » .
[ -\ 4 ) . . . . . . ,". f

v

.

Bel



N

completion of, the first:

1. to determine ‘the type of social organization within3é colony of

Richardson's ground squirrels throughout the season of above ground activity
and the relative rank of the animals independent of any territorial .in™ °

fluente.

2. éo rec%rd the frequency and duration of differént types of ac-
x%iyggz;fgiieach ;nimal in thg group and dé;ermipe ?ﬁy cdhéi%tent';;iatién_
'sﬁip‘betweé;\aspects of ac;ivity ana‘social stafus:

A}



Lo ' THE STUDY AREA

-

The field work was done gn the\northern side of'Ministih Lahe
(Lat. 53?22', Long. 112°59'), 38.3 kllometers (23 miles) southeast ,of |
EdmontOn, Alberta. The O 72 hectare (1.78 acres) comprlslng.the study
area is part of a larger area malntained as a waterfowl refuge for the
ast 30 yeirs. Public ‘access is’ limited and there have been no recent

attempts\}b alter’ the»ground squirrel population by removal trapping or

 poisoning.

The area of mlxed grassland—woodland is typlcal of the aspen park— _

14

land ecotone descrlbed b) Moss (1955 + The ground squ1rrel colony was
located on 0.40 hectaresj(o 99Va es) of open‘grassland in the center of
the study area (Flgure 1 ) The open area was bordered ‘on two sides by
( woodlots and on the third side by a marsh. The fourth s1derwas b@unded
by large patches of thlstles (Ctrszum vngare) These three types of -

barrlers Pprovided natural llmlts to ‘the open.areas utlllzed by the ground

squlrrels and also decreased access to ground squlrrels out51de the area.‘
. 4 ’

.o

The woodlot canopy was formed by aspen (PopuZ tremulozdes), bal—

’ sam poplar . baZsamzféra) and willows (Saliz dzscoZor) along w1th a very

L4

few Whlte £oTuce (Ptcea gZauca) and black spruce (P. marzana) 'The major . o
~shrub surroundlng the woodlot was wild gooseberry (Rtbes htrteZZum) - Dan-
dellon (Taraxacum ceratophorum and 7. ofTicznaZe) and pussy toes (Anten—

: ﬁar nzttda) extended from the edges -of the woodlot 1nto the open grassy

-,

areds. The maJor grasses on the study %rea were Poa pratensrs and P.

' nervosaq. The grass was kept short by a herd of  cattle whlch was paSterd

in the area from mld—May to the end of September. Between the marsh and

‘the study area_were large patches of foxtails (HOrdeum’jubdtﬂm)., Marsh

T



. i)
Figure 1: Map of study area near Ministik Lake (Lat. 53° 22 5

1.: o 1
Long. 112°59 ),

Locations
(:) major burrow entrance, identified by number
O secondary burrow entrance
Be minor burrow entrance
A number without a surrounding circle (e.g. 6)
indicates the site of a major burrow in 1971 not
re-excavated in 1972 :

chservation tower

o ¢rock

Vege;ation

NN

<:::>open grassland, less than 10mm. high -

thistle patéhes (Cirsium vulgare) s -

””"l; foxtails (Hordeum gubatum)

o | {%‘ marsh

.. shrubs (predomlnantly Ribes’ erteZZuT)

{igu?~woodlot
. G‘?Z’\ 28
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végetqtion was predqminantly reed grass (Calaﬁagféstis caﬁédénsis).

| ?.Predation on tﬁe_ground squirféls was‘atteﬁpteg by'loné—tailed
weasels (Mustela frenata), coyotes YCanis iatrans){ and red—tailed hawk§
(Buteo jamaicensis) while the study was in progress. Other potential
predators on the population Qerg;s&ort—tailed weasels (Mystela erminea)
'énd dtﬁer‘sgecies of large hawké, ‘
Three type§ of ground squig;el'burrOW‘entthces were‘found,oh the
' stud§ agea. The moét readily noticeable are those surrounded by a lafge
: . . ’ L : . . C 3
mound 'of Yirt one to two ﬁetefé in diameter. Re-excavation of a.burréw
-system.B& the occupant in sﬁrigg énd continued maiﬁtenance of Apen passage;
wéys‘resﬁlts in continuous ad&itiéns-of,dirt:to the ﬁound throuéhodt the .‘ \
_seésdn. After all adults have bééun torpor thé mounds afe often o&ergrown
with_thistles aﬁd grasses. " Burrow entrahces surrounded by large dirt

ﬁouﬂds will hereafter be reﬁeffed to.as major burrow entrances.

Surrounding a héj9f burrow entrance are many small”hole5>seldom
gréater‘thén six centimeters.(Z.S inches) in diameter. These are élmosF V
alWays connected with tﬁe'major burrow ehtrance adnd are noS surfounded by
" dirt mounds. All the dirt reméVed in excé§ating these "backjdoors" is
hauled back to the(major burrow entrance and deposited on the dirt mound.
Grass immédiately‘é;ér the holé is cut%and pulled back.intd thethgle. The
nﬁﬁbef.andiloéation of thesé'sﬁall,hqles changes o?er ﬁhe'séasqn and
occasionally one 65 these may bé enlarged to forﬁ a major or secondary
burrow entfanée. These "5ack'doors" are more'propefly‘Called minof burrdw
entrancés.' Major and minor:burrow‘éntrancés.togetﬁer comprise a major
burfo@ system. .

Ocqasibnally:a burrow entrahce-ﬁill be excavated and dirt deposited
~ around outéide_but the dirt pile never feachgs?the proportions déécﬁébed

A



.trance. Theére were no minor burrow entrances asgociated with these per-

for major burrow entrances; the pile diameter may be one-half meter or

than a few minot. burrow entrances conhected

less and there are seldom more

- . w

to it. These secondary burrows are most frequently found near-the periphery

9

of an animal's defended area. Seconda;y;and”ﬁihor burrow entrances together

' T

comprise a secondary burrow system.

© A fourth type of burrow entrance was found around the periphery of

" the -open area and in the WOodlots and,thisfle patéheé. he -hole, 1like the

.. minor burrow entrances, was seldom more than six centimetérs in diameter,

but there was frequently a small amount of diftvscattered around the en-—

B

-

ipheral burrows and the tunnel usually ended blin&ly within a meter. Theée

lperiphefal burrows were never observed to be defended and provided only

e

temporary shelter from_a predator or from the aggreésivévadvahces of an-

.

other ground squirrel.



MATékIALS_AND METHODS -

'i_Preliminary behavioral observations were .made in 1971 and all

animals sent that. season, including almost all juveniles, were marked

| ' : ) . -
for identification the following year. Records for 1971 were incomplete
. 1 . : . S

"and only the data for the 1é72 séason were utilized in statistical tests.

| In 1972, all animals were livéﬁtrépped'for.the‘ﬁirstTtime within

two weeks of émergence:from'wintér hibérnatioﬁ.vrT?aps Qere made from a
coil of coﬁper wire similarfto tho;e'aescribed By Prychodko (1952) ;nd‘hod—
'ifiea by A. i. Steiner to ipqludé'a 6ne—way door at each end of tﬁe coil.

» (Figure 2). The ﬁraps cquldvbe bent’ahd were placed just inside a burrow '
entranée; préviding a succeséful\and ﬁighly selective method of trapping.

The animals could be tagged and dyed while in the trap without direét

handling. e | - | R
Adults: were ear-tagged with #1 fingerling ear tags and juveniles

w@fe toe clipped for positive idenfification. For field observationm,

each adult. was given an inéividual dye mark, using Miss Clairol velvét

‘black (#SlS)lcommgrcialihair’coloring for female ground squirreIs and Miss

Clairol flame (#335) for males (Figqre 3). Animéls-wéré held in. the trap .

for anut-ah'hour until the dye mark was dry and were feleésed into a

plastic bag-and weighed_before}béing released at their'cqptdre site. -An-

imals were ;e—t:apped and redYed'whénever'the idéntifying mark becaﬁe too-

_ -
faded td,see‘from a distance; usually redyi;g was necessary every month

and.a half to tﬁo‘mdnths. Obsgfvatioﬁs on acﬁiviﬁy were_ndt recorded on
dayé wgen re—frapping and redyigg-was in:progresé; _: - T “‘ .
ﬁwubservatibns wéré ﬁgde;fromftWO six-foot towers at eithér:side of

the study area.  Blinds were not'uséd and were not necessary. After the

9



!

Figure 2: Female Richardson's ground squirrel in ‘coil trap. One-way’
' doors at both ends of the trap were wired shut to prevent
< accidental release of the animal.’ ' ’

Figure-3: "Female .Richardson's ‘ground squirrel with black dye mark ‘on
' shoulder. Dye marks were identical on both sides of the
animal's body. : . I '

-
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first few days, the‘sqdirreie ignored the presence of observers on the
‘towers and eventually even tﬁe movement of ohgervers throagh the colony
at the beginning and‘end;of each;ebsegvatien period did not cause ady
major alteration in the squirrels‘ activity."There was_pd.noticeable QQA
Vavoidance‘olxéhe towers by.thevsquirre}e and thevon 'udﬁfect'effecﬁ on the
.Apnimals' behavier was obsefved infrequentiy'dn very hot-afternoonslwhen
‘;the squi?;el ciosest‘te‘tewer'two wquld lie in the eéade of the tower plaﬁf -

form for brief intervals.

‘

Observations of‘thé pbpulation we:e‘made‘for four or five consecu-

tive days every’ week, weather permlttlng, from m1d ~April until. the end of

A.P'
August, 1972. "During heavy rains or hlgh wxnds, the grodund ﬁa,

mainédrunderground or came'aBove ground~very infrequen:ly and observations

were diséontinued, 'ObservaEioﬁ days usually ran from Monday through Fri-
‘ _ , RN _ ;

day unless inclement weather disrupted the schedule for more than”one day,

in which case dbservations were continued dnnSaturday and Sunday. Daily

. \ C
observatlons were made w1th the ald of 7 X 35 blnocu\ars from 8:00 AM. .

;to noon and 2:00 to 6:00 P. M. Mountain Dayllght time. Ground squlrrels.
are unimodal-in actdv1ty in April but by May are already blmodal’on.moder—
ate and warm ddys. 'The time intervals were chosen on the basis of the
first year's field wo?k”(l?7l) to'encompaés.phe peaks of actdvity for mOst

‘of the season.

" The data for 1972 are-more‘complete'than records for 1971 since

ddring'the second summer}I*was,aided by an assistant and the entire study

-area cquld'Be obsefved.d'Each observer,coﬁe:ed approaimately half.efbthe

- field with'ahuarea ef dVer;apddn‘the»Eeﬁgef._ Comparison of theédata:ref
co#ded‘for the.ao;e.ceatfaliaﬁimalé"aﬂowed:no>major differeneegeéﬁ“ihé.
vinfofﬁaeion.tecorded‘by.my'aQSigtantuaddjmyeelf. rWe:exchangeglplaee::each




.

mbrﬁing and each afternocon so that both of us re familiar with the en-

tire area and with each individual animal. Alternating positiors of obser-
vation would also cancel any slight differences between indiv:.dual obser-

vers which might otherwise influence the results of statiétical tests.

The activity of each animal was recorded at.least once every five

minutes and each half of the area was under continuous‘obse;vati?nggng

changes in eacmganimal's*actiVity would be noticed. The majority of non-
. social activities (feeding, grooming, digging, etc.) were usually contin-
-4 . . . ..

r

ued longer than five minutes and'wgre recorded only ornce ner interval. '

Various activities of less than five minutes duration were recorded as

fractions of an interval. A’ few activities (marking; visiting, "and in-

vestigating) which were completed within a few seconds were recorded by
. . b o 4 '

-8 1

frequency only. .For statistical analyses, each oCcQ?%ence of these ac-
. . : . - .

e . R v - ' : ,
tivities was considered to be one minute in durat%gh. The movements and
postural- components of -interactions between two #simals were recorded in

. . -

. . ) u"y . RN .
" their entirety. Numbered stakes were used to *%dicate the.major burrow:

systems on the area and the location of theigimals at each interval was

h"stakes and other- prominent

landmarks. 0 T
b'in éddiﬁioﬁ, noteg Qerevmaéé _
. . Mo : :
mating degfee of overcast of cloudidghfﬁ;hd wind.veloéity, the-lagter
usiné avBéaufort wind’scale. Teﬁpefatute.wasbgééordéd ngar'the beginging i
and end‘df‘each.of the two.daily obéerNa£ion petiodéﬁ@ Temperatﬁre ;;édings1‘
were. taken in thglfhadeuof one observation towef.plétfqrm approximatély
six feet above ground level. | ' |

Most of the data used for statistical comparisons was analyzed

using a chi-square test for gdodness of fit and chi-square 2 X 2 test of
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independence. Where other‘tests hav~ been used, the test value as Well
‘as the probablllty value are given in parentheses The letter precedlng

the test value indicates the test used. Tests used and thelr abbrev1at10ns
. - .
include Student's t-test (t),_G—staé@stic‘(G), sign test for the paired

\

case (Z), coefficient of correlation (r), and Mann-Whitney U-test (U;'fqg

3

large sample sizes; the value T is given). Probab?litv levels without
. . . ’ &

. . . . \
v_accompanying-test values indicate the use of a cHi-

square test. ' In all
. ©
statlstlcal tests, p<. IO was con81dered sllghtly significant and values

of p<: 05 were con51dered 51gn1f1cant Formulas fqn each test may be-

found’in Sokal and Rohlf (1959). ,
A L



', THE POPULATION

In 1971 there were 13 ground squ1rrels on the $tudy area; one male,

11 females, and one animal which did not raise a litter but re31sted all

~
\

attempts to capture it.' Additional trapping of the entire'pasture area
gave a total of four males and 22 females, an overall ratio of on male
S 5 females inrty~sg§;;ryoung surv1ved_long enough to come above groynd K
and were the offspring of nine of;the lllfemales on the study area: ”Eight
* of the 11 females overwintered successfully and seven re-established them—
‘'selves .on the area in 1972. ©No adult males from 1971 wege trapped in 1972
.and of 51x Juvenile males establlshed on the area in late August, only
' one4was-re—trapped in 1972, Of the 15 Juvenile.females who did not dis;
perse in l971 but defended portions of theAStudy’area, seven'survived.the

winter and the mothers of at least 31x of the surv1v1ng Juvenile females

themselves overWintered successfully so.that a number of female—young
. R ,

pairs were present in '1972.
In 1972; the population of the studyﬁarea inoreased,:as'did the:
total number on the entire pasture;"Total population-of adults in'the7
pasturé,was two males and 36'females (one male: 18 females) The popu~
lation on the study area in 1972 cons1sted of one male and 17 females two
meeks.after emergence-from hibernation. One female disappeared within a-
feu days after it was first trapped and two females were taken by a.wea—
‘sel on June 14 .ASlde from these losses, the adult population remained '
constant until early Julv when some animals disappeared underground to
commence‘annual episodes of torpidfty.‘ Ofithe-16 females_whose activity
provided the majority of the data recorded5 seven were adults thatvhad'~'
lived on the study area:in‘197l, seuen were yearlings‘horn on'the-study

14
!



,Abegan torpor on July 14 ‘and the'last two were gone by July 29

15
g

area in 1971, and two females were unmarked{ indicating that they‘moyed

onto the area either after the last week in August, 1971, or shortly after

-

. -emerging from hlbernatlon in 1972. It 1s likely that the two previously

unmarked animals were yearllngs since a’hlgher percentage of Juvenile fe—

males than adult females disperse from a settled area (D. Michener, 1972).

-'Although weight at emergenCeffrom hibernation can be used as an estimate

of age for some species of ground squirrel (A. L. Steiner, pers. comm, ) ,
there is. no consistent difference bétween welghts of female adult and‘
yearling Richardsonls ground squirrels.. Other methods suggested for aging
ground squirrels require saoriffeing.animals (Karpukhin and Karpukhlna,
1971; Montgomery et. al, 1971)'and.are'incompatible with a behavlorvstudy,
Fifry-five young surv1ved to come above ground and were the offspring
S : Sy

of 11 of the 16 females .on the, study area. Young ground squlrrels remain.

)
'

. undergroun%Qfor three to four weeks after blrth and undoubtedly some young

do not survive this perlod (one female transferred nine llve offsprlng '

to another.nest a few days after birth;~three weeks later, however,\only
: . X - . &

five-were observed above ground and trapped). Judging from eiternal- y:

[

; appearances, almost all females appeared to. be pregnant but five of the

16 did not. show 31gns of lactatlon. Of the 11 females with lltters, flve

were adults, f1ve were yearllngs, and one was of  unknown age class

The one male was a.yearling who moved onto the study area from

[

elsewhere as a'juvenile in -1971. Adult males became torpid by ‘the first

‘week in July in 1971 in 1972 the only male das last seen on June 5 and

then dlsappeared. In- 1972, some females w1thout litters became torpld

the last week in June and all were gone by July 6. Some lactatlng females
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Individual animals are designated in the\Eext b? slngle capltal
'letters. Where appropriate, additional informatlon 1s given by letters
in perentheses following the individual letter designation -The first
vfletter in parentheses refers to the animal's’ age. class. adult @A), year—
111ng (Y), or age ‘class unknown KU) The second letter 1nd1cates whether-
a female ralsed a lltter (L) or not (X) durlng the ‘season., lhe number‘

. . )

follow1ng the letters 1nd1cates ring lqcatlon w1th1n tné colony (1, 2, or

'3) and its 31gn1f1cance will be explalned later.

a




) . RESULTS

s ‘
3 R :
: PART I:. SOCIAL ORGANIZATION
. . ‘ .
. : . N
. ' ~ Cea - - ™
-Behavioral Components bf Interadtlons : %”T. \\\

-t T

To determlne the: smc1al organizatlon of the populatlon, .the inter- -~

actlons between 1nd1v1duals as well as the location of these 1nteract10ns

were analyzed; An'interaction;may be broadly defined as any visible be-

havior of one animal which has a direct, pfbmgf and observable effect on

the behavior of another. When two ground squlrrels were in close proxim-—

'ity,, 1e or more of the follow1ng behavloral components usually occurred

(after Sheppard and Yoshlda, 1971)

.

© 1. Recognitivé contact: °

'Nose—to>nose: Both anlmals approach w1th talls extended horlzontallyv
and touch noses. Thls is often followed by "leSIHg nose—to—nose with

one or” both animal's mouth open._‘

Nose—to—body' Sometlmes follows nose—to—nose contact. " One animal

touches the body of another with 1tswnose.-p

Nose—to;anus: .One‘or bdth‘anlmale tduchvthe,tail gf anal region

All three typee of gECOgnitive'contactﬁgréAgréquen;\betWeen.adpit
females'and'their young.and between,young sibllngs.' Thisétypelof'hehavior R
Iis infreddent‘between adults and agonietlc behaviok\osoally~followe:thisv

initial contact.

2. Avoidance: . L T : o

Acfiye'avoidance: At the approach or appearance ab0ve ground of
- '_,: t' : . . 4 .

‘_Epne animal; another animal stops a given. act1v1ty and moves away from the

“ | 5

4 -
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first animaliwithoutlany actual_contact"betweenbthe two.

Retreat down a:burrow: At - the. approach of an anlmal, another may
cease activity and retreat down a‘hurrow at’the approach of the first.
Thls behavior was conmon anong peripheral females at‘the.approach of the:

- male.

3. Agonistic:
Threat: Thismds usually dlsplayed %irst‘by a stationary animal
towards an approaching anihal; threatening‘may also be.reciprocal. The
héck is arched, the tail’angled upwards and_bristled,dand the.rearﬁend is
directed-tooards)the approaching animal. On animals close‘toythe ohser—>
'vationjtowers it was notieedithat'the,anal papillaehare frequentlyaextruded !
in this posture, andddefecation'of a.singlelpellet wasvobserued once.. ..
Thls posture may be accompanled by sharp frequent Zalls.'
‘ Challenge (called ”archlng” by Sheppard and Yoshlda, 1971) Thisg
is sinllar to the threat posture but the side of the body is presented and
the animal frequently advances broadside towards the approachlng anlmal
This posture, too, is frequently accompanled by’ sharp calls;
, %
Attack: One animal leaps at or On‘the‘other;
Fight: The anlmals rolllover and over together, str1king‘W1th
:both feet and teeth | |
Chase: A chase may_followfany\one of the aforementioned behayloral
components. ‘A ehase lsjinitlated"in one of two wayS' one-animal runs to-
wards another Qho flees at the approach of the flrst animal, or one animal K\
already in motlon is pursued by\another. The lenth of chase varies from ‘4{\\;

a feW'feet to the length of the'entire study area. A chase may be followed

by other dgonistic components if the chaser overtakes the chasee. .- 5



4. ¢ohesive: |

Allo;g;ooming: 2Ope animal grodms\?ﬁe fur of,another, uéing teeth
or forepawsi N |

.Mutual gréoming: Two animals groom each othér; alternately or at

the same time. .

Sdwmsonal Intervals_

It is reasomable to assume that seasonal physiological changes
characteristic.of Ridhard&g&liégrohnd squirrels as a species might also
. ) . . . o A ] .
influencewﬁhe behavior of the ﬂégi}sf Siﬁce;éombining activity frequen—

cies and durations for the entire sﬁhdy period might obscure seasonal or

19

individual differences, the season's data were divided into the'follbwing_'

. intervals for analysis:

A

I. April 17 to May 7:¢ This period of seftiihg in began with .the

animals' -emergence from hibernation. 0l1d ‘burrow systems were re-excavated
, . . v

and new burrow systems added. - This interval ihclqdéd the beginning of

. territory establishment and agonistic encountérs between individuals were

frequent.

A
<

]

1I. Méy_8 to May 30: - Young were born and remained undé?ground;'the
majority of litters were born in the first week of this period. Defense’

- of burrow systems and.establishment of boundaf&es between neighboring
territories was more prevélent during this interval than ény other. -

I1I. June 1 to June 14: Ybung animals appeéfédfabove ground. Ju-

veniles first emerged on May 29 and almost all juveniles had been’tfépped
" and toe-clipped by June 1. During this inteivéigyoung animals spent pro-

gressively more time above ground and adult females tended to spend.more

time away from the,immediatexnest burrow vicinity.. The'male‘d;éappeared

\

.

A .
1
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during this period.

IV. June 15 to June 30: This interval was characterized by changes

in the'spatial location of some animals and dispersal of the young. Two
adult females were taken by a weasel from the eastern‘end of the study
,area’on.the afternoon of June 14, résulting in.the rerorganiaation of
defended areas in that‘portion ot the study area and the.a;propriation of
portions‘of the vacant area by a more peripheral-adult female. There was
a noticeable decrease in the number of young on the study .area in the
last week in June. This interval also ineluded preparation-for torpor

among females that,did not. raise litters. - If the loss of the two adults

had not occurred, this 1nterval would have been combined w1th interval III.

V. July' 1 to July 31 Young continued to disappear from the study
’ : ‘ : :

area but at-a much slower rate.- Lactating females prepared for torpor.

Non~lactating.females had all become torpid by July 4, and all lactating

females enteredutorpor by July 31. The soc1al organization during each

of these 1ntervals w1ll be analyzed and described :

Social Organization during Interval I, April 17 to May 7

»

£

.1._Emergence andASQttling in. . Before-regular obserVatibns began

on April 17 sporadic observations were made while trapping the animalSA'

© for the first tlme in 1972 and during other short periods when the weather

permitted. On March 26, the first two animals on the study area, both .

females, emerged from hibérnation. On March 31 there was one more animal
_ and by April 9 there were at leas; 10 animals, 1nclud1ng the one male.

During the . follow1ng week, ‘most of the. study area remained snow. covered ‘
-and resxived a fey ‘more inches ofknesznow. Several animals,fed mithin

a meter of each other on thesfew,exposed éreas. Little agonistic

P
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i

behavidr_wag seen at this time. By April I?u the snow‘was'gone from the
graséland areas entirely, and the number of“interactions increased go the
highést-frequenconf the entire season (Figure 4). |

Twelve’bf the original 18 aniﬁals‘had hibernated around the.periF
pheryléf the open area and six'emérged.from more ceﬁtral areas. Three of
the ?éripheral animéals moved towards‘the.ceﬁtér and established théméelves
in areas between the central six‘animais; although one of the three was
displaced at-the beginning of interval II and reéumed a peripheral po-.
sition (Figure 5). K " o o -

The three peripheral animals which attempted to relocate in a more

‘central position on the open area followed a consistent sequence in re-

sponse to attack from surrounding central animals. The challenger wéuld
make repeated trips to inngtigate a particular'burfow-system and would
be ¢pﬁ$isteptly atfacked aﬁdjchased away. After a.few days of running_‘
from_attacks‘and_threats, thé challenger would avoid cOnflict‘By retfeat;
ing down tﬁe burrow. »if the challeﬁger was. not routed at this point, sﬁe
would begin fb spepd progressivély more time in the immédiate-vicinity of

the burrow and the frequency of attacks by neighboring animals decreased.

Upon being threatened on the mound surrounding the burrow Opéning,>the

({

challenger would return the threat or engage in a fight rather than re- |

treat.. The'final'step,in acquiriqg‘a burrqw occurred when the challenger
began”td initiaﬁe chases.and rttack trespa;seré'on the burrow hili% even—
tuallyvestabliéhing tentative bofdefliﬁeé between thevarea“Surrouﬁding‘
fhe burrow_and the burrow systems‘of the néxt‘closest animalé; The entire
éroces; occupiéd about a week. ’ .

Beginﬁipg on April 17, females F and b frequeﬁ;ly Wandered'into '

areas more central than their hibernation sites and were repeatedly chased
: . o S - . ) S : L



INTERACTIONS / ANIMAL / HOUR
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Frequency of interactions between adult Richardson ground
squirrels for the entire season of above ground activity.

~Frequencies were calculated only on days with favorable weather
and for observation periods longer than three hours.:

\
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5: Overwinter location and subsequent movements of individuals
.during interval I, April 17 to May 7. The position of the
individual symbols indicates overwinter location.

= movement after emergence -

burrow systems actively defended by animal

disappeared shortly after emergence

23
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away. On Apfil 19, female D began-to rétreat underground at burrow #35_ S
when threatened or attacked by surrounding<females agd on‘Aprii'Zl wés
obsetved to chase.fémale’E away from burrow #353 she continued to exclude
ofher tfespas;érs from the area for the entire season. Female F took
. longer to beéome established at burrow #19 and ‘it Qasn't until April 21.
that éﬁe retreated_goyn the burrow at 19 rath?r than being chased away By
ﬁhé sufrouﬁding animals. Not until AprilZZ7"aid:she successfully‘exclude
other ground'squifrelé from the immédiate area ar;undi#19.

Female O who attempted to move from bur:dﬁ‘#la to #42 followed the

initiai part of th@ s£é£ling in pattern in>that,sﬁe eventually’tookvref—
uge down -burrow #4é:ra;ﬁer than being chaééd away.. But she was alwéyé
unsucqéssful when she attempted to chase another animal away froﬁ the —
v _ , . o,

" burrow entrancg. Eventually, she herself was.repeatedly»chased‘away froa
#42 by othe; ;niﬁals,ana whéﬁ threatened her fesponse\was to fleé_rather
than retreat doﬁﬁ-tﬁe bur;ow. Fy thé end éf interval one, éhe was spen-— .
ding most of hér timevaréund burfow #14 whicﬁ was more periphefai and was,
by that timea ﬁnoccupiea (female N'moyéd from bu?row #14 to #17). Even.
the presénce of her litter which was bofh at #42 and képtrthére.for a
few days dia not reéhlt:in a strong enough sité étfachﬁent for'successfui
‘excluéion of conspecifics from the vicinity of burrow #422‘ Female O

A . @ L

finally abandoned #42 on May 8 when she moved five live young to a minor

-

'Burrpw entrance ten féet south of burrow #l&,_where all‘juveniles;surviﬁed.
'Eo'emérge above g;dund at the end of May. .
Thé process'of-settliﬂg"in is fﬁrtﬁer complicated by the prédic4
':vament of aﬁy two énimals which emérge.from hibernation:within a few metéfé_;
. of eachldther, ééd the-resﬁlting;agonistic encounters coptribute to the

high level of social activity. ~Since all adult females were ‘dormant by

A

o]
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surv1led to the follow1ng sprlng,QtPéhaag&nlstlc behav1or betye n‘th Te

i e Rt Tl I
occurred perlodlcally untll one ani JAS & .- v 1j@{°
, | ) e VT . 3

R L AT T S ) > )
2. Location of interactions. Althod%hpindividualfanimals consis—

tently occupled certain burrod systems, any terrltorlal boundarles between
these burrows were not consistent at this-time.. The term_”central areaF

refers to the area containing the burrow systems of the eigit. animals - -

.(adult females A, F, and ‘H, and yearling females B,‘C,-b, E and G) closest

to the center of the study area. The "peripheral area'" includes the bur- " -

row systems,oflninel animals (adult females I, K,lL, N, yearling females
J and.d, females of unknown age class P and Qs and the male, M) around
‘the outegfedge‘of the‘study area. | | .
| The‘majority of interactions occurred in the central part of the
study area (Figure 6). There were femer interactions around the peri-
phery and analysls of the-total.numbEr'of interactions involving central
and'perlpheral females indicated a significantly higher number of inter-
actions for this interval among animals towards'the center.(U=58,'p<:.01).
The'central area contained three adult females and fiyelyearling
females of which yearliné_D and adult F had moved invfrom a more ﬁérif
pheral nosition.. The" hlgh number of 1nteract10ns near:the center was cer-
///tainly due ln part to the confllct involved durlng the settling in of
'these two animals, but this would not account for the high number‘of in—,
teractions elsewhere around centrally located burrow systems. ‘The total

number of interactions recorded for each aii?al can’ be subd1v1ded accordlng

.

e
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Flgure 6: Locatlon of 1nteractions durlﬂg;lnterygl I, April 17 to May 7.
Each solid dot’ Trepresents one 1ntetadt10n between two ground

squirrels
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z = 1.77, p=-07).
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to whether the animal initiated the encounter or whether the anim~l was

involved in an encounter initiated by another ground squirrel. The two

" newcomers initiated the fewest number of encounters relative to their

» _ o \ : ‘ ‘ ‘
total score and their involvement rate is the highest among the central

animals (Table 1).

An additional factor contributed to the high 1nc1dence of 1nter-
actions towards the center of theostudy area. Interactions'involving the
W - :

eight more. peripherally located females were subd1v1ded according to.

whether the second animal involved lived in a peripheral or more central

position. Seven of the eight peripheral females showed a higher incidence

of interaction with central females than with other peripheral females

- It appears that female Richardson s ground squirrels’ actively

seek a central location within a colony and the advantages of a central

)
.

over a peripheral position will be considered later. . EVidence‘supporting
_ L -,

this central settlement tendency includes: 1. the attempt of three animals

to move from a peripheral hibernation site to more central burrow systems,

2. the majority of 1nteractions occurred in the central area, and 3. per—

ipheral females interacted more w1th central animdls than w1th other fe-

wo

‘_males around the periphery Ifhthere was no central settlement tendency,

&

the locations of interactions shouldwhave‘been\more evenly distributed

4

over the area avallable as each animal. sought to establish a territory.

The dlsproportional dlStrlbuthH ‘may - 1nd1cate that there was more com-

.

petitlon for central than perlpheral 1ocat10ns. The rules nf probability
would predict that per1pheral females would 1nteract equ: 1+ with all

adJacent animals. That they interact ‘more with animals centripetal to-
them might indicate more competition for space towards the center. than



Table 1: Initiation and 1nvolvement rate in interactions of centrally

O

A'r

located female ground squirrels during 1nterval I, April 17

‘to May 7

0

Total Number of | Initiation Involvement
Female |Interactions -~ [ Rate L Rate |
- .
A 56 S 73.2 26.8 -
o |
5 H .25 64.0 36,0
* F 54 24.1 " © 75.9
[ . % 86 37.2 62.8
(’ . B 43 44.2 55.8
pt ) : B o
- c 82 65.8 34.2 °
o p : , ‘
;.‘3 E 66 81.8 ™ 18.2
- G 46 - 58.7 41.3

] .
Rate expressed as percent of total number of 1nteract10ns for each

anlmal

' * Animal moved into the central area from a peripheral position.

o



}teractibns occurring during interval‘I were subdivided according to the

'type of agonlstlc behav1or that occurred)durlng each encounter. Inter—

NG

o

for space to elther side.

3. Components of interactions. Three huﬁdred fifty of the 414 in-

o

'.;actlons 1n whlch more than one component of agonlstic behavior occurred

't]were classifiedhactording,to‘the most. severe (i.e. potential.for injury) J

AN

‘ -+ o : ’ ) ‘% .
component, - Thus an interaction involving a threat and chase would be

,tabulated under "chasing”. Of the 66 interactions that were not included

in the analy51s, 29 - were interactlons 1nvolv1ng three or more anlmals and

N -

~are analyzed later as ”compound”'encounters; the remaining 35 interactions
’ / . - .

were not observed‘in'their entirety and records of these encounters are
. . .. - L ‘\/ , .-

1ncomplete (Table 2)

ST Cha51ng was the most frequent component of agonlstlc behav1o¥

" ..

-(Table 3) &im addltlon, chasés accompanled 28 percent of all attacks and |
< \ .

85 percent of ﬁ&l flghts. Attacks comprised_nearly a thirdvof_all inter-
i I v ; b

actions. ulnterattlons 1nvolving'only threatening or challerging accounted

. ..

for 13 percent. 'Fighting was infrequent as were interactione characterizeds
R . T . N . L o RN

by avoidanCefonly. In’ almost all instances of avoidance, the trespaseer
A .. - . . n

vretreated from ‘an ‘area at the approach of the re31dent, in two instances,

"the trespasser retreated at the approach of a re51dent s nelghbor.

The terms "resident and ' trespasser were applled to the two

animals involved in an encounter with reference to the location ofuan in-

-’

‘teraction. A resident.was the animal who had dug or re-excavated a burrow

- i , . :
system at a particilar location and who attempted to exclude‘conSpecifics

fronfan area around the burrow. ' A trespasser was the animai.that'was clo-.
ser to another'animal‘s.burrow system than to its own when the interaction

occurred. ‘As the ground squirrel social organization became more-clear,

-~
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Table 2: Total number of interactions, number of lnteractions analyzed,
number of compound interactions, and hours of observation for

each interval, 1972.

A

™ o . . | ' : N
. ' . o Iotalbfor
Interval'I I1 1 ~II1 Iv v season :
Total number 1 :
of interactions 414 740 ‘25 290 - 41 ’7{ 10
for each interval - o B .
| - @ -
- o
Number of - » _ f( i . .
compound . 29 "~ 8 1 O | -0 38 . i
interactions - ' : . : -
Number éf C T N ' o - *
interactions - . 350 ' 649 | 283 274 A 1597
analyzed . - ’ 'Q\%ﬁ? ' ;
Interactions ‘ ,
~incompletely 35 83 41 .16 : 0 175
observed or , i dao
-recorded \ .
' ~ P G -
Hour; of : » _ . B » N
observation - L 79 38 58 ~ 114 - 332
per. interval " - . : -
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Table 3: Compongnts of 1nteractlons‘for each interval. All figures
are given as percent of total numbér-of 1nteract10ns
analyzed .(N) for each 1ntfrval : R _ C.

Interval 1 | 1 | owo v
Component S -
Avoidance 3.45 2.16 1.42 | 6.20 | 12.20
Threatenlng = » , o
ot 12.93 15.10 | 8.83 23.00 36.58
.. Challenging T ‘ : ' .
. ?"Q" . !
Chasing - 50.29 | 49.61 46.64 40.15 24.39
Attacking 0 29.31 | 21.42 | '29.68 .| 26.64 .| 19.51
Fighting 4.02 | 11,71 T}¢13.43 | 4.01 7.32
, 1 TR c _ N
Yoo N=| . 350 649 £ 283 | 274 |0 4L




these terms were modified, and the alteration of these définitions will

be presented later.
" During interval I, residents initiatedh70.97 percent of 348

encounters, while trespassing animals initiated 13.51 percent of inter-

e

actions against residents (Table 4). The‘renaining 15.52 percent of total

encounters were initiated by individuals at a location from which neighbor-

-ing animals usually excluded conspecifics. This was not an interaction

initiated by a trespasser against the resident but against a third in-

' d1v1dual who was also trespas51ng.:

[

~

4. Compound interactiomns. ‘Interval I has been described as a

time of "settling in" when individudls become‘establlshed at a location

to the exclusion of other conspecifics. Interactions duringithis interval

1nvolv1ng more than two animals occurred to a greater degree than atsany
other t1me durlng the season. These were tefmed "compound” interactions
to 1nd1cate the part1c1patlon of three Or more an1mals, although no co-

~\
operatlve aggre351on is 1mp11ed

-~

o

o

Compound interactions were recorded ohly once’after May 12 and

did not occur after June 14. of a total of 38 compound interactions for

§

the entire'season,,29'occurred during interval I, and the highest number

per day was recorded during the f1rst few days of observatlon in mid~Apr11

32

‘Only two of the 38 encounters 1nvolved the one male in the colony. Durlng_@

the first’ 1nterval when compound 1nteract10ns were the most frequent they
'only COmprlSEd seven percent'of the total number of interactions (Table 2,

pg. 30). _. e S .
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Table 4: Interactlons initiated by re51dents, trespassers, and residents
from an adjacent territory. All figures are given as percent
of the total number of 1nteract10ns (N) for each 1nterv11

»

Initiated by:v Interval I II I1I 1 Iv \
Resident ' -70.57 | 75.35 | 78.45 | 55.11 | 60.98
- Trespasser ' 14.29 9.55 12.72 | 12.41 .| 9.76
Resident from 15.14 | 15.10 | 8.83 | 32.48 | 29.27
adjacent'tgrrltory ‘ ) ‘, v )
"Against: >
male 5.14 1.23
neighbor 4.57 | 8.63 | 5.30 | 10.95 | 21.95
‘non-neighbor 5.43 5.26 | "3.53 | 21:.53 | 732
: ) ' > w2
N=| 2350 | 649 283’ 274 | 4l
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5. Interactions between. sexes and between age classes. The num-—

S

. T S . o C ) . .
ber of interactions between females ‘of-different age classes (i.e. adult
and yearling) and between females of'different age'classes and the one
lmale were tabulated anid analyZed'statistically using a chiesquare test.

The number of 1nteract10ns expected due to the: number of anlmals present

;- - » . e

in each category ‘was calculated and compared to the observed values. AThe‘
follow1ng results were: statlstlcally 51gn1f1cant (p<: 05) Both yearllng
-and adult females 1nteracted w1th the male much more frequently than ex-—

pected by chance.-,During this interval;the male:wandered over the entire

ot

'study area and,interacted With,each female (except one)-between one and
-ten‘times. He was almost always threatened or challenged by resident fe~

males and then chased Although he was'inyolved in 73 interactions, he

o

initiated only'six of them4'in'four of these six encounters, " chased

trespass1ng females from the v1c1n1ty of hlS ¢ n burrow system on the

s

Aperlphery of the study area (#44) 'There’were'signifiCantly fewer,inter—

actions between adult females and between adult and ya@rllng females, but

i

‘a greater number than expected among yearllng fémales. _The location of

the central yearllng females correSponds t ltheflocation of many of the

-

ﬁilnteractlons,durlng interval‘I. In the perlpheral area, there is a sig-

£

. n1f1cant dlfference (p<: 05) between yearllng and adult females in the
'proportlop‘of 1nteract1ons initiated'by individuals of each age.class.;
f?Yearlings on the'peripheryainitiated few’enCQunters'and had a higher rate

of 1nvolvement in 1nteract10ns initlated by adult females (Table 5)

. . . " : o
There, was no correspondlng difference between age classes among the central
‘ ;anlmals. SRR

Yeaton (1972) reported that adult females "tolerated thelr female .

N [ .

c*fsprlng of . prevlouS;year to}some extent and that agonlstlc 1nteract10ns

'
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Ring .1 and 2 -

Ring 3

Table 5:

Adults

<

Yearlings

Il

Initlatlon and 1nvolvement rate in interactions of central

Adults.

-

Yearlings

and peripheral ground squirrels during interval I Apr11r17
to May 7. x. ‘
@'%!?Toggl Number of initiation In&olvement
Agi&al Interactlons ’ Rate | Rate
A 56 73.2 26.8
P 54 Co241 75.9
H S 2 eho 36.0
B - 43 ‘44.2 55.8
C N ogo 65.8 3.2
D 86 37.2 62.8
E 66 81.8 18.2
*E\h;c 46 58.7 | 4.3
A ‘ ‘
I 42 © 73.8 26.2-
X  49 44.9 55.1
L 38 7.7 26.3
N 18 55.6 bh.
KB 27 40.7 59.3 3
0 10 30.0° 70.0
73 8.2 “_91.8‘

Rate expressed as percent of total.numbér'of'interactions for cach

animal.
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bet&een related adulthfemales ineluded significantly less fighting. Since
fthe'relatlonships between six pairs of females'on the'study area were
known frem thebprevious-year; srmilar comparisons were made;. There was

ne differehcebin either‘the freqdency or severity of interactions between

related as opposed to ‘unrelated individuals.

6. Interactlons between nelghbors and between non—melghbors. By

the end of 1nterval I, .1t_appeared that there was a difference in 'the

agonlstlc reactloniqf<a'resident to theﬁtrespassing of a neighbor as
optosed Ee trespassing,hyihOré distant animals. ”Neighbors"'for the pur-
lbose of this analysis reters'to the animals maintaining burrow systems'
immediately«surrouhding a:resiéent'ahlmal. "Non—neighborsf refersfte
animals at least one more burrow system distant from‘a resident.

To test the possibility of a differential response to the tresp3551ng
of nelghbors and non—nelghbors, the distances for all chases were meas-’
“ured and grouped according'to whether the'ahi@als ihvolved were néighbors

.drlnotf ' The male was considered in a class hyVhimself althOugh glven

hlS p031t10n on the perlphery he was by deflnltlon a nelghbor to at least.

-

two other females.h Chases between - the male and the females adjacent to
hls maln bhrrow systehﬂhere dlscounted 1n_thls test. A Mann—Whitney U
test applled to the lengths of chases gave 'significant results in two in-
stances.; The male was chased over longer dlstances than Qere nelghbors
'téf any given female (T=2.49, <: 02) and non—nelghbors were chaseé for

. greater dlstances than nelghborlng anlmals (T 4. 38, p<.001). .The latter
dlfference cannot be attributed solely to the-greater'distances between
the Burrows of'heighbors_ahd non—heighbors sinee lt has'beenlmentioned

that a sizeable percentage of interactions were initiated by an animal <
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while in a neighbor's territory against a third animal trespassing.
Though the dnteractions in this case were not all chases, they were most
frequently directed against the male (p< .001). Residents from a neigh—

boring area chased non-neighbors only slightly more than other'neighBors
(p<.10).
Overall, there were more-interactions between neighbors.than non-
J o - '

-neighbors (p<.001) and interactions with the male were more frequent than

with female non-neighbors (p< .001). 1In the field it appeared that in-

teractZons between non-neighbors were more severe, involving more attack-

ing and_fighting with greater fisklof injpry. However, chasing comﬁriseae
aelargef'propdrtion df interaetions betweeh non—neighbefs than among
neighbors‘(p;:.001) and‘tﬁere was no difference in the proportion ef
fighting wighin the two groups (Table 6). Attecking was more eommon among
neighbors "than non—neighbefs (p?:.OS), buf‘more interactions involving
only threatening or challenging occurred Eetween neighebrs than between
‘non-neighbors (p<.01). There was no difference in.the proportion of

<

avoidance between the two groups}_'



‘Table 6

f

!

L

: Components of interactions between neighboring female ground
squirrels compared to components of interactions between
non-neighboring females during interval I, April 17 to May 7.

Interactions involving t%e male were omitted from the
S 3

Interactions between

t

neighbors
Total % of total
" Component number humber
Avoidance 1 9 3.98
Threatening )
or .39 17.26
Challenging
Chasing 86 38.05
Attacking . 81 35.84
Fighting 11 4,87
N = 226
n'.g. p> .10
+ p<.l0 .
* "p< .05
“_** p< .01
hkok

p< .00l

nalysis.
J
» |Interactions between
non-neighbors
Total % of total
number number
s. 2 ‘3.77
*ox 1 1.89
Kok 37 69.81
o
* 10 18.87 .
s 3 5.66
53 .
.




Interval II: May 8 to May 30

1. Interaction rate..‘The frequency of ihteractions.was 1now during
the first week of interval IIecompared to‘the rest of the interval (Fig- -
ure 4, pg. 22). Judging frem external.appearances of the animals and‘
estimating‘backward from the date of the juveniles' emergence, it was
during this week that most of the yohng were bofn;l.Fot a few days fol-
lowing parturition, the femaleskspentﬁmost of their time underground,
vemergihg oniy occasionally to fee&.‘ By this time ell the-enimels had es-
tablished territories SOmewhere on the area in‘thet they consistently ex—_
cluded ellother'greggg\jquirrels from an area around a burrow system or
systems. No burrow sfétems were abandoned by erresieent~and no major

shifts in occupied areas occurred again until the last week in June.

.

G | | | S S

2. Colonial organization: the fing structure. The areas occupled

-}" ’
by anlmals centrally 1ocated in the study area were smaller than those of
A

perlpherel anlmals (t 2.43, p<.05) and certain portlons around the per-
R ' .
iphery.were never consistently cccupied by any'one animal. ?hese were

not’ "neutral" areas since the presence of more than one animal in these

L . . . 9.
areas usually resulted in an interaction, but the areas were never con-
B . . _ . : . )

. . .

sistently defended'by any individuai;f'There-were none of these'inconsis—

tently'defended areas in.the central portion of the study area. The num-.
hber of animals in the eehtral and peripheral areas was tested against an

‘average number per unit area Wthh would exist if the populatlon were

’:” evenly dlstrlbuted over the study drea. A G-test on the spatial dis-—

tributlon of the animals was hlghly 51gn1f1cant (G=9. 98 p<< Ol) confir-
)

c i
ii ming that the anlmals were not dlstrlbuted evenly over the entire open

1

area; there were signifiéantly more animals than expected in the central

) - o
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area and fewer around the periphery. §

The distribution of the defended'axeas,resembled a series of cép—, R
cent;ic rings.v The rings were slightly irregular in shape due to inter- .
ruption of the open érea'by patcheg of thistles and'thelwoodlotLIAOne oA
adult female 6ccupied the most cenﬁ:al location, aﬁd'the area from which
she excluded conspééificsvwas designated'fing 1.‘ The territories of two .-
édult'femalesrand five yearling females immediafély.adjacent to this area
weré Aesignated rihg 2. The remaining peripheral areas‘ag‘least one-
ferritory réﬁoﬁed from center were:designafed riné’3. vThi§‘lastJring
f&ontained'fduraadult‘females, two &earling females,‘two femalés of un-
#nown age class, and the one male.

An édjacent animal in a more téntra1<position is herééfter referred
to és a neighbor "ahead", an adjacent.animal in a_ﬁore peripheral position
the neighbo; "behind" and adjécent animals in the same ring become neigh-
bofs to‘the side. In ring 2, the,géﬁéral pattgfnvof surrounding éreas_
was one animal aheéd, éne'neighbor to,éither.éide and usually two animals
behind.. The ring 3 aqimals usually had one neighbé; on either side but .

defended areas such that the more central boundary of the area was estab-

lished with two ring 2 animals.

3. Influence of spatial location on the outcome of agonistic in~

v
o

' teractions. The spatial 106atéon_of an inte;actién had a major influence
¢n‘the outcome of an interactign between neigﬁboré, it Qas evident thqt:
more'aréa than‘;he immediate burrow en;rande was being defended and c;n—
sistent boundaries were’appérent'betweén neighboring areas. .These were
establishéd byfboth animals involved bug were‘ﬁdt inviolate:‘;One'animal
éppréaching thé iﬁaginary line might be met by_thevthreatéﬁingIOr

.
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challenging posture of her neighbor. Crossing the "line" usually resulted

-

in more severe’ agonlstlc behav1or on the part of the res1dent and an
, .

attack or chase (or-both) usually ensued. Repeated chases towards and

~

away from an an1mal's burrow system were fvequent and the role of chaser

or chasee osc1llated w1th the direction of the chase with the anlmal

closest to her own, burrow system most often the chaser and the trespasser

the chasee. The boundaries were not observed to. be actively marked by

the animals as has been descrlbed for some la omorphs (”/kytowch, 1962)
) g

'of terr1tor1es for each animal is 1llustrated in Flgure 7.

%Y

L.) .
A few of the boundarles were very consistent ‘in time and space, but the

maJorlty shlfted a, few feet throughout the 1nterval The best estimate“

L

e

Spatial location appears to have a major effect on social inter~
actions‘but a cause and effect relatibnship is not implied. Seventy-five

percent of all 1nteractlons in thls 1nmﬁr¢al were 1n1tiated by the res-
i

1dent animal and only 9 55 percent by the trespasser (Table 4, pg 33).

<,

' The remaining interactions (15.10 percent) were initiated agalnst an an-

imal trespa351ng in a neighboring area, i.e. a resident animal would move

1nto a nelghbor §-area to exclude a trespass1ng anlmal This type of

1

defense was used more often agalnst other neighbors - than non—nelghbors
(p?i 001), and occurred slightly more often agalnst the male than agalnst

non—nelghbqrs (p<: 10). The 1n1t1ator of an 1nteract10n was usually, but

not always successful in d1splac1ng the other anlmal.

.

4. COmponents of interactions. Cha31ng was the most frequent type o

£

4
of 1nteract10n among all animals comprlslng half the total number of in- ?
teractions (Table 3, pg- 31) In an addltlonal 7. 70 percent a chase was

preceded by an attack and in another 10. 48 percent chases were followed




Figure 7:

‘ ferritorialéboundaries of Rich@rdson's ground squirrels J

as determined by interactions bgtween_neighboring animals.

Letters indicate the resident animals. = ¢

Boun@ary‘linesT

(solid “line): boundary determined by interactions
between neighboring animals. A line running

. through a burrow entrance indicates that-that burrow -

system was defended alternately by both animals
,during the season .

_———— (dashed line): best estimaze of boundaries based
ofi low number of interactions between neighbors.
‘Fé6r outermost’ peripheral boundaries, estimate is’
.based on interactions betveen non—nelghbors as well
as neighbors. :

‘Thickness Of.bouﬁdary.lines indicates the numbe: of inter-

actioné between neighbbrs.used to determine the boundary.

N .
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by fights. Attacks were the second‘most frequent type of interaction,
followed by interactions inuolving'only,threatening or challenging.‘ Fight-
_ing comprlsed-slightly more than one—tenth of all interactionsl The
occurrence of active avoidance was least frequent, and in all cases it“

N : !

was the trespasser who left at the approach of the resident. This type

of interaction usually involved a more peripheral animal trespassing in

. i

a more ce ral area and leaving at.the approach of the resident. .

. 5. Interactlons between age classes.' There were no signlflcaﬁt—

, _ 2 . N S ,
dlfferences in the number of interactions between age classes butlthere
were some differences in the conponents of the interactions between and

s within different age classes_(Table 7). There were sllghtly more chasesw
\;; between anlmals ‘of the same age class (adult adult or yearllng-yearllng)

"than betWeen age classes (p<1 10). Between age classes, yearllngs

1n1t1ated more chases w1th adults than adults against yearllngs r<. 001)

"'$VWere more frequent between adults and yearllngs and among year—'
; d were 1nfrequentvbetween adults (p<: 001) Agzin, yearlings‘.
04‘*&

. ‘”n initiated attacks against adults than vice versa (p<: 05).
Threatenlng and challenglng was also sllghtly more frequent between age

‘classes (adult- yearllng) than within e1ther age ‘class (p<: lO)

' v6.'Interactionr 'tween neighbors-and between non-neighbors. There
.were.significaitly mo. nteractions;between neighbdrs'than between nonj.
.nelghbors (p<: 001) Ckasing was more frequent‘between non—neighbors
than among nelghbors r<. 001) and the length of.chases between non- -ilxh
; nelghbors was longer (T 8 85, P<. 001) ' This cannot be explalned on tne -

basis of closer prox1m1ty of neighbors over non—nelghbors since chases

' between.neighbors.and between non—neighbors often covered areas not



n.s. p>;;10‘

T+ p<e.10

*%  p< .01

L
Table 7: Components of ‘intepdctions Between female ground sduiqxels
within and between jage classes. Interactions with the male
were excluded from the calculations. There were seven adult
" and seven yearl.iug females, giving an expected ratio of
3 :%7 : 3 foreall components. '
Number of Intéféctions:
Between Between Adult Between .
Components Adult % and Yearling ¥¥| Yearling 33}
Avoidance’ 1 4 2 o
. Wy
Threatening o
- or ) 11 54 18 +
Challenging ' .
. Chasing 71 116+ 58 .+
"Attacking -9 71 32 *k
Fighting . 22 52 29  n.s
N

45



. red more often between‘neighbors than between non—neighbors (p<: 001),

46
[+§

defended by elther animal. Also, a,sizable portion_of interactibns between
non—neighbors were initiated}by an animal from within a neighbor's terrif
tory against a trespassxng third animal. . Chases involv1ng the male were

also Jlonger than those among neighbors (T=3. 99, p<: 001). Attacking -occur—

‘ while.the amount of fighting was nearly equal (Table 8) Very few Lnter—A§

actions'between non—neighbors vere settled by threatening or challenging

alone (6 5 percent) while these components alone'comprised 19.6 percent.

>

of all. 1nteract10ns between neighbors’(p<:,01). There was no difference

1
V

in avoidance between the two‘groups}

7. Nest 31tes. Transportation of 1ive young to another nest site

was observed for six of the ll females that raised litters that appeared“

above ground (Figure 8). In one 1nstance the entire litter was moved
three times, although the number of young moved decreased with each shift .

in nest site. In two. cases, the number of young moved corresponded to

the total trapped at that" s1te when the young emergéd on" their own. In

three,cases, only part of the litter was moved to a different nest site;

two nests -were ﬁrequented regularly by the female and young were trapped

' at both nest 51tes when they emerged. There was no noticeable tendency

!

i
I

I

|
|
T

:

~

Litters relocated were taken from.one minor‘burrow‘entrance to another. ’ ?ﬁn-f

for nests to be located centrally or perlpherally w1th1n a defended area\

and litter transport showed no consistent peripheral or censﬁki tendencies

°

relative to the entire study area. Three litters were moved in a peri— i

I8

pheral‘direction andlthree lltters were moved to a- v'léJcentral p051tion.> .
The only'consistent-aspect of litter location was that nests appeared

closer to minor burrow entrances than any other type. Bedding materlal

-was taken down a specific minorx burrow entrance where young later emerged~~
; r a‘_o

C
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Table 8: ﬁomponents of interactions between neighboring female ground
squirrels compared to components of interactions between
non-neighboring females during interval II,- May 8 to May 30.
Interactions involving the male were omitted from the analysis.

Ihtéfactions between| - . Interéptions between
’:E{ - _ neighbors.. . -~ . |~ © |non-neighbors
 ,. Total |% of totgl“/ .| Total 1% of total
* Component | number |number R "} number number
s | v
1 AQoidénCe- 1  }0 2.3' Q‘ fﬂu.s. . 4 2.9
‘//'“ ~ P - .
_Threatening \ L :
Se~eor 87 19.6 . *kk 9. 6.5
. -Challenging ' g ' '
Chasing | 180 |™40.5 *%% | 794 67.6
R , R , .
Attagking 114 ., 25.7 : **# ‘ 14 10.1
. Fighting 1"11.9 | n.s. 18 | 12.9
S ‘
/ 129 ' S
,1\3 ' Vl" -
n.s QEEit@
+,7B< .10
A p< .05
. **": p<..‘0'1 , } - .
. k%% p<.001 , : : I T
el - - . ' . ' 0 !
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, Flgure 8: L1tter transfer and locatlon of ground squlrrel nests durlng
1nterval II, May 8 to May 30

N = closest entrance ‘to “nest

“—————9 indicates entire lltter moved’ by female /

———=> indicates part of litter moved and two nests malntalned live young
‘ trapped at’ both 51tes r :
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Oniy after young animals had been above ground.a.feW'days did they appear |

-at major burrow entrances.

8. Dominance index. Occasionally a resident was unsuccessful at

excluding a trespasser and some individuals seemed to cdnsisdently initiate

. _ . |

agonistic encounters outside their territory and elicited submissive pos-
. A -

tures from other residents. This appeared to be irfeSpecti e of differ-

ences between neighbors and non-neighbors and differences between age

classes.
The classical concept of dominance implies the phygical superior-
ity of one animal over another and the possession of-a te ritory is con-

:sidered to enhance the dominance of a resident in encounters with a tres-

f

passer and influence the outcome of an interaction in favor of the res-

;dent. In instances where.a resident shows deference t?wards a particular
trespasser or is_defeaﬁed in an encounter bu£.not dispﬂgéed frém the
btérritory, it may bevthat thére ié an additionélfaspec fo thé éo;ial
organiéation of the pééﬁlatidn besidés ;erritorialityj

Tﬁe‘péséibig existénce of a hierarchy Supérimpgsed §n a_terri£driél
colonial aggregatién (called "territorial rénkv.ﬁy D%vis, 1959) was i%—-
vestiga;ed'iﬁ the féllowing ways. é%l decisive‘éhcdunters in wﬁich a
reéidenﬁ in.élOSe proximity‘tb one Q%‘her major buffow systéms‘ﬁas_de—‘
feated by a fpespaséer we%e tabulét;q. The majérity o§ thesé deéisive

i

interactions occurred in intgrval‘II’and_all the rest but three during

tﬁe moﬁtﬁ.of'Juhe‘(intérvals iIIvand IV).' The results of these inter-
actioné are sHowﬁ in Téble 9. - l

All of these dgqiéiye,interactiéﬁs iﬁ&olved either éhéses qf‘
attacks and the'resident either‘responded with;avflattéﬁed‘;uﬁmissive-

Y
%
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Tab%ﬁ*@& Decisive interactions. between female ground squitrrels.

K

I

Winner | Loser | ' .Winher Loset Winner Ldser‘
£ Ring 2 Ring f1 %vRing 2 k}ng f ,‘ % Ring 2 Ring| £
Al 11 E| 2] 1 al T lk["3 ]2 D2 [ J) 33
Al r| F] 21| | aA] 1]pP| 3|1 Bl 2 | k| 3|1
Al 1) ¢] 27 3 NERETEEEE El 2 |J| 31
Al 1] B| 2] 1 Al LN} 311 Bl 2 | P} 3] 2
Al 1| H{ 2} 2 NS F{ 2 |L| 3|1
M-8 ¥ G| 2|1} 31
" . n| 22| 31
B{ 2 | .I| 32
/ ' H| 2ol 3] 1

-

f = frequency

*Except for this instance and the ‘five recorded in the center column,

all other de0151ve 1nteract10ns occurred between fema&es and thelr

nelghbors dlrectly perlpheral to or behlnd them.

50



B . ) o, hi._' . ‘ ' Yrasse ‘
posture Or was chased fromiher owh area. Relative to the total number of
v X : : ’ B ey G . . - .
interactions, the pencentégé‘6§{&§c151ve interactions was small (4.01 per-

g e ' : S . v
cent), but they comprised 10.07 percent.oflall attacks and 14.50 percent
of a1l fights. In all cases listed, the 'winner" was an .animal from a
more central ring, and the defeated resident-an.animai in a more peri-
pheral ring. The most central female (A) defeated animals in rings two

1

and three, and ring 2 females defeated animals in ring 3. There were

oy N

only thfee éxceptio;é to this pattern. vFemalevB was defeated twice by
female I at-burrow-#6, an“actiQe bﬁrrow:in 1971 but not re-excavated in
1972. AS é result‘of these tﬁq encounters, female B no loqgef.approached
animals that trespassédﬂ@n the vicinipy-of #6\§%§ Frespéssers'were in:

" stead approached by female I. 1In &he last case, fémale P was attacked
by. female O appfoximétely:six feet soﬁth of burrow #9 and flattened sub-
'miSSively éfter a‘fiéhé. This interaction did’ﬁqt result in any‘notice—

able shift in the areas defended by either animal.

9. Trespassing tolerance index. The second method used to deter-

mine the possible presence of a hierarchy was to consider instances in
which a residgnt.animai showed 1ittle or no hostile reaction towards a

trespasser. In almost all cases, interactions dccurred .when one anim

trespassed on the territory of another and:hsually resﬁlted in oY

“the forced departure of the_trespassing animal or defeat of the resident.

However, there were 79 instances where neither of these results occurred

and the trespasser was approached and occasiohally threatened but no
further interaéting occurred. Occasionallyvthe resident was threatenéd
" by the trespasser and:would remain or move elsewhere within héf territory.

In none of these interactions did the trespasser retreat at the. approach

- 51
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of the resident and the animal would reméin in the area without further
o . .

‘conflict. None of these interactions seemed to effect a change in size

of tertitory. The lack of hostile reaction shown by various animals re-

webinteragtions. The -
i"‘f - .

with the resident in

)

sembles the inverse of that illustratedvby decisi;

. . o _ v v
most central female (A) remained withodt conflict

[

various areas:  in ring two 22 times and in ring 3, . three times. In 29

instances, ring 3 apimalé did not dispu?e the trespassing of the neigh-

- bors "ahead of them. ~ Except for the lack of hostile behavior of.ring'3

animals towards the most central female, agonistic behavior always occur-

red wﬁen the trespassing animali%@%*a non-neighbor. In:addition, ring 2

animals showed no hostile behaviar toward the trespasSing of neighbors to

the side of them 13 times and ring 3 animals did not dispute the tres-

passing of neighbors at the side seven times. The only animal permitted.

~to treSpass without conflict in ring 1 was the yearling female C from

iring»Z. Tolerance by the central female for this particulér yearling

Was recorded five times and in all five instances the yearling female

fiattened,submissively at the épproadp éf the central female.»lThe two

animals were mot related and this type of relationship‘was not observed

between any other animals on the study area.

'3_19. MobilitY‘index. The lpcations ofvnin€>of the116 fqmales were
tabulated every tem minutes for the entire interval and the frequency of

each animal in each of the threé rings and within its own territory was

~calculated (Table 10). Frequency -is expressed as a percentage represen-—

o«

W'ting the time (in minutes) in eécﬁ'location divided by the total amount

B . T . : '
of time each animal was present above ground during the hours of obser-

vation. The central animal spent the least time within her own defended,

~.
L)

<
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Table 100
. - 1nt¢rval 1

R.
!

. Ring 2

~ Ring 3

d

gﬁ?ﬁ

Moblllty inqu for

May 8@&0-

- e

of

- .
sine

3 g : o
s Percent of Total Yimgﬁgﬁent‘in:
own neighboring territory of
Female territ@ry _ terriﬁory nonﬂnéighbof
' . g‘f'}) . : o - >
A 67.72- 16.71 v 15.56
’ B ‘ .
* C . 76.78 . 22.96 0.26
D . 72.04 16.04 11.95
G 73.98 o 13.74 0 12.28
H | " 72,01 21.07 6.92
* J ‘ 87.19 8.26 4.55
BER 1 81.43 6.81 11.74
) | 78.24 1 6.28 . 15.48
* P - , . 88.38 8.26 3.36

53
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) : y .
area. The amount of time spent within territories was higher for ring 2

animals and highest for animals in ring 3 (t=3.60, p<&.05).l'This differ-

ence cannot be efplained solely as site attachment due- to the presence
.- ‘,: N ) o . . .
of young underground since non-lactating females in either ring spent

Aﬁpfobortidqélly more time inAﬁheir own~aréés than'lactatiﬁg fémales_in N
the same ring. Tﬁéfe is also no signiéicant corrélation betweén the size
of an animal's territory and the percent of time spent Qithin or outside
the territory.. Ring 1 and 2 feﬁales spént more pime‘in.neighboring areas

than ring 3 females? and the central female (A) spent the most time of
. . NECI

any animal in areas oc@ppied by non-neighbors. Ring 2 animals spent more
: o e : . : - : ‘ ‘
time in neighboring areas than ring 3 females (t=5.58, p<.05) and in

both' rings, the animals spent less time in non-neighboring ‘than in neigh-

4 d
boring atreas. Ring 2 females were involved in a higher number of inter-

actions than females in ring 3 (U=59, p<i.01) and the central.female had

an interaction rate 1.5 times that of the next highest female. This is

to be expected, since as soon ds an- animal leaves its own .territory, it

«

- : . _ » : -
is a trespasser on some other animal's, and the more time an animal
spends outside its defended area, the greater the probability of involve-

ment in an interaction.
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Iinterval III, June 1 to June 14 - . S . =

Young ground squirrels were first observed above ground on May 26,

and the last few déys in May were occupied in trappirg and marking juveniles.

}Ihroughout-tbis interval, the juveniles wandered progressively further

from their natal burrows during the day but returned tc the nest site
each afternoon and there was little decreasg in their numbers during this
interval.

1. Mobility index. During this interval, females showed an increasé

in time spent odutside their defended areas, irrespective of ring position
(Table 11). - Of the females tested, all showed a decrease in the amount

' o : o ' . :

of time spent within their own territories relative to the previous in-

terval (£=3.03, p<.05), but ring 3 fémales_still speiit slightly more

time within their territorieé than did females in rings 1 and 2. From

'iﬁterval ITI to ilf; time spent:in néighbpring é;eés increased for three
of.fo;r ring 2 females, but for oniy two of féﬁr ring 3 females. There

N wé; pohsignificant differende.in time spent in néighboring:territqries byr
ring 2 compared(tovriﬁg 3 femalesvfor interval’ll¥! Dufing iﬁtér#él ilI,
five df‘the nine animals Speﬁt more time'iﬁ nén—néighbbfing than in
neighboring ﬁerritories:v Compafed to the préviqus interval, ‘some of ﬁhe'

animals were spending an increased percentage of-time further from their

own territories, since eight of thé nine animals increased the amount of

time spent in non¥neighboring territdries. Ali animals in rings ljaﬁd 2.
'incpeased the amount_of'timé,Spént in non—neighboring areas gs did most"
- (3/4) of the animals in ring 3. (t=4.47, p<.Ol). =~ %

i
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Table 11: Mobility index fgb pine female ground squirrels: -intervals
11 and III compared. To meet the assumptions of analysis of
variance, all figures were converted to -arcsine of the percent
for statistical t-tests. ’

‘ 5 -
~ Percent of Total Time Spent in: .
neighboring,? non-neighboring
own territbry . territory territory T
Female | . II' r? | o1 | an 11 | III
- [_- A 67.72 | 59.26. | 16.71 | 12.59 15.56 | 28.15
Q{.. L — ) , » . )
[ c | 76.78 | .55.97 22.96 | 35.82 -f. 0.26 8.21
o S 72.01 | 58.76 16.04 | 12.37 ©11.95 | 28.87
‘DD . " . - ) ) . . .
a1 G 73.98 | 71.43 | 13.74 | 15.87 12.28 | 12.70
” 4. oL o } . y o ‘ o
‘ . SR | 72001 60.24 | 21.07 | .21.69 | 6.92 18.07
: 237 | 87.19 | v0.s6 | 8.26 | 12.50 4.55 | 16.96 -
e K 6.81 | 4.68 11.74 | 35.93
n }1‘,{;?__—? ‘: . - v [
S 6.28 | 17.12 15.48 § 13.01
o L_; P . 8.26 2.82 ] 3.3 | 13.38

! nterval II, May 8 to May 30

——___.g~interval 111, June 1 to June 14 ' -



2. Components of interactions. Residents still initiated the

o4

greatest proportion %§ interactions (78 45 percent) but the- percentage

EE

6f interactions 1nit1ated against trespassers from a third neighbor s

 area decreased to 8.83 percent (Table 4, pg. 33) The number-of inter--
o T T ' o ‘ ‘ .
actions initiated by trespassers increased from-9.55.percent in 'interval

II to 12.72 percent in interval III (Table 3, pg. 31).. In addition,
LS . CE . . ' . B oo ,
there was a ‘slight increase in the severity of interactions. Attacking

was more frequent in this interval than_in the-prévious—ome (pZ-0I) .

while the relative~freqoency of interactions involving only threagening ..

or chas1ng declined (p<: 02) : T S

The length of chases between non—nelghbors was still 51gn1f1cantly

longﬁr than th?se between neighbors (T=4 .45, p<. 001) There were no

differences¢ n 1nteraction components or_frequency between or within age
. N N ) . ) T : ! s
classes. R
”ﬁ@% In 13 instances out of a total of'249 interactions, an interaction
o . .

: : .
‘?Bﬁeﬁgeen adults occurred when a. trespasser first attacked a Juvgnile W1th1n

-

Vy; another animal 'S territory. A sécond female, usually the resident be—

o N . ay . '
‘]ﬁ; ghe alert on hearing the cries of the Juvenile and approached the flrst

) S
,? adult and attacked her or chased her out of the area. Cohesive nose-to-
+ - nose behavior followed betweén the resident female and her offspring. .

In two of the 13 cases, a female responded to the cries of a juvenile-

that wasn't hers; the adhlt”ﬁéﬁale chased the trespasser,vreturned; and

‘.,m

after a brief nose—to ‘nose “encounter w1th the juvenile, chased it away

i
.

- also. ,In'anotherﬁtwoiof"the 13.case§; a juvenile strayed outside its
a,\

lmother's area andiwas attacked_by thé resident female. - The mothertof'

the juvenile -in both -cases trespassed*and'attacked the resident adult.

»

‘No inJuries to JuvenLles as a result of 1nteractions with adults were,

) . N
R i ’ . . PR
' S N s
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"areas and returned to their prev1ous burrow systems. The major burrow

recorded.

3. Attempted*resettlement;' Thére are a number of factors involved

in both ‘the increase in mobility of the animals and the increase in the
number of interactions initiated by'trespassers. Once the young animals
emerge above ground they begln foraglng for themselves and thelr nutrit-

1onal demands’ ‘on their mothers decrease gradually untll ‘they are complete—

frm— e

e
1y weaned.. Lactatlon places severe energy requlrements on adult females .

-

and none galned welght from. the time of. parturltlon until the end of June.

Lactatlng females spent a large portlon of their time feedlng and d1d

‘not always forage within their own terrltorles. B ]
' B Co 5 .
In addltlon, those females with: ‘only ‘a few young surv1v1ng to

‘emergence [F(ALZ) and L(ALB)] and some of those which were never recorded

as lactating [P(UX3), K(AXB), and J(YXB)] attempted to relocate elsewhere

on the study area, and most of these new 10catlons were more central than
r

those whlch the animal prev1ouslv occupied Female J made frequent

_v151ts to burrow w26 but was constantly chased away : Female L spent.

a lot of time at #28 and P tried to remain at "#29. © Both animals retreated d

\
v

Aunderground at. the aforementloned burrows when attacked by the resident

animals: and after a few days left;the new sites at the‘approach ofvother

animals. “Female K‘moved'to‘#32 and F moved to ten feet northrof #27 and

. both remalned in these new areas for over a week They retreated under-

'ground at attacks from other animals and eventually successfully defended

‘
©

the new 31tes from trespassers They were not successful however, in
defeating the, re51dents that normally defended these burrow systems

[I(ALB) and H(ALZ) respectlvely] and were eventually chased out oL these
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stem at #27 and waéidug by female F in 1971, but at the end of;the

ason she moved té-the western edge of the study.area ard overwintered *
Pt ~ G - _

ere; she made no‘attempt to re-settle at #27 until_this:intervaL.

-

| - ©
i . ! : . .
- . . .

\ 4. Location of interactions. .Both the increased mobility.of" the
- T T : . . .
imals and the attempts Pf,some females to resettle elsewhere resulted

in a %cat:ered distribution of interactions (Figure 9). Ringjé females

Ca

espassing 'in ring:3, and ring 3 females trespassing in ring 2 resulted

. ‘~ L . . - .\;’ .v" . A ) . L . : .
theimajority of jhteractions occurring in these a;easb in contrast to

vy

- the tight central distribution of interactions. that occurred in ‘interval

E

Thé concentration of interactions around specitfic burrow entrances"

(ﬁ26 ZW 28, 29, and 32) reflected -the conflict~resu1ting when five of -

4 - 4 .

the aduit feme%es attempte to resettle at these sites.

and was not recorded after June 5 This was earlier than expected since

_\ t : G :
v ! he adult‘male dlsappeared from ‘the populatlon during this- 1nterva1
I N -

2
&

‘the few malés present in 1971 were present until the last week in June.

1



Flgure 9: Location of- interactlons durlng interval III June ! to June 1l4.
Each; sol@d dot represents one 1nteract10n between two ground. S
squlrrels, : : .

) - ’ . . N

©er



'move through the tfrrltorles of non-neighbors to reach the vacant areas

61

Interval IV,.Juné 15 to Jﬁﬁe 30 .

Oﬁ‘ﬁhe afterncon of June 14, sel invaded the eastern end
) : R = © . . B

of the study»area‘and killed two adult, ground squirrels [I(AL3) and B(YL2)].

This left two adjacent areas without residénts and the responses of the

remaining ground squirrels to the,ﬁery vacant.areas altered the previous.

‘social situation. The interval divisions were based on major changes in
the seasoﬁalbbiolégy of the ground squirrels so this latter interval
designation. is, in a sense, arbitrary.. Had predation not occurred, the

. . ) . e}
social organization in this interval would have been included in interval

IIT. _ , -~

o
N

I. Interactions between non-neighbors. Compared to.interval III,
there was a decrease in the relative number of interactions between neigh-

bors and an increase in -the relative number of interactions between non-
neighbors-(p<:.001)..’Tg? increase in the ‘relative number of interactions

between non-neighbors waS'probagiy due to two main factors. The animals

L . < ’

S . : S : 5
appeared to spend even more time outside and further from their territories,

%) :

and animals from-all over the study area were observed in the areas left

vacant-by the loss of the two females. Since most of the animals had to

i

‘the probability of interactions with non-neighbors along the way was in—/)
creased.  The weaselﬂpaid'frequénﬁ visits-to the study area following
. ? - - L ’ . v ’ ’ : ) !

1 . .

the successfﬁr'éapturé_of the two females, and on June 19 moved three -

S | T o L. S
kits to burrow #24 and lived on the area until June 28. After June 28,

the weasel moved her kits elsewhere but continued to visit the .study area
: - : . o . .
at: weekly intervals. . The ground squirrels conmtinued to chase non-neigh-

' 601)' but would

bors over lqnger distanceé;tHan neighbors (T=3.38, p<.

s
P

'

.
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[ I .
' p . X @

chase the weasel over eveh greater distances, sometimes traversing the
. a 5 . . . .

@ [

entire'studf aréa. To‘evade;harassment by adult ground‘squirrels,.the:
weasel'would frequently diyevdown a grounddsoqirrel hdrrow, reapéear-at
another entrance and move off without inciting pursuit. Chases dith‘the o
weasel.were accompanied’byithe alarm calls of most nearby squirrels,” The
alarm calls served to alert‘theiresident of ‘an area'who usually arrivedl

at the conclusion of a chase afﬁerlthe weasel,had gone.dnderground and

when only the squirrel'that had chased the'weasel was present. Since the
;;hases with the weaselhcovered longer distancesnthan‘Chases>among squirrels,
‘the trespa551ng sdulrrel was. usually‘not a nelghbor,of the re51dent and-

© ‘»0,.-

an interaction between non—neighbors frequently followed a chase w1th the

._,‘
.

weasel.  It.is 1nterest1ng to note that although the weasel was almost

N Pl

-always chased when she appeared above ground, no adult ground squlrrel

. L W A\

would continue. the chase undergr0und ~even 1f the chase concluded at'a
i

@, L
N N EAA

'burrow system she usually defended ’ an51der1ng thelr relatlve lengths

. ::S-r ‘ ' v T B . .
and weights,- the weasel may have an advantage of greater maneuverablllty

- u© 2 \

underground; In'AugUSf, 1971,lé iUVenile‘male'Pursued a weasel under-
: ; - L ’ ‘;\"} "::"“IQT'..:A;-' . S '.‘.}’;4 [
ground and was never seen again. ) AR _
. . . f‘ ‘,":‘.,(‘.A_ - o

. a
.o X . 0 ] o . ST oty 1

- ‘ - P -

2. Resettlement. Mdre‘iﬁtef%ctibns;were-initiated by an animal while

1

,in.a neighboring area during this_interVal than during,interval III _ff“

v(p<I OOl) and these 1nteractions were 1n1t1ated prlmarlly agalnst tres-

pas31ng non—nelghbors rather than agalnst other nelghbors (p<: OL) (Table

_4, PE- 33). This was in part due to the increased mobrlity of all the

- '

animals and to the»influence of the weasel on distance of chases. An
important additional influence was the attempts of two animals to resettle

in the.area left vacant by females T and B. Female K(AX3) who had

"
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preéviously attempted to move to #32 .continued to visit that portion of
the study area and after the deaths of the two females moved to a minor
burrow entrance between #29 and #53. She did not remain there .more than

a few days and eventually returned to her previous site. Female Q(UL3),

¢ : ) ' s
e s . ‘ : v
who had%gﬁqyiougly never been observed closer to the center than burrow
' L ):‘, F A ’

BRI PR+ ) L . - , :
#7, m6ved jfromther previcus position near burrow #1 to occupyrand success—

-

fully defénd burrow #29. Although female C(YX2) expanded hef ;erritéry ‘ff
to include burrdw #5;; no squirrels‘movéd outward to occupy thé rest pf

the space left vacaqt by female I.‘ Thé&only.animal'ﬁggmarkediy change
her(lqéation was female Q who moved from a peripﬁeréllto'a moré,céﬁtralA
‘poéitionvin~spité of.phe fact that her litter remained_neaffbufrow #1.

This centripetal movement after the removal of a resident further supﬁort$;

E)

the observed tendency of S. richardsonii to congregate in a central_lo— et

cation, and.implies|, perhaps, a preference for central over more peripher-

PR

%é‘positigﬂ$;

PR

3. Components of interactions. There was no difference in the

severity of iqﬁeraCtions between neighbors and non—neiéhbérs, but the
éeverity of interactions diminishgd between intervalilllvénd IV (Table 3,
pg..sl).  In intérvél Iv, féwer interéctions‘;ﬁvolved'figﬁ£ing (p< .001)

gnd significaptly‘mo¥e iAFeractions invoelved only-threqténing orﬁchallenging,
(p<:.001) than previously.‘ Préportioﬁally more interactions were char4
::acteriégd by_avéidance_(p<1.dl) whefe;a trespasser left an aréalatfthe

o approach.of'a resident and no pursuit ensued.
. \ ]
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Interval V, July 1 to—Juiy 30

, /-

/ this area'during her last week above ground. Despite antagonistic -

¢

1. Torpidity.f During interval V, the number of animals active above

ground declined steadily as the r:tgining adult and yearling females dis-

appeared for phéir anﬂﬁél episodes of torpidity. All females which did

not raise a litter disappeared earlier than females that raised litters
and there was no overlap between the two groups. There was a high degree

of correlation (r=-.89, p<.00l) between the relative weights of the ani-

“ mals as eérly-as June 21 énd the order in which animals disappeared for

torpidity (Table 12).

. The overwinter location of most females was somewhere within their

' \ .y

own territories and in some cases the precise location was noted as a re-
. 8 ! o

"sult of the sequence of events preceding the onset of torpidity. Irddivid-

— . R

. . _ v E : S T ‘ B
uals were: observed carrying bedding material to specific lécations; in all

cases- the entrance used for access to the presumed chamber was a minor bur-—

row entranae. Within a week of final disappearance, the individual ani-

[y

o .8 . . . : . . . '
mals emerged later in the morning .than others and retired earlier, always

emerging from and retiring down the same minor burrow ertrance. = After the

final appearance above ground, theibufrdw entrance was plugged with;dirt,

However, this last stePIWas not irreversible. Two animals, females K and

"H both dug cﬁrough the‘dir; plugé at théir'réspective burrow eﬁtranceé and

2 - E
.

spent an additional morning feeding. 'Upon rétiring, the dirt plugs were

replaced and the animals were not seén'agaih for the rest of the season.
. f . . . B N

Female K was an exceptiod‘to the general tendency of individuals to over-
winter within their own térritories. . She had attempted unsuccessfully to

resettle between burrows #29 and #53 durihg interval IV and returned to

P
. - . ) . R N

. . = . .
- : - . et



- Table 12: Relationship between weight,,rEproductivéfconditioh:-and_
' order of entrance intg ®egpor (T = .95 ). .Datd were -

incomplete for ‘females D and Q. . & , S

. x
¥ g
chEL :
T N |
§ S Y ; R ¢

Weight on-| 'Last -seen above [I Reproduétive -
Female June 21.: -~ | "ground on ws'andipFIonH :
IR - . N

el

P I 47%1 o ‘A6 / 27v‘v >;‘-;L R -
J - 470 J:f ,'1 6 /\36  ': ,”‘ff'ﬂ5'x'
Ko 1_ 447£{' ff i-6 / 30 s.' ; R

“c 398 | 7/ ] xo

G B S B S A2 U (NS AL

0 396 PR AVAS U RS )
oosss | 7as o e
B 391 719 L e

N .v‘:‘ ’  §16J,;H :'.v'.7 /_Qi | I ‘ivitt

H 3700 77/28 | L

it

il

non-lactating (i.e. did not raise a litter):- .

]

lactatihg‘.
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encounters with female Q, K remained in the area and overwintered there.

2. Components of interactions.— There was a'significant decrease
invthe«frequency of interactions_in this interﬁal compared to the previous
one (p<.001). The‘decrease in the number of interactions is directly .
related to the decline in the number of anlmals still above ground (r=.80,

p<. 01) There were no interactions after July 17 although five animals
e o

"' were still present. ' There was no difference in the severity of the inter-
factions compared to those of the prev1ous int .. Interactions char-
. acterized by threatening or chasing occurréd more often than those invol-

Tﬁ;fY%Pg‘attacking‘and fighting.

. i v _ .
3. Greeting and allo-grooming. A number of instances of greeting

o

and_allo—grooming were observed between pairs of adults and yearlings..

"‘__ThiS'type'of interactien is common between adult females and'their'young:

'Iunrelated female yearllng (G), and two greeting sequences 1nvolved an

'

of.a'givéh Year (Steiner, 1973 Sheppard and Yoshida, 1971) and there is' .

'some ev1dence for recognition follow1ng hibernation beLween a female and .

o

\“her-young Qf.thé-previousyear (G;:Michener, 1972). During-this interval,

tWojgreeting-sequencesfinvolVed»two different pairs of adult females
S RTIT o ,

e

‘~(L,and?A“JL'and‘H);.three~seqUences involved an adult'female (L) and an

A:adult female (H) and her yeagélng daughter (O) ‘ On _two hcca31on5'gr;ctlng

*

;was observed betweé;\tho non—related yearling neighbors (E and J)

: Creetlng.was accomplished by month to nouth contact and one or both animals—™"
;:usually held the mouth slightly open. 'It appeared-investigatory in
"'nature, but not .as prolonged or eXtensive as that described for Cdnomys
':qudovzczanus (Klng, 1955) -or for adult and young f'hzchardsonzz‘(g:’

Mlchener, 1972) - Each:pairvfor which;this'behav1or occurred involved a -

.;gé
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central .animal- (from ring l or 2) and’a more peripheral animal, and 1n_
&\ft‘)‘-'- : \
every case the 1nteractidn was initiated by the peripheral animal against

’

a treepa331ng central animal E In three 1nstances; greeting~was followed

by allo-grooming: Female‘O_greetether mother trespassing at #14 and
éroomedlthe‘region'near her head and hecklﬁor nearly”fiye minutes. On
two different occaSions, female L\grooﬁed the more centr;lly located «
N , ro

yearling G near #18. These %rooming\QOuts lasted loﬁger than five min-
utes and L appeared to'gﬁoom the:he?dgregiohf neck?ahd back of G with
her;teeth_‘;éiﬁce greetihg ahdlgrooéiﬁg have beeh'observed’between both
relatedléﬁd noh—related individual;fit seems tovrehresent a behaVior hot
fungtioning purely in sibling or‘ﬁother—youhghrecoghitionr Axbroaderv
ihterpretation;;ah“implication:of‘domihance relationshipe or friendly

RV A
IS

. behavior is consistent w1th the trespa331ng tolerance index mentioned in
1nterval II where peripheral animals tolerated trespa551ng by more cen-—
trally located 1nd1v1duals. In the 1nteractions 1nvolv1ng greeting and

.grooming, it was the resident'peripheral animal in'all cases which

‘initiated the grooming against ‘a trespaSSing,@more centrally located fe-

_‘male.m There were no: differences related to the ‘age classes of the animals’

- . -
: 6

involved, norfwas;this type of~interaction limited only to-related\indi—

vidoals;‘ -



SUMMARY OF SOCIAL ORGANIZATION .

spapial territoriés within a c&lony although trespassing by individuals
occurs. 'Although the malé fanged ovér the whole study area, he~éply de- .
fended a small area on the periphery. Territorial bohndaries were most
distinct durlng interval II when young animals were born and living under-
ground. Fémale territories are more than just ‘nidic terrltorlés since

they includé a number Qf major burrow systems”an&.éncompass an area greater
than a specific nest site; thgy are however, "burrow-centered'.

2. The territories in Ehis colony were arranged spatially in a

& . .
. . s + . I3 -
series of concentric rings with the territory of a single female in the

center,.tbe térritories of ‘seven fémales.comprisihg the ﬁexﬁ riﬁg{ and.
_those of eight‘females and the one malevcomprising the most‘peripheral
ring. ‘ ".. _ S o e
3. The tendency 6f female gréundrsquirrels to.seek a central po-
sifioﬁ in the colony was SUppogted byfthe‘followiﬁg:
A.“The(%Mjority of interactions‘during the pefiod of settling'in
were concentrated towards the center of the study area.
B. Two anlmals\hhach hlbernated‘on the periphery successfully
settlea in riag 2;- No animals mOVed from a more cent¥®l to a
more péripheral area. |
C. During inte;val I1I, five females attempted to resetzle in a
: . - _ ‘
more central location (bu; were unsuccessful).

D. Following the deaths of two females -in mid-June, one area left

'vacant was occupied by a‘more peripheral female. No central

68



- animals moved outward to occupy the remaini- ; vacant area.
E. There was a significantly higher density f animals centrally

than peripherally.

i

4. During interval I, there were significantly more interactions
between yearlings than between adults and yearlings or among adults. TFor
the rest of the season, there was no difference in the frequency of in-
L - .

teractions within or. between any age class. During interval II, there
were more chases between animals of the same‘age class (A-A or Y-Y) than
between age‘ela5ses. Attacks were more frequent between adults and year—
llngs and among yearllngs than among adults.o During 1nterval I, there

were more 1nteract10ns between the male and females of: both age classes

~than expected by chance.

T

5. There were more 1nteractlons between neighbors than between
non—nelghbors. Wh;le the male was present, there Were more interactions
with the male than wlth non-neighbors. Non-neighbors and the male were
chased over longer dlstances than nelghbors. Chaslng was the mostvfree
quent type of interaction between non—nelghbors but both attacklng and

1nteract10ns settled by threatening only were more frequent between

neighbors. . _ : o ’

£ . : - . .
6. Residents initiated. the gpeatest percentage of interactions
during all intervals. Percentage of interactions initiated By tres-

Apassers was highest during the period of‘settling in (interval I) and.

.during the periods of attempted resettlement (1ntervals III and IV). The

percentage of interactions 1n1t1ated by a re51dent whlle w1th1n a neigh-

bor's terrltory was hlghest durlng interval IV, the ﬁgrlod of attempted
‘éz .

1% g

69 .-
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and successful resettlement.

7. Chasing was the most frequent component of all 1nteractIons
2

until 1nterva1 V, when interactions 1nvolv1ng only threatening or chal—

_lenglng were most frequent. Attacklng and fighting occurred most - fre-

quently during the perlod of attempted resettlement (1nterval III) and
then decllned.for the'remalnder of the season. As‘the‘frequency'of
attacking and fighting declined, the percentage of interactions char-

acterlzed by av01dance or by threatenlng or challenglng rose correspon-

"dlngly.‘

perlpheral neighbors in ring 3.

<

5 en

’

8 Evidence for the presence of a hlerarchy superlmposed on a

terrltorlal colonial system is prov1ded by results of -the dominance 1ndex

and the tre pa551ng tolerance 1ndex. The most central female defeated

resident animals 1n rings 2 and 3, whlle females rn X ng 2 were able to
defeat more perlpheral resident neighbors. ‘Trespa551ng by  the central—

most female occurred wlthout hostlle reaction fro resident animals in
rlngs 2 and 3, whlle ring 2 anlmals trespassed without conflict only in

some adJacent areas in- rlng 2 and, to a greater extent, in territories of
P :

Y

9. All females'spent the greatest percentage of time within their

gre531vely more t1me out51de heir own territories. "Central females

own territories durlng 1nterv1l II. Thereafter, all ani- -1s spent pro-

i

spent more time outside their | own territories than perlpheral females.v
There is ~some 1nd1cat10n that anlmals spend more .time further from their

territories after 1nterval 11.



RESULTS
PART II: ACTIVITY -

Introduction

Eleven differeﬁt types of activity were tabulated and compared for

central and peripheral animals. The number of subdivisions of-activity
were limited to those gross activities observable in a field situatibn
with the ‘aid of binoculars. Since it was imperative to record the be-

havior of all the animals on the area simultaneously, détailed'components.
s : ) '

of'éach activity were not included (with the eXcéptioﬁ of'tpe components
of social infera;tions). Seasonal Qarigtion-was tabulated»gy intervalé@
isﬂnce it was expected that changes in the Biologicai‘condition of the
‘animals would be reflected in changes in various types of activity. Al-
though ;he obseryatioh times Qere constant-fdt eécﬁ'day, nqﬁ all thg an—
imals were visible glllthe.time. For pufposés;of éomparison, all absolute
dutaF;bns of activity (in minutes) were cénverted to péf;ent of‘tdtal time
abové;ground;fof each aﬁimél for égch‘interﬁal, 1Actual t lame spént above’
.ground and percentages of 'this time devoted,tp each activity'are given:
for each animal in appeﬁdix II. ‘;qaétatisticai anaiyses, datajfgf Ehe

central female in ring 1 were combined Qith those for females ,[in ring 2,

and.thése fogals were cémpared-to dgté fof'rihg‘é'feﬁélest* ihe %;ﬁg— |
Whitney U-test wasvﬁsed tHrougﬁout fhié section‘(unleé; 6the£wisé indi-
.ca;éd) to compare aspécts of ﬁctivity between the two groups. Addi;ional
activity cdmparisqns.wefe made between yegrling and.adult females, irres-
pective ofbring‘positipn;v,Dsia on the single maie ground squirrel wére.

omitted from the statistical analysis of activity.

‘

* see remark page 121. .

Rt
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The types of activities tabulat%d for comparison may be grossly '
subdivided,into two categories: non-social- act1v1ty, such as feeding' and

self —grooming whlch are necessary for the preservatlon of the animal as an

’ 4
1nd1v1dual,.and 3001al act1v1ty such as marking and interacting which in-

7 -

volve other members of the, group to a greater or lesser degree. A brief

‘ descrlptlon of each of the activities 1nvolved is followed by the statis—

tical comparisons of these activities among different subgroups of the’

ground squirrel colonys

squ1rrels blt off and ingested short . grasses

‘:11. Feeding.

and. small leafy plants w1thout ‘using the forepaws. The animals Were not -

s

»

fuls. Occa51onally the forepaws would be used to bend down the head of

a taller stalk of gra In the two 1nstances a ground squ1rrel was ob— .
served to capture and eat other anlmals, the forepaws were used to catch
the animal (a butterfly) or pin it to the ground (very small frog) The

duration of feeding act1v1ty recorded 1ncluded 1ngest10n as well as the

~11m1ted amount of locomotion between mouthfuls.

2. Food)gathering. Infrequently an animal would bite off pieces

of grass or small leafy plants and accummulate.them in its mouth and.

t

cheeks without chewing or swallowing When a suff1c1ent amount was col-

lected, the animal would go underground and not reappear for some time. -
This type of feeding occurred most frequently Just prior to“the cessation

of above ground actlvlty during the hottest part of the day or just. before

\a heavy rainfall .Food gathering may follow a perlod of regular feedlng

, . b Ra
3 ' - . . ’ AP

stationary durlng feeding but moved short dlstances after every few mouth—'

.72
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‘or an‘\éfﬁé“ tivity, or the animal may make a special trip above ground
y vity, e animal may sp P

- to gather food. Presumably t@e'food is eaten While the animal;;s under-
n_“fground. 5 ' ' ' K ‘ ' ' C

3. Digging. Old burrows are widened and rew burrbws begun ipitially
by ﬁawing at the'grouﬁd with the forefeet. By this actipn, mostlof,ﬁﬁé‘

Lo - bl

- , . . . . _ R R . ) .
dirt is thrown“beneath the body. After a small pile accummulates, the R
animal uses its hind feet to push the dirt further from the burrow entrance.
oLl ed &, ' : e ‘ - o
After Severalihours of such activity, a mound of dirt up t;j%wo meters %p'
diameter’surrouhds the eﬁtrance.: If the’mound is very steep,‘ground
squirrels will move dirt away .from the entrance by pushing with the fore- = '™
. head and t®p of the skull which fé§ﬁlts in a-leéveling of 'the: top of the .
‘_‘ ‘ ) " - ‘. P,Jv t N . i
, mound. Digging movements were also used infrequently to obtain plant . i
Jparts.at ground level (or roots?) for food or for bedding material. .
 Diggiftg in this confeExt was of'extremely1short*dupation’(&gss than“one ~ o
R S ST S “a ’ - SR .
minute) and was considered, patt ofsfeeding .or bedding material, collecting -
rather than-digging activity:\.-. - . -X& . . ' o .
- ,t - A, o ﬁ[f7_, ; ‘ = A c B : )
4. Bedding materialjcollectddn. Using the forepaws; ‘an animal
would, dig briefly at the base of a clump of 'dry grass’ and remove pieces - .
' TP A S e ‘ ' -

’-7'by<pqarjng them off with the ﬁc@th'in'g raﬁid; jerky motion. The. long.: o -

MR N

r. g N : o . ‘ . , - .. - - S ,

. o, . ) . . . '.» ; i : 5 L . . } T h . . . . § L “ . R . o’

+ e pieves wobld be manip@lated with the fg¥epaws and packed sideyays. behind.. .- .
A L * S a e, -‘“ pic ol f{ ? R Ln : ’ ‘5\_

KT Lo L= ' . NN e P i L
CCoeie Thoilsers. After @peating this %rocess £wo or three times, the anir =~ * - w
. '. M ‘4 v . ) . . . A . ' » . . e

wal wonld deposit the material. down aburrow 4n® reappear ‘almost immediate-
' o : " _- . [ o <t 4 v s L

Pv'tor another trip.  Both rhe time spent gathering the'material and the ©. -

Lonraveiting te oand from the burrow to deposit Jthe material were tabulafe A

Although this activity superficially

; : 9 -
< : o

Yok patheriog, seweral unique aspeCts of begdding material




[=d

s , o \
3 ~ ’ .
: . . '\, PR T N : ) !

.

' L T : L . . :
collection made it easy to distinguish the two activit&es,invthe“f}eld. L e

)

.
LR

Animals with bedding'material frequently paused under the observation™

towers. on their way to their burrows. From this,close,range, it -was X
‘\ N ) Y ’ - -

apparent that bedding material- was always drv grass ‘with only the occas-

.-

:"

ional green blade 1n‘ heHbunch; A ground squlrrel trapped whlle gatherlng

/food dlsgﬁrged the contents OL_ltS cheek pouches and all the: plant pieces

. ‘were fresh and green, except for a\few seedéﬁ% Beddlqg materlal was col-

~,
lected over a period of several trips whlle trips for food gatherlng sel—

. dom occurred more-than once at any one time. Lastly, dlffefentlatlon P
of the two types of act1v1ty was 31mpllf1ed 31nce.gathered fobd?neyer proﬁ
Al 1

'truded fer ghe animal's mouth, whereas beddlng materlal was always v181ble

when it wasvbeing transported:‘ These differences are in agreementQW1th‘ '/\
- - i R . . - - — o
' observations made by G. Michener in_Saskatchewan (pers. comm.).

L . .
K ‘ B . - . e
‘. . 4 . i . " B . R . S S ‘

5. érooming} Areas that could be reached w1th the mouth in—‘
cluding the.llmbs, belly, anal reg10n§an tall were cleaned w1th the o
_ tongue. Frequently the anlmal would use 1ts teeth to nlbble at a spot
Cre . ¢ i
, 'ln 1ts fur. aGround squ1rrels used thelr forepaws in a washlng motion
N\, i . - R . '.7;,“ .

‘jover thelr necksp heads, and’ ears, areas that could not be reached dl— W T
- - . ) r,' » ( . 9 -

: . \
reetly with the tongue. ‘Both fore and hind feet Were used . to scratch don‘

\- )(. LB ’

ey e

7 sally, ventrally, and’ behlnd-the ears.g Although groomlng ls esseaglally =

v . ‘».' - i
B o

b

~ ¢ -

a non—soc1al activ1ty, it OCCurtgﬂgin severa& SOGlal;COntéhtS as well . _
. a .
o - . . , (.("
A veryhbrlef bout of grOOmlng frequently occurred°follow1ng agon&stlc-con— ;
\ N N i - i . ," s

v

tact with- another anlmal Slnce the duratlon of tactivity in th1s con=

. text was ‘at most a few secOnds, 1t may be more approprlately con51dered“.

‘a dlsplacement act1v1ty As such, it was not tabulated under groomlng ' g
., 'act1v1ry .Allo—groqmlng among adults and ycarllngs also occurred in the

) - : a . . . T
< . . A '
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. o - . . ' . .
interval prior to hibernation;‘{Although allo-grooming - may, in fac?g have
Nl . ! - ¢ :

maintenance functions, the occurrence also had strong social implicaplcxs.

These infrequenttp%riods of allo—grgoming were excluded.from the tabulation-
. . " 0 . . N . -

»,0f grooming time.

6. Sunning. On cool, sunny days or‘days following a raln;‘ground

squirrels would sit or lie ,on the burrpw,mounds in one of.stwo postures.

If the ground was damp, the ground squlrrel would sit -hunched over with.

~

rali<foﬁf’%eet close together and with 1ts back to the. w1nd. If the air_ ;> '

was cool butrthe mound was dry, the squirrel would lie w}th its belly

against the substrate, <its hind legs extended backwards, and ventral sur-

S

facés of the feet facing upwards. ‘The latter posture could facilitate

s
P

‘warming the animal Since the dark substraté would hold heat. The huhehedw

‘

posture may aid in conserving-heat or preSent least:contact with moist é.w

substrata. in both sunnlng postures the animals dppeat qu1te relaxed

‘, . ‘ ‘." N ”\ . s~
and frequehtly their eyes were partially‘or.gompletely.closed.f

~ ~ -

Social Activities - L . . }-. .
v - - ' ' - ’ l o . ) ° ) T y . N -

.5 L N . ‘,

1. Alert benav1or. A‘degree of watchfulness is—eommodlto all ground

yos

;squlrrel actlyltles, but alert behav1orrls dlStngulShed by fack of 1oco~

£

.; _° . /( . o ~ . o )
.mot&on and,a r1g1d body ﬁosture . Therégéfe a varletyyof alert posture% /}‘wiy

.- : - - TR :
1ncludlng prone, upgiéht crouched with the welght supported by the,«ﬂfé&.wr

-

and posterlor,:and up\dght ‘extended w1th the ‘body welght supported by
the hind leé%'alone;' In all varlatlons of alert posture the head 1s held -
' » g v ) ‘\W ) AN
higher than the rest of the”quy ? Theée postures were Ssék durlng alarm,

’ . ‘ 2 ) I~

calls, at the approaeh of another ground squirrel, or at the;appreach of
. _ ‘ : , ' - \

a potential. predator. ' ‘ .-



2. Investigating ,Ground squirrels displayed considerableiinterest
B} ; ' _
in burrow: entrances or other specific locations visited or marked by

other individuals. Support for the association ofninyestigating with .
‘the relatively recent presence of other ground squirrels is provided by

‘the close vmporal relationship between the activities of one ground
/.sduirrelifollowed by'investigative behavior in the same agea by a second

érohnd squirrel. The informatiOniderived may be both olfactory, when ifA—.
{vestigating follows marking by a rirst animal,’anq.auditory, if the first

animal is in a burrow but out of sight. Investigation of a novel object .

2 v v

: - o, .
was not included in this category.' Investigatory behavior was. common
Jand outs1de o[ an indiVldual s own' territory and may be

. @ \QJ@M '

bro dly ? ﬂterpreted as the reception of information concerning the recent

presence or abSence of another ghimal at that locatAon.

.- - : : - . , e
. . .

‘3. Visiting burrows. - An animal\WOpld ddsappear'down‘a burrow en-
R . g p- T - - . . . - ) .. -
trance and rQappear at the same’ entrance\ylthin a few, seconds ‘ESYEStif

Y
~
b . - N

n_gatory behavior-sometimes:preceded visiting,pbnt‘the two activitiesjwére ' ‘.

o

not con81stently seqhential Visiting occurred &t t . sites bg e 2& :
LIS = o e ’ N “
:oo0® - ’ el

w1th1n and outsiSe ‘an 1nd1v1dual territory ’
) & 3‘ : c h
. 1 SN e ¢ b .

4 jt 4. Marking Warking 1s characterized by the deliberate w1p1ng of

AR X
RER R & 5 '?\\ & ' '

the pral angle, ‘the - &heekgregion between.the angle of the Jaws and the*fuﬁ
n‘ e . s R * 4

ijbaséJOf the car, dhd sometimes the lateral surface off%heﬁbody on a pro-

- : .. . . i

<N

%, jécting portion of the substrate.g;Surfaces frednentlY'marked inc luded”’

. . . - - . s - . "v e
.burrow hills and entrances, wooden stakes wsed to indicate burrcw loca-

tions and,grid positions (for mapping of‘the'area), and -large rocks.

h}bmrking among 5. rvcnaraooltz appears veryi@imilar to that described. by’
iSteiner'(1973) for 5. columbianus and 5. undulatus. In' 0. richardsonii,
. » . e « ' . ’ . -

i 2
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the angle of the mbuth is known to contain secretory apocrine glands

.

(Quéy, 1965). The function of these glands ig still under inveStigation,
but it is thought that:such scent marking functions in olfactory group

andlquité possibly in iﬁidual, communication or recognition (Ralls, 1971).

) - ) .

77

5. Interacting. When the behavior of one or more ground squirrels’:

has 'a direct and immediate effect on the behavior of another animal, this

PR

constitutes an-interactiorn. The'compofients of an interaction rangeé

< —

from avoidance to .the most potentially injurious'typeiof agonistic contact,

fighting. These components were considered individuadly in determining

.the social organization within the colony. For purposes of quantitative
comparison between animalq‘of'differgnt social status, the percentage .

. ' S . o ) . ) . . < :
of total time spent in all types of interactions was combined for analysis.
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After prolonged periods nf inactivity due to un-
‘{favorabhe weethef,;feéaing was aiways“tne;ti;St‘attivit§H0f any dnretionﬂ
‘:f gq occ ; dpgn enetgence;ﬁ Fto; fielalobeervatibns,vit eppeared‘to‘be the
imost‘c‘nsiitent activity uponﬂsnergénce_in thé morning, gegardless.of the

‘
. o

season¢ and’ usually exténsiveifeeding preceded retirement to burrows in

val (Figure 10)- . , e ‘f ‘\}

o

The male 1ncreased the amount of time spent feedln& durlng each

°of he 1ntervals hétﬁas present in the colony The'total amount of time
_ ‘F“ SO

r

in/ both intervalgfI'and IT, but was con51derably hlgher than the percen—

5 “ s
f ‘. . N

tages for bothﬂgroups of". fe;&%gstin ikterual-III, whén'feeding'by females

L
U, I N . o

- ’ : ¢

a

cetet comprlsed the lowest pcrcentage of total act1v1ty of all 1ntervals Due

to thevsmall sdmplé size of males (one), the resultstwere not,compared

~

statistically; but‘the‘lgrge_quqntitétive diffetence'is,updoubtedly due
} , _ AN : N
- to thehdlfference 1n onset of torpor between adult males and ‘female

S Tg O At g [ RS e L_“
Dt . . . ; o . 3« .

-~ 2

~c_ The male dlsappeared after June 5, but femalns d1d hot begln torpor until®

.\\ g‘v-‘w a

" June 27 The percentage of time spent feedlng follows a 51m11at trend

o . T . s ER T

,for bpth the,male‘and;ﬁemales,.exdeptvthat the females havé 'a longer:

season of above ground activity so increase in feeding prior to dis-

L3 N

'apbearance undergtound;ié~dela§ed.

78
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Figure 10:

ro 'J‘,. .

. : o '
v T ¢
. .

Feedlng 1ct1v1ty Amount of activity expressed as ‘a per—
vcentage of .total time above. ground for each animal for each

interval. The range’ and average for both groups of females

_as well-as “the ‘total for the male are illustrated for each

1nterval N indicates sample size for each group. Sy



o

.i{food gatherlng during intervals II, IIl, and V and ring 3 females had ‘a

.
s

Q2. Fdod;gathering; ‘Food gathering uSually occurred just‘prior to
. 5 { . v
the hottest parts oﬁ*the day This act1v1ty presumably allowed the ani-

k,_

mal to contlnue feeding while at the same “time av01d1ng the danger of

v;heat stress. Because of the association.between high temperatures;and

"},— .

oA
¥

_food:gathering activity, the complete lack of any such ao}ivity'during

B intetyél I is understandable, since the maximum daily temperatures seldom

freach%d;SSOF. While ring ltand 2 females had a greater oCcurrenCe of

L P o

dnlgher percentage of food gathering in interval IV the'differenresfbe—

\

: ?tween the two. groups of females were not 51gn1f1cant (Flgure 11). The

male was'only observed “to gather food during interval II. For all animal$,

the U&me spent food gatherlng was greatest in the 1nterval precedlng the
a»ﬁu" d .
interval 1n whlch they- b%gan torpor - This WOuld indicate that food‘

gatherlng may be an asset in galnlng weight' prier to dormancy although 5

_thereuis‘the possibility~that some oﬁ this food may-remaln‘underground
and serve as a cache for the brief periods of arousal during hibernation.

)

’

3. Digging. The occurrence of dlgging for: all an£§;I¥ declined :

~from .the highest percent_ges 1n 1nterval I to the lowest in 1nterval IV

dlgglng was not performed at all durlng 1nterval V (Flgure 12) Only %

1nterval I d1d dlgglng percentages for’ perlﬁhexal females ehcccd rhat for

”

='central~females;' This was probably due to the fact that fcwer burrow

A }
i i .

systems exlsted on the perlphery of the colony from the prev1ous vear, 's0

that anlmals 11v1ng on the perlphery had to dlg more maJor and secondary

burrOQYSystems for!shelt;r than animals in the center, where digging
T g -\J" . - N -~ .‘ 4 . 3 'n . v“ ) v i

activity was more confined to re-excavating already existing burrow

ST

-systems. Major and secondary burrow systems were created in all rings,

.

- ’ : . ; ! : >

\>
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‘males as well as the. tgtal for the'male are 111Usrragea for ;
each. 1nterval Samplé size is the -same as for figur% 10
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Figure 12: Digging"act1v1ty Amount of activity expressed as a percen-
) tage oOf. total time above grOund for each animal for each in-

terval. ‘The range and average for both groups of females. as

well’ as ‘the total for the male are illustrated for each An=

terval. Sample size is the same as for flgure 10. o
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o

but over twice as many were created in fing 3 tnan in rings 1 and 2 (Fig-
‘ure 13). However, there was no statiSticaily significant differenceSain
digging actiyity‘between central and peripheral females during any inter—
val throughout the season.  The male d1d less than half as much digging

as elther female group in any 1nterval This is as expected, since he

]
|

defended fewer burrow szg;ems than any female and did not require addition-

A
al space underground for a litter.

.

4. Bedding material,collection.v There was an apprec1able difference

in bedding matérial collectlon between central females and perlpheral

females (Flgure 14). Among central females, the percentage of total ac-

"t1v1ty time devoted to collectlon of beddlng materlal 1ncreasec'progrcs—
51vely‘dut}ng the first three intervals of the season and was consistentiy;
higher than,that for'petipherai’fenaiee. The differences fOr.dnterval‘

II were sllghtly 31nn1f1cant p<. 10) and approached 51gn1f1cance for
1nterval I (p<1 20) Beddlng material collectlon for perlpheral fe;

nales decreased progre551vely throughout the season. The least-amount/ —
e .

e

of beddlng materlal collectlon among both groups occurred” durlng 1ntervals

. IV and V, and the slight dlfferences between the two groups was not - 51g— ‘

i

nlt}cant, }f‘f' . - SR

5. Grooming.. Generally, thc percentage gl lee'bpcnt gr00n1mg in-"
creaeed w1th each 1nttrva] Ulth two C\Ceptlonb (Figure 13) The male
'»showed the highest incidence of grooming"during interval II, the interval

prior to his disappearance. Grooming increased anong pGTl)“LI" fomal(s-

r D
R

for the first four intervals and then decrcased~aur1ng 1nterval‘V. Croom-

ing among’ central females increased progressively "threughout the season,

3

L
Yoo,
W
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Frgure 130

. from minotr burrow cntrances-to thelr present size during
- Lines oncluose the territories of central animals.

T
>

. ’ . ~ s
Burrows enlarfed or created in 1972, Kurrow entrances. sur-

rounded by heavy black lines were first ewcavated orienlarped

e

. ')' .
. Jl\%b T
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Figure 14: Bedding material collection: Amount of activity expressed
: as a percentage of total time above: ground for each animal
for each interval. The range and average for both groups of /
e females as wcll as the total for the male are 1lludtrated for
each intérval. Sample 'size is the same as for flgurL -10.
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QAveroge for Ring 17and 2 femqle&
VW Average for Ring 3 femoles

- B Total for mgle

1 Ran ge
Grooming activity: - Amount of act1v1ty ehpressed as a perpen—

tage of total time above ground for each animal for each in-
terval. 'The range and average fior Both groups of females as

Cwell as the total for the male are 1llustrated for each in-

terval. Sample size is the same as for flgure 10.
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X wlth the hlghest percentage during interval. V. The trend Qa\/the same- PR
. /
L}

for the male and both groups of females.=~ That is, since- perlpheral fe-—<\.~'"\——«\m

males tended'to enterxtorpor at. the end of interval IV and early,ln 1nterr/
. . ALY - - N

- . . N

Val v, and sinQeLQPst central females did.not begin.torpor until-the mid-

"dle of 1nterval V 1t would appear ‘that the percentage of tlme devoted X

e Y

C o groﬁmlng is héghest for each gfoup Just prlor to, torps‘ mj

“the. flrst four 1ntervals, per1pheral females spent a consrstently h@gher

v,
N '

percentagerof total act1v1ty tlme on groomlng than‘fentral females. Only - N
. . i :
durlng dnterval v d1d central females have’ % hlgher 1nc1dence of groomlng

EAN

.than perlpjeral females. Howeveﬁ \none of the dlfferences between the
[N Vs

two groups were statlstlcally 51gn1flcant. -

\

6. Sunning{' Among' emales, less‘than:one percent"of total actiVity

" was devoted to sunnlng duri gtone interVal'(Figure l6).=nDifferences

N ) )

between,central and peripheralsfemales were . not significant. ‘While never

-

. - : ! g
a maJor act1V1ty,.Sunn1ng,was six tlmesgreater forJZEQ\male durlng CQ//q

"tervals I and II than for elther fémale group.

- > r

RN P

7. Alert behavior. The percentage of total activity time com-

prisingvalert behavior"increased»during each interval. for both groupswa
4 . . /. a
females throughout the season except for 1nterval V when it decllned

_ : 2
-(Figure'l7). Per1ph€/al females showed é sllghtly greater percentage
\.

~of prolonged alert behav19r than d1d central females except durlng 1nter—
val IV.Z The increase in alert behaviorvfor centra?bfemales during th1S‘

interval was most probably due to the re51dence of the weasel and her”

- H

kits in\the central area of the colony. it is assumed that the obJect .

' of'alert behav1or is the detectlon of pfédators and/or other ground squir- .

. .t\'

rels. In splte of the con51stent d1fferences in alert behavior between ’

-~ .
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Figure 16: Sunning actlvity - Amount of activity expressed as a percen— :
" tage of total time. above ground for each animal for each in-’
terval. The range and average for both groups of females as
well as the total for the male are illustrated for each in-
~Q§rval;*_SampIe size is- the same as for figure I10.
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Figure 17: Alert activity: Amount of actiyify expressed as a percentage
' of total time above ground for each animal for each interval.
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Sample size is the same as for. figure 10 » ‘



central and peripheral females, the results were not statistically s1g~

‘nificant for any 1n_terval. ' ",‘gﬁ. ,// : _
i A » . B ’
. _ & '
The male showed the greatest amount of alert behavior of any
n RY .
animal during the three ihtervals. he was present in the/colony A high ¢
iy . S
7 . . . e

degree of alert behav1or 1s“consiStenL with his peripheral location*within“

the area of the colony, but the amountaaf alert behav10r was con51derably v

P ) E L 4
hlgher than that of peripheral females. "'}} ‘ v ;
. N o
‘ ‘ ; v/ L . '
- 8. Investigat-hg. The percentage inc&dence of 1nvest1gat1ve act?v—
1ty 1ncreased seasonally through 1nterval IV and declined to a very lbw . vw%ﬁ'

Ib/
level during” interval V (Figure" 18). Investlgatlng tame that precededf//

marklng or v151t1ng was categorized under either of ‘the other: two activ—-
.« 7 "/ .
1 . . s

1ties 51%ce the actual duratlon of the. act1v1ty was- 3o brxef Only in- .- Qf«
vestigatlng act1v1ty not followed by marklng or - v1slt1ng is; con31dered
/”/

in this category.' There was o consistent tren for either.central or

peripheral females throughbut the/season and f?etenCes which occurred

kN

between the two groupS'with;n:each anferv were not'\significant. In-
: . e L Ny : .

vestigating by ‘the male was highest during interval I, n¢t observed during
i . - - 7 e : l

N . . . S i (g4 . . .
¥ ' Y . o ! . / ) . . o '. . . ‘."..\.‘ i
. interval 1I, andvconsiderablyfleSS than either female group durlng_lnter-

. - S '/xf». I ; : : o

val III.: : v ‘ ; C

. S

- : .
-~ . .

9. VisitingﬂburrOws._ Among females, the amount of time'Spentf

~>

| v151t1ng was highest durlng 1ntervals III and v (Flgure 19) The greatest
amount of visiting by perlpheﬁgﬁ females occurred durlng interval III when'
several were attemp;ing to resettle in more central p031tions.‘lAmong L

central females, the percentage of v181ting increased progre331vély until

.1nterval V when 1t decllned
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.Aver‘age for Ring 1 and 2 females | s N

VW Average for Ring 3 females
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jIﬁvestigating activity: Amount of activ1ty expressed as a -
percentage of total time above ground for each .animal for

each interval.  The range and average for boEh groups of fe-

. males as well as the total for the male are illustrated for

-each 1nterval - Sample size is the same as for figure 10
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- W Total for male | o |
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- Figure 19: V151ting activity: Amount of activity expressed as a per-
9 ' centage of  total time above grourtd for each animal for each

' interval. The range and avdrage for both groups of females -

- as well as the" total for the male are illustrated for each
1nterval Sample size is the- same as. for figure 10.



males ddrlng 1nterval III. The dlfferences between groups @gﬁ;@%tervalsl
y“' .

ko .
TIP‘and v approach 81gn1f1cance (p— 20) None ‘of the other dyirerences

L ﬁfor the Ltmalnlng groups were statlstlcally 51gn1f1cant.
? "\ . The hlghest percentage of tlme spent v131t1ng by any anlmal\ﬁas 4f§ J:H{i‘
R e : -"‘3~ "',.‘ 9
fﬁ . S cbrded for the male durlng 1nterv§l ‘1. Thls’act1v1ty would a1d the ¥ '
L e , , T gm =
ﬁ'jmale in locatlng sexually receptlve females but v151t1ng serve a b&oader

,“ b
. . . p .

ﬁunctlon for all an1mals 1n the colony ' by v131t1ng, an anlmal famlllar—"ﬁi'
‘:\'. . LER : ) i

zes 1tsclﬁ w1th burrow locations w1th1n as well as out31de its, irn-ter—_,1,ﬂ»
3 g . . . .

O

tDuring-ipteryal I; the frequency of v1sits by all females was '

.

.. s i3

: :" nearly qually d1v1ded between burrows w1th1n an anlmal s own terrltgryf o

L T BRCL A S
fkd% and hurrows elsewhere in the colony (Table 13) During 1ntervals IL, . f»"”

“# N : . ‘ ‘

3 . S

~ .III; and IV the 1ncrease in v1srt1ng act1v1ty by both groups of females

. ' ko
T was due to a large 1ncrease rn tht number of v1s1ts outslde ‘an anlmal

a,
5 .

terrltory. VlSltlng by an anlmal wlthln 1ts own terrltory increased’ only IR

D

g ’ s —e -
sllghtly L For_ all three 1ntervals that he was: present the male §Eldom

v1srted bUETows yithln-hls territory and_almost all his visiting was done

-

- elsewhere in.the'colonylgtf.l e

D -.During interval'V there was. great variation 1n the*rel”blve fre—

Vel

quency of v1s1t1ng and no consistent dlfference was apparent between the

v 3

two groups. 'The two ring 3rfemales remainlng V151ted burrows w1th1n and
without their own territories equally._ Three of ‘the f1ve females remainlng

4gnr1ng 2 plus the central female (a)- contlnued to vis1t out51de thelr-
own territories more frequently than w1thin them. The'reverse'was true -

‘ . : \\ )



Table 13:-

\

Locatlon oﬁ v131ts

Locatlon of v151ts by each animal for.
”‘each interval are given as actual frequenc1es

For statis-
tlcalrcomparlson, figures were converted to a percentage of

the total amount of time each animal- spent above. grourd

. Interval | Can 1 " 1v ,
_ animal ol W' A% Lw [ oA | | A | ow A | H LA
B A 2.2 | 127743 1 14 | 12 . 66 2 12
s 202 , ,
B | 3.2 | 4 41| 8 13
¢ 4 3 | o 1L | 1 6 6 20 0 -0
Cy p | & 7 6 24 |14 15 14 32.112 8
e E |3 27| 4 27| 3 12 |18 15 |15 24
.. c: . 3 . N .
g & F 11| 1 42 o 21 8 39
= “¢.| 2 o 12 20 |12 12 | 18 13 5 9
N | 1. 2 |10 16 | 6 13| 20 22 |21 45
~ V. fotal Ring l-and 2 |20 19 | 49 233.°| 45 106 | 96 207 | 55 98
r 5 3 5 76 7 21
J Q -4 2 .5 115 7 14
. X »i,.As 132 0 - 7 0 14
m . ' ‘ ) ' ‘.'l . . -
20 L o o | .7 .26 |2 19 | 13 55 5 5
ot . v : . - . ‘ - '
i N 0o-0f o 3 2 s | 3. 4.
, _ on . >
.fﬂ\ 0 0o 2 3 20 5. 10 8 10, b 4
Y o . "-Y}
. P 2 3 1 2 1 s 2 9
‘ . - - : 3 . = - . 17‘\ X
Total Ring 3 917 {19 92 18 -82 | 33 106 | Y9 9
N , M 1 48 3 16 |0 1
1H= wiﬁhin*éwn territo%y ; ._ﬁ;
. B within own. A N,
'-ZAL outside own territory N




' for the fourth female 1n rlng 2 and the flfth female in r1ng 2 was not ‘ *

observed to v1s1t at all before her dlsappearance early in the 1nterva1

: "glO.‘Marhing The percentage of time spent marking among f
N

1ncreased durlng the flrst few: 1ntervals of the season and dec

,agalnzat the end of the season (Flgure 20) -As with the occurrencebof

»

av151t1ng, the percentage of tlme spent marklng by perlpheral females was

-Jgreatest'durm -1nterva1,III and was hlghest for central females during Y |
. : o - . » y .,'-. .‘ I » \'. . ) v
interval IV. Central females spent consistently more time marking than

t
.

) peripheral femaiesffor every interval. Differences between the two
‘groups Wererslightly\eignificant during interval I (p<:.10) and signif-

icant“for*interVaI II (p<.02) and‘interval_IV (p?i.Oi)z The highest .
incidence of marking by any animal was: recorded for'tFQQSale during in—;
terval I. Afteér interval I, marking by the male»deciined, and for both’

intervals‘II and I}I; the incidence ofnmarking.by:thevmale was lower.

than the averages for.both.eentral and per{pheral‘femaPe groupe;.
,var>b5tﬁ'QiéitiAg and marking,'thefoyerall frequeney'increased .

from ihtervals‘l through v although the oﬁerall'density of‘animals'in;' -

"D

" the colony was dgflining (Figure 21). ‘Overall frequency was calculated

Jrfﬁdas the frequency of each activity per animal present in the col%gy pers
hour of observation. Density of animals for each interval was an average
Lo ;e ' . - v o B |
of the maximum numbexr of‘animalstpresent above groundﬁat one.time for

“each day. There was no 51gnif1cant correlation between overall v151t1ng

ﬂfrequency and\den51ty of anlmals or betwi£; marklng frequency and popula— -t

tion’ den51ty. , o : . ".1

-
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Figure 20:
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.Avercge for Rin‘g 1dnd 2 femcles
V¥ Average for Ring 3 females -

M Total for male
I Range

Markihg'activity:' Amount'ofvacbivity‘expressed as a“perten—

+ .tage of total time above ground for each animal for each in-
terval. The range and average for both groups of females as

. well ‘as the total for the male are illustrated for.each in-
- terval. Sample size is the same as for figure 10, -
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Flgure 21 Marklng and visiting frequency relative to populatlon den51ty
..0of ground squirrels Frequencn.es/%of marking and. v131t1ng by :
~ the male were omitted from the calculatlons
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11. Interact1ng.<the\amQJht of tim spent Lnteractlng for both

- , i .
;roups of females lncreased seasonally to a maximum duriJg lnterval'III
/ . .

and decreased during intervals IV and V to percentages lower than any of
- the precedlng f%tervals (Flgure 22) Central females 1nteracted more
] .,
than perlpheral females during each interval.  The dlfferences betveen

central and perlpheral females were sllghtly 51gn1f1cant during 1nterval

I (p<. 10), 51gn1f1cant for interval II (p<Z 01),- and sllghtly 31gn1f1cant

durlng 1nterval IV (p = 10) The percentage of ti'e spent 1nteract1ng

)

by the male ‘was con31derably greater than that for both female groups 1[”

: - Sp , C o
during interval I, greater than,peripheral females but less than central-

, females durlng interval II, and less than both groups of females i

i

“terval III | ‘,' A,‘ o - o S Y
e ' ‘ , K ”f .
] N . . . ) ~ &%, ;f

. St
12. Act1v1ty dlfferences between adult,k and .yearling females. Of

all eleven activities tested over all f1ve 1ntervals, there were only
' o . : ‘

three act1v1ty differences between adults and yearllngs that were sllghtly

. R - X ‘ .
81gn1f1cant. During 1ntcrval I, adults spent a greater percentage of

time standing alert than dld yegrllngs (p= 10) This'greater wariness

of the -adults may be a reflectlon of longer experlence After interval o

-
'

I, this dlffereneg‘QId*not ocuur. Durlng 1nteryal IV, adults had_ a'

'hlgher percentage of v131t1ng (p— 10) and 1nteract1ng (p<1 lO) ‘than did

yearllngs. The dlfferences were probably due to the attempts of female k—j

B J . .
[k (AXB) to resettle near #29 following the death of female I. The changen
in locatlon brought her. into frequent encounters with female A(ALl) as

L8y

. well as: female C(YXZ) . In addltlon female F st111 visited #27 although

she no . longer attempted to resettle there.= Thls per31stent trespa551ng

.

caused frequent 1nteract10ns between fenales F(ALZ;\and H(ALZ) Wthh

'
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Figure 22:.:

INTERVAL I' H' JIE. r Iv '

i | | ]

‘Avemge for ng 1 ond 2 femﬂles |
vAvePGge for Ring 3 femcles _' ! RS
.Totoi for mcle A o
T SR

+ Fonge e |

Interacting aétivity Amount. of- activity expressed as .a per-
centage of total time above ground for ' each animal for each\\
interval. The. range and average for both groups of, females
as ‘well as the total for the male are illustrated for\each
interval. Sample size 1s the same as for figure lO 3

‘o Ly -
. . . A
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contributed to the higher visiting and interacting scores of the .adult

females as a group.
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SUMMARY.OE ACTIVITY CHANGES AND DIFFERENCES BETWEEN FEMALE GROUPS

.

1. The higHest occurrences of non-social behavior occurred during

intefvai~1“(feeding, digging, sunning)‘Of near the end of the season«durF

ing 1ntervals IV [sunnlng, groomlng (perlpheral female group)] and \Y

[feedlng, food gatherlng, grooming (central females)]

2.~;gr all non-social activities, the .only signifieant differences=g

' between groups was in bedding.material Follection. Central’females

(rings 1 and 2 combined) spent a consistently greater percentage of time
at thls activity, and dlfferences between central and perlpheral females
were slightly Significantjfor ihter al II andiapproached significance for

interval III.
I‘IA'.

-3. The highest percentagé€s of social activity occurred dur%pg in-

tervals .III and IV. .Marking, visiting, and investigating were highest

Lt
3

-

for-peripheral femaleslddring interval TII and highest for central females:

during interval iV., The percentage of time spent interacting was maximum
. - s . . . R
for- both grov»s during. interval III apd the amount of alert behavior was.

ar—

- maximum fo: bcth groups during interval v.

: peripheral females than central females for eachvinterval but differences -

4. The amount of’alert'benaviorvwas,consistently higher'among

were not statistically significant. SR -

\
gf' 5. There were no significant differences in investigating activity:

"between central and‘perfpheral_females for any interval.

101
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6. Central females spent more time. visiting during intervals II,
IV, and V than:peripheral females but the differences only approached'.

- significance for intervals II and IV and were not Significant for any

other interval.

*

7. The occurrence of both marking and interacting was significantly

higher for central femaleé dufing intervals I, II, and IV.

8. There were. only three slightly significant differehces.in ac-

tivity between adult and Yéarling'femaies.

%



DISCUSSION
> 4

The social organization of Richardson's ground.squirrel in a park-

land ecotone is a colony composed of nearly exclusive spatial territories

with some evidence for a non-linear hierarchy superimposed'on_this'system;
-Exclusive spatial territorial behavior is defined here as' the defense of
an area excluding a}l conspecifics, not only ‘conspecifics of the same

sex (Fisler, 1969). The only exception would be a brief period for

breeding. Territorial boumdaries are not permanently fixed-in time- and

space but vary sligh&}y'dur g the season.. Boundaries between territories

are most’'clearl: defined durfing the period following birth of the yéung

but when‘young'still remain underground. Followihg this. interval, boun-

daries fluctuate as the result of agonistic.encounters and become pro- -
gressively less distinct. This is an ‘organizational system based on
" individuals since there is no evidence for any sort of group co-operation

\

~ except for grdup fequnse'to the alarm galls of i%fividuals; there is no

group co—operation in territory defence'ojggurrow construction as men-

tioned by King (1955) for the prairie dog, Cynomys Ludovieianus.
- P , ; OLATUS

A definition of spatial organization based on the feSQits of agon-
istic encounters (i.é;‘tbe exclusion of conspecifics) islpneferable,to
1v;hé popvgntioﬁal'définition]of\5‘"defenéed area" (prle, 1939) since ﬁheyev
- is no évidénce that~t%e aréa itself is the object of aggréséivé Behévior'

. . _ » o ) o
.(Emlen; 19§7; emphasis mine). ’Each'femaye territofy contained at least .
one nest site; but tﬁe territories codld?ﬁot bg donsidered:;s nid}c-onlYN
since the afea'from:which cqnspecifics were equuded’ihcluded otﬁef-gajor
bu:ro&zsystems besides tﬁe one_;ontaining'the*actual nest!sité.‘ In

‘addition, a territory was maintained by the one male in the célony as well

N
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as by those females which did not raise litters.

The additional presence of-a.h;erarchy is not incompatihle with

a system of territorial organization. 'Hierarchies and territorial

& ) [y

systems are not-mutually exclusive concepts relating on the one hand to

soc1a11ty and on the other hand to spatial utlllzatlon .Rather, these
two concepts/are actually the p0531bit rvsultant extremes in the evolu— -

-

tior of mammallan ?rganlzatlonal systems with many poss1b1e intermediate

-

'types ) systems employlng various degrees of spatlal ‘territory and

@

soeialthie archy formation' (Flsler, 1969). Investlgatorsahave foundi
*hlerarchles w1th1n terrltorial systems for the field mouse Apodemus”
_syZvatzcus (Brown, 1966), and for the house mouse Mus museu!uu (Crowcroft

1955) and at high- populatlon densities a territorlal species may shift

: N
to a hierarchical system.. ThlS has been reported for Mus musculus

(DaVlS, 1958 Relmer and Petras, 1967) and for the ‘chipmunk, Tamias
striatus (WOlfe, 1966). Although in- the last 1nstance the hlgh dens1t1es

- were created under laboratory conditions,,it is reasonable to suppose
. . E . "

that such a situation could develop within a free-living population as
well.

That density may be.a major factor in the social organization -
P k’ . . . .

A

of my coiony is demonstrated by comparing the.population density of'myv
» study area w1th other populations “of Rlchardson S ground squlrrels;
Yeaton s (1969) study area on the Saskatchewan pralrle contalned 1.18 to
3.26,females and'0.59 to 1.09 males per acre. Den51ty for D. Mlehener s

(1972) pralrle populatlon falls roughly w1th1n the same range as that of

\

Yeaton's. Yeaton maintains that both sexes are terrltorlal and does not

o

mention any hierarchy among individuals. D Mlchener stated that no

hierarchy was evident for his population (pers._comm.). The only F&



 then, that a hieraréhy»imposed'on a system of territorial

o

investigator to report‘a.ring arrangement of spatial organization with a

‘domlnant central female was Quanstrem (1968). Although his thesis reported

' ~
-only home ranges of females, the number of 1nd1v1dhals on his study area
-indicates a density of 9.47 to 13.7 females per acre. In the present

study, there were nine females and 0.56 males per-acre. It would ‘appear,

social organ-

°
o

ui;ation occurs under conditions of high dengity. It is i teresting to

'

hote that the higher populatjon densities are due to an intrease in the

number of‘females in the pop lation; thereris little di férence in the

density of males on my area %nd that of Yeaton's.

Jewell (1966) defines,home\ranges as ''the area’over which an

7 ' : :
animal normally travels in pursuit of its routine act1v1t1es. Results

N ¢

of the mOblllty 1ndex 1nd1cated that females spend from 20 to 50 percent
of their time outside their territories and there is nothing.to:suggest

thatvtheir activities during this time are anything but "routine'. But ..

when rlng/l -and 2 females move out31de the1r own. terrltorles, they are

//

‘ 1mmed1ate y trespa551ng on the defended area of another 1nd1v1dﬁal 51nce>

territories are adjacent,(\~ A hierarchy allpws a»greater nnmger of anlmals
. ' ' - L o : .

1 suggest that

area was so dense that

A’

the ‘home: range of any one anlmal 1ncluded the~terr1tor1es of several.

¢

Home ranges for mal, Rlchardson s ground squlrrels are cons1stently

' la ger than those of /ém;ies (Quanstrom, 1968; Yeaton, 1969). The nearly

! @
£ male S. rzchardsonzz in Splte of the varlatlon in*

.

constant den51ty

densmty of £ males may account for the” very dlsproportlonate male. female



ratio on 'my study'area. It may be that while female S. rwchardsonzz

can adapt to hlgh dens1t1es, males will not, and the'study area is only

large enough for one. This suggestlon is supported by limited obser-
Vationswin 1973; ThlS year two males were ‘trapped on the study area.in

April, One had open wounds .and fresh scars, the other was unmarked. By

.
v T e

early May, only the unscarred male'was'present.

As Eisenberg (1966) suggests; "diurnal exp101tat10n of open terrain

‘could favor colony formation." A colonial aggregatlon of animals confers

]

advantages on eaéh individual. The presence of more than one animal

multiplies the probabillty of detectlng the approach of a potential
enemy. - It also prov1des a suitable social environment for successful
" mating and the rearing of young. The close proximity of the sexes in-

a colony would facilitate mating,and since the mdle regularly moved over
the entire study area it is unlikely that he would overlock a female in

«

estrus. ~ The breeding season occurs shortly after emergence from hiber-
natlon when climatic conditions limit the animal S above ground act1v1ty
‘to only .a few hours in the mlddle of the day and when little new grass

~oF

is available. There would be little tlme or energy for males to seek
mates very far distant. In addition, ground squirrels' reluctance-to

cross habltat barriers would llmit the directions in. which they could

travel. All ‘these 11m1tations would serve to restrict breedlng to the
individuals within a.colOny. Young_are protected in an,underground nest

for the first three or four weeks after birth and are later protected -t

2
oot

from other adults by remaining within their mother s terrltory after

\emerging above ground The 1ncreased probabillty of predator detection

afforded by a colonial group structure is advantageous to the young as

well as to adult 1nd1v1duals. Also, the presence of numerous 1nd1v1duals'

‘
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may sufficiently confuse a predator so that it would be less: likely to

e
[

. . motice ‘individual- minor burrow entrances to nest sites.
Some  factor associated with social status and location may also.

.influence ‘reproductive success and this factor may exert more influence

when population density isihigh; Although the/number of females on the
‘study area increased nearly 50jpercent from 1971 to l972,\§he number of
- # o : '

' yQung surviving tovappear above ground was,nearly equal. The average—
ke L , - o — A
~litter size was not smaller in 1972; instead, a smaller percentage of

females were successful in raising a litter at all. The more dominant

females were the more central females. The central female dominated -
females in rings 2 and 3; ring:2 females dominated their'more peripheral

- . B . <

neighbors in ring 3. 0Of the five females that did hot raise littersi
one lived in ring 2 and the other.four"in ring 3 (Appendix-l). There
w;re significantl§ more offspring raiéed in rings 1 and 2 than in'ring
3 (U=52i5, p<<;05). Location in relation to reproductive succees hae

14 : .

also been reported for marmots ., Marmota flavtventrzs (Armitage, 1965).

A}
~

. Fourteen of 19 litters over four yeare werefconcentrated in .the central
: part of the colony;‘andvin a,sub—portion of alcolony,fonly.the central
: l;female raised‘a-litter.. Calhoun (1950) reported that sgpordinate rats
had fewer'littere, In a. population 6f S trzdece&ltneazus, McCarley
(1970) found that 86 percent of groﬁnd Squirrels in the population were
]decended'from only 20 percent of the females:present in 1963,.but he
doeabnot mention location or‘social statusfof‘the-fenalea.'
Tranefer_of‘liﬁe_young'from onelneetbto anothervwas observed for .
"1;siX’femalee on the stuay areafand'in'several instancee a litter was

moved more’.than once. There was no con51stent trend 1n the direction.

of litter transfer and this act1v1ty was not exclusive to either



3

108

- , , . .
dominant or subordinate females. However, litter transfer may serve to

decrease the probability/of olfactory detectionﬂby—a predator if nests
// -~ . + .

were vacated after ;hé& had been fouled by"young’grOUnd squirrels.over

e

d
a period .of days’Or weeks. Evans and Holdenrled (1943) reported the tqbns—

e

fer of youn;,ﬁ beechytz by their mother and om 1nve1;ifat1ng found a
: r

. Fattlesnake dt the old- nest-31te.
_ ‘@r //. E » L

The 1nc1dence of food gatherlng wds hlghest for each group of

k4

anlmals on the study area durlng the 1nterval just prlor to their entrance ’

e malei‘thls waS'interyal II, for peripheral females
4 ’ \

interval v for central females., The hlgh in-

1nto torpor For
intervals Iv and V, an
01dence of food gatherl g is llkely related to the increase iﬁgg%ount of

time spent feeding prioy to the.anrmal s dlsappearance. ‘Stored food -

,would allow ‘the animgg to feed during inclement"weathef or after dark

to facilitate maximum weight gainfbefore'torpor.' However, the possibility

‘of some of this food, especially seeds, remaining uneaten long enough to

serve-.as an emergency food’ source during or shortly after hibernation

remains to be investigated.' Since no burrow systems were excavated during

this study, the p0531b111ty of stored food remains only a suggestlon.
The 1rregular occurrence of food plles Separate from beddlng materlal has
been reported for S. undulatuo (Krog,,1954), S~ Zateralzs (Gordon, 1943),‘

S beecheyzz (FltCh 1948), iand S coZumbzanus (Shaw, 1926).

e

Non—anurlous types of agonlstlc encounters comprlsed a greater

portion of 1nteract10ns as the season progressed A stable social

. organlzatlon should serve to reduce confllct among the 1hd1v1dua1 members.

The hlghesf 1nc1dences of potentlally 1n1ur10us encounters occurred when
o A 'Q :

the social organlzatlonuwas least stable, i e. durlng 1nterval I when

anlmals were establlshlng ternltorles 1n1t1a11y and durlng 1nterval III

o *
[
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]
when someﬂberipheral females were attempting'to'jééettle in a more' central

location. Among cﬁipmunks’(Tamiqs striatus), chasing and fighting declined

aftér the establishment of territories (Wolfel 1966) and in rouad-tailed

' ¢ .
ground squirrels (S. tereticaudué), fighting occurred most often when

‘squifrels'wefe attemﬁting to.,establish residéﬁéy (Drabek, 197Q). The

most ffequent component of interactioﬁs among Sh Pié@grdéonii Qas chasing .

and the same'haé been reported for. the tree sqﬁirrel, Tamiasciur&sl(sﬁith,

1565),;and the golden-mantled gfound squifrel, S.‘Zateralis'(Wirtz, 1967)._'
The gomponents of inﬁéractions varied according o rhe ;niméls"age

. - .v« - . Q' N . . )
class and location. There were consistently more interactions between

it

‘neighbors—than between non-neighbors which is comsistemt with the estab-

liéhmen; and maintenance of territorial boundaries between adjacent
) . s ‘ ' ' e ;
animals. = Both the most severe and the least severe cqﬁponents of agonistic -

Fad
T

encounters were more frequent between neighbors thaggbetween non—-neighbors.-
Fh;s may -be related to recognition of and pressure’wn established boun-

daries respectively. Chases were most frequent Mitween non-neighbors.

A hon—neighboring trespésser ﬁay be leéélaggr”'

T

ive- due to greater dis-

most agonistic behavior 6¢curs betweéﬁ; €iéhbors'(Armitage,»1965). The
difference in frengncy and severity of encounters:among yearlings as
compared to adults and between adults and yearlings prigBably reflects the.

<)

~greater lack of social expeéerience of the younger animalsff Among marmots,
the number of interactions between adults.and yearlings increased for
the first thtree weeks following emergence. and then the frequéncy and

-

severity declined for the remainder of the éeason’(Armitage,,1965).’



¢ . . K
One Advantage of colonial organization is that the combined watch-
N . . _ A
fulness of its members increases the probability of early detection of a
predator. Although the differences wérc not statistically significant,

peripheral females consistently spent more time standing' alert ‘than cen-

‘tral females, extept during the interval that the weasel resided near

'theicenter of the groundrsquirrel colony. All hawks approached the oolony¢

- flying very 1low, E;theerhan dropping directly from higher_altitudes;

A8}

and>all ground predators’had to first;cross,the perlpheral areas-to “;
reach the eentral~ones. ‘Therefore lt is reasonable that peripheral ani-
mals, having fewer neighbors‘thanvcentral animals, woyld:benefitbfrom
longer:and more frequent'periods of alert behavior; this would'also be
beneficial for other members of the coldn;. What actually motivates )
perlpheral.anlmals to spend a greater amount oﬁ t1me in alert behavior
is not apparent. *Support for a relationship between alert.behavior and
predator detection is provided by the relative amounts of alert behamlor
durgng interval IV when the weasel resided in the central nortion of.the
colOnyt During this interval only, central females sh&ved a higher per—
centage of alert behavior than peripheral animals. ' The high/amou : of

watchfulness by the male is con51stent with his peripheral p031tion but

.the‘percentages are so much hlgher than either group of females that

1
oo

there may be an additlonal explanatlon for his vigllance It has alread;r
begn mentloned»that male Rlchardson s gromnd squirrels do not exist to-
fgether}at the same hlgh densitles as do females, and alert behavior
‘would aiighn the detection. of other ground squirrels as well as predators.
-If the reduced den51ty of males is a reflection of a greater intolerance

- for conspecifics of the same sex, thenrperhaps this heighténed degree of

" intolerance also stimglatesfa heightened degree of watchfulness among

110

~
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male ground squirrels. There was another,grouhdhsquirrel colony 200 meters
. ) | e A
distant on the far side of the marsh. This colony contained one Pale and

the movements of the animals were visible from the study area. Perhaps
. ) g

e

[N

the presence of another male 200 meters away is sufficient to stimulate
increased watchfulness in another resident male. Another possibility is.
that the male may.be less tolerant of conspecifics from outside the

>

colony; irfesg&ctive o™ e sex of the tresﬁaSéér. Strange ground sq@ir—
o = ' . Sl ' : Co : e
rels entered the colony infrequently and were immediately vigorously pur-

sued by a humber of résidents»which almost always inpiuded'the maie;
irrespectiQe ;f the locaéion of the trespésser;  Siﬁce‘$Qranéers wefe
dri&en out of the zolony so rapidly, it ﬁéé not ﬁoésible to trap them to
determine €heir éex. | | |
ﬁafking béhavior has>bEen described for several spécies:of ground .
squirrels. Wirtz.(1967) describes what appears ﬁo bé markiﬁg behavior -
for Sf Zat€PaZis; but calls‘it a ;ypé of‘displa;émeht Beﬁavior associéted
‘with agonistic encounters, and Drabek (1970) !Qﬁ?eéséd the pbssibility‘
of‘scent markiﬁg for 5. téreficaudﬁs, Adult mélehsfbbeecheyii ﬁa;}lffe;
quen;ly in'thé vicinity of.their'home burrows, éndnﬁarking ié even morg
‘noticeéble“in th§se’expléringwnearby burrow syétemé (Fitch,; 1948). ”Amohg.
arcéic ground squirtéls (5. uﬁdulafus) in enclosures, ﬁples,"ruﬁ” more - |
than females,»butbthis marking is not a dEtei;ent té,tefritqrial invasid#
(Wattqn, 1969)f ;Amoﬁg S. richardsoﬁfi, Quanstrom (1968) reportéd.the -
dominant feméle rubbing the grea‘just posterior to her éar on ﬁer.ewn} 
Burrow hill and on the buffow ﬁoundé of other sddirrelé, - Among él;,re;
pbfﬁs.of'marking inbmammals; ﬁiéhardsqﬁ's éroundvsquirrel is‘uniqhe in
that-éxéeptvfor intérVal'I, markiﬁé/isvdoﬁe ptedominantl;,byifémalés;‘

The male spent considerably more time marking than both groups of
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‘ | | R o y
'females during interval I, but after this interval, he marked less than
most of the fé%algs on the ‘area. In marmosets, CaZZzthrmm Jacchus, Epple

‘o

(1970) féund that marklng frequency of the domlnant male increased 1n _ —

the presence -of a strange male or follgw1ng exposure to the scent of a
strange male. In rabbits, Oryetolagus cuniculus,'the,chin glands used

in marking are larger\in'males-mhan.in females and the glands arevlargest‘
and most active durlng the breedlng season (Mykytowycz, 1965). Therefore,
the decrease 1n marklng by the’one male may have been due to the absence
-of other males_ln the colony. But 1f'marking frequency is related to

reproductlve conditlon, then marklng frequency might decllne after the

»

! breedlng season 1rrespective of the presence of .other males.
Among the two groups of females, interacting and marking were the

~ t

only aCt1Vlt1€S that were 51gn1f1cantly dlfferent between domlnant and -

N
-

\-5-,subord1nate females. Females in rlng 2 spent more time marklng than

B [

females around the perlphery and the centralmost female marked .one and

-

‘one half tlmes more’ frequently than any female in rlng 2. All an1mals
: ’ )
marked in the v1c1n1ty of thelr own- burrows as well .as on or near the - }

N
N
-~

"

burrows of other 1ndividuals. ~Marking is apparently no deterrent tg ter-—

,rltorlal 1nva51dn in this spec1es since trespass1ng occurred frequently,

‘?

ﬁ irrespeotlve of the frequency of marking in various areas. Between cen-

-vtral and perlpheral females, there'wasuno signifiCant difference in the
, . . - S
amount of tlme spent v151t1ng, yet the amount of t1me spent marklng out-~

51de an 1nd1v1dual s territory was greater fon central females. Since

v151t1ng and marklng behav1or frequently occurred sequentlally, 1t follows,

that although all anlmals had nearly the same opportunity to leave a
scent as they moved about the area, central females did so to a muchy

greater e;tent"than peripheral,females. Epple (1970) found that

\ v

. . . . . y ’
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dominantifemale marmosets mark more frequently, thap subordinate females
‘and'the markingffrequency of the dominant female_increases in respbnse to

! “ )

. the Presence or the scent of a strange . female. Ralls (1971) maintains

._that the Spec1es whlch have been studied experlmentally tend to mark

o

frequently in any s1tuat10n where they are both. 1ntolerant of and dominant
. { ,
to other members of the same spec1es. ‘Such behavior'will"OCCur in ter-

ritorial defense but is by no-means restricted_to territerial situations."

The degree of 1ntolerance between female 5. rzchardsonrz has not- been

is net restricted to within »-

cons1dered and marking among-these anima
individual territories nor does it inhibyt trespassing. Although the -

message’conveyed by marking is not understood, there is a deflnlte pos—

itive relatlonship between high frequency oflnarklng and relatlve domlnance

’w1th1n a group of female Richardson's ground squirrels.

g i

‘leferences 1n‘percentageytime spent feeding, digging, grooming,
‘and sunnlng were not 31gn1flcant between central and peripheral females

for any 1nterval The hlgh 1ncrd«nce of feedlng follow1ng emergence

from hlbernatlon and agaln just prior to entrance into torpor is probably

‘ (élated to the energy requlrements of hlbernatlon. Sunning'activity

&

appears related to lQW'temperature and inclement»weather. Dlgging actfélty

is more frequent at the beglnnlng of the season when eX1st1ng burrow"
: . , s _ ;

’systems are in- a state of disrepalr. The greater percentage of dlgglng
Mact1v1ty among perlpheral females waslhndoubtedly due to the fact that

o

there was an oyg;all inbrease7in population size‘from 1971_to 1972‘and
'there ‘Wwere fewer exlstlng burrow systems around the perlphery wheke the',
addltlonal animals- settled Both dlgglng and feedmng act1v1t1e,/£ave .

\\1mp11cat10ns for overwinter survival for the 1nd1v1dual but areé net

PPN :
dlrectly related to the‘individual's’social position within the_group;‘

[



a

The percentage of groomlng, more than any other non-social actlvity
seemed to change rnv~'se1y w1th the amount of time spent in various

.. ) : ‘ S
social activities. This_is.quite plausible "since all activities were -

¥ -

.cdmpared as percentages of'ah animal's total time above ground. - Thus
the»lessvtime spent on social actiVities was reflected in an increase
. most noticeably'in grooming, a non—socdal activity.
Most of the non—soc1al act1v1ty differences were not statlstically‘

81gn1f1cant due to the w1de range of 1nd1v1dua1 varlatlon within each

¢

iability within each group, additional tests were made comparing percen—'
tages of activities between adult and yearling females and between_lac—-
'tating,and non—laCtatinggfemales;» The;few,differences between adult and

yearlfng females‘Were only‘slightly'significant. Slnce more lactatlng

H
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‘ . . . ‘a
group of females. To test for other‘factors.ﬁﬁat might cause this var- ~ ¢ .-

,females lived in the central rlngs and most non—lactatlng females were ,3.-¥/

5 located ‘around the periphery, theéf group comparlsons’could not , be .con—. -

s1dered 1ndependent of r1ng p051t10n. However, the only 51gn1f1cant dlf—

ferences were in marklng and 1nteract1ng, and as such prohaply reflect

dlfferences in soc1al status rather than reproductlve condltlon.‘ One
Poall o
last_COmparlsOn,was made .to try and’explain“the Variation-within'central

and(peripheral groups. The elght hours of observatlon eachﬂdhy were

[

_ lelded 1nto four two hour 1ntervals and the activltles of each group

i

.were’ compared w1th1n each 1nterval ‘for each act1v1ty to determine any -

2

temporal dlfferehce 1n act1v1ty occurrence or duration.- The 1nfrequent

o

slgnlflcant d1fferences corresponded to the act1v1ty comparisons between
Sy .
groups for entlre_days percentage of tlme of various social act1v1t1es
‘ . - - ’ 9
(1 e. marklng, 1nteract1ng) was hlgher for. central than perlpheral females,

B
~

. } . . ‘ - - . . .‘ - '» - ( . " :r",
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w1th no dlfference in- the temporal occurrence of any activ1ty. - The w1de

H

range of 1nd1vidual variation within each group of females remalns un-—

: L , . R
explained. R : . ‘
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APPENDIX I - S
. \. o :
\ s

Number/of offspringﬁsurviving to appear above ground for each female

ground ‘squirrel in 1972. 4' - e

_ , . Number of
v ' Female '~ ‘Age Class Offspring
— ’ '. ‘ : - .
. A ' A 5 -
e~ : . N . .
) B |y 7
C Y 0
, D Y 6 N
“ o Y
60 E Y 7 '
=] L
ps; o
N . F A :\ 2
G Y 5
H A X 7
I A 5
J Y 0
K A 0
L A > 2
o
& N A 0
» -~
» . ~
e 0 Y 5
op U 0
Q U 4
;
= aQult
= yearling

age class unknown
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° . APPENDIX 11 \

.

-Since animals were. above ground for various amounts of time during
each 1nterval the amount of time spent on each activity by each indi-
v1dual animallwas expressed as a percentage of the total time the animal *

ES
was recorded above ground In some cases, the percentages total slightly
less than lOO'percent since some miscellaneousdactivities‘occurred too

_infrequently to be used in a statiSt}é;l comparison, Tbesexmiscellaneou%
activities.included timemspent chasing the weasel, allo—grooming; and

interactions between fe@@les and their offspring such'as playing and

Bl o
Ny
) 7

grooming. Play was not observed between ‘adult ground squ1rrels. Actual

rlme spent above ground and percentage of‘time spent on each actlvity are

given for each of 16 animals for each interval. . Very few observations

- were recorded for female Q until she moved to burrow #29 during interval
. N :

IV. Data for this animal are not included in the‘appendix and were not

used in any statistical analyses.. -

*Although the underlylng assumptlon is that the amount of Varlatlon
between each rlng was correlated with social status, bccasionally’other

variables.also contributed slightly to the variation.

/
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Appendix II (continued)
N . . P k2 e 3
Interval JI,‘ April 17 to Mayq 7 L
v~ — . . e
5 q 5 .
Qe ~ er 2 Y il
© 3 w| & Bl S
@ o : CERAE S
o= %0 0 @ o | wh 2| . :
Pl -1 5 g 0oL U = B~ S N - &
+ i LM 4 O 9] . .
E . 3 o) ap o Q¢ o v o =] P
-E 46; 8 8 ‘-f u.z‘) LT S .3 > o [~ o
<| = & P A = 50‘385 = r}; U
A | 1457 | 79.82 | 6.52 | .27 [« 5.63 ] 4.32 .34
B | 1323 | 68.48 | 19.05 | .53|1.36) .91| 1.97| 2.80| 5.67 S R
C | 1837 | 62.55 | 14.32 | .382.29] 3.76| 3.05| 6.80 | 5.39 . 1.47
|D | 1634 | 59.49 | 9.73 | .67 [1.77] 2.75| 2.57| 8.08 14,75 | .18
E | 1326 | 83.71 | 1.66 | .38|1.21| 1.89| 4.37|5.96| .38| | | .45
F | 1603.| 61.95 | 24.02 | .12 [507 2.18| 4.12| 3.99 | 2.06 ~ |1.06
|G | 1368 | 63.52 ] 24.12 | .15 :15| 1.68| 1.24 | 3.80 | 5.34
H | 1345 #780.30 | 10.41 | .22 1.49] 5.65( 1.93| . e
I 11590 | 70.19| 9.12} .50 .88|  .75| 7.86| 3.52| 7.04 o)1
J | 1017 | 68.537/ 24.39 | .39 .39| .30| 2.95]| 2.16| .59 .30
K | 1344 | 61.31|16.67 | .52 .15| 5.88| 4.54| 5.36| 4.32| .30] | .97
L | 1081 | 50.14 | 33.86 | - |.28| 2.68| 2.87| 3.52| 6.01| .65
N | 803 | 48.69|27.77 | 250 1.49112.70 2.12] 6.72
0| 301 | 94.68] .| .66 .| 1.99] 2.66
P | 1457 [780.30| 9.06 | .34| .14 3.09] 4.05 1.24| .69 | |l.10]
M | 1219 | 58.82| 4.84 |4.02]4.35] 3.86[12.88] 6.97] | .90  |3.36]
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Appendix II (continued) ' , :  / 

Interval 1I, May 8 to May 30

Q ~ —
>0 o]
o Cal - 00
D B = oD =]
< 3 : (] =1 Eal
o &0 FN) o ~
R R £ [= o =2 e Q
g B8 : Bl g 0| o Ko
o 80 80 4 o a0 )
o 80 &0 =} o0 o 3} 80 B - eH | @ a0
— g =} =1 =l = - ) o = o o) a0 o]
o - — Bsl is} s =] + o s 0] o
g o 3 o ap ~ A K<) Lt 4} o~ ] o o
el &0 [ 60 0 [ o <} o o > o o
[=] O N 9] o ~ oo} ¥ — =} U O =} e} =}
< = o0 e [a] = = &) <4 — m J [l [ w0
A 3067 58.46 | 18,13 | 1.79(1.11} 1.73| 4.43( 7.21| 5.45|1.14|
B | 2649 62.36 [.12.72 | 1.70(2.15| 2.57{ 7.55| 5.21} 4.91 68
50} 6.02|30.50| 4.43] 8.04} .46].03{( .16

C | 3072 | s4.10| 24.02| .36|1.
D | 2639 | 67.68 3.98 | 1.06[1.25| .38| 5.19| 5.19]13.26] .19] .30
E| 2634 | 67.91] 6.20 | 1.27| (70| 1.48| 6.16| 4.68|11.26| .25| .04/
F | 1966 | 70.09| 7.63|2.1901.12| 1.73] 5.39| 6.51| 4.07|1.02] .05| .20
G | 3084  62;52 15;29 1.33] Lo1| 1.91 '5.35| 3.73| 3.57| .68/.10
| 2711 73.77 | 14.16 | .96 f48' 1}44"3.43 2.88 2.07| .26|.52
1| 2507 | 77.38 | 5.15 | .44 .40 1.28| 4.99 3.5 4.87| .20} .04
,:j 2009 | 79.09 6.22 35| .40 2.19] 8.86) 2.14| .4s5] .30
'KE; 2201 | 55.75 | 11.49 | 1.50 | (91| 4.82 16{31 4.59 ] 4.36 .27
L | 1530 | 52.00 |33.14 2.03| .20| .72 7.97| 3.14] 33| .33|.07
N ;1476. 49.86 | 22.97 .20 .54 5;42,15f85:'2.57 1.63 461-' | .34
o | 1925 | 75.53 6.91 |1.19| .83 | .52| 8.62] 2.44| 1.61] .26|.47
P | 2809 | 66.75 655 | .11 .64 9.06] 4.73 2,141 7.33| | |l

. B , 4 .
1739 1 62.16'| 4.54 |1.09 {.35| 7.02 13.57} 4.60°] 2.99. .4013.28

A
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Appendix II (continued)

v

"Interval 111, June 1 to June l4

U ~ |
> 0 3] :
o o 4 a0,
==t . C M aw | g
. ™ 3 : ) =) -4
= (%] o b - :
U A -] o o PR ) .
E B : Ll g O . © R
N~ 4] [ N} ] 80 [y
=] b0 ap o a0 = 3} a0 o o 80
— o] o o o =) o o £ 0 5} 80 =]
- ~ .0 4 -~ I8} - = In ~ EShR ] %) e
=] o 3 lae’ &0 - A ) = o = — [V o =
o 0 @ &0 [0 [ ) ) I o~ > ) o
= O.H [} o o o ~ — ] o O [=} o) =}
< - = 60 Fy =) > = (@] << = Mm o — - [95]
A | 1368 | 34.92 |21.18 92(1.77 i@#z 8.21| 4.641] 7.27| .98].18
B 1097 67.91 2.83(1.73(2.10 73116.41 |20.33 73]1.82].46

¢ | 1175 | 57.19 | .34 | .60{1.79] 5.87] 6.47| 4.60|21.53| ".94].17
p | 1083 | s7.18 |19.47 | 1.55]1.83| 1.05| 7.38] 4.33] 3.99 67| .67 |
E | 1445 | 56.33 [19.79 | 1.04| .42 | 1.25(10.45| 3.05| 5.47| .76|.07
F | 525 70.10 | 1.14 '4.00 1.71| 1.52| 8.00| 7.81 2,8é 4.38
¢ | 1884 | 55.52 |20.86 | 1.27(2.55] 5.47| 8.33] 2.71]- 37} 53|11, 32
H | 1418 | 54.58 12.62 | 1.34(1.34 | 1.27 10.01 | 2.61 12.34|1.55| 92 N

T | 1278 | 59.23 |18.54 [2.19| 486'| 1.56] 9.31| 4.93 1.88] .23/.16

J | 755 74,04 | . 2.121:06 | 3.31| 9.40] 4.90| 1.06]| .93|.13
K | 487 | 69.20 | .44 .21 4.31112.94| 4.11] 6.16 1.03]
L | 407 | 64.86 |s.1612.95| 5.16| 8.60| 3.190  [6.39

N | 511 | 67.51| 4.11 |1.37(1.96| 1.57|14.48| 2.94| 2.15|2.54
O | 1289 | 48.49 |28:39 |1.011.01| 2.95%12.88 2.25| 1.63|  |.16

P | 1178 | 56.79 |17.49 | .51| .68 10.36/10.36.| 1.36| 2.04| .25|.08

M| 540 | 77.22°| 1.30 | .19 .37 | 4.26|15.00| .74 .74| 19|
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Appendix II (continued)

Interval 1V, June 15 to June 30

U~ — e
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A 2913 61.52 .17 12.64(3.91] 3.81]17.03| 3.64 L4l 4.53 07 14 'd¢
. : . . ’ °',?
B | killed June 14 ) . i

}L;J‘/,

Cl 2262 | 75.33| .18 |1.11|1.81] 3.23[12.73] 1.59| .80 1.24].

D| 2871 76.52| .80 |1.60|1.95| 2.02|11.32( 1.81] .07]1.18l .38

CE| 2822 72,227 185 |1.17 1.67| 2.30]14.21 ;;74 S .07 .71 |
F| 93| 51.61 |5.03|2.68| 1.18]27.94| 3.21 | 4.07 )
G| 3136 69.77 2;o§ | .99]1.08| 4.37 11.67 ,1:32' -96l.1.28] |3.57
i 2441 55.29 9.79 | 1.74]1.66 5.06 15.64| B9 5.39{1.62 |

I killevauge 14
3| 1790 | 171 1.17 | .56| .67| 6.26] .78 .34| . .89 ;45
K| 977 | 69.09| .31 |1.43| .82| 8.20|12.90| 2.05 .31{2.66 10 1.33] )
L| 2010 | 67.21| 1.19 |3.381.24| 4.43|11.14] 1.89 4.58|2.39 10
N 1399 | 79.70 4.57 .50 _;93 ‘2.64 9.08| ~.36| .79 ‘,50;,14' .50
o 2250 65.33] .93 .so| .98| 4.62 20.17| 1.56| 1.91|1.02| .09

Pl 969 | 72.45| .41 |1.14|1.14] 7.12|11.66| 1.34 2.89 1.03] .41

M ‘}astipbgeer% June 5| - | ,  ;‘*}-
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" Interval V; July 1 to July 30
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clc | 336 67.66 6.29122.46 \ . .80 | .60
D | 859 | 84.87. 2.33| 81| 4.54 .5%\ .70 .23|.93
E | 2972 | 84.83 | .03 [1.31| .74| 1.99 .07\ .37/,.07|.37.
F |-moved off study area June 29
G | 1696 | 87.97 | .18 06| 1.89 .53 .88| .12f *
| 5282 |4®F.69 | .11 |1.25| .68| 2.46 .32 .o4l..32]:06
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J | last bbéerv@d June 30
K | last observed.June 30 -
L | 2181 | 83.95 | .28 .37 3.35 46| .32 .37
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N | last observed July 4 o
o | 2318 | 84.17.| .26 471 1.77 .35 |- .35 .22].56
P last observed June 27
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