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Fost-eae: qence.  Furtheissre, annual loss was signiiicantly
greater among uvenile males th:it immigrated'than among
these bern énu remaining cn *he study area.

The third hypothesis suggests that predation may be
directed disprcporticnately towards males. Evidence fronm
this study showed that avian preddticnvtook more juvenile
males than juvenile femples. 1The sex ratio of adult
Séuirrels killed by raptcrs did nct vary significantly~grom
that in the live fopulaticn.

The last hypothesis'sugggsts that overwinter mortality
‘may kill more males than fﬁyales becaus of ditEOfenées in

length of hibernation reriods or suitability of hibernacula.

.vidence from this sthdy does not support”this hypothesis as

. -

estimates of overwinter loss, although.high, were :uot
different between the sexes; Theoretical implications of an
unkalanced sex ratio are discussed. Practicél implications
for ground squirrel éontrol based on re "al studies are

also discussed.
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introduct 1on

Fronatdionts ground squirteld

. CCmEonL mamo ]l on

teen reterred to errcnsously as

Least 1975 (Couvss, 1elh9). Thile

"rrom the jlains ot ALtberta,

Manhltoua...soutn intc Yortana, North

south Dakota, rastern idaho,

1970:37) . Adults are

(MacClintock,

{(sba1ley, 1&93) and vary i1n weight f1

dependling ou *ime of yea: (Bailey, 1

They are gregarilous,

tract of land with tew petwuween these

1875) . They live 1n burrows (Coues,

iocated ou ridges (Howell, 193¢) and

duraing much ot the year (Gunder:z=cn,

squirrel

Wyowln ani

the

8]

Sackatcnewan

Dakotua,

about
ol

G9.60) .

cldncentrations

1675) that*t -are asually
in whilch they hlbernate
1901) . They emerge 110

300

PLALITL 1e:
"gopher"

1

d

northern

3

wvhere 1t

S1NCe 4t
dilctributed

I d

nor theastern
Coloraao"
11

wm long

g to L00 4

Dy dLlRale OCCUIL1ING 1h a Zhaly

(Coue s,

hivernation 1n late March or early April (Failey, 14_.0}),

£

’«?ﬂ .
nales about 1-2 weeks pric:

197.) ard rreed scon after (Eailevy,

and oider adults are sexually wature

1973). PolyJddamcus matlng oOCCULs

ges*tation period 132 apqut o4

rroduced pex (Howetrl, 1%2e) . T

year

wer-ns Lelow grcund in the natal Lburr

(Wkehreli, 1973) 1n 1la

(Yeaton, 19%0%4). Adult

early July (D. Micherer, 1974)

tc temales

(Coues,

Nz

~ ~
0]

1626) .

Yichener

(Cld I,

175 .

yourg

efcre

Bales beglin entering

1970; Yeaton
poth yearlings

and

The

days ‘and only one litter ic

cpend 3 to

energing oL

May or early June

nilternatloi 1o

dan ¢ adult remales follow in

14

Mlictenero,



rid-July (Yeat Ol 19649) . The voung or juveniles enter
hibernation in Septembe: (Yeatcu, 1961), temales precediay
male: (L. Michener, 1974y,

Abh unrnbalanced X 14t10 (1\} fedrs to be characte:i1otic ot
treeding ropulaticns ¢t Fichardesont: greund squirtele
(Nelli, 19049; Michener and Micheoe | 1971 sheppard, 19712,
Webico Ll, 1973; Dorrance, 197&; coulet nd Sadleir, 1974) .

At birth cex rataics de net A1t te- si1araticantly trom 1:1

sunderson, 19¢1; Nelliso, 196Y; Yichener ai Mictener, 1971;

Cheppar <, 197, Micnerne: anqg “rchener, 1977) but amony

* i

clulte, terales ually cutnum:ier male: by approximately 3:1

(sheppard, 197.: soulet ard Sadleir, 1974; “ichener and
Fichener, 1977) .

Th- causesr ot this chdnge in the sex ratio have been
the =upject of speculaticn.  Several hypotheses have been
Ggested to explain 1%, Cue hypothesis picposes that loss

occuyrs during early si- -1, icrrance (1974) sucgested that

«°1d weather, sncw ccve-r, an- ¢her+*age or inaccessi1pility ot

tocd may 1ncrease the mcrtality of adul* pales at this time

n

and that these factors affect adult feneles to 2 lesser

degree ~1rnce they emerge later. He fuggests *hat snow cover
Ley make 1. difficult fc¢r squitrels to reiocate tneir burrow

cpenin. . It the hypothesls 1c correct the lcss cf adult

pales chouléd te grea+ter +“han cf adule femalec durirg the
b

uf
’

tirst fcw weeks follcwing emerc¢ernce from hibern ion.
The early sprinc reriod alsc may be 4 *ime of greater

vulnerarcility tc predaticn for pales than females pecause 1t
4
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1:. the breeding searon. Ut the “ox a0 tavors adualt
temaler v the t1me that bhreeding occuls, then each wale
v ool onesd to bieed more than one temale (Yeaton, 19703
fxcnohvx aict Michener, 3Y977) 0 Thic woul = pecessitase
consrderat le meverent Ly males at thio LLe.

The ox Latio already mioy be altered in tavor of
temale:. \;‘ tav tlme Ot oemerqger o {trom hibernation. A second
bypothenas, dnvelving juvenile le:s during the cummer, may
explain this phencrencn.  Dorrance (1974) reportod creator
Lo ot Juvenile males than juvenile temales between
t1d-June and mid-July and dtwdter 1Loress ¢r omgale:r.  Several
I¢pOorts 1n the diterature cuggest juvenlle males move more
than j.venlle tepales: Yeaten (1972) :ejported that young
Fales d1srerse farther than females btased on recagture 3Iata;
Wehrell (1973:94) stateo *ha*™ "{djuriuy *he cummer vandering

-~ .
fUCurs dmpenyg young males,...perhaps recsultince in loss of

~

crientaticn and hence dispersinc." Thus, if males dicsperse
€1%nvr at greater freguencies cr over yreater distances than

< of markvd males and/or the

4]

females, then the recorded 1leo
¢udition cf unrarked zaleec intc a leccal rorpulatiorn, should

exceed corparatle figures for femalec.

-
"

A third nhytpothesis involves 3itterential L .on.

[}
42}

juvenile meles iisperse at cre«*er frequencies or over

Treater “icstances thaa juveniie fermales, they may be more
vulner: - =¢ rreda%ticn (L. Micherner, 1S7Z). This may

resul* 1rn more wale: emigratine frcm a lccal topula*ion than

lomigratinrg intc it. <Since Richardson's grcund scuirrels

ey g R e PabmE s e MR g p S p e i NI ARl W .. s



4l ¢ Khowh *o be Ul ject to bott avian and gaunmatlan \\\
predation (Gupderson, 1901 Cuvanstrom, 1960 tar e, 19705

o Micher e, 1972y Wehreli, Yaldyg DorgdnCv, w74y, 1* 1&s
fosoatde 0 heck vhe bypotherar by recordang the sea tat 1o
among tbe soonitrels killed Tyoouch predatoro . The mirn prey
o1 terr ugioeus Lbawke (Buteo tegalre) and Lwalunon's hawkes

.
(PP*e0 swWaintoLl) 10 Michardsorn's ground squirrels (Falley, ¥
1ot Fanfaela, 1474) . i et hawk: nest in ;
rroxamity ‘o jopulaticn. r fachirdoen's grouna sculrvels at
;hculi be jorsible te compare the mex rat:c o in the x1ll with
» .

+prat 1n *he ropulaticn studied.

Michener and Michensr (1477) sugcest thadt Overwilnte:
rortality may alter the se€x ratio. Since entry intoe
biternaticn withir oy fex-age Clace @ay ex*end over 1 wmonth
(We hrell, 1973; Geulet and fallear, 197047 Macneoner dnd
MicheneT, 1977), i+ 1 i:ttlcul* *o citegerize the
Slgarieadrance ot an anigel, atter *the onvet ot *ne
hiverniticn te::10%, ar «1ther hiternatili, ©F1JL4ti10on 0O
deatn. Thereicre mess hypofnecss €rect el *¢ ~Xjplain )
ditferentilal lce:z ci *ov gexer are fared ON £UTvVival 1I0D
cne hreedin seascn to Yke next. There exther i1nciuie loag
througheu* *ne year, revher -han cnly overwinter .ogs, OT
rrovide intultive arjuments to sulgest Why oveDwinteo iee
nay be ifferential. Such :rcurents lanclude availarility of
t.ite-pitich turrcwsz, di1fferin: feTlcds spel* zelcw Jround
eud varvine rrehicernaticon weidhts. 10 differential lceg 1s
recordec during the ncn-hibecnating rezic? lfrerernt rates
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fquirrels were killed by raptors. Although the ground
squirrel pepulation did nct appear to be separable into
dis¢creve local populaticng, the density ot squirrels varied
considerably over the atea. Therefore, the plots were
located nct culy within the specified dicstances from the
tawk nests but alsc 1n lcocation:s where giound squirrels were
telatively abundant (Fig. 1). The plots were gridded into
16 squares (50 m x,50 m) by means of a series of stakes.
All plofé were grazed bty cattle during part of both summers
of the studv

Squirfels woere trapped between Apiril 15 and September
30, 197% and March 21 and Octoker 20, 1975 whenevelr weather
conditions permitted (no rain and less than gale force
winds). Plots wi*hin the gtudy area were trapped in
rctaﬁion. Frcm May through Augqust, twc plots were trapped
concurrently because two people were available for trapping.
Frem 5 to 8 days were required tb capture all animals known
to be on each plct. Thereafter trarping was continued an
additional 2 days to assure that ‘all squirrels on the Flot
were indeed caught and marked. As a result, 7 to 10 days
were usually spent on each élot before moving to the next.

In additicn to the glct itself, a buffer zone extending out

aprroximately 50 m around each plct. was alsc trapped, albeit

less rigorcusly. During August, 1975 a +hird assistant
trapped at random in areas between four of the six plots

(Fig. 1) to record the locations of marked animals that had

lef+ the rlots.
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I used live traps (Tomahawk Live Trap Company,
Tomahawk, Wi; #102 and #1063 traps) baited, at least once a
day,'uith a mixture of wheat and peanut butter in 1975 .ud
with peanut kutter alone in 197n. Two to four traps woie
placed at burrow entrances, using the method of D. Miéhener
(1972), and marked by a small fplastic flag. They were
checked every 0.5 to 1 hour.

Upon initial capture each aniwal was tagged with two
Ildentically numbered metal tags (National Band and Tag Cb.,
Ne wy v.; Monel cize 1), one in each ear. I also
clipg gae hind toe on each anipal to i1dentify the plot on
which 1t was origirally cartured should only the pcsterior
portion be found in a hawk nest. Sex, age, weight and
location were recorded at each capture. Sex was based on
the external genitalia. Age was recorded as "juvenile"
(born during the present year) or "adult" (borm before the
present year). "Older adult" will be used subsequently to
rerer to marked animals kncwn to be at least 22 mcnths of
age. "Yearlings" were those animals born and marked in 1975
and recapfured in 1976. Animals‘trapped in 19736 fof the
firs<t tige but nct born during that year were simply
classified as adults. Weilght was recorded to the nearest 5
g using a 1000 g Pescla spring scale. Llocation was recorded
within 5 m using the staked grid system previously
described. Animals were released at their capture site

atter handling which took a maximum of 5 minutecs.
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The loundaries of the plots transected home rangés of
come iuuividu‘%;;. Because the kuffer area was trapped also,
1 was usually alkle tc designate the hLhome burrcw of a
squirrel as the onr at which it was most often trapped.
Squirrels were considered residen*s cr the plots if *heir
home burrcw or.at leaszt 50% of their capture.sites were
uifhin the plot boundaries. Data from all resident animals
was used in the calculations.

In order to establish the length of the breeding
season, the left testis was removed from malec killed in the
ared, preserved in Bcuin's solution, and weighed to the

nearest 0.0001 g. HWeights were recorded from an analytical

rfalance wten I returned tc the labcratory in the autumn. To

§

determine whether differential loss was occurring betwéen
“he sexes 1in spring, males and females were trapped from
first emergence. Rates cf lccs of marked animals were
compared Ltetween the sexes for this éeriod. Greater
mortality cr dispersal caused Ly weather or breeding should
be reflected in 2 greater loss of males during the first
mcnth after emergence. Although dispersal may often be
reflectéd in increased léss or gain cf individuals,
increased rovement of individuals that remain in the
Forulation alsc may reflect a greater tendency to disperse
amcng a particular sex and age class. Movement wac
calculated as the shortest distance Letween two ccnsecutive

capture points.



Juvenile djsprsaJ during the sumwel may alter the sex
Ltati1o. To establish the extent ¢f 1mmigration or emigration,
juvenile squirrels were trapped at rirst pmexgﬂnco and
thereatter at monthly intervale. Lofs ot individual:s and
nunbtier unmarked, presumably 1ngrecssing individuais, were
compared between the sexes. I* may be difficult tce be certain
that unmarked SquiILO S ar«< immliygrants in all cases. To
alieviate this uncertaintv, all adult squirrels wer.: removed
rrog two study plots 1n 1¢76, thus, all squirrels trapped
thereatter were immigrants. If males disperse mcre than
females the sex ratic should favor males on ctudy plots whe:.
removals occurred. Uterine tract: from adult females killed
on theSO;prlL were rewoved and preserved irn formalin. The
number of embrL . > was reccrded so that actual litter size at

emergence could oe oo to the predicte’ litter size based

on average embryo <o

Suggestions nave bes i-d€ that adult females may
intluence the dispersc ct 'venl1loe “5oulet and Sadleir,
1974; Michener and Michener. To test this hypothesis
adult females were cemoved {.o0& . - . ¢/ rlots after weaning
of young. The subsequeut loss ..o -+ oation onto these
plots were ccapared to loss frcm .o on cnto control

Flots where adult females remalied.

The effect of predaticn cun tne _~ assersed Loy

o™

comparing the sex ratio of the Rich =
tound 1in hawk nests 1n the area (da+r

concurrent study, J. Scamutz, 1977).
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Fesulty and Dirocusoicen

Populati1on Characteristics of hichdardson's Ground Squiriel
In this srudy ot digpersal and mortality it was
essential that the populations studied be ildentifianle s
individuals at all time:s. During the course ot this study
1414 kKichardson's ground squirrels were individually marked,
ot wnlch only 872 were considered to be regidents ot the
study plotg. These reslidents were caprured a total of 6499y
times. 1 kelleve virtually all resident squirrels were
marked. There 1s no evidence that trappability*of the sexes
ditfered.  From maps of study flcts on which individual
capture sites c¢iL squirrels were marked during each trapping
period, I was able to determine 1f a squirrel was nof
recaptured there subsequentlv. A marked individual, missed
during one trapping pericd, was rarely trapped there
subsequently. The average recapture rate of marked
s
gqulrrels kncwn to be alive was 99% and 97% per trapping

period in 1975 and 1970, respectaively.

Density

The total number of adult sgu. rels present from May to
August (Table 1) varied ccnsiderakly between 1975 and 1976,
More adult males and fewer adult females were captured in
1976. 1able 2 presents the densities c¢f adults reported in
this and cther studies. The density recorded at Rochester

(Dorrance, 1974) and Hanna are comparable althouqgh both are



Table 1. Number of adult kKichardsont's ground squirrels

resident on the cix jlote lLotween May and Augqust
Flot Adult Adult | Total
Females Males
1975 1976 1975 1976 1975 1976
1 25 18(11,/7)1 3 12(2/10) 28 30
2 13 14 (8/6) ’ 1 1(1/0) 14 15
32 11 - 2 - 13 -
ge 13 - 2 ~ 15 -
5 27 11(7/n) 1 6 (2/4) 28 17
? 12 10(8/2) 1 5(/1) 13 15
‘Total 101 53 10 24 B R )

'total (older adults/yearlings)
2squirrels were' removed from these two plots in 1976
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Locat 1on

hochestar
Alta.

Kayville,
S5ask.

Hauna,
Altd.

Fecorded densitie: 1 kichardeont:, G OUL

squittels

Adults/ha Year Slze ol Authority
Study Arca

3.8-7.5 1969 J59.Y ha Dorrance
3.7-15H.5 1970 (1474)
2.6-19.5 1971

O.7-4.5 197,

0.9 ~ 1909 145 ha Michener

1.0 1970 and

1.4 1¢71 - _ Michene:
(1977)

J.3-7.0 1975 20 1 This study

3.8=7.5 1976



Ligher than an the goglua study which CHCOMPA: ©e5 a4 much

Larger area (Michener ana Micheneg, 1977) .

Table 3 presents the adult sex ratios Tvported tor
fr1cnardion's ground squirrels.  Thore 1o conciderabte
varita*tloen 1n the cex ratio both spatirally and temporaliy;
the ratl1o may tluctuate tadically trom cne year to the next
atdn this study aud that of Dolrance (1974) . When
Juvenille  emerqged trem the natal burrows, the sex ratio did
not Jifter ;ignifiéqntiy from 1:1 (Gunderson, 19ni;

borrance, 1974 ; Michener and Micnener, 1977; this ctudy) .

Aye Structure

The age structure ot the pcpulation wos similar in both
years. The juvenile clacs comprised 74% (30E,/419) of *he
population 1n 1975 and 76% (247,3264) 1in 1976. Michener and
Yicnener (1977) report that juveniles cowgpriced 09-79% ot
the population.

Yearlings comprised 797 (36,43) of the adult poovulation
1o 1976.  Dorrance (1974) reported that 48-65% of the adult
lemale population was composed of yearlinug remales and
73-86% or adult nale: were yearlings during the three years
or his s+udy. MiCtheL and Micheuer (1977, report that

yearlings composed U6% of the adult population 1n 1970 and

53% 1n 1971.
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Table o, Number ot resident hichard.on's ground squirrels
surviving between 1975 and 1976

Adult Juvenile
Numbcr Females Male s Females Males
Marked 101 10 134 170
in 1975
Recaptured 45(45) 4 (uQ) 25(18) 19 (11)

in 1976 (%)

Lost (%) 56 (55) b (60) 113(82) - 151 (89)
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Dispersion

The squirrels are always associated with burrows.
Burrows dr( most orten iLocated on "sligyht knolls of tue
nralrie A tew teet above the general level" (Couer,
187%:151) . several advantages accrue: the soil is looser,
visibillity is increased (Cbues, 1875), drainayge ic better
(Quanstrom, 1968), and food 1s abundant (Bailey, 1926).
Therefore Lecause I trapped at burrows and burrcws were
clumped, the location oL squirrels chows a clumped pattern
of‘distribution. Appendices 1-1Z 1llustrate the aggregation
of poilints on the six piots at which aunimals were trapped

during the . years or this study.

Hypotheses Concerningy Causes of Differential Loss or Males
and Females frcm Local Populations cof Richardson's
Grcund Squirrels ‘ .

hypothesis 1: Farly Spring Loss

Inclement weather and snow cover are believed to cauce
mort%lity among males, especially those males moving outside
thelr hcme range in early . ,ring (Dor:ance; 1974). He found
two males dead and stated (p. £52) that "they presumably
became los*t in the snow". Since these meteorolcgical
conditions would affect male ground squirrels fer longer

periods of time than females, Etecause of the
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carlier emergence ot nales, they Fdy represent a cause of
difterential mortality.

In 1”75; ground squirrels emerged between March 9 and
<5; the exact date of €emergence was unknown. In 197b,v1 was
censtantly i1n the tield tronm ©drly March onwards and
theretore was able to observe an. capture rales on their

»

tirst day above grcund, March 22 (Fig. 2).

’ Sncw cover in 197% was still unbroken ron March 25 wheunu
I returned to the study area and observed grcund squirrels
tor the first tirge. Althcugh systematic trapping on the
flots did not cegin until May, sporadic frapping was
conducted in April tc locate sultable plot locations. Both
sexes werGICdptured c¢n April 12 although nmales Fredomina ted
(5:1), Suggesting that fenmales may only just have begun to
emerge. Tracks in the snow were ceen tc extend 50 to 100 nm
away from the nearest cpen burrow. Thus e possibilify
tcr ground squirrels +o beccme disoriented_seeméd to exist
although o evidence cf such disorientation was found. 1In
197b, snow cover was incomfplete when the first grcund
fquirrel . emerged on-the study rlcts on March 22. Thérefore
1t seenms unlikely that any lcss recorded at this time coulAd
be attributed tc sncw cover. Meverttheless, rredation was
':eécrdedrduring this early Postemergence period. On March
<2, 1976 snowy owls (Nyctea scandiaca) were observed +o kill
two richardson's qround squirrels about 1.5 km frem the

plcts.  Since female squirrels had not Yyet been trapped at

tnils time, I presume *+hese squirrels were males. At this



Figure 2.

The maximum period e€ach sex and age class of

richardson's ground squirrels was active above
ground on the study area. @e—e@ Adult females,
O0—O adult males, A—aA Juvenile remales, a—a

Juvenile males.

t

N
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tiwe, Jrouna squirrels are congpicuous aygalnst patches of
Gnow which often remained neal burrow mounds.  Thus 1t 1o
conceivable toat this segment of the sgyulrrel population war
viineraple to predation presscure trom avian predators,
particulariy migrating butconine hawks kncwn to paso through
the arca in large numbers at thls time of yeal (personal
obﬁuLvation). since raptors teed during migration (Cochran,
197Y), this intlux of avian predators could exert a high
predation pressure on the relatively swall proportion ot the
total ground squirrel populaticn which had just emerged from
uibernation. The aspect of predation will bc discussed in
greater detail in a later section. S5ipco it 1= highly
probaktle that some mortality occurled_béforv femades
emcrged, loss during this pericd through death must
contribute to upsetting the sex ratic among adults in favor

-

ol females.

Such 1oss should be evident i recapture rates of
cquirrels during this pericd. The rate cf loss during March
was greater among malesc than femalb:. Five ot 10 adult
males (50%) trapped in March were absent in April whereas
only 3 of 12 females 225%) were absent. This loss could
have been due to either emigration or mortality or notk.

x/Mbvements, that may include dispersal, seem to be
extensive at this time and may be related to the period ot
peak breeding. .Breeding begyins wWwithin 2 weeks after
emergence of the femaleQ (Gunderson, 1961; Quanstrom, 1968,

Nellis, 1969; Yeaton, 197Z; Dorrance, ‘1974). Such would
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recm to Lo the careoon this otudy arca also.  One femile wa:
collected en April 5 and reven on April 7, 1976, Embryo:s
were wvicatle dn 6 cf the 8 uteri.  Therctore breeding had
occurred prior to April L. Between March 25 and ‘Aplil 14,

I
Joomales, from which the left testis was remcved, were
collected. Gunderson (f901) reported that at the time ot
cmergence testen; were enldrged and descended., Welght of
testis, which is ccerrelated with sperm jroduction in
bichardson's ground squirrel (Clark, 1970), was relatively
high on March 25 (Fig. 3) but by April 19 had diminished
gted}ly. This also suggests that post breeding probably was
completed by April 9. Yeaton (i972) and Michener and
Mirchencr (1977) assumed that the sex ratio was already
disparate ot +he +ime of breeding, and hence reascned that
€ach male wust breed mcere than cue iemale since almost all
temales become pregnant. (Nellis, 196Y; Sh(qua[d, 1§72;
Wehrell, 14973; Dor;ance, 1974; D. Michener, 1974). Michener
and Hichener (1977) uafserssed *he average temale ucme range
to e about 150 m lony and that therefore a a.le would have
to mo.e about 450 m to breed threco [emales. . Michener
(f972:u1) stated that " plroportionally, the g[edt93£
tanderers were adult males."  Yeaton (1972) stated that male
territorics included the bturrows of *uree to five temales
and were approximately three times as large. These data
fuggest thar males probably mcve over greater distances than

females.
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To determine wherther miles moved over greater dictances +han
temales on the study atea, I recorded distances tiom one
Capture point to the next from time ot emergence until April
T (Frg. 4).  The mean distance moved by adult males was
clgniticantly grv .*er than by adult females (Studentt!s
T=-4.91, [<.01, log transformation) .

Stnce 1 obelileve that all rvsident squirrels were mar‘*@d
on the plcts ip 1975, any unmarked vquirrels trapped 1n 1976
were considered immigrants.  In March and April, 1976 1
caught 18 unmarked males and 5 unmarked females. Thia
rugygests *hat pore males than temales were dispercing at
this time. Dorrance (31974) reported similar findings; 16
rales and b rcmales that he caught in Apfil or a 24.3 ha

dr€d were unmarked. Michepner an’ Michener (1977) a+t*ribute

most movement of adult males tc the spring period and report

that the rtorOttﬁéﬂ&Ef\{nmarked meies to unmarked females

N

war higher tnan in the marked population, s5uggesting that
more males 1mwigrated intc the population than females.

As an additional measure cf dispersal amcng adults, all
squlrrels were Léméved frem plcts 3 and 4 (Fig. 1) on April
18 and 1%, 1976; this included 17 males and 19 fenmales
(Tacle 7) . Subsequently, 6 males an? 10 females immigrated

onto these plots. These data :iugaest that imnigration after

*

ApL1l 19 was propcrticucl to the aunhbers of cach cex

Ll

ok
available 1in tne surrcunding pcpulation. Females comprised

4% o1 the surrourding porulations and <hey formed 62.5% of

the 1muigzante ontc these plots. It would aprear,
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Total 19
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therctore, that any ditterential novement by the sexes had
coased by April 19, Between May 19 and o1 all immigrant
touloreds on o theso plots were agaln remove to1s
noreworthy that me:t ot the imrplgyrant temal-s had Loen
proghiant. The auwber oi cach rex ol adults that dJumigrated
attor this socond temovald (ftable 7) sugqgest that the same
}lLQ;u)xfi(n:: d1¢ maintalued between the sexes.  Dorraunce
(1974) remeved ondy adult male: t1om a4 4.2 hectale driea
pertore for1l 1o apd tound no inrlgrant maiecs subsceqguently.

ttowever he did zeccrd unmarked mdlos, presuiicoly i1mmliygiantes,
that entered other parts of hils study area during April.
Fighting amonqg males has Leen suyy.sted as anotner
Cause ol mortaedilty in richardscn's qround sguirtels
(borrance, pers. comm.) and grcund squirrele (sSteiner, 19790,
1U7g).‘ Although some wcunding was observed in mole
rlchardson's ground squirrels in this study, it apparently
Wat heVel 0L d4 $ellous hature. Some fighting and Cuasing
wds oObserved that i1nvelved both males and temales, but never

OL dan 1ntensity that would have resuited in mer+tality.

"herefore 1t seems unlixelv that fighting ceused
ditfer .tial 1lcss in Richardscn's ground squirrels.

in < °° Cy, evidence sﬁggestsAtnat during the spring
period, from emergence to mid-April, tne loss of

:L;\ o

Y

cverwlilk..ered males prorakbly e: ds that o¢1I ten

Although adverse wea-her ccnditions were not shcvi to have a



demonstrable effect gnow cover apjyeals to Increase the
chances ot predation and since wmalce ar exposed tc snow
cover longer than temales, 1t aftects them more.  Fewer
males *than females trapped 1n March were still present in
April. HMovements of males in Mar b and Aprail were longer
than fowmales and more woles than female:r 1mmigrated onto the
quts at this time. Thege data suguest +that males may be
more vulnerable than fewnai«n: te predation becausie 01 these

movemen+ts and thet they may alco be moving

ftypothesic s: Juvenile Lispersal and Mortality

Juveniles 1irst emerged fron the natal burrows ~n
study yplots on June Y 1in 1975 and on May 21 in 197¢
(Fig. 2). Figure 5 presents the cunulative number o
juveniles marked over time in the 2 yeazs. The data r1om
1975 are trom all six plots, hcwever the date from 1976 are
ounly trom glots 1, 2, 5, and o, tue rlots on which syulizels
were porn. For tne Zlrst month post-emergence in both years
the cumulative number of marked males was approximately
equ.l tc that or uwarked Iema;es. Thereafter the number of
males cohtinued tc 1lncreese, although a4t a much slower fate,
whereds the number or females did nct increase appreciaviy

after this time. The ratic of *the final nuwber or juveniie

males ownd females marked on the plots deviates frcom equality
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The cumulative number ot juverile Richardson's
ground squirrels marked on the plcte 1in 1975 and
1970.
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Lu 1975 (X<=30 50, P<U10) and o 1976 (X2=5,54, P<L09) .
blnce Richardson's ground fquirrels have been tound
Iepeatedly to have a 1:1 cox ratlo at bLiith (Gunderson,
1961, Nellis, 1909; Michener dnq Michener, 1971; sSheppard,
19725 L. Michener, 1974) avd in this population in the tirst
wonth atter emergence (Fig. 5), thie unbalanced sex ratio
atter 1 month cannot be attributed to an unb#idncod seXx
[atlo at UiLth.‘ Therefore the only possible explanations
dre tydt ¢ilther fewales were téing lost trom the populations
on the plots more rapidly than males during the first month
or thdat males were dispersing more than temales and as a
(

Cohseduence were appearing as immigrants tc'thg population
in gyreater numbers &han temales. 1 did not find that more
remales than males were lost during the tirst month
post-emergence. Although Yeatcn (19bY) obberved
digappearance ot juveniles frem iitte;s 7 to 10 days after
cmergence, with most disappearihg betore 1 month (June 29),
he implies more males dicappeared than temales. Theretore
the most platvsible explanation for tne data presénted in
F1g. 5 appears to be that males are dispersing more than
Ltemales beginning approximately one month after emergyence.

The resident juvenile population during each
pcenlternation honth is presented in Table 8. The s x rétio
1s never sigynificautly different from 1:1 in any month.
Thils supports the hypothesis that although more males were
merked, more males were steadily lost.

y .
,
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Table 8. Number of juvenile Richardson'c ground sguirrels
present ecach month

May Junt July August

Year Femaleo Males Femaies Males Yomales Males Females Malecs

1975 - - ¢ 75 112 119 uy 59

1976 © Y 972 93 73 83 47 54



u

Juanstiom (14971) iweccribed juvenile wovemént s g
gUadually 1ncereasing in distapce from the natal burrow
during the first month above ground. 6. Michenor (197 %)
stated thdt.jUanilvs Lemained near the buriow aftor
vmvrqvnée vut (p. 37) " a]tter 2-3 weeks they wulﬂ moving
over the area used by the wother.® »t the end of one month
"several" animals were seen wcre than 150 moaway (Quanstiom,
1908) . He observed one animal 1.6 km away and shot another
(¢ juvenile male) %6 km away. Quanstrom (1968:51) turther
stetes that " djuring these tirst two weeks ot July it was
common to see youny squirrels several miles from the nearest
colony." He records that 33 of 35 road-kill.d juveniles
were maleo.  Although he was nct able to determine the sex
Oor animals ob. rved at considerable distéucws, the road-kiil
data suggest males were mcving more than tewales. This
description ¢t pehavicr 1 compatible with o« ditterential
dispersal ot juvenile males 1 month atter emergeunce.

A similar increase ia movemerni of Jjuveniles about 1
month after emergence was norﬁd'by Wehrell (1973). She

g .

stated that Suveniles disappeared duriag the rourth weoek
dalter c¢mpergence., Juveniles éomt1Ude to dirappear trom hey
study area during the rollowing month, ouly, but ot a wuch
slower rdate.

Lorranze (1974) stvated that no juvenile itmmwigrants wepe
tound before late June, 3 *t0 U weeks a'tel chLolgence ol

juveniles. hi ulso steted ti:t lmmigration was negligible

atrter mid-July siuce warheo tp u. warked ratics or juveniles



did not changeoe, Lerrance (1971)  concluded * hat ITmwrgration
occurred in lare June aad carly July.  Males (T04)
proedominat od amonyg Immiqgrant:, ing July an o all 3 years ol his
study.  Aloo mos e males than temale: disappeared betweoer
June and July.

It wmore males are dispersing than temales, cmigration
a5 o well ac dmwlgration amonyg males should excyed that of
lemaler. Althoug! emigration can not be separated tpom
mortality in calcu'ations ot Less, mortality "in situv .o

, .
probably equal between the soxes. Assuming equal "in sita®
mortadity rates, ditterential loss must result 1 ouw
ditrerential emigration. Figures o oand 7 are graphic
preventaticuns of the nuwbers ot Juveniles present on ecach

. . . .- 2
Plot 1n each trapping perrod of 1975 and 1976 and {he
seentage losy and percentage gain trom ouec Prapping per1od
to *the next. Lrappiug pe ri,%d:f Wele staggeled amolly plotes
but occurrcd a dappreximately wne-month intervals on eacl
N\ .
L . . \\7 N
Plo*.  The proportion ot JuvenileS Jost trom 1 mouth to
another on all the plotys is alseo fresented i Migs. oooan /.0

Althouylh time irtervals VATLy, they were the cam ror beln

SORCL O edch plet SO thdt o relotive propor:ion can be

Cdanl at Male Joss exceedod tepale Looe from o une to
Ju Lo b o was relativelyv equal botw: on the SeXen Lrom
Jui, fuyust . The Loy of temales tron AUgUst Lo

septembet probably 1ncluded come ent rance 1:to hibernation.
Michener and Micnenper (1977) state that hibernation ot

juveniles begins in wdIly september with L(P*mdlos usuald ly



Figure o,

Nuwmber ot juveniles present duiing cach trapptny
period i1n 1975, ratc of loss since the previous
trapping period and 1ate ot gain in terme ot
imElyrants. Cross hatching, stippling, ctc.
tndicate unwarked animals trapped tor the tir:st
time. The designation of the bars roemajns
constant tor the duration of the animal 's
residence on the plots. The rate of loss ie the
percentage ot marked squirrels that were lost
since the previcus menth. The rate of Jgaln 1s
the percentage ot squir:cls Capturced tor the
tirst time in that month. No rate ot galn 1
shown tor July because all squirrels beru on the
plots had not been mwarked in the previous month.
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Fligure

7.

dumboer of juveniles present during cach trappi iy
period 1n 197¢, rate ot loss since the previous
tra; prug period and rate ot ygain in terms of
imrigyrants. Cross hatching, stippling, etc.
indicate unmarked aninals trapped for the first
tiwe. Thne designation ot the hars remains
constant tor tihne duratiou ot the animal's
residence on the plots. The ra*e of loss is the
percentage or marked squirrels that were lost
fince the previcus menth. The rate ct gain is
the percentdayge of squirrels captured for the
first time 1o that month. No rate of gain 1is
showii tor June because all sgquirrele bern on +he
plots had not bheen warked in the previous mounth.
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aduit ftemales cn juvenyle rmwictatici: and emigration, adult

tewmales were removed drem o plote o oand o (Mrg. 1) during the

trist wee of July ot g time when the young were cosentiaily
Ladependont It a tewaler were antlucencing disperoal
patsorn: dn o the o youno, fhe pattern ot dicpercal trom o hese

plete would datrer from those jlote on whch adult temales
poeal ned. The cex 1atios co pleory whero gdult temales weroe
removed  (Table 9, plcetes 0 and o) di1d net ditter from those
on unwmanipulared plets (ioble 9, plots 1 and 9).
turtherwore, the Zati1ce of juvenile males to temales was not
stgnitlcantly ditrerent between 1975 and 1976 on these
ranipulated plots. This ruggests thar adult remales were
not 1nta:ucncing telartive rates ot enlgration and i@migration
aurlnyg the tim terica cone il 'vred.

It juvenidie males are movine el*her more often or over
greate: drstances than tepadles, thne number 0f interplot
povementy v ompa.ked wo.les should exceed that of marked
femal - The distance between study plots ranged trom U. s
knm to J.15% km (Fia. 1). Late in 1975 one Jjuvenile male
rioved rrom piodt & to 3, a Jdistance ot H00 m. In 1976 it was
tresent acgain cn plot 5. In 1970, movemonts between tive of

L€ 81X plnts were reccerded (Fia. 8).  All movemo nts
tecceried tor juvenliles were made Dy meleg.  Althouga
movens L te probably radiate out 1n a.! directicns from each

ylee, I cauuht oaly these animals woving between rlots or

]

v

tnelr bufrer wcies, and thus the apparen® diiectionalit~ of

1€ an arctiiact ¢if the areas

T

the SOVOmEnTs 1n Figure
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Tl Teoa Number o juvenile Hichardson? s qround squittels
teadent durinag 1975 and 1976 o “he plete on
which :f«]uin“ﬁ‘&l:. wor e hor

R

&3

14974 ’1‘4',“
bPlot Femal €s Male: Fomaless Malec
1 3 37 37 56
<3 34 26 | 34
3 Y 12 - -
4 15 22 -
5 40 4. 24 27



Figure

g.

50

MHovements made by Jjuvenile malec between plots 1in
197¢. EBroken lines indicate back and ftorth
movements. 5o0lid lines indicate one way
movements.
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trapped.  burthermere *hese recaptur e data probably
underestimate the number ot long distance movements yet do
Bot overestime « the preportion ot these movement s made by
juvenile maleo.

GLeater Juvenile wale than juvenile temale dispersal 1ig
1ndrcat ed by tnese data. Differential dispersal would not
alter the tox ratio it immigration cqgualed emigration
because gain would compensate for loss. It 1mmigra*icn and
emigration are not equal, differential dispersal may change
cex ratics locally however dispersal alone can not alter thoe
2eX I'da*10 of +he populaticn as a wholo.‘ Differential
mortallity assoclated with dispersal is nécessary to alter
the sex rdtid of the whcle population. 1t appedars that
lnterye v loss is .cater amon g immiqrdnfs than among
sqguirred. born and reméining on the rlots, assuming all
juvenilles marked before July 12, 1975 were natives and ali
atter, were 1Immigrant™ (Talle 10)y. A 6 test ~dicated that
there was no signiricant difference retween number still
bFresent and number lcst ameng natives and immigrants fo:
temales (G=0.232), but there was 4 significant difference
(6=4.91, I<.05) for males. Since male dispersal is yreater
tnan t. wale dispersal even a small reducticn in +he chances
of =survival ct immigrants may affoct the sex ratio.

In summary juvbknile rpales appez2r to leave “he sites of
their birth in greater numbers *han juvenile temales. The

fex ratio duriug the first month after emergence remained

1:1 kut subsequently as more males entered the populatioun



Table

1975 -

1976

survival

among native and immigrant juvenile

Richardson's ground squirrels between 197% and

1976.

Juvenile
Nativer

1.1

lemaleg Juvenile Males
Immigrants Natlives Immigrants
17 ‘ 1.4 46

P 18 1
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througyh smwiyration than temalcs, the total number ot cach
cexowarhed departed trom equality (Fig. 5) even though
resldent populations maintained a 1:1 ratio. Between June
and ouly more males than femele: were lost trom each plolt.
The presence ot adult temales cn the plote did not dpprdal to
abtect rates cof less or lmmlgration anong juvoniiosvot
vlther sex. Among juveniles, oll 1ecorded movomont: botween
plots woere made by wmales, Interyecar loss ot juv 11 .05 was
yledter, althouyh slgniticantly €c only tor juvenile wmales,
Aoy lumigrants than amony squirrels born on the plots.
Theretore since mcre 1&mingnts are mdlbs, this sex sutters

MOre 1luteryedr _ose.

Hypothesis 3: Predation

Predatlion 1s a possible lactdr causing a dispdarate sex
ratic among Richardson': ground fquirrels. It this 'is the
Casier, d predator must selectively take more of one sex than
the other.

It was difficult to separate dispersal and mortality in
most aspects of thils study. Predation 1s a mcrtality tactor
but may be ‘elated tc dispersal because it may be during the

|
dispersal phases that squirrels dare more vulne: ble to
predation. This 1s an impcrtant considera*ion because
increased male dispersal alcne woulu wot upset the sex ratio

1L emigration equaled immigration as commonly assumed.



Suggestions have Leen made tlhat divper ing i“t]iVi(“hll?Z(lLv
nore subject {.Q predation than sedentary individuals
(Metzgar, 1907) . He tound that screcch owls (Qtus agio)
:;«-l(*(?t i1vely piyood upon t ransicent rather than resident mice
it a laboratory study. Jj\t urtively, these results would be
expected because an animal v}n untamiliar territory
presumably would tind escaje mere dirticult. Snyder et

al. (1976) demonstrated that ¢ terruginous hawh killed wmice
that were untamiliar with their surroundings siguiticantly
moLm;()rtvn than wice tuat were tamiliar with theip
surroundings 1u a laboratery situaticn and attvibuted this
To gJreatrer activity ot the selectoed Jroup. lioweveyg
untamiliarity with sitrroundings pertains primarily to
animals in ﬁhv process ot di: rersing since an immigrant
‘}\L‘O:;uumbly would becowe tawiilar very rapidly with its
surroundings.

A dispersing squirrel would also bhe at o diradvattace
i1t 1t were torced into peripheral, less suitaule habitat
(Klomp, 1972). An animal may dmmigrate into a sparsely
pﬁpuldt(d ared which may not be optimal tor breodin
(fturray, 19¢7; swmith, 14974). an tmportant reguirement tor

ground squirrel survival seecms to be tne avallability ot

Sultable burrows (shaw, 19 6; vuanstrom, 149¥) not ovnly to
avoid predators but also to survive generally.  similarly
talus has been reported to be 1mportant tor Fikas (Uchotona

‘princeps) (swith, 1974) . Swith (1974) suygesits that dujiing

dispersal pikas dare most vulncrable to predaticn because at



thi.o thrwe they are often away trom talbasc Thus, 1t
appropriate bturrtow: are not avarlable to dispersing ground
squirtels, they may be wore vulnerable to predator: during

these movement @

Richard:ont': ground rquitrel:. a1e preyed upon by hoth
avian aund mammalian predators, lrolated cares of Iuwi\xtloh
on Rrchardron®s ground squirrel: by teral house cats (Fel i

'

) (Quanrtiom, 1Y9oy), weasels (Muvtela opl)

(h. Michener, 1972; Wehrell, 1973; bDorrance, 1974), badgers

(laxidea taxun), (Clark, 1970; Wang, 1973) raiytors (Clark,

1970), and wink (Mustela vison) (Dorrance, 1974) have beoen
reported. Attempts at predaticn by coyote:s (Lanis fatraansn),

roed=tatled hawns (buteo fjamaicensiis) (Wehrell, 1973), and

shunks (Mephaitis meophitigs (len::tlom,i 190d) have been
observed also.

sheppar d o and Swanson (197v) analyzed tece:s of mawmwallan
fredators collected duritng June and July over 3 years 1ihooan
area where Richardron's ground squilrrels were boeing :;tllxilt‘(i

(. Michener, 197.2) . Ot the Y0 reces ot badger, r1ed tox

(Vulpes tulva), and long-tarled weased (Mustela trcnata) o

(4 1%) contained Kichardson®s gqround squirrel remains.
ruch.nxisun'ﬁ ground rquirrels have been ostimated to
utmpo::( a darge peroeentage ol the dtems 1n the diet: ot wmany
Faptors. Ender son (1Y9o0l) tound Nichardson s ground
squitrels to be a major prey item ot praivice talcons (Faloo
m«.\xic.tnus) . vseverdal studles of pod-tarled hawke 1«@0“

hicheirdson's ground squiry L. constityting o sSiculticant



]

part ol the dicet: 13-.5% (Luttach ot al., 1970), U-42%

v
~

(Mclnvarlle and o ath, 1974), and 449-74% (J. Schmut o,
1977y . In the vicinity ot the plots studied (ti1g. 1)
birchard:on's ground squittels composied ()'/—'l)i‘;', ot all Ltem:
touud tn the neste ot Swainconts hawks (Buteo 1) and

BH-943% ot tood l1tems: in the pests o terruglinous hawke

(buteo regalis) (J.  Schmutey, 1977).  Burrowing owle

(Speotyto cunicularia) (Seton, 1929) auad great horned owl:

(bube virginiauug) have al:zo been vreported to prey on
l\n‘hd_ui:ton':; ground squirrels cocasnionally (Motnvallle and
Keath, 1974) .

Many of these potential prodators were pressent on *he
study areas «oyote:s, badgers, long-tairled weasels, and
:kynk:: Wole obrerved. Harrlel s (Clrcus <yaneus),
tervruginou: km‘wk:‘, Swainson's hawk:s, rod-talled hawkes,
rough-1cygged hawk:s:s (Buteo lagopuy), stuowy owls, prairie
talcons, amd golden cagles (Aquila chry:aetor) were also
seen at o some time during which ground ::quix‘roi:: were doctive
abave ground.  Althouah actual Caries ot proedation by these
adimels were 1arely cbrerved, they way have considerable
tmpact.  Cne Padger was scen un the arva c‘n‘x-’yinq LR youﬁq
Fichardson': grcund squirrel.  lwo juvenller were tound dead
on a4 study plot, bitten 1u the neck, possibly by long-tailed
wodsols, two ot which were captured oa +he same plot that
day. Harrlers wels ccmbon at i oare capable of capturing and
Milling grcund squarrels (Bairley, 19.00) . In 1975, a

Fichardron's ground squirrel {(probably an adult ssince youny



had not  yet «'uwm/]'«ul) LR chreived h1lled, atter a braot
ctruggle, by o harret. In 1976 an adult maiv harrier was
(luhed with o rquiriel in hio talons that wasn subseguently
Letrieved and proved to be 1 juvenile wa Lo woelghing about
JO0 .

A concurrent srtudy of prey taken by two resident hawk

specien duaring the nestling period indicated that

L

b

Lrchatd:on®s yreund squiltels are the maje

[_— N . > R
CJehmuty, 1977) . Roth terrugincus and Swagl

Lested in o rel tavely high densitienson d

well anooon the cenerdl ovicinity. In ?-‘14."1 H\«‘f?lbc(\rinw ot

the pest: closest to the ctudy lots s chowno on Jugy 17,
1975 one ke ked juveniic wale was tuund‘.( . tvrx‘m]ino‘u:;
Lhawk u(\':‘f appreximately 1.6 km ca.t ot 1te Jant capture site
(June 27y on plot 2 (Fig. 1)- on June 17, 1976 one markod
aault emale w tound in tho terruglrnou: hawk ness O.bn K
Cast o of it last cipture sate (May 27y 1n tae hutter area of
plet 3.

) 1+ houah ¢ quantitative Gecescment ot predation on the

ctudy plots can not be made a4 gqualitative assevsment of the

relative impact cn ground cquirtrel sex and age classes dan.

J

Table 11 cummalizes the total numboers ot ground squirrels
jound prirarily n 14 Forrugincur and 12 sSwainson’y Hawk
pestsoin 1675 and 1970. The nests were visited dally for
arjproximately o weeks.  The total nunber of adult
palos=aduit temales in the prey did not ditter -igniticantly

trom the ratio in the study poiul.ition (Table 1), based on



Table 11, Number ¢t Richardsorte ground cquirrels tound in
taptor neste cn oand around the study area in 197%
and 197¢

Adult e Juveniles
Yoeat Femaleg .. Males Females Malew
1975 47 16 _ 202 212
1970 LU 7 191 323

T« o7 17 453 ©35



CRI=Squarc testa, dn vither yeoa; duiin.g the
not appeart that raptor predaticu durin.g the
alters the adule cex ratic. It 1o notewop b
adult walcs were relatively scarce thev dig

Juvenlle males wore Ken more rrequently +iq

temales.  The prey ratio ot juveniles Killed vap Leo

siyniticantly trom the ratio of juven.les at

1975 ( X<=4.07, P<.05) and iz 1976 ( X7=33.0

Stuady.
Sumime )
y that

appear

It doea

p“liOd

aithough

A

prey.

an Jjuvenile

b fh,

3, P<.01).

theretore appears that juvenile males wore preyed

disproportionately to thell rumbers in the population.

¥

1:1, 1n

upoun

It

Increased rates and diztances cf dispersal may make males

more vulnerable to predaticn. Snyder (1975) s. jested thit

increased activity and weigat in some cases, may also

increase chances ot Li¢ 'u+tion. He teoted th

ted-tailed hawk to active versus inactive (drugged)

€ restouses Or a

to large versue small prey. He found rthat acrive

prey and

prey

were

chosen over inactive. I did nct collect activity darda other

than moverment and therefore cannot ccunent on the

obplicability cf Snyder's rindings <o “his o

tudy.

Snyder (1975) found that idarger prey were prefer

over s.uller prey by a red-tailed hawx. The

larye

X

ed

prey

were at least 55 g heavier than the cmall ey in his

eXxperiments which reant thnat the large prey was twice ac
A

lieavy as the small prey in some casec. D. Michener

demonstrated that fou the first 2 weeks juve

11974)

nile weights did

not differ, kut thereafter juvenile male weights exceeded

those of juvenile ferales. He also dewciustrated that meaun
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we st o adult o males oxceedes P hose ot g alt tewales .
Moean o it Teboor et g o Meekly bacis o were noover toum! tao
cxceod waoa g (b Michener, 1494y DOT L an, (1974) also
prescuted deta o andicating tha* mole: welab nore fhan

Lewmal o, Frgure o llurtrates that aales woere neavied than

Temales an any  jiven montl an b age classes 1n thes

tudy, even durang *he period ¢f temalo pregnancy., 11

prodator: can detect cuch welght ttterence:n, then“greater
werghtoo o male: may iniducnce theit chances ot predation it
other vartabile: cuch e availability and wariness ore equal.

OUnly cne cther stua, of predation o hichardson? s

greund saulrrel: 1epoits osex o 1os ot 1oy (Luttich et al.,
i970) . They roepor* +ha*t, amon. juveniles tound ot

ted=taliced hawk ne ts the ratics "were similar to 1:1.
They alro c*rared faar adult oo 1o corpoted 57w ot adult prey

tu+r ont % oL the trap,od popula 1¢n in the came Areq.

e
—_—

these data were Tased cnoa selic:s. ot xtrapciations tor

wiilch the explanaticn of derdvatior - waec insufticient to
lph,ﬂdtd‘:‘)l‘t(Ti.l_l}?d av ferruginous nd

i

SWalnson's nawk nheste in ot

WIKe comparison:s’ w
s od

L P

ssf udy.

“

Luttich’et al. (19%0) stated that 23-36% of the loes

' d > u
Lroe the ground Squif,{'@i{populat‘um tesulted trom red-tailed
hask p:midficnh:y'e.t Lerrance 41974) accesced this pregation

2 v
V

to e 0! winor lmportance to the groun ! squirrel.population.

DO ranca (1974 <tudied Richard: n's around squirrels 1 the

R 5

vicinity ¢z “he gtudyg area use Ly Luttich ¢+ al. (1970) .

He reported that less than 2% ot marked juvenile

M
M

et
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Hypothe: i 0 Ooverwintor Mortaiity

Uverwiater mortality has leen suggerted de o means ot
altering the sex ratlio ¢t hichardson®:: ground srquirre]:
(h1chener ana Michenor, 1977) . Ay estaimato Of overwin @ ep
moltality must include wortality that occurs in late autumn
sdnce animals that emerge the IollouinQ SPling have ontoeped

> hiberna+tion over a period of 1 monta. ALl mortaiity cao not

T geaattributea to the abeve-ground - viod, sugyesting that

N

/ ' . .
myelwibtel mortality deces occur. The extert of this
S50

3

overwinter mortality cannot be de* o pmined at thie time but
there 1 no reascon to bejieve that it was difterent between
the cexes.  Table 12 precents an estimate of @aximum lows
mond adults between June, tho last month Loss AMON
Juveniles was calculated irom July 1. to the rollowing
Ypring in order that cnly fquilrels bern on the plots be
1nciuded an *the estimate. It dfrpedrs -that 1oss was not
karkediy Jdifierent between *he sexes during this period.
iheret v, althouch Joss is nich, the overwinter period
probably doe: not acccunt for difterential less. Dorrance
(1974) alsc tound that lcss of adults fronm May to the
tollowing spring did not ditter markedly betweon the sexeus.

Locs or animals between years (Table 6) 1indicated that

4]

‘more, alt ongh uot significantly meie, mdles wele lost
within each age class. - This lcss could occur during the

hib: ruation or ‘bove-grouna period. Difterential loss

21
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Table 1. Maximum overwlinter survival ot Richardson? s
ground squirrels on the plote.

N
Ago and Sex Numker Alive Lose (%)
‘\‘\'!\

Adult June 1975 SpEring 1497o

Female: 86 ‘ 44 iy 3

Males R y 50
Juvenilices July 12, 1975 Spraing 197¢

Female: 1.1 23 6 3

¥aley 124 1¢ 86



batween the safxes dotding the atove-ground feried appatently
explaton: wmort or thi: ditterential inter yoear losis. It
Appeats Lhat most estlmates o overwinter mortality are
calculdated tpom the dato the tirst suiviving itondividual
Frrappoaled to hiberpate until the 1ipot individual cmer ged
the rulluw;[na yodl . Thrs would anclude at least one month
when other members of the particular sex-age clase CERSaS
stale abe o oground dardy ang not yotr hibernating. Thux
dabove-ground losses are not clearly ditteventiated tronm
below-ground Josses 1o these records ot annual oS
DoLrance (1974) calculated overwinter ortallity rates
Lor juvenlies trom Auqgust, when SULV1IVINg individuals began
to drsayprpear, to the tollowing spring. This calcuiation
1ncludes some loss during the dhove-ground period and i

theretore not overwinter mortality only. He sugges+toed that
e A
L3 e

T

the greater loss suttered by juvenile males can be OXpiaaie
by loss during the 2 to 3 weeks when only miles were above
ground in autumn based opn rates of leos 1ti previous months.
Do Michener. (1974) and Dorrance (1974) tound a tendency tog
higher survival amcnce those individua' s with higher

brehibernation welilghts, witnin each sex and age class. They

turthet suggested that heaviel animals may onter hibernation

1,

berore lighter indiviau.ls of the same sex and dye clas

because the mean wolght ot active aniuals decliped shortly
ey
terore the end or the above-ground perlod. wnehrell (1975)

Leportea vhat heavier temales, such as those which lost -
-~
W &

litrers, entered habernation sconer. It woulid theretore



HH

appuvar that heavier dnimals are below ground ter Jonge:
periods or b 1nce they enter hibarnaticn sconer.  This
oy negat e any advantage 1rparted by increased
prehibernation weight. F

Ovel wl ter mortalis may lte related to perviod spent
belas rtound.  Table 13 summarizes thoe (i(.t.o:_; each sex and
age class was last and tirst s€en above ground. The period
spent beoelow greund. 1 g minimum estimate since 1t 15 based
on observations ¢t any one individual within ecach sex and
age class.  Since squirtels within cach sex and age c¢lasis
are belleved to difter 1n *imes ol entrance 1nto
Lrbeornaticn, perhays by more than a month (Wehrell, 1973;
borrance, 19745 Goulet and sadleiyr, 19745 Michener and
Michener, 14977) and to emrerqge ocver a 2-week period (Clark,
1970; Wehrell, 1973), there could be considerable cverlap ot
amount ot time spent under ground among the sex and age
Classes. Thus the correlatiou petween survival and time
sbont htbernating iﬁ difticul* to 1magyine.

D. Michceuev. (1974) also répdrted that Juvenile males

pend the shortest average time below ground, folldwed by

re

Juventie temales, adult temaies, and rinaily adult males

that spend the longest time below gqround. Sincw' juvenile

males spend the least awount of *ame below ground and yet

sulter the ureatest loss trem cne yed. to the next, 1t does
. .

not seem likely that the underground period 1s responsible

tor the agicater loss suttered by juvenile males.
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Dates cach sex and age ¢lass of Richardson® s
qround squitrels were obsorved for the last tioe
tn 1975 and the tirst time in 1976 and the
miniaunm period cpent below ground

Table 14,

Adult Male:.
Adualt Pemales
Juvenile Yemales

Juvenile Males

Toast

()l):i(‘li\l\k‘d
1975

July 120
Aug. U
5'\‘}\[‘ - G

sopt. b

Firost
Obhserved
1976

Maret ;‘ .

Maroeh 25

Mareh 28

March Qo

Peryod
Relow
G1 ound

OV

18
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The 1tmportance of habernation burlow:s to the qground
Squil ot har been suggented by soveral authors (Quanstionm,
1908, Yeaton, 1Yoy, Michener and tNichener, l:)//). Miohoenoe
and Michener (1977) suggest that the number Of surtable
bultow: may te lrwrted and ot male:s may have teos chance
Ol drtty previously proven burrows.. Toey tutther otate that
juventle male:s way have the lTeast choerce becaudse they ontoel
hibernation last. Tals apguiient }"xxmfnnv:. that juven: Lo do
not cntablish territeite: which would incluce o hibornation
burvow. lt‘ juventle: dooestebhrsh territories, the date

: i
they enter hibernatoon :\l:ou;/\i not bhe 0 Consequence since

' {
they would possess a hrbernation burvow as patrt ot thetd
territory even betore they occupled 1t dsn such. Yeaton
(1970) stated that Juver tlen detend specitic arods dgat it
Litter wates as well asn cother young by the ond ur\‘luly. 1t

dppears that haberbation bur:ows wmay be clatmed as part ot

-
™

terlrtorle:s at this 11&11( betore any gquventle:s have entetoed
haber pation. LEoso, Juvenitle teaales would not nocessaryivy
darnowore sultabdic burtow: bocauss they hibornate carlier,
Ssheppar™ aed swanson (1870) s tudied sheldetal tomaine.
toutld a4l Llchaldson's grouha ‘:.uui::vk burtrow: -and sugge:t
that these temalns repleseht ovelwlhter worality, HOLen ot
Pquilve s less than one yveddr of age cowper tod Jodr (n 7.0) o
the tdentitralle Poner whertoas juveniles compriased an
avelade ot oo (0T 1359, range - hi) of the live
population.  Sitoce Sheppard ond Swanzon (1970) asnsuned these

alstbnter tod reilalny veplosented overwiotoer mottality they



P e o aat underground wortalaty
htgn on covenilo: when comparod te
difttes o an curtabriaty ot

»~‘._x,\‘)‘.‘\n.lt10n Of thas ditterent ial

\l\‘lll teo.
haibernacula an

mortality among

T

v disproportionately
They sugge:st oo
por sible

t hoe

Jdge

Clasinies. Although this «cvidence rcewm:s to 1ndiocat e gLheatod
fuvent le than aault overwanted mortaiity, the jive
Porulation was ocemposed ot 0% jurenilen o an 1970 and 100 of

[IRRY ‘((»(“\) woele yodiling::s the tellowing
tioe predictiion Tat groeaterl overwilnt ol
il juventlen based On the skeloetal
upprorted by curvaval o data trom toie

youdr.

Althouah overwinter wmortality

the wvidence an
O

suprert oot oa

mortality based on sex 1w
A\

1 welght, leangth of hilernation

avatlabalrty o hibernacula arve

Soverwinter snivival differohces

Puch ditterentilal Loss

¢ X[‘L«\ill(‘«‘l
polrod. Late autumn to spring
ertimat e

maloes are above ground.

Loz during chese pertod: probabily

o urvival o rates o the two T oxer,

~

live
eXinty, |
ditterential
conclusive.
Perilod, o1
anonyg
Lot Woon

starll anclude the period ot

explain: an

SPrLng. Theretore

wortality occur; od

1 el 1Ne. not
fopulation 1o that
Jdo net beliewve
AvVerwintey
l1tterence::

Noat l\\““l'

assumed

v odilterentiral loss during toae Jbong‘—q'mmd

consistently correlated with
the seX and age
yodlLs o ooan be
(Overwianter) aolt, v
Soto 3 weoks when only

oadrcee with dorrance (1974)  that

dliterence

>



submaly ot Hypotheses Concerning Ditterential Less ol He xos

There appears to be no single tactor nor time porrod
Waen the soxo 1ratio o Brchardsen's ground squirrels is
dn:.pl‘;cmi rrow equakity., S examined tour hypotheses in
Which ponsialle explanaticns tor the unegual sex ratio are
tUggested to attect the seox ratio. A 1ntegration ot at
beasit two hypotheson s Dhoevessary to explaan loss in o
soagle sexoand age class oand an Iintegration ot all

.
h)pnrhv:ms CXCCPT averwinter mertality s necessary to
eXpPlarn the disparate sex tatic observed.

Perlods ot \lp}L’\\Xilll.l"?"‘.,ly - Weehs an ospring and again 1n
dutcan when only pales wele active alove ground, \xppu.\n to
be the tiwes when much of the «11&104\1‘«1&1\11 less occurs.
barsh weather condlr'jon:: and the \ii'illiculty el locattny
PHYTOWs 10 the snow are adver se- conditions in the spring
which may «nhane vulnerability to proedation or death tron

eXporure. - Migration of avian predators during spring and

dutumn vesulto an an intdux of predators that o lso Increases
the predation pressurle on wales olone.

Ditterences in Fates and distances ot '\.ii::pvx‘:ml betwuoen
Bale and temale juveniles have been Jomonstrated., Al though
A unequal o balance between Immigrdaticn and emic: at ron would
Cikdllg e sex tat1os docally, distersal alene L not sut tlr«,‘;zont
toooxpPlarn an overall dittorence in the sex Lat1o oL tne
Pobulation unless aceempanied Py death during the dispersal
Govenent ., fmwiaranty nave joduced survival chances and

cevidence suggests disporsoers 1 Jenetal o sulter gleater
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wortality, presumably mainly through predaticn.  Therefore
an emigrant has o hicher piohdin'&i*y ot mortality, cvven
after settling 1n 4 new drea as an immigrant, than a
10y Laent, Thus, lomiqgration i: generally lower than
cemigrat 1on and theretore dispersal does altect the sex
tatio, altheugh indirectly. | Y
Uverwintepr mortality appedars to be an importdnf tactor
10 year —to-yedr survival ¢f Richardson's ground wsquirrels.
Overwinter mortality prelably acccunts for most or the
mortality tu adults bvfweon June and the succeeding spring.

There 1s no evidence that overwynter mortality removes more

ot one dex than the cther. § the ditferential sex ratio
apparent in the population must be the result of mortality

tactors removirnrg rmore males that “wales during the

above-ground jperi.d.

Theoret 2cal Implicaticns ot Sex Dittercential Loss

The causes ot the ditterential sex ratio in
Bichardson's ground squirrel have been discussed. One can
ask why the sex ratio at birth remains equal if it is
consistently alte-ad attvx/;hat'timo. According to Fisher's
fFrinciple, the sex ratio at birth remains in equilibrium if
the cost ¢l pre.duc:ng tne sexog 13 equal (ﬂdmilton, 1967) .
‘Leagh (1970)  demonstrated tnat an allele tor equal division
Ot energy 1nput into the production of rcale and temale

ottespring 1s alweve tavored, even wien differential



T

mortality between the sexes occurs atte the period ot
parental carc.

Theletore since natural selection (H)pdttklfly favol: ai
equal cox ratio at birth, cne is torced té consider
davantages ot an alteration in sex ratio atter the perlod of
jarental care. Hyers and Krebs (1971:2345) stated that
v jariation .«n sex ratio may have cousequences t
.population regulation i well as evolutionary theory, and
consequent]s attempts should be made to andalyze sex thiés
in natural populations'.

Trivers (197.2) proposed a model which help: to explaln
the selective advantace of an unegual sex ratio 1n tavor of

males In species with little jparental invesfment 1ic nhe
vitupring by the mgl&i?*thc refreductive success ot a male
rices rfpidly it he 1s abile to outcompete other males iu
inseminating females. To Le a successiul competitor, 4 male
must have special characteristi . such as size,
dJyressiveness, or mobility. Fowever, the possession of
these same char-cteristics that increase the individual's
chanceses of successful matiny, also may increase 1ts chance
i mortality.
Male Richardson's ground squirrels d4re very mobile
~~~ording to the data presented and thereby are presumed to
e to breed more than cne femalc; this»mobility in turn
se€s their risk ¢t mortality. The risk is nevertheless
. *aking because the ccnmpensation derived from increased

reproductive success is so great. fIrivers (1972:155) also



Cated Mwhereo g male can oact o v ver D Nign BS [ 1eprodu tive
neces: |oinoa breeding season "Titerential sortality will
‘(‘01‘1 espen ongly highon Thi: model 14 the data Lol
ddult male Frchardson © ground Squitrrels very well, 1 the
fatec assungc o are valvd, bur does not oxplain

dittereatdlal duss among the i nileo,

i{;) ward (1960) ,*1:(?{)&3;;( d that  tendency to i':;;)<~1":;‘*
coulo he genetically sex-linked.  He particula: ly discussied
“ac o anherditance ¢t osuch oa tratt it "innate dis U ser s,

» thosv.i;divxuuxly wiich mcved Leyond thelr o cnts' honme
Idlige, usita . 1y Puicrty. Thi. verhaps ox;\lb.'.in:: the
tendency of Juvendle male Rict rason's yrouand squiirels co
disperse ot high-v 100 juencies and over groeater d1st Jnces
than temales doiinag their ftirst summoeg . L 1 this
diftterent1al movement amony the :u\x5:: I Juveniles that
bparentiy leads oo the oitrerential mortatity 1mposed on
PHE malc: .-

Howard (1960) der i 4 monv, onment.ad U'npw“sors" as
Jﬂuividualu which clspersod in re. oHnse o density an’ that
4otencency towards this roro Ot drspers=al maey alsc be
tnhetiteds He suggesteo that gisversers hdave © hiaher risk
of mortallty thau non-dispersers, 4osugygestion that is
suprorted by this study. A difrforential dioperral of the
type seen in Rich ronts o grour! squirirel: has implications
tor pupu;dtion regulation. If males respond first or more
otten tc khflCJntd densify on the local Invol, the

population level will decrease locally at*er a male cxodus



but will rewarn lower only it dlwmigrant:s are prevented foom
covepring 1n o equal nuabers.  Since dmmigre ot are subjoectod
to beavier losses than residents, 1t tollows that betore
such emiqgrants can become 1mmigrants elsewhere their numboer s
will I reduced.s Thus emlgration way exceed immigration and
would tead te achicve the lowering o: density on a local
level.  Furtherwmore the loss ot males tn o prowiscuous

ces o such as Rlchardson's grcound squirrels will have g
. \

wach cwaller 1tmpact on subsequent population pertceracuce

than would a similar lase of females.

Practical Tmplications for Manajewment ot LYichardson'!s ¢round

Squir:+ls as a Pest Species

o . L ‘ . :
The removali experiments cenducted during this study on

tour ot the plots gave some 1nsight 1ntce the problems

Iy

. . \ e : RN oL
das:0ociated wlth the contriol oi FRilchavdson's gidtnd squlrrels

on agricultural lands. The results ot thCSvrfALt:fuld{'

I
experiments and thils stody in generdal suggest that these
rqgqullrels are resilient to period}c recorale, a4 least ot
the scale undertaken herc. The creation .- cant habLtat
tnrouuygh destruction of loca:r ~cpulations provides a vac: ua
;hich Squlrrels f&pidly enterithrough dispersal. The
cerriciency of campgigns t¢ rid dgricultural lands of these
fawmals aust take into consideration the rate of dispersal
a5 well as. the distance over which the dispersing squirrels

dre moving at given tiw.s of the year.



o o oante (Le Lemoved very early in the Yedr, betore

5

o dureig the broeaing season, ettort 1: oprobabiy wasited

because many temales are still below qround and wmales are

-
. . D) .
moving over jong distances. Redoralatic ol a8 ha plot, to

: . .
. . ‘Q.l . .
tormer Jlevels, cocurred in 1~u.§§; }’9»1 month 1n this study.
N |
fomoval ot animals xes Eikely <0 by most Ccltective alter the
youaqg a.e¢ vorn btut betore they cmerge trom natal burrows.
.

Hecause the young are dcpvn#ﬂp} on thelr mothers at thig
4 ¥

tlme, vewmoval ot adult females eftectively kilie juveniles

e,
1n the burrows as well. Hemoval experiments at this time &
” . ~
. : . =
1hdicated that Lepopulation of the 4 hKa Flots was s
o
' g

considerably reduced.
. , .
Juveniles from surrounding areas repopulated the vacant -

rlats to levels cvmparavlie to unmanipulated plots, shortly
b E '\, * .

emergence. €LeLOore animals must ke removed 4 second

s N , ' . -
time. 1 did not remcve juvenliles and theprefore cdn‘ggp;

Y

’.h

determine now gyickly Juvenile repopgldticn woul& oceurs
Immigration onto gtudy plots ccntinued into sertember so
that I uou;d p:udict@%ome LepOopulaticn by juveniles if a
second remdv¢1 ovccurred before this time. fThe longest
moveﬁent, dbou§ 884 m, was made by-a juvenile mdle_béfween
Tuiy 15 and 27, 1976. wuanstrem (1971) recorded 4 movement
Giade Ly a juvenile male of 9.6 ku. Dorrance (1974) recorded
4 movement of a juvenile of 3.2 km. Theretore juveniles

»

Could move considerable distances to repopulate a vacant

2

ired.
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Since the rtesults reported here suggest that, dispersing
] I

individual: way e very vulunerable toe predaticu, ever:

cttort shceould bhe made to retain ;Iit—‘nldtol“:; nedr ared:: on
which censrol 10 conducted. Data colieccted by J. Schmuatz
(1977) and Fyte and Armbruster {(unpubli: bed data) :uggect
that raptcoers accept artiticial nest cites., 7 Frection ot

Lesting structures, placement of baskets in tr®es, planting
ot shelterbelts or even single trees near tields where

. e

ground ¢guirrel control 1is in cperation chculd :xcr@’ase theg

ragtcr poyrulaticn locally and therevy delay repopdi’?&% c‘{‘

tield by immigrant squirrels.
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