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';"Walk away QUIetIY in any d1rect10n‘andvtaste

the frpedom of the mounta1neer." SRR







v

”~the closed canop1es of 1ts fOrest habltat.

‘m1n1mus was 1n res1dence for one day prlor to the

1ntroduct10n of amoenus, both spec1es won the same number

‘of matchés, but mlnlmus won ‘a 51gn1frqgnt1y lqrger number

.of total encounters.~ Thus, the re51denCy ‘of. a chipmunk

v

may be 1mportant 1nﬂthe outcome of agon15t1c enCOunters,‘

and may exp1a1n the apparent exc1u51on of amoenus from the

alplne. e 5f37‘fhj”?l‘ﬂ . o
| | North oﬁfthe Bow R1ver 1n the Rocky Mountalns of
Alberia m1n1mus and amoenus are geograph1ca11y wL

"

parapatrlc, g m._borea11s and B a. ludlbundus both R

.

:occupylng forest habltats.v In habltat select10n»y7

<

experlments u51ng f1e1d experlenced 1nd1v1duals. mlnlmus
selected rock whereas amoenus selected neltherkhabltat

durlng the day and rock dur1ng the nlght The:lack of

preference by E..a.~1ud1bundus durlng the day may be

related to behav1pra1 adaptatlons of that subspec1es to

Agaln E 1ud1bundus was domlnan‘{OVer B. m.

borea11s 1n 1aboratory agonlstlc tests.t The relatlonshlpsﬂifo

g ‘
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e, INTRODUCTION B

The role of habltat selectlon 1n compet1t1ve “a;:
u:exc1u51on has not been documented for ch;pmunks Hafrls
ﬂ,(1952) reported the effect of habltat selectlon on: the

fhabltat segregatlon beéheen tTo subspecxes of the deer

J. ".

*_'mouse Peromyscus manlculatus Murae (1969) tested two

spec1es of Mlcrotus for wet or dry 5011 preferences 1n

\,.A
a?latloﬂ’ to habltat segregatlon Rosenzwelg (;973)

ﬁg;examlned the effects of habltat selectxon on the;;

-

"vcoex1stence of tWO spec1es of heteromyld rodents My @tudy

ﬂexam1nes the roles of habitat selectlon behav1or and 5fjjf
".:anterspec1f1c agonlsm 1n the apparent c0mpetlt1ve exelusaon
;{%Zbetween two specles of chlpmunks w1th contlguousljfi;p’;Jw
: p:dlstributxpns 1n Alberta ﬁfpﬂ,fﬁhgf!??;f;7_{”f‘}t;f;f£fhﬁ.

"o

Montane chlpmunks present 1nteresting problems of
J}fcompetltlon Of the 16 spec1es of Eutamlas recognlzed 1n
;,_North Amgzigah(Hall and Kelson 1959) a11 are presen; 1n

ohe ' reside e east. Thls 1arge;¥t?
ﬂe;number of western spec1ef reflects the large scale L o

% fragmentation of habltats and resultant igaigtiQ'

o :populéticnsn in-the’ 'm'b»u‘nt-ai"nfdu“s:’:'fv_lés t Meé"é\?fﬁ-ﬁ?i’.llé’iﬁ’"? );
‘-“Sympatry oécurs among some of these speCIGStln mountaanUSg
K

/ areas (Merrlam 18973, Ingles (1965) llsoed nlnn“Spec1es ,5,1*

m



sympatr1c w1th 1t§ nelghbors, the spec1es are a1t1tud1na11y

\

»zonedrand féemlngly parapatrlc, each hssoc1ated w1th a

o

B parflcular plant 11fe zbnéL(Johnson 1943) ;f gff”}j"ﬁf:gf;
Ny Vo

‘-1 M”f. Several chent studles dealt=w1th 1nterspecif1c

compet1t1on rh~ch1pmunks.tf_q
" and Sheppard (1971) stud1ed p0551b1e effects of,.b“"‘_
» 1nterspec1f1c aggre5510n between‘cﬁﬂt1guous species and
: concluded that 1nterspeC1f1c domlnance"relatlonships.w le ??;
ff;important 1n confin!ng each spec1es o_1fs fespeqtl

*%;fhabltat', The above authors howeverwjind1cated that

habltats. On the east

—‘\*-‘—\ -

Eec1osus of the 1odgep01e plne, f:“; Ly

g :



N
9

and E pec1osus. He atf*lbutﬁﬁ th' do 1nanee of alglnu
to 1ts habltat, postﬁlat1ng that ant

1n the fqrest through aggre:

w1thCHe11er s (1971 ¢

P




“Bow' Rive

-Subspecies south of the’

1C.

apatr

. -altitudinally par

S

t

‘are geographically

iver

alpin

ges in

E.a. luteiventris - fo
"of the Bow R

E.m oreccetes-

Eutamias amoeniis

°ran

- Fig. 1.






' -envirénmental‘resources;

Eas anabsence ‘of '-_1n.t}fé'i'aéﬁ~i,6h as







to compare the1r dlstrlbutloné habltats

' habatat
, ~se1ectadn |

jﬂsubspec1es.




FIELD STUDIES

o
e

(x (rﬁ )

- ,'C.'},",w .

Habltat Ut1112at10n by the §3uthern;8ubspec1es
, L/

L N \‘

o w} e“.] 1 began my study in the Rocky Mounta1ns of

southern Alberta, 1n the summer o '1971 to determlne 1f

there 1s an overlap 1n the range ef B..amoenus lutelventrls
) (':

3fand E m1n1mus oreocetes 1n the subalplne tree 1sland

: dfhabltat as descrlbed for E. amoenus and E townsendll

'“%1n Wash1ngton (Meredlth 1972), and to evafua e‘ehe;actual

41'N),

eas a. study area because of its gradual altltudlnal gradlent

':;f(from 2040 to 2440 ; 1n ahout_s 5 km) Wthh produced a




'”_to contlnuous meadow and rock (alplne belt LoVe 1970),._14 o

;\;7f1a17 The subalplne 1s broad along the valley floor 2

1
r:-

:(about 600 m w1de, F1g 2) where the alt1tud1na1 gradlent

e
e N
W

[l

 ¢51$ gradual. The §Pbalp1ne 1s also present all along the N

| "sﬁ@ep valley slopes but is only 50 to 100 m w1de._“

Methods.. From 20 June to 26 August 1971

ff”on the ggst 51de

;;{and 7 11nes7were et







~ Procedure was repeated unti

R T i
.. vicinity .of
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denus
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110 trap statlonSVWas s‘et '1n‘: the narrow subalp:me bel



“the alpine‘? Does minlmu
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‘a oe'mifslf{_z_;’lc‘iﬁiilft:s;‘.vv(4

and:their movements







47ﬁ'the grld 1n June.1« }€ffa f,ﬁ?la;ﬁ?'ZVV’ﬂ?:ixf}'1“'7

N

The number of trap s1tes where both spec1es were"

'vaugust 1972 and June 1973'was compared: o: theinumber of

' m1nimus 51tes used by amoenus i




24

"1T5b1eii;f:Number of. trap s1tes on Volcano Rldge rocksllde
‘ ... & where both species were' captured or’

g observed in’
: May 1972, -and where ‘amoenus wasg captured or
jobserved on’ form

. er: minimus sites in August . 1972
.Fand June 1973, ‘number  of 1nd1v1duals, L
n number‘of captures and observations.g,<‘

Total Sltesf”

: fmln 1mus

"’,amoenus'
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. Map.off Jasper National Park showing the ranges of
- the. two  species’ of .chipmunks -(Soper 1970, and this,
study). o e e T




Y L

;f{xborea11s near the confluence of the Alexandra and North

”'"Saskatchewan rlvers, and near the confluence of the Howse B

and North Saskatchewan r1Vers.g F1g 9 summarlzes the

i*.range data for each subspec1es 1n Banff Park obtalhed from fif”d

k the 11terature and thls study My data do not contradlct iﬂﬁA”:

.;quse of xhe alplne E& e1ther 5P3C195-T N° ch1pmwnks were

-

'E;ithe ranges reported b9 Banfleld (1958)

: iPark (F1g 8) T surveved alplne reg1ons to try and observe

‘”; At Robson Pass and W11cox Pass in Jasper Natlonal

fobserved 1n the alpine at eather 1ocat10n.,-3’“

wﬂVS marz

lrve 1n forest hablAats, bu% 1nhab1t d1st1nct ranges‘only'f!‘&n“ |

marglnally\overlapplng along thelr contdguous boundarles.;{
No chlpmunks WL? hs e T4 o )y o

1nvest1gated




Map of Banff National Park showing
the two chipmunk species (Banfi




: ~;i"j z;g;é‘: HA

17i; ,   In the w1nters of 197§‘~3 and. 973 74 Iité§£é& ﬁf ;;f

chlpmunks of the two southern subSpec1as (B m. oreocet













36
ftree habltat, about 2. 5 m above the sod, s1mulat1ngu BETE N
;gy:ov ead tree canoples (Flg. 13) Div1ders 1 45 m hlgh
?E(O 35 m: of plex1glass at the bottom and 0 90 m'of metal

‘fabove) separated the hab1tats from each other (Flg. 11)

"7‘LThe ch;menks had access from one hab1tat ﬂo another only

ffcfthrough tunnels (7 cm h1gh x 5 5 cm w1de x/lo 5 cn- long),(

1;each w1th a door attached to two mercury SW1tches (Frlesen .
_‘1972) The SW1tches were connected to an eVent recorder

”"(Esterllne Angus) to monltor movements between habltats and b

'qbrecord the number of mlnutes spent by 1nd1v1duals 1n each

:ffact1v1ty (dark)

-habltat Each habltat conta1ned a feeder w1th ‘a tunnel
Lo e T T T T e e T o ‘
’gentrance w1red to the event recorder._ The~photoper10d 1n
sithe observatlon room wasfsetrat 12 L/lZ D w1th 0600 to

| 51800 hr MST as the llght perrod The temperature 1n‘the

ffobserVatlon room.varled from kg to_zz Cgf TlmﬁhSPent in “'wuiv

qjﬁeach habltat was chosen, a.prlorl, as the prlme'cr”terron yﬂf”;‘ ;

'hffor habltat selectlon

*frobservatlon room throygh a. small central compartment‘so

';15 ,' o

-..A,_mz, T in F1g 10y, between"’ogoo to 1400 hr MST on Day 1
- : @*
.(dependlng on when the prev1ous«an1mal was captured and

’:f}removed) Movements for ana1y51s were monltored rom 0000 :ﬁ

f:'to 2400 hr of Day 2 Thls allowed éach anlmalhtlm

i ffexplore and famillar1ze 1tse1f W1th_thevhab1tats and”'

-“}ﬂapparatus pr1or;toiact1v1ty'belng recorded Daytlme

ly.from n;ghtt1me

;‘Tact1v1ty (llght)rwas analyzed separaté




| Fig. 13V Plastic

RN

y over tree habitat.
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About 200 g of V1ta m1te laboratory food and about f;ﬂ ;
200 ml of. water were prQV1ded 1n each*feeder to each

[N

:1nd1v1dua1 tested,n To neutrallze the p0551b1e effects of ‘ af,:J.

lfscent.ln éhe feeders, wood chlps placed 1n both feeders Tfhffé‘ l
““fwere collected after each test thoroughly mlxed and ?;7ﬁ” ff”'v
?ireturned to the feeders The habltats were dampened w1th ‘

',water before 1ntroduc1ng a new an1ma1

- Durlng the w1nter of 1972 73 18 E.vﬂ“

’iand 20 E _m orebeetes were tested 1n the observatlon room :ufhf

'hhw1th the rock and tree habltats and w1th a thrrd meadoﬁ

» Lhabltat._ Th1s 1nvolved the use of sector C whlch 1s a1;n

hf;8 8 m2 but oblong in shape (Flg 10) The meadow habit

2w1thout vert1cal structure present

A(,-

To determlne whether"or not the shape of the

d-sector had an extraneous effect on the ouﬁcome of the ;;~***;

O

o experlments, the habltats were rotated from onexsector to
) L

1another, after ten anlmals of each spec1es had been te tedfdf”fu‘

3;(1 e.. rock and meadow were each tested in; oblong sectoff&

lfand sector A or B) I found that 1nd1v1duals of both;f:“

‘“Sp&CleS 51gn1f1cantly avo1ded sector C regardlessjof_'abltat

-/.'

'f-present

"the experlment I dec1ded to dlscontzn é. 1ts.us



' [;g;

L "‘. N

ﬂ“,to the separat1on of th@ytwo southern subspec1es 1n the,*""'“

lf1e1d rock and trees.,,?.;g\_ri ,.ﬁ_g,g;m_“

-,: Adults of the two southern subspec1es were caught v:dnf'

- .1n May and June of 1973 1n e Sheep Rlver draxnage and

'u&’were tested 1n the art1f1c1a1 habltats 1n September and

:.October of 1973 They Were c13551f1ed as "hab1tat~: ‘thffkf;”"‘7

ine May of 1973
'tdnaiyefchipmunkéffrom:'heeefiitféisfwere tesi

' and March off'974

“caught in May of 1972 and were allowed to ralse the;rv:f"’

-*experlence&i 1nd1V1duals (1 e. they had fleld experlence)

".%Firef-regnant E a. 1ute1ventr15 femaleé were

2 et
”(1 e. they had no f1e1d experlence) that were

o tesﬁgd 1n the art1f1c1a1 habltats 1n August and Septembefd‘""'”“ ;

of 1973 _ Nlne pregnant E

*and were 51m11ar1y treated

The habitar

N et
;

"*_{of:f_e two:northern subspeC1eS were caught

*fThey weie tested






- '.'m both the lléht and dark t1me perlods
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the two: southern sﬁb?pec1es durlng nght and
Dark tlme perlods ; :

4

L, @

" Mean (X) and- standard error (SE) of percentntlme
spent in,'each habitat by naive individuals of

s . . . . . ,r.',-

i I RS ke

S Light < .. Cbark S

m. oreocetes

c.al iutelventr1s P

20 ERD e T aak

TR

rock ) s 5108 f4;1 f_&: ‘f'64f9“
e p;rees oo 480200401 0 -0 035010

Q

"rock C 0% s8.8 5.4, 85.8 6

Y

'** Slgnlflcant dlfference 1n habltat use, P<0 01

a3

s
s

f};*** Slgn1f1cant d1fferemc§ ’hab1tat ‘use, P<0 005   .7‘

[
L

,o..



. - A~ . X . B . S .

4];subspec1es selected the rock hab1tat.- Na1ve E m.”"

hi7tested All were hab1tdt exper1enced 1nd1v1duals. As shown;nt.
1n Table\ﬁ mlnlmus/spgnt 51gn1f1cant1y greater tlme 1n the |

' rock hab1¢a¢ Ain. both tlme Perioés, thh no use of the tree &;t;l
khabltat for nestlng'51tes._ Although amoenus spent a '”i.”u :
gsignlf&cant amount éf 1ts¢nesting QQme 1n the rock 1t d1d

not s1gn1frcant1y select one hab1tat oyertthe other dur1ng o

o the 11ght per1od ?Aa “zlfiftfil“;hlglhif”rvfo'fiffﬂﬁ"j?tkfﬁ,

N The habltat use by the two subspec1es wasrfﬁgi]{ff;.lif}
ylslgnlflcantly dlfferent 1n both tlme perlods. However, the S
“dlfference 1n the dark t1me perlod is probably more related
‘to the'lack of 1nterhab1tax movements by m1n1mus during the

:dark perlod (Appéndlx II) than to any greater degree of

'-selectlon of rock for nestlng 51tes by m1n1mus, 51nce a11

tfﬁlnd1v1duals of both subspec1es nested 1n the rock:

*SummerZi:qﬂj‘,a,:firf-f-"r,zfcd Co

Experlenced 1nd1v1duals of both southern

‘oreocetes spent more tlme 1n the rock habltat whereas

o

h\fnalve E a.}lutelventrls d1d not\select one habltat over f;ﬂf:]"

"-'./

- ‘~the Other- SRR / x":.'.~'.: ..

'Ayrhabltat., Experleﬁced



. Table 4.

Mean (X) and standard error (SE) of percent tlme

.spent.in éach habitat by experienced 1nd1v1duals

" of the two northern subspecies. dur1ng L1ght and

‘ TDark t1me perlods R e

.
&
]

5

m borealls

“fock i’iu- ﬂ;:i 76 6 2.8 100,07 0.0

_11-1f,u;** .r;t**}**cszaswﬁ

-;;tyge; x;- RS 23 'S z 8 L 0i0 000

ludlbundus

_Jlm;:;fFf: 
,1m . B

'  rock L
trees% v L

'7a*? Slgn1f1cant d1fference én hab1tat use P<0 005“ e

Interspec1f1c differences (1ntrahab1tat) are

Slgnlflcant P<0 005, 1n*botk t1me perlods-,uﬁg,: "2 :'”":

- ’va




In hlsfﬂ_udy of aggre551ve behav1or‘between E. a.,f

'Vflute1Ventrls and E m. oreocetes, Sheppard (;971) used two

";arenas t° teSt hlS anlmals, one 1 5 m ;1n area and 2 4 m “ﬁ e

'*fh1gh QI assume the arena was square or rettangular), and

 fone 3. 7 m long, 8 cm wide and 10 cm h1gh} flnd1v1dua1 L
53:amoenus were matched 31mu1taneously w1th ind1v1dual minlmus.

fine obserVed the anlmals for 30 to 60 m1n after

’{'1ntrodu¢t10n. *}39;,;ﬁ]ftﬁ1;

AlthOugh Sheppard determlned that amoenus was



(Flg 10) W1th the rock and tree habltats Present & Ti;:h; ”‘::j,ﬁ
1nd1v1duals, one of each spec1es, were 1ntroduced '“ﬁyA”'“h‘f_rf;
.:;51mu1taneously The two southern subspec1es Were tested ln‘fhffn'
March a"dAPTIl Of 1973 I tested the two northern '\hf ::“b:;;z

subspec1es in Apr11 and May pf 1974 #o compare WIth the ff';'.fgh

southern subspec1es.;_f=

lhﬂ[_ | In another experlment Sheﬁﬁard (1971) allowed one- T

tSelf w;ﬁk the arenaffor 3 to 5:
v E

“1Re51dent

!chlpmunk to famlllarlz”

"days before the second chlpmunk was 1ntroduced;'
i;gmggnng were domlnant 1n 51gn1f1camt1y more matthes finfﬁﬁ

| f.(67 5%'of 40 matches) than re51dent mln hs (25% of 40

S matche ) If Sheppard's re51dent chlpmunk data are'in
o'compar d to hlS 51mu1taneous 1ntroduct1on data (48 5% of 68 m

i~‘matches domlnated by.amoenus;*l 5? éomlnated by m1n1mus),
'.1t 1s seen that mlnlmus was aimlnantf1n a 51gn1f1cant1y

'*ﬂlarger number of re51de t matches than 51mu1taneous matches
Dt

[i(chl square &hi

i

4way table P<0 001),‘and amoenus was also

?f:domlnant 1n 1arger number ofjre51dent matches (0 1>P§0 05)

,» Therefore, 1t appearsvthat fam111hr1ty w1th a

Jj,&home area" &oes have an effect on the o}tcome of an:;“

» A : e
"encounter w1th a r1va1 that LS unfam111 T wlth that area.;_vu-~ﬁwh;

.fﬁIn the field a, re51dent an1ma1 méy be'awle tO domlnate a gtfffa”
Afrnonre51dent by u51ng the structuré*of'the hab1tat to 1ts

”fadvantage.; In_thls way,:perﬁaps m1n1mus 1s able to

vprevent amoenus from enterlng the alplne.;}evw"”"f

In March and Aprllcof 1974 I matchdﬂ 1nd1v1duals

SR f
a5



’51nterspec1f1c encounters 1n the artif1c1a1 habitat w1th ’szg;“;;
::m1nxﬂgs 1n reszdence. Szmzlar tests thh amoenus in e
: resadence were not done because I assumed from my results iffjlf‘

-~ of the 51mu1taneous matches that re51dent'aMDenus would be"jﬁ*ﬁf*-7*

'domlnant over<1nvading m1n1mus.

T I

'-Méth'o“d.s'-_ | L I

Slmultaneous Introduct1ons.' A11 an1mnls used 1nvf;hf

thB@e experlments had been.tested 1n theehabltat selectlon‘fff'
LR ]
_expé%rments and were fam111ar w1th the*habltats and

}taPParatus 1n the obserwatxon room'\uonlyffieldvcaughg"fwﬁ“ai?“

‘v1nd1V1duals were use»__ﬁ

L o

-fthe same sex.; Otherw1se palrlngs

"the laboratory pepulat1on.,

’;glass,

The observer recorded _nteractlons for 2 hr



';vSubordlnate.. I recorded the same encounters plus what I.5ffja'

) _sub'specm ‘
‘T;v'.prevmusly m&tched mterspecxfically, were

fintraspec:.fiﬁly to'-i“obtain"

“iddentification. -



Res1dent MtniMus Introduct1ons., Agaln, a11

-‘anlmals used 1n these experlments were f1e1d caught and had ffu
r{prev1ous experience w1th the artific1a1 hab1tats, but not 3
.:ﬁWIth agonlstlc experlments.‘ They were matched only once.

;One mlnlmus was 1ntrodnced 1nto the arena in m1d mornlng

‘;of ‘Day 1. An amoenus ind1v1dua1 was 1ntroduced be%ween

_1j0900 and 1100 hr of Day 2,’and interactions and movements?'”"

'“3were recorded for 300 m1nutes as- 1n the 51mu1taneous Tl
__;1ntroduct1ons.lhe,d‘}U ’.:A'F'¢j5”5r7f~ P
- "--Stat’i’fst'ifcali'P.r;o‘cédarﬂe'sf'"-‘- T ’ LR TN
SRR . : *~¢.;*71__;

A.l

The ch1 square test for goodne%s of f1t and two-

"jway contingency tables (Sokal and Rohlf'1969) were used to L'ffff g

f}-compare the number of matches dominate& by each speC1es

ff5and the total encounters won by each spec1es.,“

- f” o

As in the habatat-selection experlments, thee R

jffhobserved t1mus spent ih_ achfhabitat by 1nteracting _
ilend1v1duals of both spec1es w‘re”compared us1ng Wllcoxon s
h"-srgned ranks test and the Mann-Wh1tney,U test (Sokal and o

*f'Rohlf'1969)

T:fiRésultséésduthetavsabépééﬁgélyﬁpv‘**“»‘

I def1ne an encounter as one}j"'
e Ar'j. "'.«m

f*:between a pa1r of anlmals., A match 15 the pa1r1 g of two
B : oy . .

s ind1v1duals over the 24 hr perlod thft encounters [

55 recorded




st

!ﬂ . . Vo : ' ! ‘/ -
/

S1mu1taneous Introductlons.: Fou teen gnd1v1duals‘

3

of each of the two southern subspec1es w Te matched. The

™~
D

f results from these matches aretpresented 1n Table 5. 1_;_ "h'j*;

Ty i

' ’Amoenus was domlnant in 8 of" the 14 matches, wh11e m1n1mus

Q,was domlnant 1n 4 matches These dlffer from Sheppard'

~.'111ustrate the contr1but10n by these 1nd1v1duais to the

;"Appendlces III and IV) However, 1n two male matches

.h(1971) results in that the number of domlnant ‘amoenus é:f”f”;-h
. i S —— A
gmatches 1s not 51gn1f1cant1y larger than the number of

»domlnant m1n1mus matches (P>0 1),‘a1thouﬂh‘th15>may be ;ue o
.“to small sample 51ze.» However the total number of
xencounters won bw amoenus (895) 15 51gn1f1cant1y greater; i
ﬁthan those won by m1n1mus (322) (P<0 001) v.

- In Table S the encounters won 1ost by the
', dom1nant 1nd1V1duals of each spec1es are pfe% nted to
Zzitotal encounters won lost by each spec1es (1 e. 4 dOmlnant

‘fmlnlmus contrlbuted 73 09 of the total enoounters won by
h'ﬁall 14 m1n1mus, and 8 dom1nant amoenusAcontrrbuted 87 39
iffof the total encounters wbn by 14 amoenus) L

Ind1v1dua1 domlnance was usually determlned early

L\

“1n a match A domlnant 1nd1V1dua1 was anbltrarlly deflned

a_as an an1ma1 that Efn at least 50% more encOthers tha'
, 1ts opponent ‘ fn most matches the domlnant won severaf#i

’t1mes the number of matches won by the subordinate (see ffﬁug'ﬂ,djc

.\!‘ ¢1..

3

3'idom1nance wa's. never clearly determlned In one match the“3r'w

: domlnance shlfted from one 1nd1v1dua1 to another fﬁ}i‘-r.g»ﬂ},é L
| o R I

'ffthroughout the match w1th amoenus observed to domlnate 33 ;ﬂﬁiﬂ;




P -4\§7f ;. bﬁﬂ*ql?f‘
~ Table 5. Agoni

- L>subsp cies 1ntroduced 51mu1taneously

v .,_-..\‘-

o ...~'4%::;. B R
N T . -
N I

. r'\,‘vl'-'-x P s . oot
AR
. . .

B R RO
AN o ’

BncounteTS'”

tic’ encounters between the two southern j{f*:lffff‘

Total S ‘won-lost byfﬁ;fa75

S '”-encounte % IndiV1duals - dominant
N won los

:ﬂg:x3;7bréobe£e‘.  Z,Pf:_f ~ ;153 TR
S males. 1 ‘[fF193 39/33’2?'T'"f”“
' 3;; 7f129 498f[_;.ﬁ*f“,

"$ ]9'132%a895? f}i'f@ifﬁ

71°395f3?2h@5?~$“ff“'

;ﬁ ?ﬂﬂﬁéléav,domlnance in: 2 male matches*$
Rhade Includ-ng one d&minance reversal ;

domlnant* -1nd1V1duals;gy;.kﬁ*



O . C . » o o
‘ncounters to 28 for m1n1mus.J In‘the other'match~amoenu5‘~

‘.;was clearly domlnant for the flTSt 2 hr of ohservatlon '1In

D

'the thlrd hour of observatlon m1n1mus became domlnant and //

> T~

_remalned so unt11 thc end of the match In th;s match
. L4

,Hamoenus domlnated 51 encounters “to 46 for m;nlmus

.‘Another dom1nance reversal occurred 1n one female;}]vg_.é
match, where amoenus was domlnant 1n the flrst hr and e
¥ —— Lo d

&

_‘mlnlmus was domlnant 1n the last 3 hr In thls match

4‘m1n1mus whn 82% mone matches than 1ts opponent (42 23)

Interactlng 1nd1v1duals of amoenus were observed

".to spend 51gn1f1cant1y more @me 1n the trees (’X 59 3%)
‘Tthan 1n the rocks (P<0 00%) A]though m1n1mus spent

dsllghtly more t1me in the trces (54 1 ), the dlfference was

e,

“not 51gn1f1cant (P>0 1)

l‘ QI A

Re51dent minvmus Introductlons. Twelve re51dent

'te“.‘..f- o

. _h'

o

7'reocetes were matched w1th 12 1nvad1ng E a.

lutelvenfrls The results from these matches are plesented

PRl

cin- Table 6 Each specles was@ﬁomlnant 1n half of the
.matches However the total number of encounters won by

‘5re51dent mlnlmﬁ (644) is 51gn1f1cant1y larger than that
g ORI

'“'won by 1nvad1ng amoenus (572) (P<0;_f _Q_f‘fﬂ5~'g*h-'Qfdf17»§:fi'5
| These data dlffer from Sheppard's (1971) results
{‘%1n that h1s re51dent m1n1mu5°won only 25 of thelr matches

| }and only 28 59 (88 221) Of thelr encounters. fﬁ“‘V"

The 6 domlnant m1n1mus contrlbuted 88 8% of the.ie;fi' |

Lt ‘ \
,total encounters won by all 12 m1n1mus, nd the 6 domlnant



’ Re51dent L
, ‘§..m. oreocetes
males

females‘

o

[ Including one ¢

ominance reversal.




‘ . o

amoenus contrlbuted 95 3’“of the total encounters won by; ‘ = o

-;a11 12 amoenus (Table 6) Thc total encounters won lost};‘th-ff

J

hh'by domlnant m1n1mus 1s signlflcantly dlfferent from the o

"‘.total encounters won- 1ost by domxnant amoenus (P<0 001)533"

| In these matches there was only one domlnance
1reversa1 -whlch occnrred dur1ng a. male match._ M1n1mus
5f was domlnant at the start w1th'a Shlft of domlnance to hfﬁé;ﬁ'“
’1¢amoenus occurrlng duréng the second hour/of observatlonﬂhf;@?feifi
'itlThe latter rema1ned dom1nant until the end of the match. tf:§:‘ >T¥
_ »ﬁl. ' Invadlng gmoehus spent 51gn1f1cant1y more tlme‘:h ‘ :
h,fln the trees (X 61 7%) than the rocks (P<0 005) Againitfiia'
ﬁm1n1mus spent more tlme 1n the trees (57 5¢), but the; ;ihiﬂiifilﬁ
Q/Kdlfference was not 51gn1f1cant (P>0 1) - .fﬂlfﬁ;afiﬂ?ffeangfiiﬂ
.J3‘”} _z_\i;*,i ol v“j'_'.r. o B T
s I_e Flrst Flve Encounters.:

'@If anlmals 1n the

"f;f1e1d only nteract for a short perlod (w1th on'xor both_;

'tefvacatln the area afterward),vthen\perhaps only the flrst
| g the's .

-

'*gfew encounters\hetween 1nd1v1duals

Tnsthe laboratofy are

mportant 1n determlnlng whlch anlmals w111 occupy an

L

“area

k;To analyze thls effeet I plcked the flrst flVe;:ié?f¥*7

A

‘VVEencounters betweenx1nd1V1duals of each match and a551gned IR

Tﬁgdom1nance 51mp1y to‘the anlmal that won most pf the f1ve ‘
'yqﬂencounters.,_3':”'l L

N




(21) gp<o 001)

In t‘he re51dent m1n1nws matchesu mlnlmus WaS

domlnant in nlne matches,‘whlle amoenus was dqmlnant 1n

e

mvthree Thlg\d1ffer€nce 1s%nox”"u1te Slgnlf1cant  ;3j.ﬂ‘Fhﬁ

(0. 1>P>0 DS)\\ However the nuﬁ'w

S

T of matches domlnated by

. re51dent_m1n1 s 1s 51gn1f1cantly Larger than the number

‘\

of matches domlnated by mrnlmus durlng the S1mu1taneous
d———-—.—g——,—-——

1ntroduct10ns (P<0 05) During the ﬂhrst f1ve encounters,

PR
-e

‘mlnlmus won 51gn1f cantly more totallencounters (44) thah

} o - . o ~:"‘>..
%nvadlng amoenus (l&{ (PxO 001) ,3-'_.333“';.;T;r¢o‘” )

.n'i

?_fii-hr Intraspec1fit Agonlsm. A11 14 1ndiV1duals of

each southern subspec;es used 1n the 1nterspecif1c

51muItaneous 1ntroduct1§ns wereaused 1n the 1ntraspec1f1c

° 51multaneous 1ntroduct10‘s For each spec1es there were_]

female female matches The total number of aggress1ve ot

‘-encounters observed folv hf:seveh matches of amoenus"

(782) was 51gn1f1cant1y lar%:r than the total number of Tf?¢f7

'aggre551ve encounters‘for th_ seven matches of manlmus

.
(405) (P<0 001) These data further support the

| observat1ons of Sheppard (197 ) that E a. 1ute1ventr1s 15

more aggre551ve than E. m ,ere cetes. Although sample

size was. small there was a tr nd 1n both spec1es to use:f‘

the trees more than the TOCkS dwrlng the 1nteractlons..ﬁji?] L

[

';jfiﬁfl."fAfﬂ fﬁrf.*Ff'f“-“;ﬁ\h‘ﬁif?ﬁef'
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////Results{i;brthernﬂSubspecies'

. . . ) . .
v . ¢

Ten 1nd1v1dua1s of each of the two northern

m N

Atsubspec1es were matched and the results are presented 1n B

Table 7. Amoenus was domlnant 1n 8 of 10 matches. Thlsf“

-:1 is not a 51gn1f1cant dlfference (O 1>P>Q 05), although

y‘thls may- be due to small sample s1ze However 'the totalzll _—

‘"~51gn1f1cant1y more?tlme in- the trees (m1n1mus 57 2%

P

number of encbunters won By amoenus (756) is’ 51gn1f1cant1y

.ng%eater than those won by m1n1mus (321) (P<O 001) T%ﬁ 2

domlnant m1n1mus contrlbuted 99 3% of the total encounters

won by*afi 10 m1n1mus and the 8 domlnant amoenus

‘ tw

contrlbuted 100 of the total encouﬁters won(by all 10

)(

~.amoenu5" Interactlng 1nd1V1duals of both spec1es spent /7‘f

‘ |
'P<0'05 amoenus 69 1 P<0 001)

PR 7
. /

B As' is obV1ous from Table 7, an analy51s of the

/

’ flrst f1ve encounters between 1nd1v1duals of the northern Lo

o. /

subspecles doesynot»change the outcome»ofwthese matches,if‘

. Summary” . e

'v1ntroduced 51mu1taneou51y, amoenus falled to domlnate a

0o <.

“

In matches between the southern subspec1es"jfzz

-

'_>51gn1f1cantiy larger number of matches than m1n1mus but ;

i g won a 51gn1f1cant1y 1arger number of total endounters ﬁln;'

‘ ~_matches where mlnlmus was placed 1n re51dence prlor t0"'

the 1ntroduct10n of amoenus each spec1es was domlnant 1n L e

S

half of the matches.J However”~re51dent/m1n1mus won a’”



‘Table 7. AgbniSfiEventdhntefs7bétween tﬁe two norther

Fam ° -

subspecie® introduced simultaneously..

S—— .
: L o
ol

N

\
\
- S T - Encounters |

- " Tqtal Ceel wonélost.by\
*lénc§§€ters «ndividuals dominant |

N “ won ost'x-vdominant*_g individuals\ ’

.lm

.o m

- 6
" f ﬁ”ff¢ma1é§;§_£ .

S0 Total 10

‘/

.. borealis

"méiesH ”6

]
1

. females

~ Total 10

,,1udibundﬁs_;ﬁ7

©_males

%

f
o
a
[y




i

i

51gn1f1c3nt1y larger number of encounters.

- L9 N

In matches between the northern subSpec1es H];f;"
® N
1ntroduced 51mu1tanebusly,'amoenus was domin;nt in éuffﬂ.] :
L Gy NPt o,
f% J‘larger number of matches and a 51gn1f1cant1y larg‘%'ﬂumber‘n"
'oww- : o .
- of encounters. i v,; | ‘ ? a;-i



*thw1th the southern subspec1es and other stud1es 4n. the

o1 SCUSSION

I placed ‘the . emphasis of th1s study‘on the
j;'southern SUbspec1es, where m1n1mus and amOenus are
'a1t1tud1na11y zoned in- the manner character1st1c of many
-”s?ec1es of chlpmunks 1n mon}ane areas of western North

f.Amerlca and where a prev1qﬁs study (Sheppard 1965 68,_7
'69 "71 '72) del1neate§ much of the b1ology of the two o

l'.spec1es The northern subspec1es are not alt1tud1nally | ff'j
_zoned and were. studled‘to compare the1r hab1tat o rhﬂ"ﬁ‘f
'_relat1on§h1ps w1th those of the southern subspeETes ~Férht,~“3fih

'fthese reasons I have d1v1ded thlS chapter 1nto three

©

"sectlons In ‘the. f1rst S d1scuss the relat1onsh1ps of the 'h?iﬁh

.southern subspec1es. The northern subspec1es are compared .

- >

second sectlon. In the th1rd sectlon 1 dlscuss the 3
p0551b1e zoogeograph1c h1stor1es of the four subSpec1es

that contr1buted to the dﬁgelopment of the1r respectlve' %@wﬁ
: n}habitat relat10nsh1ps..,‘» REE o-},"' flf» p,sgr f“Eﬁ.; SN

"v

o Southern'SubsQeCies‘;‘ \7 wf]f,:”j,[ ‘fJfﬁ‘;fg,

Although the two spec1es are alt1tud1na11y zoned ST
'1n Goat Valley, they each have a- w1de varlat1on in’ habltatgjtj;*"*

use, as shown 1n F1g 4 However, the data 1n F1g 4 do

’not take tree 11ne 1nto account., For example, captures

~of amoenus 1n rock were made along the edyes of talus that;;g'




/‘ g
m1n1mu5 1 rock were made 1n the a1p1ne or w1th1n talus

that Penétrated the forest Captures of amoenus 1n meadow L

s

were made 1n foresf meadows, wh11e captures of m1n1mus 1n

All captures of the two spec1es 1n the subalplne

were made along the valley slope where the subalplne is a.

”u§\¢¢

g narrow belt be1ng only a\ few meters from the a1p1ne and
the cont1nuous fore;t ' A varlety of food avallable 1n
-:;ihhe subalp1ne and the prox1m1ty<of that zone along the |
h;;valley slope to talus and tree cover may explaln the hlgh
"ihuse of that habltat by both speCIes.l_;} jf»*f f;ff‘f

Most captures og mlnlmus were made 1n or near

‘litalus. The absence of thls ch1pmunk rn the broad subalpzne i

'7~reg10n of the valley may be explalned by the lack of talus di“"

‘“there._,‘f,lf‘_Vﬁw'-~--

Most Captures of amoenus were made 1n or near ‘7"'”

L trees;u However, no amoenus were captured 1n the broad

”fsuba1p1ne reglon where presumably there 1s adequate

o meadbw wére made above tree llne, or 1n the subalplne.‘f"” K

'fhabltat It thus appears that condltlons other than yeﬁd‘h

"alnterspec1f1c agonlsm are pr ventlng elther spec1es from S

Shloccupy1ng the broad subalpine in'Goat Valley

f}_>
-uf197l none was found there 1n 1972_‘f;h
bhfstated i . "w1thA1ntroduct10ns such asfthefe:

o results are 1nconc1us;ve because the anlmals‘may 51mp1y

-jileave the area of 1ntroduct1onl? Indeed 1t appears thatix“?”:

L e



L o ST S . ~
”homlng behav1or may have played a 51gn1f1cant role

lBroadbooks (1970) réported one chlpmunk in. four (25%)

ﬂreturn1ng to 1ts home area whenrreleased one m11e (1610 m)
o

- away Of the an1mals released 1n Goat Valley, 12%

‘returned to the1r or1g1na1 areas someﬁ3000 m away, and 35%

L were known to have reached the open forestv°although at

"§1east two of these 1nd1V1duals establ1shed themselves 1n

&
4

»

“'*amoenus populatlon throughout thﬁ'season (Meredlth 1974)

vaoraglng 1n the aiplne and broad subalplnei‘

'other than the1r or1g1nal areas

.

Whether amoenus 1s oapable of 11v1ng in the alplne
v E .
remalns to be establlshed However the apparent seasonal
¢
mlgratlon of some 1nd1V1duals from 1ower Goat Valley to

-h— the lower 11m1t of the broad subalp1ne 1nJAugust suggests

[that the upper valley may not be able to support a v1ab1e

"genarget1ca11y fea51ble for amoenus, yMereas minilus may

:‘be ad£pted 1n terms of 51ze, phy51ology and behavior to

';;surv1ve 1n the alplne throughout the year (Sheppard 1971)

Small 51ze may be an 1mportant adaptatlon of

T"ch1pmunks that 11ve solely 1n the alplne In the Slerra

7lNevada alp1nus 11ves solely 1n the alplne andpls smaller

: (about 39 g} than 1ts forest nelghbor spec1osus (about

'f71 g) (Heller and Gates 1971) L1ke alplnus

-‘oreocetes llves solely 1n the alplne and 1s smaller than

1ts ne1ghbor,'amoenus (Sheppard 1968, and Append1x I)

e Eutamlas m1n1mus oréocetes 1s also smaller than 1ts

‘“fnearest con§pec1f1c nelghbor E mt borea11s (Appendlx I),.;v

'h[éét



vwhlch 11ves 1n the forest The quest1on arlses whether

‘,tthe ‘two alplne chlpmunks have evolved a small size to" L

‘-‘surV1ve 1n the alp1ne. Why would small 51(E’B§A

_'advantageous 1n the alpine”u
“ f In a’ reexam1nation of Bergmann s rule, McNab
.

;',(1971 846) argued that "1arge 1nd1v1duals of a spec1es lose

'7gmore heat v1a thelr surface than small 1nd1v1duals 1f all.

5-other factors (such as temperature d1fferent1a1 between the_,f

f_body and the env1ronment and the 1nsu1at1ve value of the
‘hcoat) are equal because large 1nd1v1duals have 1arger'5h
'fsurface areas than small rﬁdiv1duals."\ Thus, larget_’hdp
‘1nd1v1duals requlre more energy than small 1nd1v1duals
f{‘Where the food supply 1s sparse, small body 51ze may be
rﬁadvantageous.r,é ’ | _ o
| : Thus, 1t may be advantageous for an alplne
f;chlpmunk to be relat1ve1y small as the grow1ng season 1s
{h;shorter than 1n lower elevatlons, and food source patches
i fare sparsely dlstrlbuted As polnted out by VaUghan (1974),
’_Hanlmals that h1bernate must take in. a greater amount of |
eﬂergy than 1s requlred to sustaln them durlng thelr

,actlve seaSOn (1n the case of ;h1pmunks, the energy

V*requlred dur1ng the w1nter 1s stored as food 1n the burrow, _7f}

'5“fBroadbooks 1958) J Beeause of the shorter grow1ng season,
™ -

"'forage and store food than the1r counterparts at lower

-lelevatlons._ Because,food source patches are sparsely b

'Q:dlstrlbuted 1n the alpine (some not be1ng avallable 1n

',,alpine chlpmunks have less tlme durlng‘the actlve season to

el




ﬂ y may be expended by alplne 1nd1v1duals to

: gather food than‘ls expended by 1nd1v1duals at 1ower,[

elevatlons whereg

od sources are presumably not as .
sparsely dlstrlbu‘;d and the snow -melt 1s earlier. Thus
a large knd1V1dual w1th a large energy re;u1rement may not
be able ‘to v151t enough patches 1n ‘a day to Sustaln 1tself
and store food. Th1s comb1ned w1th the shorter dally
foraglng t1me avallable, may account for the 1nab111ty of

‘

amoenus ‘to ma1nta1n a stable populatlon in the alplne and |

'successfully compete w1th m1n1mus there.

The lack of 51gn1f1cant 1ncur51on by adult amoenus

g 1nto former m1n1mus area on Volcano Rldge rocksllde may be

explalned by this hypothes1s.} An 1nadequate food supply

may be preventlng amoenus from 1nvad1ng the 1nter10r of

Co~

f the sllde.’ Amoenus may only utillze the edge of the sllde

Eﬁfto become establlshed 1n the absence of m1n1mus.;"

:x ‘}“

to make nests and seek refuge from predatlon wh11e belng

close to the forest where the food supply 15 probably more i,ff

abundant and varled (Sheppard 1965 1971),

However, the data from Volcano R1dge may be the

ﬁ} *result of other factors, The experlment may have been

e

Q&fferent 1nd1vrduals at dszerent tlmes of the year are

j,?;'r
being»oOmpare& w1thout a. control Thus, the data do not

support or deny the hypothe51s that m1n1mus excludes _:h"’
¢‘727?"~f_ e

amoenus from alplne rockslldes.af

ly as a result of late snow melt),‘-

|4
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Is competltlve exclusion'occurr1ng between the ‘
.two spec1es” ‘From Sheppard’s (1971) transplant and .
agon1st1c data 1t can be concluded that amoenus is

preventlng m1n;;us from 1nvad1ng the forest. However . o
"nelther species occup1ed the broad subalplne in Goat
'Valley, suégestlng that other factors ‘may be 1nvolved ' The
negatlve results from Sheppard's (1971) transplants, the =
-Goat Valley transplants, and the Volcano Rldge rocksllde..‘

exper1ment fall to answer the quest1on of whether m1n1mus

dv‘eXCludes amoenus from the alplne. As argued by Sheppard

"(1971) and myself amoenus may not be adapted to the - alp1ne
fenv1ronment, ‘but thls may be a result of 1ts exclu51on from f.;
a that env1ronment and not be1ng subJected to the - selectlon

ypressures that would necess1tate alplne adaptatlons,,-

~Hoffmann (1n Sheppard 1065) observed that E. »1ute1ventr1s

-—

‘i,llves 1n the a1p1ne of western Montana when E . oreocetes

1s absent Thus, competltlve exclus1on may be restr1ct1ng
'1each 5pec1es to 1ts respectlve hab1tat, or perhaps the :
7re1at1onsh1p has evolved 1nto one of mutual av01dance, 1n

b'iwh1ch each an1ma1 Selects and remalns 1n 1ts optlmal

:'hab1tat._ As argued by Sheppard (1971) the fundamental

- n1ches (Hutch1nson 1957) of both speC1es -are qulte 51m1lar,

ST

but through 1ong assoc1at1on along a. cont1guous boundary

"thelr nlches may- have narrowed through compet1t1on,

‘*.

v_-)
N

temperature tdlerance, hab1tat select1on, or some other

speCIallzatlon LT l'v‘;;f]]ﬁ f“;:v*,f.?f;f{ 'ifz-;w;t



Habitat Selection' In the hab1tat selectlon

experlments, habltat experlenced 1nd1v1duals of both
'spec1e$ s1gn1f1cant1y selected rock oveg trees in both day ;y
" and n1ght (Table 2) : Thls lack of dlfference between the -
jhspec1es may ‘be explalned ‘in several ways.' » ' 'b ”
_;ﬁé o j'af‘ Flrst hab1tat selectlon may not be a factor ‘in,
m‘;vthe‘apparent compet1t1ve exc1u51on between these 5pec1es.i'
‘;iBothfspecles are selectlng the rocksllde as the best | fil. A
.habitat for nest 51te placement and foraglng when food and
water are ava11ab1e in both habltats. Rockslldes prOV1de
continuous ground cover wh1ch is probably 1mportant to a-
‘diurnal an1ma1 foraglng 1n relat1ve1y open habltats where
it may have to seek conceelment from predat1on qu1ck1y |
“'Sélectlon of the rock habltat may not ‘be a response to

'the”fo

-provid

Re111y (1971) found that m1n1mus from?Up:‘

H ._IY"Jl i ’

;Michigd r “"erred habltats W1th unrestrlcted hoy_\fn
L o
nm.v;51b1 Rockslldes are good

of a ha

"d}iack:of tree cover 1ncreases horlzontai v151b111ty |
{b;boulders p051t10ned at h1gh p01nts on the sllde pTOVIde'i

nhhigh-percheSa- Most of the ch1pmunks that I observed on

g_:arOCkslldes were flrst seen on such boulders.'

e A ,\,,r;_/ *f\e"f‘

N f_AJsecond.factor that may explaln the lack of
*““%,'v\ ~ 0 §
d;fference 1n selectlon behav1or between the spec1es 1s

X

that the selectlon factors that I chose to test (structure gf‘f”

Lo



of rock and t“aes) may not be the Im,tOrS selected 1n the

f1e1d ’ Chlemunks may select the1r hanltats on. the b351s of

food prefe*'nce or M1croc11mat1c factors“"Sheppard (1965

o~

1971) anal -ed the Lontents of chee‘ pouches of collected

anlmals an. ‘ound the food hab1t= £ amoenus and m1n1mus

v

to be 51m11ar. "buch dlfFerencr as exlst can readlly be
explalned 1n terms of see.d *‘dllablllty and do not seem to
’_ireflect d1fferences 1n food preference," (Sheppafd‘1971

324)\ SRR IR T ,' T e e /

Th1rd my representatlons of these habltats may

y

not have been adequate.: That 1s, the observatlon room ;;ﬂﬂ'

| may have been too. small 'the rock p11e too shallow or the

SR

trees too short.¢ The plastlc canopy over the tree habltat

67

' may have blocked too much llght maklng that habltat more Q:°‘];d3

11ke a. closed forest than the open forests 1nhab1ted by

‘.,' : ERME W

1g; lutelventrls.

However data from the nafve 1nd1v1duals do show
1nterspec1fic dlfferences 1n selectlon behav1or (Table 3)
Nalve m1n1mus selected rock over trees 1n both t1me |

o i : -
.\\ perlods, wh11e na1ve amoenus d1d not select one habltat

o over another. Thus, 1t appears that thefresponse to the ,.{ '

rock habltat by m1n1mus 1s at least partlyzlnnate, and

»

amoenus learns to select rock as opt1ma1 habltat Indeed

.1n the southern Alberta Rocky Mountarns, the few rockslldes

A

that are surrounded by forest are ut1112ed by amoenus. If

.,amoenus 1earns to select rock z:hy would an 1nna@%




‘h'crltlcal perlod of the 11fe

68

O A TR

ThlS quest1on wal addressed by Wecker (1963)

'nconcern1ng Peromyscus manlculatus barﬁvkaand 1ts 1nnate‘;{gfﬁaiy‘
'selectlon response for the "fleld" bltat He concluded F_f
.that learned habltat selectlon behavlor or habltat Ll S
'leprlntlng requ1res ‘a "perlod oﬁghahltuatlon" dur1ng a ‘iivf”/fgf

‘,r" ;J‘

Q an'lndlvldual probably

1short1y after the ;nd1V1dua{ leaVes the nest If the
:&nv1ronment remains relatlvely stable,van 1nher1ted

response to an opt1ma1 habltat may be advantageous to an

”“«ilnd1v1dua1 If the envrronment 1s changlng, such an

H‘

'*-1nher1ted response may not be advantageous, and those

R S

(.anlmals that must learn whlch habltat 1s opt1ma1 may be
'-more successful 1n surv1V1ng and produc1ng offsprrng

In the alplne, rockslldes prOV1de the only

ff]contlnuous cover that has vert1ca1 depth and 1s.present -“’fﬂfff

'vaéaSonal cover but w1th 11tt1e vert1ca1 depth A chlpmunk
.belng pursued by a predator wquld not have the varlety of
hfescape routes 1n a meadow communlty as 1t would 1n a f['rh7}f}*f;ff
'rocksllde.; Because TOCkSlldeS have vert1ca1 depth they 2 o
also" prOV1de betteP cover from weather than meadow ip”_~'f
‘h_communltles A young a1p1ne chlpmunk that 1nnate1y selects
»the cover quallty of a rocksllde as a refuge from predatlon i
'fdor weather, may haVe a hlgher probablllty of sﬁrv1va1 over f?gglif{
‘"da young chlpmunh that must learm to select rockslldes.-- Loge

i R T ORA
AmOenus may 1nhgr1t a generallzed response to AT

Az

thabltats that pnov1de cover.g In the forest there are L

. ‘U'




*

Q[dmany cover types that prov1de vertlcal cove? ?h

o the a1p1ne and thls may result 1n restrlctlon to that zone,“*

:5fa1p1ne. However, the habltatﬂselect1on data do not suggest [f{

],;that amoenus 1s restr1cted tq the forest ~ If amoenus 1s

‘efor Just One type of cever.

vexcept where rockslldes penetrate the forest from(the

*‘e’pth -

t(e g tree canoples, brushp'les, rocksl1de$)'and 1t may

The hab;tat selectlon data suggest that m1n1mus“*f

,- a..j.._‘l s e i -y

L kN

'd; can adapt to the alplnee why doesn t 1t 1nvade and replace

'mlnxmus 1n the alplne? o

DA comed o

Interspecmflc Agonlsm,‘LThe resnltewfrom the
© ; - R

i} 1nterspec1f1c agonlsm experlments are 1nconc u51ve

'c.larger number of matches (Table Sf Slnce the domlnant

ﬂf{ind1V1dua1 matches won and lost i

g

"mto be consxdered when evaluat1ng“the aggress1ve domlnance

"—'—-—'—w

U

""lbeen substantlated w1th a larger sample 51ze, 1t 1s clear

’fthat the ddmlnance of amoenus'wasfﬂet.as conc1u51ve a””

{:suggested 1n Sheppards' (1971) 51mu1taneous 1ntrod ctlondi

e

}>1nnate1y selects a cover type that 15 found frequently Lnﬁ{.”bﬁ

“Adomlnant Ln agon1§t1c enceunters, and 1t is assumed that 1t .

:the 1mportant crlterloh

"fof a. spec1es. Although the”ﬂomlnance of amoenus mlght have L

& e
B

ffﬁé}f
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Sheppard (1971) used small arenas contalnlng, at

‘the most, only nest boxes and a hollow log In h1sf;b

.]experlments 1nd1v1duals could only retreat to a nest.box jbha
or the hollow log to avo1d thelr opponents. In my tests i

,'the 1nd1v1ddars could ea511y av01d each other s presenceid
cwlthout hav1ng to seek a. h1d1ng place by 51mp1y mov1ng to ‘I'hﬁ
the other habltat. Sheppard's experlmental de51gn 1solated N

3faggre551on from the many other factors that are present 1n 5“

BT

the f1e1d My de51gn 1ntroduced two more factors, 1arge

\x.‘.

arena 31ze, allow1ng av01dance, and habltat structure.,,*
These may have been respon51ble for the 1nconclu51ve
domlnance of amoenus 1n my resuLts.snr,n*_' rfjf_,;

Q Durrng matches, both spec1es (1nc1ud1ng the

-.:

northern subspec1es) spent most of thelr t1me 1n the trees,

o wh1ch contrast§ w1th thelr behav1or 1n the habltat
o S -w”q{j;r
o selectlon experlments.- L1kew1se, the ma;orlty of r.jfpr"

" encounters oc urred in the trees (Appendlces III and IV)

When 1nteract1ng, a chlpmunk may prefer to be on the

B -"
. 57 8

‘.

h}ghest perches avallable to observe 1ts opponent.m thn -
; both 1nd1v1duals were 1n the trees the domlnant chlpmunk

o usually p051t10ned 1tse1f at the top,of a treéaand 1ntent1y i_i;@f‘

. '--.':

‘ﬂ.qwatched 1ts opponent below.~ fhe subordlnate occas&onally

cllmbed the tree and atfempted to SOllClt a cohe51ve ““;;%pfiiva

T{Alnteractlon Lnaso nasal or naso anal Sheppard 1965)1:;1chff{ ST

usually ended in’ the domlnant cheslng the subord;Hateffrom27;3:73fi

F

b the tree.; If domlnance had not been establlshed. the

' 1nd1v1dual that was on a tree top was uS»f



the other 1nd1v1dua1 and a chase ensued.

) L
S TR In the rocks the pattern was simllar, except that

j/ the domlnant ind1v1dua1 appeared 1ess tolerant of the
_fpresence o? the subordlnate. If the subordlnate was .

'\V151b1e to the domlnant the d0m1nant usually gaVe chase.

/

. »The subordlnate av01ded such chases by g01ng 1nto the rocks

'or leavrng the, habltat. ‘In ‘the trees however, the

[

. ‘domlnant appeared to be more tolerant of the subordlnate,

v-'“m- Q

‘ as 1ong as the 1atter d1d not c11mb h1gh in. the trees.v

.f‘%"' From the above observatlons, T conclude that/each
S . )

71

71nd1V1dua1 was not as stressed as it would have been 1nma m\,p”"

\ . .
_smaller,.less compllcated arena‘, It was not necessary for

the subordlnate to hlde 1n 1ts nest to avold 1nteract1on.

o / ,
o Indeed subordlnates 1n1t1ated many 1nteract10ns eVen ..

‘ r Ce T
%,though domInance appeared to be establlshed ‘_J 'igf
: As found by Sheppard (3971), m1n1mus is more

'uhe51tant and ﬂess actlve than a oenus (Appendlx II) In an

-}arena where the ind1v1duals cannot av01d thelr antagonlsts, )

ok

}perhaps the 1n1t1a1 reactron of mlnlmgs 1s to escape the -f

‘bolder amoenus, and thus lose the flrst encounters. After
: S A

fsuch losses mlnlmus may not be able to reverse the
aggre551ve momentum" estabIlshed by amoenus In a”larger

arena m1n1mus may be able tq avold 1nteract1ng w1th

\ . ‘“v

'd'famoeﬁus untll 1t is. ready Ko approach 1ts‘opponent on 1ts

.,,\ ; g : S
Of course, amoenus would beneflt from’thé;n
. ~ ERREIR \ e
s e e B
- largen arena 1n°the same way, but m1n1mus may recelve

n

v

e \."



greater beneflt because of 1ts more he51tant and generally

cautLous behaV1or.

.n" -
L

I

Ly

The dom1nance reversals support the above i ‘itff

\

contentlon. The two 1nd1v1duals 1n each of these matches

Awere nearly equal in the1r aggre551veness.: %ecause each

1nd1v1dua1 was able to avold the other when the encounterS"

‘were not’ in its favor, a one 51ded domlnance was prevented

habltats for one day prlor to the 1nt#oduct1on of amoenus

of" matches, as well as\a 51gn1f1cantly larger number th

& -
h% When m1n1mus was. a re51dent of the art1f1c1a1

© L

nelther spec1es Was oonc1u51ve1y domlnant over the other.-

Indeed m1n1mus won 51gn1f1cant1y more total encounters ';’y

_,.':.

'than amoenus although both spec1es won an equal number of

.matches (Table 6). If Just the flrst flve encounters of

‘.encounters. fhus re51dency may play an 1mportant role

'1n the outcome of an. 1nteract10n between these two sgec1es., -~

v

When an amoenus was . 1ntroduced 1nto the j:.f ‘r5y;

art1f1c1a1 habltats, the re51dent minlmus usually

_'1n1t1ated the flrst encounter.~ Thls%was followed by a-

° domlnance for the remalnderuof the match However 1f ‘xl\\ N

rd

vilarge number of 1nteract10ns that usually determlned the

"amoenus domlnated a match m1n1mus would contlnue to
ST e ———

'~1n1tiate 1nteract10ns and occa51onally domlnate them.quse' ,
- L
. o £
.shown 1n Table E;_subordlnate m1n1mus won 51gn1f1cant1y A -t

.more encounters than subordlnate amoenus.' It thus o

o

v

appeared that re51dent mlnlmus were attemptlng ho d{}ve_fi~

L

72

each match are analyzed then minimus won'. a larger number SRS
: e BN

e



N S . ) .'q- : .
. 1nvad1ng ampenus out of the arena. In the f1e1d an

amoenus belug unfamlllar w1th the home area of m1n1mus,.r

m1ght leave the area after the f1rst few encounters. A ];"ﬁ

i <y _.,pm

m1n1mus that is subordlnate to an 1nvad1ng amoenus may

also be able to drlve out the 1nvader by contlnually

-l

hara551ng 1t, result&ng 1n the 1nvader spendlng too much
\6 5 .
tlme and energy ch851ng 1ts antagonlst to successfully

occupy the habltat (1 e. aggre351ve neglect Brown 19711//

o

Northern Subspec1es'zw' - v'j _ i{?F:AFf5'_ :_w j Q/

f

ol The northern subspec1es, E ,m1n1mus borealls and

d E. amoenus-ludlbundus, are geographlcally (horlzontally)

Aparapatrlc in Albérta (F1g 7), both 11v1ng 1n forested
'areas. Wh11e both spec1es re51de 1n the mountalns of

Jasper Park the maJorlty of»the range of E m. borealls

ma1n1y occuples the boreal forest (talga) to the -east, and

north (Flg 1, and Hall and Kelson 1959), and E a,;y> R

3 ludlbundus occupges the mountalns of 1nter10r Brltlsh
Columbla (Cowan and Gulguet 1965) '“.t;‘"r‘

e : :
I observed amoenus 1n Jasper Park to- be

characterlstlc of the m01stfforest§ that cross from Brltlsh
Columbla 1nto western Jasper Park Mlnlmus in- Jasper Park

. tends to be assoc1ated w1th open forests (non overlapplng
h_tree canoples) characterlstlc of many of the forests 1n the

eastern front ranges of‘Jasper Park

e ! DN

as§0c1ated w1th closed forests (overlapplng tree canoples),v

73
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, experlments on the northerﬁ/subspec1es, I used ont?

"Tfart1f1c1a1 tree habltat

»

Habitat'Selection In the hab1tat selectlon

' hab1tat experlenced 1nd1v1duals.\ Therefore, I tested the;'

_ M1n1mus s1gn1f1cant1y selected rock over trees 1n both

" only cont1nunnq ¢over avallable w1th vert1ca1 depth The”

".:,

‘comp051te of 1nnate and learned habltat selectlon behaV1or.

t1me perlods, wh11e amognus d1d not partlculariy select

-.e1ther hab1tat durlng the day and selected rock durlng the'7

nlght (Table 4) . Thus, three of the four subspec1es~v

".studled prefer rock over treés durlng the day One pf

'these subspec1es 11ves in the alpine where talus is thev ;:‘
|
he//

other two live in open montane forests, where talus may be

,preferred over ﬂther types of cover, when avallable,”?

‘iart1f1c1a] habltat because both prov1ded a cont1nuous

'Vrepresent the tree canop'

:behav1ora1 adaptatlon to th

€

because iz provrdes contlnuous ground eover.'

- Eutamlas amoenus ludlbundus, howewer, llves 1n

forests with relatlvely contlnuous tree canop1e§\thath

’reduce llght penetratlon and thus the v1s1b111ty of
,an1mals foraging beneath them.f ThlS chlpmunk may be'

fbehaV1orallj adapted to the closed forest to reduce 1ts_~

exposure to predatlon. It may have selected elther o :‘f

3

cover, on the ground 1n the rocks, and vertlcally 1n the

4 1“ .
trees. The otHer two forest dwelllng subspec1es, g a.ff

"xlutelventrls and E _m. borealls, may not have selected the‘

s of the open forests‘f Thelr

‘open‘forest may causenthem to’

vv” v

‘ecause the plastlc canopy d1d not;,~,

Rt B
AR

W
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/ I . . . oo

. prefer a hab1tat w1th vert1ca1 v151b111ty that was not :

»;Kbprov1ded in the art1f1c1ar‘tree habltat.

°

All four subspec1es preferred rock durlng the

dark t1me perzod (Tables 2 and 4) Thus, I conclude that

“”‘the rock habltat in the 1aporatory prov1ded better cover 7

s‘for nest placement than did the tree hab1tat L1tt1e is
v"" o

“known about the d15tr1but1on of nest 51tes 1n various
. (S

- T

T types. of’cover 1n the f1eld Broadbooks (1958) and
. A

Sm1th (1973) have documented uSe of burrows by Eutamlas =
in’ areas w1th l1ttle cover. Use of talus for nest placement

»;phas not- been observed and wdfld be dlfflcult to conflrm..

PR

Interspec1f1c Agonlsm Heller (197LD postulated

"that 1nterspec1f1c aggre551veldom1nance would evolve in.’

'chlpmunk spec1es that defend 'SP,

¢

-‘food supplles., M1n1mus 1s an exceptlon to that hypothe51s

arse, potentlally 11mut1ng

Sheppard 31965) reported that where m1n1mus 1s the only
spec1es of Eutamlas, it is found in forested areas.j.Iniv"'
__reg;ons where other spec1es of E amlas mav be potent1a1
compet1tors, m1n1mus 1s restrlcted to_non forested

—— PR S ‘
f-habltats, e. g alplne and sagebrush whlle the other .
Eutamlaa spec1es occupy the forest Sheppard argued that
- the forest habltat is opt1ma1 in terms of food.sources

'for Eutam1as and that minimus . is excluded from_thg forest
——_——_—— r—————-——_——-

‘flby other spec1es that 1t comes 1n contact w1th As shown

. s
in. Table 7 E “gf ludlbundus was domlnant over E ‘m. o

Iy
b

borea11s in agon1st1c experlments Ln the art1frc1aF

ve

- - . : : . .- . i SN
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&

habitats;f‘Therefore, in three studies of the 1nterspec1f1c

VaggreésiVe domlnance between potentlally competlng

o

'study) , In two cases the subordlnate m1n1mus dgbuples

.a -3

' wh11e amoenus occuplem the forest In the thlrd Case both

KJ

:occupy the forest.- Both spec1es are w1de ranglng and &

hi

- relatlonshlp seems to remaln ‘the same. Instead of the

.heﬁaggres§1VEne§s, Hell?ﬁf_“

~,]assoc1at1ng aggress VT;:

“ecologlcal determlnants of agonlstlc behav1or 1n rodents
‘”15 only one correlate
ﬁchanges anduneed.not»

: o)
populatlon probably p

’apply to the case of alplnus, buﬁ

‘7be applled to m1n1mus and amoenus

habitats: occupled dete;gﬁﬁlng the domlnance relat1onshrp,,:_n‘

-occupled

,;f a ‘As noted by Klng (1973) most studles of the ?'d

varlable w1th these behav1oral

’e the causal mechanlsm " (Klng 1973

119) . "'I‘h-e:lrelat.ionsh

predators, habltat

ps ot-a- spe01es to 1ts prey,.
d-the soc1al structure ofvlts .
Lay a role in determlnlng 1ts

»fe’hypothe51s

t

d soumces‘may

c':‘

" S‘A

S
ﬂ'

W\'
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. . H . . N P S N R .
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suhspecies of minimus and amoenus, m1n1mus was found to be"
- R

“hsubord1nate to amoenus (E ﬂm scrutator and E. a. monen51s,

: Q{

non- forested habltats {E m. scrutator and E.,m. oreocetes) .

the domlnance reiatlonshlp appears to determlne the habltats

. . i
: have concentrated on populat1on den51ty Howiyer, "den51ty

.f:Heller 1971 E ? oreocétes and B ) lutelventrls,
'Sheppard 1971 E m. borealls and { ludlbundus, thls ;[f;*

- occupy varlous habltats (Sheppard 1965), yet the domlnance at,:

4.
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1Zoogeographickgelafiohshipsflk')

As descnlbed by Armstrong (1972 . zoogeographers

seek to explaln the dlstrlbutlon of anlmals by the
/ .
analysis of data from varlous systematlc and ecolog1ca1 ,; ,

d15c1p11nes. "The u1t1mate problem of zoogeography is to |
-,asEertaln the ongblng hlstorlcal succe551on of ecolog1cal

,condltlons respon51b1e for the evolutlon of observed
U

*-dﬁstrlbutlonal patterns," (Armstrong 1972 318) The present
dlstrlbutlons in Alberta of the two spec1es of chlpmunks
I studled were probably affected by the 1nteract10n of

_fchang1ng cllmatlc, geologlcal and ecolog1ca1 cond1t10ns.

]

TI assume that their varlous behav1oral%%noxphologQEai “and'

_phy51olog1ca1 characterlst1cs affected, and were. affected '
4

by, thelr zoogeographlc hlStOIleS. 1 have attempted the 1"vu

folloW1ng zoogeographlc ana1y51s of the f%pr subspec1es RO

concerned to help explaln how the1r parap§trlc e

~

relatlonshlps may have developed The follow1ng dlscu551on
is speculatlve and based on 11tt1e detalled 1nformat10n.

” The ice sheets of the Plelstocene greatly affected
‘:floral and faunal dlspersal patterns 1n North\gmerlca 'v;"*
'4%canse the Laurentlde and Cordllleran Ice She ts covered
most ofaAlberta durln% the Wlscon51n glac1at10n (Stelck

:1967), the spec1es of ‘most plants and anamals found 1n

a,‘,-

vAlberta today have 1nvaded the prov1nce 51nce that
glac1atlon. By exam1n1ng the present day dlstrlbutlon of

a spec1es, one is able to suggest probably faunal orlgln

R ‘¢a.,~

-"'q'.. S s
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(1n a broad geographlcal ar'
. “'T' e

barrlers to 1ts dlspersal Man;:

"‘L

small mammals are

; potentlally vulnerable to cllmat1C*factors, because most

",

) ~
cannot seasonally mlgrate large d;stances to aV01d extremes

B

. in thelr env1ronments.' E f~‘fﬁ_vf’4f‘as

Both m1n1mus and amoenus are W1delrang1ng spec1es,

5Probab1Y drlglnatlng somewhere 1n the western Un1ted States.rdf“l

errom the1r range maps (Hall and Kelson 1959) 1t can be

vpostulated that m1n1mus followed the retreat of the vjff\ofg

‘ Laurentlde Ice Sheet north through eastern Montana to Vi‘

: -?f’\, ST

.78,

Lta E R

TR S

-eastern and northern Alberta and Saskatchewan. From there Tfﬁffff

:1t expanded east, as far as Quebec, and west 1nto the

y Rocky Mountalns \Vaf‘ 'fx;.?u“n

G‘ e . , . Y

Amoenus has a. somewhat more restrlcted range than f,ﬁ" '

'm1n1mus, occupyxng the northwestern Unlted States, Brltlsh
Columbla and Alberta (Ha,ll and J(elson 1959) It probably

‘jfollowed the %etreat of the Cordllleran Glac1er COmplex

......

The greater part of the range of E 1ud1bundUs Jﬁff'""

,115 1n the mountalns of 1nter10r Brltlsh Columbra Cowan
:.(1946) 1nterpreted 1ts range 1n Jasper Park as ffﬁfﬁ'

xrepresentlng an 1nva51on from the west Yellowhead (1131 m .“

“in. elevatlon, F1g 8) and Robsoh (1652 m 1n elevatlon,’::‘,i.fu

?Flg 8) passes were the most 11ke1y pr1nc1p1e routes used

=,Both of these passes are forested and prov1de no L
P A :
ecologlca barrlers to thls spec1es.i From the Mlette”'

". <

‘oRiver’thi spec1es probably 1nvaded the forested areas to

R . R
,; . _- G »" - e
; RO

PR R N 5 N L [
- . " . - =
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the south, along the Athabasca Rlver There are a few low

elevatlon,_forested passes along the Cont1nenta1 D1v1de"'

1

south of Yellowhead Pass but- accordlng to Cowan and

‘Gulguet 106%), E. lutelventrls occupres the forest to
’fthe wecr of - t= e d1v1de Whether E a 1ud1bundus~-i
. L w

v -1nterg ado w1th E a. 1ute1ventr15 in the v1c1n1ty of

- these passes is not known. -,';}fﬁrf

Both—speC1es may have 1nvaded the Athabasca Rlver '

/

.'valley 1n Jasper Park from the east and west, respectlvely,

‘vat relat1ve1y the same tlme, or m1n1mus may have been/
‘Lexcluded from the M1ette R1ver and upger Smoky R1ver';
”Valleys by the aggre551vely domlnant amoenus when the f-.
passes were freed of ice. The1r parapatry along an
'1fenv1ronmentally contlnuous boundary (unllke the alplne-- '

'forest boundary) may be due to the prlor re51dency of
.-\\

79

1m1n1mus comblned w1th other unknown factors that allow that -

L'chlpmunk to compete successfully‘w1th amoenus*east of the

\

boundary The two known areas. of marglnal sympatry

‘f(Flg 8) may represent partlcular habltat mosa1cs tha

yiallow the two spec1es to d1v1de the resources between {ffl'

e :
Fthemselves, w1thout one spec1es dlsplacdng the other Sk

: &
‘V(MacArthur and W1lson 1967) At WllCOX Pass (Flg 8),

igobserved the range overlap to occur Ane the subalg;ne tree -

glsland-wmeadow mosalc, a condltlon 51m11&r to“that found

"1n the Washlngton Cascades where E.:amoenus and E.

townsend11 coex1st 1n subalplne areas (Meredlth 1972)

i‘dld not 1nvest1gate the area of sympatry north of the




';confluence of the Mlette and Athabasca rlvg;s (F1g ‘8)'

reported by Soper (1970) However, the area appears to be'

e

a c0nt1nuat10n of the grassland—-forest mosaic that I

found at Devona (confluence of Snake Indlan and Athabasca :
r1vers, Flg 8) _ That amoenus does not occupy th1s
habltat Wlth m1n1mus at Devona may be a result .of thei;ﬁi
dlstance of Devona from the allopatrlc range of amoenus...h*
To ma1nta1n a compet1t1ve"populat10n in’ these marg1na1

sympatrlc areas, at least one spec1es may have to recru1t

’ 1nd1v1duais from 1ts allopatrlc populatlon 1n order to

. ‘a‘m

match the number of*reproduc1ng females peﬁ f%male parent o

0

: produced by'1ts competltor s«sympatrlc popdlatlon

:H in Jasper Park \ N 4_’f'n[ft;[”j'- ' '3;*';':'. -fi"f. d}"

t

(Debach 1966) Such an hypothe51s awalts further study of

the reproduttlve and general blology of these two subspec1es
I N a

'.‘e The North Saskatchewan Rlver valley in Banff Park

(F1g 9) was probably 1nvaded from the east by E. m

80

EEIEﬁllg-‘ Valley glac1ers at the head of the North ‘tti. .%
Saskatchewan, SunwaPta and Athabasca rlvers may have g,uff1T¥“~

prevented E a. ludlbundus fr?m>1nvad1ng the North

Saskatchewan Valley prlor to inyasion by E Jmy borealls
_ - N
In Brltrsh Columbla E a. lutel,entrls occuples

a11 of the western slope of the Rocky Modntalns from Mount

Robson PrOV1nc1a1 Park to beyond the U S border (Cowan
and Gulguet 1965) It may have 1nvaded Banff Park
through chklng Horse (1628 m in’ elevatlon F1g 9) and

Verm11110n T1651 m 1n elewatlon F1g 9) passes The$e.tf]_[ﬁv

P U



passes are forested and offer no ecologlcal barrler

H0wever another 1nva51on route may have been from the_

‘south' It is poss1ble that the above passes were covered

..by ice (Reeves 1973) when E. lute1Ventrf\3anvaded the
s

ice- free valleys of Brltlsh Columb1a The Montana T

populatlons of thlS ch1pmunk may have followed the forest

‘development north along the eastern slope of the Rocky

- —

Mountalns, eventually 1nvad1ng the Bow Valley from the

[ it

south and east.

- e SRR
Today, both E m. borea11s and\E lutelventrls

\

occupy the Bow Valley, but parapatrlcally along the Bow

Rlver.~ If ‘the’ aggress1ve domlnance relatlonshlp between e

these two subspec1es 1s 51m11ar to the relatlonsth

between other subspec1es of mlnlmus and amoenus, and 1f

¥

1nterspec1f1c aggre551ve domlnance is an 1mportant ,f?{f~":’

!

competltlve factor in thlS relatlonshlp, then the Bow
R1ver valley was probably 1n1t1ally 1nvaded by E m

borealrs, as that chlpmunk probably would not have

=xcluded a re51dent E a 1ute1ventr1s populatlon The;]fy -

ralley south of the rlver was subsequently 1nvaded by E

Lutelv RTis wh1ch excluded E. m boreal1s there Why had'

PRI N

i; ' lute1ventrls not successfully 1nvaded north of the

-

oW RIVer7

The Bow R1ver is an effectlve barrler to small, '

lammals durlng the non w1nter months because of 1ts W1dth-€

nd fast current However durlng the early sprlng when'"d

here 1s 1ce on the rlver and ch1pmunks are actlve 1t_-"’

©



;s.thé“%iVer,

k3

would be conceivabie‘for chipmunksﬁtowCr

" Indeed, other rryers of 51malar 51ze (e{!} North
vSaskatchewan and Athabasca rlvers) have been readlly
crossed Therefore, I doubt that the Bow Rlver alone 1s'r

'respon51b1e for the boundary between the two speC1es. ;'v;?f

@:_ Because the r1ver forms an effect1ve barrler ;'k;fv

dur1ng most of the actlve season for chlpmunks,'_ a. qf“t'ﬁ'

.lutelventrls may not have been able to establlsh a‘h’

&

82

_colonlzlng POpuiatlon north of the Bow R1Ver whgre E mwdffg.,

-¢borea115 was already present If’a few E .a vlutelventrls
-1nd1v1duals crossed the r1ven 1nto unfam111ar terrltory

hdurlng the early sprlng, they may have been domlnated by

a superlor number of re51dent E. m.vboreatls Ind1v1duals. J@LQf‘*

o

i

%‘Thls would be un11ke the condltlon of an 1nvad1ng | j'a

vtdﬁopulatlon of chlpmunks crosv

‘_te?rltory unoccupled by anotﬁéﬁsspec1es of chlpmunk or a’

:ffpopuTatlon of competltlveiy mlnant chlpmunks contlnually

a: rlver 1nto new»,_ - '_,;,;jll

1nvad1ng*@no seasonal barrler) the range of a subordlnate'f] L

,spec1es throughduﬁkthe ;ve season.v; e

5 ..’.

A

i '_: : The or1g1n of'E m.‘oreocetes presents an

'1nterest1ng zoogeographlc problem. ;chan,(1946) fled [lff;'d
-'that E. m. borealls 1ntergrades w1t' E{ ’oreocetes}‘“{-.n;“‘..j

/L--
i b

.'1n the alprhe of the Contlnental D1v de in Banff Park.

: Banfleld (19581, who 1nvest1gated the\Bow Valley;rconsadered o

g,bm. oreocetes,'slnce the chgpmunks there are smaller and

: 'grayer than E m. borealls, and are ecologlcally and

G



',f1n the forest then one can argue that E m borealls~ o

.83

ageographlcally 1solated from E m. borealls..g

m oreocetes is- small, extend1ng

_from southern Banff Park to northwestern Montana (Hall : ?f j'{
and Kelson 1959), solely 1n the alp1ne of the Rocky

B Muuntalns.- If the progen1tor of E m. oreocetes was E m.f

A

fborealls (the closest conapec1f1c nelghbor) and 1f E 'f[]

¢
/ ’

lute1ventr1s 1s competltlvely domlnant over E m. borealls

‘,,.

}1n1t1a11y re51ded 1n the forested valleys of the east slope

of- the Rocky Mountalns, south of the Bow Rlver.f The

'_domlnant~E a. lutelventrls subsequently 1nvaded those /2{ '
) .

"forested valleys and excluded the subordlnate E “m. boréa11s '

"flfrom the forest.; Because m1n1mus had establlshed a.7ftf"

"re51dent alplne populatlon adapted to alplne condltlons,_f

"E. a. lutelventrls (not 50 angted) was unable to exélude o
»_m1n1mus from ehat habltat._ HoWever, a. second hypothesas \*f~x !

"concernlng the or1g1n of E m. oreoce es should be

fcon51dered

The Cord111eran Glaczer Complex of the Wlscon51nidl
-fglac1at1bn extended alongﬁthe Rocky Mountalns to Just‘%%uth

'",of the Alberta b‘Montana border, where 1t”broke up 1nto

¢ B o 5\ o nt”.:

’.dlscontlnuous valley gladaersdﬁhvthe hlgher mountalns ‘~'h' U

“

-ﬂm‘(Alden 1953) It 1s concelvable that E m oreocetes

,‘-..' . ) . “ﬁ
‘:may represent ‘a pdﬁblatlog of m1n1mus that yas 1solated 1n aj

.a mountann refuglum\south of the Cordllleran Glac1er'

_Complex Although lhttle 15 known abOut the env1tonmentj*-

1n that area at that tlme, such an env1ronment may have

ey b e B SR : : Lo
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ﬁ“'produced a. populatlon of chlpmunks adapted to 11fe 1n an. |

/

;arctlc--alplne habltat When the 1¢e retreated and other

f;spec1es of thpmunks followed the forests 1nto the-ﬂ d.‘

‘ .mountalns,.E m. oreocetés may—not have been a successful

. competltor in the forest but was able to compete

7:successfu11y in the alplne






'  alplne.,’f o

o Habltat select1on may play a rele in the

-~

LY

[}
malntenance of paxapatgy forhmlnlmusfkbut ﬂot for am gg

g RS

not spec1allzed;1ts prefe




~ S

Contmental D;w:.‘k/ espec;tally when those forests are

ocqupxed by an aggressively domm@t 3@ enus populatlon. )

a - L - : ' T LT e [
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. Table of mean weights-(X) .and standatd errors {SE).in grams
~-.of ‘adults of the four: subspecies of: chipmunks weighed after. -
~, 'capture ‘at the following locations? @ E. m. borealis in July .

:7-_‘_ R

U aeeENDIXT. o Ta

YN e

-at. Devona, - Jasper'N.P.; E..d. ludibundus in July at/Derr

© Creek, "J.N.P:} E. m. oreGcetes Tn Junc at SheepElbow - |
+Summit, Bow River Forest; and E.'a. luteiventris in 'May and .- .

© were treated with the t-Test (Sokal and Rohlf 1969].

" .Northern Subspecies

L

" ‘Southern Subspecies - -

© . E..m. oreocetes -

June- at’ Sheep-Elbow

June “in the Sheep. River drainage, Bow Riyer Forest. Data

. o
R

LR

. 0 } o N

[ S

‘m. borealis .

:.‘I"_f'v’ ’, E : e
OB

2. Tudiblindus

E..a, luteiventris -

L e
e
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