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ABSTRACT .~~Thr ... pldes of vooduu ~ • .!~i..&':!.!! , _!!. dnuu ) 
n. s)'!IIpatr ic at micldll elevationl (5000 tc> Nllel l .. Diitrict." 
Canyonlands National Psrk, San Juan Co ., Ut.ah . &II>O:'t'i I:'Ocla of the PU'IIIian 
CUtler Formatioll. V'altational composition .nd Jtructliu .. o.re ccn.iele.ed _r-a a 
-"Ir of charactaristic. of poulble Importance in esu.t>115bint tOSllf'Ic:.entarHy 
of rlalhed nich .. and .11 ..... ing coexlltenel . Vegetation ..... slII:.1'led' a_t 11 st&tions 
on each of 26 s~iclrcular grids (400 Iq. m.) centered on ~~rat oo:n_, notinc 
elln._itr. _coverag. , .nel frequlncy of 'peeill within e,,~b synudl . Analy.". of 
\l"tlli'[a tion condellrld, flOristics Inel phy,ioanOSllY, speci .. divlntty Ind habitat 
cltvlrlity. U51na nOnparametrie statilticil tl't., no . ianilieant differencel 
wera found In vealtation Iround elan. of thl . threl $pec l es of .. oodrlta , except that 
Iramlnolds were mora important about. unoctupleel dens than abo ut danl of N •. elnaraa , 
and forb ... e rl more Important near den. of .!!:. ~x1ean. thIn tbo:1 of .!!:._ .lbill."t.. 

IittBOQUCTIOM.~~SOGI 2i noml"",1 l pad .. of tbl 8e""a t;eotoDa Occur in North 
AlMric.. lioodutl, or "pack"ats," nnge fro.. the AnalachiM I and Alhahenill 
weltward to the Shrn Nevads, and_ from tha yuitoll TerritoI') .outh:.o-ard to northl" 
Coa t a liea . Thl areatelt diversity witht" the BIIIUS e e"t"~1 in louthwestern 
UniUd StatlS snd adJICent Kexico. Tha .n1:ll.h ara 2!8O"B the IIIOlt "onipieuoul of 
nocturnal , rod,,"u, for the.I~ dens anel hOllsa. are la'!'f;" e.nouah to bl prcmine."t 
featura. of _the l aDdaeapa . 

C.0auphlc rlngll of a n_blr of itind. of to Vlrious d.'~'''::~: 
Distributional tllation,hlp' of 10 rather specia. aro lho\m 

overlap. , _roadly six other spacies, .... <1 M. dnc.:rea · .. :'d 
other kli>d_" . Other 'pad .. aeneully a::a ~Cl f _i-, 

dhtribution and ara l)'IIlpatrie widl dlree Or fevl:- other kind. of .. oodrat. . Fil' 2 
,hows lIIper1:llpoled ranae. ~f 10 specie. of It is o~Ioul that the r ealon 
of IIIOlt eomple" Iympatry within - the le"u, Canyo .. l.nds Section of th. 
Coloraelo Pla~eau. Therl five .peeie. (rlprl.a .. tld by e11ht .ub.paeias) Ire. In clole 
prOximity to one another. Descrlbins work i n 10lltheastern Utah, Durrant Ind Dean 
(1959,192) "'rota: "To the Held 1II"""".IOlilt, the coU"etir,s of ,",ood raU in Glen 
Canyon I ~ a I_hat fabulous experilnce." 

In the 11ght. of ....dun nteM theory, the I,..patry of c:"s:neric Il"'d.,. t_ ot 
both I""toiieal snd evolutionary tntlrllU bav do Ice." 1'attOr.l1 ... :oha, and h ..... ra 
thay .. intained? In a reVieW' of iha" C:eepetttiva 1':'0: ':55, ~i1hr ,(1<;$7:22)_ ,reJIIltklcl. 
"Populetions whicb ap~er to be IJlllpatrie in tha ir t~08n;-b!c dht:-tt.ut.ion. eey 
diverge ltololicaUy 10 that they Ire effectively anopaute in t h" ir local 
dil tributiona • • • • We know that elcst.ly ~c.l e t"eI sped ... fn'l!.,sntly coexist in 
thl a. habit.au, but thera is usually .0000e levol cf Ip~U~l ' clis:.ib·~tion It,_ ... hich 
they ~te -uParate. What i . tI'lultld h .. c.dtieal ce,.,pari $o" bac-",en c.e two 
SUPPOleel eom'petito.u and the .... " .. t _ of interuction of their f .:ndl::llllntal niche I .• " 
The PJrp<>le of the preunt researcb h .. ·bea .. UI belin to an"'lr 'dlele questionS! 
'at what level of dhtribution are popu1at~on. of woodrau Ilparate , alld to .,bat 
extant do their ntches oye~l.p? F111cl work hal "ollstelereel vcal~at ion, phyl1c.l 
aituation, snd ..-.Uan .. sociate.; labontol'J' studiel of food l: e"lt., food 
preferences, and intlr~ and tntraapeciUc. heheviord int.:rICtio:'t1 aa planneel. 

&V'ib h. I\RH5TROtiG, De;'~. ,of Integrated Studies, Unlv. of Col<l'raelo, Boulder. 
4Stb Ann. ·Heetina. C91~rado~Wyominl A"ad. SC i., Lar~i., ~p~il 1974. 



Several studies of ~Ylll patriC I~cies ot "oci~rats have been n.por~ed .in recent years. 
Unle)' . (1950) pruented a monumental · . rudy of Coloradan ·woodratJ, erIlphashing 
ecological distribution. Cameron (1971) discussed relationships be~een M. fuSClpes 
and E' .lepid. in the Mojave Desert of southern californh. liript (1973) ana lysed 
habitats. of !! . .!!.hlyulc Oind E. ~o~ in 10utbern Mew Mexico, and wood (1969) 
studied e.cological distribution ~~ food habits of the . two s peciu at a nucby 
locality. l:1rney (H'7J) coo;::o.ented On ecologlcal ·attributes of N. and 
florld &na alonS .. ~or.e of cont act betWeen the t\.o speeilS. Most 
point Out that diffcio~nce.s in habitat prehrences, denning behavior, or food habits 

·preclude direct c=~t1t1"" "e~ ... ;'en s~cies and a110101 couhtence. . . 

K ...... alhn fal'n.11. r<!co",· .. ,tsun:e .,",as. be~.;' i"n Canyonlandl Nationa l Park ·i n 1972 (ue 
A·no.snong, 1973). til~t "ork a\l~scs·ted thai relationships ","ong s)'ll'patric species 
of woodri\u 11'. th;, Pa rk ",Crl! :lOt . So cll!ar_cut as described "lsewhere. ~ In fact, 
CUriory ob~n=ation ~\!gg.:l.tcd no d.'.fference. whatever in pnf .. rred habitat .or 
iien construction, 1t WIS such oDlervations that l ed to ini UaUon .of this .. tudy. 

In de scr ibing hftbitats ef .nimal populations, the f •• ture of IIIOIt Uanedt . te 
inte r est usudly i' · v<>setatio:l. Vegetation is a cOIIIpl"ex indicator of tba eharacten 
of a dt'; . Pl;:nt life not only provU., food lor prlJury .ccnsumers; . it .lso lends 
struc ture to a slte , providing cOVer and incree. ln, tbe numbe .. of .exploitable 
d!.mens·ions . In the p::"sent stud-y, several sita qualities of poutble ecoloatcal 
slgniltea""e h;:ve be"n "controlled" by. working in • _Il l , relativ"'ly h~geneoUI 
erea_.physioC"Cllphy and v.eologicd substrate , elevation, SOil.', .nd diDate vary 
negligibly . Differe:> t1a1 ch.rllCter of the s tudy . grid s "as dlllOlt solely. funct,'n 
of ·vegctation. t1>"6 , vc~r.:aticn £hould nOt be con.t1'Ue~ as "IlI,re trophic r eloUrce" 
!>",t al • '.'tOmpreh~n5ively l en&1tive" !ndic. cor of site· qull""1ti.s and. sucee_l lional 

hiltory. 

METHODS. Study Area.nAll observ.Uons reported h~rdn·".en "IlI,d .. in the 
lleedlu District, Canyonlands lIational park, San Juan Co ., · lItah (sec. 2~. T. 30 S., 
R. 19 E,.nd .. cs. 29 ;-,n~ 30, t . 30 S·, R; 20 E), in June ·and ;July, 1973. Ehv.tiona 
in the "Stud-y are a ra"8"d !tom 5000 to 5040 ft. (nld from topographic "IlIapS. II. S . 
Geolog1cal Survey, !5_mir.ut .. se ries). All l ocalities an i n the Squaw · Creek 
drainage, "ithin .\Jout 2 miles of I:!iserict lI"adquatten. 

Physiographleally , eba r.rea r.on.is t~ of a series of broad fl a t s ·upheld by .the 
tlepha" t Cnnyon !'"ono.,~j';a. nl·" ""ing t he s urface' of·the fbu ,,:.n ·n~urou, sandy 

. f"" . , , ,,. .. d "ash,1 and r. v:o.rlet)' cf !'!"d ... l:o:'le prom1nenees-- 1n5;,-.,uttel , ., t.~a atoO ' . an 
nuih. • • . the C\lr iOUf. ' '';:;0), OI n ,;dstone ~'seul ptutu" oweS itl origin to th., 
c .... ple>: d epollitional hino:)' of. the Permian. Cuthr Por=ation. Acc0<:<llnj to ~aar.s 
·(1971 ·:~6), "The Per;!ian SyscO!lll of the · Canyonlands 1s a stut1Supher'. nightmare 
I)f interfingerint anc: gr ad.aU,?na\ (aeies." The Cedar Me.~1 member 6f the cutler 
FormaUon is a" eoliAn dune or baach deposit eonoht,1ng of ."ell_Iorted, ero$!_ 
s tratified whito lends d"rived f~OIII a source .ru to tbe northwe.st. Th" Ced~r 
'jesa fo ... s re~i.tGnt f,hite .;he1·JCS and ca1's. ,be undHler~ntlated cutler Formation 
is a <fluviatlle a r;rostc r edbed · deposit. It 15 considerably leu "e,tlrant .to 
erosion tt-.• ~n iS~ the Ctis,: 11esa, and forms the wea thered " s tipes" of "toad'toOls" 
that are capi't<! uit!!' Cedar ~U:) ssndstone. All dens 1nvu t igated "ere i n rockl 

of the Cutler Po~tion. 



·.) .. 

if.bitii.t o.~ v~nu V'I-d~~r~b.ed .,i'!,):i!e field On :t .he, huh of phydc.l l ltu.tion;·, 
vese.ta,t}on~ :':nd 1II_1t.~ anochtd • . Virtually al'l~ ;l!~ns encountand vare. In 
cndtl ' IInd hol.lolfs in c.l·~ffl or IIIDCnS rubble in mas~ 1Y'" coll ... vlal rock piles. 
prel1~ihary 01>.se.rvation. o.f ftored fonse, midden deposits, ":i)~ clipped Ind pt:'lned: 
vesat.tion ''''Sguted that voodretl t ended to (onge "in front'/ 'of 'tha d'n";.o'; ':the 
flat or among colluvium below ch. cliff Or rockplle. A • .",pUng sCheuie v ... · 
designed vith that in lIIind, in an .ttempt to g.in a "rat's eye vieW' of che habit.t. 

~, •• A I~i.clrcular pattern of s 8IIIpllng s ta tionl val te t up (USing tapa an~ 
ComPI .. lIIeth'ods) with In Ippanntly ac tive voodrat den at its center. FiS' 3 Ihowl 
the 'Irrangl!ment of the grid. Stltions vere IIIlrked wtth I survey stake. Stations' 
on are5']1 Ind C each hd' ,one Sberman .l:f;.vetnp (.pproxiDIately 8:1t 9 X 23.5 CIII.). ' 
Four traps We" .1Ie t .wJithin .1 III. of 't,1.tion A. SUtionl on ,Ire 11 ve" .. t vith 
heavy .V.ic.toJ" s"apt-.;aps" ' .1 line to .uu.n pouiW,e mcVl!!llent on .nd .off che Brid. 
All .tnps w:ere, bdted vith rolled OIU, , Except .• J; "tltion.,A. traps .,w.re ro"'Shly 
5 III, .p.rt. totd aUI eirelJlllscribed by .rc D w.l I.bo ... t ~OO Iq , III.; , totsI aua 
of the live trap arid val ahout 190 s q ••• 

S=a11 Mam:nall.·.Each grid vas run co"tin~al1y for four dIXI,; thay vere let ' 
at du~~ ,on d l Y one and picked !,P early on the 1DOp1lnS of dlY roV~~. "'n1:oal1 livl!'trapped 
on day. 'one ' througli three werl! lUrked (by toe clipplng) aod rete •• d .... 11 antmaa 
obtained on day four (and an ·~nim'.i.i' taken In !ivetrsps) vere ' pn:served .. ' < . 

stlndard IllUse UIII., specimens, ... ctive aridl vere checked at d ... sk,.d""" and noon; IDOI~ 
days "'~te" -'uffiehntly wa .... ·th. t grid . also were: 'ch<!cked lIIid_morninS' and lIIid~a'ft"'rnoon., 
..... ociaUon of a slve n specias of Neotor". wtth a den was establisbed by captui"!ng' 
an indiVidual ~ice . on the '~e arid in the four.day cycle. Den. not thus a~ lociated 
with a speeiu vet'li censidered to be " ... noccupied" in the r ..... arkl to follow • 

. . ' 
vliget':tton.n"'t each i,ution, . tile suke vas used to loclte s.,.pUng q ... aduts 

for vegetat1Q'.iL .• Sapling vas.:al!.jlmu_!oL,eaeh Iynulia of th, vegetation, dl!ciduous 
trel!S~ ;he'edle:h;ihd everireeni, ' 1:in>·ill.l~fed ) nrubs, Iphyl~91'." ..':lhrubs" rolettes, stem 
succulents, forbs, and gr .. inoids. No fern. v e re eneOlJntered on the gdds, Ind non~ 
vlscullr plants were tanored, I lthough !DOSSeS and loll ltchens are c~n and 
prominl!nt in the 'flora. treu and shrubs wera tahLIlated from quadrats 4 ' 111. ··.:q .... ni 
(l6' · lq. 111..'). 10eaUd .. shown by dashed 11ne l IjI FiS'.:I. • .other synusl.. were ' ,' 
tlhLIlated in ql.Ladratl 1 =. square located at the inner cOrner of the larger q .... drat, 
(exe'ept for those qu~.Uss l ocated on the mid Una of e Siven arch In vhich eese 
the slllaller' .quadrat .. Yu- centered on the bile of , ~e luger). 

11....- VIS recorded as tbe_nUlllber of lndhidud a IItr qUldrat. Coverlgen 
of around s urface' ine l udl!d in a verdcal projection of a polygo,, ', 

drawn about tbe undisturbed foi-iige of a plant" (Daube_tre, 197D:2) •• "'1I ... t1ll<lted 
by eye and tabulated by clanes al follows: 1 ·0 to 5 pl!r cent coveragl!l 2. . " , 
to 25 per cent; 3 - 2.5 to 50 per cent; 4 - 50 (0 75 pl!r CeOtl 5 - 15 to 95 per 
cenq .6 - 95, . to 101) per ~ent. Frequency "'II defined as the number of q, ... drau 
on the grid including any coverage ,of a speci ... Species occurring on the grid but 
not 18IIIpled on any qUldrat werl! recorded .1 "incidentlh." l!<>tlnical nOlllencllture 
foilovi Wellb and Hoore (1973) wherever possible, Hlrrington (1954) WII useful in , 
identify1na plants. voucher- ,.pecilllen. "btained vill be depos ited .10. hl!",harta. d'.'he 
University of Colorado MuselJlll and Clnyonllndl National Plrk. Stith tical methods" 
follow Sokal and Bohlf (1969) and Rohlf and Sakal (1969). 



Distribution 
Neot~a me Kicana , four by N. 
with both N. c inern and H: 

these denl with-apparent 
to both speciu in the fol 
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the 26 dena surv~yed, 12 Wete ottupied by 
.nd fo",r by N. cinere.; On~ d~n was asaotiated 

.nd another wTth both N. and N. 
occ",panty (or .eri.l .. ere 

as uno"e"u'pi"ed. 'In additioll to woodnts. 
on the gri.da. · Their distribution w111 be 

analyses. Eight dena were categorized 
rodents of 11 otber specie. were recorded 

detailed in a subsequent paper. 

;
;;::::;'::' ellalys ll of each grid WIS ""rried out in an effort 

of a given apecies within its ~ynu.ia . An importance 
indeK (roughly cmpanble t o the importante value of CUrtis and t!clntosh, 1951) 
was c.lc",lated f or each Ipecies. The index is the sum of three pertentages, (1) 
relat1ve freljuency __ the num.her of q .. aduts .upon which • . I"ecies Wa5 noted diilided , 
by the total numbe r of qua<irltl pez:: grid. (11); .(2J._.",e1 .• t1ve dell.ity __ tbe lIumber of 
individuals of a apetha di.vided by the tocal ."!!"",ber of individuls in the synusl.; 
(3) rela-tive c over,.ge __ the toverage of a· specie~ divide.d by total coverage of the 
synusia~ Qo.veragt: .WIS reco~ .• d . in the ft"eld hy dasses, but for allalytit purposes 
classes "ere decoded .nd g iven the perceTitage value of the 1I>1dpoint of the clus. 
The importance index may vary from a to JOO. The indeK waS b.sed On floristic 
~OIIIpo.s ition of a 'Siven ,lynusia, .0 that indices were nOt comparable h~tween syn"'i8l:!. 
Dbv~o ... sly , .",no index to", ld he caltlll.ted for incidental specl~s . Tabul ar data on 
flort a tic cOmposition of the habitat ara av.ilable from the author • 

. . 
A 'total: of 90 plant speties was recorded on the 26 grids ,"""phd . Of that nlllllber', 
21 were h'erbs recorded only .. incidentalS . thtrty plant speSOies were retorded in 
assoeiation with dens of a sinsle kind of woodrat. Of sueh eKdusive s pecies, '18 
(60 pe r tent) were ineidentals ; 26 extl",si¥~e"ies (86.7 per tent) were herbs . For 
nen_incidental. exclusive speeies, aver.se ~portance va lues . on Srids pertinent to a 
given .speeies of woodrat ranged from 1.1 t o 27 . 7 . ExclUSive species with 
illlportance values gUlca r than 20 were R.hus 
.ssociated "1i:h N. "",Kic.na), .nd en.ly ,-
dens. 

In. only one "inatAnca vaS a plant speete. found on .11 grids .nociated with a gtven 
kind o f wood"i-&t: " JUnlpe.rus was found on .11 grids of!!. cinnu 's_pled 
(-ave raga importante value, species shoved mean importallte values greater 
th.n 100 . Strong anectare. of N. medcana . (142.7), 
ArteOlhh trtde nteta (11S.5), Br ....... 5 (1 03 . 7) . 
The prominence of the l a tter two lurely 1s • unonal &'pect. 
100portant anodates of N. ineluded Fruinu' anOlllalU$ (110.0), d. oSteol perma 

' (150.5) . Dens of N. cinerea showed strons .Sicchtion with 
( 190.2) , .~ Ephedr a viridis (104.5) . No pl ant 
an impor t ance index greater than 10.0,; 11OP<lrt.nce 

indites of speties "ith average ;;,',';; grelter than 100 .. ere .ubJetted to the 
non parametric Krusk.l_Wallis test. Values for none of the species showed signifitant 
differences in location amellg s pecies of vood~~ts • . 

PhyUosnOCllic COCIIposHton •• _Structural tOlDpos 1t1on was assessed in two different ways, 
emph&si~ing the ~bsolu te ~nd relative ~portan,e of t he several syn",s i .e. First, data 
on inlponance values of species were ",sed to calcula te an index o f synul1al illlportance. 
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Thtl t. 11CIIpIy ths ..... of lII .. n ilIportanes Valli" of s peei .. "'ithtn .. eh Iynll.b. Tb. 
'\l1li1 · Ice pel'sntld in tsbII I, .10na ",tth thl · .. ~ber of leid. on "'hie h the Smll l il "'II 
repensntld Ind the lIIin1_ Ind u.xilllua 1CIIpoctanes index of thl 'YOlll tl. 

Note .t hl t thCits IYOII.ia ace 1=poetant ln a .. oeinion "'ith any of ·the dins 
.tlldhd. a ph),l1oll' .hrub .UIII IlICell l s"U-' Ind eOllttll (Yllee.) . Dectdllolll 
tess •• e. of III04s.t lOCll flocl.nd thl1 i' .rlfllcted in their totll 
aVlra,1 phYlloinOlll(e 1CIIpoeUnt Iynust .. in u.. vlalud on ,boll t ",ood. 
rat din. Ice .vlCae .... _, \ocold t .. fedo Ihrubi . l e_1noU. (Ill o f th .. 
'c ..... ), .1Id foeb •• Nudlel.lhd ltVeelnenl In .Olt ·1oportlnt ·.iboll t dins of 

.dlnS <Sn.tllt I~'t tho .. of N. ~UiClril), Ind In cinecel , le,. t '0 nile Ib.ndoned· deni. ' Shrubl 'hOW,!;i;:~:::;:::;:::;:::::::: 
,,~o:\~ • .. Of the hl eblc:e,!1I1 .YOIIsI .. , le_tn01dl . how . 1CIIpoeranca 
I~ . .ind?!led denl Ind Ice '.leln lignlHelnt n .. e dins Focb, on thl OthlC 
h.nII • . ll":;U"1 Ire hllJhl), ilIpoct~ t. I_hit .on 10 !!. IIIoIxieanl , lin 
10 lbOllt t hoSI o f N. ·clnl rll~ 

A IItcond U5UlCllen t Of t hl l.pOnlli"c1 of .. eh 'ynll, l l h ahown · ln ' U'bla 2 . tbl , 11 I 
eo.pl11t10n of IVl r l,. , r .llt lve 'ynll,111 importlne. . Heci i&portlnel vi' el1elllltid 
:",lletvs to thl Intin add. The indlX is .11110,0\1.1 to ths lpeds' tlllportanc. VII\l.I 
" .. cctbed .beve; i t 11 ~h ...... of t h eee pleelnta,n, nl&tiv. frlq"lncy, eela ttv. 
d.nlit)', and nlattvs eov.rale of I , tven I,......f, vith nl",et t o touls f oe In I ntin 
add. 

A' in tbl t.bula~ig~of Iv.r lSI IblOl ut. t.poetlnce, thrl. 1~l ia. Ihow · low vII\l.e'l 
aphyllo\l.l I brubl, .t. .... I\l.eeuhnts , Ind COsetUI . the ,J,ttar tvO .ynu.si ,.. ·"'en _It 

t.poetant lbo\l.t aban;jOj":l';'~~:;::~l:'j"~'~';'\'~';;"'~ll ~'~Oj':j'~~'j'j"fr.b1·~·i:·)'j·i:: .. ~·t'~'~·i"[·l';t"j'~l"· ".Ie din, of N. 
of Irldl, bet;;1 
!!. elnlu.. Alatn, 
Inslyl1. , evee,un luoelltion "ith N. so .bout 
dana of N. _"ieanl. Uo.pO r U"'1 rn N. 

l ult 10 abe\l.t Nerbl lVerl,ed eondltently predOminlnt 
.. i th fo r b, impOetant.· IS Inminoi dl • 

fbi diU \l.pon v hieb tabin 1 ·Ind 2 veel blsed (lbIOI"t. Ind r l l.clvl Iynu.lsl 
mportlnc. vat"I' for I.eh ,rld) .. . n '\l.bjKUd to tbe ftOfIpae_tl'ie Krulkll _Wati" 
Ult . th. onl,. It,nifiCln.t. tifflrenel. 1rI loc:aU<l1I of doe lndtc.' .. ·",.n "tIl Ib ... l"ta 
l.porUnee of ae_incid, Iqd. heebl (lCrulu l ~_WaHl. 1I_.utt . tie, 10 . 70 a.,j -l0.02", 
r~'pletlvely ; Ch1- lq", e' 0 •05 [3) - 7 . SS}. Subsl t . of indleal vlrl tl.t..d fo e 

h~~Iene lty. Wich e •• peet to IramiDold.. I II combinltions ",.e. non_.i;nlfielnt .IVI 
" noee"p!. d d.nl VI. N. t.inee., ; eonlldlr1na h.rbs, I II lub'ltl " Ir. non _s lgnifieln t. 
ucept !!. IUxieanl VI • .!:!. slb18\1.11 • 

... k","", V.,ltaUonat 'tt.ri~u·te of pollibll 1mp,n,ne' in b~lta.t. ... "dll,C.t :lon 
Olvl ulty ts In lmportln'· f .. turs of bloUe.·coa:IIIUnltt .. , bnl· \l.IIdsr,. .. 

. o f .eoloallu·. A.'·a l".)" i .. tha . nudy. -of VllltattO·",'..t floeiltte and . . . ., .. . . 
at.trtbutn ..... t ·W :-dt .. Ung\l. ts,b.d caref"lly . Conlid.nd v.rs 

flori ltie comp6.itl0n, Ind ·h lbitlt diveriitl. bilid On 
thl ve,.tlticn. 
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Spe."les diversity 11 a notion quiU· distinct froi;. Ipedes density, the number of species 
~,r. "'~1~ n .n. Spedes de!'sity _y be of interest On a large, geographic scd,,· (see, 
eo .. I · , Siml>~ol)~ 1964, Or At"JllStrong, 1972)" but, spe~ies diversity has greater eCCllog1cd 
interest. S~cies diversity 1s a c~plex attribute ~at considers ~e numbers of 
individuals i n each spedes . Icc is a nucent cOncep t ·, and a t th is stale in .1t:; :. 
evolution, sdection 8monl the u .vliOnl in~Hc'~.s...:of divliOrsity is uther arbitn..,. (su 
Lloyd.!.!: .!l't 1968). Spedu dlvUllty wn -cdculated herein fint by die index of 
E. H. g~~~nn (1949), 

!-"Zn
i 

(n
i 

- 1) , N (N _ .1) i 

whe re ni i" the n ..... bliOr of i.,dlvid",a1s 1n the ith species, and N h the totd number 

of individual. taken 1n the d.llllple . The index 1 is· In est1:Pte of the probability 
that twO individuals drawn fr~ a cGmGunity at r andom will be of the same spe~ie5. 

-POSSibl e vduu ' of' I range frOll O"t'o I, the higher the ind""" t .he _lOW"er the d.1versity. 
Table..3 .indtcat ..-s values of t be . "1n·d:O',,;- ·£o: r pl ant Speclu diveni ty -"ri ;"lch . gtir;! . 

A1.0 tabula t ed in Table 3 is the Sbannon index, an infonuation_tbeoretical measure 
of tbe uncertlinty of encOuntering a given species. It was calculated sfter the cethCld 
of Lloyd et al. (196e): 

- Ii'" -Z Pi log ,Pi' approxima ted by (3.32192e/N) .(1'1 ·108ro ·N -2n1 roglOn1) ' 

. where ni"-u , the 'number of 1~.div1dual.s in tbe ith .pedes, .,pd -N·· is :the·. tot~l nuaber 
of individual S in the ·· s,":"i>(e_~~ The cOnSt en t 3.321928 1s a scale factor '-.~:r., tO~~ert1ng 
logarithms from base 10 to base. 2. Values of tbe Sbanron index thus calculated ate 
"bits per indiv i dual," dI, largar the index, the greater the dtversJt:,-. As One "auld 
expect, ~e two indices utilized shaw 5t:;Ong, negaUve correlacion (Spearman rank. 
correlation coafficient, r '"' _ O . 67747"67~ · wbich is hiehly &1gnificant __ Siegd, 1956:284) • • 
Of perba ps greater intere st than t axonomic diversity is some e stimate of babitat 
diversity, or spatial beterogeneity. Th1i .. ight be u t1coned by calcu lacing diver&ity 
with1n 5ynusiae . Tbus indices of habitat divarsity were calcuiated as de.~ribed above, 
except the t ind ividual . were grouped by 8Yousiae r . ther than by species. ' Table 3 
ind icatas values of tbe indices. Again, strong , negative correla U on is to be 
expe"ted and is , in fact, observed (t -, ~O . 954'03 __ highty significant) . , 
Values of the indices in Table J all were subject~. to · the nonpar""'.t.ric Kruskal_ 
Wa llis test . Value, of ehe H_statiStic are shown at tha loot of Table 3 . The H_ 
statistic i. distributed a pproximate ly as chi· s quare (chi-squareO•05 rJl _",. 7- .185) . 
None of tbe columns of diversity indices show I significant diflerence~ ~n location 
among grids associ. t ed w1th ~ given s pecies of wood~.e . 

DlSCUSSlON.--The f orego ing analyse s suggest thlt vegetation bas little.. to .. .Go'_with 
distribution of woodrats in tn, study area. ....ll speties OCt",r primarily in bab·ii:ats 
dominated by shrubs, witb a strong compl~ent of forbs and grasses . Whereas a number 
of pl ant species we r e documented exc l USively with g iven kinds of v oodrat dens, no 
ex"lusive spe"ie s was of great Lmportanci in its c~unlty. Consistently Lmportlnt 
spectes showed no significant differences in dlstdbutioo among den situ. 



Considering phYliognomlc atructure, aphyllous shrubs , Item succulents, and rOSette. 
vera con.istently of low importance. Shrubs and forbs Vata consistently important, 
•• "'ere (to a leUf. t degree) and grassu . Cramtnoids lIere signi!to;antly 
more important about unoccupied those B' dnaru, and forb. vere 
tlgnlficantly mote prominent thin those 
Poui.bly. bo~ Ii: ctneru .and II. here ", ,;;:!C~;::::~: 
disturbance"; If so, h"",,,,,.r,- 'f 1n the 
dati • 

. Indices ~f ' d1,veulti ~>: .'~e';' .JDOre sensitive lUuU.re ' 0£ ecol~81ca1 ·st.r,,":.~u~e thin 
tmporUD". -.ildue.s';_ ,if anllD4ls ·'iorit. .. responding to oveu~ ch.luc,Ur oJ .. thl ,vegetltion 
ca tber than ' cq its tpec:iHc comPosition. Nonethe1~ . i". the woodcus· stlidiltd shwed no 
differential response to that nru';'t~.ie. du.er floristic Or h.bitat diverUty . Of 
ttiurae, sample dus in the present . tudy may be tr;>r;> .malt to .11 .... tri nds tr;> be 
expressed. Also, the aUtilt i tsl tests ai,lowed by 'the du. sre ,,.r;>t' -roWst'. 
Nr;>netheha~, the ~~s t.int~tiv'e conclu.'1im is tha~ thare, 11 nr;> diff~r;':ntial 
lIrehr .. nc • . of wr;>odr.-h · r;>n th .. study . r ... fr;>r partl~ul.r vegU.tir;>nal t ........ nities. 

F"tnley (19~) ;sr\ldi .. d · etOl ogical disUi bution of wor;>dnts in Col ondr;> .nd provid .. d 
the only pr .. vious comparative .. co logical Itudies of th .. thr .... species inveltlg.ted 

·bere. He lI.de no fO ...... 1 n\ldies of v .. g .. ution .bout ... oodut dans, noting th.t "the 
phY' i c al aspect of the environment seems to have gre.t .. r importance for the· survival 
of ... ood uts than the kinds of plan t . prClent .• ~, ." (p. 334). ',l, .... I,.y b.d no record 
of sympatry of all three species togetber . He encountered N. ein'·rea, .nd N. _dean. 
in sympatry .t. n\ll!lber of lOtalities i n Montu"";'~ countY; · -ill~t1Mr:.~~ns _ b;tween 
habitats lIera not altogether clelr, but N. dnerea SUllied t 'o OCtU'py IUgher cltfh or 
'piltia o'f hrlle blOCky rock. Enough exceptions .... re noted, hovey.er, ,thu Pinle, 
suspected (p • .5291 that compuit ion for dens .itl'S IlUSt occur i ii .s ""' .. ·instlnces. 
Food'-prefetllnce ~, of the 1;VO speciu differed little, and neitber ,eemed , to; .b .. 
'food. 'UIII1ted. Den. of N. dn .. r ... u,u.lly had gruter qu.ntidu ,?f stickl ', ,bones, and 
't:ICtus -'joints, -but exceptions ... ere tonsplcuous. 

In Dolor.s C.nyon, near Cate .. ay, Mes . Co., N. 
sympatry , th. former on the vd ley floor; on .nd bench .. , 
.nd at the bas ... of cliff~, .nd the l.tt'er on Iteep c.nyon the b.5e' 
of cliffs. Thus, theu was hablt.e ov~"I.p .Iong tUff basts. In' dent of 
N. dblgula "ere identifi.ble i= .. dia tely bec.u ... of their great c.ctuS 
sp1n.... Finley (p. 529) suggested th . t c"",peti tion for denning li tes occur in 
this n'rrow zona of overl.p, hut the .bundance of food .nd dietarY difference. would 
preclude trophic eOlllpetition . N. tinerei 'occurs in . the ~diairi area, but 'Ctual 
s,..patry .. as nOt demonstrated. -Close ·'".patr)' also ... s I .. en ·betwe .. n and 

N. llexie.na .t other loc.litles ln s outhw ... tetn_Color.do . ;:::::~:;:~~:;::~;:~;:::~:::::; -;l1.ght '.nd denning . ttes· ... ere similar 50 that " ••. thua is . 
' fOI' O: 5helter be tween ~he.se speciel , but only during _ct .... s "hen 
. .l'-'''' an .rU exc .. ed the ,nUmber of hvouble d .. n lites" (p . 530). 

Other "orkers, conSidering different speties, have shown more marked differences in 
b.bit.t .nd/or diet of symp.trlc species of N .. otom.. Wood (1969) studied ~dent . of 
deurt nngehnds i n Dona An. County, N .... Mexico, He fO\.lnd that bo'th.!:!. Ilbigula 

re.ched gra. test denSitiel on the chal.'.lIeSllulte tover_type. _.1)1eu 
.. en compriaed Il_n .. xclu5ivdy of .plant foods, ·but ,tn, . proport ion 



of the diet derived from v.rlo~s "l.ss.s oC' forage diff ered. 
r elatlve ly MO r e areen vag.tatlon ( 43 vs. 38 per Cent of die t 
succulent vege t a t ion (20 us . 7 per cent) than did_" , _ 
a te. mOff. }'\Icca leaves en us. 16 pa r "ent) than .. 

N. "'{"ropus ate 
by volume) end mOre 

"!Included tha-t;:-ih .. edietary dtlfenncu minimized resour ces . 
i n Lhe .... a 
vlc;:'i n i t y of 

by DVetgraatng . CompedUo n f o r 
dietary dtffennces ... en s upposed to 

Wtight (1973) doc ..... ent.~ ,j~: ,s)'lllpatry 
are~~ He 5u8snted . _ tha~ ,~oexts tl!ncl! 
La:S Cruces , due t o dis t urba nce of t he 
.. gver .. as suspected betveen eh .. ,",oDdraca , but 
mtnimire-ove~.ll .ffet t s of coapetition. 

Cameron (1971):- i nves tigated cOIlIpetiUon betwee!'.!!. fuscipes a nd in th 
t\ojave, OI!ser.t. of southeastern Cali f ornia . The anima l s built and 
·ien l!~. lly .. lOr:. ecol ogically d i n .l nceiv., although both s pecies oa\< f o l iage 
.. s food • . Whe re the spectes occurred i n "micro_i ympa try," heNev,r , the diet o f 
H. shifted to emphasi:e j uniper . Laboutory studies iUgsested that~. fusd p!s 
is doraln &n t t o N. lepi d .. , end thus I s competi tively superior . 

The present atudy . heNed broad e gre ement wi th t he suggestion of Finley (1956) th .. t 
vegeta t iOn per se 1s of l ittl. importance t o distribution.l eco l ogy of ~oodrats. On 
the other b~,-cbe often pronounced differences in den sites Or construction observ.d 
i n 50utbuestern' Colorado "ere not obvious i n t h. s t ... dy e reA In sou t heastern Utah . 
Phys'l.og r aphic situation was closely controlled in the present s tudy , end no- obv iOUS 
defferencel we r e Seen among dens. l ndeed, ther e 5e~S to be a complex 'er ia l 
occupatlo<;l ".c f.. denl by ~oodrats of v arlo;"s s pecies over t he COurSe of decade a or 
centurie.:····Studies of f GOd habits end preferences a r e i ncompl e t e , and da'ca on de n 
. truCture have nOt been e xamined in det .. n , but at present it HellOS· th .. t the moSt 
f ruitfu l fi e ld f o r f urther study may ' be laboratory investigation of bebavtoul 
inteuctions . Hy present hypothesis i s tba t b .. bitat u8r egetion occurs at""he l~vel 
o f individu .. l ~8on lst ic inter~ction s . The l .. ndsca pe contains ~ s eemin8 surfei t o f 
suit.ble s ites f o r woodrat ·dens . Competition for them should occ ... r only when 
dispentn8 individuals appro .. ch t he S&llle crevice a t t he " ... e time . ' Ot he rwise , 
competition should be minimll, for .. t this t~ in the e co l 08 ical evolution of 
l oc&! eqmnunit i e s , t bere seems t o be no cODnlO n requisite of the three '~pecies in 
.hort ~UPplY . 
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