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ABSTRACT 

Campsite Impacts on Small !-\a!lll\819 

of the Colorado RIver, Canyonlands 

National Park , Utah 

by 

Steve W. (lmore, Mas ter of Science 

Utah Stat. University, 1978 

Major Professor: Or. Gar W. Wo(kman 
OepartNent: Wildlife Science 

Saall .ammal populations ~re live-trapped at two campsites 

and two control areas alonq the Colorado River in Canyonlands 

National Park , Utah , to determine the e f fect s of camping impact 

on small me~al nu.bers. Dati were collected frOM Augult ZO to 

Septe-ber 10 , 1976, and frOM April 11 to 5epta.ber la , 1977. 

Captures of the canyon mouae (Peronyscus crinitis), least chipmunk 

( [utaNias Ninimusl, antelope ground squirrel (ANmospermophilus 

leucu rusl, wh i te- throated wood rat (Ncotoma albigul al and rock 

squi r rel (Sparmophilus variegolusl populations were nu.erous enough 

to perNlt stat i stical comparison. At the 8rown 8etty ca~site, smal l 

.......al pop<Jlations, with the exception of rock squirrell, increa5ed 

with campsite use. Campsites consis t ently supported greater numbers 

and more specie. of small mammal s than the controls except for the 

rock aqui rrs l. No siqni f icant differ ence ~as found betwecn campsi t es 

and control .reas for this rodent. 

(113 pages) 



HH ROllUCT!(JIl 

The populari t y of whi t ewater f loat t r ipe on rivers i n National 

Parks i n the l n t e r~unta in Wes t has increased s i gni ficantly in 

recent years. Various s~ts of the Colorado, Grcen and Yampa 

Rivers in Utah, COlorado and Ar izona have become national l y 

reco~nizcd f or thei r unique , high~quB !i ty whitewat er environments . 

In Canyonl ands Nationa l Park, visi t or usc of the Col orado and Green 

Ri ve rs increosed f ra. SB5 persons in 1969 t o almost 5, 000 persons 

in 1976 . Thi s rate of y",arly incrcnse in nunbers of persons boa t~ 

i n!] on these two river" far e ~c~edo t he t crrcstriul lise of the Park 

and has promp t ed t he Notional Park Service to impose cei lings on 

r i ver use . 

The Nat i onal Park Service is concerned that eurrent or in­

creased visi tor use .oy have undesirabl e ecol ogica l impacts in 

refer ence to the boslc management mandates stst ed in the "Organic 

Act of 1916 . " Pork Service manager s , cOlT'l'llerciol r i ver operators 

and users in general are also conce rned that high-denai ty recrea­

t ional use may des t roy or severel y reduce opportuni t iea for soli t ude, 

enjoyment and understanding of the r i pa r ian coamunl t lea adjacent 

to t he r i ver . 

In mos t cases where hu man lise 10 pe rmitted , os in river 

camp~i tea , ~nagcment must es t cbl ieh acceptabl e l evelo of envi ron­

m~ntal c~nge. Such restr ict ions , hoMever, mu~t bn b~ocd on a 

knoMledqe of t he re~ource nnd abi lity of the r esource or the 

,,~e rs to tnlerlJ t e chanlje. An importont subset of t his resource 



is the impoct o f campsite use on small mammals Along the Col orado 

River in C.n~onland3 National Park. 

Small mammals in and around campsites frequently comprise a 

majority of t he wildlife seen on the lhree-lo-seven-day float trips 

t hrough Canyonlands National Perk. As. result, there has been 

an increased interest frOM river users and managers to more fully 

unders t and t he i mpact of campsi tes on species di versi ty .nd 

abundance of small m~mmals there. 

Ptevious studies on mammah of Canyonlands i nclude those of 

Ar.st rong (1972 , 1973). Durran t Gnd De,n (19~9) , Spark. (1974) . 

Woodbury.!i 01. (1 959) , Wagne r and Wor kman (1 961>. Hoet of 

our basic knowledge of the natural history of the aree il Dosed 

on the railroad surveys of the 1850 ' , and the bi olo~lc81 surveys 

of Gl en Conyon in the early 1900 's (Arms trong 197J). 

fort y-one species of l113 ... a1l are known t o occur in Canyonlands 

National Park , and an additional lO species are of suspect ed 

occurrence or are known to have occurred within hiator ic ti~ 

(A rms trong 197J). OF the tolal probable fauna of 61 speci e! , 

2 species are insectivore!, 18 chi ropterans, Z lagomorphe , 24 

rodents , 12 carnivores and J artiodactyls (Appendb A). In 

re ference to apecls tion ~f .a~ l s living along the ColoradO 

River, Ktdson (1951) states that nowhere thrOtJghout the Colo rado 's 

course in Utah are different genera limi ted to onl y one s ide of 

it; the river ha! been effective i n re! tricting distribution only 

of species and aubspecies . 

Tho !9alPling of Slllall .a_ill along the Col orado River within 

Canyonl ands NatIonal Park, should provide significant results 

2 



in two respects: (1) The rip3rian habitat ter.re~ts • .ajor 

vegetstion reQime within the Park that has not received hUch 

at t ent ion conce rning rodent populat i ons; and (2) ChnnQes in 

small ma~ l populations should be a sansitive indic~tot of 

significant ~n l .pact. 

Only Clevenger (1976 ) ~s dealt with the relationships of 

campgrounds .nd their use on smal l Mommal c~nltle. of an 

ares. Given more definitive information on this small , yet 

Significant topic, aanogement decision. can be instated concern­

ing al lowsble river usoge , designa t i on of c~site areee and the 

appcoKiaate level at which recreational influences on the ecosystem 

significantly s lter i ts basic structure. 

The need (or this kind of informotion will bec~e increasingly 

importsnt in moking decisions concerning resource preservation 

and visitor u •• ge along wild and scenic waterways. 

, 



08JECrIV!;S 

1. To s tudy the effects of eOn'()sitcs and thelr usa on small 

__ 1 populutlons along the Colorado River in Canyonl&nds National 

Park. 

2. To obtain information t ha t will help park maos91!ment 

modi fy or nl!9ate any undesirable efrect s that campsite use ~oy have 

on t he I'a",n. or an areB. 

J. To obtain infoI'lllStion on the ocClJrrence of .... 11 _1 

species a1on9 the Creen and Col orado Rivers in Canyonlands Nationsl 

Pa rk. 

, 



STOOY AREA 

field work was carried out in Canyonlands National Park, 

loco ted in southeastern Utah (Figure 1). The Park coverc approxi­

mately 845 kml (525 ~i.l) and is located on the Colorado Plateau 

with a ronge in elevation from 1,250 m (4,100 ft.) along the Green 

and Colorado Rivers to 1,859 m (6,100 ft.) on the Island in the 

Sky Platoau (Lohman 1974). The Gr~t:n and ColoradO Rivers divide 

the Pork into three disj unct land masses: the Needles, naze and 

Island in the Sky districts. 

Two campsites along the Colorado River, Lathrop and Brmm 

Betty, were trapped during a three-week period from August 20 

until Septemb~r 10, 1976, and during a six-month period from April 

1 until September 12, 1977 (Figure 1). Personal communications "ith 

Park Service personnel (May ~~. 1976) and cOnY~ ercial outfitters 

(I'illiam3 and Sarton 1976) were the main criteria for choosing 

these campsites. An area similar in topography and vegetation was 

chosen near each of the t"o campsites to serve as a control for 

study . Appendix B summarizes the major features of each study 

site . 

There are a number of factors river-runners consider when 

s<>locting good campsites . Included are : location in relation 

to travel time and Jocation in relation to rapids, size of parties, 

water level, vegetation type, density along stream bank, height of 

stream banks, number of boat parties, shade, probability of flash 

floods, landslides, stream velocity, presence of debris in front 

5 
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Figure ' . 
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of boat landing site , ::;u1tllbilitr of site for 0'"'''8g''' disposal, 

8~ail abi1ity of fire'~o od, slope . e t c. (Hunt .. t a1. 1974). --
The first t rap. aite , designated the Lathrop Canyon s ite , 

was on a south fac tng s l ope O. B ~ ( \ mi. ) upr iver from lathrop 

Conyon. This area lies in a seClor of Canyonlands kn~n as the 

Island i n the SKY DIstrict which encompasses all aroa between the 

Creen and Colorado Rivera within the Park. 

The underlying rock layer at t he st res8side portion of t he 

ca mpsi te and control aceas is in the Rico fOf' fItl tion with the 

terrace and hillside located in the Cedar I-lesa Sand:l l one Hen"'''f 

of the Cutler ro~tion. approxi~tely 220 million years old 

(Lolvnan 1974). lhe dis t ance frtwl the r iver bank to the canyon 

wall at the experimental and control localities varies from 

7 

J9 to 41 meter s (128 to IJ5 ft. ) with the canyon wa ll rising a vertical 

distance of IJJ t o 147 me t ers (436 t o 482 ft. ) fra- the t errace and 

lJ9 to 151 meters (455 t o 495 ft. ) above sea leve l. [le~ationa of the 

local i ties were interpolated f rom U.S.C.S. topo~r~phic maps, 

15-minute ser ies , or rrOll the composite ""'p, "Canyonlands National 

Park and Vicinity." Elevations are assumed to be correct only 

withi n the contour int e rva l (24 m or 80 ft.) . The substra t e , where 

present , is thin, poorly developed and composed of oand and 

bare- rock on the strea-~ide, sand and gr ovel on t he terrace and 

gravel wi t h boulders on the hillside. At the experimental t r~p-si t e, 

perennial herbs and grasses, shrubs , and t r ees cover I} to 15 percent 

of the ground surface lea~i n g t he re st of the Brea bore or r ock­

strewn. On the other hand, at t he cont rol trap-site there is 

a 9 to 14 percent ground- vegetat ion coverage on the terrace and 



, 

hillside, and 2 percent coverage in the streamSide zone. 

The second trapwsite was on an ea~t-rBcinQ s l ope located 

67 km (54 mi.) do~nriver from Potash, Bnd 0 kill (5 mi.) downriver 

from t he confluence, between the fir~t and second set of rapids 

in Cataract Canyon. The campsite area is better kno .... n as "Brown 

I3eUy" (Ri gby et a1. 1972). --
The underlying rock s truc ture at the streamside, terrace and 

hillside portion of Brown Betty campsi t e and control is interspersed 

with t he Par<ldox r.lember and t he unnamed uppe r member of the Hermosa 

Formation, approximately 50 million years older than the rock 

formations found a t Lathrop Canyon (LoNnan 1974; Baars and 1·lolenor 

1971) . The distance from the rher bank to the canyon waU at the 

experimental and "cntrol trap-sites varies fro· 43 to 1I6 mr. t ers 

(142 to 152 ft.) with the canyon wall rising a vertical distance 

of 249 to 299 meters (818 to 980 ft.) from the terrace and 

:251 to 304 meter s (825 t o 997 ft.) f rom the river . The elevation 

of the river at Br own Betty campsite is approximately 1,109 m 

(3,900 ft.) above sca l evel with the river dropping Bn average 

of 2. 1 meters (6.9 ft . ) per mile down river from this point 

(Baars and r-Iolenar 1971) . The substrate consists prim3rily of 

sand on the beach and terrsce and gravel and bould~rs on the 

hills ide. Vegetation covaruge at thB experimentel and control 

trup-si te varies from 15 t o 22 percent on the ter race and hillside 

t o epproximately 3 percent on the streamside zone. 

Climate 

The climnte of this desert riperisn community is char acterized 

by extreme heet and aridity in thc summers and cold in the winters . 



, 

~1~unl precipitation in the Conyonlands area nowhere exceeds 25.0 

em (10 in.) except in the mountains ( e. g _ laSvl and Henry r·loun t(lins) 

or in the higher, distant plateaus . Temperature and precipitation 

dota w~re obtained f r om the Island i n the Sky and Needles district 

Ranger Stations , the recording sta tion nearest to the Lathrop and 

Elrown Betty campsit!!s, resp""tively. Te n~lB rature data "ere 

adjusted using a lijpse rate to account for differ ences in elevation 

between the trap-site locations and ·thei r neares t recording stations 

(Appendix C). 

The adjusted mean maximum yearly temperature for 1976 and 1977 at 

lathrop campsite averaged D.7°C (1 . 3·F) and 1.0 C (l .C~ F) above 

thdr respective annual averages. The mean minimum yearly tempe ra­

tures in 1976 and 1977 averaged 0.4°C (.7°F) an(] 1.2'C (2 . 1~r) 

below the respective annual averages (Appendix C). 

At Brown Bet t y campsite the adjusted mean maximum yearly 

temperature for 1976 and 1977 averaged 2.5'C (4.Sc r) and 2.2<C 

(4.0'r) above the respective annual averages. The mear) minir:>LJ" 

yearly temperatures in 1976 and 1977 averaged 0 .4 C (O.B r) below 

and 2.4°C (4 .4°r) above the respective ennual averages (Appendix C). 

During 1976, the yearly precipitation at Lnthrop and Brown 

Betty trap-sites averaged 36 percent and 30 percent belo<; the 

rcspective annual averages for t hese areaS. During 1977 , t he 

yearly precipitation for Lathrop and Bro"n Betty trop-sites 

averagsd 65 percent and 64 percent below thei r respcctive aVBrages. 

Carrpsite Use 

All comm~rcial float trips using either thc Green or the 

Colornoo River in Co nyonlnmJs National Park flo~t thrDugh C~ taruct 



Canyon , resulting in a greater number of passenger days below the 

confluence than above (Appendi x 0). 

lathrop campsite is among the mos t popul ar campsite used fo r 

campi ng on the Colorado River above the confluence. Tamarisk 

and wil l ow grow sparsel y a l ong the fl et, sandy streamside. A 

conservative estimate would be that 90 percent of the potential 

c~ing space alo09 the Colorado River woul d be on these s andy 

flat s (Hunt et a1. 1974), 

As a result of unseasonal l y low water and channelizat i on of t he 

Colorado River on the opposite bank , visitor usage and impact a t 

l a t hrop campsite declined precipitously in late June , 1977 . 

Flow rates of the Green River, however , were maintained by flood 

gates at fl ami ng Gorge Dam such that the Green River usage increased 

in proportion to the decreased use of the Colorado River above 

t he confluence. The f l ow rates and depar t ures fr om normal a t 

lathrop and Brown Betty CSITllSitM are presented i n Appendix E. 

Brown Betty is one of t he most popular overnight campsites 

bdow the confluence . It i s located i n the back-eddy of the firnt 

rapid in Cataract Canyon. I t !lerves os one of the 1II0st heavily 

used c!lmpsi t es on the river by the end of the second csmpday 

(Hunt et.!!.. 1974). 

The large, level, sandy beach area is free of ground cover, 

except for a few Russian thistle (Salso1 8 ~) plants and a stand 

of sal t cedar (Tamarix pentandra) established al ong the southern 

margin of the si te. Unlike lathrop campsi t e, Brown Betty was 

less a f fe cted by low water conditions cnd received fairly un i form 

use throughout t he late spring and summer (See Appendix ~ for a 

10 
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complete listing of common and scientific names of plants) . 

Because Brown Betty campsite received Bpproximately 3~ hours 

less direct sunlight thsn Lathrop, boat parties were inclined to 

pitch camp earlier at Brown Betty, increasing the duration of 

camping impact. At Lathrop campsite, the longer period of direct 

sunlight resulted in a higher evaporative rate, and more pronounced 

xeric conditions, resulting in a different floral composition and 

density, and a possible effect on small mammal densities, part icularly 

during the most adverse part of the summer. 

Vegetation 

The streamside or river-bank vegetation is the most dense and 

diverse in the Park . It frequently is inundated by water dur ing 

spring runoff and periodic rainstorms (Cloyer and Jotter 1944, 

Irvine 1976) . 

Bare ground constitutes most of the streamside zone st. Lathrop 

and Brown Betty trap-sites. The streamside width at Lathrop varies 

from approximately 2 to B meters (6 . 6 to 26.2 ft.) and from 6 to 18 

meters (19.7 to 59.1 ft.) at Brown Betty. The width varies with 

rainfall and seasonal flow patterns. lathrop streamside supports a 

much greater diversity and percent canopy coverage of plant species 

than Brown Betty (Appendix Jl. Salt cedar and sandbar willow 

(Salix exigus) are the dominant species found along the margin 

of moist sand near the river's edge. According to Loh. .. an (1974) and 

Winbourn.!:!. 01. ·(1977), fur t rappers on the Colorado and Green 

Rivers in the 1930's and early 1940 's , much of the streamside zone 

along the rivers was deVOid of salt cedar: and willO\; . 



The terraces are old flood plaln$ of the river which are now 

usually hi9her than the reach o( flood waters . Communities of 

small er shrubs end herbs occupy t hs main par t s of the terraces, 

which are usually level or alightly rolling and , 11'1 the case of 

lathrop caMpsite, trave~sed by amll l arroyos which drlin into the 

river. Again , llrqe percentages o( Sind and orqanJe ma tter comprise 

most o( the tenaca subst rate at both t rap-sites. In addiUon 

to t he two major streamsids species , squawbush (Rhus trilobate) , 

hackbe~ry (Celtie douglasii) end eingle_leaf Bsh (rra~lnu$ anamala) 

s~e r~equently an integ~al part ~r the ter~ace com.unlty. Herbs 

and grasses sre IJIOre sporadic IIM!IIIbers of the coaDlmity . r-lost f requent 

~ng the grasses are Indian r icegrasa (Oryzopsis hymenoides), 

cheatgross (Br cmus t ectorum) , dropaaed (Sporobolu9 uiroides), 

aaltgrass (OisUchilis spicuta ) al'ld scratchgfBss H~hlenber9ia 

asperifoliS), ~l'Iy of which form clumps or meadow-like at ands in 

open places. 

The terrace et Lathrop varies In width from 12 to 21 meters 

(J9.4 to 68 . 9 ft . ) and fr om 6 to 14 meter s (19.7 to 45.9 ft.) at 

Brown Bet ty. Lathrop terrace supports a greater number of plant 

species yet a saailer percent total ground cover than Brown Betty 

te.raee. Thia 18 due, in part, ~o the high percent ground coverage 

of snakeHeed (Gutlerrezia sarothr8e) and Hormon tel (Ephed ra torfeyana) 

at Brown Getty. 

The vegat.tion of the hill.ides at both t rap-aitos 1s uniform, 

although there Ife var iations depending upon the nature or the 

topogrepl'ly. At both sitaa t he hHlaldcs ar e strawn with lorge 

angular messes of s andstone , some in e~cess of 60 tone (Rigby et a1. 



1972). Sand, boulde rs and detritus constitute greater than eighty 

percent of ground coverage on the hillsides. 

13 

The soil is dry except at the bases of large boulders, where soil 

llKlisture Itay be amplified by draiQBq8,patterns. .Here again .. Lathrop 

hillside supports a greater species diversity and lower percent 

total ground coverege than Brown Betty hillside, due to the higher 

percentage of snakeweed and Mormon tea at Brown Betty. 
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Vegetat ion Analysis 

Vegetation along the Colorado River oecurs i n t hree general 

zones : hillside. terrace and st reamside, the occurrence being 

determi ned largely by availability of water (Woodbury at~. 19S9) . 

Because percent of site covered by anyone type varied, the frequency 

and percent coverage of each vegetation zone was sampled independently. 

The Oaubenmire canopy-coverage method and line intercept method 

were used for sampling species composition (OsubeMlllire 1968), The 

66 meter (Z15 ft . ) intersecting transect trap placement lines were 

also used as r ef erence pos itions to sample the three vegetation 

zones . Three parallel lines crossed through the transect area, with 

the upper or hi l lsi de l ine connecting the top trap of the two 

t ransect lines, the mi ddle or t errace line splitting the middle of 

the transect area and the bottom or streamside connecting t he 

lower trap of each t ransec t l ine (rigure 2). 25. 4 ~ 50 .8 cm 

(8 ~ 20 i n . ) quadrats were placed at 2.0 m (6.6 ft.) i ntervals 

alongside each transect line in a random manner. Composition and 

density of vegetation w~thin thc quadrat was estimated by vis ual 

observation . The line intercept method was only utili2ed in the 

streamside area where the dis t ances intercep ted by pls nt canopies 

on a tape measure ware read. Since both methods yie l d the percentage 

of the ground covered by plant canopies, t he r esults are comparable 

(Dtlubel'Vllire 1968). 

A coefficient of similarity (5) was calculated to compare the 



Trap': transect desiOl'l 
. · Sherman" live traps 
.·Notionol" live traps 
62 trops (total) 
62 melers per transect 

Ylgetalian transect desiQU 
(>quadrot locotion 

25 quadrots per zone 
50 meters per transect 

~ HILLSIDE ZONE 

CM1PSITE 
APPROXIMATION 

STREAMSIDE ZONE 

Figu.-e 2 . Ohgranmatic representation of trap and vegetation 
t ransect designs for Lat~rop and Brown Betty campsi te 
and control areas, Canyonlands Hat!onal Part , Utah. 

" 



stre~ide , terrace snd hills ide vegetation zones with respect to 

speeies present. The formula Is: 

S " Zw/(a + b) 

Imere: w = the number of species common to both areas . 

• " the number of species common to one area. 

b " the number of species common t o the other area. 

Values of "Sft will r ange from 0 to 1, with 1 indicating identi cal 

$peeles c~osltion (Cox 1972). 

Voucher plunl sped_ns of ~he dominant spedes et both sites 

were coll ected and pressed dry for later veriFication by Hr. Arthur 
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H. Ho lmgren, Professor of Otology end Curatot , Intermount ain Herbarium , 

Utah State Univeral ty; Mr • • Leila M. Shultz, Assis tant Curator, 

Intermountain HerbarilJlllj and Bra . Joen Young, Professor of Biol ogy, 

~~8a College , Grand Junetion, Col orado . 

Sa!p1ing Approach 

The me thod of trap censuslng empl oyed was the .ark- r.cepture 

te~ique. Two di fferan t ai zed traps were used: "Shar.anY live­

t raps (8 ~ 8 ~ z' CIII) 0 ~ , ~ 9 in . ) , and "National" live-traps 

(18 x 18~ 48 cm) (7 x 7 x 19 in.) . Some of the species of smaller 

animal s ~re e~posad to gree te r trepping pressure than speci es of 

l arger ones because smaller maMmals can be captured in the larger 

t r~ps ss wel l as those used speci fically for t hea . 

There are bas i call y three approaches to measuring recreation­

ca"".ite-induced chongl!S on _11 .......... ls. The lIlOa t dca1rable is 

the bafore-a fter gethod l 1.e. , obtain trapping infornation pr ior to 

op"ning up an area and then inventory the area aft er some specifi ed 



period of use . Recreation areas may be surveyed without employing 

control trap-sites t o obtain impact comparisons between types and 

intensities of use. A convenient and mOre r eliable alternative to 

this method , and the one employed in this study, was to sample 

with transects in the campsite area and to locate a similar but 

undisturbed area nearby for a control trap-site (Settergren and Cole 

1970). 

Transect Design 

Sixty-two t raps we r !! placed 'at two ..., ter (6 ,6 ft.) intervals 

along two 62 meter (205 ft. ) transects at each trap-site (figure 2) . 

Once t he transect design was dete rmined and the traps were positioned 

through the campsite, an area of similar vegetation and geographic 

characteristics was simultaneously trapped to provi de a control 

area for the study. The traps were adjusted to dose with t he 

lightest poss ible pressure on the treadle. All "Sherman" brand 

live- traps were baitad with peanut butter and rolled oats, since 

i t appeared during a bait pref erence study that this type bai t was 

most attr3ctive to the animals in the area (Appendix f ) . Half of 

the "National" brand live-traps were baited with peanut butter 

and rolled oats and the remainder was baited with sli ces of fresh 

channel catfish (lctalurus punctatus) , TabJ e 1 shows t he r elation 

betwean the number of trap-nights and trap-days spent at aach 

site per month . 

Da t a collected from each capture included : date of c~ptu re, 

trap location within the transect, trap- t ype, speci es sex, age 

(juveni le, subadult, or adult as judged by pelage colof1 reproductive 
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condition, indivi dual field nuaber (coded by toe-clipping) , Messure. 

~nts Dnd microhabitat variable (substrate, vegetation zone and 

the plant speciea nearest the trap ) . If no plants were wi thin 

approKimately one meter of the trap, a physical descr iption of the 

lrap location (such 8S a1ickrack, rock overhang , gravel elope) was 

r ecorded. After combining s imilar t erms, 16 descriptors were 

employed, emphasizing the three ~jor vegetation zones (atreanside, 

t errace, hillside) and substrates without vegetation. ( sch capture 

W88 associated with one descriptor. The mammals we re released at 

the place of capture. Trapping efforl consi sted of seven days per 

IIKlnth .t ead! trap-site. Traps were checked lind baited hiee 

every Z4 hours: once at sunrise and once again prior to the suns 

direct reys on the traps. The traps were chBcked , baited and 

closed during the heat of the day and reopened at sunset. 

Statis ti cal Analys i s 

Nu.bers of small mammals and species composit i on 1n campgrounds 

were ccapsred with cont rol sreas to determine human impacts. for 

the purpose of this study it was not ~cessary t o measure abaoluta 

dens ities of small mammala , only that the index obtuined 8ccuratel y 

raflect difference in populations for a given species among trapping 

aites and over t ime . 

When a l ine-transect trap- l i ne is used, it mus t be long enough 

to capture a sufficient number of amal l ~ammals to giva a ral iable 

sample of the populatIon ror s tatis tIcs I analysis. The length of 

t he line transect is mO re iMportant in ge t ting ~ index of abundance 

of smal l mammal s than the number of traps or number of daya the traps 



remain in operation (Hansson 1967, Dice 1941) . Based on home range 

data for each species, the length of the line-transect for this 

study was sufficient to give such an index . 

1..t1en using the capture- r ecapture method , four assumptions 

should be met. The assumptions i nclude , (1) There must be a 

random distribution of marked animals, (2) M.arked and unmarked 

animals have equal probability of capture , 0) Effects of 

ma rking (toe-clipping) must be minimal, (4) No influence by 

immigration or dilution, natali~y, or death during the sampling 

period . Few , if any , of these assumptions are ever met . However, 

methods have been proposed to adjust model s to compensate for 

assumptions that are not met. Adj ustments for these models include 

the effects of mortality (Jolly 1963 , 1965 , Darroch 1959), r ecru itment 

(Parker 1955), immigration and dilution (Ramsey and Briese 1971) , 

and differentia l t r ap response (Marten 1970 , Hansson 1967) . 

After consultation with Dr. David l . Turner, associate professor 

in applied statistics-computer science at Utah State University , 

a statistical method was selected for comparing popUlation numbers 

using the mark_recapture me thod. The chi-square formula is used to test 

the hypothesis that: 

There is an equal number of captures between campsite 
and control trap-sitBS. 

Chi-square is used to test two addit i onal hypoth~ses conCBrning 

small mammal captures: 

There is an equal number of captures per month over 
t he seven-month trapping period . 

The number of eapturBs et trap-sites is i ndependent of 
the month of capture . 



Only canyon mice were captured in sufficient numbers to permit 

data analysis using H) (Sokal and Rohlf 1969). The Chi-square 

valu .. is computed using the formula: 

X2 ",.L ~(07, -"Ll '-

where: 0 '" observ .. d proportion between captures of small mammals 
at the two areas. 

[ '" expected proportion between the captures of small mammals 
at the two areas. 

The percentage of each small mammal species associated with each 

microhabitat variable is used to estimate the niche breadth of each 

species and the niche overlap between the spedes. Niche breadth 

is computed using the formula: 

where: 

8i '" -:LPijlog10Pij 

'" the proportion of th~ species (i) associated with the 
microhabitat variable (j) (Shannon and Weaver 1949) . 

The resulting values of Bi are then compared to determine the 

degree of similarity of niche breadths between species. Niche 

overlap of two species is comPuted using the formula: 

where: '" the aame as above. 

the proportion of a second species associated 
microhabitat variable (j) (Horn 1966). 

with 

Values of [ih vary between 0 and 1, wi th 1 indicating complete overlap. 
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Vegetation Analysis 

AppendiH f aunmarizes t he percent canopy coverage end frequency 

of plant 'Plleies at t he two trap-eites end respective cont rols . 

figures J end " illustrate l!ones of floral differentiation. Other 

" 

comparative vegetat ion analysis wo r k al ong the Colorado River includes 

Hol~["en and Schultz 1976 , Woodbury at 0.1 . 1959, l oopl! 19,7 , Irvine 

1976 . 

Appendb J preosents the similarity lndie!!' for cc-parisons of the 

streamside , terrace end hillside veget ation 10nes at Lathr op and 

Brown Betty trap_aites . As shown by the high inde~ of similarity 

(S) , campsite and control trap-s ites havl! similar species composit i on 

and over lap va l ues . 

Small !'emmal, 

Manvnal trapping 

field effort during 1976 and 1977 consisted of 12,152 trap-periods, 

apportioned evenly among the four localities along the Colorado 

River ( Tables 1, 2, J ). Oats were obtained on sa.e 202 indIvi dual 

rodents r epresenting 10 different species. Jhe respective cont rol 

sites had both rewer total numbers or species and fewer t otal animals 

captured . 

At Lothrop trap-site , a t ot . l of 76 Mammals we re captured oVer 

a 6,076 trap-day period f ra. August 19-26, 1976 and Apr il 11 un t i l 

Sept ellber 16 , 1977 (Tabl e 2). The expe r 1.mental or c~in9 area 
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Table 1 . Lhe- trappl ng ., f for t fo r C811psi t e and cont rol areas for 
12 ,1 52 trap-days and t rap-nights in Canyonl ands Na t ional 
Park , Utah ( 1977 ) . 

An!s Brown 

24 

TUI1:-I!"'tlod La th r oe Bett:!' Ares 
Month ~8IlllSit" rontroI C""'Psi te Cont ro l 

April OJ' '" '" '" .. , '" '" OJ' '" June 4J4 '" . 4)4 4}4 

.M, 'J4 4}' '" '" 
Augus t B68" 86B" '" '" 
Sept ",nt>er '" '" 868- 868 .... 

TOTAL J,OJB 3, 038 ) ,0)6 3, 0'8 

*Dah include. trapping eff ort r" Augus t 1976 and 1977. 
"'Da t a incl udes t r apping .. ffort r" Sept ember 1976 and 1977. 
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Table J. Tot el number of captures and recaptures of ma~ls dur ing a seven-MOnth t rapping per i od at 
Srown Setty t r sp_site, Canyonlands Na tional Park, utah (1977 ) . " 

Species Month of Csptures Month of Capt ures 

CBq)site, .. ' "" "'0 lUI """ Sept f otal .. ' "" J~ JUI Au, Sop' Tota l 

canyon .ause (n) 14 , , , • 2 0) " ., ., 
" " 2B ,. ZJ(ll "0 

least chipmunk (d) 1 2 1 2 1 1 0) " ) , 1 • 1 J (12) " rock squirrel (d ) , 0 0 0 1 o (n ) 1 2 , , 1 Z (1 ) , 
white+throated wood rat 

(0) 1 1 , 0 1 o {OJ • 2 2 , , 0 o (OJ , 
Northern ~rasshopper 

mouse (n ) 0 2 , 2 2 1 (O) , 0 ) ) , 2 J (0) " ant elope 9round aquirrsl 
Cd) 1 1 2 0 1 1 (0) , • ) 4 2 , 2 (0) " 

Tobl " 14 10 , 10 5 (11) - 11 " 46 ., 41 " '4 ( 14)" 262 

, Species 
Control site: 

~anyon mouse (n) 1 ) • , ) 4 (4) lD , 
" 10 " 12 7 (1) " l east chipmunk (d) 0 0 1 0 0 1 (B) 10 0 1 ) 2 1 4 ( 4 ) " whltc+thtoa t ed wood ral(n) 0 0 0 0 0 o (1) 1 0 0 0 0 0 o (0) 0 

antclopo ground squir rel 
( d ) , 0 0 1 0 1 (1) 4 1 0 0 0 0 o (0) , 

rock squirrel (d) 1 1 1 0 0 o (0) ) 2 1 2 1 0 2 (0) , 
gray fO H (n) 0 0 0 0 0 o (1) 0 0 0 0 0 o (0) " 
Tobi , • , , ) 6 (1S )- 49 11 " " 2D 14 1$ (S) " " 
"Results of one- week t rapping effort In Sept ember , 1916. 
n = noct urnal , d = diurnel or cr epuscular. 

'-See AppendlH H for ComMOn end ecient ific names. 
N 
~ 
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yielded 44 mammals ~ith 183 r ecaptures , and the control area yielded 

32 mammals with 56 recaptures. Five of the eight speci!!" were 

nocturnal, as noted in Table 21. Six different species were captured · 

at both, experimentsl and control trap~8ites. 

At Brown Setty campsite, a total of 126 mammals were captured 

over a 6,076 trap- day period from September 3-10, 1976 , and April 

26 until September 6, 1977 (Tabl e 3). The experimentsl ares 

yielded 77 mammals with 262 recaptures, and the control area 

yielded 49 mammals, with 97 recaptures. The species captured inclUded 

all those captured at Lathrop campsite, with the exception of the 

ring-tailed cat (Bassariscus astutus), kangaroo rat (Oipodomys oIdii), 

and the cactus mouse (Peromyscus eremiClls) plus two additional species; 

Northern grasshopper mouse (Orlychomys leucogasterJ and gray fox 

(urocyron cinereoargenteus) . Both of these additions are nocturnal. 

Other mammals observed, though net captured, included the bobcat 

(lynx rufus), mule deer (Odocoileus hemionus) and desert bighorn 

sheep (Ovis canadensis ) at Brown Betty campsite and the badger 

(Taxidea taxus), beaver (Castor canadensis ), porcupine (Erethizen 

dorsatum), striped skunk (~~phitis mephitis), bobcat, and mule deer 

at Lathrop campsite. A provisional checklist of mammals occurring 

in Canyonlands National Park compiled by Armstrong (197J) appears 

in Appendix A. An additional provisional checklist of terrestrial 

riparian mammals throughout the Park compiled in conjunction with 

this study, appears in Appendix H. 

Statistical Analysis 

Wi th respect to significantly higher number of 

captures was obtained over the seven-month trapping period in 



the campsi te than in the control areas for the canyon mouse, least 

chipmunk and white_throated wood rat at the .01 confidence level 

with one degree of freedom Bnd for the antelope ground squirrel 

at the .05 confidence level (Table 4). No significant difference 

was found in the total number of captures between the campsite and 

control areas for the rock squirrel at the .05 confidence level. 

" 

Only canyon mice and least chipmunks were captured in sufficient 

numbers to permit data analysis using X2 (HZ) (Table 4). The 

results indicate that the campsite consistently supported a higher 

monthly capture rate for these two species at the .05 confidence 

level. 

Only canyon mice were captured in sufficient numbers to permit 

data analysis using XZ (H3) (Table 4). At lathrop trap-site, the 

results indicate that the number of captures per month WaS dependent 

on the sight of capture at the .05 confidence level. likewise ; 

at Brown Betty trap-site, a significant relationship was fou nd 

between month of capture and humber of animals c;'ptured. 

Table 5 presents the relative densities (captures per 100 trap-

nights) of small marrvnals at the ~our trap-sites. The data shows that 

campsites consistently supported a higher relative density of small 

maITlllals than their respective controls, except for the rock squi rrel 

(See Appendix A for ' scientific names of small maITlllals) , The 

canyon mouse had the highest relative density, followed by the 

rock squirrel, least chipmunk, antelope ground squirrel and white-

throated woad rat. Brown 8etty campsite had the highest relative 

density of small ma mmals, followed by Lathrop campsite, Brown 

Betty control , and Lathrop control. Al l -species analy~ed showed 



fable 4. S~ry of ~11 mammlI .capturee at lathrop and Brown Betty cBmpsitea end thei r 
re'pective cont rola , Canyoolanda National Park, Uteh (1911) .e 

Species lathrop C-.pai t e 

l8q)gr ound X2 vdue 
captures HI 

canyon lDOI.Iae ,., 24.17 · 

l east chipmunk " '9.76· 

antelope gr ound aqul r ral 12 12.00· 

white-throatad wood ra t ,. 11. 21 * 

rock !.Iqulrrel n . J1 

' Signi fi cant at the .01 confidence level. 
· -· Signi f1 CBnt et the .05 confidenca leval. 
., ,(O_Ell 

DBased on t ha forMula: L E . 

"z 

22.10-

1A .77" 

Brown Betty ~a1le 

Control Campground X2 velue 

", captures capturea ", "2 

. 52 ., 221 47 .0 ' S2.Al · 

, 50 8.)J- 50.91-

0 22 A.SO·· 

, 10 7. )7 -

" 12 ."" 

Control 
" , captures 

7.A1 '" 
25 

10 

, 
" 

~ 
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Table 5. Rehtive deMity of species npt ul'ed at t he fou r trap- sites 
expressed at 8 number or capt ur es per 100 trap-nights, Canyonlands 
National Park , utah (1977) . 

Species and Number Numbe r of Relative 
loca ti on captured trlop-nights density 

(c'ptur .. /1 00 trap-ni9hts) 

canyon /lOUSe 
Lathrop ,,, 2 ,450 , .. 

" " 1.. 
Brown 221 " '.0 

" " 4.0 

" 2, 844 ." , " .DO 
callpsite 10 " .J> 
control , .. .04 

60 2,450 2.4 

• , O.n 
Brown " " 2.0 

" " 1.0 

12 2,844 ." a " 
Bro,," campsite 24 , .84 
B,~ Betty control 10 , . J> 

" 2" 4.4 

" " >.4 
Brown campsite 12 " 4. , 
Brown control " " '.7 

2 ) ,0)8 .07 

" 
, ." e.~.He 24 .. .79 B,_ cO(ltrol , " .0> _._-

Told 
lathrop camp.ite 242 3,038 '.0 
lathrop control " 

, 
2.' 

Brown Betty campsite '" .. 11. 1 
Brown Betty control '" " '-' 



a general si~1 1arity in ~nthly t rapping succoss between campsite 

and control areas • 

. Microhabita t Variables 

The perc~ntage of each mammal speciea sss.oc1sted with each 

microhabitat variable at the fou r t r ap- sI t es was recorded and i s 

preaented in P.ppendi~ K. It should be recalled thst all the 

var iabl es occurred at , II t he trap-sites and that each capt ure 

was aa~ociated with only one set of varisbles. Microhabitat 

asaoci.tions are summarized in the fol l owing psregraphs. 

Canyon mouse 

At l athrop campsite, the canyon mouse was aSSOCiated with 

14 o~ the 16 possible ~.adables •. This decreased to 11- variables' 

at Brown Betty CSllf's ite , 9 variableS -lit Lathrop control, af¥l 7 

vari ables .at Brown Betty cont~ol. 

Over 70 percent of the captures of the canyon mouse wore 

associated with bouldera and sllckrock . At Lathrop campsite and 

control trap-sites , the highes t percents~ of captures were recorded 

at boulder and al1ckrock on sand. At Brown Betty Caqlsite , the 

highest percentoge of captures were evenly distributed between sand 

substrate areas and boulder , slickrock areas on hillsides. At 

Brown Betty control, 48 percent of the captures were associated 

with gross, forb/ boulder , slickrock areas on hillsides. A ~jorlty 

of captures were sssocisted with bar~ areas e~cept at Brown Betty 

control trap-site. less than 17 percent of the captures were 

associated with gra~el talus areas and Isss than 10 percent of the 

captures were recorded at stresllSide are.as . 

" 



Leas t chiprrrunk 

At lathrop and Brown Betty t rap-sites, over 70 percent of the 

ceptures were associated with boulder-slickr ock areas. Also, a 

.ajority of the indiyiduals ~re captured on Qrass, forb/hillside 

aS9ociations . Leaa than 1J percent of the csptures were associated 

with grayel a reas except at Brown Betty control (19 percent), and 

no captures wefe aasoclated with streamSide areSI. 

Rock squirrel 

Over 60 percent of the csptures at the fou r trap-sites were 

essociated with bere s reas, and approximately 2' percent on gra •• , 

forb areas. No captures wer e made In . treamslde areas. 

White-throat ed wood rat 

The associstion ot boulder_slick rock areas varied from 91 

percent at Lathrop control to 42 percent at Brown Betty campsit. 

with an aver age of 69 percent fo r the four trap-aites. Over 52 

percent of the captures were associated with bare aresa on sand 

substrate. No captures were aSBocistsd with hillside arass e~cept 

at lathrop cS"1'site (20 percent). Less than 16 percent ·af the 

captures were associated with .treamaida are •• at Brown Betty 

trap-sites , and no captures were aasaeiat ed with streamside sress 

at Lathrop t rap-site •. 

Antelope ground SQUirrel 

The associ. tion .t boulder, alickr OCk araas varied rro. 71 

psrcent at Lsthra~ cantral t o 93 percent at Brown Betty control 

with an average or 83 percent for the four trap-sites. Over 39 

percent of the captures were associsted with Qrsss , forb ar eas . 
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Approximately 17 percent of t he captures were associated with 

bare, sand substrate areas . Less than 5 percent or all captures 

were associated with s treamside areas . 

Cactus mouse 

fifty percent or captures were associated with boulder, slickrock 

areas ; 37.5 percent with gravel talus areas; and 12.5 percent with 

streamside areas. All captures were associated with a bare sandy 

substrate. 

Northern grasshopper mouse 

Members of t his species were captured only at Brown Betty 

campsite . 75 percent of the captures were associated with boulder, 

slickrock areas, and 25 percent with gravel , talus areas. All 

cap t ures were associated with hillsides , 62.5 percent with shrubs, 

and the remainder with grass , forb areas . 

Ring-tailed cat 

Two individuals of this speciea were captured ~ the terrace 

and were associated with boulder, slickrock sreas on a sand substrate. 

Ord kangaroo rat 

Only one capture was recorded on the streams ide at a gravel 

talus area with a sand substrate-. 

Gray fox 

Only one capture was recorded on a shrub , hillside area with a 

gravel talus SUbstrate . 



Ni~he Sreadth and Overlap 

Table 6 .presents niche breadth measurement s for the small ~mmals 

captured a t the four study sites . Keep in mind , nowever, that these 

measuremants are only approximations based on one or a few micrOhabitat 

variables. Sa.ple s ize and home range of individual species were not 

considered when calcul ati ng ni che bresdth and niche overlap values. 

Canyon mice at Srown Betty camps ite had the broadest niche of any 

of t he epecies captured ( .92), although in other areas t his mouse 

had appro~imately the same niche brMdth s s ot hsr species . The 

species with the narrowest niche sssociations incl uded , the 

canyon mouse (sandy subst rete), No r thern grasshopper ROuse (hil l sides) 

and white-throeted wood rat (boulder, slickr ock areas) . 

Tables 7, 9, 9 and 10 present indi ces of the amount of overlap 

i n t he microhabitat used by t he small mahnuls at the four si t es . 

At Brown Betty experimental trap-site , the an te lope ground s quirrel 

displayed significant ove rlap with the canyon lIIOuse and wHh t he 

rock squirrel. Low overlap values were displayed by white-throated 

wood rat and Northern grasshopper mouse . The average overlap 

among al l the species captured nore t han once waa 0.39 . 

The canyon mouse and the least chipmunk displayed the onl y 

significant overlap value at Brown Bett y con t ro l t r ap- site . The 

rock squi rrel and white-throated wood rat exhibited l i t tle overl ap 

with each other and with tha least chipmunk or canyon mouse. 

The average overl ap among the species at the site was 0.J8 , the 

l owest average over lap for t he four trap-sites. 

At La thr op e~perimental trap-si te, t he canyon mouse displayed 

significant overlap with the' least chipaUnk ,,~ t he rock squirrel. 
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Tabl e 6. Niche breadth fo r each small mamnal species captured a t t he 

four t r ap-si tes in Canyon l ands National Park, utah (1977) .8 

Specil!~ Lathrop 
f8qlsite 

conyon ...use . B8 
cactus JIIOU88 ." least chipmunk . 72 
whi t e_throftte d "!;lod 

nt . 47 
antelope gr ound 

squi r r el .82 
r ock squi r re l ." Northern gr asshopper 

.auee 
Old kanga roo fa l 
gray fox 
ring- tailed cat b 

aBased on the for.ula: 
blnsufficient data for 

. 

Capture Sit .. 

Lathrop Bro .. n Betty Brown Betty 
control ·, c..-patte control 

.eo .n .62 

." .OJ . 56 

.47 . 76 . 47 

. 78 . 75 .65 

.65 . 71 .n 
.47 

b b 

(Shannon 8t'1d Weover 1949 ) . 



Table 7. Niehe overlap between smell ~nDals at Srown Betty 
e~perimental trap-site in Canyonlands ~tion81 Park, 
Utah ( 1977).8 

Species least rack white- Northern antelope 
ehiprounk sQUi rrel throated grasshopper ground 

wood rat ~ .. squirrel 

canyon 
mouse ." . 5O • J7 .26 .67 .. 

least 
chipmunk . J9 .,. .5O ." . 

roo' 
squi r rel ." .20 .71 · 

white-
throated 
wood rat .00 .J> 

Northern 
grasshopper 

mouss .26 

'tiased on the forwtUla: [ih '" 1 - % EPij - Phj (Horn 1966). 
Values vary from 0 t o " with 1 indicating complete over lap . 

· Si gni ficant at t he .05 confideQce level . 

" 
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Table B. Niche overl ap between sma ll mammals at Brown Setty control 
trap-site in Canyonlands National Park, Utah (1977).8 

Species least ,~k white- antelope gray b 
chipmunk squirrd throated ground ro< 

wood ,et squirrel 

canyon mouse .66~ .28 ." . 56 .00 

len t 
chiP-X'k .l9 .00 .59 . 19 

rock . 
squi rrel .28 .50 .00 

lOtli t8-
t hroated 
wood rat . J< .00 

antelope 
ground 

squirrel .00 

DBased on the formula I Cill = 1 - Is L Pij - Phj' Val ues vary 
from 0 to 1 , with 1 indicating cOIIIplete ove rlap . (Horn 1966). 

· Significant at the . 05 confidence level. 
b One capture. 
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Table 9, Niche overlap bet ween small ma~ls at lathrop e~periMenlal 

trap- si te In Canyonl ands National Pa rI<, Utah (1977) ." 

:-.pElC!'" l east rock .. hite- antelope r ing-
chipmunk squirrel throated gr ound hiled 

I::lInyon 
muse .77" 

l east 
chipmunk 

,ock 
squirrel 

white-
t hroated 
wood rat 

antelope 
ground 

squir r el 

aBased on the (orGUl a: 

" Significant a t the . OS 
b TOf() captures . 

wood ra t squirrel catb 

. 70· ." ." .J9 

. 53 .65-- ." ." 
." .60 ." 

. JO .60 

.15 

Cih " 1 - \r:Pil - Phj ' Values very fcOlii 0 t o 
I, with I i ndi cliting c<lII¥'lete o,,"erlap{Hor n 1961;), 
confidence level. 
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Table 10. Niche overlap between s~ll mammals at Lathrop control 
t rap-site 1n Canyonlands National Park, Utah (1977 ) .8 

Species cactus 
mouse 

canyon mouse . 36-

cactus mouse 

least 
chipmunk 

,~k 

squirr el 

whi te-
throah d 
wood rat 

saased on the formula: 

· Significant at the .05 
bOne capture. 

leGat ,~k .. hi te- O,d 
chipmunk squirrel throated kangaroo 

.68" . 62 

.25 .29 

. 76· 

Cih: 1 - J:L:PiJ 
with 1 indicating 
confidence level. 

wood rat ntb 

.5O .01 

.50 .19 

. 59 .00 

." .0> 

.00 

- "j"' Values vary from 0 t o 1, 
camp e t e ove rlap (Horn 1966) . 



Overlap values wer e al so signifi csnt between the l east chipmunk 

and tha wnita_throated wood rat. The low overlap of the r ing-tailed 

cat r efl ecta the dear t h of rino; - t ailed cat captures . The average 

niche overlap among t he speciea at the site was 0. 57. 

At Lathrop control trap-aite, the least chi~nk displayed 

a significant degr ee of overlap with t he canyon -ao.e and r ock 

squirrel. The cactus mouse displayed a low degree of overlap with 

all speeies except the whi t a-throated wood rat ; tha average overlap 

among the speci es at the site ~a5 0.52. 

Based on trapping data rrOM three out or the four t rap-sites 

on t he Color ado River, t here may be a s i mi lar habitat preference 

for the canyon mouse and leas t chipmunk . Consis tent correlation 

in microhabitat ass ocia t ions for other small ma mmal epecies was 

no t fo und. Keep in mind , however , that only three ~icrohabita t 

variables were used for associ l ting di f ferent small Mammal species 

a t the four trap-site areas . . If mor e saoopl es f ro. other years 

wer e aVl ilable (past or futur e) , encompassing l arger, more 

random trapping areas along the ri~er, using a wi der array of 

microha~itat ~arla~les , then 0 mo r e compl ex and reliable method 

could be uaed to test soal l ~a~l associations wh i ch undoubtedl y 

exist . 
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DISCUSSION 

R~sul ts of tntl study indicate t ha t campsites along the Colorado 

Ri~er hs~e an influence on species diversity end density of small 

1D8!IIn81 populations i nhabiling them . A dgnificantiy higher nunber 

of captures was obtained over the aeven-.onth trapping period in 

the campsi t e than i n the control areas for four of the five species 

analyzed a t the . 05 confident" !evel. Tables 2 and , also show 

that campsites suppor t ed .ore numbers of species (oot including 

one-tlee captures) during 12 of the 14 trap periods. 

rood Habits 

One of the more obvious fact ors influencing SMall mammal 

populations inhabiting ca.pgrounds i s the increased food resource 

provided by campe rs (Clo!venger 1976) . l he five speci es that 

wer e sampled have broad , opportunistic f eeding habi ts . 

Jameson (1952) and Williams (1959) s tress availability as the 

overriding factor detenl1ning diet selection of mice. They state 

t hat oeeds, fruits , and leaves conotitute aain i t ems of diet in the 

summer and ear ly fell with arthropods taken primar i ly in the 

spr.lnq. Balda et.!!. (1972) pofnts out the iJaportonce of insects in 

the die t of deaert- adapted mi ce. Whitaker (196', 1966) and Landry 

(1970) ata te that mice are generally opportunistic o.n ivores wi th a 

jaw etructure already well adaptad for a combination herbivorous­

carnivorous diet . Other cacnivorous' diet items include : Lepidopteran 

l arvae and adults, ear th~rms , Chi lopoda , cri cketa , 8Oails , ants , 

e<J9a, and crayfish (Telford 1943; Bailey 1931; Whitake r 1963 and 



1966; Calhoun 1941; Cogshall 1929). ~cHillen (1972) and Hanney 

(1975) state thal many desert rodents can maintain themselves on 

s diet of dr y seeds , grain , and/or arthropods, for nol only does 

the seed contain about 10 percent of wa t er by weight , but additional 

water can be produced by the br eakdown and met abolism o f carbohydrates 

in the body . The Carlyon mouse does not hibemate and rlo food I s 

stored for the wi nter. 

Chipmunks have been found t o eat fruits , seeds, vegetation 

end flowers (f\ese rve 1974). MacMillen ( 1964 ) found that t he 

chipmunk was also cap.ble of utili~ing end maintoining body weight 

on prickl y pear cactus. Carnivorous food items include : frogs, 

c rayfish , insects and l i zards (l andry 1970) . 

Accordi ng to Rice (1 957), the leas t chipmunk prefers a diet 

of f lowers and s eed heads , which are rarely eaten by ac iurids. 

Conversely , Johnson (1961) stales t hat t he least chipmunk relies 

heavi l y on arthropods for food. Sheppa rd (1965) states t ha t eoft 

foode, such as fl owe ra , leaves , r oo t s , fungi and insects are 

preferrad diel items . He also states t hat seeds are eoten year 

round end are the onl y food stored for winter use . Olin (1975 ) 

sls t es th8 t t he na t ural diet of chip" ...... ka differs widely according 

t o habits t. Desert-adapted species rely heavily on grass , seeds , 

ber ries, cactus fruit s , fungi, s~ll tubers and in~ects . Carni~orOUI 

diet items also include: meat , scorpions, beetles, ants, birds 

and pupae of mo ths (Aldous 1941 ; Schmidt 19) 1; forbes 1966 ; Burt 

and Gto:lsenheider 1964; Landry 1970). 

Rock squirrel f eed primari ly on nuts and seeds , but often 

insects are eaten , and many individuals a re no t a~erse t o eggs or 



young bIrds (Sheppard 1965). Other items of diet incl ude fruit, 

raw meat , grasshopper s , crickets and caterpillara (Howell 19'8 j 

Sailey 193 1; Burt BOO Grossenheider 1964) . 

Brown (197') aoo Brown and Lieber"n (197}) found the sntelope 

ground squi r r s l to be omnivorous , consuming green vegetation, 

ar thropods , small vertebrates and car rion as wel l as seeds. 

Conversel y, Chew BOO Butterwofth (1964) atate t~t t he diet of the 

squirrel ia confi ned to plants and seeds . Other recorded itoms 

of di et include: cat erpi llers, lizards, beet les , crickete and 

ants (Sai l ey 1931; Howell 1936 ; and Bradley 1968). 

A r eview of food habits i ndica t es the potent!el for each species 

to coos .... e a wide veriety of both plant and anilllli I13tter . ChiPf"Jnks 

and grouoo squirrels were often seen aearching for food i n the 

terrace-st reaaside vegeta t i oo ZoneS of the caapsite areas during 

the day. Less f requently. rock squirrels would be s een along the 

talus el opes of the campsite and control sreas . None of tne 6mall 

l13m.al s just mentioned wBrB captured or direct l y observed feeding 

in the i mmediate area of t he campsite "kitchen." Al though probable , 

it is not known whether f ood scraps fron campera were ut il i zed. 

Of the t wo remaining noctur na l species, only t he canyon MOUse 

was captured , as wall as observed feeding, i n t he "kitchen" area of 

the CSlllpsite . The .. hlte-throated wood rat IfSS never captured Or 

di rectly obs"r~ed in the "kitchen" area of the campsite, howe~er, 

t heir tracks oIere noted i n thiB area on occa sion . In addition, huOlBn 

food sc raps and sssorted items we r e no t ed around theI r nest sites. 

The abili ty of these species to exploi t the food resource provided 

by camping activity -ay be one of the reasons fOf higher populations 



of certain sp~cles in the campsites. 

There are a number of factors that could affect food habitn and 

distribution of small mammals . Lsrger body size has been suggested 

as an i~ortant positive factor in aggressive , hence ca-pet itive 

encounters of one species with another (Sheppard 1965) . king 

(1968) end Hanney (1975) state that canyon mic! canoot compete 

very successfully wi th other mice end respond to aggressive 

encounters with other species by decreasing their population size 

and erea of activity . Hall ( 1946) found that csctus mice, pinon 

mi ce and deer mice are able t o invade and displace canyon mice . 

Where they do not have to compete with mice of other species, canyon 

.ice expand t heir niche spatially. Sheppard ( 1965 ) also 8Uggests 

thst interspecific competition may reeult in differential use of 

space end/or food and t hus se rve t o isolate populations of diffe rent 

species . 

Home ranges vary greatly with canyon mice having the emallest, 

.2 to 1.2 hectares (\ to J acres ) and antelope ground squirrels having 

the larges t, .6 to 2.0 hectares (1.5 to 5 acres). The number of 

adult individuala per hectare also varies greatly with canyon mi~e 

and white_throated wood rata capable of reaching levels of 25 to 

38 animals/hectare (10 to 15 ani ma ls/acre); l east chipmunks und 

antelope ground squi rrel$ , S to 13 ani.als/hectare (2 to 5 animala/ 

acre); and rock squir re ls, 8 animals/hectare (2- ) animals/acre). 

Rock squi rrels tend to have ~ore than two litters per yesr with 

canyon mice producing between three to five l Itters per yea f (Bur t 

and Grossenheider 1964, Hall and Ke lson 1959). The interaction 

of home range s i ze, body Size of t he individual, territorial 



nature, intrsspecies aggressiveness and limi ted recruiteent in the 

rock squirrel .ay partIally explain the sparea capture r esul t s and 

possibly the si.i l arity of t rap success for campsite and control 

sreas. 

Arthropods, particularly Formicids and Dipterids ere noticeably 
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mere numerous around campsites BS opposed to their r espective control 

ar eas . This is assuned to be relat ed t o impacts associated with 

camping, primarily increased food base and hu~n waste. Ca.mensura t e 

with en incr ease in arthropods is an increase in the pr edator base , 

lizards , snakes, scorpions and Insect ivorous small ma.ma l Species . 

Analysis of stomach contents has shown the s i gni ficance of a rthropods 

in the diets of rodent species (Aldous 1941, Forbes 1966, Bradley 

1968) . In addition , Whitakef (1966), Hamilton (1941), Hi sew and 

Emery (1927), Jameson (1952) and Williams (1959) have also indicated 

the importance of arthropods i n diet~ of small mam-a l ~ , Menea the 

food resource for rodents at caDpsi tes. 

Dry fire...ood collected by' boat parties along the river to be 

used at t he campsites may a l so be another indirect source contribut ing 

to greater nombers of small .. alTlnala at """,!,sites. Various B$sorted 

sizes of firewood (drif twood) afe unloaded at the campsites fOf 

campfire and open-pit cooking in. the evenings. Unused wood is 

l eft on the beach or stowed along the boulder- strewn t errace for 

future use . Residual firewood f requently serves as a source for 

i nsects, as well a~ ne~t-building mat er ial, cover and food for 

Slllall rodents. Small mll/lJllBl tr .. c k8 were often fuund in association 

with residual fire""'od. 

It has been shown (Royer et .!l. 1977 ; Hartman el a1. 1977; --



Ketchledge and Leonard 1970} that soil and plant dist urbance by 

trampling and minor landscape a l teration can dis rupt insec t activi ty 

(such 8S ant mounds) and di slodge seeds and/or insects from 

vegetation and soil. In addition, alter at ion of the landSCOpe 

(rock, logs, brsnches) can potent i al ly create new and unexposed 

microhabita t for small m&nrIIs l speci es . lrrpl1cations of humsn 

i mpacts on animal behavior, .i ncluding land alte.f8t i on and trorrpling, 

i s discussed i n a later s ection of this thesis . 

Predation 

Activity of predators in snd around trap·si tes was l imi t ed to 

gr ound preda tors . At the l athrop t rap·site, the only birds seen 

wi t h any f r equency were the common raven (forvu$ corax). At 

Brown Betty trap- s ite, the common r aven and the tu rkey vulture 

(Cathsrtes sura) were frequentl y observed soaring along the river 

in s earch of car.ion. Both of these species are diurnal scavengers 

and were never observed capturing live animals . 

Terrest rial predators at LathrOp t rap-site included the r i ng­

tailed cat, bobcat , s t riped skunk and the coyot e (Cani s latrans). 

At Brown Betty t his list is simila. with t he deletion of the s t riped 

skunk and addi t ion of the gray fox. Activi ty of pr~dators at Grown 

Bet ty se~med to be tranSitory, with a ~ occasional bobca t, ring­

t ai led ca t, or coyote t rack, and a l es9 frequent s kunk or fox 

. track. Trap dis turbance by mam..al.ian predators was infrequent. 

Conversely, at the Le t hrop control and experiment al trap-sites , 

r i ng. ta11ed ca t and s tr iped Skunk aigns were recorded on the aver age 

of three out of every four t rap-days . Trap disturbance i ncluded an 

occasional trap being o vert~rned, bai t partially r emoved andlor 



digging beo" .. th or a round the traps. To what e~tent activity of 

predators a rfected trapping resul t s is not known. fr equency of 

occurr ence of predators WaS s imi lar at both experimental and control 

trap-sites and should not have biased comparative trapping results. 

Trapping Success 
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rac tors det ermi ning trapping success can be placed into three 

categories: (a) Techni ca l (t rap construction and arrangement , etc.); 

(b) environmental (weather, food availability, etc . ) ; and (e) speci es 

dependent (intra- and interspeci,fic fac t ors ) . ractars that are 

constant between the respective campsite and coolrol areas include 

weather, trap type, and certain inherent mammalian behavioral and 

activity pa tterns. Those factors that are variable (and man_induced) 

jncl ude food availability ~nd human activity pat t etns associated wi t h 

campsi te use. 

All species for which t rapping records were analyzed showed a 

general similarity in trapping .success between the campsite aOd 

control areas. Significantly more captures of small m<lmlll<lls were 

recorded at campsites than at t heir respective contrul areas in 

eight out of ten instances. 

General trends of trapping success show a period of population 

s t~bilization for the .hite-throated wood rat and antelope ground 

squirrel from April through July , followed by a period of decreas ing 

success frail August through Septe~ber. The highest trapping 

success for the canyon mouse was recorded fo r April, followed by a 

lower, fairly stable period for the rest of the trapping s~ason . 

The highest t rapping success for the Northern grasshopper mouse 

was recorded in the months of June and July . . No trend in trapping 



was evident for the rock squirrel or 1esst chipmunk. Data collected 

in l his researcn indicates the occurrence of population recruitment 

for the canyon mouse and less t chipmunk during the spring as was 

noted by the increased number of j uvenile captures. 

Camping Inpact 

In a previous study conduc ted in Canyonlands and "Arches 

National Park, Utah, Cl evenger ( 1976) found that campgrounds 

have an influence on small mammal populations inhabiting them. 

The populations of Ord kangaroo.rat, antelope ground squirrel , 

deer mice, wood rals, Colorado chi pmunks snd desert cottonta ils 

inhabiting campgrounds were compared with populations in nan· 

campground control areas. It waS found t hat the chipmunks, wood 

rats and mice e~hibited s ignificantly different capture rates 

at the .05 confidem:e l evel. A significant difference In t he 

number of captures was found between the campground and control 

area four out of fi~e times, with the C""'Pground~ exhibiting the 

higher capture ra tes. The results of t he findings are believed 

to be, in part , a re~ponse to f eeding habits and adaptability of 

the individual species to campground acti~ity . The C1e~l!nger 

(1976) study represents the only a~aiI3ble, comprehenseive study 

concerning t he i mpac t of campgrounds on the smnll mamms l community 

of an area . 

Mammalian Acti vity Pat t erns 

O'Farrell (1974) and Kenagy (1974) point out that trapping 

results ere affec ted by changing seesonal activity pat terns of small 

mamma ls. As an adaptive mechanism to enabl e desert roden ts to 

survive peri ods of environmental stress, some species exhibit e 

" 
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spontaneous seasonal drop in body teMperature, metabolic rate and 

~ardiorespira tory functions, i.e. seasonal hibernation and a~stiv9tion 

(Howard 1951; Hanney 1975). Smi th and Blessing (1969) contend thst 

sex and repr oductive condition , In addition to food avsilabi lliy , 

. rree t t rapp ing Bl'Ccess . Yousef and Dill (7971 ) indicated t hat llliiny 

desert rodents undergo 8 t ype of I'I1bernation called "obligate 

hibernation, " !Otolch is t r iggered by inadequate food supply. It is 

bel ieved the animal readjusts i t s body temperature and me t abolic 

rate to new and l ower levels in 8 pa ttern of daily cycles t o com_ 

penlat e for r educed food supply; 

Previous i nves t igat ions (Bartholomew and Dawson 1968) indicate 

tha t body t~erature fl uctuations in desert rodent s of s 4 to 5°C 

fange were chiefly reflections of 8nviro~ntal changes. Kram 

(1972), ooKever , dlDOnstrated t ha t even Khen envirorrnenta l t~etetures 

were constant , body t emperat ures oscillate _over a range of 2 t o }·c 
daily . I f the unge is too grea t, Kith envirOOllental temneratures 

reaching as 10K as 10 to 1 5~ C' , activity subsides nnd many desert 

rodent s enter s stst e of torpor. french (1956) snd Bing and Mendel 

(1'J}1 ) found t hat sraall rnanmals reaponded~to periods of restr i cted 

wotsr supplies with s r eduction in ac t ivity . laboratory s tudies 

on desert rodents have reported foraging act ivity t o be continuous 

throughout t he night, rather than in bouts (f r ench 1956 ; Kavanau 

1962; KavsllUu snd Rischer 1968 ). In di scussi ng home range shes 

of small mammals, Dice (194 1) and Stickel (194B) agree tha t the 

aile of the heme range often varies with t he sea~on, avai l abl e 

f ood supply and population dt!nsity. In addition, Burt (194J) 

i ndica tes a possi ble influence of sex and age upon the cruising 



ranges of rodents. 

Weather 

Weather ,frects t rapping success as pointed out by Gentry and 

Odum (1957 ) , Celz (196 1) and Harten ( 1973), who found that warm, 

overcast night' resulted In greater 8cti~ity for nocturnal species 

than on clear nights and II resulting higher capture r ete. On the 

ot her hand, Blair ( ' 943) and JahDda (1973) found that clear . 

moonless nights resulted in the highest number of captures. 

Harten (1973) states that aGOSS activity is greatest at light 

intensities intermediate between bright MOOnlight and complet e 

da r kness. He also indicates thet ac t ivity is gre.teat in open 

ar eas when there is no moon, ye t under dense ground cover, it is 

gr eatl!St at half or full moon. When there is a forest canopy 

or an ,bond'nce of shadows , light intensity may have no e ffe ct 

at al l. In addition, Harlen (1910) found tha t rehtlve huIIIid1ty 

and baro-etric pr~99ur~ hav~ al ight posit i ve ~ff~cta on -ouse 

activity and that low temperatures have little a ffect at al l . 

Mar t en found no cor relat i on batween activity and wind Of cl oud 

cover. 

According to O' farrell (1914) , a.bient t e-perature, wind, 

c l oud cover , precipitation , and ba romet ric preasure have little, 

if any, effec t on """,11 lIarr.al activity. Conversely, Centry e t!.!. 

(1966), believed that rain does cause an increass in the number of 

mammalS caught, but in general concludes that weather over e 

certain period of several days 1a , DOre important factor than day­

t o-day fluctuations. J ahoda . ( 191J) found t hat during light r ains 

the ectivity of grasshopper MUce reached a level equal to or greater 

" 



than the peak activity at new moon. 

Other studies by 8eatley (1969), Van De Graff and Balda (19,2) 

and Reynolds (1958, 1960) indicate the depend"rlce of desert rodents 

on winter anrlual s and precipitation. When the rairl critical to 

autumn germination came, winter annuals were present from autumn 

to spring, and there waS sprirlg reproduction in the rodents (as 

indicated by summer densities). Wherl the critical rain failed to 

come, winter annual populations were rlegligible, and the rodents 

did not reproduce in the spring. 

Food Availability, 

Fitch (1954), Smith and Blessing (1969) and Jameson (1952, 

1955) belIeve that trapping success of small ma mmals declines in 

rel ation to an increase in the natural or man-induced food 

availability during the yesr. Conversely, Janion and Wierzbowska 

(1970) contend that trspability of rodents is dependent on repro_ 

ductive rates and population densities. Other fsctors affecting 

trap response include type of trap (Smith srld Blessing 1969, 1972; 

Cockrum 1947, Dursn 1968) and age of animal (Gliwicz 1970) . 

In Canyonlands, increased seed producti on of grasses and shrubs 

was noted for h~llside and terrace plants during J uly, August 

and September, hence, the food resource for small mammals. The 

streamside zone supported green, maturing and seed-producing 

forage throughout the spring and sOJMIer. Va,ious seeds and 

nuts (primarily pinyon) constituted a large part of the sheraline 

debris along the river. In addition, small manvnal tracks were 

identified along this shoreline debris area. Whether seeds or 

nuts were e3ten or gathered is not known. 
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Camping Acti~lty 

As a direct result of the drought condition in the Intermountain 

West in 1977 and the resul ting low-water conditi ons along the 

Colorado River above t he confl uence , camping activity at lathrop 

campsite was cur t ailed during t he spring and early su:nlller and 

eventually t erminated in July, 1977 (Appendix 0) . 

At Brown Betty campsite , monthl y river use impact in 1977 was 

l ow In Apri l and Sept ember wi th 811 and 1612 user days, respectively, 

and high in June and July , with 2029 and 264} user days, r espectively . 

The fluctuation in campsit~ use at Lathrop and Brown Betty 

through the spring and summer WBS closely associated with numbers 

of smal l mammals captured. Small mammal populations of the respec tive 

control area also underwent this seasonal fluctua t ion. 

Because of higher small mamma l capture rates at campsites for 

all but one species , it is bel ieved that camping use does have a 

siqnificant effect on some small mammals and that it is partially 

r esponsible for thei r increased mJlllbers. 

At lathrop campsite, trapping effort for most species showed 

a steady, cont inual r ise in numbers of small ma~als captured from 

April t o Jun.e, 1977. Visitor use during this per iod increased from 

Z}2 passenger days in April to '208 passenger days in June. Along 

with the termina t ion of campsite usaga in July was associated a 

sharp decline in the number of small mammal captures . The population 

remained depressed throughout the rest of the t rapping season 

(through Septembe r ). At the control trap- sIte, which was not 

subj ected to camping impact, small mammal populations tapered off 



from July to September, 1977, as did those at the control trap-site 

at Brown Betty. The decline in calTl>ing activity and the associated 

decline in small mammal captures at the campsite with respec t to 

the control suggests a correlation between campsite usage and small 

manmsl numbers. 

Behavior 

Species-typical behavior in the form of e~ploration would 

proceed ss II consequence of the formation of a camping area within 

the home rSl1<)e of the affected 'lpecies (Barnett 1963). Once the 
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area has been found and if the animal receives positive reinforcement, 

it will (particularly in mammals) respond in such a way as to 

maximi ze its gains by returning to the area to feed, gather nest 

material, etc. 

Behavior of an animal is often directed towards the schievement 

of a consummatory state . Most of the obvious consummatory states 

are r elated to objects or conditions needed for survival, such as 

food or shelter. Assuming that exploration represents a type of 

reinforcement, then it i9 safe to say that variation of the stimuli 

acting on the animal may resemble a consLJlJllatory state. That is, 

small mammals are compelled to explore, in the same way as they 

are compelled to find and eat food (Harming 1972). It has been 

shown that once a novel area has become Familiar, exploratory 

movements are repeated at intervals, but only when disturbance is at 

a minimum (Barnett 1963). A further consequence of exploration and 

one that may partially explain the rapid infiltration of small 

manvnals into a novel area, ·1s that odor trails. (pheromones) are 

left on exploratory routes , and these are detected by other species 



(Alcock 1975). 

A certain degree of long-term hebituat ion t o human intervention 

and changes associated with camping a reas woul d be e~hIbited by 

rodenta ea long es t he sti~li r easined neu t ral. Cl osely essociated 

with habi t ua t ion would be another type of learning, t rial and 

er r Of. Unde r this cat el;lo r y, animals ,",ould hsve the capscity to form 

poai tive and nege t ive responses t o var ious sti.uli (e.g. food types , 

nest mater ials, and the MOst advantageous tiees at night to feed ) . 

In addition, latent l earning would elso playa r ol e in the abi l ity 

of rodent s to learn their home r ange , Inclu~ive of the campsite 

(cooking . rea, sleeping e res , recreation area). Latent learning 

would eleo affect ae l ectivi ty of f ood scraps as in the case o f 

delayed indigestion. There is t he possi bi l ity thet habitat imprint i ng 

of the young may occur . t campsites in turn creating e partially reliant 

aituation , whereby rodent a become dependent upon campere fo r eaBantiel 

habitet requiremente. Rigidity in thh type of situation is likely 

to have drastic effacts upon reliant animal populationa i f sudden 

environmental change. occur. 

Per ceptual syate .. o f r odents (mi ce, r at s, squi rrels) include 

ol faction, he3ring and vision in order of acuity (l(1ng 1971). Novel 

ol factory cues ere mo r e than l i kely the over r i ding s t imul i tha t 

rodeoh are responding to at ca~aites . On t he other hand , s 

combination of sensory i npu t s ~y constitute a t ype of heterogeneoua 

sunmation affecting the intensity to the response (Hanning 1972). 

Barnett (196') has shown that in wi ld rats an i ncreose in ext ernal 

atimu lation (noi se , Shell, vi sion) r esults in an increase in 



" 
exploratory activity. In addit ion , he has shown that activity in 

rats, measured in a wheel, in a maze or in a more open space is 

increased by three kinds of stimulation. first, changing environmental 

stimulation, such as odor, or noise, acting on the exteroceptors, 

inc rease activity . Some kinds of constant environmental stimulation , 

such as bright light, do the same, since bright light is avoided. 

In addition , deprivation (for example of food) lowers the threshold 

of response to external changes and may itself increase activity 

in a cOrlStant environment. This leads to the question of what 

releasers from camping areas are eliciting what responses by 

small manrnals? 

In summary, when small mammals are given access to an unfamiliar 

area, they explore it. The resulting experience is of value in 

determining information about the resource (food, shel ter, danger. etc.). 

Subsequently, each species is thought to possess a delicately balanced 

and highly efficient co~bination of movements of approach and 

aVOidance, which enables them safely to make the mos t of what the 

environment has to offer. 
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SUI'HARY 

Data ~ere gathered at two campsites and two control areas along 

the Colorado Ri~er in Canyonlands National Park to determine whether 

campsites had any efr..ct on small mSrmlsb inhabiting them. The 

results are summari~ed as f ollows: 

1) Campsite usa does have a signi ficant effect on small 

~mnals inhabiting the s iles. 

2) More small mammal species were recaptured in campsites 

than in their respective controls. 

) Anyone or 8 comhination of the following factors 

may, in part , explain the higher popu l ation of 

smal l ma~ls at campsites as opposed to their 

r especti ve controls: 

a) The effect of increased food resource provided 

by camping use . 

b) The effect of habitat disturbance ent ailing 

the rearrangement of the landscape (s and, rocks, 

brush, logs) and trampl ing . 

c) The e ffect of impo~ting campfire wood and 
starter branches . 

d) lhe pyramidal effect of camping areas on other 

biotic c~nents. for e ~ample, an increase in 

the insect population, the resulting inc~ease in 

lizards, snakes , and scorpions , and the effect 

this ~auld have on the small mammal population and 

composition. 



e) The behavioral .ffects of exploration of and 

habituation to campsite areas. 

" 

4) Other unrecognized ractors may also be responsible 

for a higher population of smal l mammals in campsites 

than in non-campsite areas. 

S) Camping activi t y ~y increase populations of mos t 

riparian ,mall ma~l species . 



MANAGEI-IE"T IHPLICATIONS 

In 1971, it became apparent to the National Park Service that 

use of the Colorado River was growing at a trernendous rate 

(60 percent annually) , and that the riparian ecosystems were being 

placed in stress due to this increase (Hunt at al. 1974). As a 

result, steps were taken to stabi lize use and limit commercial 

outfitter operations unti l answers could be obtained for the 

following : 

A) What is the carrying capacity for the Colorado 
River in Canyonlands National Park? 

8) What is the assessment of impact on vegetation and 
wildl ife? 

C) ~at impact is acceptable? 

(Hartman ~~. 1977, p. 106) 

These steps were designed to protect the interest of the Park 

and its environment until results of scientific study now underway 

could be ~Ompleted and incorporated into further management 

decisions. 

The th r ee major limiting factors that have been used as a 

basis fo r determining carrying capacity in river running are : 

1) Physical capacity - actual numbers of people that con be 

physically accommodated at launch sites, campsites, etc . ; 

2) Sociological capacity - the number of people that can be 

on a ri ver at anyone time without interacting to the point of 

degrading each other's experience; and 

}) Ecological capacity - the number of people that a river 
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system can accommodate without iBp8innent to coeponents of the 

various jndl~enous ecosyst ems (Hartman et al. 1977). 

This s tudy accomplishes only B $mall part of the last facto r, 

that dea l ing with human i~act8 on r iparian small mammals . It was 

found that ~n impact at two heavil y-used campsites .long the 

ColoradQ River al tered faunal populations and composi tion. 

" 
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Appendix 1\, 

A Provisional Checklist of Hammals 

Canyonlands National Park, utah 

(Armstrong 1973) 
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Table 11. Provisional checkliat of .ammal a, Canyonlands National Park , Ulah {An.strong 197J) .'. 

TAXON DISTRIBUTION BV DISTRICT 

blond in Needles ",,, 
t he IIk1. 

ORDER INSECTIVDRA--Insectivoree 
family SDRIC IDA( __ Shrews "7 " "7 

Sorex merriami--Herrism's ahrew "7 " "7 
Notiosorex c rswfordi_-Deeerl shrew 

:OPTERA--Bats 
bata 

"'" " " " 
" 0 " 
"7 0 "' "7 0 "' " " 0 

.. yotis " " " 
myoUe 0 0 0 

" " " 
0 0 0 

"'" " 0 0 
"7 "' "' • " " 

b1~-

" 0 " 
"" "7 0 "' ~ 

" " " ~ 

0 0 0 
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Table 11. Continued. 

TAXON DISTRIBUTION BY DISTRICT 

Island in Needles t-laze 
the Sk~ 

CEDHYIDAE- -Pocket gophers 
pocket gopher "' "' ., 

mice and allie9 
pocket mouse D D D 

Basin pocket -- D 
kom}oroo r at D D D 

" • • 
.ice 
It erro 

• D " 
-" D 0 0 

mouse 0 0 0 
mouse 0 0 • 

0 0 0 

" 0 " 
Koodrat • 0 

woodrot 0 
oated 

0 0 
wood rot 0 0 " 

por~upines ~ 

0 0 0 " 



Teble '1. Continued. 

TAXON DISTRIBUT ION BY DISTRICT 

Island in Needl.:. .. " 
the Sky 

OllOCR 
allle. 

0 0 0 
U ,. ,. 
• • • f., 0 • • 

""" 
,., ,., 

lind alliea 
0 0 0 

alliea 
weogel • • • 

0 0 0 
• • • 
• • • 

• • • 
0 0 • 

ORDER ARTlOOACTYLA--(ven-toed hoofed mammals 
CtRV IOAE--Oeer snd II llies 

0 0 0 

,. 
~ 

" 
0 • • 
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Appendl ~ B: 

Geologic and Topoqraphic reB tures of Lathrop 

and Brown Setty Exper imental and Control 

Trap_sites , Canyonl ands National 

Park, utah ( t977) 
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Table 12. Geol ogic ond topographic Features of Lathr op experiment al 

and control trap_sites , Cgn~on lands Nationel Park , Utah (1977) . 

f eature 

location on. U.S.C. S. 
LPheaval Dome 
quadrangle ( 15· 
min. Bedell) 

Eleva tion above ella 
laval 

Dis tance f rom rlvar to 
canyon wall 

Hei ght of cliffs 
above r iver 

Rock forma t ions present 

Major vegetation zones 
( rigure }) 

Percent of bar e soil 

Per cent of talus 

Percent boulders snd/or 
s lick rock 

So11 t ype 
(wher e present ) 

Ave rage depth of 
soi l (where present) 

Meens of eccess t o s ite 

Loca tion 

Lathrop I!~periaental 

S"'%NW%: Sec. 18 
R20E HaS 

11BB III 

38- 40 m 

138-150 m 

Cutler-Ceda r tie sa 
Sandstone flember 
(8 t r e","side and 
terrace) 

Rico (hille i de ) 

% s treamside 
'I t e rrace 
\: hi llside 

52. 81 ~ - 8tre~side 
65 .J4!< terrace 
4 . 71 ~ hi llside 

O.ons a t rl!lDmside 
16 . 43: 
48. 3OS 

)J.84~ 
4. 7 1 ~ 

,a .61 ~ 

t errace 
hil laide 

s tres mside 
t er r ace 
hi lls ide 

a ridi sDl 
(sand and/or 
gravel) 

boet , f oo t tra i l 

Lathrop I:ontrol 

ApprD~. 3BO met e rs 
upriver from 8~p. 

11BB III 

39- 41 .. 

138-150 .. 

same 

1I 1 . 22~ -
15 .16: 
. 2.0J~ 

O.O~ 
B . 7J~ 

4B . 4cro 

56.46~ 
2 .00: 

B3 . 6~ 

some 

same 

st rea_ide 
t er race 
hi ll s ide 

streamside 
t errace 
M lldde 

st reomside 
t errace 
hillside 
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Table " . Geologic and topographic feltures of Brown Betty [~peri­
Qental and control t rap-.i t ee , Canyonl andl Natio~l Par k, 
Utah ( 1977) . 

Feature 

location on U.S.C.S. 
Needl es I quadnngle 
(15 min. series) 

elevation above , ee l evel 

Distance from r iver 
t o canyon .. all 

Height of cliffs above 
river 

Rock formations present 

Major vegetation zone 
(figuNl 4) 

Percent of bere ,oil 

Percent of t elus 

Percent of boulders 
and/or slick rock 

Soil type (where present ) 

Average depth of aoi1 
(where present) 

Means of acce,. to aite 

Location 

Bro'''' Set ty (xper. 

NW% t£% Sec. 27 
RISt DOltS 

1182 m 

43- 46 '" 

250-J02 • 

He f llOstI-l.nr\aIned 
~pu Member 
(hillside) 
Pa radox He*.>e r 
(streamside and 
terrace) 

1/2 .tre ... ide 
1/4 ter race 
1/4 hllll1de 

96.6J: at reallside 
2 . 50~ terrace 
1. 50$ hillside 

O. OO!.: streamside 
4O.)1!,; t e r race 
JJ . SZ: hillside 

0.00: atreeasi de 
'4 . '~ terrace 
47.'5!O hil lside 

aridisol 
(~and and/or 
graval ) 

,,~ 

boat, foot t rail 

Brown 8etty Cont. 

Appro~. 050 roeters 
downri~er fro. expo 

11 62 m 

2SO-102 • 

1/) atreamside 
1/) terrace 
1/) hiUaidr! 

91. 4)!O 
1.57!;, 
O.52!;' 

2.n'< 
68.2J!;' 
J5 . 5J!O -

J.60!0 -
29.cm1 
47.5~ 

atreallSide 
terrace 
hillside 

atrearoside 
terrace 
h1l1si(le 

.treamside 
terrace 
hillside 



Appe~dix c: 

Climate Data for Lathrop and Brown 

Betty Trap-sites, Canyonlands 

National Park , Utah (1977) 

77 



TobIe 14. Adjusted -onthly ~Mi.u. and ftin iMUD mean temperatures for Lathrop t r ap-site , Canyonl ands Nat i onal 
Park, Uteh ( 1977). (National Par k Servi ce data ). -

""'th Mean HDMl.u. TaMperatureD (-C) Mean Hlnlau. Te-peratures (·C) 

Average'· 1976 1977 Average 1976 1977 

January 10.) (50.6) ··' 10.2 (50 . ) 10. 2 ( 50 . ) 1.1 ()).9) -.39 ()1.3) 5.4 (41.8) 
February 18 .4 (65.2) 16.9 (62.4) 16.8 (62 . 2) 4 . 6 (40.2) 6 .1I (0.5) 5.) (1I1.5) 
l-larch 19 . 7 (67.5) 17.6 (64 . 1) 19.6 (67 .2 ) 7.9 (46.) 4.7 (1I0 . 4) 5.7 (42.3) 
Ap r il 23.8 (74.9) 26.3 (79.3) 28.5 (83 .3 ) 10.8 (51.4) 11. 2 (52.1) 13 . 1I (S6.1l 

"" 31. 9 (100. 0) )2. 2 (a9.9) 30. 6 (87 .1 ) 18 . ' (64.9) 16.9 (62 . 5) 15.9 (60.6) 

'"~ 37.8 (104.9) )7.7 (99.9) 40.4 (104. 7 ) 22.7 (72.8) 21.4 (70.5) 32.6 (90.6) 
Jury 39.9 (10).9) 41.7 (107.0) 39.1 ( 102 . 4) 27. 0 (80.6) 26.2 (79.2) 21.0 (69.8) 
August 39 . 0 ( 102 . 2) '8.8 (101.8) ,a.7 (101 . 6) 25.1 (n. l ) 2' . 4 (74 . 1) 20 . 9 (69 .7 ) 
September n .l (92.5) )4.1 (9) . ) 34 .3 (93 . S) 19.9 (67.9) 20.2 (68 . 3) 17.2 (62.9) 
October 24 . 4 (76 . 9) 26 . 0 (76 . 8) 27 . S (81.5) 13.6 (56.5) 13.1 (55 .6 ) 7 .) (45 .1) 
November 16.4 (62 . S) 19.2 (66.6) 17 . 6 (63 . 6) 7. 1 (44.8) 8.7 (47.7) 1.0 (n . B) 
Dec.edler 10.3 (50 .6 ) 12.2 (S4 . ) 14 .1 (57 .4 ) 1. 7 OS. I) 2.8 07.0) -0.4 (' I. ) 

Yearly Avg . 25.4 (77 . 7) 26.1 (79.0) 26.4 (79. 5) n.) (55.9) 12.9 (55 .2 ) 12.1 (n.8) 

' Temparaturea ~efe adj~8ted using D i 'pae fate of 6.5°C/l km . 
.... ,968- 1974. 

*" Va!ues in pafenthesis IMpreased in de9ree Fahrenheit. 

~ 



Table IS. Adjusted .onthly .a~i.um and .ini.um mean temperatures for Brown Bet ty t rap-sile, Canyonl anda 
Notional Park, Utah ( 1977 ). (National Park Servica dala ). " 

Month Mean Maximum Te"'P_eratures (0e) 

January 
February 
March 
April 
"'Y 
J~. 
July 
AlX.Juat 
September 
October 
November 
December 

Averag~ '* 1976 

6.3 (43~4) O'H 
".5 (56 . 3) 
15.8 (65.8) 
22.6 (72 .6) · 
30.7 (87 .2 ) 
35.2 (95.11) 
38.8 (101.9) 
)S.8 (96 .11) 
31 . 7 (89.0) 
23.5 (74.3) 
15.2 (59 .3 ) 
7.4 (45.3) 

6.9 (44.S) 
15.0 (59.0) 
15.6 (60 . 4 ) 
22.9 (7) . 3) 
26.9 (811.11 
34 . 9 (94.8) 
39.6 (10).3) 
36 . 6 (97.8) 
31.4 (88,,6) 
23.3 (74.0) 
17.7 (63 .8) 
10.2 (50.4) 

Yearly Av\!. 21.7 (71 . 0) 23.6 (711.5) 

1977 

7.7 (45.8) 
14.9 (58.8) 
15.6 (60 . 1) 
25.3 (77.5) 
28.5 (63.3) 
38 . 1 (101.6) 
36.8 (98. 3 ) 
36.0 (96.6) 
)1 . 7 (89.0) 
24.7 (76 .11 ) 
15.7 (60 . 3) 
11.5 (52.7) 

23.9 (75.0) 

·Temperatures were adjus t ed using a lapae rate of 6 . 5GC/l km. 
0'41 966_1974. 

···Valuea in paranthesia e~pressed in degrea Fahrenheit. 

Mean Minimum Temperatures (QC) 

Average 1976 1977 

- 5.4 (22;3) -9 .3 (15.3) 2.3 p2.7) 
-2.3 (27.9) 2 . 1 p2.3) - 3.5 (25 . 7) 

1. 9 p5.5) 5.4 (41.8) -.50 P1.1) 
11.9 (1I0.S) 6.5 (43.7) 6.7 (1I4.1) 

11.3 (52.11) 11.7 .(53 . 0) 11.1 (53. 1 ) 
20.6 (69.11) 15.2 (59 . 3) 18.6 (65.11) 
20.11 (68 . S) 21.2 (70.2 ) 20 . 9 169.6) 
19.3 (66 .8) 18.9 (66.0) 20.2 (68,3) 
".2 (55.8) 14.7 (58.11) 16.9 (62.5) 
7.) (45 .2 ) 4.5 (1I0 .1) 11.8 (53.2) 
1.2 p4.2) - 1.2 (29 .6) 3 . 2 p7 . 7) 

-6.1 (21.1l -S .6 (16 .5) 1.604.S) 

7.2 (45 .0) 6.S (44;2) 9 . 2 (48.6) 

~ 
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Appendix 0, 

Colorado River Travel Summary . 

Canyonl ands National Park , Ut ah 

~ 

" 



Tabl, 17. Colorado RIver travel sumnary, Canyonl ands Nat i onal Park, 
Utah (1971). (_tional Park Service dah). 

B2 

lathr~ C'!ea11e 8rown 8ettl campsIte 

'97' 1917 1976 1977 

!-bnth: T P ° T P ° T P ° T P ° 
Harch 2 " '96 2 " '96 , 20 '00 

April , ' 36 '" 
, " 2J2 , '36 '" 

, 212 81' 

",y " '" '96O 2J '00 1072 " 63 ' 2323 " '0' 1680 

'"~ 62 '04' 6t2} " 1052 )208 " lSlJ 6J81 " ". 2829 

My " IOJ} 41 55 " 35' ,,, 
" 11 58 "" " '40 264J 

Augu.t " '" "" 20 ,or ,,, 61 1016 .,,, 
" '40 264J 

September 27 '" 2097 , ". ", 3D "" 2175 21 20' 1612 

October , 
" '" 2 10 54 , " '" 4 26 ,. 

TOTAL 249 443218 ,7981222380 7115 280 486921 , 075220337813 , 146 

T '" Tr i ps 
P ; Pnsengers 
o : Paaaenger days in Canyonlands National Park: Any calendar day, or 

portion thereof, t hat any individual 1_ 
accompanied Dr serviced by 8n operator or 
pe~ttee on t he public lend. 



Appendix £: 

Monthly Cubic reet Per Second no>< Rate! 

on the Colorado Ri v"r for Lath rop 

end Brown Betty Trap_sites, 

Canyonl and, Nat ional Park, 

Ut ah (1977) 
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TQble 18. Monthl y cubl e (ee t per seeond flow rates and pereent o( average on the Colorado River (or 
Lathrop and 8rown Betty trap- sites, Canyonlands National Park , Utah (1977 ) . -

Lathrop 
Cuble feet E!er second 

Brown Betty 

Month, A~!I . .. 1976 (~ of Avg. ) 1977 (~ of Avg.) Avg . 1976 (~ o f Avg. ) 1971 (~ of Avg.) 

Januery 2 , 814 2,8119 (101 ) ),359 ( 119) 4 , 9!J0 5, 1195 ( 110) 7,209 ( 1(4) 
february 2 , 96) 3 , 269 ( 110) 2 , 63 1 (89) 5,707 7 , 177 (126) 6,22} (t09) 
",~h ' ,270 3 , 169 (97) 2, 009 (61 ) 7,)70 8,302 ( 11) 6,674 (91 ) 
April 8 , 056 4,751 (59 ) 1,644 (20) 15 , 466 10 , l62 (67) 6,118 (40) 
",y 18 , 507 13 ,624 (74) 2 , )22 (1) 32,877 27,692 (84 ) 7,912 (24) 
J"~ 21 , 032 11 , 410 (54) 2 ,820 (1)) .J8,582 : 24,515 (64) 7,2)0 ( 19) 
July 0 , 104 ),732 (46) 1,9'" (24) 15,109 · 0 , 186 (54 ) 4 ,891 (32) 
Augus t J,856 2,270 (59) 1,559 (40) 7 .. 295 5 ,1 S5 (71 ) 4,289 ( 59) 
september 3, 081 2,455 (80) 2,075 (67) 5 , 412 5 , 9'9 ( 110) 4 , 4)} (02) 
Oc: t ober 3,595 3 , 559 ( 1011 ) 2,221 (62) 6 , 207 7 ,Qt.4 .(1n ) 4 ,166 (67) 
Ho~elllber ), 541 3 , 691 (1011) 2,1 5) (61) 6,136 7 , 375 ( 120) 4 ,167 (68) 
Deeember ) , 055 ) , 567 ( 117) 2, 270 (74) 5,)06 7 , 238 (n6) 4,023 (76) 

-Oata taken f rom Green R i~er at Creen River , utah and Colorado Ri~er near CIsco , Utah ( U. S. Geological 
Survey). 

··Oata accumulate d fr~ 1941-1970. 

~ 



Aependb: f": 

Bai t Selectivity Study Along the Colotado and 

Green Rivera in Canyonland9 

National Park, utah ( 1976 ) 

" 



6ait selectivity studies were carried out s l ang the Colorado 

and Green Rivers at s ix different locations in Canyonlands National 

Park in order to dete~ine bai t pre ference by smal l ~ammals. 

Eighty "Sherman" live-trapa (8 x a x 23 elll) (3 x J x 9 in.) 

end 20 "National" live- traps ( 18 x 18 K 48 C!!I) (7 x 7 x 19 in.) were 

scrubbed and cleaned with a commercial cleanser . In the Sherman 

live-traps five different baits were used and 16 traps were employed 

using each type of bait. 

1) Chewed oats (Rolled oals were e hewed by trappers until 
a paste-like consistency developed). 

2) Peanut but ter 

J ) Peanut butler and rol led oats 

4) Quaker national cereal and ra i sins 

5) Birdseed 

In the National live- t raps f i ve di fferent baits were used and 4 

traps were empl oyed usi ng each type of bait . 

1) Apples 

2) Ca r rots 

3) Peanut but t e r and rol led oats 

4) Chewed oats 

5) Fresh catfish 

One hundred trap-days were recorded on the Green River in 

Canyonlands National Par k at Potato Bottom, 6.1 km (38 mi. ) upriver 

f rom the confluence of the Green and Colorado Rivers and at Anderson 

Bottom, 49.9 km (31 mi . ) upr iver f rom the confluence. One hundred 

" 

trap-days were recorded on the ColoradO River at Lathrop jeep campsite 

and a t La throp expe r i mental campsite , 37.8 km (23.5 mi.) snd 39.4 km 



(Z4,5 " i. ) up r ive r (roon the confluence, respectively. In eddition, 

one hundr ed t rap-days were recorded at Spanish 90tto- Bnd at Brown 

Betly e~pert-entBl cs"psi t e 6.4 km (4 ~i.) and 9 km (5 ~i.) downriver 

from the confluenc e . 

The work resulted in 8 trapping effort of 600 trap-ni9hts and 

hss yielded 6S animals, consis t ing of Seven different speCies (Table 

19). fifty-two smal l mammal s (four speci es) were captured in the 

She~n live-traps , and thi rteen manmal e (six species) were captured 

in the National live-traps . 

Conclusion 

No significant difference was fot.rld be tween the number o f slII<lll 

m8mNal captures in t he Shenn.n l ive-traps for peanut butter and oat s, 

chewed oats, end peanut butter . t the .05 confidence level . Number 

o f captur es ware t oo low to permit data analysis for thos8 t raps 

baited wi t h birdseed end Quaker natural cereal with raisins . for 

the National live-traps, no significant di ffer ence was no t ed, between 

t r aps beited with peanut butter and oets , chewed oets , end fresh 

catfish at the .05 confidence l evel. Number of captures were toe 

l ow to permit data snalysis for those t raps baited with cerrnts 

or epple slices. 

Based on percentage of small ~mnals associated with bai t 

types, the r esults i ndicate a preference fo r peanut bu t ter and 

rolled oats In both the Sherman and Na t ional live-traps for the 

smaller herbi vores ond omnivores. The carnivores preferred fre sh 

cstfish. 

Ae 8 r eeul t of the study, peanut but ter and r olled oats wera 

B7 

used e~clusiveh in the Sherman live-traps. In the Na tion.e l live-traps, 



half of the treps were belted with peanut butter and ae t s and half 

were baited with c:atfish . It bec:s"e palicy to wire the c:atfish 

pieces into the Na t iona l brand trape poster ior to the treadle to 

prevent theft af bai t. 

" 
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Appendix G: 

A List of Co mm on Plants Located 

at Lathrop and Brown Betty 

Trap-sites , Canyonl s nds 

National Psrk, Utah 

( 1977) 



Table 20. A l1st of pl ants with COIIIIIDn lind scientific names from 
Hollll9r en and Reveal (1 966) . 

COIMlon Name 

Tr!!es 
coyote willcno 
tamarisk 
netlesf hackberry 
buckthor n 
New Hexican for esteria 
skunkbuah sumac 
singlele"f Bah 

Shrubs 
Torrey ephedra 
gfeen ephedra 
pr ickl y-pea t cactus 
echinocereus 
rubber rabbi tb rush 
vanclevea 
broom sn"keweed 
Amsoni ll 
Russian centaurea 
cliff rose 
l ongleaf br ickel l is 
silve r burralobeny 
echinocact us 
shadscale 
l ong spine hor sebrush 
foundng saltbush 
fi ne leaf yucca 
Emory baccharh 
Ander son WD lfberry 

'Herbs 
deser t princesp l ume 
aster 
desert t rllq)e t 
Russian thistle 
wirelet tuca 
coldenis 
yellow beeplant 
showy mil kweed 
locoweed 
pepper wsad 
globeDl811ow 
dog""oo 
white sweet clover 
r agweed 
Fendle r spurge 
blazing atar 

Scientific Name 

Green var. 
A. Grsy 

Pursh 

Torr. 

Nutt. 
for r. 

(ngelm. 

A. Gray 

Nutt. 
Cloo.Jgl . 

Woodson 

for r. 
Dougl . 



Tabla 20. Continued. 

Common Name Scientifi c Name 

.:I'"~.d 
phacelia 

gurnweed 

JillSon w"ed 
cocklebur 

CraSS8a 
cheat grllss 
lndian ricegrass 
desert 8s1tgrass 
IIlkaU sacaton 
8crab~hgrass 
flu ffgtass 
gaUeto 
little blueslem 
purple three- awn 

~.~g;~' Putsh. Torr. 
Totr. 

Torr. 
Torr. 

Hitchc. 

" 



Appendix H: 

A Provisional Checklist and Status of 

Terrestrial Hanmal" Along the 

Colorado and Green Rivers 

i~ Canyonlands National 

Park, Utah (1977) 



The purpose of this section ~s t wo major aims : ( I ) mammal 

inventory ( e~clusive of chiropterans); and (2) c~riso" wi th saall 

mammal s capt ured at the t wo Color ado River campsites . The pur pose 

9' 

of the i nventory wss t o determi ne the kinds of small mammals present 

in the riparian areas of the Colorado snd Green River s in t he Park 

and t o 98in at least a cr ude impression of their status ( Table 22) . 

This infor~tion will be used to supplement a checklist of t he 

mammal ian fauna of the Par k (exelusive of ripari an , reas) organi zed 

by Arms t r ong (197J ) (Appendix A) . Lathrop trap-si tes i n the Island in 

the Sky Distric t, and Brc"" Bett y t rap-sit ss i n t he Haze Distr iet, 

hays been i~luded i n t he checkl ist for long-run compar ative purposes . 



Tubl e 21. Provisional checklis t of terrstrial mammals along the Colorsdo and Green Rivera, including 
to tols for trap- nights , animal captures end species observed and/or captured , in Canyonlands 
National Par k, Utah (1977) . 

District 

Species COfIJJ\O!l Hume Island In Heedles ,,",. 
the Sky 

LC" Lec [I!~ rtl LRL RC vI! ~ '" aBC 
1 1 1 

ORDER 
FamilY Cricetidae 

csnyon .atlSS '" " " 11115161 I 0161zz1198 
cactus .ausa 0 17 , , 
white-throated wood rat 14 , , I I , I I I I, I ;:1 , 
Nor thern gr aashopper 0 0 , 0 _ .. 

Ondatra zibathic8 IllUskrat .... +! ·1 I WI I I • 
family Scluridae 

(s) Eutamiss minimus least chipmunk "I B I ' I I I 2 11 I , 5QI 25 
(0) Eutamias quadrivit t otus Colorado chipmunk , 

(n,a) AmmOspermoehIlua loucurus antelope ground 

, I : I I 1'1 I , I SQUirrel "I 0 I I "I " (n) Spermophilue varie9atus rock squirre l n 16 12 11 

Family Heteromyidae 
(e) Oipodomys ordil Ord kangaroo rat 01 , 1 1 , 

Fsmily Castoridns 
Castor canadensis beaver ·1 ·1 • 1 ·1 1 1·1 1 ·1 · 1 • 

• ~ 



Tab}" 21. Continued. 

Species Common Nam" 

family Erithizontidae 
Erethizon dorsatum porcupine 

ORDER LAGOMORPHA 
F.amily leporidae 

(n) S~lvilagus audubonii desert cottontail 
lepus californicus black- tailed jackrabbit 

OROer CARNIVORA 
Family Canidao 

(n) Urocyron cinereoargenteus gray fox 
C3nis latrans coyote 

Family Folida" 
~yn~ rufus bobcat 

Family 3ssariscidae 
(n) Bassariscus astutus ring-tailed cat 

Family t·1ustelidae 
Taxidea taxus badger 

(n) t~ephitis mephitis striped skunk 

OROER AR TIODACTYLA 
Family Cervidae 

Odocoileus hemionus mule deer 

Island in 
the Sky 

lC lCC LBe Hn 

• • 

• 

• • 
• • • , • • 
• • • 

1 

• • • • 

~istrict 

Needles 

LRL RC 

• 

• 

• 

• 

",,' 
VB sa BB BeC 

1 1 

• 

0 1 

• • 
• • 

• 

·1 • • • 

" 



Table 21. Continued . 

Spacies c~_ 

Family Bovidae 
Ovis canadensis bighorn aheep 

Total Trap-Nights 

Total animals captured 

Totd IlUIIIber of species observed and/or captured 
_. -- . 

Island in 
the Sky 

lC lCC lBC 1'6 --

612S 612 200 200 

2" • 21 " 
n , 11 

• • 

District 

Needles Maza 

lRl Rt VB sa ea B8C 

• • 

'00 100 2 612 6125 

, 10 1 , " ''16 

• , • 11 10 

-Trap-site cock!: lBC _ little Bridge Canyon, liB - t-tonumcnt Dasin , lRl - l ower Rad leka Cpnyon , 
RC _ Rustlor Conyon , VB _ Valentino Bott~ , 58 - Spani~h Bottom, lC - lathrop 
Canyon , lCC _ l athrop Canyon Cont rol, 88 - Brown Betty, BBC - Brown Betty Control 
(hken fro. Rigby et 01. 1972) . 

u (.) '; capture with Shertll8n liva-trap.­
(n) : capture wi t h Netional live- trap . 

•• • ... = species observed yet not captured. 

~ 



lable 22. Capture!l par 100 trap-nights at ·10 sHes along the Green and Colorado Rivers in Canyonl ands 
Nstional Pork, Ut.sh (July 1976 - Septemt)er 1977). 

Site· 

lO 

l CC 

lDC 

'" 
L~L 

RC 

va 

so 
as 

asc 

Pc"" Pe 

2." 
.n 

6.50 

. 28 

• SO ' 

5 . 50 1 . 00 

5. 00 

6.00 

4. 00 

J.OO 

J .61 

1.60 

" .2J 

.02 

.50 

.50 

Bl 

. 50 

. 50 

l l50'1 

.1 6 . . J9 

.02 

c. 
.98 

." 
2.00 

2. 00 

1. 00 

. 82 

." 

Spedes Csptured 

Cq 

-
1.00 

" .20 

. 50 

1. 00 

.J< 

." 

5. 

.21 

. 26 

.50 

. 20 

.18 

[)o " 
.02 

1.60 

. 50 

. 50 

Uo So 

.OJ 

--

--

... 

.SO 

MCANS ) . B2 . 18 .12 ." .n . 10 .n .10 . 10 .10 

.02 

. 002 .00) .B5 

~ rrsp-a1ta code : LBC - Little Bridge Canyoo, I.e - ""' .......... nt 6os1n, LRl - Lower Red Lake Canyon , 
RC _ Rustler Canyon , VB - Valentine Botton , 58 - Spanish Botta. , LC - lathrop Conyon , LCC 
Lo throp Canyon COfIt rol , BB - Brown Betty, MC - Brown Betty Control (taken from Rigby et.!!.!.. 
1972). 

" Species code, Pc - canyon mouse , Pe _ cactuQ mouse, Na - white-throated wood rat, 01 _ Northern 
grasshopper mouse , Em _ least chipmunk, Eq - Colorado chipmunk, Al - antel ope ground squirrel, ~ 
Sv - rock squirrel , 00 _ Ord kangaroo rat, Sa - desert cottontail , Uc - gray fox, Sa - ring-tai l ed 
cat , MD - st riped skunk. 



Appendix I , 

Plant Specie~ CompOSition For lathrop 

and Brown Setty C'"peile and 

Control Trap-altes . 

Canyonl ands Nationa l 

Park . Utah (1977) 

100 
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Table 2J. Cont inued. 

Percent Coverage Pe rcent fr equency 

Species Campaite Control Ca.psite Control 

5 T H 5 T H 5 T H 5 T H 

Shrubs cont'd 

fourwing saltbush 3.10 ." • 68.94 11. 68 28.24 
finel eaf yucca • • • • 12 .33 23 . 45 9 . a1 16 . 60 
Emory bBccharis J.65 5 .60 71. 64 41.13 
Anderson 

wol fber-ry • • • 12.55 l a .6J 
lOoo;Jleaf 

br icke llia • • • 16 .11 6.51 5.41 

Hartls 
blazing star • • • • 12.24 24. 61 10.61 8.00 
desert princes-

plume .J1 .60 6.85 22 .61 ".40 
deser t trump~ t • • 1.85 10. 31 16.55 24.60 
Russian thistle • • • 7. 64 14.25 16.32 
wirelettuce • • • 14.20 17 . 66 19 . 60 
coldenia • • • • lB . }2 20. 6 1 16.BIl n.n 
curl ycup gumweed • • • • 8 .85 11. 64 18 .43 16. 66 
showy milkweed • • 21. )4 8.61 
phaclllia • • • 17. n 16. J4 14.80 
j i mson weed • • 5.42 11.63 
locoweed • • • • 28 . 21 19 . 69 25 . 41 18.JO 
cocklebur • . 

6.62 
giobemailow • • 8 .63 14.4a 
Russian centaurea • • 0.61 15.55 
Fendler spurge • • • • 11 . 50 9. 22 1 O. 51 17 • 51 -a 

" 
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Table 2~. Plant species co.position fo r campsite and control areas , Brown Betty trap-site, Canyonl ands 
Nat ional Park, Utah (1971). (See Appendix C for c~n and sci enti fic na.es ) . 

Percent Coverage Percent 'requency 

Speciea Campsita Control Campsite Control 

5" T H 5 T H 5 T H 5 T " 
Trees 

coyote w1110w 1. 21 1.61 25 . 11 21.22 
t 8l118 r1ak .>J 28 .10 
~tlesr hackberry .80 2.80 }8.60 35.1S 
buckthorn • 2. 32 
skunkbush 8U111aC • • l ' . ~O 16 . S1 

Shrubs 
Torrey ephedra 4 . 40 ). )0 2. 64 3. 00 41.60 3B . 21 1 B. 50 56.S0 
graen ephedra • 22.62 O.SI 
prickly- pesr 

cactus . 24 • · '" . T5 }4. 01 23.29 31. 63 25 . BO 
echinocereus .T5 • • . 42 20.52 1B.36 19.62 31 . 80 
rubber rabbitbrush ." .6J • 18.13 17. 58 22." 
vancleve' 1. 40 • .Be .83 25 . B2 21. 32 2B .61 21.65 
broom all8ke .. eed 5.30 4.6 1 4.72 3.20 31 . 11 39 .54 26. 60 D.OII 
IWsonie • .8T • .22 2.10 • l B.60 2B.40 1 1. 35 16 . 52 20. 11 
Russian centaurea .3e . 6T 22 .1 0 18.10 16.20 
cliffroae • 1 .BO . 
l ongleof brickall ia .38 .21 ." .T5 16 . 81 11.50 21. 66 12.19 

He rbs 
desert princesplume ." .2e • }1. 51 l B.13 20.65 

- -~ 



Tabl e 211 . ContlroJed . 

Percent Covera9.8, P8rcent f r equency 

Spee1ea Campsitt! Con t ro l Campaita Cont rol 

s T H s T H s T H , T H 

Herbs cont'd 
aster • . 25 • • 16.52 13 . 60 25.24 15 . )0 
de~er t tr~et . 40 • 20 . n 
Russisn thistle . 40 • 13. 60 7.' 
wi r elet tuce .ar . TO 1. 12 17. 51 8. 6 2 16 . )5 
c:o l denla • .18 16 . 11 1 22. 81 17 . 50 
yellow beeplant • • • 21.2 12.)0 16.99 
showy .ilkwoed • 16. 20 
milkweed • • • 18.8} 26 . 50 14 .8J 
locoweed • . 21 • 16 . 54 28.22 17 . 85 
pepperweed • • • • 12.67 21. 5 18 . }) 23 . 20 
globemallow . >0 . 11 • 23.68 18. 28 26 . 54 
dogbsne • ' 5 . 21 
"hi t e ", ,,eet 

dever • • • • 15 .20 17.67 24 . 9[J 14 .22 
ragweed .n • • 25.30 17 . 73 
fendler Spur ge • • • • • 6 . 81 9 .65 12 . 55 14. 21 

Grasses 

cheatgrasa • 2.BO 2 . 51 • .ar 2. 1 25.80 J8 . 71 43 . 5 4 21. 62 JO . 20 38.61 
Indion rlcegrass .20 3.20 J . 82 . >t 3.10 7.' J3.J6 66 . 81 71. 54 14 . 20 29. 66 68.51 
desert saltgra88 • • 22 .1 1 25 .40 
alkaU sacaton • , • , 2B.72 16.88 J1 . 112 14. 25 
scratchgrass • , , • 16 . 75 18.22 17 .51 23 . 66 

Total apec1es -present : 17 Z6 18 16 27 17 
Total ~ csn. cover : 3. 37 20. 67 15 . ' 4 2 . 44 19 . 94 D.} 

c • 



Appllnd1~ J, 

Similarity Index of Vegetation Zones 

at Lathrop and Brown Betty 

Trap-aites, Canyonlands 

National Park, Utah 

(1977) 

'" 



Tabl e 25. Si milarity index of the s traamsi de , terrace and hillside 
vege tation zones at Lathrop and Brown Betty t rap-sites.· 

l athrop trap-site 

Brown Betty trap-site 

Stre_side 

.81 

." 

Campsite VB. Cont rol 

Terrace 

. 9J 

" Based on the fOI'lllul a: S ~ 2w/ (s • b) (Cox 1972). 

Hi llside 

.8B 

. 80 

'" 



Aependlx K: 

Association of Small ~Ia .... al Species 

With Microhabitat Va r iabl es, 

Canyonlands National Park, 

Utah (1977) 

"s 



Table 26. Percentage of small mammal species associa t ed with microhabi tst vsrisbles, Canyonlands 
National Park , Utah (1977). 

Percen t of individuals caught 

Microhabitat 
Variable/substrate 

Species: conyon mouse least chipmunk rock squirre l 

Site: l' lC aa 88C l LC as aBC L lC BB BBC 

1. Streamside (beech) 2.' 7.' '.8 6.2 
2. Gravel talus· · /sand 1.2 '. 0 15.8 '.2 6.7 21.4 ,. Boulder~ , slickrock/sand 38.4 33 . 0 13.7 '.0 38.5 25. 0 43.8 31.6 )3.) 21.4 
,. Grass , forba/hilleido/gravel, talus 2. ' 1. 7 7. , '.2 
5 . . Grass , forbs/hillside/boulder, slickr ock 17.4 12.1 15.8 48.7 25.0 20.8 58.1 43.8 25. 0 31.6 20.0 14.3 
6. Grass, forbe/terrace/gravel talus 1.2 6 . 5 
7 . Grase , forbs/terrsce/boulder, slickrock 8. 1 9. 7 9.5 9.0 '.0 1"2. :; 6. 5 12. :; 21. 0 
8. Grass , forba/streaNSide/sand,pebbles*·· 
,. ShrubS/hillSide/gravel talus ' .7 '.0 11 . 5 U 

70 . Shrubs/hill eide/boulders, slickrock '. 7 15 . 2 9.5 21.0 U 12 . 9 12. :; 
71. Shrubs/terrace/gravel talus ' . 5 1.7 8.' lS.? n. J 
72. Shrubo/terrace/boulders, slickrock '-' 6 . 7 5.' 9. 0 7. 7 16.7 6. 5 25.0 15 . !l 20 .0 26.6 
n . Shrubs/streomside/SBnd, pebbles 

". l rees/streamside/sond 2.' '.8 
75 . Treee/terrace/gravsl talus 7 . 2 12. 1 1.7 '"' 7.7 

". Trece/terrace/boulders, slickrock ' . 5 6. , 17.9 11. 5 '-' '.2 12.5 5.3 6.7 7. , 

Number of variablss " 9 " 7 7 9 8 , 5 5 6 6 
.. - .. _- -- .. 

*l = Lathrop exp . ; LC = Lathrop con~rol; BO = Brown Bet ty exp .; OBC = Brown Bat t y control . 
• -Gravel t~lus ~ \ meter in diameter. 

···Pebbles ~ 10 em in diameter. ~ 

~ 



Table 26 . Continued. 

foIictohabilat 
Variabl e/aubst rate 

Species: 

Sit "" 

1 . Str eamside (beach) 
2 • Gravel talus' ~/sand 
3 . . Boulders , alickrock/sand 

4. Gress , forbs/hillsi de/gravcl ta l us ,. Grass , forbs/hillside/boul der s , slickrock 
6. Gras~, forbs/terrace/grav el .tal us 
7 . Grass , forbe/terrace/boulders , alickrock 
8 . Grass, forbs/st reamside/sand , pebbles*** 
,. Shrubs/hi l lside/gravel talus 

". Shrubs/hil lside/boulders, slickrock 

". Shrubs/terrace/gravel talus 
12. Shrubs/terrace/boulders, slickrock 
13 . Shr ubs/s treamside/sand , pebbles 

" . Trees/streamside/sand 
15. Trees/terrace/gravel talus 
16 . Trees/terrace/boulders, s lickrock 

Number of vs ri ables 

Percent of indi viduala caught 

whit",-throated 
wood rat 

antelope ground 
squirrel 

L' LC BB BBC L LC BB BDC 

,., 14.3 '.0 
lD . S , • 1 8 . 7 

60.0 54 . ! 36 . S 50 .0 1 5 . D 21. 4 17 .4 13. 3 ,., '.0 14.3 
10.0 15 • 0 2S.6 26 . 1 33 . 3 

15 . 11 14.3 6.7 
111. 2 ,., 14 . 3 30 .0 14. 3 1}. D 2D .O ,., 

10.0 '.0 
10 .0 7. 1 

' . 1 7 • 1 
20.0 '.1 21. 7 26.7 

10.5 ,. 
. 

'.1 15 . 0 7. 1 13. 

4 , , , 8 7 6 , 

cactu(l mouse 

L lC BB BDC 

12.5 
37 . 5 
50.0 

, 
*L ~ Lathrop exp .; l C = Lathrop control ; BD = Brown Betty exp.; DaC = Drown Betty control. 

**Gravel talus ~ ~ met er 1n diameter. 
*'·Pebbles 4 10 em in diameter. 

--o 



Table 26 . Continued. 

Mi crohabitat 
Variabl e/aubatrate 

Species: 

Site: 

" Sand (beach) 
2 • Gravel tslus " /asnd , . Bouldera, s lickr ock/ssnd 
,. Grass , for bs/hi llside/grevel, t al us , . Grass , fo rbs/hill side/boul ders , slickr ock , . Grass, f orbs/ter race/gravel ta l us , . Grass , forhs/ter rsce/boulders, alickr OCk 
8 . Grass , forbs/atreamside/sand, pebbles44> 

9 • Shrubs/hills i de/g rsvel talus 
10 • Shrubs/hIllside/boul ders , slickrock 
11 . ' Shr ubs/terrace/g ravel, to l us 
n S)1r ubs/torr ace/bouldefS, al ickrock 

". Shrubs/ streamside/sand , pebbles 

14. Trees/ streamside/sand 

". Trees/ter r ace/gravel talus 
16 . Trees/t errace/boulders , al ickrock 

Number of variables 

Percent of i ndi vi dual s csught 
No r thern grasshopper r ing- t ai led 

.,.,se cat 

l' lC BB BBC l l C 68 SBC 

100. 0 

37.5 

25. 0 
37.5 

, 1 

*L = Lat hrOp exp.; LC = Lathrop cont rol ; 8B = Brown Bet ty exp.; SOC = Qrown Bet ly cont rol. 
~*Grave l talus ~ % meler in diameter. 

··~Pebbles ~ 10 ~ in dlSGeter. ---

. 
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