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l'roject Descriplion and SLUtunary 
Sy~tematic sampling of the small mammals Within F'ish Springs Nnnonal Wildlife Re1i.1ge 

(FSNWR) wa~ unuertakeo to proviue the Refuge vvith data 10 evaluate the effects of Refuge 
IIJauagclllcnt practices Oll smalllllammal habitat <U"Jd moni tor the presence and distribution of 
invasive species within the Refuge boundaries. 

The small mammal populations at Fish Springs National Wildlife Refuge were informally 
surveyed •n the early I 'IC>U 's. shonly afTer F1sh ~prmgs was granted nauonaJ wildlife stntus, 
providing n bnsclinc inventory oftbe smal l mammal species at I'SN\VR. Thirty years later, in 
J Y'l2, l:l Y U mnmmalogist Clyde Pritchard conducted a brief three day sampling clTmt in auu 
around the Refnge and recorded the first instance of the i1wasive species i\lfus musculu.~ (house 
moust) <tl tln:; l'a lltpground sprin~ edge. In h 1~ report he vorccd a conccm tha t this spcl:ics may 
he competing with orher natmally occurring ~mall mammal species. ;\rigorous resampling 
eflort h~d not been conducted since these cursory surveys tu moni tor tht.: ex pan~ ion ur 1'vfus 
mu:;culm, tu idcutify the presence col' add tltonal invasrvc species. or to cvaltmte the c!Tcct~ of 
rclhgc mrml.tgement on ~ma ll mammal diveroity and dens ities. 

This prujutl w~s tksigncd to ~udrcs:, thcso:.: managcmcnl nccuo by (I) rcsmnpling 
prcvoously surveyed localtncs wnhm PS~\VR ro validate the curren t presence of smal l mammal 
species known to occur in the Refuge: (2) tlocurnt:nting the population ucns ity anti exttlntof the 
inva,,vc ~pccics Mus muKttlus and 11s effects on other smnll mnmmol species; (3) systematically 
~omple ecolngical habiUits in the Refuge yet unsurveyed; (4) ident ify critical habitat locations 
witltin FSNWR tlmt containl11gh species divcrsny or mrc spcc•cs and may be scns1tivl: to 
management prnctlces; (5) update the FSNWR small mammal species inventory list. 

This pmje\.:t ;tlso ;tudresses ~<:wral ecl!ll!gir,;;~l r~mm;h h)'POtlw~<:~. Small, !~rr~;~lrial 
rnamm~ ls arc cx<.:ulk nt llllhCatOr> ofthc cll'ccts of human disrurbaucc or moditications on 
ecological communities (Zou er al. 1989). When habirar is altered for managemetlt purposes, a 
~ub~equcnt response is expected within small mammal <.:l!mmuni ti..:s (fitzgcralu ct•1L 2001). 
Numerous studies indtcate rhnt habitat mantpulation (Mitchell er al. I 995, 7.ou er al. I 9R9), 
wildfi re (Groves and Steenbof 1988, Yensen et al. 1992), and prescribed fire (fitzgera ld 2001) 
impact small manuual JJOpulmions. However, because t~mpoml scale can itJflueuce ecological 
in terprerorion, the impacts reported in these studies may only· retlect short-tenn effects and not 
the long-term response or sm~l l mammal populations (Brady and Slauc 200 l; Swihart anu Slade 
l9YO) . .Fish Springs National Wildlife Refuge (fSNWR) was awarded narional wildlife refuge 
status in 1959 and since then wildlife, managers have significantly modified the area to optimize 
the habitat J'or waterfowl. Habitat alterations have included the dissection of tllc spring slews 
into nine sections by dikes and gravel roads. annually conducted bums to promote bird-preferred 
plant species, anti periodic floouing oi' me,adow areas. Bluczyilski er al. (2000) ~uggest that 
wetlands optimi:r.ed for one faunal guild can not be optimal for another. Therefore, the 
manageme.nt practices employed at FSNWR that favor avian species are expecteu to have 
negatively impacted the species i·ichness and relative abundances of its small mammal species. 

Comparisons with previous survey effons allow us ro examine the long-term effects of 
ecological disturbance on smallmanuunl populat ions within the Refuge. We predict that (I) 
small mammal specie.~ richness wi II vary by microhabitat rype with the lowest number of species 
expeel~u in the m.ar~h mtatlow areas as a resu lt of annually managl'cl bums <tnd Ooouing ;:vent~ ; 

(2) species abtmdances will be higbesr in rhe unmanaged sand dune and tloral rich wetland 
habi tat~ anu lowe~! in the naturally bar:;ber salt Oat anu foothill, and heavily managed marsh 
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meadow, habitats; (3) an merease in the abundance and range of the invasive species M11s 
musculus ~inee it wns first detected in 19Y2, (4) a short- term decline or the loca l extinction of 
some ~mall mammals s ince the Kefuge wa; estabbshed am.l lis mauagcmenr re lated habitat 
disturbances were init ioted. 

To te~t the~e predictions. wo; (I) 1dcnnfied five general microhabit<tt types within 
FSNWR and sampled the small mammal population wllhnl each: (2) calculated the species 
richness and nbunclances between thu~c habitats expecung that htghly modified habitats will 
rcncct lower specie> d1vers1t)' and abundances: (3) compared the current specaes d1versity and 
rcl<~tivc abundance> to historic data expect ing a Joss of nnti\'c species, the appearam;c or cxotu: 
species, and <111 ovo;rall lo>s 111 spcc1cs abundances . 

This p!'OJCet wn~ directed by Dr. Eric Rickan, C urator of Veneorate~ at the Utab Museum 
ol' Naium I History (UMNII), aud UMN H Vertehr:ates Pro;ect :-1anagcr, SlwmlCII Kobson 
hctwccn September 2002 lllld ( lctohcr 2003. Twenty·un~ ~lies were samplcdu~mg multiple 
u;appan~ method\ ($CC Methods ~ecttun bdo") for a tom! of 119R trap night~. yaclthng 1!14 
'ilC<' IIliCilS of 12 different >p<.:caC> l'hc'c data were compiled. mll:rprcte<.J . mad accommenclat10ns 
lilrmulatcd ;md prC$CIIIcd in the next ~cction~ o r tlns repon 

1\h·thods 
'I he FSN\~~ study ;m:.~ 

ft>h Spnngs 'louonal Wildhfe Rcfugc hl--:. 111 West I lcsert of Juan County in west· 
C<.:ntral Utah. The Refuge boun<.Janc~ cncompa<s 17,992 acres satuat.:d between the r ish S prings 
nnrl Thomas mountm11 ranges (1- I!!,WC I). This area is gcncndly tlat With less thnn .'\0 feet 
vari~ ti on in clcvnl ion except for a smull <tn;a of tile nor1hcn~tem foothil ls oflhc Fi~h Spri11g 
mountains. Here clev;Hion increases nn ndd1110nal 500 fee t. Five majur ~-:~;olh<.:nual springs and 
scvcrdl ksscr springs seep from a fauh hnc .. Hthc ba:;e ol the eastern fronr of the Fish Springs 
lumgc (Oh\'caria 1975) creating a 10.000 ncrcs m.arsh system that bas been dav1dcd mto nmc 
pools by elevat~;d gravel roncl.s nnd dikes. 

·:-,1 icrohabitat descri pt 1ons 
To <.Jdermanc small mammal-habitat associauons aud how small mammal communities 

vnry by habitat within the Refuge, live genera l microhab itat types were i<.Jcntilicd: wctland, 
marsh meadow, salt llat. lootbill. and sand dune. Mtcrohabllab were adcnttfied by distinct plant 
cummuuitics (sec 'I able I) and edaphic features. 

I . Wetland macrohab1tat. Spnng edges have a distinct wetland habitat domina reel hy 
the common reed (Phragmiu:s aus·ta!is), c~tta1 l (' I ypha Inti fol ia), rushes (Scirpw; 
marftlmus. S. acultts, S. americanus, and .!uncus halricus), ami sail grass 
(Di~·th:ulus spica/a spicara). 

2. Ma~h meadow min ohabita l Approximately 25-50 feet from the spring edges 
the" ct laud habnat abruptly shifts to marsh meadow habitat. The marsh meadow 
area~ are hca\·ily managed and cxpcncncc penodtc flooding, prescribed bums, 
and pcstit:idc sprays 'I he meadows are c learly identi!iabk a~ homogenous 
swatbs of reed (Phragmucs austal fs) an<.J the ubaqunously presen t sa lt grass 
(Disrictiltts spica/a spimto ). 

3. Salt Jlnt m1crohahitat. l ligh ly saline. dt:scrt sa lt Uat habitat surmund~ lhe marsh 
meadows. Thcsc areas IA ICiy experience nooding and therefore remain cxtrcmcly 
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dry with a high soil sa lt content. This habitat dominates the refuge and is 
charactenzect by sa lt tolerant plants such as greasewood (Sorcobalus 
wmniculatus), iodine bush (A/icnrolfca occidcntalis}. halogeton (Halogelon 
glomera/us). shadscalc (AI rip/ex tridenlale), salt gra~~ (Distidtlis spicta spica/a), 
and various annual chenopod specie.~. 

4. Footh ill microhabitat. A small portion o f the rocky, talus s lopes of the rish 
Spring Mountaim arc witllln the rc1iJgc boundaries. Thes~.: foo thills are higher in 
elevai ion than the Refuge playa. escaping the high saline concentrations that the 
plant t:OIIllllwutics H I the other 1111cruhabJtat typ~s l'ace. The footh ills are 
charactenzcd hy mormon tea (F.{'Itedra nevr1den~is). shndscale (Airipfe.r 
cun.firri/iJiia ami A. canescens), rdbb it brush (Aracamarea nauscosa), horse brush 
(T.etrndynea .~pmn.w ond T. .~pp.). and 'lndmn rice gm.~s (Stipa hymunoides) . 
lmpo1iantly, this is the on ly habitat w ith sign ific~nt amount~ of invasive chem 
grass (Erom11s lec:rumm). 

5. ~nncl dune microhnhitnt, A long the refuge hnundanes there ar,~ severa l g roups or 
perrnan~:nt sand c.Juncs. The c.Jcep sandy soil provides critical habitat lor 
hurrowrng and turmclrng rnnmm nl Spt~crcs and 1S dom r u~ tt:o.ll>y gr~;il:.<.:wou<.l 

(Scll'cobMus vcrmiculallls), sha<.lscalc (Atnplcx tridema1a), iodine bush 
(AI!.mrol/eu vn:identcdis), 11nu s>~ h ~nt;,s (Vis/indus spiwtu spica/a). 

Trappiut; Hltthud$ ~uti sa rnplinu kwa l i t i ~.:s 

Twenty-one directecltrapping locations were estab lished nnd sampled using multiple trap 
types between September 2002 and October 2003 for a total of I 191\ trap night~. Trapping 
loc~ tions were chosen opportunisti~ally depending on cun:.Lmiilt~ or managcmwl pr~~;tkcs (lor 
instance, stmtegic flooding greatly affected s ite chon icc). As a result r1ot a ll microhnbil.lltS wcr~.: 
s<mtpkd cqtmlly (set.: Table 2 fur silt: sunun<try c.l:ita). Site loca lities within the Refuge arc 
iclcntiticd in Figure I. There were 3 wetland Sl!CS torahug I 49 trap n1ghts, 5 marsh rneac.Jow sites 
totaling 257 trap nights, 4 foothi ll sites tota ling 23 I trap nigh ts, 6 dune s ites total ing 3g2 trap 
nights, and 3 salt t1at sites totaling 179 trap r1.ights (s<.:c App;;nu ix 2 !'or a dctailed chronolol,.'Y of 
trapping effort). Relative values were used for comparison to control for unequa l snn1pling. 

Botb Shennan live traps anc.J snap traps (muse um specials aJld victor rat traps) were 
utilizect in the wetland, sa lt fTm, footh1 ll , and sand dune ha bitat sites and aluminum can pill'<tll 
traps were placed i11 the wetland and marsh meadow habitat sites to target shrew species. At 
each trap site, appropt'iatc traps were. positioned in lol'a!ions most likely to re-sult in the 
successful capture of n small mammal. A II of the snap and hvc traps were baited bclore ~ unset, 
eheckcu the (ollowing moming within 2 hours.ofsunrise. and dosed during the day. Fifty-eight 
of the 184 captureo ani mals were released alive. Tbc remainder were prepared as voucher 
specimens ant! cun1ted at the Utah Museum ofNarnral ll ismry (UMNH). Species identity, age 
class, and sex was recorded for each capmred anirua l and addit ional standarc.l measurements were 
re<:.orJec.J i'or e.ach voucher specimen. The emire raw dam se! is provided in Appendix l. 

Analyses 
Relative species abundan~.:es (percent of the:: total captures represented by each species) 

and species richness (number of different species) for the entire Refuge were calculatl:'tl and 
cornpar~.:tlto data from earlier studies (Eco logy and Epizoology Research G roup 1964, 1965, 
19<16, 1907, 196R, 1969; 'P.coflynnmics 1971, 1972) 10 determine if spcci<.:s abundances or 
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riclmcss declined after the umoduction of management prncuces in 1959. TI1 is survey was also 
compared to unpub l i~hed data cullc~tt;d by 1:\ngham Young University mammalogist Clyd~; 
Pritchard during 3 nights oftrappmg at 5 different tr ap sttes in 1992 (BYU ~iles A-G on Map, 
Figure 1). Pritchard's field note~ report that all of the ~pecimens cvllceted during 1992 were live 
trapped ;md released except fur a li:w \'Oucher ~pecimellS cuntt~.:d at the Mon te L. De;tne Museum 
al BYU. We examined those voucher specimens'' ' BY U in Spri ng 2003 to vaify s pecie~ 
identifications and locnl11y dma. The actual and relnuve number of spcetmcns collected during 
cad1 survey effort is pru' idcd Ul Tnble 5. 

l{rsults 
One hunrlred eighty-four mdtvtdual~ of twche dtiTcrcnt ~pecies wen: raptured during 

119!1 trnp ntghts. Tabk 3 compares the actual ami relauve species richne:.:. <llld nbunrlnnccs for 
the entire Refuge and for each indivu.Jual 1111crohnbitnt type. Rc lau vc abudnncc (calcu lmctl <~Sa 
percent of C<IJ)IIlt'es in that habitnl out o f the tota l c~tptun:d tn t he Refuge) wus high~.:st 111 lite snnd 
dun"-'l (31.2%), followed by the foothtll s (28 3'l-'o) And the wet land (21. 7%) ltabnms. Abundances 
clecrcased to 9.l>% m the marsh mo:ado" and, not ~urprisingly. \\<IS lowc~t m the salt flub (7. 1%). 
1\o s pcctcs dominated 1110 1<,; thnn rwcnty po:r.,;cm o l the totnl number ofeupture~. l'hc fnoth ills 
\!Ontain th~.> g.rc-ut~stnumhcr o f d i ff~rcnt>pcct c~ (X), followed by Ute wcrlnnds ond dune> (5 
each), :11 1d the mur~h and s~tll llats (4 cnch). ln aduu ion to comnini t1g the grcah.:st nulll bCt' of 
~pccic~. the foothill~ abo contam most of lhc ~pcctcs specialists. Four of the live spcctcs found 
in only on.,; lmbum rypcs were doellltll:ntcd in the foolhills (~cc I able 4) mdicating thattlus ts an 
cspec:ially critical area lor small mnmmal specie). The deer mo use (r'eromvst·us llllllli(:ulfltus), a 
wicle~prcrtd lwbitat gc:ucrnl isi.. wa.~ dOl:u tllCil!Cd tn nil five habitats. 'll1e house mouse (Mus 
musculus}, aumvastve ~pcci es. "a~ documented in three of I he five hahitattypes indi~•Hing rhat 
tlu~ species has exp;mdcd tt's babuat. range. ami abundance since it wa~ lirst recorded at the 
campground in 1992. mo~t likel) the rc~u lt of mtgration from th.: FSN WR headqmtrtcrs and 
surTot1uding buildings. Tlw ho\tse mollSe is a ·weedy' spec ies ond parti~ularly adept Ot 

col()ni :>:ing disturbed hnhirot~. Management wnhm the re fugt: may be contributing to it~ 
ex.panSIOil. 

The ncrual and rclnttve ahundances of small mammal specie~ collected were compared to 
data reported from previous studic:. at .FSNWR and the surrouudmg area (Table 5, Figure 2, nnd 
Appendix 3). Only one histoncally recorded species, the litt le pocket moust: (PerogMtln1s 
longimembris), was absent in the 200212003 resampling effort. Two species, Snrex vagrans and 
Mus musculus, are first recorded m 1992 and mcrease in rclatt\'C abundance in 2002. Wlulc not 
represented in the histoncal data, the ,·agram shrew was known to exist in the J:'S!\'WR area 
(Egoscoe 1961, 1965) nnd is probably abscm from the Ecology <tnd Epi?:oo logy record~ due to 
dill'criog trapping methodologtes. A~~urning lhc historical presence of Sorf!x vagrun.s, species 
richness at FSNWR (1-'igure 3) has dcdmcd by I !=pecJes and increased by one additional exotic 
~pccics. 

Uiscussinn 
Thts project ts particularl) mfonnari\'C because the records of htstorical survey dlorts 

were available allowmg the rare opporrunity to c~auune s mall mammal communi ty dynamics 
over lime. Poor locality description and methnrlologtcal repon ing 111 previous stud ie~ rn<tk~.: 
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precise historical comparison ll.:nuuus. Howe\·er, comparison with the results of this study 
indicate thai species d1vcrs1ty and relative abundance of most small mammal spcctcs ha,·e 
n.:lll~lllCd remarkably constant O\'er time. Tht> general habitat types that suffer the lowest species 
richness and relative abundances Me those that experience the greatest manag~menl-ndatcd 
alterations. While nearly nil of the species present h iston~:~t lly w<:n: n.:t:ordcd during this 
rcsampling cffo1i, capture l'r~qucnc.:ic~ of scveml srJcc •e~ 1n the FSI>'WR small mammal 
community Jluc.:tuat.:.d over tnnc nnclthe peaks in abundances d id not occur s imultam.:uus ly 
(1-'icnrc 2). 

Gray~on (1993) lug.h l•g.hts two spec1es of rodent. Ord's kangaroo rat (D~podomy:; ordii) 
and the ch1sel-toothed kangaroo rat (D1podonn·s ""''r()p:>) as particularly refined mdicmnrs of 
locnl habitat conditions. The:.~: t\\U bp<.:CICS arc found together. hut arc non compctmg because 
tlt~:y turget d111C1cnt plnnt rc~ourcc~ The "chisel" ltkc inctbOl'l> or D microps allows th1s species 
tc) ~1 np off the high snit omcr layer ufshadscak lcavc.:s to cat the low sa lt micnor while f), ordii 
targets seed bearin~ rc.:sourccs (I lin rnnt 1952). 1\ decline in either over limt: would rclkct the 
dyntt 1o1 k~ ol' 1hc locnl plnntcommunity. The rckttlvt: ;obuntluncc ufOrd '~ kr111garoo rn l was 
rlo<:ll mcntcd as high as 28..1% 111 1967 and steadi ly clcclincd tn 16.0% om 1969, 5.8'Y., in 197 1.to 
lc~~ th;111 I% Ill I !)72. 'I h~~c low numhers were SU.!>tained with only 3.5% ubundunc.: in I 992 Slihl 
I.Mln ln2002/2003. 1l1e abund;m~C> o l'bolh specie~ of kongnroo rnr were positively associated 
(but nul >1!:\iliJic.:<tntly. 1>-0.254) ~uggcstmg tharthc~e species population;. may cxr>cn cncc 
lclllfl01nl populnrion densuy changes 10 tandem The dccln1c.: 111 £) ordii mny he annbutahle to 
competition with another sced·.:atmg spcc1es. the hnrvc~t mou~e (Re11hrodomomy.v mega/otis;. 
wltosc r~;hltivc '1bundancc incrensecl. These dnw suggc>l a lustonc.:<tl c.:hangc h;b uccurn:d Ill the 
loCf11 vcgcflltton. Kangaroo rats buvc short forel imb>, large lund lnnbs, and n strong tai l making 
them cxccllcnl jumping ~pCCI CS in open clesert hnhitnts. Invasive !lras~cs, ~u~;h "~ c,;h~;;H grass, 
~;ulonizt.: tlw spaces bcnvcen endemic bunch gmssc:s r,·duo.:mg the open pavcmcm sn llorin l species 
require fOI' locomotion. Closed gl'll>>Y habnat tiwors small mund~ (like Rcllhmdomomys spp.) 
und such a change 111 plant ecology may account for the >htfting small mammal populations. 
Arldnionnl studies investigating normal seasonal and eye he populations ilucruauons, changes in 
vegetation, and intr<~~pcc•cs eompellllon would help explatn this panem. 

'I he elevntton and geomorphological advant~1gc uftlu: footh ill microhabitat is likely to 
ncconnt for its high number ofsp~t:ll's specialists. However, n's possible that the minimal 
manag<:rnc.nt practices iu this habnnt also conrribure to its d isproportion;1tely h1gh rch1tivc.: species 
abundances and richness. Rega•·dless, the data show thHt th1s is a en tical small mnm n1a l 
microhabitat within the Refuge and the mosrl ikely hab itat for documenting yer unrecorded 
species. The sand dune hahitnt also experienced high speci~> divt::rsity and abundance and, 
imponantly, was the only habllat to contruu Oro's kangaroo rat. The sand dunes nlso benefit 
from low managcmem-relnteclmodifications. so the robust sand dune small mammal cmwuunity 
may be the result of habitat stability over ttmc. The marsh meadow habitat yielded four species, 
all nested within the wetland habitat assemhlege. However. two of the four species w~:re 
rept·csenterl by only one specimen. The relatn·dy low ~pccics abundance in th1s grass habitat 
could be the resu lt of targcll.:d a1mt1a l prcscnbed burns and de liberate peri odic flood ing by the 
Refuge manngement. However, since only pitfall traps WL'rc set in two or the marsh meadow 
~ites, specifically targeting shrew >pL:CICS. the low abundances of non-shrew species may re tlect 
~ bills lrltJ)pUlg protocol. 

The invasive species. Mus musmlus. ftn.t appeared m the sampling record m 1992. 
Thc.:sc ~J.K:CHncus were collected at the local campground not far from the Refuge hc.:<tdlJuartcrs 
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and buildings. In 2002 rhree house mouse specimen; were collected m the northwestem comer 
of the Refuge and in 2003 hi~h abundances were recorded in the central portion of th~: Refuge. 
In the re~ampl ing cllort Mu.~ wa~ the s'h most abundant spt:ctt:l:i, represcnru1g ~lmost I 00/o of the 
Refuge's relative species :tbund<mn: (sec Table 3). I hc~e data indicate that this exot ic species is 
both expanding its range 3lld tncrcasong 10 population. competing with nat tv<.: s~..:cic>. J:'ut1trc 
s tudies should in ve~iigatc the habitat selection or ,1-]fl.l and or~ influence on the abtmdances of 
endemic small mammal spo:o:11.:s and overall spec1es ri chne~s. 

Tloc. unique chco111cnl compositlon of the geothermal ponds may ~lso be nn omportant 
lhctot for smnll mammal communi lies. The geuthclmnl heat from a warm spring has been 
known to su~tain marsh plants yeM-round allowtng microllnc:s the opportumty to me lease 
n.:pro<.luctiOII (Negus et :~1.19!!6). Negus et al. (1986) h,l\,; ~ho"n that vole reproductiOn may be 
111itiatccl by a chemical factor 1n snit grnss. 6-methoxyben7oxazolmone (6-MOOA). Young 
sprout~ or~.,ll grass 111 lntc l'chma1y were high m6-MOOA wlult.: the late Jun,~ snmplcs were 
lowco nne! there was no dct~<:tubk 6-Ml:JOA 111 the sn iT grnss samples from Augu~t. Tlu; s..:asoua l 
onset ofbrcc:ding coulcldc:s woth The npr camncc of 6-MOOA iu th..: m.:wly ;,ptcJII l~d ~n i t grn~s 

tuotllho,;y ~howccl that ~upplcmcnta l 6-MBOA can llllll,\lC bo ceding ill a non-hrccd ing winter 
populntion. f-uture inwsllgallorll> >hvuld examine the impact of warm springs ou th..: d1cru ic~ l 
l:tctors of' pl:onl resources nround warm springs anti both tlu:1r ctlccrs on vole rcproducuvc 
p:tlll't n~ and poss1hly sust:unmg the Mus populatrous over \\'tnter. 

The Isolation of the I-'5NWR launa may he retlected 111 the gcm.:tn.:s oflh~: vouchc1 
sp<:ciu1cns culh.:ctcd. < irnyson ( 1993) has illustr.Jt..:d ho" c lmmtc change dunng the late 
l'' lcisroccne and early l lolocr.:nc h11~ constncred fnu nnl populations to loc;llizcu 'oa:;c:;', ~..:p;uatcd 
by long disl;111cl:s or llar~ll , nonn11gratahle distancc·s. Ttssuc ) UIIIJ)Ics from cnch voucher 
>JlCCI Il1en in the 2002/2003 rc~•llllphug p1·ojcct were rnkcn for future DNA <tn;t l y~i~ tv w llopat·,, 
the genetic signature of the I:SN W R fnuna with that of other Great B<tsin sm<l ii ii\Mlmnl 
popuhoiiOll~. Such nnnly~~~ would n:vea l how lung ~!;u the rSNWR mammals became remnant 
populnttons and determine thc1r !!cncuc Ulllquene,~. 

A complete. updated, nne! revised species list for I'S>- \V R can be found m Appendix 3_ 
This hsl also mcludes the loc:mon. ;pec:ic::., and abundance of \oucher spec imens held in 
zoological collections 111. Sc\Crnl additional spec1es e11her known fi·om lhl) n.:g1011 01 typ1cnl of 
habitat within the Refuge, (Tanuas mtmmus, f'aragnmltrts pan7tS. tl4icmdipndnps 
megtr.:epltah~~. Sorcx prcblei. Lemmi.:>~u•· curlm~<.~ and ,\ftcmttts longicaudus), w..:ru added to rhc 
list because they may be present m PSNWR but not yet re<.:ortled. None oftbc previous sampling 
cffcu1s nt FSNWR to date bav~ bo:cn rigurous or systemmic. FSl\'\V'R fauna may prow lo bt: 
more diverse if a persistent, longitudinal collecting effort was conducted throughout the enti re 
Rd'ugc. 

Project Objcctires Snnunary 
( l) K.esampling effortS wnhin FSl\\\I'R targeted prc,·iously sampled and yet to be 

sa111pkd areas oft he Kefuge. This effort ,·alidated tbe current prc>cucc of ~I I but one 
snwllmammnl species previously tloctum.:ntcd m the J{efuge. 

(2) The inva~ivc spec res MuR muw:u!us has increased in numb~::r anti cxp<lndcd its rauge 
siuce it wns first vouchered in the Refuge m lll\12 and presents a ~erious competitive 
disadvantagc for cx1~11ng species. 

(3) Five ccolog1c..-.l nHcrohahitats were tdentificu in th.: Refuge and were systematically 
sampled. 
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(4) Sampling effo11s suggest that the dtme areas and foothills along the periphery of the 
refuge are the most species rich and di verse habi tats probably due to the minimal 
management impacts 111 these loealities. These crit ical are<iS within FSNWR may be 
sensitive to managemem practices and ~hou l d be protected fron1 fururc aitcJ·ation. 

(5) The FSNWR ~mall mammal specie;· inventory list (Appendix J) has been updated 
and revi$ed to inc lude ~pecies known to tile region and potentially existing in tile 
Refuge, as well as rerno\·ing the pygm)' rabbit (Brachylagu.• idalwensis). 

Ecologicalllypotheses Summary 
( l ) We prccli~.:tcd that >mall mammal spcc1 c~ ridme~~ would Yary by m icrohabi tat type 

wi th the lowe~i· n11mbcr o f ~pccics expected 111 tile marsh meadow ar~.as <IS a result of 
annually managed bums and Oooding events . We found both prediction~ to be 
suppo11cd by our d<•W Spcc1cs w~rc n chesl m low management habitat~. highest in 
tbe foothi lls followed hy (in order) the clune, wetland, snh flat, nnd lllarsh l1~bita 1 s 

(~c<: Table J). l lowcvcr. lbc low abundance and richness of the mnrsh hnhitot may he 
confounded hy unequal nnd il inl'ed sampling mcthc•ds. 

(2) We prcdict~.:d that ~peci l:S abundances would be highest in the unm~nnged ~on<l dune 
nncl flnml rrch wct lnnd hnh11ms nnd lowest 111 tile narurally l1a rshcr salt Hat. Joothill, 
and heavi ly managed mnr5h meadow. hnhi iM~. The du ne habitat conwinccl more than 
onc-lhinJ (33.2%) uJ'thc tota l nun1bcr uf' individuab captured fo llowed by the fnmhill 
hnbit~l (2t'.3%). Togc1hcr. these two l 1 abll~ ts yie lded ovc.r 60% or tl11: re lati ve 
abundance in the Refuge further emph:ls izing the ir 1mpo1tnnce os cri t ical habitat 
dc:scrv111g spcC1al consid~;ratlon. Tlu.: w~t l;md habitat al~o had significant ab undance 
(21.7%, of the total sample) wh ile the marsh ond snit tlnt habitats suffered low 
<1bundancc~, "s cxp~.:etcd (9 .8% and 7.1 %, respectively). 

(:1) We predicted an increase m the abundance and range of t.llc invas1ve species Mus 
musculus since it was fi rst detected in 1992 and found th i5 robe the cose. T he 
expansion of Mus from the human OCC\.Ip1Cd arc;;s mto the interior of the Refuge is 
disc<1ncening and will likely place nddirional stress. on d1c local species. Con ti nued 
mon itoring of' th is species is high ly recommended. 

(4} We prcclactcd a short-term dccliuc or thu lutal t:xlinction of some small mammals 
since the Refuge was c;aablished and iL> managemem re lated habitat distlJl'banccs 
were i1liliated. However. our re.sampling e.ffon showed the opposite. The spec ies 
present historically proved to be resiliem ovenbe past 40 years despite s ign ifican t 
habitat modi!kation and shi fting plant o::ommuni! ies . The wann springs may provide 
a unique and consistem source of food ·to small mammals (such as microtioes) which 
sustaiJJs small mammal comm unity struchl.res over time. Future studies should 
investigate the unique aspects of geothermal springs in small manunal dynamics. 
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Figure 2: Re.lative abundances of small mammal species captmed at FSN\VR over time. 
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Figure 3: Species Richness of small mammal species over time at FSN\\'R 
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Table 1: Microhabitat plant communities 15 

Habitat tyPE Genus species of plant Common name 

Spring Cdge 
Phrq!'lmfftu; l!srr-~Jus I 
Tvpha fi/(J{QIJU c .:ma!l 
Scimvs miJrltlmtJ$ Al~alai bullrus~ 

Juncvs bfJJltr:vs 
SCIDrus amerioanus Olnov lhreesauare 

Sclmvs scu1vs Hatd~tefn buJlru$h 
Dist1c.vtvs slilcartt r,.pir.ata 
GlavK mrmtfmo Stta mtlkwort 

Crossa tnnrilltu,,.,~ 
M trophrls ocY:Jdentufls Wintcf',.,.Ofl 

Spcroho!lus afmldB.S fealherv ou:ess' 
Marsh 

I Dl',<:.tlculus MJICIJfR s.olcats T I 
I PIE!UUUIJitJ:. tJ~l!UIU:i I I 

SoltFI~ t 

Alriofux tndvnrutu Sh~o=to 
Sorcobows votmlctJinlll$ Gceas.e1uood 

Attenro.ffeu ocacttmrnlls IOOr~W bu~h 

HOIOOOIOI> oiOI»OnliiAI 

S11fJUdlt ITIOOU/t)ll SoCLT•V\.:Cd 

Koc1t1" \lln(lli~nrt Grav mollv 

oth&rftnnustch~noDOdso. 

Dulle 
SIVCOtJBtuS V811nJC'UJOIU$ G lttQS(I't'I'C)Od 

AmJ>IO>c uiCIOIJia ShAdscate 

Djsticuius sJ)Icatu SDI<.'Bto 

Alfanrolf\lft occidenta!J.s lo<hnc bush 
sa,ocomJB utshenSis p,(:kl(hV(."C'd 

Eto<:Jtum cJoRoxum bur.k\•theal 

Foothill 
I::U/IC'JIJ(il riUVOc1Url.SI$ t..t.ormnn tA.:t 

Atrlnlttx conflnitOtia Shadst'tlle 
AJfiDfe.~ CUOLf.SCIJI):i 

Att1e~mares nauseosa H.CI:bb1lt>fU$il 

1 c ltOI1w1C3 spmosa Hor~4;1hrus.h 

To1rodv~•• Sf>. 

S!Jpa hvmcmosdas lndlA.n rleo crass 
Lycoum St>. 
8 r'Omus !CCfOJUnl Ou:~.,; cr.:Jss 
Gotlarrezia sarotlvae Scoomshvke weed 



Table 2: FSNWR small mammal survey site Information sorted by microhabita1 groups. 16 

Micfohabitat OECLATINAD DECLONGI Total tr.ap To to I Total Site trap 

Sile N umber lypt Silo Oescrlplion 1917 NAO 1927 ELEV nlgh1S c~p1ures rele_,soo s:uc:c:es:s t%) 

~ ov·~;; S~uth $ )10 Dunn 39.E2'50 113 359&: 43'1 80 9 = 11.2~ 

9 DU'~E t.cllh Sa·1~ Oun~$ 39.2:<28 113.:0133 4'·< .. ~~ 15 24 ~: 

13 DU~E S:ctheast duM• 39 5.~50:.6 113 ~1:: 4:!:6" 50 3 ; 500 

17 DU~E M ddlo SP I 'Y,1 ~dsode duM 39 e .. q:;.: 113 ~93'0 ..J:"9 30 : I 6 3607 

20 DU~E En: O.anaa 3965662 1133"330 .J~$ 3a 7 • 18 1!2 

21 OU'IE t.E Dunes 39&5969 tt3 ~..:zs• c~:_;a.~ 74 ' :; 9 46 
u~ --· e• 3'J 

,, 
F;:;OT~ ll lower 'kJ.·Ih >pmJQ foo'hf :s 39&~ 113 Ll361 .4~"'\0 ::0 J 0 15 ;)0 

4 

t) F:::OT~ ll ~ppoo 'lo<lh Sroong Footh- s 39 56:i09 1 13 .: J..::.si <370 
.,, 

11 0 lZ 09 

11 F:::OT~ ll foo~lul: s '.\oesl of tlead~Jar:ers 39s= 113J.995.1 ·~ 8Q 26 •a 3250 

15 fCOloi L1 I anttf•• 39 S<:-'"27 t \3l9965 4lSO 40 IZ • 3000 

:31 ·-.. ~~ 

1 IMRSH No11n S1urg ,(,Jf~ r n radowot 39 66725 113 «1&27 ·= ; '~ I 0 089 

5 MARSH No1tM S1~11r~ n ~-~~ r 1r l.'l'ld<.IW i!l2 39 &6758 t13.:tni .:~1 9-: • I 77a 

·~ MARSii j) IC-1"10 tW I S'l 39 8-'967 tiJ ~8392 4301 J>; J 0 1000 

IS MARSH Plttl 1!1 mJf•}h llf·Jduw 39 87R77 113 37532 1tZTG 15 ij 0 ·10 00 

22 MM SH Nl Juno dit•l e 11 39 65872 113 3-$17 ·~2'1ifi 1C I 0 10 00 

4$7 111 

. s.~L' NOll"' Sp1 og S.Oii 113:$ 39 8b449 113 ~1314 <250 8l rl 0 5 ,. .. • 
19 SALT Pilltflii iSil !flat ~CI IJb 39 879()7 I 1337540 .:278 3·: 4 3 13 33 

23 St,LT IbiS rt31 39 88207 I \3 36974 .:302 6C 3 I s.oo 
119 ll • 

WEr Noolh St>"'9 od~o 39 88758 113 41237 <281 s~ d 0 '1404 

10 \".'ET Nor1n Dune &P'•na 39 90414 li3 40073 1!26l 62 I~ 0 2258 

16 \1\'ET Pmroll scrl1~ 0<1go 39 87831 I !3.37-$0.4 <280 J·:i 16 I 6000 

1"& LO 

T otal for all sites: t ·;: I !4 :s 



Table 3: Actual and relative species richness and abundances of captured animals fy entire renrge and In each o: the microhabitats. 17 

Total species #habitats 
captures/ ~bundan ce species 

Wetland Marsh Salt nat Foothills Dune Sfecies ' occurs 

Ammo~permcpntl.;s :e:.:curus 3 4 " • 32% 2 

Cf;a-stoo.:o...s fctfT'C~us 16 IE 8;'% 

Q;p'JOOtr:yS rr;rc;.~(JS 3 i 1 ~ 2' 11 ~% 3 

LJ;p'XJ."Jn"!l$ Of{.'fl . :! • E% 3 

~·:6=rotus tm:mt.J"US ~ 1 1 1' 6\:% 3 

,'.fu'! ~USC:..foS 11 e 1 1a s:-s. 3 

.\ec;~cfT;oa :e;'dfl 4 1 22'S. 

On1;.i~o"OJyS' 1o•:cegaste1 1 I c:-s. 
P~fO.'ilySCU$ con1!i$ " 

, 
35% . • 

Peromyscu.s fi1Uhlcthutu~ 5 1 ~ 12 3: O:'i <6 F.% 5 

R~r,'trodon~onoys mo9a!o:;s I. 6 ;€ 2L 1·1 1% 3 

Sore~e l&gt.:JIIS 1l 1C 21 1 • 4'So ;> 

S;:ee es abu::.a .. celiiii"·Jt>lt.a1 ·1 J 1~ 13 52 G1 To· at •s4 1CO 01'. 

Numt:er or trap "rGhh•11ahrl Jl 11.9 257 179 
.,,. ..... 3~2 

-r dp suc:E-Ss.thablhlt (%) 26 S% 7C% 73% '22 5~ 16C% 

Relative ;;~.b .. n.jarce (c;~ tel J 'S~Unf>lfJ) 1 
~ 7% 08% 7 ·:s. ~8 ?% >3~% 

Soe:1es r,chnes~l""Otltnt (m.uc 12) ~ 4 4 : 5 

'Catcutated .:.~ th · ~ por(jenl of,, , =sN't/'lR c:Jplt.n ers <n• l84) m:Jm ... rnted I.Jy Piitll hAh1:.a1 

; :3 cu.ated as the per::ent :'}f .111 J!SNW'-< capiUI\)$ ,,, =r·.a t~) ropr~t;.ente:l l}~' eact-1 spe~tes 



Table 4: Species habitat spccia)izalion. 18 

#of 
Wetland Mars h Salt fla t Foot hills Duno habitats 

Pemmysc11S maniculafus 5 1 1 12 30 5 
Dipodomys microps 3 7 11 ~ 

Microtus monlanus 9 1 3 
I?Hi(l!mUurllwnys '''f:!Yt~lolis 4 6 16 3 
Mus musculus 11 6 3 
Ammospormopl?ilus Joucurus 3 4 2 
So1ex \'li[Jnms 11 10 2 
Chnetorffprl.';. fmmvs11s 16 
0/podomys ordil ~ 1 

Neotomoa lop/(lo 4 1 
Onyctlvmys/(lll<;vyaslttr 1 

Poromysc"s crlnltls 7 '1 



Table 5 : Actual and relative number of specimen s collected O;t su rvey. 19 

EE 1954 EE 1%5 ___ EE 15SS __ __ EE196T EE 196'3 

Ca~res % T01al Ca~e.s. 'Y> leta! Caa!UTO$ %To«!1 Ca2:Nre$ % Total Caj?:tures % Tota} 

AmmoofX'rmophHu::; leucvws ~ ~~% 0 su~ '" 37?~ 13 160% 1:.2% 

Chaetcdipvs fotmOlus 15 18.51% 16 21>.0'1!- 7 9.0'!<. 14 1i'311h 22 lti ~~ 

lJipockm•ys micmps 13 1G.05% G 7.5'Ji 7 $.0% 13 16.0% 4 4,9'!(, 

O•iJ.:.KJumy:; ouJ,·,• 1 , Z:~% 3 38" 1 90% 2J 28 ll"h J J.7% 

Microtus montsnu.s 8 9.!\5% 5 'l.tl% 0 00% 1(!% (I 0 0% 

MUS m:ISCtt!tl$ 0 0.00% 0 0.0% 0 0.0% a 0.0% 0 0.0% 

~,!,')()((j(llf'\• t ff·plf/;~ 1 ?J'i 0 00"4 0 00% J.21)(, 0 0,0'!(. 

OnyctfrJtny(J leuoogo::;fror " u 00"~ (1 un-. 1,\'!fr. " 0 ()~fl 0 0 .0% 

f'6rcgn(tt1Jus lof>fJ•'n'l*tnbrls 0 O.OM-:, 0 0.0% 0 00% 2 2.~% {I u W:4 

Pl:JIY,'II}'M;O~ Cli111~!',\ 7 O.G4'Y. 0 OO'Y. 3 3.8% 0 0.0% 8 9.8!.1.(, 

l'liJIIJW JiV(:(J.'I mt;• ,\1(,'1 1l.: I! II.') 1:i HI It," :i~ .S.'!i"' 17 :~ t eo;. 12 t 4 {11'1,4 08 tl(';.~% 

r~q,'fhrod-:mtonw~ lt'IO()IJiob'$ 15 18.52<;;. 11 13.8'll. 7 90% 2 2.~% ij t.a':', 
sonl>: v.7(1m.~.~ 0 0 OO'l> 0 00'!0 0 00% 0 00% 0 o.o·~ 

~· 1000'!1.. ~0 100 0" IX HIUO'Vo. H1 10U fJOJ\ lO l<ll) 0% 

EE 19&9 EE t 97t EE 1972 1992jfn refuge~ SLR 2003/2003 

(!.•!•hM'IT. ""'lr.l.tl c:.,l~'''""· ""'Tf,Ltl c .• ehlt~ ~ T.o1.11 C3eturM ~ Tot:tl c ... 2ture~' ?t Total 

Ammo:;tJCtttn;phl/u:; lt:Lteur:;:; D r.o% 11 S1~ 1 1U~ ~ ! • . 1•)(, . 111% 

C/MetodJ:ous form0$m. 10 SA% 31 256'>. \2 114~ 0 00% 1~ kt,/",1, 

{.•(t:i~<hm'jt; ul!bup.~ 0 07% 1 00'10 0 0.0'14 18 15.6~4 21 11 .4% 

Oipo<lomy:; e>t(.llt w HH~ 1 s .... 1 ,,, .. " ~5~ 3 1 G~(, 

Microtus mw,umus 0 0.0'1-\ 0 0.0 .... u UtJ.,. u liU% 11 ( I u<:t. 

!Hu.s mw~cu!m 0 0.0'14 0 O.O'llo 0 0.0% a 70% 18 tH\% 

f•.f.':(lf( lllltlfl •'rJ(l!dO 6 !jQ.., 12 !19'10 0 0.1}% 0 0 .0% ·1 2.2% 

0J1:,·chomy3 ~woga.frer 0 0,0% 0 oo ... 0 (II)~ 1 0~<:0 (15-:t. 

Perogmtllw Jong!.?1!tmbr1s 0 0 .0% 0.&% 0 0.0% 0 0.0% 0 OJ}% 

P.;,r(uuy'$-JI/.o; .:;,,;,,itis 17 143~ 10 8:i()i. 3 2S% 0 00% 7 3.8% 

P<:fOfflJ.!:Cus man.•t:i:,'ditts 31 26.1"1~ .;$ 39.7~ !13 79""' 45 39 5% 40 ?()6% 

~elihro:lontomys m~al":>t.'$ 19 1GO% 0 00% 5 J8% 32 28.1% 26 14. }% 

Sfln:tk Wifll'itll~ 0 00~-t 0 0.0% 0 0.0% 0 0.0% 2'1 11.4% 
\19 100.0% 121 100.0'); 106 100.0% 114 ti)J 1)% 184 100.0% 
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Appen~ix 3: FSNWR Species and Voucher List 

VOUCHERED SPECIES 

Species 
Ammosparmop11tlos leucoms 
Bossicodscus astutus 
Clrae/odipus tonnosus 
Ofpodouws lflit.'IIJIJS 

Dipodnmys ordil 
Lepus colifomiws 
Lynx rutvs 
Mepl>ilis mepl>i11s 
Microdipodops megacep!Jalus •• 
Microtus· moul~)flils 

Mus mvsclllus 
MuSltii(;J frttm.Jtu 
Neoloma lop/do 
OudN(rN i':tiiHtltit:o R 

On)'clromys /cucogostor 
Pt:Jffl{)nt-tii1U$ 10nannembmsu 
Poromyscus OJ)'nifus 
P~immyscus llJttmcvUttus 
PommyscU$/nmi 
Roilhroctonlomys mogalolls 
S ort.JX vnJITWIS 

Spcnnoplll/us towo3ooclli (mol/Is) 
!)p tk>!JAIR ()Nit;lii.C: 
Sylvl/agus auduboadli 
Taxirlrw /fnOJS 

Tflomonws Dollae 
Vu/pes macro!ls 

Common name 
Whlte-taJiecf antelope ground sqUirrel 
Ringtatl 
Long-tailed pocket mour.e 
Clusel toothed kangaroo ra1 
Ord's kang~roo rat 
Black I at led jack rabbtl 
Bobcat 
Slttpetl skunk 
Dark kangaroo mouse 
Mor1Lar1e vOlt!-
House mouse 
Lu,,y-IH•Ittd wtH:t~el 
Desert woodrot 
Common m1JSkrnt 
Northern grasshopper mouse 
1 lftle pocket mouse 
Canyon mouse 
Deer mouse 
P1nyon mou~e 
Western harvest mouse 
VHgtanl shrew 
Plulc ground squirrel 
Western sJ")ilert $kl•nk 
Desen cononlall 
American badger 
Boua·s pGci<et qopllet 
Klttox 

('" species vouchercd in 1110 FSNWR region rarely and hiSIOIICaUy) 

SIGHTED OR HYPOTHETICAL SPECIES 

Species 
-V~;Jpes vu/pes 
Canislatrans 
Tamias· miru)ous 
Perognsthus psrvos 
Le.tmoi:><~'IJN r:tJrlaffJs 
Microtus longicaudus 

Common name 
1ed fox 
coyote 
Least chipmunk 
Great Basin pocket mouse 
Sagebrus.h vole 
Long-tailed vole 

24 

Location and Number of Voucher Specimens 

8 

G 
16 
3 

2 
5 

10 
6 
I 
9 

2 

2 

Historical 
5 
I 

29 
•10 
14 

8 
4 
1 
15 

I 
6 
G·l 

2 
4 

41 

6 
I 
2 
3 

2 
1f 
5 

Sightedlhypotheticol 
s1ghted 
; ighted 

hypothencal 
hypot'retical 
hypothetical 
hypothetical 

UMNH 
2002·03 project 

3 

7 
1:) 
3 

10 
17 

4 

I 

28 

13 
20 


