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l\.BSTI{;\CT Ct>nSl,)nr:ltIOtl .and m',lll.:agcHlI.:nt of sm'Jl1 mamm::Jl:s: rcquLfL.!- r~llabk kTlowl(;d~f.: nt popuhml)J) ",i'l.l.'. \Vf,.' invt'sIi~ittcd pn.. usi.nn (If 
mnrk-(eClp11Lre And removal abU!u.Luh;c esrlmalcs gcner,Htd front live~uappmg and :Jnap~~I:lpping J~\la coHccleJ at sitc~ on Guam (n = 7), ROl:i1 
(11 ., ~), S:J.ij1:l11 ~n " 1), ,IUd Tlllilln (Ii .~ 3). in thol..· fl.1anal1n I.stands, \Vc aho r.:va.1.ua[cd;{ common imkx, capwrc::. per lH1if d)'ort (CPUE). as 41 

preJic(or of abunJance, In ~JJHlOn, "ve eVilhurcd co:>:t J.lld time ''\.;so...~~ated wirh implemenring live-rrapping ,Vld sIlJp-mlppi.r.g :lu.ct compa!cd 

-.;peci(;,~-spc~;lfjl· ,;aprun' r.aTes of scl.c(ted livL'- and snf1p-traps. ,",or ,\tl spccic"j, lllark-f<;~aprurc C.l;,tlmatc,o;; \H~rC tonslstcntl)' m1.m; pn'eisc than 

removal £swnare:i h,l-3eJ un codlicicPr5 OfVil!llHioH ;;tnJ Y5°/(J c.onfidence intclvrUs. The predicnvf' t1tilit;, QfCPLiE \\":1$ poor bur nnpruved \>\liTh 

Lncrc::l:,,;,r1!!: ~aJ1lpling dllr-a(ion. Noncrht:1ci's, mudcJ.lng uf saJ11plin~ d... [a rcvC'·,11cd r.halllnJcrl)'lJ1g assump(ions r..ritic'Jl rv :applic;nin!1 of an lndex 
o')f ahullchmce. such ,IS coost;uu caprure rruh;lblLry a~ro;s space. nmt, .md indn-idu ....1s, were llot meL Although snap~t:r;\ppingwns chel\pcr anJ 

t~:;'l"{:.r than Ilv("-trJppir:g. rht ti.n1.~ di.ftc.rcnc(: was: m:gligihll:' , ...·hen site prcp:uarioJl TllJH: was r:ons"ldc,red. R~l!uuf;(]rdlJ' 'Spp. '\~aprun;::. were grc;]rc~( 

in H1b"UfllIOa 1l'r1>'lIaps (Stand:Jrd Tr«Jiog Co., I-IoolJhulI, HI) anJ Vic(\lr sn;.!£, rraps (vVooJstn;alll Corporilrion. Litu'"l., PAJ. whcn:a~ S"rurlI 

l1un~t.'n' :md ,1.1u.c m.'J5:u!us ~~arC\.l'rcs w~r\" ~(l:::at~:H 111 Sherman li ....e-[nlps (T-]. B. StlCIlna.n Tr;lps, Inl",~~, T.lIL11usscc, FL) :and \·h.lsclJnl SpeCJ.al 
~n'J.p· t.rap~ l\VooJ~tn::;Lm Corporatlon). AJrhough 'inJ.p··l"r<lFPltlg ·J.!1d CPlIE may hJ.vt: uulity ,;£"rer v.uidar~()n ag:Ain";l mort' ligorous IIH:rhods. 
va.1!.d·J.t'.H)H .;,h(luld uCfU.r across tlw tuH rang~ of smdy eond'tlOns. RC5;ourn.'s required for thiS kvd ot' va.lidation wl1\dd likel}' bt, b~;f(cl' .11lCX'_clfCd 

ww,d, trop1cmc.nrjn~ rj.~"""" jil(l ,.obmr mc,hoJs. (JOURN/\!., OF WLLDLI FE ,\'lANA(; [,....j E\T 73(;J:7hl-77L 20W) 
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KEY \VOR.DS abl.Lndance estimation, ('apture per unit efti)fl (CPUE), index. live-rrapp;ng, mark-recapture, Pro~rarn MARK, 
relno\':"\L sll~p-trapping. 

Reliable information about small-mammal popularion sizc is emigration, or immigraTion during ::iampling ('vVllliams er a1. 
often ncccssary for implementarion and evalu;uion of 2002). Mark-rccapture estimators also assume thar marked 
conservation and manag.;ment pracric.;s. Unfortunately, animals arc correctly identified upon recapture. Removal 
many spccies arc (~ryptic, nocturnal, and have spatially and estim;ttors arc subject to all additional restriction, becausl: 
rcmpor'J1ly variabk densities. j\·hny researchers thereiore captures must decline over subsequent sampling occasions; 
select sampling and data analysis methods pcrccivc:d to bc nondeclining captures result in estimates v\~th poor accuracy 
tast a.nd inexpensive, such as snap- trapping and indices of and precision (Otis et :tl. 1978, \Vhitc et al. 1982). 
abundance, despite concerns about accuracy and precision of i\:lany researchers choose to forgo abundance e"timation 
thcse methods C'\lichols 1992; Anderson 2001, 2003; alrogether an.d instead report only count-based indices of 
Sulli\'an er al. 2003; White 2005) abundance, sueh as captures per unit effon (CPl IE; VI/hite 

Live-trapping and snap-rrapping are 2 of the most et al. 1982). Index proponent~ suggest that indices require 
commonly used small-mammal sampiing mnhods (\\lil less analytical expertise and are subject ro fewer or less 
liams et a!. 2002). During live-trapping, captured animals restrictive assumptions than abundance estimarion metbods 
can be u.niquely marked and released, where they ar.; (Engeman 2003, 2005). Careful consideration of indices, 
available for recapture during subsequent sampling occa however, suggests that they are not '-vithout restrictive 
sions. in contrasr, caprured animals arc removed from the assumptioIlS (Table 1). For example, the inherenr assump

population dming snap-trapping, eliminating rhe possibility tion of any inde.\: of abund;;.ncc is that rhe relationship 

of recapture. Ditecr comparisons between live-trapping and between the index and rrue abundance i.s monoronic, 

snap-trapping, or al1alogl)us rnerhods for other tax;" suggesr proportional, and constant across space, time. "nd individ

that removal of individuals from rhe population often uaL; (Nichols 1992; Anderson 2001, 20(13). Unfortunatdy, 

pn)(tuce::i biased data (Rodgers et aL 1992, lung er a1. 2002. few researchers [cst thi;; aS5urnpriol1, either by evaluating 

Sullivan cr al. 2003). indices against known popularions (Conn et aJ. 2006), 

Closed popubrion mark~recaprure (livc~trapplng data) double-sampling (Eberhardt and Simmons 1987. Slade and 

and removal (snap-Happing data) abundance estimators Blair 2000), or through simulation (.:vIcKelvey a.nd Pears()n 

as,;umc that capture probability is appropriately modded 2001). Failure to validate indices limits their utility C\Jichol,; 
1992; Anderson 2001, 2003). 

\Ve evaluated mark-recapture and removal abundance 
csrimates, wirh the a priori expectation thur mark-recapture 

and that the population is subject ro no births, deaths, 
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Tilhle l. Comp'l.l."ison of [hI.:' n)bustnes~ of an ind...'x of .d:n.lnd~Hl':\"· (,,:apturcs per unit droT( [CPUE.D and 2 esnmarcs of ;)b\lndann~ (rl:mJJY~J J.nd mark
fu:apturc) t.:> 'rlolarioIl uf population {'\o5un: ;md pol:c.:l1n;:d filrJlH, l.lr' ,,<aptun' probabllit)- ...;":ananOll:. 

Population attribute Cl'UE Mark-recapture 

ClOSed pOpui,lt:inn Requ,ired; ImcJCilJ h"w 1\1 Requi.red; di t'ficulr [0 re..::ognio,..e \'ioial"wn Po~sible: to rc(ognrl..e 

re..~ognl1.e "; ..ll,tl ion \'lnia1ion 

C"l'tctre probabilnT "arianon h)': 
Spa,,, lnv:l.lid 3Cf0:5":; "P::h:C V.lid if modeled V,Jid i F<nodded 
TirHe l!l'....ali.d acr()s~ tWi(' Problemil,t)C~ n~dLKcd :lccuracy and prcCJ$ion V,llid if modcbl 
Beh ..lvinr """loll; onl)' fi"t t~p\\lr" Valid; only l')r~t c\pturc d;ltil arc lHilized Val,d if modeled 

,1ota arc unhzcd 

Indi"idu.J. nl'r('rogcnl~irJ' Invilltd unless str<\riticd ProblelnatJC, f1:ciuccd 3ccllrac)' .llld precisiOLl Valld if modeled 

CS~lfn~res would DC more precise (,malic'[ CV and narrower 
95% Cn than removal estimates, \,ve based this hypothesis 
on the amount of informacion used to generare estimarcs 
(mark-recapture :> removal), as well as the anticipated 
robuHnes~ of each metric to violations of critical assump
tions (Table 1). vVe evaluated CPUE as a predictor of 
abundance, with the a priori expectation that violation> of 
underlying assumptions (Table I) would likely compromise 
this index. Finally, we evaluated effects of sampling duration 
on CPUE, cost and time associated with implementing live
napping and snap-trapping, and species- spccific capture 
rates of ,;elected Jive- and snap-traps, 

STUDY AREA 
\Ve ;;ampled ~mall-rnarnrnal population, on Guam, Rota, 
Saipan, and Tinian in the 1'vlariana Islands, an archipelago of 
15 islands arrayed in a north~south ate between ]3" Nand 
21" Nand 144° E and 146' E in the tropical Ilorthwest 
Pa.::ifi, Ocean, 

The small-m:>.mmaJ community of rhe NLuiana Islands 
consisted of 2:5 introduccd specics, including Mus muscuJUJ, 
M/tll.l o:i.lJrms, R. nQrvegic1i.>, and SunCUJ tnurirmJ. Un
certainty exist; regarding the identity of an adcLtionaI RattllJ 

,peei.:>, thougbr to be either R. rattUJ or R. iamzumi 
(Musser J.nd Carlcmn 2005). PreliminAry genetic analysis of 
randomJy selected samples from Guam (n = 17), l~o(a (11-'" 
10), Saipan (n = 10), and Tin.ian (n = 10) indicated that all 
wcre most closely relatcd to the R, diardii group described 
by Robins et a.t. (2007; S. J. Oyler- ,rvleCanec and J. St, John, 
lTniL'ed States Geological Survey, unpuhlished data). 
Althoug-h the taxonomic identity of this group is nnder 
comprehensive im..cstigation, we refer to them as R. diardii 
;;pp. 

METHODS 
Sampling Design 
Un each island, Wl: identified potential study sites based OIl 

habitat ()'pc and available area of hornoKclIco\.ls habitat 
ming 1:24,OOO-;;cale and 1:25,OOO-scale United Starcs 
Geological Smvey topographical maps and 1:20,OOO-scale 
vegetation maps (Fahnl1Jw et aL 1989). \Ve selectt:rl sitt:s in 
4 habitats: graosland, native limestone forest (hereafter, 
native forest), sel'ondary forest domin~ited by the introduced 
leguminous tree Leuc,.lfnO Jeuco,:~phaJa (hereafter, L<'lI.(acna 

for~st), or mixcd habitat (typically a mixtl.1fe ot grassland 

and Leucaena forest). \Vith the excc'ption of mixed habirat, 
sitcs wntaincd 2,4 ha of homogeneom habitat. ....Ne sampled 
7 sites on Guam, 4 on Rota, 5 on Saipan, and 3 on Tinian, 
including 2: 1 grassland, one mltive forest, and one Lcucaena 
forest site per island, between April 2005 and November 
2006. During the same period, we sampled 4 mLxed habitat 
sites on Guam (n "" 1), Rota (17 "" 1), and Saipan (17 cc 2). 

At each site, we prepared an Il X Il grid with 12.s-rn 
inrervals bet\veu1 each trap station 0.56 ha). Samplill~ 

activities oeeurred over 2 weeks and consisted of (in 
chronologicaJ order) a 2-dq live-trap acclimation period, a 
5-day Jive-trapping; period, a 2-da)' snap-trap acclimation 
period, and a 5-d'ay snap-trapping period. Dunng livc
rrapping, we placed onc standard-length foldinf; Sherman 
live-trap (229 X 89 X 76 JIlIn; H. B. Sherman Trap>, Inc., 
Tallahassee, FL) at each mlp station (n = 121) and un~ 

Haguruma wire mesh live-trap (285 X 210 X 140 mm; 

Standard Trading Co., Honolulu, HI) at every other tr~tp 

station (25-m intervals; 11 = 36). Prior to the snap-trap 
acclimation period, we replaced each Sherman trap with one 
]\iluseum Special snap-trap (141 X 70 X 1S !TIm; vVood· 
stream Corporatiol1, Liritz, PA) and each HagunHna trap 
with one Victor rat snap-trap (175 X 84 X 28 mIll; Model 
M201, \Voodstrcam Corporation), 

\Ve used 2 types of live- ~Uld map-rntps to maximize 
captures, based on preliminary testing that indicarcd that 
Hagull.lm~i and Victor traps targeted RuttUJ spp., whereas 
Shcnnan and j\1useum Spe6al tr'lps targ'eted 111. mllscuh~\ 

and S. mU1'irlUJ. Vole based trap spi'.cing on home range and 
m(wcmt:nt patterns of tvI. mUJCII!us, S mllril1 US, and Rattfl.' 

spp, in tht: Mariana Islands (Baker 1946; Barbehcnn 196Y, 
1974). 

Vile plac~d traps on the ground and, whelltVCr po~>ible, 

next to or bentath dumps of grass, downed woody debrib, or 
rocks to providc shelter from SUrl ,md rain. We baited traps 
wi th a mixture of peanut butter, oats, and food-gradc 
paraffin alld checked thern beginning ar 0730-0800 hom < 

each day. ....Nc closed rr~.ps throughout the day to mimmize 
trap mortality, reopened them at approximately 1600 hours, 
and rebaired as neces;;ary. Vl/~ did not bait tnlps during 
accLrnation periods. At each site, we recorded the rime 
required to prepare (he trapping grid and complete daily 
aetiviries ,lssociatcd with ei'.eh sampling method, including 
trap baiting, tIilP monitoring, and animal processing. 

During live- trapping, we uniquely marked all captured 
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':\1limals with numbered metal car tags (NT. musculus and S. 
lnilr1I1W': tags produced by S. Rucstenburg, Rin~rtoll, UT; 
!VltfliS spp.: no, 1005-1, National Band :tnd Tag Co., 
]\'e\~Tort, KY). We examined and measured captured 
animals to determine specie" ,ex, agc, and reproductive 
statu;, mass (g), head--body length (mm), tail length (mm), 
right hind-t()ot length (mm), right c'ar lcngth (mm), and 
tcste, length (mm; if applicable). Capture, handling, and 
nurking techniques f61!uwed guidelines approved by rhe 
/\.mericm Society of lVbmmalogists (Gannon et al. 2007) 
and the Animal Care and Use Committee of the United 
State, Geological Survey Fort Collins Scicnce Cenrcr. vVc 
dispo~cd of ~dlirnals captured during snap-trapping away 
from srudy sire, and human-usc areas. 

Data AJlalysis 
Our dat:t ',lmJy,is !6JJe'wcd an information-theoretic :tp
l-'fLlach invoh'ing model selection and multimodd intcrencc. 
\Vc based modei selection on Akaikc's Information 
Criterion corrected for 5mall sample size (AlC,; Burnham 
;lnd Anderson 20(2). We considered models competitive 
with rhe top-rankeLI model when th~ difference (Ai\ICJ 
was -S2.0 (Burnham and Anderson 2002). VVe model
ayera;;ed par;uneter estimates ba,oed on Akaike weig-hts ('lUi; 
Burnham and Anderson 2002) and included the entire 
modc:l set exccpt for models with nonsensical [3 estimates 
(e.g" fJ --= -18.6, SEW] ::= 475.6), which we rcmoved prior to 
rnodel.. ayeraginr;. Unle~s othenvisc indicated, estimates arc 

pre,ented as mean = 1 standard erroL 
\Ve (rca ted live-trapping and snap-trapping data similarly 

during abundance estimation, with the exception that we 
eomtr:<ined recapture probabilicy to 7-era when modeL ng 
snap-trapping data. vVe generated all abundance estimates 
ill Program ?\1/\HK "l.3 (\Vhite and Burnh:llTI ] 999) using 
tht; conditional likelihoo,l cl()~cd capture-recapture model 
devdojJed by Huggins (1989, 1991). This model uses 
tStlmJtes of capture probability and number of individuals 
~3ptured tu e,rimate abundance' and can account for 
heterogeneity in capture probability from temporal, behav
ioraj, ami individual effects (expressed either as unexplained 
heterogeneity, i.e., finite mixture distribULions LPkdgcf 
2000], or covariate-as>ociated capture heterogeneity [Hug
gins 1989, 199]]). In this conrext, mixture distribntions arc 
an attempt to de?.! wirh individual capture heterogeneity by 
grouping animals '",iIh similar capture probahilicies into 
di"crete class::, t;:>r modeling purposes. 

Iu Program TI--L!\RK, we coded design matricc, to a.Uow 
,ites to be trc<'.ted eirha individually or as groups based on 
common atrribl.ltcs such as island or habitat. We modeled 
capture and recapture prob:lbilit'f across rhese groups to 
Increase statistical efficiency (i.e., reLlue'c esrimate variance) 
and allow abundance esti:l.1a,eS to hc generated for sitcs with 
few c'aptures or recaptures (Bowden et aL 2003, White 
200.5). We built modds in an iterative fashion, bcgi!wing 
with models allowing capture probability to vary by time (t), 
behavior (b), indi'fidual, (heterogeneiry [h]), combinations 
of these factors, or constraining eaprure probability to be 
CQn,rwL \V(, specified heterogeneiry models as 2-m1xmre 

models, based on concerns that our data set wendd not 
suppon ;t marc pararneteri7,ed model (C)nn et ,.u. 20(6). If 
the top model amongst these models indudeLl a temporal 
componcnt, we fit a set of neophobia model, to thc data set. 
:\l'cophobia !l1e)dcls allowed capture probability to v;'I}' 
during the Erst (neo1) or first and second (ne02) sampling 

occasions, while holding capturc probability constant for 
remaining sampling occasions. Lvlotivation tor these mode" 
came fr<>m literature accounts of neophubia for introduced 
Ruttils spp. (Temme and Jackson 1979, Inglis et aL 1996, 
Clapperwn 2006). Building on the tramework of the rop 
model, we next added a set of models parametefl7.cd to 
model capmre probability, recapture probability, or borll 
capture and recapture probability as a function ot island, 
habitat, or site. We hypothesized that capture or recapture 

probability would differ between GU;llH (where introduced 
browrl treesnakes [Boiga irregu!ari.,] occur at high densities) 
and Rota, Saipan, and Tinian (without established brown 
treesnake populations), so we coded the island grouping in 2 
ways, with island[4] ditYerenriating each island and island[2] 
d.ifferentiating Guam from the combination of Rota, 
Saipan, and Tinian. 

Our final set of models ineorpDrated iudividual and 
cnvironmental covariates, beginning with thc global mudd 
and proceeding through a series of more parsimonLOm 
models. \Ve assessed covariate importance by examining p 
values and 95''10 confiJence intervals, where we con,idcred 

covari:ltes with 95% confidence intervals not overLlpping 
zero infiue'nrial on capmre probability. Covari;'l«;, llnder 

consideration inchlded sex, age, reproductive status, body 
condition index, body size, rain previous night, and min 
amount. Reproductive status (reps tat) was a eatcgorieal 
variable thar differentiated reprodUt,tive and nonreproduc
tive individuals; we determined repstat based on rna,s and 
prcsenee of externally visiblc sexual characteristics such as 
descended testes for males or lactation for t'emales. Vole 
calculated body condirion index (bodycon) ah the ratio 
between the observcd and expected rna~s of an individual, 

where we determined expecfl::d lIlass from a linear regn,:ssJon 
of the natural log of mass versus the natural log of head
body lcngrh, For each species, we mode.led variation in 
bodycon as a function of island! 4], islandl2 J. and h'lbitat in 
an analysis of variance framework (Proc GL2\1; SAS 
Imtitute, Inc" Cary, I\'C); we did not consider a site
opeciEc bodycon model because of sparse dara for some sires, 
\Ve included bodyeon estimates from the top model (or thc 
model-averaged cstimate) Cor cach species in rVli\H.K 
modeling. Body size was a species-specific eonlposlt, 
variable created frum a pril1cip<tlrornponents an;llysi, (Pmc 
FACTOR; SAS Institute, Inc.) of mas~, head-body length, 
tail length, hind-foot length, and car length measured fix 
each captured individual. FimlUy, rain prcvious nigllt 
(minprev) was a categorical measure of the presence or 
absence of rainfall during each trap-nighr and rain amount 
(rainarnt) was a quantitative measure of rota! rainfall (mm) 
at the cemer of eaeh trapping grid. Rainamt rneaS\lremCll rs 
encompassed ,l 24-hour period, with the exception of the 



'fable 2. N~J.-nb{;.r of /VluS "w;(:.d;;s, Rattus diard1: ':lpp .. ~.nd SUt;.tUf murim~,f caprl.nes (C.:\P) and capn(;'t'~ per i),nJ[ effl:.. rt (CPtJE) di..lI1ng lJvt:·-tl'c'-pp1.ng (J...w~) 

and .,n.lp-tr;il'l'lI\g (S.ctlp) Hl gr:issland. r.~"'..iment; f,,:~re~t, mixt.'d, ...... r:d n~t1','t.:' i'qresr htlhn.t~ on ClJ~Hn) Rotlt) Silip:.~n, and Tirlliln) j\'1::H1({I~j hl.?nds> 20u=;'-2-006. 

;.1. il1.U,~r.ulus R. diardii spp. S. munmls
 

Live Snap Live Snap Live Snap
 

~hbitat CAl' CPUE CAP CI'UE CAP CPU£ CAP CPUE CAP CPVE CAP CPUE 

(~lI;lrn 

Grassl_mel ]5 2.2 19 2.8 22 3.2 14 2.1 14 20 lY 2.S 
L::-/,i(runa fol'cs[ 1 5 0.7 1 0.2 
f .f1JtO,;r,:J fon':'! 2 
J~~"\-[f('1la .;()[csr .3 13 2.5 J C.7 
~i\h..\:cd 1 0.1 1 02 5 10 
:.J:lhVC f~,)!c:.s'( i 1 0.2 
'\J;l.tt\'\.' -r<lrcsr 

,,. 
i1')l,t 

Cr<::<.;:::l..lIlO 25 41 24 4 ') 88 14..1 82 16.9 
L.'ucaci1a (orc~)[ 19 3.6 ') 22 42 7.9 20 5.0 
h·lixt,'cl .12 6.1 15 3.8 \06 20.3 79 19.9 
N:ati ...·e f(Jre~r ] n.2 11 1. ~ 4 1.0 

SJ10an 
C:~r~$:ili:lnd 51 8.1 52 8.-1 41 6.5 32 5.2 19 30 i2 1.'1 
1..t!'W/('110 roresr 2 0..1 )1) 7.9 6J 14.7 43 6.8 80 ]87 
\·1iM,d 1 19 4.8 .14 83 9 1.5 14 :1.4 
:1!Ii.xed 2 02 8 1.1 15 2.6 47 6.6 20 ~.-1 

\Janv\.' tor...·:.;f 2-1 4.0 28 7.0 19 3.2 27 67 
THHal: 

Gl·l$~Il.llld 

LL'Lft:Jr:.r.O ff,r¢.~( 

14 1 05 106 
55 

l~ 5 
9.0 

14.5 
41 

3~.4 

9.1 
11 
93 

'i.7 
15.2 

6 
62 

1 5
,0 7 
.i..) I 

Nan\'-:; J:.~r(;~t 80 12.8 79 19.7 43 6.9 10 2..' 

first ,amphng oc..:asion for wluch minamc inc:lllded only the 
12-16-hOllr period prior to trap monitoring. Before 
including; rainamr in I\.·fARK models, we determined that 

rainfall :lYer.:lged across sites did not di ffer appreciably 

betw"cen sampling occasions based on overlapping 95% 
cOl,nllcnce interv'lb. FolJowing {he <Jdditiol1 of covari,ltes, 
we generarcd model-averaged abundance estimares from all 
cstiniabk modeL; (Burnham and Anderson 2002). 

Because we did not kDOw true abundance, we comp'lfed 
mark-recapmre and removal abundance estimates ag'<linst 
e:K!l other Oll a sire-specific basis. Wl' evaluated abundan..:e 
('stim,ltes based on the magnitude of coefficients of variarion 
and tLe wid tl1 of <)5% confidence intervals. \Vhen rre..:essary, 
we trunClted 95'!~) confidence interval lower limits to reflect 
the number of unique individl\al~ ..:aptured. vVe considered 
estimates wirh sma.ll coefficienr~ of variation (::;0.30) and 
narrow 95% conJ'idence intervals to be more precise and, 
thc::ef(-JCe, rnore inr()fllJoitive, than estimates with large 

coeffi,:ients of variarion and wide 95% confidence intervals. 

\Ve then used the sampling method producing; the greatest 
j1mportion of in{()rmarive site-~reCl6c esrimares to evallJare 
('PUE genented tWin both livc-tr8.pping and snap-trapping 
dar;l u.,ing regn~s5101l ,1llaly5cs (Fwc REG; SAS Institute), 
widl regressions constrained to pass rhrough the Origin. \Ve 
pres""nt CPUE as Laptun;s/lOO corrected tf<lp-nights, W[lere 
a trar-nighr is defined as one nap actjve t.Jr one night after 
correcting for ,pnJng traps (~elson and Clark 1<J73). \Ve 

evaluated CPUE from the firsr day of sampling, J days of 
sampling, and 5 days of sampling to invcstigate the effect or 

"arnpling duration on index performance. \Vc considered 

C1IUE prcdicrive utility to be directly related to 95% 
prediction imerval width, where a prediction imerval is <I 

confidence lnterval for an individual predicted value. 

Finally, we cc)mpared liw-trapping and snap-trapping 
based on the cfferrivcness of each method for captming 

target specit's as well as the cost of implementation. \Vt: 
evaluated trap effec[ivenes.L by comparing speeie~-spe,'ifiL 

capture rates (captures/lOO corrected trap-nights) during 
live-trapping and snap- trapping. Capture rate calculations 
included only sites where we captured a ,pecies. vVe 
investigated the cost of each sampling mcthod by comparing 
tht: initial cost of supplies required to implement our 
sampling protocol, the mass and volume of those supplies, 
and the time required i()r site preparacion and activitie~ 

directly associated with sampling (i.e., trap baiting, trap 
monitoring, and processillg of CaptllrL'd animals). vVe 
standardized time measurements to person- hour~ to avoid 

potential bias resulting from unequal participation iu timed 
activl tics. 

RESULTS 
We captured 681 R.. dillrdii spp., 298 S. JrlW inu5, 154 M. 
Iilusa;/us, 15 R. ~xu/am, and 5 R. nOl'Ilegi,:u.1 in 14,915 trap
nights (12,011.5 corrected trap-nights) during live-trapping 
wd 6+2 R. diardii spp., 255 S. murinu.I, 122 10.. mrtseulu.l, 14 
R. exu/an..., and 3 R. norvegicus in 14,915 trap-nighrs (8,952 
corrected rrJ.p~nights) during snap~trapping Crable 2). Due 
to limited capture", we did not include R. nulam and g 
IwrvegiwJ' in our analyses. Ljve-rrapping fi'!orrality was 
minor for R. ditndii spp. (2 monaJirico Out ot 681 



;nelividuaL, captured) and /11. mUIcuiw (2 mortalitie5 out of 
15,l incllvldu~ll, captured). For S. mUriilUJ, the rate was 
higher (16 mort<t!itit:s out of 298 individuals Cdprurcd). 
Th,~ tor R. diar,iti spp. mark···recaprure model tor live

trapping (brJ (rVJ. ~, 0.871) allowed neophobia in captur~ 

probability (neal) {or eaeh island (island[4]) ,lS well as 
capture probability v,uiatiol1 by the covariates sex, repsrat, 
and rainamt. with recapture prob?,bility variation by 
islJud/4], s~x, rerstat, and rainamt. Covariate effects were 
strong and had 95';';' confidence intervals that did not 
overlap zero. Based on the rop model, capture probability 
illcn:ased 3-5 times between occas'lon 1 to 3 and 
rcprodllctivciy active felmile5 were on average more than 
twice 25 Iikdy to be G\ptured a, nonreproductive maks (Fig. 
n Cdl'tUIt: probability incrc:\sed with increasing rainfall; i(Jr 

a reprodut:til'dy at:tive fem'lk, the incn:ase was from 0.15 to 
0.22 fOl dIe lower dnd upper rifth pen:emilcs of rainamt (0 
mrn and 22 mm). All other models with ~upport conrained a 
subset of these covaria.tes and neithu the top model without 
c(wariltte" (~A1C, co- 17,97) [lor the p model (constant 
capture probability) had suppOrt (A.Ale. = 105.12). 

The top R. diardii spp. removal model for snap-trapping 
O'dta (w, = 0.375) allowed c:lpture probabiliry to vary 
1X t'A"CCll Cuam Jnd t.he combination of Rota, Saipan, and 
T'inja.n (i5Iand[2]), sex, repstat, age, and body size. Covariate 
effcct" wer" strong and had 95% confidence intervals tbat 
did not uvcrlap zero. Based on the tOp model, capture 
probabilit.v IVa, approximately 2 tim('~ greater !()f reproduc
tively active females than t()r nonreproduuive males. 
Capture probabilifY was ·.l.lso greater for adults thall juveniles 
but loweI for the large,t individuals within each age c1aS5 
(Fig. 1).1\11 other models with supporr contained ;l sub,er of 
these 4 covaridtes and neither the top model without 
cov;,riates (.6. t\I C. = 12.08) nor the p model had support. 
(l\AJC, = 15.09). 

"['he top S. f)i1.Jril1us mark-recapture model for live
tr~~ppiag ':<lr,\ (-Ie', = 0.(94) ,dlowed both teml'orJ1. varj,ltjon 
and hercwgencity (2 mixture~) in caprun: and recapture 
probability, with the temporal rc(',lpturc prob'lbiliry v,tria
tiorl difD,'ring by island[4]. No other models had supporr. Of 
the 2 effects on capture probability, unexplained capture 
hetef'Jgencity was more important, with average capture 
probability across all Dceasiorl, of 0.11 f;lr the low 
probability cla~:; (6~% of the population) and 0,67 for the 
high prob.\bility class (35% of the population). Th [Op S. 
mlirimlJ removal model for 5mp-trapping data ('11;, = 0.836) 
allowed neophobia ill capture probability (neal) for each 
hablf;lt, where ()c,:hsi"n 1 capture probahiliry ranged from 
0.01 in rrILxed habibr to 0.09 iu grasslanJ. Tb<: p model had 
no suppon (:11\IC,"'" Jl.90), 

The top i'v1. iilmLlrlw mark-recaprure model for liw
trapping data (w, '" 0.3<+9) allowed both remporal \'ariarion 
ar1d hClcrogencity (2 mixrllfl:s) ill captul e :lIld rCCapt1.1re 
probability, wid1 the tempor:t.l variation in capture proba
biLty differing by island[2]' Of these effects, unexplained 
capture heterogeneity was more important, with average 
capture probability across all occasions ranging from 0,11 for 
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Fig"''' 1. Effect of covaria(G:; on Krltus ,liard,,' srp. mark-recapturo \",ppcr 
paH,-~l) a,nd rClnol.'(Ll (lo\ver rand) \'~:l-pt"rc prohal'iJiry Il~ing ~hr.,l fran', Snip3rl 
(l'vl"ri"na hhm,h) coileClod 2005-200t>. The top m,lrk-rc,'";)IUre rn'h'iel 
incluJed ne1.1phobiJ. (redll ..:e:cl capIUt"e r'robablli[).' JUring: o(":J.~ior::, 1 ~:.nd 21) 
5"CX, n1'ro...~uc.ri\'e St2.ru~ (rcr(oduct,ve1~ acri ...,t,' = ~'losed $ymLl(.~1. non
[('prodllcuvc open sylnbo)). ,)fId r;1111 amOUJ'L T~lt.:'" tOP rtTl\..wa.l HI<II.k'\ 

jp.;::tu.ded S(::k, n:::product!'l'"( <;[J.tu::' , J.ge (ad := hl1!e sywhol, jllV :.:: :-mo1l1 
symhol), .~lld bod'l' :-;ize (..:re:ued from J nnn~:irill (omponents .inah~is 

IPC:\] of mass, h~ad.-body length, roil Jen~lh. hind-loot knglh, ~nd 'car 
Itnglh), whuc body si'l-e 1I1erea,c, from left tl' right on the "J".'. 

rhe low probability class (67% of the population) to 0.56 f(lr 
the high probability class (33 '!o of the population). 'fhc p 
model h,ld no support (.6.AIC, = 35.9]). The tnp M. 
rJlmw!us removal model for snap-rr;rpping data ('w, = 0.745) 
allowed neophooi'l i'l captun probahility (neo]) ditTering by 
islandl21, where occasion 1 capture probability ra'lged fmill 
0.12 Dn Rora, Sa1p~1Il, and Tinian to 0.32 (In Guam. Thnl: 
wa, minimal ;upport for the p model !6AIC. -, 3.85), 

1\:lodd-avemgcd n~J.(k-recaphlre abundance t>timatcs 
from live-trapping- (;\; M-R) ylcl removal abundwce esti
mates from snap-trapping (NRVivj ) were often qu8)iratively 
s,imilar, although tbere W~> an ova~t.ll trend of 7'lR EM > 
NM- R for R. diardi! spp. (TabIt: 3) and S. mllTinus (Table 4). 
For 1'1. TI1I1JCU!Uf, N;V!-R llnd NREM were generally similar 

0,0 1.0
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'rabh~ 3. RaIn::.. d',ad,i .npp, lni)Jcl-a't·t'"!~cd m::t,:rk-r..:::.;,:apturr ,lnci n.:rq.ov:ll t1.buncLIl(,:c e5tim:~h.·:)~ standard errors, co,,:ffi.ci.t:~~(::: OfVtUlrlTlOn, clll(l (i5 11;,) confldefhJ:' 
ill:'('f\.';;.l:-:. gc nrral<.:d J'rolJ) Jiv<:-trappmg (r\1;\1Y'11.) and ~lIap-Happmg (N.H',\i) d<ltu ...~oll<::er{:d 11:: tr-3~I,LlIK1, L(;·~IL(N1.'a [{'rest, 'llixt:d, ,ll\d n:,HH't' I;m:sr h,.LbH .. r~l 0;" 
C:l,:TJi , Rt.. t:~, S~HjVn. ,lfh} Tinl.,:'Il. ;"h.ri;;.na lsl.and" 2005-2001:'>. 

Nvl- n NREM 
-_._---------_._-~-_ ..• 

Abundance Abllndan~~ 

lhhirot esrilllate SE CV 95% CI estimare SE CV 9.5~/(I Cl 

Cu;un' 

Grossland 41.1 9.4 0.23 22 ~·-595 175 5.2 0.30 14.0-27.7 
ltt'u,·:;·~:,';(( f(}t'c~t 1 6.6 1.7 0.26 5.0-9.9 1.1 05 0.45 1.0-2.1 
j~('umf1w ""ore;-,[ 3 22.9 5.8 0,25 13.0-34.3 3.7 H 0.38 3,0-·6.4 
}\:{j;wcI'O 1.8 1.2 0,67 1.0-4,1 1.0 0.1 0.10 1.0-1.2 
~~r;v(. t~ H(;·Si 1 1.1 0.2 0.18 \.0-1.5 

Rot> 
C;nJ:,~hnd 1(~2.4 1.2.8 n. \6 97.6-187 t 210.0 107.0 0,1 S2.0-41 'i.b 

! ...db:~lhl (oresl 700 129 (; 1~ 1-17-9'.1 l4.9 9.2 026 101H2.9 

f\·ll),td lSh.4 31.0 0.\7 125.7-2·17.2 217.0 115.0 0.49 790-·1(>.3.6 
N,::!:lv~ J~)fCS-r 178 43 0.24 11.0-26.3 9.1 51 0.57 4.tH9..' 

S;llpan 
C;'(~,:sblaild 72.2 13.9 0.19 4'L9-·99.5 6';.0 25.4 0.39 32.0-\ lH 
LelJt:lfl"u; f~)rcsr 90.6 17.4 Cl.1 ,) 56,4--124.7 \51.5 SJ.n 0.35 63.0-255.4 
!\·1u.:c.;d 1 54.8 11.7 0.21 31.9-77.7 82.5 38.6 0.47 34.0-158.1 
;'>.1,XCO I 1:l,0 4.7 0.31 8.0-·24.1 26.3 S.5 0,32 15.0-'12.'1 
)bt~,,"t~ ~OTt~\ 47.1 11.1 0.14 25.4-'68,8 5S.4 16.6 0.30 28,0-87,9 

Tilll;tn 
Ci',~%Jand 194.4 34.5 0.18 126,8-262.1 474.8 268.6 0.57 145.0-1001.2 
f.l'(lU;n1fJ f(Jr(;~r. 85.6 lci.1 0.16 58.IH13.I 122.8 79.3 0.65 41.0-278.2 
N,1U\{' f('lrc~1 146.1 26.3 1)18 94,6-197.6 210.6 120.6 ,}.52 79.0-4b7.1 

(rable 5). For .Ill species, Nl'>"1-1< were more precise th~ifl 

;\l1:.r:~1 b;tscd on co"ffi.('Jenrs of variarion and 95% 

c-onfidclh:e interval width (Tables 3-5). 

\Nhen evaluated agaif'.H (~ur most preci;e and information

rich abundance estimate, N" \'I-I~ .. the width of CPUE 95°/') 
prediction intervals decreased wirh increasing sampling 

duration for live-trapping bur was relativdy consrant for 

snap·-rraf'ping. For example, a mid-range l-chy R, J!fiTdii 

'pp. CPL'E f["()f1l liye' trapping (CPUEi..i"') preJicrs NM _R 

of approximately S-- 170 in?ividuak whereal> a mid- range 5

dm' CPUEr.,vc predicts N?l-H~ of approximately 75-125 

il1dividu~Js (Fig, 2). In contrasr, th(;fe was no improvement 

between mid-range I-dJy and 5-day CPUE from snap
trapping (CPUE~,,,p), which predict NM-- of appr,)ximarelyR 
50..-150 and 3S-190 individuals, respt:ctively (Fig. 2). 

Similar patterns were evident for S, trlurirms and i',J[. 

musculus, with the exception that 1'.1. murcu!us CPUEs"'Jp 
95'% prediction interval width decreased slightly with 

increasing sampling durarion, 

vVc captured R.. diaTdii spp., S. mUrimlJ, and /1/1. mu.',:u!u.l 

if'. all traps during live-trapping and snap-napping, alrhoug-h 

effectivcnc.;~ of each trap differed between ~pecieo. R. cliordli 

Table 4. SUl!r~~r tntirimJ; m()del-avem.ge(~ m::\rk-rCGlpnHe dod ft:-llloyal ahLlOd:.lIh.:eo eswnnleS', 5land<l.rd errors, codtlcien['S of VanaU01l 1 Qnd 95%. cnnfiJen.ce 
JnlL'f\<t1~ gtlit:C'.ucd frO'll l.ive~[r<1pping {:'Jv:_~~) and snap-tnlpplOg (\:Rf:.'\t) d~ta collcctl:'d in gr,ilssl.m(L LrV(aenll [orL'st) rnlxt'd, and native [orL~$( habinns on 
ellil.ln, ROtil. S<liP;.t.rl~ and ~rilllarl> MJ.rlllfla hbnd::" 2005-2006. \Vc dd nOT C,!pnJrc or obl-.{:rvc S. rnw-hmJ On Rota. 

0 

N:'>I_ll N iAEM 

Abundance Abundance 
I-hhi13( cStllnat'c SE CV 9,S·,{' CI <;~timate SF: CV 95% CI 

Cl.an~J 

C;r~\!-!!blld 20.J " 8 0.2'i 14.0-31.7 809 'l7.0 1..20 19.11.-271 () 

i\lixcd 27,9 37.2 1.3:\ 50-100.7 
$',.1.1pan 

Gr,,~slMll) 28 ~ 8.5 (un J9.()....<j5.5 511 b5.7 1.24 12.0-18L ~ 

1.~~tC!1~'fj(l !..'}re::it 67.~ 201 IUD ·nV-Jil7.2 ·136.8 550 () 1.16 RO.O-15147 
~\fL'(ed j 1.l.6 4.5 \l ..n 9.0-22.4 80.3 103,8 129 a0-283.~ 

i\·-lt:~ed 2 70 (, 19,2 0.27 47.0-1011 J llH 147.5 1.28 200-103 \i 
"K<.ifi"\·:' !i~n~~t 3D.0 94 OJ1 19.\1--18.4 135.4 168.8 US 27.0-41\(-,.2 

Tmi:lrl 
Gr~$sland 17.3 5.8 0.34 11.0-28.7 2!>.6 33.6 1.26 60-'12.5 
Le"l1i.'al:r-'t~ forest 143.1 39.7 0.28 93.o-nO.8 338.9 427.2 1.26 62.0-11. 7(] 3 
N:Hi\'\~ f()fl.·st 63.7 17.0 0.27 43.0-97.0 ·19.9 63.2 1.27 10.0-173.7 
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'f:.:lJble 5. ,),Tux ,.r;.;lu''.Ih,;s modd-a'r'eraged ~m"lrk~rer.apl"ure -and remo\~tll anundante e5tiJli."t~=" standard errors, coeffil:ie,nu; nf variation, and 95(J,~ confidence 
tn(ervals ge.nerared from li\re-trolpping (Nl\.1-RJ and snap~(f'JpPlng (5J RfM) data ("(.)Uected in gr;)~s.land, LerHQt'on forest, mix~d. and nllrlve forest habi[a[:; Oil 

Gu:,m, R"to. Solpan, and '[';nian, l\'brlana Islands, 2005-2006. 
~-~------_.~_._ ------------------~---- ---_... _---

1\T _
M R NRl':M 

Abundanoe Abund"ncc 
HlIb;t~t C.,rinl:i\te SF CV 95'1. CI estimate SE (.'V 95<1'0 CJ 

C";<l.nj·' 

Gr,:I~~i,tl'l\:': 17.., 4.U 0.2..> 15.0....25.3 35.2 20.7 (l,59 19.1)-7.'.7 
f<,)i,;;' 

( ;:';1~i-htnJ ·E.S 101 O.2~ 25.()-6U 54.4 37.8 0.69 24JHlR..1 
Lc}n:~lti7-a Lorc$[ 32.0 8.3 0.2(> 1'J.C!--48.3 20.5 1-\.8 0.72 9l)·-49.5 
Mi,,·d 5.1.2 12.7 0.24 32.f}"'78.J 34.0 23.9 0.70 L5.()-~O.'f 

N.H;,," fore;t 1.7 1.2 0.71 UH.O 
S:lipan lJ 

<...ir:l~sl<11Hi 80.5 17.4 0.22 51.0-114.6 1179 80.7 0.68 52.0-276.1 
I ,~umfna ~(}fcsr 3.2 1.6 O.SIl 2.0-6.J 

) "ivli>.c:d .1 2.3 ..... ) LOll i (1'-08 

T,nio,,' 
Gr:l.!5l.,land 14.6 4,4 0.30 9.0-23.3 4.5 3.9 0.87 2 (1-12.2 

._....._-_._._-_..--_....._-_._----------------------------------
\Vi,; (2pn.lcd 'l~ro ,),.{ m~ro~kJ ..:ll h :d\tS (j LL'Ur,lf;!(J !oresl, 1 JlL1xtd lubn.;;H, and 2 I)al:i~'-e r·(~restJ. 

:., \-\/,-:; C3.ptuJ::.d 7.t:ro }.I. mu._r:~",lu.~ :It 2 ')i{es (1 macd habltJ.t and 1 native t"ore:,:a), 
vV,· \-:lpn.JH~d ·'.e:ro- /~1 tJ"illJc:liu~{.u 2 si(cs. (l Lt'I.Jt>lrJ!!,1 forest 3nd I n3.nvc fore~l(). 

opp. caprur<:, were approximately 1J rimes grcatcr 1\1 bias de('.!cases "nd vanance wcreases as the number of 

Ha!';uruma li,-e-traps and Victor snar-traps, whercas S. parameter, in a model increases (Burnham and Anden:on 

Jl7/1ri17iiJ and A'1. IntrmL/U, captures were only slightly greater 2(02); however, this was not the case tor oar rnark

in Sherman [i,'e-traps and ;vluseum Special snap-traps (Fig. rceaphlfe models, which had highcr mean p"ramcter counts 
s). (R. diardii spp, = 16, S. murt"rllls"Oc 13, !V!. mUJwlu.< 12)C.-

Jnitial supply cost was much lower for snap-trapping rban did removal models (4, 4, 3, respectively). 

(approx. US3700 for ["raps) than for live-trapping (approx. Vle suspect that the high NRC-VI vari~1ncc is largely 
lJS$3,O()0 for traps, ear tas~, and application pliers). Victor 3.ttriburable to nondeclining' capcure, over ,uccessive ,am 

and 1\-1n;:;curn Spec La! suap-traps were also smaJJcr and piing' occasions. Snap- trllpping caprure;:; cll new individuals 
ltghtc) '>'pproX. 11 kg) rhan Haguruma and Sherman Live decl.ined :u only 4 of 14 sites with >5 R, Jiardli 'iJ'P
[:-:'1"-> (approx. ~·~5 kg). On rlVer(\ge, ~nar -trappiil~ H.:quin:d captures, 1 of9 ,ites with> S S. nil/nnw cap[Ure~, and 2 of 5 
k.% time (19."7 person-IH, SD '''' 3.8) over the 5-night sites with >5 Iv!. muswluJ captures. The obvious explailatio!1 
sampling period th~w did iive-trapping (31.8 person-hr, SD tor nondedining captures is 2. failurc of population closure 
=10.S), Howevn, sampling time was generally less than sit~ (i,e., births, dcaths, emigration, or immigrarion during 
preparation time (48,6 per~on-hr, SD '". 26.9), such rl1"t sampling), Of rhesc, neither deaths nor emigration can 

overall time requirements were not markedly differcnt explain non declining capt1.Hcs. In conrrast, both birrhs an.d 
between live-trapping (81.0 person-hr, SD .,,- 26,6) and immigration would add animals to th~ sampling area over 
;nap-rrapping (67.9 pcrson-hr, SD =" 27.2). time. \Ve suspect that births are unimportanr for ~}lOrt

duration sampling event" alrhough the maturation of
DISCUSSION 

.illveni}~ animals could be importanr. In fact, R. rli"rdii 
l\1ark-Reeapture and Remoy;I.! Abundance EstilIHlteS spp. juvenile C"apmres increased from J7% of total captures 
l),iIl,2: ,lara cclilen.co during ,~()mecutivc live-rrapping and during Jiye-trapping to 35 % of coral captures dur'rng ,nap'
"li.l}'-r;-~j.ppjni!, eVents, we demon,trate that rm,rk--reeapture tmppin~, and jLLvenile I'v!. mww!u.\ showed a similar in;;rc~\se 

<ll~\lnd:tnce estjrn·a.tes gencr:ltcd from live-trapping data from 2% to 12.5% of total capmres. Although these 
(]\;l\.t-R) were more precise than rcmoval abu~Jdancc increases could indic·.tte that maturation of juvenile ani mats 
e,rimates generated from snar- trapping dara (NRE:>t). made them increasingly avaiL,ble for capture, it seems 
Un foftun:trcly, without knowledge of trllc abundance we unlikely that rhis phenomenon would occur across Jllul["iple 
cannot cvaluatc rhe ,iccuracy of rhese estimarc;_ Jn practice, sites, habitats, and islands, 
truth i;; rarely known and researcher, must rely on A more plc.l\sibl~ explanation is thar remov~u of dominant 
,1bulld;Hl':(,' estim'ates ro "lisw~r rescarch qucsrion5. In th'at adulrs during map-trapping altered behavior of nondorni
frame\,vork, rhe gcneraUy poor precision of NREM, as n,ll1t juYeniles, thereby incrcasing thcir C3ptufc prob.bilirv 
demonsrrated bv large coefficients of v;uiation (>0.30) (Summerlin and \Volfe 1973). Removal of animal, aJso 
and wick 95~'" confidence iml,rvals, hmirs dlC utility of increases immigration risk, because tcrrirorial vacancies may 
rh,'>!.: c>timare' teH c:on,;cJv;!tion or man:lgemcnt al'plica attract anim,lls from outside the sampling area (Stickel 
rlolls, In ,'~Hltrasr, moST of !\JM-R had ,m~JJ coe.fficients of 1946, Fitzgerald et aJ. 1981). If immigration Wtre oCl'urri~lg, 

\'ari~tjon (:0:'0,30) ~!nd 95 "l" confidL'IlCC imerv:us. Typlc:~lly, we would expect most nc'w individuals to bc' "aptmed Oil the 
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Ftgure- 2. Rt1:uiullShip bctvrccr. Rort,/j' Ihmi//1' spp. lTI(lrk-r(;:c~pm(e abi.lmL.lnO::t" t:::lnP.:3t"C5 gt:n{~rat(;cl from ]l\re-rr.apping oaL3 .;.nJ caprufcs p~r una cft~)rr 

(Cl'l,IE, c"pnll,·,/lIlO ""''-''<:H~d [rar-night,) fi-orr: 1 day, 3 days. and:; day' oflive-tral'ping (CPUE I "J and s""l'-trapping (CP\.-'-E~",pJ ,on,!L,ctr<! ,11 sire" on 
Guam C', 7), R'm, (". 4), SJll'an (n 5), .)"d TlO;al (n, J)' !1'!<,r;<tn<l Isidnd;, 2005-2006, Solid Itn"' ;nd,ca[(: ,h,' b(:st-fij Ji,,<:, constrai.ned ttl pa" thr"ugh 
Ih( nrigH:: da~hed lil:es H~dlC':ne 95~"';J prtdlC[lon :nr~rval:;. 

pcr.irr.crcr of the grid, cspcci,dly during later. sampling generated trom rhe live-rrapping data set after excluding 
o,'o.:a~lOlh. l{ow,'\Tr, an',llysi~ of captures in perimeter (the 2 recdprures, Because these removab were figuranve, we did no't 
outer griJ rlm'" and columns) and Jllrerior rraps revc'.l.led expec.r increased caprure probability of llondominanr Indi
little evidence for immigration. Ob,erved captures in viduaL; or immigration and. therefore, predicted improved 
perimeter and interior traps were generally wirhin 5-10% precision in o.:omparison to NRE;\'I' Conrrary to cxpecrations, 
of expected capture; based on crap availability and ne\'er R, diardii -<pp. removal estimates generated from liv<;:
exceeded expected captures by > 10';"" during sampling trapping data genemUy had larger coefficients of. variation 
occasions 3-5. , and wider 9.5% confidence inrervals than LEd NRE!vr. Tn 

In a post hoc r,ttempt to turther evaluate sources of 1\lREl\l contrast, S. murinm remov"<u estimates generated hom live
V<lflanCe, we corl1parcd NRJ.::M with remoY',d estimates trapping data had smillieI' coefficienrs of variation 'JnJ 
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U,l1TOWer 95"'0 conhdel1ce intervals thMl did NRJ:M' jV1. 

l};ifSUt!U.I mdtcients of v:lriAtion and 95';'-;, confidence 
inrcrvaLs ·were gcner?Jly sinlllar bctwec~l removJl cstimates 
generated from live-trapping data and NRl::M . These re~ults 

suggesr thal Cacmrs other than increased cAprurc prob'1biliry 
o( nondominant individuals or immigration influenced NRFM 

prec:i"ilHI. \Vc suspect that rhe rcduced inflirmation content 
used to generate remDval estimates (from either Live-trapping 
or snap-trapping data) limits rheir precision in comparison to 
more intQnnation-rich mark-recapture estimates. 

Count-I}a~ed Index 
l>ing ~'\·J...H as our be,t measure of small-mammal 
olblllldanc:, we found th'\r CrUEL;," generally had narrower 
9)""/0 jl,edicrion interv,us tnlH, CPUE0n,p' The predicti\'e 
value or CPUELvc, increased with incn:.1sing sWlpling 
dunHion t,)r all species. In contrast, rhere was Little apparent 
benctlt to i"crtased odmpling duration on the prediclive 
value or· CPUES,

'J
r" t:Xcept for NJ. rliU.\(UIIlS. \Ve suspect that 

rhis improvement may relate to Iv!. mmcu/w snap-t.·apping 
c:.pmre suppression by R. dirmlti spp. or S. /llun."nu.; during 
e;\r!y ;;ampling occ",sions (Bnl'Nll et al. 1996), which (oulJ 
intlate 95 % prediction intervals tor CPU ESnal' ("rom 1 Jay or 
J (ldy; of 'cnnpling. 

InJicc, such '" CPU!::: are commonly used when rdative, 
r;\ther than "bwlur,:, mea;,urcs of abundance arc thought to 

be adequate to arbwcr research questions, under the 
assumption rhar they require less co<;tly dara collection :lnd 
aDJ.lys!:i methods th.lO dLO:iC required for abundance 
e~timAtioIl (Cng;eman 2003, 2005). \'\'hen all index is used 
to mO'litor popuiations ;lcrOSO space or time, howcver, the 
imrli.~jr assumption is rhal the relarionship between the 
index and true abundance is rnonownic and spatially and 
temporally wnstanr (~iehals 1992; Anderson 2001, 2003); 
in cb,s!c pppulation modeling terminology d1is is anal(1gou~ 

to tbe cunstant capmre probability (p) modeL Without 
kuowledg<: ()f tHIt' abundance, we cannor directly ev~luate 

thi~ relationship, but we can llse information providcd by 
our rnodeiing of live··trappin)!; and soap-tr~,pping data to 

e\'~lluate the as,umptjon of constant captme probability. Our 
rnodeling indiCAted no .<upport for the p model for R diardii 
~pp, and Rt best lirnjt<:d Sl1pport far S nlllrinus and iV1 
1IZUJm[u.1. I1btcad, capture probabilitY v~ricd over time and 
between habitars or ishnd" fClr eacb species. Ivladding of R. 
ditlrdii spp data also idemified several cov·ariatcs (i.e.; sex, 
ag<:, rtproducrive status, hody Si7.e, and rain amount) thar 
inilLl<'iJced capture probbihry. Simihtrly, C'lpture probability 
hekrogelleity (in rhe form of mixrure models) was 
imporutJr during mark-recaptur,· modding of 8. murinus 
and 1'1'1. 1Yl1I.,,'U!l/5 Ii\'(:, n·apping data. For rhese data, the 
assurnptiuf) or comrant capture' probability intrinsic to the 
'lpplic:lti<.,n of indices \va~ nor mct. 

In practice, ,pariai, temporal, or individual variarion in 
C<ll'ture probabiJiry ~eem likely during any population study. 
)Jof\<:thele~o, mallY haY<: argued that when data art oparse. or 
(:2.pture prohRbiliries are low, rhe known ncgativc bidS 
(unless capturc probability ~ 1) of count-based indiL·es may 
be prctcrred (McKelvey and Pearson 2001, Engem,"n 2005) 
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R. diardii spp. s. murinus M. musculus 

Fjgurc J. :\'rC::1l1 r<...I.Jttu~ ,i/ln'tit! ~lPP_. SUfl(l./.f Jf1UnlJUI) and 1t-1UJ rr.US(,dlh 

c:Jptun;~ per unil ~:(f()rr (CPlJE. Ci-lpruff.:>/1.00 ~orr~creu tr:lpvf}l.ght;,) J1~ 

H~gL1ruma (Sloll1darcl Trading Co.. 1101101\.lu. Ill) ,n,1 Sb,rm." (] i U. 
Sherman Trap~l ]11<:., Till1Jh::l~!:i(;C, Fl} hvc-trLips and Vll"TOt an<.llv-ru~<;:um 

Special sn.:tp-traps (VVoodstr~am C'-'1J.1C)i".ltlon, LIntz, PA) <.!llnr'.g sm,lU
manullal ~Jrnpiil1g Uj~ Gnnm, Rot:l, SOl!parl, and Tlni{~I1, J\.1arj.~n:::t Islands, 
2005-2006. Sampling eflC"r In CPUE cak"IJciclll$ ",d"de, only "'os wl,erc 
we cJ}'lture:d a spec.lc::l. R. diordu .5pp I " = 17 sires:, S. !YJ-Un·r.it!, f! .:::;:: 10 :;1!e.;, 
and 1~1. n/ugulu.(, n ::. I:) SH.t:S, Btlr-~ indlratt' 95~/o ~.onfjdt:ncc: nHcn·;d:-.. 

over the instability of model selection procedures, unknown 

bias, and large standard errors associated with estimates 
gentrated under these conditions (Otis er al. 1978, iVIeilkens 

wd Andelsoll 1988, .lVhnnlng et al. 1995, St;micy arid 
Burnham 1998). A1rhough this may bye been true iIi the 

past, advances io poplliation modeling proc:edures addft:~s 

man)' of these concerns. For example, Prog-ram :'I'IARK 
allows sitt:s to be grouped b~\sed on common ch:u·acterlstics, 
such as island Of habitat, to increase sample size, thereby 
reducing negative impacts of sparse data or low capturc 
probabiliry at some sites (Bowden et aL 2003, vVhite 2005). 
InformatiDn-theoretic model selection proccdures offer 
improvements over earlier techniques such as those 
implemented in Program CAPTURE (Otis et 'II. 1978) 
and allow generation of model-averaged llbundance aad 
variance estimare, (Bumham 'lIld Anderson lOll2). The 
abiliry to incorporate covariate; iuto popukrion modeling 
hail also improved flexibility and blOlog-ic:al relevancy of 
modeling procedures and can tesult in improved paramner 
estiml\tjo[) J.c,uracy and precision (\Vhire 200)"). 

Our evaluation of abundancc estimates ltnd index periCltlIl· 
anee is somewhat limited because we dId not k.now the tt!IC 

abund~lllce of the small-mammal popularions we sampled. 
"iTe note, however, that ft~W comparisons of esrimator or 
index per!clrmance involving srnall~marnmal populations of 
known abundance exist (e.r;., J\.hnojiig et 'II. 1995, 
P:mncllter et al. 2003, Conn et aL 2006). The,c wntwilcd 
;,tudies may have reduced applicability towards wild qmj]

mammal populations. For example. it i; not cltar thar 
single-species popu!:<tion, in ,mall e.nd()~ures (e.g., 0.02 ha, 
Conn et a.l. 2006; 0.2 ha, iVhnnillg et a!. 1995) or provided 
with supplemental food (Cono et al. 2006) are analogous [0 

wild popUlations. Furthcr, the effort involved in shlllying 
enclosed populations necessarily limits sample size, such th·ar 
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the rdnge of observed densities (e.g., 2,700-34,700 1'1.-1. 

mnfc·ulu.\/ha, Conn ct al. 2006) may not be comp'lrable co 
more natural conditions. Similarly, simulatilm-based evalu
ation of sampling methods. estim:uor perfonnance, or index 
l'erfoJn1Jnce (Oris er al. 1978, lvlenkens and Anderson 
1988, ::vlcKelvey and Pearson 2001, Conn ct al. 2004), 
<llthough v<lluabk for invesrigating robusrness to violarions 

of major ass:lmptions. may not represen t the full suite of 

corditions eOCl'untered duriHg s·ampling of wild small

nl,unn1al ~'opuhrion~. 

Trap Capture Rates 
\Ve tOl1lld variable caprurc rates berween our livc- and map
traps, most likely due to species-specific behavioral alld 

lU\lrphological traits. \Ve suspect that high R. ditlrdii spp. 
capture 1',1[e5 in Hagururna live-traps rdate to the ,,,'ire-mesh 

construction of this trap. whi.-.h may reduce the neophobic 
respon,e 'lbsenred for many Rattus spp. (Temme and 
Jack$on ]979, Jnglis c.r AI. 1996, Cl'lppcrron 2006) relative 
to dJl' more cnclosed Sherman tf;lp. \h/e ,;uspecr thar low S. 
J1illri;;I/I ~nd ;)11. lJIu.cm/w I [;\f-urama c'lprure rates rd,\te to 

n:duced tr~lp eth~,:tjv<?nes, du(' tIl tIl':: combination of f~eding 

behavlOr (hmi(cd observations sugge,r that these spe\-ies 

were les, likely than R. diardii spp. to attempt to remov~ 

bait from the hanging trigger in Hagunlmd traps,l and !c)V,-
body ma5~. Shemlall traps, which require an animal to walk 
acro,b the treadle upon entering the trap, seem more suitable 
for capruring low-mass species. Scveral studies comparing 
wire mesh trap, (H8gururna or others) with box traps 
(Sherman or Elliot traps) h·?ve noted simil;).r resuJt~ 

(O'F'lrrell cr at. 1994, Vlilson <;t at. 2nD?). 
\Ve ,Ubpcct that differential <::apt\lre rat,,~ In snap-traps 

rcLtG pnm~nly to morphology. Low N. diardi1 spp. capmre 
r,lte, ill Mu,eum Special WI/,' ljkdy oc.::urrecl be.::au;e rhe 

m'jJ docs not <::,liIsistemly kill this ,pe.::ies, with sumc injured 
animals Eke]}' escaping ii·om the trap. Similarly, we suspcet 

that the low body mass of ,H. mumillls often rrevcnts this 
,pecie;; from ~lCtivating Victor traps, which have consid
crabb nigger tensioll. The equivalent S. murinus c;J.pture 
rate in both snap-trap, sugg;e,t, tbM this intermediate-sized 
species was nc)t subject to the same trap-specific issues <ts R. 
diardii spp. and JH. mu..\(U,'us. Other smdies comparing snap
\t;lPS have l101t'd ,jrniLlr specIes-specific rt'illits (\Viener and 
Smith 1'.172, Pcr,dkton and Davi~on 1932, PnT\: et a!. 

1')96), sut:;gc>ting [hal >nap-rrap effeeriveness sh~uld be 

J"sc;sed for larger opecies rrior ro large-,ed1e s<l!l1pling 
~ll'tivit)e~. 

Sampling Cost and Effort 
We found that initial supp.!y cost was approximately 4 times 
lower t(lr snap-trappin~ than filr live-trapping babed on our 

prot(ICOI. Victor and ?...lusuern Special snap- traps were also 
smaller and lighter (approx. 5 times lighter) than lIagunJITla 
and Shennan !i\;e-traps, which could prove advantageous for 

n:scarch conducted in remote areas, rugged terrain, or dense 
\'I,.'gct.-lti(Jn. "\irhol:~h a\~cragc.; ~nap- tnlpping t~1.nc \vas lc~s 

th,n~ average !n'c-rrapi'in~ nnH.~. ")![e-c.;peclnc djf(trtnce~ 

wac only Fr(}JlOulIcl'CJ ~\r si res witb abundant small-mammal 

populatioll~. More importantly, when wc also considered 
sit~ preparation time there was, on average, only a 16"1" time 
savings for snap-trapping. 'oNe note, however, that rugged 
terrain and dense vCl~etation increased our site prcp;;ration 
time c:onsiderably; preparation time would likely bc 'nuch 
lower in other locatiom. 

lVL·\NAGEMENT IMPLICATIONS 
Tn our experience, snap-trapping and CPUE oftell produce 
unrel.iable information about small-mammal population~. 

However, continued usc of these methods, especially CPUE 
and other indices of abundance, seems likely due to limited 
research budgets. Wc f:ound th·at the pn:dietive utility of 
CPUE improved witlt increasing sampling duration, largely 
negating perceived time savings associ~lted with (his index. 
Snap-trapping and count-based indices lmy h~ve milit)' 
after validation against more rigorous sampling or estitna
rion procedure,. To b<: effective, however, validati''>ll should 
occur ,Kross thc full breadth of conditlOlb from which index 
data will be collected. The resuurces required r(lr thorough 

and repeated validation cffons might be oetter investcd in 
implemenrmg rigorolls J.nd robust sampling Illerhod~ and 
popularion ·abundance-e5limatioll procedures. 
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