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Abstractd We establishethe Tropical Monitoring Avian @ductivity and Survivorship
(TMAPS) progranmat sixsites gtation3 on Saipan, Northern Mariana Islanitis2008. Here we
provideresults of the first five yeaf@0082012)of the TMAPS progranon Saipan In particular
we reporton the breeding phenolggand vital rates ofour species:Micronesian Myzomela
(Myzomela rubratrg Rufous Fantail Rhipidura rufifrons saipanengis Bridled Whiteeye
(Zosterops conspiculatus saypprindGolden Whiteeye Cleptornis marchgi We alsoassessed
seasonality of &bitats using localSaipan International Airportainfall data and remotsensed
vegetation data (enhanced vegetation index [EVI] from the MODIS instrument of the NASA Terra
satellite) andwe tested hypotheses relatiiy| covariates t@vianbreeding penology and vital
rates EVI values varied substantially among stations, betweer(lwgttest in OctNov) and dry
(lowest in MarMay) seasons, and among years. EVI values \pestively related to monthly
rainfall. We capturedndividuals in breeding aalition in all monthswith someevidenceof
breedingpeaks in Feldun and to a lesser degree in -®ov (but variable among years)
Probability of capturing an individual in breeding condition was positively relateeMiattbn of
EVI from monhly mean vlues (based on mulsipecies model and singbpecies models for
Bridled Whiteeye and Golden Whiteye). Breedingproductivity (probability of capturing a
hatchingyear bird)in Apr-Jul variedsubstantially amongears(all target species) and stations
(Rufous Fantail and Golden Whitgye). Productivity of Rufous Fantail, Bridled Whige, and
Golden Whiteeye was strongly related to wetnd dryseason deviation from yeaand station
specific EVI.Annual survival was variable among sites (all specied)ya&ars (Rufous Fantail and
Bridled Whiteeye). Both Rufous Fantail and Bridled Whége had especially low survival in
annual interval following especially low dgeason EVI values. These results provide important
new insights into spatial and templovariation in the phenology and vital rates of landbirds on
Saipanand their habitats. Continuation of the TMAPS prognatm the futurewill help to ensure
that information needs critical for guidinige conservation of this insular avifaur@antinue tdbe

met

Key words Barker model,Cleptornis marcheicapturerecapture.enhanced vegetation index,
mist-netting, Myzomela rubratra Rhipidura rufifrors, survival, productivity, Zosterops

conspiculatus



TMAPS on Saipan 2008012 4

Introduction

Oceanic islandsare typically charactezed by high levels of specge endemism and
extinction risk(Kier et al. 2009) Island peciesface a variety of threats, inclung habitat loss
and conversion, exotic invasive species, and climate ch@rgeks et al. 2002, Benning et al.
2002) Despiteheimportant role of islands in maintaining global biodiversitgtaapplicableto
the managememind conservatioaf these speciesrerare, and most research and monitohag
concentrated oavery limitednumber of islands and speciesg.,de Lima et al. 201).

The Northern Mariandslandsare home to23 nativelandbird species, of which 16 are
consideredd r aangetri ct eddo ( f)amd®are<endé&mictp Ghe @rchipetago
(Stattersfield et al. 1998)Birdlife International(2014) suggest that nine of these species are
globally threatened; however, fedataexiston the status, trendghenologyand demography of
these spaes Status and trend data consist mainly of three widely spatzetiwide point
transect distance samplisgrveys conducted between 1982 and 2007 (Camp et al. 200f@dm
DFW roadside bird surveys$o{lowing methods of the North American BreediBgd Survey or
BBS; Sauer et al. 20)3onducted quarterly each year since 1991

Identifying spatial and temporgdatterns of demographic variabilian provide insights
into proximate causes of populatiochange (Saracco et al. 2008) Furthermore, ihking
demographic variatioio environmental factorgan provideadditional understanding othe
ultimate drivers of population change and camabeitical component for developing ristic
projections of population persistencethe face of increasimgvariable environmentBoyce et
al. 2014) Understanding demography and environmental drivers may be critical for conserving
island species for which demographic andiemmental stochasticity may play important roles
in determining population persistence due to small global populations and limited opportunity for
rescue from individuals unaffected by local drivers of population chéifigem 1991) Despie
broad acknowledgementf the need for demographic data in conservatioesearch and
monitoring programs that measure population vital rates are rare

Application of standardized constegffort mist netting and modern captiexapture
analytical techiquescan be arffective means of monitoring demographic rates of many leshdb
speciegDeSante et al. 2005a5uchefforts have been implemented across broad spatial extents

in North America and Europ@&obinson et al. 2009)In 2008 we established the Tropical Avian
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Monitoring Productivity and Survivorship (TMAPS)rogram on Saipan, Northern Mariana
Islands, following protocols developed for the Monitoring Avian Productivity and Survivorship
(MAPS) program in North AmericDeSante and Kaschube 2008hd we have operated this
program in each year since that time

Here wedescribe the results of the first five yearshe Saipan TMAP®onitoringeffort
(200871 2012) highlighting the importance afeasonal andnnual variation in this systenin
particular, ve providedata on the breeding phenology antl rates(productivity, survival)of
four landbird taxa:one species that occurs throughddicronesia Micronesan Myzomela
(Myzomela rubratry two that are subspecies that occur only on the islands of Saipan and Tinian,
Rufous FantailRhipidura rufifrons saipanengiandBridled Whiteeye(Zosterops conspiculatus
saypanj; and one species endemic to Saipan agdiguan (extirpated from Tinian)olden
White-eye Cleptornis marchgi(Schodde and Mason 1999, Slikas et al. 2000, Pratt 2810pus
Fantail and Golden Whiteye are of particular conservation concern due to evidenceaat
population declineCamp et al. 2009)In addition todocumenting spatial and temporal patterns
in avian breeding and vital rates, we examined patterns of vegetation seasonality related to rainfall
and links between plant productivity and avian breeding prabebiand vital rates.

Methods

Study areas and field methods

We established six mistetting stations in typical habitats utilized by landbirds on Saipan
(Table 1; Fig. 1).The island is composed of raised, terraced limedtmmeatiors culminating in
a northsouth ridgelinewith flat reefs along shorelingassociated pocket beachesd a reef
enclosed lagoanLand cover typesypical of the island include native limestone evergreen forest,
mixed evergreen forest, tang@ngan (eucaena leucocepls® scrub, coastal scrub or strand
vegetationfropical savannahand swordgragdliscanthus floridulukthickets. Selection of mist
netting stations was based uptwo factors 1) stationswere composed ofhabitat that is

representative ofhbse typicalof Saipan and the nearby islaaf Tinian and Rota2) chosen
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stations hd a highlikelihood of remaining intact during the propodce year duration of the
project.

Eachmist-nettingstation consisted of a sampling area of about 20 ha. Withicetiiteal
8 ha of each statioejght toten12-m x 2.5m, 30-mm mesh, 4ier nylon mist nets were erected
at fixed netsites. We operated each station one day per 1@ay period from 13 Aprill7 July
2008,11 April-15 July 200921 February® October 20Q, 23 March28 July 2011, and 1 Apsil
13 July 2012according to the standardized protocol used in the Monitoring Avian Productivity
and Survivorship (MAPS) prografbeSante and Kaschube 2009, Desante et al. 2@4)ing
Juy 2011 through March 2012 we operated stations on a different schedule according to our
Monitoreo de Sobrevivencia Invernal (Mo®hogranfDeSante et al. 2005bYnder this scheme
each station is operated for one pulse of three consecutive days, once per month, in order to be
able to analyze survivorship with more precision using meackptue analyses between pulses
rather than seasong/e intendedto operate nets for six morning hours per @dysampling
(beginning at 05:30 AST)However, nclement weather (mostly high sun and wind exposure) and
high capture rates at some sitesulted inslightly less and variable effortreong stationsand
years With few exceptions(< 3% of birds escaped from nets or were otherwise released
unbanded)all birds capturedn mist netswvere identified to species, af@ung = 'hatching year
adult = 'aftethatching year;,)and sexXbased orPyle et al. 2008, Radley et al. 20EHdbanded
with United States Geological SurveyBiological Resources Divisionumbered aluminum leg
bandsf not already so markedBand numbers of all recaptures were carefully recoriiée.also
collected acillary data onskull pneumaticizationbreeding condition, molt, wing length, and

subcutaneusfat deposition

Remotesensed/egetation @taand Relationship to Rainfall

We summarized Enhanced Vegetation Index (EVI) @atann et al. 2008)lerivedfrom
the Moderate Resolution Imaging Spectroradiometer (MODIS) instrument of NASA's Terra
satelite (http://terra.nasa.goy/to calculate covariates for productivity and capi@eapture
analyses. We based summaries on monthly EVI vatidéskm? resolution(MODIS product
MOD13A2). Prior to summarizing EVI data and extracting statscale covasdtes, we removed
cloud and aerosol contaminated pixels based on the quality assurance (QA) layer provided with
the monthly EVI filegSaleska et al. 2007)
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EVI is acompositanetric ofvegetation greennesét captures both straeral and seasonal
components of habitat quality,aludingprimary productivity (leaf chlorophyll content), leaf area,
canopy cover, and vegetation complexity. EVI outperforms other vegetation ir(@ices
Normalized Difference Vegetation IndeXDVI) in complex and humid habitats because it
exhibitsrelatively lowsaturation at high valuéXiao et al. 200%andis relatively irsensitiveto
clouds and smok@Miura et al. 1998, Xiao et al. 2003Relationshig between MODISderived
EVI andlocal vegetation conditions ka not been extensivelstudied Case studigshowever,
havereportedstrongrelationshifg between EVI andegetation features measured on the ground
such as leaf area indé&lenn et al. 2008, Park 2009, Potpheet al. 2010)We extracted station
scale values of EVI that represented interpolated monthly EVI values over theKodrmixels
closest to station coordinates (using the 'bilinear' option of the 'extract' function in the 'raster' R
package(Hijmans and van Etten 2012These monthly values were used to construct covariates
for ouravianbreeding phenology and demographic analyses

To better understanthe relationship between vegetation productivity and rainfall, we
modeled thenean EVI values for the six banding stations during each month betwge200ul
and Deember2012 as a linear function of theg-transformedotal monthly rainfall (in mm)
during those months Rainfall datawere collected atthe Saipan International Airport weather
station and were provided by the NOAA National Climate Data Center
(http://www.ncdc.noaa.goy/We lagged rainfall data byrhonth to better match acquisition esit
of MODIS data (beginning of the month) and the rainfall data-@#ndonth sum).To account
for temporal autocorrelation, we included @egressive terms in the linear modeth the
corARMA option in thefiglso function inthe nime packagéPinheiro et al. 20130 R (R Core
Team 2@3). We used a model witfive lagsin the autoregressive functidrecause a fifth order
model was selected as the most parsimonious basedwimg the lowesAikaike Information
Criterion (AIC) valuein a model set including models representing Wagious possible
autoregressive orders; model comparison was accomplishetheitaro function in R Results
were robust to the autoregressive order, as similar parameter estimates and inferences were

obtainedusing both a fifth andfirst-order autoregresge model
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Breedingphenology

To provide a broad overview of breeding phenology, we plotted summed numhbdtstof
(After Hatch Year oAHY) birds in breeding condition and not in breeding conditiormoyith
for each year and target species. Birdsewrtermined to be in breeding condition if they had a
clocal protuberance or brood patch of class 2 or 3e&ante et al. 201fér detail).

To better understand the link between plant phenology and avian breeding phenology, we
constructed generalizeghéar mixed models that modeled the probability of a captured bird being
in breeding condition as a function of the deviation of EVI in the month and year of capture from
the monthly mean EVI from Jan 20@8c 2012.We included random intercepts for spescand
individuals in this multispecies model. We standardized the EVI covariate to mean zero and unit
variance to facilitate estimation and interpretation. We also examined single species models for
each target species that included the EVI covariatesarandom effect for individuals. Models
were estimated with thgimero function in the Ime4 packag®ates et al. 2014h R (R Core
Team 2013) We report pofile 95% confidenceintervals for the EVI effectsfrom the
confint. merMOD function in Ime4although for Bridled White y e, we report Wal d¢

intervals due to difficulties in estimating profile confidence intervals for this species)

AvianProductivity
Our analyss of productivity derive from the basic methodescribed inRobinson et al.
(2007) We assumed a binomial model for the proportion of young (hatching bjieds)in the

catch:

Ng (NS + N2) - Bin( NG +N2A L),

st?

Y

where N is the number of young individuals captured at stagiQmheres = 1,..., 6station3 in

yeart (wheret =1,...,5 years; 20082012, N} is the number of aduffafterhatchingyea)
individuals captured at statianin yeart, and p[Y]St is the probability of a of an individual bird

captured at statiogin yeart being a young birdFor summarizing\_, and N2

st?

weonlyincluded

individuals captured durinthe ten 16d sampling periods that were consistent among the three
years (11 Aprid19 July) Sampling effort during this time was similar among years, ranging from
a low of 2,897 nehours in 2008 to a high of 36 nethours in 2010.We did not include a small
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proportion (< 5% for all target species) of individuals in analyses for which we were unable to
determine ages.

We usedlogit-linear models tdest hypotheses about spatial and temporal variation in
prodictivity and habitat (EVI) effects on productivityTo assess support for variation among
stations and years, we implemendagkneral (i.e., most parameterized) mdtat included station

(sta)) and year {ear ) effectsas fixed factors represented by as mang-ds =5 indicator
variablesfor sta, andt- 1 = indicator variables foryeay, an intercept representing the value of
logit(p[Y],) for reference station = BICA (see Table 1, Fig. 1), and reference year =&2@D8

continuous covariatepr.ef

st

representing the effect of effort prior to the temporal window defined
for the productivity analys. We calculatedor.ef,, as the logransformed (+1) summed Aeburs

bet ween the end of the previous yearb6s product

productivity time window) We included thepr.ef, effect in models to correct for potential

sampling variation due to net avoidance that may have been induced by netting prior to the period

over which we summed young and adult captures. We expecteqd,timaight have been
postively related topr.ef, due to the likely greater exposure of adults to sampling (young would

have likely been entering the population during the sampling periddg also considered
interceptonly (no space or time effect) models, aets with only spatial effects, and models with
only time effects; each combination was considered with and without effort efiektded We

did notconsidermodels with sta, : yeay interaction terms, as data wensufficient to support

fully saturated mods] and rankings of stations with respect to numbers of adult and young birds
were consistent among years (Saracco, Radley, and Pyle, unpubl. datayses&ed support for
the general models and all combinations of redypzedmeterets based oAkaike's Information
Criterion adjusted for small sample si£RICc) and AlIG model weights\;,, wherej = 1,...,8
models Burnham and Anderson 2002). Models were implemented usingghmé function in
the R statistical prograrand (R CoreTeam 2013 and model selection, modaVeraging, and
prediction functions in the R package MuMBarton 2013)

We considered a second set of models to test hypotheses about effects of EVI covariates

on productivity. Here our most general model was of the form:
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éevi.w, ,

~

. _ N !evi%_ds
logit(p[Y], )=, +sta # Brel &+biciw dey + eviddev+ eviwdey evid.g

= levimn

where b, is the interceptstas is a random station effecty, is the effect of the effort covariate

pr.ef, (as defined above), and the remainiygegression coefficient®preseredeffects ofone

or moreEVI covariates. We includedl-3 potentialcovariates in models that characterized spatial

and temporal variation iEVI. The first of thesegviw, ,, was the yearand statiorspecific

monthly mean EVI during thiate wet season (Séyiov) prior tothe temporal window defed for

productivity analysesThe secondevi.d,,, was the yearand statiorspecific monthly mean EVI

during thelate dry season (Mavlay; time periodoverlagping the time window defined for the
productivity andysis). Models including these covariates repressmypotheses that variation in
productivity resukdfrom both structural and seasonal (wet or dry) components of vegetatmn.
only included one of these two covariates in a given model, as theyhigaig correlatedn( =

0.669, d.f. = 28P < 0.0001).We also considered covariates representing deviation eviw, ,

and evi.d, values from their statioapecific wet and dry season averages across the fiveofears

the study (e.g., for the wet season this wouldebew dey, , - eviwdex). We denote these as
eviwdey ,and evid.dey. Thesecovariates represesd hypothess that productivity varied

largely as a function of vetgion productivity during the wet and dry seasons, respectivialy.
represent the hypothesis that productivity varied as a function of overall vegetation structure and

productivity, we consideremodels witha fifth covariate evimn, whichwas the average monthly

EVI value across afive years of the studyCovariates were standardized to mean zedouait
variance prior to analyste facilitate estimation and interpretation
We assessed support for the EVI covariate models l@asAtC: and AIG: model weights
(wj,, whereherej = 1,...,32 modelsBurnham and Anderson 2002). Models were implemented
using thefigime rfunctionof the Ime4 packag@ates et al. 20140 the R statistical progragir
Core Team 201)3and model selection and modeleragingusing functionsn the R package
MuMiIn (Barton 2013)We report profile 95% confidence intervals for the EVI effects from the
confint.merMOD function inlme&dnd pl ot s of i nt e pldlMER3dfnd ef f ec
function in the LMERconveencefunctions packag@&remblay 2013)
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Capturerecapture models

We usednodels developed for the joint analysis of megkapture and resightingcovery
data(Barker 1997, 1999p model captureecapture data collected betwefgpril 11 and July 19
of each year ancécaptures of marked birdscurringbetween thesmonthst our ©Dngéi dat a
in the context of the Barker modeNVe included all individuals in analyses for which ages were
determined in the field to HY or AHY. The structure of th& a rmiodzldallowed us talefine
sampling periods that spanned samgpbperiodsand protocols that were consistefteach year,
while alsoexploiting recaptures outside of these periods as supplementtd ddtam estimation
of survival and temporary emigration parametddespite their flexibility for handling capter
recapture data in the context of irregular annual sampling, Barker models have received little
attention ina purely capturerecapturecontext(Ruiz-Gutiérrez et al. 2012)

The Barker model includeseven estimable parameters, including:§lannual survival
rate; (2)p, recaptureprobability ofa marked individual during a regular sampling period (i.e.
between Feb and May(B) F, probability of site fidelitypetween yearg4)F gorobability ofreturn
for a temporary emigrant.€., probability ofa marked individual not on the study area in titne
returningto the study area in time+ 1; (5)r, the probability of recoverg a dead marked
individual between regular sampling periods (i.e., between May and Feb of the following year);
(6) R, the probabilityof recapturing an individual between regular sampling periods given that the
individual survives the interval betweergtar sampling periodsnd (7)R4 the probability of
recapturingan individual alivebetweenregularsampling periodsgiven thatthe individualdies
sometime between those regular sampling periods

The basic Barker model can accommodate grouping steuaenud covariates to provide
insights into factors that affect vital rates and detection param@arker 1999, Slattery and
Alisauskas 2002, Barker et al. 200¥Ye focuseanostmodeling efforts othe survival parameter,
S We interpret this parameter as apparent, rather than true, survival, as we set the fidelity
parameterF, to 1, andhe return parametér do zero to facilitate estimatior-or all models of
S,we includedan indicator variableage to denotehe intervalafterfirst capturefor individuals
banded as HY birds We consideredmodelsfor which survival wasset asspato-temporally
constant (i.e.§[.] models) as well as modethatallowedSto varyas a function of group factors

representingyear (whereS(t) represents survival between yeandt + 1), and stationsta. We
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also considered models that only alemhadult birds (i.e. birds marked as AHY or older and birds
marked as HY birds in years 2+ after initial capture) to vary by stasiti{') or year (year™"
). To test hypotheses about EVIgvincludedcontinuous ovariatesn modelsthat represented

EVI effectson survival inadultintervals. EVI effects includedevi.d;™ (mean dryseason [Mar
May] EVI at stationsand yeat) eviw/" (mean weiseason [Seplov] EVI at statiors and year
t), evid.deg™ (deviation of dryseason EVI at statiomyeart from the 5yr [20082013 mean
dry-season EVI at statics), eviwdey"" (deviation of wetseason EVI at statisend yeat from

the 5yr [2008-2012]mean wetseason EVI at statia), andevimif™'", the mean EVI value across

the 5-yrs of the study. W considered all combinations of modfs Sincluding no spacéme
effects, statiofrvarying survival, timevarying surviva) single B/I covariate effect models, and

additive and full interaction models including teeid.dey, and eviwdey, variables For the

sake of simplicity, we focused modeling efforts here on adult survival, however, future efforts
might also consider these effects on young birds.

We modeled the remaining model parameters of the Barker model as follows. First, we set
r to zero, because no individuals were ever recovered dead, and no effort was expended in
searching for dead bird#A very small number of individuals (16) was either found dead in mist
nets, or died prior to release, presumably as a result of injury due taettiay. We excluded
these individuals from our analysi¥/e modele@ as either timeconstant or as a fgtion of year.

We modeled R and RO6 as constant across tespace
zero for the interval between 2008 and 2009 (no netting effort between periods) and for the interval
after 2012 (again, no effort after July2012).

We compared models using AIC corrected for small sample size, 1@ assessed model
support using Alemodel weightgwi,, wherei = 1,...,33models;Burnham and Anderson 2002)
Models were run in program MARRNVhite and Burnham 1998sing the RR Core Team 2013)
package RMarkLaake 2013)
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Results

Remotesensed Vegetation Data and Relationship to Rainfall

Enhanced vegetatiomdex (EVI) values varied among stations, between wet and dry
seasons, and among years (Fig. 2). Mean monthly EVI values were lowest at the most southerly
and lowest elevation station, OBYA (0.41); and highest at thedlghation sites, MTAP (0.59)
andLATA (0.60). EVI values were lowest late in the dry season {May) and highest during
the late wet season (OWlbv; Fig. 2A). The pattern of annual variation in EVI during the dry
season was similar among stations, with peaks occurring in 2008 anangdbtvest values in
2009 (Fig. 2B). Patterns in annual variation in-aeason EVI were less clear, although all stations
except OBYA had relatively high EVIin 2011 (Fig. 2C).

Monthly variation in EVI was positively related to rainfall (Fig. Rainfall and EVI were
strongly seasonal with marked wet and dry seasons (Fig. 13 rainfall covariate (on legcale)

in our regression model with temporal autocorrelation was highly significant (

F=0.020SE =0.006P =0.0C; Fig. 3B).

Capture summargndbreedingphenology

We recorded,004capturegexcluding samalay recaptures)f 5,381lindividual birdsof
13 species We were able to determine ages HY or (at least) AHY % 94938 of all
individuals. Rufous Fantail was the mostommonly captured sp&s (4,083 captures,
representingp1% of the total), followed byBridled Whiteeye (1,444; 186 of total) Golden
White-eye (1,242 aptures; &% of total) and Micronesian Myzomela (52aptures; 7% of total)
Capture ratesf aged individualdetween Aprll and Jul 19 (banding period common among
years) expressed as meaumber of individualper 100 nethours for each speciegge class
and statiorare presented in Table 2.

Timing and extenbf reproduction based on captures of adudis in breedig condition
suggested high variabilitgmong species andithin and among years (Fig). Relatively few
adult Rufous Fantad were captured in breeding conditi@®? of adult captures) compared to
Micronesian Myzomelél 7%), Bridled Whiteeye(19%), or, especiallyGolden Whiteeye 31%).

Based on our mukspeciegyeneralized linear mixemhodel, pobability of capturing a bird

in breeding conditionvas positively related to deviation of EVI in the mooftcapturefrom the
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five year monthly EVI mean(Ez 0.29;SE =0.05;95%¢Cl:0.19 -0.?). From single species
models, Bridled Whiteeye (5:1.58;SE =0.47;95%CI:0.66 - 2.)) and Golden Whiteye (

k= 0.34;SE =0.09;95%¢CIl:0.16 - 0.f) also showedgignificantlypositive EVI covariate effects
on probability of captured bird being in leding condition.

Productivity
Our analysis of capture data from the ten sampling periods that were consistent among

yearsshowed substantial evidence of spatial and temporal variation in produ¢Tiaiile 3;Fig.

5). We found support for annual vatizn in productivity forall four focal species § w; for

models including/ear effectsranging from 0.57or Bridled Whiteeye to 1.0Gor theremaining
species; Table)3 Productivity was relatively low in 2008 (lowest year for Gen Whiteeye) and

2009 (owest year for the rest; Fig).5Variationin productivityamong stations was supported for

Micronesian Myzomela anBufous Fantail § w; = 1.00for models withsta; effects; Table 3)

Micronesian Myzomelg@roductivity was highest at the drier lestevation station OBYA, while
Rufous Fantail productivity was highest at the hédgvation (and higiieVI) station MTAP.
We found strong support for effects of deviation of wet and dry season EVI values from

their stationspecific seasonal meansy.wdey,, and evid.dey) for all species except

Micronesian Myzomela, for which we found little support for E¥fects(§ w; < 0.20 for each

EVI covariate). Themost weltlsupported model for Micronesian Myzomela included only the

prior effort effect (pr.ef, ), while the best model for the other three species was the full interaction
eviwdey ,® evid de) model (Table 4). Each of the threspecies showing effects of EVI

deviation from statiorspecific seasonal means showed unique responses (Fig. 6). Rufous Fantail
productivity was highest when EVI was relatively high in both the wet and dry seasons, while the
two goldeneye species showedghiest productivity when EVI was relatively high in one season
and low in the oter. Bridled Whiteeye showed an overglbsitive response to E(TTable 4),

such that predicted productivity tended to be high when both wet and dry season EVI were high
and bw when both were low. In contrast, Golden Wiate showed a somewhat negative
response overall (Table 4), with predicted productivity tending to be low whenever seasonal

deviation in EVI was similar for wet and dry seasons (Fig. 6).
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Capturerecapture aalyses
Apparent survivab We found support for spatial variation in survival for all four target
species. The top (lowest AJdnodel for Micronesian Myzomela and Golden Wiatee included

only station 6ta,) effects (in addition tage effects, which wetiacluded in all models; Table)5

For Micronesian Myzomela, we were able to estimate sunatvdive stations (all but KIFI),
among whichestimates were highest at SATA and lowest at KHffhough 95% confidence
intervds overlaped for all stationsFig. 7). Survival estimates for Golden Whége were also
highest at SATA(although precision was lowgnd lowest at OBYA (Fig. 7). The top survival
model for Rufous Fantail and Bridled Whigge included both station and yearegy) effects
(Table 5. Survival estimates for Rufous Fantail were highest at KIFI and lowest at MTAP (here
too there was broad overlap in confidence intervals) and highest in 2011 (i.e., th202@Q11
interval) and lowest in 2009 (i.e2009201Q Fig. 8. For Bridled Whiteeye, we were able to
obtain survival estimates for five the stations (all but KIFllamong these survival was highest
at the SATA station and lowest at OBY(ig. 8). We were only able to obtain reasonable
estimats of Bridled Whiteeye survival for the 20020, 201011, and 20112 intervals; as for
Rufous Fantail, survival was lowest in 2609 andincreasing through 20112. Although we did
not find modelselection support for EVI effects on survival, low surVifiea Rufous Fantail and
Bridled Whiteeye in 2009 coincided with lowest dsgason EVI values (Fig. 2).

Apparent survival ratewere considerably loweon averagdor HY birdsthan for AHY

birds. From best models that only included age effects, diftaxemvere greatest for Micronesian

Myzomela with HY survival being only about 1/3 of AHY survivaE:é 0.154; SE=0.112;

95%CI = 0.032- 0.49 for HY birds v. £= 0.464; SE=0.06895%CI = 0.336- 59 for AHY
birds). Differences were least for Bridled Whége, for which survival estimates for spao

time-constant survival for HY birds was about 2/3 of AHY birdE:(O.ZSG; SE=0.084;
95%CI = 0.109 - 0.43 for HY birds v. £= 0.372; SE=0.050;95%Cl = 0.280- 0.47 for AHY
birds). Differences were intermediate for Rufous Fanta'rE: 0.322, SE=0.03g;

95%CI = 0.261- 0.39 for HY v. f= 0.559; SE=0.01€; 95%CI = 0.527 - 0.5€ for AHY
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birds) and Golden Whiteye with HY(/Ez 0.31€; SE=0.07%; 95%CI = 0.189- 0.47 for HY

v. F= 0.569; SE=0.035; 95%CI = 0.499 - 0.63 for AHY birds).

Recapture probability Modelselection results suggested that recapture probability was

time-constant for Micronesian Myzomelaldble 5 estimate from top modef=0.20€;

SE=0.048; 95%CI = 0.127- 0.31) and Golden Whiteye (IE:O.ZOS; SE=0.028;
95%CI = 0.154- 0.26 for AHY birds). For Rufous Fantail and Bridled Whigéye, we found

support for timevariation in recapture probabilityrable5; Fig. 9).

Discussion

The first five years of the Tropical Avian Productivity and Survivorship (TMAPS) program on
Saipan have provided new insights into the timing and extent of(Ryé& et al. 2008, Radley et
al. 2011, Junda et al. 2012)dbreeding, and into the demography of this insakdfauna. For
target species examined hewse showthe timing and extent of breeding and vital raede
highly variable among years and sites. Additionally, we showfdthestd habitad of Saiparare
highly seasonal with respectptant productivity and thahis seasonality appears to drpegterns
of breeding and productivitior at least somé&ndbird species Adult survival rateswere also
highly variable among sitesdbr years

Although we found generally distinct seasons defined by patterns of annual rainfall and
vegetation greening, there was also substantial variation among sites and years. Accordingly, the
timing of captures of birds in breeding condition appeared to vary amondaassigh complete
annual data not available fail but the 20142012 season). There was some indication of two
seasonal peaks in breeding, one during the dry season and another smalleripgakel wet
season. This pattern was not strong, howesed,we recordedndividuals of target speciem
breeding conditiom all months (with exception of Bridled Whigye which wasnot captured in
breeding condition idanuary. These findings extend inferences about breeding timing described
by Craig (1996).Our EVI-breeding analysis suggests that plasticity in breeding timing is likely
related to responses in vegetation greenness (particularly for theaybigpecies). Bimodal peaks

in avian breeding coinciding with biannual peaks in rainfall have beanrsin other tropical
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systemge.g.,Schondube et al. 2003, Diniz et al. 2Q18)wever, continuous or extended breeding
seasons aress wellunderstood.

Extended or bimodal breeding seasons make assessments of breeding productivity
difficult, as does inconsistent annual sampling protocols aimed at meeting multiple objectives.
Nevertheless, our analyses of breeding productiutyngthe April-July periodsuggested strong
annual variation for all target species, as well as differences among stations for Micronesian
Myzomela and Rufous Fantail. Variation of three of the species (all but Micronesian Myzomela)
appeared related to deviai of EVI from mean values during the dry and wet seasons. Each
species showed a unique pattern of productivity response to seasonal EVI deviations, a finding
that could reflect unique foraging niches or diets that may be linked to variation in vegetation
greennesge.g.,Craig and Beal 2001However, in general, the three species responded positively
to vegetation greenness in at least one season.

Variation in annual sampling protocols (due to variation in annual funding and competing
objectives) complicated capturecapture analyses, however, our implementation of Barker
capturerecapture models based on a fixed annual sampling period with supplemental recapture
data between periods made efficient use of the extra data provided in years with extended sampling
(Ruiz-Gutiérrez et al. 2012)n addition, by allowing recapture probabilities to vary as a function
of year, we accounted for thetpatial influence of net avoidance related to extended sampling in
some years in affecting recapture rgf@eche et al. 2013)Indeed, annual declines in recapture
probability for Rufous Fantail across yearsd aleclines for Bridled Whiteye in the last three
years, suggest that net avoidance was an impastardaffecting recapture probabilitie®eclines
in recapture probability for Brldd Whiteeye are especially problematic because capture
probability gpears to be generally low for this species (possibly resulting from their tending to
forage in vegetation strata above rmst level Craig1990).

Capturerecapture analyses showed strong spatial (all species) and temporal (Rufous
Fantail and Bridled Whéeye) variation in apparent survival rate8lthough we did not find
strong model support for EVI effects on survival, apparent survival rates for Rufous Fantail (and
to some extent Bridled Whieye) were especially low for the 20Q9 survival perioddllowing
especially low dryseason EVIin 2009. Nevertheless, we have only begun to explore relationships
between survival (both adult and young), movement (temporary emigration), and seasonality of

habitats. Sampling protocols initiated in 2013 wilibere conducive to assessing the importance
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of conditions during dry and wet seasons in influencing seasonal survival and movement patterns
(Saracco et al. 2014)

Given the dearth of data on Micronesian landb{isig 1990, 1996, 2002, Rodda et al.
1998, Craig and Beal 2001, Mosher and Fancy 2002, Sachtleben et al. 2006, Camp et,al. 2009)
establishmenand implementatiorof the TMAPS progam on Saipan represents a significant
advance innforming the conservation of these specigéhe need for understanding the dynamics
of landbird vital rates is pressing given the many threats to the persistence of these populations
such as those asso@dtwith habitat loss the potential introduction of brown #eake Boiga
irregularis (Rodda et b 1998; Camp et al. 2009and the general vulnerability of small endemic
island taxa There is also a critical need to better understand links between eclandt
phenological and demographic responses of species on the island given projections of warmer,
wetter (and potentially more variable) conditions in the coming de¢audiins et al. 2010, van
Oldenborgh et aR013. Continuation of TMAPS on Saipan in a mantiet can efficiently and
effectivelyaddressnformation needmto the futurewill be an important tool for meeting pressing

conservation challenges into the future (Saracco et al. 2014).

Acknowledgments

We thank he U.S. Fish and Wildlife Servider fundingthe CNMI Division of Fish and
Wildlife through State Wildlife and PittmaRobertson Wildlife Restoration GrantSayle Martin
and Laura Williamsassisted in securingitial fundsfor the project Environmental Systems
Research Institute, Inc. (ESRI) provided Geographic Information System software support through
the ESRI Conservation Progrankield data from 2008 were collected by IBP biologist interns
James Bradley and Christina Carter, datanf2009 were collected by Anne Lindsey Crary and
James Junda, data from 2010 were collected by Crary, Nathan Banfield, Caroline Poli, Lauren
Helton, and Daniel Webb, and data from 2@012 were collected by Matthew Chmielewski,
Maxine Whetstine, Kai Zhandgrian Robinson, Erin Rowan, and Brent Thomps®e thank
John Shipman of Zoological Data Processing for entering banding Datael Lamar and Leno
Olopai assisteth securing access to studseas Amy Finfera andRon Taylor helped recruit and

train field crews, provided office support during field seas@nd assisted with data entry and



TMAPS on Saipan 2008012 19

verification. This is Contribution No. 47&f The Institute for Bird Populations.

Literature Cited

Barker, R. J. 997. Joint modeling of liveecapture, tagesight, and tagecovery data. Biometrics
53:666 677.

Barker, R. J. 1999. Joint analysis of manlecapture, resighting and ingrecovery data with- age
dependence and markuedfect. Bird Study 46:S8591.

Barker, R J., K. Burnham, and G. White. 2004. Encounter history modeling of joint-mark
recapture, tagesighting, and tagecovery data under temporary emigration. Statistica Sinica
14:1037 1055.

Barton, K. 2013. MuMIn: Multimodel inference. R package version.13

Bates, D., M. Maechler, B. Bolker, and S. Walker. 2014. Ime4: Linear reifedts models using
Eigen and S4. R package version-.0

Benning, T. L., D. LaPointe, C. T. Atkinson, and P. M. Vitousek. 2002. Interactions of climate
change with biologidanvasions and land use in the Hawaiian Islands: Modeling the fate of
endemic birds using a geographic information system. Proceedings of the National Academy
of Sciences 99 :142464249.

Birdlife International. 2014. Endemic Bird Area factsheet: Marianalands.

http://www.birdlife.org/datazone/ebafactsheet.php?id=189.

Boyce, M. S., C. V Haridas, C. T. Lee, and the N. S. D. W. Group. 2014. Demography in an

increasingly variable world. Trends in Ecology & Evolution 217148.



TMAPS on Saipan 2008012 2C

Brooks, T. M., R. A. Mittermier, C. G. Mittermeier, G. A. B. da Fonseca, A. B. Rylands, W. R.
Konstant, P. Flick, J. Pilgrim, S. Oldfield, G. Magin, and C. Hiiaylor. 2002. Habitat
Loss and Extinction in the Hotspots of Biodiversity. Conservation Biology 169250

Burnham, K.,and D. Anderson. 2002. Model selection and rmlbidel inference: a practical

information theoretic approach. 2nd edition. Springerlag, New York, New York, USA.

Camp, R. J., T. K. Pratt, A. P. Marshall, F. Amidon, and L. L. Williams. 2009. Recert atatu
trends of the land bird avifauna on Saipan, Mariana Islands, with emphasis on the endangered

Nightingale Reedvarbler Acrocephalus luscinia. Bird Conservation International 19:323.

Collins, M., S:I. An, W. Cai, A. Ganachaud, E. Guilyardi;F. Jin,M. Jochum, M. Lengaigne,
S. Power, A. Timmermann, G. Vecchi, and A. Wittenberg. 2010. The impact of global
warming on the tropical Pacific Ocean and El Nifio. Nature Geosciencd 3$891

Craig, R. J. 1990. Foraging behavior and microhabitat use of twciespef whiteeyes

(Zosteropidae) on Saipan, Micronesia. The Auk 107:508.

Craig, R. J. 1996. Seasonal population surveys and natural history of a Micronesian bird
community. The Wilson bulletin 108:24867.

Craig, R. J. 2002. Aspects of flocking belmin an endemic Pacific island whigge. Journal of
Field Ornithology 73:7073.

Craig, R. J., and K. G. Beal. 2001. Microhabitat partitioning among small passerines in a Pacific
island bird community. The Wilson Bulletin 113:3B26.

Desante, D. F., K. MBurton, P. Velez, D. Froehlich, and D. R. Kaschube. 2014. MAPS Manual:
2014 Protocol. The Institute for Bird Populations, Point Reyes Station, CA USA.

DeSante, D. F., and D. R. Kaschube. 2009. The Monitoring Avian Productivity and Survivorship
(MAPS) Prgram 2004, 2005, and 2006 Report. Bird Populations 9&6



TMAPS on Saipan 2008012 21

DeSante, D. F., M. P. Nott, and D. R. Kaschube. 2005a. Monitoring, modeling, and management:
Why base avian monitoring on vital rates and how should it be done? Pag864i85C. J.
Ralph and T D. Rich, editors. Bird Conservation Implementation and Integration in the
Americas. U.S. Forest Service General Technical Report-BSR/191.

DeSante, D. F., T. S. Sillett, R. B. Siegel, J. F. Saracco, C. A. R. de V. Alvarez, S. Morales, A.
Cerezo, D. Kachube, B. Mila, and M. Grosselet. 2005b. MoSI (Monitoreo de Sobrevivencia
Invernal): Assessing Habit&pecific Overwintering Survival of Neotropical Migratory
Landbirds. Pages 92836 in C. Ralph and T. D. Rich, editors. Bird Conservation
Implementationand Integration in the Americas. USDA Forest Service Gen. Tech. Rep.
PSWGTR-191.

Diniz, P., D. M. Ramos, and N. Chemin. 2013. Breeding biology of-Geasted Finches. The
Wilson Journal of Ornithology 125:59299.

Glenn, E. P., A. R. Huete, P. L. Nagland S. G. Nelson. 2008, April 1. Relationship Between
Remotelysensed Vegetation Indices, Canopy Attributes and Plant Physiological Processes:
What Vegetation Indices Can and Cannot Tell Us About the Landscape. Multidisciplinary
Digital Publishing Institte (MDPI).

Hijmans, R. J., and J. van Etten. 2012. raster: Geographic analysis and modeling with raster data.

R package version 1-82.

Junda, J. H., A. L. Crary, and P. Pyle. 2012. Two modes of primary replacement during prebasic
molt of rufous fantailsRhipidura rufifrons. The Wilson Journal of Ornithology 1246827 .

Kier, G., H. Kreft, T. M. Lee, W. Jetz, P. L. Ibisch, C. Nowicki, J. Mutke, and W. Barthlott. 2009.
A global assessment of endemism and species richness across island and mainland regions.
Proceedings of the National Academy of Sciences of the United States of America 106:9322
9377.

Laake, J. L. 2013. RMark: An R Interface for Analysis of Capieeapture Data with MARK.
AFSC Processed Rep 2002. Page 25. Seattle, WA.



TMAPS on Saipan 2008012 22

De Lima, R. F., JP. Bird, and J. Barlow. 2011. Research effort allocation and the conservation of

restrictedrange island bird species. Biological Conservation 144627.

Miura, T., A. R. Huete, W. J. D. van Leeuwen, and K. Didan. 1998. Vegetation detection through
smokefilled AVIRIS images: An assessment using MODIS band passes. Journal of
Geophysical Research 103:32001.

Mosher, S. M., and S. G. Fancy. 2002. Description of nests, eggs, and nestlings of the endangered

nightengale reed warbler on Saipan, Micronesia. TiHsdW Bulletin 114:110.

Van Oldenborgh, G. J., M. Collins, J. Arblaster, J. H. Christensen, J. Marotzke, S. B. Power, R.
M., and T. Zhou. 2013. IPCC, 2013: Annex |: Atlas of Global and Regional Climate
Projections. Pages 1311394in T. F. Stocker, D. QinG-K. Plattner, M. Tignor, S. K. Allen,

J. Boschung, A. Nauels, Y. Xia, V. Bex, and P. M. Midgley, editors. Climate Change 2013:
The Physical Sci ence Basis. Contribution of Working Group | to the Fifth Assessment
Report of the Intergovernmental Pamel Climate Change. Cambridge University Press,
Cambridge, UK.

Park, S. Y. 2009. Synchronicity between sateliiieasured leaf phenology and rainfall regimes in
tropical forests. PE&RS, Photogrammetric Engineering & Remote Sensing 7612331

Pimm, S. L.1991. . The balance of nature: ecological issues in the conservation of species and

communities. University of Chicago Press, Chicago, IL.

Pinheiro, J., D. Bates, S. DebRoy, D. Sarkar, and the R. D. C. Team. 2013. nlme: Linear and
Nonlinear Mixed Effects Mdels. R package version 3l11.

Potithepa, P., N. K. Nasaharab, H. Muraokac, S. Nagaia, and R. Suzukia. 2010. What is the actual
relationship between LAl and VI in a deciduous broadleaf forest? International Archives of
the Photogrammetry, Remote Sensamg Spatial Information Science 38:6634.

Pratt, H. D. 2010. Revisiting species and subspecies of island birds for a better assessment of

biodiversity. Ornithological Monographs 6712®.



TMAPS on Saipan 2008012 23

Pyle, P., P. Radley, J. Bradley, and C. Carter. 2008. Manuagjiing and sexing birds on Saipan,

with notes on breeding seasonality. Point Reyes Station, CA USA.

R Core Team. 2013. R: A Language and Environment for Statistical Computing. R Foundation for

Statistical Computing.

Radley, P., A. L. Crary, J. Bradley, Cager, and P. Pyle. 2011. Molt patterns, biometrics, and
age and gender classification of landbirds on Saipan, Northern Mariana Islands. The Wilson
Journal of Ornithology 123:58894.

Robinson, R. A., S. N. Freeman, D. E. Balmer, and M. J. Grantham.Q@7.t i 6 s War bl er
cetti : anal ysis of an expanding popul ati on
population is constant, but overwinter survival has become increasingly dependent on winter
temperatures. Bird Study 54:23tB5.

Robinson, RA., R. Julliard, and J. F. Saracco. 2009. Constant effort: Studying avian population
processes using standardised ringing. Ringing & Migration 24280

Roche, E. A., C. R. Brown, M. B. Brown, and K. M. Lear. 2013. Recapture heterogeneity in cliff

swallows: increased exposure to mist nets leads to net avoidance. PloS one 8:€58092.

Rodda, G. H., E. W. Campbell, and S. R. Derrickson. 1998. Avian conservation and research in
the Mariana Islands, western Pacific Ocean. Page$38a7n J. M. Marzluff and R.
Sallabanks, editors. Avian conservation: research and management. Island Press,
Washington, D.C.

Ruiz-Gutiérrez, V., P. F. Doherty, E. S. C, S. C. Martinez, J. Schondube, H. V. Munguia, and E.
IAigo-Elias. 2012. Survival of Resident Neotropical Birds: Gdexations for Sampling and
Analysis Based on 20 Years of BiBhnding Efforts in Mexico. The Auk 129:50809.

Sachtleben, T., J. L. Reidy, and J. A. Savidge. 2006. A description of the first Micronesian
honeyeater (Myzomela rubratra saffordi) nests faum&aipan, Mariana Islands. The Wilson
Journal of Ornithology 118:30815.



TMAPS on Saipan 2008012 24

Saleska, S. R., K. Didan, A. R. Huete, and H. R. da Rocha. 2007. Amazon forestspydeeimg
2005 drought. Science (New York, N.Y.) 318:612.

Saracco, J. F., D. F. Desante, an®RDKaschube. 2008. Assessing Landbird Monitoring Programs
and Demographic Causes of Population Trends. Journal of Wildlife Management 72:1665
1673.

Saracco, J. F., P. Pyle, E. Rowan, R. Taylor, and P. Radley. 2014. Closed Robust Design Modeling
of 2013 Sgpan TMAPS Captureecapture Data. Point Reyes Station, CA USA.

Sauer, J. R.,, W. A. Link, J. E. Fallon, K. L. Pardieck, and D. J. Ziolkowski. 2013. The North
American Breeding Bird Survey 1968011: Summary Analysis and Species Accounts.
North American Fana 79:132.

Schodde, R., and I. J. Mason. 1999. The directory of Australian birds: passerines. CSIRO

Publishing, Collingwood, Australia.

Schondube, J. E., E. Santana C., and |. Rtgeda. 2003. Biannual Cycles of the Cinnamon
bellied Flowerpiercer. Biotipica 35:250261.

Slattery, S. M., and R. T. Alisauskas. 2002. Use of the Barker model in an experiment examining
covariate effectsonfirstear survival in RossO0Os Geese ( C
of Applied Statistics 29:49608.

Slikas, B.,I. B. Jones, S. R. Derrickson, and R. C. Fleischer. 2000. Phylogenetic relationships of
Micronesian whiteeyes based on mitochondrial sequence data. The Auk 117:355.

Stattersfield, A. J., M. J. Crosby, A. J. Long, and D. C. Wege. 1998. Endemic bird fatleas o
world: priorities for biodiversity conservation: Birdlife Conservation Series No. 7. (B.

International, Ed.). Cambridge, UK.

Tremblay, A. 2013. LMERConvenienceFunctions: A suite of functions to-fifiked effects

and forwardfit random effects, awell as other miscellaneous functions.



TMAPS on Saipan 2008012 25

Whit e, G. , and K. Bur nham. 1999. Program MAR
marked animals. Bird Study 46:1i2(B8.

Xiao, X., B. Braswell, Q. Zhang, S. Boles, S. Frolking, and B. Moore. 2003. Sensitivity of
vegetation indices to atmospheric aais: continentascale observations in Northern Asia.

Remote Sensing of Environment 84:8892.

Xiao, X., D. Hollinger, and J. Aber. 2004. SateHlitased modeling of gross primary production

in an evergreen needleleaf forest. Remote sensikgwwfonmemn 89:519534.



TMAPS on Saipan 2008012

Table 1.Station names, codes (see Fig. 1 for locatioms)jorhabitat typesgeographic coordinateslevationsand summary of

annual effort for the six migietting stations operated on Saiglaming 20082012

Effort (nethours}

Latitude, Elev.
Station Code Habitat longitude (m) 2008 2009 2010 2011° 2012
Bird Island BICA Tangantangan 15°15'45" N, 30 572.3 574.2 1407.7 1590.0 10667
Conservation Area (Leucaena 145°48'50"E (583.7) (567.3) (535.0)
leucocephalnforest
Laderan Tangke LATA Lowland tropical 15°15'10"N, 207 520.5 522.2 1379.8 1579.0 1116.7
rainforest and 145°47'54"E (584.0) (534.7) (537.3)
tangantangan forest
Sabana Talofofo SATA Casuarinasavannah  15°13'07"N, 161 414.7  429.0 1102.8 1351.0 957.3
with swordgrass thicke145°45'44" E (463.5) (470.7) (477.3)
Kingfisher KIFlI Lowland tropical 15°13'02" N, 23 406.7 450.0 1033.3 1293.8 8933
rainforest with riparian 145°46'37"E (462.7) (450.5) (449.3)
zone
Mount Tapochau MTAP Submontane tropical 15°11'01"N, 274 421.7 4540 1078.3 12953 847.3
rainforest 145°44'04" E (462.7) (468.7) (456.8)
Obyan OBYA Tangantangan forest 15°06'31"N, 1 561.2 5435 1314.8 15%4.3 10775
145°43'49"E (539.0) (574.3) (518.5)

a1 nethour =1 12m x 2.5m mist net opn for 1 hr.

® Numbers in parentheses representhmeirs operated during the 10 sampling periods that were consistent amor(d yegosl-19

July).
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Table. 2. Meamnnualcapture rates (birdBd0 nethours)of aged birds (young or aduftr all specis captured from Apr 21Jul 19
of each yeaat the six mishetting stations operated on Saiganosshefive years 20082012.

Station
BICA LATA SATA KIFI MTAP OBYA
Species Young Adult Young Adult Young Adult Young Adult Young Adult Young Adult
Yellow Bittern 0.03 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(Ixobrychus sinensjs
Philippine TurtleDove 0.00 0.10 0.00 0.19 0.00 0.00 0.00 0.09 0.00 0.05 0.04 o0.07

(Streptopelia bitorquata
White-throated Groundove 0.18 0.60 007 034 0.00 017 009 135 0.04 0.26 0.07 0.11

(Gallicolumba xanthoura)

Mariana FruitDove 0.00 0.11 0.00 0.04 0.00 0.28 0.00 0.00 0.00 0.09 0.04 o0.038
(Ptilinopus roseicapilla

Collared Kingfisher 050 131 0.26 177 000 0.13 0.04 120 0.09 053 0.22 0.33
(Todiramphus chloris

MicronesianMyzomela 040 236 062 089 101 347 009 098 048 123 040 0.29

(Myzomela rubratra
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Table 2, continued.

Station

BICA LATA SATA KIFI MTAP OBYA
Species Young Adult Young Adult Young Adult Young Adult Young Adult Young Adult
Rufous Fantail 425 1495 408 1986 035 184 120 744 336 520 481 16.39
(Rhipidura rufifrong
Nightingale ReedWarbler 0.00 039 004 026 0.09 052 000 0.00 0.00 0.13 0.00 0.00
(Acrocephalus luscinija
Bridled Whiteeye 064 399 136 518 057 178 0.13 049 068 277 195 741
(Zosterop<onspicillatu3
Golden Whiteeye 244 981 132 469 0.17 058 053 321 105 432 0.22 0.76
(Cleptornis marchei
Micronesian Starling 0.07 028 011 0.26 004 046 0.13 0.19 0.00 0.30 0.00 0.07
(Aplonis opaca
Orangecheeked Waxbill 0.04 044 000 0.07 0.00 036 000 0.00 0.00 0.04 0.00 o0.77
(Estrilda melpoda
Eurasian Tree Sparrow 0.00 0.00 0.00 0.00 0.04 054 000 0.00 0.00 0.00 0.00 0.00

(Passer montangis
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Table3. Model selection rgults for models assessing support for spatial and temporal variation in productivity for four target species
captured from Apr 1-.Jul 19 of each year at the six ramstting stations operated on Saipan across the five year22Q@80nly

lowest AIC, models and models within AIC_ points of the best model are shown.

Species Model No. parameters DAIC, AIC, weight (w,)
Micronesian Myzomela sta + pr.ef, 7 0.00 0.45
sta + year 10 0.52 0.34
sta, + yeay +pref, 11 1.56 0.21
Rufous Fantail sta, + yeay 10 0.00 0.71
sta, + yeay +pref, 11 1.82 0.29
Bridled Whiteeye year 5 0.00 0.71
year + pr.ef, 6 1.92 0.27
Golden Whiteeye year 5 0.00 0.70

year + pr.ef, 6 1.91 0.27
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Table 4. Modehveragedtandardizedegression coefficients (95% confidence intervals) faea$f included in top models of model
sets examining hypotheses relating the enhanced vegetation index (EVI) to productivity. Model sets were run for Epedaget
captured from Apr 14Jul 19 at the six migtetting stations operated on Saipan aths five years 2008012.

Species pr.ef, eviwdey, , evi.d.dey, eviwdey, , : evid de)
Micronesian Myzomela 0.87 (0.52, 1.22)

Rufous Fantail 0.73 0.56,0.9)  0.28(0.12, 0.45) 0.49(0.35, 0.62 0.40(0.26, 0.54)
Bridled Whiteeye 0.61 (0.36, 0.87) 0.20 ¢0.06, 0.45) 0.22 (0.01, 0.43) -0.26 €0.47,-0.04)

Golden Whiteeye 0.48 (0.19, 0.78) -0.29(-0.58, 0.00) -0.16(-0.38, 0.06) -0.58(-0.82,-0.34)
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Table5. Sample sizes andadelseletion results fothe apparent survivag] andprimaryrecapture§) probability parameterérom
Barkercapturerecapturanodelsapplied to data ofour target species from six migsetting stations on Saipan, 2602812. Only top
(lowest AIC, modelg are shown; all other models wer@ >AIC_points oftop modelsAll models also included an age (HY v. AHY)

effect forg.

Initial age capture Recaptures Model NG AIC, weight
Species HY AHY  Primary Interval L p parameters (W)
Micronesian Myzomela 69 180 26 24 sta, . 10 0.89
Rufous Fantail 423 1058 295 400 sta + yeay yeay 17 1.00
Bridled Whiteeye 137 515 31 37 sta, + yeay year 17 0.73

Golden Whiteeye 141 457 87 74 sta, : 10 0.39
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Fig. 1. Locations of six banding stations operated on Saipan, Commonwealth of the Northern
Mariana Islandsluring 20082012 Station codes are defined in Table 1. Isbews Mariana
Island chain, excluding northern islands.
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Fig. 2. Distribution of statioiscale values of MODHgerived enhanced vegetation index (EVI)
values (A) by month (individual points represent ygaecific values for each station; boxplots
delineate quartiles with whiskers bounding thé' @®rcentile) and (EC) by year during the late
dry (B: MarMay) and wet (C: Seplov) seasons. EVI values represent interpolated monthly
EVI values over the four-km? pixels closest to station coordinates.
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(Ww) |ejurey

Fig. 3. (A) Time series showing annual and seasonal variation in average monthly enhanced

vegetation index values at the six mmgttting stations on Saipan during Jul 2al&ac 2012 and
monthly rainfall recorded at the Saipan International Airport. (Ba&onship between monthly

mean EVI and rainfall; curve shows kigear model fit.
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Fig. 4. Numbers of adult captures not in breeding condition (dark shading:tMmd") and in breeding condition (light shading;
"Breed") by month (typically 3 samplindays/mo) and year #ite six mistnetting stations on Saipan during 262@&12.
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Fig. 5. Estimatedroductivity index (probability of capturing a young [HY] birand 95%
confidence intervals derived fromodetaveraging of 8 logistic regression méslassessing
spatial and temporal variation in productivity (see TableNddels were applied to capture data
from 10 sampling periods (11 Ap#l9 July) completed in each of thiee years 2008012
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Fig. 6. Predicted productivity in relation towigtion of the enhanced vegetation index (EVI)
from 5-year mean values during the late dry (Niéay; evid.dey,) and late wet (from previous
SepNov; eviwdey, ,) season from toperforming (lowest AlG) models examining EVI

effects on productivity for three target species. Predictions are based on capture data collected
during the 10 periods (11 Aptl9 July) sampled in each of the five years (200&2).



