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1" ABSTRACT

#' Debate about the conservation value of secondary habitatsnuesl tdocus on tropical forests,
$" increasingly recognizinthe role of secondary foredts biodiversity conservatiarHowever,

% there remains a lack of information about the conservation value of secondary sadanmas.

&' weconducted @amera tragurveyto assess theffect of secondaryegetatioron large

'" mammalgn a Brazilian Cerradprotected areaisinga single season occupancy framewrk

(" investigatehe response of individual species (spetéeel models) and of all species combined
)" (communitylevel models)Additionally, we investigated the cosffectiveness of different

**  sampling designs to monitor globally threatened species in the study area. For corgmahity
+"  models there wasioderatesupport for the effect of succession stagearupancythough
" secondary aredbat regenerated fromucalyptus plantation had simileemmunity occupancy
1#" estimateas old growth areaSpecieslevel modelshowedittle support for the effect of
I$"  successiomn occupancyof the ten species assessed. Our redeltisonstrat¢hat secondary
196" vegetation desnot appear to negatively impact large mammals in the study area and suggest
1&" that, given a favourable context, Cerrado mammals can recokmizesesecondary habitats
" that regenerated from clear cHbwever, arr study areghouldbe considered a besase
I(" scenario, as ttetained key ecological attributassociated withigh-value secondary habitat
" Oursimulations showed thatsamplingdesign with 60 camera trap sites surveyed during nine
I*" occasions is appropriate toonitormostglobally threatened speciesthe study argaand could

#+'  be a useful starting point for new monitoring initiatives in other Cerrado.areas

#
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O debate sobre a import%oncia de habitats secundirios para a conservas<o tende a focar em
florestas tropicais, existindo evidencia considertvel sobre o papel das florestas secundifrias na
manutene<<o da biodiversidade. Entretanto, praticamente n<o existenafw sobre a

import%oncia de savanas secundpees a conservas«o. Neste traballitdizamos registros de
armadilhas fotogrificas e modelos de ocupas<o para avaliar o efeito da vegetas«o secundiria
sobre mam’feros de mZdio e grande porte em uma urdeéactnservaso do Cerrado.

Investigamos tambZm a relas<o custteref'cio de diferentes desenhos amostrais para monitorar
espZcies globalmente ameasadas de extine<o na frea de estudo. Para os modelos de comunidade
houve suporte moderado para o efeito ddgestsucessional sobre a ocupas<o, apesar de que

Freas securfdas que regeneraram de plantio de eptaliveram estimativa similas™freas

primfrias. Para os modelos de espuieive pouco suporte para o efeito do estfgio sucessional
sobre a estimativa de ocupas<o das 10 espZcies avalidolssos resultados mostram que
aparentemente a vegetas«o sectimin<o afeta de forma negativa os mam’feros de mZdio e

grande porte na tree estudoAlZm disso, os resultados sugerem que, em um contexto

favorfvel, mam’feros do Cerrado podem recolonizar e usar habitats secundirios que regeneraram
ap—s o corte raso. Entretanto, nossa frea de @steder consideradeomouma situas<o

ideal,j¥ queoshabitats secundiriosela encontradgsossuem caracter’sticas de ambientes

alto valor para conservas<o. Nossas simulas>es mostraram que um desenho amostral com 60
pontos de armadilhas fotogrificas amostrados durante nove ocsapespriad para monitorar

a maioria das espZcies globalmente ameasadas presentes na frea de estudo, e pode ser um pont

de partida para novas iniciativas de monitoramento em outras freas do Cerrado.
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THE AREA OF THEPLANET COVEREDBY SECONDARY VEGETATIONIS PREDICTED TONCREASEBY
betweer35-75% by 2100, resultinop alargedecreasén primary habita(Hurtt et al.2011)
Given suclprojectedchanges,excondary habitatwill become an essential element of lorger
termconservatiorstrategiesCurrently, most of the debate about the conservation value of
secondary habitats has focused on tropical fofegtsChazdoret al.2009; Gibsoret al.2011)
with a great deal of research supporting role ofsecondary forests in the mainteoarof
tropical forest biodiversityn the face of growing threa(Barlow et al.2007,Chazdoret al.
2009,Dent & Wright2009,Solaret al.2015- thoughseeGibsonet al(2011)on the

irreplaceability of primary fores}ts

Despite theesearchnterest in primary and secondary forefitereremainsa lack of

informationabout theconservéon value of secondary savaspandfar less attention has been

devotedio suchhabitats Even the definition of secondary savanna is not straightforward. Some

authorg(e.g.BackZus 1992, Barget al.2002)have adopted the term as a synonym of derived
savannausingit to describesecondary vegetation established after the destruction of a forest
ecosystemWe adt thesuggestiorirom Veldmanet al.(2015)anduse the term Osecondary
savann® to characterizesavannaegetation that regeneratieda regionthat historically

supportedsavannacosystems.

Cerrado, the Brazilian savanmaformed by a wideariety of vegetatiorphysiognomes
encompassing grassland, savanna and forest formdelfiéi €t al 2004; Ribeiro & Walter

2008, but themost widespread physiognomgnsists ofh savanna composed triges and large

$ll



%

#+||

#

#H#'

#$'

shrubs about-8 m tall generating 260% cover, with a grass layer in the ground |éReltteret

al. 1997) In general the grass layer tends to decrease as the tree and shrub cover increases, and
the balance between these two components of the vegetation depends on fire frequency, soll
fertility and precipitation level¢Durigan & Ratter 2006, Veldmaet al.2015) Cerrado

originally coveredaround25% of the counyr (IBGE 2004)before widescale conversion to
anthropogenic land useSfficial estimats indicatethat approximately 50% of trexosystem

has alreadybeen converted (MMA 2@1). Expansion of farmland is the main driver of habitat
loss in Brazilan ecosystem@ . apolaet al.2013) and this threat is even maaseutein the
Cerradowhere40% of the Braziliaragricultural GossDomesticProductis producedMMA

2014) In spite of its importance to the agricultural industry, some converted land may be
abandoned or set aside, which could haweartant implications fopersistence oivildlife. This
land abandonment carccurfor a variety ofreasonsincluding economic changésat makean
agriculturalactivity financially inviable or adjustment téegislation where a portion of the

propertymust be set aside for environmental purposes

Since most Cerrado vegetation physiognomies are, to some extent, capable of natural
regeneratiorfHoffmann 1999, Sampatt al.2007, Abrewet al.2011) abandoned lands may
recover to fornsecondaryegetatiorgiventime. For example, Jeps¢A005)studed land cover
dynamics in central Braz€erradg andfound that half of théandconvertecbetweenl986 and
1999(ca. 670 knf) regeneratethto secondary native vegetatiddowever secondaryegetation
is structurally, floristically anéunctionallydifferent from the originabld growthvegetation

(Whitfeld et al.2014, Pezzinet al.2014, Gomes & Maillard 2015)

Cerrado regeneration generally follows a path from open to dense vegetation, with

regenerationypified by an increase in tree density and height, and a decrease in herbaceous
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cover(Durigan &Ratter 2006, Maillard & CostRereira 2010)However, other factors such as
frequency of fire andoil conditions also influence the characteristics of thedateession

stage, which can even support a vwileloped grass layéveldmanet al. 2015) Differencesn

habitat structure and plant community composibetweersecondaryandold growth

vegetatiorcould influence spatial distribution and abundandeacd! fauna Forexample

species that rely on the grassy layer for food or shelter may respond positiae increase in

the amount of secondary savanna in the landscape, especially in early regeneration stages. On the
other hand, frugivorous animals could be negatively affectexh@horicplant specieare

replaced by thoseith abiotic dispersiosyndromen open Cerrado formatiorfgKuhimann &

Ribeiro 2016) These impacts on herlaikes could subsequentlyfluencehigher trophic levels,

ultimately affecting the whole animal community in drea

Besidesavoidng habitat conversiofNaughtonTreveset al. 2005, Carranzat al.2014)
protected areamay alsopromotevegetation recovergn abandoned langdasanthropogenic
impacs arereducedand natural succession is likely to happEinese observations are borne out
in thecase of Veredas do Peruaeu State Park (VPSP), a protected area in the Wieerado
roughly one third of the area is secondary vegetation that regeneratetdeafteut Gomes &
Maillard 2015) VPSP harbours a rich large mammal fauna, comprising at least 28 species >1kg,
including globally threatened and rameecies(Ferreiraet al.2011, 2015)These facets make the
protected areareexcellenfocationfor studying the impact of secondary vegetation on mammal

abundance and distribution

Here, we use a quaskperimental design in order to assess the effect of secondary

vegetation on large mammal occupafioyerpreted as probability of use; Manzieet al.2004).
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Since species with different ecological requirememdy respond in different ways to vegetation

change, we predicted that

(1) occupancy o$peciesvith wide dietary breadstlisuch as yellow armadillBuphractus
sexcinctusmaned wolfChrysocyon brachyurusnd pumd&uma concoloyrwould not be
affected by succession stage because they could shift their diets to acajationin resources

(e.g.Dalponte & Tavaregilho 2004, Jacomet al.2004, Morencet al.2006)

(2) occupancy would be lower in secondary savanna for species that have fruits as an
important part ofhe diet(such asAzaraOagoutiDasyprocta azaraavhite-lipped peccary
Tayassu pecarnd lowland tapifTapirus terrestriy, due to a decrease in zoochoric trees and
shrubg(Kuhlmann & Ribeiro 2016and because larger (thus, older) plants generally produce

more seeds and frui(€hapnanet al. 1992, Greene & Johnson 1994, Zardo & Henriques 2011)

(3) occupancy would be higher in secondary savanna for herbivores that feed
predominantlyonthe grass layesindfor species that favour more open habifatsch as Pampas
deerOzotocerodezoarticusand giant anteatélyrmecophaga tridactydlaassecondary

vegetation in VPSP tend to have a more open ca(®pges & Maillard 2015)

Though individual speciamayrespond differently, we predicted community occupancy
(a measure of overall use by large mammalbe higher in old grotlhh savanndor two reasons:
1) denser savanna formations tend to have higher net primary produEratyeet al. 2006,
Pontes 201Q)xand?2) few specieshat potentially occuin VPSP(ca. 10%)have theecological
characteristic$o greatly benefit fronsecondary vegetatioAdditionally, due to a lack of
specific recommendations on occupancy gtesign for Brazilian mammals and also to inform

the establishment of cesffective monitoring strategies in the Cerrado, we explored the effect of
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different sampling schemes on the precision of occupancy estimates for the globally threatened

species reaaled.

MATERIALS AND METHOD S

Stubpy AREA.N We conducted the study at Veredas do Peruaeu State Park, Minas Gerais state,
southeastern BrazilThe 310 km state park protects part of the upper Peruasu River watershed,
a priority area foconservation in Braz(MMA/PROBIO 2007)embedded in the Cerrado

hotspot(Myerset al.2000)(Fig.1).

VPSP ispredominantlycovered withsavannaregetationcerradostricto senscovering
approximately 95% of the are&/WF-Brasil 2014) generally presenting a fairly dense woody
layer(Maillard & CostaPereira 2010)Veredaba humid grassland dominated by the palm
specieMauritia flexuosabis also an impdant vegetation typeccurring along the Peruasu
River andis concentrated in thearkOsorthern andhorth-westernlimits. The PeruasuRiver,
and associated lakes, is virtually the only source of water inside VPSP during the dry Beason.
topography at VPSP is relativeflat (700 to 850 m €l) and the climate ikighly seasonalwith a

dry seasorirom April to mid-Octoberand a weseason from mi@ctober to March

Before being legally protected in 1994, the area was used mainly for eucalyptus
plantations, and, to a lessextent, for charcoal production from native trees and cattle ranching.
A single companyvas responsible for the eucalyptus plantation, which took place from late

1970s to the beginning of 1990s in more than 1/3 of the parkOsaar20(knf) and involved
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the clear cut of theativevegetationGomes & Maillard 2015)The remainder of the company's
land was kept in its natural state with little or none direct human interference over the vegetation

during the period of eucalyps production, resulting in maintenanaf old growth vegetation

Charcoal production from native trees and cattle ranching occurred diffusely in smaller
properties around the eucalyptus company land, but was more frequent in the southern portion of
VPSP. It is not possible to accurately determine whether only oneseftive activities
happened in a specific location, buisilikely that a mix of both occurred frequently, with first
most of the woody vegetation being removed for charcoal and then cattle being brought to
browse on the herbaceous layer, with regularofisiee. For this reason, we classified these
areas as mixedse Scattered and small patches of less distusagdnnanay have remained

within these areas.

Savanna areas used for eucalyptus plantation in the past have a more open canopy
shortertrees smaller basahrea and slightly less trees and shrubs per hatianeold growth
savannaNaillard & CostaPereira 2010GGomes &Maillard 2015) whereasthe \ariation in
vegetation structureithin former eucalyptus areassubtle and is likely to bieetter explained
by fire history and other local conditions than regeneratior(Mgélard & CostaPereira 2010)
We did not have accurate information on vegetation structure of ras@mreashowever, a
lower NDVI value in portions of southern VP8Bomes 2006and the general appearance of
the vegetation allow us to infer that vegetatibncure in sites that we classified as mixes is
more similar to areas used for eucalypidsspite the difference in vegetation structure between
secondary and oldrowthsavannagboth of them fall within a single Cerrado physiognomy

(cerradostricto sensy WWF-Brasil 2014).
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With protected area establishment in 1994, all the economic activity in the area finished

and thesavannaregetatiorieft to naturally regenerat The age of secondamegetations not
homogenous throughout the study areauasalyptus trees were logged in difatyears
(Maillard & CostaPereira 2010)At the inception of our studyhe youngessecondary

vegetation in VPSP had been regenerating forelssandthe oldest fo28 years.

DATA coLLECTION.N We surveyed 5@&amplingsites(Fig. 1)with camera traps (Bushnell
Trophycam)following a sampling design that has been widely adopted to estimate large
mammal occupancy in different regions of the woddj(Ahumadaet al. 2011, Kinnaird &
OObrien 2012, Roveeb al.2014, Beaudrogt al. 2016) We divided the park ihreesections
wherepotentialcamera trap locationsere establishedt a density of onsamplingsite per 2
km?. We set the cameraps within a 100 m radius of thgrid coordinatesin order to select
locationswith highest probability of recordingrgemammas. Fortwo camera trapshowever,
due to extremely dense vegetation, placemastincreased from 100 ma®00m radiugrom

the predetermined gridoordinates

We surveyed a block of sites for approximately 89gland then moved the equipment
to surveythe nextlock for approximately the same amount of tiffie minimize the probability

of changes in occupancy duringraiudysamplingwas conductednly in the dry seasoand in

a relatively short period, betwe8ruly and13 October 2012No lure or bait was used to attract

animals.

DATA ANALYSIS. N We assembled a detection history matrix for ezfdhe 18 large mammal

species recordednd followingpreviousstudiesdefined a sampling occasiassevencamera

Pall
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trapdays (Gray 2012, Ahumadat al.2013) We analyzed data using the sengkeason
occupancyframework, arapproach where occupancy and detection parameters are estimated
simultaneouslysing replicated detection/natetection surveyfMacKenzieet al.2002,
Mackenzieet al 2006) In additionto the regular occupancy model (Mackengial. 2002),we

also obtained occupancy estimates usiegRoyleNichols modela type of occupancy model
where heterogeneity in detection results from variation in the focal organism abu(ffaylee

& Nichols 2003) We adoptedhis additional approach asyaéethodological comparator and to

assess reliability

In our study, tiis possible that individuals of some wider ranging species were recorded
in more tharone camera trap site, failing to meet the assumgptiboonstant occupan@nd of
spatial independence among sampling giacKenzieet al.2006) According toMacKenzieet
al. (2004)this first assumptior{constant occupancypuld be relaxed if movement between

locations occurred randomly (as it is expected for highly mobile species with large home

ranges), but in this case estimates of occupancy is better interpreted as an estimate of probability

of use, and not as probabjlibf occupancyHereaftey we interpret our estimates the

probability that asamplingsite is used by givenspecies, an approaealdoptedn other
occupancy studieg®.g.Zelleret al.2011, Tobleret al.2015) Not meeting the second
assunption(spatial independence among sampling sitasjead tounderestimabn of standard
errorsof occupancy estimatgsut this problentanbe detected by an assessment of model fit
and corrected using a variance inflation factor (Macieseizal. 2006) Since none of our species
models had evidence of lack-fit (see the end of this section), we believe this is not a major

problem in ourstudy.



" We first conducted an exploratory analysis usinty the null model (occupancy and

#'  detectiorheldconstanticross sites) to assess each speciesO detection profddaikgnzieet

$' al. 2002). We defined a cutoff value for detection probability of 0.1, below which occupancy
% estimatexould be biasgdeavingtenspeciego be individually analyze(lade S1, we also

&' excluded puma due ieery imprecise occupancy estimates kwk of convergence in some of

""  the models

(" For each of tese tenspecies we fittefurther modeldo investigatethe effect of
)" secondary vegetatiaand of other factors that could potentially affect large mammal occupancy
**  (Table 1) We classified each sampling site according to vegetation succession stage, vegetation
+"  physiognomy, shortest distance from potential water sources and shortest distance from the
" Peruaeu River inside VPSP (Table 1). Within succession stage, sectathantswvere
I#" subdivided according to their use in the past: eucalyptus plantation or-nsggmix between
I$" charcoal production from native trees and cattle rangh@®gmera trap location relation to
196" trailswas treated as a covariate for detection protlfiliable 1).Since the number of sampling
I1&" sites is not particularly large, wetétlunivariate models to avoid over parameterizaticn e

" did not use models with more than one covariate per parameter estimated).

e We tested the community response bynbining data from all 18 specigsa single

" matrix, and analyzed it using the single season occupancy framework (Maciesiz002).

*"  Since data from all species wem@oed togetherpccupancy estimatesethe probability of use
#+' by any of the species in the community, and can beassn overall measure of large mammal
#!" use.The same process was usedhabe species level analygseven days grouped as a

##' sampling occasigroccupancy estimatdésom the regular occupancy and the ReMihols

#$' mode). Additionally, weadded two detection covariates: trophic guild and mass (TalAd 1).
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analyses were conducted usthgunmarked packag@-iske & Chandler 2011pr R (R

Development Core Team 201&)d all models presentedhievedconvergence.

We used Akaike Information Criterion (AIC) values to rank and compare models and
considered that models with !AIC <2 had similar supp@tirnham & Anderson 2002We also
assessedoodnesf-fit usingtheapproach developed for occupancy models (Mazle &

Bailey 2004) implemented in the package AlICcmoddMazerolle 2015)We applied the test
on the bessupported model according to AIC. Becatlsstestcan have lower power in some
cases (Mackenzie & Bailey 2004), we defined a significance level of 0.1, below which we
considered there was a lagkfit for the model. We found evidence of laokfit only for the
community level modelsP& 0.09;c-hat 1.23), whereas speci=vel modelsappeared to have
adequate fit®P> 0.1 for all species}-ollowing Mackenzie & Bailey (2004) we used the quasi
likelihood version of AIC (QAIC) and the square root of the variance inflation factoatjdo

adjustSEsof the estimates in the community level models.

Finally, we performed simulations using GenRidmes 2006, Bailegt al.2007)to
evaluate the effect of different sammgidesigns on the precision@fcupancy estimates
(measured bE) for the four globally threatened spec{@able S1)Forthese simulations we

used the values of occupancy and detection probabilitynsstan the null model

RESULTS
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We recorded 18 large mammal species during this glialyleS1), with a sampling
effort of 1898 trap days and an average of 4.6 sampling occasiosasnpelingsite. Results
from regularoccupancy model@acKenzieet al.2002)and RoyleNichols modelsvere very
similar forbothestimate®f occupancy anchodel rankig (Fig. S1; TableS2). Hereafter we
report onlythe former asit is frequentlyused in similar studie®.g.Linkie et al.2007,
Ahumadaet al.2011, Kinnaird & OBrien 2012)and 4so provided more precise estima(&sg.

S1B).

COMMUNITY LEVEL MODEL S.N Succession stag@asan important factor determining mammal
community occupancy (Table 2). Nevertheless, thenmesimilar levels of support for both
succession stage and distance from the Peruacu (Riagarpa) though QAIC weight of the first
covariate was much greater than the second (0.53 and 0.22, respé&xiiablg 2).Support for
thebestmodel where none dhe covariates had an effect on occupancy was considerably

smaller(IQAIC = 2.98; QAIC weight of 0.1 Table 3.

According tothe succession stageodel| sscondary eeasformerly used for ecalyptus
plantationhadsimilar communityoccupancy estimate atd growthareascounter tcour
hypothesigFig.2A). Secondary/mxed-useareashad a loweroccupancy estimatalthough the
95% CI overlapedestimates for thethersuccession stagéFig 2A). Trophic guild strongly
influencal detection probabilitand was present in all tapnkedmodels (Table 2herbivores
hadthe highest and carnivores the lowastection estimates (FigB2 Models with mass or

trail as detection covariateere notsupporedat the community level (QAIC >60; Table S3.

SpecIES LEVEL MoDEIS.N Contrary to the communitvel modek, there was little support for

the influence oBuccession stagm individual species@tcupancyContradicting our

1$"
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predictiors, none of the large mammal species that relfraits responded negatively to
secondary savann@ccupancy ofjiant anteater, speciesusuallyfavouring open habitatgvas
not positively affected by secondary habitdd®dels with other environmental covariates or
with none (null model) had much betsipportfor all speciegTable 3).AIC weightfor models
containingsuccession stageas lower than 0.0%0r seven out ofenspecies assess@daximum
value for any species was 0.08nhdwere rankednly as thdfifth bestsupported model dower

(Table$4).

Though for half of the species assessed (yellow armasiitiped hognosedskunk-
Conepatussemistriatus-, lowlandtapir, whitelipped peccarandAzaraOagouti) there is clearly
only one covariate influencing occupancy (Table 3), the effect of the environmental factor was

not strong, as the estimates overlapped zero.

The effect ofcamera placemewin detection probabilitwas extremely strong farertain
species (Table 3§iant anteater, maned wolf, oncifleeopardus tigrinusandlowlandtapir
were at least five times more likely to be detected if the camera trap wassean@xisting
trail. The effectwas similar for yellow armadillo and ocelgteopardugpardalis), though not as

strong (.e. estimate®verlapped zeno

SAMPLING DESIGN SIMULATIONS.N Both an increase in the total number of sites and the number
of sampling occasion@luration of the studygnhanced precision otcupancyestimatedor the

four globally threatened species recorded (giant anteater, oncilla, lowland tapir antippbide
peccary) However the tradeoff between sampling occasions angnber ofsites was non

linear; ncreasing the number sémplingoccasions from fig to nine yielédsimilar gainsin

precisionto increasing the number of sites from 60 to 1WA five surveys conducted) for all

19"
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species evaluated (Fig). Standard error below 0.07 was achieved is@aeydesigns for

lowlandtapir and inthe majority ofdesigns for ocilla and whitelipped peccary, but was not
achieved in angesignfor the giant ardater Neverthelesghe best improvement in precision
(thedifference between largest and smallest 8&9 found for tis last speciesyheras forthe

other three speciesiprovements in precisionavemodest (Fig3).

DISCUSSION

CONSERVATION VALUE OFSECONDARYSAVANNA.N Our study shows thatrobability of useby

any of theindividual speciemvestigateds not strongly affected bguccession stagsuggesting
that secondary savanna areas do not negatively impact large maMoslspecies appeared to
have responded to other environmental features, principally physiognomy and distance from
water (inside or outside VPSP). While we recogmare oftheseeffectsareparticularlystrong,
some of the assations suggested by thesell-supportednodels aren line with other studies,
such as preference of denser habitats by afoasbiezet al.2009) and positive relationship
with water sources by whitlgpped pecary (Keuroghlianet al.2009)andlowlandtapir (Padilla

& Dowler 1994)

In the community level models, where succession steyebe considereah important
factor determining occupancy, the effés contrary to what we anticipatesdth similar
estimatedor secondary areas that regenerated from eucalgpui®r old growth vegetation.

This does not mean all species respondederséme way to secondary habitaindicatesthat
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probability of use by large mammaitsgenerals not different letween secondary savanageas
formerly used for eucalyptus plantation and old growth sav&sinalarities between old growth
and secondary habitats have been found in odggonsandtaxanomic groupssuch as
amphibians and reptiles in Mexican foregierntndezZOrd—eet al.2015) birds in central
African forestgNaidoo 2004and large mammals in Amazonian forests (Bardbwal. 2007).
Neverthelessotour knowledge, this is the first study to explicitly test and obsares

similaritiesin the large mammal fauna of old growth and secpndagetation in the Cerrado

There is, however, a suggestion of lovaage mammal occupancy secondaryhixed
use areas. Secondary habitats can be very different even within the same region if they were
subjected to different land useregeneration proce¢slesquitaet al.2001, Flynnet al.2010)
Animals maysubsequentlyespond to tbse differencedue to variatiomn resource availality .
For exampleBobrowiec & Gribel (2010jound thatthe type of secondary habitat had a strong
effect on bat community composition in the Amazdavertheless, twogtentially confounding
effects prevent us to maké&ong inferencen the effect of secondary/mixecse areas. Firstly,
sites classified as secondary/mixesk at VPSP were located further from the parkOs HQ and
with relatively easy access by dirt roadssgibly resulting in higher external pressure, which we
were unable to account for in our study. Secondly, secondary/usesdreawere further away
from the river. Although we used distance from PerwRiser as a covariate, the fact that
secondary/mixedised areas are clustered together in southern VPSP does not allow us to fully
disentangle these two factors. This nadgo, at leagpartially, explain the support fatistance

from the riverin the comnanity models.

We make cautiougeneralizations aboldrge mammal recovery secondaryegetation

within the Cerrad@nd highlight thabur findings cannot be extrapolated to all secondary



" savannas, especially outside protected lands whenegeneratn processends tdbe slower

#' and continuous anthropogenic pressusy affect the use of secondarggetatiorby wildlife.

$" Our study areanightbe considered a besase scenario, as it attaintbe qualities of a high

% value secondary habitat identified by Chazdoal.(2009) and Dent & Wright (2009):

&' proximity of primary habitats, low postbandonment disturbance and persistence of seed

'* dispersing fauna. Additionally, the relatively short durabbmost anthropogenic langse in

(" the area (around 15 years or le§&komes & Maillard 2015kavoured the maintenance of a seed
)" bank of native species, synergistically acting with seeds arriving from neighbouring remnants to
*"  promote the regeneration after #ed ofagriculture As observed by Newbolkt al.(2015)in a
+" global analysi®f land use effeston biodiversity the conservation importance of secondary
" habitats dependsitically on regeneration time, thus, the advanced stategdtation

#" regeneration at VPSP a@solikely to contribute to its conservation value.

I$" Our results show that Cerrado large mammals, including threatened species, can use
196" secondary habitats that regenerated from cleaiTtig.finding combined witlthe large extent

1&" to which secondary habitats are represented in our study arézedadt that VPSP currently

" harbours more than 80% of all large mammals potentially occurring in northern Minas Gerais
I(" (Ferreira & Oliveira 2014), indicates that giveraadurable habitat history, areas watlarge

" proportion of secondaryavannanaystill play an important role in maintaining the large

=" mammal communityAlthough we do not have data on local extinctions and recolonization, we
#+' can infer that the occurrenoélarge mammals in VPSPOs secondary areas today may have
#!" involvedrecolonization from nearby vegetation remnants. ihght have happened because

##' most secondary areas at VPSP suffered cledwite (for the removabf native vegetatioto

#$' establish ecalyptus plantation anfdr logging the eucalyptus trees@sulting inlarge patches of

e



1" virtually bare landaround 130 krin total) at some point in the patstatwereunlikely to be

#' used bymostlarge mammal species

$" Cerraddarge mammalsare known to occur in a variety of habitétéarinho-Filho et al.
% 2002)and may not perceive the environment in arfseale to respond to the differences in
&' vegetation structure found between old growth and secondary savahussvhile these
'" speciegan thrive in secondary vegetatjove cannot assunthatotheranimalgroups would
(" fare well in secondary savarsén tropical secondary forest®r instance, recovery is slower
)" for species that are more dependent on hadiitatture featureent & Wright2009) A
** similar patterrcouldbe observed in the Cerrado, as secondary habitats can be structurally
+"  different from oldgrowthones(Gomes & Maillard 2015)Furthermorespecialized
" nectarivorousnd frugivorous animaisight present a strong negative respoimsgecondary
#"  savanng particularly in early regenerati@ageswherefloristic composition tends to be more

1$" different and zoochoric dispgon of fruits is not commoriKuhimann & Ribeiro 2016)

196" EFFECT OF TROPHIC GUID AND TRAIL ON DETECTION PROBABILITY.N Similar to our stdy, Rovero
1&" et al(2014)found that trophic guild is an important factor affecting detection probability for
" African mammals, with herbivoressplayinghigher detectiothancarnivores aneffect likely to
I(" be driven byfeeding ecologyAn alternative explanation is that herbigertend to occur in

" higher densities than carnivor@amuth 1987, Carbone & Gittleman 200@hdas detection
=" probability may be affected by abundariBeyle & Nichols 2003)this could result in

#+' herbivores generally having higher detectwababilitythan carnivores.

# Although ®tting a camera trap on a trail had a positive effect on detdotisome

##' speciessamplingonly trails mayyield biased results due to an interaction between patterns of

n-



*n

!+II

#"
1$"
19"
1&"
o
e
n-"

(B3R

#+||
#! 1]
#H#'

#$'

animal spaceise and the nerandom deployment of camerat locations chosen by researchers
(Wearnet al.2013) Similarly, Harmseret al.(2010)showed that, while larger felids are more
easily detected on trailgails may not be weBuitedfor detecing all Neotropical mammal
speciesin VPSP ve recorded three species exclusively off traflereover, bcusing sampling

on trails may result in unrealistitty high occupancy estimates f@rail-happyOspecieghat

cannot be extrapolated to the whole area survdyaaever, lhe decision on where to set up a

camera trap depenttggelyon objective of a study

SAMPLING DESIGN FOR MONITORING.N We have established the baseline against which data from
futuremonitoringinitiativesin VPSPcould be compare@&milar monitoringimplemented in
sequential years is being successfully usesl&duate trends ilarge mammalin protected

areas across the world.g.Ahumadaet al.2013, Beaudroét al.2016) However the estimation

of occupancy in continuous habitats has been criticized, due to the possibility of violating
assumptions of constant occupancy and spatial independ&fael & Dawson 2012)In

camera trap studies of large mammals these violatianarise when a speciesO hawamege is

very large in relation to the spacing between sampling sites, allowing the same individual to be
recorded in more than ersite during the survey. Conducting the survey in a relatively short
timeframe minimizethese problems, because during the study individuals will only use a small
portion of their full homerange Nevertheless, we adopted the precautionary view of irgng

occupancy as probability of use for all species.

We believe that surveys using 60 camera trap sites, during nine sampling occasions (7
day periods in our study), provides an effective strategy to obtain precise occupancy estimates
for some specias the Cerrado. This design yields similar precigmthe onesurveyingl00

sitesduringfive occasionsgbut withsubstantialljower costsHowever, one must take into
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account that precision depends on the magnitude of the occupancy estimate, and a SE of 0.07
may be large for a very small occupancy probabiityr decision tawonduct more surveys in

fewer stes is generallgupportedy assessments of design traudis for occupancy studies
(Mackenzie & Royle 2005, Bailest al.2007) but for rare species maximizing both the number
of occasions and sites may be necesfdackenzie & Royle 2005, Shannehal.2014) This is

the case for the giant anteater in VPP which a much higher number of sites and/or sampling

occasions than the ones used ingimulationsvas needed to obtain good estimates.

We acknowledge that occupancy and detection probability estimates for a given species
is not homogenous throughout its distribution. Although recent studies investigating large
mammal occupancy in Brazil habeen publishe@k.g.Sollmannet al, 2012; Zimbre®t al,

2013) this kind ofmonitoringremainsrare and restricted to few localitié&e bdieve our
suggestddesign may be a useful starting point for new monitoring initiatives, which can then be

adapted at new locations as local data becomes available.
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TABLE 1.Covariates used tbuild occupancy models for large mammals at Veredas do Peruaeu

State Park
Covariates Description Code Range of values  Source
Occupancy covariates
Vegetation Succession stag@yrther old-growth; Gomes, 2006;
succession divided by type of use in stage secondary/eucalyptus information from
stage the past secondary/mixedise VPSP manager
Phvsiognom Broad vegetation hvsio cerrado: vereda Classification in
yslog y physiognomy physiog ' the field
Distance to nearest sectiol
Distance from of Peruasu River inside Measured on
Peruau Rivef VPSP with water during waterpa 0.0416.50 km Google Earth Pro
the dry season peak
Distance from Distance to nearest locatic Measured on
potential water with water during dry water 0.0410.10 km
Google Earth Pro
sourced season peak
Detection covariates
. Location of camera trap in . . . Classification in
Trail ) ' trail on trail; off trail ;
relation to a human trail the field
Marinho-Filho,
Masg® Species body mass mass 1.75225 kg Rodrigues &
Juarez, 2002
Species main trophic herbivore; carnivore; Marinho-Filho et
Trophic nich8 P P trophic omnivore; insectivore al., 2002; Paglia

category

frugivore

etal., 2012

aThese ovariates were standardized before running the anafygézd only in the community level

models
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1" TABLE 2.Top ranked models for communligyel occupancy modelling of large mammals at

#' Veredas do Peruaeu State Park.

Model K QAIC IQAIC QAICwWt
"(stage)p(trophic) 8 1482.145 0 0.5291
"(waterpa)p(trophic) 7 1483.901 1.757 0.2198
"(.)p(trophic) 6 1485.127 2.9828 0.1191
"(water)p(trophic) 7 1485.905 3.76 0.0807
"(physiog)p(trophic) 7 1486.81 4.6658 0.0513

$' "= occupancy; p= detection probability; K= number of paramet@alCwt= QAIC weight. Refer to

% Table 1 for covariates codes. Full set of models presenfeabd S3.
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1" TABLE 3.Top ranked models for speciesel occupancy modelling of large mamgsl

#' Veredas do Peruaeu State Park.

Species " P K AIC IAIC AlCwt
Giant anteater

"(waterpa)p(trail) + on trail>off trail* 4 161.27 0 0.72
"()p(trail) NA on trail>off trail* 3 165.4 413 0.09
Yellow armadillo

"(water)p(trail) + on trail>off trail 4 51.79 0 0.60
"(water)p(.) + NA 3 54.21 2.42 0.18
Maned wolf

"(physiog)p(trail) ver>cer  on trail>off trail* 4 79.13 0 0.27
"(water)p(trail) - on trail>off trail* 4 79.42 0.29 0.24
"(waterpa)p(trail) - on trail>off trail* 4 79.9 0.77 0.19
"()p(trail) NA on trail>off trail* 3 79.98 0.85 0.18
Ocelot

"()p(trail) NA on trail>off trail 3 61.31 0 0.15
"(p() NA 2 61.39 0.086 0.15
"(waterpa)p(trail) - on trail>off trail 4 61.61 0.304 0.13
"(water)p(trail) - on trail>off trail 4 62.18 0.868 0.10
Oncilla

"(physiog)p(trail) cer>ver  on trail>off trail* 4 196.13 0 0.57
"(waterpa)p(trail) - on trail>off trail* 4 197.99 1.87 0.22
"(.)p(trail) NA on trail>off trail* 3 199.33 3.21 0.11
Hog-nosed skunk

"(water)p(.) + NA 3 99.39 0 0.51
"(water)p(trail) + on trail>off trail 4 100.14 0.76 0.35
Tapir

"(waterpa)p(trail) - on trail>off trail* 4 75.73 0 0.77
"(waterpa)p(.) - NA 3 79.53 3.8 0.12
Grey-brocket deer

"(water)p(.) - 3 232.08 0 0.23
"(p() NA NA 2 232.18 0.1 0.22
"(.)p(trail) NA off trail>on trail 3 233.28 1.2 0.13
White-lipped peccary

"(waterpa)p(.) - NA 3 105.75 0 0.62

$l "



"(waterpa)p(trail) - on trail>off trail 4 107.43 1.68 0.27

Azara’s agouti
"(physiog)p(.) cer>ver NA 3 255.53 0 0.50
"(physiog)p(trail) cer>ver  off trail>on trail 4 255.7 0.17 0.46

" = occupancy; p = detection probability; K = number of parameters; AICw t= AIC weight; cer =
cerrado; ver wereda; + = positive effect;= negative effect Denotes strong effect, where estimate does
not overlap zeroRefer to Table 1 for covariates codé3nly top two models or models with AICwt # 0.1

are presented, for full model set Sesble S4.
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Figureslegends

FIGURE 1Camera trap sites surveyed at Veredas do Peruasu State Park (VPSP). Triangles are
sites in old growth vegetation, crosses are sites in secondary vegetation that regenerated from
eucalyptus plantation, circles are sites in secondzggtation that regenerated from mixed use
and the dashed line represents the Peruasu River. Inset shows Cerrado (dark grey) and PEVP

(black) location in Brazil.

FIGURE 2 Estimates and 95% confidence intervals (corrected for overdispersion) for the
"(stage)p(trophic) communitynodel. A) Effect of vegetation succession stage over occupancy
estimate ("); B) Effect of trophic guild over detection probability (p). Note the differences on

the vertical axis.

FIGURE 3 Occupancyestimatestandard errors (" SE) for globally threatened species obtained
through simulations of sampling designs with different number of camera traps and sampling

occasions.
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FIGURE 1 Camera trap sitesurveyedat Veredas do Peruaeu State Park (VPSP). Triangles

are sites in old growth vegetation, crosses are sites in secondary vegetation that regenerated
from eucalyptus plantation, circles are sites in secondary vegetation that regenerated from
mixed use and the dashed line represents the Peruaesu RiverhiosstGerrado (dark grey)

and PEVP (black) location in Brazil.
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SUPPORTING INFORMATON

TABLE S1.Large mammal species recorded at Veredas do Peruaeu State Park.

Species Trophic - Numberof i ccion
probability (p)

Pilosa

Giant anteateMyrmecophagaridactyla)® in 27 0.139
Cingulata

Yellow armadillo Euphractussexcinctuk in/om 9 0.366

Nine-banded armadilloffasypushovemcinctus infom 1 0.004
Carnivora
Ocelot (eopardugpardalis) Ca 7 0.197
Oncilla (Leopardudigrinus)® Ca 41 0.290
Puma Pumaconcolo) Ca 24 0.109
JaguarundiRPuma yagouarouni Ca 1 0.004
Crabeating fox Cerdocyorthoug om 3 0.013
Maned wolf Chrysocyorbrachyurug om 10 0.114
Bush dog $peothosenaticu ca 1 0.004
Lesser grisonGalictis cuja) om 1 0.004
Tayra Eira barbara) om 1 0.004
Striped hognosed skunkGonepatusemistriatup om 15 0.124
Crabeating racconRrocyon cancrivorus om 1 0.004
Perissodactyla
Lowland tapirTapirusterrestrig® frihe 16 0.331
Artiodactyla
White-lipped peccaryTayassipecar)® fr/he 17 0.233
Gray brocket deeiMazamagouazoubird fr/he 50 0.347
Rodentia
Azara's agoutiasyproctaazarag fr 65 0.381

aMaximum one record pexamplingoccasion (7 days};Denotes globally threatened species. in=



TABLE S2.Comparison of model support between regular and Rididbols occupancy

models at the community level modelling.

K QAIC IQAIC QAICwt

Mackenzie model

"(stage)p(trophic) 8 1482.145 0 0.53
"(waterpa)p(trophic) 7 1483.901 1.757 0.22
"(.)p(trophic) 6 1485.127 2.9828 0.12
"(water)p(trophic) 7 1485.905 3.76 0.08
"(physiog)p(trophic) 7 1486.81 4.6658 0.05
"(stage)p(.) 5 1546.02 63.875 0.00
"(stage)p(trail) 6 1546.264 64.1197 0.00
"(waterpa)p(trail) 5 154754  65.3959 0.00
"(stage)p(mass) 6 1547.887 65.7427 0.00
"(.)p(trail) 4 1548.592 66.4475 0.00
"(water)p(trail) 5 1549.445 67.3006 0.00
"( watepa)p(.) 4 1549.815 67.6707 0.00
"(p() 3 1550.069 67.9242 0.00
"(physiog)p(trail) 5 1550.474 68.3293 0.00
"(water)p(.) 4 1551.558 69.4134 0.00
"(waterpa)p(mass) 5 1551.624 69.4796 0.00
"(physiog)p(.) 4 1551.841 69.6967 0.00
"(.)p(mass) 4 1551.924 69.7792 0.00
"(water)p(mass) 5 1553.39  71.2455 0.00
"(physiog)p(mass) 5 1553.704 71.5596 0.00
Royle-Nichols model

"(stage)p(trophic) 8 1475.52 0 0.72
"(waterpa)p(trophic) 7 1478.769  3.2489 0.14
"(.)p(trophic) 6 1480.151 4.6306 0.07
"(water)p(trophic) 7 1481.267 5.7467 0.04
"(physiog)p(trophic) 7 1482.013  6.4927 0.03
"(waterpa)p(trail) 5 1540.526 65.0057 0.00
"(stage)p(trail) 6 1541.597 66.0766 0.00
"(stage)p(.) 5 1542.145 66.6245 0.00
"(water)p(trail) 5 1542.945 67.4252 0.00
"(.)p(trail) 4 1543.177 67.6566 0.00
"(stage)p(mass) 6 1543.884 68.3638 0.00
"(wat erpa)p(.) 4 1544917 69.3968 0.00
"(physiog)p(trail) 5 1545.14 69.6198 0.00
"(p() 3 1545.885 70.3654 0.00
"(waterpa)p(mass) 5 1546.684 71.1642 0.00
"(water)p(.) 4 1547.034 71.5134 0.00
"(.)p(mass) 4 1547.641 72.1208 0.00
"(physiog)p(.) 4 1547.748 72.2277 0.00

5

"(water)p(mass) 1548.8 73.2801 0.00



"= occupancy; p= detection probabilit){= number of parameterAICwt= QAIC weight.

Refer toTable 1 for covariates codes.



TABLES3. Full set of models for the speciesel occupancy modelling of large mammal at

Veredas do Peruaeu State Park

K AIC IAIC AlCwt cumwt
Giant anteater
" (waterpa)p(trail) 4 161.27 0.00 0.72 0.72
" (p(trail) 3 165.40 4.13 0.09 0.81
" (stagep(trail) 5 166.56  5.29 0.05 0.86
" (water)p(trail) 4 167.31 6.04 0.04 0.90
" (stagep(.) 4 167.39 6.12 0.03 0.93
" (physiogp(trail) 4 167.40 6.13 0.03 0.96
" (waterpa)p(.) 3 169.21 7.94 0.01 0.98
" (water)p(.) 3 169.59 8.33 0.01 0.99
"p) 2 169.96  8.69 0.01 1.00
" (physiogp(.) 3 171.96 10.69 0.00 1.00
Yellow armadillo
" (water)p(trail) 4 51.79 0.00 0.60 0.60
" (water)p(.) 3 54.21 2.42 0.18 0.78
" (p(trail) 3 56.16 4.37 0.07 0.85
" (stagep(trail) 5 57.10 5.31 0.04 0.89
" (waterpa)p(trail) 4 57.29 5.51 0.04 0.93
" (physiogp(trail) 4 57.57 5.78 0.03 0.96
" (stagep(.) 4 58.78 6.99 0.02 0.98
"pl) 2 60.39 8.60 0.01 0.99
" (waterpa)p(.) 3 60.85 9.07 0.01 1.00
" (physiogp(.) 3 61.56 9.78 0.00 1.00
Maned wolf
" (physiogp(trail) 4 79.13 0.00 0.27 0.27
" (water)p(trail) 4 79.42 0.29 0.24 0.51
" (waterpa)p(trail) 4 79.90 0.77 0.19 0.70
" (p(trail) 3 79.98 0.85 0.18 0.87
" (stagep(trail) 5 82.40 3.27 0.05 0.93
" (physiogp(.) 3 83.57 4.44 0.03 0.96
"pl) 2 84.32 5.19 0.02 0.98
" (waterpa)p(.) 3 85.69 6.56 0.01 0.99
" (water)p(.) 3 85.86 6.73 0.01 1.00
" (stagep(.) 4 87.98 8.85 0.00 1.00
Ocelot
" (p(trail) 3 61.31 0.00 0.15 0.15
"pl) 2 61.39 0.09 0.15 0.30
" (waterpa)p(trail) 4 61.61 0.30 0.13 0.43
" (water)p(trail) 4 62.18 0.87 0.10 0.53
" (waterpa)p(.) 3 62.39 1.08 0.09 0.62
" (physiogp(.) 3 62.42 1.11 0.09 0.71
" (physiogp(trail) 4 62.52 1.21 0.08 0.79
" (stagep(trail) 5 62.65 1.34 0.08 0.87
" (water)p(.) 3 62.97 1.66 0.07 0.94
" (stagep(.) 4 63.12 1.81 0.06 1.00
Oncilla
" (physiogp(trail) 4 196.13 0.00 0.57 0.57
" (waterpa)p(trail) 4 197.99 1.87 0.22 0.79
" ()p(trail) 3 199.33 3.21 0.11 0.91



" (stagep(trail)

" (physiogp(.)

" ()p()

" (waterpa)p(.)

" (stagep(.)

" (water)p(.)
Hog-nosed skunk
" (water)p(.)

" (water)p(trail)

" (waterpa)p(trail)
" (waterpa)p(.)

" (stagep(.)

" (stagep(trail)

" ()p(trail)

" (physiogp(trail)
" (physiogp(.)

" ()p()

Tapir

" (waterpa)p(trail)
" (waterpa)p(.)

" (water)p(trail)

" (water)p(.)

" (stagep(trail)

" (stagep(.)

" ()p()

" (physiogp(.)

" (physiogp(trail)
" ()p(trail)
Gray-brocket deer
" (water)p(.)

" ()p()

" ()p(trail)

" (water)p(trail)

" (waterpa)p(.)

" (physiogp(.)

" (waterpa)p(trail)
" (physiogp(trail)
" (stagep(.)

" (stagep(trail)

White-lipped peccary

" (waterpa)p(.)

" (waterpa)p(trail)
" (water)p(.)

" (water)p(trail)
" (stagep(.)

" (stagep(trail)

" ()p()

" ()p(trail)

" (physiogp(.)

" (physiogp(trail)
Azara’s agouti

" (physiogp(.)

" (physiogp(trail)
" (ol
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201.53
204.82
208.58
208.83
209.51
210.58

99.39
100.14
103.89
105.13
105.44
106.25
109.15
109.23
112.65
112.98

75.73
79.53
80.59
81.64
92.15
92.77
101.97
102.17
102.65
102.76

232.08
232.18
233.28
233.77
234.05
234.16
235.25
235.28
235.36
236.29

105.75
107.43
110.22
111.64
114.04
116.03
116.20
118.17
118.19
120.16

255.53
255.70
262.98

5.40
8.69
12.46
12.70
13.39
14.45

0.00
0.76
451
5.75
6.05
6.86
9.76
9.84
13.26
13.60

0.00
3.80
4.85
591
16.41
17.03
26.24
26.44
26.91
27.03

0.00
0.10
1.20
1.68
1.97
2.07
3.16
3.20
3.27
421

0.00
1.68
4.47
5.89
8.29
10.28
10.45
12.42
12.44
14.41

0.00
0.17
7.45

0.04
0.01
0.00
0.00
0.00
0.00

0.51
0.35
0.05
0.03
0.02
0.02
0.00
0.00
0.00
0.00

0.77
0.12
0.07
0.04
0.00
0.00
0.00
0.00
0.00
0.00

0.23
0.22
0.13
0.10
0.09
0.08
0.05
0.05
0.04
0.03

0.62
0.27
0.07
0.03
0.01
0.00
0.00
0.00
0.00
0.00

0.50
0.46
0.01

0.99
1.00
1.00
1.00
1.00
1.00

0.51
0.87
0.92
0.95
0.97
0.99
0.99
1.00
1.00
1.00

0.77
0.89
0.96
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.23
0.45
0.57
0.67
0.75
0.83
0.88
0.93
0.97
1.00

0.62
0.88
0.95
0.98
0.99
0.99
1.00
1.00
1.00
1.00

0.50
0.96
0.97



264.75 9.22 0.01 0.98
264.97 9.44 0.00 0.99
265.18 9.65 0.00 0.99
265.44 9.91 0.00 1.00
266.16  10.63 0.00 1.00
266.73 11.20 0.00 1.00
266.73 11.20 0.00 1.00

"= occupancy; p= detection probability§= number of parameters; AICwt= AIC weiglttymwt=

" (waterpa)p(.)

" (water)p(.)

" (waterpa)p(trail)
" (water)p(trail)

" (stagep(.)

" (stagep(trail)

" (stagep(trail)

OO hbbhowow
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FIGURE S1. Comparison between regular (MAC) and Rbltnols (RN) occupancy

models at the species level modelling. A) Occupancy estimates ("); B) Standard errors of

occupancy estimates (" SE). Species codes composed of first letter of the genus and first

three letters of the specific name (refer to Table S1 for species names). Note the differences

on the vertical axis.



