&
a¥

UNICAMP

MURILO GUIMARAES RODRIGUES

“‘ESTIMATING VITAL RATES WITH IMPERFECT DETECTION IN
AMPHIBIAN AND REPTILE POPULATIONS”

"“ESTIMANDO TAXAS VITAIS COM QETECC}AQ IMPERFEITA EM
POPULACOES DE ANFIBIOS E REPTEIS”

CAMPINAS
2013






NA
a¥

UNICAMP

UNIVERSIDADE ESTADUAL DE CAMPINAS

Instituto de Biologia

MURILO GUIMARAES RODRIGUES

“ESTIMATING VITAL RATES WITH IMPERFECT DETECTION IN
AMPHIBIAN AND REPTILE POPULATIONS”

“ESTIMANDO TAXAS VITAIS COM QETECQAQ IMPERFEITA EM
POPULACOES DE ANFIBIOS E REPTEIS”

Thesis presented to the Biology Institute of
the University of Campinas in partial

fulfillment of the requirements for the degree
of Doctor in the area of ECOLOGY

Tese de Doutorado apresentada ao Instituto de
Biologia da Universidade Estadual de
Campinas como parte dos requisitos exigidos
para a obtencdo do titulo de Doutor na Area
de ECOLOGIA

Supervisor/Orientador: RICARDO JANNINI SAWAYA

ESTE EXEMPLAR CORRESPONDE A VERSAO FINAL DA TESE
DEFENDIDA PELO ALUNO MURILO GUIMARAES
RODRIGUES, E ORIENTADA PELO PROF. DR. RICARDO
JANNINI SAWAYA

Assinatura do Oriefft

CAMPINAS
2013



FICHA CATALOGRAFICA ELABORADA POR
MARA JANAINA DE OLIVEIRA — CRESB/GIT2
BIBLIOTECA DO INSTITUTO DE BIOLOGIA - UNICAMP

Rodrigues, Murilo Guimardas, 1978-

RiG10e Estimando laxas vilais com deteccdo mpereita em
poputagies de anfibios e répteis / Murile Guimaries
Rodrigues. — Campinas, 3P [s.n.], 2013

Crientador; Ricardo Jannini Sawaya,
Tesa {doutorado) — Univarsidade Estadual da
Campinas, Inglituio de Biologia.

1. Ecclogia de populagies. 2. Marcacéo e
recapiura. 3. 3cbrevivincla. 4. Anura, 5 Squamata
|. Sewvaya, Ricardo Jannini. 1. Universidade Estadusal
de Campinas, Instituto de Biclogia. Il Tiiulo.

Informacdes para Biblioteca Digital

Titulo em Inglés: Estimating vital rates with imperfect detection in amphibian and
reptile populations

Palavras-chave em Inglés:

Population ecology

Mark-recapture

Survival

Anura

Squamata

Area de concentragao: Ecologia
Titulagdo: Doutor em Ecologia

Banca examinadora:

Ricardo Jannini Sawaya [Orientador]
Sérgio Furtado dos Reis

Paulo Inacio de Knegt Lopez de Prado
Marcio Silva Aradjo

Leonardo Liberali Wedekin

Data da defesa: 21-03-2013

Programa de P6s Graduacao: Ecologia



Campinas, 21 de margo de 2013

BANCA EXAMINADORA

Prof. Dr. Ricardo Janmimi Sawaya (Orientador)

D Leomsrde Liberall Wedekan

Prof Dr, Marcen Salva Arnujo

Proof Dr Paule Inacio de Knept Lopez de Prado

Prof. D, Séngio Furtedo dos Reis

Profn Dra. Moge Kaymn

Prof Dr, Paulo Robeno Cuimardes Junior

Iy Thomas Pumker

LT

A BT L



\Y



ABSTRACT

Population ecology aims to search for factors tlestd to variation in vital rates and
consequently, in the number of individuals. Thidudles testing hypotheses about natural history
traits and threats to populations. However, obtgindata to test hypotheses is challenging
because following individuals in the field can b#icllt, especially for amphibians and reptiles,
where detection probabilities are often < 1. Makapture methods are widely used to estimate
detection probabilities and to test ecological liipsis. Here we used mark-recapture methods to
test hypotheses related to ecology and conservafiamphibian and reptile populations. We
implemented open- and closed-population modelsragi@m MARK, to account for detection
probabilities and to calculate survival estimated ather population parameters. We organized
this dissertation into four chapters. In the fidtapter we emphasize the importance of
considering detection probabilities besides sinmgathypothetical scenarios to show the
relationship between field effort, sample size gmecision. In the second chapter we used a
Cormack-Jolly-Seber model to compare the effectwaf amphibian marking techniques, toe-
clipping and PIT tagging, on survival in the blackth tree frog,Hypsiboas faberin the third
chapter our goal was to estimate survival and i growth of the golden lancehead,
Bothrops insularisaccounting for temporary emigration using PolleckRobust Design. Besides
the study of vital rates and population dynamiasgrgy allocation and its consequences for
survival are testable with mark-recapture modelsusl in the last chapter we used two traits
from the lizard mating system, namely jaw size aodrtship coloration, to compare survival
estimates between males and females of the whijtalld, Cnemidophoruscf. ocellifer. In
summary we observed that detection probabilityhenstudied populations were low and similar
to other vertebrate populations from the tropicewver, including covariates in estimation
models of vital rates and detection is importantotmiain more accurate results to explain
population dynamics. Specifically we conclude tfiateturn rates were biased low in relation to
survival estimates that account for detectabilify) the estimates of survival were similar
between toe-clipped and PIT tagged individualsHgpsiboas faber(iii) Bothrops insularis
showed low survival probability and negative anngalpulation growth. And (iv) larger
Cnemidophorugf. ocellifer males showed lower monthly survival probabilitgriremaller males
but the opposite was found for females.

RESUMO

A ecologia de populacbes investiga os fatores cuwanh a variacdo das taxas vitais e,
consequentemente, no numero de individuos. Isdaoiitestar hipoteses sobre aspectos da
historia de vida das espécies e entender os faoeepodem modular a dinamica populacional.
No entanto, a obtencdo de dados para testar hgsomesde ser dificil para populagbes que
apresentam probabilidades de deteccéo < 1, conibi@nk répteis. A marcacao e recaptura é
amplamente usada para estimar a detecgédo e iafgractos de dinamica populacional e testar
hipoteses ecologicas. Neste trabalho empregamesri tde marcacdo e recaptura para testar
hipoteses relacionadas a ecologia e conservacpopigacdes de anfibios e répteis. Utilizamos o
programa MARK para implementar modelos de popuk@ieertas e fechadas incorporando a
probabilidade de deteccdo dos individuos, pararcddg@mativas de sobrevivéncia, e outros
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parametros populacionais usando maxima verossingéhaOrganizamos esta tese em quatro
capitulos. Iniciamos enfatizando a importancia dzbabilidade de deteccdo, além de simular
cenarios hipotéticos para demonstrar a relacae esforco de campo, tamanho 6timo amostral e
viés amostral. Em seguida comparamos o efeito de ticnicas de marcagédo, o corte de artelhos
e o implante denicrochips sobre a sobrevivéncia individual do sapo ferreypsiboas faber

No terceiro capitulo estimamos a sobrevivénciaoeescimento populacional da jararaca-ilhoa,
Bothrops insularisincorporando emigracdo temporaria aos modeloanAlé estudo de taxas
vitais e de dinadmica nas populagdes, a alocac@onelgia e suas consequéncias na sobrevivéncia
individual podem ser testadas com modelos de m@cagecaptura. Assim, no quarto e ultimo
capitulo consideramos dois caracteres sexuaismiesseo sistema de acasalamento dos lagartos,
o tamanho da mandibula e a coloracdo chamativa,qoanparar as estimativas de sobrevivéncia
entre machos e fémeas do lagarto cauda de ch@o¢eidophorusf. ocellifer.

. De forma geral, observamos que a probabilidad#getkccdo individual nos sistemas estudados
foi baixa e condizente com a deteccdo de vertebrado ambientes tropicais. Além disso, a
inclusdo de covariaveis na investigacdo de para@setitais e no processo de deteccdo €
fundamental para o melhor entendimento dos fatuesexplicam a dindmica de uma populagao.
Especificamente observamos que: (i) demonstramesasgiaxas que ndo incorporam a deteccao
sdo enviesadas em relagdo as estimativas que emmida detecgdo, (i) as estimativas de
sobrevivéncia foram similares em individuos lgpsiboas fabemarcados com ablacdo de
artelhos e microchips , (iiBothrops insularisapresentou baixa probabilidade de sobrevivéncia
anual e crescimento populacional anual negative. filg (iv) machos maiores do lagarto
Cnemidophorugf. ocellifer apresentaram sobrevivéncia mensal menor do queasiaaenores,
mas o oposto foi observado para as fémeas.
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One Little Victory

xi

Celebrate the moment[
As it turns into one more(’
Another chance at victory!
Another chance to score

The measure of the moment
Is a difference of degree
Just one little victory

A spirit breaking free

One little victory

The greatest act can be
One little victory

A certain measure of righteousness
A certain amount of force

A certain degree of determination
Daring on a different course

A certain amount of resistance
To the forces of the light and love
A certain measure of tolerance

A willingness to rise above

Rush
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INTRODUCAO GERAL

A ecologia de populacdes se preocupa em invesigyétores que controlam a dinamica
temporal e espacial de uma populacdo, decorreegadacdoes das taxas vitais, interacoes
bidticas e abidticas (Godfray, 2009). A trajetddamografica de uma populacdo pode ser
definida a partir da combinacdo de um conjunto rédabilidades de parametros, que ocorrem
em diferentes escalas, culminando com alteracdebumradancia. Dentre os parametros vitais de
uma populacdo se destaca a probabilidade de sobneia, um fator chave na dinamica
populacional (Lebreton et al., 1992; Williams et 2002).

Caracterizar a sobrevivéncia € importante parasgupossa identificar, por exemplo, a
fragilidade de uma populacdo frente ao declinioll¢Blo, 1982). Entretanto, mensurar a
sobrevivéncia de populacdes naturais € uma taréteadevido a dificuldade de acompanhar os
individuos no campo (Lebreton et al., 1992), alanddiculdade de se amostrar determinadas
populacdes em funcdo da raridade de algumas espacigrupos (Thompson, 2004). Assim,
frequentemente, dados de uma parcela da populagaaiszados para realizar inferéncias sobre
as estimativas de interesse para a populacdo comido, e diferentes métodos sdo baseados
neste tipo de rotina, incluindo a marcagéao e recapt

Com o avanco do ferramental analitico, o0s modetomdrcacdo e recaptura constituem-
se em ferramentas eficientes e flexiveis que amila obtencdo de estimativas de parametros
populacionais (Williams et al., 2002; Nichols, 2D@5permitem o teste de hipoteses envolvendo
aspectos da historia de vida das espécies (Lebeetin 1992). Na marcacgéo e recaptura, a partir
de multiplas amostragens, os individuos capturadosmarcados recebem uma marca individual
e os individuos capturados ja marcados em amossag#eriores tem sua recaptura registrada

(Manly et al., 2005). A partir de uma variavel cgiteca (capturado "1"/ndo capturado "0") séo



construidos historicos de captura individual e tanediva dos parametros é calculada com base
na multiplicacéo das probabilidades (Doherty et2€110; Manly et al., 2005)

Para que sejam alcancados resultados acuradosstiamt®vas devem incorporar a
probabilidade de deteccéo (Yoccoz et al., 20019,&a probabilidade de encontrar um individuo
ou espécie quando presente na area de estudo.tdldcgerainda hoje muitos artigos assumem
deteccdo perfeita ou constante nos sistemas, o ggma estimativas subestimadas. O
conhecimento do quao enviesada é a estimativa @stappermite obter melhores indicadores
de resposta da populacdo, facilitando os esforgoahservacdo (Ferraz et al.,, 2007). A
probabilidade de deteccédo se faz importante pahtipnte em sistemas imprevisiveis, onde a
chance de encontrar os individuos é variavel elrgerde baixa, e pode estar relacionada, por
exemplo, a habilidade dos investigadores em ermoa$ individuos e ao clima. Tratando-se de
estudos de vertebrados, existem indicios de québiesf e répteis apresentam baixa
detectabilidade no campo (Dorcas & Willson, 2009).

De forma geral, anfibios e répteis apresentam tafsticas comuns de histéria de vida,
incluindo tamanho corporal geralmente pequeno,rénoia em ambientes similares e hébitos
elusivos. Devido a tais caracteristicas, podem pegrulacdes de dificil monitoramento em
ambientes complexos e heterogéneos (McDonald, 208¥ém disso, esses grupos veem
apresentando declinios significativos nas ultim&sadas, sofrendo com a perda e a alteragédo de
hébitat, introducéo de espécies exaticas, alénodagas e alteracdes climaticas (Gibbons et al.,
2000, Stuart et al., 2004).

Neste trabalho, aplicamos a teoria de marcacdoecaptura em populagcdes da
herpetofauna para estimar parametros populaciot@isnteresse, considerando a deteccdo

imperfeita dos individuos. Implementamos modelospdeulacdes abertas e fechadas para



responder questdes inerentes a cada sistemaamntitiza selecdo de modelos. As analises foram
realizadas no programa MARK 5.1 (White & Burnha®99).

Esta tese esta organizada em quatro capitulos eéndeptes entre si, com objetivos
especificos. Oprimeiro capitulo surgiu devido a escassez de trabalhos que in@mp@&
detectabilidade envolvendo estudos com a herpetafao Brasil e na América do Sul. Esse
problema enfraquece o poder de previsao sobrestesnsis, com implicacdes diretas nas acdes
de conservacdo das espeécies. Inicialmente, comparamestimativa de sobrevivéncia que
incorpora a probabilidade de deteccdo com taxastdeno, indices sem correcdo, para a ra-de-
correderiaHylodes asperEm seguida, por meio de simulagcfes, demonstramelacao entre o
esforco amostral e precisdo, com o objetivo deefoegn elementos para auxiliar pesquisadores no
campo

O segundo capituloaborda a importancia de se conhecer os efeitodédascas de
marcacao sobre os individuos, e consequentemdnte a@opulacdo. Para tanto comparamos 0s
efeitos de duas técnicas amplamente empregadassteiiog com vertebrados, a ablacdo de
artelhos e a aplicagao decrochips em uma populacéo do sapo ferreligpsiboas faber

O terceiro capitulo ilustra o primeiro estudo de dinamica populacigmela umas das
espécies de serpentes ameacadas do Brasil. Negisggamos o desenho robusto de Pollock
para incorporar a migracao temporaria nas estiamtoe sobrevivéncia e abundancia. Além
disso, investigamos possiveis respostas comportaiseariundas do método de captura e
provemos uma estimativa de crescimento populacional

No quarto capitulo utilizamos a teoria de selecdo sexual para testé&ito de caracteres
sexuais secundarios sobre a sobrevivéncia individoa lagartos. Para tanto utilizamos o

tamanho da mandibula, empregado na luta entre maeteocoloracdo de sinalizagéo, para testar



a hipotese de que o maior investimento em caracteeguais tem efeito negativo sobre a
sobrevivéncia de machos porém efeitos opostos enea& do calangoCnemidophorusct.

ocellifer.
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ABSTRACT. Accounting for detection probability in populatistudies has been widely adopted.
However, many Brazilian herpetological articled s#iport estimates without considering how detatti
can influence estimates of survival and other vagds, assuming that detection probability isquedr(i.e.
100%). Using data from a population of tegrentfrog, Hylodes asper calculated return rates and
compared them with survival probability estimatdpiated for detection probability to show the
discrepancies between the two metrics. Using pawalysis, | also explored how survival is
underestimated, considering different scenariossanabling efforts, given low detectability. Finally
provide information on the optimal number of suwéy achieve a 15% coefficient of variation, assigmi
a fixed number of individuals initially captured fa series of parameter values. Ignoring potebtéad of
uncorrected estimates may lead to weak inferendeanneous decisions for management and
conservation. | suggest researchers consider aeigubbability in their studies to obtain more a@te

estimates of population.

Key words: Mark-Recapture, Detectability, Amphibians, Reptild4tal Rates, Abundance,

Survival Probability.



INTRODUCTION

Conservation biology often focus on studies inggding population parameters, such as
abundance, survival, or other vital rates. Estingasuch measures without bias is imperative
when dealing with population declines, which haeerb observed for amphibians and reptiles
world-wide (Gibbons et al., 2000; Stuart et al.020Bohm et al., 2013). Until about 10 years
ago, most inferences made on herpetological pdpogtwere based on raw counts (Schmidt,
2003; Mazerolle et al., 2007), which may erronepustsume perfect or constant detection
probability (the probability of seeing an individuar a species when present in the sampling
area), through time and space. As such, many studiee overlooked potential biases in vital
rate estimates associated with changes in deteptiobability due to individual and temporal
variation (e.g. differences among sexes or sizkawieral responses, seasonal activity), as well
as observer bias (Anderson, 2001; Bailey et alg4aD Assessments of species occurrence,
colonization of fragmented areas, and species eshare also biased when detection probability
is not accounted for (Williams et al., 2002; MacKenet al., 2006; Ruiz-Gutiérrez and Zipkin,
2011; Yackulic et al., 2012).

Using abundance as an example, considee number of animals observed in a suryey,
as the detection probability associated with theespandr as the true number of individuals. If
we assume that (1) we see animals of a specifigpgvath a certain probabilitp, and (2) one
individual does not affect detectability of anotli{grdividuals are independent), thgncan be
model as binomial distribution, with the expecteshier of individuals observed after repeated
counts being:

E(y) = p (Thompson, 2012).
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Whenp is less than 1, the count statisyianust be adjusted by in order to get an unbiased
estimate ofr (Williams et al., 2002; Thompson, 2012) plivaries in time or space, the variation
in y could be due to variation m(Williams et al., 2002; Schmidt and Pellet, 20)rthermore,
because can only take on values between 0 and 1 (becausea iprobability), the simple count
y will only be biased low (Schmidt and Pellet, 2010)

The probability of survival is another importarfelhistory parameter, directly related to
fitness. Although critical to population dynamissirvival is difficult to obtain because time of
death is usually unknown under natural conditidreb(eton et al., 1992). In this way, inference
may be based on marked animals and various robadels that account for detectability are
available (Nichols et al., 1994, Schwarz and Arnask®96; Williams et al., 2002). However,
survival is sometimes estimated through the retata, a confounded index of survival which
includes the probability of the ndividual survivifiggm the capture occasidnto t+1, and the
probability of detecting the individual &t1, given that the individual is alive and in thady
area (Lebreton et al., 1992). Because detectiobgtbties are rarely 1, using return rate to infer
patterns of survival may be erroneous (Martin gt1£95).

Without adjusting fop (detectability), raw counts are referred as pdputandices when
dealing with population sizes, trap rates when icansg the number of individuals captured in
traps, or as return rates with survival studies-oflwhich have been argued as being biased
because they assume no random or systematic changksection (e.g. constant) over time
(Anderson, 2001). The animal ecology literaturéuis of suggestions that detection probability
needs to be addressed in conjunction with coutissts (Williams et al., 2002; MacKenzie et

al., 2006), since obtainingpa= 1 is difficult in most field situations. Besid#sat, ensuring high
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detection probabilities help improving precisionestimates, such as survival or abundance (Otis
et al., 1978; Pollock, 1982).

The importance of detection probability has beetedhdn European and North American
herpetology journals (Schmidt et al., 2002; Dodd Borazio, 2004; Schmidt, 2004; Mazerolle et
al., 2007), as well as in general ecology and zgppjournals dealing with herpetofauna (Kéry,
2002; Schmidt, 2003; Bailey et al., 2004a; Bailéwle 2004b; Willson et al., 2011). However,
when considering south american and specially, iBxaz herpetological journals, many
population and community articles still overlookstissue.

Here, using mark-recapture models, | intend to destrate the bias when using estimates
uncorrected for detection probability and to mageommendations for study design in order to
strength the inference in herpetofaunal studiesc@ipally my goals are: (i) to show the
discrepancy between estimates that account focidéiéty, with estimates that do not include
detectability; (ii) to show the bias, through siameld scenarios, in estimates of survival
probability when using different amounts of effaatyd (iii) to provide recommendations of an

optimum number of surveys based on given values, avreasonable level of precision.

METHODS
General approach

In order to achieve my goals | organized this papénree parts. First, | estimate survival
probability, while accounting for detection proléigj to contrast it with the return rate and show
the bias whem is assumed to be 1. For that purpose, | used egralpdata of a population of the
torrent frog,Hylodes aspefLeptodactylidae). In the second part | use thamedes generated for

the torrent frog population to plug into simulagoto show the percentage of the simulated
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scenarios that underestimate the true value ofafigarent survival when different sampling
efforts are used. In the third part | combine nunddendividuals initially released with survival
and detection estimates to recommend samplingteffith reasonable precision (see Mackenzie

et al., 2006).

Survival probability and return rates in the torteinog, Hylodes asper

| used a data set of a population of the torremd,fiHylodes aspeobtained in the Parque
Estadual da Serra do Mar at Nicleo Picinguab8 223; 4% 0'W), coast of Sdo Paulo state,
southeastern Brazil. Capture occurred in a 100+meegmsect of a rocky stream during 43
consecutive months, from 2007 to 2010. Within eawnth, two to four trained investigators
searched for frogs using visual and auditory cuksewvalking slowly upstream; this was done
for one day on each month. Photographic mark-recaptas used to individually identify frogs
and only adult frogs were considered.

I used maximum likelihood estimates to obtain apptrsurvival probability @), a
product of true survival and site fidelity of in@iwals from the sampling area (thus, emigration
and death are confounded), and detection probal{) in the Comarck-Jolly-Seber open
population model (CJS, Cormack, 1964; Jolly, 1%&&her, 1965) in Program MARK (White and
Burnham, 1999).

| fit four models on the data: a constant modelicwitonsiders no variation ¢h andp,
and three other models considering season (drysevst season) as a temporal covariate on one
or both parameters. | used the Akaike Informatiamte@ion adjusted for small sample sizes

(AICc, Burnham and Anderson, 2002) to select and rardesoThe AIC ranks models based on
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the fit and on the number of parameters of eacheinddhe model with the lowest AtOs the
most parsimonious conditional on the data set (Bammand Anderson, 2002).

After that, | calculated the return rate, whicldefined as:
rd (me/R)/n (Martin et al., 1995)
where R is the number of new individuals marked plus thenher of individuals resighted in
occasioni, my represents the number of individuals resighted ccasioni + 1, andn is the
number of field occasions (see Martin et al., 1888 references therein). | calculated monthly
return rates and then averaged within seasonstsnobstimates for both dry and wet seasons.
Finally, | compare the estimates that unaccountdetectability (the return rates) with the

apparent survival probability, which accounts fetattability.

Sampling effort and bias

Here | set up two hypothetical situations, oneethlidry season” and the other called
“wet season”. Each situation was composed by amat& of detection probability, obtained in
the torrent frog population and used here, and siimate of survival probability. Since no
variation of survival probability was found betwettye dry and the wet season in the torrent frog
population (see results), | chose two different tlose values of apparent survival probability,
similar to those obtained for the torrent frog plapion. Thus, the situation called “dry season”,
had detection probability of 0.05 and apparent isatvprobability of 0.95. In the second
situation, “wet season”, detection probability w44 and apparent survival was 0.90. |
considered these values the truth for my hypotaktiopulation.

For each situation, | simulated 16 scenarios, sspriéng four different sampling efforts

(15, 30, 45 and 60 field occasions) and four d#ifémumbers of individual captures in the first
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occasion (5, 10, 15 and 20 individuals) in all comakions. | set up the simulations in program
MARK, using the CJS model. On each of the 32 sdesdil6 for each situation), | ran 500
simulations. The simulations were based on Bernhtngils, where the probability of getting

successes (in this case the probability of surgivis given by the Binomial probability function:
briic|n, p) = Flk| n,p) = [E}aﬂ"‘{l —pIet

wheren is the number of surveys apds the probability of detecting the individualo Keep a
simple design, | based all simulations on the amtstnodel { (.) p ()}, which means constant
apparent survival and detection probabilities tigfotime and space. To present the results, |

calculated the relative number of simulations thasented survival estimates below the true

value given by the wet and the dry scenarios.

Optimum number of surveys

In this simulation routine, | fixed the number oftial releases at 10, which means that 10
individuals were captured, marked and releasedchénpopulation in the first occasion. In the
following occasions, based on specific survivalbatality estimates, | caught/marked/released
new individuals so that a similar number of markassvalways present in the population. Then |
made different combinations of the fixed numbemdtfal releases with nine different parameter
values of apparent survival (from 0.1 to 0.9) amgendifferent parameter values of detection
probability (from 0.1 to 0.9) in all possible comhtions, to establish 81 scenarios.

To make the results comparable, | used the coefficof variation, defined as the
standard deviation of a population mean dividedhngymean estimate of a population parameter

CV=o/u (Thompson, 2012). | adopted=/ of 0.15 or 15% as goal. The coefficient of vaaatis
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a useful metric, since it provides a measure ditinad precision, which is comparable among

studies (Thompson, 2012).

RESULTS
Survival probability and return rates in the torteinog, Hylodes asper

A total of 220 adult individuals were captured dgrithe study period. The model that
included season as a temporal covariateboandp ranked highly and had 0.99 of the A&IC
weight (Table 1). The constant model, with timestant on survival and detection probabilities
had no supportfAICc of 29.47, Table 1). Detection probability in thetvgeason was 0.14 (95%
C10.10-0.18) and was higher than in the dry sea@@b (95% CI 0.03-0.07). Point estimates of
apparent monthly survival were about three timeghda than return rates in both seasons (Fig.

1),

Sampling effort and bias

Among the 32 different simulated conditions, drpdavet-season scenarios suggested
gradual improvements with increased effort (Fig. @)mulations with 15 occasions performed
poorly, with about 50% of the simulations resultilg biased apparent survival estimates,
independent of the number of individuals initiatBleased. With a 4-fold increase in the effort
(60 occasions), the estimator underestimated 8128614.8% of the simulations in the dry and
wet seasons, respectively. The larger the numbemitél releases, the better the results

achieved.
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Optimum number of surveys

If survival probability is high (> 0.8), the invégator will need a few visits in the field,
even if detection probability is low (< 0.3, Taldlg Considering apparent survival and detection
probabilities of 0.9, the investigator will needytwo occasions of effort in the field (Table 2),
the minimum necessary for a mark-recapture stuayveévyer, when survival and detection are
very low, close to 0.1, it will be necessary torease the effort by at least 3 orders of magnitude

to achieve the goal of 15% coefficient of variat{@able 1).

DISCUSSION

In this paper, | revisited detection probabilityan attempt to reinforce the importance of
considering the issue. Addressing detectabilityvildlife studies is unavoidable if we want to
draw more accurate conclusions about the studissyg. Below, | discuss each section of this

paper and important topics in each.

Survival probability and return rates in the torteinog, Hylodes asper

Detection probability differed between the two seemsand was low, which is generally
common in complex systems and occurs in differama t(Ruiz-Gutierrez and Zipkin, 2011,
Kajin and Grelle, 2012; Maritz and Alexander, 2Q1Ppint estimates of monthly apparent
survival probability for dry and wet seasons werghhand very similar here. These estimates,
may be plausible since they represent monthly gakvand may reflect the species’ life history
where individuals can live up to 3 years (Pato Bigd 2001).

The return rates were lower than the estimateppér@nt survival and the discrepancy

usually occurs because return rates are uncorrecteédonfounded counts between survival and
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detectability that assume constant or completectiete disregarding any variation in space and
time (Lebreton et al., 1993; Martin et al., 1995)d&rson, 2001). Despite the clear problem in
using return rates, several articles, including, ifstance, those comparing effects of marking
techniques in amphibians (McCarthy and Parris, 208dve based conclusions on return rates.
Such estimates are generally biased low, leadingvting answers and possible erroneous

conservation decisions.

Sampling effort and bias
| showed simulation scenarios that could represew@iny amphibian and reptile

populations, which are characterized by high savand low detection (Parker and Plummer,
1987). Using different combinations of survey schenand effort, my results emphasize the
importance of improving the detection process,(imcreasing the detection probability) and
obtaining large sample sizes. | kept simulationmpé for demonstration purposes here,
assuming no variation on each parameter. Howelerliterature shows that constancy is rarely
achieved (Schmidt, 2003; Bailey et al., 2004a; Malte et al., 2007; Schmidt and Pellet, 2010;
Willson et al., 2011), and parameters fluctuater atvee and space. Thus, one possible challenge
Is gathering data for amphibians and reptiles giveir secretive life histories. The investigator
must struggle to get good quality data of the tasgeecies whatsoever, always concerned in

maximizing detectability.

Optimum number of surveys
My goal here was to provide investigators the optmmumber of surveys, which could

be site visits or number of transects, necessatlydrfield, given specific population parameters
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in order to achieve 15% of coefficient of variatiohithough the results obtained here may be
applied for different populations and species, dadtl survey may have a different cost and the
investigator should be warned that achieving thedidmns exemplified here might vary among

systems.

Sometimes the level of effort necessary to achigwed precision may not be even
possible. Thus, when dealing with an organism wdtv survival probability (<0.4) the
investigator will probably need to redesign thedgtauch that the survival probability that will be
estimated is higher (>0.5). Besides that, the stigator will also need to ensure that detection
probability is also around 0.5. A population witarameter values like those above cited may
requires multiple consecutive days/visits of effort

Another key factor for the success of the studg be the sample size. For simulation
purposes here, | fixed the number of individualptaeed in the first occasion; however, this is
barely true in real studies dealing with amphibiamnsl reptiles, since the number of captures
usually does not represent the unit effort. Moremcmn measures of effort are time-constrained
surveys, number of traps, transects and so on. e#eg will be necessary when detection
probability is high, close to 1. However, low estiies of detectability will demand high

sampling effort (MacKenzie et al., 2006).

Considerations and recommendations

Planning and designing the sampling scheme is ast@y for the success of the study
(Yoccoz et al., 2001), but unfortunately this ikleen done. Different approaches are available to
incorporate detection probability in the samplirggidn. The multiple-observer sampling and the

double sampling ratio estimator are two methodd #raompass detection in design-based
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studies. In model-based approaches, methods suetliastelemetry and distance sampling also
account for detection (Thompson, 2012). Mark-regaptis another powerful technique used
intensively in the wildlife for many decades to aibt robust estimates of detection, and other
parameters of interest.

Detectability varies with field methods and popuas, which means that even when
applying searching standard methods, such as eamstr searches by time or area, detection will
vary (Mazerolle et al., 2007; Schmidt and Pellétl@. Tropical systems, such as rain forests, are
generally characterized by high diversity and hagimplexity which may decrease detection
when compared to simpler systems, where detectiay Ime higher for small and elusive taxa
such as amphibians and reptiles (Willson et al1120and other groups (Ruiz-Gutierrez and
Zipkin, 2011; Kajin and Grelle, 2012). Also, theeusf temporal, spatial, and individual
covariates may help to improve the estimates, amdequently all other parameters in the study
(Williams et al., 2002). Detectability may be impeal by increasing the number of site visits, as
cited above, and trained observers. Besides thaigasing the number of traps and/or reducing
the sampling area may also help.

The use of raw counts might be valuable if proveat tletection does not vary over time
and samples, as well as observers. In this caseesrdould be useful in monitoring population
relative changes, such as abundance. However, tidetas usually influenced by all these
factors, and the use of raw counts is generallglvisable (Anderson, 2001), since the proportion
of variance explained by the raw counts can be imwy(Pellet et al., 2007; Schmidt and Pellet,
2010). In all cases, estimates incorporating detegirobability outperform raw counts (Schmidt

and Pellet, 2010).
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Imperfect detection is composed of two elementsilyediscernible in theory, but not in
practice (Schmidt and Pellet, 2010). To be detected individual must be available to be
detected and must be found by the observer. lipthmulation is closed and all individuals are
available for detection, then availability is nopeblem. However, sometimes individuals are
not available because they have temporarily ledt $tudy site or because they are crossing a
larger area and are captured just once, when agpdbe study site, being characterized as
transient individuals. Other times, such unavaligbmay be caused by inherent biology of the
target species (e.g. females that are present ireading pond for only a few days).
Unavailability may also be caused by weak studyigiesvhen, for example, the investigator
searches for the target species in different timeises wrong capture method. Both transient
individuals and temporary immigrants can be estuhatsing mark-recapture and other methods
(see Schmidt and Pellet, 2010).

With a vast literature warning about the problemuafccounted detection probability,
why do researchers still rely upon indices, retates, and trap rates? Mazerolle et al. (2007) and
Schmidt and Pellet (2010) argue that investigatney be reticent to adopt a better approach
because of misleading reasons, such as costly ggnéime and money) methodologies,
unrealistic assumptions, no need to account foeaieh (since the investigator assumes his
experience, and the fact that detection does ngtmake this trait negligible), and that the use of
standardized searching methods will make deteatmmstant. Although this problem is not
exclusive to herpetology, different solutions avaikble and imprecise corrected estimates are
preferable to biased ones. Less costly methoddogieh as distance sampling and occupancy
modeling are good alternatives to mark-recaptusexxx allowing for robust estimates and

reasonable assumptions that account for detedabili
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| suggest researchers address detection probal#ilgg, thinking hard about hypotheses
and predictions, pilot studies, power analysis singulations are great tools that will assist and
improve the sampling design in order to get es@snand reduce heterogeneity (Lebreton et al.,
1993; Anderson, 2001; Anderson, 2008; Schmidt agltt? 2010). If uncorrected estimates are
relied upon for population trends and dynamics,sdxa conclusions may lead to poor

management and conservation decisions.
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TABLES

Table 1 Model selection results for the torrent frog plagpion. Models included no variation (.)
or seasonal variation between dry and wet seaseas@n) on parameters.

Model AlCc AAICC w, K Deviance
@ (seasonp (season) 868.64 O 0.99 4 612.67
@ (.) p (season) 881.34 12.70 0.01 3 627.43
® (seasonp (.) 893.60 24.95 0.00 3 639.68
d)p() 898.11 29.47 0.00 2 646.24

AlCc=Akaike’s information criteria with small samplezsicorrectionAAICc=difference between
top model and the current model=AlCc weights,K=number of parameters, Deviance=difference
of the current model and the saturated model.

Table 2 Number of field occasions to achieve a 15% coieffit of variation or less, given
specific apparent survival and detection probabiudlues. Number of initial individuals releases
is 10.

Survival probability ¢)

0.1 0.2 03 04 05 06 0.7 0.8 0.9
0.1 >360* >360" >360 152 58 21 12 10
0.2 >360* >360* 235 65 24 13
0.3 >360* >360* 177 48 16 10
0.4 >360* >360* 100 33 13
0.5 >360* 360 79 25 11
0.6 >360* 303 45 20 9
0.7 >360* 177 36 16 8
0.8 >360* 123 28 15 7
0.9 >360* 100 23 14 7

Detection probability (p)
oo o~ ©
ARAPMUODON®
WhADBMDOUON
NNNWABRDMNOO

*Program MARK capabilities allows for a maximum niben of 360 encounter occasions.
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FIGURE CAPTIONS

Figure 1. Apparent survival probabilities (closed circles)d return rates (open circles) in the
wet season and in the dry season for the torrexgt flopulation (95% confidence intervals are

shown in the bars).

Figure 2. Percent of simulations that underestimated the walue of apparent survival within
four scenarios of sampling effort and initial samgizes for the dry season (circles) and wet
season (triangles).
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Figure 2
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Abstract. Amphibians have been declining worldwide and thegeehension of the threats they
face could be improved using mark-recapture studeesestimate vital rates of natural
populations. Recently the consequences of markimghébians have been under discussion and
the effects of toe clipping, the most common teghai for amphibian individualization, on
survival are debatable. The passive integratedspamder (PIT tagging) is an alternative
technique, but there has been no comparison betteemrlipping and PIT tagging for free
ranging populations. We compared these two markiethods using mark-recapture models to
estimate apparent survival and recapture probglofia neotropical population of the blacksmith
tree frog,Hypsiboas faberWe tested the effects of marking method and nurobdoe pads
removed, while controlling for sex and rainfall. réual was similar between toe-clipped and
PIT-tagged frogs and did not vary by sex. Sex vinashtest predictor for recapture probability,
with males being nearly five times more likely t® tecaptured. In conclusion, we (i) recommend
the use of covariates to better understand thecteffef marking methods on frogs, and (ii)
suggest the use of toe clipping, given the laclcahparisons with other alternative marking

methods in the literature and logistical and cesties associated with PIT tagging.

Key words:amphibians detection probability Hylidae; mark-recapture multi-model inference

return rate
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INTRODUCTION

With the current scenario of amphibian declinesd8 et al, 2004), quantitative links
between vital rates and explanatory covariatesflardamental to understand the dynamics of,
and threats to populations (Biek et &002). Among different strategies used to infiéal\rates,
mark-recapture constitutes an important tool, ging accurate information on population trends
and demographic estimates (Manly et 2005) especially when population dynamics arelgoo
understood, such as occurs in the neotropics (dieat, 2012).

Although field biologists strive to apply the leasirmful marking technique to their study
species, most techniques remain invasive and niagtdfehavior and survival (Lemckert, 1996;
Bloch and Irschick, 2004; Schmidt and Schwarzk@pfl0). Among the different methods used
to mark anurans (Donelly et.all994), the most common is the toe clipping (Bog&®47),
which consists of removing different combinatiorfsdigits to give individuals a permanent
mark.

However, the scientific community has recently rbelebating the impacts of marking
individuals, especially toe clipping, with diverdgeopinions (May, 2004; Funk et.al2005;
Corréa et al., 2013). Several recent papers hdstedethe number of toes clipped to individual
response of amphibians, including lower return unvisal rates (Parris and McCarthy, 2001,
McCarthy and Parris, 2004; Waddle et al., 2008xhé&ugh more research evaluating such
impacts is needed, novel methods have been propogseglace toe clipping but they remain to
be tested (Brown, 1997; Hoffmann et al., 2008; Caglipet al., 2009, Kenyon et al., 2009).

The passive integrated transponder (PIT tag) éssuch alternative to toe clipping, which
consists of a glass-encapsulated electromagneiliovdb a unique alphanumeric code that is

lodged under the skin or in the body cavity of annmal and read by a handheld scanner
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(Gibbons and Andrews, 2004). Because of its low aosl the possibility to mark an unlimited
number of individuals, PIT tags have been usednurans as an alternative marking method
(Christy, 1996; Jehle and Hodl, 1998). Neverthelemgative effects on frog survival have
already been reported (Scherer et al., 2005) dtte is known on the impacts of PIT tags on
anurans (e.g. Christy, 1996; Brown, 1997; Phillbtak, 2008). Behavioral and physiological
deleterious effects from the injection of the tagynoccur and frog response might be different
from toe clipping. Overall, direct comparisons betw different marking techniques are still
lacking.

Another issue for studies that have attempteduntify the effects of marking methods
on frogs is the absence of statistical power, eajpecby toe clipping (Schmidt, 2003).
Furthermore, past studies have been based onttira rate to infer survival (e.g. McCarthy and
Parris, 2004), which consists of the proportiomr@rked individuals recaptured at least in one
occasion (Lebreton et al., 1992). The return ragimes a constant detection probability, which
is unrealistic in natural systems, due to hetereygnn behavior (e.g. between sexes) and
climatic conditions, such as rainfall, which infhees amphibian activity (Duellman, 1986).
Despite the number of studies reporting decreastdir rates with increasing number of toes
removed, only a few studies have assessed the agsweinting for detection probability, which
is likely less than one (e.g. Waddle et al., 20B83fe et al., 2011). Waddle et al. (2008) found
different recapture probabilities for individualgthvtwo, three and four toes removed in the
squirrel treefrogHyla squirella but survival was similar among the groups. The okreturn
rate in this case would lead to the erroneous csrarh that toe clipping reduces survival.

Here we contrasted the effects of toe clipping &id@ tagging on a free ranging

neotropical tree frog population using mark-receptoodels, which allowed us to disentangle

34



survival and recapture probabilities (Schmidt, 2008addle et a] 2008). We specifically

compared survival and recapture probabilities betwaarking techniques, while controlling for
sex differences and climatic variability in rainfalVe hypothesized that individuals marked with
PIT tags will present lower survival than individsianarked with toe clipping, and that the

removal of more toes will linearly decrease induatisurvival.

METHODS
Study site and study species

We conducted this study in a 970-square meter geemt pond in Estacdo Ecologica de
Jatai (2130' S, 2840' W), a conservation unit in the state of Sdd®aoutheastern Brazil. The
unit is located in a transitional area between Mimntic Forest and the Cerrado biomes,
composed of open grassy areas and semi-decidumest§oAverage temperature in the coldest
months (June to August) is about°11, and about 30C in the hottest months (December to
February). Annual rainfall is about 1500 mm. Preatpn during the rainy season (October to
March) typically exceeds 270 mm per month, but dossexceed 27 mm per month during the
dry season (April to September) (CEPAGRI, 2011).

We sampled an adult population of the blacksmiéie tfrog Hypsiboas faberAnura,
Hylidae) (Fig. 1), a large tree frog (snout-vemidth = 92.3- 4.8 mm, N = 305; this population)
distributed from northern Argentina to eastern Bréldartins, 1993). Males of this species
occupy a pond and build nests at the beginning@bteeding season (generally from October to
March; pers. obs), then begin to vocalize untiemdle approaches to inspect the nest. Males
usually do not spend the whole reproductive seasdine breeding site (Martins, 1993); females

visit ponds only long enough to oviposit in thedating site before leaving (Martins, 1993).
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Data collection

We collected data during two reproductive seastros; November to March, in 2010-
2011 and 2011-2012. We captured individuals dutimge nights per month and pooled nights
within the same month together, resulting in 10 garg occasions, five on each breeding
season. On each capture occasion, three reseaystesnatically walked inside and in the
margins of the pond capturing adult individualshaynd based on visual and acoustic cues in all
accessible microhabitats.

We determined sex and randomly assigned one typenarking method to each
individual, toe clipping or PIT tagging. We placedividuals in four different groups: group one
(one toe clipped), group two (two toes clippedpugr three (three toes clipped) and group four
(PIT tag). We marked individuals in the toe clippigroups starting with the removal of one toe.
When all combinations for removing one toe weredusee started removing two toes in unique
combinations, and finally, three toe removal corabons, clipping up to two toes per limb. This
sampling design generates uneven toe pad remawapgover the study period (see Grafe gt al
2010), which we accounted for by including a lineand model in the parameter estimates (see
Statistical analysis).

We adapted the marking method of Waichman (19%2horing only the toe pad (“toe
tipping”, sensuPhillot et al, 2007), which is enough for individual recogniti@s tissue
regeneration is rarely observed (Luddecke and Amézgl999; Phillot et al., 2007, Grafe et al.,
2011). The PIT-tagging group received a 2.2 mm X h2m, 0.5 g internal transponder (Animall
Tag company) implanted in a posterior laterallysdon position, using sterilized needles and

followed by the use of surgical glue to help heglifthe mass ratio PIT tag/tree frog never
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reached 0.5%. To control for possible effects & ¢fue, all individuals from the toe clipping
groups also received the same amount of glue osaime local.

The effects of marking technique and number of temoved were assessed in three
different ways: (i) by comparing the survival omlividuals with one, two, three toe pads clipped
and PIT tagged (hereafter ‘group effects’); (ii) bgmparing the effects of toe pad clipping
against PIT tagging, where we combined groups tweand three and compared to group four
(hereafter ‘marking method effects’); and finally)(by forcing a linear trend effect only on toe
clipped groups (hereafter ‘linear trend effect),test the hypothesis that removal of more toes
decreased survival. In addition, the inclusion dinaar trend in the recapture probability was
used to account for the uneven toe pad removalpgrouer the study. Although the linear trend
was applied only on the toe clipped groups, the tBffgroup was also included in the analysis.
Sex was included in each analysis as an individoahriate. Total monthly rainfall during
sampling periods was also included as a temporafree in both parameters in order to

accommodate weather variability in the models (€4l

Statistical analysis

We obtained maximum likelihood parameter estimaisgig a Cormack-Jolly-Seber
(CJS) model (Cormack, 1964; Jolly, 1965; Seber,5)19% Program MARK (White and
Burnham, 1999). The CJS model estimates the paeasnapparent survival probabilitgy,
which is a combination of true survival and sitdefity, and recapture probability (p). We
constructed 577 different models representing Hgsxs about the effects of marking methods,

time, sex and rainfall, using the strategy propasgdoherty et al. (2010) to run all possible
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additive combinations of factors, except for conaltions that did not make logical sense (e.g.,
different representations of marking effects, anperal covariates and time effects in the same
model).

Goodness-of-fit and a variance inflation factoe.(i mediary) were assessed using the
general model®gyoup+imePgroup+img. We selected and ranked models using Akaike in&bion
Criterion (Akaike, 1973) adjusted for small sampiees (AIQ, Burnham and Anderson, 2002).
Survival and recapture probabilities were modelraged using all models, in order to include
uncertainty in model selection (Burnham and Anders2902). We then calculated the relative
importance of each covariate through the cumulaiiNgc weights (Doherty et g12010) in order
to determine the important covariates for eachrpatar. Following Barbieri and Berger (2004)

we considered covariates with cumulative AMZeight above 0.5 to be important.

RESULTS

In group one (one toe clipped) we marked 14 mahesfaur females, in group two (two
toes clipped) 110 males and 40 females, in grougetkithree toes clipped) 120 males and 30
females, and in group four (PIT tag) 177 males addemales. We recaptured 117 out of 545
individuals at least once. The goodness-of-fit tdgiwed no problem with transient individuals
or trap dependence effects and no extra binomraéti@n was detected €0.96).

The top model (AI€ weight = 0.05) included constant apparent survarabng groups
and detection probability varying as an additivieafof linear trend on toe clipped groups, time
variation and sex. However, many models had sinfli&c weights, with considerable model

selection uncertainty (Table 2). Considering alldels averaged, apparent monthly survival
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probability was very similar among the four markileghniques and sexes (Fig. 2), with none of
the covariates having an important effect on apgagervival probability (Table 3), highlighting
the importance of the constant survival among gsoup

The best covariates predicting the recapture piibtyalwere sex and time (Table 3).
Males presented higher averaged recapture protyaltian did females (Fig. 3), but no
difference was detected among groups one, two tlaee (toe clipped groups) when compared

to group four (PIT tag). Groups presented montabapture estimates from 0.12 to 0.39.

DISCUSSION

Our first hypothesis relating lower survival for TPItagged individuals was not
corroborated, since the apparent survival prolighilid not differ among groups and sexes. We
also hypothesized that more toes clipped wouldaeduwrvival in toe clipped individuals, but no
correlation between survival and the number of tigped was found. Based on the cumulative
AICc weights, none of the covariates had a strong etfedhe apparent survival probability in
our model set. Two out of six covariates were ingoar in describing the variation on the
recapture probability. The most important was sexgch carried out the most cumulative AIC
weight.

As mentioned before, males and fematesfaber present clear behavioral differences
(Duellman, 1986; Martins and Haddad, 1988; Marfif83). Because females are more mobile,
their recapture probabilities were lower, whichigades that pooling the sexes in the analysis
would lead to biased results. Besides, if we haasiciered just the return rate as a survival

estimate, estimates would be biased low (0.39 ahd, @veraged among groups) for males and
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females, respectively, leading to erroneous cormhgs As noted before, biased results may be
obtained if not correctly accounting for the proitigbof detection (Mazzerole et aR005).

Effects of time were important on recapture proligbiThe substitution of individuals in
the pond could account for this trend, since irtirals stay at the breeding site for a limited
amount of time, being substituted by new ones tinout the breeding season (Martins, 1993).
Such permanent emigration will likely bias survisstimates low, since estimates of apparent
survival are a product of true survival and sidefity. In this study, groups presented similar
apparent survival estimates, showing that emignatiates may be similar among groups.
Accounting for permanent emigration in the fieldludes the use of radio telemetry and known
fate models where fates of all marked individuatskanown (Williams et al., 2002). On the other
hand, if individuals of the population leave theedemporarily, the robust design approach is a
good alternative to account for temporary emigrai®ollock, 1982; Kendall et al., 1997).

We included rainfall in the models as an attempadoount for the weather variability,
since amphibians present a strict relation to wateilability. However, in this study rainfall did
not come up as an important covariate. Then, tHsstgution of individuals in the pond
highlights the importance of considering time vaoia effects in the model set, besides other
related covariates, whenever possible.

Invasive marking methods can cause negative effeciadividuals, and toe clipping is a
stressor for amphibians when compared to handlimg Narayan et al., 2011). Other studies
have already reported negative or neutral effett®® clipping on frog survival and capturing
(Lemckert, 1996; Van Gelder and Strijbosch, 199&;Cdrthy and Parris, 2004; Hartel and
Nemes, 2006; Liner and Smith, 2007; Schmidt andv&ctkopf, 2010; Grafe et.al011). In our

study, the removal of toe pads was quicker tharkimguwith the PIT tag, and bleeding usually

40



did not occur. The application of the PIT tag tdakn two to four times longer (pers. obs.), and
possibly increased handling stress. Many malegaéalty from toe clipped groups, were seen in
normal reproductive activities right after beingmpaulated and no inflammation was observed.
Phillott et al. (2011) reported that 1.3% of indivals of four hylid species genugoria and
Nyctimystegresented toe inflammation, which may suggests tte clipping could be a safe
method for marking hylids. Stress response shoédngluded as an important trait to be
measured in individuals, but few studies considehesl characteristic when testing the impacts
of different invasive marking techniques on ampéuilsi.

However, despite its low cost and ease of usentimber of individuals to be marked
using toe clipping is limited. In our study we &l to find evidence of toe regeneration, but in
case it occurs, as described by Hoffmann et aD&pQhe important mark-recapture assumption
of not losing the marks in the population will bélated, biasing survival estimates low
(Lebreton et al., 1992; Williams et al., 2002). Thse of PIT tag is not as common as toe
clipping, but may be a reliable method and hasgeoierally been demonstrated to cause serious
problems for tagged anurans, such as detrimerfedtefon body condition or mortality (Christy,
1996; Brown, 1997; Jehle and Hodl, 1998; McAllist¢ral., 2004; but see Scherer et al., 2005).
However, PIT tagging is more costly, increases hagdime, requires more skill from the
researcher to use, and may be unfeasible in smogé.f In addition, even being considered a
permanent marking method (Gibbons and Andrews, RORHI tags could be expelled from
(Roark and Dorcas, 2000) or migrate to anothertiocan the body (Tracy et al2011) causing
tag loss.

In general, studies looking at the impacts of déf¢ marking methods on vital rates of

wild populations are scarce. Works comparing tggpeig and PIT tagging have shown similar
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effects on survival and growth rates of salaman{®tsand Scott, 1999) and free-living naked
mole rats (Braude and Ciszek, 1998). It is alsoortgmt to note that the effects of marking
methods vary by species, reproductive strategiaebjtdts (e.g. arboreal vs. fossorial), and
behaviors (Liner and Smith, 2007). Frog specie$ me8pond in different ways to marking and
investigators must consider the characteristiceawh species, as well as the use of the most
practical and least harmful method, evaluatingredthods together, as suggested by Phillot et al.
(2008). Additionally, we recommend using differetgmporal and individual covariates,
depending on the motivation for the study, otheaviige results of the analysis may be biased.

Estimating the survival probability of a contrologp of non-marked individuals in the
field would be ideal, as we did not have compamgstm survival of individuals that were not
treated. Digital photography may be the best markiechnique that might approach the
condition of a control group for free ranging pagidns, but it also presents problems, like
identifiable characteristics on the target spe@gd obtaining good quality pictures without
disturbing individuals. Controlled laboratory exippeents may be useful for the inclusion of a
non-marked group, for comparing survival (e.g. lagkfor inflammation) and for allowing
estimation of tag loss (Brown, 1997). However, labory experiments are not a good solution to
observe the effects of marking on species inteyast{e.g. predation, competition) as well as the
effects of weather variability on marked individsial

In summary, both marking techniques tested perfdriagually well, with individuals
showing similar survival responses. Thus, given ldek of comparisons among alternative
marking techniques in the literature (e.g. visiloiglanted elastomer-VIE, natural marks), and
logistical issues, such as budget and processimg, tive recommend the use of toe clipping

instead of PIT tagging.
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TABLES

Table 1 Model notation and definition for the parametepparent survivald) and recapture
probability (p).

Model notation Notation definition

() parameter is constant

t) parameter varies with time

(9) parameter varies with groups

(sex) parameter varies with sex

(rain) parameter varies with rainfall
(toe_chip) parameter varies by marking method
(toe_lin) parameter varies with linear trend effi@c toe clipping
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Table 2 Top 15 models of the candidate model set. o&lkaike’s information criteria with
small sample size correctiodAICc=difference between top model and the current model
w~=AICc weights,k=number of parameters, Deviance=difference of tlmeeat model and the

saturated model.

Model AICc  AAICc w K Deviance
Phi (.) p (toe_lin+time+sex) 84740 O 0.05 12 8P2.9
Phi (.) p (toe_chip+time+sex) 847.71 0.31 0.04 12 23.82
Phi (toe_chip) p (time+sex) 847.90 0.50 0.04 12 823
Phi (.) p (time+sex) 848.06 0.66 0.04 11 825.64
Phi (toe_chip+sex) p (time+sex) 848.93 1.52 0.02 13822.34
Phi (sex) p (toe_lin+time+sex) 849.00 1.58 0.02 13 822.40
Phi (toe_chip) p (toe_lin+time+sex) 849.01 160 20.0 13 822.42
Phi (toe_lin) p (time+sex) 849.03 1.63 0.02 12 8234.
Phi (rain) p (toe_lin+time+sex) 849.16 1.76 0.02 13 822.58
Phi (toe_chip) p (toe_chip+time+sex) 849.32 191 020. 13 822.73
Phi (sex) p (toe_chip+time+sex) 849.32 1.92 0.02 13822.74
Phi (rain) p (toe_chip+time+sex) 849.44 2.04 0.02 3 1 822.86
Phi (toe_lin) p (toe_lin+time+sex) 849.50 2.08 0.02 13 822.90
Phi (.) p (toe_lin+sex) 849.53 2.13 0.02 4 841.46
Phi (sex) p (time+sex) 849.64 2.24 0.02 12 825.14

Table 3 Cumulative AIC weights for the covariates used for apparent salv(®) and
recapture probability (p). Values in bold are thestimportant (i.e. > 0.50).

Variable & p

Group 0.08 0.05
Time 0.07 0.66
Sex 0.33 1.00
Rain 0.26 0.09
toe_chip 0.27 0.27
toe_lin 0.20 0.34
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FIGURE CAPTIONS

Figure 1. Adult maleHypsiboas faberoto: Décio T. Corréa.

Figure 2. Model-averaged monthly apparent survival probab{#nd 95% confidence intervals)
among groups and sexes.

Figure 2. Model-averaged monthly recapture probability (8586 confidence intervals) among
groups and sexes.
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Figure 3
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APPENDIX- Table of all model results. AbSAkaike’s information criteria with small samplesi
correction AAICc=difference between top model and the current megeAICc weights,k=number of
parameters, Deviance=difference of the current rmnaxie the saturated model.

Model AlCc AAICc W K Deviance
Phi Int+p Int+p toe_lin+p t+p sex 847.4017 O 0.05272 12 822.9041
Phi Int+p Int+p toe_chip+p t+p sex 847.7157 0.314 .04806 12  823.2181
Phi Int+Phi toe_chip+p Int+p t+p sex 847.8978 0M96 0.04114 12  823.4002
Phi Int+p Int+p t+p sex 848.0598 0.6581 0.03794 11  825.6394
Phi Int+Phi toe_chip+p Int+Phi sex+p t+p sex 84832 1.5275 0.02457 13  822.3477
Phi Int+p Int+p toe_lin+Phi sex+p t+p sex 848.97791.5762 0.02397 13  822.3965
Phi Int+Phi toe_chip+p Int+p toe_lin+p t+p sex L2624 1.6053 0.02363 13  822.4256
Phi Int+Phi toe_lin+p Int+p t+p sex 849.0295 1.6278 0.02336 12  824.5319
Phi Int+Phi rain+p Int+p toe_lin+p t+p sex 849.15991.7582 0.02189 13  822.5785
Phi Int+Phi toe_chip+p Int+p toe_chip+p t+p sex MNB1 1.9144 0.02024 13  822.7347
Phi Int+p Int+p toe_chip+Phi sex+p t+p sex 849.3256L.9239 0.02015 13 822.7441
Phi Int+Phi rain+p Int+p toe_chip+p t+p sex 849.341 2.0398 0.01901 13  822.8601
Phi Int+Phi toe_lin+p Int+p toe_lin+p t+p sex 848446  2.0829 0.01861 13  822.9032
Phi Int+p Int+p toe_lin+p sex 849.5285  2.1268 0.0182 4 841.4655
Phi Int+p Int+Phi sex+p t+p sex 849.6411 2.2394 1921 12  825.1435
Phi Int+Phi toe_lin+p Int+p toe_chip+p t+p sex 8B4 2.3917 0.01595 13  823.2119
Phi Int+Phi rain+p Int+p t+p sex 849.8144  2.4127 01678 12  825.3168
Phi Int+Phi rain+Phi toe_chip+p Int+p t+p sex 848  2.4434 0.01554 13  823.2637
Phi Int+p Int+p toe_chip+p sex 850.2666  2.8649 psm 4 842.2036
Phi Int+Phi toe_lin+p Int+Phi sex+p t+p sex 850.276 2.8745 0.01253 13  823.6947
Phi Int+Phi toe_chip+p Int+p toe_lin+Phi sex+p =X 850.3004  2.8987 0.01238 14  821.6284
Phi Int+Phi toe_chip+p Int+p toe_chip+Phi sex+p sgx 850.6198  3.2181 0.01055 14  821.9478
Phi Int+p Int+Phi g+p t+p sex 850.7729  3.3712 0009 14  822.1009
Phi Int+Phi rain+p Int+p toe_lin+Phi sex+p t+p sex 850.8239  3.4222 0.00953 14  822.1519
Phi Int+Phi rain+Phi toe_lin+p Int+p t+p sex 850482 3.4223 0.00953 13  824.2425
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_lin+p ts@x 850.892 3.4903 0.00921 14  822.22
Phi Int+Phi toe_chip+p Int+p sex 850.9107  3.509 oo 4 842.8477
Phi Int+p Int+p toe_lin+Phi sex+p sex 850.9345 2&%3 0.00901 5 840.8398
Phi Int+p Int+p sex 850.9484  3.5467 0.00895 3 844.9106
Phi Int+Phi rain+Phi toe_chip+p Int+Phi sex+p tgxs 850.9863  3.5846 0.00878 14  822.3143
Phi Int+Phi toe_lin+p Int+p toe_lin+Phi sex+p t+gxs 851.0504  3.6487 0.00851 14  822.3784
Phi Int+p Int+p toe_lin+Phi g+p t+p sex 851.1358 7311 0.00815 15 820.3665
Phi Int+Phi rain+p Int+p toe_chip+Phi sex+p t+p sex 851.1445  3.7428 0.00811 14  822.4725
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_chip+p 3ex 851.1822  3.7805 0.00796 14  822.5102
Phi Int+Phi rain+Phi toe_lin+p Int+p toe_lin+p tspx 851.2478  3.8461 0.00771 14  822.5758
Phi Int+Phi toe_chip+p Int+p toe_lin+p sex 851.28723.8855 0.00756 5 841.1926
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Phi Int+Phi toe_lin+p Int+p toe_chip+Phi sex+p Bgx
Phi Int+Phi rain+p Int+p toe_lin+p sex

Phi Int+p Int+p rain+p toe_lin+p sex

Phi Int+p Int+p toe_lin+Phi t+p sex

Phi Int+Phi rain+p Int+Phi sex+p t+p sex

Phi Int+p Int+p toe_chip+Phi t+p sex

Phi Int+Phi rain+Phi toe_lin+p Int+p toe_chip+p ts@x
Phi Int+Phi toe_lin+p Int+p toe_lin+p sex

Phi Int+p Int+p g+p t+p sex

Phi Int+Phi toe_lin+p Int+p sex

Phi Int+Phi toe_chip+p Int+Phi sex+p sex

Phi Int+p Int+p toe_chip+Phi sex+p sex

Phi Int+p Int+Phi g+Phi sex+p t+p sex

Phi Int+Phi toe_chip+p Int+p toe_chip+p sex

Phi Int+p Int+p toe_chip+Phi g+p t+p sex

Phi Int+p Int+Phi t+p sex

Phi Int+Phi rain+Phi toe_lin+p Int+Phi sex+p t+xse
Phi Int+Phi rain+p Int+p toe_chip+p sex

Phi Int+Phi toe_lin+p Int+p toe_chip+p sex

Phi Int+p Int+p rain+p toe_chip+p sex

Phi Int+Phi rain+Phi toe_chip+p Int+p toe_lin+Phks$p t+p sex
Phi Int+p Int+Phi sex+p sex

Phi Int+Phi toe_chip+p Int+p toe_lin+Phi sex+p sex
Phi Int+p Int+p toe_lin+Phi g+Phi sex+p t+p sex

Phi Int+Phi rain+Phi toe_chip+p Int+p toe_chip+Bék+p t+p sex
Phi Int+Phi toe_lin+p Int+Phi sex+p sex

Phi Int+Phi rain+p Int+Phi g+p t+p sex

Phi Int+p Int+p rain+p toe_lin+Phi sex+p sex

Phi Int+Phi rain+p Int+p toe_lin+Phi sex+p sex

Phi Int+Phi rain+p Int+p sex

Phi Int+Phi rain+Phi toe_lin+p Int+p toe_lin+Phixs® t+p sex
Phi Int+Phi rain+Phi toe_chip+p Int+p sex

Phi Int+Phi toe_chip+p Int+p rain+p sex

Phi Int+Phi toe_lin+p Int+p toe_lin+Phi sex+p sex
Phi Int+p Int+p rain+p sex

Phi Int+p Int+p toe_lin+Phi t+Phi sex+p sex

Phi Int+p Int+p toe_chip+Phi t+Phi sex+p sex

Phi Int+p Int+p toe_lin+Phi g+Phi t+p sex

Phi Int+Phi toe_chip+p Int+p toe_chip+Phi sex+p sex
Phi Int+Phi toe_chip+p Int+p g+p t+p sex

Phi Int+Phi rain+p Int+p toe_lin+Phi g+p t+p sex

Phi Int+p Int+Phi sex+p g+p t+p sex
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851.3556  3.9539 0.0073
851.3876 8%9 0.00719
851.4063 4604 0.00712
851.4514  4.0497 0.00696
851.4786 .0749 0.00687
851.507 4.1053 0.00677

851.5291 4.1274 0.0067
851.55444.1527 0.00661

851.5737 4.172 0.00655
851.6622 4.2605 0826
851.6762 .2745 0.00622
851.6995 948 0.00615
851.8262 4512 0.00577
851384 4.5828 0.00533
852.0107 .609 0.00526

852.1404  4.7387 0.00493

852.1923  4.7906 0.00481
852.2208 8181 0.00474
852.27024.8685 0.00462
852.2951 3489 0.00456

852.3077  4.906 0.00454

852.328 4.9263 0.00449

852.4375  5.0358 0.00425
&H6  5.1739 0.00397

852.6219  5.2202 0.00388
852.6226 22b9 0.00388
852.6676 &2 0.00379
85781 5.4162 0.00351
&25 5.4708 0.00342

852.8817 5.48 0.0034

852.9113  5.5096 0.00335
852.92525.5235 0.00333
852.9254 5237 0.00333

528589  5.5572 0.00328

852.9598 5.5581 0.00327
853.845 5.6441 0.00314
85337 5.6696 0.0031
853.09185.6901 0.00306

853.116 5.7143 0.00303
853.1308 .7291 0.00301
3BBHB59  5.7542 0.00297
853.1578  5.7561 0.00297

14  822.6836
5 841.293
5 841.3116
11 829.031
13  824.8972
11  829.0866
14  822.8571
5 841.4597
14  822.9017
4 843.5992
5 841.5816
5 841.6049
15 821.0569
5 841.8899
15 821.2414
10  831.7906
14  823.5203
5 842.1262
5 842.1756
5 842.2005
15  821.5385
4 844.265
6 840.3048
16  819.7024
15 821.8526
5 842.5279
15 821.8984
6 840.6852
6 840.7398
4 844.8187
15 822.1421
5 842.8305
5 842.8307
6 840.8262
4 844.8968
12 828.5482
12 828.5737
14  824.4198
6 840.9833
15 822.3616
16  820.2827
15 822.3886



Phi Int+Phi rain+Phi toe_lin+p Int+p toe_chip+Phks$p t+p sex
Phi Int+Phi toe_chip+p Int+p rain+p toe_lin+p sex
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_lin+p sex
Phi Int+Phi toe_lin+p Int+p toe_lin+Phi t+p sex

Phi Int+Phi toe_chip+p Int+p toe_lin+Phi t+p sex
Phi Int+Phi rain+p Int+p g+p t+p sex

Phi Int+p Int+p g+p sex

Phi Int+Phi rain+p Int+p rain+p toe_lin+p sex

Phi Int+Phi toe_lin+p Int+p toe_chip+Phi t+p sex
Phi Int+p Int+p toe_chip+Phi g+Phi sex+p t+p sex
Phi Int+Phi rain+Phi toe_lin+p Int+p toe_lin+p sex
Phi Int+Phi toe_lin+p Int+p rain+p toe_lin+p sex

Phi Int+Phi toe_chip+p Int+p toe_chip+Phi t+p sex
Phi Int+p Int+p rain+p toe_lin+Phi t+p sex

Phi Int+p Int+p rain+p toe_chip+Phi t+p sex

Phi Int+Phi rain+Phi toe_lin+p Int+p sex

Phi Int+Phi toe_lin+p Int+p toe_chip+Phi sex+p sex
Phi Int+Phi toe_lin+p Int+p rain+p sex

Phi Int+Phi toe_lin+p Int+p g+p t+p sex

Phi Int+p Int+Phi t+Phi sex+p sex

Phi Int+Phi toe_chip+p Int+p rain+Phi sex+p sex
Phi Int+Phi rain+Phi toe_chip+p Int+Phi sex+p sex
Phi Int+Phi rain+p Int+p toe_chip+Phi sex+p sex
Phi Int+p Int+p rain+p toe_chip+Phi sex+p sex

Phi Int+p Int+p toe_lin+Phi g+p sex

Phi Int+p Int+Phi g+p sex

Phi Int+Phi toe_lin+p Int+Phi t+p sex

Phi Int+Phi rain+p Int+Phi g+Phi sex+p t+p sex

Phi Int+Phi rain+p Int+p toe_chip+Phi g+p t+p sex
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_chip+p se
Phi Int+Phi toe_chip+p Int+p rain+p toe_chip+p sex
Phi Int+p Int+p rain+Phi t+p sex

Phi Int+Phi rain+Phi toe_lin+p Int+p toe_chip+p sex
Phi Int+Phi rain+p Int+p rain+p toe_chip+p sex

Phi Int+Phi toe_lin+p Int+p rain+p toe_chip+p sex
Phi Int+Phi rain+p Int+Phi sex+p sex

Phi Int+p Int+p rain+Phi sex+p sex

Phi Int+Phi toe_chip+p Int+Phi sex+p g+p t+p sex
Phi Int+Phi toe_chip+p Int+p rain+p toe_lin+Phi spxsex
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Phi Int+Phi rain+Phi toe_lin+p Int+p toe_chip+Plksp t
Phi Int+Phi toe_chip+p Int+Phi sex+p t

Phi Int+Phi toe_chip+p Int+p toe_lin+Phi sex+p t
Phi Int+Phi toe_chip+p Int+p toe_chip+Phi sex+p t
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_chip+Bak+p t
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_lin+Phksp t
Phi Int+Phi rain+Phi toe_chip+p Int+Phi sex+p t

Phi Int+Phi toe_lin+p Int+Phi sex+p t

Phi Int+p Int+p toe_lin+Phi g+Phi sex+p t

Phi Int+Phi rain+Phi toe_lin+p Int+Phi sex+p t

Phi Int+p Int+p toe_lin+Phi sex

Phi Int+Phi rain+p Int+p toe_lin+Phi g+Phi sex+p t
Phi Int+p Int+p toe_chip+Phi g+Phi sex+p t

Phi Int+p Int+Phi sex+p g+p t

Phi Int+p Int+p toe_lin+Phi t+Phi sex

Phi Int+Phi rain+p Int+Phi sex+p g+p t

Phi Int+p Int+Phi g+Phi sex+p t

Phi Int+Phi rain+p Int+p toe_chip+Phi g+Phi sex+p t
Phi Int+p Int+p toe_chip+Phi sex

Phi Int+Phi toe_lin+p Int+p toe_lin+Phi sex

Phi Int+Phi toe_lin+p Int+p toe_lin+Phi t+Phi sex
Phi Int+p Int+p toe_chip+Phi t+Phi sex

Phi Int+Phi rain+p Int+p toe_lin+Phi sex

Phi Int+Phi rain+p Int+Phi g+Phi sex+p t

Phi Int+Phi toe_lin+p Int+Phi sex+p g+p t

Phi Int+p Int+p toe_lin+Phi g+Phi t+Phi sex

Phi Int+Phi toe_lin+p Int+p toe_chip+Phi t+Phi sex
Phi Int+p Int+Phi sex

Phi Int+p Int+Phi t+Phi sex

Phi Int+Phi rain+Phi toe_lin+p Int+Phi sex+p g+p t
Phi Int+Phi toe_chip+p Int+p toe_lin+Phi sex

Phi Int+p Int+p rain+p toe_lin+Phi sex

Phi Int+Phi rain+p Int+p toe_chip+Phi sex
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86®6
866.691
867.0834
8869
867.5557
78271
867.9209
&8
868.1028
868.1351
868.2997
88819
688794
868.6536
868.6552

19.2689
19.2893
19.6817

19.9673

20.2254
20.5192
20.6801
20.7011
20.7334
828.
20.9173
20.9777
21.2519
21.2535
&EB88  21.5321
868.9852  ABS5
869.149821.7481
86916  21.9999
870.1325 22.7308
870.2274  22.8257
870.277622.8759
870.3717  22.97
870.7512 238
870.7521 354
870.7619  23.3602
870.9245  23.5228
870.9409  23.5392
871.871 23.6701
7181166  23.7149
871.1229 7232
871.2443 3.8426
871.2964 3.8B47
871.488624.0869
871.894 24.2931
871.8069  24.4052
871.9911  24.5894
871.9931 24.5914
872.0442  24.6425
87005 24.6484
872.1179 7282
872.321224.9195

0
0
0

0

20.154 0

0
0
0

0

0
0

0
0

0

O o o o o

0
0
0
0
0
0
0

13  840.0891
24  816.7398
11  844.663

13  840.7875

12 843.0581

13  841.0457
14  839.2489

23  820.2896
23  820.3106
14  839.4631

12 843.8021

13  841.7375
13 841.7979
14  839.9816
14  839.9832

13  842.3523

12  844.4876

15 838.3806

13  842.8201

4 862.0695
16  837.3542
15 839.5084
14 41.8997
12 846.2536
15  839.9829
14  842.0899
16  838.0513
4 862.878

5 860.9771

13  844.5351
12  846.6253
5 861.1497
15 840.5272
15  840.7193

15  840.9255
13  845.2255
3 865.9533
11  849.5728
16 839.171

5 861.9555

5 862.0233
5 862.2266



Phi Int+Phi rain+Phi toe_lin+p Int+p toe_lin+Phixse
Phi Int+Phi toe_lin+p Int+p toe_chip+Phi sex

Phi Int+Phi toe_chip+p Int+Phi sex+p g+p t

Phi Int+Phi toe_chip+p Int+p toe_lin+Phi t+Phi sex
Phi Int+Phi toe_chip+p Int+p toe_lin+Phi t+Phi sex
Phi Int+Phi rain+Phi toe_chip+p Int+Phi sex+p g+p t
Phi Int+p Int+p rain+p toe_lin+Phi t+Phi sex

Phi Int+Phi toe_chip+p Int+p toe_chip+Phi sex

Phi Int+p Int+p rain+p toe_chip+Phi sex

Phi Int+Phi toe_chip+p Int+p toe_chip+Phi t+Phi sex
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_lin+Phks
Phi Int+Phi toe_lin+p Int+p rain+p toe_lin+Phi sex
Phi Int+p Int+Phi g+Phi sex+p g+p t

Phi Int+p Int+p rain+p toe_chip+Phi t+Phi sex

Phi Int+Phi toe_lin+p Int+p rain+p toe_lin+Phi t+Rex
Phi Int+Phi rain+p Int+p rain+p toe_lin+Phi sex

Phi Int+Phi toe_chip+p Int+Phi sex

Phi Int+Phi rain+p Int+Phi sex

Phi Int+Phi toe_chip+p Int+Phi t+Phi sex

Phi Int+p Int+p toe_lin+Phi g+Phi sex

Phi Int+Phi toe_lin+p Int+Phi sex

Phi Int+Phi toe_lin+p Int+p rain+p toe_chip+Phi tiRex
Phi Int+p Int+p rain+p toe_lin+Phi g+Phi t+Phi sex
Phi Int+p Int+Phi sex+p g

Phi Int+Phi rain+Phi toe_lin+p Int+p toe_chip+Phks
Phi Int+Phi toe_lin+p Int+Phi t+Phi sex

Phi Int+p Int+p rain+Phi sex

Phi Int+Phi toe_chip+p Int+p rain+p toe_lin+Phi sex
Phi Int+p Int+p rain+Phi t+Phi sex

Phi Int+Phi rain+p Int+p rain+p toe_chip+Phi sex
Phi Int+Phi rain+p Int+Phi g+Phi sex+p g+p t

Phi Int+Phi rain+Phi toe_chip+p Int+p toe_chip+Béak
Phi Int+Phi rain+Phi toe_lin+p Int+p rain+p toe #idhi sex
Phi Int+Phi toe_lin+p Int+p rain+p toe_chip+Phi sex
Phi Int+p Int+Phi t+Phi sex+p g

Phi Int+Phi rain+p Int+Phi sex+p g

Phi Int+p Int+Phi g+Phi t+Phi sex

Phi Int+Phi toe_chip+p Int+p rain+p toe_lin+Phi titRBex
Phi Int+Phi rain+Phi toe_chip+p Int+Phi sex

Phi Int+p Int+Phi t+Phi sex+p t

Phi Int+Phi toe_lin+p Int+Phi sex+p g

Phi Int+Phi toe_chip+p Int+p rain+p toe_chip+Phi se
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872.3617 24.96 0
87kH@2 25.0249 O
872.446925.0452 O

872.6915 252898 O

872.6915 25.2898 O

872.7494 253477 O
872082 254191 O
8428 25.4477 O
872.9545 5228 O

873.0438 25.6421 O

873.0717  25.67 0

873.0772 25.6755 O
873.1036 25901 0
8M™1 257174 O

873.1865 25.7848 O
809 258492 O
873.3506  25.9489D

873.3881  25.9864

873.4537 6.052 0
873.6001 284 O
873.7459  26.34420

873.7508 26.3491 O

873.7921 26.3904 O

873.8253 26.4236 O

873.967 26.5653 O
8739896 589 O

874.006 26.6043 O

874.0266 26.6249 O
874.0361  26.63440
481145 26.7128 O
87433 26.7336 O

874.1911 26.7894 O

8743792 26.9775 O

874.3979 26.9962 O
874.6264  27.2247
874.7405 27.33880
874.7485  27.34680

874.7644 27.3627 O
874809 27.408 0

874.8352  27.4335
874.8467 2ZB4 O
874.8677  27.466 0

0

0

0

6 860.229
5 862.332
15 841.6777

13  846.11

13  846.11

16 839.8762
13  846.2393
5 862.7548
5 862.8599

13  846.4623

6 860.939

6 860.9445

17  838.1196

13  846.5376

14  844.5145
6 861.1182
4 865.2876
4 865.3251
12 848.9561
7 859.4229
4 865.6829
14  845.0788

16 840.9189

6 861.6926

6 861.8343
12 849.492

4 865.943

6 861.8939

12 849.5385
6 861.9818
18 837.0338
6 862.0584
7 860.202
6 862.2652
14  845.9544
7 860.5633
14  846.0765
14  846.0924
5 864.7151
18 837.7338
7 860.6695
6 862.735



Phi Int+Phi rain+p Int+p toe_lin+Phi g+Phi sex

Phi Int+Phi toe_chip+p Int+p rain+p toe_chip+PHpPht sex
Phi Int+Phi rain+Phi toe_lin+p Int+Phi sex

Phi Int+Phi toe_lin+p Int+Phi t+Phi sex+p g

Phi Int+Phi rain+Phi toe_chip+p Int+p rain+p to@HPhi sex
Phi Int+Phi rain+p Int+p rain+Phi sex

Phi Int+Phi toe_chip+p Int+p rain+Phi sex

Phi Int+p Int+Phi g+Phi t+Phi sex+p g

Phi Int+p Int+p toe_chip+Phi g+Phi sex

Phi Int+Phi toe_chip+p Int+p rain+Phi t+Phi sex

Phi Int+p Int+p rain+p toe_chip+Phi g+Phi t+Phi sex
Phi Int+p Int+p rain+Phi sex+p g

Phi Int+p Int+p rain+p toe_lin+Phi g+Phi sex

Phi Int+Phi rain+Phi toe_lin+p Int+p rain+p toe_ghPhi sex
Phi Int+Phi toe_lin+p Int+p rain+Phi sex

Phi Int+Phi toe_chip+p Int+Phi sex+p g

Phi Int+Phi toe_chip+p Int+Phi t+Phi sex+p t

Phi Int+Phi rain+Phi toe_chip+p Int+p rain+p toeipstPhi sex
Phi Int+Phi rain+Phi toe_lin+p Int+Phi sex+p g

Phi Int+p Int+p toe_chip+p t

Phi Int+p Int+p toe_lin+p t

Phi Int+p Int+Phi g+Phi sex

Phi Int+Phi toe_lin+p Int+p rain+Phi t+Phi sex

Phi Int+p Int+p t

Phi Int+Phi rain+p Int+p toe_chip+Phi g+Phi sex
Phi Int+Phi toe_lin+p Int+Phi t+Phi sex+p t

Phi Int+Phi toe_chip+p Int+Phi t+Phi sex+p g

Phi Int+Phi rain+Phi toe_chip+p Int+p rain+Phi sex
Phi Int+Phi toe_chip+p Int+p t

Phi Int+Phi rain+Phi toe_chip+p Int+Phi sex+p g
Phi Int+p Int+p rain+Phi t+Phi sex+p g

Phi Int+Phi toe_lin+p Int+p rain+Phi sex+p g

Phi Int+p Int+p toe_lin+Phi t+Phi sex+p t

Phi Int+Phi rain+p Int+p rain+Phi sex+p g

Phi Int+p Int+Phi g+Phi t+Phi sex+p t

Phi Int+p Int+p rain+Phi g+Phi t+Phi sex

Phi Int+Phi rain+p Int+Phi g+Phi sex

Phi Int+Phi rain+Phi toe_lin+p Int+p rain+Phi sex
Phi Int+Phi rain+p Int+p rain+p toe_lin+Phi g+Phkixs
Phi Int+p Int+Phi g+Phi sex+p g

Phi Int+Phi toe_lin+p Int+p rain+Phi t+Phi sex+p g
Phi Int+p Int+p toe_chip+Phi t+Phi sex+p t
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&gy 275061 0
875.0226 27.6209 O
875.046927.6452 O
875.879 27.6779 O
875.0929 276912 O
875.2143 228 O
875.372127.9704 O
8753731 7184 O
875.4934 0287 O
&84 281117 O

875.5902 28.1885 O
875.6303 28.2286 O
87384 28.2482 O
875.6935 28.2918 O
875.7752 8.3735 O
875.7956 3289 O
878184 28.4429 O

875.9708 285691 O
ar4 285707 O
875.9918 285901 O
876.0045 28.6028 O
876.0223 28.6206 O
0422 28.6405 O
876.3859 28.9842 O
Sm7  29.103 0
876.228 29.1265 O
87®69 29.1949 O
876.6563 29.2546 O
876.6673 29.2656 O
&m@2 29.2695 O
876.7231 3294

0
87892 29.3272 O
876.748229.3465 O
876.774629.3729 O
876.797 2%39 0
876.8045 9.4D28 O

2941 O
295095 O
295129 O

877.0159 29.6142 O
877.1774 29.7757 O

877.194 29.7923 O

876.8188
7689112
876.9146

8 858.6796
14  846.3506
5 864.9522
15 844.3103
7 860.9156
5 865.1196
5 865.2774
17  840.3892
7 861.3162
13  848.9319
16 842.717
861.4531
8 859.4217
7 861.5163
865.6805
7 861.6184
19 836.6188
7 861.7936
8 859.7442
11  853.5714
11  853.5841
6 863.8896
13  849.4608
10 856.0362
8 860.2765
19 837.3024
15  845.8274
6 864.5236
1 1 854.2469
8 860.443
15  845.9538
8 860.5007
20 835.3912
8 860.5464
21  833.3018
15  846.0352
7 862.6416
6 864.7785
9 858.6289
9 858.7302
16  844.3042
20  835.837



Phi Int+p Int+p toe_chip+Phi t

Phi Int+p Int+p rain+Phi g+Phi t+Phi sex+p g

Phi Int+p Int+p rain+p toe_chip+Phi g+Phi sex

Phi Int+Phi rain+p Int+p toe_chip+p t

Phi Int+Phi toe_chip+p Int+p rain+Phi sex+p g

Phi Int+Phi rain+p Int+p toe_lin+p t

Phi Int+Phi toe_chip+p Int+p toe_lin+p t

Phi Int+Phi toe_lin+p Int+p t

Phi Int+Phi toe_chip+p Int+p toe_chip+p t

Phi Int+p Int+Phi t

Phi Int+Phi toe_lin+p Int+p toe_lin+p t

Phi Int+Phi toe_lin+p Int+p toe_chip+p t

Phi Int+Phi rain+Phi toe_lin+p Int+p rain+Phi sexgp
Phi Int+Phi rain+p Int+p t

Phi Int+p Int+p rain+Phi g+Phi sex

Phi Int+Phi rain+p Int+p rain+p toe_chip+Phi g+Bhk
Phi Int+Phi toe_lin+p Int+p toe_lin+Phi t+Phi sexip
Phi Int+Phi rain+Phi toe_chip+p Int+p t

Phi Int+Phi rain+p Int+Phi g+Phi sex+p g

Phi Int+Phi toe_chip+p Int+p rain+Phi t+Phi sex+p g
Phi Int+Phi rain+p Int+p rain+Phi g+Phi sex

Phi Int+Phi rain+Phi toe_chip+p Int+p rain+Phi spxg
Phi Int+Phi toe_chip+p Int+p toe_lin+Phi t+Phi sext+
Phi Int+Phi toe_lin+p Int+p toe_chip+Phi t

Phi Int+p Int+p rain+Phi g+Phi sex+p g

Phi Int+p Int+p toe_lin+Phi g+Phi t+Phi sex+p t

Phi Int+Phi toe_lin+p Int+p toe_chip+Phi t+Phi sext+

Phi(g+t+sex+rain+toe_chip+toe_lin)
p(g+t+sex+rain+toe_chip+toe_lin)
Phi Int+p Int+Phi g+p t

Phi Int+p Int+p toe_lin+Phi g+p t

Phi Int+Phi toe_chip+p Int+p toe_chip+Phi t+Phi-sp:t
Phi Int+Phi toe_chip+p Int+p toe_chip+Phi t

Phi Int+p Int+p toe_lin+Phi t

Phi Int+Phi rain+Phi toe_lin+p Int+p t

Phi Int+Phi rain+Phi toe_chip+p Int+p toe_lin+p t
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_chip+p t
Phi Int+Phi rain+Phi toe_lin+p Int+p toe_chip+p t
Phi Int+Phi rain+Phi toe_lin+p Int+p toe_lin+p t
Phi Int+p Int+p toe_chip+Phi g+p t

Phi Int+p Int+p rain+Phi t

Phi Int+p Int+p g+p t

Phi Int+p Int+p toe_lin+Phi g+Phi t
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877.3032  29.9015
87442 30.0223 O
8B 30.0938 O
8775953 3B&a O
87a4 30.2227 O
877.646 30.244 0
877.7727 0.371 0
877.7729 30.3712 O
877.828630.4269 O
877.937 305353 O
878.0113 @06 O
878.0175 0.658 O
878.02 30.6183 O
878.0517  30.65 0
878.0638 30.66210
878.2836  30.8819 O
878.3347  30.933 0
878.5293 .12/6 O
878.5667 1.185 0
878.6996 31.2979 O
878.303 31.3016 O
878.7191 313174 O
878.8854 314837 O
878.897531.4958 O
878.9029 5812 O
a2 315603 O
878.9675 315658 O
879.0012 315995 O
879.0697 31.668 0
879.1327 31.731
879.3309 319292 O
879.337 319355 O
879.4519 32.0502 O
879.4741 @=24 O
78537 32.1353 O
879.5501 321484 O
7986108 32.2091 O
B/B403 32.2386 O
879.8721  32.47040
879.9921 325904 O
880.0777  32.676 0
880.2566 32.854 0

9 859.0175
18  840.3225
8 861.2673
12 853.0977
8 861.3962
12  853.1484
12 853.2751
11  855.3525
12 853.331
8 861.7088
12 853.5137
12 853.5199
9 859.7343
11  855.6313
7 863.8866
9 859.9979
21  834.8395
12 854.0317
10 858.2169
16  845.8264
8 862.4751
9 860.4334
21 835.3903
10 858.5477
10  858.5532
23  831.1698
21  835.4724
32 811.5218
13  852.4882
14  850.4607
21  835.8358
10 858.9874
10 859.1021
12 854.9765
13  852.9555
13  852.9686
13  853.0294
13  853.0588
14  851.2001
9 861.7064
13  853.4963
13  853.6752



Phi Int+p Int+p toe_chip+Phi g+Phi t+Phi sex+p t
Phi Int+p Int+p toe_lin

Phi Int+Phi rain+p Int+p rain+Phi g+Phi sex+p g
Phi Int+p Int+Phi t+Phi sex+p g+p t

Phi Int+Phi rain+p Int+Phi g+p t

Phi Int+Phi toe_lin+p Int+p toe_lin+Phi t

Phi Int+Phi rain+p Int+p toe_lin+Phi g+p t

Phi Int+p Int+p toe_chip

Phi Int+Phi toe_chip+p Int+p rain+p toe_chip+Phi t

Phi Int+p Int+p rain+p toe_chip+Phi t

Phi Int+Phi toe_chip+p Int+p toe_lin+Phi t

Phi Int+p Int+p rain+p toe_lin+Phi t

Phi Int+p Int+Phi g+Phi t+Phi sex+p g+p t

Phi Int+Phi rain+p Int+p toe_chip+Phi g+p t
Phi Int+Phi rain+p Int+p g+p t

Phi Int+Phi toe_lin+p Int+Phi t

Phi Int+Phi toe_chip+p Int+p g+p t

Phi Int+p Int

Phi Int+Phi toe_lin+p Int+p g+p t

Phi Int+Phi toe_chip+p Int+p toe_lin

Phi Int+p Int+p rain+p toe_lin+Phi g+Phi t

Phi Int+Phi toe_chip+p Int

Phi Int+Phi toe_lin+p Int+p toe_lin

Phi Int+Phi rain+p Int+p toe_lin

Phi Int+p Int+p rain+p toe_lin

Phi Int+Phi toe_lin+p Int+Phi t+Phi sex+p g+p t
Phi Int+Phi toe_chip+p Int+p rain+Phi t

Phi Int+Phi toe_chip+p Int+Phi t

Phi Int+Phi toe_lin+p Int

Phi Int+Phi toe_lin+p Int+p rain+p toe_chip+Phi t
Phi Int+Phi toe_chip+p Int+Phi t+Phi sex+p g+p t
Phi Int+p Int+Phi g+p g+p t

Phi Int+Phi toe_lin+p Int+p rain+p toe_lin+Phi t
Phi Int+p Int+Phi t+p g

Phi Int+p Int+p rain+p toe_chip

Phi Int+Phi toe_chip+p Int+p toe_chip

Phi Int+Phi rain+p Int+p toe_chip

Phi Int+Phi toe_lin+p Int+p toe_chip

Phi Int+Phi toe_chip+p Int+p rain+p toe_lin+Phi t
Phi Int+p Int+p rain+p toe_chip+Phi g+Phi t
Phi Int+p Int+p toe_chip+Phi g+Phi t

Phi Int+Phi rain+Phi toe_chip+p Int+p g+p t
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o812

880.4071

88186
880.8845
880.8905

32.9195
33.0054
33.2219

33882 0

33.4888

881.0672 33.6655
881.097433.6957

881.3276
881.399
881.4117

33.9259
33.9973
3.0

881.439134.0374

881.5225

34082

881.591434.1897
881.896 34.2951

881.7169
881.8219
881.9079
881.9592
882.0911
882.3328

34.3152
34.4202

34.50620

34.5575

34.68940
3493 O

882.335334.9336

882.3583
882.3628
882.3726
882.4289

882.9149
882.92
882.9472
8289828
28102
883.0629
Ra41
883.1917
883.199
883.2141
883.3421
883.3524
835163

34.9566

34.961 0

34.9709
35.0272

35.1673

2382

35.5183
35.5455
35.5811
35.5885
35.6612
35.7393
35.79

35.7973

3248

0
0

0
0
0

0
0
0

0
0

0
0

0

0

0

0
0

0
35.94040

3885 0

36.1146

883.855 36.1536
3622 0

883.6251

883.873 36.2721

0

0

0

23 832.529
3 874.3694
11  858.2032
22 835.2443
14  852.2185
11  858.6468
15 850.3281
3 875.2899
11  858.9786
11 858.9913
11  859.0187
11  859.1021
25 829.4741
15  850.9275
4 1 853.0449
10 861.4721
14  853.2359
2 877.9404
14  853.4191
4 874.2698
14  853.6633
3 876.3206
4 874.2999
4 874.3096
4 874.3659
23  834.7768
11 860.4945
1 1 860.4996
3 876.9095
12 858.4852
23  835.198
16  850.1897
12 858.6434
12 858.6941
4 875.136
4 875.1511
4 875.2791
4 875.2894
12 859.0187
14  854.8833
14  854.9531
15  852.9045



Phi Int+Phi rain+Phi toe_lin+p Int+p g+p t
Phi Int+p Int+p g

Phi Int+p Int+p rain

Phi Int+p Int+Phi g+Phit+p g

Phi Int+Phi toe_lin+p Int+p rain+Phi t

Phi Int+Phi rain+p Int

Phi Int+p Int+p rain+Phi g+Phi t

Phi Int+p Int+Phi g+Phi t

Phi Int+Phi toe_chip+p Int+p rain

Phi Int+Phi rain+Phi toe_lin+p Int+p toe_lin
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_lin
Phi Int+Phi toe_chip+p Int+p rain+p toe_lin
Phi Int+Phi rain+p Int+p rain+p toe_lin

Phi Int+Phi rain+Phi toe_chip+p Int

Phi Int+Phi toe_lin+p Int+p rain+p toe_lin
Phi Int+p Int+p toe_lin+Phi g

Phi Int+p Int+Phi g

Phi Int+Phi toe_lin+p Int+Phi t+p g

Phi Int+Phi toe_lin+p Int+p rain

Phi Int+Phi rain+Phi toe_lin+p Int

Phi Int+Phi toe_chip+p Int+p rain+p toe_chip
Phi Int+Phi rain+p Int+Phi g+p g+p t

Phi Int+Phi rain+p Int+p rain+p toe_chip

Phi Int+Phi toe_chip+p Int+Phi t+p g

Phi Int+Phi toe_lin+p Int+p rain+p toe_chip
Phi Int+Phi rain+Phi toe_chip+p Int+p toe_chip
Phi Int+p Int+p rain+Phi t+p g

Phi Int+Phi rain+Phi toe_lin+p Int+p toe_chip
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ABSTRACT. Knowledge about many snhake species’ vital ratesacking because of the
difficulty in data collection. To provide guidelisgor conservation efforts, we used a robust
design mark-recapture model to estimate survivahaliioral effects on capture probability,
temporary emigration, abundance and population tiroate for the golden lancehead pitviper,
Bothrops insularisan endemic and endangered species from southe&stezil. We collected
data irregularly over ten occasions from 2002 ta@®QAnnual survival was low and slightly
positively correlated with average temperature. i¢bavioral effects were detected on capture
probability. Temporal emigration was high, indiogtithe importance of accounting for this
parameter both in the sampling design and modedrgaverage, the population increased 9%
per year during the study fluctuating between pyiof increase and decrease, which might be

attributed to natural oscillations, although illefade may also be responsible for declines.

Key words endangered species, Huggins Closed Capture magmtriect detection, pitviper

population dynamics.
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INTRODUCTION

In the last decades efforts to understand and pres®tural populations have increased
because diseases, climate change, and other hunthaced threats have become more pervasive
(Sala et al., 2000). Despite such efforts, inforarabn the life history of most taxonomic groups
is still lacking. This knowledge deficiency not gnesults in poor understanding of the impacts
of anthropogenic and non-anthropogenic stressatsalbo in possibly poor management actions
(Greene, 2005).

Snake populations have been suffering great impaets declines around the world
(Gibbons et al., 2000; Reading et al., 2010; Bohiad.e2013). For many decades, this group was
thought to be difficult to study in the field andarly because of their natural history
characteristics, which includes elusive habitspticybehaviors, and low densities (Parker and
Plummer, 1987; Dorcas and Willson, 2009). Furtheenbabitat heterogeneity and complexity
of some systems make species difficult to find stodly. As a consequence, most information on
shake population biology is anecdotal and charaetrby basic descriptions of vital rates and
relative abundance indices (Parker and Plummer,7)19Bobust quantitative estimates of
population vital rates, such as survival, are gahedifficult to obtain (Dorcas and Willson,
2009).

When considering studies that account for detegtimtability in the estimation of vital
statistics, the scarcity of reliable informatioreien greater. Fortunately, in the last decadesther
has been a growing number of field studies andiegtpn of novel analytical techniques leading
to robust estimates (Schmidt, 2003; Altwegg et 2005; Mazerolle et al., 2007; Dorcas and
Willson, 2009; Christy et al., 2010; Durso et &011; Breininger et al., 2012; Hyslop et al.,

2012; Maritz and Alexander, 2012; Prival and Schra012). The improvement of detection
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probability through good sampling designs and exqaly covariates (Parker and Plummer,
1987; Hyslop et al., 2012) is important becaussilitprovide support for the evaluation of all
other parameters, increasing precision and accufoljock et al., 1990). This, in turn, will
enable effective guidelines for management actmmpopulation dynamics to be implemented
(Dorcas and Willson, 2009; Breininger et al., 2012)

In the face of the difficulty of sampling elusivpexies, model-based approaches are
valuable tools that help improve quality of popidatecology studies. Mark-recapture is a well-
known technique used for the assessment of impagotpulation estimates such as survival and
transition probabilities. Additionally, mark-recap¢ allows the estimation of temporary
emigration, an important parameter that influendés rates (Kendall et al., 1997) and whose
effects on snake populations are still unknownK@aand Plummer, 1987; Dorcas and Willson,
2009). Similarly, behavioral effects of marking ividuals are still undescribed for snakes and
should be investigated since marking techniques aisyrb individuals.

As an attempt to further advance the knowledgeedtipical snake population ecology,
we sampled the population of the insular and endegoiden lancehead pitvipeBothrops
insularis (Fig. 1), a critically endangered species (IUCN12). The golden lancehead is a semi-
arboreal, medium-sized pitviper with ambush behathat feeds upon migratory passerine birds
as adults (Martins et al., 2001; Marques et al022M0arques et al., 2012B.othrops insularigs
mostly diurnal, but presents nocturnal activitynadl (Marques et al., 2002). In 2008, Martins et
al. (2008) raised a concern about population dedsmsed on raw counts and suspicion of illegal
trading. Here, for the fist time we provide estiggabf survival, behavioral effects on detection

probability, temporary emigration, abundance armwgn estimates foB. insularis
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METHODS
Study site
Bothrops insularids restricted to the Queimada Grande Island @3S, 46° 40'W), a

small island (~ 43 ha) about 30 km south off thest@d S&o Paulo state, southeastern Brazil.
The island consists of bare rocky areas, open gagas and lowland rainforest, which covers
approximately 60% of the entire island, and is hlabitat of the target species (Martins et al.,
2008). Altitudinal variation in the island rangeerh 0 to 200 m above sea level (Martins et al.,
2008). The climate is subtropical with two promiheeasons; one rainy and warm (October to
March) and the other dry and cold (April to SeptembRelative air humidity is always higher
than 90%. The island serves as an important mayraiiute for birds, which use the island to rest

and feed and are preyed upon by the snakes (Maequaés 2012).

Data collection

We used visual encounter surveys (VES) on each lgagnpccasion, where four to six
trained observers searched for snakes on the ganshén the trees, during daylight, in a single
1370 x 3-meters linear transect that crosses thedsn the north-south direction. Due to weather
and logistical restrictions, we visited the islar@ltimes (primary sampling occasions) irregularly
from 2002 to 2010 in different periods of the yeBach visit varied from two to four days
(secondary sampling occasions), resulting in 28pdiag occasions (Table 1). Because our
samples were composed almost entirely by adult@iles are difficult to spot in the field), we
decided to restrict our analysis only to this ags< (snout-vent length of mature males > 505

mm, and mature females > 555 mm; Marques et gbrdas).
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Each individual sighted was hand-captured and ndarkeing passive integrated
transponders (PIT tags) injected in the latero-grast region of the body with sterilized needles.
We obtained sex and measured the snout-vent I€B83th) of each individual using a flexible
tape (to the nearest cm). Afterwards, we releakedrdividuals at the same place we sighted
them. We also measured monthly air temperaturenttude in the analysis since temperature
predicts ectothermic’s activity, even in subtropicagions (Gibbons and Semlitsch, 1987;

Lillywhite, 1987).

Mark-recapture modeling

To estimate the population vital rates, we used khggins closed capture model,
(Huggins 1989, 1991) in a robust design, to obtaaximum likelihood estimates of apparent
survival probability (), temporary emigration)(), capture p) and recapture probabilityc)
using program MARK (White and Burnham, 1999). Weauatéd the time interval between visits
because they were irregular.

The robust design incorporates aspects of closetelm@nd open population models. In
the former, the population is assumed to be bicklli and geographically closed (neither
births/deaths nor immigration/emigration are alldyveithin primary sampling occasions and the
model provides estimates of abundance and recaptabability. In the latter, the model relax
the closure assumption between primary occasiodsismsed primarily to estimate survival
(Pollock, 1982). The assumption of closure withatle primary occasion is based on pitviper’s
biology, which are usually sedentary and sit-and-ywadators that remain in the same foraging

and resting area for many days to weeks (Mushink88y7; Sazima, 1992; Greene, 1997; pers.
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obs. on radio-taggel. atroxandB. insularig. Survival was assumed to be at or near 100% over
the short period of the secondary sampling occasion

Besides the estimation @, which is a product of true survival and permaremnigration
(thus, permanent emigration and death are confal)ndee great advantage of the robust design
iIs the estimation of temporary emigration, the alirmovement that leads to temporary
unavailability of individuals for capture in therspling area (Kendall et al., 1997). Since open
and closed models assume that all animals are alaagilable for capture, failing to meet this
assumption may bias the estimates (Kendall etl887). Temporary emigration is provided by
two parametersy’ and y. The parametey’ represents the probability that an individualais
temporary emigrant on primary occasiagiven it was alive and available for capture omany
occasiont - 1. The parametey represents the probability of an individual thats a temporary
emigrant on primary occasidi- 1 remains as a temporary emigrant on primarysscoa We
used these parameters because we suspect that eravienand off the sampled area occurred
during our study period.

The dissociation between captum® @nd recapturec] probabilities allows for testing
positive or negative behavioral responses to caqgand marking individuals (i.e., trap-shy and
trap-happy effects, Nichols et al., 1984). Sincephgsically captured and marked individuals
with PIT tags, the recapture probability could beér (e.g., due to stress). Conversely # c,
no capture effect on behavior is assumed.

The Huggins closed capture robust design also gesvan estimate of the population
abundance for each primary occasion as a deriveingder, which means that the model does

not contain abundance as an explicit parametercatuilates it based on the estimated capture
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probabilities and obtained data. We used the estsgnat the population abundance to obtain the
finite population growth rati& = &/, for each one of the primary occasions of the study
whered is a positive number that measures the propoltipmaulation increase/decrease from N
to Ni+1. To obtain sampling variances and derive standemats and confidence intervals for the
estimated\, we used the delta method (Powell, 2007).

We constrained each parameter to be a logit-lif@action of individual and temporal
covariates. We kept a simple parameterization addndt include time effects on parameters
because we anticipated poor support for complexetsatlie to our limited data set. We modeled
survival as a function of sex (SEX) because we etispl of differences between males and
females, and monthly air temperature (TEMP) becafisetothermic activity. We also included
a model that considered apparent survival as consteer time (.). We tested for a random
emigration pattern of movement among individugds f), meaning individuals move on and off
the study area randomly. Conversely, we tested flirst-order Markov process of emigration,
where the state of the individual &t~ 1 influences the state &t For the detection process
(capture and recapture probabilities) we testedafgrositive effect of body size (snout-vent
length, SVL), because larger snakes may be moecidéie, monthly air temperature (TEMP),
as well as no time variation (.).

We built 64 models representing hypotheses abautetfects of the covariates on the
parameters running all possible additive combimetiof factors to obtain a balanced model set
(Doherty et al., 2010). Our most parameterized rh@de., the global model) assumed that
apparent survival, initial capture probability aretapture probabilities were additive functions

of temperature and sex, and allowed for Markovianeiconstant temporary emigration,
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temp+sex)y’(.) Y(.) p(temp+svl)c(temp+svl). We did not test for model fit, since tfrobust
design has no standard goodness-of-fit test avail&owever, based on our experience about
snake biology, we think we included important cost@s for the parameters and we assume that
the follow assumptions - same recapture probabilihin groups ont+1 and same survival
probability within groups ott+1 - were respected.

We selected and ranked models using the principlpassimony through the Akaike
Information Criterion (Akaike, 1973) corrected femall sample sizes (AKZ Burnham and
Anderson, 2002). Estimates were model averaged rderoto include model uncertainty
(Burnham and Anderson, 2002) and all parametersreggerted with the 95% unconditional
variance confidence intervals. We then calculategl relative importance of each covariate
through the cumulative Al€weights (Burnham and Anderson, 2002). Followinggge and

Barbieri (2004) we considered covariates with cuatiué AlCc weight > 0.5 to be important.

RESULTS

We marked 291 adult individuals (126 males, 166dkes) and recaptured 46 of them at
least once. In general, models presented similaghtge resulting in high uncertainty in model
selection (Table 2). Model averaged survival praighwas slightly different among years based
on temperature, but confidence intervals overlap{ed. 2). Air temperature had a marginal
positive correlation with survival probability{mp = 0.29, CI = -0.04 - 0.62; cumulative ASC
weight of 0.50; Table 3). Sex was uncorrelated vathvival Bsex = 0.69, Cl = -0.6 - 2.0;

cumulative AI@ weight of 0.42; Table 3).

77



Model-averaged estimates suggested a slightlyehigiobability of being out of the study
area (an emigrant) during period the individual was an emigrant during the prexsgeriod -

1 (y = y), but the confidence intervals for these paramseteerlapped (Fig. 3), and a random
pattern of movement on and off the study area wast supported by the data (Table 2). Still,
these estimates suggested there is a high prdigahéit any marked snake may be outside of the
sampled transect, and thus unavailable for deteatioring a given sampling period.

Conditional on individuals being available for dgien, the capture and recapture
probabilities were constant and similar for alliinduals and sampling occasions (Fig. 4), and
therefore behavioral effects on recapturing indreild were not supported (Tables 2, 3).
Similarly, air temperature and body size were mgpartant predictors in the detection process,
capture and recapture probabilities (Tables 2, 3).

The derived population abundance for the samplieg garied between sampling periods
from 80 to 220 individuals (Table 4). From 20022010 the population showed an average

annual finite population growth rate of 1.09 ramgirom 0.4 to 2.1 (Fig. 5).

DiscussION

Shine and Charnov (1992) suggested a high surpiatérn for viperids, although most
previous estimates of survival for other viperids ot account for detection probability (Turner,
1977; Parker and Plummer, 1987; Shine and Chaid82). We found thaB. insularis annual
adult apparent survival was relatively low, rangfrmm 0.27 to 0.50, similar to another tropical

viper, the African namaqua dwarf additis schneider{Maritz and Alexander, 2012).
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The low annual survival observed here may be bgsamed by individuals that were
captured just once, being outside the study areéaemext occasions. Similarly, illegal removal
of individuals, suggested by Martins et al. (20G8)uld cause the same pattern, characterizing
permanent emigration, since the estimation of appasurvival makes no distinction between
true survival and permanent emigration (Lebretonlet1992). Alternatively, if the illegal trade
targets the largest individuals of the populatfemer snakes survive long enough to reach higher
age classes and thus, the population will presghieh proportion of younger snakes (e.g., Prival
and Schroff, 2012, study o@rotalus price). Body size is usually positively related with
fecundity in reptiles, including snakes (Seigel dmmtd, 1987), and if larger individuals are
removed from the population, the average populdgonndity could also decrease. Although it
has been hypothesized that the study populatiordéesed from the 1990’s to the 2000’s, our
population growth estimates do not support thisotlypsis (2002-2010; see below).

Another potential cause to be considered for tiedpparent survival is prey availability.
As adults, the golden lancehead preys upon usoally two out of 50 migratory birds that are
seasonally present on the island (Marques et @22 Food shortages may depend on weather
stochasticity and dynamics of migratory bird movemén contrast to its mainland sister species,
B. jararaca the golden lancehead breeds biannually and pesdaclow number of viable
vitellogenic follicles (Marques et al., in pres§uch seasonal prey availability may impose a
trade off between reproduction and survival.

Temperature slightly positively correlated with\gual, an expected pattern since reptile
activity usually correlates with weather varialyiliGibbons and Semlitsch, 1987). Temperature
and other weather covariates such as rainfall nii@gtaage classes of a population in different

ways, but the role of weather on age classes afthemimic population demography is almost
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unknown. Altwegg et al. (2005) showed that survivak lower during harsh winters for juvenile
asp vipers in Switzerland, but did not affect aglufhe ability of finding shelter or the level of
body fat reserves may be crucial to determine satvi

Differential activity and behavioral patterns woulé expected for males and females
with impacts on survival (Gibbons and Semlitscl8)9 Due to mate search, males move longer
distances and may be more exposed to predatiorb@@sband Semlitsch, 1987; Andersson,
1994), while females may present decreased sunréftal parturition, because of the high
amount of energy expended (Madsen and Shine, 1&8@rsson, 1994). Models that allowed
for sex-specific differences in apparent survivarenot strongly supported by our data (Table 2
and 3), still among models that included this c@tar males had higher apparent survival
probabilities than females. This same pattern lees breported in the literature for adult viper
populations, such as the asp vip@pera aspigAltwegg et al., 2005) and non-viper snakes such
as the indigo eastern snakeymarchon couper{Breininger et al., 2012Bothrops insularisnay
be prey of four raptors on the island (Marqued.e2812), and juvenile individuals may be more
vulnerable. However, if predation is not a stromgsgure for the adult population, as suggested
by Marques et al. (2002), females would pay a hidimal cost to grow and breed than males.
Then, this prediction would lead to a higher suatprobability for males.

For most snakes, the importance of temporary emngraemains unknown, since no
other studies have estimated the probability ofpl@rary emigration (Dorcas and Willson, 2009).
Maritz and Alexander (2012) recognized the imparéanf temporary movement when studying
the namaqua dwarf adder and used a simulation mhéthestimate emigration, but they did not
explicitly incorporate the movement probabilitytire model likelihood or provide a measure of

error.
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Temporary emigration was high in this study (~00.§howing a high random probability
of movement on and off the study area among primacasions. The randomness of movement
demonstrates sampling did not disturb animals. #altilly, this high temporary emigration
might result from the small proportion of habitat wampled, although movement even for
sedentary vertebrates, such as pitvipers, is eggeat some point. Without accounting for
temporary emigration when it exists, the study wiiffer with imprecise parameter estimates
(Kendal et al., 1997) and investigators should Wwara of that. Even if local conditions may
difficult the use of alternative sampling desigssch as in the Queimada Grande islad (Martins
et al., 2008), we recommend hard thinking and ptamto account for variability (Thompson,
2004).

Brown et al. (2007) reported trap-shyness in thdesmakeCrotalus horridus where
shakes abandoned their shelters and became less fwobe recaptured. Prival and Schroff
(2012) suggested that capture might dis@rlpricei individuals. The low detectability (0.05) of
the aquatic viperidAgkistrodonpiscivoruswas partly attributed to the capture method used
(Durso et al., 2011). Field procedures, such askimgror examining for prey or pregnancy
information may reduce subsequent detection prdibaby means of altering normal activity,
home ranges and increasing individual stress leWése, behavioral effects were negligible
(AICc cumulative weight was 0.40) showing the specieg beindifferent to our manipulation.
Nonetheless, we are unaware of the effects of m@ikiveniles. Also, populations may respond
differently and thus information on natural histegyessential for the use of any marking method.

We did not observe any effect of temperature oeal®@n probability. Since survival was
marginally correlated with temperature, the santeepacould be expected for detection. Bovo et

al. (2010) found no correlation of postprandiagoavid snakes and thermoregulatory behavior in
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B. insularis Snakes on the island are found almost exclusivesigle the forest (Martins et al.,
2008). Although reptile activity is related to teemgture (Pough et al., 2004), the forest might
lessen the heat gains and losses, protecting thdils from extreme temperatures and windy
conditions of the grassy areas.

Body size did not correlate with detection proh#hil differently from other snake
population studies (Koons et al., 2009; Maritz atexander, 2012). Adults may move at similar
rates and detection of ad@t insularismay be unrelated with body size since they aively
large (500-800 mm snout-vent length) and pale we#ib to brownish cream. Such traits would
reduce heterogeneity in detectability among adwdividuals. On the other hand, we are aware
that newborns and juveniles are harder to detecause of their small size, potential reduced
movement and elusive behavior, which may generatecton probability estimates close to 0
(Christy et al., 2010).

Detection probability only applies to individualith a non-zero probability of being
detected (available to be detected), which leab u®nclude that we did not sight all individuals
available. Because of life history traits, snakes difficult to find in the field, and different
studies report relatively variable and low detatfiwobabilities (Altwegg et al., 2005; Lind et al.,
2005; Brown et al., 2007; Maritz and Alexander, 20Bothrops insularisoccurs in relatively
high densities (Marques et al., 2002) but detecewen with a relatively large and trained search
team, was low. Christy et al. (2010) fenced a Sahea and obtained a detection probability
estimate of 0.07 for the brown tree snaBejga irregularis Similarities on habitat (tropical
systems) and habit (arboreal) of both snaBesnsularisandB. irregularis might preclude low
detection since spotting individuals in 3-dimensiohabitats could be challenging due to the

complex architecture of the forest. Thus, we suggaducing the studied area to the minimum
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acceptable (depending on the species’ biologykesdetectability might be an inverse function
of the size of the study area (Prival and Schraf]2), and also increase sampling effort as a
strategy to increase detection in future studies.

We estimated that from 80 to 220 adult individuatre available to be captured on each
primary occasion in the sampling area. The finpylation growth rate dB. insulariswas also
variable among years, but on average we obsergédhdaly decrease in the abundante=(0.94)
across years. Understanding the elements thatilootgrfor population dynamics may clarify
such patterns and reveal trends, allowing for gechanagement actions. As suggested, prey
availability may influence the population growthdaindividuals in low body condition were seen
in the island with certain frequency (pers. olSipnilarly, weather stochasticity can restrict snake
activity, affecting physiological processes and@asing mortality.

lllegal trade and, less importantly, habitat reguts were hypothesized to be the potential
causes forB. insularis decline from 1995 to 2007 (Martins et al., 200Bpwever, natural
oscillations such as those cited above or detditiaisisues might mask a real trend (Parker and
Plummer, 1987) making the distinction between d eeal an apparent decline hard. Such
hypothesis decline were based on raw counts magéia and pointed to a population size of
about 2000 individuals (Martins et al., 2008), besithat speculations in a previous study based
on counts in the same transect we used here Vaoied2000 to 4000 individuals (Marques et al.,
2002). Nevertheless, due to the habitat heterogemethe island, we believe that extrapolation
methods, as used before (Martins et al., 2008) Jdvprovide naive estimates of population size.
Regardless of the methods used to estirBatesularis population size before, we should be
cautious that severe natural or man-induced osoitla in a potential small population could

drive it rapidly to an extinction threshold.
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We presented here the first population rates fagratangered Neotropical pitviper. Since
shakes are among the least studied vertebratesaition to population ecology (IUCN, 2012) it
will take some time until we reach a good comprei@mnabout Neotropical systems and be able
to make good predictions about snake populationamycs in these habitats. Despite the
biological difficulties in searching for such arusive vertebrate, we believe we have taken the

first step towards understanding neotropical pévipopulations.
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TABLES

Table 1 Date, number of secondary occasions, and air ¢estyre of each of the 10 trips
(primary occasions) between 2002 and 2010.

Primary occasion Date Secondary occasions Air temperaturg Seasoh

1 Jan/2002 4 26.9 Summer (wet)
2 May/2002 2 22.2 Autumn (dry)
3 Dec/2004 3 27 Spring (wet)
4 Jun/2007 3 20.7 Autumn (dry)
5 Aug/2007 3 17.9 Winter (dry)
6 Mar/2008 3 26.3 Summer (wet)
7 Jul/2008 3 20 Winter (dry)
8 Oct/2009 3 21 Spring wet

9 Jan/2010 2 26.4 Summer (wet)
10 Mar/2010 2 26.2 Summer (wet)

#average monthly temperatufi€j
® Austral seasons

Table 2 Top 15 models of the model results. At@kaike’'s information criteria with small
sample size correctiodAIC c=difference between top model and the current mageAICc

weights,K=number of parameters, Deviance=difference of theeat model and the saturated
model.

Model AlCc AAICc w k Deviance
d(temp)y'() p(.) 1130.34 0.00 0.06 4 1122.22
@ (temp)yY'()p ()c() 1130.91 058 0.05 5 1120.74
O )Y Y(Q) p() 1130.97 0.63 0.05 4 1122.85
@ (sex+tempy'(.) p(.) 1131.29 096 004 5 1121.12
@ (sex)y'() V() p () 1131.33 1.00 0.04 5 1121.16
@ )Y'()p() 1131.42 1.09 0.04 3 1125.35
@ (temp)y'() V() p(.) 1131.70 137 0.03 5 112153
@ Inty'(.) () p() c() 1131.86 152 003 5 1121.68
@ (sex)y"(.) p () 1131.87 154 0.03 4 1123.76
@ (sex+tempy'()p () c () 1131.89 155 003 6 1119.64
O L)Y'Q)pQ)c() 1132.02 168 003 4 1123.90
@ (temp)y'(.) p(temp) 1132.27 193 0.02 5 1122.09
@ (sex)Y'(.)) Y() p(.) c(.) 1132.29 195 002 6 1120.04
@ (temp)y'()) V() p(.) c(.) 1132.35 202 002 6 1120.11
@ (temp)y'(.) p(svl) 1132.36 202 0.02 5 1122.18
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Table 3. Cumulative Al@ weights of the covariates used to model apparenihval probability
(), temporary emigratioy’, y) and detection probabilityp( ©).

Variable

Cumulative AIC weight

® (air temperature)
® (sex)

¥ (markov process)
p (air temperature)

p (snout-vent length)

c (behavioral effect)

0.50
0.42
0.43
0.28
0.27
0.40

Table 4. Model-averaged population estimates within eddh@primary occasions.
Unconditional standard errors (SE), lower 95% ateriice limits (LCI), and upper 95%
confidence intervals (UCI) are provided. All valuee rounded.

Primary Occasion Estimate SE LCI UCI

(1) Jan/2002
(2) May/2002
(3) Dec/2004
(4) Jun/2007
(5) Aug/2007
(6) Mar/2008
(7) Jul/2008
(8) Oct/2009
(9) Jan/2010
(10) Mar/2010

163

80
165
116
122

88
138
109
220

88

58 50 277
35 13 149
63 42 288
43 31 202
46 21 212
35 19 156
50 39 273
41 29 190
88 47 393
39 12 163
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FIGURES CAPTIONS
Figure 1. Adult femaleBothrops insularis

Figure 2. Model-averaged apparent annual survival proldgilddr the golden lancehead pitviper,
Bothrops insularion each primary occasion (95% confidence interaegsprovided).

Figure 3. Model-averaged movement probability for the galdaencehead pitvipeiBothrops
insularis. The probability of being off the study area orcasiont given it was alive and
available for capture on primary occastehl (), the probability of being off the study area on
occasiort given it was alive and unavailable for capturepomary occasiot — 1 (), and 95%
confidence intervals are showed.

Figure 4. Model-averaged capture probability) (and recapturec] for the golden lancehead
pitviper, Bothrops insularigluring the study period (95% confidence intenaas also shown).

Figure 5. Finite population growth rate for the golden lehead pitviperBothrops insularis

Each interval represents an estimate between pyirnecasionst and t+1. 95% confidence
intervals are also showed.
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Survival probability
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Figure 5

Finite Population Growth Rate
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APPENDIX- Table of all model results. AbSAkaike’s information criteria with small samplezsi
correction AAICc=difference between top model and the current megeRAICc weights,
K=number of parameters, Deviance=difference of theeat model and the saturated model.

Model AlCc  Aalce W k  Deviance
S Int+Gamma" Int+p Int+S temp 1130.34 0.00 0.06 41122.22
S Int+Gamma" Int+p Int+S temp+c 1130.91 0.58 0.055 1120.74
S Int+Gamma" Int+p Int+Gamma' 1130.97 0.63 0.04 41122.85
S Int+Gamma" Int+p Int+S sex+S temp 1131.29 0.96 .040 5 1121.12
S Int+Gamma" Int+p Int+S sex+Gamma' 1131.33 1.000.04 5 1121.16
S Int+Gamma" Int+p Int 1131.42 1.09 0.04 3 1125.35
S Int+Gamma" Int+p Int+S temp+Gamma' 1131.70 1.370.03 5 1121.53
S Int+Gamma" Int+p Int+Gamma' +c 1131.86 152 300 5 1121.68
S Int+Gamma" Int+p Int+S sex 1131.87 1.54 0.03 4 123176
S Int+Gamma" Int+p Int+S sex+S temp+c 1131.89 51.5 0.03 6 1119.64
S Int+Gamma" Int+p Int+c 1132.02 1.68 0.03 4 1123.90
S Int+Gamma" Int+p Int+S temp+p temp 1132.27 1.930.02 5 1122.09
S Int+Gamma" Int+p Int+S sex+Gamma' +c 1132.29 951. 0.02 6 1120.04
S Int+Gamma” Int+p Int+S temp+Gamma’ +c 1132.35 .022 0.02 6 1120.11
S Int+Gamma" Int+p Int+S temp+p svl 1132.36 2.02 .020 5 1122.18
S Int+Gamma" Int+p Int+S sex+c 1132.49 2.15 0.025 1122.31
S Int+Gamma" Int+p Int+S sex+S temp+Gamma' 1832.6 2.32 0.02 6 1120.41
S Int+Gamma" Int+p Int+Gamma' +p temp 1132.72 2.380.02 5 1122.54
S Int+Gamma" Int+p Int+p temp 1132.92 2.59 0.02 41124.81
S Int+Gamma" Int+p Int+S temp+c +p temp 1132.93 592. 0.02 6 1120.68
S Int+Gamma" Int+p Int+S temp+c +p svl 113296 32.6 0.02 6 1120.72
S Int+Gamma" Int+p Int+Gamma' +p svl 1133.01 2.67 0.02 5 1122.83
S Int+Gamma" Int+p Int+S sex+S temp+p svl 1133.032.70 0.02 6 1120.78
S Int+Gamma" Int+p Int+S sex+Gamma' +p svl 1133.062.73 0.02 6 1120.82
S Int+Gamma" Int+p Int+S sex+Gamma' +p temp 1183.1 2.76 0.02 6 1120.85
S Int+Gamma" Int+p Int+S sex+S temp+p temp 1133.212.87 0.01 6 1120.96
S Int+Gamma" Int+p Int+S sex+S temp+Gamma' +c 333 3.01 0.01 7 1119.01
S Int+Gamma" Int+p Int+S sex+p temp 1133.39 3.05 .010 5 1123.21
S Int+Gamma" Int+p Int+p svl 1133.45 3.11 0.01 4 1125.33
S Int+Gamma" Int+p Int+S sex+p svl 1133.58 3.25 010. 5 1123.41
S Int+Gamma” Int+p Int+S temp+Gamma’ +p temp 1833, 3.31 0.01 6 1121.40
S Int+Gamma" Int+p Int+S temp+Gamma' +p svl 1133.7 3.40 0.01 6 1121.49
S Int+Gamma" Int+p Int+S sex+S temp+c +p svl 17183. 341 0.01 7 1119.42
S Int+Gamma" Int+p Int+Gamma' +c +p svl 1133.91 583. 0.01 6 1121.67
S Int+Gamma" Int+p Int+Gamma' +c +p temp 1133.93 593 0.01 6 1121.68
S Int+Gamma" Int+p Int+S sex+S temp+c +p temp 983 3.60 0.01 7 1119.61
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S Int+Gamma" Int+p Int+c +p temp

S Int+Gamma" Int+p Int+c +p svl

S Int+Gamma" Int+p Int+S sex+Gamma' +c +p svl

S Int+Gamma" Int+p Int+S temp+p temp+p svi

S Int+Gamma" Int+p Int+S sex+c +p svl

S Int+Gamma" Int+p Int+S sex+Gamma' +c +p temp

S Int+Gamma" Int+p Int+S temp+Gamma' +c +p temp

S Int+Gamma" Int+p Int+S temp+Gamma' +c +p svl

S Int+Gamma" Int+p Int+S sex+S temp+Gamma' +p svl
S Int+Gamma" Int+p Int+S sex+c +p temp

S Int+Gamma" Int+p Int+S sex+S temp+Gamma' +p temp
S Int+Gamma" Int+p Int+Gamma' +p temp+p svl

S Int+Gamma" Int+p Int+S sex+Gamma' +p temp+p svl
S Int+Gamma" Int+p Int+p temp+p svi

S Int+Gamma" Int+p Int+S temp+c +p temp+p svl

S Int+Gamma" Int+p Int+S sex+S temp+p temp+p svi

S Int+Gamma" Int+p Int+S sex+p temp+p svi

S Int+Gamma" Int+p Int+S sex+S temp+Gamma' +cvp s
S Int+Gamma” Int+p Int+S sex+S temp+Gamma’ +cefppt
S Int+Gamma" Int+p Int+S temp+Gamma' +p temp+p svl
S Int+Gamma" Int+p Int+S sex+S temp+c +p tempHp sv
S Int+Gamma" Int+p Int+Gamma' +c +p temp+p svl

S Int+Gamma" Int+p Int+c +p temp+p svl

S Int+Gamma" Int+p Int+S sex+Gamma' +c +p tempAp s
S Int+Gamma" Int+p Int+S sex+c +p temp+p svl

S Int+Gamma" Int+p Int+S sex+S temp+Gamma' +p teprgyl
S Int+Gamma" Int+p Int+S temp+Gamma' +c +p temgwip
S(sex+temp) Gamma"(.) Gamma'(.) p(temp+svl) c(tesap+

S Int+Gamma" Int+p Int+S sex+S temp+Gamma' +cefpt-p svi

1134.05 3.72 0.015
1134.07 3.73 0.01 5
1134 3.79 0.01 7
1134.323.98 0.01 6
1134.32 3.980.01 6
4138  4.03 0.01 7
34138 4.05 0.01 7
443 4.08 0.01 7
1134.43 4.09 0.01 7
113453 94.1 0.01 6
1134.58 4.24 0.01 7
1184.7 4.44 0.01 6
1134.89 4.55 0.01 7
1134.98 4.64 .010 5
1994 4.65 0.01 7
134199 4.66 0.01 7
1135.184.84 0.01 6
1135.22 4.89 0.01 8
113541 5.07 0.00 8
1135.71 5.37 0.00 7
1135.80 5.47 0.00 8
a8 5.66 0.00 7
1136.12 8.7 0.00 6
1136.22 5.88 0.00 8
1386. 6.05 0.00 7
1136.39 6.06 0.00 8
1136.45 6.12 0.00 8
1137.29 6.95 0.00 9
1137.29 6.95 0.00 9

1123.88
1123.89

1119.79
1122.07
1122.07
1120.04
1120.05
1120.08
1120.10
1122.28
1120.25
1122.53
1120.56
1124.80
1120.66
1120.66
1122.93
1118.80
1118.98
1121.38
1119.37
1121.67
1123.87
1119.79
1122.05
1119.97
1120.03
1118.76
1118.76
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WEAPON SIZE, NOT BADGE SIZE, PREDICTS SURVIVAL IN T HE WHIPTAIL

LIZARD, CNEMIDOPHORUS CF. OCELLIFER

MURILO GUIMARAESY® ROBERTOMUNGUIA-STEYER? , PAUL F. DOHERTY JR.3, AND RICARDO J.

SAWAYA 4

'Programa de Pés-Graduagdo em Ecologia, DepartamdatBiologia Animal, Instituto de Biologia, Univigtade
Estadual de Campinas. CP 6109, CEP 13083-970, GaaspE5P, Brazil.

“Departamento de Ecologia Evolutiva, Instituto delBgia, Universidad Nacional Auténoma de Méxicoarado
Postal 70-275, Ciudad Universitaria, Mexico, D.Mexico.

3Fish, Wildlife and Conservation Biology DepartmeBolorado State University. PO 80523, Fort Colli@,
USA.

“Departamento de Ciéncias Biolégicas, Universidadddtal de Sdo Paulo. CEP 09972-270, Diadema, Brazil

®Correspondence author. Email: mu.guima@gmail.com

*manuscrito ndo publicado

100



ABSTRACT. In many lizards, polygyny is the common mating sgstand males guard females in
order to prevent access of competitors. Males usgykas weapon and display status badges, in
these guarding behaviors, presenting potential laauevival because of costs of reproduction.
Females, in turn, take advantage of mate guardiegepting higher value as they grow. Here, we
applied a mark-recapture study in the whiptail dizéo test for variations in male and female
survival with respect to two important attributes mating, head size and badge size, the latter
defined here as the relative amount of bright @ailon. Males with larger heads had lower
survival than males with smaller heads, whereasfesurvival increased with head size. Badge
size was not associated with survival of eitheresar females. We hypothesize that males with
larger heads may be more vulnerable to sourcesoofaiity, such as predation and fighting for
females. On the other hand, females may become attnactive to males as they grow and

hence survive better by benefitting from male giraydehavior.

Key words mate guarding, mark-recapture, polygyny, sexuacseln, survival probability.
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INTRODUCTION

One of the most striking features of animal spedgeshe frequent difference in
morphology, physiology and behavior between matesfamales known as sexual dimorphism
(Andersson, 1994). Different hypotheses have beepgsed to explain the occurrence of sexual
dimorphism, including sexual selection (Darwin, @85~hich is the evolution of characters that
confers advantage to one sex, usually males, irpetition for mates (Andersson, 1994; Emlen,
2008). Under sexual selection, female preference agniae male traits to levels of exaggeration
that are costly to maintain (Cotton et al., 200Bhese traits settle where sexual selection is
balanced by natural selection, and under this aggam a cost for displaying honest signals of
quality (Zahavi and Zahavi, 1997) would be expedtadmales with possible effects on fithess
components, such as survival.

Resource defense polygyny is the most common matystem in lizards (Pianka and
Vitt, 2003; Calsbeek and Sinervo, 2008), and maitardjng is common in non-territorial
lineages, such as the Teiidae family where malgdintiting the chances of other males, mate
with females increasing their confidence of patgri{Censky, 1997; Ancona et al., 2010).
Sexually dimorphic traits such as head shape andpicuous coloration, commonly present in
lizards, are usually honest signals attributedefraductive success ( Zahavi and Zahavi, 1997,
Lopez et al., 2003; Whiting et al., 2003; Molnéaak, 2012).

Head width is a good predictor of dominance in sthgncounters because it is influenced
by muscle size, which predicts bite force (Herttehle 2001; Lappin and Hussak, 2005; Cox et
al.,, 2007). Bite force, a measure of weapon perdore, is positively correlated with

reproductive output and males may present serioysries from same-sex aggressive
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competition, sometimes resulting in death (Coopet ¥itt, 2002; Lappin and Husak, 2005).
Other costs are attributed to mate guarding sucbhdaged foraging time (Anderson, 1993).

The extent of the body covered by the conspicualaration, or badges-of-status size,
has been related to dominance, aggressivenessnatedacquisition in lizards (Pianka and Vitt,
2003; Whiting et al., 2003; Huyghe et al., 2005h the other hand, nuptial color also brings
costs to males (Clutton-Brock and Isvaran, 200@)acting a predator’s attention (Andersson,
1994; Stuart-Fox et al., 2003) exposing individualfigher mortality, as in the gup®oecilia
reticulata (Godin and McDonough, 2003), or because males tieibgéhave more risky, as in the
house sparrowasser domesticyRkeyer et al., 1998). Badges may act as a proxyadé quality
and are used to decide conflicts (reviewed in Wit al., 2003). Females, in turn, may benefit
in the presence of a large male, with increasedgiog time, reduction of harassment by single
smaller males and lower predation (Anderson, 199fjivar-Rae and Drummond, 2007).

Although some papers suggest opposite survivainastis for males and females due to
sexual selection, survival is usually inferred reditly using some related measure, such as body
condition or number of females in a territory (Swuee and Lively, 1996). Mark-recapture
methods allow for testing hypotheses and makingctlimferences about how morphological
traits such as weapons and ornaments are assowdtedital rates, including survival, while
accounting for detection probability (Lebreton ket #992).

In this work, we assessed the effects of headagidebadge size in adult male and female
survival of the teiid whiptail lizardCnhemidophorugf. ocellifer. We used mark-recapture models
to test the hypothesis that males with larger heautk displaying more conspicuous coloration

over the body have lower survival than smaller maled females, since the allocation of energy
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for these traits and guarding females might haveatie consequences to individuals,

accumulating with age.

METHODS
Study site

We conducted the study in Estacdo Ecoldgica dei JRH30' S, 2240' W), a
conservation unit in the state of S&o Paulo, sastieen Brazil. The unit is located in a
transitional area between the Atlantic forest amel €errado biomes, composed of open grassy
areas and semi-deciduous forests. The area isatbarad by an average temperature dfClin
the coldest months (June to August), and G0n the hottest months (December to February).

Annual rainfall is about 1500 mm, mostly concergdain the rainy season (CEPAGRI, 2011).

Study species

We tested the proposed hypothesis using mark-ne@aptethods for a population of the
Brazilian whiptail lizard,Cnemidophorusf. ocellifer (Fig. 1). This is a small (30-78 mm snout-
vent length in the study population), fast movidgyrnal lizard that occurs throughout Brazil
(Mesquita and Colli, 2003). Most speciesGrfemidophorusre polygynous, with non-territorial
behavior, where males compete directly for accesndtes and show pre- and post-copulatory
female accompaniment (Anderson and Vitt, 1990; XaldRae and Drummond, 2007; Ancona
et al., 2010). Males prefer larger females becdhsg are able to oviposit a larger number of
eggs (Vitt and Breitenbach, 1993). Females, in,tpnolong courtship, inciting contests and
providing higher quality males the opportunity tspdace pursuing males (Pianka and Vitt,

2003). Sexual dimorphism is present in body morpgwlMesquita and Colli, 2003), with males
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having larger heads and more conspicuous colorgkinght green colored spots on flanks and

tail).

Study design

We set up a 250x250m trapping grid consisted df fdi#fall traps. We captured adult
males and females for seven consecutive days eamfthmfrom September 2010 through
September 2011. Traps were opened early in theinggrbefore the species became active, and
closed after the species became inactive, in ladmieg. We used digital photography as the
primary method of individual identification but albatch marked individuals by toe clipping the
third joint of the second toe of the right hand. €ch capture we recorded weapon size, defined
here as head width at the maximum lateral extetttejaw adductor muscles (to the nearest 0.1
mm), total percentage of colored lateral area (bagilze), snout-vent length and mass.

To identify individuals and measure badge sizetaak four photographs of each lizard
using a digital camera (Nikon Coolpix P6000, Nikdimkyo, Japan) that included the following
views: dorsum, ventral, right and left flank. Pretsi were always taken at the same distance from
the lizard, using the macro mode and a circulaeres flash to standardize for light variation.
The dorsum and ventral photographs were later usethe software Interactive Individual
Identification System B classic version 2.0, Van Tienhoven et al., 20ff) individual
recognition.

Flank photographs were used to measure the badgeok the individuals using the
software ImageJ (Abramoff et al., 2004). We quasdifindividual badges by calculating the
relative percentage of pixels covered by the canspis (green) color over the right flank of

individuals (see Olsson et al., 2000), accountorgbbdy size (Berglund et al., 1996). The total
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lateral area covered by the badge did not vary antbe reproductive and non-reproductive
seasons on individuals (data not shown). Badgemsee be fixed at birth, implying heritability
(Whiting et al., 2003).

Occasionally, we captured males and females teg@ththe same trap during the mating
season. Then we compared body size (snout-venthlgnglative mass (mass standardized by
body size) and head width of these males and fenaléhe rest of male and female population,
using t-tests with unequal variances, to checkote individuals were morphologically different
from those caught alone - assuming males caugtiteirtraps with females were guarding the
respective females. Such comparison provides aworappty of comparing traits of potential
pairing individuals with traits of the whole poptitm. Finally, we recorded minimum
temperature and total rainfall during trapping dtigs as weather covariates because reptile
activity, and thus detection probability, might inluenced by weather conditions. For the few
occasions when these covariate data were missigigt (@dividual captures), we used averaged

values of the data set.

Survival analysis with imperfect detection

We used the Cormack-Jolly-Seber model (CJS; Cdtmae64; Jolly, 1965; Seber,
1965), implemented in program MARK (White and Buanh 1999), to estimate apparent
survival probability ¢), which is the product of true survival and sitdefity, and recapture
probability (p) (Lebreton et al., 1992). We poolie@ seven capture days each month to form
encounter histories. Using these data, we constluatset of 14 priori models representing

different hypotheses about the interaction effe€tisead size and badge size on male and female

106



apparent monthly survival probability. We also ud#d a null model with no variation on
monthly survival. For the recapture probability veenstructed additive and interactive
combinations of sex and time, and also included wieather covariates rainfall, minimum
temperature, as well as a null model (being comstan

Goodness-of-fit and a variance inflation factae.(i mediané) were assessed for our
general model excluding individual covariate&Bsdiiime Psexttime) Since there is currently no
goodness-of-fit test for CJS models with individual/ariates. Models were selected and ranked
based on Akaike Information Criterion adjusted $omall sample sizes and corrected for over
dispersion (QAIE, Burnham and Anderson, 2002). We considered théeimwith the smallest

QAICc value as the most parsimonious model (BurnhamAamtkrson, 2002).

RESULTS

We captured a total of 162 adult males and 159tdduaiales during the study period.
Males presented larger weapons (t = 10.19, df 5 @%60.01; Fig. 2) and greater badge sizes (t =
-27.35, df = 284, p < 0.01; Fig. 2) than did fensaM/e captured 12 couples together during the
reproductive season. Companion males were largeO(@1) and heavier (p=0.04) but did not
have larger heads (p=0.29) than unaccompanied adiéis. Accompanied females were larger
(p< 0.01), but did not differ in relative mass (pE®) and head size (p=0.26) from
unaccompanied females.

We adjusted the statistics due to some lack obffithe general model to our data (
=1.13). The top model in our analysis includedraeriaction effect between sex and weapon size

for apparent survival probability (Table 1). Weapwoas negatively and positively associated
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with survival in males and females, respectivelg(B). The second top model also included an
interaction between sex and weapon size on appatewival probability (Table 1). The third
best model had QAI€weight of 0.14 and represents the interactioncefeetween sex and
badge size (Table 1, Fig. 3). In this model suivmad badge size were negatively correlated,
however, the 95% confidence interval for the estedanteraction included zer@{coor = -0.05,
Cl1-0.351t0 0.24).

The top model included a time effect in recaptua@bpbility (Table 1) and indicated that
it varied from 0 to 0.25 for males and from O t@Mfor females (Fig. 4). In general, recapture
probability was higher during the breeding sea3dw difference between the top-ranked model
and the second top model was the inclusion of d@raearameter, sex as an additive effect on
time, but Qdeviance was very similar suggesting siegx was an unimportant variable (Arnold,

2010). Recapture probability on the third model wgain only a function of time.

DISCUSSION

As expected for polygenic species, males presdatgér heads and larger badges than
females. When examining the individuals (i.e., agaptured together in the traps, males had a
larger averaged body size and were heavier thaesraptured alone. Females captured with
males in the traps also had larger body sizes thiamales captured alone. Larger and heavier
males may present advantages because of the highels of testosterone and increased
aggressiveness towards other males during mateliggafAndersson, 1994; Zaldivar-Rae and
Drummond, 2007). Males in turn, may target betiasty females, i.e., larger and older ones,
since reptiles present indeterminate body growth ldter size is positively related to body size

(Vitt and Caldwell, 2009).
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We noted that the second and the fourth top magolesented very similar QDeviance
values when compared with the first and third topdeis, respectively. Structurally, the only
difference among these models is the addition wiasean additive effect to time in the recapture
parameter. Although the second and fourth modedserapassed 26% of the total variation in the
candidate model set, the inclusion of sex did moprove the power of explanation, and
consequently, sex should not be interpreted amnpgaam important effect (Arnold, 2010), being
considered a “pretending variable” (Anderson, 20@isregarding these two models, the top
model () would have a three-fold evidence ratio in relatio the third top modelj)( (QAICc
weigth/QAICc weight), and more than 0.8 of weight.

In an attempt to model the recapture probabilitthwieather covariates, we included
rainfall and minimum temperature that are usuakgomiated with reptile activity (Vitt and
Caldwell, 2009). However, models containing weattwrariates had low QAICc weightsj <
0.01. Time was the only important variable assedatith recapture, with higher probabilities of
capturing individuals in the breeding season (Atugoecember). Weather variability may not
be extreme and other covariates, such as reproduattivity already noticed or prey availability
may be more related to recapture probability.

The lower survival of larger-headed males might lbkked to the investment in
reproduction, resulting in cumulative phenotypiendage over life. Weapons are generally used
to defend critical resources, with its benefits allsuoutweighing potential costs (Andersson,
1994). The competing sex evolves in an intense darettional sexual selection for increased
abilities, leading to the evolution of exaggeragadictures, such as those seen in scarab beetles or
cervid mammals (Emlen, 2008). Game theory predias conflicts will only escalate to fights

when contestants are about the same size (EmI®8),20ut individuals are constantly testing
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opponents. Thus, despite the larger heads, indigdcould often face pursuing rivals that are
testing their abilities, and seeking sneaky copaiat which may increases conspicuousness to
predators as well (Marler and Moore, 1988). All thiese factors might increase energy
expenditure and reduce survival.

On the other hand, smaller males may not presemiginlarge and strong heads to win
contests. In species where only a few individualstol| all mating opportunities sneaky tactics,
usually displayed by smaller individuals, are expddo take place (Andersson, 1994). Sneak
behavior is known for teiid whiptail lizards, suabAspidoscelis costatavhere smaller males do
not engage in fights; instead, they access fenfatégely and try to force copula, running away
if the guarding male detects their presence (ZaldRae and Drummond, 2007). This strategy
may ensure higher survival to individuals that préasmaller weapons and has no other choice to
mate but furtively. However, sneaky males may n many offspring. These two different
strategies may occur along the male’s reprodudiiee investing in growth and trying furtive
copula when low fighting ability is present (smakapon), and defending females aggressively
when large and strong. Large males may sire mdsprarfig, but with higher costs, translated in
higher mortality probability (Ancona et al., 2010his two-phased strategy may not generate a
bimodal size of body or head size, because it wdddjust part of the development of
individuals.

Contrary to our predictions, badge size uncorrdlatgh survival. This result leads us to
refute the prediction that mortality increases widrger badges because of predation
(Magnhagen, 1991), a pattern already showed forcthilared lizard,Crotaphytus collaris
Extravagant characteristics such as badges ofsstati said to reduce longevity (Promislow,

2003; Preston et al., 2011) and leads to immunasgpn (Olsson et al., 2000; Preston et al.,
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2011), being negatively correlated with survivalowéver, our data does not support this
prediction and similar results were found for thedrtid lizard,Psammodromus algirusvhere
testosterone, responsible for the conspicuous a&iidor, did not preclude body growth and body
mass gain (Salvador and Veiga, 2000).

Badges of status are used by females to obtaimniafiion about male quality, and also
may serve to signaling to other males. Females chapse males based on badges at first place
and then expose these males to other competittask@ and Vitt, 2003) in order to test the
honesty of signaling (Jonhstone and Norris, 1993high risk of injury from fighting larger-
headed individuals could be the cost of displayandishonest signal. Henningsem and Irschick
(2011) experimentally reduced badge size (dewlaghé anoleAnolis carolinensesand found
that smaller badges did not change the outcome a&-male interactions. Bite force, an
intrinsically measure of performance, was the mfator to determine the winner in the

conflicts.

Larger-headed females in turn presented highefivalr Larger-bodied females may be
able to avoid predation, by means of increasedréesqpee and escaping behavior, and this holds
true for both sexes. However, larger females agéeped as mates (Ancona et al., 2010), and this
may reduce mortality through lower harassment (2@K,1), since males generally display risky
behaviors, presumably attracting more attention ginthg females the opportunity to escape
(Censky, 1997). Badges in females were not cogelatith survival and their function is not
clear. Female ornamentation might be related touregs, suggesting some sort of intrasexual
competition (LeBas, 2006) or individual differences fecundity, suggesting differences in

female quality, as demonstrated for the stripedepla lizardSceloporus virgatugWeiss, 2006)
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and for the collared lizard (Baird, 2004). The hymses surrounding female ornamentation must
be further explored.

In summary, we partially corroborated our hypothesince larger heads had opposite
effects on male and female survival, but conspisutaloration did not correlate with survival.
Larger males, who may invest more in the acquisitbmates, may have reduced life span due
to reproductive activity. Females may gain a higledue as they grow, having higher survival
probability. Despite the higher mortality in largerales, the costs associated to reproduction

might be worth it, with evolutionary advantages liagh investment in sexual traits.
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TABLE

Table 1 Candidate model set. QAtEAkaike’s information criteria with small samplezsi
correction and corrected for overdispersid@AICc=difference between top model and the
current model,w=QAICc weights, k=number of parameters, QDeviance=difference of the
current model and the saturated model.

Model QAICc AQAICc w; k QDeviance
®(sex*weapon siZep(time) 579.99 0 0.6116 546.40
®(sex*weapon sizep(sex+timg 582.12 2.13 0.2117  546.33
®(sex*badge sizep(time) 582.97 2.98 0.1416  549.38
®(sex*badge siZep(sex+timg 585.11 5.12 0.0517  549.32
®(sex*weapon siZep(sex*time) 600.45 20.46 0.0028  539.53
®(sex*badge siZep(sex*time) 603.05 23.06 0.0028 542.13
®(sex*weapon size*badge sigp(sex*time 605.74 25.74 0.0031 537.67
®(sex*weapon sizZep(rainfall) 61145 3146 0.006 599.21
d(sex*weapon sizep(mintemp 613.22 3323 0.006 600.98
®(sex*badge sizZep(rainfall) 613.82 33.83 0.006 601.58
®(sex*badge sizep(mintemp 61530 3531 0.006 603.06
@(.) p(.) 616.99 37.00 0.002 612.96
®(sex*weapon siZep(sex 617.63 37.64 0.006 605.39
®(sex*badge sizep(sex 620.05 40.06 0.00 6 607.81
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FIGURES CAPTIONS

Figure 1. Adult male (upper) and female (low&Ehemidophorusf. ocellifer.

Figure 2. Weapon size (head width) and badge size (peretative colored area) in adult male
and femaleCnemidophoruf. occelifer (inside line = mean value, box = standard dewumtio
whiskers = minimum and maximum values.

Figure 3. Apparent survival probability of aduinemidophoruf. ocellifer by head width and
badge size (percent relative colored area) in malpper panels) and females (lower panels).
95% confidence intervals are shown.

Figure 4. Monthly recapture probability during the studyipd based on the top model (time-
varying only). 95% confidence intervals are shown
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Figure 2

|
females

w

[ F]

| oF s

E
[ | [ [
) 0l g 0

(sjexid o) o21s abpeg
o

w

o

|||||||||||||| S 4 »

f | rE

o

w

[ F]

T, ot

=

_ _ _ _ _ _ _
cl L 0l 6 8 L 9

(wiw) az1s uodeapp



Survival probability

Survival probability

Figure 3

- N —— —
o T
—_ — -\_\_\-\_\_\_\""'
: —~
=
o
e
= T T T T T
6 8 9 10 11 12
Head width {mm)
w | — _;;fr_#________
[ T R e
= /{_\_—_q—
=
<
o T T T | T
6 8 9 10 11 12

Head width {(mm)

121

Survival probability

0.0

Survival probability

0.0

0.8

04

0.8

04

Badge size (% pixels)

_'_'__'_'_'_'___.——'_ ———
I l I I
0 5 10 15
Badge size (% pixels)
J—
- —
\H_
_\_\_\_‘_‘—\—\_
I T I I
0 ] 10 15



Figure 4

¥'0 €0 ¢0 10

Aupgeqoud ainjdeoay

Nov Jan Mar May Jul

Sep

122



SINTESE

Observamos que a probabilidade de deteccao indiviths sistemas estudados foi baixa
e condizente com a deteccédo de vertebrados em raebigopicais. O emprego de covariaveis
individuais e temporais ajudara a aumentar a @ectas estimativas dos parametros vitais,
incluindo a probabilidade de deteccéo.

No capitulo 1, concluimos que as taxas de retdnuiges brutos de sobrevivéncia, séo
subestimados em relacdo as estimativas de sobneiavgue incorporam a deteccédo imperfeita.
Além disso, as estimativas de parametros populasoresultantes do esforco de coleta no
campo dependem da deteccéo.

Recomendamos o emprego da ablacdo de artelhos z2mavearcacdo panicrochip
para anfibios anuros considerando os resultadadosbtos custos e o tempo envolvidos na
aplicacdo de ambas técnicas. Lembramos que asdéahe marcacdo podem ser invasivas e 0S
casos devem ser avaliados individualmente.

Bothrops insularis apresentou baixa probabilidade de sobrevivénciaalae alta
probabilidade de emigracdo temporaria de nossa dgeastudo. Detectamos um crescimento
anual médio negativo da populacdo adulta, salidotanmportancia da identificacdo das causas
e do monitoramento da populagéo.

No capitulo 4 observamos que os custos de sobreiav§oram mais elevados em
machos adultos com maior tamanho de cabeca e ¢modlgue estes provavelmente investem
mais energia na reproducao. Fémeas, por sua veseaparam sobrevivéncia maior conforme o
aumento do tamanho da cabeca, e com isso concluyo®glas adquirem maior valor com a

idade. N&o encontramos relag&o entre ornamentagétorevivéncia.
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Demonstramos aqui a eficiéncia do meétodo de mapcagarecaptura como uma
abordagem eficiente na estimativa de parametroslpcpnais e questdes relacionadas a historia
de vida das espécies. Consideramos que um bom hdesenostral deve ser prioritario no
planejamento de um estudo pois permitira captasted variacdes necessarias para responder as
questdes propostas, além de assegurar uma boets da probabilidade de deteccédo para a
espécie/populacdo. Cabera ao pesquisador que detémhecimento sobre a historia natural do
grupo em questao, elevar a probabilidade de deiepo@ meio do desenho amostral e esforco de

campo, empregando meétodos probabilisticos paranaadiya dos parametros.
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