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|. Executive ammary

1 Chytrid fungusBatrachochytriundendrobatidigBd])was first described in 1998 aisl
associated with frog population declines as well as frog population extinctions in Australia,
Africa, Central, South, and North America. Anthropogenic processes have played a large role
in the worldwice spread of BdSkerratt, Berger et al. 200TZollins 201} and he impact of
chytridiomycosis on frogs is considered by some to be the most spectansganfi
vertebrate biodiversity due to disease in recorded hist@kerratt, Berger et al. 2007

1 In 2004 Bd was first detected in Tasmaf@dendorf and Dalton 2006and is widespread
across the state with the exception of the Tasmanian Wilderness World Heritage Area
(TWWHA), where Bd has only recently begun to in&tdips, Wilson et al. 201Cashins,
Philips et al. 2013 Presently, the TWWHA makes up greater than 75% of the distribution of
the endemic Tasmanian tree frdlgitoria burrowsaeDriessen and Mallick 20D3..
burrowsaehas high susceptibility to Bd infection in laboratory trigdeyles, Phillips et al.
2014), and climatic conditions are thought to be particularly favourabteBd in the
TWWHAMurray, Rosaueet al. 2010).

1 We report the results from three actions/components proposed in the Tasmanian Chytrid
Management Plan (Philips et al. 2010): (@ppturemark-recapturestudy at two ponds, (ii) a
remote sound recordings analysis across 36 ponds takeA13, and (iii) 2014 chytrid
testing at Hartz Mountains and Birchs Inlet. We also review these actions and provide
recommendations for ongoing implementation.

1 Acapturemarkrecapturestudy was used to determine survival and population growth in
the Tasnanian tree frogl(itoria burrowsagat two ponds, one at Lune River (chytrid positive
from 2013) and the other at Melaleuca (chytrid negative). At both ponds, annual survival of
males was very low, and was combined with a high degree of variation indunglance
both within years (at Lune River) as well as across years (at both LunarRikelaleuca).
Survival analysis further indicated that frog movement (recruitment, immigration) is
probably an important component of frog population dynamics at thates; further study
of frog movements across Tasmanian landscapes is needed to confirm these findings.

1 Population growth from 2012 to 2013 was negative at Lune River, and then positive from
2013 to 2014 despite a change of status from chytrid negatiwanydrid positive in 2013. At
the chytridfree site (Melaleuca), population was positive from 2Q12, then strongly
negative from 201814. Frog population dynamics are often characetias having a large
degree of natural variation in abundance, andtifigr longitudinalcapturemark-recapture
study in additional future years would be needed to untangle any differences between
chytrid impact on population growth and survival and naturally occurring population
variation.Capturemark-recapturestudies cou provide some of the strongest
demonstrations of chytrid impacts on frogs in the TWWHA, but are also labour
intensive/costly.

1 Remote sound recording units deployed in 2013 were used to assess frog population activity
Ay oc LRYRA IsQut®estBrownltréaeYrogyitoria@wingi were observed in
every pond sampled, but call activity was much lower and variable for common froglet
(Crinia signifery Tasmanian frogleQfinia tasmaniensjsand Tasmanian tree frog.
Seventeen ponds had nao wery little Tasmanian tree frog calling activity ponds had no



or very little common froglet calling activity, ad@ ponds had no or very little Tasmanian
froglet call activity.

Other sound data currently exist (20112€12), and we present data on maximum call
activities documented from previous years along with 2013 data in map form. For 2014,
recordings exist but have yet to be coded. Preparing these other three years of acoustic data
would allow for estimation of #nds of call indices at ponds with and without chytrid.
Further sound recordings should be taken in 2015, and sound analysis of previously collected
data should be immediately performed. With the addition of the three available years of
sound recordingdrends in call activity at ponds with chytrid versus thasthout may be
discoveredRemote sound recordings appear to be the most -@jtctive monitoring tool
currently available.

At Hartz Mountains chytrid was detected adjacent to the track past tieveash station.
Further incursion of chytrid at Birchs Inlet was observed as well. In both cases,
understanding how to improve use of already existing bootwash stations, restricting public
access to sensitive areas, and/or public education is recommended.

Prevention, rather than managing the disease, is without a doubt the most powerful
management tool currently available. Bootwash stations combined with an effective
education program currently represent the best management tools available that can be
usedto prevent further chytrid movement into the TWWHA. Any actions that can be taken
to deploy and manage more bootwash stations, along with actions designed to improve
their use and associated education program, are likely the most powerful actions tHdt cou
be taken to preventhe incursion othytrid into the TWWHA.



[l. Introduction

IIA. General background

Modern-day extinction rates in amphibians are staggering relative to other vertelaate Based

on the geologic background rate of extinctioless than lamphibianspecies extinctiommasbeen

predicted tohaveoccurred since 198@McCallum 200Y What has actually been observdowever,

is that over 100 amphibian species have gone extinct since the 1970s, and arwtidrd of the

62NI RQa | LIWNRBEAYIGSt& cnnn &LISOAS&(StRaR ChaffsodK A 6 A | Y 3
et al. 2004. This has resulted in a modern day observed extinction rateZ8& times greater than

that predided bymodels(McCallum 200) The potential ecological factors that are thought to be

responsible for amphibian decline include habitat degradation and loss, introduced species,

pollution, conaminants, pathogens, climate change, and of course, synergistic effects amongst

several of these factor&Collins and Crump 2009

One particular pathogen, chytrid funguBatrachochyutrium dendrobatidj8d]), has been strongly
implicated in the worldwide decline of amphibiai3aszak, Cunningham et al. 20.8d was first
described in 1998 anid associated witlfrog declines as well as extinctions in Australia, Afrdce)

in Central, South and North America. Anthropogenic processes have played a large role in the
worldwide spread of B{Skerratt, Berger et al. 200Tollins 201} and he impact of
chytridiomycosis on frogs is considered by some to be the most spectacular loss of vertebrate
biodiversity due to disease in recorded hist¢Bkerratt, Berger et al. 2007

Chytridiomycosis results from Bd invasion into kera#iditissue of an amphibian and causes
hyperkeratosigLongcore, Pessier et al. 1998lyperkeratosis disrupts cutaneous functigoyles,

Youngetal. 2008 O2 YLINRYAaAy3d (GKS K2adQa AYYdzyyS aeadsSy |
(Campbell, Voyles et al. 201 2Vhile the majority of amphibian species appear to be highly

susceptible to destructive Bd infection, some species appear to not be affected by ¢Byitids

2010. In some cases, an amphibian species may host Bd, but are themselves not lethally impacted

o0 (KS RA&ASIHAST (KSasS aLlSOASa OFly SEA&G a WNBACS
primary host density is low. Other populations may even recfreen chytrid impacts, at least on

short-term time scalegNewell, Goldingay et al. 2013n general, it is difficult to predict how

populations of amphibians may vary in their responses t¢Ftiod, Muths et al. 2070

In 2004 Bd was first detected in Tasmaf@dendorf and Dalton 20Q6and is widespread across the
state with the exception of the Tasmanian Wilderness World Heritage Area (TWWHA), where Bd has
only recently begun to invad@hilips, Wilson et al. 201Cashins, Philips et al. 201Bresently, the
Tasmanian Wilderness World Heritage Arfe&/iWHA makes up greater than 75% of the distribution

of the endemic Tasmanian tree fr@igtoria burrowsaeDriessen and Mallick 20P3.. burrowsaéas

high susceptibility to Bd infection in laboratory trifd&yles, Phillips et al024), and climatic

conditions are thought to be particularly favourabte Bd in the TWWHMurray, Rosaueet al.

2010.

Three other species of frog are thought to be of importance in terms of potential Bd dynamics and
likely impacts on amphibians in the TWWHA: the brown tree fritgria ewingj, common froglet
(Crinia signiferp and Tasmanian frogleC(inia tasmaniensjsAll three of these species are
widespread in Tasmania. The brown tree frog and common froglet are thought to be potential
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effects).Susceptibility to Bd is unknown for the endemic Tasmanian fr@gttips, Voyles et al.
2010.

11B.Overall aims

The aim of thiseport is to assess the results of three components of research and monitoring of the
Tasmanian Chytrid Management Plan 2(RBilips, Voyles et al. 201L0rhe first component is a
capturemarkrecapturestudy conducted on Tasmanian tree frogs during their breeding season
across three years. The second component is a report of frog cadliivity across a wide

geographic range in Tasmania currently under threat by Bd. The final component of research
reported here is the current chytrid status at two locations at the edge of the TWWHA: Hartz
Mountains National Park and Birchs Inlet. Thigor¢ also aims to provide recommendations for
ongoing implementation of these research and monitoring components

IIC. Capturemark-recapturestudies

Capturemark-recapturestudies are a powerful tool for conservation managers, and can be used in
any situdion where individual animals can be marked and detected later by capture or sighting.
Capturemark-recapturemethods can be used to evaluate impacts of threats (such as Bd), record
population trends, collect information for population viability analyses,performance targets
against which responses to management can be measured, and highlight areas where further
research is needed.

The design of aapturemarkrecapturestudy is very important, and will determine what the results
can be used for. An ingptant distinction can be made between open and closed population studies.
A closed population remains constant in size and composition during the study, while an open
population is subject to animals leaving and entering the population through birthéhslea

emigration and immigration. Since all animal populations are more or less subject to open
population demographic processes, it is usually only possible to have closure by conducting a study
over a short time frame (e.g. a week).

Closed population mods are normally used to estimate the number of animals in a population. In
addition to the assumption of closure, an important component of these models is capture
probability (Lettink and Armstrong 2003If all animals do not have the same probability of being
caught, capture heterogeneity needs to be modeled explicitly to obtain accurate and useful
estimates of abundancélowever, edtnates of absolute abundance of animal populations via

closed population models are considered imprecise, and in many cases population growth (positive
or negative) is usually of more interest to conservation manatjens absolute numbers of animals.

In these cases, open population models whereby population growth can be estimated without
relying on estimators of population abundance have now been devel@petlel 199%

Open population models are also normally used to estimate survival. Open population models are
more complex than closed population models because extra parameters are needed to model
recruitment, mortality and movements, and to distinguish between these properties and population
survival rates.



A capturemark-recapturestudy was initiated in 2012 tmvestigate the impact of chytrid on a wild
population of Tasmanian tree frogs. Logistical and funding constrains meant that only two
populations could be monitored: Lune River 4C and Melaleuca 6. Both populations were-fregtrid

in 2012 but Lune RiveC was chosen because it occurred near a chypwiltive frog population

and was likely to become chytrid positive in the foreseeable future. Melaleuca 6 was chosen because
it had high visitor use in an area remote from known chytrid areas and would &t aarly warning

for chytrid spread and would trigger a management respoiibe. aim was to obtain lorgrm

baseline trends in abundance of Tasmanian tree frogs and ecological data as well as disease status.
The lack of replication was identifieda major limitation but the study could still provide insight

into the response of a population to chytrid as well as survivorship of individuals. Obtaining
population data for several years prior to possible infection was important given the lack of
replication.

Thefirst componentvas to estimate two population parameters (survival and population
growth/decline) for Tasmanian tree frogs located in two different breeding ponds. Chytrid was
recently detected in one of the ponds in 2013 (Lune River 4C). Engotid (Melaleuca 6) is
currently chytridfree (See section I)B

IID. Acoustic monitoring; assessing call activity

Auditory surveys of breedingogsare a common tool used to verify distributions, investigate
ecological relationships, and monitor pdption trends at various geographic and temporal scales.
Frogcall survey data are recorded typically on an integer scald@f3 (Weir, Royle et al. 2005

Weir, Fiske et al. 2009Qualitatively, these scalesdicate the number of frogs heard calling (one or
two, a few, or many). However, based on the reasonable expectation that a larger number of frogs
should generate a higher call activity rate, there has long been a desire to treat these numbers as
guantitative indices to population siZ€orn, Muths et al. 20)1Some authors have done that
explicitly(Fahrig, Pedlar et al. 1998lazerolle 2005EigenbrodHecnar et al. 2008 but the more
common approach is to treat these data conservatively as indicating whethmeacies was present

or not, or to usdrog call activity indices to compute metrics that in theory should be more indicative
of population numbergShirose, Bighp et al. 1997Corn, Muths et al. 2091

There are several biotic and abiotic factors that may influence data collected with call surveys,
including species and seasffrouch and Paton 200Re Solla, Fernie et al. 20068me of day
(Bridges and Dorcas 200Dseen and Wassersug 200and weather, such as temperature and
precipitation(Oseen and Wassersug 20@&aenz, Fitzgerald et al. 2Q0Research has also shown
that observer bias can also impdatg all survey results, as different observers can often assign
different index scores to the same chorus of fr¢8hkirose, Bishop et al. 19Fierce and Gutzwiller
2007 or may disagre®n which species are presefttotz and Allen 20QPierce and Gutzwiller
2007).

To avoid the problem of intrapecific seasonal variation in activity, call surveys can be restticted
aLISOASEAQ YI EA Y df€orm MihS R dl. Z@)1Cordicting@rhuliigle surveys per pond

per season can be used to mingmthe impacts of other environmental influences on call activity
rates, such as weather. Multiple surveys per pond, however, can be logistically difficult if there are a
large number of ponds to be sampled during a single breeding season, or if the gaoguagahof

the survey area is broad. A solution to this is to use remote automated recording sy§tetasson
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and Dorcas 1994vhich can collect data across large geographic scales at approximately the same
time and in a relatively efficient cosfffective way.

The aim of the acoustic monitoring component is to determine whether chytifidmpact on the
presence/activity of Tasmanian tree frogs should it spread into the TWWHA. Monitoring sites were
chosen on the basis that Tasmanian tree frogs had been recorded there and that they were
reasonably accessible by walking.

Thesecond compnentwas toassess and develop the utility of acoustic monitoring to survey iinogs
the TWWHA. We did this Ibyeasuring the cabictivity of four froggTasmanian tree frog, brown tree
frog, common froglet, and Tasmanian froglbm recordedsound files collected at 36 ponds across
the TWWHA during the 2013 breeding season (1¢J8dyOctober)We tested whether different
observers agreed on their call activity measures, pravédmetric (the call saturation index) that
can be generated from frog call data, and proddecupancy estimates where a particular species
of frog was not present.

IIE Chytrid updatec Hartz Mountains and Birchs Inlet

Hartz Mountains National Park ipapular walking area on the eastern edge of the TWWHA. It was
chosen for chytrid monitoring because it is one of the few accessible places where the endemic moss
froglet Bryobatrachus nimbysccursNothing is currently known of the putative impacts af 8n

moss froglet populations.

Hartz Mountains is also one of two Chytrid Exclusion Areas in Tasmania, the other being the
Melaleuca/Port Davey area. Hartz Mountains is a priority area because Bd has been previously
detected in roadside ponds leading tcetstart of the main trailhead, butasnot been detected
along the trail itsel{Cashins, Philips et al. 2013

Birchs Inlet is an important area a®ccurs along thevestern edge of the TWWHA, and represents
an area where human incursion and movement odowu remote area of the TWWHAhe endemic
Tasmanian tree frog and the Tasmanian froglet, along with the brown tree frog and the common
froglet, occur herejn recent history irhigh abundanceM. Holdsworth pers. comm.). Surveys
conducted in 2012 detectechytrid at Birchs Inlet for the first tim€ashins, Philips et al. 2013

The third component was to provide updated information of chytrid status by capturing and
swabbing frogs at both sites during 2014 surveys.

lll. Methods: Capturemark-recapturestudies

IlIA. Tasnaniantree frog biology

Unfortunately, very little is documented concerning the basic biology and life history of Tasmanian
tree frogs. Currently, there is only one scientific publication on the spéchesng, Cashins et al.

2014). Thus, information provided in this section Tasmanian tree frog life history is anecdotal and
based on natural history observations (albeit generally expert observations). Peak breeding activity
for Tasmanian tree frogs usually occurs during the final third of winter and runs until early spring
(late July through the end of October). At the ponds sampled heredipturemark-recapturestudy,
males congregate at the breeding pond and begin to call sometime after sunset to attract females.

6



Wind speed as well as time of day affects male cafjimgles tend to call more when wind speed is
lower (except in large populations, where wind has no effect), and there is a peak in male calling ~3
hours after sunsefCashins, Philips et al. uniglished data. Nothing is known concerning Tasmanian
tree frog movements, behavior, and activity outside of the times when males are congregated at
breeding ponds. It is thought that breeding behavior (i.e. aggregating in ponds) can lead to increased
contact amongst individuals and may facilitate Bd transmission. Bd also has motile zoospores which
can move from infected to healthy frogs through the wai€arey, Bruzgul et al. 2006

The number of females at breeding sites is probably much lower than the number of males, although
females do not calmaking them harder to locate and find. Because we captured many fewer
females than males at our two sites across the three years of study (Lune River = 24 females, 274
males; Melaleuca = 5 females, 91 males), we use only males in thisignalys

IlIB. Samfe dtes

Two breeding ponds were initially chosen for study in 2012, one at Mela@(M&L, 432197E,

5191852N) and one at Lune Ri¥&(LR; 488802E, 5188559N). The breeding pond at MEL was
chosen because it is both deep within the TWWHA laashigh hunan traffic. The breeding pond at

LR was chosen because it is along the edge of the TWWHA, had high Tasmanian tree frog numbers,
and was thought to serve as a good model of frog/Bd dynamics near roads. Both ponds were chytrid
free in 2012in 2013 chytrid vas detected at LR (N = 38 swabs, 3 positive for Bd; prevalence = 7.9%)
but not at MEL (N = 60 swabs/individuals), and in 2014 chytrid was again detected at LR (N = 202
swabs, 9 positive for Bd; prevalence = 4.4%) but not MEL (N = 21 swabs).

Other speciesfoamphibians occur at both these sites (brown tree frog, common froglet and
Tasmanian froglet; see Section VI). We did not capture these other species at LR; at MEL, some
common froglet and brown tree frogs were captured and swabbed in 2014, but resuksnioa

been analysed and are not presented here.

Several environmental covariates could impact the results fraapuremark-recapturestudy. For
example, capture and recapture probabilities (and therefore survival estimates) could be impacted
by temperdure, recent disturbance, cloud cover, wind speed, current and recent rain patterns, pH,
and water conductivityto name a few(but see: Pilliod, Muths et al. 20L.0VNhile each of these
environmental covariate measuregere collected during the study, they are not included in the
analyses because sample sizes were already below the minimum recommended for analytical
models (seesection lID)and addition of covariates would decrease estimate reliability further at
this time.

I1IC. Data collection

From 2012 to 2014 each population was sampled during the breeding season (Table 1). Due to
logistics, MEL was sampled once per breeding season, while LR was either sampled once (2012),
twice (2013), or three times (2014) within tharee breeding season. Each sample included multiple
capture sessions/nights in which frogs were caught. Sampling effort for each capture session at each
pond in 2012 and 2013 is unknown, but in 2014, for each capture sessieno fourworkers used
headlanps to search the pond and its adjacent edges for frogs. Sampling begantwithiours of

sunset, and continued for a minimum wfo hours. Sampling ended either at the endwb hours

when all/most frogs were considered to have been captured, or inxadere there was high male

7



density, until 100 individuals were captured. Catch per unit effort estimates for each capture
session, where unit effort is per person per minute, are given in Table 1.

Frogs were captured individually using clean vinyl glanesnew plastic bags. For each captured

frog, we checked whether it had already been tagged with a microchip, and if it had not, we injected
one into the dorsolateral subcutaneous tissue. All captured animals were measured (until early 2014
shoutvent lergth (SVL), thereafter left tibia length (TL), and weight for all frogs) and all individual
frogs were swabbed once for Bd presence on each trip. Swabbing involved brushing a sterile swab
across the ventral side of the torso, the inside of each of the famot back legs, and the pads of the
hind and front feetHyatt, Boyle et al. 20Q7Sterile swabs were brushed across each of these areas
four times per frogEach sample swab was then sealed in a plastic casing and sent to Tasmanian
Animal Health Lalratories for analysis with polymerase chain reaction to detect Bd. To avoid
potential contamination of the collected tissue and disease transmission among individuals, we
adhered scrupulously to clean procedures in the field.



Table 1 Number of male Tasmanian tree frogs captured at two different sites from 2012 to 2014. CPUE = average catch per.unittéfaase number of frogs per

person per minute for a trip. CPUE estimate includes fematgsfrahereas all other columns do not.

Year Date # sampling # unique | # new frogs| # recaptured frogs| # swabs # swabs Bd CPUHK95%CK)
nights frogs tested for positive for | prevalence
Bd Bd (%)

Lune River
2012 21/8-22/8 2 50 50 8 36 0 0.0 Unknown
2013 20/8-22/8 2 35 30 10 34 0 0.0 Unknown
2013 25/9-27/9 3 4 1 8 4 3 75 Unknown
2014 5/8¢7/8 2 161 152 38 109 3 2.7 0.53(-0.59-1.64)
2014 | 20/8-22/8 3 10 3 18 10 0 0.0 0.05(0.030.07)
2014 22/9-4/9 3 82 36 151 83 6 7.3 0.29(0.230.35)

Melaleuca
2012 10/9-2/9 3 39 39 24 39 0 0.0 Unknown
2013 28/8-30/8 3 59 41 44 59 0 0.0 Unknown
2014 29/8-2/9 5 19 13 45 19 0 0.0 0.03(0.01:0.57)




IIID. Statistical aalyses

We used program MARMVhite and Burnham 199%0 analyse the capturemark-recapture data.
For each of the two ponds under analjsve were interested in addressing the following questions:

1 Is the population stable, increasing, or decreasing in size?
1 What proportion of the population survives each year?

At one of our sites (LR) we were initially interested in whether Bd infection impacts on individual
survival. However, given the very small number of individuals that were detected to be Bd positive at
Lune River relative to the overall catch (Tableitt)ndy Bd presence as a covariate in models was not
performed, since heavily unbalanced models usually result in heavily biased and inaccurate
estimates of parameters.

We analyed the two ponds separately, because there were different numbers of primigsy tt
each site, there were different numbers of secondary capture nights at each site, and the sites had
different intervals of time between primary trips.

There is a wide array of models and approaches available for estimating animal abundanced, surviva
and population growthreviewed in: Amstrup, MacDonald et al. 2008 typicakapturemark-
recaptureanalysis involves model building and selection using a combinaticinsedpopulation,
openpopulation, or robust design estimators. In robust design mofiadlock 1982the abundance
estimation feature of close@opulation models is combined with the survival estimation component
of open population mdels (Figure 1).

The minimum recommended sample size for opepulation models, which are required to
estimate survival and population growth fige capture session@_ebreton, Burnham et al. 1992

For example, in order to estimate survival from one breeding season to the next, one would need
five years of data from each pond. Robust design models, which combine aspbéoth afosed and
open models, recommended at a minimuhree primary sessions (i.e. years) with at lefige
secondary sessiorfse. trips to a site: Figure 1, Pollock 1982nfortunately, at both Melaleuca and
Lune River these minimum sample requirements have yet to be met.

The simplest closed populationodels for estimating animal abundance require only two capture
occasiongLincoln 193} but more capture occasions improves goodresét and reliability of

closed population abundance estimates. Since closgailadion model estimates for abundance are

notoriously imprecise, one alternative to estimating animal abundance is to instead estimate the
20aASNWSR NIQdS 2F LRLMAZFTGA2y 3INRBoUK 06S0G6SSy (g2 3
a reversetime, robust desigmmarkNB O} LJi dzZNBS Y2 RSt G2 SaidAyYlradS < ol a
rather than absolute abundance. Pradel models also provide open population estimates of survival

(Pradel 199%

Given the structure of our data (Table 1) and considering that frogs are ikelgtleaving and

sometimes returning to each annual breeding pond, we chose a robust design analysis to estimate
survival and provide closed population models of abundance. Next, a Pradel model was chosen to
SadAYIFGS <T SaidaAyYl i 8delswgefe aldodehetdth ingdare AgdiBsithet NI RSt Y
estimates of survival obtained from robust design models. The niindeipproach was as follows:
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T C2NJ SIFEOK aAGSYT FANRG FALG FdAt GAYS @GFENEBAYy3I Y
These modelsinckiS SaGAYIiSa 2F &dNBAGEE 6uv0X GSYLRZNI

NEBYIFIAYyAy3d 2dziaARS GKS &I YLXAYy3 FNBF 64 03 LINJ
recapture (c).

T {Ay0OS 6S 6SNB AYGSNBaliSR LINAYIFNARfE Ay) vz S
G2 RSOSNN¥AYS (KS aidaNHzOGdzZNB 2F Y28SYSyid 6+ Q I
0Sad FTAOG GKS RIGFE® hyOS (KAA& gdtimate®RSISNYAYSRE

T ' tNIRStf Y2RSt ¢l & dzaSR 2y GKS arysS RFEGF G2
F2NJ O2YLI NRA&az2y 6AGK v SadAyYlFiSa FNRY w2odzaid |

For Robust design modethyee competing models of temporary emigration were testéjla
modelwA G K y2 GSYLER2NINE SYAINFGAZ2Y 0OA ®&ryemigration !

I.I

OADPS® I | YR 0'AAAUD | Y2RSt G6AGK al Ny 2OALFY GSYLRNI I

time varying). In Markovian movement, an individagirdability to remain inside/outside the

sample area depends on its current location (i.e. whether it is present already or not in the sample
area); in random movement, an individ@probability to remain is not dependent on its current
location, and is inead random.

AlCGvalues were used to determine models that provided the best fit to the data. When the
difference in AIC betweetwo models is <2, then we are reasonably safe in saying that both models
have approximately equal weight in the data. If 2<MQhen there is considerable support for a

real difference between the models, and if AIC>7, then there is strong evidence to support the
conclusion of differences between the models.

It is worth noting that there are currently no goodnesssfit tests for Robust design or Pradel
models. In other words, one can produce results from afiegtg model relative to other models

in the model set, but there is currently no statistical way that has been developed to test whether
0KS -Wb & &ty 3 QllyYiethe 8dta welOThidzlin combination with small sample sizes,
requires careful inference from the current results.
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Figurel. & A O & (i NUzO (atuéRies®)¥ Primary shrgp@g afezannwal surveys taken at a pond, while
secondary samplagpresent nights that frogs were trapped. Survival estimates were generated from the time
intervals between primary samples (years) while abundance estimates were generated from groups of
secondary samples (nights) within each year. The key differeneecketthe robust design and standard
CormackJollySeber open population models is that instead of just one capture occasion between survival
intervals, multiple (>1) capture occasions are used. In addition to providing estimates of abundance, the
probabilty that an animal is captured at least once in a trapping session can be estimated from the data
collected during the session usinmark-recapture models developed for closed populations. This allows for
subsequent estimation of survival, temporary emigoatfrom the trapping area, and immigration of marked
animals back to the trapping area based on the longer intervals between primary trapping sessions. Figure
taken from/ K LJG SNJ mp 2 FPrag\SYy 2a1fwAWYS 16 2Ry (4 S AYGNRRdzOGA2Y Q
(http://www.phidot.org/software/mark/docs/).

IV. ResultsCapturemark-recapturestudies

IVA Melaleuca survival, abundance, and population growth

Bd was not detected in swabs taken at Melaleuca in 2014, confirming its ongoing dtsgrigtatus
(Table ). In 2012, 39 Tasmanian tree frogs were captured and markiden nights; in 2013, 59
frogs were captured ithree nights, 18 of which were recaptures from 2012. In 2014 there Viieee
capturenightsduring which time 19 frogs were capturesixof them from previous years. Twenty
frogs were caught in at least two different years, wihiileee frogs were caught across #iree
annual trips.

The Robust desidully-parametersed timevarying model include@4 estimates/parameters, 19 of
whichcouldbe&@ G A Yl GSR 0Y2RSt NIyl oX ¢Fo6fS HOd | ff26AY
13and 2018un 6 A @S d () weSirst@ebtddiBviiethel the psobability of first capture (p) on

each trip was equal to the probability of recapture (c) on each(tripdel rank 2a versus model rank

3, Table 2). At Melaleuca, p and c could be miedehs equal. We then tested whether capture

probabilities were time varying within a trip (model,dable 2) or could be modted by a single

estimate per trip (model 4,able 2). The beditting model for the structure of p and c indicated

equality but also time variance in each parameter estimaig<m;; model ranks 1, 2a, & 2bable

2).

12



Using py = ) to model capture probability we next compared whether Markovian, random, or no

movement was the best fit of the data. Models that included temporary emigration (model ranks 2a

& 2b, Table 2) did not fit the data better than the model which did not accdantemporary

emigration (modelrank, 6t S HO® {AyOS GKS Wy2 Y2@0SYSyidQ Y2R

fewerLJr N} YSGSNAR INB ySSRSR G2 FAG RAFFSNByYyd SadAayl
A0NHzZOGdzNE F2NJ ' QQ layR ' Q (2 (GKSy SadAYFI(GS &dz2NIDA L

Annual survival was strongly time dependent (model rarikable 2). Survival across 2012 to 2013
was low (0.13; SE = 0,Zable 3 and the estimate included zero (L95%d.26 U95%CI = 0.51
Table 3; the estimate for survival across 2013 to 20dak lower(-0.83 SE = 0.13; L95%CH1-09
U95%CI =0.59 Table 3. Capture probabilities on each of the nights ranged fr6m9 to 0.89
(Table 3).

Closed population abundance estimates were also extracted using thdithest model found for
Melaleuca (model rank 1, Table 2). Closed population estimates that included both time and capture
heterogeneity resulted in abundance estimates with large standard errors compared to closed
population estimates that only included capture heterogeneityuddance estimates of the

population at Melaleuca in 2012, 2013 and 2014 are given in Table 4. Qualitative patterns of Table 4
indicate an upward trend in frog numbers from 2012 to 2013, and then a sharp decrease in numbers
from 2013 to 2014.

Since the Ralst design models for Melaleuca indicated the best structure for p and ¢ yazp,

S NBGFAYSR GKA& aiNUzOGdzNB Ay tNIRSf Y2RSfa FyR
(model ranks 1 and,Table 5). Next, we tested whether observed pbpui A 2y INR GG K < g4I
varying as well, which it was (model ranks 1 an@iéble 5). Quantitative estimates of population

growth from Pradel models confirmed the small but positive population growth at Melaleuca across
HaMH (2 HpSEE 0.8805%CI =0D8IAB%CI = 0.80), as well as the strong population

decline across 201® H 1 M n -1.80<SE E 0.24.95%Cl =1.78 U95%CI =0.83). Survival estimates

from Pradel models exactly matched those obtained from Robust design ones.

=

e

Table 2 Setof robust design models used to estimate Tasmanian tree frogvalrand abundance across

201214 at Melaleuca. A period (.) indicates that a model partameas fit as a constant (i.ao time

BENREFYOS0Od ¢AYS G NRFYOSAAAEHNBA Tl 6 XR F'& avf SAKY/SREABRQIFOGESANAUL
Y2 @3S YS i Qmbicatés Markovian movement, and@§l’ «'SQ dzl £ & WNI yYR2Y Y20SYSyiQ
design estimates of survival were extracted from a single model, the one with the best model rardn.&).

The fullyparameterigd time-varying model corresponds to the model below that was rankédThe Akaike

information criterion (AIC) is a measure of the relative quality of a statistical model for a given set of data. As

such, AIC providesamgai T2 NJ Y2RSt &St SOUA2ygteaterinbny2arS dsuallyy ! L/ @ f ¢
indicative of a better fit.

Rank AlIG nt /| AG Model Parameters | Deviance
weight | likelihood

ve! € 1 Qu=lay | 1 550.8 0.0 0.531 1.000 13 598.2
vm! &r o'PEE Gy 2a 552.4 1.6 0.233 0.444 14 597.6
vp! & o'PEE Q 2b 552.4 1.6 0.233 0.444 14 597.6
ve! @r  o'péxe 3 561.5 10.7 0.002 0.005 19 594.7
vw! & o'pPSE Q) 4 616.3 65.5 0.000 0.000 6 679.2
vl €00 Q fogm 5 38621.9 | 38071.1 | 0.000 0.000 14 38667.0
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Table 3.Robust design parameter estimates for Melaleuca extracted from a model with time variance in
adzNDAPY 2 Ya3BSYSy G  andequdl capiufe prolsabilitids (pmaf).Beta is the point
estimate for the parameter of interest, SE arstlard error of estimate, L95%€ lower95% confidence
interval, U95%Gt upper 95% confidence interval.

Parameter Beta SE L95%I U995l
U (201x13) 0.13 0.20 -0.26 0.51
U (201%.14) -0.84 0.13 -1.09 -0.59

1 Q 1.00 N/A N/A N/A

1 QQ 0.00 N/A N/A N/A
p date 1 -0.49 0.16 -0.80 -0.18
p date 2 0.19 0.18 -0.16 0.54
p date 3 0.06 0.17 -0.28 0.40
p date 4 -0.88 0.12 -1.12 -0.64
p date 5 0.46 0.17 0.13 0.80
p date 6 -0.26 0.13 -0.52 -0.00
p date 7 0.15 0.23 -0.30 0.60
p date 8 0.26 0.23 -0.19 0.71
p date 9 0.89 0.23 0.43 1.35
p date 10 -0.06 0.23 -0.51 0.39
p date 11 -0.27 0.23 -0.72 0.18

Table 4.Closed population abundance estimates with capture heterogeneity for Melaleuca, 2012

Year Population SE L95%CI U95%ClI Probability of
estimate capture
2012 53 8.35 44 80 0.40
2013 87 12.31 72 122 0.33
2014 20 1.77 20 29 0.56

Table 5.Set of Pradel open population models used to estimate observedfpdpii A 2y INE 6 ( K

14 in Tasmanian tree frogs at Melaleuca. A period (.) indicates that a model paramas fit as a constant
(ley2 GAYS @GFENARIFIYyOST 2N G0d v Aa adiNBAGFHEI LI Aa GKS
The Akaike information cetion (AIC) is a measure of the relative quality of a statistical model for a given set

LIN

2F RIGIF® 1'a &adzOKX 'L/ LINPOBARSA | YSl)ykateF han2 af@ RS f
usually indicative of a better fit.
Rank | AIG | p! &| AlGweight Model Parameters | Deviance
likelihood
U m <o Po = Gy 1 733.4| 0.0 1.00 1.000 15 115.2
UO<wPw= Gy 2 749.1| 15.8 0.000 0.000 14 133.25
U <OPw= Gy 3 759.5| 26.1 0.000 0.000 14 143.6
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IVB. Lune River survival, abundancand population growth

In 2012 at Lune River, 50 Tasmanian tree frogs were captured and marked in 2 nights; in 2013, 35
frogs were captured in 5 nights, 5 of which were recaptures from 2012. In 2014 there were 8 capture
sessions during which time 203 frogsre captured, 12 of them recaptures from previous years. Ten
frogs were caught across two years of the study; 2 frogs were captured across all three (Table 1).

Bd was first detected in swabs taken at Lune River in 2013 (7.9% prevalence), and was again
confirmed in 2014 (4.4% prevalence), although prevalence of Bd remained low and the two years
were not dissimilar (Table 1).

The Robust design fullyarametersed time-varying modeht Lune River included 32 total
estimates/parameters, not all of whichcoddS S&aGAYF SR 6¢106fS cod 1 ff2g5
be different between 201€13 and 2018vn 0 A @S @ k) weSirst tebtddBviiethéa the v

probability of first capture (p) on each trip was equal to the probability of recapture (c) on epch tri

(model rank 1a versus model ranKTable 6), as well as whether p and ¢ were equal and constant

(model rank 6Table 6), as well as constant but not equal (model rafikable 6). At Lune River, the

bestfitting model indicated that p and ¢ should be deded as time varying, and not equal (four

models with the highest ranks: 1a, 1b, 2a, Zhble 6). This was the most fufgrameterized

structure possible for p and c.

Using |y ¢ to model capture probability we next compared whether Markovian, random, or no

movement was the best fit of the data. Markovian movement was identified as a slightly better fit

than random or a no movement design (model 1la versus 2a and 2b, TaWlle &tained a

al Nyl 2@AlYy Y2@SYSy(d aGNH2OGdZNBE F2NJ ' QQ FyR 1 Q G2

Survival was not strongly time dependent (model 1a versyddble 6), and was estimated at 0.02
across all years (SE = 245.8; L95%@ X7, U95%CI = 481, Table §. The2012 to 2013 estimate

was 1.48 (SE = 0.0095%CI = 1.4895%CI = 1.48able §, and the 2013 to 2014 estimate was

-0.25 (SE = 0.0095%CI =0.25 L95%CI .25 Table §. However, in all cases standard errors of
survival estimates were either vergrge or zero, indicating that estimates were not reliable and that
the model probably did not fit the data. Unfortunately, estimates of temporary emigration and
return were also associated with standard errors so large to make point estimates meaningless.

Closed population abundance estimates were also extracted from the overall model using the best
fitting model design (model rank 1a, Table 6). Closed population estimates that included both time
and capture heterogeneity would not converge, so closed patfr estimates that only included
capture heterogeneity were generated.

Abundance estimates of the population at Lune River in 2012, 2013 and 2014 are given in Table 7.
Abundance estimates were variable with large standard errors and associated coefideteals,
but went down from 2012 to 2013, and then up from 2013 to 2014.

Since the Robust design indicated the best fit structure for p and c yag,we retained this
d0NHzOGdzNBE Ay t NI RSt Y2 RBEZR & yERhedkita €édy@aNyavallynhodek 2 y 2 T
ranks 1&; 1d, Table 8). In other words, there was no strong evidence for temporal variation in
AdzNIDAGEE 2NJ LRLIzA | GA2Y INRPGUKD | 26SOSNE SalGAYLE (S
partially due to the number gbarameters needed to fit fully time varying p and c. Therefore, we set
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Po=@l YR GKSYy KSftR uv 2N < O2yaidlyd G2 NBRdIzOS GKS
estimates. We obtained estimates of both tirspecific and timed Sy S NI f tbis way(Rablee A Yy

9). Survival estimates were always negative, but acrossi@@lthe estimate did include 0. Lambda

indicated potential negative growth (loss) from 2@13, strong positive growth in 20¢34, and

overall positive growth that was differentdm 0. This combination of negative survival and positive

population growth, if real, would have required a large number of immigrants and recruits into the

population in 2014.

Table 6 Set of Rbust design models used to estimate Tasmanian tree frogwalr@nd abundance across
201214 at Lune River. A period (.) indicates that a model patanweas fit as a constant (i.ao time

B NRFYyOSOd ¢AYS GFNAIYyOS Aa

AYRAOI GSR

0

& GKS

addz0 & ONJR L

Y 2 @S Y S i @ihdicatés Markovian movement, and§l' 'SQ dz £ & WNI yYR2Y Y2@3SYSy i Q¢
design estimates of survival were extracted from a single model, the one with the best model rardnk.&).

The fullyparameteri®d time-varying model corresponde the model below that was ranked la. The Akaike
information criterion (AIC) is a measure of the relative quality of a statistical model for a given set of data. As

adzOKX 'L/ LINPOGARSE | YSIya T2N ygdbdrithad & SQ@IYA 2y © / Kl y 3
indicative of a better fit.
Rank | AIG n'! | AlGweight Model Parameters | Deviance
likelihood
v &r o'pdry la 1789.7 | 0.0 0.594 1.000 26 2319.3
v @r  o'pdXe 1b 1789.7 | 0.0 0.594 1.000 26 2319.3
ve! T nlpy® 2a 17919 | 2.2 0.195 0.327 27 2319.3
ve! &I o'PEXy 2b 17919 | 2.2 0.195 0.327 27 2319.3
! @I o'pEECH 3 1798.2 | 8.5 0.008 0.014 18 2345.3
! §r  o'pEECH 4 1798.2 | 8.5 0.008 0.014 18 2345.3
ve! @ o'pExy 5 2052.6 | 262.9 0.000 0.000 9 2618.7
ve! @r o'p&E Q) 6 2140.4 | 350.7 0.000 0.000 6 2712.7

Table 7.Closed population abundance estimates with capture hageneity for Lune River 20&24.

Year Population SE L95%CI U95%ClI Probability of
estimate capture
2012 160 52.8 96 318 0.18
2013 91 32.8 55 197 0.11
2014 384 48.3 312 505 0.13
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Table 8.Set of Pradel open population models used to estimate observedfpdpii A 2y INRSI&K 6<0 | Ol
14 in Tasmanian tree frogs htine River. A period (.) indicates that a model par@ameas fit as a constant

(ley2 GAYS GFENRAIFIYyOSO® v A& adzZNBAGIFES LJ Aa GKS LINRPOFOAC
Akaike information criterion (AIC) is a measure of tHatree quality of a statistical model for a given set of

RFGF® 1'a adzOKZ 'L/ LINRPGARSE | YSI yagk@dkhan2&sSt asSt SO0 A
usually indicative of a better fit.

Rank AlG | n! &| AlGweight Model Parameters | Deviance
likelihood
U () < Po Coy la 2236.9| 0.0 0.25 1.000 29 520.2
U ()< P S 1b 2236.9| 0.0 0.25 1.000 29 520.2
U () <) Po Coy 1c 2236.9| 0.0 0.25 1.000 29 520.2
U ) <0 Po S 1d 2236.9| 0.0 0.25 1.000 29 520.2
U ()< P = Gy 2 2248.2 | 11.3 0.00 0.004 18 555.7
U 0<WPO = Gy 3 2258.0 | 21.1 0.00 0.000 17 567.7
U ) <0 P = Gy 4 2259.1 | 22.2 0.00 0.000 18 566.7
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Table 9.Pradel model Lune River parameter estimates extracted from models ranked 2, f8og Table 8.
Beta is the point estimate for the parameter of interest, SEandard error of estimate, L95%€lower95%
confidence interval, U95%€lupper 95% confidence interval.

Model Parameter Beta SE L95%CI U95%ClI
U <) Pwm = Gy U (2012:13) -0.25 0.25 -0.74 0.24
U (201%14) -0.58 0.16 -0.90 -0.26
U0)<WOPo = Gy U (overall) -0.46 0.12 -0.69 -0.22
U ()< P = Gy <2012.13) -0.45 0.32 -1.08 0.18
[ 201%14) 1.30 0.20 0.90 1.70
UO)<OPo = Gy [ (overall) 0.57 0.11 0.36 0.78

V. Discussion and recommendationSapturemark-recapturestudies

Given the paucity of knowledge of frog population dynamics in Tasmania, simply understanding
natural variation in frog population survival and growth is an important first step in any attempts to
document impacts of chytrid in the TWWHA. In other word§, bso f A & KAy 3 y I { dzNJ f
population dynamics prior to any monitoring of populations with significant chytrid prevalence will
allow for a more powerful inference of any observed population declines. Large natural variation in
amphibian population ambers are well documentePechmann, Scoet al. 1991 Pechmann and
Wilbur 1994, and characterise Tasmanian treedrpopulation dynamics thus far observed at Lune
River, and to a lesser extent, Melaleuca. If there is a desire to document impacts of chytrid on
individual and population survival, as well as population growth, continued acapalremark-
recapturetrips to Melaleuca and Lune River will be necessary.

Importantly, Melaleuca remains Hdee, andfurther efforts should be made to ensure Melaleuca
remains free from chytridThis may be the most important work for any person or orgation
involved withfrog biodiversity conservation in Tasmania.

Melaleuca had more acrog®ar recaptures than Lune River, and the numbers of nights trapping
within each primary trip each year were more equal than the trapping effort at Lune River. Both of
these aspects of thdata contribute to the result that survival, abundance and population growth
estimates from Melaleuca were more precise and reliable than those from Lune River. Adult male
annual survival at both Lune River and Melaleuca was estimated to be low acrodmpgrgears.
Population growth at the two populations was oppositat Melaleuca, the most severe change in
observed population growth was a drop in numbers from 2013 to 2014; at Lune River, this period
coincided with the greatest observembpulation growh. At Melaleuca, we did not detect a

significant effect of temporary immigration/emigration, while at Lune River, the pattern of survival
and growth indicated that between 20&¢34 a large number of individuals not present at the site in
previous years hagrobably arrivedThis large influx of males, along with the continued low
prevalence of Bd at Lune Riyereans thaif there were impacts of chytrid opopulation survival

and abundancat Lune River these effects could have been masketidgoncurrenthigh

immigration of male frogs to the pondlternatively, the low prevalence of Bd in 2014 after chytrid
incursion in 2013 at Lune River could be explained by chytrid dynamics; low Bd prevalence can
precede high prevalence before an epizootic eventar epresent an endemic disea&rem and
Lips 2008 These results reinforce the idea of needmipngerterm annualcapturemark-recapture
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study tofurther our understanding of frog movement, as well aslteentangle any effects of
movement,chytrid, andnaturaly occurring frog population variabiligue to environmental effects.

For Lune River, an addition complication was that sampling effort in 2012 and 2013 was unknown.
While all three years (2012, 2013 and 2014) were needed to estimate betyasarsurvival, it could

be that different sampling effas in different years also contributed to the data from Lune River not
fitting the statistical models very well. Finally, the large population increase at Lune River from
201314 relative to the lower number of frogs observed in 2012 and 2013 may haveledat! to
issues with fitting models and estimating parameters well. Future stanstatgiampling at Lune

River should improve these moliag issues.

The merits of continuedhark-recapture study are currently unclear, given biological (i.e. natural
variability in frog population numbers) and management (i.e. funding) considerations. On the one
hand, demonstrated impact of chytrid on Tasmanian tree frog populations is a crititatép in

any management program, and the data collected thus far are a valuable start to any continued
studyat the two ponds of interestThus farcapturemarkrecapturemodels havedentified

population parameters that may be important drivers ofgroumbers (lifespan and
immigration/emigration) and in establishing natural variability frog numbersat these ponds. On

the other hand capturemark-recapturestudy is labourand resourcentensive, and there may be
other methods such as manipulativexperimentsor sound recordings analysthat couldbe used
instead tocontribute to demonstrating effects of chytrid on Tasmanian tree frog populations

VA Specific recommendations

1) Itis unclear whether to continue witbapturemark-recapturestudy. Hevever, if managers
do decide to continue, it is worth noting that it is probably likely thaeg natural variation
observed in frogpopulatiors, multiple years of annuaapturemark-recapturestudy are
needed to determine any impacts of chytriBomeresults suggest at leasevenyears
(Newell, Goldingay et al. 201.3

2) Given the variable number of frogs caught both within (Lune River) and across breeding
seasons (Lune River and Melaleuca) aigitional data should be collected in a
standardsed way. This includes attempting to collect data at both sites using the same
design.ldeally, one would perform three trips to each pofidine River 4C & Melaleuca 6)
each breeding season; each trip would include three nights of samftiagdardsing
sampling at both ponds would be the most powerful way to gain information froment
efforts, logistics notwithstanding for repeated visits to Melaleuggandardsation would
represent a need for funding greater than that used in 20f.funding continues at current
levels, repeated sampling using the current design at both pan@615(three times during
the breeding seasons at Lune River, once during the breeding season at Melaleuca) is
warranted.

3) In an ideal world, with adequate fundinfyrther sites should be included in tlwapture-
mark-recapturestudy in order to improveaplication. Logistics notwithstanding, replication
of capturemark-recapturemethods on other ponds that are also either chyifide or
chytrid-positive would allow for broader inference of any putative impaCiearly capture-
mark-recapturestudies repesent excellent methods to demonstrate impacts of chyénd
frog populations in Tasmania, but also are labmiensive and require funding.hese
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trade-offs will need to be considered further by managers when further funding levels are
known.

VI. Methods: Acoustic monitoring of fog call activity and detection probability estimation

VIA. Sound recording units

Thirty-sixWildlife Acoustics Model SM2+ SongMeter remsdeind recording unitevere deployed
from May¢ August 2013Sound recording unita’ere deployed within 8m of ponds where
Tasmanian treérogs were known or thought to occur. Units wegmegrammed to record for 5
minutes at 3pm during the day, and fom@inutes 2 hours after sunselaily. Daytime recordings
were taken in order tdetter detect @mmonand Tasmaniafroglet.

VIB. Call activity indices, occupancy estimateand interobserver agreement

Auditory surveys of breedinfgogsare a common tool used to verify distributions and monitor
trends of populations at various geogtdp and temporal scalg®orcas, Price et al. 20pZall
survey dataare commonly recorded using a standard fgamint Anuran Call IndefAClI: Weir and
Mossman 200p Wdor undetected speciesiECior individually identifiable frogs with no overlapping
calls,'2{for individually identifiable frogs with some overlapping calls, @8fbr a full chorus of
frogs with undistinguishable overlapping calls.

While manyfrog monitoring piogramsusea singleAClto represent he relative abundance at a site,
this likely exaerbates problems with other sources efivironmentalvariationthat can have
significant impacts on male callifg.g. emperature and precipitation)lhus, we used the
automated recording systems generatemultiple ACls for each species of interest across a broader
range of dates during the breeding seas8imce there were 123 possible days between 1 July and
31 October 2013, and sincki$ number of sound recordindggr the number of ponds of interest

was not logistically possible tmalyse we instead randomly selected 10 dates within the ¥ d@1
October date rangeusing a random number generatfor each pongand then assigriesound files

to one of five observersTwentysix ponds had the majority of sound recordings from the § JaiL
Octoberdate range available; an additional 10 ponds with more restrickz# range osound
recording datahat wasavailable were also selected (Table 1A)}otal, 360 five-minute sound
recordings weraisedto generate the2013 sound recordingesults

For each sound file we assigned an ACI value to each of the four species of frogs of interest:
Tasmanian tree frog, brown tree frog, common froglet, and Tasmdrigiet. Multiple call activity
indices were then used to compute call saturation indices (ymminghe 10ACI values

observed at a site, and dividing by the maximum possible sum of index y&loies Muths et al.

2011). The CSl is the proportionq®D) of total call saturationin other words, if all recordings taken

at a site have an ACI of 3, the CSIBehending on the numbyeof sound recordinganalysedper

pond per year, the CSI should provide a more reliable estimate of true relative proportion within and
between sites. In addition, the ASImore directihcomparable across studies.

However, becauseall surveydatafrom 2011 and 2012renot stored in a form that isurrently
amenable to generating CSI valuesly single ACI values (i.earimum call activity observed) are
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currently availabldrom these previous years. Therefore, for 2013 sound recordings, in addition to
estimating a single CSI per species per pond, we also report on thenomaACI value observed.

If a species was not detectedd@pond from the 2013 sound recordingse estimated grobability

of occupancyMacKenzie, Nichols et al. 20G8r that species for that pondVe also report
unconditional detection probabiies (i.e. with no covariates or environmental variables) for each of
the four species that can be used in future work to determine the optimal number of sound
recordings to listen to per pond.

To test whether individual observers were biased in assmg#@l values, 60 sound files randomly
selected from the available pool were independgranalysedoy three listeners.We estimatel a
one-way absolute agreementhiraclasscorrelation coefficientQICCShrout and Fleiss 1979
McGraw and Wong 1996The ICC measured intebserverabsoluteagreement of ACI values for
each species ofdg across all ponds.
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Table 10.Thirty-six ponds that contributed to the sound malings analysis from the 2013 frbgeeding
season.

Site Pond Numbe of days Start chte End dite
audio recorded from
1 Jul to 310ct 2013
Birchs Inlet 5A 24 8-Oct13 31-Oct13
5G 24 8-Oct13 31-Oct13
5J 24 8-Oct13 31-Oct13
Lyell Hwy 2A 120 1-Jutl13 29-0ct13
2C 107 1-Jutl13 16-Oct-13
2D 121 1-Jutl13 31-Oct13
2E 121 1-Jutl13 31-Oct13
2l 120 1-Jul13 31-Oct13
2J 120 1-Jutl13 31-Oct13
2K 120 1-Jutl3 31-Oct13
2L 107 1-Jutl3 16-Oct-13
Lune River 4A 122 1-Jutl3 31-Oct13
4C 121 1-Jutl3 31-Oct13
4D 122 1-Jukl3 31-Oct13
4E 121 1-Jukl3 31-Oct13
41 71 22-Aug13 31-Oct13
Melaleuca 1 71 22-Aug13 31-Oct13
10 71 22-Aug13 31-Oct13
14 71 22-Aug13 31-0Oct13
3 71 22-Aug13 31-Oct13
6 122 1-Jutl3 31-Oct13
8 61 22-Aug13 21-Oct13
Northwest 1C 122 1-Jutl3 31-Oct13
1D 122 1-Jutl3 31-Oct13
1F 120 1-Jutl3 31-Oct13
1G 121 1-Jutl3 31-Oct13
1H 122 1-Jutl3 31-Oct13
Strathgordon 3A 122 1-Jutl3 31-Oct-13
3B 123 1-Jutl3 31-Oct13
3C 123 1-Jutl3 31-Oct13
3D 42 20-Septl3 31-Oct13
3G 123 1-Jutl3 31-Oct13
3M 123 1-Jutl3 31-Oct13
3N 123 1-Jutl3 31-Oct13
30 123 1-Jutl3 31-Oct13
3R 123 1-Jutl3 31-Oct13

VIC Reasoning for choosing 10 sound clips for each pond

For the four frog species of interest here, conditional detection probabilities (i.e. dependent on
survey method, time of survey, and environmental variables) have bstémated for three of them
(Cashins et al., unpublished dafable 1). The sole species where detection probabilifigshave

not been estimated (fown tree frog)is at leasias commorasthe other three species of interest;

is highly likely thathoosing a survey method to detect the other three spsdgesufficient to also
detect lrown tree frogs. While detection probabilities are conditional upon a number of variables

~ A A x4

OADS D GKSNB Aad y2 WasSiQ RSdifes frevidug deteli@o | o At A G &
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probabilities to help guide choices regarding thember of sound recordings to chook® the 2013
analysis

There is a relationship between the number of surveys taken at each pond, the rarity of the species

of interest, and theprobability that the species will be detected in the sample. Let N be the number

2F Al YL AYy3A dzyAlakadz2NBSeas LJ 6S GKS LINBoloAftAGER
probability or confidence that the species will be detected in the saraphe surveys. (p) is the

probability of the species not appearing in a single survey, g% the probability of our overall

study not detecting the species. Thus the probability of the species appearing in the sample is

h o H1-pp.

For examplefor the Tasmanian tree frog, if we sample from a pond 10 times over the study period,
FYR GKS LINRolFoAftAGeE 2F RSGSOGA2Y Ay I aAy3atsS aly
Tasmanian tree frog in our study given that it is truly there is extrgriglhc indeed, almost certain

oh ' mMOO®

With 10 surveyperL2 Yy RE G KS NI y3IS 2F h F2NJ SIOK 2F (KS (K|
are availablevasvery high, 0.961 (Table 11)Ten surveys per pongere chosen because it was

very likelyg almast certaing that this protocol woulddetect all species of interest, given that they

weretruly present in a pond.

Tablel1t» / 2y RAGAZ2YyLFE RSGSOGAZ2Y LINBOFOAfTAGASE oL |yR 02y
surveys/5minute sound reordings per pond. Detection probabilities are taken from Cashins et al.,

unpublished data. Conditional detection probabilities from Cashins et al. are taken from models where 5

minute night time surveys were anabd and environmental variables were incedi(air and water

temperature, relative humidity, cloud cover, wind speed, and whether it rained over the previous 24 hours).

L95%Ck lower95% confidence interval, U95%€Clipper 95% confidence interval.

Species p p: L95%CI p: U95%CI h hyY [ | b W¥WI5%CI
Common froglet 0.97 0.90 0.99 1 1 1
Tasmanian froglet 0.40 0.28 0.54 0.99 0.96 1
Tasmanian tree frog| 0.66 0.49 0.80 1 1 1

VID. Detection probabilitiegstimations forTasmanian tree frog, Tasmanian frogletpmmon
froglet, brown tree frog

Cumulative detection probability was estimated using the fornRRad(1-p)", where p is the nightly
detection probability, and n is the number of surveys.

VII. Results Acoustic monitoring of frog call @ivity and detection pobability estimation
Table 1yivesthe CSI estimates from each of the ponds for each of theffogrspeciesBrown tree
frogswere observed in every pond sampled and average, a full chorus of brown tree frogs was
observed in ponds ialmost 7@%6 of the samplegnean CSI = 0.69, standard deviation = 0.2a)ing
activity was much lower and variable relative to the méamnthe Tasmanian tree frogmean CSI =
0.20, SD = 0.219ommon frogletmean CSI = 0.29, SD = 0.33) thedlasmanian froglet (mean CSI =
0.25, SD = 0.32).
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Tasmanian tree frogs were not observed at seven ponds, and an additional 10 ponds had CSls < 0.10
(i.e. full choruses of Tasmanian tree frogs were observed in only 10% of samples). Six ponds had CSls
for Tasmanian tree frogs that were > 0.6.e. at least half of the time one would visit this pond one

would observe a full chorus). Ten ponds had CSls for common froglet that were < 0.1 pamdls

had CSls for common froglet that were > 0 Bigght pond$iad CSls for Tasmanian froglet thagre

< 0.10, and nine ponds had CSils for Tasmanian froglet that were.> 0.50

There were 26 cases total whereat leastone of the four frog species did not ocdliable 12)In
four ponds, two species were not observéul each of these cases, the obged probability that a
species of frog was actually present but not observed was very<d@002

Table 13 has the mamum calling ACI for each of the species across all pdrtks maximum

20aSNWSR !/ L Aa 3IABSYy a2 (KF(G SFigNeAHNITEB!I NEQ RI
13,the samespeciesspecific occupancy probability estimates are giweaach casahere a frog

species was not detected.

Inter-observeragre®¥ Sy i 02 ST T A OA Sy (i & wadeqhife high (> 0.7 Faddldda LISOA Sa Q
indicating that different listeners tended to assign ACIs to the four species of frogs in the same way.

In other words, the §3 scale used by the obs/ersappears taoe a ppmisingmethodto reliably

measurefrog calls.

The Tasmanian tree frog detection probability curves were lower thase forthe Tasmanian
froglet, common froglet, and brown tree frog. Figure 2 displays cumulative unconditional detection
probability cunes for all four species including lower and upper 95% confidence intervals.
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Table 12 Call saturation index (CSI) for 36 ponds sampled atrdsito 31 October2013. For each pond, ten
5-minute sound recordings taken 2 hours after sunset were randomly selected across the entire date range
andthe four-point (0c3) amphibian call activity index for each of the species was given. The CSI was computed
by summing altall activity indices and dividing b® &he max possible value, ithe proportion of samples

where a full chorus of frogs of that species was observed). Asterisks (*) indicate ponds where a species was not
detected. In these cases, a probability oEopancy given the species was not observed is given. The low
probabilities all cases indicate sampling design was more than adequate to detect the four species of interest.

C2NJ OKe (i NR RVzZa RING dedZy/ 11y 2By@> W o Sdiven. 1 & | fFGSad &SI N 2°
Species

Pond Tasmanian tree| Brown tree Common Tasmanian Chytrid
frog frog froglet froglet status
Birchs Inlet 5A 0.10 0.83 0.53 0.17 + 2014
Birchs Inlet 5G 0.23 0.70 0.53 0.27 + 2014
Birchs Inlet 5J 0.20 0.97 0.70 0.03 +2013
Lyell Hwy 2A 0.30 0.47 0.03 0.97 + 2013
Lyell Hwy 2C 0.27 0.63 0.001* 0.40 +2012
Lyell Hwy 2D 0.70 0.73 0.03 0.53 -2014
Lyell Hwy 2E 0.07 0.77 0.001* 0.23 -2014
Lyell Hwy 21 0.01* 0.40 0.001* 0.60 +2014
Lyell Hwy 2J 0.17 0.97 0.001* 0.23 -2012
Lyell Hwy 2K 0.07 0.87 0.001* 0.20 +2014
Lyell Hwy 2L 0.01* 0.90 0.001* 0.17 -2014
Lune River 4A 0.40 0.67 0.67 0.03 -2013
Lune River 4C 0.60 0.40 0.07 0.001* + 2014
Lune River 4D 0.47 0.67 0.77 0.001* + 2012
Lune River 4E 0.23 0.63 0.03 0.001* -2011

LuneRiver 4l 0.10 0.17 0.70 0.001* Unknown
Melaleuca 1 0.33 0.93 0.90 0.03 -2013
Melaleuca 10 0.10 0.90 0.80 0.001* -2013
Melaleuca 14 0.03 0.77 0.60 0.001* -2012

Melaleuca 3 0.23 0.87 0.63 0.13 Unknown
Melaleuca 6 0.47 0.60 0.50 0.03 -2014
Melaleuca8 0.13 0.93 0.93 0.001* -2011
Northwest 1C 0.07 0.13 0.03 0.83 + 2013
Northwest 1D 0.01* 0.13 0.03 1.00 + 2011
Northwest 1F 0.37 0.77 0.001* 0.50 -2014
Northwest 1G 0.60 0.53 0.001* 0.87 +2013
Northwest 1H 0.07 0.57 0.03 0.73 +2014
Strathgordon 3A 0.10 0.80 0.03 0.03 -2011
Strathgordon 3B 0.03 0.83 0.33 0.03 -2012
Strathgordon 3C 0.01* 0.93 0.20 0.001* -2014
Strathgordon 3D 0.73 1.00 0.80 0.001* +2013
Strathgordon 3G 0.01* 0.60 0.17 0.001* -2011
Strathgordon 3M 0.01* 0.90 0.07 0.17 -2014
Strathgordon 3N 0.03 0.57 0.10 0.63 +2014

Strathgordon 30 0.01* 0.67 0.10 0.10 Unknown
Strathgordon 3R 0.10 0.67 0.001* 0.03 -2012
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Table 13 Maximum call activity index for 36 ponds sampled acfiodslyto 31 October2013. For each pond,

10 fiveminute sound recordings takemo hours after sunset were randomly selected across the entire date
range and an amphibian call activity index for each of the species was given. The maximum value observed
across the 10 nights is given below. Asteriskin(ficate ponds where a species was not detected. In these
cases, a probability of occupancy given the species was not observed is given. The low probabilities all cases
indicate sampling design was more than adequate to detect the four species of interest.

Species
Pond Tasmanian tree| Chytrid status Common Tasmanian Chytrid
frog froglet froglet status
Birchs Inlet 5A 1 + 2014 3 1 + 2014
Birchs Inlet 5G 1 + 2014 3 2 + 2014
Birchs Inlet 5J 2 + 2013 3 1 + 2013
Lyell Hwy 2A 2 + 2013 1 3 + 2013
Lyell Hw2C 3 +2012 0.001* 2 +2012
Lyell Hwy 2D 3 -2014 1 3 -2014
Lyell Hwy 2E 1 -2014 0.001* 2 -2014
Lyell Hwy 21 0.01* +2014 0.001* 3 +2014
Lyell Hwy 2J 2 -2012 0.001* 2 -2012
Lyell Hwy 2K 2 +2014 0.001* 1 +2014
Lyell Hwy 2L 0.01* -2014 0.001* 1 -2014
Lune River 4A 2 -2013 3 1 -2013
Lune River 4C 3 + 2014 1 0.001* + 2014
Lune River 4D 3 + 2012 3 0.001* + 2012
Lune River 4E 2 -2011 1 0.001* -2011
Lune River 4l 3 Unknown 3 0.001* Unknown
Melaleuca 1 2 -2013 3 1 -2013
Melaleuca 10 1 -2013 3 0.001* -2013
Melaleuca 14 1 -2012 3 0.001* -2012
Melaleuca 3 2 Unknown 3 1 Unknown
Melaleuca 6 2 -2014 3 1 -2014
Melaleuca 8 1 -2011 3 0.001* -2011
Northwest 1C 1 + 2013 1 3 + 2013
Northwest 1D 0.01* + 2011 1 3 + 2011
Northwest 1F 3 -2014 0.001* 3 -2014
Northwest 1G 3 +2013 0.001* 3 +2013
Northwest 1H 1 +2014 1 3 +2014
Strathgordon 3A 3 -2011 1 1 -2011
Strathgordon 3B 1 -2012 3 1 -2012
Strathgordon 3C 0.01* -2014 3 0.001* -2014
Strathgordon 3D 3 +2013 3 0.001* +2013
Strathgordon 3G 0.01* -2011 2 0.001* -2011
Strathgordon 3M 0.01* -2014 1 2 -2014
Strathgordon 3N 1 +2014 1 3 +2014
Strathgordon 30 0.01* Unknown 2 1 Unknown
Strathgordon 3R 1 -2012 0.001* 1 -2012
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Table 14Inter-observer agreement coefficients for calling activity indices for four species of frogs at ponds
located across 36 sites within the Tasmanian World Heritage Area. High coefficients (>0.70) indicate very good
absolute agreement between different obsens. ICC = intraclassrrelation coefficient, L95%€EIllower 984
confidence interval, U95%€lupper 95% confidence intervalgf= F value and degrees of freedom, P =

probability of effect arising by chance alone.

Species ICC L95%CI U95%CI Fan P

Tasmanian tree frog 0.79 0.68 0.88 12.6 <0.001
Brown tree frog 0.74 0.61 0.84 9.6 <0.001
Common froglet 0.79 0.68 0.88 12.4 <0.001
Tasmanian froglet 0.87 0.79 0.92 20.8 <0.001
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Brown tree frog
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Figure 2 Cumulative unconditional detection probability curves for the Tasmanian tree frog, common froglet,
Tasmanian froglet and brown tree frog from sound recording surveys conducted in 2012 and 2013. Closed
black circles indicate detection probability; opengrcles indicate upper and lower 95% confidence

intervals. Night 1 indicates the mean detection probability for each species, e.g. the probability of detecting a
species on any given survey night, given that the species is present. Curves are intesprigtidalvs: e.g. the
probability of detecting the common froglet during a tvasight survey period, given the species is present, is
0.806; the probability of detecting the common froglet during a thréght survey period, given the species is
present, ircreases to 0.915.

VIII. DiscussionAcoustic monitoring of frog call &ivity and detection pobability

estimation

Tracking fog populations using acoustic surveymildrepresent a coseffective way to track several
species of frogs across a wide geodniapl area. The 2013 analyses of sound recordings represent
WLINERFSY2YaUuNI A2y Q GKIG NBY23GS a2dzyR NBO2NRAY3
activity rates ofrogsin Tasmanialndeed, different observers also agreed on the absoluteirmddix

value given to a particular sound recording sample, indicating that the method may be useful.

However, what metrics can be derived from sound recording units, and what those metrics
represent,remainsto be elucidated. For example, it is quite doubtful that a single ACI value will be a
good indicator of frog population abundance (e.g. Table 13). On the other handtrexegh not

well studied,CSl valueg.g.Table 12have been showto be of limitedvaluein a single studyonly
representing abundance well when populatiomere large, and not when thewere small(Corn,

Muths et al. 201}. Still, no findings have been replicated, aabinost nothing is known concerning
how CSI valuemight beinterpreted inlongerterm monitoring work This report provides the first

CSl values for a large number of ponds across Tasmania; future work should continue to monitor
frog ponds using these methodshich will allow for statistical analysi$ Sl trends in ponds with
chytrid versus those withouCSI values may be a useful way to detect relative population trends,
and be used as a signal for potential future management action.

Of course, confirmation of how CSI values covary with actual pppalnumbers is unknown.
Confirmation would require a multiear study whereapturemark-recaptureis combined with
sound recordings analysiBhis report provides the firgseports ofcombining these types of
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estimatesat two ponds. At pond 4C in 201Bune River) there was a ©@$50.60and an abundance
estimate of 91 at Melaleuca, the 2013 CSI| wad7 and abundanc&as87. Further acoustic
monitoring and further replication ofapturemark-recapturestudies would be needed to provide
any direct links between acoustic surveys and adtpapulation abundance numbers in Tasmania.

As Tasmanian tree frog detection probability curves were lower thage ofthe Tasmanian froglet,
common froglet, and brown tree frog, this species should dictate the pdoiofiliture frog surveys.
The probability of detecting th&asmanian tree froduring a four or five night survey period, given
the species is present, is 0.908 (upper and lower 95% confidence intervals oBG@B®67) and
0.950 (upper and lower 95% digtence intervals of 0.89and 1.008)respectively (Figure 2).
Surveys should be conducted over a four or five night period depending on desired confidence
intervals. Detection probabilities fahe other three species will beigher than necessary overfeur
or five night survey period but confidence in results will be very high.

VIIIA. Specific recommendations

1) Completing data entry and manipulation from 2011 & 2012 as welhalysis of the 2014
frog breeding seasosoundrecordings awaits. Once this has been completed, ryelir
examination of frog call data (20414) couldbe conductedand combined wittknowledge
O2y OSNYyAy3 SIFOK LRYRQA OdAnNBoyldalldwyfdRa KA a G2 NA O |
immediatetest of whether CSl indices at ponds with chytrid are different than CSl indices at
ponds without chytrid.

2) As withcapturemark-recapturestudies, acoustic monitoring surveys should be considered
longterm projects and should be monitored acoustically annually for fibreeseeable
future, if funding and resources allowrog population dynamics aoharacterisedy a high
degree of natural variation, so any impacts of chytrid will require extensive baseline data on
natural variation in frogalling activity

IX. Methods, results discussion and ecommendations Chytrid update at Hartz

Mountains and Bircls Inlet

Frogs at each pond were captured individually using clean vinyl gloves and new plastic bags during
September (Birchs Inlet) and November 2014 (Histwzintains). All captured frogs were swabbed

once for Bd presence on each trip. Swabbing involved brushing a sterile swab across the ventral side
of the torso, the inside of each of the front and back legs, and the pads of the hind and front feet
(Hyatt, Boyle et al. 20Q7Sterile swabs were brushed across each of these areas four times per frog.
Each sample swab was then sealed in a plastic casing and sent to Tasmanian Animal Health
Laboratories for analysis with polymerase chain reaction to detecE®dbs were anadgd in

batches and interpreted as an indicator of pond chytrid status (Tahl€i&re 3 To avoid potential
contamination of the collected tissue and disease transmission among individuals, we adhered
scrupulously to clean procedurésthe field (following Allan and Gartenstein, 2010)

We detected Bd at Hartz Mountains for thest time sincetestingcommenced ir2011, in a pond
adjacent to the walking tragast where a bootwash station has been instal[€dble 1. This site
was chosen as it is close to moss froglet habitat, and its proximity to the walking trail makes it a
suitable indicator sitdor chytrid incursionLongitudinal acoustic mmtoring of the Hartz Mountais
moss froglet population is now of partiewlimportance to assess the impact of Bd.
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At Bircls hlet, two ponds were sampled for chytrid at locations where there were already existing
acoustic monitoring sites (Table 14). Previously, one of these ponds (5A) was-fregtriour

results here suggéeshat both ponds that were surveyed (5A & 5G) are currently infected with
chytrid. Surveys along the trail south to Low Rocky Point to determine spoe#td along the public
use track were not undertaken in 2014 due to weather and logistical constraints.

Ongoing biosecurity in both areas is importanttmtinue to monitor any spread of chytrid into the
TWWHA, as well as fmevent the introduction of new strains of Bd. In additimnannual chytrid
testing,acoustic frog monitoring at both Hartz Mountai and Birchs Inletill allow forassessg

frog call activity at these ponds.

Table 15Hartz Mountairs and Birchs Inlet chytrid surveys 2014

Site and Pond Easting Northing Specieswabbed and humber Chytrid status
of individuals swabbed
Hartz 10 481556 5213119 Crinia tasmaniensis 11 Positive (pooled sample
Hartz 10 481556 5213119 Litoria ewingix 1 Positive (pooled sample
Birchsg 5A 375396 5288107 Litoria ewingix 6 Positive (pooled sample
Birchs¢ 5G 376921 5286014 Crinia tasmaniensis 6 Positive (pooled sample
Birchs¢ 5G 376921 5286014 Litoria ewingix 4 Positive (pooled sample
Birchsg 5G 376921 5286014 Litoria burrowsae 1 Positive (pooled sample
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Current Chytrid Status
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