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Introduction
This report provides an update on the estimatiatheafiographic parameters for New Zealand

sea lions breeding on the Auckland Islands frona datlected up to the 2009/10 field season
(MacKenzie 2009, 2010). In addition to the estimatmodels agreed upon previously,
models that allow the number of resights per se&séwollow a zero-inflated binomial
distribution, and logit-linear relationships witbeafor the demographic parameters have also
been fitted to the data.

Survival and Reproduction

Estimation methods
The tag-resight data was analysed using mark-remaptethods implemented in the

software WinBUGS. This allows the simultaneousneation of survival and breeding rates
with the ability to easily account for tag-loss.ddeounted for, tag loss will result in
estimated survival rates being biased low (i.e rtatity will be overestimated). This was
illustrated in MacKenzie (2009).

Whether an animal survives between breeding seastrandt could be considered as a
Bernoulli random variable (i.e., a coin flip) whehe probability of survival isS, which may
vary by age, year or breeding status of the animg¢art—1 (eqn 1). Similarly, whether an
animal breeds in yearcould also be regarded as a Bernoulli random bjavith

probability of breeding equal tB, which may also vary by age, year or breedingistat

the previous year (eqn 2). The number of flippgsteemaining on an animal in ygagiven
the number of tags in the previous year could pbeeseented as a multinomial random
variable with only 1 trial (i.e., the outcome frasingle roll of a dice), The probability of the
number of tags in yediis now a vector] because of the multiple potential outcomes (egn
3).

Survive to year t‘alive, age and breeding status in year t —1~ Bernoulli (Sage‘t_l,b,ed) 1)

Breedsin year t‘alivein year t, age and breeding status int -1~ Bernoulli (Bage’t’b,ed) (2)



Tagsin year t|alivein year t, number of tagsint—1~ multinomial (Ttags,l) (3)

Using WinBUGS, the estimation problem can be defimeterms of the underlying random

variables which mitigates the need to define the@hbkelihood explicitly.

Survival and breeding probabilities were alloweddoy in accordance with animal age.
Based upon the results of previous work (MacKeg@gi@9, 2010), 3 age classes are
considered here: 0-3, 4-14, 15+. In addition, Higiear relationships were also considered
for animals aged 4+ (i.e., parameters where eqitainithe 0-3 age group, then assumed a
linear trend on the logistic scale for females ageld There are no breeding individuals in
the 0-3 age class hence these survival and brepdbgbilities were set to 0. Rarely, an
individual that was aged 3 in the previous yearbirad for the first time as a 4-year old,
hence the breeding probability in yedor a non-breeder aged 0-3 in yéat, was allowed

to be non-zero, but was assumed to have no anatatien. Tag loss probabilities were
assumed constant with respect to animal age ardNete that survival and breeding

probabilities depend upon the age of the individauahe previous year (see eqns 1 and 2).

Annual variation in the demographic parameterdterolder cohorts was included by
assuming variation that was different dependingnupr@eding status in previous year, but
not age. Variation was incorporated assuming ad-lo@imal random effect model, that is
demographic parameters were defined as randomsvatua a normal distribution on the
logistic scale with a certain mean and standardatien, that were then transformed to the
probability scale. That is, the demographic paramier an individual in age classin year

t, and previous year breeding statugenerically denoted &, , ) was modelled by the
relationships:
Yarn = IOgit(eavtb) =Hap T&ps &p~N (0’05)

\
e athb

ath — 1+ eYa,t,b )

Within a breeding season, attempts are made tghtegieviously tagged individuals. There
are a limited number of days of field effort eadar(generally less than 80-90), and on any

given day individuals may or may not be observdwré&fore, the number of times an



individual is seen during a breeding season coelddmsidered as a binomial random
variable with a daily sighting probability gb . The sighting probability depends upon
whether the animal is currently alive, breedindgustaage class, number of flipper tags,
presence of a brand and PIT tag. It is assumed that
1. Animals that have no flipper tags can not be rasigjlunless they are chipped or
branded.
2. Whether an unbranded animal is chipped or not basffiect on the resight
probability if the animal has 1 or more flipper $ag
3. Branded animals have the same resight probabddgndless of number of flipper
tags.
4. There is a consistent odds rat®) between resighting animals with 1 and 2 flipper
tags (eqn 5).
5. Resight probabilities are different for breedingl @on-breeding animals.
6. Resight probabilities are different for animals &@§e3 and those 4+.

7. Resight probabilities vary annually.

P2, pred _ P pred
1-p2 et 1-P1,g

g6 (5)

With the exception of the resight probability forimals with 2 tagsp2), all other

probabilities are estimated independently.

In addition, a zero-inflated binomial distributiaras also considered for the number of
resights per season. That is, some fraction of kesnaill not be sighted in a season, with the
number of resights for the rest of the femalefeihg a binomial distribution. The fraction
of females whose sightings followed a binomialritisttion was defined to ba, , , wherea
indicates age class (i.e., 0-3, 4-14, and 15+ wad vegardless of assumed relationship with
age for demographic parametetspdicates year andindicates breeding status in that year.
Three models were considered with respect to #ms-inflation factor:

1. ¢,,,=1,ie., number of sightings for all females canwerfra binomial distribution
2. y,,, e, the zero-inflation factor varied by agesskes and breeding status only.

3. W, l.e., asfor 2, but with annual variation as well



In all, a total of six models were fit the dataatFs, for each of the 3 models for the zero-
inflation factor, either the 3 age-classes, ortlgi-linear relationship with age was used for

the demographic parameters.

Two definitions of ‘breeding’ (see below) are usedompare how that may influence

results.

Markov chain Monte Carlo methods were used to atdpproximate posterior distributions
for all parameters. Two chains of 25,000 iteratisese run and checked for convergence
and good mixing. Values from the final 20,000 itemas were retained for final inferences.

Vague prior distributions were used for all paraangt
u's~N(0,3.78)
o's~U (0,10
T, ~ Dirichlet(1,1,3
Other probabilities +J ( O):
In(8) ~ N(0,10)

The WIinBUGS code used to fit the model to 3 agesda and a time-constant zero-inflation

factor to the data has been provided in Appendis &n example.

Model Fit
Model fit was assessed using Bayesian p-valuesri&@ekt al. 2003) with the model

deviance being used as the test statistic. Forigaetion in the MCMC procedure, the
deviance for the observed data is calculated divercurrent values of model parameters,
and compared to the deviance for a set of simuldata that has been generated using those
current values. The p-value is determined as tetim of iterations where the generated
deviance is greater than the observed devianceeragtvalues (close to O or 1) may indicate

the estimating model is not a good fit for the oled data.



Simulated data sets were created based upon teeveddata. For each individual, given the
year, their age and breeding status when they tagged, the ‘observations’ in the
subsequent years (whether they survived, bred, aupfliags remaining and number of
resights each season) were simulated based upsedbence of random variables defined
above. This creates a generated set of data fahwiee know that the model being applied to
the real data must be reasonable. Therefore, tige raf deviance values obtained from the
simulated data sets indicates what values coukkpected if the estimating model is a
reasonable fit to the real data.

The posterior distribution of the deviance valuetfe observed data could also be used as a
relative measure of fit among models, with smalkdues indicating a better model.

However, one cannot use the same guidelines to a@mpodels as when performing a
maximume-likelihood analysis. The deviance valuesmbied when using maximum-

likelihood is analogous to the minimum value in gusterior distribution, whereas in a
Bayesian context one may look at the entire digtiam of deviance values to compare
models.

Data used
The data used by MacKenzie (2009) was initially&sted from the Auckland Island sea lion

database by Laura Boren (DOC contractor) with @mfthd verification by Darryl MacKenzie
(Proteus), for females tagged between 1989/90 2/28Gand resighted during the period
1989/90-2007/08. Due to the inconsistent field reffwior to 1997/98, data from 1989/90-
1996/97 was not considered by MacKenzie (2009) t@hta was updated for the current
analysis with the resightings for the 2008/09 a@@222010 field seasons, along with all
resightings for females tagged as pups in 20034042804/5 (additional data supplied by
Louise Chilvers, DOC). Hence the youngest age atramal included in the analysis was
five. Younger animals were not included as resigjttiare rare, and resighting probabilities
are likely to exhibit a high degree of heterogegneiaking their inclusion more problematic
than their exclusion given the information theylWwKely provide on demographic rates.
Pups that did not survive the first 8 weeks, oraMeund dead prior to the end of that years
field season, are excluded from the analysis. @nbounters inside of the primary field

season on Enderby Island were used.



Breeders were defined according to the statusatkocto females in the sea lion database. In
the primary analysis ‘breeders’ were defined bysthanimals given a status of ‘3’ in that
year (i.e., 3 = adult female confirmed to have mg(seen nursing, or giving birth) for that
breeding season). A more liberal secondary dedimivas also used with ‘breeders’ being
defined as those animals given a status of eii@r*15’ in that year (15 = Adult female
probably pupped — female seen on three or moresaotaincluding at least one sighting in

the presence of a pup, but not seen giving birtihhuesing a pup).

The data used has been provided to the Departrh@anservation as an Excel spreadsheet
and is available on request from the Manager, Mationservation Services (e-mail

csp@doc.govt.nz).

Results

Examples of Convergence
Due to the large number of parameters, traceseoM@GMC chains are not presented here for

all parameters, though examples are given in Fgglir®. The traces for all demographic
parameters where checked for each model. Genetaltyergence appears to have been
reached within the first 1000-3000 iterations, wathin the 5000 burn in period. Figures 1-3
also includes the Gelman-Rubin-Brooks plot for cengence (Brooks and Gelman 1998)

with convergence being suggested once the lineoapip the value of 1.

Strict Definition of ‘Breeder’
Posterior distributions for the resight probalektiwere relatively consistent regardless of the

model fitted to the data, hence those from the adk annual variation that is consistent
across age groups are presented here (Figuredrlall) cases, the daily probability of
resighting a tagged breeder (red-shaded) is hitpaera tagged non-breeder (grey-shaded).
Daily resight probabilities for individuals in ti@e3 age group are very low, as are the

probabilities of resighting tagged individuals by Rag.

Posterior distributions of deviance values and @leseé-based Bayesian p-values for each
model are presented in Figure 8 and 9. Clearlyrtbdels that include some zero-inflation
parameter for the number of sightings per year laaweich lower range of deviance vales

(Figure 8), indicating they are much better modeighe observed data. The additional



number of parameters associated with estimatingeh&-inflation parameters is 5 for model
where this was assumed to be constant in time ert@&0e it varied annually. The Bayesian
p-values are very small for the models with no zaflation factor indicating those models
are not a good fit for the data, but there is rthdation of poor model fit for the other

models. These results clearly indicate a probleth thie models that assume the number of
sightings follows a binomial distribution, a restiiat has not been observed previously in the
2008 and 2009 analyses. There is little to sep#natether 4 models and visual inspection of
the demographic parameter estimates suggestsitthasion of annual variation in the zero-
inflation factor has little effect hence only thesults of the 2 simpler models where zero-

inflation factor varied by age class and breediatus are presented here.

Figures 10-18 present the posterior distributiamgtie demographic parameters from the
model using the three age classes, while Figurexll&esent the posterior distributions for
the demographic parameters from the model usiogitlinear relationship with age for

females aged 4+.

Figures 10-12 present the posterior distributiamgtie probability of surviving from yeato
t+1 for females that were non-breeders in yed@ihere appears to be a relatively large degree
of annual variation with survival in the 4-14 adass appearing to be higher than the other
classes. In comparison with females that bred arty@=igures 13-14), survival for non-
breeders appears to be generally lower and morabler Figures 15-16 contain the posterior
distribution for the probability of breeding in yda1, given a female was a non-breeder in
yeart. For non-breeders, breeding probability was esathto be lower in the mid-2000’s
compared to other times, with probabilities beilghdly lower for non-breeders aged 4-14
compared to those aged 15+. For females that wesglérs in year in Figures 17-18 there

is no indication of a temporal pattern with bregdomobability being slightly higher for
females in the 4-14 age class compare to those HgedOverall, the breeding probabilities
are higher for those females that bred the preweas compared to those that did not.

Very similar temporal patterns in demographic pastrs were obtained from the model
using a logit-linear relationship with age for fdesmage 4+ (Figures 19-23, 26-29) instead of
age classes. For comparison with the results fleamtodel that used age classes, the
posterior distributions for females age 9 and IeHaeen presented. Figure 24 indicates the

estimated relationship for the probability of sumg from yeart to t+1 for females that were



non-breeders in yearand similarly Figure 25 is for females that bregeart. Again,

breeders appear to have higher survival than needers, and in both cases survival appears
to decline with age. For females that were nondeesin yeat, the probability of breeding

in yeart+1 is estimated to increase with age (Figure 3®)shghtly decline with age if a

female was a breeder in yadFigure 31).

Tag loss and retention probabilities (per yeagsatere very similar for the 2 main models
being considered and are given in Table 1. Thesdtsesuggest that flipper tags are not lost

independently as the probability of losing bothstésgnot approximately the probability of

losing 1 tag, squared (e.@,04# 0.11). Furthermore, if tag loss was not accounted for
survival would be underestimated by approximate®d8although the presence of branded

and PIT tagged animals partially mitigates this.

Liberal Definition of ‘Breeder’
The models that used a zero-inflated binomial iistion for the number of resightings each

year provided a much better fit to the data thaséhthat did not (Figure 32), and also had
less extreme Bayesain p-values (Figure 33).

As has been observed in previous analyses (MacK&@l9, 2010), the main appreciable
difference on the demographic parameters with ugingre liberal definition of breeder is
that breeding probabilities are slightly higher @ared using a stricter definition (Figure 32-
55). There is, however, an apparent anomaly foetiienated breeding probability in 2010 of
females that had not bred in the previous year, gtigures 39-40, 50-51), with the estimated
rate being unusually low. WinBUGS code and dataehzeen verified as correct, and
consistent results are achieved when using aligmstarting values for the MCMC analysis.
This leads to the conclusion that there is someboaation of factors (most likely data-
related) causing the MCMC analysis to ‘prefer’ tireisually low value for 2010, though the
exact cause is undetermined at this stage. Théi@udif data from the 2010/11 field season

may shed some light on the cause of this result.
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Figures

Figure 1: Example diagnostic plots of mean annualigal for females that did not breed
and were aged 15+ in previous year. Upper paregetrace plot of the 2 chains and lower

panel is the Gelman-Rubin-Brooks plot for convergen
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Figure 2: Example diagnostic plots of mean annuzgding probability for females that did

bred and were aged 4-14 in previous year. Uppeglpsua trace plot of the 2 chains and

lower panel is the Gelman-Rubin-Brooks plot forwemrgence.
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Figure 3: Example diagnostic plots of the standkdation of annual survival for females
that bred in the previous year. Upper panel isieetiplot of the 2 chains and lower panel is

the Gelman-Rubin-Brooks plot for convergence.
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Figure 4: Posterior distribution for the daily padtility of sighting a branded individual in
each year by age class. Resight probabilities fockvthere was no information in the data
are not indicated. Grey-shaded distributions ineiceon-breeders and red-shaded
distributions breeders. Years are denoted in t@fnise calendar year associated with the

January portion of the field season.
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Figure 5: Posterior distribution for the daily paddility of sighting a PIT tagged individual
with no flipper tags in each year by age classigheprobabilities for which there was no
information in the data are not indicated. Greyegtadistributions indicate non-breeders and
red-shaded distributions breeders. Years are deémoterms of the calendar year associated

with the January portion of the field season.
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Figure 6: Posterior distribution for the daily patdility of sighting an individual with 1

flipper tag in each year by age class. Resightaiiities for which there was no information
in the data are not indicated. Grey-shaded didiohs indicate non-breeders and red-shaded
distributions breeders. Years are denoted in t@fniise calendar year associated with the
January portion of the field season.
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Figure 7: Posterior distribution for the daily patdility of sighting an individual with 2

flipper tags in each year by age class. Resighighitities for which there was no

information in the data are not indicated. Greyegtadistributions indicate non-breeders and
red-shaded distributions breeders. Years are deémoterms of the calendar year associated

with the January portion of the field season.
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Figure 8: Using the strict definition of breedensterior distributions for the deviance value fromadels with 3 age-classes and; unconstrained
zero-inflation (lightest-grey); temporally-constaetro-inflation (black); and no zero-inflation (chaal; mostly obscured at right of plot).
Posterior distributions for the deviance value frarodels with linear age relationship and; uncoimsézero-inflation (medium-light grey);

temporally-constant zero-inflation (medium-darkygrend no zero-inflation (white). Smaller valuesdicate a better fit to the data.
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Figure 9: Plots of posterior (light grey) and prtdd (dark grey) deviance values from each

model with data using the strict definition of bidee Bayesian p-values are indicated.
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Figure 10: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals

that were non-breeders aged 0-3 in ye&om model using age classes and time-constant

zero-inflation factor, using the strict definitioh breeder. Crosses indicate the median of the

distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines

indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielgssa and indicate the ydar
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Figure 11: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 4-14 in yeliom model with age classes and time-constant
zero-inflation factor, using the strict definitioh breeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielgssa and indicate the ydar
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Figure 12: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 15+ in yetom model with age classes and time-constant
zero-inflation factor, using the strict definitioh breeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielgssa and indicate the ydar
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Figure 13: Posterior distribution for probabilaf/survival from yeat to t+1 for individuals
that were breeders aged 4-14 in yedrom model with age classes and time-constam-zer
inflation factor, using the strict definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielgssa and indicate the ydar
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Figure 14: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were breeders aged 15+ in yed&rom model with age classes and time-constam-zer
inflation factor, using the strict definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielgssa and indicate the ydar
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Figure 15: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders aged 4-14 in ye&rom model with age classes and time-constam-zer
inflation factor, using the strict definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielmss@ and indicate the ydadl.
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Figure 16: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders aged 15+ in yedrom model with age classes and time-constar-zer
inflation factor, using the strict definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Yeairs denoted in terms of the calendar year

associated with the January portion of the fielmss@ and indicate the ydadl.
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Figure 17: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders aged 4-14 in yedrom model with age classes and time-constar-zer
inflation factor, using the strict definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielmss@ and indicate the ydadl.
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Figure 18: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders aged 15+ in ygadrom model with age classes and time-constamt-zer
inflation factor, using the strict definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielmss@ and indicate the ydadl.
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Figure 19: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 0-3 in yeom model using logit-linear relationship withea
for females aged 4+ and time-constant zero-infhetaxtor, using the strict definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the year
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Figure 20: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 9 in yte&nom model using logit-linear relationship withea

for females aged 4+ and time-constant zero-infhetaxtor, using the strict definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the year
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Figure 21: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 18 in yeom model using logit-linear relationship withea

for females aged 4+ and time-constant zero-infhetaxtor, using the strict definition of
breeder. Crosses indicate the median of the disiiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdoidth the January portion of the field
season and indicate the year
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Figure 22: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals

that were breeders aged 9 in yedrom model using logit-linear relationship witgeafor

females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.

Crosses indicate the median of the distributioicktrey lines indicate the central 50% of

the distribution and thin black lines indicate tamtral 95% of the distribution. Years are

denoted in terms of the calendar year associatdédtiae January portion of the field season

and indicate the yedr
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Figure 23: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were breeders aged 18 in yedrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatddtine January portion of the field season

and indicate the yedr
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Figure 24: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders of age in yedrom model using logit-linear relationship withea

for females aged 4+ and time-constant zero-infhetaxtor, using the strict definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field
season and indicate the yéaNote the width of the posterior distributionsaongorate both

annual variation and estimation uncertainty.
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Figure 25: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were breeders of age in ygadrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatdédtiae January portion of the field season
and indicate the yearNote the width of the posterior distributionsongorate both annual

variation and estimation uncertainty.
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Figure 26: Posterior distribution for probabilitiylreeding in yeat+1 for individuals that
were non-breeders aged 9 in yedrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatddtiae January portion of the field season

and indicate the year1.
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Figure 27: Posterior distribution for probabilitiylreeding in yeat+1 for individuals that
were non-breeders aged 18 in yedrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatddtiae January portion of the field season

and indicate the year1.
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Figure 28: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders aged 9 in yeairom model using logit-linear relationship witheafor

females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatddtiae January portion of the field season

and indicate the year1.
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Figure 29: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders aged 18 in ygarom model using logit-linear relationship witeafor
females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatddtiae January portion of the field season

and indicate the year1.
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Figure 30: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders of age in ygédrom model using logit-linear relationship witheafor
females aged 4+ and time-constant zero-inflatiotofa using the strict definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatddtiae January portion of the field season
and indicate the yeaf1. Note the width of the posterior distributionsarporate both

annual variation and estimation uncertainty.
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Figure 31: Posterior distribution for probabilitiylreeding in yeat+1 for individuals that
were breeders of age in ygafrom model using logit-linear relationship witbeafor females
aged 4+ and time-constant zero-inflation factomgaishe strict definition of breeder. Crosses
indicate the median of the distribution, thick gteyes indicate the central 50% of the
distribution and thin black lines indicate the e¢ah®5% of the distribution. Years are
denoted in terms of the calendar year associatddtine January portion of the field season
and indicate the yeaf1. Note the width of the posterior distributionsarporate both

annual variation and estimation uncertainty.
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Figure 32: Using the liberal definition of breedeosterior distributions for the deviance valuerfrmodels with 3 age-classes and;
unconstrained zero-inflation (lightest-grey); temgily-constant zero-inflation (black); and no zémflation (charcoal; mostly obscured at right
of plot). Posterior distributions for the devian@due from models with linear age relationship amtonstrained zero-inflation (medium-light

grey); temporally-constant zero-inflation (mediurkigrey); and no zero-inflation (white). Small@lwes indicate a better fit to the data.
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Figure 33: Plots of posterior (light grey) and pogedd (dark grey) deviance values from each

model with data using the liberal definition of eder.
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Figure 34: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 0-3 in ye&om model using age classes and time-constant
zero-inflation factor, using the liberal definitiah breeder. Crosses indicate the median of
the distribution, thick grey lines indicate the tah50% of the distribution and thin black
lines indicate the central 95% of the distributi¥ears are denoted in terms of the calendar

year associated with the January portion of tHd 8eason and indicate the yéar
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Figure 35: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals

that were non-breeders aged 4-14 in yeliom model with age classes and time-constant

zero-inflation factor, using the liberal definitiah breeder. Crosses indicate the median of

the distribution, thick grey lines indicate the tah50% of the distribution and thin black

lines indicate the central 95% of the distributi¥ears are denoted in terms of the calendar

year associated with the January portion of tHd 8eason and indicate the yéar
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Figure 36: Posterior distribution for probabilitysurvival from yeat to t+1 for individuals
that were non-breeders aged 15+ in yetom model with age classes and time-constant
zero-inflation factor, using the liberal definitiah breeder. Crosses indicate the median of
the distribution, thick grey lines indicate the tah50% of the distribution and thin black
lines indicate the central 95% of the distributi¥ears are denoted in terms of the calendar

year associated with the January portion of tHd 8eason and indicate the yéar
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Figure 37: Posterior distribution for probabilitysurvival from yeat to t+1 for individuals
that were breeders aged 4-14 in yedrom model with age classes and time-constam-zer
inflation factor, using the liberal definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielgssa and indicate the ydar
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Figure 38: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were breeders aged 15+ in yed&rom model with age classes and time-constam-zer
inflation factor, using the liberal definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielgssa and indicate the ydar
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Figure 39: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders aged 4-14 in ye&rom model with age classes and time-constam-zer
inflation factor, using the liberal definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielmsse and indicate the ydadl.
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Figure 40: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders aged 15+ in yedrom model with age classes and time-constar-zer
inflation factor, using the liberal definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielmsse and indicate the ydadl.
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Figure 41: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders aged 4-14 in yedrom model with age classes and time-constar-zer
inflation factor, using the liberal definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielmsse and indicate the ydadl.
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Figure 42: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders aged 15+ in ygadrom model with age classes and time-constamt-zer
inflation factor, using the liberal definition ofdeder. Crosses indicate the median of the
distribution, thick grey lines indicate the cent@Pb of the distribution and thin black lines
indicate the central 95% of the distribution. Years denoted in terms of the calendar year

associated with the January portion of the fielmsse and indicate the ydadl.
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Figure 43: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 0-3 in yeom model using logit-linear relationship withea
for females aged 4+ and time-constant zero-inflataztor, using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the year
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Figure 44: Posterior distribution for probabilitysurvival from yeat to t+1 for individuals
that were non-breeders aged 9 in yte&nom model using logit-linear relationship withea

for females aged 4+ and time-constant zero-inflataztor, using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the year
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Figure 45: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were non-breeders aged 18 in yeom model using logit-linear relationship withea

for females aged 4+ and time-constant zero-infhlataztor, using the liberal definition of
breeder. Crosses indicate the median of the disiiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdoidth the January portion of the field
season and indicate the year
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Figure 46: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were breeders aged 9 in yedrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the year
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Figure 47: Posterior distribution for probabilitiysurvival from yeat to t+1 for individuals
that were breeders aged 18 in yedrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the diioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the year
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Figure 48: Posterior distribution for probabilitysurvival from yeat to t+1 for individuals
that were non-breeders of age in yedrom model using logit-linear relationship withea

for females aged 4+ and time-constant zero-inflataztor, using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field
season and indicate the yéaNote the width of the posterior distributionsaongorate both

annual variation and estimation uncertainty.
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Figure 49: Posterior distribution for probabilitysurvival from yeat to t+1 for individuals
that were breeders of age in ygadrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field
season and indicate the yéaNote the width of the posterior distributionsaongorate both

annual variation and estimation uncertainty.
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Figure 50: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders aged 9 in yedrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the yeéat.
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Figure 51: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders aged 18 in yedrom model using logit-linear relationship witgeafor
females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the yeéat.
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Figure 52: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders aged 9 in yeairom model using logit-linear relationship witheafor

females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the yeéat.
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Figure 53: Posterior distribution for probabilitiylreeding in yeat+1 for individuals that
were breeders aged 18 in ygarom model using logit-linear relationship witeafor

females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field

season and indicate the yeéat.
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Figure 54: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were non-breeders of age in ygédrom model using logit-linear relationship witheafor
females aged 4+ and time-constant zero-inflatiotofa using the liberal definition of
breeder. Crosses indicate the median of the disioiby, thick grey lines indicate the central
50% of the distribution and thin black lines inde#he central 95% of the distribution. Years
are denoted in terms of the calendar year assdaidth the January portion of the field
season and indicate the y¢at. Note the width of the posterior distributionsarporate

both annual variation and estimation uncertainty.
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Figure 55: Posterior distribution for probabilitiylreeding in year+1 for individuals that
were breeders of age in ygafrom model using logit-linear relationship witbeafor females
aged 4+ and time-constant zero-inflation factomgishe liberal definition of breeder.
Crosses indicate the median of the distributioicktrey lines indicate the central 50% of
the distribution and thin black lines indicate ttentral 95% of the distribution. Years are
denoted in terms of the calendar year associatddtiae January portion of the field season
and indicate the yeaf1. Note the width of the posterior distributionsarporate both

annual variation and estimation uncertainty.
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Tables

Table 1: Median and central 95% credible intervaif each model for the probability of
number of tags in yedmiven the number of tags in ydad, using the strict definition of

breeder.

Tags at-1 Tags at Probability

1 0 0.11 (0.10, 0.13)
0.89 (0.87, 0.90)
0.04 (0.03, 0.06)
0.14 (0.13, 0.16)
0.81 (0.80, 0.83)

N
N P Ok
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Appendix 1
WinBUGS code for fitting model to the tag-resiglatal Comments in WinBUGS are indicated by hashes.

PBreed is an array that contains the probability of bregthot breeding in the current year, indexed bgryage, breeding status in the previous

year (1=no, 2=yes), currently alive (1=no, 2=yés¢eding outcome in current year (1=no, 2=yes).

bBreed is an array containing the probability of breedimghe current year, indexed by year, breedingyistan the previous year (1=no, 2=yes)
and age group (1=0-3, 2=4-14, 3=15+).

S is an array that contains the probability of sung/dying in the current year, indexed by yeae,aiyeeding status in the previous year (1=no,

2=yes), currently alive (1=no, 2=yes), survivalaarhe in current year (1=no, 2=yes).

bS is an array containing the probability of surviyitihe current year, indexed by year, breeding statthe previous year (1=no, 2=yes) and
age group (1=0-3, 2=4-14, 3=15+).

model {
### define parameters for model
for (jj in 1:14) { ## jj is indexing year
for (aain 1:4) { ## aa is indexing age

PBreed]jj,aa,1,1,2] <- 0 ##PBreed[Bred(t-1),Alive(t),Bred(t)]
PBreed][jj,aa,1,2,2] <- bBreed]jj,1,1]
PBreed]jj,aa,2,1,2] <- 0
PBreed]jj,aa,2,2,2] <- 0

PBreed]jj,aa,1,1,1] <- 1-PBreed[jj,aa,1,1,2]
PBreed|jj,aa,1,2,1] <- 1-PBreed[jj,aa,1,2,2]
PBreed]jj,aa,2,1,1] <- 1-PBreed[jj,aa,2,1,2]
PBreed]jj,aa,2,2,1] <- 1-PBreed[jj,aa,2,2,2]
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Sljj,aa,1,1,2] <- 0
S[jj,aa,1,2,2] <- bS][jj,1,1]
S[jj,aa,2,1,2] <-0
S[jj,aa,2,2,2] <- 0

S[jj,aa,1,1,1] <-1-S[jj,aa,1,1,2]

Sljj,aa,1,2,1] <-1-S[jj,aa,1,2,2]

S[jj,aa,2,1,1] <-1-SJ[jj,aa,2,1,2]

Sljj,aa,2,2,1] <-1-9J[jj,aa,2,2,2]
}

for (aa in 5:15) {
PBreed]jj,aa,1,1,2] <- 0
PBreed]jj,aa,1,2,2] <- bBreed]jj,1,2]
PBreed]jj,aa,2,1,2] <- 0
PBreed][jj,aa,2,2,2] <- bBreed]jj,2,2]

PBreed]jj,aa,1,1,1] <- 1-PBreed[jj,aa,1,1,2]
PBreed]jj,aa,1,2,1] <- 1-PBreed][jj,aa,1,2,2]
PBreed]jj,aa,2,1,1] <- 1-PBreed[jj,aa,2,1,2]
PBreed|jj,aa,2,2,1] <- 1-PBreed[jj,aa,2,2,2]

Sljj,aa,1,1,2] <- 0
S[jj,aa,1,2,2] <- bS]jj,1,2]
Sljj,aa,2,1,2] <- 0
Sljj,aa,2,2,2] <- bSJjj,2,2]

S[jj,aa,1,1,1] <-1-S[jj,aa,1,1,2]
S[jj,aa,1,2,1] <-1-S[jj,aa,1,2,2]
Sljj,aa,2,1,1] <-1-S[jj,aa,2,1,2]
S[jj,aa,2,2,1] <-1-SJ[jj,aa,2,2,2]

for (aa in 16:20) {
PBreed]jj,aa,1,1,2] <- 0
PBreed]jj,aa,1,2,2] <- bBreed]jj,1,3]
PBreed]jj,aa,2,1,2] <- 0

##S[Bred(t-1),Alive(t-1), Alive(t)]

##PBreed[Bred(t-1),Alive(t),Bred(t)]

##S[Bred(t-1),Alive(t-1), Alive(t)]

##PBreed[Bred(t-1),Alive(t),Bred(t)]
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PBreed][jj,aa,2,2,2] <- bBreed[jj,2,3]

PBreed]jj,aa,1,1,1] <- 1-PBreed[jj,aa,1,1,2]
PBreed]jj,aa,1,2,1] <- 1-PBreed[jj,aa,1,2,2]
PBreed]jj,aa,2,1,1] <- 1-PBreed[jj,aa,2,1,2]
PBreed]jj,aa,2,2,1] <- 1-PBreed][jj,aa,2,2,2]

Slj,aa,1,1,2] <- 0 ##S[Bred(t-1),Alive(t-1),Alive(t)]
Sljj,aa,1,2,2] <- bSJjj,1,3]

Sljj,aa,2,1,2] <- 0

S[jj,aa,2,2,2] <- bS]jj,2,3]

Sljj,aa,1,1,1] <-1-9J[jj,aa,1,1,2]
Sljj,aa,1,2,1] <-1-9J[jj,aa,1,2,2]
Sljj,aa,2,1,1] <-1-9J[jj,aa,2,1,2]
S[jj,aa,2,2,1] <-1-5J[jj,aa,2,2,2]

## juvenile survival and breeding probs
for (aain 1:2) {
logit(bBreed(jj,aa,1]) <- muBreed[aa,1]
logit(bS[jj,aa,1]) <- muS[aa,1] + eSJjj,aa,1]

eSJjj,aa,1]~dnorm(0,tauS[aa,1])I(-12,12)
eBreed[jj,aa,1]~dnorm(0,tauBreed[aa,1])I(-12,12)

## adult survival and breeding probs
for (ii in 2:3) {
for (aain 1:2) {
logit(bBreed]jj,aa,ii]) <- muBreed[aa,ii] + eBreed][jj,aa,1]
logit(bS[jj,aa,ii]) <- muSJ[aa,ii] + eS[jj,aa,1]

eBreed[j,aa,iil~dnorm(0,tauBreed[aa, i)
eSjj,aa,ii]~dnorm(0,tauS[aa,ii])

}
}
} ###HE end year loop
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### specify survival and breeding related priors
for (aain 1:2) {
muBreed[aa,1] ~ dnorm(0, 0.07)
muS[aa,1] ~ dnorm(0, 0.07)

sdS[aa,1] ~ dunif(0,10)
tauS[aa,1] <- 1/(sdS[aa,1]*sdS[aa,1])

sdBreed[aa,1] ~ dunif(0,10)
tauBreed[aa,1] <- 1/(sdBreed[aa,1]*sdBreed[aa,1])

psi[aa,1] ~ dunif(0,1) ### zero-inflation factor

for (ii in 2:3) {
for (aain 1:2) {
muBreed[aa,ii] ~ dnorm(0, 0.07)
muS[aa,ii] ~ dnorm(0, 0.07)

sdBreed[aa,ii] ~ dunif(0,10)

sdS[aa,ii] ~ dunif(0,10)

tauBreed[aa,ii] <- 1/(sdBreed[aa,ii]*sdBreed[aa,ii])
tauS[aa,ii] <- 1/(sdS[aa,ii]*sdS[aa,ii])

psi[aa, ii] ~ dunif(0,1) ### zero-inflation factor

### Probability of tag loss, PTag. Indexed by number of tags (+1) in t-1 and t
PTag[1,1]<-1
PTag[1,2] <-0
PTag[1,3]<-0

PTag[2,1] <- 1 - PTag[2,2]
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PTag[2,2] ~ dunif(0,1)
PTag[2,3]<-0

PTag(3,1:3] ~ ddirch(alpha3[])

### resighting probabilities

for (aain 1:3) { ## age group
for (i in 1:2) { ## breeding status
for (jj in 1:13) { ## year

pBrand[aa,ii,jj] ~ dunif(0,1)

pChip[aa,ii,jj] ~ dunif(0,1)

pT1[aa,ii,j] ~ dunif(0,1)

logit(pT2[aa,ii,jj]) <- logit(pT1[aa,ii,jj]) + a

## p[Brand+1,Chip+1,age group,tags,bred,alive,time]

for (zz in 1:3) { ## tags
for (yy in 1:2) { ## chipped
pl2,yy,aa,zz,ii,2,jj] <- pBrand[aa,ii,jj] ## alive branded animals; tags have no effect
p[2,yy,aa,zz,ii,1,jj] <- 0 ## dead branded animals
pl[l,yy,aa,zz,ii,1,jj] <- 0 ## dead unbranded animals
}
}
## alive unbranded animals
p[1,2,aa,1,ii,2,jj] <- pChip[aa,ii,jj] ## unbranded, chipped, no tags
p[1,1,aa,1,ii,2,jj] <- O ## unbranded, unchipped, no tags
for (yy in 1:2) { ## chipped
p[1,yy.aa,2,ii,2,jj] <- pT1[aa,iijj] ## unbranded, 1 tag
p[1,yy.aa,3,ii,2,jj] <- pT2[aa,iijj] ## unbranded, 2 tags
}

}
}

a ~ dnorm(0,0.01) ## increase in sightability with second tag

BB AR R R A AR R R R R R A AR R R R R R AR AR AR AR R R
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### actual model fitting

for (ii in 1:2133) { ### individuals loop
for(jj in 1:(FirstCaplii]-1)) {
Alivelii,jj] <- 1
for (kk in 1:12){
C_Alivelii,jj,kk] <- 0
}

Cap.Pred]ii,jj] <- 0
}

Alivelii,FirstCaplii]] <- 2

for (kk in 1:12){
C_Alivelii,FirstCaplii],kk] <- equals(kk,FirstCaplii])
}

logLikelii, FirstCaplii]] <- O;

Alive.Pred(ii,FirstCaplii]] <- Alivelii,FirstCaplii]]
Bred.Pred]ii,FirstCaplii]] <- Bred]ii,FirstCaplii]]
Tags.Pred][ii,FirstCaplii]] <- Tagslii,FirstCaplii]]
Cap.Pred][ii,FirstCaplii]] <- Caplii,FirstCaplii]]

logLike.Pred]ii, FirstCaplii]] <- 0;

for (jj in (FirstCaplii]+1):LastCaplii]) {
Alivelii,jj] ~ dcat(SJjj-1,(Age98Jii]+jj-1),Bred][ii,jj-1], Alivelii,jj-1], 1)
Bred]ii,jj] ~ dcat(PBreed][jj-1,(Age98ii]+jj-1),Bred]ii,jj-1], Alivelii,jj], 1)
Tagslii,jj] ~ dcat(PTag[Tagslii,j-1], 1)

templii,jj] ~ dbern(psi[Bred[ii,jj-1],AgeCat2[Age98ii]+jj]])

tempplii,jj] <- templii,jj]*p[Brand]ii]+1, Chip[ii]+1, AgeCat[Age98]ii]+jj], Tagslii,jjI, Bred]ii,jj], Alivel[ii,jjl.ji]
Caplii,jj] ~ dbin(tempplii,jj], T[i])

logLikelii,jj] <- logLikel[ii,jj-1] + max(-99999, log(S[jj-1,(Age98iil+jj-1),Bred]ii,jj-1], Alivelii,jj-1], Alive[ii,jj]]) )+

max(-99999, log(PBreed]jj-1,(Age98Jii]+jj-1),Bred[ii,jj-1], Alivelii,jj], Bred]ii,jj]]) )+
max(-99999, log(PTag[Tagslii,jj-1], Tagslii,jl]) )+
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logfact(Caplii,jj]) + logfact(T[jj]-Caplii,jj]) - logfact(TIjj]) +
Caplii,jjJ*max(-99999, log(tempplii,jj] ))+
(T[jl-Caplii,jj) *max(-99999, log(1-tempplii,jj] ))

### generating alternative data
Alive.Pred]ii,jj] ~ dcat(S[jj-1,(Age98]ii]+jj-1),Bred.Pred]ii,jj-1], Alive.Pred]ii,jj-1], 1)
Bred.Pred[ii,jj] ~ dcat(PBreed[jj-1,(Age98Jii]+jj-1),Bred.Pred]ii,jj-1], Alive.Predii,jj], 1)
Tags.Pred]ii,jj] ~ dcat(PTag[Tags.Pred[ii,jj-1], 1)

temp.Pred]ii,jj] ~ dbern(psi[Bred.Pred[ii,jj-1],AgeCat2[Age98]ii]+jj]])
tempp.Pred[ii,jj] <- templii,jj]*p[Brand][ii]+1, Chipl[ii]+1, AgeCat[Age98Jii]+jj], Tags.Pred]ii,jj], Bred.Pred]ii,jj], Alive.Pred]ii,jjl,jjl
Cap.Pred]ii,jj] ~ dbin(tempp.Pred[ii,jj], TIjil)

logLike.Pred]ii,jj] <- logLike.Pred([ii,jj-1] + max(-99999, log(S[jj-1,(Age98]ii]+jj-1),Bred.Pred]ii,jj-1], Alive.Pred[ii,jj-1], Alive.Pred][ii,j]])) +
max(-99999, log(PBreed][jj-1,(Age98]ii]+jj-1),Bred.Pred]ii,jj-1], Alive.Pred]ii,jj], Bred.Pred][ii,jj]]) )+
max(-99999, log(PTag[Tags.Pred]ii,jj-1], Tags.Pred[ii,j]]) )+
logfact(Cap.Pred]ii,jj]) + logfact(T[jj]-Cap.Pred][ii,jj]) - logfact(T[jj]) +
Cap.Pred]ii,jj]*max(-99999, log(tempp.Pred]ii,jj] ))+
(T[jj]-Cap.Pred[ii,jj])*max(-99999, log(1-tempp.Pred[ii,jj]))

}
for (jj in (LastCaplii]+1):12) {
logLikelii,jj] <- logLikel[ii,jj-1]
logLike.Pred]ii,jj] <- logLike.Pred(ii,jj-1]
}

} ## end individual loop

Dev <- -2*sum(logLike[, 12])

Dev.Pred <- -2*sum(logLike.Pred[, 12])
p.value <- step(Dev.Pred-Dev)

} ### end model
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