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Keyquestions

TheGreat Barrier Island black petrel population has apparently
declined since the late ȕȝȝȔ’s

ȯ Could apparent changes in the population be due to changes
in the attendance of birds at the colony?

ȯ Have there been changes in the survival of black petrel over
this period?



MarkǺrecapture data

ȯ Annual record of whether a not a birdwas seen at the colony
ȯ Birds banded as both chicks and adults Ȍof unknown ageȍ
ȯ Most birds banded inside the study areaȐ someoutside
ȯ Within the study areaȐ there is variation in how frequently

different burrows are visited

Example records for six birds banded in ȖȔȔȝ

Band number ȖȔȔȝ ȖȔȕȔ ȖȔȕȕ ȖȔȕȖ ȖȔȕȗ ȖȔȕȘ
ȕȕșȘ ȕ ȑ ȑ ȑ ȑ ȑ
ȕȕșș ȕ ȕ ȕ ȕ ȕ ȕ
ȕȕșȚ ȕ ȑ ȑ ȑ ȑ ȑ
ȕȕșț ȕ ȕ ȕ ȑ ȑ ȑ
ȕȕșȜ ȕ ȑ ȑ ȑ ȑ ȑ



MarkǺrecapture data
ȯ Therewas somebanding before ȕȝȝșȐ but very limited

numbers of resights
ȯ Relatively consistent effort since ȖȔȔȔ
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MarkǺrecapture analyses

Previous analyses of the black petrel dataȞ

ȯ Paul ScofieldȞ Estimation of adult survival and probability of
resightȐ using aCormackȑJollyȑSeber ȌCJSȍmodelȐ fitted
withMARK

ȯ Chris FrancisȞ Populationmodel of black petrel Ȍbased on
markȑrecapture dataȐ breeding dataȐ and population
countsȍȐ fitted usingNIWA software SEABIRD

In this analysisȐ we fit CJSȑfamilymarkȑrecapturemodelsȐ but use
a Bayesian framework that allows flexiblemodel specificationȒ



Model ofmarkǺrecapture data

ȯ InitiallyȐ we are only using annual sightings dataȐ with no
breeding state or sex of individual birds

ȯ Estimate a resight probabilityȐ given that the bird is alive
ȯ Separate probability for ‘juvenile’ȕȐ ‘adolescent’Ȑ and ‘adult’

birds
ȯ Separate probability for birds outside the study area
ȯ Estimate an adult and preȑadult survival

ȕBirds three years or less are called juvenileȐ birds seven years or over are adultȐ
and birds in betweenmay be adolescent or adult



Most birds are not seen again

ȯ AroundșșȜȘbirds have
been banded

ȯ ButȐ aroundțȖȋof banded
birds have not been seen
again since theywere
banded

ȯ Only ȖșȘof the birds
banded as chicks have been
resighted

Banded as chicks
Study Nonȑstudy

Total ȖȘȘț țȜȕ
Seen again Ȗȕȗ Șȕ

Banded as adults
Study Nonȑstudy

Total ȕȚȝȗ ȚȚȗ
Seen again ȕȕțȘ Ȝȝ



Years since banding

Maximumnumber of years since banding that a bird has been
resighted is ȖȚ
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Resighting probability

The key tomarkȑrecapturemodelling is separating the reasons
why a birdwas not seen in a yearȞ

ȒȒȕ Because it was dead
ȒȒȖ Because it was aliveȐ but not at the colony
ȒȒȗ Because it was alive and at the colonyȐ but therewas only
limited resighting effort where that bird livedȐ in that year

Without information on dispersalȐ it is not possible to separate
emigration frommortality Ȍin either caseȐ the bird is never seen
againȍ



Annual variation in resighting probability

Proportion of birds banded as adults in the study area before
ȖȔȔȘȐ and seen in ȖȔȕȘȐ that were resighted in each yearȞ
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Variation in resighting probability between
birds

Proportion of years that birdswere resightedȐ restricted to birds
banded as adults in the study area after ȕȝȝȚȐ and that were
recorded at least ȕȔ years after bandingȒ Data restricted to years
that the birdwas known to be aliveȒ
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Fixed effects

ȯ Fixed effects are each drawn from separate distributions
ȯ For exampleȐ fixed annual resight probabilitiesȐCyȐ are each

independently drawn froma uniformpriorȞ

Cy ∼ U(0, 1)

ȯ Fixed effects require relatively few assumptionsȐ but are
poorly constrained in years where there is little data



Randomeffects

ȯ Randomeffects are each drawn froman underlying
distribution

ȯ For exampleȐ randomannual resight probabilitiesȐCyȐ are
assumed to be normally distributed around amean value Ȍon
the logit scaleȍȞ

logit(Cy) ∼ logit(Cµ) + N(0,Cσ)

ȯ Themodel estimates themean value ȌCµȍ and the spread
ȌCσȍof the underlying distribution

ȯ Randomeffects allow a reasonable estimate to bemadeȐ
even in caseswhere there is little data



Model choices

Resighting probabilityȞ
ȯ Constant
ȯ Annual fixedȑeffect
ȯ Annual randomȑeffect
ȯ Randomeffect for each bird

Adult survivalȞ
ȯ Constant
ȯ Annual fixedȑeffect
ȯ Annual randomȑeffect

Other parameters Ȍjuvenile survivalȐ juvenile resight probabilityȐ
adolescent resight probabilityȐ nonȑstudy resight ratioȐ probability
of a juvenilematuringȍ are all constantȒ



Model selection

Models compared usingmodel fit Ȍdevianceȍ and theDeviance
InformationCriterion ȌDICȍȌin both casesȐ smaller is betterȍȞ
Annual survival Annual resight Bird resight Deviance DIC

Constant Fixed Random ȕȔșȖȕ ȕșȔȘȕ
Constant Fixed ȕȖșțȜ ȕȚțȖȚ
Fixed Constant ȕȗȖȗȝ ȕțȘțș
Random Random Random ȕȔȘȝȕ ȕȜȕȘȔ
Fixed Fixed Random ȕȔșȔȝ ȕȜȚȚȖ
Fixed Fixed ȕȖșȖȝ ȖșȘȕȕ

ȌHaven’t yet triedConstantȏRandomȏRandomȍ



Annual resight probability
ȯ Includes effects of birds being away fromcolonyȐ and

variations in resighting effort
ȯ Increase in resighting effort fromȕȝȝș through ȖȔȔȔ
ȯ Varies betweenȚȔȋ andȕȔȔȋ since then
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Othermodel parameters

A summary of the othermodel parameters Ȍfrom theminimum
DICmodelȍ

Parameter Median Ȍȋȍ ȝșȋ cȒiȒ
Apparent adult survival ȜȝȒț ȌȜȝȒȔȳȝȔȒȘȍ
Apparent preȑadult survival ȚȝȒț ȌȚțȒțȳțȕȒțȍ
Juvenile presence ȔȒȗ ȌȔȒȕȳȔȒșȍ
Adolescent presence șȒȜ ȌȖȒȘȳȝȒȕȍ
Nonȑstudy presence ratio ȚȒȖ ȌȘȒȜȳțȒȜȍ
Juvenile to adult ȕșȒȚ ȌȕȕȒȕȳȖȕȒȔȍ



Resight probability per bird

ȯ Effect accounts for somebirds being in parts of the study
area that are less visitedȐ and possibly for different behaviour
between birds

ȯ Improves the fit of themodels
ȯ Including this effect increases the apparent adult survival

Ȍfromamedian of ȜțȒȔ to ȜȝȒțȍ

Frequency of resight
probabilities for each
birdȐ grouped by
whether the bird is ever
reseen or not
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Annual variation in adult survival ǵminimum
deviancemodelǶ

ȯ Evidence of coherentmultiȑyear fluctuations
ȯ High survival in early yearsmay be an artefact of low numbers

of observations
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Next steps

ȯ The key next step is to include ameasure of effort within each
seasonȐ ideally froma record of visits to each burrowȐ and a
record of association between birds and burrows

ȯ Will also include recorded state information ȌsexȐ breedingȐ
etcȒȍ to allow affect of state on presence and on survival to
be estimated




