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MarkMark--recapture analysis recapture analysis 
of photoof photo--identification data identification data 

to assess abundanceto assess abundance



•• Closed population modelsClosed population models
–– Petersen (1890s), Lincoln (1930), Jackson (1933), Schnabel (1938Petersen (1890s), Lincoln (1930), Jackson (1933), Schnabel (1938))

•• Open population modelsOpen population models
–– CormackCormack (1964), Jolly (1965), (1964), Jolly (1965), SeberSeber (1965)(1965)

•• Computer software for estimationComputer software for estimation
–– CAPTURE, JOLLY, POPAN, SURGE, RELEASE, MARKCAPTURE, JOLLY, POPAN, SURGE, RELEASE, MARK

•• Program MARKProgram MARK
–– Industry standard for estimation of abundance and survival ratesIndustry standard for estimation of abundance and survival rates
–– http://http://www.phidot.orgwww.phidot.org/software/mark//software/mark/

•• Applications of markApplications of mark--recapturerecapture
–– Wildlife population assessment (insects, fish, reptiles, birds, Wildlife population assessment (insects, fish, reptiles, birds, mammals)mammals)
–– Human demography, epidemiology and HIVHuman demography, epidemiology and HIV

Background to markBackground to mark--recapturerecapture

Buckland, ST, Buckland, ST, GoudieGoudie, IBJ & , IBJ & BorchersBorchers, DL (2000). Wildlife population , DL (2000). Wildlife population 
assessment: past developments and future directions. Biometrics assessment: past developments and future directions. Biometrics 56: 156: 1--12.12.



Collars, tags, bands and brandsCollars, tags, bands and brands



PhotoPhoto--identification of natural markingsidentification of natural markings



•• Capture, mark and release a sample of animals (Capture, mark and release a sample of animals (nn11))
•• Allow population to mixAllow population to mix
•• Capture a second sample of animals (Capture a second sample of animals (nn22))
•• Determine how many are already marked (Determine how many are already marked (mm22))
•• Equate proportion marked in second sample with Equate proportion marked in second sample with 

proportion marked in population (proportion marked in population (NN):):

The basis of markThe basis of mark--recapture abundance estimationrecapture abundance estimation
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•• PopulationPopulation size is estimated as:size is estimated as:



Capture historiesCapture histories
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Capture historiesCapture histories



•• Marks are unique Marks are unique 
(no (no ‘‘twinstwins’’))

MarkMark--recapture assumptions for datarecapture assumptions for data

•• Marks are recognized on recapture and Marks are recognized on recapture and 
are correctly reported and recordedare correctly reported and recorded

•• Marks cannot change Marks cannot change 
or be lostor be lost



•• Advantages and disadvantages:Advantages and disadvantages:
−− No physical capture or marking (No physical capture or marking ())
−− Appropriate marks are unique and cannot be lost (Appropriate marks are unique and cannot be lost ())

•• But marks may change (But marks may change ())
−− Recognition of marks may not be certain (Recognition of marks may not be certain ())

•• Distinctness of marksDistinctness of marks
•• Quality of photographsQuality of photographs

−− Animals have different capture probabilities Animals have different capture probabilities (())
•• Probability of being encounteredProbability of being encountered
•• Probability of being photographedProbability of being photographed
•• Probability of being recognizedProbability of being recognized

PhotoPhoto--identification identification 
of natural markingsof natural markings



•• Closed population modelsClosed population models
–– If population doesnIf population doesn’’t change (much) during studyt change (much) during study

•• i.e. no birth, death, immigration or emigrationi.e. no birth, death, immigration or emigration
–– Series of 2Series of 2--sample estimatessample estimates
–– MultiMulti--sample estimatessample estimates
–– MultiMulti--site estimatessite estimates

•• Exchange rates between sitesExchange rates between sites

•• Open population modelsOpen population models
–– For long studies when population is changingFor long studies when population is changing
–– Estimates typically impreciseEstimates typically imprecise

•• Heterogeneity of capture probabilitiesHeterogeneity of capture probabilities

Options for estimating abundanceOptions for estimating abundance

Hammond PS (1986). Estimating the size of naturally marked whaleHammond PS (1986). Estimating the size of naturally marked whale populations using capturepopulations using capture--
recapture techniques. Reports of the International Whaling Commirecapture techniques. Reports of the International Whaling Commission (Special Issue 8): 253ssion (Special Issue 8): 253--82 82 



•• Small population off Small population off 
eastern Scotlandeastern Scotland
•• Core area in Moray FirthCore area in Moray Firth
•• Systematic photoSystematic photo--id surveys id surveys 

since 1990since 1990

Bottlenose dolphins in the Moray FirthBottlenose dolphins in the Moray Firth

Cromarty

Inverness

SAC



•• Representative sampleRepresentative sample
•• Good quality photographsGood quality photographs
•• ““WellWell--markedmarked”” animalsanimals

•• Definition depends on analysisDefinition depends on analysis

Turning pictures into dataTurning pictures into data



•• Estimate number of Estimate number of ““wellwell--markedmarked”” animals (animals (nn))
−− Annual estimates (1990, 1991, 1992)Annual estimates (1990, 1991, 1992)
−− Data from summer monthsData from summer months

•• May May –– SeptemberSeptember
•• ~ 2 sampling occasions per month~ 2 sampling occasions per month

−− Closed population models that can account for heterogeneityClosed population models that can account for heterogeneity
−− Separate estimators for left and right sides Separate estimators for left and right sides –– then combinedthen combined

Analytical methodsAnalytical methods
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•• Estimate proportion of Estimate proportion of ““wellwell--markedmarked”” animals in population (animals in population (pp))
−− Fully photographed groupsFully photographed groups



Estimates of abundanceEstimates of abundance
•• Estimated number of Estimated number of ““wellwell--markedmarked”” animalsanimals

–– Left side: 73 (SE = 12)Left side: 73 (SE = 12) Right side: 80 (SE = 11)Right side: 80 (SE = 11)

•• Estimated proportion of Estimated proportion of ““wellwell--markedmarked”” animals in populationanimals in population
–– Left side: 0.57 (SE = 0.043)Left side: 0.57 (SE = 0.043) Right side: 0.61 (SE = 0.035)Right side: 0.61 (SE = 0.035)

•• Abundance in 1992 (most representative sample)Abundance in 1992 (most representative sample)
–– 129 (SE = 15)129 (SE = 15)
–– CV = 12%CV = 12%

Wilson, B., Hammond, P.S. & Thompson, P.M. (1999).  Estimating sWilson, B., Hammond, P.S. & Thompson, P.M. (1999).  Estimating size and assessing ize and assessing 
trends in a coastal bottlenose dolphin population. Ecological Aptrends in a coastal bottlenose dolphin population. Ecological Applications plications 99: 288: 288--300.300.



Trends in abundanceTrends in abundance
•• Additional analysis of time series of dataAdditional analysis of time series of data

–– Moray Firth data through 1999 only: decline of about 5% per yearMoray Firth data through 1999 only: decline of about 5% per year
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Trends in abundanceTrends in abundance
•• Include data from St Andrews Bay to 2002Include data from St Andrews Bay to 2002

–– Little evidence for changeLittle evidence for change
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•• MarkMark--recapture for population assessmentrecapture for population assessment
–– Statistically robust and widely usedStatistically robust and widely used
–– But care is needed in applicationBut care is needed in application

•• PhotoPhoto--id of natural markingsid of natural markings
–– Effective way to Effective way to ““capturecapture”” and and ““markmark”” some cetacean speciessome cetacean species

•• E.g. bottlenose dolphin, sperm whale, fin whaleE.g. bottlenose dolphin, sperm whale, fin whale

•• Estimates of abundance to inform conservation and Estimates of abundance to inform conservation and 
managementmanagement

SummarySummary


