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ABSTRACT

The ventral surface of the tail flukes (TF), espbgiits pigmentation and physical characteristissthe most commonly used
photographic identification feature for the indival identification of humpback whales. Such imafyjem regional catalogues are
used, inter alia, to estimate population size using capture-recaptuodels. The lateral view of the dorsal fin, ailthh less
distinctive than TF, may also be used to identifgividuals whales, and microsatellites offer anothiternative means of
identification via skin biopsies. Use of these feas for abundance estimation usually assumesoaerer rate in identification and
equal capture probabilities of marked and unmaikdividuals. In this paper we use resighted indieild that have been identified
by more than one feature (‘double-marked’) to testelative error rates and differences in cappnababilities. Tests for ID errors
(using microsatellites as a control) indicate exri@nissed matches) of 13.8% for left dorsal fing%®for right dorsal fins and 0% for
tail flukes. The use of double-marked animals i€@lmpman’s modified Petersen population model, withtwo ID features as
independent recapture samples, suggests that &sdimf abundance using TF may be substantially5(84) lower than those
produced using other ID features after error-céiwac Such apparent heterogeneity in TF capturdoghitity may be site or
operation-specific, but should be tested for ireo#ituations.
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INTRODUCTION

Humpback whaleMegaptera novaeangliagre individually recognisable from the trailingged natural marks and
the pigmentation of the ventral surface of theiir fftakes (Katona and Whitehead 1981; Mizroehal. 1990), the
lateral view of their dorsal fins and knuckles dwe ttaudal peduncle (Kaufma al. 1987), and microsatellites
from DNA samples (Palsbgdit al. 1997). Although dorsal fins are commonly used &searchers in the field to
distinguish between different whales in a group levidollecting data during boat intercepts, and hbheen
proposed as a potentially more stable identificafeature than ventral tail flukes (Blacknadral. 2000), the more
distinctive flukes are favoured for use in regioplbto-ID catalogues. Such catalogues have beesiyénployed
to identify migratory links (e.g. Steviait al. 2004), examine regional movement patterns andlptipn structure
(e.g. Calambokidist al. 2001), and calculate population sizes (e.g. Sgretl al. 2008).

Apart from inter-regional differences in ventralie pigmentation (Rosenbatghal. 1995), individual variation in
the behaviour of exposing the ventral surface effthkes (‘fluking-up’) on diving occurs that maglate to the
prevalent behaviour at the given geographic locati@. breeding or feeding, the age or sex ofndividual (Rice

et al. 1987), or the size and composition of groups (Brital. 1999). Fluking rates may vary by more than an
order of magnitude depending on these factors (Betital. 1999). Such individual variation in behaviour may
introduce capture heterogeneity that would impattpopulation estimates calculated from capturepeca
models using this identification feature (Barlost al. 2011). There are other known sources of capture
heterogeneity when using tail flukes, such as giraghic quality, or errors in correctly identifyingdividuals
(Stevick et al. 2001), but in general these can be adequatelyeced for by introducing some form of
photographic quality control (Fridagt al. 2008). It is however more difficult to quantifyn@ thus correct for)
heterogeneity attributable to individual behavi@@arlowet al. 2011).

Unlike tail flukes, dorsal fins are always exposkding surfacings; however, the extent to whichtpboaphic
quality or distinctiveness affects the ability toatech dorsal fins of humpback whales is unknown. e&ent
examination of individually identified humpback wes that feed around Saldanha Bay on the west ob&kiuth
Africa (Barendseet al. 2010a), showed that capture-recapture data fréierelint identification features resulted in
abundance estimates that varied considerably, lmatdestimates based on tail flukes (TF) were cterdily lower
than those derived from left and right dorsal f{b®F, RDF) and microsatellites (MS) (Barendsteal. 2010b).
These results suggested that fewer animals inrdee tended to exhibit fluking-up behaviour, or ttrere was an
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apparent difficulty in obtaining fluke pictures thg boat intercepts, thus reducing the overall neirdf whales
identified by this feature. While more individualere identified by means of dorsal fins, it wasaept that these
were more difficult to match, resulting in a numiéiinstances where the same individuals were reattly other
means (i.e. TF or MS) but not by dorsal fins, résglin false-negatives that could inflate the adamce estimates.
Estimates from MS recaptures were higher than thioma TF, but lower that those derived from dorfiabk
(Barendseet al. 2010b), bearing in mind that the use of genotype®t completely free from error (e.g. Mié$ al.
2000; Lukacs and Burnham 2005; Wrigttal. 2009).

In this paper we examine potential sources of capheterogeneity that may result from the use &ewmdint
photographic identification features of humpbaclales. The approach includes the use of various tw@tibns of
double marks available in the capture-recapturasgatdescribed in Barendseal. (2010b). Specifically, we try to
assess the occurrence and effect of false negatikiea using dorsal fins, and the possible capteterbgeneity
introduced by the use of tail flukes for individudéntification.

MATERIAL AND METHODS

Details of the study site, data collection, matghiprocedures and compilation of the sighting databare
described in Barendsst al. (2010a, b). The capture-recapture data are coatpn$ a separate data set for each
identification feature (TF, LDF, RDF, MS) collecteldiring six ‘capture occasions’ or periog} ¢f six months
each from the years 2001 - 2007, starting on 1edatper of one year and ending on 28 February thawirlg year
(i.e. the spring/summer season). These periods e&exted on the basis of data availability and pamable
collection effort and seasonal coverage (see Baestdal. 2010b). All images used were graded for photograph
quality and orientation on a 1 — 5 scale (1 = re#table, 2 = poor, 3 = fair, 4 = good, and 5 = d&oél; only
images with a quality and/or orientation rating3oér more (better than poor) were used for aburel@stimation.
Furthermore, no partial pictures of TF (i.e. shaywmne fluke or the trailing edge only) were useduble-marked
animals were included in the first sample when bo#rk types (of sufficient quality) were recordeti attributed
to the same individual during the same interceigh(sg). For other tests, pictures of lesser duatiay have been
included (as stated) to increase sample sizes.

Wherever abundance estimates were used to testtaspk capture heterogeneity, the Chapman’s matlifie
Petersen (CMP) estimator (Seber 1982) was emplalgedto its relative simplicity and the availalyildf five pairs

of consecutive sampling periods. The CMP estimhs been used by others to calculate the sizeenfirfg
aggregations of humpback whales elsewhere (e.psehaand Hammond 2004; Straley al 2008) and is
considered an acceptable approach for a long-lmadhmal with relatively low rates of natural mortaland
recruitment, despite such populations not meeting tequirements of closed population models. ThePCM
estimator was calculated with the formula belowb@el982), using the following notatioN* = CMP estimator;

n; = total number of individuals identified in firsampling periog;; ni.; = total number of individuals identified in
following sampling periodm.; = humber of individuals identified (i.e. matched)bdoth sampling periods; @nd

ji+1)-

NG TG
(mi+1 +1)

The variance and the coefficient of variation (CM)N* were calculated with the formulas provided in &eb
(1982). Confidence intervals (95%) for the CMPrastior were calculated with the log-normal transfedrmethod
as proposed by Burnhaet al. (1987).

Tests for false negative rates

Microsatellites were used as an independent (nateghaphic) identification feature (the control)daall
individuals g = 32) that were identified by this feature and gbtéd on different days, were used as the sample.
For each capture occasion (day) it was assesseithaviee specific photographic feature of useabldityugpoor)
was recorded; then, whether or not a specific featonfirmed the matches made by microsatellitee $ample
size per ID feature was the number of times bathiaosatellite match and a photograph of the featurquestion
were available (‘matching opportunities’). Faildoedetect a photographic match constituted a fadgmtive. As a
simple test to quantify the positive bias causedhgycalculated false negative rate/s, the paieviMP estimator
was calculated for the LDF dataset but the numbeisdividuals identified during the first and secbsampling
periods (; andn;.;) were reduced by a factor based on detected etes; this should compensate for the higher
than actual numbers of whales identified due tosedsmatches within each sampling period. The nurober
individuals matched between these sampies)(was increased by the error factors to correctritased matches
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betweem; andni,;. The magnitude (%) of the resultant overestimati@s calculated relative to uncorrected LDF
estimates.

Variation in recording of tail flukes for resightathales relative to other features

All whales resighted on different days were usethassample, and the ID features collected duningrcepts on
these different days were compared. First, the munolb times TF were recorded (of any photographiality)
during all intercepts of resighted whales was caexgpdao other ID features. Second, the occasion bichwTF
were recorded in the case of multiple resightings wxamined. Third, the duration of intercepts whEF were
recorded was compared to those where no TF weceded. Finally, the probability of recording TFawrsal fins
(left or right) for an individual whale was calctdd by counting the number of intercepts duringaltthe feature
was recorded and expressing it as a fraction ofdta number of times that the resighted whale wtesscepted.

Use of double marks

Here we used TF as one type of mark, and LDF, RBdF MS respectively as alternative marks. For pairs
adjacent sampling periods, time consisted of animals that were identified by b®# and the other mark in
question, i.e. double marked animals. Tihe consisted of the total number of whales identifigceither TF, or the
alternative mark in the following sampling periatith recapturesrfi.;) being those double marked animals that
were identified by whatever feature was usedrfor. This approach is intended to compare the relataygture
probabilities of the two marks used: if they ar@i@gthen recapture rates (= population sizes) lghioe similar
whichever feature is used for the second sampleinBuhe calculation using the CMP estimator, ar@ction
factor was applied to dorsal fins and microsatdlitsimilar to that described above (irg, was adjusted
downward, and m,; adjusted upward), but; was left unadjusted because the animals weredgirigentified
without error from the TF. The correction factorsed for dorsal fins were those calculated from Ldvid RDF
false negative tests (see below), while the camedactor for microsatellites was the mean all@icor rate of
0.065 calculated for Breeding Stock B2 (Inés Cdrwaders. comm.).

RESULTS

False negatives

Assuming that the microsatellite identificationsre/ieorrect, photographs of LDF and RDF when usedeahs an
identification feature resulted in 13.8% and 9.1%s®d matches respectively, whereas no missed ewmteare
detected for tail flukes (Table 1). To test for isdmtifications using microsatellites, individuakssighted by tail
flukes on different days using pictures of quadityd/or orientation > ‘poor’ were used as a contdl individuals,
intercepted 24 times), and were compared to match&sned by microsatellite (where biopsies wetemd. No
false negatives or positives were detected in sevaching opportunities. The values i using the LDF dataset
and bracketing the error rate between 0.09 and &slbwer and upper values respectively, showedteeage
overestimation of abundance to range between 20%r@r rate 0.09) and 30% (at 0.14) (Table 2).

Individual variation in fluke exposure relative ather features

For 21.67% of the whales resighted on differentsd@y= 60), no pictures of TF were collected, for 20% no
biopsies, 3.33% no RDF, and 1.67% no LDF (Figureld)the majority of cases, TF photographs (for 47
whales) were obtained during the first intercefi.96%), 27.66% during the second intercept, an89%.8uring
the third and fourth. Furthermore, during all icEwts involving these resighted whales=(183 - some whales
were in the same groups), TF pictures were coliechering only 57.4% of intercepts, compared to 92.fr
dorsal fins. Duration of intercepts, where recor@led 178), ranged from 6 — 213 min with an overall me&63
minutes. There was no significant difference betwie mean duration of intercepts where TF werdqgraphed
(73.84 min + 3.88 SH)=146) or not (83 min = 11.14 SB,= 31) { = -0.93, df = 175p = 0.35). The probability of
recording a dorsal fin image (right or left) of emlividual whale during all of its intercepts waigth (Figure 2).
This was not the case for TF, where for individwhkles the probability of recording this featureidg all, half,
or none of their intercepts was very similar (28,ahd 23 % respectively) (Figure 2).

Double mark models

With few exceptions, models in which the featuredu$or capturing the second sample was TF resuitéawer
abundance estimates than when the alternativerésatvwere used (Table 3 and Figure 3). The higlsshates
were calculated with RDF as alternative mark, whitd= and MS yielded very similar pair-wise estingatéaking
an average over all five sets of population estsathose in which TF were used fgr, were 0.497, 0.658 and
0.517 of those using RDF, LDF and MS respectivelynf,;. Apart from the detection of sources in heteroggne
attributable to the use of specific marks, the -pase abundance estimates also showed consisteatioa that
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appear to indicate different capture probabilitiesween the first twoj1-2) and last fourj8-6) capture periods,
most likely as a result of known differences in ping strategies between these (discussed in Baeasidal.
2010b). Except for RDF, the estimates by meangsherdD features during the Ig€-5 andj5-6 showed much less
variation, although these were periods when venytfampback whales were identified. We do not belithat this
variation should alter the conclusions about maesic heterogeneity (see below).

DISCUSSION

Assuming the microsatellite identifications wererreat, dorsal fin photographs when used alone as an
identification feature resulted in 9-14% missed chas, whereas none was detected for tail flukesevérse test
for microsatellites (assuming a zero error ratetdidrflukes) produced no missed matches, althahgrsample size
was very small. Therefore, the use of dorsal fintpbgraphs alone in mark recapture models can resaltsmall
percentage of missed matches (false negativesyeatiehis does not appear to be the case to the astent for
tail flukes or microsatellites. If left uncorrectetthis may result in a substantial over-estimafjop to 30%) of
abundance. This conclusion however may be casdfispetepending to a large extent on data collatgtio
photographic quality and laboratory procedures. difierences between abundance estimates for RIOA_&xi
(although less pronounced compared to TF) duriegsttime pairs of sampling periods (LDF estimateg \abvays
lower) suggests that there may have been a differenthe ability of photographers to obtain usedbiages of
these two features. The reason for this is not ichately apparent, although it may relate, for exEnpp the
orientation of whales relative to the shore, asemawuthbound whales were seen during late spridgeanly
summer in 2001-2003, i.e. with their left sidemid towards the shore by (Barendsal. 2010). Whether this or
some other operational aspect of data collectiflnenced the approach by the boat, thus causingsim®eto be
favoured over another, is unknown. Individual bébawmay also contribute to such a bias. Claplearal. (1995)
reported strongly lateralised behaviour by humphals&les that apparently favoured their right-siderty feeding
and flippering behaviour; it is possible that wisadeuld preferentially present their right sidehe boat. However,
we are unable to test this with the available data.

That fluking as an individual behavioural trait twaffect the probability of an individual beingnspled is

strongly suggested by the finding that for resighidnales, the probability of collecting TF pictuichging all, half,

or none of the intercepts was nearly equal. Althodgrsal fin photographs (of sufficient quality) neenot

collected during all intercepts, there were nogtetsd individuals for which dorsal fin pictures warnavailable.
There may be differences in the ability of researsho obtain good quality images of these diffefeatures:

during a typical approach from the rear, chances gwod of obtaining a TF picture (provided thatyttze

adequately exposed). For dorsal fins, a consideraiviount of manoeuvring of the boat is requireddsition the

photographer at a right angle to the whale, whileat the surface. The angle between the camadatiae whale
affects the quality of dorsal fin pictures to aaex extent than for TF (J. Barendse pers. obgl)pmor photo
quality can be the source of substantial heteragemecapture probability when using dorsal fimsdther species
e.g. northern bottlenose whatyperoodon ampullatuéGowans and Whitehead 2006). However, the fadtfira
all resighted whales, over 20% had no TF imagesctdd at all during intercepts of similar mean targ and that
in the majority of cases (65%) flukes were photpbged during the first intercept, suggests thatifigkis an

idiosyncratic feature for humpback whales in thisaa

If some whales consistently fluke less often thters, or do not fluke at all, the resulting hetgneeity of capture
probabilities will lead to under-estimation of pdgtion size, such as is strongly suggested by tdat® In West
Greenland such a bias was estimated as up to 1@#podation size (Perkiret al. 1985), but presumably can vary
with area, season, or photographic protocol. Basethe mean CMP abundance estimates for the dowdiked
whales, those using TF recaptures and identifinataturing the second sampling period were 34 - 36Weér than
those when using an alternative feature. While ¢bisclusion about the effects of individual flukibghaviour on
population estimation is strictly only valid for ghwhales observed off Saldanha Bay, as humpbackewha
behaviour may differ (and sampling protocol vary) different parts of its range, the effects shovemehare
certainly large enough to warrant similar invediigas in other areas.



Barendse & Best — Use of double marks to assegsredpeterogeneity of humpback whales SC/63/SH20

ACKNOWLEDGEMENTS

The authors wish to thank the following institutsofor various forms of support: The South Africaatidnal
Research Foundation (NRF, funding), Earthwatchitlist (funding), The Mazda Wildlife Fund (throughet
provision of a field vehicle), SASOL (through therdtion of two four-stroke engines), PADI ProjedVARE
(UK) (funding), the South African Navy (access toetshore-based look-out), and the Military Academy,
University of Stellenbosch (accommodation). JB @ity received financial support in the form ofrbaries from
the NRF, the Society for Marine Mammalogy, Universdf Pretoria, and the Wildlife Society of Southriéa
(Charles Astley Maberley Memorial bursary). ThekéziSouth African Museum is thanked for the provisiaf
office space and support.

We are grateful to Howard Rosenbaum, Cristina Ranlihés Carvalho, George Amato, Rob DeSalle, Matfie
and Jacqueline Ay-Ling Lofrom the Sackler Institute for Comparative Genomigsmerican Museum of Natural
History for their various contributions toward the genetalysis.

The fieldwork would have been impossible withoutrbtith Thornton, and the enthusiastic assistanceimferous
Earthwatch and other volunteers, to all of whomome a big debt of gratitude. Blake Abernethy, Sinkdwen,
Ingrid Peters, Desray Reeb, Shaun Dillon, Lisa Malis Tilen Genov and Stephanie Plén all took yies while
with the MRI. André du Randt and Mike Meyer (Mariaed Coastal Management, South Africa) are tharfided
contributing photographs from the west coast.

All work was carried out under successive annuaings issued to PBB by the Minister for Environmedrffairs,
in terms of Regulation 58 of the Marine Living Resmes Act, 1998 (Act no. 18 of 1998).

The work for the main project was supported by Maional Research Foundation, South Africa, undeanG
number 2047517.

REFERENCES

Barendse, J., Best, P.B., Thornton, T., PomillaGarvalho, I. and Rosenbaum, H.C. 2010a. Migrateatefined? Seasonality, movements and
group composition of humpback whaMggaptera novaeangliagff the west coast of South AfricAfrican Journal of Marine Scien@32(1):
1-22.

Barendse, J., Best, P.B., Thornton, M., Elwen, SRdmilla, C., Carvalho, |. and Rosenbaum, H.C.0BOPhoto identification of humpback
whalesMegaptera novaeangliaeff West South Africa (Breeding Stock B2), and elipninary (sub-) population estimate. Paper SC/62/S
presented at the IWC Scientific Committee in Agaiorocco.

Barlow, J., Calambokidis, J., Falcone, E.A., Bak&S., Burdin, A.M., Clapham, P.J., Ford, J.K.BabBele, C.M., LeDuc, R., Mattila, D.K.,
Quin II, T.J., Rojas-Bracho, L., Straley, J.M., Tay B.L., Urban R., J., Wade, P., Weller, D., W\tten, B.H., Yamaguchi, M. 2011.
Humpback whale abundance in the North Pacific egtithby photographic capture-recapture with biasection from simulation studies.
Marine Mammal Science. DOI: 10.1111/j.1748-7692®00444.x

Blackmer, A.L., Anderson, S.K., and Weinrich, M.2Z000. Temporal variability in features used to phidentify humpback whales
(Megaptera novaeanglideMarine Mammal Scienck6(2): 338-354.

Burnham KP, Anderson DR, White GC, Brownie C. RakldKH. 1987. Design and analysis methods for figtvisal experiments based on
release—recapturblonograph 5, American Fisheries Socjégthesda, MD.

Calambokidis, J., Steiger, G.H., Straley, J.M.,rhi@n, L.M., Cerchio, S., Salden, D.R., Urban, JJRcobsen, J.K., von Ziegesar, O., Balcomb,
K.C., Gabriele, C.M., Dahlheim, M.E., Uchida, Slli&s G., Miyamura, Y., de Guevara, P.L.P., SabY.F., Mizroch, S., Rasmussen,
L.S.K., Barlow, J. and Quinn Il, T.J. 2001. Moverteeand population structure of humpback whalehé&North PacificMarine Mammal
Sciencel? (4): 769-794.

Clapham, P.J., Leimkuhler, E., Gray, B.K. and MetiD.K. 1995. Do humpback whales exhibit lateedinehaviourAnimal Behaviour50:
73-82.

Friday, N.A., Smith, T.D., Stevick, P.T., Allen, and Fernald, T. 2008. Balancing bias and precigioapture-recapture estimates of
abundanceMarine Mammal Scienc4 (2): 253-275.

Gowans, S. and Whitehead, H. 2006. Photographiatiftation of northern bottlenose whaleblyperoodon ampullatys sources of
heterogeneity from natural maridarine Mammal Scienck7(1): 76-93.

Gunnlaugsson, T. and Sigurjonsson, J. 1990. A patehe problem of false positives in the use ofuratmarking data for abundance
estimation Reports to the International Whaling Commisg{Bpecial Issue 12): 143-145.

Katona, S.K. and Whitehead, H.P. 1981. Identifyingnpback whales using their natural markirslar Record20(128): 439-441.

Kaufman, G.D., Smultea, M.A. and Forestell, P. 198%e of lateral body pigmentation patterns for tpgmphic identification of East
Australian (Area V) humpback whaleSetus7 (1): 5-13.

Larsen, F. and Hammond, P.S. 2004. Distribution amandance of West Greenland humpback whalegyéptera novaeanglidged. Zool.
Lond.263: 343-358.

Lukacs, P.M. and Burnham, K.P. 2005. Estimatinguteion size from DNA-based closed capture-recaptiata incorporating genotyping
error.Journal of Wildlife Manageme®9(1): 396-403.



Barendse & Best — Use of double marks to assegsredpeterogeneity of humpback whales SC/63/SH20

Mills, L.S., Citta, J.J., Lair, K.P., Schwartz, M.End Tallmon, D.A. 2000. Estimating animal abure#ansing non invasive DNA sampling:
promise and pitfallsEcological Applicationd0(1): 283-294.

Mizroch, S.A., Beard, J.A. and Lynde, M. 1990. Corep assisted photo-identification of humpback whaReports to the International
Whaling CommissiofSpecial Issue 12): 63-70.

Palsbgll, P.J., Allen, J.M., Bérubé, M., Claphaml. Preddersen, T.P., Hammond, P.S., Hudson, BaRgensen, H., Katona, S.K., Larsen,
A.H., Larsen, F., Lien, J., Mattila, D.K., Sigurgson, J., Sears, R., Smith, T., Sponer, R., StefAcknd. @ien. N. 1997. Genetic tagging of
humpback whaleNature388 (21 August): 767-769.

Perkins, J.S., Balcomb, K.C., Nichols, G., HallTA.Smultea, M., Thumser, N. 1985. Status of thest@&eenland humpback whale feeding
aggregation, 1981-8Reports of the International Whaling Commissgan 379-383.

Rice, M., Carlson, C., Chu, K., Dolphin, W. and ‘¢hiead, H. 1987. Are humpback whale populationmegés being biased by sexual
differences in fluking behaviouiReports to the International Whaling Commiss3an 333-335.

Rosenbaum, H.C., Clapham, P.J., Allen, J., Niceteaér, M., Jenner, K., Florez-Gonzéalez, L., UrkBR,, Ladrén, P.G., Mori, K., Yamaguchi,
M. and Baker, C.S. 1995. Geographic variation intra fluke pigmentation of humpback whaléegaptera novaeangliapopulations
worldwide. Marine Ecology Progress Serié24: 1-7.

Seber, G.A.F. 1982. The estimation of animal abonoeand related parameters (2nd edn). Wiley, Newk.Yo

Smith, T.D., Allen, J., Clapham, P.J., Hammond, R&tona, S., Larsen, F., Lien, J., Mattila, CalgBgll, P.J., Sigurjénsson, J., Stevick, P.T.,
Jien, N. 1999. An ocean-basin-wide mark-recapttudysof the North Atlantic humpback whald¢gaptera novaeanglidaeMarine Mammal
Sciencels: 1-32.

Straley, J.M., Quinn Il, T.J. and Gabriele, C.M080Assessment of mark-recapture models to estithatabundance of a humpback whale
feeding aggregation in Southeast AlaskeBiogeogrDo0i:10.111/j.1365-2699.2008.019606.x.12pp.

Stevick, P.T., Palsbgll, P.J., Smith, T.D., Bratorg M.V. and Hammond P.S. 2001. Errors in idecaifion using natural markings: rates,
sources, and effects on capture-recapture estimatsindanceCanadian Journal of Fisheries and Aquatic Scieb8e1861-1870.

Stevick, P.T., Aguayo, A., Allen, J., Avila, .GCapella, J.J., Castro, C., Chater, K., Rosa, LHdgel, M.H., Félix, F., Florez-Gonzélez, L.,
Freitas, A., Haase, B., Llano, M., Lodi, L., Mun&z, Olavarria, C., Secchi, E., Scheidat, M. arili&no, S. 2004. Migrations of individually
identified humpback whales between the Antarctigiff®ila and South Americdournal of Cetacean Research and Managere@)): 109-
113.

Wright, J.A., Barker, R.J., Schofield, M.R., Fran&zC., Byrom, A.E. and Gleeson, D.M. 2009. Incagitng genotype uncertainty into mark-
recapture-type models for estimating abundancegu3iA samplesBiometrics65: 833-840.



Barendse & Best — Use of double marks to assegsredpeterogeneity of humpback whales SC/63/SH20

TABLES

Table 1. False negative rates (no. missed matche® af total no. of matching opportunities) detdcfer
humpback whale photographic ID features, West Séiitita, using microsatellite matches as a contrattures
of quality and orientation > “poor” were used (asdbundance estimates).

ID feature Sample Matching Confirmed Missed False
occasions opportunities matches matches negative
rate (%)
MS (control) 88 32 - - -
LDF 58 29 25 4 13.8
RDF 49 22 20 2 9.09
TF 30 13 13 0 0

Table 2. Calculation of positive bias attributatdeoccurrence of false negatives in West Southcafiumpback
whales, when using dorsal fins as photographicel@re, using Chapman’s modified Petersen estinfstyrand

LDF capture-recapture data. Error rates derivethfoetected false negatives in Table 1 and % biksileted

relative to the uncorrected estimator.

Uncorrected

ji- i ni N1 M1 N* SE(N¥) CV(N¥) LCI ucCl -
1-2 39 49 8 221 56.02 0.25 136 361 -
2-3 49 11 1 299 154.92 0.52 115 778 -
3-4 11 16 0 203 133.99 0.66 62 660 -
4-5 16 13 1 118 59.75 0.51 46 301 -
5-6 13 28 3 101 35.62 0.35 51 197 -
Error correction factor = 0.09

i jiv1 ni Ni+1 Mi+g N* SE(N*) CV(N*) LCI UCl % bias
1-2 3549 4459 872 170 39.71 0.23 108 267 23
2-3 4459 10.01 1.09 239 120.12 0.50 94 606 20
3-4 10.01 14.56 0 170 111.73 0.66 53 550 16
4-5 1456 1183 1.09 95 46.26 0.49 38 234 20
5-6 11.83 2548 3.27 79 25.93 0.33 42 148 22
Error correction factor = 0.14

i jiv1 ni Ni+1 Mi+g N* SE(N*) CV(N*) LCI UCl % bias
1-2 3354 4214 9.12 146 32.48 0.22 95 225 34
2-3 42.14 9.46 114 210 103.46 0.49 84 524 30
3-4 9.46 13.76 0 153 100.24 0.65 48 494 24
4-5 13.76 11.18 1.14 83 39.80 0.48 34 202 30
5-6 11.18 24.08 3.42 68 21,51 0.32 37 125 32
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Table 3. Abundance estimates from the Chapman’sifreddPetersen estimatorNt) for various model
configurations using double marked (TF plus altéweamark) humpback whales identified during fisstmpling
period, and recaptures based on TF or alternataud whuring second sampling period. SE = standawat,e€CV =

coefficient of variation, LCl and UCI = lower angper 95% confidence intervals. Also shown is theam@nd SE
of mean) of all pair-wise estimates for each modealerror correction of 0.065 for MS, 0.09 for RC#nd 0.14 for
LDF was applied fon;,; andm,.

Ji-Jint n Ner M N* SE(N*) CV(N¥) LCI ucl Mean N*+ SE
{ni=TF&RDF,ni+1=RDF, m;+»1=RDF}

1-2 10 5272 327 137 45.19 0.33 73 257

2-3 15 1273 0 219 14478 0.66 67 713

3-4 9 1818 0 191  125.26 0.66 59 617

4-5 7 2273 0 189 12287 0.65 59 605

5-6 9 2454 109 121 59.21 0.49 49 300 171+18
{n=TF&RDF, ni:1=TF, m;1=TF}

ji-jint n Nsr Mg N¥ SE(N*) CV(N¥) LCI ucl Mean N*+ SE
1-2 10 16 3 46 14.58 0.32 25 84

2-3 15 10 0 175  114.89 0.66 54 566

3-4 9 7 1 39 17.89 0.46 17 92

4-5 7 9 0 79 50.20 0.64 25 247

5-6 9 16 1 84 41.23 0.49 34 209 85 + 24
{ni=TF&LDF, ni.;=LDF, mi.,;=LDF}

ji-jint n Ner M N¥ SE(N*) CV(N¥) LCI ucl Mean N*+ SE
1-2 11 4224 341 117 38.06 0.33 62 218

2-3 13 9.48 0 146 95.10 0.65 45 468

3-4 8 1379 0 132 85.70 0.65 41 422

4-5 6 1121 0 84 53.59 0.63 27 264

5-6 8 2414 114 105 49.89 0.48 43 254 117 £11
{ni=TF&LDF, nis1=TF, mi.1=TF}

Jijiet n; Nsr Mg N* SE(N*) CV(N¥) LCI ucl Mean N*+ SE
1-2 11 16 3 50 16.28 0.33 27 93

2-3 13 10 0 153 100.05 0.65 48 493

3-4 8 7 1 35 15.87 0.45 15 82

4-5 6 9 69 43.47 0.63 22 214

5-6 8 16 1 76 36.59 0.48 31 186 77+20
{Ni=TF&MS, ni;:1=MS, m;+1=MS}

Jijiet n; Nsr Mg N* SE(N*) CV(N¥) LCI ucl Mean N*+ SE
1-2 9 3834 213 125 49.17 0.39 59 263

2-3 8 1777 0 168 109.55 0.65 52 539

3-4 10 26.18 1.07 144 71.65 0.50 57 362

4-5 6 2057 107 72 33.35 0.46 30 171

5-6 7 2057 107 83 39.09 0.47 34 199 118 +18
{ni=TF&MS, niss=TF, mi.1=TF}

ji-jint n, Nsr Mg N¥ SE(N*) CV(N¥) LCI ucl Mean N*+ SE
1-2 9 1496 213 50 18.65 0.37 25 101

2-3 8 9.35 0 92 59.02 0.64 29 291

3-4 10 6.55 1.07 39 17.63 0.45 17 91

4-5 6 8.42 0 65 40.79 0.63 21 201

5-6 7 1496 1.07 61 28.38 0.47 25 145 61+9
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Figure 1. Numbers of resighted individual humpbatiales ( = 60) for which specific identification feature&re
not collected.
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Figure 2. Probability for recording a photograpidientification feature for individual (resightedympback
whales, calculated as the number of times a fedtaildluke or dorsal fin) was recorded as profmortof the total
number of times that the whale was intercepted.
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Figure 3. Chapman’s modified Petersen abundanamagsts between pairs of adjacent sampling periadedon
double marks (TF plus alternative mark) durm@nd single mark (TF or alternative mark) fpr andm,,. Dotted
lines indicate models using TF as mark, and safidsl alternative mark used duripg. Squares indicate RDF,
circles LDF, and triangles MS used as the alter(@deble) marks. Where applicable an error coroectif 0.065
for MS, 0.09 for RDF, and 0.14 for LDF was introdddorn;,; andm;. Also see Table 3.
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