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Abstract A systematic, reliable method for identify-
ing white sharks, Carcharodon carcharias Linnaeus,
from underwater photographs was developed and
applied to examine site Wlelity at Guadalupe Island,
Mexico (29°N, 118°W). The most reliable features for
repeat identiVéation in multiple years were the pig-
ment patterns on the gill Xaps, pelvicWhs, and caudal
Wis. Pigment patterns in all three regions were asym-
metrical on the right and left sides making it necessary
to photograph both sides to catalog each individual.
However, once cataloged, an individual could be re-
identived using a partial body image. Using this
method, 73 individuals were ident\éd between 2001
and 2005. SiteWdelity was indicated through repeated
annual sightings of individuals with 78% of the identi-
%d sharks observed over at least 2 years. Males were
found to arrive at Guadalupe Island as early as July
and females in September. Peak abundances at the site
occurred August...December. The sex ratio was not sig-
niV¢antly diVerent from unity in 2002, 2004, and 2005.
This monitoring technique has shown Guadalupe
Island to be an important white shark aggregation site
in the eastern Paci¢.

Introduction

The white shark Carcharodon carchariasis a large
(> 5 m) apex predator that occurs throughout temper-
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ate and tropical oceans in relatively low densities.
Although occasionally targeted by trophy hunters,
white sharks have not been subject to large-scale
directed Véheries. Incidental mortalities result from
longline and gillnet Vdheries and mesh enclosures
designed to protect swimmers from sharks (Paterson
1986. There are insuY cient data for the analysis of
population trends, but white sharks have been recog-
nized as particularly vulnerable to rapid stock declines
[[TUCN Red List as Vulnerable (Baillie and Groom-
bridge 1996 and 2005 listing in CITES appendix Il
(CITES, convention of the international trade in
endangered species of wild fauna anckora)] due to its
low intrinsic rate of population increase (Cailliet et al.
1985 Francis1996 Pratt 1996 Smith et al. 1998 Comp-
agno 200)) and naturally rare occurrence.

Electronic tagging studies have shown that juvenile
white sharks have a strong & nity for coastal regions
(Dewar et al. 2004 while adult sharks are capable of
long distance seasonal migrations, taking them into the
pelagic realm (Boustany et al.2002 BonW et al. 2005).
Adult white sharks prey extensively on pinnipeds and
other marine mammals and have been shown to aggre-
gate seasonally around pinniped haulout sites (Tricas
and McCosker 1984 Ainley etal. 1985 Strong et al.
1992 Klimley et al. 1996). Such aggregations have been
identiViéd oV the Farallon Islands, California (Klimley
etal. 1992 Klimley and Anderson 1996 Pyle etal.
19963, the southern coast of South Africa (Bass et al.
1975 CliV et al. 1996 Ferreira and Ferreira 1996 and
Spencer Gulf, South Australia (Strong etal. 1992
1996.

The occurrence of white shark aggregations consti-
tutes a period of local vulnerability when directed or
incidental harvest could quickly lead to local, if not

123



978

Mar Biol (2007) 150:977-984

regional sharp population decline. These aggregations
have the potential to become important population
monitoring sites, particularly if individuals can be eas-
ily and reliably identified. Previous studies used photo-
graphic identification (photo-I1D) of individual white
sharks to help collect data on spatiotemporal differ-
ences in sex ratio (Strong etal. 1996) and residency
patterns (Klimley and Anderson 1996), as well as short
and long distance movements (Anderson and Gold-
man 1996; Bonfil 2005). These previous white shark
photo-ID studies used identifying characters that
included distinguishing nicks on the trailing edge of the
dorsal and caudal fins, the presence of pigmented spots
on the dorsal fin, scars on the flanks, and estimates of
total length. The dorsal fin and upper lobe of the cau-
dal fin (the primary characters used in the above stud-
ies) can conveniently be photographed from land or
the deck of a vessel, but the fact that not all fins have
distinguishing marks and that small marks can quickly
be erased by a new, larger mark, creates serious prob-
lems for long-term monitoring of individuals.

Here we describe a systematic approach to the iden-
tification of individual white sharks using photographs
taken underwater at Guadalupe Island, Mexico. In
applying this method over a 5-year span, we have
addressed the following questions: (1) can characters
be found to repeatedly identify individuals over several
years? (2) do white sharks at Guadalupe Island exhibit
site fidelity? and (3) are there temporal patterns to
white shark visitation of Guadalupe Island?

Materials and methods

Guadalupe Island is a sheer volcanic island 407 km
south-southwest of San Diego, California, and 260 km
offshore of Baja California, Mexico (Fig. 1). The island
rises out of deep water (> 3,500 m) and stretches 41 km
in a north/south direction and 15 km across at the wid-
est point. Guadalupe Island is both a Mexican nature
preserve (dedicated in 1925) and a pinniped sanctuary
(1975). The island serves as a haulout and pupping site
for the Northern elephant seal Mirounga angustirostris,
the Guadalupe fur seal Arctocephalus townsendi, and
the California sea lion Zalophus californianus.
Multiple trips to Guadalupe Island were made in
January and June through December between 1999
and 2005. Underwater visibility at Guadalupe Island
was relatively good allowing for excellent quality
underwater images of white sharks (C. carcharias
Linnaeus). Sharks were attracted to the vessel by
chumming fish and blood. Photographic images were
obtained from video and still cameras operated by a
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Fig. 1 Guadalupe Island off the coast of Baja with 1,000 m con-
tours

caged diver or through the use of a camera mounted on
a hand-held pole. Images were taken by the senior
author and divers who volunteered images after visit-
ing the site on commercial cage dive operations that
began in 2002. Photographer, date, and location were
logged for each photograph.

White sharks exhibit counter-shading, consisting of
a dark gray dorsal surface and a white ventral surface;
it is the irregular border between the gray and white
regions that lends itself to photo-ID of individuals.
Three regions of the body proved superior for individ-
ual identification, due to consistently high degrees of
variability: the gill flaps (extension of the inter-brachial
septum), pelvic fin region, and caudal fin region. Multi-
ple pigment pattern types were defined for each of the
three body regions to aid in the re-identification pro-
cess; this allowed the number of possible ID matches to
be efficiently narrowed to a few candidate sharks from
which the exact unique pigment patterns were then
matched to a single shark. Two non-pigment characters
were also recorded to aid re-identification: (1) the sex
of the fish and (2) permanent trauma-induced mark-
ings (i.e., major scars, fin damage, or mutilations).

Gill flap pigment patterns

Three gill flap patterns were defined by the presence of
white on individual flaps above the plane of pectoral fin
insertion (Fig. 2). Type | (GF 1) had white coloration
on only the first gill flap, GF Il had white on the first
and second gill flaps, and GF 111 had white on the first,
second, and third gill flaps. These gill flap types
appeared different when a shark was turning, as the
amount of overlap between adjacent slits changed, so
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