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ABSTRACT: We used photo-identification data collected from 2003 through 2009 to estimate pop-
ulation structure, site fidelity, abundance, and movements of this species along the west coast of
the Gulf of California to make recommendations for effective conservation and management. Of
251 whale sharks identified from 1784 photographs, 129 sharks were identified in Bahia de Los
Angeles and 125 in Bahia de La Paz. Only juveniles (mostly small) were found in these 2 bays. At
Isla Espiritu Santo, we identified adult females; at Gorda Banks we identified 15 pregnant
females. High re-sighting rates within and across years provided evidence of site fidelity among
juvenile sharks in the 2 bays. Though the juveniles were not permanent residents, they used the
areas regularly from year to year. A proportion of the juveniles spent days to a month or more in
the coastal waters of the 2 bays before leaving, and periods of over a month outside the study areas
before entering the bays again. Additionally, 26 juveniles migrated between Bahia de Los Angeles
and Bahia de La Paz. Pregnant females aggregated for a few days in oceanic waters at Isla Espiritu
Santo and Gorda Banks, but no re-sightings occurred between years. The presence of pregnant
females and small juveniles (2 m) suggests the presence of a nursery near the 2 far offshore areas.
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These 4 localities are important for conservation of this endangered species.
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INTRODUCTION

Whale sharks Rhincodon typus are epipelagic, with
worldwide distribution in tropical and subtropical
seas (Compagno 1984, Wolfson 1986, Stevens 2007).
Global abundance of whale sharks is unknown, al-
though declines at some localities are linked to tar-
geted fisheries (CITES 2002). As a result, whale
sharks are globally listed as ‘Vulnerable' by the [TUCN
and included in Appendix II of CITES and the red list
in Mexico in 2001 (DOF 2002). Whale sharks are fun-
damentally vulnerable to exploitation and other im-
pacts related to their life history, including late matu-
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ration, extended longevity, and small population size
(Colman 1997, Wintner 2000, CITES 2002).

The spot pattern of a whale shark is unique to each
and is an effective marker for capture-mark-recap-
ture studies (Taylor 1994, Arzoumanian et al. 2005).
Underwater photographs of sharks, combined with
photo-comparison software, are used to identify re-
sighted sharks, which, in turn, contribute to esti-
mates of population size, age structure, sex ratio, site
fidelity, and trends in abundance. This technique has
been applied to whale shark aggregations off West-
ern Australia (Meekan et al. 2006, Holmberg et al.
2008, 2009), Belize (Graham & Roberts 2007), the
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Seychelles (Rowat et al. 2009), the Maldives (Riley et
al. 2010), Djibouti (Rowat et al. 2011), and Isla Hol-
box, adjacent to the northern tip of the Yucatan
Peninsula (Ramirez-Macias et al. 2012). These stud-
ies show that most aggregations are composed of
juvenile male whale sharks (<8 m length). Most pho-
tographs identify sharks that are sighted only once,
indicating a preponderance of transient sharks; only
a small proportion of sightings consists of returning
sharks, sometimes after periods of more than a de-
cade (Meekan et al. 2006).

Studies of whale shark migrations generally de-
pend on remote tracking (e.g. Eckert & Stewart
2001). Opportunistic identification of individuals pro-
vides data that is used to create realistic migration
models (Whitehead 2001).

Whale sharks have been recorded in the Gulf of
California since 1858 (Wolfson 1987). Eckert & Stew-
art (2001) conducted a telemetry study to document
migrations of whale sharks in the Gulf of California
and the northern Pacific Ocean; apparently 1 tagged
whale shark showed this movement, suggesting that
whale sharks range widely, at least in the North
Pacific Ocean, and perhaps make migrations that
take several years to complete. Population genetics
indicate that whale sharks in the Gulf of California
are genetically related; movements of 2 sharks
between Bahia de Los Angeles and Bahia de La Paz
(separated by 700 km) have been seen as well as the
return of 4 individuals to the same area in the follow-

32° A +
N
30° +
28° +
Pacific
Ocean
26° + +
24° + +

118°W  116° 114° 112° 110°

Fig. 1. Rhincodon typus. Aggregation area of whale sharks

on the west side of the Gulf of California. BLA: Bahia de Los

Angeles; BLP: Bahia de La Paz; GB: Gorda Banks; IES: Isla
Espiritu Santo

ing year (Ramirez-Macias et al. 2007). Also, whale
sharks segregate themselves by sex and size; preg-
nant females and small juveniles (2 m) in 2 relatively
small areas suggest nearby nursery areas (Ramirez-
Macias et al. 2007). Understanding seasonality, ab-
undance, population structure, and home range of
the population in aggregation areas is needed for
effective management of whale sharks.

The present study reports on the use of the photo-
identification method to estimate annual abundance,
population structure, site affinity, and regional move-
ments of whale sharks that aggregate in Bahia de Los
Angeles, Bahia de La Paz, offshore Isla Espiritu
Santo, and near the seamounts forming Gorda Banks
east of San Jose del Cabo. We discuss our findings
according to the implications for management.

MATERIALS AND METHODS
Study site and data collection

The data on whale sharks Rhincodon typus were
collected mainly by researchers and trained volun-
teers from 2003 through 2009 at 4 sites on the western
side of the Gulf of California (Fig. 1). In Bahia de Los
Angeles, 3 short-term monitoring programs were car-
ried out in October 2003, from 2004 to 2007, and from
May through November in 2008 and 2009. In Bahia
de La Paz, the surveys were conducted during the ag-
gregation season from 2003 through 2009. During the
early surveys, our field work was limited to the same
time as the previous aggregation season, August
through November (Wolfson 1987, Clark & Nelson
1997, Ketchum 2003). In the final 2 seasons, we sur-
veyed from August until no whale sharks had been
sighted fot at least 1 wk. During all aggregation sea-
sons, we carried out at least 1 survey each week dur-
ing each season. The surveys from 2004 through 2009
at Isla Espiritu Santo were made in May and June; in
2009 a spotter airplane was used to find pregnant fe-
males in this area (Wolfson 1987, Clark & Nelson
1997, Ketchum 2003). Gorda Banks was visited when
local fishermen informed us that whale sharks were
present (2003, 2005, 2006, 2007). Table 1 summarizes
the effort made at the 4 localities.

At each encounter with a whale shark, gender was
determined by the presence of claspers on males.
Claspers are short, soft, and smooth in sexually im-
mature males, but quickly grow and calcify during
maturation (Norman & Stevens 2007); in adult sharks,
they often appear rough and abraded (Joung & Chen
1995). We recorded the form of the claspers to distin-
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Table 1. Rhincodon typus. Summary of photo-identification

(left side only) of whale sharks. Totals for sharks identified

do not include re-sightings. BLP: Bahia de La Paz; BLA:

Bahia de Los Angeles; GB: Gorda Banks; IES: Isla Espiritu
Santo; —: no survey conducted

Year —— Surveys Sharks identified

Total BLP BLA GB IES BLP BLA GB IES
2003 21 10 8 3 - 0 12 5 -
2004 16 6 3 - 7 8 8 - 0
2005 58 31 15 3 9 30 o 0 O
2006 29 8 3 11 7 19 4 10 O
2007 34 13 6 5 10 20 10 O 1
2008 54 29 18 - 7 33 40 1
2009 82 53 25 - 4 54 73 - 6
Total 304 150 78 22 44 125 129 15 8

guish immature from mature males. It was not possi-
ble to determine sexual maturity in females by obser-
vation, except when the sharks were obviously preg-
nant. Prominent scars were also recorded. Total
length (TL; tip of snout to end of caudal fin) was esti-
mated by (1) swimming alongside each shark and
measuring length with a marked line, and using the
mean of 3 measurements to reduce human error or (2)
repeated observations of sharks swimming parallel to
vessels of known size (Ramirez-Macias et al. 2007).

Photo-identification

The area used for identification of whale sharks is
the spot-and-stripe pattern between the last gill slit
and forward of the dorsal fin (Taylor 1994, Arzou-
manian et al. 2005); we photographed this area with
a waterproof digital camera. When possible, both the
left and right sides were photographed. Images in
our photograph library were separated for analysis
based on gender (male, female, undetermined) and
were compared by Interactive Individual Identifica-
tion System software (IS software; van Tienhoven et
al. 2007), as further described by Speed et al. (2007).
Capture history was based on photo-identification of
images of the left side, because these were more
common in the database than right-side images.

At each locality, new identifications were plotted
over time in a discovery curve to illustrate the rate at
which newly identified individuals were encountered.

For Bahia de Los Angeles and Bahia de La Paz, the
null hypothesis of frequency differences among gen-
der classes over time (years and months) and locali-
ties was tested using the G-test of independence,
used for likelihood ratio or maximume-likelihood sta-
tistical significance tests.

Site fidelity

Re-sighting events were tracked over time. The
period of membership of individual sharks within
each aggregation was determined by the presence or
absence of each individual at any time during that
aggregation season (Rowat et al. 2011).

To estimate the amount of time identified individu-
als reside in Bahia de Los Angeles and Bahia de La
Paz, we calculated the lag identification rate (LIR),
which is the probability of identifying an individual
given its identification some lag time earlier (White-
head 2007). All LIR estimates were calculated using
SOCPROG 2.3 software (Whitehead 2009). Two mod-
els of residency were fitted to the residency data
using quasi-Akaike's information criterion (QAIC)
methods to determine the best model. QAIC model-
fitting was chosen over AIC model-fitting because of
variance over dispersion (Whitehead 2007). The 2
models fitted were (1) a model that allows for emigra-
tion and re-immigration and (2) a model that allows
for emigration, re-immigration, and mortality.

Abundance

We estimated seasonal abundance in Bahia de Los
Angeles (2008 and 2009) and Bahia de La Paz (2005
through 2009). After discarding photographs of poor
quality (Speed et al. 2007), capture histories, consisting
of seasonal re-sightings, were constructed using
matches identified by I*S software. Given our under-
standing of this species, we cannot assume that the
population was closed during the study period. The
interval of sampling was run every 2 wk (Holmberg et
al. 2009), using the Jolly-Seber open-population model
(Schwarz & Arnason 1996) in the POPAN option in the
MARK software (White & Burnham 1999). For t cap-
ture occasions, the model provides t — 1 estimates of ¢
(apparent survival), t estimates of p (capture probabil-
ity, given the animal is alive and available for capture),
t — 1 estimates of B (probability of entry into the popu-
lation per occasion), and N (super-population size).
Models were fitted using the logit link function for ¢
and p, the identity link function for N and the multi-
nominal logit link function to constrain the set of P
parameters to <1 (otherwise, convergence can be
problematic; White & Burnham 1999). Estimates of ¢,
p, and  were not developed under the full Cormack-
Jolly-Seber mark-capture framework, since estimating
these parameters was not the main objective of the
study (White & Burnham 1999, Meekan et al. 2006,
Rowat et al. 2009, Ramirez-Macias et al. 2012).
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An estimate of demographic parameters using
open models is based on several assumptions: (1) all
individuals possess unique markings and these are
stable over time; (2) marks are not lost or missed; (3)
every marked animal in the population at time i has
the same probability of recapture (p;); (4) every
marked animal in the population immediately after
time i has the same probability of surviving to time 1 +
1; and (5) all samples are instantaneous, relative to
the interval between occasions i and i + 1, and each
release is made immediately after the sample.

The first and second assumptions were addressed
by using the spot pattern of whale sharks; each pattern
is unique to each animal and is an effective marker for
capture-mark-recapture studies (Taylor 1994, Arzou-
manian et al. 2005). For the third and fourth assump-
tions, we used the program RELESE GOF as imple-
mented in the MARK program (White & Burnham
1999) to test for violations of the model assumption
from heterogeneity in capture probability (Test 2) and
survival (Test 3). Although the final assumption is
never literally met in a wildlife study, the survey
period should be short, relative to the survival interval.
In this way, survival estimate intervals are of equal
duration and there is a reduced chance of any mortal-
ity occurring within a re-sighting period. In our case,
re-sighting effort was spread unevenly and at all times
of the year, so that we could not use all the data with-
out violating the instantaneous sampling assumption.
Instead, we used only the re-sighting data from the

same relatively intensive survey periods used to esti-
mate abundance, and the sampling occasions selected
for analysis were short in duration (2 wk).

Movements between Bahia de Los Angeles
and Bahia de La Paz

We sighted some whale sharks in both Bahia de
Los Angeles and Bahia de La Paz, so the analysis is of
these 2 localities. We used the SOCPROG 2.3 soft-
ware (Whitehead 2009) to estimate the probability
that if an individual is identified in Bahia de Los
Angeles, it is identified in Bahia de La Paz at a later
time and vice versa.

RESULTS
Photo-identification

At all localities, new Rhincodon typus individuals
were steadily identified throughout the study (Fig. 2);
the cumulative curve never reached an asymptote.
We identified 251 whale sharks from 1784 photo-
graphs; of these, 129 sharks were identified in Bahia
de Los Angeles, 125 in Bahia de La Paz, 15 at Gorda
Banks, and 8 at Isla Espiritu Santo. Of the 251 whale
sharks, 26 sharks were seen in both Bahia de Los
Angeles and Bahia de La Paz.
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Rhincodon typus. Cumulative number of identifications of new whale sharks against the cumulative number of all

identifications: (a) Bahia de Los Angeles, (b) Bahia de La Paz, (c) Gorda Banks, and (d) Isla Espiritu Santo
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Population structure

All sharks near the shore of Bahia de Los Angeles
and Bahia de La Paz were juveniles, with the excep-
tion of 1 female (9 m) in 2009 in Bahia de los Ange-
les. Only pregnant females were sighted in deep
water around Gorda Banks and Isla Espiritu Santo
(Fig. 3).

Of 129 sharks identified in Bahia de Los Angeles,
68.5% were male, 21.5% were female, and 10%
were not determined; length ranged from 2.5 to 9 m,
with a mode of 5 m (Fig. 4).

Of 125 sharks identified in Bahia de La Paz, 69 %
were male, 23% were female, and 8% were not

Fig. 3. Rhincodon typus. Distended bellies of pregnant female whale sharks
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determined; length ranged from 2 to 7 m, with a
mode at 4 m (Fig. 4). The male:female ratio at both
sites was the same (G; = 0.03, p > 0.86).

At Gorda Banks, 15 pregnant females were identi-
fied, ranging from 9 to 12 m; at Isla Espiritu Santo, 8
pregnant females were identified, ranging from 9 to
13 m (Fig. 4).

Site fidelity

Of 129 identified sharks in Bahia de Los Angeles,
64 (49%) were subsequently re-identified at least
once at this locality (Table 2). Of these, 16 (12 %)
were re-sighted between years; the
sex ratio of re-sighted sharks in multi-
ple years did not differ from that of the
original population (G; = 0.003, p >
0.5). After excluding the 60 individuals
that were seen for the first time in
2009, 69 remained. Of these, 53 were
only seen in 1 yr, while 16 were re-
sighted individuals, 12 (75%) were
seen in 2 consecutive years, and 4
(25%) were seen 3 to 7 yr later
(Table 2). Of these last 4, 1 was seen in
3 consecutive years; the rest were seen
3, 4, or 7 yr apart. The mean elapsed
time between re-sightings was 2.7 yr.
The most frequent length of returning
sharks was 6 m, followed by 5 m.

The LIR of whale sharks fell after
lags of approximately 3 to 30 d and
then leveled off above zero at longer
time lags, although a few animals
stayed up to 146 d (season up to 175 d)
(Fig. 5a). This pattern suggests that
animals may spend periods of up to
30 d in the bay before leaving the
study area. The LIR leveled off above
zero, suggesting that some animals are
permanent residents and/or others re-
immigrate into the study area after
longer time lags. Of the 2 models
applied to the data, the model curve of
emigration, re-immigration, and mor-
tality in the study area fitted the data
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Fig. 4. Rhincodon typus. Size-frequency distribution of whale sharks observed
in Bahia de Los Angeles (BLA), Bahia de La Paz (BLP), Isla Espiritu Santo
(IES), and Gorda Banks (GB) from 2003 through 2010, based on 220 photo-
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best (Fig. 5a).The maximum number of
re-sightings for any identified shark
was 10, while the average number of
re-sightings was 2.3, and the longest
period between re-sighting events
was 2220 d.
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Table 2. Rhincodon typus. Summary of sightings of whale

sharks in Bahia de Los Angeles, based on photo-identifica-

tion (left-side only). No sharks were observed in 2005. CI:
confidence interval; SE: standard error

2003 2004 2006 2007 2008 2009 Total

No. of surveys 8 3 3 6 18 25 63
Identified sharks 12 8 4 10 40 73 147
Re-sightings

1 yr before 4 0 0 1 9 14

22 yr before 0 0 0 0 4 4
Total matched 4 0 0 1 13 18
New sharks 12 4 4 10 39 60 129
Percent matched 50 0 0 25 178 -
Abundance 54 94
CI 46-69 84-110
SE 5 6
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Fig. 5. Rhincodon typus. Lagged identification rate for whale
sharks in coastal waters of (a) Bahia de Los Angeles and (b)
Bahia de La Paz, with the expected lagged identification
rates (black bars) and estimated standard errors (error bars)
from the emigration, re-immigration, and mortality model
fitted to the data using maximume-likelihood statistics

Of the 125 sharks identified in Bahia de La Paz, 61
(49 %) were subsequently re-sighted at least once in
the bay, including 22 (17.6%) which were re-
sighted between years; the sex ratio of re-sighted
sharks in multiple years did not differ from that of
the original population (G; = 0.34, p > 0.5) (Table 3).
Of the 125 identified sharks, 39 were identified for

Table 3. Rhincodon typus. Summary of sightings of whale
sharks in Bahia de La Paz, based on photo-identification
(left-side only). CI: confidence interval; SE: standard error

2004 2005 2006 2007 2008 2009 Total

No. of surveys 6 31 8 13 29 53 134
Identified sharks 8 30 19 20 33 54 164
Re-sightings

1 yr before 5 3 3 2 6 19

> 2 yr before 3 4 4 9 20
Total matched 5 6 7 6 15 39
New sharks 8 25 13 13 27 39 125
Percent matched 16.7 31.6 35 182 278 -
Abundance 36 19 20 33 62
CI 32-46 19 26-3130-42 58-72
SE 332 0 251 247 341

the first time in 2009, leaving 86 sharks available for
multiple-year sightings; 64 sharks were seen only
once. Of the 22 that were re-sighted, 10 (45 %) were
seen 2 yr apart and the other 12 (55%) were re-
sighted between 3 and 6 yr apart. Of these 12, 3
were not seen in consecutive years; of the rest, 1
was re-sighted in 4 successive years, then was not
seen in the next year, but was re-sighted in the sixth
year. Another was seen in 2 successive years, did
not appear in the third year, and then was sighted
in the next 2 years. Another juvenile was re-sighted
in 6 successive years. Other multiple-sightings in-
cluded 4 sharks sighted 3 years in a row and 2
sighted 4 years in a row (Table 3). The mean period
of the membership was 3 years. The most common
total length of the returning sharks was 4 m, fol-
lowed by 3 m.

The LIR of whale sharks fell after lags of approxi-
mately 3 to 60 d and then leveled off above zero at
longer time lags (Fig. 5b). This pattern suggests that
most animals spend periods of up to 60 d in the bay
before leaving the study area, although a few ani-
mals may stay up to 153 d. The LIR leveled off
above zero, suggesting that some animals are per-
manent residents and/or others re-immigrate into
the study area after longer time lags. Of the 2 mod-
els applied to the data, the model curve of emigra-
tion, re-immigration, and mortality in the study area
fitted the data (Fig. 5b) The maximum number of re-
sightings for any identified shark was 51, while the
average number of re-sightings was 5.19, and the
longest period between re-sighting events was
1954 d.

At Gorda Banks, no whale shark was re-sighted; at
Isla Espiritu Santo, 2 (25%) whale sharks were re-
sighted at least once in the same season separated by
days.
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Abundance

Our dataset did not fail the test for homogeneity of
capture and survival probabilities (Test 2 and Test 3),
yielding p-values >0.87, but the data for Bahia de La
Paz from 2007 were insufficient for this test; however,
we know of no systematic behavior, such as signifi-
cantly different residency times among marked indi-
viduals, that would cause intra-seasonal heterogene-
ity in capture probability while allowing capture
probability for primary periods to remain homoge-
neous under the available tests (Holmberg et al.
2009).

Bahia de Los Angeles. In 2008 and 2009, surveys
were made during the season of aggregation, from
August through November in 2008 and from May
through November in 2009. In both years, October
was the month of highest abundance (Fig. 6). There
was no change in the female:male ratio during the
years 2003, 2008, and 2009 (G, = 1.91, p > 0.38) or
months (2008: G3 =1.92, p > 0.59; 2009: G5 =4.45, p >
0.45; Fig. 6). Based on the open population models
(POPAN option), in 2008, estimated abundance was
54 sharks (95% CI = 46 to 69, SE = 5); in 2009, esti-
mated abundance was 94 sharks (95% CI =84 to 110,
SE = 6) (Table 2).

Bahia de La Paz. Abundance during seasonal ag-
gregations varied over the years (Fig. 7); there was
no change in female:male ratios between years (G3 =
2.25, p > 0.68) or months (2005: G4 = 0.89, p > 0.90;
2006: G; = 0.14, p > 0.70; 2007: G; = 0.71, p > 0.39;
2008: Gz = 1.14, p > 0.76; 2009: G, = 2.71, p > 0.60;
Fig. 7). Based on open population models (POPAN
option), abundance during aggregation seasons
ranged from 19 (95 %) to 62 (95 % CI = 58 to 72) whale
sharks (Table 3).

2008 (%)

Isla Espiritu Santo. Surrounding this island, we
sighted 1 to 5 pregnant females in May and June.
There were no re-sightings of females between
years.

Gorda Banks. We sighted 5 to 10 pregnant females
between April and June. There were no re-sightings
of pregnant females between years.

Movements between Bahia de Los Angeles and
Bahia de La Paz

During our field surveys, we photographed 129
juveniles in Bahia de Los Angeles and 125 in Bahia
de La Paz. Of these 254 juvenile sharks, 26 (11.40 %)
moved between the 2 bays; the sex ratio of re-
sighted sharks in multiple years did not differ from
that of the original population (G; = 0.12, p > 0.5).
Eighteen moved from Bahia de Los Angeles to
Bahia de La Paz, 4 from Bahia de La Paz to Bahia de
los Angeles, 3 sharks did a round trip starting in
Bahia de la Paz, moving to Bahia de Los Angeles,
and returning to Bahia de La Paz; 2 whale sharks
did a round trip starting in Bahia de Los Angeles,
moving to La Paz, and returning to Bahia de Los
Angeles, and moving again to Bahia de La Paz
(Fig. 8).

The data from 2008 and 2009 indicate the percent-
age of the individuals moving between these 2 local-
ities. In 2008, of the 40 sharks identified in Bahia de
los Angeles, 7 (17.5%) were re-sighted in Bahia de
La Paz; and, in 2009, of 74 sharks, 12 (16.21 %) were
re-sighted in Bahia de La Paz. In 2008, of the 33
sharks first identified at Bahia de La Paz, 7 (21.21 %)
were re-sighted in 2009 in Bahia de Los Angeles
(Table 4).
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Fig. 6. Rhincodon typus. Juvenile whale sharks in Bahia de Los Angeles in (a) 2008 and (b) 2009. Percentage of whale sharks
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the number of whale sharks photographed
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Fig. 7. Rhincodon typus. Juvenile whale sharks in Bahia de La Paz during 6 yr. Percentage of whale sharks by sex (dark grey:
male; light grey: female; white: indeterminate) and by month, based on photo-identification. Above bars are the number of
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The LIR of whale sharks that moved from Bahia de
los Angeles to Bahia de La Paz was highest after 20 to
100 d and then leveled off above zero at longer time
lags (Fig. 9). This pattern suggests that the animals
moved from Bahia de Los Angeles to Bahia de La Paz
in a period of 20 to 100 d, although few animals were
seen at La Paz after 248 d. The LIR leveled off above
zero, suggesting that some animals moved after
longer time lags. The LIR of whale sharks that moved
from Bahia de La Paz to Bahia de Los Angeles was
highest after 100 to 200 d and then leveled off above
zero at longer time lags (Fig. 9). This pattern suggests
that the animals moved from Bahia de La Paz to
Bahia de Los Angeles in a period of 100 to 200 d,

although a few animals were seen in Bahia de Los
Angeles after 337 d. The LIR leveled off above zero,
suggesting that some animals moved after longer
time lags.

DISCUSSION

With photo-identification, we identified individual
whale sharks Rhincodon typus and monitored the
general population at 4 sites, including re-sightings
within and between years and localities. The number
of re-sightings indicates some site fidelity of juve-
niles during the aggregation season.
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Fig. 8. Rhincodon typus. Time data for 26 whale sharks migrating between Bahia de Los Angeles (BLA) and Bahia de La Paz
(BLP). Values show the total number of whale sharks identified at BLA and BLP, and the number observed to migrate between
the 2 sites

Table 4. Rhincodon typus. Summary of re-sightings of whale

sharks, based on photo-identification. BLA: Bahia de Los

Angeles; BLP: Bahia de La Paz; BLA > BLP: whale sharks

migrating from BLA to BLP in the same year; BLP > BLA:

whale sharks migrating from BLP to BLA in the same or
following year

2004 2006 2007 2008 2009
BLA 8 4 10 40 73
BLP 8 19 21 54
BLA > BLP 1 2 0 7 12
BLA > BLP (%) 175 164
BLP > BLA 7
BLP > BLA (%) 21.0

Population structure

Our data confirm that whale sharks in the Gulf of
California segregate by size and sex. Juveniles
aggregate in the shallower waters of Bahia de La Paz
and Bahia de Los Angeles. Pregnant females aggre-
gate in deeper waters in the southern part of the Gulf
of California (Eckert & Stewart 2001, Ketchum 2003,
Ramirez-Macias et al. 2007).

Of the juveniles sighted in the coastal waters of the
2 bays, the modal length of small (4 and 5 m) sharks
is similar to that of juveniles aggregating near Dji-
bouti (Rowat et al. 2007), but contrasts with that of
aggregations among the reefs of Belize, Australia,
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Fig. 9. Rhincodon typus. Lagged identification rate for whale
sharks migrating from (a) Bahia de Los Angeles (BLA) to
Bahia de La Paz (BLP) and (b) vice versa

the Maldives, and the Gulf of Mexico, which are 6 to
7 m long (Meekan et al. 2006, Graham & Roberts
2007, Riley et al. 2010, Ramirez-Macias et al. 2012).
Pregnant females (9 to 13 m) aggregate in deeper,
offshore areas in the southern part of the Gulf of Cal-
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ifornia; these females are considerably larger than
females reported in most other localities. In the Gala-
pagos, aggregations are composed of large (9+ m)
pregnant females (Alex Antoniou, Shark Research
Institude, pers. comm.). Large pregnant females have
also been seen at Islas Revillagigedo (18°49'N,
112°46' W; D. Ramirez-Macias pers. obs.).

According to Rowat et al. (2008), juveniles (<3 m)
are likely to remain fairly close to their birthing
areas. The presence of very small sharks (~2 m) in
Bahia de La Paz and aggregations of pregnant
females in southern waters of the Gulf of California
suggest the presence of a nursery near the studied
areas (Bahia de La Paz, Isla Espiritu Santo, and
Gorda Banks), probably in deep waters (Ketchum
2003, Ramirez-Macias et al. 2007). In most cases,
capture of whale shark neonates were in deep water,
considerably deeper (2650 to 4750 m) than the depth
at which adult whale sharks aggregate (Wolfson
1983, Kukuyev 1995, Rowat et al. 2008, Aca & Schmidt
2011).

Nursery areas for shark populations are regions
where young are born or reside as they grow towards
maturity. Different criteria have been used to identify
these localities. Heupel et al. (2007) suggested using
3 primary criteria to identify newborn or young-of-
the-year individuals (i.e. <1 yr old): (1) sharks are
more commonly encountered in the area than in
other areas, i.e. density in the area is greater than the
mean density over all areas; (2) sharks have a ten-
dency to remain or return for extended periods
(weeks or months), i.e. site fidelity is greater than the
mean site fidelity for all areas; and (3) the area or
habitat is repeatedly used across years, whereas oth-
ers are not. The absence of whale shark neonates
does not necessarily mean the absence of a nursery
near the study areas.

According to Bass (1978), primary nursery areas
are those where young sharks are actually born and
spend the first part of their lives. Secondary nursery
areas are inhabited by slightly older, but not yet ado-
lescent sharks. Normally, juveniles find food and pro-
tection from predators. Some authors distinguish
between protected and unprotected habitats, based
on the presence or absence of predators (Branstetter
1990). Accordingly, the 2 bays are protected second-
ary nurseries.

The sex ratio in the 2 bays is similar, about 3:1 in
favor of males. Male-biased sex ratios among juve-
niles appear typical of aggregations worldwide
(Meekan et al. 2006, Graham & Roberts 2007, Rowat
et al. 2007). The movements of adult males (>8 m)
remain unknown; they appear to leave the Gulf of

California because no adult male was sighted during
the field surveys.

Segregation by sex or biased sex ratios have long
been recognized as typical patterns of some shark
species (Springer 1967, Klimley 1987, Robbins 2007).
Such behavior may be a consequence of intra-spe-
cific competition for food or mates or reproductive
strategies associated with mating behavior, seasonal
habitat, or resource requirements (Sims et al. 2001).
Biased sex ratios may also be related to migration
patterns (Pratt 1979). Our findings suggest that dif-
ferent age classes and sexes undertake migrations
related to their age and sex, as has been found at
other localities and for other shark species (Pratt
1979).

Site fidelity

Using photo-identification, we found that only
juveniles exhibited site fidelity. In contrast, no preg-
nant female was re-sighted in subsequent years.
Only 1 pregnant female was re-sighted during the
same season, only a few days later. In summary, the
surveys suggest that adults undertake longer migra-
tions than do juvenile sharks.

Our data show that inter-annual site fidelity of
juveniles in Bahia de La Paz (16 to 35%) and Bahia
de Los Angeles (2.5 to 50 %) is higher than that of the
population at the Seychelles (15 to 23 %; Rowat et al.
2009) and Holbox Island (11 to 27 %; Ramirez-Macias
et al. 2012), although the mean of the aggregation
membership period was lower than at the Seychelles
(3.4 yr). Perhaps this reflects the longer monitoring
period of the program at the Seychelles. The mean of
the aggregation membership period in Bahia de Los
Angeles (2.7 yr) was the same as that reported for
Ningaloo (2.7 yr; Meekan et al. 2006). Membership in
Bahia de La Paz (3 yr) was higher than that at Diji-
bouti (2.9 yr) and lower than that at the Seychelles
(3.4 yr; Rowat et al. 2011). The differences between
these localities could be related to differences in
sighting effort. For example, during the last 2 years,
the monitoring program in Bahia de Los Angeles in-
cluded the entire season; this might affect the results,
as discussed by Rowat et al. (2011) for Djibouti and
Seychelles aggregations. What is consistent among
all aggregations is the degree of inter-annual site
fidelity, sometimes lasting decades, whereas other
places are recorded only once as aggregation sites, at
least over the duration of the present study.

In the Bahia de La Paz, the aggregation includes
small juveniles, which are the ones that show fidel-
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ity to the area, although the membership period was
calculated ignoring any missing re-sightings during
the intervening period. These data showed that
most re-sightings were in consecutive years, with a
maximum of 6 consecutive years, which appears to
be different from other aggregations. This could be
related to the necessities of survival of small sharks.
The Bahia de La Paz provides food and protection
against predators.

In the Bahia de La Paz, bite scars were low (5%;
D. Ramirez-Macias unpubl. data) relative to bite
scars on whale sharks in the Indian Ocean (Speed et
al. 2008). Large predatory sharks were rarely seen in
field or aerial surveys during the aggregation season.
We observed only 1 mako Isurus oxyrinchus and 1
group of orcas Orcinus orca during our surveys (D.
Ramirez-Macias unpubl. data). This may represent a
generally low abundance of predators or that preda-
tion is low in the Bahia de La Paz, suggesting this bay
is an important secondary nursery and habitat for
juvenile whale sharks. It is difficult to quantify suc-
cessful predation events outside the bays because
victim will have been eaten.

Most individual sharks identified in the 2 bays do
not reside in the study area permanently, but use the
study area regularly from year to year. The large pro-
portion of whale sharks observed only once (51 %) in
both bays indicates that a high number of individuals
either die or spend most of their time outside the
study area in offshore or adjacent waters. Modeling
of sighting patterns suggested that movement pat-
terns of most individuals in both bays followed a
model of emigration, re-immigration, and mortality
in the study area. The coastal waters of the 2 bays
appear to be an important area in the home ranges of
whale sharks.

Abundance

The population of whale sharks utilizing the east
coast of the Baja California Peninsula as aggregation
sites consisted of at least 251 individuals, and the rate
of identification of new individuals showed no sign of
leveling off, suggesting that the overall population is
much larger than all individuals identified.

In both bays, aggregations are related to high zoo-
plankton abundance (copepods). Nelson & Eckert
(2007) report that juveniles in Bahia de los Angeles
feed on zooplankton where the density ranges from
1000 to 8700 ind. m~3. Hacohen-Domené et al. (2006)
report zooplankton densities from 26 800 to 83 800
ind. m~® in Bahia de La Paz.

Estimated annual abundance of juvenile whale
sharks ranges from 19 to 58-72 in Bahia de La Paz
and from 46-69 to 84-110 in Bahia de Los Angeles.
Seasonal abundance in both bays is smaller than the
abundance at Ningaloo Reef, Australia (90-120 to
127-190 sharks, using open population models;
Holmberg et al. 2009).

Aggregation size in some years differed. In 2003,
in Bahia de La Paz, we encountered only 3 sharks
(photographs of poor quality) and, in 2005, in Bahia
de Los Angeles, there were a few sightings, but not
during our field work. In some vyears, pregnant
females do not appear at Gorda Banks or Isla
Espiritu Santo (Table 1). Wilson et al. (2001) show
that changes in oceanographic conditions at Ninga-
loo Reef affect the number of whale sharks. Accord-
ing to Ketchum (2003) distinct seasonal and inter-
annual variations in abundance during the period
from 1995 to 2002 were linked to seasonal dynamics
in Bahia de La Paz and inter-annual changes and
anomalies of oceanographic patterns in the Gulf of
California. For example, in 2003, zooplankton in
Bahia de La Paz was low, but, in 2005, the concen-
tration was high. In 2006, we sighted only 4 sharks
in Bahia de Los Angeles, apparently related to the
low concentration of zooplankton. We did not
survey Gorda Banks in 2008 and 2009 because local
fishermen did not report sightings.

Because whale sharks in the Gulf of California rep-
resent a single population (Ramirez-Macias et al.
2007), changes in numbers in 1 bay likely reflect a
change in distribution between other bays or aggre-
gation sites rather than a change in population size.
For this reason, assessing the status and dynamics of
the population requires monitoring several aggrega-
tion sites.

In shallow waters of ~20 m in Bahia de La Paz, sea-
sonal aggregations have changed, probably linked to
changes in oceanographic conditions. Juveniles pre-
viously aggregated from August through November
(Wolfson 1987, Clark & Nelson 1997, Ketchum 2003).
In recent years, they have aggregated from Novem-
ber through March or April (Fig. 7). Apparently the
seasonality of the high zooplankton abundance has
changed, since food was absent during field observa-
tions in August through October 2008, but was pres-
ent from November through March (Fig. 7); cope-
pods were present at the beginning of the season and
chaetognaths in the middle of the season, but no
samples were collected. While the seasonality in
Bahia de Los Angeles is similar, as reported by Car-
denas-Torres et al. (2007), October is the month with
more whale sharks.
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The pregnant female aggregations at Isla Espiritu
Santo may also be related to high zooplankton abun-
dance of the euphausiid Nyctiphanes simplex and
of gastropod larvae (Ketchum 2003); only in 2009
were 3 pregnant females feeding. At Gorda Banks no
pregnant females were feeding; the data suggest an
absence of high concentrations of food, which is
probably the reason whale sharks do not stay for a
long period of time in the area.

Movements between Bahia de Los Angeles
and Bahia de La Paz

Photo-identification matches provide evidence that
juvenile sharks from the study site are capable of
moving between the 2 bays, with a distance between
these bays of 700 km. The 3 sharks that completed
round trips were tracked a total of 2100 km, and one
was tracked for 2800 km, going back and forth be-
tween the 2 bays. The data also show that ~20% of
the juveniles spent a long time in the Gulf of Cali-
fornia. In the hypothetical case that sharks showing
movements between the 2 bays did not leave the
Gulf of California, the maximum number of days
spent was 2004 and the minimum was 71, with a
mean of 476 days. Although Whale Sharks 1, 2, 3, 4,
7, 8, and 9 (Fig. 8) did not show movements in all
years, if we take into account only the years in which
movements took place between the 2 bays, the max-
imum number of days spent was 523 and the mini-
mum was 71, with a mean of 267 days.

The 2008 and 2009 field data for May through
November suggest that many juvenile whale sharks
aggregate to feed in Bahia de Los Angeles and then
migrate to Bahia de La Paz to feed. We do not know
where they go after leaving Bahia de La Paz. A few
originally found in Bahia de La Paz appear in Bahia
de Los Angeles, but they take longer to make the
northward journey. In both bays we found whale
sharks returning to just 1 bay in consecutive years
and did not detect movement to the other bay, but
caution should be taken when interpreting these
results because effort was not continuous and indi-
viduals could have been present in the study area
when surveys were not conducted.

There may be other locations in the Gulf of Califor-
nia where juveniles aggregate to feed. Other places
reported to have whale shark aggregations are Bahia
San Luis Gonzaga and Bahia de Las Animas (Eckert
& Stewart 2001). Several tour operators and fisher-
man have reported whale sharks traveling in Cabo
Pulmo and occasionally at Guaymas, Loreto, and San

Jorge; sharks also travel out of the Gulf of California,
with short aggregations reported at the San Blass
Nayarit, Salina Cruz Oaxaca, (tour operators, fisher-
men), and the Revillagigedo Islands (D. Ramirez-
Macias pers. obs.). Migration patterns and connec-
tions to other areas await long-term tracking studies.

Implications for conservation

Small populations are more prone to extinction
than large, stable populations because of loss of
genetic variability and environmental and demo-
graphic stochasticity (Caughley & Gunn 1996).
Although it is difficult to be certain about the status
of whale sharks in the Gulf of California, our results
for the study areas indicate that, at least at a local
scale, the population is small. Although our abun-
dance estimations are per season, the numbers of
identified sharks are much lower than at other local-
ities (i.e. in Bahia de La Paz, we identified 125 sharks
in 6 yr; in Dijibouti, 297 whale sharks were identified
in 8 yr; Rowat et al. 2011).

The estimates raise concern about the long-term
survival of whale sharks in this region and empha-
size the need to increase research and conservation
efforts in the Gulf of California if conservation is to be
successful. The low population numbers of whale
sharks and our inability to detect trends reinforce the
assertions that scientific proof of decline or increase
should not be a necessary criterion for enacting con-
servation measures.

As individuals spend considerable time outside the
study area, management strategies aimed at con-
serving whale sharks must include human activities
in surrounding areas as well. The current levels of
protection offered to whale sharks in Bahia de Los
Angeles and at Isla Espiritu Santo are better than in
Bahia de La Paz and at Gorda Banks. Bahia de Los
Angeles and waters surrounding the Isla Espiritu
Santo are protected areas. A similar designation for
Bahia de La Paz and Gorda Banks would enhance
regional whale shark conservation, offering young
whale sharks and pregnant females protection.

Bahia de La Paz and Los Cabos (Gorda Banks) are
the most highly populated coastal areas in the Gulf of
California (215178 and 138251 inhabitants, respec-
tively); these areas also have the highest growth rate
in the state of Baja California Sur, with an overall
average annual growth rate of 2.6 % over the past
5 yr (www.inegi.org.mx). In Bahia de La Paz small
sharks aggregate near the city (Fig. 10), in waters
increasingly affected by pollution and boat traffic.



Ramirez-Macias et al.: Gulf of California whale shark populations 127

Fig. 10. Rhincodon typus. Juvenile whale shark feeding off-

shore near the city of La Paz. Mexico. Apartment blocks are

on the El Mogote sand spit, which created the lagoon (Ense-

nada de La Paz); the peninsular mainland is on the far side of
the lagoon. Photo: Carlos Aguilera

Given the small population sizes of whale sharks at
these localities, efforts to maintain viable populations
will require improvements to current levels of protec-
tion inside, as well as adjacent to, these areas. Such
protection must involve not only the management of
tourist activities, for example, instituting a code of
conduct for whale shark tour operators, which has
been enforced in Bahia de La Paz since 2006. Inspec-
tion is also needed because, during the aggregation
season, up to 67 % of the sharks are hit by boats (D.
Ramirez-Macias unpubl. data). In a protected area it
will be necessary to limit boats and manage gillnet-
ting and other human activities along the coast that
can pose a potential threat (pollution, mangrove
destruction, vessel traffic).

Using different tools, including tagging of juveniles
as resident or transient, as well as adults, and conti-
nuity of the monitoring program in sites in the Gulf of
California should provide a better understanding of
whale shark population dynamics in the Gulf of Cali-
fornia. In the meantime, it is necessary to protect the
critical habitats of this threatened shark by instituting
a string of protected areas in the Gulf of California.
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