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Abstract

Whale sharks (Rinchodon typus) are found in shallow coastal and deep waters of tropical and warm temperate seas.
Population genetic studies indicate high connectivity among populations, and an Indo-Pacific meta-population has
been suggested with potential migrations among some ocean basins. Here, we present the satellite track of a trans-
Pacific migration of a female whale shark, which we tagged at Coiba Island (Panama), and which travelled over
20,000 km from the Tropical Eastern Pacific (Panama) to the western Indo-Pacific (Mariana Trench) in 841 d,
primarily via the North Equatorial Current. This finding illustrates the migratory pathway between two ocean basins
and potential passageway to reach the Philippine Sea into the South China Sea.
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Background
The migratory behaviour of marine species has been the
subject of several studies (e.g., Block et al. 2001; Eckert et
al. 2002; Eckert 2006; Schick et al. 2013). In many cases,
the purpose of undertaking transoceanic migrations or in-
terhemispheric movements by these species seems to be a
response to the need for residence in different habitats to
optimize growth and foraging opportunities or to breed at
discrete geographical locations (Luschi 2013). As indicated
by Block et al. (2011), the identification of critical habitats
across several jurisdictions is key for spatial planning,
informing international policy for resources management
at ecosystem level. Consequently, satellite tracking of
highly migratory species can provide reliable background
information for the identification of potential foraging
areas and transoceanic marine corridors (Block et al.
2011), and migratory movements in response to climate
change adaptation (Robinson et al. 2009; Poloczanska et
al. 2013). Furthermore, population gene flow and
connectivity are essential elements for evaluating conser-
vation status of marine species, particularly for migratory
species missing well-defined spatial and temporal scale to
estimate or model population size.

Among all groups of marine species, seabirds undertake
the longest migrations across the oceans, although whales
and sea turtles also migrate across vast distances (Eckert
2006; Rosenbaum et al. 2014). However, clearly defined mi-
gratory routes have not been identified for many fish species,
and for some pelagic species it is unclear why they travel
long distances (Luschi 2013). Among sharks in particular,
Weng et al. (2005) reported that salmon sharks (Lamna
ditropis Hubbs & Follett 1947) travelled over 18,220 km in
640 d. The white shark (Carcharodon carcharias L. 1758)
retains the record for the longest travelled distance of
20,000 km in 9 months (Bonfil et al. 2005), and whale sharks
(Rinchodon typus Smith 1828) were reported to travel
13,000 km in 37 months in the eastern Pacific (Eckert and
Stewart 2001) and 7213 km from the Caribbean to the
Atlantic Ocean in 5 months (Hueter et al. 2013). Herein we
present the trans-Pacific route of a satellite-tagged R. typus
from Panama.

Methods
On 16 September 2011, three female R. typus were
observed together at Wahoo Rock in the Coiba National
Park (07° 41.172’ N – 081° 36.548’ W) and tagged with a
near real-time tether/towed satellite transmitter model
SPOT 253C (Wildlife Computers, Redmond, Washington,
USA). The tag model specifies a battery life of 280 d
assuming 250 Argos transmissions per day occurring only
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when the animal is swimming near the surface and the
transmitter is exposed. To maximize battery life, transmit-
ters were programed to limit transmissions to a time block
from 01:00 to 22:00 h every 2 d and to slow repetition rate
after 10 successive dry transmissions. Time-At-Temperature
(TAT) data were programmed and stored in 12 bin-ranges
(in degrees Celsius: − 40 to − 20, − 19.9 to − 10, − 9.9 to − 5,
− 4.9-0, 0.1 to 5, 5.1 to 10, 10.1 to 15, 15.1 to 25, 25.1 to 35,
35.1 to 45.1, 45.2 to 55 and 55.1 to 60). Data were packaged
in 6-h intervals starting at 00:00 GMT. Given the width of
the bin ranges, the TAT data obtained, were not informative
about the potential depth of the shark and were therefore
not utilized in our analyses. The float tag was attached to
the animal ca. 10 cm below the first dorsal fin by a 1.5 m
tether made of stainless steel cable and a 3.5 cm stainless
steel dart using a 3.0 m Manny Puig™ pole spear.
Doppler-estimated positions were obtained for the

sharks through the Argos satellite system and assigned a
location quality number based on the location error
from 3 (< 250 m error) to 0 (> 1500 m error) or letter
where error estimate could not be calculated (A – 3
messages, B – 2 messages) (Argos CLS 2011).
For the purpose of this manuscript, we used ARCGIS

version 10.2 to analyse the track of a single individual
with an unusual route: a 7 m long female (PTT No.
107715, named “Anne” after A. McEnany). This track
was compared with a previously published similar route
for a 7.1 m R. typus (sex unknown) tagged with a SDR-
T16 model (Wildlife Computers) in Bahia de Los
Angeles, Mexico in September 1995 (see Eckert and
Stewart 2001).

Results
The first transmission occurred 28 d after tagging,
indicating that the shark was close to the surface
infrequently. The tag transmitted sporadically from the
tagging date to 14 January 2014 for a total of 841 d (ca.
2.3 y). Daily sequences of transmission times occurred
throughout the day and were not continuous (Fig. 1a),
indicating that the tag was attached to the animal during
the entire study and not floating with currents (Hearn et
al. 2013). Transmission quality varied considerably as ex-
pected for marine animals, with most transmissions
within location classes A and B (Fig. 1b) (see Tougaard
et al. 2008; Costa et al. 2010; Douglas et al. 2012; Hearn
et al. 2013 for a review of location class errors used in
satellite telemetry).
Anne remained in Panamanian waters for 116 d, trans-

mitting relatively frequently in the eastern Pacific for
226 d from Panama to Clipperton Island. She travelled
at approximately 35 km from Cocos Island (Costa Rica),
300 km from the major aggregation site at Darwin Island
(Galapagos, Ecuador; Hearn et al. 2013) and 154 km
from Clipperton Island (Fig. 2b-c). Transmissions were

interrupted at the end of April 2012, 266 d after tagging,
but transmissions began again 371 km south of Hawaii
after 235 d of silence. The shark constantly transmitted
in Hawaiian waters for ca. 9 d (Fig. 2d) and continued
throughout the Marshall Islands for approximately 268
d, passing at 211 km and 248 km northeast from Bikar
Atoll and Eniwetok Atoll, respectively (Fig. 2e). Trans-
missions were interrupted again until 6 December 2013,
when the shark reached the Mariana Trench 591 km
north of Saipan (Fig. 2f ) and transmitted in the area for
ca. 112 consecutive days. Anne travelled a record long
distance of approximately 20,142 km (or 13,819 km
straight-line distance) from Panama to the Marianas
Trench (Fig. 2a). Throughout this period, she spent her
entire time in temperatures ranging from 15.1–35 °C, in-
dicating that she did not make vertical movements
below the thermocline. However, the data collection bin
ranges were not narrow enough to establish whether or
not the tag was at the surface for the entire track.
Eckert and Stewart (2001) reported a route comparable

to that of Anne. Their shark was tracked intermittently for
over 300 d, reaching the Karin Seamount ca. 145 km
north of Johnston Atoll (red track in Fig. 2a) and entering
the NEC between the Clipperton and Revillagigedo Islands
(14°N - 117°W). They provided a map of the location data
that illustrates a gap in Argos reported locations between
5 August 1996 and 8 May 1998, but unpublished data
show that the transmitter continued to operate and pro-
vided 36 uplinks during that gap as the shark moved
across the Pacific. Although the uplinks were not long
enough for the Argos system to establish a position fix or
obtain temperature data, the authors were able to confirm
that the shark was moving through this area based on
satellite pass-time predictions and the date and time of
the uplinks.

Discussion
The route taken by the shark followed primarily the
westward NEC between 10°N and 27°N, entering
around Clipperton Island. This track was similar to
that of a shark tracked by Eckert and Stewart (2001)
from the Gulf of California, Mexico. The NEC is de-
scribed as “the strongest, exhibits the largest fluctua-
tions, and has the strongest seasonal signal” (Wyrtki
1967), and it weakens during the first half of the year
when it is influenced by strong northeast trade winds
(see Wyrtki 1974). Anne may have entered the NEC
between April and June. This intensive surface flow
reaches the western boundary and bifurcates into the
Kuroshio and Mindanao currents (Qiu et al. 2015),
both within the average latitude 15.5°N and longitude
130°E off the Philippines Basin (Toole et al. 1990;
Kim et al. 2004), about 1900 km from the last
transmission.
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The longest movement records for R. typus varied
from 7000 km in the Caribbean-Atlantic Ocean
(Hueter et al. 2013) to 8025 km in Malaysia (Eckert
et al. 2002) to 13,000 km in northeast Pacific (Eckert
and Stewart 2001). This last and longest record was
recently questioned by Sequeira et al. (2013) and
Hearn et al. (2013) partly because of the lack of sur-
face intervals, and partly because of the unprece-
dented rate of travel. However, at that time, existing
tracking data on whale sharks was almost exclusively
composed of tracks of small individuals, and lengthy
tracks were rare. Hearn et al. (2016) showed that
large females tracked from the Galapagos Islands were

able to sustain average movement rates of 67 km/day.
There was also considerable variation between indi-
viduals in the frequency of detections. One large fe-
male tagged at the Galapagos Islands surfaced off the
shelf break of Peru after an interval of 4 months,
which represents a movement consistent with that of
other female R. typus that provided more frequent
positions (Hearn et al. 2013, 2016; Ryan et al. 2017)
and is related to thermal frontal systems instead of
ocean current flow directions (but see Wilson et al.
2006; Sleeman et al. 2010). These results show that
lengthy periods without transmissions do not necessarily
imply tag shedding. Further, Eckert and Stewart (2001)

Fig. 1 Daily sequences of transmission time of data in Coordinated Universal Time (a) and daily transmission quality (b) for whale shark No
107715. Transmission quality ranges from 3 to 0 (highest to lowest) and A and B (no perfect positional error estimate)
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reported that one shark spent more than 15% of its time
below 10 m (as deep as 240 m), and three others spent
more than 5% of their time below 10 m.
While we recognize that these tracks are unusual given

the distance travelled and the intervals between detection
periods, we believe the observed routes support a growing
body of evidence from both tracking and genetic studies
that suggests that R. typus is capable of long-distance
travel (Eckert and Stewart 2001; Castro et al. 2007;
Sequeira et al. 2013; Vignaud et al. 2014). The tracks show
a potential passageway via the NEC to reach the Philippine
Sea and move into the South China Sea. The results also
are consistent with recent genetic studies that suggest a
single Indo-Pacific population that is separate from a
second Atlantic population (Vignaud et al. 2014).

The last set of transmissions was approximately
1900 km from the western bifurcation of the NEC.
Sequeira et al. (2013) considered it “biologically
plausible” for R. typus to travel 10,000 km/y at an
average speed of 30 km/d, thus connecting South
Africa and Ningaloo in 2 y. This scenario is similar
to the 2.3 y trans-Pacific route described herein and
even faster than the 7213 km in 150 d described by
Hueter et al. (2013). However, testing predictions for
a poleward shift in distribution and abundance to
avoid higher temperature waters (sensu Sequeira et al.
2014) may require improved current modelling that in-
volves coupling real-time tracks of sharks and remote
sensing of environmental variables (e.g., sea surface
temperature, chlorophyll concentration, geostrophic

Fig. 2 Rhincodon typus route from Panama to the Mariana Islands (black track) tagged in September 2011 and from Mexico to the Marshall
Islands (red track, tagged in September 1995 and published in Eckert and Stewart 2001) (a); and details of tracks for Panama (b); eastern Pacific
(c); Hawaii (d); Marshall Islands (e), and Mariana Islands (f)
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currents, sea surface height). In addition, a more complete
or improved sub-population genetic analysis at discrete re-
gions is needed (sensu Castro et al. 2007; Schmidt et al.
2009; Sequeira et al. 2013, 2014).

Conclusions
Whale sharks from the Eastern Pacific sub-population can
migrate to the Western Indo-Pacific connecting two ocean
basins using the North Equatorial Current, suggesting a
potential passageway to reach the Philippine Sea into the
South China Sea to reach the Indian Ocean. The results
also are consistent with recent genetic studies showing po-
tential dispersal for R. typus (Castro et al. 2007; Schmidt
et al. 2009) and support previous inferred connectivity
routes (sensu Sequeira et al. 2013). Block et al. (2011)
suggested the creation of “migratory corridors that link
the eastern and western Pacific basins for transoceanic
migrants”. These two tracks for R. typus expose the com-
plexity for management of endangered population species
crossing multiple jurisdictions while the protection and
conservation measures are mostly focused at local level
rather than across the Pacific.
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