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Abstract

Whale sharks (Rhincodon typus) predominantly inhabit the epipelagic layer, yet dives to
at least 1928 m have been reported. Even so, current understanding of the species’ true
maximum dive depth is constrained by the technological limitations of depth sensors of
commercially available satellite tags, which are generally rated to a maximum depth of
2000 m. Here, we report a new maximum depth range of 1978–2527 m inferred from a
Wildlife Computers custom-calibrated SPLASH10-346C finmount tag (2500 m capability),
deployed on a 7 m juvenile male whale shark in the Coral Sea, Australia. This extends the
currently accepted depth limit by 50–599 m.

Keywords: whale shark; dive depth; vertical movement ecology; biologging; satellite
telemetry; Argos; deep diving; marine megafauna; dive behaviour; habitat use; Pacific

1. Introduction
Whale sharks (Rhincodon typus) spend a large proportion of their time in the epipelagic

layer of the ocean, yet they also perform intermittent deep dives that indicate mesopelagic
and bathypelagic vertical habitat use [1,2]. Despite rapid technological advances in biolog-
ging and satellite telemetry [3–6], the species’ vertical movement ecology remains poorly
understood in comparison to their horizontal movements [1,2]. Understanding vertical
movement ecology and habitat use patterns in three-dimensional space are critical for
effective conservation of this endangered and declining species [7]. The deepest confirmed
dive to 1928 m, recorded in the Gulf of Mexico in 2010 [1], has since been widely cited
as the maximum recorded depth for whale sharks [7]. However, apparent depth limits
are likely constrained by technological limitations rather than the species’ physiological
depth limit [2]. Commercially available pop-up satellite archival tags (PSAT), such as those
used to record the currently accepted depth limit [1], generally have a depth sensor limit
of up to 2000 m, with 1700 m typically used as release depth to avoid crush-depth failure.
For example, five of eight PSAT tags that we deployed on whale sharks in the Coral Sea
prematurely released due to exceeding the fail-safe depth of 1700 m, which resulted in
an inability to record the animals’ true dive depths [8]. Additionally, premature release
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can also result in significantly shorter-than-intended tracking durations [9]. Unlike PSAT
tags, finmount tags (e.g., SPLASH tags) lack (and cannot practically include) an automatic
release mechanism when depth limits are reached. These tags are typically pressure-rated
to a maximum of approximately 2000 m (with varying sensor limits depending on manu-
facturer), and exceedance typically results in depth-sensor failure and erroneous readings.
As an example, in an unpublished data set derived from 54 fin-mount deployments of
SPLASH10-346A 0–1700 m tags on whale sharks in Indonesia, eight of the tags recorded
whale shark extreme depth dives to >1800 m, often resulting in depth sensor failure and
subsequent nonsensical depth values reported from the still-transmitting tags [10]. In
addition, when tags are not physically recovered, which in the case of whale sharks is
rare [11], Argos bandwidth constraints result in irregular transmission of low-resolution
data summaries [12], reducing the likelihood that extreme events are captured. Here, we
report a depth-range extension for Rhincodon typus inferred from transmitted depth data
of a still-transmitting 2500 m extended depth range SPLASH tag deployed at a recently
documented whale shark constellation site on Australia’s east coast [13].

2. Materials and Methods
Several whale sharks (n = 13) were equipped with Argos satellite-linked transmitters

during a dedicated tagging expedition in November/December 2024 within a recently
discovered aggregation site in Wreck Bay located in the far northern Great Barrier Reef on
Australia’s east coast [13]. Tagging procedures were previously described [13,14]. Briefly,
tags were mounted to a custom-designed fin-clamp and deployed by a free-swimming
researcher on the first dorsal fin of encountered whale sharks (Figure 1a). Among others,
a 7 m immature male individual (“Francky”) was equipped with a SPLASH tag (PTT
ID: 266158; Model: SPLASH10-346C, with custom-extended depth calibration to 2500 m;
Wildlife Computers Inc., Redmond, WA, USA) on 26 November 2024. This custom cal-
ibration extended the depth sensor limit from the standard 2000 m to 2500 m, meaning
that depths recorded up to this extended limit fall within the sensor’s specified operating
range. SPLASH tags are archival and satellite transmitting tags that transmit location data
alongside archived data (time series depth and temperature; daily binned histogram data)
when the tag breaks the surface. Maturity was assessed by clasper calcification (inferred by
length and thickness) in males and by total length in females, assuming maturity at around
9–10 m [15,16].

Analyses were performed and illustrations created using RStudio (R version: 4.4.2) [17].
Transmitted data was downloaded through the Wildlife Computer (WC) tag portal and
included data from the recently launched Kinéis satellites (https://www.argos-system.org/
(accessed on 9 February 2026)). Time-series data were processed using the ‘diveMove’ R
package [18] and histogram data with ‘wcUtils’ [19]. To approximate the location of dives,
a correlated random walk (CRW) model was fitted to timestamps of depth time-series
records using the ‘aniMotum’ R package [20]. We then estimated the shark’s position at
the histogram timestamp of the deepest dive by linear interpolation of locations from the
CRW track. To visualise the available depth at each dive in the time series graph, we
extracted the available bathymetric depth for each interpolated location using the 2023
General Bathymetric Chart of the Oceans [21]. The track and associated depth data were
then visualised in three-dimensional space with ‘rayshader’ [22] and the produced frames
were compiled into an animation using ‘av’ [23]. Depth values are presented taking into
account the depth sensor’s accuracy (1% of sensor reading ±2 resolutions; in this case, the
SPLASH tag depth sensor’s resolution was 1 m).
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Figure 1. (a) SPLASH satellite transmitter deployed on “Francky”, a 7 m juvenile male whale shark
(Rhincodon typus) on 26 November 2024, in the Wreck Bay constellation site. Black arrow indicates
the satellite tag mounted to a custom fin-clamp that was attached to the first dorsal fin (photo by
Simon Pierce). Dive histogram (b) showing the transmitted daily binned depth data for 12 months
of deployment, with the deepest record indicated in red, and (c) transmitted depth time series data
for 12 months of deployment, overlayed with bathymetric depth at the interpolated locations of
dives (i.e., available depth at approximated dive location), and the deepest recorded dive from the
histogram shown in red on 4 October 2025, with error bars indicating the depth range and red
point indicating the midpoint. Diel patterns in (c) are indicated in black for dives occurring at night
(18:00–06:00 local time; UTC + 10) and in white for daytime dives (06:00–18:00). Proportional diel
dive patterns (d) are indicated for dives conducted in different pelagic layers based on the maximum
depth of each dive event, with nighttime hours shaded in grey and the daytime period (06:00–18:00)
indicated by an orange dashed line.
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3. Results
The transmitted SPLASH tag dive data indicated that this individual whale shark

frequently conducted dives in the 10 m to 500 m range, with the most frequent dives
in the epipelagic zone between 50 m and 100 m (Figure 1b). Although less frequent,
deep dive excursions into the bathypelagic zone exceeding 1000 m were evident, with
the deepest dive from time-series data recorded at 1869 ± 148 m on 16 July 2025, at
22:00 UTC (Figures 1 and 2). However, depth histogram data provided evidence of one
dive in the 2000–2500 m depth bin occurring on 4 October 2025. Taking into account the
tags’ depth sensor accuracy (1% of depth reading ±2 m), the minimum depth achieved
for this histogram-recorded deep dive is 1978 m, while the maximum depth is 2527 m
(Figures 1b and 2). Diel patterns indicate that most deep dives (mesopelagic and bathy-
pelagic) occurred during daytime hours, while epipelagic dives (<200 m) occurred day and
night (Figure 1c,d). The approximation of dive locations indicates that most dives, includ-
ing the extreme deep dives were in pelagic waters (i.e., not to the seafloor); however, most
of them appear to have occurred, based on visual inspection, near bathymetric features
such as seamounts or channels (Figure 2). In fact, the “extreme” deep dive recorded here
took place over a channel with a bathymetric depth of over 3000 m. This channel connects
Wreck Bay to the Coral Sea basin (Figure 2).

Figure 2. Spatial orientation of transmitted dive data from SPLASH tag deployed on a 7 m whale
shark (Rhincodon typus). Map (a) illustrates the locations of deep dives conducted in bathypelagic
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depths (>1000 m). The red box in the Australia inset indicates the location of the study area shown
in (a). Panel (b) shows south-westerly looking view of the three-dimensional movement (vertical
exaggeration ×10). Locations in (a,b) were interpolated at the dates recorded from depth time-series
data using state-space modelling. The recorded deepest dive range from histogram data is indicated
by a black arrow at the approximate location in the Coral Sea, near the shelf area. Bathymetry in both
maps was derived from the 2023 General Bathymetric Chart of the Oceans [21]. Animated path to
(b) can be accessed at Zenodo repository: https://doi.org/10.5281/zenodo.18994885.

4. Discussion
Here we report an extension of the known recorded dive depth of whale sharks based

on an Argos satellite-transmitted depth record from daily binned data of a SPLASH tag. The
recorded depth of the record-breaking dive occurred in the range of 1978–2527 m (taking
into account sensor accuracy and the lower and upper bin values of the histogram dive
of 2000 m and 2500 m, respectively). MK10 (SPLASH) messages use a CRC-16/MODBUS
checksum (Hamming distance 4) with a ~0.0015% chance of an undetected transmission
error [24], giving confidence that this depth-bin record is unlikely to be a transmission
artefact. This record therefore exceeds the currently accepted depth limit for whale sharks
(and any diving epipelagic fish [25]) of 1928 m recorded in 2010 in the Gulf of Mexico [1]
by at least 50 m at the most conservative estimate, and by 599 m at the least conservative
boundary. Despite ongoing extensive tagging efforts, the 15-year gap between the previ-
ously documented depth record [1] and that reported here highlights that observations
of extreme dives in epipelagic taxa, including whale sharks, are strongly constrained by
current bio-logging technology and the availability of high-resolution time-series data. The
recorded maximum depths are likely to be influenced by tag pressure ratings, telemetry
limitations and the rarity of physical tag recovery, rather than representing a true physi-
ological boundary [2]. The Wildlife Computer’s SPLASH tag used here was of a newer
generation with an extended depth rating of 2500 m. However, the deep dive recorded
here, as well as the available depth (as per bathymetric depth at dive location) suggest that
even higher depth ratings may be required to extend our understanding of the full vertical
habitat use of deep diving species. Recent upgrades to the Argos satellite infrastructure
may improve data transmission of time series data alongside location data collection. The
Kinéis low-orbit constellation has been operational since mid-2025 and added 20 Argos-
linked nanosatellites to the constellation of five original Argos satellites, increasing satellite
coverage, message throughput and latency for wildlife telemetry [26]. With the promising
improvement in satellite coverage and data throughput, it may be advantageous for re-
searchers to adjust data transmission settings in SPLASH tags to allocate a higher priority
to transmitting archived data. When tag-recovery is unlikely, this includes extending the
archive transmission window beyond the commonly used 7-day default setting: in our
case, the shark’s diving behaviour changed substantially, with transmissions dropping
from 133 messages in September to 41 in October (when the deep dive occurred), before
increasing to 101 in November. Given the 7-day transmission window, much of the October
archive was likely deleted from the holding buffer and never transmitted. We therefore
recommend setting longer windows for species where prolonged low-surfacing behaviour
is likely (e.g., 60 days) to prevent loss of valuable data, despite the increased latency for
recent data.

While the reasons for extreme dives in whale sharks remain elusive [1,2], it has been
suggested that they may aid navigation by improving magnetic sensing, as the geomagnetic
density gradient increases with depth [1]. Another explanation is linked to foraging as
whale sharks are suggested to feed also in deep water, including the bathypelagic layer
(≥1000 m) [27]. Diel patterns observed in this study may be attributed to foraging, as deep
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dives into the mesopelagic and bathypelagic layers were more common during the day
when zooplankton is more concentrated at greater depths in deep scattering layers, which
is a typical pattern found for whale sharks [1,28]. Interestingly, the deepest dive observed
here occurred over a submarine channel linking the Coral Sea basin with the continental
shelf adjacent to the aggregation site (Figure 2). Such shelf-edge exchange is consistent with
documented Coral Sea subsurface intrusions onto the Great Barrier Reef shelf, which can
deliver nutrient-enriched waters and elevate productivity near the outer reef [29,30]. Other
deep dives observed from time series data were also near topographic deep-sea features
like channels, seamounts or canyons (Figure 2), potentially linked to enhanced deep-water
foraging opportunities or rapid search of the vertical column for prey cues suggested for
whale sharks [31]. However, more fine-scale time-series data would be required to inspect
the dive behaviours during deep dives in this individual. Other explanations for deep
dives in whale sharks include thermoregulation [32] and optimising gliding performance
to reduce the energetic cost of locomotion [33].

In conclusion, while mammals, particularly Cuvier’s beaked whales (Ziphius cavi-
rostris), have been recorded diving to even more extreme depths closer to 3000 m [34], the
recorded extreme dive to a conservative lower bound estimate of 1978 m (and upper bound
estimate of 2527 m) reported here extends the currently known depth limit of whale sharks
and, to our knowledge, stands as the deepest recorded dive for any epipelagic fish species.
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