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Very little is known about the reproductive behaviours of whale sharks

(Rhincodon typus). Here, we describe field observations of courtship behaviour

by a whale shark at Ningaloo Reef, Western Australia. We witnessed and recorded

following and biting behaviours by a sexually mature male of a smaller female.

Following and biting are common events during courtship and copulation of

other species of elasmobranchs. Our observations are consistent with earlier

reports of courting behaviours in whale sharks provided by fishers, the pilot of a

light plane and observations of courtship by a sexually mature male towards

females held in aquaria.
KEYWORDS

courtship, reproduction, elasmobranch, sexual segregation, mating activity, intra-
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Introduction

Whale sharks (Rhincodon typus) aggregate in coastal waters at tropical and warm

temperate locations around the world (Araujo et al., 2022). Although these near-shore

aggregations provide the opportunity to access these animals for research, they are typically

dominated by juvenile males (with some exceptions (see summaries: Norman et al., 2017;

Araujo et al., 2022). For this reason, research on the ecology of the species tends to be based

on data that are biased towards this subset of the population. Our knowledge of adult whale

sharks, particularly their reproductive and behavioural ecology, is largely derived from
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chance observations of sharks caught by fisheries or from animals

held in aquaria (Pierce et al., 2021). For example, the only pregnant

shark that has ever been documented was harvested by a (now

closed) Taiwanese fishery in 1994 (Joung et al., 1996; Hsu et al.,

2012). This individual showed that the species is ovoviviparous and

contained 300 young in various stages of development (Joung et al.,

1996). Large female whale sharks with distended abdomens thought

to be indicative of pregnancy have been recorded in the waters of

Holbox Island, Mexico (Ramı ́rez-Macı ́as et al., 2012) Baja

California Peninsula, Mexico (Ramıŕez-Macıás et al., 2007), the

Archipelago of São Pedro and São Paulo, Brazil (Macena and Hazin,

2016), the Galapagos Archipelago, Ecuador (Acuña-Marrero et al.,

2014; Hearn et al., 2016), and at St. Helena, Central South Atlantic

(Perry et al., 2020). However, hormone testing and ultrasound

examination of these females in the Galapagos found them to be

sexually mature, but not pregnant (Matsumoto et al., 2023). Thus,

to date, the female captured in Taiwan remains the sole doumented

example of pregnancy in the species.

Mating and courting behaviours of whale sharks have been

observed in the wild at two locations. In the Atlantic Ocean,

aggregations of whale sharks occur in the waters surrounding St

Helena Islands and can include sexually mature males and females

(Perry et al., 2020). Fishers have provided anecdotal evidence of

male whale sharks in this aggregation swimming alongside females

and rotating ventral side up in a ‘belly to belly’ position below the

female, probably to insert their claspers (Perry et al., 2020).

Researchers also reported what was presumed to be courtship

behaviour, where a male followed a female and nudged the caudal

fin of the female (Perry et al., 2020). At Ningaloo Reef, Western

Australia, the pilot of a light plane photographed a larger (estimated

size 9 m) whale shark attempting to grasp the pectoral fins of a

smaller (estimated size 6.5 m) individual, and orient ventral-side-up

below the smaller shark. As this was observed from the air, it could

not be confirmed that the interaction involved a male and female

shark (Gudgeon, 2019). Within aquaria, mating attempts by mature

males towards unreceptive, immature females have shown the same

processes of body inversions, biting of females, and the additional

insight of clasper flexion (Pierce et al., 2021).

Given the rarity of observations of reproductive behaviour in

whale sharks, any reports provide valuable insights into the ecology

of this Endangered species (International Union for the

Conservation of Nature Red List; Pierce and Norman, 2016).

Here, we describe observations of what is assumed to be

courtship behaviour between a mature male shark and a female

of indeterminate sexual maturity in the waters off Ningaloo Reef in

Western Australia.
Methods

Annual two-week field expeditions in early May (the peak of the

seasonal aggregation of whale sharks) occurred at Ningaloo Reef,

Western Australia, from 2009-2024 (Supplementary Table S1). A
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light plane was used to spot whale sharks and to direct our research

vessel towards a sighting. Once in the vicinity of the shark, the

research team entered the water to record body dimensions of sharks

with stereo cameras (Sequeira et al., 2016; Meekan et al., 2020), take

images for photo identification (Speed et al., 2007; Lester et al., 2020),

use ultrasound scanners for internal images (Meekan et al., 2024),

collect eDNA (Dugal et al., 2022), deploy satellite tags to understand

movement behaviour (Sleeman et al., 2010; Thums et al., 2013;

Meekan et al., 2015; D’Antonio et al., 2024) and collect tissue

biopsies and parasitic copepods for trophic studies (Marcus et al.,

2019; Meekan et al., 2022; Osorio et al., 2023). When we could obtain

a clear view of the pelvic fins, we recorded the sex of each shark based

on the presence or absence of claspers (Awruch et al., 2008). We

recorded males as mature when their claspers were calcified and

extended beyond the trailing edge of the pelvic fins (Norman and

Stevens, 2007). We determined female sexual maturity based on total

length (> 10 m; Nozu et al., 2015; Meekan et al., 2020; Matsumoto

et al., 2023). If we were unable to observe the pelvic fins before the

shark departed from surface waters the sex was recorded as unknown.

A sex ratio of males to females was calculated from the annual

sightings data. Repeated sightings of the same sharks within each

season of field work (identified by the presence of a recent scar from

a tissue biopsy and by photo-identification) and sharks of unknown

sex (approximately 20% of individuals) were excluded from

this analysis.
Results

On the 14th of May 2024, our research vessel (Isurus; 7 m length)

was directed by the spotter plane to a whale shark sighted at the surface

offshore of the reef slope of Ningaloo Reef in waters ~ 40 m deep (22°

04’ 80” S 113° 52’ 51” E). Researchers entered the water at 13:15 AWST

to sample a 7 m (total length) female whale shark. After length and

photo-ID measurements were collected, a second whale shark,

identified as a male, appeared and swam 2-3 m behind the caudal

fin of the female. Photo-ID and length measurements of this male

shark were also collected. The calcified claspers (Figure 1A) and size of

the male (8.5 m) suggested that it was an adult (Norman and Stevens,

2007; Meekan et al., 2020). The behaviour of the male following the

female was recorded by video (GoPro V. 11; Supplementary Video

S1A; Figure 1B). One researcher also sampled the skin microbiome of

the male (see Doane et al., 2023 for methods), during which time it

maintained a close trajectory behind the female shark and appeared to

be indifferent to the activity of the researcher (Supplementary Video

S1B). Once the sampling was complete, researchers followed the male

whale shark, which had remained swimming close to the caudal fin of

the female. The male was observed to open its mouth and lunge

forward towards the caudal fin of the female. The male shark increased

its swimming speed and lunged again at the caudal fin of the female,

this time making contact and briefly biting the tail (Supplementary

Video S1C). The female responded by rapidly pivoting with pectoral

fins pointing downwards to face the male (Supplementary Video S1C;
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Figure 1C). After a brief pause in forward movement, the female again

turned rapidly, with contact occurring between the snout of the male

and the caudal fin of the female (Figure 1D). The female then rapidly

descended to depth followed by the male (Supplementary Video S1C).

At this point, the researchers lost sight of the sharks from the surface.

We recorded the sex of 1047 whale sharks at Ningaloo Reef

across 2014-2024 (Supplementary Table S1). The mean sex ratio

during this time was one female to three males (Figure 2).

Supplementary Video S1 available at: https://youtu.be/

PhLx_7NHGCQ
Discussion

The pre-copulatory behaviours of male sharks commonly include

the following and biting of females (Parsons et al., 2008). Our

observations of whale sharks at Ningaloo are very similar to pre-

copulatory behaviours witnessed in this species in aquaria and

reported by fishers in the waters around St Helena Island (Macena

and Hazin, 2016; Gudgeon, 2019; Perry et al., 2020; Pierce et al.,
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2021). Similar behaviours have also been reported for many other

species, including scalloped hammerhead, Sphyrna lewini (Salinas-

de-León et al., 2017), oceanic white tip, Carcharhinus longimanus

(Talwar et al., 2023), tiger, Galeocerdo cuvier (Rangel et al., 2023) and

basking Cetorhinus maximus (Curtis et al., 2024) sharks. Notably,

male zebra sharks (Stegostoma fasciatum) – the closest living relative

to whale sharks – have also been observed biting the tails of female

zebra sharks in an effort to slow the movement of the female down,

likely so they can position themselves for clasper insertion (Birt et al.,

2019). The consistency of our observations with earlier reports of

courtship in whale sharks and a wide variety of other species is

evidence that we witnessed pre-copulatory behaviour.

At Ningaloo Reef, the behaviours we observed and those

reported by Gudgeon (2019) did not appear to result in successful

mating. Although it was possible that mating could have occurred

after the sharks that we followed descended to deep water, the

female appeared to actively resist the attention of the male. This is

not surprising as the females in our study and Gudgeon (2019)

report were unlikely to be sexually mature, based on their small sizes

(6 - 7 m). These are much smaller than sizes at which maturity for
FIGURE 1

Whale sharks (Rhincodon typus) engaging in possible courtship behaviors at Ningaloo Reef. (A) Calcified clasper of the male shark. (B) An ~8.5 m
male whale shark following closely behind a ~7 m female whale shark. (C) The female shark (left) rapidly pivoting after being bitten on the caudal fin
by the male (right). (D) The caudal fin of the female whale shark (right) bending as it makes contact with the snout of the male shark (left). Key: ♀ =
female, ♂ = male.
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female whale sharks is thought to occur (~ 10 - 12 m; Nozu et al.,

2015; Meekan et al., 2020; Matsumoto et al., 2023). Ningaloo (and

many other locations) is male dominated, a pattern consistent

across several decades (Meekan et al., 2006; Norman and Stevens,

2007). Studies between 1992 – 2004 estimated that only 15%

(Norman and Stevens, 2007) and 17% (Meekan et al., 2006) of

the sharks sighted at Ningaloo Reef were females, with a sex ratio of

approximately 1:5 females to males. More recent data collected on

our sampling trips between 2010-2024 found that on average, 22%

of the sharks we encountered were females, a ratio of approximately

1:3 females to males (Figure 2). As the sex ratio of males and females

at birth is roughly 1:1, as it is for most other species of sharks

(Schmidt et al., 2010), this implies that some female whale sharks

may be actively avoiding aggregation sites.

Segregation of habitats by size and sex is typical of many

populations of elasmobranchs (Speed et al., 2010; Klimley et al.,

2023; Wearmouth and Sims, 2010; Sims, 2005) and for juvenile

female whale sharks, the energetic costs of unwanted attention from

males may be one reason that there is a strong male bias at

aggregation sites. This idea is consistent with social factor

hypotheses (Wearmouth and Sims, 2008) as drivers of spatial

patterns of sexual segregation in elasmobranchs. However, a

variety of other hypotheses have been proposed to account for

this spatial phenomenon (Wearmouth and Sims, 2008), which is

very common in elasmobranchs (Wearmouth and Sims, 2010). Of

these, the predation-risk hypothesis involves sharks segregating to

avoid intra-species depredation from the larger sex and cannibalism

of young (Wearmouth and Sims, 2008) and is obviously not

applicable for a species that is a filter-feeder. Similarly, the

thermal niche-fecundity hypothesis, which suggests that females

choose different thermal habitats to increase reproductive success
Frontiers in Marine Science 04
(Wearmouth and Sims, 2008) and the activity budget hypothesis,

which argues that sexual dimorphisms and/or resource allocation

into reproduction leads to different habitat requirements

(Wearmouth and Sims, 2008) are also unlikely, given that the

females at Ningaloo are mostly immature (with no mature length

females recorded in our data) and have been observed feeding with

males. Although these hypotheses can be discounted, it is still

possible that there is some other advantage for females that

choose to forage offshore (the foraging selection hypothesis;

Wearmouth and Sims, 2008), beyond the avoidance of unwanted

attention by males in inshore environments. Determining if this is

the case will require observations of foraging of both male and

female sharks in offshore habitats, a task that remains a major

logistical challenge.

Intra-species competition and aggression could provide an

alternate explanation for the biting behaviour we witnessed. This

seems unlikely however, as no aggression seems to occur among

whale sharks that are occasionally seen feeding in groups of two-to-

three individuals at the water surface at Ningaloo Reef. These sharks

typically circle around each other in a ‘yin-yang’ pattern (Gudgeon,

2019). Furthermore, cameras deployed on five whale sharks at

Ningaloo Reef (see Barry et al., 2023) recorded no antagonistic

interactions in 23 hours of footage, and no aggression has been

reported in the literature.

Although the observed behavioural interaction reported here

did not likely culminate in mating, our observations suggest that

pre-copulatory behaviors of whale sharks resemble those of many

other species of shark. Such records do not just expand our

understanding of reproductive behaviors but may also provide

insights into the potential drivers of sexual segregation reported

in populations of whale sharks at many coastal aggregations.
FIGURE 2

The proportionate sex of whale sharks (Rhincodon typus) encountered on annual research expeditions (see Supplementary Table S1) from 2010-
2024. The yellow dashed line (x = 0.22) represents the mean sex ratio across the sampling period. Numbers along the top represent the number of
individual whale sharks where sex was identified per year.
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