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‘Sharktober’: tiger shark
parturition drives seasonality
in shark bite incidents in
Hawaiian waters
Carl G. Meyer*

Hawaii Institute of Marine Biology, University of Hawaii at Manoa, Kaneohe, HI, United States
Shark bite incidents in Hawaiian waters exhibit a significant seasonal pattern, with

October experiencing a disproportionate spike in bites despite no corresponding

increase in ocean recreational activity. Analysis of 30 years of bite records (1995–

2024) reveals that 20% of all incidents occurred in October, a frequency 2 to 4

times higher than in any other month. Statistical modeling confirms October’s

significantly elevated bite probability and count. Tiger sharks (Galeocerdo cuvier)

are the primary driver of this pattern, accounting for at least 63% of October bites.

This seasonal trend aligns with peak tiger shark sightings at ecotourism sites and

the partial migration of mature females from the Northwestern Hawaiian Islands,

suggesting a potential link to reproductive cycles. Parturition during September–

October may increase encounters via two mechanisms: (1) a temporary rise in

nearshore adult female abundance and (2) heightened foraging by postpartum

individuals recovering from energy depletion. These findings provide ecological

insight into seasonal shark bite risk and highlight potential biological drivers

warranting further investigation.
KEYWORDS

shark bite seasonality, shark-human interactions, tiger shark (Galeocerdo cuvier),
parturition and foraging behavior, shark bite risk factors
1 Introduction

Globally, three large coastal shark species - the great white (Carcharodon carcharias),

tiger (Galeocerdo cuvier), and bull (Carcharhinus leucas) - account for most recorded

unprovoked bites (McPhee, 2014; Midway et al., 2019; Tucker et al., 2022). In the inhabited

Main Hawaiian Islands, tiger sharks are among the most common large coastal species

(Papastamatiou et al., 2006) and prominent in incident reports (Hawaii DLNR-DAR Data,

2025). For this reason, tiger sharks are the natural focal species for examining seasonal bite

risk in Hawaii. In parallel, prior work indicates that the Main Hawaiian Islands are

important pupping grounds, that tiger shark reproduction occurs in late summer-autumn

(Whitney and Crow, 2007), and that partially migrating mature females can shift into
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nearshore habitats during this period (Papastamatiou et al., 2013) -

features that could plausibly alter encounter rates with ocean users.

Against this backdrop, I test five hypotheses: (1) shark-bite

incidents in Hawaii exhibit a statistically significant spike in

October; (2) tiger sharks are the primary contributors to this

seasonal peak; (3) monthly bite occurrence shows a long-term

increase; (4) sea-surface temperature anomalies explain monthly

variation in bites; and (5) the spike is biologically driven by the

reproductive cycle and associated body-condition dynamics of adult

female tiger sharks, specifically, parturition-related movements and

elevated postpartum foraging.
2 Observed seasonal pattern

Hawaii shark bite records from the past three decades (1995–

2024) show a marked spike in incidents during October, even
Frontiers in Marine Science 02
though there is no evidence of increased in-water recreational

activities during this time of year (Figure 1A). Of the 165

unprovoked shark bites recorded in Hawaiian waters between

January 1995 and October 2024, 32 (20%) occurred in October, a

frequency 2 to 4 times higher than in any other month. A variety of

shark species contributed to these 165 incidents, with tiger sharks

(Galeocerdo cuvier) accounting for 77 (47%) of the total bites,

unidentified species for 54 (33%), and requiem sharks

(Carcharhinus spp.) for 27 (16%). Rare cases were attributed to

cookiecutter sharks (Isistius spp., n = 6) and white sharks

(Carcharodon carcharias, n = 1)(Hawaii DLNR-DAR Data, 2025).

Statistical analysis confirms that this seasonal pattern is

significantly different from an even distribution of bites

throughout the year (Chi-squared = 32.5, df = 11, p < 0.001).

Additionally, October experiences a disproportionately high

number of incidents (Rao’s Spacing Test of Uniformity, U =

303.8961, p < 0.001). To further investigate this pattern, a hurdle
FIGURE 1

(A) Aggregate monthly shark bite frequencies in Hawaiian waters from January 1995 to October 2024. Shaded bars are confirmed tiger shark bites.
Open bars are bites attributed to other/unidentified shark species. (Hawaii DLNR-DAR data). Red dashed line indicates monthly average swimmer
and surfer counts in waters surrounding Oahu 1998-99 (Honolulu Ocean Safety Division Data) (B) Average peak daily sightings (no. of individuals) of
tiger sharks at shark ecotourism sites located 3-5km off the north coast of Oahu island. (C) GAMMs showing the influence of season on utilization
distributions of female tiger sharks tagged in the remote Northwestern Hawaiian Islands (NWHI). The shaded area shows the time period of
parturition. Adapted from Papastamatiou et al., 2013.
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model was used to assess the probability of shark bites occurring in

each month, while a zero-inflated ordinal regression examined the

likelihood of multiple bites within a month. The hurdle model

confirmed that October had significantly higher odds of at least

one shark bite compared to other months (b = 1.92, SE = 0.54,

p < 0.001). Additionally, the zero-inflated ordinal regression

indicated that when shark bites did occur, October was

significantly associated with a higher count of incidents (b = 1.46,

SE = 0.62, p = 0.018).

Over the 30-year study period, shark bites were recorded in 125

(35%) of 358 months, with October alone accounting for 17 (14%)

of these months, despite comprising just 8.5% of the total months.

More than half (57%) of all Octobers had at least one bite, compared

to 6% to 10% for other months. Moreover, October had the highest

rate of multiple bite incidents, with 7 (23%) of the 31 months that

recorded more than one bite. Nine (30%) of the 30 Octobers in the

dataset had multiple bites, and October ties the record for the

highest number of bites in a single month (four) occurring in both

2014 and 2015, with September (four bites in 2019).

Of the six months with the highest shark bite counts, four were

in October, while the remaining two were in September and

November. Notably, these are the only other months in the

dataset with more than two shark bites in a single month, further

emphasizing the seasonal clustering of incidents.

These results strongly support the conclusion that both the

probability of shark bites and the number of incidents per month

peak in October, highlighting a recurring seasonal trend that

warrants further ecological investigation.
3 Effects of sea temperature and
long-term trends (1995–2024)

To evaluate whether sea temperature helps explain monthly

variation in shark bite frequency, I analyzed 1995–2024 data using a

two-part hurdle model that (i) modeled the probability of any bite

in a month (logistic) and (ii) modeled the number of bites given an

incident occurred (count model), while controlling for seasonality

with sine/cosine terms and including a linear year term. Monthly

Hawaii SST, obtained from the NOAA OI SST V2 High Resolution

Dataset, was expressed as an anomaly relative to each calendar

month’s long-term mean to isolate temperature departures from

normal seasonal conditions. In the occurrence model, ‘Year’ was a

statistically significant predictor (b = 0.034, SE = 0.017, OR = 1.035,

95% CI = 1.000–1.071, p = 0.046), indicating a long-term rise in the

odds of any bite month (0.1 bites per year average increase). ‘SST

anomaly’ was not significant (b = 0.265, SE = 0.344, OR = 1.303,

95% CI = 0.664–2.555, p = 0.430). In the count-intensity model

(months with ≥1 bite), neither ‘Year’ (b = 0.017, SE = 0.026, IRR =

1.017, 95% CI = 0.967–1.070, p = 0.503) nor ‘SST anomaly’ (b = –

0.029, SE = 0.102, IRR = 0.971, 95% CI = 0.794–1.187, p = 0.772)

was significant. Importantly, the October effect remained after

controlling for year, seasonality, and SST anomalies, confirming

that temperature does not account for the seasonal spike.
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4 Which species are responsible for
this pattern?

Tiger sharks are the primary driver of the October spike in

shark bites. Of the 77 confirmed tiger shark bites between January

1995 and October 2024, 20 (28%) occurred in October (Figure 1A),

a frequency 3 to 10 times higher than in any other month. Tiger

sharks also account for 63% of all shark bites recorded in October,

reinforcing their dominant role in this seasonal trend. Additionally,

9 (28%) of the October bites involved unidentified species, some of

which may have also been tiger sharks. In contrast, only three reef

shark bites were documented in October.

The distribution of tiger shark bites throughout the year

deviates significantly from an even monthly pattern (Chi-squared

= 34.7, df = 11, p < 0.001), further supporting a strong seasonal

effect. If shark bites were evenly distributed across months, the

expected number of tiger shark bites in October would be more

than three times lower than what was observed. Outside of October,

tiger shark bite frequency remains relatively low. In the past 30

years, only one May and one November recorded more than a single

confirmed tiger shark bite.

Size estimates were available for 16 (80%) of the 20 confirmed

tiger shark bites in October, with individuals ranging from 2.4 to 4.6

m and a mean size of 3.2 m. Although these estimates were provided

by bite victims or witnesses under highly stressful conditions, and

therefore do not permit reliable sex determination, the consistent

pattern is that most sharks involved were described as large

individuals. Notably, nine of the sixteen sharks (56%) exceeded

the 3.3 m minimum size for female sexual maturity (Whitney and

Crow, 2007), and an additional three were estimated to be over

3.0 m.
5 Is the October spike in Hawaii shark
bites driven by changes in tiger shark
abundance, behavior, or both?

The seasonal spike in shark bites in the Main Hawaiian Islands

during October may result from increased tiger shark abundance

due to seasonal migration, changes in behavior such as intensified

foraging, or a combination of both factors. Several independent

lines of evidence suggest that tiger shark abundance and/or

behavior shifts during this period, potentially increasing

encounter rates with ocean users.

First, tiger shark sightings at shark ecotourism sites along

Oahu’s north coast peak in October (Figure 1B). Ecotourism

operators, who consistently track shark presence year-round,

report their highest tiger shark counts during this month (Meyer

et al., 2009). Operators report near-zero detections (<0.04/day)

from December–May but >2 sharks per day in October, an

increase of two orders of magnitude (Figure 1B). Tours may go

weeks without a shark in low season, whereas in October multiple

individuals, identified by their unique stripe patterns, are seen daily.
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Second, this peak in sightings coincides with a seasonal partial

migration of mature female tiger sharks from the Northwestern

Hawaiian Islands (NWHI) to the Main Hawaiian Islands (MHI)

(Papastamatiou et al., 2013, Figure 1C). Acoustic tracking data

indicate that a subset of the adult female tiger shark population

moves from the remote, uninhabited NWHI to the more populated

MHI during this time of year, while other demographic groups

(juveniles, mature males, and mature females captured in the MHI)

do not exhibit this seasonal movement (Papastamatiou et al., 2013).

Notably, mature males and resident MHI females show the highest

probability of inter-island movement in January, coinciding with

the mating season, rather than in autumn (Papastamatiou

et al., 2013).
6 Discussion

The simultaneous occurrence of the October spike in shark

bites, peak tiger shark sightings at ecotourism sites, and peak

movement probability of mature females from the NWHI to the

MHI aligns with tiger shark parturition in Hawaii (September-

October; Whitney and Crow, 2007). This temporal overlap suggests

that parturient and postpartum females may contribute to the

increased shark bite rate observed in October. Although these

individuals are unlikely to account for all bites during this period,

their presence may elevate risk when combined with the baseline

year-round bite probability.

Although the sex and reproductive status of sharks involved in

bite incidents remain unknown, the prevalence of large, likely

sexually mature individuals suggests that parturition could be a

key biological factor contributing to short-term increases in bite

incidents. Two primary mechanisms could contribute to this

pattern: (1) a temporary increase in the abundance of large adult

females in nearshore waters used for ocean recreation and (2) a

physiological state that increases foraging behavior in parturient

and postpartum females.
6.1 Mechanism 1: increased abundance of
large adult females near shore

Tiger shark pupping occurs primarily in the Main Hawaiian

Islands, as evidenced by the routine capture of neonates in these

waters and the absence of this age class in the NWHI

(Supplementary Figure S1). Large female tiger sharks routinely

utilize nearshore habitats in popular ocean recreation areas

(Meyer et al., 2018). Their nursery habitat, however, is more

diffuse than that of many other coastal shark species, occurring

broadly across continental shelf areas rather than being confined to

discrete bays or lagoons (Driggers et al., 2008; Natanson et al.,

2023). In some regions, such as the Main Hawaiian Islands and the

Bahamas, these shelf habitats appear to serve as recurring pupping

grounds (Papastamatiou et al., 2013; Sulikowski et al., 2016). The

temporary influx of late-term females into Main Hawaiian Island
Frontiers in Marine Science 04
insular shelf waters during the pupping season could heighten the

likelihood of human encounters and bite incidents, particularly if

these individuals exhibit heightened foraging activity.
6.2 Mechanism 2: heightened foraging in
postpartum females

Female tiger sharks are ovoviviparous, with embryos developing

inside the uterus and receiving additional nutrition beyond the

initial yolk sac provisions (Castro et al., 2016). Unlike most

carcharhinid sharks, which rely on placental nourishment, tiger

sharks utilize a unique maternal provisioning strategy called

embryotrophy, in which embryos imbibe an energy-rich fluid

within their egg cases (Castro et al., 2016). This process enables

embryos to undergo substantial weight increases before birth -

2119% in wet weight and 1092% in dry weight (Castro et al., 2016).

Tiger shark mature oocytes weigh approximately 70g compared to

late-term embryo weights of around 1.5kg (Castro et al., 2016).

Reported litter sizes range from 3 (Whitney and Crow, 2007) to 82

(Bigelow and Schroeder, 1948), with mean values typically between

30 and 50 embryos per litter (Springer, 1940; Bigelow and

Schroeder, 1948; Clark and von Schmidt, 1965; Simpfendorfer,

1992; Whitney and Crow, 2007). Gestation lasts 15–16 months

(Whitney and Crow, 2007), suggesting that pregnancy imposes

substantial and prolonged energetic demands on females. There is

no evidence that tiger sharks suppress feeding near parturition to

reduce the risk of cannibalism, as very late-term gravid females are

routinely captured on baited hooks in Hawaii and elsewhere

(C. Meyer, pers. obs.).

The liver functions as both a buoyancy and energy storage

organ in sharks (Gallagher et al., 2014; Gleiss et al., 2017). Limited

data on gestating tiger sharks from Philippine waters (Kauffman,

1950) suggest a pattern consistent with that observed in other shark

species: the percentage of liver weight relative to body weight was

highest (26%) in a female with early-stage embryos and declined to

20-21% in two females carrying well-developed pups. These

observations, although based on only three individuals, indicate

that liver mass may peak early in pregnancy and progressively

decline as gestation advances. Studies on various other shark species

have also documented a decline in liver condition during gestation

as maternal energy reserves are depleted to sustain developing

embryos (e.g. Odontaspis taurus Cadenat, 1956; Mustelus spp.

Smale and Compagnon, 1997; Etmopterus spinax Aranha et al.,

2009; Etmopterus pusillus Coelho and Erzini, 2007; Carcharhinus

obscurusHussey et al., 2009). Liver depletion by the end of gestation

may leave postpartum female tiger sharks in poor nutritional

condition, necessitating increased foraging to regain energy

reserves. This heightened post-birth feeding drive could help

explain the seasonal spike in Hawaii shark bites observed

in October.

Importantly, the mechanisms of increased female abundance in

nearshore waters and the potential for heightened postpartum

foraging activity are not mutually exclusive. Rather, they may act
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in concert to produce a temporary but pronounced seasonal effect

that increases shark bites during October.

Although parturition and postpartum foraging are plausible

drivers of the October spike in tiger shark bites, other ecological

factors may also contribute. For example, seasonal increases in the

availability of preferred prey, such as large reef fishes, turtles, or

marine mammals, could draw sharks into coastal habitats used for

recreation. These factors were not quantified in the present study,

but they could act alongside reproductive movements to elevate the

seasonal abundance of large tiger sharks in coastal areas, thereby

increasing the probability of human-shark encounters.
7 Conclusion

Shark bites on humans in Hawaiian waters and elsewhere are rare

events, and the timing of individual incidents is highly unpredictable.

However, an aggregate analysis of three decades of data shows a

statistically significant spike in Hawaii shark bites during October.

This pattern may be driven by seasonal changes in tiger

shark abundance and behavior, particularly parturition-related

movements that may increase abundance of adult females in

coastal waters, where postpartum foraging needs may increase the

likelihood of bite interactions with ocean users. Although the shark

bite risk is statistically elevated in October, it remains extremely low

in absolute terms. Awareness of this seasonal pattern can inform safer

ocean use, emphasizing vigilance, particularly for solo ocean

recreation activities. Ocean users should be aware that large tiger

sharks are more likely to be present in nearshore waters of the Main

Hawaiian Islands during October, and extra caution is advisable

during this month, particularly for high-risk activities such as surfing,

swimming, or diving alone in coastal areas. Future research should

further investigate the ecological and behavioral drivers of this

phenomenon to refine risk mitigation strategies. For example, large

female tiger sharks observed close to shore during the pupping season

should be examined using non-invasive ultrasound techniques to

determine pregnancy status, as has been done in other elasmobranch

studies (e.g., Sulikowski et al., 2024), to directly test reproductive state

as a driver of seasonal bite patterns.
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SUPPLEMENTARY FIGURE 1

Size-frequency distributions of tiger sharks captured in the Main Hawaiian
Islands (MHI – top blue) and Northwestern Hawaiian Islands (NWHI – bottom

red). Tiger shark size distributions are shown for individuals caught in the MHI
(O‘ahu, Maui, Hawai‘i Island) and NWHI (French Frigate Shoals, Kure Atoll,

Lisianski Atoll, Mokumanamana, Pearl and Hermes Reef), all sampled using
identical fishing gear. A substantially greater proportion of sharks captured in

the NWHI (85%) exceeded the minimum female size at maturity (≥330 cm),

compared to 39% in the MHI. No sharks <200 cmwere captured in the NWHI,
whereas sharks in this smaller size class comprised 23% of the MHI sample.

These patterns indicate a marked regional shift toward larger, mature
individuals in the NWHI relative to the MHI.
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