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Movements  between  humpback  whale (Megaptera
novaeangliae) breeding stocks are exceedingly rare, and
exchange between distant breeding grounds in both directions
has not previously been documented between eastern
Australia and Brazil. Using 19 283 curated photo-identification
images from eastern Australia (breeding stock E1 (BSEL))
and Brazil (breeding stock A (BSA)) collected between 1984
and 2025, we identified two individuals photographed in
both areas, representing the first recorded exchange in both
directions between BSE1 and BSA. The breeding grounds are
separated by minimum great-circle distances of 14 200 km and
15100 km, respectively, distances that reflect the separation
between sighting locations rather than actual distances
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travelled, as photo-identification records only the endpoints of each individual’s travel. Resighting
intervals of 6 and 22 years suggest that these are rare, possibly single-lifetime events rather
than regular migratory shifts. These findings extend the known spatial limits of inter-basin
connectivity for Southern Hemisphere humpback whales and support the ‘Southern Ocean
Exchange’ hypothesis, whereby population recovery and environmental variability may create
opportunities for exceptional exchange between ocean basins. Although such events occurred
in only 0.01% of identified whales, continued global collaboration through photo-identification
platforms will be essential for detecting and quantifying these rare exchanges.

1. Introduction

Humpback whales (Megaptera novaeangliae) are one of the large whale species known to seasonally
perform long-distance migrations from high-latitude feeding areas to low-latitude breeding grounds
[1]. Most reproductive activity occurs in tropical or subtropical regions while feeding is mainly
observed in high latitudes [2]. During migration, females with a calf from continental populations tend
to remain near the coastline where possible, while other demographic classes may take more direct or
offshore routes, though evidence for consistent sex-specific route differences in humpback whales is
equivocal [3,4]. Despite the fact that individuals usually show a high degree of fidelity to migratory
routes learnt from their mothers, there have been reports of humpback whales occasionally switching
feeding and/or breeding grounds [5-7]. These long-range movements facilitate genetic exchange [8]
and, in the case of males, spread singing styles unique to their own populations [9,10].

In the Southern Hemisphere, seven humpback whale breeding stocks are recognized by the
International Whaling Commission (IWC), designated A through G based on geographic distribution
and migratory destinations [11]. The humpback whale population along the eastern coast of South
America, known as breeding stock A (BSA), breeds primarily off the coast of Brazil, particularly
around the Abrolhos Bank (16°-19°30' S, 37°-39° W) in the western South Atlantic Ocean [12-14]. This
population migrates to feeding grounds in South Georgia [15-19] and the South Sandwich Islands
(54°31' S, 37°24' W) and adjacent Antarctic waters [15-17,20]. The breeding season extends from June to
November, with peak activity between August and September [14,21].

The humpback whale population that migrates along the east coast of Australia is known as
breeding stock E1 (BSE1). Its terminal breeding grounds are in the Great Barrier Reef, and its terminal
feeding grounds are in Antarctic Area V, spanning 130° E to 170° W [22]. Humpback whales are
observed migrating along the east Australian coast from May to November, with whales stopping in
Hervey Bay between July and October on the southern migration [23].

Both the BSA and BSE1l populations have shown a recovery following the end of commercial
whaling. The BSA population has grown at an estimated annual rate of 7-10% since the 1960s,
when it reached approximately 3.5-5% of its pre-exploitation abundance [24,25]. Similarly, the BSE1
population, which was previously thought to contain a few hundred individuals, has recovered to
approximately 24 500 whales by 2015, expanding at a rate of around 11% per year [26].

Individual humpback whales have been tracked over time via a method called photo-identification
(hereafter, ‘photo-ID’) based on the unique shape and colour patterns on the ventral surface of their tail
flukes. This technique has become a cornerstone of wildlife population studies, allowing researchers
to monitor the migratory destinations and site fidelity of individuals across years and ocean basins
[27]. More recently, the integration of multiple regional photo-ID catalogues into the global platform
Happywhale.com has facilitated greater collaboration among researchers and helped monitor migratory
destinations for individuals across regions [28].

Several cases of long-distance movements have been documented through photo-ID, revealing
connections within and between ocean basins. Along the eastern South Pacific of South America,
individuals have been recorded moving between BSA (Brazil) and BSG (Panama, Colombia, Ecuador
and Peru) [16,29,30], including one whale photographed between Ecuador and the South Sandwich
Islands [19]. Rarer still is exchange across ocean basins. The longest matches documented between
distinct breeding areas include an adult male sighted in Colombia (eastern South Pacific) and
subsequently at Zanzibar (Indian Ocean), whose breeding locations were separated by a minimum
great-circle distance of 13046 km [31]. A female was photographed in Brazil and subsequently at
Madagascar (Indian Ocean), with sighting locations separated by over 9800 km [32]. An individual
was also observed at the Antarctic Peninsula and subsequently in eastern Australia [33]. Genetic
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studies indicate that such exchanges between populations help maintain gene flow among Southern n
Hemisphere breeding stocks [8,34,35]. Similar photo-ID matches have been reported across Oceania
[36,37], between western Australia and eastern Australia [38] and between Brazil and South Africa [39],
and Antarctic feeding grounds are now known to be shared by individuals from multiple Southern
Hemisphere breeding stocks [34,40-42]. Overall, documented separations between breeding areas
where exchange has been photographically confirmed range from approximately 6000 km among
adjacent stocks to more than 13 000 km for the widest-known inter-basin cases [29-31].

Here, we document two individual humpback whales photographed in both eastern Australia
(BSE1) and Brazil (BSA), whose sighting locations are separated by minimum great-circle distances of
14200 km and 15100 km between sighting locations (the South Pacific and South Atlantic Oceans),
regardless of the actual route taken. Because photo-ID records only the sighting endpoints, the
routes taken and total distances travelled cannot be determined. We discuss environmental variability,
population recovery and individual behavioural flexibility as potential drivers of these exchanges and
examine potential implications for Southern Hemisphere humpback whale stock management.

“sosy/Ba0 Bunysyandsaposiefos

2. Material and methods

Photo-ID data from both research organizations and citizen scientists contributed to this study.
High-quality photos of the ventral surface of humpback whale flukes (1 = 19 283) were taken in two
regions between 1984 and 2025: the South Atlantic (Brazil, n = 10 341 individual whales) and the South
Pacific (eastern Australia, n = 8942 individual whales).

Photographs of the ventral side of the flukes were obtained both during dedicated research surveys
and opportunistically aboard whale-watching tours conducted from June to October. Each sighting
was documented with related sightings data, such as geographic location, observed behaviour, date,
group composition and size. Only good-quality images that clearly revealed the shape, pigmentation
and scarring patterns on the ventral surface of the flukes were included in the analyses.

These met the quality criteria established by [43], which require an adequate angle relative to both
the observer and the water surface, at least 70% visibility of the ventral area, sharp focus, proper
exposure and, ideally, a visible central notch.

All photographs were reviewed, curated and subsequently incorporated into the Happywhale
platform. Cross-catalogue comparisons were conducted using the platform’s automated image-recogni-
tion algorithm [43], which identifies potential matches based on trailing edge shape, fluke pigmenta-
tion and scars. All algorithm-proposed matches were independently verified by a trained researcher
through direct visual comparison of the original photographs. Individual matches in both cases were
independently verified by regional researchers.
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3. Results

We analysed humpback whale fluke photographs submitted to Happywhale from eastern Australia
(BSE1) and Brazil (BSA) across multiple years, and found two individuals that had been sighted in
both regions. Both cases represent exchange between breeding grounds in two different ocean basins
separated by more than 14 200 km, with resighting intervals of 6 and 22 years between the last sighting
in the first region and the first sighting in the second (table 1). The actual routes connecting these
locations remain unknown. Individual whales carry multiple identification codes reflecting contribu-
tions from different regional catalogues.

3.1. Case 1: individual PWF-SP_4134/PROBav-HBW-5P0071/HW-MN0700299

This individual (figure 1) was first photographed on 9 August 2007 in Hervey Bay, Queensland,
Australia (25°1.33" S, 153°2.87" E) by Pacific Whale Foundation researchers. The whale was observed
as part of a group of three individuals exhibiting active milling behaviour. The same individual
was resighted on 31 August 2013 in the same region (25°0.69" S, 152°59.02" E), in a group of three
individuals displaying slow swimming behaviour. Sex was not determined.

In Brazil, the resighting occurred on 15 July 2019 off Sao Paulo (23°56.19" S, 45°28.56' W), documen-
ted by Projeto Baleia a Vista (Ilhabela). The whale was swimming alone in a northeast direction at
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Abrolhos

9550 Paulo

Figure 1. Geographic locations and photographic documentation of exchange between eastern Australia (breeding stock E1 (BSET))
and Brazil (breeding stock A (BSA)) humpback whales. The map shows the sighting locations in Hervey Bay, Queensland, Australia, and
in coastal waters of Brazil. The actual routes between sightings are not known and are not depicted. Photo-identification confirmed
two individuals sighted in both regions. Case 1 (Australia to Brazil): Individual PWF-SP_4134/PROBav-HBW-5P0071/HW-MN0700299
was photographed in (A) Hervey Bay, Australia, on 9 August 2007; (B) Hervey Bay, Australia, on 31 August 2013; and (C) Sao Paulo,
Brazil, on 15 July 2019, with the breeding grounds separated by a minimum great-circle distance of 14 200 km. Case 2 (Brazil to
Australia): Individual /BJ-1386/RSL-360/HW-MNO700643 was photographed in (D) Abrolhos Bank, Brazil, on 7 August 2003; and
(E) Hervey Bay, Australia, on 22 September 2025, with the breeding grounds separated by a minimum great-circle distance of 15 100
km over a 22 year interval.

a speed of approximately 3 knots, consistent with humpback whales transiting this region towards the
Abrolhos Bank breeding ground in Bahia. The time elapsed between the last Australian sighting (2013)
and the Brazilian resighting (2019) was approximately 6 years, while 11 years and 10 months elapsed
between the first Australian sighting and the Brazilian resighting. The two breeding grounds are
separated by a minimum great-circle distance of 14 200 km.

3.2. Case 2: individual IBJ-1386/RSL-360/HW-MN0700643

This individual (figure 1) was first photographed on 7 August 2003 in Abrolhos, Brazil (18°4.46" S,
38°23.27" W) by members of the Instituto Baleia Jubarte (IBJ) and the Laboratory of Bioacoustics (LaB,
Universidade Federal do Rio Grande do Norte). The whale was observed in a competitive group of
nine whales which displayed behaviours such as pectoral slapping, head slapping and fluke-up diving.
The dorsal fin and body had multiple scars. Sex was not determined, although competitive group
participation is most commonly associated with male humpback whales.

The same individual was resighted on 22 September 2025 in Hervey Bay, Australia (25°6.56' S,
153°2.46" E). The whale was travelling alone and executed a fluke-up dive during an opportunistic
sighting as a whale-watching boat returned to port. The time elapsed between the Brazilian and
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Australian sightings was 22 years and 1 month, representing one of the longest documented intervals n
between re-sightings of an individual humpback whale in different breeding grounds.

Complete encounter histories and identification photographs for both cases are available through
Happywhale (case 1: https://happywhale.com/individual/37625; case 2: https://happywhale.com/indi-
vidual/55442).

4. Discussion

We documented two individual humpback whales photographed in both the eastern Australian (BSE1)
and Brazilian (BSA) breeding populations, representing the first photo-ID evidence of exchange in
both directions between these two geographically distant Southern Hemisphere breeding stocks. The
two breeding grounds are separated by minimum great-circle distances of 14200 km and 15100 km
between the South Pacific and South Atlantic, respectively. The type 1 ‘high white sides’ lateral
body coloration of the case 1 individual, commonly seen in Australian humpback whales [44], is
consistent with an Australian origin. Because photo-ID records only endpoints, the actual routes and
distances travelled by each whale cannot be inferred from these matches. These records nevertheless
demonstrate a degree of migratory flexibility in humpback whales that extends beyond traditionally
recognized breeding-population boundaries.

Despite the exceptional separation between sighting locations, the observed rate of exchange
between BSE1 and BSA was extremely low. Across a combined 41 year dataset (1984-2025), only
two matches were identified among 19 283 individuals, corresponding to an exchange rate of approxi-
mately 0.05 individuals per year, or 0.01% of identified whales. This low rate is congruent with the
genetic differentiation observed between Southern Hemisphere breeding stocks [8,45] and is consis-
tent with the interpretation that some degree of exchange occurs across population boundaries. The
photo-ID matches presented here add individual-level observational evidence of exchange between
these stocks while reinforcing that such events are unlikely to have demographic significance at the
population scale.

The ‘Southern Ocean Exchange’ hypothesis posits that movement of individual humpback whales
between Southern Hemisphere breeding populations is facilitated by shared use of circumpolar
feeding grounds in the Southern Ocean [16]. Comparative song analyses, migratory-route evaluations,
and feeding-ground observations indicate that whales from multiple Southern Hemisphere breeding
stocks can co-occur in Antarctic feeding areas, including the Antarctic Sound Ocean Area (ASSO) [41].
Mixing between Brazilian (BSA) and eastern South Pacific (BSG) whales has been documented in the
West Antarctic Peninsula feeding area [16]. Marcondes et al. [17] proposed that population growth,
shifting krill availability and reduced sea-ice extent may increase opportunities for exchange between
ocean basins. Our findings of exchange in both directions between (BSE1) and (BSA) reinforce and
extend this hypothesis by showing that such connectivity is not limited to shared Antarctic feeding
areas but can also be reflected in matches between geographically distant breeding grounds. Even
at the low rate observed here, such exchanges could, over time, contribute to the maintenance of
genetic diversity and to the horizontal transmission of song traditions among Southern Hemisphere
populations [9,10,46,47].

The 15100 km minimum separation recorded in case 2 represents the greatest distance between
sighting locations ever reported for an individual humpback whale, exceeding the previous maximum
inter-breeding-ground separation (13 046 km between Colombia and Zanzibar) [31] by approximately
15%. The 14200 km separation in case 1 also surpasses this earlier record by approximately 9%. Both
cases far surpass other documented exchanges between breeding areas, such as those between Brazil
and Madagascar (9800 km) [32] and between several South Pacific breeding areas (6000-7000 km)
[16,29]. Notably, case 2 also involved a 22 year interval between sightings in the two breeding grounds,
highlighting that such events could represent rare, possibly single-lifetime occurrences rather than
typical migratory patterns (table 2). These distances represent the separation between the locations
where the whales were photographed, not the actual distance travelled by each individual. Given
the years elapsed between sightings, each whale would have completed multiple annual migrations
between the events.

Prior photo-ID records of long-distance exchange have primarily involved the South Atlantic
and Indian Oceans [32,39], and more recently the eastern South Pacific and South Atlantic Oceans
[29,30,48]. Other long-distance matches have documented movement between the Antarctic Peninsula
and eastern Australia [33]. The matches between eastern Australia and Brazil reported here represent
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Table 2. Summary of previously reported long-distance exchanges between humpback whale breeding (or breeding-to-feeding)
areas in the Southern Hemisphere, including oceanic connections, source and destination regions and the minimum great-circle
distance between the two sighting locations. These distances represent the separation between where each individual was
photographed rather than the actual distance travelled. The two cases documented in the present study represent the greatest known
separations between sightings of an individual humpback whale and the first photographic evidence of exchange in both directions
between eastern Australia (BSE1) and Brazil (BSA).

case/reference oceanic connection from (breeding stock/ to (breeding stock/ approx. distance
region) region) (km)
Stevick et al. [32] South Atlantic— Indian  Abrolhos Bank, Brazil Tle Sainte Marie, ~9800
Ocean (BSA) Madagascar (BSC)
Ramos et al. [39] South Atlantic <> Indian  Brazil (BSA) South Africa (BSB2and ~ ~7000-9000
Ocean BSC1)
Kalashnikova et al. [31] Pacific— Indian Ocean  Colombia (BSG) Zanzibar (BSC) 13 046
Stevick et al. [29] Pacific — Atlantic Ecuador (BSG) Brazil (BSA) ~12 800
Félix et al. [30] Pacific <> Atlantic Ecuador (BSG) Brazil (BSA) ~12000
Marcondes et al. [16] Atlantic <> Pacific Brazil (BSA) Colombia, Ecuador, Peru ~ ~12000
(Stock @)
Castroetal. [19] Pacific <> Atlantic Ecuador (BSG) South Sandwich Islands ~ ~8,000-10,000
(feeding overlap) (feeding area for
Stock A)
Acevedo et al. [33] Southern Ocean — South  Antarctic Peninsula Eastern Australia (BSET) ~ ~9800
Pacific (feeding area)
Acevedo [48] Pacific <> Atlantic Colombia, Ecuador, Peru  Brazil (BSA), Magellan ~12000
(BSG) Strait (Al)
present study South Pacific <> South ~ Australia (BSE1) Brazil (BSA) ~14200 and~15
Atlantic 100
South Atlantic — South
Pacific

a previously undocumented connection between the South Pacific and the South Atlantic, crossing the
widest longitudinal separation between populated Southern Hemisphere breeding grounds. The actual
routes travelled by these whales cannot be determined from photo-ID alone.

The two cases also differ in the behavioural context at the time of sighting. In case 1, the individual
was photographed on three occasions in Hervey Bay, Australia and later in coastal waters off Sao
Paulo, Brazil. In case 2, the individual was observed in a competitive group in the Abrolhos Bank
breeding area in Brazil, and subsequently sighted alone in Hervey Bay, Australia.

Sexwasnotdetermined foreitherindividual, and we therefore refrain frominterpreting these matchesin
terms of sex-biased dispersal. Published records of long-distance exchange include both female-mediated
[29,32,48] and male-mediated [31,40] cases, and the two matches reported here do not allow us to
distinguish between these possibilities. Age-class at each sighting likewise could not be verified from
photographs, so speculation about individual life-history stage at the time of exchange is not warranted.

Environmental variability in Antarctic prey availability, particularly changes in krill distribution
associated with sea-ice extent, ocean primary production and climatic oscillations such as ENSO
[49,50], may occasionally prompt individuals to exploit feeding grounds outside their usual range.
Such events, although rare, could bring individuals into contact with whales from other breeding
stocks and offer occasional opportunities for exchange between populations [7].

The inter-basin exchanges documented in this study, even infrequent, have important implications
for the conservation of Southern Hemisphere humpback whale populations, if the individuals are able
to successfully breed in the new region. These rare individual movements may become increasingly
important as environmental change continues to reshape the Southern Ocean ecosystem. In a context
of accelerated climate change affecting the entire continent of Antarctica [51], in which the distribu-
tion and availability of Antarctic prey may alter traditional migratory patterns, the ability of some
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individuals to explore alternative routes and use different breeding areas could have adaptive value [ 8 |
[52].

Although the rate of exchange documented here is too low to have demographic consequen-
ces at the population scale, these records illustrate the broad, transboundary nature of humpback
whale migration and connectivity. Continued photographic monitoring across Southern Hemisphere
breeding and feeding grounds, enabled by collaborative platforms such as Happywhale, will be
important for detecting further exchange events, refining estimates of exchange rates and assessing
whether the frequency of such events changes over time in response to continued population recov-
ery and environmental change. Such monitoring aligns with the Convention on the Conservation
of Migratory Species of Wild Animals, which provides an international framework for coordinat-
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ing conservation actions across the full migratory range of highly mobile species [53]. Integrating
photographic monitoring with satellite telemetry and genetic analyses will further help to quantify
exchange rates, identify range expansions and clarify the ecological contexts under which exchanges
occur.

Ethics. Research surveys conducted in Hervey Bay, Australia were carried out under approval from the Animal
Ethics Committee of the Queensland Government and complied with relevant national and state regulations. The
Brazilian sighting corresponding to case 2 was conducted under approval from the Ethics Committee on Animal
Use of the Universidade Federal do Rio Grande do Norte (CEUA/UFRN 042/2022) and complied with relevant
national regulations. Additional sightings and photographic records, including the Brazilian sighting corresponding
to case 1, were obtained through citizen science efforts and public contributions to the Happywhale platform. These
opportunistic observations involved only photo-identification using observational methods and, therefore, did not
require separate animal ethics approval.

Data accessibility. Photo-identification records and associated sighting metadata for the two individuals documented
in this study (case 1: PWF-SP_4134 / HBW-sp0071 / HW-MN0700299; case 2: IBJ-1386 / HW-MN0700643 / RSL-360)
are publicly available for viewing on the citizen science platform Happywhale (www.happywhale.com) via the
individual profile links provided in this manuscript.

The full regional photo-identification catalogues contributing to this study are archived within Happywhale
and are accessible in accordance with the data-sharing policies of the contributing organizations. Due to
ethical agreements and data-sharing restrictions, these catalogues cannot be downloaded in bulk; however, all
individual encounter records relevant to this study are publicly viewable and independently verifiable through the
Happywhale platform.
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