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Southern Hemisphere humpback whales (Megaptera novaeangliae) were heavily targeted during modern commercial whaling operations, with some 216,000 individuals killed between 1903 and 1973. That impacted the abundance of all the seven breeding stocks of the species. Most of these stocks have been recovering from whaling pressure although the understanding of the current growth rates of some stocks, and how the rates compare across stocks are lacking. Updated information is fundamental for understanding the species’ current status, and to support the review of management plans promoting its protection and recovery, especially considering current changes in ocean environments due to climate change. This work offers a comprehensive overview of the current knowledge on Southern Hemisphere humpback whales breeding stocks’ status. The aim is to provide information on their post-whaling growth trends and changes in distribution and migration patterns. Within that, records of supplementary feeding records (i.e. feeding beyond their formally described feeding grounds) are described. We have also identified knowledge gaps and note that the establishment of research collaborations, as well as standard methodologies for data collection can be important steps for the acquisition of better comparable data sets for the analysis of the current status of humpback whales and to fill such gaps. The compiled information provided can be used as part of an In-Depth Assessment of the species by the International Whaling Commission.
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Introduction

Humpback whales (Megaptera novaeangliae) are a cosmopolitan cetacean species (Clapham and Mead, 1999) and one of the most studied large baleen whales (IWC, 2006). In the Southern Hemisphere, humpback whales generally migrate seasonally between high-latitude feeding grounds typically used during austral summer and mid to low-latitude breeding grounds for late austral autumn and winter (Clapham and Mead, 1999).

Currently, seven humpback whale breeding stocks (hereafter referred to as stocks) are recognized by the International Whaling Commission (IWC) in the Southern Hemisphere (Figure 1; IWC, 1998). These are referred to stocks ‘A’ to ‘G’ by IWC and each is assigned to a specific breeding area. Based on genetic, mark-recapture or whaling data (Findlay, 2000; Rosenbaum et al., 2009; Fleming and Jackson, 2011), some stocks have been subdivided into sub-stocks. The breeding and feeding grounds used by each stock and sub-stock are indicated in Table 1. Given the connectivity amongst sub-stocks from New Caledonia (E2), Tonga (E3), Cook Islands (F1) and French Polynesia (F2), they have been grouped in the so-called Oceania stock (IWC, 2016a). In this review, as for in many publications in the field, we prioritize referring to the stocks based on their breeding ground location. Throughout the text, we refer to specific areas or locations within the breeding grounds that might not be familiar to the reader, so for a better location of the areas mentioned please see the maps included as supplementary information (Figures S1–S5).




Figure 1 | Distribution of the core breeding and primary feeding grounds of the Southern Hemisphere humpback whale Breeding Stocks A – G, and Southern Ocean Management Areas I – VI and sub-areas (Donovan, 1991; IWC, 1998; IWC, 2006). Colors are used to indicate the breeding and feeding grounds used by each breeding stock and sub-stock. Dashed lines indicate the limit of the main Management Areas, whereas dotted lines are marking the limits of sub-areas (W = west and E = east). Areas and sub-areas limits are: I = 120°W–60°W; II = 60°W–0°; III = 0–70°E (IIIW = 0–35°E and IIIE = 35°E–70°E); IV = 70°E–130°E (IVW = 70°E–100°E and IVE = 100°E–130°E); V = 130°E–170°E (VW = 130°E–150°E and VE = 150°E–170°E); and VI = 170°E–120°W (VIW = 170°W–155°W and VIE = 155°W–120°W).




Table 1 | Breeding and feeding grounds of the Southern Hemisphere humpback whale Breeding Stocks A – G and sub-stocks based following the definition by the International Whaling Commission and information from IWC (IWC, 2007; IWC, 2016a, 2016b) and Branch (2011).



The species was severely depleted by modern commercial whaling in the Southern Hemisphere. It is estimated that about 216,000 individuals were killed across the region from 1903 to 1973 (Allison, 2020), which reduced its abundance to a very small fraction of their pre-exploitation levels (Findlay, 2000). Although humpback whales have been protected across the Southern Hemisphere since October 1963 (Tønnessen and Johnsen, 1982), illegal Soviet operations continued until 1973 (Clapham et al., 2009). Further protection for the species came into force in 1986 with the Moratorium established by the IWC (Clapham and Baker, 2002).

Based on catch allocations of blue (Balaenoptera musculus) and fin (Balaenoptera physalus) whales, the IWC historically identified six main Management Areas (Areas I–VI) within the Southern Ocean for all baleen whales (Figure 1; Mackintosh, 1942; Donovan, 1991). As new information on the distribution of illegal Soviet catches was gained, some of these areas necessitated further longitudinal division of feeding areas in the Southern Ocean(Figure 1; IWC, 1998). The use of these Management Areas by the different stocks of humpback whale is a vexing question that was historically investigated through the analyses of mark-recapture data and catch histories. For example, high-latitude catches were allocated to particular stocks on the basis of longitudinal dispersal (e.g. Paton and Clapham, 2006). With time, information has been gained on the level of mixing between the stocks in high-latitude areas. Reviews of Discovery Investigation’s whale mark-recapture data (collected using stainless-steel tags deployed during the whaling era – please see Rayner (1940)), movement patterns (Bestley et al., 2019), satellite-tag individuals (e.g. Reisinger et al., 2021) and photo-identification data (e.g. Marcondes et al., 2021) suggest a possible greater degree of mixing among stocks on the feeding grounds than originally agreed by the IWC (IWC, 2016a; Jackson et al., 2015).

A Comprehensive Assessment of Southern Hemisphere humpback whales was developed by the IWC was completed in 2014 and results were synthesised in 2015 (IWC, 2016a, 2016b). It was based on a Bayesian statistical approach including a backward projection (Butterworth and Punt, 1995; Jackson et al., 2015), and estimated the pre-modern whaling abundance of the species in the Southern Hemisphere at 137,972 (95% PI = 111,833-197,781) individuals (IWC, 2016b). The sum of the median abundance projected for each stock for 2015 was of 96,675 (95% PI = 78,041-117,527) individuals. An overall recovery of about 70% for all stocks combined is indicated, although there are marked differences in the rates of increase (ROI) across stocks (IWC, 2016b). As a reflection of the recovery of the stocks, the species is currently listed as “Least Concern” on the IUCN Red List, although low numbers of the Oceania stocks have meant these are still listed as “Endangered” (Childerhouse et al., 2008; Cooke, 2018).

Despite intense research on Southern Hemisphere humpback whales over the last decades, updated information on their population demographic parameters is essential for stock assessments and evaluation of conservation status (e.g. Rodrigues et al., 2006; Punt and Donovan, 2007). Updated estimates of trends in abundance and of absolute stock sizes are essential for the evaluation of the need for management strategies and for effective measures to be developed, if necessary (e.g. Caughley, 1994; Rockwood, 2015). That is particularly important for humpback whales considering the current pressures faced by the species. Such pressures include climate-driven environmental variabilities affecting both their breeding and feeding grounds, as well as migratory corridors (e.g. Derville et al., 2019; Tulloch et al., 2019; Meynecke et al., 2020; Meynecke et al., 2021; Seyboth et al., 2021; van Weelden et al., 2021), and other threats such as ship strikes (Van Waerebeek et al., 2007; Smith et al., 2020), entanglements (Groom and Coughran, 2012; Ott et al., 2016; Félix et al., 2020a; Santora et al., 2020), underwater noise (Rossi-Santos, 2015; Dunlop, 2019; Dunlop et al., 2020), and pollution (Besseling et al., 2015; Das et al., 2017; Casà et al., 2019; Remili et al., 2020). One example of a climate-driven impact is the influence of sea surface temperature (SST) on the abundance and distribution of prey stocks, which has been identified as a threat to different whale populations (e.g. Simmonds and Isaac, 2007). That is mainly related to the decrease of Antarctic krill (Euphausia superba) abundance as a response to warmer ocean conditions (e.g. Loeb and Santora, 2015; Atkinson et al., 2019). This has potential consequences for humpback whale stocks as Antarctic krill is the main prey item in the diet of Southern Hemisphere humpback whales (e.g. Mackintosh, 1965; Santora et al., 2010; Herr et al., 2016) and as food availability may impact their reproductive success (e.g. Seyboth et al., 2021). However, disentangling the effects of these pressures on stock recovery from the effects of exploitation from whaling is complex and requires detailed information on the extent and rates of recovery within and across stocks so their abundance trajectory can be better understood.

Other important aspects to be investigated are potential changes in the distribution of the species including feeding and breeding grounds and migration corridors, and the performance of feeding behaviour in regions beyond the regular feeding grounds. Such changes might be becoming more common as the species increase in abundance, and faces the changes observed in prey populations in the Southern Ocean.

Furthermore, status assessments are important for the understanding of the roles of humpback whales in the trophic ecology of Southern Ocean systems. For example, whales in general may influence both prey populations and community structure through top-down forcing (Croll et al., 2006; Leaper et al., 2008), and the primary production and biogeochemistry of the marine environment through micronutrient fertilisation (Ratnarajah et al., 2014; Ratnarajah et al., 2016). Given the removal of some two million individuals of different whale species from Southern Ocean systems by modern whaling and associated influences on trophic ecology - see for example the krill surplus hypotheses discussion initially introduced by Laws (1977), updated information on population recoveries and status are critical in Southern Ocean management models (e.g. Friedlaender et al., 2006a; Seyboth et al., 2016; Warwick-Evans et al., 2022).

Aiming to contribute to the knowledge of the current status of Southern Hemisphere humpback whale, in this study we review information on their post-whaling abundance and growth rate estimates, and compile information on the stock structure, potential changes in distribution and migration patterns, and records of supplementary feeding (i.e. feeding beyond their regular feeding grounds in high latitudes) for each stock. The information combined in this review may serve as a contribution toward an In-depth Assessment of Southern Hemisphere humpback whale by the IWC.





Methods

We collated information relevant to the review from literature made available online until 01 April 2022 in peer-reviewed papers, books, and IWC or project reports. Online searches were conducted using a different combination of the words/terms ‘humpback whale’, ‘population growth’, ‘growth rate’, ‘rate of increase’, ‘abundance’, ‘abundance estimate’, ‘population recovery’, ‘feeding record’, ‘distribution’, and ‘breeding stock’ in Google, Google Scholar, and Web of Science platform, and checked references cited in the publications found relevant during this search.

Information found was grouped by stock whenever possible. The cases for which such classification could not be applied were related to circumpolar data and are presented at the end of the following section as complementary data.





Results




General overview

We identified 58 studies in which post-whaling abundance and ROI estimates are presented for Southern Hemisphere humpback whales, published between 1989 and 2022. The number of studies per stock is indicated in Table 2, as well as the number of studies with evidence of feeding beyond the regular feeding grounds of the stocks, which have been reported for the stock related to the east coast of South America, west coast of Africa, east coast of Australia and western Pacific Ocean and west coast of South America. Most studies on abundance were related to stock breeding on the east coast of South America, while most of those investigating ROI were related to eastern Australia.


Table 2 | Summary of the review survey, indicating the number of studies found for each Southern Hemisphere humpback whale main breeding stock/sub-stock on each aspect aimed to be investigated.







Information per breeding ground

All the estimates found on abundance and ROI for each breeding ground/stock are presented in Tables 3, 4, respectively, and some studies were chosen to be included in the text to describe the recovering trajectory of each stock. Information on changes in distribution and records of supplementary feeding of each stock is described in the text below.


Table 3 | A summary of information on abundance (N) for humpback whales published until 01 April 2022, organized by Breeding Stock (A – G).




Table 4 | A summary of information on stock growth rates (including information found on rate of increase (ROI) and maximum intrinsic rate of increase (rmax)* - both as % per year) estimates for humpback whales published until 01 April 2022, organized by Breeding Stock (A – G).






Southwestern Atlantic Ocean (Breeding Stock A)




Breeding and feeding ground distribution and potential changes in migration

The breeding area for this stock is located along the coast of Brazil the eastern coast of South America, mainly over the Abrolhos Bank (16°40’S–19°30’S) (Andriolo et al., 2006a; Zerbini et al., 2006; Andriolo et al., 2010). Within this area, higher group densities are found between 140 and 236 km from the coast with relatively shallow waters (< 500 m) (Pavanato et al., 2018), and associated to slower currents, sheltered areas and SSTs of between 24 and 25°C (Bortolotto et al., 2017). Areas surrounding oceanic islands such as the Archipelagos of Fernando de Noronha (3°51’S) and Trindade and Martin Vaz (20°30’S) have been included as part of the breeding ground (Lodi, 1994; Siciliano et al., 1999). The breeding period is from June to November, with a peak in August-September (Martins et al., 2001; Morete et al., 2003).

Off the coast of Brazil, there is evidence that the species have been reoccupying regions of the breeding ground that were known to be used before whaling decimated the stocks and subsequently restricted their range in breeding grounds (Zerbini et al., 2004). For example, the increase of encounter rates on the north coast of Bahia State (around 12°S–13°S) between 2000 and 2006 may represent a post-whaling expansion of the area used by the species around Abrolhos Bank (Rossi-Santos et al., 2008). Observations to the south of Abrolhos Bank are also increasing, as it has been reported for the vicinities of Ilhabela Island (23°55’23.2”S, 45°26 53.7”W), São Paulo State, including records of calves and competitive groups, which can indicate the use of the area as a calving and mating site (Morete et al., 2022). There is also a recent discussion on the expansion of the range of the stock or recolonization of broader areas in northern Brazil (at about 5°04’49’’S, 45°36’03”W), possibly reflecting the post-whaling recovery of the stock (Ristau et al., 2020).

From late austral spring, whales migrate through offshore areas to the Scotia Sea (Zerbini et al., 2006; Zerbini et al., 2011b) and northern Weddell Ridge (Bedriñana-Romano et al., 2022). Individuals tend to concentrate around the South Georgia and the South Sandwich Archipelago (Stevick et al., 2006; Zerbini et al., 2006; Engel et al., 2008; Horton et al., 2020), within IWC Management Area II. However, there are reports of individuals feeding as far west as 42°W (Stevick et al., 2006) and even matches between the coast of Brazil and the vicinity of Bouvet Island (3°E) (Engel and Martin, 2009). There is also an indication of a potential southerly expansion of the area being used during the 2010s, which can be a response to the increase of the SST during this period, with consequences to food availability for the stock (Bedriñana-Romano et al., 2022). New evidence on the permeability of the boundary between Brazilian and western South America stocks on the feeding grounds has been presented based on photo-identification analysis (Marcondes et al., 2021) and satellite tracking data (Reisinger et al., 2021), the latter also indicating an overlap in the feeding area used by the Southwestern and the Southeastern Atlantic Ocean stocks.

The migration paths of the Southwestern Atlantic Ocean stock are believed to be consistent over time, despite changes in environment conditions over the last decades (Zerbini et al., 2011b; Horton et al., 2020). Such conditions include those related to SST, productivity and currents, for instance, known to influence the species distribution and migration (e.g. Derville et al., 2019; Meynecke et al., 2021). The fact that the migration of this stock does not seem to be affected by changes in these conditions might indicate that humpback whale movement decisions include mechanistic responses to stable and predictable exogenous cues, including gravity (Horton et al., 2020).





Records of supplementary feeding

There is evidence of individuals from this stock feeding in low and mid-latitude waters. For example, the stomach content of a humpback whale stranded on the coast of southern Brazil (29°45’38’’S, 50°00’43’’W) in 2002 contained a large amount of the aviu shrimp Acetes americanus (Decapoda: Sergestidae) and some Brachyura larvae, with preys assumed to have been eaten about 21 nautical miles from the stranding location (Danilewicz et al., 2009). The presence of humpback whales in this coastal area is unusual, as the migratory corridor of the stock that is located offshore in this area (Danilewicz et al., 2009). The distribution of A. americanus ranges from Guayanes Beach, Porto Rico to Rio Grande do Sul State, Brazil, associated with tropical waters (D’Incao and Martins, 2000). A second stranding in southern Brazil (27°26’27.6”S, 48°22’26.4”W) in 2014 reinforced the use of the area for feeding, with the shrimp Peisos petrunkevitchi found in the stomach of the specimen (Bortolotto et al., 2016b). This shrimp species is distributed from Rio de Janeiro, Brazil (22°29’S) to Chubut Province, Argentina (~44°S) (D’Incao and Martins, 2000). Additional feeding evidence for mid-latitude regions come from reports by Siciliano et al. (2019) of plunge-diving feeding behaviour performed by a young individual and other feeding activity by adults of the species in association with gillnet fishery. More evidence has been reported by Pinto de sa Alves et al. (2009), based on observations made in August 2005 from an oil platform located at 19°35’02’’S, 39°14’37’’W of two likely juvenile individuals performing lunge-feeding behaviour to prey on small fishes of an unidentified species.





Stock structure

There is no evidence of stock sub-structure in the Southwestern Atlantic Ocean. Also, individuals from the stock breeding along the coast of Brazil are genetically significantly differentiated from those breeding on western and eastern coasts of Africa, which can be related to maternal site fidelity and ecological and oceanographic features in breeding and feeding grounds (Rosenbaum et al., 2009).





Stock trajectory

The number of individuals of the stock was estimated to have declined from about 27,000 (95% PI = 22,800–33,000) in 1830 to only 450 (95% PI = 200–1,400) in the mid-1950s (Zerbini et al., 2019). Although this is a substantial decrease in the stock size, studies have indicated no significant decrease in its genetic diversity when analysing samples collected between 1999 and 2007 (Cypriano-Souza et al., 2018).

The first abundance estimate after the end of whaling is for 1995, when 1,634 (90% CI = 1,379–1,887) individuals were estimated to be in the Abrolhos Bank (Kinas and Bethlem, 1998). A continuous recovery of the stock has been reported since then (Table 3), with an absolute estimate of 3,871 (95% PI = 2,795–5,542) individuals for 2000 in the same area (Freitas et al., 2004). For the main area used by the stock, between Natal, Rio Grande do Norte (~ 5°S) and Cabo Frio, Rio de Janeiro (~ 23°S), estimates based on ship-based surveys were of 14,264 (CV = 0.084) individuals for 2008 and 20,389 (CV = 0.071) individuals for 2012 (Bortolotto et al., 2017). Using data from aerial surveys in the same area, abundances of 7,689 (95% PI = 6,585–8,931) individuals for 2008 and 12,123 (95% PI = 10,811–13,531) individuals in 2015 have been estimated (Pavanato et al., 2017). Annual ROIs of 11.08% (2008–2011) and of 1.17% (2011–2015) were estimated for this area, with the difference between periods likely being a result of the stabilization of the population growth towards 2015 (Pavanato et al., 2017). That can also the reason for the decrease in the ROI over a longer period of time, between 1995 and 1998, during which the stock grew at an annual increase of 7.4% (95% CI = 0.5–14.6%) (Ward et al., 2011). A more recent investigation based on combined data from breeding and feeding grounds resulted in the maximum intrinsic rate of increase estimate (rmax) ranging from 7.6 to 10.7% (95% CI) (Zerbini et al., 2019). Currently there is no ROI estimate from feeding ground data due to some limitations on data collection during the IWC IDCR/SOWER cruises as indicate by Leaper et al. (2008) and Branch (2011).

Zerbini et al. (2011a) estimated the size of this stock through modelling parameters using estimates from Andriolo et al. (2010) as an index of relative abundance (as the surveys did not cover the whole range of the breeding stock) and on whaling-derived data. They found it to be 6,705 (95% CI = 4,704–9,181) individuals in 2006, which was about 33% of the pre-exploitation levels. Following up, Zerbini et al. (2019) developed models based on results from Bortolotto et al. (2017) and estimated the stock size as 24,900 individuals in 2019 (95% PI = 22,400–27,000), indicating a recovery of approximately 93% of the pre-exploitation levels. Later on, Bortolotto et al. (2021) run an updated model and provided precise estimates for the stock in 2019, with 21,878 (95% CI = 21,377–22,285) individuals.

The recovery of the stock after whaling is also clear from data from the Scotia Sea, within the feeding ground of its stock (Table 3). For example, 2,493 (CV = 0.55) individuals were estimate in the area in 2000 (Hedley et al., 2001), and 24,543 (CV = 0.26; 95% CI = 14,863–40,528) individuals were estimated in 2019 (Baines et al., 2021), although the confidence interval of this last study is considerably large and consideration should be given to the mixing between stocks in the feeding grounds, which can influence such estimates.






Southeastern Atlantic Ocean (Breeding Stock B)




Breeding and feeding ground distribution and potential changes in migration

Individuals from this stock concentrate on the western coast of Africa (IWC, 2006). There is limited information on the overall breeding ground used by this stock (Collins et al., 2010). However, it is known that the sub-stock B1 uses the central West African coast and the northern islands of the Gulf of Guinea for breeding purposes, while the genetically distinct sub-stock B2 uses the west coast of South Africa as a feeding site and migratory corridor (IWC, 2006; Barendse et al., 2010; Barendse et al., 2011). The low numbers of calves and competitive groups observed and the lack of singing activity of sub-stock off Namibia suggests that the area is also not used as a breeding ground, but as a migratory route instead (Elwen et al., 2014). The Gulf of Guinea has generally been considered the northern limit of the distribution of the sub-stock B1, but mixing of individuals from Southern and Northern Hemispheres seem to occur in regions up north. That comes from sightings, satellite track data and strandings of individuals on the coast of Northwest Africa (up to 14°20’N) in January-February and August-November periods, most of them during the breeding season of the Southern Hemisphere humpback whales (Acevedo and Smultea, 1995; Van Waerebeek et al., 2001; Bamy et al., 2010; Van Waerebeek et al., 2013; Rosenbaum et al., 2014). The boundary between the two sub-stocks is not clear but proposed to be around 18°S in the region of the Angola-Benguela Front (IWC, 2011). Some individuals observed on the coast of South Africa have been observed in the areas associated with the Gabon sub-stock, but the breeding ground of the sub-stock feeding on the coast of South Africa remains unknown (IWC, 2011).

Areas such as that off São Tomé (0°20′10’’N, 6°43′53’’E), known to be used by the Gabon sub-stock from whaling data (Townsend, 1935), have been repopulated by individuals as shown from data collected in the area since 2002 (Carvalho et al., 2011). Considering the relatively high proportion of mother-calf pairs seen, and the limited number of competitive groups (a behaviour typically associated with mating) registered during fieldwork, the authors believe that the area is used primarily for calving and nursing or for resting.

The detection of non-song calls during austral spring in 2019 in the surroundings of Vema Seamount (31°38’S, 8°20’E), an offshore area off the southwestern coast of South Africa may indicate that the region is part of the migratory route of the stock (Ross-Marsh et al., 2022). However, it is recognized that further research is needed for a validation of these results.

Movements between Western South Africa and Gabon in austral spring and summer have been recorded, but whether individuals stay in the former year-round or use the area intermittently during a year is still not confirmed (e.g. Barendse et al., 2011). Genetic and photographic data indicated that individuals that were sighted in the Western South Africa with their mother have returned there as post-weaned, which seems to be evidence of a maternally derived use of the area for feeding (Barendse et al., 2013).

Although information on the connectivity between west African stock and feeding grounds is scarce (IWC, 2006; Leaper et al., 2008), it has been suggested that individuals feed between the longitudes of 20°W and 10°E, within the IWC Management Areas II and IIIW (IWC, 1998). Data from satellite tagged individuals also support the use of this latitudinal band and indicate the importance of the vicinities of Bouvet Island for individuals from the Gabon sub-stock (Rosenbaum et al., 2014). The low number of sightings in this latitudinal band to the south of 60°S during the IWC IDCR/SOWER cruises (Branch, 2011) can also indicate that the species feeds northerly in Areas II and III than in other Areas. However, the cruises did not cover areas north of 60°S to provide evidence on the presence of individuals in such area.





Records of supplementary feeding

Seasonal data from whaling stations located in Saldanha Bay, on the west coast of South Africa, show bimodal trends in the presence of humpback whales in the area (Best and Allison, 2010). That reflects the regular migration of the species. However, there are also data indicating the extended presence of the species in the area through the austral summer (Townsend, 1935), with multiple sources reporting on feeding activity as that time of the year, as detailed below. These are all considered evidence that some individuals suppress migration to feeding grounds in high-latitudes, staying in mid to low-latitude regions year-round.

The first evidence of feeding activity on the west coast of South Africa came from whaling records (Matthews, 1938) and records of stranded or entangled individuals with prey items in their stomachs (Findlay and Best, 1995), including mantis shrimp (Pterygosquilla armata capensis). Observation of lunge-feeding behaviour from Cape Columbine (32˚50’S, 17˚51’E) was reported for October–November 1993 at a relative short distance from shore (0.8 to 3.5 km) (Best et al., 1995). During that investigation, the analysis of faecal samples indicated the presence of an unidentified Euphausia species, which was believed to be E. lucens given the sample location. No dominant swimming direction among the observed individuals, and a relatively low mean swim speed (2.8 km h-1), and a residency of up to 20 days in the area were reported (Best et al., 1995). The combination of these factors provided evidence of the use of the west coast of South Africa by non-migratory animals during spring.

Further observations of non-migratory behaviour and feeding activity on the west coast of South Africa were made during land and boat-based monitoring from Saldanha Bay in 2001–2007, with feeding activity on crustacean prey being reported (Barendse et al., 2010). Most groups performing feeding behaviour were composed of two or more individuals, but on some occasions (spring 2001, 2002, and 2007) there were loose aggregations of up to 20 individuals (Barendse et al., 2010). Photo-identification and genetic data collected between 1983 and 2008 have indicated that some 500 individuals might have used the area to feed during spring and summer (September-March) during the period (Barendse et al., 2011).

The occurrence of such loose aggregations seems to have grown over time, and the occurrence of the so called ‘super-groups’ (tightly aggregated groups of 20+ individuals) of humpback whales were recorded during cruises in October and November between Cape Point and St Helena Bay in 2011, 2014, 2015 (Findlay et al., 2017). The origin and destination of the individuals forming these aggregations is unknown. Evidence available so far from satellite tagging data indicate individuals migrating towards the Southern Ocean from early December (IWC, 2016a), but also a considerable spread of the individuals between 15°W and 35°E. It is reported that no calves were encountered within the super-groups, and the relatively small size of the animals encountered suggest a high incidence of non-breeding young animals.

Data on the occurrence of the super-groups have been recorded during cruises, aerial surveys, land and boat-based observations and as citizen-science data every season since 2011, showing consistency on the use of the area as a feeding ground over the last decade (e,g, Findlay et al., 2017; Seafari App, unpublished data). To better understand this behaviour, data from Findlay et al. (2017) was used in association with oceanographic data of the Southern Benguela System. A combination of relatively high chlorophyll-a concentration in the month before the observation of the whales, in association with the decrease in the water export from the area throughout October, seems to support prey availability in the area, composing a scenario favourable to the formation of the super-groups (Dey et al., 2021).

Although no feeding evidence has been reported so far off the coast of Namibia, the occurrence of individuals in the area through austral spring and summer is believed to be a result of the predictable prey availability given the upwelling of the Benguela Current in the region (Papastavrou and Van Waerebeek, 1997). Such evidence comes from catch data (Townsend, 1935) and other observations as described by Best and Shaughnessy (1979). At the same time, an overwinter stay in high latitude areas is also apparent, as the species has been recorded in acoustic monitoring (sounds likely produced by individuals breeding on western Africa given the area of occurrence) for 9 and 11 months over 2008 and 2009, respectively, in the Southern Ocean (70°31’S, 8°13’W) (Van Opzeeland et al., 2013).





Stock structure

Genetic data have indicated substantial (Pomilla et al., 2006; Rosenbaum et al., 2009) to subtle but statistically significant (Carvalho et al., 2014) differentiation between sub-stocks B1 and B2, and there is photographic evidence of interchange between them (Barendse et al., 2011). Potential reasons for the genetic differentiation are maternal site fidelity, the use of two migratory routes (one coastal and other offshore), and spatial or temporal segregation within the Gulf of Guinea breeding ground (Carvalho et al., 2014). More research is needed for the determination of the level of interchange between these stocks and for the identification of the breeding ground used by sub-stock B2. The southeastern Atlantic Ocean stock seems to have an interchange with southwestern Indian Ocean stock (e.g. Best et al., 1998; Rosenbaum et al., 2009; Kershaw et al., 2017), but further investigation is also necessary for the predominant level of connection to be determined.





Stock trajectory

To date, there is no abundance estimate for the whole range of the sub-stock using Namibian and western South African coasts, although some studies have provided numbers for localised areas within the breeding ground. For example, Collins et al. (2010) used two types of data from different locations used by B1 individuals off coastal Gabon, to provide abundance estimates. Numbers based on photographic data indicated 3,225 (CV = 0.39) individuals for 2001–2002, 3,332 (CV = 0.34) for 2002–2003 and 2,814 (CV = 0.28) for 2003–2004 for Iguela area (1°51’S, 9°20’E), and 3,301 (CV = 0.39) for 2005–2006 for Mayumba region (3°22’S, 10°38’E). The analysis of genotypic data resulted in estimates that ranged from 3,810 (CV = 0.34) for 2001–2002 to 9,301 (CV = 0.40) individuals in 2002–2003 for the Iguela area, and of 4,093 (CV = 0.30) individuals for 2005–2006 at Mayumba. The concurrent use of these two areas by the stock is however not well understood and the estimates presented can be biased (Collins et al., 2010).

A further study for the entire Gabon area - from Equatorial Guinea (1°N) to the Republic of Congo (4°S) - indicated that at least 1,259 individuals (95% PI = 710–2,333) utilised the area during the breeding season in 2002 (Strindberg et al., 2011). A projection of abundance at a rate of 2.9% per year between 2010 and 2015 indicated that about 12,973 (95% PI = 9,709–15,096) individuals constituted the sub-stock B1 in 2015 (IWC, 2016b).

Limited abundance information is also available for the sub-stock B2. Evidence suggests that the population size of this sub-stock is small, as 260 individuals were photo-identified on the west coast of South Africa with a relatively high between-year resighting rate (15.6%) (Barendse et al., 2006). That was further evident from the estimate based on photographic and genetic data, of about 500 individuals on the west coast of South Africa during spring and summer (September to March) each year from 1983 to 2008 (Barendse et al., 2011). A similar number, of 484 (95% PI = 138–860) individuals was projected for 2015 for this sub-stock (IWC, 2016b).

These estimates lead to a projected aggregated sum of 13,457 individuals was projected to constitute the stock in 2015 (IWC, 2016b). However, it is important to highlight that the extend of the breeding ground used by the sub-stock B1 is not fully known, and that there are still uncertainties about the use of such ground by individuals from sub-stock B2 (Collins et al., 2010). Therefore, estimates from this stock should be taken with caution.

Data on abundance and ROI estimates are available from IDCR/SOWER cruises from 1979 to 1997 in the Southern Ocean feeding ground between 20˚W and 10˚E. Data from CPIII (using data from seasons 1992–93 and 1996–97) indicate an estimate of about 595 (CV = 0.51) individuals, and the annual increase rate of 5.9% (-5.9–17.6%) (Branch, 2011).






East coast of Africa and western Indian Ocean (Breeding Stock C)




Breeding and feeding ground distribution and potential changes in migration

The overall breeding ground utilized by this stock comprises the eastern coast of Africa and the archipelagos of the Western Indian Ocean (IWC, 1998). The stock has been divided into four sub-stocks, namely C1 (which utilizes the coasts of South Africa, Mozambique and southern Tanzania), C2 (found around Mayotte Island, Comoros Islands and in the Mozambique Channel), C3 (Breeding on the coast of Madagascar, and shown to extend to northern African coastal mainland regions (Cerchio et al., 2016)), and C4 (using the Mascarene islands of Mauritius and Réunion) (IWC, 2006).

Information on the link between breeding and feeding grounds is limited, but the latter is considered to be between 10˚E and 60˚E in the IWC Management Area III (IWC, 2008). One of the few pieces of evidence of this connection come from the animals individually marked in high latitudes at about 54˚S, 10˚E and recaptured south of Madagascar during whaling activities, as part of the Discovery Investigations experiments (Rayner, 1940). Another comes from tagged individuals from the Madagascar sub-stock travelling to Crozet Island (Cerchio et al., 2016).

Based on the review of a combination of data sources, including catch, acoustic, at-sea, land-based and aerial monitoring, three main migratory routes have been proposed for the stock: (i) on the eastern African coast, from South Africa to central Mozambique; (ii) through Madagascar Ridge, with individuals migrating past north Madagascar; and (iii) along the Mozambique Channel (Best et al., 1998).

Although the extents of the feeding ground of western Africa and eastern Africa and western Indian Ocean may suggest that individuals from the west and east coast of Africa might spatially overlap in feeding areas, stable isotope analyses have provided evidence that such mixing does not necessarily happen. Values of carbon (δ13C) and nitrogen (δ15N) stable isotope ratios differed significantly between animals from Gabon and Mayotte, Mozambique Channel and Madagascar (Montanari et al., 2020). This can potentially represent a change in the migration patterns of the stocks, or at least of one of them, but this aspect deserves further investigation. Also, as detailed below, individuals from eastern Africa and western Indian Ocean can be mixing with individuals from Namibia and west coast of South Africa sub-stock to feed on the west coast of South Africa. Studies on photo-identification matches and movement tracking of both studies are highly needed for a better understanding of their movement and potential migration changes.





Records of supplementary feeding

There is limited information on supplementary feeding events beyond regular feeding grounds for this stock. Individuals may use the productive waters of the west coast of South Africa, joining individuals from western Africa to form the super-groups seen during spring and summer before continuing their migration to high latitude feeding grounds (Findlay et al., 2017). However, this is a topic that deserves further investigation for conclusions to be made.





Stock structure

The level of connectivity amongst these sub-stocks is variable (Leaper et al., 2008), and genetic studies have shown some level of differentiation between Mozambique and southern Tanzania and both Comoros Archipelago and Madagascar (IWC, 2006; Pomilla et al., 2006; Cerchio et al., 2008; Rosenbaum et al., 2009; Ersts et al., 2011; Kershaw et al., 2017). Photographic and satellite tracking data have also been used to investigate this aspect and suggest that although differentiated, there is an interchange between Comoros, Madagascar and Mascarene Islands sub-stocks, and little interchange between Mozambique and southern Tanzania and the other sub-stocks (Cerchio et al., 2008; Dulau-Drouot et al., 2011; Fossette et al., 2014; Dulau et al., 2017).





Stock trajectory

The recovery of the Mozambique and southern Tanzania sub-stock has been monitored using different methodologies. For example, shore-based surveys of its migration stream were conducted from Cape Vidal, South Africa, from 1988, have indicated a considerable recovery from whaling, as the stock abundance has been increasing over time. For 1990, the estimated abundance of the sub-stock was of 1,711 individuals (Findlay and Best, 1996), while more recent data resulted in estimates of 11,098 (2018) and 13,485 (2019) individuals (Wilkinson et al., 2023). Estimate of ROI are of 12.3% (95% CI = 4.7%–19.9%) (Findlay and Best, 2006), 11.5% (SE = 2.8) (Findlay et al., 2011a) for the period of 1988–2002, and 7.4–8.8% for the period of 1988–2019 (Wilkinson et al., 2023). While the point estimates might suggest a slowdown in the increasing rate of the sub-stock, the range of the estimates overlap and then might not differ significantly from a statistical perspective. In the breeding ground itself, abundance estimate by a line-transect survey along the central-southern coast in August-September 1991 between Quelimane (~18˚S) and Maputo (~26˚S) and from 18.3 to 183 m depths was of 1,954 (CV = 0.38) individuals for that year (Findlay et al., 1994). The authors also found higher densities of humpback whales in the southern region, between 33˚E and 35˚30’E, compared to the northern region. This can be a result of habitat preference considering the orientation of the coast, and wider continental shelf, with the result of the Mozambique Current flowing more offshore in the southern region, meaning individuals can find protection from strong currents closer inshore in this area (Findlay et al., 1994). A second survey in the region was performed during August-September 2003, between Cabo Inhaca (26°00’S) and to the north of Mozambique Island (14°26’S), which allowed the abundance estimation of 5,965 (CV = 0.17) individuals for that year (Findlay et al., 2004; Findlay et al., 2011b), with a ROI of 7.9% per annum for the period of 1991–2003 (Findlay et al., 2004). In both surveys, the high proportion of cow-calf pairs observed confirmed the importance of this region as a breeding area (Findlay et al., 1994; Findlay et al., 2011b). A projection based on a Bayesian multi-stock assessment, resulted in a median abundance estimate of 8,045 (95% PI = 6,756–9,656) individuals across the whole sub-stock C1 in 2015 (IWC, 2016b).

No abundance for the Comoros sub-stock has been estimated to date. For the Madagascar sub-stock, a line-in the southern and eastern portions of the breeding ground resulted in an abundance estimate of 2,532 individuals in 1994 (Best et al., 1996). Later on, Cerchio et al. (2009) estimated the number of individuals using Antongil Bay, northeastern Madagascar, during the 2000–2006 period as 7,406 and 8,325 based on photographic mark-recapture and genotypic surveys, respectively. These numbers were used to project the abundance of the whole sub-stock for 2015, which was 7,972 (95% PI = 6,409–10,228) individuals (IWC, 2016b).

To date, there is no abundance and ROI estimates representative of the stock based on data from the feeding grounds, although numbers are available from IDCR/SOWER cruises as indicated Tables 3, 4.






West coast of Australia (Breeding Stock D)




Breeding and feeding ground distribution and potential changes in migration

Individuals of this stock breed on the west coast of Australia, where the Kimberley coastal region is the main concentration between Camden Sound and Broome (15˚S–18˚S) (Jenner et al., 2001). To the south of this region are areas of intense monitoring of this stock, on the Ningaloo coast (~21°5’S), North West Cape (22˚45’S), and Shark Bay (25˚46’S) (400 km distant from each other), used during their migration. Also, there is evidence of North West Cape being used by females with calves over the last decade, which can represent an expansion of the calving area off the western Australian coast, as the species recovers from whaling (Irvine et al., 2018).

During the summer feeding season, individuals utilize the area between 80˚E and 110˚E, aligned with Antarctic Management Area IV (IWC, 2006), with the southern Kerguelen plateau being highlighted as a main area of concentration through satellite tagging data (Bestley et al., 2019). Such information is well aligned with whaling and Discovery mark-recapture data (Bestley et al., 2019). It has been postulated that some individuals probably also use Area IIIE, where they mix with eastern Australia sub-stock (Pastene et al., 2019).





Records of supplementary feeding

No records of supplementary feeding have been published so far for this stock, but there is evidence that individuals opportunistically do perform such behaviour. When investigating feeding habits of the stock using stable isotope analysis of baleen plates of individuals stranded between 1940 and 2015, Eisenmann et al. (2016) found that the feeding and fasting cycles followed a classical feeding model, with isotope values correlating with those of Antarctic krill. However, one of the individuals sampled showed supplementary discrete feeding in the temperate zone during migration reflected in relatively higher values of δ13C and δ15N in comparison to the other individuals (Eisenmann et al., 2016).





Stock structure

An interchange between individuals from western and eastern Australia sub-stocks has been initially indicated from Discovery Investigation mark-recapture data, based on whales that were marked in the Management Area V and recaptured in Area IV. Two of these ten individuals were also recaptured on the west coast of Australia (Chittleborough, 1965; Dawbin, 1966). Further evidence came from acoustic data suggesting shared songs by whales from western and eastern Australia (Noad et al., 2000). Genetic (Pastene et al., 2019) and photo-identification (Kaufman et al., 2011) evidence reinforce such mixing.





Stock trajectory

This is recognized to be the largest Southern Hemisphere stock of the species. Estimates have indicated a total of 26,100 (95% CI = 20,152–33,272) individuals in the North West Cape area in 2008 using aerial survey data (Salgado Kent et al., 2012), and some 21,750 individuals (95% CI = 17,550–43,000) migrating northward off Shark Bay in the same year from a combination of aerial survey and land-based data (Hedley et al., 2011). Abundance modelling projection of these numbers resulted in projected estimates of 20,337 (95% PI = 18,415–24,918) whales for 2015 for the whole eastern Australian stock (IWC, 2016b).

Previous estimates for Shark Bay from aerial survey data point to- 8,207–13,640 individuals in 1999 (Bannister and Hedley, 2001) and 10,300 (95% CI = 6,700–24,500) individuals in 2005 (Paxton et al., 2011). It is important to note that the estimate from Paxton et al. (2011) has a broader uncertainty (which can be seen from the confidence interval) and is considered conservative as the duration of the survey did not cover the whole breeding season of the species in the study area.

The trend for the North West Cape area shows a relatively high annual ROI (13%, 95% CI = 5.6–18.1%) between 2000 and 2008 (Salgado Kent et al., 2012). That is similar to the ROI observed for Shark Bay – 12.9% (CV = 0.20) – estimated based on the comparison of data from 2008 and those collected in a 1999 survey in the same area (Hedley et al., 2011). Such a relatively high ROI can indicate that the easter Australian stock is increasing at its maximum capacity over the last decade (Jenner et al., 2019). Alternatively, it can arise from sources of error in the abundance estimates for both Shark Bay and North West Cape, including limited accuracy in g(0) estimates, and in precision on the migration direction of the individuals in immigration models when considering data from aerial surveys (Jenner et al., 2019).

Abundance across the feeding ground was estimated to be of 17,959 (CV = 0.17) individuals from CPIII (1991/92–2003/04), with a ROI of 14.4% (95% CI = 9.6–19.2%) per year for the 1978–2004 period (Branch, 2011).






East coast of Australia (Breeding sub-stock E1)




Breeding and feeding ground distribution and potential changes in migration

The sub-stock corresponds to whales breeding in coastal waters off eastern Australia (sub-stock E1) Hervey Bay is considered an important stopover for individuals of the stock coming from the Great Barrier Reef travelling towards the south to Antarctic waters (Forestell et al., 2011), especially for mother-calf pairs (Franklin et al., 2018; McCulloch et al., 2021). The Gold Coast Bay, part of the migratory corridor of eastern Australia sub-stock, has recently been indicated to also potentially be a calving area, as 74 newborns were observed in the area between 2013 and 2016 (Torre-Williams et al., 2019).

The coast of New Zealand is used by individuals of the eastern Australia stock during their migration between breeding and feeding grounds, and there is also evidence of the connectivity with individuals from New Caledonia, Fiji and Tonga has been found from photo-identification, acoustic, satellite tag and genetic data (Chittleborough, 1959; Dawbin, 1964; Franklin et al., 2014; Andrews-Goff et al., 2018; Steel et al., 2018; Warren et al., 2020). Data on the occurrence of the species on the east coast of New Zealand between 1970 and 1999 were compiled (Gibbs and Childerhouse, 2000). Over this 30-year period, only 157 sighting events were made, especially from Kaikoura and Cook Strait with an increase on the numbers over the last four years of the study period (Gibbs and Childerhouse, 2000). Data from annual surveys in the Cook Strait have indicated an increase of 13% (95% CI = 4.9%–21.7%) from 2005 to 2015, which seems to also indicate an influx of individuals from east Australia to this area (Gibbs et al., 2018). Recent acoustic data from 2016 have also supported the use of this migratory corridor between June and August, with song matches with New Caledonia breeding ground (Warren et al., 2020).

Feeding grounds used by the eastern Australian stock have been postulated to be within the longitudes 120˚E and 170˚W, corresponding to the IWC Management Areas IVE, V, and VIW (IWC, 2008). Within this broad area, some specific locations have been identified as important feeding locations for the sub-stock. For example, the Balleny Islands have been indicated to be important for eastern Australia sub-stock through photo-identification data analysis (Franklin et al., 2012). Also, an individual from eastern Australia in Area I during the feeding season, performing one of the longest mammalian migrations ever registered (Acevedo et al., 2022). Another finding relates one individual from the eastern Australia sub-stock to the west of the majority of the stock, widely using Management Area IV during summer (Andrews-Goff et al., 2018). Satellite tracking data of Oceania stock individuals tagged off Raoul Island (29°16′S), Kermadec Islands, New Zealand have shown that females with calves utilized the Ross Sea region during the feeding season, while most adults without calves migrated further east to the Amundsen and Bellingshausen Seas region (Riekkola et al., 2018). Findings indicating a close to year-round presence of the species in the feeding grounds can represent further evidence of possible suppression of migration or adoption of partial migration by some individuals in particular years.





Records of supplementary feeding

Supplementary feeding for this sub-stock was first raised by Dawbin (1956) on the coast of New Zealand, given the presence of prey items such as the coastal krill Nyctiphanes australis in the stomach of individuals killed during whaling operations. N. australis was also sampled in proximity to two humpback whales feeding on the coast of Tasmania, near Cape Bougainville (~42°30’S) in November 1996 (Gill et al., 1998). That was after another sighting of individuals feeding on the coast of Tasmania off Blackmans Bay (43°S) in October of the same year (Gill et al., 1998).

Additional evidence of low-latitude feeding occurred some decades later, from the observation of an adult humpback whale in apparent feeding behaviour off Cape Moreton, Queensland, during austral summer in 2004 (Stockin and Burgess, 2005). During this event, observed during a whale-watching trip in the region, the whale was seen expanding and contracting the ventral pleats, and having the mouth partially opened close to the surface, with baitfish (likely sardines Sardinops sagax, although not confirmed) seen close to it.

Further south, evidence on feeding in the proximities of Narooma (36°5’S) and Eden (37°16’S), from late September to early November in 2002, 2003, and 2005, also during whale-watching activities, have been described by Stamation et al. (2007). Upwelling does occur in the area (Dawbin, 1956), enhancing marine productivity in the area and possibly contributing to the adoption of feeding activities by the whales of the eastern Australia sub-stock.

The feeding behaviour off Eden has been investigated with the use of digital acoustic recording tagging (DTAGs) of nine individuals between September and October 2011 and 2012 (Owen et al., 2015; Owen et al., 2017). Individuals performed lunge feeding at higher rates when preying upon krill than on fish items. The contribution of energy acquisition from feeding in the area seems significant, especially when individuals prey on N. australis, as they were estimated to then consume 1.2–3.4 times their energy requirements (Owen et al., 2017). A lower contribution comes from feeding on fish items, which likely included the jack mackerel Trachurus declivis, pilchards Sardinops neopilchardus, and redbait Emmelichthy nitidus, as they were observed on the surface during the 2012 surveys. Despite such a significant contribution of this low-latitude feeding to the energetic intake of the individuals, it is still not clear if the behaviour is opportunistic or an important aspect of the migration ecology of the sub-stock (Owen et al., 2017).

More recently, the bubble-netting feeding behaviour by humpback whales has been photographed off the east coast of Australia, adopted by individuals of the species feeding between Narooma and Eden and off the coast off Tasmania in September – October 2020 (Pirotta et al., 2021). It is suggested that this represents the second record of a super-group feeding in the Southern Hemisphere, the first being in South Africa. A total of six super-groups were observed, with sizes ranging from 20 to 90 individuals in each (Pirotta et al., 2021). Environmental conditions such as SST and nutrients availability are suggested to might have created a favourable scenario for the increase of the productivity in the area, then leading to large aggregations of individuals for feeding.





Stock structure

There are levels of interchange amongst individuals from the east coast of Australia and the stock using the west coast of Australia (Kaufman et al., 2011).





Stock trajectory

Since 1981, several shore-based survey operations have monitored the relative abundance of east Australian sub-stock (e.g. Paterson and Paterson, 1989; Bryden et al., 1990; Paterson et al., 1994; Paterson et al., 2001; Paterson et al., 2004). The sub-stock abundance was estimated to be 1,107 in 1987, having grown 9.7% (95% CI = 6–13%) yearly between 1981 and 1987 (Paterson and Paterson, 1989). By 1992, the abundance estimate of this stock was of 1,900 (± 250) individuals, growing at a rate of about 11.7% (95% CI = 9.6–13.8%) per year during the 1983-1992 period (Paterson et al., 1994). This is similar to the estimate of 2,099 (1,759–2,433) individuals for 1993 and the ROI of 10.0% (95% CI = 8.2–11.8%) per year between 1986 and 1993 (Brown, 1996) and of 12.3% (95% CI = 10.1–14.4%) per year between 1981 and 1996 (Bryden et al., 1996). By 1999, the abundance was estimated at 3,599 (95% CI = 3,162–4,036), with a ROI of 10.9% (95% CI = 10.2–11.6%) per year between 1987 and 1999 (Paterson et al., 2001), and the numbers increased to about 4,860 individuals by 2002 (Paterson et al., 2004). Later on, an absolute abundance of 9,683 (95% CI = 8,556–10,959) individuals was estimated for 2007 from land-based monitoring in Point Lookout, with a ROI of around 10.9% (95% CI = 10.5–11.4%) per year from 1984 to 2007 (Noad et al., 2008). This is similar to the estimate based on photo-identification data from Byron Bay (northern migration) and Hervey Bay and Ballina (southern migration) of 7,041 (95% CI = 4,075–10,008) individuals for 2005 (Paton et al., 2011).

Based on these data, the abundance of the eastern Australia sub-stock was projected to be of 19,614 (95% PI = 17,664–21,454) individuals in 2015 (IWC, 2016b). Another estimate for 2015 indicates 24,545 (95% CI = 21,631–27,851) individuals (Point Lookout), with a ROI of 11.0% (95% CI = 10.6–11.3%) per year across the period of 1984-2015 (Noad et al., 2019). In this study, the authors state that such estimates indicate the sub-stock can be considered closely recovered from the whaling, but still growing at a relatively high rate. Noad et al. (2019) also modelled future abundance for the sub-stock, and indicate two possible scenarios: (i) continuous growth to an abundance of at least 40,000 individuals, which would represent a new carrying capacity and mean that by 2015 it was actually 62% recovered, or (ii) grow to a peak of about 36,000 to 52,000 individuals at some point between 2021 and 2026, and then potentially face variations over the next decade from there.

On the feeding ground, data from the most recent IDCR/SOWER cruises (CPIII, 1998−2004) indicated an abundance estimate of 13,300 (CV = 0.20) individuals for the whole stock, and a ROI of 13.7% (95% CI = 9.3−18.1%) per year for the 1987−2007 period (Branch, 2011). Although the confidence interval indicates some uncertainty in this estimate, it is believed that the surveys covered most of the stock associated feeding ground.






Oceania (Breeding sub-stocks E2, E3, F1 and F2)




Breeding and feeding ground distribution and potential changes in migration

Here we refer to sub-stock breeding in New Caledonia (sub-stock E2), Fiji and Tonga (sub-stock E3), Cook Islands (sub-stock F1) and French Polynesia (sub-stock F2) (IWC, 2007). There is considerably less information on the different aspects of these sub-stocks in comparison to the others (Tables 2–4). For New Caledonia sub-stock, the use of offshore areas is evident from satellite tag data, with seamounts seemingly important in the distribution of the individuals both during breeding and migration (Garrigue et al., 2015; Derville et al., 2020). For Tonga sub-stock, there seems to be a lack in the description of the habitat use of the species, although it is known that nearshore areas are important, attracting the whale-watching and swim-with-whale tourism industries (e.g. Schaffar and Garrigue, 2007; O’Connor et al., 2009). It has been suggested that the distribution of the French Polynesia sub-stock is expanding as a response to the increase in number or changing distribution in response to environmental changes. That comes from sightings of the species off Pitcairn Islands (25°04’S) during land-based surveys in 2007, with individuals apparently using the area for breeding and calving (Horswill and Jackson, 2012). Later on, the use of the area was confirmed, specifically off Henderson Island, from data collected in 2014 (Irving et al., 2018). This area is in the Central South Pacific, and it is indicated that individuals might be to its sub-stock, migrating from the Southern Ocean through Pitcairn to French Polynesia (Horswill and Jackson, 2012). However, further investigations are needed to confirm if there is a connection between the individuals sighted off Pitcairn and any of the currently recognized stocks. Data from dedicated surveys from areas of the Oceania breeding ground between 1996-2017 suggest the distribution of the individuals using it to be influenced by topography, with a preference for shallowest waters areas close to coast or in lagoons or around seamounts in offshore regions (Derville et al., 2019). In addition, a plasticity in its distribution is indicated as well as the potential use of new habitats as the regular ones become unsuitable due to rising sea temperatures (to greater than 28°C) by the end of the 21st century (Derville et al., 2019).

The migration routes are also poorly understood, but the feeding ground of this stock is suggested to be associated with the area between longitudes 170˚W and 110˚W, within Area VI (IWC, 2004; Hauser et al., 2010). For the Cook Islands sub-stock, there is direct evidence of a connection to Area VI E, based on the migration of a satellite-tagged individual (Hauser et al., 2010). In addition, there is also evidence of the connection of an individual from Tonga sub-stock with Area I (Robbins et al., 2011).





Stock structure

It is worth reminding that there is the Oceania stock is comprised by different sub-stocks from western and south central Pacific considering the level of interchange amongst them (e.g. Olavarría et al., 2007; Clapham et al., 2008; Hauser et al., 2010; Garrigue et al., 2011; Jackson et al., 2012; Pastene et al., 2013; Franklin et al., 2014; Derville et al., 2020).





Stock trajectory

There is limited information on abundance estimates for these sub-stocks, but some studies are available. A preliminary mark-recapture analysis of photo-identification data by the South Pacific Whale Research Consortium provided estimates for the period of 1999−2004 of 472 (CV = 0.18) for New Caledonia sub-stock and 2,311 (CV = 0.22) individuals for Tonga sub-stock (SPWRC et al., 2006). There is additional information on abundance for the Tonga sub-stock based on photo-identification mark-recapture data, indicating that some 1,057 (CV = 0.24) individuals utilized the area of French Polynesia between 1999 and 2004 (Poole, 2006). The Oceania stock as a whole was estimated to be of 4,329 (95% CI = 3,345−5,313) individuals in 2005, based on photo-identification and microsatellite genotype data (Constantine et al., 2012), and predicted to be of about 6,404 (95% PI = 5,491−7,595) individuals in 2015, considering a ROI of 8.2% per year during the 2010-2015 period (IWC, 2016b). These numbers indicate that BSO is the least abundant stock in the Southern Hemisphere.

The only estimated ROI for BSF comes from ICDR/SOWER cruise data and indicates an annual increase of 1.6% (95% CI = -5.4%–8.5%) for the 1982-2001 period (Branch, 2011). Considering the broad confidence interval, there is limited evidence for an actual increase (Leaper et al., 2008). The cruises in the Southern Ocean are also the source of the abundance estimate for BSF feeding grounds of 3,852 (CV = 0.22) individuals (Branch, 2011).






West coast of South America (northern Peru to Costa Rica) (Breeding Stock G)




Breeding and feeding ground distribution and potential changes in migration

The breeding area for this stock is located on the east coast of Central and South America, including the coasts of Peru, Ecuador, Colombia, Panama, and Costa Rica (Flórez-González, 1991; Clapham and Mead, 1999; Félix and Haase, 2001; Stevick et al., 2004; Pacheco et al., 2009; Guidino et al., 2014; Acevedo et al., 2017; Albertson et al., 2018). Although the breeding ground encompasses a relatively large area, there is not enough current evidence for its sub-division into sub-stocks.

Possible extension of the breeding ground has also been reported, e.g. the presence of the calves in northern Peru potentially indicating the use of new areas with suitable environmental conditions (Guidino et al., 2014), as it increases in number (e.g. Félix et al., 2021). in the use of the Galapagos Archipelago (1°S, 91°W), with evidence of a genetic connection to western South America stock (Félix et al., 2011a), can also be an example of the post-whaling expansion of the area used by the species.

Individuals breeding between the Peruvian and Colombian coasts have been shown to feed in the Southern Ocean at longitudes between 110°W–50°W, mostly in the vicinities of the Western Antarctic Peninsula (e.g. Mackintosh, 1942; Stone et al., 1990; IWC, 2007; Rasmussen et al., 2007; Caballero et al., 2021). A second feeding ground has been identified in the Fuegian Archipelago, in the Magellan Strait (~53°30’S), with connection to individuals breeding on the coast of Panama (Acevedo et al., 2017). Magellan Strait is believed to have been repopulated as the stock recovers from whaling. Although there are historical records of whales using the area for the last six centuries (Gibbons et al., 2003 and references therein), there is evidence of the increase in the use of the area over the last few decades. It is indicated that individuals utilising this area generally do not migrate to the Antarctic Peninsula (Acevedo et al., 2017), although a few photo-identification matches have been found between this area and the Antarctic Peninsula (Acevedo et al., 2021). A third feeding location has been identified in the Gulf of Corcovado, Chilean Patagonia (41–44°S) (Hucke-Gaete et al., 2006), where the number of individuals encountered each year has been increasing since 2000 (Hucke-Gaete et al., 2013). Little is known about the breeding area of whales utilising this region.

There is also evidence that some individuals can suppress migration. In some cases, both evidence of feeding and breeding behaviour was seen in the same area, as in Chile, a feeding area beyond the regular feeding grounds (e.g. Hucke-Gaete et al., 2013), and there are also records of feeding observations were made during austral winter in the Magellan Strait, Chile (Gibbons et al., 2003), or individuals appeared to stay in the breeding ground year-round (e.g. Acevedo et al., 2017).

Although the connection of breeding and feeding grounds of this stock is well known (Stevick et al., 2004), the migratory corridors used by individuals remained unknown until recently. Satellite telemetry has been used for the investigation of this aspect, with the tagging of 16 whales in Antarctic waters between 2012 and 2017 (Modest et al., 2021). Results show two points of convergence of the migratory routes, one from the southern portion of Chile, and another off Peru, towards Colombia and Ecuador and into Panama. The authors indicate that such information provides a baseline for future studies to investigate the potential impacts of climate change and other stressors on the migration of humpback whales breeding on the east coast of South America.





Records of supplementary feeding

The stock uses two feeding grounds in mid latitudes. Gibbons et al. (2003) provided evidence of the post-whaling use of the Magellan Strait (in the area between 48°50’S and 54°18’S) based on the record of 128 individuals in the area between December and June from 1997-2001, including the performance of lunge and ‘flick’ feeding behaviour. Another investigation on feeding behaviour in the area has demonstrated the adoption of bubble-net feeding, some of which were single straight-line bubble curtains (Acevedo et al., 2011). Gibbons et al. (2003) have indicated the presence of schooling fish as Fuegian sprat Sprattus fueguensis as potential prey, and more recently stable isotope analysis confirmed these to be the main food item of humpback whale individuals in the area (Haro et al., 2016), especially of adults in comparison with juveniles (Haro et al., 2021).

The second additional feeding ground of the stock is recognized to be also in Chilean waters, in the northern Chilean Patagonia (mostly between 41.5°S and 44°S), where aerial, land, and boat-based surveys performed between 2000 and 2010 (Hucke-Gaete et al., 2013) provided data on feeding activities in the area, mainly from 2006 onwards. Observations of group lunge feeding behaviour during boat-based surveys with concurrent prey sampling allowed the identification of krill Euphausia valentinii and lobster krill Munida spp. (M. subrugosa/gregaria).

In addition to these feeding grounds in mid latitude regions along the coast of Chile, feeding behaviour has been observed in low latitudes in the Southeast Pacific Ocean, including lunge and trap feeding behaviour by two humpback whales in Mejillones Bay (~23°S), northern Chile, in March-April 2019, preying upon Peruvian anchovy (Engraulis ringens) (García-Cegarra et al., 2021). One of the two individuals was resighted feeding in the same area in April 2020. In addition, two humpback whales are reported to have performed lunge feeding behaviour in June 2005 off Machalilla National Park (1°18’S), Ecuador, and feacal matter was observed on the surface on different occasions in 2008, 2011, 2016 and 2017. One of the individuals seen in Mejillones Bay in 2019 was also observed feeding on krill Euphausia sp. in the Gulf of Corcovado (42°S), Chile, in 2017, and further resighted at Machalilla National Park in 2020 feeding on E. ringens. García-Cegarra et al. (2021) state that the feeding activities can be a result of a higher competition for food in high latitudes given the increase in the stock’s abundance, changes in prey distribution, or more intense research efforts in regions that were previously poorly investigated.





Stock structure

To date, there is no evidence of stock division. Genetic data from the stock were found to be significantly different from other stocks, which can be related to a high site fidelity to the Antarctic Peninsula feeding ground (Amaral et al., 2016).





Stock trajectory

Humpback whales have been studied off the coast of Ecuador since 1991 (e.g. Félix et al., 2011a; Félix et al., 2011b). The abundance of the species visiting the area has been estimated to be of 6,504 (CV = 0.21; 95% PI = 4,270–9,907) individuals for 2006, based on photo-identification data collected from 1991 to 2006 (Félix et al., 2011a).

In an investigation around Las Perlas Archipelago, Panama, a stock size of some 1,041 (95% CI = 664–1,546) adults was estimated to have utilized the area across the 2003-2009 period (Guzman et al., 2015). On the coast of Colombia, the Gorgona Natural Park is an important area for breeding and nursing of humpback whales (Ávila et al., 2020). The analysis of a long-term dataset (1988-2018) revealed that the residency of the species in the area during the breeding season has extended over time, with individuals arriving from May and staying until December (Ávila et al., 2020). To date, there is no abundance estimate specific to this area.

An estimated abundance projection of 9,687 (95% PI = 8,520–10,202) individuals was made for 2015 (IWC, 2016b). An updated capture-recapture estimate using data from both feeding and breeding grounds across a 27-years period (1991–2018) indicated an abundance of 11,784 (SE = 266) individuals in 2018 and an estimated ROI of 5.07% (no CI provided) per year (Félix et al., 2021). In comparison to the ROI of other stocks, this increased rate is relatively low, which is attributed to different factors, including potential past overestimates and mixing of different stocks within the feeding grounds (Félix et al., 2021).

Based on the IDCR/SOWER cruises, an abundance of 3,337 (CV = 0.21) individuals was estimated for the Antarctic feeding ground (110°W–50°W) for 1999/2000 season, a number that increased about 4.6% (95% PI = -3.4–12.6%) per year over the period between 1981 and 2000 (Branch, 2011). Also, this feeding ground showed a very high pregnancy rate from sampled females, of 63.5% (95% CI = 57.14–69.57%), of which a considerable number (54.5%) were females with calves, indicating short post-partum periods as part of the reproductive cycles (Pallin et al., 2018). It is stated that such high pregnancy rates are not consistent with the current ROI of this BS, and that environmental factors may be playing a role in its demography. The correlation between the number of calves observed in the breeding area and the density of krill in the feeding area of the stock in the previous summer (Seyboth et al., 2021) can be an indication of this role. This is because food availability for sexually mature individuals is essential for them to be able to breed successfully and sustain a pregnancy (e.g. Reeves et al., 2001).







Circumpolar data

The IWC developed the International Decade of Cetacean Research (IDCR) and the Southern Ocean Whale Ecosystem Research (SOWER) programmes with the main aim of estimating minke whale abundance in the Southern Ocean (south of 60°S). However, sightings of all baleen whales were recorded during the cruises, between 1978 and 2004, so data have been used for other purposes (e.g. Branch and Butterworth, 2001). The initiative completed three circumpolar surveys (CPs) in 1978/79–1983/84 (CPI), 1985/86–1990/91 (CPII), and 1991/92–2003/04 (CPIII) (Branch, 2011).

Abundance estimates for the approximate mid-point of each CV were 7,100 (CV = 0.36) for 1980/81; 10,200 (CV = 0.30) for 1987/88; and 41,500 (CV = 0.11) for 1997/98, with an average ROI of 9.6% (95% CI = 5.8–13.4%) per year (Branch, 2011). The author states that these abundances are underestimates considering that some surveys did not cover the entire feeding grounds of the stocks. In the Southern Ocean, the area of higher encounter rates of humpback whales is in the Western Antarctic Peninsula (Kasamatsu et al., 1996), which can be related to the considerable amount of prey availability in the area, as indicated by the high density of krill in the area (e.g. Murphy et al., 2017).






Discussion




Overview of the estimates found and comparisons among breeding stocks and sub-stocks

This review highlights the successful recovery of humpback whale stocks in the Southern Hemisphere after being subjected to decades of human exploitation. The level of recovery, however, varies amongst different stocks. Most recent data suggest western Australian stock to be the most abundant, followed, in decreasing order, by the stocks and sub-stocks related to the east coast of South America, western Australia, Mozambique and southern Tanzania, west coast of South America, and Madagascar, Gabon, and French Polynesia. The simple sum of latest mean estimated and projected numbers from each sub-stock result in an abundance of around 114,422 individuals (the numbers considered are highlighted in bold in Table 3). Considering the estimate of around 140,000 whales individuals in the early 1900s (IWC, 2016b), current estimates of abundance suggest that Southern Hemisphere humpback whales recovered to nearly 80% of their abundance prior to the onset of modern whaling operations. Based on most recent growth estimates, the stock related to the east coast of South America (rmax = 7.6-10.7%) and Mozambique and southern Tanzania sub-stock (ROI = 7.4-8.8%) seem to be the ones growing at highest rates in comparison to other stocks and sub-stocks. These are however just broad evaluations of the most recent estimates, and we emphasize that in-dep analyses are needed for estimates and comparisons to be conclusive. Therefore, it seems to be important that a possible In-Depth Assessment for humpback whales in the Southern Hemisphere takes into consideration the updated estimates and the influence of modern threats (as climate change, ship-strikes, entanglements, underwater noise, and pollution – please see the Introduction section).





Lacks and limitations of the estimates

Although information on abundance, ROI, and distribution is available for all Southern Hemisphere humpback whale stocks, it can be very limited and not available at the sub-stock level in some cases. Since the last IWC Comprehensive Assessment (IWC, 2016a), little progress has been made to fill important gaps for most of the sub-stocks. The need for new estimates of abundance and trends for some sub-stocks (Namibia and west coast of South Africa, Comoros Archipelago, Madagascar, New Caledonia, Cook Islands, and French Polynesia) as indicated in such assessment remains relevant to date. Gathering information for the evaluation of both the absolute abundance and the growth rate of each sub-stock will require a collaborative approach and would be ideally based on the use of the same methodology and protocol for data collection so the numbers are highly comparable and the growth estimates more precise. Estimates based on data from feeding grounds are also limited, and as indicated throughout the text, some from IDCR/SOWER cruises should not be considered representative of the whole stock they refer to considering the area covered during the cruises (Miyashita et al., 1995; Ensor et al., 2006).

It is also worth mentioning that some of the growth rate estimates presented in Table 4 for different stocks are not statistically different even though the point estimate is different. It is also important to remind that while most of the values refer to ROIs, one of them, as highlighted on the table, refers to the maximum intrinsic rate of increase (rmax), which needs to be taken in consideration when evaluating the values. Also, the data for their estimation were not necessarily collected using the same protocol and then some comparison should be made with caution. However, they are informative, and we believe they contribute to the knowledge of the stocks trends and therefore are considering such information during the review of the publications.

The methodology adopted for data collection for abundance estimation can impact on the results found (e.g. Cerchio et al., 2008; Paxton et al., 2011). Aerial surveys, with the use of distance sampling methodology (Buckland et al., 2001), have been indicated as one of the most effective methods for the estimation of population abundance and growth, once adequate protocols are established (Andriolo et al., 2006b). In some cases, however, as for the investigation of migration of the western Australia stock using land-based and aerial surveys (Jenner et al., 2019), the combination of methodologies for data collection can increase confidence in the results. Therefore, it seems important that the method applied consider the characteristics of each stock and the resources available for estimating their size and trends. Furthermore, the importance of standardization of data collection in a specific area over time so changes can be properly evaluated has been highlighted by Andriolo et al. (2006b).

Working on the standardization and improving the quality of citizen science data (e.g. Downs et al., 2021) is also important. Although coming with limitations and biases, this type of data has been increasingly used in marine science (e.g. Kelly et al., 2020) and can be highly valuable to provide updated information from different humpback whale stocks and sub-stocks (e.g. Tonachella et al., 2012; Bruce et al., 2014; Lodi and Tardin, 2018; Pirotta et al., 2020). Initiatives to connect the public with research groups, and to increase the use of established platforms such as Happywhale (Cheeseman et al., 2022) are encouraged.





Factors potentially influencing estimates

The interchange among breeding stocks and sub-stocks is another relevant factor for the investigation of stock parameters such as abundance and ROI and ignoring this aspect can lead to a misinterpretation of the recovery of stocks (Amaral et al., 2016). There are different levels of interchange between stocks and sub-stocks, and they tend to be higher in the feeding grounds (e.g. Butterworth and Johnston, 2009; Pastene et al., 2013; Stevick et al., 2013; Rosenbaum et al., 2017; Félix et al., 2020b; Marcondes et al., 2021). It is also worth noting that the increase in the number of individuals as the stocks recover from the whaling era is expected to lead to an increase in the mixing between stocks in feeding grounds, suggesting that feeding ground boundaries between stocks might need to be revised (Marcondes et al., 2021), with potential implications to catch allocation. Although in a lesser extent, the connection between breeding sub-stocks in breeding grounds and the different residency patterns of the individuals in such areas should be considered for the development of management and conservation actions in both regional and local scales (Dulau et al., 2017).

A potential factor contributing for relatively high ROI estimates can be an increased reproductive capacity of the individuals (e.g. through a shorter calving interval), as observed for the Oceania stock (Chero et al., 2020). It is important to note that some of the ROI estimates presented are higher than the maximum biologically plausible rate estimated for the species (11.8% per year, Zerbini et al., 2010), which can be a result of measurement errors and/or faulty sampling methods. For the Oceania stock, immigration amongst sub-stocks seems to be an important aspect contributing to relatively high estimates observed and for the relatively low rates estimated for areas that are known to have a substantial abundance before whaling (Clapham and Zerbini, 2015). Also, some abundance and ROI estimates presented have considerable large confidence intervals, and in some cases the ROI range includes the value of 11.8% per annum, so can also be considered with caution as it then falls in values not considered biologically plausible for the species and can indicate limitations in data collection and/or analysis. That also adds uncertainty to some numbers, and the continuity of data collection and investigation of potential causes for the large confidence interval are necessary for a more precise investigation of the status of the species in some areas.

How the recovery of the species might impact prey populations is an additional aspect to be addressed, especially considering the variabilities in biomass that the main prey item of the species is already subjected to under the current climate change scenario (e.g. Atkinson et al., 2019; Veytia et al., 2020; Sylvester et al., 2021). That can influence not just the relationship between humpback whales and krill, but also the interaction of humpback whale and other species that rely on krill as their main prey item. For example, resource partitioning of humpback and minke (Friedlaender et al., 2006b) and fin (Herr et al., 2016) whales has been observed in the Western Antarctic Peninsula, and can potentially be affected as whale species recover from whaling and krill development tend to decrease over time given environmental changes (e.g. Atkinson et al., 2004, Atkinson et al., 2019). Supplementary feeding beyond the Southern Ocean has been reported for baleen whales for a long time (e.g. Kawamura, 1975) but it can potentially increase with the changes being observed in the Southern Ocean and the consequences for krill availability, so the compilation of the records so far for humpback whales might serve as a baseline for comparison in the future. The formation of feeding aggregations (super-groups) in feeding grounds and/or migratory routes in lower latitudes, as on the west coast of South Africa (Findlay et al., 2017) and off Tasmania (Pirotta et al., 2021), might also be a response of some stocks to environmental changes. On this topic, it is worth indicating that information coming from stranded animals should be taken with caution as those animals might not be healthy and not performing their expected behaviour, then providing misleading information.

Another point to be considered in future studies is how the different threats to the species will affect current numbers and possible interaction between stocks, as well as the challenging task of disentangling the effect of each of these multiple stressors. A multidisciplinary approach focused on the understanding of the effects of climate change on humpback whale stocks can be essential for such achievement, as proposed by Meynecke et al. (2020), a process that can also be benefitted from crossdisciplinary analysis (Pirotta et al., 2022). Analysing potential changes in the distribution of the species, considering the multiple environmental drivers of habitat selection (e.g. SST, bathymetry, chlorophyll-a concentration – Meynecke et al., 2021) is also necessary to better evaluate the conservation status of different stocks and the need for their management. That would help in the identification of potential new areas to be used by the species, as well as areas under such a high level of stress that might become unsuitable, which is relevant for the better protection of humpback whales (Meynecke et al., 2021).

The more information gathered on the distribution and behaviour of the species, the more viable it is for researchers to start relating changes to specific causes or threats. Finding the causes of changes in distribution, migration and/or behaviour for the species can be an important aspect for the management of the different stocks. In addition, the adaptability shown by the species, for instance by the return to areas used prior to whaling and the expansion of historical breeding grounds into both breeding and feeding grounds are aspects that can impact the abundance found in these areas, as well as management planning. Such plasticity shown by different stocks makes the investigation of the recovery of the species and interpretation of estimates even more challenging. For example, data collection that has been performed for some time in specific places within the breeding area where individuals tended the concentrate can indicate a decrease in the numbers, but that does not necessarily mean the growth rate decrease, but be a reflect of the stocks expanding their distribution in breeding grounds, spreading out as their return to areas previously used and/or explore new areas. It is also important to note that the inclusion of pre-modern whaling catches (e.g. Zerbini et al., 2019) and the use of correction factors to account for struck-and-lost animals (Baker and Clapham, 2004; Vighi et al., 2020) is critical for the whaling data to be more accurate and the habitat use of the stocks to be better understood. That can influence for instance on the evaluation of catch data when investigating humpback whale plasticity and potential response to climate change in breeding areas.

Despite research efforts on humpback whales in the Southern Hemisphere since the cessation of the commercial whaling activities, there are a number of unknowns. This review may help in updating trends of the different stocks and in giving direction to further efforts to fill current knowledge gaps that affect the conservation of the species.
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Supplementary Figure 2 | Map with the indication of specific locations/areas withing the breeding area of the west coast of Africa stock.

Supplementary Figure 3 | Map with the indication of specific locations/areas withing the breeding area of the east coast of Africa and western Indian Ocean stock.

Supplementary Figure 4 | Map with the indication of specific locations/areas withing the breeding area along the west coast of Australia.

Supplementary Figure 5 | Map with the indication of specific locations/areas withing the breeding area of the stock using the west coast of South America.
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East coast of South America (southwestern Atlantic Ocean) A 50°W-20"W
‘West coast of Africa (southeastern Atlantic Ocean) B 20°W-10°E
Gabon Bl

Namibia and west coast of South Africa B2

East coast of Africa and western Indian Ocean C 10°E-60°E
Mozambique and southern Tanzania C1

Comoros Archipelago c2

Madagascar c3

Mascarene Islands of Mauritius and Réeunion C4

West coast of Australia D 80°E-110°E
East coast of Australia and western Pacific Ocean E 120°E-170°W
Eastern Australia El

New Caledonia E2*

Tonga E3*

South central Pacific Ocean ' F 170°W-110°W
Cook Islands F1*

French Polynesia B2*

West coast of South America (northern Peru to Costa Rica) G 110°W-50°W

“Combined as the Oceania Breeding Stock.
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