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The spatial distribution of calving habitat of humpback whales (Megaptera

novaeangliae) has been understood as confined to warm, low latitude waters.

The need for females to reach such habitats to give birth and provide early

maternal care underpins the dominant theories on humpback whale migration.

In Australia, calving habitat is accepted to be distributed no further south than 23-

28°S and is generally presumed not to occur in New Zealand. The aim of this

study was to understand if humpback whales birth beyond these limits and, if so,

whether cow-calf pairs continue migrating northward. Records of neonate

calves were collated from several sources, including government agencies,

annual migration surveys and opportunistic citizen science observations,

primarily from tourism vessels. Strict inclusion protocols were applied to

ensure correct identification of calves as neonates. More than 200 neonates

were recorded in all jurisdictions in the study area, to 43°S, approximately 1300 –

1500 km south of the previously reported southern limit of calving grounds in

Australasia. These records demonstrate that humpback whales do not confine

their calving solely to tropical zones but exhibit a continuum of habitat use

throughout their range. The cow-calf pairs were consistently observed to

continue northward in Eastern Australia and New Zealand, suggesting that birth

does not define the endpoint of the migration. There are management

implications of these findings as currently some jurisdictions are not

recognized as calving habitats. Therefore, the revision of protection measures

in these areas given the new evidence of extended calving habitat would assist in

reducing anthropogenic threats to young calves during vulnerable life stages.

Additionally, the continuation of northward migration after birth of the calf is an

important observation for migration theory. Future studies comparing the
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outcomes for calves born during migration with those born in the tropical

wintering grounds could provide empirical information to evaluate hypotheses

on the drivers of migration. The results of this study challenge prevailing notions

of calving and migration behavior in this species.
KEYWORDS

Humpback whale (Megaptera novaeangliae), calving area, breeding grounds, neonate
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Introduction

Humpback whales (Megaptera novaeangliae) are a highly

migratory species that occur in all oceans (Clapham, 1996; Cooke,

2018). The annual migration of thousands of kilometers between

high latitude summer habitats and low latitude winter habitats

coincides with the reproductive cycle of both sexes (Chittleborough,

1965). Except for a population that is resident in the Arabian Sea

year-round (Dakhteh et al., 2017), humpback whales are capital

breeders, exploiting the seasonal abundance of food at high latitudes

during summer and using the stored energy to meet the energetic

demands both of migration and reproduction through the winter

(Irvine et al., 2017).

Historically the ‘feeding/breeding’ paradigm has dominated

humpback whale ecology, where feeding and reproduction are

spatially and temporally separated, with summer ‘feeding

grounds’ and winter ‘breeding grounds’ restricted to habitats at

the latitudinal extremes of their range (Chittleborough, 1965;

Dawbin, 1966). In this paradigm, the summer and winter habitats

are connected by a ‘migration corridor’ considered only to be a

thoroughfare. Early 20th century whalers reported that very little

stomach content was found in whales killed along the migration

path and this informed the belief that humpback whales fast

through their migration to and from the tropics (Chittleborough,

1965). However, humpback whales have been shown to feed in this

migration corridor (Eisenmann et al., 2016; Garrigue et al., 2015;

Pirotta et al., 2021, 2022; Barendse et al., 2013; Stockin and Burgess,

2005; Danilewicz et al., 2009; Findlay et al., 2017) along with

performing other important behaviors, such as resting (Jones

et al., 2023), maintenance of skin health (Meynecke et al., 2023),

and song sharing (Warren et al., 2020). In summer, food is

abundant in their high latitude habitats and exploiting this rich

resource is a key aspect of humpback whale ecology, however

feeding is not restricted to these ‘feeding grounds’. This, together

with the variety of behaviors observed during migration suggests

that the behavior of humpback whales is more complex than the

strict spatially and temporally segregated feeding/breeding

paradigm. Thirty years ago, Brown and Corkeron (1995)

proposed that humpback whales show a behavioral continuum

while on migration between summer and wintering grounds, yet

this received little attention. This prompted us to question whether
02
breeding and calving are also more spatially distributed than

currently understood.

The term ‘breeding grounds’, referring to the low latitude

migration terminus, implies an imperative for pregnant females to

reach the end point of their migration to give birth. It follows that

migration to the tropics is a requirement for calving and breeding,

rather than coincident with calving and breeding. Migration is

energetically costly. The specific factors driving their need to

migrate remain contentious. The putative benefits of low latitude

environments to the survivorship and growth of calves underpin the

dominant theories of migration (Meynecke et al., 2021) – for

example: the thermoregulatory benefit of warm waters allows the

calves to devote more energy to growth (Clapham, 2001; Brodie,

1975); the calm waters improve survivorship of calves (Whitehead

and Moore, 1982); or wintering grounds offer a refuge from

predators that target calves, specifically orca (Orcinus orca)

(Corkeron and Connor, 1999; Connor and Corkeron, 2001).

Alternative hypotheses suggest benefits unrelated to breeding, for

example that warm water is necessary for skin molting (Pitman

et al., 2020). Ethical and logistical considerations preclude

manipulative experiments that could empirically test some of

these hypotheses but comparisons between the outcomes of

different migration and/or breeding strategies could offer insight.

It is also necessary to disentangle the two assumptions of the

feeding/breeding paradigm: 1) that calving and breeding are

restricted to discrete ‘breeding grounds’ at the terminus of the

migration, that is, calving areas and breeding grounds are mutually

inclusive; and 2) calving and/or breeding activities drive migration

rather than being coincident with migration. These two aspects of

the breeding/feeding paradigm require separate attention

and investigation.

The tropical or sub-tropical ‘breeding grounds’, where calves

are frequently encountered in winter (hereafter ‘wintering

grounds’), are not precisely delineated but it is generally accepted

that calving is limited to within 19° – 22°from the equator in both

hemispheres (Rasmussen et al., 2007). Many studies have shown

that within these latitudes females with newborn calves (neonates)

are more frequently found in warm (19°C to 28°C), shallow (15 to

60m), protected waters, which is interpreted as the preferred calving

habitat for this species, as seen in the North Pacific (Cartwright

et al., 2012; Craig et al., 2014; Currie et al., 2018), Eastern South
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Pacific (Felix and Haase, 2005; Félix and Botero-Acosta, 2011; Félix

and Guzmán, 2014; Guidino et al., 2014; Guzman and Félix, 2017;

Oña et al., 2017; Oviedo and Solıś, 2008; Rasmussen et al., 2012),

Western South Pacific (Smith et al., 2012), Indian Ocean (Trudelle

et al., 2016), Western North Atlantic (Whitehead and Moore, 1982)

and Western South Atlantic (Bortolotto et al., 2017; Martins et al.,

2001; Zerbini et al., 2004). Opportunistic observations of

parturition (birth) demonstrate that calving does indeed occur in

these low latitude winter habitats, although published accounts of

such observations are infrequent (Faria et al., 2013; Ferreira et al.,

2011; Paterson and Paterson, 1989; Patton and Lawless, 2021;

Ransome et al., 2022a) and the latitudinal limits of calving

grounds remain relatively uncertain for all humpback populations.

In Australia, the humpback whales that migrate annually along the

western and eastern coasts are recognized as separate populations,

respectively the International Whaling Commission (IWC) D stock

and E1 stock (hereafter the Western Australia and Eastern Australia

populations) (Gales et al., 2011). New Zealand lies in the main

migration path of the IWC E2 stock (hereafter New Zealand

population), which winters in the waters around New Caledonia,

Tonga and Fiji (Gales et al., 2011). The Western Australia

population appears to have limited connectivity with other groups,

while the Eastern Australia and New Zealand populations are subunits

of the broader western South Pacific population (IWC E group), with

relatively frequent interchange of individuals (Garrigue et al., 2011;

Kaufman et al., 2011; Gales et al., 2011; Valsecchi et al., 2010). Some

whales which travel through New Zealand waters have also been

documented in the same year within Australian waters (e.g. the

distinctive, white male, Migaloo) (Pirotta et al., 2023). Genetic

evidence suggests a more complex relationship between these

populations than originally thought, as sampled males and females

migrating northward together in Eastern Australia were not closely

related (Valsecchi et al., 2010). Many whales migrating north along the

east coast of New Zealand pass through the Cook Strait, which

separates the North and South Islands (Dawbin, 1956). In Eastern

Australia, the primary migration path follows the eastern coastline,

with some animals intercepting the southern coastline in Victoria,

before continuing north (Paterson, 1991). The Western Australia

population migrates along the western coastline of Australia, with

some individuals intercepting the southern coast (the western Great

Australian Bight), then travelling westwards before rounding Cape

Leeuwin and continuing north. This appears to be a feature of the

northward migration but not the southward migration, as humpbacks

are rarely encountered along the Western Australian south coast

during the spring months (Chittleborough, 1965; Gales et al., 2011).

Humpbacks encountered in South Australia, in the central or eastern

Great Australian Bight, are generally considered to be vagrants from

either the Eastern Australia or Western Australia populations

(Chittleborough, 1965; Kemper, 2005; Ward et al., 2019).

Formerly, calving habitats in Australia were thought to occur

exclusively in the tropical wintering grounds, that is, in Eastern

Australia north of 21°S, within the Great Barrier Reef Marine Park,

and in Western Australia between 15°S and 18°S off the Kimberley

coast (Chittleborough, 1965; Jenner et al., 2001; Smith et al., 2012).

However, Torre-Williams et al. (2019) showed that calving in
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Eastern Australia occurs as far south as 28°S, by the presence of

neonate calves in Gold Coast Bay, southern Queensland. Similarly,

Irvine et al. (2018) recorded neonate calves off North West Cape,

Western Australia, extending the range of calving areas in Western

Australia by 1000 km to approximately 22.5°S. In both cases, these

updated southern boundaries of the calving areas were defined by

the scope of the studies, i.e., neither study found a southern limit

beyond which neonates were no longer observed, except the limit of

the area surveyed.

Birth and early maternal care are vulnerable periods in the life

cycle of humpback whales, for both the cow and calf.

Anthropogenic threats are increasing and concentrated in waters

adjacent to areas with dense human populations, such as found

along the east coast of Australia (Seyboth et al., 2023).

Understanding the true distribution of calving is important for

proper management of risks from both a conservation and animal

welfare perspective, as well as informing broader ecological theories

on migration.

In Eastern Australia, there have been occasional published

accounts of neonate calves in relatively southern locations,

including off Byron Bay (29°S) and Sydney (34°S) (Paton, 2016;

Pirotta et al., 2020). In Western Australia, a recently published

study presented 15 opportunistic observations and four strandings

of neonates between 2021 and 2023 from southwestern WA (33-34°

S) (Jolliffe et al., 2024). There has been no modern published

research on neonate humpback whales in New Zealand. It is

unclear whether the few published records of extralimital calves

in Australia, listed above, represent outliers or whether they are

indicative that calving does occur beyond the currently recognized

calving area boundaries. The aim of this study was to determine if

humpback whales regularly give birth south of the currently defined

limits of calving areas in Australasia and, if so, whether the cow-calf

pair continue migrating northward. To answer these questions, we

collated observations of recently born (neonate) calves and the

direction of travel of the cow-calf pair.
Materials and methods

Study area

The study area included New Zealand and Australia, south of the

previously described southern limit of breeding grounds, specifically

Gold Coast Bay (approximately 28°S) in Eastern Australia (Torre-

Williams et al., 2019) and North West Cape (approximately 22.5°S) in

Western Australia (Irvine et al., 2018). This area is comprised of six

jurisdictions – those of New Zealand and of the Australian states New

South Wales (NSW), Victoria, Tasmania, South Australia (SA) and

Western Australia (WA) (Figure 1).
Data collection

Observations of neonate humpback whale calves within this

region were collected from several data sources and were of two
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types – opportunistic observations of live neonate calves and

records of stranded neonates maintained by governmental

agencies. Details of all records, including data source, observer,

descriptions and location of images are given in the Supplementary

Material (Supplementary Table S1).

Opportunistic observations
Opportunistic observations of live neonate calves accompanied

by the mother (cow-calf pairs) were primarily citizen science data.

The majority of contributions were made by professional staff in the

whale-watching tourism industry. Additional data came from a

private inshore aerial marine monitoring platform, DroneSharkApp

(Pirotta et al., 2022) and from other observers, such as

photographers who had published images of neonates in the news

media or other public platforms, including social media. Also

included are records of neonate calves that were observed during

the New Zealand Department of Conservation (DOC) Cook Strait

Whale Project (see Bott (2013) for details of the survey methods).

Strandings
In Australia, incidents of marine mammal strandings are managed

by state government. These data were derived from records of stranded

humpback whale neonate calves from NSW, SA and WA, maintained,

respectively, by NSW National Parks and Wildlife Service (NSW
Frontiers in Marine Science 04
NPWS), National Parks and Wildlife Service South Australia (NPWS

SA) and the Western Australian Department of Biodiversity,

Conservation and Attractions (DBCA). Strandings of neonate calves

in South Australia prior to 2005 have previously been published

(Kemper, 2005). Records from other Australian state agencies (i.e.

Victoria and Tasmania) or New Zealand were not sought, however

sightings of live animals contributed by the New Zealand Department

of Conservation (DOC) are included.

Observations of neonate strandings in NSW are recorded in a

database by NSWNPWS, known as Elements. Strandings are generally

observed by the public and reported to NPWS who then ensure

detailed and accurate information is added to the database. The

database was restricted to humpback whale strandings in NSW with

the term “neonate”, “newborn”/”new born”, “calf”, or “birth”. From

these results, each event was scrutinized to confirm whether the

individual was a neonate. This was based on available body length

(animals over 5m excluded), or descriptions and images based on the

inclusion criteria (Table 1).

TheWestern Australian DBCA established theWestern Australian

Cetacean Stranding Database in 1982. Cetacean strandings were not

recorded in a systematic manner prior to this, with the exception of

some specimens archived by theWestern AustralianMuseum on an ad

hoc basis. DBCA has maintained this database of cetacean stranding

events that includes both live stranded and dead, beach-cast cetaceans.
FIGURE 1

Records of neonate humpback whale calves (n = 209), including opportunistic observations of live cow-calf pairs (circles) and strandings (squares).
Records where there was evidence of very recent birth are in pink. The study area is bounded in the north by the currently accepted limits of calving
grounds, at approximately 22.5°S (North West Cape) in Western Australia (Irvine et al., 2018) and 28°S (Gold Coast Bay) in Eastern Australia (Torre-
Williams et al., 2019), shown by the dashed line. The recognised “breeding grounds” as defined by Gales et al. (2011) for the Western Australia,
Eastern Australia and New Zealand populations are indicated by the blue shaded areas. There was no southern limit beyond which neonates were
not observed, except the southern limits of geographical locations from which any observations could be made. Neonates were observed in all
jurisdictions in the study area, including New Zealand (NZ) and the Australian states of New South Wales (NSW), Victoria (Vic), Tasmania (Tas), South
Australia (SA) and Western Australia (WA). The Northern Territory (NT) and Queensland (Qld) are outside of the study area limits.
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A single data custodian curated the database between 1982 and 2015,

and this responsibility has since been shared between two other data

custodians within the Department, that are also marine mammal

researchers. Reports of stranded cetaceans are usually reported by the

public and investigated and validated by DBCA staff before being

entered into the database. Information included in the database

includes date and location of the stranding, age class, as well as

morphometric information, details of the incident and outcome and

any photographs or video available. The database was searched for all

humpback whale incidents and filtered by location and estimation of

whale age class and reported length. Only incidents meeting the

inclusion criteria have been included (as per Table 1).
Inclusion criteria

To ensure only reliable records were included, strict inclusion

criteria were applied. A calf was considered neonate (i.e. less than one

month) if it generally fit the criteria for morphology and behavior

(Table 1). Size was considered an essential criterion – calves 5m or

larger or estimated more than one third the length of the mother, were

excluded regardless of other descriptors. Calves grow rapidly in the first

year, so that older calves are noticeably larger than neonates: between 5

to 8m long or at least half the length of the mother at two to three

months (Chittleborough, 1965; Clapham et al., 1999; Christiansen et al.,

2016). Yearlings (born during the previous season) on their first

northbound migration are typically 9 to 10m, approximately three

times longer than a neonate (Chittleborough, 1965).

Contributors of opportunistic observations were asked to record

the sighting in a form based on the inclusion criteria, or verbally with

the authors. Most were experienced whale watching personnel with

multiple seasons’ experience observing humpback whales and were
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familiar with the morphology and behavior of older calves that are

encountered during the southern migration. This allowed for the

ability to identify calves as neonates by comparison to older calves

seen later in the year. The authors confirmed the calf to be a neonate

from photographic or video material provided by the observer. If

images were not available, observations were included, only if the

observer was experienced in the field (e.g. professional marine guide

with more than one season of experience), could clearly describe

the calf as per the inclusion criteria and details of the encounter

were recorded within one week at the most, to ensure details were

remembered accurately.

For strandings, an exception to the inclusion criteria was made

in instances where the calf was identified as a neonate by an expert

in situ, for example, a veterinarian or marine mammal scientist

attending a stranding recorded the animal as a neonate even if

measurements were not taken.
Location of birth

Timing
To avoid the inclusion of calves born at lower latitudes and already

on their southern migration, observations were constrained to the

months of the northward migration. Typically, the earliest southbound

whales on the Western and Eastern Australia coasts are sighted in

August, with cow-calf pairs migrating later, from September onwards

(Chittleborough, 1965; Torre-Williams et al., 2019; Burton, 1991;

Paterson, 1991). As such, observations later than 31st August were

excluded. An exception was made for a small number of stranding

records from early September, where the calf fit the above inclusion

criteria, and the umbilicus was still attached. No exceptions were made

for opportunistic observations of live calves. Based on timing, it was
TABLE 1 Humpback whale calves were considered neonate if they generally fit these inclusion criteria. Size was the only essential criterion.

Criteria Description

Morphology

Size
Small size, less than 5m long or approximately one-third the length of the mother (Chittleborough, 1965; Clapham et al., 1999). Essential criterion –

calves not fitting this description were excluded regardless of other descriptors.

Colour
Light grey in colour (Torre-Williams et al., 2019), although white morphs are common in the Eastern and Western Australian populations
(Chittleborough, 1965).

Skin Smooth skin without barnacles or healed scars.

Fetal folds
A very young (one week or less) calf may have visible fetal folds - light-coloured bands, sometimes with shallow vertical grooves (Reidenberg and
Laitman, 2009). Fetal folds may not be present or visible, even in very recently born calves (Ransome et al., 2022a).

Fins
The dorsal fin of a very young calf may not yet be erect, rather laterally folded against the back and pectoral fins or flukes that are not yet stiffened
(Faria et al., 2013; Ferreira et al., 2011; Torre-Williams et al., 2019).

Behaviour

Close association
with mother

Cow-calf pairs were identified by their close association, usually touching or less than one body length from each other (Szabo and Duffus, 2008;
Torre-Williams et al., 2019).

Speed Very young calves typically swim at a slower speed than adults (e.g. less than 3 knots) (Kettemer et al., 2022).

Exception

Expert ID in situ
The animal was identified as a neonate (including description as “newborn”) in the field by an expert, e.g. a veterinarian or marine mammal expert
attending a stranding on behalf of a government agency.
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inferred that the calves were born at or further south than the

observed location.

Observations of birth
In some cases, there was evidence of very recent parturition

(birth). Opportunistic observations were accepted as births either

when the mother was clearly seen as solo for a continuous period of

twenty minutes or more before the sudden appearance of a calf, or

when the appearance of a calf was accompanied by plumes of blood

and/or placenta. The placenta may not be expelled immediately

after delivery of the calf and so is not always visible to observers

present at the time of birth (Ransome et al., 2022a). Stranded

animals that had the umbilicus still attached, either recorded in situ

or visible in images, were considered to have been born at or near

the location they had stranded.
Direction of travel

For opportunistic observations, observers were asked to report

the direction of travel of the cow-calf pair to the nearest ordinal

direction, or as ‘milling’ if not travelling in any obvious direction.

This information could not be determined for all observations and

was not available for strandings. It was assumed that the cow-calf

pair continued travelling in the observed direction, unless there was

evidence to the contrary, e.g. the same, identified cow-calf pair were

sighted again in the same location, or the pair were observed in a

bay where the geography of the coastline did not allow continued

movement in that direction.
Known resightings

Some observers noted that an identifiable cow-calf pair (based

on distinctive markings) was observed more than once in an area

over multiple days. This applied only to opportunistic observations,

not to strandings.
Frontiers in Marine Science 06
Possible duplicate data

To avoid the inclusion of duplicate data, observations from the

same location on the same day were consolidated to one record (e.g.

opportunistic observations of a live neonate on the same day by two

different observers in Newcastle) unless they were recorded

separately by the same observer, or the cows or calves were

distinctively visually different and confirmed with images. It

cannot be ruled out that some neonates were observed more than

once by different observers over multiple days, in different locations.

To account for this, observations were identified as possible

duplicate observations if they were made within two days of a

previous observation and within a distance that the cow-calf pair

could reasonably travel in this time. Except where there was clear

evidence that the same pair was resighted (e.g. distinctive

markings), these potential duplicates were labelled but not

consolidated or excluded as it could not be determined whether it

was the same or a different animal. Based on a median swim speed

of 1.3ms-1 (Kettemer et al., 2022), a cow-calf pair could travel

112km in 24 hours. Adding a conservative buffer of 20%,

observations were labelled as potential duplicates if it was within

135km (straight line) on the next calendar day or within 270km in

two calendar days. If the cow-calf pair were observed travelling in a

particular direction, subsequent observations were labelled as

potential duplicates only if observed in that same direction, e.g.

an observation would be considered a potential duplicate if it were

within 135km to the north of a cow-calf pair observed travelling

north the previous day but not if it were to the south of that pair.

This was manually checked for each record.
Results

A total of 209 neonate humpback whale calves were recorded in the

study area, across all jurisdictions, including 168 opportunistic

observations of live calves and 41 strandings (Figure 1; Table 2). Of

the observations of live calves, 20 were resights of an identifiable cow-
TABLE 2 Summary of records of neonate humpback whale calves.

Total neonates

Record Type Duplicate Records

Live Stranding
Known duplicates

(resight)
Possible
duplicates

Unique records

Eastern Australia

NSW 130 110 20 1 18 111

Victoria 6 6 1 5

Tasmania 2 2 2

South Australia 4 2 2 4

Western Australia 64 45 19 19 1 44

New Zealand 3 3 3

Grand Total 209 168 41 20 20 169
frontiersin.org

https://doi.org/10.3389/fmars.2025.1545526
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


McPhee-Frew et al. 10.3389/fmars.2025.1545526
calf pair that had previously been recorded in the same location. This

occurred in Jervis Bay, NSW (35°S) in 2023 and Flinders Bay, WA (34°

S) in 2016, 2017, 2018 and 2020. A further 20 records were identified as

possible duplicates (all observations of live animals, no strandings),

giving a conservative minimum of 169 unique records of neonate

humpback whale calves in the study area. None of the possible

duplicates were strandings, i.e. there were no instances where a live
Frontiers in Marine Science 07
calf was observed prior to a stranding in the same region. The highest

latitude observations were from 43°S near Port Arthur, Tasmania in

Eastern Australia, 42°S near Kaikoura in New Zealand and 35°S near

Albany in Western Australia. The earliest record in the year was a

stranding on 19th May 2011 from Bremer Bay, WA. Stranding records

were available back as far as 1991. The oldest records of live cow-calf

pairs were from 2010 and 2015, made during the New Zealand

Government Department of Conservation Cook Strait Whale

Project. Some opportunistic observations from 2016 onward were

recorded by whale watching tourism operators with sufficient

information to be included (in particular, the detailed logs kept by

Whale Watch Western Australia operating in Flinders Bay, WA) but

most opportunistic observations were made in 2023 and 2024 (both

years each accounted for approximately one-third of total

opportunistic observations).

Evidence of birth was recorded in 11 instances (three

opportunistic observations of live calves and eight strandings) in

NSW, WA and New Zealand. The most southerly of these was from

42°S near Kaikoura, New Zealand (Figure 2).

Overall, information about travelling direction was available for

118 and unavailable for 50 of the 168 opportunistic observations of

live cow-calf pairs. Most travelling direction data was from NSW,

where 100% were moving north (total 94). One additional record

from Jervis Bay (travelling northwest) was excluded, as the

geography of the bay precluded continued movement in any

direction except east to exit the bay. Travelling direction was

available for all opportunistic observations in New Zealand (three,

all northbound), Tasmania (two – one northbound, one milling)

and Victoria (six – four travelling east, one northeast and one

southbound) (Figure 3). One of the two pairs observed in South

Australia was observed to be milling (Fowlers Bay) and no travelling

direction information was available for the other. In Western

Australia, travelling direction was available for 13 records, all

from south coast locations (Table 3).
Discussion

Here we present 209 separate records (conservative minimum

of 169 unique records) of neonate humpback whale calves well

south of the currently accepted calving limits in Australasia,

representing a shift in our understanding of the distribution of

calving areas. These numerous observations demonstrate that

humpback whales are not confined to calving in wintering

grounds. Neonates were observed in all jurisdictions, to the most

southerly observable regions in all areas. This represents an

extension of calving areas of approximately 12° of latitude/1300

km in Western Australia (from 22.5°S, North West Cape, WA) and

approximately 14° of latitude/1500 km in Eastern Australia (from

28°S, Gold Coast Bay, Qld), as well as the inclusion of New Zealand

(Irvine et al., 2018; Torre-Williams et al., 2019). No latitudinal limit

of neonate calves was found within the study area, except the limits

of available coastal or inshore observation sites, so it cannot be

excluded that calving occurs offshore at higher latitudes. The calf

observed near Port Arthur, Tasmania (43°S) in 2024 appears to be
B

A

FIGURE 2

Aerial photographs of birth from near Kaikoura, New Zealand (42°S).
Plumes of blood (A) accompanied the appearance of the calf (B).
These images were captured during a commercial whale watching
flight (Wings Over Whales). Photo credit: South Pacific
Helicopters Ltd.
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the highest latitude record of a neonate humpback whale from

anywhere in the world.

The 11 instances where there was evidence of very recent birth,

including the highest latitude example from 42°S near Kaikoura,

New Zealand (Figure 2), demonstrate that parturition does indeed

occur at these latitudes, supporting the validity of using

observations of neonates as a proxy for birth.

Notably, none of the live cow-calf pairs observed in Eastern

Australia or New Zealand were travelling in a direction that was

inconsistent with continued northward migration. In NSW, 100%

of the 94 pairs for which travelling direction information was

available were northbound, as were all three observed in New

Zealand. Of the two pairs observed in Tasmania, one was

travelling north, and the other was milling. Only in Victoria were

pairs observed moving in any other direction. Of the six pairs, four

were travelling east and one northeast, which is consistent with

following a migration route around the South East Corner of

Victoria and then northward (Figure 3). One pair was observed

travelling south. Precise coordinates were reported for this pair and

from their location, any continued northward migration would

require first going south to round Cape Schanck. The uniformity of
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travelling direction and the infrequency of resights suggests that the

cow-calf pairs did continue northwards after observation. This

agrees with observations made during annual surveys at

Stradbroke Island, Qld (27°S), Byron Bay, NSW (29°S) and

Sydney, NSW (34°S), and local tracking of cow-calf pairs in Gold

Coast Bay, Qld (28°S) (Paterson and Paterson, 1989; Paton, 2016;

Pirotta et al., 2020; Torre-Williams et al., 2019).

Opportunistic observations of live cow-calf pairs in WA were

available only from south coast locations and as such, no travelling

direction information is available from the west coast. Of the 13WA

records for which direction of travel was reported, six were from

Flinders Bay, near Augusta (34°S) and of those, three records were

of a pair that were seen again in Flinders Bay in subsequent days,

confirming that the pair remained in the area. The other three pairs

were observed travelling south, southeast and north. The geography

of Flinders Bay blocks movement to the north, so the northbound

pair cannot reasonably be interpreted as continuing north. The

location of the other two pairs was not sufficiently precise to

indicate whether their south/southeast movement was a precursor

to rounding Cape Leeuwin and subsequently continuing north,

although this pathway has previously been described
FIGURE 3

Reported direction of travel of 103 cow-calf pairs opportunistically observed in Eastern Australia, including large-scale inset of Victoria. Direction is
indicated by arrows and colors to the nearest ordinal direction. One pair was observed milling, indicated by a pink circle.
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(Chittleborough, 1965; IWC, 2011). A study that deployed satellite

tags in Flinders Bay found that all 33 whales tagged in June or July

continued north, although females with calves were not targeted

(How et al., 2020). The remaining seven records from WA were

from near Albany (35°S) (Table 3). Five were travelling west or

southwest, which is consistent with continuing migration to the

wintering grounds off North West WA, although without

observations from other locations along the route, it cannot be

concluded that this was the final destination. One pair was

travelling south. There was insufficient precision in the location

to consider whether the pair might have been navigating around a

local obstacle, such as a headland or whether they were moving into

open water to the south. Interestingly, one pair was travelling east.

This may have been short-term movement, or the pair may have

continued east, which raises questions about humpback whale

habitat use in the central and eastern Great Australian Bight.

Overall, the relatively few and poor spatial coverage of

opportunistic observations in WA (especially the paucity of data

from the western coastline) does not allow conclusions about the

movements of humpback whales following birth of the calf. Future

studies, such as photographic mark-recapture or satellite tagging

targeting females with calves, may clarify this. However, for Eastern

Australia and New Zealand, the uniformity of travelling direction

consistent with continued northward migration suggests that

parturition does not define the end point of the migration.

Such continuation of migration towards the tropics after birth

of the calf has been found elsewhere in the world and so is unlikely

to be unique to Australasia. A satellite tracking study in the North

Atlantic followed a pregnant female tagged in the Barents Sea

through the entire southward migration to the West Indies.

Parturition, inferred from timing and speed, occurred in March at
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approximately 39°N, in deep, offshore water. The cow-calf pair

continued the migration (southwest) for approximately 3000 km

over 35 days, to the West Indies (19°N), there spending a further 17

days before returning northwards (Kettemer et al., 2022). To date

this is the only complete migration track for a humpback whale

from this population. This birth in temperate, offshore water could

be an unusual occurrence that was coincidentally captured by the

satellite track, or it could be a rare insight into the usual distribution

of calving for this population. There is at least one other published

account of a young calf at a similar date and latitude in the Atlantic,

off Newfoundland (42°N), also in March (Williamson, 1961).

Unlike off Australia, where humpbacks swim close to the coast,

many humpback populations have pelagic migration pathways.

This restricts the opportunities to observe and study the behavior

of migrating whales. Calves born offshore during migration are

unlikely to be observed until arrival in coastal areas close to human

habitation. If satellite data had not revealed that the North Atlantic

calf was born offshore (Kettemer et al., 2022), it is likely to have been

first observed and presumed to have been born off the West Indies.

Future satellite tracking studies of pregnant females could establish

whether the broader latitudinal calving seen off Australia and New

Zealand is common for other populations where migratory

corridors are largely pelagic, i.e. the North Pacific (Palacios et al.,

2019), South Pacific (Garrigue et al., 2015) and the Southwest

Atlantic (Horton et al., 2020; Zerbini et al., 2006).

Although there have been few modern studies on humpback

whale calves outside of the tropics, both the presence of newborn

calves and the continuation of migration were often noted in

historical papers on this species. In a report on aerial surveys

conducted from Point Cloates (23°S) in Western Australia in

1952, Chittleborough (1953) notes that “[i]n June and July almost

every humpback … was moving northwards,” including at least 16

cow-calf pairs, of which several were noted as “cow – very young

calf”. Further south in Western Australia, commercial whalers had

observed that some animals gave birth near Albany (35°S), before

continuing northward (Chittleborough, 1965) and, “… cows have

been known to give birth to calves in Geographe Bay on the coast of

southwest Australia [34°S],” (Kellogg, 1929). As naturalist on Scott’s

1910 Terra Nova expedition, Lillie (1915) reported that in the

northern stream of humpbacks migrating past New Zealand “…

mothers, with newly born calves, were constantly to be seen off the

Bay of Islands [35°S] after the beginning of July.” Kellogg (1929)

notes that in the North Atlantic “from March to May females with

new-born calves have been observed in the vicinity of the Azores

[39 – 40°N]…” and “humpbacks with calves have been observed as

early as February in the vicinity of Bermuda [32°N]…” Verrill

(1902) extensively described the biology and ecology of humpback

whales in Bermuda in the 19th century and states that, “[f]rom the

small size of some of the ‘cubs’ [sic] taken with their mothers (15

feet long) [4.6m] it is not improbable that some were born there.” In

the Indian Ocean, “females with young have been observed … as

early as June and July in the vicinity of Durban [South Africa; 30°S]”

(Kellogg, 1929). Conversely, discussions on the latitudinal limits of

calving areas are not a feature of these historical texts. Based on
TABLE 3 Reported direction of travel of opportunistically observed
cow-calf pairs in Western Australia.

Location Date Direction Notes

Flinders Bay (Augusta) 21/07/2018 West Pair resighted 26 &
30 July 2018

Flinders Bay (Augusta) 26/07/2018 West Resight

Flinders Bay (Augusta) 30/07/2018 South Resight

Flinders Bay (Augusta) 13/07/2019 South East

Flinders Bay (Augusta) 11/08/2019 South

Flinders Bay (Augusta) 17/07/2021 North

Albany (Cheynes Beach) 21/06/2024 South

Albany (Cheynes Beach) 27/06/2024 West

Albany (Cheynes Beach) 15/07/2024 Southwest

Albany (Cheynes Beach) 15/07/2024 Southwest

Albany (Cheynes Beach) 16/07/2024 Southwest

Albany (Two Peoples Bay) 30/07/2024 East

Albany (Two Peoples Bay) 11/08/2024 West
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information collected from commercial whaling, ‘breeding grounds’

are either discussed very generally, as existing in the tropics or

warmer waters [e.g (Kellogg, 1929; Lillie, 1915; Mackintosh, 1942;

Verrill, 1902)] or are not discussed at all (e.g (Clark, 1887;

Matthews, 1937; Rayner, 1939; Townsend, 1935)). Dawbin (1966),

collated data from shore-based whaling stations and concluded that,

“… humpbacks require tropical coastal conditions, with water

temperature about 25°C, for breeding…” but did not otherwise

comment on the spatial distribution of calving and noted that “…

[females] accompanied by young calves [are] protected from the

catch at nearly all localities.” For this reason, neonate calves are not

included in these whaling data. In earlier periods of ship-based

whaling, when cow-calf pairs were not protected, humpback whales

were not the primary target species but were taken to supplement

the catch of other species “between seasons” (Clark, 1887). As such,

the whale-ships did not follow humpbacks along their migration

route and would purposefully avoid coastal and reef areas due to the

navigational hazards presented (Paterson and Paterson, 1989).

Therefore, data derived from whaling records generally offers a

biased spatial representation of humpback whale calving areas.

However, the information contained in these historical accounts

does suggest that calving in temperate latitudes is unlikely to be an

entirely new occurrence. Calving at higher latitudes may be a return

to pre-whaling distribution. The loss of genetic diversity due to

whaling has been associated with changes to migratory culture in

humpbacks and other mysticetes (Baker et al., 2013; Carroll et al.,

2015). Alternatively, this pattern may have been uninterrupted but

obscured by the low abundance of humpbacks following their

population collapse.

Four neonate calves (two stranded, two live) were recorded in

South Australia. Humpbacks are seen regularly in South Australia,

although less frequently than other states. These have been assumed to

be vagrant individuals from either the Western Australia or Eastern

Australia populations (Chittleborough, 1965; Kemper, 2005; Ward

et al., 2019). However, records of neonates in South Australia have

been published, including at least three strandings (Kemper, 2005;

Tomo and Kemper, 2022) and one live newborn calf observed in St

Vincent Gulf (near Adelaide, SA, approximately 35°S) in 1961

(Chittleborough, 1965). The movement of the two live pairs is

unknown – no travel direction data was available for the pair

observed in Encounter Bay (36°S) and the pair observed in Fowlers

Bay (32°S) were not moving in any clear direction. The geography of

Fowlers Bay prevents further northward travel, and its location is

roughly equidistant from the west and east coasts. Early whaling

records indicate that cow-calf pairs were present there in the 19th

century. Bannister (1986) reported that in Fowlers Bay in 1840, the

American ship Amazon took “…8 humpback, incl. 3 cows and calves”.

On inspection of the logbook of this vessel (Smith, 1841), we could

neither confirm nor contradict whether any of the humpbacks were

indeed accompanied by a calf, although the timing of the logged kills,

between 11th June and 18th August, does coincide with the peak in

births (Chittleborough, 1958; Matthews, 1937). It is unclear whether

some or all of the humpback whales in South Australia continue to

travel either east or west and then north, or whether the end point of

the migration is in the Great Australian Bight. Kemper (2005) did not
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interpret the presence of stranded calves as an indication that South

Australia may contain an undescribed calving area for humpback

whales, due to the relatively low water temperature (10 – 20°C). The

new evidence of calves being born at higher latitudes and in temperate

waters may warrant, generally, reconsideration of temperature as a

limiting criterion for humpback whale calving areas and, specifically,

more research into the ecology of humpback whales in South

Australian waters.

In two locations, observers noted that some cow-calf pairs,

identified by distinctive markings, were observed multiple times over

the course of several days to weeks. This was recorded in Jervis Bay,

NSW in 2023 and in Flinders Bay, WA in 2016, 2017, 2018 and 2020

(Supplementary Table S1). At least one of these calves was born in

Flinders Bay, as the visually distinctive female had been clearly observed

unaccompanied by a calf the previous day. In Jervis Bay, a birth had

been recorded two years previously. It is unclear whether any of the

other calves observed in these bays were born there (in total, at least 18

unique calves observed in Flinders Bay and five unique calves in Jervis

Bay). Jervis Bay has been identified as a resting habitat for cow-calf pairs

during the southward migration (Jones et al., 2023), it may similarly be

of importance during the northward migration. Further monitoring

and research are needed in both Jervis Bay and Flinders Bay to explore

whether these contain regular resting or nursery habitats.

We show that in Australasia calving areas do not entirely overlap

with tropical winter ‘breeding grounds’ – some humpback females

calve during migration. This extends the distribution of calving areas

well into temperate waters. Our findings support Brown and

Corkeron’s (1995) proposal that humpback migration is more than

just a swim. Breeding encompasses calving, courtship/male

competition, copulation and conception. Courtship and male

competition behaviors, such as singing, forming competitive pods

and escorting mother-calf pairs, are prominent in wintering grounds

(Ransome et al., 2022b) but all of these behaviors have been observed in

migration corridors (Brown and Corkeron, 1995; Warren et al., 2020).

As well as observing competitive pods during northward and

southward migrations in Eastern Australia, Brown and Corkeron

(1995) recorded many male-female pairs in both directions,

suggestive of mating during migration. Although mating is presumed

to occur in the wintering grounds, so far, the only published

observation of copulation in humpback whales involved two males

(Stack et al., 2024). Although unconfirmed, copulation was reported in

Antarctica in January 1948 by scientists onboard a Japanese whaling

ship (Nishiwaki and Hayashi, 1950). The described surface behaviors,

paired lunging with ventral sides together, seem surprisingly

conspicuous to go unobserved for the following eighty years but the

experienced Japanese whaling crew had prior knowledge of this

behavior and it matches very closely with the description given by

Lillie (1910), informed by whalers from the Scottish and Irish islands

(although there is no indication that the behavior was witnessed in

British waters). If this was indeed copulation, conception is unlikely

unless the female was not in the expected seasonal anestrus

(Chittleborough, 1954). However, Chittleborough (1958) noted that,

“…conception rarely occurs in the Antarctic; of 250 foetuses [sic] taken

on the west coast of Australia, only one (4 ft 9 in. [1.5m] long when

examined on July 9) could have been conceived in the Antarctic”. In
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the same paper, of hundreds of humpback fetuses reported from

Antarctica in the summer months between 1949 and 1956, several

are at least three times the average length of the others caught that

summer (6 – 11 ft/1.8 – 3.4m compared to 1.9 – 3.7 ft/0.6 – 1.1m),

suggesting asynchronous conception. Taken together, no aspect of

breeding can be said to occur exclusively within the winter ‘breeding

grounds’. Likewise, feeding is not restricted to high latitude summer

‘feeding’ grounds. Feeding has been recorded in many mid and low

latitude environments around the world (Pirotta et al., 2021; Owen

et al., 2017; Seyboth et al., 2023). Best et al. (1995) and Dawbin (1956)

described humpback whales pausing or discontinuing their southward

migrations to feed in coastal regions of South Africa and New Zealand,

respectively. Rather than total separation of discrete feeding and

breeding grounds connected by a thoroughfare, humpback whales

use a continuum of habitats across a large latitudinal gradient and

breeding may be concentrated towards, but not restricted to, the low

latitude end of their range.

An underlying assumption of the feeding/breeding paradigm is

that humpback whales must reach the tropical wintering grounds to

give birth and as such, requirements for breeding drive the migration

(Pitman et al., 2020). We show it is not imperative for the female to

reach the wintering grounds to give birth, even if most do. The

observation that some humpback whales give birth in temperate

water, at least as high as 43°S and then many, if not all, continue to

migrate northward, presumably for thousands of kilometers to the

wintering grounds, raises an important question with implications for

migration theory. If the drive to migrate to the tropics is for the benefit

of the calf in its most vulnerable neonatal stage, are those benefits not

outweighed by the energetic costs of cold water and migration, as well

as the potential predation risk enroute? One explanation is that the

wintering habitats offer benefits to adult whales that are sufficient to

compel continued migration. If this were true, it would support

migration theories that are based on benefits to the adult, not the

calf. However, it is worthwhile to consider the ‘cognitive ecology’ of the

whale – the internal mechanisms that underlie the animal’s movement

(Kashetsky et al., 2021). Does a female that has given birth during

migration continue with the intention of reaching some resource for

her own benefit, or does she continue because of a genetically encoded

instinct or deeply learned spatial behavior, regardless of whether the

benefits to her calf are still relevant? As Connor and Corkeron (2001)

argue, the cost or benefit of a given migration strategy does not need to

be perfect but only relatively favorable to the alternative to be selected

for. It is conceivable that a female whale could disadvantage one mid-

latitude calf by instinctively continuing the migration but if, during her

lifetime, she gave birth to other calves in the wintering grounds that

were sufficiently advantaged by that environment, then enough of her

offspring and therefore her (presumably heritable or culturally

transmitted) strategy of migrating all the way to the tropics would be

propagated in the population. As such, in the absence of a greater

understanding of the cognitive ecology of humpback whale migration,

our findings are neither evidence for nor against any specific theories

on migration drivers, nor whether the drivers are related to breeding or

some other aspect of their biology.

However, the finding that parturition does not define the

endpoint of migration does provide a basis for future
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investigations that could illuminate the factors driving migration.

As a first step, some of the assumptions of this study should be

tested. The approach used in this study did not allow for monitoring

of cow-calf pairs, except opportunistically (i.e. in Flinders Bay, WA

and Jervis Bay, NSW where the pairs were resident for days or

weeks) and so the fates of these calves is not known. Similarly,

although the uniformity of northward travel in this and previous

studies (Paterson and Paterson, 1989; Paton, 2016; Pirotta et al.,

2020; Torre-Williams et al., 2019) suggests they continued to the

wintering grounds, the ultimate destination cannot be known

without satellite telemetry or same-year photo matching studies.

Confirming whether the cow-calf pairs do indeed complete the full

migration and comparing the survivorship, causes of death and later

reproductive success between calves born during migration with

those born in the wintering grounds will allow an empirical

evaluation of different theories of migration drivers.

Although we demonstrate that calving is not restricted to the

wintering grounds, it is likely only a small proportion of calves born

during the migration. Our data were collected opportunistically,

without controlling for survey effort, so we are cautious to make

numerical estimations of the proportion of the total calved

population we observed. However, the simple observation that,

overall, cow-calf pairs are encountered much more frequently

during the southern migration than the northern migration

indicates that most calves are born north of the study area.

The findings of significant calving in temperate waters has clear

management implications for management authorities. During

birth and the early stages of infancy, humpback whales are

particularly vulnerable to anthropogenic threats, such as

entanglement in fishing gear or shark mitigation devices, vessel

strike, pollution and underwater noise (Erbe et al., 2021; Groom and

Coughran, 2012; How et al., 2021; Peel et al., 2018; Schilling et al.,

2023; Seyboth et al., 2023; Smith et al., 2020; Vanderlaan and

Taggart, 2007). Hazards associated with human activity are

increasing and concentrated in coastal waters adjacent to urban

centers, compounding the broader pressures caused by ecological

changes driven by anthropogenic climate change (Seyboth et al.,

2023). Compared to a calf born in the tropics, calves born at higher

latitudes during migration are potentially more at risk, as they are

exposed to a greater spatial extent and wider variety of hazards as

they transit through the migratory corridor, as well as increased

time exposed to these hazards. For instance, if we consider the

termination of migration to be the southernmost point of the Great

Barrier Reef Marine Park (approximately 24°S), a calf born in

Tasmanian waters at 43°S would need to swim with its mother

for several weeks and at least 2300 km during its most vulnerable

stage, through waters adjacent to the major urban centers and

shipping lanes off southeastern Australia. Injuries were evident in

some of the images used to confirm the opportunistic observations

of live calves, although their cause is unknown and quantifying such

injuries was outside of the scope of this study (e.g. Figure 4).

There are legislative protections relating to approaching or

disturbing humpback mothers with calves at both the state and

federal level in Australia and New Zealand, however compliance

may be lower due to a lack of awareness in areas where calves are
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not expected by recreational boaters, commercial operators or

management authorities. Cow-calf pairs may also be susceptible

to cumulative disturbance throughout their migration (Chou et al.,

2020). In light of the documented southward extension of

humpback whale calving grounds, it will likely be necessary for

jurisdictions to review protection measures to assess, control and

evaluate risks spatially and temporally at the local level.

In this study we took a mixed methodological approach,

combining complementary opportunistic citizen science data,

observations of calves collected opportunistically during annual

whale surveys and stranding data held by government agencies.

Some limitations are inherent in this approach. Due to the non-

random, opportunistic nature of the data, it was not possible to

control for survey effort. The quantity, location and recency of

records broadly reflects the human population density and hence

that of observers. For this reason, the number of neonates has not
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been presented as a function of time or latitude. For example, more

neonates were observed from mid to northern NSW than elsewhere

and two-thirds of observations were made in 2023 or 2024, but

neither pattern can be interpreted as a true increase as it may be an

artifact due to greater data availability. Conversely, areas with no

opportunistic observations corresponded to areas of relatively

sparse human settlement, such as most of the southern coastline

of Australia, the western coast of WA, and most of New Zealand.

The stranding data compensated for this to some extent, as an

animal stranded on a beach is more likely to be observed than a live

calf, although strandings may also go unreported, especially in

remote regions. Despite these considerations, this approach allowed

much greater spatial and temporal coverage than would have been

logistically or financially possible with traditional shore-based or

boat-based survey methods. Participation of whale-watching

tourism operators was key. Although we relied on voluntary
B

A

FIGURE 4

Example of images used to confirm age of calf, in this case with evidence of injuries from unknown cause. Calf was observed in Newcastle, NSW,
Eastern Australia in July 2024. The observation was reported as otherwise not unusual and there was no evidence of failure to survive (e.g.
corresponding stranding). Photo credit: Dominic May, CoastXP.
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submissions, engagement was high. In many cases, tourism

professionals advocated for this project through their networks,

leading to submissions from other observers , mostly

coastal photographers.

Wide-ranging marine species present unique technological and

economic challenges for ecological field studies. Data derived from

citizen science initiatives offer new and increasing opportunities to

enhance scientific knowledge (Fariello et al., 2024; Fraisl et al., 2022).

For projects such as this, whale-watching tourism professionals are

ideal citizen science contributors due to their familiarity with

humpback whales and the extensive hours spent in the field. As

humpback populations globally continue to increase, so too does

whale-focused tourism (Meynecke et al., 2017). Simultaneously,

technological advancements in photographic equipment and

communication platforms mean that opportunities to observe

marine mammals throughout their range are increasing, while such

opportunistic data also becomes more accessible to researchers

(Garcia-Soto et al., 2021). The marketing leverage that can be

gained from advertising participation in a research project may be

an incentive that researchers can use to encourage data contributions

from commercial operators, however it was our experience that the

high level of engagement in this project was motivated by an inherent

desire to contribute to the knowledge and conservation of humpback

whales. Collaborative projects such as this have the potential to

improve communication and cooperation between researchers,

government agencies and industry. This very low-cost approach

may be adapted for use in other locations or on other species,

where there is the opportunity to partner with nature-based

tourism operators and government agencies.

As discussed above, considerable ecological and biological

information was gained by examining historical papers on

humpback whales. Some of the information contained in the

original works seemed to have been overlooked or misconstrued

when cited from subsequent papers, which has likely resulted in an

oversimplification of our view of humpback whale ecology.

Historical texts and ship logbooks are much more accessible than

previously, thanks to digitization, networked cataloguing and open

access libraries, and are useful resources for investigating the effects

of historical whaling and current environmental change.

The numerous records of neonate humpback whale calves

presented here demonstrate that humpback whales regularly give

birth well south of the currently recognized calving areas, including

in relatively high latitude waters in Western Australia, Eastern

Australia and New Zealand. Cow-calf pairs were consistently

observed to continue migrating northward in Eastern Australia

and New Zealand, suggesting that parturition does not define the

end point of the migration. This finding challenges the feeding/

breeding paradigm where breeding behaviors are restricted to the

‘breeding grounds’ at the terminus of the migration. Future studies

comparing survival and fitness of calves born during migration with

those born in the tropics will provide important empirical

information to evaluate different hypotheses on migration drivers.

More research is required, especially in Western Australia and

South Australia, to better understand the distribution of calving
Frontiers in Marine Science 13
habitat and movement following birth in these regions. Overall, the

findings of this study have important management implications.

Conservation policies and practices reflecting this new information

are necessary to ensure females and calves are protected during

vulnerable life stages, tailored to local risks. This study highlights a

cost-effective, collaborative research approach, with a particular

focus on engagement with the whale-watching tourism industry.

This approach may be adapted and utilized elsewhere and for

different species.
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