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RESEARCH ARTICLE
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ABSTRACT
Despite their global occurrence in warm-temperate waters and 
their suspected non-migratory lifestyle, Bryde’s whales 
(Balaenoptera edeni spp.) are considered the least-known large 
baleen whale species. In Australian waters, information on their 
distribution, ecology and behaviour is scarce. This study 
documents Bryde’s whale occurrence and foraging behaviours 
along the Australian East Coast using opportunistic citizen science 
sightings via drone aerial photography, vessel and land-based 
observations. We observed foraging in both shallow (seafloor 
visible, beach and breaking waves present) and deep waters. We 
observed a range of foraging behaviours including lunge feeding 
(exhibited by individual whales and in pairs), sub-surface and 
surface skim feeding (shallow waters only) and described 
multispecies associations. We describe a potentially novel feeding 
behaviour in shallow waters, where Bryde’s whales are feeding 
directly within or behind the surf break (shallow water surf feeding). 
We quantify the presence of mother-calf pairs in Australian waters, 
highlighting the use of these waters for potential calving. This 
study provides insights into Bryde’s whale occurrence and foraging 
behaviour in both shallow and deep waters of eastern Australia.

ARTICLE HISTORY
Received 22 December 2023 
Accepted 24 September 
2024  

HANDLING EDITOR   
Natali Delorme

KEYWORDS
Bryde’s whale; Balaenoptera 
edeni; citizen science; 
cetacean; SDG14 Life Below 
Water; feeding; drone; New 
South Wales; Social media; 
Australia

Introduction

Cetaceans provide important ecosystem services such as nutrient cycling and maintain a 
key position in marine food webs. However, information on the foraging behaviour of 
many species such as large baleen whales is still lacking. Bryde’s whales (Balaenoptera 
edeni spp.), a medium-sized (up to 16.5 m) species of baleen whale, are considered the 

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any 
medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. The terms on which 
this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent. 

CONTACT  Vanessa Pirotta vanessa.pirotta@hdr.mq.edu.au
Supplemental data for this article can be accessed online at https://doi.org/10.1080/00288330.2024.2409681

NEW ZEALAND JOURNAL OF MARINE AND FRESHWATER RESEARCH 
https://doi.org/10.1080/00288330.2024.2409681

http://crossmark.crossref.org/dialog/?doi=10.1080/00288330.2024.2409681&domain=pdf&date_stamp=2024-10-08
http://orcid.org/0000-0003-0395-1859
http://orcid.org/0000-0002-7901-4565
http://orcid.org/0000-0001-7338-6037
http://orcid.org/0000-0002-2981-3983
http://orcid.org/0000-0002-5967-0928
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:vanessa.pirotta@hdr.mq.edu.au
https://doi.org/10.1080/00288330.2024.2409681
http://www.tandfonline.com


least known of the large whales (Kato and Perrin 2018). The taxonomic status of the 
species remains subject to debate, with two provisional subspecies currently recognised. 
This includes the small, coastal form, Eden’s whale (B. e. edeni, Anderson, 1879), and the 
larger, oceanic form, the Bryde’s whale (B. e. brydei, Olsen, 1913) (Rice 1998; Committee 
on Taxonomy 2024).

Distributed within warm temperate and tropical waters of greater than 16°C year- 
round, Bryde’s whales are considered the only ‘tropical’ baleen whale (Kato and Perrin 
2018). Their species range includes coastal and offshore waters between 40°N and 40°S 
in the North and South Pacific (including parts of the Tasman Sea), Indian Ocean and 
South and North Atlantic (Kato and Perrin 2018). Overall, little is known about the 
ecology and behaviour of Bryde’s whales (Jefferson et al. 2008). While generally observed 
alone or travelling in pairs, Bryde’s whales have also been documented in aggregations of 
two or more e.g. South Africa and Gulf of California (Tershy 1992; Penry et al. 2011). 
Unlike other baleen whales (e.g. humpback whales, Megaptera novaeangliae, who are 
strongly migratory and generally classify as capital breeders – acquire energy resources 
ahead of time to be stored and used for reproduction (Jönsson 1997)), Bryde’s whales 
are suspected to not undertake distinct annual migratory movements into polar waters 
to feed. Instead, Bryde’s whales may be income breeders (i.e. feed year-round in less pro
ductive waters), using adaptable foraging capabilities to exploit abundant and time-sen
sitive resources such as schooling fish, krill and zooplankton (Wiseman et al. 2011; Izadi 
et al. 2022). As such, the reproductive behaviour of Bryde’s whales is more cryptic in 
comparison with other baleen whales, but may potentially result in movements either 
towards or away from the equator during winter months and in some cases, breeding 
may occur year-round (Best 1977; Jefferson et al. 2008; Wiseman 2008; Kato and 
Perrin 2018).

As filter feeders (Goldbogen et al. 2017), Bryde’s whales have been documented using 
a variety of different behaviours to feed. For example, in southern Chinese waters, 
Bryde’s whales have been observed to lateral lunge feed cooperatively, trap feeding 
(rising vertically in the water in the centre of prey aggregations with mouth agape at 
the water line, holding still for ∼20 s, before closing their mouth and capturing the 
prey), tread-water feeding (similar to trap feeding, also observed in Taiwanese waters 
Iwata et al. 2017) and pirouette feeding (rising vertically up out of water with mouth 
open into a baitfish swarm, tilting and swinging laterally 180°, scooping fish at the 
surface (Chen et al. 2023)). Other diverse feeding behaviour examples include Bryde’s 
whales in the Gulf of California, Mexico and the Hauraki Gulf in New Zealand, which 
are known to right-side lunge feed and sometimes surface-skim feed on their side with 
their mouth open (New Zealand only) (Tershy and Wiley 1992; Wiseman et al. 2011). 
Bryde’s whales in South African waters have also been documented to make high-speed 
chases along the sea floor (Segre et al. 2022). Additionally, Bryde’s whales off south- 
eastern Brazil have even been observed blowing bubbles to assist with feeding (Lodi 
et al. 2015). In Australian waters, Bryde’s whales have been reported to feed in shallow 
waters (Paterson and Van Dyck 1988). The authors noted close shore presence ‘in the 
surf-lines along adjacent beaches’, whales performing ‘surface rushes, lunges and circling’ 
and individuals and pairs working ‘adjacent schools of fish’ (Paterson and Van Dyck 1988).

Apart from historical whaling records, rescue/stranding events, and a handful of field 
observations (Paterson and Van Dyck 1988; Priddel and Wheeler 1997), very little is 
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known about Bryde’s whale occurrence in Australian waters. As such, Bryde’s whales are 
listed nationally as Migratory under the Environmental Protection and Biodiversity Con
servation Act 1999 (EPBC Act) (Department of Climate Change, Energy, the Environ
ment and Water, 2024) and Data Deficient as per the The Action Plan for Australian 
Mammals 2012 (Burbidge et al. 2014) to mitigate potential anthropogenic impacts and 
enable their protection in Australian waters. As Australia’s focus on renewable energy 
expands offshore (e.g. windfarm developments) adding to already existing anthropogenic 
impacts (i.e. seismic exploration, commercial fishing, vessel activity), it is crucial to 
develop a better understanding of the occurrence and behaviour of Bryde’s whales to 
ensure their protection in Australian waters is targeted appropriately.

As a research tool, drones or remotely piloted aircraft (RPA’s) provide unparalleled 
opportunities for non-invasive data collection (Pirotta et al. 2017; Raoult et al. 2020; 
Butcher et al. 2021), including observations without interfering with the natural beha
viours of marine animals (Hodgson et al. 2020; Fettermann et al. 2022; Pirotta et al. 
2022). Research tools like drones are particularly helpful for studying animals that are 
difficult to assess, such as whales (Pirotta et al. 2017). Given the increasing recreational 
use of drones by the public, footage thus collected constitutes a vast but currently 
untapped source of data.

Here we harness the power of citizen science (with the exception of one scientific 
operator, co-author PB) to document the occurrence of Bryde’s whales in east Australian 
waters and to describe foraging behaviour. We collate information from opportunisti
cally collected drone video footage and photographs and use sightings from whale- 
watching vessels and citizen scientist drone operators to add to the growing body of 
information on Bryde’s whale in Australian waters.

Materials and methods

Study locations

Data collected from this study was derived from evidence of Bryde’s whale foraging 
observations along the Australian east coast, ranging from K’gari (Fraser Island), 
Queensland to Tura Beach, New South Wales (NSW) (Figure 1).

Data collection

Data were collected through; (1) commercial whale-watching operators (Sapphire Coastal 
Adventures, via co-authors SM and JM, photos and drone vision), (2) shore-based obser
vations (co-author GP, photos only) and (3) recreational and scientific drone pilots (BD, 
PB, among others, drone vision only). All data represented opportunistic, presence only 
data. Co-author BD flew a DJI Mavic 3 Classic drone 3–5 nautical miles from shore and 
above 100 m from ground level, as per NSW State drone guidelines (New South Wales Gov
ernment 2024). Co-author PBs contractors flew a DJI Phantom 4 drone as part of shark 
surveillance flights at heights of greater than 60 m from shore (NSW DPI and NSW 
Office of Environment & Heritage scientific permits (Ref. P01/0059; MWL000102746)).

Much of the citizen science data collection for this paper was derived alongside obser
vations of humpback whales feeding during their southward migration (August- 
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October) between Narooma and Eden, NSW, where Bryde’s whales were also observed 
exploiting similar resources (Pirotta et al. 2021). We sourced drone observations from 
social media platforms (e.g. Facebook, Instagram and YouTube) via an online search 
using a variety of search terms including: Bryde’s whale footage Australia, whale 

Figure 1. Bryde’s whale (Balaenoptera edeni) occurrence and foraging observations along eastern Aus
tralia. White dots indicate locations of shallow water surf feeding observations and the number of 
observations collected at each location. This includes from north to south; K’gari, Fraser Island, 
Queensland, Cape Byron, NSW, Lennox Head, NSW, Ballina, NSW, Coffs Harbour, NSW, and Tuncurry, 
NSW. The single purple dot is the location of deep water feeding observations off the NSW south 
coast. The single red dot is the location of shallow water feeding behaviour documented by Paterson 
and Van Dyck (1988). Bathymetry is represented in different shades of blue. The Inset map indicates 
study locations respective to continental Australia.
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feeding footage Australia, whale drone Australia and Bryde’s whale drone Australia. We 
collected photos from the Sapphire Coastal Adventures Facebook page (@sapphirecoast
aladventures, September 2011 to September 2023). We ensured all videos and photos col
lected from social media were from Australian waters by liaising directly with the 
photographers (e.g. confirming location and date, four of which are co-authors of this 
paper) and/or through cross-checking the validity of each sighting via online articles 
(e.g. the data was reproduced by Australian media).

Prior to sighting video and photos, we determined categories as a method to assess the 
data. We used a quality rating to assess both videos and photos, which consisted of ‘high 
quality’ (Good lighting, non-grainy clear focus, coloured images with the ability to 
further increase image resolution e.g. >300 dots per inch and whale in frame), 
‘medium quality’ (subpar lighting, medium focus and whale in frame) and ‘low 
quality’ (poor lighting, pixelated, whale partially in frame). We also included two cat
egories; ‘species identification certain’ and ‘species identification uncertain’. For this 
study, we used the following distinguishing Bryde’s whale features as primary diagnostic 
e.g. three rostral ridges (if visible) with additional secondary features, e.g. colour of baleen 
(if visible), dorsal position, shape and pigmentation.

Behavioural analysis

Bryde’s whale foraging observations were divided into two main groups based on where 
they occurred. Feeding observations occurred in both (1) shallow (<10 m, visible seafloor, 
beach present, breaking waves near Bryde’s whale/s) and (2) deep waters (in this paper 
defined as observations in >10 m, seafloor not visible, no beach or breaking waves) 
from 2012 to 2022.

The number of foraging observations varied with each location (Figure 1). For each 
foraging observation, multiple recordings of feeding behaviour were sometimes made 
during the same day. As feeding in shallow waters was observed within or near the 
surf, we refer to this as shallow water surf feeding.

While we took precautions to avoid including photos/videos taken of the same animal 
on the same day, we cannot exclude the possibility that our data contain repeated obser
vations of the same individuals across days/years. Social media posts sometimes docu
mented the same observation more than once (repeated content in additional posts). 
Accordingly, all efforts we made to ensure duplicates were identified and removed. We 
assessed all videos ad libitum for evidence of foraging and described foraging behaviours 
using behavioural descriptions adapted from prior published studies (where available) 
detailed in Table 1. To determine a successfully captured feeding event, the video 
(drone flight) had to show a Bryde’s whale directly feeding (at some stage during the 
flight). From the total minutes of videos analysed, we derived the total minutes of 
usable videos that contain evidence of feeding behaviour. We also documented times 
when whales were unlikely to feed (no observed feeding in the video) and swimming 
with no apparent behaviour change or evidence of bait balls observed at surface (labelled 
as an undefined activity). In addition to feeding, we also documented evidence of Bryde’s 
whale defaecation by individuals (i.e. a visible faecal plume).

We further noted the presence of putative mother-calf pairs, as evidenced by close 
associations between two whales, with one whale smaller in size (1/3 of the accompanying 

NEW ZEALAND JOURNAL OF MARINE AND FRESHWATER RESEARCH 5



adult) and swimming in ‘echelon’ position, typical of cetacean calves (McBride and Krit
zler 1951). We also recorded the presence of other species and their (foraging) behaviour 
to document potential multispecies foraging associations.

Results

We screened 1.21 hours (mean ± SD of individual video clips = 3:08 ± 1:34 min) of drone 
vision and 200 + photos of citizen science data for evidence of Bryde’s whale occurrence 
and foraging. The most northerly observation was from K’gari, Fraser Island, Queensland 
and the most southerly observation was from Tura beach along the NSW far south coast. 
Forty-four minutes of footage was useable for documenting feeding (Table 2), and 80 
images contained Bryde’s whales, of which 22 images provided direct observations of 
foraging behaviour by Bryde’s whales. In some cases, images from the same feeding 
event where photos have had ‘species identification certain’, have also had images 
which met the criteria ‘species identification uncertain’.

We documented a total of 27 foraging observations, across seven locations in 
NSW and Queensland (Figure 1), with a range of different behaviours 

Table 1. Bryde’s whale (Balaenoptera edeni) foraging behaviours used in this study, adapted from 
existing sources.
Behaviour Definition Source

Surrounding bait balls Observations of Bryde’s whales swimming within an area 
pre/post where active feeding has been observed.

Observation described for this 
paper

Rapid acceleration* Increased velocity (i.e. speed in a specific direction), 
usually prior to engulfment, propulsive fluke 
movements sometimes visible. Not always observed. 
*Minor modification: addition of increased velocity to 
depict speed of the behaviour and observations of fluke 
movements when behaviour is observed.

(Goldbogen et al. 2006; Cade 
et al. 2016; Segre et al. 2022)

Lateral lunge feeding 
Sub category: 
cooperative lunge 
feeding*

Lateralised swimming on a single side with mouth agape 
and throat pleats expanded. Rotations about the 
whale’s longitudinal axis (roll) of approximately 90° and 
180°. 
Two or more whales observed actively feeding 
synchronously, lateral lunge feeding side by side. 
*Minor modification: No clockwise swimming behaviour 
observed, as described in the Chen et al. 2023
definition.

(Goldbogen et al. 2006) 
(Chen et al. 2023)

Sub surface/surface skim 
feeding

Mouth agape, slowly moving through a prey patch sub 
surface or at the surface of the water. Lacks rapid 
acceleration. Whales are positioned in ventral side 
down, upright lunge swimming position i.e. not 
laterally to either side.

(Wiseman 2008; Constantine 
et al. 2012)

Pass through/non lunging Swimming/moving sub surface through prey patches or 
bait balls, no lunging behaviour observed. Mouth 
appears shut.

Observation described for this 
paper.

Undefined activity Swimming/moving through waters with no evidence of 
feeding behaviour or bait ball presence.

N/A

Defaecation A visible plume of secretion behind a whale, in a liquid 
form, which disperses.

(Lavery et al. 2010)

Putative nursing 
behaviour*

Apparent nursing during rest or slow travel with the 
mother and calf partially exposed at the water surface, 
only the calf below the surface, or both animals below 
the surface.

(Smultea et al. 2017)

Some behaviours have been slightly modified from the original source. Use of * indicates slight modification from the 
original source. Some behaviours have been described in this paper to add further detail regarding observations made.

6 V. PIROTTA ET AL.



(Supplementary tables 1 and 2, Figure 2). Sightings occurred across all seasons, with 
the highest number of observations recorded during the austral winter (69%: 11% 
July, 58% Aug, 16% spring (Sept only), 5% summer (Jan only) and 5% Autumn 
(10%: 5% March and 5% May)). We were unable to conduct photo-identification 
on individuals, as much of the data was collected by drone. We recorded 13 foraging 
observations in deep waters and 14 foraging observations of shallow water surf 
feeding. It is possible that there were repeat observations of the same whale captured 
more than once each day. We collected 20 documented examples of lateralised lunge 
feeding behaviours, all of which were right-sided and occurred in both deep and 
shallow water feeding events. Lateral lunges were the most recorded foraging behav
iour, more commonly observed in deep waters (>10 m), whereas sub surface/surface 
skim feeding behaviours were only observed in shallow waters (<10 m).

Deep water foraging

Opportunistic drone footage (n = 13 videos, 1 location, Figure 1) of 19 Bryde’s whales 
(total number of adults and calves observed in footage) in coastal NSW waters, Australia 
were collected between 2019 and 2022 and captured a variety of behaviours (Supplemen
tary table 1, Figure 3). Behaviours included: surrounding bait balls, rapid acceleration, 
lateral lunge feeding (right side only, sub-surface/surface), cooperative lunge feeding (a 
sub-category of lateral lunge feeding, with side-by-side lunge feeding) and pass 
through/non-lunge feeding events. Multispecies associations were also documented 

Figure 2. Percentage of observed foraging behaviours of Bryde’s whale (Balaenoptera edeni) in 
shallow and deep waters along the Australian east coast. Sub surface/surface skim feeding behaviour 
was observed only in shallow waters.
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with a humpback whale, common dolphins (Delphinus delphis), long-nosed fur seals 
(Arctocephalus forsteri) and various species of sea birds (e.g. flesh-footed shearwater, 
Ardenna carneipes), apparently targeting the same prey resources (most likely school
ing fish). Drones captured movements of Bryde’s whale mother-calf pairs close (∼500 m 
to 1 km) to bait balls. It is possible that feeding may have occurred sub-surface and was 
not visible via the drone, and/or feeding may have occurred but not captured during 
drone flights. Additionally, observations made from the drone were also unable to 

Figure 3. Drone and vessel-based observations of Bryde’s whale (Balaenoptera edeni) feeding behav
iour in deep waters (>10 m) in New South Wales, Australia, showing (a) right-sided lung feed with 
evidence of small bait fish in shot; (b) evidence of cooperative feeding and multispecies associations 
e.g. dolphins and birds; (c) right-sided lunge from the air; (d) example of tight turning and rolling 
behaviour post-lunge (right-sided); (e) Bryde’s whale in the middle of large bait ball; (f) three 
Bryde’s whales, two engaged in right-sided lunge with baitfish visible, the third whale does not com
plete a side lunge but passes through the area. Dolphins and birds present in the images indicate 
multispecies association. Vessel images and drone image (a, b and c) were collected by Sapphire 
Costal Adventures. Images d, e and f were collected by Brett Dixon.
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provide verification of prey type. In contrast, vessel-based observations complimentary 
to the drone footage were able to provide evidence of prey type (e.g. small bait fish), but 
unable to document widespread surface behaviour observed via drone. We also docu
mented three examples of defaecation, as well as a mother-calf pair putatively nursing.

Shallow water foraging

A total of 15 shallow water surf feeding observations were collected between 2012 and 
2021 (Supplementary table 2, Figure 4). These sightings (six locations, Figure 1) 
ranged from K’gari (Fraser Island, 25.2398° S, 153.1325° E), Queensland in the north, 
to Merimbula, New South Wales (36.8879° S, 149.9064° E) in the south, provide direct 
evidence of Bryde’s whales feeding in shallow waters either directly within or near the 
surf break. Behaviours included; surrounding bait balls, lateral lunge feeding on the 
right side, cooperative lunge feeding, pass through/non lunge events and sub surface/ 
surface skim feeding.

All sub surface/surface skim feeding behaviours (n = 5) were carried out by one 
whale on the same day (K’gari, Fraser Island, Queensland, Figure 4(a, b)). Drone 
footage shows the individual moving with the surf as it sub-surface and surface- 
skim feeds with its mouth open. The whale slowly moves through the prey/bait ball 
using what appears to be the momentum of the water. On one occasion, the individ
ual held its mouth agape sub surface/surface skim feeding for an extended period time 
of 37 s. This is an underestimation of the full time the mouth was held open, as the 
initial moment when the animal opened its mouth was not visible. This time was 
determined from the moment in the video where the whale’s mouth is first observed 
open to the moment it closed its mouth. Drone evidence of Bryde’s whales feeding 
directly in the surf is also supported by non-drone observations made by co-author 
GP at Gallows Beach, Coffs Harbour (30.3119° S, 153.1427° E) (Figure 4(e)). This 
individual was observed on the 28 March 2012, entering the outer break and then 
swerving out again repeatedly, with small fish scattering in front of the whale. The 
same whale (confirmed via dorsal fin) was found stranded the next day just south 
of the location at Valla Beach (30.5910° S, 153.0090° E), suspected to have been 
caught at the end of the gutter where it grounded on the sand and died later that 
day on the beach.

Additionally, a single mother-calf observation provided evidence of cooperative 
feeding with interspecific species (supplementary table 2, Cape Byron, NSW). Multispe
cies observations were also made across most feeding events (excluding Coffs Harbour 
and Cape Byron (28.6335° S, 153.6383° E)). This included the presence of dolphins (Del
phinus delphis and Tursiops aduncus) and sharks (unconfirmed whaler species), some
times within metres of the whale. Schooling fish appeared to be the main prey 
targeted by Bryde’s whales in shallow-feeding water observations.

Discussion

Using opportunistically collected footage and photographs by commercial whale watch
ing operations, citizen scientists, and recreational drone operators, we provide the first 
documentation of Bryde’s whale feeding behaviour in New South Wales, Australia. 
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Figure 4. Shallow water surf feeding (<10 m) by Bryde’s whales (Balaenoptera edeni) in Australian 
waters; (a) behind the surf break at K’gari, Fraser Island, Queensland, Australia, 6/5/2021. Sub 
surface and surface skim feeding behaviour, with mouth agape but no lunging behaviour observed 
by drone; (b) the same Bryde’s whale as Figure 4(a) feeding in shallow waters with evidence of 
shark presence and proximity to the beach (image credit 4a & b: T. Arnell and A. Ihle 
(@TakeThe M.A.P)); (c) drone observations post right sided lunge feed in shallow waters 
(seafloor visible) off Ballina, NSW. Feeding on baitfish with the multispecies presence of dolphins, 
two prey observable ahead of the whale’s rostrum. The disturbed water/white wash indicates the 
whale’s movements (image credit Paul Butcher, Department of Primary Industries, 12/1/2019); (d) 
drone vision shows a single Bryde’s whale post lunge, within a bait ball in shallow waters of 
Lennox Head, New South Wales (image credit Paul Butcher, Department of Primary Industries, 
17/7/2017); (e) a Bryde’s whale feeding behind the surf break at Gallows Beach, Coffs Harbour, 
New South Wales, 28/3/2012 (image credit Greg, photo taken from land, hand held camera). (f) 
helicopter observations of a Bryde’s whale targeting bait fish at Tuncurry, near Forster, New 
South Wales 26/9/2017 (image credit: NSW Department of Primary Industries). Sharks are 
present foraging in the image.
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Bryde’s whale foraging behaviour was previously described in the Queensland region in 
Australian waters (Paterson and Van Dyck 1988).

Occurrence

Observations presented in this paper occur across all seasons, with the highest number of 
observations documented during the winter months. This likely coincides with efforts 
documenting humpback whale presence in Australian waters (Pirotta et al. 2020). It is 
possible that Bryde’s whales also occur and feed along other coastal regions of Australia 
and at other times of the year, although this was not documented in this paper. Obser
vations made in both shallow and deep waters suggest that Bryde’s whale may occupy 
different marine environments in order to feed.

Foraging behaviours in shallow and deep waters

Drone footage captured off the New South Wales south coast documented a variety of 
Bryde’s whale foraging behaviours in deep waters with a preference for right-sided 
lunge feeding, also known as right lateral lunge feeding (Chen et al. 2023). Often, indi
viduals were observed accelerating towards prey and then rolling on their right side to 
lunge feed – a type of feeding behaviour consistent with that observed in Bryde’s 
whales in the Hauraki Gulf, New Zealand (Wiseman et al. 2011; Izadi et al. 2022), 
Gulf of California, Mexico (Tershy and Wiley 1992) and northern Beibu Gulf, southern 
China (Chen et al. 2023). Also of note, was the semi-circle formation post lunge (Figure 3
(d)), which involved briefly rotating an additional 90 degrees beyond laterisation, thus 
fully inverting to 180 degrees with ventrum at the surface. This is similar to twisting 
movements described in lunge feeding Bryde’s whales in Brazilian waters (de Mello 
Neto et al. 2017) and the ∼90 degree rolls post lunges observed in Bryde’s whales in 
New Zealand waters, as a possible way to minimise prey escape at the surface (Izadi 
et al. 2022). The height at which the drone was flown (>100 m by co-author BD) was 
able to document the extent of the feeding activity in the area and evidence of multispe
cies associations. This is consistent with other multispecies feeding observations, particu
larly observed off South Africa (Penry et al. 2011) and the Hauraki Gulf, New Zealand 
(Stockin et al. 2008; Wiseman et al. 2011), where Bryde’s whales associate with 
common dolphins (Delphinus delphis) and different gannet species (Morus spp.).

We further observed shallow water surf feeding behaviour in several locations. It is 
possible that the surf may be of assistance to feeding, as there are examples where indi
viduals appear to be riding the surf or using it for momentum to feed. Further obser
vations of one particular whale, where it’s recorded holding its mouth open for over 
37 s, are similar to the upright lunge feeding behaviour described by Chen et al. 
(2023) in southern Chinese waters and observations from the Hauraki Gulf, New 
Zealand, where Bryde’s whales laterally skim feed at the surface (Wiseman et al. 2011). 
Overall, observations of shallow water surf feeding behaviour reported here support 
initial field observations published by Paterson and Van Dyck (1988) from Queensland 
waters. This is consistent with the drone footage presented in this paper, and the obser
vations made from Coffs Harbour. Paterson and Van Dyck (1988) also noted Bryde’s 
whales targeting schooling fish at all times of the day when present.
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We acknowledge that it is not uncommon for Bryde’s whales to feed in shallow waters, 
for example, individuals in Brazilian waters have been documented following sardines 
(Sardinella brasiliensis) using shallow waters (15–122 m) to spawn (Siciliano et al. 
2004). Shallow water feeding also regularly occurs in the Hauraki Gulf, New Zealand 
where the average depth is ∼50 m (Izadi et al. 2022). Additionally, inshore Bryde’s 
whales in South African waters have been found to make high speed, seafloor chases 
on low-density schools in depths between 18 and 98 m (Segre et al. 2022). Although 
no depth measurements were collected in this study, all shallow water surf feeding obser
vations reported here occurred in waters estimated to be 10 m or less. Often the events 
occurred in the surf or the waters just behind the surf break based on the sandy substrate 
being visible. While shallow water feeding and other foraging behaviours described in 
this paper have been observed elsewhere in other locations, we believe the point of differ
ence in these observations is that Bryde’s whales are feeding (ventrum down) directly 
within or behind the surf break. This may indicate our description of shallow water 
surf feeding as a novel feeding behaviour not previously documented for this species.

Implications for Bryde’s whale conservation in Australian waters

This paper provides a basis of occurrence information to directly inform targeted conser
vation efforts for Bryde’s whales that use the waters along the Australian east coast. Evi
dence of Bryde’s whale occurrence across all seasons supports the hypothesis that Bryde’s 
whales may remain in Australian waters year round, preferring warm temperate waters 
(Kato and Perrin 2018). This is timely given the continuation of existing anthropogenic 
activities (e.g. shipping, commercial fishing, tourism), and the future of new anthropo
genic activities such as coastal/offshore developments such as offshore windfarms. 
Whilst here we document the potential overlap of Bryde’s whales with anthropogenic 
activities, we were unable to determine if any of these activities directly or indirectly 
impact individuals. As such, while acknowledging the limitations of our study, we 
suggest a precautionary approach be applied to Bryde’s whale occurrence, at least 
along the Australian east coast when assessing existing and future anthropogenic activi
ties. Furthermore, Bryde’s whale occurrence may also be reflective of prey and local pro
ductivity in shallow/deep water marine environments, as previously documented with 
humpback whale feeding in New South Wales waters (Pirotta et al. 2021). Climatic- 
driven changes in the ocean (e.g. warming sea temperatures, changing currents) have 
the potential to alter when and where prey are distributed and in Australian waters 
(Gervais et al. 2021), which may result in changes to Bryde’s whale occurrence. Whilst 
we do not yet understand the exact fish and/or potential krill species Bryde’s whales 
are consuming, climatic-driven changes in the Australian marine environment must 
be given consideration when assessing potential Bryde’s whale occurrence in the future.

The presence of mothers with calves documented in this study indicates that some 
parts of the Australian east coast could possibly serve as an important area for nursing 
Bryde’s whales, and possibly could be used for calving. Direct evidence of assumed 
mother and calf feeding (both observed lunging in sync) was recorded in shallow 
waters on baitfish, while there was no direct evidence of feeding from presumed 
mothers with calves in deep water observations. Mothers with calves may have been 
passing through the area and not engaged feeding at all. Regardless, this information 
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should be considered when defining biologically important areas for this species in Aus
tralian waters. Both feeding and calving have been observed in neighbouring Bryde’s 
whale populations in the Hauraki Gulf, New Zealand (Wiseman et al. 2011). While 
beyond the scope of this study, an investigation of potential trans-Tasman movements 
of Bryde’s whales in Australian and New Zealand waters is prudent to better understand 
behaviour, potential migration and to support conservation management of the species. 
Future photo-identification of Bryde’s whales off the east coast of Australia matched to 
individuals from the Hauraki Gulf, New Zealand (Tezanos-Pinto et al. 2017) could 
offer insight into potential trans-Tasman movements.

Citizen science to support Bryde’s whale sightings

The findings in this paper are reflective of the ever-growing contribution citizen scien
tists have to offer to the scientific community (Kelly et al. 2020). Citizen science efforts 
and access to tools, such as drones, have been incredibly useful in documenting Bryde’s 
whale occurrence and behaviour in Australian waters. These observations have been 
crucial for this paper; however, we do acknowledge that there are limitations to this 
type of data collection. Being opportunistic, this type of data collection only considers 
presence data, rather than the collection of both presence/absence data. Additionally, 
citizen science data collected rarely conforms to a systematic pre-designed method, 
and typically lacks the consultation of scientists and/or managers with experience in 
scientific method design (Pirotta et al. 2020; Johnston et al. 2023). We also acknowledge 
that additional citizen science sightings of Bryde’s whales along the Australian east 
coast may exist but have yet to be publicly shared. With this understanding, we rec
ommend a cautionary approach when analysing citizen science information. Acknowl
edging these limitations, we believe citizen science contributions, along with scientific 
guidance, will continue to help grow our understanding of Bryde’s whale occurrence in 
Australian waters.
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