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Executive summary

Executive summary

Right whales (genus Eubalaena), once severely depleted by commercial whaling, continue to
face major anthropogenic threats, including entanglement in fishing gear and vessel strikes,
that impede their recovery. In Australia, southern right whales (Eubalaena australis) remain
endangered and comprise two partially differentiated groups: a smaller eastern population
and a larger western population. The degree of mixing between these groups is uncertain,
such as in Encounter Bay, South Australia, a re-emerging calving ground where increasing
sightings and bidirectional movements raise questions about its population identity.

Although long-term coastal surveys in southern Australia have documented trends in
abundance and distribution, especially for the western population, knowledge of coastal and
offshore movements remains limited. Satellite tracking studies from New Zealand and
Western Australia indicate diverse migratory strategies, with relatively few whales recorded
travelling on an eastward direction. Understanding fine-scale movements, identifying
emerging calving and foraging areas, and assessing spatial overlap with anthropogenic
threats are critical for effective management and conservation of these populations.

This study used satellite tracking data from whales tagged in Encounter Bay to map coastal
and offshore movements, infer behavioural states, and quantify exposure to anthropogenic
risks. It also reports on photo-identified and biopsy sampled individuals and documents a
collaboration supporting Ngarrindjeri-led cultural activities during the 2025 Winter Whale Fest
in Victor Harbor, South Australia.

Four whales were satellite tagged in June 2024, two unaccompanied adults (UAs) and two
individuals that later gave birth, with tags transmitting for up to 198 days and recording
individual movements exceeding 11,000 km. All individuals displayed transit, intermediate,
and area-restricted search behaviours, generally travelling west or southwest and ranging
between 31°—47°S and 96°-138°E. The two mothers spent prolonged periods of time in
known reproductive areas in South Australia and Western Australia, as well as at previously
undocumented nursery areas along the South Australian coast.

More than 19,700 dive events of the satellited tagged whales were recorded, revealing
behavioural differences between mothers and UAs: mothers exhibited shallower dives and
spent more time at the surface, although dive duration did not differ significantly between the
two groups. The satellite tracks also showed substantial overlap with multiple marine
industries, identifying areas of heightened risk for this recovering species, including
nearshore regions of the Fleurieu, Yorke, and Eyre Peninsulas in South Australia, and
offshore areas near Bremer Bay and Albany in southern Western Australia.

Nine southern right whales, including the four satellite tagged individuals, were photo-
identified, all of which were assumed subadults or adults, with no calves at time of
identification and none matching individuals from the existing Encounter Bay Southern Right
Whale Photo-identification catalogue. Only one of the tagged whales was successfully biopsy
sampled, preventing population genetic analysis, although movement patterns suggested all
four tagged whales likely belong to the western population.

As part of this project, the Flinders University team also partnered with Ngarrindjeri Elders
and the City of Victor Harbor to deliver the Kondoli Dreamtime Story Lantern Workshops for
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the 2025 Winter Whale Fest, using art and storytelling to connect community, culture, and
marine awareness. Across a week of workshops, First Nations artists, local schools, families,
and community members created lanterns inspired by Kondoli (the whale man) story,
culminating in a large public celebration attended by approximately 150 people. The project
promoted cultural education, creative collaboration, community engagement, and skill
development for both First Nations artists and local youth.
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Introduction

1. Introduction

Several whale species have been severely depleted due to the extensive practice of
commercial whaling, which caused dramatic declines in their populations over the 19" and
20™ centuries. Although widespread commercial whaling has ceased in the last four
decades, anthropogenic sources of risk are a problem for the recovery of populations. For
right whales (genus Eubalaena), entanglement and ship strike are some of the leading
causes of injury and mortality for populations worldwide (IWC, 2010; Peel et al., 2018).
Southern right whale (Eubalaena australis) populations in Australia are recovering
(Grundlehner et al., 2025), however, they remain endangered despite inhabiting relatively
remote calving areas (Pirzl, 2008) and offshore feeding grounds (Riekkola et al., 2025). The
species is listed as endangered under the Environment Protection and Biodiversity
Conservation Act 1999, and a National Recovery Plan came into effect in July 2024
(DCCEEW, 2024) to aid species recovery in Australian waters. Anthropogenic threats in both
inshore and offshore waters pose ongoing risks to the populations and understanding fine-
scale movement and behaviour is essential for effective management and mitigation.

Southern right whales that migrate seasonally to calving areas along the Australian coastline
belong to either the smaller, slow recovering eastern population or the larger western
population (Pirzl, 2008; Smith et al., 2022; Stamation et al., 2020). Genetic differentiation at
the mitochondrial has been found between whales sampled in different calving grounds,
suggesting a degree of isolation between the two populations, but genetic studies were
conducted based on samples collected more than a decade ago (Carroll et al. 2011; Carroll
et al., 2015). Encounter Bay, South Australia, is a re-emerging calving ground that
geographically lies at a midway point between the two populations, but the area is
considered part of the South-East Marine Region in the Marine Bioregional Plans. There has
been a proportionally higher number of non-calving migratory adults, as well as cow-calf
pairs in this area since the mid-2000s (Kemper et al., 2022), and photo identification of
individuals sighted there have been documented as heading in both on a westerly and
easterly direction (Gilmore, 2022). These leave questions about the population identity of
whales sighted in Encounter Bay and their movements thereafter.

Long-term aerial (Bannister, 1990, Bannister, 2001, Evans et al., 2021, Smith et al., 2022)
and land-based (Burnell, 2001, Charlton et al., 2022, Gilmore, 2022, Kemper et al., 2022)
surveys have been instrumental in monitoring southern right whale occurrence and
population trends in southern Australia. However, little is known about southern right whale
migratory movements in unpopulated and offshore areas, or outside the short period that the
aerial surveys are conducted along the coast. In addition, limited satellite tracking data from
individuals tagged in southern Western Australia have revealed multiple migratory strategies,
but with limited movement in an eastern direction (Sprogis et al., 2024). Satellite tracking
also allows the estimation of behaviour state sequences (Langrock et al., 2012) and can
collect dive data to add vertical context to the horizontal behaviour. As part of this, identifying
novel calving and foraging grounds is crucial, as breeding and foraging success are of great
significance for population recovery (Beltran et al., 2023; Jenouvrier et al., 2009; White,
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2008). Additionally, satellite tagging studies can provide validation of reproductive and
migratory biologically important areas (BIAs), including habitat critical to the survival of the
species (reproduction BIA), both referenced in the National Recovery Plan (DCCEEW, 2024)

Tracking whale migratory movements also allows quantification of risks to anthropogenic
threats. Spatial overlap between southern right whales and threats such as vessel strikes,
entanglement, offshore infrastructure, and climate change anomalies remain poorly
characterized in Australia yet remain essential to the survival and growth of these
populations. The National Recovery Plan for the Southern Right Whale identifies as priority
objectives monitoring the coastal movements and residency of individuals, managing
anthropogenic threats to facilitate recovery of the species, and characterisation of its
population structure in Australian waters.

Here, we aim to (1) identify southern right whale migratory corridors and distribution of
behavioural states, (2) investigate whether whales from Encounter Bay are part of the
western or eastern population based on their spatial movements, and (3) quantify exposure
to anthropogenic risk based on the tagged whale movements. We also report on the whales
photo-identified during the boat-based fieldwork in Encounter Bay, and the Ngarrindjeri
activities as part of the Winter Whale Fest 2025 in Victor Harbour, South Australia.

Movements of Southern Right Whales in Southern Australia Page | 4



Methods

2. Methods

2.1 Data collection

Four non-retrievable Type-C (consolidated) SPLASH10-TDR10 tags (Wildlife Computers Ltd,
Remond, Washington, USA) were deployed on southern right whales in Encounter Bay,
South Australia, in June 2024. All tag deployments were in nearshore waters between
Goolwa Beach (easternmost end 138°52'8.51"E) and Parsons Beach (westernmost end
138°27'45.64"E). Tagging occurred in June 2024 from a 6.3 m rigid-hulled inflatable vessel in
conditions comprised of <20 knots of wind, >2 km visibility, and in variable sea states
(Beaufort 2-3). An experienced whale tagger was located on the raised bow sprit of the
vessel, providing approximately 1.5 m of elevation to assist with the dorsal implantation of
the tags. Whales were first confirmed as having good body condition then photographed and
checked against a local catalogue of known calving females. Once deemed an unknown
individual and estimated to be smaller than the typical length of reproductively mature
females in the western Australian population (range = 13-16 m, mean 14 + 0.7 m; Nielsen et
al. 2019), the whales were approached to within 5 m, and tags were deployed to a few dozen
centimetres behind the blowholes in the fatty neck tissue area using a custom-modified
pneumatic line thrower (Air Rocket Transmitter System; Heide-Jorgenson et al 2001) set at
14-15 bars pressure. Biopsy samples were also successfully collected from one of the
tagged whales immediately after deploying the tag to assist in sexing the animal, and visual
observations were minimally maintained after tag deployment to ensure minimal disturbance.

All fieldwork was conducted under animal ethics approval from the Flinders University
Animal Welfare Committee (Approval Number AEC BIOL7196-7), and a research permit
from the South Australian Department for the Environment and Water (Permit Number
A27430-1).

2.2 Data processing

To analyse spatial movements and behaviour, raw Argos location data was first manually
filtered to remove invalid location codes (“Z”), duplicate time stamps, and implausibly high
swim speeds (defined as >6 m s™). Further preprocessing included removing outlier points
using a context-based filter adapted from Weir et al. (2024), where locations were removed if
the latitude or longitude was more than four standard deviations from the local mean,
calculated as the mean value of locations within two days before and after each point. This
approach eliminated anomalous locations that may not have been detected by the Argos
location class code filter, while keeping genuine locations indicative of large-scale
movements. Argos location data was not collected over equally spaced temporal periods,
and large multi-day transmission gaps happened in all tags from unknown factors. To
account for the irregular nature of the telemetry data, tracks were segmented into continuous
transmission periods, with transmission gaps >24 hr treated as a segment break in the track,
and segments with <10 locations removed to prevent future unrealistic interpolation of the
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data. The remaining tag locations (n = 6,715 combined) comprised the filtered dataset. A
state-space model (SSM) was applied to the filtered dataset to predict whale locations at 6 h
intervals, resulting in modelled tracks with a combined 1,792 locations.

Dive events were classified as a submergence to a depth of at least 5m and for longer than
15 sec in duration. Tags automatically recorded dive start and end times, maximum dive
depth, dive duration, dive shape (based on the proportion of the dive spent at the maximum
depth), and post-dive surface interval. Dive data was visually checked for outliers, then
aggregated by dive start time into 6 hr bins representing the three hours before and after
each modelled location, resulting in 19,732 dives (96.57%) with corresponding location data.
Maximum dive depth, dive duration, and post-dive surface interval were averaged in each
bin, and the proportion of V-shaped dives within the 6 h bin was calculated. V-shaped dives,
which are characterised by a whale spending less than 25% of the dive time at the bottom of
the dive, are indicative of transitory behaviour in southern right whales (Fortune et al., 2020;
Nowacek et al., 2001).

2.3 Statistical analysis

A multivariate hidden Markov model (HMM) was developed in a step wise fashion to
investigate latent behavioural states using the R package ‘momentuHMM’ (version 1.5.5;
McClintock & Michelot, 2018), and the Viterbi algorithm was used to determine the likely
sequence of behavioural states for each track (McClintock & Michelot, 2018; Zucchini et al.,
2016). The HMM included three states: area-restricted search (ARS), directed travel, and a
third intermediate or transitional state. The state transition probabilities were modelled using
a multinomial logit formula, allowing the probability of switching between behavioural states
to vary by distance to the nearest seamount extent, Julian date, distance to shore, and
chlorophyll-a concentration (as a proxy for marine productivity). The final model was decided
based on lowest AIC score.

The exposure of tagged southern right whales to anthropogenic threats (Appendix, Table 1)
was quantified using threat layers compiled in Ferreira et al. (2025), including ship strike,
underwater noise, chronic pollution, entanglement, and climate change. These were mapped
in 10 x 10 km grid cells and normalised between 0 (no threat) and 1 (maximum intensity).
Exposure was then calculated as the proportion of total individual whales (n = 4) present
multiplied by the threat intensity within each grid cell. Cumulative exposure was calculated by
summing all individual threats and normalising the data.

Diving behaviour analysis was used to complement risk exposure, especially to ship strike
risk. Separate linear mixed-effects models were used to investigate how dive depth and
duration varied with the reproductive state of the individual and the time of day. Whether a
dive was in inner shelf (< 100 m) habitat or not was included as an additional fixed effect.
Response variables were log-transformed and applied as fixed effects, and individual tag 1D
was included as a random intercept.
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3. Results

Satellite tags deployed on four southern right whales in Encounter Bay, South Australia,
transmitted for 132-198 days (Table 1) between June 2024 and January 2025. Photo
identification did not match any of the tagged whales to individuals seen in the local
Encounter Bay catalogue or the national Australian Right Whale Photo Identification
Catalogue (ARWPIC). Two whales (Tari and Marti) were later confirmed as pregnant at the
time of tagging and to have given birth to their calves in subsequent weeks. At the time of
tagging, Tari was estimated as approximately 10.4 m in body length, while Marti was
estimated at < 11.3 m. A third whale (Muralapi) was identified as female through genetic
analysis of the skin biopsy, and estimated at < 10 m. All four whales moved in a westerly or
south-westerly direction, with varying directional persistence and destinations (Figure 1).

Table 1. SPLASH satellite tag and whale identification details for all four tagged southern right whales (Eubalaena
australis) in Encounter Bay, South Australia. Type of whale refers to reproductive status and sex, including cow
(seen with accompanying calf) and unaccompanied adults (UA).

Tag ID I(N;\l:ggrzigggeri Type (sex) | Date deployed | Tag duration :\c:\lllenﬂ:? dist.
261252 Muralapi UA (F) 17-06-2024 185d 9,938 km
261253 Plonggi UA (Unk.) 17-06-2024 198 d 11,626 km
261255 Tari Cow (F) 19-06-2024 150d 4,089 km
261256 Marti Cow (F) 22-06-2024 132d 6,014 km

3.1 Movement behaviour

The final behavioural Hidden Markov Model included step length, turning angle, mean
maximum dive depth, and average post-dive surface interval. Whale type (UA or cow), Julian
date, and seafloor depth were included as covariates on emissions, and distance to
seamount extent, Julian date, distance to shore, and chlorophyll-a were covariate effects on
transitions. The model characterized three behavioural states, indicating area-restricted
search (ARS), transit, and a third intermediate or transitional state.

Based on state-specific parameter estimates (Table 2), the ARS state consisted of short step
lengths (3.80 £ 2.78 km per 6 h), tortuous movements (0.063 + 1.78) with shallow dives
(26.09 = 31.32 m) and very long surface intervals (18.67 + 57.1 min) (Fig 8). A large portion
of ARS behaviour (57.6%) was conducted in inner shelf (<100 m depth) habitat, as expected
for cows resting and nursing young calves in shallow waters. However, the nearly equally
large proportion of off-shelf ARS behaviour implies that the modelled ARS state may include
other behaviours when whales are offshore, possibly including intensive and shallow feeding
bouts, that the model cannot differentiate between.
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The transit state, as expected, consisted of longer steps (25.04 £ 9.26 km per 6 h) and
directed movement (-0.019 + 0.34) with deeper dives (45.52 + 37.34 m). The intermediate
state had similar step lengths (9.78 £ 6.34 km) to ARS behaviour, but with moderate dive
depths (34.42 + 30.42 m) and the smallest average surface interval (1.54 + 1.37) (Fig 8).
Bouts of Intermediate state behaviour were often interspersed with transitory behaviour, and
together with the state parameters indicate that this state also includes multiple behaviours
depending on the context, but all seem to be related to exploratory or investigative
movements. These likely include foraging, changing habitats along the coast, social
behaviour, or adjusting course. Over a third (35.6%) of Intermediate state locations were in
inner-shelf habitat, and since foraging is not considered to occur in nearshore waters for this
species, behaviour being exhibited may be context dependent. Cows with calves conducted
slightly shorter step lengths and remained on the surface longer in ARS and Transit states
than unaccompanied adults (Fig 8b(iii), d(iii)), which is expected given calves have lower
migratory ability due to their smaller size and lower available body energy. Post-dive surface
intervals shortened as the year progressed (Fig 8d(iv-v)), which is likely related to a shift from
resting in coastal areas into offshore movements.

The stationary state probabilities were determined to allow the order of behavioural states
along a track to be influenced by distance to the nearest seamount extent, Julian date,
distance to shore, and chlorophyll a concentration (Fig 9). Behavioural states were more
stable as whales moved further from shore, whales were less likely to change from ARS to
Transit or vice versa, instead shifting into Intermediate behaviour first. Intermediate
behaviour was also more often followed by ARS behaviour later in the year, potentially
indicating rest periods after some foraging effort. Whales in waters with higher chlorophyll
concentration were more likely to transition from transiting behaviour into the Intermediate
state, and to stay longer in the Intermediate state, while the likelihood of ARS increased (Fig
9d). This further supports that both the Intermediate and ARS states likely include foraging
and feeding behaviour. Proximity to seamount habitats resulted in more direct shifting from
Transit to ARS states (Fig 9c), and a very weak influence on the probability of transitioning
from Transit to Intermediate. This could indicate that more spatially intensive, tortuous, and
shallower feeding bouts are occurring in these types of habitats, and that seamount areas
could be used for navigational markers or socialising, as suggested for humpback whales
(Derville et al., 2020).

Table 2. Behavioural state details of southern right whales (Eubalaena australis) from all combined SPLASH
satellite tag data deployed in Encounter Bay, South Australia, including the number of locations that were
designated each state, step length, turning angle, average maximum dive depth (m), post-dive surface interval
(PDSI), and the percent of time the behaviour was observed in inner shelf habitat (<100 m depth). ARS: area-
restricted search.

5
St | Count | Sicplenth | Turming | Mar.dve | pogi min) | over innr
ARS 616 3.80£2.78 | 0.063+1.78 | 26.09+31.32 | 18.67+57.1 57.6
Intermediate | 792 0.78+6.34 | 0.008+1.39 | 34.42+30.42 | 1.54+1.37 35.6
Transit 399 | 25.04+9.26 | -0.019+0.34 | 4552+37.34 | 2.40+3.35 33.8
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Both pregnant females spent a considerable amount of time in shallow coastal waters while
pregnant and after giving birth. 261255 ‘Tari’ (Fig. 1e) was tagged on 19 June 2024 and
spent two more days in the Encounter Bay area before moving west through Backstairs
Passage (north of Kangaroo Island) and across the Gulf St Vincent then Spencer Gulf
showcasing a mix of all three behavioural states. Following a brief loop offshore in transitory
behaviour, Tari came back to the coastline and alternated between ARS and Intermediate
states along a 250 km stretch of coastline, spending some time close to Streaky Bay, the
western side of St. Peter Island, and around Point Bell (Fig. 1g). Each of these stop overs
were characterised by ARS behaviour over multiple days in shallow, sandy and southeast-
facing bays, suggesting that this whale may have given birth either in the offshore trip or
shortly after returning to shallower waters, around the first week of July. Tari was
subsequently documented in Fowlers Bay with a calf on 25 July (Current Environmental pers.
comm.) and remained there until 16 August. The tag stopped transmitting the next day and
until 11 of September, when it re-started transmitting, revealing that Tari had moved over
1,000km south toward the Subtropical convergence. There was one sighting during this
transmission gap by survey team at Head of Bight on 30 August (Current Environmental pers
comm.), showing Tari was between Fowlers Bay and Head of Bight for another two weeks
after the tag stopped transmitting and before transmissions resumed while offshore.

The second pregnant female, ID 261256 ‘Marti’, also used coastal areas extensively (Fig. 1f),
and did not remain in Encounter Bay after tagging. Instead, it transited west across Gulf St
Vincent then Spencer Gulf (Fig. 1h), exhibiting alternating Transit and Intermediate behaviour
for one week before undertaking a rapid westward transit along the Great Australian Bight to
Israelite Bay, southern Western Australia (WA), arriving there on 11 of July. Marti stayed in
Israelite Bay for 80 days until late September and was spotted with a calf by the Southern
Right Whale aerial survey team on 21 of August (West Australian Museum pers. comm.).
The high concentration of ARS behaviour in Israelite Bay immediately upon arrival and
throughout the stopover suggests birth of the calf may have been soon after arriving, around
mid-July. After leaving Israelite Bay, Marti moved directly offshore and into the Southern
Ocean, first turning southeast to around 500 km east of the Bremer Canyon system before
conducting clusters of Intermediate behaviour separated by transit for the next month, at
which point the tag ceased transmitting.

The two non-calving adults conducted different migration strategies and timing. ID 261253
‘Plonggi’ spent significant time in both inshore and offshore areas (Fig. 1d). After being
tagged on 17 June, Plonggi remained in the Encounter Bay area for four days before
travelling west along the coastline. Like 261255 ‘Tari’ and 261256 ‘Marti’, Plonggi did not
enter the Gulf St. Vincent or Spencer Gulf, instead transiting across them and conducting
Intermediate behaviour on the western edges before continuing west. Plonggi followed an
acutely similar migratory track as Marti but will much lower travel efficiency. Over a three-
week period between late June and mid-July, it progressed westward with multiple stop
overs and repeated segments of Intermediate behaviour. These stopovers included
established and emerging calving areas such as Head of Bight, where Plonggi stayed for five
days and displayed extended ARS behaviour, and Twilight Cove and Israelite Bay, where it
again stayed for multiple days conducting ARS behaviour. Although the sex has not been
confirmed for this individual, this behaviour likely reflects socialising behaviour and, if female,
could indicate scoping for future calf rearing areas. Plonggi then transited south to the
Subtropical Convergence, where it conducted alternating Transit and Intermediate behaviour
in an easterly direction before looping back to an area between 100 km east and 250 km
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south of the Bremer Canyon system that lies north of a cluster of underwater seamounts
(Fig. 1b). Here it conducted alternating Intermediate and ARS behaviour during October, at
which point the tag ceased transmitting briefly. In another southern right whale study, the
offshore area near Bremer Canyon system was also visited by individuals tagged in WA and
New Zealand (Riekkola et al., 2025), and some ARS behaviour was recorded there,
suggesting this area as ecologically valuable to this species.

When Plonggri's tag resumed seven weeks later, it had moved to the subtropical
convergence, west of WA. There it continued clusters of Intermediate and ARS behaviour
split by periods of transit for the next two weeks until the tag ceased transmitting in early
January 2025.

While Plonggi conducted mixed inshore and offshore movements after tagging, ID 261252
‘Muralapi’ (Fig. 1c) remained in Encounter Bay area for two days post-tagging and shortly
after the tag ceased transmitting for 21 days. When it resumed transmissions in late July,
Muralapi had travelled far offshore to the Subtropical Front and was moving in a westerly
direction. It then looped north and conducted ARS and Intermediate behaviour around a
cluster of seamounts near the Bremer Canyon system in October (Fig. 1a), which mirrors
Plonggi's movements and timing. It then travelled west within the Diamantina Fracture Zone
between 20 October and 18 December, engaging mostly in transitory behaviour, with periods
of Intermediate behaviour and occasional ARS.

3.2 Dive behaviour

Dive behaviour was strongly influenced by whale type, either cow with a calf or
unaccompanied adult (UA) (Fig 2). UAs dove considerably deeper and with more variability
across all timeframes (day: mean = 18.83 m, median = 11.0 m; night: 16.64 m, 10.5 m) than
cows (day: mean = 8.74 m, median = 6.5 m; night: 8.61 m, 6.5 m) (8 = 0.553, SE =0.125, t =
4.43), a difference that was reduced slightly at night (B = -0.059, SE = 0.020, t = -2.98). Dives
conducted outside the inner shelf were over 35% deeper than those inside (B =0.31 £ 0.01, t
= 21.50). There was no diel effect on dive depth (B =-0.006, SE = 0.016, t = -0.39), and the
linear mixed-effects model indicated no significant overall differences in dive durations
between cows and UAs (B = 0.0167, SE = 0.127, t = 0.13). However, cows conducted
significantly shorter dives at night than during the day (8 =-0.0916, SE = 0.0237, t = -3.86).
Random intercept variance was small (SD = 0.125), indicating no significant difference in
dive behaviour between individual whales.

There was little overall difference in dive duration between cows and UAs (8 = -0.06 + 0.14, t
= -0.43), but dives conducted in offshore waters were around 11% longer than those in the
inner shelf (3 =0.10 £ 0.02, t = 4.83). Dives were also significantly shorter at night than
during the day (B = -0.09 £ 0.02, t = —=3.76), and cows reduced their dive duration more at
night compared to UAs (B =0.12 £ 0.03, t = 4.21).

Post-dive surface intervals varied strongly between unaccompanied adults and cows with
calves; cows conducted significantly longer (8 = -0.598 £ 0.075, t = -8.01) and more
variable time at the surface (mean 6.9 min, median 1.22 min, range 0.05-864.5 min) than
unaccompanied adults (mean 1.71 min, median 1.02 min, range 0.05-140.45 min). Dive
duration was a strong positive predictor of post-dive surface interval (3 = 0.109 + 0.003, t =
36.17), indicating resting, and dive depth had a small but significant negative effect on post-
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dive surface interval (B = —0.0017 + 0.00075, t = —2.23). Longer surface intervals were
conducted more in inshore (inner shelf) habitats than in offshore (B =-0.15 £ 0.04, t = -3.61).
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Figure 1. Interpolated movements of southern right whales (Eubalaena australis) with behaviour states
determined by hidden Markov models based on satellite tag data from southern Australia. ARS: area-restricted
search.
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Figure 2. Dive metrics for satellite tagged southern right whale (Eubalaena australis) cows and unaccompanied
adults (UAs) in southern Australia, including (a) Dive duration, (B) maximum dive depth and (C) post dive surface

interval (PDSI).

V-shaped dives, which are thought to reflect transit behaviour (Fortune et al., 2020; Nowacek
et al., 2001), were 9.64% of the dives conducted by unaccompanied adults and 6.20% of the
dives conducted by cows with calves (Fig 3). Cows made a proportionally greater number of
square-shaped dives than UAs and smaller number of U-shaped dives. Consecutive U-
shaped dives, which is a more energetically demanding dive type (Derville et al., 2020), is
associated with feeding behaviour in humpback whales (Goldbogen et al., 2008; Goldbogen
et al., 2017), but the two species show different feeding styles.
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Figure 3. Proportion of dive shapes conducted by cows with a calf and unaccompanied adults (UA) southern right
whales (Eubalaena australis) satellite tagged in southern Australia.

3.3 Risk exposure assessment

Spatial overlap of anthropogenic threats with tagged whales revealed where areas of
concern to the larger Australian southern right whale population may occur. While the density
of these threats is minimal (Fig. 4), the widespread nature and implications for the larger
population are possibly considerable. Specifically, inshore areas around the Fleurieu, Yorke,
and Eyre Peninsulas in South Australia were used by all tagged whales and were
represented in threats we assessed. Normalised cumulative exposure values in these areas
were some of the highest in the entire study area and are likely a consequence of the larger
human population concentration in this region. Offshore (>50 km) waters from Bremer Bay
and Albany in southern WA is another such area, where all threats, besides entanglement,
were represented. Overlap with entanglement threat was only found around the three South
Australian peninsulas, the lack of risk in other areas is likely a reflection of the entanglement
layer only including commercial fisheries. For example, the habitat used by the tagged
whales south of WA overlaps with two National Park Zones, where no commercial fishing is
permitted, and a Multiple-Use Zone, which requires authorisation for commercial fisheries
and bans long-lines, nets, bottom trawling, and trot lining. Similarly, there is commercial
fishery presence in the Great Australian Bight, however it is focussed along the shelf edge
around 180 km offshore, an area that was only possibly travelled by one of our whales (Tari)
during a transmission break (Fig 1€). As presence within grid cells cannot be ascertained
during transmission breaks, the area becomes unrepresented in the risk exposure
assessment.
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Figure 4. Risk exposure of southern right whales (Eubalaena australis) in southern Australia to (A) pollution, (B)
entanglement, (C) ship strike, (D) chronic underwater noise, (E) climate change, and (F) cumulative threats. Risk
exposure is characterised as the density of the threat layer multiplied by the number of whales occurring within the
grid cell and is normalised between 0 (none) and 1 (maximum). Dashed contour indicates the Australian Exclusive
Economic Zone.
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3.4 Photo-identification and biopsy sampling

Eight southern right whales, including the four satellite tagged individuals, were photo-
identified during the boat-based fieldwork in Encounter Bay, South Australia. Whales were
identified between 17th and 22nd of June 2024, and in groups comprised of 1 to 4
individuals. None of these individuals had an accompanying calf at the time of the
identification and were all considered either sub-adult or adult whales based on their
approximate length. The identified individuals were tentatively matched against the
Encounter Bay Southern Right Whale Catalogue, which contained 194 individuals, but no
matches were found.

Of the four satellite tagged individuals, one was also successfully biopsy sampled. No other
individuals were biopsy sampled during the fieldwork due to either an unsuccessful attempt
or no suitable opportunity. Due to only one biopsy sample being collected, genetic analysis of
population structure was not conducted. However, based on the tagging data, all four whales
moved in a southerly and westerly direction, suggesting that all four individuals may be part
of what is considered the western population. Genetic sexing via PCR was performed on the
biopsy sample obtained, and the individual was identified as a female.
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Figure 5. Photo-identification of four satellite tagged southern right whale (Eubalaena australis) cows and
unaccompanied adults (UAs) in Encounter Bay, South Australia.

Movements of Southern Right Whales in Southern Australia Page | 16



Results

Figure 6. Photo identification images of four additional southern right whales not satellite tagged.
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4. Indigenous engagement

The Flinders University research team collaborated with Ngarrindjeri Nation Elders and The
City of Victor Harbor to bring to life the project Kondoli Dreamtime Story Lantern Workshops
as part of the 2025 Winter Whale Fest. The Winter Whale Fest fosters connections between
community, science, and culture, raising awareness of marine ecosystems, and through this
project shared the dreamtime story of Kondoli the Whale Man. The project engaged various
First Nations artists, local schools, young families and other members of the community in
creating lanterns inspired by the Dreamtime story of Kondoli during a week (24-28" of June)
of lantern-building and storytelling workshops (Figures 6 and 7). The project fostered cultural
exchange, artistic collaboration, and community engagement through large-scale illuminated
sculptures, which culminated in a community event celebration at the end of the festival on
Sunday, 29" of June, attracting approximately 150 people (Figure 7). The project objectives
included:

e Cultural Connection & Education: Interactive storytelling and artistic practices with
First Nations artists.

e Creative Collaboration: Hands-on workshops with local schools constructing cane
and paper lanterns representing the story of Kondoli the Whale Man.

o Community Engagement: Public art experience culminating in a showcase event.

o Skill Development: Professional development for first nations artists and the local
youth.
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Figure 7. Poster of the Kondoli Dreamtime Story Lantern Workshops and Parade for the 2025 Winter Whale Fest,
Victor Harbor, South Australia
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Figure 8. Composite photo of workshop activities as part of the Kondoli Dreamtime Story, 2025 Whale Fest, Victor
Harbor, South Australia
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5. Recommendations

5.1 Research

To gain a more comprehensive and accurate understanding of southern right whale habitat
use, movement patterns, and exposure to threats, further studies on their movement ecology
are essential. This could include satellite tagging of a larger and more diverse sample of
individuals from both the eastern and western populations, encompassing different age
classes, sexes, and reproductive states. While short-term effects from consolidated tags are
known to occur (e.g., local swelling, tag-site depression, pigmentation changes) (Robbins et
al. 2016; Charlton et al. 2023), no apparent medium-term impacts of tagging have been
observed (Charlton et al. 2023). Additionally, the viability of less invasive tagging methods
like shorter consolidated blubber tags (Zerbini et al., 2026) should be explored to minimise
potential stress or long-term impacts on the whales.

Integrating tagging efforts with passive acoustic monitoring could also enhance the detection
of whale presence and movement in key areas, particularly those with high entanglement
risks, by providing real-time data even when the whales are not visible or tagged. This
combined approach would offer a more representative understanding of southern right whale
distribution, while also informing about environmental factors that influence movement
patterns and potential changes in habitat use of the species over time.

Moreover, prioritising biopsy sampling in under-sampled areas and conducting genomic
analyses is crucial to advancing our understanding of the population structure, gene flow,
and genetic health of the Australian southern right whale population(s). Such studies would
help clarify the level of genetic exchange between Australian populations and those of
adjacent regions, such as New Zealand and South Africa.

Maintaining and expanding national and international collaborations, such as those through
the Southern Ocean Research Partnership (SORP-IWC), is also vital for sharing long-term
data. This will contribute to a more thorough understanding of southern right whale migratory
routes and risk exposure, especially in the face of global environmental changes and
increasing human impacts.

By addressing these research limitations and improving collaborative efforts, the
effectiveness of conservation strategies and management decisions for southern right
whales can be greatly enhanced.

5.2 Management

Results from this study support the implementation of the National Recovery Plan for
Southern Right Whales (DCCEEW, 2024). The movements and behaviour of these satellite
tagged southern right whales complement the geographic boundaries of biologically
important areas (BIAs) identified for reproduction and migration (DCCEEW, 2024). They also
provide evidence needed for state-governed inshore and Commonwealth-governed offshore
development planning and should be taken into consideration when designing risk mitigation
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measures. The dive behaviour of cow-calf pairs is of particular interest, as long surface
intervals and shallow diving behaviour could increase the risk towards whales at this critical
life stage, particularly from vessel traffic. One of the tagged cows in this study also visited
multiple stopover sites within South Australia, likely with her newborn calf, most of which
have not been identified as critical calving aggregation areas for this population. With the
expansion of the population post-whaling, however, sites such as Streaky Bay, where this
female stayed resting for multiple days (Fig 1G), need to be monitored as potential
candidates for increased State protection such as slow zones for vessels or future
designation as Whale Nursery Protection Areas. Additionally, inshore South Australian
waters revealed some of the highest cumulative risk values across all four whale tracks,
which has implications for coastal planning and vessel strike mitigation.

All four tagged whales spent significant time in Commonwealth waters offshore, which was
expected given the offshore foraging and migratory behaviour for the species. A substantial
risk identified for all four of these whales while in Commonwealth waters was ship strike,
given that major shipping lanes between Perth, Adelaide and Melbourne occur through the
area. While there are only a handful of ship strike casualties reported for southern right
whales in Australia (Peel et al., 2018), this area is relatively remote and offshore, meaning
the likelihood of a whale struck by a ship both floating to shore and being in condition for
cause of death to be identified as ship strike is relatively limited. Should substantial evidence
be collected to identify offshore collision risk areas, future management measures could
include seasonal risk advisories to industry, the need for onboard Marine Mammal Observers
to spot whales prior to collision, or mandatory slow zones in peak seasons. Additionally,
offshore development and infrastructure approvals need to have risk that is already present
built into the approval process, to limit further cumulative risk to the species.

As more data on whale movements and risk exposure becomes available, it will be crucial to
further integrate risk assessments into marine planning, fisheries management, and shipping
regulations to minimise cumulative impacts on these recovering right whale populations.
Additionally, management should prioritise co-management with First Nations communities,
ensuring that cultural knowledge, traditional stewardship, and community participation are
central to conservation decision-making and public awareness.
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6. Conclusions

This study provides new insights into the movements, connectivity, behaviour, and risk
exposure of southern right whales in southern Australian waters and the Southern Ocean,
based on individuals satellite-tagged at Encounter Bay, South Australia, near the geographic
boundary between the eastern and western populations. Satellite tracking revealed extensive
coastal and offshore movements, previously undocumented nursery areas in SA,
predominantly shallow diving behaviour, and clear spatial overlap with various anthropogenic
threats, underscoring ongoing challenges to the recovery of this endangered species. While
limited sample sizes constrained genetic inference, predominantly westward and south-
westward movement patterns suggest a strong association with the western population and
emphasise the need for continued monitoring to improve understanding of population
connectivity, habitat use, and threat exposure. Importantly, the integration of scientific
research with Ngarrindjeri-led cultural activities demonstrates the value of collaborative
approaches that support both conservation outcomes and community connection, providing a
holistic framework for the future management and protection of southern right whales. This
work directly contributes to the research objectives outlined in the National Recovery Plan for
the Southern Right Whale, which aims to minimise anthropogenic threats and facilitate the
recovery of this species in Australian waters.
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8. Appendices

8.1 Appendix A. Hidden Markov model selection and results

Table 3. Hidden Markov Model (HMM) selection of southern right whale movement behaviour, ranked by Akaike
Information Criteria (AIC) scores. Transition covariates include Julian date, distance to shore, distance to
seamount extent, and chlorophyll-a concentration. The final model chosen is shown in bold.

Model Log-likelihood AIC

M6: Null + WhaleType + JulianDate + Bathymetry + all -14823.6 29825.19
transition covariates

M5: Null + WhaleType + JulianDate + Bathymetry -15017.67 30165.34
M4: Null + WhaleType + JulianDate -15003.38 30112.76
M3: Null + WhaleType -15064.03 30210.05
M2: Null model (no predictors) -15166.85 30397.71
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Figure 9. Hidden Markov model (HMM) histograms and decoded states (Viterbi) for area restricted search (ARS;
green), intermediate (light blue), and transit (dark blue) behaviour in respect to the HMM data streams: (a) turning
angle, (b) step length (S/), (c) mean maximum dive depth (Md), and post-dive surface interval (PDS/). Covariate
effects on the emission probabilities included Julian date on S/ and PDSI, bathymetry on Md and PDSI, and whale
type (UA or mother) on SI, Md, and PDSI. Covariate effects are numbered by Roman numerals and correspond to
the histogram on the same row; all assume a fixed mean bathymetry of 2,700 m and a day of 245. The PDS/
histogram only displays values up to 60 min for the sake of visibility, but maximum values reached nearly 600
min.
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Figure 10. Stationary state probabilities of area restricted search (ARS; green), intermediate (light blue), and
transit (dark blue) behaviours as functions of covariates (a ) Julian date, (b) distance to shore, (c) distance to
seamount extent, and (d) chlorophyll-a concentration.

Movements of Southern Right Whales in Southern Australia Page | 29



Appendices

8.2 Appendix B. Anthropogenic threat layers

Table 4. Spatial layers used to map anthropogenic threat sources and the relevant ecological pressure on
southern right whales, modified from Ferreira et al. (2025).

Threat Type of data Source

Entanglement Gridded fishing hours Global Fishing Watch

Pollution Gridded fishing hours
Oil & gas platforms, wells, & National Offshore Petroleum
pipelines Information Management System

(NOPIMS)

AIS ship data for 2023 Australian Maritime Safety

Ship strike AIS ship data for 2023 Authority (AMSA)

Gridded fishing hours

Global Fishing Watch

Underwater noise

Oil & gas platforms and wells

Seismic

National Offshore Petroleum
Information Management System
(NOPIMS)

Shipping noise model

Erbe et al. 2021

Climate change

10-y average Sea surface
temperature variation

NOAA GISS Surface Temperature
Analysis

Global trend of surface ocean
PH

Copernicus Marine Ocean
Monitoring Indicator (OMI)
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