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Globally, warming oceans are causing marine species to shift poleward (Melbourne-Thomas et al., 2022). The Antarc-
tic Peninsula is a global hotspot for human-induced warming (Jones et al., 2019; Turner et al., 2020), evidenced by
lessening sea ice conditions (Kumar et al., 2021), warming oceans, and the collapse of ice shelves (Etourneau
et al., 2019). Warming is influencing the spatiotemporal occurrence of prey species such as Antarctic krill (Euphausia
superba; Kawaguchi & Nicol, 2020), which is, in turn, influencing the foraging behaviors and demographic success of
some Southern Ocean predators, e.g., crabeater seals (Erignathus barbatus; Hiickstadt et al., 2020). For highly mobile
marine predators, such as baleen whales, which are free from range restrictions faced by central place foragers
(Orians, 1979), foraging is thought to be directly dictated by finding and accessing profitable prey patches, likely
driven by the underlying environmental conditions (e.g., sea ice and chlorophyll concentrations; Bedrifiana-Romano
et al,, 2022; Meynecke et al., 2021; Reisinger et al., 2021). There is some recent evidence that humpback whale
(Megaptera novaeangliae) foraging activities have shifted southward in response to record lows in sea-ice extent and
presumably spatial shifts in krill populations (Atkinson et al., 2019; Bedrifiana-Romano et al., 2022; Mori et al., 2019).

Southern Ocean foraging humpback whales occur in high densities in coastal regions north of and/or in proxim-
ity (10s of km) of the ice edge (15% sea ice concentration), as well as select regions adjacent to sub-Antarctic islands
(e.g., South Georgia; Baines et al., 2021; Bamford et al., 2022; Bedrifiana-Romano et al., 2022; Herr et al., 2016;
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Reisinger et al., 2021; Riekkola et al., 2018; Thiele et al., 2004). The exception is in the Ross Sea (south of ~70°S)
where humpback whales are rarely sighted even in ice-free areas, despite supporting high densities of Antarctic
minke whales (Balaenoptera bonaerensis; Ainley et al., 2017, 2020; Branch, 2011; Constantine et al., 2014; Murase
et al., 2013; Riekkola et al., 2018). Given the similarity between the Ross and the Weddell Seas (Drucker
et al,, 2011), it could be assumed that humpback whales would also be excluded from the western Weddell Sea
(WS) due to the cooler water temperatures and higher sea ice concentrations encountered there (Branch, 2011; Herr
et al., 2019). Many records exist of humpback whale sightings in the northwestern WS dating back to the 1970s
(Branch, 2011; Herr et al., 2016). However, deep penetration of humpback whales into the western WS, south of
James Ross Island (64.32°S, 57.88°W) has to our knowledge never been reported.

Here, we detail two new record-breaking sightings of humpback whales in the western WS. Both sightings were
made from ice-breaker class tourist vessels, which were able to access southerly regions of the western WS during a
summer with a new record low in sea ice extent (February 23, 2022; Raphael & Handcock, 2022) and the now regu-
lar breakup of the Larsen A & B ice shelves (Wang et al., 2022). During survey efforts, a single trained observer sur-
veyed one side of the ship's track from 0° to 90° (from bow to starboard beam), while a second trained observer/
data logger recorded sighting information, effort type, and environmental conditions, following a distance sampling
methodology (Buckland et al., 2015). Alternative use of a two-person team was considered but observing a single
90° quadrant was deemed optimal (Henderson et al., 2023). Sightings were recorded by trained observers from an
observation station on the bridge. Opportunistic sightings made by observers from the bridge were also docu-
mented. Opportunistic sightings are those recorded outside on the observational quadrat (one side of the ship's track
from 0° to 90°), and/or outside of “on-effort” survey periods (e.g., when sighting conditions were poor, defined as,
“when observers were unable to readily detect a minke whale at 1.5 nmi [2.8 km]”). The location of the sightings and
survey effort data were plotted on a satellite image corresponding to the day the sightings were made to illustrate
where data was collected and under what sea ice conditions (Figure 1). Satellite images were accessed at https://
earthdata.nasa.gov/labs/worldview/. All data analysis and plotting were conducted in the scientific programming lan-
guage R (R Core Team, 2021), using packages “tidyverse” (Wickham et al., 2019), “sf” (Pebesma, 2018), “ggplot2”
(Wickham, 2011), “terrainr” (Mahoney et al., 2022), and “raadtools” (Sumner, 2023).

The novel humpback whale sightings were made on December 8 at 1230 UTC (ship's position: 64.83°S,
59.15°W) and on January 26 at 0944 UTC (ship's position: 65.31°S, 58.98°W) 30 and 90 nmi (56 and 167 km) fur-
ther south than any previously reported humpback whale sighting in the western WS (Figure 1). The December
8 (2021) sighting was made by a tour participant, while observers were not conducting survey effort (with photo-
graphic evidence; Figure S1), and the January 26, 2022, sighting was made by trained observers from the observation
station before commencing active effort, at an estimated distance of approximately 1.1 nmi (2 km) from the observer
to the whale. Observers recorded wind speed registering 1 on the Beaufort scale, “very good” observation condi-
tions, and small to medium ice floes in the observation field. Slow-speed maneuvering around and ramming of sea
ice prevented the commencement of active effort. Figure 1 details the sea ice conditions on the day each of these
sightings was made, which also document the now regular breakup of the former Larsen A & B ice shelves (compare
Figure 1a and b).

Humpback whales respond to dynamic environmental features (Thiele et al., 2004) which likely drive preferred
prey aggregations (Herr et al., 2016; Santora et al., 2010) and thus will likely be able to continue to respond to new
extremes in sea ice conditions like the more regular opening of the western WS (Jena et al., 2022). Modeling of
humpback whale habitat in the 2000s (Williams et al., 2006) and 1970-2010 (Reisinger et al., 2021) suggested very
low densities of whales in the western WS, while habitat suitability models from a more recent humpback whale data
sets (2005-2011) indicate favorable habitat conditions for humpback whales may exist in open waters in the west-
ern WS, south of those recorded here (Bombosch et al., 2014). In the Northern Hemisphere, humpback whales are
responding to dramatic changes in Arctic sea ice conditions by accessing new and profitable foraging regions
(Brower et al., 2018; Moore, 2016). While for other species (such as the bowhead whale (Balaena mysticetus) that
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FIGURE 1 Plots of the most southerly reported humpback whale sightings in the western WS region. The
photographed sighting (a) and the new most southerly reported humpback whale sighting to date (b). The
background image was taken from a NASA satellite (accessed at https://earthdata.nasa.gov/labs/worldview/), taken
on the same day as each sighting was made. The white line is the route taken by the tourist ship from which the
observations were made, and the thicker pale blue lines depicted active survey effort. Whale sightings by color and
shape.

depend on cool, ice-filled waters), the retraction of sea ice is potentially restricting profitable foraging regions
(Chambault et al., 2018; Kovacs et al., 2020).

Southern Hemisphere humpback whales continue to recover at a relatively high rates (Bortolotto et al., 2021;
Zerbini et al, 2019) and now dominate sightings from scientific surveys of the southwest Atlantic (Baines
et al., 2021). Successful foraging is likely a key driver of the recovery of Southern Hemisphere humpback whales,
which may be aided by the poleward expansion of their foraging grounds as previously exclusive habitats (regions of
the ocean that remain ice covered) become accessible. In contrast, the possible reduction in profitable sea ice habitat
for Antarctic minke whales has been linked to a probable population decline in the Southern Ocean (Branch, 2006;
Filun et al., 2020; Friedlaender et al., 2014).

The western WS receives little survey effort from scientific research vessels, and consequently, the lack of
recorded humpback whale sightings may be a product of a lack of survey effort rather than the species not being
present. The Alfred Wegener Institute and other Polarstern-based voyages have completed helicopter- and ship-
based sighting surveys in the western WS; however, these surveys only reported detections of Antarctic minke
whales in this region (Herr et al., 2014, 2016, 2019; Kock et al., 2010; Scheidat et al., 2011). Few others have sur-

veyed the western WS for the occurrence of cetaceans, noting the region's absence from broad-scale IWC-led
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FIGURE 2 Sightings reported to Happywhale in the Antarctic Peninsula region. This plot characterizes the extent
of sightings reported by engaged citizen scientists in the Antarctic Peninsula region. Humpback sightings dominate
reported sightings while all other species (triangles) illustrate where some level of citizen science “survey effort” has
occurred. 2018 fast ice conditions are plotted. Data from 53°-65°S, 63-67°W.

Southern Ocean surveys of the 1970s, 1980s, 1990s, and early 2000s (Branch, 2011; Branch & Butterworth, 2001).
Whaling records suggest very few humpback whales were caught in the western WS (Reisinger et al., 2021), poten-
tially due to prohibitive sea-ice conditions and/or the vessel's ice-class (Ackley et al., 2003). However, the western
WS is becoming a popular tourist destination, and citizen scientists onboard Antarctic tourist expedition vessels are
increasingly reporting whale sightings in this region (Figure 2 and S2).

The reporting of animal sightings of various species via online platforms by citizen scientists, guides, and scien-
tists is a useful tool for tracking range shifts in marine species (Earp & Liconti, 2020). The western Antarctic Peninsula
is a hotspot of sightings reported via the research collaboration and citizen science web platform, Happywhale.com
(Cheeseman et al., 2021), with the rate of reported sightings (sightings reported/year) is increasing each year to a
peak of 3,193 in 2020, including 2,585 humpback whale reports alone (Figure S2). Sighting rates have reduced signif-
icantly in this region during the COVID-19 pandemic (heavily impacted seasons, 2020/2021 and 2021/2022) but are
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likely to return to pre-pandemic levels in the coming years with tourist traffic returning (International Association of Ant-
arctic Tour Operators, 2021). Most sightings reported to Happywhale were of humpback whales in the Bransfield and
Gerlache Strait regions (Figure 2). The most southerly sighting previously reported to Happywhale in the western WS
region was from the prepandemic 2019/2020 season, with several additional humpback whale sightings further south in
2022 (Figure 1). Tourists have reported sightings of other species farther south than the previous record for humpback
whales, suggesting some level of “observer effort” by citizen scientists aboard tourist vessels in the western WS region.
Whether these two new sightings are an example of a species extending south in response to a changing climate
or due to a lack of survey effort masking a previously unknown foraging region for humpback whales is unclear.
However, this work does highlight the potential for novel biological findings from tourist vessel-based cetacean sur-
veys and engaged citizen scientists. Tourist platforms, especially when outfitted for structured survey effort, offer
great potential for establishing baseline biological data in remote, highly data-limited marine regions (Henderson
et al., 2023). Further work in the western WS is needed to uncover the response of key Southern Ocean predators

to a changing climate as they continue to recover from past exploitation.
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