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Southern right whales (Eubalaena australis) occur in the waters around the sub-Antarctic island of South Georgia,
where they use the area to feed during the austral summer months (Jackson et al., 2020; Kennedy et al., 2020;
Moore et al., 1999; Richardson et al., 2012). Although Antarctic krill (Euphausia superba) is known to be an important
part of their diet, there have been few descriptions of southern right whale foraging behavior or prey (Arguelles
et al., 2016; Hamner et al., 1988; Hoffmeyer et al., 2010; Jackson et al., 2020; Reid et al., 2000; Seyboth et al., 2016;
Valenzuela et al., 2018). Southern right whales in the South Atlantic are generally found at lower latitudes over the
austral winter on calving grounds, including off Brazil and Argentina (Crespo et al., 2019; Groch et al., 2005). How-
ever, here we document observations of southern right whales feeding at South Georgia during austral winter, in July
2022. Whales were observed surface feeding on krill just after sunset on three occasions and, based on these obser-
vations, on a fourth occasion at sunset, observers judged that the whales were about to start feeding.

Observations were made from the M/V Pharos SG as part of ecosystem research into the South Georgia winter

krill fishery (Winter Krill Project; https://www.bas.ac.uk/project/winter-krill-at-south-georgia). Line transect surveys
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were conducted off the north coast of South Georgia during the austral winter of 2022, with research activities
including predator observations, active acoustics, and both scheduled and opportunistic plankton trawls.

Active acoustics surveys were conducted using a Simrad EK80 split-beam echosounder with 38 and 120 kHz
transducers hull-mounted at a depth of ~4.3m. The system was calibrated in Stromness Bay (54°9.60'S,
36°41.90'W) on July 19, 2022, using standard sphere (38.1 mm WC) techniques (Demer et al., 2015). The settings
obtained are provided in Table S1. The acoustic data were processed in Echoview (version 13.0.378), and data were
calibrated with in situ temperature, salinity, and speed of sound derived from conductivity, temperature, and depth
(CTD) measurements. Time-varied gain background noise was removed (De Robertis & Higginbottom, 2007), and
intermittent noise was removed and replaced with a 7 x 7 average S, (Wang et al., 2016). A surface exclusion of 7 m
was applied to account for the transducer depth (4.3 m) and nonlinearity in the echo response in the 120 kHz trans-
ducer nearfield (2.7 m). Krill swarms were identified using the SHAPES algorithm (Coetzee, 2000), applied to clean
120 kHz acoustic data filtered using a 3 x 3 dilation (Macaulay et al., 2019). The algorithm detected swarms with a
minimum length of 15 m and height of 3 m. Adjacent swarms were joined together if they were horizontally <15 m
and vertically <5 m apart. The same parameter settings as used during a 2019 large-scale survey for krill (Krafft
et al., 2021) were applied. Analysis was focused on swarms with acoustic signatures consistent with Antarctic krill
(Euphausia superba), and net hauls targeted at some of these swarms confirmed that the catch was almost entirely
Antarctic krill. However, when referring to swarms which were not targeted, we refer to “krill” as opposed to “Ant-
arctic krill” as we cannot rule out that other euphausiids or zooplankton were present, although these swarms were
nonetheless consistent with those we did target.

Following swarm detection, certain properties were exported, including mean swarm depth (m), mean swarm
%)

height (m), swarm thickness (m), swarm cross-sectional area (m“), and swarm length (m). The packing concentration of

each swarm was then calculated (N, individuals/m®) following Tarling et al. (2009) according to the following equation:

S, — TS
N = 10——5—

where S, is the mean volume backscatter of the swarm in dB re 1 m? and TS is the mean target strength of the
individual krill obtained from length-frequency data from the sampling area, and calculated using the simplified
stochastic distorted-wave Born approximation (SDWBA) model (Conti & Demer, 2006; Demer & Conti, 2003;
McGehee et al., 1998).

A description of the southern right whale feeding events observed were as follows, with further details in
Table 1 and Figure 1. Due to low light levels and distance from sightings it was not possible to determine the age
class of the whales observed, nor were photographs of ID-quality taken (although there were five ID photos taken of
other southern right whales during the survey as a whole, which will be compared to other catalogs). No feces were
observed during the feeding events (although this could easily have been missed), nor was there an opportunity to

record any vocalizations.

TABLE 1 Southern right whale surface feeding events at South Georgia, July 2022.

Sighting Sighting time Local time Local nautical Water

Date time UTC local sunset twilight Position depth (m)

July 11, 2022 18:55 16:55 15:57 17:31 54°08.59'S 267
36°13.72’W

July 12, 2022 18:32 16:32 15:59 17:32 54°11.93'S 181
36°14.28'W

July 16, 2022 18:15 16:15 16:04 17:37 53°44.25'S 95
37°46.30W

July 17, 2022 18:37 16:37 16:07 17:39 54°05.27'S 198
35°40.94'W
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FIGURE 1 Sighting on July 12, 2022, showing (a) “banana” posture of foraging whales, (b) pair of whales foraging
closely together, (c) and (d) feeding lunges.
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FIGURE 2 Echogram segments from O to 250 m depth corresponding to the observed surface feeding events on
July 11 (top panel) and July 12 (lower panel). Panels show swarms of krill identified on the 120 kHz echogram
following the swarms identification method, with background noise removed, a surface exclusion depth of 7 m (black
bar at top of each panel), and a maximum integration depth of 250 m. Units are S, in dB re 1 m~1. The black shaded
area at the bottom of the bottom panel represents the seafloor.

Approximately 12 southern right whales were observed in a loose aggregation feeding at the surface just after
sunset on July 11, 2022. The whales were seen to be actively lunging, and surface swarms of krill were visible to
observers. The acoustic data showed swarms of krill at or near the surface around the time of the encounter
(Figure 2, top panel). Immediately prior to the encounter, a thin swarm (~8 m thick) was observed at a mean depth

of 9.7 m. During the encounter, a larger swarm was seen with a mean depth of 41.6 m, starting with a thin layer at
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the surface before deepening to ~100 m at its deepest. It is likely that swarms were closer to the surface than the
7 m surface exclusion applied to the echosounder. Both of these swarms were relatively dense, with packing concen-
trations of ~100 and ~ 200 individuals/m>, respectively.

A targeted plankton trawl was carried out directly after the sighting using a rectangular mid-water trawl with a
1 m? mouth opening and a cod end mesh size of 610 pum. The net was towed at 2.5 knots between the surface and
30 m. Catches were sorted and identified to species where possible. Antarctic krill were measured from the anterior
of the eye to the posterior of the telson, using standard CCAMLR observer methods (Commission for the Conserva-
tion of Antarctic Marine Living Resources, 2011). The trawl almost entirely comprised small Antarctic krill
(n = 25,830, 4,100 g in weight), mostly 25-30 mm in total length (TL) (median = 26 mm; see Figure S1).

In approximately the same location as the previous evening, on July 12, six southern right whales in three subgroups
were observed just after sunset. The whales appeared to be feeding at the surface in very close pairs (Video S1). This
proximity between pairs together with their “banana” postures (head and tail at the surface; Figure 1a) gave the appear-
ance that one was almost on the other's back (Figure 1b). The whales were moving at an estimated speed of 4-6 knots,
with a prominent bow wave and wake, apparently chasing or herding their prey. Their mouths were open, with baleen
clearly visible. Some distinct lunges were also observed (Figure 1c,d). Acoustic data showed three dense layers of krill
detected during the encounter, with a mean swarm depth of between 8.5 and 9.8 m, and between 71 and 511 m long
(Figure 2, bottom panel). Swarms were densely packed, with concentrations ranging from 169 to 1,622 individuals/m?.
A plankton trawl was not conducted until approximately an hour and a half after the sighting. This was again almost
exclusively Antarctic krill, although in much smaller numbers than on the previous day (median TL = 30 mm).

On July 16, at sunset, earlier than the other sightings described here, two southern right whales were observed
spending considerable time at the surface. Active feeding was not seen, but observers judged that they might be
about to start, given their behavior and the behavior observed on the previous two occasions. There was no krill
visible on the echosounder at the surface, but some dense swarms were detected deeper, at 20-50 m.

Shortly after sunset, on July 17, a single southern right whale was observed feeding at the surface in a similar
manner to previous occasions. Some dense krill layers were visible on the echosounder from the surface to around
15 m, with some small, but not dense, swarms at greater depths.

Sightings of both southern right whales and other whale species during the Winter Krill Project surveys and from
other projects (e.g., Bamford et al., 2022) demonstrate that South Georgia is an important whale habitat and foraging
ground in the austral winter as well as the summer. The southern right whale foraging behaviors observed—rapid
and energetic chasing and lunging, sometimes by pairs of animals—suggest a response likely related to the size and
mobility of krill. While right whales skim feed on copepods (for example, North Atlantic right whales, Eubalaena
glacialis, may do so in a slower and more methodical manner; Kraus & Rolland, 2007), the animals observed here
were swimming faster and more energetically in order to catch their prey. The observations recorded here are similar
to those of Hamner et al. (1988), who observed a single southern right whale west of the Antarctic Peninsula in aus-
tral summer feeding on krill “at the surface with its upper jaw lifted above the water, swimming at high speed (esti-
mated at 8-9 knots by the ship's captain) in feeding runs of 15-20 seconds ... During these powerful filter-feeding
runs enormous amounts of water were displaced, cascading beside and behind the right whale and producing a large
wake.” Similar feeding behavior was also observed at South Georgia in January 2020 (austral summer), where a sin-
gle southern right whale was seen surface feeding just after sunset, circling with shallow dives and then surfacing to
feed with its mouth open; feces were also observed (P. Olson, personal observation). The pairs of whales observed
here also appeared to be in the echelon formations observed in some surface feeding bowhead and southern right
whales (Arglelles et al., 2023; Fish et al., 2013; Wiirsig et al., 1985). It has been hypothesized that this behavior
improves feeding efficiency, especially of fast-moving prey, perhaps by allowing the trailing whale to capture prey
which has escaped the leading whale, (Wrsig et al., 1985), or by the hydrodynamic flow from the leading whale
concentrating prey in its wake (Fish et al., 2013).

The other feature of note of the foraging events described here is that they occurred between sunset and nauti-
cal twilight, when there was a layer of krill at or near the surface. The surface feeding events were first observed

between 30 and 58 min after sunset whereas the whales observed on July 16, 2022, that were judged to be just
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about to start feeding were observed earlier, 11 min after sunset. Antarctic krill employ a range of behavioral strate-
gies to reduce their risk of predation. While swarming is likely to be the primary antipredation strategy (Tarling
et al., 2018), previous acoustic observations suggest that krill swarming inshore at South Georgia also exhibit a
degree of diel vertical migration behavior, with swarms occurring at shallower depths at night (Klevjer et al., 2010).
The krill swarms in this survey occurred at shallow depths at twilight. As has been observed in other zooplankton in
response to predation (Tarling et al., 2002), krill are likely to use antipredation windows (Clark & Levy, 1988), exploi-
ting sufficient light to hunt while reducing their own risk of predation by visually guided predators. We observed
whales surfacing feeding at dusk when the need to feed was likely to have driven krill to the surface. We were not
able to determine for how long surface feeding continued into the hours of darkness.

Collisions with ships are a significant source of mortality for southern right whales (Schoeman et al., 2020), and
surface feeding during periods of poor light or darkness results in whales spending time at the surface where they
are vulnerable to ship strikes and unlikely to be seen by approaching vessels (Caruso et al., 2021). These observations
add further support for the measures taken by the Government of South Georgia and the South Sandwich Islands to

encourage reduced vessel speeds in South Georgia waters in order to reduce ship strike risks.
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