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Marine mammals have developed various feed-
ing strategies, including cooperative foraging in
groups. Cooperative feeding is more common
in social marine mammals like odontocetes that
include smaller oceanic dolphins (Neumann &
Orams, 2003; Oliveira et al., 2013) and killer
whales (Orcinus orca; Simild & Ugarte, 1993;
Pitman & Durban, 2012). Cooperative feeding
allows these species to hunt more efficiently
by working together to gain access to food. For
example, common bottlenose dolphins (Tursiops
truncatus) can create waves and simultaneously
rush towards the shore to catch fish (Gazda et al.,
2005; Duffy-Echevarria et al., 2008; Jiménez &
Alava, 2015). Dusky dolphin (Lagenorhynchus
obscurus) behavior has been studied in Argentina
and New Zealand where they exhibit consider-
able plasticity in feeding behaviors by using
diverse feeding tactics that include herding prey
(Wiirsig & Wiirsig, 1980), using the shore as a
barrier, and feeding individually (Vaughn et al.,
2007). Killer whales are found in several dif-
ferent ecotypes which feed on varying items,
including fish, seals, dolphins, whales, and birds,
and have been observed knocking seals into the
water from ice floes or herding dolphins coop-
eratively (Pitman & Durban, 2012; Coscarella
et al., 2015). Contrary to odontocetes, which
often feed in large groups, most mysticetes
forage singly and independently (Heithaus &
Dill, 2008). Nevertheless, cooperative feeding,
for example, by using bubble-net feeding (Hain
etal., 1982, Wiley et al., 2011; Ware et al., 2014),
is relatively well described for humpback whales
(Megaptera novaeangliae).

Mysticetes exhibit one of the most energetically
efficient foraging strategies by feeding on aggre-
gations of zooplankton and small fish (Goldbogen

et al., 2011), and many strategies and tactics
are used to locate and capture prey (Heithaus &
Dill, 2008). Humpback whales, like other baleen
whales (Balaenopteridae), use intermittent ram
feeding or lunge feeding, techniques in which an
individual animal engulfs a large volume of prey-
laden water (Goldbogen et al., 2010). Another
strategy is trap-feeding, reported in Chile, where
herding with pectorals increases concentrations of
diffuse schools of small fish towards the whale’s
open mouth, used as a trap (Garcia-Cegarra et al.,
2021). Contrary to Balaenopteridae, gray whales
(Eschrichtius robustus) use suction to consume ben-
thonic prey by sucking the prey into their mouth
while bottom feeding (Werth, 2000; Goldbogen
et al., 2017), whereas bowhead (Balaena mystice-
tus) and right (Eubalaena spp.) whales use a con-
tinuous filter feeding approach at the water’s sur-
face called skim feeding (Goldbogen et al., 2017).
This technique involves the continuous filtration
of water to skim dense swarms of zooplankton
(Werth, 2000).

In the present study, we report the observation of
a large group of southern right whales (Eubalaena
australis; SRWs) cooperatively foraging in Bahia
Nueva (Puerto Madryn), Argentina (Figure 1). By
“cooperating,” we refer to SRWs being able to work
together to concentrate their prey and obtain more
food with less expenditure of time or energy than
they could invest alone. This feeding behavior that
we propose to be termed cooperative circle feeding
behavior is, to our knowledge, the first record of
this activity for this species.

The cooperative circle feeding observation was
opportunistically conducted from a semi-rigid hull
research boat (5.60 m long with a 60 HP outboard
engine) at a distance < 100 m to the whales while
studying interactions between whales and maritime
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Figure 1. Study area in Golfo Nuevo, Patagonia, Argentina. Black dot represents the area where feeding southern right
whales (Eubalaena australis; SRWs) have been observed. Puerto Madryn ports (black solid lines) and the route used by ships
to enter the Puerto Madryn ports (light grey area) are also shown.

traffic (Argiielles et al.,2021). During this study, 971
whale observations were recorded in 34 trips that
were undertaken in the survey area between 2013
and 2015. The area surveyed covered 42.76 km?,
using a line transect design (Argiielles, 2017),
totaling 972.14 km of track-line effort. The most
common behaviors observed were surface activity
(including active behaviors such as breaching and
tail/pectoral fin slapping), traveling, resting, and
diving (Argiielles et al., 2021). Most whale groups
(70.14%) consisted of one or two individuals.

On 28 August 2014, a feeding group of at least 40
adult SRWs were observed associating and swim-
ming synchronously in a feeding patch for 90 min
(Figure 1). Whales were in pairs, forming two con-
centric circles about 1,000 m in diameter around the
prey (unidentified small reddish zooplankton) and
were separated from other pairs by an approximate

average distance of about six whale body lengths.
All individuals were oriented towards the same
direction (Figure 2). Although water depth in the
area is more than 50 m, whales were feeding at the
surface. All whale pairs—one whale at the inner
side of the circle (whale 1) and the other at the outer
side (whale 2)—were observed in side-by-side or
echelon formation while swimming at the surface
(Figure 3; see supplementary video).

Similar events, but at a smaller scale and
involving fewer animals, were observed in 2015.
A feeding group of five individuals was observed
swimming with open mouths in a circular pattern
(27 August 2015). These whales were neither in
pairs nor swimming in echelon formation, and they
were separated by a distance of half an adult body
length (Figure 4). Also in 2015 (20 November),
a group of 10 whales (5 pairs) was also observed
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Figure 2. Schematic of cooperative feeding with pairs
of SRWs in echelon formation around a circle. Date of
observation: 28 August 2014. Number of whales observed.:
40 adult whales. (Illustration created by Soledad Martinez)
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whale 1

swimming in echelon formation while surface
feeding.

SRWs migrate annually between high-latitude
feeding areas in the austral summer and low-
latitude breeding grounds in the austral winter.
Evidence based on genetic and stable isotope
data demonstrate maternally directed fidelity to
summer feeding grounds (Valenzuela et al., 2009).
Feeding grounds are poorly known and mostly
inferred from whaling records (Smith et al., 2012;
Torres et al., 2013; Gonzalez Carman et al., 2019),
and more recently satellite track data (Zerbini
et al., 2018). Even though the study area repre-
sents an important breeding ground for the species
(Bastida et al., 2007), SRWs could be most often
watched feeding when they have the opportunity
to encounter some prey item. Hoffmeyer et al.
(2010) demonstrated that patches of zooplankton
in the Peninsula Valdés breeding ground during
spring are dense enough to make feeding worth-
while in this nursery. D’Agostino et al. (2018)
confirmed that dense patches of mesozooplankton
are exploited by SRWs in the Peninsula Valdés
breeding area with two annual peaks: during aus-
tral spring, following the annual phytoplankton
maximum, and during late austral summer.

The cooperative circle feeding described herein
involved a large group of adult whales working

whale 1

whale 2

Figure 3. (A & B) Schematics of two SRWs swimming in echelon formation, with a side view (A) and a top view (B)
(Illustrations created by Soledad Martinez). (C & D) Photographs of two SRWs swimming in echelon formation. Feeding is
facilitated by the whale at the inner side of the circle (whale 1) pushing the swarm through to the whale at the outer side of

the circle (whale 2) (Photo credit: Dr. Carla Fiorito).
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Figure 4. Schematic of SRWs feeding in a circle formation.
Whales were neither in pairs nor swimming in echelon
formation. Date of observation: 27 August 2015. Number
of whales observed: 5 adult whales. (Illustration created by
Soledad Martinez)

together to obtain the prey item. This was the
first event in which a large group of SRWs were
observed in a circular pattern, with individuals
feeding synchronously and oriented in the same
direction. Moreover, all pairs of whales observed
in the circle were in echelon formation. Echelon
swimming has been reported for bowhead whales
(Landino et al., 1994, Fish et al., 2013; Goldbogen
et al., 2017), but cooperative circle feeding as
described herein has not been reported for that
species (F. E. Fish, pers. comm., 24 January 2018).
It has been demonstrated that echelon formations
may increase feeding efficiency for bowhead
whales (Wiirsig et al., 1985; Fish et al., 2013).
This formation is thought to allow a trailing whale
to capture the food spilled from the mouth of a
lead whale or for a lead whale to channel prey
towards a trailing individual (Wiirsig et al., 1985;
Fish et al., 2013).

The purpose of circle swimming may be to con-
gregate prey near the center of the circle to keep
the prey packed together. Unfortunately, there was
no aerial footage of the behavior, so it was diffi-
cult to establish the role of each whale in the circle
or if there were whales diving beneath the prey.
The 2014 event counted at least 40 adult whales,
but there may have been more. Prey was observed
via researchers’ naked eyes inside the circle; and
though it was not possible to collect a sample, it
may well be some kind of Euphasia sp. or copepod
species. Copepods are known to be preyed upon by
the whales in the area (D’ Agostino et al., 2016).

Nevertheless, the circle formation could
suggest a prey item that is large and powerful
enough to escape by swimming. Many swarms
of lobster krill (Munida gregaria) have been
observed in Golfo Nuevo, and some boaters
have reported whales feeding on these swarms
(Argtielles et al., 2016). Also, some boaters
have reported whales feeding on aggregations
of Peisos petrunkevitchi (Burkenroad, 1945).
This species is distributed between 32° S (Rio
Grande, Brazil) and approximately 45° S (Golfo
San Jorge, Argentina) (Vinuesa, 2005). SRWs
could be feeding on these P. petrunkevitchi or
M. gregaria aggregations. Valenzuela et al.
(2018) have suggested that the Peninsula Valdés
SRW population uses at least three distinct food
sources, and this area may represent a single
feeding ground or a combination of feeding
grounds with different prey species distributions.
The authors suggest that the Patagonian Shelf,
South Georgia, and the waters of the Polar Front
are the grounds that appear to contribute most to
the diets of Peninsula Valdés SRWs. These areas
were also identified by Zerbini et al. (2018).

Although it is not clear why whales were swim-
ming around in a circle, their feeding may have
been opportunistic as a result of encountering a
large patch of prey. The lack of evidence for coop-
erative feeding in SRWs could be related to the
low frequency in which this behavior occurs or the
fact that new behaviors are starting to be observed
due to the increase in density and number of SRWs
in the southwestern Atlantic (Sueyro et al., 2018;
Crespo et al., 2019). Another explanation could
be that new behaviors are being developed by the
population or that historically present behaviors
are becoming more common in the population as
the population recovers.

SRWs may be combining different strategies
to feed, possibly to increase their feeding effi-
ciency by rounding up prey. The observed behav-
ior could not only be a feeding strategy but also
an opportunity for socializing and fostering social
relationships before and after feeding as whales
remained together in the area for a long period
of time during observations. The observation of
cooperative feeding described herein highlights
the presence of behaviors not yet recorded for this
species. Future studies on specific questions con-
cerning cooperation among SRWs and the prey
species they target may provide a better under-
standing of this behavior.

Note: A supplemental video for this short note
is available in the “Supplemental Material” sec-
tion of the Aquatic Mammals website: https://
www.aquaticmammalsjournal.org/index.
php?option=com_content&view=article&id=10
&ltemid=147.
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