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Abstract We report observations of a novel feeding behaviour in the moray eel Gymnothorax favagineus (Bloch &
Schneider, 1801) and a previously undocumented application
of Bknotting^ behaviour in G. fimbriatus (Bennett, 1832).
Moray eels were filmed by baited remote underwater video
systems (BRUVS) at the Scott Reefs, a remote group of atolllike reefs on the edge of the continental shelf in tropical,
northwestern Australia. Two behaviours were observed as
the moray eels tried to dislodge food from a bait bag: (1)
G. favagineus used its tail as a Bpaddle^ to gain leverage on
the bag, and (2) G. fimbriatus tied a knot in its tail in order to
extract food from the bag. Our observations suggest that
morays have an extensive behavioural repertoire for manipulating and extracting large prey items from the interstices of
the reefs where they typically hunt.
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Introduction
Moray eels (Anguilliformes: Muraenidae) are important predators in many coral reef ecosystems (Carr and Hixon 1995),
yet very little is known about their foraging behaviour (Mehta
and Wainwright 2007a). There is evidence that muraenids use
a very wide variety of hunting tactics, including cooperating
with coral trout to flush prey from crevices in the reef (Vail
et al. 2013) and Bbreaching,^ in which they leap out of rock
pools in the intertidal zone to catch crabs (Graham et al. 2009).
To consume prey that are too large to swallow whole, some
species of moray eel rotate rapidly along their primary axes
while holding the prey in their jaws, a feeding mode that has
also been observed in anguillid eels and other eel-like fishes
(Helfman and Clark 1986). Of the nearly 200 recognised species of moray eel (Böhlke et al. 1989; Smith 2012), 7 have also
been observed to tie Bknots^ in their bodies in order to compress prey items that are too large to swallow or to anchor prey
while the moray removes pieces (Miller 1987, 1989; Santos
and Castro 2003). Unlike most other teleosts, which use suction to capture and swallow whole prey, moray eels rely on
biting and have a highly mobile pharyngeal jaw used for
transporting prey to their oesophagus, which may be an adaptation to hunting in the confined spaces of the reef (Mehta and
Wainwright 2007a, b). Here, we report two novel behaviours
used by two species of moray eels to obtain food.

Materials and methods
Baited remote underwater video systems (BRUVS) are an
increasingly popular method to study fish behaviour (Fox
and Bellwood 2008; Ebner et al. 2009), especially cryptic
species such as moray eels (Weiss et al. 2006; Bassett and
Montgomery 2011). Stereo-BRUVS were deployed at two
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sites at the Scott Reefs, a remote coral reef system on the edge
of the continental shelf in northwestern Australia. The rigs
consisted of two HD digital video cameras in waterproof
housings attached to a metal frame that held the cameras
30 cm above the sea floor. A bait bag made of stiff plastic
mesh and containing 1 kg of crushed pilchards (Sardinops
spp.) was suspended in front of the cameras at the end of a
1.5-m-long plastic tube, in order to attract carnivorous species.
Deployments followed standard practices for BRUVS (Cappo
et al. 2004). A total of 56 deployments were made across the
two reef systems, and the video cameras recorded fishes approaching the bait bags for approximately 60 min.

head and was pushed forcefully against the bait bag (Fig. 1c).
The knot was then unraveled and the process repeated (see
video). The moray eel spent a total of 1 min and 35 s in the
field of view of the camera, which was deployed at a depth of
51.7 m at 0807 hours on 28 February 2014 at South Scott Reef
(14°8′43″S, 121°52′38″E) on a seabed characterized by a mixture of soft coral, rubble and hard coral (both foliose and
tabulate). A second moray [G. favagineus (Bennett, 1832)]
was observed gripping the bait bag in its mouth and using its
tail as a paddle in order to open the bag and remove food
(Fig. 1d–f), spending a total of 5 min 33 s in the field of view
of the camera. This behaviour was observed at a depth of
39.1 m on 25 February 2014 at 0839 hours at North Scott
Reef (13°56′8″S, 121°55′48″E) in a field of soft coral.

Results
A fimbriated moray eel, Gymnothorax fimbriatus (Bloch &
Schneider, 1801), was recorded grasping the mesh bag with its
teeth and creating a loose overhand Bknot^ in its tail region
(Fig. 1a). The knot slid rapidly up its body (Fig. 1b), over its

Discussion
We report the first observation of a novel feeding behaviour by
a moray eel and a new application of an already documented

Fig. 1 Gymnothorax fimbriatus attacks the bait bag (a), forms a “knot” in its tail (b), and rapidly pushes the knot into the bait bag (c). A different moray
eel, Gymnothorax favagineus, attacks the bait from two angles (d, e) before using its tail as a “paddle” to rip open the mesh bag (f)
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behaviour, knotting, in a separate species. Gymnothorax
favagineus grasped the bait bag in its mouth and used its tail
to Bpaddle^ water in the direction of the bait bag, providing it
with leverage as it tried to rip open the bag’s mesh. A second
species, G fimbriatus, used a different behaviour to achieve
the same objective. An individual of this species used a fastmoving knot initiated in its tail region to either break open the
bait bag or force large food items through the mesh of the bag
so that they could be consumed. This is the first report of
knotting in G. fimbriatus and shows a novel application of
this feeding behaviour. Laboratory studies (Miller 1987,
1989) and field observations in the Atlantic Ocean (Santos
and Castro 2003) suggest that moray eels generally apply
knots to large prey items, either to break them into smaller
pieces, compress them into more manageable units until they
can be swallowed or anchor them while the eel removes
pieces. Our observations, however, suggest that knotting behaviour in morays serves a range of purposes beyond simply
breaking up large prey items. Specifically, our observations
suggest that knotting may also be useful for extracting large
prey items from the interstices of the reefs where morays are
commonly known to hunt.
It is likely that knotting and other unconventional feeding
tactics observed in a relatively small number of morays are in
fact pervasive among muraenids and, indeed, anguilliform
animals in general (Helfman and Clark 1986; Helfman
1990). Hagfish, for example, have been observed to use knotting to provide leverage when pulling prey out of burrows
(Zintzen et al. 2011). Caecilians, a group of subterranean,
limbless amphibians, use rotational feeding to reduce the size
of large prey items (Measey and Herrel 2006). The
anguilliform body shape, regardless of taxon, may permit a
range of versatile foraging tactics that are largely unavailable
to conventionally shaped, fusiform fishes (Mehta et al. 2010).
Ultimately, the ability to attack and consume prey much larger
than themselves through the use of behaviours like knotting
may, in part, explain both the ecological role of moray eels as
significant mesopredators in reef systems (Parrish et al. 1986)
and the evolution of cooperative hunting partnerships (Brose
et al. 2006) with other large piscivores.
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