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Abstract

It is unknown if resting sharks can sleep, which is also true for gliding ones.
Here, a videotaped bull shark is presented that drifted in an uncontrolled
manner for 120 seconds while sinking with 0.1 m/second. Several aspects are
discussed to determine if the shown behavior reflects the commonly accepted
definition of sleep. Additionally, the idea is also discussed if this state might
reflect a “quiet waking state” instead of where the shark still maintained some
vigilance despite its general appearance.
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1. Introduction

Some shark species rest on the bottom for long periods [1] [2] [3], but it is un-
certain if they sleep during these phases. Although some anecdotal evidence
suggests that sharks may sleep [4], the definite proof has not been offered to
date. Sleep has been established for some teleosts [5] [6] [7], and it is shown that
their pineal gland is essential for sleep-related melatonin production [6] [8].
Sharks also possess a pineal gland, which would suggest that at least some shark
species may sleep similarly to teleosts.

However, what about the sharks that continuously swim? Many of those spe-
cies are known to glide [9] [10] [11], which saves energy [12] [13] and thus can
also be interpreted as some form of rest. However, could this form of rest turn
into some superficial sleep for short periods?

Here a non-directional and rather spatial gliding display of a mature female
bull shark, Carcharhinus leucas, is described that lasted 120 seconds, during

which the shark sank 12 m. Due to the prominent sinking, this non-directional
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gliding could be seen as a form of undirected hovering that turned into drifting
due to the sinking effect caused by the shark’s weight.

Although gliding phases and connected vertical loss of depth have been shown
[11] using dataloggers, this is the first direct observation of such a pattern, and it
is used here to discuss the possibility that this non-directional drifting may not

just reflect another form of gliding but may indicate some sleeping behavior.

2. Methods and Results

On February 15, 2019, a bull shark was observed at “TigerBeach,” a site on the
outer banks of the North-western Bahamas. The site’s depth was about 13 m,
with a sandy bottom, mixed with patches of seagrass. The observation happened
around 10 am, with a bright sky and no overcast. The observer was the only
person left in the water at the end of a dive. The video was taken with a GoPro 7
in 2.7 K density and 100 fps.

The videotaped bull shark was part of a group of four sharks and the only
shark swimming in the water column. The animal was observed for several mi-
nutes before taking the video. The other three sharks remained in the broader
vicinity of the dive boat but entirely stayed at the bottom, no more than 1m
above ground. The female in question had a length of about 2.5 m. Other sharks
present at the site were a few Caribbean reef sharks, C. perezi, as well as lemon
sharks, Negaprion brevirostris. The bull shark carried three sharksuckers, Eche-
neis naucrates, either attached to its body or swimming close by for the duration
of the video.

The actual swimming speed of the shark in question could not be measured.
Thus, possible speed changes during the observation were reflected by the tail-
beat frequency [14] [15] [16].

The following description is divided into three phases, “ascending (pre-gliding),”
“gliding,” and “recovering.”

A fourth paragraph, labeled encounters, describes the teleosts and two Carib-
bean reef sharks that either followed the bull shark or traversed her path at one

point.

2.1. Ascending (Pre-Gliding)

The female swam up to the surface in a steep angle of about 45 degrees with a
relative speed of 1 tailbeat/sec (Figure 1(a)), leveled off about 1 m below the
surface, reducing her tailbeat to 0.4 tailbeat/sec, then ceased her activity and
started gliding (Figure 1(b)). There was no visible target close to the surface.
None of the present yellowtail snappers, Ocyurus chrysurus, or blue runners,
Caranx crysos, that swam within 5 m off and in front of the shark adjusted their

swim directions due to their closeness.

2.2. Gliding

As soon as the shark stopped actively moving, her caudal fin and both pectoral
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Figure 1. Different phases between ascending and gliding of the monitored bull shark.
Numbers in the lower right corner reflect time after gliding started. (a) Ascending; (b, c)
gliding; (d) Caribbean reef shark appears below the gliding bull shark.

fins dropped (Figure 1(b)), typical for gliding sharks [10]. The now relaxed tail
kept swaying once in a while, based on the direction the body took. Once the
gliding started, the shark quickly lost contact with the surface, in a non-directional
pattern. The gliding went on for 120 seconds and ended right at the bottom.
Within the duration of this passive display, the shark lost 12 m in vertical dis-
tance, which equals a loss of 0.1 m/sec.

The shark began the glide with a turn to the right, although there was no visi-
ble current (Figure 1(c)). The shark then continued to glide in that direction for
19 seconds, passively reversing to glide toward the left for 48 seconds before
straightening out again and turning once more toward the right for the re-

mainder of the glide.

2.3. Recovering

Once the shark was about 1 m from the bottom, one of the sharksuckers at-
tached to the shark’s underside abruptly moved while keeping contact with her
body. This movement caused a quick shaking motion, called flickering [17], of
the shark’s right pectoral fin. This quick fin shaking did not lead her to start
swimming again. A second flicker motion by the same pectoral fin, triggered by
the same sharksucker, appeared to get the shark out of her hovering phase, albeit
rather slowly with a relative swim speed of only 0.3 tailbeat/sec for the remaind-
er of the video. At this point of starting to swim again, the shark’s pectoral fins

touched the bottom.

2.4. Encounters

Once the female bull shark started to glide, several rainbow runners appeared to
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check out the shark. Once the gliding phase was in progress, none of the teleosts
following her. At the end of the gliding phase, a Caribbean reef shark traversed
the path of the passively moving bull shark, but neither adapted their swim pat-
terns or showed any response. A second Caribbean reef shark swam at the bot-
tom (Figure 1(d)), behind and in the general direction of the bull shark at the
end of her gliding phase. That shark veered off once it appeared that it would
collide with the still uncontrolled gliding bull shark in front of it.

3. Discussion

Gliding has been shown for a variety of shark species, like e.g., white sharks,
Carcharodon carcharias [18], whale sharks, Rhincodon typus [19], sand tiger
sharks, Carcharias taurus [9], sevengill sharks, Notorhynchus cepedianus
[20], lemon sharks [21], sandbar sharks, C. plumbeus [11], and others. Most
free-swimming sharks seem to glide occasionally, but even species like the thresher
shark, Alopias pelagicus, with extended gliding capabilities, does so primarily for
shorter periods, is always direction oriented, either with or against the current,
maintains depth, and does not sink in the process [10]. The movement pattern
shown here is different and should be called drifting instead of gliding due to the
non-directional path and the rather rapid sinking of the shark.

3.1. Drifting

The two most intriguing aspects of the presented display were the non-directional
path the drifting female bull shark took and her quick sinking. Gliding sharks
predominantly move in one direction, either with or against the current. Here,
the shark drifted without any visible pattern, which could have been due to the
lack of current. However, this would then raise the question of what caused her
direction changes throughout the recorded phase without the involvement of her
pectoral fins? Such changes could be due to minimal temperature, density, or sa-
linity related differences causing small currents. However, a more plausible rea-
son for the changing directions seems that the shark was indeed not gliding, but
floating and her unequal bodyweight made it sink and drift in this uncontrolled
way. Once she drifted, water flow around her body always changed, also creating
vortices [22] [23], especially if she was not equally balanced, which could then
translate into this random drifting.

Bull sharks occasionally glide, although typically for only a few seconds at a
time, during which they remain level (pers. obs.). During these phases, they also
seem to balance their position with small adjustments of their pectoral fins [24]
[25]. Therefore, a loss of 0.1 m/sec cannot be explained by a simple gliding ef-
fect. The relatively rapid loss implies that the hydrostatic lift of the shark did not
compensate for her weight once active swimming stopped, and she was not us-
ing her pectoral fins to compensate [26] [27].

This combined circumstantial evidence offers the possibility that the bull

shark fell into a short sleep-like state, which could explain both the rather quick
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sinking and the undirected drifting pattern.

3.2. Characterization of Sleep

There is general agreement that sleep in teleosts differs from inactivity when
the fish, even if only for seconds at a time, shows 1) behavioral quiescence, 2)
increased arousal threshold, and 3) homeostatic control [5] [6] [7]. The first two
criteria are met in the case presented here. Homeostatic control, the need for
sleep that increases with the time that is spent awake, cannot be determined,
since sleep as such has not yet been suggested in bull sharks, or sharks in gener-
al, for that matter. It also remains unknown if bull sharks’ swimming activities
follow some circadian cycle, as known for other shark species [28] [29] [30],
which would offer some evidence of homeostatic control.

Worth mentioning was the bull shark’s reduced sensory responsiveness, a
good indicator for sleep [31]. Even though the sharksucker caused the initial
flicker motion on her right pectoral fin, it did not bring her out of her drifting
stage, and it took a second flicker caused by the same sharksucker to prompt her
to start swimming again finally.

Another evidence for a putative sleep-like state of this bull shark was her
greatly reduced responsiveness during the entire drifting episode and especially
when she got close to the bottom, as well as when a Caribbean reef shark tra-
versed her path. Under ordinary circumstances, a Caribbean reef shark would
increase its speed when traversing a bull shark’s path that closely, but it did not
do that in this case. Could it be that the Caribbean reef shark noticed the state
the bull shark was in?

However, there is also the possibility that the shark was aware of its sur-
roundings and was instead in a quiet waking state, as a substitute for an actual
sleep state [31] [32]. For a free-swimming shark, a quiet wake state could be
beneficial while it reduces its activity but still maintains vigilance. However, in a
quiet waking state, the sharksucker’s initial trigger could have been expected to
create a stronger reaction than some flickering in her. Further, it would be an-
ticipated that even a quietly alert shark would have started to correct her path

before her pectoral fins touched the bottom.

3.3. Pineal Glands

Sharks possess pineal glands that produce melatonin [33]. Melatonin is the prin-
cipal sleep-promoting agent in teleosts [34] [35] and also interacts with the hy-
pocretin/orexin system, an essential sleep-wake modulator in some of those spe-
cies [6] [8]. Whether sharks do possess an identical system is unknown, but it
seems likely that the pineal gland produces related hormones for similar func-
tions. Some resting sharks are lethargic during darkness, as observed for lemon
sharks, grey reef sharks, C. amblyrhynchos, and whitetip reef sharks, Triaenodon
obesus (pers. obs.). Further, circadian rhythms and cycles have already been

shown for some shark species [28] [29] [30], making it likely that resting phases
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are also influenced by melatonin.

3.4. Can a Single Event Be Relevant?

Single observations, like the presented display, need to be treated carefully but
can offer suggestions about functional aspects in the life of an animal [36] [37].
This video functions as a suggestion that even bull sharks, a species that has
never been seen resting on the bottom, may have a mechanism that allows some
form of rest, possibly even short-term sleep. At minimum, it shows that bull

sharks can save energy through drifting.

4. Conclusion

The presented display of an uncontrolled drifting bull shark reflects the general
aspects of sleep. Despite the single observation, the shark exhibits quiescence,

with an increased threshold of arousal.
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