Masters
f the
Light
New research suggests that changes in the lunar
phase have a significant effect on the interaction
between great white sharks and their seal prey.
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apable of “smelling” tiny amounts
of blood up to 3 miles (5 km) away,
great white sharks are often perceived as being hunters that, first and
foremost, use scent to target their prey.
But although scent plays a large part
in helping the great white to locate
seal rookeries, whale carcasses or large
shoals of fish, only 17% of their brains
are dedicated to olfaction. Other than
locating a general feeding area, it is
doubtful that scent helps much in pinpointing a fast-moving single prey item
such as a healthy seal. To do this, they
rely on their other key senses.
One of the most underrated senses of
the white shark is its ability to detect
sound and vibration. In complete
darkness and poor visibility, we have
seen great whites hit decoys (fake seals
towed behind boats) with astounding
accuracy. The only way they could
initially have located such targets is
through their ability to detect the very
small slap of the decoy on the ocean
surface. Likewise, they are able to hear

and feel the splashes made by real seals
porpoising at the surface, even in choppy sea conditions. By day and by night,
sound and vibration are the amazing
early warning detection systems that
allow white sharks to locate their fastmoving prey.
Once detected, the shark then needs to
get close to its quarry and that’s when it
all comes down to the eyes. This doesn’t
mean vision is the sense that the shark
is most reliant on. It is simply the final
means of confirming what a combination of its other senses have already
homed in on. This is much the same as
the way a fighter planes uses radar and
other technology to locate its target and
then relies on the pilot’s eyes to guide
the plane into a strike position.
With a rod to cone ratio very similar to
ours, great whites can see very well in
daylight. And thanks to the tapetum
lucidium (a reflective layer behind the
retina) they can see pretty well in the
dark too, provided there is just a little bit
of light.

The role that light plays in the hunting
success of great white sharks is evident
just by looking at them. Viewed from
above they are camouflaged against
the dark water, while from below their
pale underbelly matches the brightness of the sky. This countershading as different as night and day - affords
them stealth advantages depending
on the ambient light levels and their
environment.
The fact that these sharks are so distinctly marked is also indicative of their
hunting strategies at different times of
day and night.

Even after 25 years working with
these magnificent predators -whose
techniques include super athletic
breaches, ambush and even stalking
in kelp forests - we are still discovering new ways that they adapt to
their environment. We already know
that white sharks have the ability
to detect changes in ambient light
levels, and can modify their hunting
behaviour accordingly. So it should
have come as no surprise when we
discovered that they are using another environmental cue to optimise
their behaviour: that of the changing
phases of the moon.Since 1996, the
Apex Shark Expeditions team have
kept records of every predatory incident involving great white sharks
and Cape fur seals (as well as related
environmental data) witnessed at
Seal Island False Bay, off the coast of
Cape Town, South Africa. Our extensive data set totals more than 2,500
days at sea and a staggering 10,300+
predatory events involving a great
white attempting to (or succeeding
in) catching its prey.
Even in moonless conditions, great whites
are incredibly capable of
detecting prey
using sound
and vibration.

A great white shark
launches an attack
at night, under the
light of a full moon.
Do these stealth
predators use the
lunar phase to their
advantage?

As a result, we are able to look at
pretty much any external factor that
may influence predatory success and
examine the data in the context of
our questions.
As so much oceanic life is affected
by the moon, we have always been
intrigued as to what effect this celestial body has on great whites. We
have long suspected that they use
the waxing and waning phases of
the moon in different ways to get an
upper hand (or fin in their case) over
their wily pinniped prey.

Our theory was that the sharks would
most likely use the higher illumination of the full moon to hunt, as is the
case with several terrestrial species
such as wild dogs (which were traditionally always thought to be strictly
diurnal hunters).
To investigate the validity of this
premise, we teamed up with leading
shark scientist Dr Neil Hammerschlag
of the University of Miami, and Apex
Shark Expeditions data collator
Fiona Mclellan. Together, we waded
through thousands of data points

collected during the early morning
hours, when hunting intensity at Seal
Island reaches its peak, and matched
these up with lunar phases of varying
luminosity. This enabled us to compare predatory data during full moon
periods (where 90-100% of the moon
was illuminated) against new or ‘dark
moon’ periods (where it was 0-10%
illuminated). We coupled this existing
data with many nights spent in areas
we knew by day to be high predation
areas, recorded what we saw, and
then analysed our findings.

In order to get a full picture of the
effects of the moon on the great
whites’ overall predatory success, we
also looked at how the prey of the
sharks - Cape fur seals - adapt to the
moon during statistically high predation periods. The seals, by virtue
of the fact that they live on land for
much of their lives and have to surface in order to breathe, are easier
subjects to study compared to the far
more secretive sharks.What we found
is that perhaps the moon was the
ally of the seals as much as it was (at
times) of the sharks.
We know from collecting our own
data throughout the year, as well
as work done by other researchers,
that seals show a distinct difference
in how they come and go from Seal
Island during different seasons of
the year. This is a fascinating breakthrough in itself, as no other known

seal colony in South Africa exhibits
this marked difference in habitat
utilisation based on predatory threat.
During the months that pose low
predation threat, namely the Austral
summer and early autumn months,
seal movement to and from the island is fairly evenly distributed throughout day and night. That, however,
changes very significantly when the
threat of attack is an everyday occurrence during the winter months. The
seals adapt by leaving the island en
masse as soon as it drops dark - but
before the rise of the full moon.
There is also a significant rush of
movement to get home or away from
the island in the last few hours of
darkness, before the sun begins to
lighten the sky once more. The seals
are therefore choosing to use the
cloak of darkness as their veil of protection.

Although the sharks can detect large
groups of seals (due to high noise
and vibration levels), they have great
difficulty in isolating a single prey
item amidst dozens of rapidly moving
bodies in almost complete darkness.
This “herd dilution effect” gives seals
an all-important edge over the sharks
and, under these circumstances, few
attacks appear to be successful (such
is the case in this image, where at

least three seals have escaped the
shark’s attack).
The data shows us that during the
daylight hours, kill success on groups
of 5 or more seals is as low as 15%,
as opposed to over 60% on single
‘young of the year’ seals, so it is
probably fair to guess that by
night, this figure may be even
lower and not worth the
effort for most sharks.

Furthermore, since the seals are able
to detect vibrations left by the beating tails of bait fish, it is highly probable that they can feel the immense
pressure waves caused by advancing
great white sharks and respond accordingly, even if it’s too dark to
see the super predators.
Despite the relative safety of
moving in ‘herds’ at night,
it is clear that the seals are

aware of the sharks lurking in the
waters around the island, and their
movements can be taken as a key
indicator of how they perceive the
threat of sharks under different light
conditions. It is particularly notable
that, after the pre-dawn rush, seal
movement to and from their rookery
decreases. Why? Because, as twilight
creeps back in, the scales tip in the
sharks’ favour.

The point at which the seals begin to
lose their edge over the sharks occurs
within an hour of sunrise. During this
time, when light levels are still low,
the frequency and success rate of
white shark attacks on seals reaches
its peak.Unsurprisingly, the highest
number of seals moving during this
period are the inexperienced ‘young
of the year’, which by no coincidence
make up over 90% of the sharks’ prey
at Seal Island, while statistically
accounting for no more than 20%
of the population.
HERD DILUTION EFFECT Seals try to confuse sharks by moving en masse.
The high noise and vibration levels attract sharks, but make it difficult
to pinpoint a target. During daylight hours, kill success on groups of
5 or more seals is as low as 15%, and probably even lower when
seals move under the cloak of darkness

A Cape fur seal looking down from
the surface can visually identify a
white shark at a distance of 2.6 m
under these crepuscular (twilight)
conditions. However, as light penetration in the water column rises
throughout the morning, the seals’
visual acuity improves. Under sunlit
conditions, they are almost twice as
likely to spot a shark, at a distance
extending up to 4.8 m. As a result, the
sharks’ ability to ambush a seal without being detected slowly declines
as the morning progresses. At Seal
Island, white sharks appear to cease
daily hunting activity once their seal
capture success rate drops to about
40% - a strategy designed to
conserve energy and time
during these brighter, less
productive conditions.
Therefore, the window of
danger for seals and success for
sharks occurs during those two hours
when light levels are marginal - roughly 30 minutes before and roughly
90 minutes after sunrise. Conditions
have to be just right - not too dark
and not too light - for the sharks to
gain an advantage. With such a narrow window of opportunity, the question of how moonlight affects this
balance is a compelling one.

[Main image] Inexperienced
‘young of the year’ seals, like the
one pictured here, make easier
targets for great whites and are
their preferred prey.

At night, a full moon may give sharks
a visual advantage, but by sunrise the
extra light reduces their stealth, decreasing white shark attacks on seals
by half.

emerging sunlight, decreases shark
stealth and likely increases the ability
of seals to detect and outmaneuver
the sharks.
However, in order to get a more complete picture of what is going on, we
have to consider the fact that the
sensory capabilities of sharks and
seals differ depending on the time
of day. Specifically, during full moon
periods, white sharks at night are at
a visual and tactical advantage over
seals. The additional lunar light may
silhouette seals against the surface, rendering them more visible to
sharks, which remain camouflaged
hunting from below through dark
water. It’s not until sunrise that the
full moon becomes detrimental to
the sharks.
[Below] During the South African
Autumn months, great white sharks
scavenge on sick, dead or dying seals
rather than actively hunting healthy
ones. We often observe the sharks
patrolling the northern end of Seal
Island, searching for easy prey.

During periods of full moon, light
levels are nearly 33% higher within
an hour of sunrise than they are under new moon conditions – and our
research suggests that this spells bad
news for the sharks. Indeed, based
on 1,476 observations of white shark
predations on cape fur seals over the
last 16 years, during the studied lunar
phases, we found that full moons decrease white shark attacks on seals by
almost half during the crucial period
within two hours of sunrise.

Conversely, during new moon periods, shark attack frequency and
seal capture success was significantly
higher.
The logical conclusion, therefore, is
that moon luminosity affects predator-prey interactions. The new
moon phase is optimal for the sharks’
success, while the full moon phase
is a tipping point, raising light levels
above the threshold for consistently
successful shark attacks. The added
lunar illumination, combined with

NEW MOON
0 to 10%
illumination

Shark attack success:
VERY LOW

[Above] When light levels are high,
white sharks are more easily detected
by their prey.
[Below] A failed attack on a Cape fur
seal during daylight hours.

Fig. 1 [right]

A theoretical view of shark hunting
success at different times of day,
under full moon and new moon
conditions.
White sharks are sensitive to changes
in ambient light levels. Subtle
differences can have a significant
effect on their stealth and detection
capabilities, as well as those of their
prey. Success depends on just the
right amount of light - not too much
and not too little.
Optimal light levels occur for only
two hours around sunrise, when shark
hunting activity reaches its peak.
The light of the moon influences the
sharks’ success during this period,
and may also affect their behaviour at
night.

[Above] At night, under new moon
conditions, it is likely too dark for
sharks to visually detect seals.
Successful attacks are unlikely.
[Below] The light of the full moon
enables sharks to detect seals at the
surface, while remaining camouflaged in the dark water below. Under
these circumstances, attack success
at night may increase from very low
to just low.

Shark attack success:
HIGH

Shark hunting behaviour peaks
during the period 30 minutes
before - 90 minutes after sunrise.
Under the full moon, light levels
are nearly 33% higher within an
hour of sunrise than they are
under a new moon, and sharks
are half as likely to attack. As well
as being more easily detected,
they may have used more energy
trying to hunt during the night.

Shark attack success:
VERY LOW

Light penetration in
the water increases to
a point where sharks
lose their stealth advantage altogether. They
cease hunting once their
success rate drops below
40% allowing them to
conserve energy during
the less productive daylight hours.

FULL MOON
90 to 100%
illumination

Light levels 33% higher

Shark attack success:
LOW

Shark attack success:
MODERATE

Shark attack success:
VERY LOW

The degree to which white sharks
successfully hunt at night is open to
debate. But it is certainly possible that
some individuals have learnt to exploit
the darker hours to
their advantage.

The likely fact that some of
the sharks are more actively hunting at night under
a full moon may be partly
responsible for the marked
reduction in shark attack
frequency at sunrise. Either
they are slightly more
satiated, or else they have
spent some of their energy
trying to hunt during the
night and are therefore
less active by the time
dawn comes.
Such speculation is
consistent with white
sharks hunting Cape fur
seals at a rookery in Mossel
Bay, South Africa, which
lies 400km east of False
Bay. At Mossel Bay, shark
predation peaks in the
early night - an observation
that local researcher Ryan
Johnson attributes to light
pollution. Mossel Bay’s
small island rookery is
surrounded on roughly 100
degrees by heavy illumination emanating from the

city not much more than
1km away, which casts a
night-long orange glow
around the island [see
below]. Johnson suggests
the additional light enables
sharks to detect seals silhouetted against the surface, encouraging them to
hunt at night.
More information is needed to determine whether
this strategy is successful
or not. During several visits
to Mossel Bay’s seal rookery, I have observed very
few shark predation attempts - by day or night –
that actually result in a seal
being captured. This could
be due to the fact that
white sharks at Mossel Bay
are inexperienced youngsters still learning the fine
art of seal predation (and it
doesn’t help that the seals
seem to be most active
on the seaward side of
the island, away from the
ambient light).

Of those hunts we have
seen at night, the success
of the sharks is lower than
during the peak hunting
period around sunrise.

The degree to which white
sharks as a species successfully hunt at night is still
open to debate. Based on
numerous night visits to Seal
Island over many years under full moon and varying
weather conditions - as well
as what telemetric tagging
data and our attempts to
attract the sharks to our vessel have shown, my feeling
is that they are not nearly as
active a nocturnal predator
as they are by early morning.
Quite simply, we do not see
nearly the same number of
sharks at our boat or intensity of hunting in the dark.
Furthermore, of those hunts
we have seen at night, the
success of the sharks is lower
than during the peak hunting
period around sunrise.
However, these general
observations are not enough
to rule out the idea that
certain sharks have learnt to
exploit the darker hours to
their advantage.

[Above]
An adult great
white glides silently
through night waters
feeling, listening
and looking for prey.
[Main image]
Well before sunrise, a
sub adult great white
flies out of the water
in pursuit of a young
seal.

While it is true that Cape fur
seals are cunning strategists
when it comes to outwitting
the sharks at night, using
the herd dilution effect to
confuse their predators, it
does seem possible that the
full moon affords enough of
an advantage to some sharks
that their hunting success at
night goes up from very low
to just low.

It is also possible that there
are sharks who specialise in
this edge. The idea that certain individuals within a species can develop specialised
behaviour or skill sets is not
new. One of the best documented examples of this
involves the orcas off Punta
Norte in Argentina, who have
learnt to beach themselves to
catch young seals.

A more local example
involves the few individual seals in Lamberts Bay,
250km north of Cape Town,
who have learnt to target
fledgling birds as an easy
source of prey, as they make
their first flight attempts.
Similarly, at Seal Island, we
have noted how the larger sharks (adults and sub
adults) generally hunt further away from the island,
thereby reducing competition from other sharks for
their prey. They have learnt,
through trial and error,
where their best chances of
launching an optimal attack
are. These are the outliers of
their kind, those individuals
that have found a way to
gain the upper hand, be it
by experience, or by trying a
different tack altogether.

We do not have a large enough predation data set on individual shark
success at night to factually show
that certain white sharks have become nocturnal specialists, but it is
tempting to speculate that this is
highly likely. Often, one or more of
the sharks have stayed in key hunting
areas and lingered around the island
once the sun has set, whilst the rest
of their kind have left the island until
the early morning signals their return.
These late night lurkers may just be
masters of the dark, having somehow
managed to find some small advantage, or refined part of their hunting
technique, that puts them on the
right side of success and failure.
Although our data has taught us a
significant amount about the nightlife of the great white and its prey,
the subtle complexities are difficult to
study due to the limits that darkness
imposes on us in terms of observation.
The question that all our data has left
me with is this: does the prey adapt
to the predator or does the predator
adapt to the prey? Whichever way
you look at it, the balance between
the hunting ingenuities of white
sharks, and the counter-strategies of
Cape fur seals, has resulted in an evolutionary stalemate, where both sides
are evenly matched (the average
success rate of the sharks, measured
across the year and throughout the
day, is just under 50%).
With predator and prey engaged in
a constant battle of one-upmanship,
every variable counts. We may not
yet fully understand the complex
relationship between light levels and

hunting success in white sharks, but
what we do know unquestionably is
that the balance between too much
light, and just enough, is a fine line.
In the endless evolutionary tug-o-war
between sharks and seals, the lunar
cycle is therefore a crucial factor.
Ultimately, it is only the specialists those animals who dare, or are forced
to try new techniques or strategies
- that will ultimately decide who tugs
the hardest.
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