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Predator-Pre
Relationships

To survive, an animal must both eat and avoid being eaten. An examination of food-finding and predator avoidance
is therefore fundamental to our understanding of ecology and evolution
the effects of predator—prey relationships on the evolution

uring evolution, we expect animals
to become more efficient at obtain-
ing their food. Predators that are
sharper-eyed, better at concealing
their approach, fleeter-limbed, or more
effective at overcoming their prey will
survive and produce offspring more often
than their duller-eyed, ill-concealed, slower
or less effective brethren. If the behaviour
has a genetic basis, more offspring will in-
herit the genes producing themore efficient
behavioural traits, and a more efficient
feeding machine will evolve. However, we
expect that natural selection will also
improve the prey’s ability to detect, hide

from, outrun or outwit the predator, so the
predator and prey will evolve together, or
co-evolve, as adaptation is met by counter-
adaptation. Let us examine the strategies of
predators and prey through the three stages
of food-finding — from the view to the
chase, and on to the kill.

SEEING AND
NOT BEING SEEN

In the battle for survival, the trick for both
predator and prey is to see without being
seen. As predator and prey co-evolve, they
become better adapted at detecting each

Evolution has favoured peppered moths that resemble their backgrounds. On the left is a
light form of the moth — fine for alighting on clean tree bark, but very obvious to predators
on polluted bark; on the right is a dark form of the moth, well camouflaged against the

polluted bark background.
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other, by sight, sound or smell. Daytime
hunters have good visual acuity — their eyes
can see small objects, and the visual cortex
of their brains is well adapted to detect
patterns and movements. Counter-adapta-
tions of prey aim to prevent the predator
seeing them (by concealment) or recognising
them as prey (by camouflage). Prey that are
active at night make more use of hearing
and smell to detect predators, so predators
tend to approach slowly and stealthily from
downwind.

Species that use camouflage have evolved
to resemble their background, but their
behaviour must also fit in — often they
remain immobile, and they must settle in
the right place. The prey of predators that
hunt by smell also camouflage themselves by
being odourless or similar in odour to their
background. Predators, too. have an advan- -
tage if they are camouflaged. The spotted
coat of leopards, for example, makes them
difficult to see on low tree branches because
they blend in with light patterns created by
sunlight penetrating the foliage.

How can a predator improve its ability to
detect camouflaged prey? Some researchers
have suggested that the predators form a
‘search image’, learning the characteristic
features of a particular camouflaged prey
and systematically seeking out and
consuming similar individuals. However,
many camouflaged species get round the
problem of predators forming search images
because they occur in several different
shapes and/or colours, determined by
different gene alleles. This is known as
genetic polymorphism (poly = many, morph
= shape). The peppered moth (Biston betu-
laria) is polymorphic. It occurs in three
forms (morphs) — pale, speckled and dark
(melanic) — melanic morphs are common in
soot-laden industrial areas. Predators that
have formed a search image for one par-
ticular morph of prey will overlook other
morphs.
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[image: image2.jpg]When the monster came, Lola, like
the peppered moth and the arctic hare,
remained motionless and undetected.
Harold, of course, was immediately
devoured.

CATCHING AND
NOT BEING CAUGHT

y or hunting
to move f - than the
im. For example, a cheetah
\\'ill usually stalk its prey
s hundred yards. It then
running at speeds of up
miles per hour. The Thompson’s
gazelle, when approached by a cheetah,
shows a counter-adaptation called stotting.
This involves leaping a metre or two in
the air by bouncing along on all four le
S This ltalian tree frog is
emonstrates to the predator that the using both concealment
lle is athletic and alert and will probably and camouflage to avoid
uadir e Gtor to swit detection by predators.
its attention to a le:

A female Belding’s ground
squirrel (Spermophilus
beldingi) giving an alarm
call.

Mar ecies, both predators and prey,
search for food in groups. Group hunting has
the dual advantage of enabling predators to
surround the prey and permitting them to kill
larger prey. Lionesses hunting in groups are
more su ful than those hunting alone.
They can also hunt kinds of prey that th
could not catch by them<el\e< such as
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spotted hyenas.
Prey animals, t
part this er
effectively, because more eyes

also detect a
owing them to escape.
Furthermore, as a result of the enhanced vigi-
iated with groups, each individual
can often spend more time feeding and le:
time on the lookout for predators.
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[image: image3.jpg]In order for group vigilance to be effective,
individuals must be able to communicate the
danger to the rest of the group. This may
simply consist of taking flight, encouraging
others to follow, or may involve the use of
alarm signals. Alarm signals usually serve to
enlist support in confronting the attacker or
to inspire retreat. A good example of the use
of alarm signals is seen in Belding’s ground
squirrels. When one of the group sees a hawk
or falcon it emits a high-pitched whistle and
dashes for cover. This causes the other squir-
rels instantly to run for the nearest shelter,
creating a brief moment of chaos as the
animals dash in all directions.

Animals in the middle of a herd, flock or
colony are safer than those at the edges.
Animals can therefore reduce their chances of
being attacked by obtaining a central position
within the group. This antipredator behaviour
is known as the ‘selfish herd’ strategy,
because although a group appears to consist
of members that coordinate their escape
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Fish in the middle of this school of sardines are safer than those on the edges. efforts, it is actually composed of selfish
individuals, each trying to maintain a central
Lioness with a wildebeest prey picked from the edge of the herd. position within the group. Adélie penguins

provide an example of the strategy when they
gather in groups at the edge of the ocean and
then jump in the water together to swim out
to the feeding areas. Every time they do this,
there is a risk of being attacked by a leopard
seal. However, the seal can only capture and
kill a small number of penguins at a time. By
swimming out in a group through the danger
zone, most penguins will escape while the
seal is busy catching one or two unfortunate
individuals. This phenomenon is known as
the “dilution effect’, because individuals
within a group have a smaller chance of being
a victim than solitary animals.

After pursuing its prey, the predator attacks.
Some species of prey try to trick the predator
into making misdirected attacks away from
the vulnerable head region. Although they
may still be injured, the injuries are often
minor and the strategy permits a chance of
escape. Thus some lizards lure predators into
attacking their brightly coloured twitching
tails. When the tail is seized by an attacker,
it breaks off (without harming the animal),
giving the lizard a few extra seconds to
escape. Some prey species direct the predator
to attack false heads on the posterior part of
the body, which can be sacrificed without
incurring a fatal wound. Hairstreak butterflies
(Thecla togarna), for example, possess a false
head, complete with dummy antennae, at the
tips of their hindwings.

Startle mechanisms involve sudden and
conspicuous changes in the appearance or
behaviour of prey, which confuse or alarm a
predator. The sudden presentation of ‘eye-
spots’ may startle the predator into hesitating
just long enough for the prey to escape. Some
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[image: image4.jpg]s try to intimidate potential predators
by making themselves appear larger or well-
defended. For example, a cat hunches its
back, erects its fur and displays its teeth
when confronted by a dog.

Man cies of prey are adapted to
inhibit the predator from attacking by using
sprays, secretions, inje:
which contain powerful toxins or
For example, the assassin bug (Pla

rhadamantus) defends itself by spitting large

quantities of saliva in the direction of the
attacker. The fluid causes intense local pain
when it comes into contact with membranes
of the eyes or nose, often enabling the bug
to escape. These animals often show a
warning coloration, and when the predator
has learnt the association between coloration
and danger or inedibility it stops pursuing
such prey. A w gives warning of i
powerful sting by its boldly patterned yellow
and black body.

However, many relatively harmless species
display warning coloration. For example,
several species of hoverfly are coloured like
wasps although they are harmless:
example of mimicry. Mimic
resemblance of one species of prey (the
mimic) to another (the model) such that the
two are indistinguishable to a pred.
Because the model is usually unpalatable or
poisonous, predators avoid the mimic,
although it may be harmless and edible. Tt

he mimic a selective advantage, which

may account for the evolution of this trait.

The two main types of mimicry are known
Batesian mimicry and Miillerian mimi

(A) This Saturniid
moth caterpillar would
be a tasty morsel for a
bird, but its red and
yellow protuberances
imply that it is toxic or
dangerous. (B) Six-
spot burnet moths are
the opposite. Their
warning colours
should be heeded —
they taste repugnant!

Batesnan mumcs (like the hoverflies) use

mimic is avoided because of its phy
larity toa more dangerous or noxious model.
The more noxious the model the greater the
advantage to the Batesian mimic.

In contrast to Batesian mimics, Miillerian
mimics give an ‘honest’ signal to predators.
In this case, a number of noxi species
share \nm]‘n warning signals (usually based
on the most unpalatable of the group) and
every mimic benefits because predators
avoid them all. An example of Miillerian
mimicry can be seen in South American

of the genus Heliconius. Two
species, Heliconius erato and Heliconius
melpomene, bear a strong resemblance to
each other and both are poisonous to birds.

PREDATOR-PREY ARMS RACES

The complex adaptations and counter-
adaptations of predators and prey that have
been described suggest that an ‘arms race’
has been taking place for a very long time
The reason why predators do not drive
prey to extinction is probably because prey
are alway: step ahead in the arms
and Krebs (in Krebs and
Davies, 1996) have called this the ‘life-
dinner’ principle — rabbits run faster than
foxes because the rabbit is running for its
life, while the fox is only running for its
dinner. Therefore, selection pressure will
have been stronger on improving the ability
of rabbits to escape than the ab
foxes to catch them. But why do pre
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[image: image5.jpg]become so efficient at escaping that they

drive their predators to extinction? Perhaps’

because, as predators become rare (through
increased prey efficiency), they exert little
selection pressure on the prey for further
improvement.

(1) Noxious animals with warning coloration
often associate in groups. One explanation
for this behaviour is that some members of
a group can benefit from attacks on other
members because the predator quickly learns
that they are distasteful or dangerous. How
would you test whether this hypothesis
was valid? (See BIOLOGICAL SCIENCES REVIEW,
Vol. 6, No. 3, pp. 7-10.)

(A) Don’t touch this
caterpillar! It’s in the
same family as (A) on
the previous page but
this time it’s honest —
these irritant spines
contain powerful toxins!
(B) A tasty (harmless)
hoverfly.

(2) Although it may
pay to be camouflaged
as a defence against
predators, this could
conflict with the advan-
tage of being conspic-
uous for other activities.
What might these other
activities be, and how
could animals resolve
this problem?
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