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Alarm signals
Animals face the challenge to weigh the benefits of mating and foraging against
the costs of being vigilant against predators. To deal with this challenge, they
may have an alarm communication system, whereby conspecifics warn each
other if danger is near. The best‐studied alarm communication systems are those
involving vocal alarm signals, such as the alarm calls of vervet monkeys
(Cercopithecus aethiops, see Seyfarth et al. 1980a) and of ground squirrels
(Spermophilus beldingi and Xerus inauris, see Sherman 1977; Robinson 1984;
Furrer and Manser 2009). I will explore these three examples in more detail.
First, vervet monkeys communicate alarm in a context‐dependent fashion,
meaning they produce different alarm calls when confronted with different pred‐
ators: leopards, eagles or snakes, and the response to an alarm call depends on
the type of alarm call given. When the call for leopard is voiced, vervet monkeys
on the ground run into high trees where they are less vulnerable for leopard
attacks; when the call for eagle is given, vervet monkeys look up and run into
dense bush where eagles cannot reach them; and when the call for snake is
given, vervet monkeys on the ground look down to spot and then avoid the
ground predator (Seyfarth et al. 1980b). Given that these specific responses
improve survival chances of vervet monkeys, these specific responses seem to
represent adaptive strategies for coping with the hunting strategies of the pred‐
ators involved (Seyfarth et al. 1980b). However, tests on survival of vervet mon‐
keys when hearing specific calls and encountering one of three predators have,
for practical reasons (for instance, permits to do such test on these animals
would be hard to acquire), not been performed.

Second, Cape ground squirrels (Xerus inauris), live in a habitat where there is
only one response to escape from predators; they run to their burrows. These
squirrels emit urgency‐dependent alarm calls; lower‐urgency alarm calls for pred‐
ators that are far away and higher‐urgency calls for predators that are close by.
The squirrels respond to playbacks depending on urgency, not predator type
(Furrer and Manser 2009).

Third and last, Belding’s ground squirrels also produce urgency‐dependent
alarm calls. Slow‐moving predators evoke trills and fast‐moving predators evoke
chirps (Sherman 1977, 1985; Robinson 1984). Responses to trills are usually to
stay put and assume an upright body posture, while chirps cause other squirrels
to move away from their original position (Robinson 1984; Mateo 1996).

Although these examples show that there is a lot of knowledge on vocal
alarm signals, knowledge on other alarm signals is scarce. These other alarm sig‐
nals are visual signals (e.g., fin‐flicking in glowlight tetras; Brown et al. 1999),
chemical signals (pheromones, e.g., alarm pheromone of aphids; Pickett et al.
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1992; Joachim et al. 2013), auditory signals other than calls (e.g., tail slapping by
bottlenose dolphins; Würstig and Würstig 1979), or even mechanical signals (sub‐
strate‐borne vibrations; Hill 2009). Chemical alarm signals are arguably the most
common of all alarm signals, hence considering that knowledge on these signals
is scarce, there is a bias in the amount of knowledge on the different types of
alarm signals. Whereas many types of signals could convey an alarm message,
different types of signals can have different costs to the sender, and costly sig‐
nals can enforce honest communication (handicap principle; Zahavi 1975, 1977;
Polnaszek and Stephens 2013). Therefore, reliable alarm signals will likely be
those signals that are costly to the sender.

Evolution of alarm signals
Why do individuals alert others of impending danger? There are reasons not to
call alarm, because alarm communication can be very costly. For instance, the sig‐
nal may attract predators towards the calling individual or it may attract more
predators towards the area where alarm was called (Sherman 1977; Klump and
Shalter 1984; Teerling et al. 1993; Blumstein 2007; but see also Högstedt 1983;
Chivers et al. 1996). Three common theories to explain the evolution of alarm
communication are individual defence (Randall and Matocq 1997; Hasson 1991;
Sherman 1985; Trivers 1971), reciprocal altruism (Trivers 1971) and kin selection
(Hamilton 1964; Maynard Smith 1965).

Individual defence predicts that an individual calls alarm to defend itself
(Trivers 1971; Sherman 1985). Alarm calling may help the individual in various
ways, e.g., by warning the predator that it has been detected and hence the
predator cannot attack the individual by surprise (Hasson 1991; Zuberbühler et al.
1999; Bergstrom and Lachmann 2001; Barbour and Clark 2012), by startling or
confusing predators, causing them to abort the attack (Leger et al. 1980), by
showing the predator that the prey is in good shape and hence pursuit will be dif‐
ficult (FitzGibbon and Fanshawe 1988) or to avoid having a predator eat a near‐
by conspecific because the predator may then be more likely to stay in the vicin‐
ity and attack the alarm‐calling individual at a later moment (Trivers 1971).

The second theory is reciprocal altruism. ‘Altruistic behaviour can be
defined as behaviour that benefits another organism, not closely related, while
being apparently detrimental to the organism performing the behaviour, benefit
and detriment being defined in terms of contribution to inclusive fitness.’
(Trivers 1971). Altruism can be beneficial for an organism when direct or indirect
reciprocity occurs. Direct reciprocity can occur when two individuals interact with
each other multiple times. Then, in the long run it can be advantageous to coop‐
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erate (help each other), even though defecting (cheating) is more profitable at
every single interaction (Trivers 1971; Axelrod and Hamilton 1981). Indirect reci‐
procity occurs either when an individual receives help because it offered help to
another individual before (downstream reciprocity) or when an individual helps
another individual because the former individual received help before (upstream
reciprocity, also called generalized reciprocity).

Both direct reciprocity and downstream indirect reciprocity require that an
individual is recognized by other individuals. However, upstream indirect reci‐
procity does not require recognition (Rutte and Taborsky 2007). An individual
would only have to be more inclined to help because somebody else has helped
him or her before. Which type of reciprocity is most applicable to alarm calling?
When alarm signalling occurs in group‐living species, direct reciprocity does not
apply because there is no interaction between two individuals, but there is a sig‐
nal from one individual to the others in his/her group. Downstream reciprocity is
also unlikely, even if alerted group members might remember which individual
sent the alarm signal, because the reciprocal action (sending an alarm signal at a
later moment) would then not be directed towards this individual only but
towards the entire group, giving cheaters an option to profit from the alarm sig‐
nals. Upstream reciprocity is a more likely candidate to occur in alarm calling.
Here, an individual is being warned by any individual from his/her group, and
because he/she is being warned, he/she is more likely to warn others later, inde‐
pendent of who sent out the first alarm signal. Aphids produce less than half the
amount of alarm pheromone when they are reared isolated from other individu‐
als, compared to when they are reared alone, but could perceive odours from a
colony of conspecifics including their alarm pheromone (Verheggen et al. 2009),
this could be a possible example of upstream reciprocity.

Kin selection can explain the existence of alarm calling when the receivers of
the alarm call are related by descent to the caller. In that case, by helping these
related individuals, a caller increases his/her fitness and hence increases the
chance that many copies of his/her own genes spread. In the case of kin selec‐
tion, alarm calls are expected to be given only in the presence of close kin
(Dunford 1977). Kin selection (described as inclusive fitness theory) is given by
Hamilton’s rule: C<r*B, where C is the reproductive cost to the individual per‐
forming the altruistic act, r is the genetic relatedness of the recipient to the
actor, and B is the additional reproductive benefit gained by the recipient of the
act (Hamilton 1964). So although alarm calling can be very costly, it can be adap‐
tive if you save enough related individuals and thereby save copies of your own
genes. Later on, a saved relative can spread its genes, including the one(s) that
caused it to signal the presence of danger. If the alarm signalling appears to be
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beneficial enough, the signalling gene(s) can become fixed in the population.
There are a few examples where individuals call alarm more often when in the
vicinity of kin (Dunford 1977; Sherman 1977). Of the species mentioned at the
beginning of this introduction (vervet monkeys and ground squirrels), only
Belding’s ground squirrels produce alarm calls most frequently when relatives
are closeby (Sherman 1977). Kin selection is expected to explain alarm signalling
in species that show nepotism such as parental care.

Recently, a discussion has arisen on the usefulness of kin selection to explain
social behaviour such as alarm calling. Nowak et al. (2010) argue that ‘Inclusive
fitness theory is a particular mathematical approach that has many limitations. It
is not a general theory of evolution.’ In their paper, they show that inclusive fit‐
ness theory is applicable under very limiting conditions (1‐ all interaction must be
additive and pairwise and 2‐ populations are static or dynamic, but when dynam‐
ic global updating and binary interactions are required) and that then the inclu‐
sive fitness condition does not differ from the condition derived by standard nat‐
ural selection theory for well‐mixed populations. Furthermore, van Veelen (2009)
claims that inclusive fitness can only be used in linear public goods games. When
models allow for non‐linear interactions, ‘it is not possible to summarize their
predictions on the basis of an evaluation of inclusive fitness’. On the contrary,
Gardner et al. (2011) claim that inclusive fitness theory can be used because
‘Hamilton (1964) made clear that inclusive fitness is defined by summing effects
over potentially multiple recipients, and the rule is that natural selection will
favour a trait when the total inclusive‐fitness effect is positive.’ However, they
define that for the genetical theory of kin selection, relatedness is defined by
similarity in phenotype rather than in genes. In my opinion, similar phenotypes
can easily occur between two unrelated individuals, especially when different
genes are evolved in a trait upon which selection acts. Whether kin selection is a
useful addition to natural selection will be determined by a combination of theo‐
ry and experimental work.

To test which of the theories mentioned above (individual defence, recipro‐
cal altruism or kin selection) explains alarm signalling, it is necessary to test: (1) if
an individual signalling alarm increases or decreases its own survival chance, (2)
when alarm signalling increases survival chances for conspecifics, if alarm sig‐
nalling can be reciprocal (hence an individual that received an alarm signal can
return a signal at another point in time), and (3) if alarm signalling increases
when siblings are in the vicinity. Hence, there is a need for an experimental sys‐
tem in which we can conduct all these tests. Only by conducting all these tests in
a single system, we can properly explore the evolution of alarm signalling.
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Context-dependent alarm signals
Danger can be encountered in many situations, such as an environment with
predators and/or competitors. These predators and competitors can come in
many forms, some being more harmful than others. Hence, a system with a sin‐
gle alarm signal seems insufficient to convey information about the nature of
danger. As described in the examples at the beginning of this introduction, some
species release a context‐dependent alarm call which allows them to signal more
specific information concerning the danger in the vicinity. Honest context‐
dependent alarm signals are required for any individual that has to effectively
deal with various levels of danger. These various levels may involve different
predators that vary in their capacity to kill prey, individuals within one prey
species differing in vulnerability (e.g., because of a difference in size, see for
instance Lima and Dill 1990; Tonn et al. 1992; Chase 1999) or predators being
close by or further away. Hence, context‐dependent alarm signals can have an
impact for many, if not all, species, depending on the perception of their context.

The advantages of context‐dependent communication do not depend on
the type of alarm signal (calls, pheromones, etc.). So far, context‐dependent sig‐
nals have been shown to exist only for vocal alarm signals, for example in vervet
monkeys (Seyfarth et al. 1980a) and Belding’s ground squirrel (Sherman 1977).
Little is known, however, about context‐dependent alarm signalling in chemical
communication (but see examples by Blum 1996). To the best of my knowledge,
there are no examples of chemical alarm signals (pheromones) that vary depend‐
ing on the danger imposed by the predator in the vicinity. What has been shown
is that responses to predation‐associated cues released by conspecifics or het‐
erospecifics (even the predator itself can send cues) of the receiver can differ
with the sender (Chivers and Smith 1998, who mistakenly call these cues
pheromones; Kats and Dill 1998). Signals are primarily emitted to provide (either
beneficial or misleading) information to the receiver (Hasson 1996), whereas
cues are by‐products, not primarily emitted for signal transfer. For example, in
many fishes, chemicals that serve primarily as anti‐biotics also act as cues in the
sense that conspecifics respond to these chemicals when these cues are
released upon attack by a predator (Cameron and Endean 1973). Hence, cues are
not primarily emitted to provide information, they have initially limited possibili‐
ties to vary with context, although cues can evolve to become signals. Also,
examples are known where responses to cues vary with the sender (Kats and Dill
1998). Many signals are known to contain information that depends on the con‐
text of the sender. Senders can adjust the signal they convey to optimize the
benefit they obtain from sending the signal. Because pheromones are consid‐
ered to be signals (Zahavi 2008), and natural selection will act upon signals to
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provide information intended to benefit the receiver but should ultimately also
benefit the sender, I expect that responses to alarm pheromones can vary with
the sender. Moreover, I expect that senders of alarm pheromones can vary the
signal as well, depending on the context.

There is a large body of literature on alarm pheromones (Pickett 1992; Blum
1996; Chivers and Smith 1998). Most of these studies on alarm pheromones,
however, only analyse the chemicals composing the alarm pheromone in a single
context, usually after an artificial attack by an experimenter. Hence, intraspecif‐
ic variation in alarm pheromone composition is not reported in such studies.
There are two examples where an alarm pheromone was shown to vary
intraspecifically; (1) the alarm pheromone of Western flower thrips, Frankliniella
occidentalis (Pergande) (Insecta: Thripidae), which is known to vary its composi‐
tion of the pheromone with age (MacDonald et al. 2003) and (2) alarm chemicals
in venom of the paper wasp Polistes dominulus, are excreted in different ratios
by colony foundresses and workers (Bruschini et al. 2008), and workers have a
different response to venom of workers and foundresses. Aphids cannot vary
the composition of their alarm pheromone intraspecifically because they use a
single chemical as alarm pheromone (Pickett et al. 1992). They do, however, vary
the amount, frequency and duration of their pheromone release depending on
the predator that is attacking (Joachim et al. 2013; Joachim and Weisser 2013).
Furthermore, receivers of the alarm pheromone respond to the amount of the
pheromone (Podjasek et al. 2005) as well as the frequency in which they perceive
it (Kunert et al. 2005). Hence, chemical alarm signals, although largely over‐
looked, hold the promise of being context‐dependent.

In this thesis, I study context‐dependence in chemical alarm communication.
To do so, I use Western flower thrips (see Box 1), a group‐living species that has
the advantage of being amenable to experiments because it produces its alarm
pheromone in anal droplets that can be analysed individually for quantity and
composition. The following sections will explain in more detail why Western
flower thrips represent a more suitable model system to test why, when and
how alarm communication occurs. Western flower thrips belong to the order of
the Thysanoptera, where species occur ranging from solitary to eusocial (see Box
2), which gives possibilities for future studies to compare chemical alarm commu‐
nication among species that differ in their social organisation.
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Box 1: Western flower thrips

Western flower thrips are small herbivorous insects. It is a haplodiploid
species, meaning that males are derived from unfertilized eggs and hence
are haploid whereas females are from fertilized eggs and are therefore
diploid. The life cycle of Western flower thrips consists of six stages: egg,
first‐instar larva, second‐instar larva, prepupa, pupa and adult (FIGURE 1‐1).

Originally a harmless inhabitant of Northern America, Western flower
thrips became a major pest species in crops worldwide in the 1980’s (Lewis
1997; Kirk 2002). What makes this species such a major pest is:
1. Fast development of insecticide resistance. Because of the high insecti‐

cide use, especially in glasshouses, a resistant strain was selected, which
then spread over the world (Kirk 2003).

2. Polyphagy. Western flower thrips attack 244 plant species from 62 fam‐
ilies (EPPO).

3. Fast population growth. Development time from egg to egg at 25 °C is
approximately 14 days (van Rijn et al. 1995). On cucumber, the net repro‐
duction per female ranges from 22.1 to 98 (van Rijn et al. 1995; Hulshof et
al. 2003).

The damage caused by Western flower thrips on plants is either directly
by feeding which leaves scars on the plant (FIGURE 1‐2A,B) or indirectly, by
transmission of plant viruses, such as the Tomato spotted wilt virus (FIGURE

1‐2C) (van Rijn et al. 1995).
Thrips can be controlled chemically or by using mainly predators and ento‐

mopathogens (Lewis 1997). The success of predators used to control Western
flower thrips varies for multiple reasons, among which: differences in vora‐

FIGURE 1‐1 Western flower thrips. From left to right: egg, first‐instar larva, second‐
instar larva, prepupa, pupa, adult male and adult female (picture taken by J.K. Clark).
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Outline of this thesis
The aim of this Thesis was threefold. First, I explored whether the alarm
pheromone in anal excretions of Western flower thrips larvae indeed improves the
defensive capacities of conspecifics (Chapters 2‐4). Second, I investigated if the
alarm pheromone of Western flower thrips is context‐dependent (Chapters 5‐6).
Third, I carried out experiments to examine if thrips are amenable to research on
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ciousness of predator species (Sabelis and van Rijn 1997), the ability of preda‐
tors to survive and reproduce on pollen as alternative food (van Rijn et al. 2002),
the presence or absence of refuges for the Western flower thrips (Pallini et al.
1998), and the stage‐dependent capacity of Western flower thrips to defend
themselves (Bakker and Sabelis 1987). The defence of thrips consists of quickly
moving their abdomen from side to side (swinging), trying to hit the predator
and of producing an anal droplet and placing this droplet on the predator.
Predators that are contaminated with this anal droplet retreat to groom
(Bakker and Sabelis 1987, 1989). The droplet contains water, the alarm
pheromone of thrips and probably other compounds (Teerling et al. 1993;
MacDonald et al. 2003).

Next to alarm pheromone, other known pheromones of Western flower
thrips are male sex pheromone (de Kogel and van Deventer 2003; Kirk and
Hamilton 2004) and aggregation pheromone (Olaniran et al. 2013).
Aggregation occurs also in the absence of any volatile, because both male
and female Western flower thrips are attracted to specific colours, such as
white, blue, violet and yellow (Terry 1997).

FIGURE 1‐2 Typical damage caused by Western flower thrips. A: On a leaf of a sweet
pepper plant (picture taken by PJAdB). B: On rose flower (picture taken by K. Muñoz
Cárdenas). C: On a tomato, caused by Tomato Spotted Wilt Virus (picture from:
http://hosting.caes. uga.edu/tswvramp/vectors/index.html)
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the evolution of alarm communication systems (Chapter 7). Chapter 8 of this the‐
sis provides a general discussion on all three subjects mentioned above.

Pheromone as alarm signal?
Western flower thrips larvae exposed to alarm pheromone or other predation‐
related cues are known to respond to these stimuli by moving away from the
source at some cost in terms of time and energy (Teerling et al. 1993; Venzon

CHAPTER 1

Box 2: Alarm communication and sociality

There are many species of thrips, ranging from solitary to eusocial. Eusocial
here is defined as having two distinct castes of which so‐called soldiers are
reduced fertile or infertile (Crespi and Mound 1997), and can usually be
found in galls, where they live, eat and reproduce. The galls, and hence the
colonies, are protected by soldiers.

Eusocial species that live in colonies may be more prolific producers of
defensive secretions than solitary species (Terry 1997). This is very clear for
alarm signals: without a conspecific receiver, the only reason to signal alarm
is individual defence (as mentioned above in ‘Evolution of alarm signals’)
whereas in large aggregations of conspecifics, an alarm signal might benefit
the sender via reciprocal altruism or via kin selection as well. There is little
information on alarm pheromone in solitary thrips species, although they are
likely to produce anal droplets that deter predators, such as has been found
in non‐solitary thrips (Blum 1991). Wallen et al. (2014), found a component in
the whole body extract of two solitary gall‐inducing thrips that act as a repel‐
lent for second‐instar larvae of these thrips species, however it is not known
if individuals of these species can excrete this compound. On the contrary, in
eusocial thrips we know of examples of an elaborate chemical alarm system
(Terry 1997; de Facci et al. 2014). For instance, individuals of the eusocial
Kladothrips intermedius produce anal droplets containing alarm pheromone,
and soldiers produce larger droplets than dispersers, and these droplets also
contain more pheromone (de Facci et al. 2013).

Many thrips species, such as Western flower thrips are not solitary or euso‐
cial, but rather in‐between, they are considered a communal species (Crespi
and Yanega 1995). Here, communal means they do not show cooperative
brood care, but they can live in large aggregations. These aggregations may
consist of individuals that are related by descent, unrelated individuals, or a
mixture of related and unrelated individuals. Hence, when an individual in such
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an aggregation signals alarm, it may help kin or non‐kin and because individu‐
als can choose to signal alarm or not, they have the option to only signal alarm
when kin individuals are nearby. Furthermore, individuals that have received a
warning on the presence of a predator could perform the reciprocal action at
another time, regardless of the relatedness between sender and receiver.

To conclude, alarm communication might have evolved for very differ‐
ent reasons in species with a different social organisation. Individual defence
is a very likely reason for solitary species to excrete alarm pheromone, while
kin selection or reciprocal altruism can be of more importance for eusocial
species. Because thrips species range from solitary to eusocial, thrips lend
themselves well for a comprehensive comparative research.

Alarm pheromone of Western flower thrips
Chemical alarm communication by thrips larvae is particularly accessible to
experimentation for the following reasons; First, Western flower thrips
excrete an alarm pheromone, consisting of two compounds: decyl acetate
and dodecyl acetate (Teerling et al. 1993; MacDonald et al. 2003). They are
both present in droplets of ca. 1 nl of rectal fluid (MacDonald et al. 2003).
Upon excretion these so‐called ‘anal droplets’ can be observed, counted and
collected. Second, the release of an anal droplet can be triggered by prod‐
ding a larva with a fine brush. Third, because the chemicals constituting the
alarm pheromone have been identified, synthetic mimics of the alarm
pheromone can be made (Teerling et al. 1993; Chapters 2 & 4). Fourth, the
amount and ratio of decyl acetate and dodecyl acetate are known to vary
with the age of the larvae (MacDonald et al. 2003). Fifth, the age (and there‐
fore the size) of thrips larvae matters to predation risk (Bakker and Sabelis
1987; Sabelis and van Rijn 1997). For example, predatory mites, which are ca.
0.5 mm in size, are much more successful in attacking first‐instar thrips lar‐
vae (ca. 0.75 mm) than second‐instar larvae (ca. 1.0 mm) (Bakker and Sabelis
1987; Sabelis and van Rijn 1997). Finally, thrips larvae exhibit easily observ‐
able defensive responses when exposed to the alarm pheromone, such as
walking away (Teerling et al. 1993), retreating into refuges (Venzon et al.
2000), swinging their abdomen and producing an anal droplet in response to
predator attack (Bakker and Sabelis 1989), and adults of Western flower
thrips leave plants where alarm pheromone is present or avoid landing on
these plants (MacDonald et al. 2002). Hence, Western flower trips can serve
as a model species to study chemical alarm communication.
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2000; MacDonald et al. 2002). I hypothesized that there is a less costly alternative
if thrips larvae stay put and become more alert to a next exposure to danger.
Therefore, in chapter 2 I tested if thrips larvae exposed to alarm pheromone
respond faster to contact (prodding with a small brush by the experimenter)
than unexposed thrips larvae. Then, I hypothesized that if alarm pheromone
exposure makes thrips larvae more alert to danger nearby, then they should be
better able to survive an attack. Therefore, in chapter 3, I analysed the influence
of alarm pheromone on the survival of thrips larvae.

Because the two larval instars of thrips produce an alarm pheromone that
differs in the ratio of the two compounds and the total amount (ng) of these two
compounds (MacDonald et al. 2003), and because the two larval instars of thrips
do not suffer equal predation risk from predatory mites and predatory bugs
(Bakker and Sabelis 1987; Sabelis and van Rijn 1997), the information value of an
alarm signal may depend on the instar of the sender and the receiver. Therefore,
in chapter 4, I tested if thrips larvae respond differently to natural alarm
pheromone produced by first‐ or second‐instar larvae and if so, whether this
could be due to the difference in the total amount of pheromone or in the ratio
of its two components.

Context-dependent alarm pheromone
Thrips larvae of a given instar may encounter predators that differ in the level of
danger they impose, depending on the instar of the thrips larva. The composition
of the alarm pheromone is known to vary with the age (instar) of the thrips lar‐
vae, but nothing is known on changes in alarm pheromone depending on the
nature of danger, i.e., the predator a thrips larva encounters. In this thesis, I
hypothesized that thrips larvae of a given instar change the composition of their
alarm pheromone when exposed to predators imposing different levels of dan‐
ger. I expected larvae to change the ratio and amount of decyl acetate and dode‐
cyl acetate depending on the level of danger. To test this hypothesis, in chapter
5 I analysed the chemical composition of anal droplets produced by thrips larvae
in different predation contexts (i.e., nearby a very dangerous predator or a rela‐
tively harmless predator and under exposure of actual attack by these predators
or not).

I hypothesized that if thrips communicate the type of danger via their alarm
pheromone, then receiver thrips will differentiate their response to the compo‐
sition of the alarm pheromone. To test this hypothesis, in chapter 6 I analysed
whether filter paper contaminated with anal droplets obtained in different pre‐
dation contexts elicited a differential response in receiver larvae. In this way, the

CHAPTER 1

Paulien-chap1_Nicola-chap3.qxd  11/05/2015  01:21  Page 18



focal larvae were exposed to the alarm pheromone produced in a given preda‐
tion context, but not to the predator attacking the conspecific larvae that
released the anal droplets in the first place. As a response variable of the thrips
larvae under test I used movement into a refuge consisting of a silken web spun
by spider mites (see Venzon et al. 2000).

Evolution of alarm communication
Alarm communication systems may evolve through various selection mecha‐
nisms (see section evolution of alarm signals). I tested in chapter 7 whether kin
selection could play a role in the evolution of thrips alarm pheromone and in par‐
ticular if thrips larvae have a higher survival chance when they are surrounded by
kin. My expectation was that if kin selection acts on thrips larvae, groups of kin
larvae would survive better than groups of non‐kin larvae. Subsequently, I con‐
ducted an experiment to analyse whether recognition of kin occurs through
genotype‐specific cues or through cues of the direct environment that correlate
with relatedness, such as nest odour.

In the chapter 8 of this thesis I discuss the results of my investigations into
the alarm pheromone of thrips. First, I discuss what the results of this thesis add
to the existing knowledge on chemical alarm communication. In conclusion, I
explain why thrips may well be a promising model system to empirically test
hypotheses on the evolution of alarm signals, especially in the light of the recent
debate on kin selection vs. group selection (van Veelen 2009; Nowak et al. 2010;
Gardner et al. 2011).
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