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Increased survival of young thrips after
exposure to alarm pheromone:

Experiences with synthetic compounds
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Abstract
Animals may emit signals that make others aware of danger. Such alarm
signals may only evolve if receivers of these signals benefit from it and if,
ultimately, the sender also gains a selective benefit over others sharing the
same gene pool (conspecifics). Although evidence for a response to these
signals is widespread, evidence for a selective benefit (i.e., increased sur‐
vival) for the receiver is rare. Here, we test whether exposure to alarm
pheromone can increase survival in mixed‐size (age) groups of Western
flower thrips larvae (Frankliniella occidentalis) when a predatory mite
(Iphiseius degenerans) is present. Young thrips larvae are most vulnerable
to predation by predatory mites, whereas old larvae do not often suffer
from predation from this predator. Indeed, we found that survival of old
larvae is high irrespective of the presence of alarm pheromone. For young
larvae, synthetic alarm pheromone did increase survival (but only in the
treatment were thrips larvae received alarm pheromone 5 + 115 s every 2
min, but not in treatments where thrips larvae received alarm pheromone
5 or 0 s every 2 min). The increased survival of first‐instar thrips larvae can
be explained if larvae that are exposed to alarm pheromone respond
faster to later contacts, which may be critical to survive attack by a preda‐
tory mite. Because we find that thrips alarm pheromone increases thrips
survival, it can substantially promote thrips fitness.

Unpublished manuscript
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Introduction
There are many animal species where, in response to danger, individuals emit
alarm signals to warn conspecifics of danger (e.g., Caro 2005). Whereas the costs
of producing alarm signals are often very clear (alerting a predator of your pres‐
ence; Blumstein 2007; Sherman 1977; Klump and Shalter 1984; Teerling et al.
1993), the benefits of producing alarm signals are still subject to debate.
Different theories explain such benefits, e.g., reciprocal altruism (Trivers 1971);
warning kin (Hoogland 1983); individual defence (Randall and Matocq 1997); sig‐
nalling to the predator that it has been spotted: (Hasson 1991; Caro 1995);
attracting other predators which may disrupt the predation event (Chivers et al.
1996). Indeed, numerous studies show that animals respond to alarm signals
(e.g., in amphibians: Rajchard 2006; in fish: Chivers and Smith 1998; in insects:
Dicke and Grostal 2001), but only few studies have shown that individuals that
respond to the alarm signal survive better than conspecifics that did not respond
to it (as reviewed by Chivers and Smith 1998; Mirza and Chivers 2001).

In this paper, we study alarm communication in Western flower thrips
(Frankliniella occidentalis) larvae. These thrips are known to send chemical alarm
signals (alarm pheromones) consisting of decyl acetate and dodecyl acetate
(Teerling et al. 1993; MacDonald 2003). Individuals perceiving alarm pheromone
show anti‐predator behaviour such as larvae walking away (Teerling et al. 1993)
and adults flying away from the alarm pheromone source (MacDonald et al.
2002). Moreover, thrips larvae produce a defensive droplet earlier when alarm
pheromone is present than when alarm pheromone is not present (a phenome‐
non called primed defence response by de Bruijn et al. 2006). The alarm
pheromone of Western flower thrips can be synthetically produced and thrips
larvae show anti‐predator behaviour (increased take‐off behaviour and priming)
to this synthetic alarm pheromone as well (MacDonald et al. 2002; de Bruijn et al.
2006). Here, we test if the presence of synthetic alarm pheromone increases sur‐
vival chance of thrips larvae under predation. Five young (first‐instar) and five
old (second‐instar) thrips larvae were placed on a leaf arena together with a
predatory mite, Iphiseius degenerans. These predatory mites are known to suc‐
cessfully attack first‐instar larvae, but have difficulties attacking second‐instar
larvae (Sabelis and van Rijn 1997). Indeed, in a set‐up similar to the one used in
these experiments we previously showed that in 6 h, I. degenerans kills ca. two
thrips larvae, almost exclusively first instars (de Bruijn et al. 2014). Thrips larvae
can increase their chance to survive an encounter with this predator by showing
defensive behaviour such as walking away, swinging their abdomen or producing
a defensive anal droplet to stick it to the predator (Bakker and Sabelis 1989). The
arena with thrips and I. degenerans was placed in an airflow containing only clean
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air (control or ‘0 second alarm pheromone’ treatment) only synthetic phero ‐
mone (referred to as ‘5 + 115 seconds alarm pheromone’ treatment), or pulsed
synthetic pheromone (at intervals of 5 s every 2 min, referred to as ‘5 second
alarm pheromone’ treatment). Pulsed presentation of alarm pheromone resem‐
bles the natural setting more closely, because thrips larvae will normally never be
continuously exposed to alarm pheromone. After 6 h, larval survival was scored.
We hypothesize that first‐instar thrips larvae will have higher survival chances
when (synthetic or natural) alarm pheromone is present.

Material and methods

Thrips
In March 2010, Western flower thrips were generously provided to us by G.
Steenhuis‐Broers and W.J. de Kogel from Wageningen University and Research
Center, The Netherlands, who had reared the thrips on chrysanthemum. We
reared the thrips in a climate room at a temperature of 25 °C and 60% RH at L16:D8
on cucumber leaves, cut to fit in a Petri dish on top of a layer of wet cotton wool
that was put on the bottom of the Petri dish. Once a week, thrips pupae and
adults from older leaves of the culture were put on the cucumber leaf whereas
pollen of Typha latifolia was provided once a week on this leaf as additional food
for the thrips. The next generation of pupae and adults were transferred to a new
leaf in a new Petri dish to rear a next generation of thrips. At the time of the exper‐
iments reported here, we had maintained this culture in the laboratory for 2 years.

Experiments were done with 10 sibling thrips larvae per replicate. To estab‐
lish such a sibling group, a single adult female was put on a leaf fragment to lay
eggs and 4‐8 days later, five first‐instar larvae and five second‐instar larvae were
collected from this leaf fragment (i.e., all offspring from the same mother). Adult
female thrips can lay 4‐5 eggs per day (van Rijn et al. 1995). This enabled us to col‐
lect five first‐instar larvae and five second‐instar larvae from one leaf fragment.

Predatory mites
A strain of the predatory mite Iphiseius degenerans, originally collected in Rabat,
Morocco, was reared on a diet of Typha pollen in a climate box at 25 °C, 60% RH
and L16:D8. The rearing arenas consisted of a PVC sheet (6 × 15 cm) placed on a
wet sponge in a water‐containing tray. The edges of the PVC sheet were covered
with paper tissue that absorbs water from the sponge underneath. The tissue
served as a water source to the predatory mites and as a barrier to prevent
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escape from the PVC arena. Short threads of cotton placed on the PVC sheet
served as a substrate for oviposition by the predatory mites. For the experi‐
ments, we used adult females, 8‐15 days old since hatching and 0.7 mm in length.

Experimental setup
A leaf disc (diameter 15 mm), excised from a cotyledon of a cucumber plant, was
put on a layer of wet cotton wool in a plastic cup (height 70 mm, diameter 66
mm). One sibling group of thrips larvae was put on each leaf disc. Additionally, a
single adult I. degenerans female was introduced to each leaf disc. Each leaf disc
was kept in the laboratory (21 °C, daylight, in the period from March to May 2013)
in an established airflow. Pressed air was guided through a splitter tube creating
three air flows (see FIGURE 3‐1). For 6 h, each of these three air flows were forced
alternatingly through one glass bottle (Schott GL45, 100 ml, height 105 mm, diam‐
eter 56 mm) for 5 s and through another for 115 s. Some bottles contained alarm

35

Increased survival of young thrips after exposure to alarm pheromone

FIGURE 3‐1 Experimental set‐up. Clean air passes a solenoid valve (M) after which the air is
either directed through the non‐pulse side (115 s per 120 s) or through the pulse side (5 s
per 120 s). Next, the airflow is split in three parts and let through a glass bottle that con‐
tains capillaries (empty or filled with decyl acetate and dodecyl acetate). Then, the air
passes a flow meter and last, it passes a plastic cup containing the experimental arena.
Clean air is presented as blue, solid lines, air with decyl acetate and dodecyl acetate dur‐
ing 5 s is presented as dark grey, dashed lines, and air with decyl acetate and dodecyl
acetate during 115 s as light grey, dashed lines. Before reaching the experimental arena,
the air passes a flow meter (FM), which allows us to determine the air speed.
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pheromone, others did not. Bottles with alarm pheromone contained two capil‐
laries (Vitrex, 32 mm long, diameter 0.6 mm, 9 µl) positioned at a 45° angle rela‐
tive to the bottom of the bottle, allowing for constant pheromone evaporation.
One capillary contained decyl acetate and one dodecyl acetate. The use of capil‐
laries allowed us to refrain from using solvents (to which thrips may also
respond) and ensures that the two pheromone compounds evaporate at a con‐
stant rate. Bottles without alarm pheromone contained two empty capillaries.
Therefore, after passing through the bottles, the airflow consisted of clean air
either with or without synthetic alarm pheromone (see FIGURE 3‐2). Then, the air‐
flow was guided through an air flow meter (Brooks Instruments, Veenendaal,
The Netherlands), set at 0.1‐0.15 m/s. We measured the evaporation rate of decyl
acetate and dodecyl acetate from the capillaries in our setup. After 15 days, 3.5
mm of decyl acetate and 1.5 mm of dodecyl acetate had evaporated from the
capillaries, corresponding to 0.98 and 0.42 µl, respectively. Hence, during each
experiment (6 h), 14.2 µg decyl acetate and 6.1 µg dodecyl acetate evaporated
freely from these capillaries. This translates into an evaporation rate of 3.2 ng
decyl acetate and 1.4 ng dodecyl acetate per 5 s, to mimic the amount excreted
as alarm pheromone by a second‐instar thrips larva under artificial attack
(Teerling et al. 1993; de Bruijn et al. 2006). This means that the mixture contained
ca. 70% decyl acetate and ca. 30% dodecyl acetate.

The experiment consisted of three treatments: (1) larvae exposed to clean
air only, referred to as ‘0 second alarm pheromone’ treatment, (2) larvae
exposed to synthetic alarm pheromone only, referred to as ‘5 + 115 seconds alarm
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FIGURE 3‐2 Schematic representation of the air content in the three treatments during
more than 125 s. Clean air is presented as blue, solid lines, air with (relatively high con‐
centrations of) decyl acetate and dodecyl acetate during 5 s is presented as dark grey,
hatched lines, air with (relatively low concentrations of) decyl acetate and dodecyl
acetate during 115 s is presented as light grey, hatched lines.
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pheromone’ treatment and (3) larvae perceiving alarm pheromone for 5 s every
2 min and clean air for the remaining 115 s, referred to as ‘5 second alarm
pheromone’ treatment (see FIGURES 3‐1 and 3‐2). In all three treatments the air‐
flow passed through one glass bottle for 5 s and another glass bottle for 115 s.
Hence, in the treatment where thrips larvae perceived alarm pheromone contin‐
uously, due to accumulation, the concentration of decyl acetate and dodecyl
acetate was not equal during the 115 and 5 s. Note that predatory mites cause
thrips larvae to excrete alarm pheromone during the experiment, and that this
natural alarm pheromone can influence their survival. This factor, however, is
present in all treatments including the control, and hence cannot explain possi‐
ble differences in survival between treatments.

After 6 h, thrips larvae that were alive and present were counted. The instar
of the larvae (first or second) was also noted. Any replicate where a predator
died was discarded. In total, 25 replicates of each treatment were obtained.
Because we were unable to observe the larvae in our experiment continuously,
we do not know whether larvae that were missing were killed by the predator or
drowned in the water barrier surrounding the leaf disc but we considered them
to be killed by the predator. Indeed, in a prior study using a similar set‐up (de
Bruijn et al. 2014), 9.9 out of 10 thrips larvae survived 8 h without a predator pres‐
ent, which suggests that mortality not caused by predation is rare.

Statistical analyses
The number of dead individuals was analyzed using a GLM with Poisson distribu‐
tion. Contrasts among treatments were assessed by pooling of treatments and
comparing the model with the pooled treatments to that with all treatments sep‐
arate (Crawley 2007) using ANOVA. Standard assumptions on residual variation
were checked. All statistical treatments were conducted using R version 2.15.1.

Results
Thrips larval survival in the presence of a predatory mite was significantly higher
in the ‘5 + 115 seconds alarm pheromone’ treatment compared to the ‘0 second
alarm pheromone’ and ‘5 second alarm pheromone’ treatment (FIGURE 3‐1 and
supplementary FIGURE S3‐1, first‐ and second instar together; GLM: deviance =
13.1, d.f. = 2, P<0.001). We find no significant difference between the treatments
where thrips are exposed to 0 or 5 s of alarm pheromone (supplementary FIGURE

S3‐1, first and second instar together; GLM: deviance = 87.7, d.f. = 1, P<0.8). Since
predatory mites predominately prey on first‐instar larvae, the observed overall
improvement of larval survival as a result of continuous (5 + 115 s) exposure to
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pheromone was hypothesized to result predominately from the increased sur‐
vival of first‐instar larvae. Indeed, we find that second‐instar larvae do not bene‐
fit from any of the alarm pheromone treatments (FIGURE 3‐3; GLM: deviance = 1.9,
d.f. = 2, P = 0.39), whereas first‐instar larval survival was higher in ‘5 + 115 seconds
alarm pheromone’ treatments but not in ‘5 second alarm pheromone’ treat‐
ments (FIGURE 3‐4; GLM: deviance = 12.8, d.f. = 1, P<0.001).
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FIGURE 3‐3 Survival of second‐instar thrips larvae. The x‐axis depicts treatments and the y‐
axis depicts the mean (± SEM) number of surviving thrips larvae. N = 25 for all treat‐
ments, each treatment contained five first‐instar larvae and five second‐instar larvae.
Different letters above bars indicate significant differences between the treatments.

FIGURE 3‐4 Survival of first‐instar thrips larvae. The x‐axis depicts treatment and the y‐axis
depicts the mean (± SEM) number of surviving thrips larvae. N = 25 for all treatments,
each treatment contained five first instar‐larvae and five second‐instar larvae. Different
letters above bars indicate significant differences between the treatments.
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Discussion
Our results show that larvae in the ‘5 + 115 seconds alarm pheromone’ treatment
survive better than larvae in the ‘0 second alarm pheromone’ treatment where‐
as larvae in the ‘5 second alarm pheromone’ treatment did not. The ‘5 second
alarm pheromone’ treatment is thought to mimic natural alarm calling by thrips
more realistically than the ‘5 + 115 seconds alarm pheromone’ treatment, because
thrips larvae produce alarm pheromone in discrete (anally secreted) droplets.
One explanation of the increased survival only for thrips larvae that received
alarm pheromone for 5 + 115 seconds is that either that thrips larvae need an
exposure time above which they respond to alarm pheromone and that this time
was not met in our ‘5 second alarm pheromone’ treatment. However, another
explanation of our results could be that thrips larvae in the ‘5 + 115 seconds alarm
pheromone’ treatment are sensitized by the continuous presence of synthetic
alarm pheromone and then respond faster when attacked by a predator.

In contrast to these non‐exclusive alternative explanations, the increased
thrips survival may (also non‐exclusively) result from decreased predator activity
because predators confronted with alarm pheromone are deterred to attack.
Hence attack rate would decrease the most during the ‘5 + 115 seconds alarm
pheromone’ treatment. Unravelling the role of these explanations is beyond the
scope of this manuscript.

The percentage of decyl acetate in the synthetic pheromone blend in this
manuscript is ca. 70% (i.e., 30% dodecyl acetate). For second‐instar larvae, in
Teerling et al. (1993) found 60% decyl acetate, but MacDonald et al. (2003), found
40% and we (de Bruijn et al. unpublished) found ca. 20% decyl acetate (under
attack by a predatory mite). Because f irst‐instar larvae produce alarm
pheromone in such small quantities that both decyl acetate and dodecyl acetate
are undetectable by GC, their pheromone has not been analysed. Hence we do
not know what the concentration of decyl acetate is in the droplets of first‐instar
larvae. From previous experiments (de Bruijn et al. 2006) we know that second‐
instar larvae respond to alarm pheromone containing 60% decyl acetate, which
we assume to be in the range of the 70% decyl acetate used in this manuscript.
When we would have exposed thrips larvae to synthetic alarm pheromone con‐
taining a lower percentage of decyl acetate, the difference in survival may have
been higher than found here.

Although it is usually assumed that the purpose of sending alarm signals is to
increase the survival chance of conspecifics (Sherman 1977; Blumstein 2007;
Vandermoten et al. 2012), to the best of our knowledge, our experiments is one
of the first to test this assumption (Mirza and Chivers 2001) and to show an
increase in survival of young (first‐instar) larvae when alarm signals are present.
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In our view, there are three (non‐mutually exclusive) possibilities why these first‐
instar larvae can have an increased survival when alarm pheromone is present,
irrespective of the nature of alarm pheromone (synthetic or natural). Firstly,
when exposed to alarm pheromone, thrips larvae respond faster to contact by
displaying anti‐predator behaviour (de Bruijn et al. 2006). In the set‐up used here,
we expect thrips to show a faster response to predator contact in presence of
alarm pheromone as well, which may then enhance their survival. Secondly, upon
exposure to alarm pheromone, first‐instar larvae have the option to move close
to second‐instar larvae, which would then make it more difficult for a predatory
mite to attack such a first‐instar larva. Thirdly, predatory mites may refrain from
attacking thrips larvae when experiencing natural alarm pheromone and/or their
synthetic mimic continuously. Which of these three possibilities explains our
results, requires time‐consuming and in‐depth scrutiny.
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Supplementary figure

CHAPTER 3

FIGURE S3‐1 Survival of thrips larvae. On the x‐axis is the treatment, on the y‐axis the
mean (± SEM) number of surviving thrips larvae. N = 25 for all treatments. Bars with dif‐
ferent letters differ significantly.
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