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Pheromone-induced priming of a defensive
response in Western flower thrips
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Abstract
The Western flower thrips, Frankliniella occidentalis, produces conspicuous
anal droplets that function as a direct defence against various predators.
These droplets also function in pheromonal communication in that they
contain a mixture of decyl‐acetate and dodecyl‐acetate, which acts as an
alarm. Exposure of thrips to synthetic pheromone is known to promote
take‐off or refuge‐seeking, but the effect of the natural pheromone has
not yet been studied. Here, we not only studied the response to natural
pheromone, but also tested the new hypothesis that the alarm pheromone
primes a defensive response in thrips. This test was carried out by measur‐
ing the reaction time to a simulated predator attack after exposure to syn‐
thetic or natural alarm pheromone (against a control with no pheromone
at all). The reaction was quantified in terms of the time it takes a thrips
larva to produce a droplet after attack. We found that thrips larvae pro‐
duce droplets of alarm pheromone faster when cues associated with dan‐
ger are present. There were no significant differences in reaction times of
responses to synthetic pheromone, natural pheromone or odours from a
patch with a predator attacking a thrips larva. This implies that the synthet‐
ic pheromone mimics the natural pheromone and that other cues emanat‐
ing from the predator play a minor role. We conclude that the alarm
pheromone increases the vigilance of the thrips and this may promote its
survival.

Journal of Chemical Ecology 32: 1599‐1603 (2006)
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Introduction
Much intraspecific communication in insects involves chemical messengers,
called pheromones, which elicit attraction of the other gender, aggregation or
alarm. Alarm pheromones are animal‐produced chemicals that intentionally or
inadvertently communicate danger. Their release usually results in conspecifics
showing anti‐predator behaviour, such as fleeing, hiding, remaining motionless
(e.g., in cryptic species), aggregating, changing group structure or even mobbing
predators (Lima and Dill 1990). This behaviour is generally assumed to promote
survival.

The Western flower thrips, Frankliniella occidentalis (Pergande), produces
conspicuous droplets that are excreted anally. Upon encounter with a predator,
thrips quickly move their abdomen from side to side (swing), trying to hit the
predator, and they produce droplets when the threat of predation persists.
Predators contaminated with such a droplet retreat to groom and in this way,
the droplets serve as a defence (Bakker and Sabelis 1987, 1989). The droplets
contain a solution of decyl‐acetate and dodecyl‐acetate (Teerling et al. 1993a,b)
in a ratio that varies with the age of the larva (MacDonald et al. 2003). When a
synthetic formulation of these compounds is present, thrips will increase their
movements, reduce oviposition, decrease landing rates, increase take‐off rates
or hide (Teerling et al. 1993a,b; MacDonald et al. 2002), suggesting that the chem‐
icals function as an alarm pheromone for the thrips.

Although the behaviour of thrips towards the synthetic alarm pheromone is
well documented, there are no reports on the response of thrips to natural
pheromone. It is also not known whether the alarm pheromone primes defensive
responses. For instance, upon exposure to alarm pheromone, a thrips larva may
become alerted and may produce an anal droplet faster upon actual attack. This
hypothesis on priming of the defensive response was tested by assessing the
effect of synthetic pheromone as well as natural alarm pheromone on the time
elapsed from a simulated attack of a thrips larva until it produced an anal droplet.
This effect is taken as a measure for the vigilance of thrips larvae, because it
demonstrates the degree to which they are prepared to defend themselves.

Material and methods
Thrips. Thrips were collected from cucumber plants in a commercial greenhouse in
Pijnacker, The Netherlands, in May 1994. They were reared in the laboratory under
constant climatic conditions (25 °C and 60% RH at L16:D8) on a cucumber leaf pro‐
vided with cattail pollen (Typha latifolia). The leaf was cut so as to fit in a Petri dish
with a layer of wet cotton wool on the bottom. Cohorts of thrips were obtained by
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introducing thrips pupae, allowing the emerging adults to oviposit and the larvae
to develop until the pupal stage, after which this process was repeated.

Predatory bugs. Orius laevigatus (Fieber), obtained from Koppert BV, was reared
using eggs of the flour moth Ephestia kuehniella (Zeller) as prey and bean pods as
an oviposition substrate. Bean pods with Orius eggs were regularly collected
from cages with adults in the reproductive phase, replaced by fresh ones and
used to start new age cohorts (van den Meiracker 1994; Venzon et al. 1999).

Synthetic alarm pheromone. According to MacDonald et al. (2003), the alarm
pheromone of Western flower thrips contains decyl‐acetate and dodecyl‐acetate
in a molar ratio ranging from 0.4:1 (first instar larvae) to 1.5:1 (second instar lar‐
vae). Because we used second instar larvae in our behavioural experiments, we
used 0.05 μl of the 1.5:1 mixture dissolved in 500 μl pentane following the proce‐
dure described by Teerling et al. (1993a). Decyl‐acetate (98.1% pure), dodecyl‐
acetate (95+ % pure) and pentane (98% pure) were obtained from Sigma‐Aldrich,
Los Angeles, CA, USA.

Pheromone production after simulated attack. Five treatments were applied to
test the response of thrips larvae to attacks simulated by the experimenter with
the aid of a wooden toothpick. Four second‐instar thrips larvae were transferred
to a leaf disc (diameter 24 mm) cut from the cotyledons of a cucumber plant. Per
replicate and per treatment, one focal individual larva was challenged repeatedly
by contacting it with a toothpick until it responded by producing an anal droplet.
In the first three treatments, the toothpick was dipped in synthetic alarm
pheromone (dissolved in pentane) or solvents (water or pentane) as controls.
Each focal thrips larva was challenged with a toothpick that had received one
treatment only. Per treatment, 15 larvae on 15 different leaf discs were challenged.
These tests were performed ‘blind’, i.e., without the observer knowing which liq‐
uid was applied to the toothpick. Therefore, variation in the way the thrips were
challenged was independent of the treatment of the toothpick. In a fourth treat‐
ment, the toothpick was put in the anal droplet released by a thrips larva upon
challenge with a toothpick. Subsequently, this toothpick was used to challenge
another thrips larva, of which the response was recorded. For obvious reasons,
this treatment could not be performed blind. In the fifth treatment, the focal
thrips larva was challenged with a water‐dipped toothpick, while one of the other
three thrips was being attacked simultaneously by a predatory bug (O. laevigatus)
and usually produced an anal droplet. Results of this treatment were compared
with the controls with a toothpick dipped in water prior to challenge (see above).
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All observations were done using a binocular microscope with magnification
6.3. The time elapsed between challenge with a toothpick and the production of
a droplet by the focal thrips larva was measured and subjected to a one‐way
ANOVA. Multiple comparisons among treatments were made using a Tukey HSD
post hoc test.

Results and discussion
The time elapsed between challenging thrips larvae with a toothpick and droplet
production varied significantly among treatments (FIGURE 2‐1; ANOVA: F4,70 =
13.7, P<0.001). Compared to the controls (pentane, water), the response time
was signif icantly shorter in treatments involving natural pheromone
(pheromone droplet collected from another thrips larva), synthetic pheromone
(decyl‐acetate and dodecyl‐acetate dissolved in pentane) and signals released
nearby during the attack of another thrips larva by a predator (FIGURE 2‐1).
However, Tukey tests reveal no difference among these three treatments.
Hence, other cues emanating from the predator appear to play a minor role in
inducing vigilance in thrips larvae. Furthermore, the synthetic pheromone elicits
responses similar to those elicited by the natural pheromone, indicating that the
concentrations are in the same range. These results provide additional evidence
that decyl‐acetate and dodecyl‐acetate act as an alarm pheromone. Our results
also demonstrate that the response of a simulated attack with a toothpick is con‐
text‐dependent; whereas attacks with a toothpick dipped in water elicits a slow
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FIGURE 2‐1 Mean (+ SE) response time of thrips larvae to a simulated attack, expressed as
the number of seconds between attack and the production of an anal droplet containing
the putative alarm pheromone. See text for explanation of the treatments; each treat‐
ment involves 15 replicates. Means with different letters differ significantly.
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response, attacks with a similarly treated toothpick elicits a fast response when
nearby thrips larvae produce a droplet.

If the anal droplet contains alarm pheromone, the response of the thrips lar‐
vae to the pheromone is expected to result in increased survival. We think this is
the case for two reasons. First, thrips larvae with a fast response were observed
to escape more often from an attack by the predatory mite Iphiseius degenerans
(personal observation, PJAdB). Second, females of other predatory mite species
have been reported to retreat upon contamination with the anal droplet (Bakker
and Sabelis 1987, 1989). However, releasing a pheromone also makes the thrips lar‐
vae more conspicuous to predators since predatory bugs (Orius tristicolor) and
predatory mites (Neoseiulus cucumeris) are attracted to a source of pheromone
(Teerling et al. 1993a,b). Thus, we hypothesize that the decision to release phero ‐
mone‐containing droplets upon predator attack depends on (1) the probability to
escape due to increased alertness or predator retreat, on (2) the increased vigi‐
lance induced in conspecifics, but also on (3) the increased conspicuousness to
other predators than the attacker. It remains to be investigated whether the bal‐
ance of these costs and benefits explains the decisions of thrips larvae.
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