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ToTo eat and not to be eaten: Do plant-inhabiting arthropods 
tunetune their behaviour to predation risk? 

Die tt  of intraguil d predator s affect s 
antipredato rr  behaviou r in intraguil d pre y 

Saraa Magalhaes, Christian Tudorache, Marta Montserrat, 
Rooss van Maanen, Maurice W. Sabelis and Arne Janssen 

Unpublishedd manuscript 

Inn two-predator-one-prey systems with intraguild predation and 
patchilyy distributed prey, the intraguild prey may face a choice 
betweenn patches with prey and patches with prey and intraguild 
predators.. This requires the perception of cues specifically associated 
withh the presence of intraguild predators. We investigate whether 
intraguildd prey avoid intraguild predators and which cues trigger this 
behaviourr in a system composed of plant-inhabiting arthropods. We 
foundd that intraguild prey recognized intraguild predators from a 
distance,, based on their diet: they avoided odours of intraguild 
predatorss that were fed shared prey but did not avoid odours of 
intraguildd predators fed other diets, including a diet of conspecifics. 
Whenn intraguild prey were foraging on a patch, detection of intraguild 
predatorss led to longer periods of immobility and to fewer captures of 
thee shared prey. However, intraguild predators that were either 
starvedd or had previously fed on intraguild prey posed a higher risk to 
intraguildd prey than intraguild predators that were fed the shared 
prey.. We conclude that the cues used by intraguild prey are associated 
withh the circumstances under which they encounter intraguild 
predatorss in the field, and not to different degrees of danger. 

Predatorss affect prey populations not only through killin g of prey, but also 
byy inducing antipredator behaviour (Lima 1998, Werner and Peacor 2003). 
Preyy may attempt to escape from predators to avoid being killed, but this 
goess at the expense of other fitness-determining activities (Kotier et al. 
1991,, Sih and Krupa 1996, Pallini et al. 1998, Mcintosh and Peckarsy 
1999),, resulting in reduced growth of prey populations. Given these costs, 
preyy are expected to tune their antipredator behaviour to the risk of being 
killedd (Snyder and Wise 2000, Venzon et al. 2000, Magalhaes et al 2002). 

95 5 



PartPart II ~ Avoidance of predation 

Suchh a flexible response requires that prey can discriminate between 
predatorss that pose different predation risks. This is possible when prey 
perceivee specific cues associated with predators, which originate either 
fromm the predator, the prey currently threatened by that predator (e.g. 
alarmm pheromones), or the prey consumed before (Kislow and Edwards 
1972,, Chivers et al. 1996, Turner et al. 1999, Cousyn et al. 2001, Brown 
andd Dreier 2002, Peacor 2003, Stabell et al. 2003). When predators are 
omnivorous,, prey may avoid predators that have fed on conspecific prey, 
butt they may lack such a response if these same predators had fed on other 
preyy or foods (Venzon et al. 2000, Persons et al. 2001, Vihunen and 
Hirvonenn 2003). 

Whereass prey responses to predators when victim and attacker 
representt different trophic levels are well documented, littl e is known for 
thee responses of prey belonging to the same guild as their predators. When 
intraguildd predation is asymmetrical, intraguild prey (hereafter IG prey) 
aree eaten by intraguild predators (hereafter IG predator), whereas both 
feedd on a shared prey (Polis et al. 1989, Polis and Holt 1992, Holt and Polis 
1997).. The IG prey may avoid predation by the IG predator by reducing 
theirr level of activity, thereby becoming less conspicuous to visual hunters 
(Wissingerr and McGrady 1993, Okuyama 2002, Crumrine and Crowley 
2003,, Yurewicz 2004) or by moving to safe sites or refuges (Moran and 
Hurdd 1994, Finke and Denno 2002). Intraguild predator-prey interactions 
differr from bitrophic predator-prey interactions because IG prey and IG 
predatorss feed and encounter each other on patches with their shared 
prey.. Thus, when avoiding IG predators, IG prey necessarily pay a cost of 
loosingg opportunities to feed on the shared prey. To minimize these costs, 
cuess triggering antipredator behaviour in the IG prey should be 
specificallyy associated with the presence of IG predators. However, 
investigationss on these cues are still lacking. In this article, we investigate 
thee behavioural responses of IG prey towards their IG predator, and which 
cuess elicit these responses, in a system consisting of plant-inhabiting 
arthropods. . 

Phytoseiidd mites and heteropteran bugs are frequently part of the 
enemyy complex of herbivorous arthropods in the field. The predatory mite 
NeoseiulusNeoseiulus cucumeris (Oudemans) and the heteropteran bug Orius 
laevigatuslaevigatus (Fieber) commonly co-occur in greenhouses, where they are used 
ass biological control agents of thrips, among which the Western Flower 
Thrips,, Frankliniella occidentalis (Pergande), hereafter 'thrips' (Gillespie 
1989,, Chambers et al. 1993, Scott Brown et al. 1999). Orius laevigatus 
(hereafterr 'Orius') feeds on first and second instars of thrips larvae, 
whereass TV. cucumeris can only feed on first instars, the adults being 
invulnerablee to these two predators (Lewis 1973). Both predators are 
attractedd to plants with thrips (Janssen et al. 1998, Venzon et al. 1999). 
Hence,, the two predators are likely to meet on plants with their shared 
prey.. On those plants, Orius wil l also feed on TV. cucumeris (Wittman and 
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Leatherr 1997). We studied the antipredator behaviour of the IG prey, N. 
cucumeris,cucumeris, towards its IG predator, Orius. 

AA previous study showed that thrips seek refuge upon perception of 
odourss of Orius that had been feeding on conspecific thrips, but they do not 
respondd to Orius that had fed on other diets (Venzon et al. 2000). This 
promptedd the current investigation on the effect of odours associated with 
thee diet of Orius on the behaviour of N. cucumeris. First, we assessed 
whetherr N. cucumeris avoided odours of Orius that had been feeding on 
differentt diets, by means of an olfactometer. Second, we asked how diet-
associatedd odours affected the behaviour of N. cucumeris on a patch with 
thrips.. Finally, we studied how the previous diet of Orius affected its 
predationn rate on N. cucumeris, in an attempt to link antipredator 
behaviourr to predation risk. 

Materialss and Methods 

Stockk cultures 
Al ll  cultures and experiments were done at 25°C, 70% RH, LD 16:8 h 
photoperiod.. Thrips were collected from cucumber (var. Ventura RZ®, Rijk 
Zwaan,, De Lier, The Netherlands) in a commercial greenhouse near 
Pijnacker,, The Netherlands, in May 1994 and reared in climate boxes on 
cucumberr plants of the same variety. Twice per week, each climate box 
receivedd a single cucumber plant (two to four weeks old) grown in a 
herbivore-freee climate room. 

NeoseiulusNeoseiulus cucumeris was reared in units consisting of a black PVC 
arenaa (8 x 15 cm) placed on a wet sponge in a plastic tray with water. Wet 
tissuee was wrapped over the edges of each arena and a glue barrier was 
appliedd on the tissue. Mites were fed a mixture of pollen of Typha spp. and 
ViciaVicia faba (broad bean) three times per week (Overmeer et al. 1989). 

OriusOrius were obtained from Koppert BV (The Netherlands) and reared 
accordingg to a method described by van den Meiracker and Sabelis (1999) 
inn plastic jars (8 x 8 x 11 cm) with two lateral holes (0 4 cm) covered with 
finee nylon gauze. Twice per week, predators were fed eggs of the flour 
mothh Ephestia kuehniella (Zeiler) and provided with bean pods as 
ovipositionn substrate and supply of moisture. Bean pods with predator 
eggss were collected from jars with adults and placed in a new jar with 
flour-mothh eggs. Jars were lined with crumpled tissue to provide hiding 
placess for the juveniles and thus reduce cannibalism (van den Meiracker 
andd Sabelis 1999). 

Antipredatorr behaviour of N. cucumeris towards Orius 
AA Y-tube olfactometer (Sabelis and van de Baan 1983) was used to assess 
thee response of N. cucumeris to odours associated with Orius. It consists of 
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aa Y-shaped glass tube with a similar shaped metal wire inside, running in 
thee centre, parallel to the tube walls. The base of the tube is connected to a 
vacuumm pump that produces an air flow from the arms (each connected to 
ann odour source) to the base of the tube, where tested animals are 
introduced.. Two anemometers were used to measure air flow in the arms 
off  the tube. The connections between the Y-tube and the odour sources 
weree sealed with parafilm such that the wind speed in each arm was equal 
(ca.. 0.45 m/s), ensuring that the odours formed two neatly separated fields 
inn the basis of the Y-tube. Neoseiulus cucumeris were starved for 3 h prior 
too the experiment, to motivate the mites to walk upwind (Sabelis and van 
derr Weel 1993). To introduce a predatory mite, the vacuum pump was 
disconnected,, a mite was placed on the metal wire, and the pump was 
reconnected.. Observations were carried out until N. cucumeris reached the 
endd of one of the arms or during 5 minutes, after which they were 
removed.. When five individuals made a choice, the odour sources were 
swappedd between the arms of the Y-tube to correct for any unforeseen 
asymmetryy in the set-up. Each replicate consisted of 20 individuals that 
madee a choice. 

Too test whether N. cucumeris avoided plants with Orius, they were 
givenn a choice between plants with Orius and thrips and plants with thrips 
only.. Six cucumber plants (ca. four weeks old) were placed in the thrips 
culturess during one week. Subsequently, the number of thrips on each 
plantt was counted, and the plants were divided in two groups of three 
plants,, such that each group contained approximately the same number of 
thrips.. Each group of plants was placed in a tray (45 x 30 x 8 cm) inside a 
largerr tray with water. A Plexiglass container (50 x 36 x 43 cm) was placed 
overr the plants and inside the tray with water, to create an air-tight seal. 
Thee container had a gauze-covered air inlet in one wall and a similar 
outlett (0 4 cm) in the opposite wall. Twenty-four hours before the onset of 
thee experiment, 20 adult Orius were placed on one group of plants and the 
containerss were connected to the vacuum pump to create an air flow in 
orderr to avoid condensation of water in the containers. Thus, at the 
beginningg of the experiment, the next day, Orius had been feeding on 
thripss during 24 h and the two odour sources differed in the presence or 
absencee of Orius as well as in numbers of thrips on the plants. We did not 
replacee the thrips eaten because newly introduced thrips could mask the 
cuess emanated by thrips that had been in contact with Orius during 24 h. 

Subsequently,, we gave N. cucumeris a choice between an odour source 
thatt consisted of only Orius that were fed Ephestia eggs and clean air. A 
glasss tube (10 cm long x 2 cm 0) with 20 Orius was connected to one of the 
armss of the Y-tube, while the other was connected to an identical, but 
empty,, glass tube. Finally, the effect of the diet of Orius on the behaviour 
off  N. cucumeris was tested by giving N. cucumeris the choice between 
OriusOrius that were fed thrips or Ephestia eggs and between Orius that were 
fedd TV. cucumeris or Ephestia eggs. To obtain Orius that had fed on thrips 

98 8 



6.. Diet of predators affects antipredator behaviour in intraguild prey 

andd Orius fed on N. cucumeris, Orius were placed on cucumber leaves with 
amplee supply of one of these prey, during the 24 h preceding the 
experiment.. To prevent escapes, cucumber leaves were floating on water-
soakedd cotton wool in a Petri dish (0 ca. 14.5 cm) covered by a lid with a 
holee sealed with gauze. Orius that were fed Ephestia were collected 
directlyy from the cultures. In all tubes, we placed a small piece of water-
soakedd cotton as water supply for Orius. Each of the odour sources 
consistedd of 20 Orius that were fed one of these diets and placed in a tube 
identicall  to the one described above. Al l treatments were replicated 4 
timess and data were analysed using a replicated G-test for the goodness of 
fi tt (Sokal and Rohlf 1995). 

Next,, we tested how odours associated with the diet of Orius affected 
thee behaviour of N. cucumeris on a patch with thrips prey. One N. 
cucumeriscucumeris female was placed on a cucumber leaf disc (0 2.5 cm) with 10 
Ll-thrip ss larvae, which are vulnerable to predation by N. cucumeris (van 
derr Hoeven and van Rijn 1990, van Rijn et al. 2002). The leaf disc was 
placedd inside a box that received odours from Orius that had either been 
feedingg on thrips or on Ephestia (obtained as described in the previous 
paragraph).. The box (18 x 15 x 10 cm) contained two circular openings (0 4 
cm),, covered with mite-proof gauze, at opposite walls, one of which was 
connectedd to a glass tube with one of the odour sources, while the other 
wass connected to a vacuum pump that created an air flow of ca. 0.45 m/s 
fromm the odour source to the box. The box was covered by a transparent 
plasticc lid through which the behavioural observations on N. cucumeris 
weree carried out (Janssen et al. 1997). Behaviour of N. cucumeris was 
recordedd during 1 h using Etholog 2.2 (Ottoni 2000). We measured the 
durationn of the following variables: searching (i.e., walking), resting (i.e., 
beingg immobile), cleaning (i.e., preening body or other legs with legs) and 
feedingg on thrips (i.e., the period during which the mouthparts of N. 
cucumeriscucumeris were inside the thrips). Furthermore, frequencies of 
encounteringg thrips (touching them with the front legs) and attacking 
thripss (attempts to subdue them) were registered. Based on these 
observations,, the following variables were calculated for each replicate: 
percentagee of time spent resting (= (time spent searching - total handling 
time)/observationn time), encounter rate (= # encounters / search time), 
successs ratio (=# feeding events / # encounters), predation rate (=# 
feedingg events / observation time) and handling time (- time spent feeding 
// # feeding events), Whenever N. cucumeris fed again on a prey item that it 
hadd attacked earlier, the time spent feeding was added to the handling 
timee but no encounter, attack nor feeding event were scored. The 
experimentt was replicated 10 times for each odour source. Variables of the 
foragingg behaviour of N. cucumeris were compared between treatments 
usingg a t-test. We did not analyse differences in success ratio nor in 
handlingg time because these values were only defined for 3 and 1 
replicatess respectively in the patches where N. cucumeris received odours 
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off  Orius that had fed on thrips (see Results). Encounter rates were arcsin 
squaree root transformed for the analysis, to comply with the assumptions 
off  parametric tests (Sokal and Rohlf 1995). 

Predationn by Orius on N. cucumeris 
Too assess how the previous diet of Orius affected the predation risk of N. 
cucumeris,cucumeris, Orius that were either starved or had fed on Ephestia eggs, on 
N.N. cucumeris or on thrips were offered 20 N. cucumeris, and their foraging 
behaviourr was observed during 1 h. Furthermore, the effect of the presence 
off  thrips on the predation risk of N. cucumeris was assessed by offering 10 
N,N, cucumeris and 10 thrips to Orius that had fed on each of these diets. 
Thee thrips used were old second instar larvae, because they are 
invulnerablee to predation by AT. cucumeris (van der Hoeven and van Rijn 
1990,, van Rijn et al. 2002, Roos van Maanen, pers. obs.). Al l treatments 
weree done with young Orius females (collected from a culture that had 
adultss emerging). Orius that were fed Ephestia eggs, thrips or N. 
cucumeriscucumeris were obtained in the same way as for the previous experiments. 
Starvedd Orius were obtained by placing Orius in small plastic tubes with 
wett cotton as water supply 24 h before the experiment. The behaviour of 
onee Orius female was observed during 1 h on a cucumber leaf disc (0 5 cm) 
insidee a Petri dish with water-soaked cotton wool. We recorded the same 
variabless for Orius as described for N. cucumeris above, using Etholog 
(Ottonii  2000). In addition, we scored the amount of time that Orius spent 
feedingg on the leaf and feeding on N. cucumeris as well as the frequencies 
off  Orius encountering N. cucumeris and attacking N. cucumeris. 
Subsequently,, we calculated the same variables as for the behaviour of N. 
cucumeris,cucumeris, for Orius attacking thrips and for Orius attacking N. 
cucumeris.cucumeris. Each treatment was replicated 10 times, except the treatment 
wheree Orius that were fed Ephestia eggs was offered thrips and N. 
cucumeris,cucumeris, which was replicated 13 times. Variables of the foraging 
behaviourr of Orius with N. cucumeris as prey were compared among 
treatmentss using a two-way ANOVA with the previous diet of Orius and 
thee presence of thrips as factors. When the overall analysis yielded 
significantt differences among treatments, these were further identified 
usingg planned comparisons for the presence-absence of thrips for each diet 
andd using an ANOVA followed by a Bonferroni post-hoc test for replicates 
inn presence and in absence of thrips separately, to test for differences due 
too the previous diet of Orius. Encounter rates and success ratios were 
arcsinn square root transformed for the analysis, to comply with the 
assumptionss of parametric tests. When the same data were used more 
thann once in the analysis, significance levels were corrected using the 
sequentiall  Bonferroni (Sokal and Rohlf 1995). 
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Results s 

Antipredatorr behaviour of N. cucumeris towards Orius 
Whenn given a choice between odours from cucumber plants with thrips 
withh or without Orius, most of the N. cucumeris moved towards plants 
withoutt Orius (Fig. la, GT = 23.9, P < 0.001). This could be interpreted as 
N.N. cucumeris avoiding plants with Orius or as N cucumeris being less 
attractedd to plants with fewer thrips. However, the attraction of predatory 
mitess to plants with prey, which is mediated by herbivore-induced plant 
volatiless (HIPV) (Sabelis and van de Baan 1983, Dicke and Sabelis 1988), 
remainss after prey removal (Sabelis and van de Baan 1983). Therefore, we 
hypothesizee that N. cucumeris avoided odours associated with the presence 
off  Orius. 

Too further test this hypothesis, we offered N. cucumeris a choice 
betweenn odours of Orius that were collected from the culture, where they 
weree fed Ephestia eggs, and clean air. Neoseiulus cucumeris did not 
discriminatee between these odour sources (Fig. lb, GT = 8.9, ns), 
indicatingg that N. cucumeris do not perceive Orius that had been feeding 
onn Ephestia eggs. Next, we fed thrips to Orius and tested the effect of this 
diett on the response of N. cucumeris. Most of the N. cucumeris avoided 
odourss of Orius that had fed on thrips and moved to the arm connected to 
OriusOrius fed Ephestia instead (Fig. lc, GT = 29.5, P < 0.001). Hence, the 
avoidancee of plants with thrips and Orius can, at least partly, be explained 
byy the avoidance of Orius that had been feeding on thrips. Neoseiulus 
cucumeriscucumeris did not discriminate between Orius that had been feeding on N. 
cucumeriscucumeris and Orius that had fed on Ephestia (Fig. Id, GT = 1.4, ns). 
Hence,, N. cucumeris recognized Orius that had fed on thrips, the shared 
preyy of Orius and N. cucumeris, but they did not recognize Orius that had 
beenn feeding on other diets, including Orius that had fed on conspecifics of 
thee predatory mites. 

Inn the next experiment, we studied whether N. cucumeris alters its 
behaviourr on a patch with thrips upon perception of odours associated with 
Orius.Orius. Since Orius that had fed on thrips triggered avoidance in N. 
cucumeris,cucumeris, whereas Orius that had fed on other diets did not, we compared 
thee behaviour of N. cucumeris perceiving odours of Orius that had fed on 
thripss with that of N. cucumeris perceiving odours of Orius that had fed on 
Ephestia.Ephestia. Neoseiulus cucumeris spent significantly more time resting when 
perceivingg odours of Orius that had fed on thrips than when perceiving 
OriusOrius that had fed on Ephestia (Table 1, t-test, Tis = 4.616, P < 0.0001). 
Sincee Orius is a visual hunter, this reduction of the activity level by N. 
cucumeriscucumeris may reduce the risk of being detected by Orius (Lima 1998, 
Rosenheimm and Corbett 2003). While searching, N. cucumeris encountered 
fewerr thrips when it received odours of Orius that had fed on thrips than 
whenn it received odours of Orius that had fed on Ephestia (Table 1, t-test, 
Tiss = 2.916, P = 0.009). Moreover, the success ratio was lower on patches 
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DD to plants wth thrips 

 to plants with thrips+ Oius 

200 15 10 5 0 5 10 15 

Mrrberr of N axureris moving to each arm 

DD to Ch'usfed Ephestia 

 to dean air 

20 0 

100 5 0 5 10 

Mrrberr of N acureris moving to each arm 

15 5 20 0 

Figuree 1 In a Y-tube olfactometer, N. cucumeris were offered a choice between 
odourss from cucumber plants with thrips and cucumber plants with thrips and 
OriusOrius (a), between odours from Orius that had been feeding on Ephestia and clean 
airr (b), between Orius that were fed thrips and Orius that were fed Ephestia (c) 
andd between Orius that were fed N. cucumeris and Orius that had been feeding on 
EphestiaEphestia (d). Shown are the fractions of N. cucumeris that chose for each of the 
odourr sources. Each bar corresponds to one replicate (i.e., 20 individuals that 
madee a choice). Few individuals did not choose one of the odour sources (0-1 per 
replicate).. Overall P-values for each experiment are given in the text. 
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 to Ousted Ephestia 

 to Ousted thrips 

200 15 10 5 0 5 10 

Nurrberoff N cucumeris mMrg to eect\ arm 
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 to Ousted N ojcureris 

15 5 20 0 

100 5 0 5 10 

Mxrberr of N cuoireris rroving to each am 
15 5 20 0 

receivingg odours of Orius feeding on thrips. This suggests that, N. 
cucumeriscucumeris became less efficient searchers when perceiving odours of Orius 
fedd thrips. Alternatively, thrips might have become more alert upon 
perceptionn of cues of Orius that had fed on thrips, as in Venzon et al. 
(2000).. These differences resulted in a lower predation rate of N. cucumeris 
onn thrips in patches receiving odours of Orius feeding on thrips (Table 1, 
Tiee = 4.02, P = 0.0008). 
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Tab lee 1 Foraging t ra i ts (mean  SE) of N. cucumeris on a patch with thrips, 
receivingg odours of Orius that were fed either Ephestia eggs or thrips. Asterisks 
indicatee significant differences in foraging trai ts of N. cucumeris between patches 
receivingg different odours, using T-tests. No analysis was carried out for the 
successs ratio and the handl ing time because when N. cucumeris received odours of 
OriusOrius that was feeding on thrips, these variables were only defined in 3 and 1 
replicates,, respectively. 

Odourss of Orius feeding Odours of Onus feeding 
onn Ephestia on thrips 

%% time resting1 

Encounterr rate2 

Successs ratio3 

Predationn rate4 

Handlingg time5 

0.266  0.08* 

0.122 10.12* 

0.755 8 

1.44 * 

8233 + 101 

0.677  00.04* 

0.044  0.07* 

0.333 10.1 

0.22  0.2* 

781 1 

11 (Time spent rest ing-t ime spent feeding)/total t ime. 2 Number of prey encountered 
perr minute search time. 3 Number of prey eaten per encounter. 4 Number of prey 
eatenn per hour. 5 Time spent handling and feeding on prey (in seconds). 

Tab lee 2 Foraging trai ts (mean  SE) of Orius preying on N. cucumeris. Different 
columnss correspond to Orius that were previously fed with different diets. 'Alone': 
OriusOrius were offered 20 N. cucumeris; 'In a mixture': Orius were offered 10 N, 
cucumeriscucumeris together with 10 thrips. Small letters indicate differences between 
trai tss measured either with N. cucumeris alone or in a mixture (using planned 
comparisons),, capital letters indicate significant differences in foraging trai ts of 
OriusOrius that were fed different diets previously to the experiment (using a 
Bonferronii  post-hoc test). 

Predation n 

rate1 1 

Encounter r 

rate1 1 

Success s 

ratio1 1 

Handling g 

time1 1 

Alone e 

Inn a mixture 

Alone e 

Inn a mixture 

Alone e 

Inn a mixture 

Alone e 

Inn a mixture 

Fedd Ephestia 

0.44 1 0.22aA 

A A 

0.033 A 

0.066 1 0.02aA 

0.366  0.1 SaAB 

0.566  0.14aA 

4211 A 

4233  83aA 

Fedd N. cucumeris 

22  0.33aB 

1.88  0.03aB 

0.533  0.12aB 

0.33  0.07bB 

0.55  0.09aA 

A A 

7111  224aA 

3877  79bA 

Fedd thrips 

0.44  0.27aA 

A A 

0.266  0.07aB 

0.22 1 0.05aB 

0.11  0.07aB 

0.088  0.06aB 

8022  l42aA 

A A 

Starved d 

2.55  0.17aB 

1.88  0.2aB 

0.266  0.07aB 

0.288  0.05aB 

11 C 

0.777  0.08aA 

5777  39aA 

572  IS8aA 

ii  See legend of Table 1. 
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Predationn by Onus on N. cucumeris 
Thee predation rate of Orius on N. cucumeris was significantly affected by 
thee previous diet of Orius (Two-way ANOVA, effect of diet, F = 34.33, 
PP < 0.0001): starved Orius and Orius that had previously fed on N. 
cucumeriscucumeris fed more on N. cucumeris than Orius that had previously fed on 
EphestiaEphestia or on thrips (Table 2). Neoseiulus cucumeris still ran a 
considerablee risk of being killed by Orius that fed on thrips or on Ephestia 
butt this risk was lower than when Orius were starved or previously fed 
withh N. cucumeris. The presence of thrips did not affect the predation of 
OriusOrius on N. cucumeris (Two-way ANOVA, effect of thrips presence, F = 2.6, 
PP = 0.11). The interaction terra was also not significant (F = 0.78, P = 0.50). 

Too further elucidate how the behaviour of Orius and that of their prey 
wass affected by the previous diet of Orius and by the presence of thrips, we 
analysedd the components of the foraging behaviour of Orius. Encounter 
ratess were significantly affected by the previous diet of Orius, but not by 
thee presence of thrips (Two-way ANOVA, effect of diet, F =19.7, 
PP < 0.0001, effect of thrips presence, F = 0.67, P = 0.42). The interaction 
termm was not significant (F = 1.12, P = 0.34). Orius encountered less N. 
cucumeriscucumeris per unit searching time when they had previously fed on 
EphestiaEphestia than in the other treatments, which may reflect a lower 
searchingg efficiency by individuals that come directly from the cultures 
(Tablee 2). However, encounter rates with N. cucumeris of Orius previously 
fedd thrips were not lower than those of Orius fed other diets, suggesting 
thatt the behaviour of N. cucumeris described above was either not 
displayedd or not effective in reducing conspicuousness of N. cucumeris on 
patchess with Orius. The previous diet of Orius affected the success ratio 
significantly,, whereas the presence of thrips did not (Two-way ANOVA, 
effectt of diet, F = 22.83, P < 0.0001, effect of thrips presence, F = 0.0008, 
PP = 0.98). The interaction term was not significant (F = 1.72, P = 0.17). The 
successs ratio was lower for Orius that had previously fed on thrips than in 
anyy other treatment (Table 2). This suggests that either N. cucumeris was 
moree alert when Orius had fed on thrips than when they had fed on other 
diets,, or that Orius was more motivated to feed on N. cucumeris when it 
hadd previously fed on the other diets or when it was starved. A 
combinationn of these two factors is also possible. 

Discussion n 

NeoseiulusNeoseiulus cucumeris, the IG prey, avoided plants with thrips plus Orius 
laevigatus,laevigatus, the shared prey and the IG predator respectively. This 
avoidancee was triggered by cues associated with the diet of Orius: in the 
olfactometer,, N. cucumeris avoided Orius that had fed on thrips but not 
OriusOrius that had fed on conspecific N. cucumeris or on Ephestia eggs. On a 
patchh with thrips, N. cucumeris reduced their activity levels and captured 
lesss thrips when perceiving odours of Orius that had fed on thrips than 
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whenn receiving odours of Orius that had fed on Ephestia. This reduced 
activityy did not result in a lower predation risk for N. cucumeris on patches 
withh Orius, even though Orius respond to the mobility of their prey. 
Hence,, the reduction in activity is not an effective antipredator behaviour 
whenn Orius occur on the same patches as N. cucumeris. Possibly, the lower 
mobilityy of N. cucumeris reduces the perception from a distance of patches 
withh N. cucumeris by Orius. This shows that antipredator behaviour and 
itss consequences need to be studied at several spatial scales. 

Onn patches with thrips, N. cucumeris ran a higher risk of being preyed 
uponn by Orius when Orius was starved or had been feeding on N. 
cucumeriscucumeris than when Orius were fed Ephestia or thrips. Contrasting to 
this,, the predatory mite only avoided Orius in the olfactometer when they 
hadd been feeding on thrips, not on other diets, such as N. cucumeris. This 
seemss to be at odds with the notion that prey should discriminate between 
dangerouss and harmless predators, since the most dangerous predator 
wouldd be one that has been feeding on conspecific prey. However, avoiding 
intraguildd predators at an early stage is only possible when recognizing 
themm before they are feeding on conspecifics, hence, while they are feeding 
onn the shared prey. Neoseiulus cucumeris and Orius are both attracted to 
plantss with thrips (Janssen et al. 1998, Venzon et al. 1999), hence, the two 
predatorss are expected to encounter each other on those plants. Moreover, 
N.N. cucumeris, Orius and thrips are patchily distributed over plants 
(Higginss 1992, Atakan et al. 1996, Castineras et al. 1997, Kakimoto et al. 
2002).. Thus, N. cucumeris face a choice between patches with thrips and 
patchess with Orius and thrips, and they should select cues to discriminate 
betweenn these two types of patches. Moreover, if Orius feed on N. 
cucumeriscucumeris on patches with thrips, they wil l eat TV. cucumeris that had been 
feedingg on thrips. Therefore iV. cucumeris can also perceive those predators 
basedd on cues associated with a thrips diet. Thus, selection for the 
detectionn of specific cues associated with Orius that had fed on TV. 
cucumeriscucumeris is not expected. In this context, odours of Orius that feed on 
thripss are a reliable cue to indicate predation risk to N. cucumeris. Among 
thee other cues that could betray the presence of Orius to N. cucumeris is 
thee alarm pheromone produced by thrips. However, N. cucumeris use the 
alarmm pheromone produced by second instar thrips larvae to locate patches 
withh thrips (Teerling et al. 1993, Macdonald et al. 2003), thus this cue can 
nott be used to detect the presence of Orius. Therefore, cues associated to 
thee diet of Orius seem to be the only reliable way to discriminate between 
profitablee patches with prey and dangerous patches with prey and IG 
predators. . 

Whenn all three species co-occur, N. cucumeris wil l reduce their activity 
levelss and capture few thrips, as a consequence of perceiving Orius that 
weree feeding on thrips. On those patches, Orius are expected to feed 
mainlyy on thrips and less on N. cucumeris. Therefore, locally, the system 
approximatess a predator-prey interaction, with Orius preying on thrips. 
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Becausee N. cucumeris prey reduce their feeding rate on thrips (the shared 
prey)) in presence of Orius, a higher proportion of the thrips population 
becomess unavailable to the N. cucumeris. This wil l increase the prey 
densityy at which N. cucumeris populations can persist, thereby reducing 
thee competitive ability of N. cucumeris (the IG prey) relative to that of 
OriusOrius (the IG predators) (Tilman 1989). The persistence of IG predators 
andd IG prey hinges on IG prey being better competitors than IG predators 
(Poliss and Holt 1992, Holt and Polis 1997). Therefore, the behaviour of N. 
cucumeriscucumeris on patches with thrips and Orius may decrease the local 
persistencee of this system. However, N. cucumeris avoid patches with 
OriusOrius and thrips (cf. Figs l a and lc). At a larger spatial scale, the 
distributionn of these three species is expected to be affected by this 
behaviourr of N. cucumeris. Thus, N. cucumeris may escape predation by 
OriusOrius at a metapopulation spatial scale, and this may foster the 
coexistencee of the three species, provided that Orius is arrested for a 
sufficientt amount of time on patches with thrips. Therefore, the outcome of 
thee population dynamics in this system wil l depend on the relative 
migrationn rates of thrips, N. cucumeris and Orius. This suggests hitherto 
unexpectedd effects of antipredator behaviour of IG prey towards IG 
predatorss effects on local population dynamics and species distributions. 
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