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Fitnes ss consequence s of predator-specifi c 
antipredato rr  behaviou r in spide r mites : 

shoul dd I stay o r shoul d I go? 

Martaa Montserrat, Arne Janssen, Sara Magalhaes, 
Martijnn Egas and Maurice W. Sabelis 

Submittedd manuscript 

Preyy are expected to adopt predator-specific strategies when 
antipredatorr behaviour is effective against one predator but not 
againstt another. In this article, we quantify the fitness consequences 
off  ant ipredator behaviour of the spider mite Tetranychus urticae, in 
orderr to predict and test its ant ipredator behaviour when exposed to 
differentt predation risks. The spider mites produce a sticky web that 
offerss protection against some predatory mites, such as Iphiseius 
degenerans,degenerans, but not against others, such as Phytoseiulus persimilis. 
Ovipositionn rates of spider mites inside the web were significantly 
lowerr than outside the web because leaf t issue covered by web is of 
lowerr quality since spider mites construct the web while feeding on 
thee plant leaves. Hence, the spider mites face a trade-off when 
choosingg to stay in the web, where they gain protection against some 
predatorss but have lower reproduction, or to leave the web, where food 
qualityy is high but they are unprotected. The analysis of antipredator 
behaviourr requires the quantification of costs and benefits of these 
twoo conflicting actions in terms of a common currency. Since spider 
mitess have locally unstable populations, yet persist in a network of 
locall  populations connected by dispersal (i.e., a metapopulation 
structure),, an adequate measure for fitness is the number of 
dispersingg offspring per female produced during a local predator-prey 
interaction.. Using a simple predator-prey model that captures the 
essencee of the local dynamics of the prey as well as the two predators, 
wee predicted the number of dispersing offspring produced by a female 
thatt either stays in the web or moves out of it. This model predicts 
thatt prey should leave the web in absence of predators or in presence 
off  predators that are capable of hunt ing inside the web, but when 
facingg predators that cannot hunt inside the web, they should remain 
inn it. Experiments in which prey were offered a choice between 
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stayingg in the web or moving out in presence or absence of either of 
thee two predators, confirmed these predictions. 

Manyy prey reduce the risk of predation through behavioural changes 
(Limaa and Dil l 1990, Lima 1998). Such antipredator behaviour includes 
defence,, inconspicuousness or escape. These behaviours are elicited not 
onlyy when prey face a predator (Endler 1986, Eklov and Persson 1996, 
Martinn and Lopez 2000, van Buskirk 2001) but also when they detect cues 
associatedd with the presence of predators (Chivers et al. 1996, Pallini et al. 
1998,, Grostal and Dicke 1999, Brown and Godin 1999, Venzon et al. 2000, 
Hamiltonn and Heithaus 2001, Persons et al. 2002, Magalhaes et al. 2002). 
Antipredatorr behaviour entails a trade-off between the time and/or energy 
spentt in avoiding predation or in other fitness-related activities, such as 
foragingg or mating (Lima 1998, Lima and Dil l 1990). In addition to the 
costss underlying this trade-off, refuges usually provide food of poor quality 
too the prey (Sih 1987, Lima 1998). Although the benefits (in terms of 
reductionn of predation) and costs (in terms of a decrease in other fitness-
determiningg activities) of antipredator behaviour have been measured in 
severall  studies (Lima 1998, Werner et al. 2003, Bolker et al. 2003), they 
needd to be expressed in the same currency to enable calculation of net 
fitnesss consequences of the various behaviours (McNamara and Houston 
1986,, McNamara et al. 2001). 

Preyy typically co-occur with different predator species (Sih et al. 1998). 
Iff  the prey can use the same antipredator behaviour against all or a subset 
off  them, these predators are functionally identical from the point of view of 
thee prey (Sih et al. 1998). However, when the antipredator behaviour of 
thee prey is effective against one predator but not against another, prey 
shouldd adopt predator-specific strategies (Matsuda et al. 1996). Indeed, 
severall  prey species have been shown to do this (Turner et al. 1999, van 
Buskirkk 2001, Hopper 2001, Magalhaes et al. 2002). 

Inn this article, we studied the costs and benefits of the antipredator 
behaviourr displayed by an herbivorous spider mite when facing two 
differentt predator species. Spider mites cover their colonies with a dense, 
chaoticc web of silk. One of the functions of this web is to protect spider 
mitess against predation (Sabelis 1985, Sabelis and Bakker 1992). Indeed, 
IphiseiusIphiseius degenerans, one of the species of predatory mite used in this 
study,, is severely hindered by the web (Takafuji and Chant 1976). 
However,, some predatory mite species, such as Phytoseiulus persimilis, the 
otherr species used in this study, are adapted to hunting inside the web and 
actuallyy prefer to hunt inside it, thus posing a greater risk in webbed areas 
thann elsewhere (Sabelis 1981, Sabelis and van der Meer 1986). Residing 
insidee the web is associated with a cost: spider mites construct the web 
whilee feeding on plant leaves, thus web always covers leaf tissue on which 
mitess have been feeding before, and this damaged leaf tissue represents 
foodd of inferior quality to herbivores (Agrawal et al. 1999, Pallini et al. 
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1998,, Egas et al. 2003). At some degree of exploiting leaves covered by web, 
spiderr mite females move to undamaged leaf areas just outside the webbed 
leaff  area, where they start feeding, ovipositing and producing web again 
(Sabeliss 1981). However, such moving to clean leaf areas may be risky 
whenn predators that hunt outside the web are around. Hence, the 
expansionn of spider mite colonies may be affected by the presence of 
predators. . 

Spiderr mite populations have a patchy structure with local populations 
connectedd by dispersal. The most adequate stand-in-measure of fitness for 
speciess with such a metapopulation structure is the average number of 
newbornn dispersers per female per patch, rather than measures such as 
thee intrinsic rate of population increase, the net reproduction or the rate of 
disperserr production (Metz and Gyllenberg 2001). In this article, we 
quantifyy the consequences of spider mite behavioural decisions in terms of 
numberr of dispersing offspring, and we predict the optimal decision for the 
casee where they face two predator species that differ in the death risk that 
theyy impose on spider mites. We measured survival, predation risk and 
reproductionn of spider mites on clean leaves as well as on webbed and 
damagedd leaves and calculated the fitness for females that either stay 
insidee the web or move to undamaged areas. Predation risk was measured 
independentlyy of antipredator behaviour. Based on these fitness 
components,, we predicted whether spider mites should stay inside the web 
orr move to clean areas, depending on the presence as well as on the 
identityy of predatory mites. We subsequently tested whether spider mite 
femaless behaved according to these predictions. 

Materialss and Methods 

Cultures s 
Thee two-spotted spider mite T. urticae was reared on cucumber plants 
(var.. Ventura RZ®) in a climate room under controlled conditions (25°C, 
16D:8L).. Phytoseiulus persimilis were reared in another climate room 
(25°C,, LD 16:8 h, % RH) on detached cucumber leaves that were 
infestedd with two-spotted spider mites and placed on inverted pots in 
water-containingg trays. Iphiseius degenerans were reared on a diet of birch 
pollenn on plastic arenas, as described by van Rijn and Tanigoshi (1999). 

Reproductionn on damaged vs. clean leaves 
Wee measured the oviposition rate of spider mites on clean and damaged 
cucumberr in absence of predators. Twenty cucumber leaf discs (1.5 cm 0) 
weree placed upside-down on a layer of water-soaked cotton wool inside 
plasticc containers (6 cm 0 x 6 cm high). The leaf discs were obtained from 
aa single cucumber leaf to correct for possible differences in tissue quality 
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amongg different leaves. Each leaf disc was cut so that a vein of the leaf 
wouldd divide the leaf disc in two halves. On that vein, we added a thin 
stringg of wet cotton wool that served as barrier for spider mites. Ten spider 
mitee females (14 days old from egg deposition) were added to one of the 
discc halves of half of the arenas; ten females (14 days old since egg 
deposition)) were added to each of the two halves of the other half of the 
arenas.. Females were allowed to feed, oviposit and produce web for 24 h. 
Onn leaf discs with females on only one half, the mites were subsequently 
transferredd from their original, now damaged, disc half to the clean side. 
Onn the arenas that had females on both halves, we counted the eggs and 
removedd the females and the web from one of the two halves. Females from 
thee other half of the disc were then transferred to the other damaged half 
off  the same leaf disc. Thus, one group of females was put on a clean leaf 
discc half, and the other group on a damaged leaf disc half. Both sets of 
femaless were then again allowed to feed, oviposit and produce web for 24 h. 
Subsequently,, the number of surviving females and the number of eggs 
laidd on the second day was assessed. A Welch t-test for unequal variances 
wass used to compare the number of eggs laid by the females on clean or on 
damagedd leaf discs halves. 

Predationn risk of spider mite eggs on damaged-and-webbed vs. 
cleann leaf discs 
Thee predation risk of spider mite eggs when exposed to each of the two 
predatorr species was assessed on leaf discs that were half clean and half 
damagedd and webbed, obtained as described above. Ten spider mite 
femaless were allowed to feed, oviposit and produce web on one half of the 
discc during 24 h. Thereafter, the cotton strip was removed and the females 
disturbedd by touching them with a fine needle until they reached a web-
freee area (the edges of the arena or the clean side). They were then 
removedd without damaging the web. The eggs laid by spider mites on the 
damaged-and-webbedd side were counted, and the same number of eggs was 
addedd to the clean side of the leaf disc. Added eggs were of the same age as 
thosee on the leaf discs. Either one P. persimilis or onee I. degenerans female 
wass added to the arenas and the number of spider mite eggs eaten on each 
sidee of the leaf disc and the number of eggs laid by the predators were 
recordedd after 24 h. The number of replicates was ten per treatment. 
Binomiall  tests on each of the replicates were used to compare the number 
off  eggs eaten on both disc sides, for each of the two predators tested. 

Predationn risk of spider mite females on damaged-and-webbed vs. 
cleann leaf discs 
Becausee adult female spider mites can move from webbed to clean leaf disc 
halvess or the reverse in response to the presence of predators and this 
affectss a proper estimation of predation risk, we measured predation on 
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adultt spider mite females by each predator on damaged-and-webbed and 
onn clean leaf discs separately. Damaged-and-webbed cucumber leaf discs 
(1.55 cm 0) were prepared by adding ten female spider mites for 24 h. 
Afterwards,, either one P. persimilis or one I. degenerans female was added 
too the arena. On clean leaf discs, predators were added simultaneously 
withh ten spider mite females. The damaged-and-webbed arenas did not 
onlyy contain spider mite females, but also contained spider mite eggs. 
Sincee it is impossible to remove the eggs without damaging the web and 
becausee web and spider mite eggs always co-occur, we decided not to 
attemptt to remove the eggs, but measure predation risk of adult females in 
presencee of eggs. We recorded the number of females eaten 24 h after the 
additionn of the predator. There were ten replicates per treatment. A two-
tailedd t-test was used to compare the number of females eaten on clean 
andd damaged-and-webbed leaf discs for each of the two predator species 
tested. . 

Predictingg the antipredator behaviour of spider mite females 
Too assess the fitness consequences of reproduction and predation on clean 
leaff  tissue and damaged leaf tissue with web for each of the two predators 
used,, we used a simple model that captures the essence of the local 
dynamicss of the acarine predator-prey system (Janssen and Sabelis 1992, 
Sabeliss et al. 1999a, b, 2002): 

~~ = (a-v)N-$P 
dtdt (1) 

d PP T> 

dt dt 

withh t = the time since start of the predator-prey interaction, 
N(t)N(t) = number of prey at time t, P(t) = number of predators at time t, 
aa = rate of prey population growth, v = rate of prey dispersal, p = maximum 
predationn rate, and y = rate of predator population growth. 

Threee types of dynamical behaviour of the prey population may occur: 
(1)) continuous increase (but at a pace slower than the intrinsic rate of prey 
populationn growth), (2) initial increase, followed by decrease until 
extinction,, and (3) continuous decay until extinction (Sabelis et al. 1999a, 
b,, 2002). Only in the first case, predatory arthropods cannot suppress local 
preyy population outbreaks, but in the two other cases they eliminate the 
preyy population and grow exponentially until a time x when all prey are 
eatenn and all predators emigrate: 

y-(a-v)) L P (̂0)J 
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Hence,, prey fitness depends on how many individuals escape predation by 
dispersall  throughout the interaction time r. For a given dispersal rate of 
thee prey, v, the number of dispersing individuals per foundress, A, is 
(Sabeliss et al. 2002): 

J o M o f ' - ( a - v ) U o ) /CC } \ ( 3) 

Thiss is the stand-in prey fitness measure. By estimating the predation rate 
ass well as growth rates of predators and prey from the experimental data, 
wee were able to calculate prey fitness for each of the predation and leaf 
conditionn treatments. 

Thee age-specific reproduction function for spider mites follows a 
triangularr shape, with a rapid increase from the beginning of the 
reproductionn period until reaching a peak at time Ti, and a gradual 
decreasee to zero at the end of reproductive lif e (Sabelis 1991). Under such 
aa reproduction schedule, the growth rate of spider mites (a) is linearly 
relatedd to the oviposition rate at the peak of oviposition, n(Ti) (Sabelis 
1991).. Since the spider mite females used in our experiments were at the 
agee of peak oviposition (i.e., 14.6 to 14.9 days since egg, Sabelis 1991), we 
couldd use the measured oviposition of spider mite females to estimate the 
ratee of prey population growth (a) on clean and damaged-and-webbed 
cucumberr in absence of predators. The equation relating the estimate for 
thee prey population growth, a, with the spider mite peak oviposition rate, 
n(Ti),n(Ti), is a = 0.1313 + 0.011 n(Ti). 

Wee used the methods in Janssen and Sabelis (1992, p. 241) to calculate 
predationn rates (J3) from the measured predation rates of eggs and adult 
preyy by adult female predators, assuming stable age distributions of both 
preyy and predator populations (Carey and Krainacker 1988), and assuming 
thatt only adult female predators kil l adult prey (Sabelis, pers. obs.) and 
thatt predation rates on all other juvenile prey stages equals that of eggs 
(Janssenn and Sabelis 1992). This gives four estimates of ƒ?, one for each 
combinationn of leaf condition and predator species. For P. persimilis on 
damaged-and-webbedd leaf areas, (3= 5.07, for P. persimilis on clean leaf 
areas,, ƒ?= 0.301, for I. degenerans on damaged-and-webbed leaf areas, 
/?== 0.583, and for I. degenerans on clean leaf areas, /? = 4.58. Each f3 was 
thenn used to estimate the mean rate of oviposition over the entire 
reproductivee period (n(x)) for each of the two predators at each of the leaf 
conditionss tested, by using the linear function that relates these two life-
historyy parameters in phytoseiid mites (Janssen and Sabelis 1992: 
n(x)n(x) = 0.48 + 0.12 P). In phytoseiid mites the growth rate (y) is linearly 
relatedd to the mean rate of oviposition n(x) (Sabelis and Janssen 1994). 
Thus,, the estimates of the mean rate of oviposition (n(x)) were 
subsequentlyy used to calculate an estimate for the growth rate (y) of the 
twoo predator species at each of the experimental conditions (Sabelis and 
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Janssenn 1994: y = 0.07 + 0.075 n(x)) with the resulting function 
yy = 0.106+ 0.009 £ 

Thee dispersal rate of the prey was not measured, but spider mites 
normallyy do not disperse from the patch unless the plant becomes 
overexploitedd (Janssen and Sabelis 1992). Hence, we first calculated the 
fitnesss consequences of predation when the dispersal rate during the 
interactionn (r) is zero. Then we evaluated these findings for increasing 
dispersall  rates. 

Thee antipredator behaviour of spider mite females 
Too test whether female spider mites display antipredator behaviour that 
maximizess their fitness, we observed the behaviour of females that were 
givenn a choice between a damaged-and-webbed leaf disc half and a clean 
half,, both in presence and in absence of either of the two predator species. 
Afterr letting ten spider mite females oviposit and produce web for 24 h on 
onee half of a leaf disc, the cotton strip separating both halves was removed 
andd either one P. persimilis, one /. degenerans or no predator was added. 
Thee number of spider mite females on the clean and the damaged-and-
webbedd leaf halves was recorded after five and 24 h. There were 21, 19 and 
211 replicates, respectively. The number of females that were found on the 
damaged-and-webbedd leaf disc halves was compared to the number of 
femaless that had moved to the clean side after 24 h with a two-tailed 
pairedd t-test within each treatment. The number of females that remained 
onn the damaged-and-webbed area after five and 24 h were compared 
betweenn treatments with ANOVA. Post-hoc comparisons were done using 
thee Tukey HSD test for Unequal N. 

Results s 

Reproductionn on damaged vs. clean leaves 
Thee oviposition rate of spider mites that were transferred to a clean area 
wass significantly higher than that of spider mites that were transferred to 
aa damaged-and-unwebbed area (clean: 8.85  0.34 eggs/female; damaged: 
5.999  1.07; t = 2.55, df = 10.471, P = 0.028). No mortality of adult females 
wass observed during the experiment. 

Predationn risk of spider mite eggs 
PhytoseiulusPhytoseiulus persimilis attacked significantly more eggs on damaged-and-
webbedd leaf areas than on clean leaf areas (Fig. 1, binomial test for each 
replicatee separately yielded P < 0.001). In contrast, I degenerans attacked 
moree eggs on clean leaf areas than on damaged-and-webbed leaf areas 
(Fig.. 1, binomial test for each replicate separately yielded P < 0.01). 
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Figuree 1 Average (  SB) of the number of spider mite eggs eaten on clean and on 
damaged-and-webbedd leaf areas by the two predatory mites P. persimilis and I. 
degenerans. degenerans. 

Predationn risk of adult females 
Thee predation risk of female spider mites when exposed to P. persimilis 
wass not significantly different on clean or damaged-and-webbed sides 
(clean:(clean: 0.4  0.16; damaged-and-webbed: 0.8  0.33; t = -1.09, d f=18, 
PP = 0.288). Although predation on females was low in both treatments, it 
wass twice as high on the damaged-and-webbed side than on the clean side. 
Inn presence of I. degenerans, the predation risk of spider mite females was 
higherr on clean discs than on damaged-and-webbed leaf discs (clean: 
1.66 ; damaged-and-webbed: 0.8  0.20; t = 2.4, df= 18, P = 0.027). 

Predictingg the anti-predator behaviour of spider mite females 
I nn absence of predation, the estimated prey growth rate is proportional to 
thee fitness measure, and the difference in growth rate predicts the 
responsee of spider mite females. The estimates of the prey growth rate 
weree 0.229 d a y1 in clean areas and 0.197 d a y1 in damaged-and-webbed 
areas.. Hence, in absence of predators, spider mite females are expected to 
movee into the clean areas. 

Inn presence of predators, both predation rate and prey growth rate in 
eachh of the two areas need to be taken into account. Given the large 
differencess in predation rates in the two leaf areas for both predator 
species,, the predicted number of dispersing individuals per foundress (the 
stand-inn fitness measure) shows extreme differences. Under low predation 
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ratee (for P. persimilis 0.301 on clean areas; for I. degenerans 0.583 on 
damaged-and-webbedd areas), the prey population wil l increase 
exponentially.. Consequently, the interaction time, z, and thereby the 
numberr of dispersing individuals per foundress, A, approaches infinity . In 
thee experimental system, this scenario where prey escapes predator 
controll  would result in overexploitation of the plant resource (and hence a 
finit ee number of prey leaving the overexploited plant). Under high 
predationn rate (for P. persimilis 5.07 on damaged-and-webbed areas; for I. 
degeneransdegenerans 4.58 on clean areas), both predator species are able to control 
preyy growth, and extinction of the prey population occurs in finite time. 
Sincee we initiall y assume that the dispersal rate during the interaction, v, 
iss zero, the stand-in fitness measure, A, is also zero. 

I tt thus turns out that for the parameter values of our experimental 
system,, we can infer the fitness consequences for the prey from the 
qualitativee difference: prey escape control or prey are driven to extinction. 
Thee predictions for v = 0 hold for all possible levels of the prey dispersal 
rate,, because decreasing the prey net growth rate does not change the 
qualitativee model outcome (Fig. 2). Hence, the prediction of the response of 
spiderr mite females based on the fitness measure is simple: they should 
alwayss move away from the high-predation area into the low-predation 
area.. With P. persimilis as predator, the prey should move to the clean 
side,, whereas with I. degenerans as predator, they should stay in the 
damaged-and-webbedd area. Therefore, the two predator species should 
triggerr different behaviour in the prey. 

Thee anti-predator behaviour of spider mite females 
Spiderr mite females responded according to the predictions (Fig. 3). When 
P.P. persimilis or no predators were added to the arena, higher numbers of 
femaless were found on the clean area than on the webbed area after 24 h 
(P.(P. persimilis: t =-6.29, d f=18, P < 0.0001; no predators: t = -2.93, 
dff  = 20, P < 0.01). In presence of I. degenerans, a higher number of spider 
mitee females remained in the web (t = 4.92, df = 18, P < 0.001). 

Thee total number of spider mite females alive at the end of the 
experimentss (the sum of the mites on the clean and on the damaged side) 
wass lower with I. degenerans. This is because some spider mite females 
escapedd from the leaf disc and were found floating in the water or in the 
cottonn (2.64  0.42) and some were killed on the clean side (1.05  0.26). 
Whenn P. persimilis was in the arena, few spider mite females were found 
inn the cotton (0.32  1.34) or killed on webbed areas (0.10  0.07). The low 
predationn rate in this last case is caused by the preference of the predator 
too attack spider-mite eggs rather than other spider mite stages. This 
predatorr starts attacking mobile stages only when eggs in the patch are 
depleted,, and at the end of our experiments there were always still eggs 
presentt in the arenas. The number of females found floating in the cotton 
inn the treatment without predators was 0.33  0.16. 
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Figuree 3 Average (  SE) of the number of spider mite females found on the 
damaged-and-webbedd or on the clean side of a leaf disc after five and 24 h of 
exposuree of P. persimilis, or I. degenerans or in absence of predators. Bars with 
differentt letters indicate differences in numbers among treatments. The variable 
comparedd was the number of spider mites remaining in damaged-and-webbed 
areas.. However, in the graph is also shown the correspondent number of females 
thatt moved to clean areas. 
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Thee distribution of female spider mites differed significantly among 
treatmentss after both five and 24 h (ANOVA, F2,58 = 7.115, P < 0.002, and 
F2.566 = 9.801, P < 0.001, respectively). Post-hoc analyses revealed that after 
55 h, a lower number of spider mite females remained inside the web in 
presencee of P. persimilis than in presence of /. degenerans or in absence of 
predatorss (Fig. 3). After 24 h, more spider mites were in the damaged-and-
webbedd area in presence of 2. degenerans than in presence of P. persimilis 
orr in absence of predators (Fig. 3). 

Discussion n 

Theoryy and experiments on prey refuge use in response to predation risk 
focuss on a scenario with two patch types: refuges consisting of less 
profitablee patches and more profitable patches with higher predation risk 
(McNairr 1984, Sih 1987, 1992, Ruxton 1995, Luttbeg and Schmitz 2000). 
Thee adaptive behaviour of the prey is then to move out of the refuges when 
predationn risk is low and to move in when predation risk is high. The 
situationn faced by our prey species is more complex: their web offers 
protectionn against some predators, but not against other predators. By 
measuringg the fitness consequences of each possible combination (i.e., 
speciess of predator vs. presence or absence of web), we predicted that adult 
femalee spider mites should adjust their behaviour depending on the 
predatorr species present so as to maximize their future reproductive 
success.. This is indeed what spider mites seem to do. In the presence of P. 
persimilis,persimilis, a predator that poses a high risk in areas with web and a lower 
riskk outside the web, spider mite females moved to clean leaf areas. 
Importantly,, they did so more quickly than in absence of predators (Fig. 3; 
comparee distribution of females after 5 h), indicating that something else 
butt the availability of clean leaf tissue triggered that response. In presence 
off  I. degenerans, a predator that poses high risk outside the web but very 
loww inside the web, spider mite females remained in webbed areas (Fig. 3; 
comparee distribution of females after 24 h). 

Predator-specificc antipredator behaviour is predicted to arise when prey 
havee to deal with predators that differ in the risk they impose (Matsuda et 
al.. 1996). Tetranychus urticae is a generalist herbivore that colonizes many 
differentt host plants worldwide. It may therefore co-occur with many 
differentt species of predators (Helle and Sabelis 1985). However, these 
predatorss can be functionally divided into two categories: those that can 
deall  with the web produced by spider mites and those that cannot (Sabelis 
andd Bakker 1992). Thus, spider mites could have adopted the two 
strategies:: either stay in the web or move out of it, depending on the 
presencee and identity of predators. Since spider mites have to move out of 
webbedd and overexploited plant areas regularly, they need to assess the 
presencee of predators as well as identify the category of predators present. 
Previouss research has shown that spider mites recognize odours associated 
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withh predators from a distance (Janssen et al. 1997), and they use them to 
avoidd plants with predators (Pallini et al. 1999). Within plants, they avoid 
patchess that contain cues associated with predators and cues of injured 
conspecificss (adults or eggs) (Grostal and Dicke 1999, 2000, Magalhaes et 
al.. 2002). How spider mites identify the category to which the predator 
belongss is unknown. Nevertheless, our results show that performing one or 
thee other antipredator strategy has severe consequences for the fitness of 
thee females. 

Consequencess for population dynamics 
Thee local population dynamics of the predator-prey system studied here is 
unstable;; either the spider mites overexploit the host plant or the 
predatoryy mites exterminate the spider mites (Sabelis and van der Meer 
1986).. The interactions between /. degenerans and T. urticae are of another 
nature.. This predator is incapable of exterminating local prey populations 
whenn web is present (Takafuji and Chant, 1976). Our results suggest that 
thee presence of I. degenerans wil l result in the spider mites staying in 
webbedd areas for longer periods than they normally would. Because of the 
lowerr quality of plant tissue as a food source inside the web, the growth 
ratee of populations is expected to be reduced by the presence of I. 
degenerans. degenerans. 

Thee question remains what prey would do when both predators are 
present.. This is a situation that may occur frequently in greenhouses, 
wheree P. persimilis and /. degenerans are used for biological control of 
spiderr mites and thrips respectively, two pests that co-occur in several 
crops,, as well as outdoors and in the field in the Mediterranean area, 
wheree these two predatory species co-occur naturally. If the antipredator 
effortt of the prey against one predator increases its vulnerability to 
anotherr predator, there wil l be room for mutualistic effects among the 
predatorss (Matsuda et al. 1993). This may well be the case in our system: 
thee results presented here predict that the two predator species affect each 
other'ss predation rates positively, which may lead to earlier eradication of 
preyy populations in the presence of both predators. This prediction needs 
furtherr experimental testing at the population level. 
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