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Sincee mobility and size generally increase with age, young animals 
aree usually more vulnerable to predation than the older ones. This 
holdss for prey, but also for predators, thus leading to a size-dependent 
predator-preyy game, in which large predators kil l small prey, but 
largee prey may kil l small predators. To avoid such predation, animals 
couldd select safe sites for their young, away from adults of the 
antagonist.. However, when young predators feed on the same prey as 
adults,, their low mobility necessitates the vicinity of prey and the 
optionn of safe sites is unavailable to the parents. In this case, large 
preyy could reduce predation risk through the killin g of young 
predators,, thus deterring large predators. However, large predators 
couldd defend their offspring against large prey by killin g or deterring 
them.. This form of protective parental care is demonstrated 
experimentallyy for predatory mites and counterattacking thrips: adult 
predatoryy mites killed more prey near their offspring than near 
unrelatedd young. Predation thus serves two goals: acquiring of food as 
welll  as defending offspring against counterattacking prey. We 
concludee that size, mobility and relatedness are major determinants 
off  evolution in predator, prey and their interactions. 

Size-dependencee pervades predator-prey interactions. Predators tend to 
attackk prey that are smaller than themselves (Hespenheide 1973). When 
thee size range of predators and prey overlap, predators attack the young 
andd small individuals of their prey, whereas small and young predators 
mayy be vulnerable to predation. This may lead to a role reversal of 
predatorr and prey, where large prey attack the young and small 
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individualss of their predator (Girault 1908, Saito 1986, Polis et al. 1989, 
Whitmann et al. 1994, Whitehouse and Lubin 1998, Dorn and Mittelbach 
1999,, Janssen et al. 2002). Size-dependent vulnerability in prey is shown 
too have strong effects on the dynamics of predator-prey systems (Murdoch 
ett al. 1987, Chase 1999, Mylius et al. 2001, Borer 2002, Claessen et al. 
2002,, de Roos and Persson 2002), but the effects of vulnerable predator 
stagess is largely unexplored. 

Inn predator-prey systems with size-dependent reciprocal attack, the 
killin gg of small predators by prey may serve to acquire energy and/or 
nutr ientss (Janssen et al. 2003), but can also act as a defense mechanism in 
threee ways: 1. by preventing the build-up of a population of large predators 
nearbyy (Saito 1986, Whitman et al. 1994, Whitehouse and Lubin 1998, 
Dornn and Mittelbach 1999); 2. by reducing immediate predation risk on 
smalll  prey that is kin-related (Saito 1986); 3. by deterring large predators 
viaa the risk imposed on their offspring. The latter defense behavior has 
beenn shown recently in a system consisting of predatory mites and thrips, 
theirr counterattacking prey (Janssen et al. 2002); adult predators avoid 
patchess where their eggs run a high risk of being killed by thrips larvae. 
Thiss results in a lower predation risk of thrips larvae that kil l the eggs of 
predators.. However, these experiments were done with predator eggs that 
weree unrelated to the predator females tested. If predator females are 
relatedd to the predator eggs, rather than avoiding patches with 
counterattackingg prey, they could choose to defend their eggs. In this 
article,, we study the effect of relatedness between small and large 
predatorss on this mode of parental care, and we explore which cues trigger 
thiss behavior. Protective parental care is to be expected in interactions 
betweenn predator and prey when their sizes overlap, but it has not been 
studiedd before (Clutton-Brock 1990, Choe and Crespi 1997). 

Materiall and Methods 

Thee experimental system 
Thee eggs of the predatory mite Iphiseius degenerans (Berlese) are attacked 
byy adults and all larval stages of the omnivorous Western Flower Thrips 
FrankliniellaFrankliniella occidentalis (Pergande) (Faraji et al. 2001, 2002, Janssen et 
al.. 2002, 2003). First instar and early second instar thrips larvae, in turn, 
aree prey of juvenile and adult predatory mites, while older thrips stages 
aree invulnerable (Bakker and Sabelis 1989, van Rijn et al. 2002). Female 
predatorss avoid patches with killed conspecific eggs, probably because 
killedd eggs are associated with a high predation risk for their offspring 
(Janssenn et al. 2002). Thrips larvae benefit from killin g eggs of predatory 
mitess by feeding on them (Janssen et al. 2003), but also because the killin g 
off  eggs deters adult predatory mites, thus reducing predation risk of thrips 
larvaee (Janssen et al. 2002). Female predatory mites distinguish between 
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ownn and unrelated eggs (Faraji et al. 2000), and this creates the 
opportunityy for protective parental care, i.e. the hypothesis under test in 
thiss article. 

Cultures s 
Thripss were cultured on cucumber plants at 25°C, 70% RH and LD 16:8 h 
photoperiod.. Cucumber seeds (variety Ventura, Rijk Zwaan) were planted 
inn soil in plastic pots (21) and kept in an isolated climate room, free of 
herbivores.. Three-week-old cucumber plants were added to the thrips 
culturess twice per week (Pallini et al. 1997). Predatory mites were cultured 
underr the same conditions as the thrips, on arenas consisting of grey 
plasticc sheets (30 x 4 cm), each subdivided into four rearing units by strips 
off  water-soaked paper tissues. Sheets were placed on wet sponges in a tray 
containingg water. Mites were fed birch pollen twice a week (Faraji et al. 
2000). . 

Effectt of parental care on prey mortality 
Wee assessed the extent to which predators kil l counterattacking prey in 
presencee of related or unrelated eggs. First, we placed predatory mites on 
ann experimental arena consisting of two leaf discs (0 36 mm) connected by 
theirr midrib (6-7 cm long, 3 mm wide) (Janssen et al. 2002). The two discs 
andd the rib were cut jointly from a single cucumber leaf, and each disc was 
providedd with ca. 10~4 g Typha pollen as food. Arenas were floating on 
water-soakedd cotton wool inside a Petri-dish (0 ca. 13 cm) covered by a lid 
withh a hole sealed with fine gauze for ventilation. A female predatory mite 
wass placed on one of the two discs (hereafter the 'treated patch') and was 
precludedd from moving to the other disc (hereafter 'untreated patch') by a 
stripp of wet tissue (width  5 mm) placed halfway the midrib. Twenty-four 
hourss later, female predators were removed from the arena and the 
positionn of the eggs that they had produced (usually 2-3 eggs per female) 
wass mapped. A group of five first-instar thrips larvae, marked with red 
fluorescentt powder, was placed on one patch, while the other patch 
receivedd a group marked with blue powder (Janssen et al. 2002) to enable 
recordingg the final position of each thrips relative to their patch of release. 
Colorss applied to the thrips were randomized between treated and 
untreatedd patches across replicates. Subsequently, we removed the barrier 
off  wet tissue and placed one predatory mite halfway the midrib. Twenty-
fourr hours later, the number of dead thrips was scored for each patch. The 
feww thrips that were killed on the midrib were scored as being killed or laid 
onn the nearest patch. Finally, we scored predation by thrips larvae on 
predatoryy mite eggs that we had mapped. Because the eggs that were laid 
byy predatory mites during the experiment could not be mapped, it was not 
possiblee to score predation on these newly laid eggs. 

Predatoryy mites were either returned to the arena where they had been 
ovipositingg during the past 24 h, placed on another arena where a different 
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femalee had been, or placed on a new arena. Thus, they were exposed to 
cuess left on the substrate by themselves (own patch), by other females 
(foreignn patch) or by none (clean patch). Arenas contained eggs from the 
femalee tested (own eggs), eggs from an unrelated female (foreign eggs) or 
nonee (no eggs). Punctured eggs were obtained by placing eggs on a patch 
andd piercing them with a small needle, leaving the remains on the patch. 
Puncturedd eggs deter females, presumably because they indicate a high 
riskk of egg predation (Janssen et al. 2002). Punctured eggs were either 
fromm the female tested (own), from unrelated females (foreign) or they 
weree absent. We punctured a number of eggs equivalent to that laid on the 
previouss day by the female under test. Treatments involved combinations 
off  patch types (own, foreign, clean), eggs (own, foreign, absent) and 
puncturedd eggs (own, foreign, absent). A treatment combining own eggs 
andd own punctured eggs was not included because of the small clutch size 
producedd by predatory mite (2-3 eggs/day). Note that the results of the 
treatmentt involving a clean arena with foreign eggs and foreign, punctured 
eggss are also included in the data analyzed by Janssen et al. (2002). 

Predatoryy mites need less than a minute to move from one patch to the 
otherr (S. Magalhaes and A. Janssen, pers. obs.). Therefore, prey mortality 
onn the two patches was expected to be equal under Ho, and deviations 
withinn each treatment were tested using the Wilcoxon matched pairs 
signedd ranks tests (Siegel and Castellan 1988, Field 2000). To compare 
differencess in prey mortality among treatments, we used the difference in 
preyy mortality on both patches in each arena as the test statistic and 
performedd a one-way ANOVA with eggs, patch, punctured eggs and 
presencee of punctured eggs as factors. To check whether the killin g of prey 
resultedd in protection of predator offspring, a regression of the fraction of 
predatoryy mite eggs killed by prey on the fraction of prey killed by the 
femalee predatory mite was carried out. Only the eggs that were produced 
priorr to the experiment were included in the analysis of egg mortality; they 
weree discriminated from eggs laid during the experiment on the basis of 
colorr as well as position. For the regression analysis, data were arcsin-
square-roott transformed. 

Behaviorall observations on parental care and counterattack 
Fromm the above set of treatments, we selected two treatments with 
contrastingg results (foreign eggs, foreign patch, foreign punctured eggs vs. 
ownn eggs, own patch and no punctured eggs) and repeated them to record 
behaviorr of predator and prey during 24 h using a time-lapse video 
recorderr connected to a camera mounted on a stereoscope. Since we were 
interestedd in the prey-predator and predator-prey interactions occurring 
onn the patch with eggs, predatory mite females were introduced on the 
patchh with eggs instead of on the midrib. To obtain sufficient resolution, 
wee used a 40x magnification. Consequently, only a small area of the patch 
(  1 cm2) could be observed. To record both the interactions of prey and 
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predatorr with the eggs as well as migration of predator and prey, eggs 
weree placed close to where the midrib connects to the patch, and 
interactionss in this area were observed. Al l other details were as in the 
previouss experiments. We recorded the time that predators and prey spent 
withinn the area with eggs, the frequency with which the prey touched and 
killedd eggs, the frequency of predators chasing away prey (i.e., predatory 
mitess run towards a thrips, touch it, and trigger escape of the thrips), and 
thee frequency with which the predator killed prey. Al l frequencies were 
dividedd by the time that predator and/or prey spent in the observation 
area.. In addition, the total time that the predatory mites spent outside the 
treatedd patch was recorded. We tested whether variables differed between 
treatmentss using the Mann-Whitney U-test (Siegel and Castellan 1988, 
Fieldd 2000). 

Ideally,, prey migration is assessed in an experiment where mortality 
duee to predation is recorded continuously. This, however, was not possible 
becausee recording was done on a small portion of the patch. Hence, 
mortalityy was assessed in an independent, parallel experiment and used to 
calculatee changes in prey numbers due to predation on both patches in the 
behaviorr experiment. We measured mortality on 10 arenas for each of the 
22 treatments, counting the number of dead prey on each patch every hour 
duringg 12 h. The mortality rate of the prey was estimated by fitting a 
negativee exponential function to the mortality data against time. The per 
capitaa emigration and immigration rates of prey relative to the patch with 
predatorr eggs was determined as the number of migration events divided 
byy the total amount of prey hours, corrected for mortality, on the original 
patch.. Within each treatment, emigration and immigration rates were 
testedd using a Wilcoxon matched pair signed rank test. Among treatments, 
emigrationn as well as immigration rates were compared using the Mann-
Whitneyy U-Test. 

Results s 

Effectt of parental care on prey mortality 
Predatorss killed significantly more prey on own patches with own eggs and 
foreignn punctured eggs than on untreated patches (Fig. 1, 1st pair of bars 
Wilcoxonn matched-pair test; Z = -3.05, P = 0.002). In contrast, predators 
killedd more prey on untreated patches than on clean patches with foreign 
eggss and foreign punctured eggs (Fig. 1, 2nd pair of bars, Z =-2.67, 
PP = 0.0077). A comparison of these two treatments showed a significant 
effectt of treatment (t-test on the difference in prey mortality on both 
patchess for each treatment: T2s = 5.997, P < 0.0001). Since these 
treatmentss differ with respect to the predator's relatedness with the intact 
predatorr eggs, we conclude that the predatory mite becomes more attack-
pronee on patches where their offspring is present. We interpret this as 
parentall  care. 
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Figuree 1 Average (+ SE) number of prey killed by predatory mites on treated 
patchess (white bars, cf. X-axis) and on untreated patches (black bars). Asterisks 
indicatee significant differences between the two bars of the same treatment 
(Wilcoxonn signed-pairs test). N for the first pair of bars = 16; second pair of 
barss = 14. Treatments are indicated along the x-axis and consist of own eggs, own 
patchh and foreign punctured eggs (1st group of bars) and foreign eggs, clean patch 
andd foreign punctured eggs (2nd group of bars). 

Thee observed change in behavior can be triggered by various cues. 
Predatoryy mites can recognize cues from intact or punctured eggs (Faraji 
ett al. 2000) or cues left on the patch during an earlier visit by a predatory 
mitee (Nagelkerke and Sabelis 1998). We systematically varied these three 
factorss to unravel their effect on parental care behavior. Compared to 
untreatedd patches, predators killed more prey on patches with own eggs 
butt with cues on the substrate from an unrelated female (foreign patches) 
(Fig.. 2a, 1st pair of bars, Z = -2.306, P = 0.021). Moreover, they killed more 
preyy on own patches with foreign eggs than on untreated patches, but this 
differencee was bordering significance (Fig. 2a, 2nd pair of bars, Z =-1.892, 
PP = 0.061). Thus, both cues of the eggs and cues from previous visits affect 
parentall  care behavior. 

Too investigate the effect of relatedness of the female predator with eggs 
thatt were punctured, we punctured the female's own eggs on a foreign 
patchh with intact foreign eggs. Predatory mite females killed significantly 
fewerr thrips on treated than on untreated patches (Fig. 2a, 3rd pair of bars, 
Z= -2 .08,, P = 0.037), suggesting that related, punctured eggs do not 
triggerr parental care behavior, but, rather, avoidance of the patch with 
puncturedd eggs. However, when treated patches were changed from 
foreignn to own, there was no difference in the number of prey killed on 
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OO treated patch 

 untreated patch 

Figuree 2 Average (+ SE) number of prey killed by predatory mites on treated 
patchess (white bars, cf. X-axis) and on untreated patches (black bars). Asterisks 
indicatee significant differences between the two bars of the same treatment, using 
Wilcoxonn signed-pairs tests. N is respectively: 19, 23, 17, 34, 18, 16, 16 and 16. 
Thee treatments consisted of various combinations of own or foreign eggs and 
patchess and punctured eggs, and are indicated along the x-axis. 

bothh patches (Fig. 2a, 4th pair of bars, Z = -0.833, P = 0.405), confirming 
thee effect of own cues left on the patch during a previous visit. 

Inn the next set of treatments, we investigated whether the absence of 
intactt eggs, of punctured eggs and of cues left on the substrate affected 
preyy mortality. Without intact eggs but with own punctured eggs, female 
predatorss did not kil l significantly more prey on own patches (Fig. 2b, 1st 
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pairr of bars, Z = -1.275, P = 0.202). This shows that females do not exhibit 
parentall  care when intact eggs are absent from their own patch. Without 
puncturedd eggs, but with own intact eggs on own patches, female 
predatoryy mites killed more prey on treated than on untreated patches 
(Fig.. 2b, 2nd pair of bars, Z = -2.729, P = 0.006). This shows that parental 
caree behavior also occurred when no eggs were punctured. However, when 
patchh and eggs were foreign and punctured eggs absent, there was no 
significantt difference in predation on the two patches (Fig. 2b, 3rd pair of 
bars,, Z = -0.285, P = 0.775). A similar treatment but with foreign, 
puncturedd eggs resulted in a higher mortality of prey on the untreated 
patchh (Fig. 2b, 4th pair of bars, Z = -1.867, P - 0.061). Thus, the presence of 
foreign,, punctured eggs in foreign patches with foreign intact eggs triggers 
avoidance. . 

ANOVAA of among-treatment differences, using differential mortality 
betweenn the patches, confirmed the above conclusions; there was a 
significantt effect of relatedness to intact eggs, of relatedness to the 
previouss visitor, but not of the relatedness with punctured eggs, nor the 
presencee of punctured eggs (Table 1). 

Too assess whether parental care of the predatory mite resulted in 
decreasedd mortality of predator eggs, we plotted mortality of predator eggs 
againstt the fraction of prey killed. Because there were 5 prey present on 
eachh patch, we assigned prey mortality to six classes (0-0.1, 0.1-0.3, 0.3-0.5, 
0.5-0.7,, 0.7-0.9 and 0.9-1.0). Indeed, mortality of predatory mite eggs 
showedd an overall decrease with increasing prey mortality (Fig. 3), but this 
effectt was most pronounced in the first and last class. Although this trend 
wass clear and significant, the data from individual experiments showed 
considerablee scatter. This is at least partly due to the stochastic nature of 
predationn events combined with the effects of small numbers (5 prey and 2-
33 predator eggs per individual experiment). For another part, it may be 
causedd by predators inducing escape behavior in the prey. To investigate 
this,, we carried out behavioral observations of predators and prey. 

Tablee 1 Summary of the analysis of variance (ANOVA) on the difference of prey 
killedd on the two patches on the experiment testing the effect of parental care on 
preyy mortality. The data underlying this analysis are depicted in Figs 1 and 2. 

Treatment t 

Eggs s 
(own,, foreign or absent) 
Patch h 
(own,, foreign or clean) 
Puncturedd eggs 
(own,, foreign or absent) 
Puncturedd eggs 
(presentt vs. absent) 

MS S 

19.45 5 

49.88 8 

11.53 3 

0.15 5 

df f 

2 2 

2 2 

2 2 

I I 

F F 

9.29 9 

3.62 2 

2.14 4 

0.03 3 

P P 

0.0001 1 

0.0286 6 

0.1196 6 

0.868 8 
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Figuree 3 Regression between the fraction of prey killed on the treated patch and 
thee fraction of eggs killed. The fraction of prey killed was grouped into six classes 
(0-0.1,, 0.1-0.3, 0.3-0.5, 0.5-0.7, 0.7-0.9 and 0.9-1.0). Given is the average fraction of 
eggss killed per class. The line given is the regression line calculated with the 
original,, unclassified data: R2 = 0.11; P < 0.0001. 

Behaviorr underlying the predator-prey interaction 
Inn an independent experiment, we studied the behavior of predatory mites 
andd prey, under 2 treatments that contrast in all three aspects (own vs. 
foreignn intact eggs, own vs. foreign patch, presence vs. absence of foreign 
puncturedd eggs). For ease of notation, we refer to these treatments as cues 
beingg own or foreign to the predator. The per-capita emigration rate of 
preyy was higher from patches with the predator's own cues than from 
patchess with foreign cues, whereas immigration onto these patches did not 
differr between treatments (Fig. 4, emigration: Mann-Whitney U-test, 
ZZ = -1.89, P = 0.058, immigration: Z = -0.68, P = 0.50). Prey emigrated 
moree from the patches with eggs than from untreated patches in both 
treatmentss (treatment 'own eggs', Wilcoxon paired test: Z = -2.803, 
PP = 0.005, 'foreign eggs', Z = -2.5, P = 0.017). 

Predatorss spent less time on untreated patches in arenas with their 
ownn eggs than in arenas with unrelated eggs and pierced eggs (341 
minutess vs. 688.7, respectively; Mann-Whitney U Test, Z = -2.12, 
PP = 0.034). Predators were in the observation area (i.e., close to the eggs) 
forr a longer period in arenas with own eggs than in arenas with foreign 
eggs,, but this difference was not significant (183.6 minutes vs. 112.8, 
respectively;; Mann-Whitney U Test, Z= 1.36, P = 0.17). The time thrips 
weree detected on the observation area did not differ significantly between 
treatmentss (580.1 on the treatment with own predator eggs and 682.4 on 
thee treatment with foreign predator eggs, Z = -0.302, P = 0.76). 
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- ( ) . ] ] 

Own n Foreign n 

F igu ree 4 Per-capita prey emigration rates from treated patches (black bars) and 
immigrationn rates onto treated patches (white bars). Left: t reatment with own 
eggs;; right: t reatment with foreign eggs. Vertical lines indicate the standard error 
off  the mean. 

OO foreign 
lown n 

II L 

Predatorr chases prey Predator kill s prey Prey touches eggs Predator touches eggs 

Figuree 5 Average (+ SE) frequency of predators chasing and killin g prey and of 
preyy and predators touching predator eggs in patches with eggs from foreign 
predatorr females (white bars) and with own predator eggs (black bars). 
Frequenciess are divided by the t ime predators and prey co-occur in the 
observationn area in the first two sets of bars and by the time prey and predator 
aree detected in the observation area in the third and fourth pairs of bars, 
respectively.. Asterisks indicate significant differences between the two bars of the 
samee treatment, using Wilcoxon signed-pairs tests. 
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Predatorss chased prey significantly more often in arenas with own eggs 
thann in arenas with foreign eggs (Mann-Whitney U Test, Z - 2.99, 
PP = 0.003). They also killed prey significantly more often in arenas with 
ownn eggs than with foreign eggs (Z = 2.06, P = 0.039). However, this was at 
leastt partly a by-product of predators spending more time close to their 
ownn eggs than to eggs of foreign females. Indeed, when the frequency of 
predatorss chasing and killin g prey was divided by the time that predators 
andd prey co-occurred on screen, these differences are still large, but no 
longerr significant (Fig. 5, two first pairs of bars, Mann-Whitney U Test, 
ZZ = 1.44, P = 0.15, Z = 1.62, P = 0.1, respectively). Per unit of time in the 
observationn area, prey touched eggs of predators less often when predator 
eggss were own than when they were foreign (Fig. 5, third pair of bars, 
Mann-Whitneyy U Test, Z = -2.36, P = 0.018). The frequency with which 
predatorss touched eggs did not differ significantly between treatments 
(Fig.. 5, last pair of bars, Mann-Whitney U Test, Z - 1.13, P = 0.26). 

Discussion n 

Overlapp in size of predators and prey creates the opportunity for prey to 
counterattackk vulnerable predator stages ( Polis et al. 1989, Whitman et 
al.. 1994, Whitehouse and Lubin 1998, Dorn and Mittelbach 1999, Janssen 
ett al. 2002). Here we tested the hypothesis that predators respond to such 
counterattackss by protective parental care. Our observations on a system 
consistingg of a predatory mite and a counterattacking thrips prey (Faraji 
ett al. 2001, Janssen et al. 2002) support this hypothesis; the response of 
femalee predatory mites to own cues differed from that to unrelated 
conspecificc cues. When female predatory mites perceived own cues, they 
killedd more prey on patches with predator eggs than on patches without 
predatorr eggs. In contrast, they killed less prey on patches with predator 
eggss when perceiving cues of other predator females. Female predators 
alsoo chased more prey next to own eggs than next to foreign eggs. 
Together,, these behaviors resulted in prey touching and killin g fewer 
predatorr eggs and migrating to other patches when female predators 
perceivedd own cues. We interpret this predator behavior as protective 
parentall  care. 

Ourr results also il lustrate that overlap in sizes of predators and prey 
resultss in a game of attack, counterattack and counter-counterattack. 
Parentall  care is a form of counter-counterattack that is profitable when 
vulnerablee predator offspring and counterattacking prey stages co-occur. 
Alternativee measures for predators against counterattacking prey are to 
spatiallyy segregate foraging and oviposition. This requires safe sites for the 
predator'ss offspring, but traveling to these sites goes at the expense of the 
timee available for foraging. Thus, whether to lay eggs in safe or unsafe 
sitess is a matter of optimizing time allocated to foraging and oviposition so 
ass to maximize reproductive success. One of the consequences of 
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ovipositingg in safe sites, away from the counterattacking prey, is that 
predatorr offspring have no access to the prey. This is not a problem when 
thee offspring do not need food or feed on other food sources, which implies 
ann ontogenetic diet shift. Alternatively, parents could carry food to their 
young,, which is another form of parental care that requires kin 
recognition. . 

Mostt of these strategies are observed in our experimental system. On 
sweett pepper plants, predatory mites do not only feed on thrips, but they 
cann also feed on pollen. Thrips, in turn, can feed on leaf tissue as well as on 
pollen.. Therefore, interspecific aggregations of predatory mites and prey 
arisee in flowers. The densities of such aggregations are so high that 
protectivee parental care would not be an effective strategy. For this reason, 
predatoryy mites oviposit away from flowers with thrips to prevent prey 
fromm attacking their eggs (Faraji et al. 2001) and prefer to lay their eggs in 
smalll  tufts of hairs (domatia) at the underside of leaves (Faraji et al. 2002). 
Sincee they require food for reproduction and develop one egg at a time, 
femalee predatory mites need to commute between flowers and leaves. This 
createss the opportunity for thrips to counterattack when predator eggs are 
unattended.. To prevent this, female predatory mites lay their eggs 
preferentiallyy in clusters of their own eggs (Faraji et al. 2000). This has the 
advantagee that predatory mites provide protective parental care for all 
theirr offspring during the time spent near the cluster of own eggs (Hardin 
andd Tallamy 1992), but female predatory mites can only spend part of 
theirr time near the egg clusters, leaving the eggs unprotected for the rest 
off  the time. When unattended, eggs clustered in domatia are more difficul t 
too reach by the thrips, thus they are more protected against counterattacks 
thann eggs outside domatia (Faraji et al. 2001). Hence, when flowers are 
present,, predatory mites protect their eggs in two ways: by ovipositing 
awayy from the flowers and by producing clusters of own eggs in domatia. 
However,, when flowers are rare or absent, the game changes. Thrips are 
noww found on leaves, close to the oviposition sites. Under these conditions, 
protectivee parental care is efficient. 

Givenn that protective parental care exists, one may ask whether it is 
evolutionaryy stable. An alternative is the cuckoo strategy, where females 
depositt eggs near females that exhibit protective parental care. This would 
leadd to protection of the 'cuckoo' eggs as a byproduct of the kin-directed 
protectionn of the resident female (Tallamy and Horton 1990, Loeb 2003). 
Thiss strategy can never go to fixation in a population, since its success 
dependss on the frequency of protective parents. Another question is, 
whetherr protective parental care is resistant to other prey strategies under 
predator-preyy coevolution. In response to protective parental care, prey 
couldd decide to join others in counterattacking, thus overcoming protective 
actionss of the predator. Ultimately, predators could join forces in 
protectingg groups of their own and each others' offspring. Therefore, the 
strategyy adopted by each player wil l depend on the local density of their 

132 2 



8.. Counterattacking prey trigger parental care in predators 

opponent.. The reciprocal attack-and-defense behaviors described here may 
givee rise to priority games between predators and prey. When the density 
off  counterattacking prey on a patch is high, predators may attack prey, but 
refrainn from ovipositing nearby. However, at low prey density, predators 
aree expected to feed on prey, oviposit nearby and protect their offspring by 
additionall  killin g and chasing of prey. We therefore predict strong 
frequencyy and density dependence in interactions of predators and prey 
withh overlapping sizes. 
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