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M.. Venzon  2000  Food webs on plants: the role of a generalist predator 

Chapterr  3 

Preyy preferenc e and reproductiv e succes s of the 
generalis tt  predato r Orius laevigatas 

Madelainee Venzon1,2, Arne Janssen1 & Maurice W. Sabelis1 

'Sectionn Population Biology, University of Amsterdam, The Netherlands; 
Agriculturee and Livestock Research Enterprise of Minas Gerais (EPAMIG), Uberaba, Minas Gerais, 

Brazil l 

Wee studied preference of the generalist predator Orius laevigatus for patches with either 
spiderr mites or western flower thrips, in an attempt to assess how this is tuned to 
reproductivee success in the prey patches offered. First, we tested whether potential 
reproductivee success under ample prey supply gave the explanation. However, the 
observedd preference for plants with spider mites was in conflict with the preference for 
thripss predicted from this measure of reproductive success. Thus, prey quality does not 
sufficee to explain prey patch choice. To test whether prey quantity matters, reproductive 
successs was first assessed at realistic prey densities, and then used to provide a new 
predictionn of preference. However, again the predicted preference for thrips did not match 
thee observed non-preference. We discuss two alternative explanations for this deviation 
betweenn prediction and observation: (1) future reproductive value for each patch type, (2) 
otherr factors influencing survival (predation, cannibalism, parasitism, competition). 

Theree is littl e information about how generalist predators decide which kind of prey to 
consume.. One hypothesis is that generalists need to diversify food intake to balance 
nutritionall  needs (Belovsky 1978, Stephens and Krebs 1986). In that case, prey preference 
wil ll  be triggered by the current nutritional status. Slansky and Scriber (1985) argued 
againstt this hypothesis. They suppose that generalist predators acquire a balanced diet by 
carnivory.. This argument, however, is not consistent with the observations that (1) 
generalistt predators show marked prey preferences and (2) quality differs among prey 
speciess (Sabelis and Van den Baan 1983, Dicke et al 1988, 1990, Waldbauer and 
Friedmann 1991, Bilde and Toft 1994, Toft and Wise 1999, Eubanks and Denno 1999, 
Lesnaa and Sabelis 1999). Reality is probably in the middle; some prey species may offer 
superiorr food for development and reproduction, whereas other species are inferior in 
somee respects (Eubanks and Denno 1999). This would predict the existence of fixed 
preferencess in generalists for the superior prey and the only decision left is whether to 
includee the inferior prey (Stephens and Krebs 1986). In that case the prediction is that 
inclusionn of the inferior prey always depends on the density of the superior prey, and 
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underr a broad range of realistic conditions (e.g. recognition time) also on the density of the 
inferiorr prey. Note that superior prey are always included in the diet, irrespective of their 
density. . 

Thee above predictions hold for the case of an environment with well-mixed 
populationss of the prey species. However, different prey types often occur in separate 
patches,, so that the generalist predator has to make an 'either/or' decision. This decision 
wil ll  not only depend on the quality per prey, but also on the quantity of prey per patch. 
Moreover,, it may also depend on quality of the patch in the future, i.e. the increase or 
decreasee of prey numbers during patch exploitation (Kindlmann and Dixon 1999). This 
mayy lead to generalists that even prefer the patch with inferior prey, provided the present 
orr future density of that prey is high enough (i. e. relative to densities in patches of superior 
prey). . 

Here,, we study whether a generalist predator (Orius laevigatus (Fieber)) selects 
patchess with either spider mites (Tetranychus urticae Koch) or thrips {Frankliniella 
occidentalisoccidentalis (Pergande) so as to maximize its reproductive success. To this end, we first 
assesss reproductive success on each of the two prey species under conditions of ample 
supply,, as well as under conditions of densities characteristic for the prey. Then, we assess 
preyy patch preference and test to what extent these results are in agreement with what was 
expectedd from measuring reproductive success. In an earlier experiment (Chapter 2), we 
foundd a preference for patches with spider mites over patches with thrips. Depending on 
thee results of the measurements of reproductive success, we will repeat that preference 
experimentt but now with altered densities of the superior prey to investigate the role of 
densityy in prey patch choice. 

Itt is possible that alternative prey supplement each other, and together form a 
betterr diet than each prey separately (Bjorndal 1991, Evans et al. 1999). This then could 
alsoo affect the diet choice of generalists, depending on their previous diet, preference may 
changee to the alternative. For this reason, we tested the effects of a mixed diet on 
reproductivee success and predation rate. 

Material ss  and Method s 

StockStock Cultures 

Two-spottedd spider mites and western flower thrips were collected from cucumber (var. 
Ventura)) in a commercial greenhouse near Pijnacker, The Netherlands, in May 1994. They 
weree reared on cucumber plants of the same variety, spider mites in a climate room (25°C, 
l:d=16:8)) and thrips in climate boxes (27°C, l:d=16:8). Predatory bugs were reared 
accordingg to the method described by Van den Meiracker (1999). The culture was started 
withh specimens from Koppert Biological Systems (The Netherlands). The predators were 
keptt in plastic jars (8 x 8 x 11 cm), with two lateral holes (0 4 cm) covered with nylon 
gauzee for ventilation. They were fed three times a week with an ample supply of eggs of 
thee flour moth Ephestia kuehniella Zeiler, and provided with a bean pod as oviposition 
substratee and supply of moisture. Bean pods with predator eggs were collected from these 
jars,, which then received new pods and new flour moth eggs as prey. Pods with predator 
eggss were placed in a new jar with flour moth eggs as prey for the emerging juvenile 
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predators.. Al l jars were lined with crumpled wipes to provide hiding places and thus 
reducee cannibalism. The rearing unit was kept at 25°C, 75% RH and l:d=16:8. 

PredatlonPredatlon on leaf discs 

Wee monitored the behaviour of the predatory bug on cucumber leaf discs containing 
spiderr mites (10 females) and thrips (10 second instar larvae). A leaf disc (0 5 cm) was put 
inn the centre of a plastic Petri dish containing wet cotton wool. Spider mites were added to 
thee leaf disc 24 hours and thrips 30 minutes before the observations start. Spider mites 
weree added earlier than thrips to allow them to feed and produce web. The experiment 
startedd with the introduction of one predatory bug female (5-7 days after adult eclosion), 
starvedd for 24 hours. During one hour the behaviour of the female was recorded. An 
encounterr was recorded when the predator showed reaction to the presence of any prey by 
extendingg her rostrum towards the prey. The encounter rate for each prey species was 
calculatedd by dividing the total number of encounters by the total time spent searching (i.e. 
walking).. Predation rate was measured as the numbers of prey killed per hour. The success 
ratioo for each prey species was calculated as total number of feeding events divided by the 
totall  number of encounters. Prey densities were kept constant by replacing prey as soon as 
theyy were killed. A replicate consisted of the observation of one predatory bug during one 
hour.. In total, 10 replicates were carried out. Data were analysed with a Mann-Whitney li-
test.test. The Bonferroni method was used to correct the significance level for multiple 
comparisonss (encounter rate, success ratio and handling time) (Sokal and Rohlf 1995). 
Resultss from previous experiments where each prey was offered separately are also 
presentedd (Chapters 4 and 6). 

ReproductiveReproductive success with ample prey supply 

Juvenil ee developmen t 

Newlyy hatched predatory bug nymphs were put individually in small glass tubes (0 1.4 cm 
xx 5.5 cm high) and fed either with thrips or spider mites until adult eclosion. Thrips larvae 
weree offered on half a cucumber leaf disc (0 2 cm) and spider mites on half a leaf disc (0 2 
cm)) cut from a spider-mite infested cucumber plant. Tubes had moist filter paper on the 
bottomm to keep the leaf disc fresh and were close with parafilm and kept at 25°C and l:d = 
16:8.. Ample supply of prey was offered and leaf discs with fresh prey were added to the 
tubess every day. Stage and survival of all instars were scored daily. The numbers of 
nymphss recorded were 40 on a thrips diet and 46 on a spider-mite diet. Data on duration 
andd survival of the juvenile stage were analysed with a Mann-Whitney [/-test and a 
Fisher'ss Exact test, respectively. 

Fecundit y y 

Predatoryy bug females were confined individually in plastic vials (0 6 x 6.5 cm high) with 
moistt filter paper on the bottom and kept at 25°C and l:d=16:8. Each female was provided 
withh a section of bean pod (  2 cm) for oviposition and supply of moisture. They were fed 
withh an ample supply of one of the following diets: 30 thrips larvae (young second instar) 
onn a cucumber leaf disc (0 2 cm); spider mites (c. 30 adults, plus eggs and juveniles) on a 
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cucumberr leaf disc (0 2 cm) cut from an infested plant; a mixture of 15 thrips larvae (on 
1/22 leaf disc of 0 2 cm) and 1/2 leaf disc (0 2 cm) infested with spider mites (c. 15 adults, 
pluss eggs and juveniles). Equal amounts of each prey type were offered because the thrips 
larvaee and adult spider mites were similar in size, and spider mite eggs and juveniles are 
nott frequently fed upon by adult predatory bugs. 

Too measure the pre-oviposition period, a newly emerged female and a male both 
fromm the culture were isolated in a plastic vial. They were fed with one of the diets, but 
withh the double amount of prey to compensate for consumption by the male. The bean pod 
wass checked every day until the first egg was found. Leaf discs with food were replaced 
everyy day to provide predators fresh prey. 

Thee oviposition rate was determined by isolating newly emerged females plus a 
malee for 3 days (pre-oviposition period) in a plastic jar (8 x 8 x 11 cm) with an ample 
supplysupply of flour moth eggs. After that, each female was isolated in a plastic vial containing 
aa bean pod section and one of the diets as described above. Food and bean pods were 
replacedd every day. The removed bean pod was examined under the microscope and the 
numberss of eggs inserted in it were counted. The oviposition rate was measured during 5 
days.. Numbers of eggs oviposited during the first day were excluded from analysis, as 
theyy are supposed to be produced from the food consumed before the experiments. Ten 
replicatess of each treatment (diet) were done. To determine the viability and incubation 
periodd of predatory bug eggs, c. 40 eggs from each treatment were monitored daily. Data 
weree analysed with a Mann-Whitney [/-test. 

Intrinsicc growth rate 

Ovipositionn rates, juvenile development and survival data were used to estimate the 
intrinsicc growth rate of predatory bugs on various diets. As we did not measure the 
longevityy and total fecundity of females, we assumed that survival and age-dependent 
reproductionn curves would be similar in shape to those as found for the same species by 
Cocuzzaa et al. (1997). The sex ratio was assumed to be 1:1. For each diet, the intrinsic 
growthh rate (rm) was calculated and expressed as the number of females per day using the 
followingg formula (Carey 1993): 

YjjnYjjnxxe-'-™e-'-™ =1 

wheree T is the oldest age class, lx and mx are the proportion of surviving females at age x 
andd the number of female progeny produced per female in the age interval x, respectively. 

AssessmentAssessment of reproductive success per prey patch 

Wee measured the oviposition of predatory bug females per potted infested or clean 
cucumberr plant. Each infested plant had either c. 800-1000 spider-mite females (which is a 
characteristicc density of these herbivores on cucumber), or either a moderate (c. 30 
larvae/plant)) or high (c. 150 larvae/plant) density of thrips larvae. 

Inn order to test females of same age, newly hatched females and males of the 
predatoryy bug were kept for 3 days in a plastic jar (8 x 8 x 11 cm) with ample supply of 
flourr moth eggs. Subsequently, each female was put in a plastic vial (0 6 cm x 6.5 cm 
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high)) containing a section of bean pod. After 20 hours, bean pods were examined for eggs 
andd only females that had oviposited were used for the experiments. Experiments started 
byy adding 3 females per plant. Each plant was placed in a tray (46 x 30 x 8 cm) and a 
plexiglasss container (50 x 36 x 43 cm) was put over the plants and the tray. The females 
weree left to feed and lay eggs on the plant during one day. Then, females were put on a 
neww plant, either clean or with fresh prey, according to the treatment. This procedure was 
repeatedd five times. Thus, during 5 days, each group of 3 females received a plant 
harbouringg the same number of prey. 

Thee plants removed from the container were incubated and examined for eggs after 
22 days. The predator eggs inserted in the plants were then better visible under the 
microscope,, as the egg operculum became whitish. Plant parts that were difficult to check, 
suchh as growing tips, were incubated with flour moth eggs. After 3 days they were 
checkedd for the presence of predator nymphs. To calculate oviposition rates, the total 
numberr of eggs per plant was divided by the numbers of live females when the plant was 
removedd from the container. 

Threee replicate experiments were done using different sets of plants and predator 
females.. Each replicate consisted of a group of 3 females which received one new plant 
perr day (either clean or with fresh prey) during 5 days. The results of the experiments were 
analysedd with multifactorial ANOVA of numbers of eggs laid per female/day, with 
treatmentt of the plants and the day of the oviposition as factors. Fisher's LSD test was 
usedd for planned comparisons. Data on survival of females during the experiment were 
analysedd with a Mann-Whitney C/-test. 

PreyPrey patch preference 

Too test whether the preference for plants infested with spider mites found in our previous 
release-recapturee experiments (Chapter 2) was related to herbivore densities on plants, we 
carriedd out experiments with higher thrips densities (c. 150 larvae/plant) per plant than 
thosee tested before. Both thrips densities, used previously (c. 30 larvae/plant, 0.04 
larvae/cm2;; Chapter 2) and densities used here (c. 150 larvae/plant, 0.2 larvae/cm2) are 
withinn the range of densities found on cucumber (Rosenheim et cil 1990); the first being a 
moderatee density that would result in overexploitation of the plant in several weeks, 
whereass de second would lead to plant death within 7-10 days. 

Aboutt 100 female predatory bugs were released in the middle of a hexagon (0 80 
cm)) of six potted cucumber plants (c. 3.5 weeks old). Plants were either infested with 
spiderr mites (c. 800 -1000 females/plant, 1-1.25 females/cm2) or with thrips (c. 150 
larvae/plant,, i.e. c. five times as much as in previous experiments). They were placed in a 
plasticc tray (174 x 100 x 19 cm) filled with soil and the pots were buried in the soil with 
thee rim just below the soil surface. Soil was added so as to equalize soil levels in and 
outsidee the pots. Plants with different treatments had alternate positions in the hexagon 
andd each position was occupied with one of the treatments in half of the replicates and 
withh the other treatment in the other half. 

Predatoryy bug females (5 to 10 days after adult eclosion) were isolated individually 
inn small tubes (4.5 x 0.5 cm) and starved for 24 hours. They were released from these 
tubes,, all at once, in the middle of the hexagon of plants. Starting one hour after release, 
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plantss were checked for the presence of predatory bugs every hour during a total period of 
66 hours. At each check, all predatory bugs found on the plants were removed so that 
opportunityy for arrestment was minimized, thereby making attraction the main cause of the 
presencee of predators on plants. Frequent sampling was also done to ensure that the first 
predatoryy bugs attracted to the plants would not elicit any avoidance or attraction of 
conspecificc predators that were still searching for plants (Janssen et al. 1997, Janssen et al 
1998).. The next day, all plants were checked again for the presence of predatory bugs. 
Temperaturee in the greenhouse was between 23°C and 30°C. 

Fourr replicate experiments were done using different sets of plants, insects and 
mites.. The results of the experiments were analysed with multifactorial ANOVA of 
arcsinee transformed fractions of predatory bug females recaptured, with treatment of the 
plantss and the position within the hexagon as factors (Sokal and Rohlf 1995). 

Result s s 

PredationPredation on leaf discs 

Whenn thrips and spider mites were offered separately (Chapters 4 and 6), significantly 
moree spider mites were killed than thrips (Mann-Whitney U-test: U = 80, P = 0.02) 
(Tablee 1). Predation rate is determined by several parameters such as the encounter rate, 
successs ratio and the handling time. Only the handling time of thrips was significantly 
longerr than of spider mites (Mann-Whitney CZ-test: U= 13, P = 0.005). No differences in 
thee encounter rates and in the success ratio were found between these two prey (Mann-
Whitneyy U-ttsX: U — 40, n.s. and U = 32, n.s., respectively). Thus, the difference in 
predationn rate are mainly due to the longer handling time of thrips, resulting in less time 
forr searching prey. 

Tablee 1. Behaviour of the predatory bug on cucumber leaf discs containing a mixture of spider mites (10 
females)) and thrips (10 larvae), and on leaf discs with only spider mites (20 females) and only thrips (20 
larvae).. Data on each prey offered separately are from Chapters 4 and 6. 

Parameters s 

Predationn rate1 

Encounterr rate2 

Successs ratio3 

Handlingg time4 
<s) ) 

thripss only 

5.11 + 1.6B 

0.0199 9 A 

0.9499  0.086 A 

581.55 4 A 

spiderr mites only 

9.11 8 A 

0.0166 7 A 

0.8900  0.073 A 

243.77  114.7 B 

thripss in mixture 

3.00 2 a 

0.0088  0.005 a 

0.9755  0.079 a 

716.33 4 a 

spiderr mites in mixture 

2.00 3 a 

0.0066  0.003 a 

0.7233  0.353 a 

347.0  390.9 a 

'Numberr of prey killed/hour. 
2Numberr of encounters/total walking time. 
3Numberss of feeding events/numbers of encounters. 
4Timee spent feeding per prey. 
Dataa were compared with a Mann-Whitney U-test. The Bonferroni correction for multiple comparisons was 
usedd for encounter rate, success ratio and handling time. 
Meanss (+ SD) within a row followed by the same letter and type do not differ significantly; uppercase letters 
referr to comparisons between thrips and spider mites when they were offered separately; lowercase letters 
referr to comparisons between thrips and spider mites within a mixture. 
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Tablee 2. Fitness measures of the predatory bug fed either with thrips or with spider mites, or with a mixture 
off  thrips and spider mites. 

Parameterss thrips spider mites thrips + spider mites 

Durationn of juvenile period 

Survivall  during juvenile period (%)2 

Pre-ovipositionn (days)1 

Ovipositionn rate (eggs/day)1 

Durationn of egg stage (days)1 

Eggg mortality (%)' 

Intrinsicc growth rate (rm) (day'1) 

12.44  1.0 b 

40.00 + 49.6 a 

3.11 3 a 

5.55 8 a 

4.77  0.8 a 

5.77 5 a 

0.1146 6 

15.55 3 a 

30.44 5 a 

3.0+0.00 a 

1.99  1.7 b 

4.66  0.9 a 

6.66  14.5 a 

0.0126 6 

--
--
3.22  0.4 a 

6.66  3.4 a 

4.99 + 0.8 a 

6.77  20.0 a 

0.1239 9 

Meanss (  SD) within a row followed by the same letter do not differ significantly ('Mann-Whitney [/-test; 
2Fisher'ss Exact test; P < 0.05). 

Whenn thrips and spider mites were offered on the same leaf disc, the predatory bug 
killedd a similar number of each prey species (Mann-Whitney U-test: U = 26, n.s.) 
(Tablee 1). No significant difference in the encounter rate (Mann-Whitney [/-test: U = 40, 
n.s.),, success ratio (U= 28.5, n.s.) and handling time (U = 18, n.s.) was found between 
thripss and spider mites (Table 1). 

ReproductiveReproductive success on ample ample prey supply 

Juvenil ee developmen t 

Thee duration of the juvenile period of the predatory bug was significantly shorter when 
nymphss were fed with thrips than when they were fed with spider mites (Mann-Whitney 
U-test:U-test: U=19,P = 0.00008) (Table 2). No significant difference in the total survival 
duringg the juvenile period was found when nymphs were fed with thrips or with spider 
mitess (Fisher's Exact test, P = 0.37) (Table 2). 

Fecundit y y 

Predatoryy bug females fed with thrips or with a mixture of thrips and spider mites laid 
significantlyy more eggs than females fed with only spider mites (Mann-Whitney U-test: 
U=23,pU=23,p = 0.04 and U = 13.5, P = 0.005, respectively). No significant difference in the 
ovipositionn rate between females fed with thrips and with a mixture of thrips and spider 
mitess was found (Mann-Whitney U-test: U= 43). Predatory bug females fed with different 
dietss did not show significant differences in the duration of their pre-oviposition period 
(Tablee 2). The duration of egg stage and the viability of eggs laid by females fed with each 
off  three diets did not differ significantly (Table 2). 

Intrinsi cc  growt h rate 

Too calculate the intrinsic growth rate of predatory bugs fed with a mixture of thrips and 
spiderr mites, juvenile performance was assumed to be the same as on a thrips diet, because 
thee adults did not show differences in fecundity between the two diets. The intrinsic 
growthh rates were higher when predatory bugs were fed with diets containing thrips than 
whenn they were fed with spider mites (Table 2). The higher values for rm on diets 
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containingg thrips is explained by the shorter juvenile period and higher fecundity of 
femaless on these diets. 

AssessmentAssessment of reproductive success per prey patch 

Predatoryy bug females on clean plants laid eggs only during the first day (1.2 
eggs/female/plant)) and they survived only until the second day. Therefore, we decided to 
excludee data on clean plants from the analysis of the oviposition rates and survival rates 
overr five days. A significant effect of the diet was found in the daily oviposition rates of 
females,, and no significant effect of the day of oviposition (1st to 5th) was found (Table 3) 
(Fig.. 1). Females on plants with c. 150 thrips larvae per plant laid significantly more eggs 
perr day (4.48  1.81) than females on plants with c. 800-1000 spider mites per plant 
(1.866  1.9) or on plants with c. 30 thrips larvae per plant (1.87  1.89) (Fisher's LSD test, 
PP < 0.01). Prey was depleted much faster from plants with thrips than from plants with 
spiderr mites. Many spider mites were left on the plants after one day, whereas only few 
thripss larvae (maximally 7) remained on plants with high thrips density, and none on 
plantss with moderate thrips density. Survival of females decreased during the experiments 
(Fig.. 2). Females on plants with c. 150 thrips larvae had higher total survival rates (93.4%) 
thann females on plants with c. 30 thrips larvae (58.1%) (Mann-Whitney C/-test: U = 55, 
PP = 0.007) and with c. 800-1000 spider mites (69.2%) (Mann-Whitney £/-test: U=72, 
PP = 0.04). Survival rate on plants with spider mites did not differ significantly from 
survivall  rates on plants with 30 thrips larvae (Mann-Whitney Latest: U= 94, n.s.). 

PreyPrey patch preference 

Inn the release-recapture experiments, 24% of the released predatory bug females were 
recapturedd on the plants after 6 hours. The recaptured females did not show preference for 
plantss with thrips or with spider mites (Table 4). Thrips-infested plants attracted on 
averagee 18.4% of the predators recaptured per plant (thus, 55.2% of all recaptured 
predatorss were found on thrips-infested plants) and plants infested with spider mites 
attractedd 14.9% per plant {i.e. 44.8% of all recaptured predators) (Fig. 3). No predators 
weree found on plants on the day after the experiment. 

Tablee 3. Analysis of variance for oviposition rates of predatory bug females per plant. Plants were infested 
eitherr with spider mites, or either with moderate or high density of thrips. Data are from three replicates. 

Sourcee of variation 

Treatment' ' 

Oviposition n 

Interaction n 

Residual l 

Total l 

day2 2 

Summ of squares 

57.555 5 

16.947 7 

22.493 3 

87.038 8 

184.033 3 

d.f. . 

2 2 

4 4 

8 8 

25 5 

39 9 

Meann square 

28.777 7 

4.237 7 

2.812 2 

3.482 2 

o o 

8.266 6 

1.217 7 

0.806 6 

P P 

0.0018 8 

0.3286 6 

0.6023 3 

'Treatmentt refers to plants infested either with spider mites (c. 800-1000 females/plant), or either a moderate 
(c.(c. 30 larvae/plant) or high (c. 150 larvae/plant) density of thrips larvae. 
2Ovipositionn was measured during 5 days. 
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Figuree 1. Oviposition rate of predatory bug females per plant during five days. Plants were infested either 
withh c. 800-1000 spider-mite females per plant (dashed bars), or either with c. 30 thrips larvae per plant 
(openn bars) or with c. 150 thrips larvae per plant (closed bars). Shown are the average and standard deviation 
perr treatment per day from three replicate experiments. 
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Figuree 2. Survival of predatory bug females per plant during five days. Plants were infested either with c. 
800-10000 spider-mite females per plant (circles and drawn lines), or either with c. 30 thrips larvae per plant 
(triangless and broken lines) or with c. 150 thrips larvae per plant (squares and drawn lines). Shown are the 
averagee and standard deviation per treatment per day from three replicate experiments. 
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AA significant effect of plant position on the percentage of predators recaptured per 
plantt was found, but the interaction between treatment and position of plants was not 
significantsignificant (Table 4). Most predators were recaptured on plants that were east (position 2 
andd 3) of the release point. However, this directionality did not affect the results of our 
experiments,, since care was taken that each position on the hexagon was occupied by 
plantss infested spider mites in half of the experiments and by plants infested with thrips in 
thee other half. 

Tablee 4. Analysis of variance of arcsine transformed fractions of predatory bug females recaptured on plants 
infestedd with spider mites and on plants infested with thrips in release-recapture experiments in a 
greenhouse.. Data are from four replicates. 

Sourcee of variation 

Treatment' ' 

Position2 2 

Interaction n 

Residual l 

Total l 

Summ of squares 

0.0207 7 

0.4707 7 

0.0283 3 

0.1997 7 

0.7194 4 

d.f. . 

1 1 

5 5 

5 5 

12 2 

23 3 

Meann square 

0.0207 7 

0.0941 1 

0.0056 6 

0.0166 6 

/•"-ratio o 

1.2448 8 

5.6568 8 

0.3394 4 

P P 

0.2864 4 

0.0066 6 

0.8793 3 

'Treatmentt refers to plants infested with spider mites vs. plants infested with thrips. 
2Positionn refers to position of the plants within the hexagon in the greenhouse. 

.1 1 
S S 

T.T. urticae 

Figuree 3. Mean percentage (standard deviation) of predatory bug females recaptured per plant infested with 
thripss (left bar) or per plant infested with spider mites (right bar) in the greenhouse. Shown are the combined 
resultss from four replicates. 
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Discussio n n 

Off  the two species studied, thrips is the superior prey because it allows for a higher 
intrinsicc rate of population growth under ample supply. Moreover, adding spider mites to a 
diett of thrips did not affect the intrinsic rate of increase. This suggests that the predatory 
bugss should prefer diets with thrips over a diet consisting of spider mites only. However, 
thee predatory bugs were found to prefer plants with spider mites, the inferior species 
(Chapterr 2), which shows that patch preference does not only depend on the quality of the 
preyy in the patch, but also on quantity. This stimulated us to measure reproductive success 
perr patch (plant), using two densities of the superior prey, one being moderate (0.04 
larvae/cm2)) and one high (0.2 larvae/cm2, close to the maximum density reported by 
Rosenheimm et al. 1990), and one, characteristic, density (c. 1 adult female/cm2) of the 
inferiorr prey (note that biomass of an adult female spider mite and a young second-instar 
thripss larva are equivalent). Reproduction per plant with spider mites was as high as per 
plantt with moderate densities of thrips, whereas it was higher per plant with high thrips 
density. . 

Whereass predatory bugs preferred plants with the inferior prey species when plants 
withh moderate densities of thrips were the alternative, this preference disappeared when 
thripss density was increased. Based on the reproductive success per plant, we expected a 
preferencee for plants with high densities of thrips and no preference for plants with 
moderatee densities. One explanation for the difference between observation and prediction 
iss in the way prey are depleted. Predatory bugs killed all thrips larvae both on plants with 
moderatee densities and on plants with high densities within one day, whereas plants with 
spiderr mites still contained a growing and reproducing population of prey after one day. 
Hence,, plants with spider mites may offer a higher future reproductive success. 

Alternatively,, to explain the lack of preference for the superior prey, one may think 
off  important characteristics of prey patches other than prey quality and density. Some 
typess of patches may be relatively safe from predation (Ohsaki and Sato 1994). For 
example,, plants with spider mites may be more safe than plants with thrips, because spider 
mitess produce web that may serve as a refuge from predation (Sabelis and Bakker 1992, 
Pallinii  et al. 1998, Chapter 4). Possibly, predatory bug nymphs in the web are protected 
fromm cannibalism and/or intraguild predation, and this may be a reason for adult female 
bugss to oviposit on plants with spider mites. This hypothetical example illustrates that one 
shouldd be cautious in relating reproductive success to prey quality only. 

Wee propose a hierarchical approach for testing whether prey preference is tuned to 
reproductivee success by starting with operational definitions of short term reproductive 
successs and then only moving to more complicated long term definitions when the short 
termm measures fail to predict observed prey preference. First, one should measure potential 
reproductivee success by measuring intrinsic population growth rates on ample prey supply 
too assess which prey type is superior. Second, the reproductive rate per patch, under 
realisticc prey densities, and third, Fisher's (1958) reproductive value as a measure of 
futuree reproductive success should be assessed. Finally, other factors determining patch 
quality,, such as predation, parasitism, competition and disease should be assessed. These 
factorss should then be incorporated into one measure of reproductive success. If then still 
predictionss fail, this could be because variables to be incorporated are dependent on 
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dynamicss and therefore, this measure would be a short term measure of fitness at best. 
Hence,, long term measures of fitness are needed, which are probably hard to measure 
experimentally.. This is because any long-term measure of fitness will depend not only on 
thee long-term population dynamics and evolution of the predator and prey under 
consideration,, but of the food web as a whole (Metz et al. 1992, My lius and Diekmann 
1995). . 
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