
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

To eat and not to be eaten

de Magalhães, S.N.R.

Publication date
2004

Link to publication

Citation for published version (APA):
de Magalhães, S. N. R. (2004). To eat and not to be eaten. [Thesis, fully internal, Universiteit
van Amsterdam]. Universiteit van Amsterdam.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/to-eat-and-not-to-be-eaten(c89133ac-7434-4606-a225-1af58e042142).html


S.. Maga lhaes To eat and not to be eaten: Do plant-inhabiting arthropods 
20044 tune their behaviour to predation risk? 
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Flexibl ee antipredato r behaviou r in 
herbivorou ss mite s throug h vertica l migratio n 

inn a plan t 

Saraa Magalhaes, Arne Janssen, Rachid Hanna and 
Mauricee W. Sabelis 

Oecologiaa 132: 143-149 (2002) 

Whenn predation risk varies in space and time and with predator 
species,, successful prey defense requires specific responses to each 
predator.. In cassava fields in Africa, the herbivorous Cassava Green 
Mit ee is attacked by three predatory mite species that are segregated 
withinn the plant: the leaf-dwelling Typhlodromalus manihoti and 
EuseiusEuseius fustis occur on the middle leaves, whereas the apex-
inhabitingg T. aripo migrates from the apex to the top leaves only 
duringg the night. We found that differential distributions of these 
predatorss allow prey to escape predation by vertical migration to 
otherr plant strata. We studied the role of odours in the underlying 
preyy behaviour on predator-free plants placed downwind from plants 
withh predators and prey or with prey only. Prey showed increased 
verticall  migration in response to predator-related odours. Moreover, 
thesee responses were specific: when exposed to odours associated with 
T.T. manihoti, prey migrated upwards, irrespective of the plant st ratum 
wheree they were placed. Odours associated with T. aripo triggered a 
flexiblee response: prey on the top leaves migrated downwards, 
whereass prey on middle leaves migrated upwards. Odours associated 
withh E. fustis, a low-risk predator, did not elicit vertical migration. 
Furtherr experiments revealed that (1) prey migrate up or down 
dependingg on the st ratum where they are located and (2) prey 
discriminationn among predators is based upon the perception of 
species-specificc predator body odours. Thus, at the scale of a single 
plant,, odour-based enemy specification allows herbivorous mites to 
escapee predation by vertical migration. 
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PartPart II-Avoidance of predation 

Sincee predation is a key factor in determining herbivore survival (Hairston 
ett al. I960, Walker and Jones 2001), selection on prey wil l favour 
resistancee to predators, for example by predator avoidance. Such 
behaviourr is usually displayed at the cost of other fitness-related activities, 
suchh as foraging, mating, growing or producing offspring (Lima 1998, 
Martinn and Lopez 1999, Gotthard 2000). Consequently, prey are expected 
too avoid their predators only when predation risk is sufficiently high 
(Charnovv et al. 1976, Lima and Bednekoff 1999, Luttbeg and Schmitz 
2000).. Indeed, experimental studies show that prey tune avoidance to the 
riskk imposed by predators (Snyder and Wise 2000, Venzon et al. 2000). 
Effectss of such antipredator behaviour on population dynamics of prey can 
bee as large as effects of predation (Schmitz et al. 1997). 

Thee lif e of arthropod herbivores on a plant is even more risky than that 
off  other prey because plants promote the effectiveness of predators by 
providingg them with food, herbivore-induced signals and shelter (Price et 
al.. 1980, Dicke and Sabelis 1988, O'Dowd and Wilson 1991, Sabelis et al. 
1999a,, b, c). Therefore, one may hypothesize that, unless herbivores create 
theirr own refuge (e.g., galls, silken webs, mines), they cannot hide from 
predatorss on a plant but will tend to avoid predation by moving to 
predator-freee plants. However, when predation risk is heterogeneously 
distributedd within a plant, herbivores could also reduce predation risk by 
movingg to low-risk plant areas. Such small-scale within-plant avoidance in 
responsee to predation risk is the subject of this article. 

Wee studied the predator-avoidance behaviour of the phytophagous 
Cassavaa Green Mit e (CGM, Mononychellus tanajoa Bondar) on cassava 
{Manihot{Manihot esculenta Crantz). Its main enemies, the predatory mites 
TyphlodromalusTyphlodromalus aripo and T. manihoti, live in the plant apex and on 
leavess in the middle of the plant, respectively. In the field, plants may be 
occupiedd by either of the two predators or even by both (Bakker 1993). 
Hence,, depending on which of the two predators inhabits the plant, either 
apicess or mid-stratum leaves are relatively safe for the prey. Field 
observationss showed that the vertical distribution of the cassava green 
mitee varied with the presence or absence of these predators, and even with 
thee particular predator species present on the plant (Bakker 1993). 
Motivatedd by these observations, we investigate the possibility of 
herbivoress finding a partial refuge from predation on an individual plant. 

Inn this paper, we test whether prey distributions result from differential 
predationn in particular strata, or from herbivorous mites escaping from 
predatorss by moving to predator-free strata. To separate the effects of 
migrationn from those of predation, we compare the vertical movement of 
preyy on plants exposed to predator-derived odours to that of prey on plants 
exposedd to odours of prey only. Specifically, we ask the following questions: 
(1)) Do predator cues induce vertical migration of prey on a plant? (2) Does 
migrationn reduce predation? (3) Do ineffective predators elicit vertical 
migrationn on the prey? (4) Do CGM discriminate between different species 
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4.. Flexible antipredator behaviour by vertical migration 

off  effective predators? In addition, we discuss the possible source of the 
volatilee cues that elicit vertical migration, how this behaviour could result 
inn escape from predation and the effect of antipredator behaviour on 
distributionn patterns and population dynamics in the field. 

Materiall and Methods 

Thee system 
Afterr its accidental transfer from South America to Africa in the seventies 
(Yaninekk et al. 1989), the Cassava Green Mit e developed into a pest. 
Africa-widee biological control was achieved by releasing two predatory 
mitess species endemic to South-America: Typhlodromalus manihoti 
(DeMoraes)) and T. aripo (DeLeon) (Yaninek et al. 1998, Yaninek et al. 
unpubl.. results). Predatory mites native to Africa, such as Euseius fustis 
(Pritchardd and Baker), appear not to be effective in controlling CGM 
populationss (Bruce-Oliver et al. 1996). T. manihoti and E. fustis occur on 
thee middle leaves of the plant and rarely up in the apices (Bonato et al. 
1999,, Bruce-Oliver et al. 1996), whereas T. aripo is restricted to the apices 
duringg daytime and migrates to the leaves at night (Bakker 1993, Onzo et 
al.. 2003). CGM are mainly found in the upper plant strata in absence of 
predatorss (Yaninek et al. 1991, Farias and Silva 1992). When T. aripo is 
thee only predator present, CGM occur less often in the upper strata, but 
whenn only T. manihoti is present, CGM occur less often in the middle 
strataa (Bakker 1993). 

Cultures s 
Cassavaa (variety Agric) was grown in a greenhouse compartment at 
200  2°C and 70 to 90% RH at the International Institute for Tropical 
Agriculturee (IITA) , Cotonou, Benin. Stakes (ca. 20 cm) were planted in 2.5-
11 plastic pots, and watered every other day. In the experiments, we used 
three-week-oldd plants with seven or eight leaves. CGM were reared on 
youngg potted plants in another greenhouse under identical abiotic 
conditions.. Plants were infested by placing CGM-infested leaves at the 
basee of one or more petioles. Cultures were refreshed every week by 
introducingg CGM individuals collected from cassava fields. CGM may have 
experiencedd predators before collection, but not during rearing. 

TyphlodromalusTyphlodromalus manihoti was reared in a climate room at 24  2°C, 
andd 70-90% RH on black PVC arenas (30 x 30 cm) on top of a sponge 
surroundedd by wet tissue and placed in a 40 x 30 x 10 cm plastic tray with 
waterr (Mégevand et al. 1993). Cultures were provided with two CGM-
infestedd leaves three times a week. Every month, predator cultures were 
supplementedd with individuals collected from cassava fields. 
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TyphlodromalusTyphlodromalus aripo and E. fustis were not cultured, but collected 
fromm nearby cassava fields. E. fustis was maintained for one to three days 
onn maize pollen before being used in the experiments. 

Experimentall procedure 
Al ll  experiments were performed between April and November 2000 in a 
greenhousee compartment at IITA , under the same conditions as our 
cassavaa culture. 

Wee introduced predators and prey on a specific plant stratum (either a 
middlee or a top leaf), and measured prey migration to other strata. To 
ensuree that final prey distributions resulted from prey migration and not 
fromm differential predation in specific strata, we placed predators (with or 
withoutt prey) on one plant and measured prey migration on another plant 
placedd downwind. A wind source (a cylindrical plastic pipe, 40 cm 0, 
connectedd to a fan, resulting in an air flow < 2km / h) caused air to move 
overr one plant (3 m away) to the other, 1 m further down, thus causing 
odourr transport from the upwind to the downwind plant. A mesh cage 
aroundd the downwind plant prevented between-plant migration. 

Exceptt when stated otherwise, the experimental procedure was as 
follows:: (1) A cassava leaflet with 150 adult CGM females was attached to 
aa leaf of each of two upwind plants, the stratum of release varying with the 
test;; (2) After allowing prey populations to settle for 5 h, 15 adult female 
predatorss (starved for 1 h) were introduced on the same leaf on one of the 
upwindd plants, while the other (control) did not receive predators; (3) 
Simultaneously,, a leaflet with 150 adult CGM females was placed on a leaf 
off  each of the two downwind plants, at the same stratum level as predators 
and/orr prey on upwind plants; (4) 24 h later, leaves and apices of upwind 
andd downwind plants were collected and labeled according to their position 
onn the plant, and adult female CGM were counted using a stereoscope. 
Mitess tested were not returned to the cultures to avoid pseudoreplication. 
Afterr each trial, the door of the greenhouse was left open overnight to 
cleann the air from volatiles. The sequence of odour sources was randomized 
too minimize the effects of temporal changes in biotic and abiotic conditions. 
Eachh treatment was replicated at least 6 times. 

Migrationn in response to high-risk predators 
Too test whether CGM migrate vertically in response to high-risk predators, 
wee exposed CGM on downwind plants to upwind plants with (1) T. 
manihotimanihoti and CGM on the middle leaf, (2) T. aripo and CGM on the top 
leaf. . 

Predationn risk 
Too test whether vertical migration of CGM reduces predation risk, we 
comparedd predation on upwind plants where CGM were free to migrate 
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withh predation on plants where CGM migration was prevented by a glue 
barrierr around the leaf petiole. We introduced T. aripo on the top leaf and 
T.T. manihoti and E. fustis on the middle leaf, together with CGM. 

Migrationn in response to a low-risk predator 
Thee role of predation risk in inducing vertical migration was tested by 
exposingg CGM to odours associated with E. fustis. This predator was 
introducedd with CGM on the middle leaf and pollen was added as food for 
thee predators. 

Specificityy of the response to the high-risk predators 
Too test the specificity of the response of CGM to the high-risk predators, 
wee switched the position of T. aripo and T. manihoti on upwind plants: we 
putt T. manihoti on the top leaf and T. aripo on the middle leaf. To retain 
predatorss on the introduction leaf, we placed a tanglefoot barrier around 
thee leaf petiole. Glue on upwind plants does not affect CGM responses on 
downwindd plants (S. Magalhaes, pers. obs.). 

Stratum-specificc response 
Wee tested whether varying the position of predator affects the response of 
prey,, by placing T. aripo and CGM on the top leaf of upwind plants, but 
CGMM on the middle leaf of downwind plants. To ensure odour exposure, we 
elevatedd the downwind plants such that their middle leaf was at the same 
heightt as the top leaf of upwind plants. 

Sourcee of the predator-associated cue 
Too test whether predation was necessary to elicit a response, we 
introducedd T. manihoti without CGM on the middle leaf of upwind plants. 

Dataa analysis 
I nn the figures, we present the fraction of CGM females recaptured on the 
strataa above and below the introduction leaf (i.e., the fraction of CGM 
femaless that had migrated up or down after 24 h). The effect of treatments 
wass tested by MANOVA s and LSD post-hoc tests for multiple comparisons. 
Dataa were arcsine-square-root transformed to meet the MANOVA 
assumptions.. We used Mann-Whitney U tests for assessing differences in 
predationn rates. 
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Results s 

Migrationn of CGM from plants 
Onn average 84.12 5 (mean  SE) of the 150 CGM introduced were 
recovered,, alive or dead, on upwind plants and 89.63  2.14 on downwind 
plants.. This difference is not significant (ANOVA, Fi = 0.238, P = 0.627). 
Amongg treatments with or without predators, numbers of dead plus live 
mitess did not differ significantly (upwind plants: ANOVA, Fio = 1.318, 
PP = 0.242; downwind plants: ANOVA, Fs = 0.935, P = 0.494). Thus, escape 
fromm plants was not enhanced by the presence of (upwind) predators 
duringg the experimental period. Losses (~ 40%) may be due to the 
introductionn method and/or to CGM falling from plants. 

Wtthin-plantt migration in absence of predators 
Inn predator-free trials, most of the CGM on downwind plants did not 
migrate:: the fraction of CGM migrating up and down did not exceed 5.5% 
off  the total number of CGM remaining on plants (first bars of Figs 1 and 
2).. Migration to the upper strata was significantly higher than to the lower 
strata,, regardless of the leaf where CGM were introduced (ANOVA: 
Fii  = 12.871, P < 0.001). Because total CGM (alive + dead) with and without 
predatorss on upwind plants did not differ, we calculated the fraction of 
CGMM migrating in upwind plants relative to the total CGM (alive + dead). 
Sincee most predation occurred on the leaf of release, this procedure will , at 
most,, underestimate the fraction migrating (individuals might be eaten 
beforee they get a chance to move away). 

CGMM distribution on upwind and downwind plants did not differ 
significantlyy (top leaf, MANOVA : F2.15 = 0.008, P = 0.992; middle leaf, 
MANOVA :: F2,i8 = 1.639, P = 0.222). Thus, volatiles from plants with CGM 
onlyy do not result in additional migration on downwind plants. 

Migrationn in response to high-risk predators 
Onn upwind plants, CGM migrated significantly more up from the middle 
leaff  on plants with T. manihoti relative to control plants (MANOVA , 
Fii  = 10.520, P = 0.048). On plants with T. aripo, CGM migrated 
significantlyy more down from the top leaf relative to control plants 
(MANOVA ,, Fi = 9.874, P = 0.01). 

Onn plants downwind from plants with T. manihoti and CGM on the 
middlee leaf, on average 13% of CGM migrated from the middle leaf 
upwards,, whereas only 5% migrated upwards on plants receiving odours 
fromm CGM only (Fig. 1; LSD test following MANOVA : F10.94 = 4.32, 
PP = 0.001). Thus, upward migration was enhanced by volatiles associated 
withh T. manihoti. Migration to the lower strata (leaves 5 to 8) was 
negligible,, both in the control and in replicates with T. manihoti (Fig. 1). 
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PP < 0.05). For abbreviations, see Fig. 1. 
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Tablee 1 Predation rate1 of T. aripo, T. manihoti and E. fustis on CGM, and control 
(i.e.,, CGM mortality in the absence of predators), when CGM and predators may 
migratee within the plant and when they are confined to one leaf. 

Predatorss and prey may Predators and prey confined 
migratee within the plant to one leaf 

r.. aripo 0.19 9 0.47 1 10 

T.T. manihoti 0.27  0.045 0.75  0.1 19 

£.. fustis 0.05  0.008 

Noo predators 0.02  0.006 0.0.4  0.008 

'Predationn rate is calculated as P = -ln(N/No)*P-'*t-1, where No = number of CGM 
att the beginning of the experiment, N = number of CGM at the end of the 
experimentt (24 h later), P = number of predators present at the end of the 
experimentt and t = time span (24 h). For each treatment, n = 6. 

Onn plants downwind from plants with T. aripo and CGM on the top leaf, 
CGMM migrated significantly more from the top leaf downwards than on 
plantss downwind from plants with CGM only (Fig. 2; LSD test: 
F4,522 = 8.616, p < 0.0001). Few CGM migrated into the apices, but there 
wass no difference in upward migration between control plants and plants 
exposedd to predator odours. Thus, perception of predator-related odours 
increasess vertical migration of CGM within the plant. 

Predationn risk 
Too study the function of vertical migration, we assessed predation rates on 
upwindd plants where CGM could either migrate or not. Predation rates by 
T.T. aripo or by T. manihoti were significantly increased if migration of CGM 
wass prevented by a glue barrier around the petiole of the introduction leaf 
(Tablee 1; Mann-Whitney U Test, T. aripo and T. manihoti: P = 0.016). 
Predationn rates were similar between predators (U Test without glue 
PP = 0.262, with glue P - 0.337). On plants without glue, predation occurred 
mainlyy on the introduction leaf. Thus, within-plant migration of CGM is an 
effectivee means to escape predation. 

Migrationn in response to a low-risk predator 
Feww CGM died on upwind plants with E. fustis compared to the control 
(Tablee 1, Mann-Whitney U Test, P = 0.137), confirming that E. fustis is a 
low-riskk predator. On plants downwind from plants with E. fustis and 
CGMM on the middle leaf, CGM did not migrate more than on control plants 
(Fig.. 1; LSD test, P = 1). Thus, CGM discriminate between E. fustis and 
thee two high-risk predators. 
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Specificityy of the response to the high-risk predators 
CGMM migrated in opposite directions depending on the predator species 
presentt (Figs 1 and 2), suggesting that the response is tuned to the 
predatorr species or their position on the plant. To test for enemy 
specificity,, we switched the position of T. aripo and T. manihoti on upwind 
plantss (and, as above, the position of CGM on downwind plants). With T. 
aripoaripo on the middle leaf, CGM migrated up from the middle leaf (Fig. 1). 
Thee fraction migrating did not differ significantly from that in trials with 
T.T. manihoti on the middle leaf (LSD test following MANOVA , P = 0.405). 
However,, when predators were on the top leaf, the mean direction of 
migrationn differed according to the predator species present: more CGM 
migratedd from the top leaf to the apices upon perception of T. manihoti 
comparedd to controls (last bars of Fig. 2; LSD test, P = 0.019), whereas the 
fractionn migrating down was not significantly different from that of 
controlss (LSD test, P = 0.764). This contrasts with the response to T. aripo, 
wheree the mean direction of migration was downwards (Fig. 2). Thus, the 
experimentss with CGM starting on the top leaf show that they can respond 
specificallyy to odours of each predator species. Moreover, the response to T. 
aripoaripo differs depending on the stratum where T. aripo and/or CGM are 
placed. . 

Stratum-specificc response 
Too further test the effect of stratum on the direction of migration, we 
placedd T. aripo with CGM on the top leaf of upwind plants and CGM on 
thee middle leaf of downwind plants. CGM moved up; the fraction migrating 
didd not differ from that with T. aripo on the middle leaf of upwind plants 
(Fig.. 1, LSD test, P = 0.827). Thus, the stratum on which T. aripo and 
CGMM were placed on upwind plants did not influence the direction of CGM 
migrationn on downwind plants. 

Naturee of the predator-associated cue 
CGMM migration on upwind and downwind plants did not differ in trials 
withh T. aripo (MANOVA , Fa.is = 0.370,, P = 0.697). However, in trials with 
T.T. manihoti, CGM migration on upwind plants was nearly twice that on 
downwindd plants (24.5% vs. 13%, respectively, MANOVA , F2,i6 = 4.152, 
PP = 0.035). Thus, contact with T. aripo does not enhance the response of 
CGM,, whereas contact with T. manihoti does. 

Whenn CGM were exposed to odours from plants with only T. manihoti 
(i.e.,, without CGM), they migrated upward more than in the controls (last 
barss of Fig. 1). This response did not differ significantly from the response 
too odours from upwind plants with both CGM and T. manihoti (LSD test 
followingg MANOVA , P = 1), suggesting that CGM recognize predators by 
theirr body odour or any by-product of their physiological activities and that 
thee occurrence of predation is not necessary to elicit a response. 
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Discussion n 

Ourr experiments show that prey can escape predation within a plant by 
migratingg up or down to low-risk plant strata. Volatile cues associated 
withh high-risk predators induce such vertical migration whereas cues from 
aa low-risk predator do not. Whether prey move up or down depends on the 
stratumm they occupy as well as on the high-risk predator species present. 
Thee direction of migration in response to these predators is flexible when 
CGMM are exposed to the predator species that shows a diurnal distribution 
patternn (T. aripo), and fixed when CGM perceive odours of the stratum-
specificc predator, T. manihoti. To our knowledge, this is the first 
descriptionn of predator avoidance within an individual plant. 

Whyy can prey escape from mobile predators within a plant? 
Sincee the predators are more mobile than their prey, one may ask whether 
verticall  migration is an effective means to escape in the long run. If all 
preyy were mobile and moved up or down in response to predators, they 
wouldd surely be quickly followed by the predators. Then, this escape would 
onlyy be effective at a very short time scale. In an attempt to find the 
minimall  conditions under which vertical migration as an escape response 
wouldd work at a longer time scale, we hypothesize that predators remain 
behindd because immobile prey stages, such as eggs, are left in the stratum 
withh predators, thus temporarily arresting them. Since any prey that 
wouldd escape without leaving eggs behind would have a selective 
advantage,, prey wil l only evolve to lay eggs in predator-occupied strata if 
preyy on a plant are related by descent (Williams 1996). Alternatively, the 
immigrationn of predators into prey patches may not be predictable enough 
too justify paying the costs of not laying eggs before predator arrival. In 
additionn to arrested predators by leaves with immobile prey, there may be 
otherr reasons for predators staying in a specific stratum. T. aripo always 
occurss in apices during daytime, even when prey are only present in lower 
strata.. The reason for this restricted predator distribution is unknown, but 
i tt allows for a temporary refuge for CGM within a plant. 

Howw are predators recognized? 
Ourr experiments show that prey use volatiles to detect predators from a 
distance.. Close-range cues may also be involved in the detection of 
predatorss because prey on plants with T. manihoti migrated twice as much 
ass on plants downwind from these. CGM may use cues associated with the 
diett of predators to detect predation risk. It is known that prey can 
discriminatee between predators that have been feeding on conspecific prey 
orr on other food (Venzon et al. 2000, Perssons et al. 2001), and our high-
riskk predators were reared on CGM, while the low-risk predator, E. fustis, 
wass fed maize pollen. However, diet-associated odours are not 
instrumentall  for the discrimination between the two high-risk predator 
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species.. Indeed, the specific response of CGM to these two predator species 
suggestss that each predator has its own specific body odour, and that this 
odour,, rather than general cues associated with predation, triggers the 
antipredatorr behaviour. The response of prey to odours of T. manihoti 
withoutt prey is in agreement with this. This level of discrimination has 
probablyy evolved because the two high-risk predators and CGM share a 
longg coevolutionary history. In line with this, it is possible that CGM do 
nott recognize cues from E. fustis because they share a short coevolutionary 
history:: this predator is endemic to Africa, while CGM was accidentally 
introducedd to this continent around 30 years ago. The shorter 
coevolutionaryy history may thus be an alternative explanation for the lack 
off  response of CGM to E. fustis, although some prey species respond to 
non-coevolvedd predators (Richardson 2001). 

Migrationn as a way to escape predation 
I tt is known that herbivorous arthropods avoid their predators by 
dispersingg to predator-free plants (Roitberg et al. 1979, Bernstein 1984, 
Stampp and Bowers 1993). However, leaving a suitable host plant entails a 
highh risk since the probability of finding another plant is very low, 
especiallyy for passive dispersers such as spider mites, which are blown by 
thee wind after take-off (Kennedy and Smitley 1985) and thus cannot 
controll  where they wil l land. Moreover, CGM are specific to cassava 
(DeMoraess et al. 1995) and cassava fields are generally small and 
intercropped,, which reduces the probability of landing on an adequate 
host.. Thus, leaving a host plant to escape predation involves high costs. 
Costss may well be much lower if prey can escape predation by migrating 
withinn the plant in response to predators, as found in this study. 

Ourr results show that prey tend to migrate more up than down when 
predatorr cues are present (cf. Figs 1 and 2). Since T. manihoti is 
continuouslyy present in the lower strata and T. aripo is only present in the 
apicess during daytime, the apices are expected to be safer than the lower 
strata.. However, prey tend to migrate upward even when predators are 
absentt (Figs 1 and 2; Senkondo 1990), suggesting that there must be an 
extraa advantage for moving upwards. Probably, the higher strata are more 
nutritivee or nutrients are easier to retrieve. Moreover, migrating up allows 
forr a better position for take-off, since mites usually disperse aerially from 
thee upper strata (Kennedy and Smitley 1985). 

Howw does predator-induced vertical migration affect population 
dynamics? ? 
CGMM migrate to predator-free strata in a plant in response to predators. 
Suchh a non-lethal effect of predation may promote the persistence of 
predator-preyy systems in ways similar to that of prey refuges (Abrams 
1993,, Matsuda et al. 1993, Lima 1998, van Baaien and Sabelis 1999, 
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Luttbegg and Schmitz 2000). However, if the refuge in the plant is occupied 
byy yet another predator species, CGM populations may go extinct sooner, 
ass they are 'caught between the devil and the deep-blue sea'. In cassava 
fields,, CGM and the two predators species may occur together over a long 
timee span, but species composition may still vary from plant to plant (Onzo 
ett al., in prep.). The mechanisms underlying the persistence of such two-
predator-one-preyy systems are probably operating at the metapopulation 
level,, but are yet to be elucidated. This wil l require not only insight in 
whenn and how CGM avoid predators within plants, but also when and how 
theyy move to other plants (e.g. Pallini et al. 1999). 
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