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1. De van Holling{s Type-2 afwijkende vormen van functionele responsies =~
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wing te nemen bij het construeren van populatiemodellen van roof- en spint-
mijten. '

Mori, H. & D.A. Chant (1966a). Canadian Journal of Zoology #44: 483-491.

Hori, H. ({1969). Proceedings of the 2nd Tnternational Congress of Acarology,
Sutton-Bonnington, England. )
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3. Omdat de roofmijten uit gerefereerd onderzoek in staat blijken te éijn
om spintmijtaggregaties op enige afstand te ruiken (Sabelis et al., in prep.)
is de hypothese dat deze roofmijten 'op de tast' naar hun prooimijten zoeken,
niet langer houdbaar. De verwerping van deze hypothese heeft belangrijke
consequenties voor de constructie van populatiemodellen van roofmijt-spint-
mijt interacties.

Mori, H. & D.A. Chant {1966a). Canadian Journal of Zoology &44: 483-491.

Fransz, H.G. (1974). Simulation Monographs, Pudoc, Wageningen.

Rabbinge, R. (1976). Simulation Monographs, Pudoc, Wageningen.
Fuyita, K., T. Inoue & A. Takafuji (1979). Researches of Population Ecology 21: 105-119.

4, Het is onjuist om de laboratorium-toets op waardplantresistentie tegen
spintmijten te beperken tot een bepaling van de netto-reproductie (sensu

Birch, 1948)., Een aanvullende meting van de duur van de ei-tot~ei periode
is nodig en kan van doorslaggevende betekenis zijn voor de waarde van de

intrinsieke groeisnelheid (sensu Birch, 1948), welke een betere maatstaf is
voor het effect van de resistentie op populatie-niveau dan de netto-repro-
ductie.

Tulisale, U. (1972)}. Annales Entomclogici Fennici 38: 60-64.
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5. Voor de evaluatie van natuurlijke vijanden met betrekking tot hiologische
bestrijding van plagen is een systeemanalytische werkwijze onontbeerlijk. Op
deze manier kan de kunst een kunde worden.

Lenteren, J.C. van (1980). Evaluation of control capabilities of natural enemies: does art
have to become science? Netherlands Journal of Zoology 30(2): 369-381.

6. Het is om natuurwetenschappelijke redenen onjuist om de tot-nu-toe ge-
bruikelijke bestrijdingsmiddelen en de biorationele bestrijdingsmiddelen

(EPA, Federal Register, 14 mei 1979) aan dezelfde toelatingseisen te onder-
werpen. Om dezelfde redenen dienen de toelatingseisen te worden aangepast
aan de diverse klassen van bicrationele bestrijdingsmiddelen.

7. In die gevallen waar een milieuvriendelijke - veelal op kleine schaal
toepasbare - gewasbeschermingsmethode beschikbaar is, dient als aanvulling
op het toelatingsbeleid voor bestrijdingsmiddelen overwogen te wordenh om

het gebruik van het milieubelastende breedwerkende pesticide te ‘'sturen'

door een heffing op de produktie en het gebruik van dit middel. Het geld

dat uit deze heffing wordt verkregen, kan dan worden gebruikt ter stimule-
ring van een milieuvriendelijker gewasbescherming.

8. Gezien de behoefte aan Bodembiologische expertise bij het beheer van
landbouwgronden wordt het hoog tijd dat er aan de Landbouwhogeschool een
curriculum wordt ontwikkeld voor de Bodembiologie. Tussen de vakgroepen die
zich nu reeds met oecolegisch bodemonderzoek bezighouden, dient hiertoe
samenwerking en afstemming van prioriteiten tot stand te komen. Uitbreiding
van de onderzoeksinspanning cp dit vrijwel braakliggende terrein van weten-

schap is gewenst.

9. Het grote aantal adviesraden van de overheid bevordert de onderlinge
competentiestrijd hetgeen tot onnodige verlenging wvan procedures leidt.
Deze gang van zaken is fnuikend voor een democratische besluitvorming.

10. De roofmijt Phytoseiulus persimilis is méér waard dan haar gewicht in
goud.
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Abstract

Sabelis, M.W. (1981). Biological control of twe-spotted spider mites using phytose1§d
predators. Part 1: Modelling the predator-prey interaction at the }nleldual level. Agric.
Res. Rep. {(Versl. landbouwk. Onderz.), 910, ISEN 90 220 0776 6, (vi) + 242 p., 42 figs, 72
tables, Eng. and Dutch summaries, 10 App., 253 refs.

Also to be used as Doctoral thesis, Wageningen.

The searching behavicur of individual predators of four phgtoseiid gpec1es.(Pbgto$EIHIU§
persimilis, Amblyseius potentillae, Amblyseius bibens, Metaseiulus occidentalis) 1s 1nvestl-
gated in relation to the two-spotted spider mite (Tetranychus urticae), which infests green-
house roses. Especially the role of spider-mite webbing in the predator-prey relation is
studied. webbing interferes with searching, decreasing the rate of encounter per unit prey
density. Low walking speeds and activity in webbing ensure that the predator is ra;ely dis-
turbed after contact with other mites. Webbing also positively influences searching, as
spider mites agygregate within the webbed area: prey density, defined here as the numbe; eof
prey per square centimetre of webbed leaf area, is high, as is the rate of encounter with
prey. The ability to capture a prey after tarsal contact depends on the food content of the
gut, the prey-stage and, in two specific cases, the webbing; the success ratie of P. per-
=imilis increased on a webbed substrate, that of A. potentillae decreased.

Models to simulate rate of predation on the basis of the dynamics of the motivational
state and the state dependent rate of successful encounter are proposed. The food content
of the gut is chosen as an indicator of the motivational state. A stochastic queueing model
gimulates predation as accurately as a Monte Carlo model or a compound simulation model.
The gueueing medel is preferred because of its economic use of computer time and the rela-
tively few variables used. The model was validated in predation experiments.

systems analysis showed that the effect of temperature on the rate of predation is large-
1y determined by its relation with the relative rate of food comversion into egg bicmass
and not by behavioural changes related to temperature. Also, it was shown that webbing has
an important influence on the predation rate. A new model for the analysis of prey-stage
preference is proposed.

Predators invade the webbed leaf area after contact with the silk strands, irrespective
of the presence of prey. The residence time in the prey colony is determined by prey density.
Simulation of experimentally defined walking behaviour shows that predatcrs remain in prof-
itable prey patches by turning at the edge of the webbed leaf area. However, when predator
dens%ty increases, the tendency to leave the prey colony alsc increases, even at high prey
densities. Only A. potentillae avoided the webbed leaf area, preferring the thickest parts
of the leaf ribs or other protected places on the plant.

A survey of references on'life history @ata is presented; emphasis is given to the role
of food, temperature and relative humidity. Experiments by the author show that oviposition
hlstqry gf predatory females is a major factor in determining the actwal rate of food con-
version into egyg biomass; and that the egg stage of the predators is very vulnerable to
relaplve humidities below 70%, though the evapotranspiration of the plant and the hygro-
scoplc properties of the webbing buffer this to some extent. As the juvenile mortality of
the phytoseiids increases above 30°C, and that of the two-spotted spider mites abowve 35°(,
spider-mite controllqt temperatures above 30°C is not effective.

The four phytoseiid speciee are ranked on their capacities for numerical increase and
pred§t10n; P, persimilis, A. bibens, M. occidentalis and A, potentillae. On capacity to
survive on alternative foods they are ranked: A. potentillae, A. bibens, M. cccidentalis
and P, persimilis. Some trials with alternative food supply did not improve survival rates
estégllshed for prevailing greenhouse conditions.

The rate of increase of the webbed area per individual spider mite ig quantified by ex-
periment. This knowledge will enable continuous monitoring é} the prey deéglty during:iimula-
ticns of the predator-prey interactions on the population level.

Free descriptors: biological control, natural enemies, Phytoseiidae, Tetranychidae, wehbs,

searching behaviour, prey stage preference, predatio i inisti i i
: . : n, dispersal, determinis on
models, stochastic simulation medels, life hf;tory. ! i ' nistie simulati
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This report will also be used as a doctoral thesis for graduation as

Doctor in de Landbouwwetenschappen at the Agricultural University,
Wageningen, the Netherlands. '

© Centre for Agricultural Publishing and Documentation, Wageningen, 1981.
Ho part of this book may be reproduced or published in any form, by print,

photoprint, microfilm or any other means without written permission from
the publisher.



Contents

1 INTRODUCTION _ 1
1.1 Control of spider-mite outbreaks 1
1.2 Description of the predator-prey system 2
1.3 Extrapoclation from laboratory to greenhouse 6
1.4 Modelling of the predator-prey system 10

2 BIONOMICS OF PREY AND PREDATOR 13
2.1 Tetranychid prey 13
2.1.1 Development and mortality 15
2.1.2 Reproduction and life span 20
2.1.3 Sex ratio 27
2.1.4 Weight loss, water balance and growth budget 29
2.1.5 Role of webbing 32
2.1.6 Web production and colony growth 33
2.2 Phytoseiid predators 39
2.2.1 Development and mortality 42
2.2.2 Sex ratio 51
2.2.3 Adult life span and fecundity 56
2.2.4 Predation capacity 62
2.2.5 sStarvation and survival 65
2.2.6 Cannibalism 65
2.2.7 Alternative food supply 68

3 PREDATION, REPRODUCTION AND RESIDENCE TIME IN A PREY COLONY 71
3.1 Dynamics of the motivational state 74
3.1.1 Ingestion 75
3.1.2 Gut emptying 80
3.1.3 Nutritive quality of the prey stages 89
3.2 Rate of successful encounter 90
3.2.1 width of the searching path 92
3.2.2 Walking velocity 94
3.2.3 Distance of prey detection 100
3.2.4 Walking pattern 104
3.2.5 Walking activity ‘ 115
3.2.6 Coincidence in the webbed space 118
3.2.7 success ratio 121
3.2.8 Handling time 133
3.2.9 Disturbance 135



3.3 Predation

3.3.1 Models of predation
3.3.2 Prey density

3.3.3 Webbing

3.3.4 Temperature

3.3.5 Age and oviposition history
3.3.6 Predator density

3.3.7

3.4 Rate of departure

3.4.1 Walking behaviour

3.4.2 Prey density

3.4.3 Predator density

Prey stage preference

4 THE USE OF EXPERIMENTAL AND THEORETICAL RESULTS IN DYNAMIC
POPULATION MODELS
4,1 Unvalidated assumptions
4.2 Missing inputs
4.3 Impact of individual characteristics at the population

level

SUMMARY

SAMENVATTING

ACKNOWLEDGEMENTS

APPENDICES

A Model of reproduction in relation to food intake

B Time series analysis

C Maximum Likelihood estimation of the parameters of the Tukey
distribution

D Model of walking behavicur

E Deterministic model of the predation process

F Monte Carlo simulation of the predation process

G Matrixalgebraic solution of the Queueing equations

H Queueing model of the predation process

1 Queueing model of predation in a mixture of prey stages

J List of abbreviations used in computer programns

REFERENCES

137
138
149
152
155
160
164
165
170
170
173
176

178
178
180

182

185

192

199

200
202

206
208
210
212
214
21e
220
224

226



1 Introduction

1.1 CONTROL OF SPIDER-MITE OUTBREAKS

Spider Mites (Acarina: Tetranychidae) are a continuous potential danger
to many food and cornamental crops. Their high reproductive potential and
rapid development form the basis for a high capacity of population increase.
Hence the outbreaks can develop even shortly after pesticide treatment.
Moreover, they appear to develop resistance to many chemicals that initially
gave effective control (Helle & van de Vrie, 1974). This results in a vicious
circle of pesticide development and resistance. Therefore alternatiwve control
strategies need to be developed. Apart from supervised control strategies
there are four major alternatives:

- plant breeding for resistance to spider mites (e.g. de Ponti, 1977a).
- genetic control strategies

to reduce the fertility of female spider mites by the introduction of
sterilized males (Nelson, 1968; Nelson & Stafford, 1972) or males with
chromesomal rearrangements {van Zon & Overmeer, 1972; Overmeer & van Zon,
1973).

to displace the endemic spider-mite population by a mite strain that is
not resistant to certain pesticides or very sensitive to extreme tempera-
tures, which can be easily brought about in greenhouses (Feldmann et al.,
1981).

- control by a fungal epidemic in the mite population (Shagunina, 1977;
Gerson et al., 1979).
- control by predators (e.g. Huffaker et al., 1970).

The choice of a specific method or a combination of methods depends very
much on agricultural practice and the demands of the grower/consumer with
regard to the product. The present study aims to elucidate the potential
role of some predatory mites (Acarina: Phytoseiidae) for the control of the
two-gpotted spider mite, Tetranychus urticae (Acarina: Tetranychidae), by
systems analysis so that new options for integrated pest management may be
developed and compared with alternative control strategies. The results of
these studies are described in two subsequent Agricultural Research Reports
concernihg investigaticons in the laboratory (Part 1) and the greenhouse
(Part 2).



1.2 DESCRIPTION OF THE PREDATOR-PREY SYSTEM

The two-spotted spider mite, Tetranychus urticae Koch, is a serious pest
in the greenhouse culture of ornamental roses. Since 1967, dienochler {per-
chlorobi(cyclopenta-2,4—dienyl)] has been used for chemical control of this
spider mite in ornamental crops. Because pesticide resistance may evolve
{(McEnroe & Lakocy, 1969), alternative methods of crop protection have to be
investigated. It is desirable to replace chemical spraying by biological
control. Encouraged by the successful use of Phytoseiulus persimilis as a
controlling agent of the two-spotted spider mite in greenhouse cucumbers in
the 'westland' district of the Netherlands (Bravenboer, 1963; Woets, 1976),
some rose growers started to use this predatory mite with reasonable suc-
cess (van de Vrie, personal communication). As in cucumbers, the predators
are introduced at each spider mite outbreak.

This method of spider-nite centrol will only be accepted by the majority
of the growers if it can be achieved with nc decrease in rose preduction or
guality and if it costs no more than. treatment with chemical pesticides.
Moreover, because rose bushes are exploited for 5-7 years, the use of pred-
atory mites would be especially attractive if long-term control could be
achieved with only a few initial predator introductions. These requirements
can not be met as yet, so that a critical evaluation of the use of predatory
mites is necessary. That evaluation should include assessment of the eco-
nomic-damage level and quantificatien of the potential for control by the
predatory mites. The economic-damage level is being studied by van de Vrie,
an entomologist at the Research Station for Floriculture in Aalsmeer, The
Netherlands. Studies on the potential for control by predatory mites, done
upen van de Vriet's suggestion, are the topic of this report.

The substrate of Tetranychus consists of leaflets, shoots, bushes and
hedges (Fig. 1). The rose shoots that rise above the hedges are harvested
at an early stage of flowering. Because quality roses have to be free of
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Fig. 2. Scanning electron micrograph (magnification 50 x) of the oviposi-

tion female of Tetranychus urticae.

any damage, the leaves of these shoots should be carefully protected against
spider-mite infestation. On the other hand, it is acceptable for the hedge
beneath the economically important part to be slightly damaged. ‘

Adult females (Fig. 2) are the founders of the spider-mite aggregations
on the underside of the leaves, which are freguently located near to an
edge or a rib of the leaves. The juveniles (egg, larva, protonymph, deuto-
nymph and the different moulting stages) and the adults live in self-
produced webbing. The pre-ovipositional females disperse after mating to
other leaves, where they begin new colonies. The population growth and dis-
persal apparently result in compact foci of infestatieon. The upward dispers-
al out of the hedge leads to colonization of the upper leaves of the rose
shoots. This must be prevented by one or more introductions of predatory
mites.

The mites feed on the leaf parenchyma, which causes spots that reduce the
immaculate appearance required of gquality roses. Losses caused by mite feed-
ing are more serious therefore than in other greenhouse crops. like the
cucumber or Gerbera, where the fruits or the flowers are sold and not the
leaves, so that only the photosynthetic function of the leaves is of con-
cern.

Clearly, predatory mites must prevent the upward dispersal of the plant-






